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2 MS 01-6 AG " 387404 3966091
3 MS 08-6 AG 386901 3966799
4 MS 52-1 LG ORTJCIR N 391651 3969593
5 MS 51-1 LG " 391625 3969594
6 MS 07-5 G 386771 3966676
7 MS 15-1 G 387362 3967120
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9 MS 17-1 G 394274 3967225
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11 MS 79-1 G 390950 3967347
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Sample Si0;  ALOs;  Feo Fey03 MgO CaO NaxO KO TiO; P,Os MnO Cr,0;3 Sum
Major Oxides (Wt%)

MS 42-1 Sl lmsls JSIT | 7655 12,8 1.13 0.57 0.07 0.81 3.51 4.40 0.08 0.02 0.06 0.004  100.004
MS 01-6 " 7655 127 0.61 0.30 0.03 0.43 2.98 6.31 0.01 0.01 0.05 0.004  99.984
MS 08-6 " 76.49 129 0.61 0.30 0.07 0.59 3.25 5.68 0.03 0.01 0.04 0.005  99.975
MS 52-1 ORI N 7052 179 0.27 0.13 0.13 1.36 9.11 0.25 0.21 0.08 0.04 0.005  100.005
MS 51-1 " 69.47  18.7 0.27 0.13 0.25 0.98 9.87 0.12 0.15 0.01 0.02 0.005  99.975
MS 07-5 ORI 7530 129 1.65 0.83 0.57 1.92 3.19 3.32 0.20 0.06 0.04 0.005  99.985
MS 15-1 " 73.14 137 1.98 0.99 0.66 1.99 3.08 4.02 0.25 0.06 0.05 0.005  99.925
MS 34-2 " 73.17 136 2.04 1.02 0.76 1.86 2.98 4.11 0.26 0.07 0.07 0.005  99.945
MS 17-1 " 75.13 131 1.49 0.75 0.38 1.52 3.40 3.95 0.17 0.04 0.04 0.003  99.973
MS 35-1 " 74.49 13.5 1.54 0.77 0.38 1.64 3.34 4.09 0.16 0.05 0.06 0.003  100.023
MS 79-1 " 7251 139 2.20 1.10 0.71 2.02 3.04 4.17 0.28 0.05 0.06 0.003  100.043
MS 04-3 92 46.14 153 8.54 4.69 8.87 8.60 3.03 1.45 2.41 0.61 0.23 0.040 99.91
MS 04-1 " 4879  18.1 6.79 3.73 5.42 11.78  3.16 0.34 1.61 0.17 0.17 0.027  100.087
MS 09-1 " 4912 181 6.33 3.48 6.47 11 3.21 0.48 1.33 0.21 0.17 0.030  99.93
MS 04-5 " 4860  18.2 6.60 3.63 5.51 12.09  3.04 0.38 1.55 0.16 0.17 0.028  99.958
MS 03-4 " 4952  14.8 8.51 4.68 4.66 7.93 4.24 1.47 2.71 1.21 0.27 0.006  100.006
MS 76-1 " 4952  14.8 8.28 4.55 5.86 9.66 3.82 0.70 2.33 0.33 0.21 0.019  100.079
B 34 " 4972 165 6.34 3.81 7.04 1051  3.08 0.49 1.34 0.16 0.18 0.029  99.199
B2-1 " 4995 158 7.68 4.46 5.15 9.49 3.61 0.44 2.25 0.31 0.20 0.017  99.357
B 44-6 " 4875  16.3 6.58 4.08 7.05 1119  3.15 0.27 1.42 0.15 0.19 0.036  99.166
B 83-1-2 " 4715  19.8 7.13 4.28 4.08 11.28  3.28 0.51 1.86 0.38 0.16 0.009  99.919
B 19 " 5052 145 8.90 4.81 4.21 7.91 4.75 0.55 2.58 0.81 0.26 0.009  99.809
B 104-4 " 4984 152 8.49 4.67 5.29 8.05 4.51 0.77 2.27 0.34 0.21 0.013  99.653




Fe203/Fe0 coos jyolin prmeal 5 )Ii,.é olge B> 5l s cdslllan 8 50 ddlate S sbdiges CloS jolic olond 4o s -V-F Jou

