FEE LYY o 1 AT 50l oo 50 )lod 30 3 s Jlo o

o 0 JID 0jamw b Cadguy g (2) Sow g (bl ST ¢l oiw (w0
o|).30| Oy JM—O&SM

Lol e (=l ol ((plig s Gl L

e ol ol pgle oA S o) pole 095
AYIXIVY i ol asens AYIVNE :dlie cély o)

(5L®s_io_w oo (:J‘a d‘)_c l_: L)‘)_)‘ J—= O GQlLA-AJLA (5LA.~J9) T eJ‘OO)}w Lngo?S o WX Oy (54&'4».9 o»\.&
L S o gl sy yp sl s o il pos Sogliie Sl yo by Cadgd B S0yl oS 5 b allate ol 5o Sdlel 2|
S 5 el (En 89 0.92) asbins] boes S 9 3m 95,1 S 5 9 (FO 85.07-91.55) Cu i y98 (ol j9b 4 ol cuS' 5
Mag eLbJM‘ G:LQ) LgLa.c‘ ;A..S); ] f....au B '/aV—'pY Oy AI/(A1+FG3++CI') ).:ol.u 9 Sl GO 20 u.wS”...;}...lS
D8 390 4 gy soe s B <o OY e il ke 50 ansd Sl (0.51-0.58) 5 Chr (0.62-0.66). (0.04- 0.06)
Lbu...:ﬁdu).: L)"‘ Cewloalds u,_..x.: Lbu...:ﬁdu).: &J L)"‘ le)" 6..:9)‘...9‘ .]a.‘\?bc ‘LQ‘S:LY ‘SM:)L)).:).:) d.;).?u C”L‘" )| oolazw! L» el '/?c\
s elasl Ho s oygm sl gl bl cpl 5 wloals LSas (Forearc) wsd (gol> ;0 (SSZ) idlys 3 iz gadhais ;o
—a il o Jeol joaS s e JSis Neo-Tethyan ogi asls cwsildl o S S 51 bl o515 095 2,8 Jleds s
L o505 by Sleod g oy LS5 anli,S 3lsl b 5o (lad G 43) Lyl g (Gizr Camns 42) b6 glo 8 slo

i e 5 1y o515 Sielsedl a5 3 5 ebiile S slalsed

.dé,,_:/g..}).é Sais U&.’}[o o 0,900 gy o ‘@KW ‘u.wL.u K guls’ slaojlg

095 9 0S5 de oS e (Sl 503,05 he (095
8 Jlomd (Fda Bl saegerme ol Gl p i
e Jled 55 (o)STy (sdsedl wiyeS (o T il
S g e a0l et sl 45 aes e LSS | ol
Dy (0
2Ll 90 Ghlo (uiBsh (cwgill (sadg> (IS5 jebo 4
@93l =z e Jld a3l ol g g Jled
sl [Y] coulosln s o g sa5Ls Jg e
SlogSs 45 4 2lo S 4SS 5 50 st Jlos
511, Bitlis-Poturge «__lsl ;o 5 Anatolide-Tauride

doddo
3t (it 55 0 Olpl g Ol e slo)l8 3555 0 Jone
2 D Wlea = (T Sosgjon 5 Sgio5e ljosS i peS
G009 (o (395 )0 518 oSy (503,55 SRz (09
Syl slaal ey (a8 Jlod U ol pl-aS 5 500 51 w55
macgezme Il a5 03gy (Jlud o 05T o STy (2095w oS
Jols (ol B 5 Boe o5 Sidgiaie (g sloaiy 5l
5 =y o= olisle S gl sbelgdl col co Vgl
10 L Jodl ol wlazs 3 15 i a8 ol b, 5 slas
Godins i 45 Wl 18 w515 ol gy e (gl

hajialioghli@tabrizu.ac.ir : g xS Cewy o FIV-FYAVEVY : 5los — a5 ¢ Jghune 00 gd *



Olnl ol G 5 (ool oy almo

Solde Fl> (pllg s LI

AARS

e b V] sl lsadl () JSis) el oo as )5 L
09, i) ks (S Sh (258 WSy dibate (pl (85
DS o Byre ey —plaan (195 5l (25 1y T )
2 @9 3 08 oGS 5 slaSiw glsil adlae oyl
o2 ST glposg s S9ii 5 Wils (ygaisy gy o (Slo s
Eloml oSt 5 0055 )0 SlaSin (Jpglne (F95 50 el
Lol oty (LS slacSiw sazme j5bs 5 lapuldyy 90
masgezme Jold ddlaie jo aidly (geis) S (oSS
et ol yelS (S5 50 slacSn iy Sl
om0 (SulSUslis GlacKin o ol pen 4 ) slo
S0 IAL s ls 8554 dilaie 5,8 Jlods 10 oS Cenl S gsisal
Fold (§55,50 oS g S plalz liws, 58
P S 5 Cadgmial
aegoze ool 69y (Fml i JuS Galowg 4 oo GBS
= 59555 ol alie 0uiSTy slaygeis, LA] wloass ouil g,
Sl cpl dalol a5 Wil o 00y jud ddlaie Jlods jo o
la S ol w0 lo dalol ayaadl Jlod Ceoms 4y (465,50

(_gl_ﬁg..g_m) as A_S)‘O UW)

dcgore (nl Goarns JoSiS il s patine 55 50

S eSS 5,0 ol e gadls Jg wasl 00,5 laz Lol
oS5 el (saisg [Y] el ous o Llgass
I¥] anT e e a0 o)l )0 ot ogi> a5 ls lgre
ol e Jlod glaccsdl das 5l ol slac] gl
Oy (292 (S4dg> el slaasS 5l ola i S
Odlyg 8 Jloo 4 ailoads S awli,S B lel jo aS i
S 5 eeE 1oy (9,0 S S A S gl
slo S bl jo blgasS Jloss sloyun o 50 9 Q]
godie 4 [¥] Q58,5 o jl A g9, caad g Lo
L bls,l o ol Jlasl 4 uwsen 2dlye,8 [o] Golonka
3 ilyg,d aS o ls 8ezg po Jlaixl () aiz o .l oolidl

