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Fig. 1. Geographical location and access roads to Joun Abad manganese deposit

1. Pinch and Swell
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Fig. 2. Tectonic map of Iran and location of Joun Abad manganese deposit in the Eastern Iran Flysch Zone. AA:
Anatolian-Armenian Block, AMC: Anarak Metamorphic Complex, KDF: Kopet Dagh Foredeep, MZT: Main Zagros
Thrust (modified from Yarahmadzahi et al. 2016)
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Fig. 3. Part of geological map (1:100,000 scale) of Taftan and location of Joun Abad manganese deposit (Mehrpartou

and Padyar, 1984)
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Fig. 4. A: Mn layer in the form of Pinch and Swell, B: Mineralization with the same direction as the host rock, C:
Mineralization on top jasperoid layer, and D: Red shale ore unit in hand specimen scale in Joun Abad Mn deposit. Mn:
Manganese Ore, Qz: Quartz, RSh: Red Shale, Jas: Jasperoid, (symboles from Whitney and Evans, 2010).
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Table 1. The results of minerals identification using XRD method in Joun Abad Mn deposit

Sample Sample type Major phase Minor phase
J1 Manganese layer Quartz Braunite, Barite
J4 Manganese layer Braunite Quartz
Js Manganese layer Braunite Barite, Quartz
Js Manganese layer Braunite, Quartz Calcite
J7 Manganese layer Braunite, Quartz Barite
Js Manganese layer Braunite Quartz
Ju Manganese layer Braunite Quartz, Barite
Jiz Manganese layer Braunite Quartz, Hematite, Barite
Ji3 Manganese layer Braunite Barite, Hematite
Ji6 Manganese layer Braunite, Pyrolusite Quartz
Ji7 Manganese layer Braunite Barite
Jio Manganese layer Braunite Quartz, Hematite
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Fig. 5. Microphotographs of primary and secondary ore minerals in Joun Abad Mn deposit. A: Decay and finally
replacement of Braunite to Psilomelane, B: View of massive braunite with light color, C and D: Intergrowth of braunite

and rhodochrosite, and E: Transitional replacement of Braunite to Pyrolusite. Bra: Braunite, Ps: Psilomelane, Rds:
rhodochrosite, Pi: Pyrolusite, Abbreviations after Whitney and Evans (2010)
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Table 2. Major element composition of Joun Abad manganese ore samples using XRF method (values are in percent)

Sample J1 J2 J3 Ja Js Jo J7 Js Jo J10 Jn Ji2

SiO2 46.06 22.52 1893 13.7 7.16 36.62 338 173 31.13 21.43 1148 25.14
TiO: 0.02 006 005 0.03 002 0.04 002 0.05 0.04 0.04 0.04 0.04
ALO3 08 401 365 164 076 297 0.12 343 3.07 2.88 1.86  1.51
FeOt 504 883 783 233 362 624 239 694 5.79 5.51 3.09 531
MnO 38 43.1 53.15 63.03 60.03 46.28 32.18 4598 51.89 52.12 6449 47.66
MgO 0.2 045 042 024 023 039 0.2 0.32 0.38 0.33 0.34 0.26
CaO 3 821 4.67 411 357 419 138 885 6.31 6.55 4.8 5.32
Na.O 0.06 0.1 0.1 0.1 0.18 0.1 0.06 0.14 0.3 0.1 0.15 0.08
| (€10 0.02 0.14 025 0.1 0.04 004 0.03 0.05 0.01 0.04 0.02 0.05
P20s 0.04 009 003 005 0.11 0.05 0.05 0.06 0.05 0.05 0.13  0.11
L.O.I 3.41 818 4.67 11.87 21.82 298 2381 14.03 0.58 4.44 12.6  13.05
SUM 96.71 95.69 93.75 97.20 97.54 9990 94.04 97.15 99.55 93.49 99  99.53
Mn:Fe 7.51 487 6.76 2697 16.54 739 13.40 6.61 8.93 9.43 20.81 8.94

