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Abstract: The Mata mountain volcanic rocks are located in Kerman province and 75 km from SW of 
Jiroft. The Mata village is the closest village to the Siah Mine Mountain. The age of basalt outcrops is 
lower Jurassic and contains pyroxene, plagioclase and matrix. These volcanic rocks have a porphyric 
texture with microlitic to glass matrix. Petrological, mineralogical study and geochemical 
investigations suggest that the Siah Mine Mountain basalts belong to sub-alkaline serie with 
tholeiitique nature. The REE distribution patterns show that these rocks depleted from LREE than 
HREE. Rock samples were taken from two parts of the study area. Based on variation diagrams of 
major and trace elements in SiO2 and MgO, rocks of the first and second part of the study area, made of 
two different types of magma that the first part are in the range of MORB and the second part are in the 
range of island arc basalts. Mineralogy, geochemical characteristics and statistical technique of 
discriminated analysis shows that Siah Mine Mountain rocks were formed in crevasse within the 
continent. 
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INTRODUCTION 

 
 Sanandaj-Sirjan zone are located in S and SW of central Iran and NE of the Zagros zone and is limited to 
the north by Oromiye - Doughter and to the SW by the Zagros folded thrust belt. The Siah Mine Mountain is a 
part of sedimentary - igneous basin and Sanandaj - Sirjan that belongs to the Jurassic - Cretaceous. In the 
extreme of Sanandaj - Sirjan zone (Sargaz - Mata area), the volcanoclastic, mafic and felsic igneous rocks are 
exposed. Given the stratigraphic relationships, the age of these rocks has been attributed to the lower Jurassic 
(1:250 000 Sabzevaran Map and 1:100000 Esfandaghe, Mohamadabad and Sabzevaran Map). The Siah Mine 
Mountain is located in 75 kilometers South-West of Jiroft in Kerman province and the Mata village (20 km SW 
of Karim Abad) is the closest village to it. It geographic location is between 57°27 - 57°28 and 28°22 - 28°23 
(Fig. 1). 
 

 
Fig. 1: Geographic location and access to the Siah Mine Mountain (Atlas of Iran Road). 
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Research Methodology: 
 During the field observations was collected of 150 rock samples from two parts of the study area. After 
studying the manual sample, 125 thin section preparation and was studied with polarizing microscope. 15 
samples with XRF, XRD method in central lab Tehran University (Iran and 15 samples with ICP-MS method in 
ACMELabs Canada was the chemical analysis (Tables 1,2,3) Also, different soft wares especially Excel, 
Minpet, Igpet and Photoshop were used for analysis and drawing charts. 
 
Table 1: chemical analysis data of the main oxides with ICP-MS method. 

 
 
Table 2: Chemical analysis data of the trace element with ICP-MS method. 

 
 
Table 2: 
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Table 3: The mean of main elements of rocks in the study area (%. Wt). 

 
 
Results: 
 The study area is a part of sedimentary - igneous basin and Sanandaj - Sirjan that belongs to the Jurassic - 
Cretaceous. Mesozoic sediments in this basin can be divided into two main sections: 
1. Turbidite - filishs deposits in the lower - middle Jurassic and volcanic rocks associated with it. These sets 

have been deposited on the Paleozoic metamorphic in Sanandaj - Sirjan zone. Magmatic activities of this 
part are as pillow lavas and basaltic dense lava that very few felsic rocks are accompanied in the northern 
part of the basalts. Basic dykes (diabasic) as Swarm Dyke cooperation this part with along the North - 
South. 
2. Calpionella limestone has been deposited with specified angle on the igneous - sedimentary complex of 
part1. The age of these limestones was Upper Jurassic to Lower Cretaceous and in some parts around of this 
complex, gradually changes to Lower Cretaceous limestone. Volcanic activity is not seen in any way in this 
limestone and can be firmly said that volcanic activity occurred in the period between the Lower to middle 
Jurassic. The study area is located in the Zagros - Makran transfer zone and important part of the Oman line 
(Fig. 2). This area is active zone. This activity works follow up with the morphological evidence and the 
earthquakes that occurred in the region.  

 

 
 

Fig. 2: Simplified map of Zagros-Makran transfer zone. 
 
