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Sample No. S6-7 S6-26 S6-34 S9-5 S9-10 S9-16 S6-80 S6-88
Mineral Type Garnet (Rim) Garnet (Inter) Garnet (Core) Garnet (Rim)  Garnet (Inter) Garnet (Core) Amphibole  Amphibole
SiO, 37.70 37.83 37.74 37.62 38.87 37.37 44,01 45.04
TiO, 0.18 0.07 0.23 0.25 0.30 0.27 0.58 0.54
Al,O5 21.09 21.48 21.04 21.47 22.23 21.39 14.76 11.76
Cr,0; 0.00 0.00 0.00 0.00 0.01 0.00

FeO 25.48 26.17 26.00 26.72 26.29 26.75 15.97 14.76
MnO 3.02 4.19 4.23 0.95 211 2.06 0.16 0.2
MgO 2.99 2.43 2.34 3.26 2.47 2.83 10.26 11.35
CaO 9.72 9.07 9.35 10.56 9.86 9.90 9.98 11.71
Na,O 0.06 0.04 0.01 0.05 0.05 0.08 1.71 1.14
K,0 0.00 0.02 0.02 0.01 0.01 0.01 0.54 0.41
H,O 1.99 3.07
Sum 100.27 101.30 100.97 100.88 102.20 100.67 100 100
Si 5.96 5.95 5.96 591 6 5.9 6.74 6.67
Ti 0.02 0.01 0.03 0.03 0.03 0.03 0.06 0.06
Al 3.93 3.98 3.92 3.97 4.04 3.98 2.56 2.05
Fe 3.37 3.44 3.44 351 3.39 3.53

Fe** 0 0.08
Fe 1.96 1.75
Mn 0.41 0.56 0.57 0.13 0.28 0.28 0.02 0.03
Mg 0.71 0.57 0.55 0.76 0.57 0.67 2.25 251
Ca 1.65 153 1.58 1.78 1.63 1.68 157 1.86
Na 0.49 0.33
K 0.1 0.08
Sum 16.05 16.05 16.05 16.08 15.94 16.07 15.75 154
Mg# 0.12 0.09 0.09 0.12 0.1 0.11 0.53 0.59
Fe# 0.55 0.56 0.56 0.57 0.58 0.57

Ca# 0.27 0.25 0.26 0.29 0.28 0.27

Mn# 0.07 0.09 0.09 0.02 0.05 0.04

S &bl slacojalST o 09290 MRl g Co I camlial i 3id (Dganl Sla S (S9SN g5, & o @l I (lows 5 Y Jgu
MWLYoy yolic ST Lo SIS cpl 6 il dlayl) Al g (Gl s — Zoiiow Aigy) 99,0055 &0, 4

Sample No. S9-180 S16-33 S16-37 S16-52 S16-53 S9-176 S9-166 S9-170
Mineral Type Epidote Phengite Phengite Omphacite Omphacite Chlorite Plagioclase Plagioclase
SiO, 379 49.82 49.08 61.51 56.21 54.95 66.42 66.09
TiO, 0.127 0.59 0.50 0.08 0.05 0.04 0.00 0.00
Al,O3 24.8 29.00 28.69 9.22 9.83 2.66 20.81 20.46
FeO 9.77 1.79 1.66 4.03 4.41 9.65 0.29 0.18
MnO 0.04 0.00 0.00 0.03 0.02 0.10 0.02 0.00
MgO 0.03 341 3.21 8.2 9.07 17.75 0.00 0.00
CaO 23.98 0.05 0.05 12.13 14.61 12.99 2.44 2.13
Na,O 0.01 143 151 5.57 6.04 0.29 10.6 10.75
K,O 0.00 10.85 10.67 0.11 0.06 0.08 0.12 0.10
Sum 100.00 96.94 95.37 100.88 100.30 98.51 100.69 99.71
Si 3.00 3.29 3.29 213 2.00 9.41 291 2.92
Ti 0.01 0.03 0.03 0.00 0.00 0.01 0.00 0.00
Al - - - 0.00 0.00 0.00 1.07 1.06
A" 231 2.25 2.27 0.5 0.41 0.54 - -
Fe®* 0.65 - - 0.00 0.01 0.00 - -
Fe?* - 0.1 0.09 0.12 0.12 1.38 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Mg 0.00 0.34 0.32 0.42 0.48 453 0.00 0.00
Ca 2.03 0 0 0.45 0.56 2.38 0.11 0.10
Na 0.00 0.18 0.20 0.37 0.42 0.10 0.90 0.92
K 0.00 091 0.91 0.00 0.00 0.02 0.01 0.01
Sum 8.01 7.10 7.11 3.99 4.00 18.26 5.01 5.01
Wollastonite - - - 32.88 35.11 - - -
Ensthatie - - - 30.93 30.33 - - -
Ferrosillite - - - 8.87 8.30 - - -
Acmite - - - 27.32 26.26 - - -
Anorthite - - - - - - 11.24 9.82
Albite - - - - - - 88.09 89.65

