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Petrography, Geochemistry and Geodynamic
of Moradloo Dikes , Northwest of Ardebil
(NW Iran)
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Abstract

Over 300 small and large dikes are exposed in Moradloo district, covering an area of about 140 km?2 in the north of Meshkin
Shahr (NW of Iran). They dominantly oriented in NNE-SSW strike and intruded into the Lower Eocene volcanic breccias.
Previous studies showed that the rocks were Pyroxene andesite and tephrite, regardless of geochemistry and geodynamics. Our
petrographic studies indicate that there are at least 6 different petrological groups and magma mixing and contamination
have played role in their formation. Geochemical diagrams not only emphasize the fractional crystallization as a principal process
of magma evolution but also indicate their potassic and shoshonitic characteristics and generation by the low degree partial melting
of LILE enriched source or metasomatized mantle materials. Finally discrimination diagrams show continental, post-collisional
and island arc settings for their emplacement. Analyzing all data obtained shows that the petrogenesis and geodynamics of the
dikes are accompanied with complex model in which the partial melting of metasomatized mantle wedge, the melting of ancient
subducted oceanic crust, the interpenetrating of tectonic regime and finally the fractionation and evolution of parent magma in
chambers or conduits have had significant roles .

Key words: Dike, Contamination, Fractional Crystallization, Shoshonitic characteristics, Geodynamics, Moradloo.

§1 oglous (b 5L Jluw AG sy @é@j @)(®) qy




(S0l sl Jlosb) 95130 (5lgSals S0l dgsf g oaidigh f o5 SnSamw

3o LeSSls ol s g tﬁ;@&b); o s gl 5 &S
3390 § i gn oS Wlos S 3k Aoty ol 53 Caltbee calid S S 5 L
33 el ST codd 5L (bl S 51 ey ol il Dlie oy
A 5 Ak ST S5 Ll Sl O 4 ailate
5, IS AL (15 5 58T (S5 iS5 gleosl S
(it lgdlad wlad Sloj Jool b )3 .ol 4Bl trn 5 (65200 5
Lg\gi;wmbjldu&évfalf}u)Qﬁww&bjééuxibé
ki A Ole s Slaas 53 LI5S Sl 5 188 (S5
oy gl GWTLngiM sy 0 oSl Dyse 4 4 Cul

Wl S a8 15 Y ! anlla 3550 SESSIs 5 S kisd e
3PS S FLESE S e s a g i 4 G5 5L
Cond g bai 51487 i g b 0 3 5o ailats O g 5 el 55 (25550

OV 05 aY 48E) dilod 0313 Cannd o SN ) o Ll

LSats i slea 19 3 il Sy =Y

SeskSTVF st a5 SOl ¥ I i aalllas 5 g dike s
am:sl.(cfﬂ;;,aﬁgiium (515 L) Sl 4Bl 0 gais 5 e
Gl o2 AL ool Gl (S alils 8 o gy Sile
Jsb O 5Y L) L)l sl iy dgiT gt K3 o8 Jlom 5
Wl Ol i 3 20 Y 0 BV/O ST Gl i 5 2e shSTFOL 2ad 51LSSIs
A L5, SNNE = SSW e Ly, &K 5 8 5l
sl & anlllas LgSOls (F JSK8) das o 0L eSols (o 1, NW — SE
o b (53le LT Bl il (a3 Ar BV (3B 4 6S0a 5L (3B ot
(550 (ledSa) o dalie J6 55 bl Gl bl a6 0

ol s Bl BL Sl ok 4 OT Jsb s 5,a SOls oS5 Wiy,
Lyl e O Os 8l b oS SLeSls 55 53 e caline
S o S 1 LKl L) e Jule aw el ool Eo A
:(Bear & Heiman,1995 ;i J& « Gudmund Son,1995)
LeSenSs duin (O AV IS8 gl 5 Shee) sl a3 ol o (L)
0T 65555k 5 dsb s oSUls ) LS ¢35 (z 4l

S s e 0l ailate Sl (sl 1 Kooy 7 353 05 plowl Sl

Lol (6 bg Y 5 2S5 kT I Ol b o AL i slgSls s

qw @é@j@_@ 91 o lash .3 5L5 Jlws (AG sy

Ao

Gl s (6 kS VYA s 5 ed S Jled 55 andllas 5 ) g dilate
o)l ol Ly bSOl (el sl gyl 5 als s Joa
;)lqu,l{)sT@mTcs:fa}&;;\Mwww;@),&,‘\4:>L;
G5 3 65 Slead 5 Slhea S Lyl 5 0T Jld s 7
Olosle Lo Gas ailate oyl 53 L5 Slalllan .05 05285 Sl
Glemlie b (wlim) @bais Ly B o 5 a8 wlidip)
(Dlalllae oyl ol p o Zonl 435 plonil (Slamb Ve 5 VYO
5 AT S s (b S5 g3 Gl odd sl Sl
) ST 88 15 e Sils 5 51 Yzl 5 03y 8
23 s a3 05SU LI YV aY ail) sl o aikie 5
3 55 plonil ailain (SlSUls Saly 355 5 (oo 5 (B 3550
Slolaml ¢ s g 35 ian sl ol (AW d gyl o
Sl Kl (e S 5 (LSl (sl e (gl 55
GPS U aibin ;3 &I A7 gLl Slashs Jhags opl plasl 5
3 S50 phie 07 Soy p ks il BT (S50 Slasiie 5 uns
& S 5 kol ol 4 03,50 B8 15 s plail (6,00 dalllas

