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The Koushk Zn-Pb deposit in Central Iran is considered the largest 

mineral potential for variscite mineralization. Macroscopic and 

microscopic observations indicated minor variscite mineralization 

occurring in veinlet-vein form and as disseminations, associated with 

massive and layered ore zones, as well as extensive mineralization 

related to zinc- and lead-barren marginal shales, dioritic sills, and late 

carbonate ± quartz veinlets. Textural features and chemical 

characteristics indicated that variscite formed through multi-stage 

phosphatization of Al-rich shales with minor silica. XRD data reveal 

variscite and strengite as the dominant phases. Other phosphates such as 

phosphosiderite, metavariscite, and crandallite were also identified, 

occurring as intergrowth mixtures with variscite. Color variations in the 

Koushk variscites are attributed to intergrowth with other phosphates, 

sulfates, or silicates; electronic transitions; crystal field transitions of 

chromophore elements; structural defects; and the arrangement of water 

molecules within the variscite structure. The highest intensity Raman 

peak observed in the spiderweb variscites occurs at approximately 1033 

cm⁻¹, whereas in the simple green variscites and soapy variscites (pale 

green-blue to white), the strongest peak appears at around 1022 cm⁻¹. 

Three additional peaks with lower intensities are also present, all 

corresponding to the symmetric stretching vibrations of the phosphate 

(PO₄) group in minerals of the variscite–metavariscite group. The 

REE+Y patterns, LREE enrichment, and negative Ce anomaly indicate 

low-temperature hydrothermal fluids with a composition approaching 

seawater. Microthermometric studies of fluid inclusions reveal that fluid 

mixing and temperature decrease played a significant role in variscite 

mineralization, with formation temperatures ranging from 110 to 

340 °C. 
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EXTENDED ABSTRACT   
 

Introduction  

The Kushk zinc-lead deposit is the most important 

variscite mineral mass in Central Iran. Variscite a 

relatively common mineral that forms as a result of 

phosphate-bearing surface solutions reacting with 

aluminum-rich rocks (Calas et al., 2005). First 

described in 1837 from a source close to Variscia, the 

former name of the Vogtland region in northeastern 

Germany, its chemical formula was determined in 

1896 (Willing et al., 2008). Variscite was used in 

Neolithic jewelry and is found in many 

archaeological sites (e.g., Ervedosa, Portugal; 

Pannecé, France; and Sardinia, Italy; see Calas et al., 

2005; Querré et al., 2019; Willing et al., 2008). 

Variscite is a member of the hydrous aluminum 

phosphate group, Al(PO4)·2H2O, while strengite is 

part of the iron phosphate group, Fe3+(PO4)·2H2O. 

Both are orthorhombic phosphate members of the 

variscite mineral group, while mansfieldite, 

scorodite, and yanomamite are the arsenate 

isostructural members of this group. The general 

chemical formula of variscite group minerals is 

A(XO4)·2H2O, where A = Al, Fe3+, In and X = P, As. 

  

Regional Geology 
The Koushk Zn–Pb deposit is situated within the 

upper part of the Lower Cambrian 

volcano-sedimentary sequences, in the central part of 

the Zarigan–Chahmir Basin in Central Iran (Fig. 1). 

Two major stratigraphic sequences have been 

recognized in the area (Fig. 2): (1) a mineralized 

sequence comprising the Upper interval of the Lower 

Cambrian volcano-sedimentary sequences at the 

base, and (2) an overlying volcano-sedimentary 

sequence that includes Lower Paleozoic shales, 

argillaceous limestone, dolomitic units which are 

hosting Fe-mineralization, as well as the rhyolitic 

and tuffaceous rocks (Gibbs, 1976). Rhyolitic and 

dacitic domes are present in the southeastern part of 

the deposit, adjacent to the mineralized sequence, as 

well as to the north and northwest of the deposit. 

 

Materials and Methods 

In this study, 35 variscite samples were collected 

from ore-bearing rocks across different geological 

sections. Petrographic and mineralogical 

investigations were carried out on 23 thin and 

polished-thin sections using transmitted and 

reflected light microscopy at Shahid Beheshti 

University, Iran. In addition, 7 samples representing 

different generations of variscite were analyzed by 

using scanning electron microscopy (SEM) at Aria 

Electron Optics Company, Iran. To complement the 

mineralogical data, one variscite sample was 

analyzed via XRD at Kansaran Binalud Company, 

and three variscite samples of varying colors were 

examined using Raman spectroscopy at Shahid 

Beheshti University. For geochemical studies, a 

deep-green variscite sample was analyzed at 10 

points using a CAMECA SXFive X-ray Probe 

Microanalysis  (XPMA) (France) at Kansaran 

Binaloud Company, Iran. Furthermore, 6 samples 

were analyzed by ICP-MS using a PerkinElmer 

NexION 300 instrument at Zarazma Laboratory, 

Iran. 10 samples were analyzed by XRF at Tarbiat 

Modares University of Iran. Petrographic 

examination and microthermometric studies of fluid 

inclusions were performed on 2 quartz and calcite 

samples associated with variscite mineralization in 

the marginal zone, using a Linkam THMCG 600 

heating–freezing stage at the Microthermometry 

Laboratory of Tarbiat Modares University, Iran.  

 

Results 

Macroscopic and microscopic observations indicate 

that variscite mineralization occurring as veins, 

veinlets, and disseminated form associated with the 

massive and stratiform sulfide ore zone, as well as 

extensive mineralization related to the marginal zone 

and microdioritic sills. These variscites occur 

intergrown with strengite and minor amounts of 

other minerals belonging to the variscite and 

metavariscite groups. The color variations in these 

variscites are attributed to intergrowths with other 

phosphates, sulfates, or silicates, electronic 

transitions, crystal field transitions in chromophore 

elements, structural defects, and the arrangement of 

water molecules within the variscite structure. These 

factors may lead to significant fluctuations in both 

the green hues and the apparently low Cr³⁺ content. 

In the variscites from the Koushk Zn–Pb deposit, the 

Cr³⁺ content is low compared to that of similar 

worldwide variscites. However, our samples 

containing higher amounts of Cr³⁺ exhibit a more 

intense and deeper green color. The highest Raman 

spectral peak intensity show that spiderweb 

variscites occurs at approximately 1033 cm⁻¹, 

whereas in the simple green variscites and the soapy 

https://doi.org/10.22067/econg.2026.1173
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variscites (pale greenish-blue to white), the most 

intense peak occurs at around 1022 cm⁻¹. In addition, 

three lower-intensity peaks are present, all of which 

are attributed to the symmetric stretching vibrations 

of the phosphate (PO4) group in minerals of the 

variscite and meta-variscite groups. The Raman 

spectra of variscite from the Koushk Zn–Pb deposit 

and Tajikistan show a remarkable overlap. The 

ΣREE values in the variscite ore are negligible. The 

REE+Y pattern, characterized by LREE enrichment 

and a negative Ce anomaly which is similar to that of 

seawater. Such evidence may indicate the 

involvement of low-temperature hydrothermal 

fluids, which is further supported by micro-

thermometric studies of fluid inclusions, confirming 

the corresponding temperature range.  

 

Discussion 

In the Koushk deposit, aluminum was derived from 

the weathering of the host rock, whereas phosphate 

originated from the leaching of ancient sedimentary 

phosphorites or phosphorites contemporaneous with 

the carbonate rocks of the Soltanieh Formation, 

Ediacaran deposits, or evaporitic and phosphatic 

crustal units in Central Iran by magmatic and 

hydrothermal fluids related to the intrusion of 

granitoid bodies (Hosseini and Rajabzadeh, 2022). 

The interaction of aluminum-rich and phosphate-

bearing hydrothermal fluids resulted in variscite 

mineralization. In the Koushk Zn–Pb deposit, 

variscite commonly displays a wide range of green 

hues, including bluish green, olive green, moss 

green, and pale bluish white. These color variations 

are not dependent on depth. The color variation in 

variscite is, in part, attributed to intergrowth with 

phosphates, silicates, sulfates, and oxides. SEM–

BSE, EDS, and XRD studies confirm this 

interpretation. On the other hand, color variations in 

minerals are associated with various mechanisms, 

such as electronic transitions (Nassau, 1978), crystal 

field transitions in chromophores (Burns, 1993) such 

as Cr, Mn, Fe, Co, Ni, Cu, and V, charge transfer 

between elements (Mattson and Rossman, 1987; Bill 

and Calas, 1978), as well as color centers caused by 

structural defects in the crystal lattice and variations 

in the concentration of Cr³⁺ and V⁴⁺ (Krambrock et 

al., 2007). Therefore, the green color of variscite is 

related not only to the presence of combined 

structural impurities but also to crystal defects and 

the arrangement of water molecules within the 

variscite structure, which has led to the formation of 

different variscite polymorphs. Furthermore, color 

variations are attributed to metasomatic replacement 

processes and the development of zoning within the 

primary microcrystalline and porous minerals, 

driven by successive pulses of late-stage fluids 

(Díaz-Acha et al., 2022). Consequently, the color 

changes gradually along the veins and nodules. Some 

variscite samples from Koushk area exhibit a 

progressive color transition from a gray 

phosphosiderite core to a pale green unit (consisting 

of phosphosiderite-dominated mixtures with 

variscite) and, ultimately, to dark green margins 

dominated by variscite. The diversity in microscopic 

textures and ore geochemistry points to multistage 

mineralization and reflects dissolution–

reprecipitation processes controlled by the prevailing 

physicochemical conditions during formation. 
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  Ăùºêù 

¢ĊîÆĉ½vÿ    ½¹  ówÅ,3.2  ÔÅĀ£  Ā¤Å½wz    ½ĀÊí ½¹jäÊí ûwúõ  )ºÉ

÷wLýºLþýwLù ć¾òĉ¹ ćwLă   vÄĉ¾£wLù  I¾öí(  ¢LĊăwL£Āĉ    ÿ¢LĊăwL£Āĉ   ćv¾z ÀĊý

üĉv   Ĉýwí¹wĄþLÊĊ~  ûwĄ« ¾LÅw£¾LÅ ½¹ ¢ĊîLÆĉ½vÿ ¾ĉw·» )¢LÅv āºLÉ

üĊù¿ ćwăºý¿wLÅ ¹ÿº´ù ¹vºÞ£ ÿ ¢LÅv xwĊúí ½wĊLÆz ćÿw³ ĈLÅwþLÉ

ºþ¤LÆă ¢ĊîLÆĉ½vÿ  $Dominguez-Bella, 2004; Odriozola 

and Linares-Catela, 2012)#   ìĉ ûvĀþÝ Ăz yöáv ¢ĊîLÆĉ½vÿ

  ĂĉĀýw§ ĈýºÞù ā¹wùĂ¤LÉ½ ¡½ĀLÍ Ăzćv(    IĈÝwÞLÉôîLÉćwă  ā¹Ā£  Ićv

Ăñ½ Ić½wLLÊ¤ýv Ićvìă¾ñûĀĊLLÅ¾îýwí ÿ ºþýwù  üĉ½ĀözÀĉ½ ćwă  ½¹

ā¾æ³ãwîLÉ ÿ wăĈù ôĊîLÊ£ wă  ¢LÅv üîúù ÿ ¹ĀLÉ  À£½vĀí wz āv¾úă

ºLLÉwz ¢ĊLLÆöí ÿ  $Calas et al., 2005)#  $ ôĉ¹Dill, 2001#    ½¹

øĊLLLÆê£Ĉýwí Ă¤LLLÅ¹ ¿v v½ ¢ĊîLLLÆĉ½vÿ I¹Ā· ćºþz¡wæõĀLLLÅ ćwă (  

¡wæLÆå(    )¢LÅv ā¹½ÿj ½wúLÉ Ăz øĊþĊùĀõj Èþívÿ Ă¬Ċ¤ý ½¹ Ĉýwí üĉv

óĀö´ùwæLLÆå ćÿw³ Ĉ´ÖLLÅ ćwăðþLLÅ wz ¡  øĊþĊùĀõj ¿v Ĉþá ćwă

Ĉù ôĊîLLÊ£$ ¹ĀLLÉCalas et al., 2005; Ghanei Ardakan, 

2024# y{LLÅ ûÁ¾~ĀLLÅ ÔĊ´ù ½¹ wăºĊæõĀLLÅ ÈĉwLLÆív Ĉå¾Õ ¿v )

  ¢ĉwĄý ½¹ Ăí āºLLÉ ìĉ½ĀæõĀLLÅ ºĊLLÅv ¿v Ĉþá ówĊLLÅ ìĉ ôĊîLLÊ£

¢LLÆLLÉ ¦Ýwz¡wæLLÆå ćĀLLÉÿ ¢ĊLLÆ ĉÁ ôĊîLLÊ£ ÿ wă3Al(OH)    ¿v

 ćv¾z wLLĄýj Èþívÿ ÿ ćºLLĊLLLÅv ÔĊ´ù ìLLĉ ½¹ ûwLLzÀĊù ðLLþLLLÅ

ôîLLÉ$ ¢LLÅv āºLLÉ ¢ĊîLLÆĉ½vÿ ć¾ĊñSherafat et al., 2007  )#

¡wæLLÆå ôùwLLÉ ¢ĊîLLÆĉ½vÿ ðþLLÆýwí  wz ìĊ{ù½Ā£½v Ă£v½ºĊă ćwă

Ĉöí óĀù¾å O2.2H4MPO  ûj ½¹ Ăí ¢LLÅv 3+V  I3+rC I3+Fe  ÿ
3+Al6  M ¢LÅv ðþLÅ wz ìĉ¾æLÆå ºĊLÅv Èþívÿ ¿v ÿ  ¿v Ĉþá ćwă

Ĉù ôLĊîLLLÊ£ øĊþĊùĀõj¹ĀLLLÉ  $Larsen, 1942  )# ÿ ¢LĊîLLLÆĉ½vÿ

ã½ĀùÿÀĉv āv¾úă Ăz I#ìĊþĊöíĀþù$ ¢Ċòý¾¤LÅv ¢ĊîÆĉ½vÿw¤ù ûwLÊĉwă

ªĉv½ I¢Lĉ½ºLĊLLLÅĀæLLLÆå ÿ #ìLĊþĊöíĀþù$ĈýwLí üĉ¾£  üĉv ½¹ wLă āÿ¾ñ

¡wæõĀLLÅ ¢ĊîLLÆĉ½vÿ )ºþ¤LLÆă(   ½wúLLÉ Ăz ½vºzj øĊþĊùĀõj ¡wæLLÆå

Ĉù )¹ÿ½ôLÍv ½¹  ¡wæLÆå  øĊþĊùĀõj ÿ üăj ćwăwz   ÷wý¢ĉºýv½wzI   ìĉ

 ĈĉwĄý ćwLÒÝv ¿v ºùw« óĀö´ù¢Ċòý¾¤LÅv    ôĊîLÊ£ v½ ¢ĊîLÆĉ½vÿ ÿ

Ĉùºþă¹  $Slansky, 1986# wĉ ÿ üăj û¹wÞù ½¹ yöáv ¢Ċòý¾¤LÅv )

¢Ċ£wúò~ ô·v¹Ĉù ¢åwĉ wă ìĉ ûvĀþÝ Ăz ¢ĊîLLÆĉ½vÿ Ĉýwí )¹ĀLLÉ

Ĉù ¹Ā«ÿ ĂLz ĈĉwL« ½¹ I²ÖLLLÅ ìLĉ¹Àý ÿ ĂLĉĀýwL§ ĈýwLí ĂLí ºLĉj

ĈýwíĈýwí ÿ ĈLLÅ½ ćwă  üĉv )ºþLLÉwz āv¾úă ¾òĉºîĉ wz Ă£wæLLÆå ćwă

Ĉù Ĉýwíĉ¹ Ăz ºývĀ£Ĉýwí ¾òĂĉÀ¬£ Ă£wæLLÆå ćwăóĀúÞù )¹ĀLLÉ üĉ¾£

ûj ĂĉÀ¬£ ¿v ôÍw³ ĈýwíI    Ĉýwí¢Ċõvºýv¾í  øĊþĊùĀõj ½vºzj ¡wæÆå I

)¢LÅv øĊLÆöí ÿ  ðý½ Ăz ¢ĊîLÆĉ½vÿ Ĉýwíøí À{LÅ ćwă  À{LÅ w£ ðý½

  Ăz ÿ ¹½v¹ ½v¾é Àù¾é ¡½ºý Ăz ÿ Ĉ¬ý½wý IÈæþz IüÉÿ½ Ĉzj Iðý½¾~

āÂĉÿ ÿ Ëw· ¢Ċúăv ðþLÅ¾ăĀñ ìĉ ûvĀþÝĈù Ăí ¹½v¹ ćv  wz ûvĀ£

 ÿ ¢·wþLÉĈLÅ½¾z  ĈLÅwþLÉ¾ăĀñ ÿ ć¹wLÎ¤év ×w´õ ¿v ûj ²Ċ´LÍ

ăĀñ üĉv ĂÞLÅĀ£ y«Āù¾  üĉv )ºLÉ ć¿wLÅ¾ăvĀ« ¢ÞþLÍ ½¹ ðþLÅ

Ĉù v½ ðLþLLLÅ ¾ăĀñùv¹ ôLîLLLÉ ĂLz ûvĀ£Ç¾z #ćºL{þñ$ ĂLö  ½¹ ÿ ¹v¹

ĂLúLLLÆ¬ù ¢LÞþLLLÍ  ½¹ wLĉ ÿ ć¿wLLLÅ±¾ÕðLþLLLÅ ćwLă ÿ Ĉ¤úĊé ćwLă

ĂúĊý¹wæ¤LLÅv Ĉ¤úĊéāāÀĉÿj ÿ ā¾Ąù ºþýwù ¹¾í ĂÖêý üĉºþ¯ ½¹ Ăí Ĉĉwă

 x¾á ¿v v ÿ w~ÿ½/+++  ā¹Āz ¢ĊîLÆĉ½vÿ ćv½v¹ ¹ĒĊù ¿v ô{é ówLÅ ºýv  

$Sheridan, 2000)#  üĉv ¾z ¹wê¤Ýv  øă ÿ ¢ĊîLÆĉ½vÿ øă Ăí ¢LÅv

¡wæLLÆåxj ¿v ćºÞz ćwăĂ£ ĈþĊù¿¾ĉ¿ ćwăĈù ¢LLÆLLÊýºýĀLLÉJ   ½¹

Ĉ£½ĀLLÍxj Ăí¡wæLLÆå ĈþĊù¿¾ĉ¿ ćwăðþLLÅ wz Ãwú£ ½¹ ½v¹ ćwă

ĂL£ yL«Āù ĈúĊþĊùĀõjĈù ĈýwLí üĉv ôLĊîLLLÊ£ ÿ ¢LLLLÆLLLÊý  ¹ĀLLLÉ

$Palache et al., 1951MđĀúÞù ¢ĊîLLÆĉ½vÿ )#   ¾ĉwLLÅ wzĈýwí ćwă

õvºýv¾í ÿ ¢ĉđĀĉÿ I¢Ċ£w~j ºþýwù ĂĉĀýw§Ċ¢ Ă£Ĉù ¢LÆLÊý  Ăz ÿ ºýĀLÉ

ðLþLLLÅ wLz āv¾úă Äîĉ¾£wLù ûvĀþÝ ¹Ā«ÿ ĈýĀñ¾ñ¹ ÿ üĉ½»j ćwLă

$ ºý½v¹Larsen, 1942 ûwĄ« èÕwþù ¿v ć½wĊLLÆz ½¹ ¢ĊîLLÆĉ½vÿ )#

Ĉù ¢åwĉ¹ĀÉJ ï½Àz ¾Ñw³ ów³ ½¹ wùvw£Āĉ ¢õwĉv ½¹ ûºÞù üĉ¾£ ć  

 v  ½¹ ¢ĊîLÆĉ½vÿ ĈöLÍv Üzwþù ¾ĉwLÅ )¹½v¹ ½v¾é wîĉ¾ùj ć½ĀĄú« Iûwúõ

  ¢LLÅv ûw¤LLÆîĊ«w£ ÿ ûw¤LLÆévÀé IÄĊöòýv IĂLLÆýv¾å IwĊýw LLÅv Iì¯

$Litvinenko et al., 2016  Ăz ìLLÉĀí ½wLLÆýwí ÀĊý ûv¾ĉv ½¹ )#

ï½Àz ûvĀþÝ Lz ¢LĊîLLLÆĉ½vÿ ĈýwLí ĈýºLÞù ôLĊLLLÆýwL¤~ üĉ¾£  Ă  ½wLúLLLÉ

ĈùÈăÿÂ~ üĉv ¿v ãºă )¹ÿ½I ĈñÂĉÿ ĈLÅ½¾zĈýwí ćwă ÿ ĈLÅwþLÉ

üĊù¿ ĈýwLí ðLý½ ËvĀ· ÿ āwLò¤LLLÅwL· üĊĊÞ£ ½ĀÚþù ĂLz ĈúĊLLLÉ

  )¢Åv ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ ¢ĊîÆĉ½vÿ 
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üĊù¿ĂĊ³wý ĈÅwþÉ ćv 

