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Fig. 1. Situation of several active fluorite mines on structural map of Iran. The fluorite mines including: 1. Joimand,
Gonabad, 2. Kamar Mehdi, Tabas, 3. Pinavand and Komshejeh, Esfahan, 4. Mahllat-Delijan fluorite belt, 5. Kiasar-Pole
Sefid fluorite belt (including Savadkuh area) (Tectonic zones after Alavi, 1991)
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Fig. 2. Simplified geological map of southern Mahallat (modified from Thiele et al., 1968a) showing the situation of

Bagher Abad and Darreh Badam fluorite mines.
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Fig. 5. Field and microscopic photographs of mineralization in Bagher Abad fluorite deposit, A: major east-west fluorite
vein in sandy-limestone host rock of Badamu Formation, B: fluorite vein (-veinlet) mineralization along with Fe-oxide
in slate host rock of Shemshak Formation, C: photomicrograph of euhedral hematite in quartz host, and D:
photomicrograph of sericitic alteration in sandstone host rocks of fluorite mineralization. Abbreviation of minerals from
Whitney and Evans (2010). Photomicrographs C and D are taken under cross polarized transmitted light. Hem:
hematite, Ser: sericite, Qz: quartz, Afs: alkali feldspar, XPL: cross polarized light
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Fig. 6. Field and microscopic photographs of mineralization in Darreh Badam fluorite deposit, A: View of fluorite veins
(-veinlets) in slate host rock of Shemshak Formation, B: barite-quartz veins in slate host rock of Shemshak Formation,
C: photomicrograph of acicular radial barite in fluorite host, and D: photomicrograph of euhedral crystals of quartz

intergrown with fluorite Abbreviation of minerals from Whitney and Evans (2010). Photomicrographs C and D are
taken under cross polarized transmitted light. Brt: barite, Fl: fluorite, Qz: quartz, XPL: cross polarized light
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Fig. 7. Paragenetic sequence of mineralization at Bagher Abad and Darreh Badam fluorite ore deposits. Relative
frequency of minerals shown by line thickness.
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Table 1. Summary of micro-thermometric measurements of fluid inclusions in violet fluorite and calcite minerals from

Bagher Abad deposit.
Host Inclusion Number Te Tmice  Tmcoz Tmelam Thco2 Th (w??’zi)nlilthl Densigy

mineral  type (n) °C) °C) O (O °C) °C) eq.) (g/em’)
LV 4 -25t0-30 -7.5t0-9.3 135-142  11.1-13.2 1.01
LV 3 -23t0-25 -5.5t0-6.2 145-150  8.5-9.5 0.98
LV 5 -6.8 137-141 10.2 1.00
LV 4 -26 to -30 -6.0 to -10.5 127-133  9.2-14.7 1.01
LV 4 e -7.3t0-9.2 132-145 11.0-13.1 1.02

Fluorite
Cl 6 -56.6 -2to-1  26.0-27.1 172-198 10.3-13.7 0.88
Cl 6 -56.8 -3to-2 25.5-26.2 155-185 11.1-13.4 0.89
Cl 5 -57.1 Oto+1 27.0-27.8 198-212  8.2-10.3 0.90
Cl 4 2to+l - 195-200 12.2-15.7 0.88
C2 5 -583 - 19.2-25.1  167-202  --—-—-- 0.81
C2 4 22.3-240 167-202  --—-—-- 0.77
C2 4 -59.2 - 17.3-25.1  167-202  --—-—-- 0.79
C2 4 573 - 22.2-28.3  167-202  --—-—-- 0.75
LV 5 -17t0-20 -4.1t0-5.8 143-167  6.6-9.0 1.03
LV 7 -15t0-21 -2.7t0-5.4 145-178  5.9-84 0.98

