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(]l Mg#=100xMg/Mg+Fe™ g oais (5 505l 5 cowds olfialoj] ;o L.OL jolie) .ol (ICP-OES oo,

Hbl. Gabbr Quar
Litholo Gabbr  Gabbr  Gabbr  Gabbr -Px  Gabbro o- Micro  Diorit Diori Diorit  Quartz tz  Monzodior
9y [0} 0 o] o  Gabbr Diorite  Diorit diorite e te e diorite  diorit ite
o} e e
MGS MTS MNS MNS MSH MSHS MNS1 MSH MTS1 MNS MGS MNS4 MGS
Sample MTS16
2 7 12 11 S6 14 0 S8 3 4 10 A
z 8z 8z 8=z =z 8=z 8=z ¥z 8=z 8=z 8=z 8=z £z S =z
locatinot & 5 2 & BE g8 g% €8 g8 g8 38 28 28 98§ 358 s
samples S m &8 m & m & m 8 m S m Em 8B m 2 m & m ¥ m Em & m S m
N N Y N N S b N B N B N B N S N N N ] > b
) NN W w o ] W wo wn A~ —_ w N~ | )
.lk: o O’; o LI|= o \2 o .lk: o \:l o I\: o O: o 42 o l.;: o \=] o I\i o O: o Og o
SiO, 455 50.2 49.5 53.2 51.4 56.6 52.6 58.9 51.3 52.9 60.3 61.1 64.1 58.6
TiO, 0.5 1.6 1.4 1.2 1.6 1.0 1.3 2.0 1.2 1.2 11 11 0.9 1.0
Al,O3 7.9 16.2 18.7 16.2 16.7 17.6 16.7 15.3 17.2 16.9 15.3 16.7 17.1 16.7
Fe, 03 17.8 11.2 11.0 10.6 11.3 7.8 10.2 9.2 11.0 10.1 85 6.8 6.5 7.3
MnO 0.2 0.2 0.1 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.2 0.1 0.2
MgO 7.0 6.1 4.3 4.7 5.0 4.0 4.9 21 4.9 4.8 2.4 2.0 1.3 2.8
CaO 16.8 8.2 8.7 7.1 8.0 6.6 8.6 53 7.4 8.5 4.9 5.4 2.4 6.5
Na,O 0.5 23 2.4 2.8 2.7 3.4 2.5 3.3 2.4 2.4 3.6 3.3 2.6 3.0
K20 0.5 1.2 11 1.7 0.8 1.7 1.2 21 21 1.0 21 2.2 3.6 2.1
P,0s 0.1 0.4 0.4 0.4 0.4 0.2 0.3 0.7 0.3 0.3 0.4 0.4 0.3 0.4
SO3 0.3 0.1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0.3 <1
Cl 0.3 0.2 0.2 0.1 0.2 0.2 0.1 0.2 0.3 0.2 0.2 0.1 0.2 0.1
'L.O.l. 2.44 1.65 1.79 1.64 1.45 0.54 1.07 0.62 1.43 1.27 0.97 0.58 0.52 0.89
Total 99.84 99.45 99.59 99.84 99.75 99.74 99.67 99.82 99.73 99.77 99.87 99.88 99.92 99.59
YMg# 44.01 57.31 48.62 51.47 52.05 57.36 54.4 39.57 51.27 53 42.03 45.91 36.11 50.98
Ba 29.1 205.1 284.9 285.2 123.2 212.6 182.9 395.9 209.4 152.9 327.7 504.5 521.8 426.5
Ce 18.8 42.8 40.3 35.0 21.6 47.6 36.3 54.2 42.8 34.2 449 90.9 89.7 61.9
Co 8.9 234 15.3 15.0 29.8 24.0 14.7 19.3 245 13.8 12.4 18.0 17.2 12.0
Cr 449 158.8 133.1 118.2 100.8 146.1 146.9 46.0 121.4 158.1 53.7 53.0 95.7 49.6
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Hbl. Gabbr Quar
Lithology Gabbr  Gabbr  Gabbr  Gabbr -Px Ga}bb_ro o- l\_/lic_ro Diorit Diori Diorit Q_uanjtz ) t_z Monzodi_or
0 0 o} o  Gabbr Diorite  Diorit diorite e te e diorite  diorit ite
0 e e
Sample MGS MTS MNS MNS MSH MSHS MNS1 MSH MTS1 MNS MGS MNS4 MG T
2 7 12 11 S6 14 0 S8 3 4 10 A

Cz 8z 8z 8z =z 8=z 8=z ¥z 8=z 8=z 8=z 8=z £z g =z

Location of é &‘J’ ;; 8': 'Lé a" L‘é a" g'; &: L\g $° E; $° g‘é' 5;: t’: % Lh; a" 5; a" 3; g" S 85 .é ﬁ"
samples S m & m &m & m 8 m S m Em 8 m 2Zm &m 8 m & m & m S m
£8 53 53 23 £3 93 93 23 £8 353 43 53 53 58

