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1- Introduction

Shurab Kabir Mn occurrence, 60km northeast of Shahrekord, is located in the Sanandaj—Sirjan zone. Manganese
deposits occur in various tectonic settings, with ore deposits associated with ophiolites and continental
sedimentary sequences. These deposits can be divided into three types based on mineralogy, geochemical
composition and tectonic setting: (1) hydrogenous, (2) hydrothermal, and (3) diagenetic/biogenetic-bacterial
deposits (Hein et al., 1997; Oksliz, 2011; Polgari et al., 2012). Since the Sanandaj-Sirjan zone is an
intercontinental rift, magmatic and metamorphic phenomena are essential in forming mineral deposits (Hedayati
Roshan, 2014). Ghorbani (2011) divides the Sanandaj-Sirjan zone into three parts from the perspective of
economic geology and the distribution of deposits. The southern part includes deposits of chromium, iron,
manganese, lead, zinc and copper, the middle part contains deposits of lead, zinc, silver, iron, manganese and
gold, and the northern part due to the presence of iron, gold, antimony and aluminium ores are essential. The
study area is located in the middle part of the Sanandaj-Sarjan zone, at the latitude of 32° 29.53' N and the
longitude of 50° 59.443" E (Alavi, 2004; Fig. 1). The north of Shahrekord was investigated to identify anomalies
of copper, gold, iron, cobalt, zirconium and lead (Hedayati Roshan, 2014). Also, Pb mineralization in the north of
Shahrekord has been studied by (Ahankoub et al., 2018). Nasiri (2017) studied the Fe-Cu mineralization in the
Hooreh area, north Shahrekord, but there is no report about Mn mineralization in this area. The present paper
provides an overview of the geological framework, the mineralization characteristics, and the geochemical
features of the Shurab Kabir Mn occurrence with an application for the ore genesis.

2- Materials and methods

A number of 73 samples of massive, layered and banded ores were collected in the field. In addition, 30 thin
sections and 12 polished-thin sections from host rocks and mineralized samples were studied by conventional
petrographic and mineralogical methods at the University of Payam-e-Noor of Shahrekord. In addition, XRF and
ICP-MS analyzed the least-altered five samples for major and trace elements and REE compositions at Binalood
laboratory, Tehran, Iran. Then all the data were processed and interpreted with GCDKit, Triplot and Excel
software.

3-Results and discussion

The host rocks at the Shurab Kabir area consist of metamorphic rocks before Permian, Permian limestone and
dolomite, Jurassic shale, marls, limestone, sandstone, conglomerate and volcanic rocks, Miocene-Pliocene
limestone and Quaternary terraces. Mn mineralization at Shurab Kabir occurs as NW-SE- trending lens, veins and
mass with different thicknesses of 3 to 5.5 meters with a length of more than 500 meters. The central part of
mineralization is inside the marble units and metamorphosed dolomites, and the part is at the boundary of the
layers.
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Dominant alteration is carbonation and silicification in the study area. Primary mineralization consists of
pyrolusite, psilomelane, and manganite with iron oxides and hydroxides formed by the hydrothermal fluid at the
primary stage. Also, silica and calcite veins are formed in the later hydrothermal stage.

4- Conclusions

According to all data, Mn mineralization in the Shurab Kabir area is the hydrothermal type. Based on
mineralography, pyrolusite, psilomelane, and manganite are the primary ore mineral, accompanied by minor
pyrite, hematite, magnetite and goethite. Quartz and calcite are present as gangue minerals at Shurab Kabir. The
ore minerals show disseminated laminated, banded, lenticular, massive vein-veinlet and replacement textures. The
primitive mantle normalized REE pattern of samples indicates partial enrichment of LREE compared to HREE.
Negative anomalies of Ce and Eu indicate the oxide and acidic nature of the hydrothermal fluids. Also,
enrichment of Sr, Pb, La, Ba and depletion in Rb, Th, Nb, Ce, Zr, and Ti of the samples compared to the primary
mantle refers to hydrothermal fluids. Therefore, based on the data, due to magmatic origin, Shurab Kabir Mn
mineralization was formed by hydrothermal activity. Also, tectonic and deformation processes have influenced
the morphology of the Mn mineralization in the study area.
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Table.1. Paragenesis of mineral association in Shurab Kabir.

