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Abstract

The mineral cuprostibite (CuzSb) is found in pneumatolytic-hydrothermal veins associated with lujavrite at three
localities.

Cuprostibite occurs associated with loellingite, ehalcopyrite, argentite, native silver and ?antimonian silver in anal­

cime-ussingite-rieh veins at the Taseq slope locality, with loellingite, ehalcocite, dyserasite, al1argentum, galena and
sphalerite in analcime-rieh veins at the Kangerdluarssuk loeality and with loellingite, rohaite, sphalerite, silver (1), silver
(2), al1argentum, digenite, ehalcoeite and cuprite in analcime-rieh veins at the Kvanefjeld locality. Supergene alteration
of euprostibite and some of the associated ore minerals has taken plaee.

Cuprostibite oeeurs in granular masses. It has uneven fraeture,a poor basal cleavage, purpie eolour, distinet metallic
lustre, distinet refleetance pleoehroism and strong, yel1ow, deep red to blaek-polarization colours. The mieroindenta­
tion hardness is 216-249 (VHNso .). Determined and ealculated density 8.36 and 8.42 g/em3, respeetively. Cuprosti­

bite is tetragonal, a 4.0000±0.0006 Å and c 6.1000±0.0017 Å. Microprobe analyses oftwo samples gave the formulae

Cuz.OZSbO.98 and CUz.lo(Sbo.86TIa.04)O.9'
Dyscrasite, al1argentum, galena, sphalerite and an unnamed mineral

[(Sb,Cu),(Pb,[Fe,Ca])Sio.4(O,OH,HzO)y, y = max. 9.6] oceur in very smal1 amounts in association with euprostibite at
Kangerdluarssuk. Alteration of dyscrasite, al1argentum and associated cuprostibite has resulted in the formation of
antimonian silver as host for senarmontite, cuprite and native eopper.

Rohaite (TlCusSbSz) from Kvanefjeld is a new mineral and is associated with ehalcoeite, euprostibite, antimonian

silver, cuprite, loellingite, and sphalerite. The mineral is tetragonal with a 3.801 ±0.002 Å and c 20.986±0.008 Å. A
superstrueture has caused a doubling of the a cel1 dimension. Rohaite has been partly altered to an extremely
fine-grained mixture of digenite and senarmontite having the bulk chemical composition: SbZ0 3 . 3.86 CU1.93S1.00 with
smal1 contents of thallium, iron and lead.

Supergene alteration of digenite and chalcocite at Kvanefjeld has resulted in the formation of two varieties of
blaubleibender covellite (CUl.13S and CU1.4ZS), covellite and connellite. Djurleite (CU1.96S) has exsolved from the

digenite.
Supergene alteration of euprostibite has resulted in the formation of senarmontite, Sb-malachite, cuprites and native

copper. Senarmontite oeeurs as very fine-grained material intergrown with an unidentified copper-antimony mineral.
Sb-malaehite may possibly be a submieroscopic mixture of normal malachite and an unidentified Sb-rich phase.
'Cuprites' comprise normal cuprite and c10sely associated phases containing variable amounts of antimony, !ead and
silicon.

Connellite, brochantite, linarite and senarmontite are supergene. Cel1 dimensions and microprobe analyses for
eonnellite and linarite are listed.
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INTRODUCTION

The minerals chalcothallite and cuprostibite were described as new minerals by
Semenov et al. (1967) and Sørensen et al. (1969) respectively. These minerals were
discovered in 1964 in ussingite veins on the Taseq slope in the northern part of the
Ilimaussaq intrusion in South Greenland (fig. 1). In 1968 cuprostibite was also found
in an analcime vein on the Kvanefjeld plateau to the north of the Taseq slope, and in
1970 relatively large quantities of this mineral were found in analcime-aegirine
veins at the head of the Kangerdluarssuk fjord in the southern part of the intrusion.
The minerals identified so far at these three localities are listed in Table L

The type materiaion which the first description of cuprostibite (Sørensen et al.,
1969) is based, is keptat IMGRE, Sadovnichevskaja 71, Moscow 113127, USSR; the
material described in the present paper is kept in the Geological Museum of the
University of Copenhagen.

Several primaryand secondary ore minerals occur associated with cuprostibite.
Those at the type locality for cuprostibite on the Taseq slope have been mentioned
by Sørensen et al. (1969), those at the other two localities of Kvanefjeld and
Kangerdluarssuk are described here.

Unless otherwise stated, all microprobe analyses have been carried out with a
Hitachi model XMB-5S microprobe at 20 kY.

Henning Sørensen.
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Fig. 1. Geological map of the Ilimaussaq intrusion (modified after Ferguson, 1964), showing locations
of copper-antimony mineral occurrences. 1: Taseq slope, 2: Kangerdluarssuk plateau, 3: Kvanefjeld

plateau, 4: Tuperssuatsiait.



TRE OCCURRENCE OF CUPROSTIBITE*

Sven Karup-Møller, Laust Løkkegaard,
Evgenu /vanovich Semenovand Henning Sørensen

Mineralagy af cuprostibite

The mineralogical data on cuprostibite from the Taseq type locality have been
presented by Sørensen et al. (1969), those on the mineral from the Kangerdluarssuk
locality by L6pez-Soler et al. (1975).

Cuprostibite forms granular aggregates with an average grain size of 0.5 mm.
The mineral is purpie to pink in hand specimen resembling tarnished bornite. The
mineral has a distinct metallic lustre. The fracture is uneven, a basal c1eavage is
poorly developed. Some grains display polysynthetic twinning after two directions
perpendicular to each other. Rough polishing with coarse carborundum often re­
sults in the formation of deformation twins.

The microindentation hardness determined on cuprostibite from the Taseq type
locality is 220 (VHNso g). Values obtained on the mineral from the Kangerdluarssuk
locality range from 216 to 249, the average being 233 (VHNso g' 16 determina­
tions).

Etching of cuprostibite from the Kangerdluarssuk locality for one minute gave
negative results with the following reagents: FeCh (20%), HgClz (5%), KCN
(20%) and KOH (40%). With HN03 (1:1) the polished surface is destroyed and
turns pitch black. With HCI (1: 1) a similar but less intensive effect is achieved.

The reflectance colour of cuprostibite is purpie and the reflectivity is rather high.
Reflectance pleochroism is distinct both in air and in oil immersion. The reflectan­
ce data for the mineral were determined by L6pez-Soler et al. (1975). Reflectance
values were measured in air and oil at wave lengths between 400 and 1100 nm and
in air and glycerine between 250 and 400 nm. Cuprostibite is optically negative
between 250 and 620 nm and optically positive between 620 and 1100 nm. The
reflectance values, refractive indices and absorption coefficients at the four
principal wave lengths are listed in Table 2.

Cuprostibite is strongly anisotropic under crossed nicols both in air and in oil
immersion. The anisotropy colours are vivid and mainly yellow, deep red and black.

Cuprostibite is tetragonal,a 4.000±0.0006 A and c 6.1000±0.0017 A (based on
Guinierfilm no. 1611 ofmaterial from the Kangerdluarssuk locality). Reflectionsofall
orders are present. The guinier powder data have been published by L6pez-Soler et
al. (1975).

The crystallographic properties ofcuprostibite c10sely resemble those of rickardite
(CU3Te2)' The data on rickardite given by Strunz (1970) are: a 3.98, c 6.12 and
space group P4/nmm.

* Contribution to the mineraiogy of Ilimaussaq no. 46.