) Jsa el
Cs 2.8 9.4 8.8 7.9 7.2 55 7.1 11.5 6.4 7.9 6.6 6.9 5.0 6.5
Cu 162.7 44.0 33.0 50.4 10.0 <0.6 30.0 11.4 36.9 20.1 12.4 5.6 215 15
Dy 0.8 8.1 8.3 9.0 6.1 8.1 8.3 7.7 7.5 7.9 7.0 7.9 6.5 7.7
Er 0.6 11 1.4 0.6 1.9 2.3 1.4 3.8 2.0 0.8 1.2 3.7 3.0 1.2
Eu 13 14 1.6 1.3 11 1.4 1.4 15 1.3 1.4 15 1.4 1.3 1.4
Ga 17.9 25.4 24.1 20.6 18.9 194 18.9 249 229 251 214 224 20.8 19.8
Gd 2.3 35 3.2 2.8 5.7 4.8 2.7 74 4.0 23 34 6.0 5.1 3.8
Ge 2.3 3.0 2.8 2.6 1.8 2.0 2.3 2.2 2.7 2.9 1.9 2.3 1.8 2.2
Hf 14.9 14.4 10.6 8.4 12.1 11.8 16.6 10.3 5.6 8.2 7.1 18.5 10.7 11.2
Ho 0.6 04 0.7 04 0.3 04 0.1 0.3 0.1 0.3 04 0.5 0.1 0.5
La 7.4 18.0 17.2 14.6 12.5 23.6 15.2 274 21.2 14.8 244 46.1 50.4 30.0
Li 5.6 29.6 34.1 16.0 17.1 23.2 16.8 17.0 244 18.0 12.4 18.8 33.6 214
Lu 0.3 0.3 0.3 0.2 0.5 04 0.2 0.5 04 0.2 0.3 0.5 0.4 04
Mo 100.7 88.7 333 53.0 38.2 10.2 92.2 20.7 12.1 7.8 13.8 59 30.2 180.7
Nb 12.1 31.0 30.3 259 20.2 22.3 23.7 329 26.4 32.0 27.8 34.2 27.6 27.2
Nd 12.1 37.9 39.2 24.3 30.0 34.2 40.9 48.7 34.5 28.6 36.8 40.2 51.0 30.1
Ni 115 92.4 58.5 43.1 38.0 56.4 58.1 145 52.5 70.5 12.2 22.9 32.8 25.1
Pb 36.1 65.1 299.5 10.7 12.7 20.3 21.3 10.6 1.7 27.6 27.3 22.0 19.4 324
Pr 2.8 4.9 45 2.8 6.4 7.6 3.1 10.1 4.9 1.9 5.3 9.1 5.6 5.6
Rb 7.2 76.0 117.7 113.0 41.2 87.1 97.6 48.9 168.6 914 115.8 137.8 201.6 122.3
Sh 0.6 0.5 0.6 0.6 0.7 0.5 0.6 0.4 0.4 0.7 0.3 0.5 0.3 0.3
Sc 7.7 37.3 34.3 38.5 28.4 31.2 35.6 28.6 31.8 35.9 24.6 23.3 17.7 27.9
Se 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.2 0.2
Sm 1.9 5.4 6.7 4.6 31 6.1 4.6 6.9 5.0 37 5.1 8.6 8.1 7.3
Sn 4.7 2.6 35 35 2.7 2.2 1.7 51 3.8 2.7 4.2 1.8 3.2 21
Sr 137.9 303.3 298.8 253.7 203.5 192.4 241.8 2455 266.3 263.7 2175 372.0 193.6 272.8
Ta -0.2 4.3 0.7 24 5.3 4.8 2.6 4.6 3.0 0.8 0.4 3.2 5.2 1.2
Th 04 0.5 0.5 0.5 1.0 0.7 04 0.9 0.7 04 0.5 0.8 0.7 0.6
Te 0.12 0.11 0.11 0.10 0.09 0.09 0.10 0.10 0.11 0.10 0.08 0.08 0.07 0.08
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Litholo Gabbr  Gabbr  Gabbr  Gabbr -Px  Gabbro o- Micro Diorit Diori Diorit ~ Quartz tz  Monzodior
9y [0} [0} o] o  Gabbr Diorite  Diorit diorite e te e diorite  diorit ite
s} e e
MGS MTS MNS MNS MSH MSHS MNS1 MSH MTS1  MNS MGS MNS4  MGS
Sample MTS16
2 7 12 11 S6 14 0 S8 3 4 10 A
2z 8z 8z 8=z ¢z 8=z 8=z 8=z 8=z 8=z 8=z 8=z 2=z 8=z
Location of ﬁé 5;: 9 8)3 'L\"; 81: L‘g 81: % ﬁg: (\é 85 2 85 % &&: t’: 83 % 81: 2 81: :': 81: ] 85’ t‘: 3;:
samples Sm & m &m & m 8 m S m Em 8 m S m m 8 m & m & m S m
N NI Y N N ] N N N N N N N N s b
) [ S IR W w NN W wmo w &~ —_ w NN | &
.b: o O'; o U; o \2 o .b: o \:l o I\: o O: o E o L,: o \:] o I\:) o 2 o og o
A Jso 4alal
Th 19.3 22.8 15.3 17.2 12.7 14.1 139 16.1 14.8 15.1 16.6 16.9 15.4 14.7
TI 0.6 0.8 1.0 1.3 0.9 0.9 0.8 0.9 0.8 0.9 1.0 11 1.0 1.0
Tm 0.2 0.3 0.3 0.3 0.5 0.4 0.2 0.4 0.4 0.2 0.3 0.4 0.3 0.3
U 2.9 34 3.0 2.9 5.6 4.2 2.6 5.7 45 2.9 3.2 4.7 39 3.6
\% 85.9 261.2 2473 257.9 216.0 174.6 2231 2479 2457 2434  208.3 200.0 139.4 224.3
Y 17.3 34.8 328 318 24.9 42.1 316 433 245 30.7 37.8 46.1 19.9 38.2
Yb 2.1 4.0 3.7 35 2.8 45 35 43 31 34 41 4.6 1.9 3.8
Zn 33.2 96.9 102.2 74.1 52.2 33.1 88.0 58.1 65.0 91.5 56.0 85.5 80.7 825
Zr 1040 1307 179.4 95.9 59.6 63.4 102.6 75.0 83.5 167.3 84.9 73.8 345 711
Hf/Th 0.77 0.63 0.69 0.49 0.95 0.84 1.19 0.64 0.38 0.54 0.43 1.09 0.69 0.76
Nb/Th 0.63 1.36 1.98 151 1.59 1.58 171 2.04 1.78 212 1.67 2.02 1.80 1.85
Eu/Eu* 1.9 0.98 1.06 111 0.8 0.79 121 0.64 0.89 1.47 1.10 0.60 0.62 0.81
20 12
Cu 990 A 10
15 Foid
it .
& s Alkaline
9 Q
X' ¥
+
5“ 10 & 6 A A
2 Granite g A ‘
4
| 2
3 2 Subalkaline
5
Quartzolite
0 L 0 L .
35 45 55 65 75 85 35 40 45 50 60 65 70
Sio, Sio,
(RiCkWOOd, (Na20+Kzo) J._J‘).l o S|02 )L)j_.o.} (B E(COX et al., 1979) (Na20+K20) )._J‘)J o S|02 )‘Oj_.o.i (A -0 J.i_.u

