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Fig. 1. Location of volcanic rocks of Farmahin area (North of Arak) in Farmahin map (Hajian, 1970)
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Fig. 2. Microscopic images of selected samples from Farmahin area A: Plagioclase mineral with automorphic shape, B:
Plagioclase mineral with zoning structure, C: Pyroxenes in andesite and basaltic andesite rocks, D: Plagioclase mineral
with zoning structure and amphiboles with opacitized rim, E: Altered olivine to iddingsite in basaltic andesite rocks,
and F: Quartz mineral with round embayment. all pictures in XPL (Crossed-polarized light). Pl= Plagioclase, Cpx=
Clinopyroxene, Ol= Olivine, Qz= Quartz, Hbl= Hornblande (Mineral abbreviation from Whitney and Evans, 2010)
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Table 1. Plagioclase EPMA analyses results in volcanic rocks of Farmahin area (Chemical composition of plagioclases

and structural formula based on 32 oxygen atoms)

S:;nnl:;e SE-4 SE-4 NH-10 NH-10 NH-25 NH-25 AG-23 AG-23 AG-15 AG-15 AG-15
By By By Lb Lb Lb Ab Ab Ab Olig Az
SiO:2 48.53 50.1 46.91 50.17 5094 50.72 67.23 69.01 67.16 53.82 51.85
TiO: 0.04 0.03 0.01 0.02 0.04 0.03 0.14 0.01 0 0.02 0.02
AlLO3 3322 32.57 34.73 32.09 31.28 31.09 19.16 19.14  21.09 22.10 23.16
Cr20s 0.01 0 0.02 0 0 0 0 0 0 0 0
FeO 0.51 0.58 0.44 0.44 0.51 0.53 0 0 0.64 12.83 421
MnO 0.01 0.02 0 0.01 0 0.01 0 0 0 0 0
MgO 0.05 0 0 0.01 0.01 0 0 0 0 391 1.94
CaO 16.35 15.11 17.25 1429 13.32 13.77 0.25 0.12 0.72 3.06 8.12
Na:O 2.21 3.02 1.64 3.46 3.58 3.23 12.65 12.13 11.16 4.15 8.03
K20 0.05 0.07 0.04 0.11 0.1 0.09 0.62 0.06 1.06 0.35 3.03
F 0 0 0 0.15 0.06 0.22 0 0 0 0 0.01
Cl 0 0 0 0 0 0 0 0 0 0 0
Total 100.98 101.5 101.04 100.75 99.75 99.69 100.05 100.47 101.83 100.24 100.36
Ions (Ions based on 32 oxygen atoms)
Si 8.831 9.038 8.55 8.76 9921 9926 2.963 3.004 2.931 2.48 2.280
Ti 0.005 0.003 0.001 0.002 0.005 0.003 0.001 0 0 0.001 0.001
Al 7.112 6.922 7.45 6.6 6.713 6.697 0.996 0.982 1.079 1.203 1.200
Cr 0 0 0.002 0 0 0 0 0 0 0 0
Fe 0.067 0.086 0.065 0.063 0.076 0.077 0 0 0.023 0.496 0.155
Mn 0.001  0.002 0 0.001 0 0.001 0 0 0 0 0
Mg 0.01 0 0 0.002 0.002 0 0 0 0 0.269 0.127
Ca 3.184 2918 3.365 2.67 2577 2698 0.012 0.006 0.033 0.151 0.383
Na 0.766 1.041 0.57 1.156 1.261 1.145 1.081 1.024  0.939 0.372 0.685
K 0.01 0.01 0.008 0.021 0,021 0.011 0.035 0.003 0.059 0.021 0.170
Ab 19.34  26.23 4.451 30.05 32.58 29.71 96.12 99.1 91.12 68.35 55.33
An 80.4 73.52 8534 6941 66.59 70 1.21 0.9 3.32 27.85 30.92
Or 0.26 0.25 0.21 0.54 0.83 0.29 2.67 0 5.56 3.79 13.73

Olig= Oligoclase, Az= Andesine, Ab= Albite, By= Bytownite, Lb= Labradorite
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Table 2. Pyroxene EPMA analyses results in volcanic rocks of Farmahin area (Chemical composition of pyroxenes and
structural formula based on 6 oxygen atoms)

