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1. Introduction

ABSTRACT

Chah-Nar Pb-Zn deposit is located south of Rutchun plain, 110 km SW Baft, within Sanandaj- Sirjan
Zone. Mineralization occurs at calitic-dolomitic marble of Rutchun complex as epigenetic with
structural control. Paragenetic minerals are galena and minor sphalerite and pyrite associated with
quartz, and minor calcite and dolomite, as gangue minerals. These minerals show veinlets, open
space filling, breccia, and disseminated textures. Galena can be seen in the form of coarse grain
crystal and cuboctahedral texture and fine grain crystal. Silicification and carbonatization are the
most important alteration zones. Galena chemistry indicates galena is Ag, As, Cd and Zn -rich and
Sn, Bi-poor. Sb/Bi ratio in galena is close to 3, which is indicator of low temperature deposits. Host
rock type, stratabound and epigenetic mineralization, postsedimentary fault controlling, texture, ore
types and gangue minerals, and lack of significant correlation between mineralization and igneous
activities, chemistry of galena, indicate that Chah-Nar deposit is similar to MVT deposits, although

it has some differences with this deposits type.

A wide variety of Zn-Pb deposits have been reported along the
Sanandaj-Sirjan zone (SSZ) in Iran. In this zone, Zn-Pb deposits are
typically classified into two groups, i.e., SEDEX and MVT. Mazar-
Rutchun (Rechan) mining area is considered as one of the Zn-Pb
mining areas in southern Sanandaj-Sirjan zone. There are 5 Zn-Pb
deposits and signs named Se-Chah, Chah-Sarbi, Zardbazi-Dar,
Chah-Nar and Chah-Sorb Arjamand and several iron mineral
signs are located in this mining area, which were mined in the
past. The Chah-Nar Zn-Pb deposit (56° 17" 58 longitude and

28° 35" 51  latitude) is situated about 110 km southwest of the Baft
in Kerman Province. In this research, the geological, mineralogical,
geochemical characteristics of sulfide ore and galena mineral in

Chah-Nar deposit have been studied.

2. Research methodology
At the beginning of this research, an integrated geological map
1:50000 of Mazar-Rutchun (Figure 2) and a stratigraphic column

of the area were prepared. The second step of field surveys included
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a more detailed investigation of each mining area and included
sampling of rock units, ore veins, tunnels and other mining works,
and finally preparation of 1:5000 geological map of mines in the
region, including the abandoned Chah-Nar mine. In the next step,
from the collected samples (45 samples), 13 thin sections, 5 polished
thin sections and 14 polished sections were studied for lithology
and mineralogy. Based on the results of microscopic studies, 18
samples of galena mineral and ore, 8 samples of carbonate host
rock and non-mineralized schists, 2 samples of mafic igneous
bodeis , were selected and analyzed by XRF, XRD and ICP-OES
methods (in the laboratory of the GSI) and ICP-MS (in the Zarazma
laboratory).

3. Results

Mazar-Rutchun (Rechan) mining area is located in the southern
part of Sanandaj- Sirjan zone (Fig 1-a). The stratigraphy of the
region, in order of age from old to new, includes: Gol-e-Gohar,
Rutchun and Khabar metamorphic complexes (of Paleozoic age),
Permian metamorphosed carbonates, Jurassic-Cretaceous meta
flysch, Cretaceous marbles (Koh-e-Khabar), Eocene-Oligocene
flysch and Quaternary sediments (Fig 2). The Gol-e-Gohar
complex (unit Pz)) contains gneiss, micaschist, amphibolite
and a little metamorphosed ultramafic lava of probable
Cambrian age and has been intruded by mafic intrusive bodies
(Fig 3-a).

Rutchun complex (unit Pz,) is the host complex for lead, zinc
and iron mineralization in the region. From the stratigraphy point
of view, this complex is under the Khabar complex (Middle-Upper
Devonian?) and lied on the Gol-e-Gohar complex.

Metamorphosed carbonate rocks (dolomitic and calcitic marbles)
of Rutchun complex (Pz and Pz™), which host Pb-Zn deposits
in the region, are seen in brown and light to dark gray colors and
they often alternate with metamorphosed sedimentary and volcanic
rocks (Pz,*" unit) (Fig 3-b).

The Gol-e-Gohar and Rutchun complexes are intruded by
microdiorite, monzodiorite, microgabbro and diabasic dikes
(Figure 3-c). Quartz and calcitic veins have cut most of the Rutchun
complex units (Fig 3-d, e). Based on the 1:5000 geological map
prepared from the abandoned Pb-Zn Chah-Nar mine (Fig 4), the

geological units are as follows.

- Schist and slate units of Rutchun complex
Slate, phyllite, and schist of Rutchun complex (Pz" unit) are
known as metapelites rocks that have undergone metamorphism
from green schist to amphibolite facies (Fig 5-a). The dominant
texture of the schist is lepidoblastic (Fig 5-b).