Lol st oog Jled Sewl 5,514l
YOO 5 F0 5 Sl Gladob )3 oy p S0 sailaie
(s YE G FY o Y8 g PN Ll slaose 5 By
oo @&l Gle b gl 5 )0 GBSl Sliws) w50
5 olizlw lhasly Sl ay oFus 3l adlate ol .ol

2 Ol e it (35559 095 3l a5 LF] Gl s

- 45 50 55 2 a0
‘:’of
G,
e,
“ { CASPIAN
SEA
A g N
N0 . — \
& ALBORZ RANGES —~— d
-4 - ’
BN = —35°
Yo
AN
ARABIN PLATFORM
—T = R
Normal Fault ~— e, 4}4,4'
Thrust Fault . e 25°
Active Subduction &4 ke \ = A A
Fold Axis ~—— A R
International Border ™\ 4 i OMAN SEA
Umnieh-Dokhtar NNy | @~ ~~=-- .
Magmatic Arc T ‘\




FrY sl Sg @) S g (oulid (S omlid S (o 2

WWAY Sl oF o lad FY al>

o

8t 9¢

£%,9¢

LEGEND

[ Traces . gravel fans &recent alluvium
(Quaternary)

Grey microcrystallized limestone

Metaconglomerate & sandstone

E==] Diabase. spilit basalt

E=] schist
I 'trabasic rocks: basalte & schist

1

 Late Cretace

Phyllitic sandstone . slaty shale .
siltstone with calc-schist (Cretaceous)

[ Alteration of shale & limestone
(Mila Formation)
[__JAlteration ofslate rshale: dolomite ¢
& limestone { Barut Formation ) 4

_ — — . Converted or probably fault
O sampling lecation O yillage

£V 9€

4500

U-. ’
45 06

[/\] )| uuL.a..‘!‘ sJL) 0 yguw ‘SuJL».M: O (_gd.m.o.: A\ J&&

Lo Sogann 55 380 (o2 Sl Sleemin ) 5 oy
sl 20y b g idls s slacagn 5l ladiges
oAl (S5l ) ey A S sl omly oS
ol o 45 Wt oLl ol 1L olSsls o EPMA
ol assed Gl 9 VO KV jly ouins Slis 5y wul )
o)l Lol o0 a3 (sl LS il 0355 Y+ NA
loposls aiius Jil g (pnS gy phdlS (a9 5)

Ao 05,5l TV sla Joux jo bo SIS &y 320 51 Jol>

S AR
JIS 0ygm caign p cwbuib o 9 (250 (o)

ol e JolB je iz 53 o laow) 2
_4—79-’) ‘uYg_fo)f 5091.:_,.4 ‘)l..x_ll> (5[-QL—MJ5) 4 ).@(..._Jf:.’
(_go)’_g-ci 3 ebeiyee ¥ USs asas plal (lg¥s ¢ ool
SlKmw g 4S5y 5 Y5595 ol 08 )3 (5,

A2 oo las 1y sdg

F3e

- . - 1&.&...‘\

—— T

S5 Sliwgy o 0 (g YOS liwgy 0y o (A (S, LS"}:"T slo Sow 039, ¥USD

(_go}_:A]‘)A_&'a.LAAT:)_é)boO)LJMA_?M
sl 5l gl dcgome Jolis g ams o s sl
U"‘ | WJM] 60)L.».5) d=> )é u;;o D) —u.;)..)]
OB sbe o 4 (K pd g o)l oBwys 5l acgorma
sl @S K00 SOl o] (Sily (Jg oo puds
ooy wls g ol wylate el >l o U Sisenl o)Ly
LSCis sla Sow il s Jolsl jo Lag]  Siseal
(_g)l_J)S sle S (_go\.\_iﬁf).g)o A€ goo Q—.’.‘ (Lod=>d
ol (Cdginn S 5 L 5 i) oad (il e
(s e IS) s sl Cands g cdliblie LLole
aile By le paw, sl S ol jer 4 et Codgm
el G o Sal 5 oYl sl >

BLEIY

D85 1B s 9590 00l (Sl e sla oSg el

S

w




Olnl el (G5 g (ol yoly alo

Solde Fl> (pllg s LI FYF

JS8) wlos S Iy (59,95 ez dilaie (Lo slog
(¥

s &g dy acibaia )5 auls S it 8l slao jual
A SCbbel il GlacXw (6,25 gl> adyle 53gy 00 0l
Sl 4285 &0 b S bl jo 5 cloym) O a0
9 Juj_.«.u‘_s_.c ssalico 0‘35!0 6&.«..49) )l e Kw U‘:‘.‘ (Y J.i«.u)
S 50 9 olela,l jo SCALl Al slaSs () Lol 0345
(& F USs) ol Skl il sl 51 slakad

o

do Cad 10 el sd (0 el 13 (59,95 (e (o oshw &

o oo Jold 4l S L an atsly (slaas

L as atecs SlaassT slacSin 5 Cunglss «Sal «Kin
Spglre 3o o1 5 5 b g oad hexd (S5 ,50 Syt
TAD Wloss 155,55 0,90 auli S 31l 1o (6355 (sloosgs b
laliowg; 4 jedlin oslar e )3 oS 0l 0539
(G F SCi) wigds o odlive (Y4555 5 woghow o s
-S| 0 lasgeze (oS 20 s kbolie slaS
9 e S5y 4 a5 willawgie b 55k S 5 b GlaassT sle
o=l S 5 aslond (165 80 e Gl (S04l 0>y
cAbl 5 Bl Sy kgl 0350 s y5 LaSi
s asb ol o beaas Al wloas (e 58 648,00

