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Legend Symbols
Quaternary I:I:l Qt2 Gravel plain Drainage
T .~~~ Fault

-| K5 Marly bedded orbitolina limestone with ammonites

- K4 Argillaeous marls or black shale

== K3 Aptian massive orbitolina limestone containing

K1 Red conglomerate and sandstone with a yellow sandy dolomite
: G.d Granodiorite-Granite (Jurassic)

J Low Jurassic sandy shale and sandstone

Cretaceous

Jurassic

(Zahedi, 1994) goal; ;| ol s b o oBoNS dilain cwlidipme; 4 g oyl pl ;0 () 090 dilaie LSl am Conge ) JSb
Fig. 1. Geographical location of studied area in Iran and geological map of the Kolah-Ghazi area (Zahedi, 1994 with
modification)
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Fig. 2. Modal classification of Kolah-Ghazi plutonic rocks (Streckeisen, 1976). 1: quartz rich granitoid, 2: alkaline
granite, 3: granite, 4: granodiorite, and 5: tonalite
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Fig. 3. micrographic photos of texture and mineral assemblage of different granitoid units of Kolah-Ghazi; A:
Hypidiomorphic granular texture of granodiorite (XPL), B: simpletic texture in the margin of andalusite xenocryst in
granodiorite (XPL), C: poikilitic texture in granite (XPL), D: Turmaline in the Dare-Neyzar granite, E: inclusion of
ilmenite and apatite in the biotite of granite (PPL), F: Epi-taxial texture in granite, G: sphene and ilmenite in tonalite,

and H: biotite rich mafic clots in the granite (PPL). (Plg: plagioclase, And: andalusite, Bio: biotite, Or: Ortoclase, Tur:
Tourmaline, Ilm: Ilmenite, Sph: sphene (Kretz, 1983))
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Table 1. The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and trace elements:

ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite; X: xenolith

Samples  GS1 GS2 GS3 GS5 GS7T GS10 GS12 GGl GG2 GG3 GG8
Rock Alfgr  Alfgr Gr Ton Gr Gr Alf.gr Gr Gr Grd Ton
Si0, 70.58 7442 69.55 6546 @ 66.7 69.96 7350 73.13 70.03 66.65 68.22
TiO» 0.32 0.11 039  0.69 0.63 0.38 0.16 0.11 0.33 0.64 0.47
AL Os 1453 1452 1459 157 1562 14.69 13.88 1399 1481 1551 14.68
FeO 3.12 0.71 3.74 5.5 4.83 3.15 2.33 1.71 3.17 491 4.44
MnO 0.06 0.02  0.07 0.10 0.09 0.06 0.03 0.03 0.07 0.07 0.08
MgO 0.87 0.09 1.06  2.13 1.90 1.02 0.28 0.31 0.98 1.78 1.37
CaO 1.50 0.64 1.59  2.07 1.66 1.95 1.12 1.23 2.01 2.19 2.12
NaxO 2.71 357 272 218 2.06 2.45 2.84 3.24 2.60 221 2.67
K>O 4.48 4.63 424 387 427 4.47 430  4.68 4.03 3.69 3.29
P,0s 0.15 036 015 0.14 0.14 0.13 0.17 0.13 0.13 3.69 0.14
LOI 1.04 0.81 1.46 2.5 221 1.36 1.12 1.25 1.47 2.51 1.7

Ba 363 341 179 457 416 377 548 584 401 367 290
Rb 208.3 2158 413.1 166.6 1815 173.8 192.0 1859 1845 177.6 156.9
Sr 1440 1371 704 1933 2206 1423 1335 1343 128.1 1325 1439
Cs 8.5 153 4.9 7.3 8.2 9.5 7.2 6.3 10.3 11.0 5.9

Ga 17.3 17.6 34.8 19.2 18.3 16.6 19.2 18.7 17.1 19.3 18.1
Ta 1.1 1.1 5.1 1.0 1.2 0.8 1.0 1.2 0.9 1.1 1.0

Nb 11.3 11.1 66.9 13.4 12.8 10.2 13.6 12.1 10.3 13.1 11.7
Hf 3.9 3.6 1.7 4.0 4.1 33 39 29 4.6 4.9 3.5

Zr 119.0 1206 20.1 1534 151.1 1145  107.8  79.1 152.1  168.1 1237
Y 20.9 22.8 4.8 24.5 22.7 27.8 5.0 2.8 30.7 242 20.2
Th 14.1 13.7 1.8 13.6 14.3 13.5 16.8 13.7 15.8 16.6 13.4
U 2.0 2.3 1.9 23 22 1.9 1.5 1.1 3.0 23 2.0

