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Abstract

In the Centeral Iranian Volcanic Belt (CIVB), nostrest of Shahr@abak, in areaf Javazm,
Dehaj and khabr, about 20 plutonic porphyritic tonalitic to granodioritic masse8 kin2) are
intruded into a varity of rock sequences from Eocene to Early Miocene in age. Tonalitic and
granodioritic rocks are some part of Delsairdoieh beland having early Miocene age. The CIVB
contains intrusive and extrusive rockes of Cretac€guasternary age. Geochemical studied indicate
that the subalkalic tonalitic to granodioritic masses belongypd granitoides and have an adakitic
composition éndency with NgO/K,O (1.822.57), high Sr (584040 ppm), Mg#=(0-8.52) and

low Y (7.3-10.7ppm), low Yb (0.71.18ppm), and low HREE. Fractionated REE patterns show that,
(CelYb)\ = 10-22, absence of negative Eu anomaly, low content of Y, Nb, Ti, andSuityh(74

134) and (Ce/Yh) ratios. Basd on geochemical data the source of tonalitic and granodioritic
magma was probably garneamphibolite or amphiboleclogite, possibly generated during
subduction of the Ne®ethyan oceanic slab beneath the Centrah Imicroplate. The adakitic
plutonism was followed by adakitic volcanism in Mreliocene and eruption of alkaline
magmatism in this area. The thermal needs for slab melting results the shear stress of oblique
convergent. The tectonic setting of tonaliind granodioritic masses are an active continental
margin and belong to volcanic arc granitoides.
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1- Introduction

The Tethyan orogenic collage formed fronextends from NW to SE in Iran. However, peak
collision of dispersed fragments of Glwana of magmatic activity is thought to be Eocene
with Eurasia (Ghasemi and Talbot, 2006)age (Alavi, 2004). Geochemical studies indicate
Within this context, three major tectonicthat the CIVB is generally composed of alkaline
elements with NWSE trends are recognized inand calealkaline rocks For examples alkaline
Iran due to collision of AfreArabian continent rocks also are reported locally by Amieli al.,
and lIranian microcontinent (Mohajjett al, (1984) and Moradian, (1997). Amidet al,
2003). They include the Ceatr Iranian (1984) proposed a rift model to interpret the
Volcanic Belt (CIVB), Sananddpirjan genesis of Eocene magntatocks in the CIVB.
metamorphic zone and Zagrtdded-thrust belt Berberianand King (1981) argued ththe onset
(Fig.1) (Mohajjel et al, 2003; Shahabpour, of alkaline volcanism, which followed the calc
2007). The CIVB are contains intrusive andlkaline volcanism (& Ma) in CIVB was due
extrusive rocks of CretaceouQuternary age to sinking of the final broken pieces of oceanic
that forms a belt with 50 Kmnwide and 4 Km slab to a depth where alkaline melts were
thick (Berberian and Berberian, 1981) thagenerated (Jahangiri, 2007). The pssturing
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magmatic actity along the Sanand&irjan young volcanism. The most intense eruptions
zone and NW Iran can be attributed to slaWwere during the post collisional stage, which led

breakoff (Jahangiri, 2007).
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Figure 1) Three main tectonic units of the Zagro
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Figure 2) Geological map oérea (Simplified from
the geological map of 1:
(Dimitrijevic et al, 1971).

In CIVB, northrwest of Shahrd8abak, area of
Javazm, Dehaj and Khabr a geologic complexi

and magmatic activity from calalkaline to
alkaline presented (Ghasemi andlbot, 2006).

