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1. Introduction

The main carbonate -hosted Pb-Zn deposits of Iran are divided
into 4 areas: (1) Malayer-Esfahan metallogenic belt (MEMB),
(2) the Central Iranian geological zone (CIMB), (2) Yazd-Anarak
metallogenic belt (YAMB),(3) and a few deposits in the Central
Alborz metallogenic belt (CAMB) (Rajabi et al., 2012).

ABSTRACT

Nineh Pb-Zn deposit is located in the east of the Markazi province, in the Middle to Upper Jurassic
rock units of the Malayer-Esfahan metallogenic belt. Stratified and epigenetic mineralization, in the
form of veins, replacement and open spaces filling, including the main minerals of galena, sphalerite
and barite accompanied by dolomite and siliceous alterations are observed. The microthermometry
results of fluid inclusions in calcite and barite, display mean homogenization temperature of about
168.6°C and 127.3°C, and a mean salinity of 5.7 and 13.9 wt. % NaCl equiv., respectively, which
indicates slight difference in their formation conditions. The homogenization temperature versus
salinity diagram suggests a basinal brine fluid mineralizer and mixing and cooling processes for
the mineralization. The values of $*S in galena and sphalerite (7.5%o to 21.5%o) of this deposit are
similar to the values of 6*S in the upper Mississippi deposits, indicating the supply of sulfur during
(-9.2 to -11.2%o0) and

31C,, (0.1 to 0.5%o) of the calcite veins indicate a multi-origin of oxygen, and the origin of carbon

the process of thermochemical reduction of sulfate. The values of 6O, ..
from dissolved and remobilized marine carbonates. According to the evidence obtained during this
study, the Nineh deposit can be classified as the Mississippi Valley type deposits, which was formed

during the orogeny processes and the movement of basinal brine fluids.

The Nineh Pb-Zn deposit is located in Malayer-Esfahan
metallogenic belt (MEMB) and Sanandaj-Sirjan zone (SSZ) which
is one of the structural zones of Iran characterized by extensive
magmatic and metamorphic events (Mohajjel et al., 2003). The goal

of the present study is to provide new insights into fluid evolution,
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metal sources, and genesis mechanisms of the deposits through
mineralogical, isotopic and fluid inclusion studies of a member of
MEMB Pb-Zn deposits, Nineh deposit.

2. Geology

Generally, the MEMB Pb-Zn deposits are limited by 3 stratigraphic
units: (1) the Jurassic shale and sandstone Shemshak Formation,
(2) the Cretaceous carbonate with sandy and silty dolomites to
massive limestone, (3) and the cretaceous interlayered of shale and
carbonate (Rajabi et al., 2012).

The Nineh Pb-Zn deposit is located in the north of Nineh
Village, Markazi Province and south of the Kahak quadrangle
map (Qalamqgash and Babakhani, 1995) within middle-Jurassic
limestone and lower- Cretaceous dolomitic rocks at elevation
around 2260 to 2370m. The Nineh ore body with an estimated area
of about 25m by 100m has a grade of 3% Pb.

3. Research methodology
After field geological survey, 32 samples were collected from ore
and host rocks for mineralogical study. Fifteen doubly polished
sections were prepared from the representative calcite and barite
samples for the petrographic study and microthermometeric
measurements at the University of Lorestan using a Linkam
THMS600 Stage and ZEISS microscope with a temperature range
of —196 to +600 °C and a precision of 0.2 °C and £0.1 °C. The
fluid inclusion data analyzing were accomplished by Flincor
(Brown, 1989), and AqQSoWHS computer programs (Bakker, 2011).
Moreover, for Carbon, Oxygen and Sulfur isotope analyses,
four appropriate calcite and nine pyrite and chalcopyrite samples
of the main mineralization stage were handpicked using binocular
microscope and ground by an agate mortar. The prepared samples
were sent to stable isotope laboratory, Arak University by isotope

ratio mass spectrometer (IRMS) for isotope analysis.

4. Results and Discussion

Studies of mineral textures and relations display four main
mineralization stages in the Nineh deposit: pre-mineralization,
Main-mineralization, late-mineralization and post-mineralization
stages.

Fine-grained quartz, dolomite and minor pyrite and galena
rapidly precipitate at the first stage and replace the host
carbonate rocks. Next tectonic movements as well as extensive
dolomitization provide required spaces for ore precipitation of
the main stage which is characterized with veins containing
galena, sphalerite, pyrite in addition coarse-grained quartz
and calcite. Crosscutting of the former minerals by calcite,
dolomite and quartz veinlets and oxidizing of them to hematite,

goethite, cerussite and anglesite are features of the late and post-

mineralization stages, respectively.

