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1-Introduction

The Zagros Orogen extends from eastern Turkey through northern Irag and northwest of Iran to the Hormuz
Strait and Oman (Alavi 1994; McQuarrie 2004; Agard et al. 2005; Homke et al. 2010). Ophiolites,
Neotethys oceanic lithosphere remnants, are emplaced along the Zagros Orogen. These ophiolites are
emplaced along two main belts (Stocklin 1977; Homke et al. 2010; Ghazi et al. 2012). The first one is the
Khoy—Nain-Shahr Babak—Dehshir—Baft Ophiolitic Belt (Inner Zagros Ophiolitic Belt or 1ZOB; Shafaii
Moghadam and Stern,2011), located between the Sanandaj—Sirjan and Central Iran; the second one is the
main ophiolitic belt of Piranshahr—Kermanshah—Neyriz—Haji-Abad [Outer Zagros Ophiolitic Belt (OZOB);
Shafaii Moghadam and Stern 2011], located between the Sanandaj—Sirjan and Zagros. The Neo-Tethys
suture zone coincides with the Main Zagros thrust fault (Agard et al. 2005), and ophiolites are exposed
scattered along this zone. The Oshnavieh ophiolite is an unknown part of the Neo-Tethys ophiolite located
between the Piranshahr and Salmas ophiolites. Ultramafic rocks' alteration generates several serpentine
minerals, including lizardite, antigorite, and chrysotile. They form in various tectonic environments with
specific mineralogy, texture, and parental rocks (O'Hanley, 1996).Some researchers supposed that
investigating the formation of serpentinites can have critical applications for understanding the large-scale
geodynamics of that earth (Hattori and Guillot, 2003; Hilairet et al., 2007; Evans et al., 2013). During
serpentinization, various polymorphs of serpentines form. Identifying the polymorphs and determining their
textural relationship provides essential information about serpentinite’'s formation mechanism and the
environments in which they formed. Therefore, they are essential for interpreting tectonic history in the
area where they are found. Our results provide insights into (1) the subduction initiation processes in an
interoceanic setting ensued by forearc spreading, (2) metasomatism and melting of depleted mantle wedge
by influx of slab dehydrated fluid, (3) percolation of subduction-derived melts, melt-rock interaction and
mantle fertilization (4) serpentinization of peridotitic mantle by slab-dehydrated fluids and (5) geochemical
cycling during subduction initiation and ocean-crust mantle interaction.

2-Material and methods

After fieldwork, ten serpentinite samples with various degrees of serpentinization were collected from
different locations of the Dalampar ophiolite mélange for bulk-rock major, trace, and rare-earth elements
(REEs) geochemical analyses. All analyses were measured using the sequential X-ray spectrometer
NexION 2000 and standard techniques at the Zarazma Mineral Studies Company (Zarazma), Iran. Detailed
petrographic studies of the selected thin section slides were conducted at the Department of Geology,
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University of Shahid Beheshti. Takram P50COR10 and a software-controlled x-y sample stage for line
scanning and mapping recorded Raman spectroscopy of samples. The automated JEOL JXA-8600 super
probe of Yamagata University analyzed the chemical compositions of serpentine minerals, olivine, and
spinels.