  ĂLþĄ~ ĈzĀþ« È¸z ½¹ èåwLz ĈýºLÞù ā¾¤LLLÆñüĊù¿ûwLù¾í Ĉ¤·wLLLÅ( 

ĂýwùwLÅ üĊz ½ĀLÎ´ù Ĉýwúí ôîLÉ Ăz ¾úLÉwíôLÆñ ćwăāĀí ćwăûwþz  I

¹¾úöí  IìLz¿vāĀí    ÿćºLĄùûv½ÿv¹ ÿ ç¾LLLÉ ½¹ ¹wLzj  I¢LLLÊ~ ÷v¹wLz  I

ĈþĊĉwLý    ÿ½v¾é x¾á ½¹ ÿ¾ñ ĈýºLÞù ā¾¤LLLÆñ üĉv )¢LLLLÅv ĂL¤å¾ñ

üăj ćwLă½wLLLÆýwLí āºLý½v¹¾z½¹(  ¢LĊ£wL~j(  x¾LLLÅ IÀþòþù(   ÿ ćÿ½

÷ĀĊýv½ÿv(  ÷Āĉ½Ā£(  $ ¢Åv ć¹ºÞ¤ù Ĉíw· xwĊúí¾ÍwþÝ ôîÉ,)#

 

 
  ôîLÉ,)  üĊù¿ ĂLÊêýĂêÖþù ĈLÅwþLÉüăj ¾ĉw·» ćv(  ¾æLÆå(   ½¹ Àþòþùèåwz ĈýºÞù ĂêÖþù ±ĒLÍv$¿v Ä~ āºLÉ $ ûv¾ĉv ¹đĀå Ĉöù ¢í¾LÉNISCO, 1980#    ÿ

ăĀ$ ûv½wîúă ÿ āºĉ¾íHuckreide et al., 1962## 
Fig. 1. Regional geological map of Fe-P-Mn deposits of Bafq Mining district (BMD) (modified after Huckreide et al., 

1962; NISCO, 1980) 
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½wĊÝ üĊòýwĊù  wă½wÆýwí üĉv ½¹ üăj  0+    ¾æÆå ÿ ºÍ½¹+,*+    w£3*2  

$ ¢Åv Ĉý¿ÿ ºÍ½¹NISCO, 1980  wă½wÆýwí üĉv ûwzÀĊù ðþÅ )#

 ĈzĀÅ½ ĈõvĀ£ v½(  ÿ¿ÿ¾£ÿ¾~Āuý ìĊÆöå ĈýwÊæÊ£jĊtì(    üĉ¾{ùwí

 Ĉù ôĊîÊ£ #ºþáwÅ$ ć¹½ĀæÅv ºý¿wÅ üĉ¾ĉ¿Ăýwí ÿ ºă¹  Ô{£¾ù IĈĉv¿

 È¸z wz/   ºý¿wÅ$ ¢Åv ºþáwÅSamani, 1988  ć¹½ĀæÅv ºý¿wÅ )#

  ¹ÿº³ Ĉ¤ùw¸Ñ wz3++  ĂÅwù ¿v đwz ã¾Õ Ăz āºÝwé ¿v ¾¤ù ðþÅ

Ĉ¤ĊõĀĉ½  ćwăº{þñ  IĈ¤ĊùĀõÿ¹  ìăj  ðþÅ  IĈ£¾¯( Ĉ¤ĊÅv¹Āĉ½

mÊþù Ăz ìĉ¹Àý Ăýwí wzüăj Ĉĉv¿(  ãĀ£ I¾æÆåĈ¤ĊõĀĉ½ ćwă( 

¢õv¿wz ÿ Ĉ¤ĊÅv¹Āĉ½Ăýwí wz Ĉ¤ĊöĊ Åv ćwăüăj Ĉĉv¿(  å  Ić½vĀý ¾æÆ

 ¡¾¯ ¢ĊùĀõÿ¹ìăĒí I¢ĊöĊ Åw« I½v¹ôĊÉ ÿ Ă£wþz¾í ćwă ćwă

āwĊÅ¢ĊùĀõÿ¹ āv¾úă Ăz ðý½ ÄíºÅ ćwă½wÆýwí ûwzÀĊù Ĉ£¾¯ ćwă

x¾Å(    ćÿ½mÊþù ¿v ½ÿ¹  ôĊîÊ£ā¹Ā£ )¢Åv āºÉ  ćºĊĉĀ¤Ċýv¾ñ ćwă

ÿ¾zwñ w£ (  ìĉv¹ ÿ üĉ¾{ùwí Ĉ¤ĉ½Āĉ¹  w£ ć¿wzwĉ¹ ćwă  ć¾Ċåÿ¾ ùđ

ĈýwÊæÊ£j ĈõvĀ£ Ić¾Ċ·m£(  ā¹¾í ÜÖé v½ ć¹½ĀæÅv ĈzĀÅ½  ºýv

$Mohseni and Aftabi, 2015¢Ċ¤þòù ĈýºÞù ā¹wù )#(    ¢Ċ£w~j

Ĉ¤ĊõĀĉ½ ćwăº{þñ āv¾úă yöáv èåwz ĈýºÞù ā¾¤Æñ ½¹(   ÿ Ĉ¤ĊÅv¹Āĉ½

Å ó¹wÞù$ ć¹½ĀæÅv ºý¿wÅ Ĉĉwĉ½¹¾ĉ¿ ć½vÿj½»j ĈõvĀ£ć¾   #ÿÀĉ½

 Ĉù ¢åwĉ¢ĊõĀĉ½ )¹ĀÉwă½wÆýwí üĉv ûwzÀĊù ćwă I   ĈýwÅ¾ñ¹ ćwă

 I¢ĉ¾öí  I¢ĊõĀþĊ¤ív  I¢Ċ{õj  ôĊîÊ£  wz  v½  Ĉĉwĉ½¹¾ĉ¿  Ĉzwù¾ñ

 ¡wþz¾í ÿ üĊõwù½Ā£ I¢ĊÆĉ¾Å ā¹¾í ôú´£ wă $ ºývAftabi et al., 

2021¢Ċ¤þòù ćwă½wÆýwí ôĊîÊ£ ²ĊÑĀ£ ćv¾z )#(   ¢Ċ£wúă (  

¢åwí ÔĊ´ù Ièåwz ĈýºÞù ā¾¤Æñ ¢Ċ£w~j üõwîõj ìĊýÁĀýwîõÿ ćwă

ā½wé ô·v¹ÿ¿ÿ¾£ÿ¾~Āuý ćvtìĊ(   $ üĉ¾ĉ¿ üĉ¾{ùwíAftabi and 

Mohseni, 2020  Ĉĉwĉ½¹¾ĉ¿  øÆĊýwîõÿ  I#ĂÑĀ³  Ĉ¤åwí  ćwă

ĂĊÉw³Ĉ ĉ¿ ćv  $Mohseni and Aftabi, 2015; Atapour 

and Aftabi, 2020  ÃĀýwĊév Èýv½ÿ¾å ¿v ĈÉwý Ĉĉwúñwù ûwúí wĉ #

ìõwí øÆĊ£wúñwù Èĉv¿ wz ćÀí¾ù ûv¾ĉv ¾ĉ¿ Ăz ÄĊ¤£Ā£ÿ¾~ üõwîõj

ìĊÅw¤~ (   xwÅ w£ Ĉ¤ĊýĀÉĀÉ$ üõwîõjMehdipour Ghazi et 

al., 2020; Nayebi, et al., 2021; Vesali et al., 2021 ÿ #

  ćĀòõvBIF  ów°¸ĉ ÛĀý  û½wíwĉ¹v ¹v¿$Mohseni and Aftabi, 

2015; Aftabi et al., 2021#    ÃwÅv ¾z )¢Åv āºÉ ¹wĄþÊĊ~

$ Ĉzw¤åj ÿ ĈþÆ´ù ÈăÿÂ~Mohseni and Aftabi, 2015  ÿ #

ûv½wîúă ÿ Ĉzw¤åj  $Aftabi et al., 2021#I   ó¹wÞ£ ów³ ½¹ ¢Ċ¤þòù

 ĈýwĄ« ćwă½wÆýwí ÿ wăwĉ½¹ xj wzSBIF   Ĉĉwù¹ ā¹ÿº´ù ½¹ ÿ ā¹Āz

-3+    w£/++  Ĉ¤ýwÅ Ă«½¹ôĊîÊ£ ¹v¾ñ  )¢Åv āºÉĂýwí¢Ċ¤þòù Ĉĉv¿(  

 øă ¢Ċ£w~jā½wé ûwúí øÆĊ£wúñwù wz ûwù¿  ¿v ÄĊ¤£Ā£ÿ¾~ ćv0/2   w£

0-0  ÷w¬ýv ô{é ówÅ ûĀĊöĊù$ ¢Åv āºÉNayebi, et al., 2021)#  

 ðþÅ üÅ ĂÆĉwêù üĊþ°úăĂýwí ÿ üĉ½»j ćwă  ĈîĊ¤ýÁ Ów{£½v IĈĉv¿

üăj ĂĊõÿv ćwă½wÆýwí(   ¢Ċ£w~j  $Ma0/.(/4+  #  Iÿ¾zwñ wz v½

¢Ċýv¾ñ ÿ ¢ĉ½Āĉ¹ À£½vĀí I¢ĉ½Āĉ¹  ë¾¤Êù Ĉĉwúñwù mÊþù wz ćwă

$Ma  0-0(0/2  #Ĉù  ûwÊý$  ºă¹Zolala et al., 2025  J#

¢Ċ£w~jwýĀù ÿ ā¾Ċ£ ćwă¢ĉ¿$ ĂĉĀýw§ ćwăMa  //+    ÿMa  /.2  wz #

  üĉ½ĀöĊÅ ôĉvÿv w£ üĊÆĉÿ¹½v ¾·vÿv ½¹ Ĉ¤ĊþĊÅ ćwă»Āæý$  Ma/.+(

/0-#  xĀÅ½ ÿ øÆĊ£wúñwù wz wă¹vºĉÿ½ üĉv )ºþ¤Æă Ô{£¾ù  ½¹ ć½v¼ñ

 ĂêÖþù ĈÊÊí ÔĊ´ù ìĉÿ¿ÿ¾£ÿ¾~Āuý ½¹ ĂÑĀ³ ĂÞÅĀ£ ÿ ćvt ìĊ

üĊÆ~(    ¢Åv ½wñ¿wÅ èåwz ĂêÖþù ½¹ üĉ½ĀöĊÅ w£ üĊÊĊ~ üĉ¾{ùwí

$Zolala et al., 2025ÈăÿÂ~ Ĉå¾Õ ¿v )#ćºĄù ćwă ĈÑwé ½Ā~  ÿ

$ ûv½wîúăMehdipour Ghazi et al., 2019; Mehdipour 

Ghazi et al., 2020 ćºĄù üĊþ°úă ÿ # û»Āù ÿ ĈÑwé ½Ā~

$Mehdipour Ghazi and Moazzen, 2024  I# ¹Ā«ÿ ¾òýwĊz

  ìĊåwù ćwúñwù ìĉ  IćºĊÆív ÿ Ă£v½ºĊă¾æÆå ÿ üăj ¿v Ĉþá   ÿ 

 Ă¤ÉĀñ ¿v è¤Êù  ¢Åv  Ä~ ¢æĉ½ ÔĊ´ù ìĉ ½¹ Ăí ć¹½Ā·¾z

ôîÉ ĈÊÊí¢Åv Ă¤å¾ñ  ûj ÿ    v½Ăz  üăj ćwă½wÆýwí mÊþù ûvĀþÝ

ćºĊÆív(   Ĉ¤Ċ£w~jÛĀý   ½¹ wýÿ¾ĊíºþáwÅ èåwz Ĉĉv¿Àöå ¢õwĉv   ¹wĄþÊĊ~

ā¹¾íºýv ) 

 

üĊù¿ ìÉĀí ½wÆýwí ĈÅwþÉ 

ćÿ½ ½wLLÆýwí(  Ĉĉđwz È¸z ½¹ ìLLÉĀí x¾LLÅ  ĈõvĀ£j  ĈýwLLÊæLLÊ£

üĉ¾ĉ¿ üĉ¾{ùwí ĈzĀLÅ½ûwòĉ½¿ ĂLÑĀ³ Àí¾ù ½¹ I(  āw¯$ ¾Ċù  ôîLÉ

, ÿ¹ IĂêÖþù üĉv ½¹ )¹½v¹ ½v¾é #ĈõvĀ£  āºLÉ ĈĉwLÅwþLÉ$ ºývôîLÉ  - 5#

 ìĉĈõvĀ£  Ĉýwí ćv½v¹ Ĉĉđwz È¸z ôùwLLÉ Ăí x¾LLÅ ÿ ćÿ½ Ĉĉv¿

 ìĉ ÿ ¢LLÅv āºÝwé ½¹ üĉ¾ĉ¿ üĉ¾{ùwí ĈzĀLLÅ½ ĈýwLLÊæLLÊ£j ĈõvĀ£

ĈõvĀ£  ĈýwLÊæLÊ£j( ôĊLÉ ôùwLÉ Ăí Ĉĉđwz ĈzĀLÅ½ ìĊtÿ¿Āuõw~ ćwă
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ìLLăj ðLLþLLLÅ IĈþĊĉwLL~  ¤ĊùĀõÿ¹ ćwLLăºLL³vÿ IĈîĊöĉÁ½j ćv½v¹ Ĉ

ĈýwLí$ ¢LLLÅv ãĀ£ ÿ ¢LĊõĀĉ½ Iüăj Ĉĉv¿Gibbs, 1976 È¸z )#

āºÝwéãĀ£ ôùwLÉ ćv¡w LÅºöå ¿v Ĉþá Ić¾¤LÆíw· ćwă  IĈĉwĊöé ćwă

ÞÖé ÿ À£½vĀíĂćwă  ìăj ðþLLLÅ ÔLLLÅĀ£ Ăí ¢LLLÅv ĈòþLLLÅ  ćwă

ĂLÅwùĈ¤ĊùĀõÿ¹ Ĉö´ù ¡½ĀLÍ Ăz ÿ ā¾Ċ£ ć¾¤LÆíw· Ĉ¤öĊLÅ w£ ćv āºLÉ

  Ăz ÿûĀ¤LÆ¤öĊLÅ wz đwz ¢úLÅāºLÉ āºĊLÉĀ~ wă¢öĊLÅ )ºýv  ðþLÅ  ćwă

Ăýwí èåv ûwzÀĊù Ĉîăj Ĉõj ¹vĀù ¿v Ĉþá Ăí ºþ¤Æă x¾Å ÿ ćÿ½ ½v¹

ãĀ£ ÔLLLÅĀ£ º³vÿ üĉv ćđwz )¢LLLÅvôĊLLLÉ ÿ wăĂĉđ ûwĊù wz wă ćwă

¡¾¯ āºĊLLÉĀ~$ ¢LLÅv āºLLÉRajabi et al., 2012ðþLLÅ )#  ćwă

  ÿ Ĉîăj¢LLĊùĀõÿ¹ĈýwLLí ćv½v¹ Ĉ£¾¯ ćwLLă üĉ¾£đwLLz Iüăj Ĉĉv¿

Ĉù ôĊîLÊ£ v½ üĉ¾ĉ¿ üĉ¾{ùwí ĈzĀLÅ½ ĈýwLÊæLÊ£j ĈõvĀ£ ¢úLÆé ºþă¹

$Rajabi et al., 2012; Hosseini et al., 2025Ăýwí ĈõvĀ£ )# ½v¹

ìLăj ðLþLLLÅ ¿vùĀõÿ¹ wL£ ā½vĀĉ¹ÿ¾å ćwLă¢LĊ  ½¹ Iā½vĀĉ¹v¾å ćwLă
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 ôîÉ-) üĊù¿ ĂÊêýxĀþ« ĈÑ¾Ý Ç¾z ÿ ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ĈÅwþÉĈz¾á( ówúÉ $ ½wÆýwí Ĉé¾ÉRajabi et al., 2012 # 

Fig. 2. Geological map of the Koushk Zn-Pb deposit and the SW–NE cross section of the deposit (Rajabi et al., 2012) 
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OĂñ½ 5  Ĉ£wþz¾í ć¾Ċ·m£ ćwăҕ À£½vĀí ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí ½¹Ĉýwí ć½wLÎ¤·v øtĒÝ ) ÿ Ĉþ¤ĉÿ ¿v wăÀývÿv  $Whitney and Evans, 2010  #

Ãw{¤év$ ¢Åv āºÉ:Cal    I¢ĊÆöíGnüõwñ 5 IGpsIÄ ĉÁ 5 :Lim  I¢ĊýĀúĊõLin I¢ĉv½wþĊõ 5PyI¢ĉ¾Ċ~ 5:Sp  I¢ĉ¾õwæÅv Varā¹wÅ ¢ĊîÆĉ½vÿ 5)#    
Fig. 3. Variscite mineralization associated with: A to C: stratiform ore, D and E: massive ore; F to H: the marginal zone, 

I to L: microdioritic sills, and M to O: late carbonate ± quartz veins, in the Koushk Zn-Pb Deposit. Abbreviations after 

Whitney and Evans (2010) (Cal: calcite, Gn: galena, Gps: Gypsum, Lim: limonite, Lin: linarite, Py: pyrite, Sp: sphalerite, 

Var: Simple variscite).  
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  ôîLÉ/)  A   w£FĈýwí 5Ăñ½ Ĉĉv¿¢ĊîLÆĉ½vÿ ć½wLÊ¤ýv ÿ ćvā¹wLÅ À{LÅ ćwă ÿ G   w£L ½w£ À{LÅ ¢ĊîLÆĉ½vÿ 5¢ĊîLÆĉ½vÿ āv¾úă Ăz Ĉ£Ā{îþÝwăć   À{LÅ w£ ºĊæLÅ

øíðý½  ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹Ĉýwí ć½wÎ¤·v øtĒÝ )  ÿ Ĉþ¤ĉÿ ¿v wăÀývÿv  $Whitney and Evans, 2010$ ¢Åv āºÉ Ãw{¤év #:Cal   I¢ĊÆöí

GpsÄ ĉÁ 5 I:Hem  I¢Ċ£wúă:Phsd I¢ĉ½ºĊÅĀæÆå:Sp  I¢ĉ¾õwæÅv Var Iā¹wÅ ¢ĊîÆĉ½vÿ 5Var-SpwĈ£Ā{îþÝ ½w£ ¢ĊîÆĉ½vÿ 5)#     
Fig. 4. A to F: Vein-type and disseminated mineralization of simple green variscite, and G to L: spiderweb green variscite 

associated with white to light-green variscite, in the Koushk Zn-Pb Deposit. Abbreviations after Whitney and Evans 

(2010) (Cal: calcite, Gps: gypsum, Hem: hematite, Phsd: phosphosiderite, Sp: sphalerite, Var: simple variscite, Var-Spw: 

spiderweb variscite).
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  ôîLÉ0)  A   ÿB 5Ĉýwí  Ĉĉv¿ôĊLLÉ wz Ô{£¾ù ¢ĉ½ºĊLLÅĀæLLÆå ÿ ¢ĊîLLÆĉ½vÿ  ćwăûÿºz ĈýwíĂĊLLÉw³ ûÿ¿ ½¹ x¾LLÅ ÿ ćÿ½ Ĉĉv¿ x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ćv

Ĉýwí ć½wLLLÎ¤·v øtĒÝ )ìLLLÉĀí ÿ Ĉþ¤ĉÿ ¿v wăÀývÿv  $Whitney and Evans, 2010Ãw{¤év #$ ¢LLLÅv āºLLLÉ:Cal   I¢ĊLLLÆöíDol¢ĊùĀõÿ¹ 5I:Phsd  

I¢ĉ½ºĊÅĀæÆå  Varā¹wÅ ¢ĊîÆĉ½vÿ 5)#    
Fig. 5. A and B: Variscite and phosphosiderite mineralization associated with unmineralized shale in the marginal zone 

of the Koushk Zn–Pb deposit. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Dol: dolomite, Phsd: 

phosphosiderite, Var: simple variscite). 

