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* Subduction Zone

M Deep Juan De Fuca Plate West. WA, OR

4% crustal faults WA, OR,
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Max. size Recurrence
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M 7+ 3075..0 years
CA M 7+ hu_ndrog!s_of years?

FoS @locl )d g wuwl b j L 3
.(Hamblin et al., 1980)

Sllle Livlaw Sgss LIS g,
slgo @S cwl S ol @ GHlL
o & ol 4 jhwgiiwl )3 39290
WO Hawgiyd S 5o ey Vb
each @l 390 o ez eo jl g 03
053 5 o phusiial LS el

: S oS lo g5

LS diungy (piily9)8 ddhie S 5
©hgw) ol & OF jl gLl g UL
il bglie gl 239y 50 9)9 aidgS @
wlxaw ¢ SBhiol b Ogw) g edl;b
PV led 9 3950 JI> ) §rawgid
bylxo i g abgt plSim @) Gas 5
©bowy g il 8y 39h 50 )
Sl G bl 3594 (0 ©) gl
P UMD 993 @ E oy b jl iE
yoS (5lod jd oyl jl (B iz g A8
0940 (50 093 IS Bl dz)d Boo
UL diwgy iz w93 rlply
S50 )3 0345 355 (SlaSle @ Carms
Ok 6y it SlaSle 1)Slg axdio
e gSlo gl S 0 25 )
YU crowo 4 (5213095 30y05 53 ki
oLy 9 GhS slo 0353 b gy 0
s 38 sl gyl sle
S e 095 MinpeS Sp ys B3
I) Lod ‘l)io.(b wl=do Wb ) d.'i.él,g
093 U 2 (50 Liwlidl 81 ojlasl &
PS> o S > b G I Bp
.(Hamblin et al., 1980) >g. jL&T

10 dj&by}/f sy e oS5l i psas oole cyamil




.g ; ;'am

3L (50 Al ) lie bl (Gl diosinns ShIS 9 315 o8 yio Uu.al.):u e.“:,l;i 051351 @ lgsl,S sl Soww g ol,mlg.? jl LXVF- %) [
+351 51359351 (2YIL onanl 5l o Hludl Sl 0392 Jam 28 9 55l 392 39U ¢ 2l Jds 4 (Fied Sl Siww 9 00lg2>




Sl 005 (Bme & Gizw )
390 &)U Jsb y3 &5 @jlape Sgym0
wlizo gl ¢aws (30l ai)S 1,8 a>gs
Ol Asls a5 (Samyd £95 s p

LA53)S (50 odlatwl >

owladl-)

caduo Lo @ wlolsT (53bgy aals |
el 0340 did)S PILL S b )5
ol yiwiw )d plall ¢ 20,6 0y95 b
R Ulge @) plio () duwzyp (o
]S 295 (g3 )ladyb

oledl ¢ (50238 o olall (25 Sgy0
Joe pulall « blyad 1oA (jg a3 )5 095
3ol 2 bl ¢ Bliad VAo jg @ S
oolall o555 9 bld FO i @
Flof 0jg @ 0lidsS pb @ Lis (5,065
295> SLEnST )5 1900 Juw 53 blyd
) Sl S5y 0 )35 4y g Sy (2 155
S 9 05 308 (g0 Gaw «sl 0948
235 9 0L £95 g 3950 023 0y
2295 (50 S L SbgyyS o

C ibanid Jgo,8

2 9 S8 o 53 1)ghd Eluww
394 (50 gkt Sy 5LS 1S 03
3p0 9> S @3l 5T ,iS ke 55 1) lisle
oS s @il )05 il 29 ez S2
31)le2 4 «iVlggS Mgaa b g 15 1,8
D9 (50 Juate 395 jglao

F/0) i yogaie vj9

\o (S

A5 15 Blass readlads

o3 0315 (yolys sl ol g swlall s U
1 o2 U= o

GidyaS Gl 0395 )3 1Sl sl

odlo ¢l oS 3929 wle W el (HSow
a3 b g caub )> §olg> cudS b
2295 Sy azye b of 2l Sb;
O e g 55 Jiad)l (il )5 oS
ol HSYb 50

Sl Si 5503 I ol g plSxiul
L oS plSaxianl 1 j9kio g feawl 08 S
Rl S coglio (s idw pasle 1
Rl 3 coglio (Her FHEw (nSLd
2 eoglio iy O ize 9 (A
9 Wyl gi wile eub Jolge plp
D90 (50 03z (2lioud dlgo

wlholg> lise

Sl hazo jl 6yl )3 o Siuw yolg=
D B30 o2l D (g (50 JuSWiT (y0j
buoo ()5 a0 9 R Jslaie )
Sl 318 55 9 Sow ol JoSuis sl
)00 of @ bgayo

S ylg> S dluwo oyl @ 20k 1ol
Vg (50 I =S5 loyeeS plao b >
BB jlad Mg (50 JSibd =S g
b 2 > b egS yS1 WLE qangd
Lo 295 (gl 9 29 (50 J2SWS 0)
3l 5l B b9 O wae Sl
02 (SAe> JuwS wile Gy sl
gy obido )d (Sael Vb (S5
00 b @ (SHg sl 2l g
g (50 039l

eyl 5 S sl lane
WJloyigydae o )Luils (39l Livio
(RSl gl Siw jolgz woileS)
Nkud S8)90lio o S olg>
(P (o9 sahuao)

Sgy2o (Sl yogS

AT 1 G sl 9 @238 G loj 5o
G Ghlge b S oslel Ghlwg o
el Gl Sw Llgi aS gl cuwd
S Gz ol G9y 2 b ol Gils )
ogle L)l b 9 o5y sl S S
93> 9 yomw ai> yidw «g3lo LByl R
o 03laiwl puulb lgie @ g el
aipail g ool By wde 4y g 353
disg) sl & cows oS lygjly sl
h b ol wwld d959 o SwyogS
A3y (50 )5 @ g e3giw

B G pledye a5 (Rlayb |l
13 by sl Klg5 50 Gubie aS 393 ol
WS Be> 535 Gy 9 ) uaS pln
Candlyd (50 jaw iy (o Glp b g
S oS o b g dgde ghb el
6281 )lo i g dlas jl eudls 3yg2)
g0 olel yo

Sl Sww pup @ b dlie gl 5o
Nz g @ibr 0 6 L Glad
e Lo 4 1) o y285 (ol jl digal

35 (50

1oyeS (S 59
udlys ol 5l &S cuwl gl S G2g5 S
s odldiul Gl BB (2lwj Jimo 9
oo Cwd |y ol ja05 g Gjlw 05
2295 50 Jgl s (2lj &S Lz gl
020 Olb 9 2T 03wy Lal el
CleS aidly b GloyogS dayweS

A |o|9.> l.) 9
o O 2lj oyeS (Shag 5 e
50 G2boj 04 slaul Jolge jl (el
i) g cadlid g U « Sy @ g
9235 S SHY Uegd 3ai o)Ll
3295 S (LS « cannl T 392 LS

v J’Ifdbﬁ’{ ooyl iomo oS5l uoliiszey ol ¢yl




PRI o )

9 iR Ul S i) Bpao 138
(oloz plg) Loyle) )lam

¢l a2
coileln g b caihS ) oy 1 JsSais
995553 Sl Suw )3 3 g IS sl
Sl coilaSy jl B ) 94 (50 bl

NS PRENA SRPRCVERA FON
)ld 3929
raie zhxiul g il yolsz 13,8
Lople) omo SLIT 3dg5 sly poabop
(olg2lg)

oS gl (S5 L oles S8l sl
D94 (50 033D

ool -1 JSis

3505 Sl 635 Uyl Ll ,Bjg;
oo O Bl j ojgyel 9 W3 JB
9 gLy jl WL iz b Goluwo g
b Golall

(330 35 @ Jale juww (S5 (2 185
e @ Jlo ) (02 jaw j0)8

Al, (Si; 0,,)Be, :(s3buanss Jo)9
JUgS1iSa £yl lianaun

Y/AY_Y/55 1 yosate ()9

AL VO i isw

(o 9)S ‘u;t:\.'SLb.qu ‘C)xj)lf l:)

olyon
Wigs > T 50 929 @ cpiSo

¥
Sow (520 @ Sbgy aols I ol L

ol 0245 Gidio S0y jaw yolo>
W30 B g5 o ylgie w Jap SB
0sSUsS sl Sy @ Slad slayb
o0 b ol jl plas)e 4 g oad wdl

3950 031>
g9 cilige « 0y (2 £P CadigS
L el & s 9 osST (o
ol ) €95 b oy 9 395 plao
Wi slyees b oy ol fewl
G2 O S5y 2w 39S hidd g Aiuud
03) land S o lgic @ 3]
D94 (0 (I

VEoY b «oa3lg3 oylods J’]fgybb/w ‘A



3D 2394 (50 030 o i oo (>
S cuiuw Al )3 gl Sow
oo ) 5 )lade 4 gl pulas
£9339)S -39 (50 b b dljl g Lo
2 ol jl el )la0b 9 pglie S
Gl5dg) gl el (I Gl Sow
313 3929 0 o yuolhy )3 525 9
loz plgic 4 of Blad glgil :ap)ls
@g8h 4y a5 O 308 E95 - l> Spao
w)l L ohole> dlas jl cwl jgeuie
(olg2lg) Lojule) sl 50

220l L 395 g8y T S5y T Elgdl @
S (2 51 0988 ¢30)8 S0y (52 15y
Ol 9 Slogyl G 3)) (g yimS >
ALO, :2luoudd J30,8

JUoSays 1y9kt oiananw

/oY :pogaie vj9

o i galall jlas) s
(cwl S5

Blass dog 15 Olad reudlad

S39 U=

2 698 G Ulgie 4 0935)5 1 JuSuis
yop0 3le (538555 Sl Siuw I By

P9, -V

Blisg,5 oliwgie > S ool @
093395 g9y 2l ;I .aigS (kauruntaka)
l2g9)S gy aalS I Jlaiol
ai$)S «wgdb (sw=e @ (kuruvinda)
| 03U

el Lol el S5y (2 pall> p959)S
)0 @ 45 G polic 3929 wle 4
Eoio Sl SOy @ )l 3929 allBL
308 Sy @ i 9 9 (50 03
7058 £ 99 1398 (50 L (2l 9 sl 0965
© g8l jo8 S5y agS wglly Il
‘ol 09)S 3929 ybl>

.(H"‘“’ (=9

9 jw d,gLo L>-.’T ¢U.3Lm.uT L>'.’T :vjd)
Qb 5 obj O.DT ).).§ ol aw
by pme )38y g Gaw Sy @ iy
tbaand Joo)d
CUAI(PO,),(OH),4H,0

