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ABSTRACT

Catamarcaite, ideally CusGeWSg, was discovered in bornite-rich ore from old dumps near the La Rosario vein, Capillitas
epithermal deposit, Catamarca Province, Argentina. The new mineral is associated with bornite, digenite, chalcocite, covellite,
sphalerite, hiibnerite, luzonite, wittichenite, several Ge-bearing sulfides (putzite, unnamed CugFe,ZnGe,S 7, and a briartite-type
phase) and quartz. Catamarcaite occurs as a thin rim lining cavities and fractures in chalcocite—bornite ore, and as aggregates, up
to 1 mm in size, composed of anhedral to subhedral, intensely twinned grains within digenite — chalcocite — sphalerite ore. The
mineral is opaque, grey, has a metallic luster and a black streak. It is brittle, and the fracture is irregular to subconchoidal. Neither
cleavage nor parting is evident in polished sections. VHN,s ranges between 193 and 264 (mean 227) kg/mm?, which corresponds
to a Mohs hardness of 3)2. The density could not be measured because of the small grain-size. Using the ideal formula and the
unit-cell parameters from powder data, the calculated density is 4.892 g/cm?. In plane-polarized reflected light, catamarcaite is
greyish white with a distinct brownish tint. It shows no pleochroism, and the bireflectance is absent in air and very weak in oil.
Between crossed polars, it is weakly anisotropic in shades of grey. In oil and between slightly uncrossed polars, the rotation tints
are pinkish grey to bluish green. Red internal reflections are occasionally observed along fractures. The reflectance values (in air
and in oil, interval 400-700 nm) are tabulated; the COM values in air are (R; and R, in %): 470 nm: 24.5, 25.2; 546 nm: 24.1,
24.5; 589 nm: 24.5, 25.1; 650 nm: 23.4, 23.7. The average result of 34 electron-microprobe analyses is: Cu 42.72, Ag 0.14, Fe
0.17, Ge 7.84, W 20.89, S 27.79, total 99.55 wt.%, corresponding to the empirical formula Cugn9Ago.01Fe0.03Ge0.9sW1.0357.36
(on the basis of a total of 16 atoms). The ideal formula of catamarcaite, CusGeWSg, requires Cu 42.64, Ge 8.12, W 20.56, S
28.68, total 100.00 wt.%. Catamarcaite is hexagonal, space group P63mc, with unit-cell parameter refined from single-crystal
data: a 7.5238(8), ¢ 12.390(3) A, V = 607.4(2) A3, Z = 2, and c:a = 1.6467. The strongest eight X-ray powder-diffraction
lines [d in A(I)(hkl)] are: 5.767(100)(011), 3.215(25)(112), 3.151(35)(021), 2.884(28)(022), 2.416(26)(121), 1.972(24)(025),
1.881(48)(220) and 1.744(26)(026). The crystal structure was solved by direct methods to an R; index of 4.86% for 616 unique
reflections measured with MoKo X-radiation. Catamarcaite is a derivative of a tetrahedral MeS structure with a stacking, along
the ¢ axis, of the ABAC type, with a combined Achc.. sequence. Thus two-layer packets with a cubic layer stacking are invariably
separated by a boundary based on the hexagonal stacking of layers of tetrahedra (i.e., it is alternation of the “sphalerite” and
“wurtzite” structure-types). The new mineral is chemically related to kiddcreekite, CugSnWSg, and hemusite, CugSnMoSg. The
structural relationships among the three species are unknown. Catamarcaite is named after the Province of Catamarca, where the
new mineral species was found. The mineral and mineral name have been approved by the Commission of New Minerals and
Mineral Names, IMA (2003-020).

Keywords: catamarcaite, new mineral species, copper germanium tungsten sulfide, crystal structure, kiddcreekite, La Rosario
vein, Capillitas deposit, Catamarca Province, Argentina.

SOMMAIRE

La catamarcaite, de composition idéale CusGeWSs, a été découverte dans un minerai riche en bornite dans les haldes de la
veine dite La Rosario, du gisement épithermal de Capillitas, province de Catamarca, en Argentine. Lui sont associés bornite, digé-
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nite, chalcocite, covellite, sphalérite, hiibnérite, luzonite, wittichénite, plusieurs sulfures porteurs de Ge (putzite, CugFe,ZnGe;S
sans nom, et une phase ressemblant a la briartite) et le quartz. La catamarcaite se présente en liseré le long de cavités et de frac-
tures dans le minerai a chalcocite—bornite, et en aggrégats atteignant 1 mm, faits de cristaux xénomorphes ou sub-idiomorphes
fortement maclés au sein du minerai a digénite — chalcocite — sphalérite. Le minéral est opaque, gris, possédant un éclat métallique
et une rayure noire. Il est cassant, et la fracture est irréguliére a subconchoidale. Aucun clivage ou plan de séparation n’est évident
en sections polies. Les valeurs de VHNys vont de 193 4 264 (en moyenne, 227) kg/mm?, ce qui correspond a une dureté de Mohs
de 3/2. On n’a pu mesurer la densité a cause de la taille des grains. En utilisant la formule idéale et les parametres de la maille
élémentaire, nous calculons une densité de 4.892 g/cm?>. En lumiére polarisée réfléchie, la catamarcaite est blanc grisétre avec une
teinte brunatre distincte. Elle ne montre aucun pléochroisme; il n’y a aucune biréflectance dans 1’air, et elle est trés faible dans
I’huile. Avec nicols croisés, elle est faiblement anisotrope en teintes de gris. Dans I’huile et avec les nicols Iégérement décroisés,
les teintes de rotation vont du gris rosétre a vert bleudtre. Des réflexions internes rouges sont visibles le long de fractures. Nous
présentons les valeurs de réflectance déterminées dans 1’air et dans 1’huile sur I’intervalle 400700 nm; les valeurs COM dans
I’air (R; et R, en %) sont: 470 nm: 24.5, 25.2; 546 nm: 24.1, 24.5; 589 nm: 24.5, 25.1; 650 nm: 23.4, 23.7. Trente-quatre analyses
avec une microsonde €lectronique ont donné, en moyenne: Cu 42.72, Ag 0.14, Fe 0.17, Ge 7.84, W 20.89, S 27.79, pour un total
de 99.55% (poids), ce qui correspond a la formule empirique Cug 09Ago 01Fe0.03Geo.osW 1035786 (sur une base de 16 atomes). La
formule idéale de la catamarcaite, CucGeWSg, requiert Cu 42.64, Ge 8.12, W 20.56, S 28.68, total 100.00%. La catamarcaite
est hexagonale, groupe spatial P6smc, avec les paramétres réticulaires suivants affinés a partir de données sur monocristal: a
7.5238(8), ¢ 12.390(3) A, V 607.4(2) A3, Z =2, et c:a=1.6467. Les huit raies les plus intenses du spectre de diffraction X
[méthode des poudres, d en A(I)(hkl)] sont: 5.767(100)(011), 3.215(25)(112), 3.151(35)(021), 2.884(28)(022), 2.416(26)(121),
1.972(24)(025), 1.881(48)(220) et 1.744(26)(026). La structure cristalline a été résolue par méthodes directes jusqu’a un résidu
R de 4.86% en utilisant 616 réflexions uniques mesurées avec rayonnement MoKa. La catamarcaite est un dérivé de la structure
a tétraedres MeS avec un empilement le long de 1’axe ¢ de type ABAC, et donc une séquence combinée hchc... Une séquence de
deux couches a empilement cubique est suivie d’une interface avec une maille a empilement hexagonal de tétraédres; en autres
mots, il s’agit d’une alternance de modules “sphalérite” et “wurtzite”. La nouvelle espéce est chimiquement apparentée a la
kiddcreekite, CusSnWSg, et la hémusite, CusSnMoS;. Les interrelations structurales parmi les trois especes restent a définir. Le
nom de I’espece rappelle la province de Catamarca, ou se trouve la localité-type. Le nom et le minéral ont recu I’approbation de
la Commission des Nouveaux Minéraux et des Noms de Minéraux (dossier 2003-020).

