g3 dlie Ao

Y
dﬂlmmlﬂﬂwlﬂ‘ FEA L SFY oo 51O FAY (s opyloz 8)lod o 5 oo Jlo o)
—0dS € gi 4O C)' o|,o.as @'; tSL"‘-i‘-“’B M| ,_gl.m_it.m &‘3&.{&»3 w’.‘:o.,,o)‘

olnl oy Jlob
S5 pe
Ol eolaileo DIVANDT oy )] olKiilo-lgileo (6,51 ags Je ija0] 1500 re wigeo 09,5

OFYITNA 2ol aded VF- ANV - callie 2L ,0)
deosgs (pl 5l (cidy ailaisly, el Glpl i Jled )0 Gl e —gaiiw dlgy 50 0all 0 ) gz )0 (9350 slrodys aSy
st e (Sal sleSle b o olpen ol 5 slocSin st SLB Sal Kooy haulgus ~ il il slasin
polic ) (Fatisit o e T 5 il locin (slrostmes (oo 35 45y T 55 Skt a5 gk
5 (LILE) &g Sy Cangd Kiw yolie Sois ¢ (HREE) (Xw job S jolie & e (LREE) s job (S
0,8 osd apzme (T olen ()T 5 sl Gl (25 luee) Sl n oo Gl T, T ND polie ite (5 lmials
S i AT o5al | Lo, olSals g g b slo e i1 (glo)S S aLbsS |, ot olKals 5 ools ol |, o]
L ol yo (slo )5 pugh s 5 (sinins] (6l o)l Jlaio] 4y 013 o ()L 05 Ko el gy L by (glo S K — !
oS i CanS S 5 il T sl il ols T 51 2 Iuls o il sla i 51 5 oigygyb Alwgy o Se
"oy 9 SloS S gl 055 s i ojal 98 1o e s il Y 5 3l)9 58 0y bl 5 gt o258
@Sl (e hes i3 5 (Fae GYsb 5l 5 655k Gl b LSle ilatd S IS (sl atug 0, S ale lo
A Sl LSSt e )0 gMiorgy o Gag o | cslodd (355 50 o dy i F (slaFlo sl dudlgs bl 4o 45 o

Ol o pf s 2005 8 5 m pans it digy 8 codipusf ol K 1S s [ (slo Ko 1 g0ulS sloosly

sdigyg B Aamio Sl Lo (rollback) s X dodiie

Slocuniigd Je ;o b g 4Bl (ge25) (slab breakoff)
loaigs Ly i Ll [F1] Wlead oays 5,65 5 5l
Sglesys b o g oo oS piyUSs LS
L20] Wlos S 6 xSl o5 b 0l Gos 5l slaiwg slos!
J=le 30 g Glatug lwge 5 Gub claylad o
—aili 90 (S 5 mslS G i LSl Rl
s B sk Gl BT e el sla S5 5 cuiiSe
=0, LS SleSle el oo jo cus ol w0 V] wigs
CotnS gy oS 5 b glangsl ( oSl (iolas 51 s (4l
sailedl il leSle 5 Wil oo LSis cooiliygn g

oplSl wg oal boanlp (b ST alesS
S50 b opl8l padaiy plxiliw 5 58 (ren
g Sl oal LSE5 (65550 (lnl 0B s B g ye atusy
Sl clld 5 5550 anpeS Gl gl e gaiis
agy 5o el A GlasS Gl pts 5 e STy s
ailoads (5,155 sloo S (63585 slaosgs iyl o zaiiw
SR sz ik gbesy s (g8 (ul Az oS
Sl ol eles laculS g ciinl sleosy Joli suds

AL 3955 gl Sl 9,8 (sl ymllas
b oadb ol pen ilyg b Bblie o il L] slaleSle

m.yazdani@urmia.ac.ir : Ssg xSl Cows - FEFOVEOVYD 1 plas e+ AVEFYYEN Y 18l ¢ Jotuns odiws i


mailto:m.yazdani@urmia.ac.ir

IRl ol S 5 (ool oy almo

S RSN #Yf

LAl w5)ls geis; cslansl Jlam! pmlaw a0 8,45 5
OBes 5 e bawg a0 oo GlaS
U-Pb olul  dilaie Cuyp oK 5 00l oy p [VF]
Voo O )RS ‘SLQ&M») [\?] Sloads QS’L’ O QS).:)
DF] ailie 900 slacSaw wlosls las 1) Jlo Gaubes
TR P TYE OV ERCCOIT S S PRCSRCSC0Y B PGS <O
Gl e Cal sl (6,0 pdiges o ddlaie Slle
oS 0aE Lyt gk 0 S| sl Siw b ol pen ol S
, Dl el sas o o gk FY o055 U-Pb
L.SLQMT &}lﬂu—kﬁ) .Lb.?bc 9 Kwls ‘u.u.mjj: U"‘
| odib)f Er Q] ob.o.ib dLﬁbw‘; 9 LM‘B»—\&JLQ

@l7eo daled 5 (oulid (raej Cusge
wb p el @ly ¢ ol
o DWW Gl ey —slle slaasly soupends
TEe A (el 5 (S5 50 anpeS ) iy dihaie
Gt g 40 0dl il oS () JSa) cl

Qtlm‘ e o0 UL..AJM

L o

AV JS8) Coal @Bly 00 i o5

35N

d.ulfa.b Kl la 6M| [ L:.‘.u‘ju\?—gS.JLo 6[.@0.)5.’ u)}aaa
(0&9)5)5 45)5 )l 03 0‘)—‘ LSLQ JL.....: 9 Ls‘ o; Ko 4......49.3’)
N atts e o2 a5 0SS e 60l Gl Gleel o
b oailsyse ]St o cdys S5 oszs Wl (Shy DNV
30 skewals sla b5 V] el ails jgmg e I oS
K jo g el Sl ] sl
IV] g o St 5k oz Sl Sy 50
e 55l slos s b @MT s acgao
SiO; cdale Wyl gawwl b lawlgas —SCole — Lol 13
ao,s YAV-V-2Y MgO cdale g aojs TYAY-2) VY
R Gk bz dope sz an o Shy ol ol
Lael D] cal odes lo)B aing p; ] LSk
B JIRVCIY G,uagw
S B85 dcgeme Opar il baewisl oY
ot SRS Loy & (S slopsiisn b 5 25

Wl 6uwu 1] wsas

LEGEND

Quaternary alluvium

¥’ <~ Miocene limestone

45°30"

@
Naghadeh

37°00

45°00°

Q3 2km

'36°45"

| Cretaceous dolomite and calcareous dolomite

L1 Permian limestone and sedimentary

Cambrian metasedimentary rocks

* | Felsic plutonic rocks
"+ | Mafic and intermedite plutonic rocks
% Contact metamorphic rocks
_A_ Thrust Fault
W Samples

o olzsle,S K« gl Pi ‘(89> Kh Sedodl 3ble o‘,:..m:\.-(Ng) 00 g8l adlaie CoBge a5 ol pl e Jled aa (Y S

DAL osis 08 Cgim colidspme) 42 (&) ol oo ool (yLas

Ol



Y0 RS 5 du&wemT sl 23S 5 cowd s

VFeY Uw) f O)Lo.i: AR JJ}

3,5 5,108 b ] lKow ) dcgerme opl lawlgas
S g ] G S G (S e 5l e g
5 el ol 00yl I Y S o ol oljes ST Slo
ogss Sol sl b o] slSl o555,
(o ¥ US5) wload hSis C o pe slocow [VA] auls,s
& RS
st oS Jprmel S5 ol Sdlo i sloSan
o, AD 5 s Sleld il e oslail Loy e S
VN0 S diged jo Sy S emisl Job oiius
"B 2 5 oSS S Sl o3Il I i g s Sl
O ygea SIS dilo g, slo Jemial el T L 65 oslul
S (@Y SE) wad e o byylewald o JLile
(Y JS5) 9510 sloged B ju (5002 gt