Table 1. Gangue and ore minerals in the llimaussaq alkaline intrusion

Ussingite .
Analcime .
Sodalite (hackmanite) .
Natrolite .
Microcline .
Albite .

~~~rr~~~;a~~ii~ .::::::::::::::::::::::::::::::::::::::
Arfvedsonite .
Eudialyte .
Katapleiite .
Pectolite .
Gibbsite .
Monazite .
Apatite .
Sorensenite .
Neptunite .
Igdloite (lueshite) .

~~:~~~~~~i.n.e. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :
Chkalovite .
Beryllite .
Epistolite .
Gerasimovskite .
Lovozerite .
Nenadkevichite .
Niobophyllite .
Tugtupite .
Ilimaussite .
Semenovite .
Clay minerals .
Pigmentary material .

g~f:~~t~b~t.e. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :
Chalcocite .
Sphalerite .
Galena .
Chalcothallite .
Rohaite .
Dyscrasite .
AlIargentum .
Silver-l .
Silver-2 .
Native copper .
Loellingite .
Mineral A .
Cuprite .
Molybdenite .
Vrbaite(?) .
Argentite (polybacite?) .
Chalcopyrite(?) .
Djurleite(?) .

Cuprite .
Senarmontite and associated unidentified

Sb-Cu mineral .
Sb-malachite .
Native copper .
Silver-3 .
Chalcocite .
Digenite .
Covellite .
Blaubleibender covellite .

~::~~~~~?? ::::::::::::::::::::::::::::::::::::::::::
Brochantite .
Connellite .
Azurite(?) .
Crysocolla(?) .
A vicennite(?) .

II
I
I
I

II II

? II U
? U U
? U U
I I I
I I I

I
I

'Composition not determined.
Relative frequency amongst the ore minerals and the gangue minerals is indicated: Ul common, II minor and I trace.
Minerals from the Taseq locality based partly on Engell et al., 1971, table 3.
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Table 2. Optical properties of cuprostibite

A.m 481 546 589 644

Ro (air) ......................... 47.3 36.8 37.1 51.8
Re (air) ......................... 52.5 44.2 42.2 49.8
Ro (oil) ......................... 33.1 25.7 27.3 39.9
Re (oi!) ......................... 37.8 29.4 28.6 36.8

no····························· . 2.82 1.68 1.37 1.76
ne .............................. 4.14 3.43 2.49 2.27
ko'· ............................ 2.61 1.86 1.77 2.64
ke .............................. 2.92 2.24 2.26 2.72

Reflectance values (R), refractive indices (n) and absorption coefficients (k). Kangerdluarssuk locality.

Microprobe analyses on nine grains from the Kangerdluarssuk locality gave: Cu
51.8-52.1 (average 52.0%) and Sb 46.2-50.5 (average 48.8%) suggesting the
formula CUZ.Q2SbO•98 which is near the ideal formula CuzSb. No other elements
were detected by the microprobe. At the Taseq locality the average of three analyses
gave: Cu 53.3%, Sb 42.0%, TI3.5%, Ag 0.1 % and S 1.1% (Sørensen et al., 1969)
with a suggested formula CU2.1O(Sbo.86Tlo.o4)o.9 where thallium is considered to
have substituted for antimony and the silver, sulphur and bismuth values may
represent submicroscopic minerals enclosed in the cuprostibite. (The composition
CU3Sb given by Hey, 1970, page 956 and the composition Cu(Sb,Te) by Ramdohr,
1975, for cuprostibite from Taseq are erroneously referenced). At the Kvanefjeld
locality the mineral does not contain detectable amounts of thallium even though
rohaite may occur enclosed in the cuprostibite. Qualitative spectrographic analyses
of material from the Taseq locality indicated the presence of trace amounts of Bi and
Fe; inclusions of loellingite determined optically explain the presence of iron.

The specific gravity of cuprostibite from the Taseq type locality could not be
determined due to insufficient amounts of material. A specific gravity of 8.36
g/cm3was determined on the mineral from the Kangerdluarssuk locality. The calcu­
lated specific gravity for ideal cuprostibite (CuzSb) is 8.42 g/cm3. This corresponds
to a unit cell content of two formula units.

Mode of occurrence

Taseq slope locality

The chalcothallite-cuprostibite-bearing ussingite vein is located at an altitude of
535 m in the north-west part of the Taseq slope. This locality has been mapped and
described by Engell et al. (1971, fig. 3).
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The ussingite vein intersects naujaite and is closely associated with lujavrite veins
and aegirinitized naujaite. The ussingite encloses felted aegirine, sodalite, chkalovite
and minor sphalerite, galena and molybdenite. Chalcothallite, cuprostibite etc. are
ofrather restricted occurrence. The ussingite vein is rich in rare minerals (Table l).

The chalcothallite and cuprostibite form smaIl independent pockets and spots in
the ussingite and are generally covered by a cmst of green, orange and red altera­
tion produets. The two primary minerals have not been observed with each other.

The cuprostibite aggregates are up to 1.5 mm across and, according to Sørensen
et al. (1969), contain rare inclusions of loellingite, chalcopyrite, argentite, native
silver and (?)antimonian silver. The loellingite occurs as isolated euhedral inclu­
sions in cuprostibite and as grain aggregates. It is more resistant to weathering than
cuprostibite and is therefore present in the crusts of the secondary minerals. Anti­
monian silver is enclosed in cuprostibite and is often in direct contact with 10eIlin­
gite.
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Fig. 2. Geological plan of locality 2 at Kangerdluarssuk in fig. 1.
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Kangerdluarssuk locaJity

Field relations

Thisoccurrence was discovered by HenningBahse and thelateLaustLøkkegaard in
the summer af 1970 in a block of rock measuring 2 x 2 x 0.7 m (fig. 3). The block was
found on the plateau about 1 km to the north-east of the head of Kangerdluarssuk at
an altitude af approximately 300 m (fig. 1).

As shown in fig. 2 the cuprostibite-bearing analcime-aegirine veins are located in
a contact zone between naujaite and lujavrite, and between lujavrite and lujavrite
pegmatite,

The black was broken by dynamite blasting parallel to the line A-A' shawn in figs 3
and 4; the resulting cros -sectian is shown in fig. 5.

The narth side of the black (fig, 3) showed remnants of a 10-20 cm thick analcime
vein locally cantaining as much as 15 per cent cuprastibite and associated are
minerals (GGU 15] 530,151531 and 151532). After removal af the till around the
block the vein was found in the bedrockjust belaw the block along the contact between
naujaite and lujavrite. The block has tim been detached from the immediately
underlying bedrock. The contact of the vein against the naujaite was knife sharp, but
the vein passed gradually into the lujavrite (GGU 151532). Thin section studies have
revealed that not only naujaite, but also lujavrite and lujavrite pegmatite are alter­
ed near the veins.

The northern top portion afthe block was covered by a 3-10 cm thick aegirine-felt
vein (fig. 4) in lujavrite. This vein jaincd the mineralized analcime-aegirine vein
mentioned above, apparently forming a subsidiary branch of the vein. It contained

Fig. 3. Block with euprosti­
bite at the Kangerdluarssuk

loeality (fig, l). The analei­

me vein wilh euprostibite
ete, follow the side of the
bloek facing the pholOgra­
pher. A eross-seetion in thc
bloek parallel to the line
A-A' is shown in fig. 4.
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Fig. 4. Top part of the bJock.
The mineralized analcime vein
foJlowed the lefl part of [he
block (at hammer). Rell1l1ants
of a subsidiary aegirine felt vein
foJlows part of the top surface
of the block at the lefl of the
dotted line. The line A-A' re­
fers to lhe cross-section in the
block shown in fig. 5.

Fig. 5. Section through the
block after it was blasted
with dynamite. l: position of
naujaite, and 4: position of
the minerajized analcime
vein before the blasting. 2:
greenish-black lujavrite. 3:
lujavrite pegmatite. 5: spar­
sely mineralized analcime
vein with narrow stringers of
aegirine IOwards lhe right in
the vein. 6: aegirine feJt
vcin, seen also in fig. 4.

isolated cuprostibite aggregates Up to one centimetre across. The average content
of this mineral hardly exceeded one per cent of the vein.

The south-eastern earner of the bloek eonsisted of lujavrite pegmatite whieh was
separated from the lujavrite by a 10-20 cm thick vein of aegirine-analcime material
(fig. 5). Only very few euprostibite aggregates, generally less than three millimetres
across, were found in this vein, in partieular within its coarse-grained aegirine-poor
bottom portion. In addition, 2-3 mm large aggregates of galena showing partial
alteration inta cerussite (or hydroeerussite), digenite and ehalcoeite were rarely
present, sometimes partly surrounding cuprostibite aggregates. Sueh galena aggre­
gates have not been observed in the vein on the north side of the block.

A few erratic analcime boulders, presumably derived from nearby unexposed
mineral veins, contain small ore mineral aggregates composed of skinnerite, tetra­
hedrite, chalcostibite, native antimony, valentinite, senarmonite, and traces of loel-
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lingite and galena (Karup-Møller, 1974). This is the only locality where the mineral
skinnerite has been found (Karup-Møller & Makovicky, 1974). The boulders were
found in the area marked A in fig. 2, approximately 15 m to the south-west of the
cuprostibite occurrence.

Petrology of the cuprostibite-bearing analcime-aegirine veins

The vein of felt-like aegirine is made up by dense aggregates of needles of
aegirine (GGU 151324). There are scattered prisms of aegirine up to 1 cm long.
Arfvedsonite is occasionally present. Generally there is a matrix composed of anal­
cime and natrolite. Tabular crystals of microc1ine and areas of pigmentary material,
which are often associated with grains of neptunite, are generally present. There
are crystals of steenstrupine, lovozerite, Li-mica, pectolite, igdloite, monazite and
eudialyte or altered eudialyte. The cuprostibite occurs as irregular masses, gener­
ally up to one centimetre across. It occurs interstitially to aegirine prisms and along
fractures and c1eavages in this mineral. The cuprostibite also contains numerous
randomly distributed tiny aegirine crystals. The cuprostibite thus forrned pene­
contemporaneously with or later than aegirine. Cuprostibite also forms veins in the
analcime matrix.

The analcime vein material (GGU 151321) is composed oflarge anhedra of analci­
me, prismatic crystals of aegirine up to 2 cm long, grains of yellowish sodalite up to
a few centimetres across, and occasional small plates of microc1ine. Under the
microscope corroded grains of nepheline and aggregates of fine-grained natrolite
have been observed. The large prisms of aegirine are broken and impregnated with
pigmentary material along the fractures. The aegirine crystals may be replaced by
felt-like aegirine and neptunite. The pigmentary material contains grains of neptu­
nite, altered lovozerite, steenstrupine, fine-grained aggregates of monazite, aegiri­
ne needles, pectolite and perhaps Li-mica. The analcime enc10ses scattered grains
of igdloite (lueshite), monazite, steenstrupine, (?)lovozerite and large prismatic
grains of pectolite. Small grains of eudialyte may be present. They are generally
replaced by katapleiite and other secondary minerals. Cuprostibite occurs as large
aggregates in the analcime and as smaller grains in the pigmentary material in
aegirine. The larger cuprostibite aggregates have off-shoots into fractures in the
enc10sing analcime. Some cuprostibite aggregates contain inc1usions of aegirine
needles.

Minor amounts af cuprostibite occur in the natljaite adjacent to the veins up to a
distance of 10 cm from these. There are also dots of cuprostibite in the lujavrite.

Thenaujaite adjacent to the veins (GGU 151534) is rich in analcime which replaces
microc1ine, nepheline and sodalite. There are scattered crystals of steenstrupine,
minor amounts of cuprostibite and associated ore minerals, aggregates af pectolite,
and grains of eudialyte partly replaced by katapleiite.
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Mineralogy and paragenetical relations of cuprostibite and associated ore minerals

The cuprostibite aggregates enclose a few crystals of loellingite and dyscrasite.
Cuprostibite often contains abundant very fine-grained aegirine needles. Galena was
originally present in the aggregates but is now completely replaced by chalcocite.
However, the major part of the associated primary ore minerals are enclosed in the
silicate minerals adjacent to cuprostibite and appear to have formed at a late stage
in the crystallization sequence. These ore minerals are dyscrasite, allargentum, gale­
na, sphalerite, cuprite, and mineral A. Alteration of the copper-antimony minerals
has resulted in the formation of antimonian silver as host for senarmontite, cuprite
and native copper or both. Galena is partly replaced by cerussite (hydrocerussite)
and digenite. The latter mineral was later transformed into chalcocite. Mineral A
(Sb,CuMPb,Fe,Ca)Sio.4 (O, OH, HzO)y is considered new. It may possibly belong
to the stibiconite group of minerals.

The alteration of cuprostibite has resulted in the formation of Sb-malaehite,
senarmontite and an associated unidentified Cu-Sb mineral, euprite and native
eopper (see later).

Cavities with one or several of the minerals broehantite, connellite, senarmonti­
te, linarite and malachite (or azurite) have been found in vein material poor in
cuprostibite. The cavities are less than one eentimetre in size. These minerals are
considered to be of supergene origin (see later).

Kvanefjeld locality

Field relations

Cuprostibite, rohaite and various copper sulphides oceur as disseminated grains
in an analcime-rieh zone along a traehyte dyke in the southern part of the Kvanefjeld
plateau (fig. 1), about 25 m to the east of the entranee to the exploration drift
shown on the geological map of the Kvanefjeld area (Sørensen et al., 1974).

Small amounts of ehalcocite have been found in analcime veins in the area just to
the north and west of the exploration drift. Cuprostibite has not been observed in
these veins, whieh are rieh in beryllium minerals such as sorensenite, ehkalovite, and
beryllite as well as sphalerite, pyrochlore, galena, molybdenite, steenstrupine etc.

