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1-Introduction

Mahin village is located in the Alborz-Azerbaijan area in Tarom-Hashtjin magmatic-metallogenetic sub-
area. Like many parts of the Alborz-Azerbaijan area, in this region, following the Alpine orogenic event,
various extrusive, intrusive, and sub-volcanic rocks have been created from the Eocene to the Oligocene.
There is no other study on this region, except for small-scale geological maps (such as 1:250,000 and
1:100,000 maps of Zanjan and Rudbar) and the exploration report of the Saznang copper area. In this paper,
the petrographic, geochemical, and petrogenic properties of volcanic rocks in the area are to be investigated.
Accurate study of these characteristics will lead to a better understanding of the geological processes
operating and assist in the exploration of ores in the Tarom-Hashtjin metallogenetic belt.

2-Material and methods

The southern part of Mahin village is located about 65 km northeast of Zanjan, in the southeastern part of
the 1: 100,000 Rudbar sheet. The research includes two sections: field and laboratory studies and it is part
of the study of exploration of ores in the region. In this regard, 14 thin sections for lithology and texture
studies have been prepared and examined in the microscopic laboratory of Zarazma Company of Mineral
examination. In field studies, a geological map of 1: 2000 scale has been prepared. Analysis data of 38
samples were used for geochemical studies. It should be noted that all samples of exploratory studies were
analyzed by XRF and ICP-MS methods in the laboratory of Kansaran Binaloud Minerals Research and
Analysis Company in Tehran.

3- Results and discussions

Petrographic studies in the southern part of Mahin show that the outcrop of rocks in the area includes
andesite, trachyte andesite, basaltic andesite, pyroxene andesite, pyroclastic rocks, and porphyritic gabbro,
affected by the alteration process. In geochemical studies, the samples are located in the basalt, alkaline
basalt, andesite, and basaltic andesite domains. All rock samples are in the magmatic series of calc-alkaline
to high-potassium calc-alkaline (shoshonite). The primary magma is alkaline in nature. Amphibole and
mainly phlogopite are present in the original melt. Accordingly, the primary magma was probably formed
at a depth of about 70 km. The rock samples are in the tectonic position of the subduction zone volcanoes
due to the Zr/Y versus Zr diagram (Muller and Groves, 1997), TiO2 vs. Al,O3 (Muller and Groves, 1993),
and La/10 -Y/15 — Nb/8 (Cabanis and Lecolle, 1989) diagrams and according to the diagram Zr/Y — Zr
(Dunphy and Ludden,1998), they are located in the position of the oceanic arc and continental arc. V versus
Ti/1000 diagram (Shervais et al, 1982) indicates that the genesis of the samples is not related to the back-
arc basins. Based on, Zr x 3 — Nb x 50 — Ce/P,0s (Muller et al., 1992), Ce vs. Ce/Pb, and Nb vs. Nb/U
(Lakhan et al., 2020), the samples are related in the continental arc or post-collision arc position.
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4- Conclusion

The composition of high-potassium calc-alkaline, the decrease of HFSE elements, especially Zr, the high
ratios of Nb/U, Th/U, Ba/Nb, Nb/Th and the low ratio of Ce/Pb and the results of the studied graphs, confirm
the existence of active continental arc. The common geochemical characteristic between the magmatic
activity of islands arc and the magmatic activity of continental active margins are special characteristics of
ensialic back-arc in continental regions. Tensile tectonic regime causes the formation of back-arc basins in
the island arc regions; It can also result in active continental margin areas and causes the formation of
continental (ensialic) back-arc basins. Unlike oceanic back-arc basins, tensile tectonics in such areas do not
cause the formation of new oceanic crust. In most areas continental (ensialic) back-arc basins, extensional
tectonics cause the formation of shallow sea basins at the surface where sedimentary and igneous rocks are
formed. There probably exist active normal continental arc and continental (ensialic) back-arc basins in the
southern part of Mahin. The MgO — FeO — Al,O; diagrams (Pearce et al., 1977), can confirm the
simultaneous presence of active normal continental arc and continental (ensialic) back-arc basin.
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Tablel. Major elements analyses for selected rock samples (XRF wt.%)

