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Introduction

The main aim of this paper is to identify the formation environment and
the physicochemical conditions of chlorite minerals in Dalayon area by
their mineralogical and geochemical features (Ciesielczuk, 2002). The
geochemical characteristics, mineralogical and formation mechanism of
granitic rocks can be investigated using the biotite hydrothermal alteration
to chlorite (Morad et al., 2011). The temperature data obtained from
chlorite geo-thermometry can be compared with the data obtained through
fluid inclusion (Cathelineau and Nieva, 1985; Kordi and Shahrokhi, 2021;
Shahrokhi, 2021).

Regional Geology

Dalayoun area is located in the east of Drood city and is a small part of
Sanandaj-Sirjan metamorphosed zone. Lithologically, the oldest units
belonging to the Upper Triassic-Jurassic and are including a relatively
uniform sequence of slate, schists with siliceous veins and veinlets, and
cordierite and sillimanite mica schists along with black hornfelses and
metamorphosed sandstones. (Shahrokhi, 2002).

Materials and Methods

Petrography, Mineral chemistry, Whole rocks

In order to study the mineralogical and
geochemical composition of chlorites in the area of
study, 10 thin-polish sections were studied. In
addition to, chemical analyses of 10 samples by
XRD method and 20 points by EPMA of chlorite
mineral as well as the study of the fluid inclusion
on 3 quartz mineral samples were carried out. The
structural formula was calculated based on 14
oxygens for chlorite.

chemistry

The intrusive bodies in the studied area have
infiltrated volcanic and metamorphic  rocks
(Shahrokhi, 2020). Based on field Geology and
microscopic  studies, the mineralogy of these
rocks includes quartz, plagioclase, orthoclase,
microcline and chlorite as the main minerals and
biotite, = muscovite, apatite,  garnet,  rutile,
leucoxene, titanium minerals, sphene and zircon
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as the secondary minerals. Chlorite can be seen
in the form of coarse crystals, needles and very
narrow in the background of the rocks, and they
have been replaced in the remains of crystalline
molds of the primary biotite type. Based on this,
it can be said that the transformation of biotite to
chlorite is associated with the depletion of K,O
and the reduction of SiO, which gave rise to the
formation of potassium feldspar (Czamanske et
al., 1988). Completely rutile and sphene
crystalline can be seen in the process of chlorite
cleavage. The presence of a small amount of
garnet in the form of crystalline and cubic
indicates low pressure or poor magnesium in the
primary rock (Yardley, 1989). Also, the study of
polished sections shows the presence of
minerals such as pyrite, hematite, corundum and
Au. The amount of pyrite and gold increases
when approaching granodiorites, which can
indicate the effect of intrusive bodies and post-
magmatic fluids in mineralization in these rocks.
X-ray diffraction (XRD) mineralogical study
shows that the most important variation in
chlorite is in Dalayon area. The main minerals
in the host rock include chlorite, quartz,
muscovite, illite, microcline, and secondary
minerals are rutile and biotite. It can be
concluded that biotite has been transformed into
chlorite in the presence of hot fluids containing
Fe and Mg. With the help of Fe?"/ (Fe*+Mg?")
versus 2*Si diagram (Pflumio, 1991) and also
the Si content of Dalayon chlorites is of
ripidolite-pychnochlorite  type and show the
presence of iron-bearing chlorites. The amount
of Si indicates the purity of chlorites, and the
very small amounts of calcium and also the
amount of Xc points to the absence of smectite
and the high purity of chlorites (Lori et al,
1988). The very low Ti content of chlorites and
the presence of rutile, sphene, and leucoxene
indicate that the Ti content of primary biotite is
formed secondarily in the form of Ti-bearing
minerals and in the form of thin blades parallel
to the chlorite cleavage and orthogonal to it
(Czamanske, 1988; Parry and Downey, 1982).
Considering that the sum of octahedral cations
in the samples is very close to 6, which indicates
that all octahedral sites are occupied by divalent
cations and are of triple octahedral type (Xie et

al., 1997). Although the existence of a vacancy
cannot be proven with certainty (Jiang et al,
1994), but with the help of the structural
formula of ideal chlorite, the wvacancy is
calculated as 0.26-0.66 apfu (Xie et al., 1997).

