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Abstract: Qaleh-Zari specularite-rich Cu-Ag-Au deposit is located 180 Km
south of Birjand, in eastern Iran. Host rocks are mainly Tertiary calc-alkaline to
K-rich calc-alkaline of 40.5+2 Ma and Jurassic sandstones and shales. Three
major sub-parallel steep quartz veins are identified in different rock types, in
particular andesitic rocks. The Qaleh-Zari deposit is a specularite-rich
hydrothermal, Cu-Ag-Au vein type deposit. Several complex Cu-Pb-Bi and Ag-
Pb-Bi sulfosalt minerals have been identified in samples from different vein
mineralization. Based on the paragenesis and fluid inclusion data temperature of
homogenization, four ore-forming stages are identified in the area. In the first
stage, specularite, chlorite, chalcopyrite and Bi-sulfosalts, (aikinite, matildite and
wittichinite) were formed. The temperature of the homogenization of the fluid
inclusions for the first stage ranges as 380 to 290°C. In the second stage, pyrite,
chalcopyrite, chlorite, aikinite, cosalite, wittichinite and bismuthinite-aikinite
were deposited. Homogenization temperature of fluid inclusions for the second
stage of the mineralization are between 290 and 230°C. Within the third and
fourth stages of the mineralization, specularite, quartz, calcite, pyrite, Ag-bearing
aikinite, and an unknown Ag-sulfosalt were formed. The homogenization
temperature for this stage ranges between 250 and 180°C. The unknown Ag-rich
sulfosalts and arcubisite have the highest Te, As, Sb, and Se contents. The
salinity of ore fluid was between 1.0 and 6.0 wi% equiv. NaCl and the CO, was
< 0.1 mole%. Based on mineral paragenesis, the fluid was very oxidizing with a
log fO, between -13 and -28 (assuming a temperature of 300°C),

Keywords: sulfosalt, aikinite, matildite and wittichinite Qaleh-Zari mine,
Iran.
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Introduction
Sulfosalts are a subgroup of the sulfides that contain a diverse and complex

group of minerals and synthetic compounds that have complex compositions
and structures. Most of them are sources of economically important elements
of ores (e.g. Cu, Ag, Cu, Bi, Hg and etc.) and some of them display semi-
conducting properties, which have technological applications [1 to 5].

According to Makovicky [6] sulfosalts are defined as complex sulfides
(rarely also selenides and tellurides) having the general formula A,B.X,
where:

A is a metal, commonly Cu, Pb, Ag and rarely Zn, Hg, Ti, Fe and Mn.

B is a typically a Group 15 semi-metal, As™, Sb>", Bi’* but rarely also Te*".

X are anions usually S but may also be partially substituted by Seand Te”.

Sulfosalts appear in nature in major or trace amounts in a wide variety of
ore deposit types, typically of hypogene hydrothermal origin but they are
also formed by magmatic processes and occasionally occur in supergene
conditions in zones of secondary enrichment. Sulfoantimonides and
sulfoarsenides are abundant in low- and moderate-temperature deposits
while sulfobismutides generally occur in higher temperature ores.
Sulfoantimonides and sulfoarsenides have been discovered in modern
hydrothermal formations on the ocean floor {the so-called black and white
smokers, T about 450 °C and 230°C, respectively) while sulfobismutides are
recorded from active fumaroles (T = 500 - 700°C) [5].

It should be stressed that even trace amounts of the sulfosalts in an ore
are of both economic and scientific interest [5]. However, there is still a lack
of reliable data on the characteristics of many of the sulfosalt minerals and
synthetic phases, making them of interest for detailed studies of natural and
synthetic systems.

Geological setting

Qaleh-Zari is situated within the Central Lut Block at 31° 50’ N, 59° 00" E
about 180 Km south of Birjand (Province of Khorasan) in the eastern part of
Iran (Fig. 1). The Lut Block extends over 900 km in north-south direction
and only 200 km wide in east-west direction. It is confined by Nayband fault
and Shotori Range in the west and the Eastern Iranian Ranges in the east
(Fig. 1). The western edge of the Lut Block is cut off by Nayband normal
fault. A deformed accretionary prism and a flanking forearc basin extending
from Birjand southeast to Zahedan (Fig. 1). Volcanic and some plutonic
rocks of the Lut Block are the result of west dipping subduction zone.