uLw.:): osf Lghbcbw 6‘).: 1989)



Yo Ol S il 093 Cgiz (liv p 095 53 (Sy3-9 5 lasded S39)5 %
7
6
5
Shoshonitic series
4 . .
o (Peccerillo  and  SiO; Iy 0 KO jlog oi-F IS
3 High-K-calcalkaline series S aube p—’yﬁ) ULMQJ.: °9—§ L§L—R’4—>9AJ 6‘)—’ Taylor,1976)
2 Calc alkaline series (w‘ o
1 -
L] Tholeiitic series
N il rna PR i
45 50 55 60 65 70 75
Sio,

Zr 3V St Ni Cr ol g oyl o _ly—3l Ug

shloNb g Th ol s o b ol S
S S a s orlge g Lyl os o>
2% ek Sty b aS cul Cgaie (S g
alS ool o mals Lyl polie LalsSle 5l S
a2l ailes e SI0; (go—izme ol L,V
(Willson, o—sb pgslns g ool sloo ST 5,85
ol S5 (g y—aie LS 95D 4o Sr.1989)
(Ginibre and Worner, 2007) b »
g Cg dajlwald LBl o ol 6l Jdo
RD oa 1581 ag, adly jols cdy g Lol yee
Ozl o paie il 6B, L S o S
20 HIUSIT Jhwald g ol g g sla SLS
(Rollinson, 54— aalg> o L3 Slgul J =1y
1993)

Gl S ol o olie SsSie Joga
)‘ ool L_1 uLw.a)J 055)0 )R D)9 61.—@4.—!5.0)
(VAAY) Boynton La_wgi oo asl)l cu oS polde
ol 00 Al JA-R JSS 0 a4 aloas o3le
S I e S el g Sl 0 a8 jghailen
39— 31 (REE) Sls ol olc polie o IS

SiO; Jolie o Lol polie &l s logas o
o= Sgrad g (oS Ol nsd ag, (VIS
(ol 9900 0929 (2590 9 905 sladged
23, 5 ood a b Ll o (oS5 b5 )|
Si0, MgO Fe,0;3 a0 iy iio Ko wras
5 295 (Komw gloazly 5l Sy ;e 5 TIO,
2 STl o9 9 4y (lo s 1) (S y9—20
il Sy ol 5ing i sl LS
J=lpe po 4 ols S pasilig-(ral slouS]
9 00=d gl plodlly slaleSls 5l oL a sl
asdhoslad 51,8 00 e sl S S 5
s g0 ol e, g j5a> 4y Ca0 (g3 as,
9 255 adsl J=lie 5o 5 SemdST (sl S0 5),
byt yo 5 s )8 j5dd S iy Ly o] el
uw

KO slosenaS1 5 SI0; iy s Sianran
» —obe ol B pae Jds 4 N2O
L LSl s Ll (aals il 5L 4l ot
S5 Al jpam s el o ls bl
3 Py (—lglE s L2 DSk gl
Lo AlOs ol s ;5SS LoDl
el e B U o

LA JS22) (m5m olie Sle lajlogas (o
Rb Nd La Ba nsl_ie SI0; (so e jimly3l




VFAF 3l g 5 o oyl ioid o sl

\itd

u_w‘ u_io.n as Oﬁ_u‘ro.: oo liw 6‘4.’4?)'{-0 JJ[S
(VAAY) Henderson ol_dzela ¢, K5 (69—
5 D9 o 3 EU aie (5 louin o ol g0
Cans 00 dsllae sladgal oo Loy (555
(Sun and McDonough, ;la_Jglar_&eS a
S b it ol iy o (B9 JSi) 1989)
gl aieS 4 Cad ol g Ve e e LY dgu s
O S Jedetd olie (Sad 8 o)ls g
5 So—b 5 9Rb 4 Pb (K Cs :a_l (LILE)

S92y S S alie dy o Ve L5
Soi i (LREE) S S5 55, olie o)
e S5 ol ol a Cod st
SNl SO ol o 45w e L (HREE)
S sla JLS SUSE Jds 4 a8 eads Jlocuds
S 0L olic an coid oot o S 0lie
Lly ao—Soile laleSle yo L3 alo o o i
soli S5 iz g (Rollinson, 1993) ..l
352 alys SIS (5, 4 S (Sidly
(Machado et al., 2005)
obie 5 (4 JS8) SLs s ,obie 555 o
Syl o EU lgl 3 0 (Y Jgo—2) EU/EU™

20 20 h 0.8
u Al,0, Fe203 MnO
sl 44 4 A -

15 A A 15 0.6 |
10 | 10 Ll | " 04 | A AA

- A

AATR 4 AA A
5 5 02 |m EEE A
]

0 0 0
8 4 20

L MgO A Na,0 L Cao
6 | | | : A 15

m = i
L gAd
4 u A 2 | 10
ﬁl.
A, B A
2 A TA 5 A A‘
A r e
0 o 0
0.8 25 4
A P20s TiO, KO0 A
06 | 2 A
i [T
u A A AA
0.4 | EE n A AA Adn o 2
AR A 1 A A & A