The diversity of magmatic types from calk diori
alkaline to alkaline indicate region of Javazrrﬁ]rano lorite_masses are
Dehaj and Khabr to reperesent classical areas 0

250000 Anar)

t

to the formation of great volcanoes like
Masahim(Mozahem), Madvar, Aj Bala, Aj Pain
and other volcanoes in this region
(Hassanzadeh, 1993

The great diversity of Neogene to Quaternary
magmatic rocks, from granitoides andesitic,
dacitic to rhyodacitic subvolcamni domes
(Ghadamiet al, 2008; Ghadami, 2009) and
extending for more thanl50 km, are of
interested due to their specific conditions of
formation and spatial and temporal relation with
other magmatic rocks. The tonatgeanodiorite
plutonism of Miocene irthis areds followed by
adakitic volcanism in MiePeliocene (Ghadami
gt al, 2008 Ghadami, 2009) and alkaline
volcanism in PlieQuaternary (Amidiet al,
1984). A conspicuous characteristic of this
phase is the contemporaneous eruptions of
mafic alkalire melts including melafoidites and
alkali basalts (Berberian, and King, 1981).The
temporal and spatial relationship of calc
alkaline (adakitic) magmatism with alkaline
volcanism is also reported from different areas
of Gondwana fragments and Eurasia plate
collision zone (Chunget al, 2005; Sajonaet
al., 2000.

The aims of this paper are (1) to present
chemical characteristics of the tonalite
granodiorite plutonism in Central Volcanic Belt
of Iran, (2) to suggest the conditions of their
genesis, and (3)to discuss geodynamic
environment in which they could have formed.

2- Material and methods

'2.1- Regional Setting

The investigated areia situated at the Central
lranian Volcanic Belt (CIVB), northwest of
ghahreBabak City (Fig.1-2), betwen Rafsanjan
fault and NainBaft fault (ShahreBabak fault).

In this area, numerous &R0) tonalite
intruded in to the

vaolcanic Eocene, Oligocene and volcano
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sedimentary rocks of Central Iranian Volcanigranodiorite and varies from green to brown in
Belt (Dimitrijevic et al,, 1971 Fig. 2. color. In some samples, accumulation of

In the studied area the Eocene volcanic an}aornblende led to formation of

volcanoclastic rocks consist of basalt, andesitiglomeroporphyrlc .texture. The groundmass is
basalt, brecciated volcanoclastic rocks an%ompos_ed of plagloclase_and .ho.rnblende as the
green tuffs(Fig. 2). The age of emplacement ofnain minerals, with apatite, biotite, quartz and
tonalitic and granodioritic rocks are Miocend " oXides as accessory minerals.

(Dimitrijevic et al, 1971). 2.3 Geochemical characteristics

An 2.3.1- Analytical methods

Based on petrographicusties, 12 samples of
tonalite and granodiorite rocks were chosen for
major, trace and rafearth elements (REE)
analysis. Samples for whole rock analysis were
crushed and powdered in agate {maills. Major
elements were determined by MEP method.
Inductvely Coupled Plasmdlass
Spectorometry (ICRMS) was employed for
REE and trace element analysis for all of the
samples. All of the analysis workwas

=2 - determined at ActLabs laboratories (Canada).

Figure 3) Classification of granitoides rock3he Representative  chemical analysis for major,

studied samples compositions range from Tonalitdt@ce and rare eh elements are presented in
z to Gr an (Coxebal,ila7®.s Table 1.

omGMevf

/' Quanz
-£__monzonite /

Granite

2.2- Petrographic features ¥ =51 ]
2.8 jl\‘Ietaluminous Peraluminous =]
The porphyritic plutonic masses consist ¢ ¢ [ ]

