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Abstract

The new mineral chalcothallite, CUaTl82 was discovered in a hydrothermal
ussingite vein in poikilitic sodalite syenite (naujaite) in the Ilimaussaq intrusion,
80uth Greenland.

The new mineral is associated with ussingite, analcime, sodalite, epistolite and
chkalovite.

The mineral forms lamellar aggregates. The colour is lead grey to iron black with
metallic lustre. There are three mutually perpendicular c1eavages. The specific
gravity is 6.6, the hardness is 61-90 kg/mm 2 •

The chemical composition is: TI-3S.0?, Cu- 1.o.5S, Ag-0.19, Pb-0.13, Fe
- 3.?9, 8 -12.06, 8b - 3,93, insoluble 1.52; total 100.2?

The d-values of the strongest lines of the x-ray powder diagram are: 3.93, 3.?5,
3J.9, IJ.07, 2.48, 2.32, 2.19, 1.930.

Like chalcocite, chalcothallite is easily subject to transformation and recry
stallization. There are inc1usions of native silver, chalcocite, vrbaite and avicen
nite (?).

PE3IOME

HOBblil: MllHepaJI XaJIbROTaJIJIllT (CuaT18 2 ) ObIJI OTRpbIT B fHlI:pOTepMaJIbHoil:
YCCllHfHTOBOil: mHJIe, ceRy~eil: rroil:RllJIHTOBble COlI:aJIHTOBble CHeHHTbI (HaYHHTbI),
CJIaraIO~He JiIJIHMayccaRCRYIO llHTpyaHIO (IOamaH fpeHJIaHII:HH).

MHHepaJI aCCOn;HHpyeT c YCCHHrHTOM, aHaJIbn;HMOM, C0lI:aJIHTOM, <lrrHCTOJIHTOM
H qRaJIOBHTOM.

XaJIbROTaJIJIllT oopaayeT rrJIaCTHHqaTble BblII:eJIeHllJI CBHHn;OBO-CepOfO 11:0
meJIeaO-qepHOfO n;BeTa c MeTaJIJIHqeCRllM OJIeCROM. Crrail:HocTb HCHO BblpameHa B
Tpex BaallMHOrreprreHII:HRYJIHPHblX HarrpaBJIeHHHX. Y lI:eJIbHblil: Bec 6,6; TBeplI:0CTb
61-90 Rf IMM2 •

XllMHqeCRHil: COCTaB II rrpOn;eHTHoe c0lI:epmaHlle ROMrrOHeHTOB XaJIbROTaJIJIHTa
CJIeIl:YIO~He: Tl-3S,0?, Cu-40,5S, Ag-0,19, Pb-0,13, Fe-3,?9, 8-12,06,
8b - 3,93, HepacTBopHMblil: OCTaTOR - 1,52; Bcero - 100 ,2?0Io. MemrrJIOCROCTHble
paCCTOHHHH HaHOOJIee qeTRHX JIHHHil: lI:eOaerpaMMbI rropOIIIRa MHHepaJIa paBHbI:
3,93, 3,?5, 3,49, 3,07, 2,48, 2,32, 2,19, 1,930.

IIOII:OOHO XaJIbROaHHY, XaJIbROTaJIJIHT JIefRO rrOIl:BepraeTCH rrpeBpa~eHHHM H
rrepeRpHCTaJIJIHaan;HH. XaJIbROTaJIJIHT C0lI:epmHT BRJIIOqeHllH CaMOp0II:HOrO cepeopa,
XaJIbROaHHa, BpoallTa H aBlln;eHHllTa (?).



INTRODUCTION

In the summer of 1964, while examining the nepheline sodalite
syenite massif of Ilimaussaq, an unknown ore mineral was discovered
by E. I. SEMENOV. The detailed examination of the samples carried out
at IMGRE revealed that this mineral is a new copper-thallium sulphide
with the approximate formula CuaTIS2• The mineral is named chalco
thallite after its chemical composition.

