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Mineral Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl [ Cr-spl [ Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl | Cr-spl Cr-spl Cr-spl
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Rack T Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr Chr
MgO 10.83 9.85 14.82 12.78 16.51 17.50 18.60 19.37 19.95 17.45 14.15 14.77 13.51 16.68 15.68 11.92 11.92 11.65
TiO, bd bd bd bd bd bd bd bd bd 0.13 0.16 0.15 0.13 0.13 0.13 bd bd bd
AlLO, 22.33 17.68 24.61 21.67 25.72 20.87 20.48 204 20.08 14.98 17.01 17.73 18.01 19.47 18.83 8.57 8.38 9.38
Cr,0, 50.78 50.02 48.96 50.73 46.37 49.63 28.04 30.28 3221 36.17 | 37.22 36.00 35.57 34.92 37.33 35.87 36.88 30.31
FeO 15.14 20.05 10.80 13.20 8.29 10.07 29.22 27.88 26.60 | 26.56 | 27.57 | 28.81 28.95 25.11 24.75 3224 35.27 40.60
Fe,0, 1.59 2.11 1.03 1.40 0.87 0.42 3.07 2.93 1.01 2.79 1.95 1.98 2.73 2.64 2.07 4.13 4.13 4.27
V4@, 0.25 0.10 bd 0.90 0.90 bd bd bd bd bd 0.30 0.28 0.24 0.14 0.16 bd bd bd
Sio, bd bd bd bd bd bd bd bd bd bd bd bd bd bd bd 2.67 3.83 4.32
MnO bd bd bd bd bd bd bd bd bd bd 0.81 0.76 0.68 0.8 0.87 bd bd bd
Total 100.67 99.81 99.22 100.68 | 99.16 98.49 99.41 100.86 | 99.85 99.08 | 99.17 | 99.48 99.82 99.89 99.82 100.4 100.4 100.5
Mg # 0.35 0.27 0.54 0.43 0.60 0.77 0.28 0.30 0.59 0.33 0.37 0.37 0.28 0.31 0.38 0.20 0.19 0.18
Cr# 0.77 0.78 0.68 0.74 0.79 0.80 0.74 0.65 0.69 0.70 0.74 0.71 0.71 0.65 0.65 0.86 0.83 0.82
Mg 6.53 5.94 8.94 7.71 9.96 10.55 8.81 9.27 10.83 10.53 8.54 8.91 8.15 8.86 9.46 7.97 7.19 7.03
Al 11.85 8.87 13.03 13.53 8.32 8.40 6.61 8.65 10.63 7.93 9.01 9.39 8.48 9.25 9.97 4.54 4.97 4.97
Si 0.17 1.39 0.33 0.43 bd bd bd bd bd bd bd bd bd bd bd 1.25 1.79 2.02
Ca 0.16 0.10 bd 0.17 bd bd bd bd bd bd bd bd bd bd bd bd bd bd
Ti bd bd bd bd bd bd bd bd bd bd 0.10 0.09 0.08 0.08 0.08 bd bd bd
v 0.14 0.06 bd 0.05 0.05 bd bd bd bd 0.08 0.17 0.16 0.14 0.08 0.09 bd bd bd
Cr 40.89 31.48 28.02 37.44 31.72 33.95 19.18 16.61 24.09 1890 | 2546 | 23.26 2091 17.05 18.70 27.96 25.23 23.47
Mn 0.54 bd bd bd bd bd bd bd bd bd 0.63 0.59 0.53 0.62 0.68 bd bd bd
Fe 16.74 22.17 10.83 14.59 9.16 4.50 3230 30.82 10.62 29.36 | 20.53 | 20.79 28.69 27.76 21.83 43.38 43.41 44.88
Ni 0.09 0.13 bd bd bd bd bd bd bd bd bd 0.09 0.07 0.07 0.09 bd bd bd
Ru 0.33 0.09 0.08 0.16 bd bd bd bd bd 1.37 bd bd bd bd bd bd bd bd
Os 0.86 0.77 0.27 0.41 bd bd bd bd bd bd bd bd bd bd bd bd bd bd
Ir 0.80 0.89 0.00 0.42 bd bd bd bd bd bd bd bd bd bd bd bd bd bd
Pt 1.24 1.98 0.44 0.59 bd bd bd bd bd 0.57 bd bd bd bd bd bd bd bd
Rh bd bd bd bd bd bd bd bd bd 0.41 bd bd bd bd bd bd bd bd
Pd bd bd bd bd bd bd bd bd bd 1.31 bd bd bd bd bd bd bd bd
o 19.68 25.79 38.02 225 40.77 42.59 33.10 33.66 43.82 29.08 | 35.55 36.72 3835 36.22 39.1 15.7 16.64 16.92
Total 100.02 99.66 99.96 98.00 | 100.01 | 99.99 100 99.01 99.99 99.54 | 99.99 100 105.40 | 99.99 100 100.80 99.23 99.29
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.(bd: below detection limit