(Traduit par la Rédaction)

Mots-clés: catamarcaite, nouvelle espéce minérale, sulfure de cuivre, germanium et tungsténe, structure cristalline, kiddcreekite,
veine La Rosario, gisement de Capillitas, province de Catamarca, Argentine.

INTRODUCTION ore (putzite, catamarcaite, unnamed CugFe,ZnGe;S

and a briartite-type phase) and in high-grade silver ore

In the Earth’s crust, germanium mainly occurs in
trace amounts in silicates, though notable concentra-
tions are known in some sulfides (e.g., up to 3000 ppm
in sphalerite), oxides, hydroxides and sulfates (Bern-
stein 1985). The enrichment of Ge in sulfide deposits,
especially those containing Zn—Cu-Pb, is documented
from several locations worldwide, such as Tsumeb,
Namibia (Sclar & Geier 1957, Geier & Ottemann
1970a, b, 1972, Lombaard et al. 1986) and Kipushi,
Democratic Republic of Congo (Francotte et al. 1965,
Viaene & Moreau 1968, Intiomale & Oosterbosch
1974). Within these deposits, Ge-rich zones are usually
associated with high-grade copper ore (Bernstein 1985).
Germanium either occurs as an essential component
of several sulfide minerals, particularly those with Cu
(e.g., renierite, briartite and germanite), or it substitutes
for As and Sn (e.g., Ge-bearing colusite). Argyrodite,
ideally AggGeSg, is restricted to Ag-bearing sulfide
deposits such as Freiberg, Saxony (Baumann et al.
1997), and Colquechaca and Porco, Bolivia (Ahlfeld
& Schneider-Scherbina 1964, Paar et al. 2004a, Paar
& Putz 2005). At Capillitas, germanium is present as
a constituent of sulfides, both in high-grade copper

(argyrodite and “As-bearing” argyrodite) (Putz et al.
2002, Putz 2005, Paar & Putz 2005).

The Capillitas epithermal deposit, Department of
Andalgald, Catamarca Province, northwestern Argen-
tina, was mined for copper, silver and gold until the
beginning of the 20" century, and is presently a well-
known source of gem-quality rhodochrosite. A detailed
investigation of the mineralogy of the Capillitas deposit
was carried out as part of a bilateral project between
the Austrian (FWF) and the Argentinian (CONICET)
research councils. The results are presented in Putz
(2005). This study has led to the discovery of several
new mineral species. Two of them, putzite (Paar et al.
2004b) and catamarcaite, the subject of this contribu-
tion, have already been accepted by the IMA-CNMMN
(cases number 2002-024 and 2003-020, respectively).

Catamarcaite is named after the Argentinian Prov-
ince of Catamarca, where the new mineral was found.
Holotype material (a polished section and one frag-
ment of ore) is deposited in the systematic collection
of the Division of Mineralogy, Department of Material
Science, University of Salzburg, Austria, under cata-
logue numbers 14931 and 14932.
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LOCATION AND GEOLOGY

The Capillitas mining district (lat. 27°21’S, long.
66°23°W) is part of the Farallén Negro Volcanic
Complex (FNVC), which consists of Miocene extrusive
rocks, as well as intrusive subvolcanic rocks of largely
andesitic composition (Fig. 1A; Sasso 1997, Sasso &
Clark 1998). Intrusive rocks are restricted to various
volcanic centers (Fig. 1A) and host porphyry Cu-Au
deposits (e.g., Bajo de la Alumbrera, Agua Rica) and
epithermal vein-type deposits (Faralléon Negro — Alto
de la Blenda, Capillitas). The volcanic rocks overlie
Tertiary continental redbeds of the El Morterito Forma-
tion. The underlying crystalline basement consists of
metapelites and schists of the lower Cambrian Suncho
Formation and the upper Ordovician to lower Silurian
Capillitas granitic batholith (Acefiolaza et al. 1982).

The Capillitas diatreme, located in the granitic base-
ment block of the Sierra de Capillitas (Figs. 1A, B),is a
volcanic pipe composed of intrusive and volcanoclastic
rocks of rhyolitic to dacitic composition of Miocene age
(~5 Ma). The main lithologies are lapilli tuff, ignim-
brite, rhyolite porphyry, lithic tuff and dacite porphyry
(Breitenmoser 1999, Hug 1999). Leucocratic dikes of
rhyolitic composition and melanocratic dikes of basaltic
composition are exposed north and west of the diatreme.
The diatreme is host to the subvolcanic, epithermal
vein-type Capillitas deposit (Mdrquez-Zavalia 1988,
1999). This deposit has a pronounced polymetallic
character and consists of numerous mineralized veins,
which cross-cut the diatreme volcanic suite and the
adjacent Capillitas granite north and west of the Capil-
litas diatreme (Fig. 1B). Two preferred orientations of
the steeply dipping veins are observed: ENE-WSW
(e.g., La Grande, La Rosario and La Argentina veins)
and WNW-ESE to NNW-SSE (e.g., Capillitas, Nueve
and Ortiz veins). The veins can be traced along strike
from a few meters up to 800 m. Their vertical extent
is unknown, but estimated to be more than 500 m. The
major mineralized veins consist of numerous lenticular
to tabular orebodies of variable length and width that
pinch, swell and anastomose. As in other epithermal
vein-type deposits, the distribution of these bonanza
ores is very irregular, both along strike and dip. The
thickness of the veins ranges from a few cm up to
more than 2.5 m (e.g., Capillitas and La Rosario veins),
with an average between 50 and 70 cm (Angelelli &
Rayces 1946).

