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Mineralization and Alteration Processesin Anatectic Granitoids

in Mah-Neshan Area and their Geodynamic Problems
(Zanjan Province-NW Iran)

By: Dr. M. Lotfi*
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Abstract

The Mahneshan sheet area lies in Zanjan Province in the northwest of Iran. From the morphotectonic point of view, it is
generally zoned in a number of paralel northwest — southeast trending mountain ranges and their intervening valley plains.
From the northeast to southwest, the subzones are as follows:
- The Andabad - Moshampa basin of thick sequence of Lower Oligocene detrital sediments and hummocky Neogene red-
green beds of shallow and evaporating environments (subzone No.1).
- The Habash - Moghanlu mountains of longitudinal imbricate subzone resulted from the stacking of many thrust sheets
verging to northeast and subsequently exposed the Precambrian (only Kahar FM.) and Phanerozoic rock units (subzone No.2).
- The Duzkand - Mahneshan- Yengejeh plain of relatively steppe characters diagonally placed across the sheet area (subzone
No.3).
- The Ebrahimabad - Inche-Almalu mountain that on the northwest side formed exclusively by Precambrian high- grade
metamorphic rock-units and few outcrops of Kahar formation. (Subzone No.4).
- The Dandi - Anguran plain of QP fluvial - colluvial sediments dissected intensely by affluence (subzone No.5).
The lithostratigraphic settings and petrological characteristics of rock sequences in two main upland subzones (No.2 & No.4)
reflect two sedimentary rift basins and platform regimes for their initial protolith creations.
The initial sediments and related volcanic rocks in subzone No. 4 have been intensely transformed by metamorphism to
produce gneisses, amphibolites, green schists and marbles, whereas in subzone No. 2 dates, phyllites and semischists
developed. It should be noted that the geothermal gradient and metamorphic intensity from rift basin (subzone No. 4) towards
platform environment (subzone No. 2) are gradually decreased. Furthermore, ultrametamorphism had occurred and generated
the anatectic S-type granitoids throughout the rift basin (subzone No. 4).
Some of these anatectic granitoids (such as Moghanlu graintoid) were emplaced as powerful diapiric intrusives very later than
their magmatic crystallization and produced brecciated halos instead of metamorphic aureoles around the granitoid masses.
Such brecciated halos play the role of suitable channel ways for hydrothermal ore-fluid migrations and development of
pervasive aterations alongside the related ore-mineralization. For example, potassic, moderate to advanced argillic alterations
and their associated epithermal Sb-mineraization around the Moghanlu S-type granitoid are described in text.

Keywords: Morphotectonic, Imbricate subzone, Fluvia-colluvia sediments, Protolith, semischist, S-type granitoid, Diapiric
intrusives, Brecciated hal os, Prevasive alterations, Ore-fluid migrations, Epithermal ore- mineralization.
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Sample | Si02 | Tio2 Al203 | Fe203 | FeO MnO MgO Cal Na20 | K20 P205 Ba Rb Sr

