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1-Introduction

Granites form a major part of the upper continental crust, and their genesis is related to tectonic and
metamorphic processes. Granite masses are found in the thickened continental crust, which results from
orogenic activities, continental arc, and continental collision. Peraluminous leucogranites are indicators of
orogenic zones (Guo et al., 2017). Peraluminous leucogranites are generally formed from small
contemporaneous to post-collisional intrusive masses within metamorphic rocks of moderate to high degree
orogeny belts and associated with thickened crust. This group shows the characteristics of highly
peraluminous granites and is characterized by minerals such as garnet, tourmaline, muscovite, and the
absence of cordierite (Nabelek and Liu, 2004; Poujol et al., 2021).

The study area is located north of Azna in the range between longitude 24°49' to 32°49' east and latitude
31°33' to 38°33' north and is located in the Sanandaj-Sirjan deformation zone (Fig. 1), which is It mainly
includes Paleozoic-Mesozoic metamorphosed rocks (Sheikholeslami et al., 2015). The mass granitoids of
Oligoderz, located east of Shavali massif, have been identified as Upper Jurassic (about 165 million years)
and type | based on U-Pb dating (Esna-Ashari et al., 2016).

2-Material and methods

To carry out petrographic studies and based on field studies, 80 rock samples were selected, and after
preparation of thin sections, they were studied using a Nikon-E200 microscope available in Islamic Azad
University, Khorramabad branch. After that, to carry out geochemical analysis by XRF and ICP-MS
methods, 12 samples of the rocks of the area with the least signs of weathering, alteration, and
metamorphosis in the laboratory of the Department of Geology of Southern Methodist University (Dallas-
USA) using the (XRF) device. The main element was that it was subjected to chemical analysis in Laboste
Mineral Analysis Laboratory (Pty Lty) (Western Australia) using the ICP-MS method to determine the
amounts of REE (Table 1).

3-Results and discussions

Geologically, the Shavali intrusive mass mainly consists of leucogranite, granite, and a small amount of
granodiorite; in the southern part, garnet and tourmaline leucogranites have penetrated andalusite-garnet-
biotite schists and phyllites known as Hamedan phyllites. As in most areas, schists have been transformed
into hornfels due to the intrusion of leucogranites (Fig. s 2-A and 2-B). Granites are usually medium to
coarse-grained with pinkish, light gray, and white outcrops, and in some hand samples, coarse alkali
feldspar crystals, quartz, muscovite flakes, and mafic minerals such as tourmaline and biotite can be
identified well (Fig. 2-C). The lack of dark minerals, one of these leucogranites' characteristic features, has
reduced their color coefficient. In many marginal parts, especially in the southeast, Shavali granites have
foliation and crushing, which at first glance looks like gneisses, but detailed field studies and microscopic
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sections indicate that the granites are mylonitized (mylonite granite). In these rocks, S-C fabrics can be

identified (Fig. 2-D).

Table 1. Analysis results of main oxides, minor (rare), and rare earth elements (REE) of Shavali