-20) Jgiol slo S5 sl lawlgas o] slaKiws
g9 5l s g oy YO-Fe) JLwald 5 (Goys P
Gye 5 g A dily Sl by lewald s (udSe S
(o ¥ JSo) wiles S 0, Jgmrial slo SIS o

5 o2 oS! dhulsas ¢ Sdle ] slacKiw o
WdS gl S 5 00 S £,8 sl SIS 5l peslis
oS ol o Glo S ol plyie 4 Co)l5 5 guy

2 el Gl Sl (pogr cdpe 5 Jlold 0y5e 50
aS Cel ools gl o Gl o, (i slaSw
solepse bulyd jo LSlo jols az jo il sloSew
had Grall b Yy ] wileas Jses OF 51 (Sas e
OSom 3 orodl 4 Cand aildjee gilal oS O
9 ol 5l sben Gals Olie 5505 5 [YE VYT ol
odds plol poolw wild,ee SIS slacados 4 boys ol
00,5 g0 Py 3 g odd skl mpw wildjee S g
Ival

Sleass 0ye gz o beainl o e il S laSiw
swial 5 oS3 o 35 Slomald 5158 Lol (slo 5
3, b lugle wd dges jo baashy ojlul wleas LSCas
5 OelS g, Slhawals SIS 51 S do o YO B V. o]
O g 35,lsS SIS aoys YO-Y. ol onds JuSas Mo db
e Sz b Jpemie] Wisd oo 0 Jpeiel SIS wo )
wblie: (S o 5 o0g HOUSE aed B o Ss «slose
(S 5 o ¥ GbJSE) Canl oud a2 Cufsm 4 Jsesal

et ool Jold adhaie slacSis 0 oend
30 S slwgy 30 50 Sdle Glacusnial § ew la
gy Sl B asseme ol Al e,
5 eoli S sla Sy olul n 5 e3g Gl g
ol 00 00l e LT &) el s iy il
5 ke 5 Dyl ke b Sdgiplly e 4 slacge, [1A]
s 5 Sy Slaunglys 5 Sal b besyy glocge,
0 oad oaslie sla Sl 5 b S VAl wes o oass
Ny hlo ol pamgaiin a6 Bl Ny, ails ailais
sbdes s NW_SE) 3,0 ooz -0 Jld
Syozy 3l g s ddlhie S (n 5 cesd (SW,
JuS by ond LS5 655 0 Glnl o) 00,3 b (ope atugy
wik oy Jd o Al wleas bl iiln s
sl Jols o3loge;  Glsedl onel asgere
5 S 1B 4T 000 S5z s Ced 5 el
DAL el oas Byme Gl i dig i St
03l «Saigd coS 5 b odd (il ju slacusgn
Cllin woyn Vel o a5 W)l 0sz g SS9y g
slcSly b op,31 slaosgs Aaps oo JeSid |y dalaie
Omap sOlyS CGlSRd s Cuype @Rl (sbbe
i glaSin 5l Lz ca Vgaly g 4l S glacle S
S CINOU- 3 | B IRV WHUUS ST N PYUON PREPY
J19) Sl sloSinw puSgm g orsdl (il lo
o8 (1 G2l e Laos £98 99 0929 (S gdl (slanigS
i adlaie )0 1) cwgildl Gl aniy (V5 Sladss]
2 S5l 5 Cuyps 9l slaesys V-] il 08
5 o wrx el G0 a5l ke b
3 el g Wad o oS 00T Ljgar 00l §yd g
5 el ys (S5 )50 5 03,5 Sk Al S SloyS sl
Owotllm bl 4l S 4 (g Sl 5l g 00,8 sl g pe e
DAL Sloos sols s
ol ohan ilS laKin 5 balgor Saile sloKin
O P )0 &5 edgp degerme (pl I (SoeS ise
Jold 1) @y jeshsS wiz &5 wiien @ly oud (b
el SIS 0oy £+ 5l i Jgld & 4295 b igdion
V10 Jsb 4) Jseiel sla gl cuiyo ojluil 5[5 F]
O 9 (O g o Vol Sl jleals 5 (eule
TSl b Ul cobertime slages)n



Olpl ool G g (ol yohs alne SO me e FYe

G0 (o digdse 0090 (S 5 b el T MT S Xiw oS dzhie 3l sy (A eass LS“"‘"’T s slymo polay ¥ USS
Laulgas ~Sle slacSin | tws diges (S g o DAL auli S @ sl 55 5o Smglyd 5 (Sl lacKin g cuinl 0395 3,55 5

0B Co |

— I '.- 2 . _
b5, sle ol g (o oSudle Casn | S j0 cadyo g oSS dous ailijeo (Al ronss s | slaSow 51 (6,10 S polas ¥ S

Sow 5o ailsjee g 5155 5 Sede L L onalSg S lewald (& 5 o dhanlgos Con] S (o b o sl jlwals ol jen sl cu o

S



Y'Y RS 5 du&wemT sl 23S 5 cowd s

VFeY UL».M»A) f O)Lo.i: AR JJ}

Sy ok gl b vVl (Na,0+K,0)
| Glhdise wims o olis ol aes LSl
Coyms 9 Capmaepl @pll oS o bl Sl
5 SI0; clale a0 ohen l§ Ko 5wt adly
S8 el S 60 mns o (NaO+K;0) LS polie gsaze
IYAL Ky0 4y ¢ SIO; Jlages sl o (I F JSE) w5l
5 bl Sol olsle (Shy ol sleaise i
el 5 8 LB Sal leSle (S (S sladiges
Eeel 0 S 5 (s 5 ST dsed Su s Wb
RD & cors K sl logas Golol 1 (o F USE) ol adl
s Suile sloaises ¥+ KRD & e SIO; 4 [¥4]
o i ol oher Gl T 5 00k G e bawlgas
gz b (05 o F bdSs) sies dly gl oS
Sle o ¥V ANK & cos ACNK lages
CllS Gladigei 5 bwlgus sladisel 5 Geegllle (S
ACNK.LL Lol 5 5 absss olis cmeslly Sho
(S F IS8) Wb S g5 (She el S

03l0) o uiS 4y oad gy (5 paicaiz logad wluly
LREE ;| Sas e cwiwl slocKiw « (IYY] g0 5l o
ok (LagyYbuy=Y#-#\) b HREE 4 ¢ b
Slrie § parediz jlogei ;0 Grizmen (1D JS5) wins o
s o HREE & oo o LREE (gl casl 4issS 4y oo
@ Cond (LILE) (2 S5 comgs S joblie (rizman
Sgds oo 00 (Sab & (HFSE) YU lae G b jolie
095 LS yolie b awslic o0 Ta Nb jole (o b JS2)
e o i e (5,lual

S b osls) CupusS 4y oud Jlige s parsaiz Jlaged )
b LREE ;| Sus ¢ el sbokn (Y] x>
8,5 ( La(N)YB(N)=\¥Y-Y1Y) lo HREE & cocs
WbgS A odd iy parediz g jo (IO )
5 i oolxal Ta, Ti Nb jolie dacuil,S s as
Lo oo lid g i Sas e Rb, Th, K, Pb ,ole
(o O JSD)

CS 5L slo)B ang i Sl Ba a5 leals
s el Ol Josas 5o b opd S anle lacse,
38sn o) LSS ghw Sdx )b slacyw, ;> Ba
Iry]

SARg5 Oh9,

@‘)M 6)‘0).}4.;9-6;) RV LSLQU.......'T Kl Oy leﬁ
@ S ) ey 05 s SU ablie g ol bl
doceinl GhiSiw 5 U5 Shw qordiine) (o) n yshite
G bS5 ol jolie clale 5 Obl Wl aiges Vo slows
5 (XRF) oSl g il jgils miwcals slagdg,
lsbls” Actlabs s8isle;l o aigew o9 ipmo; S b lawgs
Vol 5 ol polie cdale 5l ragsy cul )5 ol (uss
el o solital [V#] dilaie pl il )5 diges

