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1-Introduction

Genetically, manganese deposits can be broadly divided into (i) primary Mn deposition and (ii) supergene-
residual formation. The primary Mn deposition can be classified into three subgroups: (a) hydrothermal, (b)
hydrogenetic, and (c) diagenetic. Hydrothermal, also known as exhalative or volcanogenic deposits, is the
product of rapid precipitation from hot (100-350 °C) mobile metal-enriched fluids close to the ocean's interface
of seafloor. Hydrogenetic deposits are also known as sedimentary deposits formed from slow precipitation at
ambient conditions and subsequent sedimentation in relatively stable freshwater or marine environments.
Diagenetic processes involve precipitation from pore fluids interacting with the material at varying levels in the
sedimentary column. The supergene and residual deposits are formed as secondary formation (Sarkar, 2013).
Shamsabad ferromanganese deposit is located in the Malayer-Esfahan metallogenic belt of the Sanandaj-Sirjan
Zone and is hosted by the Lower Cretaceous dolomitic limestones. Many researches carried out on the
Shamsabad deposit (Ahringberg, 1956; Thielle et al., 1968; Momenzadeh et al., 1976; Farhadi et al., 1995).
Given the controversy regarding the origin of the Shamsabad deposit, geological, mineralogical, and LA-ICP-
MS elemental data were used in this research to accurately identify the origin and effective processes in the
formation of the Shamsabad deposit.

2- Methodology

During field studies, thirty samples were collected from orebodies and host rocks. Fourteen thin and ten
polished sections from the ore and host rocks were prepared and studied by a transmitted/reflected polarizing
microscope. Five samples were also analyzed using X-ray diffraction (XRD) spectroscopy to detect the mineral
phases present in the ore. The XRD patterns were recorded with a diffractometer in the laboratory of Zamin
Rizkavan, Tehran. Six samples were taken from different parts of the ore to study their trace and rare earth
elements (REEs) geochemistry and analyzed using the LA-ICP-MS method in the LabMaTer Earth's Materials
Laboratory UQAC, Canada.

3- Results and discussion

Mineralization in the Shamsabad manganese-bearing iron deposit occurs as stratabound in dark gray, thick-
bedded to massive orbitolina-bearing limestones with a lower Cretaceous age. Hematite, limonite, goethite and
pyrolusite are the primary ore minerals. Hematite is more abundant than other minerals. In addition, pyrite,
galena, malachite, lepidocrocite, coronadite, rhodochrosite and todorokite are observed in small amounts in the
ore. Calcite and quartz are the gangue minerals. XRD study on the ore samples also showed the presence of
hematite, limonite, goethite, pyrolusite and quartz minerals.

The values of Mn/Fe ratios in the Shamsbad manganese-bearing iron deposit vary from 11 to 721. These very
low to very high ratios indicate the separation of these two elements during transportation and hydrothermal
activities involved in mineralization in sedimentary environments (Glasby, 2000). The Co/Zn ratios (0.002-
0.004) point to a hydrothermal source for Mn mineralization. The ore sample's Co/Ni ratios (0.031-0.089)
indicate that the sedimentary environment played an essential role in the Mn mineralization formation. All the
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studied ferromanganese ores display an enrichment trend of As, Ba, Cu, Pb and Zn, which is similar to deposits
formed from hydrothermal fluids. Low Co content in ferromanganese ores suggests a minimum hydrogenic
contribution during mineralization (Hein et al., 2008). Low Ti concentration with a mean value of 0.0013 wt%
in the studied ores confirms their non-detrital origin, indicating that the ore is likely to have precipitated from
hydrothermal fluids (Arrhenius and Tsai, 1981).

