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ABSTRACT

Ishiharaite is a new sulfide mineral, (Cu,Ga,Fe,In,Zn)S, discovered at the Nueva Esperanza vein, Capillitas mine
(27°20743" S, 66°23°17” W, 3290 m osl) an epithermal ore deposit belonging to the Farallén Negro Mining District, northwestern
Argentina. The mineral occurs as subhedral, equidimensional, individual grains (20 to 50 pm in size) included in tennantite. It is a
dark gray metallic mineral, opaque and non-fluorescent. Under polarizing-reflected light, it is an isotropic mineral, and its color is
burgundy brown with a faint violet hue in air and violet-burgundy in oil. The main reflectance values are (R,ir,Roi — A/nm): 18. 27
6.77 — 470; 20.10,7.91 — 546; 21.74,8.96 — 589; and 23.94,10.44 — 650. Ishiharaite is cubic, space group F43m, a 5.368(1) A,
V 154.68(1) A3, Z=4. The strongest five X-ray powder-diffraction lines [d in A (D(hk1)] are: 3.096 (100) (111); 1.897 (60)
(220); 1.620 (40) (311); 2.684 (20) (200); 1.097 (15) (422). Electron-microprobe analyses of the natural grains (n = 22) give an
average composition (wt.%) of: S 30.77, Cu 33.61, Ga 13.31, In 9.48, Zn 5.74, Fe 6.13; the average (n = 6) chemical composi-
tion of the synthetic phase is: S 30.73, Cu 28.05, Ga 15.99, In 11.86, Zn 7.37, Fe 6.13. The empirical formulae of ishiharaite and
the synthetic analogue, based on 2 apfis, are: (Cug 55Gag 19F€.13In0.08Zn0,08)51.0350.97, and (Cug 45Gag 24Feq.111In0.11Zn0.11)51.0250.985
respectively. The mineral IMA No. 2013-119) is named in honor of Dr. Shunso Ishihara (b. 1934), Emeritus Advisor of AIST
(Advanced Industrial Science and Technology), Tsukuba, Japan.

Keywords: ishiharaite, (Cu,Ga,Fe,In,Zn)S, indium, gallium, epithermal, Capillitas mine, Farallon Negro Mining
District, Argentina.
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INTRODUCTION

Ishiharaite is a new sulfide mineral with the chem-
ical composition (Cu,Ga,Fe,In,Zn)S. It was found in
the Nueva Esperanza vein of the Capillitas mine, an
epithermal ore deposit from northwestern Argentina
(Fig. 1). Among several samples collected from this
vein, only one hosted this new mineral.

The mineral ishiharaite and its name were approved
by the Commission on New Minerals, Nomenclature
and Classification (CNMNC) of the IMA (2013-119).
Type material is deposited at the Mineralogical
Museum “Alfred Stelzner” of the Facultad de Ciencias
Exactas Fisicas y Naturales of the Universidad
Nacional de Cérdoba, Argentina, under the catalog
number MS003280.
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The name is in honor of Dr. Shunso Ishihara (born
in 1934 in Hiroshima, Japan). Dr Ishihara has contribu-
ted widely to geological sciences and his numerous
manuscripts, published in English and Japanese, are
highly significant. He introduced the extensively applied
classification of granites in the Magnetite and Ilmenite
series based on the content of magnetite linked with the
redox state of the magma. Since 2005, he has spent
most of his time in indium research and exploration
and, at present, is an Emeritus advisor at AIST, Japan.

