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ABSTRACT

Jaguéite, with the simplified formula Cu,Pd;Seq, the copper analogue of chrisstanleyite, was discovered in a telethermal
selenide vein-type deposit at the El Chire prospect, Los Llantenes District of La Rioja Province, Argentina. The new mineral
species is generally associated with chrisstanleyite, particularly in intimate intergrowths, clausthalite, naumannite, tiemannite,
klockmannite, berzelianite, umangite and aguilarite. Mercurian silver, native gold, and two unnamed compounds, chemically
(Ag,Cu)¢Hg,PdsSes and (Ag,Cu)sHgs(S,Se);, occur as rare constituents. The selenide vein is hosted by metasedimentary rocks of
Carboniferous age that belong to the Precordilleran terrane. Jaguéite occurs in anhedral grains that lack a distinct morphology.
Aggregates of intergrown jaguéite and chrisstanleyite measure up to 100 X 20 wm; single grains, however, do not exceed 60 pm.
The mineral is megascopically creamy yellowish in color, opaque and lacks internal reflections. It has a metallic luster and a black
streak. It is brittle with an uneven fracture and without observable cleavage. VHN,5 ranges between 464 and 772 (mean 612) kg/
mm?, corresponding to a Mohs hardness of 5. In plane-polarized light, it is weakly to moderately bireflectant and slightly pleo-
chroic, from light buff to creamy buff. Jaguéite is anisotropic; the rotation tints are brownish — bluish — greenish. The prominent
spindle-shaped twins are almost identical to those in chrisstanleyite. The measured values of reflectance in air and oil, respec-
tively, are 41.0-50.1, 27.0-31.9 (470 nm), 44.1-51.8, 29.2-33.8 (546 nm), 44.6-51.7, 29.4-33.7 (589 nm), 45.1-52.0, 30.2-34.1
(650 nm); values for 400700 nm are tabulated. As an average, eight electron-microprobe analyses gave: Cu 15.7, Ag 1.59, Pd
42.04, Se 40.15, total 99.48 wt.%, corresponding to (Cu;91Ago.11)s2.02Pd3055€303 (basis: 9 atoms per formula unit). The ideal
formula is Cu,PdsSe4, which requires Cu 16.68, Pd 41.88, Se 41.44, total 100.00 wt.%. Jaguéite has a monoclinic cell with a
5.672(5), b 9.910(9), ¢ 6.264(6) A, B 115.40(2)°, V318.1 (5)A3, space group P2/c and Z = 2. The calculated density is 8.01 g/cm?.
The crystal structure was solved from single-crystal data obtained on a four-circle diffractometer with an area detector. The
strongest eight lines in the calculated powder-diffraction pattern [d in_f\(l)(hkl)] are: 2.7_59(23)(T31), 2.676(100)(121),
2.630(64)(122),2.508(31)(202), 2.269(27)(041), 1.950(27)(122), 1.920(36)(123) and 1.866(24)(241). Jaguéite and chrisstanleyite
form a limited solid-solution series. The mineral is named after the village of Jagué, which is the closest settlement to the El Chire
mine. Both the mineral and the mineral name were approved by the Commission on New Minerals and Mineral Names (IMA
2002-060).
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SOMMAIRE