The Mn-Fe-(Co+Ni+Cu) x 10 triangular diagram (Crerar et al., 1982), (Co/Zn)-(Co+Cu+Ni) diagram (Toth,
1980), and Co+Ni-(As+Cu+Mo+ Pb+V+Zn) diagram (Nicholson, 1992) are widely used for the separation of
oceanic hydrogenous deposits and submarine-hydrothermal manganese sediments. The Shamsbad samples are
located in the field of hydrothermal deposits. The samples studied fall within the range of hydrothermal and
volcanic deposits in the Cu-Ni-Co diagram. Si vs Al diagram is used as a simple tool for identifying
hydrothermal, hydrogenic and diagenetice sediments. Because submarine volcanic processes mainly produce
silica in the iron and manganese deposits, silica in the submarine-hydrothermal deposits is relatively high. In
contrast, Al is provided by clastic minerals (clay minerals) from continental sediments (Crear et al., 1982). The
Si vs Al diagram (Choi and Hariya, 1992) shows that Shamsabad ores have a hydrothermal origin.

The ZREE concentration (31.40 ppm) is low in the studied samples. Cerium shows negative (0.6), while Eu
positive anomalies (6.37). Low concentrations of XREE (31.40 ppm), negative Ce (0.6) and positive Eu
anomalies (6.37) indicate that the hydrothermal solutions were involved in mineralization and reflect the
interaction between heated waters and the substrate volcanic rocks. The ore's Lan/Ndn and Dyn/Ybn ratios
varied from 1.54 to 2.33 and from 1.16 to 2.71, respectively. Due to the low Lan/Ndy ratios and the Dyy /Yby
ratios fall within the hydrothermal range, the origin of ferromanganese ore can be considered hydrothermal. The
Y/Ho ratios in the Shamsabad samples vary from 53.3 to 105, indicating that they are within the Y/Ho ratios of
submarine pore fluids.

4- Conclusions

Shamsabad deposit is stratabound with carbonate host rocks. Colloform aggregate and fine laminations are
observed in the ore. All these are evidence of the volcanic-sedimentary origin for the deposit and deposition in a
marine environment. Fe/Mn ratio in the studied ore samples is high and variable. The concentration and
relationship between the trace elements in the studied samples prove a hydrothermal source for mineralization.
Based on the data provided in this study, it is concluded that the Shamsabad ferromanganese deposit is
deposited from submarine-hydrothermal fluids.
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Fig. 6. (a) Calcite and pyrolusite minerals with colloform aggregate, (b) Malachite dispersed in the ore, (c)

Coarse galena crystals in the ore, and (d) Fine lamination of the ore.
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Fig. 7. (2) Pyrite in a goethite groundmass, (b) Replacement of pyrite by goethite and lepidocrosite, (c)

Formation of coronadite contemporaneously with goethite, and (d) Veins of coronadite gradually disappearing
in the face of goethite. Py = Pyrite, Gt = Goethite, Lp = Lepidocrocite, and Cn = Coronadite.
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Fig. 8. (a) Todorokite with stringer and divergent aggregates, (b) Colloform coronadite at the margins of
todorokite stringers, (c) Decomposition of pyrite grains to goethite and lepidocrocite, and (d) Todorokite
contains colloform coronadite. Gt = Goethite, Lp = Lepidocrocite, Cn = Coronadite, Tn = Todorokite, and
Ro = Rhodochrosite
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Fig. 9. Paragenetic sequence of the ore and gangue minerals in the Shamsabad deposit.
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Fig. 10. (a) Micritic limestone with sparitic veins and fossil traces, (b) Crystalized limestone with calcite veins,

and (c) Metamorphosed and dolomitized limestone.
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Table 1. LA-ICP-MS results (ppm) of ore from the Shamsabad deposit.

