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Abstract: Alvand granitoid complex with emplacement age upper to middle Jurassic (153-167 Ma)  in 
Sanandaj-Sirjan zone, into intruded Hamedan schistes. This complex is located with 40 km length and 
10 km width in south and west Hamedan. Alvand porphyroid granitoids based on lithological 
composition are granodiorite, monzogranite, syenogranite and alkali-feldspar granite. Based on 
mineralogical characteristics consist of mineral assemblages plagioclase, quartez, K-feldspar and 
biotite. Geochemically, these rocks are calc-alkaline series and based on saturation degree of 
aluminum (ASI) are peraluminous. The mineralogical, lithological, and geochemical studies indicate 
that the Alvand porphyroid granitoids have S-type characteristics. These rocks displays the 
geochemical characteristics typical of magmatic arc intrusions related to an active continental margin.  
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INTRODUCTION 

 
 Peraluminous granitic rocks formed from partical melting of upper crustal rocks. In active continental 
margins, these rocks originated from melting of crustal protoliths (e.g., pelitics) in upper-middle crust 
(Wedepohl, 1991).  

The Sanandaj-Sirjan zone, which is the host of the Alvand granitoid complex, extends over 1500 km, with 
an average width of 200 km, from Urmia in the northwest of Iran to Sirjan in the southeast of Iran. The 
Sanandaj-Sirjan zone is bordered by the Zagros fold belt to the west and the western Central Iran belt (Urmia-
Dokhtar belt). This tectonic zone is mainly composed of Mesozoic and some Paleozoic rocks (Berberian, 1977) 
separating the stable central Iran Block, from the Afro-Arabian plate (Stöcklin, 1968). The metamorphosed and 
complexly deformed rocks include extensive areas of Mesozoic volcanic rocks that are associated with abundant 
deformed and undeformed plutons. During most of the second  half  of the Mesozoic era, the Sanandaj-Sirjan 
zone represented an active Andean-like continental margin in which calc-alkaline magmatic activity 
progressively shifted northwards (Berberian and King, 1981). In the present, it behaves as a fairly rigid block 
moving northwards at 14 mm/year with respect to stable Eurasia (Vernant et al., 2004).  

The Alvand granitoid complex (Fig. 1) is located in south and west of Hamedan and crops out in an area 
between the cities of Hamedan and Tuyserkan with an extent of approximately 400 km2; it lies between 34°30´- 
35° N and 48°- 48°45´ E. The Sanandaj-Sirjan zone in the Hamedan area (Alvand) is characterized by the 
predominance of low to high metamorphic supracrustal and granitoid rocks. New U–Pb zircon geochronological 
data of the Alvand Intrusive Complex indicated that this complex formed in  upper to middle Jurassic time 
(Shahbazi et al., 2010).  

The present paper summarizes petrographic and geochemical observations of the porphyroid granitoid rocks 
in the Alvand Intrusive Complex. 
 
2. Petrography: 
2.1. Granodiorite: 
 These rocks are leucocratic and mesocratic, fine to medium grained and dark grey, with subhedral granular 
to porphyritic, perthitic, and local myrmekite texture; they are composed predominantly of plagioclase (30-
40%), biotite (10-20%), quartz (25-30%), and orthoclase (<20%). Apatite, zircon, muscovite, tourmaline, 
garnet, andalusite, sillimanite, and opaques are common accessory minerals (Fig. 2). Zoned plagioclase (with 2-
3 mm or less grain size) forms euhedral to subhedral grains that exhibit variable amount of sericitization; it also 
displays oscillatory type and concentric normal zoning indicating of sudden modifications in pressure and 
temperature during crystallization and/or change in magma composition (Vernon, 2004). 
 
2.2. Monzogranite: 
 The monzogranite is fine and coarse grained with a subhedral granular and locally porphyritic texture. 
Mineral assemblages include quartz (~25-30%), orthoclase and microcline (~30-35%), normally zoned 
plagioclase (~30-35%), biotite (~5-10%). Zircon, apatite, muscovite, tourmaline, garnet, and opaques are 
common accessory minerals (Fig. 3). 
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Fig. 1: Simplified geological map of the Alvand Intrusive Complex (modified from Amidi and Majidi, 1977). 
 

 
 
Fig. 2: Photomicrograph of granodiorite sample (XPL), showing that the subhedral granular and minor perthitic 

texture and consist of plagioclase, biotite, quartz, and orthoclase. Qtz= quartz; Bt= biotite; Pl= 
plagioclase; Or= orthoclase.  

 
2.3. Syenogranite: 
 The syenogranite has euhedral to subhedral granular texture and is medium grained. These rocks contain K- 
feldspar (i.e., orthoclase and microcline ~35%), plagioclase (25-30%), quartz (~25%), and biotite (≈10%). The 
accessory phases are zircon, apatite, rutile, and muscovite. K-feldspar is commonly euhedral to subhedral 
perthitic microcline. The perthite crystals are twinned and sometimes altered to sericite. Plagioclase occurs as 
euhedral to subhedral and partially altered to sericite and zoisite. Quartz is present as coarse subhedral, as well 
as fine-grained crystals, enclosed within other minerals. It is also enclosed by both microcline and plagioclase 
forming graphic and myrmekitic textures. Biotite is locally altered to chlorite and commonly encloses apatite 
and zircon (Fig. 4). 
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Fig. 3: Photomicrographs of monzogranite sample (XPL), showing that a subhedral granular texture are 

consisted of quartz, orthoclase, plagioclase, biotite and garnet. Qtz= quartz; Bt= biotite; Pl=  
plagioclase; Or= orthoclase; Gt= garnet. 