Al 00l e ;0 s ol ot @ asls ST Sl 0339, (I F S

ST sl a0 gl (7 o jmel J5Is 5o SaLel 2l slo S Slakad (& «3lye 5 ol o 50 5o Sdlol I sla Ko Lol 0359, (&
S 3335, (0 eyl anST g CorndS die g Sal @lakad Lo (455,55 (6l 0alSS (0 00055 0jmal 40 ol ys o jotr s CodS gy

S sl S S jglre o (ol Sal sle



FYO sl Sleh gl S g (il S oulid S (o 2

WWAY Sl oF o lad FY al>

ol 9,5 9 (S g pmsiddS 5 08 Jlade 0 (S g5
O S8l) ot il e (8L aled bl s
9 (S g ms )l 5l deole) ol 5 (gl 5l Jol>
S ol S 5 S 5m 9 ol 2leSle sl SI Lls

FAigd 0 ol 095 A 4y s (Sl s
“IND o sl Ao 0 b Cdg sl S 1 gl 05,5
el s o Kias ! ¢ y55asg Snn gl o YO
(D —1¥0) el oLt 4 gl oSl sla SLS 5|
J.Z.:.;.m‘ (AN -1%) S gy oS (NY =7V ) MS}%?)‘
WJ=5952,5) XD 51 15 o5 il s sla SIS 5 (LY 1Y)
4 s oS sla SIS g Cdge i (Codlid w68 Ll

Dpas an g o)le |y (Sl in S e (gl ey (o0 S
bl U g oas ple, 5o Ll i a5 6,5k 4 canl Splle
Ol 0 S g ym93 ) 09 o ol S e (0 iw
S S W 1) Sl S e sl 5 o b S
o=l am0n S olonl ) colinn @il ol (gails o adiges
JeSid SladS wlilss 4y jo8 lo G o By 0 &5 D50

(A D o) cwl ons

3 ] Sl S Ly 5 s 08,55 o sl
Wgs g oddlis adlate ;o Counil 1w ol o 4y oS
£ s o] 0SSl olalsd (o F) St o (2 ¥ JSE)
)oLa:&nT S39, (0 F) USS o 5 (Siglo Sal K J=ls
ailaie alizee gl it ;o LAl sl S & 5lxe
il oy, BB
Ot ol Sy g 00l (il sla SuSgn
FSi 1) (o) 2 290 sailate SCSLel ! slo S gl
s 9= ablaie ;5 Cutiil ;i glo S im0 (o0
Al 5, oS (s 0545 L 0,5 o6 o4 5| o5, £95 sl
039 sl 0395 £98 3l 6 pKedar jsb @ o il LSl
(5= 093 ol ot 9 03,95 (e Do 4 (Jy Cen
2 Sl je Ll angly oty p Sl (Slalad . Wl
= osolie g)ly 0,5 il L oz (Sal Glasges, (45,
Sl o ASa L g 009 S (Swd diged )3 45 Wigd

1S 05 gld Cudg p glgil (owlicd Souw sl ()
G lizee Sl o =R )9 sathio glo Codga

‘L)‘?“J‘ @Lafl.o sl u_ilf 5! ‘S»L:l.a.» &hls g 0us cs“"“’l")""

5 codylid sl S5 5 el aid Sl (0 (PPL) Sy 3ol ilge 4y SOl 5lo 15 b ol o (il pos iglinn Ly (Gl O JSCi
395 il )5 iy, b 5, alllas 890 dilaie slo ool 5ISEM olas (& o e o« XPL) o0ty il yow Sy 5o g,

el 5o e <l SISEM psas (g el coiiSe 4y Jil oo Judo a0 by SuSCs olaal



Olnl ol G 5 (ool oy almo

Feslle > (olhg s S

fys

L Lo bl pslas cnl 5o wenl (o) 2 090 ailais slo
A Lo (SaSs ll) 5o g ail o ) s S,
el SLe Safgin 5o S 4 ol b s
Sy <l I SEM paai 7 O S 05 co cdnlice ouls
Do oo plid |y ead il e sla CuSgn p yo (gl 5o
Slp Cadgam p 50 2lSbo sl (G L pond cuS 5
Okl (Ghily o

Pl 4 9 ¥ ol sall 65 Jgo b 05e)
0 dwle (Mg, Fe); S04 ¢ ogos Jso,3 b y50mST o3l
Fo (85.07- s ool oltd slisl oS 5 ol
eis o Tp (0.11- 0.32) 4Fa (8.31- 14.65) 91.55)
o 52 (0.18-0.47) 5y NIO oo () o) ]
MgH= i (g00< o .l (WEY0) (S5 9oy
oles 1, (0.85- 0.92) e ooty 5JUT Llis Mg/(Mg+Fe™)
olis [A1 Fo-Fa jloges 10 Lo cpgdl cuS )5 ma, a3 oo
G0y 55 00 5 IUT Llis 18T (oS 55 a8 sl ) o0
(7 JS) wisls 18 g i )68

TIXD ey Sl 200 b S slo S ipg0 09,8
it Jol 09,8 4 S 09l (OB (il o3 0
ool ol abeSle sla SIS 5l (oLl sl 5 o9 5
UV SUUC BRI RS SUUNE SUNNPI L g oA 7 A 7
s oyl o 05,5 (gla SIS 5 (LY V) il C¥=1Y)
dsa i (el o5 (il o ) YO 5l s

A S (gla IS 5 o L5005 S5, b e S
TR e sl w0 b Sagy n Sle Sis ipges 09,5
w0t (Sl Sl diged (l (989 See (o2 o A
5 g o oanlice b ayl LLeSle gla SIS 51 g 6T L i
Ol Vb led b (50, iz igd (o0 onalia 5 oS
5 J=59305 gl 5l 5 o e w8 (T (o
a5, (el oomimcins b o lolis) ol cos,ls)
odd Jol> (puS g m s520 5 (B 2l g g, S5 L
Sl 00,5 0 1) S sl SSls aysill O jgo a0 b g
slogline (Jbye S8l b awn jo (Ken (Lhgals b cuo)l3d
Sl byt il gacils o by, L3I S5, L e S
el 3 SEM pglas (& o e B) JSit (0o B JSi5)

