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Abstract 
 
Petrography and chemistry of minerals showing that Eocene alkaline volcanic rocks in southwestern of Germi (Talesh zone, NW 

Iran) mostly have basaltic composition. Mineralogically these rocks are composed of diopsidic clinopyroxene and labradoritic 
plagioclase phenocrysts. The microlithic and glassy groundmass composed of sanidine, clinopyroxene, biotite, pargasitic amphibole 
and magnetite associated with devitrified glass. Clinopyroxenes show relatively high Mg-numbers (0.76-0.93), low AlVI (mostly 
<0.1), suggesting relatively low-pressure (~5), and water content ~2.5 to less than 10% and high oxygen fugacity (-8.38-11.51) of 
crystallization condition. High amount existence of magnetite coexisting with amphibole and biotite mineral confirm high fugacity of 
the host magma. According to clinopyroxene and feldspar thermometry, estimated crystallization temperature varies between 1106˚C 
to ~1200 ̊ C. The clinopyroxene and amphibole mineral composition of studied rocks indicate that they have been formed in a back-
arc basin environment. Mineral chemistry in the current zone shows that composition and genesis of common minerals these 

magmatic rocks are similar to Pushtasar basaltic rocks in the northern part of this area.  
 

Keywords: Mineral chemistry, Thermobarometry, Clinopyroxene, Eocene alkaline rocks, NW Iran. 
 

 

1. Introduction 
Some researchers maintain that chemical composition of 

a mineral is related to content of the host magma and 

physico-chemical condition of the crystallization 

environment (LeBass 1962; Leterrier et al. 1982; 

Beccaluva et al. 1989; Abdel Rahman 1994; Molina et 

al. 2009). So, petrographic studies and mineral 

chemistry investigation are one of the best ways to 

identify magmatic processes. Evaluation of 

crystallization conditions and the processes influencing 

mineral crystallization could explain magmatic 

evolution of the host rocks accurately. Chemical 

composition of minerals, especially clinopyroxene, 
amphibole and biotite, represent valuable information 

about physico-chemical conditions (e.g. temperature, 

pressure and etc.) as well as tectonic setting of the host 

magma, due to they are presence in different periods 

crystallization of host rock (Deer et al. 1992; Molina et 

al. 2009). 

According to a number of researchers, the composition 

of minerals such as pyroxene depends on the host 

magma (Manoli and Molin 1988; Bindi et al. 1999; 

Avanzinelli et al. 2004; Zhu and Ogasawara 2004). 

Various cations involve in the structural sites of 
clinopyroxene formula which are in balance with host 

magma (Morimoto et al. 1988), so the type and amount 

of cations in the various sites of general clinopyroxene  
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formula can be used for determine the origin and 

evolution of host magma, magmatic series, physic-

chemical condition and tectono magmatic setting of host 

magma (LeBass 1962; Leterrier et al. 1982; Morimoto 

et al. 1988; Beccaluva et al. 1989; Bindi et al. 1999; 
Avanzinelli et al. 2004). 

Ca-rich clinopyroxene crystals are one of the most 

common ferromagnesian minerals in sodic and potassic 

alkaline rocks from various tectonic settings. The 

occurrence of Ca-rich clinopyroxene phenocrysts in 

alkaline volcanic rocks from collision zone or post-

collision setting has been generally considered to 

provide important clues to the nature of crystallization 

and evolution of related magma (Avanzinelli et al. 

2004). According to chemical composition and cation 

replacement in crystalline sites of clinopyroxene 
minerals, physico-chemical condition of host magma 

(e.g. temperature, pressure and fugacity) during 

crystallization of clinopyroxene can be measured 

(Schweitzer et al. 1979). So different studies have been 

demonstrated that composition of pyroxene can be used 

to determine of physico-chemical condition of host 

magma such as pressure and fugacity, and so a formula 

for measuring temperature of crystallization of 

clinopyroxene crystals have been developed (Taylor and 

Nimis 2000). As well phyllosilicate minerals are 

influenced by chemistry of host magma (Beane 1974), 

and they are used for determining magmatic nature, 
oxygen fugacity and thermometry of host magma. 
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Amphiboles are considered as common components of 

igneous rocks and formed in wide ranges of temperature 

and pressure (Hammarstrom and Zen 1986). Chemical 

compositions of amphiboles have strong correlation 

with magmatic evolution and crystallization of the host 

rocks so that we can evaluate geochemical properties 

and tectonic environment of the host. Wide chemical 

formula of amphiboles cause large number of captions 

enter in the crystalline structure and content of some 

cations such as Na, Ca, Ti, Al depend on pressure, 

temperature and oxygen fugacity that these cations can 

be used thermobarometry calculations of amphibole 
(Hammarstrom and Zen 1986). Due to buffer of 

crystalline system of amphibole, Ti and Al contents in 

the tetrahedral position reflect thermobarometric 

conditions (Wones and Gilbert 1982: Hendry et al. 

1985; Hammarstrom and Zen 1986; Vynhal et al. 1991; 

Stein and Dietl 2001). Also in structural formula of 

amphiboles, the AlVI to AlTotal ratio is a basic parameter 

to measure of pressure, which changes according to 

pressure in a linear form (Schmidt 1992). According to 

Yoder et al (1962), crystallization temperature of 

feldspars can be measured by determining values of 
albite, anorthite and sanidine existing in the composition 

of them as solid dissolution (Perugini et al. 2005; 

Gioncada et al. 2006). 