Sample NH-25 NH-25 NH-25 NH-25 NH-10 NH-10 AG-15 AG-15 SE-4 SE-4
name

Clin-En  Clin-En  Clin-En Au Au Au Au Au Au Au
SiO: 53.16 53.29 52.7 52.19 50.89 51.06 51.40 51.35 53.22 51.65
TiO2 0.13 0.13 0.25 0.68 0.7 0.61 0.68 0.59 0.48 0.46
ALO; 1.28 1.31 1.46 2.51 1.98 3.2 3.01 2.89 1.33 1.44
Cr20s3 0 0 0 0 0 0 0 0 0 0.02
FeO 21.07 20.98 20.25 10.47 10.8 11.12 0.68 10.9 9.54 12.27
MnO 0.79 0.75 0.67 0.39 0.43 0.35 3.01 0.39 0.39 0.57
MgO 23.85 23.37 23.22 15.03 14.32 14 14.09 13.94 15.18 13.67
CaO 1.05 1 1.4 19.36 20.29 20.07 19.89 19.9 20.03 19.85
Na:O 0 0 0 0 0 0.36 0.40 0.36 0.33 0.31
| (€10 0 0 0 0 0 0.02 0.02 0 0 0
F 0 0.06 0.08 0 0 0 0.04 0.02 0 0
Cl 0 0 0 0 0 0 0 0 0 0

Total 101.33  100.89  100.03  100.63 99.41 100.79  101.04  100.34 100.5 100.24

Ions (Ions based on 6 oxygen atoms)
Si 1.948 1.958 1.952 1.933 1.916 1.892 1.91 1.919 1.969 1.948
Ti 0.003 0.004 0.006 0.018 0.02 0.017 0.018 0.016 0.013 0.011

AlY 0.052 0.042 0.048 0.067 0.084 0.108 0.09 0.018 0.031 0.052
Al 0.003 0.014 0.014 0.042 0.004 0.032 0.041 0.044 0.026 0.011

Cr 0 0 0 0 0 0 0 0 0 0.0004
Fe* 0.580 0.618 0.599 0.325 0.3 0.276 0.022 0.297 0.291 0.325
Fe® 0.062 0.026 0.027 0 0.04 0.068 0 0.043 0.004 0.060

Mn 0.024 0.022 0.020 0.012 0.014 0.011 0.011 0.011 0.011 0.018
Mg 1.302 1.279 1.279 0.828 0.804 0.773 0.780 0.775 0.836 0.768
Ca 0.039 0.037 0.053 0.768 0.819 0.797 0.791 0.795 0.794 0.8

Na 0 0 0 0 0 0 0.026 0.026 0.022 0.022
K 0 0 0 0 0 0 0.008 0 0 0
Wo 2.07 2.00 2.83 39.96 41.71 41.61 42.69 41.63 41.22 40.97
En 65.84 65.17 65.25 43.17 40.96 40.39 40.98 40.57 43.46 39.25
Fs 32.45 32.82 31.92 16.87 17.33 18.00 16.33 17.80 15.32 19.77

Au= Augite Clin-En= Clinoenstatite
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Table 3. Chemical analyses results of samples in Farmahin area-Vasheghan (Major elements based on wt. % and Trace
elements based on ppm)