Discussion

The formation conditions of chlorite reflect its
structure and chemical composition and can be
used as a geothermometer (Jiang et al., 1994). The
crystallization temperature of chlorites with the
help of T-A1 ™) diagram (Cathelineau, 1988) is in
the range of 379°C -305°C, with an average of
353°C and does not show much change. As the
available data, display it can be said that by
moving away from the granitoid intrusive bodies,
the formation temperature of chlorites decreases.
Therefore, the points located in the far area and in
the metamorphic rocks with ore have a lower
formation temperature. The existence of an inverse
correlation between the crystallization temperature
of chlorites and their silica content can be due to
the substitution of silica instead of aluminum. The
fluid inclusion studies on the quartz mineral co-
growing with the chlorites of the Dalayon area
shows the thermal range of homogenization
between 305 and 384 °C with an average of
345.6°C, which is consistent with the temperature
of formation obtained through thermometric
chlorites and indicates the effectiveness of the
thermometer by chlorites. The fluid inclusions
studies and chlorite thermometry show the
influence of mesothermal or orogenic hydrothermal
fluids in the formation of chlorite and placement
within the skarn range, which confirms each other
and is consistent with mineralogical studies and
field observations. Overall.,, the formation of
chlorite under study at a temperature equivalent to
the high temperature of the hydrothermal stage of
granites demonstrates the influence of hot fluids
derived from the granitic magma and the
metamorphic function in the formation of chlorite.
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Figure 1. Geological map of Dalayon area and Its location in the Sanandaj-Sirjan zone.
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Table 1. EPMA data for Chlorites in Dalayon area, and the calculated structural formula based on 14 oxygen atoms.

Sample No. 1 2 3 4 5 6 7 8 9 10
SiO2 26.44 26.15 26.14 26.09 25.24 25.25 24.85 25.01 24.96 24.81
ALOs3 21.19 22.15 22.16 22.15 20.28 20.25 20.81 21.00 21.69 20.49
FeO 27.89 27.15 27.14 27.15 29.39 29.39 29.41 30.30 28.75 29.29
MgO 12.00 11.69 11.69 11.72 13.21 13.19 12.69 11.81 12.25 12.79
MnO 0.44 0.43 0.42 0.44 0.40 0.44 0.34 0.41 0.41 0.39
CaO 0.05 0.03 0.02 0.03 0.01 0.02 0.05 0.02 0.05 0.05
Na:0 0.01 0.00 0.03 0.03 0.00 0.00 0.00 0.06 0.05 0.02
K20 0.13 0.12 0.14 0.11 0.00 0.00 0.12 0.12 0.06 0.14
TiO: 0.14 0.12 0.11 0.12 0.17 0.17 0.11 0.11 0.04 0.11
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 89.29 88.84 88.85 88.84 88.70 88.71 88.38 88.84 88.26 88.09
Si 2.86 2.83 2.83 2.82 2.73 2.72 2.70 2.70 2.71 2.69
Al 2.69 2.80 2.81 2.80 2.57 2.56 2.64 2.66 2.74 2.59
AlY 1.14 1.17 1.17 1.18 1.27 1.28 1.30 1.30 1.31 1.31
Tsite 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AIM! 1.55 1.36 1.64 1.62 1.30 1.28 1.34 1.36 1.43 1.28
Fe** 2.54 2.49 2.49 2.49 2.61 2.65 2.66 2.72 2.60 2.61
Fe¥* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.93 1.86 1.86 1.86 2.10 2.09 2.05 1.87 1.94 2.02
Mn 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.01
Ti 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.00 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 6.09 6.04 6.05 6.03 6.06 6.07 6.01 6.00 6.02 5.96
Fe/ (Fe+Mg) 0.57 0.57 0.57 0.57 0.55 0.56 0.56 0.59 0.57 0.56
OH 15.98 15.90 15.90 15.91 15.99 16.00 15.98 15.97 15.95 15.98
F 0.02 0.09 0.10 0.09 0.01 0.00 0.02 0.03 0.05 0.02
Cl 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Xe 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.99 0.99 0.97
Fe/Mg 1.31 1.34 1.34 1.34 1.24 1.28 1.30 1.45 1.34 1.29
ALY 1.20 1.27 1.23 1.24 1.32 1.34 1.36 1.36 1.37 1.37
T 305 315 315 318 347 350 356 356 360 360

T 313 336 323 326 352 358 364 364 368 368
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Table 1. Continued.