MINERALIZATION

In the Capillitas area, alteration and mineralization
are restricted to the extrusive and intrusive rocks of
the Capillitas diatreme and to the epithermal veins and
leucocratic dikes in the vicinity of the diatreme. Altera-
tion comprises phyllic, propylitic and argillic alteration,
silicification and pyritization (Mdrquez-Zavalia 1999,
Putz 2005). The different geological environments,
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the alteration features and the ore mineralogy show
that high- and intermediate-sulfidation environments
are present (sensu Sillitoe & Hedenquist 2003), and
overprinted by supergene processes. The polyme-
tallic character of the Capillitas epithermal deposit is
demonstrated by its complex Cu—Pb—Zn-Fe—As—Sb
paragenesis, with minor W, Bi, Sn, Te, Ag and Au, and
traces of Ge, Cd, In, V, Ni and TI (Putz 2005). On the
basis of extensive exploration in the late 1970s, a total
of 387,000 tonnes of ore reserves was calculated. The
average grades are: Au 2.6 g/t, Ag 108 g/t, Cu 2.32%),
Pb 1.62% and Zn 3.10% (Mdrquez-Zavalia 1999).

The high-sulfidation assemblages are typically
composed of pyrite, enargite—luzonite, tennantite —
tetrahedrite — goldfieldite, hiibnerite, bismuth sulfosalts
(e.g., aikinite—bismuthinite, wittichenite), tin sulfides
(e.g., colusite—nekrasovite, stannoidite, mawsonite) and
minor native gold, accompanied by advanced argillic
alteration (quartz, dickite, svanbergite—hinsdalite) and
vuggy quartz (Putz 2005). This type of mineralization
represents an early stage, which is mainly restricted
to the diatreme-hosted veins. It usually consists of
disseminated ore that replaced or impregnated leached
country-rocks; massive to banded sulfide veins are
subordinate.

Intermediate-sulfidation assemblages consisting
of galena, Fe-poor sphalerite, tennantite—tetrahedrite,
chalcopyrite, pyrite, marcasite, rhodochrosite, quartz
and barite typically occur within the granite- and
rhyolite-dike-hosted veins distal with respect to the
diatreme (Putz 2005). Only locally, these assemblages
are enriched in sulfides and sulfosalts of Ag (acanthite,
argyrodite, proustite—pyrargyrite, pearceite) and native
silver (Putz 2005). Open-space filling and rhythmic
banding (e.g., the rthodochrosite-rich parts) are ubiq-
uitous textural features. Vein breccias are commonly
observed and usually show a cockade texture.

Ores rich in bornite — digenite — chalcocite are
mainly restricted to the central part of the deposit (in
the vicinity of the La Rosario vein) and show a very
complex and unique mineralogy (Putz 2005). Two
subtypes can be recognized. (1) Massive bornite—chal-
cocite ore is spatially associated with subordinate
hiibnerite, pyrite, chalcopyrite, tennantite, wittichenite,
mawsonite and thalcusite. This type of ore contains
several germanium-bearing phases: putzite, catamar-
caite, unnamed CugFe,ZnGe,S|,, and a briartite-type
phase (Paar et al. 2004b, Putz et al. 2002, Putz 2005).
(2) A more stockwork-like subtype is characterized by
the abundant deposition of Sn-bearing (colusite—nekra-
sovite, stannoidite and mawsonite) and Te-bearing
minerals (e.g., goldfieldite, hessite). These copper-rich
ores are interpreted to be the remnants of bornite-rich,
late high-sulfidation mineralization, which was over-
printed by supergene mineralization, with the deposi-
tion of chalcocite, digenite, covellite and native gold
(Putz 2005).
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An oxidation zone is developed throughout the
deposit, but restricted to the uppermost 40 to 50 m of
the veins. Oxides and hydroxides of Mn and Fe, cuprite,
azurite, malachite, brochantite, cyanotrichite, cerussite,
anglesite, beudantite and osarizawaite are common
phases (Putz 2005).

APPEARANCE AND PHYSICAL PROPERTIES

The new mineral species is a rare constituent of
bornite — digenite — chalcocite ore of the La Rosario
vein; only two catamarcaite-bearing specimens are
known. The holotype specimen, which measured 4 X
3 X 2 cm, was collected from a small pile of ore in the
“Quebrada Lavadero”, where high-grade copper—gold
ore was concentrated. This fragment of ore was cut into
several thin slices, from which four polished sections
were prepared (samples X19/H8, X19/H12, X19/P and
X19/P2). Within the holotype specimen, catamarcaite
forms aggregates, up to 1 mm in size, composed of
fractured, anhedral to subhedral grains that are arranged
in a network-like texture within a quartz-bearing bornite
— digenite — chalcocite — covellite — sphalerite matrix
(Fig. 2a). These aggregates are usually composed
of intensely twinned, lath-shaped grains (twin law
unknown) showing a mosaic-like pattern (Fig. 2c);
aggregates lacking twinning are rare and measure up to
55 X 120 pm. The new species is occasionally inter-
grown with luzonite or unnamed CugFe,ZnGe,S;, (Fig.
3a), and rarely contains inclusions of wittichenite. Very
rarely, the tungsten—germanium sulfide can be observed
in direct contact with hiibnerite (Fig. 2b).

The holotype specimen of putzite contains cata-
marcaite in two different habits. A thin rim (generally
less than 10 pm, rarely up to 50 wm in thickness)
lining cavities and fractures in bornite—chalcocite ore
represents the most common type. It is composed of
anhedral to euhedral grains of hexagonal shape; such
rims are commonly associated with lath-shaped grains
of a phase related to briartite (Fig. 3c). Less commonly,
catamarcaite forms anhedral to subhedral inclusions in
putzite with an envelope of unnamed CugFe,ZnGe,S
(Fig. 3b).

Catamarcaite is grey, has a metallic luster, a black
streak and is opaque. The mineral is brittle and has an
irregular to subconchoidal fracture. Neither cleavage
nor parting is evident in polished sections. Microhard-
ness measurements were performed with a Miniload
2 hardness tester using a load of 25 g. The Vickers

Fic. 1. a) Simplified geological map of the Farallon Negro
— Capillitas area, Catamarca Province, northwestern
Argentina (modified after Breitenmoser 1999). b) Simpli-
fied geological map of the Capillitas deposit (modified
after Mdrquez-Zavalfa 1988) and location of ore veins.
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hardness varies between 193 and 264 (10 indentations),
mean 227 kg/mm?. The calculated Mohs hardness is
3.5 on the basis of the equation of Young & Millman
(1964). The density could not be measured because
of the small grain-size. Using the unit-cell parameters
derived from powder data and Z = 2, the calculated
density based on the ideal formula is 4.892 g/cm?, and
the calculated density based on the empirical formula
is 4.921 g/cm?.