O3St @l ¥ bl 13 059m Sodgs o diged )0 (gl GletSle Jgo b g (pliond <S5 ) Jgux

MI19-2-3 | MI19-2-6 |M119-2-10]M119-2-10-4]MI119-2-10-5

NO. Ve AR 'Y 'Y V¥ VO YA 4 Y. A Y¥ Yo
Si02 fALA FYOA FroY F1sF FVLFY Py R FALYA Frof PO Y AdTA}d f.8- fov.
T102 oo .“.f oY
Al203
Cr203 -0 ey 0 .Y Y -0 < fY oY
FeO AYA Afa AFY A0 UFA AOY AYO ASA AYO AR N¢ VEX VEAY
MnO -)A N0 -\ N0 AY Ny NY -\ Ay < vf Yy -
MgO 00V 0FY  BVee o 0 0Y FAAAN 0 FD 047 OAY  BepY Fa A \idd! 7,00
Ca0 .Y .Y .Y B B B ; .Y .Y B ooy
NiO - fY -ra < f - ff - fY - vY - vY -\ - fy B AA < Y¥
Total YV A2 YN Ve VE VY)Y VeV OA Ve AF VNN VY Ve A] V.Y YA IRAAS VoYY
Si Ve Ve Ve Ve Ve Ve \,. Vo \ -A9 -A9 Yoo
Ti

Al

Cr e e e e e e e e KA KA e
Fe+2 Y Y Y Y A\ Y Y Y Y <Yy - ¥a + ¥4
Mn / / / / / / / / / \ .“.\ KA}
Mg VAN VAN \AY VAN \,va \AY VAY \AY \AY VY VY- VY-
Ca .

Ni ) ) ) ) ) ) o) ) o) o) / N
Total \“J.. \“J.. \“J.. \“J.. \“J.. \“J.. \“J. \“J.. \“J.. \“J.. \“J.. "‘J..
Fo AN T R A L R VA U R A & R RVRS s A A B B DATATE R A S S FAD AYY AO+Y AONY
Fa AON AFY AV AOF YA« INidd AYA AOO AYE ARFEVN VE20 VEON
Tp NA NO -\ NO -N\Y Y NY -\ -AY YO YA <Yy
Mg# -0 -0 -0 -0 A -0 - AY -0 - AY - AR - AO <A




FYV sl Sleh gl S g (il S oulid S (o 2

VAT 5ol o o les YV ul>

Mg/ (Mg+Fe'")

=

N
o o
=
=
£ 5
[ o e = 2 £
= = o
£ 3 2 g T |g
a 2 ] S s | =
[ 2 £ = 5 = <
o
2 = £ I & | B
L8] 03 0.5 07 a8
24 24
Fe/(Mg+Fe)

[a] GoslS polie cans pooas 3JIUT (sla diges y3 b cpoul oS 5 # S

5+ AY -+ ) La LS ol Mgh=Mg/(Mg+Fe™)
aulxe AT =+ ) ey AV/(AIHFe +Cr) ol
En-Wo- jloges ;8 (5aSg,m95,l w85 (V Jgaz) 05
5 oacd pJUT bl eles a5 ses e oylas [V -] Fs
(Gl Y Sy asloas adly coslbinsl g0 ynS

bl gl S 98l (sl g0 8 1S g o8|
(29— Jo— 8 L (5eST o517 Sl 4y sl ¥
(Mg, Fe*', Ca, Na) (Mg, Fe*", Fe'", Al) (Si,
el slael e85 ol sai awle Al),Op
Fs (0.07- 0.08) En (0.89- 0.92) yus :yuSs 255

02 e 30wl x5 ;o Wo (0.01- 0.02)

O5ST @517 bl o 15 0550 Eadgay pp slo igad ;0 S gy o8] SleiBle Jg0,8 5 olond cuS 5 Y Jgu

MI19-2-1 MI19-2-4 MI19-2-5 MI19-2-7 MI19-2-2-
NO. Y A \F \V Y \f4
Si02 ovva INAAE N7t avEY ov)yY- INAYS
TiO2 oo o oY o oo f
Al203 Y. Y Y Y \NAi AN
Cr203 - fr et <O Bat o - fa
FeO OAA oYY b6y A Of- [\idd
MnO A AR AY NY N¥ N Y
MgO YONA Yfa% Y¥FAY YfAaf Y FA ANARIN
CaO e <A < YA g \YY < AA
Na20 oY oo oo .
K20 o Y . ) . .Y
NiO +Q ¥ NE o f 9 hE
Total Yoy fY VeeNd AN 74 Voo AN Voo v Voo Ve
Si VAP A4 VAY Y4 VAY VA0
Ti e e e
Al 00 00 BIEN o0 o0 o0
Cr A A R 3 ) 3
Fet+3 Y Y . Y o Ry
Fet+2 No NF NP AT NE Y
Mn e o e e e e
Mg \ YA \va \ VY \ YA \Nid \ YA
Ca Y ¥ By o f 0 Ry
Na e e o o e o
K . . .
Ni . . .
Total ¥ At £ £ A A\
En <A\ <A\ <A <A\ < AR < AY
Fs .V .V oA < oA A Y
Wo o Y o) oY Y oY
Id . . .
Ac e e .. .. e ..
Mg(Mg+Fe2+) <Ay Ay < AY < AY AN < AY
Fe2+/(Fetot) < AY <A Ve <A\ A1k 4 - va
Al(Al+Fe3++Cr) o -2y <A 4 AY <O




ol ool SIS ol sl alons gl e e aling s Sl FYA

T Hedenbergite o/ Diopsid | Hedenbergite \ (an

(=

Augite Augite

/ \\ A Enstatite | Ferrosilite \\

/ Clinoenstatite | Clinoferrosilite
En Fs En - Fs

[\‘] En'WO'FS )‘0943)& R LsAMMJL’J-AAJ Lgl.h wsu\.’)) Lng 4.:9.4) Lng u.mSj).uya.lSu:Sf (usﬁsﬁyﬂ UMS)-’ (50.” V‘_}SJ»