- Dolomitic marble of Rutchun complex

The metamorphosed impure carbonate rocks include calcitic,
dolomitic and a small amount of ankrite marble (Fig 5-a). Dolomitic
marble contains calcite and dolomite and subordinate of opaque

and muscovite minerals.

- Calcitic marble of Rutchun complex

In different samples, this unit consists of calcite (80 to 95%), quartz
(3 to 15%), muscovite (1 to 3%), opaque mineral (0 to 3%) and
chlorite (0 to 3%)(Fig 5-e and d). Calcite crystals with a maximum
diameter of up to 9 mm, with thin to thick twin blades (type I and II)
that are not perpendicular to each other (Fig 5-¢), make up the bulk
of the rock. In these samples, cubic crystals of opaque mineral can
be seen (Fig 5-c and e). muscovite are visible in the triple junction
of calcite crystals (Fig 5-e). Calcite and calcite-quartz veins and
veinlets from 1 mm to several centimeters have cut the calcitic and

dolomitic marble (Fig 5-f).

- Microdiorite intrusive bodies

In Chah-Nar mine, igneous bodies in the form of apophysis and
dykes are exposed in schist and marble (Fig 5-g). This microdiorite
bodies contain hornblende, plagioclase, quartz, epidote minerals
(Fig 5-h).

Silicification can be seen up to several tens of meters from the ore
veins. This alteration has given a dark appearance to the host rock
(Figure 6-a). Although the carbonate alteration is very limited and
insignificant, it appears as calcitic altration and a small amount of

dolomitization (Fig 6-b and c).

3.1. Mineralization

In Chah-Nar mine, 6 exploitation tunnels are more than 550 meters
long in total. A trench was mined upstream of tunnel B (Figure
7-a), which follows a high-grade vein with a length of more than
50 meters and a thickness between 1 and 3 meters (Figure 7-b, c).
The main vein is located in the N70°E, 15°NW fault zone. This vein
has been exploited in tunnels A and B (Figure 4). At the beginning
of the E-B tunnel, the ore vein can be traced with the coordinates
N75°E, 90° (Figure 7-d and e). Between the N and E tunnels, a very
large ancient mining was observed in the NO65°E, 85°NW fault
(Figure 7-f). Primary sulfide minerals include galena (up to 95%)
and small amounts of sphalerite and pyrite (Table 1).

The main gangue mineral is quartz, and subordinated calcite and
dolomite. Galena can be observed from the size of 20 microns to
more than 15 mm (Figures 8-a,b). Galena occurs mainly as open
space-filling, matrix between breccia pieces and small veinlets.
Sulfides occur mainly as veinlets, replacements, open space-filling,
or cement in the marble breccia (Figures 7-b, ¢, d and e). Pyrite is
observed as disseminated forms in the silicified marble and in the
form of veins and veinlets along with quartz-galena veins (Figure
8-b and c¢). Sphalerite is often occur as inclusions in pyrite and galena
and its formation is earlier than these two minerals (Figure 8-c and d).
The transformation of galena pits into spearhead is evident due
to tectonic stresses (Figure 8-e). At the Chah-Nar deposit, the
near-surface parts of ore veins are oxidized to non-sulfide
ores. Cerussite and anglesite are formed at the edge of galena
(Figure 8-e, f) as well as goethite and hematite as a result of pyrite
oxidation (Figure 8-g, h). Non sulfide zinc minerals (smithsonite

and hemimorphite) are also common in supergene ore (Figure 9-a,
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b and c). Gossan contains iron oxide and hydroxides, including
hematite, goethite (Table 2) (Figure 9-c, d and e). Paragenesis
sequence of ores and minerals in Chah-Nar Pb-Zn deposit is shown

in Figure 10.

-Geochemistry of Ore sulfide
In addition to lead and zinc, there are other valuable elements
such as silver and cadmium in the ore (Table 2). The correlation

coefficient of some elements in the primary ore is shown in Table 3.

-Geochemistry of galena

Galena in Chah-Nar deposit shows a high enrichment of Ag and As
to a lesser degree of enrichment of Cd, Sb, and Zn and conversely
depletion of Bi (Table 4). The correlation coefficient of some

elements in galena is shown in Table 5.

4. Discussion and conclusion
Chah-Nar Pb-Zn deposit is epigenetically formed in the marbles
of the Rutchun complex (with a possible age of Upper Cambrian-
Silurian). Primary ore mineral includes galena, sphalerite, pyrite
and quartz. These minerals show vein- veinlets, open space filling,
berrecia, and disseminated textures. The most important elemental
characteristics of sulfide ore and its accompanying gangue in
Chah-Nar deposit are very high concentrations of lead (in the
form of galena) and Si (quartz as the main gangue mineral). This
coexistence has not been reported in any of the known carbonate
hosted Pb-Zn deposits, because in most of the mentioned deposits,
carbonatization (especially dolomitization) of the host rock is
considered as the most important alteration. Mineralization does
not show a clear relationship associated with igneous activities.
There are rare elements such as silver and cadmium in the
ore. The maximum concentration of Ag is 220 and its mean is 76
ppm. This element does not show a clear correlation with other
ore-forming elements. Sb concentration in Chah-Nar ore is low and
varies from 0.5 to 25 ppm. Bi concentration changes from 0.3 to 43
ppm. The low concentration of this element can indicate the non-
magmatic origin of the ore fluid. Si is the main alteration product
and hydrothermal fluid, and its concentration varies from 4.5 to
more than 32% in ore. Si shows negative correlation with Zn, Cd
and Ca and positive correlation with Sb and Bi (Table 3).