Sample No. 11 12 13 14 15 16 17 18 19 20
SiO: 24.79 24.81 24.99 24.71 24.69 24.69 24.56 24.55 24.59 24.51
ALO3 22.40 20.50 21.09 21.21 20.29 21.19 20.62 20.61 20.80 20.51
FeO 27.60 29.29 28.79 29.49 29.31 29.55 30.31 30.30 30.30 30.33
MgO 12.59 12.79 12.56 12.09 12.99 12.10 12.52 12.55 12.00 13.00
MnO 0.41 0.38 0.41 0.41 0.40 0.38 0.38 0.41 0.34 0.38
CaO 0.05 0.06 0.04 0.02 0.05 0.03 0.05 0.06 0.06 0.06
Na20 0.00 0.02 0.03 0.01 0.02 0.02 0.00 0.00 0.00 0.00
K20 0.11 0.13 0.09 0.11 0.13 0.13 0.01 0.01 0.02 0.01
TiO2 0.03 0.12 0.04 0.05 0.09 0.03 0.11 0.12 0.11 0.11
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 87.98 88.10 88.04 88.10 87.97 88.12 88.56 88.61 88.22 88.91
Si 2.68 2.68 2.68 2.67 2.67 2.67 2.64 2.64 2.65 2.63
Al 2.84 2.59 2.68 2.70 2.58 2.69 2.64 2.62 2.64 2.59
AlY 1.32 1.32 1.32 1.33 1.33 1.33 1.36 1.36 1.35 1.37
Tsite 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
AIV! 1.52 1.27 1.36 1.37 1.25 1.36 1.28 1.26 1.29 1.22
Fe?* 2.48 2.68 2.60 2.65 2.61 2.66 2.73 2.72 2.72 2.73
Fe’* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.99 2.05 1.99 1.95 2.07 1.95 2.00 2.01 1.93 2.07
Mn 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Ti 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 6.03 6.05 5.98 6.01 5.98 6.01 6.05 6.03 5.98 6.07
Fe/ (Fet+tMg) 0.55 0.57 0.57 0.58 0.56 0.58 0.58 0.57 0.59 0.57
OH 15.93 16.00 15.89 15.82 16.00 15.89 15.99 16.00 15.96 15.96
F 0.07 0.00 0.10 0.18 0.00 0.10 0.01 0.00 0.04 0.04
Cl 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Xe 0.99 0.97 0.99 0.99 0.97 0.99 0.98 0.98 0.98 0.97
Fe/Mg 1.25 1.31 1.31 1.36 1.26 1.36 1.36 1.35 1.41 1.32
Al!Y 1.37 1.38 1.38 1.39 1.39 1.39 1.42 1.42 1.41 1.43
T 363 363 363 366 366 366 375 375 376 379
Tee 368 371 371 374 374 374 384 383 380 387
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Figure 2. A) Presence of chlorite in low greenschist facies; B) Presence of chlorite as major mineral in the area.
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Figure 3. A) Quartz minerals with sigmoidal structure with feldspar and a few amounts of Sphene,
Rutile and Apatite; B) alkali feldspar minerals of heavily clay alteration and inter growth with chlorite;
C) Dark bounded of chlorite-sericite-muscovite with a few amounts of microcrystalline and scattered
quartz; D) The presence of chlorite in remains of primary biotite molds; E) Rutile euhedral minerals in
trends of cleavage of chlorite; F) The presence of Sphene in trends od chlorite cleavage.
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Figure 4. A) Rutile and zircon minerals in the field of chlorite, serpentine, muscovite and quartz; B)
Zircon and rutile minerals in a background of muscovite, chlorite and quartz; C) The presence of
corundum (blue ruby) among the schistosity of the rock including muscovite and quartz; D) The
presence of gold and pyrite in the background of the rocks.
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Table 2. Mineralogical composition of samples analyzed by XRD method.

