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Fig. 1. Geological map of North of Azna region
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Table 1. Electron microprobe analyses results of muscovite (based on 22 oxygene) from the North of Azna region

Sample Ab5-1
Mineral Ms Ms Ms Ms Ms Ms
Analysis 103 104 105 107 108 131
SiO, 4535 4466 4331 4419 4542 47.74
TiO, 072 083 081 068 028 071
AlLO; 3461 3465 329 3438 3404 3259
FeO 1.02 086 091 1 1.58 1.97
MnO 0.04  0.02 0 004 0.02 002
MgO 056 046 054  0.05 0.8 1.37
CaO 002 001 002 001 003 0.3
Na,O 058 057 041 058 0.5 0.41
K,O 9.8 962 883 981 9.61 10.26
H,0 4.4 436 419 431 438 449
Total 97.1 96.04 91.92 9505 96.66 99.59
Si 6.176  6.142 6.202 6.154 6.221 6.371
AlY 1.824 1.858 1798 1.846 1.779 1.629
Sum_T 8 8 8 8 8 8
AV 3727 3754 375 3.793 3711 3.493
Ti 0.074 0.086 0.087 0.071 0.029 0.071
Fe** 0.116 0.099 0.109 0.116 0.181  0.22
Mn 0.005  0.002 0 0.005 0.002 0.002
Mg 0.114 0.094 0.115 001 0.163 0.273
Ca 0.003 0.001 0.003 0.001 0.004 0.004
Na 0.153 0.152 0.114 0.157 0.133 0.106
K 1.703 1.688 1.613 1.743 1.679 1.747
Total 13.895 13.876 13.791 13.896 13.902 13.916
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Table 2. Electron microprobe analyses results of andalusite (based on 20 oxygene) from the North of Azna region.

Sample Ab-2
Mineral And And And And
Analysis 125 126 127 128
SiO, 26,593 26.119 26.145 36.744
TiO, 0.489 0.525 0.479 0.025
Al,O4 54,291 55.05 54115 62.264
FeO 13.157 13.387 12,955 0.184
MnO 0.516 0.608 0.529 0
MgO 1.142 1.26 1.245 0.023
CaO 0 0 0 0
Na,O 0 0.0013 0 0
K,O 0.025 0 0.005 0.002
H,O 3.787 3.05 4,527 0.758
Total 100 100 100 100
Si 3.253 3.177 3.256 3.998
Al 7.821 7.926 7.844 7.988
Ti 0.045 0.048 0.044 0.002
Fe”* 1.346 1.357 1.338 0.017
Mn 0.053 0.062 0.055 0
Mg 0.259 0.228 0.228 0.004
Total 12,781 12.801 12.767 12.001
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Fig. 6. North of Azna plagioclase compositional diagrams: A: plotted study plagioclases in the albite-oligoclase field on
Deer et al., 2001 diagram and B: Pl compositional zoning diagram from rim to rim
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Table 3. Electron microprobe analyses results of plagioclase from the North of Azna region based on 8 oxygene

Sample Ab5-1
Mineral Pl Pl Pl Pl Pl Pl Pl Pl
Analysis 174 175 176 177 178 179 180 181
SiO; 6397 6533 5497 6585 64.61 64.89 64.70 64.73
TiO; 000 002 004 001 000 000 000 0.00
AlOs 2178 2030 28.98 20.39 2134 2156 21.38 21.26
FeO 000 000 030 000 000 001 000 0.00
MnO 000 000 037 000 002 000 000 0.00
MgO 000 017 000 003 004 002 001 0.02
Ca0 251 251 035 186 248 265 257 266
NaO 1048 1048 431 10.87 1050 1044 10.33 10.44
K20 009 009 666 005 028 015 005 0.07
BaO 000 000 004 000 000 000 0.00 0.00
Total 09884 9890 96.01 99.06 99.26 99.71 99.05 99.17
Si 285 291 258 292 287 287 25838 288
Al 114 106 1.60 107 112 112 112 111
Ca 012 012 002 009 012 013 012 0.3
Na 091 090 039 093 090 089 089 0.90
K 001 001 040 000 002 001 0.00 0.00
Total 503 501 501 501 503 502 501 502
Xca 012 012 002 009 011 012 012 0.12
An 11.64 1164 218 862 11.35 1219 12.07 12.28
Ab 87.84 87.84 4853 91.09 87.14 86.98 87.64 87.32
Or 052 052 4929 029 151 083 029 04
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Table 4. Electron microprobe analyses results of garnet from the North of Azna andalusite-bearing schists based on 24
oxygene