Mineral | Ilm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Rack T Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb
CaO 18.95 | 5.51 1.97 bd 0.42 2.70 0.22 0.35 0.04 0.73 bd 0.17 0.15 13.95 0.59 0.51 0.26 0.36
TiO, 44.56 | 44.05 | 46.60 | 50.73 | 44.02 | 41.75 | 43.58 | 44.93 | 42.36 | 39.90 | 43.15 | 39.68 | 4582 | 4435 | 48.82 | 44.85 | 48.20 | 44.53
FeO 24.11 | 3451 | 37.46 | 43.12 | 52.38 | 43.77 | 49.93 | 53.71 | 47.99 | 4830 | 39.89 455 35.74 | 21.07 | 33.66 | 3552 | 3323 | 34.37
V,0, 0.89 | 0.68 bd bd bd bd bd bd bd bd bd Bd bd 0.64 bd 0.01 bd bd
MnO 349 | 271 3.89 2.86 0.63 0.56 0.63 0.62 0.59 0.50 0.64 0.63 2.71 1.84 2.59 3.34 1.58 2.00
Total 92.00 | 87.46 | 89.92 | 96.71 | 97.45 | 88.78 | 94.36 | 99.61 | 90.98 | 89.43 83.68 8598 | 84.42 | 81.85 | 85.66 | 84.23 | 8327 | 81.26
Ca 7.59 | 221 0.79 bd 0.17 1.08 0.09 0.14 0.02 0.29 bd 0.07 0.06 5.59 0.24 0.37 0.19 0.26
Ti 26.77 | 2641 | 27.94 | 3041 | 26.39 | 25.03 | 26.13 | 26.94 | 2540 | 23.92 | 2587 | 23.79 | 27.47 | 26.59 | 29.27 | 26.89 | 28.30 | 26.70
v 0.47 | 0.38 bd bd bd bd bd bd bd bd bd Bd bd 0.36 bd 0.01 bd bd
Co bd bd bd bd bd bd bd bd bd 1.68 bd 2.41 bd bd bd bd bd bd
Mn 270 | 2.10 3.01 222 0.49 0.44 0.49 0.48 0.46 0.39 0.50 0.49 2.10 1.43 2.01 1.89 1.23 1.55
Fe 18.74 | 26.82 | 29.11 | 33.51 | 40.70 | 34.01 | 38.80 | 41.74 | 37.29 | 37.53 38.6 3536 | 22.77 | 1633 | 26.16 | 27.80 | 25.82 | 26.71
o 43.73 | 42.08 | 39.16 | 33.85 | 32.24 | 39.44 | 34.50 | 30.70 | 36.82 | 36.20 | 35.04 | 37.89 | 42.60 | 46.59 | 4233 | 43.20 | 43.95 | 44.89
Total 100 100 | 100.01 | 99.99 | 99.99 | 100 | 100.01 100 | 99.99 | 100.01 | 100.01 | 100.01 95 96.89 | 100.01 | 100.16 | 99.49 | 100.11

.(Gb = Gabbro, bd: below detection limit, IIm = Ilmenite) Ol s » 4aks ;5 (E.D.X.)

P304 AT 50l SenST Gla G ot LT s ¥ J s

Mineral IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm IIm
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rack T Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb Gb
Ca0O 0.34 0.09 0.15 0.04 0.07 4.99 bd bd 0.12 bd bd 2.07 4.14 bd bd
TiO, 46.46 49.15 | 48.73 | 48.77 | 47.47 | 42.73 | 49.32 | 48.82 | 49.18 | 47.55 | 46.63 | 38.04 | 51.95 | 47.72 | 48.87
ALO, bd bd bd bd bd bd bd bd bd 0.66 1.00 bd bd bd bd
FeO 42.20 433 39.09 | 43.07 | 42.17 | 37.31 | 46.08 | 44.14 | 43.74 | 46.65 | 4391 | 27.6 43.21 | 40.54 | 40.02
V,0, 0.98 bd bd bd bd bd bd bd bd bd bd bd bd bd bd
MnO 1.29 1.24 1.03 1.38 1.29 bd 0.69 0.90 bd bd bd 0.44 1.05 0.76 bd
Total 91.27 93.78 | 89.00 | 93.26 | 91.00 | 85.03 | 96.09 | 93.86 | 93.04 | 94.86 | 91.54 | 68.15 | 100.35 | 89.02 | 88.89
Al bd bd bd bd bd bd bd bd bd 0.35 0.53 bd bd bd bd
Ca 0.14 0.04 0.06 0.02 0.03 2.00 bd bd 0.05 bd bd bd bd bd bd
Ti 27.84 29.47 | 29.22 | 29.24 | 2846 | 25.62 | 29.57 | 29.27 | 29.49 | 28.51 | 27.96 | 22.81 | 31.15 | 28.61 | 29.30
v 0.55 bd bd bd bd bd bd bd bd bd bd bd bd bd bd
Co 0.20 bd bd bd bd bd bd bd bd bd bd bd 0.34 bd bd
Mn 1.00 0.96 0.80 1.07 1.00 bd 0.54 0.70 bd bd bd 0.34 0.82 0.53 | 0.08
Fe 32.79 33.64 | 33.38 | 3347 | 32.77 | 2899 | 3581 | 343 | 33.99 | 3292 | 32.57 | 21.45| 33.58 | 31.43 | 31.10
(o] 36.58 35.88 | 36.54 | 362 37.74 | 41.33 | 34.07 | 34.74 | 35.61 | 38.21 | 38.95 | 54.57 | 32.44 | 39.36 | 38.60
Total 99.10 99.99 100 100 100 97.94 | 99.99 | 99.01 | 99.14 | 99.99 | 100.01 | 99.17 | 98.33 | 99.93 | 99.08

