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1-Introduction

The chromite mineral is a primary mineral in mantle peridotites and classified as spinel group minerals.
According to Malekghasemi and Karimzadeh Somarin (2005), chromite deposits in Iran occurred in Paleozoic
and Mesozoic ophiolites complexes that are associated with serpentinite and serpentinized peridotites and
dunites (Ghazi et al., 2004; Shafaii Moghadam and Stern, 2014). More than 74 chromite deposits have been
found in these complexes, mainly of alpine-type (Yaghobpour, 2005). Iranian ophiolite complexes are part of
Tethyan belts which link to other Asian ophiolites belts such as Pakistan and Tibetan in the east as well as to
ophiolites in the Mediterranean region such as Turkey, Troodos, Greek, and East Europe in the west
(Hassanipak and Ghazi, 2000; Yaghubpur and Hassannejad, 2006).

The new data in the current research are used to infer the geology, type of mineralization, mineralogy, mineral
chemistry and tectonic setting, and chemical composition of the primary magma and the origin of Qaranaz -
Alamkandi chromite. The Qaranaz - Alamkandi area is located in the west of Zanjan Province, between
longitudes 47 *24' 10" to 47 ° 27' 10" east and latitudes 36 ° 43’ 30" to 36 ° 45’ 30" North. We present new field
observation, lithological characteristics of the host rock, mineral chemistry, mineralization, mineralogy, the
texture of ore minerals and rock-forming minerals, and chromites' genesis. In this regard, the chemical
composition of olivine, pyroxene, and chromite minerals have been investigated in the Qaranaz - Alamkandi
area. Finally, the tectonic setting and genesis of the Qaranaz - Alamkandi chromite deposit have been
determined.

2- Material and methods

A detailed field study has been carried out at different scales in the Qaranaz - Alamkandi area. During fieldwork
studies, sampling of rock units was performed in the study area. During fieldwork studies and based on the
geological map of Takab (scale: 1:250,000; Alavi et al., 1976) and geological map of Takht-e-Soliman (scale:
1:100,000; Babakhani and Qalamgash, 1996), the geological map of Qaranaz - Alamkandi area (scale 1:20000)
was prepared. In the next step, 18 thin sections and 23 polished-thin sections were prepared to study the
microscopic features of the host rock and mineralogy and structure of the ore minerals. In addition, seven
polished-thin sections of various rock units, including peridotite host rocks of serpentinized dunite and
serpentinized lherzolite, and two chromite samples were analyzed by electron microprobe analysis (EPMA) in
the Iran Mineral Processing Research Center, Karaj, Iran. Totally 128 points selected for EPMA, including 22
points on olivine, 48 points on clinopyroxene, 22 points on orthopyroxene, 36 points on chromite. Mineral
analyses were performed by using of EPMA model SX100 manufactured by Cameca, France. A 15 kV electron
beam accelerating voltage, probe current of 20 nA with a beam size of 5 microns diameter were applied. To
analyze the electron microprobe, the samples were coated with ten nanometers thick layers of carbon. EPMA
analysis was performed with a voltage of (15 kV), a current (20 nA) diameter of 5 microns.
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3- Discussion and conclusion

The studied chromite mineralization in the Qaranaz - Alamkandi area is located in the west of the Zanjan
Province and Sanandaj-Sirjan Zone. The outcrops rock units in the study area consist of amphibolite, granitic
gneiss, marble, amphibole schist, garnet mica schist, and also ultrabasic sequences. Chromite mineralization
occurred as linezolid, veinlets. These minerals disseminated within the peridotite host rocks, such as
serpentinized dunite, serpentinized harzburgite, and serpentinite. Olivine, orthopyroxene, clinopyroxene,
serpentine, asbestos, chromite, and magnetite are the main minerals at these rock units. Mineral chemistry of
olivines indicates that the olivines in the peridotites are rich in magnesium and show forsterite composition.
Clinopyroxene in the peridotites is iron - magnesium - calcium rich with mainly are augite in composition.
Orthopyroxene minerals show mainly bronzite composition with minor amounts of hypersthene composition.
The mineral chemistry of chrome spinels indicates that the chromite mineralization in the study area classified
as podiform type chromite, which enriched in Cr and Mg and depleted in Ti. Besides, the mineral chemistry of
olivines, clinopyroxene, and chrome spinels show that the host rocks of chromite mineralization and dunite-
Iherzolite suffered at least 20% and 40% partial melting, respectively. On the other hand, it can be stated that
both partial melting and depleted mantle melt had an essential role in the formation of peridotite in the Qaranaz
- Alamkandi area (Ahrabian, 2018). According to this study, it can be noted that the chromite mineralization in
the study area is ophiolite type mineralization and formed from a boninitic magma in the supra subduction zone
during the subduction of Proto-Tethys ocean beneath the Iranian block at Precambrian - Cambrian time.
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Fig.1. (a) Geological map of the study area in scale of 1:20000 (Ahrabian Fard, 2018) and (b) Schematic

profile prepared from units in the study area.
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Fig. 2. View of different sequence of rock units in the study area (view to the southwest).
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Fig. 3. (a) Closed view of the amphibolites in the study area (view to the northeast), (b) View of the gneiss
granite unit in the study area (southwest view), (c) Outcrop of marble unit in the study area (view to the
northeast), (d) Amphibole-schist unit which is cutted by pegmatite dyke, and (e) Field outcrop of ultramafic

unit and peridotitic host rock (northwest view).
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Fig. 4. Photomicrographs of minerals and some textures in serpentinized peridotites of the Gharenaz-
Alamkandi area; (a) Relict texture of olivine crystals (Ol) in serpentinized (Srp) background with fine-grained
opaque (Opq) minerals, (b) The exsolution texture, which is the main host of orthopyroxene (Opx), and the
clinopyroxene (Cpx) blades are formed within them, (c) Cumulus texture in the peridotites, where the
orthopyroxene (Opx) and clinopyroxene (Cpx) crystals formed with together and the opaque (Opg) mineral
crystals are scattered among them, and (d) Corona texture of orthopyroxene (Opx) crystal which altered to
serpentine during the alteration process. Images are provided with XPL cross-polarized light. The abbrivasion
of minerals are taken from Whitney and Evans (2010).
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Fig. 5. Photographs of chromite mineralization in the study area; (a) Lenzoid shape of chromite mineralization
(dark color sections) within the harzburgite host rock, (b) Vein- veinltes of chromite mineralization (dark color

sections) within the harzburgite host rock, and (c) Disseminated texture of chromite (dark color sections)
within the serpentinized dunite host rock.
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Table 1. Results of electron microprobe analysis on olivine minerals in the Qaranaz - Alam Kandi peridotites. Values of
oxides are in weight percentages. The structural formula of the minerals are based on 4 oxygen atoms.

