[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

A bV oo 1AVl el 5l e 5 Zan Lo O

SLaslS G0 158 Sl T S (15l cywo ) s 5 owlsds Ko (g 2
(w1 &y Jlo) (5 il o
Sk Aludl FCawgs 8 all z 49

2900l5  ieio ol i s s pole 0u il
QFIYIY + ol aseas QBN YITY allie il o)

gy Jod (2leSle Jlgs lsie 4 il (e (Sliatsl 5 Slaats] GlacSin (Ko pt Jlad g ywslS 00 50 oSy
—edll cojul g el woal L oS 5 gl SlaassT slacSiw axiwn gl o Ll biee 635 pe0ln! s Lo
é;w Olalad 9 L:o,JL> l.: s(‘).oﬁlf—‘) u—l )5..4.‘> B olA-M}LSAAJ)) 6L®o)LAf L: ‘5;‘ ) 6‘0)‘.\f 6@%‘5) O Hge A g dowd 6)..3)5.:
il g Jued oole d(locudseg) Sal oS5 b b pgw, cSw Loy ailes S oy el (lacudy) Jlaass]
s 5 88 yolie Dy i)ls 3las Yo b bansgte opnlty b il Sol loSlo sl o 4 (libislacjoil 5 oy juil
HFSE ,ole oan Sob 45 s LILE o Soi ¢ ol e & HREE 4 ¢ s LREE jole jloas 22 ol S ole
S¥T S Th 5K Ba Pb oYL 35,05 5 Ti sogam b 5 Nb 51 (S5 5 ceul il,58 3bobio & ] (Sily Sy
o; w.?ug_)ﬁd )‘ AEYE <9 Q”‘ o..b)Lw 6LQ§LQ as v.w—‘ ).iaL..: @LAM?S) M‘}w Ml)‘SA o u.a‘ o..b)l...u 6LofLo 6‘4....»5.:
ol 50 0aiysS 50 aweildl a8y Slo;ol I a8 S deio SVl (galiwy 4 oo (solgs S8 (Gogu b glanisS
ayy Jlod a5y (uily9,8 slaihaie (oulidies) Gl S & azsi b Ceslonds Jols (ol olyan 0aigyg b Sligw) 5 Colsmial
wpdled o)l pleS Sleass] GleSis JoSis 4 ol adyg (s il nj 4 (5,0 a3LD) Jlgies st gl

el 00l e (ySawd

et alaSTo u::ﬂ)//’f‘;/ojéé"ﬂx.é Sl f@-w'/‘dw@)w/”:‘_g.\g: soilg

ol bl ag Jled des - slaassT g ol
(S35 o Olpl Sl saihie (38 led sad )3 (555 e
Olpl (SErodleds 5 By 50 Bloz b 0ye o Hlows Jlos |
6 dikaie a5 655 10 olpl Jled ase ,o L8] s s aslsl
oS Ojpe @ obSle sleslys, cul ol 5l s
° et o (28] (Slaodgs g (ogmy SlaiasT ( Slaass]
oy SlaawsT g slaassT g ool V] Ses oo snss o
W) Gaos a3l slaosg galiwgy oobj bl e
b b (See5 398 laosgy S (Sl (o )90

doddo
wlbo (258 -5 0 P15 5 (#35 Olge @ Oln) ooy
P Sl ey Jood S 4 Wlen - oliasS
2lSb slacddls oK¥er DN clxio ¢ Sea oy
wS3gigi g8 53 oy 4 «(slod nS (53985 ¢ Slanassl)
oyl @leSle o [¥] ol loasis [Y] ool oo
b olyen ilosls b3l mem 4 1) slas, ol coenl [¥]
obsS 5 s 5 Olimye bl Gazmio pglae ol Ko
Shyss Blsl 5l oleSle slacdled ol ul slo,lB saimg ad

faraj_fardoost@yahoo.com : g xS Caws = AVYOVYVEYY 8l ¢ Jgiae 00 o5


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

Olp!l (ool G 5 (gwlids yols almo

@Ua.l.w s&m}b)é A

adlhie Sow gloasly 5l digas Voo caigpo Vil e v o v Al
s Bkl 5 el S oS5 alulid sl o
Sl 5l dges 0o slaws a3, 13 o) 0 50 5 Wl
@ koS 5 ol jobe (o) lp oanles lye 4 adlaie
PO L Sew pog 5l )5 Y Bl 5l G ICP s,
LS <dél 3 HNO;3 07 d Lo Voo o Pl 4 LIBO,
oS il azyo Ve 0 badises (0,8 S L (LOI)
» ICP-MS (g, a0l (S5 olie 5 gy 9590
S sl do .85 el sglln o)Ll oK lesl
yobe gl o NV ppm gy Lol sloacST gl oo V=2 )
ilodgy ol S olie gl ooV -+, 0 ppm 5 CloS
Sl 003 5 258 GBS (5,0 9 (owldime
Olnl gy —eFle agy Jled i 0 gl e
Wgyd Vil e AAE 0 S (3 g gt diy ) S e
Sopr JeS 93t oy 990 058 el 485 15 (4]
g Wload Hgame (Jlad )3 ol JuS 5 0oz ;o 4gye
o b gy —leaas] 5 Slaass] sSiw ) Lges
asl ygeis, (Siw sbaasly ol ons JoSas [A] sl
=0 S owlidip (Gaddl )0 (0l e [l (g0 jo
o ols HLas (V JS8) Sass s