AR
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Mineral Pl Pl Pl Pl Pl Pl Pl Pl
Sample 1 2 3 4 5 6 7 8
Rack T Gb Gb Gb Gb Gb Gb Gb Gb
CaO 18.60 11.81 13.38 17.50 17.28 15.95 10.73 18.35
ALO, 2538 25.29 25.01 25.84 23.95 26.72 2491 25.62
FeO 0.14 0.24 0.25 0.33 0.41 0.28 0.14 0.47
MgO 0.71 1.39 0.98 0.58 0.72 0.63 0.33 0.73
Sio, 50.05 57.02 52.36 49.71 51.33 48.71 55.69 49.90
Na,O 6.11 7.80 7.53 6.80 6.65 7.92 8.50 5.69
Total 100.99 | 103.55 99.51 100.76 | 100.34 | 100.21 | 100.30 | 100.76
Al 13.44 13.39 13.24 14.74 14.8 14.15 13.19 15.15
Ca 7.45 4.73 5.36 7.01 6.92 6.39 4.30 7.35
Si 23.40 26.66 24.48 23.24 24.00 23.24 26.98 23.33
Na 4.54 5.79 5.59 5.05 4.94 5.88 6.31 422
Fe 0.11 0.19 0.20 0.26 0.32 0.22 0.11 0.37
Mg 0.43 0.84 0.59 0.35 0.44 0.38 0.20 0.44
o 50.53 43.39 50.85 49.31 48.58 49.84 48.92 49.14
Total 99.90 94.99 100.31 99.96 100.00 | 100.10 | 100.01 | 100.00
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ABSTRACT

This is the first report on the presence of podiform chromititeLenses associated with the Marivan
ophiolite. These ore deposits with granular massive fabric are hosted by dunite and harzburgite
occurred in south Marivan city. Chemistry of chromian spinel in the chromite Lenses indicated that
Cr# for two ore occurrences is high (0.85) with very low TiO,, but for the other ore occurrence is lower
(0.67) with higher TiO, (0.05). The finding shows that the chromite ore Lenses and consequently their
host ophiolite were developed in two different geotectonical settings. Geochemical data indicated
that some of the studied ore deposits occurred during the opening of oceanic crust in a Mid Oceanic
Ridge setting from a tholeiitic magma while the others were fractionated form a boninitic melt in a
Supra Subduction Zone. Formation of these ore Lenses and the host rocks occurred in response to
the very fast divergence and then convergence of Neo-Tethys oceanic crust. A wide range of gabbros
including coarse-grained gabbro, melagabbro and microgabbro host ilmenite, magnetite and titanite
in three regions at the northwest of Kamyaran (Yakhtekhan village), the east of Sarvabad (Mianeh
village) and the south of Marivan (Dragashikhan-Vyseh villages). Ilmenite is found in all the three
regions, but magnetite and titanite are only found in the east of Sarvabad. Plagioclase (andesine-
labradorite) and diopside, the main rock-forming minerals with minor augite, olivine and amphibole
are the minerals of the host rocks. The chemical composition of the ilmenites showed that the average
concentration of TiO, increases from Kamyaran (43.19 wt.%) to Sarvabad (46.09 wt.%) and then to
Marivan (47.42 wt.%). These minerals occur as interstitial fine to medium grains (up to 1.5 mm)
and often in the amoeboid, anhedral and to a lesser extent as subhedral forms. Based on textural and
mineral chemistry evidence, mineralization of titanium occurred as the result of magma oxidation.
The oxidation of magma resulted in the formation of iron-titanium immiscible liquid droplets,

following the plagioclase crystallization.
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