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EXTENDED ABSTRACT

Introduction

In the western border of Central Iran zone with
Sanandaj-Sirjan, according to the extent of carbonate
units in the northeastern area of Isfahan, barite
deposits have considerable potential. Part of the
barytization is formed in the Middle Triassic host
rock (such as Komsheche and Lamar) and part in the
Lower Cretaceous host rock (such as Pinavand,
Bagharabad, Maste-Kouh, Khase-Tarash and east of
Mourcheh-Khort), which indicates that these
sequences are prone to more discoveries in the
future. These barites are unique in terms of
sedimentary structure, and the Komsheche deposit is
one of the representative examples of strata bound
barite deposits in the Triassic sedimentary sequences
of this area. Considering that the development of
barite mineralization in the Triassic carbonate
sequence is still in a halo of ambiguity, in this
research, in addition to stratigraphic studies and
investigation of the characteristics of mineralization,
the mechanism of barite deposition has been tried
using the mineralogical studies, the stable isotopes
composition, and the fluid inclusions of barite are
described.

Materials and methods

Field surveys were conducted to study ore layers by
observing sedimentary characteristics and collecting
samples from both host rock and ore. These samples
were then analyzed in the laboratory through
petrographic and mineralogical studies in the
laboratory. Five samples were analysed by ICP-MS
at the Zarazma laboratory to quantify major, minor,
and rare earth elements. The study of fluid inclusions
was conducted using the Linkham THM600 at
University of Isfahan. The sulfur and oxygen isotopic
composition in the Komsheche deposit was
measured using a mass spectrometer. Values of §**S
and 8'80 are expressed in parts per thousand or per
mil (%o) using the Standard Canon Diablo Troilite
(CDT) and Standard Sea Water (SMOW),
respectively.

Results and discussion

The oldest rocks in the Komsheche mining area are
assigned to the weathered orange-brown Shotori
deposits of the Middle Triassic. These deposits are

widespread and have a rough appearance. The lower
layer, related to the Sorkh-Shale Formation (Lower
Triassic), is not visible in Komsheche. The Nayband
Formation, from the Upper Triassic age, consists of
coaly shales and dark siltstone with interlayers of
quartzitic sandstone. The Jurassic sequence is not
visible in the Komsheche area, and no rocks
containing Jurassic fossils have been observed in the
red conglomerate of the Cretaceous base. The lack of
sedimentation from the end of the Late Triassic to the
Early Cretaceous may be due to the Cimmerian
orogeny. The thin layers of sandstone and red
conglomerate at the base of the Lower Cretaceous,
with a thickness of up to 2 meters thick, consist of
Shotori dolomite and siliceous rocks. This sequence
begins without metamorphism but has a sudden
change in lithology from clastic to carbonate. In the
eastern parts, there is a thick layer of coarse-grained
limestone, while the western parts are a sequence of
olive-green marls, limestones, and sandy limestones
of the Late Cretaceous age with orbitulina and
ammonite fossils.

Field studies, facies analysis, and laboratory research
focusing on shape, mineralogy, texture, and grade
indicate that the barite mineralization at the
Komsheche mine can be categorized into two main
types: banded and veined/brecciated. a) Type 1: The
banded facies, which is widespread, contains lower-
grade mineral material. It shows a stratification
consistent with the host rock, with barite and host
rock alternating over a thickness of less than 10
meters and a length of 700 meters. These facies, part
of the Shotori dolomite sequence, is the primary
mineralized horizon. The presence of interfinger
structures of barite and dolomite crystals suggests
simultaneous  formation  in  unconsolidated
sediments. b) Type Il: The veined/brecciated facies,
located near the center of the ore deposit, occurs as
vein and shear masses formed along reverse faults.
This facies represents the high-grade portion of the
mine, and it is mined by through open-pit mining.
These veins formations are commonly found at the
boundary between the Shotori carbonates and the
Nayband Formation, with dolomitization and limited
silicification in the host rock. Barite veins are
typically less than 1.5 meters thick, are surrounded
by shear zones less than 2 meters wide.