(09399,5-1 S

0)lg4dgS g yiitSil arg3 )3 g MiiaS (0
ol 13 (50 090 )5 41 (51> b, g
@ 49> asdS I Yyl plee > G
WSl 5 Sowe iy eS8 b
Jos 63506 ol e el o
2 pan & 4S5 Gkl oll 0jepd
sakiao) cuwl 039 @IS sl yloj

05959
ol > o 8 g3 o)lje I (S 2l
o3l g0 i) Sow plgie @
Ogl> o) »d teul a8 (50 )8
OB 13 9 Bl o GBSl ) o
0)93 3 .3 (50 odlaiwl ol jl > 2IS
Shigi «S2gp «Sip of © Plolw

19 cllycjjjb/@um)témo&m wlibissn wole ozl




PR e )

cwl olg
ol (i) Siwe S 0jgyd 1aylS

9P @ g 3> 35 (il yolg> )5 oS
odhd Saw b g $9yS JSub 4y Jgoe
(olg2lg)y Loyle) 39 (50 0313

«SPU Wygo ) 059,48 1S sliio
33 4505 696 gl (S5 L olyan il
S Glo B ;0 39290 Sl oS,
D94 (50 J2SuilS (g 9 o3 sle
O3leo oy Sgyme I youlis 0jgpd

SeialS (65 )9l Elanian
Y/2-P/N i pogase 9

7 1S

HAS B Blad dow redlad

090 U2

Wle S5y o5 )3 glo Siw
0 el b g cuigrnn opls
S50l o Siw 43 05 (gl 3940

- 3945 (50 w8y ()9b (Sireglgs
olgic @ o Bladk juw 165 jl 1318
gluo > of Slads e glgil jl g 05
lao)-\.l.C) 394 (50 o3latiwl L5)§ EVEN))

oRedl-0

05950l « ol (5285 g (Sgij juo 4igS
o wiluh (a2p)) W plgie @
J5952,5 o @ y5lgl (e U Lol <3540
o €S (s 330) 9 (sl Solyio)
KW

Jw B S5y 05 35 @ Jolo jaw 185,
93 0T e Linlidl b aS el Sigi;
dolo 520 B 9 39 (50 )5 05 e )b
Ay 50 Sl 09g8

(Mg-Fe)rSiO, :mluanid Jgo,9
Sexr09)9%)] 1)gk llanrnn

W/Y-¥/0 1 yosao )9

SOV 3 siduw

53 doi-Blads teudlics

D2l i U

L’_”IS O:!' B l“S & e ;l &

VFoV olimoy ‘fma)'ls; oylous zﬂyo)}b/r:;. ‘Jo



o coygilS do ewslyS usle (gl
OS ) el o cabigige 9 b waiaw
JB3l eygo L ik b Sow ¢l 4o
OBap 335 (50 Bl g b yo
dyoyo Jle (559555 sl Siw o
Cunl oS00 5 > Canupd g oo oS

394 8L
wloz 10 ol Blaks slo digas 13,8
(olg2lg) Loyale 5iS5) 315 3518 (g5l

Oy 20 g ¢l i >
g_él)bl 30 Vgazo dbl :d.iSqu P AP
B9d oSS @ST glo asde
39290 W= ;> (590 job b e
L"o 5999 dé L}_Sl " o “"T LSLQ> ’S. )3
9 9 b dogiby adw diwgy 20T
P esbw glo dwl diwgy

s JUl € o 5l JaSuis lal
Loyde  yiS3)  Glopale> a8

) 25 508 & Jlo sl 0568 215,
Sy 2 L g s

ZrSi0, :sabonds J9oyd

JUgS15 £ )9l elisian

/Y G ¥/5 1 josmao ()9

V0 1S

3wl Blak dass Ygano readlaw
Blaw o digas (s>

o b pulall U

olohd 5l 2 SR JaSad slise
o3 sl Siw e Sl S )

OS2 £ IS

b ols Glawge ool pogas o
S (50 03l o jl W dduuyie o
35 Wikl Glo Siww olgic @ Jug!
o2l @l Joyd AV (o= 3)ld wigu
canl 0345 @8lg Wliaol 55 o

30x8 03y ) b « S5y 2 38
(9 GrwSIS o «sloged
Si0,.nH,0 :(2luoris Joo,9

9 cwl S (2 Logac )9kl Eiuww
awl (S aud

FN#-Yrol i yogmaie )9

70 1 giSw

OSRi-F
sl 08 oS cunl By 295 oSy
I posS Glo o 5l &S sl 63
Candy 22 9 Oliwglin g BSMyw
b g0 @ Gblo ol ) 2l 0
e wlw b glo S5y @ vl sl
@ Dlgl (50 g Wb (0 bl sl 0gg8 Ly
b 5 S5y 2 L SIS Gaw K,
&S 2ol o Ghiw J=b 1) 35 o5 2
Ghhiao) cusl oS5 E95 o) LS

(VY (g

Jul-v
S ol i S Sy U b
whaw geSabw sl o 5l e
55 51 JUl 398 50 Wowso Bygal
Jladh 1 (Hao 03l SO wlbus Sw
o yol ¢l g (S o3lo So U 39y (50
oily .l o GBsel JSib Hbl> @
(i) Slime & 332 8815 1 (Jbsl)
@ coySuslu Samyd 43 g oaw (Fisio
@ Jugl -l (Giad Kiw) Glize
© o ol Bgy20 15 Liwites aulb
Ol 3oy ST (o) 939 Sy i s

4] ﬂygﬁ/@&a)twbmh elibeyia; ole oz




e sl 1S il T

VEoY b «oa3lg3 oylods tll’iybp/ V‘J







Hlm O @)ﬂ
QL—MB S A EVZLS S
) 7 Meﬁ 4\13» @ﬁ}@

L‘. L .
0205 iyl Gozmils | ale pazdl J3dile siae
Gyl G oBWSIS (swolwd




ok by s

Cuispian Sea

TURKEY

soas gl | b gla gy
MAJOR SEDIMENTARY -STRUCTURAL UNITS

Hss o5

g__.\:c.ll.\?.nl.\\

PAKISTAN

] Oman sea ;e gt e

Ol b ¢a0j 53 ol Sl (g asinds-) JSuis

042 MpeS o plgie @ g diwdls
Bl aid)S )5 55 o iwlys g 039>
G2 ©bgw) 9 Lo S5y Jolis a5
b 0jh o sl Gt U ¢jedlL
b 0 Gac oS b O Shg
Sl 9 pado mubd whb Gib
ol e Jlads Gz (Volo) phash
095 iy plad L ()€ jydl inyeS)
Wy 4 (92 )35 wdg> g jydl sl
FiSrdag)l laSlo 30y I e
ol €idL JolS

orer owdl RSl culled
JuS eS2 b el )3 puwsSl
wslh phinS gugl sl
Wesink and  Varekamp,1980;)

. ’I

eSy> b gl 4> (Berberian,1983

Cunl dibldp BB ol Soby (S
SO Sl ¢ (Didon and Gemain)

Ox0) 9 SgiSS B I olanb)dT
I8 G 9 e g0 ol b
o b ol I e @ a5 Al oesls
25125

>¢3> (199V) Stocklin g 03y j5_
32 b o3l pebe g
hid g B> o S el vy
Iy oloalydT dihio (86 Jlad duisls
b one Loz Gz 9 il vgj 952
© Ylopo_gaiiw 09) & 03930 |
)91 50 Wl

039320 (S puandd )3 (1FO0) g
odac Sy olpl (R SwgSS
e 0S5l 0gj 952 ) planb)ST
SR

09 (Yeol) e ¢ Allen b5
© paxio Sl (Shy caw @ Gl
23S iz 0g) S Wy @ 39> 38

ol ot Jlads uslich (e

9 Innocenti (gl dibio 1,9 B> ;>
Slisle gl aslg (18AF) ol)San
Sy Grb g ol olel o
SS9 buwgi ) (G550 4S5 U
S2o5 a8 Jols gk (2ljeeS
GeS 3305 9 laplydl Sl g
2990 635 ol G Jolid ug,U
Slads iz g el 0313 8 asllae
9Bl Gl 095 9 jlaas b |y plnbydT
HB3 1l 03908 SuSAT 45y o
S59j930 53 Ol e Jlad 5yislw
Cudghw 9 das)l Sudgigw U
aidly jlas (ngi> phdn b aliv
cwl

e dxdo 93 om olhgd b
S 2o g S oS Luwlyl
Ot Jlad g By (JgIlT > gy
oSl digy 9wl 0ass slaul oyl
693> g b glalyShgl
buwgio gla5)l 9 giyo yioghS 10ecoo
o S bys gl jl yieghS 93 o
» « (Deway et al,1986) 5,5
2> gl §)d o) Byl Oylleds
3»d pe) by 09I 43 g S)j jlaad
spazo oSl ) ol aelsl g i
as (Dilek et al., 2010) .53 (0
9 Pluadst (Out crap) gl ygaid,
weldio S (w9 WSy b ol G394
el plpl O Jlod paudleSle o
Gl leSle 9SS digy plgic
cawl 0323)5 =0 hluyl g (LWL)
2013, 2010, .Ag-)
2011;

Castro et al.,
Berberian,

(1981

hazadeh et al.,,

dihio 3L pwlus o) 9 uiid=o

rd zllygjjb/@u@)témo&m wlibissn wole ozl




ol s 7 g G b s o

oS olabyd s by
culled S slo GalimeS b el
&S ed)S P gl odyiwnS puniileSlo
@lio (yluaS T g0l s s o wlyil
el 039 Olaw Glg> 9 ey Shybl
3510393 (s Ly g 4015 LS a5
O3 G35 jww Sl wadgs JS1s )5 oS
.l

oworo | &S i SliadisT colled
PSP18S 53 39 035 walled 4 £y
Ohgd b > &S 2l (b wygm
Sl Bgi g Ghwly 9 il sl
Bl olabyST )3 5)5leS-gub @ Gl=io
9 S @y ) pyiloSguly )> LS
Sl diddigs 9 oy ST ©hgw) Jo)!
il osile Sl p @S 9 arogibys

