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Fig. 2. A: View of the Phase 1 granodiorite, B: View of the Phase 2 granite, C: Contains 3 range: a: Host volcanic
rocks, b: Granodiorite rocks Phase 1, ¢: Alkali granite rocks Phase 3, and D: View of the Fine-grained mafic enclaves of

study area.
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Table 1. Chemical analysis result of samples by XRF method (major elements based on wt. %) and for trace elements

by ICP-MS method (trace elements based on ppm)

Sample JB29 JB30 JB31 JB32 JB33

JB40

JB48 JB53 JB54 JB59 JB61 JB63

Sio2 7223 76.02 76.52 7512 7592
TiO2 023 014 011 0.1 0.07
Al203 1426 1335 1285 1355 1275
Fe203 285 154 1.6 196 177
MnO 008 0.05 003 004 0.04
MgO 056 043 015 025 0.19
CaO 224  2.06 1.4 177 084
Na20 363 459 316 334 284
K20 342 128 3.69 3.6 4.76
P205 007 005 003 003 0.02

Ba 4344 2352 5385 4204 4745
Rb 1071 338 863 117.1 98.9
Sr 1491 1592 1762 1451 89.1
zr 10 4 4 5 5
Nb 95 6 75 7 4
Ni 2 2 4 4 2
Co 36 16 18 16 22
Cr 4 4 6 10 4
La 20 10 30 30 30
Ce 47 25 571 576 546
Pr 57 27 63 62 62
Nd 202 93 208 205 204
Sm 41 18 37 34 38
Eu 08 05 06 06 05
Gd 38 16 28 26 32
Tb 07 03 04 04 05
Dy 42 17 2 19 25
Ho 1 04 04 04 05
Er 28 12 11 11 15
™ 05 02 01 01 02
Yb 33 13 11 11 17
Lu 04 02 01 01 02
Y 276 111 105 111 159
Cs 17 03 15 27 18
Ta 11 07 08 07 06
Hf 06 01 01 02 01

54.79
0.86
17.65
8.75
0.18
3.54
7.35
4.13
0.8
0.15
100.6
20.7
379.1
140.9
4.4
11.2
20.2
25.1
12.9
33.6
4.7
21
5.6
1.4
5
0.9
5.2
12
3.1
0.4
2.7
0.5
29.5
0.5
0.3
3.7

8152 67.01 69.89 7215 70.25 68.25
038 034 031 027 025 037
1155 1548 1484 1435 15.09 15.09
057 307 282 218 318 316
068 011 0.1 001 005 0.09
048 083 089 076 125 1.7
009 299 288 188 297 398
017 485 511 435 284 391
333 305 242 281 182 2.4
004 007 007 005 0.06 0.05
909.9 566.3 1125 481.6 5343 3551
75.8 89 83.9 95 46.3 943
113.1 289.8 2952 217.2 3439 3058
15 176.2 1326 1452 749 104.1
4 6.3 7.4 8.4 31 3.9
2 11.3 7.9 7.2 7.1 10
0.1 6.9 7 4.3 7.6 9.4
1 81.5 7.4 299 313 287
10 18 198 171 12 14.3
27 381 405 352 246 303
2.8 4.2 4 3.6 25 3.2
8.8 16.4 139 127 9 11.8
15 3.7 2.9 2.7 2.2 2.6
0.4 0.8 0.7 0.6 0.6 0.7
0.8 31 2.4 2.2 2 2.1
0.1 0.6 0.4 0.4 0.4 0.4
0.4 33 25 2.3 2.3 2.1
0.1 0.8 0.6 0.6 0.6 0.5
0.3 2.1 1.6 1.6 1.4 1.2
0 0.3 0.3 0.3 0.2 0.2
0.3 2 1.7 1.7 1.4 1.2
0 0.4 0.3 0.3 0.3 0.2
1.7 212 156 155 152 131
1.3 0.6 15 2.1 1.2 4.7
0.1 0.5 0.6 0.8 0.3 0.4
0.4 4.1 3.2 3.9 2.1 3
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Table 1 (Continued). Chemical analysis result of samples by XRF method (major elements based on wt. %) and for
trace elements by ICP-MS method (trace elements based on ppm)