LA a.)U.:.«-:‘XRF uf:)‘)

Ao (ol (g0 §
;;\J,_t_,'j_;lo,;;lw:;qcotﬂlwu&:ﬂ)'(_;bu‘_;,\_:{r_:@ﬁubw
ST 05 5 (Berberian&King,1981; Stocklin,1968) 5™,

T e sl (Alavi, 1996) 5 5155 - s s 5
Lsiye s ST glaon sl b 4y ailate (plidpon) Sloc 0550k
A S s e g8 o 5355 Sy 551 o8 oS 350 0
o b SAT bha (o liae doly o 5 et s o> L5
azeie Jlod 53 a5 ((WVrisg,aY 4il) ol (bsi) s dwl S

SO K8 Wl s
S ol odd g SlaaisT clgd 5 Lo 5 dibate Sy 5l deoysAr I i
bl 8 5 (Abe 25T (S5 Ak aT S 5 0T Slabas
o o3 e o) Llad 8 13z Ja 5 g A &S L5
ST (535 5 A g5 AY &S5L slaaig dbauly b ailis Jlod
Slp o2nd o S o e men 45 LS o 1 F GV b S
a6 syl (1YY g ,aY aid) Sl o 43 8 b s T

T Lae 55 (Solmisl b lgil b suias O T s SaeS s



(Jar)l G idl Jlosb) 95150 (5lgSal s S0l dgif g oaiigh § s SnSaw

b s s S dbr b b b DI 5Ky Koo ablis
L5l s e e Ol 3 1 ESanSTU sk o s Se b s
el (o o33 70 5O 5531V 5T S 5 LSS 50
s s Ay Jals e b SleslS 5 Wlesls ol s 41,

‘:““u"“fﬁﬁif.f;w‘ﬁ6L“))L¢“&J°d)“)|@‘”)°}@birﬂ’b

a1 sleSats — O— ¥

S5 5 S5 S e (ST sl 1 b Sl
(515 g sSes San blie 55 T Sab sh e Jols 1) 5T
Y S ST R L SR I RATY- SO JC ISPV g Y
S el bl S 55 s o 7 e s el 25 S Sl
olibe 3 s 51 50) SIS (6 5 3L 5 6yl slae i1 oK
Bl sleds Son Jols Lsls s (0 JKa) 5,05 (IS 555 )
Wl il 92 g S ST sl sk by 5 IS s S

S99 Y Slelo - - ¥

ol 4 bg e aalllan 550 dilate 55 4Bl Ogai 5 SLESSIS 3l o a8
G 35k bt b 6, T s Sn 3l .l o5 8
Lo T sl slaysh Sy ol Hab 5as 5 (5 Sen 5y b
IS aes e (Sl g (00 JKB) 5w 5 0diS (sla sy g
CS S L NS 50 5 S 505 S5l 5 L Sol g S s IS
sl 5 614555 Ols Sy oty LB Sl lls .ol 50T B 5587
A3 ey dy Skl s pam Ol O o ST 5 S e
5 5 SIS S edd sl Sl LK S8 sy
adllan (Lo gos .l 55,158 5 oS (glay o Sl o Jlasl leSalsly
A T KR T R R T P e & DA
DY 4 (Blay Wi S Sl e sl 5l 5
L3l Syl sl T 55l Sl 156K 5 LS L

CSKls Sl galan 53 Sl oS 5 b oS 6K sl -

e sy 5 3T Al (JUjE 3L (st Gl 85 sy
S b ey ol 1V ISKE) LIS 5050 55 sk sos
(Wright & Helz,1996 3 Emami, 1981 ; Shelly,1993) oliis
GO SN FSCI B Wt K T U

53 Sy 5 Kby oSBT 5 gy 55 Sla g G055 295

S 55 ol (W JSK) T sl iy Olmis pled glaj e 5 ail>

S35b GSsts — 1—Y
5 2T SIGL (AL leKaw 1 b wlseKan L 51 SSls )
WSy Son 6 155 T L L sd o Jols 1) (AL sl )L
el JU 2] 5 (514305 Olon Ao b 6 by 5 5 sbi 2 6 e LS S0 5
DU aa b JSCas 55 (slginS s g8 Joli LT ool (sl sk )
54 US8) i CslusaigscalecA JSK8) o kubosle o siss b
el il (lyls A8 S AN —An ) S 5L oS 550
Sl shelys Sjse s Cpsdl A )k sdoms S B 5 a3
S ol SKIs cpl 51 a3 ls s sa T j el 2SSl 5,
(i o Sl \D GOl b ot s 1 55 26 5550 S 5L oS
O ISl 55 K555 K b S g 0 LS 68 e

Sougd sleSats — Y-

(G B (A (el Sl o) ebaeS
6T der > oo 8 S ol (ims a5 S o5 528 0
fe LS o5 S on s S5 Son s Sl 3L i T
Sk Sudys el I Ol b nst b (55 5 410305 (A S
Dl as,le BT et ls

52 & Slasia Olea b o5yl Ok 5 byl p8 GleneS 5 msdS -
Slacr (15 S s slaysh (A (b sds AL LK
O USK8) Wles STy WoT bl g 0 bigleandUT 5 axsls 1y ks
S 5 3 ey o sla ke (5l o8 4T s 5 (slgarnUT -
- Az S5 5

