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Table 1. EPMA analyses results of plagioclase of volcanic rocks of North-East Farmahin (Chemical composition of
plagioclases and structural formula based on 32 oxygen atoms)

Sam SE-4 SE-4 SE-4 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-25 NH-25 NH-25
xide By By By By By By By Lb Lb Lb Lb An
Si0,  48.53 50.1 49.01 4691 47.28 473 49.14 51.04 50.17 50.94 50.72 49.16
TiO, 0.04 0.03 0.01 0.01 0 0.02 0.03 0.03 0.02 0.04 0.03 0.02
ALO; 3322 3257 33 3473 3418 3422 32.4 31.62 32.09 3128 31.09 3l.64

Cr,04 0.01 0 0 0.02 0.01 0.04 0.02 0.02 0 0 0 0
FeO 0.51 0.58 0.61 0.44 0.44 0.47 0.54 0.5 0.44 0.51 0.53 0.58
MnO 0.01 0.02 0.01 0 0.02 0.01 0.01 0.01 0.01 0 0.01 0.02
MgO 0.05 0 0.02 0 0.04 0.06 0 0.06 0.01 0.01 0 0.23
CaO 1635 1511 1575 17.25 1672 1628 1592 14.1 1429 1332 13.77 14.6
Na,O 2.21 3.02 2.28 1.64 1.99 1.97 2.85 3.79 3.46 3.58 3.23 0
K,0 0.05 0.07 0.06 0.04 0.04 0.05 0.08 0.13 0.11 0.1 0.09 0.07
F 0 0 0 0 0 0.16 0 0 0.15 0.06 0.22 0.01
Cl 0 0 0 0 0 0 0 0 0 0 0 0
Total 100.98 101.5 100.81 101.04 100.72 100.58 100.28 101.37 100.75 99.75 99.69  96.33
lons (lons based on 32 oxygen atoms)
Si 8.831 9.038 8.923 8.55 8.63 8.63 8.96 9.21 8.76 9.921 9926 9216
Ti 0.005 0.003 0.001 0.001 0 0.002 0.003 0.003 0.002 0.005 0.003 0.002
Al 7.112 6922 7.064 7.45 7.35 7.34 6.94 6.72 6.6 6.713  6.697  6.985
Cr 0 0 0 0.002 0 0.004 0 0.002 0 0 0 0

Fe 0.067 0.086 0.087 0.065 0.065 0.065 0.076 0.065 0.063 0.076 0.077  0.09
Mn 0.001  0.002 0.001 0 0.002  0.001 0.001 0.001 0.001 0 0.001 0.002
Mg 0.01 0 0.004 0 0.009 0.01 0 0.01 0.002  0.002 0 0.056
Ca 3.184 2918 3.062  3.365 3.27 3.18 3.1 2.72 2.67 2.577  2.698  2.929
Na 0.766 1.041 0.0787 0.57  0.702 0.695 0985 1323 1.156 1.261 1.145 0

K 0.01 0.01 0.01 0.008  0.008 0.01 0.01 0.021 0.021 0,021 0.011  0.011
Ab 19.34 2623 2039 4451 17.63 18.79  24.05 32,55  30.05 32,58  29.71 0

An 80.4 73.52  79.35 85.34 82.17 81.85 75.7 66.93 69.41 66.59 70 99.63
Or 0.26 0.25 0.26 0.21 0.2 0.26 0.25 0.52 0.54 0.83 0.29 0.37