(43,5 a3Lh) Slgin Gursh (cwpildl (ga3y5 Jlad & o,
SleaasT gl fSas @ (g 48,5 o9 adl>
Jsi) Al el oas pmie Sws o peleds (slo,8 oLeS
5 099 2 YU - gl ywgdl yo LS‘W] sladdls zo (A
5 8F e Olpl Gy Jl il ;o0 1S 5 (st 5o
ol 00 alS T a3l Toalls Lol azils aalsl g5
5 Seassl slbsis 5l JSane i el sladlis
oS 3, p &5 sl Jlgw, 5 (ogm, - Gliass]
5,00 saihaie Al wlas s 15 oYL aul,s sl
el sk 00 )3 wsa, Gl bl 53 (o) n
— P e gy Sl Jlod (gyeelS Ve p0 (S
Jsb 5 Jlad YO VAT TY B YO WY FY LLilis ol
S Byn OV YO N LAY YT R Ll ol
O oo el 5550 Ol gy Jled 2lSLe Jlg 5l i
ey ol g (el S« aleordsss GBSy (s
Gl eSS lsee gm0 — Sliass] gloin s le
Lol 28,5 )5 () g S 090

P P9

Vi bl Gadl oS 3l o Mo onl o
9 @‘)M u...uLo..u 9 6‘o)|5.QLo J.vjl..a; )‘ oolazwl Lv daalaioe

SW

South Sabzevar ophiolite

Sabzevar N, :
P\'.'.‘Dleﬂ hyan
"

wh
=

Depth (km)
s

Oceanic crust m—

AP

Plate motions —>>
Partial melt diapir §
Fluid pathways g

1504

Middle- Upper Eocene basin

T
0

T
300 400

25 % (&9,0 2315) Jlgpen (gt g3l 9 Jlad 4 9, G058 A (ol 5 (conild (Slogun, 2 51 41,5 2 (5)lo9e Jia V IS
u...u‘ 0l yo " ui.uo)., \_)).CJLM 6‘0}3 uLAS ‘S»LW.A.M.J 2 T LgL{b;_iM.:/ ‘.&M.J L ‘01)93 4.9)5 ‘5»9..} wl:-


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

M @LHMT ‘_gl.ﬁu_i..w QS‘DL“’U"»‘"’) oli’l}aswl.wu_iw o

VWAV Lo o) ol YF ol

35 17

3 %y e 3
A
T =
S A

s

7' n’ 0

550 meters

LEGEND

Quaternary

cgl

agl
EY®

Eocene v

and

CENOZOIC

A E:nt

ba

SYMBOL
Fault —=— Fault: Right-Lateral —=

6% Strike and dip ®  Sample

Q“ : Younger terrace.

Pliocene L Mainly gray polymictic Congolomerates.
o cgl
Miocene [ % = Mic : Green to gray polymictic congolomerates.

Elim : Cream nummulitic limestone.

; : Agylomerates and volcano clastic rocks.
- anl
: E, : Gray andesitic tuffs,

i Ey G Gray to green massive beds of andesitic lava,

| -t
E,, :Green to gray intermediate voleano- sedimantary rocks.
: Andesitic tuff and with some basaltis beds,

E llim : Mainly cream nummulitic and bioclastic limestone.
ant
E " : Mainly gray andesitic tuffs with thin beded lava.

Faultt Left-Lateral ———— Road _/-‘ Drainage

@ Cu mineralization Mining area

_4.;5)0 YiYoowoo Mjsbh)‘}buﬁjb 6L""")"L5)"| aslaio V:lde o o ‘;AJLHAJOM)M Y s

@y Saxly b Wgpen 5 coden oY IS LSl
Shdel spdym <8l g cole (T JS2) w)ls (geis)
wloj) aime) )3 eSopm 9 Wl slacen Seid
5 ol axly ;o) DRL slojslsa, o a5l JSae
maiee) 5o ol (23Sl Gugell 5 (S 9 (A3l oyl
oo 53 (Gl —easail woly 1) (sds Soe 5 @il s
Gl (PSS Wb eoalin s Ses
o lS g cends Rl gl Gl gl 4 ey 598
2 Sxmeeels 5 b (Sl el wload lu S0
U wleaslase LB 50 L cojasl 5 2ojail ol
Sgar 9>ly (nl )3 e SHedlsm 5 ST 2l (o

gl oo 0adlie b S g o SieSlis v ,o o0iS

wd S plxmil allalesl 5 olme ow,p loly
)‘ A;S)L.c 6‘)_3‘ e )Lm.,lf OJ:.mf (Si"“’ 6“”*"‘5
‘c,u“)'aﬂ Sy b b oboyn bbelad acsese ()
Jolts 5,l1,31 acgomme (¥ s iy Il cujuil 5 i
gy degerme (V poslT o o BiSind Bgics sl By
5 OW‘ a - ‘J-A-AAJ ‘O)Lo 5)‘\)&.;‘?]9&9.; AS.@T )" M&”
WSVl wls S5 S5 L b me slaals | ealSs
145, D )go a4 (Sane oole o gSI 5 (9T SIS
g boasy daojlad Slidl L Wgped Ojso 4 laxS,
(\” J&w) Cewl 00l J:.im; L) Lng&.w
5 b sl oS 5 b asgerme cnl 1 abyop sleslns

Lo g o 0 $ymSls oSS, 4 cdlil ol


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijcm.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

5 JUye el L Sl (o lacdlil cojuil og,See g joals i) 5o wod 03550 (ugdl 5 mSepm (A P JSh
s3a (& Sal soly 31 g0 Culgegs Jed j3am (& Cojuil oS5 b BeSad 5 Bl S (@ il 92y 50 5edymseslS
Cdgey Jowd NUmM (S @labad Litic oopgdl 0l Sy 0 PXi . Sal asly J3ls jo cojail oS5 L (S Slakad


