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Fig. 1. Structural map of Iran (Aghanabati, 2005; Emami et al., 1993) and distribution of some manganese deposits in 
ophiolite in Iran and location of the Sofiewand Mn deposit (Red circle). 
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Fig. 2. Geological map (1:100000) of  the manganese mineralization area on the basis of the Harsin (Shahidi and Nazari, 

1996) and Kermanshah (Karimi Bavandpur, 1999) sheets and location of  the Sofiewand manganese deposit. 
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Fig. 3. Photographs of silicification and carbonatization in the Sofiewand manganese deposit. a) Photomicrographs of 

quartz gangue and manganese mineral. b and c) Hand specimen with silicification. d) Hand specimen of Mn ore with 
calcite vein-veinlet showing carbonatization. 
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Fig. 4. Photographs of mineralization and ores in the Sofievand manganese deposit. a, b) Manganese ore is observed as black 

bands of manganese minerals with lighter colored chert. c) Chert and manganese minerals are observed as bands. d) Epigenetic 

manganese minerals have filled the fractures of radiolarite and made veinlets. e) A view of radiolarite and manganese ore. f) 

Another view of radiolarite and also silicified parts that are visible in the context (to NE). 
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Fig. 5. Photomicrographs of pyrolusite (Pr) a to e in reflected polarized light (PPL) and f in transmitted light (XPL) a) 
With needle texture. b) With lamellar texture. c) With vein texture. d) Massive texture. e) Alternate layers of pyrolusite 

(Pr) and chert along with their radiolars. f) Another view of alternate layers of pyrolusite (Pr) and chert. 
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Fig. 6. Reflected photomicrographs of the manganese ore minerals in the ore of the Sofiewand deposit (PPL). a) Romanschite 

(Ro) in the Sofiewand deposit, which has a shear texture. b) Braunite (Br) with acicular texture (black circle) next to pyrolusite 

(Pr). c) Amorphous braunite. (d) Colloform texture in which hollandite is formed along with romanechite in the form of 
beautiful colloforms. e) Colloform texture of hollandite. f) Replacement of hollandite (Hol) by romanechite (Ro). 

 

7- �"�3. \���D.��/ ������  

���
 J��ee�> i�>�> �	�ee+��
 @# �/�A�	�$ �7��>' "  6�� �

"ee������eee��$ ����� �3W> � ��L> "ee
 �� |�Y>� "
 �	 �#�'

 �6eee�� ���� 	��5 ��hW> 6V> �	 "LG�� �# 	�eee+��
 � ���ee)-�

�� "een�	� 8�eee�� �  	�eee+��
 �' 	� �/�A�	�ee$ �7��> .�ee'�

���
 � �)-�  9�F7�G� ��#��Veee. 9��'�ee�� "  �eee���eee�

ee.�� "n�	� �G3 	���&� @# 9	� /�!�� 	�ee+��
 	� .��ee�

���
 6-�  � 63�ee� 8�ee�� �  �/�A�	�$ �7��> ����-�ee. �'

�� J��� �	 ��&� "�b�� "� �7��> �#� .6-�� 9	�ee.��� 

"> "  x� �� Z�� "�b�� "ee
 ��� "�b�� �  "�7�� 6eee+eee��

�ee�#��- "ee  x� �� "ee  x� �� ��eee� "ee�b�� � /�A�ee#� ��ee'

 ) ������'%���� (��� Z��ee2) ��eee�1 }�eeeo3 	� .(

���
 Jb����� ���ee� 6Y� 6ee+#� 1"> "�b�� 	� ( 6+��

�#� � �ee��� 9�ee7�ee�eee� "ee�7�� �	�� �	 ���F� ��/2� ��#�#	�

���
 "ee_�b���
 Z�� J+� "�b�� �#� 	� .��� ���+
� ��'

 i�>�> "  6#���7�' �6������	 �6ee�eee��7���$ Jee\� /�!��

"> �ee.�3 �������"> .��� "�b�� �#� 	� ���F� ���� 6��

"#�7 6-�  9	�ee. "  �)ee�� ��- ���> ��	�����-��
 � ��  �

 .6ee�� ��� 2 J+� �� ���� 9�7��� 6�7�F- "���� �  Ckee� (

���
 ��� 6�����  �6������	 �6�eee��7���$ J\� /�!�� ��'

