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Andesite
KB12 | KB10
Point.No ‘ 18 ‘ 17 ‘ 33 ‘ 19 ‘ 35 ‘ 34 ‘ 16 ‘ 13 ‘ 15 ‘ 16 ‘ 14
Oxide Composition (%wt)
Si02 66.22 | 66.33 | 66.51 | 66.69 | 66.7 66.76 | 67.87 | 66.39 | 66.78 | 66.88 | 67.25
Al203 22.02 21.92 21.98 22.17 21.98 22.23 21.83 20.84 21.17 21.28 20.22
FeO 0.06 0.1 0.03 0.05 0.08 0.04 0.05 0.05 0 0.02 0.08
MgO 0 0.63 0 0 0.17 0 0.13 0 0 0 0
Ca0 0.88 1.68 0.99 1.47 0.88 0.79 1.14 0.71 0.33 0.1 0.06
Na20 11.55 7.69 8.93 8.67 9.64 9.3 8.91 10.84 10.6 10.77 12.71
K20 0.08 0.27 0.12 0.21 0.12 0.52 0.4 0 0 0 0
P205 0 0 0.04 0 0 0 0 0 0 0 0
Total 100.81 | 98.74 | 98.81 | 99.26 | 99.57 | 99.85 | 100.33 | 98.83 | 98.88 | 99.1 100.32
Structural formula based on 8 Oxygen
Si 2.885 2.918 2.927 2920 | 2.917 2.918 2.940 2.935 2.942 2.941 2.945
Al 1.131 1.137 1.140 1.144 1.133 1.145 1.115 1.086 1.099 1.103 1.044
Ti 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Fe 0.002 | 0.004 | 0.001 | 0.002 | 0.003 | 0.001 | 0.002 | 0.002 | 0.000 | 0.001 | 0.003
Mn 0.000 0.000 0.000 0.000 | 0.000 0.000 | 0.000 0.000 | 0.000 0.000 | 0.000
Mg 0.000 | 0.041 | 0.000 | 0.000 | 0.011 | 0.000 | 0.008 | 0.000 | 0.000 | 0.000 | 0.000
Ca 0.041 | 0.079 | 0.047 | 0.069 | 0.041 | 0.037 | 0.053 | 0.034 | 0.016 | 0.005 | 0.003
Na 0.976 | 0.656 | 0.762 | 0.736 | 0.817 | 0.788 | 0.748 | 0.929 | 0.905 | 0.918 | 1.079
K 0.004 | 0.015 | 0.007 | 0.012 | 0.007 | 0.029 | 0.022 | 0.000 | 0.000 | 0.000 | 0.000
Total 5.040 4850 | 4.885 | 4.882 4929 | 4.918 4.888 | 4.986 4,962 | 4.967 5.073
Plagioclase components (mole fractions, %)
Or 0.435 | 2.019 | 0.826 | 1436 | 0.774 | 3.394 | 2.684 | 0.000 | 0.000 | 0.000 | 0.000
Ab 95.542 | 87.426 | 93.449 | 90.120 | 94.461 | 92.274 | 90.890 | 96.507 | 98.309 | 99.490 | 99.740
An 4.023 10.555 | 5.725 8.444 | 4765 | 4.332 6.426 3.493 1.691 0.510 | 0.260
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Andesite
KB-2
Point.No | 10 | 11 | 2 | 29 | 31 | 38 | 37 | 2 | 12 | 25 | 7 | 1
Oxide Composition (%wt)
SiO2 48.39 48.66 49.9 | 50.18 | 50.42 | 50.44 | 50.45 | 50.48 | 50.73 | 50.74 | 51.08 | 51.19
TiO2 1.2 129 | 052 | 0.74 08| 069| 061 | 084| 065| 0.79| 0.45 0.37
Al203 5.75 5.74 3.52 3.73 4.45 3.47 2.27 3.63 4.04 3.59 3 2.55
FeO 6.86 6.41 4.97 4.44 5.88 4.78 5.13 5.43 5.18 5.18 4.64 4.26
MnO 0.15 011 | 0.12]| 0.07 01| 0.08]| 0.07]| o0.07 01| 0.08]| 0.07 0.08
MgO 14.62 1493 | 16.06 | 17.18 | 14.68 | 16.11 | 18.07 | 16.26 | 15.85 | 1543 | 16.22 | 16.95
CaO 22.05 22.21 | 22.62 | 22.07 | 21.18 221 | 2216 | 21.99 | 21.63 | 22.56 | 22.66 | 22.26
