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Fig. 1. Geological map of the Qaranaz-Alamkandi (scal: 1/20000) from geological map of Takht-e-Soleyman (scale:
1/100000 Babakhani and Ghalamghash, 1996) with some changes
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Fig. 2. Outcropes of different rock units in the Qaranaz-Alamkandi area (view to the north)
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Fig. 3. Photomicrographs of minerals and texture from the serpentinized peridotites in the Qarenaz-Alamkandi area
(XPL). A: Olivine crystals within the serpentine matrix associated with small opaque minerals, B: Exsolution texture of
clinopyroxene within the orthopyroxene, C: Cumulate texture of periditites where clinopyroxene and orthopyroxene are
together and have disseminated of opaque minerals, D: Corona texture of orthopyroxene which replaced by serpentine.
In some cases, there are iron oxide minerals and vein-veinlets of calcite in the picture, E and F: Calcic alteration in the
lherzolite which clinopyroxene replaced by calcite, G: Serpentinization of olivine in the lherzolite, and H: Lenzoid
texture (mylonitization) of opaque minerals whithin the sepentinite. Abbreviations after Whitney and Evans (2010)
(Cal: Calcite, Cpx: Clinopyroxene, Fe-Ox: Iron Oxide, Ol: Olivine, Opq: Opaque Minerals, Opx: Orthopyroxene, Srp:
Serpentine).
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Fig. 4. Photographs of chromite mineralization in the Qarenaz-Alamkandi area. A: Lenzoid shape of (the area with
black color) within the harzburgite host rock, B: vein- veinltes of chromite (the area with black color) within the
peridotite host rock, and C: Disseminated texture of chromite (the area with black color) within the serpentinized dunite
host rock
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Fig. 5. Photomicrographs of chromite textures in Qaranaz-Alamkandi chromite deposit. A: Massive and anhedral
chromite, B: Disseminated chromite which formed in the serpentinized host rock, C: Massive chromite which
brecciated by the deformation affects and show cataclastic texture, and D: Coarse-grain of chrome spinel crystal that
has been observed in Gharenaz-Alamkandi chromite samples. Abbreviations after Whitney and Evans (2010) (Cr:
Chromite, Cr-spl: Chome Spinel, Srp: serpentine).
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Fig. 6. Backscattered scanning electron microscopy (BSE) images of minerals in chromite Qarnaz-Alamkandi deposit.

Disseminated magnetites and occurrence of ilmenite as exsolution within the magnetite. Abbreviations after Whitney
and Evans (2010) (Ilm: Ilmenite, Mag: Magnetite).
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Fig. 7. A: Diagram of nickel presence in the chromite mineralization of Qarenaz- Alamkandi area, and B: Occurrence of
nickel within chrome spinel in the BSE image. Abbreviations after Whitney and Evans (2010) (Cr-Spl: Chrome Spinel,
Ni: Nckel).
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Fig. 8. A and B: Occurrence of gold and galena as inclusion within the chromite in the Gharenaz- Alamkandi area. C:
Diagram of gold in chromite mineralization in the Gharenaz- Alamkandi area. Abbreviations after Whitney and Evans
(2010) (Au: Gold, Cr: Chromite, Gn: Galena).
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Table 1. Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area. Values in
percent.

