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1 - Sm: Surmeh Formation
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Da: Dalan Formation

Ir: Faraghan Formation

Paleozoic Mezozoic

slaaxly 59,8 4 (2ljaS wnl B ancs )0 45 09,00 Lo
Sy 5kl ley 990 yo ctdl Ll 00,5 34 oYU
o LYAL SCig5550L 5 3,05 S92y (ol s oM Lo Sas
W ol b sas 5,15 T sl [¥e] o jolew 5 [¥A
oz 26 50 basS Sl dex 5l g lsle valsl
Seloojlor (ol (215095 G 9 SIS Cgm ) Cotle Sl
5 Sgi9dly lacgu; (g 2)30 oS o [V) -]
e sleasly (pfeead g Wl geid, SSgieie
mashad 00310 1500 A5 Gilid je,0 dcgasme 4 bge oWl

Dashtak

Zk: Zardkuh Formation N y‘"-.
—A_ )
eM: Mila Formation . Rz
I 11s: Hormuz series o \ g
S0°21 50730

D Study aecu

High angle fault s Asphalt road
Thrust fault ~4—— Synclinal axis

- -

O

e Searpment
Sampling site

scale: 100000

(u|f|¢sm‘5lw&5}.mvu\¢>lal.a Vedewooo w)‘dﬁﬁ)f]»)gu)f\))yﬂjam . )'lodai':abl‘u&fj.; \J&.::

00) Ay dnld (@ (B Jlosd Cooms 4y 30) LT 3,8 (0 (G Jlods Coms 43 033)

‘

AN

.A‘ A S ody
s (Al s (S sloasS fgeis, ¥ S

a3l g Il gl i, i 5 A o« Sibs (S sloanS oleSle slacKiw 5l oladiges (7 o o o Jlodd oo 4



Olnl (ol S g (olid ol Al

60,588 bsgls ( gz Hlilad (e AY

Statistica § GCDKit sla |33l 5 b S Ko cands (ye

23,5 zoeas CorelDraw,l58l o 5 b b loges .oy Judos
s gy bl o Sis (Sed a8 0,3 o
5 a3 oy o3l gloSin ol S ablis o)l
Sla Gl i oo Glas (Sabl 5 (63350950905 5202
OSom 9 ol L Jold lacSw cnl jo sl
o9k Slae) ,d 9w
JMAJB\) ).b LQ))ASBJ))L? v\J)L) ‘)5 (U ju,‘b‘ 6LQJ...M.5|)
Sty 2 (SO 4325 5 0dl o jsbiy 5 5k cbo
a5 0 0SS do b US095 by sl ains e oLiS

gl ge ond wblie )5 ((nfg)d JSB) o, and )50

oy sl 5 PNl )

Seg3y el b,
olaws (Slbs Sad 08 sl e oy shie 4
SISt 5 S3b ablio and lp 23] Ko diged Y
A Aiged (5, by 4 g bwsad Skl
ol as Ol wileas agl slaanld s S
sBiils SIS Ll oKisle;] jo bbaiged st ¢jglaie
Jios S8 slaak 5 0,5 (S5 ol b o500
al> o g0 b g a8 dw U g0 Do 4y edigad (w50
5 shol yolis (omyn sl 5 0T o (Sed Sl o
et a3 ol 3gllin Ll ofasle;T jo CleS
sles ;o (LOL) ol cdl 5,505l oo ool
@ axgi bbb plil olilesl ol 5o ol 5 il amj0 Ve e e
yolie polie (555 oy g0 5l 2w) LOL oYL Slaie
S dlbe Sis > 0 5 ol Bis L Lol

slacn s (u‘j‘ (XPL c:-“’LM ~‘-"’3 )% v~°é~° Vo u'M l) o 0T oS 6’31“’5)5“"’ ;-'st iyl ¥ s
arl) Sl b oad (iRl Cusddl JBS 0 MR sek Ctyo (g el JLS 50 WS g il amssl (S L oads (o 3Slr
ke VY s plaee sl a4l Sl S 5 653l slacaisn S el (© Sl s sk, GRSl lane; ,o (ead cS,
IS a5k (& (XPL e oo VoY 03 (laes (slag) (53950 oS (02959 Sn bl (g g o (PPL cslazmis oaidad )5 ¢ e
5 Sl )5a> (@ mSomsls JLS 0 Vb B oS, Gl Soanl (7 9 S0 sboad Gl Dadl (@ «Ssmsalsyls

Cpx gl Ol .(XPL) e ¥ows Glae sligy) wlows sab adgl sla SIS sarien 5l a5 agl e SIS

Olpre 4 Sulis



AD o leendsS s bl 0551 o0 Jemhal (S e 08

VE O Ll o) opleds FF al>

Olyie 4 Cugn (Ko 09,8 90 5m 50 [VFYY] ail e
Olee @ g8 Sl g Saaml )l a3 SU
o JS8) Wigd oo 0s (Kiw 09,5 90 8 )3 45l la SIS
(Cslisd) poslis shils Gla gl g0, jpa> (g 5 & F
o Sis 5l [Y0] uSg gl jpao 5 cusl] olen o,
el LB Glamio 55,0 slocdlily Jyane

oS o)