There are some outcrops of Eocene volcanic rocks in 

southwestern of Germi city (Fig 1). This area is a part of 

Talesh zone and Alborz-Azarbaijan volcanic belt 

(Berberian and Berberian 1981; Aghazadeh et al. 2010, 

2011; Castro et al. 2013; Masson et al. 2006). 

Mobashergermi et al. (2015) have already conducted 

studies to evaluate the petrography and mineral 

chemistry of basaltic prisms in southwest of Germi city 

(South talesh) whereas the area of this research is 
known as Pushtasar basaltic rocks (Unit Eba). These 

basaltic rocks are mostly prismatic structure with base 

of pillow lava structure (Mobashergermi et al, 2013). 

The other previous study conducted in this area entitled: 

geochemistry, petrogeneses and origin magmatic 

evolution in the olivine gabbros of southwest of Germi 

city (Mobashergermi et al. 2015) on the northern of this 

area (Unit Eg) (Fig 1). 

According to Mobashergermi et al (2015), the Pushtasar 

basaltic prisms assemblages in south-eastern of Germi 

are contain of Eocene mafic volcanic rocks such as 
olivine basalt. They have been outcropped with about 

1000 meters thickness in eastern part to 10 meters 

thickness in western part of Moghan area. The main 

minerals of these basalts are olivine phenocrysts, 

clinopyroxene (Augite to diopside) and labradoritic 

plagioclase. The dominant textures of these rocks are 

microlitic porphyritic. Pushtasar basaltic rocks, 

According to whole rocks and mineral chemistry data 

are originated from an alkaline magma and also whole 

rocks geochemistry show the parent magma has been 

enriched source. In the following an association of 

olivine-gabbroic rocks with mineralogy consists of 

phenocrysts of plagioclase, clinopyroxene (Augite to 

diopside), and olivine with a lesser amount minerals of 

biotite, amphibole, apatite, opaque and zircon. The 

dominant textures in these rocks are granular and 

ophitic. From the whole rock chemical aspect, 

generating magma in these rocks is alkaline with high 

richness in LREE which is related to enriched mantle 

and indicates evolution process through differentiation. 

The olivine gabbros are formed from an extensional 

back arc basin resulting from subduction related to 

Neothetyse (Mobashergermi et al. 2015). The aims of 

this study are petrography and mineral chemistry of 
mentioned volcanic rocks (Unit Eb) and use of chemistry 

of minerals (e.g. clinopyroxene, feldspars, biotite and 

amphibole) to determine physico-chemical condition of 

host magma. In addition, we will try to determine nature 

of magma and tectono-magmatic setting of the host 

magma by using mineral chemistry. 

 

2. Geological setting 
The study area is located in coordinate 47o 32ʹ to 48o 00ʹ 
E longitudes and 38o 59ʹ to 39o 50ʹ N latitudes in the 

Southwest of Germi, NW Iran. Based on Iranian 

tectono- structural divisions, studied area is part of the 

Alborz-Azerbaijan magmatic belt and Talesh sub-zone 

(Babakhani and Khan Nazer 1997; Brunet et al. 2003) 

(Fig 1). Geologically, studied area composed of 

Cretaceous, Paleocene and Eocene volcanic and 

sedimentary rocks (Fig 1) with oldest outcrops include 

Cretaceous volcanic rocks. These volcanic rocks 

disconformity overly by Paleocene flysch type deposits 

including more than 5000m detrital deposits. The 
Paleocene flysch type deposits mainly consist of shale, 

siltstone, limy sandstone, tuffaceous sandstone, 

sandstone and conglomerate. The Paleocene deposit has 

been covered by Eocene thick sedimentary strata 

including conglomerate, tuffaceous sandstone and 

sandstone. This stratum in the upper part includes layers 

of tuff and sandy tuff. Conglomerate of this unit 

includes fragments of various volcanic rocks, limestone, 

and radiolarian chert. In the upper parts of the Eocene 

sedimentary unit, there are layers of volcanic rocks with 

different thickness. Lower discontinuous layer including 

analcime phenocrysts with thickness about 1-2 m. Upper 
layer show more than 300m thick and include columnar 

jointing and pillow structures. Upper layer volcanic 

rocks have porphyry texture with feldspar and mafic 

mineral phenocrysts. The layer, especially in the lower 

and middle parts, includes amygdales that have been 

filled by calcite, silica and chlorite. It is deduced that 

they are generated in a shallow marine setting. The 

upper volcanic layer covered by Eocene flysch type 

deposits including shale, marl, sandstone and 

conglomerate that these units belong to Moghan 

depression system. 
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Fig 1. Geological map of study area southwest of Germi, demonstrated partial of Lahrud Geological map on the scale of 1:100,000 

(Babakhani and Khan Nazer 1997) with field corrections respect to Talesh zone (Brunet et al. 2003).(The studied Basalt is show with 

the Eb symbol) 

 
 

 

   

 

 

 

 

 

 

 

 

 

 
Fig 2. a) A view of basaltic prisms looking NE. b) Amygdales occurred in the basaltic prisms in the study area. 

 

3. Analytical Methods 
Volcanic layers have been studied in detail during field 

surveying and several samples have been gathered. 