3-Results and discussions

The mineral assemblage serpentine + brucite + chlorite + tremolite + magnetite occurs in the Dalampar
serpentinites. Raman spectroscopy and electron microprobe analysis studies reveal that two serpentine
polymorphs (lizardite and chrysotile) are present in the studied samples. Relatively higher loss-on ignition
values (Table 1) for the studied samples suggest possible sea-floor alteration and serpentinization by
hydrothermal fluids. Whole rocks analyses demonstrate that the serpentinites formed from a harzburgite
and Dunite parent rock. The serpentinite samples are marked by typically high AI203/TiO2 ratios ranging
from 44 to 108 and low CaO/AI203 varying between 0.26 and 0.98, which collectively attest to their
boninitic affinity. The studied samples possess markedly high concentrations of Ni (1643-1976 ppm) and
Cr (1690-2294 ppm) with 80.1-106.8 ppm of Co. The Ni and Cr concentrations are higher than the primitive
mantle values (Ni and Cr > 1500 ppm). The major, trace, and REE compositions conform to the distinct
boninitic signatures for the studied serpentinites, showing characteristically high Al.Os/TiO- ratios at
(La/Sm)n > 1 and (Gd/Yb)n < 2. LILE-LREE enrichment with relatively depleted HFSE concentrations
characterizes these rocks' overall trace element chemistry. The overall tectonic and geochemical
fingerprints of the mantle peridotites from the Dalampar ophiolite mélange suggest hydration,
serpentinization, and metasomatism of the refractory mantle by slab-dehydrated fluids under extending
upper plates of a forearc subduction zone and refertilization of peridotitic mantle by boninitic melts derived
during initial stages of interoceanic subduction, typical of SSZ setting. Arc-like to MORB-like geochemical
imprints for 1zu-Bonin-Mariana forearc and Tethyan ophiolites suggest that ophiolite complexes attest to
diverse compressional and extensional tectonic processes operative during juvenile to matured stages of
interoceanic subduction-and-ocean-floor-spreading-.. Geochemical attributes of the studied serpentinite
provide insights into fluid-induced metasomatism and serpentinization processes and their implications

within island arc settings. Based on the calculated P-T phase diagram (pseudo section) for the studied
serpentinites, it can be inferred that the assemblage serpentine + brucite + chlorite + tremolite + magnetite
formed in the temperature range of 350 to 400 C° and pressures higher than 4 kbar.

4-Conclusion

The boninitic composition and associated geochemical fingerprints of the serpentinite mantle wedge dunites
of the Dalampar ophiolite mélange suite reflect intraoceanic subduction initiation, fore-arc extension, and
spreading center formation above the subzone. The geochemical features of the studied rocks invoke a
multistage petrogenetic process involving the following mechanisms; (1) multiple episodes of extraction of
basaltic melt rendering a depleted, refractory upper mantle residue where (HREE)N > (MREE)N >
(LREE)N; (2) intraoceanic subduction initiation with downwelling of oceanic slab that is counterbalanced
by upwelling of asthenospheric mantle, thinning of the overlying lithosphere, decompression melting of a
fertile, lherzolitic, asthenospheric mantle wedge giving rise to MORB-type magmas in an arc regime,
leaving behind a refractory, harzburgitic mantle restite; (3) dehydration of subducted slab and release of
fluids enriched in incompatible elements (LILE, LREE); (4) LILE and LREE enrichment of depleted mantle
wedge by influx of slab-dehydrated fluids and melts causing metasomatism; (5) high-temperature, shallow
level melting of metasomatized mantle wedge generating boninitic melts; (6) interaction between mantle
wedge harzburgites and boninitic melts; (7) melt percolation, melt rock interactions transforming mantle
harzburgites to mantle dunites and (8) serpentinization of mantle wedge dunites by slab dehydrated hydrous
fluids.
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Lenses of relatively fresh harzburgite surrounded by serpentine (chrysotile and lizardite) , (d) Shiny light green fibers of
chrysotile in harzburgite, (e) A hand specimen of serpentinite partially altered to talc-carbonate spots, (F) Serpentinized
peridotites with smooth morphology and serpentinite fragments embedded in a mélange matrix.
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Fig. 3(a) Microscopic photographs of the studied serpentinites in XPL light. (a) Mesh structure formed by complete
replacement of olivine with serpentine, (b) Hour glass zoning formed by replacement of olivine with lizardite, (c) Bastite
texture formed by replacement of orthopyroxene with serpentine, (d) Serpentine vein, (e) The groundmass consists of
fibrous serpentine (chrysotile and lizardite), and (f) Subhedral Cr-spinels throughout the serpentine groundmass and
fracture filling by serpentine. Mineral abbreviations are from Whitney and Evans (2010). The abbreviations are Chl:
chlorite, Clt: chrysotile, Lz: lizardite, Mag: magnetite, Cr-Spl: Chrome spinel. Srp: serpentine.
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Table 1. Results of whole-rock chemical analysis of serpentinites from Dalampar ophiolite. The major elements are in
wt.% and trace elements are in ppm.

