Journal of Economic Geology
Vol. 8, No. 2 (2016-2017)
ISSN 2008-7306

siAdy

OTA0 JL) ¥ oless A ul>
IV LY cbwo

o SlepeS S L SLSOIS 59,5 g Nd-Sm g RD-Sr slacgign! ouibgd
(ol oy Jbb)

Y - . P LT
Halul gpmp o9 9 ™ ookinl ay o

Q/I.J/U}J/OLU a&«.’/d ‘6“"’[""‘"()"'0) Oj)f (’
Ol sl sl olSils o oo Sl  LoaST M 5 pale 0dSiils clylons 3 oo psle 03,5 (F

VWWAF/ VoA o pds AYAYNY/ Y bl o

ERWE

LEL'*Q" 9 y—o Ve Y J5.|a L &)L: LSL“"X’.‘O 60\.)43 .E_wy ‘5,...»‘; GLQi;u A goste ‘O‘)‘i‘ u).c JLO-MJ O cglano GLQ’Q’?S Ay o
eloD955 slosls aiwd S 5 MW DL (el ol bl S5 lils lKls pl ailoals adad o il VO B O-
CaaBgo 10 45 Ailted (Glazbo (3,0 slocdlib S5 s TigTa ND jo Sos 5 Lol e lSls ol JSITSIS coale ,S5lo
o=l e 5sls 4 SM-Nd 3 RD-Sr g595! sl Ul zulis .aloas LSCis 0,95 p 5l e (oS Sladgs b Lo yo  si5-bos e
5 eNA(T) = -V U -F oo polie .ol glatwg LS oS b oo g5 atisS Lice ol i (Lo Hgads) YYY o b SGlo
Gy (2T s a5 wms oo lis | slanisd al)] oS 5 4 Cond ole beSle bt oS 5 Bl SSIUST slerns
)l 9_..“...9 (_;‘thj)‘o ‘_gl.ofLA 66‘0)@ d.u.us.' O ° kS'“'“‘S (5"@('5) J.aiuu 4.!4....."54; Q‘f‘ u).(‘- JLo.w e u.....».v}i.”.: u..\.w L) JL».)O:\)

Wload 3,5 S SleSiw 09,00 5 00 JSis LILE jolic a4 cans (Sas 28 b oo 45 aiss Lane

e loosT L (Ol Sl o TS s et NO=ST i 5/ sloosls gl slos 1y

3 giiee Slelay | asols Cad 8,95 1 5l s peesleS L
8 95 L 9 (B oSl il o lpl ose et
el 00l jgaze g )0 gt fuS g Jlod 3 5
5 (hol oS Jlyiear) 525 oS 0,5 sl -5 ,Lad 5550
Cte la 5 LSl LSS 4 pie Cgir (0)L08 LS
(Moayyed and <o wlooi , e olelas)| o
el adhis o 5,5l o> Hossainzade, 2011)
3 S 3le) o olS g (e 4 (o0 Sl (e,
o 4 ilgz Sladiile (ygeis; g (Dlelis )l (635 1o i
g leaizlo cdel 5y o1 jo aS ouls sgim 5 Jled slaaials
03l ppmn g Ao ol AllS bl slbaslg
al .8 wosaaes (Moayyed and Hossainzade, 2011)

doddo
«SS959l (b 5o pigdly gl Bl e dS s (655
(Sengor, coul oo all)l goozie Hlwlis o) Lawss
1979; Sengor, 1987; Yin and Harrison, 2000;
P olesse |y o,k ol aiuse wnles Metcalfe, 2006)

sanlics LlgasS Jlomd ails> b Lo o oy 431, &Yl
(Vannay and Spring, 1993; Lapierre et al., s, 5
,5.2004; Chauvet et al., 2008; Zhu et al., 2010)
4 ( Eftekharnejad, 1981) of5,Lswsl | gl o)l !
Ot (215095 DU > b bl o cgdina g 9,90 SlepgS
(Amini et al., Lo 5 ol o1 5l Gy 0,5 6L

