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Fig. 1. The studied area (Tuyserkan) on the geological map of Iran and the tectonic setting of the zones in western Iran
(Mohajjel et al., 2003). The studied area is marked by a black square.
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Fig. 2. The geological map with sampling points of Tuyserkan area (Baharifar et al., 2004)

Wl 3 8515 )

A5l S oLl gy 1 3 g0 ailate (ol SLS
clastsln gos e CanSSle g5 5l e (Sawyer, 2008)
(B-v i) gl Y oSl pal (A-Y i) gl ST
olaily (D-v JKo) @l 5 (C-¥ i) o3 55 o
LS Y (Sl a5l 55 ias s
sl 0k Lo

L 61485 O soin i) pla i dlacSn ol 5
S e 3 i s S 4SS e S ks
S 5 Ul e, sla i b Lasie A8 5 ou,w
GlsS Jals a8 it g3 el SLSee s SIS
ey bl L 5751 55 Ll el 5Ll 5 5387 5 50N
L JSb o Dot 5S4 03 la JSKbaas bl S
33l 03,8 1y bl s (glazs Vg5 o 3L

o5 Sl SLa it b g p s S dlalad I 6ok

1. Interstitial texture

SR 2o BBy
ok 45 s O (Ko sa0 e ol e 2
31354y ey 3y 5 03 gdoee 53 Cadibue K A
20l a0 S Sy eKin 5 3T slacKen
Lo jble 31 o laanYole Cpiomen it aikaie 5 LacKen
S (Bl S (o goa 5 G S puriiaT A la)
o sLacKin ol odtaline LB Co 5l S 5 SIS
(e Cyl8) Lo 155 el ol 0s0 8 8
A0 DO NBWTCR GOV 4 N4 ISV JCHE 1L GO P ]
Lol LeSe 5 b pebi g (il S5l (So355 53 5 (G
ool do 5 oL Ss .(Baharifar et al., 2004) dzs
3000 e e 5l 85 sl 55 85 s
sdaliin LB WUl C I gl O g 5y i Oldan adbie )s
s Slac L& Oty iags cpl 3 (Y JK8) dizes

3550 O e 5 o (S35 03 il SISl B Ao s 5



vy w3 Sl SS sledlS 5 pliealeln sloanlp ou)n

O3 L) ) o)leds VY ol

Coledw sl 1 a8 o JUT.B s A-F JSCa)
Sy i C)8 Glaysh (D 5 C-F JS8) 35d 0 bos
b idu (B-F SK8) 558 g0 odss by 53 S 055 o
(e sl 5 3 5 530 ¢ 53,155) 5l 53T 3L oS

3o a0l Lac s 51 dw opl 3 oS &) s

—F USCE) dia w3 s iSO Lkl ) ol oS
(F

eSile (sla SLS 5l Cel a8 alad ol .l g o 0 polous
S glate L;L»&J, gl o odwals (}w}aw Ll o J:gii
s laashy o3Il Hs Ol Cdeas cur‘,.«:‘y)b 9 Lbr.w;}‘
Gty 03101 ol K odins 1S5 sla LS S
Py gam S I 0 kiS55 Gla i 4 S o S
(g 3 A5k Lap s 53e olins S5 (gla SIS o
4:.-&[}- BE) %L@.:.L:_.w 9 J.':;-.w‘ GC»_._:‘J.:J; cg:,a..)jj‘u\._.'"-
.3‘,.&;6 odalin Qﬁéijw‘% C,..LJ}“.LvT

