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Fig. 1. Geological map of the studied area based on the 1:100,000 geological map of Razn 
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Fig. 2. Google Earth map of the study area and sampling location 
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Fig. 3. Field images of Baghche-Ghaz region: A: General view of Baghche-Ghaz village looking towards the south, B: Gabbro of 

Baghche-Ghaz region looking towards the southeast, C: Gabbro of Baghche-Ghaz region looking towards North-East, D: The Diorite 

of Baghche-Ghaz area looked towards the North-East 
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Fig. 4. Microscopic images of Gabbro in Baghche-Ghaz region, a: Granular texture in Gabbro rock in ppl light, b: Granular texture 

in Gabbro rock in xpl light, c: Zircon mineral in Gabbro rock in ppl light, d: Zircon mineral in Gabbro rock in xpl light 
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Fig. 5. A: Determination of the magmatic series using AFM triangulation diagram of Study area (Irvin and Baragar, 1971), b: 

Classification diagram of SiO2 versus Na2O + K2O of Study area (Cox et al., 1979). The circle symbol is adapted from 

Mohammadi Tabar (2019), the square symbol is adapted from Shahbazi et. al. (2010) 
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Fig. 6. Harker diagrams of major and minor elements. The circle symbol is adapted from Mohammadi Tabar (2019), the 

square symbol is adapted from Shahbazi et. al. (2010)
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Fig. 7. A: Diagram of minor elements, normalized to Chondrite values of Study area (Thompson, 1982), B: Diagram of 

minor elements, normalized to Primary Mantle (Sun and McDonough, 1989). The circle symbol is adapted from 

Mohammadi Tabar (2019), the square symbol is adapted from Shahbazi et. al. (2010)
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Fig. 8. A: Graph of rare earth elements normalized to Chondrire values (Boynton 1984), b: Graph of rare earth elements 

normalized to Primary Mantle values (McDonough and Sun 1995). The circle symbol is adapted from Mohammadi Tabar 

(2019), the square symbol is adapted from Shahbazi et. al. (2010)
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Fig. 9. A: Y-Zr diagram to investigate the processes of partial melting and fractional crystallization in the studied samples. that the 

positive linear trend created in the samples shows the role of fractional crystallization in the formation of rocks (Abdollah et al., 1997), 

b: The graph of Rb/Th vs. Rb, Techameni et al., (2006), a linear trend with a positive slope indicates the role of fractional crystallization 

along with digestion and contamination. CC=crustal contamination, AFC=fractional crystallization with assimilation and 

contamination, FC= fractional crystallization. The value of Rb is in ppm, c: Diagram La-La/Yb, Pinto Linares et al., (2008) The samples 

are affected by differential crystallization and partial melting related to the origin. The amount of La is in ppm, d: The position of the 

studied samples in the diagram Ce/Pb vs MgO (Furman, 2007) to determine the role of crustal contamination of their magma. The 

circle symbol is adapted from Mohammadi Tabar (2019), the square symbol is adapted from Shahbazi et. al. (2010)
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Fig. 10. a: Diagram of MnO-TiO2-P2O5 (Mullen1983), b: Diagram of Al2O3-FeO total-MgO (Pearce et al., 1973), c: Diagram of 

Zr/Y-Ti/Y, Pearce and Gale (1977), d: Diagram of TiO2-K2O-P2O5 (Pearce et al., 1975). The circle symbol is adapted from 

Mohammadi Tabar (2019), the square symbol is adapted from Shahbazi et. al. (2010)
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Fig. 11. A: Ratio chart Sm/Yb-Sm, B: Sm/Yb-La/Sm, Aldanmaz et al., (2000) to determine the composition and partial 

melting degree of magma of the origin of the studied samples. The circle symbol is adapted from Mohammadi Tabar 

(2019), the square symbol is adapted from Shahbazi et. al. (2010)
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Abstract 
The Baghcheghaz intrusive mass is exposed in Hamadan province and in the northeast of Famenin city 

in the Sanandaj zone of Sirjan. Based on petrographic and geochemical studies, the type of rock that 

forms the mass is gabbro. The results of geochemical analysis show that these rocks are related to 

calcalkaline and tholeiite magmatic series. The trends formed in the Harker diagrams and their 

geochemical continuity, the patterns of the spider diagrams and the parallelism of the trends of these 

diagrams and the existence of enrichment in K and Pb elements and depletion in Nb confirm the common 

origin of the samples and indicate the involvement of magma with the continental crust. The nature and 

chemical composition of rocks in the region have undergone magmatic processes such as fractional 

crystallization, and contamination.The pattern of changes of normalized rare earth elements compared 

to chondrite and primary mantle show that the values of rare earth elements LREE are higher than heavy 

earth elements HREE. The graphs related to the rare elements show that the magma forming the igneous 

rocks of the Baghcheghaz intrusive mass originates from the mantle with the composition of spinel 

lherzolite and with a low to medium partial melting degree (5% to about 30%) and in a subduction 

environment and volcanic arcs are formed on the active continental margin. 
 