Sample No. Sol So03 S05 So0l4 Sol5 Do7 Doll Dol7 Do24 Do25
SiO, 40.69 4178 40.20 39.73 39.95 4219 41.18 40.67 38.98 40.55
TiO, 0.02 0.02 001 002 006 005 0.03 005 0.06 0.04
Al;0s 1.59 0.95 108 124 19 245 240 251 217 179
Fe.0s 7.90 8.25 891 785 809 646 7.02 775 820 6.75
MnO 0.12 0.12 0.18 013 017 0214 013 014 013 0.14
MgO 36.68 3557 37.23 3755 36.37 34.60 34.81 3429 3541 36.76
Ca0O 0.42 0.34 030 172 115 240 179 243 196 1.35
Na>O 0.01 0.01 001 005 005 018 0.05 018 0.39 0.07
K20 0.01 0.01 001 005 001 008 0.04 005 0.04 0.03
P20s 0.01 0.01 001 005 001 005 0.04 005 0.03 0.04
Cr203 0.25 0.27 048 029 033 039 038 084 033 082
LOI 12.02 1262 1159 11.04 1165 10.86 1191 10.48 1180 11.27

Cr 1690 1830 1760 1857 1794 2013 2069 2294 1765 2086
Co 934 80.1 95.6 909 1109 94.70 99.72 1019 106.8 100.6
Ni 1643 1728 1690 1976 1734 1724 1780 1749 1839 1882
Rb 0.12 0.24 019 017 022 027 032 024 041 019
Sr 8.23 7.03 35 299 221 9.2 415 645 152 567
Cs 1.12 0.48 149 027 081 1.0 0.8 0.6 0.7 0.5
Ba 3.10 2.80 360 412 353 474 299 407 318 451
Sc 10 9 12 13 8 11 10 16 11 10
\% 48 34 51 56 42 47 63 50 48 34
Ta 0.1 0.2 0.1 0.2 0.1 0.3 0.2 0.3 0.3 0.2
Nb 0.56 0.61 072 049 115 109 165 127 089 1.05
Zr 2.21 1.32 1.09 102 175 129 115 0.89 2.1 0.99
Hf 0.20 0.05 003 008 002 025 017 041 019 034
Th 0.04 0.05 006 003 005 061 056 035 018 0.29
U 0.05 0.12 0.14 008 009 011 013 017 0.08 0.10
Y 0.41 0.29 048 064 037 0.70 1.2 0.8 1.1 0.56
La 15 1.11 105 119 106 098 167 079 0.88 0.66
Ce 1.72 1.25 175 115 192 215 099 264 112 270
Pr 0.17 0.15 026 019 021 030 025 024 025 0.22
Nd 0.74 0.88 1.01 104 0.9 1.7 1.6 1.5 1.5 1.3
Sm 0.14 0.16 012 024 008 013 011 012 024 0.09
Eu 0.03 0.02 0.07 009 003 004 0.05 002 0.06 0.02
Gd 0.62 0.39 047 051 044 030 022 055 018 0.16
Th 0.04 0.02 0.03 002 002 004 0.05 003 006 0.02
Dy 0.57 0.34 0.09 038 046 0.90 1.0 091 090 084
Ho 0.03 0.06 0.04 005 002 003 0.04 003 0.03 0.05
Er 0.31 0.46 049 022 015 040 050 027 039 0.60
™m 0.05 0.04 002 003 001 001 0.02 003 001 o0.01
Yb 0.17 0.15 015 022 027 036 053 046 044 0.36
Lu 0.03 0.02 001 003 002 004 006 005 0.09 0.08
Mg# 90.20 89.50 89.20 90.20 89.90 91.40 90.80 89.80 89.50 91.50
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Fig. 6. Changes of rare elements of serpentinites in diagrams: (a) Sm/Yb vs. La/Sm (Deschamps et al.,2013), (b) Ni vs.