S 25 pleSle saSiw Gl S5 S a2 mls
YL Yok 4 axg bocwl oo ooygl ) Jgu jo SeLis
5 ol i b ol yolic polis (aoyo YAY L Y¥Y) LOI
SiO2 oo o wlal cpl 5 00,5 awlxe S cdl> o
5 VEAS 51 ALOs Jaie o Sjs doys OFVY b OFOF o
9 o, YYAY B 007 5l MJO jlaie ¢ S35 ao,013)Y0
Eooze Cuwl piie J39 Sy VA- B OVYFP 51 FeOt
“o3lwl Gig de,d VN0 L T oD badiges jo oL Lol
B FOPY ladigas ;o ((so9jmie d02) MOH# Jluin .0l (5,8
B YAA S o ¥+ \Y PPM b AAYA g5 polie 5 VY FO
el YYOA ppm

0ol 9T da sl slaad ;o g wloads o <o IS 4 Lyl
b Syhie laygh Oipe 4 S g mendS cul sals ofjl
S 50 &Sl L g sitn s (BB (08,0 sloamgdl o
moaid glo,So o b gdl ol 4 Lol csyls 1,3 oy gl
bl jo5 ;0 5 Wyl Sl (2B b B 5l 05,5 ol il
Sl gl geng (2l b lst o o S5 ea e
eSS () Sl S S sl 5o s
= e Sl il 4 Jas b o ad o al8 g cnl ons
il (7 g o ¥ Gl S 90 K aie
oS g ragidS W9 i oo Lt (slails G g slails
Ayl gax S cpl jo adsl sla SIS leie 4 cpsdl g
ol Jbp S 5 Sogs sheed LpSah
53 035 JUSE e el oSy Wload (20559
it Y dz e L5105 clacSs, olls oophd abline g
G S 09,5 wiile ailoads has <o k5 4 S Lagnsl
3wl Sl S 09 g lansdl ma ad SIS ety
Sl S5y pizmen dapl LS slaaSspmsnlS
Bl g PERPL Dolite Jud 95 jea> olpen a4 (Gjgm
Ly leSle (Sl sl gualsds wiilys o Lol 5o Jbyé

(£ yolic g G35 Moy sy ol yolie) Siis (Sod 08 SlSl sl lp U5 S plordifme; 4320 mlis V Jgaz

APPM e 5 36 (S 5 SleaS

Sample So0-03 So0-06 So-011 So-016 So-04 So-07 So0-017
SiO, (wt. %) Nits OF YD 0% YA OF0F 0,00 O YA OOAY
TiO> YAY YV YEY ¥y V44 Y VE Y Fq
Al,03 YA VY VFAS \YAay VYO V058 14,0 VY-
Fe20s* \0%s Y AL Y0 Y oo YV Y VY
MnO AY NA NY AY CNA Y oY
MgO £ AY 0.0V Y Vo 91V Y08 qAF VYOV
Ca0 ¥ Ya AOY .0V VAY AYD < AS YYa
Naz0 Y YO Y VA YAY YYE ¥V o f AY
K20 £YY 5% 50 Y0 - AA Ve [ 334
P20s . OF N 5% - FA - FY 50 .04
L.O.I £YY Y F oYY vAY Yys £, Ard
Sum NS Y- VoA Voo a5 A V) VA VY AT
Ba (ppm) Fae e Ay, FAY,e YYY,. YA, 9f. e VY.
Rb £4,08 FYF YHAY F£YA \YSY $EAY Yy
Sr VY5 9EY,- YErA- YYQ Y- FagY - OAf- Y4,
zr V14, VOA, -+ YY) VYA - iy £ A+
Nb FOAY SY N8 B Aas AY51 YY) 8V YA SYNY
Ni YAA- SAA- Veqe e \SY - VEY - WA \YOA-
Co YY Y Y& YF Yaaf £ 04 FYAY VY YA 58.40
Zn VY- Yoo Ve YOA -+ A AY)- - Yoo
Cr AAYA V-0 FF YoreA VAQPF YA YY)y YAV/-Y
Y YVA- YoA- Yy TYE- TYY- TEY- Y50+
Cs SXO Oy CY¥F YAV S¥ e LA
Hf Y Fa o~ 0% Y FA I VY- YAY
Th Y00 Y-V YA VAY YA® \VAS Y FA
U V4 ¥as - AA - OA N - Af SA-




70 @Wﬁ&,&h‘ﬂé)siﬁ)é‘)w—‘@lssaﬁwéf)ls \f’a)'.a,ga\ o)Lo..iaA"\‘..xl:?

V' Jguz aalol

v YYa4- YoYA- YYD TYUA- YYO ¥ YYEY- YYVA-

w \-F A8 Ve Y Al - 0F - YY - A¥

Sn Yy Yai | VAY s s VYA

Mo s <A VYO -AF A ga \N#

Cu £, ¥ YN0 14+ WY YYA- oY- -0

Pb Py VANY V¥ VO FY avs AND 8-Y

As s £1,00 VPAAS vay- FYXA Ve vy RS

cd s - OY - ¥ <% - f- - Y0 -

Sh 1 OA -Y4 e <Ay - < OA W)

Bi < AY -AY < AF A - AS VY - AY

Ag -ye i VA Tai W Y oY

TI oY o ¥ A Y N .y

Se WY Y Tai VYA <Ay \YE < AY

Ga VA VEYY Y0 V0 F V) YEY- VOOF

Be VA A <00 s -4 <00 - F0

La YAY \aa) {ihia VY ¥- A VAFY VYV

Ce £03A OAFA £610 YT VY £oxY YOAY

Pr vied AN 3 04 FXY FAY Y

Nd YYYa TEYY YOYY Y85V Y8 A ¥ VAYA

Sm 5% \a ANY FAA XY FAY \id

Eu VAT YrY YA VAY A Y00 VY-

Gd 50% AR AsY 040 XY 538 £1Y

Tb - AY - A0 A Al -4 <A - oY

Dy £Y0 £AY TA) YA YAA ¥4 \al

Ho A A <A N d - Y VY ¥

Er V¥ o0 vy VA% \hai Y¥o A

m YA XY A NY N4 - -4

Yb 124 VAY VA i VAD WYY VOV

Lu N ) -Y <A Y Y M)