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

AY ce @W—l 6Lbs_<...w LS"L“U"'A) olf.ll.? 9 ‘S.»L....mj...w o

VWAY L o) oyleds Y ol

sobie 4 eVl oal Lo S0 g 00jlee slaSiis o LS
lajloges 5l 050 b SKin Cadle 5 oS 5 s
Y o Nb . Ti Zr ez 51 S50 o5 Gl jolic 4 by yo
3 Zr/Ti jloges wlalp (o 0 JSK3) ob eolawl 5
Sl i SldlS b SlaaasT S HIYIND/Y Llas
s s clibegsal 5 adlil (il coS 5 gl
&l adhie Sleassl glSiw Si0; b o) Jgo)
~diged (F) JS 50 ales S5g w0 FY L OF o Lo
Si0; o ol polie ;i Jloged ;o (o) 3550 sl
lazd 55 Ll S50 i g 08 DVF] Sl 4 pgse
Sl s |y libysks wnl belsle o5 ol
bt G455 4 bgyse slrosls WS o b (ldiwg
mo ohled 4 ) gy (ot i) S oS le loged o Ll
o S50 Bl SlaKiw 3,90 53 st Wy, cnl WIS
ol aS oyls SauSly a5 5 00g dlwgm (Jg Sgud oo 00y
Jub ol o Slaaws] sl slo Shs 5l (o <l
ol pole slaleSle a5 waly cde T &y wilgi e 5 ol (slo 6
Ko0 Jlogei o iloads slatwg Sodl Jigsiws oS
SISTn g S Py, (kS g, nl ke 4 S
Ngy OO sogre &5 (Jb o wms o i ) Gl
S lgiee 5 Sl Ghled ki 4y Cond mads Ol s
ol slaanlp b cow KoO gjer j0 (Sassly, o5
O &S Cewl (pag g oSl LY Lisy jold) slSl
s e a5 > 0 0] el a1 igeins s5e0
5 NayO e 20,5 oo 58 ol cpl ot oo S
Ss, Fe,05 5 MgO «Ca0 jluie 5 oiyls3l s, ALO;
g8y S waled cpl &ly po s e ol ) oaals
Blio ;o MO Jlaie Lals [V 8] ol cilas jols a3
s o Sl o SIS ade alS 4 S10; ol
sl o MgO .l sals e hbeg;usl g cojusl
S NNV sl ons 55 1aite paSTg 9 crigedl s Sl
aS Wb oo molS w9 o5 SI0; il b laises CaO
Soe 4 Sl 51 DS Jood a4 Wi e el

il LSl isy sl s

L} 6)|9T)O] ».\>|9 RSJ sLCbc)bf K9y .6)‘5]-):)]- AL g0%0
o O e b bl gloyb 09 g Yoo B Y- g0 (gl
bl 058 oo 518 lapl b ig)ee 5 ctien Ojso 4,
WBgi 0, 4o LS oyl [Vo] el g piad (g00,
bkl WS S LeslST 5 SpSind Bgissh
S5 b K ashd 5 b S s o Slaass]
st Ko opl gosisle ol il g adhb wousl
Sy 4 wlme Slvlic o LS ol (¢ F S8
Sl So oo ol Frw s e @ hleie S
Gl S5 5 k] s (S s ) s
B slad o iy e oSl Wled fresw e S
O B Y Glptw b g oitn 1ol 3 L o )l Sal
3 Gk cojal 5 adll coS 5 b (S olabd jpax
b Slaaast ol lojen  anl ((Sol slai (3,0
il o Sal sl cwl 485 Oige g Ll

Dilod,S" (55b 1) (oleendssy b B e oljallS

et D)
5 FElopeey Rl et (23S oy p s @
obont 3IUT gl 5l Ll 0,8 000 slacKiw (5,138b
LM o aducsd qsialor jeks e sl slaon)
rolie bty 18, )0 (sliwg man 5 (Y1 5 oLSLe
Ol i oges ol 5 IV 05138 o 56 Gl 5 Lol
Sleaws] gl VY] Si0, s o (Na,0+K,0)
beasul s cojail 0nns o i JLdlS GoniyS )0
3 SLoSs (SopS wazrg LA 0 JS8) 855 o0 )l 2
rolie S0 a8 Lxl 5l b ol b gl cls glw 5o