ML.1 71.972 0.194 | 13.401 0.598 | 0.598 | 0.008| 0.012| 0.411 5.948 6.65 0.019 | 63.493 3.2 106.74
ML.3 73.531 0.171 | 13.917 | 2.191 2.191 0014 | 0.074 | 0.691 2314 | 5.154 0.023 | 458.08 | 198.79 81.348
ML.4 70.952 053] 13.945| 1197 ] 1197 | 0.012| 0558 | 1.099| 4.812| 6577 0.086 | 204.03 5.261 187.36
ML.8 71.883 0.12 | 13.977 0.77 0.77 | 0011 0.074 | 0924 | 5.022 | 6.527 0.14 | 46.456 3.5 62.025
ML.15 73.267 0.309 | 13.548 | 3.853| 3.853| 0.021 0178 | 0519 | 2.381 4.784 0.094 | 767.21 | 110.37 43.436
ML.18 72.572 0.095 | 14.071 0195 | 0.195| 0.005| 0.051 0222 | 4418| 6.515 0.015 | 20.074 3.4 58.3
ML.33 73.501 0265 | 14.144 | 1322 | 1.322| 0.022 1.101 1456 | 0342 | 6.006 0.021 | 92832 | 117.06 83.749
ML.40 73.793 0118 | 13.589 | 0.532 | 0.523| 0.004 | 0208 | 1467 | 3.889| 4.983 0.013 | 405.5| 160.45 188.41
ML.91 70.182 0.369 | 14.411 1326 | 1326 | 0.055| 0.565| 3.405| 5176 2514 0.109 | 336.87 | 103.86 886.16
ML.142 | 74.296 0.073 | 12973 | 0.357 | 0.357 0] 0041| .0.181 | 10.022 0.11 0.09 | 157.02 | 122.02 202.73
ML.145A | 68.531 067 | 14267 | 5183 5183 | 0.049| 0.813| 2335 244 |  3.546 0.111 | 1100.9 | 92.535 156.3 |
ML.146 | £9.459 0.978 | 15.072 | 3.337 | 3.337| 0.054| 0966| 3.714| 3.038| 2458 0.217 | 138.57 | 107.74 416.29 |
ML.147 71.71 0.45 |  14.31 0.55 0.55 0.02 4.18 0.63 5.57 0.12 0.18 213 138 66 |
ML:113 | 74.929 0.139 | 12.268 1.23 1.23 | 0.001 014 | 0.131 7.51 0.547 0.012 | 188.03 | 117.08 198.6
ML.107 | 73.873 0.302 | 12905 | 2.349| 2.349 0.03| 0.224 1.098 | 3.813 | 4.312 0.061 | 240.91 | 142.34 140.2
ML.104 | 68.149 0.46 15.26 1737 | 1737 | 0063 | 0.795| 3.354| 4614 3.16 0.138 | 135.57 95.74 1160.3
ML.108 | 65.403 0.514 | 15558 2.75 275| 0.065| 0.772 289 | 4141 4.606 0.147 | 17648 | 12232 | .83535
ML.225 | 64.911° 0.677 | 17.652 3.01 3.01 0.044 | 0.941 3.338| 5712 | 3.127 0.204 | 273.76 | 93.222 1249
ML.273 75.69 0.1 15.05 0.95 0.95 0.01 0.15 0.37 2.78 4.28 0.02 353 103 86
ML.277 70.32 037 | 14.98 2.68 2.68 0.03 0.98 244 2.71 2.82 0.07 690 162 493
ML.280 69.96 038 | 14.45 3.48 3.48 0.03 0.64 2.94 2.83 2.91 0.06 480 178 487
Sample | Y Zr Nb Th Pb Ga Zn Cu Ni Vv Cr Hf Cs Sc
ML.1 24107 | 357.8 | 53.285 * - 104.32 * * * 11.227 6.608 - N N
ML.3 19.628 | 115.37 * * - 16.436 | 1.576 * - 5.603 7.478 * * .
ML.4 1.233 | 382.13 | 28.556 * * 83.976 * * * 29.802 13.498 - " .
ML.8 1.68 | 200.73 | 11.496 * * 42.049 | 4.224 . * 4.801 7.097 * * ’
ML.15 10.192 | 215.97 * - * 53.887 " * - 12.307 10.346 * " ’
ML.18 8.83 | 274.72 | 53.57 * * 72.801 - * " 4.567 7.095 * " *
ML.33 4.867 | 212.97 * * * 200.07 * * * 13.878 7.202 * " ]
ML.40 28.228 | 121.92 | 3.314 " * 13.11 | 27.158 14.469 * " * 2.515 " :
ML.g1 * 184.33 * * * 12.582 | 32.218 11.035 . - * - * -
ML.142 62.29 | 163.03 | 58.397 | 66.299 * 15.08 | 23.819 17.363 | 4.757 * * 3.33 * -
ML.145A " 302.92 * * " 36.298 - * * 47.476 8.647 - N ]
ML.146 | 22.169 | 352.19 | 7.508 * * 11.873 | 26.345 9.557 * 31.588 16.142 5.413 . .
ML.147 - 33 354 0.7 4 * 37 300 * 9 30 * 7 * .
ML.113 | 35.055 | 172.95 | 34.775 | 46.058 * 15.358 | 28.08 17.919 | 10654 | 5121 4.441 5.29 * o
ML.107 9.099 | 124.41 * * * 12.688 | 29.589 21.28 * 9.076 5.015 1.262 * .
ML.104 * 192.59 " " * 15.604 | 51.05 18.751 * * * * * .
ML.108 * 181.63 * 15.135 * 17471 54.82 13.301 3326 | 4344 | 1.983 3.988 - *
ML.225 * 184.28 * " * 17.19 | 57.063 11.57 | 8.055| 22105 | 10.721 2.716 * *
ML.273 0.5 133 0.7 0.7 . 65 938 * 5 6 * 2 * !
ML.277 22 189 0.5 2 * 24 243 * 4 16 * 2 - *
ML.280 19 240 0.5 0.5 * 21 220 * 4 13 * 1 N *