0z | i s -4

9 r 045 5‘0 6‘0 65 9 r

45 50 55 60 65 45 50 55 60 65

sio,

sio,

ol e 295 5 90 SlacKiw g Lide vod .ol p 055 sladassss slm ol yolic S s sls loges -V JSo



v Ol S il 093 Cgiz (liv p 095 53 (Sy3-9 5 lasded S39)5 %
= 250 400
500 A A Rb A S 50 Al
350 A
i 200 A
400 74 & 300 ol 40
150 A A
300 & A 250 , A 30
[ N o A
100 "om A 200 u A A A
200 A A 4 , & 20 A
ﬁ u 150 - -
| 50 A . 10
100 [ ] 100 r
o ® o i 50 0
300 .
\ Cr Ni Zr
. 160 Em i - I 175 u
250 AR A = A A 5 |
A A 120 A |
200 o A & . 125 L
N n A 55 u AA A
150 i 8 45 - ] A
| A
. & AA 35 B 7 A %A
100 o % A , [ ] -
15 A
A
50 r 0 5 . % A
35 —~ 6 2
Nb u Nd Th
30 B “ 55 L o % A = .
A A 40 A 2
2 AA. _ . % ‘A & e
A 45 |
20 [ ] A & % Ny o 18
4 |
15 A a = H,m A‘A A
35 n % “ 14 A A AA
10 4 e n
5 25 A 0 10
45 50 55 60 65 45 50 55 60 65 4 50 55 60 65 4 50 55 60 65
sio, sio, sio, sio,

(W SlOZ )JQLO.A 9PPM v o (== )_»aL..c ).sol_m ul_u.u).a 055 61_Qc\_|9.<w 6‘)4 g d )_..aL..C- )5)‘_@3 )l\)g_,oa -A J&w

1000

[

Sarrple/ REE chondrite

(el & JSs aiile @dle) conl G55 auo o

1000 10000

Sample/ Primitive Mantle
100

R . L T . . . L L . B . )

s Ro 88 Th U M a Cc Pb P St P N 2r Sm E

Jlog—ai (B ¢((Boynton, 1984) Ly s 055 sladiges glm Cuy0uS polbe Ly oad jlovgs Sl 0 olic jlogos (A-1 IS
.(Sun and McDonough, 1989) aJsl aiig¥ i ool jlxigs yliy 095 (s y900-9 5 (slodigel (5 paic iz

5 s y9—0 sl—»a_ises (Wood, 1980) (C 4B
Lguu%_'é Lguu_”)l.’ 00gd—2m0 4O &9).3[_?
cmliie 0090 me (ol a8 asilas 51,8 Jlaass]
=l SIS lacdll au HITh s b

el g5 a5 (HFITh<Y) g3

oS logisiSs L oro 1 S giSS u—oxo

s il ity 05 o aalllas cloaises
(Pearce and (A-). i) cewl Load g a il>
Sl 3505 4 >o L Gale, 1997)
-\- &) (Th-Hf/3-Nb/16) 4 (Th-Hf/3-Ta)

=\

I}



VAT ol g 5 S ol s o w33l

YA

ilys8) ilys 8 ol g ol o aigy
L Se—lygs 50 (6350 ol y=) 4 meBe5
hgy o SIS oSl gy

)| 4 "él-i dx 5 uL—>[ - g
Mohajjel et al., <Berberian and King, 1981)
Shahabpour, «Shahabpour, 2005 2003

SIS cale U zilys,8 sble b bls )l o
)O 6&9_9.» 6LQOQBJ ))Lw 9 A_xIUa.c 0)9_‘ 0095 6‘).’
Doroozi and Masoudi, 2012) gy cpor

(Rahimzadeh et al., 2013 Badr et al., 2015

A A L s yaaa
| Long ¥
w -
Plate margin Within plate
-E. | basalts basalts
™ ]
% FY
]
a4
&7 A
Ak
= T
0 200 00 0] B00

Th Nb/16

ooy VY SI0; do s OYIY L5 /0 Lng 15

3 00,5 o pp—is (HFITh>Y) olo L3 sl ugd
a5l S o l adlllas 0590 (sLaaiges
ASISIS sLacdlib 4 LesT el sy 5 059
g baiis Gl o)ld adl> sla oy
oo anll polde anly ;5 (alren—B555 sLmosls
Com—d (V0 7)) o)L S g Whalen L5
YV LS5 o/ oot aslllas (sLaa_sgai ,o ND/Th
Oz 095 (63945 0395 (Simly jlade (ol Cunl
slo,Ld Jlsd aal> glsiassl glamg e,
Whalen Swinden et al., 1997) oS —s ol

(Whalen et al., 2006 <t al., 1997
o alllae 5y5 0 adlate S I3 e arg L

B Hf'3

Th Ta

(Pearce and Gale, Ti/Y ,_l, )0 ZrY jlog i (A-V- JSi
Al slacdll oogase 13 liu 095 sLadsges 1997)
lposga e ;o Laa 50 (C 9B casla 8,5 ||, 8L na 3,4
aolas 51,8 Slaasst slanleS LIS slacdll
Lo L =CAB « —wsb ol lates lac il =IAT
J31s JLSIT slac il =WPA ((glo,Ls —wsd JLSITSS
i o S gl _ac la g sWPT (glama o
e —wsildl Lo a2y gole sl_ac 5L =N-MORB
e e 41ty 00 b ¢ sLacIjl; -E-MORB

(Wood, 1980)

:.=.

