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Abstract: The study of isotopic ratios of oxygen and carbon has gained importance to determine the origin of
ore bearing fluids, carbon origin and also to determine the formation temperature of non-sulfide lead and zinc
minerals. In order to determine the origin of fluids and carbon existing in zinc carbonate minerals in Chah-Talkh
deposit, initially the amounts of changes of O  and C in various zinc minerals in important deposits18 13

SMOW PDB

of Iran and the world were studied and then by comparing these values in Chah-Talkh deposit with other
deposits, the origin of fluids responsible for the ore forming, carbon and formation temperature of Chah-Talkh
deposit was determined. The range of changes of O in  smithsonite  mineral  in  non-sulfide  lead  and18

SMOW

zinc deposits varies from 18.3 to 31.6 per mil and O in hydrozincite mineral varies from 7.8 to 27 per mil.18
SMOW

Due to the impossibility of smithsonite sampling from Chah-Talkh deposit (due to being fine-grained and
dispersed), hydrozincite minerals which have high isotopic similarities with smithsonite are used for isotopic
analysis of carbon and oxygen. The range of changes of O  in hydrozincite mineral of Chah-Talkh deposit18

SMOW

varies from 7.8 to 15.15 per mil which places in the domain of metamorphic water. The extensiveness of
O changes in Chah-Talkh indicates the role of at least two fluids in the formation of nonsulfide minerals.18

SMOW

The formation temperature of non-sulfide minerals (hydrozincite) in Chah-Talkh deposit is obtained at 70 to 85°C
which indicates the role of metamorphic fluids in the formation of deposit. Complete weathering of sulfide
minerals to a depth of 134 meters confirms the role of rising metamorphic fluids in the formation of nonsulfide
minerals. The C values of Chah-Talkh deposit are set in the range of atmospheric CO and carbonate rocks13

PDB 2

which the existence of atmospheric CO indicates the role of atmospheric fluids and the existence of carbonate2

carbon-rock is indicative of the role of metamorphic fluids in the precipitation of nonsulfide Zn minerals.
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INTRODUCTION resulted in the fact that the large non-sulfide zinc lumps

During the eighteenth century until the early hydrometallurgy such as acid leaching, solvent extraction
twentieth century, a large amount of the world’s and  electrowinning   technology   for   processing of
consumable  zinc   metal   was   acquired  through  the non-sulfide zinc ores introduced non-sulfide zinc deposits
non-sulfide zinc deposits. After the development of in the twenty-first century as the appropriate potential
various processing techniques by floatation method in with commercial attractiveness [1]. These deposits
the early twentieth century and the ability to refine compared with sulfide deposits have a more attractive
sphalerite concentrate, the majority of zinc was obtained future in industry because compared with the sulfide
through sulfide ores. The problems taken place in zinc deposits have less environmental pollution (low lead and
metallurgical extraction from zinc oxide ores at the sulfur) and the amount of energy needed to extract zinc
nineteenth century and the early twentieth century from  them  is lower  [2].  The most recent classification of

was forgotten as zinc resources. Recent advances in



samp SMOW
18 O 00 O O

00 SMOW
O O

(18 /16 ) (18 /16 )O% [ ]*1000
(18 /16 )

−
=

samp SMOW
13 O 00 C O

00 SMOW
C O

(13 /12 ) (13 /12 )O% [ ]*1000
(13 /12 )

−
=

World Appl. Sci. J., 24 (9): 1163-1171, 2013

1164

non-sulfide lead and zinc deposits is done by Hitzman and is referred to as the Standard Mean Ocean Water
his colleagues [1]. According to this classification, these (SMOW). The oxygen isotopic ratio in a sample can be
deposits are divided into two groups of Hypogene obtained using the following equation:
deposits and Supergene deposits. Hypogene deposits are
divided into two groups of structurally controlled
deposits and stratiform deposits. Supergene deposits are
also divided into three subgroups of direct replacement
deposits, wall-rock-replacement deposits and residual or Positive values of O  indicate that the sample
karst-fill deposits. Most of these deposits are created in is enriched in terms of heavy isotope of oxygen
carbonate rocks, although supergene deposits may be proportionate to the standard mean ocean water (SMOW).
formed from oxidation of sphalerite deposits in any type Greater amounts of atmospheric waters have negative
of rock. Supergene deposits are formed from the oxidation O  values because evaporation process centralizes
of sulfide deposits and are composed primarily of the light isotope in water vapor and will result in negative
smithsonite and hemimorphite. Hypogene non-sulfide zinc O  values for atmospheric water vapor. The values
deposits mainly consist of silicates and zinc oxides and of O  of surface water are different due to local
usually have a little sphalerite [1]. The reason of formation evaporation processes and dilution by rain and rivers
of hypogene deposits which are often hydrothermal is water [5].
probably due to lowness of sulfur fugacity and highness Another standard that is used to obtain the oxygen
of oxygen fugacity [3]. isotopic ratios is O . PDB is in fact a Cretaceous

