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Fig. 1. The position of the North Shahrekord metamorphic complex and other reported back-arcs with Neoproterozoic

age in geologic map of Iran
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Fig. 2. Satellite image of Landsat 7 (ETM+) form North Shahrekord Metamorphic Complex (NSMC). Latitude 50°37'-

51° and longitude 32°35' to 32°47'

(s 5355508 0y 5305 L S g slS (S ST
P03 a5y glST B il 1S5 S5 e 38
o5 48 oy elos ot kel & (125 55 5
IS 85 (sla il .l s kila L i O3k T (slag,
O ity 45 e CiSle 5 b gy GBS 5, 5
A-Y JS8) ol o |5 38 505N 5 JguteT sl SIS

SR
b S e it € Fs SIS e )
Glos los S5 o 5eT eSKmly g5 55 YU Hlis 55 5
SLzb 53,8 Sl 4,508 i o ey 58T ol LS
.(Davoudian et al., 2008) cul siis 5,57 5 ;L LS YF

— S sl smia T Jolds Lo 541871 ol i SLST



FrY 0,8 e Jlos oo 3slST Colgisn 53s5) 5 oledishs sla S

OYAA JLo) ¥ o)less V) ol

(Staudigel et al., 1996) x,5 . ,1 3
(Lo 5871 Jols) oo jblie (slacSiin Lo cpuns 5550
sps Salime gla 5 S g5 i 58 T WSS
2> a5l ol S5 L) as 4555 5bes 6,15
Davoudian et al., ) s Olsieas i sla insi
Jamali ) ¢las,5 54,5 L 5 (2006; Akbari et al., 2016
5 63 gamee &S .ol 0l b 20 (Ashtiani et al., 2016
sl S5 (Malek-mahmoudi et al., 2017) ol LS
Slaosls Wl o QLS Ciy Lome 4y by e |y oy Sk
SLas s plool pon 455 b Jlad oy 5551 by e
Caietal, ) :p,mwlS by eods 5,38 OlaS ety
2014; Ilnicki et al., 2013; Giirsu and Gdnciioglu,
s ol 0 0313t Led Lyl ga5 53 de i (51 (2005
ot 53 sl 3550 (ST 53k 5 ol ¢ ol e T il
Davoudian et al., 2000; ) sl odaT\ gl 55 2as5

.(Akbari et al., 2016; Jamali Ashtiani et al., 2016
Jet 555 55 SIS slac ST Cnigo o 5
Ui cdas oo O ND/Y Ll 53 ZE/TH s gas 53 3 5 4
o3l (sl le 5 sl xils 5L oS 5 ki gas ol 4l

(B sA-F JS8) syl 28y oS 5 LIl oyl

S A Sy S eyl (S b ebe A,
S U ole 4 e S S ol jole S
Glaasse 3 BU a5 0B Il 5T s o Ol 1) K
2 g gad oalin (o) 5 25 0

S35 53 SIS 581 slakigei 53 (La/Yb)en O
ole (A-D JS) S YV LAWY s S e s dls
L obe it JlasT odinsilis el s 8 4 ok slonigy
Sl 055 25 5 pamsd ¢ Sied o3l Rl VL Olis s
LUy L Sl b jole S by, 8 Jl s B0 JK3)
3 o (ol 51 (S )l Cplie Tods b b S
Sl il 3 OV U 1 B A S e S
.(Pearce, 2008)

1. E-MORB

sdaline b6 5 S ed Jlud slacs 5481 51 &, 55D 4B
sins0Lis Yot Sy 05 Sty J T izt
o3l 5 3l 51 Sy 5 0t U 5 ST o) 1S
Clal 548 51 ol (B s AT JS8) cul 3 4iST
5 Cd T Syl i 0dSg )y 555 85 15 adilate
Aok s A5 S gl

i o 5 LS Yl 5 S a5 S
Davoudian et al., ) dleds LSCa5 55870, lust 5 s
s b A= U ol S8 S al s (2008
GBS 5y il ledd Js A5 J smial 4 5 @l i
e 5,5 g ( S 55 ST L lad kel S ebile S
Deer et al., ) ol L0860 4 53 35 Glag ) 5 5uns
o5 Yzl 5 aT kel i (ST 45 (1992
Lo )8 L(FY JSC8) 355 o o S Lagy shizal s LS|
3 i U 05,8 do i 1 T slal 5035 Ko 5 LSS
s Hlis LialS (D-Y SKa) Gl e e e ¢S
ol yoie Sy kL Sl p sl ST 25 5 5,6
sla s, slao-i kST s (Zhang et al., 2003) ¢l
a0 il (I 555 a5 558 (la b 0 4l
S b oy phaie 5> IS o 5 S s 5
S B s Ay 8 sps e WSi YU HLis 5 LS,
Sy ST g S s S wblin 53 0llST ) oty Cu F55
Gla iy p (CY o) ol odalin 16 5 S g s Jloi
IS5 S5 3L 4 5 5 e 3 el oS
a8 g0 odalin B-¥ IS5 )5 (ilodds sl