A homogenization temperature (Th) was conducted
on 17 primary fluid inclusions (F.1) trapped in barite
minerals from both the stratabound and
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veined/brecciated facies of the Komsheche deposit.
The results of the analyzed fluid inclusions are
presented in Table 3. In the first type barite, most
fluid inclusions are single-phase liquid (L) or two-
phase liquid-rich (L>V). The homogenization
temperature ranges from 78 to 122 °C, and the
salinity levels range from 10.9 to 17.0 wt.% eq.
NaCl. For the second type of barite, the fluid
inclusions are predominantly two-phase liquid-rich
(L>V), single-phase liquid (L), or three-phase with a
solid phase of halite (LVH). The homogenization
temperature for the two-phase inclusions of the
second type is higher, ranging from 130 to 187°C,
while the three-phase inclusions with halite range
from 192 to 210 °C. The salinity levels for the second
type of two-phase inclusions range from 9.5 to 16.0
wt.% eq. NaCl, and for the three-phase inclusions, it
ranges from 36.2 to 37.0 wt.% eq. NaCl.

The sulfur isotope values (8°*S) of the barite samples
range from 18.40 to 26.34 %o CDT, while their
oxygen isotope values (5'*0) range from 9.8 to 14.7
%0 SMOW. The sulfur isotope values indicate
isotopic diversity. A comparison with previous data
(22.6 to 26.7 %o) reported by (Forghani Tehrani,
2003; Rajabzadeh, 2007) shows differences in the
distribution of measured sulfur isotope values, as
shown in Table 4.

According to the latest diagenetic models,
sedimentary barite layers are formed at the sulfate-
methane transition zone (SMTZ) during hydrocarbon
migration. Based on this study, it was found that
barite mineralizing fluids in the initial diagenesis
stage were found to have temperatures below 120 °C

and a salinity of about 13 wt.% eq. NaCl. These
fluids form near the seafloor in a shallow sea open
system where sulfate supply is associated with
anaerobic oxidation of methane as a mechanism for
the reduction of sulfate to H.S.

Barite formation occurs in shallow marine
environments through by downward sulfate diffusion
and the transfer of hydrocarbons and barium from
depth upwards. The periodic formation of barite
layers is related to the stability of the SMTZ. In an
open system, barite retains the oxygen and sulfur
isotope values of the coeval seawater. Barite
precipitation occurs by fluid cooling, fluid mixing,
and/or water-rock interaction.

In the final diagenesis stages, heavy isotope amounts
are linked to formation water in closed systems with
high water- rock ratios. Veined barite, which is
younger, may forms at deeper levels along faults
over an extended period, completely replacing the
host rock entirely. It is unlikely that veined barite
forms near the sea floor. Deep fluids are heating by
the geothermal gradient. This research suggests that
the barite in question is similar to marine barites
found off the coast of Southern California in
diagenetic/cold seep environments.
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Fig. 2. Geological map of the Komsheche deposit. Structural markers have been added to the map based on Alaminia et
al. (2021).
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Fig. 3. Stratigraphic column of Middle Triassic to Upper Cretaceous succession of the Komsheche deposit (Radfar et al.,
1999; Seyed Emami, 2003; Mannani and Yazdi, 2009; Shirazi et al., 2016; Talebi et al., 2016; Salehi et al., 2018)
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Fig. 4. Field photographs from Komsheche deposit, A: Overview of sedimentary units in the south of Komsheche deposit,
bedded barite mineralization style is hosted by Shotori Formation. Lower Cretaceous limestones surround the mine, B:
Close up view of Shotori Formation associated with thin barite beds, and C: Perspective view of the main units of the

host sequence in the north of Komsheche, where barite mineralization is formed as a vein on the boundary of the fault
with Nayband black shales within Shotori dolomite.
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Fig. 5. Microscopy images of the rock sequence from Komsheche deposit, (photos C, E, F are in X-pol and other in II-
pol). A: Bioclastic wakestone, transverse section of the gastropod with micrite coating and bioclast in Shotori Formation,
1-gastropod fragment, 2-bioclastic, 3-replacement by spar calcite, B: Bioclastic floatestone/packestone, growth of algae
and bivalve shell and replacement by spar calcite in the Shotori Formation, 1-growth of algae, C: Bioclastic wakestone
with high degree of diagenetic structure with the presence of stylolite in Shotori Formation, D and E: Quartz, barite, and
chlorite particles stained with iron oxide in the siltstone of Nayband Formation in both PPL and XPL, F: Bioclastic
wakestone in the Lower Cretaceous carbonates, 1-rudist and bivalve shell fragments, 2-algeal fragments, 3-gastropod
fragment, and G: Bioclastic wakestone, rich bivalve shell fragments, compactness and the presence of stylolite with low

