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Sample No. P5-1 K13-1 K13-5 P8-6 P8-8 P7-4
(Wt%)
Sio, 72.59 70.52 70.19 69.74 69.61 68.74
TiO, 0.28 0.43 0.4 0.38 0.43 053
Al,O; 13.76 14.56 14.88 14.74 14.73 14.81
Fe;05 22 2.89 2.65 3.22 3.45 3.78
MnO 0.03 0.04 0.04 0.05 0.05 0.06
MgO 0.43 0.68 0.67 0.45 051 0.68
Ca0 0.92 1.38 1.46 1.37 1.43 1.82
Na,O 3.75 3.95 3.93 4.16 423 422
K.0 49 474 5.01 49 467 45
P,Os 0.14 0.17 0.13 0.12 0.14 0.19
L.O.l. 0.9 05 05 0.7 0.6 05
(ppm)
Ba 400 506 597 633 594 502
Rb 184 212.8 183.3 146.7 159.5 151.7
Sr 65.3 133.4 153 78.9 90.2 98.5
zr 184.3 226.7 184.6 3413 346 334.2
Nb 16.4 20.5 15.6 24.7 245 274
Co 25 3.9 34 2.7 33 42
Zn 35 35 32 56 60 57
Cr 13.42 20.13 20.13 20.13 20.13 20.13
La 26.3 29.7 39.7 39.6 42.4 43.3
Ce 53.3 61.9 77.2 83.4 88.1 87.4
Pr 6.43 7.18 8.36 9.17 0.88 9.64
Nd 245 26.4 32.2 34.4 37.7 37.1
Sm 5.01 5.94 553 6.74 7.91 7.11
Eu 0.52 0.82 0.77 0.97 1.01 1.04
Gd 4.96 5.67 55 6.2 7.07 6.64
Tb 0.9 1.04 0.94 1.09 1.26 1.14
Dy 5.16 5.86 5.88 6.45 6.92 6.9
Ho 11 1.22 1.18 1.24 151 1.35
Er 3.34 3.84 3.64 373 436 4.05
Tm 0.52 057 0.54 057 0.65 0.61
Yb 3.42 405 359 416 466 4.03
Lu 0.51 057 05 0.58 0.63 0.55
Y 32.1 35.8 32.6 36.6 40.2 36.6
Cs 6.2 10.1 6.1 38 10.6 8.2
Ta 2 2 15 21 1.8 24
Hf 5.2 6.8 55 101 8.9 8.6
Th 16.2 23.4 235 17.1 20.1 16.1
u 4 5.2 37 32 43 31
\Y; 16 32 35 17 22 33
w 55 21 11 05 2.2 0.6
Pb 31.6 111 8.4 10.2 12.3 118
Ga 18.6 19 19.1 19.6 18 20
Sc 5 6 6 7 8 7
Ba/Rb 217 2.38 3.26 432 3.72 331
Sr/Rb 0.36 0.63 0.84 0.54 057 0.65
K/Rb 220.98 184.83 226.80 277.16 242.95 246.15
Eu/Eu” 0.32 0.43 0.43 0.46 041 0.46
TZr.sat.C 798.6 811.7 791.8 846.3 847.5 838.8

L.O.I. = Loss-on-ignition; Fe,05 = as Fe total



70 G5l 3 pbogiz) ciople mg llabo B (o gl )T 005 (conliss)

(g -Y JS—s) oy o i e Bed “Afefy e WL L s JU ST
Sle 0929 laSiw il joaS ol I Sod o og——ai j0 5 ((—)9 S0, Na,O+K,0=A/0F
bg_uu_m oanl i ‘5:.:.’5_“:9,...: fg,_w.uLoch 9 a— u_i_x X u_s‘ K0 > Sio,
(Nironen et al., 2000) 5 YU by, SIS sl 6 (o (50,5
; : = ; = 1.0
Ultabasic | Basic - Inrermediate : Acid d,"
oo ! : : A- type granites ‘.”
0.9
Alkalic 6 ..
o)
—_ = 08 .
§ 12 | .g
g “% 07 Magnesian
> 3
) g
g 6 é 0.6
05
é Subalkalin:a/'l'holeiikic 5
0 T : - T : T 04
e i - o 50 60 70 80
Si0,(Wt%) %Si0;
12 7
- (S
6
8 |
Metaluminous Peraluminous
5 |
2
g “
x
X 2
+ 3
90
g Calcic
21 1
* i &
”r;;;;;kaline
-8 - 0 T T T T T T
50 60 70 80 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
. Sio, AICNK
(c F &
6
5 |
Shoshonite Series ©
:\: 4= igh-K calc-alkaline Tholeiite Series
é Series
o
= /_\
Calc-alkaline oy,
Series . ~ gy,
21 / )
Calc-alkaline Series
1
9 45 5|0 5|5 6|0 6|5 7b 7|5
A M

Si0, (Wt%)
S|02 )LbjA.; ) (g.) ‘(COX et al., 1979) .M)..f‘so )|)9 wl; 03gde 4O LQAJ}—OJ GQLM K20+Na20 > S|02 )‘09.0.3 ) (JJ‘ -y J;iw