L.O.1 = Loss on ignition, Fe,Os* = Fe total

sed o oy (HREE) 5 ol S jole slaSis A2l NDY & cos ZnTi Jloges wlel 5
)M ).»aL».c 69§J‘ 30 NORN4 by ?/f L: )J‘)J CeN/NbN) ¥ Jiw) ..\.:)..fc’.n )‘)3 @L:.L‘) k.A.”)L’ L;o)l.wf 00 (R Oy
Cogd St polie San & [¥A] adgl gaiesS & ouss 2l coale Sy 55 [YY] Z & s P2Os loges (I

(o 0 JS5) 39 0 o030 (HFSES) O JSi) [VAl coyuss @ cas ol S ol Sesue
s (LREE) S job S ol 5l Sas e ()

1
Al
[ ] i e [ ]
rhyolite
Phonolite
Rhyolite
® ® o Dacite Trachyte Sphtt
. ° , o AlkliBasit g 1 m phonolite
Qos ® = hndesite
-9 N Andesite [
® Basltic andesite
/ Foidite
0.01f q ®
Tholeiitic Basalt ®
Alkali
Basalt Basalt
0 . . 0.001 . . .
0 100 200 300 400 0.01 0.1 1 10 100
Zr Nb/Y

03900 10 ey g Oy90 Sladiges (3] olalp a8 [YE] NBY @ cos ZNTiH Jloges (W11 L slacSan samos, sl loges F JSa
oo 8 B slacdlil 6,58 o aiges a5 [YY] LSle cunle crons 51y ZF & cons P205 Jlages (o ilaid 5 )15 LIS slacdljl



AY

O] FONUIN SRt IS4 JU. RSP SRS POV g L g AR L

VE O Ll o) opleds FF al>

1000

100

sample/ primitive Mantle

o B U K @ P P 7 i Dy h
=z 1 L L L N L i

=

T T T T T T T - T T T
Y k) N L ™ sr N Sm T v Tn

aSin sl [Ya] adsl axsss @ ond jlrige oleeS ,olic 5 REE

2 S Pl emin Gl w5 LT sz S pé polie
9 Ca0 KO slounnst 0gi o oolaul olie S0
ol L (Ko pae 9 26 L (598 Coiin  Swa N22O
polic ol bl S o Sl 4 aiss e ol LOI lake
Starod Z8 L SI05 « Bl 45 el gl sloon] 3 b
S 5 Sl el @il zls LOT il b g ol i
S o el O gadyl Jlaie o yuis g ate
sas lade ileads Slw,Ss > S Rb 4 Ba .Sr MgO
US55 (FoYNY B AATR) p5,S (FFYY b YVAS) o uio
WigS 5| faS oy Sy5e sladiged sl (VVOA b YAA)

leSle 565,50 Silo 5 [V] oag ads

sample/chondrite

8
gk
sk

L

1a P P E ™ H kY in
- L L L L N
T T T T T T T
Ce Nd Sm Gd Dy Er w

65 (o I¥A] cyy0is & oass gy REE o301 il & S

Sy

LSl cunle 5 ol Ko
S S oSl slocSin gl YU b Lavgia LOL lais
ol Jlael GLgS (ao,0 OF) Lwgie job a) Ko
FS 4 e 5 edp olS SlSs ez asil
5 ol GloSl 3 Gl wo IS aile agl sla SIS
yobe oS5 0 s Jlaazl gy ol 51wl ool olis
Lf-1 515 59> Rb, Ba, SI' 5> S e polic 5 Lol
S o1 S Segd S olie g ol polie Ol
ool olpiiny Sl S 3l swyp yekate & LOI jlode o
@ s ol polie cand (oo 3l JS2) [9Y] ol

52
™~ 12 ® . @
0 g ] o
~ A @ ®
S b Q0 LT 2 " g
= ® _.® 5] -
7. = . ® @
-9 " R*=0.45 R>=052 @
R=0.85"
e ®
0
® ® ©
8 8 ’ ®
6 . R*=0.78
Q v . g H .
2 4| R=0.05 ©. .9 O L R=0.13 O -
05 2. . X
2 ® ®
0 ® 0 L B
4
° @ ®
g °
.--, e L] ® [ ]
2 5 = e : 5
z 2 . B =
R*=0.19 30 ~7 @ R*=021 z
: ®
0 e Py 0 s YA
000 ry 1000 ® ~
800 800 R*=0.32 e
e ° ° R*=0.59
= 600 600 . <
e |0 - . R=005 |4, N M ° &
400 P . R=040 N
200 ® o °® 200 o o e - ® .‘
0 L 53 ® ®
o 2 4 6 8 10 0 2 4 6 8 10 0 60 120 180 0 60 120 180
LOI LOI Zr r

