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Fig. 1. Khaf-Kashmar-Bardeskan volcano-plutonic belt, Dorouneh fault and location of Sangan mine.
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Fig. 2. Location of the three deposits of Sangan mines complex (western, central and eastern) and Ferezneh study area.
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Fig. 3. Geological, alteration and mineralization map of Ferezneh prospect area.
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Fig. 4. Image of hand and microscopic samples (PPI) from Ferezneh. A: Hand specimen image of cauliflower goethite.
B: Goethite, pyrolusite, and psilomelane. Psilomelane crystallizes to secondary pyrolusite. A form of automorph
mineral filled with psilomelane. C: Secondary hematite crystallizes in a form of automorph mineral. D: A hand

specimen of goethite, pyrolusite, and psilomelane. E: Goethite, pyrolusite, and psilomelane. Psilomelane crystallizes
and forms pyrolusite. F: Spindle pyrolusite crystals. Gth: Goethite, Hem: Hematite, Pi: Pyrolusite, Ps: Psilomelane

(Whitney and Evans, 2010).
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Fig. 5. XRD pattern of Ferezneh samples. Calcite, quartz, hematite, goethite, pyrolusite, psilomelane and Mn
hydroxides were identified.
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Table 1. Major oxides and trace elements of mineralization zones of Ferezneh prospect area.

Element F-26 F-23 F-22 F-30
(wt.%)

SiOo, 10.6 6.21 3.8 11.34
TiO, 0.04 0.06 0.03 0.04
Al,O, 021 042 0.16 0.19
TFeO 66.21 67.64 66.55 64.72
MnO 3.59 2.99 3.25 1.86
MgO 0.25 0.39 0.23 0.04
CaO 2.47 3.75 6.49 4.67
Na,O 0.02 0.06 0.04 0.03
K,0 0.07 014 004 0.04
P,Os 0.03 0.2 0.05 0.03
L.O.l 10.19 1491 12 11.02
Total 93.7 96.8 92.7 94
Element F-26 F-23 F-22 F-30
(ppm)

Ba 803 530 384 45.1
Rb 4.3 3.2 3.1 35
Sr 166 1054 144 313
Cu 25 150 1063 20
As 245 682 216 30
Sh 18.2 18.5 49 11.9
Zn 87 5 42 17
Nb 1 1 1 1

Ni 5 5 5 5

Co 7.1 9 6.6 42
Cr 10 10 10 10

Y 1.7 6.1 7.2 49
Cs 0.6 0.2 0.2 0.6
Ta 0.5 0.5 0.5 0.5
Hf 1 1 1 1
Mo 34 12 11 3

Pb 28 13 10 20
Sn 1 1 1 1

V 29 57 37 27

F-29

5.89
0.04
0.22
68.03
481
0.38
3.04
0.03
0.11
0.04
11.89
94.5
F-29

221
5.6
192
209
26
7.4
52
1

5
9.2
10
10.6
0.6
0.5
1

4
28
1
35

F-28 F42 F-37 F-31 F-34
523 3745 636 652 19.69
005 0.09 005 0.04 0.04
051 063 038 041 033
67.29 4353 65.28 64.87 5881
297 312 367 218 298
021 017 057 0.2 0.12
504 301 403 737 289
004 0.08 006 0.06 0.04
016 021 016 013 0.09
005 016 011 0.04 0.07
1154 11 1293 11.77 1232
93.1 994 936 936 974
F-28 F42 F-37 F-31 F-34
582 672 1201 886  59.2
6.7 5.6 4.6 3.2 2.1
356 180 111 337 405
24 31 40 23 26
102 129 1269 20 33
54 4 185 53 3.4

5 10 248 5 5

1 1 1 1 1

5 5 5 5 5

5.2 8.6 9 7.1 8.1
10 10 10 10 31
3.7 5.7 6.1 3 4
1.2 0.6 0.8 0.6 0.4
0.5 0.5 0.5 0.5 0.5

1 1 1 1 1

20 5 16 2 8

30 25 25 10 17

7 7 2 6 1

37 34 56 30 25

S 5 i 5 03129 FEO Jlaio 0 Silie 288

RUT IV WLV I 43/53 P 63/08 ey ) e
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2004, 2007; Heshmatbehzadi and Shahabpour,
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50 a5,8 dalllas 5,5 0 ddlaie sladiges a5 5l 2008)
(B-10 s z2) 0,5 0 51,58 ole,S sl LuslS sogame
NIHCO oL5so Jlogad ) 5 oS 5 258 polic s
(Crerar et al., Cu+Zn+Pb+Mo+V+As J s yo
00gd—a ;0 Iy aalllas 0,5 o adlate slaa S5 1982)

(C-10 JSa) amo oo )13 ol )5 sl Lusls

3,8 3lassT eagamme (g5l SIS slaryg; (S ol polie polie 2 Jaus

Table 2. REE contents of mineralization zones of Ferezneh prospect area

Element F26 F23 F22 F-30
(ppm)

La 14 - 39 48
Ce 96 8 156  16.9
Pr 121 098 188 22
Nd 53 45 77 86
sm 14 11 19 16
Eu 078 077 137 209
Gd 102 101 203 115
Th 022 02 029 023
Dy 082 104 119 066
Ho 016 015 022 014
Er 054 046 056  0.28
m : : : :

Yb 04 03 04 02
Lu 008 007 006 006
SREE 2293 1858 371 3891
LREE/HREE 608 475 681 133
Lay/Cey 015 - 025 0.8
Eu/Eu 2 223 213 471