leucogranite by XRF and ICP-MS methods

ST s2 s3 s4 S5 S6 s7 S8 S9  sSl0 sl Si2
% % % % % % % % % % % %
Si0, 7105 7136 7075 69.85 7292 7342 7750 7341 7450 7178 7281  70.40
T, 002 002 02 0.02 01 007 006 008 004 008 014 004
ALO; 1603 1752 1546 1850 1508 1517 1464 1505 1405 1712 1512  18.40
CaO 105 090 140 075 051 040 030 038 040 035 060 083
KO 598 290 460 438 530 58 383 454 512 310 502  3.60
Na,0 296 500 390 420 410 310 274 430 395 390 350  3.90
MgO 014 026 060 025 025 018 045 030 020 190 045 040
Fe,0; 062 07 18 0.7 101 06 11 102 1 101 13 12
MnO 008 002 002 005 002 004 002 002 002 001 003 002
P.Os 006 099 02 076 013 01 007 006 004 005 011 08
LOI 096 1 098 105 08 08 05 075 063 092 093 086
Total  99.06 1007 10001 10052 10022 99.76 100.98 99.87 99.96 993 100  100.46
pPM  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
Ba 245 279 241 219 298 226 252 328 190 356 188 427
Sr 58 90 47 32 63 35 45 58 35 122 47 187
Rb 111 188 105 341 159 216 321 213 108 118 148 198
Co 28 21 39 31 27 23 32 21 21 31 24 2.9
cr 41 47 40 39 36 29 37 26 18 28 15 20
Cs 41 24 39 25 27 26 23 26 18 35 45 12
zr 57 86 98 76 64 71 75 81 28 105 35 40
Y 18 15 26 21 18 14 16 27 19 29 18 25
Th 11 24 12 16 25 18 12 16 14 24 15 23
Ta 192 25 31 5.6 199 255 404 63 133 3 536 091
Nb 18 19 28 28 26 26 19 24 10 2 2 15
Cu 9 14 8 7 10 12 8 15 15 9 149 92
Ni 4 5 7 4 7 4 5 4 4 5 4 4
Pb 27 19 26 239 197 21 32 29 40 185 24 205
Mo 2 25 2 18 9 6 1 86 02 04 01 0.2
Zn 35 29 24 23 28 22 44 51 48 73 45 61
sn 6 4 25 5 4 42 2 3 46 18 31 2
v 11 5 9 10 6 8 3 6 6 8 3 4
Li 78 56 9 8.1 5 7 6 6 4 11 3 4
As 14 6 10 1.7 2 08 1 3 18 1 0.6 16
Bi 01 04 05 0.4 1 0.8 1 01 01 03 08 0.2
Be 42 24 35 48 36 24 32 5.9 4 4 25 42
cd 004 004 008 005 005 007 005 003 004 002 007 005
Tl 04 02 05 0.6 05 04 03 02 03 04 02 0.6
s 56 61 59 64 85 66 58 54 81 73 55 83
U 16 62 45 8 6 7.4 7 142 21 82 2 3.4
Hf 057 086 088 055 077 097 082 094 044 055 035 087
sc 6 4 5 3 3 4 3 4 3 4 7 2
Ro/Sr 19 21 22 10.7 26 62 71 37 33 097 32 11
Rb/Ba 03 06 025 1 035 064 091 05 035 033 045 038
Rb/zr 195 22 097 45 25 31 43 263 39 099 43 495
La 12 18 30 12.9 15 22 33 233 124 415 11 23
Ce 205 346 564 218 273 412 62 411 226 756 20 45
Pr 54 72 47 5.3 9.2 8 49 47 4 775 32 43
Nd 163 145 224 17 169 194 166 164 142 25 132 122
sm 49 46 33 342 432 455 31 464 34 42 31 292
Eu 029 026 056 044 075 066 047 021 017 09 018 076
Gd 398 44 32 507 42 268 39 42 167 556 19 299
Tb 069 046 029 036 055 068 059 08 038 079 034 08
Dy 321 29 4.6 355 28 44 324 58 21 49 19 528
Ho 064 049 061 056 076 054 068 12 047 098 044 13
Er 166 089  1.62 1.2 092 24 199 29 243 31 22 39
Tm 05 026 035 028 044 032 034 06 039 055 027 09
Yb 242 24 198 256 28 187 19 52 18 32 15 5.1
Lu 093 046 019 055 058 029 033 08 027 056 024 12
EwEu* 023 020 064 041 034 036 054 016 022 071 023 079
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Fig. 1. Geological map of Shavali area.

According to the A-B multi-cation classification chart, which is drawn based on two parameters
B=Fe+Mg+Ti and A=Al-(K+Na+2Ca), granite is placed in the range of leucogranites. In these conditions,
muscovite, tourmaline, cordierite, aluminosilicates, and even garnet will be visible as key minerals in the
stone. In this diagram, the rocks of the studied area are in the range of leucogranite (muscovite-bearing
granites), which fully agrees with the field and petrographic evidence. Also, the presence of normative

corundum emphasizes the high alumina content of the rocks in the area.

In the Shavali area, Ce and La, which have smaller atomic numbers and larger ionic radius than other
elements of the REE group, show enrichment, while Y, with a smaller ionic radius, has a lower abundance.
The similar pattern of rare earth elements in the leucogranite samples of the Shavali area indicates that their
generating magma is congeneric and the depletion of Sr element due to its substitution instead of Ca and K
in feldspars and plagioclase remaining in the origin.