 
 ÓĀö¸ù ¹½Āù ½¹ ĈĄzwLÊù ÛĀLÑĀù¢ĊLÅÿ½w« ćwă(  ÀĊý ¢ĊîLÆĉ½vÿ
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Ĉù ÓĀö¸ù ¢LĊ£Āñ wLzĈù vºLĊ~ Ĉĉv¾·v Ĉòý½ IºLýĀLLLÉ$ ºLþþíDíaz-

Acha et al., 2022ĈýwLí üĉv )#  ¢LĊîLLLÆĉ½vÿ wLz Ĉăv¾úă ½¹ wLă
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ÔLLÅĀ£ ¢ĊîLLÆĉ½vÿ  ûv½wîúă ÿ È¤ĉ¾å  $Fritsch et al., 2019#  
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äĊÕûwùv½ Ĉ¬þÅ 
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¢ĊîLLÆĉ½vÿøí À{LLÅ ćwă w£ ðý½ðý½ øí Ĉzj  Ĉù ûwLLÊý v½ ºă¹
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  ¹ÿºL³ ½¹,+..  Ĉ¤ýwLLLÅ¾¤ù ÃĀîÞù  $cm⁻¹#   wLz ìLĊ~ ÿ¹ ÿ ¢LLLÅv

 ¹ÿº³ ½¹ ¾¤úí ¡ºLLÉ/./   ÿ.03+  Ĉ¤ýwLLÅ¾¤ù ÃĀîÞù $cm⁻¹# 

¹ )¹½v¹ ¹Ā«ÿ¢ĊîLLLÆĉ½vÿ ½¢ĊîLLLÆĉ½vÿ ÿ ā¹wLLLÅ À{LLLÅ ćwă ćwă

$ ĈýĀzwLÍÀ{LÅ( #ºĊæLÅ w£ ðý½ øí ĈzjI    ½¹ ìĊ~ ¡ºLÉ üĉ¾¤LÊĊz

 ¹ÿº³,+--  Ĉ¤ýwLÅ¾¤ù ÃĀîÞù $cm⁻¹#   ¡ºLÉ wz ìĊ~ ĂLÅ ÿ ¢LÅv

  ¹ÿºL³ ½¹ ¾¤úí/--  I0//    ÿ00+  Ĉ¤ýwLLLLÅ¾¤ù ÃĀîÞù $cm⁻¹# 

ÇwÞ£½v ôĊõ¹ Ăz Ĉòúă Ăí ¹½v¹ ¹Ā«ÿćwă   āÿ¾ñ û½wê¤ù ĈLLÊLLÊí

¡wæLÆå  $4PO#   ¢ĊîLÆĉ½vÿw¤ù ÿ ¢ĊîLÆĉ½vÿ āÿ¾ñ ĈýºÞù ¹vĀù ½¹

ºþ¤Æă $Frost et al., 2004; Onac et al., 2004)#

 

 

  ôîLLÉ1) A   w£E  5ćwă¾ĉĀLLÎ£ ¢ĊîLLÆĉ½vÿ ¿v Ĉ~ĀîLLÅÿ¾îĊùĂĉđ ðþLLÆýwí ûÿ¿ wz Ô{£¾ù ćwă  IćvF  w£I¢ĊîLLÆĉ½vÿ 5ôĊLLÉ wz Ô{£¾ù ā¹wLLÅ ćwă  ÿ wă

ûĀ¤LÆ¤öĊLÅĂêÖþù ¹Ā«ÿ ÿ āwĊLÅ ćwă¢ĊîLÆĉ½vÿ ¿v Ĉ·¾z ½¹ ćºþz IwăJ  w£M¢ĊîLÆĉ½vÿ 5ôĊLÉ wz Ô{£¾ù Ĉ£Ā{îþÝ ½w£ ćwăûĀ¤LÆ¤öĊLÅ ÿ wăāwĊLÅ ćwă ÿ N   w£P  5

¢ĊîLLÆĉ½vÿôĊLLÅ wz Ô{£¾ù Ĉzj À{LLÅ ćwăĈýwí ć½wLLÎ¤·v øtĒÝ )ìLLÉĀí x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ½¹ Ĉ¤ĉ½Āĉ¹ ćwă  ÿ Ĉþ¤ĉÿ ¿v wăÀývÿv  $Whitney and 

Evans, 2010ÃwLL{¤év #$ ¢LLLLÅv āºLLLLÉAmp  IóĀ{Ċæùj 5:Cal    I¢LLĊLLLÆöíEp¡ÿºLLĊ~v 5  I:Hem  I¢LLĊ£wLLúăOm   IĈõj ¹vĀù 5Py  I¢Lĉ¾Ċ~ 5:Phsd  

I¢ĉ½ºĊÅĀæÆåQz IÀ£½vĀí 5:Shl  IôĊÉ Var Iā¹wÅ ¢ĊîÆĉ½vÿ 5Var-SpwĈ£Ā{îþÝ ½w£ ¢ĊîÆĉ½vÿ 5)#    
Fig. 6. A to E: Microscopic images of variscite associated with stratiform ore zone, F to I: simple variscite related to black 

shales and siltstones, showing zoning in some crystals, J to M: spiderweb variscite associated with black shales and 

siltstones, N to P: bluish-green variscite related to dioritic sills in the Koushk Zn–Pb deposit. Abbreviations after Whitney 

and Evans (2010) (Amp: amphibole, Cal: calcite, Ep: epidote, Hem: hematite, Om: organic matter, Py: pyrite, Phsd: 

phosphosiderite, Qz: quartz, Shl: shale, Var: simple variscite, Var-Spw: spiderweb variscite). 
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  ôîLÉ2)  A   w£H 5ćwă¾ĉĀLÎ£ FE-SEM   ÿEDS ¢ĊîLÆĉ½vÿ ¿vĂĉđ ðþLÆýwí ûÿ¿ wz Ô{£¾ù ćwă ć½wLÎ¤·v øtĒÝ )ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí ½¹ ćv

Ĉýwí ÿ Ĉþ¤ĉÿ ¿v wăÀývÿv $Whitney and Evans, 2010Ãw{¤év #$ ¢Åv āºÉPyI¢ĉ¾Ċ~ 5:Shl  IôĊÉ Varā¹wÅ ¢ĊîÆĉ½vÿ 5)# 
Fig. 7. A to H: Fe-SEM and EDS images of variscites associated with the stratiform ore zone in the Koushk Zn–Pb 

deposit. Abbreviations after Whitney and Evans (2010) (Py: pyrite, Shl: shale, Var: simple variscite). 

 
ºLÉÇwÞ£½v Ăz ÓĀz¾ù wăºýwz üĉ¾£ºĉćwă   ºþ¤LÆă ¢ĊîLÆĉ½vÿ ĈLÊLÊíJ  
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āÿ¾ñ ¿v ĈýºÞù ÿ ¢Ċòý¾¤Åv ºþýwù I¢ĊîÆĉ½vÿw¤ù ÿ ¢ĊîLÆĉ½vÿ ćwă

ĂÝĀú¬ù )¢LLÅv ¢ĉ½ºĊLLÅĀæLLÆå  ½¹ ¾¤úí ¡ºLLÉ wz ćwăºýwz ¿v ćv

ôLLÆý  äö¤¸ù ćwăĈLLÊú· ćwăºQù Ă¬Ċ¤ý I¢ĊîLLÆĉ½vÿ 4PO  )¢LLÅv

äĊÕ ÿ ìLLLÉĀí x¾LLLÅ ÿ ćÿ½ ½wLLLÆýwí ¢ĊîLLLÆĉ½vÿ ûwùv½ ćwă
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et al., 2016)#  
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āwĊLLÅĈù āºĉ¹ ûj ½¹ ðý½ûĀ¤LLÆ¤öĊLLÅ yöáv Ăí ¹ĀLLÉ ÿ āwĊLLÅ ćwă
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ĈLÅ½¾z ¢ĊîLÆĉ½vÿ wz ûj ĂLÆĉwêù ÿ Ĉz¾á ćwĊõv¾¤LÅv ćwă$Willing 
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  üăj ºLĊLLLÆív Ĉúí ÿºLý¹Āz āºLLLÉ ôLĊîLLLÊ£.    ĂL̄ ¾ñvĈñÂĉÿćwLă 

ĂýĀúý$ Ĉz¾á ćwĊõv¾¤Åv ¢ĊîLÆĉ½vÿ wz ćwăWilling et al., 2008  #

 ć½wĊLÆz ¿vĂ{þ«wă  ¢LÅv ĂĊ{LÉJ    ðý½ ¾¤öĊå Ăz ìLÉĀí ¢ĊîLÆĉ½vÿ wùv

ĂýĀúý Ăz ¢{LLÆý ć¾¤úí Ĉ¤¸LLÅ ÿ ¹vºý ûwLLÊý Èþívÿ ĈLLÆö¯ ćwă

¢LLLÉv¹ ĈĉwLĊõv¾¤LLLÅv  $Rahimzadeh et al., 2022)#   ĈLLLÅ½¾z

ĂýĀúý Ĉ~ĀîLÅÿ¾îĊùĈLÎõw·wý wù ćwă  IÀ£½vĀí IÃ½ ¿v ôîLÊ¤ù Ĉĉwă

$ ôĊLÉ ÿ üăj ćwăºĊLÆív  ôîLÉ1(A   w£P¹v¹ ûwLÊý v½ #J  Ĉõw³ ½¹ Ăí

ĂýĀúý ÿ À£½vĀí IÃ½ ¿v ôîLLÊ¤ù Äĉ¾£wù ¾z āÿĒÝ ĈĉwĊõv¾¤LLÅv ćwă

ûÁĀöîýv ćv½v¹ ¢Åv üîúù Iüăj ćwăºĊÆívºþÉwz ÀĊý ĒÕ Ĉĉwă.

 

 

  ôîLÉ3)  A  w£N¢ĊîLÆĉ½vÿ ćÿ½ ¾z Äîĉv Ā£¾~ Çv¾~ ÔLÅĀ£ ć¾LÎþÝ Ĉñºþív¾~ ĂLÊêý 5Ăĉđ ðþLÆýwí ûÿ¿ wz Ô{£¾ù ćwă x¾LÅ ÿ ćÿ½ ½wLÆýwí ½¹ ćv

ìÉĀí 

Fig. 8. A to N: X-ray elemental distribution maps of variscites associated with the stratiform ore zone in the Koushk Zn–

Pb deposit 
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  ôîLÉ4)  A   w£G  5ćwă¾ĉĀLÎ£ FE-SEM    ÿEDS ¢ĊîLÆĉ½vÿ ¿vĂĊLÉw³ ûÿ¿ wz Ô{£¾ù ćwăĈýwí ć½wLÎ¤·v øtĒÝ )ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí ½¹ ćv wă

 ¿v$ Àývÿv ÿ Ĉþ¤ĉÿWhitney and Evans, 2010Ãw{¤év #$ ¢Åv āºÉApI¢Ċ£w~j 5:Phsd  I¢ĉ½ºĊÅĀæÆå Varā¹wÅ ¢ĊîÆĉ½vÿ 5)# 
Fig. 9. A to G: FE-SEM and EDS images of variscites associated with the marginal ore zone in the Koushk Zn–Pb deposit. 

Abbreviations after Whitney and Evans (2010) (Ap: apatite, Phsd: phosphosiderite, Var: simple variscite. 

 

 
  ôîLÉ,+)  ¢ĊîLÆĉ½vÿ wz Ô{£¾ù Äîĉv Ā£¾~ Çv¾~ ĂĉÀ¬£ ªĉw¤ýôĊLÉ ½¹ ā¹wLÅ ðý½¾~ À{LÅ ćwă ćwăûÿºz Ĉýwí  ûÿ¿ wz Ô{£¾ù x¾LÅ ÿ ćÿ½ Ĉĉv¿ĂĊLÉw³ ćv

ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ 
Fig. 10. X-ray diffraction results of deep-green simple variscites in non-mineralized Zn–Pb shales associated with the 

marginal zone of the Koushk Zn-Pb deposit 
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ôîÉ ,,)  Çÿ½ Ăz Äîĉv Ā£¾~ Çv¾~ ć¾ÎþÝ ªĉw¤ýXPMA  Ĉýwí ćÿ½ ¾z¢ĊîÆĉ½vÿìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ ā¾Ċ£ À{Å ćwă 
Fig. 11. X-ray elemental microprobe (XPMA) results on deep-green variscite from the Koushk Zn–Pb deposit 

 
 ¹Ā«ÿ ÿ øí Mw¤{LLÆý Ĉ¤¸LLÅ ôĊõ¹ Ăz ìLLÉĀí ¢ĊîLLÆĉ½vÿ ðþLLÆýwí

Ăñ½ Ç¾z üĊ³ ½¹ IwăĈù ĈñºLLÉ¹¾· ÿ Ĉò¤LLÆîLLÉ ½w¯¹¹ĀLLÉJ 

ôêĊLLÍ Iûj üĊĉw~ Mw¤{LLÆý Ĉ¤¸LLÅ ôĊõ¹ Ăz Ăí ºþ¯¾ă  ûwLLÅj ûj û¹v¹

¢LÅv.  ßv¹ ¿v ć¾ĊñĀö« ćv¾z Ăí øĊ¤åwĉ½¹ üĊþ°úă ûºLÉ ðþLÆýwí

¢ĊîLLÆĉ½vÿ  ðý½ ÿ¾å óĀÕ ½¹ ¢LLÅv ¾¤Ąz Iûj Ĉñºĉ¾~ v  IÇv¾£ ºþĉ

  ¿v ĈúĊÚÝ ¾ĉw·» ìÉĀí ûºÞù )øĉ½v¹ Ăòý xĀÕ¾ù ÿ ìþ· v½ ûj

 LLLÆĉ½vÿćwL« ¹Ā· ½¹ v½ ¢LĊîĈù ÿ ¢LLLÅv ā¹v¹  Ü{þù āºLþĉj ½¹ ºLývĀ£

ºÉwz ć¾ăvĀ« ã½wÎù ćv¾z ðþÅ üĉv ¿v ĈúĄù. 

 

üĊù¿ðþÆýwí ½¹ ĈtÀ« ÿ ĈöÍv ¾ÍwþÝ ĈúĊÉ 

Ĉýwí Ç¾¤LÆñ Ăz Ă«Ā£ wzĈĉv¿  ¢ĊîLÆĉ½vÿ  ôĊLÉ ½¹ āwĊLÅ ćwă ûÿºz  

ĈýwLíĂLĊLLLÉwL³ ûÿ¿ wLz Ô{£¾ù x¾LLLÅ ÿ ćÿ½ Ĉĉv¿  IćvĈLLLÅ½¾zćwLă 

üĊù¿ôLLLÆý ćÿ½ ¾z ĈúĊLLLÉ  ûÿ¿ üĉv ½¹ ¢ĊîLLLÆĉ½vÿ äö¤¸ù ćwă

ĈýwLíwL¬ýv Ĉĉv¿÷)ºLLLLÉ    Çÿ½ ĂLz ĈĉwLĊúĊLLLÉ ĂLĉÀ¬£ ªĉwL¤ýXRF I

XPMA   ÿICP-MS ¢ĊîLLÆĉ½vÿ ćÿ½ ¾zðý½ wz wă  äö¤¸ù ćwă

óÿº« ½¹ćwă -  I. ÿ 1 Ătv½v  )¢LLÅv āºLLÉóÿº«ćwă  -I .  ÿ  ôîLLÉ

,/  ½¹ v½ wĄýj ¡v¾ĊĊâ£ ćwă½v¹Āúý ÿ ĈöLLLÍv ¾LLLÍwþÝ ćwăºĊLLLÆív I

ðþLÆýwí¢ĊîLÆĉ½vÿ ćwă  ðý½ ¡ºLÉ wz Ĉ£Ā{îþÝ ½w£ ÿ ā¹wLÅ ćwă

Ĉù ûwLLÊý äö¤¸ù )ºþă¹  óÿº«, Ĉù ûwLLÊý ¾ĉ¹wêù ÔLLÅĀ¤ù Ăí ºă¹

5O2P    ÿ3O2Al    yLĊ£¾£ ĂLz ¢LĊîLLLÆĉ½vÿ ðLþLLLÆýwLí ½¹00*/+   ÿ

+,*-2   ¾ĉ¹wêù ÔLLÅĀ¤ù ÿ Ĉý¿ÿ ºLLÍ½¹3O2FeI 0*+  Ĉý¿ÿ ºLLÍ½¹

)¢LLÅv ¾Ċâ¤ù   ÔLLÅĀ¤ù  ¾ĉ¹wêù2SiO ICaO   ÿ2TiO ¹ ðþLLÆýwí ½

  yLĊ£¾£ ĂLz ¢LĊîLLLÆĉ½vÿ0/*-  I3-*+  ÿ I,-2*+    ¾Ċâ¤ù Ĉý¿ÿ ºLLLÍ½¹

  )¢LÅv ¾ĉ¹wêùCaO  ów·¹v ¹Ā«ÿ ¿v ĈLÉwý ½w¤·wLÅ ½¹ ¢ĊLÆöí ćwă

ûwĊþz wz ¾LÎþÝ üĉv Ĉăv¾úă ÿ ¢ĊîLÆĉ½vÿ ¾ĉ¹wêù )¢LÅv Ă£wæLÆå ćwă

2TiO Ĉýwí Ĉăv¾úă ¿v ĈLLLÉwý  )¢LLLÅv ¢ĊîLLLÆĉ½vÿ wz ĈLLLÅ½ ćwă

ĂLæõoùćwă ½¹ ¾LLLÍwLþÝ ćv¾z ć½wùj óÿº«ćwă / ÿ 0   āºLLLÉ ā¹½ÿj

¢LLÅv)  Ĉò¤LLÆ{úă Ĉzwĉ¿½v ćv¾z  ćwăüĊù¿  ½¹ ¾LLÍwþÝ ûwĊù ĈĉwĊúĊLLÉ

Ĉýwí ĂýwùwLÅć¿wLÅI   āºLÉ ā¹wæ¤LÅv ûĀLÅ¾Ċ~ Ĉò¤LÆ{úă yĉ¾LÑ Üzw£ ¿v

  ½¹ Ĉò¤LLÆ{úă yĉv¾LLÑ Äĉ¾£wù ¡½ĀLLÍ Ăz ¡w{LLÅw´ù ªĉw¤ý Ăí

 óÿº«/ Ătv½v¢Åv āºÉ  )
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  ôîÉ,-)  äĊÕ  wz Ô{£¾ù ûwùv½ ćwăA¢ĊîÆĉ½vÿ 5Ĉ£Ā{îþÝ ½w£ À{Å ćwă  ā¿wz I1-cm  ,++    w£/+++  IB¢ĊîÆĉ½vÿ 5ā¹wÅ À{Å ćwă  ā¿wz I1-cm  /++    w£-+++  

 ÿC¢ĊîÆĉ½vÿ 5øíÀ{Å ćwăºĊæÅ ÿ ðý½ ā¿wz I1-cm /++  w£-+++ ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ 
Fig. 12. Raman spectra of A: spider-web green variscites samples from the Koushk Zn-Pb deposit, over the 100-4000 cm-

1 spectral Range, B: Simple green variscites, over the 400-2000 cm-1 spectral Range, and C: Light-green to white 

variscites, over the 400-2000 cm-1 spectral range, in the Koushk Zn-Pb Deposit 

 

 

  ôîLÉ,.)  ĂýĀúý¢ĊîLÆĉ½vÿ ¿v üLÉĀzwí Ç¾z ćwă  ćwă  x¾LÅ ÿ ćÿ½ ½wLÆýwíìLÉĀí)  AÀ{LÅ ¢ĊîLÆĉ½vÿ 5(  øí ĈzjĂñ½ wz ðý½$ āwĊLÅ ĈöĊLÉ ćwă0 *.  