 This region is located at the crossroad of strike slip fault system. One of the fault systems is with the North- 
South line and mechanisms are related to the performance of Zagros - Makran zone and other fault system is 
along the N060 and mechanisms are left. Also, there has been a West - East pressure system in different parts of 
the region.  
 Petrographically, basaltic rocks are ranged basalt and composite pyroxene phenocrystals, plagioclase and 
matrix (Fig. 3). The pyroxene can be seen in the field as subhedral to euhedral. Based on the optical properties, 
these pyroxenes are augite and diopside type. In some cases, these minerals have been replaced by prehnite and 
calcite. Pyroxene micro phenocrysts minerals are viewed with radial morphology and in a different direction. 
Plagioclase crystals are often euhedral to subhedral and can be seen with size 50 μm to 1.2 mm in the rock. 
Some of these plagioclases have albite - Karlsbad, albite - Pryklin twins and zoning. Based on optical properties, 
the maximum angle of extinction and refraction, these plagioclases are andazine to labradurite. Most 
plagioclases have been alterated to secondary minerals. Most of them are serisity and clay minerals. 
 Nature of the glass (which has been completely replaced by clay minerals) is composed of plagioclase 
microlites, clinopyroxene with radial morphology and opaque minerals. Plagioclase microlites are often 
alterated to calcite and serisit. 
 Average value of the main oxides in the samples is matching with general combining of basalt rocks. In the 
first part rocks: SiO2 is variable between 47.61 - 50.26, TiO2 between 0.89-1.45, Al2O3 between 13.85 - 16.13, 
FeOt between 9.39 - 13.30, MgO between 5.54 - 8.34, CaO between 7.85 - 10.43, Na2O between 2.49 - 4.00 
and K2O between 0.14-0.57. In the second part rocks: SiO2 is variable between 66.42 - 45.86, TiO2 0.25 - 0.44, 
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Al2O3 between 5.20-8.84, FeOt between 5.88 - 7.48, MgO between 1.96 - 3.40, CaO 7.85- 35.22, Na2O 
between 0.22-1.89 and K2O 0.05-0.43 (Table 1 and 3). 
 

      
 

(a)                                                                        (b) 
  

Fig.  3: (A) the Pyroxene phenocrysts (diopside) with the incorporation of the melt in the margins (XPL). 
  (B) The mass plagioclases (XPL). 
  
 The study of SiO2 and MgO changes are used in the process of identifying and evaluating elements changes 
during magmatic evolution (crystal fractionation, partial melting processes, magma mixing, contamination of 
crust or a combination of all of them). Lack of continuity and cuts of the curve between the plotted points on the 
graph shows different magma families or different magmatic evolution. Rocks of the study area have emerged 
from two magmatic families. In these charts, rocks of the study area have created a separate range (45.86< SiO2 
<45.86). The geochemical independence between the two parts of the study area was observed well (Fig. 4 and 
5). 
 

 

 

 
Fig. 4: The geochemical independence between the two parts based on association of SiO2, first part is shown 

by the red ellipse and second part by the black ellipse. 
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Fig. 5: The geochemical independence between the two parts based on association of MgO. Oval similar to 

Figure 4. 
 
 One of geochemical classification diagrams for volcanic rocks is oxide - oxide. Le Bas and colleagues 
(1986) and the Middle Mouse (1994) classification volcanic rocks based on Na2O + K2O-SiO2 that were 
known as the TAS diagram (Fig. 4 A and B). In this charts, samples placed in the basalt range.  
 Irvine Baragar (1971) was proposed total alkali vs. silica diagrams for separation alkali rock series from 
sub-alkaline (Fig. 5A). Samples of region are showing semi-alkaline or sub-alkaline afiliatly. Kono (1968) and 
Irvine Baragar (1971) was used a chart to determine the process of igneous series that this chart were composed 
of three parameters, F = FeO + Fe2O3, A = K2O + Na2O and M = MgO and is used for sub-alkaline samples. 
All samples show tholeiitique properties. 

 

     
 
Fig. 4: (A) Le Bas and colleagues (1986) for volcanic rocks. (B) Middle Mouse (1994) for volcanic rocks. 
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Fig. 5: (A) total alkali vs. silica diagram (Irvine Baragar 1971) for separation of alkaline and sub-alkaline series, 
the first part samples is shown with     and second part samples is shown with    B) AFM diagram of 
Wimmenauer (1985). 

 

       
(a)                                                                                 (b) 

 

 
(c) 

 

Fig. 6: (A) Ti-Zr-Y diagram (Pearce and Kan 1973), A is symbol of the island arc basalt and B is symbol of 

MORB. B) Ti-Zr diagram (Pearce and Kan 1973), A is symbol of the island arc basalt and D is symbol 

of MORB. C) Ti-Zr-Sr diagram Ken (Pearce and Kan 1973), A is symbol of the island arc basalt and C is 

symbol of MORB. 
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 To determine the tectonic environment of basaltic samples, various charts are presented by the researchers. 
One of the most common tectonomagmatic charts is provided by Pierce et al., (1973). These charts are based on 
trace elements. Ti-Zr-Y diagram are used to determine within plate basalt, The Ti-Zr diagram used if samples 
are not altered and the Ti-Zr-Sr diagram are used to determine other types basalts. Samples of both the first and 
second parts of the study area are located in MORB and island arc basalts range (Fig. 6). 
 In logarithmic diagram of Pearce (1982), sample of the first part are in the MORB range and the second part 
are in the island arc basalts range (Fig. 7). 

 

 
 

Fig. 7: Ti-Zr diagram (Pearce 1982), first part samples (    ) are in the MORB range and the second part samples        
             (   ) are in the island arc basalts range. 
 