Na,O+Ko0- 15 ;0 SI0; log i ;0 (& 0 puS oo 51,8 o suie B (Ferron) jlsc,al eogames ;o laaiges FeO/(FeO'*'+MgO) i, ,o
ogiaglllie 03game 10 aiges AINK Ll 0 AICNK jloges 10 (& i S o 1,8 GISITSIE sogases 10 oas anlllas slaKiw CaO



VWO b a3l o)lod g Jlo (s5d9 —5

24

4o ‘S_M.QMAL_S Ol i Ay, A S a >
Lo ! ,oRD/ST g Ba/Rb sl aca s
Ol Olss e 8990 U (Hy 9,55 oo piiz
29— lass i el el a S o, S
Sog—od 3l eola—wl Lo (F JS8) st 3,45
o Gt 4 g5 o Ba Jolie ,o EU/EU
s B 9 53 el Slwals g PIS93
Lol LaSLe Joo5 w50 1) 65t (i pmsly

(Henderson, 1984; Mansouri et al., oS
.2010)
1000
ioclase
€
gwo Biotite feldspar
@ \
e’ﬁpﬁ
" 0 100
Rb(ppm)

Sr (ppm)

Ol (ematuie Ol 5 (e b ol

VEFIV-YAY/A) o, : e (6l it s
o B YYN=F /Y)Y ol (g 53 Coou3
JRRCOUIN ¥ 7Y) (TN o WU JCON Y GO FOR
(Og—shes )3 B ¥o o F77Y) )L d(9—rls
=Y0) meolsly (g ;0 Coomd B-A) il il
33 oo YIY=0/F) S5 d(ygmikon 15 o3 \F
SYVIE) pg—agn O TIEY=Y 1\ pg,S (y9—shes
Ceod VO-YIF) 0l o(Goshs 13 Crond VO/F
FOU/BE QY'Y 71 0 o £ WIS IC USRI IONY
ol 30 KIRD s (g 10 Cran3 VA-Y )
2 DS e S YYYV S L VAFAY Lo

1000
Plagioclase
AN
&
100 Biotite
.K-Feldspar
10 (’.\g
o
o
o
1 L
10 100 1000
Rb (ppm)

Gt i3 55 B JISIT 5 S50 305 5o G5 SbsS daaiges (65 5 0525 RD-ST 5 BarRb yligs (sla g jo ¥ S5

S 5 02595 25 sl i oyl b e
Ga ¢ Ba Sr Zr TiO; AlO; el S .o,ls 05—=4
g (oS Hskd b ol e dis (1581 L ol jen
(JUNG 8 5 05 e IS5 ey Sl
Tatar and <Thuy, 2004 <Moghazi, 2002 al., 2000
o b oo ,b e Scen .l Boztug, 2005)
Yo &ylmas o Slawald 3,80 51 gawls el (Sew
O JS—&) ol Jy—mial 5 Cbgm G i LS
Arslan and <lbeyli et al., 2004 <Rollinson, 1993)

.(Aslan, 2006

Sl el 28l L ol an ALOs e 2alS

sl o oo S a5l slo SIS 5,5
o=l oo s uediws 201581L ol o EU oS
degarme o 1y oates G plly DLl o ol
L ol e ASI fiee Gl S oo o5k 2l 3o,
S g a5 Sl pl oaimo lis w1058l
Sile SIS Sy 4l 5y 5 asgazs 5o Lol
(Konopelko et coul (Cudge Jio) jlopguinegll oS
S ail ol LSk wlgs e ,50s L 5l 5 al., 2007)
sosly et Jolo el 5 5l milS (sleSle
s (SN (o2 (Frost and Frost, 2011)



7Y

G5l 3 pbogiz) ciople mg llabo B (o gl )T 005 (conliss)

1.2
1 .‘
0.8
2 0.6
w
@
0.4
0.2
o
16
@ ‘.
o
o
o~
= (]
12
12
1.1
(0}
Z .7'
0.9
0.8
o
(6]
05
e
0.4 ..
o
2 o3 ®
0.2
0.1
0
60 70 80
Sio,

600

500

400

300

Zr

200

100

| s

g
@
o

Ba

400 Q
300

200
180

150

120

60

30

21

20 @

Ga
e
(©)

60 70 80
Sio,

o 1 5> Ga s Ba ST Zr TiO, AlLOs ASIEU &l is slalsgei -0 IS5

5 (Cen/Yby =0/07-Y/20) el S'o—_SI HREES
-F JSi) ams e olis sasie EU ate Jbogl
Lo o ai 45 Cpizman (EU/EU =+ /F5-+ YY) (Ll
(@ -7 JSb) adgl gl @ 0oy Jlwpas S35
Ol—e a2y 5 (Sun and McDonough, 1989)
Jlog! (Pearce et al., 1984) (o % JS&) weildl