Sample

No SE-4 SE-10 SE-20 SE-23 SE-25 SE-47 SE-53 SE-59 SE-76 SE-77 NH-10 NH-25

SiO: 61.9 6253 6461 6343 6448 61.66 6439 61.62 60.27 60.77 59.88  57.75
TiO: 0.71 0.63 0.68 0.63 0.57 0.63 0.6 0.73 0.61 0.74 0.69 0.72
ALOs; 1885 1857 17.88 1862 1738 1792 1874 1897 17.11 19.52 17.83 19.23
FeOx 3.6 1.8 2.75 1.7 2.86 2.88 2.58 3.29 3.02 298 1.19 2.59
MnO  0.25 0.18 0.15 0.18 0.16 0.19 0.14 0.19 021  0.18 0.23 0.16
MgO 221 2.73 1.65 2.47 2.93 2.9 2.58 2.36 276 215 3.69 2.63
CaO 5.08 5.69 4.55 3.46 3.55 5.93 1.52 4.16 542 513 9.88 9.93
Na;O  3.68 3.1 4.03 3.88 3.81 3.59 3.76 3.94 349 398 2.66 2.96
K>O 1.25 2.23 2.59 1.88 2.45 2.03 2.93 2.87 285 1.77 0.97 1.75
P20s 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.16 0.15
L.OI.  1.88 2.4 0.42 3.64 1.84 2.5 2.98 1.86 3.8 1.72 2.88 2.72
Total  99.51 100.06 99.51 100.09 100.23 100.43 100.42 100.09 99.74 99.04 100.06 100.59
Ti 6205 5670 5482 5325 5381 5049 4683 5718 5702 6411 6205 6411
Be 1.1 1.6 1.4 1.7 1.6 1.8 1.6 1.3 1.7 1.3 1.1 1.3
v 131.9 1053  99.7 73.2 99.7 96.3 92.8 118.6 115.1 144.1 1319 144.1
Ba 279 370 376 461 387 396 348 381 372 314 2782 3128
Sr 213 228 215 199 224 219 215 261 235 262 231.1 2615
Y 22.1 24.8 22.3 15 22.9 30.9 26.9 19.2 333 234 22.1 23.4
Zr 148 138 120 122 146 152 149 132 157 140 218 216

Cr 32 31 34 31 23 20 35 23 34 28 31 28
Co 31 29 25 27 27 28 23 32 28 30 107 104
Ni 15 27 6 14 1 8 0 28 0 30 3.7 7.4
Cu 274 123 193 192 143 128 131 226 221 228 274 228
Zn 92 66 112 105 91 80 92 87 73 71 107 86
Ga 219 161 04 168 249 184 15 217 252 255 249 285
Ge 09 0.7 0.6 0.7 0.9 0.9 0.4 1.1 0.8 1.1 0.9 1.1
Rb 116 110 109 103 112 108 107 122 117 122 706 772
Nb 6 8 7 8 8 9 9 4 8 4 6 4.1
La 10 17 12 11 13 18 14 12 20 11 10 10
Pr 9 6 5 6 8 9 5 7 9 9 8.1 8.8
Nd 26 28 27 26 29 32 31 29 36 26 259 264
Sm 3 4 4 4 4 8 5 3 6 4 2.8 3.4
Eu 1 1 1 1 1 1 1 1 1 1 0.6 1.1
Ho 1 1 1 1 1 1 1 1 1 1 0.7 0.7
Er 3 3 3 4 3 4 3 3 5 4 3.2 2.9
Yb 4 4 4 3 4 4 4 4 5 4 3.8 4
Lu 1 1 1 1 1 1 1 1 1 1 0.3 0.3
Hf 4 6 3 6 9 7 7 4 4 4 3.3 43
Ta 1 1 1 1 1 1 1 1 1 1 1.1 0.7
Th 54 36 6.5 8.5 9.7 9.6 84 125 142 74 1.6 75
U 3.1 26 1.1 2.4 2.9 3.3 1.4 3.6 3 3.4 3.1 3.4

Th/Ta 54 3.6 6.5 8.5 9.7 9.6 8.4 12.5 14.2 7.4 1.4 10.7
Ba/La 279 21.7 31.3 41.9 29.7 22 24.8 31.7 18.6  28.5 27.8 31.2
Nb/U 1.9 3.1 6.4 3.3 2.8 2.7 6.4 1.1 2.7 1.2 1.9 1.2
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Table 4. Chemical analyses results of samples in Farmahin area-Ghermez Cheshmeh (Major elements based on wt. %
and Trace elements based on ppm)

Sa&“{f’le AG21 AG-23  AG-12  AG-7T  AG9  AG-16  AG-13  AG-15  AG-2
Si0: 6956 708 6429 7144 7609  59.13 5595 5048 50.8
TiO: 059 045 0.33 0.31 0.36 0.69 0.72 115 1.00
ALO; 1454 1261 1384 1331 1419 1487 6.61 13.08 8.2
MgO 088 185 0.26 0.97 0.2 2.62 3.17 3.16 434
Ca0 1.1 2.75 6.84 0.71 0.37 4.1 8.53 7.07 7.73
MnO 006  0.05 0.04 0.04 0.03 0.07 0.23 0.18 0.16
FeO' 227 462 4.2 4.88 2.52 1078 12,61 10.97 1529
N0 372 336 0.12 3.81 2.8 4.27 2.6 3.69 4.22
K:0 402 0.89 1.09 2.97 132 2.63 1.54 1.81 0.97
P20s 0.12 0.1 0.09 0.07 0.09 0.15 0.16 0.34 0.19
LOI 241 498 1021 2.39 3.48 4.83 6.08 8.44 9.63
Total ~ 99.27 10246 10131 10090 10145 10415 9821  100.38  102.53