Sample A5-1
Mineral Grt Grt Grt Grt Grt Grt Grt Grt
Analysis 109 110 111 112 113 114 115 116
SiO, 42,722 35.249 35324 35264 35463 35311 38.715 29.24
TiO, 0.063 0.007 0.015 0.017 0.003 0.032 0.122 0.042
Al,O; 14.853 20.394 20.351 20.54 20.368 20.396 25.39 20.536
Cr,0O; 0.032 0.018 0.026 0.009 0 0.023 0.025 0.023
FeO 21.7 29.562 29.566 28.368 27.347 29.141 17.209 23.585
MnO 3,592 10.061 10.075 11.742 11.846 9.985 8.714 8.683
MgO 4369 1315 125 1099 1.154 1433 1.091 1.588
CaO 0.283 0.5 0.462 0.495 0.395 0.365 0.346 0.263
Na,O 003 0026 0.02 0013 0.02 0016 0.132 0
K,0 0411 0.017 0.04 0.028 0.035 0.037 3.723 0.005
Total 87.582 97.088 97.043 97.525 96.576 96.663 91.587 83.937
Si 7334 5945 5959 5931 5995 5965 6.353 5.633
Ti 0.008 0.001 0.002 0.002 0 0.004 0.015 0.006
Al 3.005 4.054 4.046 4.071 4.058 4.06 491  4.663
Fe 3115 4169 1.171 399 3.865 4.116 2.361 3.8
Mn 0522 1437 144 1673 1696 1428 1211 1.417
Mg 1.118 0331 0314 0.276 0.291 0.361 0.267 0.456
Ca 0.052 0.09 0.084 0.089 0.072 0.066 0.061 0.054
Total  15.155 16.027 16.016 16.031 15.976 16.001 15.177 16.029
xmg 0.233 0.055 0.104 0.046 0.049 0.061 0.068 0.012
Xfe 0.648 0.692 0.379 0.652 0.652 0.689 0.605 0.663
Xca 0.011 0.015 0.023 0.015 0.012 0.011 0.016 0.009
Endmembers
Py 23.259 5486 5233 4572 4909 6.043 6.843 7.965
Alm 64.795 69.172 69.419 66.197 65.254 68.929 60.546 66.348
Gro 1.083 1.499 1.39 148 1208 1106 156 0.948
Sp 10.863 23.844 23.959 27.751 28.629 23.921 31.051 24.74
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Table 4 (Continued). Electron microprobe analyses results of garnet from the North of Azna andalusite-bearing schists