La jaguéite, dont la formule simplifiée serait Cu,Pd;Ses, est I’analogue a dominance de cuivre de la chrisstanleyite; cette
espece nouvelle a été découverte dans un gisement de séléniures téléthermal en veines, 1’indice de El Chire, district de Los
Llantenes, province de La Rioja, en Argentine. La nouvelle espece est généralement associée a la chrisstanleyite, surtout en
intercroissances intimes, et a clausthalite, naumannite, tiemannite, klockmannite, berzélianite, umangite et aguilarite. Lui sont
associés, mais plus rarement, argent mercurifére, or, et deux phases sans nom, de composition (Ag,Cu)sHgoPd,Se; et
(Ag,Cu)gHgs(S,Se);. La veine de séléniures recoupe des roches métasédimentaires d’age carbonifere faisant partie du socle pré-
Cordillere. La jaguéite se présente en grains xénomorphes, sans morphologie distincte. Les aggrégats de jaguéite et de
chrisstanleyite en intercroissance atteignent 100 X 20 wm; les grains monocristallins, par contre, ne dépassent pas 60 wm. Le
minéral est creme jaunatre a I’oeil, opaque et sans réflexions internes. Il posséde un éclat métallique et une rayure noire. II est
cassant, avec une fracture inégale et sans clivage évident. Sa dureté VHN s va de 464 4 772 (en moyenne, 612) kg/mm?, ce qui
correspond a une dureté de Mohs de 5. En lumiere polarisée, la jaguéite est 1égerement 8 modérément biréflectante et légérement
pléochroique, de beige pale a cremeux. Elle est anisotrope; les teintes de rotation sont brunatre — bleuatre — verdatre. Les macles
biseautées proéminentes ressemblent beaucoup a celles de la chrisstanleyite. Les valeurs de la réflectance, dans I’air et dans
I’huile, respectivement, sont 41.0-50.1, 27.0-31.9 (470 nm), 44.1-51.8, 29.2-33.8 (546 nm), 44.6-51.7, 29.4-33.7 (589 nm),
45.1-52.0, 30.2-34.1 (650 nm); nous présentons les valeurs pour I’intervalle 400-700 nm. En moyenne, les huit analyses a la
microsonde électronique ont donné: Cu 15.7, Ag 1.59, Pd 42.04, Se 40.15, total 99.48% (poids), ce qui correspond a
(Cuy.91Ag0.11)352.02Pd3.05Se3.03 (base de neuf atomes par formule unitaire). La formule idéale, Cu,PdsSe., requiert Cu 16.68, Pd
41.88, Se 41.44, total 100.00%. La jaguéite posseéde une maille monoclinique, a 5.672(5),  9.910(9), ¢ 6.264(6) A, B 115.40(2)°,
V318.1(5)A3, groupe spatial P2,/c et Z=2. La densité calculée est 8.01 g/cm?. La structure cristalline a été résolue sur monocristal
avec un diffactometre a quatre cercles muni d’un détecteur a aire. Les huit raies les plus intenses du spectre de diffraction
(méthode des poudres) [d en A(N)(hkl)] sont: 2.759(23)(131), 2.676(100)(121), 2.630(64)(122), 2.508(31)202), 2.269(27)(041),
1.950(27)(122), 1.920(36)(123) et 1.866(24)(241). La jaguéite et la chrisstanleyite forment une solution solide limitée. Le nom
choisi rappelle le village de Jagué, le plus proche de la mine El Chire. La nouvelle espece et son nom ont re¢u 1’approbation de
la Commission pour les nouveaux minéraux et les noms de minéraux (IMA 2002-060).

Traduit par la Rédaction)
Mots-clés: jaguéite, nouvelle espece minérale, minéral du groupe du platine, séléniure de Cu—Pd, données de microsonde

électronique, données de réflectance, données de diffraction X, structure cristalline, El Chire, Los Llantenes, La Rioja, Argen-
tine.

INTRODUCTION

The association of platinum-group elements (PGE),
especially palladium and to a minor extent platinum, and
selenide mineralization, is known from several occur-
rences worldwide (Cabral er al. 2002a, b, Clark &
Criddle 1982, Jedwab 1997, Jedwab et al. 1999, Johan
et al. 1970, Johan 1989, Kwitko er al. 2002, Nickel
2002, Paar et al. 1998, 2005, Roberts et al. 2002, Stanley
etal. 2002, Wallis 1994). We have documented the pres-
ence of platinum-group minerals (PGM) in selenide
mineralization of La Rioja, Argentina, as a result of a
detailed microscopic and electron-microprobe investi-
gation (Paar et al. 2000, 2002a, b, 2004). All the se-
lenide occurrences carrying platinum-group elements
have very small reserves, and they thus do not have eco-
nomic potential.