W]y s g 55508 SuilS slesgs g 2008)

m.ahankoub@pnu.ac.ir : oLl Jsgues

DOI: 10.22067/econg.v8i2.32585



Lalsl 5 cosinl oo

15 S bl 6,55 sla Ul ol YO slalhs 5 oSilee

el 25z 4 s opl b

NBS aAY ¥Sr/%Sr =.jvy.vef £ /- \(Vo, N =
)
Indi-y *Nd/**Nd =-i1v-ay +-/----\(\o, n =
2)

sloanl g g Lacls LSias e g oo (259l sleosls

Db oy 0 Ll g S5

e B
Al (ol 9 (2 b8l e Candgo
2 B olmlydl bl 058 Jled 50 gy 3550 ailate
Tl ledsh b Lo i 0 w5 yeslS Ve alols
YASYO L5 YA VD o,c g B, FO° 00" Ls F0°
W)y 0 iye wlidipmey VYoo )9 % 2kl
(Asadiyan et al., 1994) c .l a6,5 1,8 gie olelss )|
5 6350 ol 09y e Jled adllie o gioe Slelis)
Oml Eesl o &ly gine Dz g ok oS 93 (e 5o
—agllal bl 095 5l (SzeS Gise olelis | 4l
,» a5 (Eftekharnejad, 1981) sg, o lo—ia) g i
(Stocklin, S il g )bl pwlids yuo ) (g0 oS
oy SLly 258 0 gams (35 o ol ! 53> 1968)
o 9 Npe S olesle Gkl )00 adlaie 4
=0 0ol jeglS Ve (bl &5 Zl ply (28 00l
9790 (S slaazly () SE) ) o e SleasS
Sl lrosgs g 395,50 ¢ gy IS Jolds diilats o
loa i (S o3l laSal g auls (i .ol
5 Sl slaSel s, slaSal wg)50 508 Siwanle
~Se—ly95 sleiwanle 5 Slek—b (il 5 (Sesge
Al Ggaisy ablaie )0 Glex Sleidpl g e lagle
slaidld Jlisan aiws a5 550 il o delas
s aslol adlaie jo Hwgsl U ja09,5 5l a5 cemnsleSle
g oS 5 el b (63585 (Sl 5 (il as g
Asadiyan et al., ) el oos LSas SO0 G goswl
W5 Joli (gou—wl A cgaze (¥ JS—i) (1994
Hbiee a5 (Ahankoub, 2012) ol Casw 5 Cu 04,5
sbedob 5 e lw 100 L 0. slag b ek slacsls

Sl cmslio Glan S (Jlod a9 o b gdon 095>
Dy b=y (lpl oy Jled o Jsl puesdlly ;0 kas
slmools 5l eslawl Ly (Ahankoub, 2012) wg ol
Lot sAr il S S g9, » NA- ST 5555]
Sy 5 3 o peleS e alanslgay | LSw (nl egioe (3,0
5 Ao (5 sl A 5 58 b sl
e Slelil )0 ueSgtlly Lugildl ol ay Jliow

LSl ailoads adad Gglaie slal jo S50 SSls (golows
L Lo (i8S SogiSS slaiendse 5oyt Sk
sl slo,Bbreak —up L g slacsss sloegl codled

.(Ernst and Buchan, 2001; Ernst et al., wyi

a>g¢5 L2005; Ferrari et al., 2008; Zhu et al., 2009)
9 s—bes B0 SLaSTle (ogad 50 )5 39 @
2995l 9 seas55 slmosls jleslaiwl b iegsy ol jo
O 9 oS lagignSs L oo 55597 (o 4z NO- ST
Sl ool azloy Sl sl SGls

adlbo (9,

el 00l ool 5 aslip Bubo g3 (0

FVVOe e oldie b (oulidine) (o098 (sloadds angs )
radlaie (SleSw 5l Wged YO 5l o (o) 9 Sl p =Y
fodd CuBlo y Sladiged 335 (3159 Slewm p el Y
ol SalS b (g1 Ole (0 72087 L diges A QL] =¥
5 ICP-MS Lo JUT alssl Cg oy 3,50 dilats )
3 S by s8¢ Lol olic oaes sl ICP AES
5 (Isbls ) ACME ol%asles