233  



��������	 ���� 
�� �
������ ����� ����19����� � 37   ��!��" � ��#� �1404   

 

 

"> 6#	�  ���
 ����
 �� �# � ��ee� 6ee+ee��+� /�!�� ��' J

� Z����ee�, ��2� "ee  /�A�ee#� �ee�#��- �h� 	 /�A�#� ��#,�- .�ee��

���
 	� 1, %��� 6eee�� �� �ee��ee 1, ��' J\� /�!�� 	��

���ee
 � ��eee� 6ee#�ee��ee7�' � 6ee����ee��	�  ��ee' J\� 1,

����  J��ee�> �	 6�ee��7���$ 6-�  .6ee�� "�b�� �#� ��'

"�	 ��)ee�� - "M�	���> � �ee��  ����� �� .�ee�� 3 ̀�)#�?� (

 �eeF  "ee��&
� ����ee#�ee$ "ee�b�� 	� "eeLG�� ���ee�,�ee7�ee  ��

���ee
��#��- ��hW> 6V> %� /�� B�eee� � ���eeF� ��ee'��' 

%��  � ������'"ee)-�� 	��5 ������
 "�b�� �#� 	� .�ee����' 

"ee#���eeh � 6�eee����!�� �6#���7�' �6�eee��7���$ Jee\� ��

��	�, ��2�  �	 6������	 Jee+� 9	�eeo  6#���7�' .���2  � 

 �#� 	� ��2�� 6-�  .6eee�� ���, ��2�  ���eee���2 6-�ee 

"M�	 � ���ee���2 �)ee��  "�b�����ee���� .6ee�� �� ��'

�+���� J��ee� �)ee��  ����-�ee. 	�ee+��
 	� ��2��� � %�

�>�� �
 .6�� %��  

  

 H2�7. ����X"Backscattered-SEM  ���� 	.d.�P �.��� ��  +�,��  
�� 
��EDS  )�����* ��!��� �� �Y����(a <���3���/ ����. (b  ����

 <���.��(c .<�2����� ����(d   ���� 	.  .<�)��3��(e  � .<����(f .<�����,�� 

Fig.7. SEM-Backscattered images of the minerals along with related EDS graphs in the ore of the Sofiewand deposit. a) 

Pyrolusite mineral.  b) Braunite. c) Romanechite. d) Hollandite. e) Barite. and f) Manganosite. 
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Fig. 9. XRD chart on ore samples of the Sofiewand deposit. Sample: S102 quartz mineral (Qz), pyrolusite (Pr), hollandite 
(Hol) 
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Table1. Formation stages and paragenetic sequence of ores, minerals and related structure and texture in Sofiewand 

manganese deposit.  
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Table2. The results of the chemical analysis of the main elements of Sofiewand manganese deposit samples by XRF 

method (values in percentage). 
S120  S150  S137  S136  S114  S134  S103  S127  S118  S144  S105  S140  S119  S110  Sample 
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larite  
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Mn 
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Mn 
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Mn 
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Mn 
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Mn 
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larite  