29— 5 gy St Jlagil g ND 5 Ti it

5 S S ol pobic 5l addllas 550 slacKin

P Sabeie ol aams ge plis ( Sad pe S
L5 - 0Y 51 EU ()lies sl ogmme st LREE
L5 \YO/AY; ZREE 5 o—los ;o a8 V- ¥
S ol olis oSl aiS o s YVF/- £
asllas 0,50 Sl gl p Co,uiS @ odds jliaa

ay LREES So b e codaS aas oo LS



VWO b a3l o)lod g Jlo (s5d9 —5

A

Ta ale> 5 HFSE 4 cous |, (Ce osibe) LREE
S 5 ks e oL (YD 5 Y .Sm Zr HFf Nb
ol Hlousdy JSeuSie sl loges o Ti g P Ba Sr
Cwlreil,S Atype clad_axis 5 MORB o

(Jarrar et al., 2003)

aaxio ND o T 2o GJL@JT AS 09l oo odpline
(Rollinson, 1993; culeSle JolSG jo leS Cundso
Albeyi et al., 2004; Arslan and Aslan, 2006)
(sl olee 4123) ORG 4 ous Jlinay slasSl
5 (Th 3Ba Rb K oSy LILE ;5 So 5

g g
! <
: | g 1
2 N 2 .
5 o \. % \ /}' /&\
w ~ 3
w \i:‘ 2 8 - \/ \ N
§; \//’ i s S = E e \.*{ \
5 © . = ) o
%] ¥ § 5 | 7:‘3/ t\\ \i/}t_':i

| R |
e].aCePrNdeSnEquTbDyHoErTmYbLn

L L T e S . T . O L

CsRoBaTh U N K [aCe o Pr Sr P Nd Zr SnEa TiDy Y Yb In

Sample/ORG
'/
i

\
— ; SE—

= T T T T
K20 Rb Ba Th Ta

Nb

Ce

T T T T T

Hf Zr Sn Y Yb

S 45 23 o0 LS (Sad g (K § S S 5oL jolic (Bonyton, 1984) ¢y juiS 4y ool jlowisdy jloged jo (-7 S
(Sun  adgl ssiile a5 ool jlraay Fe.Sie sl logad 1o (0 s o lid oo L_,’JLc};T EU 5 cwl Swil HREES 4, LREES  Sois 2

ORG 4 o0l jlovady jlages ;0 (& g 098 o0 0owlice 1595 § padmg) Cudo GIL”JT g Nb o Ti aie A_,’JL%JT «and McDonough, 1989)

Gl ool a8 § Ly o I-type el § & jgods
aSylandasg L (Hs dOYAY ()L 5 200)
Ca—us FAMNA LS YAZN 51 Zr+Nb+Y+Ce la_ds
5/ FeO/MgO /66 L5 ¥/¥) ;1 10000Ga/Al
a/f L f/A 51 (K,O+NaO)/CaO 4 #/f L5 Y/#
Sl oges 5l puiles od (Solw a0 S o oS
Sl S (VAAY) )L S g Whalen
lasas I-type Ly s Atype slacesl3 ay Loyl

9 oo 0aalive HFSE &y s LREE 4 LILE j5 Sos i

9 A-type S-type Lo cudl )1 Suile iy gl
a8l 5 45 Ty o 1-type

00 gy p Sl paSulasa g L
i 20l 5 el Sy 5l S AJCNK laiis
SV US8) Sl ol e i 2al5 8 Ly PoOs
S-type cale Loyl ol o g5 os (ol plss (1
(Wolf and London, 1994; Yanbo ss ,9—as
and Jigwen, 2010; Peng et al., 2012)



£

G5l 3 pbogiz) ciople mg llabo B (o gl )T 005 (conliss)

(Watson and Harrison, 1983; King <—wlSls
ol >a > 0 €t al,, 2001; Miller et al., 2003)
sl 3,5 slpasges )3 muis—S nj 5l gld!
ol i 3 ol 8 lwa > 3 AFA L YA
Oylaz sl i Ojlymaz s ol (0 Jgaz)
slocil s alie Jy ol g95 slo o gl S
(Clemens et al.,
Miller et al.,
Zhao

Cwlss 0 A g5 sl
«King et al., 1997, 2001 <1986
2008 Bonin, 2007 «2003)

et al,

sl i ol aslllas il)S 00g ol pl
ol o La K ol o wa Atype clo
Y-Nb-(3Ga, Ce, —lie —SS& slon,loges
(Eby, o8 o 1,8 A2 sous ,0 3Th, Zr/4)

(A ) 1992)

8
® &I
@
- ® )
@
(+]

o =

R
=3
= 60 6 64 66 68 70 74

Sio,

5

X 4 / )

: /%

E

O,

< A-type

Z 34 Itype

2
S-type
1
3 4 5 6 7 8
K,0 Wt%

9

CaO/(Fe0'+MgO+TiO,)

40

0

(]

10

08

06

o

oY ol s pomlod oolai ol a sl 5— &5
o, 5 slan 09l T 50 el il
L alble o as (=Y JSb) anb o jrals
s(Li and Zhao,
J5) KO v 5 NayO Jlogas jo (oo
i ; Ca0+ALO; Jlog o5 g (=Y
A ges ol ai(o -V JS_2) (FEO'+MQO+TIO,)
A-type ceals asllas 5,50 a4 dlhie glac il S
(Dall'Agnol and Oliveira, o w5 o Ll
— o< .2007; Yanbo and Jingwen, 2010)
Locsl,S Atype L oodlusas sla gl ol
sloalSle 1A g5 slac il S .o ls il