K20 0 0 0 0 0 0 0 0 0 0 0 0
Na20 0.64 0.66 0.68 0.67 0.73 0.58 0.43 0.57 0.6 0.62 0.59 0.56
Cr203 0.11 023 | 0.67| 068| 0.11| 0.94 02| 048] 032| 051| 0.48 0.46
Total 99.77 | 100.24 | 99.06 | 99.76 | 98.35 | 99.19 | 99.39 | 99.75 | 99.1 | 99.5| 99.19 | 98.68
Structural formula based on 6 Oxygen
Si 1.781 1780 | 1.836 | 1.825 | 1.879 | 1.857 | 1.841 | 1.848 | 1.868 | 1.866 | 1.877 | 1.884
Ti 0.033 0.035 | 0.014 | 0.020 | 0.022 | 0.019 | 0.017 | 0.023 | 0.018 | 0.022 | 0.012 | 0.010
Al 0.249 0.247 | 0.153 | 0.160 | 0.195 | 0.151 | 0.098 | 0.157 | 0.175 | 0.156 | 0.130 | 0.111
Cr 0.003 0.007 | 0.019 | 0.020 | 0.003 | 0.027 | 0.006 | 0.014 | 0.009 | 0.015 | 0.014 | 0.013
Fes+ 0.165 0.162 | 0.176 | 0.178 | 0.052 | 0.112 | 0.211 | 0.128 | 0.086 | 0.097 | 0.120 | 0.127
Fea+ 0.046 0.034 | 0.000 | 0.000 | 0.131 | 0.035 | 0.000 | 0.038 | 0.074 | 0.062 | 0.022 | 0.004
Mn 0.005 0.003 | 0.004 | 0.002 | 0.003 | 0.002 | 0.002 | 0.002 | 0.003 | 0.002 | 0.002 | 0.002
Mg 0.802 0.814 | 0.881 | 0.931 | 0.815 | 0.884 | 0.983 | 0.887 | 0.870 | 0.846 | 0.888 | 0.930
Ca 0.870 0.870 | 0.892 | 0.860 | 0.846 | 0.872 | 0.866 | 0.862 | 0.853 | 0.889 | 0.892 | 0.878
Na 0.046 0.047 | 0.049 | 0.047 | 0.053 | 0.041 | 0.030 | 0.040 | 0.043 | 0.044 | 0.042 | 0.040
K 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Total 4.000 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000 | 4.000
Tri. plots
En 0.466 0.474 | 0.497 | 0.528 | 0.451 | 0.489 | 0.542 | 0.493 | 0.479 | 0.467 | 0.486 | 0.506
Fs 0.028 0.020 | 0.001 | 0.016 | 0.080 | 0.028 | 0.020 | 0.028 | 0.050 | 0.042 | 0.025 | 0.016
Wo 0.505 0.507 | 0.504 | 0.488 | 0.468 | 0.482 | 0.478 | 0.479 | 0.470 | 0.491 | 0.488 | 0.478
KB2 KB12
20 3 30 23 36 1 27 6 8 13 21 14
Oxide Composition (Yowt)
SiO; 5122 | 51.36 | 51.45 | 5155 51.67 | 51.7 | 51.73 | 51.74 52.1 52.39 52.39 52.46
TiO: 0.54 0.35 0.57 0.83 0.48 0.35 0.62 0.5 0.4 0.56 0.51 0.32
Al20; 256 | 245 | 365 | 243 245 | 298 | 214 | 3.08 2.82 2.79 1.99 2.31
FeO 4.7 451 | 557 | 6.7 465 | 479 | 504 | 498 5 5.36 4.93 4.56
MnO 009 | 008 |01 0.11 0.13 | 013 | 009 | 0.12 0.11 0.2 0.1 0.1
MgO 16.28 | 17.38 | 15.82 | 16.11 17.01 | 1645 | 17.31 | 16.29 16.76 16.61 16.48 16.95
CaO 2282 | 2218 | 21.06 | 22.63 2162 | 2145 | 2213 | 2243 22.39 22.28 22.84 21.89
K20 0 0 0 0 0 0 0 0 0 0 0 0
Na20 | 0.65 | 0.5 0.66 | 0.46 0.6 059 | 042 | 051 0.66 0.54 0.51 0.56
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Cr20s 0.58 0.44 0.19 0.03 0.7 0.59 0.18 0.41 0.18 0.14 0.44 0.49