oo dalllas slacKiw olex s oS 5



Ya

Ol S il 093 Cgiz (liv p 095 53 (Sy3-9 5 lasded S39)5 %

Sl glaleSle 5 (adgiil 5 sloael
5,138 ass dilaie

a_idlie ,o(Y+)) a) Torkian oL__dzela__,
e Sy Sile oSl Ls Sy S
LYo s Sy b il o sgndl S
s5OLe 005l alons atseal K0Sy b oleSLe
Lol 5l 50 a9 (5550 5 lmo oMl
ol 9 Sgt—ive jlemn g5y ml adlaie o 5
laools ;o a ST L (48,5 |1, 80,0 0,50 g 00
Lo Jolats ) ooliul Ly Lo SLS s ,2501 455,
sloSlo 9o (Sital wll 4 (55 5 M
sl Sy Sl 5 Sl

y—olie jl LadSges Sad i i35 ol 5l
Lo sla S5yl oLz Th 4Rb K
0,8 Jlsd e sl slziassT sla s oloSle
sl Xiw o olie o) (Rollinson, 1993) »,ls
A 1955 52 (6 it (gl B 5l 5 (Sligy
) S S5 00 jolie l (Sad 28 odle 4
Ombe (85 29d 4z (m Jole 90 4 o
Slgs Lo gy laSle (i VT Ly glar 6% arie
(Almeida et al., 2007) sls cous gla_—wg
by e 5 olords5) laosls as a5 Ly JLs
gll iz o0 d () adlaile (SS9 S5
oYl slaslis aslgs oo o515 sl aS 00 5 oo
S92y il (o) 2 O )50 S5k sLoSLe

Nb oixe g )l s PD g K oo g Lo
LoSle (0t 500 (S s Pl olie 6551 )0
(Taylor and McLennan, <l glo,l8 aiwg L
Nb ,» So & 45 (Hofmann, 1997 <1985
5 —sp SV eI ol 0l
ST Ly ot 6 an 58 S 51 LSLe o S Lese
& lza — (Kurt et al., 2008) ol oloSl
Losle Lo a5l Lwald 33> 4 EU Gon

(Azeretal., 2012) ol aiuly

Ao WAL Y/2 MJO o_o,0 YV L FIY
VEIN LS VI g AlOs as o V81V Ls VA Fe,0,
Ao FEN L OVY Lacs 90 0 9CA0 vy
(S olie g4aze (Sl as 0 F/A SIO;
doye VY L5 £/ MO oo s F/8 L5 V)Y
NF L YIE g ALOs oo ,s VVI$ L3 VO/Y Fe,0s
s 0o aallle clacKiw el Ca0 ao s
e bagie el b SIS o s
o g el adg, ACYY) S o
3,85l ole Ol i sl loged jo oa i
(Kumar and Th ol o0 Zr:, ta 0 SO Jolis
5 o—a 85 oL & Lo Rathna, 2008)
05— 5 sanlS sloaldle 5 s
SISl olie Sl g el Gl
(Tchameni et al., 2006) Rb a <« s Rb/Th

ool i

i 5 smd e L St e B L e i,
iVl et Lol jan (i) 5L 0l B
35— slaSiw LSl (5,5 US—s > (AFC)
(B-VY S) el ML: 3,90 sy y2

L i oy £9-89 7 (2o Slaaliin 5o
A dibhie ;0 Sild 59,5 GladSSlas a =g
RV R VOWRRLH o)

J55 5 6T ISy 48 6,500 aylb 4|
sl oSl LY 3 w035y 350 onijles sLoSLe
15 Sile e dSST b o aaly
al ) es—dge ol oSl S Lo
G518 8 Sy S ele 5o nlei s
oty slayol (590 50 W3 1) sla ok
S T NI NN
Sl sy Jle e 51 50 el PS5
3L e (Karsli et al, 2007)
SB gz PISe Dy 5o (gapa it
Oltiee i 5 LSSl iy 550 50 LoDl
elSl Sl 5l o ol e 3




VAT ol g 5 S ol s o w33l

30

25 |

20 |

Y

150 250
Zr

100 200

300

Rb/Th

100
B lcc i AFC
FC
- A
m .
1 L N
1 10 100 1000
Rb

8 5oLy i Sy log—ed o g as aig, (Kumar and Rathna, 2008) Th o, 0 Zr 55wl —olic Jlogi (A-VY S
L > asg, (Tchameni et al., 2006) Rb 4 o s RD/Th &l o5 Jlog—ei (B sl iy 5 055 (slaSis (glaSlo (6 =8 IS o
CC: crustal . s, ,%5,5-L5 =FC: fractional crystallization oS ol iy 055 slacKiw ol [, AFC sl b i oo s

g Lol en & 45 5 L5=AFC: Assimilation, Fractional crystallization, Contamination « gl wg, i YT =contamination

u_m‘ 0.39_3 U")_’) 4_....'5.’ 6..:)9_’0 (_gLoch éa.uo as
aa>g b wg>g ol L (Torkian et al., 2008)

sl Jleil s sloSle Sul o>
J—l LW Jyame 4S5 (D)9 sLoSlo
Ol s 1y Bl Sedd 5 Sl ales slog—as
28,8 oasol

JRENL NV T DY 1 SCEV VR PN 2P
Lol sy 05 0 d_alllas 3,5 o a_dlie
@l —Ds5 (i g5 e b ol oml Sl
ez e () Mgy 50 45 ABb ead prsley wlie
as ]y Sy9—0 sloSle g oo i Al _wg i ogd
) ot 45 Sl (yalol an p3Y Ll 005l g2
Sl gl asgerme Gean il ale iz o
039 () Mgy (S50 SleSle e 45 00l
Sl sLoSle ol (Torkian et al., 2008) el