polis i Lo ,Ts Sy gl ZE o L8V (LOIY Lol UT e s G 5 e 5 Lol yolic i slologas # JS



Ol (ool S g (ol ol alee

80,520 (yLogls ¢ gy il o h

AN

S ot wnt LSl sla 395 55 o dtwgy (il
ailgd co jui ol S olie 4 YU lawe ol b olie
a Jov] wsl il oKiuls coals jais @lp sk
0,5 o olS Sl oS4 1 VL lacns o5 55k
|, gy Sosll b 6,5 Fiw il S 5 yieS laie 5 sl
3 i S sladiges gl owd (pl s o ol
5 VYA B AYY = NDSM ;L 1) ad awlxe S
Gl 0,5 s s Sls a5 ANY L VY- = Zrla
pPM 5 YL Th jlode adiges 5l (S a9 5 Conlagy]
S oY) sl latug (Sogll Sils wlg oe a5 W5l Y0
o Th o [0F] NBY & coes TAND sl logas ol
0y 13 g Slo,BB satwg 1 a0 baaiges [00] Y 4
2l et (8 pepldl e Glo anzy slacdlil
(A JS5) w3 5 15 (E-MORB-OIB) sl 3l
SE S O gy M & LS Gl oo gl 0l L
-y (Soslly el el Coal 05 sy 0550 LS
LILE jlaie iol38l o Wilgs co 3 aiiigS Sl € o]
092 5Ll oleS polie sbacans [oY] 593 LREE
oKiwls s (gl cowlie sl 23Ls Yb g La Nb .Th
4 Cos TIOZYD lojloges jo [0F] aiin lasss
oy 5 ladiges [OA]I NDN 4y e Thy 5 [6Y] NbyY
—epldl Gl gloaniy glacdll 5 a8 gandsS

(A U5 6,5 041,38 (MORB-OIB) wgildl 55>

w9 ax 8 [FY] Laa cos LaSm loges Lol 5
ook Ll ol QB sunl B pisu el 4 ces 85
J5o) canl aaly s LSl 565,50 Wi, 50 5 sdulas
3 SMIND g La oo (4138 = R?) ot Siacan (I Y
oBCals )3 (oS g 45 GBS (o0 HLES (o) 2 3590 SlaSs
SR by Slewald jo LA jaie (dBly o 05l 90>
Ol bl easS” Joe 5Ll (oo Sjpe 4 Wlgi 0 BI85 5
Joges LE¥] cadl 5,550 SM &) s puSg 40 pais
Gly 1y oS pmsnlS Salaz i, [FF] Cr o eV
(@Y USKD) S oo adrine adigal
e w9d Wl e lamio )0 2B LSl
manbS asn b [F0] (slo)S S saxdsF by 4z
L o [¥V.¥8] LILES § LREES ;I ¢ g oo ooles S (s
g 25U o, 0,8 Ko by (glo,S oo Sl iiSan
Sooll samsplis Wl o Ph g K Sos e [¥A]
3 Ol Loy anld latgy (Sogll il slazuy,
sob @ [FA] el Glansgs JKiils L slalSl oy
AYY) NbU «(YAY) NDTh oW slacens onSilee
Siis Soi oS lele slaKin sl (V) NbLa,
ol Slatgy mre (Sosll 05 5 agile conle Siby
T anie 5 e Gilmag 058 ol o 0993
g BB laie 05 5 [0-] Nb o5 coe (glmin

A gaales [OV] ) 2 0,50 (sladigas 15 (5 5 stk

1000 20
Cpx oo Voo

100 | i P 155

Hbl

> il opx O | & w}
Cpx7A 3
Hbl Basaltic
: magma iF ®
¢ i Fractionation
0.1 ' o : ' '
1 10 100 1000 0 40 80 120 160 200
Cr La

[FF] Cr & cans V Jloges (0 LeSle 555,53 10 (alio 5 oidu wod &g, saceds sl [FY] LA a4 coes LaSM Jlages (1 ¥ JS8

lo SB Gialaz $ig) )2 sl



AR ..@wgiip.la.ﬂ)&a)siﬁ)oJMT@lfwbaﬁ)lf VF-0 Ll o) oyless FF 0l
16
[« ]| 3
25 Assimilation LF
1 Continental
o 2 Crust ¥¢
g8 = - N
= = Limit for Primitive Th/Nb
= } N
Qi
(\0‘\\«\‘? \
4f & | 1B
¢ Go®
. P N.MORB E-MORB  §
0 e %
0 ' 60 oA 0.03 0'1 l 4
Y(ppm) ) ) Nb/Y

oo a5 [00] Y a5 cecs Th Jlages (o dOF]I NDY @y s TAIND jloges (il LeSle 555,50 40 dtgs ik s sl jloged A JS2

Ll Lo @;;O L Ms—v )J‘ ‘SOJ.HS

1000 >
100
. B & ]
\
>~ .\ OIB ..
Z ~ 1  OIBarray \ '..
2 - . °
&= \ MORSB array
N-MORB ‘\ E-MORB (shallow melting)
0.1
Divergent Plate N ‘| E
Convergent Plate & Within-plate
0.01 setting : - settn‘lg 0.1 .
0.01 0.1 1 10 100 0.1 10 100
NbnN Nb/Y

A S ThN )‘09.05 R [AV] Nb/Y A o T|02/Yb )‘05.43 (ut.” R kse‘; 9 ol L;.C 6‘4"‘“’; Kl m LgLas)L)}o.; q Ji.::

S 25 oSl laSiw (GFloins) ol s
Joges g (I JS2) [£0] e e jloges 5l Siis
b oges ol s oolatwl (o VY JS2) [#9] Zr @y coes T
sladiges sln Glamio G980 Sl Coxdee Sl
SEBS (S AS Sladiged ((ppized Wad (o p 390
al Gl ) hme goaiS SIS gleloged o
Gazmio 09,8 slacdlib g4 5l [8V] DF2 g DFL o piie
Sbgiagh @i bas (&5 0 slass) wis sl
ok @ e pgm 5l s Slesen [FA A ¥ 0F] i
wilgi oo slo,BB LS ety sloasgs V-] ) Sen 5 Kig
5 aws sl OIB a4 L 5 E-MORB  (sla S35
NbLa slocans blase cpl jo ond LSis slboleSl
Ayl Vel s Balka g+ 5l S SMING -8 51 s