>

Oyl a0 g o e Y &)l L
adol &yl a0 )l@_.mpuw.gs_f);) 3 8L¢—5"

60 62

/ C/ {»//,)<\ =l e

[ o ‘.' \‘I

1 Iﬁ 18
CaO+AL0,

T
14

axlllas ladiges ;o udew (EIBEILY Hlis loged cpl 1o (0wl oo 2olS ki (231381 L P20yl Jlaged ol jo (A=Y S
P (&g AR UL_m.a A-type calbs KO > - Na,O &Uso )|.>3-o.§ R RS axllaso w‘)f LgLQg_i‘.u (¢ "\’L’;s“’ Mls 03

A e Hlid Artype coale [l 90 slaKiw (FEO+MQO+TIO,) o 5 CAO+AIO; log03



VWO b a3l o)lod g Jlo (s5d9 —5

AV VAR VA VA VA V A VAV
Y Zrl4

AV VAN VAR VAN VAN V AN V A V AN VA
b g 3Ga

S oo )3 A2 ssama s 3llabio 3 slacoil, S Y-ND-(3Ga, Ce, 3Th, Zr/4) _ilie SeS& (slo logoi (bl 5 -A UKo

L pocy ol 5 i e il (25305 plStn 3
Eo Lot S &S o o witen gl blis e
Jas s 6 e (6 aie slacas sl A2
Lgl_fb&.”)‘l.g i 6‘0)15 g wiL«.A & pais slcans
J.@l? 6‘0..3._;;) o._\_i‘) ) Kwg [_’ 9 d‘o)l_g Lwg
Ly o) 0,05 055 1 peslaSle a5 1 S 45 395 o
)‘ (9 o).‘i.wf I 05; U”‘ o c«.b")&f ‘) u,..,lﬁjs
3o oo gislS 5 9,05 5 5l ) slaomgslS
0,90 S ‘_gLe{u‘ ) as ‘SJLQMW‘;) ‘S_a‘)o&_{
peilaSlo s YUy ol b 5l ol > 5l (Y5 b

Ce

P95 9 (SHEST CunBgo
)‘ 9 013_.5 5o A-type LQLQ"\—“’B"'"";
iS5 g go S8l (285 (ST sla b

90)5_5ﬁ)|d_a.3&_&5136|0)[§ uwbuww
(Eby, 1992; Whalen et al., _ulamioys,s Cusdye

.1996; Forster et al., 1997; Zhang et al., 2007)
wlie 6 paie Glacas sl Al g5 slaog il 5
oSl Gy 5l g 0352 (owgildl Rl slacdlil L
=l Sl LSl oz mle jload s
p_MwLofLa Lrla L» 6‘0)1_5 LgL:b&élS 59 as 45“’9"l‘“5‘

sojjf u.a‘ A.ag.wso J-«Ol? Xloas )—‘i’l} (5“’)[5 O9°



\A

G255 Grbogiz) doglon g clllie § Gangiil S 005 (cordsls

e sLeSle LMisl lie @88 (2b5)1 sl 0
50 ol laosls a5l gl gt 5 alsS
il o2zt (oelS e LIS g e
aS cwl (NA-SM) o )Ll — o555 5 (RD-ST)
ol plasl ag ,old wllasde o,y o Ly ailawlis
P ROEISL e o YL 4 4z b Jg (o9
Slawg sbdie a0 JliSar (1S ladiges
el 00, 5 Ll LaSlo oyl olowl jo 1) (g yiien i
S )3 ol 5l LSl ot iz
=S 5 gmimeglllote 51 (Ye o)) LS 5 Frost
5 Salo (ol Vit a8 &S o 1ok ugingl]
ol dlow! sldiwg slaolie mad by u,uj.....,ojﬂf:
oL g Cullers (Dall’Agnol et al., 2012) .|
S o Sakxe (V499) o, e g Frost 4 (Y44Y)
s i 5 DA i SlotdlS 4 s
SLaSlo (a8l LMW Lawgs (euiwedd] 5l gLt o o
gy e o) (25 Sl Ly 3L
Jopral gloausiil S o5 6 5ba it (Seuld
31 6 s wsimosl ]y AlS_iie (gl s JLSITSS
Lal b o ws JUSI ool slaa_neisl S
et s izl LSS (slas sl 5
polie s1s ugaimastUite JUSIT (sloaygi 5
(Dall’Agnol et al., sciwe Souds aiwg 5l (5 i
lace Yias! a8 oy e ,lasan, ol by 2012)
LTSI cale Uy gllalio 3 ool 5 slacSin
Sl S gd ol poginagllyy b GugeeslTlio
Lol Lo 51 g 5Ly slaSle basgs glaiugs
sl Bl sboSle ol b alol>

- Gotele a0 llalio,d slhag il S
4J§005% u;{boL*aig_ﬂd u;atazugB'Ld)b QL?;¢»
(Cam g IS 95D ‘uL_.uA.ls‘_le_iﬂ 35leS Jols

