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The Bafq metallogenic district in the Kashmar-Kerman zone, or Posht-
Badam block, in the Central Iran structural zone, hosts large iron oxide-
apatite deposits hosted in Early Cambrian volcanic, subvolcanic, and
sedimentary rocks, as well as in Precambrian metamorphic rocks. The
proposed models vary from orthomagmatic to hydrothermal and
sedimentary. Different generations of apatite have been identified based on
their size, morphology, and paragenetic relationships with magnetite and
the host rock. Microthermometric studies were carried out on two main
generations of apatite (referred to as Ap-I and Ap-II) from the main stage
of mineralization, and on the late calcite, quartz and chlorite in the samples
from Chadormalu, Esfordi, and Gazestan deposits. For Chadormalu, the
homogenization temperature (Th) and fluid salinity for the liquid-vapor
(LV) fluid inclusions in Ap-I and Ap-II were determined to be 266-580 °C
and 138-460 °C, and 0.5-10.7 and 12.8-19.6 wt.% NaCl eq., respectively.
For Ap-I and Ap-II from Esfordi, the Th and salinity were between 167 to
>500 °C and 2.5-6.7 wt.% NaCl eq., and 165-464 °C and 9.8-23.5 wt.%
NaCl eq., respectively. The halite-bearing inclusions in Ap-II from Esfordi
yielded Th and salinity >500 °C and 36-37 wt.% NaCl eq. For Ap-II in
Gazestan, the Th and salinity were measured at 416 to over 500°C, and 19.8
to 25.8 wt.% NaCl eq, respectively. The late calcite coexisting with pyrite
from Gazestan yielded Th and salinity at 183-310 °C and 40-41 wt.% NaCl
eq. The eutectic temperatures (Te) for various inclusions were measured at
-21 to -53°C, implying the presence of complex ternary salts in the ore
fluids. The results suggest the involvement of two different fluids in the
evolution of the iron ore systems: a magmatic fluid, with relatively high
temperature (150 to >500 °C) and low-moderate salinity (0.5-25.8 wt.%
NaCl eq.), and a fluid with lower temperature (183-310 °C) but higher
salinity. The role of the two fluids is supported by the oxygen isotopic
composition of magnetite for the former and the sulfur isotopic composition
of pyrite for the latter.
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EXTENDED ABSTRACT

Introduction

The Bafq metallogenic district in the Kashmar-
Kerman Zone (Ramezani and Tucker, 2003) or
Posht-Badam Block (Haghipour, 1977b) in the
Central Iran Structural Zone embraces several
Kiruna-type magnetite-apatite deposits, including
Chadormalu, Choghart, Gazestan, and Esfordi (e.g.,
Samani, 1988; Daliran, 2002; Moore and Modabberi,
2003; Jami, 2005; Torab and Lehman, 2007; Stosch
et al., 2011; Heidarian et al., 2016; Heidarian et al.,
2017). The origin of the deposits is debated, with
models ranging from orthomagmatic (e.g., Foerster
and Jafarzadeh, 1994; Miicke and Younessi, 1994;
Mokhtari et al., 2013) to hydrothermal (Daliran,
2002; Moore and Modabberi, 2003; Jami et al., 2007,
Heidarian et al., 2017) and sedimentary, related to the
late Precambrian glacial event (Aftabi et al., 2009;
Mohseni and Aftabi, 2015). This study investigates
the physicochemical properties of ore-forming fluids
by fluid inclusion microthermometry on apatite and
several other nonmetallic minerals in selected
samples from Chadormalu, Esfordi, and Gazestan
deposits. The results are compared with published
fluid inclusion data and discussed, in an attempt to
tackle the source and evolution of the ore fluids.