Ti 743 5.64 4.14 3.98 4.5 8.68 9.1 1449 12.53
Be 2 2 1 1 <1 2 1 1 1
v 71 49 26 26 25 119 138 324 182
Ba 3482 3764 3185 3942 3372 4393 386 379 257.4
Sr 225 2487 2032 2055 266 2342 2321 242 189
Y 282 225 30.4 20.2 24.6 15.4 218 26.5 23.7
Zr 131 126 127 145 116 133 127 142 179
Cr <20 <20 <20 <20 <20 <20 60 <20 50
Co 6 10 1 3 <3 14 18 32 21
Ni <20 <20 <20 <20 <20 <20 <20 <20 <20
Cu 60 170 30 60 40 40 40 270 80
Zn 40 <30 <30 40 <30 70 60 90 270
Ga 16 14 16 15 15 17 16 18 17
Ge 1 1 2 1 2 1 2 2 1
Rb 125 30 35 76 47 77 28 47 36
Nb 13 9 6 6 7 9 8 4 9
La 309 255 19.5 232 20.2 25.5 21.5 10.3 20
Pr 7.04 5.9 4.17 4.95 4.41 6.18 5.28 3.68 4.94
Nd 262 228 15.5 18.3 16.6 24.2 21.1 18.1 19.9
Sm 4.9 4.5 3.5 4 3.3 5.2 4.5 5.2 4.7
Eu 101 086 0.77 0.76 0.53 1.08 1.03 1.48 1.14
Ho 1 0.9 0.8 0.9 0.7 1 0.8 1.3 1
Er 2.9 2.9 2.5 2.8 2.1 2.7 2.4 3.8 2.8
Yb 3.1 3 2.6 3.2 2.4 2.7 2.5 4 2.7
Lu 0.53 0.5 0.48 0.57 0.51 0.48 0.45 0.63 0.5
Hf 7.3 6.1 3.7 3.6 4.4 5.4 3.9 2.9 4.1
Ta 1.1 0.9 0.6 0.6 0.7 0.8 0.7 0.3 0.6
Th 137 124 8.1 8.9 9.1 9.9 7.6 1.6 6.4
u 3.8 4.5 2 3 2.5 3.1 2.7 0.5 2
Th/Ta 124 137 13.5 14.8 13 12.3 10.8 5.3 10.6
Ba/La 112 147 16.3 16.9 16.6 17.2 17.9 36.7 12.8

Nb/U 3.4 2.0 3.0 2.0 2.8 2.9 3.0 8.0 54




Yo GJL....G....J] L;Lm_f.:..a &Lofuy}& e 9 u.s“”"‘“?j) ‘6)5“5;"’ (\yay ‘_JL.J) \ e)Lo..'b Neals

PPM > SlaS polie 5 (S9 0o)d conzp (hol folie) aisps = (s B ddlaie Sladiged (oleord 428 B0 Jgu

Table 5. Chemical analyses results of samples in Farmahin area-Sar Band (Major elements based on wt. % and Trace
elements based on ppm)

Sa&“{f’le NH-1 NH-2 NH-4 NH-6 NH-9 NH-16 NH-19 NH-22 NH-23 NH-27
Si0: 5888 6151 6359 6041 6446 6064 6437 59.60 6025 5875
TiO: 069 061 066 061 055 051 058  0.71 059  0.72
ALOs 1783 1755 17.86 1850 1636 1690 1672 1895  16.09  19.23
FeO' 699 533 525 525 530 536 533 689 577 7.8
MnO 169 121 1.13 1.55 1.41 1.20 149 184 149 1.63
MgO 023 016 013 016 014 017 012 017 019 016
ca0 781 7.2 633 604 628 871 627 691 8.15  7.70
Na;0 266 290 3.0l 276 279 257 274 292 247 296
K20 097 121 122 086  0.90 1.01 091 085 083 075
POs 016 021 020 022  0.19 021 020 016 018  0.15
LOI 188 200 042 344 142 250 098 08 380 072
Total  99.88 99.82 9979  99.80  99.79  99.77  99.72  99.85  99.79  99.84