The non-sulfide zinc and lead deposit of Chah-Talkh Belemnite of PeeDee formation and has been a laboratory
is located at 47 kilometers away from southwest of Sirjan control standard of University of Chicago in the early
and 15 kilometers away from the east of Gol-Gohar mine 50’s. This standard is used in low temperature carbonate
and is of the type of hypogene non-sulfide lead and zinc [14].
deposits with carbonate host rock. Carbon exists on the earth in the form of a variety of

Due to the existence of zinc and lead carbonate compounds, from the very living organic compounds in
minerals in these deposits, at present the study of carbon the biosphere to the much oxidized inorganic compounds
and oxygen stable isotopes to determine the origin of such as CO  and carbonates. Different oxidation states as
carbon, oxygen and fluids responsible for the formation of well as the presence in various geological environments
these deposits is of special importance. In this paper, have provided a good condition for natural separation of
accordingly it is tried to study the values of carbon and this element. Carbon has two stable isotopes. Regardless
oxygen isotopes in non-sulfide lead and zinc deposits and of extraterrestrial materials, the range of natural variations
to apply this method to determine the origin of fluids and of carbon isotopic composition in terrestrial materials is
formation temperature of Chah-Talkh deposit. over 100‰ [4]: 

Oxygen and Carbon Isotopes: Oxygen as the most 98.89% = C
abundant element on the Earth crust appears in the form 1.11% = C
of gaseous, liquid and solid compounds most of which are
stable in a wide variety of temperature and this issue has The standard used for carbon isotopes ratios is also
made oxygen as one of the most interesting elements in C  (PDB is Cretaceous Belemnite of PeeDee
isotopic geochemistry. Oxygen has three isotopes with formation in America). This ratio can be obtained using
the following frequencies (abundance): the following equation:

99.763% = O16

0.0375% = O17

0.1995% = O18

Due to more frequency and higher mass difference, isotopic composition of fluid carbon and oxygen can be
usually the ratio of O/ Ois measured [4]. The standard assessed. The isotopic composition of any carbonate18 16

used for oxygen is usually a sample of ocean water which minerals which is deposited in isotopic equilibrium with a
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Using C and O  values of carbonates, the13 18
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fluid depends on isotopic composition of fluid carbon and carbon depends only on the temperature but their relative
oxygen, formation temperature and relative abundance of abundance depends on the PH. The dominant type of
dissolved carbon species (CO ,  H CO ,  HCO ,  CO ). carbon in ocean water is HCO . The world average level2 2 3 3 3

- 2-

The pH and temperature should be known in order to of C is at 1.5‰ with the alteration range of 0.8‰
determine carbonate species. However, in most geological and the least changes can be seen  in  tropical  regions
fluids with temperatures higher than 100 C, the amounts and the highest changes can be observed at higher
of CO  and HCO  in contrast to CO , H CO  are latitudes [4].3 3 2 2 3

2- -

negligible. Carbonate solubility increases along with
decrease in temperature. Therefore, carbonate cannot be Geochemistry of Stable Isotopes in Non-sulfide Zn-Pb
deposited only due to cooling in a closed system of a Deposits: Considering that the most important ores in
hydrothermal fluid. Instead, an open system is required in non-sulfide lead and zinc deposits are carbonate minerals
which the processes such as degasation of CO , (smithsonite, hydrozincite, cerussite) as well as silicate2

interaction of fluid-rock or mixture of fluids can cause minerals (hemimorphite and willemite), the stable isotopes
sedimentation of carbonate. These processes for of carbon and oxygen is more useful in studying these
hydrothermal carbonate lead to coordinated or correlated deposits. Hydrogen isotopes in hydrous minerals such as
procedures in C space against O  [4]. hydrozincite and sulfur isotopes in primary and secondary13 18