WY e
Jromze s S bt 558 85 WIS a5 S
s b obe et s S B 5 558 B 56 ki
«Cr) JUst wle 5 (Ta HFSE 5 Ti (Nb (Y) YU ol
Sldls oS e 2 558 T glaslis, ;3 (Sc 5V NI

oJu;_w‘J)j_AA_:.‘jigmw)J!Lﬂﬂw&AA{j.Uj..:ksa



obatdl aliseyaa Ol 5 so50me SLo A

«(Davoudian et al., 2006) ) SKan 5 Lagls 51 a8 5 5 saiol (2Kilo @lis 5,5 s Jlods CuselST sladiges JS K U1 Jgua
Malek-) o, Ken 5 505020 Sle ¢ (Jamali Ashtiani et al., 2016) |,Ko2 4 G.L_,_..J > (Akbari et al,, 2016) I,San 5 5,51
el (Sun and McDonough., 1989) GlgacSe g oyl 51 48,5 10 Zoj0uS 4 (65l lrige 4 by o sleesls 3 (Mahmoudi et al., 2017

Table 1. Whole rock analyses of North Shahrekord eclogites. The mean data extracted from Davoudian et al., (2006);
Akbari et al. (2016); Jamali Ashtiani et al. (2016); Malek-Mahmoudi et al. (2017). Chondrite normalized values after
Sun and McDonough (1989)

Davoudian Akbari Jamali Malek- Mahmoudi

()

We% et al. et al. et al. et al.
SiO: 48.95 49.53 48.55 48.18
TiO: 1.50 1.46 1.59 1.56
ALOs 14.14 14.10 15.91 14.14
Fe203 12.27 13.41 12.67 12.30
MnO 0.19 0.17 0.17 0.19
MgO 6.70 6.32 7.30 6.96
CaO 10.20 9.06 9.03 10.58
Na:O 3.18 2.91 2.49 2.90
K:0 0.51 1.03 0.40 0.49
P20s 0.29 0.22 0.18 0.19
LOI 1.60 1.79 2.63 1.90

Traces(ppm)
Ba 124.33 208.40  119.50 395.44
Rb 20.27 39.00 18.75 18.53
Sr 194.40 196.04  168.75 217.53
Nb 7.47 7.34 13.20 7.88
Ni 36.90 116.40 68.13 69.70
Cr 217.23 278.50  217.25 256.88
La 8.67 13.60 13.60 9.49
Ce 22.30 29.00 29.27 23.63
Pr 2.99 4.85 3.53 3.20
Nd 15.33 21.18 17.29 15.40
Sm 4.20 5.56 4.43 4.22
Eu 1.45 1.84 1.69 1.52
Gd 5.16 5.98 5.24 5.17
Tb 0.97 1.07 1.06 0.91
Dy 5.94 6.29 5.48 5.81
Ho 1.27 1.11 1.21
Er 3.47 5.08 3.19 3.55
Tm 0.54 0.77 0.53 0.50
Yb 3.26 3.94 2.95 3.21
Lu 0.53 0.44 0.44 0.49
Y 35.27 29.71 28.09 31.01
Cs 0.80 1.41 0.75
Ta 0.43 0.47 0.56
Hf 3.50 1.85 2.96
Th 1.23 3.09 1.22
U 0.23 0.88 0.36
A\ 303 271 253 317.89

La/Yb 2.66 3.54 4.61 2.92

Nb/La 0.86 0.54 0.97 0.81

Sm/Nd 0.27 0.26 0.26 0.28

(La/YDb)en 1.91 2.47 3.31 2.09

(Sm/Nd)cn 0.82 0.79 0.79 0.85
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Fig. 3. Microscopic photos of NSMC A and B: Euhedral amphibole with rutile as inclusions in garnet in XPL and PPL,
width of view 1.2mm, C: Euhedral garnet porphyroclast, amphibole, rutile and clinozoisite in PP, width of view 3mm,
D: Numerous euhedral garnets with symplectites of amphibole and plagioclase (as secondary) in matrix of eclogite
retrogressed to garnet amphibolites, XPL width of view 9.5mm, E: Foliated amphiboles porphyroclasts in plagioclase
background, XPl, 3mm, and F: Euhedral sphenes and clinopyroxene, which was altered to amphibole and phengite, in

matrix rocks PPL. Abbreviations after Whitney and Evans (2010) (Amp: Amphibole, Grt: Garnet, Rt: Rutile, Pl:
Plagioclase Zo: Zoisite, Sph: Sphene, Ph: Phengite).
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Introduction