The name chalcothallite has been approved by the Soviet-Russian
and the I.M.A. Commission on New Minerals and Mineral Names (10th
of february, 1966). The mineral may be related to the tetradymite
or chalcocite mineral groups.

The material examined is kept in the Mineralogical Museum of the
Academy of Sciences, Moscow, in the Museum of IMGRE and in the Mine
ralogical Museum of the University of Copenhagen.

The visit of E. I. SEMENOV to Ilimaussaq was made possibIe by a
grant from the Rask-0rsted-Foundation, Copenhagen.

Mrs. A. DEMIN has translated the Russian part of the text into English.
The material was collected during the investigations in the Ilimaussaq
intrusion being carried out by Grønlands Geologiske Undersøgelse (the
Geological Survey of Greenland) under the direction of H. SØRENSEN.
The authors wish to thank the Director of the Geological Survey of
Greenland, K. ELLITSGAARD-RASMUSSEN, for permission to publish this
report.



Pig. 1. imJlliHet! geological maJl oI the TJimaussaq alkaline intrusion
FERGUSOI\" (~1edd. Grønland 172,4, '1964).
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MODE OF OCCURRENCE

Chalcothallite was found on the north-west slope of Nakålaq at an
altitude of 525 m (fig. 1 at the co-ordinate 5.15 and fig. 2). This slope is
often called the Taseq slope. The mineral occurs in limited amounts in
veins of ussingite intersecting poikilitic sodalite syenite (naujaite).

The mineral forms small dark spots in the ussingite and is generally
surrounded by thin zones of green produets of alteration.

The ussingite veins are up to 2 m thick and may attain lengths of
20 m, Ol' more. The thickest veins strike NW-SE to N-S and are vertica1.
At their ends the veins branch and pass into networks of thin veins which
intersect the naujaite in an intricate way.

Lujavrite is restricted to a network of thin veins of fine-grained
black arfvedsonite lujavrite. The number of these veins is largest at a
level immediately below the thickest veins of ussingite. The lujavrite
contains angular inclusions of naujaite.

The naujaite is furthermore cut by thin green veins of felt-like
ægirine (cf. SØRENSEN, 1962).

The ussingite veins cut veins of lujavrite and felt-like ægirine but
mayaiso occupy the central part of ægirine veins so that these veins
have marginal zones of ægirine and central zones of ussingite. The felt
like ægirine was formed in zones of deformation in naujaite and also in
augite syenite, that is after the consolidation of these rocks. The ussingite
veins are therefore considerably later than the naujaite and are most
probably genetically connected with the lujavrite. This age relation is
supported by the fact that lujavrite and ussingite veins may be conti
guous. In places ussingite veins appeal' to be formed in fractures along
lujavrite veins and may enclose acmitized fragments of the latter.

The central parts of the hydrothermal veins are composed of coarse
grained aggregates of white Ol' pink ussingite with scattered crystals of
chkalovite up to 30 cm across and with large plates of epistolite partly
altered into gerassimovskite. In places there are clusters of large cubic
crystals of white Ol' transparent analcime up to 10 cm across. Other
constituents are natrolite, microcline, Li-mica, tugtupite (in very small
amount), sphalerite, molybdenite, galena and red aggregates of niobo
phyllite. The chalcothallite is mainly enclosed in ussingite.

181 2



18 SEMENOV,SORE HEN, ilEHSMERTNAJA, and 'OVOROSSOVA v

Fig. 2. Thc Ta cq slope :een from 1 vanefjeld. The 10caliLy in which Lhe chalcothallite
wa found is inJicaled. (JOIl 1JA:'ISEN phol.).

The marginal parts of thc velfis often ar rieh in large crystaJs of
yeIlow sodalite and may, a. mentioned above, be rieh in ægirine. teen
strupine is a earce constituent in the border zones.
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Fig. 3. Vertical vein ol' ussingite (in centre). (JOHN liAN. E:'< phot.).

The adjacent naujaite often is penetrated by small sLringers from
the veins and may be enriched in arfvedsonite, acmite and chkalovite.