Sample Ji3 Ju4 J1s J16 J17 J1s J19 J20 Min. Max. Ave.
SiO: 21.31 33.16 3.89 3291 199 21.02 1022 39.14 7.16 46.06 2334
TiO: 0.03 0.06 0.02 005 003 003 003 0.02 0.02 0.06  0.04
ALO3 1.84 3.6 0.11 266 1.66 1.19 029 008 0.08 4.01 1.91
FeO« 258 803 093 672 256 199 274 187 0093 8.83 452
MnO 664 51.68 7334 3584 51.72 558 67.19 3289 32.18 7334 51.64
MgO 031 046 0.21 03 027 03 027 022 0.2 046  0.31
CaO 404 158 239 586 4.93 4 236 1.51 1.38 8.85 438
Na20 0.11  0.07 0.16 053 029 013 0.12 0.04 0.04 053  0.15
KO 0.03 0.04 0.03 002 006 002 004 0.02 0.0l 025  0.05
P20s 0.11  0.09 0.03 0.06 005 004 005 0.07 0.03 0.13  0.07
L.O.1 2.15 1.02 1649 145 1634 1598 1563 233 1.02 233 13.1
SUM 9891 99.79 97.6 9945 97.81 1005 9894 99.16 97.6 100.55 99.06

Mn:Fe 2559 641 78.89 532 20.13 27.88 24.43 17.57 4.87 78.89 17.22
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ore samples are plotted in the field of hydrothermal deposits.
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are plotted in the field of hydrothermal deposits.



olaidl ulisips O 5 lies, ¥

Hydrothermal

Co:Zn[ppm]

M Joun Abad Deposit

a 2000 4000 6000 8000
Ni+Co+Cu (ppm)

S8 e )T 155 sngamme 45 ollsr 55 LS lsails slaaiges (Toth, 1980) CorCu+Ni Llis ,o CO:Zn bss logas AY JSi

ailass 8
Fig. 12. Binary diagram of (Co:Zn)-(Ni+Co+Cu) (Toth, 1980), Joun Abad Mn deposit ore samples are plotted in the
field of hydrothermal deposits.

Zn

m Joun Abad Deposit

Hydrothermal

Hydrogenous

Ni Co
I3 oo S plsd Cmbae j0 oblye> 5iKie ,LuilS lsails slaaises (Choi and Hariya, 1992) Co-Ni-Zn U aw ,loges I¥ S5
ilass 8

Fig. 13. Co-Ni-Zn ternary diagram (Choi and Hariya, 1992), Joun Abad Mn deposit ore samples are plotted in the field
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Table 3. Trace element composition of Joun Abad manganese ore samples using ICP-OES method (values are in ppm)

Sample J1 J2 J3 Ja Js Jo J7 Js
Pb 0.7 2 1.5 4.7 4.3 4.1 3.8 4.9
Ba 298 454 626 1240 408 898 1630 2290
Co 41.5 35.2 24.7 27.3 10.6 7.9 28.8 32.6
Ga 10.6 12.3 8.07 18.9 2.74 10.2 14.3 19.8
Hf 1.33 1.03 0.43 2.27 0.04 0.02 0.02 0.24
Nb 0.9 0.8 0.5 0.4 1.1 0.5 0.5 0.8
Rb 24.7 16.2 2.7 31.7 5.3 0.5 3.7 10.8
Sr 76.3 85 684 1190 942 275 380 546
Ta 0.33 0.32 0.5 1.26 1.23 0.38 0.35 0.8
Th 0.37 0.18 0.02 0.23 0.04 0.02 0.02 0.63
U 0.5 0.21 0.08 0.32 0.46 0.51 0.33 0.28
v 32 68 153 236 197 72 7 47
W 0.2 0.2 0.1 1.5 0.8 4.9 2.7 3.1
Zr 19 23 10 50 1 1 1 9
Y 11.8 16.5 13.4 42.6 5.44 8.95 15.7 12.5
Mo 0.5 0.1 0.1 0.4 1 1.7 2.4 1
Cu 110.4 9.35 102.4 531.4 10.8 420 200.8 283.7
Zn 59.7 73.8 39.7 126 27.4 92.3 123 124
Ni 113 28 47 74 198 62 54 23
As 47 66 97 287 162 66.1 42.1 138
Tl 0.3 0.2 0.1 0.3 0.1 0.1 0.1 0.1
Cs 1.4 0.8 0.1 0.7 0.1 0.1 0.1 0.1
Be 0.2 0.3 0.3 1.1 0.2 0.5 0.5 1.2
Ge 1.06 1.07 1.28 9.84 0.05 6.2 5.81 11.4

