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Fig. 1. Geological map of Masteroon area and its location on the map of Iran and the divisions of the Sanandaj-Sirjan 
zone (Mohajjel and Sahandi, 2001) 
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Fig. 2. A: Intrusion of granodiorites in andalusite-garnet schist with contact aureole. B: Lisgang texture resulting from 

biotite oxidation in granodiorites of the studied area. 
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Fig. 3. A: Secondary quartz with Mortar texture in granodiorites in the study area. B: Alkali feldspar with stringy pertite 

texture resulting from stress in granodiorites of Mesteroon area. C: Bending in plagioclase crystals due to applied stress. D: 

Covering fabrique (mantle-core) around plagioclase in highly altered granodiorites. Abbreviations after (Siivola and Schmid, 

2017). 
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Fig. 4. A: Bending effects in biotite crystal faces due to tectonic stress. B: Transformation of biotite crystal to chlorite in altered 

granodiorites. C: Older zircons with pleochroic halo. D: Younger zircons without pleochroic halo formed during magma 
crystallization. Abbreviations after (Siivola and Schmid, 2017). 
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Table 1. Results of EPMA datas for Biotites in Masteroon

  

  

  

  

 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

SiO2 34.70 33.70 34.89 34.39 33.55 33.82 33.59 32.87 33.75 30.95 

TiO2 3.25 3.28 3.80 3.33 3.78 4.01 3.10 3.86 4.09 3.60 

Al2O3 16.31 16.10 15.25 16.25 15.18 15.21 16.61 16.01 16.19 16.31 

FeO 18.31 18.36 19.41 18.01 18.20 17.61 20.09 18.29 18.20 16.59 

MnO 0.34 0.28 0.33 0.35 0.13 0.26 0.39 0.15 0.24 0.16 

MgO 12.45 13.55 12.10 14.03 12.10 13.75 12.04 13.19 14.30 14.59 

BaO 0.04 0.02 0.02 0.04 0.02 0.05 0.02 0.04 0.05 0.02 

CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Na2O 0.06 0.06 0.08 0.05 0.06 0.06 0.08 0.09 0.07 0.06 

K2O 7.04 7.05 6.45 7.16 7.44 8.06 8.01 7.97 5.49 5.31 

H2O 1.62 1.60 1.77 1.67 1.73 1.64 1.75 1.69 1.71 1.79 

Total 94.12 95.00 94.01 95.28 92.19 94.47 95.68 94.16 94.09 89.38 

Si 5.67 5.78 5.59 5.36 5.72 5.71 5.75 5.46 5.78 5.62 

AlIV 2.33 2.22 2.41 2.64 2.28 2.29 2.25 2.54 2.22 2.38 

Al 3.46 3.36 2.86 3.38 2.83 2.84 3.65 3.24 3.38 3.43 

AlVI 1.13 1.14 0.45 0.78 0.55 0.55 1.40 0.70 1.16 1.05 

Ti 0.38 0.37 0.43 0.38 0.42 0.48 0.35 0.44 0.48 0.40 

Fe2+ 2.43 2.45 2.51 2.25 2.29 2.21 2.58 2.31 2.29 2.18 

Mn 0.04 0.03 0.04 0.04 0.02 0.03 0.05 0.02 0.03 0.02 

Mg 2.81 3.26 2.75 3.31 2.75 3.28 2.72 3.11 3.36 3.86 

Ba 0.003 0.001 0.001 0.003 0.001 0.003 0.001 0.003 0.003 0.001 

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Na 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.02 

K 1.54 1.54 1.41 1.57 1.64 1.74 1.67 1.67 1.27 1.25 

Total 16.353 16.811 15.611 16.343 15.691 16.313 16.791 16.283 16.613 16.781 

Fe/Fe+Mg 0.46 0.45 0.47 0.40 0.45 0.40 0.49 0.43 0.40 0.36 

Mg/Mg+Fe 0.54 060 0.50 0.59 0.54 0.60 0.51 0.57 0.59 0.64 

T(⁰K) 955.18 949.38 971.72 969.00 985.54 1026.35 933.14 933.80 1016.87 985.63 

T(⁰C) 682.03 676.23 698.57 695.85 712.39 753.20 659.99 660.45 743.72 712.48 

P(Kb) 3.95 3.65 2.14 3.71 2.05 2.07 4.53 3.29 3.71 3.83 
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Fig. 5. A: AlVI+Fe+Ti-Mg-Fe+Mn ternary diagram (Foster, 1960) and placement of all samples in the Mg biotite range. B: 

Triangular diagram of 10TiO2- FeO*+MnO-Mg (Nachit, 2005) and the presence of Mg biotites. C: Binary diagram of 