3ol lay sl SIS 5 50 slend s Sn sla sy Jols K5 sleslS ™
@Kouww‘_;Lm,gj\r\.\f@,;.w\auqu‘_;LH},HQJ.\J@
ssba bl AL LSl dlan 55 LSS5 ol i odalie Hls S 55 n
O JSK8) st (2S5 ) Ko 5 LgSKim 61K (5 5l ¢35 doms

78 slesate — ¥

AT sl o odes 5 ol (15U LeSS15 Lt gS515 ol pulis S
5SS 155 15 Olon & ast b (6 85 3 (1415 Ol (5Ll 555
¥ S8) GBS & a3 (sl jlins e 30

T slesyls — F—Y

338,855 05 8 cpl s 3T S s w5 kT GLls

§1 oglous (b 5L Jluw AG sy @Jé@j OXOHg qF




(S0l sl Jlosb) 95130 (5lgSals S0l dgsf g oaidigh f o5 SnSamw

iy o s S5 Lt e 0L oy sb sl 36 4 1, KO 5 SIO,
el L L L3l T o) o ol ) i (6,8 515 S e 5
Ll Kl (555 5035 ko

MgO & Lo SlaS 5 (23 jolie D i 53 o8 (I3 L s -
Clls Oleasl 53 jolie ol S bt il 51 B 355 0 0ty
a8l 55 sk G £ By sl s e il

Gl ls 50 53 LS 51 pdm 6,8 515 Cambge 53 g e ST,
L 5 g 3 il (sla sk o3 5 g5 shae L5 a0k 5L
Caibesy oLSL LBYT 5 KT wsle o S5 ulye |

S Lo Slalagei S laeSin Lilsy sp Sl eees
LS 5 o pole polie o Sile gl s S eslinal g pSe
Oloe slaety LS 5 Cuy S cadsl 2858 (SlaSle & o Lai sl
6T s« (10 b YF (sldSs) Wloks Jlnigy (MORB) o s5L3l
HRGI N ES

i 28 8 LSl (Zu, A4S 4 o sk 3 REE 5 LILE Luslis -
S T a0 O g geien (S8 6 o 5131 Olr slasity 5
Slge S U e G Sl b a3 5l T WS (35 L
ol 035 pulie 2 Yzl L Lt

56 b5 o Th ;K¢ Ba¢Rb ¢ Srasle ¢ jole Sdi 2 pimens
il sy Ll ST Wls 5 Gl g 310 b (2T )

Gl LI Ti N olie foue 55 ot ocalin gl ol i
BN E-H P G PR I N ISP PR PPY

b i & J S Slaslsgad 53 kel DlaS julie jalie JUisd
o2k S o Sl (17 JS8) wleds (55leslnzgr (Vb duy
L gy 4y S (b 52 Col= L) RD 3 Ba ¢ Srouibes (5 ,0le i
slan b adsl LSl 2T 5 6 80 ASTE oty ol 5 ol VL
el Bl 6559 8 Dlge) b Glanw sy

om% )y o« «(Taylor & McLennan,1985) TAS ,lsss s
Gt B gas i (238 15 eslinal 350 SOl LSl Coals
53 (Y ) Wl 3l WS (6 e a5 (6 S 3l 5 gl - anndS
LSl 5 ods 3 lasigad el 2o 55 Middlemost (1991) 15 a3
SO JS) 15,8 e 5l bl us LS

aaibaie (GgS1s 3l 6L 5 slun a5 as L OLLSIO, Jilae ;3LA Sls sai
33 (Y8 JSK8) 503 Gl o s (6 o0 LT 316 208 315 5 gl (6 e
B se5 i (Muller &Groves«1997) SiO, s ;5 KO Sl 5a

a5 @é@j@_@ 91 o lash .3 5L5 Jlws (AG sy

U.iL»an abiss (Replenishment) sdaze ‘_;L&f.uﬂ. S Sl Ll o
Al o3y S &L oo S8l s b LS (SiseT &2E

.(Streak et al..2002)
LGS LS s S s b Lol Sl s g0 5 YL 5
0558 (6L polan ol Sl Ol 1 50 ghlsle o 1 &5
whler se UM, 57 shlasae L) M, J= glalas ;5 Ti ™
ool (Shelly,1993) Coul Sy slaysk (100) e s A
SO R R N AT PP NP JEN G AR
5 sk Liy Cs e gw S il 4 4> g L (Carpenter,1980)
531065 § 5 Sl s 45 58 ot 15 o0 ) sbS (5eSKan 31k
el LS 0l 15w LSl & Sl G Al e 53

L Lledd )}l{lﬁ (g_';.’.w

LS (Sl (s 51050l — Y-
WJGL Sagdees 53 biased 2w (Cox et al,1979) sl ,ls a5 o
23T 5l el 5 ) sy o 5T 5o el Slsle (AL 2o LT ST 5
335 53 OA JSG8) 0,8 o )15 S 5 5 a5 0T WS 5,0l
allls 5550 cbadi 5ol 55 Middlemost (1994) ke Jilas 55 LG
5L 58T o 5T S5 o (AL a3 8T S5 o2IGL 5 08 s
5B g (o eagdeue 53 35 T Sl ol 5 ST T