Position Core

1/Q23-P2 2/Q23-P2 3/Q23-P2 4/Q23-P2 14/Q23-P2 15/Q23-P2

Sample Name

SiO2 0.07 0.17 0.06 0.12 0.07 0.17
TiO2 0.2 0.18 0.15 0.17 0.15 0.12
ALO3 10.33 11.08 10.61 10.72 10.05 8.65
FeO 15.99 15.83 16.58 15.86 17.35 18.24
MnO 1.27 1.23 1.2 1.23 1.37 1.49
MgO 13.68 14.02 13.94 13.99 13.46 13.23
CaO 0.02 0 0 0.03 0.02 0
NiO 0.82 0.38 0.11 0.75 0.5 0.47
Na:0 0.05 0.03 0 0.02 0.01 0.06
K>O 0 0.02 0.01 0 0 0
P20s 0 0 0 0 0 0
Cr20s 57.22 57.16 56.33 55.97 55.76 56.44
V203 0.06 0.07 0.08 0.1 0.09 0.07
Total 99.71 100.17 99.07 98.96 98.83 98.94
Number of ions on the basis of 32 oxygens
Cr 11.7319 11.5637 11.5003 11.4928 11.5076 11.7206
Fe(iii) 0.9841 0.9242 1.1648 1.0762 1.2863 1.4503
Fe(ii) 2.4835 2.4631 2.4154 2.3683 2.5010 2.5560
Mg 5.2892 5.3485 5.3668 5.4171 5.2383 5.1809
Mn 0.2789 0.2666 0.2624 0.2706 0.3029 0.3315
Al 3.1572 3.3414 3.2290 3.2813 3.0918 2.6777
Si 0.0182 0.0435 0.0155 0.0312 0.0183 0.0447
Ti 0.0390 0.0346 0.0291 0.0332 0.0295 0.0237
\4 0.0125 0.0144 0.0166 0.0208 0.0188 0.0147
Ca 0.0056 0.0000 0.0000 0.0083 0.0056 0.0000
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.788 0.776 0.781 0.778 0.788 0.814
Mg/Mg+Fe(ii) 0.680 0.685 0.690 0.696 0.677 0.670
Fe/Fe+Mg 0.396 0.388 0.400 0.389 0.420 0.436
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Sample Name

17/Q21-P2  18/Q21-P2

19/Q21-P2  24/Q21-P2 25/Q21-P2 28/Q21-P2

SiO:
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
Na.O
KO
P20s
Cr20;
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Si

Ti

A\

Ca

Zn

Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fe+tMg

0.07
0.18
10.67
16.56
1.1
13.64
0.02
0.33
0.05

0.03
56.27
0.07
98.99

11.5476
1.0670
2.5274
5.2785
0.2418
3.2641
0.0182
0.0351
0.0146
0.0056
0.0000
0.780
0.676
0.405

0.12
0.17
10.76
16.83
1.06
13.73
0.01
0.8
0.01
0.01
0
56.26
0.06
99.82

Number of ions on the basis of 32 oxygens

11.4899
1.0938
2.5416
5.2877
0.2319
3.2758
0.0310
0.0330
0.0124
0.0028
0.0000
0.778
0.675
0.407

0.09
0.18
11.04
16.56
1.04
14.02
0.03
0
0.03
0.02
0.03
56.37
0.06
99.47

11.4378
1.0949
2.4591
5.3644
0.2261
3.3393
0.0231
0.0347
0.0123
0.0082
0.0000
0.774
0.686
0.398

0.32
0.17
9.71
18.35
1.09
12.13
0.02
0.38
0
0
0
56.44
0.06
98.67

11.7768
0.9538
3.0960
4.7729
0.2436
3.0203
0.0845
0.0337
0.0127
0.0057
0.0000
0.796
0.607
0.459

0.02
0.18
9.41
17.79
1.23
11.61
0.01
0.05
0
0
0.03
57.84
0.09
98.26

12.1559
0.7942
3.1603
4.6012
0.2769
2.9481
0.0053
0.0360
0.0192
0.0028
0.0000
0.805
0.593
0.462

0.17
0.2
10.9
16.2
0.87
13.79
0
0.55
0.03
0.02
0.05
57.78
0.09
100.65

11.6928
0.8365
2.6310
5.2624
0.1886
3.2882
0.0435
0.0385
0.0185
0.0000
0.0000
0.781
0.667
0.397
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Core