OCCURRENCE
The Capillitas mine is an epithermal precious- and

base-metal vein deposit, genetically linked to the
other mineralizations of the Farallén Negro Volcanic
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Schematic geology of Mina Capillitas (modified from Marquez-Zavalia & Craig 2004).
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Complex. It is located along the eastern slope of the
Capillitas Range, in Catamarca province, northwestern
Argentina (Fig. 1). The deposit has been discontinu-
ously mined for gold since pre-Colombian times.
During the last two centuries extensive workings in the
oxidation zone were developed, interspersed with epis-
odic attempts to recover copper which were discontin-
ued after encountering metallurgical problems. Since
the second part of the last century, mining has been
restricted to the extraction of pink banded rhodochros-
ite, the main gangue mineral in some of the veins, and
for which the Capillitas mine is internationally known.
The volcanism from which the mineralization of the
Capillitas mine and the other deposits of the region (e.g.,
Faralléon Negro, La Alumbrera, Agua Tapada, Cerro
Atajo, Agua Rica) are derived is located 500 km east of
the actual Pacific trench and 300 km east of the present-
day volcanic front in the flat-slab region of the Central
Andes (e.g., Sillitoe 1976, Isaaks et al. 1982, Jordan
et al. 1983). It developed in a back-arc position of the
Miocene-Recent volcanic arc, along the Carachipamapa-
Farallén Negro transversal volcanic chain of the Central
Andes, and has dominant high-K calcalkaline to shosho-
nitic affinities (Viramonte et al. 1984). The volcanism
occurred in a geological setting belonging to the
Pampean Ranges of Northwestern Argentina. The geolo-
gical column comprises upper Precambrian to lower
Cambrian folded pelites and mica schists of the Suncho
and Buey Muerto Formations, respectively, intruded by
the late orogenic Capillitas granite in the Ordovician to
the lower Silurian during the Famatinian Orogenic
Cycle. Andean-age deformation reactivated NE-striking
structural fabrics in the Neoproterozoic — early Cambrian
Pampean basement, forming a tilt-block province.
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The Capillitas granite is unconformably overlain by
Cenozoic units: the El Morterito Formation (conglom-
erates, sandstones, and claystones), the Farallén Negro
Volcanic Complex (rhyolites, brecciated rhyolites,
rhyolitic and granitic breccias, dacite porphyries, and
rhyolitic, trachytic, and basaltic dikes), and undifferen-
tiated Quaternary deposits. In the area of the Capillitas
mine, locally the Farallon Negro Volcanic Complex
rocks form an ellipsoidal diatreme (1500 m x 900 m),
with the long axis striking northeast. Hydrothermal
alteration is widespread at Capillitas, but varies later-
ally depending upon the type of the host rock; 20 veins
are hosted by the volcanic and granitic rocks in ENE
and WNW directions (Marquez-Zavalia 1999).

The precious and base metal vein mineralization has
a very diversified mineralogy, with more than 100 miner-
als among primary and secondary species described by
Marquez-Zavalia (1999, 2006 and references therein),
Marquez-Zavalia & Craig (2004), Marquez-Zavalia et al.
(1999), and Putz et al. (2009). The Capillitas mine is the
type locality for two other minerals: catamarcaite (Putz
et al. 2006) and putzite (Paar et al. 2004).

Ishiharaite was found in one sample from the
Nueva Esperanza vein (27°20°43” S, 66°23°17" W,
3290 m osl), one of the veins in the Capillitas mine
(Fig. 1). This vein strikes N8O°E, dips 45°S, is approxi-
mately 100 m long, 0.30 m thick, and is hosted in
granite. It is mainly composed of sphalerite, pyrite,
tennantite, chalcopyrite, enargite, galena, gold, stannoi-
dite, stannite, and hiibnerite, with chalcocite and covel-
lite as secondary minerals in a quartz gangue (Fig. 2).
Sphalerite and tennantite from this vein have chemical
variations from In-free to In-rich compositions. One
exploratory drill hole (JICA 1978-81) cut the Nueva
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FiG. 2. Paragenetic sequence of the Nueva Esperanza vein.
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Esperanza vein at 372 m and gave impoverished
grades (0.77 g/t Au, 39.5 g/t Ag, 0.3% Cu) compared
with the average grades obtained from the old galleries
(6.2 g/t Au, 2413 g/t Ag, 13.83% Cu).

