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Sample HAS-1 A-7 A-9 B-10  A-g-1 Q-1
No.

(Wt%)
SiO, 69.49 72770 63.70 7240 744 97.90
TiO, 0.26 0.08 0.49 0.33 0.09 0.01
Al O4 14.99 17.40 14.25 0.17 14.14 0.17
Fe,0; 1.96 1.14 5.01 2.24 1.72 0.88
MnO 0.07 0.02 0.07 0.80 0.032 0.01
MgO 1.25 0.21 0.41 0.42 0.44 0.01
CaO 2.43 0.56 8.10 0.18  0.49. 0.02
Na,O 2.7 3.97 4.15 0.22 3.1 0.05
K,O 4.3 491 0.33 4.02 3.62 0.01
P,0s 4.1 035 0.11- 0.06 0.2 0.01
LOI 0.99 0.88 1.17 2.79 0.59 0.00
Total 99.1 99.2 99.6 98.1  99.08 98.2
(ppm)
Rb 74 171 11.3 193 5.7 0.40
Cs 11.1 4.54  0.061 6.85 0.22 0.02
Sr 12 43.5 54.3 28.8 3.9 1.1
Ba 58.9 122 89 271 14.2 1.8
Th 17.2 3.16 9.68 10.5 5.4 0.05
U 1.9 1.83 4.21 2.45 0.61 0.05
Cr 36.8 10 80 150 75 10
Co 8.2 1 20.1 4.3 1.32 0.7
Zn 329 18 18 28 0.9 8
Ga 7.1 18 18 28 0.29 7
Y 12.2 7 22.3 14.2 6.05 4.11
La 17 5.1 24.2 18 5.8 0.5
Ce 36.5 10.7 48.3 32.7 13.3 1.20
Pr 4.1 1.25 5.5 3.35 1.4 0.14
Nd 13.7 4.4 20.5 11.2 4.98 0.6
Sm 3.1 1.37 4.48 2.29 1.24 0.27
Eu 0.22 0.42 2.45 1.89 0.28 0.48
Gd 2.7 1.43 4.44 2.47 1.1 0.34
Tb 0.4 0.29 0.7- 0.35 0.2 0.07
Dy 3.1 1.5 3.93 2.34 1.18 0.58
Ho 0.4 0.23 0.85 0.52 0.2 0.14
Er 1.5 0.53 2.5 1.57 0.6 0.47
Tm 0.8 0.08 0.38 0.29 0.07 0.08
Yb 1.5 0.42 2.45 1.83 0.53 0.49
Lu 0.2 0.06 0.4 0.31 0.06 0.08
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Elements variations and the origin of fluids during the
hydrothermal alterations in the Astaneh-Arak granitoid
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Abstract

Seven distinct hydrothermal alteration zones developed within the Astaneh granitoid.
The phyllic and silicic alterations have a wide extension in the study area. In the phyllic
alteration, La in comparison to other REE's, is much more enriched which may be the
result of sericite formation. The enrichment of LREE in the propylitic alteration, due to
their accommodation in secondary minerals, is more than that of unaltered sample. The
REE normalized pattern in the argillic alteration shows a considerable leaching of REE
during the alteration process. The Eu/Eu* ratio in the altered samples is less than one
and in comparison to unaltered sample displays positive anomaly. Generally, the
chondrite normalized pattern in altered and unaltered sample is similar. The stable
isotopes, 80' and 8D, data indicate that magmatic-metamorphic waters were
responsible for fluids involved in phyllic and silicic alterations.

Key words: Granitoid, Astaneh, Hydrothermal, Stable isotope, Element mobility

* m.noghreyan@geol.ui.ac.ir