Galena with a cubic crystal habit is rarely pure in nature and
often hosts rare elements such as Ag, Sb, Bi, As, Cd, Se, Sn, Hg,
Ga, In and Tl (Qian, 1987; George et al. , 2015, 2016; Ye et al.,
2016). Galena in Chah-Nar deposit shows enrichment of elements
such as As, Ag and Cd. The highest concentration of trace elements
in galena samples is respectively related to As (with an average
of 358 and a maximum concentration of 556 ppm) and Ag (with
an average of 123 and a maximum concentration of 156 ppm).
Galena from skarn deposits is distinctly enriched in Bi but depleted
in Sb, with high Bi/Sb ratios (Li et al., 2022). This characteristic

most likely results from the high mineralization temperature of
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this type of deposit (Grant et al., 2015). Galena in CD deposits is
characterized by moderate Bi content and relatively high Sn content.
On the contrary, galena formed in low-temperature deposits, such
as epithermal and MVT, has low Bi but high Sb contents (Li et
al., 2022). The geochemistry of galena shows its formation in
low temperature conditions. This features are somewhat similar
to MVT and Irish-type deposits. The low content of Se and
Bi rule out the volcanic origin and high temperature for this
deposit. The concentration of Sb, the Sb/Bi ratio and the very low
concentration of Bi and Se in the Chah-Nar deposit show that their
origin is unrelated to igneous activities. Unlike SEDEX deposits,
the concentration of tin (George et al., 2015) in the galena of
Chah-Nar deposit is very low. Cd has a relatively high concentration
(66 pm) and has a high correlation coefficient with Zn (Table 5).
Fernandez and Izard (2005), consider the quantity and quality of
Cd occurrence in galena under the control of Zn concentration
and the presence of sphalerite in galena; Because Cd has a great
tendency to concentrate in sphalerite as a substitute for Zn and form
greenockite (CdS). Therefore, the high values of Cd can be related
to the presence of inclusions of sphalerite in galena.

In Table 6, the genetic characteristics of this deposit are compared
with MVT, SEDEX and Irish-type deposits. Mineralization in
Chah-Nar deposit is epigenetic. This basic feature of Chah-
Nar deposit is similar to MVT type deposits and it distinguishes
this deposit from SEDEX and Irish-type deposits. Alteration in
Chah-Nar deposit is mainly of silicification type and this feature is
the main difference between this deposit and MVT type deposits.
Most likely, siliceous ore fluids acted in the form of sulfide complex
during regional metamorphism through dehydration of Rutchun
complex (especially schist, phyllite and slate rocks). According
to Table 2, the concentration of Pb, Zn, and S in schist (Rutchun
complex) is 344, 152, and 639 ppm, respectively. This rock can be
considered as a source of Pb and Zn. According to evidence such
as tectonic setting, type of host rock, geometry of ore deposit, ore
textures and structures, geochemical characteristics of sulfide ore
and galena, although Chah-Nar deposit has similarities with MVT
type deposits, but this deposit can be considered as MVT type
deposit.
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Figure 2. Simplified geological map of Mazar-
Rutchun region (modified after Roshanravan et

al., 1997; Nazemzadeh and Rashidi, 2007).
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Figure 3. Field photos of the rock units from the Gol-Gohar and Rutchun complexes. a) Gneiss and schist of the Gol-Ghohar
complex cut by a microdiorite dyke. The marbleized limestone of Khabar mountain (K, unit) is also visible in the picture.
b) Alternation of volcanic-sedimentary sequence of Rutchun complex with the presence of green schist (Pz,*") at below
and dolomitic and calcitic marbles on top (Pz," and Pz™). c) diabasic dyke intruded into the dolomitic marble of Rutchun
complex. d,e) Quartz veins in dolomitic marble and schist of Rutchun complex. As a result of the subsequent tectonic

