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Abstract 

In the Centeral Iranian Volcanic Belt (CIVB), north-west of Shahre-Babak, in area of Javazm, 

Dehaj and khabr, about 20 plutonic porphyritic tonalitic to granodioritic masses (1-50 km2) are 

intruded into a varity of rock sequences from Eocene to Early Miocene in age. Tonalitic and 

granodioritic rocks are some part of Dehaj-Sardoieh belt and having early Miocene age. The CIVB 

contains intrusive and extrusive rockes of Cretaceous-Quaternary age. Geochemical studied indicate 

that the subalkalic tonalitic to granodioritic masses belong to I-type granitoides and have an adakitic 

composition tendency with Na2O/K2O (1.82-2.57), high Sr (584-1040 ppm), Mg#=(0.2-0.52) and 

low Y (7.3-10.7ppm), low Yb (0.7-1.18ppm), and low HREE. Fractionated REE patterns show that, 

(Ce/Yb)N = 10-22, absence of negative Eu anomaly, low content of Y, Nb, Ti, and high Sr/Y (74-

134) and (Ce/Yb)N ratios. Based on geochemical data the source of tonalitic and granodioritic 

magma was probably garnet-amphibolite or amphibole-eclogite, possibly generated during 

subduction of the Neo-Tethyan oceanic slab beneath the Central Iran microplate. The adakitic 

plutonism was followed by adakitic volcanism in Mio-Peliocene 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 tonalitic and granodioritic masses are an active continental 

margin and belong to volcanic arc granitoides. 
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1- Introduction  

The Tethyan orogenic collage formed from 

collision of dispersed fragments of Gondwana 

with Eurasia (Ghasemi and Talbot, 2006). 

Within this context, three major tectonic 

elements with NW-SE trends are recognized in 

Iran due to collision of Afro-Arabian continent 

and Iranian microcontinent (Mohajjel et al., 

2003). They include the Central Iranian 

Volcanic Belt (CIVB), Sanandaj-Sirjan 

metamorphic zone and Zagros-folded-thrust belt 

(Fig.1) (Mohajjel et al., 2003; Shahabpour, 

2007). The CIVB are contains intrusive and 

extrusive rocks of Cretaceous -Quternary age 

that forms a belt with 50 Km wide and 4 Km 

thick (Berberian and Berberian, 1981) that 

extends from NW to SE in Iran. However, peak 

of magmatic activity is thought to be Eocene 

age (Alavi, 2004). Geochemical studies indicate 

that the CIVB is generally composed of alkaline 

and calc-alkaline rocks. For examples alkaline 

rocks also are reported locally by Amidi et al., 

(1984) and Moradian, (1997). Amidi et al., 

(1984) proposed a rift model to interpret the 

genesis of Eocene magmatic rocks in the CIVB. 

Berberian and King (1981) argued that the onset 

of alkaline volcanism, which followed the calc-

alkaline volcanism (6-5 Ma) in CIVB was due 

to sinking of the final broken pieces of oceanic 

slab to a depth where alkaline melts were 

generated (Jahangiri, 2007). The post-suturing 
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magmatic activity along the Sanandaj-Sirjan 

zone and NW Iran can be attributed to slab 

break-off (Jahangiri, 2007). 

 
Figure 1) Three main tectonic units of the Zagros 

orogenic belt (Mohajjel et al., 2003). Studied area is 

marked by square. 

 
Figure 2) Geological map of area (Simplified from 

the geological map of 1: 250000 Anar), 

(Dimitrijevic et al., 1971). 

In CIVB, north-west of Shahre-Babak, area of 

Javazm, Dehaj and Khabr a geologic complexity 

and magmatic activity from calc-alkaline to 

alkaline presented (Ghasemi and Talbot, 2006). 