Cr 16.7 323 * 60.2 67.8 28.5 10.3 222 23.5 65.0 25.3
Ni 10.3 9.5 * 20.2 23.2 8.4 3.1 0.9 20.1 22.7 11.2
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Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and

trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;
X: xenolith

Samples GS1 GS2 GS3 GS5 GS7 GS10 GS12 GGl GG2 GG3 GG8

Rock Alfgr Alfgr Gr Ton Gr Gr Alf.gr Gr Gr Grd Ton
Co 5.9 7.9 1.0 10.8 12.0 8.3 3.0 2.2 8.4 12.4 8.7
\Y 51 56 17 112 104 50 * * 28 87 47
Pb 20.3 20.2 4.5 23.8 19.6 22.4 23.1 17.4 18.4 16.7 16.7
Sn 2 4 9 24 8 4 3 3 2 7 4
W 0.9 1.9 5.4 2.1 2.1 2.6 1.6 4.8 2.0 23 1.3
La 29.1 25.9 2.1 31.9 35.0 28.2 39.7 28.7 342 329 256
Ce 61.1 54.5 4.1 67.0 73.7 60.7 87.2 63.5 73.8  70.8 547
Pr 6.75 6.22 0.47 7.71 8.19 7.04 9.78 7.27 8.28 8.05 6.18
Nd 259 223 1.6 30.1 33.0 27.4 36.9 27.5 304 314 241
Sm 5.13 476 099  5.58 5.82 5.08 7.05 5.63 598 586  4.60
Eu 0.88 0.83 012 1.05 1.02 0.88 1.24 1.14 0.90 1.00 092
Gd 4.58 438 1.67 496 5.18 4.86 4.75 3.29 574 519 415
Tb 0.72 071 041 0.80 0.79 0.82 0.49 0.28 095 080  0.67
Dy 3.96 398 132 429 4.01 4.65 1.36 0.76 540 443 3.69
Ho 0.73 0.79 0.13  0.87 0.78 0.96 0.14 0.07 1.11 0.87  0.71
Er 2.13 224 023 246 2.24 2.96 0.25 0.13 3.03 248  2.02
Tm 0.30 032 003 0.38 0.34 0.42 0.04 0.03 044 035 029
Yb 1.94 225 017 236 2.08 2.73 0.29 0.26 298 234 1.97
Lu 0.28 033 003 0.37 0.33 0.43 0.04 0.03 043 036 028

EuwEu* 0.55 0.56  0.28 0.61 0.57 0.54 0.65 0.81 0.47 0.55 0.64

(La/’YDb), 10.6 8.2 8.8 9.6 11.9 7.3 97.0 78.2 8.1 10.0 9.2
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Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and
trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;

X: xenolith
Samples GG11 GG13 GG15 GG16 GG17 GL2 GL3 GL5 GN49 GN55 GN56
Rock Gr X Grd Gr Gr Gr Grd Gr Gr Gr Gr
SiO, 66.37 5567 66.67  70.67 69.3 66.85 64.77 67.04 66.79 6459 66.36
TiO, 0.60 0.93 0.55 0.32 0.37 0.57 0.89 0.56 0.616 0.70 0.65
ALOs 15.24 16.87 15.40 15.34 1519 15.04 15.84 15.04 15.54 15.73 15.53
FeOy 4.73 8.5 4.53 231 3.06 4.54 5.37 4.42 4.61 5.32 4.88
MnO 0.08 0.18 0.08 0.05 0.06 0.09 0.11 0.08 0.09 0.09 0.08
MgO 1.73 5.53 1.70 0.87 1.06 1.65 1.83 1.51 1.70 2.30 1.70
CaO 3.01 5.62 2.47 1.89 2.48 3.04 3.73 3.01 2.38 2.80 2.43
Na,O 2.49 1.46 2.51 5.04 3.21 2.45 2.72 2.38 2.10 2.42 2.15
K,O 344 2.42 3.47 1.88 3.53 3.40 2.56 3.61 3.68 3.40 391
P,Os 0.13 0.14 0.14 0.14 0.14 0.14 0.19 0.13 0.14 0.14 0.15
LOI 1.63 2.68 1.95 2.1 2.06 1.7 1.36 1.7 2.8 1.89 2.58
Ba 336 350 386 234 426 348 274 386 373 403 387
Rb 148.6 145.7 173.0 97.7 152.1 1549 150.1 1584 1394 1643 177.2
Sr 136.9 150.9 162.2 162.1 162.5 1404 1457 1383 1629 217.7 156.9
Cs 9.8 8.2 8.7 5.1 6.9 10.6 14.2 8.5 4.9 11.7 5.1
Ga 17.5 17.8 19.1 17.3 18.2 18.1 19.7 18.2 19.0 19.9 19.0
Ta 0.9 0.6 1.0 0.7 0.9 0.9 0.9 0.9 1.0 1.1 1.0
Nb 12.4 6.8 11.5 9.9 10.3 11.3 15.6 11.4 12.1 12.8 12.5
Hf 4.5 2.5 4.5 3.6 5.1 3.6 3.8 4.2 4.8 5.2 4.7
Zr 151.6 96.7 150.9 129.5 1729 1344 133.7 160.6 1566 1762  158.0
Y 24.6 23.6 29.7 33.4 29.1 25.5 24.9 28.1 24.7 253 25.7
Th 14.5 6.5 14.5 15.6 15.9 15.8 7.2 14.7 16.5 15.9 15.6
U 2.4 1.6 2.1 1.6 2.4 1.9 1.6 1.8 2.1 1.9 2.2
Cr 54.8 301.8 40.8 9.7 21.0 45.7 4.2 49.2 61.4 72.3 57.9
Ni 15.5 41.1 15.1 8.3 13.1 13.4 13.1 13.6 20.3 18.4 20.8
Co 11.6 26.3 11.7 54 6.9 11.0 13.2 10.9 11.3 13.1 10.5
\% 73 214 76 21 31 68 41 68 78 95 80
Pb 18.3 9.9 16.6 11.6 15.5 16.9 16.9 17.5 19.3 13.7 17.6
Sn 5 10 4 4 3 3 5 4 5 4 8
W 1.9 2.2 1.6 1.0 1.9 2.2 23 3.8 1.6 2.1 2.2
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Table 1 (Continued). The geochemical results of the Kolah-Ghazi granitoid assemblage (major elements; wt% and
trace elements: ppm). The abbreviations are Alf.gr: alkali-feldspar granite; Ton: tonalite; Gr: granite; Grd: granodiorite;
X: xenolith