Ti 62054 5670.4 54824 53250 53813 5049.5 4682.5 57183 5702.1 6410.6
Be 1.1 1.6 1.4 1.7 1.6 1.8 1.6 1.3 1.7 1.3
v 1319 1053 997 732 997 963 928 1186 1151  144.1
Ba 2782 3693 3757  460.6 3849 3939 3475 3803  369.9  312.8
Sr 231.1  227.6 2148 1988 2240 2192 2148 2608 2348 2615
Y 2.1 248 223 150 229 309 269 192 333 234
Zr 2184 2084 189.8 191.8 216.6 2241 2204  202.6 227.6  216.0
Cr 31.0 309 341 307 232 19.6 340 230 235 280
Co 107 86 4.9 6.8 7.2 8.3 2.9 11.8 8.2 10.4
Ni 3.7 6.7 1.3 3.4 0.0 1.9 <0.5 6.8 <0.5 7.4
Cu 274 123 193 19.2 14.3 12.8 131 226 221 22.8
Zn 54 87 109 122 94 89 92 82 76 69
Ga 249 191 234 198 279 214 180 247 282 285
Ge 0.9 0.7 0.6 0.7 0.9 0.9 0.4 1.1 0.8 1.1
Rb 706 644  64.1 575 666 635  62.1 765 712 772
Nb 6.0 7.9 6.8 7.4 7.6 8.0 7.8 3.4 7.6 4.1
La 9.5 173 122 104  13.1 17.9 140  11.6 200 10.8
Pr 8.1 6.2 5.0 5.7 7.6 8.4 4.9 7.3 8.9 8.8
Nd 259 277 269 258 284 317 316 280 364 264
Sm 2.8 3.5 3.3 3.3 3.5 4.8 4.4 2.9 5.9 3.4
Eu 0.6 1.2 1.0 1.2 1.3 1.5 1.5 0.9 1.4 1.1
Ho 0.7 0.6 0.5 0.5 0.7 0.8 0.5 0.7 0.8 0.7
Er 3.2 2.3 3.0 3.8 2.0 3.7 2.7 2.5 52 2.9
Yb 3.8 3.5 3.4 2.5 3.9 43 3.9 3.5 4.8 4.0
Lu 0.3 0.2 0.1 0.2 0.3 0.3 0.1 0.3 0.2 0.3
Hf 43 6.3 2.6 6.2 9.1 6.9 6.7 4.0 3.5 43
Ta 1.1 0.4 0.4 0.9 0.7 0.8 0.8 1.3 1.2 0.7
Th 75 52 8.5 42 9.4 10.6 7.4 11.2 13.5 9.4
U 3.1 2.6 1.1 2.4 2.9 3.3 1.4 3.6 3.0 3.4

Th/Ta 68 13 212 4.6 134 132 9.2 8.6 11.2 13.4
Ba/La 293 213 308 443 294 220 248 328 185 290
Nb/U 1.9 3.0 6.2 3.1 2.6 2.4 5.6 0.9 2.5 1.2
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Table 6. Chemical analyses results of samples in Farmahin area-Alam Baghi (Major elements based on wt. % and
Trace elements based on ppm)

Sa&“{f’le BS-2 BS-4 BS-6 BS8 BS-10 BS-13 BS-17 BS-20 BS-24 BS-28
Si0; 734 73.0 725 549 660 700 758 689 702 569
TiO, 0.3 0.3 0.3 0.6 0.7 0.5 0.4 0.6 0.5 0.8
ALO; 137 141 147 126 143 147 140 160 1.0 163
FeO' 1.9 2.4 2.4 6.5 3.5 3.9 0.7 3.3 5.1 7.7
MnO 0.1 - - 0.5 0.1 - - - 0.1 0.2
MgO 1.3 1.3 1.4 3.0 0.9 1.6 0.8 1.4 2.0 3.4
Ca0 0.5 0.8 0.9 14.5 3.5 0.9 0.4 0.6 3.7 9.1
Na:O 3.1 2.7 2.7 3.2 3.9 3.9 7.2 3.8 2.4 2.0
K20 3.4 3.9 3.8 1.6 2.8 3.3 0.2 4.7 0.9 0.5
P205s <0.1  <0.1  <0.1 0.1 0.1 <0.1  <0.1 0.1 0.1 0.1