Sample Sc Ba Co Cs Ga Hf Nb Rb Sr Ta Th U \YJ Zr Y Mo Cu Pb Zn Ni Au(ppb)

Trace elements (ppm)

MS 42-1 11 950 05 1.1 159 46 112 1137 705 0.8 165 34 43 1073 296 09 77 61 15 53 19.9
MS 01-6 3 33 06 23 152 55 54 1746 96 2 249 44 35 721 614 13 123 66 4 43 1.8
MS 08-6 2 165 14 13 116 26 35 1773 348 16 113 28 34 218 195 16 84 46 6 59 4.7
MS 52-1 3 48 04 01 114 77 109 55 278 13 104 15 34 2663 28 06 47 23 2 49 0.5
MS 51-1 3 3 05 01 95 67 74 27 1933 04 115 17 9 2118 31 09 43 13 3 53 1.4
MS 07-5 6 341 34 17 135 38 61 94 1103 09 192 38 38 1241 239 06 25 29 22 45 0.5
MS 15-1 8 571 41 31 141 49 72 1333 1153 1.1 143 29 38 1219 288 05 37 46 27 53 0.5
MS 34-2 8 601 38 36 13 45 79 1224 1193 1 153 24 39 1163 315 09 49 72 42 79 1
MS 17-1 10 703 19 22 143 38 74 1155 953 07 13 26 25 1141 226 11 37 72 33 715 1.3
MS 35-1 7 363 28 36 135 29 67 1278 93 07 124 27 18 97 289 06 31 58 28 38 0.5
MS 79-1 8 619 48 46 175 34 101 151 136 1 205 33 41 1171 351 06 35 95 30 6.7 1.4

MS 03-4 30 301 259 08 16 43 154 501 4093 1 3 1.2 211 1665 411 1 35 108 69 103 2.6
MS 76-1 35 103 375 11 17 65 99 149 2573 05 28 0.7 266 2289 425 05 566 34 63 429 0.5

B 34 36 250 333 04 152 19 37 172 2855 01 06 01 228 842 233 07 959 23 17 376 3.3
B2-1 31 99 318 09 18 39 56 6.4 2626 03 1.1 03 266 1547 383 07 421 26 38 261 3.5
B 44-6 39 54 359 21 156 24 28 54 281 03 04 02 224 895 251 06 91 54 26 333 2.1
B 83-1-2 26 108 293 11 176 18 82 101 5874 06 13 04 238 85 19 08 34 59 52 162 2.6
B19 29 9% 232 02 207 6 7.6 76 2506 05 1.2 06 177 2154 584 12 371 17 37 158 1.2