The cuprostibite occurs in an analcime-sodalite zone along the contact of an up
to 2 m wide dyke-like body of trachyte, which ean be followed for more than 50 m.
The trachyte dyke traverses the medium to eoarse-grained lujavrite with a some­
times wavy eourse. It wedges out in analcime-rieh material in the lujavrite. Frag­
ments of trachyte, in part folded, can be seen elsewhere on the plateau in the same
body of medium to coarse-grained lujavrite.

The trachyte dyke is separated along both eontacts from the lujavrite by zones of
analcime-sodalite, varying in thickness from a few centimetres to about one metre.
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Locally the analcime-sodalite rock brecciates the trachyte. Similar zones of analci­
me-sodalite are found everywhere along the contacts between bodies of medium to
coarse-grained lujavrite and remnants of the volcanic roof of the intrusion.

The field relations indicate that the trachyte was emplaced earlier than the
medium to coarse-grained lujavrite but later than the fine-grained lujavrites. The
trachyte may thus be considered as a screen of pre-existing rock which has survived
the intrusion of the medium to coarse-grained lujavrite. A similar trachyte has been
met in drill hoIe no. 37 at a depth of 340 m below the surface. The top of this drill
hole is situated a few metres to the south of the cuprostibite locality.

Cuprostibite and the associated ore minerals have only been found in the anal­
cime-sodalite rock along the northern contact of the trachyte.

Petrology of the cuprostibite-bearing analcime vein

The cuprostibite-bearing analcime vein consists of rounded grains of sodali­
te-analcime up to more than five centimetres across, with interstitial aggregates of
felt-like arfvedsonite and a fine-grained matrix of analcime with small needles of
arfvedsonite.

The analcime-sodalite grains often have paIe green cores of sodalite and white
marginal zones of analcime, the latter mineral being predominant. The sodalite has
small microlites of arfvedsonite. The surrounding analcime contains in places small
flakes of gibbsite which is an indication of the former presence of sodalite.

The interstitial patches of arfvedsonite consist of aggregates of needles of arf­
vedsonite and minor neptunite.

The matrix of finer-grained analcime contains small plates of microc1ine, scarce
albite, needles of arfvedsonite, strongly altered eudialyte, pectolite, c1usters of
small crystals of monazite, apatite and irregular grains of sorensenite.

Some parts of the sodalite-analcime rock has a deformed look in hand specimen,
elongated light-coloured masses being enc10sed in a finer-grained matrix. In thin
section the elongated masses are seen to consist of aggregates of small plates of
microc1ine enc10sed in a matrix of analcime which appears to corrode the microc1i­
ne. The matrix also contains microc1ine laths, arfvedsonite, neptunite, apatite and
monazite. The apatite contains inc1usions of monazite. The microc1ine of this
peculiar rock may have been derived from the trachyte.

The ore minerals are mainly found in masses of analcime along the contact of the
trachyte. The trachyte holds minor cuprostibite etc. up to 10 cm from the contact.

The trachyte is altered along the contact with the vein; arfvedsonite replaces
pyroxene and there is interstitial analcime with inc1usions of microc1ine, partly in
the form of fragments of 'microc1inite'. There are c1usters of monazite, and also
sphalerite, acmitic pyroxene and neptunite. The ore minerals occur interstitial to
the microc1ine, as inc1usions in analcime, and partly as overgrowths on acmite.

The vein material (GGU 150102 and 151102) containing the copper minerals has
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fine plates of microc1ine and in some places albite in a matrix of analcime. The vein
also contains pectolite, neptunite, monazite aggregates, minor arfvedsonite, acmi­
te, apatite and steenstrupine. The ore minerals occupy interstices between and
fraetures in the microc1ine and form elongated aggregates. In places the ore mine­
rals are associated with acmite, or with monazite, neptunite and pectolite.

Mineralogy and paragenetical relations of cuprostibite and associated ore minerals

Cuprostibite and associated ore minerals occur in very scarce amounts disserni­
nated along the analcime vein. The ore minerals are mainly contained in aggrega­
tes dominated by one of the following three minerals: rohaite, digenite or cuprosti­
bite. Rare aggregates of three antimonian silver vatieties and allargentum are
present.

Rohaite (TICusSbS2 ) is a new mineral species (see later). It has been found as
inc1usions in cuprostibite and antimonian silver. The mineral mayaiso form up to
one centimetre large aggregates associated with chalcocite and sphalerite or both.
These aggregates tie in silicates. Partial alteration of rohaite has resulted in the
formation of a very fine-grained intergrowth of digenite and senarmontite.

High digenite, decomposed into a mixture oflow digenite and chalcocite, crystalli­
zed in aggregates, half a centimetre in size, sometimes associated with sphalerite.
The aggregates tie in the silicate minerals. A mineral, possibly djurleite, has exsolv­
ed from the high digenite. Supergene alteration has resulted in the formation of
covellite, blaubleibender covellite and connellite.

Cuprostibite forms lensoid to veinlet shaped masses rarely exceeding one centi­
metre in size. Alteration of the mineral has resulted in the formation of the same
secondary minerals as at the Kangerdluarssuk cuprostibite locality. Grains of
antimonian silver, rohaite, chalcocite and galena have crystallized interstitial to the
cuprostibite grains. Antimonian silver (described as silver (1) below) is generally
present alone, while rohaite and chalcocite sometimes occur together. At places
where the cuprostibite has been altered into senarmontite, veinlets of primary
chalcocite occasionally mark the contacts between the original cuprostibite grains.
Chalcocite rarely enc10ses idiomorphic cuprostibite crystals (Plate la). All galena
has been completely replaced by chalcocite which is characterized by a similar
delicate fraeture pattern as the chalcocite secondary after galena at locality 2 in fig.
1 (Plates 2 and 3). Such chalcocite pseudomorphs after galena occur either isolated
in the cuprostibite or intergrown with primary chalcocite and sometimes also with
rohaite. Pseudomorphs ofchalcocite after galena, which are intergrown with primary
chalcocite, have also been observed isolated in silicates. Similar pseudomorphs
form inc1usions in cuprite.

Loellingite is enc10sed in cuprostibite and is more common here than in the
cuprostibite from the Kangerdluarssuk locality. The two loellingite crystals shown in
Plate 1 b are separated from each other by silver(l) (Table 3) which presumably
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Table 3. Microprobe analyses of allargentum (Al) and the three antimonian silver
varieties Sri), S(2) and S(3) from Kvanefjeld

Number
Mineral analyzed of ana- Ag Sb Sum

lyses Wto % Wto %

1 S(l) shown in Plate le •••••••••••••••••••••••••• o •• 2 96.4 2.7 99.1
2 S(l) in graphic intergrowth with cuprite .............. 4 94.0 4.4 98.4

Aggregate 1
3 S(l) - primary .................................... 2 95.4 4.7 100.1
4 S(1) as exsolved lamelIae ........................... 2 93.7 3.8 97.5
5 Al as exsolved lamelIae ............................ 1 85.6 15.7 101.3
6 S(2) as host for exsolved S(l) and Al ............... 2 91.6 8.1 99.7
7 S(3) as secondary alteration produet ................. 1 98.2 1.8 100.0

Aggregate 2 (Plate lf)
8 S(l) - primary .................................... 2 93.0 4.5 97.5
9 S(l) as exsolved lamelIae ........................... 2 92.5 4.6 97.1

10 Al as exsolved lamelIae ............................ 3 82.2 15.6 97.8
11 S(2) as host for exsolved S(l) and Al ............... 3 90.3 7.5 98.8

Aggregate 3
12 Al as exsolved lamelIae ............................ 1 85.9 14.1 100.0
13 S(2) as host for exsolved A1lamellae ................ 2 93.8 5.0 98.8

Analyses 1 and 2: sample GGU 150102b. Analyses 3-13: GGU 150102g
Hitachi microprobe. 30 kV. Standards were pure silver and bismuth. ZAF corrections according to a
modified programme after Springer (1967)

crystallized earlier than the host cuprostibite during partial replacement of the
loellingite crystals. Large amounts of small, equidimensional and subhedralloellin­
gite crystals are concentrated locally in the cuprostibite. In one polished section
such crystals were found not only in the cuprostibite but also in adjacent silver(l)
(Plate l c). The distribution of the grains is not affected by the presence of the
boundary between the two host minerals.

Sphalerite occurs in contact with most of the other ore minerals, sometimes
forming a considerable portion of the ore aggregates. There are inc1usions of
silver(l) (Plate 1 d) and rohaite associated with cuprite. Chalcocite replacement
veinlets often separate the sphalerite aggregate from silicate minerals and from
other ore minerals.

Antimonian silver (three varieties) and allargentum are present in extremely
small amounts prec1uding X-ray crystallographic examination. Their identification
is based on optical properties and microprobe analyses. The minerals mostly occur
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enclosed in cuprostibite, sphalerite and silicate minerals. Three varieties of anti­
monian silver are referred to belowas silver(1), silver(2) and silver(3). The first
two varieties correspond to silver(1) and silver(2) described by Petruk et al. (1970,
1971). The composition of the silver phases is given in Table 3.

Silver(1) often contains inclusions of loellingite, rohaite, chalcocite, cuprostibite
and/or cuprite (Plate 1 c; Table 3, 1). A silver(1) grain enclosed in sphalerite was
found to contain idiomorphic crystals of cuprostibite and cuprite (Plate 1 d). Graphic
intergrowth between silver(1) and one or more of the minerals cuprite, valentinite
and cuprostibite have rarely been observed (Plate 1 e; Table 3, 2).

Silver(2) contains exsolved lamellae of allargentum and silver(1) (Plate 1 f, g).
The silver(1) lamellae cut across the allargentum lamellae, sometimes displacing
them, and are thus later than the allargentum. Alteration of silver(1), silver(2) and
allargentum has resulted in the formation of silver(3) which encloses very fi­
ne-grained cuprite and senarmontite. Similar alteration of dyscrasite and allargen­
tum from the Kangerdluarssuk cuprostibite locality is described in alater section.

The mineral relationships observed show that some of the silver-antimony mi­
neral intergrowths were originally composed of two silver varieties. In Plate 1 f
euhedral crystals of silver(1) are shown; apparently silver(1) has remained stable
down to room temperature, but the other more antimony-rich silver phase has
apparently equilibrated by exsolution of allargentum. Still later, relatively small
amounts of silver(1) were exsolved from this phase.

The simultaneous crystallization of silver(1) and silver(2) (e.g. 3.8 and 3.11 in
Plate 1 f) is incompatible with the experimental results (Somanchi, 1966) which
indicate that in the Ag-Sb system only one silver phase may crystallize, either alone
or in association with allargentum.

The mineral relationships displayed in Plate 1 g closely resemble those between
the three mercury-bearing Ag-Sb phases from Cobalt, Ontario, illustrated inPetruket
al., (1971, fig. 127). Silver(2) (with 6.9-8.4% Sb and 0.3-3.3% Hg) from this
locality contains lamellae of allargentum (with 14.4-15.9% Sb and 0.0-0.9% Hg)
and silver(1) (with 0.8-5.3% Sb and 0.4-8.1 % Hg). Petruk et al. (1971) have in­
terpreted these textural relationships as the result of the decomposition of an
original silver-rich allargentum.

The similar textural relationships between silver(1), silver(2) and allargentum at
Ilimaussaq and Cobalt, and the comparable antimony contents in the mineral pha­
ses, suggest that the phase relationships are not modified by the presence of small
amounts of mercury. Silver(2) from both localities contains up to 8 % Sb. Experi­
mental results suggest that up to 6% Sb may dissolve in silver at temperatures
below 400°C (Somanchi, 1966). Petruk et al. (1971) assumed that the presence of
mercury may have expanded the compositional field of the antimonian silver from
Cobalt. The content of up to 8% Sb in silver(2) from Ilimaussaq shows that this is
not the case and suggests that the stability field of antimonian silver is broader than
suggested by Somanchi (1966). However, the penecontemporaneous crystalliza-
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tion of two antimonian silver phases (Plate 1 f) within this part of the Ag-Sb system
and the instability of one of these phases at lower temperatures clearly demonstra­
tes our incomplete knowledge of the phase relationships in this part of the system.

The antimony content in allargentum associated with dyscrasite from the Kang­
erdluarssuk locality varies between 15.6 and 17.0%, averaging 16.2%. The content
of antimony in allargentum exsolved from silver(2) in the Kvanefjeld locality is
between 14.1 and 15.6%, averaging 15.1%. Allargentum from Cobalt contains
between 14.4 and 15.9% antimony. These contents support the assumption by Petruk
et al. (1970) that the stability field of allargentum is very narrow at room tempera­
ture (fig. 6).

Discussion

Copper-antimony minerals have been found at five localities within the Ili­
maussaq intrusion. They represent the mineral association no. II described by
Karup-Møller (1978). Ore minerals occur in relatively large quantities only at the
Kangerdluarssuk locality, while at the other localities they are present as small
scattered lumps which are generally less than one centimetre in size. Cuprostibite is
the major ore mineral at three localities; at the other two localities native antimo­
ny, valentinite and senarmontite predominate (Karup-Møller, 1974).