Samples GG11 GG13 GG15 GGl16 GGl7 GL2 GL3 GL5 GN49 GN55 GN56

Rock Gr X Grd Gr Gr Gr Grd Gr Gr Gr Gr
La 33.1 17.3 34.1 27.8 37.0 31.8 19.4 31.7 342 353 32.8
Ce 70.1 36.2 73.0 61.6 80.3 68.7 43.0 68.3 73.6 75.6 71.7
Pr 8.06 4.26 8.16 7.20 8.66 7.65 4.98 7.33 8.05 8.28 7.90
Nd 30.9 17.4 314 29.2 34.1 29.1 20.4 29.7 31.5 32.7 31.1
Sm 5.89 3.85 5.83 5.92 6.21 5.66 4.69 5.46 5.70 5.92 5.78
Eu 1.02 1.09 1.03 0.95 1.02 1.00 1.06 1.04 1.01 1.08 0.96
Gd 5.18 3.95 5.46 5.71 5.86 5.02 4.74 5.09 5.03 5.44 523
Tb 0.82 0.69 0.92 1.00 0.92 0.80 0.85 0.84 0.81 0.85 0.83
Dy 4.67 4.43 5.29 597 5.40 4.79 4.97 5.06 4.65 4.69 493
Ho 0.90 0.88 1.08 1.24 1.04 0.97 0.96 1.01 0.91 0.91 0.93
Er 2.40 2.49 2.99 3.69 3.03 2.64 2.58 2.86 2.52 2.56 2.74
Tm 0.35 0.36 0.42 0.55 0.44 0.38 0.36 0.43 0.38 0.37 0.41
Yb 2.25 2.65 2.76 3.51 2.87 2.67 2.23 2.76 2.47 2.45 2.71
Lu 0.34 0.39 0.39 0.52 0.42 0.39 0.34 0.40 0.37 0.38 0.40

EwEu* 0 56 0.85 0.56 0.50 0.52 0.57 0.69 0.60 0.58 0.58 0.53

(La/Yb)a  10.11 4.6 8.8 5.6 9.1 8.4 6.2 8.1 9.8 10.2 8.6

J‘Hb-uw)b%ﬁjw“thcM‘)}-&- LgLAM}u@uJJJ‘;}i&)‘JW)Jsr‘;Q&éLA}JT
BE Q.:S}:;)‘WDLQLA)%TJP}Q‘;UM&MU}J Lyjn.b\}fuﬂc}}&do%‘ég\}fu@)ﬁ:y\;ﬂd@
J s SIS Q_i\)j_é}ﬁtgdﬁﬂb Ll g oo aibaie glaes g el Sl QY};JU’_LJJJBVTA{}%;Q)M B, 4
LsLAd\S&ﬁ)fULSYMMEUWéUyTML ﬁﬁ’ﬁstt':")").%ﬁjy{-)}"‘;"li)gfég°%63)£°’j

LS"}M ujz o.-\_:l.nu’.;l_a DL )%;—153"& )}.&} \f_ 9 )L:.wu\b )\ JW‘ Lg‘A;LS.q J:a Tl L_':'A"A Jlﬁ}éT u\.&b u\u\ﬁ Ls JJL’G BL



oladl owlid )

ol Sen 5 bowes!

|34

Ll 555 L 5 e oSl SO HREE 5 HFSE
Rollinson, 1993; Kuster ) Olaisws | = 5 Jb s o
solaS obe gl otisl X1 (and Harms, 1998
gy &S 5 5 o B wn sy eKw Sl S b

Sl L;_L.fl.n T s

Tawite/Urtite/Malite

A 7 B
/‘/ \\.
-~ 3,
© - /
g -— '// __é‘ﬂ'_g 3 \\“
- -” % kq; / f‘
3 N, ;’ ¥4 "._‘
— - b ' @ \
0O IJ Faldait.’{ ,{;a, 5 < ‘59@- // x\
& / s/ ¥ oy
x E B ‘ll ‘)ébc\ *'/.-“ \_. I{)f " ._‘\
+ | AL .9)‘/ \, R cﬁ“@ \
o \ 7/ \‘(S‘,?‘ \1|:nz:\m ¢ Q’“/( I'F X
™ B
© ‘I r/ B3 .‘P X f-“orzo\ \ & [ ] \'\
2 \ &/ N\ dioite N \
o ﬂun:é‘ - ~ Granite )
v - | / pabbrgl ¥ \. \
a /
\ o (34| 8 \
A |88 5| &8
sd & (858 | &8 \
e \ J,/'-Oua:'lzollre
o T T -
50 60 70 80 90
SiO2(wt.%)
~
C
o -
— m 7
BQ, Shoshomle Senes é/ .
‘g o B b ca®kaine
o) o Seres
S H .
q‘ .,_/ H‘| 1 ‘ /_/
v o - ; e
A ’_,—0/_ Calc-alkalne
e Seres
N N - ‘-”//- %
- _ il o
— o =
e i Theleite Series
e
o T T T T T T
45 50 55 60 65 70 75
SiOz(wt.%)