processes, the quartz veins in the schist have often taken the form of boudin.
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Figure 5. Field photos and photomicrographs of different units from the Rutchun complex around the Chah-Nar deposit.
a) The presence of schist (Pz,*") under the dolomitic marble (Pz,d). b) Mirror photomicrograph (right side XPL and left
side PPL) of schist (Pz,*"). ¢) Mirror photomicrograph of calcitic marble (Pz,™) with thin to thick twin blades (type T and
II) and calcite and iron oxide vein(right side XPL and left side PPL). d) Mirror photomicrograph of calcitic marble (Pz,™)
with the presence of calcite ,some quartz and opaque minerals. e) Mirror photomicrograph of impure calcitic marble
(Pz,™) Contains thin to thick (type I and II) non-perpendicular calcite twin blades, quartz and muscovite. f) Calcite
marble with calcite vein (sample CN-A2). g) Outcrop of microdiorite igneous bodies (mdi) in the form of apophysis,
intruded to calcitic (Pz,") and dolomitic (Pz,") marbles. h: Mirror photomicrographs of microdiorite (right side XPL and
left side PPL), contains hornblende, quartz and epidote minerals (sample CN-B3). Mineral Abbreviations after Whitney
and Evans (2010), Bi: Biotite, Cal: Calcite, Ep: Epidote, HlIb: Hornblende, Mus: Muscovite, Qz: Quartz.
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Figure 6. Mineralization in the Chah-Nar deposit. a) A distant view of the entrance of tunnel B in the northern part of the
Chah-Nar deposit, which was drilled into the marble of Rutchun complex. Pay attention to the presence of microdiorite apophysis.
b) Sulfide veins (mainly galena (Gn)) in altered marbles (H.R: Host rock), trench dug upstream of tunnel B. ¢) Open space filling
and breccia textures of sulfide ore in the mining trench, fragments of the host rock can be seen inside the ore vein. d) Medium- to
coarse-grained galena within the joint system of the host rock. e) Ore veins deposited in almost parallel fractures of the host rock.
Post-mineralization fault has caused the displacement of mineralized veins. f) Ancient mining on the fault plane NO65°E, 85°NW in

the eastern part of Chah-Nar deposit.
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Figure 7. Crystallography and mineralogy of ore. a and b) cleavage and separation in galena in the form of cube crystals in
the Chah-Nar deposit. ¢) Mirror microscopic image of sulfide ore (galena, sphalerite and pyrite) along with quartz gangue
mineral. (left side of reflected light and right side of PPL transmitted light). d) Sphalerite as an inclusion in the pyrite next to
the galena. Galena is being oxidized to anglesite and cerusite due to the process of galvanic coupling (galena-pyrite) (reflected
light). e and f) Boundary replacement (B.R), cleavege replacement (C.R) and replacement relic textures (R.R.T) of galena
by cerusite and anglesite (reflected light). g) Mirror microscopic image (right side reflected light and left side PPL transmitted
light) of goethite and hematite replacement from pyrite margin. h) goethite cloform texture formed by weathering of pyrite.
Galena armoring, which consists of cerusite and anglesite, has prevented complete weathering of galena in the galvanic coupling
process (left side reflected light and right side PPL transmitted light). B.R: Boundary replacement; C.R: Cleavege replacement;
R.R.T: Replacement relic textute.
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Table 1. Minerals in various types of ores in the Chah-Nar deposit, which have been identified by XRD method.

Sample No. Ore type Minerals
Major (> 10%) Minor (< 10%)

CNA-7 Sulfide Ore Gn, Qz Ang, Cer
CNA-11 Sulfide Ore Gn, Qz, Ang Py, Gth
CNA-12 Sulfide Ore Gn, Qz, Ang, Cer Py, Mas
CNB-2 Sulfide Ore Qz, Gn, Cer, DI Smit, Cal
CNB-6 Sulfide Ore Qz, Gn, Cer DI, Smt, Hmp,Mnr
CNE-1 Sulfide Ore Qn, Qz, DI Cer, Hmp, Smt,Mnr
CNC-1 Non Sulfide Ore ,Qz, Hmp 111

CNE-4 Non Sulfide Ore Qz, Hmp, Mnr,DI Cal, Hem, Gn
CNA-1 Non Sulfide Ore Qz, Hem, Gth Gn, Hmp
CNN-1 (Gossan (Boxwork texture Qz, Gth Hem, Hmp
CNN-2 (Gossan (Boxwork texture Qz, Gth, Hem Cal

CNE-3 (Gossan (Boxwork texture Qz, Gth, Hem Cal,Psm

Abbreviations after Siivola and Schmid (2007) (Ang: Angelesite, Cer, Cerussite, Cal: Calcite, DI: Dolomite, Gn: Galena, Gth,
Goethite, Hem: Hematite, Hmp: Hemimorphite, HR: Host Rock, 111, Illite, Mas: Massicot, Mnr: Minrcordite, Psm: Psilomelane,
Py: Pyrite, Qz: Quartz, Smt: Smithsonite, Sp: Sphalerite).
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Figure 8. Supergene ore in Chah-Nar deposit. a and b) Zinc and lead nonsulfide ore (smithsonite, cerusite and hemimorphite)
at the entrance of tunnel E. It has turned red due to reaction with Zinc Zap indicator solution. ¢) Nonsulfide ore (zinc and lead)
ocher color. d) iron oxide-hydroxides (goethite, limonite hematite) in the form of iron cap (Gossan). e) Boxwork texture in

an iron cap (Gossan).
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Table 2. Elemental composition in 10 sulfide ore samples, dyke, silicified carbonate and schist samples in the Chah-Nar deposit(all values are in ppm, except

for Al, Ca, Fe, Si, which are wt.%).