The Cu-Sb minerals occur in late pneumatolytic-hydrothermal veins which in­
tersect naujaite except at the Kvanefjeld occurrence where the veins occur along the
contact of a trachyte dyke.

The ussingite-analcime-sodalite veins of the Taseq slope are genetically associ­
ated with a network of veins of fine-grained steenstrupine-arfvedsonite lujavrite
(Engell et al., 1971). The occurrences at the Kangerdluarssuk and Tuperssuatsiait
localities (2 and 4, fig. 1) are associated with pegmatite-rich lujavrite (Karup-Møl­
ler, 1974).

The Kvanefjeld occurrence is associated with late, medium to coarse-grained
arfvedsonite lujavrite intersecting fine-grained arfvedsonite lujavrite; the two types
of lujavrite appear separated in time by the emplacement of the trachyte dyke
along which the Cu-Sb minerals occur.

The field relations indicate that the Cu-Sb-minerals were deposited from late
fluids expelled from consolidating lujavrite magma which was contaminated with
material released during late recrystallization of earlier rocks, especiaIly naujaites
(cf. Sørensen, 1962). The mineralization also occurs within the lujavritic rocks.

The chalcophile elements in the ore minerals may thus be derived partly from
trace elements concentrated in the primary rock-forming minerals and partly from
incompatible elements concentrated in residual fluids.

The mineralization is dominated by Cu and Sb, accompanied by minor Pb, Zn
and Ag; at the Taseq slope and Kvanefjeld thallium is also important. Arsenic is
present only in loellingite.
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The agpaitic rocks of the Ilimaussaq intrusion have high average contents of
sulphur and chalcophile elements: S 0.091 %, Zn 0.087%, Pb 0.023%, Mo
0.0014%, Sn 0.0115%. The arfvedsonite lujavrites have the highest contents of
these elements recorded so far, the maximum contents being: S 0.28%, Zn 0.27%,
Pb 0.054%, Sn 0.031 %, Mo 0.004% (Gerasimovsky, 1969). Gerasimovsky (1969)
reports 2.5-264 ppm Cu. Preliminary analyses for Sb suggest that this element is
present in amounts of less than 10 ppm (personal communication, J. Rose-Hansen,
February, 1977). The content of Ag in kakortokite is less than 2 ppm and that of
As between 4 and 10 ppm according to preliminary data obtained by J. Bailey
(personal communication, December, 1976).

Sphalerite and to some extent also galena are of widespread occurrence in the
lujavrites and in the late hydrothermal veins. Sphalerite and troilite are common
accessories in the naujaites. Other sulphide minerals are present in extremely small
quantities.

The sulphides, native metals and their alloys were forrned at exceptionally low
sulphur fugacities due to the agpaitic nature of the Ilimaussaq magmas (Ka­
rup-Møller, 1978). The activity of volatiles (e.g. H20, CO2 , F, Cl and S) decreases
sharply with increasing alkalinity of magrnas, and the separation of volatiles is
severely limited in agpaitic systems (Kogarko, 1974). Therefore, during crystalli­
zation the volatile elements to a large extent enter into the solid phases (sodali­
te-hackmanite, eudialyte, villiaumite, arfvedsonite and hydrous aluminosilicates).
Sodalite is an early mineral in the naujaites and lujavrites and also in many of the
late pneumatolytic-hydrothermal veins. According to Gerasimovsky (1969) soda­
lite contains an average of 0.13% S in the naujaites and 0.22% S in the associated
pegmatites. Sulphur was therefore removed from the magma at an early stage
explaining the scarcity of sulphides in rocks having high contents of sulphur.

A part of the early sodalite was decomposed during late magmatic and
post-magmatic recrystallization of the rocks. Sulphur was set free while the sodalite
was replaced by analcime and natrolite. This may explain the formation of at least
some of the late, sparse sulphides.

The native metals and the sulphides crystallized in a system characterized by a
very low oxygen fugacity. Similar conditions of crystallization of the rock-forming
minerals have been discussed by Larsen (1976). Low oxygen fugacities are also
evident from the presence of bituminous solids and hydrocarbon gases (Petersiiie
& Sørensen, 1970).

At the two localities characterized by the occurrence of native antimony and
antimony oxides (Karup-Møller, 1974), native antimony, valentinite and senar­
montite forrned first. During the final stages of crystallization, the formation of
native antimony ceased and only that of valentinite (and associated sulphides)
continued. Possibly, at the same time, the oxidation of early forrned native antimo­
ny resulted in the formation of senarmontite.

At the Kvanefjeld cuprostibite locality cuprite, sometimes associated with valen-
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tinite or cuprostibite or both, crystallized in graphic intergrowth with antimonian
silver. At the Kangerdluarssuk locality both cuprite and native copper occur in
graphic intergrowth with dyscrasite and allargentum (Plate 2). An increase in the
water content and therefore also in the oxygen fugacity during the crystallization of
dyscrasite and allargentum is suggested by the gradual formation of mineral A,
which has sometimes developed in graphic intergrowth with the two Ag-Sb alloys.

The relationships between cuprostibite and the associated ore minerals bear no
evidence of the temperature of formation of these minerals. Fluid inc1usion studies
on the gangue minerals have not yet been attempted. However, the ore mineral
aggregates with native antimony, antimony oxides and skinnerite at area 'A' in fig.
2 are considered to have crystallized at temperatures above 359°C (Karup-Møller
& Makovicky, 1974). This conc1usion is based on the stability field of skinnerite
which has been determined experimentally. According to Skinner et al. (1972)
skinnerite is stable only at temperatures between 359°C and 607°C in the conden­
sed Cu-Sb-S system. At the Kangerdluarssuk locality the cuprostibite occurrence is
situated about 15 m from the skinnerite occurrence (fig. 2). As the two types of ore
mineralizations are associated with similar gangue minerals a common origin of the
mineralizing fluids may be assumed (Karup-Møller, 1974). Cuprostibite and asso­
ciated minerals may therefore have crystallized at similar high temperatures as the
skinnerite paragenesis, i.e. at temperatures in the range of 360-400°C. As discus­
sed by Karup-Møller (1974) the pressure offormation may have been around 2000
bars. These estimates are in accordance with those presented by Sørensen (1969).

The secondary minerals are considered to be supergene, although this cannot be
definitely proved on the basis of their textural relationships.

'Sb-malachite' appears to be of supergene origin, as it is only known from the
surfaee of the outcrops of cuprostibite.

Connellite, linarite and brochantite are elsewhere known as typical supergene
minerals. The mode of occurrence of covellite, and blaubleibender covellite, and of
the hydrated cuprites with frequent 'gel-structures', and the replacement of galena
by copper sulphides and cerussite (hydrocerussite), all suggest a supergene origin
of the secondary minerals.

The origin of the secondary minerals after dyserasite and allargentum is, in
analogy with the origin of the other alteration minerals, considered supergene.

The crystallization of allargentum and dyscrasite under increasing water con­
centrations and oxygen fugacities may lead to the hypogene formation of cuprite
and mineral A as inc1usions in the Ag-Sb alloys. It may be that continued increase
in content of water and oxygen fugacity has caused the decomposition of earlier
crystallized ore minerals. At the Kvanefjeld locality the most Sb-rich Ag-Sb mine­
rals are the most intensively altered.

The alteration of dyscrasite and allargentum at the Kangerdluarssuk locality is
considered to be accompanied by the decomposition of cuprostibite. Copper de­
rived from decomposed cuprostibite was bound in cuprite and native copper, which
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occur as inc1usions in antimonian silver. Since the alteration of the cuprostibite into
Sb-malachite is considered to be supergene in origin, the alteration of all the
Cu-Sb-Ag minerals may accordingly also be supergene.

The decomposition of rohaite into digenite intergrown with senarmontite may
either be supergene or hypogene in origin.

The rather intensive supergene alterations are remarkable in this rather recently
deglaciated region which has ever since been exposed to an arctic c1imate.



PRIMARY AND SECONDARY ORE MINERALS
ASSOCIATED WITH CUPROSTIBITE*

Sven Karup-Møller

Dyscrasite, allargentum and associated minerals at
the Kangerdluarssuk cuprostibite locality

Introduction
The following primary ore minerals are associated with cuprostibite at the Kang­
erdluarssuk locality (fig. 1): dyscrasite, allargentum, galena, sphalerite, cuprite,
native copper and an unnamed mineral, here described as mineral A. Mineral A
may possibly be a bindheimite variety. Several secondary minerals (antimonian
silver, cuprite, native copper, senarmontite, chalcocite and digenite) forrned during
alteration of the primary ore minerals.

Mineral descriptions

Dyscrasite
Dyscrasite is generally granular with a grain size ranging from 0.1 to 0,5 mm.

The orthorhombic cell dimensions (refined on the basis of Guinier powder film No.
1608 from sample GGU 151530.772-4) are: a 2.993±0.04 A, b 5.189±0.006
A and c 4.812±0.002 A. (Those for dyscrasite from Cobalt, Ontario, published by
Petruketal., 1971, are: a 2.987 A, b 5.178 A and c 4.794 A). Microprobe analyses
(plotted on fig. 6) of eight mineral grains gave the following results in weight per
cent: Ag 76.6-79.3, average 78.3, and Sb 21.1-23.8, average 22.5, leading to the
formula Ago.80Sbo.20' (Standard material used was a synthetic alloy with the com­
position 75.995 per cent silver and 24.005 per cent antimony).

Allargentum
Allargentum (redefined by Petruk et al., 1970) is always enclosed in dyscrasite

and is estimated to constitute around five per cent of the area occupied by the latter
mineral. Its maximum grain size is 0.1 mm. It generally forms a very irregular
intergrowth with dyscrasite (Plate 2 b). The mineral could not be isolated for X-ray
examination. Microprobe analyses (plotted on fig. 6) on five grains gave the follo­
wing results in weight per cent: Ag 83.0-85.1 (average 83.8) and Sb 15.6-17.0
(average 16.2) leading to the formula AgO.86Sbo.14' (Standard material used was an
alloy with the composition 89.987 per cent silver and 10.013 per cent antimony).

Antimonian silver
Antimonian silver with a grain size ranging from 0.001 to 0.1 mm is granular and

has developed from alteration of dyscrasite and allargentum (Plates 2 and 3). The
mineral always contains abundant, very fine-grained inc1usions of one or more of

* Contribution to the mineralogy of Ilimaussaq no. 47.
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Fig. 6. Ag-Sb phase diagram taken from Petruk et al., 1970, showing compositional range and average
composition of the three silver-antimony minerals, dyscrasite, allargentum and antimonian silver.

the following minerals: native copper, cuprite and senarmontite. Microprobe an­
alyses of two grains gave an antimony content of 1.3 and 1.6 per cent by weight. A
weak anisotropism under crossed nicols is presumably caused by the low antimony
content (Peacock, 1940).

Galena
Microprobe examination of galena failed to detect any silver and antimony,

although the mineraloeeurs in contact with contemporaneously crystallized dy­
scrasite.

Sphalerite
Sphalerite does not contain iron in amounts detectable by the microprobe.

Mineral A
Mineral A, which does not correspond to any previously described mineral, is

present as less than 0.1 mm small, irregularly shaped grains enclosed in dyscrasite
(fig. 7 and Plates 2 b, 3 b, c). The small grain size of the mineral has prevented a
complete mineralogical examination.
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Table 4. Microprobe analyses on mineral A

2 3 4 5 6 7 Average values

Cu 3.3 2.6 3.9 7.3 3.2 5.2 0.7 3·71
Sb 35.1 37.5 38.0 32.3 38.1 34.7 39.8 36.5 f

40.2

Pb 32.3 30.9 31.4 30.2 30.8 34.6 34.0 32.0}
Fe 1.1 0.7 0.8 0.8 0.7 0.6 0.5 0.7 33.2
Ca 0.6 0.4 0.3 0.3 0.3 0.7 0.6 0.5
Si 2.1 2.2 2.1 2.4 2.2 2.4 1.6 2.1
O 12.7 13.0 13.1 12.7 13.1 13.4 12.8 13.0

87.2 87.3 89.6 86.0 88.1 91.6 90.0 88.5

Cu 3.7 2.9 4.3 8.1 3.5 5.5 0.8 4.1l
Sb 20.6 21.8 21.7 18.5 22.0 19.2 23.5 21.°f

25.1

Pb 11.1 10.6 10.5 10.2 10.5 11.3 11.8 10.9 }
Fe 1.4 0.9 1.0 1.0 0.9 0.8 1.1 1.0 12.7
Ca 1.1 0.7 0.5 0.5 0.4 1.2 1.0 0.8
Si 5.2 5.6 5.2 6.1 5.4 5.8 4.2 5.3
O 56.7 57.5 56.8 55.6 57.3 56.2 57.6 57.1

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

The seven mineral A grains analyzed are shown in fig. 7. Sample GGU 151530.772-4
The values for oxygen have been calculated. Standards were Cu, Sb, Fe, PbS and oligoc1ase.

In polished section mineral A is isotropic and dark grey to black in colour.
Internal reflections under crossed nicols are light yellowish brown. Microprobe
analyses on the seven numbered grains shown in fig. 7 are listed in Table 4. The
analyses suggest that copper is substituted by antimony. The small amounts of iron
and calcium may substitute for lead. The oxygen values have been determined by
calculation. The deviation from 100 of the sum of the average weight per cent
values is 11.5. This suggests that the mineral is not a pure oxide but either a
hydroxide or a hydrated hydroxide. The following formula is suggested:

(Sb,CU)2(Pb,(Fe,Ca»Sio.4(O,OH,H20)y, (y ::::::: max. 9.6).
The chemical composition of mineral A, its isotropism and its yellow brown

internal reflections suggest that it represents a bindheimite variety. Bindheimite
(Pbl_2Sb2_1(O,OH,H20)6-7) belongs to the stibiconite group of minerals, which
generally form by the alteration of Cu-Sb sulphides. The variety 'monimolite' is
metamorphic (Igelstrom, 1865; Mason & Vitaliano, 1953). Mineral A differs from
bindheimite by its significant amounts of Si. The mineral when observed in reflec-