o S 4i g5 sLREE SLILE ;5 s Sai & sl
0,8 545 KL (La/Yb)n=5-11) HREE 4HFSE s

sl C3d 0kile BL 53 S cpl 5l i b s
Pearce et al., 1984; Saunders et )cl_u el 3
31 Sxs ¢ sLREE ,LILE 3| Sas - @l., 1980

I~
B
© - Metaluminous Petaluminous
I-type granitoids S-type granitoids
w -
§ -r
= A
<,
o g#ﬁl Bod
-— — "!- e
-~ Ptalkaline
o T T : T T
06 08 1.0 1.2 1.4
A/CNK

B Quartz-rich grantoid|

B Granite
& Granodionte

A Tonalite

(Shand,  ‘pog T 5l glsl aslis s Jloges :B (Middlemost, 1985) _olodS (sladiges oloowdssy (aies, jloges A F S
ol polie slaausT polis jl eolaxal L (Peccerillo and Taylor, 1976) olSle aws (pss Jloges {C 5 1951)

Fig. 4. A: Geochemical classification diagram for the Kolah-Ghazi samples (Middlemost, 1985), B: Aluminium index
diagram (Shand, 1951), and C: magmatic series diagram (Peccerillo and Taylor, 1976). Major oxide values used in all

diagrams



Vv

Oledol gz ( BN (s055051 )5 degazme 55950 § (condsS)

OYAY L) ) oylods )+ al>

2

1

0.1 020 025 030 036

360 460 460

260

1

10

- = TiO, > AlzO; | o ] ” MgO
s - -
3 : "3 e
= - o a® G
2 - = = N = N
— i | “
= = - -~
s [::] -
CaO | Na,O 24 K0 el
_| — - u
3 =) - - o]
- = <t e "
— .- o [:: ] - :: ]
d P = 5l el :
. = ‘g Py Bt
= ‘. = i B
= = 55 60 65 70 75
- P205 oo FeOt z
SiOa(wt.%)
=4 “
g Re
-
| 2 ]
- _— e
| . an - =
o EEE . a
T T T T T T T T T T
55 a0 as 70 78 55 =0 as 70 p-
SiOz(wt. %) SiOz(wt.%)
St F S il poMe . oBS slauasgisl 5 sbaaiges | Lol polie S b ol loges b JSi
Fig. 5. Major elements Harker diagrams of the Kolah-Ghazi granitoid samples. Symbols are similar to Fig. 4.
= =
L] [} — -
-/ Ba = |7 | Rb = 7 sr s
» - =
= | - ::} - o4 &
— - =2 = [::]
= as =
- - ; -] 7] PR -
A ™ ; % - E —] = - ;E; - : ::N: ]
A 5 M . g - Gl
— = p— - L
::) =2 = ::] ]
1 I I I 1 I I I I ] T T T T T
= L : o 9=3 =
Ni Cr|2 | Zr - =
| 7 - 2 - &
— s e )
2 an -] = 5 diat =B
- a = g = @ " =
Y -BE — -
5 & - = _| "A% _E_ = &
- et -
el L SN - B% = =2 - -
! " : ! ! T T T T T T T T T T
&% e e 70 75 B B0 @85 7O TS 55 80 B85 TO 75
SiOz(wt-%) SiO5(wt.%) Si0;(wt.%)

s B USS alice wdle . oBoS dilaie ladised 15 sk il 53 (PPM canm ) Gl polic S )la slo oges & JSCi
Fig. 6. Trace elements (ppm) Harker diagrams vs. silica in the Kolah-Ghazi samples. Symbols are similar to Fig.4.



oladl owlid s

o) Ben 5 bowes!

VeA

ale) HE Lt ol I Fus o .S e slgii bes g
sBa sTi Nb Sr sle i JLsT s (Rb 5K dLa
ol iy Lt 1 ool slacilis o K05 gdals
Ol & —tays = »(Chappell and White, 1992)
CaO/NayO slacus & Llosls olis (Sylvester, 1998)
23 S 133 e b5 S 6 5 e T 5 (slads 2t 8 5o
e laclinn ol o b e J 28 Lo S
SLalomed OS5 500 1 o88) oy 5 (58 mbis Sl a5
el Slediria glacld | (<4 /¥) ¢ S CaO/NaxO
A s A1 G /) IS 5 5 S =8) ey ) i
Sylvester, ) olics Lics s i g s 505 Lol o
Sl 1) S 5 S e dslen Loy i Lize S5 (1998
il £ edeas (8 JSKa) A8 o slgii SBNST il §
oI Sad S g slas il 5L bt L 5 55
5 o Lae i s oo 0L OY 03 55 ol
)5 S (ST Ll n Laidl 8 ol sl 575 8

