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Tio[2]" 1.19 13 1.22 1.31 1.26 1.21 1.28 1.3 1.23 1.27 1.24 1.33 1.24
P[2]O[5] " 048 | 0571 0.51 0.53 0.6 0.54 0.56 0.56 0.51 0.52 1 052} 063 0.51
%AN 22.49 174 | 3357 | 2542 1 20.81 | 41.35| 28.06 | 3291} 4557 | 27.96 | 34.36 | 21.11 | 27.71
Q 13.71 1 15.29 | 1214 | 16.03 | 10.86 | 16.15] 15.06 17| 1459 1572} 1063 | 13.25 | 15.55
or 2411 | 28.12 | 25.11 | 26.57 | 22.76 | 22.84 | 22.58 | 2452 | 2508 | 25.28 | 19.82 12711 | 25.25
ab 29.91 2462742 1219433381 2382} 2562 21.07 ] 20.01} 21.43} 3326 19.45] 21.69
an 8.68 5.18 | 13.85 7.48 8.77 16.8 9.99 | 10.33] 16.75 8.32 1 17.41 5.21 8.31
C 3.34 3.88 2 5.16 212 1.98 4.34 3.72 3.69 6.22 1.25 6.86 6.16
hy 1263 |1 14.79 | 11.58 14.7 | 13.97 | 10.65 142 | 1514 | 1197 | 15.03 9.58 | 19.55 | 15.09
mt 4.09 | 4.21 419 | 425 4.18 4.08 4.27 4.27 418 4.21 4241 435 4.19
il 2.37 256 246 2.59 25 2.38 2.58 2.6 2.47 2521 252 2.68 2.49
ap 117 1.37 1.26 1.28 1.45 1.3 1.37 1.36 1.25 1.27 1.29 1.55 1.25
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Da- | Da- | Da- | Tu- Tu- Tu- Tu- Da- Tu- Tu- Da- | Tu- Tu-
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Name QM |QM |QM JQM Q.M QMD QMDD |QMD|QMD | QMD | M M. M.