U St ot
orr S8l g bulpas Sl slSin sew ln
bojlogas jo (st oS b 4y 09,5 G 50 0al )8
SleS g ol polie olend i @l wilosd (o) p
oads 03,9l V' Joaz o ol ol en cil 5 g il sla S
Slge Sig 2o VAL - Gl w] sl cul
sgaz 3l s sloKiw SIO; clale axiwa (LOI) )8
0 39350 TIO, jlade .ol yustie J39 oy OAD L FY)Y
ao, VWO B YA I MPO clale caul Sj5 0o VY L
Cal clale el DV Y-YY)Y o imie dae Sl jiile J9
bl olic goame sl Sig woye 00-VYN Ly
cble ol oy Y-AF o] sl (Na,0+K;0)
A 5ICr cdale sl prie Sig o, 0VAN B 47 51 Al O3
el pxie VO ppM G Y. I NI oclale g A ppm G
4 Coms win] bl LSl CINi ,ole clil
5 Ni=400-500ppm) aJsl acigs 5l a8 5 <o slaleSl
Iys] el 565 (Cr>1000ppm
ao, YEN B VD cul S slaSiw ;o SIO; clale
chale .l Sy aey NV Lol TIO, jlade .l S
» Ca0 chale el piie 59 oy ¢ V-2 5 MgO
yolie gaoome .ol Gig doyo V) ST Cul 5 b
oy V-0 el § sl o (Na,0+K0) L
Ll G39 doys WYO-VOF Ll ALOs clale ol
YA ppm G A 5N cbale g \Yppm G Y 5l Cr clale
ol ole ggeme & Cad SIO; loges ully



Ol (ool S g (ool 5l alono BTN YA
(2250w ) ol ol o slacedl 5 awlgar ~Sdle (slacein] J5 S laS 5 ol jolic 4320 b 1 Jpur
Coiml | Cetml | sl | ceinl | cemml | cetml ol | cetl | culS |l | eS| eS| cdls
Sl Sl | Sl | Sdle | Sl | Sl | lanlsas | Laulsas [v#] [v#] [v#] [v#]
Sio2 fY)Y o) OF Y s oMy | ey OAA INZA VA | Ve | v | ovrE | v
Al203 9,8 VY)Y e VA V¥ VoY VWA VA YO Vo8 s VO,¥ VEO
Fe203(T) | v, YA Af Y 4,0 ¥ g A oy VY Y¥ Y VA V¥
MnO .Y .Y .Y ¥ ¥ .Y ) N ) e } . o
MgO v AA Vo0 ¥ YA 11,0 YA Y¥ LY ¥ X oy A
Ca0 W B Ved VoA AY VY 23 0,0 \F Yy VA VY n
Na20 V) Y VA Y, YA VA A% £ Y YA YA YA v
K20 <A VY VY # Y e VA f, V¥ Y)Y 12 v )
Tio2 vy ) ¥ I Ve # <A J o o ) N )
P205 ) ) ) N ¥ ) .Y , ) ) N N N
LOI R B V5 \ Y 'A VY A V0 Y <A ¥ -0 Fd
Eome aq,) Voo | Ve | Ve d | Vel | Ve Ve | vees | aAA aqy | aa- 1,8 19,8
Sc AD, oY, 0, £V, 0, o \F- VY Iz V0 VY <A VY
Be <\ \. \. \, \, <\ Y. V. \. \$ \ ¥ ) ¥ \ ¥
\% YAS, TaA, 1) e YA\ Y. VEY a k! Ve 3, ¥ VoA
Ba 10 Yov YAY o) \fas 50 FYA AYS VWY | SVEE | SEYD | SEY)N | SPA)
Sr VAR Y. Yov 140 YA Y4 FYA ¥4 YEY | YYAN | VoY | Vsvs | ey
Y A2 Yo VA 0 vE \$ \% \f2 \F 'Y WY WA Y22
Zr 4 AY ov 5 A £ Vaf YAD % Wer | ey | VA | AYA
Cr ¥ . iz 2 q. A Y- . VY VY YA oA ¥
Co 2% fY - Y v$ £Y \$ VE Y Y Vs \E )
Ni V0 v VY- N z VY- v Y. V) A <A VY A
Cu 04- 5 Y. Y. z v Y. <) <) ¥ ¥ YA v
Zn Ve q- z q- A+ v \z - <y TYYO|OYVY | OYEY | Yop
Ga \# 0 VY W 0 N 14 \$ ) YA VP S VP Y VR Y
Rb Y Tf g Ve aq VE \$ VoY Yo AY | AYR | AsE | Vs
Nb 0 5 Y ¥ 2 Y A q ¥ \WY¥ WY W) VO
Sn Y Y <\ ) ) <\ \ ¥ <\ <A \ ¥ B \ ¥
Cs <0 <0 <0 | <ep VY <.0 VY A \fd Vs VY V¥ VY
La A V08 Y Y0 V8 A 4 Yo 14,4 Yan | Yoy | vey vy | Yof
Ce YY Y Y0, e VY Yoy s 1,0 YEA 08a | fAD | YEA | fog
Pr v ¥ \A YA Y$ A Y$ oA )0 £.0 23 oY oy 5
Nd VY VYA M0 a5 Yo N YYA ) VY | YTy VA VA VEA
Sm of £y YA \h £A YV 4 £A Y0 vA vy A )
Eu V0 VY <A v VY <A R Vs NG ) A <A -V
Gd 23 £5 Y Y5 o) Y 0 £A Yy YV \fg YA YA
Th ) A -0 ¥ A -0 f A ¥ ¥ ¥ - ¥ P
Dy OA A vy Yy £A vy A ¥ \R Y A Y ¥ YA
Ho N ) .5 f A LY \ ) -0 ¥ ¥ O Fd
Er vy A VA Vs YA VA Y YA V¥ ) V) VY Vs
Tm 0 ¥ oY Y ¥ oY ¥ i oY oY Y Y Y
Yb YA YA s VY \s s ¥ YA Vs ) VY V¥ V0
Lu - f -0 ¥ Y ¥ ¥ 0 0 ¥ ¥ Y Y Y
Hf Yy Y ¥ V0 Vs ¥ V0 £ ¥ £, i v \ YA YA
Ta oY - f oY Y oY <) -0 ¥ # VY V¥ WY WY
Pb <o <o <a <o v, <5 v, 2 14 \$ VA VA Yy
Th VY ¥ v £ oy vy ¥ ¥ V4,0 q AY 4,0 V¥
U -0 VA V) V) VY A i Y, Y VA VY VA VY
Mg# % Oy N2 9, IAvd A Yy Y £5 Y OAF Y. V0, VWY \YWY VY




£Y4 RS 5 6&&“5mT sl 23S 5 cowd s

VFeY ULMM) f O)Lo..i: AR JJ>

] !
"
o
6
= SHOSHONTIC
2 10 Morzofite
= HIGH-&
5 4 L g Wénzo
éﬁ Diarite : ..
2 TALC_ALKALINE = a
s®"
| ] LOW_K AT e Dorite
0 - r gibbro @ @ B X
0 ) an b L 3 ,_5‘
Si0,(wt%) : N
600 < o]
SHOSHONITE |
e ‘ . —_
ol APPINITE
||f/ J
.g o | 7
S A
300 |5 S
s —@ . DURBACHITE
~.0
u u Y
\
1% \ 1000

Granodwarite

Granikte

5 (5]
SiO,(wish)

;s 80 10 10
Rbippm)

