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1-Introduction

Azna leucogranites host two essential minerals, i.e., garnet and tourmaline. Garnet is one of the most common
constitute in granites with variable composition. Based on many studies (e.g., Barbarin, 1999; Samadi et al.,
2014b), garnet-bearing granites have developed in orogenic strips, and spessartin-rich types are commonly
found in S-type granites, in fact in aluminium and manganese granite magmas and at high pressures it
crystallizes relatively low (Dalquist, 2007). Garnets show varying chemical composition based on the nature of
their host granite. Garnet garnets found in S-type granites have high amounts of MnO, FeO, and low amounts of
MgO (Zhang et al., 2012). Tourmaline is a common and minor mineral of igneous, metamorphic, and
sedimentary rocks and crystallizes as a primary magmatic mineral and sometimes hydrothermal in granite and
pegmatite rocks (Slack et al., 1996). Its stability over a wide range of complex and varied temperatures,
pressure, and chemical variations is particularly crucial in lithological studies (London and Maning, 1995;
Speer, 2016; Baxter et al., 2017). In this study, we have tried to study the mineralogical and chemical properties
of garnet and tourmaline sub-minerals for characterizing the type of these minerals, and their formation
conditions in the Marziyan leucogranites.

2-Methodology

The specimens were then prepared for microscopic studies in one hundred and twenty thin sections. Careful
mineralogical and tissue studies were performed, and two suitable samples were selected for electron
decomposition using an Olympus BH-2 microscope. Determination of composition and oxides of garnet and
tourmaline minerals using Camera Sx-50 model electron microprobe with KeV 20 accelerator (kV) and 20 nA
current (nano-amps) at Moscow State University The country of Russia has been conducted by point analysis
method, the results of which are presented in Tables 1 and 2.

3-Results and discussion

3-1-Mineralogy and petrography

According to the mineralogical composition, the major minerals of leucogranites include quartz, plagioclase,
feldspar potassium biotite, and minor minerals, including tourmaline, muscovite and garnet. Accessory minerals
include zircon, apatite, and opaque. Based on petrographic studies, the main textures of these rocks are granular,
with the grains varying from grain to grain, and the boundary between the grains is polygonal to inter-lobitic.
The garnet-like, shapely garnets were observed in normal light as high-pale brown, with no reactive margins
with adjacent minerals and no inclusions. Garnet is found in leucogranites in a light brown, worm-like,
moderately to the coarse-grained specimen, and Tourmalines are coarse to medium in shape, longitudinally
shapeless but transversely shaped and semi-shaped. This inverted multi-colored mineral is blue to cream and
high-grade interference. Three types of tourmaline were identified as primary, secondary, and intermediate in
the studied rocks. Primary tourmaline (magma) with field and microscopic features.
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3-2-Chemical composition and determination of garnet formation conditions

The Marziyan garnets are based on the FeO-10*MgO-MnO diagram within the range of garnets found in S-type
granites. Harangi et al. (2001) show that garnets with MnO less than 4% and high CaO have magmatic nature
(type | or M magmas), and garnets with MnO more than 4% have metapelite origin. Therefore, considering the
amount of MnO in the garnets in the region (more than 7%) and the composition of the solid solution of
Almandin-Spessartin, one can imagine their metapelite origin.

3-3- Chemical composition and determination of tourmaline formation conditions

The tourmalines studied based on Xvac / (Na + Xvac) versus Mg / (Fe + Mg) diagrams are in the range of
shorlitte to derivate, indicating a high iron content compared to magnesium in the chemical composition of the
samples (Fig. 1). In this diagram, the source rocks of the tourmalines are in the realm of metapelites and meta-
pasamites coexisting with a saturated phase of aluminium. The Ti values in the Marziyan tourmalines are
between 0.08 to 0.14, and the Mg# values are between 0.35 and 0.51, and variations in these varieties are also
minor. The low values of these elements indicate the non-zoning and almost homogeneous composition of the
tourmalines in question (London, 2011). Due to the low titanium (Ti = 0.01-0.15) and Mg # (0.19-0.50) by
Ribeiro da Costa et al. (2014) have been reported for tourmalines of S-type mica granites, which may well
imply S-type of Marziyan granite magma.
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Fig. 1. (@) The Marziyan region tourmalines in the range of cheerlite to derivate in Xvac / (Na + Xvac) vs.
Mg/(Fe + Mg), and (b) in Fe vs. Mg diagrams (data from Table 2).

4-Conclusions

The chemistry of the Marziyan granite rocks shows that the garnets are magmatic and belong to the series of
Almendin-Spessartian series and, given that they contain more than 30% FeO and about 8% MnO, it can be
concluded that the garnets in question are magmatic S-type is highly peraluminous crystalline and low-pressure
crystallized in the upper crust. Probably garnets have metapelite origin due to CaO content of less than 4% and
high MnO. The tourmalines in the region are in the range of shorlite to dravite, indicating a high amount of Fe
compared to magnesium in the chemical composition of the samples studied and considering the Fe# of
tourmalines in the region (0.48- 0.7) at a magmatic system with high Fe/Fe+Mg and Al ratios and hydrothermal
with Fe# are classified. Also, the low titanium ancestry in the tourmalines in the region may well indicate the S-
type of Marziyan granite magma. The presence of magmatic garnet and tourmaline indicates a peraluminous
leucogranite nature of the area.
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Table 1. Analysis of the mineral composition of garnet microprobe in granite rocks of Marziyan area.