LAB Si0, TiO,  ALO;  FeOT  MnO MgO  CaO Na,0 KO P05  LOI
MH-83-01 51.78 0.843 127 6.26 0.139 565 74 286 282 034 7.9
MH-83-02 5291 0.814 119 7.02 0.136 583 7.1 153 341 0.38 6.09
MH-83-04 49.63 0.775 117 513 0.153 252 1241 141 279 0.34 10.85
MH-83-08 51.97 0.809 129 6.72 0.102 457 963 162 281 036 5.3
MH-83-13 51.21 0.748 113 6.13 0.106 335 988 0.01 151 041 522
MH-83-15 52.88 0.825 124 652 0.082 413 829 0.01 223 043 4.23
MH-83-19 49.31 0.762 111 699 0.136 508 108 3.06 18 0.3 9.3
MH-83-18 49.42 0.865 121 833 0.136 547 735 215 219 04 6.84
MH-8322 5435 0.802 135 641 0114 472 7.84 298 3.06 041 457
MH-83-23 66.52 0.443 158 271 0.048 1.04 256 416 401 0.13 175
MH-83-24 58.84 0.813 125 639 0.233 242 671 436 234 044 351
MH-83-25 59.71 0.789 115 598 0.239 136 738 504 195 0.33 4.33
MH-8326 71.03 0596 11.3 3.8 0.054 222 309 236 282 018 184
MH-83-27 73.23 052 129 104 0.009 053 1.1 0.73 742 0.15 1.65
MH-83-28 7427 0458 116 1.38 0.021 073 114 313 441 0.28 152
MH-83-29 57.42 0.814 109 6.13 0.211 135 857 53 0.53 0.2 1.25
MH-83-30 6231 0.742 11.8 6.09 0301 165 458 171 302 019 6.3
MH-8331 714 0529 148 217 0.046 051 044 545 168 0.12 2.07
MH-83-32 60.2 0.753 153 261 0573 122 076 427 274 014 228
MH-83-33 71.88 0.316 127 265 0.067 145 011 026 7.6 007 158
MH-83-34  65.92 0.408 12 7.3 0.112 3.34 0.3 235 368 0.05 285
MH-83-35 77.28 0.257 123 0.38 0.006 0.2 0.3 7.89 0.08 0.07 0.63
MH-83-36 76.52 0.352 10.5 2.02 0.133 178 0.19 0.68 573 0.09 1.48
MH-83-37 49.22 0912 14 6.69 0.124 055 11.12 381 082 0.39 11.13
MH-83-38 57.04 0.778 13.8 7.06 0.121 4.41 587 237 463 042 2.07
MH-83-39 5495 0.77 14 723 0108 5.81 7.2 265 319 047 218
MH-83-40 55.78 0.818 126 747 0.135 6.39 673 236 311 044 272
MH-83-41 56.97 0.765 13.1 7.09 0.112 528 6.76 258 327 049 238
MH-83-42 644 0.666 115 543 0125 345 636 273 116 025 299
MH-83-43 64.97 0.837 13.8 4.09 0139 186 472 379 268 053 232
MH-83-44 66.23 0.735 134 465 0.082 231 371 321 402 032 04
MH-83-45 60.44 0.816 13.3 6.12 0.108 326 327 506 352 037 205
MH-83-46 556 093 14 751 0151 451 866 245 405 043 285
MH-83-47 71.94 0.605 134 264 0.047 082 041 573 323 012 0.95
MH-83-48 70.38 054 131 316 0.113 098 099 455 403 017 1.27
MH-83-49 57.26 0.829 142 6.08 0.123 281 597 525 241 041 35
MH-83-50 65.95 0.611 12 333 005 119 129 049 569 028 4.08
MH-8352 67.17 0539 124 3.07 0113 116 138 175 34 031 3.7
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Table 2. Trace elements analyses selective samples rocks (ppm ICP-MS).