éw&xng@‘s‘ulc
solouly 3T wis
R0 g 9 (0 GihS puwgSll
398 5o pSius § i laobydl
oo dos S2g8 ugilS o ale g
59‘\9 )-5 (\C\V? <92)9 4_,95 ]) uS
095 o 32 5> U8 Jlw 0sakee Vo
Sl JuS (S2es jlEsd) WL sl
@ 1) 5888 63,95 (9> ()9) ©398msly3
3 3l 5o Jlasl sxslygy (Sl g
dout 53 9 Jlod @ wgis ol eags
0318 ,Lid g Glisnye 6,8 (Ssal gl
caaw @ ) S5 ogilhS of de of
ol ol i jlEas g sy eSys Jless
9 2945 £95 5l yonpe Sy S
Oliwgye ©US sy Caun (s
Yloiiol eSyz ol aw )Sickwdly 5o

Sl 0395 3133, b (g U QST
390 LSS mgaegSall )> ($3943
.(Aghazadeh, 2010, 2011)
Gt 33l 9 Obluosy) o> punsisish
45 39 (50 Jol |y (63945 18 iz
owsSll) GLb gl sl 095 Jolid
394 (50 (SR 9 05 pwoae (2le!
Castro, 2013. Aghazadeh, 2011-)
ewigigh (2013. Hassanpour, 2015
SSgjgi 1> Eble ol punslsls
el SIS ) irigded cyunlo
Jahangiri,) el aisls GiusSlsl g Y
2007. Ahmadzadeh, 2010.Aghaza-

.(deh, 2011

oBags 3l OL?QL’)»ST 9 ¥ ixdl
20305 g yd

JuS (1F09) sl Hlaasl aidgs 4 by
O 09990 5 cuskw > Gllac
oz 252 9 63530l 5l 1y By 5yl
O @8 e il ys el 3)S
ol Jlo> 3855 sl Siw
il a5 315 @led omolSy o w
melSyy y5lgl oxd (9gS)Ss @S ,aS
Ols) Lpe .S 5o ol 0w iy
2 0hed il phi §3985 Sl 0393
Sl Siww g 0 @55 )953e ke
eloyy el omebhail (Sladas
Wl 9 3bj Gy b Uil 08 o
3335 50 318 485 355l (59 S350 oyl
9990 s 9 i o 0393
S5y 08 B0 ©hgwy 9 gaiseg
HSlac dzui jd Vil oy Jolol
03wl 3959 W sy (salimeS ;8
.l

oo ) ohlgll ealedl Jlask
bopinsls)  dewd 9o L a4
SOLiS 3259)69)9539)5 9 (mmanglyyalS
Slo gl 2l yiam y> Sel JSuis
U ol Sgb jo 03 jL ddg> .l
o 9 398 5o diuw gy pwgl
Sl B Gilid 8 sl olasl
S (33595 (> cuw g Al daoldl
Coznt Jld jgme b Sl
ol 00 olae Jlad 4 By
.(Sudi,Ajirlu and Jahangiri, 2010)
Didon lawgs a5 505 (gl aykas s
eSy> ol Sgb (19VF) Gemain g
SSicko 3 a2y WA Sy 9 (giS
35 JawS dlasiel )3 Sy ol a5 3yl
ool 9 (Sawh) il (3)Siwly)
G 1,0l Sgb g 955 (0 wygo (552)
Gilsadl mlgd Slasel 53 (6y3y3lsSal
SPVL Ldl2> sl (oye 4 oLl
ADD (0 LSy

Le Pichon g Zonenshain ;b5 @b
alos Jlad @ gy «S> (19AF)
©Sy> 290 pgw hed 43 Olimyye
9 LU Ey9aumilys Sl JuuS clled g
ol 0310 jlEas

U (1WVo) odly (iwgyd i
Jladd g 53 ol Jlo po plabyd
0 bl 39> > a4 G Jlod
PISu @unslsly Vsl g s
ol sl o) paej 9 Mgl
canle (2ol ol ede @ 55 adbio
OB 9i 9 oblmwyl adbie s
awlyS oloj jl 1 03yiwS pumiilaSlo
2 paileSlo ¢l 2ol a5 0add £ gy
—awl)S ey cwsl 039 (gl
SIS coaple b dibio 53 gl

VEoY b «oa3lg3 oylods Lj)]’z?&}}b{ V;



@A b cwl 0aub jlaad (S35 s
dxbio g S b i ol (38)S
);bl gSQL\ 9 0w AianSwo C)L?‘.?L.’):)T
wlSy> L dihio Gl JwS 33> 0
el wgordlud cg> )3 (pewS
dxio Wlike gl Gado Gulas
(W0 Wl&]g &999 9 olb)sl

Cawl 0340

tolubyd pwileS b

ol o Jd Gusle bl
29 039 (9> jlaas ddg> wlie
U oliwiol b,gl.ofbo L)-”99 i)
cunl @8ly yisd-dreg)l (DlaSle g)
9> @og>  .(Rolland, 2009)
g wyglae jd el U jlasd
colled Sigjgiw ) phlunl 2laSle
aiildy (plaSle (wed win (SlinadsT
398 SliadsT gl Siw .l
el ohal o Jled Sbgjgius
BT UL B ool gl o518
Nud Sgwliphilol g (Sighoss
Babakhani, 1990; Ahmadzadeh,)
.(2010; Aghazadeh, 2010, 2011

s 35l g 039320 sl JuS
0| 2] PRy |

Ll JuwsS -1

4 1> b 55 (UL JuS) JuuS 2
9 4idls )8 giz 3> J1eS ©ye 5>
Job -3)l> (e Jlos Loyds 39,
095 (83 doldl g cuwl yioghS oo ol
ghd 1) jlass oxslyg) jlos U ulb sl
S259j930"S:59j90L whgas) 9 35 (0
223 (50 )18 3y5lgS Whgwy Joldo yo )
JuusS o2l @ 335 Slyd S (Siudiigyé

a5 8 Sob 93 @ 1y (¢l 3T (19AY)
0393 Caundiigyd JLo 5 (G5LET (593 5o
Orop 8905 U a5 ()¢ wgi> Sob g

awl 035lo (8L (Sl Vb wyguas
@lgusy (IWEY) li5aasl oaudc Gib
Ol bl pleo 35les (55868 4815895
> g 3l 3929 i3 laalydT )
JuS slatiel > leob)dT Sbgjeilly
ol AiS 1as (ido 93 dg) diyj

rolaalydT 55 Sidg i 3o

oS (IM97) S8 sl Gwyp @b
0oLy 5 olebydT (¢ ©eiz 9 ()¢
Giigd b SLL awlys U Hl8gs
9wl 0xd haS 635 W pglie
oot (it ol b s whbow)
@bl of > Ry pliesdasT slge
035 0l BB adl> .l 2303
SR @ 9 035 Cunidiod )N @
ol 00 Jo3s5 Gras Gy baue
dlga ohen @ So wbow, d
"2Yb Aol b (L) s LS
51034 dildngd Of ) ) o)
2SS oo 39y i) JuS 3Slac
2 200 Gose @S U sl o8 huzo S
] 0345 dibio 8y Jlodh g (§yd

1olanby ST 43 Sdgjgauw
» (1av#) Gemain ¢ Didon ,k5 jl
b oilis 5 Sy lss ussl
PP g Sy JlowJloss gz
Jdrdload cgz )3 1) Sob ol 9
022 Jb2 delio b g 0315 wSy> Gy
doldo g Cawl 0355 jolzo jyll 03,95

3wy 038 dslolw JuwS sladel j>
2 Sapas el lolgs o« b plol
Ol 4l )5l Jbo dlwde

A
Oliwye aclod Jlow @ gy wS)>
PO s9a> G Gle guwgsh )
JuS e8> caw J8 o ggabie
3 9 o lEaas g (U jedslatiel gl
92 19> g ol $b)d uw eely
o> 93 ¢l 9 Sl dold H35> (sLyd
o0 B @ 3D a2 0o I GwgiLd]
ol sbajl) Gies p oglhe a5 T
35 g digw (Ol pyleS-guly sl
S slasiel j> Sidgyy 9 Gawls sl
Azl §blo ol o 0j)) (o) 9 j2y5
dadiz (Hlghd aib ol gren
Sbigy) Juwosyl )3 o> g @Sl sl
039 J&d swlgd I (LT gl o

rolaalydT 53 Sdg jedlly
LU ©ls,> (1F0A) sl sl s
2 e G (55 Vb ey
o gl 03y 3929 dy ol ST
030 £15 )8 9 LIS y3)15 dugly (uaisySs
5B wl5y> ¢ 989 Sbgjeilly (b -l
59 whah szl el apuolS yo
034 (5)15 Lgwy aalg b 395 Su L
09 (olimgS 58 sl «§ cwl
Sdel Vb BT b oloobdT b 5o
9 NS o cwl il g
Eawds el 995 (gl (Suigiss
o3 oloubydl jo b slwsy (A
S JSis shol Joole 03030 ol -l

el 0340 oyl

uhBwe® g INnocenti (gasn uwds Gub

Yy J’Ifdbﬁ’{ ohonl Game oSy uliiries ols croel




o ey b G e i s [ N

S dgaze ol @ |y JuuS (0l
o wadns (P8 ol )51 olpl jSye U 1y
A

I dwS ol yse & (18VF) by
iR 9 35 oLl oy 0539,8 Jlosd
ol Hhac Juds 4 (J=o ol 53wl
©bowy Jldo )3 uwgro ©hguw) JuS
Ol 5> BT 3505 50,18 ST
ol 0393 3)Sciwwly JuS

2 OhlT 095 3ash HliaasT wolled
JuS ol 3yShac jl (5L Yiatiol y3y5lgS
AL (50 dibio Sl JuS plw g
o3l awils ;3 g JuaS ol dlasiel 5
Glld Sl 35 ()i ol
) dogi b dS 39 (50 02> (§dAwio
3ilo posuns 4l g B Loyds Slaiel
i ) b ol GlaedsT colled

1S (0 JuS e

el Olgiy 85 51 y3ylgS

8 JuuS =¥

S 095 U 1y Jlowd I JuS ¢l
o Vol g 3yl dolsl gaiog )90
@hll 095 @1 gSlo 9 (59> jl b3S jl
Sy (0 45y

sl whd plulid cuey jl Glose
Slaul jd 1y 393 0)9 (Jlgl (Swigiss
1565 51 aud ol Gl SowSs
Jles slaiel b g 034 € 94 yaal-(ylos)
il 9 gaino0g g 9)90 (Sl 0gS iy U e
Gyb jl gl didL doldl jlaas 5 Lot
© g1y JuS jl joae b ()¢ wgiz
w50 308 b

Slael a5 cuwl ddEee (1OO) (o0
JuS @ (B giz Bib I JuS
"\.'.’L,*j (0)9.00 O:gl )3 ...\.M)) P o)é)'-la§

o2 RS Syl hdo )ls by
ol dladel )3 Hlobydl jgliie Sow
al 0340 Lzl JunS
JunS ol Sy (52,5 oS 35l @iaSL
whlws aS 0393 1WVe/V/IV 20,0 5
el 035 3)l9 (550