Sample JB3 JB4 JB6 JB10 JB11 JB13 JB14 JB19 JB21 JB26 JB27 JB28
Sio2 70.9 70.6 7452 7053 728 75.62 66.93 63.85 70.25 76.52 71.43 60.34
TiO2 03 03 033 039 031 02 041 053 019 009 026 07
AlI203 15 149 1416 16.16 139 13.05 1245 16.01 1488 1295 14.46 16.26
Fe203 3.28 353 074 08 239 139 973 492 247 087 323 7.17
MnO 0.06 0.08 024 03 0.02 001 011 01 01 0.13
MgO 0.57 068 053 071 064 03 027 228 095 007 067 266
CaO 3.26 279 313 401 245 094 019 545 3 0.98 248 6.08
Na20 417 34 562 6 4 2.75 12 389 398 263 362 237
K20 147 252 015 025 258 51 431 18 199 541 334 257
P205 009 009 009 013 007 004 015 01 004 003 0.08 0.16
Ba 375 480 432 59.7 320 638.6 3724 302.1 6085 4615 4515 346.3
Rb 386 748 138 1.8 431 1131 1051 725 517 1091 955 617
Sr 301 274 160.2 2132 147 1211 34 377.8 376.6 1131 166.2 302.3
Zr 15 10 5 4 5 4 4 163  68.7 4 5 10
Nb 7.5 7 5 3 3 3 2.5 4.4 2.7 5.5 8.5 10
Ni 4 4 4 4 4 4 1 11.8 8.7 2 4 6
Co 6.6 0.8 0.8 3 1.6 154 29 2.4 4 18.4
Cr 8 4 4 4 4 6 32.6 0 8 4 8
La 20 20 8 9 10 20 20 13.8 10.2 30 30 30
Ce 45 42 115 11 29 34 31 326 213 551 531 531
Pr 54 51 1.7 1.5 3.6 3.8 3.7 3.9 2.2 6.1 6.3 6.6
Nd 199 191 8 7 135 127 139 163 7.9 196 223 255
Sm 38 38 2.6 1.9 3 2.4 2.8 4.1 1.6 3.3 4.6 5.2
Eu 09 09 05 0.6 0.7 0.5 0.6 0.9 0.5 0.5 0.8 11
Gd 34 34 3 2 2.8 2 1.8 3.4 1.3 2.4 4 4.6
Tb 06 06 0.7 0.4 0.5 0.3 0.3 0.7 0.2 0.3 0.7 0.8
Dy 33 34 4 2.3 3.1 1.7 1.3 3.7 1.4 1.5 4.2 4.7
Ho 07 07 09 0.5 0.7 0.4 0.3 0.9 0.4 0.3 1 11
Er 2 2 2.7 1.6 2.2 11 0.8 2.3 1 0.9 2.7 2.9
Tm 03 03 04 0.2 0.3 0.1 0.1 0.3 0.2 0.1 0.4 0.4
Yb 21 19 3 1.8 2.4 1 0.8 2.1 1 0.8 3.2 3.1
Lu 02 02 03 0.2 0.3 0.1 0.1 0.4 0.2 0.1 0.4 0.4
Y 208 203 265 152 205 97 6.7 224 95 83 267 282
Cs 08 24 05 0.4 0.7 2.4 1.7 3.1 1.2 11 2.5 0.8
Ta 05 06 05 0.3 0.3 0.2 0.3 0.4 0.3 0.7 0.8 0.7
Hf 04 02 02 0.2 0.2 0.1 0.1 4.3 1.9 0.1 0.2 0.6
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Table 1 (Continued). Chemical analysis result of samples by XRF method (major elements based on wt. %) and for
trace elements by ICP-MS method (trace elements based on ppm)

Sample JB81 JB85 JB91 JB94 JB97 JB100 JB112 JB116 JB118 JB128 JB137 JB138
Sio2 65.98 70.01 70.65 71.65 6743 7254 6811 6275 7201 76.27 76.02 7211
TiO2 041 033 019 022 04 0.22 0.31 0.49 0.22 0.04 0.06 0.18
Al203 1485 14.86 14.37 1409 1496 1395 1527 1598 1426 134 1328 14.43
Fe203 3.9 269 161 195 362 193 3.49 6.08 2.33 0.85 0.7 2.1
MnO 01 007 006 007 0.09 0.08 0.13 0.17 0.09 0.1 0.03 0.32
MgO 1.93 14 075 093 198 0.83 1.13 2.36 0.63 0.1 0.1 0.55
CaO 4.39 36 226 251 436 248 3.69 5.86 2.33 0.82 0.7 2.11
Na20 364 401 375 378 375 397 3.76 3.21 4.16 4.16 411 4.34
K20 217 221 335 311 224 3.05 2.09 1.68 2.81 3.95 4.21 2.55