L.O.L 2.1 1.3 1.2 2.3 3.9 0.9 0.3 0.6 3.9 3.1
Total 99.86  99.86 99.84 99.81 99.77 99.82  99.87 99.95  99.87  99.88

Ti 23243 1900.6 2257.7 33857 5830.5 5327.2 3410.7 4559.1 35449 6394.9
Be 1.7 1.5 1.8 1.4 2.0 2.3 1.6 2.4 0.9 1.2
v 378 567 537 731 794 784 469  46.1 66.6  144.6
Ba 480.2 5452  437.0 1843 4302 6884 543 6727 509 1157
Sr 63.6 676 521 709 1039 1027  36.6 416 634 2617
Y 106 143 136 214 252 9.2 172 15.1 149 224
Zr 89.7 837 982 2888 3195 1405 1823 259.0  119.1  200.2
Cr 469 493 948 294 550 280 356 220 416 737
Co 3.6 3.2 2.9 1.6 60 8.5 3.7 3.5 138 284
Ni <0.5 <05 <05 8.0 52 5.5 0.6 3.8 6.9 26.0
Cu 4.7 4.6 6.1 103 295 9.1 <0.6 35 417 46.0
Zn 548 402 489 565 2095 1257 508 1214 577 2402
Ga 15.1 13.6 149 105 132 187 117 213 9.3 27.0
Ge <0.1  <0.1 1.4 0.5 2.3 1.9 1.2 1.9 0.7 1.2
Rb 231 221 184 247 320 327 145 134 173 80.0
Nb 6.0 4.0 4.8 7.8 11.9 145 155 135 4.2 4.4
La 114 185 150 203 197 125 262 121 10.0 8.6
Pr 7.8 6.7 6.6 1.8 10.1 11.6 9.9 13.0 7.4 10.6
Nd 173 188 188 332 282 182 263 192 254 262
Sm 2.8 3.5 3.3 3.3 3.5 4.8 4.4 2.9 5.9 3.4
Eu 1.0 0.6 0.4 1.0 1.0 0.6 0.7 1.1 1.3 0.9
Ho 0.5 0.5 0.4 1.0 0.7 0.7 0.5 0.8 0.7 0.9
Er 2.0 2.5 3.6 3.4 5.4 2.0 2.3 2.6 2.6 43
Yb 1.3 1.7 1.6 2.5 2.5 1.3 1.7 1.8 1.7 2.9
Lu 0.1 0.1 0.1 0.3 0.2 0.2 0.1 0.2 0.2 0.4
Hf 5.1 4.6 5.4 7.1 4.9 5.1 52 6.7 4.8 3.3
Ta 1.0 0.8 0.9 1.0 1.2 0.7 0.9 1.2 1.2 1.1
Th 5.0 8.4 4.1 8.8 8.3 6.6 3.4 6.7 5.5 9.8
U 1.2 1.4 1.4 3.7 2.1 2.2 2.4 1.8 2.7 5.5
Th/Ta 5 105 45 8.8 6.9 9.4 3.7 5.5 4.53 8.9
Ba/La 42.1 295  29.1 9.1 218 55.1 3.1 55.6 5.1 13.5

Nb/U 5.0 2.9 3.4 2.1 5.7 6.6 6.6 7.5 1.6 0.8
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Symbols similar to Fig. 4
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Introduction

The study area includes Alam Baghi, Vashaghan,
Sar Band and Ghermez Cheshmeh and is located in
the northeast of Farmahin and the southwest of
Tafresh. Based on the structural subdivisions of
Iran, the mentioned area is a part of Central Iran
and the Urumieh-Dokhtar magmatic belt (Hajian,
1970).