Mg#. Field of refractory and impregnated abyssal peridotite is also shown (Bodinier and Godard, 2003), (c) Chondrite-
normalized (La/Sm) N vs. (1/Sm) N (Sharma and Wasserburg, 1996). MORB: Mid-ocean ridge basalts; UM: Upper
mantle composition; CC: Continental crust composition: UDM: Ultra-depleted melt composition; HZ1, HZ2 and HZ3:
Model harzburgite compositions, (d) Nb/Zr vs. Th/Zr plot showing the studied samples in an array consistent with fluid-
related enrichment of mantle through subduction process (after Zhao and Zhou, 2007), (e) Ce Vs. Pb (Zhang et al.,2019),
() Th/Yb vs. Al203. The trends for spinel and garnet melting are from Bodinier et al., (1988) and McDonough and Frey
(1989), (g) and (h) Chondrite normalized REE patterns and primitive mantle normalized trace element patterns for studied
serpentinites. Normalizing factors are from Sun and McDonough (1989). Compositional field for the south Sandwich
forearc peridotites is from Pearce et al. (2000) and Boninite field is adopted from Hickey and Frey (1982).
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Table 2. The results of point analyses of serpentine.

Rock
type

Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser

10C 10C 10C
1-1 1-2 1-3

S. No.

10C
1-4

10C
1-5

10C 10C 10C 10C

1-6

1-7 1-8

1-9

10C

10C

10C 10C

10C 10C 10C 10C
1-10 1-11 1-12 1-13 1-14 1-151-16 1-17

SiO; 42.1542.3039.54 52.11 39.23 40.90 42.2240.94 42.36 41.72 41.85 42.24 42.21 39.86 40.8540.71 40.25

TiO2 0.01 0.02 0.05
Al0; 0.91 0.88 2.90
Cr,0s 0.00 0.14 1.64
FeO 1.85 1.70 2.68

0.01
0.30
0.00
1.64

0.03
2.81
1.30
2.35

0.01
2.60
1.88
2.22

0.01 0.03
0.72 2.70
0.00 1.96
1.75 1.99

0.00
0.39
0.00
1.83

0.02
0.46
0.09
2.12

0.00
0.44
0.07
1.90

0.01 0.00
0.74 0.57
0.00 0.00
1.27 1.98

0.06
2.39
1.59
2.51

0.03 0.03
2.35 2.37
1.61 1.73
2.25 2.14

0.02
2.42
1.87
2.20
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Tabel 2. Continued
MgO 40.3339.9638.02 40.49 36.53 37.99 39.5137.88 40.51 40.58 40.19 39.84 40.21 37.47 37.0737.86 37.55
MnO 0.06 0.02 0.14 0.09 0.11 0.23 0.01 0.07 0.00 0.08 0.06 0.08 0.10 0.12 0.14 0.06 0.14
CaO 0.06 0.09 0.13 0.02 0.07 0.04 0.09 0.06 0.05 0.00 0.03 0.10 0.04 0.11 0.10 0.07 0.14
Na,O 0.00 0.00 0.00 0.01 0.02 0.01 0.01 0.02 0.00 0.02 0.02 0.01 0.03 0.02 0.00 0.02 0.01
K:O 0.00 0.02 0.00 0.04 0.02 0.03 0.01 0.05 0.00 0.03 0.01 0.02 0.02 0.04 0.02 0.05 0.00
NiO 0.22 0.14 0.16 0.28 0.09 0.31 0.23 0.23 0.23 0.22 0.25 0.14 0.21 0.08 0.10 0.21 0.15
Total 85.5685.2685.17 85.02 84.40 86.14 84.5385.91 85.36 85.26 84.74 84.46 85.36 84.15 84.5085.25 84.76
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