Position Core
Sample
oY 3)Q10  4Q10  7Q10  8Q10  9/Q-10 1VQ10 12Q-10 14/Q-10 32Q69 33Q69  34/Q-69
Na2O 0.04 0.05 0.02 0 0 0.02 0.01 0.01 0.04 0 0
K20 0 0 0.02 0 0 0.01 0 0 0 0.01 0
MgO 5092 5142 5179 5027 4994 484 5055 5021  47.32 4846  48.04
Cao 0.02 0.01 0.01 0 0 0.02 0 0 0 0.01 0
MnO 0.11 0.17 0.17 0.16 0.12 0.14 0.14 0.09 0.18 0.19 0.14
FeO 7.93 8.54 7.34 8.53 857 1175 858 8.4 1104 1121 1121
NiO 0.49 0 0.21 0 0.35 0.36 0.31 0.27 0 0 0.6
Al203 0 0.02 0 0 0 0 0 0 0 0 0.01
V203 0 0 0 0 0 0 0 0 0.02 0.01 0.01
Cr203 0.01 0.02 0.03 0 0 0 0.01 0.02 0.04 0.03 0
Si0, 4028 4063  41.08 4174 4122 4008 4086 4144 4183 4124 4118
TiO2 0 0.01 0.01 0 0 0 0.02 0 0 0.02 0.02
P20s 0 0 0 0 0 0 0 0 0 0 0
Total 99.8 100.87 100.68 100.7 100.2 100.78 100.48 100.44  100.47 101.18 100.01
Si 0.985 0.983 0.991 1.008 1.003 0.906 0.958 1.004 1.023 1.004 1.010
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000
Fe(ii) 0.162 0.173 0.148 0.172 0.174 0.260 0.168 0.170 0.226 0.228 0.230
Mn 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.002 0.004 0.004 0.003
Mg 1856 1855 1862 1809 1811 1920 1906 1814 1724 1759  1.757
Ni 0.010 0.000 0.004 0.000 0.007 0.007 0.006 0.005 0.000 0.000 -0.012
Ca 0001 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
Total 3.016 3.016 3.009 2.992 2.997 3.095 3.042 2.996 2.977 2.996 2.989
Position Core Rim
SNa?rgée 35/0-69 36/Q-69 37/Q-69 38/Q-69 44/Q-69 45/Q-69 46/Q-69 20/Q-72 21/Q-72 39/Q-69  28/Q-72
NazO 0 0.01 0.02 0 0.03 0 0 0.03 0.01 0.02 0.01
K20 0 0.02 0 0.01 0 0 0 0 0 0.02 0
MgO 4727 4769 4918 4858 485 4863 4932 5026 5035 4861 4858
CaO 0 0 0 0 0 0.02 0 0 0.01 0 0.02
MnO 0.19 0.17 0.17 0.16 0.17 0.12 0.11 0.11 0.12 0.18 0.13
FeO 10.98 11.36 10 10.39 10.64 10.39 10.29 9.4 9.29 10.37 10.52
NiO 0.07 0.33 0 0 0.16 0 0 0 0 0 0
Al203 0 0 0 0 0 0 0 0 0 0 0.01
V203 0.01 0 0 0 0 0 0 0 0 0 0.01
Cr203 0 0.01 0.01 0.02 0 0 0 0 0.01 0.01 0
Si0, 4207 4122 4109 4101 4141 4157 4126 4108 4111 4076 4124
TiO2 0.04 0.02 0 0 0 0 0 0.02 0.03 0.01 0
P20s 0 0.03 0.03 0 0 0 0.02 0 0 0.03 0
Total 100.63 100.86 1005 10017 10091 10073 101 1009 10093 10001  100.52
Si 1.026 1.009 1.002 1.005 1.006 1.011 1.002 0.995 0.995 1.001 1.007
Ti 0001 0000 0000 0000 0000 0000 0000 0000 0001 0000  0.000
Al 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000
cr 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
Fe(ii) 0224 0232 0204 0213 0216 0211 0209 0190 0188 0213 0215
Mn 0004 0004 0004 0003 0003 0002 0002 0002 0002 0004  0.003
Mg 1718 1740 1788 1774 1757 1764 1785 1816 1817 1780 1768
Ni 0001 0006 0000 0000 0003 0000 0000 0000 0000 0000  0.000
Ca 0000 0000 0000 0000 0000 000l 0000 0000 0000 0000  0.001
Total 2.974 2.991 2.998 2.995 2.991 2.989 2.998 3.004 3.004 2.998 2.993
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Table 2. Results of electron microprobe analysis on clinopyroxene minerals in the Qaranaz - Alamkandi
peridotites. Values of oxides are in weight percentages. The structural formula of the minerals are based on 6
oxygen atoms.