Gl D g 00,53z (€ (slY B (GlaST A S s g dilaie slacileXwe )0 35750 it slacslu Y JSCi
Fig. 3. The several existing fabrics in the migmatites of Tuyserkan area A: spotted, B: layered, C: folded, amd D: Net
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Fig. 4. Microscopic images of Tuyserkan migmatites: A: spinel+cordierite corona texture around andalusite in the
melanosome portion in XPL, B: spinel+cordierite corona texture around andalusite in PPL, C: sillimanite mineral
formation in the melanosome migmatites in XPL, D: sillimanite mineral formation in the melanosome migmatites in
PPL, E: cordierite and garnet porphyroblasts in the melanosome portion in XPL, and F: leucosome spots (K-feldspar,
plagioclase and quartz) in the melanosome matrix in XPL. Abbreviations after Kretz (1983) (And: Andalusite, Spl:
Spinel, Crd: Cordierite, Sill: Sillimanite, Grt: Garnet, Lu: Leucosome, Mel: Melanosome).
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Fig. 5. The chemical composition of the minerals in Tuyserkan migmatites. A: The composition of the biotites of
Tuyserkan area in Mg/Mg+Fe vs. Al-tetrahedral/22 (O) diagram lie between phlogopite and annite, B: The chemical
composition of the garnets of Tuyserkan area in the Mn+Ca, Mg and Fe ternary diagram (Coleman et al., 1965), C: The
chemical composition the plagioclases and alkali-feldspars of Tuyserkan area in the Ab-Or-An ternary diagrams (Deer
et al., 1962), and D: The chemical composition of Tuyserkan cordierites on the Fe-Mg-Mn ternary diagrams
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Table 1. The microprobe analyses of the biotite and garnet minerals in Tuyserkan area

Oy adlate 13 26,8 5 Codgm sla S 09 9,0ke slasIUTY Jgu

Mineral  Grt Grt Grt Grt Grt Grt Grt Bi Bi Bi Bi Bi
SiO: 3599 3578 36.02 36.15 36.14 3632 3581 33.54 3331 3293 3477 34.76
TiO: 0.08 0.05 0.12 0.03 0.10 0.00 0.02 140 155 1.75 291 284
ALOs  20.69 20.53 2029 20.79 2073 20.64 2053 18.93 1930 18.62 17.92 17.99
FeO 36.36  36.85 36.21 36.74 36.72 37.00 37.09 2226 2293 2295 2271 2246
MnO 3.62 341 3.6l 3.80 3.57 3.28 3.31 0.07 0.13 0.06 0.04 0.10
MgO 242 243 238 239 2.46 2.47 2.55 6.76 649 6.68 589 597
CaO 089 089 088 0.8 0.86 0.91 0.86 0.00 0.00 0.00 0.06 0.03
Na:0 0.03 0.00 0.01 0.00 0.02 0.02 0.01 0.07 0.10 0.04 0.11 0.07
| (€10 0.03 0.00 0.00 0.00 0.00 0.00 0.00 894 9.19 935 945 9.38
Total 100.12 99.94 99.51 100.80 100.59 100.64 100.18 91.98 92.99 9237 93.85 93.61

Si 292 291 294 292 2.92 2.93 291 269 266 265 274 274
Ti 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.09 0.09 011 017 0.17
Al 1.98 1.97 196 1.98 1.98 1.97 1.96 1.79 181 1.77 1.67 1.67
Fe** 0.18 020 0.14 0.19 0.18 0.17 022 0.00 0.00 0.00 0.00 0.00
Fe?* 229 231 233 2.30 2.31 2.33 2.29 149 153 155 1.50 149
Mn 025 024 025 0.26 0.24 0.22 0.23 0.01 0.01 0.00 0.00 0.01
Mg 029 030 029 0.29 0.30 0.30 0.31 0.81 077 0.80 0.69 0.70
Ca 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.00 0.00 0.00 0.01 0.00
Na 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 002 0.01 0.02 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 092 094 09 095 094
Total 8.00 8.00 8.00 8.00 8.00 8.00 800 780 7.82 784 774 774
Xalm 079 079 080 0.79 0.79 0.79 0.79 - - - - -
Xspss 0.09 0.08 0.08 0.09 0.08 0.08 0.08 - - - - -
Xpy 0.10 0.10 0.10 0.10 0.10 0.10 0.11 - - - - -
Xars 0.03 0.03 0.03 0.03 0.03 0.03 0.03 - - - - -
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Table 2. The microprobe analyses of the alkali-feldspar and plagioclase minerals in Tuyserkan migmatites