B 104-4 33 117 337 02 181 39 6 16.7 2533 03 16 06 305 1596 374 07 46 43 66 36.6 24

\Al
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Sample La Ce Pr Nd Sm Eu Gd Th Dy Ho Er ™m Yb Lu
Rare earth elements (ppm)
MS 42-1 27.5 60.7 727 271 5.9 046 578 107 574 128 357 058 3.7 0.56
MS 01-6 8 22.4 327 144 619 002 699 175 108 2.6 778 142 1084 154
MS 08-6 5 11.7 17 7 241 008 289 063 331 093 251 042 2.8 0.46
MS 52-1 0.8 1 0.17 0.3 0.2 0.22 0.2 0.07 0.44 0.07 0.31 0.07 0.75 0.12
MS51-1 0.3 0.6 009 03 005 021 01 005 029 008 024 006 049 012
MS 07-5 21.9 45 528 189 417 049 339 07 422 09 26 041 271 048
MS 15-1 213 467 499 174 439 053 4 082 504 113 347 06 39 057
MS 34-2 29.1 603 715 253 507 05 479 091 453 119 314 051 364 055
MS 17-1 20.7 415 48 184 358 051 339 068 408 089 271 036 254 037
MS 35-1 19.7 42.4 5 18 44 046 412 08 459 111 302 05 305 051
MS 79-1 62.1 1209 1268 434 784 073 591 096 587 111 334 058 364 058
MS 04-3 32.9 63.1 735 272 6 182 594 089 455 089 216 029 177 026
MS 04-1 6.1 16.2 2.42 12 329 125 414 082 463 115 275 044 282 046
MS 09-1 8.7 19.1 277 136 318 122 355 074 398  0.88 2.5 041 229 037
MS 04-5 5.6 15.9 2.27 11 335 124 408 078 492 11 208 043 241 042
MS 03-4 27.2 59.1 793 329 771 263 7.8 144 812 16 4.2 061 387 053
MS 76-1 15.9 38 513 239 593 197 682 137 849 171 49 082 465 0.8
B34 6.4 15.4 2.25 10 288 1.3 3.8 071 387 097 249 041 249 033
B2-1 10.7 27.5 396 182 551 181 634 116 6.9 156 444 062 399  0.62
B 44-6 4.9 13.2 203 101 302 1.3 4 0.7 433 107 282 038 237 042
B 83-1-2 12.4 27.6 337 146 353 128 368 062 362 079 2.2 0.3 179  0.29
B19 16.7 437 628 289 881  3.06 9.8 178 1072 236 614 094 523  0.85
B 104-4 12.4 29.9 417 194 547 1.75 6.2 111 649 156 406 058 377  0.61
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axdlas )90 ‘;..w le.mtb}o_v o..\.v)L..u 6@@[5 6‘).1 0 4......;[.7:@ CIPW r:)g.' )JOLM —a—stb

