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ARTICLE INFO ABSTRACT

Article Histor Ruchun-Mazar region is located in southern Sanandaj-Sirjan Zone,
y southwest of Baft city in Kerman province, Iran. Seh Chah, Chah Sorbi,

Received: 16 April 2023 Chah Nar, Zardbazi Dar, and Chah Sorbi Arjmand Pb-Zn deposits

Revised: 01 June 2023 located in this region were investigated. The most outcrops of the

Accepted: 06 June 2023 geological units in the area include the Paleozoic metamorphic

complexes of Gol Ghohar (amphibolite, gneiss and micaschist), Ruchun

(schist, marble, calcschist, black chert, slate and phyllite), and Khabar

(marble, calcschist). Microdioritic, monzodioritic and diabasic dykes
Keywords have intruded into the metamorphic units. Dolomitic and calcitic marble
of Ruchun complex is the host rock for Pb-Zn mineralization. Primary
mineralization in Seh Chah, Chah Sorbi, and Chah Nar deposits includes
galena, sphalerite, and pyrite + chalcopyrite along with quartz, calcite,
and dolomite * barite. Vein-veinlet, open space filling, brecciated +
disseminated + laminate structures and textures can be seen in these
deposits. The most important alterations in these deposits are
silicification and carbonitization (calcitic and dolomitic alterations).
Primary sulfide ore in Zardbazi Dar and Chah Sorbi Arjmand deposits
has been weathered and mining has been carried out on nonsulfide ore
(supergene ore). The nonsulfide ore formed at the expense of sulfides,
and mainly consists of smithsonite, hydrozincite, hemimorphite, and
cerussite. It seems that these deposits belong to the direct replacement
and, to a lesser extent, wall rock replacement nonsulfide zinc deposits.
Based on the geological, mineralogical and alteration evidence, the
*Corresponding author primary mineralization in the region can be divided into two groups of
SEDEX type (Chah Sorbi deposit) and vein type (Chah Nar and Seh
Chah deposits). It was concluded that under supergene conditions in
some deposits, nonsulfide ore was also formed. Moreover, the deposits
of this region can be categorized into primary sulfide (hydrothermal) and
nonsulfide (supergene).
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EXTENDED ABSTRACT

Introduction

Iran embraces extensive areas having high potential
for carbonate-hosted (CH) Zn-Pb deposits due to the
suitable geodynamic conditions and the occurrence
of large carbonate platforms (Rajabi et al., 2012). A
wide variety of Zn-Pb deposits have been reported
along Sanandaj-Sirjan Zone (SSZ) in Iran. The
development of SSZ is related to the generation of
the Neo-Tethys Ocean during the Permian and its
subsequent destruction due to the convergent and
continental collision between the Arabian and Iran
plates during Cretaceous to Tertiary periods
(Mohajjel et al., 2003; Ghasemi and Talbot, 2006).
Ruchun-Mazar (Rechan) region is located in the
southern Sanandaj-Sirjan zone (Fig. 1). This area is
located at 75 km southwest of Baft city in Kerman
province, Iran. In this region, the lower paleozoic
marble rocks of Ruchun complex host numerous Zn-
Pb deposits (Fig. 2). Although sulfide mineralization
is dominant in this region (e.g., Seh Chah, Chah
Sorbi, and Chah Nar deposits), secondary non-
sulfide ores are common (e.g., Zardbazi Dar and
Chah Sorbi Arjmand deposits). Based on geology,
mineralogy, mineralization and alteration, the
similarities and differences among the Pb-Zn
deposits of this region were investigated.

Material and methods

At the first step, a 1:50,000 integrated geological
map of Ruchun-Mazar region was prepared. Then, a
more detailed investigation of the deposits, including
field sampling of rock units, ore veins, tunnels and
other mining works was done. Field observations
were supplemented by petrographic studies and X-
ray powder diffraction (XRD) analysis. From the
collected samples (224 samples), 95 thin sections, 48
polished thin sections, and 41 polished sections were
prepared for petrographic and mineralogical studies.
Twenty-eight samples (sulfide and nonsulfide ores
and gossan) were analyzed by XRD at the GSI.
Nonsulfide ores, which contain Zn, were identified
(stained bright red) by Zinc Zap, a solution of 3%
potassium ferricyanide KsFe(CN)s and 0.5%
diethylaniline dissolved in 3% oxalic acid.