The primary mineral ishiharaite occurs as subhe-
dral, equidimensional, individual grains (20 to 50 pm
in size), included in tennantite (Fig. 3), associated

THE CANADIAN MINERALOGIST

with sphalerite, pyrite, chalcopyrite, and galena in a
quartz gangue. One of the grains has very small
(<1 pm) inclusions of chalcopyrite, while the other is
surrounded by a discontinuous rim of that mineral.
The optical properties were the first indication of the
possibility of a new mineral, which was subsequently
confirmed with additional studies.

Fig. 3. (a, b) Photomicrographs of section NE-1176. Ishiharaite (Ish) hosted by tennantite (Tnt) is associated with pyrite
(Py) and sphalerite (Sp) and minor chalcopyrite (Ccp), scale bar 50 pm; (c) WDS mapping of the section showing that
ishiharaite is the only mineral rich in In and Ga in the area of the photograph. Abbreviations for most minerals after
Whitney & Evans (2010).
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PHYSICAL PROPERTIES

Under the stereomicroscope ishiharaite is dark with
metallic luster and is non-fluorescent. Observed under
the reflected light microscope the mineral is comple-
tely opaque without external reflections. Its color is
burgundy brown with a faint violet hue in air and
violet-burgundy in oil. As expected for a cubic min-
eral, neither bireflectance nor pleochroism were
observed, and the mineral is isotropic in crossed polari-
zers. The relative hardness is higher than tennantite
and the mineral acquires a good polish. Due to the
small grain size, the Vickers hardness could not be
measured. The reflectance values were determined
using a Leitz Orthoplan microscope attached to a
Hamamatsu solid state mini-spectrometer via optical
fiber, with dry and immersion 20x objectives (effective
NA: 0.2 in air and oil) using SiC No. 878 as standard;
the oil conforms to the German standard DIN 58.884,
now ISO 8036, with n = 1.5180. About 700 reflectance
values for one spectrum were obtained; these were sub-
sequently reduced to the required wavelength (400 to
700 nm) in steps of 20 nm, plus the four COM stand-
ard wavelengths. The obtained values (R, Roy, A/nm)
are shown in Table 1. The density, calculated using the
empirical formula, is 4.343 g/cm’.

DIFFRACTION PROPERTIES AND CRYSTAL
STRUCTURE DESCRIPTION

Ishiharaite occurs as tiny grains and it was not
possible to extract or isolate sufficient material for
crystallographic investigations. Therefore, these mea-
surements were performed on synthetic (Cu,Fe,Ga,
In,Zn)S.

Synthetic (Cu,Fe,Ga,In,Zn)S was prepared using the
evacuated silica glass tube method in the Laboratory of
Experimental Mineralogy of the Czech Geological
Survey in Prague, Czech Republic. High purity sulfur,
iron, copper, zinc, indium, and gallium were used as
starting materials. The weighed charge sealed in an
evacuated silica glass tube was annealed at 300 °C for
20 days. After cooling, the charge was repeatedly (four
times) reground under acetone and reheated at 600 °C
for one week. The temperature was controlled electron-
ically (+4 °C). The reaction product was examined by
X-ray powder diffraction, reflected light microscopy,
and with an electron microprobe. Synthetic (Cu,Fe,Ga,
In,Zn)S forms irregular grains, <40 pm in size (Fig. 4).
In addition to ishiharaite, traces of inclusions of bornite
were detected in the product.

X-ray powder diffraction data were collected using
a Philips X"Pert MPD system with a vertical PW3020
goniometer in the Bragg-Brentano reflecting geometry,
copper radiation (40 kV and 40 mA), secondary graph-
ite monochromator, and a proportional counter. The
samples were placed on a low-background silicon
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TABLE 1. ISHIHARAITE REFLECTANCE AND COLOR
VALUES FOR ILLUMINANT C IN AIR AND OIL