P205 006 005 003 003 005 0.03 0.08 0.1 0.04 0 0 0.04
Ba 348.1 2204 370.1 4016 331.1 3231 4196 256 390.8 4031 226.9 490.7
Rb 71.6 116.7 163.3 156.7 89.9 1418 871 558 1109 179.6 253.2 937
Sr 298.6 293.6 1995 239.7 327.2 208.6 353 449.7 1935 745 528 2258
Zr 108 1031 989 963 115 92.6 98.9 94 1477  50.2 654 1345
Nb 3.4 5 4.3 4.5 4.2 4.8 5.5 3.6 7.9 10.4 8.2 8.4
Ni 136 124 126 95 106  16.7 8.3 6.1 6.2 16.6 3 5.1
Co 11.5 8.6 5.1 6 114 5.7 6.8 13.3 3.7 3 1.5 4.8
Cr 34 275 315 189 114 1444 145 15 0 106.1  16.3 37
La 10.4 93 206 16.2 13 16.6 17.4 13 25 18 36.7 28.2
Ce 247 209 379 332 284 304 35.9 27 51.8 41.2 72.3 61.9
Pr 2.8 2.2 3.2 3.1 3 2.7 3.5 3.1 5.6 3.9 6 6.1
Nd 11.3 8.7 99 106 117 8.9 12.4 11.9 20.4 14.6 19.3 221
Sm 2.7 2 1.7 1.8 2.5 1.6 2.5 2.8 4.1 3.4 2.7 4.3
Eu 0.7 0.6 0.5 0.5 0.7 0.4 0.8 0.9 0.8 0.3 0.3 0.8
Gd 2.3 1.7 13 14 2.2 14 2.1 2.4 3.7 2.9 2.3 3.6
Tb 0.4 0.3 0.2 0.2 0.4 0.2 0.4 0.4 0.7 0.6 0.4 0.6
Dy 2.4 1.8 1 1.3 2.3 1.2 2.1 2.5 4 3.7 2.1 3.6
Ho 0.6 0.4 0.2 0.3 0.5 0.3 0.5 0.6 0.9 0.9 0.5 0.9
Er 1.5 11 0.6 0.9 1.3 0.8 1.3 1.5 2.6 2.5 1.5 2.4
Tm 0.2 0.2 0.1 0.1 0.2 0.1 0.2 0.3 0.4 0.4 0.2 0.4
Yb 1.4 11 0.7 0.9 1.4 0.9 1.4 1.5 2.5 2.7 1.7 2.4
Lu 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.3 0.4 0.5 0.3 0.4
Y 15 11.5 6.2 8 14.1 8.6 13.5 15.5 25.6 24.7 14 23.3
Cs 2.2 4.5 6.7 5.4 6.2 4.3 3.2 2.4 2.4 1.9 2.6 1.5
Ta 0.3 0.6 0.4 0.6 0.4 0.7 0.5 0.3 0.7 1.2 0.8 0.8

Hf 2.9 3 2.8 2.8 3 2.6 2.5 2.5 4 2 2.1 3.8
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Table 1 (Continued). Chemical analysis result of samples by XRF method (major elements based on wt. %) and for

trace elements by ICP-MS method (trace elements based on ppm)