Fe/Fe+Mg against AlIV (Deer et al., 1992) and placing all samples in the biotite range. D: crystallization pressure of biotites 

based on total aluminum and biotite pressure gauge calibration curve for granitic rocks (Uchida et al., 2007). 
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Fig. 6. A: Determining the magmatic series based on biotite chemistry (Abdel-Rahman, 1994) and placing the samples in the 

calc-alkaline kohzai range. A) Alkaline series (non-extensive orogenic regions). C) calc-alkaline series (mountain subduction 

zones). P) Peraluminous rocks (collision environment, S-type granites). B: Fe/Fe+Mg graph against AlIV of biotites to 

differentiate host granitic rocks (Jiang et al., 2002). Range A: range of I-type granitoids. SH range: shoshonite rocks. 
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Abstract 
The intrusive mass of Mesteroon area is located in the north of Aligudarz and is part of the Sanandaj-
Sirjan magmatic-metamorphic zone. This mass is granodiorite with S-C fabrique. This mass contains 
megacrysts of quartz, alkali-feldspar, plagioclase, biotite and muscovite flakes. Quartz is often 
amorphous with wave quenching and usually grown between minerals. Alkali feldspar includes 
orthoclase, pertitic orthoclase and microcline and in most cases, they are cericitized. Biotites are brown 
and reddish-brown in color and have curvature and often show kingband phenomenon due to stress. 
Mineral chemistry studies show that the composition of biotites is rich in magnesium and includes the 
siderophyllite-anite end member, and they are placed in the range of biotite and outside the range of 
phlogopite. Also, the biotites of the Mestroon area are often primary and magmatic, and none of them 
are in the range of newly balanced biotites. The average formation temperature of biotites is 638.48 °C 
and it is between 659.99 °C and 753.20 °C. The range of pressure changes in the Mestron area with an 
average of 3.32 kb indicates the formation of biotites at a depth of less than 3 km and is consistent with 
the pressure obtained in the biotite pressure gauge calibration curve for granite rocks. The biotites of 
Mesteroon area are located in the biotite range of subduction calc-alkaline rocks and in the type I 
orogenic zone and have been confirmed with the help of whole rock data. The high Fe/Mg ratio in 
biotites indicates the magnetite nature of Mesteroon granitoids. The values of Fe# of biotites against Al 
with an average of 2.3 as the FQM average are also in the range of magnetite series granitoids and 
indicate the magma's oxide conditions. The amount of oxygen fugacity in Mesteroon area is high with 
the help of available data and it is estimated to be 10-10 to 10-12 bar, which is a suitable environment for 
gold and copper mineralization in epithermal and porphyry systems. 
 

Keywords: Biotite, Calc-Alkaline, Mineral Chemistry, Thermobarometry, Masteroon, Aligudarz 

 

Introduction 
Biotite is a hydrous mafic mineral common in 
many igneous and metamorphic rocks, which 
crystallizes under a wide range of temperature 
and pressure conditions, and is sensitive to the 
slightest change in physicochemical conditions 
such as temperature, pressure, magma 
composition, and changes in the fugacity of 
oxygen and halogens. The chemical 
relationship between biotite and its host 
magma was first investigated by various 
researchers. 
With the help of biotite mineral chemistry, it is 
possible to obtain important information about 
the physicochemical conditions of the mother 
magma, as well as the temperature and pressure 
conditions, the composition and the conditions 
of oxidation and reduction of magma, 
especially in internal igneous rocks. 

Crystallized biotite of granitic magmas such as 
alkaline, calc-alkaline and peraluminum are 
placed in specific ranges in FeO-MgO-Al2O3 
diagrams. Diagnosing the origin of biotite in 
petrological interpretations before drawing 
petrogenetic diagrams and separation is of 
particular importance because the effect of 
metamorphism, hydrothermal alteration and 
coexisting minerals can change the initial 
composition of biotite. 
 

Materials   & Methods 

Using 25 thin-polished sections prepared from 
non-weathered surface areas, the mineralogical 
and geochemical composition of biotites in 
Masteroon area was studied and investigated. 
Then, the composition, type and origin of the 
biotites studied for 10 selected points of the 
studied thin-sections were determined with the 
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help of electron microprobe analysis and using 
the CAMECA-SX-100 device in the electron 
microprobe laboratory of Iran Mineral 
Processing Research Center with different 
standards for 12 parameters.  
 