A e S, abel o L LSe lan o el o
o 4 g 03—y ‘jJL_ofLo ‘5_<.‘.'>L~o—‘ )L_?o )_u =

oYl

Yb cowl ogpio A= JSis 0 4S5l len
i g Cie Jlogil glyls 55 a5 HO 4
ooy lis i Yh cie Jlagl a5 o n
Slogl g ol a gl S o )8 5,labb
sl Jgial (65000l g j9-a> o oly S HO it
gy soe 5l Al 3,90 Lo wgdle 4
el iy s oy Mg#£<B ) YL
S5l 0ol (o slosds i S 35 b e (258
S 40 sl 48,8 S5 55ty ks at_ssS
adyl Al s
V L5 /%) MQO 5 oS s ay S0, oo Ly
S SBle (Lol e (59 o y® cam>
Sl 095 «sloy L8 ) (5 phmgid 4ideS Cunl
Cadyo dn azgi L Lol il (6 wgiinl lie by
aallas 0 50 adlais a5 (ol w-zaiw Ay

1ol 5l e—t

G S dg—2g B 5
3 o=l G o Bk haenl i (6 0wl

oo Sldl el acgammo et 3l ol iz




A

Ol S il 093 Cgiz (liv p 095 53 (Sy3-9 5 lasded S39)5 %

9 RS 9 S S g il 90 Sl (oS 5
“.,«_:)9_»\3)))‘95 sCA_i)B..{b ggf,«_.:.)%\bjﬁlj ‘5).,l_‘>’).,)|35
Jsis sloass, awa o 1) lawgie puly b
a2 oo s 5 le Ol s sl jlogod jo cuds
Smwgn 29255 9 SRS SLeds it e 45
J—B )l o 99— 005 0929 (aleed5)
Bi> 4y S 0L ole 56Xl 0 EU alaxde
39 g o gy yo Lyl Lo a5 Lo Lwald
s K gPb I Soi =& g —aic o> slajloga
Lgl_m.’a,:_z,c IRUELY );Lo...n 6Lb)‘$945 el Lg‘o)lj
3l elyo—e valy b o es o i ], o )L8 Jlsd
u_)| )LQS 5o cr"“"‘)f LgLs’bLofLo Sg—2=9 4_L4>:>-
JeS—is gloas) aile pleonDg Jo¥o 5 g
0dlaiwl 350 sl g0 ;o Ladges lawgi ouis
5 el i VT iy a5 e L5 slaawul b sl
doS—ii jo ]y oSl J—uls b0l

Aled o Lo gl (g 0590 0395 (LS

&3 5wl

aSlagyy Jmxe 5l Gregi—y ol plosl e
il 00l pol S ol cadfo a4 8l e ass
g3 py—izre Cglre 5l GBS, (onl pls
oo 555 L Jegy olS23ls

JeS5—i3 ISz 5 59,15 S sl
CendS sl a b Jlos an 1) Sl slagdSS]
Blosl o Lt Sl (sloSle ity S9a0 5 (Lo
Sy a1y @55 SlaKiw 5 dezie dlgy oS
Sl gz dn a gl L gy ol L icul 0o 6]
S sbeSle Gilany Jloial (90 sLeSle
9 St 2l Glagae Jol5 LIS Jsame a5
sl Ll e 5 oayol oy e Ty ol Sl
L 5l (Y- F) ), S 5 Deevsalar Yol
Sasl gmei, g Sl 8 linl slazel agy cily je0
lalaSle Sasil oo sgao 5LysS Laossss oyl
oimg A Sl 0390 diwgy SYL slagdl 4 SLe
Ol Sy Son g ()8 e G 0)95 2 &
=l 03 295 )9 50 (SRS o 555 0
SlaleSle iz 920 gl 955 (ol g ol agy
el oLl als 4y 138 ,5 o ryaume il  Sblo
golas, sl |y ae) diwg o Sdle slalesle
g9 ol Loyl o ool 8 slaSle LIS g484
JolS5 oo oo T3 Liie 585 (a6l
0395 4y S (] S5 (s 5 0y LS
S92 =95l sloosls g SLeMbl (gasgil S

M)_.Jp_?ol_aA_xJL]a.c 3,90 69)‘3[5 03¢5
0353 yg,0 4o ddlte Si—ld sl oS A

o A S Ol et 09,8 Lg x> (gaSeil T
b loog T ol LSS Sl adlas ulul

&lw

Ahmadi Khalaji, A., Esmaeily, D., Valizadeh, M. V. and Rahimpour-Bonab, H. (2007) Petrology and
geochemistry of the granitoid complex of Boroujerd, Sanandaj-Sirjan zone, western Iran. Journal of

Asian Earth Science 29(5): 859-877.

Almeida, M. E., Macambira, M. J. B. and Oliveira, E. C. (2007) Geochemistry and zircon geochronology of
the I-type high-K calc-alkaline and S-type granitoid rocks from southeastern Roraima, Brazil: Orosirian



collisional magmatism evidence (1.97-1.96 Ga) in Central portion of Guyana Shield. Precambrian
Research 155(2): 69-97.

Azer, M. K., Abu EI-Ela, F. F. and Ren, M. (2012) The petrogenesis of late Neoproterozoic mafic dyke-like
intrusionin south Sinai, Egypt. Journal of Asian Earth Sciences 54-55(1): 91-109.

Azizi, H., Asahara, Y. and Tsuboi, M. (2014) Quaternary high-Nb basalts: existence of young oceanic crust
under the Sanandaj-Sirjan zone, NW Iran. International Geology Review 56(2): 167-186.

Badr, A., Tabatabai Manesh, M., Mackizadeh, M. A., Hashemi, M. and Taghipour, B. (2015) Mineralogical
and geochemical studies of intrusive body of Ghohroud. Petrology 4(15): 97-104 (in Persian).