Mineral Pl Pl Pl Pl Pl Pl Pl Kf Kf Kf Kf Kf Kf

SiO: 59.03 59.23 59.01 58.67 59.43 4599 4635 63.17 63.75 63.15 63.28 62.94 63.25
TiO2 0.00 0.00 0.00 0.00 0.07 0.01 0.05 0.03 0.04 004 0.00 0.06 0.00
ALOs 2489 2478 2491 2478 2422 3456 3433 20.60 19.64 19.68 19.46 20.38 20.59
FeO 0.00 0.00 0.00 0.05 0.12 0.37 022 0.01 0.00 000 0.06 0.12 0.01
MnO 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.03 0.00 000 0.00 003 0.02
MgO 0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.01 0.00 000 0.00 0.00 0.00
CaO 6.73 6.67 6.69 668 643 1767 1791 0.06 0.06 008 0.06 0.05 0.16
Na.O 7.80 7.72 7779 7.87 809 134 1.44 .65 1.57 216 1.68 122 238
| (€10 0.14 0.16 0.14 0.14 0.14 0.00 0.00 1432 1453 13.82 1442 15.02 13.21

Total 9859 98.57 98.57 98.18 98.54 99.96 100.32 99.87 99.60 9894 98.96 99.82 99.63

Si 270  2.68 270 2.67 269 212 2.13 291 295 294 295 291 2091
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al .33 132 133 133 129 1.88 1.86 .12 1.07 108 1.07 1.11 1.12
Fe* 0.00 0.00 0.00 0.00 001 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 000 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 000 0.00 0.00 0.00
Ca 033 032 032 033 031 0.87 0.88 0.00 0.00 0.00 0.00 0.00 0.01
Na 0.68 0.68 068 0.69 071 0.12 0.13 0.15 0.14 020 0.15 0.11 0.21
K 0.01 0.01 001 0.01 0.01 0.00 0.00 084 08 082 086 0.8 0.78

Total 5.04 501 504 502 502 5.00 5.00 508 502 503 503 503 502

Xab 0.67 0.67 067 0.68 069 0.12 0.13 0.15 0.14 0.19 0.15 0.11 0.21
Xor 0.01 0.01 001 0.01 0.01 0.00 0.00 08 08 080 0.85 0.8 0.78

Xan 032 032 032 032 030 0.88 0.87 0.00 0.00 0.00 0.00 0.00 0.01
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Table 3. The microprobe analyses of the cordierite and spinel minerals in Tuyserkan migmatites

Mineral Crd Crd Crd Crd Crd Crd Spl Spl Spl Spl
SiO:  46.52 46.74 46.57 46.59 4695 46.76 0.04 0.03 0.12 0.09
TiO: 0.03 0.07 0.00 0.00 003 0.00 0.08 004 0.01 0.05
ALOs 31.89 31.67 3190 31.94 32.02 31.74 56.34 57.58 56.79 57.30
FeO 1242 1242 1246 12.51 1234 1220 39.00 39.09 39.43 38.90
MnO 046 047 049 048 044 038 036 038 034 048
MgO 563 568 550 580 581 595 153 165 150 1.54
CaO 0.01 000 0.01 0.00 000 0.00 0.00 000 0.00 0.00
Na:0 0.14 0.15 0.17 021 017 0.19 0.03 008 0.03 0.04
| (€10 0.01 000 0.01 003 002 000 0.00 003 0.01 0.01
Total 97.10 97.21 97.10 97.56 97.77 97.23 9738 98.87 9823 98.41