1409 y| JuuS -V
aoldl Ogi> Byb w gSbo jI JuwS ¢yl
935 5o drog)l azbys Gy jl g b
Ylaisl 3390 (50 dgy duy) L 9
cawnl oo el oy JuS dnldl
ol wde 4 duog)l azbys (Solidlg,é
S 0l &5 T (50 35 . 3bb JuuS
L Joleo (s (2055 0)93 59l 5l
sl 039 Jld SBSUL (lees ;18
U ol pw @ o S 1)

doldl .l 8305 0303 () Ly yd oy

gy 1) 3> Vg2 Coww b JuuS

dog)l JuS R

(0315 Lizg;d Wl (wlidd (1203) (523€ VL) 3T-5,4l 839320 G JuusS-Y JS

525 JusST

|)L'1M)’i M:AS

VoY liunej «o233lg3 oylods “)J}Q_J;y‘h-//‘ YA



dolis azbys Ol sxiwdy JuSuis ol
() 20 cponliy cpouanlS «poujio)
ol Ghol slo ol a4 il (0
wdle b e SO, Cl HCO,
Pholez S b @ paunlS g @

b (50 T oy
i cble dzb)y (g pise )
..:..“ L’]M .gc.)bu‘i‘ . l'l‘)‘luas

el

o GruunS Gloo @ Joas ddhie
55 50 8 o 3 slagl el o 39

D9 (0 (S5 G
QoS S Gaw O8I )buwY
g oly bw 1 9 b Gl Ol

Ol phacl Giazo oS ol joib LT 43¢5 5l
dirosw ¢« 39y diyj Sl &l5dg) 5l of

‘(SL?)G”) ‘ jQJJl)L) ‘).)Lf£ S9) axls. S9)

ol 33 ol 034 (50 (320l Vg5 g oJi6
09288) {0ldesS) wsz rli= azbys
Ol o (g5)1) (£ Sabl) (el

ld 3929
S R (e oSy bl

O S JUo 45 daogyl ol 1 sl oylemle puSe IS

33l s Jlw 15 Sl sl iyb-E

A2l an Sis wlblxe
1du0g
Juige §lod (b Swind wygo -

tdogyl dzbyd
&Sl o d2b)d S daog)l azbys
Ol -l i8S sl gl 0yt Jladd >
e 0Ly plinl 95 pleo dazbys
2 azbyd Ol abw 3l pbyz Sy g
ol GpSedz sk 3l sl Jlo
O 790 A¥s) Jlo 15 g cunl 0355 lay
azb)d opl colue el 00 SWis

8393 &30 yioghiS Fooo APVV Jlw 53

1duogyl dAzbiyd (ads Sis aYs
49 2 Gl )

a=byd 59y p oly ST wlasl-P

0jo> Wl gln jl @y (» odlaiwl-V

azbyd ppl

ra ‘)@ij-/"/ o g s813 ulireos ol pom




ol s 7 g G b s o

S 42b)d o) Gl digd iz
i g dildj) dwle (505 i ()
b 50 2y (Rlhesd Qgwy @S
FHleS i o G)lol Gl didgs
S 28b 50 0lghd e 9 Cennls
Sl ceabl £ 65 5l yidn () Lo
2y Qo didigd )5 b 0 wplS g
Sl 1y lade o yiion eaigSIT |

10 51 05 logac 39290 (T Slgo Juo)
S GUL g b Llule ,3 g
Sy 50 10 @ lade ol a2b)s Hoi
1 Swd wdile Sl IS edls s
b 2wy 50 53 32 05 Yo @y azlyys O
Mo g azlyd T (5)9 pljre & a2l
232 Ul @ 03)ly ow) dbslo S
o didigd gl GlBdg) cuas Joxe
b o )3 Gloo dlgo £ 99l Wac
Slo 43905 53 j2y5 9 drog)l J=lgw 5o
> sl BleS hwgi 030l Cuwdy
S gl awlo slo LY (Glacl j5 0340
BB PMm JS1as culius b ik
DV ol 3929 pac b 3929 -l g,
w380 Shg el 3B sl awlo
Sl dboMo (JB 925 @ |y o didigs
RVSP IR TR

Goc B 0ySae VO 51 55 5y @l olise
&S cwl 790 bwgie joky (6yielBo
0 o diigs o9 dlop,) jl sile 9>
b

oo sk d2bys Gl i allas
asIHhS GV U ooy g Jolbd 2> )
4l b didigd eelled il b el
9 G398 waps « S SBhol
GSpisd g Sl Ll @SS Copo
b o il

O i S (2 89 » Sl azlyd
Owgro Hlo Sl L g o2y awlyS
B Mo Iy aslys o oS cunl aid)S)l,s
A) (0 oS Jw )l o

03l T sl el polwl Lol
dlM) )l).Cb Qoo 15 oo |) d_’>l_)).\ o C)T
3 ©howy I o3 i8S slo aiges
owglor Whgw) jl 5823 }SOLis iy
buso Solis o (225 cowd a5 el
G5 485 9 698 £l apd s
.l

©whow) )3 39290 Glo Al w)p
yoe Job ) 145 3l 0 Yl azb)d
3929 0 aldl SWbS ol cazbys
Sl didgd ydw Ly el adsly
3929 9 cwl (lioad g9 jl azbys
Coidgls 9 counlS) S sl 4
9 192 9 T (58890 5 S5LES (35195 9
(el a2l )90

rog)l azhyd (lews ©bow,
phio U phiol g Sjb a2 wyguas
QY @ygar Oaj fowl a)S g
S 9o ey s ol 9 Jitime slo
39290 CownlS el 03,5 by Y 9
azlys @ dldsgy Of oo 4 ol 4o
P9S @ Ol Cand yS 9 Bl s
cwl gy g ol wlhuss SOl
Wipa cwl pSee 5 cagles
S0l b alild 3929 jU uwisle
W ) gy Glo jlwald g oleb

Als )y 68 Sl S w90

cwdge ol (oj SR
tsog,) dzlys o) Gl A

aolyd pad S Sl o Lall 0d)S
Slo Glew jop cuch g 02 jlom

ooy o3 duogyl dzlbys
s gl

_oely 3 aS ol diiizo (1AF)) (9g)99
9 38 U aueg)l azbyd pugiundy
azb)yd ol el didls (oS aglyo
gy Gac 05 Cauniiigyd S 18y=0 53
cal i8S J)S yio £ Gas gl b
yio W Gac ) o At (3 Gpoc Lol
canl 4i8)S sl yib Jladd 5o
(oWl o> ad) pliz ow o
o2 WSy el b ol g5
Solsly o Sw jl &S ol
Sl aidigs pliz 5S> wul uwgay
L9 o) wliyS g @ 3iile s
i igho g © ) Gl Sl
9 1A% y595) Sliwb sl GliS 5>
033LauSL 1) daog)l azbys (19VF Sog
3l Jo Bl diwsly dilyibse azbyys
Juol> gz (ol cplish (pa0j 050>
Ciliss sl JuS wlbile wculles
23 45wl 395 iy 9 525 JuuS 25Lo
1S Rl G Ol §3aST oo
ly daog)l azbys (19VF g 19VF) (sjis0
o8z ¢l By Sl Gaoj 0B
) gyl azbyd S 3 (0 olw
S 4280 (o 03D 35 digy I howd
ol Gl axdo o) 9 plrl 9 Yliwwye
695 by o Vlgs 0 g 4id)S )8 aiSy5 g
anils Gl o) azbys

109yl A2Liyd (g (o
pr S didig yio Ko U IO 393>

VEoY b «oa3lg3 oylods Lj)]’z?&}}b{ Vo






A35959 (SHRL i (3] 03— (i3

[ U o) wliyls Gezitily | sale ozl s |
. Gloy)l gine oSl

FI0 Sy v gl o,,J O0) UI,.:I ,_,l:uo g a1 puo 4dds ob:PF u.clw,.) ¢ o (S IPAY Jlwo (63 O 8B)aww jo
Cumo2 jl Fooo 3915 ;202 diws (LS 9 SLiiog G (ilig el 9 35913 05)) |y YloyS Yliuwl 53 « o 5o ik
a5 392 32> & I (il aruwg O L33 4 9 05,) .3 (HLol 3550 S Loy Gab) 90l SUdLinwg) 9 54 (5585 1F Y000
Jol5 19b i 5040 039409 (Sl b g 133 (539 123 @2 (B0 U Syl A 54 039408 § (AU L 4 302 ol sy
0392 (03 Liawy e 52j 53 « 3 Slaial gy JauS cedled I (S (iS5l 5205 055 S (2 3534 J2as S5l B
hlus jghines g dikio wli dj); 9 55 (1205 05y (5529 9 S93S5 b adasly 53 JolS )2 ) Allido (2l 53 . sl

Sl e @) dJj;




(0152 WS ol5bl :81k0) bas 31 U 3 A S JSib

G bl g camez 38 g Sl g
Juclowl) 2 @y (Rliwg) 9
(PAE (K5l5,8

rgaio) jl; &959.)" U (@ -V S
(0B )l

SgisS el (yx03 03y (s 2
ol g3 05y & L 9

s
ol e Gl dddl 4 Sl b
azgio « olpl S o G gy 9
69 Rl oS &S b EaleS
cle a5 did)S )8 s> o)) AippeS
9 Uh9d 9 By by Sxib b o
Jlads craw @ plingye dxbo s>

Slo Lad 155 11l o ol @

whlws glixe ede grod 0 39 ob
005 2l )3 b w 03ly Jlo 9 Sl
Juelawl) ©d) Vb =g j9b ) o))
(PAE (K550

JuS clled yy audyd (gl s dog >
il o B @g0 @ @ g
aibio )> (SH9iS5 Sl wyR I o
sl Rl 6y R ewr 9
Colled g 1oS JuS sl (Siws
oy JuuS ol dzgio olgll @ud ol
D )53 0j)) (o) 45 Wb At g
3 slaiel 9 plaiy GlS colled cde
el 039> @3 84 125 53

o2l Rl Bl 3929 pac wde @
GeMbl (b Gl (SuaSid g JauS
2390395 (0 53 JuuS (g2l 3929 |
U oll Bl o) 0))) Sl aids
ol 0393 030lS Gl w JuS ¢l
el Suran b jg53e Jolge plas
Slidizg o) groj orl ool %

o

HEV-KV-7
Sy \WAY dl.ud olo () (A éﬁ)lj )
cuclw D« |O9.U) (_,blf)&.u) ) W
Ol Gl wdg @ ;o dii8 o:YF
280 o2l Oligye woyiSl oS (Sl
colyiwl Jode 395 sl s o
FI16 SGp @ sl o)) ey a3
 of Shbl Glalivng, g @ yeud yidy
9 039my8 b wde @ .39 05)) @
D )8 coyiS] luwg) 9 yad (0238
WULPUU)QJQQMM)QC\O
ol Hl2d 0 Z)l Sl 3 pliag
Gl ez 9 234 Gilig 9 S
393> )3 Gz Shbl glaliwg, 9 440
3 (§p8 1Pooo usas jl 485 PFooo
pic 4 a2gi b g alj)j £989 ploj @
2> 238 Sl 05)) ey ablw 929