By= Bytownit Lb= Labradorite An= Anorthite
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Table 2. EPMA analyses results of pyroxene of volcanic rocks of northeast Farmahin (chemical composition of
pyroxenes and structural formula based on 6 oxygen atoms)

samp SE-4 SE4 SE-4 SE-4 SE-4 SE-4 SE-4 SE-4 SE-4 SE-4 SE-4 NH-10
xide Au Au Au Au Au Au Au Au Au Au Au Au
Si0, 51 5191 49.72  50.59 51.06 49.74 5294  53.45 5334 5322 51.65 46.3
TiO, 0.63 0.6 0.67 0.7 0.61 0.65 0.15 0.23 0.32 0.48 0.46 243
ALO; 259 226 2.57 1.88 32 2.76 1.3 1.5 1.43 1.33 1.44 10.68
Cr,0; 0.01 0 0.02 0.02 0 0.01 0 0 0 0 0.02 0
FeO 10.02 9.99 10.95 10.7 11.12 11.07 2096  20.19 19.6 9.54 12.27 13.72
MnO 041 0.41 0.42 0.36 0.35 0.37 0.79 0.73 0.61 0.39 0.57 0.34
MgO 1451 14.69 14.08 13.32 14 14.11 23.54  23.65 2347 15.18 13.67 13.62
CaO 20.34 2036 1945  20.09  20.07 19.26 1.16 1.22 1.56  20.03 19.85 10.81
Na,O 0.1 0.18 0.34 0.42 0.36 0.33 0 0 0.01 0.33 0.31 2.2
K,0 0 0 0 0 0.02 0.01 0.01 0 0.01 0 0 0.35
F 0 0 0 0 0 0 0 0 0 0 0 0.02
Cl 0 0 0 0 0 0 0 0 0 0 0 0
Total 99.61 1004 9822 99.08 100.79 98.31 100.85 100.97 100.35 100.5 100.24 100.74
lons (lons based on 6 oxygen atoms)
Si 1.918 1.932 1.91 1.922 1.906 1.902 1.954 1.957 1.960 1.969 1.948 1.747
Ti 0.015 0.015 0.018 0.018 0.015 0.018 0.002 0.004 0.008 0.013 0.011 0.068
AIY  0.082 0.098 0.09 0.078  0.094 0.098 0.046 0.041 0.04 0.031 0.052 0.253
Al 0.031 0 0.025 0.004 0.045 0.026 0.007 0.021 0.021 0.026 0.011 0.218
Cr 0 0 0.0004 0.0004 0 0 0 0 0 0 0.0004 0
Fe 0.314 0.311 0.315 0.338  0.345 0.345 0.645 0.618 0.601 0.293 0.358 0431
Mn 0.011 0.011 0.011 0.011 0.008  0.011 0.024 0.022 0.017 0.011 0.018  0.009
Mg 0812 0.814 0.806  0.811 0.779  0.803 1.293 1.29 1.286 0.836 0.768  0.764
Ca 0.818 0.812 0.799  0.818  0.801 0.789  0.044 0.046 0.061 0.794 0.8 0.435
Na 0.004 0.008 0.011 0.027  0.022  0.023 0 0 0.0004 0.022 0.022  0.002
K 0 0 0 0 0.0008 0.0004 0.0004 0 0.0004 0 0 0.013
F 0 0 0 0 0 0 0 0 0 0 0 0.002
Cl 0 0 0 0 0 0 0 0 0 0 0 0

Au=Augite
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Table 2 (Continued). EPMA analyses results of pyroxene of volcanic rocks of northeast Farmahin (chemical
composition of pyroxenes and structural formula based on 6 oxygen atoms)

Sa NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-10 NH-25

. Au Au Au Au Au Au Au Au Au Au Au Au
Oxide

Si0, 44.69 4489 4385 4373  43.83 47.9 46.83  47.65 4423 4377 5135 51.40

TiO, 245 2.36 2.46 2.61 2.49 1.91 1.95 1.92 2.81 2.76 0.59 0.68
ALOs 11.09 10.78 10.92 10.81 10.62 8.8 8.05 7.91 11.21 10.88 2.89 3.01
Cr,04 0 0.01 0 0.01 0 0 0 0 0 0.01 0 0