Calcite LV 5 -20to -24 -2.3to0-4.5 133-160  5.6-7.2 1.01
LV 4 e -5.6t0 -7.8 165-188  8.7-11.5 0.96
Cl 7 -574 -2to+3  29.5-30 176-180 10.3-16.2 0.98
Cl 5 -1to+2 29.2-29.8 163-175 7.4-12.8 0.87
Cl 4 -56.6 4 e 157-186 14.2-18.2 0.83
Cl 5 569 0to+2 - 185-190  5.5-13.3 0.94

n= number of fluid inclusion measurements



Y4 e aysls sl Lils slas ) Ll s s sl bislos sl SIS anlllae OYAY JL) Y o)les )+ ol

plolioyd JLudls’ 5o Zusl g ol (e Sla S 30 Jlw sl )bile (55090 555,500 slaosls asd> Y Jgur
Table 2. Summary of micro-thermometric measurements of fluid inclusions in fluorite and barite minerals from Darreh
Badam fluorite

Host Inclusion Number  Te TMice Tmcoz  Tmedatn Thcoz Th S(avl‘l,ltnol/zy Density

mineral type (@) Q) (O (O (O €O €O i (gem)
LV 5 -28t0-30 -8.5t0-9.4 241-262 12.3-13.3  0.93
LV 4 e -7.0t0-9.3 244-270 10.5-13.2 097

Fluorite LV 6 -27t0-33 -6.5t0-8.8 230-255 9.9-12.6 1.02
LV 4  -25t0-28 -9.2t0-10.5 245-256 13.1-145  1.12
Cl 5 -56.7  -5to+2 18.0-21.2 198-225 12.4-13.5 0.87
Cl 4 -56.8 3to-1  19.2-22.7 176-233 11.0-13.2  0.92
Cl 4 -582 -6t0-0.8 17.4-19.6 155-170 10.4-12.3 097
Cl 5 2to+2  21.5-24.2 223-245 12.5-145  0.90
Cl 3 -56.7 -4t00.4 18.8-22.1 190-201 11.2-13.5  0.87
LV 5 -29to-35 -10.1to-12 176-205 10.3-13.2  0.87
LV 4  -27t0-31 -6.8t0-9.5 186-210 9.3-14.2 0.89
LV 6 -24t0-33 195-230 8.3-10.3 0.92

Barite

LV s -5.6to -8.8 188-220 12.5-15.2  0.96
LV s -10.2t0 -9.8 196-222 11.3-14.5  0.86
Cl 7 -57.3 Sto+1  27.0-29.4 162-200 7.2-12.3 0.85
Cl 7 -56.8 -4t00.8 24.2-28.1 176-210 8.6-12.3 0.94
Cl 6 -57.1 ) 22.1 140-187 9.5-11.3 0.90

n= number of fluid inclusion measurements
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Fig. 9. Histograms showing frequency distribution of homogenization temperature (Th) and salinity (wt.% NaCleq.) for
fluid inclusions in violet fluorite (top) and calcite (bottom) from Bagher Abad deposit
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Fig. 10. Histograms showing frequency distribution of homogenization temperature (Th) and salinity (wt.% NaCl eq.)
for fluid inclusions in fluorite (top) and barite (bottom) from Darreh Badam deposit.
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Fig. 11. Estimation of trapping pressure-temperature of the mineralizing fluid in Bagher Abad fluorite deposit using
intersecting CO, and H,O isochors for aqueous, aqueous-carbonic and carbonic fluid inclusions. As shown in the
diagram, fluorite mineralization occurred at 180-260°C and 1-2 kbar pressure.
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Fig. 12. Th-salinity plot for fluid inclusions in fluorite, barite and calcite minerals from Bagher Abad and Darreh Badam

fluorite deposits. The reference areas are from Beane (1983).
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Fig. 13. Schematic view of the mode of fluid migration and the occurrence of fluorite-rich horizons in southeastern

Mahallat (see text for more explanation).

1. Source-trapping
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Introduction

Fluorite ore deposits are classified into three main
groups: (1) magmatic deposits, (2) structures
related deposits, and (3) sedimentary deposits
(Dill, 2010). More than 30 fluorite occurrences
with approximately 1.35 million tons of reserves
have been recognized in Iran (Miller, 2014).
Bagher Abad and Darreh Badam fluorite ore
deposits, located in the southeast of Delijan
(Markazi province) occur between the central Iran
structural zone from the north and the Sanandaj-
Sirjan structural zone from the south. The geology
of the area is dominated by folded and faulted
structures of Jurassic carbonates and shales
(Thiele et al., 1968). The main host rocks for
fluorite mineralization in the studied area are the
Lower-Upper Jurassic carbonates and shales of
Shemshak and Badamu Formations.