Our study of the microparagenesis of the high-grade
selenide mineralization at El Chire, Argentina, exposed
in a small exploration drift, led to the discovery of the
new mineral jaguéite, ideally CuyPd3;Seq. It is named
after the small village of Jagué, which is located in the
homonymous “Bolson de Jagué” (depression of Jagué),

the starting point for expeditions to both the selenide
districts of Los Llantenes and Sierra de Cacho (west of
the Sierra de Umango). The same mineral had been
noticed in the Pilbara region of Australia by Nickel
(2002), who considered it the Cu-dominant analogue of
chrisstanleyite, Ag,PdsSes. The mineral and the min-
eral name have been approved by the Commission of
New Minerals and Mineral Names, IMA (2002-060).
The holotype specimens (polished section and two ore
fragments) are deposited in the systematic reference
collections of the Department of Geography, Geology
and Mineralogy, Division of Mineralogy and Material
Sciences, University of Salzburg, and are registered
under catalogue numbers 14938 and 14939 a, b.

LocATioN AND GEOLOGY

El Chire is a small occurrence of selenide mineral-
ization west of the depression of Jagué, which is some
30 km northwest of the village of Vinchina in La Rioja
Province of Argentina (Fig. 1a). According to the topo-
graphic map Tinogasta (scale 1:250000), sheet 2969-I1
(1986), the mine is situated 30 km west of the small
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village of Alto Jagué, and 5.5 km south—southwest of
Punta del Agua, at an altitude slightly above 3100 m
above sea level. The coordinates are 28°38.3' S (longi-
tude) and 68°44.3' W (latitude), as deduced from the
map.

El Chire is situated at the southwestern corner of the
selenium ore district of Los Llantenes (Guerrero 1969,
Angelelli 1984, Brodtkorb 1990, 1993), which belongs
to the Precordillera terrane accreted onto the South
American continent during the Early Paleozoic
(Famatinian) orogeny (Astini ez al. 1995). The outcrops
of the selenium mineralization are located on the steep
flanks of a rugged mountain range with difficult access.

The host rocks of the structurally controlled vein-
type mineralization are Carboniferous sandstones,
arkoses, conglomerates and lutites of the Volcan For-
mation (= Cerro Minitas Formation; Guerrero 1969),
hydrothermally altered to a brownish or reddish rock
with abundant hematite in the vicinity of the calcite-
bearing single selenide-bearing vein.

This vein has been explored underground both along
strike and dip (Fig. 1b). It pinches out after a few meters
which is, in fact, typical for most of the selenide occur-
rences in that region. The width of the calcite vein on
the surface varies between one and two centimeters, but
increases underground to almost six centimeters. Sym-
metrical banding (Fig. 1c), vugs and sections of brecci-
ated vein can be observed, with fragments of the altered
country-rock cemented by calcite and selenide minerals
(Fig. 1d).

The selenide mineralization occurs as massive lay-
ers in the vein up to two centimeters in thickness, in
pods of irregular shape and varying size, and finely dis-
seminated in the calcite vein matrix. Microscopically,
the selenides (tiemannite, naumannite, jaguéite and
chrisstanleyite) occur in lobate inclusions in, and occa-
sionally along, grain boundaries of calcite.

The dominant selenides are tiemannite, HgSe, and
naumannite, Ag,Se, the latter decreasing with depth.
Clausthalite, PbSe, is a common but minor associate,
whereas eucairite, AgCuSe, umangite, CusSe,, klock-
mannite, CuSe, and berzelianite, Cu,Se, are rare.
Aguilarite, Ag,SeS, has only once been observed, as
microscopic grains associated with naumannite and tie-
mannite. An unnamed phase containing Ag, Cu, Hg, S
and Se is present in trace amounts. Native gold with no
detectable content of palladium is especially abundant
in the strongly oxidized portion of the vein and is em-
bedded as irregularly shaped grains and thin flakes
(foils) up to several millimeters in length in the calcite
and, rarely, in the selenide matrix.