Si 494 496 495 492 495 449 0.00 0.00 0.00 0.00
Ti 0.00 001 0.00 0.00 000 0.00 0.00 000 0.00 0.00
Al 399 396 4.00 398 398 396 196 197 196 197
Fe** 0.16 0.14 0.15 022 0.17 0.18 0.04 004 004 0.03
Fe?* 095 096 09 088 092 09 092 091 093 0.92
Mn 0.04 004 0.04 004 004 003 0.01 001 0.01 0.01
Mg 0.89 090 087 091 091 094 0.07 007 0.07 0.07
Ca 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00
Na 0.03 003 0.04 004 004 004 0.00 000 0.00 0.00
K 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00
Total 11.00 11.00 11.00 11.01 11.00 10.54 3.00 3.00 3.00 3.00
Xwmg 047 047 047 050 049 050
XFre 0.51 051 051 048 049 048
Xwmn 0.02 002 0.02 0.02 002 0.02
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Fig. 6. A: The pressure and temperature estimation of Tuyserkan migmatites using thermocalc software, based the
reactions 1-3, the pressure and temperature of the peak metamorphism has been estimates as 4 kbar and 700 °C,
respectively, and B: The linear relationship between temperature and depth is indicative of geothermal gradient
(Holdaway and Mukghopdhyay, 1993). The geothermal gradient of the Tuyserkan migmatites is depicted by a dotted

line that lies in the contact metamorphic field.
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Fig. 7. A: The rare earth element diagram of the average metamorphosed pelitic rocks and migmatites chondrite-
normalized in Tuyserkan area (Boynton, 1984), and B: The spider diagram of the incompatible elements of the

metamorphosed pelitic rocks and primary mantle-normalized migmatites of Tuyserkan area (Sun and McDonough,
1989)
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Fig. 8. A: The spider diagram of mesosome (restite) normalized to average metapelitic rocks of Tuyserkan area, and B:
The spider diagram of leucosome migmatites -normalized to average metapelitic rocks of Tuyserkan area
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Table 4. The chemical composition of the major and rare elements in metamorphosed pelitic rocks of Tuyserkan area

Sample TU-1 TU-2 TU-3 TU-5 TU-7 TU-8 TU-9 average
Metapelite Metapelite Metapelite Metapelite Metapelite Metapelite = Metapelite = Metapelite

Si0,(wt.%) 63.06 61.75 64.84 62.66 59.31 60.14 65.26 62.43
TiO, 0.79 0.84 0.65 0.83 0.98 m 0.78 0.81
ALOs 18.27 19.26 17.98 19.02 20.24 20.12 17.54 18.92
Cr;0; 0.03 0.03 0.03 0.03 0.05 0.04 0.03 0.03
Fe;0; 6.44 7.94 7.33 7.13 8.44 7.34 7.02 7.38
MnO 0.13 0.14 0.19 0.13 0.16 0.13 0.13 0.14
MgO 1.82 2.31 2.10 1.99 2.55 2.21 1.99 2.14
CaO 0.42 0.37 0.51 0.52 0.71 0.63 0.58 0.53
Na,O 2.04 1.18 1.60 1.62 1.52 1.94 1.74 1.66
K;O 4.30 4.26 3.31 3.90 433 3.93 3.22 3.89
P,05 0.18 0.15 0.16 0.17 0.14 0.16 0.17 0.16
Total 97.54 98.29 98.76 98.07 98.50 97.50 98.52 98.17
Cr (ppm) 220 200 210 260 350 270 260 252.86
A% 160 177 144 175 207 193 148 172.00
Cs 14.65 10.40 15.70 9.48 7.27 10.50 9.70 11.10
Rb 188.5 177.0 158.5 154.5 176.0 162.5 133.0 164.3
Sr 104.0 65.7 76.1 92.8 115.0 117.5 104.5 96.5
Ba 309 309 245 359 337 354 282 314
Th 13.45 14.20 12.45 14.45 15.65 14.05 12.80 13.86
U 2.84 3.00 2.79 3.01 2.72 2.89 2.79 2.86
Ta 1.0 1.0 0.9 1.1 1.1 1.0 1.0 1.0
Nb 14.1 14.2 12.5 153 17.6 15.9 14.7 14.9
La 36.3 39.9 33.6 39.1 43.5 40.0 352 38.2
Ce 73.9 82.8 68.2 81.5 88.9 82.3 73.4 78.7
Pr 8.10 8.90 7.48 8.81 9.56 8.93 7.77 8.51
Nd 30.1 33.2 27.9 33.0 359 33.6 29.8 31.9
Sm 5.54 5.72 5.05 6.23 6.68 6.12 5.67 5.86