Materials and Methods

In this study, 70 samples from the various rock
types including fluorite veins, host rocks and
related alterations were collected. 25 thin- and
polished thin-sections were prepared and studied
to explain the mineralogy and paragenetic
sequence of the ore body. Eight double-polished
sections were also prepared for micro-
thermometric analysis. The micro-thermometric
analyses were conducted on primary fluid
inclusions using Linkam THMG600 heating-
freezing stage connected to a TMS94 temperature
controller and a liquid nitrogen pump (LNP)
cooling system.

Results

The main host rocks for fluorite mineralization in
the studied area are composed of the lower
Jurassic slate and phyllite (Shemshak Formation)
and the Middle to Upper Jurassic dolomitic
limestone and calcareous sandstone (Badamu
Formation). The main alterations associated with
fluorite = mineralization  are  sericitization,
silicification and argillization.

According to the fluid inclusions data, fluorite
mineralization in Bagher Abad and Darreh Badam
deposits were precipitated because of pressure
reduction of ore bearing fluids and mixing of a
primary moderate-salinity brine with less saline
meteoric water. Estimation of trapping pressure-
temperature of the mineralizing fluid in Bagher
Abad fluorite deposit using the intersecting CO»
and H»O isochors for aqueous, aqueous-carbonic
and carbonic fluid inclusions indicated that
fluorite mineralization occurred at 180-260°C and
1-2 kbar pressure.

According to the present study, circulation and
upward flow of hydrothermal fluids (containing
H,O and CO,) that originated from underlying
altered bedrock provided appropriate conditions
for increasing the solubility of metals and
formation of halide (CI and F ) metal
complexes. Reaction with wallrock and gradual
decrease in temperature due to mixing and
dilution of the above-mentioned fluids with low-
salinity meteoric water resulted in fluorite
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mineralization in favorable structures such as
veins.

Discussion

Bagher Abad and Darreh Badam fluorite ore
deposits ~ are  examples of  epigenetic
mineralizations which are not related to igneous
activities in Iran. The mineralization is formed in
nearly vertical veins, which are relevant to local
fractures hosted in the Lower-Upper Jurassic
carbonates and shales with east-west trend. The
main ore textures are open-space fillings, breccias,
veins and cavities associated with sericitic, silicic
and argillic alterations.

Micro-thermometric measurements were carried
out on primary fluid inclusions in fluorite, calcite
and barite minerals from both Bagher Abad and
Darreh Badam deposits. Three types of fluid
inclusions were distinguished: (1) two phase
aqueous fluid inclusions (LV), (2) liquid (L) or
vapor (V) mono phase inclusions, and (3)
aqueous-carbonic (L;+L>+V) fluid inclusions.

The first ice melting temperatures (Te) of two
phase aqueous inclusions (LV) in fluorite, calcite
and barite from Bagher Abad and Darreh Badam
deposits vary between -32 to -15°C and -35 to -
24°C, respectively, which represents a
H,O+NaCl£KCl multiphase fluid (Van den
Kerkhof and Hein, 2001). The last ice melting
temperatures (Tmi.) vary between -10.5 to -2.3°C
and -12.0 to -5.6°C which are equal to salinities of
5.6-14.7 and 8.3-15.2 wt% NaCl equivalent for
Bagher Abad and Darreh Badam deposits,
respectively. The  final  homogenization
temperatures (Thiotar) vary between 127 to 188 °C
and 176 to 270°C for Bagher Abad and Darrch

Badam deposits, respectively. The CO, melting
temperatures  (Tmcoz) of  aqueous-carbonic
inclusions in fluorite, calcite and barite show a
range of -58.3 to -56.6°C which suggests CH4
and/or N, impurities (Burruss, 1981). The clathrate
melting temperatures (Tmgan) ranging from -6.0
to +1.0°C represent salinities between 5.5 to 18.2
wt% NaCl equivalent for both Bagher Abad and
Darreh Badam fluorite deposits.
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