Three platinum-group minerals are associated with
the selenide mineralization: (1) jaguéite, chemically
(Cu,Ag),PdsSes, the new species described herein, (2)
chrisstanleyite, (Ag,Cu),Pd;Se, (Paar ef al. 1998), and
(3) an unnamed selenide of Ag(Cu), Hg and Pd (Figs.
2a—d). Chemical data on ore fragments we picked from
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El Chire are compared with data from other selenide oc-
currences in La Rioja (Table 1).

Jaguéite and chrisstanleyite commonly occur as
intimate intergrowths in the calcite (and malachite)
matrix, and rarely as isolated grains in the tiemannite—
naumannite ore (Figs. 2a, ¢). The unnamed PGM forms
a rim around grains of chrisstanleyite, too thin (4-20
m) to be extracted for X-ray study (Fig. 2d). A silver—
mercury alloy (mercurian silver; Cipriani et al. 1993) is
associated with the unnamed phase in porous patches
up to 500 X 250 pwm, and more commonly in irregular
grains (30 X 30 wm) and microveinlets. The intergrowth
relationships suggest the following order of crystalliza-
tion for the selenide assemblage: chrisstanleyite and
jaguéite — (clausthalite) — naumannite and tiemannite
— umangite and klockmannite — Pd-free native gold.

The presence of umangite provides an important
constraint on temperature of formation during the min-
eralizing event. Chakrabarti & Laughlin (1981) have
shown that umangite is only stable below 112°C, at
which temperature it decomposes to berzelianite and
high klockmannite. Abundant hematite, which accom-
panies the selenide mineralization, is further evidence
for selenide formation from highly oxidizing fluids,
whose source is, as yet, unknown.

Secondary minerals such as chalcomenite (in mm-
sized crystals and crystal clusters up to 1 cm), mala-
chite (as thin crusts and small veinlets) and trace
amounts of molybdomenite — olsacherite — kerstenite
occur in cavities that are especially abundant in the
weathered portions of the vein.

APPEARANCE AND PHYSICAL PROPERTIES

The new mineral species occurs in small amounts in
most of the 37 polished sections prepared from selenide
specimens collected from the vein outcrop. Lobate ag-
gregates of jaguéite and chrisstanleyite up to 500 wm
across, partly as oriented intergrowths, are embedded
in a calcite matrix, and may cover areas up to 4 X 1 mm
(maximum). More commonly, jaguéite can be observed
as dust-like inclusions of anhedral grains in tiemannite

TABLE 1. GRADES' OF PRECIOUS METALS IN SELENIDE ORE FROM
EL CHIRE AND ADJOINING LOCATIONS, LA RIOJA, ARGENTINA

Location Pd Pt Au Ag
El Chire 8.49 1.96 0.06 7.98 >> nau
13.10 8.98 16.90 0.17 < nau, > tie
2.79 1.74 0.08 5.43 > nau, < tie
Los Llantenes 0.52 2.06 1.72 0.18
Las Asperezas 0.75 4.40 9.60 0.56

! Actlabs, Ancaster, Ontario, Canada. Concentrations are reported in ppm, except for
Ag (wt%). Methods used and detection limits (in ppb): fire assay — [CP-OES: Au (2),
Pt (5), Pd (4); four acid ICP (ICP-OES): Ag (0.3). Symbols: nau naumannite, tie
tiemannite; >> abundant, < minor constituent.
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(preferably) and naumannite. These grains vary in size
between a few micrometers up to 40-50 pm across and
do not show obvious forms. Spindle-shaped deforma-
tion twins are common.

In plane-polarized light, jaguéite cannot be distin-
guished from the intergrown chrisstanleyite (Fig. 2a).
When using crossed polars or back-scattered electron
imaging (Figs. 2b, c), however, a sharp boundary be-
tween the two selenides is evident. The intergrowth tex-

Catamarca

FiG. 1.
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tures are indicative of the earlier crystallization of
chrisstanleyite, which then was replaced by solutions
with acy > aag, leading to the formation of the new spe-
cies.