Sample Name

29/Q21-P2 30/Q21-P2 31/Q21-P2 32/Q21-P2 33/Q21-P2 34/Q21-P2

SiO,
Ti0,
AlLO3
FeO
MnO
MgO
CaO
NiO
Na,O
K>,O
P,0s
Cr203
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Si

Ti

v

Ca

Zn

Cr/Cr+Al

Mg/Mg+Fe(ii)

Fe/FetMg

0.07
0.19
10.83
16.32
0.93
12.79

59.19
0.08
100.44

12.0324
0.5597
2.9493
4.9029
0.2025
3.2819
0.0180
0.0367
0.0165
0.0000
0.0000
0.786
0.624
0.417

0.07
0.19
10.75
16.81
0.94
13.87
0.01
0.61
0
0
0
57.44
0.11
100.8

11.6039

1.0274
2.5644
5.2838
0.2034
3.2373
0.0179
0.0365
0.0225
0.0027
0.0000
0.782
0.673
0.405

0.05
0.14
10.16
16.94
0.9
13.22
0
0.96
0.03
0
0.01
56.66
0.08
99.15

11.7335
1.0319
2.6785
5.1625
0.1997
3.1364
0.0131
0.0276
0.0168
0.0000
0.0000
0.789
0.658
0.418

0.11
0.19
9.9
16.89
1.03
13.61
0.01
0.3
0.03
0
0
58.61
0.07
100.75

Number of ions on the basis of 32 oxygens

11.8799
0.9847
2.6363
5.2021
0.2237
2.9913
0.0282
0.0366
0.0144
0.0027
0.0000
0.799
0.664
0.410

0.07
0.16
11.11
16.28
0.88
13.98
0.01
0.26
0.01
0
0
57.76
0.07
100.59

11.6323
0.9211
2.5467
5.3092
0.1899
3.3353
0.0178
0.0307
0.0143
0.0027
0.0000
0.777
0.676
0.395

0.11
0.17
10.09
16.24
0.89
13.21
0.03
0.31
0
0.01
0.01
59.62
0.09
100.78

12.1123
0.6912
2.7984
5.0608
0.1937
3.0557
0.0283
0.0329
0.0185
0.0083
0.0000
0.799
0.644
0.408
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Core

Sample Name

5/Q23-P2 6/Q23-P2 7/Q23-P2 8/Q23-P2 35/Q21-P2 36/Q21-P2

SiO2
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
NaO
K:0
P20s
Cr20s
V203
Total

Fe(iii)
Fe(ii)
Mg
Mn
Al
Si
Ti
v
Ca
Zn
Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fe+Mg

0.07
0.17
9.14
17.85
1.27
13.48
0.03
0.03
0.02
0
0
57.83
0.08
99.97

Number of ions on the basis of 32 oxygens

11.7644

11.8134
1.2845
2.5722
5.1927
0.2779
2.7833
0.0181
0.0330
0.0166
0.0083
0.0000

0.809
0.669
0.426

0.04
0.15
9.47
17.02
1.32
13.76
0.02
0.5
0.01
0
0
57.48
0.08
99.85

1.2506
2.4339
5.3107
0.2894
2.8893
0.0104
0.0292
0.0166
0.0055
0.0000
0.803
0.686
0.410

0.05
0.16
10.89
16.37
1.24
13.81
0.05
0.34
0.02
0.03
0.01
56.3
0.11
99.38

11.4885
1.0882
2.4450
5.3141
0.2711
3.3126
0.0129
0.0311
0.0228
0.0138
0.0000

0.776
0.685
0.399

0.08
0.15
10.49
16.24
1.25
13.94
0.02
0
0.01
0
0.04
56.39
0.09
98.7

11.5482
1.1309
2.3868
5.3834
0.2742
3.2024
0.0207
0.0292
0.0187
0.0056
0.0000

0.783
0.693
0.395

0.01
0.2
11.07
16.01
0.96
13.94
0
0.36
0.07
0
0.02
57.69
0.11
100.44

11.6589
0.9016
2.5207
5.3125
0.2078
3.3350
0.0026
0.0385
0.0225
0.0000
0.0000
0.778
0.678
0.392

0.09
0.14
9.24
16.09
1.03
12.87
0
0.37

0.02
60.82
0.04
100.71

12.4469
0.6248
2.8580
4.9668
0.2258
2.8189
0.0233
0.0273
0.0083
0.0000
0.0000
0.815
0.635
0.412
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.
Values in percent.