Element Ag Al Ca Cd Cu Fe K Mg Mn Na Pb S
Sample type | DL (ppm) 0.1 0.01% 0.01% 0.1 1 0.01% 100 100 5 100 1 50
Sulphide ore | CNA-07 64.9 0.20 0.06 18.3 31 3.41 314 264 9 100 409500 | 70600
Sulphide ore | CNA-08 62.9 0.11 0.23 7.1 28 233 405 286 434 286 348650 | 31700
Sulphide ore | CNA-09 50.7 0.49 0.18 16.4 485 6.42 288 900 192 233 174320 8401
Sulphide ore | CNA-10 31 0.25 0.23 233 46 2.08 845 683 37 125 167500 9493
Sulphide ore | CNA-11 49.4 0.14 0.03 6.7 47 7.34 141 120 11 121 329300 | 49500
Sulphide ore | CNA-12 56.6 0.12 0.03 8.4 28 2.55 100 116 13 100 370100 | 57500
Sulphide ore | CNB-02 108 0.04 5.8 289.8 166 0.28 100 3510 247 115 295900 | 10234
Sulphide ore | CNB-05 73.2 0.16 9.28 439.41 104 1.11 508 4210 370 320 253000 | 28300
Sulphide ore | CNB-06 220 0.07 6.3 433.4 152 0.79 100 4095 316 100 260500 9430
Sulphide ore | CNE-01 44.1 0.09 15.02 1097.2 60 0.53 100 6925 394 105 115800 2555
Mean 76.08 | 0.16587 | 3.716 | 234.001 114.7 2.684 290.1 | 2110.9 | 202.3 | 160.5 | 272457 | 27771
Dyke CNB-3 0.75 8.15 4.77 0.65094 21 8.39 7471 31970 | 1262 | 29674 40 238
Dyke CNN-3 0.75 8.87 4.42 0.63697 4 7.95 6580 | 30580 | 1131 | 31250 34 237
Si-Marble CN-M-1 0.60 0.09 5.02 0.4 153 1.5 117 29100 | 483 75 138 522
schist CNA-06 0.10 6.43 2.08 4.5 192 11.45 29219 | 2630 1112 | 25798 344 639
Element P Si Sr Ti Zn As Ba Bi Cu Mo Sb \4
Sample type | DL (ppm) 10 0.01% 1 10 1 0.1 1 0.1 1 0.1 0.5 1
Sulphide ore | CNA-07 257 17.38 148.5 10 1950 30.4 37 0.4 31 0.9 1.6 12
Sulphide ore | CNA-08 35 25.49 71.9 10 479 28.3 127 0.3 28 1.6 5.6 10
Sulphide ore | CNA-09 60 32.39 105.4 12 2504 11.5 179 43.4 485 1.8 25.6 11
Sulphide ore | CNA-10 284 322 106.9 45 1975 252 84 0.3 46 1.7 5 14
Sulphide ore | CNA-11 42 18.25 118.3 11 1048 40.6 43 0.4 47 1.2 2 11
Sulphide ore | CNA-12 84 19.31 131.8 10 441 19.6 51 0.3 28 1.2 23 11
Sulphide ore | CNB-02 19 12.68 256.3 13 29200 18.9 11 0.3 166 0.4 0.5 13
Sulphide ore | CNB-05 283 16.03 136.9 10 12691 14.8 102 0.4 104 1.2 0.5 12
Sulphide ore | CNB-06 29 15.46 176.1 10 33900 30.8 16 0.3 152 0.8 0.5 14
Sulphide ore | CNE-01 24 4.55 187.2 10 54500 13.8 37 0.3 60 0.8 23 16
Mean 111.7 | 19.374 | 143.93 14.1 13868.8 | 23.39 68.7 4.64 | 1147 | 1.16 4.59 12.4
Dyke CNB-3 3161 23.37 362 12590 147 0.75 243 >0.1 | 21.32 | 0.8115 >0.5 313
Dyke CNN-3 4101 24.12 270.58 12500 149 0.75 220 >0.1 | 3.915 0.4 >0.5 206
Si-Marble CN-M-1 253 34.82 46.4 7.5 606 567.25 27 0.1 153 0.1 0.5 6
schist CNA-06 936 25.06 391.7 17600 152 2.8 710 0.1 192 0.4 0.5 146
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Figure 9. Paragenetic sequence of ores and minerals

Smithsonite

Goethite
in the Chah-Nar Pb-Zn deposit.
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Figure 10. Host rock alteration in the Chah-Nar deposit.
a) Intense silicification of dolomitic marble near the
ore vein. b,c) Two views of post-mineralization calcite

veins (tunnels B and E).
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Table 3. Spearman's correlation coefficient calculated between the concentration of rock-forming, ore-forming and trace elements in the sulfide ore of the

Chah-Nar deposit.