The larger aggregates of jaguéite—chrisstanleyite
occasionally show a random decomposition into a mix-
ture of Cu—Ag—Hg-Pd-Se—(?)O compounds (Figs. 2a—
c), which optically are characterized by a strong
anisotropy, similar to that of minerals with a sheet-like

a) Province of La Rioja (in red) and its selenide districts: 1) El Chire, 2) Los Llantenes, 3) Cerro Cacho (including Las

Asperezas, Tuminico). b) El Chire mine, underground, with an exposure of the oxidized selenide vein. ¢) Symmetrically
banded selenide vein in altered country-rock. The coating of malachite is a consequence of weathered primary copper
selenides. Symbols: tie tiemannite, nau naumannite, cc calcite. d) Polished slab of a brecciated vein section with fragments of
country rock. The metallic phases are an intergrowth of naumannite—tiemannite. Other symbols as in c).
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FiG. 2. a)Lobate grains of chrisstanleyite, which randomly is replaced by jaguéite, in calcite; tie is tiemannite. The Cu—Ag—Hg—
Pd—(?)O compound (x) rims jaguéite and chrisstanleyite. Oil immersion, uncrossed polars. EC 2002. b) Same as a) but X
polars. ¢) Same as a) but BSE image; bars indicate 50 mm. d) An unnamed (un) Ag(Cu)-Hg—Pd-Se compound rims
chrisstanleyite; mercurian silver (ms) is closely associated with tiemannite.
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structure. Fine grain-sizes and complicated interlocking
features cause a problem in obtaining accurate analy-
ses, and preclude attempts to extract them for further
study.

Jaguéite has a distinctly creamy-yellowish color, to
the naked eye strongly resembling that of pyrite, espe-
cially where adjacent to tiemannite, which then is grey-
ish with a weak violet tint. The new mineral species is
opaque, has a metallic luster, a black streak, is brittle
and has an uneven fracture. Neither cleavage not part-
ing is evident in polished sections. The VHN,5 measured
from seven indentations is in the range 464—772, mean
612 kg/mm?, thus distinctly higher than VHN ¢ for
chrisstanleyite (mean 395 kg/mm?; Paar et al. 1998) and
the compositionally related mineral oosterboschite
(VHN50_100 = 340 kg/mm?; Johan et al. 1970). Using
the equation by Young & Millmann (1964), a corre-
sponding Mohs hardness of about 5 can be calculated.

It turned out to be impossible to extract pure grains
of sufficient size to determine the density of the min-
eral. The density calculated on the basis of the empiri-
cal formula and Z = 2 is 8.02 g/cm?, which is distinctly
lower than the densities of the related minerals
chrisstanleyite and oosterboschite (8.33 and 8.48 g/cm?,
respectively).

OPTICAL PROPERTIES

In plane-polarized light (~3200 K), the reflectance
of jaguéite is slightly higher than that of chrisstanleyite
with which it is generally associated. The differences,
however, are quite small (less than 2%) and barely de-
tectable.

Jaguéite is opaque and lacks internal reflections. The
bireflectance is weak to moderate (air) and more dis-
tinct in oil. The mineral is pleochroic from a light buff
to a creamy buff. Between crossed polars, it is distinctly
anisotropic (enhanced in oil), and the rotation tints (from
extinction) are: brownish — bluish — greenish. The most

TABLE 2. REFLECTANCE DATA (IN AIR AND OIL) FOR JAGUEITE

A (nm) R % R% mR % "R, %
400 36.1 46.0 23.7 285
420 375 46.9 245 29.6
440 39.0 480 2538 30.6
460 405 492 26.7 317
470 41.0 50.1 27.0 319
480 41.7 50.6 276 323
500 428 515 282 330
520 435 51.8 28.7 335
540 44.0 51.8 292 3338
546 441 51.8 292 3338
560 44.4 518 29.3 33.7
580 44.6 517 294 337
589 44.6 517 294 337
600 447 518 29.7 337
620 45.0 51.9 299 337
640 451 52.0 30.1 34.0
650 451 52.0 30.2 341
660 453 52.0 30.3 342
680 456 52.1 30.4 343
700 458 523 30.7 343
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characteristic feature is twinning, which is typified by
spindle-shaped lamellae of varying thickness in one di-
rection. These were likely formed mechanically. Defor-
mation or mechanical twins have variable thickness, of
branching and tapering character (Blenkinsop 2000).
This kind of twinning is distinctly different from that
reported for oosterboschite (Johan et al. 1970, p. 477),
which shows fine polysynthetic and parquet-like lamel-
lae, which are generally straight and of constant thick-
ness, and may be interpreted as growth twins.