Position Rim

Sample Name 9/Q23-P2 10/Q23-P2 11/Q23-P2 12/Q23-P2 13/Q23-P2 16 /Q23-P2

SiO: 0.45 0.72 0.04 0.14 0.04 6.81
TiO: 0.28 0.14 0.21 0.21 0.2 0.12
ALO3 333 22 5.99 5.89 5.63 3.74
FeO 26.42 24.62 23.74 24.08 24.03 20.3
MnO 1.41 1.18 1.32 1.38 1.37 1.53
MgO 8.32 13.04 11.54 10.62 10.37 14.97
CaO 0.95 0.14 0.01 0 0 0.14
NiO 0.98 0.25 0.42 0.96 0.45 0.16
Na:0 0.01 0.01 0 0.06 0 0.05
K:0 0 0.01 0 0 0.01 0
P»0s 0 0 0 0.01 0 0.02
Cr20; 56.85 56.77 57.32 57.21 56.22 50.43
V203 0.12 0.08 0.15 0.1 0.13 0.09
Total 99.12 99.16 100.74 100.66 98.45 98.36

Number of ions on the basis of 32 oxygens

Cr 12.4942 12.0298 11.9676 12.1034 12.1094 10.4021
Fe(iii) 2.0208 2.8156 2.0318 1.8581 1.9507 0.8285
Fe(ii) 4.1206 2.7024 3.2107 3.5301 3.5237 3.6003

Mg 3.4481 5.2107 4.5435 4.2368 4.2120 5.8228

Mn 0.3320 0.2679 0.2952 0.3128 0.3161 0.3381

Al 1.0910 0.6949 1.8643 1.8575 1.8077 1.1500

Si 0.1251 0.1930 0.0106 0.0375 0.0109 1.7768

Ti 0.0585 0.0282 0.0417 0.0423 0.0410 0.0235

\4 0.0267 0.0172 0.0318 0.0215 0.0284 0.0188

Ca 0.2829 0.0402 0.0028 0.0000 0.0000 0.0391

Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Cr/Cr+Al 0.920 0.945 0.865 0.867 0.870 0.900
Mg/Mg+Fe(ii) 0.456 0.658 0.586 0.545 0.544 0.618

Fe/Fe+Mg 0.640 0.514 0.536 0.560 0.565 0.432




5

...L;xSrJ;—,'Uerd!@);c,w;&uolf,@lfdg

(¥4 JL) F olads Y il

u,:wﬁ,&:u.».‘_;.)_;fr_l:——juwjg,.:nj}f&l}.a;lfpg‘:ﬁ);‘_;u@lf‘_;”ﬁ%)ﬁb@obﬁ}\5\»};UT@B.\ Jju\’d&‘é'

LW

Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Sample Name

20/Q21-P2  21/Q21-P2 22/Q21-P2 23/Q21-P2 26/Q21-P2 27/Q21-P2

SiO:
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
Na20
K0
P20s
Cr20;3
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Zn
Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fet+Mg

0.08
0.16
9.47
17.16
1.15
133
0.03
0.93
0.04

58.58
0.09
100.99

11.9608
1.0348
2.6711
5.1208
0.2515
2.8823
0.0207
0.0311
0.0186
0.0083
0.0000
0.806
0.657
0.420