Metalumimous

! Peralkaline——"

a3

1
A/CNK

1000

3 lcain] Ll jo a5 [YA]l KpO @ s SiO; jloges (o 5 [YY] (NazO+KZ0) Lo olls sgomme 4 o SIO; jloges (il F JSia
oymS 5o aiges yiius o] wlulp a5 [YAT RD @ e K jlagas (0 aaiias @8ly sé punlts 0,08 50 el S g oLE Sal o s
(&) i @ly il 0,58 0 hulgas 3 Sible sladiges jiiw o] 40 a5 d¥ ] KIRD & cas SI0, Jlages (@ 5)ls 13 oy
oS 5o hulgas el Gladises 5 cmelllie 0,508 3 Seile el ladises o] jo a5 [¥V] ANK a4 coes ACNK lsges

RIS | 14 [PPSR PUEIR JURCHNIK SRS 0PI RORIFUNSSRNCHA [P FSUONN | JUPNCI SRS TRV X P HORIIREH R I JUONN | I

1000.0

Rock/Primitive mantle

01

1000.0

(L)

100.0

=
o
°

Rock/Chondrite

{ 4
o

RbBaTh UNbTa K La Ce Pb Pr Sr Nd Zr Hf SmEu Ti Gd Tb Dy Y Ho Er TmYb Lu

01

()

la C Pr Nd Sm Eu

Gd Tb Dy Ho E Tm Yb Lu

loSin sl [¥Y] adgl axings ay onis gy (6 pateaiz Jloged (w5 [YY] o aiS @ onds Jlrigs ol S jolic o3I (I B JSo
el SeSie gl loges aan V8] 5l 413,80 cil S ools B ilaloges aen 5o o] olyen oS 5 0l ) gt il
05,5 95 » lp 1, b LILE (K, Pb, Sr, Cs, Rb) ,olc Sai & g WHREE & coes WLREE Sas i Ta, Nb i s beals

s o i ol ol yen el 5 g o] slaSiw



IRl ol S 5 (ool oy almo

S RSN 7f.

SHY ¥l ThYb & cos TaYb lo loges b oloS
@ cows RO 5 [¥8] Zr & coes ZnY dvol ¥ o cos
o (o bGP laSs) ab cwyp [¥V] 5 Y+ND
o088 b bLSl po (Bl aey CaaBse )0 badigal den o ulul
IYAI NDU & cows Nb Jlogai jo oiiwn aly (o8
Slodiges 5 SLaassT Lugd Coadge jo iml sladiges
Wl (& F JS8) 35 8 oYL digy 0,08 8 S
3 baiges i ¥4l BaNb a4 cows LaND loges

(C ; J.iw) TS éslj ‘5‘1 sy ‘] u*’j-g a).;“f

€ T, Nb ase g)lwal o calis Sesie o logas
LLILE _Sus i g WHREE 4 cons LLREE _Sus
ol oot ClS 5 il GlaKin 08 50 2 Gl
ol polie olodine) GlaShy ool wimo e lad
sldlw Sl bl g8 (SSloine) slalaoe oains
e (g (gl L eais) ;8 48 )

e Lo

oz il G Sie Sleie) Candse 5 2l S
yobie latans ol ol olen Slacadl S5 oail 052

500, {2 10 Oceanlc — : (el
! ares Active Continental margine
SHO < A
w \ e —
aftf ,,.\;/_
300 Adakite', > Pl
= | " T B i
= &8 W ===
MR =
20 . ubduction
tendency -
00 \ T 2 / SeSubdhuction 20ne ensichment
100+ . DR C=Crustal contamination
s A —Typicl ﬁrE Ricks P \\'-Wt::hn p‘ixe mnd':m\'n
_ A s ot 0.0l .~ FeFracticoal crystafzation
R R T L8 W ey 0
Y (ppm)
1000 2 100
(©) ()
Syn Collision granite
- | | Within plate granite,
Elo0f M 10 - B
e i > kel
o / {
= | | m ra 5 / .~ .
10 .. u / .... Continental arc
y Oceanic arc
Voleanic arc granite Orogenic granite /
1 1 !
1 0 villb 100 1000 10 50 500 1000
+
500 1000 & (ppm)
Arc (&)
Volcanics (=) |
N
100 [ ] 1o | Average MOR8 S
.v | and OIB (50) —  MoRBand OIB
1 2 s
z Primitive 1 3 S "
Z 1ol mamle. Z R B
10| Upper crust @
o PP o )
MORB
Arc
1 Volcanic
01 | w 1
La/lb 0.1 1 10 100

Nb(ppm)

2 SilS g | laaiges Ll Lolulp a5 YO Y @ e SHY Jloges (o) 5 [YF] TYb @ s ThYD  jloges (1§ Jso

2510 13 sl wgd Coxdge 4o il S g | sladiges T j0 aSUYEI Zr 4 cees ZNY Jlagei (0 aiian @ly slo)BB ugd Coxdge

o ND o503 (& aiias @8ly slo,BB ugd Coundao 1o il S g i sloaiges o) Lolulp a5 [¥Y] Y4ND & cees RD Jloges (&

Joges (g) i)ls J18 oYL diwgy oS jo ulS sladiged g SlaadsT gl Cumdge 10 ciiw! sladiges o] jo a8 ¥Al NbU «
il ools 5l sue s loged don o aiid wdly Slaaas] egd 0 yinS o ladiges yiiw o] Lelulp a5 [¥a] BaNb 4 s LaNb

RECTr Y AV [P S RPE R g



2l

VFeY ULMM) f O)Lo..:: AR J.l}

Ui 9y rl 3l s &ly ot ol s p St
sl M yokd 5l lawlgas o] Gl a5 cus
0 S 3o | ladiges ol 48,5 IS Sble ]
Ao, VO-Ye oS jo 2l S ladiseld 9 gd duoyo A-D

(A JSC8) as &8ly gd

ools ol [£-1 ThYb & cocs Balla &l poss oo

o1 sl Jlew PR ) il «5"""‘"—‘ sl a5 el
ol olyer (ZlS slaSin g ailosg: onig)g,d adyg 5l ond
J52) st slojB dtugy lacgm; 098 (S pme 50 Sl
s [V ThYD & s Th Jlages bul s (1Y

14 Sediment or
Sediment melt
12 .
10
g 9
S ‘
Fo 2
4
| Slab derived fluids
2 . . ;
0
0 20 40 &0 &0
Ba/la

Lb%’}“’) Ll Gi:.....c] Cow )o ‘; 6[.@439,@.1 9 L&bd.ujb Cows )d ‘ ‘SLQAJ?AJ ‘Q )d Jn[f ] Th/Yb L M Ba/l_a L)j.q.: \' JS..:

s V8] g o 5l a3 8 1 il S 00ls F il loges dan jo .5l 1,3

()

Asthenospheric
mantle

g Average OIB
1 e ——

Aldiﬁed ?thenosphleric-
@ ithospheric mantle
il e

as

Lithosphere
® @ Average lower crust

()
6
‘9’ 5
fre CGiladated
a4t pelie-
gi K denived mek
23 L V\
Caladsted
<2 Shale psanmite-
desived mek
1 Gnync
0 " A i re 1 "
o 02 04 95 08 w12 4 [ 1 0 10
RbySe
Ca0/MgO+=0n

50 ol pas  aate SiSTy 5 wgd duo s B-A 0,08 o |y i sladiges a5 [FVI THYD w cees Th Jloges (@) A Jso
ol olulyp a5 ¥Y] LaYb & e NbjLa 0ynS 30 ilS sladiges ams oo olis
RO/SI Jfages () ol (5l6,5 Camns g 0,5 S 4sS 050l il ) ol yon slocail 5 olSials 5 (slo,S Ko v sleSlo olSuls
CaO/(MgO+FeOt) loges (&) ol )T slaSlo olKiuls 15 0,5 S dusle (sldcga, ik sains lis a5 [F¥] RbBaA 4y ¢
dod j0 a3 ol el T 6 SIS jo 1) 0, K dule o (455,50 slacgm, ik a5 [FF] ALOz(MgO+FeOt) & cos