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ted light appears to be homogeneous and composed of only one phase. Si must
therefore be contained in mineral A, and does not represent impurities of other
minerals.

Chalcocite and digenite
These two minerals have crystallized during alteration of galena (Plates 3 and 4).

They have been identified by their optical properties and microprobe tests. The
two minerals occur in toa small amounts to be isolated for X-ray investigation.

Native copper and cuprite
Both minerals have been found enclosed in antimonian silver (Plate 2 c, d),

and dyscrasite (Plate 2 a).

Senarmontite

A mineral with very low reflectivity occurs as equidimensional, isotropic grains
with an average size of 0.03 mm enclosed in antimonian silver (Plate 3 d). Mi­
croprobe analyses suggest that the only metal contained in the mineral is antimony.
The mineral does not break down under the impact of the electron beam. It may
therefore be either senarmontite or valentinite. In reflected light senarmontite is
dark grey (R - 12.4) and isotropic, while valentinite is grey (R - 14.1-16.3) and
anisotropic. It is therefore assumed that the mineral in the antimonian silver is
senarmontite.

Mineral relationships

Primary minerals

Mode of occurrence of dyscrasite
Dyscrasite occurs in sparse amounts enclosed in cuprostibite. The major portion

of the dyscrasite occurs in the silicate minerals, preferably along fractures in aegiri­
ne adjacent to cuprostibite or within a few millimetres from this mineral. Some
dyscrasite forms thin veinlets along contacts between cuprostibite and silicate mi­
nerals. The veinlets are often extensions of larger dyscrasite grains along the same
contact.

Dyscrasite enclosed in gangue forms the host for allargentum, galena and mine­
ral A. A rather spectacular mode of occurrence of dyscrasite and associated mine­
rals along a fracture in sample GGU 151530.772-4 is sketched in fig. 7.

The fracture extends away from a one centimetre large cuprostibite aggregate
with a size of about one centimetre. The aggregate is enclosed in aegirine and lies
to the right in fig. 7. The fracture breaks across some aegirine grains and follows
the contact between others. The first short section of the fracture is filled with
cuprostibite which forms part of the adjacent cuprostibite area. The cuprostibite is
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soon followed by dyscrasite. The content of galena and mineral A in the dyscrasite
increases with increasing distance from the cuprostibite. Very small amounts of
primary cuprite have crystallized in association with mineral A. Analcime-filled
replacement veinlets may have formed simultaneously with the crystallization of
dyscrasite in the adjacent pyroxene. Finally dyscrasite is absent from the veinlet
and the minerals present are galena and mineral A both lying along the contact
between aegirine and analcime. A few galena grains form inclusions in the analci­
me.

The position of the fraeture vein, resembling an offset from the cuprostibite area,
suggests that the cuprostibite crystallized before the vein minerals. Those closest to
the cuprostibite area may have crystallized earlier than those at a greater distance
from the area.

Rarely dyscrasite enclosed in silicate minerals contains irregularly shaped grains
of native copper (Plate 2 a).

The allargentum-dyscrasite relationships
Allargentum always forms irregularly shaped inclusions in dyscrasite (Plate 2 b).
The relationships between the two minerals suggest that they crystallized simulta­
neously.

The mineral A - dyscrasite relationships
The major portion of mineral A is enclosed in dyscrasite. Its distribution along

the dyscrasite-filled fraeture shown in fig. 7 is characteristic of its mode of occur­
renee. The individual grains are irregularly shaped and they occur in groups of a
few or many (Plate 2 b and Plate 3 c). The mineral sometimes forms graphic
intergrowths with the dyscrasite host, indicating that the two minerals crystallized
simultaneously (Plate 3 c). Similar intergrowth characterizes dyserasite and cuprite
(Plate 2 d), and dyscrasite and native copper (Plate 2 a). Grains of cuprite may be
intergrown with mineral A. Rarely mineral A has crystallized outside dyscrasite as
shown at the left in fig. 7 where it is intimately associated with galena.

Crystallization sequence af the primary minerals
A schematic crystallization sequence of the primary minerals, based especially

on the relationships observed between gangue and metallic minerals in fig. 7, is
illustrated in fig. 8. The crystallization sequence suggests the following change in
the composition of the mineralizing fluids as the crystallization progressed. After
the formation of the cuprostibite the rest-fluids were enriched in silver. This ele­
ment was then precipitated together with antimony as dyscrasite and allargentum.
Gradually the rest-fluids became enriched in lead and sulphur, and galena crystalli­
zed. The formation of mineral A suggests an increasing water content of the fluids.
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Hypogene minerals

-------- Aegirine
-------- Cuproslibile

-------- Dyserasile & allargenlum
________ Mineral A, cuprile & nalive copper
----------Galena & sphalerile

_____________ Analcime

Supergene mineral s

----- Digenile
----- Chalcocile

------ Anlimonian silver, senarmonlile &
cuprile

Fig. 8. Crystallization sequence of the ore minerals at Kangerdluarssuk.

Secondary minerals

Alteration af dyscrasite and allargentum
Alteration of dyscrasite and the rarely associated allargentum has resulted in the

formation of antimonian silver containing only a few per cent antimony. The major
portion of the released antimony was either bound as senarmontite or completely
removed from !he altered areas. Alteration of dyscrasite grains began from the
contact and penetrated the dyscrasite grains in an irregular fashion, sometimes as a
network of irregular veinlets.

Antimonian silver always contains inc1usions of either cuprite or senarmontite or
both (Plates 2 and 3). Graphic intergrowth between cuprite and antimonian silver
is rare (Plate 2 d). Sometimes native copper is also present (Plate 3 e). Copper in
dyscrasite is not detectable by the microprobe. The copper bound in the secondary
cuprite and the secondary native copper enc10sed in the antimonian silver must
therefore originate from an external source. This is considered to be cuprostibite
which presumably has been altered at the same time as the dyscrasite.

Galena and associated secondary minerals

Galena is rarely observed as inc1usions in cuprostibite. Relatively more galena is
present as scattered grains in dyscrasite or as aggregates of several grains in contact
with dyscrasite (fig. 7). Galena is rarely embedded in mineral A (fig. 7). It has also
crystallized along thin fractures in aegirine (Plate 3 a) or as isolated grains in
analcime (Plate 4 a, c).
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All grains of galena are partially or completely replaced by digenite and chalco­
cite. In the case of partial replacement the mineral is surrounded by a band of
variable thickness composed of the two secondary sulphides (Plate 4 a-c). Digenite
always forms a thin rim separating galena from chalcocite.

The area with galena, digenite and chalcocite present at the right hand side of
Plate 4 a, is shown enlarged in plate 4 b. Here homogeneous chalcocite with a few
irregular cracks forms a rim around chalcocite with aregularly developed fracture
pattern. The fractures are parallel to the galena cleavage .directions along which
digenite has developed. Plate 2 c, d shows galena grains which have beeen com­
pIetely altered to a core of chalcocite with aregularly developed fracture pattern,
surrounded by a rim of smooth chalcocite without fraetures. When surrounded by
antimonian silver the rim of copper sulphides around galena sometimes contains
fine-grained antimonian silver (Plate 3 d). Completely replaced galena may now
consist of grains of homogeneous chalcocite with aregularly developed fraeture
pattern (Plate 3 a); the distinctly marked chalcocite grain boundaries no doubt
represent the original galena grain boundaries. All the galena inclusions in cupro­
stibite have been completely replaced by chalcocite characterized by the regularly
developed fracture pattern. A very heterogeneous chalcocite pseudomorph is
shown in Plate 4 d; the weakly reflecting materials forming concentrations mainly
along the margins of the original galena aggregate consist either of one or a mixture
of several unidentified Cu-Sb-hydroxides.

Mode of formation of digenite and chalcocite

Replacement of the galena must have involved the gradual exchange of lead by
copper. This process requires the movement of both metals through earlier forrned
copper sulphides. The mineral relationships indicate that digenite crystallized du­
ring replacement of galena. As replacement progressed inward into the galena, the
outer portion of the digenite rim changed into chalcocite presumably due to de­
creasing sulphur fugacity. This change was accompanied by the development of
fractures in the chalcocite parallel to the original galena cleavage directions.

The copper is presumably derived from altered cuprostibite. As the alteration of
this mineral progressed, copper was removed and crystallized as cuprite in adjacent
silicate minerals. Secondary digenite and chalcocite only developed when migrating
copper-bearing fluids came in contact with galena.

Mode of occurrence of sphalerite

Sphalerite is very rare. It occurs associated with galena or enclosed in silicate
minerals. A chalcocite replacement rim generally surrounds the sphalerite grains
(Plate 3 a).
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Formation of primary and secondary ore minerals

A large number of hydrothermal veins, characterized essentially by the minerals
natrolite, analcime, sodalite, ussingite and/or alkali feldspars occur within the Ili­
maussaq intrusion. They are considered to have crystallized from solutions, which
were derived from the lujavrite magma as this crystallized. Sørensen (1962) assu­
mes that the lujavrite magma crystallized at temperatures around 400°C and at a
pressure of a few thousand bars. A temperature of formation of between 400 and
500°C, based on experimental results, has been proposed by Piotrowski & Edgar
(1970). The maximum temperature of formation of the veins of the intrusion is
therefore considered to have been around 400°C.

The formation of the galena and dyscrasite alteration minerals and of the mine­
rals developed by the alteration of cuprostibite (malachite, cuprite, senarmontite
and native copper), are considered supergene, post-glacial in age and still active at
present.

Rohaite, a new thallium sulphide

Introduction

Two thallium-bearing sulphides, chalcothallite and rohaite, have been found in
the Ilimaussaq intrusion. Chalcothallite was described by Semenov et al. (1967). A
determination of the crystal structure of the mineral is in progress.

Chalcothallite occurs in very small amounts as platy, micaceous aggregates a few
centimetres across in ussingite veins at the Taseq chalcothallite and cuprostibite
type locality (fig. 1).

The new mineral rohaite was found at the Kvanefjeld cuprostibite locality (sam­
ples GGU 150102 and 151102). Partial alteration of this mineral has resulted in
the formation of finely intergrown digenite and senarmontite.

Rohaite was approved as a new mineral by the Commission for New Minerals and Mineral Names in
September 1973. The mineral has been named after John Rose-Hansen (ro-haite), leeturer at the
University of Copenhagen. The type material is kept at the Geological Museum, University of Copen­
hagen.

Mode of occurrence

Rohaite occurs in an analcime-sodalite-rich vein associated with cuprostibite,
chalcocite, sphalerite, cuprite, loellingite, and antimonian silver. Digenite is also
present in the vein, but does not occur in contact with rohaite. The ore minerals
occur in patchy aggregates, rarely exceeding half a centimetre in size, in and be­
tween the silicate minerals. The mineralogical composition of the individual aggre­
gates varies. The mineralogy of both ore and silicate minerals is described above.
Here only the aggregates containing rohaite will be considered.
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Some aggregates are dominated by rohaite in random orientation. The rohaite is
partly altered into a submicroscopic intergrowth of digenite and senarmontite
(Plate 5 a, c, d). Chalcocite occurs interstitial to the rohaite grains. Some aggrega­
tes are separated from silicate minerals by a rim of chalcocite. Rarely the chalcocite
rim increases in thickness, and it thus gradually changes into massive chalcocite
enclosing partly altered rohaite crystals (Plate 5 a).

Chalcocite often occurs interstitial to the silicate minerals. Rarely, isolated roha­
ite crystals or crystal clusters lie randomly enclosed in this chalcocite.

Rohaite intergrown with chalcocite (Plate 5 b) has been found enclosed in anti­
monian silver (variety silver-1) together with loellingite, cuprostibite and primary
cuprite.

Aggregates of sphalerite may contain crystals or crystal clusters of partly altered
rohaite. In some places cuprite is associated with the rohaite. Rims of late chalco­
cite have developed along grain boundaries in sphalerite aggregates and along
contacts of sphalerite and rohaite or cuprite. The chalcocite rims may expand into
relatively large chalcocite areas in contact with the sphalerite. The sphalerite is thus
penetrated by chalcocite, establishing the age relationships between the two mine­
rals.

Rohaite grains have also been observed along the contact between cuprostibite
and sphalerite.

Mineralogical properties

Rohaite is tetragonal and occurs as subhedral to euhedral crystals (Plate 5 a).
The grain size ranges from 0.05 to 0.5 mm and is on average 0.1 mm.