Melts formed at a temperature lower than 750°C travel a short distance from the origin, and their
replacement is in the form of small and large floods (such as Himalayan leucogranites and the studied area).
The presence of shear zones plays a very important role in the ascent and placement of these small masses,
especially in collision zones (Nabelek and Liu, 2004). Therefore, the Shavali granite mass was most likely
formed in connection with the collision of the Afro-Arabian continental crust with the central Iranian crust
during the laramyde orogenic phase (Late Cretaceous-Eocene). Shear zones played a very prominent role
in the formation and rise of this mass (Fig. 3).
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Fig. 2. (a) Infiltration of Shavali leucogranite next to Hamadan phyllites, (b) A view of the leucogranites outcrop, ()
Presence of quartz, alkali feldspar, biotite, muscovite and tourmaline, and (d) Presence of mylonite-granite.

Shavali Granitoid

Partial melting
Fig. 3. The pattern of the tectonic-magmatic model for forming the Shavali granite mass.

4-Conclusion

Based on field, petrography, and geochemical studies, the rocks of the studied area range from leucogranite
and granite to granodiorite. Regarding the degree of alumina saturation, the granite mass of the area is
located in the high-alumina series. By observing the distribution pattern of incompatible elements, it can
be concluded that the similar pattern of the samples indicates that they are the same magma, and the
abundance of the three elements Rb, Th, and K and the depletion of Ti, Sr and the low anomaly of Nb and
the enrichment of Ce indicate the crustal origin of the rocks. It has an area. The geochemical data and
petrogenesis of the Shavali granite mass indicate that it is a high-alumina type and is an S-type granite,
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similar to the impact environment granites such as the Himalayas, which were formed from the partial
melting of metapelites and dehydration of muscovite in the absence of fluids.
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Fig. 2. (a) Infiltration of Shavali leucogranite next to Hamadan phyllites, (b) A view of the leucogranites outcrop and
their intrusion into the schist and phyllites of Shavali region (Hamadan phyllites), (c) Presence of quartz, alkali feldspar,
biotite, muscovite and tourmaline in Shavali leucogranite, and (d) Presence of mylonite-granite with S-C fabrics.

(Abbreviations based on Siivola and Schmidt, 2017).
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Table 1. Analysis results of main oxides, minor (rare), and rare earth elements (REE) of Shavali leucogranite by XRF and
ICP-MS methods