The reflectance measurements (400-700 nm) of
jaguéite were made at intervals of 20 wm using a Leitz
MPV-SP microscope-spectrophotometer and a WTiC
reflectance standard for the air and oil (Leica Np =
1.518) determinations (Table 2, Fig. 3). The spectra are
compared with those of chrisstanleyite from Hope’s
Nose, United Kingdom (Paar er al. 1998) and ooster-
boschite, Musonoi, Democratic Republic of Congo
(Johan et al. 1970). The reflectances of chrisstanleyite
from El Chire, which differs by its copper content from
the copper-free chrisstanleyite from Hope’s Nose, are
not included in Figure 3 because they do not show ap-
parent deviations from those of jaguéite.

The shape of the spectra for jaguéite and chris-
stanleyite (Hope’s Nose) is very similar, with a slight
increase of R toward higher wavelengths (jaguéite).
Jaguéite is slightly more strongly reflecting (<1-3%)
and bireflectant (£2%) than chrisstanleyite. The spectra
of jaguéite (R)) and chrisstanleyite are “bracketed” by
those of oosterboschite, which has a distinctly different
dispersion (Fig. 3).

CHEMICAL DATA

Quantitative chemical data for jaguéite and the asso-
ciated phases were obtained with an electron microprobe
(JEOL Superprobe JXA-8600, controlled by LINK-
eXL system, operated at 25 kV, 30 nA, 20 s counting
time for peaks and 7 s for background). The following
natural (n) and synthetic (s) standards and X-ray lines
were used: n—CusSe;, (CuKa, SeKa), n—HgS (HgLa,
SKa), n—Sb,S; (SbLa) and pure metals for AgLP and
PdLa. The raw data were corrected with the on-line
ZAF—4 procedure. Results of two to 12 point analyses
obtained from a homogeneous grain or an individual
phase in an aggregate were averaged. These mean com-
positions are compiled in Table 3. The mean analytical
result obtained for the jaguéite grain used for the struc-
ture study, as well as results illustrating the small range
in composition of jaguéite and chrisstanleyite, are com-
pared with literature data from Nickel (2002) and Johan
et al. (1970). The empirical formula of jaguéite, nor-
malized to nine atoms per formula unit (apfu), which is
the content of the two asymmetric units as determined
by the structure analysis, is (Cu;.91Ag0.11)32.02Pd3.05
Ses 3. The simplified formula of jaguéite can be writ-
ten CuyPd;Sey. It requires: Cu 16.68, Pd 41.88, Se 41.44,
total 100.0 wt.%. The results of all individual analyses
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TABLE 3. COMPOSITION OF JAGUEITE, CHRISSTANLEYITE, ASSOCIATED PHASES FROM
EL CHIRE, ARGENTINA, AND LITERATURE DATA

No. Mineral Location/Sample n' Cu Ag Pd Hg S Se Total N?
1 jaguéite El Chire, su-2002* 8 15.70(15) 1.59(9) 42.04(18) 40.15(16) 99.48(38) 9
2 jaguéite El Chire, 98/18-d 4 14.35(18) 3.19(9) 41.21(6) 40.90(23) 99.64(29) 9
3 jaguéite, theoretical composition 16.68 41.88 41.44 100 9
4 chrisstanleyite  El Chire, su-2002 12 3.09(14) 20.55(25) 38.64(14) 37.54(16) 99.84(38) 9
5 chrisstanleyite El Chire, 98/18-h 9  4.42(18) 18.67(35) 38.38(15) 38.62(25) 100.0939) 9
6 chrisstanleyite, theoretical composition 25.36 37.52 37.12 100 9
7 aguilarite El Chire, 98/18 5 1.43(28) 79.88(47) 1.04(43)  5.90(25) 11.58(57) 99.79(26) 6
8 mercurian Ag El Chire, 01/119 2 0.67(19) 51.63(21) 47.29(5) n.d. 99.80(2) 3
9 unnamed 1 El Chire, 98/18 5 2.14(4) 44.59(26) 33.58(28) 7.68(16) 11.63(15) 99.62(19) 18