The diversity of magmatic types from calk-

alkaline to alkaline indicate region of Javazm, 

Dehaj and Khabr to reperesent classical areas of 

young volcanism. The most intense eruptions 

were during the post collisional stage, which led 

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 subvolcanic domes 

(Ghadami et al., 2008; Ghadami, 2009) and 

extending for more than 150 km, are of 

interested due to their specific conditions of 

formation and spatial and temporal relation with 

other magmatic rocks. The tonalite-granodiorite 

plutonism of Miocene in this area is followed by 

adakitic volcanism in Mio-Peliocene (Ghadami 

et al., 2008; Ghadami, 2009) and alkaline 

volcanism in Plio-Quaternary (Amidi et al., 

1984). A conspicuous characteristic of this 

phase is the contemporaneous eruptions of 

mafic alkaline 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 (Chung, et al., 2005; Sajona, et 

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 area is situated at the Central 

Iranian Volcanic Belt (CIVB), north-west of 

Shahre-Babak City (Fig. 1-2), betwen Rafsanjan 

fault and Nain-Baft fault (Shahre-Babak fault). 

In this area, numerous (nå20) tonalite-

granodiorite masses are intruded in to the 

volcanic Eocene, Oligocene and volcano-
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sedimentary rocks of Central Iranian Volcanic 

Belt (Dimitrijevic et al., 1971, Fig. 2). 

In the studied area the Eocene volcanic and 

volcanoclastic rocks consist of basalt, andesitic-

basalt, brecciated volcanoclastic rocks and 

green tuffs (Fig. 2). The age of emplacement of 

tonalitic and granodioritic rocks are Miocene 

(Dimitrijevic et al., 1971). 

 
Figure 3) Classification of granitoides rocks. The 

studied samples compositions range from Tonalites 

ƶ to Granodiorites ƴ (Cox et al., 1979). 

2.2- Petrographic features 

The porphyritic plutonic masses consist of 

intermediate to felsic suites whose composition 

varies from tonalite to granodiorite (Fig. 3). 

Tonalite and granodiorite rocks show 

porphyritic texture with phenocrysts of 

plagioclase, hornblende and biotite. Plagioclase 

is ubiquitous phenocrysts (25-50 vol %) and 

contains inclusions of magnetite, amphibole and 

opaque. These rocks contain large plagioclase 

crystals (3-5mm) that usually exhibit sieve 

textures and well defined zoning marked by 

concentric zones rich in/or devoid of opaque 

inclusion. In some samples, plagioclase 

phenocrysts are mantled by a clouded or solved 

rim. These features show that the magma 

mixing or effective of volatiles pressure (H2O) 

in orogenic magmatic belts (Gill, 1981). 

Hornblende occurs as the main ferromagnesian 

phenocrysts (up to 2 mm) in tonalite and 

granodiorite and varies from green to brown in 

color. In some samples, accumulation of 

hornblende led to formation of 

glomeroporphyric texture. The groundmass is 

composed of plagioclase and hornblende as the 

main minerals, with apatite, biotite, quartz and 

iron oxides as accessory minerals. 

2.3- Geochemical characteristics 

2.3.1- Analytical methods 

Based on petrographic studies, 12 samples of 

tonalite and granodiorite rocks were chosen for 

major, trace and rare-earth elements (REE) 

analysis. Samples for whole rock analysis were 

crushed and powdered in agate ball-mills. Major 

elements were determined by ME-ICP method. 

Inductively Coupled Plasma-Mass 

Spectorometry (ICP-MS) was employed for 

REE and trace element analysis for all of the 

samples. All of the analysis work was 

determined at ActLabs laboratories (Canada). 

Representative chemical analysis for major, 

trace and rare earth elements are presented in 

Table 1. 

 
Figure 4) A/CNK vs. A/NK diagram, all of the samples 

of granitoides plot in metaluminous filed, 

A/CNK=[Al 2O3]/[CaO+Na2O+K2O], A/NK= 

[Al 2O3]/[Na2O+K2O] (Maniar and Piccoli, 1989; Symbols 

is same as Fig. 3). 

2.3.2- Analytical results 

The SiO2 of samples vary from 58.8 to 65.5 wt 

%. Using ternary diagram of Ab-An-Or (Cox et 

al., 1979), for classification of plutonic rocks, 
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the studied samples plot in the fields of 

granodiorite and tonalite (Fig. 3). Also these 

rocks are metaluminous with Al2O3/ 

(CaO+Na2O+K2O) ratios of 1.5-2.0 (Fig. 4). 

Using SiO2 as a fractionation index, the samples 

display chemical variation and clear trends on 

Harker diagrams (Figs. 5-7). On variation 

diagram, MgO, CaO, FeOt, TiO2, MnO and 

P2O5 display negative correlations. Also 

compatible rare elements of V, Co, Cr and Ni 

display negative correlations (Fig. 6). 