Sample SN1 [ SN2 [ SN3
DL [ Ave(n=3) | Max Min [ Ave(n=3) [ Max | Min | Ave(n=3) [ Max Min
Trace elements
Al 23.3-52.6 421 589 158 222 381 113 464 604 235
Si 18.4-42.5 5238 6646 5130 5634 6085 5191 4685 5229 4100
Ca 3.02-16.52 6635 6845 6584 6104 6284 5857 5521 6598 4665
Ti .52-6.43 19.17 2715 9.80 5.04 3.55 7.23 40.77 49.2 33.6
\Y 0.04-.55 0.86 1.59 0.14 1.56 2.54 0.85 112 141 0.75
Cr 0.09-1.93 7.0 10.6 2.45 15.8 19.7 12.9 33.9 42.9 173
Mn 2.51-7.94 720549 754746 676195 703760 740160 647520 690710 719687 669629
Fe 4615-8737 34051 73030 2669 49657 100942 17153 63903 82150 39074
Co 0.10-0.31 6.54 8.83 4.66 3.69 3.83 3.52 3.28 3.60 291
Ni 0.37-0.83 9.75 127 6.83 7.72 8.28 7.16 10.63 135 7.72
Cu 0.01-0.02 171.4 309 52.5 48.7 54.3 45.5 465.9 476 456
Zn 0.53-2.87 2162 2175 2143 1699 1846 1586 1605 1750 1416
As 0.04-0.06 78.1 716 15.3 25.5 49.3 9.5 52.0 60.6 45.0
Mo 0.004-0.021 12.09 13.8 11.2 9.82 10.1 9.44 8.35 8.95 7.72
Cd 0.11-0.22 9.4 10.2 8.35 105 10.7 10.2 45 4.77 4.40
Ba 0.009-0.07 332 398 282 629 765 499 279 301 249
Pb 0.005-0.01 591 950 335 247 273 201 6262 7507 5050
Y .0008-0.01 2.8 3.89 1.99 10.6 10.8 10.3 3.2 3.84 2.89
Mn/Fe 21 10 253 14 7 38 11 9 17
Co/ Ni 0.67 0.69 0.68 0.48 0.46 0.49 0.31 0.26 0.37
Co/ Zn 0.003 0.004 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Rare earth elements (REEs)

La 0.001-0.01 2.08 3.67 1.01 7.22 8.53 6.16 4.34 5.04 331
Ce 0.001-0.02 4.78 9.96 1.15 4.90 8.56 2.65 1.53 1.75 1.19
Pr 0.0007-0.007 0.48 0.84 0.23 177 2.05 1.55 121 1.43 0.95
Nd 0.002-0.032 2.1 0.89 0.70 9.1 1.02 0.78 54 5.82 0.02
Sm 0.003-.011 0.64 114 0.37 2.49 2.87 2.09 1.38 181 11
Eu 0.0006-0.003 1.38 2.36 0.76 5.63 6.17 5.15 2.56 2.74 233
Gd 0.002-0.01 0.69 1.24 0.31 2.55 2.84 2.40 1.23 1.44 0.95
Tbh 0.0003-0.001 0.06 0.11 0.04 0.23 0.26 0.19 0.10 0.11 0.08
Dy 0.002-0.006 0.26 0.40 0.17 0.87 0.90 0.83 0.35 0.53 0.25
Ho 0.0003-0.001 0.04 0.07 0.03 0.15 0.16 0.13 0.06 0.06 0.06
Er 0.0009-0.003 0.09 0.15 0.06 0.36 0.38 0.35 0.15 0.16 0.14
Tm 0.0005- 0.01 0.02 0.01 0.03 0.03 0.02 0.02 0.03 0.01