Joged (@) aiws 2y gd oo VO-Y-

IRECONS) 74 [PPSR EPEIR JURUNK SNNER P INOF



IRl ol S 5 (ool oy almo

S RSN 7Y

TiO; clale Lol cuimman o [FV-F0 £] OT Lus o133l
Sl 2 sl 4 cuns wilsyee SIS sl el [£#]
152 A & ] ogt o S5 5 sl 052

e I R Ty
39k 5 oS oy 9 Cnedl A S ailidjer gyl oS
LoLov-o-1 col os,5 agb |, pods s Jemiel sla S5
e b bayloged 5 liertiines Sy p 4 a2y
Sl sl sleSle & CiS g5 o0 0ol 08 ©gir S5l
oolgi S wad a4 Gl 5y gle,S Kiw At gd
ool ol S5 (9,98 485 (210D
0all o aiz glacdl,s
& 2l S (slo ) oS adlyg 8 3blie yics 4o
sek il GlaKin LS (S sleSin G5 IS
w5l Gglate g Hhai 5l aS Wgd o 0y 00,08
sl sl Solite sboolinls walize bl )5 5 witun
ol S Jhs Ylaiml 4y o Jlie gl senl o0l aseio
Sl jwlas 5l odaly wed gble ,o lewinl ol e
o 85 el (e Caizmad [T -] aies T Sl
slaclie da ol Joe o giml Sl 2Nk
o) S iy dr g anila @S el a8 (L L 5 (]
LSas 5 gl B 6,8 Kiw gd ly g wlods 03938 (glo 3
ol dacyl p g5l [0F O Al wes il S LSl
0dlgyed 0,5 S CanSs b o5 0,5 cide S0 aS o)l
Gl el (VL oS Saw la 5993 oS g (SaSS
G L g o0d 0,5 o ol YU g atief Glasl o Lz
SLSbe 5 00us )T ool S0 alheT (Jml alieS a4 ogd
Sl (Sio b gs 5l lS sleFle ool 05 0y 2l S
ol g Cwle LILE 5 K jaie 5l sas 6 oL
[a] azes o lis LHREE & e Sas ¢ LLREE

oy Srogw; ciZuosd Sl e CLIS gg glacadl S
ksl py Lyl 5o 35558 05 S awle b 4385
2 S gy slacdl s fov-00] wes o ody O
—glo)S S andsS (oS 5 oSS Sl 2liesS slaan oS
"0 JSES g 0h (555 58 lacgw; 5 oS S
ol yo 0,60, 3,55 1 5l s Sl ye 4o Cenl e 45 Wisds
ol S LOA] sisl sas JSes Glatwg Sodpases b
Al Glaigy (Sades Gen 2lesS gble 10 S g5

)l R u).c e L.SLQ““""""T Kl r LS‘)"
oobol ot ool [FY] NbLa 4 e NDYD Jlsges
e Sl 4 ClS gt e Jloges ;0 adiges Coundge
Slazs T S gl )8 agy 15 lo,S K aisT g ;|
5 oS K 45T Cnbsn 15 l)S (sladisa | solass
By 0 Comro)S S ool wniisS Comdss 5 (Sp
@ Comd RDST 505 0L p uizmed (o A JSK0) s
o, S slSl 5 )%s o [f¥] RbBa
Soged (A JS) wlasly ps 8 S awbe
Jff] ALO3(MgO+FeOt) 4 s a0 (MgO+FeOt)
JS..J 5O |) eﬂ,l'&;...: dwls 00l u;;o LSLQ“.’}“‘) gy
(A JS8) ans oo lis el 5 6,5
T R
oAk )¢ ogixr sCaiy]
wy sl Gl oiiled gble
Ko 4 glaisS as Bblis 4 00l suilyg 8 cwsilidl
ALl 5l ol 5 Ss5is0 095,50 SIS 31 g il
bl sloclie ) cal 5l il wed LSl sln Ll
gy Vb glannes o8 Gl sl Jlol a4 a8
iy 5head Sl Ol g pueliw Olie b a) il
5T sl low 1y cansl oo 9939 4y (Sl ouls (28 il 5,9
ooy 48lsl 6‘0; Sow M; aQ 0-\35)5)5 45)5 )‘ R
ol 03l 5o gy sl oS 5 b gl S S axssS
u..JL:.‘B b}w‘s‘c éﬁ)‘“’ ueo 9 OMT U‘“L’ M; g_;jb L;Lao 9
D sjls ol s b cuS s cdél ugd olSLe
ol ile,d agy YL o, Sl las el ools
sl oY o) Kiw jo (o, S 5 (SSh g 0us
w3 ol GRll 5 Jled pals Lo« Y] a5t
ogd 5L UY] ms e g, lo,S S aingS o (glos S
] Sl Ol Gl eas e slo,S Ko aingS
blie ] sbleSle coniime) Y] wigs o S
el aSy sk S o 0l 1y el cnl S sl 2
S Sas G Gty 4 iy il bl glaleSle
ol L8] sims o les |, e HFSE 5 Sais 5 5 LLILE
Sl slaSow ol s g0kl o ekl
DS oo yekite |y Joaal SIS aoy0 £ 5l io b lawlgas



#fYy RS 5 du&wemT sl 23S 5 cowd s

VFeY Uw) f O)Lo.i: AR JJ}

S ot LSy slaSle ] sl o (glo B gy 05
Sl (35 hes iz o Fae Yok sl g Gl
Sad 4 gl T sleSle sl atiily fLL o a5 eul
Sy o5 Gos ,o | [FV] (NDTa<12%) ouss ()55 5o
crzr GoslS Glp S Rl b SSs e o
Sl aS ol LaND=1.6-9 4 LaTa=19-49 wuis
Sl el S S UKD o 1) latagy G2 5 0,5 Conns
S e

maiges 50 3gzge wiliyee ol lad-les Ll bl
V-7 LLid o wils aRg) e 0dll O gl WT sl
[70] ol axdly jsls 5205k VY 1 f2aS Bos 5 5bskS
slas (T olen (il slacSin wils o jis jols Lalys
3 PPl il 6 eskS VYl e Ges g ,LekS YO
GV Lad slo,BB usd b L)l o (iilye 2 s b le Lo
ool [PV] el 65eslS VF B Y Glael o LokS ¥
e S s a5 ChS g5 e sdel Canss gl
SFlogee; dume 5o Ol olen ol S L esis o)
o s Bes ool o 4l ailboad LS5 glo)B ugd
5 Sl Oglite el S 5 o] Glp Olde Sis
olis loads ssle Jow b olgs oe 1, baolie uSizs Ll
(3 JS) ols

O 4 Sl (639 slaosg flin oS ol (S
Ol e @i aigy 5l oad (3155 Slygy Lanlgl B Ll
oeimed g [FA] Wil oot ool Cas s il 4
Oloy 5o st (Mg il eaaly usd leSle ol
ond IS (G b gseles FoF70) gl 5 sty
abeS idy o9 5l Al sww] sl [Fa] el
o oo S SlaSiw 5 (silys 8 ays YL o eoled 50
5 lo)B asgy (LAi 09 5 Sl gleSle il 5l o
Sble slaKiw V-] wloas LSas onigye g,
Al os oy dibie 3 Gwgee bsll G 4 sl B
Liwgy CenSl b slo)B g8 (o olyed g g il 3
modd Geos Sla S Jore ;0 LSle (60l Sl g8
Il s

oSS 00ig)9,8 dlwgy CunSD by g (]9 8 Aty o ke
2 Oz wgldl oS Saw o (Jle sl Lol Sy 5
3o b Osekes £r cB3S LS gy slacdlS ez
modd LSS leSle (ugd diiy Jore )3 csling (59,8
o sl aibhie S gy slacglS umes [04] Wl
awle 55,50 slacgw, wed 5l edel s (Chinese Altai)
oy oo 0 0,5 G o ol YU ST 0 0,0 S
[5e] wlaws 5 s il g,

qamly 3 (28 QLB Sl i 08 Ly slaculS
5 i SI0 ke 'S g5 5l AACNKSLL L g posll s
@ el S sla Sis 5l a5 wies NbTa<12% 4 7V-
DU SLUUS S IV BV P I P BV ISV K IR
w3 ge ol Glo)B ugd (Fluipe) Larze (olieS yolie
5 10,8 o glo,S i aLisT ojmel oSwls (gl g
oy S dwle oud 5550 laogw, @b wies
Comni 5= 426 L s ENaoma) pymogosss ale aitun
FSrSrioma=  0.708638 gl il o53s3!
Del el osls olas 1) el 3 LSas ,o slatws,