Discussion and Results 
Masteroon area is located between longitudes 
49º37´ to 49˚40´ east and latitudes 33˚30´ to 
33˚33´ north, in the north of Aliguderz city and 
near Farzian village. This area is known as a 
part of Sanandaj-Sirjan metamorphic zone.  
Lithological units include metamorphosed 
slate, metamorphosed sandstone, mica-
semischist with black hornfelses (Jmsh), 
metamorphosed sandstone (Jms), a relatively 
uniform sequence of oriented and epidotite 
schist (Jmsl), and granodiorite porphyry (CV). 
The most important geological event in the 
Oligoderes region in the Middle Jurassic is the 
emergence of the Masteroon granitoid mass, 
which caused the formation of a small amount 
of hornfels and stained schists in this area by 
infiltrating the schists. This granitoid mass is 
classified in the territory of the high-pressure 
orogenic belt. The intrusive mass of Masteroon 
area mainly consists of granodiorite and 
granite. Granodiorites are mostly medium to 
coarse crystals and sometimes coarse crystals 
of alkali feldspar, quartz and muscovite flakes 
can be identified well. S-C fabrics can be well 
recognized in these rocks. 
Tourmaline and biotite are among the mafic 
minerals that can be identified well in the hand 
sample. In some parts of this mass, biotite has 
been formed due to the oxidation of lizgang. 
Quartz is often amorphous with wave 
quenching and usually grown between 
minerals. The presence of wave silence in 
quartz indicates the initial stage of fine-grained 
formation and the continuation of deformation 
after the formation and stress on the rocks. The 
effect of stress on the rocks has caused the 
phenomenon of quartz crushing, which has 
resulted in the release of silica and the 
formation of fine-grained secondary quartz and 
to some extent the shape itself, and has created 
the texture of the mortar. Alkali feldspar 
includes orthoclase, pertitic orthoclase, and 
microcline, which is separated into kaolinite in 
most cases. Sometimes the transformation of 
orthoclase into microcline can be seen in some 
sections, which indicates the stress and the 
formation of tectonic microcline as well as 
dynamic deformation in solid conditions. 

Microcline megacrysts are among the other 
alkali feldspars found in the rocks of the 
region, which have a tartan matrix that is 
magmatic. Plagioclases are shaped to semi-
shaped and mostly sericite and kaolinite. 
Plagioclase mackles are mostly albitic and 
polysynthetic and have been bent due to 
tectonic pressures. Biotites are shaped to semi-
shaped and are brown and red-brown in color, 
sometimes together with muscovites, they are 
aggregated and oriented. Biotite crystals have 
curvature and most of them show the king band 
phenomenon due to stress. The red and 
reddish-brown color of this mineral indicates 
the abundant amount of total iron and 
aluminum and the low amount of magnesium 
and Fe3+ in high-alumina granites of 
continental impact environments resulting 
from anatexis of sedimentary rocks. 
Sometimes, biotites are completely or 
incompletely decomposed into chlorite and 
turbid minerals, and after undergoing 
hydrothermal alteration, they become colorless 
and the intensity of pleochroism decreases. In 
biotites, inclusions of rounded and metamict 
zircons, apatite, rutile and cloudy minerals are 
seen. Zircon can be seen in two different ways 
in these rocks: the first mode, which mostly has 
a pleochroic halo and is older and the second 
mode, which does not have a pleochroic halo 
and was probably formed during the 
crystallization of magma, and is the younger 
than the group of the first mode. 
 

Conclusion 
Mineral chemistry studies show that the 
constituents of biotites are rich in magnesium 
and are located in the range of biotite and 
outside the range of phlogopite. The amount of 
TiO2 shows an average of 3.61apfu, an average 
of 0.41apfu of Ti, the average FeO content of 
the samples is 18.31apfu, and their MgO 
content shows an average of 13.21apfu. In this 
way, the formation of biotites is placed in the 
end member of siderophyllite-anite. In the 
ASPE classification all samples from the 
Masteroon area fall between the siderophyllite-
anite pole. Also, based on the classification of 
biotites with the help of cation values of Mg, 
Fe2+, Mn, Ti, Fe3+ and AlVI and determining the 
relationship of these cations with the type of 
biotite the samples of Masteroon region are 
present in the range of magnesium-rich 
biotites.  
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Also, the biotites of the Masteroon area are 
often primary and magmatic, and none of them 
fall within the range of newly balanced biotites. 
The average formation temperature of biotites 
is 638.48°C and it is between 659.99°C and 
753.20°C. The range of pressure changes in the 
Masteroon area with an average of 3.32kb 
indicates the formation of biotites at a depth of 
less than 3 km and is consistent with the 
pressure obtained in the biotite barometric 
calibration curve for granite rocks. The high 
Fe/Mg ratio in biotites indicates the magnetite 
nature of Masteroon granitoids. The amount of 
oxygen fugacity in Masteroon region is 
estimated to be 10-10 to 10-12 bar with the help 

of the available data, which is a suitable 
environment for gold and copper 
mineralization in epithermal and porphyry 
systems. The biotites of the Masteroon area are 
located in the biotite range of subduction calc-
alkaline rocks and in the type I mountain zone, 
which the data presented from the whole rock 
confirm this. Granitoid rocks can be divided 
into magnetite series and ilmenite series, the 
first group has high Fe/Mg ratio and the second 
group has low Fe/Mg ratio. The values of Fe# 
of biotites with an average of 0.43 against Al 
with an average of 2.3 as the FQM average are 
in the range of magnetite series granitoids and 
indicate the magma's oxide conditions. 
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