Position Core
Sample
Name 1Q-10  2/Q-10  1/Q-72  2/Q-72  5/Q-72  6/Q-72  10/Q-72  11/Q-72  13/Q-72  14/Q-72  15/Q-72
Na20 0.24 0.49 0.28 0.35 0.31 0.26 0.43 0.38 0.29 0.13 0.58
K20 0.04 0.06 0.03 0.04 0.02 0.01 0.02 0.05 0.05 0.02 0.08
MgO 23.84 23.22 24.49 257 233 25.61 28.91 25,51 25.1 22.39 23.97
CaO 13 13.19 13.02 12.39 13.99 13.45 12.41 12.57 13.16 13.04 12.54
MnO 0.1 0.11 0.04 0.08 0.07 0.07 0.11 0.06 0.07 0.1 0.07
FeO 3.71 3.85 2.49 3.9 35 2.84 0.33 1.14 2.87 5.46 2.27
NiO 0.13 0.13 0.14 0.07 0.05 0.12 0.06 0.06 0.06 0.06 0.17
Al20s3 1.82 2.28 1.12 1.09 0.98 0.48 1.27 1.29 1 0.64 1.76
V203 0 0 0 0 0 0 0 0 0 0 0
Cr203 0.13 0.32 0.15 0.19 0.14 0.05 0.14 0.09 0.11 0.15 0.19
SiO2 55.79 55.45 57.24 56.63 55.78 55.49 56.14 57.68 57.17 58.24 56.89
TiO2 0.03 0.07 0.02 0.05 0.07 0.04 0.04 0.06 0.07 0.08 0.09
P20s 0 0 0 0 0 0 0 0 0 0 0
Total 98.83 99.17 99.02 100.49 98.21 98.42 99.86 98.89 99.95 100.31 98.61
Si 1.994 1.980 2.026 1.990 2.009 1.991 1.959 2.027 2.010 2.055 2.020
Al(iv) 0.006 0.020 0.026 0.010 0.009 0.009 0.041 0.027 0.010 0.055 0.020
Al(vi) 0.070 0.076 0.073 0.035 0.051 0.011 0.011 0.080 0.052 0.082 0.094
Fe(iii) 0.000 0.000 0.000 0.000 0.000 0.019 0.080 0.000 0.000 0.000 0.000
Cr 0.004 0.009 0.004 0.005 0.004 0.001 0.004 0.003 0.003 0.004 0.005
Ti 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.002 0.002
Fe(ii) 0.112 0.115 0.074 0.115 0.106 0.066 0.071 0.034 0.085 0.164 0.068
Mn 0.003 0.003 0.001 0.002 0.002 0.002 0.003 0.002 0.002 0.003 0.002
Mg 1.270 1.236 1.292 1.346 1.251 1.370 1.504 1.336 1.316 1.178 1.269
Ca 0.498 0.505 0.494 0.466 0.540 0.517 0.464 0.473 0.496 0.493 0.477
Na 0.017 0.034 0.019 0.024 0.022 0.018 0.029 0.026 0.020 0.009 0.040
K 0.002 0.003 0.001 0.002 0.001 0.000 0.001 0.002 0.002 0.001 0.004
Total 3.975 3.984 3.959 3.997 3.978 4.006 4.027 3.958 3.977 3.935 3.961
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Table 2. Continued.
Position Core Rim
Sample
NabC16Q72  19Q72 2072 UQBY  2Q-69  3Q-69  4Q69  2UQ-69  221Q69  2Q-69  24/Q-69
Na20O 0.4 0.11 0.37 0.54 0.53 0.56 0.29 0.47 0.22 0.63 0.6
K20 0.05 0.08 0.04 0.07 0.09 0.13 0.05 0.07 0.03 0.09 0.09
MgO 2258 2287 2477 2359 2388 2354 2417 238 2503 2312 2376
CaO 13.07 13.13 12.82 12.01 12.02 12.14 12.23 12.11 12.14 12.29 12.36
MnO 0.07 0.08 0.05 0.09 0.04 0.08 0.07 0.06 0.12 0.03 0.11
FeO 5.2 2.47 3.46 2.67 2.77 2.69 2.45 2.57 2.53 2.95 2.81
NiO 0.09 0.14 0.06 0 0 0 0 0 0 0 0
Al03 1.34 413 2.03 2.36 2.2 2.58 1.31 1.97 0.9 3.13 2.59
V203 0 0 0 0 0.02 0.04 0.03 0 0 0.03 0.04
Cr203 0.1 0.45 0.19 0.27 0.18 0.2 0.13 0.14 0.06 0.44 0.39
SiO2 57.25 55.19 55.98 57.45 57.85 57.58 59.29 57.81 59.86 56.7 57.61
TiO2 0.08 0.06 0 0.03 0.06 0.04 0.02 0.03 0.06 0.07 0.07
P20s 0 0 0 0 0 0.03 0 0 0.04 0.02 0.02
Total 100.23 98.71 99.77 99.08 99.64 99.61 100.04 99.03 100.99 995 100.45
Si 2.025 1.962 1.979 2.023 2.026 2.020 2.061 2.035 2.061 1.997 2.008
Al(iv) 0.025 0.038 0.021 0.023 0.026 0.020 0.061 0.035 0.061 0.003 0.008
Al(vi) 0.081 0.135 0.063 0.121 0.117 0.126 0.114 0.116 0.098 0.127 0.115
Fe(iii) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.003 0.013 0.005 0.008 0.005 0.006 0.004 0.004 0.002 0.012 0.011
Ti 0.002 0.002 0.000 0.001 0.002 0.001 0.001 0.001 0.002 0.002 0.002
Fe(ii) 0.155 0.074 0.103 0.080 0.082 0.080 0.073 0.077 0.074 0.088 0.083
Mn 0.002 0.002 0.001 0.003 0.001 0.002 0.002 0.002 0.003 0.001 0.003
Mg 1191 1212 1305 1239 1247 1231 1252 1249 1285 1214 1235
Ca 0.495 0.500 0.485 0.453 0.451 0.456 0.455 0.457 0.448 0.464 0.462
Na 0027 0008 0025 0037 003 0038 0020 0032 0015 0043 0041
K 0.002 0.004 0.002 0.003 0.004 0.006 0.002 0.003 0.001 0.004 0.004
Total 3960  3.950  3.990 3944 3945 3946  3.923 3940 3927 3955  3.954
Position Rim | Core
S'f‘lamnfée 25/Q-60 43/Q-69 52/Q-69 53/Q-69  4/Q-72  5/Q-72  6/Q-72  8/Q-72  9/Q-72  10/Q-72  11/Q-72
Na20 0.61 0.47 0.4 0.28 0.24 0.27 0.17 0.15 0.25 0.4 0.36
K20 0.1 0.11 0.06 0.04 0.05 0.08 0 0 0.06 0.06 0.05
MgO 2295 2346 2444 2471 2422 2474 2438 2427 2449 2401 24.2
Cao 1209 1246 1228 1239 1252 1235 1253 1267 1261 1166 1268
MnO 0.06 0.09 0.11 0.1 0.1 0.02 0.06 0.02 0.06 0.09 0.03
FeO 3.06 2.65 2.44 2.29 213 2.05 2.06 2.24 1.94 2.28 2.29
NiO 0 0.1 0 0 0 0 0 0 0 0 0
Al,03 2.56 2.16 1.76 121 0.77 0.67 055 0.51 0.53 1.45 1.43
V203 0.02 0 0 0.02 0.01 0.01 0 0 0 0.01 0
Cr0s3 0.32 0.12 0.19 0.17 0.17 0.12 0.08 0.05 0.06 0.35 0.37
Si0, 56.64 5767 5862 5945 6031 6071 6019  60.28 5949  60.44 59
TiO2 0.04 0.09 0.06 0.04 0.02 0.06 0.04 0.06 0.07 0.05 0
P,0s 0.03 0.03 0 0 0.03 0.04 0 0.01 0.03 0.03 0
Total 98.48 99.41 100.36 100.7 100.57 101.12 100.06 100.26 99.59 100.83 100.41
si 2015 2029 2035 2053 2081 2082 2085 208 2074 2077  2.047
Al(iv) 0.015 0.029 0.035 0.053 0.081 0.082 0.085 0.086 0.074 0.077 0.047
Al(viy 0122 0118 0107 0103 0113 0109 0107 0107 0096 0135  0.105
Fe(iii) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0009 0003 0005 0005 0005 0003 0002 0001 0002 0010  0.010
Ti 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.002 0.002 0.001 0.000
Fe(ii)  0.092 0079 0072 0067 0063 0060 0061 0066 0058 0067  0.068
Mn 0002 0003 0003 0003 0003 0001 0002 0001 0002 0003  0.001
Mg 1217 1230 1265 1272 1246 1265 1259 1252 1273 1230  1.252
Ca 0461 0470 0457 0458 0463 0454 0465 0470 0471 0429 0471
Na 0.042 0.032 0.027 0.019 0.016 0.018 0.011 0.010 0.017 0.027 0.024
K 0005 0005 0003 0002 0002 0003 0000 0000 0003 0003  0.002
Total 3.950 3.942 3.940 3.930 3.911 3.914 3.909 3.908 3.923 3.904 3.933
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Table 2. Continued.