PDB SMOW

In hydrothermal environments, the pathways of sulfide minerals (if present) are also applicable. In most of
hydrothermal fluids usually include the areas with deposits, smithsonite mineral given the more abundance
extensive flow or infiltration of water which is generally has been used to study carbon and oxygen isotopes, but
determined with severe alteration and reduction of hemimorphite, hydrozincite, cerussite, calcite, dolomite,

O  value. Therefore, old hydrothermal  pathways willemite and phosgenite have also been used. The most18
SMOW

can be traced by identifying the O  depleted areas. important application of stable isotopes in these deposits18
SMOW

In carbonate rocks, the zones in which the amount of their is determination of the type of ore forming and weathering
O  is irregularly lower than the surrounding rocks responsible fluid and origin of water as well as the origin18

SMOW

are useful clues for exploration of hydrothermal deposits of carbon. Determination of the formation temperature of
[4]. non-sulfide minerals (especially smithsonite) is also

In general, an increase in temperature will reduce the another application of studying the stable isotopes
heavy isotopes. In addition to temperature, isotopic (carbon and oxygen). Isotopic studies can also be used in
composition of ocean variable is another effective factor recognition of carbonate and silicate minerals of
in O  changes in foraminifers’ fossil. It is an supergene lead and zinc from different types of18

SMOW

important controller of salinity. Ocean waters with a hypogenes [6].
salinity of more than 3.5% have more O  because during Using determination of the formation temperature of18

the evaporation, O preferentially will be depleted in the non-sulfide minerals (supergene) and determination of the18

vapor phase. Another factor that can change the isotopic type of fluid responsible for weathering (in most cases are
composition of sea water is the O  poor volume of ice in atmospheric fluids) some information can be acquired18

the continent. During glacial periods water is removed about the chronic weather of the formation time of such
from the oceans and will be stored as ice devoid of O  in deposits [6]. In most deposits, smithsonite, phosgenite,18

the continents [4]. hydrozincite and calcite minerals show a very low isotopic
The most important reservoir of carbon on the Earth, ratio reduction (about 2‰) than the primary minerals, but

namely the marine carbonate and biogenesis organic cerussite is usually depleted from C and shows almost
materials have very different isotopic composition. 10‰ less than this ratio [6].
Carbonates are heavy from isotopic point of view so that The amount of C isotope varies in most Supergene
the average of C in them is 0‰ and organic materials deposits (over 10‰), which is indicative of at least two13

PDB

are light from isotopic point of view and the average of origins for carbon [6]. The alteration range of oxygen and
C in them is almost -25‰. In addition to organic carbon isotopic ratios varies in different mineral as well as13

PDB

carbon, there are four other types of carbon in natural various deposits.
waters: CO , CO , H CO ,HCO , all of which as a function On the whole, the range of carbon and oxygen3 2 2 3 3

2- -

of temperature and pH can be in equilibrium with each isotopic ratios in different minerals in all non-sulfide lead
other. The difference of C value in these types of and zinc deposits is summarized in Table 1.13

PDB
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Table 1: Range of O  and C  values of Zn and Pb minerals in nonsulfide deposits18 13
SMOW PDB

Phosgenite Hydrozincite Cerussite Hemimorphite Smithsonite
20.1-21.2 7.8- 27 11.6- 19.7 16.26- 19.58 18.3-31.6 O (‰)18

SMOW

-9.2 - -4.2 -9.32- -2.4 -21.2-0  -23.55--17.87 -12 - 4.6 C (‰)13
PDB

Table 2: Oxygen and carbon isotope compositions of Zn and Pb minerals in nonsulfide deposits
Minerals  Age of Host Rocks Location (mine) O (‰) C (‰) References18 13

