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Abstract. The Ordovician Sorkhband ultramafic complex is located in southern part of Kerman Province
(Iran). It covers an area about 100 km?. This wedge shape complex can be divided into: 1) lower part,
comprises of dunites, chromitites, olivine clinopyroxenites, wehrlites and olivine websterite; and 2) upper
part, comprises of harzburgites, olivine clinopyroxenite, dykes or lenses of dunites and minor
orthopyroxenite. Whole rock (PGE and REE) and mineral chemistry of pyroxenites from the Sorkhband
ultramfic complex were supposed to be formed from a transitional CaO rich boninitic melt in a supra-
subduction zone environment.

Keywords: Boninitic melt, Iran, PGE, Pyroxenite, Sorkhband ultramafic complex

1. Introduction

The Ordovician Sorkhband ultramafic complex is located in the southern part of Kerman Province (Iran)
(Fig.1a) and is situated in the coloured mélange, between the main Makran accretionary prism and the
Bajgan/Durkan complex in the southwestern part of the Makran region (Fig. 1a). The Cenozoic accretionary
prism on land fronting the Makran is 350 km wide and consists of neritic and coastal sediments, neritic
sediments and flysch turbidites [1]. The Bajgan/Durkan complex is believed to be the continuation of the
Sanandaj-Sirjan zone of Iran and the Bittlis massif of Turkey. In this context the Sanandaj-Sirjan
microcontinental sliver continues eastwards, through the Makran and is referred as the Sanandaj - Sirjan /
Bajgan - Durkan block (SS/BD; [2]) (Fig. 1a). The SS/BD block consists of metamorphic rocks
(garnetiferous schists, quartzite and marbles) of probable age of Early Paleozoic or older, which are covered
by highly deformed and disrupted Carboniferous to Lower Paleocene platform sequences dominated by shelf
limestones.

The wedge shape complex of Sorkhband covers an area of more than about 100 km? and is divided into
lower and upper parts. The former comprises of dunite, podiform chromitite deposits (Faryab mine, largest in
Iran), massive and dyke like olivine clinopyroxenite, wehrlite and subordinate olivine websterite dykes. The
upper part consist of foliated porphyroclastic diopsidic harzburgite with subordinate lenses and dykes of
dunite, massive and dyke like olivine clinopyroxenite and minor orthopyroxenite dykes with no significant
chromitite mineralization (Fig.1b).

2. Petrography

According to petrographical studies, olivine clinopyroxenites show cumulate hypidiomorphic
granular to allotriomorphic granular textures (Fig. 2a) and in a few cases near to shear zones show
porphyroclastic texture (Fig. 2b). These rocks modally consist mainly of 80-85% clinopyroxene with
diopsidic composition (EngsFssWo4e), 5-20% olivine (Fog,), <10% orthopyroxene with bronzitic composition
(EngiFsigWo;1), and less than 0.5% chrome spinel. Clinopyroxenes are not deformed and often exhibit
exsolution lamellaes of orthopyroxene (Fig. 2b). In most cases, triple junction boundary is observed only
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between the clinopyroxene minerals in rocks with granular texture (Fig. 2a). In most cases, olivine and
orthopyroxene constitute the intercumulus phase and display no triple junction boundary. Moreover, most of
orthopyroxene grains show intracrystalline deformation and are bent and exhibit kink bands, irregular
extinction band configurations and exsolution lamellaes of clinopyroxene. There is no orientation between
constituent minerals in different types of olivine clinopyroxenite rocks of Sorkhband ultramafic complex.
Olivine clinopyroxenites are the less altered rocks between the other rocks of Sorkhband complex.

Olivine websterite dykes show porphyroclastic (Fig. 2c) and granular textures and modally consist
mainly of 80 % orthopyroxene with bronzitic composition (EngsFsisWo;), 5-55% clinopyroxene with
diopsidic composition and 3-38% olivine (Fogs). Orthopyroxene porphyroclasts are deformed and often
exhibit exsolution lamellaes of clinopyroxene. Olivine displays deformation lamellae along its slip planes,
mini Kinking and irregular extinction band configurations. Orthopyroxenite dykes show porphyroclastic and
granular (Fig. 2d) textures and modally consist mainly of more than 90% orthopyroxene with enstatitic
composition (EnggFssWo0,), 6% olivine (F0g11.913), 3% clinopyroxene and less than 1% chrome spinel.