OPTICAL PROPERTIES

In polished sections in plane-polarized light (~3200
K), catamarcaite is greyish white with a distinct
brownish tint (Fig. 2a), which is considerably enhanced
in oil. It shows no pleochroism, and the bireflectance
is absent in air and very weak in oil. Between crossed
polars, it is weakly anisotropic in shades of grey
(Fig. 2¢). In oil and between slightly uncrossed polars,
its characteristic rotation-tints are pinkish grey to bluish
green (quite similar to the rotation-tints of chalcocite,
but somewhat less intense). Red internal reflections
are occasionally observed between crossed polars,
and occur along fractures and where grains are very
thin (Fig. 2c¢). Twins are typically marked by straight
lamellae of varying thickness (Fig. 2c).

Reflectance measurements were made within the
visible spectrum (400-700 nm) at intervals of 20 nm
using a Leitz MPV-SP microscope-spectrophotometer
(Table 1, Fig. 4). A WTiC reflectance standard (Zeiss
314) was used as a reference for the air and oil (Leica
Np = 1.518) measurements. The measurements were
performed on untwinned grains with a X50 objec-
tive, the effective numerical apertures of which were
confined to 0.28, and the diameters of the measured
discs were 10 pm.

The shape of the reflectance spectra for catamarcaite
and kiddcreekite (Bisbee, Arizona; Criddle & Stanley
1993) is very similar (Fig. 4). Catamarcaite is slightly
more strongly reflecting (1-2%) than kiddcreekite
(Fig. 4).

TABLE 1. REFLECTANCE DATA FOR CATAMARCAITE

A R, R, ™R, "R, X R, R, ™R, ™R,
400 243 250 104 109 560 244 248 103 106
420 245 253 104 108 580 245 251 105 109
440 246 253 106 111 589 245 251 105 108
460 245 252 106 11.1 600 245 250 104 108
470 245 252 105 111 620 240 245 103 105
480 244 251 104 109 640 236 239 98 100
500 242 247 102 105 650 234 237 97 98
520 241 245 101 103 660 231 233 95 97
540 241 245 102 103 680 226 228 91 92
546 241 245 102 104 700 222 224 90 90

Units: A innm, R in %.
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Fic.2. a) Network-like aggregate of catamarcaite (Ct) within a bornite — digenite — chalcocite matrix (Dg/Cc) showing abundant
sphalerite (Sp) (sample X19/P). b) Hiibnerite (Hbn) was replaced by catamarcaite (Ct), which itself was replaced by chalcocite
— sphalerite (Cc/Sp); Qtz is quartz (sample X19/H12). ¢) Fractured aggregate of catamarcaite (Ct) composed of twinned grains
with red internal reflections; Dg is digenite, Sp sphalerite. Oil immersion, crossed polars (sample X19/P2).
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FiG. 3. a) Catamarcaite (Ct) in contact with luzonite (Luz), unnamed CugFe,ZnGe,S;, (un), sphalerite (Sp) and fine-grained
chalcocite — covellite (Cc/Cv) (sample X19/H12). b) Anhedral inclusions of catamarcaite (Ct) in putzite (Pu) with an enve-
lope of unnamed CugFe,ZnGe,S |, (un); putzite is replaced by chalcocite (Cc) (sample PR/C3P). ¢) Briartite-type phase (Bri)
in close association with catamarcaite (Ct) lining a cavity in massive bornite (Bn) — chalcocite (Cc) ore; Sp is sphalerite
(sample PR/C2).
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CHEMICAL COMPOSITION

Quantitative chemical data for catamarcaite and
the associated germanium phases were obtained with
an electron microprobe (JEOL Superprobe JXA-8600,
controlled by an LINK—eXL system, operated at 25 kV
and 35 nA), installed at the University of Salzburg.
The following standards and X-ray lines were used:
natural CuFeS, (chalcopyrite; CuKa, FeKo), synthetic
ZnS (sphalerite; ZnKo, SKa), InAs (InLa), Ge metal
(GeKa), Ag (AgLo) metal and W metal (WLa). Both
Cd and Sn were sought, but not detected. The raw data
were corrected with the on-line ZAF—4 procedure.
The standard deviations (error in wt.%) for the major
elements constituting catamarcaite are: W 0.11, S 0.08,
Cu 0.07 and Ge 0.04.

The results, obtained from eight aggregates in two
polished sections of the holotype specimen, show only
minor variation of the chemical composition (Table 2).
The average result of 34 point-analyses of four grain
aggregates in sample 1 (polished section X19/P)
is: Cu 42.72, Ag 0.14, Fe 0.17, Ge 7.84, W 20.89,
S 27.79, total 99.55 wt.%, corresponding to Cug o9
Agoo1Fe03GeposW1.0357.86 (on the basis of a total of
16 atoms). Sample 2 (polished section X19/H8) yielded
the empirical formula CugogAgo.01Fe0.06Ge0.97W1.01
S787 (average result of 19 point-analyses). Most anal-
yses reveal traces of silver (up to 0.25 wt.% Ag) and
minor amounts of iron (usually below 0.3 wt.%, rarely
up to 0.6 wt.% Fe). On the basis of Me:S =1:1 and Me +
S = 16, the ideal formula of catamarcaite is CugGeWSg
and requires Cu 42.64, Ge 8.12, W 20.56, S 28.68, total
100.00 wt.%. On the basis of the crystal-structure refine-
ment, the valences can be written as Cu*sGe**Wo+S2.
Several grains of catamarcaite in sample 1 (polished
section X19/P) show a significant enrichment in iron
and give the composition Cug04Ag0.01Fe0.16Ge0.98
Wo.9557 86 (average result of 10 point-analyses; Table 2).
Iron substituting for tungsten, with 2Fe’* == W%, is a
possible mechanism.

The chemical composition of the associated putzite,
ideally (Cuy7Ags3)s8GeSg, is presented in detail in
Paar et al. (2004b). Table 3 shows the composition of
the two other associated germanium-bearing phases.
Phase #1 (unnamed CugFe,ZnGe,S,) is characterized
by a composition within the range Cu;.99_s.18Fe1.94 220
Zn¢.80-1.101n0.00-0.03G€1.83-1.99S 11.90-12.00 (n = 45;
Table 3). Using the ideal formula of stannoidite,
Cug(Fe,Zn);Sn,S1, and SMe + S = 25, the empirical
formula is Cug o4(Fe2.03In0.02)52.05Zn0.96G€1.94S12.01-
In accordance with Yamanaka & Kato (1976), the
ideal formula of phase #1 can be expressed as
CutgZn>*Fe**,Ge**,S ,; thus it possibly represents the
germanium analogue of stannoidite. Phase #2 (the briar-
tite-type phase) has the average composition (n = 12) Cu
34.29,7n 14.59, Fe 0.57, Ge 17.28, S 33.19, total 99.92
wt.% (Table 3). Using the ideal formula Cuy(Zn,Fe)GeS,
and ZMe + S = 8, the empirical formula can be written

THE CANADIAN MINERALOGIST

as Cuy,11(Zno 87F€0.04)50.91Ge€0.9354.05. Chemically, this
phase corresponds to briartite.