Sl Cr203: ‘/?‘ —0/‘\‘ 6_’)5 o )0 )‘JJM &5‘540 ).u..u s u.:Lw‘ = w&sj)-h)ﬁé—kls 6)L.>Lw JjA).g w&sj)-h)ﬁé—kls
En-Wo-FS 135 ;8 (peSspmginlS oS5 (¥ Jso>) (Mg, Fe™', « ogoe Jga,d b 5eST o315 613l & 0yulS
G0 5S> 0ah 3JUT Ll oy a5 ass oo oles [V -] A_b deul=e Ca, Na) (Mg, Fe**, Fe™', Al) (Si, Al),Oq

(o ¥ JSo) &5l )18 s g0 e Mgh= Mg/(Mg+Fe™") s 5y 9lS” 00 3o SO e
SOV =+ Y ey AV(AIHFE +Cr) i0lie 5 + 25 b -+ £V

OimeST @317 Golisl o 15 050 (slo Cugay 50 (S g 5m 92lS SleiSlus Jge 8 5 pleands oS5 ¥ Jgua

MI19-2-2-f
NO. v £f ')
Si0, ovYAY Of %) OVYO
TiO, oy
ALOs oY \ig %
Cr;05 ey N <YA
FeO \RyN4 VAY Ve xy
MnO <A DR oA
MgO V)50 VALY VYA
CaO YE£O Y Y5 YY e A
Na,O NF o f N a%
K20 DR B oY
NiO B o f ceA
Total Ve - QY AREN7 WAV
Si VAa Va8 VA0
Ti N }
Al o0 v
Cr | oY N
Fet+3 Ry oY oA
Fet+2 - . f Y
Mn ¥ | Y
Mg i -AvY - V¥
Ca - AA -A¥ -A-
Na \ Y
K / |
Ni
Total ¥, ¥ ¥
En s <. YA
Fs g Y VW
Wo <00 <A A
Jd i ‘ i
Ac o . o
Mg(Mg+Fe2+) % A8 7
Fe2+(Fetot) <A <50 < V¥

Al(Al+Fe3++Cr) e -0V - VE




Fra sl Sleh gl S g (il S oulid S (o 2

VAT 5ol o o les YV ul>

forearc basins 4 backarc basins (ys; 95 ;& ;o aules o
Dl o % Jss

39 sladiged il 4528 laJinl oS 5 oolel
o0ty adly Codguilonilondl (SlaaTony p (S0 ,nS 55 oy
IS8) wims o ol | (shaisS clo Sy 5 (Gl A JS0)
(ol Mg# als Cons Jonl Cr#t Jloged bl 5 (0 A
s )8 Caign SSZ (50 ,1S 3 s 3550 Sladiged
(g AJSs) S

PR 098 $az S oy Sl 29> 2 LS Crf
Frpmesl 5o YL Cr#t el laigs glacagon n S
M aSleacs g5 5 i beaigns p a5 cul ol ,Silis
Jiasl 53 C/CIrHAL G oy 8590 sladiges ,o [NY
Ry S C A e

sloo S sl ol Mg# & coes Cr#t Jloges 4o
SSZ (6050 S 10 (cyp 0 50 lodiges a5 Cunl alie
TiO; jlade sy (A1 JS8) $ig-8 0 ) Sy 2
Slacalisan n o30S jed Sl 5 il O @y s
q JSs) 89,5 ,5 @ Forearc glacosga, 5 5l Abyssal
SLasyy Jraal sl 48 o 555 loge el o (o
ol Forearc laswe 598 oo (astive JI5 0,9m

0558 ¥ Gl o (55 g s -
lodiged Jimwl oS 5 0l il 5S35 ¥ (615
Mag (0.04- (o Jronl 2le slaasl bl 32 ()2 3590
s 1,8 Spl (0.51- 0.58) 4 Chr (0.62- 0.66) 0.06)
py—S da—c 5 FY- OY s (MEH) w20 30—<
Sga> ;0 I8 0,5 slaiuigas p Jww! Cr/(Cr+Al)
Cry05 5 YV A9V 0FY o ALO; pyalie ol - 3+ B4
PRI COU I | g PR R RS PIRWESAL ) R 470 o oW
sasile a5 g adlis ylgre 4 V] 1) puiaddT 51 088 g pg,5" 5l
C9d bl b y0 il ieS isu Ggd sleuas] s (Residue)
S L5 3 st o5 e olsie 5 VU

2 990 G S Sild (Sl bansro
absS slacaian p ovimy LSS slajls ales 5l !
ool e sl wlg e Sl linns e85 VY]
Lol s glaiisS slacuiss n Sk o5 leime;
-~y Selame 1o biuds 8l Sl e CunBe 4 Az gl
silyg,8 ol g MOR Lo o g0 j0 alox 3l goiie 5le
SSZ slacJgsl [NFAY] gt o LS5 (SSZ) (55

O3S T @31 F bl 5o 15 0550 Cudgas sl diged )0 il Sleizlos Jg0 )8 5 oloond oS5 F Jouz