Co:Zn 0.7 0.48 0.62 0.22 0.39 0.09 0.23 0.26

Co:Ni 0.37 1.26 0.53 0.37 0.05 0.13 0.53 1.42
(Cot+Cu+Ni) 264.9 72.55 174.1 632.7 219.4 489.9 283.6 339.3
V:(V+Ni) 0.22 0.71 0.77 0.76 0.5 0.54 0.11 0.67

Sample Jo J1o Jn Ji2 Min. Max. Ave
Pb 4 7 4.2 6 0.7 7 4
Ba 2280 2170 896 2193 298 2290 1282
Co 25 33 8 31 7.9 41.5 25.47
Ga 14 17 11 16 2.74 19.8 12.91
Hf 0.23 0.2 0.02 0.2 0.02 2.27 0.50
Nb 0.6 0.7 0.5 0.7 0.4 1.1 0.67
Rb 9 11 2.5 11 0.5 31.7 10.76
Sr 950 860 1325 684 76.3 1325 666.44
Ta 0.4 0.7 0.3 0.6 0.3 1.26 0.60
Th 0.02 0.75 0.03 0.64 0.02 0.75 0.25
U 0.3 0.45 0.51 0.41 0.08 0.51 0.36
\Y% 50 53 257 52 7 257 102
W 4 4.5 4.3 4.5 0.1 4.9 2.57
Zr 10 12 2 12 1 50 12.50

Y 14 17 9 17 5.44 42.6 15.32
Mo 1.5 2 1.9 1.7 0.1 2.4 1.19
Cu 273 257 415 260 9.35 531.4 239.49
Zn 125 130 95 131 27.4 131 95.58
Ni 38 27 187 40 23 198 74.25
As 78 123 284 119 42.1 287 125.77
Tl 0.1 0.1 0.1 0.1 0.1 0.3 0.14
Cs 0.1 0.1 0.1 0.1 0.1 1.4 0.32
Be 1 1.5 1 1.3 0.2 1.5 0.76
Ge 9 7 6.5 6 0.05 11.4 5.43
Co:Zn 0.2 0.25 0.08 0.24 0.08 0.7 0.31
Co:Ni 0.66 1.22 0.04 0.78 0.04 1.42 0.61
(Co+Cu+Ni) 336 317 610 331 72.55 632.7 339.20
V:(V+Ni) 0.57 0.66 0.58 0.57 0.11 0.77 0.55
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Table 4. Rare earth element composition of Joun Abad manganese ore samples using ICP-MS method (values are in

ppm)