(Whalen etal., 1987; coul (digd oo pSol> il 5
Eby, 1992)
slocul T SeS (S8 sla loges ulal 5
Slamino(y9;0 9 (=305 3l dn edgaze jo BMaso 3
SHSS SaaBye (g5 (o0 a5 (A USE) 855 o )l B

S s T a1y oliesS 5l o

o /
o _| e
S syn-COLG B ;A-typé . WpPG
o O
o - v
"4 = |
| ) .‘/ y 2
VAG ‘ ORG
- T T =
1 10 100 1000
Y+Nb

ool s (Pearce, 1984) Sogss S jloges o -1 S
(’;J‘B Lf‘)ofj )‘ REETI PR e L‘bd.a}o_v Rb ).3‘).3 e Y+Nb

loads

5§ S 050 A g9 slac il S sliie 58 b
g Gl g 09,5 90 g wlodg a0
Szl gl o dus aslazily |8 glar oS
S I 5 GlySee A g (IS LS
«(Frost and Frost, 2011)

=5l iy laSin (i ogd (&
(Collins et al., 1982; Whalen et al., _sl_wals
.1987; Creaser et al., 1991)

gite el JLSIT (sLoSle 5 Jpamo (o
(Turner et al., 1992; Litvinovsky et a_igS
al., 2002; Mushkin et al., 2003)

L slalele 45 YU Joe 58 5 oS 5 (2
Saled pde ) glawg laSiow (30,8 b )0

(Kerr and Fryer, 1993; Wickham et al.,
1996; Mingram et al., 2000; Yang et al.,

.2006; Dall'Agnol, 2012)



VWO b a3l o)lod g Jlo (s5d9 —5

\Al

ol LY el MORB 4 ouls jlrinay J9.50c
A= 0050 YU S 5 5l eldl o)l a0 5 edens
bewl S plcul ddlas 5,50 slacasl S o4 type
o (SeieaSS o SO j0 9w A2 g4 5
o) sliie 0lene] 992 gay dmmins alil> 10 oljesS
Gl g Sd al gy e Jol> S
s lSb L alol> sleSle LMzl g 5L

5 olegi (Sl bl (05 5 eyl (Jpepiel
als anls Vgl 5l acKiw oyl il ol cuiiSe
SeiewodMgil ) g0 b interlobate  Swl b aloois
U ol Lacesl S ool olow b blsd 51l
ST 5 Gosmslly (05 b Gogiagllio o 5o
5 IS5l 5 iy Sl 55 it Sl
asls bXw cpl GleSle Joou 10 st S5 ol
L l550i ;o Ti o P Ba ST 5l Sus 5 cl

&L

— g Ais) Sl e (§m gl )T 0085 cenliel) oy (VYAR) o ¢ 088, 9.8 (sdurm o p o ool p o LU
gl oy )l oSLilS e pole olans )T (rrallia § S 5 Ol (owlid ey ool Glales (e oz (Gl e
Ol
QR

S ripgmz) Cbd s (g Allaie 63985 (03] g (555 Gla S (cwlidiine) 5 S3gls N (s VTVY) ool
ol e olEils (| olid IS asbinbly (5055

Y copsle 4l o 505501 B bosir Wbl ~ e il S (6358 035 S0, VYVY) o ool s o o sl
AY-Y¥

Ol yeaS Sase BlasST g ol ) cwlid ey Hlosle LGOS Al VY e e e b ey alal (VYVY) o e Joeoe

Alirezaei, S. and Hassanzadeh, J. (2012) Geochemistry and zircon geochronology of the Permian A-type
Hasanrobat granite, Sanandaj-Sirjan belt: A new record of the Gondwana break-up in Iran. Lithos 151.:
122-134.

Arslan, M. and Aslan, Z. (2006) Mineralogy, petrography and whole-rock geochemistry of the Tertiary
granitic intrusions in the Eastern Pontides, Turkey. Journal of Asian Earth Sciences 27: 177-193.

Barnes, C. G., Mars, E. V., Swapp, S. and Frost, C. D. (2006) Petrology and geochemistry of the Middle
Jurassic Ironside Mountain batholith: evolution of potassic magmas in a primitive arc setting. In:
Snoke, A. W. and Barnes, C. G. (Eds.) Geological Studies in the Klamath Mountains Province,
California and Oregon. A volume in honor of William P. Irwin 410: 199-221.

Bonin, B. (2007) A-type granites and related rocks: Evolution of a concept, problems and prospects.
Lithos: 97: 1-29.

Clemens, J. D., Holloway, J. R. and White, A. J. R. (1986) Origin of A-type granite: experimental
constraints. American Mineralogist 71: 317-324.

Collins, W. J., Beams, S. D., White, A. J. R. and Chappell, B. W. (1982) Nature and origin of A-type
granites with particular reference to Southeastern Australia. Contributions to Mineralogy and Petrology
80: 189-200.

Cox, K. G., Bell, J. D. and Pankhurst, R. J. (1979) The interpretation of igneous rocks. Unwin Hyman,
London.

Creaser, R. A., Price R. C. and Wormald R. J. (1991) A-type granites revisited: assessment of a residual-
source model. Geology 19: 163-166.