 

 
 
Fig. 4: Photomicrographs of syenogranite sample (XPL). The syenogranite has a subhedral granular texture, and 

contains orthoclase-microcline, plagioclase, quartz, muscovite. Qtz= quartz; Pl= plagioclase; Or= 
orthoclase; Mic= microcline; Mus= muscovite. 

 
2.4. Alkali-Feldspar Granite: 
 Alkali-feldspar granites are leucocratic. These rocks occur mostly as veins and masses with low thickness, 
and with euhedral to subhedral granular, perthitic texture. Mineral assemblages have similar characteristics as 
the syenogranite, but microcline abundance in this granite type is more than that of syenogranite. They are 
composed K-feldspar (i.e., orthoclase and microcline~45%), quartz (~25-30%), plagioclase (~10%), biotite 
(~8%). Apatite, zircon, muscovite, and opaques are common accessory minerals (Fig. 5). 
 

 
 
Fig. 5: Photomicrographs of Alkali-feldspar granite (XPL). These rocks have a subhedral granular and perthitic 

texture, and contains orthoclase, microcline, plagioclase, quartz, biotite. Qtz= quartz; Pl= plagioclase; 
Or= orthoclase; Mic= microcline; Bt= biotite. 
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3. K-feldspar Megacrysts In Granites: 
 The Alvand porphyroid granitoids, in some parts of  the K-feldspar megacrysts size can be even to 7cm 
(Fig. 6a,b). Over many years, various petrologists have suggested that K-feldspar megacrysts in granites grow 
late in the cooling history, even at subsolidus conditions, as reviewed by Vernon (1986).  
 Origin of K-feldspar megacrysts is the metasomatic changes and this characteristic is an indication of S-
type granites (Pithcher,1982). Johnson et al. (2006b) inferred that K-feldspar megacrysts are younger than the 
groundmass, and that they grew during prolonged cooling at subsolidus temperatures. The large size of K-
feldspar megacrysts in granites does not imply very late or subsolidus crystallization, because experimental 
 evidence and occurrences of megacrysts in volcanic rocks show that abundant liquid is available for growth 
when the K-feldspar nucleates (Vernon et al., 2008). 
 In study area, some of  megacrysts are poikilitic and have biotite and plagioclase inclusions, this indicated 
that K-feldspar megacrysts in these rocks grow late  in the crystallization processes. Also, the metasomatism and 
alteration evidences is seen in some of the granitoids, so probably megacrysts growth be continued under the 
influence of acidic fluids and in solid-state. But in some granitoids, megacrysts have absent or rare inclusions. 
These megacrysts are commonly concentrated near the contact with the host rock which show early-
crystallization of  K-feldspar megacrysts (Sabouri, 2010). Sepahi (1999) believed that preferred orientation of 
area megacrysts can be magmatic or plastic deformation, under the influence of contact with the host rock near 
the contact location. 

 
 
Fig. 6: a. Photograph of K-feldspar megacrysts within porphyritic granitoid from the study area. b.  K-feldspar 

megacryst, showing simple twinning. 
 
4. Geochemistry:                                                                                                                                     
4.1. Analytical Methods: 
 Major- and trace-element abundances were determined by inductively coupled plasma-mass spectrometry 
(ICP-MS) and by inductively coupled plasma-optical emission spectrometry (ICP- OES) at the ALS Chemex 
Laboratories in Vancouver, Canada. Elements systematically analysed with ICP-OES include SiO2, TiO2, Al2O3, 
Fe2O3 (total), MnO, CaO, MgO, Na2O, K2O, P2O5, SrO, Ba, Cr, Cu, Sr, V, and Zn. ICP-MS was used to 
determine Rb, Y, Zr, Nb, Cs, La, Eu, Yb, Lu, Hf, Ta, Pb, Th, U, W, and Sn. The results of geochemical analyses 
are presented in Table 1. 
 
4.2. Chemical Characteristics Of The Rocks: 
 Based on the classification of Middlemost (1994), these samples plotted in the fields of granodiorite, 
syenogranite, monzogranite and alkali-feldspar granite (Fig.7a). In the Al2O3/(CaO+Na2O+K2O) versus 
Al2O3/(Na2O+K2O) [A/CNK vs.A/NK] diagram (Shand, 1943) (Fig. 7b); these rocks plot into the peraluminous 
domain, hence the rocks are of  S-type in the sense of Chappell and White (1974). On the basis of the Irvine and 
Baragar (1971) classification scheme (Fig. 7c) all samples belong to the calc-alkaline series. 
 