0
0.21
10.99
16.84
1.06
14.18
0.02
0.54
0.03
0
0.02
56.64
0.08
100.61

Number of ions on the basis of 32 oxygens

11.4215
1.1780
2.4137
5.3921
0.2290
3.3036
0.0000
0.0403
0.0164
0.0055
0.0000
0.776
0.691
0.400

0.08
0.18
10.64
16.96
1.11
13.68
0.01
0.8
0.02
0
0
56.32
0.06
99.86

11.5084
1.1269
2.5386
5.2713
0.2430
3.2410
0.0207
0.0350
0.0124
0.0028
0.0000
0.780
0.675
0.410

0
0.13
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Fig. 10. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
from point of 9 to 16 in the sample Q-23, C, D, E, F, and G: diagrams of major oxide elements such as Cr,Os, FeO,
Al,O3, MgO and SiO; in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Fig. 11. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
from point of 5 to 8 in the sample Q-23, C, D, E, F, and G: diagrams of major oxide elements such as Cr,Os, FeO,
Al,O3, MgO and MnO in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Fig. 12. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
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Al,O3, MgO and MnO in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Introduction Malek Ghasemi and Karimzadeh
Somarin (2005) reported that Chromite depositsin
Iran occur in Paleozoic and Mesozoic ophiolite
complexes in association with serpentinite and
serpentinized peridotites and dunites (Ghazi et al.,
2004; Shafaii Moghadam and Stern, 2014). There
are more than 74 chromite deposits that have been
explored in these complexes and they are mainly of
apinetype (Ghorbani, 2013). These ophiolite
complexes are part of the Tethyan belts which link
to other Asian ophiolite belts such as Pakistan and
Tibet in the east as well as ophiolites in the
Mediterranean region such as Turkey, Troodos,
Greek, and east Europe in the west (Y aghoubpur
and Hassanngjhad, 2006; Hassanipak and Ghazi,
2000).

New datain the current research study are used to
infer the geology, mineralization, mineralogy,
mineral chemistry and origin of the Qaranaz-
Alamkandi chromite.

Materials and methods

After preparing 72 samples from the study area,
microscopic studies were carried out on 18 thin
sections and 23 polished-thin sections for
recognition of the microscopic features of the host
rock as well as the mineralogy and texture of the
ore body. Then, two chromite samples were
analyzed at the Iran Mineral Processing Research
Center, Kargj, Iran using electron microprobe and
scanning el ectron microscope (SEM) methods.

Discussion and Results

The Qaranaz-Alamkandi chromite occurrence is
located in the west of the Zanjan province and in
the northern part of the Sanandaj-Sirjan zone. This
area is composed of ultramafic sequences
associated with Precambrian metamorphosed rocks
such as amphibolite, marble, granitic gneiss and
schist.

According to petrographic studies rock unitsin the
Qranaz-Alamkandi area consist of serpentinized
harzburgite, serpentinized Iherzolite, serpentinized
dunite, serpentinite, amphibolite, amphibole schist,
gneissic granite and mica shcist. This study show
that the peridotitic rocks in this region include
dunite, harzburgite and Iherzolite. Olivine,
orthopyroxene and lesser amounts  of
clinopyroxene associated with secondary minerals
(such as serpentine, chlorite and calcite) and
opague minerals (chromite and magnetite) are the
main minerals in peridotites.

Mineral chemistry of olivines in the peridotites
shows magnesium rich olivine with forsterite
composition, dightly tending to chrysolite. The
composition of olivines falls in the olivine spinel
mantle array. Moreover, the olivines of dunites are
comparable with those from the oceanic supra-
subduction zone peridotites.