3. Whole rock, mineral and PGE geochemistry

In a plot of Al,Os; vs Cr,0O3 of chromite (fig. 3a), all pyroxenite rock types of Sorkhband ultramafic
complex fall within the mantle array. Moreover, on a plot of Al,Oz vs TiO, of chromite (fig. 3b) and Al,O;
vs Fe?*/Fe®" (fig. 3c), all pyroxenites fall within the supra-subduction zone peridotites and pyroxenites.

Chondrite normalized rare-earth element (REE) patterns of olivine clinopyroxenites of the Sorkhband
complex exhibit flat medium REE (MREE) and heavy REE (HREE) patterns, [(Gd/Yb)x~1], and highly light
REE (LREE) depletions, so that Lag)/Yb, varies between 0.08-0.35 and the variation of LREE is more than
HREE ones (Table 1). The REE contents in olivine clinopyroxenites varies in a wide range between 0.1-
7xC; Chondrite (Fig. 4a). Moreover, chondrite normalized rare-earth element (REE) patterns of olivine
websterite dykes are very similar to olivine clinopyroxenites of both lower and upper parts of the
Sorkhband ultramafic complex and HREE contents in orthopyroxenite dykes are very low due to
the low modal clinopyroxene Yb=(0.1). Moreover, in olivine clinopyroxenites, transition element (TE)
patterns are very similar to those in Nan Uttardite peridotites and orthopyroxenites in Thailand [4] (Fig. 4b).

Platinum group element (PGE) patterns of olivine clinopyroxenites of the Sorkhband ultramafic complex
show highly differentiated pattern with a positive slope which are in the same range of olivine websterite
and orthopyroxenite dykes (Table 2). Moreover, the Pd/Ir ratio (3.37-11.49) in olivine clinopyroxenites is
relatively high and some chondrite normalized patterns of IPGE (Ir subgroup) show depletion, whereas most
of the PPGE (Pd subgroup) show enrichment relative to primitive mantle (fig. 4c). Platinum group element
(PGE) patterns of olivine websterite dykes show highly differentiated pattern with a positive slope which are
in the same range of olivine clinopyroxenites (Table 2). Moreover, the Pd/Ir ratio (41.96) in olivine
websterite dykes is relatively high and chondrite normalized patterns of IPGE (Ir subgroup) show depletion,
whereas the PPGE (Pd subgroup) show enrichment relative to primitive mantle (Fig. 4c). The Os content is
under detection limit in these rocks.

4. Discussion and conclusion

The absence of plagioclase and garnet, together with the presence of spinel, in both pyroxenites
and surrounding peridotites of Sorkhband ultramafic complex constrains the depth of origin of the
all types of pyroxenites to be within the stability field of spinel peridotite. Bulk rock chemistry of all
pyroxenite types can be used for petrogenesis of these rocks. In a chondrite normalized REE patterns, the
olivine clinopyroxenites of Sorkhband complex are clearly distinctive compared with the San Jorge and
Ronda pyroxenites with a supra-subduction zone environment origin [3]. Moreover, transition elements (TE)
patterns of olivine clinopyroxenites of Sorkhband complex are very similar with these patterns in
orthopyroxenites and peridotites of Nan Uttardite ophiolite [4] in Thailand which were supposed to be
formed from a transitional CaO rich boninitic melt in a supra subduction zone environment. Such
conclusions have been proved for other rock types in Sorkhband complex. These data suggest that the
potential of the pyroxenites of the Sorkhband complex as Au—-PGE deposits is low similar to Nyong unit, SW
Cameroon [5].
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Fig. 1. () Location of the study area in Southern Iran. (b) Simplified geological map of the Sorkhband ultramafic
complex.



Fig. 2. (a) Subhedral granular texture in olivine clinopyroxenites of Sorkhband ultramafic complex. Note to the triple
junction boundary between clinopyroxene crystals (picture length=3mm, XPL). (b) Porphyroclastic texture with
clinopyroxene (Cpx) and olivine (Ol) porphyroclasts in a fine grained matrix of these minerals in olivine
clinopyroxenites (note to the exsolution lamellae of orthopyroxenes in clinopyroxene) (picture length=1.5mm, XPL). (c)
Porphyroclastic texture with orthopyroxene (Opx) and olivine (Ol) porphyroclasts in a fine grained matrix of these
minerals in olivine websterite dykes (note to the exsolution lamellae in orthopyroxene and king band in olivine) (picture
length=3mm, XPL). (d) Triple junction boundary between orthopyroxenes (Opx), and orthopyroxenes with olivines in
chromite (Chr) bearing orthopyroxenite dykes (picture length=1.5mm, XPL).