Materials and methods

Mineralogical and paragenetic studies were
conducted on samples from ore and host rocks in
outcrops and drill cores from Esfordi, Chadormalu,
and Gazestan deposits. Some 20 samples were
selected for doubly-polished sections and fluid
inclusion petrography and microthermometry. The
experiments were performed at the Iranian Mineral
Processing Research Center (IMIDRO), utilizing a
Linkam TMHS 600 heating-freezing stage on a Zeiss
Axioplan-2 microscope. The stage was calibrated
with cesium nitrate (melting point 414°C, accuracy
+0.6°C) and n-hexane (melting point -94.3°C,
accuracy £0.2°C). The fluid inclusion studies were
focused on two main generations of apatite; limited
measurements were performed on actinolite, and late
chlorite, calcite, and quartz.

Results
Magnetite is the main ore mineral in the Bafq district,
partially replaced by hematite at surface and shallow

depths. Associated minerals include apatite,
actinolite, tremolite, diopside, albite, quartz,
dolomite, calcite, chlorite, talc, and minor sulfides
dominated by pyrite. Ore textures vary from massive
to breccia in central parts of the main ore bodies to
pegmatoid comb textures in the peripheral veins. A
banded, cumulate-looking ore texture with
alternating magnetite and actinolite-rich bands was
identified in Chadormalu (Fig. 8A). Two generations
of apatite, here referred to as Ap-I and Ap-II, were
identified in the selected deposits based on the
textures and paragenetic relations. The Ap-I occurs
mostly as euhedral to subhedral crystals of varying
sizes in the massive ore (Fig. 5A, C and G). The
Apatite-II occurs as coarse to pegmatoid crystals
commonly associated with magnetite in vein-type
ores with comb textures at the margins of the massive
ores and/or within the altered host rocks (Fig. 5B, D
and F).

Fluid inclusions were classified based on the phases
present at room temperature as: single-phase liquid
(L) (Fig. 6A and B), single-phase vapor (V) (Fig. 6C
and D), two-phase liquid-rich (LV) (Fig. 6E and F),
two-phase vapor-rich (VL) (Fig. 6H), three-phase
liquid-vapor-halite (LVH) (Fig. 6J and 1), and multi-
phase inclusions (LVHS) (Fig. 6K) where S stands
for unknown solid. The heating-freezing
measurements were performed mostly on the LV and
LVH inclusions in apatite, with limited experiments
on actinolite, dolomite, and late chlorite, calcite, and
quartz.

The Th values for the LV inclusions ranged from 138
°C to >500 °C (Table 2). For Chadormalu, the Th
values for the primary and secondary fluid inclusions
in Ap-11 from the vein-type ore ranged between 268—
454 °C and 138-217 °C, respectively. For the banded
ore, fluid inclusions in actinolite and in the late
dolomite and chlorite yielded Th values exceeding
500 °C, 280-330 °C, and 147-157 °C, respectively.
For Esfordi, the LV inclusions in Ap-lI and Ap-I1I
homogenized between 167—-350 °C and 165-464 °C,
respectively. For Gazestan, the Th values for the
vein-type Ap-I1l, and for the late calcite and quartz in
breccia ore ranged between 416 °C to >500 °C, 190—
270 °C, and 250-390 °C, respectively. For the LVH
fluid inclusions in the calcite, homogenization
occurred with halite dissolution between 290-330
°C; vapor disappearance occurred between 183-320
°C (Thd > Tvd). In contrast, for the LVH inclusions
in the Esfordi Ap-II, halite dissolution occurred
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between 274 to 291 °C, with vapor disappearance at
>500 °C (Tvd > Thd) (Fig. 11). In apatite from the
Choghart massive magnetite-apatite ore, halite-
bearing inclusions in Ap-I homogenized to the liquid
phase (Tvd<Thd), with halite dissolution occurring
between 418 and 430 °C. (Fig. 11) (Hosseini et al.,
2022).