Ĉ¤ýwLÅ  I#óĀÕ ¾¤ùB$ Ìõw· üLÉÿ½ À{LÅ ¢ĊîLÆĉ½vÿ 5/ Ĉ¤ýwLÅ  I#óĀÕ ¾¤ùCĂñ½ wz ðý½¾~ À{LÅ ¢ĊîLÆĉ½vÿ 5$ ā¾Ċ£ ćwă3*, Ĉ¤ýwLÅ  ÿ #óĀÕ ¾¤ùDðþLÅ 5  wz wă

$ Ĉ£Ā{îþÝ ½w£ ćĀòõv,*. Ĉ¤ýwÅ  )#óĀÕ ¾¤ù ¾ĉĀÎ£¢úÆéćwă B  w£D ¿v øĊ³½ûv½wîúă ÿ ā¹v¿ $Rahimzadeh et al., 2022# 
Fig. 13. Cabochon-cut variscite samples from the Koushk Zn-Pb deposit.  A: light blue-green variscite with black shale 

veins (3.5 cm long),  B: pure light-green variscite (4 cm long),  C: dark-green variscite with dark veins (1.8 cm long), and  
D: stones with a spider-web pattern (3.1 cm long). Photographs B to D from Rahimzadeh et al. (2022) 
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óÿº«  ,)    ¢ĊîLÆĉ½vÿ ĈLÅwþLÉ¾ăĀñ ĂLÆĉwêù x¾LÅ ÿ ćÿ½ ½wLÆýwí  ìLÉĀíĈz¾á ćwĊõv¾¤LÅv ¢ĊîLÆĉ½vÿ ÿ $Willing et al., 2008; Rahimzadeh et 

al., 2022# 
Table 1. Gemological comparison of variscite from the Koushk Zn-Pb deposit and Western Australian variscite (Willing 

et al., 2008; Rahimzadeh et al., 2022) 
Physical data Koushk Mine Western Australia  

Crystallization system Orthorhombic Orthorhombic 

Color Light bluish-green Light bluish-green 

Streak White White 

Luster Oily Waxy; takes a high polish 

Transparency Opaque Opaque to translucent 

Refractive Index 1.582 (Spot) 1.570 to 1.582 

Hardness 3.5 to 4.5 ~ 5 

Specific Gravity 2.57 2.49 to 2.55 

Cleavage - - 

Fracture Splintery Uneven 

Fluoresc 
LW Very weak Inert 

SW J inert Inert 

Weight 38.28 ct Unknown 

CF Inert Grey to pale 

Microscopic features Clay, quartz, iron oxiders 
Gold inclusions. Matrix: clay, quartz, 

iron oxides. 

Similar Minerals - Chrysocolla, Chrysoprase, Turquoise 
  

  ¾ĉ¹wLêù2SiO    ¾zv¾z ½¹3O2Al    ÿ5O2P  I3O2Al    ¾zv¾z ½¹2TiO   ÿ

CaO  I5O2P  ¾zv¾z ½¹  CaO    ÿ3O2Fe    ¾zv¾z ½¹2TiO  ICr    ÿV  

  ¾ĉ¹wLêù Ĉå¾Õ ¿v )¢LLLÅv Ĉæþù Ĉò¤LLLÆ{úă ćv½v¹3O2Al    ¾zv¾z ½¹

O52P  ICr    ÿV  ÿ I5O2P    ¾zv¾z ½¹Cr    ÿV    ÿCr    ¾zv¾z ½¹V  I3SO 

  ¾zv¾z ½¹2SiO  ICaOIZn     ÿPb    ÿCu+Zn    ¾zv¾z ½¹Pb    Ĉò¤Æ{úă

Ĉù ûwLLÊý ¢{¨ù$ ºă¹ ôîLLÉ,/(A  w£S)# ¢ĊîLLÆĉ½vÿ ½¹  À{LLÅ ćwă

øíôĊLÉ wz Ô{£¾ù ðý½  ¾ĉ¹wêù IāwĊLÅ ćwă2SiO  üĊz+23*+   w£/4 *,  

¢ĊîLLÆĉ½vÿ ½¹ )¢LLÅv ¾ĊĊâ£ ½¹ Ĉý¿ÿ ºLLÍ½¹øí À{LLÅ ćwă ðý½

ôĊLÅ wz Ô{£¾ù ¾ĉ¹wêù Ĉ¤ĉ½Āĉ¹ ćwă2SiO   wz ¾zv¾z/1*-    Ĉý¿ÿ ºLÍ½¹

Ĉõw³ ½¹ J¢LÅv¢ĊîLÆĉ½vÿ Ăí  ½w£ ¢ĊîLÆĉ½vÿ ÿ ðý½¾~ À{LÅ ćwă

ù Ĉ£Ā{îþÝ  ¾ĉ¹wLê2SiO    üĊz,/*-    wL£,/*2   ¾ĊĊâ£ ½¹ Ĉý¿ÿ ºLLLLÍ½¹

¢ĊîLLÆĉ½vÿ ¿v ĂýĀúý ìĉ ½¹ wĄþ£ )¢LLÅv ¾ĉ¹wêù ðý½¾~ À{LLÅ ćwă

2SiO   ¿v ¾¤úí,*+  ¢ĊîLLLÆĉ½vÿ )¢LLLÅv Ĉý¿ÿ ºLLLÍ½¹  À{LLLÅ ćwă

øíôĊÉ wz Ô{£¾ù ðý½ Iðý½¾~ À{Å ¢ĊîÆĉ½vÿ Ăz ¢{Æý IāwĊÅ ćwă

¢ĊîLÆĉ½vÿ½w£ ćwă  ôĊLÉ wz Ô{£¾ù Ĉ£Ā{îþÝāwĊLÅ ćwă    ¢ĊîLÆĉ½vÿ ÿ

øí À{LLLÅôLĊLLLÅ wLz Ô{£¾ù ðLý½  ¾ĉ¹wLêù ½¹ IĈ¤ĉ½Āĉ¹ ćwLă2SiO 

ĈĄ£  ¾ĉ¹wLêù ½¹ ÿ ĈñºLLLLÉ5O2P    ÿ3O2Al  Ĉþá  ûwLLLLÊý ĈñºLLLLÉ

ĈLù  ¾Lĉ¹wLLêLù )ºLLþLă¹3SO  ¢LLĊLîLLLÆĉ½vÿ ½¹ IðLLý½¾L~ ÀL{LLLÅ ćwLLă

¢LĊîLLLÆĉ½vÿôLĊLLLÉ wLz Ô{£¾ù Ĉ£Ā{îþÝ ½wL£ ćwLă ÿ āwLĊLLLÅ ćwLă

¢LĊîLLLÆĉ½vÿøí À{LLLÅ ćwLăôLĊLLLÅ wLz Ô{£¾ù ðLý½ Ĉ¤ĉ½Āĉ¹ ćwLă

Ĉþá$ ć¾£đwLz ĈñºLLLLÉ/1*-    wL£,1*2   ĂLz ¢L{LLLÆý #Ĉý¿ÿ ºLLLLÍ½¹

¢ĊîLÆĉ½vÿøí À{LÅ ćwă$ ðý½.4*,    w£,4*.  Ô{£¾ù #Ĉý¿ÿ ºLÍ½¹

ôĊLLÉ wzĈù ûwLLÊý āwĊLLÅ ćwă¹ûwĊù ¹Ā«ÿ ¿v ĈLLÉwý üĉv Ăí ºă ćwă½wz

øă½¹ ÿ ¢ĊîLÆĉ½vÿ ½w¤·wLÅ ½¹ ¢ĉ¾Ċ~  wz ¢ĊîLÆĉ½vÿ Ĉýwí ćºLÉ½

¡wæõĀLLÅýĀõj$ wăĊI¢  LLÅÿ½vÁĊ¢#   ËĀö· Èăwí y{LLÅ ÿ ¢LLÅv

)¢LLÅv āºLLÉ ¢ĊîLLÆĉ½vÿ    ¢{¨ù Ĉò¤LLÆ{úă3SO  wz2SiO ICaO  I

ZnS    ÿPbS  ôLLLÆý ½¹  üĉv āºLþþíºLĊĉmL£ ¢LĊîLLLÆĉ½vÿ äö¤¸ù ćwLă

)¢LLÅv yöÖù  ¢{LLÆý ý¿ÿĈ  5O2P/3O2Al  ½vÿ ½¹ĉ LLÆĊî¢   vĉāºój 

$O2·2H4AlPO ¹ÿº³ #00*+  $ ¢LÅv-2 ºLÍ½¹ 3O2Al  ôzwêù ½¹

// ºÍ½¹ 5O2P)# 
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 óÿº«-)   ªĉw¤ýĂĉÀ¬£ XRF ¢ĊîÆĉ½vÿ ćÿ½ ¾zðý½ wz ćwăĂĊÉw³ ûÿ¿ wz Ô{£¾ù äö¤¸ù ćwăćv ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ 
Table 2. XRF analytical results for variscite samples of different colors associated with the marginal zone in the koushk 

Zn-Pb deposit 

NO WS-1 WS-2 WS-3 WS-4 WS-5 WS-6 WS-7 WS-8 WS-9 WS-10 

Sample 
Light-green variscite associated 

with black shale 

Deep-green variscite 

associated with black 

shale 

Spiderweb deep green 

variscites associated 

with black shale 

Light-green 

variscite 

associated 

with 

microdiorite 

Major elements (wt.%) 

SiO2 1.497 0.316 0.887 0.836 0.078 4.708 7.148 5.413 2.142 2.46 

Al2O3 28.21 28.763 28.012 27.936 28.903 27.807 23.857 24.222 27.304 25.166 

CaO 0.343 0.111 0.07 1.111 0.04 0.141 2.2 1.385 0.635 2.246 

Na2O nd nd nd 0.046 nd 0.2 0.052 0.099 0.147 0.135 

K2O 0.021 0.025 0.016 0.015 0.039 0.293 0.04 0.025 0.023 0.444 

P2O5 43.32 43.413 43.385 42.13 44.659 40.007 36.576 37.096 41.694 34.812 

Fe2O3 0.647 0.399 1.258 0.203 0.429 0.174 0.152 0.98 0.466 0.247 

MgO 0.053 0.079 0.078 0.067 0.087 0.045 0.041 0.051 0.022 0.035 

MnO 0.019 nd 0.012 nd 0.013 nd nd nd 0.017 nd 

TiO2 0.147 0.045 0.06 0.06 0.172 0.099 0.27 0.082 0.12 0.223 

SO3 1.602 1.506 1.399 3.191 1.088 2.463 5.476 5.352 2.968 7.167 

L.O.I 23.22 24.55 24.07 23.96 23.82 22.67 23.48 24.38 23.19 26.17 

Al/P 0.65 0.66 0.64 0.66 0.64 0.69 0.96 0.65 0.65 0.72 

Trace elements (ppm) 

Cl 290 360 160 280 300 240 220 390 200 740 

Sc 100 70 180 nd 50 nd nd 200 380 180 

V 1560 730 2120 600 1270 2290 1060 1520 1820 1540 

Cr 350 370 360 340 480 410 370 330 380 320 

Ni 60 nd 30 50 30 40 nd 40 nd 30 

Cu 3170 1390 850 1550 200 2280 1400 2190 2690 1190 

Zn 3250 4780 3200 1430 3950 7720 1410 2150 5290 4660 

Ga 130 110 140 80 150 140 140 120 170 120 

Sr 30 nd 10 10 nd 270 20 100 40 20 

Pb 200 90 400 110 90 310 110 2100 1290 90 
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  óÿº«.)  ĂÖêý ĂĉÀ¬£ ªĉw¤ý  Çÿ½ Ăz ćvXPMA  ¢ĊîLÆĉ½vÿ ćÿ½ ¾zĂĊLÉw³ ûÿ¿ wz Ô{£¾ù À{LÅ ćwăćv ìÉĀí x¾Å ÿ ćÿ½ ½wLÆýwí ½¹  yÆ³ ¾z ¾ĉ¹wêù )

 ºÍ½¹ºþ¤Æă) 
Table 3. XPMA spot-analysis results of deep green variscite associated with the marginal zone in the Koushk Zn-Pb 

Deposit. The values are in percent) 
Deep-green variscite associated with black shale 

No ws-1 ws-2 ws-3 ws-4 ws-5 ws-6 ws-7 ws-8 ws-9 ws-10 

Major elements(wt.%) 

SiO2 ND ND ND 0.36 0.63 0.18 ND ND 0.41 0.39 

Al2O3 33.87 33.65 34.12 33.09 33.5 33.65 34.62 32.75 34.31 33.67 

P2O5 44.01 42.68 42.81 41.68 39.88 42.92 40.42 44.75 38.79 40.77 

Fe2O3 0.23 0.24 0.13 0.13 0.2 0.27 0.18 0.14 0.23 0.42 

TiO2 0.86 1 0.33 0.56 1.04 0.63 0.65 0.67 0.78 0.74 

CaO 0.14 0.09 0.07 0.12 0.13 0.09 0.12 0.12 0.1 0.14 

K2O 0.21 0.2 0.13 0.13 0.16 0.18 0.13 0.15 0.16 0.16 

V2O5 1.04 1.03 0.57 0.8 1.02 0.84 0.74 0.83 0.91 0.67 

Cr2O3 0.19 0.05 0.08 0.18 0.09 0.13 0.09 0.16 0.14 0.17 

SO3 0.84 0.47 0.46 0.77 0.85 0.95 0.57 0.71 0.58 0.75 

Cl 0.29 0.26 0.18 ND 0.26 0.23 0.23 0.19 0.27 0.26 

ZnO 0.24 0.25 0.14 0.17 0.2 0.19 0.27 0.16 0.17 0.18 

 
 óÿº«/.  ôÆý wz Ô{£¾ù ûĀÅ¾Ċ~ Çÿ½ Ăz ¾ÍwþÝ Ĉò¤Æ{úă yĉ¾Ñ ìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ ¢ĊîÆĉ½vÿ äö¤¸ù ćwă 

Table 4) Pearson correlation coefficients of elements related to different generations of variscite in the Kushk Zn-Pb 

deposit 

 SiO2 Al2O3 CaO Na2O K2O P2O5 Fe2O3 MgO MnO TiO2 SO3 V Cr Ni Cu Zn Pb 

SiO2 1.00                 

Al2O3 -0.83 1.00                

CaO 0.60 -0.88 1.00               

Na2O 0.51 -0.36 0.29 1.00              

K2O 0.19 -0.24 0.37 0.64 1.00             

P2O5 -0.76 0.92 -0.89 -0.58 -0.59 1.00            

Fe2O3 -0.18 0.05 -0.33 -0.35 -0.41 0.25 1.00           

MgO -0.59 0.58 -0.56 -0.76 -0.41 0.66 0.30 1.00          

MnO -0.35 0.30 -0.33 -0.06 -0.20 0.38 0.09 0.23 1.00         

TiO2 0.46 -0.54 0.64 0.11 0.36 -0.54 -0.44 -0.43 0.04 1.00        

SO3 0.63 -0.90 0.95 0.49 0.53 -0.97 -0.26 -0.63 -0.32 0.54 1.00       

V 0.20 0.01 -0.27 0.50 0.34 -0.07 0.39 -0.33 0.13 -0.03 -0.08 1.00      

Cr -0.21 0.49 -0.56 -0.11 -0.14 0.52 -0.19 0.38 0.72 0.10 -0.57 0.12 1.00     

Ni -0.16 0.19 -0.14 -0.05 0.12 0.12 0.20 0.18 -0.35 -0.21 -0.11 0.16 -0.17 1.00    

Cu 0.28 -0.09 -0.02 0.38 -0.06 -0.09 0.00 -0.62 -0.51 -0.14 0.03 0.26 -0.38 0.23 1.00   

Zn -0.12 0.38 -0.44 0.57 0.54 0.11 -0.22 -0.21 0.17 -0.15 -0.24 0.58 0.37 -0.12 0.18 1.00  

Pb 0.35 -0.41 0.09 0.35 -0.24 -0.25 0.49 -0.36 0.09 -0.27 0.24 0.29 -0.25 -0.02 0.41 -0.08 1.00 
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3. 

 óÿº«0)  Ăæõoù¢ĊîÆĉ½vÿ ½¹ ¾ÍwþÝ ć½wùj ćwăĂĉÀ¬£ ćwăìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ āºÉ 
Table 5. Statistical parameters of the analyzed variscites, Kushk Zn-Pb deposit 

 Mean Confidence Confidence Median Minimum Maximum Variance Std.Dev. Standard Skewness Std.Err. Kurtosis Std.Err. 

SiO2 2.55 0.83 4.27 1.82 0.08 7.15 5.79 2.41 0.76 0.94 0.69 -0.32 1.33 

Al2O3 27.02 25.67 28.36 27.87 23.86 28.90 3.53 1.88 0.59 -0.92 0.69 -0.86 1.33 

CaO 0.83 0.21 1.45 0.49 0.04 2.25 0.75 0.87 0.27 0.83 0.69 -0.86 1.33 

Na2O 0.07 0.02 0.12 0.05 0.00 0.20 0.01 0.07 0.02 0.66 0.69 -0.93 1.33 

K2O 0.09 -0.01 0.20 0.03 0.02 0.44 0.02 0.15 0.05 2.01 0.69 3.04 1.33 

P2O5 40.71 38.26 43.16 41.91 34.81 44.66 11.70 3.42 1.08 -0.70 0.69 -1.04 1.33 

Fe2O3 0.50 0.23 0.76 0.41 0.15 1.26 0.14 0.37 0.12 1.24 0.69 0.74 1.33 

MgO 0.06 0.04 0.07 0.05 0.02 0.09 0.00 0.02 0.01 0.04 0.69 -1.09 1.33 

TiO2 0.13 0.07 0.18 0.11 0.05 0.27 0.01 0.08 0.02 0.83 0.69 -0.28 1.33 

SO3 3.22 1.73 4.72 2.72 1.09 7.17 4.36 2.09 0.66 0.87 0.69 -0.48 1.33 

L.O.I 23.95 23.26 24.65 23.89 22.67 26.17 0.94 0.97 0.31 1.24 0.69 2.50 1.33 

Cl 0.03 0.02 0.04 0.03 0.02 0.07 0.00 0.02 0.01 2.16 0.69 5.52 1.33 

Sc 10.21 -12.86 33.28 0.01 0.00 102.00 1040.14 32.25 10.20 3.16 0.69 10.00 1.33 

V 0.15 0.11 0.18 0.15 0.06 0.23 0.00 0.06 0.02 -0.09 0.69 -0.73 1.33 

Cr 0.04 0.03 0.04 0.04 0.03 0.05 0.00 0.00 0.00 1.56 0.69 2.99 1.33 

Ni 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 -0.26 0.69 -1.10 1.33 

Cu 0.17 0.11 0.23 0.15 0.02 0.32 0.01 0.09 0.03 0.09 0.69 -0.38 1.33 

Zn 0.38 0.24 0.52 0.36 0.14 0.77 0.04 0.19 0.06 0.66 0.69 0.50 1.33 

Ga 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.00 0.00 -0.57 0.69 1.23 1.33 

Sr 0.01 0.00 0.01 0.00 0.00 0.03 0.00 0.01 0.00 2.55 0.69 6.77 1.33 

Pb 0.05 0.00 0.10 0.02 0.01 0.21 0.00 0.07 0.02 2.01 0.69 3.40 1.33 

 
¢LĊîLLLÆĉ½vÿ ½¹ìLLLÉĀí ćwLă    ¢L{LLLÆý5O2P/3O2Al ¾£đwLzć    ¿v

½vÿĉ LLLÆ LLĊî¢  ºLLý½v¹ ÌõwLL·  đj ĂLLýwLLLLÊý ĂLLíĉÈ  ýwLLí wLLzĈ wLLăć  

ùĀõjĊ LLÅĀþĊöĊ£wîĈ  õĀtwí IÃ½$ĊþĊI¢ ĀõwăĉÀĉ¢¢LLÅv # Çv¾~ ªĉw¤ý )

ĂýĀúý ½¹ Äù ¾ĉ¹wêù )¢LÅv yöÖù üĉv ¾òýwĊz Äîĉv Ā£¾~  ¹½Āù ćwă

  üĊz ĈLÅ½¾z-++   w£ppm .,2+   ĈLÉwý Mđwú¤³v Ăí ÿ ¢LÅv ¾ĊĊâ£ ½¹

ów·¹v ¹Ā«ÿ ¿v$ ¢ĉv½wþĊõ I¢ĉ¾Ċ~Āîõwí ÀĊ¯wý ćwă-2PbCu[(OH)