The ussingite veins oeeur in a l'ather high level in the naujaite
eontrary to the types of late veins described previousJy by ØRENSEN

(1962). These veins oceur in the lower part of the naujaite Ol' in USSINC'S

"breeeia zone" whieh is composed of lujavrite with inclusions of naujaite
(USS]:-< c, 1912). The hydrotherrnal veins af this low level oeeur in nau
jaite intimately injeeted by large masses and thick and thin veins af
lujavrite. Thei,' predorninant rninerals are albite, micl'oeline, analcime,
naLroliLe, sodalite, acmiLe, ægirine and arfvedsonite while ussingite and
chkalovite are less conspicuous. Accessory minerals are steenstrupine,
pyrochlore, epistolite, Li-mica, schizolite, astrophyl1ite, niceolite, spha
leritc, galena, and othel's. Steenstrupine and pyrochlore are very con
spicuous at this level.

On the Taseq slope the ussingite veins are pOOl' in steenstrupine
and pyrochlore, but rieh in chkalovite and epistolitc.

At a still higher levelon the Taseq plateau the naujaite is strongly
irnpregnated by veins of extrernely fJne-grained albite associated with
analcime, neptunite, I1uorite, epididymite, eudidymite, genthelvite and

2*



20 SEMENOV, SØRENSEN, BESSMERTNAJA, and NOVOROSSOVA v

leucophane (SEMENOV & SØRENSEN, 1966). Steenstrupine is practically
lacking. At this level lujavrite veins are few and thin and there is a
considerable vertical distance to large bodies of lujavrite. This may
indicate, that the mineralogy of the hydrothermal veins is determined
by the levelof formation. However, the systematic investigation of the
hydrothermal mineralization of lIimaussaq has only begun and may
prove or disprove this preliminary interpretation of the distribution of
the hydrothermal minerals.

The minerals of the chalcothallite-bearing veins are substantially
sodium minerals devoid of thallium.

The high temperature derivates of the nepheline and sodalite
syenites-the pegmatites-are rich in microcline, polylithionite and astro
phyllite, all of them p9tassic minerals containing Rb, es and TI. Thus,
the lIimaussaq astrophylIite contains 0.02 % TI (determined by N. Z.
KURBANOVA). The sodium minerals of the low temperature derivates
-the hydrothermal veins-contain lesser amounts of dispersed thallium,
which may explain the presence of chalcothalIite-the first proper
thallium mineral found in an alkaline massif.



MINERALOGY

Chalcothallite forms lamellar aggregates, measuring up to 3 x 2
x 0.5 cm, in white or pink ussingite. The aggregates split easily into thin
leaves. The colour of the mineral is lead-grey to iron-black with metallic
lustre and black streak. Cleavage is distinct in three mutually perpen
dicular directions of which that parallel to the laminae is perfect while
the other two cleavages are good or fair. The cleavage parallel to the
laminae presents a good plane of gliding with marked granulations
(plate 1, fig. 1). The mineral easily splits up into very fine flakes or into
rectangular plates when exposed to compression. The small plates are
almost entirely covered by an iridescent tarnish, which is similar to
that which is typical for many copper minerals (including chalcostibite).

The specific gravity of chalcothallite is 6.6. (determined by hydro
static weighing by G. G. PROKHOROVA). The hardness is 61-90 kgfmm2

which approximately corresponds to 2-2.5 of the Mohs' scale (determina
tion by S. I. LEBEDEVA).

The X-ray powder diagram (table 1) of the mineral is quite specific

Table 1. X-ray powder diagram of chalcothallite
radiation: Å - Cu, 2 R = 57.3 mm. Analyst : V. S. LEBEDEV.

no. intensity dhk1 no. intensity dhk1

1 lo 3,93 16 3 1,626
2 3 3,75 17 1 1,577
3 3 3,lo9 18 2 1,509
lo 2 3,27 19 2 1,lolo3

5 10 3,07 20 2 1,355
6 2 2,9lo 21 2 1,279
7 2 2,75 22 2 1,238
8 2 2,58 23 1 1,207
9 9 2,lo8 2lo 3 1,188