@ (Sl jeb A oy p 0)90 Sla diged lp e oyl

oAl NbN

ol g Sy SeiasS sl lSl oSiuls
(Ve s [e 0a] LaYb « coes DYIYD Jlages
2 el S5, 4 hle o By Jrl )l oS
Jusl 5. [2V] LaSm a4 coes SMYD Jloges _wlul
sr Sy sl slp (o Vo UKL i) B el
U & Gos jo Jiml o o8 JLil 50 00,5 oo ooy
robie 5l ol g wloa bl w300 25 5 teoksS Ve
5 Cdsdn Jrpel S5 ()le0 s LAS 4 g0l
L% 7] 55 o0 gy 2,8

by Jara

5 G55 ks o Ti, Zr, Nb, Y, P s> (ol
RIS - PSRN I 2 ERVI PICIR I S TR 20
s 4 Sl e (Lo busme (st gl polie



Ol (ool S g (ol ol alee 3,58 (;Logls ¢ iy liled o q-

S a5 CiS Gl (Floime; dasme s onds a5l glacans b g aiiea YV O 5 o VY ¥V s
GelS ey rpalS e SEBS (S a8 oS Lowls Slosen slo)B (9,0 pleS cuty slaass> sln
ity sbbasg> LB o g oaiS slacals o [VA] iy 2lSl cdld) ND o Ti e o )lbwin o 09 4 a>gs
sScde Sl e s Jlasl @) UlaasS Jls s oS sbSiw sl N 6,6 Jld sal,S o iilye,8 4 aials

londs JSas (VY] Guriigis p goig 8 iy @S bl o IS ok 4 S (ool Fae SELS (SeinS

6 -
10.0 20 1% Gt-lherzolite L] 1% 0.001% Lt |
. 5
£ Sp+Gt-herzolite Pologopite - bearing garnet
& Therzolite partial melting curve
20% <
o Sp-lherzolite
z 50% 23 Mixing lines between melts in
UE) 1.0 e spinel- and garnet-facies mantle
¢ >
Em"\c\\‘“e“t A
tion 24 : .
peple I Melting trend pf enriched
mantle arrey spinel harzburgite
1 Melting trend of phologopite-
bearing spinel lerzolite
0.1 0
1.0 10.0 100.0 40 80 120 160
La/Sm La/Yb

IV ] LaiSm @ e SMIYD Jlogas (0 5 [#+ 0] LAY a5 coss DYIYD Jloges (Gl . oleSle olSiuls s slalages Vo JS&

50000
20000
@ - ® @  Within-Plate
10000 |- . .
- MORB
= s000f
Island Are 3
Lavas g domains (island
2000 arcs, active
margins) continent
1000 . . . .
10 20 50 100 200 500 La/10 Nb/8
Zr
8 8
41 4F
@ IAB &
a0 g
-4 B 48
-8 . . . -8
-8 -4 0 4 8 -8 -4 0 4 8
Df: Df:

leleges s oy o [Pl Zr @ e Ti Jloges (0 d80] g ilits Jloged il L 3 lope) slodame SLSE slajloges VY S
[#Y] Df2 4 DL sla,sie st



i o leendsS s bl 0551 o0 Jemhal (S e 08

VE O Ll o) opleds FF al>

Ethiopian  Rift, East Africa”, Earth-science
reviews, 96(1-2) (2009) pp.1-53.

[9] Freund R., Zak I., Garfunkel Z.W.I., “Age and
rate of the sinistral movement along the Dead Sea
Rift” Nature, 220(5164) (1968) pp.253-255.

[10] Browne S.E., Fairhead J.D., “Gravity study of
the central African rift system: a model of
continental disruption: 1. The ngaoundere and Abu
Gabra rifts”, In Developments in geotectonics Vol.

19 (1983) pp. 187-203, Elsevier.

[11] Gansser A., “The enigma of the Persian salt
dome inclusions”, Eclogae Geologicae Helvetiae,
85(3) (1992) 825-846.

[12] Torabi G., Hemmati O., “Alkaline basalt from
the Central Iran, a mark of previously subducted
Paleo-Tethys oceanic crust’, Petrology, 19, (2011)
pp.690-704.

[13] Salehi N., Torkian A., “The study of
petrography, geochemistry and petrogenesis of the
basaltic rocks, NE-Qorveh (Kurdistan) (in
Persian) ”, Petrology, 5 (19) (2014) 37-52.

[14 Delavari M., Rostami F., Dolati A., “The
Central Alborz Permian basaltic magmatism: an
evidence of southern passive continental margin of
Paleo-Tethys ”, Petrological Journal, 8(29) (2017)
pp.53-74.

[15] Hosseini M., Davoudian A.R., Shabanian N.,
Azizi H., “Mineralogy, Geochemistry and
petrogenesis of amphibolites in the northeastern
Yancheshmeh, southeastern Zayandeh-roud lake
(in Persian)”, Iranian Journal of crystallography
and mineralogy.27(1) (2013) 19-30.

[16] Taghipour S., Khalili M., Mackizadeh M.A.,
Kananian A., Taghipour B., “Mineralogy,
geochemistry and petrogenesis of igneous
inclusions within three inactive diapirs, Zagros
belt, Shahrekord, Iran”, Geological
Magazine, 150(1) (2013) pp.72-88.