Total 99.44 | 99.25 | 99.07 | 100.85 | 99.31 | 99.03 | 99.66 | 100.06 | 100.42 | 100.87 | 100.19 | 99.64
Structural formula based on 6 Oxygen

Si 1878 | 1.879 | 1.897 | 1.876 1.893 | 1.902 | 1.890 | 1.888 1.888 1.896 1.910 1.916

Ti 0.015 | 0.010 | 0.016 | 0.023 0.013 | 0.010 | 0.017 | 0.014 0.011 0.015 0.014 0.009

Al 0.111 | 0.106 | 0.159 | 0.104 0.106 | 0.129 | 0.092 | 0.132 0.120 0.119 0.086 0.099

Cr 0.017 | 0.013 | 0.006 0.001 | 0.020 | 0.017 | 0.005 0.012 0.005 0.004 0.013 0.014

Fes+ 0.133 | 0.140 | 0.058 0.130 | 0.103 | 0.072 | 0.118 0.089 0.123 0.093 0.089 0.076

Fea: 0.011 | 0.000 | 0.114 0.074 | 0.039 | 0.076 | 0.036 0.063 0.028 0.069 0.061 0.063

Mn 0.003 | 0.002 | 0.003 0.003 | 0.004 | 0.004 | 0.003 0.004 0.003 0.006 0.003 0.003

Mg 0.890 | 0.948 | 0.869 0.874 | 0.929 | 0.902 | 0.943 0.886 0.905 0.896 0.896 0.923

Ca 0.897 | 0.869 | 0.832 0.882 | 0.849 | 0.846 | 0.866 0.877 0.869 0.864 0.892 0.857

Na 0.046 | 0.035 | 0.047 0.032 | 0.043 | 0.042 | 0.030 0.036 0.046 0.038 0.036 0.040

K 0.000 | 0.000 | 0.000 0.000 | 0.000 | 0.000 | 0.000 0.000 0.000 0.000 0.000 0.000

Total 4.000 | 4.000 | 4.000 4.000 | 4.000 | 4.000 | 4.000 4.000 4.000 4.000 4.000 4.000

Tri.

plots

En 0.489 | 0.515 | 0.474 0.474 | 0.505 | 0.488 | 0.506 0.480 0.496 0.485 0.479 0.494

Fs 0.018 | 0.013 | 0.073 0.047 | 0.033 | 0.055 | 0.029 0.046 0.029 0.048 0.044 0.048

Wo 0.493 | 0.472 | 0.453 0.479 | 0.461 | 0.457 | 0.465 0.475 0.476 0.467 0.477 0.458
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KB2 KB10 KB12

Point.No 4 5 9 39 28 2 10 9 1 40 32

SiO2 0.05 |0.05 |0.05 |01 0.32 002 |0.1 0.12 | 043 [0.32 |043

TiO2 32.88 | 14.23 | 1244 | 1.8 1.87 |17.58 | 1554 |04 0.56 | 0.97 |0.96

Al20s | 0.21 |03 025 | 096 |016 | 053 |033 |025 |0.27 |127 |0.45

FeO 56.37 | 75.04 | 78.08 | 85.78 | 88.44 | 72.19 | 74.69 | 89.8 |89.47 | 87.7 |88.1