Table 1. Trace element aboundances of the olivine clinopyroxenite (no.1), olivine websterite (no.2), orthopyroxenite (no.3) in Sorkhband ulltramafic complex.
Sample NSB12 NSD1 NM1 NPD1 NPD2 NY6P  NY26P NG20 NGP1 NG21 NGP2 NM7 NSD9 NM8 NM4  NG22-1

(ppm) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 3
Sc 6366 4713 5052 76 60 5142 5629 40 43 35 35 3534 3928 5587 2318  8.00
v 30882 136.46 * 206 113 9809 11576 85 143 84 65 14176 103.64 * 347.03 <5
Rb 014 008 * <1 <1 099 021 <1 <1 <1 <1 014  0.16 * ud <1
Sr 766 692  17.69 3 6 2962 3205 15 9 11 12 452 2631 2178 18 200
Y 324 128 202 28 09 1024 393 2.1 49 27 26 155 2 253 063 <05
zr 075 028  1.06 <4 <4 146  1.09 <4 <4 <4 <4 121 1.06 138 022 <4
Nb 077 065 033 <02 <02 012 029 <02 <02 <02 <02 004 005 021 106 <02
Cs 021 028 * 04 0.1 062 008 <01 <01 <01 <01 0.2 0.36 * 017 <01
Ba 047 076 187 3 <3 124 139 6 11 <3 4 433 175 088 051 <3
La 004 003 004 <005 <005 009 021 009 007 006 007 007 008 008 002 <005
Ce 0143 006 011 <005 <005 044 048 024 032 022 026 027 031 04 003 008
Pr 003 001 003 00l <00l 013 008 004 007 005 005 007 007 009 000 001
Nd 023 013 015 02 <005 117 045 032 056 038 041 037 05 062 005 <0.05
Sm 02 008 014 014 004 064 023 015 029 017 019 016 022 025 ud 0.02
Eu 008 003 005 008 003 029 0.1 007 012 007 009 006 007  0.09 ud  <0.005
Gd 041 015 026 029 008 128 045 024 055 033 031 02 035 0.4 004 <001
Tb 007 003 005 007 002 023 008 005 012 007 006 004 006 007 00l <001
Dy 058 02 036 049 016 169 066 037 079 044 043 03 037 049 011 002
Ho 013 005 008 011 003 037 014 008 017 009 009 006 008 0.1 003 <001
Er 036 015 024 032 0.1 115 046 023 053 028 028 019 023 028 010 0.2
m 005 002 003 005 001l 017 007 003 008 004 004 002 003 004 002 <0.005
Yb 036 013 022 026 008 109 043 02 048 026 025 016 019 024 017 002
Lu 0.04 ud 002 004 001 015 006 003 007 004 003 002 003 003 002 001
Hf 005 002 006 <01 <01 01 004 <01 0.1 <01 <01 008 008 009 001 <01
Ta 017 012 ud 009 003 007 007 008 005 013 012 007 006 ud 014 012
Th 002 001 001 <005 <005 00l 00l <005 <005 <005 <005 00l 00l 00l 00l <005
u ud ud * <001 <001 ud ud 001 <001 <001 <00l ud ud * ud <001
Ti 891.36 32834 478 660 234 32524 35897 318 624 366 408 65861 64221 657  457.74 126.00
Co 862 5119 * 57 71 2737 3044 40 49 5 38 4296  31.89 * 105.74  59.00
Ni 36551 201.33 * 380 420 71957 53005 430 860 460 370 3407 317.03 * 1055 660
cu 1463 1285 * 370 <10 609 9431 <10 50 <10 <10 259  19.69 * 18232 <10
zn 2155 1081 * <30 <30 427 407 <30 <30 <30 <30 2656 957 * 4164 <30
"

w 184.94 1428 * 743 48 100.4 84.32 112 63.2 155 148 75.95 66.2



Table2. Major oxide and PGE (ppb) aboundances of the olivine clinopyroxenite (no.1), olivine websterite (no.2),and

orthopyroxenite (no.3) dykes in Sorkhband ultramafic complex.