Sbwws dij 5l G sl phso copie

vy ‘wf'_bb! /@&a)\@mamnawmijkwl




231 il luucd 12 (950,55 L (IPAY 8o (538 ) ¢ 8, (0 Lswilivds U § (S Lew (g 05

(VA (6§59 52wy S9sune) 3L (50
03) (o) 3oy ol Jole oS lo JuuS
R U20) 0)S ywlan )3 S)50 9 S2g5 Sl

039320 )3 (5105 (S5l @oI g ik
S 2ol 5l Lisd Jlacl g 39955 ol

OlRl o @ Gliwye g (ihgyd

U glye dxbo cwow o)l

ly Uu)fl) S 09 wily glpl axaw
(S 0UgS fals (S395 az 51 o

W o 2l w2 £95 9 b JuuS Elgil-F S
( BLOGFA S35 _lpas (swiigo 18u0)

JuS 952 a5 555195 hed sl JuS
Sl 2L o a0y 9 JB sl
Sl gy glo auils cosedse
JuasS ol Oliao &S ils Hh8 (Suigiss
489 13 9 b d8yg ;540 cubyo 43 o
ool el g 03y yieS az)lsy o
S ©ylgS @ cawd a8 Sl 03)

(L2 5S29) 350 (S auibl>
Crad 5> @ liygd yyslgS JuuS
£ o8 (sl y> a5 wiibie ol By

(L2 529 :2:50) Ol a2dio b 3,952 53 Qlisye dnduo-F IS

D 395 55 32 o Sl JuuS 35940
Jlop 9 wesee &) o iws 93
s Sl JausS 35945 (50 (S et
&)lga3ld Sl b @y (adyb 95 shl> 32
JusS Elgil )> .30l o 0)l0239)9 o
Brbas 5 05306 cJloy 8 ordh sl
2L 50 ORb o & Yl Siwsdd
&l925 98 9 034 Xl Ll Cowo @
JuS )3 9 S50 Sy Vb cow @
ahw &S 0)lgas 9,9 pwgSeo (o) L
o @ 2BL (-0 Vb @ gy of JuS
Crow 4 0152318 g 39450 013l
3 dladiel JunS )3 13940 (0 034iS YU
0393 @58 g Blio Wygo ) o (SiwSid
G0 5538 Slial 45 JuS ol edyb 9
Bl g cwly 9 0 2 99 95 9 W5

(VA5 aoldl peamno)

diwgy Sl Siwsd o 0))5 9 3l
wolad . b (0 woldie Glocl jd (o)
25,5030 L o 0j)> g b JuS
o B SKiwSd uéyb )> 0ash plzl
s (o SwSid b JwS 2wl
SRS @ s SiwSd gadyb oS
9 o JuS ol eadled 5l sais Luls
020) £999 el 0)bgd o ulwle
Gb 9398 (0 (Rl ddhio )> 05
o (lawle Sujud 9 G pole (eiled
i G5l 9 958 S 3929 ejline
4B)g (59) 3 2 ShuSAh oS > JuS
g2 @Y GIPl e o) 05 sl
sl gy jl L 2l g eolled
Cauwd @ (0)55002) 0)5 s (5idya0

)9l (50
i ddac diwd 93 @ b JuuS Elgil
GO G pamdl Rl dlaiel g o

VFoY (b (em3lgs oylads (‘)JW"//‘VJF



9 S A digy w a2l pac wle
o0 Olinoygas Ol JuusS (51855 03230
&b >l BlpSBL g0 @ d)
dgaaS ede @ Lol 0381 Glasl oS3
98 SOl pac g Y Sl wsluy;
sobien 9 pliwl phow copie sl
GRS g 03gmyd b 35 JaBd
Sl dazg ,3 GUS WylwS (liwyess
b Ylg Glungd ol © G 9 Sle

G S 9 Jd JuS iz 929
Jlad 5 SeS_aipl sl Jud
99> 9 @ > Olimwgpw o
Slctwl Golwl el Glwl ¢l ©ye
03T © Cand 39290 Sl GHlS @
©US 9 ployS Ylinel )3 30 85)) o)
Az ol @ ohSdegn olyl G5
A0 Jo 53 5L 3T a5 3wy
oliwl y3 Oy2o Gl 05 o) (S0
@ oRlply cwl 03wy ol 4 gloyS

0 el wlallbo gl )d g 05)) (o)
&) daS ol edled il s i)y oS a
O J=8 9 ()5 pge jl el 03>
o2l &S aib e olpl Gl JuS
S 2l ecal 035 jgue j5 ©liuwygd
Sladiel j3 yioghS #/0 3932 )5 Job L
G Loz gz 9 e Jlasw_Jlosd

b (0 o §yieghs )
S slo digy SeiSS Sl

IS e gl 9 ploS glinl

(8,15 6240 5353 Sk 1860) @2 655 0j JuuS 81 0ylglo ya9:05-0 JSib

(e i Hazon! g rgbiia o pulad sl JouS aitiEl

(95 OloyS :20) OloyS liwl Sl JuuS-V S
(81 6240 555 Sibig :gs0) o

252895 dmmwge Sl Lol ulul p
CaBg0 53 05)) (o) ol s oSl
Slais PA/PA olaize b ldles
ol 03Bl Glasl Syb OAEA g
6L 2B 9 Gl wluwge
@glas Sl b salixe o wlaise

2535 &)l ol

Sl dilj slasy ede @ aSul Jlo
Jlad 9 e Jls §blo )3 2w
G Sl digy I G185 gUbl g By
sosac Sl (BT wlizge (gblio o1l
edlopj g Ul Gl 9 @5 3929 9
S copie glo (Sl 6y sl

ol O.\)ST IQDI)é l)

*O ('ij*_bb! /K;‘ol,;a)l@ﬁmaMbt,umchdzwl




2319 Saly L 3 (5in S5 L (IPAY Lo (53 8 ) g 0 (e (sl A 9 (SRS Lows (e 05

&b sow jl il wlals jlawd o
Jwo g 35 o Gl wldioe walize
G55 SleMbl jgim £85I oy o
ool 993 02w Gl wlals Slaes
&l Gow jl a5 (auds g 3 wlelbl
g wlali sla=i ab o UYlS GUgd
i Vo bl Qo 393> @ o aiisS
035l95 (sollawn @yl 3wy (0 55 85
Il 2g> ple Bslo ol yo o Sl

Sl cwwd
Jol job 0 00y Sl ojl 3u0)330
Sl o3cg Gulwl 1 Q3590 035 LSS
whlwd g i b Gilujb wdgs
0 pladl & IPAF Jlo bl B 2L

© g wld 4 ,gd e joid Lol ()
o3y aisl> £ 989 jl U8 JolS (Sl
9 Cuple Wed (ol wde &5 wwl

AL (0 dbgyyo sl Ulf)l (;.I.DLQQU

dan a5 (b ol 5l Hazuiel g SgSuie
R 5 SsSito lo colled I lis
30 Gl @ bl o prey ©ole
00 £999 5l i eSMe dloz I Joxo

03)S el sy £/ (S5

Sl 08w Slol o)) 1 3=y jgy
wolido )3 |y Sglaie Sl 05)) )Baulidh
Ou2 D929 A53)S wud woldie sl
9 S jl b damie gl o5y
e g Jlawd caw j3 o GoyiunS
(5259 5RN) dgRuwo) sl 039y (§ b
(1

i G e 9 Filus iyl

1053 op0) SlaSy
3932 (ywladio )3 525)52 45 2 0))) (310
oagw il yidoy £.8 b i) £.0
S 05y o) 1 o S 05y o)
oo ohal &b 53 pleels o Jws)l
9 Gxeh 039uyd b e @y LAkl
@ 03gwyd Sl L b (Solol pac
PG Syl aiidy o jl g coyS IS
Jie Sl B 4 JolS job 4

oo 53 §oahol o o HLiiil .l
2€ 9 Sl I8 pwb b ol Vb
Ol O ) o olz O paw (ole
Gl 1o gy (oS @ g o w8

sonenis @
Bra<Mr @ B e

Ao NicBis @

(80 &)l5S5p :g0i0) OlosS Sl JuuS-A JSis
) eled dSle b 05)) ey
o U laz &)U eulae glo o))
oo 3 S g S2eS Gl o))
Sl GlS © b o woldie o
i yieS Juolgd )> 05)) pup 4 wdlizo
2 el 031> 2y Glol ajl; 5l ag8s ¥
oolio 13 (51 05y) an Vool pualws P§
053 s 9 &bl ol ) yidio O/
uolido 53 LT Jome o8l j 505

(L 559 1sia) JalS s 9 IPAF 63 05,0 3005 51 352 3 U oy i )19 Ui

020} @SV p isro S GliS bl
vl ¥ olo Eo8g Sl U bl
sizo @lo Gguw jl (zou)y wyg0 @ 0)))
0 yl3S wbd dljlj g (ol (s

VoV iy (om33lgd oslads ﬂy'ﬁ/@hﬁ“;



Sl g abldo g €989 loj e 9
020 o2 b 2o)by) e oV sl
Oloj3e )9S 0350 (SiSaga Sko 05))
030 Sloul WLl g (5yai G o5lw o
9 awwily |y wlali ¢ whlws (pyieS
oWl b lgd g el (S @ o
2> 9 b lganel yigy dzpm (3L 9

Spitis pf @) 395 Oligje Sow

9 184 w8l Loy g pdac o (Silng
3 yidin b 485 jlie Do o )8 LS
GhuS Slo digy jI BB wlewbl pac
i8S @b b @Y glo (Sl g
09 VL b cwl el ol W (Slg
pole yildin Slgy 9 wliad (o) LSl
09> > yidin A2y wlellhoe 9 (o)
Sl digy 9 J2d slo JuuS (loliss
GAllias GBI i3l )9S 5 05)

(Ul : @uio) o2 il 31 (a5 -l JSuid

9 b (o) lojlw) wawl 039 05))
(g (530 wldliis]