Nd-Sm § RD-Sr 55551 (slassls (g 4 ey —0
Js S

Oslisinn (857 Frog il oliws Lawg diged 7 sluss
Finnigan ionization 4 VG Sector o¥-Y- (TIMS)
L oSt o5zsls ;,o MAT Thermoquad THQ thermal
lodigas 5| asignl Glosdbl Sy, 5o ad g pSojlail cnls
s 5 5olail gl NI -) g NBSAAY s lasten
(Tanaka et al., 2000) o oolaxwI Nd 5 Sr 553!



1R e S5k slacshls 55955 9 NA-SM g RB-ST slacgign! coriiss

OT0 L) ¥ oless A al>

Olis Lacasl F 4 S (6 54z yais, Aol

.Mo‘j.a

U S LS, L Sl cplaiws o Y5l ien
e L Grd gtz —oye Sl slael (gl 35T 0,5 5o
L (F JSC) aites 8 adad 1, (il,F csloosgs ool

Marand

Payam
Study Area

1
. 15'-
38" 25 .
45° 407

Shabestar

Sofyan

Tabriz

e aite 2y s sl ) S0

Fig. 1. Access roads to the Misho

Lot sl oS 5 cibs sl ety ol anl o0
Ti0; =V/FY-1/0Y %. SiO; = FAIY -0+/aF % polis
MgO = o/0f -#/#\% 4 ALLO3, =\0/#f = \2IXY %
ot e ST yolie sl Jol> mls
TAS (Coxetal., 1979) ., 5 S35 Jloges 4o
SS9l 50 (2 3550 Sladiged a5 a3 o (i
o)l ey Jloged jo (A-D JS) WiyS oo )18 Su3ly
ASI= ) asls Lae ol 0 a5 (Shand, 1943) sl
‘3‘-))5‘5" )‘;—5 u.uﬁmsﬂu 00gdo o Le(io_.w u)l S|
9 u.!j)_)‘ .‘a_ws.v IR c\_ﬂ)‘ AFM )‘bj_o.; )\b (B—a J&u)
olias ladiges e 5 (Irvine and Baragar, 1971) 51,4
3 JLSITISIS s3g0se 10 oy 9590 (SloKins A2 o0

(A-F Ss) &5l
ogai 0 S0z 5l 0 KO Gl p s (o (it
(Peccerillo and Taylor, 1976) ,5 L5 5 4,5 ;5 L3l
sios S5k SIS wiges SIS coals oS 0l

Jolds (lid S S 5 L giin ()1 9590 SleSSlo
9 Lw@l_:)‘o ‘S_."."A "IL"\ S ¢ — Tﬁj“"ﬁs
C)l_?).) k.¢’>)" U_" » 03)19 RESUUW-) )L)Ji.fa 6Lm))1594)>{.»

oy 8w (nl 50 GBI g b g 5 (o9
0dmo Llw o=l jo 8L ga Lol ol o LS
asle <l glyls Gl Sgy0 Gisn a5 sligSay el 0
P TG [ S | KL | PR~ NP SO - AL
Bl Sy lpmisn By b a4 il ) il Sglas

g g0 0338 oleends

o9l

Slees g ol polie (oandisl

5 b odiol ,olic ICP-MS 4 ICP-AES 5Ll il
SN Jodzr )0 0and (g p sladiged J§ S SleS



NaO0 . Fe;03, TiOz Al:03 Jlis o Mg# &l (Harker, 1909) 5 ,la sla,loges o 28 yolic
(Y JSs) awo o lis Zr sV P20s l, e @l 3 Ni g Cr Ca0 Lilae ;o MO# o e
[:]AlburzMountalns 45 — 6.3'.