X-RAY CRYSTALLOGRAPHY
X-ray powder diffraction

Single-crystal precession studies of two anhedral
fragments extracted from a polished section (X19/H8)
of the holotype specimen, employing Zr-filtered Mo
radiation, show that catamarcaite is hexagonal, with
unit-cell parameters ¢ 7.58 and ¢ 12.51 A. One fragment
was mounted in such a way that 100* is parallel to the
dial axis, and the other fragment was mounted such
that c* is parallel to the dial axis. The following levels
were photographed: hk0 — hk2, h0l, h1l and 110%* /\ a*.
The diffraction symmetry observed on both zero- and
upper-level ikn films is 6/mmm, and the only systematic

TABLE 2. COMPOSITION OF CATAMARCAITE
FROM CAPILLITAS, ARGENTINA

Sample Cu Ag Fe Ge W S Total

X19/P n=34 mean 4272 0.4 017 784 2089 2779 9955

s.d.! 015 007 006 009 026 0.13 0.39

min 4246 000 0.08 754 2020 27.50 9883
max 4296 025 029 805 2148 2805 10031
XI19/H8 n=19 mean 4275 009 039 775 2062 2792 9952

s.d.! 0.19 006 011 011 023 015 039

min 4251 000 0.17 756 2027 2773 9891
max. 4314 021 058 792 21.00 2824 10021
X19P =10 mean 4285 007 1.00 790 1949 2813 9944

s.d. 020 004 006 004 017 0.1 0.30
min 4257 000 089 784 1918 2796 99.03
max 4314 0.13 1.08 795 19.72 2830 99386

formula (EMe + S = 16)
X19/P  Fe-poor 6.09 001 0.03 098 1.03 786

X19/H8 608 001 006 097 1.0t 787
X19/P  Fe-rich 604 001 016 098 095 786

! standard deviation.

TABLE 3. COMPOSITION OF UNNAMED CuyFe,ZnGe,S,, AND
OF A BRIARTITE-TYPE PHASE FROM CAPILLITAS, ARGENTINA

No.  Mineral Cu Fe Zn In Ge S Total

| unnamed mean 4218 937 507 020 11.62 31.80 10034
CuFe,ZnGe,S,, sd' 034 026 043 006 022 020 046

(n=45) min 4146 894 430 0.10 11.04 31.41 99.33
mwax 4343 1020 596 030 12.02 3230 10113
2 briartite-type mean 34.29 0.57 1459 0.00 17.28 33.19 93.92

phase s.d. 0.38 023 044 0.00 026 021 0.38
(n=12) min  33.78 029 1346 0.00 1683 3296 99.35
max 3513 1.10 1519 Q.00 17.55 33.69 100.58

! standard deviation. Empirical formulae: 1) Cuy o Fes yaIny 0 0v2.0:Z,06G€) 95512010
2) Cu,  (Zng g Feya)s001GCo 0385 05
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absence is hhl with [ = 2n; the permissible choices of
space-group are P63/mmc (194), P62¢ (190) or P63mc
(186) (diffraction aspect P6/**c). Neither of these two
fragments was suitable for a crystal-structure determi-
nation. The refined unit-cell parameters, a 7.523(3), ¢
12.384(3) A, V 606.9(4) A%, c/a 1.6462, are based on
19 X-ray powder lines between 3.493 and 1.608 A for
which unambiguous indexing, based on visual inspec-
tion of single-crystal precession films, was possible. The
X-ray powder-diffraction experimental data, as well as
two theoretical powder patterns (one calculated from
powder and the second calculated from the crystal-
structure refinement) are presented in Table 4.

Single-crystal X-ray diffraction

For the single-crystal investigation, several frag-
ments of catamarcaite, mechanically extracted from
a polished section (X19/P) of the holotype specimen,
were investigated with a Bruker AXS diffractometer
equipped with a CCD area detector using graphite-
monochromatized MoK« radiation. After many trials,
an irregular and untwinned fragment measuring
approximately 60 X 40 X 30 pm was found to be
suitable for the structural investigation. Experimental
settings for the catamarcaite material studied are listed
in Table 5. The SMART (Bruker AXS 1998a) system of
programs was used for unit-cell determination and data
collection, SAINT+ (Bruker AXS 1998b) for the calcula-
tion of integrated intensities, and XpREP (Bruker AXS
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1998c¢) for empirical absorption-correction based on
pseudo W-scans. The non-centrosymmetric space-group
P63mc, proposed by the XPREP program, was chosen,
and it is consistent with the hexagonal symmetry of the
lattice and intensity statistics (mean 1E*> —11 = 0.799).
The structure of catamarcaite was solved by direct
methods (program SHELXS of Sheldrick 1997a) that
revealed most of the atom positions. In subsequent
cycles of the refinement (program SHELXL of Sheldrick
1997b), the positions of additional atoms were deduced
from difference-Fourier syntheses by selecting from
among the strongest maxima at appropriate distances.
Refinement results are given in Table 6, and fractional
atomic coordinates and isotropic and anisotropic
displacement parameters are listed in Table 7. Selected
Me-S bond distances are presented in Table 8, and
selected geometrical parameters for individual coor-
dination polyhedra, calculated with IVTON program
(Bali¢-Zuni¢ & Vickovié 1996), are given in Table 9.
The table of structure factors for catamarcaite may be
obtained from the Depository of Unpublished Data,
CISTI, National Research Council, Ottawa, Ontario
KI1A 0S2, Canada.