Sample Az-24 Az-24 Az-24 Az-24 S-20 S-20 S-20 S-20
Rock type Leucogranite Leucogranite Leucogranite Leucogranite Leucogranite Leucogranite Leucogranite Leucogranite
SiO, 36.28 36.24 36.22 36.26 36.12 36.21 36.09 36.15
Al,O3 20.75 20.71 20.74 20.73 20.70 20.65 20.75 20.70
FeO¢ 32.57 33.20 33.22 32.8 33.14 32.83 32.9 32.85
MnO 7.70 7.06 7.09 7.20 7.18 7.22 7.1 7.16
MgO 2.02 2.09 2.05 2.06 1.95 2.16 1.96 2.06
CaO 0.28 0.26 0.24 0.25 0.26 0.25 0.24 0.25
TiO, - - - - - - - -
Total 99.60 99.56 99.54 99.3 99.35 99.32 99.04 99.17
(0] 12 12 12 12 12 12 12 12
Si 2.97 2.96 2.95 2.96 2.96 297 297 297
Al 2 2 2 2 2.002 1.96 2.01 1.98
Fe®* 0.06 0.07 0.07 0.06 0.07 0.07 0.05 0.06
Fe?* 2.16 2.2 2.3 2.19 22 2.18 221 2.20
Mn 0.533 0.489 0.482 0.51 0.499 0.501 0.495 0.498
Mg 0.246 0.255 0.250 0.25 0.239 0.264 0.24 0.25
Ca 0.025 0.023 0.021 0.024 0.023 0.022 0.021 0.022
Ti - - - - - - - -
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Almandine 72.9 741 74.6 73.2 74.3 735 74.5 74.1
Spessartine 18 16.5 16.2 17.2 16.8 16.9 16.7 16.8
Pyrope 8.3 8.6 8.2 8.5 8 8.9 8.1 8.5
Grossular 0.8 0.7 0.7 0.8 0.7 0.7 0.7 0.7
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Table 2. Results of microprobe analysis of tourmaline minerals in granite rocks of Marziyan area.

Sample M-40 M-40 M-40 M-40 M-40 M-40 S-20 S-20 S-20 S-20
Mineral Tur Tur Tur Tur Tru Tur Tur Tur Tur Tur
SiO, 35.83 36.28 36.11 35.92 36.12 36.28 35.95 36.15 35.2 35.17
TiO, 0.94 0.69 0.92 0.85 1.02 0.99 1.10 0.97 1 0.99
Al,Oq 34.91 35.31 35.5 35.1 34.62 35.22 34.86 35.42 35.1 35.35
FeO 8.77 7.59 7.89 8.9 10.09 10.56 9.98 10.76 11 10.98
MnO - - - - - 0.01 0.01 0.01 0.01 0.01
MgO 4.67 5.04 4.88 4.55 3.95 3.20 3.17 3.1 2.9 2.05
CaO 0.27 0.19 0.17 0.22 0.29 0.15 0.18 0.12 0.15 0.14
Na,O 2 2.01 1.92 2 1.95 1.99 1.92 2 1.9 1.95
K,0O 0.06 0.04 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.05
Total 87.47 87.15 87.44 8759  88.07 88.45 88.12 88.58 87.31 87.09
o 31 31 31 31 31 31 31 31 31 31
Si 5.76 5.81 5.77 5.79 5.819 5.82 5.83 5.83 5.75 5.79
Ti 0.11 0.08 0.11 0.09 0.124 0.119 0.134 0.118 0.123 0.121
Al 6.62 6.68 6.69 6.67 6.57 6.659 6.66 6.68 6.76 6.72
Fe®@" 1.13 11 1.10 1.14 1.36 1.42 1.35 143 1.50 1.48
Mn - - - - - 0.001 0.001 0.001 0.001 0.001
Mg 111 1.20 1.17 1.08 0.94 0.76 0.76 0.75 0.706 0.72
Ca 0.05 0.03 0.03 0.04 0.050 0.026 0.031 0.025 0.026 0.026
Na 0.63 0.63 0.6 0.62 0.61 0.619 0.603 0.6 0.6 0.6
K 0.12 0.008 0.01 0.11 0.008 0.010 0.010 0.01 0.010 0.01
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Mg/Mg+Fe 0.49 0.51 0.5 0.48 0.41 0.35 0.36 0.34 0.34 0.34
Fe/Fe+Mg 0.50 0.48 0.49 0.525 0.53 0.65 0.64 0.66 0.7 0.68
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Fig. 2. (a-d) Leucogranite outcrops within metamorphic rocks of the area.
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Fig. 3. (a-b) An overview of the distribution of garnet crystals scattered and accumulated within leucogranites.
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Fig. 4. (a) Garnet blocks have been converted to chlorite and (b) Accumulation of coarse-grained garnet crystals in the
Marziyan region leucogranites (Figure a: XPL, b: PPL).
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image).
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(b) in Fe vs. Mg diagrams (data from Table 2).
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