S sl 1y AL gley8

8
]
- A Granite [
Quartz-rich granitoid [l
Tonahite [N
Granodiorite [T
28
e
T
c
(o]
L
O
ey
L
o
Eo ¥
wvi

la ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm ¥b Lu

10000

1000

e mantle
100
L

Samplg{F’rimitiv

1

“Cs "B U K Ce PP

o 55 5 s i (gl o S8 S35 AT s
SlaaS )5 pay adar 1 5BS” (5 21§ 4k g
LS Sl b Lo sISST outali cailate glaos s 53 25L&,
sl LS 5 ki ygm 355 S5l S ISST 545 5 (s )
035 i 58 B o Gl Gl s il
men 5 (Coled 5 S5 IST) La S sie T
PO PPICHC PRI JUR | I S W IO 51
pakis S AN 51 i Slsl b s (F JS8) /Y 51 5YL A/CNK
ST Lty Vs San ¢y 2 3590 Sladigoi 555 53
S 5l £ g 55 (s 8l Ll ednl slads sl 8
Chappell and ) tais gzt 8 g1l slayls sai 31 36638
JSs) s eslinat (White, 1992; Whalen et al., 1987
bond 85 dal sl 5 o 0ls Layls gad ol 53 4SO (A
S 5,05 Sl yteen S-type slads il § U adbte glad gl
dalps ey 51550 (ol e Sldalin , b s
Lo ss e T (K505 S5 o il plack 55

oo Lt 5o 1y (ol gy alSCize GV slie ) s> ¢ o SBS

B Granite -
Quartz-rich granitoid [ ]

Tonalite [

Granodiorite [

Rk Th Nb 13 Pb g Nd Sm Ti Y
s T T
Oy " Yo Lu

G yotS ol dy G 00 )Lomigy mdlBOLS claadgnsl § Gilisee cladiged oy S ol yolic SasSly, osSIA Y IS
gl g ol ALy o o lxigy BB glaussiil S clodiged ly oS yolis SuiST, 55 :B 4 (Nakamura, 1974)

(Sun and McDonough, 1989)

Fig. 7. A: Rare earth elements pattern of the Kolah-ghazi samples normalized to Chondrite (Nakamura, 1974), and B:
Spider diagrams for the Kolah-Ghazi granitoids normalized to primitive mantle (Sun and McDonough, 1989)



1.4 Okl Cgiz (oW sudsil T dcgase P59 g (o) AYAY L) Y oyleds Ve al>

A
A B
A= A-type granites A= Al,03-(Na,0+ K,0)
0O 8 I= I-type granites F=FeO+MgO
O - S= S-type granites C=Ca0
=
-~
O o A
(O} = -
L
| & .
A
= | I

1 3 10 20
10000*Ga/Al

:B s (Whalen et al., 1987) ,LSen g ;s jlogei 1A loadeisl 5 glel oaS SSas sla,loges ;o LoBMS sladiges Coxlge A S
s ¥ S aslie odle (Chappell and White, 1992) coly 5 bl loges

Fig. 8. The situation of the Kolah-Ghazi samples in discrimination diagrams after A: (Whalen et al., 1987) and B:
(Chappell and White, 1992). Symbols are similar to Fig. 4.

NN N NS N NE N NN

100 E
N Mostly low
CaONa, O
Mastly high \
10 B CaOMNa 0 .
B Y
e .
= N
/= 1 4&“’5‘
— = &
§ - calculated
= shale-derived
e : melt
d B ? Shale Calcu_!au‘:cd
= Greyvwack (source)y  Ereywack-
- {soiy::;t £ derived melt Lachlan Fold Belt
B - Himalavan
01 | | IIJIIII | 1 IIIIIII 1 L1 11111
L 1 10 100
Rb/Sr

S 03,55 ez s 3 Wlars sloceilS 5 als maslly bty sladisiil S Lite uess sl RD/Ba Llis 5 RB/ST jloges & S
RO PR OQL)QL«M.J * Cadle L> ‘5«4@0){5 C»u)‘)f ] 00 Q.JL.J' (SylVeSter, 1998) ),a.wjlw )' o..\.wwl?bo ‘SLQULAA 9 M}ul; s

Fig. 9. Rb/Sr vs. Rb/Ba diagram for determination of origin of peraluminous granitoid. Himalaya granite, Lachlan
folded belt, dashed line and calculated melts are after Sylvester (1998). The Kolah-Ghazi samples shown by *



5ot 551 8 (5lros 35 (5 L e oLl o 61
L@Taﬁézﬂ)lfdd_mlaﬁawgﬂﬁuéuJbﬂ
S SleS ole (Sl bl e A ala)ls e
S-S Y PN WK SO PN [ S PR g
Pearce et al., ) 0l,LSKaa 5 oo suosy bl 5.l
Fobe Glslp elel g gzl 8 e e aos (1984
IS 53 S0l b gr o ol 05 8 Sl 4 claS