Sanandaj-Sirjan Zone

[ ] LutBlock
Eastern Iran

- Central Iran
~[77] Zagros Fold Belt
@ Kope Dagh

25

Legend
38'25"

= Quaternary: Recent fluvial gravel 45 55

1 Quaternary: Young terraces Fault

Quaternary: Old terraces and gravel

Miocene: Red marble and Conglomerate

Jurassic: Green shale and sandstone Granitic rocks 03 1.2 lﬁ(m
- Gabbro and diorite Scale: Wi

Z Triass: Limestone and dolomite

Permisn: Dark gray limestone (Rute) BB Gabbro

Permian: Dark red to violet sandstone s Dyke

d and li (Kahar)

Alteration granitic rocks

Perecambrian: Shale,

(Asadiyan et al., 1994) e V) v v v v v cwlidipn) aids 5l 48,5 ) coidan ol yuoy as Y S

Fig. 2. Geologyic map of Misho, according to the geologyic map of Marand in scale 1/100000 (Asadiyan et al., 1994)

AL A

(s Cws 43 050) £l S sloosgs (9,0 Sj0,5 S50 SOls 51 oled Y S

Fig. 3. Viwe of the mafic dikes into the granitic rock (Looking N)



for e S5k GBS 3555, 5 NA-SM 3 RB-ST slocgiy] s (Y20 JLo) ¥ o)l A al>

.-w% "‘.f:-m
o) 3 GeSom yd ysh B llaiSls (635 50 (2 VSIS il il o NS sbeass G 50 (e Sssm slaysk AP JSE
(Kertz, 1983) (PX=(uS's ez Plag= DS 5 3b) XPL 5 (0S5 5 55252 L ,¥sil,5 0l 2l C g DSk sla sk

Fig. 4. A: Pyroxene crystals between plagioclase lats in the intergranular texture (central part of dikes), B: Coarse
pyroxene with groundmass plagioclase and C: Intergranular texture with plagioclase and pyroxene (XPL), (plagioclase
= Plag, pyroxene = PX) (Kertz, 1983).

A B
| I | ~
Ultrabasic
o | Melaminous
. -
B . T
<
:
5 o -
Z .
Ll e o @
—
o . , | |
0.6 0.8 1.0 1.2 14
A/CNK

Si0, (wt%)
als Jog i B g (Cox etal, 1979) lw Jolio 0 JLSIT g5 oo Jloges A )5 g dblate Gladiges 5,8 Cundsge b S5
.(Shand, 1943) w9l 5l Soselol

Fig. 5. Misho samples in A: Total alkalis (Na,+K,0) versus SiO, (Cox et al., 1979) and B: A/NK versus A/CNK
(Shand, 1943).



obadl oliipe; alome Llalul 5 CsSial

g 00 anlllae sl SSIs wigei ICP-MS 5 ICP-AES ;LT s ) Jaus
Table 1. Result of analysis ICP-AES and ICP-MS of the Misho studied dyke samples

D-M1 D-M2 D-M3 D-M4 D-M5 D-M6 D-M7 D-M8

Major Element (Wt %)
SiO, 5031 49.74 49.90 4830 50.63 50.23 50.81 50.94
TiO, 143 146 148 152 151 1.44 153 151
AlL,O; 1599 1589 1572 1581 1558 1564 1528 16.37
Fe,O; 10.05 1042 1122 1233 1243 1160 1291 12.64
MnO 016 025 028 0.28 0.18 0.12 023 0.26
MgO 6.95 6.9 6.44  6.61 5.97 5.63 555 554
CaO 798 719 828 8.06 7.85 8.35 6.31  5.08
Na,O 3.1 417 317 317 3.12 4.24 385 391
KO 091 082 069 0.79 1.08 0.73 0.86 0.62
P,Os 0.18 0.22 0.2 0.28 0.38 0.38 029 034
LOI 2.6 2.3 1.8 0.8 1.7 1.9 1.8 1.9
Total 99.66 99.36 99.18 98  100.43 100.26 99.42 99.11
Minor Element(ppm)
Ba 406 468 144 142 406 408 381 384
Rb 837 755 362 358 80.2 80.7 751 753
Sr 444 420 501 498 481 486 519 526
Zr 213 219 198 241 228 209 212 238