oscillation range in the Lower Cretaceous carbonate, 1-part of orbitolina, 2-bivalve shell, 3-gastropod and echinid
fragments. Abbreviations after Whitney and Evans (2010) (Brt: barite, Chl: chlorite, Qz: quartz).
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Fig. 6. Images A and E of mineralization facies from the Komsheche deposit, A: It shows the condition of banded barite
in Shotori dolomite Formation. Pay attention to the discontinuous bands of barite (bedded) at the bottom of the photo, B:
Alternation of dolomite and barite in banded barite facies, C: Occurrence of chlorite, dolomite, ankerite, clay and organic
matter along with the banded barite facies, D: Vuggy and porous barite, E: An outcrop from the shear zone due to the
operation of the reverse fault (slope towards the northeast) and the state of the vein mass of coarse crystal barite in the
fault zone and the elongated and rhomboidal stone blocks of dolestone in the wall of the fault, F: Injection of barium-rich
fluid with a rose structure and surrounding first generation banded barite, G: Macroscopic picture of the needle quartz,
and H: Galena and fluorite crosscutting bladed quartz associated with barite. Mineral abbreviations after Whitney and
Evans (2010) (Ank: ankerite, Brt: barite, Chl: chlorite, Dol: dolomite, FI: fluorite, Gn: galena, Om: organic matter, Qz:
quartz).
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Fig. 7. Texture relationship between barite and other minerals from the microscopic sections of the Komsheche deposit
(A to G are in cross-polarized transmitted light and H and I are in reflected light). A: The veinlet of coarse-grained
dolomites, quartz and fluorite cuts mineral assemblage of barite, dolomite, and fine-grained pyrite, B: Sharp contact
between dolomite and crystals of barite and fluorite, C: Euhedral siderite and dolomite crystals cut coarse-grained tabular
barite and replace it., D: A veinlet of fluorite-barite-quartz cut the silicification matrix, E: Carbonate inclusions in the
margin of zoning quartz, F: Recrystallization in fine-grained quartz matrix as feathery pattern, G: Growth of feathery
texture on coarse-grained quartz crystals, H: Euhedral zoning quartz in galena (left), A wide development of cerussite
with associated covellite in the border of the galena, and I: Image of barite overgrown by a later generation of sulfide.
Sulfide has falsely replaced barite, and due to the different cell volumes and crystallization system of the two minerals, it
is seen as worm corrosion. Abbreviations after Whitney and Evans (2010) (Ank: ankerite, Bn: bornite, Brt: barite, Ccp:
chalcopyrite, Cct: chalcocite, Cer: cerussite, Cv: covellite, Dol: dolomite, F1: fluorite, Gn: galena, Qz: quartz, Sd: siderite).
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Table 1. Results of chemical analysis of major oxides (%) from Komsheche barite samples
Major oxide  A1,0; Fe:04" CaO Na:0 K20 MgO MnO  P:0s TiO: BaO SO
P-03 0.03 0.12 0.17 0.04 <001 0.03 <0.01 0.01 <0.01 64.16 33.21
P-05 0.02 0.08 0.05 0.14 <001 0.02 <001 001 <0.01 6515 33.54
P2-05 0.04 012 0.05 006 <001 0.02 <0.01 0.0l <0.01 6532 34.95
P4-01 0.02 0.04 0.15 005 <001 0.01 <001 0.02 <0.01 61.63 31.04
P-09 0.02 0.02 0.02 030 <001 0.02 <0.01 0.02 <0.01 62.17 32.63

dopiaS’ Lok Gladi gl (PPM) ClaS” S 5 (5 jols glad & 20 .Y Jur

Table 2. Results of chemical analysis of minor and rare earth elements (ppm) of Komsheche barite samples