Sample Q C Or Ab An Ne Di Hy Ol Mt Il Ap Sum
Norm CIPW

MS 42-1 36.8 0.8 2599  29.66  3.90 0 0 1.76 0 082 015  0.05 99.93
MS 01-6 33.7 0.2 37.27 2524  2.08 0 0 1.02 0 044 002  0.02 99.99
MS 08-6 34.1 0.4 3359 2753  2.87 0 0 1.07 0 044 006 0.2 100.08
MS 52-1 13.7 0.4 148 7705  6.21 0 0 0.43 0 0.19 0.40 0.19 100.05
MS 51-1 9.1 0.6 072 8348  4.78 0 0 0.80 0 020 029  0.02 99.99
MS 07-5 38.4 0.7 19.60 2695  9.11 0 0 3.50 0 120 038 0.4 99.98
MS 15-1 33.6 0.9 23.77 2610  9.46 0 0 4.12 0 143 048  0.14 100
MS 34-2 34.0 1.1 2428 2519  8.75 0 0 4.49 0 148 050 017 99.96
MS 17-1 35.7 0.6 2336 2874  7.29 0 0 2.87 0 108 033 010  100.07
MS 35-1 345 0.7 2415 2828  7.82 0 0 2.99 0 111 031 012 99.98
MS 79-1 32.4 0.8 2461 2568  9.68 0 0 4.54 0 159 054  0.12 99.96
MS 04-3 0 0 858 2422 2398 076 1185 0 177 681 458 1.44 99.92
MS 04-1 0 0 203 2673  34.07 0 18.83  4.41 5.1 541 305 041 100.04
MS 09-1 0 0 283 2712 33.68 0 1571  5.02 75 505 253 051 99.95
MS 04-5 0 0 222 2572 3501 0 19.35  3.43 5.7 527 295  0.38 100.03
MS 03-4 0 0 871 3585  16.98 0 11.83  7.28 4.6 679 515  2.86 100.05
MS 76-1 0 0 415 3230 21.04 0 20.09  4.88 5.8 6.60 443 077 100.06
B34 0 0 290 2606 29.64 0 1725 1223 2.6 552 255  0.38 99.13
B2-1 1.1 0 260 3055 2558 0 1581  12.23 0 6.46 428 073 99.34
B 44-6 0 0 160 2665 29.65 0 2001  6.23 6.1 592 270  0.36 99.22
B 83-1-2 0 0 301 2775 37.80 0 12.81  0.48 7.4 620 353 090 99.88
B19 0 0 325 4019  16.67 0 1420 1083 09 697 490  1.92 99.83
B 104-4 0 0 455 3816  18.90 0 1534  2.03 8.8 677 431 081 99.67
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Ba 144 729 1022 183 212 287 238 223 121 224 245 278
Co 50.8 33.5 43 412 441 453 415 366 414 53.9 71.3 59.3
Nb 50.2 121 1099 208 202 13 113 137 119 19.1 20.9 21.1
Rb 6.6 408 675 163 117 136 124 185 76 20.1 18.4 20.1
Sr 514.4 1289  702.8 347.6 360 399.3 4855 450.3 4613 3728 4056  468.9
Ta 2.5 6.1 68 11 11 08 7 0.8 8 12 1.4 1.3
Th 5.8 6.9 105 1.9 18 09 1.4 08 11 18 2.3 2.6
U 15 18 24 04 05 02 0.3 02 03 0.5 0.6 0.7
v 42 234 222 232 232 447 225 194 233 236 231 200
zr 2141 267 2441 707 731 831 1305 728 1287  149.6 165.1  177.7
Y 44 327 239 168 177 193 227 188 229 22.7 20.6 20.5
Mo 0.9 2.2 22 07 08 04 0.9 02 05 03 0.9 1.4
Pb 16 2.8 63 134 16 427 2.4 12 14 4.3 3.1 3.2
Zn 19 37 55 51 37 10 13 14 18 42 51 75
Ni 11.9 13.7 1309 66.6 817 209 26 421 457  102.2 3806  283.1
La 35.1 83.9 56 119 122 103 117 99 118 18.2 19.2 21.1
Ce 76.7 1664 1042 232 249 234 29 213 286 40.2 45 47.7
Pr 9.92 1812 1147 271 291 308 405 301 4.02 5.46 5.85 6.27
Nd 418 69.2 448 124 123 19 205 139 193 24.1 25.9 27.6
Sm 841 1045 73 284 283 371 461 325 449 5.26 5.29 5.73
Eu 2.36 322 228 11 107 145 161 116 152 173 1.72 1.83
Gd 8.56 879 597 315 336 42 487 375 4.94 5.46 4.96 5.34
Tb 1.21 1.1 078 049 049 059 069 053 07 0.73 0.68 0.7
Dy 7.95 6.74 48 334 337 405 459 332 445 4.57 4.23 4.27
Ho 1.56 1.2 09 065 066 073 084 07 083 0.82 0.76 0.74
Er 4.52 2.5 257 182 19 224 238 184 233 2.18 2.11 1.96
Tm 0.54 0.38 03 021 023 024 026 023 026 0.23 0.23 0.23
Yb 4.18 260 225 163 169 185 183 164 1.82 1.59 1.68 1.7
Lu 0.6 037 032 023 024 026 025 022 026 0.23 0.24 0.24
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No. Locality, Sample ID Rock type Age
(Ma)
Soltanieh Mountains, east and south
of Zanjan
1 ZJ3, Sarv-e Jahan Equi-granular_ beige 559
leucogranite
2 ZJ4, Sarv-e Jahan Foliated biotite granite,
chloritized 544
3 2310, west of Doran Argillized leucogranite 567
Takab-west Zanjan region
4 MoEs24, Moghanlou Biotite granite mylonite 548
5 ZJ9, Mahneshan Biotite granite mylonite 568
Northwestern Sanandaj-Sirjan
zone
6 Bubaktan Foliated biotite granite 544
7 Sheikh Chupan Biotite granodiorite 551
Muteh gold mine & Varzaneh area,
north Golpaygan region
8 06MT10, Chah Khatoon Beige leucogranite 578
9 06MT11B, Chah Khatoon Biotite granite 596
10 06MT24, North Varzaneh Biotite granite mylonite 588
Torud, Khar Turan & Band-e
Hezar Chah, northeast central Iran
11 TO40, N. Shotor Kuh, NE of  Biotite granite mylonite
Torud 566
12 EaBi 1a, W. Kuh-e Molhedou Foliated leucogranite 551
13 EaBi22, S. Kuh-e Molhedou Biotite-garne_t granite 556
mylonite
14 EaBi32, Kuh-e Sefid Sang Biotite granite 554
15 EaBi 125, Delbar, SE Kuh-e Foliated leucogranite
Molhedou 534
16 G227, W. Kuh-e Molhedou Biotite-garnet granite 522
17 TOA46, Band-e Hezar Chah Pink foliat_ed 581
leucogranite
18 TO50, Band-e Hezar Chah Biotite granite mylonite 601
19  TO-He4, Band-e Hezar Chah Leucogranite mylonite 572
Lahijan area, northern west Alborz
mountains
20 LJ6, Leila Kuh, SW Pink biotite granite 551
Langarud