Mineralogy Early stage Late stage
Pyrolusite ——
Psilomelane E———
Minerals Manganite e
Hematite ——
Goethite ——
Magnetite E—
Gangue Quartz I ——
Calcite *
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Table.2. Geochemical data of major, trace and rare earth elements for samples of the Shurab Kabir.

Sample Shurabl | Shurab 3 | Shurab 8 | Shurab9 | Shurab 12

SiO2 (wt%) 43.39 16.91 32.66 48.25 41.44
TiO; 0.57 0.1 0.2 04 0.18
Al,03 1.08 1.28 0.89 0.51 0.41
Feo03 12.36 16.84 17.8 10.45 12.72
MnO 33.13 36.08 34.03 33.43 315
MgO 3.34 1.18 1.82 1.19 1.74
Cao 0.75 26.35 10.14 0.26 10.68
Na,O 1.76 0.37 0.27 0.5 0.28
K20 1.24 0.32 1.21 248 0.59
P20s 0.12 0.37 0.34 0.18 0.31
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Table 2. Continued.

oo/ =Y Jgux
o] 2.26 2.31 1.94 134 377
Total 100 102.11 1013 98.99 103.62
MnO/Fe,0; | 2.68 2.14 191 3.20 2.48
Ba (ppm) 2474 238.9 305.3 255.2 216.1
Rb 85 39 37 2.9 2.8
Sr 1201 1123 1385 879 953
Zr 2 1 1 2 2
Nb 0.8 0.7 08 05 05
Ni 27 29 64 25 67
Co 17 28 43 11 52
Zn 83 138 155 58 162
Cr 32 21 26 23 25
La 50.9 75 89 21 83
Ce 30 42 39 33 45
Pr 14.45 181 193 6.8 189
Nd 60.28 83.1 85.3 245 84.7
Sm 11.12 184 19.8 4.27 194
Eu 2.81 31 35 0.95 32
Gd 11.67 186 19.2 9.39 189
Tb 1.82 2.1 26 153 25
Dy 10.74 10.2 111 6.7 108
Ho 1.03 2.8 31 151 2.8
Er 5.62 73 8.2 3.27 8.1
Tm 0.97 1.3 1.2 0.45 0.97
Yb 4.86 7.1 8.8 3.17 83
Lu 0.71 0.91 0.98 0.36 0.93
Y 53.8 772 85.4 25.4 82.1
Cs 0.6 08 0.9 0.7 1
Sc 32 26 39 1.8 38
Th 0.05 0.17 0.19 0.06 0.1
v 46 32 58 23 53
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Table 2. Continued.

oo/ =Y ooz
Pb 2240 2510 2166 1968 1626
Mo 0.5 13.6 3.3 0.5 51
Cu 349 514 259 5 551
As 2 85.8 71.6 5.9 94.7
Sh 0.88 11 0.95 0.81 0.86
Ag 0.26 20 21.6 0.35 13.3
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Fig. 5. Samples of Shurab kabir Mn mineralization in diagram, (a) SiO2vs. Al,O3 (Crerar et al., 1982), (b) binary
diagram Co/Zn vs. Co+ Cu+ Ni (Toth, 1980), (c) Fe- Mn-(CO+ Cu+ Ni)*10 (Bonatti, 1975), (d) Zn- Ni- Co (Toth,
1980), and (e) diagram MO — (Cu+ Zn) - (Ni+ Cr) (Hein et al., 1994).
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Fig. 6. (a) Primitive mantle normalized REE patterns (McDonough and Sun, 1995) for the Shurab Kabir Samples,
(b) Primitive mantle—normalized multi-elements patterns (McDonough and Sun, 1995) for the Shurab Kabir

samples.

Rb, Th, s Sas.4s 4 Sr, Pb, La, Ba Sus e e
4 adgl anie b anslie ,o aslllas 3,00 slaaiges ND, Ce ,Zr, Ti
Saiges 5l oael Cusay Wosls adS 5.ali o)l o)Ll Sle,S SVl
a5 Wil oSl Line b ol ) slacald 5 s 08 Ol e
L los S o852 o o5 blie Coons ay 00ig; Vb sledh > L
Sy a5 4 el (B argy S aalllan 050 dilaie &Sl 4 4z
@ e Ll @SS e (IS8 Se (Bl slaanl

ol 4l CBs GlanS ) - 4T g owie D90

18588 9 S

2080 008 5 S g ply oAl ctagn Chglae |
5 St pliated)l ) Ken alauly H5iils jeaige GBI Clizj)
3 0y Sl Ao 03 355 Bk gs (rizren 9l oo 1,03
Al 4 wdiin op)l5 wldime; dme prime oyl
oo 5yl allie jliny Gl @y e 4 o) (ole Sl aleal,
il a8l 1) S5 LS e

