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Fig. 1. location of the study area in Iran structural map (shabanian et al., 2018) 
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Fig. 2. Geology map of study area (Davoodi et al, 2015)  
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Fig. 4. a, b) Plagioclase phenocrysts in andesite and basaltic andesite samples, c, d) Pyroxene and olivine crystals in 
basaltic andesite, e, f: Plagioclase, olivine and pyroxene in the studied basalts 
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Table 1. EMPA result of the Pyroxens of the Chelvan magmatic rocks 
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Fig. 5. a) Pyroxenes of the Azrin-Chelovan rocks are in the Mg-Fe-Ca (Quad) pyroxene range, J=2Na, Q=Ca+Mg+Fe+2, 
(b): Composition of pyroxene minerals in the Fs-En-Wo classification diagram (Morimoto, 1988), c) Pressure 

determination (Soesoo, 1997), d) Thermometric determination by the method (Soesoo, 1997), e) Nature of magma on 
the based of the chemical analysis of pyroxenes in SiO2 v.s Al2O3 diagram(Le Ba, 1962), f) diagram Ti v.s Ca+Na 

(Leterrier et al., 1982),h) Determination of tectonic setting in Si v.s Fe diagram(Aprico, 2010). 
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Fig. 6. Plot the results of chemical analysis of Chelvan amphiboles in the diagram, a) Diagram of the BNa v.s B (Na+Ca) (Leake 
and et al., 2004), b) diagramof the Mg/(Mg+Fe) v.s TSi (Leake and et al., 2004), c) Plot of chelvan amphibole samples in the 

AlIV v.s AlIV diagram (Anderson and Smith, 1995), d) diagram AlTot v.s Fe/(Fe+Mg) (Schmidt, 1992), f) Diagram Al v.s 

Temprature (Anderson and Smite, 1995) 
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Table. 2. EMPA result of Amphibol of the Chelvan magmatic rocks 
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Table 3. EMPA result of Biotite of the study area 
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Fig. 7. a) Plot of Chelvan biotites in the ternary diagram of TiO2*10- MnO+FeO - MgO (Nachit et al, 2005), b) Plot of the 

biotites in the diagram of Si v.s Fe/Fe+Mg (Forster and Tischendorf, 1989), c) Determination of the temperature of Chelvan 

biotites using Ti geometry (Henry et al, 2005), d) Determination of the Chelvan magmatic series using the composition of 

biotites (Abdel-Rahman, 1994). 
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Table4. EMPA result of Plagioclase 
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Fig. 7. Plagioclas component of the Chelvan in triplot diagram Ab-An-Or (Elkins and Grove, 1990). 
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Abstract 
The area is in 45 kilometers north of Shahrekord and near the city of Chelvan in the middle part of the 

Sanandaj-Sirjan structural zone. The stratigraphic column of the area consists of: Cretaceous carbonates, 

Jurassic shales and sandstones, and volcanic rocks. The petrographic observation of volcanic rocks indicate 

the presence of igneous rocks of the andesite, andesite-basalt and basalt types with the main minerals olivine, 

pyroxene, plagioclase and amphibole, along with biotite and minor and opaque minerals that have a dominant 

microlitic porphyry and porphyry texture. The results of the chemical analysis of pyroxene phenocrysts 

indicate the presence of augite-type pyroxenes with a chemical composition spectrum of Fs 12.52-17.38 En 

42.71-Wo 36.92-39.67, which were formed in the temperature range of 1200 to 1300 degrees Celsius and a 

pressure range of 6 to 10 kilobars. The amphiboles are magnesian-hornblende type that crystallized at a 

pressure of 2.7 to 5 kilobars and a temperature of 720 to 800 degrees Celsius. The micas of this area are 

primary magmatic magnesian biotites that were formed at a temperature of 580 to 680 degrees Celsius, and 

the composition of plagioclases fluctuates from oligoclase to labradorite, indicating the crystallization 

temperature 700-800 degrees Celsius. The combination of mineral chemical analysis data of the Chelwan 

igneous rocks indicates the tectonic setting of calc-alkaline magmas that formed in a subduction zone. 