Position Core
Sample 16/Q-72  17/Q-72  29/Q-72  30/Q-72  40/Q-72  41/Q-72  42/Q-72  43/Q-72  48/Q-72  49/Q-72  50/Q-72
NazO 0.26 0.27 0.2 0.23 0.63 0.28 0.23 0.26 0.24 0.43 0.29
K20 0.06 0.02 0.03 0.02 0.06 0.02 0.01 0.03 0.02 0.05 0.06

MgO 24.27 24.23 24.23 24.34 24.08 24.97 24.43 23.86 23.97 23.69 24.42
CaO 12.79 12.73 12.87 12.78 12.05 12.88 12.74 12.71 12.7 12.48 11.84

MnO 0.05 0.07 0.06 0.03 0.06 0.03 0.03 0.06 0.06 0.08 0.11
FeO 2.31 2.28 2.1 2.4 2.38 2.32 2.08 2.1 2.38 2.72 2.71
NiO 0 0 0 0 0 0 0 0 0 0 0
Al203 1.07 0.76 0.63 0.68 2.84 1.05 0.88 1.09 0.85 1.78 1.24
V203 0 0 0 0 0.03 0.02 0 0 0.01 0.04 0.01
Cr203 0.08 0.05 0.1 0.1 0.53 0.21 0.09 0.18 0.01 0.08 0.11
SiO2 60.05 60.27 60.34 60.14 58.06 58.94 60.13 60.49 60.09 59.24 59.66
TiO2 0.03 0.04 0.04 0.04 0.09 0.03 0.07 0.03 0.03 0.1 0.03
P20s 0 0.01 0.04 0.01 0.04 0.03 0.04 0.04 0.02 0 0
Total 100.97 100.73 100.64 100.77 100.85 100.78 100.73 100.85 100.38 100.69 100.48
Si 2.067 2.078 2.082 2.075 2.009 2.041 2.072 2.081 2.080 2.050 2.064

Al(iv) 0.067 0.078 0.082 0.075 0.009 0.041 0.072 0.081 0.080 0.050 0.064
Al(vi) 0.111 0.109 0.107 0.103 0.125 0.083 0.108 0.125 0.114 0.123 0.114
Fe(iii) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Cr 0.002 0.001 0.003 0.003 0.014 0.006 0.002 0.005 0.000 0.002 0.003
Ti 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.003 0.001
Fe(ii) 0.068 0.067 0.062 0.071 0.070 0.068 0.061 0.062 0.070 0.080 0.080
Mn 0.001 0.002 0.002 0.001 0.002 0.001 0.001 0.002 0.002 0.002 0.003
Mg 1.246 1.246 1.246 1.252 1.242 1.289 1.255 1.224 1.237 1.222 1.259
Ca 0.472 0.470 0.476 0.472 0.447 0.478 0.470 0.468 0.471 0.463 0.439
Na 0.017 0.018 0.013 0.015 0.042 0.019 0.015 0.017 0.016 0.029 0.019
K 0.003 0.001 0.001 0.001 0.003 0.001 0.000 0.001 0.001 0.002 0.003

Total 3.920 3.916 3.912 3.918 3.947 3.945 3.916 3.905 3.912 3.927 3.921

Position Core

Sample

Name 51/Q-72 55/Q-72 56/Q-72 57/Q-72 ' |
NazO 0.42 0.38 0.35 0.28 ¢ " [@Dunite - Ofivine - QIOPI
K20 0.05 0.05 0.03 0.03 0.9 - 3 l.henolite- Oli\‘ine - Q69P2 [
MgO 23.83 2456 24 85 247 _ | @ Lherzolite - Olivine - Q72P2 | |
Ca0 12.68 12.65 12.64 12.11 % o7l 2 ]
MnO 0.03 0.07 0.06 0.01 B L = |
FeO 2.68 2.9 2.62 2.37 + o] =
NiO 0 0 0 0 g i @ = - *E 1