[17] Agard P., Omrani J., Jolivet L., Whitechurch
H., Vrielynck B., Spakman W., Wortel R.,
“Zagros orogeny: a subduction-dominated
process”, Geological Magazine, 148(5-6) (2011)

692-725.

[18] Berberian M., King G.C.P., “Towards a
paleogeography and tectonic evoloution of Iran”,
Can. J. Earth sci., 18(2) (1981) 210-285.

[19] Alavi M., “Structures of the Zagros fold-
thrust belt in Iran”, American Journal of
science, 307(9) (2007).

[20] Hassanzadeh J., Stockli D. F., Horton B. K.,
Axen G. J., Stockli L. D., Grove M., Walker J. D.,
“U-Pb  zircon  geochronology  of late

C.u:a‘é).!
et plee 4 S (S S oSl sl
J;)..f‘sa )‘)3 ‘5>L..l3 LSLQU.”)L' 05; 5o J.A).Q GLJLQ u...]l.sﬂ
2 e il J1 Sk BU (st )l s 09
5,8 - il JEl e 5l LSl ( oleS e oKils s
(ujslglisicls) poslis Glhls sl S5 os,S
slo,logei 5l eawly @l 5 LREES Sob oé ien
SloyB amio (49,0 SFleue) luoe (olend )
o s S Gl (Glo)B (LS cuty asg> 2 dlS)
bl jo lo,B asan (49,0 slalasws () 090 oo sloiin
Jhis j0 oppalS )'Léj - el bl pras cdls b

ailoads JuSas Llgaus

S8
@ 0,5 i oRuily ey pole 5 b il goaSisls

235 o0 )|l (Gipgs (pl (Jbo Sole> Lo

&=l
[1] Wilson M., “Igneous petrogenesis. Dordrecht”,
Springer Netherlands (1989).
[2] Merle O., “A simple continental rift
classification”, Tectonophysics, 513(1-4)  (2011)
pp.88-95.
[3] Jolivet L., Tamaki K., Fournier M., “Japan
Sea, opening history and mechanism”, A
synthesis. Journal of Geophysical Research, Solid
Earth, 99(B11), pp.22237-22259.
[4] Nikishin A.M., Zieger P.A., Panov D.l,
Nazareviech B.P., BRUNET M.F., Steohenson
R.A., “Mesozoic and Cainozoic evolution of the
Scythian Platform-Black Sea-Caucasus
domain”, Mémoires du Muséum national d'histoire
naturelle (1993), 186, pp.295-346.
[5] Deverchere J., “Rifting continental: causes,
effets, évolution — Exemple du rift Baikal” HDR
Géosciences Azur (1999) 276 pp.
[6] Dézes P., Schmid S., Ziegler P., “Evolution of
the european cenozoic rift system; interaction of
the Pyrenean and Alpine orogens with the foreland
lithosphere ”, Tectonophysics 389 (2004) 1-33.
[7] Ebinger C., Sleep N.H., “Cenozoic magmatism
in central and east Africa resulting from impact of
one large plume” Nature 395 (1998) 788-791.
[8] Corti G., “Continental rift evolution: from rift
initiation to incipient break-up in the Main



Ol (ol S g (ool 5l ales

60,588 bsgls ( gz Hlilad (e A

[33] Vernon R.H., “Microgranitoid enclaves in
granites—globules of hybrid magma quenched in a
plutonic environment”, Nature, 309(5967) (1984)
pp.438-439.

[34] Reubi O., Nicholls ILA., Kamenetsky V.S.,
“Early mixing and mingling in the evolution of
basaltic magmas: evidence from phenocryst
assemblages, Slamet Volcano, Java,
Indonesia”, Journal ~ of  Volcanology  and
Geothermal Research, 119(1-4) (2003) pp.255-
274.

[35] Fitton J.G., Upton B.G.J., “Alkaline igneous
rocks: a review symposium”, Journal of the
Geological Society, 142(4) (1985) pp.697-708.

[36] Pearce J.A., Wyman D.A., “A user’s guide to
basalt discrimination diagrams. Trace element
geochemistry of volcanic rocks: applications for
massive  sulphide exploration”,  Geological
Association of Canada, Short Course Notes, 12
(1996) pp.79-113.

[37] Winchester J.A., Floyd P.A., “Geochemical
discrimination of different magma series and their
differentiation products using immobile
elements”, Chemical geology, 20 (1977) pp.325-
343.

[38] Boynton W.V., “Cosmochemistry of the rare
earth elements: meteorite studies. In Developments
in geochemistry ”, (Vol. 2, pp. 63-114). Elsevier.
[39] Sun S.S., McDonough W.F., “Chemical and
isotopic  systematics of oceanic  basalts:
implications  for mantle composition and
processes ”, Geological Society, London, Special
Publications, 42(1) (1989) pp.313-345.

[40] Pearce J.A., Norry M.J., “Petrogenetic
implications of Ti, Zr, Y, and Nb variations in
volcanic rocks”, Contributions to mineralogy and
petrology, 69(1) (1979) pp.33-47.

[41] Hikov A., “Geochemistry of hydrothermally
altered rocks from the Asarel porphyry copper
deposit, Central Srednogorie”, Geologica
balcanica, 42(1-3) (2013) pp.3-28.

[42] Jiang Y.H., Jiang S.Y., Zhao K.D., Ling H.F.,
“Petrogenesis of Late Jurassic Qianlishan granites
and mafic dykes, Southeast China: implications for
a back-arc  extension  setting”, Geological
Magazine, 143(4) (2006) pp.457-474.