Eu 1.24 1.23 1.02 1.20 1.47 1.37 1.14 1.24
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Table 4 (Continued). The chemical composition of the major and rare elements in metamorphosed pelitic rocks of
Tuyserkan area

Sample TU-1 TU-2 TU-3 TU-5 TU-7 TU-8 TU-9 average
Metapelite Metapelite Metapelite Metapelite Metapelite Metapelite = Metapelite = Metapelite
Gd 4.92 5.09 4.75 5.78 5.95 5.51 5.38 5.34
Tb 0.72 0.73 0.66 0.82 0.79 0.81 0.76 0.76
Dy 4.45 4.50 3.93 4.97 4.38 4.61 4.49 4.48
Ho 0.91 0.95 0.80 0.99 0.89 0.93 0.96 0.92
Er 2.85 2.96 2.59 3.04 2.73 3.08 2.98 2.89
Tm 0.43 0.44 0.38 0.46 0.39 0.44 0.44 0.43
Yb 2.81 2.91 2.43 2.94 2.49 2.87 2.73 2.74
Lu 0.43 0.44 0.38 0.48 0.40 0.44 0.42 0.43
Y 25.9 26.8 23.0 28.8 26.3 27.5 27.2 26.5
Hf 5.0 4.8 4.5 5.6 5.5 4.9 5.4 5.1
Zr 187 175 170 210 207 186 203 191.14
Ga 20.9 23.3 20.6 22.4 25.0 24.4 19.8 22.3
Sn 4 4 3 4 2 4 8 4.1
w 13 9 9 13 14 14 12 12
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Table 5. The chemical composition of the major and rare elements in Tuyserkan migmatites
Sample Tu Tu Tu Tu Tu Tu Tu Tu Tu Tus Average
10 12-2  12-3 132 13-3 14-A 14-B 15-B 16-1 Mig migmatite
SiO:(wt.%) 59.43 56.10 63.57 58.27 56.79 56.82 59.03 56.16 60.45 62.06 58.87
TiO: 1.01 .12 077 1.01 1.02 0.75 089 094 093 0.72 0.92
ALOs 2032 21.44 18.64 2046 21.49 21.47 20.01 21.55 20.14 18.15 20.37
Cr20s 0.06 004 004 004 0.06 006 0.04 0.05 003 0.05 0.05
Fe:0; 8.58 9.11 726 8.62 928 895 795 843 7.69 874 8.46
MnO 0.17 020 0.13 020 024 022 0.18 0.18 0.16 0.16 0.18
MgO 248 292 211 276 276 298 245 264 248 243 2.60
CaO 0.76 098 058 085 0.77 062 0.89 0.68 077 0.49 0.74
Na;O 1.52 1.70 .74 157 158 152 196 1.66 170 1.34 1.63
| (€10 437 419 334 419 431 458 502 486 437 325 4.25
P20s 0.12 0.15s 0.15 0.13 0.11 0.13 0.11 0.14 0.12 0.17 0.13
Total 98.82 9795 9833 98.10 98.41 98.10 98.53 97.29 98.84 97.56 97.56
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Table 5 (Continued). The chemical composition of the major and rare elements in Tuyserkan migmatites

Sample Tu Tu Tu Tu Tu Tu Tu Tu Tu Tus Average
10 122 12-3 132 13-3 14-A 14-B 15-B 16-1 Mig migmatite