A (nm) Rair RoiI
400 19.86 8.67
420 18.89 7.21
440 18.37 6.78
460 18.30 6.70
470 18.27 6.77
480 18.37 6.85
500 18.92 7.1
520 19.25 7.46
540 19.88 7.80
546 20.10 7.91
560 20.67 8.24
580 21.28 8.73
589 21.74 8.96
600 22.31 9.25
620 22.87 9.67
640 23.79 10.17
650 23.94 10.44
660 24.45 10.55
680 25.13 10.97
700 25.77 11.11
Color values C

X 0.3295 0.3411
y 0.3268 0.3337
Y (%) 20.66 8.27
Ag (Nm) 586 585
Pe (%) 8 13

TABLE 2. X-RAY POWDER DIFFRACTION DATA FOR
SYNTHETIC (Cu,Fe,Ga,In,Zn)S

Synthetic Sphalerite

(Cu,Fe,Ga,In,Zn)S (ICDD 5-566)
hkl I dm de I dm
1M 100 3.096 3.099 100 3.123
200 20 2.684 2.684 10 2.705
220 60 1.898 1.897 51 1.912
31 40 1.620 1.618 30 1.635
222 5 1.549 1.550 2 1.561
400 10 1.344 1.342 6 1.351
331 10 1.231 1.231 9 1.240
422 15 1.097 1.095 9 1.103
511 10 1.035 1.033 5 1.043
440 5 0.948 0.949 3 0.9557
531 5 0.907 0.907 5 0.9138
620 5 0.850 0.849 3 0.8548

holder. Step-scanned data were collected in the angular
range 20-145° 20, with a step size of 0.02° and 7 seconds
exposure per step. The data are compared with those for
sphalerite in Table 2.
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Structural identity between the synthetic and the
natural material was confirmed by electron back-
scattering diffraction (EBSD) using a TESCAN Vega
scanning electron microscope combined with an EBSD
system (HKL NordlysNano, Oxford Instruments).

Synthetic ishiharaite was identified as an isostruc-
tural analogue of sphalerite. The unit cell parameters
were calculated using the “Unit cell” program
(Holland & Redfern 1997). The structure of sphalerite
and ishiharaite is based on inscribed tetrahedra in a
face-centered cube [a face-centered cubic arrangement
of sulfur and zinc (Cu, Fe, Ga, In) in the center of
each tetrahedron]. No diffraction maxima correspond-
ing to hkl indices not allowed in the F43m space
group were observed; consequently, we present our
data in the usual sphalerite setting.

The natural sample was prepared for investigation
by etching the mechanically polished surface with col-
loidal silica (OP-U) for 10 minutes to reduce surface
damage. EBSD patterns were collected and processed
using the proprietary computer program AZteca
Channel 5. The center of six Kikuchi bands was auto-
matically detected using the Hough transform routine
(Schmidt et al. 1991) with a resolution of 50 (internal
Hough resolution parameter in the HKL software). The
solid angles calculated from the patterns were com-
pared with synthetic (Cu,Fe,Ga,In,Zn)S. The EBSD
patterns (Fig. 5) obtained from the natural material
(seven measurements from different spots on natural

FiG. 4. BSE image of ishiarite synthesized at 600 °C.
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ishiharaite) were found to match the patterns generated
from the structure of the synthetic sample. The values
of the mean angular deviation (MAD, i.e., goodness of
fit of the solution) between the calculated and measured
Kikuchi bands ranged between 0.57° and 0.21°. These
values reveal a very good match; as long as values of
mean angular deviation are less than 1°, they are con-
sidered as indicators of an acceptable fit.

The EBSD study, chemical identity, and optical
properties confirmed the identity of the natural and
synthetic materials and consequently render legitimate
the use of the synthetic phase for the complete char-
acterization of ishiharaite.

Ishiharaite is isostructural with sphalerite and
therefore belongs in Strunz group 2.CB.05a.

