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Ets: Tuffs, tuffites and tiffo-sandestones

Etab: Trachyandesitic and trachybasaltic rocks
Et: Red tuffs and tuffaceous sediments
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15 63 23 87 79 81
TA TA A A A TA
Massive Massive Massive Dike Massive Dike
Sio, 55.6 58.96 58.85 58.56 57.69 58.14
ALO, 16.68 16.11 17.31 16.14 16.39 15.75
Fe,0, 5.94 5.73 6.68 6.69 7.58 6.93
CaO 5.29 5.93 6.94 7.12 5.11 6.64
MgO 0.92 2.14 1.76 2.74 2.25 2.83
Na,O 4.02 3.96 4.03 3.43 5.47 2.96
K,0 7.16 3.42 2 2.32 0.69 3.79
MnO 0.11 0.13 0.13 0.16 0.26 0.16
PO, 0.22 0.2 0.19 0.15 0.22 0.18
TiO, 0.73 0.67 0.8 0.6 0.67 0.88
SO, 0.1 0.1 0.1 0.1 0.1 0.1
SrO 0.1 0.13 0.11 0.1 0.1 0.1
L.O.I 3.07 2.43 1.01 1.8 3.45 1.46
Sum 99.94 99.91 99.91 99.91 99.98 99.92
Ba 397.4 1153.4 574.4 361.4 52.71 215.97
Ce 35.5 25.2 16.7 10.1 38.94 77.86
Cs 1.8 0.6 0.4 0.4 1.16 2.4
Dy 2.5 1 1.3 0.6 3.68 5.76
Eu 0.6 0.5 0.6 0.3 2.09 3.51
Hf 0.8 1.3 1.2 0.6 2.08 6.61
La 16.7 12.3 7.4 4.7 4.92 13.37
Lu 0.2 0.1 0.1 0 0.27 0.47
Nb 15.9 18.5 8.6 5.8 3.07 5.36
Nd 17.3 10.7 9.6 5.1 32.71 56.38
P 1119.7 965.3 1062.1 580.7 0.1 0.09
Pb 15 13.1 14.3 11.8 43.37 27.79
Pr 4.4 2.9 2.2 1.2 8.31 14.15
Rb 109.8 20.3 12 16.5 13.46 162.69
Sm 3.7 1.9 2 1.1 4.04 7.27
Sr 337.9 574.9 640.7 378 671.24 506.91
Th 9 52 1.9 0.7 1 6.08
Ti 2076.5 3328.8 3666.4 2628.3 0.15 0.31
U 3.5 3.9 1.6 0.5 1 2.17
Y 10.4 3.4 53 2.7 19.97 24.34
Yb 1.2 0.4 0.6 0.3 4.24 6.07
Zr 83.1 93.8 84.9 34.2 37.45 112.98
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81-18 81-19 81-20 81-21 81-25 81-26 81-27 59-1 59-2 59-3 59-4
Si0, 50.75 49.9 50.95 50.64 50.87 49.83 51.15 51.57 51.38 52.77 52.34
ALO, 3.02 4.04 2.42 2.92 2.96 2.42 2.92 1.42 2.45 1.12 1.23
FeO 8.91 9.25 9.62 9.32 8.88 8.66 8.43 7.84 8 7.61 7.58
CaO 20.61 20.58 19.9 20.16 20.63 19.44 20.34 21.99 21.29 22.03 22.24
MgO 15.05 14.57 15.39 15.22 13.29 15.83 15.8 15.56 15.08 15.65 15.06
Na O 0.33 0.35 0.37 0.3 0.33 0.26 0.24 0.69 0.77 0.69 0.7
K,0 0 0 0 0 0 0 0 0 0 0 0
V,0, 0 0 0 0 0 0 0 0.05 0.05 0.06 0.01
Cr,0, 0 0 0 0 0.11 0.02 0 0 0 0 0.01
MnO 0.27 0.29 0.33 0.31 0.31 0.34 0.36 0.47 0.47 0.43 0.49
PO, 0 0 0.07 0 0 0.06 0.08 0.03 0 0.03 0.05
NiO 0.32 0.46 0 0 0 0.41 0 0.6 0 0 0.39
TiO, 0.81 1.11 0.65 0.62 0.78 0.5 0.57 0.31 0.59 0.25 0.28
SO, 0 0 0 0 0 0 0 0 0.06 0 0.1
Total 100.07 100.55 99.7 99.49 98.16 97.77 99.89 100.53 100.14 100.64 100.48
Fe,O0, 2.813 3.152 3.432 3.191 0 3.665 2.726 5.975 4.704 4.489 4.246
FeO 6.379 6.414 6.532 6.449 8.88 5.362 5.977 2.463 3.767 3.571 3.759
Si 1.896 1.863 1.909 1.899 1.929 1.905 1.903 1.929 1.914 1.952 1.951
AlY 0.104 0.137 0.091 0.101 0.071 0.095 0.097 0.063 0.086 0.048 0.049
AV 0.029 0.041 0.016 0.028 0.062 0.014 0.031 0 0.021 0.001 0.005
Fe* 0.079 0.088 0.096 0.089 0 0.105 0.076 0.166 0.13 0.124 0.118
Ti 0.023 0.031 0.018 0.017 0.022 0.014 0.016 0.009 0.017 0.007 0.008
Cr 0 0 0 0 0.003 0.001 0 0 0 0 0
Fe?* 0.198 0.199 0.203 0.201 0.282 0.17 0.185 0.076 0.116 0.109 0.116
Mn 0.009 0.009 0.01 0.01 0.01 0.011 0.011 0.015 0.015 0.013 0.015
Mg 0.838 0.811 0.86 0.851 0.751 0.902 0.876 0.868 0.837 0.863 0.837
