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ARTICLE INFO ABSTRACT

Article type: The Goosheh granite body is in north of Dorud city, as a part of the
Sanandaj Sirjan Zone. Petrographically, the main textures of the granites
are granular, interlobate, granophyric, myrmekite, and perthitic. The rocks
are predominantly composed of equigranular minerals, and the main
Received: 2024 October 17 minerals include quartz, alkali feldspar (largely perthitic microcline),
Accepted: 2025 January 15 plagioclase, and biotite. Minor minerals are white mica (probably

phengite muscovite) and fewer amounts of allanite, zircon, and titanite.

Chlorite, sericite, and calcite are common alteration products in the rocks.
Keywords: Petrographic observations indicate that the rocks have undergone local
metasomatism as well as deformation processes. The evidence of
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Metasomatism A R . > .
Deformation metasomatism in the region is reflected in both mineralogical and textural
. characteristics. The mineralogical evidence includes the formation of
Chlorite . . . Lo .. .
. inter-grained albite, chloritization of biotites (alongside small anhedral
Goosheh granite body

titanites), phengitic muscovite, and microcline with tartan twinning.
Textural evidence includes myrmekite intergrowth textures, and the
formation of perthite patches in potassium feldspars. In these granites,
sodic metasomatism has led to the crystallizing of anhedral albites.
Deformation evidence is characterized by the presence of GBM, SGR,
and BLG microstructures in quartz and between plagioclase and biotite,
as well as kinking in plagioclase and biotite minerals. Moreover, the
calcite deformation twins are classified as type I and II, showing a
temperature range of 200-300 °C and is consistent with the deformation
evidence. Based on the mineral chemistry of chlorite, the temperature of
metasomatization is about 310 °C. Overall, the evidence shows that
Goosheh granite rocks have significantly experienced both metasomatism
and ductile deformation, likely occurring during the Upper Tertiary in the
area.

Sanandaj-Sirjan Zone

DOT: https://doi.org/10.22084/NFAG.2025.30007.1641

Corresponding author: Nahid Shabanian, E-mail: Shabanian.nahid @sku.ac.ir

Cite this article: Shekoufeh Shafiei, Nahid Shabanian, Ali Reza Davoudianand Hossein Azizi (2026). Evidence of
metasomatism and deformation of the Goosheh granite body, north of Dorud, Lorestan province, New Findings
of Applied Geology, Vol. 20, No. 39, pp: 76-94.

Journal of New Findings of Applied Geology by Bu-Ali Sina University Press is licensed under CC

() DS ByNC4o

Web Site: https://nfag.basu.ac.ir ~ E-mail: nfag@basu.ac.ir




ST 5 ilegulie anlss

Ohes g bl

&

Extended Abstract

Introduction

Granites, as the most abundant intrusive rocks
in the continental crust, have played a
significant role in the growth of the
continental crust during the Earth's evolution
(Li et al., 2014). Some granites, which are
emplaced at deeper depths in the orogenic
setting in the main stage of crustal
metamorphism, show a special texture similar
to gneiss (Buddington, 1959). Sometimes
after the formation of granite, hydrothermal
fluids (Lee et al., 1997) related or unrelated to
magmatic processes after emplacement and
cooling (Cathelineau, 1986; Putnis et al.,
2007; Yuguchi and Nishiyama., 2008;
Pliimper and Putnis, 2009) can penetrate to the
solidified granite rocks and subsequently the
rock undergoes mineral changes in the solid
state. Therefore, the granite rock has locally
undergone  metasomatism. During  this
process, the instability or change of a unique
primary mineral immediately leads to the
deposition or crystallization of a new and
more stable mineral (Rong and Wong, 2016).
In this study, we investigate the changes and
evolutions in the solid state of the Goosheh
granitoid pluton. The techniques of
microscopic fabrics, electron microprobe
analyses on the chlorite, deformation twins in
calcite, and geothermometric calculations will
be wused to determine the formation
temperature of chlorites and to evaluate the
performance of metamorphic and deformation
phenomena.