&5 4

i 0 S g 555e LS 55 0 plol el
kol Sl Gl @ Cuillie (laghiny ajelym sl
izan bl s CeisS 5 Capiled wiugiiKe Il sla SIS L ol yan
Sy Ngdoe o adlaie 3 albl S Gy 4 F)lsS g CondS
b s 6l 5 ek 51045, 5 dyiaoslys b olan el
Syge 4y ool ABboe 55 g ol b oolyen ks jpa>
S 51y 53 JLi G 9 035 Cgm) (S555) S gy
WSy owde Do 4 olials cwl 43 )T S cusles (ol ols
5 Senslss W Sal WlyyS age)y sleasly g0 slog g a5,
ol 00ls 5 Y 5 10 g Gl g e 00D (55 50 slaasly
g (Gl — o5, (olS UF O ype 4 alyals L el
St 515 5l polie a2k e sl 5 il 5 slooy
L awlis ;o LREE G Sob s g s adgl aieS L ens
b oS <Vl s & EU 5 Ce Lise Jbog] il o HREE
Dyl s 55 JLlS (S UK 5o gl 5 gueST Conle
&bw

Ahankoub, M., Keyvani, Z., Orangi, A.R., 2019. Investigation of lead mineralization in Jurassic deposits of Horeh

(north of Shahrekord) using geochemistry fluids inclusion and geophysics data.

Geology 8, 66-76.

Advanced Applied



Y

Yoo led Y 6,90 N Fe) sl oyt GOl (ol s T bl
% [ E S

Alavi, A., 2004. Regional stratigraphy of the Zagros fold-thrust belt of Iran and its proforeland evolution. American
Journal of Science 304, 1-20.

Azizi, H., Stern, R.J., 2020. Reply to comment on “Jurassic igneous rocks of the central Sanandaj—Sirjan zone
(Iran) mark a propagating continental rift, not a magmatic arc (Azizi and Stern, Terra Nova, 31, 415-423,
2019)” Terra Nova 32, 473-475.

Bonatti, E., 1975. Metallogenesis of spreading centers. Annual Review of Earth and Planetary Sciences 3, 401-431.

Bonyadi, Z., Ghorbani, S., 2015. Mineralography studies of Hanshek manganese iron ore, Fars province. 7%
conference of Iranian Economic Geology Association.

Choi, J.H., Hariya, Y., 1992. Geochemistry and depositional environment of Mn oxide deposits in the Tokoro belt,
northeastern Hokkaido, Japan. Economic Geology 87, 1265-1274.

Crerar, D.A., Namson, J., Chyi, M.S., Williams, L., Feigenson, M.D., 1982. Manganiferous cherts of the
Franciscan Assemblage: 1. General geology, ancient and modern analogues and implications for
hydrothermal convection at oceanic spreading centers. Economic Geology 77, 519-540.

Davoudian, A., Genser, J., Neubauer, F. and Shabanian, N., 2016. “° Ar/* Ar mineral ages of eclogites from North
Shahrekord in the Sanandaj—Sirjan Zone, Iran: Implications for the tectonic evolution of Zagros orogen.
Gondwana Research 37, 216-240.

Ghorbani, M., 2012. Economic Geology of Iran, mineral deposits and natural resources of Iran, 3" edition,
Springer. P .522.

Glashy, G.P., 1997. Fractionation of manganese from iron in Archean and Proterozoic sedimentary ores. In: K.
Nicholson, J.R. Hein, B. Buhn, and S. Dasgupta (Eds.), Manganese mineralization: Geochemistry and
mineralogy of terrestrial and marine deposits. Geological Society of London, Special Publication 119, pp.
29-42.

Hedayati Roshan, M., 2014. Final report of the identification of mineral resources in Markadeh area (Chaharmahal
and Bakhtiari province) with an area of 500 square kilometers, pp. 348.