CHEMICAL COMPOSITION

The first nine analyses given in Table 3 (labeled
US-xx) were obtained using a Cameca SX-50 electron
microprobe at the Department of Geological Sciences,
Virginia Polytechnic Institute & State University,
Blacksburg, Virginia, US (WDS mode, 15 kV, 20 nA,
2 pm beam diameter). The other 13 analyses (JP-xx)
were obtained with a JEOL JXA-8900R electron
microprobe at the National Institute of Advanced
Industrial Science and Technology (AIST), Geological
Survey of Japan, Tsukuba, Japan (WDS mode, 15 kV,
20 nA, 2 pm beam diameter). The standards and

PD22/6



TABLE 3. CHEMICAL COMPOSITION OF ISHIHARAITE

No. Us-1 Us-2 us-3 us-4 us-5 US-6 us-7 Us-8 us-9 JP-1 JP-2 JP-3 JP-4

wt.%

S 29.72 29.86 30.27 30.30 30.36 30.15 29.90 30.42 30.30 31.37 30.95 31.25 30.91

Cu 34.00 34.77 34.47 34.47 34.48 31.72 34.64 35.09 34.59 33.69 33.92 33.73 33.74

In 9.34 9.65 9.39 9.81 10.33 9.94 9.57 8.94 9.52 9.25 9.80 8.46 8.89

Ga 12.69 12.62 13.26 13.17 12.76 12.16 13.45 12.28 12.67 14.13 13.56 14.21 13.47

Fe 7.05 7.12 7.13 7.09 7.07 6.34 6.78 7.07 7.01 6.96 6.84 6.78 6.48

Zn 6.79 5.60 4.73 4.54 4.78 9.27 4.80 5.55 4.93 4.83 5.08 4.82 5.43

Ge n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.05 0.14 0.12 0.01

As 0.28 0.04 0.06 0.00 0.00 0.00 0.00 0.05 0.05 0.03 0.00 0.01 0.12

Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.12 0.16 0.15

Total 99.87 99.66 99.31 99.38 99.78 99.58 99.14 99.40 99.07 100.51 100.52 99.55 99.21

apfu

S 0.946 0.952 0.964 0.965 0.965 0.962 0.957 0.965 0.965 0.982 0.974 0.984 0.980
Cu 0.546 0.559 0.554 0.554 0.553 0.510 0.560 0.561 0.561 0.532 0.539 0.536 0.540
In 0.083 0.086 0.083 0.087 0.092 0.089 0.086 0.079 0.079 0.081 0.086 0.074 0.079
Ga 0.186 0.185 0.194 0.193 0.187 0.178 0.198 0.179 0.179 0.203 0.196 0.206 0.196
Fe 0.129 0.130 0.130 0.130 0.129 0.116 0.125 0.129 0.129 0.125 0.124 0.123 0.118
Zn 0.106 0.088 0.074 0.071 0.075 0.145 0.075 0.086 0.086 0.074 0.078 0.074 0.084
Ge 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.000
As 0.004 0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.002
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001
Total 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
No. JP-5 JP-6 JP-7 JP-8 JP-9 JP-10 JP-11 JP-12 JP-13 Avr. Max. Min. St.Dev.
wt.%

