BY-FB amiio IFAY lians ) cqpimns 0 ylocth oy JUo 5389 s
VAV YUY - iy b VAT VITY sl s ol

(Olws S 09,8 ©yEg) (Y (8 (Guuiginl )5 0098 b S (ot
O o ol 955 38 sbd 5Ll 391 32 g

# LS 5 Byl

onS

Slalllas olowl 7wl 00t @ 8ly (o i aige )3 (QLw3,5) 098 © 05z 13 (Y GadgislS ooy
ok 4 S (pl el ool JSCi5 (68550 ol )5 5 aSgil S e 900t el (S axlg a Sl eog opl g oS
Sl 5 oS goailaie Lo Lo (5 Sl Jsepiel 5 55,155 lowssld JIIT IS 50 5 551 JSte oae
Syl ey 0 LT SILa Pl oS 5 aiels a5 col o] Sl (9950 (3310 ) bl s (55SL,
55 y glaladi 3325 laonls sl lagi 1o (B 520 1) Casiygi] Ao ys DA b FV/F b (lacedl 8,5 oo o ieS)
lod (655,5 ar cenl 53l eSlo g | ol pos L a5 0 0 ailisjomsy site S5 51 st (610,95 2 51 alSo Lo gl
5 ,LaskS YV L5 ) oguo jLad Sl (il )sam NS 0232k 9) 9 dibeiyom 50 Al lgiome : Lo 1) calizie (slagein Lad
Sl DS 55D raiile ola SIS ;) j0 Olynss ol QUL sl (63585 0095 (pl (sl ol sl az 0 AT L £9 sleo
= ol oas g naibite G MTRL j9a> wdle 4058 oo caalie Lol job ) (50500 Coil)S 0 ehatys
S p an g b Sl e gl (sl S A Sl S Gee 10 LeSle (6500 9 55k (e 50 HIO Sl s 0925
35 9 ool SE Sla g a5 035 1093 (YL FenST aLalE9d Gline 51 GV (63585 0355 ol lde il j5m
s 5550 (nl we (o)l b andl> j3 (l)9,8) (Y 0358 (SHSS Lame

Ol g diin 098 Bt S o (iw)LAS (e rislod (0 (S (sord tgaalS” sla03ly

od—ds ploul pgo sla iogim 3lo)ls )l B 09,8 doddo

Oly s 09,8 adlaie jo ()3l (sloosss (gl Ol g Ay (= Sl S o
«(124Y) Hoseini «(Y444) Sangeghale a e Sl 35 s Ay 09,8 (63485 4_cgezme

«(V++A) oS g Torkian «(Y - - A) Torkian i el 00 &3l (Mahmoudi et al., 2011)
o )——— S g Mahmoudi «(Y -\ V) Shabani Ce gl G5 50 Y8 (63945 0095 il 5

* a-torkian@basu.ac.ir



YVAY Gl i o lous cuanty Sl «(558)9 ,—0

g

S b y9my b Sgisl S g0 s ol aaly 4
Ay el oo LSt (6 8,9 Sl )T g
5 o0=Sly s Sz slagdsd 50 an (s
3,0 G 503 (SIS slaasly (e o
oasdion laaaly plw b (Sow o>ty ool o 550
g Sl (2 pa g (S Ty adlaie 45sS ;e (9 g
Siales 1B o] g S sla gtz camw 4o
Sl vy ol a2 o
Sy ol (el S b (oSS
Sl g Sl Sy 20355195 9 Sy 1 Joiie
el Y5l 5 JUsS Ly oee pobo 4 ]

ol (F )3 a2y Jloge (il SLS oS 5
Vel Vo) Jymmbol d(0moyo £ L FO) M9 Db
FS 5 (0mo )5 V5l a8 Sl JLSIT (oms o
5 il (bl (e 8 sl LS g (oo VLB T)
) S o 4S (g shlon ol SU) cla LS
Sy Sl (guSgiil )T ol 0 o online
odls pluaslog 5 au |y aalllas 550 (53925 0045
oy sl il ool a8y 0055yl 55 0 j0 g
Sl S Lo (Brtos—z g op o S
Szl Uy i Jold g oot a bl (6 28,0
Lo 5l LacSias oyl il gl il b sl 5
Joloie a9 o wgieailo L5 3 jails el (gaiails
Shatigad 5 5 s 5555 L
5 B JUSIT IS5 3 slosyol o y9—091,5
s Lncdl aibone JLob Sigsi il e 1)l
(Noori sl oaal 0929 amy S 5o sl L
Ladiges ol ,o LadISe 5, Hendi et al., 2012)
Ao U o IS &g an g abbac s o U lawgie
Ga—wdshis olS SLS oo e o S i
03 e (i S S5 5 e 5