The Lut Block is underlain by continental crust of some 40 km thickness
[7]. The oldest sediments are from Devonian to Cretaceous time. Geological
observation and radiometric data indicate the oldest magmatic activity in the
Central Lut took place in the Jurassic time [8]. In Northern Lut Block,
magmatic activity started in the Upper Cretaceous time (75 m.y.) both as
volcanic and intrusive rocks.
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Fig. 1 Map showing the location of
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Maximum volcanic activity took place at the end of Eocene time. The
Middle Eocene (47 m.y.) is distinguished by alkaline and shoshonitic
volcanism {9]. In addition to calc-alkaline series, basalts and basaltic-
andesite were formed in Eocene-Oligocene (40 to 31 m.y) and in
Quaternary. The western part of the Central Lut Block is covered by
terrestrial volcanic rocks [9]. In Shurab and Khur regions, Kerman
Conglomerate occurs as a basis of volcanic sequence dated 39-40 Ma.

The oldest rocks exposed in Qaleh Zari area are Jurassic sandstones and
shales which form the core of an anticline in the central part of the study area
(Fig. 2). These are unconformably overlain by Upper Cretaceous
conglomerates and sandy limestones (200 m). This sequence is followed by
massive pale cream limestone (130 m) of Paleocene age. The Jurassic shales
and sandstones in the Dom-e-Robah mountain area are unconformably (with
an angular relationship of 40°) by the reddish Upper Cretaceous
conglomerates. Volcanic activity initiated in the region in the Late Eocene,
and Tertiary volcanic rocks dominate the area. They consist of andesite,
andesitic-basalts and minor dacite and basalts (Fig. 2) present as volcanic
and pyroclastic rocks. Andesites from the western region of Qaleh-Zari were
dated at 40.5 £ 2 ma {10]. These rocks are calc-alkaline to K-rich calec-
alkaline and have a geochemical signature typical of subduction-related
magmatism [11, 12]. A highly altered intermediate intrusive rock (as a small
exposure) is also reported from the area. The history of mining goes back
more than 2000 years and at that time, mining reached only a shallow depth
of 90 meters. Based on the observed old workings, the total ore mined in
ancient times has been estimated to about 900 000 tons.

Three main mineralized zones were identified in the area. The NW part of
the deposit (No. 1), which is associated with three major sub-paralie! quariz
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veins, the SE portion (No. 3) and the central part (the main vein set - No. 2).
Volcanic rocks are host to the veins in No. 1 and No. 3 zones, whereas
Jurassic shales and sandstones are the host rocks to the No. 2 zone. Four -
main trends of faults and joints (NW-SE, NE-SW and N-S sets) are
identified in the area (Fig. 2). The NW-SE set is the oldest one and the main
mineralization in the area is structurally confined to this set. The Qaleh-Zari
mine is a specularite-rich Cu-Au-Ag vein-type deposit and limited previous
studies have been carried out by Sadaghyani-Avval [11], Yuishi et al. [13],
Daymeh Var [14] and Hassan Nejad [15].

Analytical methods _
The samples were collected from the three main mineralized zones for

petrography, fluid inclusion, XRD, electron microprobe, and isotopic
studies. A series of polished blocks and thin sections were prepared for
petrographic examination. X-ray diffraction was used to identify the major
and minor minerals. For analysis of the sulfosalts, a CAMECA SX50
electron microprobe microanalyser with automated wavelength-dispersive
and energy-dispersive analytical systems at the Central Science Laboratory
(CSL), University of Tasmania was used. An accelerating voltage of 15 or
20 kV and a stable beam current of 20 or 30 nA were used. Some elements
such as § and As were mobilized during analysis due to electron beam
heating at 20 kV. In these cases a beam current of 15 nA was used during the
electron probe microanalysis (EPMA). Six to nine points on grains of each
mineral were analyzed. More than 60 grains of sulfosalts from different
veins were subjected to EPMA. Sometimes grains were analyzed twice,
depending on the size of the exposed surface to check for compositional
zoning, twinning and exsolution, and to obtain a representative composition
for the whole crystal. The detection limit was %Cu= 0.055, %Pb = 0.18,
%Bi =0.285, %Ag = 0.065, %S = 0.0, % Se = 0.025, Sb = 100 ppm, Te = 90
ppm, Au = 400 ppb, and Fe = 76 ppm A Proton-Induced X-ray Emission
(PIXE) study was carried out at the CSIRO Exploration and Mining, Sydney,
Australia to analyze the trace element composition of the sulfide minerals.