15365 Ao
P10 S @ sl o)) g 0 Ui
4 39 SyioghS VIO Gac ) yidn,
IFAY slo (63 0 )5 i 1P wae @
oo g @ di8y ol:FF el jo

el g By 1) olivygs o2l ol

rv rﬂﬁ*ﬁ/@c@%t@m@&mb wlibissn wole ozl




6§l wlinh (yaoj (65553 )l Ga=o oLl pegle

TS TN
; W




o8 Sz

Sl slagsais) 13 )18 )9 liwasd @ribdlosd 9 SrdplanlydT gl giS wpedlod > Shoyb (SLIS] opinS
a5 2b50 ugSll (§318)8) Curigiige J5)lgS (S3945 (Slodgl g (gl Sl - 6ilSlg g Sy SloSiuw Jolis diibie
- lo)S Sladidig b (63945 0395 (Jladd oo @y doldl )3 2590 (-0 kS o5l 1l 095 9 Jgl Jmd SleSals bawgs S92
- 91k IS GULL sloghed g simwls S0l Sloes G255 G2l 2 0gle )15 (Syram gl - (88 Awls)S (siakid
S 3S w0 Sho)b dihie 4 O)EQGI Cuaw d daldl )5 JUES (63189 0395 -l 02 il ddhine 45 55 yiylgS
o ol 9wl 0345 3555 Sauliy GlwyS> 4 g loads (bl 0395 ¢l > Syl 9 Sotdangyy «Sakid (o)
0395 53 Al b 39450 Cgamxo JES (§528)92 0395 duidl> g 03915 Miluno 0395 (53a8)92 Shoyby 0395 4 Ao 50 i
cy0aSIS Joldd g 0550 ohw 0315y g §lanS) - o) (sl 00 G5 S g ol job 5 opue> b Sopudyen «(5y8)9
OROR OJOW 19) SIDGAE e VS 5l 2 9 0391 @5 0395 (2l )3 ey Wliwe unl 0315 &) oy 9 calawl (B
(DK1) Jol Jawss 51282355195 SoSals )3 (51425y-45) 00 2l (595 5 Wy Sjo LS damliie @) a>g5 b ol aliiumo
Sauld @ |y 59 9 Ly Gl Ylgise ol 039 (Sl (S 32 (1955w > SIS ¢l G55 Sl @ eolie b g
cal 0315 2 Jgl Jusd (55292339195 SIS @255 il S oS 31 eund Sdoyb (63985 0395 (Jloyiil

0Bjr9 (Lol «irom 1) S]bre «Shoyb (§318)90 0395 «Sllguli Sloes 1gauS sejly

Geology, alteration and mineralization studies of the Barmolk porphyry
copper deposit (North of Varzeghan - East Azarbaijan Province)

Alireza ravankhah™, Mohsen moayyed? and Ali lotfibakhsh?®
1.Assistant professor, Department of Geology, Faculty of Sciences, University of Mohaghegh Ardabili
2.Professor, Department of Earth Sciences, Faculty of Natural Sciences, Tabriz University

3. Assistant professor, Department of Geology, Faculty of Sciences, University of Mohaghegh Ardabili

Abstract

exploration area of Barmolk is located in the northwest of the country, East Azarbaijan province and northeast
of the Varzeghan county. Northern outcrops of the area comprises Eocene volcanic and volcanoclastic rocks
and Oligocene porphyry quartzmonzonite intrusion bodies, Which are cut off by first and second generation
non-mineralized dikes. Toward to the north, this mass have contact with upper Cretaceous-Paleocene
carbonate-flysch deposits. In addition, Plio-Quaternary injection of dacite subvolcanic domes and eruption
of alkaline basalt in the studied area have taken place. Kighal porphyry extends to the southwest of Barmolk
area. Phyllic, propylitic and argillic hydrothermal alterations have been identified in this mass but potassic
alteration has not been observed, which indicates that the Barmolk porphyry is not an independent mass
and is the margin of Kighal porphyry mass. The main texture in this mass, is porphyritic with fine-graind
matrix, and mineralization appearance is disseminated, vein-veinlet and fracture surface filling and occurred

including chalcopyrite, galena, sphalerite and pyrite. Amount of pyrite in this mass is low, and this is one of
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the reasons for the lack of supergene enrichment zone. Due to the presence of lead and zinc mineralization
often in the form of vein-veinlet in the first-generation quartzdiorite dikes (DK\) and with regard to the
injection of these dikes into Sungun after supergene zone formation, it can be attributed to the mineralization
of lead and zinc by the epithermal processes, related to the Barmolk intrusive mass, which occurred after the
injection of first-generation quartzdiorite dikes.

Keywords: Subvolcanic domes, Barmolk porphyry body, Supergene enrichment, Epithermal, Varzeghan
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g d": Rhyolitic dyke.
’ d9%: Granodioritic dyke.
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BH No Depth | Total sample | %Cu Ave | %CuMax
Ave | Num of sam | Ave | Num of sam

BAM_01 | 360.50 162 0.025 0.26 0.014 154 8 0.23
BAM_02 | 316.30 83 0.01 0.17 0.008 82 1 0.17
BAM_03 | 319.00 33 0.016 0.16 0.011 32 1 0.16
BAM_04 | 352.20 35 0.012 0.08 0.012 35 0 0
BAM_05 | 300.60 27 0.042 0.51 0.016 25 2 0.38
TOTAL | 1648.60 340 0.02 0.51 0.012 328 12 0.25
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Abstract:

Clinopyroxene phenocrysts and microphenocrysts
in potassic and sodic Eosen alkaline volcanic rocks
from the northern Lahrud (NW Iran) record various
stages in the crystallization and evolution history of
the alkaline melt as well as its origin. The rock series
hosting the clinopyroxene phenocrysts is phonolitic
tephrite and tephritic phonolite composition. Theses
rocks generally show porphyritic texture and have a
variable phenocryst-rich nature (25-50%), with phe-
nocryst assemblages characterized by Cpx + An +
Pl. The studied clinopyroxenes have relatively high
Mg-numbers (0.66-0.90), variable Al203 (3.77-7.31
wt%), low TiO2 (<2.02 wi%) and Na20 (<1.23 wt%)
contents and low AIVI/AIIV ratios (mostly <0.25),
suggesting relatively low-pressure crystallizing con-
ditions of the magma in the magma chamber. The
calculated pressures for the clinopyroxenes in these
rocks vary in the range of 4-5.5 kbars. Oscillatory
reverse zoning of clinopyroxenes related to the differ-
ent crystallization paths under a variable oxygen fu-
gacity and different oxidation conditions and sudden
pressure differentiation and magma mixing process-
es. Normal zoning related to the differentiation and
fractional crystallization of the magma. The resorp-
tion texture of core parts of some clinopyroxenes are
attributed to the changes of crystallization pressure
though such textures have been ascribed to magma

mixing.

Keywords: alkaline volcanic, clinopyroxene, sodic

and potassic, magma mixing, NW Iran

1-Introduction
Ca-rich clinopyroxene is one of the most common

ferromagnesian minerals in alkaline potassic and

sodic rocks from various tectonic settings, and has
been used as a petrogenetic indicator for distinct
magmatic series. But the occurrence of Ca-rich clino-
pyroxene phenocrysts in alkaline volcanic rocks from
collision zone or post-collision setting is generally
rare and has been considered to provide important
clues to the nature of crystallization and evolution of
related magmas. Crystal chemical studies on clino-
pyroxenes have provided useful information about
the origin of parental magmas and petrological evo-
lution of host rocks (e.g., (Bindi et al., 1999; Avan-
zinelli et al., 2004)).

Several studies have shown that compositional vari-
ations in the clinopyroxenes can be used as petroge-
netic indicators (Dal Negro et al. 1982; Dal Negro et
al. 1986; Manoli and Molin 1988; Bizimis et al. 2000;
Ghorbani and Middlemost 2000; Princivalle et al.
2000; Nazzareni et al. 2001; Avanzinelli et al. 2004;
Zhu and Ogasawara 2004). In particular, most of the
clinopyroxenes in alkaline rocks show different types

of zoning such as oscillatory, sectoral, and complex.

Oscillatory zoning may generally indicate cyclic
changes in crystallization conditions (Federico et al.
1988; Shimizu 1990) or different crystallization paths
under variable fluid regime (Sazonova and Nosova
1999). On the other hand, the origin of complex and
reversed zoning clinopyroxene phenocrysts with re-
sorption is ascribed to magma mixing by many re-
searches (e.g., (Wass 1979; Duda and Schmincke
1985; Dobosi and Fodor 1992; Simonetti et al. 1996;
Aldanmaz 2006), and this is generally called a co-
magmatic origin (Vollmer et al. 1981; Barton et al.
1982). In some cases, the clinopyroxenes that are not
genetically related to the host lavas are interpreted

to have crystallized at high pressures from magmas,
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and these clinopyroxenes are called xenocrystic ori-
gin (Shaw and Eyzaguirre 2000). Crystallization pres-
sure of the clinopyroxenes in magmatic systems has
also been investigated by several authors. Dal Negro
et al. (1989) qualitatively discussed the influence of
crystallization pressure of on the crystal-chemistry
of the clinopyroxenes, and Malgarotto et al. (1993)
also estimated the crystallization pressures of their
samples with the clinopyroxenes. More recently, an
efficient clinopyroxene geobarometer was proposed
by Nimis (1995); Nimis and Ulmer (1998); Nimis
(1999), thus providing an opportunity to constrain

the depths of magma chambers in the crustal levels.

2-Geological setting

The study area is situated in the northern Lahrud, NW
Iran (Fig. 1). Based on the classification of Iran-s
structural units, this area is part of the Eocene-age,
EW trending Alborz-Azerbaijan magmatic belt that
is related to the western division of the Alborz Ce-
nozoic volcanic belt. The Alborz Cenozoic volcanic
belt is divided into western and eastern parts by the
N-S trending Rasht-Takestan Fault (Azizi and Moine-
vaziri 2009). This volcanic belt is separated from the
central Iranian plate to the south by the Tabriz Fault
and to the north, and extends into Armenia (Azizi and
Jahangiri 2008a). Volcanic and plutonic rocks of Eo-
cene and Plio-Quaternary age are widely distributed
in this Alborz-Azerbaijan-Lesser Caucasus magmatic
belt and mainly comprise calc-alkaline to alkaline fel-
sic to mafic volcanic rocks and felsic to intermediate
intrusions (Moayyed 2001; Jamali et al. 2012). Al-
most coincidental with the closing of the Neo-Tethys
ocean in the Zagros Belt and related branches around
central Iran, the Sevan-Akera-Qaradagh Ocean (or

northern branches of the Neo-Tethys) was closed in

northcentral Iran (Azerbaijan) in the late Cretaceous
(Aghanabati 2004). The magmatism in the Alborz-

Azerbaijan belt is probably related to the closure of
this basin. The study area comprises alkaline lavas
and pyroclastic rocks associated with sedimentary
and volcano-sedimentary units (Fig. 2). In addition,
a number of small sub-volcanic bodies of the Oli-
gocene age are exposed in the south-western part
of the area. Phonotephrite and trachyandesite feed-
er dykes of the volcanic units locally cut volcanic
breccias and form parallel sets. The volcanic rocks
include analcimebearing and analcime-free lavas lo-
cally associated with volcanic breccias and pillow
lava. Submarine lava eruptions formed widespread
volcanic breccias, pillow lavas, and clastic rocks in

the early Eocene.