= dR 0D e g D8 ;QLAA_S}N' ‘J}—fﬂw ol A-\.
Olojen 5 GLadtsT OLSTL Jas o (slas 52l 8 (loos sutoms
Batchelol‘ al’ld )RI'RZ )‘Jj.a.; )J "\"Jlfgs‘ )‘J§ J)}’LJ.: Ly
V\—’):?u—‘)‘fs J)PﬁlﬁQLﬁjr_Aoé_gu\m‘)JKJSi Na

BV S8)

o |A 4000
Q 4 B 1-Mantle Fractionates '
2 _ 1
- an-COLe i 2-Pre-plate Collision
& 3-Post-Collision
44 4-Uplift Late Orogenic
=y —_'_'_g__.t—' - 5-Anorogenic )
& < g ‘
a 8 + 6-Syn-Collision
a = - -‘g 7-Post-Orogenic ; 2
e ™
4 % -
Q 0
kﬁl Y1
o~ %
o _ o . 2 \\\
— £ e i
VAG ORG o Al N &
ey
A T T T 0 - . . .
-A0%o ) L3000 200
1 10 100 R1=4Si-11{Na+K)-2(Fe+Ti)
Ta+Yb (ppm)

slac il 3 4,08 (Pearce et al., 1984) _oBodS sudgiil S dacgamme Slopue) Casdgn Gyumsd 5l RD-(YHND) jlogai :A N o
B 4 (UCC: continent- continent collision) (Pearce et al., 1984) || Ka2 5 yuym 5] UCC oYL o8 atugy oS 5 99,95 15 51 s
e e PPM > oddooliinl jolie 4 S olie o F JSUs alin biwdle (Batchelor and Bowden, 1985) R1-R2 jlsges
(Sl laS slacil,F VAG (slamio 5,5 sbcwil,F WPG )55 5 b plojen slocuil, syn-COLG 5l as e s lazs|

Pl Ol 4ty slacoil, s ORG

Fig. 10. A: Rb vs. Y+Nb discrimination diagram (Pearce et al., 1984) for the Kolah-ghazi samples, post collisional
granites field and upper continental crust composition are after Pearce et al (1984), and B: R1-R2 diagram (Batchelor
and Bowden, 1985). Symbols are similar to Fig. 4. All elements values are based on ppm. Abbreviations are: Syn-
COLG: syn-collisional granites, WPG: Within plate granites, VAG: Volcanic arc granites, ORG: Mid-ocean ridge
granites

olasOlss glawigiy 5 1S 50 ¢ ol e dalgd Koo daly s (s 4l 5wl e i 534S s boles
A_f‘li.g;_w‘wﬂ)ﬁbjjsducé);&‘ﬂsC})@&'UTL@“&

ol s 4 Les S-type slac il § aS c s am g

Sl 95 o B e Sy gy g 350 4ikaie 53 gl e

G Sl il BBeNST (i g2l § e gazma gl 2L



m ool gz (BN (saSgiil S acgemma $59 50 g (condss)

OYAY L) ) oylods )+ al>

dal gl bl o Ccwl ol 15 Ol o i solle
3035 2V 8l 55 a0 e ) ol o gl e
s 5 S8 (et 8 (Kees 8 sler ol
el S G Ll Sl g S e 4 5,15
Dnlls 5 5S35 <515 Jold 4 ez oyl oins J S5
355 4 gz ) e b S S g 5 035 JSIT
o=l 03 5,8 5 Euledon (S AT Gla S ) s
355 sLaes g3 (g gy Liie oiasOLEs (55 5231 S 40 pazms
(ol e Slallln bl o IS g ba .l )y
35500 (§5 55 4e game SLacKu  plar i 85 5 51,55 54
Slils 5 45,8 o 5138 g5 Gati gl 80 8 55 o
Lo ls 0 55 kitaes e o IT & 3l JKQT&QK Coalbe
Slaas g ( S b5 OlaS ol (58 Ol s
s LREE 4 LILE ,_obe 5| Sas b 5B
el »tias o O HREE s HFSE [ole 5l Sus g
358 42 gazma (gland 55 5 (LB ((oulidpn) dal sl
Sils 3 ol oSale glaslde o555 b 53 BB
B3 5 Ol s ) o 58 (o P81l 52

ol ok 3ol (Gl gy (A

References

Batchelor, R.A. and Bowden, P., 1985.
Petrogenetic interpretation of granitoid rock
series  using  multicationic  parameters.
Chemical Geology, 48(1): 43-55.

Chappell, B.W. and White, A.J.R., 1992. I- and S-
type granites in the Lachlan Fold Belt.
Transactions of the Royal Society of
Edinburgh, Earth Sciences, 83: 1-2.

Collins, W.J. and Richards, S.W., 2008.
Geodynamic significance of S-type granites in
circum-Pacific orogens. Geology, 36(7): 559-
562.