Cr (ppm) 390 300 260 250 380 310 290 360 230 360 313
\Y% 208 244 159 218 232 164 186 208 199 168 198.60
Cs 747 952 934 1010 864 1090 994 890 845 277 11.10
Rb 171.0 1785 1385 193.0 191.0 198.5 217 192 170.5 163.0 181.3
Sr 1185 123.0 105.0 121.5 121.5 131.0 1555 130.5 137.0 85.0 122.9
Ba 367 380 301 415 423 417 459 424 417 254 386
Th 16.10 19.00 13.25 17.25 17.75 16.55 1525 16.40 1545 13.30 16.03
U 2.87 3.1 28 319 287 3.08 282 298 289 275 2.98
Ta 1.2 1.6 1.0 1.4 1.1 1.0 1.1 1.1 1.2 0.9 1.2
Nb 182 213 143 193 181 150 168 172 16.8 13.7 17.1
La 43.6 514 362 469 492 453 420 451 425 374 44.0
Ce 90.2 1055 751 96.1 101.0 936 868 927 889 77.0 90.7
Pr 9.86 11.30 8.08 10.20 10.80 10.00 9.34 10.10 9.33 8.50 9.75
Nd 36.6 421 302 378 405 368 344 378 347 317 36.3
Sm 6.70  7.73 570 728 7.11 689 6.08 7.19 6.17 6.03 6.69
Eu 1.47 1.36 .13 142 157 131 150 139 144 1.19 1.38
Gd 6.07 7.10 503 6.67 597 555 511 639 552 553 5.89
Tb 082 093 072 089 078 075 068 08 076 0.75 0.79
Dy 490 532 422 511 447 432 412 524 469 443 4.68
Ho 0.99 1.09 089 1.02 089 085 087 1.06 095 092 0.95
Er 320 334 282 311 286 268 279 339 296 2.78 2.99
Tm 043 048 040 046 042 039 041 050 043 041 0.43
Yb 294 319 277 3.05 278 260 279 322 270 272 2.88
Lu 047 049 042 049 043 042 046 051 043 040 0.45
Y 28.7 313 266 30.1 261 247 252 31.6 28.0 265 27.9
Hf 5.8 6.3 52 6.1 6.0 4.9 5.1 59 5.1 4.5 5.5
Zr 217 233 197 222 225 182 192 221 185 166 204
Ga 249 266 215 253 265 251 237 273 238 228 24.8
Sn 2 3 3 3 2 3 3 3 2 5 2.9
W 18 11 12 9 16 13 11 16 8 19 13.30
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Fig. 9. A: The REE pattern of the chondrite-normalized adjacent migmatites, Tuyserkan area (Boynton, 1984), and B:
The REE pattern of the chondrite-normalized leucosome of migmatites, Tuyserkan area (Boynton, 1984)
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Table 6. The chemical composition of the major and rare elements in Tuyserkan granites and leucosome of migmatites

Sample TU TU TU TU TU  Ave Tu Tu Tu Tul4 TulS5 Tu Ave
21 17 18 19 20 11 12-1  13-1 A-Lu B-2 16-2

Lithology G G G G G Lu Lu Lu Lu Lu Lu Lu
Si0; 7250 7272 72.84 7198 7244 725 7330 70.68 70.85 71.58 80.77 70.39 72.93
TiO: 003 0.03 0.04 003 005 000 002 018 012 020 0.13 0.16 0.14
ALOs 1424 1429 14.16 1428 1426 142 1412 1500 14.58 1349 813 1515 13.41
Cr0s 003 003 004 004 003 000 002 003 003 005 006 003 0.04
Fe:0s 164 170 159 198 147 17 138 223 176 343 236 183 2.17
MnO  0.09 011 006 011 008 0.1 002 005 003 007 002 002 004
MgO 013 0.14 013 020 013 01 015 055 039 082 028 036 043
Ca0 050 046 087 043 044 05 059 053 074 079 088 148 0.84
Na:O0 239 232 261 237 231 24 234 196 198 158 1.12 253 192
K:0 761 771 649 757 789 75 687 729 777 588 459 7.09 6.8
P:O0s 022 022 014 022 023 02 017 018 019 0.9 010 021 0.17

Total 99.38 99.73 98.97 99.21 99.33 99.20 9898 98.68 9844 98.05 98.44 99.25 98.67