THE CRYSTAL STRUCTURE OF CATAMARCAITE

The crystal structure of catamarcaite (Figs. 5-9)
contains four different types of coordination tetrahedra:
two distinct copper sites, a germanium site and a
tungsten site. There are four distinct sulfur sites in the

TABLE 4. X-RAY POWDER-DIFFRACTION DATA FOR CATAMARCAITE

[ s e e hki T Pane s [ & K

2 6.516 010 * 25 16 2243 2244 22449 024

40 19 6.183  6.192 6.195 (02 3 2 2,173 2,172 2.1719 030

100 100 5782 5766 5767 Ol * 10 4 2,113 2115 21152 123

20 14 4484 4488 4490 012 10 2 2052 2064  2.0650 006

10 7 3786 3.762 3.762 110 7 : 2.049  2.0496 032

* 20 13 3493 3487 34838 013 * 50 24 1970 1972 19723 025
* 5 8 3.267 3.258 3.258 020 * 5 3 1.927 1.927 19277 124
* 30 25 3215 3215 3215 112 * 60 48 1.881 1.881 1.8810 220
* 40 35 3053  3.350 3151 021 * 5 6 1.810  1.810 18102 [16
* 30 16 3.095 3.096 3.098 004 4 1.7998 222
* 40 28 2.887 2.883 2.8835 022 n 8 1782 1.788 1.7882 131
* 5 7 2799 2796 2.7975 014 6 : 1.778 17783 034
* 15 12 2553 2.557 25579 023 2 1.7468 125
3 2 2.458 2463 24627 120 * S0 26 1.744  1.744 1.7442 026

* 40 26 2417 2415 24155 12) 2 1.7349 132
* 200 15 2395 2390 23912 114 * 5 4 1.707 1707 17081 OL7
3 4 2318 2315 23162 015 * 5 3 1.655 1.655 1.6556 133

3 4 2286 2288 228385 122 4 1olsi 041

* 20 9 1.608 1.607 1.6077 224

114.6 mm Debye-Scherrer powder camera; Cu radiation, Ni-filter (A CuKo = 1.54178 A). Intensities visually
estimated. Not corrected for shrinkage, and no internal standard. An asterisk (*} indicates the lines used for unit-
cell refinement. Weak reflections ascribable to admixed digenite have been deleted from the powder data.

Indexed on a 7.523, ¢ 12.384 A. *:

calculated from single-crystal data using PowderCell 2.3 software (Kraus

& Nolze 1999) for Debye—Scherrer geometry and CukKo. radiation (A = 1.540598 A), without the anomalous

dispersion correction.
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FiG. 4. Reflectance spectra, in air and in immersion oil, for
catamarcaite (R; cat, R, cat, ™R, cat, ™R, cat) and kid-
dcreekite (R kidd, ™R kidd).

structure. The germanium and tungsten sites, as well as
the two sulfur sites forming a part of their polyhedra,
have special values of x and y, whereas the rest are
in general positions. Catamarcaite is a derivative of
a tetrahedral MeS structure with a stacking, along
the ¢ axis, of the ABAC type, with a combined hchc..
sequence (Fig. 5). Thus, two-layer packets with a cubic
layer-stacking are invariably separated by a boundary
based on the hexagonal stacking of layers of tetrahedra
(i.e., it is alternation of the “sphalerite” and “wurtzite”
principle). The alternative, “wurtzite-based” packets
with a hexagonal stacking principle combine layers
of tetrahedra from two adjacent cubic packets. In the
direction of tetrahedron apices, the top layer of the
“sphalerite-like” packet is composed of Cul tetrahedra
with one-quarter of the tetrahedra in the layer empty.
The Cul tetrahedra are disposed as asymmetric rows
along the <100> directions of the catamarcaite lattice.
In the second bottom layer, the Cu, Ge and W tetrahedra
combine.

Germanium tetrahedra are positioned below the
points of intersection of the <100> rows of Cul tetra-
hedra in the top layer, i.e., they lie at (0, 0, z) and the
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equivalent positions. In the <100> directions, they are
interspaced by Cu2 tetrahedra. Thus, in the configura-
tion of the second layer, they assume positions analo-
gous to the vacancies in the first layer, although these
vacancies are situated at a different site, at ('/3, %/3, z)
of the cell.

The tungsten tetrahedra share edges with three
Cu2 tetrahedra in the same layer, organized around
a common vertex, and with three Cul tetrahedra of
the layer of tetrahedra above them, in the same cubic
packet. Every Cul and Cu2 tetrahedron shares an edge

TABLE 5. SINGLE-CRYSTAL X-RAY DIFFRACTION:
EXPERIMENTAL DETAILS

Diffractometer Bruker AXS CCD system
X-ray radiation source fine-focus sealed tube, MoKu
X-ray radiation monochromator  graphite
X-ray power 50kV, 30 mA
Temperature 298 K
Rotation width 0.3°
Frame size (in pixels) 512 * 512 pixels
Resolution (A) 0.75
Crystal form irregular
Crystal color metatlic
Cell setting hexagonal
Space group Pomc
2
Absorption method cmpirical
Refinement onF?

Source of scattering factors International Tubles for X-Ray Crystallography
{1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4)
SHELXS-97 (Sheldrick 1997a)

SHELXL-97 (Sheldrick 1997b)

Structure solution
Structure refinement

Ry = ZF 2 F(mean)} /2 F,}

Ry =Z|IFJ-IF]/Z|F,]

Goof = {(EwlF,” ~ F2]/ [n-p)}”*
P =[max(FS ,0)+2F7/3

R, =X o(F))/LF}
WwRy = {(EwlF] - FT /X wlF N
w=1/(c*[F ]+ [0.2 % PP)

TABLE 6. SINGLE-CRYSTAL X-RAY-DIFFRACTION REFINEMENT
OF THE STRUCTURE: DETAILS

Formula CugGeWs,
Formula weight 894.16

a(A) 7.5238(8)
b(A) 7.5238(8)

¢ (A) 12.390(3)
V(A% 607.4(2)

D, (Mgm?) 4.89

Crystal size (mm) 0.06 x 0.04 x 0.03
# (mm Y 23.48

Time per frame (s) 15

Total number of frames 3599

T+ Toer 0.465, 0.622
Maximum 26 (°) 56.64
Measured reflections 9154

Index range
Unique reflections

9<h<9 9<k<9-16<[<16

616

Reflections > 206(/) 556
Ry (%) 12.24
R, (%) 439
Number of least-sqares parameters 42
GooF 0.928
R, F,>46(F) (%) 4.86
Ry, all data (%) 5.44
wR, (on F.2) (%) 11.27

Final difference-Fourier map (A™)

-1.288 to +2.751
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FiG. 5. The crystal structure of catamarcaite CucGeWSg. Note the hchce.... sequence of
layers (0001) of coordination tetrahedra of Cu and Ge, as well as the W tetrahedra that

are interstitial to those in the layers.

with the W tetrahedron. In contrast, the Ge tetrahedra
only share vertices with the four surrounding Cu tetra-
hedra. There are two Ge-containing layers in a unit
cell. The Ge tetrahedra in both of them are on the (O,
0, z) rows; they are z = % apart and in opposing orien-
tation. Similarly, the W-based cluster of edge-sharing
tetrahedra at (!/3, %/3, z) is followed by a 180°-rotated
one at (*/3, /3, z + 12).