Ag | ca | ca | cu | Fe | Mg [ P | s | si | zn [ As | Ba | Bi | svp |V
Ag | 1.00
Ca | 022 | 1.00
cd | 019 | 098 | 1.00
Cul| 012 | 006 | -007 | 1.00
Fe | 039 | 063 | -058 | 034 | 1.00
Mg | 034 | 098 | 096 | 004 | -065 | 1.00
Pb | 011 | -055 | 058 | -041 | 017 | 059 | 1.00
s | 023 | 052 | 052 | 047 | 037 [JEOKN 086 | 1.00
Si | -029 037 | 049 | -073 | 003 | -0.01 | 1.00
Zn | 041 | 090 | 093 | 001 | 062 [ 094 | -052 [JOGON 077 | 1.00
As | 021 | -047 | 042 | 049 | 034 | 046 | 055 | 048 | 005 | -032 | 1.00
Ba | -043 | -032 | 034 | 055 | 042 | 033 | -026 | -0.16 | 0.73 | -0.50 | -0.38 | 1.00
Bi | 0.16 | 024 | 022 | 093 | 054 | -0.18 | -036 | 028 | 0.3 | -021 | -045 | 072 | 1.00
Sb | 028 | 033 | 029 | 085 | 056 | -028 | -037 | 028 | 065 | -030 | -040 | 081 | 097 | 1.00
v | 02 |07 | 079 | 012 | 05 | 077 | 066 | 058 | -051 | 08 | 023 | -050 | -027 | -031 | 1.00

o35 a) Aws 43 o (.,f\n 5SS glls colaS sbie ol
ok LS5 pn i sy 53 polis ol 5l g 5 BB 13 5 (Levinson, 1980)
Llasl S a8 Gt g LA Hltle j3 o3 D) goa sdes sba 5 Sl
Hall and Heyl, 1968; Qian, 1987; Hagni, 1996; Song and Tan, 1996;)

A S oo j—0-F
5oy Al oot Cak s Sodie SO ok ksl L JE
Ag, Sb, Bi, As, Cd, Se, Sn, Hg, Ga, In 0 gleS ole Olje (L
el (Qian, 1987; George et al., 2015, 2016; Ye et al., 2016) —wl T 5
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Table 4. Concentration of elements (in ppm, except for lead and sulfur) in galena samples of the Chah-Nar deposit.

Element Ag As Bi Cd Cu Fe P l‘:/:) S % Sb Se Sn Sr Tl Zn Sb/Bi | Type
D.L (ppm) | 0.1 0.1 0.1 0.1 1 100 10 10 5 05 [ 0.5 | 0.1 1 0.1 1
CN-B-7 156.8 | 260.37 | 1.8 97 106 1150 94 | 8599 | 1338 | 9.1 | 924 | 08 | 21.2 | 6.31 1812 5.06 1
CN-B-7-1 | 107.4 | 24022 | 1.9 95 94 632 174 | 86.18 | 1339 | 88 [2.79 | 0.8 | 22.5 | 526 | 1405 4.63 1
CN-G-1 111.7 | 556.43 | 12.8 51 6 241 69 | 8635 | 13.43 | 273 | 0.5 2.1 | 236 | 1.19 5 2.13 2
CN-G-2 102.2 | 271.77 | 11.1 | 39.9 10 835 70 | 8632 | 1342 | 119 | 058 | 2.6 | 239 | 1.14 9 1.07 2
CN-G-3 133.4 | 489.16 | 9.2 50.6 9 543 77 | 8572 | 13.39 | 25 0.5 1.5 | 503 | 1.48 50 2.72 2
CN-G-4 115.3 | 436.12 | 16.1 | 47.19 11 535 71 | 86.13 | 13.37 | 20 | 052 | 09 | 32.7 | 1.28 18 1.24 2
CN-G-5 120.3 | 387.1 | 10.8 | 60.8 42 612 92 | 86.21 | 13.41 | 16.7 | 207 | 09 | 29.1 | 22 541 1.55 1
CN-G-6 1413 | 226.14 | 1.6 85 85 1035 84 | 85.66 | 1327 | 83 | 7.04 | 0.7 | 202 | 4.12 | 1652 5.19 1
102.2 | 226.1 1.6 39.9 6.0 241.0 | 69.0 | 85.7 133 83 | 05 0.7 | 202 | 1.1 5.0 1.1
156.8 | 5564 | 16.1 | 97.0 | 106.0 | 1150.0 | 174 | 864 | 134 | 273 | 92 | 2.6 | 503 | 63 | 18120 | 52
123.6 | 3584 8.2 658 | 454 | 6979 | 914 | 86.1 134 | 159 | 29 1.3 | 279 | 29 | 6865 2.9
0.07 1.8 10 0.2 55 46500 | 930 14 370 02 [0.05]| 005 | 375 | 045 83