FeO 13.75 14.15 13.52 12.99 13.66 13.39 13.87 13.84 14.1 13.59 10.9 11.13
MnO 0.32 0.36 0.35 0.32 0.36 0.39 0.39 0.41 0.34 0.30 0.39 0.38
MgO 13.64 1343 13.56 13.88 13.20  13.89 13.86 1442 13.18 13.37 13.94  14.09
CaO 10.74 10.88 10.96 10.86 10.58 10.86  10.70 10.75 11.26 11.08 19.9 19.89

Na,O 1.21 2.23 2.14 2.45 1.48 0.87 1.57 0.82 227 2.30 0.36 0.40

K,0 0.39 0.38 0.32 0.33 0.30 0.26 0.26 0.25 0.41 0.38 0 0.02
F 0 0 0 0.1 0.17 0.1 0 0.09 0.17 0 0.02 0.04
Cl 0 0 0 0 0 0 0 0 0 0 0 0

Total 9828  99.47  98.08 98.09 96.69 9837 9748 98.06 9998 9844 10034 101.04

lons (lons based on 6 oxygen atoms )

Si 1.702 1.79 1.682 1.675 1.697 1.806  1.798 1.808 1.670 1.677 1.919 1.91
Ti 0.068  0.066 0.069 0.073 0.072 0.052 0.055 0.054 0.079 0.078 0.016 0.018
ALY 0.298 0.3 0318 0325 0303 0.194 0202 0.192 0.33 0.323  0.018 0.09
Al 0.197  0.178  0.175  0.163 0181 0.195  0.158 0159 0.164  0.165 0.044  0.041
Cr 0 0.0004 0 0 0 0 0 0 0 0 0 0
Fe 0437 0446 0433 0414 0442 0421 0.445 0438 0444 0435 0339 0344
Mn 0.009 0.011  0.009 0.009 0.011 0.011 0.011 0.011  0.009 0.009 0.011 0.011
Mg 0.774  0.758  0.775  0.792  0.761 0.779  0.791 0.815 0.74 0.762  0.775  0.780
Ca 0.437  0.441 0.45 0444 0437 0437 0438 0436 0454 0453 0.795 0.791
Na 0.087 0.159 0.156 0.179  0.107 0.063 0.115 0.059  0.081 0.17 0.026  0.026
K 0.018 0.018 0.013 0.013 0.013 0.009 0.009 0.009 0.009 0.018 0 0.008
F 0 0 0 0.011 0.018  0.011 0 0.009  0.018 0 0.002  0.004

Cl 0 0 0 0 0 0 0 0 0 0 0 0
Au=Augite
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Table 2 (Continued). EPMA analyses results of pyroxene of volcanic rocks of northeast Farmahin (chemical
composition of pyroxenes and structural formula based on 6 oxygen atoms)

Sample NH-25 NH-25 NH-25 NH-25 NH-25 NH-25
Oxide Au Clin-En Clin-En Clin-En Au Au
Si0, 52.19 53.16 53.29 52.7 49.88 50.32
TiO, 0.68 0.13 0.13 0.25 0.63 0.59
Al 04 2.51 1.28 1.31 1.46 2.37 23

Cr,0; 0 0 0 0 0 0
FeO 10.47 21.07 20.98 20.25 10.27 9.78
MnO 0.39 0.79 0.75 0.67 0.52 0.46
MgO 15.03 23.85 23.37 23.22 14.89 14.98
CaO 19.36 1.05 1 1.4 19.8 20.23
Na,O 0 0 0 0 0 0
K,0 0 0 0 0 0 0
F 0 0 0.06 0.08 0.02 0
Cl 0 0 0 0 0 0
Total 100.63 101.33 100.89 100.03 98.38 98.66
lons (lons based on 6 oxygen atoms)
Si 1.933 1.948 1.958 1.952 1.904 1.910
Ti 0.018 0.003 0.004 0.006 0.016 0.015
A 0.067 0.052 0.042 0.048 0.096 0.090
AlY 0.042 0.003 0.014 0.014 0.009 0.012
Cr 0 0 0 0 0 0
Fe 0.322 0.645 0.643 0.652 0.325 0.310
Mn 0.012 0.024 0.022 0.020 0.016 0.016
Mg 0.828 1.302 1.279 1.279 0.846 0.846
Ca 0.768 0.039 0.037 0.053 0.809 0.821
Na 0 0 0 0 0 0
K 0 0 0 0 0 0
F 0 0 0.006 0.008 0.002 0
Cl 0 0 0 0 0 0