AlO; 167 151 156 087 = ¢ 2| = 3 = e |a
V203 0.06 0.03 0.03 0.01 < 03} § S 2 S s =

Cr203 0.02 0.2 0.21 0.04 @ £ o - = g |
SiO2 59.27 58.09 58.46 58.03 e = > = ) «
T2 0.1 0.1 0.07 0.1 | © = = | R
P20s 0 0.03 0.01 0 0.0 s : :

Total 100.81 10057  100.89 98.55 0.0 01 0.3 0.5 0.7 0.9
Si 2050 2023 2025  2.050 Fe**/(Mg+Fe?)

Al(iv) 0.050 0.023 0.025 0.050 .

Al(v) 0118 0085 0089  0.086 slocdgn p jlead JIUT sladiges slacnsdsl S5 -7 S5

Fe(iii) 0.000 0.000 0.000 0.000 (Deer Fe# Llas ,s MO# Jssei g5, 5 guS ole - jlio,d dilate
Cr 0.001 0.006 0.006 0.001 1. 1992)
Ti 0.003 0003 0002  0.003 etal.,

Fe(ii) 0.079 0.085 0.077 0.071 Fig. 6. Composition of olivine minerals in the
Mn 0.001 0.002 0.002 0.000 analyzed samples from peridotites of the Gharenaz-
'\é'g é-fég éi;g (1)42133 é-igé Alamkandi area on the Mg # versus Fe # diagram

a . . . .
Na 0.028 0.026 0.024 0.019 (Deer etal., 1992).
K 0.002 0.002 0.001 0.001

Total 3.930 3.956 3.952 3.940
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a
2.0 . ' ’ ‘
W CPXin Dunite - QI0PI |
; O CPX in Lherzolite - Q72P1|
CPX in Lherzolite - Q69P2 |
15[ Quad B CPX in Lherzolite - Q72P2 ]
Q Q=Ca+Mg+Fe,
i CaNa \_ J=2Na 1
05] ]
Na
0.0 I L
0.0 05 1.0 15 2.0

oo 4y Lol oSt Jlols a5 0l LT ooy o gidS
uJJLAAJ‘ » Ll 00 431)‘ \ J5A> )é LQLJ ‘SLbuﬁAJLS 6"3‘)’9 )‘J.M
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Fig. 7. Classification of clinopyroxenes in Gharenaz-Alamkandi area; (a) Q-J diagram (Morimoto et al., 1989)
and (b) Triangular diagram of Wo-En-Fs (Morimoto et al., 1989).
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orthopyroxenes based on Deer et al. (1991).
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Table 3. Results of electron microprobe analysis on orthopyroxenes from the Qaranaz-Alam kandi peridotite. Values of
oxides are in weight percentages. The structural formula of the minerals are based on 6 oxygen atoms.