10 3 2,32 25 1 1,087
11 3 2,19 26 1 1,065
12 lo 1,930 27 1 0,891
13 3 1,83lo 28 1 0,856
U 3 1,735 29 1 0,817
15 3 1,68lo
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Table 2. Chemical composition o/ chalcothallite.

v

Theoretical Ilimaussaq sample

composition

I

relative number
(weight percent) weight percent of atoms

!
ITI .................. 44.5 38.07 0.187

Cu .................. 41.5 40.58 , 0.638
Ag ................. - 0.19 0.002
Pb ................. - 0.13 0.001
Fe .................. - 3.79 0.068
S ................... 14.0 12.06 0.377
Sb .................. - 3.93 0.032
insoluble ............ -

I

1.52 -

Total ............... 100.0 100.27

and cannot be correlated with those of known minerals. The chemical
analysis of chalcothallite by L. E. NOVOROSSOVA is presented in table 2.

The result of the chemical analysis was confirmed by means of the
electron microprobe KAMEKA in the Bardin Metallurgy Institute (ana
lyst: S. B. MASLENKOV) and by microspectrographic analysis at ZNIGRI
(analysed by N. KORENNovA). The mineral contains TI, Cu, S and Sb
and sometimes Au, As, Bi and Pb.

When examined under the microscope at a magnification of 1000
the aggregates of chalcothallite are practically monomineralic. Foreign
inc1usions only make up 2-3 Ofo of the aggregates. Most of the inclusions
are products of decomposition of chalcothallite and have the same cation
bulk composition as the primary mineral. This fact facilitated the deduc
tion of an approximate chemical formula for chalcothallite: 3 Cu2S.
T12S or CuaTlS2• Antimony is a minor component, while Ag, Fe, Pb and
As apparently are less constantly present.

A. Yu. MALEVSKY synthesized the compound CuaTlS2 (without
antimony). The product of synthesis has a homogeneous appearance and
is similar to the natural mineral with regard to optic properties (fig. 4,
plate 1, fig. 2 and plate 2, fig. 1).

In polished sections the lamellar structure of chalcothallite is very
distinct, the lameIlae being elongated and having a pronounced longitu
dinal cleavage. The transverse cleavage is also distinct but only for short
distances, which results in fan-like or step-like fractures (plate 2, fig. 2).
Commonly there are deformations (produced by translation) with bend
ing of the lamelIae along the c1eavage (plate 1, fig.1). These morphological
peculiarities are similar to the mode of occurrence of tellurides of bis
muth. The reflectivity of chalcothallite is moderate and is (according
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Table 3. Average reflectivity ot chalcothallite (in airJ.
(x 20. Aperture 0.40. Platinum standard N 2).

23

Anm . . . . .. v.o ~60 ~80 500 520 5~0 560 580 600 620 6~0 660 680 700
RI % ••••• 35.~ 3~.0 32.7 31.8 31.0 30.5 29.7 29.5 29.2 29.1 29.1 29.0 28.9 28.9

to visual observation in white light) a littIe higher than that of chalcocite
(plate 3, fig. 1).

The quantitative measurements of the average reflectivity in air of
natural chalcothallite was performed by L. A. LOGINOVA on the FME-l
apparatus of ZNIGRI. The results of the determinations are given in
table 3 and in fig. 4. Fig. 4 also shows the reflectivity of the synthetic
compound.

The colour of chalcothallite in white reflected light is light grey;
when adjacent to chalcocite it acquires a weak pinkish-Iavender tint
which corresponds to a steepening of the slope of its dispersion curve

35

30

25.1...-r-------r-------,------.-------..,,---------r-Anm
450 500 550 600 650 700

Fig.~. Curves of dispersion of the reflectivity of chalcothallite (1) and of the syn
thetic compound CuaTlS. (2), air.

R in the long wave part of the spectrum (fig. 4). A bireflectance is no
table in air, the position corresponding to Rg is colourless Ol' weakly
bluish, and that corresponding to Rp pinkish-Iavender. The anisotropy
effects are distinct, the colours being orange brown tints.