A Fluid Inc. modified USGS heating/freezing stage was used for fluid
inclusion study. The precision of the temperature measurements is better
than £1°C for heating and +0.3°C for freezing. Accuracy of the
measurements was insured by calibration against the triple point of CO, (-

56.6°C), the freezing point of water (0.0°C), the critical point of water
(374.6°C) using synthetic fluid inclusions.

DILOR MICRODIL-28® Raman microprobe at the Australian
Geological Survey Organisation (AGSQO), Canberra was used to
quantitatively determine the composition of gaseous components (e.g. H2S,
CO, CO2, CH4, SO2, H2, NH3, N2) with a detection limit of 0.1 mole % for
some species and to identify the daughter minerals in fluid inclusions from
the deposit.
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Fig. 2 Geological map of Qéleh-Zari area.

Mineralization.

The mineralization in the area was controlled by a system of faults and
joints. Four trends of faults and joints are identified in the mine area (Fig. 2).
Three sets, 1) 135/75°E, 2) 150°/80°NE and 3) 30°/70°SE are right lateral
strike-slip faults with reverse components, while the fourth set, 4)
120°/85°NE, is a left-lateral strike slip fault with reverse components. The
first stage of faulting was brittle and formed a wide zone of breccias, which
were mineralized.

Quartz is the most common constituent in all of the veins, forming
euhedral crystals, 1 to 10 cm long, and the quartz veins and veinlets typically
have specularite bands at the margins (Fig. 3). Specularite makes up 10 to .
25% of the veins and is the most abundant oxide after quartz. In all veins and
veinlets, the general paragenetic sequence was: specularite followed by
quartz—chlorite associations and finally chalcopyrite (Fig. 4). In one of the
samples, electrum (Au, Ag) was identified (Fig. 5). Different sulfosalts
characterize each stage of the mineralization.

Propylitic alteration assemblages are very widespread in the Qaleh-Zari area.
Epidote and chlorite are the two characteristic minerals of this assemblage.
Epidote is very abundant and formed by alteration of plagioclase, pyroxene,
and hornblende. Epidote is also abundant as veinlets filling \the joifts|
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Chlorite formed by alteration of mafic minerals or directly from the ore fluid
within the vein (Fig. 3). Chlorites are generally Fe-rich types such as
ripidolite with minor bronsvigite and pycnochlorite [16]. Argillic alteration
is locally present. Silicification is mainly found within a zone adjacent to the
veins.

The ore grade ranges between 2 to 9 wt% Cu, 100 to 650 ppm Ag and 0.5
to 35 ppm Au. On the basis of paragenesis and the temperatures of
homogenization of fluid inclusions, the mineralization in the area can be
divided into 4 stages.

Fig. 3 Photomicrograph shows
specularite (Sp) having bladed &8
forms formed first then it followed &g
by quartz and chlorite.

Stage | Stage I Stage Ill, IV
Temperature C  380-290 290- 230 230-180
Specularite R @ —— — - G-
Quartz L X XX X T X B
Chalcopyrite e - -
Pyrite U R N X

Alkinite (no inclusion) -------
Alkinite (Ag-rich or arcubiste inclusion) = = = = =
Alkinite (galena intergrowth) = = =« = = =
Galena (matildite exsolution)  =--—eemeeeee
Galena (Ag-rich inclusion)
Galena (wittichinite inclusion)
Galena (Alkintte intergrowth)
Wittichinte @ = ..-.....
AT S S S MR o s kL LR
Matilcite
Ag-richsulfosalts 00 seeececcseacenon.
Bismuthinite- Aikinite series ~ ======
Cosalite & Berryite =~ =——meeeee
Chiorite = ===essccess=== i i i e

Calcite
Electrum Toeeeeend g

Fig. 4 Mineral paragenesis (hypogene) of Qaleh-Zari specularite- rich Cu-Au-Ag
deposit
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Fig. 5 Photomicrograph shows gold (electrum) grain within chalcopyrite.