position Core | Rim
Sample Name  3/Q-72  4/Q72 9/Q-72 12/IQ-72 18/Q-72 5/Q-69 _ 6/Q-69  7/Q72  8/Q-72  21/Q-72  22IQ-72
Na20 0 0.02 0 0.01 0 0.02 0.03 0.03 0.02 0 0.01
K20 0 0 0 0.01 0 0 0 0 0 0 0
MgO 3292 3343 28.64 32.87 32.45 30.7 30.66 32.39 32.84 32.54 31.14
CaO 0.09 0.08 0.13 0.18 0.08 0.53 0.55 0.14 0.08 0.07 0.14
MnO 0.18 0.12 0.21 0.17 0.09 0.35 0.3 0.26 0.19 0.11 0.15
FeO 2251 2343 26.23 22.33 23.8 7.55 7.25 24.39 24.54 24.35 24.97
NiO 0.26 0.1 0.17 0.06 0.03 0 0 0.12 0.08 0.12 0.18
Al20s3 0.08 0.04 0 0 0 0.01 0.09 0.28 0.08 0.03 0.01
V203 0 0 0 0 0 0 0.02 0 0 0 0
Cr203 0.01 0 0.01 0 0.02 0 0.04 0.04 0 0 0.02
SiO2 4298 4266 42.65 42.93 42.38 60.93 60.96 42.26 41.24 42.9 42.35
TiO2 0.02 0.02 0 0.01 0.04 0.03 0 0.05 0 0 0.03
P20s 0 0 0 0 0 0 0.01 0 0 0 0
Total 99.05 99.9 98.04 98.57 98.89 100.12 99.91 99.96 99.07 100.12 99
Si 1671 1651 1.703 1.674 1.659 2.090 2.093 1.644 1.624 1.662 1.668
Al(iv) 0.004 0.002 0.000 0.000 0.000 0.090 0.093 0.013 0.004 0.001 0.000
Al(vi) 0.000 0.000 0.000 0.000 0.000 0.091 0.096 0.000 0.000 0.000 0.000
Fe(iii) 0.904 0.962 0.829 0.906 0.939 0.000 0.000 0.962 1.028 0.934 0.918
Cr 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.000 0.000 0.001
Ti 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.001
Fe(ii) 0.228 0.264 0.014 0.233 0.221 0.222 0.213 0.232 0.290 0.206 0.159
Mn 0.006 0.004 0.007 0.006 0.003 0.010 0.009 0.009 0.006 0.004 0.005
Mg 1908 1929 1.705 1.910 1.894 1.570 1.569 1.879 1.928 1.879 1.828
Ca 0.004 0.003 0.006 0.008 0.003 0.019 0.020 0.006 0.003 0.003 0.006
Na 0.000 0.002 0.000 0.001 0.000 0.001 0.002 0.002 0.002 0.000 0.001
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Total 4271 4288 4.236 4.272 4.279 3.914 3.911 4.285 4.306 4,276 4.268
Position Core | Rim
Sample Name 7/Q-69 8/Q-69 9/Q-69 15/Q-69 16/Q-69 17/Q-69 20/Q-69 18/Q-69 19/Q-69 10/Q-69 11/Q-69
Na20 0.04 0.05 0.03 0.04 0 0.05 0.03 0.03 0.04 0 0.04
K20 0] 0] 0 0 0.02 0 0.01 0.01 0.01 0.01 0
MgO 3127 2921  30.59 30.97 30.41 30.91 30.56 30.49 30.63 31.1 30.67
Cao 0.53 0.56 0.57 0.49 0.6 0.69 0.69 0.53 0.56 0.53 0.56
MnO 0.33 0.35 0.34 0.31 0.32 0.28 0.33 0.34 0.32 0.31 0.31
FeO 7.61 7.61 7.58 6.98 7.08 7.24 7.31 7.71 7.1 7.48 7.52
NiO 0 0 0 0 0 0 0 0 0 0 0
Al203 0.02 0.04 0.04 0.03 0.05 0.06 0.04 0.03 0.08 0.06 0.04
V203 0 0 0 0 0 0 0.02 0 0 0 0
Cr203 0.03 0.01 0.03 0.04 0.02 0.03 0.04 0.02 0.03 0.05 0
SiO2 61.03 58.73 60.87 61.21 61.78 61.18 61.49 60.7 60.92 61.32 60.73
TiO2 0 0 0.03 0.02 0.02 0.03 0.02 0.01 0.05 0.01 0.02
P20s 0.03 0 0.01 0 0.06 0.02 0.03 0 0 0 0.03
Total 100.89 96.56 100.09 100.09 100.36 100.49 100.57 99.87 99.74 100.87 99.92
Si 2.081 2.093 2.090 2.094 2.108 2.089 2.098 2.090 2.093 2.087 2.088
Al(iv) 0.081 0.093 0.090 0.094 0.108 0.089 0.098 0.090 0.093 0.087 0.088
Al(vi) 0.081 0.094 0.091 0.095 0.110 0.092 0.100 0.091 0.097 0.090 0.090
Fe(iii) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000
Ti 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001
Fe(ii) 0.221 0.232 0.223 0.204 0.208 0.211 0.214 0.227 0.209 0.218 0.221
Mn 0.010 0.011 0.010 0.009 0.009 0.008 0.010 0.010 0.009 0.009 0.009
Mg 1589 1552 1.566 1.580 1.547 1.574 1.554 1.565 1.569 1.578 1.572
Ca 0.019 0.021 0.021 0.018 0.022 0.025 0.025 0.020 0.021 0.019 0.021
Na 0.003 0.003 0.002 0.003 0.000 0.003 0.002 0.002 0.003 0.000 0.003
K 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Total 3.924 3914 3914 3.910 3.897 3.915 3.907 3.915 3.910 3.916 3.916
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Fig. 10. The chemical composition of chromites in the peridotites of the Gharenaz- Alamkandi area on the (a)
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podiform and stratiform fields of chromite are from Arai et al. (2004) and the fields of High-Cr, High-Al
chromites are from Donmez (2014).
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Table 4. Results of electron microprobe analysis on chrom- spinel minerals in the Qaranaz - Alamkandi perdiotites.
Values of oxides are in weight percentages. The structural formula of the minerals are based on 32 oxygen atoms.