08 IS5 s oo 85 53 6

womigi) — ¥

ol ks G )13 03 3l gy 2 3550 G4 g0 o 2 eS bo ol 3 s (1
Ol yeds 3500 5 )Y et li 5 e sue plp s ol gldST]
Y G Y ) di oslinal MEO Ll s 55 oS 5 o3 ols
DS das o OLES W15 e pl o

e T 5 e Slai) 31 i pa ol olis (sl ST i
G b s LS eSS ST S Kl a8 A8 o (55m Wa)lo sas 53
el 15 LSl 5SS 53 e oo Olge 4 ) sk

s Sl Y Gasls e i )3 beiged I g3lad sps
S oS st ol o 53 gaedST IS5 5N, 5 e b SlesS
055wl sesm 65l b A Jolm Gl ol 5L LS L
w},,;,'l;;ﬁ;tw..u)i;dwmj\ﬁutu,&gu&\,ﬁd@

b polie 5555 9 58 Al i oS dzea LI>0 Glyls 0



(Jar)l G idl Jlosb) 95150 (5lgSal s S0l dgif g oaiigh § s SnSaw

Wy B b ge 4 VPV K 5 o ble S 555, Emami(1981)
.w&w:yw&»g}s&uﬁ@jﬁiﬁé@

Cambge (oSl — tlopme) oainii Glajlsgel ol dalas s
LSS ol 5 @leyb dsl LSl OLS 5 3,5 5 5l e slplS
s w0l eSSl

W5k a3l e ST 1) S ol G GlaaBl (Sl pax
s las 8 Lane oG 51 g aiST Lass 65 55 SOls 55l LS L
LS b8l Sl om siday Y o Ll 03550 ¢ 5,5 LILE
:YLQ.L':-lli)AFC ‘_QLAQJ%A.;)Q,..A‘AA}{LL;)‘):dﬁ.légiﬂ)})éa:.wﬁ:égu
.g;.w‘a}‘)ﬁ:;’ﬁb)ﬁf&M})aM&)jéL@fuwaRTF
sl Wle olecpe) Slgsfy ol Sb wsSae by 510 JIy
OLd Fodoms 4 (Aber,ZOOZ)A}QL;« o> aw\i‘_}f}i) gl,.'el{)é
Slalssai 53 baiges Cumipe S8, (o8l 58 fhy e »
el o ailate eSSl s S f 5 5 laci

S 4 a8 Sl 035 i Ol OT HSde 2iS oS Gl g
e (ol 18 b)) 1 8 S L e 5T 5l asles SIS
03,5 JaS 1 LKl L) s eSSl dudin Conl andl 5 Ll 0355
5l LS L L Gaes (5 1 oK 9 3 15 3l pdm o
..ufgd_\,uc.lylsbs_l._l;

S

Kl I sdalpd g azils o gite it Kiw S 5 aibate 5gSS 1)
s s Ol ) oW L (YT

31 e 3 6T & o> gn 0L ailate 5115 36 s 2 Y
Bites aihie 3 domly o) lodd s S0l (bl 4 e it
o) ol ST (sl

NW-SE ¢ 555,¢5 s NNE-SSW o, 5,655 (61,15 6K 5. ¥
5035 Slsm aa b Silpe T iy 55 ol e Dldalis s dzes
\,@La,'ibf,;rfwa m,z;,_l.,u)bcbl_&ﬁuuw;lk;xl
RNC WP PV U S PR S PP

Ol o ki eKinal b bl y5 OlaS 5 ol jolis sla dnSTT Sl i ¥
S35 5 LS Lo g 53 g il O e s 05 g 35 3B 8 ims
SLEL Gl n 1) (s s 5 iy B 5 (olmnd 55 Sl 505 0
S e OLE gSSls 55

L KL REE 5 LILE 31 iSCls b8l opums Sas o6

b gl — S (5 S Sl 5 s gd s ey (S
A S Ll el

5313 it 31 b lucomo ) Cusdgo — &

! Muller & Groves (1997) L 5 457 51 0 ks (la 15 505 55
Cag gas (ol 0l @] ol (LSl ot lapn) b ge ol
SelS) CAP (5,55 51 L S) PAP onls av anfllas 3 o
das e O 1y (6,5 b SLS L152) LOP 5 (lo b il LS L
NG A RPIPCES)

SIS TVZr — Zr 15505 55 TZE i (2alS 4 5, A Sgy 0 a5 b
Camdgn &S5 51 ESIs 365l LSl Lie &5 558 0 et oFF
el 4Bl I g2 b (SRl B e 4 (55

CeSls 4 bg e slad gas Cand ge RO/ Ba ol 3 Ti/Y lssei s
JS8) sl sl S gy S Al g o MW g el s 4
|y sl 83 5udomn 35 48 5 25 53 Wbl Aol anlsy (LS (0
Gl 50i o=V 5 (Alici et al,1998) S o Jlsl s 40i 5l 5
Sl b o3l Cald il pu) adlite SIS ¢l S (S
5 255 5 oy LS (o)l Ll GlglS £ el WS

(¥ ) s e 0lis SLS il

oy —F
d{))))‘)t@T(cﬁﬂ%ﬁ))Y/\)M}} .sff‘_;l.ggibujlfg-
&Lﬂ&_ﬂ'ﬁ;,>J§wajg@iacpm.4ﬁ;@)|;\@_\;@;
oo (Bear et al., 1995)clgT 23Kl 51 b i gy 5o 2iS