Rohaite is optically positive in the visible spectrum. The reflectance pleochroism
is distinct to strong in air and oil. Reflectance measurements at the four principal
wave lengths are listed in Table 5.

In reflected light the mineral, in its darkest position, is dull bluish-grey, someti­
mes with a slight purpie tint. In the brightest position it is yellowish cream.

The anisotropism under crossed nicols is very strong both in air and in oil. The
colours are yellowish cream to black. Dark red-purple to brown colours are present
near the positions of extinction when the nicols are not completely crossed.

Etching for one minute with the following reagents gave negative results: HgCl2

Tabte 5. Reflectance data for rohaite

481

32.0
24.5

546

32.4
22.3

590

32.0
21.8

650

31.8
20.8

Instrument: Leitz-MPV. Standard: SiC no. 85
Sample GGU 151102.1331. Measurements in
air
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(5%), KOH (40%), KCN (20%), and FeCl3 (20%). With HCI (1:1) the polished
surface turns slightly steel-bluish grey without being destroyed. With HN03 (1:1)
the polished surface is destroyed and the mineral turns pitch black.

Microindentation hardness determined on ten grains varied from 88 to 103,
averaging 94 (VHN2s g).

Guinier powder data on rohaite are listed in Table 6. Combined Weissenberg
and precession studies have shown that the mineral is tetragonal. The folIowing cell
dimensions have been refined on the basis of the Guinier powder data, using the
REFBASE III programme: a 3.80l±0.001 Å, c 20.986±0.008 Å.

A supercell with the a cell dimensions doubled characterizes the mineral. No
systematic extinctions were observed in the Weissenberg photographs.

Microprobe analyses (Table 7) were made on seven rohaite grains in the same
aggregate in sample GGU 151102.1331 from which material for the X-ray cry­
stallographic examination was also isolated. Probe analyses were also completed on
eight grains enclosed in chalcocite in sample GGU l5ll02h. The analyses suggest
the folIowing average composition of the mineral:

TICusSbS2 (Z = 2)

The number of sulphur atoms in the formula is less than that which corresponds
stoichiometrically to the numberof metal atoms assuming the presence of a normal
sulphide. The standard used for the sulphur determinations listed in Table 4 was

Table 6. Guinier powder data for ro­
haite

dhk1 dhkl Indices
(measured) (calculated)

1

9
2
4

10
3
5
5
5

10
5
9
5
4
3
5

5.235
3.800
3.570
3.498
3.078
2.681
2.623
2.605
2.577
2.393
2.158
1.902
1.877
1.749
1.689
1.618

5.247
3.801
3.573
3.498
3.078
2.687
2.623
2.603
2.574
2.392
2.159
1.900
1.877
1.749
1.670
1.617

004
010
012
006
014
110
008
112
016
114
018
020
118
00.12
120
124 CUKUh Film no. 2170

Sample GGU 151102.1331
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Table 7. Microprobe analyses on rohaite

Average of 7 grains
from 151102.1331

Wto % Atom
ratio

Average of 8 grains
from 151102h

Wto % Atom
ratio

TI ..
Sb .
Cu .
Pb ..
Fe .
S .

26.6±0.3
41.0±0.6
18.6±0.2
2.0±0.1
O.3±O.l
9.3±0.2

97.8

0.965
1.134
4.789
0.040
0.072
2.152

27.7±0.2
43.5±0.8
17.8±0.4

1.6±0.1
0.3±0.2
9.6±0.2

100.5

H~~} 7
0.039
0.055
2.140

Standards were PbS (for lead), CuFeS2, TI and Sb

natural chalcopyrite. The sulphur contents were also determined against chalcocite
which in sample GGU 151102h occurs as a host for the analyzed rohaite grains.
The following results were obtained with the latter standard confirming the sulphur
determinations in Table 7: 9.2±0.2% S for rohaite sample GGU 151102.1331 and
9.5±0.2% S for the mineral in sample GGU 151102h.

Material could not be isolated for density determination. The calculated density
based on the experimentally determined formula is 7.780 g/cm3 and that based on
the ideal formula is 7.752 g/cm3

.

Alteration of rohaite

Rohaite, especially when enclosed in silicate minerals ( Plate 5 c), has been
partly to completely altered into a mixture of digenite and senarmontite. Generally
the rohaite grains show a narrow, coloured rim against the secondary minerals
(Plate 5 c). This rim presumably represents the first step in the alteration of
rohaite. However, microprobe analyses failed to disclose any difference in the
chemical compositions of the rim and the central areas of rohaite grains.

Cracks filled with an unidentified transparent mineral are often developed pa­
rallel to (001) in partly altered rohaite grains (Plate 5 a, c). Larger, slightly altered
rohaite areas contain these fracture fillings only in their marginal parts.

In spite of careful polishing the secondary digenite and senarmontite never ac­
quire the normal smooth and shiny surface of a sulphide. The surface is dull in
appearance as if etched (Plate 5 a, c). Distinction of individual senarmontite and
digenite grains is not possible under the microscope and the two minerals may
therefore form a submicroscopic intergrowth. Under crossed nicols a distinct twin-
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ning pattern characterizes the intergrowth, and it is also seen that intergrowth of
the two secondary minerals forms pseudomorphs after rohaite grains.

An X-ray powder pattern obtained from an aggregate mounted in a Gandolfi
camera shows the characteristic diffraction lines of both digenite and senarmontite.

A composite microprobe analysis of the secondary mineral aggregate in sample
GGU 151102.1331 from which material for the X-ray crystallographic work was
extracted gave: Cu 50.1 %, Sb 27.0%, TI 0.9%, Fe 0.2%, Pb 0.1 % and S 13.1 %
giving a total of 91.5%. The presence of oxygen was proved by the microprobe but
could not be determined quantitatively. The analysis suggests the following bulk
composition ofthe analyzed material: Sb203·3.86 CU1.93S1.00' The small amounts of
thallium, iron and lead may be contained in both of the secondary minerals. The
low thallium contents show that the major part of the thallium of the rohaite was
removed during alteration.

Discussion

Thallium minerals have so far only been found at two localities within the Ili­
maussaq intrusion. Chalcothallite was discovered on the Taseq type locality (Se­
menov et al., 1967). Vrbaite (optically identified) occurs as a primary or secondary
hypogene thallium-bearing mineral. It fills fractures in the chalcothallite. A secon­
dary-supergene (?)alteration product is assumed to be avicennite. Small amounts
of thallium are present in the cuprostibite from this locality (Sørensen et al., 1969).
Rohaite was found at the Kvanefjeld cuprostibite locality associated with other
sulphides, but none of these carried thallium in amounts detectable by the mi­
croprobe. Small amounts of thallium (0.9%) were determined in the secondary
intergrowth of digenite and senarmontite.

The formation of the thallium minerals is explained by the high content of
thallium in agpaitic nepheline syenites as compared to that in the more common
intrusive rocks. According to Gerasimovsky (1969) thallium contents range from
0.6 ppm in the naujaites to 10.3 ppm in the green lujavrites. This shows that the
last-formed rock types are enriched in thallium. Presumably, further concentration
of thallium in the late magmatic fluids have locally resulted in formation of thallium
sulphides.

Both rohaite and chalcothallite are characterized by very low sulphur contents.
This, combined with their pronounced micaceous habit, suggests astructure of
alternating metal-metal and metal-sulphur layers. A structural determination of
both chalcothallite and rohaite is currently in progress. The reason for crystalliza­
tion of minerals with low sulphur contents, such as rohaite, is presumably the low
sulphur fugacity which prevailed during the crystallization of the ore minerals at
both localities (Karup-Møller, 1974, 1978).
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Cha1cocite, digenite and associated secondary minerals from the
Kvanefjeld cuprostibite locality

Introduction

Digenite, chalcocite, ?djurleite and associated supergene covellite, blaubleiben­
der covellite (two varieties) and connellite have been found together with cuprosti­
bite and other ore minerals in sample GGU 150102 from Kvanefjeld (fig. 1). The
minerals digenite, blaubleibender covellite and ?djurleite are new for the Ili­
maussaq massif.

Mineral descriptions and relationships

Digenite and associated secondary chalcocite

Digenite is isotropic to very weakly anisotropic under crossed nicols. The light
blue reflectance colour of the mineral stands out against the grey-white colour of
the associated chalcocite. The latter mineral shows weak to distinct anisotropism
under crossed nicols. Both copper sulphides have been identified by their X-ray
powder patterns.

Aggregates originally composed of high digenite alone have erystallized in eon­
taet with sphalerite and silicate minerals. The maximum size of the aggregates is
haIf a centimetre. They are always subdivided into numerous segments by an
irregular pseudo-rectangular fracture pattern. The fractures are filled with connel­
lite considered to be supergene (see later). Each segment is composed of a lamellar
intergrowth of low digenite and chalcocite (Plate 6 a). The proportion between the
two minerals vary from one segment to another. They may represent the deeom­
position product of a high digenite with a composition between ehalcocite (-CuzS)
and low digenite (-CU1.76S), The fraetures may have developed simultaneously
with this decomposition process.

Primary chalcocite

Chalcocite occurs as a primary mineral interstitial to silicate minerals, sometimes
in association with cuprite (Plate 6 d). The mineral has also crystallized together
with cuprostibite, sphalerite, rohaite and antimonian silver.

Blaubleibender covellite

Blaubleibender coveUite has formed by alterationof digenite. It forms patchy
replacement flakes, which extend from the connellite filled fraetures into the dige­
nite (Plate 6 b). Sometimes digenite grains have been completely altered into an
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intergrowth of covellite and blaubleibender coveIlite. Two varieties ofblaubleiben­
der covellite with different optical properties and chemical composition have been
identified.

One variety has a deep blue colour and no visible pleochroic effects. Under
crossed nicols the grains display strong polarization colours. The composition of
three grains in sample GGU 150102c is CU1.42±O.02S, One of the analyzed grains is
shown in plate 6 b.

The second variety is characterized by a stronger dark blue colour, distinct
reflectance pleochroism, strong anisotropism under crossed nicols and vivid polari­
zation colours. Microprobe analyses on 7 grains in sample GGU 150102a gave
CUl.13±O.03=S,

Frenzel (1959) originally considered the composition of blaubleibender covellite
to lie dose to CUl.17S but later he found varieties with compositions dose to
CU1.40S (Frenzel, 1961). Stillitoe & Clark (1969) and Globe & Smith (1973) have
described two varieties of the mineral with compositions CUl.12±O.03=S and
CU1.32±O.04S respectively. Moh (1971) has identified two structurally different va­
rieties of blaubleibender covellite, type A and type B. Type A (CU1+xS) belongs to
the pure Cu-S system and has a narrow compositional range. Type B contains trace
elements, probably O and possibly also OH. It has a compositional range from at
least 66.5 to 74.0 per cent Cu (~ CuS to CU1.43S) based on the composition of
naturally occurring varieties. Type B is a common supergene alteration produet
after primary copper sulphides. The two Ilimaussaq varieties may represent pre­
ferred compositions of type B.

Covellite

Intense alteration of digenite-chalcocite aggregates has resulted in the formation
of covellite often accompanied by blaubleibender covellite.

(?)Djurleite

In sample GGU 150102c very rare exsolution lameIlae of an unidentified mine­
ral have been observed in low digenite - chalcocite aggregates (Plate 6 c). The
mineral relationships displayed in the photograph suggest that the lameIlae have
exsolved before the decomposition of the original high digenite.

The colour of the mineral is slightly whiter than the associated chalcocite. Com­
pared to chalcocite the reflectivity is distinctly higher and the anisotropism under
crossed nicols stronger. The polishing hardness is higher than that of both chalco­
cite and digenite. Microprobe analyses of three lameIlae gave rather similar results:
CU1.96S. This composition is very dose to that of the rare mineral djurleite, which
according to Roseboom (1966) is CU1.96-1.97S, Uytenbogaardt & Burke (1971, p.
60) stress that the optical properties of djurleite and chalcocite are very similar.
The identity of the exsolution lameIlae as djurleite has yet to be confirmed.
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Cuprostibite alteration minerals

Introduction

Alteration of cuprostibite from the Kangerdluarssuk and Kvanefjeld localities
(fig. 1), has resulted in the formation of Sb-malachite (possibly a submicroscopic
intergrowth of two or more phases), cuprite (several varieties), native copper,
senarmontite and an unidentified mineral associated with the senarmontite. The
mineralogical examinations have been completed on material from the Kangerdlu­
arssuk cuprostibite locality unless otherwise stated.

Mineral descriptions

Sb-malachite

A characteristic green malachite like decomposition product of cuprostibite is
present in all mineralized samples. The true identity of this substance is in doubt.
An X-ray diffractometer diagram gave rather weak malachite diffraction lines
whereas no results were obtained by the Guinier method. The mineral is thus
poorly crystalline. This feature and the high content of antimony indicated by the
microprobe may suggest a submicroscopic mixture of malachite and a non-crystal­
line Sb-rich unidentified phase. Alternatively, the antimony might be contained in
the malachite structure.

Microprobe analyses of the Sb-malachite replacement aggregates (Table 8) show
that the mineral contains more antimony than copper. The composition varies

