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Geochemistry and Petrology of Alam -Kuh Intrusive Rocks,
West of Kelardasht, Central Alborz
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! University of Tarbiat Modares, Department of Geosciences
2 Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University, Tehran, Iran
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Abstract

Alam- kuh granitoid intrusion is located in the western part of Kelardasht, central magmatic
Alborz structural zone, and is consists of alkali feldspar granite, syenite, syenodiorite to
monzonite rocks. The Alam- kuh granitoids consists of plagioclase, quartz, alkali feldspar,
amphibole, clinopyroxene, biotite and muscovite, and accerssory apatite, sphene and zircon. In
the northern part of Alam -kuh intrusion, there are mafic enclaves that represent the magma
mixing and mingling process. Pertite and myrmekite textures associated with granular,
intergranular, microgranular and microgranular porphyry textures are observed in these rocks.
According to mineral chemistry and whole rock chemistry, intrusion rocks are classified as I-type
with alkaline to shoshonites affinity and metaluminous. The Alam- kuh samples are enriched in
the light rare earth elements (LREES), and La, Rb, Th, Tb elements and depleted in Ba and Zr
elements. Tectonically, the Alam- kuh granitoid formed in the volcanic arc granitoids and
extentional arc in the Alborz magmatic arc, and metasomatized astenospheric and lithosphere
mantle have role in the mantle magma generation. Mineral chemistry and lithogeochemical
results indicates investigated rocks have different source, so that intermediate rocks formed by
metasomatized and enriched mantle magma source and alkali feldspar granite formed by
continental crust. Mixing two magmas with mantle and crustal sources and differentiation and
crystallization, are the most important processes were the development of magma and the

diversity of rocks in the region.

Keywords: Petrology, Geochemictary, Mineral chemistry, Alam- kuh granitoid, Central Alborz.
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- Cenozoic: Karaj Formation