0,880 b oddi Ly g y0 aS oyl Jlazl gy ol
0 S (5095 oS 9 e ilgb 05 S
02538 (glo S Sy} aibsS &y 03,58 oy Lo Sl ¥l
ol ot B Sal cisol sldle «ogd g9, b g onds
JoS e 50 g 0l S5 latug Gee o5 @bl 5o
blaSle glaiwg Sogll ail 03,5 Sl b So,55
Joee 58 08 o i1 9 L4l awn LaTa Jlaie U [5Y]
3045 395 e asuine 22 5 a8 LaND jlads L [#Y] Cgd
s LaTaml6-4.33 ook oy o> slacei]
s oyl 31 g Glatwgs 2di a5 ol LayNb=26-56
S e 9 | e T olSiuls 30,8

LS ol Jlainl wali o s slacuilS 850
958 0y sbml g g (83l59 8 08 S nSCS
a0 WYY slos b o)S o 9,8 b jo ingy o
5 6lo,S s slacuS 5 g oad oasl, YU [£F] ol Ll
Cge g oS Jie Al Jore VL athsS 4 LS
S dle Glacgm) mizen 9 oS Siw aLleS 093



IRl ol S 5 (ool oy almo

S RSN 7ff

Neotethys Plate
\ Appinite rocks

Central lran

Crust /) (4

Continental Lithosphere ,'
-

/'- ()

v
-

s Blogemey 5 lberdim) o)
_6‘°)S Sow °}'3‘°—‘ oKl 9 Lg‘o)l_'é w}e u;)"ﬁ u;"""‘)f
ULM.: ‘) o).:.':' S dwlo Lgl.tm,:}.,.u) e g ‘_g\o; i
0, Siw S L oas ol Jliml g oo a5 wilosls
Vb 08 Comn o229, 0y Sl g ol (S2l5958
OGS g dlo; Socw M; g,;gs —r ol od&‘)
oJ.Jﬁ 6Lo§l.c ML: W) dlo)@ Awgs 0,5 S awle LSLQ’
) e (Vs ks g plaliz jlrs diwg 5 428 b
Cool aiiles (Ll jo a5 sal oSl (350 sRos Jidu o
Sdiwgy oS Ges 40 1ol 68 S Sad 4 Sl LSl
A5 6l b KSl e jo (4l
Sl ,u8
Loas olpl b G 5 oulidysh abee ol
Sloads alie ole mhaw o)l el 05 slo olosal,
ool ly Sas Js
&zl
[1] Zhao S.W., Yang C., Lai S.C., Pei X.Z., Li
Z.C., Zhu R.Z, “Multistage Fractional

Crystallization in the Continental Arc Magmatic
System: Constraints from the Appinites in

<ls

TR A )0 el Opf Oz )0 (6358 lacsy
ol ) e il asl ges; Glnl ope Jled )3 Gl e
bl Sal b hulsas ~ Sl i clocSin laosys
€9 Jhwald g wls cidyo ailsyee (Lol SISl oS aes
olyor Coil I sloKiw il oud LSCAT 35,095 5 eSS
0555 Db s ey 5l 26 LB (Sel LSl L]
iad il 50 5 lwald 5l Lol sla SIS shyls weas
sl GleSis (Bl (e) 5 et o) S o
Sab i WHREE & cows WLREE _Sas i
yolbe aie 5 lxal 4 (Pb, Sr, Cs, Rb, Ba) LLILE
w9 Joe 5o sl sl ases o lis |, Ta, Nb
sl S5 onig s diwg 3 Kde b olen o)l
iy ol wlazdl ks T e Lylyd e sy
OSorm 3 Orsedl GG A o w0 SIS (ol
sykeie S s sl el Clys D jgo il el g oad il
sbSle (ol gloarsl 5 wilijse Glalar by ol oad
Sl Sl leSle paabe sl Gl el lavlgas
Sl 050,87 LSS



0 RS 5 du&wemT sl 23S 5 cowd s

VFeY UL».M»A) f O)Lo.i: AR Q.l}

[13] Atherton M.P., Ghani A.A., “Slab breakoff: a
model for Caledonian, Late Syenite syn-collisional
magmatism in the orthotectonic (metamorphic)
zone of Scotland and Donegal ', Ireland. Lithos. 62
(2002) 65-85.

[14] Castro A., Corretge L.G., De la Rosa J.D.,
Fernandez C., Lopez S., Garcia-Moreno O.,
Chacon H., “The appinite—-migmatite complex of
Sanabria, NW Iberian massif, Spain”, Journal of
Petrology. 44 (2003) 1309-1344.

[15] Neuendorf K.K.E., Mehl Jr., J.P., Jackson J.A.
(Eds.) “Glossary of Geology”, 5th ed. American
Geological Institute,
(2005).10.1017,50016756807004141.

[16] Mazhari S.A., Amini S., Ghalamghash J. and
Bea F., “Petrogenesis of granitic unit of Nagadeh
complex, Sanandaj-Sirjan Zone, NW Iran”,
Arabian Journal Geoscience. 4(2011) 59-67.

[17] Stocklin J., “Structures history and tectonic of
Iran: A review”, American Association of
Petroleum Geologists Bulletin. 52(1968) 1229-
1258.

[18] Khodabandeh A.A., “Explanatory text of
Naghadeh,  Geological quadrangle  map,
1:100000”, Geological survey of Iran. (2004),
Tehran (in Persian).

[19] Mohajjel M., Rasouli A., “Structural evidence
for superposition of transtension on

transpression in the Zagros collision zone: Main
Recent Fault, Piranshahr area, NW [ran”,

Journal of Structural Geology. 62(2014) 65-79.
[20] Yazdani M., “Study of field occurrence and
petrology of igneous rocks related to ophiolite
complex in Northwest Piranshahr-NW Iran”,
University of Tabriz, PhD Thesis, (2014), (in
Persian).

[21] Hamidullah S., “Petrography and mineral
chemistry as indicators of variations of
crystallization conditions in the Loch Lomond and
Appin  appinite  suites, western Scotland”,
Sciencedirect. 118 (2007) 101-115.

[22] Yoder H.S., Tilley C.E., “Origin of basaltic
magma: an experimental study of natural and
synthetic rock systems”, Journal of Petrology.
3(1962) 342-532.

[23] Moore G., Carmichael I.S.E., “The hydrous
phase equilibria (to 3 kbar) of an andesite and
basaltic andesite from western Mexico: constraints
on water content and conditions of phenocryst
growth”, Contributions to Mineralogy and
Petrology. 130 (1998) 304-319.

[24] Mintener O., Kelemen P.B., Grove T.L.,
“The role of H20 during crystallization of

Tengchong Block, Southeastern Extension of Tibet
”, GeoScienceWorld, (2021) 18.

[2] Atherton M.P., Ghani A.A. “Slab breakoff: a
model for Caledonian, Late Syenite yncollisional
magmatism in the orthotectonic (metamorphic)
zone of Scotland and Donegal, Ireland ”, Lithos. 62
(2002), 65-85.

