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Quaternary QF!: quaternary deposits
Upper Eocene N Gr: micro alkali granite

Ev: red to grey volcanic breccia’s & minor tuffaceous sandstone
Lower Eocene !
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Quaternary I:] Q2: Yong terraces

Upper Eocene - Dp: Quartz trachyandesite, trachyandesite, quartz latite

Lower Eocene - Etv: intermediate to basic marine lavas and volcanoclastic rocks: andesite, andesitic dacite,
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Upper Eocene [l Qd: quartz diorite

Middle Eocene [ E*: trachyandesitic rocks, massive basaltic trachyandesite & andesite-dacite
Permian 1 Pz: grey to dark grey schist, minor green schist
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OYAA ooly azlgzs ) o s ol> —0g b

yais KM-\ | KM-Y | KM:¥ | KM:¥ | KM-8 | KM:# | KM:Y | KM:A | KM-a | KM . | KMV

SiOv | 45.36 | 45.52 | 47.22 | 46.97 | 47.45 | 48.34 | 49.11 | 56.71 | 57.34 | 578.41 | 57.51

AlOr | 1572 | 16.34 | 153 | 16.92 | 17.44 | 18.06 | 14.95 | 14.85 | 14.96 | 17.12 | 16.78

FexOr | 559 | 527 | 996 | 10.02 | 936 | 7.86 | 939 | 7.24 | 7.26 | 7.19 | 553

MnO | 016 | 0.09 | 029 | 024 | 015 | 0.13 | 0.17 0.2 0.2 0.13 0.09

MgO | 332 | 202 | 758 | 6.64 | 6.06 7 728 | 189 | 208 | 1.09 | 1.94

CaO | 379 | 479 | 703 | 7.17 | 876 | 9.34 | 842 | 14.07 | 1414 | 6.35 2.67

NaxO | 491 | 371 | 6.08 | 503 | 406 | 4.97 | 4.09 3.4 3.78 4.44 3.81

KO | 368 | 248 | 056 | 077 | 1.28 | 1.03 | 1.78 | 0.96 | 0.94 3.12 2.25

TiOv | 105 | 1.06 | 061 | 051 | 1.88 | 1.72 | 156 | 1.17 | 1.46 1.05 1.06

P«Os | 022 | 022 | 035 | 024 | 026 | 0.25 | 022 | 0.28 | 0.89 0.22 0.22

CrOr | 0.03 | 0.029 | 0.013 | 0.005 | 0.025 | 0.026 | 0.028 | 0.027 | 0.014 | 0.03 | 0.029

LO.I | 1061 | 86 | 503 | 639 | 319 | 3.12 | 387 | 395 | 392 | 1061 | 86

s KMyY | KMYY | KMYY | KMYS | KMy | KMYY | KMYA | KMYA | KMY. | KM Y)Y | KMYY

SiOy | 59.87 | 60.48 | 60.71 | 60.73 | 60.85 | 62.14 | 62.65 | 62.81 | 62.63 | 65.11 | 67.96

AlOr | 1678 | 17.12 | 16.78 | 17.12 | 16.78 | 17.12 | 16.78 | 15.73 | 1551 | 15.98 | 16.08

FexOr | 377 | 451 | 4.48 51 506 | 595 | 518 | 281 | 4.69 3.68 4.3

MnO | 011 | 007 | 0.09 | 009 | 009 | 016 | 0.12 | 0.03 | 0.06 0.07 0.06

MgO | 158 2.3 275 | 201 | 286 | 209 | 248 | 3.22 | 457 4.54 4.51

CaO | 332 | 344 | 222 | 335 | 475 | 329 | 3.09 | 1.08 | 209 | 3.46 | 1.96

NaxO | 479 5.8 466 | 452 | 356 | 3.99 | 444 | 252 | 251 3.12 2.25

KO | 2,04 5 257 | 212 | 425 | 335 | 445 4.2 3.84 3.19 4.76

TiOv | 064 | 053 | 0.34 0.5 0.45 0.6 049 | 0.78 | 057 0.64 0.53

PxOs | 027 | 025 | 018 | 024 | 025 | 027 | 027 | 0.35 | 0.16 0.27 0.25

CrOr | 0,005 | 0.005 | 0.004 | 0.009 | 0.003 | 0.005 | 0.012 | 0.004 | 0.005 | 0.005 | 0.005