3513 s LI 2287 ity 5l L SU1s JEs (-
4{@)}.&)}6%}%)} Lﬁ‘w W’:)‘ Jaé\:- éu°j)>ﬁw
LS L Wl gl g mme ASlg o (2Bl Sla 55, S Gl
tbact 4 5 (laosls il osy b 4 GV 58 mlie I LIS
5 bt Caale &K glad s ) Calie Slalssel 53 ek ses
3D 3590 ‘_;La»o\f.\i: A e OLES L@gil.a ‘_gl.afl.ﬁ Slply ol
S Il 53 5 Sl Sslize Ol (2555 5 (1S SSaliy 5555 35 90
Innocenti et al.(1982) , Berberian & King(1981,1983), Moine
Vaziri(1985),Alavi(1996), Bauman et al.(1985), (Spies etal.,1985)
CLlosls s il g5 dlelu a5 55 andllas 5 ) 50 adate (lgis 5 53 ¢
Lescuyer & Riou(1976),Amidi(1977) Didon & Gemaime (1976)

§1 oglous (b 5L Jluw AG sy @Jé@j OXOHg 9%




(S0l sl Jlosb) 95130 (5lgSals S0l dgsf g oaidigh f o5 SnSamw

2l s @losl ddl GlglS )5 Sl e slgleS
s e 0L eSSl o Kl
5l @ ki LSOl $Salus gl s oK duy o ki 4 A

sl WS

ﬁj\foT;:K&de;}ﬂ&la% Jm}\&l{ubd)iﬂ
b g (g ilys,0 &g 93 ol smlie gl € 5,5 520
23 Gt GLS e U 5 o (GHils b 5 S lemds JHI
Llazals (18 Jolse ol Olojan o 5 Jlize 30 5 oSl ladaios

b 5L L sl a1 5L e S b i SIS ST 3 8
SK(Ba St cRb wile g mobe Sas b cpimen ool 055k puslie
Yl 5 litngy Slpn b i LS BT 51 26 wig s Th
SND Jows 53 a8 1S slbls 5 asb osy LSl SeseaTy [uNT
330y s OV 3T 5,0 5y 5 sSCe (gla 15 ged 55 a5 Ti

s e Ol eSSl LSl o ST

R WV S IGIL PUE I L;}.Q; Syl g 5 sl Glayls g Y

....... Wl H/
1 _.\.fl.‘ Al

Vo
.',\:é,/ i
9“@, i

:
B

''''''

*

4

— ] e e |:_-_-J

R SR P { ‘~~--:" Y
[T cmomutetntisn R, wean e
l_j_i e L e ot |‘/_—|l il \
=) s s
) o

Il aabete 5 4oV wlld ey 4l - ) ILs

U
@&@j OXO 51 0ot v s b s A® oy




(o) bl Jlak) glal e SRS st ] 3 adgd ] o3 i

ol e ALE N S Ly ok -V S i 1 ol Jlt s alalies g8t - F S

B s el o iy @ﬁ@jﬁﬂ;ﬂtﬁ L



(ihera sl (5350 k) $lal o (SRR A5 Saobaag0] § piedigt ] o Bnton

DRSS SRCT L Bt

‘-W: -I 'l - L ; ".\-

il b el il b s Cilalai - 1e Jo
XPLY i a%la s 5

Setm i blm gl L U 4o Tl gL et y3- W SRS {KPLY o2 jle s g ,uII’:-'rmc'._;-_.'wé':_-_-.:n;ﬁ;.-u.-lﬂgg L
CKPLY. o o oSl jlondid, maiily Jls o gl ol

45 Qﬁgﬁ@%{ﬂ@ BB e R iy



(el 50330 Jhad) 900 e gl 3 Solh 530 ] § pipdan ] o i

- . Fa ."..:-:: 1 mm

i Loy REN PR T I R T L R L g

L FLa l_'_'__'i-l_la-\;i:u .,i_'.l-_;J__..l.-... n_"-.n.- .'I.'-'.E:;_"-'.'-._'l'j".‘-'--'.-:-'

Lol y gl I ™

.:J‘._'r:.I_J"""'""'."""T":-"'.'*_!‘I-'.?.—':':'.—T'.-"'hﬁJ—';'.'.l “'._,'5—"
(HPLY o ki fls o 88 g e gkt yn

1 I e e e o o o
.'. --'\'-
-

[ =] A e X

12
Wi
..__.- . Bivrolite

_.-9' =,
I 1 I!uurlul--} -

f.-.
Amd.-lli;_.- -5

MadUH-E0)
N
SR
-
““?x?_- \

S

anlline )30 hgala I gl gas 5 8 13 i ge = WA R

Cox el al i 1479 e s

iy < w G
- ¥ " ﬁ-r?u M lmm

-\'_'ihl.: ..: _:il_p___l::l' el g g pd il g gl -5--.1_-:5 U6 b Rl ._-C;-.H.'!:'- -"ﬂ'l_lfn:u'.-
OOPLS i S s

P .5'.._.'_,.- J.p'.i-;i- 34 _;I_-.Tr.\_.'.ln_;l_‘.ld.'l— _,f__...'--'."l" "_.".l-\-_'.