Lime 
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Type  

81.50  8.07  86.83  17.10  48.01  90.15  81.82  52.12  29.96  81.13  39.82  13.38  84.96  1.42  SiO2  
0.29  0.02  0.11  0.26  0.05  0.06  0.12  0.02  0.14  0.08  0.05  0.22  0.22  0.03  TiO2  
4.82  0.26  2.12  2.21  0.24  1.14  2.45  0.22  1.05  1.73  0.51  2.06  5.06  0.36  Al2O3  
2.54  0.16  1.46  1.13  0.66  1.06  1.61  0.67  0.85  1.53  0.81  0.55  1.35  0.12  Fe2O3  
0.12  0.19  4.85  65.63  42.29  5.03  8.25  38.75  56.71  10.54  49.98  71.73  0.04  <0.01  MnO  
1.82  0.70  0.55  0.99  0.10  0.27  1.22  0.08  0.31  0.73  0.21  0.55  1.48  0.92  MgO  
2.61  50.39  0.55  0.50  0.59  0.18  041  0.37  0.45  0.44  0.47  0.62  1.59  54.78  CaO  
0.05  <0.01  0.07  <0.01  <0.01  <0.01  0.05  <0.01  <0.01  0.03  <0.01  <0.01  0.08  0.04  Na2O  
0.48  <0.01  0.44  0.63  <01  0.16  0.45  <0.01  0.20  0.26  <0.01  0.44  1.00  <0.01  K2O  
0.15  <0.01  0.04  0.20  0.11  <0,01  0.03  0.08  0.14  0.14  0.10  0.24  0.10  <0.01  P2O5  
5.27  40.1  2.99  11.33  7.93  1.93  3.58  7.67  10.2  3.49  8.03  10.21  4.12  42.32  LOI  
100  100  100.00  99.98  99.98  99.98  100.00  99.97  100.00  100.00  99.98  100.00  100.00  99.99  Total  
0.04  0.07  3.33  58.33  63.97  4.74  5.11  57.80  66.91  6.91  61.75  129.87  0.03  0.83  Mn: Fe  

 
H2� 9.  �.����Si   H��@� �� Al ������ � 
�C)1992( ����� <�5K�� ���!��� �� f���� 
��.)�����* +�,�� 
��  

Fig. 9. The Si versus Al diagram (Choi and Hariya, 1992) and location of samples of the Sofiewand Mn deposit. 
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Co, Ni, Cu  �Zn  �%�+����) ��	��1992(. "��&� ��'

"�	 � �	���- "M�	 �  ����-�. /�!�� 	�+��
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��) 	���&� "  "2�> J12�.��� 	� (As, Ba, Cu, Pb, Zn 

�Sr  ��=�� %��� ���� �.��� ��  � ��'�Ni �Co  �?>

���	�+��
 ����V� 	� � ����� 	��5 � ���� ��'.�����  

 
 H2�10.  ��� 
�K �,�!J�� 3O2Al  �2TiO ����� ������ 
��.)�����* ��!��� �.�  

deposit. the Sofiewandin ore samples of  2and TiO 3O210. Strong correlation between Al Fig. 
  

 
 H2�11. �.���� 2:TiO3O2Fe ) H��@� ��3O2+ Fe3O2Al(:3O2Al  �
���)1994( ����� <�5K�� ����� 
�� +�,�� ��!��� �� f���� �.�

���� ����� R�0� � )�����* L ��.	.��  

Fig. 11. Diagram of Fe2O3:TiO2 vs Al2O3: (Al2O3+ Fe2O3) (Murray, 1994) and the location of ore samples in the 

Sofiewand Mn deposit and their mineralization sedimentary environment. 
  

H2�12. ) ���"�� �.����As+Cu+Mo+Pb+V+Zn(-)Co+Ni ��1#� \�2G" � (+�,�� �����P 
��  � �!E2��)1992 .(����� ��!��� 
��

.<�. ����P �.�K �����P ���)0� �� )�����*  

Fig. 12. Binary diagram (As+Cu+Mo+Pb+V+Zn)-(Co+Ni) and segregation of manganese hydrothermal deposits 
(Nicholson, 1992). The samples of the Sofiewand deposit are located in the hydrothermal area. 
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]�)&3. ����� ������� ��+i" g���� 	. H*�e b���� � �S�� �*��S  .+�� >�� �� )�����* ��!��� Q�!��� 
��ICP-MS  ��.�) �� ��

!e hppm.(   

Table3. The amount of minor and rare elements obtained from the results of chemical analysis of ore samples (of the 
data in ppm) Sofiewand deposit by ICP-MS. 
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 H2�13. �� �.���� ���"Co-Ni-Zn ����� � �j�C) �1992(  <�5K�� ������.)�����* +�,�� ��!��� 
��  

Fig. 13. Ternary diagram of Co-Ni-Zn (Choi and Hariya, 1992) and the location of the Sofiewand manganese deposit 
samples. 