The relief of chalcothallite is low, practically identical with the
relief of chalcocite Ol' a littIe lower than that of vrbaite (plate 3, fig. 1
and plate 5, fig. 3).

Like chalcocite, chalcothallite is probably easily subject to trans
formation and recrystallization. Thus in polished sections subjected to
hot cementation, there appeal' in the mineral patches of fine crystalline
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structure, along fraetures and even along scratches made by abrasives
during polishing of the sections. The fine crystalline patches (plate 3,
fig. 2 and plate 4, fig. 1) often form polysynthetic transformation twins
(plate 4, fig. 2). The polysynthetic twins are usually oriented in a tapering
way along the elongation of the mineral, whereas the individuallamellae
are of the same thickness and situated perpendicular to this direction.
The reflectivity of the mineral did not change during recrystallization.

The microprobe analysis revealed changes in the chemical compo
sition of chalcothallite at places of recrystallization. Generally, the
contents of Cu and 5b are constant while the TI content varies (mostly
decreasing to some extent).

In polished sections prepared by cold cementation recrystallized
portions were absent.



ASSOCIATION (INCLUSIONS AND ALTERATION)

Natural chalcothallite contains inc1usions of native silver, chalco
cite, vrbaite and avicennite (?) which are mainly situated near the
periphery (plate 2, fig. 2) and along the cleavages of chalcothallite. They
form composite finely dispersed particles, hundredths, or rarely tenths
(up to 0.3), of a millimetre thick. (plate 5, fig. 1) All inclusions are pro
bably produets of hypergene alteration of the mineral, and only some
of the inclusions of silver may be primary. Compared to common silver,
the above mentioned silver has a lower reflectivity (about 70 0/0) and
hardness (25 kgfmm2). The silver inc1usions in chalcothallite contain
75-80% of silver (determined by X-ray microprobe analysis). The second
component of the native silver has not been identified; it is, however,
not Cu, 5b or Au, but may be TI. Thus, the mineral may be an inter
mediate member in a series between native silver and thallium, for which
the above mentioned hardness and reflectivity is characteristic.

In reflected light the inc1usions of vrbaite differ from chalcothallite
in having bright red internal reflexions and high relief; its reflectidty
is however slightly higher than that of chalcothallite in immersion.

Avicennite is thought to be present in the mechanical mixture of
powder-like non-transparent minerals (plate 5, fig. 1). A test undertaken
on the microspectral apparatus in an atmosphere of argon revealed
thallium and oxygen. Green copper minerals are also produets of oxida
tion of chalcothallite.
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PLATES



Plate 1.

Fig. 1. Chalcothallite with the longitudinal cleavage displaying effects of translation.
x 300, immersion.

Fig. 2. Synthetized Cu,TIS. with weekly developed step-like cleavage (upper right).
x 300, immersion.



PLATE 1.

Fig. \.

Fig. 2.



Plate 2.

Fig. 1. Mixture of the two phases Cu,TIS.(i) and Cu.S(2) obtained by synthesis
with a surplus of copper. x 300, immersion.

Fig. 2. PIate of chalcothallite with step-like cleavage and traces of hypergene sub
stitution. x 50, air.
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Plate 3.

Fig. 1. ChalcothaIlite (1) with well pronounced longitudinal c1eavage, partly replaced
by chalcocite (2). x 300, immersion.

Fig. 2. RecrystaIlized patches in chalcothaIlite; one nicol. x 750, immersion.
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Plate 4.

Fig. 1. The same as plate 3, fig. 2. Recrystallized patches in chalcothallite; crossed
nicols, x 750, immersion.

Fig. 2. Polysynthetic twins in recrystallized patches; crossed nicols, x 750 immersion.
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PLATE 4.



Plate 5.

Fig. 1. Chalcothallite with finely dispersed inc!usions of secondary minerals. x 500,
immersion.

Fig. 2. Crushed grains of chalcothallite (1) and native silver (2) in bakelite. x 750,
immersion.

Fig. 3. Inc!usions of vrbaite in chalcothallite. x 750, immersion, white light.
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