[3] Ye H.M,, Li X.H,, Li Z.X., Zhang C.L., “Age
and origin of high Ba-Sr appinite-syenites at the
northwestern margin of the Tibet Plateau:
Implications for early Paleozoic tectonic evolution
of the Western Kunlun orogenic belt”, Gondwana
Research 13(2008), 126-138.

[4] Zhang X.H., Xue F.H., Yuan L.L., Ma Y.G,,
Wilde S.A., “Late Permian appinite-syenite
complex from northwestern Liaoning, North China
Craton: Petrogenesis and tectonic implications”,
Lithos 155 (2012), 201-217.

[5] Murphy J.B., Hynes A.J., Tectonic control on
the origin and orientation of igneous layering: an
example from the Greendale Complex., Nova
Scotia”’, Geology 18(1990), 403-406.

[6] Murphy J.B., Appinite suites: “A record of the
role of water in the genesis, transport, mplacement
and crystallization of magma”, Earth Science
Reviews, 119 (2013), 35-59.

[7] Huang F., Zhang Z., Xu J., Li X,, Zeng Y.,
Wang B., Li X., Xu R., Fan Z., Tian Y., “Fluid
flux in the lithosphere beneath southern Tibet
during Neo-Tethyan slab breakoff: Evidence from
an appinite-syenite suite”, LITHOS, (2019).
https:,doi.org,10.1016,j.1ithos.2019.07.004

[8] Bailey E.B., Maufe H.B., “The geology of Ben
Nevis and Glen Coe and the surrounding country
Memoirs”, Geological Society of Scotland. 53
(1916) 1-247.

[9] Murphy J.B., “Appinite suites and their genetic
relationship to coeval voluminous granitoid
batholiths ”, International Geology Review, (2019)
doi: 10.1080,00206814.2019.1630859.

[10] Miyashiro A., “Volcanic rock series in island
arcs and active continental margins”, American
Journal of Science. 274 (1974) 321-355.

[11] Pearce J.A., “A user’s guide to basaltic
discrimination diagrams, in Wyman, D.A., ed.,
Trace Element Geochemistry of Volcanic Rocks:
Applications for Massive Sulphide Exploration”,
Geological Association of Canada Short Course
Notes. 12 (1996) 79-113.

[12] Fowler M.B., Henney P.J., Darbyshire D.P.F.,
Greenwood P.B., “Petrogenesis of high Ba-Sr
syenites. the Rogart pluton, Sutherland”, Journal
of the Geological Society. 158 (2001) 521-553.


https://doi.org/10.1016/j.lithos.2019.07.004

IRl ol S 5 (ool oy almo

S RSN 1484

[35] Drummond M. S., Defant M. J., “4 model for
Trondhjemite-Tonalite-Dacite Genesis and crustal
growth via slab melting: Archean to modern
comparisons”’, Journal of Geophysical Research:
Solid Earth, 95(1990) 21503-21521).

[36] Pearce J.A.,, Norry M.J., “Petrogenetic
implication of Ti, Zr, Y and Nb variations in
volcanic rocks”, Contributions to Mineralogy and
Petrology. 69(1979) 33-47.

[37] Pearce J.A., Harris N.B.W., Tindle A.G.,
“Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks”, Journal
of Petrology. 25(1984) 956-983.

[38] Hofmann AW., Jochum K.P., Seufert M.,
White W.M., “Nb and Pb in oceanic basalts: new
constraints on mantle evolution”, Earth and
Planetary Science Letters, 79, (1986), Pages 33-45
[39] Rudnick R.L., Gao S., “Composition of the
Continental Crust. In: Rudnick, R.L., Ed., Treatise
of Geochemistry”, Elsevier, Amsterdam, 3, (2003),
1-64.

[40] Woodhead J.D., Hergt J.M., Davidson J.P.,
Eggins S.M., “Hafnium isotope evidence for
‘conservative’ element mobility during subduction
zone processes”’, Earth and Planetary Science
Letters. 192(2001) 331-346.

[41] Pearce J.A., “Geochemical fingerprinting of
oceanic basalts with applications to ophiolite
classification and the search for Archean oceanic
crust”, Lithos 100(2008) 14-48.

[42] Abdel-Rahman A.F.M., Nassar P.E.,
“Cenozoic volcanism in the Middle East,
petrogenesis of alkali basalts from northern
Lebanon”, Geological Magazine. 141(2004) 545—
56.

[43] Sylvester P.J., Post-collisional strongly
peraluminous granites ”, Lithos 45, (1998) 29-44.
[44] Altherr R., Holl A., Hegner E., Langer C.,
Kreuzer H., “High-potassium, calc-alkaline I-type
plutonism in the European Variscides: northern
Vosges (France) and northern Schwarzwald
(Germany) ”, Lithos 50, (2000)51-73

[45] Castro A., Corretge 1.G., De La Rosa J.D.,
Ferndndez C., Lopez S., Garcia-Moreno O.,
Chacon H., “The appinite-migmatite complex of
sanabria, NW Iberian Massif, Spain”, Journal
Petrology. 44, (2003), 1309-1344.

[46] Molina J. F., Scarrow J. H., Montero P. G.,
Bea F., “High-Ti amphibole as a petrogenetic
indicator of magma chemistry. Evidence for mildly
alkali-hybrid melts during evolution of Variscan
basic-ultrabasic magmatism of Central Iberia”,

primitive arc magmas under uppermost mantle
conditions and genesis of igneous pyroxenites: an
experimental study”, Contributions to Mineralogy
and Petrology. 141(2001) 643-658.

[25] Pitcher W.S., “The Nature and Origin of
Syenite”, 2nd ed. Chapman and Hall, London,
(1997) 395.

[26] Wilson M., Allen and Unwin, London.Xie
G.Q., Mao JW.,, Li R.L., Ye H.S., Zhang Y.X.,
Wan Y.S., Li HM. Gao JJ.,, Zheng R.F,
“SHRIMP zircon U-Pb dating for volcanic rocks
of the dayingformation from Baofeng basin in
eastern Qinling, China and its implications”, Acta
Petrologica Sinica, 23(2007) 2387-2396.

[27] Le Maitre RW., “4 Classification of Igneous
Rocks and a Glossary of Terms: Recommendations
of the International Union of Geological Sciences
Sub-commision on the Systematics of Igneous
Rocks”, Blackwell, Oxford. Rock, N.M.S., 1991.
Lamprophyres. Blackie, Glasgow, UK, 284 (2002).
[28] Peccerillo A., Taylor S.R., “Geochemistry of
Eocene Calc-Alkaline Volcanic Rocks from the
Kastamonu Area, Northern Turkey”, Contributions
to Mineralogy and Petrology, 58, (1976) 63-81.
[29] Holub F.V., “The petrology of inclusions as a
key to the petrogenesis of the durbachite suite from
Czechoslovakia”’, Tschermaks mineralogische und
petrographische Mitteilungen, 24(1977) 133-150.
[30] Peccerillo A., Taylor S.R., “Geochemistry of
eocene calc-alkaline volcanic rocks from

the Kastamonu area”, Northern Turkey. Contrib.
Mineral. Petrol. 58, (1976) 63-81.

[31] Maniar P.D., Piccoli P.M., “Tectonic
discrimination of granites ”, Geological Society

of America Bulletin, v. 101, p. 635-643, https:, doi
.org,10.1130,0016 -7606 (1989)101.

[32] Sun S.S., McDonough W.F., “Chemical and
isotopic systematic of oceanic basalts: implications
for mantle composition and processes”, In:
Saunders, A.D., Norry, M.J., (eds), magmatism in
the Ocean Basins. Geological Society of London
Special Publication, 142(1989) 313-345.

[33] Nesbitt H.W., Markovics G., Price R.C,,
“Chemical processes affecting alkalis and alkaline
earths during continental weathering. Geochimica
et Cosmochimca Acta 44, (1980),1659-1666.