(L ._'J-'.?'.:_'I—E FE __.;lu]n..l

E

=

Pl o WD) W

[ =
i

iy W W

amllles 3 g0 5lgSala J gloas o 5 8 3 Comige - JE2
Pl cllenmast I':.i":.i'-'ljl_.la_.,_..- 33

b B e i L o e s A b E%GJI@E Kua



(iharagl 50330 Jad) 3lal o 58 5 Tuolipagi] 3 piadgt] v Bt

il 2 T T T T T T
L]
5]
. L]
=13 " -
[ 1 ] I L
:ﬁ - .h.ﬂ .-. _E L s l.'
l-" ., s v L 0]
() | .
P L] - .
L
[T -1~ ¥ 5II ;l- ™ oAb 'll- ::I JIII i !;l:l i\ll T &0
L1 Mgl
% . W
s w0 t--
L1
"o 3 LT
By LI - L]
Pk i o sl TR | AT
aF 4 L]
[ ™ ‘i'. '-' 3 ' N :
E -l- 3 2 'I'-II‘
W e o w e om m S oo om ™ m
Mgl Mgl
£ o L]
Il.
e I.l . .. LN =
= awsf" -“ ] .
o R 1] LIl w E
T b ; L ?l 1 E " : '.‘lﬂlf
- ] L S ] E
1 L i ] L L 1 ] 1 ' » L a L
i E0 M a0 B0 &8 TR ED I0 0 M 40 MM &1 TO0 Bb
L1 L
an T T i T ¥ T I T T T T T T

of .,.di:"-'
e f n S0

1] o I I i
W M 0 40 ¥ & W M 0 I0 J0 40 S &0 T &0
nigl Mgl

all

P,

D L R W - U R P T YO Py P[P POV o A= TOE
}'-il_l: = -.""'!I_E' IrIMIL," " r'ﬂ1#-hl

ysy [[.5':%' ':'__,.ﬁ @Ejt‘; B i AR e ety



(ihiragl 50350 ) $lal e shgid 5 5 g0ty 098 ] § gl ] o5 En i

k] * 3
L]
oy i
&l
-3 ':J.- o . :f.
3 1P S ST
£ i w '-l‘h u
f ! J. ™
Y i L Li L Lii ™ i i i i i i i i
45 40 8 0 5 W 1% 18 13 30 45 400 & & & A0 15 b 3E N
La [ ¥]
[ ] T
L]
Ll o L] '. T ]
3 L]
» e o fr'.
= 4 LI =~ &l -rl'
"' L S
2 Lk '." |.. = 1 EA § L] : ]
x - :'% mE e BOF
" if ® l:‘
" oa
I-l:-ll-ulsu-u-zlz:.ﬂ- Iq!.uai!-ul!-ﬂ:!ﬂ
Li Li
E -] 7
= [ -
3 T =0
5
- "o ':I‘.. . 2 L
] u
P ""-ll‘.f. " g " et M
L] i N
L] li‘.
mE .
z l'-"h'-:. "
!.u. qa & @B o= I IT 26 T EB 1-I! B =2 @ F 1F 15 1k B M
Li Li
18 prevey T T =
% o
mr -!' :.‘ ] HWE oy
L] . -
k] - m LI |
& lh. . a l.i-.l -
- qiu
u H .
a i L i .} @ Livsalipebearali ssalun ol A
Af A% & 0 F @0 15 b IF J0 A% b £ B 3 B BT PO 2T 3D
Li Li

ALY e N a5l s g Lol elad 8T 5 ot g 5 LgSuin 1 dallie 55 pe colndspai g 80 50 alpe= ¥4 5L

BB L o R e s A ey Eﬂgﬂ(‘@@ﬁ §e¥



(haeas! 533 o) 3lal o (Sigids Kuotiaag] 3 paedigh] g fatas

o] b ] T8 .
ol wt :
W Hin
BHiE . # 1 5 i .l-
o mr?r . £ty S L] v, "
1 . l‘-'l ' = “-.t‘l. g . -lh:. [
] L ] s ¥y . L] LI ] [
. o . ‘:l‘l- 'lm‘.: ] 13
Mgl Maf hagch
ol ] e o L] -
| ' S . = 3
= e *I : :: gt ! e
5: s " oo *'ﬂ'
b v 3 [ L] '“"* S
b i . E WE J"‘ B ol E
L] 5 LU L] L] L 1% j L] L] 5 L] 15
Mad L Mg

Mg s sl g o b oslie G0 gla s pai 53 LS dallie 5 pon gl ges o 8 15 afga= Y S8

A T T TR TR TR P !
Lifin U CxLafSr P TIV OrFCula Lile U CsLaf P T ¥ O B Celia
BT e B et e PN £ b W Bl i e BT b B S M r T Y AN

BB T T T TT T T T I = T

1o

§,

L 1
1k J
Lifim U CsllafSr P T W O P Cwlce MI.I.ﬂ-ll.lt'tl.llr F TV OrFe Cadia
BT H NeCe Mg Tl Vads™iZe ol B Pl e Pl T e el i

RIS I T PP g S I PP ENCPRg O P P PORERY [ T | i P

D5 ——



(il (35l k) 3lal e Sl s Syntiy 53] 3 gt ] s Bt

N SN
E AW,

I T EE R EEE.
R
e TAS Jiagas 55 LgEks olntipai 2 0 52 alpa=TA 54
bl ale ar o Middlemaost {1991

i—H'#laEh-ln'=

i | i
M o@ & W M & T

5002
ST R PP PP . o LIPS R
L pueln 5y i ¢ o (Muller & Groves, 1997)

Rl 3 T
o
ke wIF
- . "I:‘_‘ =
E nga rd LR 4
b=l e ! CAFFAF
-'I-.._\_ =
3
LA+ h"'..\__\__
1 A
Ark i A
Thak AR
1] 1
_:- -
T el .
i
1% 10801

EirTH2

i
44 S 889 4 £4 2 TF TA
=R

Tk JlJfJJJL'i:IbEhl;-,JJIj;JIj;_‘I.:P— Fl'uﬂ;:_'.