Thirty samples sent to lab and thin sections have been 

were prepared. Thin sections were studied in detail by 

plan-polarized microscope the OlympusBH2 at the 

Lorestan University. Then five thin sections selected for 

EPMA analysis and they analyzed in by using 

b a 
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CAMECA-SX-100 instrument whit wavelength 5 Mm 

dispersive system (WDS) combined with operating 

conditions of 15 Kev, 0.2 microamperes beam current 

and a beam diameter of about 5 microns at the 

mineralogical lab of Iranian Mines & Mining Industries 

Development and Renovation Organization. Several 

spots from different clinopyroxene and plagioclase 

crystals have been analyzed. The results of analyzed 

spots were listed in Table (1, 2 and 3). Clinopyroxenes 

have been measured according to six oxygen while 

plagioclase resulted on basis of eight oxygen. Also, 

opaque mineral, biotite, amphibole and alkali feldspar 
measured according to 3, 22, 23 and 8 oxygen 

respectively. 

 

4. Petrography 
Outcrops of volcanic rocks in the southwest of Germi 

show dark grey to black colour. They have porphyry, 

glomeroporphyritic (Fig 3a) and hyalomicroporphyritic 

textures with clinopyroxene phenocrysts (Fig 3b). 

Clinopyroxene minerals occur as large (up to 4 mm) 
isolated phenocrysts types which have subhedral to 

euhedral shape and are mostly fresh. Generally, it can be 

stated that frequency of clinopyroxene minerals are 

more than 30% modal volume. Some clinopyroxene 

minerals include crystals of opaque minerals as 

poikilitic Texture, which indicates, syn crystallization of 

both crystals (Fig 3a, b). Some clinopyroxene crystals 

show sieve texture and compositional zoning. 

Development of both normal and sieve-textured 

clinopyroxenes can just be resulted from decreasing 

pressure; however, crystallization from hydrous melt 

may lead to such textures (Kuscu and Floyd 2001). 

Some clinopyroxene crystals show oscillatory normal 

zoning (Fig 3c). Microlithic groundmass of these rocks 

includes alkali feldspars, mica, opaque minerals and 

volcanic glass (Fig 3d). In the groundmass, alkali 

feldspars are sanidine crystals (Fig 3a, b and d). 

Plagioclase crystals are often fresh and euhedral with 

size over >0.5 mm and almost show polysynthetic 

twining (Fig 3d). 

The studied basalt mostly consists of pyroxene and 
plagioclase phenocrysts in a groundmass of microlithic 

crystals as well as opaque minerals, alkali feldspar, 

brown needle microcrystals and glass. Brown needle 

microcrystals based on EPMA analysis are biotite and 

amphibole. In some cases, brown biotitic and amphibole 

micro crystals (with less than 5% modal volume 

frequency) have been alterated to Chlorite (Fig 3d). 

The opaque minerals mostly show less than 10% 

frequency. They represent as both microphenocryst and 

microcrystal in the groundmass, and even in the form of 

inclusions inside clinopyroxene phenocrysts (Fig 3a, b 
and d). The biotite and amphibole minerals are observed 

generally as needle form and very fine-grained with the 

size less than 15 microns. In the groundmass of the 

studied rocks, there are some sanidines crystals that are 

common in the sample which have been gathered from 

center of volcanic layer. Existence of amphibole and 

biotite associated with sanidine in the matrix of the 

studied rocks implies being more potassium-rich rocks. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Fig 3. a) Glomeroporphyritic texture in the studied basalts (XPL). b) Hyalomicroporphyritic texture demonstrate Clinopyroxene 
phenocrysts in a glassy matrix (XPL). c) Normal zoning type of clinopyroxenes in the studied alkaline basalt rocks located in the 
southwest of Germi. d) This figure shows phenocrysts clinopyroxenes minerals, opaque minerals and plagioclase minerals with 
microliths of amphibole, biotite and sanidine in the basalts of southwest Germi (XPL). Abbreviations for names of minerals are 
derived from Whitney and Evans (2010). 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjgn5C2morXAhVDPBoKHR76Cd0QFggsMAE&url=http%3A%2F%2Fwww.alexstrekeisen.it%2Fenglish%2Fpluto%2Fpoikilitic.php&usg=AOvVaw1f5AwrhEsm5n6oGKp3IH1S
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5. Mineral chemistry 
Several crystals from different minerals have been 

analyzed by EPMA. Plagioclase crystals are mostly of 

calcic type and their anorthite components vary between 

50.2% to 69.4% (Labradorite) (Table 1). Their 

plagioclase contents vary between 29-49% volumes, 

also orthoclase component between 0.3-5.4 percent, (Fig 

4a). Thus they do not show chemical zoning. According 

to EPMA data contain from three feldspars microcrystal 

of groundmass, they have contain sanidine composition 
and major oxides of the crystals that represent limited 

changes as SiO2 (63.21- 63.37) (wt.%), CaO (1.81-2.10) 

(wt.%), Na2O (0.69-0.74) (wt.%), K2O(14.71-14.88) 

(wt.%) and Al2O3 (17.11-17.13) (wt.%) with Or83.68  - 

Or85.13 (Table 1) In the feldspar classification diagram 

(Fig 4a) studied crystals are placed in the field of 

sanidine. 

Clinopyroxene is one of the most abundant mineral in 

the studied mafic-alkaline rocks. Major given 

representative element compositions and site 

occupancies of the investigated clinopyroxenes are 

presented in Table (2). Clinopyroxene crystals generally 

have high Mg#= [Mg/ (Mg+Fe2+)] of 0.76–0.93, 

variable Al2O3 (2.94–5.46 wt. %), TiO2 0.52-0.98 wt. 