Sample NSB12 NSD1 NM! NPD1 NPD2 NY6P NY26P NG20 NGP1 NG21 NGP2 NM7 NSD9 NM8 NM4 NG22-1
(Wt%) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 3
Sio, 50.95 53.88 51.26 50.62 4872 50.34 51.27 5223 47.85 5241 53.41 4224 4725 5111 5252 56.94
AlLO; 298 092 225 174 082 139 092 209 325 24 224 221 166 197 228 098
Ca0 16.71 19.07 17.46 16.7 1512 17.7 17.81 1856 1329 17.12 1845 20.26 17.11 20.73 160 1.02
MgO 2048 20.16 21.73 21.96 26.22 21.95 22.68 20.04 27.7 2261 20.67 20.17 2375 17.41 32.19 34.65
Na,0O 002 005 005 017 007 044 041 032 026 034 038 004 001 003 <0.01 004
K,0 0.03 003 003 007 002 01 003 002 004 003 005 004 004 004 003 0.03
Fe,0, 7.13 315 497 738 607 202 209 374 45 371 337 336 276 323 1029 544
MnO 015 0.09 011 017 013 004 005 011 0.1 0.1 01 007 007 009 019 011
TiO, 013 0.05 008 011 0.04 007 005 005 01 006 0.07 01 01 011 010 0.02
P,Os  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01
NiO 0.05 0.03 * 005 0.05 009 007 005 011 0.06 005 004 0.04 * 0.13 0.08
Cr,0; 05 046 057 * * 269 0.87 * * * * 334 082 048 074 *
LOI 035 045 05 091 283 265 27 228 19 061 084 745 625 046 040 0.78
Sum 9943 983 99 99.8 100 99.38 98.87 99.42 99.02 99.36 99.54 99.28 99.82 95.66 100.30 99.98

(ppb)

Os ud ud * * * 557 3.87 * * ud ud 552 164 * ud *
Ir ud ud * * * 742 1203 * * 089 15 691 353 * 0.80 *
Ru 276 25 * * * 726 1461 @ * * 4 4 2235 553 * 3.36 *
Rh 012 06 * * * 24 785 * * 1 3 137 355 * 3.61 *
Pd 6.02 1737 * * * 201 813 * * 372 506 584 4055 * 3364 *
Pt 6.03 2252 * * * 291 7.68 * * 347 86 2174 2563 * 1320 *
Au 791 3403 * * * 6.81 1633 * * ud ud 1125 2503 * 16.61  *
Pd/Ir * * * * * 0.27 0.68 * * 418 337 085 1149 * 4196 *
Pt/Pd 1 13 * * * 145 094 * * * * 3.72 0.63 * 0.39 *
TPGE 1493 4299 * * * 2758 5417 * * 13.08 2216 6373 8043 * 5461 *
PY/Pt* 229 223 * * * 042 031 * * 049 077 246 0.68 * 0.38 *

Mg# 8517 9275 89.74 85.61 89.63 956 95.6 91.47 9249 9242 9246 9231 9451 9151 86.22 92.72

Fig. 3. Mineral chemistry of all pyroxenite types in Sorkhband complex. (a) Cr,O3 vs Al,O; for chromites [fields are
from [6,7,8]. (b) Variation of Al,O3 vs TiO, for chromites from Sorkhband pyroxenites (fields of supra-subduction zone
and MORB peridotites are from [9]). (c) Variation of Al,O5 vs Fe**/ Fe** for chromites from Sorkhband pyroxenites
(fields of supra-subduction zone and MORB peridotites are from [9]).

Fig. 4. (a) Spider diagram from rare earth elements (REE) (normalized to C1 chondrite) from olivine clinopyroxenites
of Sorkhband ultramafic complex in comparison with San Jorge and Ronda pyroxenites. (b) Transition element (TE)
variations in olivine websterite and orthopyroxenite dykes in Sorkhband ultramafic complex in comparison with
peridotites and orthopyroxenites in Nan Uttardite ophiolite [4] (c) Spider diagram from platinum group elements
(normalized to primitive mantle) from pyroxenites in Sorkhband ultramafic complex.