M2 | Mesozoic: Elikah, Shemshak, Tiz Kuh F

PZ  Paleozoic: Doroud, Ruteh & Nesen, Mobarak
Formation
Precambrian: Kahar, Soltanieh Dolomite,
Zagun & Barut Formation
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Samples SAB1 SAD9 SAH2 | SAB5 | SAH5 | SAH7 SAK2 | SAK3 | SAK5 | SAK6 | SAH4 | SAD15
Rock Syenodiorite EN (Gabbro) Syenite to Monzonite Granite
SiO; 53.02 52.38 56.20 56.69 57.38 56.37 74.80 74.94 74.39 74.85 75.53 74.22
TiO, 1.56 1.91 1.22 1.14 1.07 1.36 0.14 0.12 0.12 0.14 0.21 0.29
Al,O3 16.49 12.47 16.67 16.43 17.21 16.87 13.05 13.05 12.72 13.18 12.20 12.93
Fe,0; 6.74 8.30 5.60 5.58 5.70 5.81 0.93 1.07 0.95 0.96 0.86 1.06
MgO 5.15 7.28 4.28 4.45 3.29 3.44 0.23 0.22 0.27 0.23 0.29 0.44
MnO 0.00 0.16 0.11 0.09 0.10 0.14 0.09 0.00 0.00 0.00 0.00 0.00
Na,O 456 313 4.19 434 5.04 451 3.99 419 4.14 4.19 4,09 421
CaO 6.06 8.43 5.64 478 4.25 4,03 0.42 0.34 0.91 0.36 0.49 0.63
K,0 4.24 3.47 413 3.76 432 4,66 5.98 5.62 5.94 5.88 5.91 5.72
P,Os 0.88 1.88 0.98 0.88 0.77 1.08 0.04 0.03 0.03 0.03 0.04 0.03
LOlI 0.68 0.24 0.27 0.88 0.41 0.76 0.21 0.34 0.42 0.18 0.36 0.34
Total 99.16 99.63 99.28 99.03 99.52 99.03 99.86 99.89 99.87 99.98 99.96 99.87
Ba 1126 656 1310 1213 1065 1530 164 134 117 153 141 204
Ce 114 149 127 136 113 151 55 59 59 54 61 68
Cr 146 183 91 64 97 31 21 33 35 39 24 20
Dy 21 5.48 2.48 1.67 3 3.15 0.35 0.3 0.28 0.3 0.22 0.62
Er 1.01 2.63 1.22 0.75 14 141 0.37 0.36 0.35 0.36 0.3 0.53
Eu 1.7 2.81 1.96 1.53 2.03 2.36 0.1 0.1 0.1 0.1 0.1 0.1
Gd 2.69 8.46 341 2.22 4.28 5.09 0.5 0.05 0.05 0.05 05 05
Hf 0.81 0.85 0.56 0.6 2.22 2.39 0.67 0.61 <0.5 0.73 0.5 0.65
La 69 87 77 86 68 86 56 61 63 55 69 64
Lu 0.1 0.27 0.12 0.1 0.12 0.12 0.1 0.1 0.1 0.1 0.1 0.1
Nb 48.4 228 41 49.2 429 35.3 33.9 472 343 53.2 50.8 377
Nd 27.9 59.3 371 30.9 40.5 51.1 2.3 2.5 2.3 2 1.7 6.3
Ni 87 134 49 34 45 21 6 4 5 5 8 8
Pr 8.08 15.92 10.69 9.3 11.39 14.83 1.85 2.03 1.99 1.83 1.75 331
Rb 53 75 78 52 115 80 212 181 213 182 179 176
Sb 0.7 05 0.6 1.2 2.1 1.8 2.3 15 1.9 2.3 1.8 14
Sc 12.7 26.4 10.7 7.2 9.8 8.3 0.6 0.5 05 0.5 0.5 0.7
Sm 432 10.05 5.6 4.19 6.39 7.36 0.02 0.02 0.02 0.02 0.02 0.51
Sr 1209.6 820.7 1390.9 961.2 1022.9 1317.8 68.6 61.3 63 66.4 70 129.3
Ta 2.64 0.92 2.58 241 213 211 1.53 1.09 1.72 1.47 221 0.95
Th 0.47 0.95 0.52 0.4 0.61 0.64 0.16 0.16 0.16 0.16 0.15 0.21
Te 0.1 0.18 0.1 0.12 0.12 0.19 0.1 0.1 0.1 0.1 0.1 0.1
Th 4.08 14.64 10.99 9.91 9.66 5.58 43.17 46.11 33.1 50.34 41.25 46.6
T 0.13 0.27 0.28 0.16 0.47 0.57 0.6 0.56 0.58 0.59 0.55 0.53
Tm 0.15 0.33 0.18 0.11 0.2 0.19 0.1 0.1 0.1 0.1 0.1 0.12
U 0.7 35 1.7 2.2 2 1.5 8.6 9.6 10.07 8 5.7 9.4
Vv 97 146 94 83 89 92 15 13 13 14 14 16
Y 13 21.4 13.9 10.8 14.1 14.2 6.6 6.3 6.4 6.4 3.7 75
Yb 0.7 1.7 0.9 0.5 0.9 0.9 0.5 0.5 05 0.5 0.4 0.6
Zr 29 21 17 24 81 155 18 10 14 12 14 10
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Samples 1 2 3 4 5 6 7 8 9 10 11
Sio;, 51.49 50.50 51.73 50.69 52.30 53.56 51.71 52.54 52.01 54.80 49.54
TiO, 1.10 1.37 1.24 0.76 1.00 0.75 0.78 0.91 1.27 0.12 0.94
Al,O; 415 475 481 5.19 461 3.50 5.41 432 4.98 0.44 438
Cr,03 0.04 0.05 0.08 0.03 0.00 0.01 0.00 0.02 0.01 0.00 0.01
FeO 10.71 11.06 10.47 10.85 9.87 9.73 10.86 9.52 9.73 10.98 10.70
MnO 0.28 0.34 0.33 0.29 0.32 0.33 0.21 0.21 0.27 0.38 0.26
MgO 16.70 15.69 16.31 16.69 12.87 16.38 16.73 15.71 16.00 12.24 15.76
CaO 11.52 11.63 10.78 10.35 11.74 11.83 10.59 11.89 11.49 19.30 14.10
Na,O 1.25 1.27 154 1.62 0.93 0.96 1.49 0.74 1.03 0.33 1.06
K>0 0.48 0.64 0.57 0.62 0.46 0.42 0.67 0.43 0.45 0 0.44
Total 97.72 97.30 97.86 97.09 94.10 97.47 98.45 96.29 97.24 98.59 97.19