Stage 1. Comprises: specularite, quartz, chlorite, and chalcopyrite which is
contemporaneous with the sulfosalts aikinite (without inclusions, Fig. 6),
Matildite—galena, and wittichinite intergrowth with galena. Silver is present
mainly in sulfosalt minerals such as matildite and wittichinite as well as
sulfide (galena). Based on the fluid inclusion analysis, the temperature of the
homogenization was determined as 380 to 290°C and the salinity was
measured as between 5.0 and 3.0 wt % NaCl equivalent.

Stage II. Mineralogy: quartz, chalcopyrite, pyrite, chlorite, specularite,
aikinite (with inclusions of Ag-rich sulfosalts, and intergrowths with galena),
arcubisite, Ag-rich sulfosalts, galena (with Ag-rich inclusions), Ag-bearing
aikinite, bismuthinite-aikinite solid solution series, berryite, Bi-bearing
tetrahedrite and cosalite. The pyrite forms mainly euhedral crystals. The
temperature of the homogenization, was determined as between 290 and
230°C and the salinity between 4.0 and 2.5 wt% NaCl equivalent.

Stage ITI. Mineralogy: quartz + pyrite + chalcopyrite + Ag-rich sulfosalts +
arcubisite + galena (with inclusions of Ag-rich sulfosalts).

Stage IV. Mineralogy: specularite, quartz, and + calcite. Calcite is very
abundant in the deposit of No 3.

The temperature of homogenization of fluid inclusions for the third and
fourth stages of the mineralization was determined as between 250°C and
180°C. The salinity of fluid for this stage was between 2.3 to 1.3wt % NaCl
equivalent. The CO, content was measured by Laser Raman spectroscopy
and it is less than 0.1 mole %.

Sulfosalt and their characteristic compositions

In the Qaleh Zari area, aikinite (CuPbBiS;) is identified in all three types
of the veins and it is anhedral and generally less than 0.2 mm in size (see
Table 1 and Fig 6). Two generations of aikinite are recognized. In the first
stage of mineralization, aikinite is homogeneous and found as inclusions in
chalcopyrite. A second type of aikinite forms separate grains. Some) graiig
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containing inclusions of Ag-rich sulfosalts and other grains intergrowths of
aikinite and galena (Fig. 7). Some of the analyzed aikinite grains (e.g.
sample L300-2, Table 1) contain excess Ag, which may occupy interstitial
sites in the structure of aikinite.

Fig. 6 Photomicrograph shows that specularite and aikinite was formed first and
(euhedral crystals of quartz and specularite) then it is followed by quartz and
chalcopyrite.

Table. 1 Representative microprobe data of aikinite and matildite.

Aikinite Matildite

ok V-1,D- | V-1,D- | V-1,D- [V-1,D-170,|V-2,D-170,| V-3, | V-3, | V-1,D- | V-2, D-70,
F’“"" % | 100, R30 |100, L300 135, L250| L250 R250 | Au-70 | Au [100,R30| L100