LOL | 086 | 393 | 494 | 27 | 399 | 507 | 144 | 203 | 456 | 086 | 3.93

I\g




ol —0g,b adlaie 1 J5,0 o ,3] K diges Y (gl (05 50 £,5) olaS jolic clale polie -Y-F Jgux

OYAN 0oly axlgs ) oy s

pais KM -\ KM v KM-y KM -f KM -» KM .# KM -y KM -A KM -1 KM - KM 1y
Ba | 156 | 158 | 557 | 522 | 176 | 283 | 190 | 285 | 441 | 156 | 158
Be 1 1 1 3 1 3 3 3 2 1 1
Co | 179 | 156 | 96 | 94 | 106 | 76 | 141 | 89 | 109 | 179 | 156
Cs 1 1 03 | 15 | 09 1 123 | 21 0.2 1 1
Cu | 635 | 884 | 782 | 62 | 966 | 763 | 66.2 | 429 | 3331 | 635 | 884
Ga | 149 | 144 | 175 | 166 | 175 | 184 | 161 | 188 | 184 | 149 | 144
Hf | 26 | 26 | 43 | 21 | 42 | 41 3 2.3 3.4 26 | 26
Mo | 04 | 15 | 08 | 05 1 08 | 06 | 07 03 04 | 15
Nb | 43 | 44 | 84 | 73 | 82 | 72 | 61 | 114 | 171 | 43 | 44
Ni | 555 | 189 | 246 | 164 | 259 | 272 | 279 | 265 | 458 | 555 | 189
Pb | 433 | 116 | 33 | 178 | 44 | 23 | 34 | 15 52 | 433 | 116
Rb | 145 | 143 | 629 | 453 | 151 | 193 | 334 | 17.7 | 304 | 145 | 14.3
Sc | 29 29 14 11 33 29 31 32 23 29 29
Sn 1 1 1 1 2 2 1 1 1 2 1
Sr | 568.4 | 553.2 | 536.2 | 824.9 | 893.6 | 857.6 | 927.4 | 752.9 | 1157.4 | 756.4 | 545.2
Ta | 03 | 03 | 05 | 05 | 06 | 05 | 06 | 08 0.9 03 | 03
Th | 18 | 18 | 88 | 32 2 17 | 16 | 11 36 18 | 18
U 05 | 06 | 32 1 07 | 06 | 04 | 04 0.9 05 | 06
Vo| 199 | 198 | 173 | 122 | 240 | 223 | 216 | 214 | 293 | 199 | 198
W | 05 | 05 12 | 05 | 05 | 05 06 | 05 0.5 0.5 0.5
Y | 204 | 198 | 163 | 73 | 288 | 263 | 231 | 184 | 155 | 204 | 19.8
Zn 66 31 | 109 | 135 | 60 51 58 4 54 66 31
Zr | 1153 | 1123 | 156.7 | 70.5 | 169.3 | 141.2 | 125.1 | 86.7 | 130.8 | 1153 | 112.3
pais KM vy KM v KM ¥ KM Yo KM ¢ KM v KM YA KM 14 KM Y- KM vy KM vy
Ba | 447 | 391 | 518 | 553 | 461 | 141 | 558 | 609 | 568 | 447 | 391
Be 1 1 2 1 1 1 2 1 1 1 1
Co | 341 | 343 | 162 | 159 | 37.9 | 336 | 339 | 269 | 325 | 341 | 34.3
Cs | 34 | 11 | 18 | 08 | 15 | 07 | 11 | 08 1.9 34 | 11
Cu | 1145 | 245 | 1397 | 884 | 57.7 | 25 | 455 | 7.9 | 495 | 1145 | 245
Ga | 169 | 166 | 166 | 162 | 166 | 20 | 17.6 | 195 | 154 | 169 | 16.6
Hf | 37 | 21 | 25 | 59 | 28 | 49 | 43 | 54 5.1 37 | 21
Mo | 13 | 05 | 02 | 15 | 04 1 13 | 06 1.7 13 | 05
Nb | 76 7 101 | 122 | 93 | 168 | 76 | 204 | 10 7.6 7
Ni | 83 | 17.8 | 104 | 189 | 119 | 58 17 | 4.9 8.3 83 | 17.8