Table 8. Microprobe analyses on Sb-malachite

2 3 4

Sb ....................... 34.5 43.9 40.9 47.4
Cu ....................... 27.8 16.5 22.2 16.2
O calc. .................. . 34.6 32.1 32.3 32.0
C calc. .................. . 5.1 4.8 5.1 5.0
H calc. .................. . 0.9 0.8 0.9 0.8

-- -- -- --
102.9 98.1 101.4 101.4

Atom ratio
Sb:Cu .................... 0.65 1.39 0.97 1.53

1 and 2: banded Sb-malachite in sample GGU 151530.2
3 and 4: Sb-malachite in sample 151530.3
Standards were Cu and Sb
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Fig. 9. Microprobe scanning profile
across banded Sb-malachite aggregate
showing variations in the antimony and
copper contents. Sample GGU
151530.2.

Cu(Kd.. )
1+2

O.05mm

significantly from one aggregate to the next. The aggregates often show distinct
concentric banding (Plate 7 a). In some cases the copper to antimony ratio varies
significantly from one band to the next, in other cases no difference ean be detec­
ted. A microprobe scanning profile across a banded Sb-malachite aggregate is
shown in fig. 9. Quantitative analyses of a copper-rich and an antimony-rich band
are listed in Table 8.

The variable composition across layered aggregates suggests (as assumed above)
that these are composed of at least two chemically distinct phases present in differ­
ent proportions.

The ZAF corrections of the microprobe data were carried out assuming a con­
tent of five per cent carbon in addition to oxygen but ignoring the presence of
hydrogen. This assumption ean only have caused little error because of the low
atomic number of hydrogen. The amounts of oxygen, carbon and hydrogen which
correspond stoichiometrically to the experimentally determined and corrected
metal values, assuming a va1ency of +2 for copper and +3 for antimony, are listed
in Table 8.

Cuprite

Cuprostibite always contains distinct alteration aggregates consisting of inter­
growths of cuprite and darker unidentified mineral phases. There are both gradual
and stepwise changes in chemical compositions and optical properties between
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these phases (Plate 7 b, c). X-ray crystallographic examination of the darker phases
could not be carried out due to the small amount of material available. Microprobe
analyses indicate, as discussed below, that the darkest varieties contain the highest
amount of OH and/or H20. Gel textures are sometimes seen (Plate 7 d). The
darker phases may therefore represent 'hydrated cuprites' or 'gel-cuprites'. They
are all referred to as cuprite in what follows.

Light grey reflecting cuprite, present as fracture fillings or developed in rather
homogeneous areas with only small amounts of the darker varieties present, has
weak to distinct anisotropism under crossed nicols. Red internal reflections are
generally abundant. These properties correspond to those for cuprite given by
Ramdohr (1975).

Light grey reflecting cuprite associated with significant amounts of darker grey
varieties (Plate 7 b, c) is distinct to strongly anisotropic under crossed nicols and is
without red internal reflections. An X-ray powder pattern of material from the
aggregate shown in Plate 7 c gave cuprite diffraction lines. The grain size of the
mineral is less than 0.02 mm. The darker coloured varieties also show pronounced
anisotropism under crossed nicols, and they also lack the red internal reflections.

Microprobe analyses were carried out on light and dark cuprite varieties of the
type without red internal reflections. In sample GGU 151530.2, an aggregate
characterized by a heterogeneous, sometimes banded mixture of light and dark
cuprite was investigated (Plate 7 c). Microprobe analyses on light, medium and
dark reflecting cuprite are listed in Table 9. The antimony content varies signifi­
cantly. The small amount of silicon present apparently is independent of the anti­
mony content.

In sample GGU 151530.151-c cuprostibite contains several patchy cuprite areas
similar to those shown in Plate 7 b. Analyses on light grey to almost black cuprite
varieties are listed in Table 9, column 4-7. In addition to antimony and silicon

Table 9. Microprobe analyses on cuprite

2 3 4 5 6 7

Cu o •••••••••••••••••• 87.5 77.6 71.1 80.3 66.1 45.9 28.5
Pb .................... 1.1 9.5 17.5 24.3
Sb .................... 1.6 2.7 8.4 1.3 2.9 3.3 3.9
Si 0.00.0 •••••• 0.00.0 •• 0.3 0.7 0.5 0.2 0.8 1.6 3.8
O calc................. 11.7 11.1 10.4 10.7 10.5 9.6 10.6

100.4 92.1 90.4 93.6 89.7 78.9 71.1

1-3: cuprite in sample GGU 151530.2, light medium and dark reflecting varieties respectively
4-7: cuprite in sample 151530.151-c, grey-white to almost black varieties
Standards were Cu, Sb, PbS and SiOz
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surprisingly large amounts of lead were recorded. This metal is considered to have
been derived from alteration of galena enclosed in cuprostibite at a few millimetres
distance from the cuprite areas. Lead in the cuprostibite could not be detected by
the microprobe.

The ZAF corrections of the microprobe data were carried out assuming the
presence of a pure oxide, ignoring the possibie content of hydrogen in the mineral.
The amount of oxygen equivalent to all the elements in each of the eight analyses
listed in Table 9 has been calculated assuming a valency of +1 for copper, +2 for
lead, +3 for antimony and +4 for silicon. The discrepancy of the sum of metal and
calculated oxygen values from one hundred per cent increases with decreasing
copper content and increasing content of the other elements. Only one explanation
appears acceptable. Increasing contents of OH- and HzO in the mineral accompa­
ny increasing contents of lead, antimony and silicon. The easier destruction of the
low reflecting phases than of the light grey reflecting phase under the electron
beam supports this conclusion.

Senarmontite and the associated unidentified mineral

One of the major cuprostibite alteration products consists of a light grey mixture
o~ very fine-grained senarmontite and an unidentified mineral. Both have nearly
similar optical properties. The unidentified mineral is platy to fibrous in shape.
Guinier powder examination of material from the Kangerdluarssuk and the Kva­
nefjeld localities gave similar results. In addition to senarmontite lines several
unidentified lines are attributed to the unidentified mineral. In Guinier film 1619
of material from the Kvanefjeld locality (sample GGU 150102c) the dhkl values
and the visually estimated intensity of these lines are 9.59(3), 3.173(8), 3.087(5),
2.962(10), 2.451(5), 2.070(4), 1.949(5), 1.757(3), 1.648(2) and 1.62(2).

In sample 150102c the grain size of the two minerals was sufficiently large to
perrnit microprobe analyses (Tabte 10).

Table 10. Microprobe analyses on senarmonite and associated unidentified mineral

Senarmontite
Wto % Atom ratio

U nidentified mineral

Wto % Atom ratio

Sb .
Cu .
O calc.' .
H calc .

76.2±1.2
5.0±0.5

16.3

1.84
0.23
3.00

58.5±1.9
11.3±1.6
23.1

5.7
99.6

2.92 1
1.08 f 4.00

10.92
10.92

Sample GGU 150102c. Standards were Cu and Sb
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The copper to antimony ratio in the senarmontite is 1:8.09.
The copper to antimony ratio in the unidentified mineral is 1:2.7. The micropro­

be analyses show that the mineral is not a pure oxide but is likely to contain either
OH- or H20 or both. This assumption is substantiated by the easy destruetion of
the polished surfaee when exposed to the electron beam. A similar destruetion of
the senarmontite surfaee does not take place. The ZAF corrections were com­
pleted assuming a pure hydroxide, yielding the formula CUl.OsSb2.92(OH)1O.92 or
idealized CU1Sb3(OH)11' The only copper-antimony mineral of this nature known
to the author is partzite (CuySb2-x(O,OH,H20)6-7' y = max. 2 and x = max. 0.1,
Mason & Vitaliano, 1953). However, the diffraction lines of partzite are different
from those of the unidentified minerallisted above.

Native copper

One microprobe analysis on native copper gave an antimony content of 0.7 per
cent.

Mineral relationships

Senarmontite and an associated unidentified mineral have developed by altera­
tion of cuprostibite. Part of the copper released crystallized as light grey (antimo­
ny-free) cuprite replacing silicate minerals, mainly aegirine and ana1cime, or filling
fractures in these (Plate 7 e). Cuprite also crystallized as patchy aggregates repla­
cing cuprostibite. Some of these patches are composed only of the light grey reflec­
ting antimony-free cuprite, others consist of an intergrowth of differently reflecting
varieties of cuprite (Plates 7 b, c). Rarely gel textures are developed within these
aggregates (Plate 7 d). Native copper associated with minor cuprite occurs as
fracture fillings in cuprostibite. The native copper does not extend into adjacent
silicate minerals (Plate 7 f). Part of the exposed mineral veins at localities 2 and 3 in
fig. lis stained by Sb-malachite. In polished sections Sb-malachite is seen to form
replacement aggregates up to a few millimetres in size in cuprostibite. The mineral
also occurs associated with minor amounts of cuprite along fracture veinlets cutting
cuprostibite and silicate minerals. Extensively altered cuprostibite may consist of a
mixture of all four alteration minerals in greatly varying proportions.

Conditions of formation

The Sb-malachite staining shows that alteration of cuprostibite is supergene,
post-glacial in age and should therefore still be active at the present time. Primary
carbonate minerals are extremely rare within the Ilimaussaq alkaline intrusion
(Sørensen, 1962; Sørensen et al., 1970). They have not been found at the two
cuprostibite localities. CO2tied up in the relatively abundant Sb-malachite is there-
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fore considered to have been derived from the atmosphere and dissolved in the
percolating rain waters, causing the alteration processes. The stability conditions of
Sb-malachite, cuprite and native copper in the system Cu-HzO-Oz-S-COz at a
temperature of 25°C and a pressure of one atmosphere have been indicated by
Garrels & Christ (1965, p. 240). The effect of the addition of antimony to the
mineral stability field is not known. Assuming that these changes are small, then
the stability conditions of Sb-malachite, cuprite and native copper suggest that the
supergene solutions were slightly acid (pH - 4-7) with a low positive oxidation
potential (Eh - 0.0±0.30).

The occurrence of connellite, brochantite, linarite and
senarmontite

Introduction

At the cuprostibite locality on the Kvanefjeld plateau (fig. 1) fraetures in digenite
are filled with connellite. At the locality at Kangerdluarssuk rare cavities less than
one centimetre in size are filled with one or several of the following minerals:
connellite, linarite, brochantite, senarmontite and Sb-malachite or azurite.

Mineral descriptions

Connellite

At the Kvanefjeld cuprostibite locality digenite-chalcocite aggregates with a
maximum size of half a centimetre are enclosed in silicate minerals (sample GGU
150102). The aggregates show a pseudo-rectangular fracture pattern filled with
connellite. The formation of connellite was accompanied by the partial alteration
of digenite and chalcocite to blaubleibender covellite and covellite. Guinier powder
examination of a mixture of digenite and connellite has confirmed the identity of
both minerals (film no. 2028). A composite microprobe analysis representing se­
veral connellite grains in sample GGU 150102.1331 gave: CuO 68.0%, SbZ0 3

1.5%, ZnO 1.0%, Cl 7.0%, S03 3.7%. (ARL microprobe model EMX. Standards
used were: Sb, Cu, Zn, PbS, and NaCl). Compositions of connellite from four
localities listed by MeLean & Anthony (1972) lie within the following ranges: CuO
73.11-73.96%, S03 3.15-3.98%, NzOs 0-0.72%, Cl 6.82-7.09% and HzO
16.75-17.55%.

At the Kangerdluarssuk cuprostibite locality cavities in sample GGU 151337
contain connellite associated with an extremely fine-grained unidentified mineral.
Connellite generally forms slender prisms, hardly exceeding a few tenths of a
millimetre in length (Plate 8 a). Short stumpy crystals are rare (Plate 8 b). Some­
times the prism faces appear to be slightly curved; but these curved faces may
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actually be due to a combination intergrowth of prism and pyramide faces (Plate 8
c). The crystals often terminate in what appears to be a very steep pyramid (Plate 8
d).

The cell dimensions of connellite from the Kangerdluarssuk locality (refined on
basis of Guinier powder data (film no. 1949) and using the REFBASE III program
written by E. Leonardsen, Institute of Mineralogy, University of Copenhagen) are
a 15.751±O.003 A and c 9.122±O.003 A.

Brochantite

A few cavities in sample GGU 151337 are filled with a dark olive-greenish-grey,
very fine-grained, compact aggregate of brochantite. Guinier powder examination
(film no. 1977) gave only brochantite lines, identical to those listed on ASTM card
13-398. Calculated cell dimensions are a 12.773±O.009 A, b 9.862±O.008 A and
c 6.015±0.005 A.

Chemical determinations on the mineral by N. Hansen, Institute of Mineralogy,
University of Copenhagen, gave a copper content of only 39.2 per cent. However,
the investigation indicated the presence of substantial amounts of antimony. The
samples for the chemical analysis and the Guinier powder examination were taken
from the same specimen and are considered representative for the same mineral.
Only brochantite diffraction lines were identifid in the Guinier powder pattern.
Unless a non-crystalline antimony-rich phase is present, it may be assumed that
substantial amounts of antimony are contained in the brochantite.

Linarite

Prismatic crystals of linarite with a maximum length of 0.1 mm have been found
in one cavity, halt a centimetre in size, in sample GGU 151337. The mineral cannot
be distinguished macroscopically from connellite due to the similar light blue col­
our, habit and crystal size. The cell dimensions of the investigated linarite (refined
