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slaty shale (Barut Formation)

LEGEND

Young recent alluvium & gravel fans & old terraces

}hylitic sandstone Hslaty shale siltstone with calcschist
12+ -| Grey microcrystallized limestone

E Alternation of crystallized limestone dolomite and schist (Permian)

s , Alternation of cherty limeston & dolomite & slaty shale (Mila Formation) m

GENERAL SYMBOLS
Thrust fault

A~

village or town

4509

7777 Ultrabasic rocks , serpentinite, metadiabase
- || basaltschist and limestone
"] Metaconglomerate and sandstone
-] Limestone
“22] Schist

Diabase,spilitic basalt
B Ultrabasic rocks
i Serpentinite

Metamorphic rocks of unknown age
Amphibolite with some schist

MESOZ0IC
LATE CERTACEQUS

schist
Intrusive rocks

Metagranite aneiss

Converted or probably fault

sample locality
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Fe3+

Greenschist

faci
= (Evans and Frost, 1975) Fe*"-Al-Cr Sog i -A S5

o)l_.w}) g ).Q‘_Mu‘).u LgL{bC«usu\_i)JLA B J.u.a_wl Cz_»..xﬁyo
s ga plis |y lios Codgedal

lower amphibolite

upper amphibolite
facies Mantle chromitite

L

[
Cr Fore-arc peridotites Al

ety Sy e 5o ol § Jsmadol «u)lS (il o glacd o by 39,5801 5555 255 By (sloools -\ o

Min. Atg Atg Ctl Ctl Lz Lz Amp Amp Amp Amp Amp Chl Chl Spl Spl

Si0, 4197 4570 4236 4076 4057 38.19 5563 5512 5720 57.08 5638 3138 2901 0.60 177
TiO, 000 000 000 000 000 002 005 002 005 000 003 009 005 029 029
ALO; 284 456 004 014 034 000 161 08 146 141 167 1359 1502 3.03  2.82
FeO  3.03 355 547 283 282 1068 191 253 140 126 176 1443 2305 5981 61.00
MnO 005 007 036 009 008 008 009 012 005 006 003 027 041 084 077
MgO 3754 3365 3614 3876 4070 39.67 2544 2451 2476 2406 2479 2765 1913 276 149
CaO 024 306 027 014 011 006 1144 1000 12.09 1249 11.89 0.03 006 000  0.00
Na,0 002 011 003 000 00l 00l 028 209 035 047 045 004 007 000 0.0
KO 000 009 006 000 000 000 005 016 007 005 010 003 004 000  0.00
Cr,0; 084 084 002 002 000 071 053 051 051 057 043 001 002 2974 31.20
SUM 8652 91.64 8475 8275 8463 8942 97.03 9598 98.07 9752 9752 8752 86.86 98.03 98.30
() 7 7 7 7 7 7 23 23 23 23 23 14 14 4 4
Si 190 192 208 201 194 178 763 773 826 780 820 3.3 306 006 0.2
Ti 000 000 000 000 000 000 00l 000 00l 000 000 00l 000 00l 001
Fe 017 013 022 012 013 000 022 026 021 014 026 120 203 179 185
Al 040 047 000 002 049 000 026 014 043 023 049 160 187 012 0.3
Mn 000 000 002 000 000 000 001 00l 00l 00l 000 002 004 002 002
Mg 253 211 265 285 290 275 520 512 358 490 361 411 301 015 008
Ca 00l 0.4 00l 00l 001 000 168 150 175 18 173 000 001 000  0.00
Na 000 002 00l 000 000 000 007 057 0.0 0.I3 013 000 000 000 0.0
K 000 001 000 000 000 000 001 003 002 00l 003 000 000 000 0.0
Cr 006 006 000 000 000 005 006 006 015 006 012 000 000 084  0.89

SUM 4.92 4.84 5.00 5.00 5.00 5.00 1546 1451 15.09 1458 15.14 10.07 10.01  2.99 2.99
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Slpasged ;o (b (il 0o Al
100/18*LOI Wt.% Jg—o,8 bl ,u ooy asalllas
C—wl 0o plodl (Parkinson and Pearce, 1998)
Loasges (o (il yaw Glie olowl ol o &5

RN JEIRVEIRY 4 gINARERR VIV B B IR PR E IR

o] gy S gy 3o (Souliod s
i Lol yolie glan ST S5 Y Joan

CIPW pys 3 oot SLS o S 5ol, an

e VVPY L YIYD et aly o sladsiges LOI

03y ‘5».».».1[4]...: wed.o).l FV-19-2 9 FV-23-11) ‘Lh‘sllS(CIPW) }ul.a)j.v ;,‘.»S).l 9 ).Q,.M.o‘,u LS‘LQW?JJI!LA XRF m)?u CJL».‘ -Y Jju\}