5. Geotectonic Environment: 
 In the P2O5 vs. Rb diagram of Chappell (1999), granites displays the S-type granite trend (Fig. 8). 
Numerous studies suggest that trace elements can be used to discriminate between the different tectonic settings 
of granitoid magmas (e.g. Pearce et al., 1984). The Alvand porphyroid granitoids in the geotectonic 
classification of  Pearce et al. (1984) plot around the boundary line of  volcanic arc granites and syn-collisional 
granites (Fig. 9a). On Rb vs. SiO2 diagram (Pearce, 1996, Fig. 9b) these granites are classified as Syn-COLG 
granites.  
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 Based on Zr/Al2O3 vs. TiO2/Al2O3 diagram of Muller and Groves (1994), these samples plot in continental 
and post-collisional arc related  fields (Fig. 10). 
 
Table 1:  Geochemical analyses of representative porphyroid granitoid rocks from Alvand Intrusive Complex (Hamedan, Iran). 

A.S12.G25 A.S11.G15 A.S11.G9 A.S8.G4 A.S.G1 Sample 

Syenogranite Granodiorite Monzogranite Granodiorite 
Alkali-feldspar 

granite 
Rock- type 

71.8 66.5 65.4 73.8 75.6 SiO2 
13.45 15.90 15.80 15.20 12.90 Al2O3 
3.07 5.63 5.55 0.40 1.50 Fe2O3 
1.50 1.75 2.31 2.86 0.42 CaO 
0.64 1.24 1.21 0.02 0.08 MgO 
3.52 2.53 2.91 5.95 2.41 Na2O 
4.24 4.08 4.66 0.19 6.12 K2O 
0.06 0.07 0.09 0.13 0.16 Cr2O3 
0.28 0.70 0.76 0.15 0.02 TiO2 
0.08 0.10 0.08 0.01 0.18 MnO 
0.11 0.23 0.22 0.05 0.09 P2O5 
0.02 0.02 0.02 0.06 <0.01 SrO 
0.40 0.59 0.59 1.09 0.68 LOI 
99.2 99.4 99.7 99.9 100.0 Total 
297 390 445 28.9 67.2 Ba 
420 480 640 820 0.9 Cr 
5.83 14.0 9.35 0.33 840 Cs 
<5 15 9 <5 8.66 Cu 

0.69 1.28 1.43 0.24 0.26 Eu 
5.1 6.7 7.6 2.4 1.0 Hf 

69.9 1.19 48.5 3.8 1.3 La 
0.49 45.0 0.42 0.04 0.61 Lu 
58.4 24.0 22.0 6.1 1.9 Nb 
13 24 33 11 38 Pb 

174.0 204 201 130.5 156.5 Rb 
2 5 4 <1 6 Sn 

142.0 138.5 150.0 5.19 33.6 Sr 
4.3 1.9 1.5 0.8 0.6 Ta 
47.3 19.90 25.4 8.45 0.6 Th 
4.64 2.90 1.75 1.19 0.48 U 
24 76 61 <5 <5 V 
2 3 2 5 8 W 

28.5 32.0 32.0 2.7 17.4 Y 
3.14 3.12 2.87 0.29 4.31 Yb 
32 88 68 18 13 Zn 
173 268 298 66 23 Zr 

NOTES:  
1.  Major elements reported as wt% and trace elements as ppm.  
2.  Total Fe measured as Fe2O3. 

 

 
 
 
 



Aust. J. Basic & Appl. Sci., 5(12): 2192-2199, 2011 

2197 

 
 
Fig.7: Classification diagrams for the granitoids: a. (Na2O+K2O) vs. SiO2 (TAS) diagram of Middlemost 

(1994); b. The aluminium saturation index (ASI) of Shand (1943); c. AFM diagram with field delineated 
after Irvine and Baragar (1971). 

 

 
 
Fig. 8: Plot of P2O5 against Rb for the Alvand porphyroid granitoid, Chappell (1999). 
 

 
 
Fig. 9: a.  Rb vs. (Ta + Yb) diagram of Pearce et al.(1984); ORG, ocean-ridge granites; syn-COLG, 

syncollisional granites;VAG, volcanic arc granites; WPG, within-plate granites. b. Rb vs. SiO2 
diagram of Pearce (1996). 
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Fig. 10: Zr/Al2O3 vs. TiO2/Al2O3 geotectonic discrimination diagram of  Muller and Groves (1994), for within- 

plate and  from arc related granites. 
 
6. Conclusions: 
 The Alvand porphyroid granitoids (upper-middle Jurassic) consists of granodiorite, monzogranite, 
syenogranite and Alkali-feldspar granite. Based on saturation degree of aluminum (ASI), these rocks belongs 
peraluminous.  
 These granitoids belongs to calc-alkaline series. Based on petrographic, mineralogical, and geochemical 
data they are comparable with typical S- type granites, and displays the geochemical characteristics typical of 
magmatic arc granites related to an active continental margin. The granitoids formed by partial melting of 
crustal protoliths having different compositions (such as meta-arkose and orthogneisses) in a deforming active 
margin. 
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