oy




Pb 4 10.9 1.8 11.6 4.7 1.5 5.7 22.6 1.7 4 10.9

Rb 80.7 | 36.6 | 60.7 | 1148 | 436 | 66.7 | 100.2 | 79.6 99.7 80.7 | 36.6

Sc 16 12 5 10 7 7 11 10 12 16 12

Sn 1 1 1 1 1 2 1 2 1 1 1

St | 8404 | 824 | 343.6 | 755.1 | 580.9 | 434.6 | 912.2 | 853.2 | 342.2 | 840.4 | 824

Ta 0.5 0.4 0.7 1 0.6 1 0.5 1.1 0.7 05 0.4

Th 8.5 2.7 45 15.3 41 8.2 9.1 10.2 11.3 8.5 2.7

<

195 145 76 113 98 81 133 94 111 195 145

=

1.3 0.5 0.6 2.4 0.5 1 15 11 15 1.3 0.5

Y 15.7 7.7 7.9 145 7.6 16.4 13.9 20.3 17.7 15.7 1.7

Zn 29 51 77 31 74 50 14 99 51 29 51

Zr 128 725 | 885 | 2045 | 991 | 176.5 | 1424 | 217.3 | 188.4 128 72.5

ol —og,b adlaie I (Hg)0 oydl S isad YY (6l (5 5 p)5) Sl (S pobie clile olis -¥-F Jguor
OYAA wsly 4zl ) oy s