Cr 240 240 280 300 210 254.0 180 260 240 280 470 210 2733
\% 9 8 11 10 8 9.2 9 34 28 39 36 29 29.17
Cs 340 3.67 342 256 3.87 34 444 351 3.07 485 217 282 348
Rb 208 217 1755 212 223 207.1 201 197.5 205 174.0 133.5 1945 1843
Sr 103.5 106.0 105.0 100.5 109.5 1049 130.0 1975 216 183.5 137.0 277 190.2

(Lu: Leucosome, G: Granite, Ave: Average)

1. HREE
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Table 6 (Continued). The chemical composition of the major and rare elements in Tuyserkan granites and leucosome
of migmatites

Sample TU TU TU TU TU Ave Tu Tu Tu Tul4 TulS Tu Ave
21 17 18 19 20 11 12-1  13-1 A-Lu B-2 16-2

Lithology G G G G G G Lu Lu Lu Lu Lu Lu Lu

Ba 141.5 161.5 178.0 188.0 1685 167.5 262 663 1170 1110 911 1110 &71.0

Th 071 097 128 053 089 090 087 262 177 443 264 293 254
U 1.55 084 050 064 1.00 090 055 1.14 080 123 077 077 0.88
Ta 0.2 0.1 0.1 0.1 0.3 0.2 0.2 0.3 0.3 0.4 0.2 0.3 0.3
Nb 1.3 1.1 0.9 0.9 2.2 1.3 1.1 3.6 2.6 4.2 2.7 4.1 3.1
La 33 3.6 4.7 3.1 3.8 3.7 3.5 8.4 6.3 12.2 8.1 14.8 8.9
Ce 5.8 6.8 8.7 5.6 7.0 6.8 6.2 170 126 250 162 280 175
Pr 062 073 087 061 0.78 07 059 179 139 272 178 2091 1.86
Nd 24 2.8 3.0 2.2 3.0 2.7 2.2 7.0 5.2 10.4 6.7 10.7 7.0

Sm 0.63 077 0.65 058 0.82 0.7 054 136 120 204 134 197 141
Eu 078 078 0.79 076 0.82 0.8 1.04 171 1.80 1.31 1.05 198 148
Gd 095 1.15 060 1.01 1.26 1.0 070 149 128 227 142 217 1.56
Tb 023 026 011 025 025 02 014 023 022 034 022 034 025
Dy 200 252 1.04 231 220 20 097 153 139 206 153 193 1.57
Ho 052 067 028 059 054 05 021 035 030 042 035 038 034
Er 201 261 1.17 230 214 20 066 098 093 1.18 1.17 1.01 0.99
Tm 042 049 022 047 040 040 0.11 015 0.13 0.17 0.16 0.14 0.14

Yb 324 415 190 371 322 32 070 097 08 099 1.05 086 0.90

Lu 053 066 034 058 053 050 0.10 0.14 0.12 0.14 0.16 0.13 0.13
Y 152 194 8.0 18.1 16.6 155 6.4 9.8 9.0 120 101 114 9.8
Hf 1.5 1.3 0.50 1.10 1.60 1.20 0.3 1.1 0.7 1.0 0.7 1.8 0.9
Zr 35 29 15 25 37 28.2 9 39 25 38 28 74 35.5
Ga 137 133 121 130 134 131 117 11.8 11.0 114 6.7 11.6  10.7
Sn 4 4 5 3 4 4.0 5 3 4 4 3 3 3.7
W 14 13 16 16 12 14.2 10 14 13 21 26 11 15.83

(Lu: Leucosome, G: Granite, Ave: Average)
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Introduction

Partial melting is an appropriate correlation
process between metamorphism and magmatism
which plays a key role in the development of
migmatites, granulites and S-type granites during
crust evolution (Kriegsman, 2001; Alvarez-Valero
and Kriegsman, 2008; Sawyer, 2010). In this
study, we tried to address the correlation between
partial melting process and  metapelites
migmatization and the formation of adjacent
granites through microscopic and field evidence
and geochemical data.