%) and Na2O (0.54-0.69 wt. %) contents. Clinopyroxene 

minerals have Wo (45-50), En (40 - 47), Fs (0.5-15) 

(Table 2) and all analysed spots are placed in the 
diopside filed of Wo-En-Fs diagram (Deer et al. 1992) 

(Fig 4b). 

 
Table 1. Represent calculated mineral formulas of plagioclase and groundmass microlithic alkali feldspars (Based on 8 oxygen) 

minerals in the basaltic rocks in Southwest of Germi. 

Plg 10/1. 12/1. 11 / 1. 7 / 1. 6 / 1. 5 / 1. A/1 A/2 A/3 Kf 10/2.m 10/12.m 10/19.m 

SiO2 52.62 53.42 55.48 50.89 51.46 55.75 51.96 52.01 52.38 SiO2 63.21 63.26 63.37 

TiO2 0.68 0.01 0.04 0.02 0.04 0 0.59 0.54 0.31 TiO2 0.11 0.09 0.09 

Al2O3 28.42 28.82 29.5 30.68 29.9 25.97 28.44 28.46 28.58 Al2O3 17.13 17.13 17.11 

FeO 1.42 0.75 0.57 0.42 0.28 0.18 1.41 1.12 0.99 FeO 0.68 0.48 0.59 

MnO 0.05 0.03 0 0 0 0.04 0.05 0.03 0.02 MnO 0.05 0 0 

MgO 0.52 0.12 0.13 0.01 0 0 0.41 0.35 0.33 MgO 0.43 0.41 0.41 

CaO 12.33 11.85 10.65 12.72 12.45 10.44 12.3 12.11 11.91 CaO 2.1 1.92 1.81 

Na2O 2.96 2.91 3.48 3.97 4.28 5.68 2.91 2.89 2.88 Na2O 0.74 0.71 0.69 

K2O 0.06 0.48 0.18 0.09 0.13 0.06 0.31 0.79 0.82 K2O 14.81 14.88 14.71 

Total 99.06 98.39 100.03 98.8 98.54 98.12 98.38 98.3 98.22 Total 99.26 98.88 98.78 

Oxygen’s 8 8 8 8 8 8 8 8 8 Oxygen’s 8 8 8 

Si 2.41 2.45 2.48 2.34 2.37 2.56 2.4 2.41 2.42 Si 2.97 2.97 2.98 

Al 1.54 1.56 1.56 1.66 1.62 1.41 1.55 1.55 1.56 Al 0.95 0.95 0.95 

Ti 0.02 0 0 0 0 0 0.02 0.02 0.01 Ti 0 0 0 

Fe 0.05 0.03 0.02 0.02 0.01 0.01 0.05 0.04 0.04 Fe 0.03 0.02 0.02 

Mg 0.04 0.01 0.01 0 0 0 0.03 0.02 0.02 Mg 0.03 0.03 0.03 

Ca 0.61 0.58 0.51 0.63 0.62 0.51 0.61 0.6 0.59 Ca 0.11 0.1 0.09 

Na 0.26 0.26 0.3 0.35 0.38 0.51 0.26 0.26 0.26 Na 0.07 0.06 0.06 

K 0 0.03 0.01 0.01 0.01 0 0.02 0.05 0.05 K 0.89 0.89 0.88 

Total 4.93 4.92 4.89 5.01 5.01 4.99 4.94 4.95 4.94 Total 5.03 5.03 5.02 

Or 0.4 3.2 1.2 0.5 0.8 0.3 2.1 5.1 5.4 Or 83.68 84.68 85.13 

Ab 30 30 37 36 38 49 29 29 29 Ab 6.36 6.14 6.07 

An 69.4 67 62.1 63.6 61.2 50.2 68.6 66.2 65.8 An 9.97 9.18 8.8 

log fO2 (France et 

al. 2010) 
-8.5 -8.38 -8.8 -8.97 -9.77 -10.57 -11.5 

     

 

In the Ti–Na- AlIV triangular diagram of Papike et al 

(1976) the compositions of most of clinopyroxenes fall 
in the Ca-Tschermark’s (CATS) field (Fig 4d). The 

studied clinopyroxenes show variable Al (a.p.f.u) 0.13-

0.24 and Fe3+ (a.p.f.u) 0.04 -0.16 contents, and in the 

diagram Al (a.p.f.u) vs. Fe3+ (a.p.f.u) of (Morimoto et al. 

1988), clinopyroxenes diagram located in the 

Aluminium – Aluminium ferrian diopside field (Fig 4e). 

According to two electron probe micro analyses 

(EPMA( analysis of biotite from groundmass 

microcrystals the major oxides are varies as FeO (14.56-

16.32) (wt. %), MgO (12.06-14.47) (wt.%) and Al2O3 

(15.53- 16.56) (wt. %)  (Table 3). 

Also According to the Q (Ca+Mg+Fe2+) vs. J (2Na) 
classification diagram (Deer et al. 1992) all the analysed 

clinopyroxenes fall in the region of iron magnesium and 

calcium clinopyroxenes (Fig 4c). This study shows the 

similarity of chemistry composition of minerals among 
this basaltic rocks and Pushtasar basaltic prisms rocks in 

the northern part of this area. Pushtasar basaltic rocks 

have composition of plagioclase whit amounts An (55-

57) are labradoritic and clinopyroxenes with amounts of 

Wo (39-43), Fs (14-18) and En (40-44) are diopside to 

augite containing Fe-Mg-Ca which shown on figures (4 

a, b and c) (Mobashergermi 2013; Mobashergermi et al. 