Results
Ruchun-Mazar mining area is located in the southern
part of Sanandaj-Sirjan zone (Fig. 1). Based on

stratigraphy of the region, chronological sequences
from the oldest to youngest include Paleozoic Gol
Gohar, Ruchun and Khabar metamorphic complexes,
Permian-Triassic ~ metamorphosed  carbonates,
Jurassic-Cretaceous meta flysch, Cretaceous marbles
(Koh-e-Khabar), Eocene-Oligocene flysch, and
Quaternary sediments (Fig. 2). Gol Gohar complex
(unit  Pzy) contains gneiss, micaschist and
amphibolite with a probable Cambrian age which has
been intruded by mafic intrusive bodies. The Ruchun
complex (unit Pz3) is the host complex for lead, zinc
and iron mineralizations in the region. Sequence of
stratigraphic layers from bottom to the top contains
Gol Gohar complex (Camberian), Ruchun complex
(Camberian-Ordovician), and Khabar complex
(Middle-Upper Devonian), respectively.
Metamorphosed carbonate rocks (dolomitic and
calcitic marbles) of Ruchun complex (Pzs® and Pzs™)
are seen in brown and light to dark gray colors and
often alternate associated with metamorphosed
sedimentary and volcanic rocks (Pzs*" unit) (Fig.
3A). The Ruchun complex was intruded by
microdiorite, monzodiorite, microgabbro, and
diabase dikes (Fig. 3B). Quartz and calcite veins
have cut most of the Ruchun complex units (Fig. 3C
and 3D). Calcitic and dolomitic marbles with
probable Permian-Triassic age (Fig. 3E and F) can be
seen on Ruchun complex (units PTm and PT¢). Mafic
(gabbro) to felsic (granite) intrusive bodies (gabbro
to granite) were exposed in the west of DehSard
village, next to Permian-Triassic dolomite (Fig. 3F).
Pb-Zn mineralization in the Mazar-Ruchun region is
formed in the calcitic and dolomitic marble (Pz3d
and Pz3m) of the Ruchun complex (Fig. 4A, B, C and
D). These metamorphosed carbonates are composed
of calcite and dolomite, and minor minerals such as
muscovite, quartz, and opaque minerals (Fig. 4E and
F). Based on the morphology of calcite blade
(Burkhard, 1993), and the presence of calcite (type |
and 1), the temperature of metamorphism of this
marble is between 250 and 350 degrees, which
corresponds with the green schist facies. Marbles
alternate associate with schist (green schist, mica
schist and graphite schist) and phyllite (Fig. 3A, E
and G).

Primary mineralization in Seh Chah, Chah Sorbi and
Chah Nar deposits includes galena, sphalerite, pyrite
+ chalcopyrite associated with quartz, calcite, and
dolomite + barite. Vein-veinlet, open space filling,
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brecciated * disseminated + laminated structures and
textures can be seen in these deposits. The most
important alterations in these deposits are
silicification and carbonitization (calcitic and
dolomitic alterations). Carbonate host rock and
structural control can be considered as the most
important factors for controlling primary ore
mineralization in the Seh Chah and Chah Nar Pb-Zn
deposits. Dolomitic and calcitic marble in the Seh
Chah deposit are highly altered (Fig. 4B). A number
of basic to intermediate intrusive bodies (often as
dykes) can be seen in this area. Chah Nar and Seh
Chah deposits were formed epigenetically with vein-
veinlet, open space filling and brecciated structures
and textures (Fig. 5B and C). Graphite schist in Chah
Sorbi deposit is sometimes seen alternating with
marble in the Ruchun complex sequence. In this
deposit, in addition to vein-veinlet, open space filling
and brecciated textures (which were also observed in
the Seh Chah and Chah Nar deposits), part of the ore
has a laminated and disseminated textures. It seems
that the type of sulfide mineralization in Chah Sorbi
deposit is different from the other two deposits (Fig.
6A to C). In Chah Sorbi deposit, galena, sphalerite,
pyrite and chalcopyrite associated with quartz,
calcite, organic matter, dolomite and barite were
deposited in the hydrothermal mineralization stage
(Fig. 6D and Table 1). The effects of metamorphism
and deformation in this deposit can be traced by such
evidence as microscopic and mesoscopic folds and
faults in the ore and host rock (Fig. 6E and F). In
contrast, Chah Nar and Seh Chah deposits were
formed after the last metamorphic event (probably
post Late Cretaceous) and no evidence of
metamorphism can be seen in them.