SMOW PDB

Smithsonite Visian  Liege (Belgium) 28.4 -1.6- -11.6 [11]
Smithsonite neoprotrozoic Skorpion (Namibia) 27.58 8-- 4- [12]
Smithsonite Lower camberian Southwest sardinia 27.4 -0.6 - -10.4 [9]
Smithsonite (red galman) Middle Triassic Silesia (Poland) 25.3-28.5 10- [13]
Smithsonite (white galman) Middle Triassic Silesia (Poland) 26.8-28.9 -2.9 - -7.4 [13]
Smithsonite (stage 1) Camberianneoprotrozoic Angouran (Iran) 18.3-23.6 0.6 - 3.2 [8]
Smithsonite (stage 2) Camberianneoprotrozoic Angouran (Iran) 24.3-24.9 11.2- 4.6- [8]
Smithsonite Late Permian Tajkouh (Iran) 23.21 6.69- [10]
Smithsonite Late Permian Tapa Sorkh (Iran) 21.82 -1.45 [10]
Smithsonite Late Permian Gavar (Iran) 23.81 7.248- [10]
Smithsonite Late Permian Gojer(Iran) 25.65-26.44 -4.47- -5.43 [10]
Smithsonite Camberian Ireland (average) 28.7-31.2 -------- [7]
Smithsonite NA Pennines (Ireland) 25.3-27 -------- [7]
Smithsonite Camberian Galmoy (Ireland) 29-31.5 -5- -8 [7]
Smithsonite Camberian Tynagh (Ireland) 29.5-30.5 11- -9- [7]
Smithsonite Camberian Silvermines (Ireland) 29.5 5- [7]
Smithsonite ND Broken Hill 26.4-28.7 12-- 7.8- [6]
Smithsonite ND Alto Alentejo (Portugal) 29.6-30.6 -10.5 - -11 [6]
Smithsonite ND Tui (New Zealand) 28-28.1 -5.8 - -6.5 [6]
Hydrozincite Lower camberian San Giovanni (Italy) 27 -7.1 [6]
Hydrozincite camberian Monteponi (Italy) 26.6 -2.4 [6]
Hydrozincite Late cretaceus Chah- Talkh (Iran) 7.57-15.15 -4.88- -9.32 This study
Cerussite visian Liege (Belgium) 17.8 -14.7- -18.4 [11]
Cerussite Camberian Tynagh (Ireland) 17-19 -14 - -17 [7]
Cerussite Camberian Galmoy (Ireland) 15.5-16.5 0- -8.5 [7]
Cerussite ND Broken Hill 15.4-16.9 -13.5- -19.2 [6]
Cerussite ND Tui (New Zealand) 19.7 [6]
Cerussite ND Triades (Greece) 18.7 -18.5 [6]
Cerussite ND Garpenberg (Sweden) 11.6 -21.2 [6]
Cerussite Camberian Southwest sardinia 16.7-18 -6.5- -21 [6]
Cerussite NA Freihung (Germany) 14.6-15.7 -13.8- -20.2 [6]
Hemimorphite Late Permian Tagkouh (Iran) 17.47 -23.5 [10]
Hemimorphite Late Permian Tarz (Iran) 16.26-17.57 -18.6- -21.53 [10]
Hemimorphite Late Permian Gavar (Iran) 19.29 -19.124 [10]
Hemimorphite Late Permian Goger (Iran) 17.28 -21.31 [10]
Hemimorphite Late Permian Gijerkouh (Iran) 19.29-19.58 17.87- -18.23 [10]
Phosgenite Camberianlower Southwest sardinia 20.1-21.2 -4.2- -9.8 [6]

Table 2 represents the changes in isotopic ratios of smithsonite mineral varies at -12‰ to 4.6‰. The maximum
carbon and oxygen in different deposits for different amount of C in smithsonite in Anguran deposit
elements. As it can be seen, the  isotopic  ratios of (second stage smithsonite) is 4.6‰ [8] and its lowest
oxygen of hydrozincitein Sardinia deposits are very close amount is related to Broken Hill deposit in Australia at -
to the O  values in smithsonite mineral in the same 12‰ [6].18

SMOW

region. The range of O changes in hydrozincite
The change range of O (‰)in smithsonite mineral varies from 7.8‰ to 27‰ which the lowest18

SMOW

mineral varies from 18.3 to 31.5. The highest amount of amount is related to Chah-Talkh deposit and the highest
O in smithsonite in Galmoy deposit (Ireland) is value is related to San Giovanni deposit in Sardinia of18

