Vol. 14, No. 3, 2022, pp. 95-121

ISSN (Print): 2008-7306  ISSN (Online): 2423-5865

Journal of Economic Geology

KA i

https://econg.um.ac.ir

RESEARCH ARTICLE

@ 10.22067/ECONG.2021.76082.1043

Geochemical and mineralogical evidence on genesis of the Kal-Baneh Mn deposit,
north-west of Jiroft, Kerman province

Mohammad Hossein Sedghi Deh Ziyari *

, Balandeh Aminzadeh %~

1 M.Sc. Student, Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran
2 Assistant Professor, Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran

ARTICLE INFO

ABSTRACT

Avrticle History

Received:
Revised:
Accepted:

06 April 2022
09 November 2022
09 November 2022

Keywords
mineralogy
geochemistry
Kal-Baneh

Mn deposit

Jiroft
Sanandaj-Sirjan zone

* Corresponding author

Balandeh Aminzadeh
& aminzadeh85@uk.ac.ir

The Kal-Baneh Mn deposit is located 56 km northwest of Jiroft city in
the southeast of the Sanandaj-Sirjan Zone. The ore mineralization occurs
as layered, banded, massive, and disseminated textures within
radiolarian cherts of the upper parts of the Esfandaghe ophiolitic
complex. The mineralogy is simple and ores consist mainly of pyrolusite
and braunite, with trace amounts of hausmannite and hematite. The main
gangue minerals are quartz and calcite. Geochemical evidence,
including relatively high Mn/Fe (mean=89.39), Si/Al ratios (mean=20),
Ba concentrations (mean=842.3 ppm), the low contents of Cu
(mean=92.07 ppm), Ni (63.38 ppm), Co (mean=13.04 ppm), Zn
(mean=68.15 ppm), total REE (28.1-96.13 ppm), negative Ce (Ce/Ce*:
0.3-0.7), slightly positive Eu (Eu/Eu*: 0.64-1.35) anomalies, the REE
pattern of ore samples, and geochemical data reveal a distal
hydrothermal-exhalative source and indicate the combination of
hydrothermal solutions with seawater. Geochemical signatures, the
geometry of orebodies, the nature of the host rock, mineralogy, and the
textural features of the manganese ores are consistent with the
submarine hydrothermal-hydrogenous Mn deposits.
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EXTENDED ABSTRACT

Introduction

In the submarine environment, Mn-oxide deposits
are classified as hydrogenic, diagenetic, and
hydrothermal mineralization corresponding to
various processes of formation, rate of precipitation,
host rocks, geochemical characteristics, and
manganese sources in deposits (Oksliz, 2011; Polgari
etal., 2012; Bau et al., 2014). The hydrogenetic iron-
manganese deposits have been slowly precipitated
from seawater (2-10 mm/Ma) (Oksiiz, 2011) and
consist of polymetallic Fe-Mn crusts. These deposits
may be identified by rather high concentrations of
trace elements in Mn ores (e.g., Co, Ni, Cu, Mo and
Zn) (Choi and Hariya, 1992; Hein et al., 1997;
Pelleter et al., 2017). Diagenetic Mn deposits are
considered to be a result of buried Mn—oxyhydroxide
and occur as nodules. In the burial diagenetic
processes, Mn—oxyhydroxide is reduced to Mn?* and
bicarbonate is derived from the oxidation of organic
carbon (Wu et al., 2016). In such a process, the Mn
carbonates (e.g., rhodochrosite; Polgari et al., 2012)
are hosted in black shales. Mn-oxide deposits have
been precipitated from hydrothermal fluids which
generally contain a low concentration of trace
elements (Choi and Hariya, 1992; Hein et al., 2008).
Although hydrothermal Mn—oxide deposits occur as
distal of a massive sulfide ore deposit, they show
slightly anomalous contents of trace elements (Hein
et al., 2008; Pelleter et al., 2017).