4SO  ¢ĊîLÆĉ½vÿ Ĉýwí ½¹ ¢Ċíđwù ºþýwù Äù ćºĊLÆív ćwă¿wå wĉ #

ĊLLLÉ ćwăº³vÿ wĉĈýwí)¢LLLÅv ûwzÀĊù Ĉö  ½wLLLÆýwí ½¹ ¢Ċíđwù Ĉĉv¿

¡wþz¾í wz āv¾úă ûwòý½w· ìLLÉĀí ½wLLÆýwí ¡½ÿw¬ù ½¹ ćÿ½ ćwă

Ĉù āºăwLLÊùĂýĀúý Ĉùwú£ ½¹ ćÿ½ ¾ĉ¹wêù )¹ĀLLÉ ĈLLÅ½¾z ¹½Āù ćwă

  ûj ¾ĉ¹wêù ÔÅĀ¤ù ÿ ā¹Āz ĂzwÊùppm -322  x¾Å ¾ĉ¹wêù wùv J¢Åv

¢ĊîLLLÆĉ½vÿ ½¹ wĄþ£Ĉþá Ĉ£Ā{îþÝ ½w£ ćwăđwz ĈñºLLLÉ ¢{LLLÆý Ĉĉ

¢ĊîÆĉ½vÿøí À{Å ÿ ðý½¾~ À{Å ćwăôĊÉ wz Ô{£¾ù ðý½ āwĊÅ ćwă

ôĊLÅ ÿĈù ûwLÊý Ĉ¤ĉ½Āĉ¹ ćwă x¾LÅ ÿ ćÿ½ ½vºêù üĉv ¹Ā«ÿ )ºă¹

ĂLýĀúý ½¹wL·¹v ¹Ā«ÿ ¿v ĈLLLÉwLý ĈLLLÅ½¾z ¹½Āù ćwLăó ÿ üõwLñ ćwLă

¢Lĉ¾Ċ~ ÿ ¢Lĉ¾õwLæLLLÅvĂLýwLí ćwLăĂLñ½ wLĉ ć½wLLLÊ¤ýv ¡½ĀLLLÍ ĂLz ½v¹ (  

ĂL°ñ½ LĊîLLLÆĉ½vÿ ½wL¤·wLLLÅ ½¹ ćvĂL°ñ½ ÿ ¢  wLz āv¾úă ĈöĊLLLÉ ćwLă

$ ¢Åv ¢ĊîÆĉ½vÿ  ôîÉ/(E)# 
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3/ 

 
 ôîÉ,/)  A  w£S¢ĊîÆĉ½vÿ ½¹ ¾ÍwþÝ Ĉò¤Æ{úă ½v¹Āúý 5ðý½ wz ćwăìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ äö¤¸ù ćwă 

Fig. 14. A to S: Correlation diagrams of elements in variscites of different colors from the Koushk Pb–Zn deposit 
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  ìÉĀí ¢ĊîÆĉ½vÿ ½¹ ðý½ ¡ÿwæ£ 

ā¹¾¤LLLÆñ äĊÕ MđĀúÞù ¢ĊîLLLÆĉ½vÿ IìLLLÉĀí ½wLLLÆýwí ½¹  ¿v ćv

ðý½Ĉù ûwLLÊý v½ À{LLÅ ćwă  À{LLÅ IºĊæLLÅ Ăz ôĉwù À{LLÅ Ăöú« ¿v Jºă¹

āÀ· À{LLLÅ IĈýĀ¤ĉ¿  )Ĉzj ĂLz ôLĉwLù À{LLLÅ ÿ ćvĈýwLí ĈLLLÅ½¾z Ĉĉv¿

Ĉù ûwLÊý èúÝ Ăz ²ÖLÅ ¿v ¢ĊîLÆĉ½vÿ ðý½ Ăí ºă¹øĊê¤LÆù ½ĀÕ Ăz  

ĂýĀúý wùv )¢ÆĊý Ă¤Æzvÿ èúÝ Ăz  À{Å ćwă ¾ĉ¹wêù üĉ¾£đwz ćÿw³ ā¾Ċ£ 

 3+Crºþ¤LLÆă.  ½Āöz Ĉæ¸ù ¢åwz ¹Ā«ÿ ¡½ĀLLÍ ½¹  I¢ĊLLÅÿ½w« wz

āĀĄé ðý½ yÆí Ăz ôĉwú£ ¢ĊîÆĉ½vÿ I¢Ċ£Āñ wĉ ¢ĉ½ºĊÅĀæÆå ćv

 ºLþýwLù ðLý½ ºLĊæLLLÅ ĈýºLÞù ¹vĀù ¾ñv )¹½v¹ ĈýĀ¤ĉ¿ wL£ À{LLLÅ ĂLz ôLĉwLù

 ÓĀö¸ù üĉv ½¹ ¢LĊýĀõj wLĉ ¢LĊõvºLýv¾í I¢LĉºLýwLí IÀ£½vĀí ôLĊ·¹ wLă

½ IºLþLLLÉwLzøí ¢LĊîLLLÆĉ½vÿ ðLýðLý½Ĉù ¾£¹ĀLLLÉ.    ¿v Ĉîĉ ðLý½

ĈñÂĉÿôLzwLé ½wLĊLLLÆz ćwLă ¡wLéÿv ĈăwLñ )¢LLLÅv ĈýºLÞù ¹vĀù ĂL«Ā£

ĈùºLÉwz ºþú£½ºé ĈLÎĊ¸LÊ£ ĈñÂĉÿ ìĉ ºývĀ£J   I¾òĉ¹ ¹½vĀù ½¹ wùv

ôzwé¾Ċá ÿ ¾Ċâ¤ù ½wĊLLÆz Ăí ºý½v¹ ¹Ā«ÿ ć¹ºÞ¤ù ôĉđ¹ )¢LLÅv ¹wú¤Ýv

ðý½Ĉù ó¾¤þí v½ ĈýºÞù ¹vĀù Ĉòýv¹¤LLÊĊz )ºþþí  ćwă½v¼ñ Ăz wĄýj ¾

Ĉýÿ¾¤îõv  $Nassau, 1978#  Ĉù ÓĀz¾ùºLýĀLLLÉ)    IówL¨ù ûvĀþÝ ĂLz

ðLý½ ¾LLLÎþÝ ìLĉ ½¹ ć½Āöz ûvºLĊù ćwLă½v¼Lñ  v¿$Burns, 1993  #

ºLþýwLù  Cr  IMn  IFe  ICo  INi  I CuwLĉV ¾LLLÍwLþÝ üĊz ½wLz ówLê¤ýv J 

$Bill and Calas, 1978; Mattson and Rossman, 1987  #

Ìêý wLz Ô{£¾ù Ĉòý½ Àív¾ù ÿć½wL¤·wLLLÅ ćwLă  $Krambrock et 

al., 2007)#  ĈLLLÎõw·wýøă ćwă½w¤·wLLLÅ ÿ ĈîĉÀĊå ćwă ÀĊý ºLLLÉ½

ĈùþÉwz ðý½ Ü{þù ºþývĀ£º. 

Ĉz ºĉwz ¢ĊîLÆĉ½vÿ Ić¾¤ùĀĊíĀ¤LÅv yĊí¾£ ÃwLÅv ¾zºLÉwz ðý½J    wùv

ðý½ MđĀúÞù Ĉýwí üĉv ÿ ¢LLLÅv ½¹wý ½wĊLLLÆz ¢õw³ üĉv  ½wĊLLLÆz ćwă

Ĉù ûwLLÊý ćºĉºLLÉ¢LLÉ½¹ ¢ĊîLLÆĉ½vÿ )ºă¹ ÿ ¢LLÅv xwĊúí ½Āöz

ĂLLz MđĀLúLÞLù  ¢LLĊL£wLLúLòL~ ĈLñ¹¿vĀLă óĀLLLÎ´Lù ûvĀLþLÝ  ĈL¤LĊLýv¾Lñ ćwLLă

ôùwî£ ôĊîLLÊ£ Àþòþù ¿v Ĉþá Ă¤åwĉĈùÜú¬£ ¡½ĀLLÍ Ăz ÿ ¹ĀLLÉ ćwă

ā¾æ³ Ăí ĈÝwÞLLÉĂñ½Àĉ½ wĉ wăĈù ¾~ v½ wăĈù āºĉ¹ Iºþþí  üĉv )¹ĀLLÉ

ĂLLÊĊLLÉ ćĒ« IĂýĀñðý½ ÿ Ì·wLLÉ ćv  Àù¾é wĉ ć¹¾ù¿ À{LLÅ ćwă

Ĉù Èĉwúý Ăz v½ ºĉºLLÉðý½ üĉv ¢öÝ )¹½v¼ñĈþĊLLÊýw« Ăz wă Al 

ÔLLÅĀ£  Fe³⁺I Mn²⁺ wĉ Mn³⁺ ¢{LLÆýĈù ā¹v¹¹ĀLLÉ  $Lindberg 

and Pecora, 1958; Cassedanne and Baptista, 1999)#  

ā¹¾í ā½wLLÉv ÀĊý ûv¾òLLÊăÿÂ~ ¾ĉwLLÅðý½ üĉv Ăí ºývĈù ćÀĊùj  ºývĀ£

ûĀĉ ½ĀLLLÒ³ ¿v ĈLLLÉwLýćwLă  $Foster and Schaller, 1996; 

Marty et al., 1999  #V⁴⁺    wLĉV³⁺  ºLLLLÉwLz ÀĊý  $Rossman, 

2004)#  ówLLLÅ ½¹  ìLĉ I¾Ċ·v ćwLăĈLLLÅ½¾z  ÷wLÚýĂLýĀúý ĂLí ºLþù  ćwLă

¢ĊîLÆĉ½vÿ ĂLÆĉwêù w~ÿ½v ½¹ äö¤¸ù ĂêÖþù ĂLÅ ¿v v½  Ăz I¢LÅv ā¹¾í

ĂLLLÅ ÷ÿ¾í Ăí ºĊLLLÅ½ Ă¬Ċ¤ý üĉv¢LLLÊă ¢ĊÞéĀù ½¹ Ĉ¤Ċå¾ÙĈĄ«ÿ 

$Cr³⁺# Ăz  ¢LLÅv ¢ĊîLLÆĉ½vÿ À{LLÅ ðý½ ¹w¬ĉv ôùwÝ ¹wĉ¿ ówú¤³v  

$Calas et al., 2005)# 

 Ă«½¹ Ăz ¢ĊîLÆĉ½vÿ ðý½ ½¹ ¡v¾ĊĊâ£ Iüĉv ¾z āÿĒÝÈĉwLÆív  üăj

¢{LLÆý¢LLÅv āºLLÉ ā¹v¹  $Díaz-Acha et al., 2020#    üĉv¾zwþz ÿ

Ĉù¹½Āù ½¹ Ĉ£wÝĒÕv ºývĀ£  ¢åwĉ ²ÖLLLÅ  ā¾Ċ·» ìĉ ½¹ ûj ûºLLLÉ

ĂLtv½v ºL³vÿ ĈýºLÞùºLă¹  $Melgarejo et al., 2019)#  üĊ¤LLLÆ¸ý  

ĈLÅ½¾zćwă ðý½ ĈLÅ½¾z ¾z Àí¾ú¤ù  ºý¹v¹ ûwLÊý ¢ĊîLÆĉ½vÿ Ĉă¹

 ¹Ā«ÿ ôĊõ¹ Ăz Mđwú¤³v ĈõĀúÞù À{LLÅ ðý½ Ăíðý½wăv¿  ºþýwù 3+Cr 

£ºĊõĀ¢LÅv āºLÉ  $Fritsch and Rossman, 1987)#  Iów³ üĉv wz

Ĉù ûwLÊý Ăí ¹½v¹ ¹Ā«ÿ ćºăvĀLÉ  Ăz wĄþ£ ¢ĊîLÆĉ½vÿ À{LÅ ðý½ ºă¹

ĈLÎõw·wý ½ĀLÒ³ðý½$ ć½w¤·wLÅ Ĉ{Ċí¾£ ćwă¢LÆĊý Ô{£¾ù #Ăýv¹J 

ÌLêLý wLLz ĂLLîLöLzÛĀLý ÿ¹ IÜLévÿ ½¹ )¹½v¹ ÓwLL{L£½v ÀLĊLý ć½ĀLöLz ćwLLă 

¢¸ĉ½ºþ¯ Ă¤·wþLLÉ ¢ĊîLLÆĉ½vÿ ¿vĀý 5¢LLÅv āºLLÉ ÛÄùµwz Āý ÿ Û

üĊLLLÅĀõ .  ÿ¹ üĉv ûwLĊù ¡ÿwLæ£¢L¸ĉ½ºLþ¯    ć½wL¤·wLLLÅ ¢LĊÞéĀù ĂLz

óĀîõĀùĈþÞĉ Ixj ćwă  W1  ÿ  W2Ĉù ÓĀz¾ù I¹ĀÉ.  óĀîõĀùćwă 

W2   ¿vĈù ôLLÎ¤ù ĈýÁÿ½ºĊă ºýĀĊ~ ìĉ èĉ¾ÕºýĀLLÉJ  Ĉõw³ ½¹Ăí 

W1 ¢{LLÆý )¢LLÅv ôLLÎ¤ù ć½Āöz Ăî{LLÉ Ăz ĈýÁÿ½ºĊă ºýĀĊ~ ÿ¹ wz 

W1  zĂ W2   ¿v,5,  ÛĀý ½¹  üĊLLÅĀõ   w£.5,  ÛĀý ½¹ Äùµwz   ¾Ċâ¤ù

¢LLÅv  $Salvador and Fayos, 1972)#  ûwĊù ¡ÿwæ£ Ăz Ă«Ā£ wz

 ÿ¹ĂýĀñºþ¯ ¢·wLÅĂz I  Ă¤·wþLÉ ĈzĀ·  ¢ĊîLÆĉ½vÿ Ăí ¢LÅv āºLÉ

Ĉù  v½ ºLĊLLLÉ½Ā· ½Āý ĂLí ûÁĀõwLă ßv¾¯ ĂL¤LLLÅĀĊ~ ÈzwL£ ¾§v ½¹ ºLývĀ£

ĂĊ{LLÉĈù ć¿wLLÅÛĀý ¿v Iºþí  Äùµwz ÛĀý Ăz    üĊLLÅĀõôĉº{£ ¹ĀLLÉ  

$García-Guinea et al., 2008)#    üĊþ°úă Ĉ¤¸ĉ½ºþ¯ ¾ĊĊâ£ üĉv

Ĉù ðý½ ÃĀLLÆ´ù Èăwí ¦ÝwzĀLLÉ¹ Ĉù ûwLLÊý Ăí ¡v¾ĊĊâ£ ºă¹
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Ĉù ÀĊý ć½w¤·wÅðý½ ¾z ºþývĀ£ºþÉwz ½v¼ñ¾Ċ§m£ ¢ĊîÆĉ½vÿ Ĉĉv¿. 

Ĉýwí ¿v Ĉ·¾z  I¢Ċõvºýv¾í ÿ ¢ĊLLÅÿ½w« I¢ĊýĀõj I¢ĉºýwí ºþýwù wă

  Ì·wÉ ćvÀ«vĈÊĉwÆív ćºĊÅv ĈýwÅ¾ñ¹   I¹½Āù üĉv ½¹ Ăí ºþ¤Æă

ôĊLÉ ½¹ āºþív¾~ ćwăºĊæõĀLÅ Ĉñ¹¿vĀă wzāwĊLÅ ćwă Ô{£¾ù ¤LÆă )ºþ

Ĉýwí ÀĊý ¢ĉ½ºĊÅĀæÆå ÿ ¢ĊîÆĉ½vÿĂz Ăí ºþ¤Æă Ĉĉwă    óĀúÞù ½ĀÕ

 ½¹ëw·Ĉù ¢åwĉ ćºĊLLÅv ćwăºýĀLLÉ  $Nriagu and Moore, 

1984; Werner et al., 2017)#  ćºLĊLLLÅv ¡đwLĊLLLÅ Iÿ½ üĉv ¿v

ā¹Āz ½¹wé ĈLÊĉwLÆívôĊLÉ ûÿ½¹ Ăz ºýv āwĊLÅ ćwăðý½Ă¤·wz »Āæý ā¹¾í

ýj wLz ÿ LĄ  wÈþívÿĈýwLí üĉv wL£ ºLþă¹ LĊõĀ£ v½ wLăººLþþí.  ĂLýĀúý  ćwLă

äĊÕ ¢LLÅv üîúù ìLLÉĀí Ìõw· ¢ĊîLLÆĉ½vÿ  ¿v ĈýĀñwýĀñ ćwă

ĂýĀñ ûwĊù üĉv ½¹ Ăí ºþLÉwz Ă¤LÉv¹ À{LÅ ðý½  ðý½ wz ìĊLÅĒí ćwă

Ç¿½v ćv¾z Ă«Ā£ ¹½Āù Ăúă ¿v ÈĊz Iºþ£ À{Å  üĉv ½¹ )ºþ¤Æă ć½v¼ñ

ĂýĀñûwLĄý ćwă½ĀözI  Ĉúý  v½ À{LLLÅ ðý½ ûvĀ£ Ăæõoù ìĉ ½ĀLLLÒ³ Ăz  

$ üăj ºþýwù IĈöLLÍv ĈĉwĊúĊLLÉFe¢{LLÆý I# ćvĀ¤´ù I¢êĊê³ ½¹ )¹v¹

ì£ ½¹ üăjĂýv¹  )¹½vºý ĂÞÖé ðý½ wz ĈÕw{£½v ®Ċă ¢ĊîLÆĉ½vÿ ćwă

ðý½ ¾LÍwþÝ ¾ĉwLÅÀþòþù ºþýwù I¢ĊîLÆĉ½vÿ ½¹ Ĉõwú¤³v ćv¿ $Mn# I

ĂýĀúý ½¹)¢Åv ÀĊ¯wý ìÉĀí ćwă 

äĊÕ ½¹ ¡ÿwLæ£  Ĉòý½ ćwLăĈù v½ Ĉzj*À{LLLÅĂLz ûvĀ£   ĂLz Ĉ{ĉ¾ê£ ½ĀÕ

ćvĀ¤´ù ½¹ ¡ÿwæ£ 3+Cr ¢{Æý¹v¹¢ĊîÆĉ½vÿ ½¹ )ćwă  ¾~ À{Å½ðý 

¢ĊîLÆĉ½vÿ ÿôĊLÉ wz Ô{£¾ù Ĉ£Ā{îþÝ ½w£ ðý½¾~ À{LÅ ćwă āwĊLÅ ćwă

üĊòýwLĊù  ÷¾í ćvĀ¤´ù  yLĊ£¾£ ĂLz ÷Āĉ¹wLývÿ ÿ ppm 43+    ÿppm 

1,1/  ¢LLÅvJ Ĉõw³ ½¹¢ĊîLLÆĉ½vÿ ½¹ Ăí  øí À{LLÅðý½  Ô{£¾ù wz

ôĊLÉôĊLÅ ÿ āwĊLÅ ćwăüĊòýwĊù Ĉ¤ĉ½Āĉ¹ ćwă  ÷¾í ćvĀ¤´ù   øĉ¹wývÿ ÿ

 yĊ£¾£ Ăz ppm./3   ÿppm  ,.,+  ¢Åv  )üĊĉw~ ¾ĉ¹wêù V ÿ Cr  ½¹

ìLLÉĀí ¢ĊîLLÆĉ½vÿøă½¹ ¿v ĈLLÉwý IćºLLÉ½    ¿v ć¾Ċâ¤ù ¾ĉ¹wêù wz

Ĉýwí ¾ĉwLLLÅûwĄý ćwă½Āöz  ûÿºz Cr   wĉVĈýwí IÀ£½vĀí ºþýwù I ćwă

  ¾ĉwLLÅ IĈLLÅ½¡wæLLÆå¢Ċ£Āñ wĉ ¢ĉ¿ÿ½w« Iwă    üĉv Ĉùwú£ ½¹ )¢LLÅv

  I¹½vĀùûwþ¯ĂĉÀ¬£ ªĉw¤ý ĂíćwăXRD  ISEM-EDS  ÿ XMPA  

ā¹v¹ ûwÊýûwĄý ¢ĊîÆĉ½vÿ IºývĂz ½Āöz øă½¹ ½ĀÕĈýwí wz ćºÉ½ ćwă

ðý½ Ăí ¾òĉ¹Ĉ£ÿwæ¤ù ćwă Iºý½v¹  Ĉù āºăwLLLÊù¹ĀLLLÉ)  Iÿ½ üĉv ¿v )