MI19-2-2  MI19-2-7 MI19-2-8 MI19-2-8-2-1 MI19-2-8-2-2 MI19-2-8-2-3 MI19-2-8-2-4 MI19-2-10-1
NO. k) Yy Y¥ Yo \td Yy YA Ya Y\
TiO2 . -f e Y . ef Y e . . -f . -f
Al203 VO, FY \PY . \7,07 \#AY \YYY AATAR V0,4A VOV V7 A
Cr203 OY)Y- f4,47 fa,¥0 ARTAYd AR At \ds O+ AY 'ANt4 AT
FeO 19,-4 Yoo ARTAVN Y\, % Yo xa V0Af AR V4V Y XA
MnO <Yy Chal Yy B Yy ya < YA < YA R
NiO R ¥ Y 4 4 ¥ ) Y A
MgO \YY WY V\YF Vo2 1,00 AAS WY Wy VP
ZnO N N N / /
Total 94,y v A0 9,-4 Voo FN aAAY - aAY- AANY Voo YV
Ti . . . | | ,
Al < OA <Y 4 4l 4l M 7\ o N4l
Cr \ XY \ YA \ Y8 \YY \YY VA E Y Aha Y.
Fe+3 o). o). M 9 9 0 i~ Q oA CIEN
Fe+2 Chal - fo - fo <A - fo v \td - fo e d
Mn ) s A A ) ) o N N
Ni ’ ’ " " " ) | ’ ’
Mg < OA - 0% OF O OF Y O - 0F - O
7n " " " ) |
Total Y. Yoo Y Y. Y. Y, ¥ ¥ Y-
Mg# < OA - 0% OF OY AN Y OF <00 - 0f
Cr# ) 44 <Py 44 44 04 ZA s < FA




Olpl oolid G g (ol ol alone

leglide 2 ((Blog s SEL

L

f Jouz anldl
MI19-2-10-2|MI19-2-10-3|MI19-2-10-6|MI19-2-10-7|MI19-2-10-8|M119-2-10-9|M119-2-10-10|M119-2-10-11|MI19-2-10-12
NO. Yy Yy \rd \n% YA YA ¥ \dl fy
TiO2 oY 5 e F , .Y , e F f f
AI203 TN 10,44 VO,VY \ZAY AE \YYY \ZYY \7PY \VYY
Cr203 b+ ¥4 O\ YF ARG fa,v7 fA04 f4,f4 O£y 4,47 fAM
FeO Y- 07 AENEY vef. Y\, & Y. Af Y. vf Yy-Y YV\YF Y\ F
MnO < Yf - YY - A <X < YY et e XY
NiO R A oY o0 a4 ~f R34 0 0
MgO AR V\YY VY7 ARVEAS Ve Ve WY V- AY V- A7 AATER
7nO e e . , , , , . .
Total a9,f- 9,7 aAfY a9, Y LY.\ 9. A aq,v# aq,vy 9\ Y
Ti / / “rt / / / / “rt “rt
Al - #f e o 4 < FA 20 4 4 <20
Cr \ YV VY. \ya \Y# \YY \ YO \¥a \ YV \YY
Fe+3 ~Q +Q CAR K +Q ~Q K AR CAR
Fet+2 B4 - fo - ff B4 < fA e et - fv - fv
Mn A LR R A o) 3 3 A A
Ni / / “rt / / “r° / *rt *rt
Mg <Oy - 0F - 00 <Oy -0 < OY < Y - 0Y -0
Zn I ! o I ! A I ‘e ‘e
Total AV Y. Y. Y. Y. Y. Y. Y. Y.
Mg# - 0F - 0f - 00 <O -0y - 0f - O - oY - 0v
Cr# 44 < FA < FA 44 <20 44 PN 44 44
Cr
100[—— 70 7 .
n=18 Factionsy ( Metsasi(r).g:atlc (o (wan
bﬁn.-‘m‘:é‘:n line 60 P
80 o 4l-"-..
T Oceanic ulfl Tl
£ o SSZ © ‘50
&e.u peridotites 2 "-.H
£ S 40 . Manﬁ .
< £ S earra Tl
* H Y
J 30 ~a -
=40 fre(.h_ m ..
% fm;‘ S 2 jate e Y 4
S “*‘6:,% = Arc CL‘!mUIate N m *..." | Alaskan-type complexes
20 Raceanic ridge) passive SplnEI = Stratif
peridottes \§ msrg_m 10 ratiform complexes
\ ) peridotites = ; A -
. . . . . . : 0 n=18 . . . . , A Residual peridotites/ophiolites . 34
96 82 0 10 20 30 40 50 60 €

94 92 20 B8 B6 B4
Mg 100/(Mg+Fe, ) in Olivine

Cr203 wt% in spinel

(o ol [VF] 5 Laosgass a5 [10] 5 g ;S 03g0mme 15 0,50 slacaisay p Sl ;5 AI-Cr-Fe'™ lie Jloges (Gl A St
Cr# (¢ Sig—d o aily liisgS jasli ssgasme ;0 dalllas 3,50 sladiges VY] Sl j3 ALO; Wt% blis ;o Cry05 Wt% lsges
abyssal peridotites, oceanic glaosgize .wloads gy SSZ 0350me ;3 digas (15 0 5m sloaigas p ;o cpodl Mg# Jilie jo Ji!

[Va Y] ;| Fractionation line boninites s OSMA osgasxe iz [VAN] I (passive margin peridotites ridg, oceanic SSZ,



WWAY Sl oF o lad FY al>

£
Boninite . suprasubduction
n=18 -= "=, Zone peridotites
[ 80 N (a
- .
06 h=18 wd|g
g ||E
T2
E 5|8
‘204 Abyssal Peridotites ol |5 4
il = : Abyssal
= 2 peridotite
Sm i o1 Podiform
= Forearc chromitite
peridotites
1 [a] ]
0.0 ] D.‘S 1.0 100 BO &0 a0 20
Cr# in spinel Mg #x100

JuaTlYY] 5l eisgs oagame LYV <] 51 Podiform osgass oo aslllas slo ol ;o Mgh hlie ,o Cr# loges (Gl 4 Jsis
Cr# )_3‘).3 BN TIOZ )‘os_m' 39 J‘b 0 yg—w LSLD M.:.;j..\_»fa J...:.._w‘ k.a.»SJJ o (u [Yf] u.:.;j..\.»,a SSZ 9 [YY‘] u*‘?s u.m.s s[\ \] u.:.;j..\.»,a
5L oo [YA-Y8] 5 Forearc peridotites osgams o [V#) V] ;| Abyssal peridotites osgaze o Jim!