The Kal-Baneh Mn deposit is located in the
southwest of the Kerman Province, Iran, around 56
km north-west of Jiroft city and 245 km southwest of
Kerman in the Sanandaj-Sirjan Zone (Fig. 1). The
Sanandaj-Sirjan Zone is one of the main
metallogenic provinces in Iran. It hosts several
massive sulfides, manganese and ferromanganese
deposits. The majority of these deposits are hosted
by the Late Triassic to Middle Cretaceous ophiolites.
So far, no investigation has been reported on the Kal-
Baneh Mn deposit. Nevertheless, petrological studies
have been carried out on the southeast margin of the
Sanandaj-Sirjan Zone (Sabzehei, 1974; Sabzehei and
Youssefi, 2000; Mohajjel and Fergusson, 2000).

In this study, we describe the geological and
mineralogical data for the Kal-Baneh Mn-oxide
deposit in detail and the textural and structural
characteristics of the ore minerals. Major, trace, and
rare earth element (REE) contents in ore samples

were determined. The present study aims to
recognize the origin of the deposit and mineralization
processes.

Materials and methods

During the fieldwork, more than 90 hand specimens
of oxide ores were collected from the Kal-Baneh Mn
deposit. 30 polished thin sections of representative
ore samples were prepared for petrographic study to
establish textures and mineral assemblages of the
orebodies. They were investigated by transmitted
and reflected light microscopy. 6 samples were
analyzed by X-Ray diffraction (XRD) at the Zar
Azma Company, Tehran. 13 representative ore
samples were crushed by agate mortar. The chemical
composition of Mn ores was determined by
inductively coupled plasma mass spectrometry (ICP-
MS).

Results

Strata-bound Mn-oxide mineralization in the Kal-
Baneh deposit is hosted by radiolarian cherts from
the ophiolitic complex. The main primary ore
minerals are pyrolusite and braunite, with trace
hausmannite and hematite. ~The chemical
compositions of both Mn ores are given in Tables 1
and 2. Previous studies have reported that among the
major oxides, Mn, Fe, Al, Ti, and Si contents are
used to discriminate the origin of Mn ores (Karakus
et al., 2010; Zarasvandi et al., 2013; Sasmaz et al.,
2014; Maghfourietal., 2017). Table 1 shows that the
studied ore samples have Mn contents ranging from
13.18 to 51.8 wt.% (mean=39.7 wt.%), Fe from 0.17
to 2.84 wt.% (mean=0.89 wt.%), Si from 3.8 to 25.6
wt.% (mean=11.76 wt.%), and Al from 0.2 to 4.1
wt.% (mean=1.33 wt.%). All studied ores are
characterized by  relatively high  Mn/Fe
(mean=89.39) and Si/Al ratios (mean=20). > REE
contents of Mn-ores range from 28.1 to 96.13 ppm.
The ores studied are characterized by negative Ce
anomaly (0.3-0.7) and weak positive Eu anomaly
(0.64-1.35).

Discussion

The high value of Mn/Fe can be applied as a
discrimination factor between manganese deposits.
For the studied ores, this ratio varies between 4.64 -
290.53 (mean=89.39) and is comparable with the
characteristics of hydrothermal deposits, as defined
by Nicholson et al. (1997). All studied samples are
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characterized by relatively high Mn/Fe ratios
comparable with that of hydrothermal Mn deposits,
as fractionation of Mn and Fe during hydrothermal
transport and mineralization (Xie et al., 2013).
Si/Al ratios of the studied samples range from 2.15
to 102.5 (mean= 20) and are comparable to those of
hydrothermal exhalative Mn deposits (Sasmaz et al.,
2014; Wu et al., 2016).

The chemical composition of Mn ore samples
compared with different types of Mn deposits in the
diagrams of Si-Al (Choi and Hariya, 1992), (Co+Ni)-
(As+Cu+Pb+V+Zn) (Nicholson, 1992), Co-Ni-Zn
(Choi and Hariya, 1992), Fe-Mn-(Ni + Co + Cu)
x10 (Hein et al., 1994), Ce-Zr (Vereshchagin et al.,
2019), Ce-(Co + Ni + Cu)/1000 and (Ce/Ce*),-Nd
(Sasmaz et al., 2020) are similar to those of
hydrothermal Mn deposits. The REE patterns in the
oxide ores from the Kal-Baneh deposit are similar to
hydrothermal Mn deposits.