Type: 1=Coarse-grained galena 2= Fine- to medium-grained galena.
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{(Wind etal., 2020; Li et al., 2022) sl Ja5 jo (slass g (bl 5 b o 93 457
£5 S35 e SIS 53 JE LS jobe slaalis s ol b
Ye et al, 20165) Cuwl odi 3,18 5sdoes ysbas (MVT) o oo oo o0 033
S S8 5 JE S o pobe s e (L etal, 2020; Li et al, 2022
S LslS 1 (s i ol 4 5L 0T 0iS'U 287 (slay 586 5 OT ol o (b v
(Wei etal., 2021) 5,15 b slos
4 OleS B (e il 2) Sse 4 JE 55 SleS DIk i
b el Il =Y calor shome gt b 5 JE (550 Sl 53 g sl
Sadlsl b SlaS” 5B (alen 5 LS e 0T o5 uls S S5
S o) S SIS 5 g pal 5 0y Yl Ll e ol ol 68 SIS
Betkhe and Barton,) Cuwl ol o las AE ok St 5 (el Jloen b J!
1971; Foord et al., 1988; Lueth et al., 2000; Chutas et al., 2008; Renock
LOAT sL 5 s ble (and Becker, 2011; George et al., 2015; Li et al., 2022
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!
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Tooth et al., 2013;) ol &5 ete 5wl gles Ll i ;5 Sb & Jl= 55
—Sr) s, LS s (Grant et al., 2015; Cave et al., 2020; Li et al., 2022
5w ste p3lie gsl= 5 SN I 28 Jseme ssba JE (SEDEX) ot 5
Tooth et al., 2013., George et al., 2015, 2016; Leng et al., 2019;) —! Bi
BY) ;,J\f ‘w'i‘ﬂ (Wind et al., 2020; Cave et al., 2020; Li et al., 2022
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P 3 e i 3 YL Ui 5 Les Loyl 3 S0 /8 5 a8 S o7 (55 5bws AL
3 Sb/Bi Cows (Malakhov, 1968) il ol jLid 5 les Lol & odasOlas VW U
ity JE LS ol glos Jsa dlis ol 5035 YU Sl o gy sl LS
— skl 9 6y gy g )3 MVT &S S Ll 53 G ol Cnlodd
{(Hall and Heyl, 1968) 15L_» 0/A 5Y/F 5 54 SS”
(Loftus-Hills and Solomon, 1967) sl sm sjs — s sl o5 g Jl
T bl s GlaassT olouls 4 by o 1y (sl o (sla S 55 Se o5 51
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23 25T Sl il T Laze B3l pe ¢liol HLlS 53 Se 5 Bil &S il )l
o o OLE ) gy 5 0 aibeie

25 R0 s o Sila s ol i 53 (5 530 S VP US| e il

S IS g s Sl Sl o s paie SIS e cplals o5
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My Lels LS JE s B bl sl S T el
sl b ylews (George et al., 2015) SEDEX C}J sl lals

L 2Vl (Sar 5 5 3505 (Vb Chl o5 500 597 o KLe L Cd
(Fernandez and Izard, 2005) 5,1 51 5 5456 5 .(0 Jgdr) das o OLES Q.Hf): Zn
53 8 Mawl g 5 Zn Chale J S o 1) Y855 Cd sl CkS 5 CoaS
ST il Doy gy Sy il 53 S 05 4 3L 5 L3 Cd |5 8utils o NE
Olg o 1) &35 Cd VL pslan bl oyl 3,13 (CAS) oS 0 8 LS
Weils b gy pn JE 53 Sy il 51 i S a3l s

D 5 5Sn Son sl ) gl 1 3G e gee 5 sbar JE 53 6555 e
(George etal., 2015) Coul 0dd 4 8 a5 55 o Il 5 Sy o SIS
Bi, Hg, jolie gl 2 Pb slra (s maie 53 b (5 et ol (il 51875500
okd = Jas 2PD* > Ag +(Bi,Sb)" | Pb*>(Cd, Hg)? & e Sb 5 Cd, Ag
A0l 5 s (ajf oA cble u:il..e L As .(George et al., 2015) ol
om @l @bl Glalpl 3l (Sl Jbole Ll JE s LS e
ol (Soen Jloi S5 (oS ia b (oS e K ) w3 5 g
(o b o 38a0) OT 55 5 dlaly Slb 5 03 0% 55 ¢ Shned 1
WYL e Soaes o b 4 4> 5 L (Swan et al, 1995) das o 0L |,
55 oy Clsd g Soyson Iy AS gi> Olg o Bi 5 S L e ol
Jse 4 L (jordanite-geocronite) )5S 85 —Cuils s el Jsloe (6w
Moélo et) o1, 8en 5 ok o Lo 5 <SP (As,,.Sb,,),S,~Pb,(As, ,,Sb, ) S,,
gl oliS a5 oland LS 5 oy 5 Jazoes 5SS Lo o 451, (al., 2008
Pb,(S)S,, a3 L (6 ol 5130055 T glil il Slislr JE 55 o )T
03 e pl ysi>= Fe yCuLAs i LS:‘...:.A 2,13 U (schulzite) o Jsd
S o izl JE 53 I s oty Ly SIS 5 5 TO g o la SIS
S I8 3 S ol 5 0181351 K 0o p 5 ITY e UL L AG
e FLPb Gl o3l tilr Sy o JE )3 AG i ol (s 3550
03 A SSTNY 5 Ag sl 03 p&TVT) RS 0 6T i plad (o5
Jels JE 3 sl Ko @ sans lse i gla SIS .l L 0SGl (P gl
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Table 5. Spearman's correlation coefficient for galena data of the Chah-Nar deposit.