Sample JB143 JB145 JB146 JB149 JB156 JB163 JB163 JB181
Sio2 75.98 59.89 6857 7125 59.12 5524 7178 65.32
TiO2 0.02 0.68 0.29 0.28 0.69 0.56 0.28 0.29
Al203 1354 1596 1493 1426 1657 1435 1424 15.36
Fe203 0.53 8.69 3.65 3.09 6.8 6.85 2.22 4.52
MnO 0.01 0.38 0.13 0.12 0.15 0.16 0.07 0.15
MgO 0.04 2.24 0.61 0.75 3.02 2.77 1.09 1.49
CaO 0.62 3.79 2.86 2.33 6.98 4.69 291 4.33
Na20 3.88 4.31 4.26 4.01 3.57 2.37 4.01 3.48
K20 4.71 2.39 2.8 2.85 1.37 1.95 2.56 1.68
P205 0 0.09 0.08 0.05 0.09 0.09 0.04 0.07
Ba 96.7 479 287.1 437.8 2019 3024 3529 4452
Rb 231.6 159.8 1355 137 48.5 68.2 1322 556
Sr 322 1711 2169 1922 4035 309.2 263 397
Zr 743 1328 2331 2001 1214 1421 106.2 123
Nb 17.6 13.8 12.4 13 3.8 6.4 4.9 5.8
Ni 7.4 4.2 7.4 8 10.2 13.6 7.9 7.1
Co 1 12.8 6.2 5.3 17.3 16.2 6.4 9.1
Cr 14.4 0 0 0 30.3 445 2.7 5.9
La 13 12.5 14 324 114 19.1 13.6 19
Ce 33.9 35.7 38 75 27.3 43.2 27.2 39.8
Pr 3.5 5.8 4.9 7.7 3.5 5.1 2.6 4
Nd 14.1 29.6 21.9 28.3 15.5 19.7 9.3 14.8
Sm 4.2 9.3 6.3 6 4.2 4.6 1.9 3.1
Eu 0.1 1 0.9 0.8 11 1 0.5 0.8
Gd 4.5 8.5 5.6 5.2 3.8 4.2 1.5 2.6
Tb 1 1.7 11 1 0.7 0.8 0.3 0.5
Dy 7.1 11.2 7.2 5.7 4.3 4.5 1.5 2.7
Ho 1.8 2.6 1.6 1.4 1 11 0.3 0.6
Er 5.2 4.5 3.6 2.6 2.7 0.9 1.7
Tm 0.8 1 0.7 0.6 0.4 0.4 0.1 0.3
Yb 5.5 6.4 4.5 3.7 2.4 2.5 0.9 1.7
Lu 1 1 0.8 0.6 0.4 0.4 0.2 0.3
Y 50.6 67.1 44.7 36 26.6 27.3 9.1 16.8
Cs 1.4 10.3 2.5 2.3 1.8 1.4 6.4 4.2
Ta 3.1 11 1.3 1.2 0.3 0.5 0.6 0.5
Hf 3.7 3.8 5.8 5.6 3.2 3.8 3.1 3.1
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Fig. 3. A: Abundance of mafic minerals in quartz diorite, B: Zoning in plagioclase in granodiorite, C: View of granite
with granular texture, D: View of the alkali granite with low mafic minerals, E: View of a felsic microgranular enclaves
that it does not matter in terms of mineralogy with host rocks granitoid, F: View of a microgranular mafic enclaves with
an abundance of mafic minerals and clearly differentiated with granitoid host rocks, G: View of the magmatic
microstructure that minerals do not show any deformation. Only quartz shows that partially wave mode, H: View of the
Sub-magmatic microstructure that myrmykyt texture well seen, and I: View of mylonitic microstructure that quartz
absolutely sheared, recrystallized and located in the vein of the alteration.
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.(Peccerillo and Taylor, 1976)

Fig. 4. A: TAS compositional discrimination diagram based on classification of Middlemost (1994), and B: K,O vs.
silica (Peccerillo and Taylor, 1976).
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Fig. 5. Harker type variation diagrams for selected major elements
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Fig. 6. Harker type variation diagrams for selected trace elements
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Introduction

The Jebale-Barez Plutonic Complex (JBPC) is
composed of many intrusive bodies and is located
in the southeastern province of Kerman on the
longitude of the 57" 45 ' east to 58 00" and
Northern latitudes 28" 30" to 29" 00'. The
petrologic ~ composition is  composed  of
granodiorite, quartzdiorite, granite, alkali-granite,
and trace amounts of tonalite with dominant
granodiorite composition. Previously, the JBPC
was separated into three plutonic phases by
Ghorbani (2014). The first plutonic phase is the
main body of the complex with composition of
quartz-diorite to granodiorite. After differentiation
of magma in the magmatic chamber, the
porphyritic and not fully consolidated magmas
have intruded into the main body. Their
compositions were dominantly granodiorite and
granite that are defined as the second plutonic
phase. Finally, the last phase was started by an
intrusion of the holo- leucogranite into the
previous bodies. This plutonic activity was
pursued by the minor Quaternary basaltic
volcanism that shows metamorphic haloes in the
contacts. They are dominantly porphyric
leucogranites. However, some bodies show
dendritic texture that may imply the existence of
silicic fluids in the latest crystallization stages.