Soges ol oais JSas Forearc (o pund [0 w9 50
slacuigas » sl Forearc e gonms lis o JSi
g Az Lion Ced leas o IS o a4 cl 1o oj9u
ou ools o)L [Vl el 0957 5 oo jloio 4 425 L
B gd (A, A5 Wad e sl loged ol ol

sl 0092 TXD Sl 35 i oy 2 0590 slo Sy

b Guend Sl 255 aFLS Sl Mgt 5 Crff s
D)9 a4 Som ] Ele Sudgan (Sl (e
S n e oon Sl st (o Sl il o loges
L ,loges cpl alBes glgil 51U conl oads cxw JIs 050 slo
30 bdiges st @l G jlogas j0 (Ve ISK2) 09 solaiwl
IS log s aiyS e )8 Forearc peridotites go s
il gla Cuigay S Cewl ol gonims lad ji o Ve

n=18 Boninite n=18
45
8ok 80 I o~ ofyearc o
Boninite paridotites
_ p _ " Foregg:_
T g I
. E g b, peridotite
o 60F 860 T
£ 30% Forearc e 0
o S . £
@ peridotites ,- c
c 8 d *
£ 2 5 ’ :
§ 40 | " 8 40 - £ 7~~~ Backarc [T S
- o i .
® N - peridotites
v 15 v
20 20
1o . Abyssal . > Mors 2
idotites
5% e .
0 (‘T' 0 (‘-"
" " " L L " A 0 L
100 80 60 0 20 0 100 80 60 40 20 0 09 08 07 06 05 04 03 @2 O
Mg##100 in spinel Mg##100 in spinel Mg in spinel

Fore arc peridotite [VY\\] ;| Abyssal peridotites sla oogasts (Gl I8 0,90 sl Cudgs sl Mg ol 10 Cr#t logas Ve JSob
Lo o3ga 0 il s Fore arc og 3 sol> ;0 JIs 09w sla cudgay p St oazas oylis (o [¥VY-] ;| Boninite 5 [YAY#] )
[¥¥] 5 oo adlol SeignSs sla oagame g 0o [YA] 5l oty astie cilirs ity wgd @l o (o axtws [¥Y] 5l ons adlol SLigsSs

sl



Olnl ol G 5 (ool oy almo

Journal of Asian Earth Sciences 21 (2003) 397-
412.

[4] Stocklin J. “Structural correlation of the Alpine
ranges between Iran and central Asia” Societe
Geol. France, Mdm. h. sdr, 8 (1977) 333-353.

[5] Golonka J., “Plate tectonic evolution of the
southern margin of Eurasia in the Mesozoic and
Cenozoic” Tectonophysics, 381 (2004) 235-273.
[6] Gilg H.A., Boni M., Balassone G., Allen C.R.,
Banks D., Moore F., “Marble hosted sulfide ores
in the Angouran Zn- (Pb-Ag) deposit, NW Iran:
interaction of sedimentary brines with a
metamorphic core complex” Mineralium Deposita
41 (2006) 1-16.

i ] cilise sla icu S g oy sl [V]
ol a3 gy slo 485> b Ll o laiBle x5
N -YA YD) AY i

25 el eg SLSBT g Slal o) g saulas [A]

5 ool paoy ylojlaw ol & I/ e e e et el o
OYAY) jouS Game lLacs]

[9] Deer W.A., Howie R.A., Zussman J., “An
Introduction to the Rock Forming Minerals”,
Second ed. Longman Scientific and Technical
(1992) 696.

[10] Morimoto N., Fabries J., Ferguson A.K.,
Ginzburg I.V., Ross M., Sefert F., A., Zussman J.,
Aoki K., Gottardi G., Nomenclature of pyroxenes.
Mineralogical Magazine 52 (1988) 535-550.

[11] Dick H.J.B., Bullen T., “Chromian spinel as a
petrogenetic indicator in abyssal and alpin-type
peridotites and spatially  associated lavas”,
Contribution to Mineralogy and Petrology 86
(1984) 54-76.
[12] Arai S,
peridotites by

“Characterization of spinel
olivine-spinel ~ composition.
Relationships:  review and  interpretation”
Chemical Geology 113 (1994a) 191-204.

[13] Pearce J.A., Lippard S.J., Roberts S.,
“Characteristics and Tectonic Significance of

Supra-Subduction Zone Ophiolites”, Special

Sl g
65)4_15;Q)5_~0L§)L§3M/" dugs-“’))"d‘—‘d'-’yl—’
Lo ol jo oo Sl 3oy (10 0,90 slo Codgny
5 adgl slo SLS (g0 polbe an axgi bl Oglae
Ol sl (gl g (ol 4dsS la Sy delS (oordsl

L)Ouws..\_)fw‘sw‘ W) ub‘bwa&f&y

S (forearc) wgd (gol> ;o (SSZ) il )y, sdilais
Ll o053 slond 15 6550 sl Golul ol 5o il o
&= Mawat g Penjwin Y] wlisl S sla codsdl

e (oo ol [vol

oy

oBiily colom b ()8 S Sl 2 9 2o o)
SeLS a3 (e S Ll a8 S )90 5 S
iy 5l Lty 50 (STyogs ;250 5 (ole slo aloal,
310y dm i LISl (8,5 walb sl ol (S19l3LS
Sl 5 2o slo)lS 5o Jlog gy GBI oS (o0 S8
25 &8 lgeal slo ool )0 a5 93 Lo oail) Sliee
wiy b Jlal g plaal 5haseg @lhe 5 Il 50 05 9 &n
Y9505 5 a5 g Il slabing) slg Glege 5 0,0
Sloletny 9 DlLa0 Sl Geizen (radly s o Siite Sl
Ol el GLS 5 (ol o alome @ i (gl ol
S (oo (61l

&l
[1] Windley B.F., “The evolving continents”.
Wiley, New York. (1984) 385pp.
[2] Sengdr AM.C., Yilmaz Y., “Tethyan evolution
of Turkey: a plate tectonic
Tectonophysics 75 (1981) 181-241.
[3] Mohajjel M., Fergusson C.L., Sahandi M. R.
“Cretaceous-Tertiary convergence and continental

approach”.

collision, Sanandaj-Sivjan Zone, Western Iran”.