Orthose - - - - - - 0.67 0.53
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Sample No. CH-7 CH-12 CH-23 CH-32 CH-33 CH-34 S-6 S-8 S-9 S-11
Rock type Amp. Amp. Amp. Ecl. Ecl. Ecl. Amp. Amp. Ecl. Amp.
Sio, 56.78 60.39 56.85 57.86 56.73 57.54 58.71 57.04 57.34 58.23
TiO, 171 0.93 1.23 12 217 12 1.09 181 1.2 151
Al,O3 16.48 13.05 16.17 14.15 12.43 13.87 13.98 135 13.55 13.78
FeO 6.94 8.48 6.88 8.56 9.44 8.97 9.15 9.48 9.08 8.57
MnO 0.14 0.16 0.14 0.19 0.16 0.18 0.19 0.2 0.19 0.17
MgO 3.29 4.13 3.28 3.33 3.35 3.22 3.38 2.8 3.2 3.25
CaO 9.03 7.13 9.69 9.12 8.08 9.13 9.45 8.41 9.32 9.19
Na,O 2.92 1.92 3.12 2.88 2.46 3.18 2.15 3.88 3.04 2.84
KO 0.85 0.45 1.2 1.16 2.08 117 0.77 0.87 0.82 121
P,0s 0.3 0.12 0.42 0.11 0.35 0.15 0.2 0.28 0.16 0.15
LOI 1.49 311 1.6 1.37 2.67 1.32 0.86 1.68 2.05 1.03
Ag 0.3 0.2 0.1 <0.1 <0.1 <0.1 0.1 0.4 0.2 0.3
As <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ba 232 190 135 172 372 243 146 277 110 207
Be 1.6 0.6 15 2 2.8 12 11 15 15 1
Bi <0.1 <0.1 0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.16 0.62 <0.1 <0.1
Ce 36 13 50 14 62 21 23 31 20 20
Co 38.1 65 37.1 42.1 51.9 46.5 44.6 435 47.5 47.1
Cr 241 737 199 295 230 234 276 81 207 285
Cs 0.6 0.5 0.7 0.6 5.9 <0.5 0.5 19 0.6 <0.5
Cu 62 40 44 19 65 92 50 75 75 67
Dy 5.99 453 5.21 493 6.06 6.69 7.99 85 6.61 6.35
Er 4.46 3.53 3.55 3.89 3.77 5.89 7.22 7.16 5.7 5.62
Eu 2.02 117 231 1.01 2.75 1.64 1.89 2.37 1.66 1.6
Gd 6.04 3.96 6.7 4 7.57 5.74 6.95 7.51 5.74 5.54
Hf 1.86 1.46 147 1.58 1.78 1.63 141 4 1.63 1.64
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
La 18 6 24 6 30 10 10 14 9 9
Li 12 13 8 8 14 8 12 11 8 7
Lu 0.37 0.33 0.35 0.38 0.3 0.5 0.6 0.53 0.51 0.49
Mo 0.21 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nb 11 3.9 12 5.7 16.9 47 25 5.7 4.7 6.3
Nd 22.8 10.7 38.6 111 37.7 16.5 19 233 16.2 15.9
Ni 98 376 115 84 157 59 118 42 55 60
Pb 70 13 8 7 15 6 6 4 7 7
Pr 5.59 2.13 10.19 2.25 9.49 3.44 3.89 4.95 3.33 3.2
Rb 40 20 60 29 90 36 20 24 30 41
S 70 <50 <50 53 1498 180 564 784 701 293
Sh <0.5 <0.5 1 19 0.9 12 1.2 16 1.7 3.1
Sc 41.8 34.1 36.5 41.7 28.1 51.2 49.6 50.1 50.4 51
Se <05 <05 0.67 <0.5 0.9 1.2 1.22 151 1.8 0.94
Sm 5.67 3.25 7.72 3.33 8.48 4.83 5.77 6.75 4.92 4.83
Sn 1.7 0.8 4 3.3 1.9 14 0.8 15 14 1.6
Sr 285 116.6 451.2 64.7 195.4 123.6 140.1 302 130.2 151.6
Ta 1 0.25 0.83 0.35 0.83 0.27 0.17 0.29 0.3 0.4
Th 1.03 0.75 0.98 0.78 117 1.09 1.33 142 111 1.05
Te 1.38 0.26 0.52 1.78 0.99 0.47 0.62 0.18 0.22 0.91
Th 3.79 2.02 6.18 2.13 48 25 211 2.33 251 2.52
TI 0.1 <0.1 <0.1 0.14 1 0.15 0.12 <0.1 0.19 0.17
Tm 0.66 0.55 0.56 0.61 0.53 0.86 1.09 1.04 0.9 0.85
U 0.6 <0.5 14 0.5 1 <0.5 <0.5 <0.5 <0.5 <0.5
\% 272 205 278 247 260 263 225 350 305 306
W <0.5 <0.5 0.9 14 <0.5 <0.5 <0.5 <0.5 <0.5 1
Y 27.3 219 23.8 24 25 32 39.4 39.8 328 311
Yb 34 29 29 3.2 2.6 45 5.6 5.3 4.6 4.4
Zn 87 111 69 108 189 104 132 103 105 96