Materials and methods

In this article different analysis methods were
used. For example, we used a total of two hundred
samples of the various granitoids that were
selected for common thin section study. Forty
four representative samples from the different
granitic rocks were selected for whole rock

chemical analyses. The analyses of both major
and trace elements were performed at the
Department of Earth Sciences, the University of
Perugia, Italy. The analysis for all major elements
was carried out by an X-ray fluorescence
spectrometry (XRF) using a tube completed with
a Rn and W anode under conditions with
acceleration voltage of 40-45 kV and electric
current ranging from 1=30-35 mA. After
calcination of powdered samples and full matrix
correction, the sum of all major oxides was equal
to about 100 wt.%. The concentration of trace
elements in the selected samples has been
performed by Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS). The uncertainty is <10%
for trace element contents higher than 2 ppm
(except for Pb, <15%) and <15% for all the other
trace elements.

Results

The microstructures observed in thin sections in
this study were grouped into three types: (i)
magmatic  microstructures; (i) submagmatic
microstructures and (iii) mylonitic
microstructures. Magmatic and submagmatic
microstructures occurred simultaneously with the
emplacement of granitoid complex and mylonitic
microstructures that occurred after emplacement
of granitoid complex. The magma nature of these
rocks is sub-alkaline-(calc-alkaline), which fall
into calc-alkaline series with high potassium in
SiO,-K,O plots. The geochemical variation
diagrams of major oxides, the continuous
spectrum of rock compositions has been carried
out which indicates the crystallization of
magmatic differentiation and extensive
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appendices. Field observations, petrographic and
geochemical studies suggest that the rocks in this
area have type | and CAG subsections. Studying
the geochemical diagrams of the rocks in the
studied area indicates that these rocks have been
formed in active continental margin tectononic
settings. It seems that the Jebale-Barez granitoid
Complex is located within a shear zone. Magma
has been percolated through Mijan caldera and
emplacement Forms of Sill along the shear zone
during various periods and the structural setting of
granitoid complex in the Jebale-Barez is
extensional-shear fractures which are the product
of transpression tectonic regime.

Discussion

The JBPC is calc-alkaline, high-K, subalkaline,
and mostly metaluminous except granite and
alkali-granite  units ~ which ~ are  slightly
peraluminous and | type in character. These
geochemical properties of the studied granitoids
suggest subduction-related arc magmatism. The
systematic variation for the major elements
implies involvement of fractional crystallization
in the evolution of JBPC. The trends are
consistent with the fractionation of plagioclase
feldspar and ferromagnesian minerals as indicated
by decreasing MgO, CaO, FeQ' and TiO, with
increasing  SiO, despie the content of
(K,O+Na,0). It generally increases with
increasing SiO, for intermediate compositions (67
wt% SiO, <) and then decreases for more felsic
granitic rocks, indicating that sodic feldspar was a
major fractionating phase for alkali-granite and
granite suit (Rasouli, 2015). Overall REE
abundances slightly decrease with increasing SiO;
consistent with plagioclase fractionation. The
distribution of voluminous volcanic rocks in the
studied area implies that the JBPC could be a part
of the mature magmatic arc. The field petrography

and geochemical studies indicated that the JPBC
originated from both crustal and mantle derived
magmas: The increase in temperature and excess
fluid pressure caused by subduction trigged
melting of mantle edge and formation of basaltic
magma and its ascending and introducing into the
crust was followed by partial melting (Rasouli,
2015). The juxtaposed series of mafic-felsic
pulses formed a mixed magma. Finally this
magma is emplaced at broad, shallow magma
chamber (9-12 km), where the differentiation took
place by fractional crystallization and produced a
wide variety of rocks form quartz-diorite to alkali
granite. In such shallow magma reservoirs, the
emplacement of magma took place as sill
(Fridrich et al, 1991). Combining field
observations and petrofabric studies displayed a
deep caldera as a feeder zone for Eocene volcanic
rocks (Rasouli, 2015). The JBPC is located in a
shear zone and multiple magmatic pulses were
injected as sills. The magmatic fabrics show
active tectonic controls on magmatism during and
after magma emplacement. The transpressional
tectonic regime is well compatible with our data.
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