Primary sulfide ores in Zardbazi Dar and Chah Sorbi
Arjmand deposits have been weathered and mining
has been carried out on nonsulfide ore (supergene
ore). The nonsulfide ore formed at the expense of
sulfides, and mainly consists of smithsonite,
hydrozincite, hemimorphite, and cerussite (Fig. 8A
and G, and Table 1).

Discussion and conclusion

Sediment-hosted Pb-Zn deposits represent the
world’s largest accumulations of base metals
(Goodfellow and Lydon, 2007; Wilkinson, 2014).
Table 2 shows a comparison of the general
characteristics of these deposits with Pb-Zn deposits
in Ruchun-Mazar area. The host rock of the studied

deposits (calcitic and dolomitic marble) is different
from the SEDEX type deposits (shale as the
dominant host rock). Chah Nar and Seh Chah,
deposits were formed epigenetically (within fracture
and faultand as replacements) and deposited after the
last metamorphic event (probably post Late
Cretaceous). These deposits are classified as a group
of epigenetic deposits and show a significant
similarity to MVT deposits, although they also
display fundamental differences with this category of
ore deposit (especially host rock alteration).

The presence of laminated and disseminated textures
(before the metamorphism event) in Chah Sorbi
deposit classified it as a syngenetic to early
diagenetic Pb-Zn deposit (e.g., lrish type or
SEDEX). Chah Sorbi deposit shows notable
similarity to Howard’s Pass district, Selwyn Basin,
of sedimentary exhalative (SEDEX) Zn-Pb deposits
(Gadd et al., 2017). Mineralization in Howard’s Pass
district (Late Ordovician to Early Silurian) was
hosted by carbonaceous, calcareous and, to a lesser
extent, siliceous mudstones.

Mining works in Zardbazi Dar and Chah Sorbi
Arjmand deposits was carried out on nonsulfide ore
(supergene ore). The supergene nonsulfide deposits
are unmetamorphosed and undeformed. They consist
of low-temperature and low-pressure assemblages
that precipitated from meteoric fluids, replacing
sulfides and carbonate groundmass to form
encrustations and fill pore spaces, veins, and
fractures.

Some of the key controls on the formation of
carbonate-hosted nonsulfide Zn-Pb deposits are the
nature and availability of near-surface sulfide
protore, lithology, sub-aerial exposure, tectonic
uplift, climate and favorable hydrology (Hitzman et
al., 2003). Hitzman et al. (2003) described two
specific forms of nonsulfide ore from various
nonsulfide deposits around the world: red ore and
white ore. Red ore is gossanous, usually found
immediately above the sulfide protore, and typically
contains >20% Zn, 7% Fe and Pb, and minor silver
(Simandl and Paradis, 2008). Typical red ore
nonsulfide minerals include iron-oxyhydroxides,
goethite, hematite, hemimorphite, smithsonite,
and/or hydrozincite and cerussite (Reichert and
Borg, 2008). White ore contains up to 40% Zn but
less than 7% Fe and Pb. Smithsonite and
hydrozincite are common minerals in white ore with
only small amounts of Fe-oxyhydroxides and
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cerussite (Reichert and Borg, 2008). Zinc and Pb
nonsulfides can be used as indirect indicator minerals
in exploration for MVT, SEDEX, Irish-type,
carbonate replacement, and vein-type Zn-Pb
deposits.