The studied volcanic rocks consist of trachybasalt,
trachyandesite, basaltic andesite, andesite, dacite,
rhyodacite, rhyolite, ignimbrite, tuff and tuffit in
composition and in terms of age they belong to the
middle and upper Eocene. It seems that the
volcanic activities are related to folding and
faulting in the studied area. On the other hand, in
addition to causing orogenic activity, at the middle
and upper Eocene (Ghasemi and Talbot, 2006),
locally extensional regime has played a main role
in volcanic eruption. Similar to this scenario
happened in other areas such as Taft and Khizrabad
in Central Iran (Zarei Sahamieh et al., 2008).
Porphyritic, microlite porphyritic and microlitic
are the main textures in these rocks.
Mineralogically, they contain plagioclase,
clinopyroxene, amphibole, quartz and biotite as the
main minerals and zircon, apatite, and opaque
minerals as accessories.

Materials and methods

The major and trace elements of mineral
composition are determined by electron probe
micro-analysis (EPMA) using a Cameca SX100
instrument in the Iran Mineral Processing Research
Center (IMPRC). Moreover, the whole-rock major

and some trace elements analyses for a few samples
were obtained by X-ray fluorescence (XRF), using
an ARL  Advant-XP  automated  X-ray
spectrometer.

Results

Based on EPMA analyses, plagioclase mineral in
basaltic andesite and trachybasalt samples range
from labradorite to bytownite in andesite and
trachyandesite has oligoclase- andesine and in
dacite, rhyodacite, rhyolite has an albite-oligoclase
composition. In the Wo-En-Fs diagram, all
clinopyroxenes show augitic and a lessor amount
of clinoenstatite composition and in the Q-J
diagram located in the Mg-Fe-Ca (Quad) field and
in the 2Ti+Cr+AlY" vs. Na+Al'" diagram
(Morimoto et al., 1988) located above on the
Fe*=0 line that indicate high oxygen fugacity
during crystallization. Microscopic study on these
rocks such as oscillatory zoning, resorption rims in
plagioclase and the presence of basic inclusions
suggest the occurrence of magmatic contamination
on the parent magma. The presence of oxidized
amfibool rims (in hornbelende as oxy hornbelende)
indicate the high temperature of the magma at the
time of eruption.

According to the classification diagrams such as
total alkaline vs. SiO, (Irvine and Baragar, 1971)
TAS (Le Bas et al, 1986) and tectonic
discrimination diagrams (Pearce et al., 1984)
samples are plotted in sub-alkaline, basaltic-
andesite, andesite, dacite and rhyodacite,
subduction and volcanic arc fields, respectively.
The geochemical diagrams such as AFM are used
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for the identification of magma series and show
that the studied rocks are calc-alkaline and A/NK
vs. The A/CNK diagram shows the metaluminous
to peraluminous nature. Incompatible and LIL
elements such as Ba, K and Rb enrichment show
that the contamination of magma with continental
crust has occurred. The similarity between the REE
patterns in all of the collected samples in Alam
Baghi, Vashaghan, Sarban and Ghermez
Cheshmeh areas suggest the same source for all of
the volcanic rocks.

Discussion

The tectonic setting diagrams show that these rocks
belong to the continental margin which has been
involved in a subduction zone.

The position of the samples on the major elements
vs. SiO, diagrams indicate that magma
differentiation has occurred. Spider diagrams show
a positive anomalous in Rb and a negative
anomalous in Nb and Ti This phenomenon shows
a contamination between the magma and the
crustal rocks (Rollinson, 1993). Also, MORB-
normalized incompatible element patterns of the
Farmahin area show that the parent magma has
been contaminated. It appears that assimilation and
fractional crystallization (AFC) were the dominant
processes in the genesis of the studied volcanic
rocks.

As a conclusion and according to field evidence
and geochemical characteristics presented in this
article, the studied area is composed of lava flows
and pyroclastic rocks such as andesite, dacite,
rhyodacite, ignimbrite, tuff and tuffits that cross cut
by younger dykes and belong to the middle to late
Eocene age (middle to upper Lutetien). According
to Sm/Yb vs. Sm diagram (Aldanmaz et al., 2000),
all the studied samples in terms of composition are
similar to enriched mantle-derived melts that are
generated by varying degrees of partial melting
(10% - 20%) from a spinel lherzolite to spinel-
garnet lherzolite source.

Considering the evidences, all rocks in the studied
area belong to the subduction zone and the parent
magma originated from mantle and was
contaminated with continental crust during
eruption and rising.
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