Zr 72.54 56.94 57.33 61.62 69.42 63.57 54.99 156 63.57 63.96
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Sample No. S6-1la S6-2-2a  S6-2-3a S6-3-1a S6-5-1a S6-5-3a S6-6-1a S6-7-1a S6-8-2a S6-9-3a
Mineral Type Amph. Amph. PX. Amph. Grt(C) Amph. Grt. Amph. Grt(R) PX.
La 8.37 0.31 0.36 0.61 0 0.1 139 0.64 0 0.15
Ce 442 19 2.05 3.92 0 0.48 0.82 3.97 0 0.95
Pr 1.19 0.53 0.58 1 0 0.12 0.16 1.15 0 0.28
Nd 109 4.84 54 8.13 0.04 1.23 231 10.54 0 2.73
Sm 6.13 321 2.85 452 0.22 0.79 0.72 6.61 0.31 1.77
Eu 1.63 1.14 0.86 1.63 0.06 0.33 0.31 1.87 0.32 0.57
Gd 10.3 5.57 5.01 7.69 3.48 1.92 1.87 10.7 3.73 3.95
Tb 1.82 1.09 0.81 1.32 134 0.4 0.49 2.18 1.75 0.82
Dy 145 8.61 6.39 8.95 13.95 31 471 16.13 24.45 7.93
Ho 35 191 144 1.97 3.74 0.77 144 35 8.09 2.02
Er 9.95 5.49 4.01 5.67 11.98 2.46 5.77 9.66 30.97 6.24
Tm 1.45 0.84 0.54 0.83 2.1 0.38 1.25 1.45 5.7 0.89
Yb 8.79 4.88 3.18 5.45 14.33 2.19 9.52 8.68 65.11 6.07
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Study of protolith of metabasites from Zayandehrood dam
margin and river (Sanandaj-Sirjan zone)
with emphasis on minerals chemistry

Kamran Akbari and Seyed Mohsen Tabatabaei Manesh *
Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract

Studied metabasites of The Zayandehrood River and Dam margin are located at about
100 km West of Isfahan town. These metabasites are part of the Sanandaj-Sirjan
Structural zone including eclogites, amphibolites and green schists. Studies suggest that
the eclogites were formed at high-pressure condition in eclogite facies and were finally
changed to eclogitic amphibolites under the retrogressive metamorphism. Geochemical
characteristics of immobile trace elements that are less affected by alteration and High-
Pressure deformation suggest that the origin of these metabasites are mid oceanic ridge
basalts (MORB). In fact, these eclogites are the same Neo-Tethys MORBs that caused
by the subduction of the oceanic crust to beneath of the Iranian microcontinent were
formed during a high to medium temperature, progressive dynamo-thermal regional
metamorphism and then returned to the surface were transformed to the eclogitic
amphibolites caused by retrogressive metamorphism. Along with final collision between
Neo-Tethyan oceanic crust and the Iranian microcontinent at Late Cretaceous, an intense
metamorphism phase occurred in the region and deeper high pressure metamorphic
rocks were uplifted to the Surface.

Key words: Metabasite, Eclogite, Amphibolite, Zayandehrood River, Sanandaj-Sirjan
zone

* tabataba@sci.ui.ac.ir

Copyright©2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to
download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.