Keywords: Biotite, Pyroxene, Amphibole, Plagioclase, Chelvan, Sanandaj-Sirjan Zone 

 

Introduction 

The Chelvan region is located in the middle part 

of the Sanandaj-Sirjan geostructural zone. This 

region is located on the edge of Zayandeh-Rud 

and 45 kilometers north of Shahrekord, near the 

village of Chelvan and at the geographical 

longitudes of 21.8ˊ55°50 to ˋ 22.7ˊ55°50 and the 

geographical latitudes of 1.12ˊ29°32 to ˋ 

10.67ˊ29°32. Some reports have mentioned the 

presence of volcanic rocks, schists, and traces of 

submarine volcanic activities of diabase and 

agglomerate rocks, with pillow formation in the 

north of Shahrekord. Also, some information has 

been reported about the potentials and anomalies 

of lead and copper around the volcanic masses in 

the north of Shahrekord. Also, outcrops of 

Permian units have been observed in the north of 

Shahrekord. It seems that the Jurassic sequences 

in the north of Shahrekord have a set of shale and 

sandstone units with limestone and volcanic 

interlayers. The presence of volcanic activities in 

this area has led to the occurrence of low degrees 

of metamorphism (Perhentian-actinolite facies). 

This volcanic has been dated by the 40Ar/39Ar 

method and is estimated to be 145 to 169 million 

years old. Outcrops of volcanic magmatic rocks 

can be seen near the village of Chelvan. Since no 

detailed and comprehensive studies have been 

conducted on the mineral chemistry of these 

rocks, this article examines the mineral chemistry 

of amphibole, plagioclase, pyroxene, and biotite. 

The mafic minerals biotite, pyroxene, and 

amphibole are often important choices in mineral 

chemistry studies of Ezrin rocks. The elements 

present in these minerals on the one hand and the 

sensitivity of these elements to temperature and 

pressure on the other hand have led to the fact that 

these minerals can be used to estimate changes in 

magmatic evolution and also to estimate the 

temperature and pressure of crystallization of 

these minerals. Also, the results of the chemical 

analysis of plagioclases can provide valuable 

information to researchers in determining the 

processes of crystal growth mechanism, 

magmatic evolution and processes related to the 

magma chamber.  

 

Material and Method 
After field studies and collection of intact 

samples of volcanic units, more than 48 samples 

from the collection area and thin sections were 

prepared and examined. After petrographic 

studies, in order to study the chemistry of the 

existing minerals, 4 selected rock samples and 30 

points including 10 points of plagioclase, 20 

points of amphibole, 10 points of biotite and 10 
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points of pyroxene were subjected to electron 

macroprobe analysis. Point analysis of the target 

minerals was carried out in the mineralogical 

laboratory of the Iranian Mineral Processing 

Research Center, using an EPMA device, model 

SX100, manufactured by Cameca, France, with 

an accelerating voltage of 15KV and a current 

intensity of 20nA. In this paper, the separation of 

+Fe2 and +Fe3 of amphibole minerals was 

carried out based on the method. Also, the 

structural formula of biotites was calculated 

based on 22 structural oxygens and the separation 

of divalent and trivalent iron was carried out 

based on the method of Dymek (1983). The 

structural formula of plagioclases and pyroxenes 

was calculated based on 8 and 6 oxygen atoms, 

respectively, and the Minpet software was used 

to examine the data. Finally, the obtained data 

were analyzed using experimental diagrams and 

with the help of petrological software (Igpet, 

GCDKit, Excel). 