Darvishzadeh, A., 1991. Geology of Iran. Neda
publication, Tehran, 901 pp.

cl_..e)‘ ?ﬂ)b&)u‘u\l uﬁLéJﬁ-‘o‘)B—o)B 6343}’.';3
3355 5 5t S dama 53 S Sl g ol S
(Collins and Richards, 2008) LSl OLaS” Lases ;3

maww\)aﬁjbgw‘m&jbC_,..a:‘a.l.éeju‘
)}EMb}}.ﬁQ‘)P\.}Q\ﬂ‘W})PJJJJBA_{
Slages K03 g 5 5 3l 5 0l s (sla 2o
o bl ol g5 cla S5 lls ol S
03 el islul Glaes 5 g (gloyB atw g 3 ) fol Glaos 5
23 Jole o g 45Ty o Ll a4 A (2159 5 sl loe
Jls o gl & glaciline 3oy 5 ol 035 slow!
v\_&‘.v W Lg‘i'i_wﬁ Lgl_hd.i_w ‘f«bug.Jij Lg!e)u 4:_«:‘9._’_
Mug: el th..)\.;\_p &.3_\ 3] JJL> Syl QYL:;W
Sl s i 3 el S gl S Olde sl 5 iy
3 o) o p il pulie 43 S 51 ool Olde 1 L5
e 5 (Ol 2l amdr 25 4 o o5 (oo PSS g1 153
Lgu;r?}iﬁ Sl Cely Ll g o i gy (B3 93 ) Jol>
S A 51,8 55 L5 s LS sl et 55

25 LBNS type

(S 5 4o
%)J}OW\E)R)’&G°%L§J§%‘;”M

Kretz, R., 1983. Symbols for rock forming
minerals. American Mineralogist, 68(1-2):
277279

Kuster, D. and Harms, U., 1998. Post-collisional
potassic granitoids from the southern and
northwestern parts of the Late Neoproterozoic
East African Orogen: a review. Lithos, 45(1—
4): 177-195.

Middlemost, E.A.K., 1985. Magma and magmatic
rocks: An Introduction to igneous petrology.
Longmans, London, 266 pp.

Nabavi, M.H., 1976. Introduction to geology of
Iran. Geological survey of Iran publication,
Tehran, 135 pp.



oladl owlis

oL Sen 5 bowes! Ny

Nakamura, N., 1974. Determination of REE, Ba,
Mg, Na and K in carbonaceous and ordinary
chondrithes. Geochemica Cosmochimica Acta,
38(5): 757-775.

Pearce, J.A., Harris, N.B.W. and Tindle, A.G.,
1984. Trace Element Discrimination Diagrams
for the Tectonic Interpretation of Granitic
Rocks. Journal of Petrology, 25(4): 956-983.

Peccerillo, A. and Taylor, S.R., 1976.
Geochcmistry of Eocene calc-alkaline volcanic
rocks from the Kasta monon area, Northern
Turkey. Contribution to Mineralogy and
Petrology, 58: 63-81.

Rollinson, H.R., 1993. Using geochemical data:

evaluation, presentation, interpretation.
Longman Scientific and Technical, New York,
352 pp.

Saunders, A.D., Tarney, J. and Weaver S.D.,
1980. Transverse geochemical variations
across the Antarctic Peninsula: implications for
the genesis of calc-alkaline magmas. Earth and
Planetary Science Letters, 46(4): 344-360.

Shand, S.J., 1951. The study of rocks. Cambridge
university press, London, 236 pp.

Streckeisen, A., 1976. To each plutonic rocks its
proper name. Earth-Science Review, 12(1): 1-
33.

Sun, S.S. and McDonough, W.F., 1989. Chemical
and isotopic systematics of oceanic basalts:
implications for mantle composition and
processes. In: A.D. Saunders and M.J. Norry
(Editors), magmatism in ocean basins.
Geological Society of London, London,
Special Publication, 42: pp 313-345.

Sylvester, P.J., 1998. Post-collisional strongly
peraluminous granites. Lithos, 45(1-4): 29—44.

Tabatabaei-Manesh, S.M., 1994. Investigation of
geology and petrology of Kolah-Ghazi
intrusion (south, southeast of Esfahan), M.Sc.
thesis, university of Esfahan, Esfahan, Iran,
175 pp.

Tillman, J.E., Poosti, A., Rossello, S. and Eckert,
A., 1981. Structural evolution of Sanandaj-
Sirjan ranges near Esfahan, Iran. American
Association of Petroleum Geologists Bulletin,
65(4): 674—-68.

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(4): 407—419.

Zahedi, M., 1994. Geological map of Shahrkord
(Scale: 1/250000). Geological survey of Iran.
(1 sheet)



Journal of Economic Geology
Vol. 10, No. 1 (2018)
ISSN 2008-7306

KA

oLl (ol (o
OFAY Jl) ) ojled )+ al>
1Y ) Slmio

Geochemistry and petrogenesis of the Kolah-Ghazi granitoid assemblage, south
of Esfahan

Jamshid Ahmadian'’, Hajar Gholamian’, Ali Khan Nasr Esfahani’ and Maryam Honarmand®

1) Department of Geology, Payame Noor University, Iran
2) Department of Geology, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran
3) Department of Earth Sciences, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, 45137-66731, Iran

Submitted: May 2, 2016
Accepted: Feb. 11, 2017

Keywords: Calc-alkaline, S-type granite, Jurassic, Kolah-Ghazi, Sanandaj-Sirjan

Introduction

The Kolah-Ghazi granitoid assemblage is located
in the south of Esfahan and in the Sanandaj-Sirjan
magmatic-metamorphic zone. The Sanandaj-
Sirjan zone is extended for 1500 km from Sirjan
in the southeast to Sanandaj in the northwest of
Iran and is situated in the west of Central Iranian
terrane.