Materials and methods

Petrography and field studies were carried out and
in order to identify minerals’ composition and
determine temperature and pressure. A few spots
of different minerals were analyzed by
microprobe electron method with CAMECA
device model SX100 at the Geosciences Research
Institute of China University. Also, in order to
evaluate the geochemical and the correlation
between migmatites, leucocratic granite and
metapelites, several samples of the mentioned
rocks were selected. Their major and minor
elements were respectively analyzed by the XRF
and ICP-MS methods at Beijing University of
China.

Results
While the pattern of rare earth elements (REE) in
migmatite leucosome and adjacent granites shows

that leucosome and leucocratic granite do not
have the same origin, the leucocratic granite
influence has occurred after the migmatization
event, geothermobarometric  calculations of
migmatites and intrusive bodies as well as age
measurement of Alvand Plutonic mass and
migmatite rocks confirm that anatexis and partial
melting do not come from granitic body heat but
also heat of older mafic bodies is the cause of
partial melting and migmatization in the region.
Therefore, migmatites have emerged because of
contact metamorphism which itself is the result of
injection of the same age mafic bodies with
migmatites.

Discussion

Migmatites of the study area are composed of
quartz, plagioclase, potassium feldspar, biotite,
andalusite, cordierite, spinel, and sillimanite
minerals. Temperature and pressure  for
metamorphism peak are approximately 700 ° C
and 4 kbar, respectively. Based on these data, the
formation depth of these rocks is about 11 km.
Therefore, their geothermal gradient is 54 °C/km
which is located in the contact metamorphism
zone and the Buchan type metamorphism series
and it is in accordance with high temperature-low
pressure metamorphisms. Migmatites are located
near the leucocratic granite in some parts of
Tuyserkan. However, they do not have any
contact with granites in other parts but they have
outcrops with hornfels rocks instead. The pattern
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of rare earth elements (REE) has been used to find
out the migmatites protolith in the Hamadan area.
Since, the pattern of rare earth elements (REE) of
migmatites and metapelites has a similar process,
this lithology has been used as a probable
protolith. In order to identify the distributed
elements inside the molten or in the residual
(restite), the average chemical composition of
probable protolith (cordierite hornfels) was used
as a normalization standard for restite
geochemistry  in  multi-element  diagrams.
According to spider diagrams pattern (mesosome,
leucosome) normalized to the average metapelites
based on mass balance, it can be concluded that
migmatites have been formed by evolution of
cordierite hornfels. In order to investigate the
origin and possible relations between leucosome
and adjacent granites (leucocratic granite), the
chemical composition of these rocks was
compared. Leucocratic granite located in the
migmatites immediate contact and leucosome
which is a few centimeters thick are considered in
this comparison. The pattern of rare earth
elements (REE) shows a significant difference in
the migmatite leucosome and adjacent granites.
The most important results of REE patterns is the
difference in HFSE wvalue in granites and
leucosome. Thermometry has been conducted on
intrusive masses (gabbro) through various
methods and by Sepahi et al. (2012). The
approximate temperatures of 950 ° C for gabbro
and 1300 ° C for olivine gabbro are estimated.
Also, due to contact metamorphism reactions, the
maximum contact temperature of porphyry
granites (Alvand intrusive mass) is estimated to be
about 530 to 550 ° C (Sepahi and Moein Vaziri,
2001). Such a temperature is not sufficient for
migmatization in the region. Shahbazi et al.
(2010) have acquired the age of Alvand plutonic
rocks to be 166.5 + 1.8 Ma for gabbro, 163.0 + 9.9
and 161.7 + 0.6 Ma for granites and 154.4 + 1.3
and 153.3 £ 2.7 Ma for leucocratic granite. Jafari
(2018) has acquired the age of Hamadan's

Migmatites to be about 160 to 180 Ma and an
average of 170 million years which is almost
equal to the age of Alvand Plutonic body.
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