\AS G5l 3 pbogiz) ciople mg llabo B (o gl )T 005 (conliss)

Cullers, R. L., Griffin, T., Bickford, M. E. and Anderson, J. L. (1992) Origin and chemical evolution of
the 1360 Ma San Isabel batholith, Wet Mountains, Colorado: a mid-crustal granite of anorogenic
affinities. Geological Society of America Bulletin 104: 316-328.

Dall’Agnol, R. and de Oliveira, D. C. (2007) Oxidized, magnetite-series, rapakivi-type granites of Carajés,
Brazil: Implications for classification and petrogenesis of A-type granites. Lithos 93: 215-233.

Dall'Agnol, R., Frost, C. D. and R&mg, O. T. (2012) IGCP Project 510 "A-type Granites and Related
Rocks through Time™: Project vita, results, and contribution to granite research. Lithos 151: 1-16.

Davoudian, A. R., Hamedani A., Shabanian, N. and Mackizadeh, M. A. (2007) Petrological and
geochemical constraints on the evolution of the Cheshmeh-Sefid granitoid complex of Golpayegan in
the Sanandaj-Sirjan zone, Iran. Neues Jahrbuch Fur Mineralogie-Abhandlungen 184(2): 117-129.

Eby, G. N. (1992) Chemical subdivision of the A-type granitoids: petrogenetic and tectonic implications.
Geology 20: 641-644.

Forster, H. J., Tischendorf, G. and Trumbull, R. B. (1997) An evaluation of the Rb vs. (Y+Nb)
discrimination diagram to infer tectonic setting of silicic igneous rocks. Lithos 40(2-4): 261-293.

Frost, B. R. and Frost, C. D. (2008) A geochemical classification for feldspathic igneous rocks. Journal of
Petrology 49: 1955-1969.

Frost, B. R., Barnes, G. G., Collins, W. J., Arculus, R. J., Ellis, D. J. and Frost, C. D. (2001) A geological
classification for granitic rocks. Journal of Petrology 42: 2033-2048.

Frost, C. D. and Frost, B. R. (2011) On ferroan (A-type) granites: their compositional variability and
modes of origin. Journal of Petrology 52: 39-53.

Frost, C. D., Frost, B. R., Chamberlain, K. R. and Edwards, B. R. (1999) Petrogenesis of the 1.43 Ga
Sherman batholith, SE Wyoming: a reduced rapakivi-type anorogenic granite. Journal of Petrology 40:
1771-1802.

Henderson, H. (1984) General geochemical properties and abundances of the rare earth elements. In:
Henderson, P. (Ed.) Rare earth element geochemistry. Developments in Geochemistry 2: 1-9.

llbeyli, N., Pearce, J. A, Thirlwall, M. F. and Mitchell. J. G., (2004) Petrogenesis of collision-related
plutonics in Central Anatolia, Turkey. Lithos 72: 163-182.

Jarrar, G., Stern, R. J., Saffarini, G. and Al-Zubi, H. (2003) Late- and post-orogenic Neoproterozoic
intrusions of Jordan: implications for crustal growth in the northernmost segment of the East African
Orogen. Precambrian Research 123: 295-3109.

Jung, S., Hoernes, S. and Mezger, K. (2000) Geochronology and petrogenesis of Pan-African, syn-
tectonic, S-type and post-tectonic A-type granite (Namibia): products of melting of crustal sources,
fractional crystallization and wall rock entrainment. Lithos 50: 259-287.

Kerr, A. and Fryer, B. J. (1993) Nd isotopic evidence for crust-mantle interaction in the generation of A-
type granitoid suites in Labrador, Canada .Chemical Geology 104: 39-60.
King, P. L., Chappell, B. W., Allen, C. M. and White, A. J. R. (2001) Are A-type granites the high-

temperature felsic granites? Evidence from fractionated granites of the Wangrah Suite. Australian
Journal of Earth Sciences 48: 501-514.

King, P. L., White, A. J. R., Chappell, B. W. and Allen, C. M. (1997) Characterization and origin of
aluminous A-type Granites from the Lachlan fold belt, southeastern Australia. Journal of Petrology
38(3): 371-391.

Konopelko, D., Biske, G., Seltmann, R., Eklund, O. and Belyatsky, B. (2007) Hercynian post-collisional
A-type granites of the Kokshaal Range, Southern Tien Shan, Kyrgyzstan. Lithos 97: 140-160.

Li, S. Z. and Zhao, G. C. (2007) SHRIMP U-Pb zircon geochronology of the Liaoji granitoids: constraints



WA 5l ool o)leds cpgus Jlo 3905 ,— v

on the evolution of the Paleoproterozoic Jiao-Liao-Ji belt in the Eastern Block of the North China
Craton. Precambrian Research 158: 1-16.

Litvinovsky, B. A., Jahn, B. M., Zanvilevich, A. N., Saunders, A. and Poulain, S. (2002) Petrogenesis of
syenite—granite suites from the Bryansky Complex (Transbaikalia, Russia): implications for the origin
of A-type granitoid magmas. Chemical Geology 189: 105-133.