Four inclusion types were distinguished by peterographic study:

1. Monophase vapor (V) fluid inclusions with size ranging from
from 1 to 10 um with a mode of 3 to 5 um.

2. Monophase liquid (L) fluid inclusions. The size of the inclusions
differs from 1 to 10 pm, mostly 3-5 um in size.

3. Liquid-rich two-phase (LV), with liquid to vapor ratio of about
0.6. The inclusions range in size between 2 and 30 pum, with
majority of 3 to 7 pm.

4. Vapor-rich (VL) two-phase fluid inclusions with liquid to vapor
ratio less than 0.4 and size between 5 and 20 pm.

The liquid-rich (LV), fluid inclusions trapped in barite homogenize
at temperatures between 77 and 186.8°C, with a peak between 107
and 137°C, whereas the homogenization temperatures of calcite
Fluid inclusions are 141.3-238.5 °C with a mode between 150 and
170 °C.

The final ice melting temperatures (7, ) of barite fluid inclusions
are between -15.3 and -7.3°C, consistent with a corresponding to
salinities of 10.8 - 19.2 wt. % NaCl equivalent. The T of calcite
fluid inclusions are from -7.6 to -0.5 °C, corresponding to salinity
of about 0.8-11.2 wt. % NaCl equivalent.

The salinity mode values are 4 - 6 wt. % NaCl for the calcite
fluid inclusions and 12.9 -14.9wt% NaCl for barite fluid inclusions.
Furthermore, the first melting temperature of ice (7)) is from -26.5
to -16.2°C for barite fluid inclusions, and -7.6 to -0.5°C for calcite
fluid inclusions.

In the Salinity versus homogenization temperature diagram,
most of the fluids lie in the basin water and MVT fields. Mixing,
cooling and dilution trends are distinct in the diagram. Thus, mixing
of the two different fluids of different density, temperature and
salinity could have been responsible for the ore mineralization.

A widespread range of $*S values suggests that the sulfur could
have been consequence of sedimentary rocks (Hoefs, 2009), or
a dynamic fractionation by numerous mechanisms in a single
reservoir or physico-chemical instabilities (T, fO,, pH, etc.) (Seal,
2006) or a mixture of various sources (Ohmoto, 1997).

Though the average of 6*S values of the sulfides is 15.78 %o,
which could be implied that the sulfide minerals were formed by
fluids whose sulfur was sourced from Cretaceous marine sulfate
(15.3-20.2 %o) (cf. Paytan et al., 2004). On the other hand, the
involvement of evaporate- and seawater-derived fluids in sulfur
composition of the Nineh barite cannot be excluded. The role of
bacterial reduction is further insignificant due to high temperature
of barite mineralizing fluids (77-186.1, mode~120 °C) which is an
important barrier for bacterial activity (~110 °C).

Moreover, the TSR of sulfate by organic matter results in sulfides
with a 6**S values less than 10 %o which is consistent with the lower
8%S of sulfides in the Nineh deposit.
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On the other hand, according to the carbon and oxygen isotope
diagram, the 8'*C and 8O

of the calcite samples are outside the value range for mantle

values of the 3"°C, , versus 6"O,
(Taylor et al., 1967). The samples have lower oxygen isotope
composition than those of the marine carbonate and sedimentary
rocks.

5. Conclusion

Nineh deposit is a stratabound and epigenetic carbonate-hosted
lead-zinc deposit dominantly happened as veins/veinlet in the
lower Cretaceous carbonate rocks, similar to MVT deposits. But
the total homogenisation temperature (7)) and salinity of MVT ore

fluids are usually less than 200 °C and about 15 wt% NaCl equiv,
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while the Nineh deposit fluids relatively have higher temperature
and low salinity similar to those of Ravanj deposit in Iran and SYG
metallogenic province of China. Consequently, the deposits are
genetically MVT deposits formed by fluid-mixing between a saline
and metalliferous hot fluids and a cooler and diluted sulfate-rich
fluid in the fractures and lithologic boundaries after a large-scale
circulation within different rocks, but possibly more fluid circulation
due to orogenic events causes high metal concentrations. A mixed
source of 'O values resulted from dissolution and a wide range of
sulfur isotope composition, despite 8'*C values comparable to those

