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Abstract

The Alvand plutonic complex is located in Sanandaj- Sirjan Zone in south and west of
Hamedan. Petrographic studies indicate that this body is composed of mafic intrusive
rocks, porphyry granitoids and leoucocratic granitoids with various enclaves such as
surmicaceous, mafic  microgranular and felsic microgranular  enclaves.  Field,
petrography and geochemical studies show that the enclaves, the host and the mafic
rocks have calc-alkaline affinity and aluminum saturation index of the host rock is
peraluminous and mafic microgranular enclaves and mafic rocks are metaluminous and
in the boundary between metaluminous and peraluminous fields. On the base of spider
diagrams, all rocks are depleted in HFSE and enriched in LILE, which is particular of
rocks of the subdution zones. The complexity of the morphology of the enclaves (fractal
dimension) confirms the importance of magma mixing in this body. Fractal dimensions
of the enclaves vary between 1.08 to 1.21 and the frequency of Dnox=1.1 is the highest
one in histogram. According to the fractal dimensions of enclaves, the logarithm of
viscosity ratio of the host rock and the enclave ranges from 0.48 to 0.74 with most
values clustering around 0.51. The different forms of the studied microgranular mafic
enclaves suggest that the effect of magma mingling (mechanical mixing) on the
enclaves and the host have been various in different parts of the Alvand body so that
from the border of mafic body to the center of granitoid body enclaves become smaller,
fewer; and their fractal dimensions decrease.
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Rock Type Mafic Enclaves

Samples No. Sh-D-E/1 Sh-D-EN2 Sh-D-Ef3 Sh-D-E/4 Sh-D-E/5 Sh-D-E/6 Sh-D-E/7
SiO2 51.9 50.5 52.3 50.3 48.22 54.13 54.01
TiO2 1.31 1.65 1.38 1.78 1.21 1.4 1.35
Al203 14.88 14.33 14.53 14.02 14.7 14.99 14.81
Cr20s 0.06 0.04 0.02 0.05 0.03 0.03 0.02
Fe203 115 11.8 10.07 11.3 9.98 9.85 10.95
MnO 0.35 0.35 0.15 0.21 0.14 0.16 0.15
MgO 3.55 5.77 4.32 5.44 5.78 4.44 4.28
CaO 9.9 8.77 8.89 9.1 9.11 9.79 9.01
Na20 3.01 3.22 2.9 3.1 2.99 3.25 3.25
K20 2.61 2.44 2.78 2.4 2.65 2.23 2.32
P205 0.15 0.13 0.39 0.16 0.25 0.31 0.44
LOI 0.87 0.79 1.24 1.05 0.94 0.2 0.44
Sum 100.09 99.79 98.97 98.91 96 100.78 101.03
Ni 100 98 77 75 63 75 73
Co 4 4 2 3 1 2 3
\Y% 211 220 340 232 338 214 220
Cs 15 1.4 104 2.5 - - -
Rb 34.4 27.2 133 14.8 10 51 190
Sr 350 229 521 232 523 333 369
Ba 172 169 105 220 107 183 170
Th 9 8 1 1 2 1 3

U 1 1 1 1 1 1 1
Ta 0.6 0.5 2.2 0.5 0.5 0.6 0.6
Nb 11 11 40 11 11 11 11
La 32 17 24 11 22 25 16
Ce 19.3 17.4 76.2 20.3 55 22 40
Pr 2.56 2.35 8.66 2.73 2.77 3.21 2.16
Nd 11.6 10.7 32.2 13.1 11.9 12.98 13
Sm 3.5 3.2 5.2 3.2 3.3 3 3.5
Eu 141 1.43 1.43 1.44 1.43 1.39 1.42
Gd 3.95 9.16 4.95 4.41 4.39 3.88 4.1
Tb 0.65 0.64 0.77 0.64 0.6 0.71 0.62
Dy 3.61 3.86 4.71 3.95 - - -
Ho 0.73 0.6 0.88 0.71 0.8 0.71 0.85
Er 1.82 1.9 2.3 1.81 - - -
Tm 0.23 0.24 0.33 0.23 0.2 0.21 0.31
Yb 15 15 2.4 1.3 1 11 2.5
Lu 0.22 0.22 0.34 0.22 0.21 0.2 0.29
Y 22 62 47 20.4 48 53 60
Hf 2 2 3 3 2 2 2
Zr 67.1 162 84 71 88 215 91
Zn 139 138 88 192 72 87 194
Ga 21 21 20 20 20 20 20
Sn 7 7 4 4 4 4 4
W <1 <1 <1 <1 <2 <3 <4
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Rock Type Monzogranite Granodiorite