Elements Ag As Cd Ce Co Cr Cs Cu Dy Er Eu Gd Hf In La
P-03 08 184 <0.1 16 <l 7 <05 7 011 0.11 1.52 143 <05 <05 8
P-05 12 129 <01 5 <1 4 <05 14 0.02 0.06 479 1.16 <05 <05 3
P2-05 26 237 <01 10 <1 9 <05 3 080 0.08 3.74 124 <05 <05 5
P4-01 03 <100 <0.1 7 <1 4 <05 3 020 0.05 <0.1 1.05 <0.5 <05 5
P-09 02 120 <0.1 6 <1 3 <05 2 001 04 <01 09 <05 <05 4

Elements Li Lu Mn Mo Nb Nd Ni Pb Pr Rb Sb Sc Se Se Sm
P-03 <l <01 <5 <01 <1 39 09 <1 054 4 36 <05 <05 <05 1.17
P-05 <l <01 <5 <01 <1 <05 1 <1 <005 3 1.1 <05 <0.5 <05 6.54
P2-05 <l <01 <5 <01 <1 14 2 <1 <005 3 08 <05 <05 <05 398
P4-01 <l <0.1 <5 <01 <l <05 07 <l <005 3 <05 <05 <05 <0.5 <0.02
P-09 <l <01 <5 <01 <1 <05 08 <1 <005 3 <05 <05 <0.5 <0.5 <0.02

Elements Sn Sr Ta Tb Te Th TI Tm U V W Y Yb Zn Zr
P-03 0.2 1509 <0.1 0.14 <0.1 032 <0.1 <0.1 0.1 8§ <1 08 <0.05 <l <5
P-05 0.1 2127 <0.1 0.11 0.15 028 <0.1 <0.1 <0.1 7 <1 0.5 <0.05 <1 <5
P2-05 0.2 3686 <0.1 0.13 0.15 034 <0.1 <0.1 <0.1 &8 <1 0.6 <0.05 <1 <5
P4-01 <0.1 911 <0.1 <0.1 <0.1 026 <01 <0.1 <0.1 7 <l 05 <0.05 <1 <5
P-09 <0.1 782 <0.1 <0.1 <0.1 021 <0.1 <0.1 <0.1 7 <1l 0.5 <0.05 <1 <5
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Fig. 8. Studied barite samples of the Komsheche deposit, A: Binary diagram of paleoenvironmental redox conditions, and
B: Chondrite-normalized spider diagram (Anders and Greverss, 1989) compared to the low-temperature hydrothermal
fluid model (Craddock et al., 2010), the high-temperature hydrothermal fluid and seawater models (Tostevin et al., 2016),
and the calcite and dolomite minerals of Shotori Formation (Forghani Tehrani, 2003).
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Fig. 9. Photomicrographs of primary fluid inclusions trapped within barite mineral from the Komsheche deposit (PPL).
A. Rectangular and irregular two-phase inclusions of banded barite, and B. Elongate single-phase and irregular three-

phase inclusions in the barite vein. Abbreviations: L: Liquid, V: Vapor, S: Solid
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Table 3. Fluid inclusion and microthermometry data (Te, Tmice and salinity) for the barites of the Komsheche deposit.
Abbreviations: Th: homogenization temperature, T.: eutectic (first ice melting) temperature, Tmiee: final ice-melting