[43] Mahood G., Hildreth W., “Large partition
coefficients for trace elements in high-silica
rhyolites ”, Geochimica et Cosmochimica
Acta, 47(1) (1983) pp.11-30.

[44] Rollinson H., “Plagiogranites from the mantle
section of the Oman Ophiolite: models for early
crustal evolution”, (2014).

Neoproterozoic—Early Cambrian granitoids in
Iran: Implications for paleogeography,
magmatism, and exhumation history of lranian
basement ”, Tectonophysics, 451(1-4) (2008)71-96.
[21] Mohajjel M., Fergusson C.L., “Jurassic to
Cenozoic tectonics of the Zagros Orogen in
northwestern Iran’, International Geology
Review, 56(3) (2014) pp.263-287.

[22] Stocklin J., “Salt deposits of the Middle East”,
(1968).

[23] Afsari N., Sodoudi F., Farahmand F. T.,
Ghassemi M. R., “Crustal structure of northwest
Zagros (Kermanshah) and Central Iran (Yazd and
Isfahan) using teleseismic PS converted phases”,

Journal of Seismology, 15(2) (2011) 341-353.

[24] Kent P. E., “The emergent Hormuz salt plugs
of southern Iran”, Journal of petroleum geology,
2(2) (1979) 117-144.

[25] Stocklin J., “Lagoonal formations and salt

domes in East Iran”, (1961).

[26] Ghasempour M.R., Davoudian AR,
Shabanian N., Moeinzadeh H., Nakashima K.,
“Geochemistry and mineral chemistry of gabbroic
rocks from Horjand of Kerman province, Southeast
of Iran: Implications for rifting along the
northeastern margin of Gondwana”, Journal of
Geodynamics, 133 (2020) p.101675.

[27] Stern R.J., Moghadam H.S., Pirouz M.,
Mooney W., “The geodynamic evolution of
Iran”, Annual Review of Earth and Planetary
Sciences, 49(1) (2021) pp.9-36.

[28] Jahani S., Callot J.P., Letouzey J., Frizon de
Lamotte D., “The eastern termination of the
Zagros Fold-and-Thrust Belt, lran: Structures,
evolution, and relationships between salt plugs,
folding, and faulting ”, Tectonics, (2009) 28(6).
[29] Motiei H., “Petroleum geology of Zagros”,
vol. 1and2, Geological Survey of Iran Publications.
p1009(In Farsi) (1995).

[30] Motamedi H., Sepehr M., Sherkati S.,
Pourkermani M., “Multi-phase Hormuz salt
diapirism in the southern Zagros, SW Iran”,

Journal of Petroleum Geology, 34(1) (2011) 29-43.

[31] Kent P.E., “Recent studies of south Persian
salt diapirs”, Association of Petroleum Geologists,
(1958).

[32] Wright T.L., Helz R.T., “Differentiation and
magma mixing on Kilauea's east rift zone: a
further look at the eruptions of 1955 and 1960.
Part 1. The 1960 lavas”, Bulletin  of
Volcanology, 57 (1996) pp.602-630



Y o leendsS s bl 0551 o0 Jemhal (S e 08

VE O Ll o) opleds FF al>

contamination in  magma  evolution  of
Neoproterozoic metaigneous rocks from Southwest
Svalbard”, Precambrian  Research, 370  (2022)

p.106521.
[56] Manikyamba C., Pahari A., Santosh M.,
Subramanyam K.S.V., Reddy G.H.,

“Geochemistry of basalts in unravelling the mantle
processes and crustal evolution: Insights from the
greenstone  belts of  western  Dharwar
Craton”, Geosystems and Geoenvironment, 1(4)
(2022) p.100070.

[57] Pearce J.A., “Geochemical fingerprinting of
oceanic basalts with applications to ophiolite
classification and the search for Archean oceanic
crust”, Lithos, 100(1-4) (2008) pp.14-48.

[58] Saccani E., “A new method of discriminating
different types of post-Archean ophiolitic basalts
and their tectonic significance using Th-Nb and
Ce-Dy-Yb systematics”, Geoscience Frontiers, 6(4)
(2015) pp.481-501.

[59] Jung C., Jung S., Hoffer E., Berndt J.,
“Petrogenesis of Tertiary mafic alkaline magmas
in the Hocheifel, Germany”, Journal of
Petrology, 47(8) (2006) pp.1637-1671.

[60] Li X., Niu M., Yan Z., Yakymchuk C., Fu C.,
Li C., Sun Y., Wu Q., He J., Cao W., “Early
Paleozoic continental arc mafic magmatism in the
North Qaidam tectonic belt: Implications for
subduction of the Proto-Tethyan oceanic
lithosphere™, Lithosphere, (2022)(1).

[61] Alvaro JJ., Pouclet A., Ezzouhairi H.,
Soulaimani A., Bouougri E.H., Imaz A.G., Fekkak
A., “Early Neoproterozoic rift-related magmatism
in the Anti-Atlas margin of the West African
craton, Morocco. Precambrian Research”, 255,
(2014) pp.433-442.

[62] Furman T., “Geochemistry of East African
Rift basalts: an overview”, Journal of African
Earth Sciences, 48(2-3) (2007) pp.147-160.

[63] Van Westrenen W., Blundy J.D., Wood B.J.,
“High field strength elementrare earth element
fractionation during partial melting in the
presence of garnet: Implications for identification
of mantle heterogeneities ”, Geochemistry,
Geophysics, Geosystems (2001) 2(7).