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

XRF g, 4) (S35 dey0 s ol slaaST gao, polie Y ojlous
Soww ol ol <l cgal g el
gesoyleds | A-1 A2 | A3 | A4 A-5 A6 | A7 | A8 | A9 | A-10 | A-11
Si0, SYN | 0% | OAA | oA | ory | 0sA | onb | AOF | OFF | oFA | osg
TiO, A R A A R R L N WY - A
ALO; YAA | VAV | WA [ VAR [ AYYS | AYA [ AYA | Y [ ave |y | oasa
Fe,0s FY LAY | AL | oYY | VAL | oAy | AY A Al ova | vep
MgO ) Yl oW | v | v Al Y vE | oY | ovf \
Ca0 ¥ Y| ORY | ova | ooavy | sy | vy | AY A oA A
Na,0 AR Al Al RS RAN AN BN BRAN L \\4
K0 YO [ YV | W | ve | v | Yo | Y | ve | YA | o™ A
LOI eV | vye | g | soe | RS | YAA [ YoY | YOV | YAV | YAV | Ya-
S pl oyl Sl copl 5 L
gl o )lads A1 A2 A3 A4 A5 A6 AT A8 A9 A-10 A1
Ag ¥ f a VA \Ee e - -0 -4 - A N
Pb A 1 V0 VY Ve A X Ve o Y )
Cu TYYY iz 30 FYAYY Voo VoY YEY Yof VY Yoy AVD
Mo Ve A V0 VA VY VeV ) -0 V0 \Y? VA
Bi D D Y Y Y- “\E o0 <0 KXz Y0 )
Fe FOVA FITYA YOVFY FYAPY 7oV FYY - R 8-y OFYY YV oYY -
Co £0.0 WA 04 YY0 Y\ YAY YV VA YY¥ YYY Y\ ¥
Ni VoA Y 7 Yo YA 7,7 Y Y Y Y0,40 VY
Ti YA FF-Q FYVY FF-A 00« - NEE N NEE FAVY FYOY FY--
Sb V0 -7 Y0 A OA - Y0 <YV - - V0 V-
Tl Y0 iz VoY - A% A - A 10 A Nf NF
Li Y YY q V4 VO YYO q Ve Y¥0 \YYE Yoy
Be YV oA #N VY V¥ ) af A¥ \F VY V¥
Na YYO- YAAY YEYEY YEYYV Y- FYV-- YFA-A YYV-Y YYYY Yo-Y YY¥E--
K VAL YY1a0 YYF YVPY- Y0 - YEY - Y1091 TAVYY YEVEY YYF10 YA~
Ca YYo0) YA YFYAY YavAf 2 OYY - FFVPY FOVF YAOY FYONY Yan- -
Mg VEOBY \YY00 07V avYd YV YOf. - \V-Y0 VFeYY YVFY YAYS YAP- -
Al YYD VooV FYOOY FEADY A AFY-- - ¥0) A-aF) Voo A-YVO FAR- -
Ga . . . VA Y V4 ¥ VEA WA Nz i VEA
Cs WY YY Y Yy - YA N A AR -V - X7 2
Rb Y- Y Y I} AVS ) V) VY YEY vy VY0
Ba YFay AFY YTV Y- VA 1A Yo- YO YFO Y- YE-A
Sr F7¥ #1) ov? av) 03V FFF %) FEA fov #Y) FFa
HSFE
Th 5 £7A Y VY AV oF YV i Y YAY Yo £V
U q \ 7 VAP WY v .Y N VY ) \ 7 V0
% NA o ¥ VA i YYV YoV Bz YA Y\ VE YAY Y
7r o4 N¥ BE K AN £\ AD v# AVYY ¥ AVA
Hf V\? Y YVF YAY YAY VAY VAF VY YYY \FY YYY
Nb 00 VY oV # A¥ Y 0A A #A 70 V¥
Ta -YY - Y - Y8 B WY - #0 - ¥a - 00 - 08 v -5
P OAY VAR A Y- YV 2 YAYY WYY YFYD Vavy Yo -
REE
La Ve VY q X Y\ Vo Ve \F VW7 Vo F YAF
Ce Y? Y. Yo YY FFY ) Y Y. YA Yo fA
Pr Y VA 20 YYF YAf oFFf YA 0 YAY Y a0 0
Nd W 12z B3 WA Y\ WE Ve WY VAYD YYY )
Sm YA v YAY YN F oA Y5 Y ¥F Y ¥Y Y Y08 FYF
Eu VY WY V¥ -Aq 5 VY VA VYO VYO A VYY
Gd YAY YVE Y FY Y0 oYY Y70 YEA YVO FAD ifas £7)
Tb - Y ) <A - Y -V - 5f - oY - Of - F <A - 5Y
Dy Y oY Y YY) ¥ £V Y50 YYo Y)Y0 YV® YA YAy
Ho . . - . -AD - VA VY 33 - By - FY VY
Er Y V5O \7¥ VoY YOV Y YO VP VAV YYF VAV YYA
Tm IR - VF - VY - V0 - YY - YY - VY - VY .Y - V0 -
Yb ‘A VY VY V0 ¥ Y VY v VA Y YY
Lu A - VP - VY - VF - Y ¥ - Y0 Yo - YY - Yy -Y¥



http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

AO e SleassT Glain g3l ol 5 (cwlid i (o) 2

VWAY L o) oyleds Y ol

AN

Ne,0 +K0

0.001

0.01 0.10

Nb/Y

10.00

15

10

u,o)..\.s] oj.‘l.wf ) Lmd.s}ou [\Y] ¢(N320+K20) ﬁ‘ﬁ ) SIOZ )|~>9.o3 » 6;.3‘ o )Lw.sls 0dgizte Lg)w] LgLDA_{.o.w g.,u.!.%}c (o ‘_}S.w

Sl gzl e O

DYINDY 0 cnss Z/Ti Jlogei 50 Ll Cansdgn (i a3 L cajal 5 ol (S

P11 4
[ "
1954 35
19 4 3
o [ |
18.5 25
S, )
ns{o © 15
. 0
17 4 o 0 14 0 "
| | |
lﬁéf' ' - 05— — -
5
{8 o N
Q
C 4
| |
§ o 0
[] ON3.5
ES ] "3 5
i ]
4 . . 25 n
3] i 2
| |
2 T ' 15
58 €0 (3]
55 Si0, 56 58 50, 60 62

45

35

MNa, O

35

MgO
re
wn

15

5laile g lais! cwdle

|
]
| |
[ |
0
0
0
d
]
[ |
0
[ |
60 62
si0,

Si0; (38 b LVE] (6l e JLaslS 0 15 030 SlaissT slacSiw ;o Si0; (Gjg doys plp 40 Lol slaansT polio ol s & Ui

SRS (0 UL“"" UM.;I)S‘ Na,O 5A1203 ) u.,.mlf CaO 5P205 FeO ‘MgO u‘)-“’


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

Olp!l (ool G 5 (gwlids yols almo

@Ua.l.w swsbjﬁ NG

b o wilg o S ol jo Th (oYL polis IS sb
(V5 VU atwgy b 2T 51 256 (Sogl (sl Jale g0
SlSLe onig 5,8 cwsilidl atug 5l oad ol3T SVl LG
golie Sas i 5l 6V Sl Jii sloB sle>
sbples glaleSle L awlin o a5 5Ll o6 S
S e 5 Qb3 sl (S a5 am3 o lis loyi
GVl g oo f glanssS olKinls S 5l i85 dedi
S50 lodiged 0ol ol loges wlel pooil glaiws
Lo ;0 g (Guigded b olli- Sal oy 0 v
SEEIPUEIX JUUFCINN RINT CIM ESINPLES I PR ERNIX 3
s oo las 1) il 3 ddlate SVl 56 L ol e o
3,50 gabhio oleSlegigSs Lame loged cnl @b cnlple
o 510,57 (Fhme Glo)lB JB ail> (lgsie Ty (o)
ool 3lope; olle anieis sl olgise s Z1/Y
VAT A INCURP AR RCIUUUJ PSS KU SR o I £ 4 K 3
0yl 3l slo, SlaassT slapleS 4y ks 5,90 (slacKin
Glaassl glaples 4 bl @il ¥ 5l S cod cpl ST
eSS e GlanissT GlacSinn ailo 3l (il
sl 095 j0 a5 FoF L ocal plp cos ol sy