3-Petrography

Based on mineral assemblages mafic alkaline rocks
is exposed over a wide area and is characterized by
feldspar (plagioclase and alkaline feldspar; estimat-
ed vol. 25-40% and 10-30% respectively), clinopyrox-
ene (15-40%) and analcime (10-30%) phenocrysts
set in a microlithic groundmass of feldspar with
minor clinopyroxene, analcime and volcanic glass.
Most samples show porphyritic texture with vitro-
phyric textures in the groundmass. Oscillatory zoning
is also observed in plagioclase. More evolved rocks
contain sanidine with rare Carlsbad twinning as phe-
nocryst and groundmass mineral. Clinopyroxene
phenocrysts, 1-6 mm long, are found in all rock types
and often show both oscillatory and sector zoning
(Fig. 3a). Locally, clinopyroxene shows glomeropor-
phyritic textures. Melt inclusions in some clinopy-
roxenes possibly indicate crystallization under dise-

quilibrium conditions (Fig. 3b). Some clinopyroxenes
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show oscillatory normal and reverse type of zoning Apatite and opaque minerals occur as accessory
(Fig 3and). Trapezohedral analcime phenocrysts are minerals in the groundmass, and apatite also forms

up to 2 cm in size and commonly show radial cracks. inclusions in clinopyroxene phenocrysts.
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Fig. 3_Microscopic from sodic and potassic alkaline rocks show different zoning type of clinopyroxenes.

4_ Analytical Methods

Polished thin sections of the clinopyroxenes were
studied in detail by using optical methods before
microprobe analyses. For determination of the ma-
jor element composition, a number of euhedral and
subhedral clinopyroxenes were analyzed. Chemical
analyses of the clinopyroxenes were performed by
using a CAMECA-SX-100 electron microprobe at the

mineralogical lab of Manitoba University, Canada.

5_Clinopyroxene composition and
classification

Major representative element compositions and site
occupancies of the investigated clinopyroxenes are

presented in Table 1. The crystals have generally high

Mg numbers [Mg/(Mg+Fe2+)] of 0.66-0.90, variable
Al203 (3.77-7.21 wt%), low TiO2 (<2.02 wt%) and
Na20 (<1.23 wt%) contents and low Al[6]/Al[4] ratios
(generally <0.5). In the conventional classification
diagram (Morimoto et al., 1988) all clinopyroxenes
are salite in composition (Fig. 4a, b). In the Ti-Na-
Al[4] triangular diagram of Papike et al. (1974), the
compositions of most of clinopyroxenes fall in the
CaTschermark-s molecule (CATS) field (Fig. 5). The
moderate to high Al/Ti (5.2-12.6) and low AIVI/AIIV
(mostly <0.25) ratios typically reflect low pressure
igneous clinopyroxenes (Aoki and Shiba 1973). The
low Na contents indicates that the clinopyroxenes in
the area rocks are poor in acmite.

Clinopyroxenes of mafic alkaline series display high
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content of Al3+ and are present mostly on the Tsite
and to a lesser extent on the M1 site, as in clinopy-
roxenes from potassic alkaline volcanic province in
Italy (Bindi et al. 1999; Avanzinelli et al. 2004). The
M1 site is dominated by Mg (0.507-0.690 a.f.u.) with
minor amounts of Fe2+ (0.101-0.235 a.f.u.) and R3+
(Alvi+Fe3++Cr3++Ti4+ = 0.20 - 0.28 a.f.u.). The M2
site is almost fully occupied by Ca (0.872 - 0.913
a.f.u.), while Na (<0.113 a.f.u.), Mn (<0.037 a.f.u.)
and Mg M2 (0.002-0.033 a.f.u.) are characteristically

Salite

i
/ Augite /
10 20 30

as
Fe — 3

45
Ca

En

low (Table 1). In all clinopyroxenes, Al T is sufficient
to completely fill the deficiency of Si4+ in the tetrahe-
dral sites. The observed differences in the Fe3+ con-
tent can be explained by different oxidation states or
diverse oxygen fugacity of the magmas (Canil and

Fedortchouk 2000; Aydin et al. 2008), although the
use of the AIVI+2Ti+Cr versus AllV+Na diagram
(Bence et al. 1975) shows that all the samples fall
on the upper side of the Fe3+ line, indicating a high

oxygen fugacity of the magma (Fig. 6).
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Fig.4_ conventional classification diagram (Morimoto et al. 1988), all clinopyroxenes are salite in composition.
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Fig. 5_The Ti-Na- Al[4] triangular diagram of (Papike et al. 1974), the compositions of most of clinopyroxenes fall in the CaTscher-
mark-s molecule (CATS) field.
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Fig 6_The AIVI+2Ti+Cr versus AllV+Na diagram (Bence et al. 1975) shows all the samples fall in the upper side of Fe3+ line.

6_Clinopyroxene zoning

Representative chemical data for zoning types in the
clinopyroxenes are given in Table 1. Analysis has
been done along a core to rim profile of clinopyrox-
ene phenocrysts. We recognized the following types
of zoning: i) zoning related to the crystallization of
melt (oscillatory and sectoral zoning), ii) zoning relat-
ed to different crystallization paths under a variable
fluid regime (oscillatory, reverse zoning), iii) zoning
related to fractionation of crystallizing magma (nor-
mal zoning, i.e., enrichment of Fe, Al and Ti in at
rims). The zoning types will be presented in detail
below.

)] Oscillatory, reverse zoning is occasionally ob-
served in the clinopyroxenes of the studied samples
(Fig. 7). In particular, these clinopyroxenes consist of
three distinct regions: core, intermediate zone, and
rim. The core has a nearly homogenous composition,
characterized by lower Mg content and higher Fe, Al,
and Ti concentrations. In the intermediate zone, the

trends are reversed (i.e., reversed zoning): Mg grad-

ually increases, whereas Fe, Al, and Ti relatively de-
crease towards rims. The third compositional region
along the profiles displays a very thin clinopyroxene
rim that has a nearly homogenous composition in
terms of all the elements. The three stages, in our
opinion, show a change from the constant to dif-
ferent crystallization paths and probably reflect the
following three stages in the crystallization of the
melt: (1) relatively low-pressure crystallization under
a constant fluid regime, (2) different crystallization
paths under a variable fluid regime, (3) variable ox-
ygen fugacity and different oxidation condition and
sudden pressure differentiation, (4) magma mixing.

1)} Normal zoning is usually observed in the
clinopyroxenes of the mafic alkaline rocks as can
be seen in (Fig. 8). This phenocryst shows gener-
ally normal zoning with enrichment of Fe2+, Al, and
Ti from core to rim compared to those of the other
clinopyroxenes, which is the direct result of magmat-
ic fractionation. However, it consists of three distinct

regions: core, mantle, and rim. The core has a near-

et
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ly homogenous composition. It is characterized by
higher Mg and Ca concentrations and lower Fe, Al
and Ti contents (Fig. 8). This character of crystalliza-
tion is most common in relatively deep-seated quiet
environments (<15 km) devoid of sudden changes in
the intensive parameters of the magmatic system.
The mantle is made up of strong oscillation zones,
making it possible to clearly distinguish the oscil-
latory zoning from the core. The oscillatory zoning
shows an overall increasing trend for Fe, Al, and Ti,
and a decreasing concentration trend for Mg and Ca
throughout the mantle. Finally, the rim has a nearly
homogenous composition, with relatively decreasing
Mg and Ca. Hence, these characters point to a nor-
mal process of melt fractionation and the variations

in the crystallization conditions of the clinopyroxens.

7_Discussion

7_1_P_T Conditions of Clinopyroxenes

The investigated clinopyroxenes mostly fall in the ,ig-
neous rocks field of Aoki and Shiba (1973) according
to the Al[6] vs. Al[4] diagram. Their AIVI/AIIV ratios

are generally lower than 0.25, indicating a relative-
ly low-pressure crystallization (Fig. 9a).They differ
from those in xenoliths of mantle Iherzolite (Dawson
1987) and high pressure clinopyroxenes

(Simonetti et al. 1996) in having lower Mg# (0.68-
0.95, Fig. 9b) and very low Cr203 (0.0-0.2 wt%),
Al203 (<9.6 wt%), Na20 (<0.9 wt%) contents. A more
quantitative estimation of pressure can be acquired
with the equations proposed by Nimis (1995); Nimis
(1999). In this study, we have calculated the pressure
by using the Cpx-geobarometer proposed by Nimis
(1999), which can be used for basic tholeiitic to al-
kaline magmas. The equilibrium temperatures were
estimated by using the equation based on the exper-
imental work of Putirka et al. (2003). The chemical
variations between the core and rim compositions
of the clinopyroxenes in these rocks do not affect
significantly the estimated equilibrium pressures
and intra-crystalline closure temperatures, leading to
a range of 3-5.5 kbars and 950010800C for the Cpx

compositions.

