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andalusites in the alteration halo of Alvand Batholith, Hamedan, Iran

Adel Saki 1", Alireza Zarasvandi !, Fatemeh Mazraeh *

1- Department of Geology, Facualty of Earth Sciences, Shahid Chamran University of Ahvaz, Iran
Keywords: Sanandaj-Sirjan Zone, Hamedan, Cordierite, Kyanite, Chiastolite, Gemstone

1-Introduction

The study area is located in the metamorphic aureole of Alvand Complex Hamedan province.
Structurally, the study area is placed in the Sanandaj-Sirjan metamorphic zone. The Zagros formed
during the subduction of a Neo-Tethyan seaway and subsequent oblique collision of Afro-Arabia
(Gondwana) with the Iranian microcontinent in the Late Cretaceous—early Tertiary (Alavi, 1994;
Mohajjel and Fergusson, 2000). Crustal shortening associated with subduction and collision
metamorphosed and deformed Late Palaeozoic and Mesozoic sedimentary rocks, including a sequence
of pelitic, psammitic, mafic, calc-pelitic, and calc-silicate rocks near Hamadan. The tectonic evolution of
the Sanandaj—Sirjan belt involved continental arc magmatism followed by collision. Mafic to
intermediate plutonic bodies (olivine gabbro, gabbro, gabbro-norite, diorite, quartz diorite, and tonalite)
are older than crustal derived granitic plutons in the region (Alvand Plutonic Complex), but all intrusions
formed during Cretaceous-Tertiary subduction and collision (Baharifar et al., 2004). All metamorphic
rocks in the area were regionally metamorphosed before the contact metamorphism up to greenschist to
amphibolite facies underwent contact metamorphism due to the emplacement of the Alvand Complex. In
the Hamadan metamorphic sequence, cordierite and K-feldspar, are only found near (<3 km from) the
Alvand granite. The general trend of increasing metamorphic grade is towards the pluton, with a
succession of isograds in metapelitic rocks: biotite-in, garnet-in, andalusite-in, staurolite-in, cordierite-
in, K-feldspar-in and spinel-in. In some parts of the field area, the complete sequence occurs, but in
other areas, some of the lower grade zones are missing.

2-Methodology

In the selected sample, major element compositions of biotite, garnet, spinel, plagioclase, cordierite, and
ilmenite were determined by wavelength-dispersive spectrometry using a Cameca SX100 microprobe.
The operational conditions were 15 kV, 10-20 nA specimen current. The analytical spot diameter was
set between 3 and 5 um, keeping the same current conditions — natural and synthetic standards used for
calibration.

3-Result and discussion

The cordierites in the mesosome of the migmatites have coarse crystals and are accompanied by spinel
(lal), which has formed due to the increasing of metamorphism temperature and partial melting
processes. The molar fraction (Xmg) of cordierite increases with the increasing degree of metamorphism
from the zone of K-feldspar-cordierite to spinel- cordierite (0.45 to .620). The approximate temperature
for the cordierites in the mesosome of the migmatites is estimated to be 750 ° C, and the pressure is ~ 4
kb. Kyanite is specifically hosted by quartz veins in the region, also is found in the adjacent of
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metamorphosed rocks and in the vicinity of veins. The existence of kyanite veins indicates that it's not
limited to high-pressure facies, but may be formed by hydrothermal pressures. Chiastolite with 20 cm
long and 4 cm wide is the main outcrop of the Chiastolite schists around Zaman —bad. According to the
results of geothermobarometry, the temperature and pressure of Chiastolie schists are 628 ° C, and
pressure is about 4 kbar. According to gemology studies, cordierites are suitable for cabochon and
fantasy cut, the high level resistant of this minerals while cutting is affected by high-grade
metamorphism. Kyanites are suitable for cabochon, fantasy, and fast cut because they have a transparent
nature. Finally, chiastolites have transcosal-to-opacic clarity and should behave cabochon. In this study,
the gemstone map of the Hamedan region is provided.

4-Conclusion

According to gemology studies, cordierites are suitable for cabochon and fantasy cut, the high level
resistant of this minerals during cutting is affected by high grade metamorphism. Kyanites are suitable
for cabochon, fantasy and fast cut because they have a clear nature. Finally, chiastolites have transcosal-
to-opacic clarity, and should be have cabochon. In this study gemstone map of the Hamedan region is
provided.
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Fig. 3. Microscopic photographs (a) microscopic, plane-polarized light view of a large Crd mineral in the mesosome, (b-c) euhedral shape
of the Crd with twining in the mesosome, (d- e) euhedral shape of the And that replaced by Crd and Sp in the rim, and (f) kyanite

minerals formed in Ky - Qtz veins.
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Table 1. Representative mineral analyses of Crd. The numbers of cations are calculated on the basis of 8 oxygen atoms.