Materials and Methods

In this research, the Goosheh granite body was
investigated from the lithological and
mineralogic points of view, and to recognize
field relations of the granites and country
rocks. The sampling was conducted during
fieldwork and thin sections were prepared
from the selected samples and they were
studied using a polarized light microscope.
Electron-microprobe analyses were
performed at the Department of Geography
and Geology, University of Salzburg to
determine minerals chemistry some minerals
such as chlorite and plagioclase.

Geological Setting: Sanandaj-Sirjan zone, as
a key metamorphic-magmatic zone of Iran, is
the site of intrusion and emplacement of the
large and small granitoid bodies during
important magmatic events, most of which are

related to opening (e.g., Alirezaei and
Hassanzadeh, 2012), subduction (e.g., Moradi
et al., 2022; Davoudian et al., 2016) and
finally closing (e.g., Mahmoudi et al., 2011)
of oceanic crusts, especially Neo-Tethys.
These granitoid bodies have been occurred
from late Neoproterozoic to early Paleozoic
(Cadomian), Carboniferous-Permian
(simultaneous with Variscan), early to late
Jurassic, early to mid-Cretaceous, Paleocene
and Eocene (e.g., Badr et al., 2018; Shabanian,
et al.,, 2018; Tavakoli, et al., 2020). The
northwest-southeast metamorphic units of the
Sanandaj-Sirjan belt occurred as a result of the
subduction and closure of the Paleo-Tethys
and Neo-Tethys during processes such as the
intracontinental subduction in the Jurassic
(Shabanian and Neubauer, 2024) and ocean-
continent subduction (e.g., Davoudian et al.,
2016). The Goosheh granite body is located in
the northern part of Dorud, Lorestan province,
as depicted on the geological map of Shazand
sheet 1:100000as a part of Sanandaj-Sirjan
Zone. The granitic rocks, are white, medium
to fine-grained in the field. The adjacent rocks
to the granites are amphibolites, pelitic
schists, dolomitic limestones, calcareous
schists, and arenitic sandstones (Ahmadi
Khalaji et al., 2017). Sometimes, a distinct
boundary can be observed between the
granitic rocks and the adjacent amphibolite
rocks and in other cases, the granitic body
intruded into the amphibolite units.
Petrography: The common textures in these
granites are granular interlobate, granophyric,
myrmekite, and perthitic. The main minerals
of the granite rocks are typically equigranular,
and they have low diversity. The dominant
minerals include quartz, alkali feldspar
(mostly perthitic microcline), plagioclase, and
biotite. Minor minerals are white mica
(probably phengite muscovite) and in smaller
quantities, allanite, zircon, and titanite. The
rocks often exhibit alteration products such as
chlorite, sericite, and calcite. Locally, these
rocks have undergone metasomatism, as well
as deformation.

Results and Discussion

The analysis of the microstructures in the
quartz mineral indicates the development of
the dynamic recrystallization process as
undulatory extinction; Undulatory extinction
in quartz minerals occurs during low
temperatures (< 300°C) of metamorphic
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phases (Passchier et al., 2005). The grain
boundary migration (GBM) can be recognized
in them indicating the occurrence of
metamorphism at 500-700 °C and fine grain
rotation (SGR) indicates the occurrence of
deformation at 350-500 °C (Passchier et al.,
2005). The metamorphic microstructures of
GBM and SGR are consistent in quartz
minerals.

A) Alkali feldspar: After the final
crystallization of magma, in sub-solidus
conditions of about 500 °C along with a slow
decrease in temperature and the reaction of the
remaining fluids, primary minerals in granite
can change composition or structure.
Therefore, albite flanks may be formed in
alkali feldspar, and also orthoclase transforms
into microcline. These changes are due to the
reorganization of the sub-solidus, But they are
not metasomatic phenomena, and the whole
rock composition does not change (Rong and
Wong, 2016).