S 31.29 31.19 31.39 30.82 31.50 31.43 31.39 31.18 30.98 30.77 31.50 29.72 0.58

Cu 32.16 33.74 33.96 32.21 33.96 3217 33.39 31.90 32.61 33.61 35.09 31.72 1.02

In 8.19 9.62 9.59 10.93 9.08 9.56 9.83 9.06 9.88 9.48 10.93 8.19 0.59

Ga 13.39 13.60 14.20 10.41 14.57 13.93 14.39 14.23 13.78 13.31 14.57 10.41 0.95

Fe 6.69 6.75 7.16 6.22 7.07 6.28 6.78 6.88 6.41 6.82 7.16 6.22 0.30

Zn 7.43 4.84 5.22 7.94 5.41 7.26 5.28 5.40 6.41 5.74 9.27 4.54 1.25

Ge 0.13 0.05 0.00 0.28 0.00 0.00 0.01 0.04 0.00 0.06 0.28 0.00 0.08

As 0.15 0.02 0.00 0.03 0.04 0.06 0.07 0.29 0.00 0.06 0.29 0.00 0.08

Sb 0.15 0.02 0.07 0.08 0.02 0.05 0.09 0.15 0.08 0.06 0.16 0.00 0.06

Total 99.68 99.84 101.59 99.04 101.72 100.73 101.28 99.19 100.14
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a.f g g § g Ké g é é é analytical lines selected were as follows: S (CuFeS,,
= coococococooo Ka), Cu (CuFeS,, Ka), Ga (GaAs, Ka), In (In, La), Fe
(CuFeS,, Ka), and Zn (ZnS, Ka). A counting time of
20 s, with background count-time of 10 s, was used for
© $8RBex888 all elements. Germanium, As, Se, Ag, Cd, Sn, Sb,

g s383ss3333 Te, Au, Pb, and Bi were also analyzed, but all results

= [eNeNeoNeoNoNoNoNoNe] €, Au, B y )
were below detection limits. The ZAF method was
employed for matrix corrections.

~ § 3 § § 82 § ‘é 3 The synthetic material was analyzed using a Cameca

g': Pt = b SR = SX-100 instrument (WDS mode, 15 kV, 20 nA, 1-2 pm
beam diameter) at the Institute of Geology AS CR. The
standards and analytical lines selected were as follows:

NOCOOFD = —O S (ZnS, Ka), Cu (Cu, Ka), Ga (GaAs, L), In (InP, L),
< 56383238888 Fe (Fe, Ka), and Zn (Zn, Ka). Data were reduced using

§| ocossccsso the PAP routine of Pouchou & Pichoir (1985).

A total of 22 chemical analyses (Table 3) were
obtained from ishiharaite via electron probe microanaly-

S g % g § © % § § é § zer. The averages (standard deviations) expressed in wt.%
In 9.45 (0.50), Fe 6.90 (0.25), and Zn 5.47 (1.29).

The structural formula, calculated from the aver-
O OMI ¢ — < — O age of the 22 chemical analyses and based on two

°09) 53835988888 atoms per formula unit (apfu), is (Cugs5Gag 1oFeq 13

2 CeeoococoocowN Ing.08Zn0.08)x1.0350.97-

D Six chemical analyses were obtained from the syn-
% P b ©G e oo thetic material (Table 4). The averages (standard
2N 5883988888 deviations) expressed in wt.% are: S 30.73 (0.18), Cu
E @ cococoococococod 28.05 (0.22), Ga 15.99 (0.13), In 11.86 (0.08), Zn
8 7.37 (0.12), and Fe 6.13 (0.15). The empirical for-
= mula of the synthetic analogue is (Cug45Gag24Feq 11
8 © 28IF82=8s588 Ing 11Zng.11)x1.0250.9s-
| QO NT-OCQCQ
g g OO O OO O0ODOOOoON
= RELATION TO OTHER SPECIES

OO ~ONO O O Ishiharaite is isostructural with sphalerite and there-

3 5853388388388 fore should be placed in the Strunz group 2.CB.05a.

) CoooococococodN No mineral (approved by IMA or not; Smith &
Nickel 2007) with the composition of ishiharaite was
found in the literature, and it is the first mineral spe-

< § § § g § g ?O;r § é § cies with indium and gallium together in its structure.

@ Pt S S I e S I A mineral previously mentioned by Kissin & Owens
(1986) is similar to ishiharaite, although it was never
fully described or presented to the IMA for approval.

- NY88Le88s8 It is a sakuraiite-like mineral, found in the metatype

b 22g8zs22sag material studied by Kato (1965) from the Kanagase

= vein, Ikuno mine, Hyogo Prefecture, Japan, that was
sent to the Mineralogy Section of CANMET. This

~ QN EEN©S383S mineral mig}}t b.e.the Ga—gnalogue of sakuraiite, though

& $8382858888 there are significant differences between the two

> Ococoocoocoocoococood minerals (Table 5).

DiscussioN
TONT - WLANNTT O

5 8552858888 . .