 
 H2�14 .�� �.�������" Fe-Mn-(Ni+Co+Cu)*10  �k�")1980  � � .��2�� � �"����1975.( ����� ��!��� 
�� ���)0� �� )�����*

��������	-�� �.�K �����P.���P  

Fig. 14. Ternary diagram of Fe-Mn-(Ni+Co+Cu)*10 (Toth, 1980; Bonatti, 1975). The ore samples of the Sofiewand 

deposit plotted in the submarine-hydrothermal area.  
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 �.��� ��#�$ �#��L�Cu, Ni  �Co  �#� t��� ��	� �� �
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��.  

Fig. 15. Binary diagram (Co+Cu+Ni)- Co/Zn (Toth, 1980) and the situation of samples of the Sofiewand manganese 

deposit. 
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Fig. 16. Chart of minor and trace elements in samples of ore and host rocks (radiolarite and limestone) of the Sofiewand 
manganese deposit, normalized to chondrite values (Boynton, 1984). 

    

]�)& 4.  h���"REE ����� ����.�) )�����* +�,�� ��!��� 
�� h!e �� ��ppm.( 

Table 4. REE composition in the Sofiewand manganese deposit samples (data in ppm). 

S136  S134  S103 S127 S118 S105 S140 S119 S110  Sample 

Mn 
band 

Mn 
band 

Mn 
band 

Mn 
vein 

Mn 
vein 

Mn 
vein 

Mn 
vein 

Radio 
larite 

Limest 
one    

Type  

4 2 42 3 4 2 3 9.6 1.61  La  
<0.1 <1 4 <1 <0.1 <1 1 20.0 0.80  Ce  

<0.05 <0.05 0.23 <0.05 0.48 <0.05 <0.05 2.2 0.13  Pr  
<0.5 <0.5 0.7 <0.5 1.9 <0.5 0.5 8.0 0.46  Nd  
3.91 3.36 2.03 3.45 3.11 4.35 8.17 1.52 0.097  Sm  
3.16 3.01 1.7 2.87 2.42 3.62 6.41 0.33 0.021  Eu  
0.66 0.25 0.53 0.48 0.78 40.45 0.6 1.34 0.10  Gd  
0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.20 0.15  Tb  
0.71 <0.02 0.18 0.69 0.83 0.56 0.86 1.29 0.093  Dy  

- - - - - - - 0.27 0.023  Ho  
0.89 <0.05 0.15 0.97 0.84 0.83 1.28 0.80 0.074  Er  
0.22 <0.1 <0.1 0.29 0.21 0.23 0.32 0.12 0.011  Tm  
1.3 <0.05 <0.05 1.6 1.3 1.3 1.9 0.83 0.067  Yb  
0.28 <0.1 <0.1 0.34 0.27 0.28 0.43 0.14 0.014 Lu 
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Abstract 
Sofiewand manganese deposit is 15 km southwest Harsin and 3 km from the Sofiewand village in the Zagros-Trusted 
and ophiolite zone of Kermanshah. This deposit has been deposited as a layer-vein (syngenetic-epigenetic) along 
with radiolaritic chert in the Triassic/Jurassic radiolarite sub-zone of Kermanshah. Due to active tectonics in the area, 
the outcrops of manganese deposits have folded, interrupted and tectonized. The main host rocks are limestone and 
radiolarian chert. On the basis of mineralographical studies and X-ray diffraction (XRD) analysis and SEM results, 
most important manganese minerals in the Sofiewand Mn deposit consists of pyrolusite, braunite, hollandite, 
romanechite, and mangonosite and quartz is the most common gangue mineral. According to chemistry of the major 
elements, Al2O3 content in vein-veinlets ore ranges from 0.22 to 2.21 wt.% (ave., 1.21) and in banded ore 
from 1.14 to 2.45 wt.% (ave., 1.79), and MnO in vein-veinlets ore ranges from 38.75 to 71.73 wt.% 
(ave., 55.24) and in banded ore from 4.85 to 10.54 wt.% (ave., 7.69). The trace element diagrams all indicate 
the low ore content of elements such as Ni, Cu, and Co, which confirm the location of the deposit in the area of 
hydrothermal deposits on the diagrams. Co / Ni, Co / Zn, LREE / HREE, La / Ce ratios, enrichment of LREE 
elements to HREE elements and negative Ce anomaly also indicate the role of mineralizing hydrothermal fluid in 
this deposit. The Mn/Fe ratio in vein-veinlets ore ranges from 57.80 to 129.87 (ave., 94) and in banded 
ore from 3.33 to 6.91 (ave., 5), that indicate a relatively strong separation of iron and manganese during transport, 
and thus it may be concluded that this ore has marine hydrothermal genesis. The distribution pattern of REE for this 
deposit is very consistent with the distribution pattern of REE in hydrothermal deposits. 
 