 ÓĀö¸ù üĉv ĈĉwLĄý ðLý½¾z wLăjðLý½ ¿v ćºLþĉĈýwLí äö¤¸ù ćwLă ćwLă

 Ăz Ă¤Æz ÿ ¢Åv ĂÕĀz¾ùøă½¹ćºÉ½  ĈýwíwăĈù ¾ĊĊâ£ Iºþí.    Iüĉv¾zwþz

āºúÝ È¸z«½¹ wz ìLLLÉĀí ½wLLLÆýwí ½¹ ¢ĊîLLLÆĉ½vÿ ¿v ćvĂćwă 

Ĉýwí wz äö¤¸ù ÓĀö¸ù ¾òĉ¹ ćwăĈù ¾ùv üĉv Ăí ¢LLÅv āºLLÉ  ºývĀ£

ûwÅĀý ¹w¬ĉv ¦Ýwzćwă  ðý½ ĈþÞĉ IĂþĊù¿ ÿ¹ ¾ă ½¹ ā¹¾¤ÆñĂĉwù ćwă

À{LLLÅ    ćvĀ¤´ù ÿ¾ăwLÙ ĂLz  øí 3+Cr   I¢LĉwLĄý ½¹ )¹ĀLLLÉûwLþ¯ ĂLí

ā½wLLÉvćvĀ¤´ù IºLLÉ 3+Fe   ¢ĊîLLÆĉ½vÿ ½¹¢LLÅv üîúù    Ăz ÓĀz¾ù

øă½¹ćºÉ½wăć   ¢Ċ£Āñ I¢ĊÅÿ½vÁ I¢ĉ½ºĊÅĀæÆå wz äĉ¾Ù ½wĊÆz

Ĉýwí ¾òĉ¹ ºĉwLLLÉ ÿ¿v Ĉþá ćwă 3+Fe ¢LLLÅv. üĉv ¿v ãĒ·¾z Iÿ½

ÔLLLLÅĀL£ ĂLL°Lýj  ā¾LtĀLí  ûv½wLLîLúLă ÿ  $Querré et al., 2019#  

¹wĄþÊĊ~āºÉ  ¢ÅvćvĀ¤´ù I 3+Cr  āwò¤Åw· ÌĊ¸Ê£ ćv¾z Mđwú¤³v wă

Ăz üĊĊÞ£ Ĉåwí ā¿vºýv ÓwĊ¤³v ûj ¿v ā¹wæ¤LLÅv ½¹ ºĉwz ÿ ¢LLÆĊý āºþþí

ĂLí ć¹½vĀù ½¹ ¾òù J¹¾í 3+Fe ĂLz    ÜÖé ½ĀÕ ć½Āöz ½wL¤·wLLLÅ ½¹

ćw« ¢ĊîLÆĉ½vÿºLÉwz Ă¤å¾ñ.  Ăñ½ ½¹ ðý½Ĉù ĈöLÍv ćwă Ăz ºývĀ£  

¾ĊĊâ£ Ĉ¬ĉ½º£ wĉ ĈýwĄñwý ¡½ĀÍ  Ĉ¬ĉ½º£ ¡v¾ĊĊâ£ ÷ÿ¹ ¢õw³ )ºþí

ĂĄ{« ¹Ā«ÿ ôĊõ¹ ĂzĂñ½ ¹w¬ĉv ÿ ìĊ£wùĀLLÅw¤ù ĈþĊLLÊýw« ćwă ćºþz

ĈýwLí ½¹ûwLĄý ćwLăÄõwL~ ÔLLLÅĀ£ ĂLĊõÿv ôĻ ö¸¤ù ÿ ½Āöz  ĈõvĀ¤ù ćwLă

£ ¡đwĊLLÅªĉv½ Ić¾Ċ·m¢LLÅv ¢õw³ üĉ¾£ $Díaz-Acha et al., 

2022  )#Ăñ½ ¹vºL¤ùv ½¹ ðý½ IĂL¬Ċ¤ý ½¹  ÿ wLăìă¾ñwLă  ĂLz   ¡½ĀLLLÍ

Ĉù ¾ĊĊâ£ Ĉ¬ĉ½º£ºþí $ ôîLLÉ.(N ÛĀLLÑĀù üĉv ¿v ć¿½wz ĂýĀúý )#

$ ½¹  ôîLÉ0(A  ÿBĈù āºăwLÊù #ĀLÉ)¹  Ĉ¬ĉ½º£ ¡v¾ĊĊâ£I    v½ ðý½

øí À{LLÅ º³vÿ ìĉ Ăz Ĉ¤ĉ½ºĊLLÅĀæLLÆå ć¾¤LLÆíw· Ă¤LLÆă ¿v ðý½

 ÓĀö¸ù ¿v ôLîLLLÊ¤ù$¢LĊ{õwLá wLz ćwLă    wLz āv¾úă ¢Lĉ½ºLĊLLLÅĀæLLLÆå

ĂLĊLLLÉwL³ ĂLz ¢LĉwLĄý ½¹ ÿ #¢LĊîLLLÆĉ½vÿā¾Ċ£ À{LLLÅ ćwLă   ¢LĊ{õwLá wLz

Ĉù ûwÊý ¢ĊîÆĉ½vÿ)ºă¹ 

ĈLLLÅ½¾zćwLă    ĈæĊíĂLĊõÿv  ºLăwLLLÊù ÃwLLLÅv ¾zāćwLă  äĊÕ  Ĉ¬þLLLÅ

÷w¬ývāºÉI  Ĉù ûwÊý  ¹Ā«ÿ ¢öÝ Ăz ¢ĊîÆĉ½vÿ À{Å ðý½ ºă¹3+Cr  

$ ¢ÅvFritsch and Rossman, 1987; Calas et al., 2005  )#

  ðLý½ĂLýĀúý ½¹ ¹Ā«Āù¢LĊîLLLÆĉ½vÿwL¤ù ÿ ¢LĊîLLLÆĉ½vÿ ćwLă ćwLă

  ¿v Ĉúí ½vºLêù ¹Ā«ÿ ¢LöÝ ĂLz ÃvÀýwLí½j4+V    ÿ3+Cr  ¢LLLLÅv 

$Foster and Schaller, 1966 )#
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ĈLÎõw·wý Ă¯ ¾ăđwz ¢ĊîLÆĉ½vÿ ½¹ ¹Ā«Āù üăj ćwă  ðý½ IºLÉwz ¾£

āĀĄéćv)¢LLLLÉv¹ ºLăvĀ· ć¾£ ¢LĊîLLLÆĉ½vÿ ½¹ ìLLLLÉĀí ćwLă

ðý½ćwă¿wLLÅCr IV  ÿFe  Ĉúí ¾ĉ¹wêù wz āv¾úăCaO  IO2Na  I

O2KI 2TiO   ÿ3SO  ½ĀÒ³ )ºýºÉ ĈĉwÅwþÉ3SO   ½ĀÒ³ ¿v ĈÉwý

ĈýwLíćºLĊæõĀLLLÅ ćwLă    Ĉ£wLæõĀLLLÅ ÿ #üõwLñ I¢Lĉ¾õwLæLLLÅv I¢Lĉ¾Ċ~$

$ýĀõjĊI¢  LLÅÿ½vÁĊ¢#   wĊõv¾¤LLÅv ¢ĊîLLÆĉ½vÿ wz ĂLLÆĉwêù ½¹ )¢LLÅv  

$Willing et al., 2008# wĊõw¤ĉv ÿ ĂLÆýv¾å Iówâ£¾~ Iāº´¤ù ¡đwĉv ÿ 

$Calas et al., 2005#    ćÀí¾ù ûw¤LÆîĊ«w£ ÿ$Litvinenko et 

al., 2016# ¾ĉ¹wêù IFe₂O₃ IV₂O₃   ÿCr₂O₃   ćwă ¢ĊîLÆĉ½vÿ ½¹

óÿºL«$ ¢LLLÅv ¾¤úí ìLLLÉĀíćwLă  -  I.  ÿ  / üăj üĊĉwL~ ¾ĉ¹wLêù )#

Ĉù¡wæLLÆå øí ¾ĉ¹wêù ¿v ĈLLÉwý ºývĀ£¢Ċòý¾¤LLÅv ºþýwù üăj ćwă 

$FePO₄·2H₂O#ìLLĊLL{LLùÿ½ĀLL£½v I ¢LLĉ½ºLLĊLLLLLÅĀLLæLLLLLÆå ÿ 

$FePO₄·2H₂OýĀù I#ìĊþĊöíĀ ºLÉwz.  ¢ĊîLÆĉ½vÿ ½¹ćwă   ðý½ wz

øí À{LLÅ$ Ĉzj Ăz ôĉwù À{LLÅ ðý½ Ăí I#ðý½yöáv   ¹Ā«ÿ ¿v ĈLLÉwý

ÿ¹ üăj¾ĉ¹wêù I¢LLÅv Ĉ¤Ċå¾Ù Cr ÿV  ¢ĊîLLÆĉ½vÿ Ăz ¢{LLÆý ćwă

¾~ À{LLÅ  ¢ĊîLLÆĉ½vÿ ÿ ðý½¢LLÅv ÀĊ¯wý Ĉ£Ā{îþÝ ½w£ ćwă.   ĂĉÀ¬£

üĊù¿Ăýv¹ ĈĉwĊúĊLLLÉûwLLLÊý I¢ĊîLLLÆĉ½vÿ ćwă yĊí¾£ āºþă¹  ĈöLLLÍv

ĈýwLí ć¾LLLÅ ÿ ¢LĊîLLLÆĉ½vÿ āÿ¾ñ ĂLz èöÞ¤ù ¢LĊîLLLÆĉ½vÿ ćwLă

¢ĊîÆĉ½vÿ(  ¢Ċòý¾¤Åv  $O]22Hẗ4PO+3[Fe–O]22Hẗ4[AlPO  #

¢Åv. $ôîÉ  ,0)#

 

 
 ôîÉ,0) ĂÅ ½v¹Āúý Ĉĉw£3O2Fe-3O2Al-5O2P  ÿ½v¾éć¾Ċñ   ¢ĊîÆĉ½vÿ¢ĊîÆĉ½vÿ ówÎ£v ¹vº¤ùv ½¹(  ćÿ½ ½wÆýwí ½¹ ¢Ċòý¾¤Åv ìÉĀí x¾Å 

Fig. 15. Ternary diagram of P₂O₅–Al₂O₃–Fe₂O₃ showing the position of variscite along the variscite–strengite join in the 

Koushk Pb–Zn deposit 

 
üĊù¿xwĊúí ¾ÍwþÝ ĈúĊÉ 

 ¾ĉ¹wêùREE∑  $ óÿº«1 ÿ ¢LÅv ÀĊ¯wý ¢ĊîLÆĉ½vÿ ðþLÆýwí ½¹ #

  ¿v ¾ĉ¹wLêù üĉvppm  -,*2    wL£-3*,,/    üĊòýwLĊù$sh  44*/2  ¾Ċâ¤ù #

  )¢LLLÅvôLîLLLÉ  ,1(A    ÿBI    ¢L{¨ù Ĉò¤LLLÆ{úă5O2P    ¾zv¾z ½¹ v½

REE∑  ć½wL¬þăwLý ÄýwLĉ½vÿĀí ÿ  Eu/Eu*    ¾zv¾z ½¹ v½3O2Al 

Ĉù ûwLLÊýć½w¬þăwý ûj ½¹ Ăí ºþă¹  Ĉæþù ćwăEu  äĉ¾Þ£ ĈzĀ· Ăz

āºLLLÉ ĈõĀúÞù xwLĊúí ¾LLLÍwLþÝ ÿ ĈíwL· ½¹wLý ¾LLLÍwLþÝ ½v¹Āúý )ºLýv

$ ¢ĉ½ºþí Ăz ¢{LLÆý āºLLÉ½w¬þĄzôîLLÉ  ,1(C   ÿD#I  Ĉþá ĈñºLLÉ

  ÀĊ¯wýì{LÅ Ĉíw· ½¹wý ¾LÍwþÝ   Ĉæþù ĈõwùĀýj wzCe IEu  ¾LÍwþÝ ÿ

xwLĊúí  Ti  IK    ÿRb    ¢L{¨ù ć½wL¬þăwLý ÿU  IBa    ÿP    ¾¤LLLÊĊz ½¹

ĂýĀúýĈù ûwLLÊý wă )ºă¹ćĀòõv  REE+YĈþá I  ĈñºLLÉSLREE   ÿ

 Ĉæþù Ĉĉ½wL¬þăwLýCe  Ĉù ûwLLLÊýÿ ºLþă¹   ¡đwLĊLLLÅ üĊĉwL~ ćwLù¹ ºLýÿ½

Ĉù ÈÉĀ~ v½ wĉ½¹ xj ĂĊ{É w£ Ĉzwù¾ñºþă¹) 

https://doi.org/10.22067/econg.2026.1173
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óÿº« 1) ªĉw¤ý ĂĉÀ¬£ ICP-MS ćÿ½ ½wÆýwí ½¹ ¢ĊîÆĉ½vÿ ðþÆýwí xwĊúí ÿ ĈöÍv ¾ÍwþÝ ćvĀ¤´ù üĊĊÞ£ ćv¾z  ìÉĀí x¾Å 

Table 6. ICP-MS results of major and trace element contents of variscite ore at the Koushk Zn-Pb deposit 

NO Dark-green variscite associated with black shale Light -green variscite associated with black shale 

Element WS11 WS12 WS13 WS14 WS15 WS16 

Majore elemente 

Al  >10% 77231 72128 77697 85414 >10% 
P >3% >3% >3% >3% >3% >3% 

Ca 22502 23745 17957 878 525 2711 
Ti  157 480 158 117 121 101 
Fe 1122 1061 1015 657 1010 1213 
Mg <100 <100 <100 <100 <100 <100 
Mn 12 14 16 5 12 14 
K <100 <100 <100 <100 <100 <100 
Na <100 <100 <100 <100 <100 <100 

Trace elemente 

As 5.4 5.9 5.7 1.6 2.9 2.1 
Co 4.3 4.6 3.6 4.6 3.9 5.1 
Cr 245 112 117 89 108 135 
Cu 2099 1111 728 261 639 448 
Ni 24 12 11 8 9 10 
S 14709 15426 11950 747 489 2930 
Cs <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Rb <1 <1 <1 <1 <1 <1 
Ba 96 87 26 11 20 1152 
Th 0.3 1.3 0.8 0.1 0.3 1.2 
U 4.6 3.2 2.7 0.6 0.8 3.6 
Nb 3.7 4.6 3.9 3.6 4.1 4.2 
Ta 0.2 0.2 0.1 0.1 0.2 0.2 
Sr 121.8 392.3 138.6 11.7 6 151.8 
Hf 0.8 1 0.8 0.8 0.9 0.9 
Zr  <5 9 7 <5 <5 <5 
V 600 427 777 160 248 265 

Rare Earth Elements 

La 7 25 8 2 1 49 
Ce 7 41 10 3 1 34 
Pr 1.33 5.86 2.37 0.58 0.39 6.3 
Nd 5.8 20.8 9.8 3.8 3.1 18.4 
Sm 0.8 2.4 1.3 0.5 0.5 2.3 
Eu <0.1 0.19 <0.1 <0.1 <0.1 0.43 
Gd 0.42 1.49 0.64 0.19 0.17 1.56 
Tb 0.1 0.2 0.1 <0.1 <0.1 0.3 
Dy 0.5 0.9 0.7 0.5 0.5 1.3 
Er 0.1 0.2 0.2 0.1 0.1 0.4 
Tm 0.1 0.1 0.1 0.1 0.1 0.2 
Yb <0.05 <0.05 0.15 <0.05 <0.05 0.09 
Lu <0.1 <0.1 0.1 <0.1 <0.1 <0.1 
Y 1.2 2.1 1.9 0.7 0.7 3.3 

(La/Yb)n 94.39 337.1 35.96 26.97 13.48 367.06 
(La/Sm)n 5.5 6.55 3.87 2.52 1.26 13.4 
(Ce/Yb)n 36.21 212.1 17.24 15.52 5.17 97.72 
(Ce/Sm)n 2.11 4.12 1.86 1.45 0.48 3.57 
(Eu/Yb)n 5.69 10.81 1.9 5.69 5.69 13.59 
Eu/Eu* 0.53 0.31 0.34 0.99 1.05 0.69 
Ce/Ce* 0.55 0.82 0.55 0.67 0.39 0.47 
∑REE 23.4 98.29 33.56 11.12 7.21 114.38 
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  ôîLLÉ,1)   )ìLLÉĀí x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ½¹ ¢ĊîLLÆĉ½vÿ ðþLLÆýwí ½¹ ¡v¾ĊĊâ£ ćwă½v¹ĀúýA 5REE+Y-5O2P  $-Al; Marchig et al., 1982

bassam and Magna, 2018  I#B  5Eu/Eu*chondrite-3O2Al  $Lawrence et al., 2006#I  C  ćwLăĀòõv 5REE+Y  ówLù¾ý ¢Lĉ½ºLþí wLz āºLLLLÉ

$Boynton, 1985# ÿ Dówù¾ý xwĊúí ¾ÍwþÝ ćwăĀòõv 5ā½wé Ă¤ÅĀ~ I¢ĉ½ºþí wz āºÉ$ Ĉĉđwz ćvTaylor and McLennan, 1995# 
Fig. 16. Variation diagrams in variscite ores at Koushk Zn-Pb deposit. A: P2O5-REE+Y (Marchig et al., 1982; Al-bassam 

and Magna, 2018), B: Al2O3-Eu/Eu*chondrite (Lawrence et al., 2006), C: chondrite normalized REE+Y patterns 

(Boynton, 1985), and D: chondrite normalized Trace elements patterns upper continental crust (Taylor and McLennan, 

1995) 

 
ôĊö´£ ÿ ĂĉÀ¬£ĂLLÅ ½v¹Āúý ćwăĈĉw£ P-Al-Fe   ówLLÎ£v ¹vº¤ùv ½¹ v½

¢ĊîLÆĉ½vÿ(  Ĉù ûwLÊý ¢Ċòý¾¤LÅv ôùwí ºùw« óĀö´ù ìĉ Ăí ºă¹

Ĉù ¹wĄþÊĊ~ v½ ĈĉwĄ¤ýv ćwÒÝv üĊzºþí  $Acevedo et al., 2021)#  

 ÿ Ĉ~ĀîLÅÿ¾îĊù ¢åwz ÛĀþ£üĊù¿ ĈĉwLÅwþLÉ ûwîùv IðþLÆýwí ĈúĊLÉ

ĂLýv¹ üĊz øĊê¤LLLÆù ĂLÖzv½ðLþLLLÅ ÿ wLă  ¹½Āù ćwLăĈLLLÅ½¾z   øăv¾å v½

ĈùºLþí.  ôLîLLLÉ Ôĉv¾LLLÉ wLz ĂLÖzv½ üĉv  xĀLLLÅ½ èĉ¾Õ ¿v ć¾Ċñ

¡wæLÆå ¾ĉwLÅ ÿ ¢ĊîLÆĉ½vÿĈĉwLÅwþLÉ ćwă ¾òýwĊz Ăí ¢LÅv Ô{£¾ù āºLÉ

ĈýwíĂö³¾ùºþ¯ ć¿wLÅûwLÊý ÿ ¢LÅv ćvāºþă¹ ¾å v ÿ óĒ´ýv ćwăºþĉ

ĈîĉÀĊå Ôĉv¾LÉ Ăz Ă«Ā£ wz ¹º¬ù xĀLÅ½(  ¾å ¾z øíw³ ĈĉwĊúĊLÉ v ºþĉ

¢LÅv ôĊîLÊ£. ĂLÊêý Iüĉv ¾z āÿĒÝ  ć¾LÎþÝ ćwăĀ£¾~ $ Äîĉv  ôîLÉ

3#I ćvĀ¤´ù ½¹ v½ Ĉ£v¾ĊĊâ£ PI Al ÿFe  Ĉù ûwLLLÊý  ĈõvĀ£ Ăí ºþă¹

ĈĉwLLLÅwþLLLÉ xĀLLLÅ½ āºLLLÉĄýjĂýv¹ ½¹ wðþLLLÅ ÿ wăĂĉÀ¬£ ćwă   ÿ

ôLĊö´£¢LLLÅv è{Öþù āºLLLÉ.  Ĉù ûwLLLÊý ºLăvĀLLLÉ üĉv ĂLúă ĂLí ºLă¹

ðþLLÅ  ¹½Āù ìLLÉĀí ćwăĈLLÅ½¾z  ¾å ¢´£ vüĊù¿ ćwăºþĉ  ĈLLÅwþLLÉ
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āºLLLÉ ôLĊîLLLÊ£ ĂzwLLLÊù ĈÖĊ´ù Ôĉv¾LLLÉ ½¹ ÿ ûwLLLÆîĉºýv.  ¾å v ºLþĉ