A wide range of salinities, ranging from <1 wt.% to
~41 wt.% NaCl eq. was observed for fluid inclusions
in various minerals (Table2). For Chadormalu
banded ore, salinities were measured for the LV
inclusions at 1.7-14 wt.% NaCl eq. in dolomite, and
<1 to 2.4 wt.% NaCl eq. in chlorite. Higher salinities
at 12.8-19.6 wt.% NaCl eq. were found in Ap-II from
the vein-type ore. For Esfordi, the LVH inclusions in
Ap-1I yielded salinities at 36.1-37.1 wt.% NacCl eq.,
whereas LV inclusions displayed lower values at 9.8-
23.5 wt.% NaCl eq. In contrast, lower salinities (1-
6.7 wt.% NaCl eq.) were measured for LV inclusions
in Ap-I. For Gazestan, the LVH inclusions in calcite
from breccia ore yielded the highest salinities
recorded (40-41 wt.% NaCl eq.). Significantly lower
values (3.3-5.1 wt.% NaCl eq.), however, were
observed for the LV inclusions in quartz from the
breccia ore. Hosseini et al. (2022) for the LVH and
LV inclusions in apatite-1 reported 42.9- ~45 wt.%
NaCl eq. and 11.5-13.8 wt.% NaCl eq., respectively,
from the Choghart deposit.

Discussion

The fluid inclusion data suggest the involvement of
at least two distinct fluids in the evolution of the iron
oxide-apatite ore systems and associated wall rock
alteration/metasomatism in the Esfordi, Chadormalu,
Gazestan, and possibly other magnetite-apatite
deposits in the Bafq metallogenic district. An
evolving fluid source is reflected in the fluid
inclusion data from the two main generations of
apatite in Chadormalu, where a moderate- to high-
temperature fluid (266 to 580°C) with low salinity
(0.5 to 10.7 wt.% NacCl eq.) responsible for Ap-I in
the massive ore (Heidarian et al., 2017) evolved into
a lower temperature (268—454°C) but higher salinity
(~13-20 wt.% NaCl eq.) fluid involved in the
development of the pegmatoid Ap-II crystals in the
vein-type magnetite-apatite ore (this study). The
secondary LV fluid inclusions in the Ap-II crystals
yielded lower homogenization temperatures (138—
217°C) but the same salinities as in the primary fluid
inclusions, consistent with a cooling evolution trend.

Fluid evolution and multiple fluid sources is also
supported by the banded ore in Chadormalu where
actinolite developed in the presence of a high-
temperature fluid (>500°C), whereas dolomite and
chlorite in the same ore evolved through interaction
with fluids at lower temperatures, 280-330°C and
147-157°C, and variable salinities, 1.74—-14 and 1-
2.4 wt.% NaCl eq., respectively. The comparison
between massive and vein ore data reveals fluid
mixing and evolution from high-temperature, low-
salinity to low-temperature, moderate-salinity fluids
in the Chadormalu deposit.

At Esfordi, a low to high-temperature (167->500°C)
but low salinity (2.5-6.7 wt.% NaCl) fluid
contributed to the development of magnetite-rich
ore, while apatite-rich ore formed from lower
temperature (165 to 464°C) but higher salinity (36-
37 wt.% NaCl eq.) fluids. Ore formation in Gazestan
occurred from high-temperature and relatively saline
fluids, as Th and salinity data from the LV (416—
>500°C and ~20-26 25 wt.% NaCl eq.) and LVHS
inclusions (485— >500°C, and ~22-25 wt.% NaCl
eq.) in apatite from the breccia ore suggest. The
lower Th but higher salinity values at 183-310°C and
40-41 wt.% NaCl eq. recorded for the LVH
inclusions in the late calcite in textural equilibrium
with sulfides in the same ore sample suggests
involvement of a second fluid source in the evolution
of the ore system in Gazestan. Based on the lowest
dissolution temperature of halite (235°C) in calcite
fluid inclusions from the Gazestan breccia ore, and
apatite-I (418°C) from the Choghart massive
magnetite-apatite ore (Hosseini et al., 2022), the
minimum trapping pressure is estimated at 90 MPa
and 75 MPa, respectively. Considering a density of
2.7 g/em’, the minimum depth for ore formation in
Gazestan was 3.3 km; the apatite-I from Choghart
developed at depths of ~2.7 km (Fig. 14).

