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Fig. 1. A:Location of the studied area(south of Kashan) in the geological and structural map of Iran (Aghanabati, 2004),
B:Geographical map showing access roads to the ore deposits in south of Kashan
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Fig. 6. Ore-facieses in the Varandan deposit.A: Vein-veinlets (stringer zone), B: Vent complexe zone, C: Massive and
semi massive, D: Bedded-banded, E and F: Hydrothermal-exhalative Fe-Mn-bearing sediments. (Brt), Galena (Gn),
pyrite (Py), quartz (Qz) and pyrolusite (Pyr). Abbreviations after Whitney and Evans (2010)
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Fig. 7. Different type of wallrock alterations in the Varandan deposit, A and B: Chloritic alteration, and C: Quartz-
Sericitic alteration. Magnification of 200 micrometers
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Fig. 8. A: Chalcopyrite (Ccp) and pyrite (Py) between the rutile blades (Rt) in the stringer zone, B: chalcopyrite (Ccp)
replaced galena (Gn) is in the vent complex zone within the Barite ore (Brt), C: chalcopyrite inclusions within
sphalerite (Sp) in vent complex and stringer zone, D: chalcopyrite converted to chalcocite (Cc), goethite (Gth),
covelline (Cv) and Digenite (Dg) at rims, E: Tetrahedrite inclusions within galena in the third ore subhorizon, and F:
The framboeidal pyrite (Py) beside Barite minerals. Abbreviations after Whitney and Evans (2010)
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Fig. 9. XRD graph indicating quartz, clinochlore and dickite, Sample No. F-Q-V-09 in the Varandan deposit
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Table 1. Results, location and number ofsamples taken for X-ray diffraction (XRD) analysis in the Varandan deposit

Sample Sample Mineral-type Minerals
No place in the Microscop detected by XRD
Stringer zone in the
F-Q-V-09 Sericitic tuff Quartz,clinochlore and dickite
second sub-horizon
Stringer zone in the
F-Q-V-10 Chloritized tuff Quartz and muscovite
second sub-horizon
Exhalative-sediment
F-Q-V-11 Barite (Mn+Fe) Barite
in the first sub-horizon
Stringer zone in the Quartz, clinochlore,
F-Q-V-16 Chloritized tuff
First Sub-Horizon montmorillonite and muscovite
Stringer zone in the Chloritized tuff magnetite Quartz, clinochlore,
F-Q-V-17

First Sub-Horizon

and hematite Vintes

Muscovite and ferroan
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Fig. 10. Paragenetic sequence of minerals and ore textures and structures in the Varandan deposit
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Table 2. The correlation of important elements in the stringer zone in the Varandan deposit. Barium (Ba), lead (Pb),
zinc (Zn), Silver (Ag), strontium (Sr), antimony (Sb), manganese (Mn), silicon (Si), alaminum (Al)and cadmium (Cd)

Ag Ba Cu Pb Zn Sr Sb Mn Si Al Cd
Ag 1
Ba -.18 1
Cu .55 -33 1
Pb -25 -.10 49 1
Zn .58 .09 18 -.07 1
Sr =21 94%* -.40 =22 A1 1
Sb 83%* -12 24 -34 27 -12 1
Mn -.19 87** -35 -.30 .05 97** -13 1
Si 47 -.82% 17 -.10 13 -.83% .54 -.83%* 1
Al -.60 -21 .16 .68 -35 -34 -79% -37 -.18 1
Cd -15 -24 .06 .04 27 -.05 - 47 .02 -11 24 1

**_ Correlation is significant at the 0.01 level (2-tailed).

1. Australia Rosbery deposit



$oy

695 dC) oo dPD) oy (Ba) 1,1 o yg ;LS o (plsaiaz) (o)l —slY o)lus; 0 ppe polie I (55 (Siuron X Jgo
(Cd) 300315 5 (AD) toglT €(S) sl (M) 52550 (Sb) oyl (ST o ol (AQ) 0,5 (Zn)

Table 3. The correlation of important elements in the bedded banded zone (Stratiform) in the Varandan deposit.
Barium (Ba), lead (Pb), zinc (Zn), Silver (Ag), strontium (Sr), antimony (Sb), manganese (Mn), silicon (Si) and

alaminum (Al), and cadmium (Cd)