MnO 012 014 |01 054 |009 [0.18 |0.12 | 0.08 |[0.13 |0.09 |0.15

MgO 092 145 |164 |034 |025 |221 |14 0.1 041 |03 0.07

CaO 0.13 | 026 |01 0.26 | 0.09 [0.02 |0.06 |0.2 0.06 028 |0.21

Na20 |0 0 0 0 006 |0.03 |0.08 |0.04 |0.01 |[0.05 |0.05

Cr203 | 0.28 | 033 |0.05 |028 |0.05 |0.1 0.17 [0.18 |01 0.26 | 0.03

NiO 0.04 | 043 | 067 | 1.1 | 012 | 1.22 | 0.91 0 0.36 0 0.66

Total 91 92.29 1 93.38 | 91.16 | 91.45 | 94.08 | 934 |91.17 9187 | 91.31 | 91.22

Point.No 4 5 9 39 28 2 10 9 1 40 32

SiO2 0.05 | 0.05 | 0.05 0.1 0.32 | 0.02 0.1 0.12 | 043 | 0.97 | 0.43

TiO2 32.88 | 1423|1244 | 18 1.87 | 1758 | 1554 | 04 0.56 | 1.27 | 0.96

Al203 0.21 0.3 0.25 | 096 | 0.16 | 053 | 0.33 | 0.25 | 0.27 | 0.32 | 0.45

Fe20s 0.0 385 | 434 | 615 | 62.8 | 328 | 36.2 | 66.0 | 653 | 63.1 | 634

FeO 57.2 | 404 | 39.1 | 305 | 319 | 42.7 | 42.1 | 304 | 30.7 | 309 | 311

MnO 0.12 | 0.14 0.1 054 | 0.09 | 0.18 | 0.12 | 0.08 | 0.13 | 0.09 | 0.15

MgO 092 | 145 | 164 | 034 | 0.25 | 2.21 1.4 0.1 0.41 0.3 0.07

CaO 0.13 | 0.26 0.1 0.26 | 0.09 | 0.02 | 0.06 0.2 0.06 | 0.28 | 0.21

Na20 0 0 0 0 0.06 | 0.03 | 0.08 | 0.04 | 0.01 | 0.05 | 0.05
K20 0 0 0 0 0 0 0 0 0 0 0.04
Cr203 0.28 | 0.33 | 0.05 | 0.28 | 0.05 0.1 0.17 | 0.18 0.1 0.26 | 0.03
BaO 0 0 0 0 0 0 0 0 0 0 0
Zn0O 0 0 0 0 0 0 0 0 0 0 0
V203 0 0 0 0 0 0 0 0 0 0 0
NiO 0.04 | 043 | 0.67 11 0.12 | 1.22 | 091 0 0.36 0 0.66

Total 91.84 | 96.09 | 97.72 | 97.32 | 97.75 | 97.36 | 97.03 | 97.78 | 98.34 | 97.56 | 97.50
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Abstract

Kuhe- Sookhte sub-volcanic intrusion is part of the Turoud — Chah-Shirin magmatic belt
and located in the northern part of Central Iranian structural zone. Volcanic-pyroclastic
sequences of Eocene including of volcanic breccia,, agglomerate and red-purple tuff are the
host rocks. The studied elliptical - shaped and sub-volcanic intrusion is hornblende
porphyritic andsit in composition and calc-alkaline, and cut volcanic-pyroclastic sequences.
Plagioclase is the main constituent mineral, hornblende and small amount of biotite,
magnetite, apatite are the most important accessory minerals. Different types of alterations
including of phyllic and less chloritic are observed at some samples. In order to
investigation of the emplacement mechanism of this sub-volcanic intrusion, anisotropy of
magnetic susceptibility (AMS) is used. Since the bulk magnetic susceptibility (Km) of all
samples is higher than 0/4 Sl, the intrusion belongs to ferromagnetic and magnetite series
granites. The highest degree of anisotropy (P%) the northern east to west - southwest of the
intrusion. Despite the relatively high strain. Highest areas and around the roof of Kuhe-
Sookhte intrusion, shaped parameter (T) is oblate and positive. Some stations at the south-
western part of andsit intrusion have high-plunge magnetic lineations and prolate shape
parameters. This part can consider as feeder zone. The absence of petrographic zonation,
concentric pattern through the sub-volcanic intrusion from core to contact with country
rocks, oblate fabric at the floor of intrusion, intense crushing and deformation at the
country rocks especially at western margins are the main evidences that the pluton
emplaced as a balloon. According to the left-slip faults of Anjilo and Toroud and govern
tectonics of the region during the emplacement of the studied intrusion, it can be concluded
that a dextral shear zone providing tensional spaces required for magma ascend and

emplacement at Torud-chahshirin magmatic belt.

Keywords: Sub-volcanic intrusion, Kuhe- Sookhte, Mineral chemistry and

Anisotropy of magnetic susceptibility (AMS)
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