[34] Dilek Y., Furnes H., “Ophiolite genesis and
global tectonics: Geochemical and tectonic
fingerprinting of ancient oceanic lithosphere”,
Geological Society of America Bulletin, 123(2011)
387-411.


https://www.sciencedirect.com/journal/earth-and-planetary-science-letters
https://www.sciencedirect.com/journal/earth-and-planetary-science-letters
https://www.sciencedirect.com/journal/earth-and-planetary-science-letters/vol/79/issue/1

#fY RS 5 du&wemT sl 23S 5 cowd s

VFeY UL».M»A) f O)Lo.i: AR Q.l}

[57] Guo, Z.F., Wilson, M., “The Himalayan
leucogranites: constraints on the nature of their
crustal

source region and geodynamic
Gondwana Res. 22, (2012) 360-376.
[58] Jiang Z. Q., Wang Q., Wyman D. A., Li, Z
X., Yang J.H., Shib X. B., Ma L., Tang G.J., Goua
G.N., Jia X.H., Guoa H.F., “Transition from
oceanic to continental lithosphere subduction in
southern  Tibet: Evidence from the Late
Cretaceous—Early  Oligocene (~91-30 Ma)
intrusive rocks in the Chanang—Zedong area,
southern Gangdese ”, Lithos 196-197 (2014) 213—
231

[59] Tung K.A,, Yang H.y., Yang H.j., Smith A,
Liu D., Zhang J., Wu C., Shau Y., Wen D., Tseng
Ch., “Magma sources and petrogenesis of the
early-middle Paleozoic backarc granitoids from
the central part of the Qilian block, NW China”,
Gondwana Research (2016),
d0i:10.1016,j.gr.2015.11.012.

[60] Zhang C., Liu D., Zeng J., Jiang S., Luo Q.,
Kong X., Yang W., Liu L., “Nd-O-Hf isotopic
decoupling in S-type granites: Implications
forridge  subduction”, LITHOS,(  2019),
ttps:,doi.org,10.1016; j.lithos.2019.03.009

[61] zZhao J.H., ZhouM.F., Yan D.P., Yang Y.H.,
Sun M., “Zircon Lu—Hf isotopic constraints

on Neoproterozoic subduction-related crustal
growth along the western margin of the Yangtze
Block, South China”, Precambrian Research 163,
(2008) 189-2009.

[62] Condie K.C., “Incompatible element ratios in
oceanic basalts and komatiites: Tracking deep
mantle sources and continental growth rates with
time: Geochemistry ”, Geophysics, Geosystems, V.
4,1, (2003) 1-28.

[63] Leat, P.T., Thompson, R.N., Morrison, M.A.,
Hendry, G.L., Dickin, A.P., “Compositionally—
diverse miocene— recent Rift-related magmatism
in northwest Colorado:Partial melting, and mixing
of Mafic Magmas from 3 different asthenospheric
and lithospheric mantle sources”, Journal of
Petrology, Special Lithosphere Issue, 1, (1988)
351-377.

[64] Krystopowicz, N.J., Currie, C.A., “Crustal
eclogitization and lithosphere delamination in
orogens”, Earth and Planetary Sciences Letters
361, (2013) 195-207.

[65] Yazdani M., “Investigating the mineral
chemistry of amphibole and petrogenesis of the
appinite-syenite rocks from SW Naghadeh-NW

setting ”,

Contribution to Mineralogy and Petrology, 158
(2009) 69-98.

[47] Pe-Piper G., Piper D.J.W., Tsikouras B.,
“The late Neoproterozoic  Frog Lake
hornblendegabbro pluton, Avalon Terrane of Nova
Scotia: evidence for the origins of appinites ”, Can.
J. Earth Sci. 47,(2010) 103-120.

[48] Xiong W.J., Windley B.F., Sun S., Li J.L.,
Huang B.C., Han C.M., Yuan C., Sun M., Chen
H.L., “A Tale of Amalgamation of Three Permo-
TriassicCollage Systems in  Central Asia:
Oroclines, Sutures, and Terminal Accretion”,
Annual Review of Earth and Planetary Sciences
43, (2015) 477-507.

[49] Zhang Z.M., Dong X., Santosh M., Zhao
G.C., “Metamorphism and tectonic evolution of
the Lhasa terrane, Central Tibet”, Gondwana
Research 25, (2014) 170-1809.

[50] Yoder H.S., Tilley C.E., Origin of basaltic
magma: an experimental study of natural and
synthetic rock systems ”, Journal of Petrology.
3(1962) 342-532.

[51] Moore G., Carmichael I.S.E., “The hydrous
phase equilibria (to 3 kbar) of an andesite and
basaltic andesite from western Mexico: constraints
on water content and conditions of phenocryst
growth”, Contributions to Mineralogy and
Petrology. 130(1998) 304-319.

[52] Miintener O., Kelemen P.B., Grove T.L.,
“The role of H20 during crystallization of
primitive arc magmas under uppermost mantle
conditions and genesis of igneous pyroxenites: an
experimental study”, Contributions to Mineralogy
and Petrology. 141(2001) 643-658.

[53] Collins W.J., Huang H., Jiang X., “Water-
fluxed crustal melting produces Cordilleran
batholiths ”, Geology. 44 (2016) 143-146.

[54] Huang F., Xu J.F., Zeng Y.C., Chen J.L.,
Wang B.D., Yu H.X., Chen L., Huang W.L. and
Tan R.Y., “Slab Breakoff of the Neo-Tethys Ocean
in the Lhasa Terrane Inferred from
Contemporaneous Melting of the Mantle and
Crust”, Geochemistry Geophysics Geosystems. 18
(2017) 4074-4095.

[55] Patifio Douce A.E., Harris N., “Experimental
constraints on Himalayan anatexis”, Journal
Petrol. 39, (1998), 689-710.

[56] Visona D., Carosi R., Montomoli C., Tiepolo
M., Peruzzo L., “Miocene andalusite leucogranite
in central-east Himalaya (Everest-Masang Kang
area): Low-pressure melting during heating”,
Lithos 144-145, (2012) 194-208.



IRl ol S 5 (ool oy almo

S RSN £¥A

Tethyan lithospheric  subduction”, Gondwana
Research. 19 (2018) 1-18.

[69] Agard P., Omrani J., Jolivet L., Whitechurch
H., Vrielynck B., Spakman W., Monie P., Meyer
B., Wortel R., “Zagros orogeny: a subduction—
dominated process”, Geological Magazine, 148
(2011) 692-725.

[70] Azizi H., Hadad S., Stern R.J., Asahara Y.,
“Age, geochemistry, and emplacement of the ~40-
Ma Baneh syenite-appinite complex in a
transpressional tectonic regime, Zagros suture
zone northwest Iran”, International Geology
Review, 2018, DOI:
10.1080,00206814.2017.1422394.

[71] McDonough, W.F., Sun, S.S. “The
Composition of the Earth”, Chemical Geology,
120(1995) 223-253.

Iran”, Journal of Iran Chrystalography and
Mineralogy, 31(1401), (in Persian in press).

[66] Tulloch AJ., Challis G.A., “Emplacement
depths of Paleozoic-Mesozoic plutons from
western New Zealand estimated by hornblende-Al
geobarometry ”, New Zealand Journal of Geology
and Geophysics. 43 (2000) 555-567.

[67] Fazlnia A, “Geochemical and
Tectonomagmatic Evolution of the Alkali-syenite-
syenite from the North and West Sardasht, Iran”,
International Journal of Earth Sciences, (2018),
https:,doi.org,10.1007,500531-018-1641-7.

[68] Zhang Z., Xiao W., Ji W., Majidifard M.R.,
Rezaeian M., Talebian M., Xiang Z., Chen L.,
Wan B., Ao S., Esmaeili R., “Geochemistry, zircon
U-Pb and Hf isotope for granitoids, NW Sanandaj-
Sirjan zone, Iran: Implications for Mesozoic-
Cenozoic episodic magmatism during Neo-