Ag Ba Cu Pb Zn Sr Sh Mn Si Al Cd
Ag 1
Ba -1.0* 1
Cu .98 -.99 1
Pb -85 .86 -.92 1
Zn .56 -.54 42 -.04 1
Sr 99* -1.0%* .99 -.87 .53 1
Sb -.88 .87 -.80 Sl -.88 -.86 1
Mn -.36 38 -.50 .79 .56 -.40 -.10 1
Si .99* -.99* .99 -.88 .49 .99* -.84 -43 1
Al .99 -.99 .99* -.90 47 99* -.83 -.46 1.0* 1
Cd .98 -.98 94 =74 .69 97 -.95 -.20 .96 .96 1

**_Correlation is significant at the 0.01 level (2-tailed).
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Fig. 11. Position of the various ore facies of the Varandan deposit in a VMS system
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Fig. 12. Location of the Varandan deposit in the Urumieh-Dokhtar magmatic arc (form Rossetti et al., 2010)
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Table 4. The Cu/Zn ratio in the stratiform ore facies of the first sub-horizon

Place Cu (ppm) Zn (ppm) Cu/Zn
Vent Complex 695 542 1.2822
Bedded-banded 35 15 2.3333

Average = 1.80

Half kuroko Black Ore Hybrid (Black and Yellow Orc) Yellow Orc

New B.O.

HQ - -

Hyd, Flud H Q=Hematite-Qurtez Ore
B.0.=blak Ore (Sphalente+galena-Pyrite+anhyvdrite-barite)
Y.0.~ Yellow Ore (Chalcopyrite)
P.0.- massive pyrte Ore
(Horikoshi and 4543l 5 (55 590 5l 48,5 1 CU/ZN Cos g SdlS glosl bl 1 5579,5 (slo,LuslS (gonaiws WY Sl
Shikazono, 1978)
Fig. 13. The classification of Kruko-type deposits based the Cu/Zn ratio and ore types (Horikoshi and Shikazono, 1978)
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Table 5. The Cu/Zn ratio in the stratiform ore facies of the second sub-horizon

Place Cu (ppm) Zn (ppm) Cu/Zn
Vent Complex 5 853 0.0058
Bedded-banded 23 98 0.2346

Average =0.12

A Firstsub-horizon B Second sub-horizon C Third sub-horizon

New B.O.

B.O.
Yellow Ore Black Ore Yellow Ore
Hight temprature Low-moderate temprature Hight temprature
(~300-350°C) (~200-300 °C) (~300-350°C)

e sl 3915 10 AP 50 F slaJsoz ;0 CU/ZN o Jlade bl ) ladyg [Ludls jo (oudlgus 5 ()b Susls glosl AF JsCi
oo a3, IVY S o (g lais] wdle B9y sloaal ) 0,5 SslS g4 1pgu 335 50 10 g ol SslS £45 1pg0 Bl 5 0 B, Ssls

Fig. 14. Different type of the baritic and sulfidic ores in the Varandan deposit (based on the Cu/Zn ratios, in Tables. 4,
5, 6): A: the first sub-horizon: yellow ore type, B: the second ore sub-horizon: black ore, and C: the third sub-horizon
yellow ore. (Abbreviation as in figure 13).
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Table 6. The Cu/Zn ratio in the stratiform ore facies of the third sub-horizon

Place Cu (ppm) Zn (ppm) Cu/Zn
Vent Complex 461 576 0.8003
Bedded-banded 1945 91 21.3736

Average =11.08
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1. Mafic 4. Felsic-siliciclastic (or siliciclastic-felsic or bimodal siliciclastic)

2. Bimodal-mafic
3. Mafic-siliciclastic (or pelitic-mafic)

5. Bimodal-felsic
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Table. 7. Comparison of the Varandan deposit with the characteristics of various types of the volcanogenic massive
sulfide (VMS) deposits