. . . . . 2.4 =
intermediate to felsic suites whose compositic 5, | 1

varies from tonalite to granodiorite (Fig. 3). 2.0 - _
Tonalite and granodiorite rocks show ::2; a ]
porphyritic texture with phenocrysts of 1.4 - ]
plagioclase, hornblende and biotite. Plagioclas 12 ]

is ubiquitous phenocrysts (ZED vol %) and ;:g W 4
contains inclusions of magnetite, amphibole ar 0.6 L -
opagque. These rocks contain large plagiocla  *%s 10 1s 20
crystals (35mm) that usually exhibit sie JPapa—

textures _and well _def"_md ZO”'”Q marked b¥igure 4) A/ICNK vs. A/NK diagram, all of the samples
concentric zones rich in/or devoid of opaqugs granitoides plot in  metaluminous filed,

inclusion. In some samples, plagioclasg/CNK=[Al,0;)/[Ca0+NgO+K,0], A/NK=
phenocrysts are mantled by a clouded or solvél 20s)/[Na;0+K>0O] (Maniar and Piccoli, 19§%ymbols
rim. These features show that the magnifsame asFig)3

mixing or effective of volatiles presee (H,O) 2.3.2- Analytical results

in orogenic magmatic belts (Gill, 1981 The SiQ of samples vary from 58.8 to 65.5 wt

Hornblende occurs as the main ferromagnesids. Using ternary diagramaf Ab-An-Or (Cox et
phenocrysts (up to 2 mm) in tonalite andl., 1979), for classification of plutonic rocks,
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the studied samples plot in the fields ofhe other oxides and elements (e.gOKN&O,
granodiorite and tonalite (Fig. 3). Also thes&®b, Ba, Sr and etc.jvere displayed scatter
rocks are metaluminous with  AlOs/ trends. The scattered of the samples belong to
(CaO+NaO+K;0) ratios of 1.82.0 (Fig. 4). present of phenocrysts (fractional
Using SiQ as a fractionation index, the samplesrystalization) or assimilation of continental
display chemical varteon and clear trends oncrust.In diagramof Na,O+K,0 vs. SiQ (Irvine
Harker diagrams (Fig 57). On variation and Baragar, 1971) all sample®re locatedn
diagram, MgO, CaO, FeOTiO,, MnO and the subalkaline field (Fig. 8). In SiDvs. KO
P,Os display negative correlations. Alsodiagram(Pearce, 1982)ll of the samples plot
compatible rare elements of V, Co, Cr and Nn calcalcaline magmatiseries (Fig. 9). In the
display negative correlatior{sig. 6). AFM diagram of (Irvine and Baragar, 1971) all

Incompatible elements of Zr, Hf, Cs and Pﬁ’f the samples show a c@tr:aline tre_nd (Fig.
display positive correlation. These feather%o)' In KO vs NaO diagram (Wh'te_ and
which suggesting that the granodiorite anghappel, 1983) all of the samples plot itype

tonalite rocks experienced fractionation offield (Fig. 11).
hornblende, plagioclase and apatite (Fig. 7).

Table 1) Representative chemicanalysis for major oxides, trace and rare earth elements

Sample 141 | 146 | 231 | 266 | 294 | 372 [ 302 [ 412 | 432 | 443 | 452 | 703
Rocktype | 10 TO | T0 | 10 | 10O GD| GD| GD| TO | GD | TO | GD
5i0; 645 | 636 | 63 | 627 | 64 683 | 658 | 675 | 595 | 651 | 588 | 645
ALLO; 1645 | 1645 | 16 | 1655 | 1655 | 1625 | 1585 | 1635 | 176 | 1635 | 172 | 16