Keywords: Gabbro, Geochemistry, Petrology, Sanandaj- Sirjan zone 

 

Introduction 
The Bagche-Ghaz intrusive mass is located 95 

km north-east of Hamedan and in the northern 

part of Sanandaj-Sirjan zone, which has 

penetrated into the Jurassic metamorphic rocks 

of the region, considering that these rocks have 

penetrated into the Jurassic metamorphic rocks 

and also according to the information 

contained in the 1:100000 scale geological map 

that there are no rocks older than the Triassic 

in the studied area, so the age of these rocks can 

be equivalent to Alvand gabbroids were 

considered to be of middle Juassic age, but 

their exact age is not known and determining 

their age is one of the goals of the doctoral 

thesis of the first author of this article. Several 

intrusive masses in the Sanandaj-Sirjan zone 

related to the Mesozoic era (mostly related to 

the Jurassic period) with basic and intermediate 

composition either independently or together 

with acidic intrusive masses have been 

investigated and reported by many researchers, 

some of them are: Chahghandi Neyriz intrusion 

by Mouazen et al. (2006), Borujerd intrusive 

mass by Ahmadi Khalaji et al. (2007), Alvand 

intrusive mass by Shahbazi et al. (2010), 

intrusive masses in the northern part of 

Sanandaj-Sirjan zone by Mahmoudi et al., 

Aligudarz intrusive mass by Esnaeshri et al. 

(2012), Marivan intrusive mass and a report of 

Sanandaj-Sirjan zone intrusive masses by 

Sepahi et al. (2014), Bouin-Miandasht 

intrusive mass by Tavakli et al. (2019), Alvand 

intrusive mass by Azizi et al. (2024). In this 

research, the Baghche-Gaz intrusive mass was 

subjected to field, microscopic, and 

geochemical investigation of the main and 

trace elements and the results show that the 

Baghche-Gaz intrusive mass is composed of 

gabbro and magmatic processes such as 

fractional crystallization, crustal 

contamination, type the source rock and degree 

of partial melting have played a role in the 

formation of Baghcheh Ghaz intrusive mass. 
 

Materials and methods 
 In this research, 100 samples were taken 

during 6 days of field operations, following the 
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principles of sampling, such as lithological 

changes. Of these, 45 microscopic thin sections 

were prepared in the sectioning workshop of 

the Department of Geology of Bou Ali Sina 

University and were examined by a polarizing 

microscope. Then, 12 rock samples were sent 

to Zarazma Mineral Research Company 

Laboratory for chemical analysis. The amounts 

of major elements were measured by alkaline 

melting method and by inductively coupled 

plasma optical emission spectrometer (ICP-

OES) and trace elements by inductively 

coupled plasma mass spectrometer (ICP-MS). 

These data were processed by Excel, 

Photoshop, GCD-kit, Arc GIS, Google Earth 

software. 
 

Discussion 
The diagrams related to the changes of the 

main and rare elements versus the changes of 

MgO in magmatic transformations, known as 

Harker diagrams, show that there is a direct 

relationship between the corresponding 

changes of Al2O3, CaO, Cr, Ni versus the 

changes of MgO. That is, by reducing the 

amount of MgO during magmatic evolution 
processes such as crystallization and 

subtraction, the amount of Al, Ca, Cr, Ni 

elements in the remaining magma has also 

decreased. Also, an inverse relationship 

between the changes in P2O5, Na2O, Ce, Ba and 

MgO values can be seen in the mentioned 

chart. That is, by reducing the amount of MgO 

during magmatic evolution processes such as 

crystallization and subtraction, the amount of 

P, Na, Ce, Ba elements in the remaining 

magma has increased. The mentioned 

phenomena can be attributed to the 

crystallization and differentiation of 

Clinopyroxene minerals in the initial stages of 

magmatic evolution. So that along with the 

removal of Mg element from the magma by 

crystallization and subtraction of 

Clinopyroxene minerals and reducing its 

amount in the remaining magma, Cr and Ni 

elements are also substituted for Mg in the 

composition of Clinopyroxene and the Al, Ca 

elements are removed from the magma by 

participating in the Clinopyroxene crystal 

network, and their amount in the remaining 

magma has decreased with the decrease of Mg. 