Pb 34.84 345 34.87 35.16 3427 |[3466| nd nd nd

Ag nd nd 0.4 n.d nd nd 28.6 28.48 28.13
Bi 36.46 35.26 35.66 35.53 36.77 372 | 52.33 ) '52.47 54.57
Cu 11.05 10.53 10.04 10.44 10.23 10.32 | 0.07 0.16 0.075
0.1- n.d- n.d- 0.01- 0.02-
b 0.5 R T L e R e
As n.a n.a n.a n.a n.a n.a n.a nd n.d
Sb nd | nd | nd nd | 002 | nd | na | %% l003.004
S 16.66 16.65 14.66 16.27 16.35 | 16.56| 1588 | 15.24 16.43
Se 0.54 0.40 152 033 0.13 0.69 | 0.99 0.22 1.02
0.07- n.d- 0.02- 0.16-
Te 021 0.16 0.12 0.02 0.01 025 na n.d nd
Total 99.55 98.33 97.77 97.82 98.1 99.34 | 97.88 | 96.72 103
Galena
Comments Inclusion in chalcopyrite lsola.ted intergro with galena
gram wth
Ewﬁ ?mﬁ weEd w0 --Ke] mmn §> vy a>
L |BEEISOFQE TR PrE | PoE R oF 2k 3R | 2R
Empirical | 33 8 | (02 28 E¥ 838|588 [S§38 2 [42 8| n2 s 73]
formula (2GR | P W 2w SBRI|ITEELTY S w | fw & w
2L F BN EREPISEF B EEF|EF | S5 | &BF
Fir |ge&r [F&E|"&s8 $8 S &5 ol s B
g 3 g - g

n.d = not detected, n.a = not analyzed, V = Vein, D = Depth, Distance from shaft No:l'(L=lzfcand R=
right), the ideal composition of aikinite = CuPbBiS;, * The ideal composition of matildite = AgBiS,.
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Fig. 7 Back-scattered electron photograph of intergrowths or exsolution of aikinite
and galena (sample 3-70, Au). :

In the area, galena and matildite (AgBiS2) are found mainly together. In
Fig. 8, matildite forms myrmekite-like intergrowths with galena. The
similarities of crystal structure between the host phase galena (with space
group, Fm3m) and the exsolved phase matildite (with the same space group)
as well as matching atomic arrangements dictates that this exsolution is
crystallographically controlled and also indicates a minimum precipitation
temperature of 215 OC [17]. Arsenic and antimony are not detected in
matildite (Table 1), consistent with low values of Sb/Bi in galena and a lack
of miargyrite (AgSbS2), and absence of a solid solution series between
matildite and miargyrite [18]. At Qaleh-Zari, two types of galena (typically
0.05-1 mm in size) are identified.

The first type is found mainly as small inclusions in chalcopyrite and
most of these contain matildite (Table 2). This type of galena formed prior to
the chalcopyrite in the first stage of the mineralization. The second type is
formed as separate grains in the second stage of the mineralization. This type
contains wittichinite or aikinite and they form myrmekite-like intergrowths
(Fig. 7, 9).

The minor element contents of galena can point to genetic relationships
and provide information about the condition of the formation of the ore
deposit. Bismuth and antimony contents of galena have been used as
indicators of conditions of ore deposit formation [19]. Malakhov [19]
suggested that the ratio of Sb/Bi in galena provided qualitative information
on the temperature and pressure, which existed at the time of their
crystallization. Very low values (Sb/Bi <0.6) are characteristic of high
temperature galena, which formed at pressures higher than 250 kg/Cm™
while higher ratios (Sb/Bi > 6-13) are typical of low-temperature galena
which crystallized at relatively low pressure. In the area of the study a very
wide fluctuation of Bi values in galena was noticed from different veins-and
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at different depths (1.2 to 6.92 wt %) but the Sb value is below the detection
limit (Sb < 100 ppm). Although ratios cannot be determined, a high
temperature of formation of the galena is thus indicated. The Ag content of
the galena is between 0.9 to 3.8wt% (Table 2). Several studies of natural
galena [20, 21 & 22] suggest that the maximum low temperature minor
element contents of galena are as followings: Bi, 5 wt%; Ag, 3 wt%; Sb, 3
wt%:; Se 1.5 wt% and Cu 3000 ppm (Table 2). As can be seen the Ag and Bi
contents are significant, perhaps enhanced by the coupled substitution of Ag
+ Bi** < 2Pb**; certainly the latter might explain the very high values in
L50. Coupled substitution might also be used to account for the high Cu
values in the galena analyses, although alternatively sub-microscopic
sulfosalts are also a possibility.