SamplesNo. Sh-MG-H/1 Sh-MG-H/2 S$h-MG-H/3 $h-MG-H/4|Sh-MG-H/5 Sh-MG-H/6 Sh-MG-H/7 S$h-MG-H/8 Sh-MG-H/9 Sh-MG-H/10
SiO2 71.2 70.01 70.76 71.3 66.43 66.39 68.23 67.76 67.98 66.3
TiO2 0.61 0.55 0.58 0.51 0.53 0.82 0.65 0.58 0.51 0.83
Al203 14.5 15.24 14.09 14.33 14.87 15.63 15.8 15.09 16.33 15.21
Fe20s3 4.77 4.07 4.99 4.92 5.32 5.93 451 4.99 4.92 6.33
MnO 0.08 0.06 0.08 0.1 0.1 0.11 0.05 0.08 0.1 0.13
MgO 1.06 1.31 1.3 1.02 2.03 11 1.15 1.3 1.02 15
CaO 1.6 1.33 1.78 1.35 4.09 1.6 2.29 1.78 1.55 2.23
Na20 2.72 2.93 2.42 2.74 211 2.74 2.15 2.62 2.74 2.52
K20 4.46 4.45 4.73 4.35 3.3 4.7 4.52 4.73 4.35 3.79
P205s 0.2 0.14 0.24 0.21 0.16 0.13 0.11 0.22 0.17 0.19
LOI 0.62 1.7 0.42 0.94 1.99 0.81 1.3 0.85 0.55 0.92
Sum 101.2 100.1 101 100.8 100.93 99.15 99.46 99.15 99.67 99.03
Ni 48 67 66 78 18.2 58 25 33 17 44
Co 11 11.2 111 7.5 11 4 11.9 3 7.7 5
\% 65 128 53 77 85 80 101 50 129 79
Cs 9.3 11 8.8 - 14.5 - - - - -
Rb 215 190 217 177 125.02 130 129 192 213 176
Sr 181 150 103 101.5 173 113 151 153 150.5 104
Ba 430 350 361 429 288 365 441 388 526 364
Th 7 9.3 8.6 - 9.7 - - - - -

U 1 1 1 2.6 2.1 2.01 1 1 1 1
Ta 1.8 0.8 1.4 - 1 - - - - -
Nb 24 21 22 27 11.1 23 22 20 21 24
La 32 40 50.2 40.6 18.2 33 46 37 42 50.4
Ce 65 64 101 94.5 37 111.5 64 80.5 105 81
Pr 4.9 59 45 - 4.6 - - - - -
Nd 36 50 33 38 17.87 36 42 35 32 37
Sm 6 6 6 8 4.3 6 6 6

Eu 1 1 1 1 1.07 1 1 1

Gd 5.11 4.15 4.56 - 4.8 - - - - -
Tb 0.82 0.77 0.68 - 0.87 - - - - -
Dy 1.32 4.21 1.81 - 4.41 - - - - -
Ho 0.29 0.91 0.26 - 0.92 - - - - -

Er 0.51 2.52 0.78 - 2.8 - - - - -
Tm 0.15 0.36 0.1 - 04 - - - - -
Yb 2 4 4 2 2.9 3 2 4 4 4
Lu 0.09 0.38 0.08 - 0.39 - - - - -