10 unnamed 2 El Chire, 01/119 3 1.29(1) 40.50(16) 14.28(11) 28.07(24) 15.74(7) 99.88(4) 13

11 jaguéite Pilbara’® 16.80 0.92 40.09 41.33 99.17 9

12 ‘chrisstanleyite  Pilbara®* 2.05 24.07 35.48 0.36 38.50 101.16 9

13 oosterboschite ~ Musunoi* 16.90 44.50 39.00 100.40 5

Notes: The compositions are expressed in terms of weight % constituents; standard deviation is shown in parentheses; ' number of spot
analyses; > number of atoms per formula unit, used for formula calculations. * Crystal used for structural investigation. * Nickel (2002);
3* contains 0.7 wt.% Pt; * mean result of two analyses from Johan ef al. (1970).

Empirical formulae: 1) (Cu, 5 AZo11)520:Pd3058€3505 2) (CUy75AZ023)m195Pds005€5 00, 3) CuyPdsSe,, 4) (Cup g Agy 59z 00Pds 035€3 97,

5)  (Cups7A8143)22.00Pdy 97584 03 ) Ag,PdsSe, ) (CugpALpHE 03)54 1981 05€050)s1s 8)  (CugAB) 08)s 058075
(Cug 61287 43)55.041185 01(54305€3 65) 56 05 10) (Cug 30A85 62)55.9:P s 01 HE 09582 985 11 (Cuy 03A20.07)22.10Pd2 855€4 01, 12)
(Cuy 3578, 5952 17(Pds 76HB0.02Pto 03) 52 515€4 03 13) (Cuty 7,Pdy 26) 26,9755 05

ijaguéite and Chrisstan]eyite from El Chire’ p]otted in TABLE 4. CALCULATED POWDER-DIFFRACTION DATA FOR JAGUEITE
the diagram Pd—Cu-Ag (Fig. 4), together with litera-

ture data, indicate that jaguéite and chrisstanleyite form Lo o hkd Lo ea bkl

a limited solid-solution series. s 4551 110 ) 1878 221

16 4476 111 18 1.871 051

1 3728 021 2 1866 2 4 1

X-RAY-DIFFRACTION DATA 2 3.562 120 2 1.864 042

5 3.525 121 4 185 302

i 1 3.028 111 2 18499 150

The small size of the crystal extracted, the presence 14 2.853 031 4 1840 311

of twinning, and the sma}l amount of m:flterial ayailable, 22 %;?%2 E (3) % 1; }232 % f 3

commonly intergrown with chrisstanleyite, restricted the 23 P 3 DI

X-ray studies to the use of a single-crystal diffractometer 100 2676 121 9 1.763 242

. 64 2630 122 .

with an area-detector system. The crystal-structure de- 3 2562 200 1% ”gf ;: % ?

inati i indi i ouéi 31 2508 202 6 1738 322

termination (Topa et al., in prep.) indicates that jaguéite 5 380 IR S ros I

is monoclinic, space group P2i/c, a 5.6719(45), b ; %.igzlz 0 g 0 % %g% % é (2)

2 ) 221 ;

9.9095(87), ¢ 6.2636(55) A, B 115.403(24)°, V 5 2432 512 5 1652 060

318.0(8)A3, Z = 2, with all of its unit-cell parameters 8 22 . 1 NP

very close to those of chrisstanleyite (Paar et al. 1998). %(7) %%gg % 431 é % }.g%g g :; ;