Position Core
Sample Name 1/Q23-P2 2 /Q23-P2 3/Q23-P2 4 /Q23-P2 14 /Q23-P2 15/Q23-P2
Cr203 57.22 57.16 56.33 55.97 55.76 56.44
FeO 15.99 15.83 16.58 15.86 17.35 18.24
MgO 13.68 14.02 13.94 13.99 13.46 13.23
MnO 1.27 1.23 1.2 1.23 1.37 1.49
Al203 10.33 11.08 10.61 10.72 10.05 8.65
Na20 0.05 0.03 0 0.02 0.01 0.06
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
K20 0 0.02 0.01 0 0 0
Ca0 0.02 0 0 0.03 0.02 0
NiO 0.82 0.38 0.11 0.75 0.5 0.47
V203 0.06 0.07 0.08 0.1 0.09 0.07
P20s 0 0 0 0 0 0
Total 99.71 100.17 99.07 98.96 98.83 98.94
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 54171 5.2383 5.1809
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Table 4. Continued
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
\Y/ 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
Position Core
Sample Name 17 /Q21-P2 18 /Q21-P2 19 /Q21-P2 24 /Q21-P2 25/Q21-P2  28/Q21-P2
Cr203 56.27 56.26 56.37 56.44 57.84 57.78
FeO 16.56 16.83 16.56 18.35 17.79 16.2
MgO 13.64 13.73 14.02 12.13 11.61 13.79
MnO 11 1.06 1.04 1.09 1.23 0.87
Al203 10.67 10.76 11.04 9.71 9.41 10.9
Na20 0.05 0.01 0.03 0 0 0.03
SiO2 0.07 0.12 0.09 0.32 0.02 0.17
TiO2 0.18 0.17 0.18 0.17 0.18 0.2
K20 0 0.01 0.02 0 0 0.02
CaO 0.02 0.01 0.03 0.02 0.01 0
NiO 0.33 0.8 0 0.38 0.05 0.55
V203 0.07 0.06 0.06 0.06 0.09 0.09
P20s 0.03 0 0.03 0 0.03 0.05
Total 98.99 99.82 99.47 98.67 98.26 100.65
Cr 11.5476 11.4899 11.4378 11.7768 12.1559 11.6928
Fe(iii) 1.0670 1.0938 1.0949 0.9538 0.7942 0.8365
Fe(ii) 2.5274 2.5416 2.4591 3.0960 3.1603 2.6310
Mg 5.2785 5.2877 5.3644 47729 4.6012 5.2624
Mn 0.2418 0.2319 0.2261 0.2436 0.2769 0.1886
Al 3.2641 3.2758 3.3393 3.0203 2.9481 3.2882
Si 0.0182 0.0310 0.0231 0.0845 0.0053 0.0435
Ti 0.0351 0.0330 0.0347 0.0337 0.0360 0.0385
\Y 0.0146 0.0124 0.0123 0.0127 0.0192 0.0185
Ca 0.0056 0.0028 0.0082 0.0057 0.0028 0.0000
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.780 0.778 0.774 0.796 0.805 0.781
Mg/Mg+Fe(ii) 0.676 0.675 0.686 0.607 0.593 0.667
Fe/Fe+Mg 0.405 0.407 0.398 0.459 0.462 0.397
Position Core
Sample Name 29 /Q21-P2 30/Q21-P2 31/Q21-P2 32 /Q21-P2 33/Q21-P2  34/Q21-P2
Cr203 59.19 57.44 56.66 58.61 57.76 59.62
FeO 16.32 16.81 16.94 16.89 16.28 16.24
MgO 12.79 13.87 13.22 13.61 13.98 13.21
MnO 0.93 0.94 0.9 1.03 0.88 0.89
Al203 10.83 10.75 10.16 9.9 11.11 10.09
Na20 0.04 0 0.03 0.03 0.01 0
SiO2 0.07 0.07 0.05 0.11 0.07 0.11
TiO2 0.19 0.19 0.14 0.19 0.16 0.17
K20 0 0 0 0 0 0.01
CaO 0 0.01 0 0.01 0.01 0.03
NiO 0 0.61 0.96 0.3 0.26 0.31
V203 0.08 0.11 0.08 0.07 0.07 0.09
P20s 0 0 0.01 0 0 0.01
Total 100.44 100.8 99.15 100.75 100.59 100.78
Cr 12.0324 11.6039 11.7335 11.8799 11.6323 12.1123
Fe(iii) 0.5597 1.0274 1.0319 0.9847 0.9211 0.6912
Fe(ii) 2.9493 2.5644 2.6785 2.6363 2.5467 2.7984
Mg 4.9029 5.2838 5.1625 5.2021 5.3092 5.0608
Mn 0.2025 0.2034 0.1997 0.2237 0.1899 0.1937
Al 3.2819 3.2373 3.1364 2.9913 3.3353 3.0557
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Table 4. Continued.
Si 0.0180 0.0179 0.0131 0.0282 0.0178 0.0283
Ti 0.0367 0.0365 0.0276 0.0366 0.0307 0.0329
\Y/ 0.0165 0.0225 0.0168 0.0144 0.0143 0.0185
Ca 0.0000 0.0027 0.0000 0.0027 0.0027 0.0083
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.786 0.782 0.789 0.799 0.777 0.799
Mg/Mg+Fe(ii) 0.624 0.673 0.658 0.664 0.676 0.644
Fe/Fe+Mg 0.417 0.405 0.418 0.410 0.395 0.408
Position Core
Sample Name 5/Q23-P2 6 /Q23-P2 7 1Q23-P2 8/Q23-P2 35/Q21-P2  36/Q21-P2
Cr203 57.83 57.48 56.3 56.39 57.69 60.82
FeO 17.85 17.02 16.37 16.24 16.01 16.09
MgO 13.48 13.76 13.81 13.94 13.94 12.87
MnO 1.27 1.32 1.24 1.25 0.96 1.03
Al203 9.14 9.47 10.89 10.49 11.07 9.24
Na20 0.02 0.01 0.02 0.01 0.07 0
SiO2 0.07 0.04 0.05 0.08 0.01 0.09
TiO2 0.17 0.15 0.16 0.15 0.2 0.14
K20 0 0 0.03 0 0 0
CaO 0.03 0.02 0.05 0.02 0 0
NiO 0.03 0.5 0.34 0 0.36 0.37
V203 0.08 0.08 0.11 0.09 0.11 0.04
P20s 0 0 0.01 0.04 0.02 0.02
Total 99.97 99.85 99.38 98.7 100.44 100.71
Cr 11.8134 11.7644 11.4885 11.5482 11.6589 12.4469
Fe(iii) 1.2845 1.2506 1.0882 1.1309 0.9016 0.6248
Fe(ii) 2.5722 2.4339 2.4450 2.3868 2.5207 2.8580
Mg 5.1927 5.3107 5.3141 5.3834 5.3125 4.9668
Mn 0.2779 0.2894 0.2711 0.2742 0.2078 0.2258
Al 2.7833 2.8893 3.3126 3.2024 3.3350 2.8189
Si 0.0181 0.0104 0.0129 0.0207 0.0026 0.0233
Ti 0.0330 0.0292 0.0311 0.0292 0.0385 0.0273
\Y 0.0166 0.0166 0.0228 0.0187 0.0225 0.0083
Ca 0.0083 0.0055 0.0138 0.0056 0.0000 0.0000
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.809 0.803 0.776 0.783 0.778 0.815
Mg/Mg+Fe(ii) 0.669 0.686 0.685 0.693 0.678 0.635
Fe/Fe+Mg 0.426 0.410 0.399 0.395 0.392 0.412
Position Rim
Sample Name 9 /Q23-P2 10/Q23-P2 11/Q23-P2 12 /Q23-P2 13/Q23-P2 16 /Q23-P2
Cr203 56.85 56.77 57.32 57.21 56.22 50.43
FeO 26.42 24.62 23.74 24.08 24.03 20.3
MgO 8.32 13.04 11.54 10.62 10.37 14.97
MnO 141 1.18 1.32 1.38 1.37 1.53
Al203 3.33 2.2 5.99 5.89 5.63 3.74
Na20 0.01 0.01 0 0.06 0 0.05
SiO2 0.45 0.72 0.04 0.14 0.04 6.81
TiO2 0.28 0.14 0.21 0.21 0.2 0.12
K20 0 0.01 0 0 0.01 0
CaO 0.95 0.14 0.01 0 0 0.14
NiO 0.98 0.25 0.42 0.96 0.45 0.16
V203 0.12 0.08 0.15 0.1 0.13 0.09
P20s 0 0 0 0.01 0 0.02
Total 99.12 99.16 100.74 100.66 98.45 98.36
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 3.56301 3.56237 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