Mafic Bimodal Siliciclastic
Features Varandan type Pelitic mafic ~ mafic type Bimodal felsic felsic
Index deposit (Cyprus) (Besshi) type  (Noranda)  type (Kuroko) type (Bathurst)
Tectonic Intra- arc ocean ridge, Back- arc New Arc and Arc and
setting back-arc continetal rift ~ oceanic arcs back- arc Back- arc
Silicified tuff, Basalts, basalt lavas, rhyolite and
brecciated pillow rocks, andesite basalt, dacite dacite, rhyolite
Host rocks  tuff, andesite, ultramafic basalt, shale andesite and and felsic and
andfelsic rocks black siltstone,  pyroclastic pyroclastic black shale
pyroclastics sandstone rocks
galena, pyrite, pyrite, Sphalerite, Sphalerite,
Ore chalcopyrite,s pyrite, chalcopyrite,  chalcopyrite,  galena, pyrite, galena,
minerals phalerite, chalcopyrite, sphalerite, sphalerite, chalcopyrite, pyrite,arsenopyr
pyrite, magnetite , tetrahedrite te, pyrrhotite,
tetrahedrite pyrrhotite, tetrahedrite
abundant quartz, chlorite, chlorite, abundant barite, carbonate,
Gangue barite,quartz, chlorite quartz, quartz, quartz quartz,
minerals sericite sericite, carbonate, sericite, barite
epidote
Metallic Pb-Cu-Zn Cu Cu-Zn Cu-(Zn) Pb- Zn Zn- Pb-Cu
elements
chlorite, chlorite, chlorite, chlorite and sericite, sericite, silica,
Alteration sericite, quartz, quartz, sericite quartz, chlorite chlorite, calcite
S silica sericite, sericite,
epidote
Shaikh-Aali Bavanat Sargaz Barika deposit ~ Chahgaz deposit
Examples This study deposit deposit deposit (Yarmohammad  (Mousivand et
in lran (Rastad et (Mousivand et  (Badrzadeh, ietal., 2008); al., 2011)
al., 2012) al., 2004) etal.,2010)  Dorreh deposit

(Nazari, 1994)
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Table 8. Comparison of Varandan deposit with the massive sulfide kuroko-type deposits in Japan, Barrika deposit in
Sardasht, Iran and Rosebery deposit in Tasmania, Australia

Iran,

Features Iran, kashan, SardashtBarika Australia, Tasmania, Japan,
Index Varandan deposit deposit Rosebery deposit Kuroko deposit
Tectonic ) Back- arc Back- arc
. Intra- arc Continental arc
setting or Intra- arc
siliceous tuff,
brecciated tuff, o ) ) ) ) )
Host rocks ) ) rhyolitic acid unit- rhyolite, dacite rhyolite, dacite
andesite and felsic o
) rhyolitic tuff
pyroclastics
Mineralization ] ) ]
Middle Eocene Early Cretaceous Cambrian Miocene
age
Geometry Tabular Lenticular Tabular Lenticular
massive, banded, massive, banded, massive, banded, massive, banded,
Structure and ] ) ] ] ) ] ] ) ] ] ]
toxt disseminated, veins- disseminated, veins- disseminated, veins- disseminated,
exture
veinlets« veinlets veinlets veins-veinlets
rite, galena, sphalerite,
) pyrite¢« sphalerite« by g p sphalerite,
galena,chalcopyrite, o chalcopyrite, }
) ) galena¢ stibnite, ) galena, pyrite,
Ore sphalerite, pyrite, arsenopyrte, tetrahedrite, )
. ; sulfosalt, electrum, ) ) chalcopyrite,
mineral tetrahedrite ] bournonite, boulangerite, ]
chalcopyrite ) ) tetrahedrite
jvrdanite, electrum
abundant barite, ) quartz, sericite, )
Gangue abundant barite, i i abundant barite,
. carbonate, quartz, chloritecarbonate, barite
mineral o quartz i quartz
sericite (many times)
footwall to hangingwall: footwall to
. Au-Ag- Cu-(Au) -» Zn-Pb-Au -» hangingwall:
Metal Zoning Ba- Pb-Cu-Zn
Zn- -Pb-Cu- Ba-Au Cu » Zn-Pb» Ba
Zone refining intensive medium slight Slight
] o sericite, silicic, o S o ]
. chlorite, sericite, ) ) sericite, pyrite, silicic, sericite, pyrite,
Alteration o pyrite, chlorite and ) ] ) o ]
silicic ) chlorite, calcite, albite silicic, chlorite,
calcite
Ohmoto and
Yarmohammadiet al., Skinner, 1983;
o Large, 1992;
References ) 2008, Tajeddin et al., Hoy, 1995,
This study Large et al., 2001
2011 Huston et al.,
2011