Ĉ£wæLÆå¢ĊîLÆĉ½vÿ ćv¾z ûºLÉ  wz wăĈýwí Ów{£½v ìĉ Ëw· ĈLÅwþLÉ

¢LÅv āv¾úă  $Díaz-Acha et al., 2019)#   ¾ĉwLÅ ¹½ ûwîùv ¾ùv üĉv

ÔĊ´ù¾å ºþýwù I¢ĊîLLÆĉ½vÿ ôĊîLLÊ£ ćwă v  ½¹ ìĊýÁ¾~ĀLLÅ ćwăºþĉ

ðþÅĈù øăv¾å v½ ĈÅ½ ćwăºþí $Díaz-Acha et al., 2019 )# 

 

ûwĊù½wzówĊÅ ćwă 
ĈÅ½¾zćwă  ðþÅć½wòý 

ĈÅ½¾zćwă  ðþÅ ćÿ½ ¾z ¾Ċñ½¹ ¡đwĊÅ ć¾¤ùĀù¾£ÿ¾îĊù ÿ ć½wòý

÷w¬ýv ¢ĊLÆöí ÿ À£½vĀí Ĉýwíÿ¹$ ºLÉ  ôîLÉ,2   ÿ óÿº«2)#   ¾¤LÊĊz

 ðLþLLLÆýwLí wLz Ô{£¾ù ¢LĊLLLÆöí ÿ À£½vĀí ½¹ ĂLĊõÿv ¾Ċñ½¹ ¡đwLĊLLLÅ

Ĉz w£ ¹¾ñ I¢ĊîLÆĉ½vÿĂöĊù ¡wéÿv Ĉăwñ IôîLÉ ÿ ºþ¤LÆă ôîLÉ ćv

 ½w§j wĄýj ¿v Ĉ·¾z ½¹ë¿wýĈñºLLLÉ  Ĉù āºĉ¹  ā¿vºýv )¹ĀLLLÉ¾¤LLLÊĊz  

  ¿v ¾Ċñ½¹ ¡đwLĊLLLÅ0    wL£0+  )¢LLLLÅv ¾Ċâ¤ù ûÿ¾îĊù  ĂLÝĀú¬ù ćwLă

¾Ċñ½¹ ¡đwĊLÅ ûwĊù ôùwLÉāºLÉ ôĊîLÊ£ ¿wå ºþ¯ ¿v ówĊLÅ ćwă½wz  ºýv

  ûvĀþÝ ĂLz Ä~ üĉv ¿v ĂLíûwLĊùć½ĀözºLþ¯ ćwLă½wLz  Ĉù āºLĊùwLý  ºLýĀLLLÉ

$  ôîLLÉ,2(A)# ûwĊù Ĉýwí ìĉ ÿ ½w¸z IÜĉwù ćÿw³ ówĊLLÅ ćwă½wz

õwLă ¾¤·¹ā½vĀĉ¹ ĂLz ĂLí ºLþ¤LLLÆă #ãwLæLLLÉ wLĉ ¡wLù ćwLă½Āöz$ ¢LĊ ćwLă

ûwĊùĈù ¹vº¤ùv ô·v¹ ¢úLLLÅ Ăz w¬ýj ¿v ÿ āºĊ{LLLÆ¯ ówĊLLLÅ ½wz ºþzwĉ

$  ôîLLÉ,2(AûwĊù )# ½wþí ½¹ ĂLLÊĊúă À£½vĀí ½¹ ć½Āözºþ¯ ćwă½wz

ûwLĊùĂLÝĀú¬ù ½¹ ÜĉwLù ćwLă½wLzøă ćwLăĈù µ½ üLLLÅ  ÿ ºLþă¹yLöáv   ¿v

Ăýv¹ ć½Āöz ¡vºùw«ĂöĊù ÿ ćvāºLÉ ôĊîLÊ£ ôîLÉ ćvºýv $  ôîLÉ,2 (

A#.  ûwLĊù ĂLLLÅ ¹Ā«ÿ ½¹ ć½ĀözºLþ¯ ćwLă¿wLå ÿ ½wĻ z IÜĉwLù IvÀ¬ù ½wLz

ĂÝĀú¬ù ûwúăøă û¹w¤åv ÷v¹ Ăz ¾z ĈþLLÉÿ½ āvĀñ IwăwĄýj ûwù¿¢LLÅ) 

ìLúýìLúý ûvĀþÝ ĂLz ¢LĉĀöĊLLLÅ ÿ ¢LĊõwLă ôLùwLLLÉ ćºLĉ¾öí ćwLăćwLă  

$ ºþ¤Æă yõwá ôîÉ,2(A#. 

ûwĊù üĉvì£ wă½wzĂLÅ ÿ ¿wåÿ¹ I¿wåĈù ÿ ºþ¤LÆă ¿wåj ûvĀ£ý Ăz v½ wĄ1 

øĊÆê£ āÿ¾ñ¿v ºþ£½w{Ý Ăí ¹¾í: 

ÛĀý:A  ĂLLÅÜĉwù ¿wå( ½w¸z(  $ ºùw«L+V+S¢Ċõwă 5ºùw« ¿wå$ # ҕ

Ĉýwí ¡wù# $  ôîÉ,2(A#. 

 ÛĀý:B Üĉwù ¿wåÿ¹( Üĉwù ¿v Ĉþá ½w¸z L+V $  ôîÉ,2(A  w£H#. 

 ÛĀý:C ½w¸z ¿wåÿ¹( ½w¸z ¿v Ĉþá Üĉwù V+L $  ôîÉ,2(A  w£H#. 

  ÛĀLLýDûwLLĊLLù 5  ćÿwLL³ ĈLLÞLLĉwLLù ÿ¹ ćwLLă½wLLzCO2  ½wLL¸LLz ÿ( 

 2O+LCO2LH ÛĀLý üLĉv ½¹ I#¢LLĉ¾L£ĒLí ôLLĊLîLLLÊ£ wLLz āv¾LúLă$

ûwĊù ćÿw³ Üĉwù ćwă¿wå ówĊÅ ćwă½wzCO2+H2O  ÿ ºý½v¹ ½ĀÒ³

  ëºLýv ½ĀLLLÒ³CO2  Ĉù ¦LÝwLz xj ½¹ ºLþĉv¾å ĈÕ ½¹ ĂLí ¹ĀLLLÉ

  ć¾Ċñ ā¿vºLýv ÿ ¹wLú¬ývTm-ice    ÿCO2    ôLĊîLLLÊ£ ¡½ĀLLLÍ ĂLz

ÿ ¹ĀLLLÉ āºLĉ¹ ¢Lĉ¾£Ēí  ā¿vºLýv ¦LÝwLz  ćv¾z ¢L{¨ù ¾ĉ¹wLêù ć¾ĊñTm  

¹ĀÉ  $  ôîÉ,2(A#. 

 ÛĀýEì£ 5$ Üĉwù ¿wåL# $  ôîÉ,2(F  w£H# 

 ÛĀý:F ì£$ ½w¸z ¿wåV# $  ôîÉ,2(F  w£I# 

ówL·¹v  ÛvĀýv ówLĊLLLÅ ćwLăB    ÿC  À£½vĀí ½¹ v½ Ĉývÿv¾å üĉ¾¤LLLÊĊz   ÿ

 ¹½Āù ¢ĊLLÆöíĈLLÅ½¾z   üĉv ½¹ )ºý½v¹ÈăÿÂ~ ÛĀý ¾Ċñ½¹ ¡đwĊLLÅ I

B   ÿC  ¢´£ĈÅ½¾zćwă )ºþ¤å¾ñ ½v¾é ć¾¤ùĀù¾£ÿ¾îĊù 

 

ûwĊù Ĉ¬þÅwù¹Àĉ½ówĊÅ ćwă½wz 
ĈÅ½¾zćwă  ĈÊĉwù¾Å 

ĂLö³¾ù üĉv ½¹I  ûwLĊù ćwù¹ ºùw« ¢õw³ Ăz wă¿wå ôùwí ¹wLú¬ýv w£ wă½wz

Èăwí$ ºÉ ā¹v¹üĉ¾¤úí  ā¿vºýv ćwù¹  ć¾Ċñ,4+(  Ĉ¤ýwÅ Ă«½¹ ¹v¾ñ

¢LLLLÅv  #ÿ  Ä LLLÅ  wLz  ÷¾ñû¹¾í  I¹ºL¬ù   xÿ» ĂLö³¾ù ½¹ ¡v¾ĊĊâ£

¢{§ºLLLÉ$ ìĊ¤îĊ£Āĉ ćwù¹ )eT#I  Ăí ¢LLLÅv Ĉýwù¿ Ăz ÓĀz¾ù ćwù¹

Ĉù ºLĉºL~ ÜĉwLù ā¾Öé üĊ¤LLLÆ¸ýûĀĊ£wLí ûvÀĊù ĂLz ûj ½vºLêù ÿ ºLĉj  ćwLă

ô³ ćv¾z ìĊ¤î£Āĉ ĂÖêý )¢LÅv Ă¤LÆzvÿ ówĊLÅ ½¹ āºLÉĂýwùwLÅ  Ìõw· 

  ¿v ôLLîLLLLÊ¤LLùO2NaCl+H    ó¹wLLÞLLùC°  3*-+(Te<    ¢LLLLÅv

$Jones et al., 1992-Williams#.   v ĂLLz ĂLL«ĀL£ wLLz  ĂLLîLþLĉeT 

ûwĊù ćwă½wzÛĀý B   ÿC üĊĉw~  ¿v ¾£3*-+(  Ĉ¤ýwLLLÅ Ă«½¹ ¹v¾ñ$.3(  

  w£0*.+(    #ÃĀĊLÆöĊLÅ Ă«½¹  ¢LÅv$  ôîLÉ,3(A# üĉv¾zwþz INaCl   ÿ

ìúý ¾ĉwLLÅ ºþýwù wăKCl   ÿ4NaSO   ¢LLÅv üîúùĂýwí ówĊLLÅ ½¹  v¿

$ ºþLÉwz Ă¤LÉv¹½ĀLÒ³  ôîLÉ,3(F  #$Williams-Jones et al., 

1992#.  wLz  Ĉù ºLĉºL~wLý ¶ĉ ćwLă½Āöz üĉ¾·j IwLù¹ ÈĉvÀåv ½¹ )ºLýĀLLLÉ

ûwLĊùÛĀý ćwLă½wLz B   ÿCI   ¶ĉ ĂLÞÖé üĉ¾·j xÿ» ¡v¾ĊĊâ£ ĂLþùv¹

$mT£½vĀí Ĉýwí ½¹ #À  ¿v ¢ĊLLÆöí ÿ ,1(  w£ /( Ĉ¤ýwLLÅ Ă«½¹ ¹v¾ñ
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¢LÅv  $  ôîLÉ,3(BĂö³¾ù üĉv ½¹ )#I  ûwĊù ½¹ Ĉýwí wz Ô{£¾ù ćwă½wz

ûwĊù ½¹ ¢ĉ¾£Ēí IÀ£½vĀí  ćwă½wzL+V ôĊîÊ£ºÉ   ûvÀĊù üĉv¾zwþz ÿ

2CO   ¿v ¾¤LÊĊz2*- üĊú¸£ Ĉý¿ÿ ºLÍ½¹Ĉù ā¹¿$ ¹ĀLÉFan et al., 

2000)#    ćwLù¹Tm-CO2    üĊz04(    wL£0-(  ¾Ċâ¤ù    ÿ ¢LLLLÅvTm  

  ¢ĉ¾£Ēí/    w£0*4  $ ¢LLLÅv  ôîLLLÉ,3(C    ÿD )#  üĉ¾·j ÃwLLLÅv ¾z

¢{§ ćwù¹$ ¶ĉ xÿ» ĈÕ āºLLLÉmTĈù I# ÛĀý ÿ ć½ĀLLLÉ ûvÀĊù ûvĀ£

ô³ ìúýüĊĊÞ£ v½ ówĊLLÅ ìĉ ½¹ āºLLÉ¹¾í  $Shepherd et al., 

1985# ā¿vºýv ćwăwù¹ûwĊù ½¹ āºLLÉ ć¾Ċñ ¹½Āù ćwă½wzĈLLÅ½¾z   Ăz

ó¹wÞù$ ć½ĀLÉ üĉ¾¤LÊĊz wz yĊ£¾£ 21*,4  #÷wÞÕ ìúý Ĉý¿ÿ ºLÍ½¹

  ó¹wLÞù$ ć½ĀLLLÉ ûvÀĊù üĉ¾¤úí ÿ14*0    #÷wLÞÕ ìLúý Ĉý¿ÿ ºLLLÍ½¹

$ ºLý½v¹ ĈývĀ¸úă  ôLîLLLÉ,3(EûwLĊù )#ÛĀý ówLĊLLLÅ ćwLă½wLz  B    ÿC  

 üĊz ć½ĀLLÉ ćv½v¹14*0    w£21*,4   ÷wÞÕ ìúý ó¹wÞù Ĉý¿ÿ ºLLÍ½¹

$ ºþ¤Æă ôîÉ,3(F)# 

 

 

  ôîLÉ,2) ûwĊùÀ£½vĀí Ĉýwí ½¹ ówĊLÅ ćwă½wz  $¢úLÆé ćwăA  w£E   ÿI# $ ¢ĊLÆöí ÿ¢úLÆé  ćwăF   w£H# èåv wz Ô{£¾ùĈýwí ćwă ½wLÆýwí ½¹ ¢ĊîLÆĉ½vÿ Ĉĉv¿

ìLLLÉĀí x¾LLLÅ ÿ ćÿ½  )AûwLĊù 5ĂLLLÅ ćwLă½wLz$ ć¿wLåLVS$ ÜĉwLù ¿v Ĉþá ć¿wLåÿ¹ I#LV  I#B    wL£DûwLĊù 5  ¿wLå wLz āv¾úă ć¿wLåÿ¹ ćwLă½wLzCO2  IE    wL£H  5

ûwĊùûwĊù ÿ Üĉwù ¿v Ĉþá ć¿wåÿ¹ ćwă½wzì£ ćwă½wz$ Üĉwù ć¿wåL$ ½w¸z ÿ #V# ÿ IûwĊù 5zì£ ćwă½w$¹¾æþù ¡½ĀÍ Ăz ć¿wñ ć¿wåV# 
Fig. 17. Fluid inclusions of the Quartz and calcite mineral associated with variscite mineralization horizons in the Koushk 

Zn-Pb deposit. A: three-phase inclusions (LVS), Liquid-rich two-phase inclusions (LV), B to D: Two-phase inclusions 

with clathrat, E to H: double-phase  liquid inclusions (LV), and one-phase liquid inclusions and one-phase vapor 

inclusions, I: mono-phase vapor inclusions (V)  
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 óÿº«2)   ā¹v¹wù¹Àĉ½ ćwă Ĉ¬þÅûwĊù½wzèåv wz Ô{£¾ù ¢ĊÆöí ÿ À£½vĀí Ĉýwí ówĊÅ ćwăĈýwí ćwăìÉĀí x¾Å ÿ ćÿ½ ½wÆýwí ½¹ ¢ĊîÆĉ½vÿ Ĉĉv¿ 

Table 7. Microthermometric data of fluid inclusions of Quartz and calcite mineral associated with variscite mineralization 

horizons in the Koushk Zn-Pb deposit 
 

No sample 
Rock 

type 

fluid 

inclusion type 
phase Tutec Tice salinity Th V-l 

Tm- 

CO2(°C) 

Tm-

CLATH(°C) 
Density 

1 kh-2 QZ p L-V  -4.5 7.11 219   0.85 

2 kh-2 QZ p +V2+L1L   0.00 244 -52 9.5 0.78 

3 kh-2 QZ p L-V  -10 13.38 188   0.98 

4 kh-2 QZ p L-V -48 
-

11.00 
14.23 180   0.97 

5 kh-2 QZ p L-V  -8 11.41 222   0.92 

6 kh-2 QZ p L-V  -6.9 10.18 260   0.9 

7 kh-2 QZ p L-V -50 -11.2 14.39 191   0.95 

8 kh-2 QZ p L-V  -12.6 15.41 240   0.92 

9 kh-2 QZ p L-V  -4 6.41 278   0.78 

10 kh-2 QZ p L-V  -9.2 12.63 310   0.82 

11 kh-2 QZ p +V2+L1L   0.00 340 -55 4 0.5 

12 kh-2 QZ p L-V  -3.5 5.69 270   0.79 

13 kh-2 QZ p L-V  -6.1 9.21 241   0.88 

14 kh-2 QZ p L-V  -7.8 11.19 236   0.93 

15 kh-2 QZ p +V2+L1L   0.00 247.00 -59 8 0.9 

16 kh-2 QZ p L-V  -10 13.38 268   0.92 

17 kh-2 QZ p L-V  -12.4 15.28 315   0.82 

18 kh-2 QZ p +V2+L1L   0.00 245 -56 6.8 0.79 

19 kh-2 QZ p L-V  -3.9 6.27 229   0.88 

20 kh-2 QZ p L-V  -7.5 10.86 162   0.97 

23 1-WS Cal p L-V  -12 15.96 146   1.02 

24 1-WS Cal p L-V -33.7 -13.5 17.34 165   1.04 

25 1-WS Cal p L-V  -14.6 18.30 170   1.01 

26 1-WS Cal p L-V  -14.9 18.55 136   1.06 

27 1-WS Cal p L-V  -12.6 16.53 153   1.02 

28 1-WS Cal p L-V  -16 19.45 110   1.09 

29 1-WS Cal p L-V  -

12.00 
15.96 193   0.98 

30 1-WS Cal p L-V -30.4 -14.2 17.96 153   1.05 

31 1-WS Cal p L-V  -16.4 19.76 116   1.08 

32 1-WS Cal p L-V  -11.2 15.17 146   1.03 

33 1-WS Cal p L-V  -14.3 18.04 138.0   1.04 
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  ôîLÉ,3)  A5 ûwĊù ½¹ ¶ĉ xÿ» ćwù¹ üĊõÿv ½v¹Āúý ówĊLÅ ćwă½wzÀ£½vĀí Ĉýwí āv¾úă ½¹ ¢ĊLÆöí ÿ   ½wLÆýwí x¾LÅ ÿ ćÿ½ìLÉĀíI :B   xÿ» ćwù¹ ½v¹Āúý

jüĉ¾· I¶ĉ ĂÞÖé:C    ćwù¹CO2  IDI¢ĉ¾£Ēí ôĊîLÊ£ ćwù¹ 5  :E Ăýwí ówĊLÅ ć½ĀLÉ ûvÀĊù ½v¹Āúý¿wLÅ  ÿ :F    ìúý ÛĀý ÿ ½vºêù wz ¶ĉ xÿ» ĂÖêý üĊz ĂÖzv½

ô³ówĊÅ ½¹ āºÉ Ăýwív¿ $Shepherd et al., 1985# 
Fig. 18. A: Melting temperature for the first ice melting of fluid inclusions associated with quartz and calcite mineral in 

the Koushk Zn-Pb deposit, B: Melting temperature for the last ice melting, C: temperature of CO₂, D: Clathrate formation 

temperature, E: Salinity values of the mineralizing fluid, and F: The relationship between the ice melting point and the 

salt type and content in the mineralizing fluid (standard diagrams after Shepherd et al., 1985) 
 

ĈÅ½¾z ćwă ĈÊĉwù¾ñ 

üòúăûwĊù ûºLÉ  Ăz ½w¸z ôĉº{£ wz Üĉwù ¿v Ĉþá ć¿wåÿ¹ ówĊLÅ ćwă½wz
ĂLýĀúý ½¹ ÿ ÜĉwLù  ½wL¸z ĂLz ÜĉwLù ôLĉºL{£ wLz ½wL¸z ¿wLå ¿v Ĉþá ćwLă

¡½ĀÍ$ ¢Åv Ă¤å¾ñüĉ¾¤ÊĊz  ā¿vºýv ćwù¹  āwò¤Å¹ ÔÅĀ£ ć¾Ċñ1++  
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Ĉ¤ýwLLLÅ ĂL«½¹¢LLLÅv ¹v¾ñ  )#¹Ā«ÿ  ûwLĊùćwLă½wLz  ìL£ć¿wLå  ć¿wLñ  ÿ 