Results from this study suggest that a high-
temperature and low-moderate salinity fluid of
possible magmatic origin played a key role in
mineralization in the Chadormalu, Esfordi, and
Gazestan, and possibly other magnetite-apatite
deposits in the Bafq district. With time, the iron ore
system interacted with an evolved fluid of low-
moderate temperature and relatively high salinity,
leading to the development of sulfides and other late-
paragenetic minerals. The published sulfur isotopic
data for pyrite, ranging between +8.9 to ~ 25 %eo,
suggest a basinal brine origin for the evolved fluid.
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Table 1. Major characteristics of the various ore samples from the Chadormalu, Esfordi, and Gazestan deposits Bafq
district, used for fluid inclusion petrography. Samples selected for microthermometric studies are shown in italic.

Ore deposit/ ) ) Minor Trace Texture/
sample code Major: minerals minerals minerals Ore type structure
Chadormalu
CHM Mag, Act Ab, Tr, Cal, Chl Py, Hem Magnetite-Actinolite ore Massive
CHM-05-3 Mag, Ap - Hem Magnetite-Apatite ore Massive
CHM-07 Mag, Ap - Hem Magnetite-Apatite ore Massive
CHM-016 Mag, Dol, Act, Chl, Ab, Qe Py, Bt, Ttn Magnetite ore Banded
Cal, Tlc
CHMO-017A Mag, Ap Py, Cal Hem Magnetite-Apatite ore Vein
CHM-018 Mag, Ap Py, Cal, Ep Hem Magnetite-Apatite ore Vein
Esfordi
Coarse apatite crystal Ap - Mz Pegmatoid-disseminated  Pegmatoid-
texture Apatite disseminate
ESF-02 Ap, Hem, Mag Cal, Qtz Ep Apatite-Hematite ore Massive
ESF-07 Ap, Hem, Mag Cal, Qtz Ep Apatite-Hematite ore Massive
ESF-019 Ap, Act Hem, Mag, Tr, Cal Apatite ore Massive
Gazestan
GA Ap, Mag Cal - Magnetite-Apatite ore Vein
RS-44-140 Mag, Ap Chl, Ab Hem, Srp, Py Magnetite-Apatite ore Breccia
RS-46-35.5 Mag, Ap, Cal, Py Chl, Ab Hem, Ccp Magnetite-Apatite ore Massive
RS-46-60 Ap, Cal, Py, Mag Chl, Srp Hem, Ccp Magnetite-Apatite ore Massive
RS-47-175 Mag, Ap, Cal Chl, Ab, Hem, Srp, Py~ Magnetite-Apatite ore Breccia
RS-47-189 Mag, Ap, Cal Chl, Ab, Hem, Srp, Py ~ Magnetite-Apatite ore Breccia
RS-47-228 Mag, Ap Chl, Srp, Fe-Oxide, Cal  Magnetite-Apatite ore Breccia
RS-51-67 Mag, Cal, Chl Ap, Py, Ccp Fe-Oxide, Srp, Magnetite ore Massive
RS-51-160 Mag, Cal, Ap, Chl Ab, Py Srp, Fe-Oxide Magnetite ore Vein
RS-52-236 Mag, Ap, cal C(:)I(,idibl Fe Py, Ccp Magnetite-Apatite ore Vein

Abbreviation for minerals from Whitney and Evans (2010): Ab: Albite, Act: Actinolite, Ap: Apatite, Bt: Biotite, Cal: Calcite,
Chl: Chlorite, Ccp: Chalcopyrite, Dol: Dolomite, Ep: Epidote, Hem: Hematite, Mag: Magnetite, Mnz: Monazite, Py: Pyrite,
Qtz: Quartz, Srp: Serpentine, Tlc: Talc, Ttn: Titanite, Tr: Tremolite
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Fig. 5. Images of apatite at various scales in the studied deposits from Bafq district. A: Magnetite-apatite ore containing