It seems that Zardbazi Dar and Chah Sorbi Arjmand
deposits belong to the direct replacement and lesser
extent wall rock replacement nonsulfide zinc
deposits.
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Central Iranian geological and structural transition zone; E, East Iran ranges; K, Kopeh-Dagh; KR, Kermanshah
Radiolarites subzone; KT, Khazar-Talesh-Ziveh structural zone; L, Lut Block; M, Makran zone; O, ophiolite belts; PB,
Posht-e-Badam Block; SSZ, Sanandaj-Sirjan Zone; T, Tabas Block; TM, Tertiary magmatic rocks; UD, Urumieh-Dokhtar
magmatic arc; Y, Yazd Block; Z, Zabol area; Za, Zagros ranges
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Fig. 2. Simplified geological map of the Mazar-Rutchun region (modified after Roshanravan et al., 1997 and Nazemzadeh
and Rashidi, 2007). Pb-Zn deposits were marked with L
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Fig. 3. Some rock units of the Mazar-Rutchun region. A: Alternation of schist (Pzs*"), dolomitic marble (Pzs%) and calcitic
marble (Pzs™) in the Rutchun complex, B: Diabasic dyke in dolomitic marbles (Pzs) of Rutchun complex, C: Barren
quartz vein in the dolomitic marble of Rutchun complex, D: Barren silicic vein within the schist (Pzs*") of the Rutchun
complex, pay attention to the vein boudinage, E: Permian-Triassic dolomitic marble (PT¢) is placed on schist and marble
alternation of Rutchun complex, western of Mazar village, and F: Intrusion of Upper Triassic granite (Gr) in Permian-
Triassic dolomitic marble (PT) in the south of Mazar village and northwest Deh-Sard
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Fig. 4. Some features of geology and mineralization in Mazar-Rutchun region. A: Schist (Pzs*") under dolomitic (Pz5)
and calcitic marble (Pzs™) in Chah-Nar deposit. Pay attention to the presence of microdiorite bodies (mdi) and alteration
around the ore vein, B: schist (sts"hz under the dolomitic marble (Pzz?) in Seh-Chah deposit, pay attention to the alteration
around the ore vein, C: schist (Pzz**") under the dolomitic marble (Pzs%) in Zardbazi-Dar deposit, D: Schist (Pzs*") under
dolomitic marble (Pzs") in Chah-Sorb Arjamandi deposit. In all the Pb-Zn deposits of this region, mineralized veins have
occurred in the marble, E: Mirror photomicrographs of calcitic marble (Pzs™) with thin to thick twin calcite blades (type
I 'and 11) and calcite and iron oxide vein, F: Mirror photomicrograph of calcitic marble (Pzs™) contains thin to thick (type
I and 11) non-perpendicular calcite twin blades, quartz and muscovite, and G: Mirror microscopic transmitted light image
(right side XPL and left side PPL) of schist (Pzz**") contains biotite, quartz, epidote and opaque minerals (sample CN-
A6). Abbreviations after Whitney and Evans (2010) (Bt: Biotite, Ep: Epidote, Mus: Muscovite, Qz: Quartz)
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Fig. 5. Mineralization in Chah-Nar and Seh-Chah deposits. A: Fault plane with coordinates N85°W/85°N containing the
vein ore in Seh-Chah deposit, B: replacement, open space filling and breccia structures in Chah-Nar deposit, C: Open
space filling structure in Chah-Nar deposit, and 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).

Abbreviations after Whitney and Evans (2010) (Cal: Calcite, Cer: Cerusite, Gn:Galena, Sp: Sphalerite, Py:Pyrite, H.R:
Host rock).
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Table 1. Minerals identified in sulfide, nonsulfide and gossan (iron cap) ore samples of Pb-Zn deposits in the Mazar-
Rutchun region by X-ray diffraction method.