Sample No. Major Minerals Minor minerals Trace Minerals
SH-1 Quartz, Chlorite, Muscovite, Illite --- -
SH-2 Chlorite, Quartz, Muscovite, Illite --- Rutile
SH-3 Quartz, Chlorite, Muscovite, Illite - Rutile
SH-4 Quartz, Chlorite, Muscovite, Illite - Rutile
SH-5 Quartz Chlorite, Muscovite, Illite Rutile
SH-6 Chlorite, Muscovite, Illite, Quartz - Rutile
SH-7 Chlorite, Muscovite, Illite, Quartz Quartz, Microcline Rutile
SH-8 Quartz, Chlorite, Muscovite, Illite Microcline Rutile
SH-9 Chlorite, Quartz, Muscovite Illite Rutile, Biotite
SH-10 Quartz, Chlorite, Muscovite Microcline Rutile, Illite
c/s e
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1000 l ] I l B | ! l
] s_ i i ! s N . i n
0 “‘J“"""I‘ Ji Lf‘,uu’m_,,_,_,,_,' "/ [\A—_}\-J’l’\_ﬂﬁ WA A4 ! J‘y-"l et SN 20
a 14 24 34 44 54
Sample: Major Phase(s) Minor Phase(s) | Trace Phase(s) l
SH-1 Quartz (33-1161) - e
Az: 15975-69472 Sio2
Date : | Chlorite (29-0701)
12/7/2017 (Mg.Fe)6(Si.Al)4010(CH)8
L KV = 40 Muscovite - ilite  (26-0911)
_ mA=30_ —_— KAI2Si3AI010(0OH)2
_Ka =Cu ]
Fil. = Ni

XRD 5, 4 55e¥1s &l 6gai o5y 4 atly b & JSC
Figure 5. The design related to one sample taken from the Dalayon area by XRD method.
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Figure 6. A) Diagram of 2Si to Fe*/(Fe**+Mg*") (Pflumio,

1991) (Symbols: r:
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ripidolite,

p:

pyknochlorite, d: diabantite, c: clinochlorite and pe: penatite); B) Inverse correlation between Al,O; to
SiO; in chlorites; C) Inverse correlation between AIY to Si in chlorites; D) Inverse correlation between

AIV! to Fe?*+Mg?* in chlorites; E) Diagram of octahedral-Al to tetrahedral-Al in Dalayon chlorites.
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Table 3. Results of fluid inclusion data for chlorites in Dalayon area.

No. Type Class Shape Size Fill Tm Th Phase Salinity Density
A-1 V+L P Rounded 10*6 0.90 -8.9 353 L 12.7428 0.773
A-2 V+L P Faceted 12*6 0.95 -5.3 308 L 8.3769 0.796
A-3 V+L P Rounded 15*8 0.88 -3.3 306 L 5.3191 0.756
A-4 V+L P Rounded 10*5 0.87 -8.6 370 L 12.3710 0.484
A-5 V+L P Faceted 11*5 0.88 -8.4 339 L 12.3978 0.789
B-1 V+L P Rounded 10%7 0.89 -8.7 367 L 12.7302 0.481
B-2 V+L P Faceted 11*4 0.91 -8.8 343 L 12.7425 0.611
B-3 V+L P Rounded 12*6 0.90 -5.2 354 L 8.3765 0.775
B-4 V+L P Faceted 15%9 0.88 -8.9 360 L 12.7428 0.779
B-5 V+L P Rounded 10*7 0.75 -8.6 368 L 12.7310 0.482
C-1 V+L P Rounded 6*4 0.79 -4.7 369 L 7.3929 0.671
C-2 V+L P Faceted 8*4 0.88 -2.8 318 L 4.5457 0.725
C-3 V+L P Rounded 12%7 0.96 -5.4 305 L 8.3753 0.794
C-4 V+L P Faceted 12*5 0.87 -8.5 341 L 12.3989 0.607
C-5 V+L P Faceted 9*5 0.89 -8.6 384 L 12.4019 0.721
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Figure 9. A) Temperature of homogenization to salinity diagram of (Wilkinson, 2001); B) Salinity to
of temperature of homogenization diagram (Kesler, 2005).
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