—
=

LAB Cl S Ba Sr Zn Pb Ni Cr V Ce La Nb Zr Y Rb Co

MH-83-01 6 103 547 425 186 15 25 53 87 41 12 22 44 27 64 26
MH-832 71 13 1023 679 97 12 26 42 89 55 21 19 43 24 81 24
MH-83-04 5 156 470 - 102 24 20 38 72 34 17 15 36 23 69 21
MH-83-08 71 13 652 610 120 19 26 46 98 21 13 15 43 26 58 29
MH-83-13 62 22 503 546 193 20 20 42 8 52 11 17 28 23 34 32
MH-83-15 531 10 493 514 80 18 21 49 92 21 41 13 32 24 52 29
MH-83-19 39 14 521 406 103 10 32 44 81 19 32 14 37 25 38 27
MH-83-18 10 73 1033 666 174 19 34 99 112 37 12 13 33 24 51 37
MH-83-22 42 15 564 804 99 15 28 42 82 18 25 16 45 24 69 16
MH-83-23 10 12 1000 510 38 21 1 5 32 18 19 11 64 25 123 10
MH-83-24 93 84 501 265 58 12 20 50 8 33 52 10 51 28 63 26
MH-83-25 114 141 425 190 53 7 19 42 79 39 49 21 54 29 54 14
MH-83-26 5 12 528 426 33 12 10 47 42 35 16 64 26 98 18
MH-83-27 53 10 483 162 35 75 5 35 50 22 27 77 27 142
MH-83-28 5 65 630 200 28 6 6 39 59 25 20 70 27 113 8
MH-83-29 68 12 170 302 92 16 11 73 33 20 4 39 34 13 17
MH-8330 3 15 221 172 204 15 5 6 7 15 45 36 116 17
MH-8331 33 58 240 181 30 8 3 31 60 18 13 89 37 46 2

MH-83-32 42 11 534 118 29 5 11 31 46 30 6 81 42 79 7
MH-83-33 43 37 2140 48 32 10 7 21 19 46 10 51 21 130
MH-83-3¢ 4 111 2011 101 10 7 65 66 30 12 52 21 53 23
MH-83-35 9 15 157 102 3 3 14 18 4 9 76 20 5
MH-83-36 60 58 1414 78 4 9 1 3 25 18 9 6 41 20 131
MH-83-37 15 207 182 384 48 5 22 64 68 27 19 23 45 24 17 24
MH-83-38 98 15 853 800 63 12 30 77 81 50 32 6 48 26 128 24
MH-83-39 109 37 642 605 69 12 45 114 8 29 15 7 41 24 89 25
MH-83-40 19 10 520 611 71 13 38 103 84 44 29 10 41 23 39 32
MH-83-41 76 128 425 622 77 9 33 80 8 34 6 17 43 24 93 26
MH-83-42 42 158 298 921 50 19 31 92 68 39 30 12 52 22 35 29
MH-83-43 124 83 1227 390 84 8 7 9 56 36 29 16 79 47 78 16
MH-83-44 8 59 890 319 50 17 8 17 54 5 29 17 64 35 131 11
MH-83-45 30 47 659 739 62 10 26 64 99 42 17 7 48 23 89 29
MH-83-46 3 116 960 1168 69 9 29 53 95 60 17 5 48 25 90 31
MH-83-47 57 19 585 137 41 10 1 6 32 38 13 13 84 38 84 9
MH-83-48 76 78 884 146 112 7 1 7 33 54 10 19 84 37 119 12
MH-83-49 64 5 336 238 8 13 23 86 89 15 8 15 43 24 56 23
MH-83-50 6 124 754 172 45 284 3 21 49 60 29 19 53 34 173 21
MH-83-52 5 188 551 165 47 92 3 12 44 53 10 25 58 31 9 9
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@Y IS asle ayloges (o laoled) (2005

Fig. 6. (2) Diagram Na,O / K20 vs Na;0 + K;0 (Miyashiro, 1975) and (b) diagram Nb vs Zr (Abu-Hamatteh et al. 2005)
(symbols in the diagram are as in Figure 4. a).
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Fig. 7. Pattern of spider diagrams normalized with NMORB (Sun and McDonough, 1989) and comparison of studied
samples with (a) Arc Island averages and (b) Active continental margin average (Kelemen et al., 2004)
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Fig. 8. (a) Diagram Rb / Zr vs Nb (Brown et al, 1984) (symbols in the diagrams are as in Figure 4. a)
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Fig. 9. (a) Diagram: Rb/Sr vs Nb/Th and (b) Rb / Sr vs Ba/Rb (Furman and Graham, 1999) (symbols in diagrams as in

Figure 4. a)
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Fig.10. (a) Diagram Rb/Y vs. Nb /Y (Atherton and Ghani, 2002) and (b) Ba / La vs P205 /TiO2 (Andersson

et.al., 2006) (symbols in diagrams as shown in Figure 4. a)
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