Incompatible elements of Zr, Hf, Cs and Pb 

display positive correlation. These feathers 

which suggesting that the granodiorite and 

tonalite rocks experienced fractionation of 

hornblende, plagioclase and apatite (Fig. 7).  

The other oxides and elements (e.g. K2O, Na2O, 

Rb, Ba, Sr and etc.) were displayed scatter 

trends. The scattered of the samples belong to 

present of phenocrysts (fractional 

crystallization) or assimilation of continental 

crust. In diagram of Na2O+K2O vs. SiO2 (Irvine 

and Baragar, 1971) all samples were located in 

the subalkaline field (Fig. 8). In SiO2 vs. K2O 

diagram (Pearce, 1982), all of the samples plot 

in calc-alcaline magmatic series (Fig. 9). In the 

AFM diagram of (Irvine and Baragar, 1971) all 

of the samples show a calc-alcaline trend (Fig. 

10). In K2O vs Na2O diagram (White and 

Chappel, 1983) all of the samples plot in I-type 

field (Fig. 11). 

 

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

 



Journal of Tethys: Vol. 4, No. 4, 295ï311 

Table 1) Continued. 

 

Figure 12 show spider diagrams plot for 

representative samples from different plutonic 

masses normalized to Conderite and N-MORB 

composition (Sun, and McDonough, 1989). The 

tonalite and Granodiorite rocks are enriched in 

large ion lithophile elements (LILE) such as K, 

Rb and Ba and Sr relative to HFSE,   and 

negative Ti, Zr, Y and Nb anomalies. They 

show significant positive anomalies for Sr, 

indicative of either the absence of plagioclase 

fractionation or retention of plagioclase in the 

residue (Green et al., 1989; Pearce and 

Parkinson, 1993; Rapp, et al., 1999). LILE and 

LREE enrichment can result from low degree 

partial melting of the MORB source. 

Decoupling of Zr and Ti with similar bulk Kd
,
s 

and greater depletion of Ti has been interpreted 

to reflect a residual phase in the source that 

fractionated Ti (Pearce and Parkinson, 1993), or 

Ti-bearing phases (Reagan, and Gill, 1989). The 

strong depletion of Y and Yb corresponds to 

presence of amphibole or restite garnet in the 

source melting (Pearce and Parkinson, 1993). 

These geochemical features show that all of the 

granodiorite and tonalite rocks exhibit typical 

subduction-related signatures. 
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Figure 5) Variation diagrams for major and trace elements of samples (Symbols is same as Fig. 3). 

 

Figure 6) Continue of variation diagram (Symbols is same as Fig. 3).

The REE concentrations samples of granodiorite 

and tonalite rocks from studied area are plotted 

relative to Chondrite and N-MORB in figure 13. 

The ×REE ranges from 92.1 to 134.8 ppm. The 

REE patterns for adakitic rocks from the study 

area are similar, although the abundances are 
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variable. All the samples are enriched in LREE 

and strongly fractionated in LREE and have a 

flat MREE to HREE pattern (LaN/YbN values of 

15.5 to 29.2). The REE patterns are linear with a 

small positive Eu anomaly, implying their 

cogenetic nature and derived from source 

regions that had similar relative concentrations 

of REE and similar mineralogy. Low 

abundances of HREE in granodiorites and 

tonalities rocks reflect retention of these 

elements in residual garnet in the partially 

melted subducted slab of amphibole-eclogite 

(Green et al., 1989). There are no cross-cutting 

REE pattems, suggesting that the studied 

magmatic suites are possibly related to and most 

likely derived from the same initial melt. 

 

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

In the Y vs. Sr/Y diagram, (Fig. 14A) all of the 

granodiorites and tonalites samples plot in the 

field of adakite relative to typical arc-related 

calc-alkaline rocks defined by (Defant and 

Drummond, 1990; Defant and Kepezhinskas, 

2001; Martin et al., 2004; Martin, and Hugh 

Rollinson, 2005; Oyarzun et al., 2002). In the 

(La/Yb)N vs. YbN diagram, (Fig. 14B) all of the  

studied samples plot in the field of adakite 

relative to classical island arc rocks defined by 

(Defant and Drummond, 1990; Defant and 

Kepezhinskas, 2001; Martin et al., 2004; 

Martin, and Hugh Rollinson, 2005; Oyarzun et 

al., 2002). The Mg#[MgO/(MgO+FeO)] of the 

granodiorites and tonalites samples  ranges from 

0.2 to 0.52 and contains high concenteration of 

Sr (584 to 1040 ppm) and low contents of Y and 

Yb.  