SMOW

31.5‰ [7] and the lowest amount of O  in Italy [6]. The isotopic ratios of C have been reported18
SMOW

smithsonite in Anguran deposit (first stage smithsonite) from -9.3‰ in Chah-Talkh deposit and -2.4‰ in Monte
is reported at 18.3‰ [8]. The isotopic ratio of C in Pony deposit of Italy [6].13
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The C and O  amounts of hydrozincite isotopic studies in these deposits are based on the13 18
PDB SMOW

mineral is very close to smithsonite mineral and in the measured   isotopic    values    in    smithsonite   mineral.
diagrams presented by Boni et al. [9] hydrozincite is In Chah-Talkh deposit, smithsonite mineral is more
placed in the range of smithsonite. Gilg et al. [6] was located in the southwest part of the deposit at k  unit
considered O value of hydrozincite equal of this which has largely transformed to hydrozincite mineral.18

SMOW

value in smithsonite, too [6]. The smithsonite mineral in Chah-Talkh deposit is in the
The amount of O  in hemimorphite mineral form of microcrystalline and in most parts has transformed18

SMOW

varies from 16.26‰ to 19.58‰ which the lowest amount to hydrozincite and there is no possibility of its separation
is related to Tarz Mine and the highest amount is related in pure form. Therefore, hydrozincite mineral which can be
to GijerKooh Mine in Ravar-Bafgh Area [10]. The amount abundantly found in the form of cryptocrystalline mass
of C in hemimorphite mineral varies from -23.55‰ (in and pure in this deposit was sampled to analyze carbon13

PDB

Tajkooh deposit) to -17.87 (in GijerKooh deposit) [10]. and oxygen isotopes. The weight of extracted samples
hemimorphite is only studied by Amiri [10] in terms of was approximately 0.5g and 10 samples was extracted and
isotopic analysis of carbon and oxygen and the reason of analyzed in the Cornell Isotope Laboratory (COIL) at
depletion of this mineral from C is due to lack of carbon Cornell University in America using Isotope Ratio Mass13

element in the combination of this mineral andthe Spectrometer (IRMS) interfaced to a NC2500 elemental
obtained small amount is due to the carbonwhich exists as analyzer.
an impurity or replacement in the structure of this mineral The primary reference scale used for C is VPDB
and it seems that this mineral is not appropriate for (Vienna Pee Dee Belemnite) and the reference standard
measurement and analysis of C . used for O  is VSMOW (Vienna Standard Mean13

PDB

The amounts of O in cerussite mineral varies Ocean Water).18
SMOW

from 11.6‰ in Garpenberg deposit of Sweden to 19.7‰ in
Tui deposit of New Zealand [6]. The values of C in Oxygen Isotopes: As mentioned, the oxygen isotopes13

PDB

cerussite mineral varies from -21.2‰ in Garpenberg values of hydrozincite mineral in San Giovanni and Monte
deposit of Sweden [12] to 0‰ in Galmoy deposit of Pony deposits in Sardinia region of Italy are placed in the
Ireland [2]. The O values of cerussites are 11‰ range of O values of smithsonite mineral in the18

SMOW

lower than cogeneticsmithsonites and hydrozincites and deposits of this region [9]. But O value of
7.5‰ lower than calcites and aragonites [6]. hydrozincite in Chah-Talkh deposit varies from 7.57‰ to

The O amounts of phosgenite mineral have 15.15‰ with an average of 12.053‰ which is much less18
SMOW

been reported at 20.1‰ to 21.2‰ and also the amounts of than the average of O in Sardinia deposits (26.8‰)
C have been reported at -9.8‰ to -4.2‰ in Sardinia and shows a severe depletion in terms of O . Using13

PDB

deposits of Italy. In addition, limited variation of O the following equation, the oxygen isotope value is18
SMOW

values in a deposit, suggests constant isotopic calculated in proportion to PDB standard [10]:
composition and temperature formation of oxidation fluids
[6]. O  = 0/97002 O – 29/98