The total REE (XREE) contents in the studied
samples vary from 28.1 to 96.13 ppm and are
characterized by the relative enrichment of LREE/

HREE ratios (Table 2). The low REE contents of ore
samples from the Kal-Baneh deposit is compared
with hydrothermal Mn deposits (Xie et al., 2013).
The Ce/Ce* and Eu/Eu*values of Mn oxide ores
collected from the study deposit vary from 0.3 t0 0.7
and 0.64 to 1.35, respectively. Negative Ce anomaly
is the most common characteristic of hydrothermal
manganese deposits (Bau et al., 2014). The Mn ore
samples have negative Ce anomalies within the Kal-
Baneh deposit. The Eu anomalies depend on the
temperature of the hydrothermal fluids and the
proximity to the hydrothermal source. Large positive
Eu anomalies are recognized in high-temperature (>
250 °C) hydrothermal systems at mid-ocean ridges
and back-arc spreading centers (Bau and Dulski,
1996; Bau and Dulski, 1999).

Some evidence such as negative Ce anomaly, weak
positive Eu anomaly, absence of Fe minerals, and
high value of Mn/Fe ratios in the Kal-Baneh deposit
support a distal source for the hydrothermal
exhalations that are contributions ofboth
hydrothermal and hydrogenous processes.
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Fig. 4. A, B and C: The views of the manganese layers are concurrent with the radiolarian chert unit, and D: Photograph

of the Kal-Baneh Mn deposit
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Fig. 5. Photographs of the main ore mineral textures in the Kal-Baneh Mn deposit. A and B: Massive ore, C and D:
Disseminated texture, E: Banded manganese ore, and F: Manganese ore layer

DOI: 10.22067/ECONG.2021.76082.1043 Yoooled AF 005 AP Y (alasdl wlid e

A


https://doi.org/10.22067/ECONG.2022.76082.1043

z .
. @—J{}S;A )Lwalf u:cﬂ‘-l: B wu&l{} &wdfj M‘}:}' a}‘j‘;,:ﬁ‘ K 6)[1)'35 @M

Evensen et ) ol CuydiS Lodls Hloigs polas odiaslis el YAN= AN PPM ) 3590 sl ses 53, REE
Sl Kl gladi gas 53 EU 5 Ce sls JL 5T (0l 1978 Ce la Loyl auloms gl cLinss ol 53 (Y Jpu)
o) L acales VYO B o /PF 5 VB /¥ L s aau— S CelCe* sladse I e 5 « EU (EU/EU*) 5 (Ce/Ce*)
Y EU/Eu* = Eun/(Smn x Gdn)Y? 3= Cen/(Lan x Pry)Y?

N Jse ol s (Taylor and Mclennan, 1985) . o5l

€ glanS ) s B iglos s CabbCuidym A Ly - S LS )3 balS Sk sdiasOli Sl o Sy Sen (sla g 1 S
L{G‘MQ)‘Yﬁbb‘g\»M}J&&}b&ﬂjQﬁZF_;C.:J_;U{Qa‘ﬂ@j)}ﬁ:lE}D 4¢§}|j@)ﬂ;wl{alﬁ.¢ &.45‘)@_})}]3:
Pi K MN (sl 1Bra) ol sas uLssl (Whitney and Evans, 2010) il 5 sy 5l S s ez e 5K gla SIS

.(h"—ﬂ)y‘}ib‘) Rad “"_.‘v.jj.‘}m

Fig. 6. Representative photomicrographs in reflected light showing ore textures of ores in the Kal-Baneh Mn deposit. A:
Pyrolusite with massive texture, B: Pyrolusite veinlet, C: Pyrolusite veinlet containing minor amounts of braunite, D and
E: Pyrolusite association with braunite, and F: Radiolarian fossil-bearing bedded chert associated with Mn minerals.
Abbreviations after Whitney and Evans (2010) (Bra: Braunite, Pi: Pyrolusite, Mn: Manganese, Rad: Radiolarian fossil).
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Table 1. Major (in weight percent) and trace elements data in ore samples from the Kal-Baneh deposit. (S.N: Sample
number, O.T: Ore texture, B: banded, D: disseminated, L: laminated, and M: massive)