Si 1.94 1.92 1.95 1.92 2.08 1.86 1.93 2.02 1.97 2.10 1.88
Ti 0.03 0.04 0.04 0.02 0.03 0.02 0.02 0.03 0.04 0.00 0.03
Al 0.18 0.21 0.21 0.23 0.22 0.14 0.24 0.20 0.22 0.02 0.20
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe® 0.00 0.00 0.00 0.01 0.00 0.51 0.00 0.00 0.00 0.00 0.06
Fe?* 0.34 0.35 0.33 0.33 0.33 0.23 0.34 0.31 031 0.35 0.28
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.94 0.89 0.92 0.94 0.76 0.85 0.93 0.90 0.91 0.70 0.89
Ca 0.47 0.47 0.43 0.42 0.50 0.44 0.42 0.49 0.47 0.79 0.57
Na 0.09 0.09 0.11 0.12 0.07 0.40 0.11 0.06 0.08 0.02 0.08
Wo 26.72 27.63 25.88 24.62 31.43 28.02 25.01 28.87 27.79 42.98 3177
En 53.89 51.86 54.49 55.24 47.94 53.99 54.97 53.08 53.84 37.93 49.41
Fs 19.39 20.51 19.62 20.14 20.63 17.99 20.02 18.04 18.37 19.09 18.82
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Syenite