Sy O—Toh bl )3 (580 IS
=S asly Sl bl s o)l gais) (Y LS
S92 e dm 3>y (il Lo 00,5 (o0 1 o

g AZizZi o (Y- \Y 5 Y+\Y) Torkian «(Y-\)Y)
Noori  Hendi .o i 0,3l (YY) Asahara
(YY) ol ,L— S 4 Noori Hendi 4 (Y1)
plosl Y M3 (6355 0095 1y —aiBo Dlallae
A wlSgd g Liad-Las oS aS Lol 5lasilesls
ol 00 (end (G55l S 0055 (5o
adlheda so wsa Sa ol e
SS9 0395 @l o by, 5 liB S
sleosls 5l ol s anl )l L s g aSlo
GloSlS olad oS5 (Se S Gajlo iy 5,
RSV UV C RN WECR IR NIV O RIE

3555 et S 0555 3Rl oo

adbaio (owlids (o

30 o=l et ot jo 4 alac 0,50 a_ilais
8098 (i ol o yfogiz 50 g Hliws S ol
YO0 YOV LLdlir Lo b, e Jsbos 5ok
ol i gl a s by Jlo s YA 0T L
Gl o Bl 3,5 YOOV L FYOYES"
5 St (YL (6358 0055 () JS2)
0395 (el (8- Bt ag) Ly (FawdS gl
5 (@92 9 b 5 00, 5 YOS labiows, &
T 3 D9 s Sgime (€ Caaw 5 4SS
o sls aS ol ool ailaie wlii o) didi
sl Jol b 00y 500,85 o0 o Gl
Ay S 5 Soplid o0 (995 50 Sl Jleass]
Selygim ol e b e 5l (2laaY g0 ol e
Selys 9 b5 A oo glaasly 6l g o
ol ol il o il ki o Al
00y oy oy dbasly il o Lo i
e sllae 5,5 o (635 a5 005 5 ¢ (Hoseini, 1997)
sl Sl oad oot sla S 5
ool 1S 9 (2] 0 by
3l asdllae 89 adlaie ¢ 095wy S L) 2



v Of leordsSa b sloaslis )51 5 (s S w098 b osiz) YO (sudsiil S 0058 Slo SIS oy

25k Jg—amme 45 s5aSLl, el sl s g Sl
DSl Heb S Gl bl o L wals JLSIT S
AL ]

bl eiel ol sl 4 S (sgazme o
3 55 el | 55 (sLacdl S 4y (panss
Ja.:.a“)_.o ‘5_'4..7.@ )0 Acgoxe CJ—'l‘ od.'a)’l_..o ‘_gl_ofto 9
sool g2 (glo,L3 JLad ail> jo iil9,8 L
(Noori Hendi et al., 2012) <.l

ol Gaardyn colow 5 (i) ¢ S S,
ol sla LSl S B jslne glaos
g el SLS ol 1o LS ol 10 09290
L5 Y0) 55,55 (s e L5 o) S5l ol
5 (Ao VY L5 o)l asls I SIT (a3 YV
(o3 D LY ggame )3) (32 9 (22 slo S
Sl LS g il o8 5 il il yom s Lol
o L0 JSs & g0 Lo S 5 Dy ol S|

B ;s s

4 Legend

[ Quaternary W Town

I Metamorphic rocks
Jig| - RoOad

| B Granitoids
[ Porphiritic granites

= E47° 35' 46"

gl )5 009 omlid ymo 4iii (B g (S am o ;08 oyl psmaiiew gy 50 Y (M8 (gudgiil F ool CoBge (A -) S
(Hoseini, 1997) 05,3 i3 jloz (gwlidipey Vil oo add aly Y OB