1. Rosebery
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Introduction

The Varandan Ba-Pb-Cu deposits are located15
km southwest of the town of Qamsar and
approximately 7 km south west of the Qazaan
village, in the Urumieh- Dokhtar magmatic arc.
The Kashan region that is situated in west-central
Iran hosts several barite-base metal deposits and
occurrences, the biggest ones are the Varandan
Ba-Pb-Cu (case considered in this study) and the
Tapeh-Sorkh (Khalajmaasomi et al., 2010) and
Dorreh Ba (Nazari, 1994) deposits. Previous
researchers (lIzadi, 1996; Farokhpey et al., 2010)
have proposed an epithermal model for formation
of the Varandan deposit. However, based on some
feature of the deposit, it seems that this genetic
model may not be correct. Therefore, it is
necessary to do more precise research studies on
the deposit. The main purpose of this paper is to
discuss the genesis of the Varandan deposit based
on geological, ore facies, mineralogy, wall rock
alterations, and geochemical studies.

Materials and methods

A field study and sampling was performed during
the summer of 2013. To assess the geochemical
characteristics of the deposit, about 17 systematic
samples from different ore facies of the first,
second and third sub-horizon were collected for
petrography and mineralogy, and for inductively
coupled plasma-atomic emission

spectroscopy(ICP-AES), X-ray diffraction (XRD)
and X-ray fluorescence (XRF) geochemical
analysis methods. The microscopic studies were
done in the optics laboratory of the Shahrood
University, and the geochemical analyzes were
conducted in laboratories of the Center of
Research and Mineral Processing Ore Minerals of
Iran, Karaj, Iran.

Results

The host sequence in the Varandan deposit
involves three units, from bottom to top: Unitl:
grey, green siliceous tuff, brecciated tuff, crystal
tuff and andesite; Unit2: white grey nummulitic
limestone, limy tuff and marl: and Unit3: tuff
breccia and crystal lithic tuff. Mineralization in
the Varandan deposit has occurred as four ore
sub-horizons in Unitl, as lenticular to tabular ore
bodies concordant to layering of the host rocks.
Based on textural, structural and mineralogical
studies, the Varandan deposit consists of five ore
facieses including: 1) veins-veinlets (stringer
zone) that involves cross-cuting barite, quartz and
sulfide veins-veinlets, 2) brecciated barite and
massive pyrite (vent complex zone) involving
replacement texture, 3) massive barite and sulfide
(massive zone), 4) alternations of barite- and
galena- rich bands (Bedded-banded zone) and; 5)
iron-manganese-bearing hydrothermal-exhalative
sediments. Primary ore minerals are barite,
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galena, chalcopyrite, pyrite, sphalerite,
tetrahedrite,  magnetite,  oligiste,  braunite,
pyrolusite and bornite, accompanied with
secondary minerals such as native copper, cuprite,
digenite, covellite, chalcosite, goethite, hematite
and malachite. Gangue minerals consist of
chlorite, sericite, quartz and calcite. Major wall
rock alterations in the deposit are chloritic and
quartz- sericitic. For determining the type of ore
of the Varandan deposit, the Cu/Zn ratio for the
barite and sulfide ore of the first, second and third
sub-horizon are 1.08, 0.12 and 11.08, respectively.
This lies in the yellow ore for the first and third
sub-horizon, and it falls in the black ore for the
second sub-.

Discussion

According to the basic characteristics of
mineralization such as geometry of ore bodies,
textures and structures, ore facies, wall rock
alterations, mineralogy, fluid inclusions data,
metal zonation and geochemical features, the
Varandan deposit could be classified as a
bimodal-felsic or Kuroko-type voclanogenic
massive sulfide (VMS) deposit, similar to those of
the Hokuroko basin in Japan (Ohmoto and
Skinner, 1983; Hoy, 1995, Huston et al., 2011).
The Varandan deposit has been formed in an
intra-arc setting due to subduction of the Neo-
Tethyan oceanic crust beneath the Iranian plate
during the Middle Eocene.
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