Geochemistry of Stable Isotopes in Chah-Talkh Zinc and The O  values obtained for hydrozincite mineral
Lead Deposit: The Chah-Talkh deposit in south Iran is a are presented in Table 3 which varies from -22.63‰ to -
carbonate replacement-type deposite in cenomanian 15.28‰ and its average is -18.288‰ which is less than the
Carbonate rocks. Nonsulfide mineralization contains values obtained for smithsonite and hydrozincite minerals
hemimorphite,hydrozincite and willemite with minor in Sardinia deposits (-3.98‰ ).
smithsonite and cerussite in a veins network. Comparison of the obtained results with the values of
Mineralization occurs as a main vein and two minor veins. oxygen isotopic ratios ( O O ) in various
Major vein has at least 900 m length on the surface. In this geological environments (Fig. 1) indicates that these
deposit there is no sulfide zone at depth and neither values are placed in the range of O  isotopic ratios
drillholes that recently carried out up to 134 m in depth, of clastic rocks environments, metamorphic waters and
don’t cut sulfide zone. metamorphic rocks. Location of isotopic composition of

Sampling and Analysis: The best mineral for analysis of metamorphic rocks as well as clastic rocks can present
the carbon and oxygen isotopes is in non-sulfide lead and different interpretations. Given the location of Chah-Talkh
zinc deposits of smithsonite in such a way that most deposit  in  the  metamorphic  zone  of Sanandaj-Sirjan and

ld
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hydrozincite mineral in the range of metamorphic waters,
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Table 3: Oxygen and carbon isotope compositions of hydrozincite in Chah-Talkhnonsulfide deposit
Sample ID Normalized 13C vs. VPDB Normalized 18O vs. NSMOW Normalized 18O vs. VPDB
CT-2221 -7.03 9.65 -20.61
CT-2261 -8.57 14.99 -15.43
CT-2211 -4.91 15.15 -15.28
CT-2232 -7.95 10.66 -19.64
CT-2262 -8.68 7.57 -22.63
CT-2233 -7.79 14.60 -15.82
CT-2212 -4.88 7.80 -22.41
CT-2222 -6.84 11.65 -18.67
CT-2231 -9.32 14.27 -16.13
CT-2213 -5.25 14.19 -16.21

Fig. 1: O values of Chah-Talkhhydrozincites in considering that the oxide reactions can complete isotopic18

comparison with O values in different separation and absorb more O , the atmospheric18

geological environments [10]. fluids can be also considered effective in the weathering

the abundance of metamorphic rocks around this deposit, that the reactions of elements with oxygen in hydrozincite
the relationship of these values with metamorphic rocks mineral have caused absorption and separation of heavy
and waters can be justified and these fluids can be oxygen isotopes from atmospheric waters. However, large
recognized effective in the formation of non-sulfide extent of O (more than 7‰) indicates that the origin
minerals. On the other hand, high temperature also of water responsible for weathering is supplied at least
reduces the amount of oxygen isotopic ratios. Thus, this from two different resources [6].
reduction of heavy oxygen isotope values can be related
to the increase of temperature at the time of formation Carbon Isotopes: The results of isotopic analysis of
which this issue makes likely the metamorphic nature of carbon C (‰) of hydrozincite samples of Chah-Talkh
the source of heat. On the other hand, closeness of deposit are shown in Table 3. The C values in

O isotopic values to the clastic rocks can be also hydrozincite mineral vary from -9.32 to -4.88 per mil which18
SMOW

related to clastic rocks (conglomerate and sandy its average  is  -7.12  per  mil.  The C  values of
limestone)  of   the   base   units  of  Late  Cretaceous Chah-Talkh deposit with the value range of C in
(host rock). The amount of O isotopic ratios is different environments [4, 10] are compared in Fig. 2 which18

SMOW

much higher than  the  range  of  atmospheric  waters,  but indicates  that  the C  values  of hydrozincite mineral

Fig. 2: C value of Chah-Talkhhydrozincite in13

comparison with C values in different13

geological environments [10].