Sc(ppm) 19 21 20 19 23 21 23 20 21 20 21 22 19
Be" 3 3 3 3 3 3 3 3 3 3 3 3 3
v 84 61 62 73 74 61 65 66 59 71 86 68 70
Co" 10 11 7 12 12 12 12 13 10 1" 7 14 1"
Cu" 29 ~-10 33 46 37 34 15 20 26 36 34 29 35
Zn" 138 275 416 157 138 77 154 292 133 151 62 129 147
Ga" 25 24 24 24 25 24 24 24 23 24 25 25 24
Ge" 14 15 14 1.9 1.7 1.4 15 1.4 1.5 2 15 15 18
Rb" 96 118 88 103 78 86 113 104 93 95 80 157 93
Sr" 270 224 197 121 238 161 180 153 148 114 127 143 112
Y*" 47.5 56.2 433 56.4 53.2 495 55.5 50 49.4 50.7 521 48.1 527
Zr" 338 402 352 330 367 320 396 332 353 341 362 358 340
Nb" 37.7 455 42.4 475 42.7 40.2 455 43.1 40.3 429 41.7 441 431
Sn" 3 5 3 4 8 3 5 5 3 5 6 5 5
Sb” 0.9 0.7 0.7 0.6 0.9 0.4 0.8 0.8 1.3 0.5 0.7 1.1 0.5
Cs™ 1.4 23 1 27 1.2 1.8 3 25 21 24 18 3.6 24
Ba" 893 965 1100 851 795 788 807 701 799 802 880 1040 784
La* 521 60.9 52.1 46.6 48.7 52.2 58.9 51.6 67.2 33.8 33.4 58.9 343
Ce™" 104.5 124.4 104.5 97.99 104.5 106.9 121.8 100.6 1311 73.42 74.09 121.8 73.84
Pr” 11.8 14 11.8 11.2 12.4 11.9 13.8 11.1 14.4 8.77 9.47 13.8 8.95
Nd " 47.7 57.4 47.7 48.4 525 49 55.8 46.3 58.9 38.1 41.9 55.8 39.2
Sm*" 9.42 11.8 9.42 10.8 1 10.5 11.5 9.82 1.5 9.02 10 11.5 9.31
Eu” 263 2.88 263 27 2.66 254 29 239 2.79 2.36 245 29 248
Gd" 9.49 1.3 9.49 1 11.3 10.3 1.2 9.7 10.8 10 10.4 1.2 10.1
Tb" 15 1.86 1.5 1.86 1.76 1.69 1.75 1.59 1.68 1.72 17 1.75 1.71
Dy" 7.84 9.73 7.84 9.91 9.48 8.93 9.32 8.25 8.94 9.36 9.12 9.32 9.27
Ho " 1.48 1.83 1.48 1.84 1.72 1.69 1.74 1.57 163 1.73 1.71 1.74 1.75
Er" 4.15 514 4.15 517 492 49 4.96 443 473 4.94 4.73 4.96 5.01
Tm" 0.59 0.72 0.59 0.71 0.7 0.68 0.7 0.62 0.69 0.72 0.67 0.7 0.72
Yb" 3.6 44 3.6 419 4.25 4.21 4.25 3.63 425 4.26 3.97 425 4.28
Lu” 0.57 0.67 0.57 0.65 0.62 0.61 0.64 0.53 0.64 063 0.59 0.64 0.65
Hf" 9 1.1 9 8.9 9.2 8.7 9.8 8.6 9.7 9 9.5 9.8 9.2
Ta" 262 3.03 2.62 277 2.68 2.59 283 2.68 276 2.78 273 283 2.86
w" 1.3 26 1.3 25 4.3 0.7 21 23 2.4 2.4 0.9 21 25
T 0.46 0.59 0.46 0.51 0.33 047 0.46 0.52 0.51 0.49 0.44 0.46 0.48
Pb " 18 18 18 8 17 1 18 18 11 7 18 18 6
Bi" 5.1 6.3 5.1 33 25 0.3 3.2 5 1.8 3 1.2 3.2 3.2
Th* 10.2 13.6 10.2 11 11.2 10.9 10.9 10.6 12 10.1 10 10.9 10.3
u" 3.49 5.51 3.49 3.41 3.79 4.66 3.96 3.5 3.56 3.28 2.75 3.96 3.31
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Da-Tu8 19.1 | 34.65
Tu-Dal2 19.09 1 40.04
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Tu-Dal7b | 1949 | 30.34
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R, =6Ca +2Mg + Al
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Da-Tu2 57.07 41.01 14.91 955.9 313.38 108.74 82.59 58.87 1571.39 673.48