Wittichenite occurs mainly as small inclusions in chalcopyrite and very
rarely in galena. It formed mainly in the first stage of mineralization. The
wittichenite grains are homogeneous, do not contain any inclusions of other
minerals and are anhedral with a grain diameter of less than 0.1 mm. Some
wittichenite are found form myrmekite-like intergrowths with galena (Fig.
9). Wittichenite at the Qaleh-Zari contains silver in the range 1.5 to 7.86
wt% (Table 3, Fig, 10) whlch represents a solid solution in the range
CU3BIS3 Ago 5CU2 5BIS3 Ty 3

Fig. 8 Back-scattered electron
photograph shows the exsolution [
or intergrowth texture matildite
and galena.

Fig. 9 Photomicrograph shows that &
wittichinite and galena having \f
myrmekite-like intergrowths |/
texture.
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Fig. 10 Plot shows the field of
chemical  composition  of
wittichinite and arcubisite from
Qaleh-Zari and also some
unknown Ag-rich sulfosalts.

Wittichinite

]
&
k4

&

Ag2S cuzs

Table 2 Microprobe data of galena from Qaleh Zari mine and other mine.

Galena
Qaleh Zari hzg:]c(l:?argg;e (C-Lal‘i:f]::r::sia} (55.?2313;’.1}?)
Sample No, V-ﬂl,-' ;)0-70, V-ZI,JSI:)-TO v—s:\.?z--m' VJ:\ l‘llDl—'n‘O,
Pb 7424 83.97 78.40 79.44 76-79.6 76 84.2
Ag 324 1.44 242 247 14-25 31 0.76
Bi 6.92 1.14 249 1.99 2.5-56 6.2 1.35
Cu 0.58 031 0.28 0.07 0.1-0.2 0 0.0015
Fe na n.a na na na na .8
As na na na nsa na na <0.002
Sk na & n.a na n.d 0.2 0.001
8 12.30 13.12 12.02 12.98 13.6-14.2 11.6 13.6
Se 115 0.39 249 1.20 na na 0.028
Te n.a na na na na 0 0.0012
Total 97.30 100.38 98.56 98.09 98-99 921 99.91
Comments Isolated grains m‘f};ﬁ: te ai‘:ii:?te M:‘::It(:: te Mr:::‘:: te No inclusion
PPa |PF3 £? Fg
. ¥§85 (82f| F& 7B
Empirical S 5,;,3 g‘g‘g é’;’;—‘
formulz x> 125 B8 =58
eef (Sif|ipp |Tpf
g gE" BE b

n.d = not detected, n.a = not analyzed, V = Vein, D = Depth, Distance from shaft No. 1 (L=
left and R= right).

Arcubisite (AgsBiCuS,) occurs as a myrmekitic intergrowth with aikinite
but is not found as inclusions within chalcopyrite. Based on this textural
relationship, they formed in the second stage of the mineralization and their
average grain size is 0.09 mm. The major and minor element contents of
arcubisite are reported in Table 3. The area where arcubisite plotted is shown
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in Fig. 10. Although the formula of arcubisite of Qaleh-Zari is in the range
of its ideal formula, but the amount of Se, Te and Sb are relatively higher.

The berryite grains are anhedral, homogeneous, without inclusions, and
with a grain diameter of less than 0.3 mm. One grain (sample 3-70-L70), has
a formula of Pb;g3(Cu)s3Ag) s5)3.08Bis(S10298€0.13)1052, similar to that
determined by Nuffield & Harris [23]. Another one (sample 1-135, R10) has
the formula Pb;(Cu3,05Agz_22_)5,27Bi6,94(S;5‘6 860_19)15_79, similar to that
determined by Karup-Moller [24], indicating a range of stoichiometries for
this phase. The mineral cosalite (Pb;Bi,Ss} was also identified in one of the
samples (sample 1-135, R10) (Table 4).

Trace element contents

Arcubisite has the highest Te content and which ranges between 500 ppm
and 3.8 wt% (Fig. 11). The Te contents of each arcubisite grain changes
drastically from point to point and the back-scattered electron (BSE) photo-
micrograph reveals that the Te distribution in sulfosalts is very irregular and
does not follow any type of regular zoning.