Ag As | Bi | Cd | Cu | Fe | Sb | Se | Sr | T1 | Zn
Ag 1.00
As 0.22 1.00
Bi -0.01 0.83 1.00
Cd 0.70 -0.13 -0.31 1.00
Cu 0.70 -0.22 -0.34 0.99 1.00
Fe 0.77 -0.17 -0.08 0.73 0.79 1.00
Sb 0.19 1.00 0.82 -0.17 -0.26 -0.18 1.00
Se 0.88 -0.09 -0.21 0.87 091 0.87 -0.13 1.00
Sr 0.42 0.73 0.61 0.04 0.00 0.15 0.76 0.09 1.00
Tl 0.73 -0.14 -0.29 0.98 0.98 0.78 -0.19 0.91 0.07 1.00
Zn 0.74 -0.22 -0.36 0.98 0.99 0.81 -0.26 0.94 -0.01 0.97 1.00

3, g S S s e eyl s Lase 4 35056 Ol s Ly
.(Hedenqusit et al., 2000)
LIS 53 0T ol alboly 5 (eodd o SKllS (5 e (Sloanast s oy g
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Table 6. Comparison of principal characteristics of the Chah-Nar Pb-Zn deposit with SEDEX, Irish-type, and MVT deposits (Leach et al., 2005; Wilkinson,

2003, 2014).
SEDEX Irish-type MVT Chahnar deposit
Shales, carbonates, calcareous/organic- Non-argillaceous carbonates Mainly dolostone and . .
. e . Calcitic and dolomitic
Host rock rich within mixed carbonate— limestone, bl
. o . . marble
siltstones siliciclastic succession rarely sandstone
Sphalerite (low Fe), galena, Sphalerite, galena, pyrite,
Ore Sphalerite, galena, pyrite, pyrrhotite, P K ( . ) g. P & . by . .
X . . . pyrite, marcasite, minor marcasite, Galena, pyrite, sphalerite
minerals marcasite, minor sulfosalts, chalcopyrite

sulfosalts, chalcopyrite

minor sulfosalts

Gangue minerals

Calcite, siderite, dolomite, ankerite, and

quartz. Barite is common to absent

Dolomite, calcite,
quartz. Barite is common,
locally economic. Fluorite is

extremely rare

Dolomite,
calcite. Barite is minor to

absent and fluorite is rare

Quartz,
calcite is minor and

dolomite is rare

Texture

Bedding-parallel, fine- grained, layered,
and banded textures with or without
coarser-grained brecciated, veined,
fragmental, or chaotic textures

Dominated by massive
sulfide but highly variable
and complex textures. Mostly
replacement, common veins

Coarsely crystalline to
fine-grained,
massive to disseminated.

Replacement and open-

Coarsely crystalline to
fine-grained,
massive.

open-space filling and

seawater

evaporated seawater

bittern brines or evaporite
dissolution brines

and locally open-space filling space filling. replacement.
Trace metal . . . Cu, Co, Ni, Ag, Sb, Cd,
Cu, As, Cd, Sb, T1, Hg, Se, Bi, Ge, Ni Cu, Cd, Ag, As, Ni, Co As, Cd, Ag, Sb
content Ge, Ga, In
. . . . Mostly during diagenesis, in . .

. Syngenetic and/or during early diagenesis L Epigenetic, tens to
Timing of . L L partly and wholly lithified o . 3
. o in unlithified to lithified . . hundreds of millions years Epigenetic

mineralization . sediments. Minor .
sediment . after host- rock deposition
syngenetic component
. . e Lo Close spatial and temporal . .

Associated No direct association with igneous o . . Unclear relationship

. L. association Not associated with . Lo

igneous activity, but tuffs related to synchronous . . . . o associated with igneous

L. X . with volcanic activity in 1gneous activity L.
activity distal volcanism may be resent . . K activity
Limerick province
Low to high temperature (70-300°C) Low to moderate- temperature | Mostly low- temperature .
‘ . . . . (90-150 °C) connate Hydrothermal fluids

Ore fluid infiltrated or connate, variably evaporated | (70-280 °C) infiltrated partially

(metamorphic source?)
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W 23
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