ST s2 s3 S4 S5 S6 S7 S8 sS9  sSl0  sil S12
% % % % % % % % % % % %
Sio, 7105 7136 70.75 69.85 7292 7342 7750 7341 7450 7178 7281  70.40
Tio 002 002 02 0.02 01 007 006 008 004 008 014 0.04
ALO; 1603 1752 1546 1850 1508 1517 1464 1505 1405 1712 1512  18.40
Ca0 105 090 140 075 051 040 030 038 040 035 0.60 0.83
K20 598 290 460 438 530 580 383 454 512 310 5.02 3.60
Na,0 296 500 390 420 410 310 274 430 395 390 350 3.90
MgO 014 026 060 025 025 018 045 030 020 190 0.5 0.40
Fe:0s 062 0.7 1.8 0.7 101 06 11 102 1 101 13 1.2
MnO 008 002 002 005 002 004 002 002 002 001 003 0.02
P.Os 0.06 099 0.2 076 013 01 007 006 004 005 0.1 0.8
LOL 096 1 098  1.05 08 08 05 075 063 092 093 0.86
Total  99.06 1007 10001 10052 100.22 99.76 100.98 99.87 99.96 99.3 100  100.46
ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm ppm
Ba 245 2719 241 219 298 226 252 328 190 356 188 427
Sr 58 90 47 32 63 35 45 58 35 122 47 187
Rb 111 188 105 341 159 216 321 213 108 118 148 198
Co 28 21 39 3.1 27 23 32 21 21 31 24 2.9
Cr 41 47 40 39 36 29 37 26 18 28 15 20
Cs 41 24 39 25 27 26 23 26 18 3% 45 12
zr 57 86 98 76 64 71 75 8l 28 105 35 40
Y 18 15 26 21 18 14 16 27 19 29 18 25
Th 11 24 12 16 25 18 12 16 14 24 15 23
Ta 192 25 31 5.6 199 255 404 63 133 3 536 0.91
Nb 18 19 28 28 26 26 19 24 10 2 2 15
Cu 9 14 8 7 10 12 8 15 15 9 149 9.2
Ni 4 5 7 4 7 4 5 4 4 5 4 4
Pb 27 19 26 239 197 21 32 29 40 185 24 20.5
Mo 2 25 2 1.8 9 6 1 86 02 04 01 0.2
Zn 3B 29 24 23 28 22 44 51 48 73 45 61
sn 6 4 25 5 4 42 2 3 46 18 31 2
v 11 5 9 10 6 8 3 6 6 8 3 4
Li 78 56 9 8.1 5 7 6 6 4 11 3 4
As 1.4 6 10 1.7 2 0.8 1 3 1.8 1 0.6 1.6
Bi 01 04 05 0.4 1 0.8 1 01 01 03 08 0.2
Be 42 24 35 4.8 36 24 32 59 4 4 2.5 4.2
cd 004 004 008 005 005 007 005 003 004 002 007 0.05
TI 04 02 05 0.6 05 04 03 02 03 04 02 0.6
s 56 61 59 64 85 66 58 54 81 73 55 83
U 16 62 45 8 6 7.4 7 142 21 82 2 3.4
Hf 057 08 08 055 077 097 082 094 044 055 0.35 0.87
Sc 6 4 5 3 3 4 3 4 3 4 7 2
Rb/Sr 19 21 22 10.7 26 62 71 37 33 097 32 1.1
Rb/Ba 03 06 025 1 035 064 091 05 035 033 045 0.38
Rb/zr  1.95 22 097 45 25 31 43 263 39 099 43 4.95
La 12 18 30 12.9 15 22 33 233 124 415 11 23
Ce 205 346 564 218 273 412 62 411 226 756 20 45
Pr 54 72 47 5.3 9.2 8 49 47 4 775 32 4.3
Nd 163 145 224 17 169 194 166 164 142 25 132 12.2
sm 49 46 33 342 432 455 31 464 34 42 31 2.92
Eu 029 026 056 044 075 066 047 021 017 09 0.8 0.76
Gd 398 44 32 507 42 268 39 42 167 556 19 2.99
b 069 046 029 036 055 068 059 086 038 079 0.34 0.8
Dy 321 29 46 355 286 44 324 58 21 49 19 5.28
Ho 064 049 061 056 076 054 068 12 047 098 044 1.3
Er 166 089 162 1.2 092 24 199 29 243 31 22 3.9
Tm 05 026 035 028 044 032 034 06 039 055 0.27 0.9
Yb 242 24 198 256 28 187 19 52 18 32 15 5.1
Lu 093 046 019 055 058 029 033 086 027 056 0.24 1.2
EWEW* 023 020 064 041 034 036 054 016 022 071  0.23 0.79
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Fig. 3. (a) The formation of subgrains with fine boundaries in quartz porphyroclasts and Macel-Tartan in microcline
megacrysts, (b) The transformation of orthoclase into microcline as a result of the stress applied to the rocks in
leucogranites, (c) The growth of garnet crystals scattered in leucogranites, (d) the growth of garnet crystals in aggregate
within leucogranites, (e) Coarse garnet crystals with the formation of atoll texture in leucogranites, and f) Domino fabric
in mylonitic leucogranites tourmaline of Shavali area. (Abbreviations based on Siivola and Schmidt, 2017).
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Fig. 4. (a) Primary shaped muscovite crystals (magmatic), (b) Secondary muscovite crystals in leucogranites, (c)
filamentous sillimanite crystals in the leucogranites of the region, (d) Sillimanite crystals of the grass group in the
leucogranites of the region, (e) magmatic zircon crystal in biotites, and (f) Inherited zircon crystal with a pleochroic halo
in biotites. Abbreviations (Siivola and Schmid, 2017).
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Fig. 5. (a) The location of the granite rocks of the studied area in Aluminum saturation index diagrams (Deben and Lefour,
1983) diagram (I muscovite granites (leucogranites), 1l mica granites, 111 biotite granites, IV amphibole granites, V and
VI tonalite and gabbro), and (b) The position of the samples of the studied area in the diagram of determining the degree

of saturation with aluminum (Maniar and Piccoli, 1989).
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Fig.6. (a) Spider diagram of Shavali leucogranitic rocks normalized to the composition of the primary mantle (Sun and
McDonough, 1989), (b) Spider diagram of Shavali leucogranitic rocks normalized to the composition of the upper crust
(Sun and McDonough, 1989), and (c) Normalized diagram of REE elements of Shavali leucogranitic rocks to chondrite

(Sun and McDonough, 1989).
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