The range of Se values in all the sulfosalts is 0.86 to 3.3 wt%, of the Sb
content 100 ppm to 3.3 wt% and of the As content between not detected and
0.27 wt%. The arcubisite has the highest Se contents (0.1-3.21 wt %) (Fig.
12). As with Te, it appears that the Se content of the fluid increased in the
later stages of the mineralization. Some of the arcubisite and unknown Ag-
sulfosalts have the highest As and Sb contents (Fig. 13). The as content of
arcubisite is between 80 and 2700 ppm and the as content of unknown Ag-
sulfosalts is up to 3.24 wt% (Fig. 13), positive correaltion exists between the
As and Sb contents. It can be seen that there is no obvious correlation
between Te and (Ast+Sb) contents of the sulfosaits of the area, although,
usually, minerals with high value of Te have low (Sb+As) and those with
high (As+Sb) carry low Te (Fig. 11). There is a relatively good positive
correlation between Te and Se of the sulfosalts of the area (Fig. 12), but no
correlation between their Se and (As+5b) contents (Fig. 13).
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Table 3. Representative microprobe data of wittichinite and arcubisite

Wittichinite Arcubisite
SampleNo, | 1-106,130 | 2-70,R250 [2-170,R250{2-§70, L250{ 2-70, L.100 | 1-100, L30{2-170, R250 1.170, R10
Ag 7.86 6.08 424 151347 5798 58.27 | 58.5-594 63.3
Bi 40.3 40.24 40,5 404 12.06 12.6 15.6-17.1 937
Cu 332 33.14 3376 {35.18-36.18) 10.50 9.98 6.9-7.5 96
Pb n.d n.d nd nd nd nd n.d h.d
s 17.2 17.04 17.9  |18.3-18.82[ 13.51 13.06 |10.93-11.17] 14.99
Se 0.05 0.3-0.8 0.61 n.d-0.07 1.9t 2.16 3.1-321 0.11
As na n.d-0.01 nd n.a n.a n.a n.d 0.08-0.27
Sh na 001 0.01 n.a n.a na n.d-0.8 19-33
Te na 0.02-0.11| 0.i8 n.a na na 09-377 | 14-19
Fe na 0.3 0.13 na n.a na 0.05-0.92 | 0.6-0.92
Total 98.60 98.1 96.6 9741 96.03 96.44 {99.8-100.1} 101.55
Comments Isgr]:it:d chalcg:Jyrite chalcg;)yrite chalc::;)yme With aikinite
::j:;;g; no no no no
S > 5 £ w3 | =% Ffa255¢ 0255
P P wf | P | g5F | prE e frFRE oS
Empirical [ == TE oE =5 GBS S8R |oLdr|gEF8
formds | 50 | 22 | B2 | B2 |5P2vP0 | Bz RYD

n.d = not detected, n.a = not analyzed, V = Vein, D = Depth, Distance from shaft No.1 (L= left and R=

right), The ideal composition of wittichinite = Cu,BiS,, The ideal composition of arcubisite = AgBiCuS,.
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Table 4. Representative microprobe data of berryite and cosalite.

Berryite Cosalite
Element % 3-70,L70 1-135, R10 1-135,R10
Pb 18.89 20.33 38.40
Ag 79 78 3nd
Bi 4994 47.16 41.26
Cu 4.6 6.27 0.185
Fe na na na
Sb n.d nd na
S 15.56 16.27 14.99
Se (.48 0.48 na
1-Total 97.7 98.33 98.48
Inclusion Zoning Na No No
Enpiical s | 00 e | Svatioe b | Gl 1S

The ideal composition of cosalite = Ph,Bi;S;.

Conclusions

Qaleh-Zari is a specularite-rich Cu-Ag-Au deposit and an oxidizing
hydrothermal system. Based on paragenesis and temperature of
homogenization of fluid inclusions, four stages of mineralization are
identified in the area. More than 10 different types of sulfosalts are
identified. At higher temperatures (385 to 295 °C), aikinite and wittichinite
were deposited but at lower temperatures (250 to 180°C), arcubisite, cosalite,
tetrahedrite and an unknown Ag-rich sulfosalt were formed. The salinity of
fluid inclusions in the earlier stages was 5.8 wt % NaCl eq which decreased
to 1.3 wt% in the final stages. The available data indicates that the chloride
complexes were the probable main metal transport species early in the
mineralizing episode but the later dilute solutions may indicate an increase in
importance of bisulphide complexes.
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