Loiselle, M. C. and Wones, D. (1979) Characteristics and origin of anorogenic granites. Geological
Society of America Abstracts with Programs 11: 468.

Mahmoudi, S., Masoudi, F., Corfu, F. and Mehrabi, B. (2010) Magmatic and metamorphic history of the
Deh-Salm metamorphic Complex, Eastern Lut block, (Eastern lIran), from U-Pb geochronology.
International Journal of Earth Sciences (Geol Rundsch) 99: 1153-1165.

Mansouri Esfahani, M., Khalili, M., Kochhar, N. and Gupta, L. N. (2010) A-type granite of the Hasan
Robat area (NW of Isfahan, Iran) and its tectonic significance. Journal of Asian Earth Sciences 37:
207-218.

Miller, C. F., McDowell, S. M. and Mapes, R. W. (2003) Hot and cold granites? Implications of zircon
saturation temperatures and preservation of inheritance. Geology 31: 529-532.

Mingram, B., Trumbull, R. B., Littman, S. and Gerstenberger, H. (2000) A petrogenetic study of
anorogenic felsic magmatism in the Cretaceous Paresis ring complex, Namibia: evidence for mixing of
crust and mantle-derived components. Lithos 54(1-2): 1-22.

Moghazi, A. M. (2002) Petrology and geochemistry of Pan-African granitoids, Kab Amiri area, Egypt-
implications for tectonomagmatic stages in the Nubian shield evolution. Mineralogy and Petrology 75:
41-76.

Mushkin, A., Navon, O., Halicz, L., Hartmann, G. and Stein, M. (2003) The petrogenesis of A-type
magmas from the Amram Massif, Southern Israel. Journal of Petrology 44(5): 815-832.

Nironen, M., Elliott, B. A. and Rd&mg, O. T. (2000) 1.88-1.87 Ga post-kinematic intrusions of the Central
Finland Granitoid Complex: a shift from C-type to A-type magmatism during lithospheric
convergence. Lithos 53: 37-58.

Passchier, C. W., Trouw, R. A. J. (2005) Microtectonics. Springer-Verlag, Berlin-Heidelberg.

Pearce, J. A. (1984) Role of the sub-continental lithosphere in magma genesis at active continental
margins. In: Hawkesworth, C. J. and Norry, M. J. (Eds.): Continental basalts and mantle xenoliths.
Shiva, 230-249.

Pearce, J. A., Harris, N. W. and Tindle, A. G. (1984) Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks. Journal of Petrology 25: 956-983.

Peng, M., Wu, Y., Gao, S., Zhang, H., Wang, J., Liu, X., Gong, H., Zhou, L.,Hu, Z., Liu, Y. and Yuan, H.
(2012) Geochemistry, zircon U-Pb age and Hf isotope compositions of Paleoproterozoic aluminous A-
type granites from the Kongling terrain, Yangtze Block: Constraints on petrogenesis and geologic
implications. Gondwana Research 22: 140-151.

Rollinson, H. (1993) Using geochemical data: evolution, presentation, interpretation. Longman Scientific
and Technical, London.

Shabanian, N., Khalili, M., Davoudian, A. R. and Mohajjel, M. (2009) Petrography and geochemistry of
mylonitic granite from Ghaleh-Dezh, NW Azna, Sanandaj-Sirjan zone, Iran. Neues Jahrbuch Fur
Mineralogie-Abhandlungen 185(3): 233-248.

Shahbazi, H., Siebel, W., Pourmoafee, M., Ghorbani, M., Sepahi, A. A., Shang, C. K. and Vousoughi
Abedini, M. (2010) Geochemistry and U-Pb zircon geochronology of the Alvand plutonic complex in
Sanandaj-Sirjan Zone (Iran): New evidence for Jurassic magmatism. Journal of Asian Earth Sciences
39: 668-683.



Vo G5l 3 pbogiz) ciople mg llabo B (o gl )T 005 (conliss)

Sun, S. S. and McDonough, W. E. (1989) Chemical and isotopic systematics of oceanic basalts:
implications for mantle composition and processes. In: Saunders, A. D. and Norry, M. J. (Eds.):
Magmatism in the Ocean Basins. Geological Society Special Publication, London 42: 313-345.

Sylvester, P. L. (1989) Post-collisional alkaline granites. Journal of Geology 97: 261-280.

Tatar, 1. and Boztug, G. D. (2005) The syn-collisional Danaciobasi biotite leucogranite derived from the
crustal thickening in central Anatolia (Kirikkale), Turkey. Geological Journal 40: 571-591.

Thiele, O., Alavi, M., Assefi, R., Hushmand-Zadeh, A., Seye-Emami, K and Zahedi, M. (1968)
Explanatory text of the Golpaygan Quadrangle Map 1:250000. Geological Survey of Iran, Tehran.

Thuy, N. T. B. (2004) Geochemical and isotopic constraints on the petrogenesis of granitoids from the
Dalat zone, southern Vietnam. Journal of Asian Earth Sciences 23: 467-482.