apatite-1, from the margin of the massive magnetite ore, Chadormalu deposit, B: The occurrence of apatite-11 in the vein-
type magnetite-apatite ore, Chadormalu deposit, C: Iron oxide-rich ore containing apatite-1 as small, needle-shaped and
white crystals, Esfordi deposit, D: Apatite-magnetite ore, Esfordi deposit. Brecciated apatite-1 is cemented by magnetite,
hematite, and quartz, E: Large, euhedral crystals of apatite-1l, Esfordi deposit, F: Vein-like accumulations of purple-
apatite-11 in the host rhyolitic rock, Esfordi deposit, G: Fine-grained apatite-I, disseminated in the massive magnetite ore,
Gazestan deposit, H: Apatite-11 and magnetite in magnetite-apatite veins along the margin of the massive magnetite ore,
Gazestan deposit, and I: Brecciated magnetite-apatite-calcite ore in andesitic host rock, Gazestan deposit. Abbreviation
after Whitney and Evans (2010) (Ap: Apatite, Mag: Magnetite, Hem: Hematite, Cal: Calcite).
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Fig. 6. Microphotographs of fluid inclusions in apatite and calcite from Chadormalu, Gazestan, and Esfordi, Bafq district.

L: liquid, V: vapor, Ha: halite, S: solid. A and B: Single-phase liquid (L) fluid inclusions in: Purple, fine-grained apatite-
Il in the altered green-looking host rock, Esfordi deposit (A). Space-filling Calcite in brecciated magnetite-apatite-calcite
ore, Gazestan deposit (B), C and D: Single-phase vapor (V) fluid inclusions in: Purple, fine-grained apatite-11 in the
altered green-looking host rock, Esfordi deposit (C). Calcite in brecciated magnetite-apatite ore, Gazestan deposit (D). E,
F and G: Two-phase liquid-vapor (LV) fluid inclusions in. Apatite-I from magnetite-apatite ore, Esfordi deposit (E and
F). Space-filling Calcite in brecciated magnetite-apatite-calcite ore, Gazestan deposit (G), H: Vapor-rich two-phase fluid
inclusions (VL) in apatite-1 from magnetite-apatite ore, Esfordi deposit, | and J: Three-phase fluid inclusions (LVH)
consisting of liquid, vapor, and halite, respectively, in purple, fine-grained apatite-11 in the altered green-looking host
rock, Esfordi deposit, and Space-filling Calcite in brecciated magnetite-apatite-calcite ore, Gazestan deposit, and K:
Multi-phase fluid inclusions (LVHS), in fine-grained, purple apatite-11 in the altered green-looking host rock, Esfordi
deposit
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Fig. 7. Microphotographs (PPL) of fluid inclusions assemblage in apatite from Bafq district ores A: Primary fluid
inclusions in apatite-11, showing coexistence of two-phase vapor-liquid inclusions (VL) with two-phase liquid-vapor
inclusions (LV); magnetite-apatite vein-type ore, Chadormalu deposit, B: Coexistence of two-phase liquid-vapor
inclusions (LV) with vapor inclusions (V) in apatite-1; apatite-hematite ore, Esfordi deposit, C: Coexistence of primary
and scattered LV and V inclusions, as well as trails of secondary fluid inclusions in the fine-grained, purple apatite-I1 in
altered green-looking host rock, Esfordi deposit, and D: Primary fluid inclusions across growth zones and as scattered
bodies, as well as secondary fluid inclusions across healed fractures in the fine-grained, purple apatite-11 in altered green-
looking host rock, Esfordi deposit
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Fig. 8. Images of specimens of selected ore from Bafq district for microthermometric studies. A: Banded ore consists of
alternating magnetite-rich and actinolite-rich bands, Chadormalu deposit, B: Brecciated magnetite-apatite-calcite ore in
the andesitic host rock, Gazestan deposit, and C: Magnetite-apatite-pyrite-calcite ore sample, Gazestan deposit.
Abbreviation after Whitney and Evans (2010) (Act: Actinolite, Tr: Tremolite, Ab: Albite, Chl: Chlorite, Tlc: Talc, Ap:
Apatite, Mag: Magnetite, Dol: Dolomite, Bt: Biotite, Ttn: Titanite, Py: Pyrite, Cal: Calcite).
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Table 2. Microthermometric data for fluid inclusions in various minerals from Chadormalu, Esfordi and Gazestan