YVAY Gl i o lous cuanty Sl «(558)9 ,—0

YA

PSS o=l (YD B ong 5 sla SLS
(C5 95l 9o, OA L5 FV/F ) &0 4 lacy g0
0 S (¥ USL) Sl oS 5 gosaiilare G35
gt laSi s o Lol (S 5
o (GH 14-2-3) 5] oo )0 B+ /A L5 VE/
T R P O R R
5o oy (o y s ailaie) (g95m0 s b
= (2L 0 e dxle0 CA vn o ol sl L
B sy ol Glad il jo cod gl Ol i
szl Slawg gauadhio § Cd ol o Las
(F o ¥ b i) 00 5 oo

505 Cndse 93 8 10 (5 8y Sl S
S sla ISy sl (Y i, 5
L5 VEIOY o Ll (S )5 9ol a8 ol 50
Lis 5 50 claSes) Cul C gl oo, FOIOA
R T O P e BNt
a3 VY L AVID IS oD 5l oS po (i 9l
WL S5 Ly il S a3l 5 s
o5k (7 JS8) 955 e onaliin PDIS5S gl wo )y
Ol Sl Gy aadine o Sdaghy (S
odos 5l asy (DSl SLS (> il
(Nelson and Montana, s bl wg Je—axe
5l slas SLeSt edl Uy oLeSle Lds| 1989)
zl—5 ;».c—.l(Dungan and Rhoders, 1979)
YA PG PR W S W/ G- PES W 2 ' DN s
Lol 00y Dl pss pl ool jo Jole o 55350

Gl bl gl sl JUSIT ol s 4ol
il 4y |y (55 il L 45 LS 55dl
S 50) Mg 55l o y0 AF/A L5 AA 5l 13 o
US55 15l 9o, AV/E L5 AY/E LS (iS5 (65089
Sl S 50 (YO (558 y5— il S )0)
57 sl o)

o293 plml b9,
Gl =ly o 0 Bl g T a2y L
Sl s (e je—taie a1 g il S
OY B (63585 0395 ([l —Lad) (qaloarsSy 23
3 3159, sl oa—b a_sllas abl o
o Ll asas olsesl (Y eME § alss 3 slacsle
Glailaie 5 e Lol a0 Lacyls 4

Eg—oxa 13 3,100 3924 Lol e Sl g aiils
3 omarsls JUSIT 3 553y (sl 1 4 AY
oaSzils (g 1Sl oL 5 5 ol8talesl yo Jo—mniol
s Ly opiily Il oSiils ars pgle
CAMECA SX50 Jos —3g,uSdl gLS 5, ay o
ouoold lady L LS ol o gladads a0
@laSe b b8 Ly g Ve DA o2 a S5 L VO Ky
o=l el bl ol ouls plosl Y um ol

el 0l LIV B Y slo Jgux jo oy o

b S con

P LS gl b oS 5 sl esli il ojy
G395 slaosgs (6ol Goe g Hlid dos (s
6l alllas oge s ol sl 00l 115108 g Jglaie
Slpigi— 30 olrer—DsS 58 bl b
(Ayati et al., cwlogpin 7 o0l o 5
sMahmoudabadi et al., 2012 2012
(Sarjoughian et al., 2012 «Nasrabady, 2012

Sl )l—wald oo e 5l 4 il Ll
Sl SS aler 3l 50 o JUSIT 5 IS5k

G095 0395y (srazly colod jo A S w s
13 LaslS ol a5 3y e il
Sl oo b g Cnl out anll ) Jouor