Keywords: Manganese, Mineralogy, Geochemistry, Radiolarite, Sofiewand deposit, Harsin 

 

Introduction 
The Sofiewand manganese deposit is 30 km from 
Kermanshah city and 15 km southwest of Harsin 
city and 3 km from the Sofiewand village and at 
longitude of 47° 26' 06'' E and latitude of 34°16' 
08'' N. The studied area is located in the Zagros 
Trust Zone and near the Kermanshah ophiolite. 
In fact, several Mn deposit occurred in 
radiolarian part of the Kermanshah ophiolite 
including Sofiewand, Sorkhvand and Gerehban 
deposits.  The geology and mineralogy of the 
Sofiewand manganese deposit and a number of 
other deposits that are being mined have not been 
studied so far, therefore, the purpose of this 
research is to investigate the geology, 
mineralogy, geochemistry and genesis of the 
Sofiewand manganese deposit in the Zagros 
Trust zone. 
 

Materials & Methods 
After surveying and sampling of all the horizons 
of the deposit under study, 25 samples were 

collected. Among them 8 thin sections, 10 
polished sections, and 7 thin-polished sections 
were made. The study of these sections was done 
using a Zeiss polarizing and reflective 
microscope at Bu-Ali Sina University, Hamedan. 
In order to identify minerals and different phases, 
two samples were studied with by SEM TESCN 
with 15 Kv voltage and 17 mA current intensity 
in the Institute of Geology, Russian Academy of 
Sciences, Moscow. In order to determine some 
minerals in the ore, 3 samples were examined by 
XRD APD2000 with a copper lamp and 
wavelength of 1.54 angstroms at Bu-Ali Sina 
University, Hamedan. The samples for 
geochemical analyses were prepared by 4-acid 
digestion. Fourteen samples were analyzed for 
major elements by Bruker AXS GmbH - S4 
PIONEER – XRF, and 7 samples for trace 
elements by ICP-MS DRCE9000 at Zarazma Co., 
Tehran.  
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Discussion and Results 
The orogenic belt of Zagros consists of three 
separate parallel tectonic zones, which from east 
to west include Urmia-Dakhter Magmatic Belt, 
Sanandaj-Sirjan Zone and Zagros Fold-Thrust 
Belt. The trend of ophiolites is northwest-
southwest, which are scattered in the area. The 
Kermanshah ophiolite is limited from the 
northeast to the Sanandaj-Sirjan Zone, and from 
the southwest to the Bistoon limestone (a 
carbonate sequence with a thickness of 
approximately 3 km) and the Kermanshah 
radiolarites with the Triassic-Cretaceous age and 
the sedimentary rocks of the Zagros folded and 
thrust belt. Manganese layers are discontinuous, 
and or folded by tectonic forces. In the Harsin 
region, manganese has two sources, syngenetic 
and epigenetic. The syngenetic source is the 
simultaneous deposition of manganese in the sea, 
which forms layers parallel to the stratification of 
radiolarite. Epigenetic Mn is in the form of 
several veins that filled rock fractures and 
autoclastic sections caused by tectonics and 
orogeny. Mineralization in the studied area is 
layered along with radiolarite cherts or veined in 
the fractures of the Kermanshah radiolarite 
subzone. Manganese ore in the Sofiewand 
deposit, includes pyrolusite, hollandite, 
romanechite, braunite, manganosite, quartz and 
calcite. The host rocks are radiolarite and 
limestone that belong to upper part of the 
Kermanshah ophiolite.  
The paragenetic sequence in each deposit is 
presented as a diagram based on field 
observations, textural and mineralogical studies. 
In the Sofiewand manganese deposit, this 
sequence includes three major stages, the first 
stage is related to primary sedimentation, the 
second stage is related to diagenesis processes, 
and the third stage is related to weathering 
(supergene), which are briefly explained here. 1) 
In the initial sedimentation stage of submarine 
hydrothermal fluids, they introduced mineral 
components into the basin and deposited 
manganese nodules. At this stage, the first 
generation of manganese oxide minerals such as 
pyrolusite, romanschite, and hollandite have been 
deposited in a specific order. Mineral deposits in 
this stage were mostly in the form of layered-
banded, massive and colloform textures. 2) Then, 
with the continuation of the hydrothermal 
activity, the second generation of manganese 
minerals such as pyrolusite, romanechite, 
hollandite and manganosite were deposited or 
they were formed from the first generation 
manganese minerals due to the diagenesis 
process. The process of diagenesis has caused the 