 For the basalt environment, Wood (1980) diagram based on the HFS elements (Th-Hf-Ta) is used to 
determine the types of basalt. Samples in each of these diagrams (Th-Hf/3-Ta), (Th-Hf/3-Nb/16) and (Th-
Zr/117-Nb/16), the first part samples are in the normal MORB range and second part samples are in the island 
arc tholeiiti basalts range (Fig. 8). 

   
(a)            (b) 

 
(c) 

 
Fig. 8: A) Th-Hf/3-Ta diagram (Wood 1980), first part samples (   ) are in the normal MORB range (N-MORB) 

and the second part samples (  ) are in the island arc tholeiiti basalts range (IAT). B) Th-Hf/3-Nb/16 
diagram (Wood 1980). C) Th-Zr/117-Nb/16 diagram (Wood 1980). 
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 In Pierce diagram (1983), basalt related to subduction and oceanic basalts derived from depleted source 
(MORB) and enriched origin (oceanic islands basalt) are used to determine magma series and tectonomagmatic 
environments. The first part samples are in the normal MORB range and second part samples are in the oceanic 
island arc - tholeiiti basalts range (Fig. 9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Th/Yb vs. Ta/Yb (Pierce, 1983) for determine tectonic environment of basalts. Symbols are same as 

before. 
 
 Spider diagrams have been normalized with primary mantle, conderite and mid-ocean ridge basalts and 
interpreted the process of magma formation (Fig. 10). The first part samples that normalized with conderite 
(Sun, 1980) have depleted from incompatible elements like Rb, Ba and Th and enriched from REE and HFSE 
and the second parts have relative enriched from incompatible and motion elements and positive anomalies in 
Nb. Such trends are fully consistent with patterns of island arc-tholeiiti basalts and MORB.  
 

 
(a)               (b) 

 
Fig. 10: A) Rocks of the first part is consistent with the MORB pattern that normalized with conderite (Sun, 

1980), B) Rocks of the first part is consistent with the island arc - tholeiiti basalts pattern that normalized 
with conderite (Sun, 1980). 

 
 Spider diagrams (normalized with MORB) are provided a good model for transfer and mid oceanic basalts. 
In this model the mobility of elements is less from left to right and incompatibility of elements increases from 
right to left. In these diagrams, Rb and Th elements shows the relative enrichment in the samples of the first 
part. Concentration and enrichment of LILE (especially K and Rb) and LILE elements (Th, Rb and to some 
extent Ba) may indicate contamination with sediments of subducted crust and other contamination processes in 
primary magma. Elements Ba, Rb, Th and K enriched more than ten times of MORB and show linear trend from 
mobile toward the non-mobile elements. Second part samples show consistent process with MORB from Ta, 
Nb, Ce, P, Zr, Hf, Y and Yb (non-mobile) elements. This linear trend is consistent with island arc - tholeiiti 
basalts patterns (Fig. 11). 
 Based on the composition of the primary mantle (Wood et al., 1979), enrichment of elements such as Ba, 
Rb, Cs and K are observed that can result from contamination with subducted crust sediments and high 
subtraction in these rocks. Depleted and reduction of Ti-Nb-Ta in normalization with the primary mantle, can be 
revealed contamination with subducted crust sediments (Fig. 12). 
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(a) 
 
 

    
(b) 

 
Fig. 11: A) the first part samples normalized with MORB, B) The second part samples normalized with MORB. 
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(a) 
 

  
(b) 

 
Fig. 12: A) the first part samples normalized with primitive mantle, B) The second part samples normalized 

with primitive mantle. 
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Conclusion: 
 Volcanic rocks in mineralogy and geochemical features are classified in basalt groups in the study area. 
These rocks of sub-alkaline geochemical nature are tholeiitique. Based on variation diagrams of major and trace 
elements in SiO2 and MgO, the first and second part samples of the study area are composed of two different 
magmas. The REE distribution patterns show that these rocks depleted from LREE than HREE and LaN / YbN 
in the first part samples is 0.67 and in the second part samples is 4.21. Such amount in the first samples shows 
more subtractive process from LREE than HREE elements. This amount is less in the second part samples. 
Spider diagrams (normalized with conderite), shows relative enriched of non-mobile elements and relative 
increase in incompatible and mobile elements such as Rb, Ba, Th and K that in comparison to other highly 
incompatible elements, this is geochemical features of island arc and MORB magmas. 
 Enriched elements such as Rb and K can be a sign of contamination with subducted crust sediments or 
transformation of magma. In the various diagrams, in the first part samples of the study area magma types are in 
the MORB range and the second part samples are in the island arc basalts range. Tectonomagmatic diagrams 
separating different tectonic environments such as rift zones, active margins, volcanic arcs and continental 
collision zones that show these outcrops were formed in crevasse within the continent. However, to determine 
the origin of the parent magma, the isotopic studies are necessary. 
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