[64] Dostal J., Wilson R.A., Keppie J.D.,
“Geochemistry  of  Siluro-Devonian  Tobique
volcanic belt in northern and central New
Brunswick (Canada) ”, tectonic
implications. Canadian ~ Journal of Earth
Sciences, 26(6) (1989) pp.1282-1296

[65] Cabanis B., Lecolle M., “The La;10-Y,15-Nb,8
diagram: A tool for distinguishing volcanic series

[45] Fitton J.G., “The Cameroon line, West Africa:
a comparison between oceanic and continental
alkaline volcanism”, Geological Society, London,
Special Publications, 30(1) (1987) pp.273-291.
[46] Edgar A.D., Lloyd F.E., Forsyth D.M.,
Barnett R.L., “Origin of glass in upper mantle
xenoliths from the Quaternary volcanics of Gees,
West Eifel, Germany ”, Contributions  to
Mineralogy and Petrology, 103 (1989) pp.277-286.
[47] Dawson J.B., “The kimberlite clan:
relationship with olivine and leucite lamproites,
and inferences for upper-mantle
metasomatism”, Geological ~ Society, London,
Special Publications, 30(1) (1987) pp.95-101.

[48] Menzies M., “Alkaline rocks and their
inclusions: a window on the Earth’s
interior”, Geological Society, London, Special
Publications, 30(1) (1987) pp.15-27.

[49] Castillo P.R., Janney P.E., Solidum R.U.,,
“Petrology and geochemistry of Camiguin Island,
southern Philippines: insights to the source of
adakites and other lavas in a complex arc
setting ”, Contributions to  mineralogy  and
petrology, 134(1) (1999) pp.33-51.

[50] Reichow M.K., Saunders A.D., White R.V.,
Al'Mukhamedov A.l, Medvedev AY.,
“Geochemistry and petrogenesis of basalts from
the West Siberian Basin: an extension of the
Permo-Triassic ~ Siberian  Traps, Russia”,
Lithos, 79(3-4) (2005) pp.425-452.

[51] Zhou R., Long X., Zhai M., Zhang S., Zhao
B., Zhao J., Zhu X., “Geochemical characteristics
of the early Neoarchean komatiite from the North
China Craton: evidence for plume—craton
interaction ”, Precambrian Research, 357 (2021)
p.106143.

[52] Ali S., Ntaflos T., “Alkali basalts from
Burgenland, Austria: Petrological constraints on
the origin of the westernmost magmatism in the
Carpathian—Pannonian Region”, Lithos, 121(1-4),
(2011) pp.176-188.

[53] Xu X., Song S., Su L., Li Z., Niu Y., Allen
M.B., “The 600-580 Ma continental rift basalts in
North Qilian Shan, northwest China”, Links
between the Qilian-Qaidam block and SE (2015).
[54] Kamenov B.K., “The olivine basalts from
Livingston Island, West Antarctica: Petrology and
geochemical comparisons ”, Geochemistry,
Mineralogy and Petrology, Sofia, 41 (2004) pp.71-
98.

[55] Gotuchowska K., Barker A.K., Manecki M.,
Majka J., Kosminska K., Ellam R.M., Bazarnik J.,
Faehnrich K., Czerny J., “The role of crustal



Ol (ol S g (ool 5l ales

60,588 bsgls ( gz Hlilad (e 1

[70] Wang Y., Zhao G., Fan W., Peng T., Sun L.,
Xia X., “LA-ICP-MS U-Pb zircon geochronology
and geochemistry of Paleoproterozoic mafic dykes
from western Shandong Province: implications for
back-arc basin magmatism in the Eastern Block,
North China Craton ”, Precambrian
Research, 154(1-2) (2007) pp.107-124.

[71] Faramarzi N.S., Amini S., Schmitt A.K.,
Hassanzadeh J., Borg G., McKeegan K., Razavi
S.M.H., Mortazavi S.M., “Geochronology and
geochemistry of rhyolites from Hormuz Island,
southern Iran: A new record of Cadomian arc
magmatism in the Hormuz
Formation ”, Lithos, 236 (2015) pp.203-211.

[72] Asadi Sarshar M., Moghadam H.S., Griffin
W.L., Santos J.F., Stern R.J.,, Ottley C.J,
Sarkarinejad K., Sepidbar F., O’Reilly S.Y.,
“Geochronology and geochemistry of exotic blocks
of Cadomian crust from the salt diapirs of SE
Zagros: The Chah-Banu example”, International
Geology Review, 64(10) (2022) pp.1409-1430

and  discovering crustal  mixing  and,or
contamination”, Comptes Rendus de 1I’Academie
des Sciences, serie 2. Science de la Terre, 309
(1989) p.20

[66] Pearce J.A., “Trace element characteristics of
lavas from destructive plate boundaries”, Orogenic
andesites and related rocks (1982) pp.528-548.

[67] Verma S.P., Guevara M., Agrawal S.,
“Discriminating four tectonic settings: Five new
geochemical diagrams for basic and ultrabasic
volcanic rocks based on log—ratio transformation
of major-element data”, Journal of Earth System
Science, 115 (2006) pp.485-528.

[68] Ahankoub M., “Petrology and geochemistry
of igneous rocks in Ardal (Chaharmahal va
Bakhtiari) (in Persian)”, The 2" National
conference on applied petrology, Islamic Azad
university, Isfahan (2014).

[69] Jafari P., Shabanian Boroujeni N., Davoudian
Dehkordi A., Azizi H., “Source and geodynamics
of dolerites of Kuhrang salt dome (In
Persian) ”, Researches in Earth Sciences, 11(1),
(2020) pp.32-46.