B) Plagioclase: Polysynthetic twinning in
plagioclase exhibits a flame-like pattern, it is
due to the deformation effect in the solid state.
They show undulatory extinction.
Additionally, it is possible to observe grain
boundary migration occurring between
plagioclase and biotite.

C) Mica: The biotites, which are sometimes
altered to chlorite and rarely muscovite,
display visible signs of mechanical bending or
kinking, indicating deformation, even at low
temperatures. These biotite minerals also
demonstrate undulatory extinction. In some
cases, they exhibit evidence of being exposed
to greenschist facies and low-temperature
conditions. Notably, chloritization has
occurred along the cleavages of the biotites.
The crystallographic network of chlorite is
different from that of biotite, but almost it is
similar to the crystallographic network of
micas (Deer et al., 2013). After undergoing
alteration, biotite could be completely
replaced by chlorite, resulting in the formation
of pseudomorph.

Feldspar Mineral Chemistry: The structure
of feldspars can be considered a derivative of
Si02 and Al structures inside the tetrahedral
network. In addition to the composition and
temperature of magma, the composition of
feldspars also depends on magmatic gases
(Hattori et al., 1996). The representative data
of plagioclases and alkali feldspar from the the
Goosheh granite are given in Table. The KO,

Na;O and CaO values of plagioclase vary
from 0.12 to 0.36 wt. %, 11.15-12.33 wt. %,
and 0.71-1.70 wt. %, wt. %, respectively. The
composition of analyzed plagioclase grains is
plotted in the field of albite. Alkali feldspar
grains show composition with Fe,03=0.04-
0.25 wt. %, Ca0=0.00-0.05 wt. %,
Nay0=0.51-1.25 wt. % and K,0=_8.7-9.32 wt.
% and can be classified as orthoclase.
Chlorite geothermometer: The structural
features of chlorite, as a phyllosilicate,
strongly support cation exchange processes,
particularly through substitutions (Bourdelle,
2021). This characteristic, along with the wide
range of elements that can be incorporated
into its structure and the occurrence of
multiple cationic substitutions
simultaneously, leads to a diverse
composition field for chlorite. Therefore, the
structure of chlorite can be defined by a solid
solution model (e.g., Davoudian et al., 2008;
Badr et al., 2013), these features make it
suitable for use as a geothermometer
(Bourdelle, 2021). The EMPA results of
chlorite are given in Table (1); the amount of
Si0; is from 23.67% to 24.7% and TiO,
ranges from 0.02% to 0.14%, and FeO is from
35.93 up to 37/56%.

Geothermometry calculations of chlorite
minerals by six conventional methods suggest
that the formation temperature of these
minerals is between 232 to 362 °C, the
average 310 £ 7 °C, which is considered as the
possible temperature of metasomatism.
Moreover, calcite twins are used for
thermobarometry and are considered as
reliable indicators of metamorphism (Barber
and Wenk., 1979; Ferrill, 1991; Ferrill et al.,
2004). Mechanical modeling of calcite is the
dominant mechanism of crystal-plastic
deformation in metamorphosed coarse-
grained limestones and marbles at
temperatures below than 400 °C (Turner and
Ch'ih, 1951; Carter and Raleigh, 1969;
Groshong, 1988). Deformation twins in the
calcite at temperatures below 170 °C are
usually thin and only appear as thin black lines
under the microscope. Deformation of calcite
at 300 °C and higher, results in the formation
of twins that are wide and visible under the
microscope, and the width of individual
twinning may exceed 5 microns. These thick
twins occur mainly in metamorphosed rocks.
They are lenticular and extend toward the
grain boundaries (Heard, 1963). According to
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the twins of the studied calcites, deformation
temperatures have been 200-300 °C.