558 o )18 sl B Slaass]

5 g0 aibaio 53 i LSl 0uiss J 55 Jolge
" @Sl slapleS o penileSle ouisS' J S Jalge S
SLawg) 035,98 (wgilidl 485 (glalsS 055 @ g
2,5 0,Lbl 0alg) 59,8 485 a5 gy Celid w0y g,
Jlett Jsloe (ol 5l (o5 5 ogi 4 2Be ol o
©2310 08 (o2 3590 adlate 50 panilaSle oaiiS S

c i i sly e RB/Y ~NB/RD sy
magy (S b Gl dilate jo SVbs aliwg 4 (Sud
Jogas ol el 2 (@l & Sy [YF] o5 eslizal
08 A9 3l myp Sy sl suijle LSl
45 oigyg b (pwgildl aByg VL jo &Bly a8 (glandsS
—ad S ady ) ol o (glatwgs LV hetiws o9

L)

oSl gy (o
LYAl Si0; Llis jo NayO + KyO slaloges oll 5
(o 5 &I Y Jsa DAl SOy Llie o KO Jloges
2Ll Sol (oldBas slag ols (o )y 9,50 s

gl (S gpedd 50 Dy05 A g YL U lawgie munly b

S5 0 )l
Gl ol

2 e $alaged Sl (Gl Lae (ot sl &
SipS polie 5 il pn glacens wleS polieal,
Y5l 5YL 9 Ba/Nb cas YA 51 YL polie ol ool
K sl 1o, eSSl sasmilis Ba/la cons
s ppolie oy 390 sladiges yo Y] cadl 3
cs S VY B g VY B8 s ol i oals oL la
0y o dadiges aen [YV] (I A S a0 4 gs b oS
o3 lbdiges a5 bl 51.05,.5 o 13 (CAB) slo,6 LS
oasSla> bas) HE/Th= 3 sowsSlos Las 535 3 Th Wf) o
Conle glls by aan wilazs 5 )15 AAT 5 CAB oy e
ooy SS& jslite 4y (prizzen i oLl Sl
Jlie yo ZI/ALO; Jloges 5l cglaman 50 51 SleS
bl (o A US) [YY] el sy oolazl TiO/ALOs
goyS 5> gl ikt Slaassl glaSis Jloge 9 0l
oBays 5l e )8 (s 8 4 atls oleSle lagleS
lo)B arile abox 5l 1Sen slojye «slad )y (Sloires;
gl 5l (S Glenyz slepls 5 (CAB) Jls
Vb bgte by Ll Sol oSl (5w LS55
mdiged Ogd oo odyd Al A S o aSilix el o Cgese
eSS sl gl wlazs 515 (CAB) 0,05 o b
Joslonr bolS gg 5l sl Jlkd glacil>
o oolaxwl [YY] gTa/Yb lie o Th/Yb slaloges
Sogll Ta/Yb Llis ;0 TH/YD jloges o (o A JSi)
Ta/Yb e o Th/Yb il cew  slaiug
sl 5l 2ab a5 38 oo TA/Yb Jlis ,o TH/Yb cons


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

AY o @WT sl P WY Kl 4 GNL..MJ&...MJ R VYAV Sl ) o)l V8 0l

20 [rrrTEETTTETTR TR
| u 18 <l
16} -
Shoshonite Series

3 o o M .
[ -
4 1 High- K Cale- alkaline e 12 ]
. & 10 :
Q J97 - ]

) z 8
2 = Calc- alkaline Series 6 :
11 N ]
Tholeiite Series 2 .

n T 1 1 T T 1 Ll u
45 50 55 ﬁ?ﬁ{) 85 70 75 35 40 45 50 55 60 65 70 75 80 85

& 2

Sio,
@ Jlie ;0 NayO + KO Jloges (Gl tous a3l o logos 51 ool b (sl sailare laacs] lackon oldle (s ouesd ¥ JSib
[a] Si0, Ll ;0 Ky0 Jlsges (o [VA] SiO,

Hf/3

Within plate
Arc related
I =
0 °Q
o
n
1 Il lllllld Il Il Illld Il 1 11kl
o A 1 10
Ti0,/ALO,
IOE L] L) LB L IIUI III!
S : 1 o
1 = |
o ]
> p
E -
[ .
. | . |
w3
.01 1 1 IIIIIII 1 1 IIIIIII 4 1 IIIIlI()“
01
Ta/Yb

oS iloz (o A¥V] HE73- Th- Ta Jlsges 5l oolizul b o Oyge SliaasT slacSiw Sl ire) slalase s (Al A S
S g adhaie slKiw SgxSs lae (0 VY] TIOYAL O3 lis ;o ZI/ALYO; Jlages 5l eoliul b slamis 5050 slacasT sla
VY] Ta/Yb ol 0 TH/Yb @l pisi ol slo iy aleS g6 51 (slo,BB Jlad aisl> oleSle ylaS


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

@Ua.l.w swsbjﬁ AN

Subduection zone enrichment

or crustal contamination
Within- plate

enrichment -

Z
g
=

=n

IPIPII0M 5I[ESEY 24V

(< IYINb/YD 1 ;0 TH/YD jloges (GIYZIND/RD L1y o RB/Y Jloges 10 (w0 8590 (sdilaie slacKiw coundge (i)l 4 S