Nb 8 6 9 10 13 12 13 11
Ni 33 21 20 19 19 18 22 18
Co 242 334 379 365 13.1 13.4 152 157
Zn 65 72 63 61 42 45 48 30
Cr 212 128 122 120 81 87 72 66

La 246 265 283 291 34.3 35.7 373 381
Ce 699 707 723 734 75.8 75.2 85.2 87
Pr 651 721 766 743 8.71 8.78 921 9.77
Nd 2711 29.7 31 32 33 34.2 383 388
Sm 543 598 6.66 6.61 6.98 7.01 7.87  7.89
Eu 267 273 276 279 2.83 2.85 2.88  2.89
Gd 6.07 613 716 7.21 7.44 7.45 781 7.94
Th 11 115 124 1.26 1.28 1.32 141 146
Dy 6.15 638 7.06 7.08 7.21 7.24 754  7.68
Ho 128 134 149 142 1.58 1.55 167 1.73
Er 3.4 35 3.9 3.93 4.22 4.27 441 445
Tm 0.5 054 056 0.57 0.61 0.65 0.67 071
Yb 359 391 413 428 4.96 4.52 472 488
Lu 039 041 045 0477 0.53 0.5 059 061
Y 19 20 22 25 28 29 31 35
Cs 3.3 3.5 4.5 4.6 4.6 4.9 5.1 5.2
Ta 0.6 0.7 11 1.2 1.7 1.9 211 213
Hf 4.4 4.7 4.7 58 11.3 12.2 125 128

Sc 26 30 31 30 25 17 24 16
Be 2 1 2 2 3 3 3 3

Ga 194 209 223 21 23 22 20 25
Sn 9 1 5 7 10 6 11 12

Th 7.6 7.3 8.2 9.1 10.1 105 124 13.5
U 1.6 1 15 1.8 2.8 3.3 3.1 3.8
\Y 363 193 181 298 92 87 32 14
W 15 1 1.7 1.9 2.3 2.6 2.2 2.3
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C: Zrly versus Zr (Pearce and Norry, 1979)
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Table 2. Isotopic data Nd-Sr for Misho studied samples
87 86 87 86 143 144 143 144
87 86 Sr/*°Sr Sr/*°Sr 147 144 Nd/~**Nd Nd/***Nd
Sample Rb/®Sr 0) (T=232 Ma) Sm/~"Nd 0) (T) eNdt TDM
Dyke
1D 17.140 0.764325 0.707780 0.13790 0.512660 0.512451 -1 12
2D 15.439 0.758791 0.707857 0.1224 0.512544  0.512358 -2 1.3
3D 9.132 0.738052 0.707925 0.1315 0.512409  0.512210 -2 1.8
4D 16.850 0.763513 0.707925 0.1288 0.512434  0.512239 -3 1.6
5D 9.220 0.738261 0.707841 0.1302 0.512426  0.512228 -3 1.2

The average and 1o standards samples for JNdi-1 = 0.512096 + 0.000010 (n = 9) and for NBS 987 = 0.710264 +
0.00001 (n = 9).
JB-1a as reference sample was measured as the follows; JB-1a; ¥'Sr/%*Sr = 0.704098 + 0.000012 (25), **Nd/***Nd =

0.512786 + 0.000010,
¢Nd(T) calculation was calculated based on the(DePaolo and Wasserburg, 1976). TDM=calculated according to (Jahn et
al.; 1999)
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Introduction

There are some theories about the Paleotethys
event during the Paleozoic that have been
proposed by geologists (Metcalfe, 2006). Some
scientist offered some pieces of evidence about
the northern margin of Gondwana (Zhu et al.,
2010). The Paleotethys Ocean and Hercynian
orogenic report first in Iran, have been Offered
from the Morrow and Misho Mountain
(Eftekharnejad, 1981). Misho Mountains is
located between the north and south Misho faults
and cause the formation of a positive flower
structure (Moayyed and Hossainzade, 2011).
There is theory about Misho southern fault as the
best candidate of the Paleotethys suture zone
(Moayyed and Hossainzade, 2011). Geochemistry
and Sr —Nd isotopic data of the A, granitic and
Synite rocks of the East Misho, indicate that the
magmatism post collision has occurred in the
active continental margin by extensional zones of
the following the closure of the Paleotethys
(Ahankoub, 2012). Granite and syenite rocks have
been cut by mafic dikes. Mafic dikes are often
formed in extensional tectonic settings related to
mantle plume or continental break —up (Zhu et al.,
2009). In this paper, we use the geochemistry and
Nd-Sr isotope data to determined petrogenesis,
tectono-magmatic setting and age of Misho mafic
dikes.