Bellon, H. and Braud, J. (1975) New data on the metamorphic area of Zagros (Sanandaj-Sirjan zone ) at
Kermanshah-Hamadan (Iran); nature, age and interpretation of metamorphic series and intrusions,
structural evolution. PhD thesis, Orsay University, Paris, France.

Berberian, M. and King, G. C. P. (1981) Towards a paleogeography and tectonic evolution of Iran. Canadian
Journal of Earth Sciences 18(2): 210-265.

Boynton, W. V. (1984) Cosmochemistry of the rare elements: meteorite studies. In: Rare earth element
geochemistry (Ed Henderson, P.) 63-114. Elsevier, Amsterdam.

Cox, K. G., Bell, J. D. and Pankhurst, R. J. (1979) The interpretation of igneous rocks. Allen and Unwin,
London.

Deevsalar, R., Ghorbani, M. R., Ghorbani, M., Ahmadian, J., Murata, M., Ozawa, H. and Shinjo, R., (2014)
Geochemistry and petrogenesis of arc-related to intraplate mafic magmatism from the Malayer-Brojerd
plutonic complex, northern Sanandaj-Sirjan magmatic zone, Iran. Neues Jahrbuch fiir Geologie und
Palaontologie 271(1): 81-120.

Doroozi, R. and Masoudi, F. (2012) Geochemistry, petrogenesis and tectonic setting of Kamarbon Theralitic,
Teschenitic gabbroic intrusion (Central Alborz). Petrology 3(12): 89-102 (in Persian).

Emami, S. N. and Eliasi, Z. (2014) The study of parental rock of Jurassic dolerites of volcano-sedimentary
belt in north of Sharekor. Petrology 5(19): 21-36.

Ginibre, C. and Worner, G. (2007) Variable parent magmas and recharge regimes of the Parinacota magma
system (N. Chile) revealed by Fe, Mg and Sr zoning in plagioclase. Lithos 98(4): 118-140.

Henderson, P. (1984) Rare earth element geochemistry. Elsevier, Oxford, New York.
Hofmann, A. M. (1997) Mantle geochemistry: the message from oceanic volcanism. Nature 385: 219-229.
Hosseini, M. (1997) Geological Qorveh Map 1:100000, No. 5560, Geological Survey of Iran, Tehran.

Karsli, O., Chen, B., Aydin, F. and Sen, C. (2007) Geochemical and Sr-Nd-Pb isotopic compositions of the
Eocene Dolek and Saricigek Plutons, eastern Turkey: implications for magma interaction in the genesis of
high-K calc-alkaline granitoids in a post-collision extensional setting. Lithos 98(4): 67-96.

Kumar, K. V. and Rathna, K. (2008) Geochemistry of the mafic dykes in the Prakasam alkaline province of
eastern Ghats belt, India: implications for the genesis of continental rift-zone magmatism. Lithos 104(1):
306-326.

Kurt, H., Asan, K. and Ruffet, G. (2008) The relationship between collision-related calcalkaline and within-
plate alkaline volcanism in the Karacadag area (Konya-Turkey, Central Anatolia). Chemie der Erde
68(2): 155-176.

Machado, A., Lima, E. F., Chemale, J. F., Morta D., Oteiza, O., Almeida, D. P. M., Figueiredo, A. M. G,
Alexandre, F. M. and Urrutia, J. L., (2005) Geochemistry constraints of Mesozoic-Cenozoic calc-alkaline
magmatism in the south Shetland arc, Antarctica. Earth Science 18(3): 407-425.



Al Ol S il 093 Cgiz (liv p 095 53 (Sy3-9 5 lasded S39)5 %

Mahmoudi, S. Corfu, F., Masoudi, F., Mehrabi, B. and Mohajjel, M. (2011) U-Pb dating and emplacement
history of granitoid plutons in the northern Sanandaj-Sirjan zone, Iran. Journal of Asian Earth Sciences
41(2): 238-249

Mohebbi, Kh. (2014) The studies petrography and petrology of gabbroic intrusive body in the Parishan
mountain (S-Qorveh) Kurdistan province. MSc thesis, Bu-Ali Sina University, Hamedan, Iran (in
Persian).

Mohajjel, M. and Sahandi, M. R. (1997) Tectonic evolution of the Sanandaj-Sirjan zone in northwest Iran,
introducing the sub-zones. Scientific Quarterly Journal Geosciences 31-32: 28-49.

Mohajjel, M., Fergusson, C. L. and Sahandi, M. R., (2003) Cretaceous-Tertiary convergence and continental
collision, Sanandaj-Sirjan zone, western Iran. Journal of Asian Earth Sciences 21(4): 397-412.

Pearce, J. A. and Gale, G. H. (1997) Identification of ore-deposition environment from trace element
geochemistry of associated igneous host rocks. Geological Society of London, Special Publications 7(1):
14-24.

Peccerillo, A. and Taylor, S. R., (1976) Geochemistry of Eocene calc-alkalin volcanic rocks from the
Kastamonu area, northern Turkey. Contributions to Mineralogy and Petrology 58(2): 63-81.

Rahimzadeh, B., Masoudi, F., Moinevaziri, H. and Allahyari, Kh. (2013) Petrography, petrogenesis and
geodynamic of Sawlava ophiolitic complex, NW of Iran. Petrology 4 (14): 93-114 (in Persian).

Rickwood, P. C. (1989) Boundary lines within petrologic diagrams which use of major and minor elements.
Lithos 22(4): 247-263.

Rollinson, H. (1993) Using geochemical data: evolution, presentation, interpretation. Longman Scientific
and Technical, London.

Shahabpour, J. (2005) Tectonic evolution of the orogenic belt in the region located between Kerman and
Neyriz. Journal of Asian Earth Sciences 24(4): 405-417.