Ca 0.825 0.823 0.799 0.81 0.838 0.796 0.811 0.878 0.849 0.873 0.888
Na 0.024 0.025 0.027 0.022 0.024 0.019 0.017 0.05 0.056 0.049 0.051
K 0 0 0 0 0 0 0 0 0 0 0
Wo 42.34 42.65 40.59 4131 44.55 40.13 41.38 43.85 43.61 44.04 44.98
En 43.03 42.02 43.68 43.4 39.93 45.48 44.73 43.33 42.98 43.53 42.39
Fs 14.63 15.33 15.73 153 15.52 14.39 13.88 12.82 13.41 12.43 12.63
Q 1.861 1.833 1.862 1.862 1.871 1.868 1.872 1.822 1.802 1.845 1.841
J 0.048 0.05 0.054 0.044 0.048 0.038 0.034 0.1 0.112 0.098 0.102
A oaT s 4 O35S A 0l s (bl Jgn 3) S JT 53 3 5mm g0 (L3S 5 500 51 (ol (glalais 5JUT b -y Jad>
15-8 87-56 87-57 87-58 87-60 81-29 81-32 81-46 59-6 59-9 87-59
Sio, 66.33 57.45 56.57 56.66 56.72 52.83 52.38 56.83 52.22 53.07 53.85
ALO, 20.09 26.47 26.58 27.68 26.84 28.2 29.13 27.17 1.33 0.95 28
FeO 0.14 0.14 0.47 0.25 0.25 0.53 0.54 0.51 8.1 3.96 033
Ca0 0.9 7.63 871 9.29 8.94 11.54 13.29 932 21.77 23.95 10.53
MgO 0 0.03 0.03 0.01 0.01 0.05 0.11 0.17 16.1 17.33 0.02
Na,O 10.78 7.1 6.44 6.72 6.71 4.58 3.6 6.3 0.58 0.4 5.7
K,0 0.82 0.33 0.33 0.26 0.27 0.52 0.32 0.4 0 0 0.23
v,0, 0 0 0 0 0 0 0 0 0.04 0.02 0
Cr,0, 0 0 0 0 0 0 0 0 0.05 0.38 0
MnO 0 0 0 0 0 0 0 0 0.37 0.09 0
PO, 0 0 0 0 0 0 0 0 0.06 0 0
NiO 0.53 0 0 0 0 0 0 0 0 0 0
TiO, 0.04 0.04 0 0 0 0.08 0.03 0.06 0.27 0.51 0
SO, 0 0.08 0 0 0 0 0 0 0 0 0
Total 99.63 99.27 99.13 100.87 99.74 98.33 99.4 100.76 100.89 100.66 98.66
Si 11.773 10.378 10.268 10.124 10.234 9.76 9.595 10.185 12.122 12.311 9.879
Ti 0.005 0.005 0 0 0 0.011 0.004 0.008 0.047 0.089 0
Al 4.202 5.635 5.686 5.829 5.707 6.14 6.289 5.739 0.364 0.26 6.05
Fe? 0.021 0.021 0.071 0.037 0.038 0.082 0.083 0.076 1.572 0.768 0.051
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ABSTRACT

Andesites are located in the north of shahr-e-babak, central Iran, Urumieh- Dokhtar belt. The main
texture in these rocks is porphyry and their phenocrysts are plagioclase (Andesine to Labradorite),
pyroxene (Augite), amphibol (Tschermakite and Magnesiohornblende). These properties are
signatures of calc- alkaline series formed in a volcanic arc setting. Based on geochemical studies,
the rocks show enrichment in LREE rather than HREE. The lack of significant Eu anomalies in REE
pattern indicates oxidation state of magma during crystallization. Based on geochemical studies, the
clinopyroxenes are Augite and have been crystallized from magma with almost 10% H,O. Fe** values
of the clinopyroxenes reveal high oxygen fugacity in the magma. Based on the mineral chemistry
data, pressure estimates from the clinopyroxenes in the range of 6-10 Kbr and composition yield the
crystalization temperatures that range from 900-1100 °C. Typically, the clinopyroxenes occure at
calc-alkaline orogenic igneous rocks. The plagioclase composition yield the crystalization
temperatures that range from 650-750 °C. According to the present study, the rocks are probably
the result of the subduction of the Neo-Tethys oceanic lithosphere below the Sanandaj-Sirjan zone,

during the Eocene and in a volcanic arc environment.
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