Conclusion

The sub-solidus reactions observed in the
textures of the granitic rocks of Goosheh
pluton  provide evidence of sodic
metasomatization  resulting  from  the
infiltration of sodium-rich fluids into the
rocks. In these evolved rocks, the main feature
of sodic metasomatism is the crystallization of
neoform albites, but other features such as
partial sericitization of plagioclase, biotite
chloritization, silicification, and the
development of myrmekite between quartz
and plagioclase are also common. The initial
plagioclase (with oligoclase composition) is
surrounded by an albite rim, which indicates
the occurrence of metasomatism in the rocks.
Biotite is partially replaced by chlorite and
opaque minerals. In these granites, sodic
metasomatism leads to the crystallization of
anhedral albites. Quartz mineral exhibits
various microstructures, including grain
boundary migration, high-temperature Grain
Boundary Migration (GBM),
recrystallisation, and also Subgrain Rotation
(SGR). Deformation evidence is also
interpreted based on the presence of GBM,
SGR, and BLG structures in quartz minerals
as well as between plagioclase and biotite. The
evidence shows that the deformation has
occurred at 600 to 400 °C. Additionally,
kinking is observed in plagioclase and biotite
minerals, as a function of deformation. The
albite rims surrounding the primary
plagioclases further support the role of
deformation in the rock.

Deformation twins of calcite mineral are
mostly type II and show 200-300 °C

temperature, which indicates that deformation
continues in the temperature range. Also,
temperatures obtained from mineral chemistry
and geothermometry of chlorite show the
temperature of the metasomatism at an
average temperature of 310 °C, which
indicates the effect of this phenomenon as syn
to post-deformation. The findings clarify that
deformation has occurred in higher
temperatures and deeper depths, while
metasomatism occurred locally on the granite
rocks after the uplift of the granite body to
lower depths.

In general, the results presented in this study
reveal valuable insights into the impact of
metasomatism and ductile deformation
processes on the Goosheh granite rocks. The
findings can be significant because the
granitic pluton with the crystallization age of
Late Eocene, as one of the youngest granite
bodies in the Sanandaj-Sirjan zone, has
undergone subsequent evolutions related to
deformation phases. Since, based on the
previous works, the deformation main phases
of this zone occurred during the Jurassic
period, it can be concluded that the ductile
deformation phases in the Sanandaj-Sirjan
zone were active at least until the Middle to
Late Tertiary and post-Eocene. This implies
that the Zagros orogeny and the final closure
of the Neo-Tethys Ocean, resulting from the
collision of Central Iran and Sanandaj-Sirjan
with the Arabian Plate, likely took place in the
Miocene period.
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Fig. 2. a) A field view of the Goosheh granite body and metamorphic rocks as the surrounding rocks; b) Contact of granite
body and amphibolite rocks; ¢) Granitic injection into the amphibolitic host rock; d) The amphibolite rocks are located above
the granite body; e) the Onionskin weathering occurred in granite rocks; f) The formation of arenitic soils on surface of

granite.
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Fig. 3. Description. a) the general texture of Goosheh granite body; b) undulatory extinction in quartz mineral; c¢) plagioclase
is one of the main constituents of the rock; d), e) sericite decomposition and decomposition zonation in plagioclase in (XPL)
and (PPL); f), g) the presence of alkali feldspar of microcline and perthite type in the rock; h) PPL, i)XPL: Biotite containing
zircon mineral that it altered to Chlorite, along with forming titanite along the cleavages. Bt= Biotite, Pl= Plagioclase, Qz=

Quartz, Zrn=Zircon; Whitney and Evans, 2010).
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Fig. 4. a) and b) transformation of orthoclase into microcline; c¢) and d) Flame and filamentous perthite indicate the
occurrence of dynamic deformation in greenschist facies conditions; e) and f) Intergranular albite (PPL) and (XPL);

g) and h) plagioclase with clear albite rim; and i) GBM deformation in quartz minerals. (Ab= Albite, K=K-feldspar;
Whitney and Evans, 2010. GBM= High-Temperature Grain Boundary Migration Passchier and Trouw, 2005).