based on 24 oxygene

Sample A5-1
Mineral Grt Grt Grt Grt Grt Grt Grt
Analysis 117 118 119 120 121 122 123
SiO, 35315 3545 35116 35371 35.463 35332 34.964
TiO, 0.022 0.013 0.057 0.032 0.017 0.023 0.017
AlL,O; 20.546 20.413 20.786 20.51 20.321 20.413 19.952
Cr,0; 0015 0.004 0038 002 0015 0.023 0.01
FeO 29.907 29.599 26.35 29.877 30.456 28.835 27.114
MnO 8.885 8993 13.194 8.729 8.606 106 11.334
MgO 1953 1.855 1.144 1.698 1.68 1.293 1.088
CaO 0.357 0.404 0399 0438 0493 046 0477
Na,O 0 0.039 0.009 0.039 0 0 0
K,0 0 0 0.141 0.01 0.01 0 0.145
Total 96.985 96.727 97.046 96.655 97.036 96.956 94.946
Si 5935 5968 5918 596 5966 5959  6.01
Ti 0.003 0.002 0.007 0.004 0.002 0.003 0.002
Al 4.069 4.05 4.129 4.07 4.029 4.058 4.042
Fe 4203 4.166 3.723 4.21 4284 4.067 3.897
Mn 1265 1282 1883 1246 1226 1514 1.65
Mg 0.489 0.466 0.287 0.427 0421 0325 0.279
Ca 0.064 0.073 0.072 0.079 0.089 0.083 0.088
Total 16.028 16.006 16.01 15.999 16.018 16.009 15.967
xmg 0.081 0.078 0.048 0.072 0.07 0.055 0.047
Xfe 0.698 0.693 0.624 0.706 0.712 0.679 0.659
Xca 0.011 0.012 0.012 0.013 0.015 0.014 0.015
Endmembers
Py 8.127 7.776 4826 7.156 6.998 5.429 4715
Alm 69.802 69.592 62.346 70.62 71.16 67.902 65.9
Gro 1.068 1.217 1.21 1326 1476 1.388 1485
Sp 21.003 21.415 31.618 20.897 20.366 25.282 27.9
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Table 5. Electron microprobe analyses results of chlorite from the North of Azna region based on 14 oxygene (The

water content is calculated)

Sample AS-4

Mineral  Chl Chl Chl Chl Chl Chl Chl Chl Chl Chl Chl Chl Chl
Analysis 151 154 155 161 162 163 164 165 166 167 168 169 170
SiO, 26.16 24.87 2450 25.03 25.16 24.63 24.48 2526 24.75 2497 2486 2692 20.20
TiO, 009 003 004 009 011 0212 011 019 012 0.07 0212 035 853
Al,O4 22.19 2240 21.39 20.98 20.16 20.80 20.47 20.26 20.29 21.10 20.80 21.21 16.30
Cr;03 000 000 000 000 000 000 000 000 000 000 000 0.00 o0.00
FeO 27.13 2756 2884 30.31 30.00 30.33 30.29 29.42 29.26 28.78 29.37 2843 31.74
MnO 052 039 03 037 033 031 046 039 038 038 035 037 0.83
MgO 11.63 1258 1236 11.81 12.67 11.97 13.00 13.18 1299 1257 12.67 12.26 9.05
CaO 003 006 004 003 002 007 004 001 005 007 005 0.08 0.09
Na,O 004 000 000 013 000 000 000 000 005 005 000 0.02 0.00
K20 1.02 011 027 004 010 001 002 000 017 011 012 111 1.08
Total 88.81 88.00 87.79 88.79 8855 88.24 88.87 88.71 88.06 88.1 8834 90.75 87.82
Si 593 593 593 593 593 593 593 593 593 593 593 593 593
Al 444 444 444 444 A44  A44  A44 444 444 444 444 444 444
AlY 207 207 207 207 207 207 207 207 207 207 207 207 207
AlY 237 237 237 237 237 237 237 237 237 237 237 237 237
Cr 000 000 000 000 000 000 000 000 000 000 000 0.00 o0.00
Ti 004 004 004 004 004 004 004 004 004 004 004 004 0.04
Fe** 515 515 515 515 515 515 515 515 515 515 515 515 515
Mn 011 012 012 012 0211 0211 011 011 012 012 011 011 o011
Mg 408 408 408 408 408 408 408 408 4.08 4.08 4.08 4.08 4.08
Na 0.0 0.0 0.0/ 0.0/ 0.07r 007 007 007 0.07 0.07 0.07 0.07 o0.07
K 006 006 006 006 006 006 006 006 006 006 006 006 0.06
Xmg 044 044 044 044 044 044 044 044 044 044 044 044 044
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annite rich (Guidotti, 1984).
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Table 6. Electron microprobe analyses results of biotite from the North of Azna region based on 22 oxygene