Abbreviated names of deposits; (Chah-Nar: CN, Chah-Sorbi: CS, Seh-Chah: SE, Chah Sorb Arjmandi: CA, Zardbazi-
Dar: ZD). Abbreviations after Whitney and Evans (2010) and Boni and Mondillo (2015) (Ang: Angelesite, Brt: Barite,
Cer: Cerussite, Cal: Calcite, Cpy:Chalcopyrite, Dol: Dolomite, Gn: Galena, Gth: Goethite, Hem: Hematite, Hmp:
Hemimorphite , Hyz: Hydrozincite, Ill: Illite, Mas: Massicot, Mnr: Minrecordite, Py: Pyrite, Qz: Quartz, Smt:
Smithsonite, Sp: Sphalerite).

Other minerals (Silicate, lead minerals Zinc minerals
oxide, sulfide, carbonate,  (carbonate sulfide,  (sulfide, carbonate Ore type
sulfate and clay) oxide) and silicate) Sample No
Qz, Py Gn, Angl,Cer sulfide CN-A-7
Qz, Py Gn, Angl sulfide CN-A-11
Qz, Ght Hmp nonsulfide CN-A-1
Qz, Py Angl, Cer, Mas nonsulfide CN-A-12
Qz, Dol Gn, Cer Smt, Hmp, Mnr nonsulfide CN-B-2
Qz, Dol Gn, Cer Smt, Hyz, Hmp nonsulfide CN-B-6
Qz, 1 Hmp nonsulfide CN-C-1
Qz, Dol, Cal Cer Smt, Hmp, Mnr nonsulfide CN-E-1
Qz, Dol, Cal Smt, Hmp nonsulfide CN-E-4
Qz, Ght, Hem, Cal gossan CN-E-3
Qz, Ght gossan CN-N-1
Qz, Ght, Hem gossan CN-N-2
Qz, Py Gn Sp, Smt sulfide CS-6
Qz, Py, Dol, Cal Gn Sp sulfide Cs-12
Qz, Dol Gn Sp sulfide CS-16
Qz, Dol, Brt Gn, Cer Smt sulfide SE-18
Qz, Py Gn Sp sulfide SE-28
Qz, Cpy, Dol, Cal Gn Sp sulfide SE-R3
Qz, Ght Cer Smt, Hmp nonsulfide CA-2
Qz, Ght,Hem Cer Smt, , Hyz , Hmp nonsulfide CA-3
Qz, Ght, Hem gossan CA-9
Ght, Hem, Cal,Dol gossan CA-11
Qz, Dol Smt nonsulfide ZD-B2
Qz, Ght, Hem Cer Hyz nonsulfide ZD-5
Cal, Dol Hyz, Hmp nonsulfide ZD-40-1
Qz, Ght, Hem gossan ZD-B1
Qz, Hem Cer gossan ZD-3
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Fig. 6. Mineralization in the Chah-Sorbi deposit. A: Laminated and disseminated structure of pyrite in dolomitic marble
(mineralized host rock). Pay attention to the post mineralization calcite vein, B: Sulfide ore with the dominant replacement
and brecciated structures, presence of pyrite, sphalerite, galena, quartz and organic matter (OM), C: Replacement and
breccia structure in sulfide ore, D: Pyrite and galena in sulfide ore with inclusions of sphalerite in galena, E and F:
Metamorphism and subsequent folding and faulting in sulfide ore and host rock. Abbreviations after Whitney and Evans
(2010) (Cal: Calcite, Cpy: Chalcopyrite, Gn: Galena, O.M: Organic matter, Py: Pyrite, Qz: Quartz, Sp: Sphalerite).
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Fig. 7. A: Extraction of nonsulfide ore in the Chah-Sorb Arjmandi deposit, mineralization has occurred on the fault
surface. The mining method is the room and pillar, B: Fault plane in nonsulfide mineralization of Zardbazi-Dar deposit,
C: Nonsulfide mineralization along the fault in Chah-Nar deposit, D: Formation of hydrozincite in Chah-Sorb Arjmandi
deposit. Pay attention to the boxwork structure of iron oxide-hydroxides, E: Smithsonite in the nonsulfide ore of Chah-
Nar deposit, F: Hemimorphite as layered shape in Chah-Sorb Arjmandi deposit, and G: Microscopic image of hydrozincite
mineral in nonsulfide ore of Chah-Sorb Arjmandi deposit (transmitted light,XPL). Abbreviations after Boni and Mondillo
(2015) (Hmp: Hemimorphite, Hyz: Hydrozincite, Smt: Smithsonite).
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Fig. 8. Alteration. A: Silicification of dolomitic marble in the vicinity of the ore vein in Chah-Nar deposit, B:

Dolomitization and silicification in the vicinity of the ore vein in Seh-Chah deposit, and C: Substitution of nonsulfide ore
(Red ore) instead of marble host rock (H.R) in the Chah-Sorb Arjmandi deposit. Iron oxide-hydroxides can be seen in

lemon and brown color in the picture.
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Table 2. Comparison of the main characteristics of the SEDEX, Irish type and the MVT deposits (Wilkinson, 2003;
Leach et al., 2005; Wilkinson, 2014) with Chah-Nar, Seh-Chah and Chah-Sorbi Pb-Zn deposits.

Chah-Sorbi Seh-Chah Chah-Nar
ific-ation EDEX Irish-t MVT . . .
Specific-atio S Sh-type deposit deposit deposit
Shales, Mainly
carbonates, . dolostone and . .
Non-argillaceous . Calcitic and Calcitic and .
calcareous/ limestone, . o\ Calcitic and
Host rock o carbonates dolomitic dolomitic ..
Organic rich rarely dolomitic
; marble marble
siltstones sandstone marble
Sphalerite,
len . .
?:)?/reitj Sphalerite (low Sphalerite,
' Fe), galena, pyrite, galena, pyrite, Galena, pyrite, . Galena,
pyrrhotite, ) . py g py p.y Galena, pyrite, .
. marcasite, minor marcasite, sphalerite, : pyrite,
Ore marcasite, . . sphalerite .
. . sulfosalts, minor sulfosalts chalcopyrite sphalerite
minerals minor chalcobvrite
sulfosalts, Py
chalcopyrite
calcite,
S . uartz,
siderite, . . dolomite, Quartz, Q . Quartz,
. dolomite, calcite, . . oo dolomite ..
dolomite, calcite. barite calcite is minor . . calcite is
quartz. . ... isminorand .
Gangue quartz. . (minorto  and dolomite is . minor and
. . barite(common), calcite is rare. .
minerals Barite . absent), rare . dolomite
fluorite(rare) . Barite is rare .
(common to fluorite (rare) is rare
absent)
Bedding-
parallel,
fine-
grained, Dominated by Coarsely Coarsely
. . . . Coarsely
layered, and massive sulfide  crystallineto banded textures crystalline to .

. . . . . . . crystalline to
banded but highly variable fine-grained,  with coarser-  fine-grained, fine-arained
textures and complex massive to grained massive to gré ’

. . . . . . massive.
with or textures. disseminated. brecciated, disseminated. ODEN-SPaCe
Texture without replacement, Replacement veined, Replacement f?llin F;nd
coarser- common veins and and open-space and open-space g
. . S . Replacement.
grained  open-space filling filling. filling.
brecciated,
veined,
fragmental
Cu, As, Cd,
Trace metal Sb, Tl, Hg, Cu, Cd, Ag, As, Cu, Co,Ni, Ag, As, Cd, Ag,
. . As, Cd, Ag,Cu As, Cd, Ag,
content Se, Bi, Ge, Ni, Co Sh, Cd, Ge, Ga g g Sb
Ni
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Table 2 (Continued). Comparison of the main characteristics of the SEDEX, lIrish type and the MVT deposits
(Wilkinson, 2003; Leach et al., 2005; Wilkinson, 2014) with Chah-Nar, Seh-Chah and Chah-Sorbi Pb-Zn deposits.