by JEIT jhwals 0350l (V) 5 Uk Lo JISIT
Sl 5 G (VNP W Sly 5 S el SUS g3l
s Slile (S 5US gr5lly absgay JIIT Lowals
Wasly o JSoseyS 3)lsS Oy 5 298 0 Lad
3045 Jue (V.S oo gy 0ads JoSid o3l (g
ool Souly pegilogalie il 50 coSa e o
Sl o JSi5 adgl ) jlewn (S8 L WS g5l
slobibe oSl a4 azgs b (V0¥ Gl g 5]
=l aal gl JEIT Lwals o0 SWsslly

Slasal 5o lopsds slo Jslows 9959 1 (g0l 45 B
S )50 3 g Ay Sy o a5 4y sl JSIT JLwald
B Sa e S o G it anlllas o 50 (cla i
5 slasl g9 3l el S ol jo ead cumlis
(@ 008 b slcaSore 5 wiibosdS
(i) sagshel abasl, (Y18 (Sily 5 S, aiied
ol elS'9 500 (SIS 50 SeSa e JSCAT Sk oS

(£ -0USE) a3b o paieis 6 o1, o

Sgzg adlllae 0550 sl o (28L aeled 5l S
S eo el (Vo2 B e995 5 dly) SUS 3l 5o 35158
caly ST sl 5 3US 555l s (gils 5 po hazel 4o
a3l G led 0 9 (g ¢ o9 ~OJSD) 09doe
2 3 Sy oaslin S b Wll 5 il
ol S cdansly 4 b Sl SJSITSIS 5,57 (cloSns
Lol dlan 10 o] Cosnl a5 058 o sotlive cwoliS
5155 sl ol oSl by ol ol Sl o slaSe
L /g (oo ((ogye) JSdoo )5 &jgots i EeSayn 50
Ko ean B 0,5 glojicn b asileale b g (00,05
o)|.»|5w| OMOM u&n)ﬂ)ﬁmbdsw|
VYo b o iay s ablie og,5ee Vo B Y Usans bagy]
Sy S8esS BlsS Cals oy o0 w2 (950
S o s Subyd Bogy 5l asdllas 050 S
Sz @ Sy JEIT JLsald 50 50 oS 352
Sy AW C)Ja“’ 6L°4""9]3 o Gu)fab Licee O
esals 3 coSarne Sl (1) Jold CoSa e sl



@ VEeD Sl 5 e F8 o)led Y+ 090

@) oldiome) (g (sloadly

A8l ] gy £85 4y Codgm F, bk slil,
Gl 5l Lol sl Codg 5l glatin cu IS 5Ll el

Qs Cudgm o Slo S 5l am (VY ) Sen
el Tty IS5 Sy o 2 S Goyb 5l sSlr

5148l (55,555 1l o i S Eesig 1m0 (5
2 ez g Sl b slales jo s> IS S olle
aS Sl CapgSins (B g oIS @ fas Jl> o ciign
(L -0 JS8) wiloo v oo Gl o8 (730 (SDgal>
oyl o JSE 5 eaumoplid a5 melay (pl o

30 Cedgm gl el ol led g el

ol .
[ oasam ~

.

ISt (o (XPL) 35,15 ;5 SGR) ,tslujs, (1.0 S

5 Kinking g489 (0 tXPL) il g0 Jloyigyomd puunslbogubio a1 jUS 95U (b sty (0 «XPL) jUS 95Uy 5 oo
.XPL) coi g S5 yo Kinking (b g «XPL) 51415ty ooy (7 ¢XPL) (glamiils coso o (9 ¢XPL) 5US 95U
Fig. 5. a) Microstructure of the SGR in quartz (XPL); b) deformed polysynthetic twinning in plagioclase (XPL); c)
Grain boundary migration between biotite and plagioclase minerals (XPL); d) Sericitization of plagioclase is the result
of hydrothermal metasomatism (XPL); e) occurrence of kinking in plagioclase (XPL); and i) Kinking in biotite mineral
(XPL). (Bt=Biotite, Pl= Plagioclase, Qz= Quartz, Zrn=Zircon; Whitney and Evans, 2010; BLG= low-temperature grain
boundary migration, GBM= Ground Boundary Migration, SGR= Subgrain Rotation; Passchier and Trouw, 2005).
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Tablel. Results of Electron Microprobe analysis of Feldspars minerals from Goosheh granite.

