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Petrology and geochemistry of some granitoid
and intermediate rocks in southwest
of the Qorveh area (Kurdistan)
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Abstract

In the southwest of the Qorveh area, north of the Sanandaj-Sirjan zone, there are
outcrops of acidic and intermediate rocks including monzogranite, granodiorite, tonalite
and diorite. According to petrographical studies, plagioclase, alkali-feldspar, quartz,
amphibole, clinopyroxene and biotite. Geochemical and mineralogical studies indicate
that these rocks are metaluminous to some peraluminous, belonging to calc-alkaline
magma series and having I-type characteristics. The REE normalized chondrite pattern
of the samples show the M-type tetrad effect and relatively negative Eu anomalies. All
of petrography and geochemistry data show fractionation crystallization REE-enriched
minerals e.g. feldspar, amphibole, apatite and titanite followed by magma-fluids
reaction in late crystallization phenomena are the most important factors for the
formation of tetrad effect in these rocks. Lanthanides tetrad effects are recognizable in
REE patterns of the samples and they change versus Y/Ho, K/Rb, Zr/Hf, Sr/Eu and
Ew/Eu* ratios in accordance with evolution trend of granitoid. These rocks are enriched
in LILE (i.e. U, Rb, K, Th) and LREE and show some depletion in Nb, Hf, Ti, Ta, Ba,
Zr and P. LILE and LREE enrichment and HSFE depletion of the samples are indication
of their formation in subduction zone.
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Sample No. AGh9 AGhI5  AGh3l BS8  KS.I8 KS29 KS45 AGhI2 AGh28 TS3  KS52
Rock type Gd Gd Gd Mg Mg Mg To Qm Qd Qd Di
Latitude (N) 3575537 35°5°30"  35°5°15" 35°8715.5" 359715 357732 35777317 35°540" 35757217  35°8°30" 3578705
Longitude (E)  47°38'21" 47°3825" 47°39'14.5" 47°34°15" 47°32'50" 47°3272" 47°32°2.5" 47°38728" 47°39'10" 47°33725" 47°31°31"
SiO; 66.90 67.95 66.14 72.87 7709 7645 7832 65.10 52.83 58.75 51.68
ALO; 17.05 1650 1563 1327 1295 1281 12.84 1746 17.73 16.64 1920
Cr,0; 0.02 0.10 0.01 0.01 0.01 0.02 0.01 001 001 001 0.01
TiO, 033 0.70 0.09 029 0.02 0.06 0.17 043 1.80 1.72 245
Fe,0; 2.89 321 330 249 0.81 121 0.62 336 11.58 9.51 547
MgO 051 0.19 137 038 0.02 0.12 0.07 0.57 2.16 1.94 3.89
MnO 007 020 0.18 0.02 <001 <001 <0.01 0.11 0.18 0.15 0.14