9 6‘4....»9; O“)YT f‘ 5o JJ‘})LSA 9 S 6‘0}3 Jl:ﬁ 4......4[}
oopl3l Jawgnd Sl samalil OVl saliwgas solgs 5o
[yal KWIH ool D924y 0digy9,9
SleSis 35 G 0 Hte sl s (S
2 Th as Slxl s ool odilyg 8 slaciguw, bl
@leSle lapleS” pias ;5 oailyg b Slga) GBS (sl
@lp el o035 aliw 4 Conl S 2ilye 8 4 Aty
59 Ba/Th jloges 5l ool oailyg,8 (slocsgu, (s s
IS opl Sl (o 4 K@) [¥e] as solizul Th Jlie
Y| a5 aes o olas |y, Ba/Th 31 ool cas 9 Th
Ol ol sleSle Sias yo onilyg 8 (slamga, (25 5l (50
Nb/Zr > ~/'A )| @YL S 6‘)& 0 0&3‘)9)5 ‘—“L‘S”’)
NU/ZE s 55l a5 8550 slatiges ,o [¥V] wiiis

[V'] Th );‘); e Ba/Th )‘.)54.) )‘ oolaiwl Ll O‘A"Iﬁj‘s ;_)l;}w) uu.zl} u:.:..u

) [yv] Th/Yb #lp o Nb/YD Jloges I pimen
Sype aSiw (KI5 eSS e Glp (o
5 sl plhix Gllin geld Ll cads solaiwl ow,p
el 0l astie Hloges 0 (ACM) lo B Jled ail>
B o lid |y anieS alides SluS 5 (0,08 (SO0 lgs
@l oaiS iy jeSl G plaie 4 Ybloged cul o
ol ols gllo Nb g Th S’ o Joe Th 4 Nb
ey oy Cus Ivvl s 0518 5 yeb 0 alie
G WYl Sl e Fad 8 Jlaged opl o YU 4 ol
o Ol | (sl5,8 slaadlaie )3 0nig)g 8 hugid lends
b jlogei 59) Wadiges (652513 0525 K00 (ke 400
5 Cowl uilyg 8 gblie glaojlas Sab sé wig,) Oljlge 4
L 533 rhosicd 51 0as 31 slaJolone il s Ve
@ Vsl Th Sas o 1) wlad 515 glaiwg Sooll
5 [YA] ol atly olSals sla ot b (laiugs Sl
sl 4 atwly slaldle samailic Nb oS jlade 35


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

AQ ce @L.....M o T 6Lbs_§...w/ LS.DL.AU...A) olf..[l.? 9 ‘S.HLM&M/ o

VWAY L o) oyleds Y ol

Oomb w9 bt 0 3,8 jels @b 5l be)lwald
Slold [¥7] s o Slie )0 Bu e Jlogil el s
@ e a5 cal ol LSk oK Gl e lwals
mogd anl By Al 598 polie 0 lagSs IS S e
ahis s Xiw gleSle onms JSi a4l oo
3,15 ST g Bu 5l goly; polie (o) gd azmis jo g ailay laly
Joges y0 yolie cpl cuie Jlogil sloul el 5 oles sLSle
AleS A S 0dd Hlngs Hloged [0 el oud JgSie
rolie 5 Vb s 5,05 sals (0 ) JS8) o eyl
Sl 53 9 K Ba wsle (LILE) 50 )5 Jedsnd
Nb 5 Ti logase (HFSE) YU ;e oos L yole
b ye 3l reey Lo s laaigas ] Ol yesS W9 s
SlaassT sl asls o [YAl w)ls slbal Luslys,8 b
wlg e b Shy ool PV cal slo)B (LS 4 anly
50 99590 LILE (gly> 09,9 a8ly ;0 9 (slatwg ioVT ailas
ail ol Vb adeS 9,0 4 edigysd owsildl atug
S Syt S5 g Plul colls LILE ole [vA
idlygyd bl jo cplplo [¥al &)l @Yl ;o HFSE
039,98 (sl fhwotd VL il ead S5l SVl
05938l aiieS & 9 Wed oo & LILE 5l g ;88 Nb ;I a5
sy 4 wlgioe NbTi jobe e Jlogily g oo
Lo [F+] lamagy (Sogll wlise axdsf jo (2il)9,3 l32!
298 Gy 1) polie (al &5 aBl eaile B S, b basi e

Ival sl oo bi> Slgas,

» ol , LILE & ¢ Ta g Nb pgas 4 HFSE
o G s adlal () nols cais alo o as @y ol a0
(SlaigS 055 4 yiilyg,8 amans 3l ool o, Nb-Ta ;i ,.a8
4 S by, 5 geriol jo Nb-Ta ez 5 Lai (¥
(Vg aiieS oinls L uiljg axio 31 Ko sbajls
Sl saloges 45T 5| oad it LSl Sogl
&S el Sl sleerdesy wales [YY] cul Glaiug
SlaigS 055 Lidn gl ahaie sl Sl onijle LSl
B8 daiz pw Yo by ool peslogulie (g0gu> U
Cegraal o)l 10 003155 ,50 (w3l 43y5 loiol

L8] ol onss Jols T ol o 005,953 Sligas g

S s loges
slaSin bty SRy e oSl oln
ol Hlxigy (SeeSie slojloged 5l cadllae o)y50 Slaass]
S35 Jloges o [YY] cojuiS @ cos ol SB olie
J5o) [YF] adgl 4l @ s OlaS polie oad jloxige
~e Sk Wl Ve U el oad ssliul (o g I Y-
yobie & s (LREE) S ol (S jolie 5l (S
S s 5l ol ol il oo (HREE) %o ol S
Oihed ey SleatsT glaples” HJKIISIE glalosle
odalie g cpl yo a5 ehailen [¥O] coul gl 8 ail>
9 ST 5l cuite Jlogl sl)lo addllae 5,90 (ladiges g oo
5 9950 JyS WDy awsi Bu Jlogil aisl o« Bu
oM b Galply sl iy 5eS] anulSs 4