Hein, J.R., Gibbs, A.E., Clague, D.A., et al., 1996. Hydrothermal mineralization along submarine rift zones,
Hawaii. Marine Georesources & Geotechnology 14, 177-203.

Hein, J.R., Koschinsky, A., Halbach, P., et al., 1997. Iron and manganese oxide mineralization in the Pacific. In:
Nicholson, K., Hein, J. R., Buhn, B., et al., eds., Manganese mineralization: Geochemistry and mineralogy
of terrestrial and marine deposits. Geological Society Special Publication 123-138.

Hein, J.R., Schulz, M.S., Gein, L.M., 1992. Central Pacific cobalt rich ferromanganese crusts: Historical
perspective and regional variability. In: Keating, B. H., Bolton, B. R., eds., Geology and Offshore Mineral
Resources of the Central Pacific Basin. Springer-Verlag, Berlin, pp. 261.

Hein, J.R., Yeh, HW., Gunn, S.H., Gibbs, A.E., Wang, C.H., 1994. Composition and origin of hydrothermal
ironstones from central Pacific seamounts. Geochimica et Cosmochimica Acta 58, 179-189.

Holtstam, D., Mansfeld, J., 2001. Origin of a carbonate-hosted Fe-Mn-(Ba-As-Pb-Sb-W) deposit of Langban-type
in central Sweden. Mineralium Deposita 36, 641-657.

Ingram, B.L., Hein, J.R., Farmer, G.L., 1990. Age determinations and growth rates of Pacific ferromanganese
deposits using strontium isotopes. Geochimica et Cosmochimica Acta 54, 1709-1721.

Jach, R., Dudek, T., 2005. Origin of a Toarcian Manganese carbonate/silicate deposit from the Krizna Unit, Tatra
Mountains, Poland. Chemical Geology 224, 136-152.

Kazemi Rad, M., Rastad, I., Mohajjel, M., 2014. Mineralization of manganese iron in dolomites equivalent to
Shatri Formation in the northeast of Dehbid, Sanandaj - South Sirjan, Fars province. Crystallography and
Mineralogy 94, 369 — 382.

Khan, M. A., Kakar, M. I, Ulrich, T., Ali, L., Kerr, A.d., Mahmood, K., Siddiqui, R.H., 2020. Genesis of
manganese deposits in the Ali Khanzai block of the Zhob ophiolite, Pakistan: Inferences from
geochemistry and mineralogyth Science 31, 884-895.

Klinkhammer, G.P., Elderfield, H., Elderfield, H., Edmond, J.M. Mitra, A., 1994. Geochemical implications of
rare earth element patterns in hydrothermal fluids from mid-ocean ridges. Geochemica et Cosmochimica
Acta 58, 5105-5113.

Kosari, S., 1990. Geochemical explorations of the northern Shahrekord, geological survey and mineral exploration
of Iran.

Kuhn, T., Bau, M., Blum, N., et al., 1998. Origin of negative Ce anomalies in mixed hydrothermal-hydrogenetic
Fe-Mn crusts from the Central Indian ridge. Earth and Planetary Science Letters 163, 207— 220.

Mc Donough, W.F., Sun, S.S., 1995. Composition of the Earth. Chemical Geology 120, 223-253.

Mohamadi, Z., 2019. Petrology and geochemistry of Ghasem abad magmatic rocks, Msc. thesis, Payam Noor
University.



Y

Yoo led Y 6,90 N Fe) sl oyt GOl (ol s T bl
% [ E S

Moin Waziri, H., 2019. Tavaklan manganese deposit in Kurdistan province: A rare process of manganese
mineralization. Crystallography and Mineralogy of Iran 27, 411-422.

Mucke, A., Dzigbodi Adjimah, K., Annor, A., 1999. Mineralogy, petrology, geochemistry and genesis of the
paleoproterozoic Birimian manganese formation of Nsuta/Ghana. Mineralium Deposita 34, 297-311.
Nabatian, Gh., Rastad, E., Neubauer, F., Honarmand, M., Ghaderi, M., 2015. Iron and Fe—Mn mineralisation in
Iran: Implications for Tethyan metallogeny, Australian Journal of Earth Sciences: An International

Geoscience Journal of the Geological Society of Australia 62, 211-241.

Naderi, A., Nabatian, Gh., Honarmand, M., Kouhestani, H., 2020. Geology and genesis of Halab Mn deposit, SW
Zanjan. Geoscience Journal 29, 207-218.