Fe,07 351 | 362 | 3490 | 41 303 | 220 | 316 | 302 | 533 | 361 | 541 | 354
Ca0 135 | 460 | 437 | 450 | 477 | 332 | 376 | 330 | 526 | 356 | 58 | 347
MgO 120 | 132 | 104 | 181 | 214 | 028 | 117 | 063 | 222 | 134 | 388 | 127
Na,0 5.01 5 401 | 493 | 507 | 472 | 421 | 476 | 434 | 475 | 443 | 457
K0 105 | 201 | 204 | 241 | 1901 | 246 | 231 | 238 | 209 | 24 | 108 | 238
Cr,0; 003 | 002 | 002 | 00 002 | 003 | 002 | 002 | 002 [ 002 | 003 | 001
TiO: 042 | 044 | 044 | 052 | 048 | 042 | 041 | 04 | 036 | 04 | 053 | 037
MnO 005 | 007 | 006 | 007 | 006 | 0Ol | 005 | 003 | 008 | 006 | 008 | 005
P,0: 02 021 | 02 | 024 | 019 | 017 | 018 | 017 22 | 017 | 02 0.16
Lol 104 | 228 | 165 | 134 | 081 | 144 | 300 2 | 234 | 207 | 23 | 104
Total 900 | 090 | o081 | 0995 | 100 | 09§ | 100 | 100 | 098 00 | 090 | 086
Na,O/K;0 | 257 | 249 | 241 | 205 | 265 | 107 | 18 2 708 | 198 | 22 192
K:0Na0 | 039 04 | 042 | 049 | 038 | 052 | 055 | 05 | 048 | 05 | 045 | 032
Na,0-K,0 | 700 | 716 | 719 | 744 | 703 | 728 | 672 | 721 | 630 | 728 | 657 | 719
FeO 118 18 18 | 20 108 | 112 | 162 | 152 | 272 | 183 | 276 | 186
Fe:0s 118 18 18 | 20 08 | 112 | 162 | 153 | 272 | 183 | 276 | 186
Mg# 043 | 043 | 048 | 048 | 053 02 | 043 | 030 | 046 | 042 | 052 | 041
5L 10.9 11 143 | 137 | 164 | 29 107 58 | 150 | 11 201 | 107
. 615 | 590 | 615 | 615 | 594 | 684 | 635 | 618 | 35 66 15 | 667

ppm | ppm | ppm | ppm | ppm | ppm| ppm | ppm | ppm | ppm| ppm | ppm

Ba 680 | 730 [ 6/8 [ 0l 630 | 84 632 | 620 | 935 | 798 | 4T | 739
Cr 330 | 190 | 150 | 100 130 | 200 100 | 140 | 140 | 110 | 22 110
Cs 087 | 062 1 1.0: 056 | 308 | 257 | 165 | 111 | 242 | 154 | 220
Cu 40 38 12 10 33 17 33 1 13 16 58 14

Ga 204 i 207 | 215 | 203 | 202 0 5] 2 180 | 109 | 18

Hi 31 32 32 35 33 12 38 38 33 | 36 34 | 34
Mo 7 5 2 E 1 3 3 5 3 5 3

Nb 5.5 60 75 19 64 53 54 10 | 47 45 | 43

Ni | 10 17 37 R 12 14 16 20 13 12 10

Pb 12 10 13 14 12 47 15 16 16 16 27 15

Rb 38 378 | 395 | 506 | 387 | 635 | 590 | 599 | 523 | 63 | 494 | 380
Sr 1010 | 1040 | 1005 | 1000 | 967 584 | 645 | 624 | 947 | 1020 | 891 | 970
Ta 05 06 06 0. 03 0.7 0.6 06 06 | 05 05 | o4
Th 107 | 684 | 873 | 662 | 304 77 | 604 | 643 | 911 | 732 | 898 | 701
U 164 | 208 | 236 | 187 | 130 | 247 | 234 | 2. 188 | 220 | 20 [ 107
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Table 1) Continued.