Sample J1 J2 J3 J4 Js Je J7 Js
La 7 8.84 6.85 2.7 8.15 4.39 7.43 7
Ce 2.18 5.18 4.96 1.4 4.39 2.53 2 4.19
Pr 0.68 0.88 0.72 1.7 1.58 0.92 0.61 1.45
Nd 3.5 4.64 3.84 4.2 6.2 1.41 2.88 5.93
Sm 1.22 1.37 1.04 1.39 1.08 0.48 0.45 1.04
Eu 0.52 0.55 0.39 0.27 0.3 0.22 0.42 0.47
Gd 1.27 1.72 1.35 1.92 1.39 1.87 1.2 1.36
Tb 0.32 0.14 0.33 0.31 0.17 0.07 0.12 0.28
Dy 1.04 1.61 1.19 1.31 1.29 1.41 1.7 1.87
Ho 0.51 0.16 0.51 0.24 0.22 0.13 0.22 0.51
Er 1.35 0.84 1.33 1.32 1.49 1.37 1.48 1.46
Tm 0.11 0.13 0.12 0.11 0.09 0.05 0.09 0.09
Yb 0.19 0.15 0.17 0.18 0.14 0.17 0.19 0.15
Lu 0.17 0.19 0.12 0.15 0.1 0.16 0.16 0.19

Y 11.8 16.5 13.4 14.6 15.44 8.95 15.7 12.5
>REE 20.06 264 22.92 17.2  26.59 15.18 18.95 25.99
>LREE 151 21.46 17.8 11.66 21.7 9.95 13.79  20.08
>HREE 4.96 4.94 5.12 5.54 4.89 5.23 5.16 5.91
LREE:HREE 3.04 4.34 3.48 2.10 4.44 1.90 2.67 3.40
Ce:La 0.31 0.59 0.72 0.52 0.54 0.58 0.27 0.60
Y:Ho 23.14 103.13 26.27 60.83 70.18 68.85 71.36 24.51
Ce:Ce* 0.13 0.16 0.19 0.11 0.11 0.15 0.13 0.12
Eu:Eu* 0.43 0.36 0.39 0.23 0.33 0.36 0.65 0.42
Lan:Nda 3.87 3.69 3.46 1.25 2.55 6.03 5 2.29
Dyn:Ybn 0.36 0.7 0.45 0.47 0.6 0.54 0.58 0.81
La:Ce 3.21 1.71 1.38 1.93 1.86 1.74 3.72 1.67
Sample Jo J1o Ju Ji2 Min. Max. Ave.

La 8.5 8 5 7.5 2.7 8.84 6.78

Ce 5.3 4.5 1.2 4.7 1.2 5.3 3.54

Pr 0.72 1.55 0.53 1.43 0.53 1.7 1.06

Nd 3 5.3 2.1 5 1.41 6.2 4.00

Sm 0.55 1.06 0.5 1 0.45 1.39 0.93

Eu 0.65 0.5 0.3 0.53 0.27 0.65 0.43

Gd 1.3 1 1 1.02 1 1.92 1.37

Tb 0.14 0.3 0.07 0.23 0.07 0.33 0.21

Dy 1 1.3 1.45 1.2 1 1.87 1.36

Ho 0.45 0.35 0.17 0.38 0.13 0.51 0.32

Er 1 1 1.4 1 0.84 1.49 1.25

Tm 0.1 0.07 0.05 0.08 0.05 0.13 0.09

Yb 0.2 0.19 0.16 0.18 0.14 0.2 0.17

Lu 0.14 0.17 0.11 0.18 0.1 0.19 0.15

Y 14 17 9 17 8.95 17 13.82
>REE 23.05 25.29 14.04 2443 14.04 26.59 21.68
>LREE 18.72 2091 9.63 20.16 9.63 21.7 16.75
>HREE 4.33 4.38 4.41 4.27 4.27 5.91 4.93
LREE:HREE 4.32 4.77 2.18 4.72 1.90 4.77 3.45
Ce:La 0.62 0.56 0.24 0.63 0.24 0.72 0.52
Y:Ho 31.11 48.57 5294 44.74 23.14 103.13 52.14
Ce:Ce* 0.18 0.12 0.13 0.13 0.11 0.19 0.14
Eu:Eu* 0.7 0.51 0.57 0.53 0.23 0.7 0.46
Lan:Nda 5.49 2.92 4.61 2.91 1.25 6.03 3.67
Dyn:Ybn 0.32 0.44 0.59 0.43 0.32 0.81 0.52
La:Ce 1.60 1.78 4.17 1.60 1.38 4.17 2.20
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Introduction