I_'_._L.E‘L--..;__-l.- Crid gl ¢l lor & Mclenmam, 19E5)

-

i
= SEEESEREEZ

K - Series

R

L "
Na - Serbes

i L i
Eo L ]

E
& |

5=
1
LA 12 gai 12 b (51 pui (5 8 3 i g ¥4

i ety 3 e S n i 5 SO, i g

o T
% am L
W
1w "'.,‘ i 5 Lr
S 5‘
- & . "
= A
| 5 Lap
%
LY
.
l i
o w0l aa
PR AR

PR S PPIISUINCRN o JHRCEP- PP | LR R H
it g et ol Muller & Grroves (1997 gle s g
LOP (g il A e ety WLl | 2l nj

CPAP 1y g B e el CAP gl li dutl= glgils”

(N R PTI = Eh LT EET T ;\iﬂg’g@ﬁ ioF



(iharasl (50350 o) 3lsl o 5985 Saslipsgi] 3 paedh] o5 sBatie

PR A8
[LL] T T T
= . saf _ EHmom
i ] o E Y ‘
e Tl - e
= I o | E
:-H' L= 03 ] E
- Ll 3 i 3
L T 1) E
3 LT | E
kL s L §
] -
i . K f ] I g
" [ ] il FiF B A0 SO0 DD
e Ex

PRPRCRTY P PRFTTCIETIN o I JUR-JRRL L L
CAdied et al 1998 ) TiMY - RhvBa

THZT = £ Jo pur 33 gl 3 (5 (58 ) § Lo pe— TP J50
Prace ot al, (19990

My

RockMORB

E.II.E-
F Tibetan Plateau

5 K RbBabelCe P & 00 Y Yh

a

III"";_I T T T 1 |1:||||1||—|—|—$
fna ko iz 1
e 3
A -
i i it i
; " F ﬂ‘i_n £
L .5
i T . ooy Rin Grnde Rift fark
[J_ - AT % KRB CP 2N Y T

E hHa dw Er v

e 5la gl el b Cle ks Jlmip MORE woi o a7 800 DL el 2 500 sla jla g 5 o800 L lia— TP J5s
VCEWR R WNE P P, L el g ol o i Sl

0500 i m—



(Jars )l sl Jloib) 9550 (5lgSal s S0l dgif g ouiigh f o5 SnSamw

Sl

5558 dme SBLAST| 5 wlid e Olasle = VWVe a5 aY 58 jlem Vi) e e e old e LB

.,,:.s@w;,uu;sw,wuw;ou,’mws)u‘w,-uuLweolﬁb;t«iﬂd_tgﬁ_,.;y,&fuﬁw,\ﬁ&ygé@ﬂ-ww‘u‘&

Ola3la V8 510 55las e pske dalilad (Ol 3558 SeKm gl 35 5 s (5168 55 5 L8l @35 = WYF e T cro)mlle
58S G SBLLSTT 5 wlid )

(o2 TP pdne o 5 o8l = Ol e WSl (sl > -V YVO mes 255 one

O 54 SJL«..'ZIc)ﬂgmdﬂéw‘}gﬂuwﬁjdbjbwjr)bﬂ?ucQ\i‘é\.«fb}}};’g%)U)bww-\.':f-—\r/\“ CTUSE RIS e
Y i

P V1 eSSl SBLSTT 5 pwlid e Olesle =0l ) cwlid e (glaxly s - Y00 CTop eSS

(i dpd ol QUL Akt sl s Jlad dae slge b ity 5 02037 WS (S35 e IPVE 0L 5 bl S5

i VPV

References

Aber,J.S., 2002- Mexico 101 Go 568 Rio Grand rift system. htm.

Alavi,M., 1996 - Tectonostratigraphic Synthesis and Structural style of Alborz Mountain System in Northern Iran , J.
Geodynamic , 21, 1-33 pp .

Alici,P., Temel,A., Gourgaud,A., Kieffer,G. and Gundogdu,M.N., 1998 -Petrology and geochemistry of Potassic Rocks in
Golcuk area (Isparta), SW Turkey : Geotherm . Res . 85 , 423-446 pp .

Amidi,S.M., 1977- Etude geologique de la region de Natan 2-Surk (Iran, central), Thesis Ph.D., Grenoble 316 p.

Bauman,A., Spies,O. & Lensch,G., 1985- Strontium isotopic composition of post ophiolitic tertiary volcanics between Kashmar-
Sabzevar and Qucham (NE Iran ). G.S.I, Re. No.51: 267— 276.

Bear,G. & Heiman,A., 1995 - Physics and chemistry of dykes . Balkema , Roterdom , Brookfield 337 pp .