el 0038 )5 dle 5enSTA bl o Lol

R 0lel—3 g (e Sl L2 DS D



Y4

Of leordsSa b sloaslis )51 5 (s S w098 b osiz) YO (sudsiil S 0058 Slo SIS oy

YN (53585 039 it glaaxly SladS ey Jge 2 dlne (lod slasl ) Jgoor

Rock Porphyric Granite Porphyric Granite
No. Point 163 164 165 166 167 168 309 310 311 312 313 314 315 316 317
No.Sample NGH-23-2 NGB-8-2
An 16.52 16.5 32.32 29.02 29.01 37.13 2457 28.20 28.34 4553 25.76 37.76 40.83 42.25 23.06
Ab 83 82.7 66.9 70.3 70.3 61.9 74.78 70.70 71.19 53.95 73.37 61.77 56.75 56.71 70.90
Or 0.5 0.8 0.8 0.7 0.7 1 0.65 1.09 0.46 0.52 0.87 0.47 242 1.04 6.04
Rock Granitoid Granitoid (Rim -Core) Diorite
No. Point 197 198 199 200 201 202 203 204 205 206 207 208 306 307 308
No.Sample GH-14-2-2 GH-14-2-3 NGH-16
An 0 18.05 20.57 10.39 14.08 18.03 20.39 35.71 35.09 43.57 44.50 50.78 47.54 47.76 58
Ab 6.7 81.1 78.7 86.1 85.48 81.48 78.96 63.79 63.17 55.87 53.27 48.65 52.12 5196  41.65
Or 93.3 0.9 0.7 35 0.44 0.49 0.66 0.5 1.74 0.56 2.23 0.57 0.34 0.28 0.35
Rock Granitoid
No. Point 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261
No. Sample NGH-2-3
An 215 23.9 184 22.54 20.64 19.95 19.94 18.72 29.18 355 39.6 40.55 37.24 39.39 38.77
Ab 77.99 75.53 81.08 76.9 78.8 79.48 79.43 80.25 70.24 63.81 59.89 58.99 62.3 60.1 59.44
Or 0.50 0.57 0.51 0.57 0.56 0.57 0.62 1.03 0.58 0.69 0.51 0.46 0.46 0.52 1.79
Rock Granitoid
No. Point 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246
No.Sample NGH-14-4
An 19.5 2551 2247 26.9 32.79 38.47 38.57 35.71 3791 4211 4385 41.8 38.2 36.04 37.89
Ab 80.03 74.08 7592 71.42 66.13 60.44 59.65 62.61 60.48 56.73  54.87 57.02 60.69 61.9 60.15
Or 0.42 0.85 161 1.68 1.09 1.09 1.78 1.67 161 1.61 1.28 1.18 111 2.06 1.96
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Rock Granite Porphyric Granite Diorite Granite
No. Sample GH-2-14 NGH-2-2 NGH-16 NGH-14-12
No. Point 108 109 110 277 278 279 280 318 319 320 281 282 283 284
SiO, 47.55 47.18 47.69 48.16 51.88 48.59 48.43 47.26 47.22 46.76 49.62 49.24 49.62 49.53
TiO, 1.09 1.18 1.10 0.43 0.17 0.83 0.84 1.89 1.95 1.89 0.75 0.85 0.85 0.51
Al,O3 6.81 7.01 6.60 5.58 3.42 6.23 6.11 7.40 7.77 8.05 5.41 5.38 5.78 5.52
FeO* 14.78 14.81 13.96 13.95 12.89 14.92 14.91 15.80 1511 14.86 14.56 12.98 13.03 13.86
MgO 12.83 12.94 13.88 13.85 15.07 13.04 13.12 14.28 14.38 14.39 13.57 14.73 14.41 13.76
MnO 1.73 1.28 1.20 1.42 1.40 1.39 1.48 0.41 0.41 0.37 1.64 1.62 1.55 1.55
CaO 11.96 11.99 11.95 11.98 12.25 12.04 12.06 9.82 9.96 10.42 11.87 1141 11.75 12.42
Na,O 0.91 1.22 1.21 0.70 0.44 0.86 0.84 0.90 0.88 0.96 0.94 1.22 111 0.79
K,0O 0.79 0.79 0.73 0.7 0.34 0.67 0.65 0.28 0.29 0.31 0.61 0.67 0.68 0.67
Sum 98.51 96.10 98.38 96.84 97.93 98.65 98.52 98.10 98.03 98.04 99.09 98.11 98.84 98.70
Fe,0;,calc 541 4.62 4.71 5.66 3.29 4.80 5.31 5.43 5.03 6.13 5.50 351 4.28 437
FeO,calc 9.91 10.65 9.71 8.86 9.93 10.62 10.13 10.92 10.59 9.34 9.61 8.82 9.18 9.93
Fe3/Fe* = 0.329 0.281 0.304 0.365 0.230 0.290 0.321 0.309 0.300 0.371 0.340 0.243 0.296 0.283
T-sites
Si 6.923 6.888 6.929 7.082 7.480 7.051 7.034 6.840 6.824 6.748 7.159 7.142 7.128 7.157
Aliv 1.077 1.112 1.071 0.918 0.520 0.949 0.966 1.160 1.176 1.252 0.841 0.858 0.872 0.843
Algotary 1.170 1.206 1.130 0.967 0.582 1.067 1.046 1.263 1.324 1.370 0.920 0.920 0.979 0.941
M1,2,3 sites
AlY 0.093 0.094 0.059 0.048 0.062 0.117 0.080 0.103 0.148 0.117 0.079 0.062 0.107 0.098
Ti 0.119 0.129 0.121 0.047 0.018 0.091 0.092 0.205 0.212 0.205 0.082 0.093 0.091 0.056
Fe3* 0.593 0.507 0.515 0.626 0.357 0.524 0.581 0.592 0.547 0.666 0.473 0.383 0.463 0.475
Mg 2.784 2.815 3.006 3.035 3.239 2.819 2.841 3.081 3.098 3.094 2.917 3.185 3.085 2.964
Mn 0.214 0.158 0.147 0.177 0.171 0.171 0.182 0.050 0.050 0.045 0.201 0.199 0.189 0.190
Fe?* 1.198 1.296 1.151 1.067 1.152 1.277 1.225 0.969 0.944 0.872 1.125 1.078 1.066 1.201
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.018