Sample 14-1 14-6 231 2 04 371 3o-2 41-2 43-1 44-3 45-2 70-3
Rock tvpe TO TO TO TO TO GD GD GD TO GD TO GD
vV 76 20 TE o4 28 61 64 62 130 74 126 68
W T 3 g 10 5 7 3 9 7 3 [§ 3
Y 73 91 3.6 10 Q3 78 83 I 98 8.5 10.7 22
Zr 110 116 126 132 108 147 133 136 109 126 113 120
Ti 2520 2640 2640 3120 2380 2520 2440 2400 3360 2400 3180 2220
P 873 a16 873 1047 819 742 783 42 960 742 916 608
Eh/Sr 0.04 0.04 0.04 01 0.04 011 0.09 0.1 0.06 0.06 0.0 0.0
SrfY 1347 1143 1169 66.2 104 49 739 81.81 969 120 833 1183
SriBa 1.49 142 1438 054 1.49 069 02 1.01 099 1.23 120 131
Eh/Ba 0.04 0.05 0.06 009 0.04 008 0.09 0.1 0.05 0.08 0.07 0.0
La 2307 33 334 292 206 257 256 235 249 213 248 21
Ce 4351 602 61.5 349 403 4789 6.8 447 431 3096 443 387
Pr 42 6.17 6.11 536 4445 491 493 4.69 435 416 462 438
Nd 17.4 219 216 216 174 17.8 78 172 169 155 173 16.8
Sm 315 3.69 365 374 327 342 336 323 32 3.02 332 273
Eu 095 1.08 1.06 1.07 099 099 1.1 0.98 1.01 0.93 116 0.82
Gd 27 31 3l 324 304 313 3 318 289 27 329 2352
Th 031 04 034 043 0.37 038 0.44 041 039 039 0.46 032
Dv 1.57 192 1.78 206 1.94 1.61 202 203 17 1.87 224 1.58
Ho 028 0.34 0.3 033 0346 03 033 0.33 0.39 0.34 043 028
Er 0.81 092 0.91 1.07 1.02 023 107 0.97 2 1.03 1.3 0.83
Tm 0.09 011 0.1 0.14 0.14 011 0.14 015 015 015 0.2 0.1
b 0.7 077 0.82 096 0.95 0.73 1.03 0.9 1.08 09 1.18 0.71
Lu 01 011 012 013 0.12 011 0.14 013 0.15 0.14 017 0.1
Zr/Nh 20 16.8 16.8 209 22 229 25 251 222 26.8 251 279
La/Sm 1.5 89 9.1 26 6.3 7.5 77 13 18 7 7 7.6
SmYh 43 48 44 3 34 46 33 36 29 34 29 ig
Lath 339 419 40.7 304 216 343 249 26.1 23 237 | 29.6
BaLa 187 22 203 24 315 329 247 26.4 384 374 299 351
La/Nb 43 48 44 46 42 4 48 43 3 45 3.3 49
LaTh 48 48 38 42 5.2 33 e 36 29 29 28 3
Th'Yb 7.1 89 10.6 72 4.1 102 6.8 71 84 81 1.6 9.9
(Lah)N 2439 i 2025 21.84 15.54 2464 18 1872 16.54 16.98 15 211
(CeYhIN 18 219 2083 159 11.8 178 1275 138 11.09 1221 10.34 153
SREE 101 1337 134.8 121 84.95 108 108 102.5 102 9212 1052 a0.86

Figure 12 show spider diagrams plot fopartial melting of the MORB source.
representative samples from different plutoniDecoupling of Zr and Twith similar bulk Kds
masses normalized to Conderite andVl@RB and greater depletion of Ti has been interpreted
composition (Sun, and McDonough, 1989)eThto reflect a residual phase in the source that
tonalite and Granodiorite rocks are enriched ifmactionated Ti (Pearce and Parkinson, 1993), or
large ion lithophile elements (LILE) such as KTi-bearing phases (Reagan, and Gill, 1989). The
Rb and Ba and Sr relative to HFSE, ansfrong depletion of Y and Yb correspontis
negative Ti, Zr, Y and Nb anomalies. Theyresence of amphibole or restite garnet in the
show significant positive anomalies for Srsource melting (Pearce and Parkinson, 1993).
indicative of either the absemf plagioclase These geochemical feaesshow that all of the
fractionation or retention of plagioclase in thgranodiorite and tonalite rocks exhibit typical
residue (Greenet al, 1989; Pearce andsubductiorrelated signatures.