3 P S S PR I Jp e Ry Ishiharaite formed at ~245 °C, according to the
temperature obtained from fluid inclusion assemblages
hosted in quartz from stage III (Mdarquez-Zavalia

S ..g s _®oc®ona g 19.99), during a relati\{ely late stage of' mineralizat%on

THOOEOLNOL®YF (Fig. 2). It was possibly formed during decreasing
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TABLE 4. CHEMICAL COMPOSITION OF SYNTHETIC ANALOGUE (SA) OF ISHIHARAITE

No. 1 2 3 4 6 Avr. Max. Min. St.Dev.
wt.%

S 30.64 30.89 30.44 30.86 30.64 30.90 30.73 30.90 30.44 0.18
Cu 28.46 27.97 28.02 27.87 28.09 27.90 28.05 28.46 27.87 0.22
In 11.94 11.97 11.82 11.78 11.84 11.80 11.86 11.97 11.78 0.08
Ga 15.82 16.03 16.09 16.17 15.86 15.95 15.99 16.17 15.82 0.13
Fe 6.20 5.99 5.92 6.08 6.30 6.27 6.13 6.30 5.92 0.15
Zn 7.35 7.48 7.22 7.50 7.24 7.42 7.37 7.50 7.22 0.12
Total 100.41 100.33 99.50 100.25 99.97 100.23 100.13

apfu

S 1 1 1 1 1 1 Avr. Max. Min. St.Dev.
Cu 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.47 0.46 0.01
In 0.1 0.1 0.1 0.11 0.1 0.1 0.1 0.11 0.11 0.00
Ga 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.00
Fe 0.12 0.1 0.1 0.11 0.12 0.12 0.1 0.12 0.1 0.00
Zn 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.00
Total 2.05 2.03 2.04 2.03 2.04 2.04 2.04

temperatures by exsolution of the In and Ga contents
carried in tennantite; this is in agreement with a
Schwarz-Schampera & Herzig (2002) statement that
decreasing temperatures deplete indium solubility.

The presence of indium and tin together in the vein
could imply, as stated by Schwarz-Schampera & Herzig
(2002), strong evidence for metallogenic processes
within the continental crust. These authors also point

out that the close association of deposits with back-arc
settings during geotectonically active periods (e.g., dur-
ing the Tertiary) suggests the mobilization of metals
such as In, Sn, Cu, Zn, Ag, Pb, and As from the sub-
ducting slab and later introduction into the overlying
mantle wedge, followed by magmatic (hydrothermal)
recycling. These facts match the geological setting of
the Nueva Esperanza vein and its paragenesis.

TABLE 5. DIFFERENCES BETWEEN ISHIHARAITE AND SAKURAIITE

Ishiharaite’

Sakuraiite

Color under reflected light
hue (air)

Violet-burgundy (oil)

Reflectance values (Ry;)

Burgundy brown with a faint violet

18.27(470), 20.10(546), 21.74(589),

Purplish olive gray without pleochroism?

Pure gray without any significant tint®
22.6(470), 22.7(540), 22.5(580),

23.94(650) 22.6(640)
X-ray powder-diffraction lines  3.096(100), 1.897(60), 1.620(40), 3.15(100), 1.932(60), 1.647(40),
2.684(20) 2.74(30)%3
Structure F43m 42m or 4 ?
P432, P43m, and Pm3m®
Chemistry Snand Ag <d. I. Sn + Ag = 7.5%, 12% and 13% wt.%

Ga average (n = 22) = 13.31 wt.%
Cu>Fe > Zn, Sn <d. |; In:Sn is 100:0

Element ratios

Formula accepted by IMA (Cu,Ga,Fe,In,Zn)S

<d. L

Cu>2Zn>Fe/Zn>Cu>Fe, In> Sn;
In:Sn < 89:11

(Cu,Zn,Fe,In,Sn)S

This paper

’Kato (1965)

*Kissin & Owens (1986)

“Shimizu et al. (1986)

X-ray powder-diffraction lines [d in A (1)]
< d. I. : below detection limits
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