Mineral Crd Crd Crd Crd Crd Crd
Sample Tul Tul Tul Tul Tul Tul
SiO2 48.07 47.98 48.42 48.42 48.09 48.21
TiO2 0.00 0.00 0.01 0.06 0.01 0.05
Al203 32.53 32.35 32.92 32.60 32.92 32.95
Cr20s3 0.00 0.00 0.00 0.00 0.05 0.06
Fe20s 1.75 0.68 1.17 0.61 1.26 1.28
FeO 8.64 9.74 9.00 9.19 9.35 9.37
MnO 0.55 0.70 0.45 0.55 0.60 0.62
MgO 7.14 6.52 7.11 7.06 6.58 6.70
CaO 0.01 0.02 0.04 0.01 0.06 0.06
Na20 0.18 0.19 0.18 0.19 0.16 0.17
K20 0.00 0.00 0.00 0.01 0.16 0.16
Totals 98.70 98.11 99.17 98.65 98.48 98.88
Cations per 18 oxygen atoms

Si 4.968 5.004 4978 5.006 4.997 5.003
Ti 0.000 0.000 0.001 0.005 0.001 0.004
Al 3.963 3.977 3.989 3.972 3.955 3.958
Cr 0.000 0.000 0.000 0.000 0.004 0.005
Fe (3% 0.136 0.053 0.091 0.047 0.098 0.099
Fe (2%) 0.747 0.850 0.773 0.794 0.812 0.813
Mn 0.048 0.062 0.039 0.048 0.053 0.054
Mg 1.100 1.014 1.090 1.088 1.019 1.020
Zn 0.000 0.000 0.000 0.000 0.007 0.007
Ca 0.001 0.002 0.004 0.001 0.032 0.033
Na 0.36 0.038 0.036 0.038 0.021 0.021
K 0.000 0.000 0.000 0.001 0.00 0.00
Total 11.00 11.00 11.00 11.00 11.00 11.00
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Table 2. Representative mineral analyses of alminosilicate (Sepahi et al., 2004).

And And — White And — Pink And Vien Margin Ky - Sil Ky
Sampel Schist Vien Vien And And Schist Vien
And And And Core rim Ky Ky
SiO; 36.93 37.09 37.23 36.54 37.36 37.06 37.22
TiO; --- --- 0.01 0.04 0.01
Al,Os 63.11 63.18 63.31 62.06 63.48 63.02 62.88
Fe>O3 0.15 0.13 0.22 0.73 0.20 0.18 0.25
MnO --- --- --- 0.01 0.06
MgO 0.03 0.02 0.03 0.17 0.02 0.02
Cr,03 0.07 --- --- 0.08 0.03 0.08
Total 100.28 100.43 100.79 99.63 101.08 | 100.30 100.51
Mol% Fe 0.10 0.09 0.15 0.50 0.14 0.12 0.17
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Fig.4. (a) Grey colour Ctd gem sample before cabochon and fantasy cut, and (b) Ctd gem sample after cabochon and fantasy cut with
browne to green colour.
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Fig. 5. (a) Grey colour Ky gem sample before cabochon and fantasy cut, and (b) Ky gem sample after cabochon and fantasy cut with
browne to green colour.
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Fig. 6. (a-b) Andalusite sample, (c) andalusite gem sample before cabochon and fantasy cut, and (d) andalusite gem sample after cabochon
and fantasy cut with Browne colour.
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Fig. 7. Representative results of multiple equilibria calculation for migmatite by THERMOCALC (3.2) program (Saki, 2013).
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Table 3. Activity values used for migmatite mesosom calculating equilibrium reactions by THERMOCALC (Kertz, 1983).

Mineral assemblage

Activity

Grt, Bt, Crd, Spl, PI, Ilm,
Opx Sil, Otz, H,O

py=0.032, alm-0.35, phl=0.030,
ann=0.073, east=0.030,
Crd=0.36, fCrd=0.18,
An=0.90, Ab=0.24, Spl=0.14
here=0.85, mt=0.03768,
[Im=0.62, En=1, Sil=1,

Qtz=1, H,O=1
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Fig. 8. Gemological map of Hamadan area.
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