F29 F-28 F42 F-37 F-31 F-34
2.6 - - - 2.7 -
171 74 5.8 6.5 129 6.1
201 08 058 071 166 08
7.7 3.1 2.3 2.8 5.7 3

2 0.6 0.6 1.3 1 06
175 089 056 079 194 062
204 043 061 082 07 0.62
041 009 017 014 011 0.3
197 048 107 103 055 074
033 016 021 014 008 0.1
085 021 061 037 018 027
06 03 1 0.2 0.2 0.3
011 008 019 008 006 007
3947 1459 137 1488 27.78 13.36
525 734 255 435 1378 496
043 015 - - - 0.21
9.8 433 135
265 536 283 234 709 311
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Introduction

The Ferezneh prospect area is one of the eastern
anomalies of Khaf’s Sangan iron mine. The
Sangan mines complex is located within the Khaf-
Kashmar-Bardeskan volcano-plutonic and
metallogenic belt in northeastern Iran.

The Sangan mine is the largest Fe skarn in
western Asia, having a proven reserve of over
1000 Mt iron ore @ 53% Fe (Golmohammadi et
al., 2015) and consisting of three parts; western,
central and eastern Sangan, each part including
several anomalies. In this study, Ferezneh (North
and West) prospect area which is an eastern
anomaly of the Sangan iron ore is discussed.
Ferezneh anomaly is located in 60°36'7" -
60°34'27"E and 34°30'47" - 34°29'46"N, 35 km south
of the city of Taybad, 10 km southeast of Karat
and 1.5 km southwest of Ferezneh village. The
purpose of this study was to prepare a geologic
map for separation and identification of the
intrusions, determining their relationships with
mineralization, distinguishing the type of
mineralization,  mineralogy,  petrology and
geochemistry of the mineral deposits, and finally
their relationship with other major Sangan’s
deposits.

Materials and methods

In order to achieve the objectives of the study: 1-
140 thin sections of the intrusive rocks, marble
limestone and dolomite, as well as 40 polished
sections of ore were taken in an area of 9.5 km?.
Mineralogy and mineralization studies were
performed in the Economic Geology Laboratory
of Ferdowsi University of Mashhad. 2- A few

*Corresponding authors Email: shafaroudi@um.ac.ir

samples were selected for X-ray diffraction
analysis in order to ensure accuracy of
mineralogical studies and were sent to Binalood
Laboratory in Tehran. 3- In addition to major and
minor elements geochemistry study of the ores, 10
samples were sent to East Amitis Laboratory in
Mashhad for XRF analysis and also to Canada
S.G.S Laboratory for ICP-MS analysis.

Discussion and results

Mineralization in the Ferezneh prospect area was
limited to iron and manganese oxides in the form
of massive and stratabound in recrystallized
limestone that followed the structure pattern.

Iron oxides often include goethite and hematite;
while  manganese oxides are pyrolusite,
psilomelane and lesser amounts of cryptomelane.
Small spots of rutile are rarely seen. The gangue
minerals are dolomite, calcite and
cryptocrystalline quartz. XRD analysis shows that
iron and manganese oxides are the only metallic
minerals.

The geochemistry of mineralization was studied
by ICP-MS and XRF analysis for major oxides,
trace elements and REE. The range of Fe anomaly
changes from 43.5 to 68% and Mn anomalies vary
between 1.9 and 4.8 %. The range of Cu varies
from 20 to 1063 ppm and the range of As differs
between 20 and 1269 ppm, no Cu and As
mineralization has been observed. Mn and Fe
oxides uptake trace elements.

In the Fe:Mn:Si ternary diagram, ten of the
analyzed samples were plotted in the
characteristic compositional field for Fe-rich
hydrothermal. In the Fe:Mn:(Co+Ni+Cu)x10
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ternary diagram, data were also plotted in
hydrothermal fields. Minor and trace elements in
the  binary  diagram  of  Ni+Co vs.
Cu+Zn+Pb+Mo+V+As (Crerar et al., 1982) show
samples within the field for hydrothermal
deposits.

REE pattern shows positive Eu anomaly and the
Eu/Eu* ratio changes from 2 to 7, LREE/HREE
ratio varies between 2.25 and 13.78, the mean
being 6.94.

Rare earth element contents show relatively low
to moderate subtraction pattern. LREE have more
variations than HREE values that have been fixed.
Enrichment of LREE over HREE and positive Eu
anomaly, are the key indications of hydrothermal
origin for the ore deposits and low amounts of
REE are the characteristic for hydrothermal
deposits (Xu Bao et al., 2008).

As, Cu, Pb, Zn and Sb act as trace indicator
elements in reaching the hidden epithermal or
hydrothermal sulfide deposit in depth. Although
the type of mineralization in the main parts of
Sangan is skarn (Karimpour and Malekzadeh
Shafaroudi, 2006; Karimpour and Malekzadeh
Shafaroudi, 2008; Golmohammadi et al., 2015),
there is no evidence of limestone skarnification,
skarn minerals and magnetite mineralization in
the Ferezneh prospect area. Based on the listed
data and interpretations, there is no relationship
and similarity between Sangan mineralization and
Ferezneh ferromanganese anomaly. This anomaly
may be related to a younger mineralization and
might be associated with the function of supersion

fluid by leaching the sulfide hydrothermal
deposits that form in the fault zones.
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