on basis of Guinier powder film 2191) deviate slightly from those of the linarite

Tabte 11. Cell dimensions of linarite

Ilimaussaq
(GGU 151337)

a = 9.712A±0.005A .
b = 5.657A±0.003A .
c = 4.659A±0.002A .
ø± 102°32'±3' .

Berry (1951)

9.70A
5.65A
4.68A

102°40'

Bachmann
& Zemann (1961)

9.81A
5.65A
4.70A

104°42'
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studied by Berry (1951), but differ substantially from those of the linarite descri­
bed by Bachmann & Zemann (1961) (Table 11).

An average microprobe analysis of several mineral grains gave, in addition to

copper, lead and sulphur, a zinc content of 0.7 per cent.

Senarmontite

A one centimetre large cavity in sample GGU 151395 is filled with a porous
aggregate of octahedra of senarmontite (Plate 8 e). In sample GGU 151396 smal­
ler sized cavities are filled with similar senarmontite material. However, in some of
the cavities the senarmontite is associated with connellite and also with a mineral,
possibly malachite or azurite, shaped as platy crystals (Plate 8 f). This material could
not be isolated for X-ray powder examination.

Mode of formation

The minerals connellite, brochantite, linarite and senarmontite are new for
Greenland. These minerals are generally known to develop by supergene alteration
of copper, lead and/or antimony-bearing sulphides. The mode of occurrence of the
minerals at the two cuprostibite localities within the Ilimaussaq intrusion strongly
suggests a similar origin. The metal content of the mineralizing solution was pre­
sumably derived esseritially from the alteration of cuprostibite, digenite and galena.
The chlorine of the connellite may originate from sodalite, which occurs as a very
common mineral within the intrusion.
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Plate 1

a. Subhedral crystals of partly altered cuprostibite enclosed in chalcocite. A light grey alteration rim of
cuprite defines the original crystal outlines. The dark phase is senarmonite. (x 225. Oil immersion.
Sample GGU 150102a).

b. Two subhedralloellingite crystals enclosed in cuprostibite are separated by silver(l). (x 300. Oil
immersion. Sample GGU 150102c):

c. Silver(l) (bright white) in contact with cuprostibite (medium grey area in the very left part of the
photograph) occurs as host for smallloellingite crystals (light grey), chalcocite (dark grey), rohaite (very
dark grey) and aegirine (black). (x 530. Oil immersion. Sample GGU 150102b).

d. Grain of silver(l) enclosed in sphalerite cut by thin irregular chalcocite veinlets. Anhedral crystals of
cuprite (dark grey) and cuprostibite (light grey) are enclosed in the silver(l). Two cuprostibite grains in
the upper left and right part of the photograph are partly intergrown with cuprite. (x 530. Oil immersi­
on. Sample GGU 150102a).

e. Grain of silver(l) in graphic intergrowth with cuprostibite (grey), valentinite and cuprite (black). (x
810. Oil immersion. Sample GGU150102e).

f. Aggregate of silver(l) (white, 3.8) and silver(2) (grey, 3.11). The latter contains exsolved lamelIae of
silver(l) (white lamellae, 3.9) and lamelIae of allargentum (dark grey, 3.10). The numbers, e.g. 3.8,
refer to analysis 8 in Table 3. Selective partial alteration of the allargentum lamelIae has resulted in the
formation of secondary silver(3) with numerous inclusions of very fine grained cuprite and senarmontite
(x 580. Oil immersion. Sample GGU 150102g).

g. Silver(2) with exsolved lamelIae of allargentum (dark grey) and silver(l) (white). (x 525. Oil
immersion. Sample GGU 150102g).





Plate 2

a. Dyscrasite (grey) contains a few irregularly shaped grains of native copper (same shade and bright­
ness as dyscrasite). The margins of the native copper grains are altered to cuprite (black). Part of the
dyscrasite is altered to antimonian silver (white) disseminated with very fine-grained cuprite (black). (x
420. Gil immersion. Sample GGU 151530.3).

b. Dyscrasite (grey) contains very irregularly shaped allargentum (light grey). The central part of the
antimonian silver grain (bright white) in the middle part of the photograph contains very fine-grained
senarmontite. SimiIar senarmontite occurs at random in the antimonian silver at the bottom lefL
Irregularly shaped mineral A grains (bIack) occur at random in the dyscrasite. The black area at the
bottom left is anaIcime. The oval shaped galena grain (light grey) at the bottom has been partially
replaced by digenite (dark grey), the major portion of which has been transformed into chaIcocite
(medium grey). The photographed area is located almost in the middle of fig. 7. (x 320. Gil immersion.
Sample GGU 151530.772-4).

c. Dyscrasite (1) has been altered into grains of antimonian silver disseminated with senarmontite and
cuprite. The scarcity of oxide inc!usions in the marginal areas of the antimonian silver grains marks the
boundary between these. An irregularly shaped cuprite area at the upper right contains considerable
amounts of native copper (2). A few circular to ovale shaped galena grains are now completely replaced
by chaIcocite. (x 210. Air. Sample GGU 151530.3).

d. Irregularly shaped inc!usions of cuprite lie in antimonian silver disseminated with very fine­
grained cuprite. The cuprite inc!usions crystaIIized in graphic intergrowth with dyscrasite but have
survived the alteration of this mineral except for the transformation of the margins into a dark unidenti­
fied copper-antimony mineral. Two chaIcocite pseudomorphs after galena similar to those shown in
Plate 2 c are also present (x 410. Gil immersion. Sample GGU 151530.3).





Plate 3

a. Galena, now completely replaced by homogeneous chalcocite with the very regularly forrned fracture
pattern marking the original galena cleavage directions, has crystallized in association with sphalerite
(dark grey) along a fracture in analcime. The margin of the fracture is marked by white stippled lines.
The original galena grain boundaries are preserved. The chalcocite rim without fractures around the
sphalerite grains developed during replacement of the marginal areas of these grains, and its outer edge
may therefore represent the original galena-sphalerite contact. Cuprite and antimonian silver are pre­
sent along both sides of the chalcocite. (x 35. Oil immersion. Sample GGU 151530.2).

b. One relatively large and several small irregularly shaped grains of mineral A lie embedded in
dyscrasite which is locally altered into antimonian silver with inclusions of senarmontite. The photo­
graphed area is located around the mineral A grain no. 6 in fig. 7. (x 300. Oil immersion. Sample GGU
151530.772--4).

c. Dyscrasite along a fracture in aegirine containing numerous grains of mineral A in its central portion.
The grains occur in graphic intergrowth with the dyscrasite host. A chalcocite pseudomorph atter a
corroded galena grain occurs in the dyscrasite at the bottom centre of the photograph. A few primary
cuprite grains are also present (of same colour and brightness as chalcocite but smaller and without
fractures). A minor part of the dyscrasite is altered into antimonian silver with inclusions of senarmon­

tite. (x 320. Oil immersion. Sample GGU 151530.3).

d. Galena with an antimonian silver-disseminated chalcocite replacement rim occurs in antimonian
silver with inclusions of senarmontite. (x 515. Oil immersion. Sample GGU 151530.7).

e. Dyscrasite grain (grey) in cuprostibite (dark grey) has been partly altered to antimonian silver
(white). Only a minor portion of the antimony tied up in the altered dyscrasite structure has been
retained as senarmontite (black grains outside the stippled areas) while the major part has been re­
moved. Copper derived from altered cuprostibite was enclosed in the antimonian silver. Here it crystal­
lized as cuprite (black grains inside the stippled area) and as native copper interstitial to the antimonian
silver grains. (The colour and brightness of the native copper is very similar to that of dyscrasite on the
photograph). (x 420. Oil immersion. Sample GGU 151530.2).





Plate 4

a. Mineral A and aegirine occur as host for aggregates of galena grains which are partiy altered into
digenite. Most of the digenite has been transformed into chalcocite with a few 'shrinkage' cracks.
Chalcocite with a regular fracture pattern lying parallel to the galena cleavage directions has developed
at the very right in the figure. Grains of antimonian silver are enclosed in mineral A. The photographed
area is located between 2 and 3 in fig. 7. (x 230. Gil immersion. Sample GGU 151530.772-4).

b. Enlargement of the area at the right side of Plate 4 a. Note that even the few short and randomly
distributed cracks in the rather smooth rim of chalcocite all lie parallel to the galena cleavage directions.
(x 690. Gil immersion. Sample GGU 151530.772-4).

c. Galena in analcime has been almost completely replaced by digenite. The major portion of the
digenite has crystallized to chalcocite with only a few cracks. (x 640. Gil immersion. Sample GGU
151530.772-4).

d. Almost completely altered galena grains enclosed in analcime. Considerable amounts of an unidenti­
fied copper-antimony mineral occur along the margins of each altered galena grain. A band of the same
mineral cuts across one of the altered grains, separating poorly recrystallized chalcocite with a few
cracks from chalcocite with the pseudomorphic fracture pattern well developed. (x 620. Gil immersion.
Sample GGU 151530.2).





Plate 5

a. Chalcocite (white) contains crystals of rohaite [white with fractures parallel to (001)] and is partiy
altered into a very fine-grained mixture of senarmontite and digenite (grey). Black areas are inc1usions
of aegirine crystals. (x 430. Oil immersion. Sample GGU 151102F).

b. Crystals of rohaite(l) with basal c1eavage intergrown with chalcocite(2) lie imbedded in antimonian
si!ver(3). Black areas are silicate grains. (x 310. Oi! immersion. Sample GGU 151102.1328).

c. Partly altered rohaite in a matrix of secondary submicroscopically intergrown digenite and senarmon­
tite (dark grey and poorly polished). Fractures in rohaite, parallel to (001) are filled with a secondary
unidentified material. A white coloured 'bleached' rim has developed in the rohaite grain agilinst the
secondary minerals. (x 1130. Oi! immersion. Sample GGU 151102.1331).

d. Two aggregates of very fine-grained senarmontite and digenite have developed during alteration of
two rohaite crystals. The boundary in the middle of the photograph between the original rohaite grains
is easily recognized. A few silicate grains (black) lie along the boundary. Remnants (white) of one of the
rohaite grains occur in the bottom right part of the photograph. An irregular twin pattern is seen in one
of the two digenite-senarmontite aggregates (crossed nicols, x 310. Oil immersion. Sample GGU
151102.1331).





Plate 6

a. High digenite decomposed into lameIlar aggregate of low digenite (medium grey) and chalcocite
(light grey). (x 780. Gil immersion. Sample GGU 150102c).

b. LameIlar aggregate of low digenite (grey) and chalcocite (light grey and white) is partly replaced by
blaubleibender coveIlite (dark grey) and cut by irregular fractures filled with connellite (black). (x 780.
Gil immersion. Sample GGU 150102c).

c. Exsolved lameIlae of (?)djurleite in lameIlar aggregate of low digenite (medium grey) and chalcocite
(light grey). (x 1500. Gil immersion. Sample GGU 150102c).

d. Cuprite (grey) in contact with idiomorphic chalcocite crystals (white). (x 450. Gil immersion. Sample
GGU 150102a).





Plate 7

a. Banded aggregate of Sb-malachite developed by replacement of cuprostibite. A loellingite crystal
(arrow) has remained unaffected by the alteration of the cuprostibite, its original host. (x 200. Dil
immersion. Sample GGU 151530.6).

b. Aggregate in cuprostibite composed of different cuprite varieties. (x 470. Dil immersion. Sample
GGU 151530.151-c).

c. A mixture of various cuprite varieties (Table 9, 1-3) in sharp contact with a veinlet of antimonian
silver containing cuprite inclusions (white at bottom) has developed by alteration of cuprostibite (white,
centre and top). (x 280. Dil immersion. Sample GGU 151530.2).

d. Sphaerules of finely banded light and dark 'gel-cuprite' imbedded in considerably darker lead-anti­
mony-silicon-rich 'hydrated cuprite' . The photographed area represents the central portion of a larger
aggregate enclosed in cuprostibite and dominated by dark coloured cuprites (x 2125. Dil immersion.
Sample GGU 151530.151-c).

e. Portion of cuprostibite aggregate enclosed in silicates (aegirine and analcime) showing partial altera­
tion into very fine-grained senarmontite and associated unidentified mineral. Concentrically arranged
cuprite veinlets have developed in the silicate minerals around the partly altered cuprostibite aggregates
(x 80. Air. Sample GGU 151530.9).

f. Another portion of the same cuprostibite aggregate shown in Plate 7 e. A veinlet of native copper and
cuprite extends across the boundary between gangue minerals and cuprostibite partly altered into
senarmontite and unidentified mineral. In the gangue minerals only cuprite occurs in the veinlet, and in
the cuprostibite area only native copper. The black area in the vein between the native copper and the
cuprite is a hole in the polished section (x 350. Air. Sample GGU 151530.9).





Plate 8

Electron scanning microphotographs

a. Perfectly shaped connellite crystals. (x 1185. Sample GGU 151337).

b. Stumpy connellite crystals. (x 1185. Sample GGU 151337).

c. Connellite prism with slightly curved faces. (x 7600. Sample GGU 151337).

d. Slender connellite crystal with slightly curved prism faces as if the crystal was defined by a very steep

pyramide. (x 1790. Sample GGU 151337).

e. Octahedra of senarmontite. Note the fine growth lines in the cavity on the large crystal. (x 300.
Sample GGU 151395).

f. Aggregate of platy crystals assumed to be either malachite or azurite. (x 3150. Sample GGU
151396).
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