Y 40 61 59 43 30.4 41 27 30 26 41
Pb 24 57 40 23 11.9 83 24 42 21 25
Cr 39 40 30 30 81.9 37 40 40 30 30
Hf 36 22 35 27 4.1 16 23 35 28 19
Zr 191 209 266 221 125 241 195 245 207 260
Zn 75 100 74 56 _ 80 112 78 40 170
Ga 21 20 20.3 - 19.8 - - - - -
Cu 20 23 19 20 _ 31 21 12 22 18
w 1 1 1 3 1 3 1 1 1
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Rock Type Olivine gabbro

Samples No. Sh-N/1 Sh-N/2 Sh-N/3 Sh-N/4 Sh-N/5 Sh-N/6 Sh-N/7
SiO2 52.5 53.1 54.2 52.7 54.9 50.3 54.3
TiO2 0.93 0.92 1.28 1.06 1.03 1.38 1.1
Al203 15.45 14.99 15.1 14.36 15.7 15.2 15
Crz20s3 0.01 0.04 0.01 0.01 0.01 0.03 0.01
Fe20s3 8.4 9.63 9.34 8.76 8.94 9.57 9.87
MnO 0.13 0.16 0.14 0.14 0.14 0.15 0.15
MgO 5.98 6.05 4.88 4.76 4.13 7.43 4.68
CaO 10.13 10.63 10.02 10.01 10.78 10.4 10.11
Naz20 3.5 2.5 3.1 2.7 3 2.5 2.6
K20 1.99 1.87 1.74 1.93 1.78 1.55 1.68
P205s 0.03 0.13 0.17 0.08 0.1 0.23 0.17
LOI 1.8 0.7 0.96 0.55 1.09 1.23 1.07
Sum 100.85 100.72 100.94 97.06 101.6 99.97 100.74
Ni 80 36 104 46 27 54 30
Co 32.2 40.6 30.2 34.2 34.9 41.1 33
\% 212 239 207 193 250 176 246
Cs 9.4 3.9 5.5 3.7 5.5 154 3.7
Cu 43 88 65 42 31 97 72
Rb 60.2 56.5 76.8 46.1 50.6 42.7 82.7
Sn 2 2 2 2 2 2 2
Sr 280 230 250 260 260 320 260
Ba 90 170 142 90 72 190 270
Th 3.4 5.1 5.4 4.2 3.3 35 5.1
U 0.87 1.07 1.75 1.12 0.97 1.17 1.3
Ta <0.5 <0.5 0.6 <0.5 0.6 1.2 1.1
Nb 9 5 16 19 7 12 6
La 9.5 15.6 16.7 10.1 10.1 155 34.6
Ce 18.2 33.8 36.1 21.9 25 34.1 69.3
Pr 2.29 4.07 3.18 2.66 4.48 4.46 7.93
Nd 8.5 16.1 17.4 111 10.1 17.2 28.5
Sm 2.7 2.3 4.1 3.6 3.3 4.2 6.1
Eu 0.82 1.17 1.26 0.91 0.8 1.4 1.45
Gd 2.21 3.65 4.54 3.18 3.57 3.95 5.82
Tb 0.46 0.69 0.77 0.51 0.62 0.64 0.93
Dy 2.44 3.77 4.65 3.41 3.78 3.88 5.76
Ho 0.53 0.76 0.97 0.72 0.78 0.77 1.14
Er 1.53 2.1 2.57 1.91 2.13 2.07 3.27
Tm 0.32 0.21 0.28 0.34 0.32 0.38 0.46
Yb 1.3 2.1 2.1 1.7 1.7 1.7 3.2
Lu 0.24 0.4 0.35 0.27 0.24 0.27 0.44
Y 12.6 18.1 23.6 17.5 19.1 19.3 29
Ga 19 19 19 20 21 21 18
Hf 1 4 3 4 3 2 2
Zr 110 96.4 114 35.1 122 153 63.7
Zn 51 62 68 53 57 58 72
W 1 1 <1 1 2 1 2
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