Au=Augite Clin-En=Clinoenstatite
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Table 3. Chemical analytical result of samples (major elements based on wt. % and trace elements based on ppm)

Sample
No

SiO, 589 6153 63.61 6043 6448 60.66 6439 59.62 60.27 58.77  55.88 55.75
TiO, 0.71 0.63 0.68 0.63 0.57 0.53 0.60 0.73 0.61 0.74 0.69 0.72
ALO; 17.85 1757 17.88 1852 1638 1692 16.74 1897 16.11 19.52 17.83 19.23
FeOy 3.6 1.8 1.75 1.7 1.86 1.60 1.58 3.29 2.02 1.98 1.19 222
MnO 0.25 0.18 0.15 0.18 0.16 0.19 0.14 0.19 0.21 0.18 0.23 0.16
MgO 2.21 1.73 1.65 2.07 1.93 1.90 2.01 2.36 2.01 2.15 3.69 2.63
CaO 5.08 4.39 3.55 3.26 3.55 593 1.52 4.16 5.42 5.13 9.88 9.70
Na,O 3.68 3.10 4.03 3.78 3.81 3.59 3.76 3.94 3.49 3.98 2.66 2.96
K,0 1.25 2.23 2.24. 1.88 2.10 2.03 1.93 1.87 1.85 1.77 0.97 0.75
P,05 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.16 0.15

SE-4 SE-10 SE-20 SE-23 SE-25 SE-47 SE-53 SE-59 SE-76 SE-77 NH-10 NH-25

SO; 0 0 0 0 0 0 0 0 0 0 0 0
L.O.L 1.88 2 0.42 3.44 1.42 2.5 0.98 0.86 3.8 0.72 1.88 1.72
Li 1 0 4 0 0 0 3 2 5 0 1.4 0
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
Ti 6205 5670 5482 5325 5381 5049 4683 5718 5702 6411 6205 6411
v 1319 1053  99.7 73.2 99.7 96.3 92.8 118.6 115.1 144.1 131.9 144.1
Cr 32 31 34 31 23 20 35 23 34 28 31 28
Co 31 29 25 27 27 28 23 32 28 30 10.7 10.4
Ni 15 27 6 14 1 8 0 28 0 30 3.7 7.4
Cu 27.4 12.3 19.3 19.2 14.3 12.8 13.1 22.6 22.1 22.8 27.4 22.8
Zn 92 66 112 105 91 80 92 87 73 71 107 86
Ga 21.9 16.1 0.4 16.8 24.9 18.4 15 21.7 252 25.5 24.9 28.5
Ge 0.9 0.7 0.6 0.7 0.9 0.9 0.4 1.1 0.8 1.1 0.9 1.1
As 0 1 0 0 1.6 0 4 3 0 0 0 0
Rb 116 110 109 103 112 108 107 122 117 122 70.6 77.2
Sr 213 228 215 199 224 219 215 261 235 262 231.1 261.5
Y 22.1 24.8 223 15 229 30.9 26.9 19.2 333 234 22.1 234
Zr 148 138 120 122 146 152 149 132 157 140 218.4 216
Nb 6 8 7 8 8 9 9 4 8 4 6 4.1
Mo 3 3 3 1 2 2 1 1 13 9 2.5 9
Ag 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.3 0.3 0.2 0.4 0.4
Cd 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.3 0.2 0.3
Sn 2.2 24 1.2 1.8 1.6 1.4 1.1 1.9 0.7 1.8 2.2 1.8
Sb 0 0 0 3 2 2 0 0 0 0 0 0
Ba 279 370 376 461 387 396 348 381 372 314 278.2 312.8
La 10 17 12 11 13 18 14 12 20 11 0 0
Ce 43 52 44 42 45 52 48 39 57 37 23 242
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 26.4
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Table 3 (Continued).Chemical analyses result of samples (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
Sm 3 4 4 4 4 8 5 3 6 4 2.8 34
Eu 1 1 1 1 1 1 1 1 1 1 0.6 1.1
Gd 6 5 4 5 6 7 4 6 6 6 5.9 5.9
Dy 2 1 2 1 4 5 3 0 5 4 1.4 2.9
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 32 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 33 43
Ta 1 1 1 1 1 1 1 1 1 1 1.1 0.7
Hg 0.1 0 0.1 0.1 0.1 0.1 0 0.1 0.1 0.1 0 0
Tl 0.9 0.8 1 0.8 0.9 1 1.1 0.7 0.7 1.3 0.9 1.3
Bi 1.5 1.4 0.8 1.3 1.6 1.9 0.8 1.9 1.5 1.8 1.5 1.8
U 3.1 2.6 1.1 2.4 2.9 33 1.4 3.6 3 34 3.1 34

