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Garmichay S-type granites (northwestern Iran):
Whole rock geochemistry, tectonic setting
and generation mechanism
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Abstract

The Garmichay area in the north of Mianeh, NW Iran, features schists, amphibolites, calc-
silicates, marbles and granitoids. Granitoids are of S- and A-type nature. Partial melting is
the main generation mechanism, the progenitor is a pelite enriched in muscovite and the
major melting reaction is muscovite dehydration. The ASI for the S-type granite varies
between 1.12-1.5 indicating peraluminous character and crustal origin. Both granitic types
are enriched in LREE in relation to HREE with negative Eu anomalies. Lay/Yb, ranges
are 1.49-3.09 and 1.34-1.99 for the S-type and the A-type granites, respectively.
Moreover, La,/Gd, varies between 2.45 and 5 for the S-type granite and 1.53 and 1.75 for
the A-type granite. The S-type granite has been generated in a collisional zone during
Assyntic Orogeny.The A-type granite, however, is formed in a within-plate
environment.The A-type granite belongs to Al subtype formed in a continental rifting
setting. The crystallization temperatures for the S-type and the A-type granites vary from
650 to 750 °C and 800 to 850 °C«respectively.
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Rock Type Muscovite granites Alkali feldspar granites
Sample 16MS1 16MS2 16MS3 16MS4 16MS5 16MS6 16MS7 16MS9| 16MA1 16MA2 16MA3 16MA4
No.
SiO, 76.12 76.68 77.52 77.48 74.21 76.45 75.62 77.08 77.60 77.43 77.82 76.98
TiO, 0.03 0.05 0.09 0.08 0.03 0.08 0.07 0.08 0.06 0.06 0.06 0.08
Al,O3 14.27 14.32 14.36 14.14 14.17 14.82 14.45 14.74 12.68 13.24 12.71 13.35
Fe,O3 0.07 0.08 0.06 0.08 0.05 0.1 0.09 0.14 0.05 0.06 0.08 0.06
FeO 0.64 0.66 0.62 0.73 0.50 0.91 0.82 0.98 0.48 0.53 0.58 0.63
MnO 0.13 0.08 0.03 0.01 <0.01 0.02 0.06 0.05 0.04 <0.01 0.04 0.06
MgO 0.11 0.14 0.08 0.08 0.11 0.23 0.17 0.19 0.09 0.07 0.09 0.08
CaOo 0.47 0.52 0.74 0.89 0.47 1.52 0.77 0.98 141 0.18 1.38 0.68
Na,O 401 417 448 476 3.75 6.21 4.28 412 3.79 551 441 5.32
K,0 2.42 2.56 3.08 3.11 5.48 0.43 2.92 2.82 1.30 2.15 1.28 2.36
P,0s 0.10 0.12 0.11 0.13 0.15 0.33 0.13 0.34 <0.01 <0.01 0.03 0.03
BaO <0.01 0.01 0.03 0.03 0.02 <0.01 0.05 0.02 <0.01 <0.01 <0.01 <0.01
Sro <0.01 <0.01 0.02 0.02 0.02 0.03 0.02 0.03 0.05 0.03 0.04 0.03
LOI 1.09 1.18 0.64 0.45 0.49 0.44 1.12 0.38 1.38 0.91 112 0.88