deposits Bafq district

Salinity
Salinity
Sample Host. Tm haii wt.%.
P FIType 0 Triee (CCoveeeTe (°C) ((“:)' " Theo)  wi% (
NaCl) CaCIZ)
Chadormalu
CHM-016 LV(P) Dol  -9to-1  -30to-21 280-330  1.7-139
LV(P) Chl  -0.4t0-05 -30to-21 147-157  0.7-24
LV(P) Act >500
CHM-017 LV(P)  Ap-ll 268-454  12.8-196
LV(S)  Ap-ll  -16.2t0-6.7 -351t0-40 138217 134-189
VLP)  Ap-ll -12t0-7.8 460
Esfordi
ESF-07 LV(P) AP-| 167-350  2.5-6.7
-4210-05  ~-30
VL(P) AP-1 ) 418-530 3.34
Ap.a LV(P) Ap-lI 165-464  9.8-235 2.21-9.9
-2491t0-66  ~-45
LVH(P)  AP-II 274-291 510-520  36.1-37.1
Gazestan
LV(P) Cal 190-270
RS-51-67 LV(P)  Ap-ll >500
LVH(P)  cal 183-320  39.9-40.9
LV(P AP-I| 416> 8-25.
(P) so0.330 4163500 19.8-25.8
RS-46-35-d  LV(P) Qz -2 ~-30 250-390  3.9-5.1
LVHS(P) AP-Il  -20 ~-40 485->500 22.3-24.8

*Abbreviations after Whitney and Evans (2010) (FI: Fluid Inclusion; Min: Mineral; P: Primary; S: Secondary; Dol:
dolomite; Chl: chlorite; Act: actinolite; Ap: Apatite; Di: Diopside; Cal: Calcite; Qtz: quartz).
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Fig. 9. Frequency histograms of eutectic temperatures for two-phase liquid-rich fluid inclusions (LV) in non-metallic
minerals in iron oxide-apatite ores from the Bafq district, Choghart data from Hosseini et al., 2022
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Fig. 10. Frequency histograms of total homogenization temperatures, and salinities form Bafg-Saghand district, A and B:
Chadormalu, C and D: Esfordi, E and F: Gazestan deposits
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Fig. 11. Tne-Tva diagram (after Lecumberri-Sanchez et al., 2012) T.q: vapor disappearance temperature; Thq: halite
dissolution temperature. For halite-bearing fluid inclusions in various minerals associated with iron-oxide ore in the
Esfordi, Gazestan, and Choghart deposits. Data for Choghart from Hosseini et al., 2022. The black lines with numbers
show the Salinity contour.

U oS oot 5 GLE (Sl ampa Y7 B YA b e S
Q,@glﬂj(cwdﬁejdaw&?jjmja\fLT\/V).L»;:A ﬁusjéjb&—dlfdpshj}i}j\f_&g&u sy
5 (LE Sl a3 WY B VFY) ol bos i oS5 pl&in s o laslObe a2 06 55 o 01 LT - o T 48

((l&b&aﬁd}l&ﬁ@j)d—ﬁ)}“/vu\)“faf)rsts‘)}_jl O re o gai 53 T AuSTL ol o (656,08 s SIS (65,5

Olas G5 aw ! 51 dlew HLoke (glsesls (VY i) wss WLl obplanil (53 sl 5 Ol S he sl b5 S
G5 Kl I 53 Sgline S35 b oladlon & das

1G-S L PO CHNS - WP STCON JRIC. g BRE PE P 134" Jlw ol
J= e 53 ol e Tety Y s S (28T 515505 oaT a3 e yale (gl 8 SilS 3l Jlew SLOL (slaosls

Condgn LS5 b oK —dlow L5STs Sl slabes 5 sudm GV YU Loy Il o575 S ot tio i (slos 5 &Kuils”
.Lw‘oéﬁo\ﬁ&:g_ﬁmﬂ} M@Lﬂ;:}qg‘ﬁj)é("‘;éu“?J-’a"
Gl b o (oKilS ean 53 S 55 (gl Sl ails B