18
SMOW

of deposit or formation of non-sulfide minerals, meaning

18
SMOW
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13
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13
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13
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Fig. 3: Position of hydrozincite sample of Chah-Talkhin C- O plot, relation to different resource of carbon [10].13 18

Fig. 4: A. Carbon and oxygen isotope composition of smithsonites (sm) and cerussites (ce) from several Pb-Zndeposits
in compre with these values in Chah-Talkhhydrozincites [6]. B. Stable oxygen and carbon isotope composition
of hydrozincite from Chah-Talkh in compare to this value in Ravar-Bafgh area [10], Angouran, Sardinia [15] and
Silesia [13].

are placed in the range  of  atmospheric  CO  and carbonate ions to produce hydrozincite from dissolution2

carbonate rocks. The similarity of C  values of of host carbonate rocks which this dissolution is easily13
PDB

Chah-Talkhhydrozincites   with   the  range of possible.
atmospheric  CO   can  be  due  to  atmospheric waters2

and  proximity  of  deposit to ground surface. Closeness Oxygen and Carbon Isotopic Ratio Diagrams: Concurrent
of C  values with the carbonate rocks can be due to study of oxygen and carbon isotopic ratios in carbonate13

hosting of carbonate rock and supplying the required rocks  is  a reliable method for diagnosing the carbonates
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with different origins, so that the detection of variety of Another factor that can cause depletion of
carbonate rocks, cement type and the range of
hydrothermal fluids effective in formation of Mississippi
Valley-type deposits is possible through combination of
these two isotopic ratios [10]. Amiri and Rasa [10] have
used a diagram of Rollinson [14] to determine the origin of
carbon and oxygen and to compare them in which the
locations of various samples of deposits of Ravar- Bafgh
region are presented (Fig. 3). To compare and determine
the origin, hydrozincite samples of Chah-Talkh deposit are
also shown in this diagram marked with  hollow  circles.
As it can be seen, the situation  of  Chah-Talkh  samples
is  placed  in   the   range   of  hydrothermal  calcites
related to mid-ocean ridge hydrothermal fluids which
given the tectonic history of Sanandaj-Sirjan zone is not
justifiable.

In Fig. 4B the values of C  and O   in13 18
PDB SMOW

Chah-Talkh deposit are  compared  with  these  amounts
in Sardinia (Italy), Anguran and Ravar-Bafgh deposits.
The C values of Chah-Talkh deposit are comparable13

PDB

with these values in Sardinia deposits and have a common
range. The C  values ofhydrozincite samples in13

PDB

Sardinia deposits (Table 2) are also very close to
hydrozincite samples of Chah-Talkh deposit, but O18

SMOW

values of hydrozincite samples of Chah-Talkh deposit is
much less compared with Sardinia.

In Fig. 4A O  values versus C  for two18 13
SMOW PDB

smithsonite and cerussite minerals in world’s different
deposits are presented. O  values in cerussite18

SMOW

mineral is much less than smithsonite, but O  values18
SMOW

of hydrozincite samples of Chah-Talkh deposit is less
than cerussite mineral which is quite unusual. The C13

PDB

values of Chah-Talkh samples is comparable with the
other world deposits and placed in the same range.

DISCUSSION

Various factors can be considered to justify the
reason  of   depletion   of   hydrozincite   samples of
Chah-Talkh deposit from O . One of these factors is18

SMOW

the impact of atmospheric fluids with low O  amount18
SMOW

in the formation of nonsulfide ores which causes
depletion of hydrozincite samples of Chah-Talkh deposit
from O  compared with Sardinia hydrozincite18

SMOW

samples. But given that in Sardinia deposits [9] and most
of the non-sulfide deposits, atmospheric fluids are
considered responsible for weathering and on the other
hand it is determined that oxide bonds are willing to
concentrate heavy isotopes, it seems that this hypothesis
is not acceptable.

hydrozincite minerals from O  is the temperature [9].18
SMOW

Given the placement of O  values in the range of18
SMOW

metamorphic rocks and waters (Fig. 1), temperature can be
considered the most important factor in reducing the

O  amounts in Chah-Talkh deposit. Given that per18
SMOW

mil O  isotopic ratio difference is the temperature18
SMOW

difference approximate to 4°C [16] and the difference
between the mean of O  values  in  Sardinia18

SMOW

deposits and other parts of the world (about 27.5 per mil),
with mean of O  values in Chah-Talkh deposit18

SMOW

(about 12 per mil) is about 15 per mil, the formation
temperature of hydrozinciteChah-Talkh can be considered
60°C higher than the formation temperature of
hydrozincite and smithsonite in Sardinia. Therefore, the
formation temperatures of these minerals in Chah-Talkh
deposit can be considered at 70 to 85°C. Thus, the
existence of a thick sequence of Permian metamorphic
rocks (the origin of zinc and lead metals in Chah-Talkh
deposit)  in   the   bottom   of   host   carbonate  units
(with cenomanian age), the metamorphic fluids can be
considered as the decreasing factor of temperature and
effective in formation of nonsulfides.