Ca0 3.16 408 401 133 0.40 0.72 129 3.18 582 3.75 11.99
Na,O 493 241 2.64 256 3.86 323 632 546 6.06 597 4.09
K:0 3.06 1.60 124 5.86 452 511 0.08 352 026 023 0.26
P,0s 0.11 023 028 0.18 0.02 0.03 0.03 0.11 0.68 0.65 021
Sum 99.77 99.77 99.78 99.87 9991 9991 99.88 99.75 99.76 99.81 99.82
LOI 0.6 0.26 049 05 02 0.1 0.1 03 06 05 04
Be 3 <1 <1 <1 4 1 2 4 1 2 <4
Sc 2 29 29 2 2 2 2 3 15 2 26
Y 26 247 M 43 <8 8 15 k) 1 34 184
Co 2.1 347 31 2.8 18 0.6 0.6 34 144 41 172
Ni <0 <0 21 <20 <20 <20 <20 <0 <0 <0 33
Ga 208 17 143 13 163 147 133 227 236 126 17.6
Rb 66 743 479 106.7 2486 134 05 1004 5.7 43 34
Sr 9012 8013 5922 2279 145 1332 232.8 993.1 5717 2137 6673
Y 175 242 22 132 442 11.1 172 196 413 7 18.8
Zr 2403 108.2 783 167.4 89.6 34.1 184 288 4737 2989 403.6
Nb 369 75 3 64 384 69 18.1 08 58.1 167 125
Sn 5 6 1 2 1 3 <1 1 4 <1 <1
Cs 0.7 42 24 15 2.1 6.7 <0.1 25 05 <0.1 04
Ba 1129 363 232 896 34 305 30 1117 130 38 152
La 446 10.1 154 99 10.7 142 20.1 483 569 95 135
Ce 79.7 226 339 21 21 266 388 843 1143 169 26.3
Pr 8.14 3.01 437 247 225 271 3.89 9.08 13.67 18 3.1
Nd 283 14.7 19 113 9 94 129 303 55.1 6.6 14.1
Sm 438 3.8 445 242 3 1.77 2.62 484 501 151 3.05
Eu 133 138 137 0.84 0.02 0.62 035 152 143 049 113
Gd 3.94 427 446 270 465 1.72 236 424 446 145 338
Tb 0.54 0.7 0.69 043 1.06 03 04 0.64 158 021 057
Dy 324 349 212 1.78 743 1.71 2.84 439 8.57 39 333
Ho 0.57 0.63 041 048 1.61 036 052 09 1.65 0.77 0.68
Er 1.74 217 12 0.89 488 1.14 1.84 2.65 428 24 191
Tm 027 031 0.15 0.14 0.79 0.17 028 034 0.6 032 026
Yb 191 22 092 09 525 115 2.14 2.16 3.78 2.16 1.79
Lu 032 034 0.14 0.12 0.79 0.18 029 035 0.54 031 027
Hf 63 25 22 4 45 15 6 72 104 65 11
Ta 21 04 03 0.7 47 14 35 3 39 25 038
w <05 0.7 <05 <05 08 <05 <05 <05 0.7 <0.5 0.6
Th 8.8 038 29 36 29.8 127 30.1 95 58 69 0.6
U 22 05 0.7 15 6.7 14 69 19 17 17 02
YREE 194.48 91.68 108.78 6644 11463 7113 1045 21161 31117 53.32 90.17
LREE/HREE 73 1.65 29 2.8 0.73 3.7 34 6.8 47 2.7 24
Rb/Sr 0.07 0.09 0.08 047 1714 1.007 0.002 0.101 0.009 0.020 0.005
ThU 4 16 414 24 444 9.07 436 5 341 406 3
Nb/Ta 176 18.75 10 9.14 82 49 52 143 149 6.7 15.6
Y/Nb 05 323 74 2.06 115 1.61 095 046 071 042 15
EwEu* 032 035 031 033 0.005 035 0.14 033 030 033 035
Sm/Nd 0.15 024 023 021 033 0.18 0.20 0.16 0.09 023 021
Nb/La 0.83 0.74 02 0.65 36 05 09 0.8 1.02 175 092
Ti/Zr 8.6 404 72 108 14 11 538 93 237 359 37.9