Plagioclase
64.05 64.13 65.95 65.37 66.17 66.24 68.5 65.17
0 0.01 0.01 0 0 0.02 0 0
18.13 1826 20.51 20.43 20.06 19.89 20.18 20.71
0.09 0.06 0.1 0.1 0.01 0 0.04 0.1
0 0 0 0 0 0 0 0
0 0 0.02 0 0 0 0.03 0.02
0 0 0 0 0 0 0 0
0.02 0.05 1.37 1.57 1.04 0.86 0.71 1.7
0.89 0.66 1143 11.44 11.66 11.55 12.33 11.15
16.04 1637 0.36 0.18 0.13 0.12 0.14 0.24
0 0 0.01 0.01 0 0 0.03 0
99.22  99.54 99.76 99.1 99.07 98.68 101.96  99.09
2.99 2987 2913 2.907 2.936 2.946 2.953 2.899
0 0 0 0 0 0.001 0 0
0.998  1.002 1.068 1.071 1.049 1.043 1.025 1.086
0.003  0.002 0.003  0.003 0 0 0.001 0.003
0 0 0 0 0 0 0 0
0 0 0.001 0 0 0 0.001 0.001
0 0 0 0 0 0 0 0
0.001  0.002 0.065  0.075 0.049 0.041 0.033  0.081
0.081 0.06  0.979 0.987 1.003 0.996 1.031 0.962
0.955 0973  0.02 0.01 0.007 0.007 0.008  0.014
0 0 0 0 0 0 0.001 0
5.028 5.026 5.049  5.053 5.044 5.034 5.053 5.046
0.92 0.94 0.02 0.01 0.01 0.01 0.01 0.01
0.08 0.06 0.92 0.92 0.95 0.95 0.96 0.91
0 0 0.06 0.07 0.05 0.04 0.03 0.08
Or

Andesine

- Alkali Feldspar

[USioI 644 6408 64 6537  63.72
[Tmioz | o002 0.2 0.02 0 0.02
[AEOI 1826  18.01 18.11 185  18.18
[TE&O0: 009 0.04 0.05 0.06 025
o o 0 0 0 0
[MaoT 0.01 0 0 0.01 0
[vgo o 0 0 0 0.02
[cao o.01 0 0.02 0.03 0.4
[Naon 09 0.76 1.03 125 051
K200 1626 1621 1585 1609 166
[ceos o 0.03 0.01 002 001
[metal ] 9995  99.15 99.09 10133 99.35
[Si 2987 2.995 299 2987 298
[ 0.001  0.001 0.001 0 0.001
A 0.998 0992 0997 099  1.002
[UEe 0.003  0.001 0.002  0.002  0.009
R o 0 0 0 0
[vm o 0 0 0 0
vigi o 0 0 0 0.0l
[heamn o 0 0.001  0.001  0.002
[Na 0.081  0.069 0.093  0.111  0.046
R 0962 0.966 0.945 0938  0.99
e o 0.001 0 0.001 0
[sum ] 5032 5.025 5029 5036  5.031
[xXei] 092 093 0.91 0.89 095
X 008 0.07 0.09 011 004
[xa o 0 0 0 0

N Oligoclase
Ab

Labradorite \ Biytownite\i’m" th%\
An

ST Hhewals 5 5US 55 b S cuS 5 owinsylis Ab-Or-An ,lsges OF 9 Ab als g3 55 b ylawalds o )15 .5 JS

Mb‘so axjlao S)yg0 6&&...; )9 9990

Fig. 6. placement of feldspars on the Ab and Or sides of the Ab-Or-An diagram shows the composition of plagioclase
and alkali feldspar minerals in the studied rocks.
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Table 2. Results of Electron Microprobe analysis of Chlorite minerals from Goosheh granite.