Da-Tul0 58.06 31.38 16.32 969.21 298.08 90.67 97.66 67.83 1636.92 602.39
Da-Tu6 38.46 58.84 15.24 925.78 314.17 98.42 84.93 62.5 1530.78 744.03
Tu-Dal3 57.81 38.16 16.33 940.92 319.66 80.02 91.29 68.1 1710.17 664.13
Tu-Da29 57.57 44.22 15.73 947.25 229.84 121.65 70.13 59.04 1441.74 68.20
Tu-Dal 36.23 70.8 15.12 960.56 320.25 87.44 78.98 59.49 1862.26 817.33
Tu-Da22 47.46 47.07 16.03 924.45 3173 92.29 76.64 69.95 1667.58 694.92
Da-Tu8 51.61 54.31 16.29 942.59 300.63 76.48 83.86 71.74 1830.58 694.75
Tu-Dal2 40.69 69.01 15.42 912.63 340.46 72.28 85.35 63.18 1759.34 635.77
Tu-Dal7a 57.57 40.66 15.54 917.3 335.75 77.77 86.41 68.92 1706.88 692.26
Da-Tu7 38.21 70.79 15.53 916.13 325.75 118.75 66.67 55.92 1482.06 826.8
Tu-Da24 64.02 32.45 16.65 884.51 324.37 70.02 91.93 84.04 1555.15 647.01
Tu-Dal7b 57.32 40.3 15.54 9173 335.75 78.41 78.41 68.92 1691.89 692.06
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SiO; 55.55 60.09 1 0.9244457 924.445
TiO, 0.56 79.9 1 0.00701 7.01
AlLO; 16.17 101.96 2 0.15859 317.18
Fe, 03 1.88 159.69 2 0.011772 23.554
FeO 8.36 71.85 1 0.011635 116.35
MgO 1.92 40.3 1 0.04764 47.64
CaO 2.64 56.08 1 0.04707 47.07
Na,O 2.86 61.98 2 0.04614 92.29
K,0 3.61 94.2 2 0.03832 76.65
R;=4x955.9-11(108.74+82.59)-2(58.8+14.91)=1571.41
Ry=6x41.014+2x57.07+313.38=673.58
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S.N. Nl Nz N3 N4 N5 Nﬁ N7 Ng N9
SiO[2)wt | 66.78 | 65.97 | 71.65 | 69.25 | 66.58 | 65.85 | 70.26 | 67.69 | 67.58
TiO[2] " 0.61 0.76 1.51 1 0.64 0.67 1.39 0.66 0.55
Al2]0(3]" | 15.15 | 14.48 | 14.51 | 14.62 | 14.74 | 1569 | 15.25 | 14.65 | 15.68
Fe[2]O[3] " | 1.62 1.03 0.74 0.87 1.07 1.35 1.08 1.28 1.57
FeO* " 4.18 | 4.65 1.93 2.7 3.54 3.99 2.07 3.43 2.46
MnO " 0.3 0.1 0.05 0.06 0.11 0.09 0.08 0.08 0.05
MgO " 2.21 2 0.79 1.34 1.93 1.86 1.11 1.82 1.37
CaQ" 1.22 | 2.38 1.37 1.93 2.21 1.84 1.6 1.82 2.04
Na[2]0 " 1.3 2.7 2.41 2.7 2.57 2.14 215 2.1 2.28
K[2]0 " 3.15 1.66 3.28 2.78 2.13 3.06 3.72 3 2.87
Pj2]0]51 " 0.6 0.4 0.1 0.54 0.57 0.12 0.59 0.3 0.2
LOI" 3.32 | 3.84 2.26 2.72 4.1 2,96 215 2.73 3.09
TOTAL 99.9 | 99.72 | 99.66 | 99.7 | 99.98 | 99.62 | 100.27 | 99.38 | 99.64
Se(ppm) 11 12 3 8 14 13 8 12 11
Be " 2.5 2.4 2.3 2.4 2 2.8 3.6 2.1 2.2
v" 118 123 34 79 127 124 69 97 84
Co" 18 16 6 9 12 12 8 11 8
Cu' 0 0 10 15 16 29 35 29 29
Zn" 0 0 96 79 107 124 89 122 111
Ga" 0 0 26 18 27 30 24 29 16
Rb" 142 56 121 115 74 136 151 134 106
Sr" 109 285 155 253 130 200 153 206 254
Y" 45 13 25 10 18 18 22 33 27
Zr " 164 215 161 155 136 154 82 149 185
Nb " 0 0 32 35 15 15 42 16 17