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Sample |Ns | Di |DWo |DiEn |DiFs |Hy |HyEn |HyFs |0l |OIFo {0Fa [ Mt |iL A ilcl ol Rby/Sr J
ML.1 11.27 | 155 0.73] 0.03 | 0.79 0 0 ol o 0 0 0| 037 0.04 1.92 78.8 | 0030
ML.3 ol o 0 0 ol 213[ o018| 195[ o0 0 0| 317 032 0.05 562 | 87.74 | 2444
ML.4 847 |4.05| 2.05| 102| 098] 071] 036 035| 0o 0 0 0 1 0.19 575 | 7542 | 0028
ML.8 927|271 13] 018] 1.23 ol o0 0l o0 0 0 0| 023 0.3 2.94 | 7825 | 0056
ML.15 0ol o 0 0 0| 375] 043] 332] o 0 0| 543 057 0.2 9.76 | 84.48 | 2.541
ML.18 8.69 | 0.68 | 0.34| 0.13 | 0.21 0 0 o| o 0 0 0| 018 0.03 0.86 | 82.68 | 0.058
ML.33 o] o 0 0 o| 371 | 277] o094| o 0 0| 193] 051 0.05 6.14 | 2819 | 1308
ML.40 0/176] 09] 052 034 0 0 0| o 0 0| 078| 023 0.03 277 | 9226 | 0852
ML.91 0464 238 142 0.84 0 0 o] o 0 0| 193] 0.71 0.24 7.28 | 8341 | 0117
ML.142 | 19.74 | 033 | 0116 | 003 | 014 | 048] 008| 04| o0 0 0 0| 0.14 0.2 0.94 | 6502 | 0602
ML.145A o]l o 0 0 0125331576 | 958| 0 0 0| 7.29| 123 0.23| 1458 | 7226 | 0592
ML.146 o] o 0 0 0| 416 235| 18| o0 0 0| 471 1.81 0.46 | 1068 | 71.05 | 0259
ML.147 o]l o 0 0 01063 | 10.63 o| o 0 0| 054 087 04| 1205 | 80.93 | 2.091
ML.113 14.110.51 | 025]| 004 | 023| 215 032] 184] o0 0 0 0| o027 0.03 2.94 | 6742 | 0590
ML.107 o] o 0 0 0] 245| 055] 19| 0 0 0| 336| 057 0.13 6.38 | 8838 | 1015
ML.104 0349 18| 109] 061 1.42] 091 051] 0 0 0] 253] 0.88 0.3 832 | 7976 | 0.083
ML.108 0272/ 137|066 | 069 | 264 | 128] 136] o0 0 0 4| 098 032 1035 | 79.08 | 0.146
ML.225 0| 17| 086 | 045| 038 | 34| 184] 156] 0 0 0| 425| 125 043 | 1061 | 76.05 | 0075
ML.273 o] o 0 0 0| 118 | 037] 081 0 0 0| 137 | 019 0.04 2.74 | 9032 | 1.198
ML.277 ol o 0 0 0| 459| 245| 245| 0 0 o| 3.88| 07| o015 9.18 | 7581 | 0.329
ML.280 o] o 0 0 0| 449 158 25| o0 0 0| 498 071 013 1019 [ 7421 | 0.386
Sample [Ta [Co [lLa Ce Nd Sm Eu | Tb Yb Q c lor Tab An [Ne [aAc |
ML.1 0955 * [49.739| 52504 - 32422 * - - 3938 | 0[39.41 0 o o 173]
ML.3 3303 | * 15841 | 50421 . 27.798 | - : 37.83 | 33| 30.4] 195| 329 0 0
ML.4 1.026 | 110005 54.756 - 18] * * . 36.89 | 03853 0 0 0| 342
ML.8 2766 | - [ 49222 | 49.961 - 22642 * - . 3973 03852 0 0 0 222
ML.15 283 * 7045 | 73512 * 0.404 [ - - . 37.38 | 362752 | 1957 [ 197 0 0
ML18 | 1491 * 113314 | 49.668 : 26.307 | * * : 435|  0]39.18 0 0 0| 057
ML.33 | 2774 | * |27.205| 71.209 * 70.275,| * : . 4358 | 447 | 357 29| 7.15 0 0
ML40 | 1.851| * [12973| 54617 - 3453 | * * - 2936 | 0[29.74] 3316 ] 4.91 0 0
MLO1 | 1109 * - - : . : . - 2446 | 0[1495| 43.99| 868 0 0
ML.142 {2307 | * |19.646 | 100.39 - 10.733 | * . : 6436 | 0] 068 0 0 0| 1.05
ML.145A | 1.589 | * [ 47.435| 83.407 - 61.762 | " * . 31.93 [ 2.32 [ 20.34 20 | 10.61 0 0
ML146 | 0773 | * |65663| 1252 : 16.457 | * - - 31.87 | 1.08 | 14.17 | 25.02 | 16.72 0 0
ML.147 7| ¢ 22 96 - 21| " * - 323|433 072| 479 211 0 0
ML113 | 238 * [42164| 14095 - 21687 | * . - 6412 | 0] 33 0 0 0] 362
ML.107 | 1.287 | * * | . 52.566 - 2.604 | * . . 31.4 008 | 25.17 | 31.81| 5.03 0 0
ML.104 [1291] * . > - : * * * 21.76 | 0[1879] 3921162 0 0
ML.108 [1.509 | * [35279| 1.884 - 5.053 | - . - 16.58 | 0/27.35| 3514 10.25 0 0
ML.225 [1.137 ] - 19.38 - - 7.281 | * - - 1098 | 01802 ] 47.04 ] 12.91 0 0
ML.273 2] ¢ 15 62| - 4| . - 4167 | 518 | 2523 | 23.41 | 1.71 0 0
ML 277 2| 17 2 : 8| * . - 36.26 | 3.17 | 16.67 | 22.89 | 11.69 0 0
ML.280 1.5 * 25 14| - 1] - . * 3355 1.39 [ 17.01 | 23.64 | 14.08 0 0
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STTRUCTURAL MAP OF THE MAHNESHAN SHEET SCALE 1:400 000
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