DOI: 10.22067/econg.2025.1155 Foled AV oy50 OFF (salasl b s

AR


https://doi.org/10.22067/econg.2025.1155

e 65 o Ol 3B b ST - aT ST 13 s 5LaeKedls Jlw pte

@lode 5 ) eelan

L S ilS ol LT s 5l — b 4 5l sla L0k
ot 5 (OLE Sla s NIVE WA 5oml Sen slabes
aj_;ﬁpafg_,uldg_ws;_mc;umwmwm
OF IS ol aly 2als 0T los Sl J o 5 (55w SIS
adl= y> a8 L;Hf) di'mllf) Slod g Ll slrosls auslas
3 J SatnaT s sl (a0 8055 (slos 5 &Kl
I K 4 ol S 0 655 b Vlos Sl &5 JoISS

el dae n 538 5 il

eLes als (Heidarian et al., 2017) 0, 5 0L >
S35 AoV IV G/ b 53 S Sl a3 A G YEP
Il 5Lk (slaesls .diles S™ 5518 sha sl (gl 55 SKils”
o o O ClT - @18, K ls s T
a3 FOF G YSA) YL G v e slos b Jlw oS Yz
Jsles G35 doys ~Y0 B ~Y) Lo gie gy 55 5 (518 sl
Wl st g1, S ils S s (plab> S

Gazestan (this study)
A Apatite-ll (Mag-Ap brecciated ore; LV)
A Apatite-ll (Mag-Ap brecciated or; LVHa$)
A Calcite (Mag-Ap-Cal brecciated ore; LV)
A Calcite (Mag-Ap-Cal brecciated ore; LVHa)
A Quartz (Mag-Ap brecciated ore;LV)

750
600

Chadormalu (this study)
) Dolomite (Mag bandded ore; LV)
© Chlorite (Mag bandded ore; Lv)
@ Apatite-Il (Mag-Ap vein ore; LV, Primary)
© Apatite-Il (Mag-Ap vein ore; LV, Secondary)

Esforsi (this study)
@ Apatite-l (Ap-Mag ore; LV)
& Apatite-l (Ap-Mag ore; VL)
@ Apatite-1l (metasomatized host rock; LVHa)
& Apatite-1l (metasomatized host rok; LV)

0 llﬂ 2I0 3;(! 4'0 5I0 6I(l 70
NaCl (wt%)
Apatite-11 (Mag-Ap ore; Choghart; LVHa)
- Apatite-11 { (Mag-Ap ore; Choghart; LV)
'ﬁ Apatite 2 (Mag-Ap massive ore; Chadormalu; LV)
Apatite 2 (Mag-Ap vein ore; Chadormalu; LV)
:I Apatite 3 (Mag-Hem#+Ap breccia ore; Lak-e-Siah; LV)

Ol 31 b Obe (sla 031 635 skl 5 e yslr i F (Sl LlS 1 o ladisas 51z oo slasbibe (K sles 1 5 555 VY S
el 003 5 531 4 lie g1 » (TaleFazel and Rostami, 2020) oL« 5 (Heidarian et al., 2017) sk ;51> «(Hosseini et al., 2022)
058 5 5 (Bodnar et al., 1985) o1, Kas 5 U g ool , VAL s LAVAHH, LV slaos sios 5 Sl los gomin «ls olbl onia

(Wilkinson, 2001)

Fig. 12. Salinity versus homogenization temperature of fluid inclusions for samples from the Gazestan, Chadormalu, and
Esfordi. Data from Choghart (Hosseini et al., 2022) Chadormalu (Heidarian et al., 2017) and Lak-e-Siah (TaleFazel and
Rostami, 2020) deposits are shown for comparison. Halite saturation curve, critical temperature curve, and the L+V+H,
L+V, and V+L domains are after Bodnar et al. (1985) and Wilkinson (2001)
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Fig. 13. Salinity versus eutectic temperature (Te C°) plot for two-phase liquid-vapor and three-phase liquid-vapor-halite
inclusions from iron oxide-apatite deposits in the Bafq district, showing the presence of fluids with different compositions
and salinities. Red lines (from Craveiro et al., 2020) indicate fluid composition at the eutectic temperature. Choghart data

from Hosseini et al. (2022)
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