Sample Ab5-1
Mineral Bt Bt Bt Bt Bt Bt Bt Bt Bt Bt
Analysis 96 97 98 99 100 101 134 136 137 138
SiO, 33.81 3093 3376 33.63 3354 337 3229 3287 3468 28.11
TiO, 1.45 1.16 1.84 1.74 1.41 1.68 0.91 1.25 1.76 0.6
Al,O4 1764 16.34 16.77 16.88 17.43 16.08 15.92 18.6 17.71  20.21
FeO 20.46 2046 21.26 2099 2127 2136 18.82 23.01 22.2 26.44
MnO 0.2 0.2 0.2 0.14 0.14  0.13 0.07 0.26 0.24 0.31
MgO 8.26 8.697 7.55 8.16 8.28 7.71 6.74 9.74 8.63 11.35
BaO 0.08 0.06 0.1 0.07 0.06 0.05 0.04 0.05 0.11 0.02
CaOo 0.31 0.25 0.35 0.23 0.32 0.3 0.22 0.2 0.19 0.09
Na,O 0.15 0.08 0.15 0.06 0.13 0.09 0.05 0.04 0.01 0.04
K,O 8.06 5.51 717 7.04 6.47 7.45 5.26 5.6 7.97 2.78
H,O 1.78 1.65 1.75 1.75 1.76 1.73 1.61 1.8 1.83 1.75
Total 92.2 85.34 90.9 90.69 90.81 90.28 81.93 9342 95.33 91.7
Si 5,708 5618 5783 5756 5719 5827 6.009 5465 5685 4.822
AllV 2292 2382 2217 2244 2281 2173 1991 2535 2315 3.178
AlVI 1.215 1113 1.166 1.158 1.219 1.102 1498 1.107 1.104 0.905
Ti 0.184 0.158 0.237 0.224 0.181 0.219 0.127 0.156 0.217 0.077
Fe?* 2.889 3108 3.045 3.004 3.033 3.089 2929 3.199 3.044 3.793
Mn 0.029 0.031 0.029 0.02 0.02 0.019 0.011 0.037 0.033 0.045
Mg 2079 2355 1928 2.082 2105 1.988 1.87 2414 2109 2.903
Ba 0.005 0.004 0.007 0.005 0.004 0.003 0.003 0.003 0.007 0.001
Ca 0.056 0.049 0.064 0.042 0.058 0.056 0.044 0.036 0.033 0.017
Na 0.049 0.028 0.05 0.02 0.043 0.03 0.018 0.013 0.003 0.013
K 1.736 1277 1567 1537 1407 1643 1249 1188 1.667 0.608
Total 16.242 16.123 16.093 16.092 16.07 16.149 15.749 16.153 16.217 16.362
Fe FeMg  0.58 0.57 0.61 0.59 0.59 0.61 0.61 0.57 0.59 0.57
Mg FeMg 0.42 0.43 0.39 0.41 0.41 0.39 0.39 0.43 0.41 0.43
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Table 7. Thermobarometry calculated results (Geo — Path (Perchuk, 1991)) for Qtz+Ms+Bt+And+Grt assemblages in
North of Azna metapelites

Bt Grt  Ms  Xue' Xmo©m Xeot Xa™  T°C  Pkbar
(Sample A5-3)
133 140 103 0.215 0.051 0013 096 611  1.97
134 145 104 0.222 0.064 0015 098 655  3.09
136 144 105 0.256 0.066 0015 0.96 621  2.62
137 143 107 024 0.081 0015 098 695 4.12
138 142 108 0.268 0.071 0015 1.12 625  2.83
139 140 131 0.266 0.058 0015 091 583  1.79
(Sample A5-1)
96 115 104 024 0.068 0016 096 647  3.09
97 114 105 0.231 0.061 0011 098 632 259
98 113 107 0.224 0.049 0011 096 591  1.59
99 112 131 0.239 0.046 0016 098 562  1.07
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Introduction