temperature, and Trm-nalie- halite dissolution temperature

OI:e Size  Primary Th Te Tmice (vSv:tll;: ig;. Ton -baiite Density
facies  (um) F.I (°C)  (°C) (°C) NaCl) (g/em®)
61 LV 78 - - - - -
13p LV 90 - - - - -
I |oon LV 99 - - - - -
Bedded | 7, LV 103 230 73 10.9 - 1.04
Tu LV 122 =295 92 13.1 - 1.03
1y LV 122 =295  -13.1 17.0 - 1.06
10p LV 130 295 115 15.5 - 1.04
T LV 132 -23.0 7.1 10.6 - 1.01
8u LV 133 266  -11.2 15.2 - 1.04
6p LV 135 -23.0 6.4 9.7 - 1.00
Hap | 1w LV 142 295 -6.2 9.5 - 0.99
Vein |5 LV 150 -23.0 8.2 11.9 - 1.00
and
breccia | g, LV 157 295  -10.3 143 - 1.02
1y LV 173 295 -112 152 - 1.02
1p LV 187 266  -123 16.2 - 1.00
13p LVH 192 - - 36.2 273 1.17
12p LVH 210 - - 37.0 284 1.16
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Fig. 10. Diagram of salinity vs. homogenization temperature of the studied barite fluid inclusions in the Komsheche
deposit, A: Plot of homogenization temperature in the diagram (Haas, 1971) to estimate the pressure and depth of barite-
forming fluid (Roedder, and Bodnar, 1980), B: to determine the origin of barite fluid inclusions after Kesler (2005). The
representative samples as grey stars are from Forghani Tehrani (2003).

S5yl e p S . Cul O ylase (Rajabzadeh, 2007 O 198,5 95 oigpl
615 oslsty sl digad ds by Gl WE) 5 88 Clidiged S Olaals dlw Jlazsl plie s 61
T8 Cspl S jleskcals S culglaY @S85 )3 g5 aslllas (6l 4z saS
53 G 3105 Gl YWD ¢ Gla ol ) Slojen sk o5 0313025 F Jgdor 55 sl 3 85 5 0581 s )
Bl g or FESK 3lin 2ol Gyw a3 £ Lganl Ol YIFFEINF e3sdome 55 Sl s 505 678 pslan .o
3lie Bl ar o b S 3 g 5apl OS5l S VEV B VA 50 6T 60 L5lis s CDT Sl 3 Coad
PYVFEIWME Gl ey nbypoTs B8 gyl Slag 35 05 S| o595l S 5 .Cwl SMOW i5a 55
S 5 .(Nielsen and Rick, 1964; Rick, 1990) .l ,| ;» ol 03 yadxl SMOW i3 55 Caar 3 VVO BA s b 5
33 &Sl 556 GV el 5 b3 STS04 5 88 Lsisy! sdalin ¥ Jyu> 3 4SOl (Claypool et al., 1980) ol
5 (Claypool et al., 1980) 515,15 558 3 V¢ LAY 3L Lol 6,8 ejlil 3,58 o505 polie w35 opbioe
G YY B Ye a6y DT 5,88 Oganl polie  SU5 5leda 558 Glia 53 Y9V B YYP) LS slaesls

RGO I PN Forghani Tehrani, 2003;) osljc—=) 5 = ,——

DOI: 10.22067/econg.2024.1111 Y osled 08 53 NPT (galasl kit e

VWY


https://doi.org/10.22067/econg.2024.1111

e Lol en Mo — s — 8T 154" Lt 5 Jlw (sla b0l ¢ oandiipe) ( omlis S

OHen 5 ol

oS Sl 55 o boylest 5 55 51%00) 0581 53 88 Cgspl polis £ Jeue

Table 4. 5'%0 and °*S o) values of two barite facies from the Komsheche deposit

Sample

o, Host rock Deposition style  Mineralogy  6*Scap  8%0 smow Reference
NT-1 Shotori Formation Layered Brt, Sd, Dol 18. 4 - present study
NT-2 Shotori Formation Vein Brt, Qz, Dol 23.8 - present study
NT-3 Shotori Formation Vein Brt, Sd, Qz 26.34 - present study
RF-1 Shotori Formation Space filling Brt 22.6 - previous study”
RF-2 Shotori Formation Space filling Brt 23.4 - previous study”
RF-3 Shotori Formation Replacement Brt 26.7 - previous study”
NT-4 Shotori Formation Layered Brt, Ank, Dol - 9.8 present study
NT-5 Shotori Formation Vein Brt, Ank, Qz - 11.2 present study
NT-6 Shotori Formation Vein Brt, Qz, Fl - 14.7 present study

* From Forghani Tehrani (2003) and Rajabzadeh (2007)
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displayed with a gray halo.
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