2015). According to mica classification diagram (Deer 

et al. 1992), analyzed crystals show biotitic composition 

with Fe/ (Fe+Mg)>0.33. Studied crystals show biotite 

composition in the diagram Al Total vs. Fe# (Fig 4f), and 

the range of end members in the diagram varies between 
Fe# (0.39- 0.40) and Al Total (2.73-2.96) (a.p.f.u). 
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Table 2. Represent calculated mineral formulas of clinopyroxene minerals in the basaltic rocks in southwest of Germi (Based on 6 

oxygen). 

Major elements from two analysis of amphibole 

microcrystals from groundmass of the studied volcanic 

rocks varies as SiO2 (43.60-45.16) (wt. %), MgO (7.72-

8.71) (wt. %), Al2O3 (17.18-18.24) (wt. %)   and K2O 

(7.83-8.86) (wt. %)   (Table 3). Amphibole microcrystal 

with Si (6.42-6.61) (a.p.f.u) and Mg# (0.53-0.59) 

(a.p.f.u) contents shows pargasitic composition in the 

diagram TSi (a.p.f.u) vs. Mg# (Fig 5a). 

Magnetite analyzed crystals structural formula is 

calculated based on 3 oxygen (Deer et al. 1992). 

Magnetite crystals generally show FeO> 70(wt. %), 

TiO2< 8(wt. %) contents (Table 3), and Ti and Fe 

contents varies between 2.03- 2.12 and 0.13-0.19 

respectively, in the basaltic rock in southwest of Germi 

area. 
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Table 3. Demonstrates the calculated mineral formulas of microlithic biotite minerals in groundmass (Based on 22 oxygen), 

microlithic amphibole minerals formulas (Based on 23 oxygen) and magnetite formulas (Based on 3 oxygen) in the basaltic rocks of 

southwestern Germi. 

Bt 7/1.m 9/1.m Am 8/1.m 9/1. m Mag 11 / 1. 5 / 1. 6 / 1. 1/1. 1/2. 

SiO2 35.68 36.44 SiO2 43.6 45.16 SiO2 0.25 0.22 0.14 0.29 0.18 

TiO2 1.78 1.94 TiO2 1.02 1.34 TiO2 5.28 7.44 5.23 6.28 7.24 

Al2O3 16.56 15.53 Al2O3 18.24 17.18 Al2O3 6.59 5.04 7.53 6.95 7.54 

FeO 14.56 16.32 FeO 12.58 11.66 FeO 76.73 75.69 76.78 77.21 77.83 

MnO 0.3 0.39 MnO 7.72 8.71 MnO 0.57 0.58 0.51 0.51 0.53 

MgO 12.06 14.47 MgO 0.34 0.3 MgO 4.8 3.4 4.9 3.2 4.1 

CaO 2.75 1.71 CaO 3.59 1.28 CaO 0.03 0.06 0.06 0.04 0.05 

Na2O 1.57 0.6 Na2O 1.67 1.12 Na2O 0.06 0.09 0 0.03 0.08 

K2O 8.98 7.11 K2O 7.83 8.86 Total 94.31 92.52 95.15 94.51 97.55 

Total 94.24 94.51 Total 96.59 95.61 Oxygen’s 3 3 3 3 3 

Oxygen’s 22 22 Oxygen’s 23 23 Si 0.01 0.01 0 0.01 0.01 

Si 5.4 5.43 T-sites Si 6.42 6.61 Al 0.25 0.2 0.29 0.27 0.28 

Al 
IV

 2.6 2.57 T-sites Al 
IV

 1.58 1.39 Ti 0.13 0.19 0.13 0.15 0.17 

Al 
VI

 0.36 0.16 C- sites Al 
VI

 1.59 1.58 Fe 2.09 2.12 2.06 2.1 2.03 

Ti 0.2 0.22 C- sites Ti 0.11 0.15 Mn 0.02 0.02 0.01 0.01 0.01 

Fe 1.84 2.03 C- sites Fe
3+

 0.02 0.02 Mg 0.23 0.17 0.23 0.16 0.19 

Mn 0.04 0.05 C- sites Mg 1.7 1.9 Ca 0 0 0 0 0 

Mg 2.72 3.22 C- sites Mn 0.04 0.04 Na 0 0.01 0 0 0.01 

Ca 0.45 0.27 C- sites Fe
2+

 1.53 1.32 minerals Magnetite Magnetite Magnetite Magnetite Magnetite 

Na 0.46 0.17 C- sites Ca 0.01 0       

K 1.73 1.35 B- site Fe
3+

 0 0.093 
      

OH* 4 4 B- site Ca 0.56 0.2 
      

Total 13.16 13.68 B- site Na 1.44 1.71 
      

Y total 5.58 6.22 A- site Na 0 0 
      

X total 2.64 1.8 A- site K 1.47 1.66 
      

Al total 2.96 2.73 Sum cations 16.47 16.66 
      

Fe# 0.4 0.39 Fe
3+

/(Fe
3+

+Al
VI

) 0.01 0.07 
      

Total Al 2.96 2.73 Al
total

 3.17 2.97 
      

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Fig 4. a)Triangular classification diagram (Deer et al. 1992) all phenocrysts feldspars are labradorite in composition and microlithic 
groundmass feldspars show sanidine composition from basaltic rocks in Southwest of Germi.  b) Clinopyroxenes classification 
diagram after Deer et al. (1992), all composition of clinopyroxenes are diopside. c) The Q-J clinopyroxene classification diagram 
after Morimoto et al. (1988). All clinopyroxenes are in the Q (Ca+Mg+Fe) field. [The range determined in the diagrams (Fig 4a, b, 