SN D1 K1 Kb5 K6 K7 K8 KI10 K12 516 S23 S24 S$25 K-=20
Si 187 53 61 88 38 69 256 146 132 205 39 64 190
Ti 007 002 00l 00l 003 009 019 00l 005 001 001 003 007
Al 22 07 03 04 12 32 41 03 18 02 03 07 20
Fe 098 038 066 017 053 083 284 24 072 025 037 044 1
Mn 282 47.87 4658 494 5078 42.86 13.18 32.23 239.03 37.67 47.89 518 28.74
Mg 063 023 034 012 031 054 025 078 061 005 029 027 066
Ca 446 531 156 102 196 175 105 255 389 082 453 292 397
Ba 1000 247 199 130 4100 202 112 35 793 462 900 800 1000
Ni 63 29 197 40 43 43 35 112 34 49 45 69 65
Co 124 37 69 144 307 141 7 30 105 31 166 75 127
V 12 12 14 13 13 35 17 26 10 26 11 12 12
zZr 24 11 25 6 24 36 4 6 20 25 71 21 24
Cu 78 234 189 31 8 12 24 22 238 76 41 91 76
Pb 5 4 21 3 21 1 5 05 8 19 05 2 5
Zn 54 55 177 92 68 77 28 81 55 32 45 67 55
As 149 3193 1139 410 3126 2436 82  60.8 2537 2733 3897 223 149.9

Mn 287 1259 7057 260 S56L 5163 4640 1342 5420 1506 1294 117 2874
Fe
SI 85 TS7L 2033 22 3166 215 6243 4866 733 1025 13 914 95
% b L B M M L D M L L L L D
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Table 2. Rare earth elements in the Kal-Baneh Mn deposit (ppm) (S.N: Sample number, O.T: Ore texture, B: banded, D:
disseminated, L: laminated, and M: massive)

S.N D1 K1 K5 K6 K7 K-8 *1(0 '1(2 S-16 S-23 S-24 S-25 '2<0
La 20 19 11 15 25 14 14 19 23 10 12 15 20
Ce % 20 4 7 1 7 15 9 18 3 4 15 16
Pr 277 336 083 108 326 14 225 273 324 026 051 177 285
Nd 199 264 125 141 217 154 189 20 232 103 116 156 211
Sm 384 526 134 226 535 209 31 27 392 075 147 304 42
Eu 108 137 033 08 21 08 098 093 1 035 065 1 111
Gd 325 73 184 257 419 276 324 256 461 095 15 318 3.49
Tb 052 09 038 046 067 043 053 04 058 022 031 053 0.54
Dy 355 541 241 344 518 311 294 237 404 09 151 38 3.64
Er 187 321 161 271 332 203 169 138 233 043 101 232 194
Tm 032 045 028 044 049 035 025 025 037 013 019 036 036
Yb 2 3 2 27 31 16 15 17 24 06 12 26 21
Lu 038 047 036 048 055 038 031 033 041 018 025 04 042
REEL 137 1038 698 623 956 915 142 146 130 181 112 888 o0
TREE 755 9613 o8 531 909 513 646 633 o7y 59 362 eas L7
8 1 7 9 5 5
Ce/Ce* 052 061 032 042 043 038 065 030 050 045 039 070 051
EWEu* 093 067 064 11 135 104 094 108 071 126 133 098 0.88
oT D L B M M L D M L L L L D
Keuls s 5 K5 ) MNVFE o 10 o3l G

Ol jao 030 o 3 5 go 3Ll 55n (sl ,LuslS”
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Fig. 7. Correlation diagrams between Mn, A: Fe, B: Al, and C: Ti in ore samples from the Kal-Baneh deposit
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In the Kal-Baneh mining district, the fractionation of Mn and Fe has occurred due to the solubility of Mn in wide Eh-pH
ranges during the migration of the solution.
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