On the other hand, considering the current
geographic conditions of this deposit and its exposure to
dry conditions with average annual precipitation of 150
mm, complete weathering of sulfide ores to a depth of 134
meters by atmospheric fluids is not justifiable. Therefore
this deposit can’t be a supergene type and is hypogene
type deposit.

The range of O  values in hydrozincite samples18
SMOW

of Chah-Talkh deposit (8.7 to 15.15 per mil) offers at least
two different origins for O [9] and these two origins can18

be atmospheric and metamorphic fluids.

CONCLUSION

By studying the amounts of O  and C  in18 13
SMOW PDB

Iran’s non-sulfide lead and zinc deposits and other parts
of the world and comparing the results of analysis of
hydrozincite samples of Chah-Talkh deposit with these
values, the following results are obtained:

The range of O  values in smithsonite mineral18
SMOW

varies from 18.3 to 31.6 per mil and the range of
O in  hydrozincite  mineral varies from 7.8 to18

SMOW

27 per mil which in addition to the role of different
fluids responsible for the weathering of primary
sulfides, indicates severe impact of different
temperatures of these fluids at the time of weathering
on the rate of O .18

SMOW
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In Chah-Talkh deposit, the increase of temperature of 4. Hoefs, J., 2004. Stable isotope geochemistry, 5
fluids responsible for ore forming, results in the edition, Springer velag, Berlin, pp: 244.
decrease of O  average at 15 per mil compared 5. Ghaderi, M., 2008. Production of stable isotope18

SMOW

with O  amounts in other deposits which given geochemistry (no press).18
SMOW

the placement of O  amounts of this deposit in 6. Gilg, H., M. Boni, R. Hochleitner and U. Struck, 2008.18
SMOW

the range of metamorphic fluids, indicates the role of Stable isotope geochemistry of carbonate minerals in
metamorphic fluids in the formation of deposit. supergene oxidation zones of Zn-Pb deposits, Ore
The formation  temperature  of  hydrozincite in Geology Reviews, 33: 117-133.
Chah-Talkh deposit given the amounts of O  is 7. Boni, M., G. Balassone, N. Mondillo and H.A. Gilg,18

SMOW

obtained at about 70 to 85°C which is unusual in 2010. Nonsulphide Zinc Ores in the Irish Midlands
non-sulfide lead and zinc deposits. and Britain: Palaeoclimate information from stable
Absenceof sulfide minerals to a depth of 134 meters isotopes of carbonates, extended abstracts volume of
of Chah-Talkh deposit in the current weather zinc.
conditions and the existence of thick sequence of 8. Boni, M., A. Gilg, G. Balassone, J. Schneider, C. Allen
Permian metamorphic rocks in the host mineralization and F. Moore, 2007. Hypogene Zn carbonate ores in
base units confirm the role of rising metamorphic the Angouran deposit, NW  Iran,  Springer-Verlag,
fluids in the formation of hypogenenonsulfides. pp: 22.
The C  amounts of Chah-Talkh deposit are 9. Boni, M., H.A. Gilg, G. Aversa and G. Balassone,13

PDB

located in the range of atmospheric CO  and 2003. The "calamine" of southwest  Sardinia:2

carbonate rocks. The atmospheric origin of carbon Geology, mineralogy and stable isotope
indicates the role of atmospheric fluids in the geochemistry of nonsulfide Zn mineralization", Econ.
oxidation of fluids and the origin of carbon carbonate Geol., 98: 731-748.
rocks is indicative of the role of metamorphic fluids in 10. Amiri, A. and I. Rasa, 2008. The non-sulfide ore
the ore bearing fluids. formation conditions of ravar-Bafgh area, findings of
Notwithstanding that have been imagine before, carbon and oxygen stable isotopes (in farsi).
domain of O values in one nonsulfide deposit Quarterly Applied Geology, 3(2): 95-103.18

SMOW

can vary in spread range. 11. Boni, M., L. Dejonghe, G. Balassone, V. Coppola and
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