Parkinson, 1993; Rapet al, 1999). LILE and

LREE enrichment can result from low degree
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Figure 5) Variation diagramgor major and trace elements of sampl8grabols is same as Fig. 3
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Figure 6)Continue of variation diagrar{Symbols is same as Fig. 3

The REE concentrations samples of granodiorieh e xREE ranges from 92.
and tonalite rocks from studied area are plottdREE patterns for adakitic rocks from the study
relative to Chondré and NMORB in figure 13. area are similar, although the abundances are
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variable. All the samples are enriched in LREBbundances of HREE in granodiorites and
and strongly fractionated in LREE and have tonalities rocks reflect retention of these
flat MREE to HREE pattern (k@Yby values of elements in residual garnet in the partially
15.5t0 29.2). The REE patterns are linedghww melted subducted slab of amphibeleogite
small positive Eu anomalyimplying their (Greenet al, 1989). There are no cresstting
cogenetic nature and derived from sourcREE pattems, suggesting thahe studied
regions that had similar relative concentrationmagmatic suites are possibly related to and most
of REE and similar mineralogy Low likely derived from the same initial melt.
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140 |- . L]
130 B .
Zr ppm A " Hfppm

120 - L B [ ]
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60 65 70 60 65 70

SiO2 SiO2
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Figure 7) Continue of variation diagrar(Symbols is same as Fig. 3

In the Y vs. Sr/Y diagram, (Fig. 14A) all of the f: T
granodiorites and tonaliteammples plot in the se L ]
field of adakite relative to typical arelated 14 [ "
calcalkaline rocks defined by (Defant and i 1 ]
Drummond, 1990; Defant and Kepezhinskas, ':: P 1
2001; Martinet al, 2004; Martin, and Hugh 6| /" .
Rollinson, 2005; Oyarzuet al, 2002). In the & —— ]
(La/Yb)y vs. Yby diagram, (Fig. 14B) all of the : / T
studied samples plot in the field of adakite 25 A0 A 85 o 65 T T e s
relative to classical island arc rocks defined by B
(Defant and Drummond, 1990; Defant an(lifigureS) Diagram of SiQvs. NaO +K,0, all of the
Kepezhinskas, 2001; Martinet al, 2004: samples plb in suball'<aline field,'(lrvine and
. . . Baragar, 1971 Symbols is same as Fig. 3
Martin, and Hugh Rollinson, 2005; Oyarzeh
al., 2002). The Mg#MgO/(MgO+FeQ)] of the The high contents of Sr, high ratios of
granodiorites and tonalites samples ranges frdf@O/N&O (0.39 to 0.55), Mg#(mean 0.42) and
0.2 to 0.52 and contains high concenteration épncentrations of Yb and Y indicate
Sr (584 to 1040 ppm) and low contents of Y angeochemical characteristics different from
Yb. typical volcamc rocks and similar to adakitic

Na20+K20

N
T

1 1 1 1
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rocks (Defant and Drummond, 1990; Defant and Ll i i SEAE S Mtlics RELEE MASES Shbss
Kepezhinskas, 2001; Martiret al, 2004, 6 ]
Martin, and Hugh Rollinson, 2005). The <t ]
adakites exhibit Sr enrichment, in contrast to , ]
nonadakitic tonalite and granodiorite which < 4r ]
show msitive anomalies in spider diagrams. > 3F :

- 2 [ 3

. " E

" N [ l L l

L G (] 1 2 3 4 5 6 7

$ i - K20
N - A'--' Caiensliainn Figure 11) K,O vs. NaO diagram (White and
— Chappé, 1983), all of the samples plot irtype field
] RS Symbols is same as Fig. 3

1000
|
|

45 50 55 60 65 70 75 A

sio,

Figure 9) Diagram of SiQ vs. KO (Pearce, 1982),
all of the samples plot in Calalkaline Series
Peccerillo and Taylor, 1976Symbols is same as
Fig. 3).