Sb" 0 0 0.21 0.15 0.27 0.21 0.51 0.33 0.48
Cs" 0 0 5.54 2.3 1.92 2.5 3.6 6.47 3.22
Ba" 511 408 698 724 450 554 611 516 616
La" 35.2 45.5 34.7 27.6 29 23.7 34 31.6
Ce"” 85 101 74.7 57.7 63.1 46.9 70.4 62.4
Nd " 32 37.4 30.5 25.6 27.8 19.2 29.4 24.9
Sm" 6 6.63 5.62 4.26 4.7 3.6 5.28 4.75
Eu" 1.08 1.14 1 1.15 0.97 1.18 1.04
Gd" 4.59 9 3.69 4 11 8 4.13
Tb " 0.52 0.54 0.55 0.6 0.53 0.88 0.61
Yb" 1 0.99 0.94 2.03 1.9 2 2.29 2.3
Lu" 0.14 0.2 0.14 0.13 0.3 0.28 0.28 0.34 0.32
Hf" 4.85 5.5 5.35 4.91 4.42 5.22 3.71 5.74 5.13
Ta" 2.3 2 1.38 2.5 2.8 2.7 1.01 0.98 0.84
Pb" 34 18 21 33 32 28 19
Th" 11.5 14 20 15 11 13 9.1 14 12
u" 3.1 2.5 2.6 3.4 3.4 2.4 3.7 4.2 3
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S.N. g1 g2 gs 94 9s e 97 s
SiO[2] w% 71.8 69.8 71.22 72.92 66.93 73.21 71.36 71.53
Al[2]O[3] " 12.91 12,99 12.95 12.37 13.09 12.35 13.51 12.83
Fe[2]O[3] " 2.94 4.48 3.44 2.74 6.12 2.4 2.59 3.25
MnO ™ 0.02 0.03 0.03 0.02 0.03 0.02 0.04 0.03
MgO " 0.41 0.58 0.63 0.35 1.08 0.35 0.8 0.5
EO " 1.1 1.43 143 1 2.71 0.71 1.05 1.11
Na[2]0" 2.23 2.31 2.43 2.02 2.27 2.19 2.62 2.65
K[2]O" 6.56 5.76 5.38 6.38 4.63 6.71 5.7 5.53
TiO[2] " 1.4 1.1 0.53 0.38 1.2 0.32 1.4 0.44
P[2]O[5] " 0.24 0.45 0.23 0.32 0.27 0.33 0.23 0.44
LOI" 0.43 0.67 0.65 0.93 0.53 0.66 0.57 0.58
TOTAL 100.04 99.6 98.92 99.43 98.86 99.25 99.87 98.89
Sc(ppm) 6.53 7.54 7.64 6.4 14.7 5.87 6.17 8.77
v" 248 36.5 35.5 17.3 82.8 17.7 30.1 259
Co” 7.51 10.5 8.24 6.19 14.2 5.75 6.12 7.16
Cu” 12.2 24.6 10.9 62.8 54.7 14.5 24.3 20.4
Zn" 15.6 32.6 25.1 15.5 23.7 18.5 36.3 23.1
Ga” 16.7 18.8 17.8 14.4 21 15.4 17.6 18.6
Rb " 293 339 214 271 200 290 293 369
Sr” 99.3 102 113 85 153 92.9 105 91.1
A 51.2 112 56.6 35.2 57.3 45.5 53.9 105
Zr" 214 280 279 235 317 193 164 254
Nb " 11.5 20 17.1 9.8 21.8 10.5 18.1 16.5
Sb " 0.15 0.18 0.12 0.1 0.12 0.17 0.03 0.14
Cs"” 3.59 5.31 3.58 3.52 3.76 3.94 3.37 5.26
Ba" 677 628 658 644 987 598 600 532
La"” 104 126 107 111 72 117 94 148
Ce" 204 258 218 224 142 235 185 234
Nd " 83.6 119 82.2 89.2 70.2 94.1 79.1 112
Sm"” 16.7 21.5 15.5 18.5 14.2 19.8 15.4 26
Eu " 1.79 1.6 1.67 1.53 2.33 1.54 1.86 2.09
Gd" 15.5 19.6 11.3 17.6 14.4 19.6 13.1 247
Th ™ 2.24 3.1 1.74 2.21 2.09 2.7 1.98 3.5
Tm™ 0.71 1.09 0.77 0.74 0.8 0.79 0.72 1.33
Yb " 3.72 7.69 5.46 4.4 4.86 3.97 452 9.02
Lu” 0.53 0.88 0.82 0.55 0.71 0.49 0.64 1.21
Hf " 8.88 10.2 9.43 10.2 11.1 8.76 10.4 12.9
Ta" 1.1 2.83 1.57 0.59 1.89 1.12 2.29 213
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g0 g5 dibaie slo aigei AI/NatK g AST,CIA sus aculze polio A -F Joa