1000 100
o |

e | 8
%1004 -5
g )
= G
g 10¢ @ 10
£ | :
=y

w S
B %
E Z
| 3
011Cs Ba U K Ce Pr_P 7r Eu Dy Yb ' la Pr Pm Eu T Ho Tm j,

L LN "L L L I‘I L Iq
Rb mp  Nb-pq Pb SF Ng Sm T Y

Lu

T T

Ce Nd Sm Gd Dy Er Yb

s DleaS polie sud Jlrigy (S5 o903 (0 g [YY] o yaiS @y cos ol S jolic ond jlrigy SeSie slaloges (Gl Ve JSio

Lre] ady) arsss o


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

Olp!l (ool G 5 (gwlids yols almo

@Ua.l.w sCA....Jj\))é q-

[6] Yousefi F., Sadeghian M., Sadati Jamali S.Z.,
Mansouri Moghaddam  B., Ghasemi H.,
“Petrogenesis of low Silica Adakitic domes of Sahl
(South of Shahrood, southeast of Semnan
Province)", Journal of Petrology 28(2017) 95-108.

[7] Ilkhchi M. R., Faryad S. W., Schulmann K.,
Kosler J., "Metamorphism and exhumation
processes of the Shotur Kuh metamorphic complex,
Semnan Province (Central Iran Zone)", Geolines
20 (20006) 55.

[8] Ghasemi H., Rezaei Kahkhaei M.,
"Petrochemistry and tectonic setting of the
Davarzan-Abbasabad FEocene Volcanic (DAEV)
rocks, NE Iran", Journal of Mineralogy and
Petrology Mineralogy and Petrology 109.2 (2015)
235-252.

[9] Ghaemi F., Mousavi-Hahrami R., "Geological
map of 1: 100,00 Daruneh", Geological Survey of

Iran(2006)

[10] Fisher R. V., Schmincke H. U., "Pyroclastic
rocks.Springer Science & Business Media",
(2012).

[11] Wilson M., "Igneous petrogenesis a global
tectonic approach”, Department of earth Science,
University of leeds (1989) 466.

[12] Middlemost E. A. K., "Naming materials in
the magma/igneous rock system', Earth-Science
Reviews 37.3 (1994) 215-224.

[13] Pearce J. A., "A user’s guide to basalt

discrimination  diagrams”,  Trace  element
geochemistry of volcanic rocks: applications for
massive  sulphide  exploration.  Geological
Association of Canada, Short Course Notes 12.79
(1996) 113.

[14] Harker A., "The natural history of igneous
rocks Methneu", London, (1909) 344,

[15] Kelemen P. B., Hanghgj K., Greene A. R.
"One view of the geochemistry of subduction-
related magmatic arcs, with an emphasis on
primitive andesite and lower crust”, Treatise on
geochemistry 3(2003) 593-659.

[16] Rollinson H. R., "using Geochemical Data:
Evaluation, Presentation, Interpretation”,

Publication by John Wiley and Sons (1993) 325

el g
Gl angy Jos olSle g sl SlaassT clackon
A S5 bl snl o S Gl 6550 I
g o S ol axies hbegjal § cojul
3 g s e Vb b Lwgie pewly HJSITSIS LSL
il Sleass] sl g5 5 olaime; mdy S b
5 boSle 2T (i ,i ek londs LSa5 (glo B G
SlaSis Joou 50 oad ouilyg 3 (pwgildl 435 paslogulio
oleondgsy anled ailassls oS lie L 8,90 Slaass]
iduogd 5l K pl sl Sl a5 cusl Xl
sl 00 g)""l} 0 WLA?.MJLA.A (§O9> [k 6‘4....»; o;
WBL2) Jlyren o (ol Ay Jlod 4 g, (5058
" S JSaS ele (g B9 (o9 andle ) 4 (090
00g ;e Oiwo).g uJCJLo.w 6‘0)5 QLQS QS’LM] LgL‘b

ol

&=l
[1] Ghasemi A., Talbot C. J., "A new tectonic

scenario for the Sanandaj-Sirjan Zone (Iran)”,
Journal of Asian Earth Sciences 26 (2006) 683-

693.

[2] Yousefi F., Sadeghian M., Semyari S.,
Ghasemi H., "Geochemistry and Tectonic setting
of high silica adakitic domes Of Ahmad Abad
Khartouran (South East of Shahrood)", Journal of
Earth Sciences 100 (2017) 291 -298

[3] Haghipour A. A., Aghanabati S.A.,
Geological map of Iran 1:100000; Geol. Surv.

Iran (1985.)

[4] Emami M.H., Sadeghi M. "Omrani S.J.,
Magmatic map of Iran 1:100000", Geol, Surv,

Iran, (1993).

[5] Shabanian E., Acocella V., Gioncada A.,
Ghasemi H., Bellier O., "Structural control on
volcanism in intraplate post collisional settings:
Late Cenozoic to Quaternary examples of Iran and
Eastern Turkey"”, Journal of Tectonics 31(2012)
3013-3042.


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

Q) @W—‘QSLD&MLS‘DL‘”UM)°&L>5(5“L“”®(5“))J

VWAY L o) oyleds Y ol

[27] Leat P. T., Pearce J. A., Barker P. F., Millar L.
L., Barry T. L., Larter R. D., "Magma genesis and
mantle flow at a subducting slab edge: the South
Sandwich arc-basin system", Earth and Planetary
Science Letters (2004) 17-35.