Samples 1 2 3 4 5 6 7 8
SiO2 60.94 61.74 63.76 65.25 65.46 66.48 65.16 65.39
TiO2 0.06 0.03 0.00 0.06 0.04 0.05 0.06 0.03
Al;O3 23.93 24.81 21.92 20.32 20.51 21.35 21.30 20.65
Cr203 0.00 0.01 0.01 0.01 0.02 0.00 0.02 0.00
FeO 0.19 0.21 0.14 0.37 0.32 0.26 0.27 0.18
MnO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
MgO 0.05 0.02 0.02 0.00 0.01 0.09 0.04 0.01
CaO 4.89 5.90 3.67 3.83 3.68 2.57 2.42 2.26
Na20 8.54 7.85 9.34 10.50 10.24 9.36 9.63 9.82
K20 0.50 0.27 0.61 0.49 0.47 0.58 0.50 0.37
Total 99.10 100.84 99.47 100.84 100.75 100.74 99.40 98.71
Si 2.72 2.73 2.83 2.85 2.86 2.92 2.90 2.92
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.26 1.29 1.15 1.04 1.06 1.11 1.12 1.09
Fe3* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Ca 0.23 0.28 0.17 0.18 0.17 0.12 0.12 0.11
Na 0.74 0.67 0.80 0.89 0.87 0.80 0.83 0.85
K 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.02
An 23.35 28.88 17.23 16.36 16.16 12.72 11.84 11.04
Ab 73.80 69.54 79.36 81.15 81.38 83.86 85.25 86.81
Or 2.84 157 341 2.49 2.46 3.42 2.91 2.15
Samples 9 10 11 12 13 14 15 16
SiO2 60.60 60.33 59.87 65.62 65.55 67.76 67.76 66.77
TiO2 0.05 0.09 0.03 0.01 0.00 0.00 0.00 0.01
Al20s3 25.82 24.64 25.83 18.06 18.08 19.59 19.70 19.91
Cr203 0.01 0.01 0.02 0.02 0.00 0.00 0.00 0.00
FeO 0.31 0.41 0.38 0.29 0.26 0.17 0.15 0.24
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.04 0.02 0.00 0.00 0.02 0.04 0.04 0.00
Ca0 6.75 6.02 5.82 0.00 0.09 0.33 0.52 0.50
Na:0 5.48 7.55 6.10 1.40 7.48 10.67 10.72 11.77
K20 0.37 0.38 0.42 15.25 6.87 0.33 0.44 0.33
Total 99.43 99.45 98.47 100.65 98.35 98.89 99.33 99.53
Si 2.14 2.71 2.74 3.00 2.97 3.01 3.00 2.92
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 2.20 1.30 1.39 0.97 0.96 1.03 1.03 1.03
Fe3* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.26 0.29 0.29 0.00 0.00 0.02 0.02 0.02
Na 0.38 0.66 0.54 0.12 0.66 0.92 0.92 1.00
K 0.02 0.02 0.02 0.89 0.40 0.02 0.02 0.02
An 39.46 29.90 33.53 0.00 0.41 1.65 2.54 2.25
Ab 57.97 67.85 63.59 12.24 62.07 96.39 94.89 95.98
Or 2.58 2.25 2.88 87.76 37.51 1.96 2.56 1.77
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Syenodiorite Granite
Samples 1 2 3 4 5 6
SiO2 52.33 52.03 52.52 41.49 41.10 40.09
TiO2 0.92 0.86 0.66 0.89 0.79 0.87
Al203 4.01 4.46 4.41 12.09 12.52 13.58
Cr20s3 0.03 0.00 0.01 0.00 0.00 0.00
FeO 10.29 1041 10.26 9.47 9.09 9.38
MnO 0.35 0.34 0.32 1.06 0.88 0.94
MgO 17.45 18.37 16.25 18.74 19.70 18.98
CaO 11.48 10.40 11.10 0.00 0.04 0.01
Naz:0 1.05 1.24 1.12 0.28 0.50 0.44
K20 0.44 0.45 0.53 10.43 9.47 9.00
Total 98.35 98.56 97.18 94.45 94.09 93.29
Si 7.85 6.68 7.94 5.86 5.30 6.07
AlVY 0.15 0.67 0.06 2.01 1.90 1.93
Al Vi 0.55 0.00 0.73 0.00 0.00 0.49
Ti 0.10 0.08 0.08 0.09 0.08 0.10
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Fe3* 0.00 2.19 0.00 0.11 1.66 0.00
Fe 0.05 0.00 0.07 2.84 2.17 1.69
Mn 0.04 0.04 0.04 0.13 0.10 0.12
Mg 3.90 3.52 3.66 3.95 3.79 4.28
Ca 1.84 1.43 1.80 0.00 0.01 0.00
Na 0.31 0.31 0.33 0.08 0.13 0.13
K 0.08 0.07 0.10 1.88 1.56 1.74
(Ca+Na) (B) 2.00 1.74 2.00 0.08 0.13 0.13
Na (B) 0.16 0.31 0.20 0.08 0.13 0.13
(Na+K) (A) 0.23 0.07 0.23 1.88 1.56 1.74
Mg/(Mg+Fe?) 0.99 1.00 0.98 0.58 0.64 0.72
Fe3/(Feb+AlY) 0.00 1.00 0.00 1.00 1.00 0.00
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Introduction

Iran is located in the middle part of the folded Alpine-Himalayan belt [1]. The Alborz Magmatic Arc
(AMA) has an E-W orientation and form as intercontinental orogenic belt located between the Caspian Sea
basin and the Central Iran Block (CIB) [2]. The AMA and CIB are considered to be parts of a passive
Gondwana (Early Paleozoic) margin that rifted away from Gondwana during the Ordovician-Silurian
period and collided with Eurasia in the Triassic [3-5]. The AMA mainly consists of mafic to felsic tuff and
lava deposits, andesitic to dacitic lavas, and numerous granitoid bodies with a calc-alkaline to shoshonitic
affinity [6]. The Alam-Kuh granitoid intrusion is located in the western part of Kelardasht, central AMA,
and is surrounded by Precambrian to Jurassic sedimentary and metamorphic rocks, Cretaceous volcanic
rocks and Paleocene-Eocene storms. Sedimentary formations around Alam-Kuh and Takht-e Soleiman
have been cut by a large intrusions. The objective of this paper is to document in detail the petrography and

geochemistry of the Alam-Kuh granitoid intrusion.