[siozny 2391 23.67 24.05
[mioz2|  o0.08 0.05 0.06
Ao 1884 19.13 2038
[Fe203| 0.00 0.00 0.00
[Eeom 3756 37.56 3593
Mmoo 063 0.67 0.77
[vgon] s 5.13 5.08
G0 o5 0.07 0.06
[Nazol 006 0.04 0.04
k200 o005 0.04 0.09
[eeosy oo 0.00 0.01
[motal 8653 86.36 86.47
s 26 2739 2745
[m o007 0.004 0.005
A 2563 2.609 2.741
[TFes  0.000 0.000 0.000
Ee2l 3626 3.634 3.429
v 0062 0.066 0.074
e 09,2 0.885 0.864
e oo 0.009 0.007
pNa o013 0.009 0.009
[ 0007 0.006 0.013
e o001 0 0.001
[sum | 9.9 9.961 9.888
AV 123963 1.26133 1.25514
[TmviT 132382 1.3473 1.48623
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Chlorite

Bio Mus
23.98 24.1 24.7 36.15 43.34
0.07 0.14 0.02 3.61 0.18
19.77 19.35 18.7 15.07 29.70
0.00 0.00 0.00 0.00 0.00
35.94 37.52 37.17 27.66 7.05
0.76 0.75 0.71 0.65 0.14
5.53 6.04 6.16 3.94 1.46
0.13 0.05 0.06 0.07 0.01
0.01 0.00 0.01 0.09 0.24
0.04 0.00 0.08 9.81 10.90
0.01 0.00 0.00 0.00 0.00
86.24 87.95 87.61 97.05 93.02
2.748 2.728 2.8 2.833 3.079
0.006 0.012 0.002 0.213 0.010
2.671 2.581 2.499 1.392 2.487
0.000 0.000 0.000 0.098 0.000
3.445 3.552 3.524 1.716 0.419
0.074 0.072 0.068 0.043 0.008
0.945 1.019 1.041 0.46 0.155
0.016 0.006 0.007 0.006 0.001
0.002 0.000 0.002 0.014 0.033
0.006 0.000 0.012 0.981 0.988
0.001 0.000 0.000 0.000 0.000
9.914 9.97 9.955 7.756 7.180
1.25151 1.27221 1.19964 1.167 0.921
1.4191 1.30905 1.29907 0.225 1.565
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Table 2. Geothermometry methods of chlorite minerals according to Bourdelle, 2021.
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T=2123A1IV + 17.5 (14) AlIV content
T =321.98AlIV -61.92 (14) AllV

AIIVC = AllV + 0.7(Fe/ [Fe + Mg]),
T°C =106 AIIVC+18
AIIVC = AllV + 0.1(Fe/ [Fe + Mg]),
T°C =319 AIIVC - 69.

T =249.56AlIV -320.28 (28) AllV
T = 106.2(AIlV -0.88[XFe -0.34]) + 17.5 (28) AllV, Fe, Mg

References
Cathelineau and Nieva., (1985)
Cathelineau, 1988

(Kranidiotis and Mac Lean (1987) AllV, Fe, Mg

Jowett, 1991
Hillier and Velde., (1991)
Zang et al., 1995

AIIV, Fe, Mg
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Table 3. The geothermometry results of the studied chlorites using different methods (°C)

References N2-1 N2-2 N2-12 | N2-13 N1-1 N1-2
Cathelineau and Nieva., (1985) 282 287 285 284 289 273
Cathelineau, 1988 337 344 342 341 348 324
(Kranidiotis and Mac Lean (1987) 340 345 343 342 345 330
Jowett, 1991 352 359 357 355 362 338

Hillier and Velde., (1991) 298 309 306 304 315 278
Zang et al., 1995 238 242 241 242 247 232
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