The Sanandaj-Sirjan zone represents the
metamorphic belt of the Zagros orogeny which is
part of the Alpine- Himalayan orogenic belt. The
Kolah-Ghazi granitoid assemblage consists of
granodiorite, granites, quartz-rich granitoid and
minor tonalite. The aim of this paper is to
represent  the  mineralogy,  geochemistry,
petrogenesis and tectonic setting of this plutonic
assemblage.

Materials and methods

More than 60 samples representing all of the rock
units in the study area were chosen for
microscopic studies. Then, 22 samples were
selected for geochemical studies. The major
elements were determined with XRF in the Naruto
University, Japan. The trace and rare earth
elements were analyzed by ICP-MS in the
Acmelab, Canada. The geochemical results are
presented in Table 1.

Results and Discussion
The Kolah-Ghazi granitoid assemblage intruded

into the Jurassic sedimentary units and overlaid by
lower Cretaceous sandstone and conglomerate
which suggest Upper Jurassic as the possible age
of the Kolah-Ghazi intrusion. Based on the modal
studies, this granitoid assemblage is comprised of
granite, granodiorite, quartz-rock granitoid and
tonalite with different igneous textures including
symplectic, myrmekitic, rapakivi, poikilitic and
porphyroid. =~ There are some  xenoliths,
microgranular enclaves and sur micaceous
enclaves in the Kolah-Ghazi  granitoid
assemblage. Xenoliths are mostly derived from
Jurassic shale and sandstones which have been
trapped in the magma. The sur micaceousenclaves
have tonalite composition. The sur micaceous
enclaves are biotite-rich rock fragments which
display metamorphic texture. The sur micaceous
enclaves are classified as restite since they are
poor in quartz. The essential minerals in this
magmatic assemblage are quartz, plagioclase,
alkali-feldspar and biotite as the only
ferromagnesian mineral. There was no hornblende
in the studied samples. The presence of
andalusite, sillimanite and garnet in these rocks
point to the sedimentary source of these granitoid
melts. Zircon, apatite and opaque minerals
occurred as accessory minerals. The secondary
minerals included sphene, tourmaline, clay
minerals, chlorite and opaque minerals. The
Kolah-Ghazi rock samples plot on the granite and
granodiorite  fields on the  geochemical
classification diagrams. The geochemistry of these
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plutonic rocks show peralunimous, high K-calc
alkaline features. On the Harker variation
diagrams, it can be observed that the AL,Os, FeO,
MgO, TiO; and CaO contents decrease with the
increase in SiO,, whereas K;O and Na,O show an
ascending trend with increasing SiO,. Moreover,
the fractionation of plagioclase and the
crystallization of alkali-feldspar caused the
observed trends of Rb and Sr in the Harker
diagrams. Ba contents decrease with increasing
Si0O, which is relevant to the biotite fractionation.
All of the analyzed samples show similar patterns
in the chondrite-normalized trace elements and the
REE diagrams. All samples show LILE and LREE
enrichment and HFSE and HREE depletion. The
negative anomaly of Sr may be related to the lack
of calcic-plagioclase in these samples or suggest
the plagioclase rich restite during partial melting
of the parental rock. The latter is in agreement
with the Eu anomaly that appeared in the REE
diagram. All of the Kolah-Ghazi samples show
linear trends in the major and trace elements
versus Si0O, diagrams and display similar REE
patterns suggesting close relationship in the
source and magmatic history.

The field, petrography and geochemical evidences
such as pegmatit veins in the pluton, biotite rich
enclaves, lack of hornblende and titanite,
occurrence of metamorphic minerals (e.g., garnet,
andalusite and sillimanite), the predominance of
ilmenite, A/CNK values (A/CNK >1), and
crondom contents (more than 3% in norm)
suggest that the Kolah-Ghazi plutonic assemblage
can be classified as S-type granitoids. Moreover,
all of the Kolah-Ghazi samples plot on the S-type
field of the granite -classification diagrams
(Whalen et al., 1987; Chappell and White, 1992)

which is in good agreement with mineralogical
evidences.

The sedimentary source, mostly shale and
greywacke, can be suggested for Kolah-Ghazi
melts according to the Rb/Sr vs. Rb/Ba diagram
(Sylvester,  1998).  Several  discrimination
diagrams such as Rb vs. Ta+Yb (Pearce et al,
1984) and R1-R2 (Batchelor and Bowden, 1985)
were used to determine the tectonic setting of the
Kolah-Ghazi  granitoids. @ The Kolah-Ghazi
samples lied between the fields of magmatic arc
and  syn-collisional  granitoids in  the
discrimination diagrams.

The geochemistry of the studied samples suggest
a syntectonic environment for the Kolah-Ghazi
granitoids which may be related to the late
Cimmerian orogenic phase.
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