Materials and methods

After petrography study of 30 thin sections of
mafic dike rocks, 8 samples were selected for
whole-rock chemical analyses using ICP-MS and
ICP-AES instruments by ACME Company in
Vancouver, Canada. We prepared 6 sample For
Sm-Nd and Rb-Sr analysis. Sr and Nd isotope
ratios were measured with a thermal ionization

mass spectrometer, VG Sector 54-30 at the
Nagoya University. The isotope abundances of
Rb, Sr, Nd, and Sm were measured by the ID
method with a Finnigan MAT Thermoguad THQ
thermal ionization quadrupole mass spectrometer
at the Nagoya University. NBS987 and JNdi-1
were measured as natural Sr and Nd isotope ratio
standards (Tanaka et al., 2000). Averages and 2c
errors for the repeated analyses of the standards
during this study were as follows: NBS987
§7Sr/%°Sr=0.710264+ 0.00001 (1 o, n=9) and JNdi-
1 " Nd/***Nd= 0.512097+ 0.00001 (10, n=9).

Results

Results of the ICP-AES and ICP-MS analysis
present that dikes chemical compounds contain
SiO, = 50.94 - 48.3%, TiO, = 1.53 -1.43%,
Al,Os= 16.37 -15. 64 and MgO = 6.61 -5. 54.
Major and trace elements display the natural of
the with in plate Calc-Alkalin basalts of the
metaluminous. Amounts of the Mg # indicate the
variety of the fractional crystallization processes
(ol and Cpx) in these rocks. Also, the low Nb / La
refers to crustal assimilation during fractional
crystallization processes. Chondrite-normalized
REE patterns of the samples (Sun and
McDonough, 1989), indicate an enrichment LREE
/ HREE because of low partial melting of garnet
in the source (Martin, 1999). The low degree of
partial melting of the mantle caused LREE
enriched to HREE (Wass and Rogers, 1980).
There are Eu Positive anomalies that are due to
the accumulation of plagioclase. REE normalized
patterns to Chondrite point out the enrichment
REE and Th samples by separation amphibole,
pyroxene, Hornblende, titanite and rutile
(Thirlwall et al., 1994).
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Spider diagram (Sun and McDonough, 1989)
displays enrichment Rb, Th and U elements and
depletion in Nb, Ti and p because of source
depletion or Nb minerals existence (such as rutile,
ilmenite and spinel).

Enrichment Cs, Th, U, Nb and Ti, p negative
anomalies of the mafic dike are similar to
geochemical characteristics of continental margin
rocks. Nb, Ti negative anomalies and Pb positive
anomalies demonstrate the interference of the
crust in magmatic source (Martin, 1999).

The TDM model ages of mafic dikes are 1.2 -1.8
milliard years that show time of the separation of
the source of mafic rocks of the Proterozoic crust.
Also Sr-Rb data indicate the formation of Misho
mountain mafic dikes at 232 ma years age. The
eNd (T) is -1 to -4 that indicates the array mantel
component of the mafic dike.

Discussion

Geochemistry data indicate that Misho mafic
dikes are similar to calc-alkaline basalts of the
oceanic island basalts (OIB) whereas Nb and Ti
negative anomalies of the trace elements patterns
are similar to crustal contamination. Negative
amount of the eNd(T) indicated depleted mantel
source (array mantel) with some continental crust
contamination during AFC processes .

Base on the results of analysis, the upper crust is
the best candidates for magma contamination of
the mafic dikes in Misho.

Isotopic data indicated to replace mafic dike
232ma years ago by closing of paleotethys and
forming the extension zone (break up) in active
continental margin.
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