Sample FV-23-11 FV-19-2 FV-23-B FV-25
(Wt%)
Si0, 43.48 42.65 40.38 40.19
ALO; 0.90 0.18 1.42 0.42
Fe,0; 3.19 3.18 3.15 3.84
FeO 573 571 575 6.81
Ca0 0.95 0.60 2.42 1.05
Na;0 0.03 0.04 0.02 0.01
K,0 0.01 0.02 0.01 0.03
MgO 41.62 41.55 34.45 35.38
TiO, 0.11 0.08 0.10 0.08
MnO 0.15 0.15 0.15 0.15
Cr,0; 0.32 0.3 032 0.33
LO.I 335 537 11.62 1158
SUM 99.84 99.87 99.93 99.88
CIPW Norm (Wt%)
or 0.06 0.12 0.07 0.18
Ab 0.25 0.34 0.17 0.08
An 2.37 0.28 427 118
Di 1.95 2.23 732 3.72
Hyp 30.55 31.09 32.87 37.83
ol 59.47 60.37 49.36 49.96
Iim 0.00 0.15 0.21 0.17
Mt 4.63 4.89 5.18 6.31
Cm 0.47 0.52 0.54 0.56
Total 99.66 99.98 99.98 99.99
ol = loan 155 gila,g polie 5l la SIS polis Cexy

235 ploxl
Lo addllas 55 Lo cdgigp S 5
Ol-Opx-Cpx —ilie g5l 0,95 jlog—ai 3l ool il
Az L (A1 L) ol i (Coleman, 1977)

30 5 s 00 dalllae ladigad ¢logoi oyl a

A ppeiil y ldaigu o Cddgigy S )

Lmasged pdon aaad (ol (il s Jdo
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JS8) 09— o craline olacsglas TiIO, g MgO

AU L LS s ol an wls 1) gl ul() -

5 Ca Al e (g yolie S o0 )0 (o (Sl yu
(Savov et al., 2005) s 5 L .o Mg

JrS 5 ji5—o Jelss 3l L <o ER 5 PH

P AL pin Sy il polie i S0

ol as Gy o |y sa i a4l Lo

WAL coi LS ol s ol
wlalslblycdb pyla b ALY asaul
5 AIOH)" g AP &g oo, PH>8 4 PH<4
o—1,5 (Maynard, 2011) 04— 7,5 L

355 oo el PH>8 )3 Ygano (ol (il o

Lherzolite

Olivine Websterite

Websterite

Al,O5

)
Ultramafic
cumulate

Cao

2 loa s aBly Cdgs ) S g a5l edgu0e
B-1 %) TiO; J—lie ,0 ALO; log—os ulul
(Winter, 2001 Brown and Mussett, 1993)
3 9= byl Sy la Ladged S
(C-1 J5—2) ALO3-CaO-MgO  ——ilis Jlog— oS
30 dllas 0,50 sl24_sei (Coleman, 1977)
iy S9-S5 slacaiga p edga e

R P T NORAE
rilataigan plie (Lol jolie ;i jloged (o)
59 0dd djod sladise Jol olie jlaged ulul
a5 Si0; g MnO Fe,O3 L£1,05 om0

La0 A1203 o—’)ﬁ d—oy0 ) ol a sl LS’LA.A.A—A.&J

5.00
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4,004
§ 3.004
= Harzburgite
m -
CDN 2.00
< Dunite o
1.004 °
[
0.00 . - :
0.00 0.05 0.10 0.15 0.20
TiO2 (Wt%)

= Al lacaigan nlie s S (A -] S
¢(Coleman, 1977) Ol-Opx-Cpx gl oS 5 bl
wload Sea S5 a S TIO, J—lio ;0 ALO; Josoi (B
ALO3-Ca0- log—ai (C 0,5 s )8 cfon),lo 00game
03gd—xe ;o L2d_igei & S (Coleman, 1977) MgO
1o Lmeigas 3l (oS el 00 o By S 550 Cufpa sy
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Albayrak, 2006)
ool g cdge i oo oy il 3l L
NIERC AN TP IR RENT X S SN
(F o ¥ laalal,) coul ons
Chl+Cal+Ta=Tr+Spl+Dol+H,0 ¥ alal,
Dol+Chl+Zo=Spl+Cal+Ta+H,0 ¥ alal,
25 Loo aly 31 Ly il piman Slyos
gd S8 g ,y68 il B pas il
Atg+6Qtz+2Dol—>Tr+4CO,+H,0
JS—ii )Ll g oyl o bl
(g0 alo y0) Hloce 58 T (glocurintily yus
Ll o ()Ll g Ol o (]
5 Oyl 1S g0 4ol Ly ey 595 5T (5,10
o= 0 aalllas 0550 la S JSis s