dgeio)lais | 10/3 moles
P,05 CaO* CIA ASI | A/Na+K

Da-Tu2 0.011 0.03 | 68.66 | 1.15 1.78
Da-Tul0 0.013 0.02 | 67.16 | 1.19 1.5
Da-Tu6 0.012 0.05 | 6928 | 1.04 | 1.78
Tu-Dal3 0.012 0.03 | 70.53 | 1.29 1.78
Tu-Da29 0.014 0.03 | 67.15 | 1.04 1.5
Tu-Dal 0.013 0.06 | 71.56 | 1.04 2

Tu-Da22 0.013 0.04 | 71.31 | 121 1.78
Da-Tu8 0.013 0.04 | 70.67 | 1.17 1.88
Tu-Dal2 0.012 0.06 | 7331 | 1.15 | 2.3
Tu-Dal7a 0.012 0.03 | 7254 | 137 | 2.13
Da-Tu7 0.012 0.06 | 70.71 1 1.78
Tu-Da24 0.015 0.02 | 71.73 | 143 1.78
Tu-Dal7b 0.012 0.03 | 7252 | 137 | 213
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o3~ g adlaie glo aigei A/CNK, N, C, A, K, NK ous sl polis 3-F Jgu>

Aged 0,led

Na** | K** | Ca** | Al** | A/CNK | A/KN
Da-Tu2 0.05! 0.04] 0.04| 0.16 1.15 1.78
Da-Tul0 0.05y 0.05| 0.03| 0.15 1.19 1.5
Da-Tu6 0.05} 0.04| 0.06| 0.16 1.04 1.78

Tu-Dal3 0.04 0.05| 0.04] 0.16 1.29 1 1.78
Tu-Da29 0.06 | 0.04| 0.04] 0.15 1.04 1.5

Tu-Dal 0.04| 0.04] 0.07| 0.16 1.04 2
Tu-Da22 0.05| 0.04] 0.05] 0.16 1.21 1.78
Da-Tu8 0.04| 0.04{ 0.05( O0.15 .17 1.88

Tu-Dal2 0.04| 0.04] 0.07] 0.17 115 2.13
Tu-Dal7a | 0.04| 0.04| 0.04| 0.17 1371 2.13
Da-Tu7 0.06 | 0.03| 0.07| 0.16 1.00 1.78
Tu-Da24 0.04| 0.05| 0.03| 0.16 1.43 1.78
Tu-Dal7b | 0.04| 0.04| 0.04| 0.17 1371 213
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Abstract

The studied area is located in north of Toyeh village (45 km SE of Damghan in semnan
province). It's geographical coordinates are: 53° 45" to 54° longitudinal and 35° 55" to
36° 01° latitudes. From point of view, geological and structural divisions of Iran, this
area is belong eastern part of central Alborz zone. This research is based on field
observations, interpretation of arial photographs and analyzing of geochemical samples
for major, minor and trace elements.

According to 1:100000 geological map of kiasar(Saiedi and Akbar-Pour, 1981), the
emplacement age of Toyeh is upper Devonian whereas this investigation indicate that
It's emplacement is older than Devonian(may be Ordovician or Sillurian), their host
rocks are dolomites and limestones of Soltanieh and Baroot formations.

Based on field, petrographical and geochemical investigations, the studied rocks can be
classified in the following groups: Quartezmonzodiorites, quartezmonzonites and
monzonites. Granular and myrmekiteic textures are the typical textures of these rocks.
Plagioclase is a common felsic mineral in all of the studied rocks. It has alterated to
sericite and sausorite. Alkali feldspars are perthitic orthoclase and they are altered to
clay minerals. Hornbeland and biotite are ferromagnesiane minerals of the studied
igneous rocks. The presence of secondary minerals such as calcite, sericite and epidote
is an evidence of hydrothermal alteration. Sphen and apatite are most common
accessory minerals. The abundance of aqular apatites are one of evidence of alkaline
nature of magma. Variation diagrams and variation terends of major, minor, trace and
rare earth elements indicate of a continuous compositional spectrum between the
studied rocks of Toyeh pluton. Because alteration of plagioclase to sericite and clay
minerals, most of the samples have A/CNK ratio more than 1, therefore they moved to
unreal setting, and then they are plotted in peraluminous field in Shand(1949) diagram.
Most of the variation trends in different variation diagrams show that the selected
samples of Toyeh pluton are compatible with fractional crystallization trend. In spider
diagrams, all of samples enriched in LILE and compatible elements, but they less
enriched of heavy rare earth elements and compatible elements. High enrichment the
samples of the elements such as Rb, Th, Ba indicate the present an under continental
lithospheric plate enriched mantle as a source region for formation of magma. Lower
anomalous of Ti and Nb shows that parent magma contaminated with crystal
lithosphere. This is one the characteristics of continental rocks and subduction zones of
continental crust. In different tectonic setting discrimination diagrams, the studied
samples plot in within plate granitoids field. Also, in the petrological diagrams, all of
the samples show alkaline terends. According to petrographical and geochemical
evidence such as absence of muscovite and index minerals of metamorphic rocks,
abundance of apatite and sphene, 52-58% SiO, content, low Ti content and more
enrichment of LILE, the studied granitoidic rocks are from I-type granitoids. Also, by
attention to low content CaO and MgO, high ratios of K/Na and Fe/Mg and enrichment
of Zr, Y, Al and Ga/Al ratio, we can classify the studied granite into anorogenic(A) type
granitoids. Based on the results of our research and by attention to environmental
deposition of lower Paleozoic formations of Iran, Toyeh pluton is generated in relation
to an extentional setting regime.
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