Sample/ Chondrites

FeOt

T holeiitic

Sample/ NMORB

Figure 12)Chondritenormalized REE patterns and
N-MORBnormalized spidergramdor incompatible
and trace elemest(Sun and McDonough, 1989
Symbols is same as Fig- 3

Calc-Alkaline

AVA

Na20+K20 Mg O

Figure 10.)AFM di_agram, all of t.he samples plot ilnIn diagram of Nb vs. Rb/Zr (Browet al, 1984)
Calcalkaline S.e”es field., .(Irvme and Balragar'the studied samples plot in Continenta’ll Arc field
1971 Symbols is same as Fig- 3 ) _

(Fig. 17). In Batchelor and Bowden diagrams
In Shandl and Gorton diagrams (Hascli® (19g5) the studied granitoides of studied area
Guenther, 2003; Oyarziet al, 2002), all of the pjot in field of PrePlate Collision and Calc
granodiorites and tonalites samples plote igkaline series (Fig. 18). Diagram of Sm/Yb vs.
Active Continental Margins (Fig. 15). lRearce | 53/sm (Haschke, and Guenther, 2003; Kay and
et al (1989) diagrams, all of the studied Mpodozis, 2002) shows mineralogy eburce
samplesplottedin Volcanic Arc Granites (Fig. melting, the samples of studied area that show
16). amphibole and garnet present in the source

melting of this rocks (Figl9).
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Sail 5 L L N L 3 Therefore analytical results show granitoides
. ] rocks of studied area that formed in a volcanic

= | \ ] arc or active continental margin related to
% ol S ™ | subduction zone, and have adakitic affinity in
£ ; \ g compositios. Furthermore, amphibole and
I ¥ ﬁ; ] garnetwere persent inthe source of this rocks
25 B e ah B 3w T and plagioclase absent.

20 471 —T T 7T T T | L. . . L.

The SP/SP® granitoidoides rocks of studied
area are 0.704260 to 0.704443(Ghadami,

% , 2009), that show this adakitic rocks relative to
%_ ‘E E slabdrived or MORB source (Martiret al,
& 2004).

e Bu Th o Tm Lu 3- Discussionand conclusions

Ce Nd Sm Gd Dy Er Yb

Figure 13)Chondritenormalized REE patterns and3.1- Discussion

N-MORBnormalized spidergraméor REES (SUn 1o gegree to which anatexis of subducted
and McDonough, 19§%ymbolss same as Fig.)3 oceanic crust has contributed to magism in

S00 T

\ A convergent plate margins has been a point of
= controversy for decades (Derek al, 2004;

o Gill, 1981). As discussed by Gill (1981), arc

L e 5 magmas of basaltic composition are regarded as
products of mantle, not slab anatexis, although

: . . : : some later works continued to press for slab

. i - ~ - " anatexis in the production of arc basalts,

particular those with high Atontents (Martin,

100 &

= : : ' = and Hugh Rollinson, 2005). Hydrated mantle
peridotite as the principal source for arc basalts
m | [ vasmss | 3 is now firmly established (Tatsumi and
Al Xbe EERRnC, Koyaguchi, 1989), but genesis of intermediate
so | 1 and felsic are magmas remains controversial.
‘M The issue of slab anatexis as a globally
" . o i e = important process was emphasized by Defant
YbN and Drummond1990) and Matrtiret al (2004)

Figure 14)Y vs. Sr/Y (Defant and Drummond, 1990who demonstrated a connection between
and B) ( La/Yb)N vs. YbN diagrams, discriminatingubduction of young oceanic crust and
between adakitic and classical arc calalkaline production of intermediate to felsic igneous
compositions, (Martin et al., 2004; Oyarzun et al.rocks which bear the signature of a
2002; Reagan, and Gill, 198%ynbols is same as garnetiferous residuum. Such magmatic rocks
Fig. 3). are compositionally similar to Tertiary lavas on
In diagram of the Th vs. Th/Ce (Condie, 1989)Adak Island in the Aleutian arc whiclvas

all of the studied samples of granitoides plot ifflentified as products of slab melting by Le
slabdrived adakites field (Fig. 20). Maitre et al, (1989).
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Figure 15) Schandl and Gortor{2002) diagrams, all of the samples plot in Active Contintal Margins