VWAV e cpgms 5 (oo o)l cpod Jlo eS3ed5—

2

aLgT):.Al Augil 5 090 ‘5Lm)')15}{j)li &l u}._..Sl Al e..\,JcA_...oap Gzl Jg—syd g ‘_,’_sj;SJl oS, 430 glaosls-Y Jgu =

(s ) 098 (5 y3bogiz o (Yaald
Sample No. Gh-23-2-1 Gh-23-22  Gh-23-2-3  Gh-23-24  Gh-23-2-5 Gh-23-2-6 Gh-23-2-7 Gh-23-2-8  Gh-21-2-1 Gh-21-2-2
SiO, 71.58 79.79 80.80 75.90 77.54 69.34 84.15 69.78 68.93 70.42
ALO; 6.62 14.23 11.75 16.13 16.30 9.80 9.92 19.13 19.15 18.70
TiO, 0.63 0.10 0.23 0.13 0.00 0.00 0.00 0.00 0.01 0.00
FeO 1.26 0.15 0.13 0.20 0.03 1.21 0.02 0.23 040 0.03
MgO 1.33 1.01 0.51 1.35 0.01 147 0.00 0.07 0.00 0.00
Ca0 1345 1.80 1.94 240 1.05 13.97 1.01 2.36 4.06 3.29
Na,O 3.03 2.50 345 1.90 4.80 3.28 481 7.17 7.26 7.50
KO 0.78 0.34 041 0.74 0.27 091 0.08 1.20 0.13 0.08
Sum 98.67 99.90 99.23 98.71 99.98 99.96 99.99 99.96 99.95 99.99
Si 13.11 13.50 13.70 13.10 13.07 13.01 14.05 12.15 12.02 12.20
Al 143 2.83 2.35 3.28 323 1.28 1.95 3.92 9.93 3.81
Ti 0.09 0.013 0.03 0.02 0.0001 0.0003 0.0002 0.0005 0.0006 0.0005
Fe 0.19 0.02 0.018 0.029 0.003 0.19 0.003 0.034 0.06 0.004
Ca 2.64 0.32 0.35 044 0.19 2.81 0.18 0.44 0.76 0.61
Na 1.08 0.81 1.13 0.63 1.60 1.92 1.57 1.92 1.56 242
K 0.18 0.07 0.09 0.16 0.06 0.22 0.02 0.27 0.03 0.017
Xab 0.28 0.67 0.72 0.51 0.86 0.39 0.88 0.77 0.75 0.80
Xan 0.67 0.27 0.22 0.35 0.10 0.57 0.11 0.15 0.24 0.19
Xor 0.05 0.06 0.06 0.14 0.04 0.04 0.01 0.08 0.01 0.01

0955 SLa sl (sl elS WY g )5 nSTYY ally 1 cowlo oy (g3l Jooy3 5 o9,y 5L ST, ay i (slmosls Y Joo >
OFUSS (slo by, 4 (i Lidles slaosls ol jandy (s S 1093 (5 5 bogin) (Yasls sbl el agisl 5

Sample No. Gh23-1-1 Gh23-12 Gh23-13 Gh23-14 Gh23-15 Gh23-16 Gh23-1-7 Gh23-18 Gh2l-I-1 Gh2l-12 Gh21-13 Gh2l-14
Si0; 4755 4680 4840 4710 4870 5150 4850 5260 4870 4760 4790 4820
ALO, 682 687 664 747 683 667 705 594 671 678 674 695
TiO, 070 09 08 023 008 009 00l 006 072 098 09 069
FeO 1280 1290 1240 1290 1257 1250 1230 1150 1140 1190 1150 1190
MgO 1323 1323 1337 1315 1366 1245 1334 1211 1343 1377 1391 1352
MnO 125 120 119 121 023 010 051 123 16 170 155 163
Ca0 1333 1347 1343 1340 1340 1365 1460 1240 1340 1310 1295 132l
Na,O 105 122 09 105 107 060 105 126 09 110 125 092
K0 093 092 08 092 116 010 076 080 079 094 076 086
Sum 9771 9760 9810 9750 9777 9767 9811 9787 9770 9790 9760  97.90
Si 704 695 713 698 716 744 12 753 648 702 705 709
AN 096 105 08 102 084 056 088 047 105 098 094 091
A 023 015 030 030 034 058 034 070 000 020 022 000
Ti 0065 0101 0032 0026 0008 0009 0005 0006 014 009 009 004
Fe 158 160 153 160 154 151 150 149 126 146 141 146
Mg 202 293 294 290 299 270 291 260 266 303 305 29
Mn 006 016 015 015 002 00l 00l 012 018 021 019 020
Ca 201 204 212 213 210 211 230 174 190 207 204 208
Na 030 035 027 030 030 017 030 035 023 032 036 026
K 006 016 015 018 020 002 010 013 012 014 014 014
Thermobarometry: Pressure (Kbar), Temperature (°C)

P (Holister ef a}1987) 206 213 19 264 201 18 221 2 14 201 2 1
P (Schmidt, 1992) 265 272 25 32 26 24 280 26 2 26 25 13
T (Vyhenal ef al, 1991) 7 24 718 16 M 716 726 720 705 721 720 688
T (Holland and 66 72 662 805 600 571 62 667 643 674 695 632

Blundy,1994)
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