 

Discussion and Result   
The volcanics of the region are seen with dark 

gray to green colors and fine-grained, porphyry 

to hyaloporphyry textures. The petrography of 

these rocks indicates the presence of rocks of 

basalt, basaltic andesite and andesite nature in the 

region. The chemical results of the Chelwan 

pyroxenes are presented in Table 1. The plot of 

these data in the Q-J diagram indicates Calcium-

magnesium-iron content of pyroxenes and their 

augite nature. The structural formula of Chelwan 

pyroxene has the composition Fs 12.52-17.38 En 

42.71-44.33 Wo 36.92 – 39.67.The studied 

pyroxene minerals are located in the pressure 

range of 10-6 kilobar and crystallized at a 

crystallization temperature of 1300-1200 degrees 

Celsius. Based on the chemical analysis data of 

Chelwan pyroxenes, it indicates the nature of 

subalkaline and calc-alkaline, which were formed 

in the subduction tectonic setting. 

The results of microprobe analysis of amphiboles 

in Chelvan igneous rocks show that they all have 

a calcic chemical composition with the nature of 

actinolite-hornblende and magnesiohornblende. 

To determine the nature of the amphibole type in 

the region in terms of magmatic origin and 

metamorphism, the Na+K+Ca versus Si diagram 

(Sial and et al., 1998) and the AlIV versus AlVI 

diagram (Fleet and Barnett, 1978) were used. In 

these diagrams, the studied amphiboles show a 

magmatic nature, and also, based on 

geothermometric and geobarometric calculations 

(Anderson and Smith, 1995), the Chelon 

amphiboles were formed at a pressure of 2.7 to 5 

kbar and a temperature of 720 to 790 °C. The 

results of microprobe analysis of Chelvan biotites 

after separation of Fe2+ and Fe3+ values 

according to the method (Droop, 1987) and 

calculation of the structural formula based on the 

24-oxygen method indicate the magmatic nature 

of these minerals. (Abdel-Rahman, 1994) which 

are of the type of magnesium-bearing biotites. 

These biotites were formed at a temperature of 

580 to 680 °C and in the tectonic setting of the 

calc-alkaline magmatic series. 

Also, the plagioclases of Chelvan have a 

composition of oligoclase to labradorite An 24-

56, which were formed at a temperature of 700 to 

800 °C according to the diagram. 

 

Conclusion 

The Chelvan volcanics are located near the 

Chelvan village in the north of Shahrekord and in 

the middle part of the Sanandaj-Sirjan structural 

zone. The magmatic rocks of the Chelvan region 

have a range of compositions of basalt, basaltic 

andesite, andesite with porphyry and microlithic 

porphyry and hyaloporphyry textures. The main 

minerals forming the samples include 

Phenocrysts of plagioclase, olivine and pyroxene 

are accompanied by biotite, amphibole, opaque 

minerals and accessory minerals. The presence of 

minerals such as chlorite and epidote indicates 

the influence of aqueous and hydrothermal 

solutions on these rocks. Most of the phenocrysts 

of plagioclase and pyroxene are visible in the 

fine-grained to medium-grained background of 

plagioclase. Pyroxenes often have a calcium-

magnesium-iron composition of the augite type, 

which crystallized at a temperature of 1200 to 

1300 degrees Celsius and a pressure of 6 to 10 

kilobars. Also, chemical analysis of amphibole 

minerals indicates the presence of calcic 

magnesian hornblende to actinolite amphiboles, 

which crystallized at a temperature of 720 to 790 

degrees Celsius and a pressure of 2.7 to 5. 

Kilobars have crystallized. Point analysis of 

biotites indicates primary magnesium-bearing 

biotite that crystallized at temperatures of 650 to 

730 degrees Celsius. Plagioclase crystals with 

oligoclase to labradorite nature have crystallized 

at temperatures of 700 to 800 degrees Celsius. 

According to the above data, the Chelwan 

volcanic rocks have a subalkaline nature of calc-

alkaline type, which belongs to the subduction 

geostructural situation associated with an active 

continental margin.
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