Eu/Eu* 0.72  0.73 0.84 0.73 0.65 0.42 0.76 0.72 0.50 0.67 0.45 0.75

(La/Yb)N 545 5.59 5.90 7.87 5.31 4.83 5.31 5.90 4.25 5.31 0 0

Rb/Sr 0.31 0.28 0.30 0.29 0.30 0.29 0.29 0.29 0.30 0.30 0.30 0.29
USSP b5 Il gl (g 0 ¥ g 2 (2 L Ll 5o
OF b5 ) ISs aled ;o boaigas 1 plaS 2 gl a8, 54y odle F Jogu
Table 4. Used symbols for each sample in Figs. 6-14)
i gai 8 Jleus
SE-d | $E.10 | SE-20 | SE-23 | SE-25 | SE-47 | SE-53 | SE-58 | SE-76 [ SE-77 | NH-10 | MH-25
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Fig. 5. Na,O + K,0 vs. SiO, diagram (TAS) (Le Bas et al., 1986). According to this diagram, samples located in
basaltic andesite, andesite and dacite field.
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Fig. 6. R;-R, diagram (De La Roche et al., 1980) According to this diagram, northeast Farmahin volcanic rocks are
located in basaltic andesite, andesite, dacite and rhyodacite fields.
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Fig. 8. AFM diagram (Irvine and Baragar, 1971). According to this diagram, all volcanic rocks of northeast Farmahin
are located in calc-alkaline field.
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Introduction

The study area is a small part of the Urumieh-
Doknhtar structural zone in the Markazi province,
located in the northeastern part of the Farmahin,
north of Arak (Hajian, 1970). The volcanic rocks
studied from the area include andesite, dacite,
rhyodacite, ignimbrite and tuff of Middle to Late
Eocene age (middle Lutetian to upper Lutetian)
(Ameri et al., 2009). It seems that folding and
faulting is caused in sedimentary basin and
volcanic activities. On the other hand, except of
orogeny maybe rifting had rule in eruption so that
this case has seen in the other area such as Taft
and Khezrabad in central Iran (Zarei Sahamieh et
al., 2008). The oldest formation in the studied area
is Triassic limestones. The dominant textures of
these rocks are porphyritic, microlite porphyritic,
microlitic and rarely sieve-texture. Sieve texture
and dusty texture (dusty plagioclases) indicates
magma mixing. Mineralogically, they contain
plagioclases, clinopyroxenes, amphiboles, quartz
and biotite as the main constituents and zircon,
apatite, and opaque minerals as accessories.
Plagioclases in the andesitic and basaltic- andesite
rocks are labradorite, bytownite and anorthite
(based on electron microprobe) .Moreover,
plagioclases in andesitic rocks show that H,O is
lesser than 2.5 precent. Amphibole is found in
both plagioclases and groundmass.