 
Figure 8) Diagram of SiO2 vs. Na2O +K2O, all of the 

samples plot in subalkaline field, (Irvine and 

Baragar, 1971; Symbols is same as Fig. 3). 

The high contents of Sr, high ratios of 

K2O/Na2O (0.39 to 0.55), Mg#(mean 0.42) and 

concentrations of Yb and Y indicate 

geochemical characteristics different from 

typical volcanic rocks and similar to adakitic 
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rocks (Defant and Drummond, 1990; Defant and 

Kepezhinskas, 2001; Martin et al., 2004; 

Martin, and Hugh Rollinson, 2005). The 

adakites exhibit Sr enrichment, in contrast to 

non-adakitic tonalite and granodiorite which 

show positive anomalies in spider diagrams. 

 
Figure 9) Diagram of SiO2 vs. K2O (Pearce, 1982), 

all of the samples plot in Calc-alkaline Series; 

Peccerillo and Taylor, 1976; Symbols is same as 

Fig. 3). 

 

Figure 10) AFM diagram, all of the samples plot in 

Calc-alkaline Series field, (Irvine and Baragar, 

1971; Symbols is same as Fig. 3). 

In Shandl and Gorton diagrams (Haschke and 

Guenther, 2003; Oyarzun et al., 2002), all of the 

granodiorites and tonalites samples plote in 

Active Continental Margins (Fig. 15). In Pearce 

et al. (1989) diagrams, all of the studied 

samples plotted in Volcanic Arc Granites (Fig. 

16).  

 

Figure 11) K2O vs. Na2O diagram (White and 

Chappel, 1983), all of the samples plot in I-type field 

Symbols is same as Fig. 3). 

 

Figure 12) Chondrite-normalized REE patterns and 

N-MORB-normalized spidergrams  for incompatible 

and trace elements (Sun and McDonough, 1989; 

Symbols is same as Fig. 3). 

In diagram of Nb vs. Rb/Zr (Brown et al., 1984) 

the studied samples plot in Continental Arc field 

(Fig. 17). In Batchelor and Bowden diagrams 

(1985), the studied granitoides of studied area 

plot in field of Pre-Plate Collision and Calc-

alkaline series (Fig. 18). Diagram of Sm/Yb vs. 

La/Sm (Haschke, and Guenther, 2003; Kay and 

Mpodozis, 2002) shows mineralogy of source 

melting, the samples of studied area that show 

amphibole and garnet present in the source 

melting of this rocks (Fig. 19).  
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Figure 13) Chondrite-normalized REE patterns and 

N-MORB-normalized spidergrams for REEs (Sun 

and McDonough, 1989; Symbols is same as Fig. 3). 

 

Figure 14) Y vs. Sr/Y (Defant and Drummond, 1990) 

and B) ( La/Yb)N vs. YbN diagrams, discriminating 

between adakitic and classical arc calc- alkaline 

compositions, (Martin et al., 2004; Oyarzun et al., 

2002; Reagan, and Gill, 1989; Symbols is same as 

Fig. 3). 

In diagram of the Th vs. Th/Ce (Condie, 1989), 

all of the studied samples of granitoides plot in 

slab-drived adakites field (Fig. 20). 

Therefore analytical results show granitoides 

rocks of studied area that formed in a volcanic 

arc or active continental margin related to 

subduction zone, and have adakitic affinity in 

compositions. Furthermore, amphibole and 

garnet were persent in the source of this rocks 

and plagioclase absent. 

The Sr
87

/Sr
86

 granitoidoides rocks of studied 

area are 0.704260 to 0.704443 (Ghadami, 

2009), that show this adakitic rocks relative to 

slab-drived or MORB source (Martin et al., 

2004). 