[28] Kuscu G.G., Geneli F., "Review of post-
collisional volcanism in the central Anatolian
volcanic province (Turkey), with special reference
to the Tepekoy volcanic complex"”, International
Journal of Earth Sciences 99.3 (2010) 593-621.
[29] Aldanmaz E., Pearce J.A., Thirlwall M.F.,
Mitchell J.G., "Petrogenetic evolution of late
Cenozoic, post-collision volcanism in western
Anatolia, Turkey", Journal of Volcanology and
Geothermal Research 102.1 (2000) 67-95

[30] Hawkesworth C. J., Turner S., Peate D.,
McDermott F., van Calsteren P., "Elemental U and
Th variations in island arc rocks: implications for
U-series isotopes"”, Chemical Geology 139.1
(1997) 207-221.

[31] Elburg M. A., Bergen M. V., Hoogewerff J.,
Foden J., Vroon P., Zulkarnain I., Nasution A.,
"Geochemical trends across an arc-continent
collision zone: magma sources and slab-wedge
transfer processes below the Pantar Strait
volcanoes”,  Indonesia. =~ Geochemica et
Cosmochimica Acta 66.15 (2002) 2771-2789

[32] Wilson B., M., "Igneous petrogenesis a global
tectonic approach”, Springer Science &Business
Media (2007).

[33] Thompson R. N., "Magmatism of the British
Tertiary volcanic province", Scottish Journal of
Geology 18.1 (1982) 49-107.

[34] Sun S. S., Mc Donough W. F., "Chemical and
isotopic  systematics of  oceanic
implications  for mantle composition and
processes”, Geological Society, London, Special
Publications 42.1 (1989) 313-345

[35] Asiabanha A., Bardintzeff J.M., Kananian A.,
Rahimi G., "Post-Eocene volcanics of the Abazar

basalts:

district, Qazvin, Iran: Mineralogical and
geochemical evidence for a complex magmatic
evolution”, Journal of Asian Earth Sciences 45
(2012) 79-94

[17] Gourgaud A., Vincent P. M., "Petrology of
two continental alkaline intraplate series at Emi
Koussi volcano, Tibesti, Chad”, Journal of
volcanology and geothermal research 129.4 (2004)
261-290.

[18] Irvine T.N., Baragar W. R. A., "4 guide to the
classification of the common volcanic rocks", Can:
Journal of Earth Sciences 8 (1971) 235-4580.

[19] Middlemost E. A. K., "The basalticla", Earth
Science Reviews 11.4 (1975) 337- 364.

[20] Kurkcuoglu B.,
petrogenesis of basaltic rocks from the Develidag

"Geochemistry  and

volcanic complex, Central Anatolia, Turkey",
Journal of Asian Earth Sciences 37.1 (2010) 42-51.
[21] Wood D. A., "The application of a Th Hf Ta
diagram to problems of tectonomagmatic
classification and to establishing the nature of
crustal contamination of basaltic lavas of the
British Tertiary Volcanic Province”, Earth and
planetary science letters 50.1 (1980) 11-30.

[22] Muller D., Groves D. 1., "Potassic Igneous
Rocks and  Associated Gold- Copper
Mineralization", Springer (2015).

[23] Pearce J.A., "Role of the sub-continental
lithosphere in magma genesis at active continental
margins”, In: Hawkesworth, C.J. and Nurry, M.L.
(Eds.), Continental basalts and Mantle Xenoliths.
Shiva, Nantwich (1983) 230-249.

[24] Temizel I., Arslan M., Ruffet G., Peucat J.J.,
"Petrochemistry, — geochronology and  Sr-Nd
isotopic systematics of the Tertiary collisional and
post-collisional volcanic rocks from the Ulubey
(Ordu) area, eastern Pontide, NE Turkey:
implications for extension-related originand
mantle source characteristics”, Lithos 128
(2012)126-147.

[25] Pearce J. A., Norry M.])., "Petrogenetic
implication of Ti, Zr, Y and Nb variations in
volcanic rocks", Contribution to Mineralogy and
Petrology 69.1 (1979) 33-47.

[26] Temel A., Gondogdu M.N., Gourgaud A.,
"Petrological and geochemical cheracteristics of
Cenozoic high-K calkalkaline volcanism in Konya,
Central Antolia, Turkey", Journal of Volcanology
and Geothermal Research 85.1-4 (1998) 327-354


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html

[ Downloaded from ijem.ir on 2025-07-04 ]

[ DOI: 10.29252/ijcm.26.1.79 ]

Olp!l (ool G 5 (gwlids yols almo

@Ua.l.w swsbjﬁ vy

[39] Pang K.N., Chung S.L., Zarrinkoub M.H.,
Khatib M.M., Mohammadi S.S., Chiu H.Y., Chu
C.H,, Lee H.Y., Lo C.H., "Eocene—Oligocene post-
collisional magmatism in the Lut-Sistan region,
eastern Iran: magma genesis and tectonic
implications", Lithos 180 (2013) 234-251.

[40] Ozdemir, Y, "Volcanostratigraphy
andpetrogenesis of Siiphan stratovolcano’, Ph.D,
Thesis, Middle East Technical University .Ankara,

Turkey (2011) 279.

[36] Wilsonb B. M., "Igneous petrogenesis a
global tectonic approach”, Springer Science &
Business Media, (2007).

[37] Zanetti A., Marzucchelli M., Rivalenti G.,
Vannuci R., "The Finero Phlogopite massif: an
example of subduction- related metasomatism",
Contributions to Mineralogy and Petrology 134
(1999) 107- 122.

[38] Seghedi 1., Downes H., Pecskay Z., Thirlwall
M.F., Szakacs A., Prychodko M., Mattey D.,
"Magmagenesis in"Magmagenesis in a
subduction-related post-collisional volcanic arc
segment: the Ukrainian Carpathians”, Lithos 57.4
(2001) 237-262.


http://dx.doi.org/10.29252/ijcm.26.1.79
https://ijcm.ir/article-1-1066-fa.html
http://www.tcpdf.org