All of the major tectonic zones of Iran, except for
the Kopet-Dagh, contain Pan-African crystalline
basement. Subduction of the Proto-Tethys at
about 630 Ma caused Cadomian arc— and backarc
magmatism in the northern margin of Gondwana
(Hassanzadeh and Wernicke 2016). Sanandaj-
Sirjan Zone with NW-SE trend is the most active
zone in Iran that extends to the southeast of
Turkey and then to Bitlis Massif. There are many
similarities between the Precambrian basement in
the zone from Iran with Bitlis and Menderes
massifs from Turkey.

The study area is a part of a large-scale ductile
shear zone, containing a wide range of
metamorphic  rocks with sedimentary and
magmatic  origins.  Metasedimentary  rocks
comprise of paragneiss, various schists and meta-
carbonates that have cropped out through the
shear zone which extends along the Zayandeh-
Rood River. Metabasic rocks of the North
Shahrekord Metamorphic Complex (NSMC) are
composed of amphibolites, garnet amphibolites
and eclogites as lenses in metagranitoid bodies
and other metamorphic rocks.

The work is focused on the origin of the eclogites
based on  field geology, petrography,
geochemistry and Sr-Nd isotopic ratios. The new
petrological and geochemical analyses are
presented to show a geodynamic model for the
protolith of the eclogites and their relations to

Proto-Tethys
Neoproterozoic.

subduction during Late

Materials and methods

After microscopic studies, nine fresh samples
were selected for whole-rock geochemical
analysis (XRF and ICP-MS analysis) for
determining the major trace elements, and REE
contents. Six samples were analyzed at Nagoya
University (Japan) and three samples were
analyzed for XRF at Salzburg University (Austria)
and ICP-MS, in ACME lab (Vancouver, Canada).

Results

Chondrite normalized REE diagrams display
minor enrichment of LREE in comparison with
HREE. (La/Yb) ratio varies between 1.7 to 2.7
without Eu anomaly. Primary mantle normalized
diagram of trace elements show negative anomaly
in P, Ti, Nb and Zr. Initial magma had been a
basalt to andesite-basalt composition. Tholeiitic
magma are revealed by relatively flat REE
patterns and geochemical diagrams for their
protolith. The geochemical data of the NSMC
eclogites shows compositional characteristics of
E-MORB which is composed of a mix of
lithospheric and asthenospheric mantle, and final
melt segregation has occurred at depths between
10 to 30 km. Spinel was aluminum bearing phase
in the mantle. Tectonic discrimination diagrams
display that magma is formed in a back-arc basin
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environment. Studying Sr-Nd isotopes specifies a
range of 0.707 to 0.711 for ¥’Sr/*Sr and 0.5129 as
an average of '"“Nd/'**Nd. eNd, varies between 3
to 7. Moreover, the initial ¥Sr/*Sr ratios of the
samples vary from 0.705-0.709 (Malek-
Mahmoudi et al.,, 2017). The isotopic evidences
indicate that the initial magmas are formed from
the mixture of EMII and MORB reservoir with a
0.4 to 0.8 influence of the subduction component.

Discussion

Iranian basement rocks that were affected by the
Cadomian orogeny are reported from different
zones of Iran with an age range between 630 to
514 Ma (Hassanzadeh and Wernicke 2016).
Neoproterozoic  rocks of the Gondwana
supercontinent, which were formed in a back-arc
basin setting, have been reported from some zones
of Iran, such as Alborz, Central Iran and Zagros
Hormoz complex (e.g. Etemad Saeed et al., 2015;
Faramarzi et al., 2015; Hosseini et al., 2015) and
also from Turkey (e.g. Girsu and Goncilioglu,
2005). Ages of the back-arc successions range
from 570 to 530 Ma (e.g., Abbo et al., 2015;
Shafaii Moghadam et al., 2016).

Our geochemical evidences indicate the formation
of a continental back-arc basin in Sanandaj-Sirjan
Zone during Late Neoproterozoic. The association
of eclogites with meta-sedimentary rocks
including paragneiss, schist, quartzite,
metadolomite and metasandstone, display a
shallow marine sedimentary environment. The
combination of field observations and chemical
composition of the eclogites shows that the
protolith of the rocks are formed at a rifted back-
arc basin at the Gondwana during late
Neoproterozoic to early Cambrian. Then, high-
pressure metamorphic phase was affected on the
rocks during Early Jurassic (Davoudian et al,
2016).
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