Coordination polyhedra

Primarily because of the close association with the
highly charged and small W cation, the tetrahedra of
Cul and Cu2 are slightly irregular, with three or four
somewhat different Cu-S distances. For both of them,
the Cu-S distances to the S atoms shared with the
W tetrahedron are the longest ones, and the S—Cu-S
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angle subtended by them is close to 104°, whereas
the opposing one is ~114°. The remaining angles lie
within the range 108.5-110.9°. The Cu2 tetrahedron is
marginally larger than the Cul tetrahedron (the average
bond-length is 2.310 A for Cul versus 2.322 A for Cu2).
The atom Cu2 must form a layer that matches the Cul
layer; thus Cu2 is combined with the smaller polyhedra
of germanium (average bond-length is 2.237 A) and W
(average bond-length is 2.255 A). In connection with
the insertion of smaller, “upside-down” tetrahedra of
W, the S1-S3 net at the base of the Cu2 tetrahedra is
slightly warped, and S1, which is the apex of the W
tetrahedron, is drawn toward W, resulting in its slightly
higher z value (Table 7). Similarly, S4 is a bit below S2,
being the apical S atom of the smaller Ge tetrahedron
below it. The 6+ valence of W appears corroborated by
the interatomic distance, W-S = 2.255 A, in agreement
with Shannon’s (1976) tabulated ionic radii: r (radius)
W0 = 0.42 A, compared to r 0.635 A for Cu* and r
0.39 A for Ge*.

The cluster of three Cul and three Cu2 tetrahedra
that share edges with the central “upside-down” W
tetrahedron appears as a large “super-tetrahedron”,
with three Cu tetrahedra forming each face, and the Ge
tetrahedra in three corners, whereas the fourth corner,
along the [001] direction, is cut off by the occurrence
of hexagonal stacking. These incomplete “supertetra-
hedra” alternate with tetrahedral cavities based on a
missing tetrahedron in the Cul layers.

The “supercavities” have the groups of three tetra-
hedra from four adjacent W-based “supertetrahedra”
(clusters) as the walls, but their [001] vertex is trun-
cated. The valence of S atoms in the center of the walls
(triplets of Cu tetrahedra) is satisfied by bonds to three
atoms of Cu and one atom of W; the trigonal pyramidal
coordination suggests a possibility that lone-electron
pairs of these S1 and S2 point into the cavity.

Bond-valence calculations (Table 9) confirm the
valence of W (5.76+), Ge (3.82+), Cul and Cu2 (1.19+
and 1.15+, respectively) as well as of S1 (2.35-), S2
(2.26-), S3 (1.84-) and S4 (1.96-). The formation of the
“supertetrahedra” is a consequence of the strong drive
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of W to form short Me—Me interactions. In the current
case, the metals Cu and W form a regular octahedron
with Cu—W bond lengths equal to 2.73 A.

Hemusite and kiddcreekite

Hemusite, ideally CucSnMoSg (Terziev 1971,
Shimizu ez al. 1991) and kiddcreekite, ideally CugSnWSg
(Harris et al. 1984) are cubic minerals with a equal to
10.821 A and 10.856 A, respectively. X-ray powder data
on these minerals were obtained from small amounts
of polycrystalline, multicomponent, impure material.
Terziev (1971) did not give further details about the
purity of his specimen, and his indexing does not seem
to suggest any centering of the unit cell. Harris et al.
(1984) clearly indicated diffraction symmetry F*** for
their material. Therefore, pending further clarification
of the hemusite question, the ensuing derivations apply
to kiddcreekite.

The cubic, F-centered structure of kiddcreekite
(Fig. 10) can be derived by stacking of double layers
of the type defined in the previous section according to
the cubic (sphalerite) and not the hexagonal (wurtzite)
principle. These double layers display a cubic stacking
of component layers inside them and the Cu2-Sn—-W
tier overlain by the Cul — vacancy tier. Because of the
cubic stacking, the W-based cluster of the double layer
#2 will be superimposed over the vacancy in the double
layer #1; the Ge tetrahedron of the second double layer
will be placed over the W-based cluster of the initial
double layer (it will be attached to the “outer” sulfur
atoms of its Cul component) and the cavity will come
over the Cul tetrahedra situated above the Ge tetrahe-
dron of the double layer #1. Repeating this process, the
fourth double layer gives a complete F-centered cubic
cell, with [111] being the ABC stacking sequence of
double layers.

The cubic stacking changes the truncated W-based
cluster into a complete “supertetrahedron” with four Ge
vertices. Adjacent “supertetrahedra” overlap by sharing
these Ge configurations, as they also do in catamarcaite,
but there only in the (0001) planes. Thus, the structure

TABLE 7. ATOM PARAMETERS FOR CATAMARCAITE

Atom xla yib e Uy, Uy, Us; Uy, U U, Uy
W 0.33333 0.66667 0.4810(2) 0.0103(3) 0.0103(3) 0.00514) © 0 0.0051(2)  0.0085(3)
Cul  0.8402(2) 0.1598(2) 0.1049(2) 0.022(1)  0.022(1)  0.013(1)  0.0016(5) -0.0016(5) 0.0137(9) 0.0177(6)
Cu2  0.5044(2) 0.4956(2) 0.3536(2) 0.0197(9) 0.0197(9) 0.0166(9) -0.0015(5) 0.0015(5) 0.0094(9) 0.018%(6)
Ge 0 0 0.3513(2) 0.0100(9) 0.0100(9) 0.006(1) © 0 0.0050(4) 0.0085(6)
St 0.33333 0.66667 0.3002(6) 0.0203)  0.0203) 0.0093) © 0 0.010(1)  0.016(2)
S2 0.5032(3) 0.4969(3) 0.0419(4) 0.016(2) 0.016(2) 06.0093) 0.0016(9) -0.0016(9) 0.006(2)  0.0142(1)
S3 0.8381(3) 0.6763(6) 0.29044)  0.012(2) 00102y 0.010(2) -0.001(2) -0.0002(8) 0.005(1) 0.011(1)
S4 0 0 0.5311(7) 0.015(2) 0.015(2) 0.0043) © 0 0.007(1)  0.011(1)
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of kiddcreekite is a three-dimensional stacking of W-
based “supertetrahedra” with common Ge vertices. This
model also offers a simple explanation of the intimate
twinning of catamarcaite, difficult to explain from the
structure itself. A cubic nucleus or a defect, with Ge
atoms assuming all four corners of a supertetrahedron,
can lead to four orientations of the catamarcaite struc-
ture, with (0001) parallel to four {111} planes of the
cubic intermezzo.