Manganese  deposits  are  classified as
hydrogenous, diagenetic and  hydrothermal
deposits based on their mineralogy, chemical
composition, and tectonic setting (Hein et al,
1997). Hydrogenous manganese deposits have
slowly precipitated from seawater (2-10 mm/Myr)
(Ingram et al., 1990). These deposits contain iron
and are poor in manganese oxide. The Mn:Fe ratio
is ~1 and Ni and Cu are represented by high
concentrations (>3000 ppm) (Hein et al., 1997;
Usui and Someya, 1997). Diagenetic manganese
deposits occur as nodules and have precipitated
from hydrothermal solutions or pore water within
altered sediments (Klinkhammer et al., 1982).
These deposits are usually related to organic
matter oxidation and formation of Mn carbonate
minerals (Polgari et al., 2012). Hydrothermal
manganese deposits have directly precipitated
from low-temperature hydrothermal solutions
(Hein et al., 1997; Ingram et al., 1990). These
deposits are generally laminated and stratabound
or occur as irregular bodies and epithermal veins
(Hein et al., 1997). Diagenetic and hydrothermal
deposits are characterized by high Mn:Fe contents
and low trace metal concentrations (Hein et al.,
1994; Hein et al.,, 1996). Although there are
similarities between these two deposit types, they
are mostly distinguished by their morphologic,
tectonic and growth rates (Kuhn et al., 1998). The
Joun Abad manganese deposit is located 16 km
southeast of the Joun Abad village, 72 km north of
the city of Khash in the eastern longitude of 61°

06" 0.7" and the northern latitude of 28° 51" 2.3".
This zoning is structural-sedimentary that is
located in the middle part of the flysch zone of
Eastern Iran. In this paper, major, trace and rare
earth element compositions of ores have been
used as an approach to determine the conditions of
ore formation.

Materials and methods

Twenty representative ore samples (~450 g) were
selected from the Joun Abad manganese deposit.
Geochemical analyses were made of samples
taken from different surface mineral outcrops at
various locations. Crushed and grounded ores
(under 200 mesh) were analyzed at the Kansaran
Binaloud Laboratories, Tehran, Iran. Major oxide
and trace element contents were determined by X-
Ray Fluorescence (XRF) and Inductively Coupled
Plasma-Optical Emission Spectrometry (ICP-
OES), respectively, and the REEs were analyzed
using the Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) method.

Discussion and results

The Joun Abad manganese deposit is located 16
km southeast of the Joun Abad village, north of
the city of Khash, and with respect to structural-
sedimentary zoning in the middle part of the
flysch zone of Eastern Iran. The host rocks of
manganese layers are red shale, manganese
mineralization is visible on the upper parts, as
interlayers and/or contamination. The geometry of
the ore mineral is in layered form and it is often

*Corresponding authors Email: rahmatian60@gmail.com

DOT: https://doi.org/10.22067/econg.v11i1.52594



Journal of Economic Geology

Rahmatian et al. 8

conformable with units including red shales. The
chemistry of the major elements, Mn:Fe and Si:Al
ratios and the positive correlation coefficients
between Al,Os, TiO, and Fe,Os indicate that they
were affected by hydrothermal processes in a
shallow environment together with entering mafic
clastic materials in sedimentary basin where the
ore formed. All trace element diagrams show low
contents of elements such as Ni, Co and Cu in the
manganese ores. The deposits of the study area in
these diagrams plot in the field of hydrothermal
deposits. Co:Ni, Co:Zn, LREE > HREE contents
and total REE and negative Ce anomalies also
indicate the role of ore-bearing hydrothermal fluid
in the deposit. REE distribution patterns of the
deposit are quite similar to those of hydrothermal
deposits.
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