The area studied is located north of Azna
(Lorestan Province) in a small portion of the
Sanandaj — Sirjan structural zone (Mohajjel et al.,
2003).This area is part of the Zagros orogenic
belt, formed by the opening and closure of
Neotethyan ocean. From NE to SW, it consists of
three parallel tectonic regions: the Orumieh-
Dokhtar magmatic belt, the Sanandaj-Sirjan
structural zone and the Zagros thrust-fold belt
(Ghasemi and Talbot, 2005).

The Sanandaj-Sirjan structural zone is a
metamorphic ~ belt  composed  mostly  of
greenschist, amphibolite and eclogite facies rocks.
The development of the zonetook placeduring the
opening of the Tethys ocean and its subsequent
closing during the Cretaceous and earlyTertiary
convergence of the Afro-Arabian and Eurasian
plates (Mohajjel and Fergusson, 2000). The
second stage of metamorphism and deformation
of the zone, designated D2, is the most important,
resulting from the opening and closure of the
Neotethyan ocean and the collision of the Arabian
plate with the southwestern part of central Iran in
the Late Cretaceous to Tertiary
(Laramideorogenic phase) (Ghasemi and Talbot,
2005; Aghanabati, 2004; Mohajjel et al., 2003;
Mohajjel and Fergusson, 2000; Alavi, 1994). In
the Sanandaj-Sirjanzone, which includes the Azna
area, Cretaceous granitic intrusions into the
schists were followed byfolding and faulting. The
intrusions produced contact metamorphism, and
have lens-shaped outlines, trendingNW-SE.
Consequently, the Azna area has a varied
petrologic assemblage with polyphase
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metamorphism and  deformation, including
schists, metabasites and mylonitic granites. The
phases include: 1. Deformation D1, and
dynamothermal metamorphism (M1),a result of
the subduction of Neotethysoceanic crust beneath
the Iranian plate in the Late Jurassic.
2.Deformation D2, and thermal metamorphism
(M2),a result of Paleocene continental collision
and 3. Deformation D3, and dynamic
metamorphism (M3). This deformation is a
progressive deformation that hasproduced the
current morphologyof the Sanandaj-Sirjan zone
(Shabanian Borujeni, 2008).

In this paper we focused on petrography and
mineral chemistry and thermodynamic conditions
of the metapelites.

Materials and methods

The chemical compositions of minerals were
determined by a CAMECA SX100 electron
microprobe (EMP) at Universitdt Stuttgart
(Germany). The instrument is equipped with five
wavelength dispersive spectrometers. The beam
current and acceleration voltage were 15 nA and
15 kV, respectively.

Discussion and Results

The Azna regional metamorphic rocks include
quartz-feldspar schists, mica schists, andalusite-
bearing schists and quartzites.

The Azna metapelites are schists, containing
quartz, feldspars, andalusite, muscovite, biotite,
muscovite, chlorite and garnet, in variable
proportions, characterized byporphyraoblastic and
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lepidoblastic textures. Based on mineralogy,
minerals of these rocks contain andalusite, garnet,
feldspar, muscovite, biotite, quartz and chlorite.
Microprobe analyses show that the mineral
compositions are as follows: White micas in the
andalusite-bearing ~ schists  are  muscovite,
plagioclases are albite-oligoclase, garnets are
almandine-spessartine with weak chemical zoning
and biotites are siderophylite-annite.

Based on geothermobarometry, these rocks
formed in the hornblende-hornfels facies and the
low pressure part of the amphibolite facies,with
temperatures  about  562-692 °C  and
pressures1.07-4.12 kbar. After the regional
metamorphism of these rocks,granitoidintrusions
causedthermal metamorphism of these rocks and
the formation of andalusite-bearing schists.
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