Summary of petrography and geological settings

The Alam-Kuh granitoid is located in the central part of AMA and is surrounded by Precambrian to
Jurassic sedimentary and metamorphic rocks, Cretaceous volcanic rocks and Paleocene-Eocene tuffs.
The Alam-Kuh intrusion mass, in terms of lithological composition, includes alkaline feldspar granite,
syenite and synodiorite to monzonite, and dark-colored andesite and basalt dikes with a thickness of 20 to
50 cm, which intersect the Paleogene formations. Enclaves in extruded rocks are micro granular enclosures

(MMEs), fragments of mafic magma, or sometimes otoliths (rapidly cooled margins of intrusive masses).
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The mineralogy of Alam-Kuh granitoids are including plagioclase, quartz, alkali feldspar, amphibole,
clinopyroxene, biotite and muscovite associated with accessory minerals such as apatite, sphene and zircon.
In the northern part of Alam-Kuh intrusion, there are mafic enclaves that represent the magma mixing and
mingling process. Pertite and myrmekite textures associated with granular, intergranular, microgranular

and microgranular porphyry textures are observed in these rocks.

Analytical methods

During sampling, 75 samples were collected according to the objectives of the research. A total of 56
thin sections of Alam-Kuh intrusion were prepared from different outcrops and studied microscopically.
The main elements of twelve rock samples were chemically analyzed by XRF method by Herzog model
machine in the Tarbiat Modares University. The chemical analysis of rare earth elements was performed
by ICP-MS method at the Cheng-Kong National University of Taiwan. Electron probe micro-analysis
(EPMA) was carried out on silicate minerals by a Cameca SX100 mounted with five WDS spectrometers
using an accelerating voltage of 15 kV with a specimen current of 20 nA at Iranian Mineral Processing

Research Center (IMPRC).

Results and discussion

According to the total alkali vs. silica plot [7], the granitoid rocks span a compositional range of alkaline
feldspar granite, syenite and synodiorite to monzonite, and the enclave sample is also in the category of
gabbro monzodiorite. According to mineral chemistry and whole rock chemistry, intrusion rocks are
classified as I-type with alkaline to shoshonites affinity and metaluminous. According to the classification
based on (Na:O + K;0-CaO) versus SiO; [8] and Fe or FeO / (FeO + MgO) versus SiO; [8], samples are
located on the magnesian alkali and alkali-calcic granitoids. The Alam-Kuh samples are enriched in the
light rare earth elements (LREES), and La, Rb, Th, Tb elements and depleted in Ba and Zr elements.
According to the Harker diagrams, two distinct series of intrusions can be seen. One group of granites with
70 to 77% silica and the other group of intermediate to mafic rocks are from syenite to synodiorite with 50
to 55% silica. The Chondrite spider diagram [9] also show two distinct groups: petrological, intermediate
(syenite, synodiorite) and granitic type. Differences are evident in the medium and heavy rare elements and
the elements U, Ba, Th Sr, and Nd. These differences in the two series of intrusions point to two different
sources. Pyroxenes in the intermediate unit (synodiorite) are in the calcium range and are of the Augite type

[10]. The composition of plagioclase in the rocks of the region is in the range between An39.46 to An0.41.
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Amphiboles in granites are in the range of magmatic amphiboles and amphiboles in the rock unit of
synodiorite are located in the range of metamorphic amphiboles due to the location of this rock unit in the
Breyer metamorphic zone.

Tectonically, the Alam-Kuh granitoid formed in the volcanic arc granitoids and extensional arc in the AMA
[11]. Metasomatized astenospheric and lithosphere mantle have role in the mantle magma generation.
Mineral chemistry and lithogeochemical results indicates investigated rocks have different source, so that
intermediate rocks formed by metasomatized and enriched mantle magma source and alkali feldspar granite
formed by continental crust. Mixing two magmas with mantle and crustal sources and differentiation and
crystallization, are the most important processes were the development of magma and the diversity of rocks

in the region.

Conclusion

-The Alam-Kuh granitoid, in the western part of Kelardasht, is belongs to a magmatic and tensile arc
environment after collision.

-Presence of mafic enclaves in the Alam-Kuh granitoid which indicates the process of magmatic mixing.

- The Alam-Kuh granitoid are fall in the alkaline and shoshonitic series in terms of magmatic series.

-In the chondrite-normalized diagram, samples are more enrichment of LREE and elements of La, Rb, Th,

Nb and relative depletion of elements Ba and Zr.
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