pais KM -\ KM -y | KM-Y KM-f | KM:s | KM-s | KM.y | KM:A | KM:1a | KM\ KM 1

La 15.7 1.7 7.9 14.5 7.6 16.4 139 | 203 | 17.7 | 187 1.7

Ce 386 | 56.7 | 30.7 | 61.7 | 29.7 | 264 24 255 | 601 | 252 | 247

Pr 369 | 364 | 699 | 369 | 442 | 387 | 342 | 351 | 849 | 369 | 3.64

Nd 17.1 16.2 | 281 | 146 | 21.2 18 15.2 151 | 363 | 171 16.2

Sm 366 | 368 | 517 | 232 | 513 | 437 | 395 | 354 | 6.48 | 3.66 | 3.68

Eu 1.23 123 | 152 | 068 | 1.72 15 1.36 129 | 188 | 1.23 1.23

Gd 3.7 3.76 | 452 | 1.96 5.6 474 | 427 | 3.65 | 551 3.7 3.76

Tb 053 | 054 | 048 | 0.21 | 0.85 0.7 0.77 | 052 | 056 | 053 | 0.54

Dy 3.78 | 3.72 3.1 1.38 5.7 485 | 449 | 343 | 357 | 378 | 3.72

Ho 076 | 0.78 | 059 | 0.27 1.2 1 084 | 069 | 062 | 0.76 | 0.78

Er 222 | 228 | 163 | 081 | 3.34 2.8 2.41 1.9 171 | 222 | 2.28

m 032 | 034 | 025 | 011 0.5 041 | 038 | 027 | 023 | 032 | 0.34

Yb 217 | 211 | 168 | 0.75 | 3.07 | 259 2.31 172 | 148 | 217 2.11

Lu 032 | 031 | 025 | 0.12 | 047 0.4 035 | 027 | 022 | 032 | 031

pais KMy | KMy | KMYf KMiys | KMys | KMy | KMYA | KM)ya | KMY- | KMyy | KMyy

La 154 | 30.7 | 243 | 364 | 222 | 20.7 148 | 209 | 30.2 | 28.6 22.9

Ce 444 | 365 | 556 | 54.8 | 444 | 61.7 | 46.8 | 70.6 | 435 41 28.5

OA




Pr 5.4 3.68 | 458 | 6.78 3.9 7.4 571 | 8.83 | 554 5.4 3.68
Nd 215 | 139 | 158 | 244 | 152 | 279 | 223 | 357 | 214 | 215 | 139
Sm 424 | 254 | 252 | 423 | 267 | 527 | 3.89 6.5 412 | 424 | 254
Eu 115 | 084 | 067 | 105 | 073 | 1.38 | 1.08 | 188 | 099 | 115 | 0.84
Gd 3.7 376 | 452 | 1.96 5.6 474 | 427 | 365 | 551 3.7 3.76
Tb 046 | 026 | 023 | 041 | 025 | 052 | 039 | 067 | 048 | 046 | 0.26
Dy 304 | 166 | 145 | 261 | 155 | 3.02 | 263 | 428 | 341 | 3.04 | 166
Ho 062 | 0.34 0.3 054 | 031 | 059 | 049 | 079 | 068 | 0.62 | 0.34
Er 183 | 091 | 077 | 158 | 088 | 155 | 135 | 229 | 201 | 183 | 0091
m 028 | 013 | 012 | 025 | 013 | 023 | 021 | 033 | 032 | 0.28 | 0.13
Yb 182 | 083 | 079 | 167 | 087 | 15 | 141 | 219 | 215 | 182 | 0.83
Lu 029 | 013 | 013 | 026 | 013 | 023 | 022 | 034 | 033 | 029 | 013
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TAS (Cox et al. 1979)
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SiO,-K,0 plot (Peccerillo and Taylor 1976)
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Kol o s (G112

[CNK > A> NK], (CaO + Na,0 + K, 0) > AL,O, > (Na,0 + K,0) maglilie -
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Abstract

Toroud-Chahshirin belt host many precious and base metal deposits that indicates to
high mineralization potential and economic importance of this region. Toroud-
Chahshirin magmatic belt with an eastern-western trend, is located between Toroud and
Anjilu faults in the north margine of central Iran desert. The most ancient rocks (late
Precambrian), are amphibolite, schist, genaise, quartzite, dolomitic marble and philite
located in north-eastern and east of region, Paleozoic metamorphic rocks are in west
terminal, Mesozoic carbonate-clastic rocks appeared around the Reshm.

Cenozoic units are mostly include volcano-sedimentary and volcanics like: tuff,
breccia and agglomerate with sandstone and mudstone inter layer. Volcanic rocks include
a range of andesite, basaltic andesite, trachyandesite, dacite and rhyolite that crossed by
polotonic-subpolotonic intrusions such as: Gabbro-diorite, monzonite, granodiorite and
granite. Intrusions mineralogy is commonly characterized by Plagioclase, K-feldspar,
quartz, hornblende, biotite, pyroxene and alteration minerals. Some of the main
productive intrusions characteristics in Toroud-Chahshirin belt are toumalinized,
secondary quarts, k-feldspar and choloritised-cerisitised process.

Igneous rocks are mostly High K calcoalkaline to shoshonitic, and recognized by
enrichment in LILE (Th <Rb «Cs «Ba, K), loss of HFSE (Ta «<Ti <Zr, Nb) and high LILE /
HFSE, LREE / HREE ratios.

Based on La/Sm, Sm/Yb, Sr/Y, and La/Yb ratios, Chahmousa granitic rocks, Chalo,
Sousanvar, and Hafez granodioritic intrusions, besides the granite and monzonite of
Kouhzar are Non-productive (Barren), and productive intrusions consist of: Chahmousa
monzonite and granite, Chalo, Sousanvar, and Hafez monzonite, and finally The Kouhzar

granite and granodiorite.

Keywords: productive intrusion, barren intrusion, geochemistry, Toroud-Chahshirin.



Shahrood University
of Technology

Faculty of Earth Sciences

M.Sc. Thesis in Geochemistry

Geochemical And Petrological Discriminant Factors Of
Productive And Barren Intrusions In Torud-Chahshirin
Magmatic Belt, South Of Damghan

By: Mohammad Reza Hosseiny

Supervisors:
Dr. Masoud Alipour Asl
Dr. Habibolah Ghasemi

July 2018