and c) is relevant to mineral chemistry in the Pushtasar basaltic rocks (Mobashergermi et al. 2015).  d) The Ti–Na- Al IV triangular 
diagram (Papike et al. 1974), most of clinopyroxenes are in the Ca-Tschermark’s molecule (CATS) field. e) The Al (a.p.f.u) versus 
Fe3+ (a.p.f.u) diagram of (Morimoto et al. 1988) shows all the samples are Aluminian – Aluminian ferrian diopside. f) In the diagram 
of chemical classification of micas (Deer et al. 1992), all mica microcrystal samples are in the range of biotites. 
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6. Thermobarometry 
Experimental studies indicate that mineral compositions 

can be effectively used to quantify the P-T conditions 

during crystallization (Berman 1988; Gasparik 1984). In 

order to determine the temperature and pressure 

formation of the studied basaltic rocks, clinopyroxene 

barometry and thermometry has been used. Analysed 

clinopyroxenes crystals are situated around 1200 ˚C in 

thermometry diagram of Soesoo (1997) (Fig 5b). 

Considering thermometry of (1) Taylor and Nimis 

(2000), (2) Kretz (1994), (3) Bertrand and Mercier 

(1985), estimated temperatures are varies between 1185 

to 1241˚C, 1063 to 2012 ˚C and 1059 to 1148˚C, 

respectively for basaltic rocks in the southwest of Germi 

(Table 2). All different thermometries are match 

together. 

(1) T°C (Cpx) = ([23166+39.28P (kbar)] / [13.25 + 15.35Ti + 

4.5Fe- 1.55(Al+Cr-Na) + (LnaCpx
en)

 2] ±25Cº)-274 

aen
Cpx= (1–Ca–Na–K) (1–1/2(Al+Cr+Na+K) 

(2) T°C (Cpx) = {1000/ (0.054+0.608XCpx-0.304Ln (1- 2[Ca] 

Cpx))}-273 

XCpx= [Fe2+/ (Fe2++Mg)]  Cpx 

(3)T°C (Cpx) = (33696+45.45P)/ (17.61-8.314Ln [(1- X 
M2

Ca)/0.95]-12.13[X M2
Ca]

 2 

The plagioclase crystals thermometry represent 950 to 

higher than 1000 ˚C temperature according to diagram 

of Kroll et al. (1993) (Fig 5c). Sanidine crystals in 

groundmass mostly are fields in the temperature range 

900 to 1000 °C. The diagram can have up to ±50°C error 

(Kroll et al. 1993).  According to the low- moderate AlVI 

(0.00 - 0.09), AlIV (0.10-0.18) and AlVI/AlIV (0.01-0.6) 

ratio contents of studied clinopyroxenes, they have been 

crystallized in a low-pressure condition (Aoki and Shiba 

1973). Also, in the AlVI versus AlIV diagram (Helz 

1976); all analyzed pyroxenes of the studied rocks are 

located in the low-pressure field (Fig 5d). The content of 

Al in clinopyroxene crystals has been used to determine 

the depth of the magma chamber (Aoki and Shiba 

1973). According to diagrams AlIV versus AlVI (Aoki 

and Shiba 1973), the studied clinopyroxenes crystallized 

at water content of ~2.5 to less than 10% (Fig 5e). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
Fig 5. a) In the diagram of Leake et al. (1997), amphibole microcrystals have pargasite composition. b) The diagram XPT vs. YPT 
from Soesoo (1997) estimates formation temperature of clinopyroxenes about 1200 ˚C (In this diagram from Soesoo (1997) XPT and 

YPT are equivalent to following formulas: XpT= 0.446 SiO2 + 0.187 TiO2- 0.404 Al2O3 + 0.346 FeOTOTAL- 0.052 MnO + 0.309 MgO 
+ 0.431 CaO -0.446 Na2O. YpT= -0.369 SiO2 + 0.535 TiO2-0.317 Al2O3 + 0.323 FeOTOTAL+ 0.235 MnO-0.516 MgO-0.167 CaO -
0.153 Na2O).  c) Feldspar triangular thermometry diagram (Kroll et al. 1993) shows all feldspars are formed between 900 and 1000 
˚C.  d) Clinopyroxene barometry diagram (Helz 1976) all samples placed in low-pressure field.   e) AlVI vs. AlIV diagram (Aoki and 
Shiba 1973) shows water content of studied rocks magma were about ~2.5 to less than 10%.
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7. Evaluation of Oxygen Fugacity 
Oxygen fugacity plays an important role in changing of 

the liquids temperature, melt and crystals composition, 

magmatic processes controlling, crystallization 

sequence and types of crystallized minerals (France et 

al. 2010; Botcharnikov et al. 2005). Using AlIV +Na vs. 

AlIV + 2Ti + Cr diagram, which depend on the content 

of ferric iron in pyroxenes, to determine the oxygen 

fugacity of the system. The diagram set based on the 

aluminum content that has been balanced in the 
tetrahedral position with Cr3+ in the octahedral position. 