Table 1-Representative microprobe analyses of clinopyroxene phenocrysts in volcanic rocks of study area.

e  mm[ee
1-1 1-2 1-3 1-4 1-5 2-1 2-2 2-3 2-4 2-5 2-6
Sio, 49.79 46 48.11 47.74 48.65 47.26 47.23 48.65 48.36 48.07 49.03
TiO2 0.95 1.19 1.16 1.15 1.04 1.44 1.53 1.13 1.18 1.22 0.98
ALO, 4.39 7.92 5.02 5.68 4.96 6.16 6.14 4.86 551 5.67 4.63
FeO 7.94 9.02 8.25 8.73 8.34 8.71 8.8 8.06 8.5 8.63 8.47
Fe,O, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.47 0.28 0.4 0.52 0.45 0.45 0.4 0.42 0.52 0.41 0.46
MgO 12.8 11.56 12.84 12.11 12.68 12.12 12.1 12.99 12.29 12.17 12.57
CaO 21.95 22.67 22.21 21.59 21.86 22.09 22.37 22.36 21.95 22.12 21.92
Na,0 0.81 0.48 0.68 0.95 0.81 0.88 0.68 0.73 0.87 0.82 0.82
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr,0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 99.1 99.12 98.67 98.47 98.79 990.11 99.25 99.2 99.18 99.11 98.88

Site T

Si 1.863 1.728 1.809 1.800 1.827 1.772 1.772 1.818 1.811 1.803 1.841
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AV 0.137 0.272 0.191 0.200 0.173 0.228 0.228 0.182 0.189 0.197 0.159
SiteM,
AM 0.057 0.079 0.031 0.053 0.046 0.044 0.043 0.032 0.054 0.053 0.046
Fe(I1I) 0.085 0.160 0.144 0.151 0.127 0.167 0.148 0.140 0.132 0.135 0.117
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.027 0.034 0.033 0.033 0.029 0.041 0.043 0.032 0.033 0.034 0.028
Fe(II) 0.155 0.116 0.109 0.118 0.127 0.101 0.121 0.107 0.128 0.129 0.142
Mg 0.676 0.611 0.683 0.646 0.670 0.647 0.644 0.690 0.653 0.648 0.668
Site M,
Mg 0.038 0.037 0.037 0.035 0.040 0.030 0.033 0.034 0.033 0.032 0.036
Fe(Il) 0.009 0.007 0.006 0.006 0.008 0.005 0.006 0.005 0.007 0.006 0.008
Mn 0.015 0.009 0.013 0.017 0.014 0.014 0.013 0.013 0.016 0.013 0.015
Ca 0.880 0.913 0.895 0.872 0.879 0.887 0.899 0.895 0.881 0.889 0.882
Na 0.059 0.035 0.050 0.069 0.059 0.064 0.049 0.053 0.063 0.060 0.060
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 47.4 49.3 47.4 47.3 47.1 47.9 48.2 47.5 47.6 48.0 47.3
En 38.4 35.0 38.2 36.9 38.1 36.6 36.3 38.4 37.1 36.7 37.7
Fs 14.2 15.8 14.4 15.8 14.8 15.5 15.5 14.1 15.3 15.3 15.0
Mg# 0.81 0.84 0.86 0.85 0.84 0.87 0.84 0.87 0.84 0.83 0.83
R,, 0.17 0.27 0.21 0.24 0.20 0.25 0.23 0.20 0.22 0.22 0.19
3-6 3-7 3-8 3-9 3-10 3-11 3-12 3-13 3-14 3-15 3-16
SiO2 46.21 4555 45,51 46.1 46.07 47.12 47.56 47.09 46.71 46.72 46.91
TiO2 1.98 1.72 2.02 1.62 1.73 1.45 1.32 1.64 1.78 15 1.73
A|203 5.6 6.27 6.79 5.58 6.12 5.16 4.85 5.53 5.34 5.41 3.87
FeO 11.73 11.08 12.26 11.42 11.78 11.04 10.42 10.92 11.4 10.65 13.43
Fe203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.74 0.75 0.76 0.72 0.77 0.71 0.72 0.81 0.82 0.72 1.14
MgO 9.9 10.09 8.94 10.02 9.98 10.49 10.97 10.31 10.14 10.63 8.7
CaO 21.82 22.25 21.81 22.29 22.13 22.38 22.31 22.15 219 22.26 209
Na,0 0.94 0.82 1.09 0.95 0.91 0.82 0.85 0.91 0.96 0.81 15
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr,0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
98.92 98.53 99.18 98.7 99.49 99.17 99 99.36 99.05 98.7 98.18
Site T
Si 1.766 1.742 1.738 1.761 1.748 1.789 1.803 1.785 1.779 1.780 1.818
AV 0.234 0.258 0.262 0.239 0.252 0.211 0.197 0.215 0.221 0.220 0.177
Site M,
AM 0.018 0.024 0.044 0.012 0.021 0.020 0.020 0.032 0.019 0.023 0.000
Fe(I1I) SV 0.196 0.183 0.204 0.199 0.168 0.164 0.156 0.171 0.172 0.200
Cr oes 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti «e0Y 0.049 0.058 0.047 0.049 0.041 0.038 0.047 0.051 0.043 0.050
Fe(II) IARN 0.158 0.208 0.161 0.173 0.181 0.165 0.188 0.190 0.166 0.235
Mg +/00¢ 0.573 0.507 0.575 0.558 0.589 0.614 0.577 0.569 0.597 0.515
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Site M
Mg ’ 0.010 0.003 0.002 0.00 0.007 0.005 0.006 0.006 0.007 0.007 -0.01
Fe(Il) 0.004 0.001 0.001 0.000 0.002 0.001 0.002 0.002 0.002 0.002 0.000
Mn 0.024 0.024 0.025 0.023 0.025 0.023 0.023 0.026 0.026 0.023 0.037
Ca 0.893 0.912 0.892 0.912 0.899 0911 0.906 0.900 0.894 0.908 0.868
Na 0.070 0.061 0.081 0.070 0.067 0.060 0.062 0.067 0.071 0.060 0.113
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 48.1 48.9 49.1 48.8 48.3 48.5 48.2 48.5 48.1 48.5 47.1
En 30.4 30.8 28.0 30.5 30.3 316 33.0 314 31.0 32.2 27.3
Fs 215 20.3 229 20.7 214 19.9 18.8 20.1 210 19.3 25.6
Mg# 0.74 0.78 0.71 0.78 0.76 0.76 0.79 0.75 0.75 0.78 0.68
R,, 0.25 0.27 0.28 0.26 0.27 0.23 0.22 0.24 0.24 0.24 0.25
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Fig. 7- Oscillatory, reverse zoning is occasionally observed in the clinopyroxenes of studied samples.
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Fig. 8-Normal zoning is usually observed in the clinopyroxenes of the mafic alkaline rocks.

According to the Mg number versus Na diagram (Fig.

9b), it can be said that there are little differences

between the estimated pressures from the Na-Mg#

variation diagram and those from calculations.

According to this diagram, most of the samples

show pressure in the range of 5-10 kb. However, the

quantitative results, mostly based on Ti, Cr and Al[6]
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contents, are lower than 10 kbars. As a result, it can

be said that the studied clinopyroxenes do not have

sufficient Na content compared to the clinopyroxene

phenocrysts from different locations, and thus do not

resemble the high-pressure (>15 kbars) ones. How-

ever, the different pressures values in these clinopy-

roxenes
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Fig. 9_a) According to the Al[6] vs. Al[4] diagram, the investigated clinopyroxenes mostly fall in the ,igneous rocks field of Canil and
Fedortchouk (2000). b) Mg number versus Na diagram (Simonetti et al. 1996).
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are related to the crystallization of clinopyroxenes
at different levels and depths of magma chamber
station in the ascent path of magma from the lower

mantel to the crust.

7_2_ Causes of Zoning Types in Clino-
pyroxenes

Various hypotheses can be considered to explain the
occurrence of different zoning types in the studied
clinopyroxenes.

1_ A possible hypothesis is that the core and rim
and mantle band compositions of the clinopyroxenes
crystallized at different pressures (Wass 1979; Dobo-
si and Horvith 1988). Figures 8 and 9 show different
diagrams for cores and rims of the clinopyroxenes,
and for groundmass crystals. These diagrams pro-
vide us useful information on the crystallization pres-
sure of the clinopyroxenes, showing no considerable
difference between the crystallization pressures of
the cores and rims of the studied clinopyroxenes.
1_The mixing process has been recognized as one of
the main process that can induce disequilibrium phe-
nomena such as complex or reverse zoning and re-
sorption/reaction textures. Indeed, most of the dise-
quilibrium textures are ascribed to magma mixing by
many researches (Wass 1979; Duda and Schmincke
1985; Dobosi and Fodor 1992; Simonetti et al. 1996).
Such a process is known to have the ability to gener-
ate strong heterogeneities within magma bodies on
very short scales (Perugini et al. 2002; Perugini et
al. 2003). The presence of colourless diopside cores
with sharply contrasting green salite rims is the best
evidence in support of magma mixing. The sharp
compositional differences between diopside cores
and salite rims suggest that the cores and rims crys-

tallized from two melts with different chemical com-

position. Dissolution of clinopyroxenes cores, which
led to the formation of strongly resorbed margins
and a network of internal cavities within the Cpx, in-
dicate disequilibrium between cores of Cpx and melt.
The presence of Mg- and Cr-rich bands and resorbed
texture in some clinopyroxenes of potassic and sod-
ic volcanic rocks of Lahrud, indicate that magma
mixing of primary magma with some differentiated
magma can be reason for such texture and zonings.
1_ Considering the effect of oxygen fugacity, the
Fe3+/Fe ratio for the clinopyroxenes (mean=0.14)
is significantly lower. This is interpreted here to be
evidence of different oxidation states for the forma-
tion of the core and rim. Although changes in the
Fe3+/Fe ratio of the clinopyroxenes occur between
the core and the rim, it is less significant among dif-
ferent zones of the salite rim. Therefore, the complex
zoning of the rim cannot be explained by the oxida-
tion state of the magma, as discussed by Hamilton
et al. (1964); Brooks and Rucklidge (1973). They
suggested that the changes in oxygen fugacity due
to, for example; the release of volatile or contamina-
tion might explain the rapid changes in clinopyroxene
compositions toward the Fe3+- rich type. Oxygen fu-
gacity may have risen as a result of contamination
(Hamilton et al. 1964) and could have a genetic link

with the green rim.

8_ Conclusion

Mineral chemistry studies show clinopyroxenes of
the study area with salite composition have relatively
lowpressure crystallization conditions of the magma
in the magma chamber. The calculated pressures for
the clinopyroxenes in these rocks are in the range
of 4:5.5 kbars. The analyses of the compositional

trends of the clinopyroxenes indicate the oscillatory
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reverse zoning in clinopyroxenes related to the dif-
ferent crystallization paths under a variable oxygen
fugacity and different oxidation condition and mag-
ma mixing processes. Normal zoning is related to
the differentiation and fractional crystallization of

the magma. The resorption texture of core parts of

some clinopyroxenes are attributed to the chang-
es of crystallization pressure, though such textures
have been ascribed to magma mixing. Crystallized
clinopyroxenes underwent a relatively low-pressure
fractional crystallization process in closed-magma

chambers at different levels of the crust.
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17-A study of different zoning types in clinopyroxenes of sodic and potassic

alkaline volcanic rocks from North Lahrud, NW Iran
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