3- Discussion and conclusions 

3.1- Discussion 

The degree to which anatexis of subducted 

oceanic crust has contributed to magmatism in 

convergent plate margins has been a point of 

controversy for decades (Derek et al., 2004; 

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

magmas of basaltic composition are regarded as 

products of mantle, not slab anatexis, although 

some later workers continued to press for slab 

anatexis in the production of arc basalts, 

particular those with high Al-contents (Martin, 

and Hugh Rollinson, 2005). Hydrated mantle 

peridotite as the principal source for arc basalts 

is now firmly established (Tatsumi and 

Koyaguchi, 1989), but genesis of intermediate 

and felsic are magmas remains controversial. 

The issue of slab anatexis as a globally 

important process was emphasized by Defant 

and Drummond (1990) and Martin et al. (2004) 

who demonstrated a connection between 

subduction of young oceanic crust and 

production of intermediate to felsic igneous 

rocks which bear the signature of a 

garnetiferous residuum. Such magmatic rocks 

are compositionally similar to Tertiary lavas on 

Adak Island in the Aleutian arc which was 

identified as products of slab melting by Le 

Maitre et al., (1989).  
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Figure 15) Schandl and Gorton (2002) diagrams, all of the samples plot in Active Contintal Margins; 

Symbols is same as Fig. 3). 

 

 
Figure 16) All samples plot in volcanic arc granite field (Pearce et al., 1984; Symbols is same as Fig. 3). 

This petrologic family, termed "adakites", was 

described by (Defant and Drummond, 1990) as 

high- alumina, intermediate to felsic volcanic 

rocks typically hosting phenocrysts of 
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plagioclase, amphibole, mica and (rarely) 

orthopyroxene, and lacking phenocrysts of 

clinopyroxene. Accessory grains of 

titanomagnetite, apatite, zircon and titanite were 

identified as common but not ubiquitous 

(Defant and Drummond, 1990; Defant and 

Kepezhinskas, 2001., Martin et al., 2004; 

Martin, and Hugh Rollinson, 2005). Also few 

adakitic plutons were reported (Martin, and 

Hugh Rollinson, 2005; Sengor and Natalin, 

1996). 

 
Figure 17) Nb vs. Rb/Zr diagrams, all of the samples 

plot in Continental arc, (Brown et al., 1984; 

Symbols is same as Fig. 3). 

 

Figure 18) In Batchelor and Bowden, (1985) 

diagrams, all of the samples plot in Pre-Plate 

Collision Granite, [R1=4Siï11(Na+K)-2(Fe+Ti), 

R2=5Ca+2Mg+Al]( Symbols is same as Fig. 3). 

A complementary and broadly accepted 

chemical definition of adakites was sub-

sequently provided: adakites are high-silica 

(SiO2>56%), high-alumina (Al2O3>15%), 

plagioclase and amphibole-bearing lavas with 

Na2O>3.5%, high Sr (>400ppm), low Y 

(<18ppm), high Sr/Y (>40), low Yb (<1.9), and 

high La/Yb>20 (Defant and Drummond, 1990; 

Defant and Kepezhinskas, 2001; Martin et al., 

2004; Martin, and Hugh Rollinson, 2005). 

 

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, 2002; Symbols is same as Fig. 3). 

Geochemically, it appears that subduction 

related components played a controlling role in 

the genesis of the granitoidoides magmas in 

Central Volcanic Belt of Iran (CIVB). 

Enrichment of LILE and depletion of HFSE (Nb 

and Ti) and HREE are characteristic of 

subduction zone magmatism (Defant and 

Drummond, 1990; Defant and Kepezhinskas, 

2001; Martin et al., 2004). On the other hand 

the high ratios of Na2O/K2O, high Sr, Mg #, 

Sr/Y and (Ce/Yb)N suggest an adakitic character 

for subduction-related magmatism (Defant and 

Drummond, 1990; Defant and Kepezhinskas, 

200; Martin et al., 2004; Martin, and Hugh 

Rollinson, 2005). 

The origin of adakites has been attributed to 

partial melting of either subducted oceanic crust 

converted to amphibole-eclogite and garnet-

amphibolite (Defant and Drummond, 1990) or 

underplating of basaltic magmas under thick 

continental crust (Atherton and Petford, 1993). 

The strongly fractionated REE pattern and 

depletions HREE and Y in adakites in this area 

are possibly due to the presence of garnet +/- 