e . Chah-Sorbi Seh-Chah Chah-Nar
Specific-ation SEDEX Irish-type MVT . . .
deposit deposit deposit
Syngenetic
and/or During Epigenetic,
during earl diagenesis, in tens to .
. g .y d Syngenetic
. diagenesis partly and wholly  hundreds of . . .
Timing of ) e . and/or during Epigenetic
mineralization n lithified millions years earl Epigenetic
unlithified sediments. Minor after host- rock . y . P19
e . . diagenesis
to lithified syngenetic deposition
sediment
No direct
association
. In the sequ-
with
. . ence of host
igneous  Close spatial and Unclear
- rock and . . Unclear
activity, but temporal . . o relationship . .
. . Not associated mineralization, . relationship
Associated  tuffs related association L . associated .
. . . with igneous the igneous . associated
igneous to with volcanic o S With .
. s activity activity 1s . . .. with igneous
activity synchronous activity in . igneous activity o
. L . characterized activity
distal Limerick province
. by the presence
volcanism .
of green schist
may be
present
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Table 3. Comparison of some main characteristics of a number of Pb-Zn deposits in Sanandaj-Sirjan Zone with Pb-Zn

deposits in the Mazar-Rutchun region.

Specification Irankuh Emarat Angouran  Ahangaran -kl)_;';?rr: I\élgz;;g(:;g?ltg
dolestone, Limestone
limestone and dolomitic Marble, Dolestone, shgle, limy Calcitic and
Host rock less . - sandstone siltstone, o
. limestone and schist dolomitic marble
terrigenous Carbonates
rocks shale
Galena, Galena,
Sphalerite Sphalerite sphalerite, pyrite, tetrahedrite, Galena
Ore alzna ri,te algna riie with minor Minor pyrite, rite, s halelrite+
. g  Pyrite g . Pyrite, galena and sphalerite,  sphalerite, pyrite, sphalerite
minerals + chalcopyrite minor, trace amounts chalcopyrite, chalcopyrite chalcopyrite
chalcopyrite : yrre, y
of pyrite tetrahedrite,
Magnetite
dolomite, .
ankerite, gﬂg'&i dolomite, Quartz, Quartz, dolomite
Gangue bitominex - . Calcite, calcite and is minor and
minerals calcite + dolo_ml'ge. calcite, Quartz dolomite calcite is rare
- Barite is quartz L o .
quartz and Barite barite + Barite
. absent
Barite
discordant
and
Breccia subvertical Coarsely
replacement, Replacement, b_recua Pipe Dissemitate, banded crystall|r_1e to fine-
" . . . in marble . grained
vein- veinlet, vein- veinlet, ' Breccia- replacement, L
Texture concordant . massive to
open-space open-space - cement, massive, . .
- -, breccias along : . . . disseminated.
filling, filling Vein-veinlet vein-veinlets,
. . the contact Replacement and
disseminated -~
between open-space filling.
marble and
schist
Age of host Lower Lower Neoprotz/ Lower Lower Lower Paleozoic
rock Cretacous Cretacous Cambrian Cretacous Cretacous (Ord-Sil?)
o Epigenetic Epigenetic Syngenetic . i
TS 0D e O Saenic oty SP0EE
mineralization Syngenetic i Syngenetic early (Other c?egosits)
3 (6) diagenesis P
No direct
Associated association  Not associated N(.)t N(.)t Rhyodacitic Un_clear_
igneous with igneous  with igneous gsso_mated gsso_uated volcanic and rela_tlonsh|p
J g g with igneous  with igneous - associated with
activity activity activity g g volcanoclastic . L
activity activity igneous activity
(MVT?-
Genesis type g"E\E)TE&l(g MVT(4) S'E"[\)/ET)((%) Irish-type(7)  SEDEX(8) SEDTE;;’;)/ ein-
This study

1. Karimpour et al., 2018. 2. Hosseini-Dinani and Aftabi, 2016. 3. Konari et al., 2017. 4. Ehya et al, 2010. 5. Zhuang
etal, 2019. 6. Annels et al., 2003. 7. Maanijou et al., 2020. 8. Yarmohammadi et al., 2016.
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2. MVT 6. Howard’s Pass
3. XRD 7. VMS (Volcanogenic Massive Sulfide)
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