Shahabpour, J. (2010) Tectonic implications of the geochemical data from the Makran igneous rocks in Iran.
Island Arc 19(4): 676-689.

Shahbazi, H., Siebel, W., Pourmoafee, M., Ghorbani, M., Sepahi, A. A., Shang, C. K. and Vousoughi
Abedini, M. (2010) Geochemistry and U-Pb zircon geochoronology of Alvand plutonic complex in
Sanandaj-Sirjan zone (Iran): new evidence for Jurassic magmatism. Journal of Asian Earth Sciences
39(3):668-683.

Sun, S. S. and McDonough, W. F. (1989) Chemical and isotopic systematic of oceanic basalts: implications
for mantle composition and processes. In: Magmatism in ocean basins (Eds. Saunders, A. D. and Norry,
M. J.) Special publication 312: 313-345. Geological Society, London.

Swinden, H. S., Jenner, G. A. and Szybinski, Z. A. (1997) Magmatic and tectonic evolution of the Cambrian-
Ordovician Laurentian margin of lapetus: geochemical and isotopic constraints from the notre Dame
subzone, New foundlan. In: The nature of magmatism in the Appalachian orogen (Eds. Sinha, K.
Whalen, J. B. and Hogan, J. P.) 191: 367-395. Geological Society of London, London.

Taylor, S. R. and McLennan, S. M. (1985) the continental crust: its composition and evolution. Blackwell,
Oxford, England.

Tchameni, R., Pouclet, A., Penary, J., Ganwa, A. and Toteu, S. F. (2006) Petrology and geochemistry of the
Ndaoundere Pan-African granitoids in Central north Cameroon: implications for their sources and
geological setting. Journal of African Earth Science 44(5): 511-529.

Torkian, A. (2008) Magmatic investigation the South-Qorveh granodiorite intrusive body (Kurdistan), PhD
thesis, University of Isfahan, Isfahan, Iran (in Persian).



WA 5l cpom 5 o 0ot i Jlo e(8555 ¥¥

Torkian, A. Khalili., M. and Sepahi, A. A. (2008) Petrology and geochemistry of the I-type calc-alkaline
Qorveh granitoid complex, Sanandaj-Sirjan zone, western Iran. Neues Jahrbuch fiir Mineralogie-
Abhandlungen 185(2): 131-142.

Torkian, A. (2011a) The Parishan pluton in Qorveh area, an example for magma mingling process,
southeastern Sanandaj, Iran. In: Dyke swarms: keys for geodynamic interpretation (Ed. Srivastava, R. K.)
331-342. Springer-Verlag, Berlin.

Torkian, A. (2011b) Typology and tectonic setting of the Qorveh granitoid (Kurdistan province, western
Iran). Petrology 1(4): 49-66 (in Persian).

Torkian, A. (2015) Mineral chemistry of the granitoid Ghalilan body (SW-Qorveh) and its estimates of
physicochemical parameters. Petrology (in press) (in Persian).

Whalen, J. B, McNicoll, V. J., Van Staal., C. R., Lissenberg, C. J., Longstaffe F. J., Jenner G. A. and Van
Breeman, O. (2006) Spatial, temporal and geochemical characteristics of Silurian collision-zone
magmatism, Newfoundland Appalachians: an example of a rapidly evolving magmatic system related to
slab break-off. Lithos 89(4): 377-404.

Whalen, J. B., Jenner, G. A., Longstaffe, F. J., Gariepy, C. and Fryer, B. (1997) Implications of granitoid
geochemical and isotopic (Nd, O, Pb) data from the Cambro-Ordovician Notre Dame arc for the
evolution of the Central Mobile belt, Newfoundland Appalachians. In: The nature of magmatism in the
Appalachian orogen (Eds. Sinha, A. K., Whalen, J. B. and Hogan, G. J.) 367-395. Geological Society,
America.

Willson, M. (1989) Igneous petrogenesis. Unwin Hyman Press, London.

Wood, D. A. (1980) the application of a Th-Hf-Ta diagram to problems of tectonomagmatic classification
and to establishing the nature of crustal contamination of basaltic lavas of the British Tertiary volcanic
province. Earth and Planetary Science Letters 50(1): 11-30.



2 Petrology, 6" Year, No. 23, Autumn 2015

Petrology of gabbroic- dioritic intrusions
in the Parishan Mountain (south of Qorveh), Kurdistan
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Abstract

The gabbroic intrusion of the Parishan Mountain in the south of Qorveh (Kurdistan
province) is located between the villages of Zarrineh to Tekyeh-bala and based on structural
divisions, it is a part of the Sanandaj-Sirjan zone. Based on petrographic features it consists
of hornblende-pyroxene gabbro, gabbro, quartz-gabbro, dioritic gabbro, diorite and quartz-
diorite rocks. Geochemical studies indicate that magma has metaluminous and calc-alkaline
nature with medium potassium. Variation diagrams trends don’t confirm the continuous
chemical between the samples. The negative correlation between the variations of SiO;
against oxides of Mg, Fe and Ca suggest fractional crystallization process for both of
magmas. Tectonic setting discrimination diagrams indicate that magma depends to volcanic
arc in active continental margin of related subduction zones. LREE enrichment in
comparison to HREE and LILE enrichment and depletion of elements (i.e. Ti, Zr, Nb and
Ta) can be due to crustal contamination and dependence of the body to subduction zones.
The low Mg# value, high SiO, contents, positive Yb and negative Ho anomalies suggest
that mafic magma was originated from a metasomatized mantle, which it has melted lower
crust. The linear and positive trends of incompatible elements against each other, suggests
the role of fractionation crystallization in the mafic-intermediate magmas. Furthermore,
field relationship and petrographic evidences show that mingling process of two magmas,
including mafic and felsic magmas (intermediate), which are consistent with the tectonic
setting of the studied area.
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