FEY sl Sleh gl S g (il S oulid S (o 2

VAT 5ol o o les YV ul>

ophiolite (eastern Indonesia)”, Geology 23 (1995)
851-854.

[24] Choi S.H., Shervais J.W., Mukasa S.B.,,
“Suprasubduction and abyssal mantle peridotites
California”,
Contributions to Mineralogy and Petrology 156
(2008) 551-576.

[25] Bloomer S.H., Hawkins J.W., “Gabbroic and
ultramafic rocks from the Mariana trench: an
island arc ophiolite. In: Hayes, D.E. (Ed.), The
Tectonics and Geologic Evolution of Southeast
Asian Sea and Islands: Part I, AGU Geophysical
Monograph”, American Geophysical Union 23
(1983) 294-317.

[26] Ishii T., Robinson P.T., Mackwa H., Fisker
R., “Petrological studies of diapiric serpentinite

of the coast range ophiolite,

seamounts in the Izu-Ogasawara-Mariana forarc”
(1992).

[27] Bloomer S.H., Fisher R.L., “Petrology and
geochemistry of igneous rocks from the Tonga
trench- a non- accreting plate boundary”, Journal
of Geology 95 (1987) 469-495.

[28] Parkinson 1.J., Pearce J.A., “Peridotites from
the Izu- Bonin-Mariana forearc (ODPLeg 125):
evidence for mantle melting and melt- mantle
interaction in a supra- subduction zone setting”,
Journal of Petrology 39 (1998) 1577-1618.

[29] Hirose K., Kawamoto, T., “Hydrous partial
melting of lherzolite at 1 GPa; the effect of H;O on
the genesis of basaltic magmas”, Earth and
Planetary Sciences Letters 133 (1995) 463-473.
[30] Van der Laan S.R., Arculus R. J., Pearce J.A.,
Murton B.J., “Petrography, mineral chemistry, and
phase relations of the basement boninite series of
site 786, Izu-Bonin forearc. In: fryer, P., Pearce,
J.A., Stokking, L.B., et al. (eds)” Proceedings of
the Ocean Drilling Program Scientific Result, 12”.
College Station, Tx: Ocean Drilling Program
(1992) 171-201.

[31] Sobolev A.V.,
“Petrology and geochemistry of boninites from the

Danyushersky L.V,

north termination of the Tonga Trench: constraints
on the generation conditions of primary high-Ca

Publications, Geological Society, London 16
(1984) 77-89.

[14] Shervais J. W., “Birth, death, and
resurrection: the life cycle of suprasubduction zone
ophiolites”, Geochemistry,
Geosystems 2 (2001) 2000GC000080.
[15] Proenza J.A., Zaccarini F., Lewis J.F., Longo

Geophysics,

F., Garvit G., “Chromian spinel composition and
the platinum-groupminerals of the PGE-rich
Lomapegvera chromitites, Lomacaribe peridotite,
Dominican Republic” Canadian Mineralogist 45 (
2007) 631-648.

[16] Jan M.Q., Windley B.F., “Chromian spinel-
silicate chemistry in ultramafic rocks of the Jijal
complex Northwestern Pakistan”, Journal of
Petrology 37 (1990) 667-715.

[17] Conrad W.K., Kay R.W., “Ultramafic and
mafic inclusions from Adak island: crystallization
history, and implications for the nature of primary
magmas and crustal evolution in the Aleutian arc”,
Journal of Petrology 25 (1984) 88-125.

[18] Pearce J.A., Barker P.F., Edwards S.J.,
Parkinson 1.J., Leat P.T., “Geochemistry and
tectonic significance of Peridotites from the South
Sandwich arc-basin system, South Atlantic”,
Contributions to Mineralogy and Petrology 139
(2000) 36-53.

[19] Arai S., “Compositional variation of olivine-
chromian spinel in Mg-rich magmas as a guide to
their residual spinel peridotites”, Volcanology and
Geothermal Research 59 (1994b) 279-293.

[20] Irvin T.N., “Chromian spinel as a
petrogenetic  indicator, part 2. Petrologic
applications”. Canadian Journal of Earth Science 4
(1967) 71-103.

[21] Leblanc M., Nicolas A., “Les chromitites
ophiolitiques”, Chron. Rech. Miniere 507 (1992)
3-25.

[22] Arai S., “Chemistry of chromian spinel in
volcanic rocks as a potential guide to magma
chemistry”, Mineralogical Magazine 56 (1992)
173-184.

[23] Monnie C., Girardeau J., Maury R., Cotton, J.,
“Back- arc basin origin for the East Sulawesi



Olnl ol G 5 (ool oy almo

gl e oo o alig s Sl FFF

[34] Allahyari Kh., Saccani E., Pourmoafi M.,
Beccaluva L., Masoudi, F., ,” Petrology of mantle
peridotites and intrusive mafic rocks from the
Kermanshah ophiolitic complex (Zagros belt,
Iran): implications for the geodynamic evolution of
the Neo-Tethyan oceanic branch between Arabia
and Iran”. Ofioliti, 35 (2) (2010) 71-90.

[35] Shafai Moghadam H, Stern R.J., “Late
Cretaceous forearc ophiolites of Iran. Island Arc”,
20 (2010) 1-4.

boninite magmas”, Journal of Petrology 35 (1994)
1183-1211.

[32] Stern R.J., Johnson P.R., Kréner A., Yibas B.,
“Neoproterozoic ophiolites of the Arabian-Nubian
Shield. In: Kusky, T.M. (Ed.), Precambrian
Ophiolites and Related Rocks. In: Developments in
Precambrian” Geology 13 (2004)95-128.

[33] Pagé P., Bédard J.H., Schroetter J.M.,
Tremblay A., “Mantle Petrology and Mineralogy
of the Thetford Minos Ophiolite Complex”, Lithos
100 (2008) 255-292.