Berberian,M. & King,G.C.P., 1981- Towards a paleography and Tectonic Evolution of Iran, Can. J. Earth sci., 18: 210-265.

Berberian,M.,1983a-The southern Caspian: A compression floored by a trapped modified oceanic crust, Can. J. Earth Sci., 20:
163-183.

Best,M.G. & Christiansen ,E.H., 2001- Igneous petrology . Blackwell and Science ,458 pp.

Carpenter,M.A., 1980- Composition and cation order variation in a sector-zoned blue shist pyroxene, AM. Min. 65: 313-20.

Cox,K.G., Bell,J.D. & Pankhurst,R.J., 1979- The interpretation of igneous rocks. London Univ. Hyman Ltd. 450 pp.

Didon,J., Gemaime,Y.M., 1976- Le Sabalan Volkan plioquartermair del Azerbaijan oriental (Iran ), Etude geologique et petrogra
phique del edfic et de son environmental regional thesis docteur du 3c cycle, Unv, Grenoble, France, pp.304.

Dobosi,G. & Jenner,G.A., 1999- Petrologic implications of trace element variation in Clinopyroxene megacrysts from Nograd
volcanic province , north Hungry : A study by laser ablation microprobe inductivity coupled plasma- mass spectrometry, Lithos.
46: 731-749 .

Emami,M.H., 1981-Geologie de la region de Qom- Aran (Iran) . Contribution a letude dynamic at Geochemique du, Volcanism
tertiaire del Iran, Central . Ph. D. These , univ. Grenoble , France, 489 p.

Innocenti,F., Manettie,P., Mazzuoli,R, Pasquare,G., Villari,L., 1982 -Anatolia and North — Western Iran , Andesites , R . S .
Thorpe . Jhonwiley & Sons, pp . 327-349 .

U Q; @
51 o los cuads ol Jw A® juob @é@j @)(®) \+&




(S0l sl Jlosb) 95130 (5lgSals S0l dgif g oaidigh f o5 SnSaw

Larsen,L.S.,1938- Some new variation diagrams for groups of igneous rocks, J. Geol., 46: 505-520.

Lescuyer,J.L., Riou,R., 1976- Geologie de la region de Mianeh ( Azerbaijan). Contribution al' etude da Volcanism tertiare de
L'Iran, Thesis, Grenoble Univ. Grenoble, France, 232P.

Middlemost,E.A.K., 1994 - Naming material in Magma/Igneous rocks system . Earth Sci.Rev.37:215-224.

Middlemost,E.A.K., 1991-Towards a comprehensive classification of igneous rocks and Magma, Earth sci. Rev. 31: 73-78.

Moine—Vaziri,H., 1985- Volcanisme tertiaire et quatenaire en Iran.. Thesis d'Etat. Univ. Paris- Sud, OR.Say.

Muller,D. & Groves,D., 1997 - Potassic Igneous Rocks and Associated Gold-Copper mineralization , Springer , 238 pp .

Pognante,U., 1991- Shoshonitic and ultrapotassic post collisinal dykes from notthern Karakorm ( Sinkiong , China ) . Lithos
, Vol .26 ,No . 3-4, pp. 305-317 .

Price,R.C., Stewart,R.B., Woodhead ,J.D. & Smith,L.LE., 1999- Petrogenesis of High — K Arc Magmas : Evidence from
Egmont Volcano , North Island , New Zealand , J. Petrol . Vol . 40 ,No . 1, P. 167- 197 .

Sakhalin,M., Grapes ,R., 1989- Zoned Clinopyroxens in Alkaline Basaltic Rocks , Research School of Earth Sciences ,
Victoria uni . Wellington , New Zeland ( PDF ) .

Sgarbi,P.B.A., Gaspar ,J.C. & Valenca ,J.G., 2000- Clinopyroxene from Brazilian Kamafugites , Lithos, 53 : 101-116 .

Shelly,D., 1993- Igneous and Metamorphic rocks under the microscope , Chapman and Hall, 405 pp .

Spies,O., Lensch,G., Mihm,A., 1958- Geochemistry of the post—ophiolitic tertiary volcanics between Sabzevar and Quchan (N
E-Iran). Geol. Surv. Iran, Re. No.51, PP: 247-266

Stocklin,J., 1968- Structural history and Tectonics of Iran. Am. Asso. of petroleum geologists Bull., 52 (7): 1229-1258.

Strek,M.J., Dungan,M.A. & Malavassi,E., 2002- The role of Basalt replenishment in the generation of Basaltic Andesites
of the ongoing activity at Arenal Volcano, Costarica : Evidence from Clinopyroxene and Spinel , Bull . Volcanlo . 64,
pp 316-327 .

Taylor,S.R. & McLennan, S.M., 1985- The continental crust: its composition and evolution. Blackwell, Oxford.

Wright,T.L. & Helz,R.T., 1996- Differentiation and Magma mixing on Kilauas east rift zone : Further look at the eruptions
of 1955 and 960 . Bull . Volcanol .57 , 602-630 .

Ol sl 55 5 ply oL
N PEEWRWEN EH PR P T Fo

* Payam-e-Noor University , Ardebil Branch, Iran

** Faculty of Earth Science , Shahid Beheshti Uuniversity, Tehran, Iran

U
W @é@j@_@ 91 o lash a3 5L5 Jlw (AG s