(<)

Phanerozoic (542Ma to present)

Cenozoic
(65.5 Ma
to present)

Quaternary (2.588 Ma to present)
Holocene (11,700 yrs to present)
Pleistocene (2.588 Ma to 11,700 yrs)

Neogene (23.03 to 2.588 Ma)
Pliocene (5.332 to 2.588 Ma)
Miocene (23.03 to 5.332 Ma)

Paleogene (65.5 to 23.03 Ma)
Oligocene (33.9 to 23.03 Ma)
Eocene (55.8 to 33.9 Ma)
Paleocene (65.5 to 55.8 Ma)

Mesozoic Cretaceous (145.5 to 65.5 Ma)
(251 to Jurassic (199.6 to 145.5 Ma)
65.5 Ma) Triassic (251 to 199.6 Ma)
Permian (299 to 251 Ma)
Carboniferous (359.2 to 299 Ma)
Devonian (416 to 359.2 Ma)
Paleozoic Silu_rign (443.7 to 416 Ma)
(542 to Ordovwl_an (488.3 to 443.7 Ma)
251 Ma) Cambrian (542 to 488.3 Ma)

Furongian (499 to 488.3 Ma)
Series 3 (510 to 499 Ma)
Series 2 (521 to 510 Ma)

Terreneuvian (542 to 521 Ma)

Precambrian
(4600 to 542 Ma)

Proterozoic

Neoproterozoic (1000 to 542 Ma)

(2500 to Mesoproterozoic (1600 to 1000 Ma)
542 Ma) Paleoproterozoic (2500 to 1600 Ma)
Neoarchean (2800 to 2500 Ma)
Archean
(4000 to Mesoarchean (3200 to 2800 Ma)
2500 Ma) Paleoarchean (3600 to 3200 Ma)

Eoarchean (4000 to 3600 Ma)

Hadean (4600 to 4000 Ma)

@
No. Ophiolite, location & region. Age
1 Ophiolites of the Arabian Shield, 882 — 743
Saudi Arabia. Ma
1(a) Yanbu suture ophiolites 780 £ 11
(Jabal Ess, Al'Ays) Ma.
1(b)  Bir Umgq suture ophiolites 820 - 870
(Bir Umg, Jabal Thurwabh). Ma
1(c) Nabitah suture ophiolites
(Bir Tuluha, Darb 830+ 20 Ma.
Zubaydah).
1(d) Eastern Arabian shield
ophiolites(Halaban, Jabal 680 Ma.
Tays, Al-Amar).
2 Ophiolites of the Nubian Shield
2(a) Wadi Ghadir Complex, 746 £ 19 Ma
Eastern Desert, Egypt. old.
2(b) Qift-Quseir, Egypt. ¢. 800 Ma
2(c) Quseir, Barramiya, Abu
Dahr, El-Galala. ¢. 800 Ma.
- . . 840-740
2(d)  Ophiolites of the Onib- Sol ¢ Ma
Hameed '
- . . 840-740
2(e) Ophiolites of the Nakasib ¢ Ma
Suture, Sudan. '
3 Ophiolites of southern Ethiopia - 92/?;1700
4 Shishkhid ophiolite, northern 800+2.6
Mongolia. Ma.
5 Bou Azzer ophiolite, Trans-
Saharan suture, Morocco. 790 Ma
6 Enganepe ophiolite, Polar Urals,
RuSSia. 670+ 5 Ma
7 Dariv ophiolite, western Mongolia. 572 Ma.
Al h Tes-Ch hioli
38 gardagh Tes-Chem ophiolite, 570+ 1 Ma.