5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000

M4 site
Fe 0.009 0.005 0.029 0.022 0.045 0.009 0.005 0.352 0.335 0.256 0.035 0.113 0.038 0.000
Ca 1.866 1.875 1.861 1.888 1.893 1.871 1.877 1.523 1.543 1.612 1.835 1.773 1.809 1.906
Na 0.125 0.120 0.110 0.090 0.062 0.119 0.118 0.126 0.122 0.133 0.130 0.114 0.153 0.094
2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000

A site

Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.131 0.226 0.230 0.109 0.062 0.121 0.120 0.128 0.124 0.135 0.132 0.228 0.156 0.128
K 0.147 0.146 0.135 0.131 0.063 0.124 0.120 0.053 0.054 0.056 0.124 0.113 0.123 0.125
Sum A 0.278 0.372 0.365 0.239 0.125 0.246 0.240 0.180 0.178 0.191 0.256 0.342 0.277 0.254
> cations 15.27 15.37 15.36 15.23 15.12 15.24 15.24 15.18 15.17 15.19 15.25 15.34 15.27 15.25
Fe# 0.393 0.391 0.361 0.361 0.324 0.391 0.389 0.383 0.371 0.367 0.376 0.331 0.337 0.361
Mg/Fe* 2.307 2.165 2.547 2.786 2.704 2.192 2.310 2.332 2422 2.745 2.273 2.673 2.757 2.469
Mg/Fe 1.547 1.557 1.773 1.769 2.083 1.557 1.569 1.611 1.696 1.725 1.661 2.022 1.971 1.769

XMg 0.557 0.563 0.601 0.607 0.648 0.564 0.568 0.616 0.620 0.619 0.583 0.637 0.617 0.593
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Mineral chemistry of the granitoid Ghalilan body
(SW-Qorveh, Kurdistan)
and its estimates of physicochemical parameters

Ashraf Torkian *

Department of Geology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran

Abstract

The Ghalilan granitoid pluton is located in SW- of Qorveh and in the Sanandaj-Sirjan
zone. Based on petrographic studies, the body includes three rock units, composing of
granitoid, porphyritic granite and diorite. These rocks are mainly composed of
plagioclase, alkali-feldspar, quartz and amphibole. The composition of the studied
plagioclase is An 14.50 (the minimum value in granite) to An 41458 (the maximum value in
diorite) and some samples display normal zoning and rapakivi texture. The results of
electron microprobe analysis (EMPA) indicate the amphiboles studied are magnesio
hornblende in composition implying I-type nature of magma. Application of different
barometers and thermometers (e.g. Al-in-Hornblende, Plagioclase-Amphibole) exhibits a
pressure of ~ 1 to 3.3 kbar and temperatures of 690-804 °C for the intrusion. The reaction
of these variations is reflected by the growth of minerals such as large zoned plagioclase
crystals in the porphyrtic granites. In addition, the presence of the zoned plagioclase
implies the Pypo Vvariations at the time of crystallization and emplacement of the magma
in the depth of ~8 km. The composition of hornblendes suggests their formation in high
oxygen fugacity condition, which is in accordance with their mineralogical characteristics
and tectonic setting of Ghalilan body (subduction in active continental margin).

Key words: Mineral chemistry, Geothermometry, Geobarometry, Granitoid, Qorveh,
Sanandaj-Sirjan zone
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