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Table 4. Continued.
\Y 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
Position Rim
Sample Name 20/Q21-P2  21/Q21-P2  22/Q21-P2 23/Q21-P2  26/Q21-P2  27/Q21-P2
Cr203 58.58 56.64 56.32 56.94 55.46 54.86
FeO 17.16 16.84 16.96 16.59 17 17.75
MgO 13.3 14.18 13.68 13.87 13.71 13.74
MnO 1.15 1.06 111 1.27 1.24 1.29
Al20s 9.47 10.99 10.64 10.03 10.91 10.77
Na20 0.04 0.03 0.02 0.05 0.03 0.01
SiO2 0.08 0 0.08 0 0.11 0.09
TiO2 0.16 0.21 0.18 0.13 0.16 0.18
K20 0 0 0 0 0 0
CaO 0.03 0.02 0.01 0.02 0.01 0.02
NiO 0.93 0.54 0.8 0.38 0.57 0.56
V203 0.09 0.08 0.06 0.07 0.07 0.06
P20s 0 0.02 0 0 0.01 0
Total 100.99 100.61 99.86 99.35 99.28 99.33
Cr 11.9608 11.4215 11.5084 11.6625 11.3510 11.2194
Fe(iii) 1.0348 1.1780 1.1269 1.2100 1.1866 1.3682
Fe(ii) 2.6711 2.4137 2.5386 2.3840 2.4936 2.4713
Mg 5.1208 5.3921 5.2713 5.3571 5.2914 5.2989
Mn 0.2515 0.2290 0.2430 0.2787 0.2719 0.2826
Al 2.8823 3.3036 3.2410 3.0624 3.3286 3.2833
Si 0.0207 0.0000 0.0207 0.0000 0.0285 0.0233
Ti 0.0311 0.0403 0.0350 0.0253 0.0312 0.0350
\Y 0.0186 0.0164 0.0124 0.0145 0.0145 0.0124
Ca 0.0083 0.0055 0.0028 0.0056 0.0028 0.0055
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.806 0.776 0.780 0.792 0.773 0.774
Mg/Mg+Fe(ii) 0.657 0.691 0.675 0.692 0.680 0.682
Fe/Fe+Mg 0.420 0.400 0.410 0.402 0.410 0.420
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Fig. 11. The chemical composition of chromites in the peridotites of the Gharenaz - Alamkandi area to
determine the tectonic setting of their host rocks on the, (a) Diagram of Cr vs. TiO, (Bonavia et al., 1993), and
(b-c) Diagram of TiO2 vs. Cr,0s. The boundary between stratiform and podiform chromite is from Ferrario
and Garuti (1987) and Avrai et al. (2004) and the Ural-Alaskan field is from Garuti et al. (2005).
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Fig. 12. The chemical composition of chromites of the Gharenaz- Alamkandi area to determine the
tectomagmatic setting of host rocks; (a-c) Diagrams of Cr# versus TiO, (Dick and Bullen, 1984; Arai, 1994).
Field of boninites is from Arai (1992) and Ishikawa et al. (2002); fields of MORB and island-arc basalt are
from Arai (1992), fields of abyssal peridotite is from Arai (1994) and Dick and Bullen (1984), field of Forearc
peridotite id from Bloomer and Hawkins (1983), Bloomer and Fisher (1987), Ishii et al. (1992), Parkinson and
Pearce (1998) and Pearce et al. (2000), fields of podiform are from Pagé and Barnes (2009), and (d) The
triangular diagram of Cr-Al-Fe3* used to determine the tectonic setting of the chromites (Mondal et al., 2006).
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Fig. 13. Tectonomagmatic diagrams of Mg # versus Cr # for the chromatites of the Gharenaz - Alamkandi
area; (a) Diagram of Cr# vs. Mg#, modified after Dick and Bullen (1984), (b) Diagram of Ahmed (2013)
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Avrai et al. (2011); Dick and Bullen (1984), (c) Tectonic discriminant diagram from Mondal et al. (2006), and
(d) Comparison of chromites composition from primary magmas from Mondal et al. (2007).
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Fig. 14. Tectonomagmatic diagrams of ultramafic rocks of the Gharenaz - Alamkandi area using by mineral
chemistry of chromites; (a) Diagram of Mg# vs. Cr# in chrom-spinel (Dick and Bullen, 1984; Arai, 1992),
which the boninite and abyssal peridotites fields are from Dick and Bullen (1984), the island arc tholeiites and
back-arc basin basalts by Allan (1994), field of fore-arc peridotites is from Ishii et al. (1992) and partial
melting percentages in host peridotites is from Hirose and Kawamoto (1995), (b) Diagram of Al,Oz (wt.%) vs.
TiO (wt.%) (Kamenetsky et al., 2001) to identify the chromitic tectonomagmatic setting in the study area.
Fields of continental flood basalt (CFB), ocean island basalts (OIB), mid-ocean-ridge basalts (MORB), and
island-arc series are from Kamenetsky et al. (2001). Field of Alaskan-type complexes is from Batanova et al.
(2005), (c) Diagram of TiO, content (wt.%) versus Cr# of the chrom-spinels (after Pagé and Barnes, 2009),
which the boninite and mid-ocean-ridge basalts (MORB) fields are from Arai (1992), and (d) Diagram of TiO,
(wt.%) versus atomic ratios of Cr# (Jan and Windley, 1990) in the chrom-spinels showing the high-Cr
chromitites have a boninitic affinity and the high-Al chromitites formed in a MORB tectonic setting.
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Fig. 15. Tectonic discriminant diagrams based on chromite chemical composition; (a) Cr# versus Mg#
diagram (Proenza and Gervilla, 1999). The Alpine type field is adapted from Irvine (1967) and the High-Al,
High-Cr and High-Fe chromite fields and the Ophiolite SSZ and Boninite are from Zhou and Bai (1992), (b-c)
Diagram of Al,O3 (wt.%) versus TiO; (wt.%) (Kamenetsky et al., 2001). The supra-subduction zone and large
igneous province (LIP) range are from Batiza and Tokuyama (1981), mid ocean ridge basalts (MORB) is from
Gaetani et al. (1995), Ocean island basalts (OIB) and Nuasahi and Sukinda massive chromatites range are
from Mondal et al. (2006).
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