Central Asia, SW of Lake Baikal.
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http://www.ucmp.berkeley.edu/quaternary/holocene.php
http://www.ucmp.berkeley.edu/quaternary/pleistocene.php
http://www.ucmp.berkeley.edu/cenozoic/cenozoic.php
http://www.ucmp.berkeley.edu/tertiary/pliocene.php
http://www.ucmp.berkeley.edu/tertiary/miocene.php
http://www.ucmp.berkeley.edu/tertiary/oligocene.php
http://www.ucmp.berkeley.edu/tertiary/eocene.php
http://www.ucmp.berkeley.edu/mesozoic/cretaceous/cretaceous.php
http://www.ucmp.berkeley.edu/mesozoic/mesozoic.php
http://www.ucmp.berkeley.edu/mesozoic/jurassic/jurassic.php
http://www.ucmp.berkeley.edu/mesozoic/triassic/triassic.php
http://www.ucmp.berkeley.edu/permian/permian.php
http://www.ucmp.berkeley.edu/paleozoic/paleozoic.php
http://www.ucmp.berkeley.edu/carboniferous/carboniferous.php
http://www.ucmp.berkeley.edu/devonian/devonian.php
http://www.ucmp.berkeley.edu/silurian/silurian.php
http://www.ucmp.berkeley.edu/ordovician/ordovician.php
http://www.ucmp.berkeley.edu/cambrian/cambrian.php
http://www.ucmp.berkeley.edu/precambrian/proterozoic.php
http://www.ucmp.berkeley.edu/precambrian/archean_hadean.php
http://www.ucmp.berkeley.edu/precambrian/archean_hadean.php#hadean
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Abstract:

Sefid Sang granitoid pluton (SSGP), with approximately 53 Km? extensions, is located
in 40 Km south of Biarjomand (southeast Shahrood — in Semnan province). This
granitoid pluton and its host rocks are a part of the northern margin of Central Iran
structural zone and include some parts of old granitic, gneissic, and regional
metamorphic terrains with late Neoproterozoic to early Cambrian age. Field
observations and petrographical studies indicate that the compositional rang of SSGP
composed of granite, alkalifeldspar granite and leucogranite. This pluton intruded by a
numerous diabasic (microgabbroic-microdioritic) dikes with northeast — southwest
general trend. Since these dikes in studied area and neighboring areas with similar
historical geology such as Delbar and Band e Hezar Chah intruded in metamorphic
rocks of Precambrian and granitoids of late Neoproterozoic - early Cambrian and also
detrital sedimentary sequence mainly composed of conglomerate and sandstone of late
Triassic — Early Jurassic, and absence of them in the limestone - sandy limestone
sequence of upper Jurassic of eastern Alborz zone (Dalichy formation), Therefore they
have very younger age in compared with SSGP and the other similar plutons, and also
they have completely different origin and nature. With attention to carried out
petrographical studies plagioclase, orthoclase and quartz are major minerals and apatite,
sphene, allanite and zircon are minor minerals of SSGP. Dominant texture in granitoidic
rocks is granular. Diabasic dikes show microgranular, ophitic, subophitic, porphyroidic
and microlitic textures. Deformation is typical phenomena in granitoidic rocks and is
from high temperature to medium temperature subsolidus types. Negative anomalies of
Ti, P, Nb and enrichment of LREE and incompatible elements of Rb,Th and U, and also
the presence of metapelitic enclaves and the abundance of biotite in granites indicate
that these rocks have been generated from partial melting of metagraywack rocks and
have weakly peraluminous and subalkaline S-type nature. Based on the geochemical
diagrams, diabasic dikes have alkaline nature. They are relatively enriched in LREE and
LILE, and depleted of HREE and HFSE. With consideration of the positive anomaly of
Pb, K, U and negative anomaly of Nb, these dikes have been subjected to crustal
contamination. Magma forming of the mentioned diabasic dikes have been generated by
10-25% partial melting of a spinel lherzolitic source in a depths less than 80 Km.
Regional geology evidences indicate that studied dikes have been produced in a
tensional pull apart basin environment in relation to the subduction zone of Neotethys
oceanic lithosphere beneath the Central Iran continental slab.

Keywords : Sefid Sang, Shahrood, Biarjomand, S-type granite, Diabasic dike, Crustal
contamination.
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