0.0009
Yb 0.001-0.004 0.07 0.11 0.04 0.20 0.24 0.18 0.11 0.12 0.10
Lu 0.0004 0.01 0.01 0.01 0.03 0.03 0.02 0.01 0.01 0.01
XREE 12.69 20.97 4.98 35.53 34.05 22.5 18.45 15.33 10.51
XLREE/ZHREE 22.5 23.10 12.58 18.11 18.20 12.08 22.06 19.62 15.16
Eu/Eu* 6.48 6.91 6.12 6.96 7.08 6.67 6.12 6.99 5.22
Ce/Ce* 1.17 1.36 0.17 0.33 0.49 0.2 0.16 0.16 0.16
Lan:Ndn 1.94 1.95 1.93 1.57 157 1.56 1.56 1.67 1.37
Dyn:Ybn 2.37 2.73 2.31 2.75 2.90 2.44 2.09 2.22 1.63
La/Ce 0.43 0.37 0.87 1.47 0.99 2.32 2.83 2.88 1.73
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Table 1. Continued.
SN4 SN5 SN6
Sample Ave(n=3) Max Min Ave(n=3) | Max | Min Ave(n=3) Max Min
Trace elements
Al 274 283 269 80 147 46 179 219 126
Si 5554 5653 5488 5929 7931 4742 4017 4845 2626
Ca 5326 5513 5194 6561 6857 6132 7666 8150 6941
Ti 7.43 16.6 2.32 1.39 2.61 0.61 8.92 11.7 4.05
\Y 0.63 0.80 0.49 1.60 3.47 0.62 0.16 0.22 0.11
Cr 114 13.8 8.26 4.8 6.66 3.38 5.3 6.63 3.84
Mn 750244 756186 743593 706010 757331 605724 757283 761013 754840
Fe 7576 13635 1906 47077 136679 1740 1050 1838 522
Co 7.66 8.31 6.87 6.27 7.73 4.92 3.28 411 221
Ni 8.59 9.47 7.35 7.48 9.10 6.49 - - -
Cu 301.9 312 294 95.2 120 66.6 15.6 18.1 11.7
Zn 1746 1824 1668 2171 2300 2064 1315 1326 1307
As 30.9 40.4 23.8 36.3 98.9 4.81 6.7 7.32 6.21
Mo 11.75 12.1 11.2 11.29 115 11.0 8.11 6.64 8.97
Cd 10.6 111 10.1 10.6 11.6 9.67 6.4 7.01 5.50
Ba 361 384 342 396 544 260 215 261 139
Pb 451 584 322 2.64 4.80 1.72 757 1324 138
Y 7.2 7.64 6.30 10.7 111 10.0 21 2.65 1.01
Mn/Fe 99 55 390 15 5 348 721 414 1446
Co: Ni 0.89 0.87 0.93 0.84 0.85 0.75 - - -
Co: Zn 0.004 0.004 0.004 0.002 0.003 0.002 0.002 0.003 0.001
Rare earth elements (REES)

La 2.93 3.20 2.45 4.90 5.52 451 0.26 0.46 0.08
Ce 2.59 4.09 1.49 1.28 2.90 0.44 0.73 1.40 0.17
Pr 0.80 3.61 1.00 0.89 1.02 0.10 0.06 5.82 4.66
Nd 3.7 3.92 3.39 4.1 4.45 3.60 0.3 0.43 0.12
Sm 1.25 137 1.04 1.24 1.30 1.18 0.12 0.15 0.07
Eu 2.69 2.97 2.53 3.25 3.61 3.04 0.29 0.39 0.14
Gd 131 1.42 1.19 1.80 1.88 1.64 0.24 0.27 0.20
Tb 0.12 0.13 0.11 0.15 0.17 0.14 0.02 0.03 0.01
Dy 0.62 0.69 0.53 0.73 0.77 0.64 0.12 0.17 0.04
Ho 0.09 0.10 0.09 0.13 0.13 0.12 0.02 0.03 0.01
Er 0.21 0.22 0.19 0.34 0.39 0.27 0.06 0.09 0.04
Tm 0.03 0.03 0.03 0.03 0.04 0.03 0.01 0.02 0.01
Yb 0.14 0.17 0.10 0.17 0.20 0.15 0.07 0.08 0.05
Lu 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.01
YREE 16.5 21.91 14.16 19.3 31.88 23.42 2.31 9.35 5.61
XLREE/ZHREE 12.40 15.02 12.32 11.12 12.02 10.59 6.45 20.74 3.20
Eu/Eu* 6.54 7 6.56 6.77 7.19 6.73 5.36 5.96 3.62
Ce/Ce* 0.41 0.58 0.27 0.14 0.38 0.017 1.41 1.98 0.32
Lan:Ndn 1.54 1.58 1.40 2.33 2.41 2.30 1.79 2.08 1.29
Dyn:Ybn 2.06 2.64 1.98 2.78 2.76 2.50 1.16 1.36 0.5
La/Ce 1.13 0.78 1.64 3.82 1.90 10.25 0.35 0.32 0.47
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Fig. 11. Discriminating diagrams for Shamsabad deposit; (a) Discriminating diagram Mn-Fe-(Ni + Co +
Cu)*10 (Crerar et al., 1982); (b) Discriminating diagram (Co + Ni) — (As + Cu + M o0 + Pb +V + Zn)
(Nicholson, 1992) and (c) Discriminating diagram Co/Zn—-Co + Ni + Cu (Toth, 1980).