[

2

Average concentration

@ |&9rpentinite
N

g

serpentinized peridotita

=l

0.001
502 AIRO3 Fe203 Cal Mg TIOZ MnQ O PXDs LW

S r09)l—90 95 9 S ;5> Sl—p ATy
degome (bl i il SldCudgu plie
Al glacaigan plie jo S5 5,50 sla LS
LaSw sy jlasd g Los Sl inoge,s byl
el 28,5 )18 (o) 2 990 Al 50 90 50

Ao po )0 Latadgum p (o (Sl pw (A
Omb Les slacd o oy ad> o (0l po i Jlw S0
g o JSi (Sl 5 J5950,5) il
rsesos— slec il Lakw ol )0 e cdl,
#9935 LSl Cul Colin g (JLoje
SlaSiw ;5 (Cubiws 5 (JLoye ©8l) (il
a5 035 s S ol sla STy Logase (sl
S 5 Sl o el byl
(Wicks and  os—0 o oS3 ogsl 3
Whittaker, 1977)

Sl )L g )yl bl s
2 H(Jgl ad> 50) o0 (Sl yw sldCaign p
o=l S sles e g ,S sl sles ol
et S il a0 YO 5l 50l Lacs s
Y alad, ) IS 05 o

Lz/Ctl>Atg 0 — )
etal., 2006)
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(Powell and Holland, 1988) : 5405

u_..]}....a.o‘o) )(5’9_?)50[_’@_.@(\\&5.‘:)
10 (1) Li et al., (2004) I
(2) Auzende et al., (2006) (3) “4) 5
(3,4) THERMOCALC (Powell and Holland 1988) '
(5) Ulmer and Trommsdroff (1999)
£ |
8 7 £
3
2.2
25l
£E5]
6 e 25
= 551
b= %S
= |
a-
4 - /
-
(1) ’
2 — ’g,c9 /
G2 /
»Ocean floor /
o metamorphism =
| | I
0 200 400 600
ToC

Sl lazaign plie jo 65,50 jLad g Les s -V S

P POy K
Si L Al gl Sl g pmitie Lz yd 0l s
»LFe Mg il g 0l slacsluw o
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o Ll a0 YV- ( S9F 5o slaSiw jo
4 S (Schiffman and Fridleifsson, 1991) <
s o) sy sles AIY Jlaie aali3l Ly as!
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los (P=8kbar) YL, ,Lusd lol, & j0 g 00en L
KUV I S0 EVIPUIE S VA D SN BUIR o)
ol el i lydl (Vidal et al., 2001)
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{(Farahat, 2008)
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Serpentinization of the Piranshahr peridotites:
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and metamorphic evolutions of the metaperidotites

Farzaneh Valinasab Zarnagh, Robab Hajialioghli * and Mohsen Moazzen

Department of Earth Sciences, Faculty of Natural Sciences, University of Tabriz, Tabriz, Iran

Abstract

The study area is located in NW of Piranshahr town, Western Azerbaijan province. Based
on the petrography, mineralogy and textural relations, the peridotites studied are classified
into two groups: serpentinized peridotites and serpentinites. The second type, on the base of
serpentine polymorphs and texture can be classified into three subgroups in turn: a)
hydrated serpentinites which are characterized by low temperature serpentine polymorphs
(chrysotile and lizardite), b) antigorite (high temperature serpentine polymorph) bearing
serpentinites which formed at relatively high T and P conditions having interpenetrative
texture and c) listwanitic serpentinites with brecciated texture containing of minerals as
serpentine, chlorite and high amounts of carbonates. Distinguishing of serpentine
polymorphs in the investigated rocks has been done using Raman spectroscopy and
microprobe analysis. Formation of low-T serpentine polymorphs in the hydrated
serpentinites are most likely related to the in-situ alteration of oceanic crust whereas
antigorite in the metamorphic serpentinites is formed due to regional metamorphism during
subduction and/or subsequent closure of ocean. Tremolite, clinochlore/picnochlore and Fe-
rich spinel are coexisting minerals with antigorite. Temperature and pressure of the
antigorite bearing serpentinites are obtained on the basis of equilibria reactions using
THERMOCALC, as 550 °C and 7 kbar, respectively. On the base of olivine and pyroxene
norm, the protolith composition of the Piranshahr metaperidotites is determined as
harzburgite and less lherzolite. The high MgO and relatively low CaO and Al,O; contents
of the investigated rocks indicate ophiolitic characteristics of the Piranshahr metaperidotites.
Considering the location of the Piranshahr ophiolites at the end of the northwestern part of
the Zagros ophiolitic belt, it can be concluded that hydrated serpentinites and antigorite-
bearing serpentinites are formed in relation with static oceanic floor alteration and
subsequent dynamic metamorphism during subduction and/or closure of the Neotethys
ocean, respectively.

Key words: Raman Spectroscopy, Mineral chemistry, Serpentine polymorphs,
Metaperidotite, Piranshahr, Sanandaj-Sirjan zone
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