Nasiri, M., 2016. Geological study and origin of iron veins of Qaleh Mahdia mine, Msc. thesis, Shahrekord
University, Shahrekord, Iran.

Nicholson, K., 1992. Contrasting mineralogical-geochemical signatures of manganese oxides: Guides to
metallogenesis. Economic Geology 87, 1253-1264.

Oksiiz, N., 2011. Geochemical characteristics of the Eymir (Sorgun-Yozgat) manganese deposit, Turkey. Journal
of Rare Earths 29, 287-296.

Polgéri, M., Hein, J.R., Vigh, T., Szab6é-Drubina, M., Forizs, 1., Bir6, L., Miller, A. and Téth, A.L., 2012.
Microbial processes and the origin of the Urkat manganese deposit, Hungary. Ore Geology Reviews 47,
87-109.

Rogers, T.D.S., Hodkinson, R.A., Cronan, D.S., 2001. Hydrothermal manganese deposits from Tonga-Kermadec
ridge and Lau Basin region, southwest Pacific. Marine Georesources and Geotechnology 19, 245268.

Roy, S., 1992. Environments and processes of manganese deposition. Economic Geology 87, 1218-1236.

Roy, S., 1997. Genetic diversity of manganese deposition in the terrestrial geological record. In: Nicholson, K.,
Hein, J. R., Buhn, B., et al., eds., Manganese mineralization: Geochemistry and mineralogy of terrestrial
and marine deposits. Geological Society of London Special Publication 119, 5-27.

Sabatino, N., Neri, R., Bellanca, A., Jenkyns, H.C., Masetti, D. Scopelliti, G., 2011. Petrograohy and high-
resolution geochemical records of lower Jurassic manganese-rich deposits from Monte Mangart, Julian
Alps. Petrography Palaeoclimatology Palaeoecology 299, 97-109.

Shabanian, N., Davoudian, A.R., Dong, Y., Liu, X., 2018. U-Pb zircon dating, geochemistry and Sr-Nd-Pb isotopic
ratios from Azna-Dorud Cadomian metagranites, Sanandaj-Sirjan zone of western Iran. Precambrian
Research 306, 41-60

Stocklin, J., 1968. Structural history and tectonics of Iran: A review. American Association of Petroleum
Geologists Bulletin 52, 1229-1258.

Stocklin, J., Nabavi, M.H., 1973. Tectonic Map of Iran 1:2,500,000. Geological Survey of Iran.

Toth, J. R., 1980. Deposition of submarine crusts rich in manganese and iron. Geological Society of America
Bulletin 91, 44-54.

Usui, A., Someya, M., 1997. Distribution and composition of marine hydrogenetic and hydrothermal manganese
deposits in the northwest Pacific. Geological Society, London, Special Publications 119, 177-198.

Whitney, D.L., Evans, B.W., 2010. Abbreviations for names of rock-forming minerals. American Mineralogist
95,185-187.

Zahedi, M., Rahmati —llkhchi, M., Vaezipour, J., 1992. Geological map of Shahrekord (1/250000). Geological
Survey of Iran, Tehran Iran.

Zarasvandi, A., Lentz, D., Rezaei, M., et al., 2013. Genesis of the Nasirabad manganese occurrence, Fars province,
Iran: Geochemical evidences. Geochemistry 73, 495-508.


https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&pto=aue&rurl=translate.google.com&sl=fa&sp=nmt4&u=https://www.sid.ir/fa/journal/SearchPaper.aspx%3Fwriter%3D3844&usg=ALkJrhhN3BHpBCjEFDr_Dy-k6qL_h1fw0g
https://translate.googleusercontent.com/translate_c?depth=1&hl=en&prev=search&pto=aue&rurl=translate.google.com&sl=fa&sp=nmt4&u=https://www.sid.ir/fa/journal/JournalList.aspx%3FID%3D1036&usg=ALkJrhjTHr04O1PzfS4bczql_hj0_98NVQ
http://www.gsjournal.ir/?_action=article&au=247949&_au=Ghasem++Nabatian&lang=en
http://www.gsjournal.ir/?_action=article&au=248163&_au=Maryam++Honarmand&lang=en
http://www.gsjournal.ir/?_action=article&au=243344&_au=Hossein++Kouhestani&lang=en