Y ooly olaassT glaatigs Y ( Jbo g one slaasigs ) NI-CU-CO LU aw Jloges ;0 obl et KidlS ladiges condge -\ Y S

(Nicholson, 1992) g, slaacies F 5 3K slasa s
Fig. 12. Shamsabad ore samples plotted in Ni-Cu-Co triple diagram; 1. Hydrothermal deposits, 2.
Volcanogenic deposits, 3. Manganese nodules, and 4. Sedimentary deposits (Nicholson, 1992).
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Fig. 14. Chondrite-normalized (Boynton, 1984) REE patterns for Shamsabad ore samples.
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Fig. 15. The compassion of chondrite-normalized REE pattern in Shamsabad manganese-bearing iron
deposit with chondrite-normalized REE patterns in Tokoro belt hydrothermal deposits (Choi and Hariya,
1992), Peru basin hydrogenous nodules (Von Stackelberg, 1997) and Eymir hydrothermal deposit (Oksuz,

2011).
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Table 2. Comparison of Shamsabad manganese-bearing iron deposit with the classification of world

manganese deposits (Kuleshov, 2016).

Classification | Sedimentary | Hydrothermal | Hydrothermal, Epigenetic Ferromang Metamorp Deposits of Shamsabad
of manganese -diagenetic -sedimentary (catagenetic) anese hosed Manganese deposit
- deposits deposits of | deposits of | weathering
ferruginous | Manganese crusts
— siliceous
formations
Depositional Shallow Shallow Shallow Shallow Terrestrial Terrestrial Beach Shallow
environment continental marine marine marine marine
shelf environment environment environment environment
epiplatform
Ore size Huge Small - Small Huge Small Small Small Small -
Medium Medium
Geometric Nodule, Lenticular Veiny Bedded Banded Bedded Nodule, Lenticular
shape of the lenticular lenticular
mineral and bedded and earthy
Host rock Clayey - Calcareous - Rhyolite - Rhyolite- Siliceous Metamorp | Manganese- Limestone
silty sand sandy or basalt and basalt, ferruginous hic rocks containing
volcanic limestone limestone, rocks rocks:
dolomite gondites,
and ampelites,
siliceous manganese ,
shale manganous
carbonates,
sand and
silt
Ore Mainly Manganese Manganese Oxide and Iron and Carbonate Manganese Manganese
mineralogy manganese and iron oxide, carbonate manganese and oxide and and iron
carbonate oxide carbonate, minerals of oxide manganese hydroxide oxide
minerals as minerals and silicate and manganese minerals oxide minerals minerals and
well as carbonate sulfide and iron minerals carbonate
manganese minerals minerals minerals
oxide and (supergen) (supergen)
carbonate-
oxide
minerals
Gangue Calcite and Quartz and Barite, fluorite | Quartz and Quartz, Calcite, Quartz Quartz and
mineralogy dolomite calcite and calcite calcite calcite, siderite, calcite
siderite and | Cotonohori
dolomite te and
anchorite
Age of Early Devonian Permian Lower Early Archean Lower Cretaceous
mineralization Oligocene Proterozoic (Archean) and Lower | Proterozoic,
-Lower to Late Proterozoi Cretaceous
Permian (Neoproter c and younger
0zoic) than it.
Precambria
n
Metallic Fe, Mn Fe, Mn Fe, Mn,Sr, Ba, Fe, Mn Fe, Mn and Fe, Mn Fe, Mn Fe, Mn
elements w, Pb,Ag and Trace
Ti elements
Typical Nikopol' Deposits of Guichi deposit Kalahari Pilbara Nsuta Deposits of -
deposits manganese- the Atasu of China (South province deposit the
ore basin region of Africa) (Australia) (Ghana) Francevillia
(South Kazakhstan n formation,
Ukrainian Gabon
basin)
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