Total 9945 10057 101.86 101.98 9946  101.81  100.57 101.95  98.92 100.15 99.64  100.54
ASI 1.50 1.30 1.28 1.13 112 1.16 127 1.32 124 1.13 1.20 1.00
Co 0.4 0.5 0.7 0.8 0.7 11 0.7 0.9 0.9 0.8 11 0.9
Ni 2.0 1.9 2.7 2.9 3.3 7.6 41 48 45 3.8 3.9 44
Sc 3.6 3.2 24 2.2 0.7 24 21 21 0.3 0.3 0.8 0.6
Tc <0.01 0.01 0.03 <0.01 <0.01 0.02 0.02 0.01 0.03 0.06 0.05 0.06
Ts <0.01 0.01 0.02 0.01 <0.01 0.01 0.01 0.01 0.02 <0.01 0.04 0.06
Ba 61.9 162.7 262.7 252.3 202.6 49.5 512.6 182.6 55.0 78.8 62.4 70.2
Ce 5.8 5.6 11.7 11.9 4.5 53 4.1 6.1 65.7 85.1 66.4 78.9
Cr <10 12 14 12 <10 24 15 17 13 13 14 16
Cs 1.58 1.42 1.52 1.43 1.56 0.55 2.01 154 5.61 1.84 3.12 1.64
Dy 1.28 131 1.52 1.63 0.94 1.29 1.02 1.34 17.71 17.93 16.92 17.04
Er 0.82 0.78 1.08 1.15 0.45 0.79 0.36 0.81 11.61 10.37 11.72 12.37
Eu 0.16 0.15 0.48 0.51 0.05 0.20 0.18 0.19 0.72 0.39 0.68 0.45
Ga 22.4 21.8 15.2 14.6 15.4 15.7 234 14.8 34.9 42.2 37.6 445
Gd 0.69 0.71 1.04 1.10 0.68 0.80 0.65 0.76 12.76 15.24 12.48 14.48
Hf 14 18 1.7 15 2.3 1.0 2.6 1.3 125 7.9 125 7.9
Ho 0.25 0.26 0.28 0.37 0.18 0.25 0.16 0.22 3.71 3.47 3.68 3.54
La 2.8 2.6 48 6.6 2.0 2.8 2.1 34 23.4 29.6 24.2 304
Lu 0.18 0.16 0.27 0.23 0.11 0.18 0.09 0.21 1.55 1.34 1.68 1.55
Nb 435 42.7 394 114 243 38.2 48.9 39.4 226.4 197.7 222.4 198.6
Nd 2.2 2.2 2.8 44 2.0 2.2 16 1.7 38.4 52.4 40.2 484
Pr 0.62 0.58 1.12 1.23 0.52 0.06 0.53 0.26 8.99 12.14 9.02 11.88
Rb 82.4 85.6 67.4 65.9 93.7 7.1 94.8 82.6 75.8 106.6 77.2 92.4
Sm 0.69 0.72 1.09 1.13 0.71 0.65 0.68 0.71 11.73 15.68 11.54 14.92
Sn <5 7 5 5 5 5 5 5 5 <5 5 5
Sr 37.2 82.4 142.4 145.0 124.8 201.0 185.6 194.6 367.9 224.8 282.5 2443
Ta 7.7 6.8 4.7 2.0 6.8 6.1 9.6 6.8 21.0 15.2 21.4 17.2
Tb 0.17 0.16 0.21 0.23 0.12 0.17 0.13 0.19 2.46 2.70 2.54 2.68
Th 3.10 3.25 3.26 3.35 6.20 1.45 1.92 2.74 39.81 22.06 40.08 26.12
Tm 0.14 0.12 0.17 0.20 0.09 0.14 0.08 0.15 177 1.63 1.82 1.72
2.35 2.35 2.38 2.38 3.33 3.45 2.05 3.45 9.91 474 9.91 4,74
\Y% <10 11 12 <10 <10 <10 13 10 <10 <10 <10 10
w 3 5 4 2 2 13 6 9 5 6 3 4
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Yb 1.20 1.18 1.35 1.45 0.66 1.10 0.94 121 11.75 10.02 11.88 10.94
Zr 26 28 48 45 23 14 36 36 236 149 242 185
Eu/Eu* 0.71 0.64 1.38 1.39 0.22 0.84 0.83 0.79 0.18 0.08 0.17 0.09
Lan/Yb, 1.57 1.49 2.40 3.09 2.04 1.72 151 1.89 1.34 1.99 1.37 1.87
La,/Gd, 3.39 3.06 3.86 5.00 2.45 2.92 2.70 3.74 153 1.62 1.62 1.75
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