As a result of the reduction of the mentioned 

elements (Al, Ca, Cr, Ni) due to the subtraction 

and crystallization of Clinopyroxene in the 

initial stages of magmatic evolution and their 

removal from the magma, the amount of P, Na, 

Ce, Ba elements in the remaining magma has 

increased relatively, Therefore, an inverse 

relationship can be seen in the graph of the 

changes of the mentioned elements (P, Na, Ce, 

Ba) against the changes of MgO. The diagram 

of rare elements normalized to chondrite values 

shows that the change process in the studied 

samples is more or less parallel to each other, 

this phenomenon indicates the common origin 

of the samples. Rollinson (1993) believes that 

the negative slope in the diagrams of rare 

elements indicates the separation of minerals 

that contain these elements in the early stages 

of crystallization. The negative Nb anomaly 

compared to other highly incompatible 

elements may be the most striking geochemical 

feature of magmas produced in the subduction 

zone (active continental margin). In addition, 

the negative anomaly of Nb is one of the 

obvious features of continental rocks, so the 

negative anomaly of mantle magmas of this 

element can be caused by contamination of 

these magmas with crustal materials during 

ascent and replacement. Also, in subduction 

environments of the oceanic crust under the 

continental crust, refractory phases such as 

Ilmenite and Rutile are stable subducting 

metamorphism in the oceanic crust, It contains 

HFS elements such as Nb and Ta and by 

preventing their participation in magmas from 

these sources, they cause negative anomalies in 

the resulting magmas. The normalized diagram 

of rare elements to the primary mantle shows 

that all samples show enrichment relative to the 

primary mantle, which is an indicator of 

subduction environments. In this diagram, it 

can be seen that K and Pb have a positive 

anomaly and Nb has a negative anomaly, that 

these indicators in the pattern of trace elements 

indicate the contamination of magma with the 

continental crust (McLennan and Taylor, 1985, 

Hoffman, 1997), also, the enrichment in LILE 

elements can be due to the contamination of 

magma with the continental crust. According 

to Wilson, Chappell and White, 1989, the 

negative anomaly of Ba-Ti-Nb in magmatic 

rocks indicates the formation of these rocks in 

the subduction environment. In this graph, the 

studied samples show a relative enrichment of 

LILE and a depletion of HFS, which can 

indicate that the magma Source rock had 

Garnet and Pyroxene that did not participate in 

melting and heavy rare elements have been 

kept in the late magma mantle. The enrichment 
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of LILE elements compared to HFS and the 

low amount of Nb, Ti and Zr show the 

dependence of these rocks on the calc-alkaline 

series. Separation and enrichment of light 

compared to heavy REE elements in the 

normalized diagram of REE elements 

compared to primary mantle and chondrite can 

be due to the presence of Orthopyroxene and 

Clinopyroxene and their subtraction from 

magma in the early stages of crystallization. In 

basaltic and andesitic liquids, rare earth 

elements are incompatible in all minerals and 

are only slightly separated, and the depletion of 

heavy earth elements relative to light most 

probably indicates the presence of garnet in the 

origin. The negative Pr anomaly of light rare 

earth elements (LREE) was probably attributed 

to magma contamination to crustal materials 

with low amounts of Pr element. In addition, 

elements with odd atomic numbers are 

generally less abundant than elements with 

even atomic numbers. The graph of Y-Zr 

changes shows the role of the fractional 

crystallization process in the formation of 

rocks in the studied area. The graph of changes 

in Rb versus Rb/Th presented by Techameni et 

al, (2006) and the graph of changes in the ratio 

of La/Yb versus La presented by Pinto-Linares 

et al, (2008) show the role of fractional 

crystallization in the formation of basic magma 

in the studied gabbroic rocks. In the graph of 

Ce/Pb versus MgO (wt%) ratio changes 

presented by Forman (2007), the gabbroic 

samples of the studied area are located in the 

territory of the crust-contaminated area. The 

average Ce/Pb ratio in basaltic fluids derived 

from the mantle is in the range of 25±5 

(Hoffman et al, 1986) and in the continental 

crust is 3.3. The average ratio of Ce/Pb in the 

studied samples was around 2.7, therefore, 

contamination of the basaltic melt forming the 

gabbroic rocks of the studied area with crustal 

materials has played an effective role in the 

final composition of the rocks of the area. 

 

Conclusions  
 Baghche-Gaz intrusive mass is gabbro, 

gabbro_norite rocks. 

 Based on the petrographic studies of the 

gabbro mass, it is composed of gabbro, 

gabbro_norite, which is confirmed by 

geochemical data. 

 The transformation of plagioclase minerals 

into epidote and chlorite and clay minerals 

as well as the transformation of pyroxene 

and hornblende into chlorite is a proof of the 

occurrence of alteration processes including 

hydrothermal alteration in the region. 

 The studied rocks are calc-alkaline and 

tholeiitic in nature. 

 The trends formed in the Harker diagrams 

confirm the geochemical continuity and 

having the same and common origin for the 

studied samples. 

 In the spider diagram, the parallel trend of 

these graphs in the gabbro samples 

confirms the common origin of the samples. 

 According to the diagrams distinguishing 

the tectonic environment, the formation of 

magma in an environment dependent on the 

plate margin and the volcanic arc reflects 

the active continental margin, and in the 

spider diagrams of the trace elements of 

these rocks, negative anomalies of Nb, P 

and Ti can be seen, which can It indicates 

the subduction environment and the calc-

alkaline and tholeiitic nature of the rocks, 

and considering that the studied area is 

located in the Sanandaj-Sirjan zone, which 

has the subduction of the Neotethys oceanic 

crust under central Iran, so this can be 

consistent. 

 According to the results of the graphs 

presented to determine the type of effective 

processes in the formation of the magma 

parent of the studied rocks, the rock 

formation processes were probably 

influenced by fractional crystallization and 

magmatic contamination. 
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