Symbols is same as Fig. 3
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Figure 16)All samples plot in volcanic arc granifeeld (Pearce et al., 1984Symbols is same as Fig. 3
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This petrologic family, termedadakites, was high alumina, intermediate to felsic volcanic
described byDefant and Drummond, 1990) asocks

304

typically hosting phenocrysts

of
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plagioclase, amphibe] mica and (rarely) plagioclase and amphibekearing lavas with
orthopyroxene, and lacking phenocrysts dfla0>3.5%, high Sr (>400ppm), low Y
clinopyroxene. Accessory grains of(<18ppm), high Sr/Y (>40), low Yb (<1.9), and
titanomagnetite, apatite, zircon and titanite wet@gh La/Yb>20 (Defat and Drummond, 1990;
identified as common but not ubiquitoudDefant and Kepezhinskas, 2001; Maré&h al,
(Defant and Drummond, 1990Defant and 2004; Martin, and Hugh Rollinson, 2005).
Kepezhinskas, 2001., Martiret al, 2004;

Martin, and Hugh Rollinson, 2005). Also few

adakitic plutons were reported (Martin, and

Hugh Rollinson, 2005; Sengor and Natalin,

1996).

Rb/Zr

Figure 19) Sm/Yb vs. La/Sm diagram that show in
] mineralogy source rock of melting amphibol and
garnet presented (Green et al., 1989; Kay and
Mpodozis, 2002Symbols is same as Fig. 3).

15 Geochemically, it appears that subduction
Ll related components played a controlling role in
Figure 17) Nb vs. Rb/Zr diagrams, all of the sampleshe genesis of the granitoidoides magmas in

plot in Continental arc, (Brown et al., 1984;Central Volcanic Belt of Iran (CIVB).

Symlols is same as Fig. 3). Enrichment of LILE and depletion of HFSE §N
R B R R R R LR B and Ti) and HREE are characteristic of
sooo | jj;ﬁ:;f’c‘*jf;;ifij::;‘:j;;‘m | subduction zone magmatism (Defan_t and

i Drummond, 1990; Defant and Kepezhinskas,
SR | A k| 2001; Martinet al, 2004). On the other hand
> . the high ratios of N®/K,O, high Sr, Mg #,
1000 | Y - Sr/Y and (Ce/Yh) suggest an adakitic characte
p -!{' for subductiorrelated magmatism (Defant and
500 - e 8 N Drummond, 1990; Defant and Kepezhinskas,
: 7 200; Martin et al, 2004; Martin, and Hugh
00 N ﬂlm l lllo:u.)‘ .1.510(.'. ‘2'0104‘)' 2<;m 3000 Rollinson, 2005).
R1 The origin of adakites has been attributed to

Figure 18) In Batchelor and Bowden, (1985)partial melting of either subducted oceanic crust
diagrams, all of the samples plot in Pidate converted @ amphiboleeclogite and garnet

Collision Granite, [R1=4Sii 11(Na+K)}2(Fe+Ti), amphibolite (Defant and Drummond, 1990) or
R2=5Ca+2Mg+Al]( Symbols is same as Fig. 3).  underplating of basaltic magmas under thick

A Comp|ementary and broad|y accepteeontinental crust (Atherton and Petford, 1993)

chemical defition of adakites was sub The strongly fractionated REE pattern and
sequently provided: adakites are hajfica depletions HREE and Y in adakites in this area
(Si0,>56%),  highalumina  (AbO3>15%), are possibly due to the presence of garnet +/