The Fe3+ in pyroxenes can be whit 3-valence elements 

such as AlVI, Ti and Cr in the octahedral position. In the 

other hand Fe3+ in pyroxenes depends on the amount of 

AlVI, which means it hinge on the aluminum balance in 

tetrahedral and octahedral position (France et al. 2010). 

In the studied clinopyroxenes the M1 site dominantly 

occupied by Mg (0.61–0.79) atom per formula unit 

(a.p.f.u.) with minor content of Fe2+ (0.03–0.23 a.p.f.u.). 

The M2 site is almost fully occupied by Ca (0.83- 0.89 

a.p.f.u), while Na (0.03-0.05 a.p.f.u), Mn (~0.01 a.p.f.u.) 
and Mg contents in M2 site (0.06–0.12 a.p.f.u.) are low 

(Table 2). In all clinopyroxenes, Al atom in T Site is 

enough for filling the absence of Si4+ in the tetrahedral 

sites (0.10- 018 a.p.f.u) (Fig 6a). 

Figure 6b shows that the pyroxenes which crystalized at 

high oxygen fugacity, is situated above the line of Fe3+. 

Furthermore, Papike and Cameron, (1976) have been 

noted that more distance of the samples from the Fe3+ 

line are indicating more oxygen fugacity in their host 

magma. In this diagram, studied pyroxenes are located 

above the Fe3+ line (Fig 6c). 
France et al (2010) by using of Fe3+/ Fe2+ ratio in coexist 

plagioclase and clinopyroxene crystals according to 

formula (1) Calculated Log fO2 of the host magma. Also 

according to the formula (2), they calculated buffering 

values (ΔNNO). 

 
(1) log fO2=ΔFMQ + (82.75 + 0:00484T−30681 / T−24.45 
log T + 940P / T−0.02P  (  
 

(2) ΔNNO = log fO2−) 12.78−25073 / T−1.1 log T + 450P /T 
+ 0:025P) 

 

According to equation 1 and 2 the measured fugacity 

and buffering for studied rocks are 8.38-11.51 and 3.09- 

0.23 respectively. High content of buffering in the 
clinopyroxene mineral chemistry has been prevented 

widespread chemical changes in the studied Cpx 

crystals. Moreover according to Smith and Anderson’s 

(1995), the Fe# = (Fe/Fe+Mg) content in the amphibole 

between 0.0 to 0.6 indicated high content of oxygen 

fugacity and 0.6 to 0.8 contents indicate medium oxygen 

fugacity. If Fe# content is between 0.8 to 1.0 indicated 

low oxygen fugacity. Also in the Table 3, the Fe# 

content of analyzed amphibole crystals is 0.41 to 0.47 

that imply high oxygen fugacity. High amounts of Fe 

and Mg in biotite minerals depend on oxygen fugacity 

during Magma cooling process (Wones and Eugster 
1965). In the high fO2 condition, biotite crystals are Fe-

rich and Magnetite co-exists with biotite. In the low fO2 

crystallization condition, biotite will be in Fe content 

and magnetite is rarely exist (Castro and Stephen 1992). 

Biotite crystals show high content of MgO (12.6 - 

14.47) and MgO# (0.45- 0.47) and FeO (14.56-16.56), 

FeO# (0.53-0.55), this imply their formation in a high 

oxygen fugacity condition. According to Figure 3c and 

data represented in Table 3, all analyzed opaque 

minerals are magnetite and confirm high oxygen 

fugacity of the magma. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 6. a) Si (a.p.f.u) versus Al (a.p.f.u) diagram from Leterrier et al (1982), show all sample with shares of aluminum in tetrahedral 

site.   b)Estimation of oxygen fugacity in pyroxenes according to Diagram the AlVI+2Ti+Cr versus AlIV+Na, (Schweitzer et al. 1979) 

shows all the samples fall in the upper side of Fe3+ line. 
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8. Magma Series and Tectonomagmatic Setting 
Pyroxenes composition intensely depends on the 

chemical composition and tectonic setting of the host 

magma. This fact can widely be used to determine 

magma series, and geological setting of the basic rocks 

(Kushiro 1960; Schweitzer et al. 1979; Hout et al. 

2002). 

In the clinopyroxene crystals, Ca, Ti, Al and Na 

elements show high frequency in the crystallization 
formula and the magma alkalinity degree can be 

determined by using these elements (LeBas 1962; 

Leterrier et al. 1982). In Ca+ Na vs. Ti diagram 

(Leterrier et al. 1982), all samples show alkaline nature 

(Fig 7a). Also in Al2O3 vs. SiO2 diagram (LeBas 1962), 

mainly samples are placed in the alkaline field however, 

some of them located in the sub alkaline field (Fig 7b). 

Alkaline amphiboles have K2O>1 while sub-alkaline 

type represent lower K2O content (Tiepolo et al. 2011). 

Studied amphiboles in the TiO2 vs. K2O diagram (Fig 

7c) fall in the alkaline field. Amphiboles from magma 
related to subduction settings (S-Amph) have lower 

contents of Na2O and TiO2 in comparison with 

amphiboles (I-amphibole) of magmas from interpolate 

tectonic settings (Caltorti et al. 2007). Amphiboles from 

studied rocks with SiO2 values of 43.60 – 45.16 and 

Na2O values of 1.12 – 1.67 have been evaluated in the 

tectonic setting diagram and they fall in the S-amphibole 

type part that imply host magma originated in a 

subduction-related tectonic setting (Fig 7d). 