Materials and methods

In this article are used different analyses methods
such as XRF, ICP-MS and EPMA.

Whole-rock major and trace element analyses
were determined with ICP-MS method.

The major and trace element composition of some
rock was determined by electron probe micro-
analysis (EPMA) wusing a Cameca SX100

*Corresponding authors Email: zareisah@yahoo.com

instrument in Iran Mineral Processing Research
Center (IMPRC). Moreover, whole-rock major
and some trace element analyses for some
samples were obtained by X-ray fluorescence
(XRF), using an ARL Advant-XP automated X-
ray spectrometer.

Results

Chemical data based on electron micro probe
studies of minerals indicate the presence of
labradorite,  bytownite, anorthite as the
plagioclases in volcanic rocks, as well as augite,
pigeonite and clinoenstatite among the pyroxenes
are abundant. Microscopic study of these lavas
and pyroclastic rocks show evidences of
magmatic contamination in the form of oscillatory
zoning, resorption rims in plagioclase and
presence of basic inclusions. The presence of
oxidized amphibole rims (in hornblende) indicates
the high temperature of the magma at the time of
eruption.

Based on geochemistry especially the ratio of
Eu/Eu* is variable between liquid and solid
phases. The calculated of this ratio in studied
rocks show negative anomaly (Eu<l) (Tabatabai
Manesh et al., 2010).

According to classification diagrams is used of
different diagrams for example TAS/SiO,, R1-R2
and Zr/TiO,-Nb/Y. TAS/SiO, diagram show that
the rocks are of basaltic-andesite, andesite and
dacite. R1-R2 diagram show these rocks are
andesite, andesi-basalt, dacite and rhyodacite.
Finally, based on Zr/TiO,-Nb/Y the rocks in area
under study are andesite, basalt, dacite and
rhyodacite type.

The geochemical diagrams (such as AFM) for
identify of mama series show that the rocks
studied are calc-alkaline and A/NK-A/CNK show
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magma is peraluminous to metaluminous in
nature. Enrichment of incompatible and LILE
elements such as Ba, K and Rb show that
contamination of magma with continental crust
have been occurred in this area. Similarity
between REE patterns in all samples is related to
common source for all volcanic rocks in the
studied area.

Discussion

The tectonic setting diagrams show that these
rocks belong to the continental margin which have
been involved in a subduction zone and belong to
the orogenic andesite belt.

The position of the samples on the major
elements-SiO, diagrams indicate that magma
differentiation has been occurred. Spider diagrams
show depletion and enrichment that the type of
rocks in studied area have positive anomalous of
Rb and negative anomalous of Nb and Ti, this
phenomenon shows contamination between
magma and crustal rocks (Ghasemi and Talbot,
2006; Rollinson, 1993). Comparison of spider
diagrams normalized to chondrite or MORB also
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 (Roozbehani and Arvin, 2010). As
a conclusion and regarding to what we said in this
article ,the area under study are included both lava
and pyroclastic rocks such as andesite, dacite,
rhyodacite, ignimbrite ,tuff and tuffits that cut by
younger dykes and belong to Middle to Late
Eocene age(middle  Lutetian to  upper
Lutetian).There is no rocks older than Triassic
age. Volcanic rocks have been occurred in two
environments, dry and water together. From
volumetric point of view, Aciditic and
intermediate rocks such as dacite, rhyodacite and
andesite are the most in the area under study
(Ahmadian et al., 2010). Basitic rocks are a lesser
amount than the others.

Regarding to all evidences such as field works,
structurally, texturally, mineralogically,
geochemically and petrologically show that rocks
in studied area belong to subduction zone and
magma that created of these rocks have been

originated from mantle and contaminated with
continental crust during eruption and rising.
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