Tollo, R. P., Bailey, C. M., Borduas, E. A., and Aleinikoff, J. N. (2005) Mesoproterozoic geology of the
Blue Ridge province in north-central Virginia: petrologic and structural perspectives on Grenvillian
orogenesis and Paleozoic tectonic processes. In: Southworth, S., Burton, W. (Eds.): Geology of the
National Capital region-Field trip guidebook, U.S. Geological Survey Circular 1264: 17-75.

Turner, S. P., Fodcn, J. D. and Morrison, R. S. (1992) Derivation of some A-type magmas by fractionation
of basaltic magma: An example from the Padthaway Ridge, South Australia. Lithos 28: 151-179.

Vernon, R. H. (2004) A practical guide to rock microstructure. Cambridge University Press, Cambridge.

Watson, E. B. and Harrison, T. M. (1983) Zircon saturation revisited: Temperature and composition
effects in a variety of crustal magma types. Earth and Planetary Science Letters 64: 295-304.

Whalen, J. B., Currie, K. L. and Chappell, B. W. (1987) A-type granites: geochemical characteristics,
discrimination and petrogenesis. Contributions to Mineralogy and Petrology 95: 407-419.

Whalen, J. B., Jenner, G. A., Longstaffe, F. J., Robert, F. and Gariépy, C. (1996) Geochemical and
Isotopic (O, Nd, Pb and Sr) Constraints on A-type granite petrogenesis based on the Topsails igneous
suite, Newfoundland Appalachians. Journal of Petrology 37(6): 1463-1489.

Whitney, D. L. and Evans, B. W. (2010) Abbreviations for names of rock-forming minerals. American
Mineralogist 95; 185-187.

Wickham, S. M., Alberts, A. D., Zanvilevich, A. N., Litvinovsky, B. A., Bindeman, 1. N. and Schauble, E.
A. (1996) A stable isotope study of anorogenic magmatism in east central Asia. Journal of Petrology
37(5): 1063-1095.

Wolf, M. B. and London, D. (1994) Apatite dissolution into peraluminous haplogranitic melts: An
experimental study of solubilities and mechanisms. Geochimica et Cosmochimica Acta 58: 4127-4145.

Yanbo, C. and Jingwen, M. (2010) Age and geochemistry of granites in Gejiu area, Yunnan province, SW
China: Constraints on their petrogenesis and tectonic setting. Lithos 120: 258-276.

Yang, J. H., Wu, F. Y., Chung, S. L., Wilde, S. A. and Chu, M. F. (2006) A hybrid origin for the Qianshan
A-type granite, northeast China: geochemical and Sr-Nd-Hf isotopic evidence. Lithos 89 (1-2): 89-106.

Zhang, H. F., Parrish, R., Zhang, L., Xu, W. C., Yuan, H. L., Gao, S. and Crowley, Q. G. (2007) A-type
granite and adakitic magmatism association in Songpan-Garze fold belt, eastern Tibetan Plateau,
Implication for lithospheric delamination. Lithos 97: 323-335.

Zhao, X. F., Zhou, M. F., Li, J. W. and Wu, F. Y. (2008) Association of Neoproterozoic A- and I-type
granites in South China: implications for generation of A-type granites in a subduction-related
environment. Chemical Geology 257: 1-15.



VP 5l qeasil oo s Jlo ssisls

\d




4 Petrology, 3" Year, No. 11, Autumn 2012

Geochemistry of Ghareh Boltagh granitoid body,
Buin-Miandasht (SE of Aligudarz)

Nahid Shabanian Boroujeni **, Alireza Davoudian Dehkordi * and Fatemeh Panahdar 2

! Department of Rangeland and Watershed Management, Faculty of Natural Resources and Earth
Sciences, Shahrekord University, Shahrekord, Iran
2 Department of Geology, Islamic Azad University, Khorasgan Branch, Khorasgan, Iran

Abstract

The Ghareh Boltagh granitic pluton, as a part of the magmatic-metamorphic complex of
the north of Boein Miandasht, exposed in the southeastern of Aligoodarz and located in
Sanandaj-Sirjan zone. The complex consists of granite, diorite and gabbro with
metabasite rocks. Mineralogically, the granitic rocks are mainly composed of major
minerals of quartz, alkali feldspar, plagioclase, and minor minerals of biotite, amphibole,
epidote, zircon, sphene, apatite, tourmaline, allanite and opaque. The Ghareh Boltagh
granitic pluton consists of high SiO, (68.74-72.59 wt. %), K,0 (4.5-5.01 wt. %) and Na,O
(3.75-4.23 wt. %), and Fe,03 (2.2-3.78 wt. %). It shows metaluminous to slightly
peraluminous nature. On the base of chondrite-normalized REE diagram, all of the
samples invariably show a relatively enrichment in LREEs rather than HREEs with
negative Eu anomalies. Their primitive-mantle normalized spider diagrams display
negative Ba, Sr, P and Ti anomalies. The calculated zirconium saturation temperatures
range from 799 to 848 °C. The studied rocks, geochemically, belong to the A2-type
granites, generated in a post-collisional tectonic setting.

Key words: Geochemistry, A2-type granite, Post-collisional, Ghareh Boltagh,
Sanandaj-Sirjan zone
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