The different crystallography of catamarcaite and
kiddcreekite is apparently due to the difference in
the Me** tetrahedra: the radius of VGe** is 0.39 A,
whereas that of VSn** is larger (0.55 A: Shannon 1976),
implying a lesser amount of ditrigonalization of the Cu2
framework than observed in catamarcaite.

RELATIONSHIP TO OTHER MINERALS

Catamarcaite is clearly distinct from all the other
natural germanium-—tungsten-bearing compounds,
which belong to the colusite group of sulfides. Colu-
site from polymetallic ore deposits usually contains
significant amounts of germanium or tungsten. Up to
5 wt.% Ge was detected in colusite from the Waterloo
deposit, Australia (Wagner & Monecke 2005), and
approximately 2 wt.% W occurs in colusite—nekra-
sovite from Bisbee, Arizona, USA (unpubl. data, H.
Putz). “Vanadium-germanite”, a V-bearing variety of
germanite from Tsumeb, Namibia, was reported by
Geier & Ottemann (1970a). This phase was later estab-
lished by Spiridonov et al. (1992) as germanocolusite,
ideally Cuy6V2(Ge,As)6S3,, and thus the Ge-analogue of
colusite. The first evidence of tungsten as an essential

TABLE 8. SELECTED INTERATOMIC DISTANCES (A) AND ANGLES (%)

FOR CATAMARCAITE

w S1 $2 S2 $2

s1 2.240(8) 109.5(2) 109.5(2) 109.5(2)
s2 3.675(7) 2.260( 3) 109.5(2) 109.4(2)
$2 36757 3.690(2) 2.260( 3) 109.4( 2)
$2 3.675(7) 3.690( 4 3.690( 4) 2.260( 3)
Cul sS4 s3 s2 $2

$4 2.274(4) 114.4(2) 109.6( 2) 109.6( 2)
3 3.843(9) 2.299(5) 109.2 1) 109.2( 1)
s2 3.765(3) 3775(6) 2.333(3) 104.5(2)
$2 3.765(3) 3.775(6) 3.690( 2) 2.333(3)
Cu2 $3 $3 s $2

$3 2.313(3) 113.5(2) 108.5( 2) 110.9(2)
S3 3.871(4) 2.314( 4) 108.5( 2) 110.9¢2)
S1 3.764( 3) 3.765(5) 2.326( 3) 104.1( 2)
S2 3.828(6) 3.829(6) 3.675(7) 2.335(6)
Ge S4 $3 3 3

$4 2.228(9) 100.7(2) 109.7( 2) 109.7¢ 2)
$3 3.653(8) 2.240( 3) 109.3( 2) 109.3(2)
3 3.653(9) 3.653(5) 2.240( 5) 109.3( 2)
$3 3.653(8) 3.653(4) 3.653(7) 2.240( 4)

1493

element in germanite was also recorded in material from
Tsumeb, for which the name “tungsten-germanite” had
been suggested (Geier & Ottemann 1970b). However,
this phase caused some confusion in the literature,
and its full characterization as a valid species needed
several decades. In 1992, it was approved by the IMA—
CNMMN (IMA 1992-039) and subsequently published
as unnamed Cu,y(Fe,Cu,Zn)cW,GeeS3, (Spiridonov
1994). A full description of this phase, under the name
of ovamboite (IMA 1992-039 = “tungsten-germanite”),
was published recently (Spiridonov 2003).

SEQUENCE OF CRYSTALLIZATION

Based on their textural relationships, the following
sequence of crystallization is proposed for the Ge-
bearing sulfides within bornite-rich ore at Capillitas:
putzite — catamarcaite — unnamed CugFe,ZnGe,S |,
— briartite-type phase. Putzite is the oldest and the
only Ag-bearing phase, and it usually occurs as anhedral
relics in chalcocite (Paar et al. 2004b). Catamarcaite is
rarely seen in direct contact with putzite (Fig. 3b), but it
probably formed somewhat later. It is usually observed
as anhedral to euhedral grains lining cavities and frac-
tures in bornite — chalcocite — digenite matrix (Figs. 2,
3). Tungsten, a major element in catamarcaite, is derived
from the decomposition of hiibnerite (Fig. 2b). Putzite
is commonly replaced by unnamed CugFe,ZnGe;S,
(Paar et al. 2004b), and catamarcaite, by the briartite-
type phase (Fig. 3c). These two minerals belong to
the system Cu—Fe—Zn—Ge-S, and their deposition is
probably related to secondary (supergene) processes
of replacement.
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TABLE 9. POLYHEDRON CHARACTERISTICS FOR CATAMARCAITE

1 2 3 4 5 6 7 8 9 10
A 4 2255 00064 1 0 00192 [ 48.031 5884 576
Cul 4 2309 0018 1 00017 00545 1 501541 6304 1.19
Cu2 4 2322 00067 I 00034 00199 1 52421 640t 115
Ge 4 2237 00041 1 0 00124 1 46889 5745 382
Si 4 2363 00519 t 04984 01478 1 55285 3398 235
S2 4 2367 00452 1 05007 01295 1 55562 3399 226
S3 4 2291 00226 1 00017 00664 1 50384 6.162 1.84
S4 4 2261 00147 I 00055 00436 1 48419 59 1.96

Column headings: 1: coordination number, C.N., 2: sphere radius, 3: eccentricity,
4: sphericity, 5: epsiton. 6: volume eccentricity, 7: volume sphericity, 8: sphere
volume, 9: polyhedron volume, 10: bond valence.
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FiG. 6. Metal-metal contacts Cu—W in the crystal structure of
catamarcaite. W is positioned in the inverted tetrahedron.

FiG. 7. A fragment of a double layer with
cubic stacking and a W-containing inverted
tetrahedron, bound by fragments of adjacent
layers of tetrahedra, in a hexagonal stacking
orientation; the lower one shows a vacancy
in the tetrahedral site.

Fig. 8. Crystal structure of catamarcaite in a polyhedron
representation. A stack of three consecutive double-layers
(0001) are shown.
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.Cul-Cul-Cul.-

..Cul-vacancy-Cul.

F1G. 9. A unit double-layer (with cubic stacking of component layers) from the crystal structure of catamarcaite. Blue tetrahe-
dron: Cul and Cu2, small dark blue spheres: Ge, larger green spheres: W. Note the vacancies in the tetrahedral site in the
upper component layer.

FiG. 10. A model of the crystal structure of kiddcreekite constructed by a sphalerite (cubic)-like stacking of double layers from
Figure 9. Small blue spheres: Sn, large green spheres: W.

Argentina) for logistical help in Argentina, Georg Paul G. Spry, and two anonymous referees contributed
Zagler (University of Salzburg) for the reflectance and  to the improvement of this paper.

microhardness measurements, and Winfried Waldhor

(University of Salzburg) for the preparation of polished

sections. The valuable comments of Robert F. Martin,
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