As powder data could not be obtained because of insuf- 3 2238 722 2 1615 320

ficient material, a powder pattern was calculated with ! 280140 ! Lo 1az

PowderCell 2.3 software (Kraus & Nolze 1999) for ! 20 L1132 H 13% 202

Debye-Scherrer geometry and CuKo radiation (A = 4 2024 230 2 1570 241

1540598 A), without the anomalous dispersion correc- 14 1o 2l " 12e 2l

tion (Table 4), using cell parameters, space group, atom 7 }-ggg % % % % {;5‘% ? 0 g

positions, site occupancies and isotropic displacement 3 1936 142 2 1,545 743
36 1.920 123

factors from the results of the single-crystal structure
refinement. These data, together with the theoretical o

. . . . . The data for jaguéite are: calculated J values, followed by calculated d (A), based
powder-diffraction pattern for chrisstanleyite (Fig. 5),  on the crystal-structure parameters (Topa et al. 2004).
illustrate the small, but clear, differences in d-values for
the two minerals.
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Fi1G. 3. Reflectance data for jaguéite, chrisstanleyite and oosterboschite.
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Fig. 4. Empirical and ideal compositions

of jaguéite (this work, Nickel 2002),

70 chrisstanleyite (this work, Nickel 2002,

Paar er al. 1998) and oosterboschite
(Johan et al. 1970).
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28781

Ag,Pd,Se, chrisstanleyite -
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-~ 123
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Calculated powder-diffraction patterns for jaguéite and

FiG. 5.

RELATED SPECIES

A Cu—Pd-Se mineral with a chemical composition
very close to jaguéite was described by Nickel (2002),
who also observed a phase which he identified as
oosterboschite. Roberts et al. (2002) investigated ore
concentrates from Musonoi and determined two com-
pounds in the ternary system Cu—Pd-Se associated with
verbeekite, PdSe,. One compound is compositionally
jaguéite. Routine X-ray investigations on this com-
pound, however, gave a pattern very close to that of
oosterboschite. The second compound penetrates
verbeekite along fractures and corresponds to CuPd;Ses.

Jaguéite is the Cu-dominant analogue of chris-
stanleyite. The monoclinic cell (P2,/c) of chrisstanleyite
with a composition Ag; ¢Cug4Pd;Ses has a 5.675(4), b
10.329(7), ¢ 6.340(4) A and B 115.13(1)° (Topa et al.,
in prep.). Palladium atoms are coordinated by four sele-
nium atoms in both structures, in a square coordination
that is completed by one or two close Pd—Cu, and Pd-
Ag contacts, respectively. The very irregular, elongate

40 45 50 55 60

chrisstanleyite.

tetrahedra of Cu and Ag, respectively, are the only ele-
ments differing appreciably in size, although not in
shape, between the two structures. This difference is
responsible for the distinction in » dimensions. Jaguéite
and chrisstanleyite are isotypes, but the difference in the
size of Cu and Ag polyhedra may lead to the apparent
miscibility-gap between these compounds (Fig. 4).
Jaguéite is compositionally very similar to the min-
eral oosterboschite, which is the other natural compound
in the ternary system Cu—Pd-Se. Although the ratio Pd/
Cu (1.5) in jaguéite is very close to the Pd/Cu value
(1.57) in oosterboschite, the Me/Se ratios differ consid-
erably, i.e., 1.25 in jaguéite and 1.4 in oosterboschite.
There are also significant differences in the optical prop-
erties, especially in the dispersion of the two minerals
(Fig. 3). The unit-cell parameters and the space group
are different. A re-investigation of the holotype mate-
rial of oosterboschite, especially an attempt to solve its
crystal structure, would shed light on the possible
relationship of the two species. Several efforts made to
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obtain oosterboschite for study purposes, were unsuc-
cessful, however.

In an ongoing investigation on the synthetic system
Cu-Pd-Se, Karup-Mgller & Makovicky (unpubl. data)
have found Cu,Pd;Se4 to be a well-defined compound,
clearly separated from the copper-containing selenides
of palladium and maintaining its stoichiometric compo-
sition. CuyPdsSes has been synthetized at 300° and
400°C, but it is absent at 550° and 650°C.
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