Also in diagram Ca vs. Ti+Cr (Leterrier et al. 1982) (Fig 

7e) and TiO2 +Cr2O3 (Wt. %) versus Al2O3 (Wt. %) 

tectonic setting diagram (Hout et al. 2002) all sample 

placed in BABB field (Fig 7f). According to the data 
about clinopyroxene minerals chemistry in Pushtasar 

basaltic rocks with Ti (a.p.f.u) from 0.018 to 0.056, 

Ca+Na (a.p.f.u) from 0.78 to 0.87, SiO2 (wt.%) from 

50.04 to 52.1, Al2O3 (wt.%) from 3.07 to 4.6 and 

TiO2+Cr2O3 from 0.65 to 2.03, the all Pushtasar basaltic 

clinopyroxene ranges are shown in diagrams (Fig 7a, b 

and f). According to clinopyroxene minerals chemistry, 

Pushtasar basaltic rocks are placed in the alkaline and 

BAB field (Fig 7a, b and f). 
 

 

 

 

 
Fig 7. a) Diagram Ca+Na (a.p.f.u) vs. Ti (a.p.f.u) (Leterrier et al. 1982) shows all the samples are in the alkaline field. b) Diagram 
Al2O3 (Wt. %) vs. SiO2 (Wt. %) (Leterrier et al. 1982) shows all the samples in Alkaline and some of them are in sub alkaline field. 
c) K2O vs. TiO2 diagram (Molina et al. 2009); studied samples are in the alkaline field. d) Na2O vs. SiO2 diagram for studied 
amphiboles (Coltorti et al. 2007).  e) Ti+Cr (a.p.f.u) vs.Ca (a.p.f.u) Diagram (Leterrier et al. 1982). f) Al2O3 (Wt. %) vs. TiO2+Cr2O3 
(Wt. %) Diagram (Hout et al. 2002) all samples are in Back-arc basin basalts (BABB) field. The range determined in the diagrams 
(Fig 4a, b, and c) is relevant to mineral chemistry in the Pushtasar basaltic rocks (Mobashergermi et al. 2015) . 
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9. Comparison of studied basalts with Pushtasar 

basaltic rocks 
The currently studied basaltic rocks in some local places 

have pillow structure and they rarely have olivine 

minerals. Also microlithic groundmass of these rocks 

includes hydrous mineral such as mica, amphibole, 

alkali feldspars (Sanidine) and volcanic glass. This rock 
shows low alteration. However, according to 

Mobashergermi et al. (2015) and Mobashergermi 

(2013), the Poshtasar basaltic rocks in northern part of 

the study area is rich in olivine minerals, groundmass 

generally have glassy and less hydrous and potassic 

minerals such as mica and sanidine. Also, high 

alteration is shows with sericitic plagioclase and 

production of secondary chlorite minerals. 

According to labradoritic plagioclase and diopsidic 

clinopyroxene thermometry in the studied basalt, 

estimated crystallization temperature varies between 

1000˚C to ~1050 ˚C and 1106˚C to ~1200 ˚C but in the 
Pushtasar basaltic rocks labradoritic plagioclase and 

diopsidic to augite compound clinopyroxene 

thermometry are show in range 950˚C and ~1000 ˚C. 

In terms of the general pressure estimation, the both 

clinopyroxenes compounds basaltic rock in this study 

and basaltic prisms assemblages of Pushtasar show the 

formations in pressure of about 5 kbar to diagram Aoki 

and Shiba (1973). 

The clinopyroxenes in the basaltic prisms assemblages 

of Pushtasar rocks show crystallized at high oxygen 

fugacity (Mobashergermi 2013). Also this study basaltic 
rocks show crystallized at high oxygen fugacity. 

According to the chemistry of studied clinopyroxene 

minerals, the both basaltic magmatisms have shown the 

host magma alkaline nature. The amounts of Na2O and 

K2O in the study basaltic clinopyroxenes are 0.57 and 

less than 0.01 respectively and in clinopyroxenes of 

Pushtasar basaltic prisms are ~0.10 and less than 0.08 

respectively. Also clinopyroxenes in these study basaltic 

rocks have Mg#= 76 to 93 variable but clinopyroxenes 

in Pushtasar basaltic rocks have Mg#~ 69 to 75 

variables. The clinopyroxene mineral composition of 
studied rocks and Pushtasar basaltic rocks indicate that 

they have been formed in a back-arc basin environment. 

 

10. Conclusion 
Basaltic Eocene rocks are outcropped in the southwest 

of Germi. These basaltic rocks contain plagioclase with 

labradorite composition, clinopyroxene with diopside 

composition phenocrysts in grandmas of feldspar, 

biotites, amphibole and volcanic glass. Clinopyroxenes 

crystals represent normal zoning and they have been 
formed in low-pressure crystallization condition and 

from basic magma with ~2.5% to less than 10% water 

content. Chemistry of clinopyroxene crystals showed 

that they have been crystallized at 1106˚C - 1200˚C and 

high oxygen fugacity (-8.38-11.51). These results 

confirmed by biotite and amphibole data. Also, 

thermometry of plagioclase and sanidine indicate a 

temperature of about 900˚C - 1000˚C. According to 

chemistry of studied minerals, the host basaltic magma 

show alkaline nature and have been originated in a back 

arc basin tectonic setting. The result of this research 

shows the similarity of these basaltic rocks mineral 

chemistry characteristics and that of Pushtasar basaltic 

rocks. 
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