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Fig. 1. Geological map of the Alvand batholith and metamorphic aureole on the surrounding. Calc-silicate rocks in the
northeastern the Alvand batholith are outcropped in the Cheshin area.
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Table 1. The chemical composition of the whole rock of the calc-silicate hornfelses in Hamadan region with the
percentage of molar cations calculated in the CMASH system, which is the input of the theriak-domino program.

Sample chel chel‘ che2 Che2‘ che3 Che3‘
Wt.% Molar cation% Wt.%  Molar cation% Wt.%  Molar cation%
SiO: 45.03 Si (37.226) 45.11 Si (36.728) 44.49 Si (36.55)
TiO2 0.27 - 0.28 - 0.29 -
ALO; 5.72 Al (5.56) 6.65 Al (6.366) 7.57 Al (7.233)
Fe:0; 4.36 Fe (2.683) 4.66 Fe (2.84) 4.49 Fe (2.737)
MnO 0.20 - 0.24 - 0.21 -
MgO 3.81 Mg (4.67) 3.62 Mg (4.358) 3.71 Mg (4.496)
CaO 30.65 Ca (27.137) 28.26 Ca (24.63) 27.36 Ca (23.802)
Na.O 0.02 - 0.01 - 0.02 -
K20 0.02 - 0.02 - 0.01 -
P20s 0.13 - 0.14 - 0.11 -
LOI 9.59 - 10.81 - 11.06 -
Total 99.81 - 99.81 - 99.83 -
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Fig. 2. A: Hornfelses with andalusite and cordierite in the surrounding alvand batholith, B: Cumulative of garnet
crystals in calc-silicate rocks, C: Tremolite/ actinolite crystals as layer with 15 to 20 cm thickness are located on the
surface of calc- silicate rocks, D: Coarse crystals zoisite in the quartz layers is formed in the calc- silicate rocks, E: The
crystalline garnet decomposition into pyroxene, the formation of Poiikiloblastic texture (XPL), F: The Garnet crystals

adjacent to coarse calcite crystals, in which large amounts of graphite are found (PPL), G: The Garnet coarse grains
within fine-grained groundmass making the porphyroblastic tissue form (XPL), and H: Clinopyroxene inclusions in the

garnet crystal, which causes the Poiikiloblastic texture. (Cpx: clinopyroxene, Grt: garnet, Ep: epidote, Cal: calcite, Gr:
Graphite) Abbreviations after Whitney and Evans (2010)
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Fig. 3. A: Zoning for crystalline garnet in calc-silicate rocks of Hamedan area, B: Displaying the combined garnet
variations in triangular charts Alm + Sps-Prp-Grs. The amount of final members of the almandine, spessartine and
pyrope is low, while the amount of the final members of the grossular is very high, and C: composition of the calc-
silicate hornfelses clinopyroxenes in the En-Wo-Fs diagram (Ghorbani et al., 2016b)
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Table 2. Chemical composition and formulation of clinopyroxene and garnet in calc-silicate hornfels, Hamadan area
(Ghorbani et al., 2016b)

Cpx, Cpx, Cpx, Cpx, Cpx, Cpx, Grtl, Grtl, Grtl, Grt2, Grt3, Grtd,

Sample 1D chelD chelD chelD che9  che9 chelD chelD chelD Che9 Che9  Che9

SiO: 55.11 5236 53.84 5530 53.63 55.16 40.5 40.25 4033 4136 41.04 41.27
TiO: 0.08 008 0.10 0.10 0.00 0.11 1.17 0.3 0 0 0.45 0

ALOs3 050 030 040 079 020 0.10 20.67 19.17 17.35 21.33 2091 20.53
FeO 9.08 12.58 10.59 811 1030 9.46  2.63 0.8 3.03 2.71 2.8 3.14

MnO 0.62 000 064 0.00 000 0.00 0 0.9 1.36 0 0 0
MgO 11.99 7.50 9.00 12.04 11.05 1130 0.2 0.4 0.73 0 0 0

CaO 22,59 27.16 25.00 23.62 2482 2387 3483 3789 3685 346 348 35.06
Na:0 0.00 000 000 0.00 000 0.00 0 0 0 0 0 0

KO 0.00 000 000 0.00 000 0.00 0 0 0 0 0 0
Cr203 0.03 0.02 007 004 0.00 0.00 0 029 035 0 0 0
Formul

a 6(0) 6(0) 6(0) 6(0) 6(0) 6(0) 24(0) 24(0) 24(0) 24(0) 24(0) 24(0)
En 0.327 0.213 0.251 0.324 0307 0.305
Fs 0.230 0.232  0.247 0.219 0.197 0.232
Wo 0.443 0.555 0.502 0.457 0.496 0.463
Jd 0.000 0.000 0.000 0.000 0.000 0.000
Ac 0.000 0.000 0.000 0.000 0.000 0.000

Aug 1.000 1.000 1.000 1.000 1.000 1.000

AlY 0.000 0.000 0.000 0.000 0.000 0.000
Al 3.675 3.436 3.146 3.777 3.712 3.652
Alm(%) 54 0.0 0.0 5.8 5.9 5.5
Prp(%) 0.7 1.4 2.6 0.0 0.0 0.0
Sps(%) 0.0 1.8 2.8 0.0 0.0 0.0
sum 100.0 100.0 100.0 100.0 100.0 100.0
Grs(%) 96.4 953 87.9 100.0 98.6 983
Adr(%) 3.6 3.8 10.9 0.0 1.4 1.7
Uva(%) 0.0 1.0 1.2 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