loss of water in hydrous manganese minerals 
such as romanechite and hollandite and has 
formed anhydrous minerals such as pyrolusite. 
The textures of this stage are mostly vein-
veinlets, brecciated, replacement and massive. 3) 
Finally, after the uplift of the region in the final 
stage, the set of minerals and the host rock have 
been affected by weathering and supergene 
processes. On the basis of geochemistry of the 
major elements, Al2O3 content in vein-veinlets 
ore ranges from 0.22 to 2.21 wt.% (ave., 1.21) 
and in banded ore from 1.14 to 2.45 wt.% (ave., 
1.79), TiO2 content in vein-veinlets ore ranges 
from 0.02 to 0.26 wt.% (ave., 0.14) and in banded 
ore from 0.06 to 0.12 wt.%, and MnO in vein-
veinlets ore ranges from 38.75-71.73 wt.% (ave., 
55.24) and in banded ore from 4.85 to 10.54 wt.% 
(ave., 7.69). According to the diagram of Si 
versus Al and SiO2 concentration, it shows the 
relationship between mineralization and 
hydrothermal activity. Low values of TiO2 
indicate a very low and limited entry of detrital 
materials during mineralization. In addition, 
there is a strong correlation between the 
concentrations of Al2O3 and TiO2, which 
indicates the entry of these materials from the 
same origin into the sedimentary environment of 
the investigated manganese deposit. The Mn/Fe 
ratio in vein-veinlets ore ranges from 57.80 to 
129.87 (ave., 94) and in banded ore from 3.33 to 
6.91 (ave., 5) for the Sofiewand deposit. This 
issue indicates the relatively intense separation of 
iron and manganese during transportation in the 
hydrothermal activities of this deposit, and thus it 
can be concluded that the Sofiewand deposit has 
submarine hydrothermal genesis The effect of the 
arrival of detrital materials has caused the 
emergence of geochemical characteristics similar 
to the continental environment, and this factor 
has caused the dispersion of the samples from the 
hydrothermal area to the pelagic area and the 
continental margin. 
 
Conclusions 
High Mn/Fe and Si/Al ratios, low Co/Zn ratio and 
amounts of rare metals, especially Ni, Cu, Co 
metals, low amounts of rare earth elements (REE) 
(especially Ce) and positive amounts of Eu in the 
ore, are evidences of deposition of manganese 
from hydrothermal-submarine fluids in a marine 
environment. In other words, the role of 
hydrothermal processes in the formation of this 
deposit was insignificant. The REE pattern in the 
ore indicates the hydrothermal-submarine origin 
and the oxidizing marine environment of this 
deposit.
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