Clinopyroxenes and orthopyroxenes are Fe-Mg-Ca
rich. Furthermore, clinopyroxenes show augite
composition and are mainly of the calcium-
magnesium type. Orthopyroxenes show mainly
bronzite and minor samples showing hypersthene
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composition. The composition of clinopyroxenesis
similar to those of boninites and arc related
magmas. This result and the given fact of the low
contents of TiO, and high contents of SiO; in the
structural formula of the pyroxenes suggest that the
pyroxenes of the study area are comparable with
those from the subduction tectonic settings.
Chromite mineralization in the Qaranaz-
Alamkandi area has occurred within the ultramafic
rocks with serpentinized harzburgite and
serpentinite  composition. Due to the limited
expansion of the peridotitic host rocks, chromite
mineralization isalso limited and it has occurred as
lenses with maximum length up to two meters and
one meter width. Chromite mineralization has
occurred as massive, disseminated, lenzoid and
vein- veinletsform in this area.

Mineral chemistry of Chrome spinels from the
Qaranaz-Alamkandi areaindicate that the chromite
samples plot within the ophiolite complexes and
high- magnesium chromite field (Leblanc and
Nicolas, 1992), which classifies them as podiform
chromite deposits in terms of mineralization type
(Arai et al., 2004).

Chromite mineralization in the Qaranaz-
Alamkandi area indicates an Alpine type deposit
whichisenriched in Cr and Mg and depleted in Ti.
The Qaranaz-Alamkandi chromite mineralization
has been formed from boninitic magmas which
were derived from the subduction process in a
supra-subduction zone and fore-arc tectonic
settings (Ahrabian, 2018).

Acknowledgements

The authors are thankful to the Research Council
of University of Zanjan and Iranian Mines &
Mining Industries Development & Renovation
Organization for financially supporting this study.
We also acknowledge valuable comments from
editor of Journal of Economic Geology and
anonymous reviewers which improved the quality
of the manuscript.

References

Ahrabian, P., 2018. Geology, Geochemistry and
Genesis of chromite mineraization of
Gharenaz- Alamkandi area, west of Zanjan,
Iran. M.Sc. Thesis, University of Zanjan,
Zanjan, Iran, 215 pp. (in Persian with English
abstract)

Arai, S., Uesugi, J. and Ahmed, A.H., 2004. Upper
crustal podiform chromitite from the northern
Oman ophiolite as the stratigraphicaly
shallowest chromitite in ophiolite and its
implication for Cr concentration. Contributions
to Mineralogy and Petrology, 147(2): 145-154.

Ghazi, A., Hassanipak, A., Mahoney, J. and
Duncan, R., 2004. Geochemical characteristics,
OAr-*Ar ages and original tectonic setting of
the Band-e-Zeyarat/Dar Anar ophiolite, Makran
accretionary prism, SE Iran. Tectonophysics,
393(14): 175-196.

Ghorbani, M., 2013. The Economic Geology of
Iran: Mineral Deposits and Natural Resources.
Springer Netherlands, Dordrecht, pp. 572.

Hassanipak, A.A. and Ghazi, A.M., 2000.
Petrology, geochemistry and tectonic setting of
the Khoy ophiolite, northwest Iran: implications
for Tethyan tectonics. Journal of Asian Earth
Sciences, 18(1): 109-121.

Leblanc M. and Nicolas A., 1992. Ophialitic
chromitites. International Geology Review,
34(7): 653-686.

Malek Ghasemi, F. and Karimzadeh Somarin, A.,
2005. Petrology and origin of chromite
mineralisation in the Khoy Area, NW Iran.
BHM Berg- und Huttenmannische
Monatshefte, 150(10): 358-366.

Shafaii Moghadam, H. and Stern, R.J.,, 2014.
Ophiolites of Iran: Keys to understanding the
tectonic evolution of SW Asia (I) Paleozoic
ophiolites. Journal of Asian Earth Sciences, 91:
19-38.

Y aghoubpur, A. and Hassanngjhad, A.A., 2006.
The Spatial Distribution of Some Chromite
Depositsin Iran, Using Fry Analysis. Journal of
Sciences, Islamic Republic of Iran, 17(2): 147—
152.



	7- 79535- Nabatian- F
	7- 79535- Nabatian- E