(En: Enstatite), (Fs: Ferrosilite), (Wo: Wollastonite), (Jd: Jadeite), (Ac: Acmite), (Aug: Augite), (Al": Tetrahedral
Aluminum), (AlY: Octahedral Aluminum), (Alm: Almandine), (Prp: Pyrope), (Sps: Spessartine), (Grs: Grossular), (Adr:
Andradite), (Uva: Uvarovite)
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Fig. 4. Estimation of the pressure and temperature of the Alvand metamorphic aureole using by a set of metamorphic
reactions (thermocalc). The pressure of the alvand metamorphic aureole is 2.5 kb to 3.5 kb and the temperature is from

500° to 550°.
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Fig. 5. Calculated pseudo-section for a sample of calc- silicate hornfelses of Hamedan area by using theriak-domino
program. The black arrow shows how to change the temperature-pressure of these rocks. The high numbers for the
elements are their molar ratio, which is calculated by using the percentage of oxides. Almost all the compartments
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Introduction

The pseudo-section method, first proposed by
Hensen (1971), is used today by scientists to
determine the thermodynamic conditions of
mineral  crystallization and modeling in
metamorphic lithology (Hoschek, 2004; Omrani et
al., 2013). The principle of this method is based
on the fact that in order to have a complete
chemistry of a rock sample with certain minerals
in equilibrium, only one equilibrium pressure and
temperature can be considered. However, the
whole rock chemistry is fixed, mineral changes
show some changes in temperature and pressure
and new thermodynamic conditions. The
superiority of using the pseudo-section method of
temperature and pressure calculation is knowing
the composition of minerals (microprobe data).
By knowing the whole chemistry of the rock and
the type of minerals found in the rock, the range
of temperature and the pressure of rock formation
can be determined. However, possession of
mineral chemistry data and microprobe data can
help us in more advanced computing and
modeling. Accessing the whole rock's chemistry
data is easier and calculating the temperature and
pressure by pseudo-section methods has high
capabilities (Moazzen et al., 2015). This paper
investigates the results of this method for calc-
silicate hornfelses of the Cheshne area of
Hamedan. In this study, the theriak-domino
program and the thermodynamic data database of
minerals (Powell and Holland, 1988) have been
used. In this research study, we tried to determine

the temperature and the pressure for the studied
rocks by using the two software: Thermocalc and
Theriak-domino. Furthermore, the zoning of
garnet and clinopyroxene have been studied by
the pseudo-section method.

Materials and methods

After a careful examination of the area, a number
of samples were taken. Sampling was done based
on the collection of the best samples that represent
the whole of the studied rocks. After the
preparation of thin sections of suitable samples,
according to the objective of the study, three
samples of calc-silicate hornfels of Hamedan area
were selected for chemical decomposition of the
main elements. During the sampling, samples
were taken from fresh and non-rough sections of
the rock and were selected such as to represent the
actual changes in their chemical composition and
mineralogy. These samples were sent to Kanpajoh
for analysis. The main elements were analyzed by
the X-ray fluorescence (XRF) method. In
addition, it should be noted that the data from
chemical minerals, which was presented in the
article by Ghorbani et al. (2016)+, was used in
this study (Ghorbani et al., 2016).

Results

The major oxidative disintegrations in three
samples of calc-silicate hornfelses show that the
most abundant oxide in these samples is SiOa,
which averages about 45.04. Decreasing calcium
in the Grossular garnets can indicate a decrease in
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pressure. In fact, by describing the garnet in calc-
silicate rocks in the Hamedan area, a prograde
metamorphism has been created that has reduced
the amount of this element after decreasing the
temperature and pressure due to the retrograde
metamorphism and the uplift and removal of
pressure of the upper floors and the influence of
the fluids. The combined variations of the garnets
are in the Grossular range. The Garnets are the
ultimate members of the Pyrope, the Almandine
and the Spessartine poor (Ghorbani et al., 2016).
The combination of clinopyroxenes in the En-Wo-
Fs graph shows that most of the analyzed points
are located within the diopside (Ghorbani et al.,
2016).

Discussion

We supposed that all solid solution minerals were
pure final members, and unit activity for solid
solution phases (such as diopside and garnet) and
pure phases (such as quartz). Then, the
equilibrium reactions at 3.3 kb pressure were
calculated by the Thermocalc software and plotted
on P-T charts. The calculated temperature for the
garnet and clinopyroxene minerals was calculated
to be about 550 ° C and the calculated pressure
was 2.5 to 3.5 kb. In this paper, using the whole
rock chemistry and minerals chemistry, the
method of calculating the temperature and
pressure was applied to the pseudo-section
method. For this purpose, the percentage of the
main oxides was calculated as the molar
percentage of the elements, then molar percentage
of the elements was used as input for the Theriak-
domino program. The pressure and temperature
calculated by the Theriak-domino software
package are from 2.5 to 3.5 kb and 500 to 550
degrees C, respectively.
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