originated from marine carbonate, confirm the results.
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Figure 3. Reflected light photomicrographs of a) disseminated Sphalerite (Sp) in Galena (Gn); b) Galena (Gn) and Cerussite (Cer) within the groundmass
of zoned dolomite (Do). Marginal, cleavage and dendritic replacement textures are seen; c¢) galena and hematite (Hem) in dolomite; d) Galena containing
tetrahedrite (Ttr) inclusions, probably replaced calcite due to its thomboidal shape. ) galena with clear triangular cleavage pits accompanied with pyrite
(Py) and covellite (Co) within dolomite, f) replacing of pyrite by goethite (Gth). Transmitted light photomicrograph of g, h) The replacement of galena in
the cavities resulting from the dissolution of fossils and the open space filling in calcite bioclast (Cal) of the host, which show epigenetic mineralization
of Ore; i) Coarse-grained dolomite (D2); j) Galen vein in the context of two generations of dolomites; k) Completely silicified vein and fossil (Qz) related

to the stages of mineralization, 1) galena between quartz (Qz) grains.
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Figure 4. Mineral Paragenesis of main minerals in Nineh deposit.
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Figure 5. Different fluid inclusion types of Nineh deposit, a) monophase vapor (V) and monophase

liquid (L) fluids, b) Liquid-rich (LV) and Vapor-rich fluid inclusion trapped in barite.
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Figure 6. Histograms of data from fluid inclusion study in calcite and barite samples from Neineh deposite, a) homogenization temperature, b) final melting

temperature of ice, c) salinity and d) first melting temperature of ice.
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Figure 7. a) Separation types of lead and zinc deposits based on the temperature-salinity diagram (Wilkinson, 2001)
and the location of the Nineh deposit in the range of MVT deposits. b) Separation of ore-forming fluids based on
temperature-salinity diagram (Kesler, 2005) and placement of the ore-forming fluids of the Nineh deposit in the
basinal waters. ¢) Processes affecting the precipitation of ores from hydrothermal fluids based on temperature-salinity
diagram (Wilkinson, 2001) that in the Nineh deposit, the processes of fluid mixing and cooling were important in ore

mineralization.
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Table 1. Microthermometeric results of fluid inclusions in calcite and barite samples of Nineh deposit.

Salinity
T (°C) T (°C) T, ..CO .
Mineral | Number " (i 7 Nl i)
Mean Range Mean Range Mean Range Mean Range
Barite 24 127.3 77-186.2 -21.7 | -26.8t0-16.2 | -10.1 | -15.8 to -7.3 13.9 10.8-19.2
Calcite 36 168.6 | 141.3-238.5 | -13.2 | -21.8t0-42 | -3.6 | -7.6t0-0.5 5.7 2-11.2
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Table 2. 3**S values of galena, sphalerite and barite samples of the

Nineh deposit.

Sample Name | Mineral 1S, (%) | Stdev
AKS1 Galena 7.5 0.2
AKS2 Galena 19.4 0.2
AKS3 Sphalrite 9.5 0.2
AKS4 Sphalrite 21 0.2
AKSS Sphalrite 21.5 0.1
AKB1 Barite 43.7 0.2

4—:.:)@\5}‘ s :)}AL:MKLSBAJ}QJ)ASISOJSHC &j)}”lﬁ:&ﬁ—r‘),.x?

Table 3. 8'°0 and 8"*C values of calcite samples of the Nineh deposit.

Sample Name Mineral o8C,,, (%o) Stdev 61%0,,,,(%o) Stdev 030, 5w (%0)
AKC1 Calcite 0.57 0.04 -11.29 0.07 18.37
AKC2 Calcite 0.36 0.04 -9.26 0.08 20.46
AKC3 Calcite 0.11 0.04 -9.83 0.08 19.87
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Figure 8. Histograms of a) sulfur, b) carbon and c¢) oxygen isotope values.
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Figure 9. a) Schematic comparison of 8**S values in sulfide, sulfate and barite from Nineh deposit with those of different geological reservoirs

(Hoefs, 2009) and upper Missipi valley. b) Plot of 6**C,, vs. 6%S_ = valus for Nineh calcites in comparison with marine carbonate rocks

(Veizer and Hoefs,1976), mantle (Taylor et al., 1967), sedimentary organic matter (Liu, 1997), Maliping (Luo et al., 2019) and Nayongzhi
(Zhou et al., 2018) deposits .
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Figure 10. Comparison of Th and salinity of Nineh FIs with those of Ravanj, Iran (Nejadhadad et
al., 2016) and Yangtze Province, South China (Luo et al., 2019) and MVT deposits (Bodnar et al.,

2014; Leach et al., 2005).
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