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SampleNo 111D 1L.L.E 111G T4A 11C_ 113C  113A TI3M  111M  106M I1-12-A  RILIZA
L less altered
Description 5y lgn.  Rhyolite. Propyllitic silicic Phyllic Argillic
Wi
SiO, 56.8 70.4 68.7 50.4 51 78.5 69 74.6 74.1 70.9 72.4 735 73
TiO, 0.84 0.09 0.33 104 105 005 0.08 01 0.07 0.1 0.09 007 007
Al,04 16.5 12.7 16.1 16.6 16.4 8.18 135 9.09 14 17.1 124 134 13.3
Fe,0s 7.41 1.69 0.74 113 775 111 0.69 1.24 0.6 0.27 2.38 12 116
MnO 013 0.06 0.01 034 01 006 0.02 0.05 0.01 <0.01 0.02 001 001
MgO 2.62 0.24 0.09 549 504 005 0.1 03 0.08 0.03 0.2 009 008
Ca0 3.64 1.44 053 171 85 091 1.02 221 006 0.28 0.34 03 029
Na;0 3.47 29 55 31 25 16 22 13 0.2 0.2 1.9 27 27
K,0 3.45 4.68 5.38 378 047 405 7.55 4.67 3.68 0.12 4.06 32 32
P,05 0.25 0.03 0.04 038 029 001 0.01 0.03 0.01 <0.01 0.02 002 001
LOI 3 1.75 1.82 5.06 4.27 1.01 1.58 2.14 2.68 7.08 1.59 1.57 1.52
PPM
Rb 102 161 130 138 55 129 239 151 143 7 156 143 141
sr 500 100 250 190 480 70 9 140 <10 20 40 50 50
Vv 163 7 8 215 194 6 8 11 5 11 7 6 5
Zn 81 49 18 200 84 19 29 18 10 10 29 35 33
Ba 930 670 850 710 520 510 710 970 200 40 450 770 780
Co 18.4 0.9 0.5 32.6 24.4 0.7 2.3 1.4 <0.5 <0.5 <0.5 <0.5 <0.5
Ta 05 14 14 05 05 09 14 09 18 25 14 17 17
Cu 78 16 9 74 96 15 14 11 10 10 9 6 7
Cs 42 16 08 1.9 1 46 28 2.4 4 05 41 41 41
Ga 17 14 12 28 17 8 12 7 16 21 14 15 15
Hf 3 4 6 2 3 2 4 3 4 6 3 4 4
Nb 8 19 18 6 9 1 19 1 2 2 20 23 2
Ni 25 <5 7 28 20 10 5 6 <5 <5 <5 <5 <5
U 1.05 4.44 3.79 601 078  2.64 51 2.58 3.89 3.89 422 515 515
Th 44 17.2 132 4 28 12 195 9.9 26.8 168 195 27 23
zr 140 137 263 852 123 658 106 125 118 152 90.9 15 112
Y 30 20.9 20 239 219 149 118 117 181 132 151 265 261
La 187 342 431 313 185 143 221 20 405 158 3338 401 403
Ce 30.1 59 835 52 355  3L7 431 333 74.4 24.6 633 72 731
Pr 4.78 6.57 8.79 758 456 403 4.92 3.5 7.51 241 6.05 839 831
Nd 191 224 297 303 185 148 16 118 24.2 7.3 19 279 279
sm 44 37 5 66 41 3 28 2.1 39 11 33 53 54
Eu 118 0.49 0.93 169 129 032 0.26 03 0.22 0.06 0.22 034 034
Gd 473 33 4.03 611 418 258 21 19 3.28 113 2.78 427 456
To 08 0.56 06 091 067 045 0.36 0.29 0.53 0.24 0.46 073 073
Dy 51 3.18 3.26 476 367 242 201 1.82 2.97 173 2.54 421 44
Ho 1.08 0.74 0.65 093 085 054 0.44 04 0.68 0.45 0.55 096 092
Er 2.9 23 1.89 249 235 164 1.48 131 1.97 1.46 1.74 287 2.97
Tm 0.4 0.38 0.36 041 037 028 0.27 0.22 0.33 0.26 0.28 051 051
Yb 2.9 25 26 22 23 17 18 14 21 19 18 36 37

Lu 0.43 0.41 0.35 0.31 0.32 0.27 0.28 0.22 0.33 0.31 0.26 0.55 0.54
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The major, minor and rare earth elements (REE) variations
in hydrothermal alteration zones in the volcanic rocks
of the west of Naein ophiolite (Central Iran)
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Abstract

The study area is located 39 km northwest of Naein and is a part of the Urumieh-
Dokhtar volcano plutonic arc. The volcanic and pyroclastic rocks have been altered by
hydrothermal fluids. According to field studies and petrographic observations the
predominant rock types are basaltic andesite, andesite, dacite, rhyolite, tuff and
ignimbrite which are related to the Eocene volcanic activity period. According to
mineralogical and geochemical studies there are four different alteration zones including
propylitic, phyllic, argillic and silicic. Furthermore, using the satellite data processing
the existence of the hydrothermal alteration zones are established which the most
widespread one is argillic. The REE's behavior displays different patterns in various
alteration zones. The negative Eu anomaly in the argillic zone points to the presence of
clay mineral. The silica bearing samples are highly depleted in REE content due to
whole destruction of host rock minerals, decreasing of PH and increasing of fluid/ rock
ratio. Base on mass changes during hydrothermal alterations processes, there are
depletion and enrichment of some elements in alteration zones. Incidentally enrichment
is determined in propylitic zone and silicic zone show the most depletion.

Key words: Rare earth elements (REE), Mass change, Argillic, Alteration, Urumieh-
Dokhtar volcano plutonic arc
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