üòúăûºLLLÉ ¿wå ½w¸z  Ăz ¿wå Üĉwù ÿ ÀĊý ½ĀLLLÒ³ ûwĊùćwă½wz Ĉþá  ¿v  

I½w¸z  ćºăvĀLÉ  ¿v  āºĉº~ ÈLÉĀ«  ½¹ ĂýwùwLÅ ĈýwíĈĉv¿    ¢ĊîLÆĉ½vÿ

 ½¹ìLLÉĀí ½wLLÆýwíI ûwĊù û¹w¤åv ÷v¹ Ăz ÷wòþă ½¹ Èĉwúý Ăz v½ wă½wz

Ĉùüòúă ćwù¹ ÷v¾ñĀ¤LLLÆĊă ½¹ )ºý½v¼ñ$ ĈñºLLLÉhTāÿ¾ñ I# ćwă

  ¿v Ĉæö¤¸ù Ĉĉwù¹,,+  w£./+ Ĉ¤ýwLÅ Ă«½¹Ĉù āºăwLÊù ¹v¾ñ)ºýĀLÉ 

  Ĉývÿv¾å üĉ¾¤LLLÊĊzTh    ĈĉwLLù¹ ā¹ÿºLL´ù ½¹,/1    wLL£-23   ĂLL«½¹

Ĉ¤ýwLLLLÅûwLĊù ćv¾z ¹v¾ñ  ÛĀý ćwLă½wLzB    ÿC  ¢LåwLĉºLLLLÉ    ¹vºLÞ£ ÿ

  ĈĉwLù¹ ā¹ÿºL´ù wLĄýj ¿v ć¹ÿºL´ù.,+    wL£./+  Ĉ¤ýwLLLÅ ĂL«½¹ ¹v¾ñ

Ĉù ûwLÊý$ ºþă¹  ôîLÉ,4(A )#ûwþ¯  ½¹ ówĊLÅ ć½ĀLÉ ½v¹Āúý ½¹ Ăí

üòúă ćwù¹ ôzwêùûwLÊý ć¿wLÅ ćv¾z ówĊLÅ Ĉõwò¯ I¢LÅv āºLÉ ā¹v¹

ûwLĊù$ ćwLă½wLz14*0      wL£21*,4    ó¹wLÞù Ĉý¿ÿ ºLLLLÍ½¹NaCl üĊz #

gr/cm³  23*+    w£+3*,  Ĉù ¢LLÅ¹ Ăz$ ºĉj ôîLLÉ,4(B  ÿC)#   üĉv

ûwLLÊý ¾ùvĂzv½ĀLLÉ Èêý āºþă¹ĂLLÑĀ³ ćwă  ¡đwĊLLÅ ÓĒ¤·v ÿ ćv

ĈzwLù¾ñ(  ¹ ÔLLLÅĀ¤ù wL£ øí ć½ĀLLLÉ ÿ wLù¹ wLz ćĀ«ĈýwLí ½  Ĉĉv¿

)¢Åv ìÉĀí ½wÆýwí ½¹ ¢ĊîÆĉ½vÿ 

 

 

  ôîLÉ,4)  A5 üòúă ćwù¹ ½v¹ĀúýûwĊù ûºLÉówĊLÅ ćwă½wz  ¹½ĀùĈLÅ½¾z  Ĉýwí Ăz Ô{£¾ù ½¹ ¢ĊîLÆĉ½vÿ Ĉĉv¿ ½wLÆýwí x¾LÅ ÿ ćÿ½ìLÉĀíI :B   ½v¹Āúý

ûwĊù ½¹ Ĉõwò¯ Ĉývÿv¾åówĊÅ ćwă½wz ÿ C ½v¹Āúý 5üòúă ćwù¹ ìĊ£wúÉ$ Ĉõwò¯ üĊĊÞ£ ćv¾z ć½ĀÉ ûºÉWilkinson, 2001# 
Fig. 19. A: Histogram of homogenization temperatures of the studied fluid inclusions associated with variscite 

mineralization in the Koushk Zn-Pb deposit, B: Histogram of density frequency of the fluid inclusions, and C: Schematic 

diagram of homogenization temperature- salinity for density determination (Wilkinson, 2001) 
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  ÔĊ´ù ÛĀý ÿ èúÝ üĊĊÞ£ ½¹ ¢ĊîLÆĉ½vÿ ðþLÆýwí ôĊîLÊ£

ìÉĀí ½wÆýwí 

ćv¾z  ôĊú´£ Ĉĉw¤Æĉv ½wÊå ÿ èúÝ üĊĊÞ£ûwĊù ¾z āºÉ  ¿v IówĊÅ ćwă½wz

÷¾ýÔ· Ĉþ´þù Ăz Ă«Ā£ wz )ºLLÉ ā¹wæ¤LLÅv ðþĊõºù ½vÀåv½wLLÊå üĊ¯( 

üòúă ćwù¹ üĉ¾¤LLÊĊz IèúÝ èúÝ üĉ¾¤LLÊĊz wz ĈñºLLÉ$0++   ÿ ¾¤ù

 ó¹wLÞù,0+   ćwLù¹ üĉ¾¤úí ÿ #½wLLLÊå ½wLzüòúă  üĉ¾¤úí wLz ĈñºLLLÉ

$ èúÝ0+   ó¹wÞù ÿ ¾¤ù-+   #½wLLÊå ½wzüĊĊÞ£ºLLÉĈýwí Iüĉv¾zwþz )  Ĉĉv¿

üĊz çwúÝv ½¹ ìLLÉĀí ½¹ ¢ĊîLLÆĉ½vÿ0+  w£0++    ²ÖLLÅ ¿v ć¾¤ù

¡½ĀLLÍ üĊù¿$ ¢LLÅv Ă¤å¾ñ  ôîLLÉ-+(A)#   ½v¹Āúý ¿v ā¹wæ¤LLÅv wz

ÿ¹w£üòúă ćwù¹ ôzwêù ½¹ ć½ĀLLÉ ĈĉĈù IûºLLÉ  ûvĀ£ ówĊLLÅ mLLÊþù

Ăýwí  Ĉzwĉ¹½ v½ v¿ûwþ¯ J¹¾íĂí  $ ûv½wîúă ÿ ¾öLÆí ĂíKesler et 

al., 2007ā¹¾í ā½wLÉv # Ăîþĉv Ăz Ă«Ā£ wz )ºývyöáv   ¾Ċñ½¹ ¡đwĊLÅ

xĀLLLÅ½ äĊÕ ½¹ćwLLă  ÄíºLLLLÅ    ÿMVT  Ĉù ½v¾é  ½¹ IºLLý¾Ċñ

¾ÚýÈêý ü¤å¾ñ Ĉýwí ½¹ Ĉzwù¾ñ ¡đwĊLLÅ ć¿wLLÅ¢ĊîLLÆĉ½vÿ    ½¹

$ ¢LLÅv ć½ÿ¾LLÑ ìLLÉĀí ½wLLÆýwí  ôîLLÉ-+(B ûvÀĊù ¡v¾ĊĊâ£ )#

ûwĊù ć½ĀLÉ  v½ ¾òĉºîĉ wz ¡đwĊLÅ ÓĒ¤·v ówú¤³v ÀĊý ówĊLÅ ćwă½wz

Ĉù ûwLLÊý¾å ½¹ )ºă¹ v ćwù¹ ÿ ć½ĀLLÉ Ă«½¹ I¡đwĊLLÅ ÓĒ¤·v ºþĉ

ûwLĊùĈù ÈăwLí ówLĊLLLÅ ćwLă½wLz  ¿v ¾¤úí$ ºLzwLĉ-+    Ĉý¿ÿ ºLLLLÍ½¹

%NaClĂ£ ½¹ ĈöùwÝ ¹Ā· Ăí #  ¢LÆLÊý  ¢ĊîLÆĉ½vÿ¢LÅv  ½ĀLÒ³ )

ûwLĊù yLöáv  ćwLă½wLLLÆýwLí āºLý¿wLLLÅ ¡đwLĊLLLÅ ā¹ÿºĹ ù ½¹ wLă½wLz ÛĀý

ÄíºLLÅ  ÿĈù ā½¹ ÛĀýĈLLÅĈLLÅĈ~I   ówĊLLÅ Èêý û¹Āz đwz ĂĊLLÑ¾å

Ĉzwù¾ñ  ĂzvĀLLÉ ÿĂLLÑĀ³ ćwă  ćvĈýwí ôĊîLLÊ£ ½¹ v½  Ĉĉv¿ôú¤´ù ¾£

Ĉù)ºþí Ì¸LÊù ćv¾zĈýwí Ăí ÛĀLÑĀù üĉv û¹¾íĈĉv¿   ¢ĊîLÆĉ½vÿ  

½wLLÆýwí ½¹  ìLLÉĀí ½wLLÆýwí ¿v āÿ¾ñ ÷vºí ½¹ā¹½ wĊý¹ ćwă ćºþz

ĈùûwLĊù ć½ĀLLLÉ ½v¹Āúý I¹ĀLLLÉ ćwLù¹ ôLzwLêù ½¹ ówLĊLLLÅ ćwLă½wLz

üòúăøLÅ½ wĄýj ûºLÉºLÉ $  ôîLÉ-+(D)#   wz ½v¹Āúý üĉv  ¿v ā¹wæ¤LÅv

ā¹v¹$ ½¹ÿ½ ćwăRoedder, 1984$ ûĀLÆþĊîöĉÿ ÿ #Wilkinson, 

2001Ătv½v #āºLÉ  ĈñÂĉÿ Ăz Ă«Ā£ wz )¢LÅvĉwăĈ Ăýwí èúÝ ¾ĊÚý  Ĉĉv¿

  üĊz2+  wL£0++  ûwLĊù óĀúÞù ćwLăºLýÿ½ ÿ ¾¤ù ûvºLĊù ½¹ ówLĊLLLÅ ćwLă½wLz

ć½ĀLLÉ(  ý Ăí wù¹¾å ¿v ĈLLÉw v  ówĊLLÅ óĀ´£ äö¤¸ù ćwăºþĉºþ¤LLÆă  

$  ôîLLÉ-+(CĈù ûwLLÊý I#Ĉýwí Ăí ºă¹  ½wLLÆýwí ½¹ ¢LLÆĉ½vÿ Ĉĉv¿

½¹ ìLÉĀí ā¿wz    ćwù¹,,+   w£./+  Ĉ¤ýwLÅ Ă«½¹¹v¾ñ  ÔLÅĀ¤ù $-,+  

Ĉ¤ýwLLÅ Ă«½¹#¹v¾ñ¢´£ Ixj ÓĒ¤·v ÿ ówĊLLÅ ÈLLÉĀ« ¾Ċ§m£ ćwă

ôĊîÊ£ ćĀ« ÿ Ĉzwù¾ñ āºÉ)¢Åv 

 

¦´z 

½¹wLù ðLþLLLÅ ìLĉ ¹Ā«ÿ  øĊþĊùĀõj ¿v Ĉþá ¾æLLLÆå ÿ  Ĉù ĂLùºLêù ºLývĀ£

Ĉýwí  ¾§v ½¹ øĊþĊùĀõj IìLÉĀí ½wLÆýwí ½¹ )ºLÉwz ¢ĊîLÆĉ½vÿ ć¿wLÅ

  Ĉñ¹¿vĀăôĊLLÉāwĊLLÅ ćwă Ă¤LLÆLLÉ ¿v ¡wæLLÆå ÿ¢ĉ¾æLLÆå ûºLLÉ ćwă

øă wĉ Ĉúĉºé ĈzĀLLÅ½ðþLLÅ ¾LLÎÝ ºý¿wLLÅ Ă£wþz¾í ćwă IĂĊýwÖöLLÅ

Ă¤LLÊĄýĂ¤LLÅĀ~ ½v¹¾æLLÆå ÿ ć¾Ċ¸{£ ćwăº³vÿ wĉ û½wíwĉ¹v ćwă  ½¹ ćv

  »Āæý ¿v ĈLLLÉwý Ĉzwù¾ñ ÿ Ĉĉwúñwù ¡đwĊLLLÅ ÔLLLÅĀ£ ćÀí¾ù ûv¾ĉv

ā¹ĀL£ĂLL¤Lå¾Lñ ôLLîLLLÉ ćºLLĊLtĀL¤LĊLýv¾Lñ ćwLLăºLLýv  $Torab, 2008; 

Hosseini and Rajabzadeh, 2022øLă¾Lz )#  ¡đwLLĊLLLÅ ÈLþLí

  ¿v Ĉþá Ĉzwù¾ñøĊþĊùĀõj  Ĉýwí y{LÅ ¡wæLÆå ÿ  ½¹ ¢ĊîLÆĉ½vÿ Ĉĉv¿

)¢LÅv āºLÉ ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí  Ĉýwí üĉv üĉ¾¤LÊĊz Ĉĉv¿

ôĊLLÅ ÿ āwĊLLÅ ĈöĊLLÉ ćwăº³vÿ ½¹ Ç¾¤LLÆñ ½¹ Ĉ¤ĉ½Āĉ¹ÿ¾îĊù ćwă

ā¹Ā£ ðþLLÆýwí ûÿ¿ wz ĂLLÆĉwêùĂĉđ ÿ ćv¢ĊîLLÆĉ½vÿ )¹½v¹ ćv  ćwă

¡½ĀLLLÍ ÿ¹ Ăz ìLLLÉĀí  Ĉù āºĉ¹ Ĉ£Ā{îþÝ ½w£ ÿ ā¹wLLLÅ ÿ ¹ĀLLLÉ

¢LĊîLLLÆĉ½vÿ¢LĊîLLLÆĉ½vÿ ÿ Ĉ£Ā{îþÝ ½wL£ ćwLă  ûÿ¿ wLz Ô{£¾ù ćwLă

ā¹Ā£ ºĊæõĀÅĈþá üĉ¾¤ÊĊz ćv  ¾ĉ¹wêù ½¹ ĈñºÉ3SO   ûwÊý Ĉù )ºþă¹

¢ĊîLLÆĉ½vÿwă  ā¹¾¤LLÆñ äĊÕ MđĀúÞùðý½ ¿v ćv  Ăöú« ¿v À{LLÅ ćwă

āÀ· À{LÅ IĈýĀ¤ĉ¿ À{LÅ IĈzj Ăz ôĉwù À{LÅ  v½ ºĊæLÅ Ăz ôĉwù Ĉzj ÿ Ićv

Ĉù ûwLÊý  ðý½ ¡v¾ĊĊâ£ )¢LÆĊý èúÝ Ăz Ă¤LÆzvÿ ðý½ ¡v¾ĊĊâ£ )ºă¹

¢ĊîLLÆĉ½vÿ ½¹wă  ìĉ ¿v ĀLLÅøă½¹ ¿v ĈLLÉwý¡wæLLÆå wz ćºLLÉ½ wă

$¢Lĉ½ºLĊLLLÅĀæLLLÆåI  ¢LĊõvºLýv¾í ÿ ¢LĊîLLLÆĉ½vÿwL¤ù¡wLîĊöLLLÅ #  wLă

$õĀtwíĊþĊI¢  ĀõwăĉÀĉ¢¡wæõĀLÅ ÿ #$ wăýĀõjĊI¢   LÅÿ½vÁĊ¢ ¹Ā«ÿ ÿ #

ûwĊù ºþýwù ćºĊæõĀLÅ ćwă¿wå ½w¤·wLÅ ½¹ ¢ĉ¾Ċ~ ÿ ¢ĉ½wæLÅv ćwă½wz

¢ĊîLÆĉ½vÿ  Ĉù ¾ùv üĉv )¢LÅvûwLÅĀý ¹w¬ĉv ¦Ýwz ºývĀ£ćwă    ā¹¾¤LÆñ

ðLý½ ĈþÞĉ IĂLþĊù¿ ÿ¹ ¾ă ½¹ĂLĉwLù  ćvĀ¤´ù ÿ À{LLLÅ ćwLă¾ăwLÙ ĂLz  øí 

 3+Cr )¹ĀÉ
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ôîLÉ -+)A 5 üòúă ćwù¹ ôzwêù ½¹ èúÝ ÿ ½wLÊå ½v¹ĀúýĈýwí ÔĊ´ù üĊĊÞ£ ½¹ ûºLÉ ½¹ ¢ĊîLÆĉ½vÿ ć¿wLÅ½wLÆýwí  x¾LÅ ÿ ćÿ½ìLÉĀíI :B  ¢ĊÞéĀù

ā¹v¹Ăýwí ówĊLLÅ ćwăv¿ üòúă ćwù¹ ôzwêù ½¹ ć½ĀLLÉ ûvÀĊù ½v¹Āúý ½¹ºLLÉ$ ĈñYermacov, 1965#  IC 5üòúă ćwù¹ ½v¹ĀúýûºLLÉ(   üúLLÑ ć½ĀLLÉ

¾åvºLþĉ$ ¾Ċñ½¹ ¡đwLĊLLLÅ ôLùwLî£ äö¤¸ù ćwLăWilkinson, 2001#  ÿ  D5  ā¹v¹ ¢LĊÞéĀùûwLĊù ćwLă  ćwLù¹ ôLzwLêù ½¹ ć½ĀLLLÉ ½v¹Āúý ćÿ½ ¾z ówLĊLLLÅ ½wLz

üòúă$ ûĀÆþĊîöĉÿ ¿v āºÉ Ãw{¤év ½v¹Āúý )ĈñºÉWilkinson, 2001 # 

Fig. 20. A: Pressure and depth versus homogenization temperature in determining the environment of iron mineralization 

in the koushk Zn-Pb deposit, B: Location of the ore-forming fluid data on the diagram of salinity versus homogenization 

temperature (after Yermacov, 1965), C: Location of the plotted data on the homogeneity temperature-salinity diagram 

during the evolution of the involved fluid inclusions (after Wilkinson, 2001), and D: Location of fluid inclusions data on 

the diagram of salinity versus homogenization temperature. the diagram adopted from Wilkinson (2001) 

 
Ĉýwí ½¹ ðý½ ¡v¾ĊĊâ£ I¾òĉ¹ ćĀLÅ ¿v  Ĉæö¤¸ù ćwă½wíÿ¿wLÅ Ăz wă

ºLþýwLù  Ĉýÿ¾¤îõv ćwLă½v¼Lñ  $Nassau, 1978#  ûvºLĊù ćwLă½v¼Lñ I

ðLý½ ¾LLLÍwLþÝ ½¹ ć½Āöz v¿  $Burns, 1993# ¾ĊÚý  Cr  IMn  IFe  I

Co  INiI  Cu  ÿV¾LLLÍwLþÝ üĊz ½wLz ówLê¤ýv I  $Bill and Calas, 

1978; Mattson and Rossman, 1987#    ÀLív¾Lù üLĊLþL°LúLă ÿ

Ìêý ¿v ĈLLÉwý Ĉòý½ć½Āöz Ăî{LLÉ ½¹ ć½w¤·wLLÅ ćwă   ¹½v¹ Ów{£½v

$Krambrock et al., 2007 )#zIów¨ù ûvĀþÝ Ă  ĂLLLÅ ÷ÿ¾í  Ĉ¤Ċå¾Ù

¢LLÊă ¢ĊÞéĀù ½¹ĈĄ«ÿ  $Cr³⁺#   ðý½ ¹w¬ĉv ôùwÝ ¹wĉ¿ ówú¤³v Ăz

¢LÅv ¢ĊîLÆĉ½vÿ À{LÅ $Calas et al., 2005)# üĉv¾zwþz  À{LÅ ðý½ I

ĈÎõw·wý ½ĀÒ³ ¾z āÿĒÝ ¢ĊîÆĉ½vÿ  ðý½$ ć½w¤·wÅ Ĉ{Ċí¾£ ćwă

Ìêý wLLz I#ĂLLýv¹ć½Āöz ćwLLă  óĀîöù Èĉv½j āĀ´ý ÿ  ćwLLă  ½¹ xj

¢ĊîLLÆĉ½vÿ ½w¤·wLLÅ  ¹½v¹ Ów{£½v    ¹w¬ĉv y{LLÅ Ăí¢¸ĉ½ºþ¯ ćwă

¢LLÅv āºLLÉ ¢ĊîLLÆĉ½vÿ äö¤¸ù  ôĊõ¹ Ăz ðý½ ¡v¾ĊĊâ£ üĊþ°úă )

  ¹Ā«ÿºLþĉv¾å  ¹wL¬ĉv ÿ ìLĊ£wLùĀLLLÅwL¤ù ĈþĊLLLÊýwL« ćwLăĂLêÖþùćºLþz    ½¹
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ĈýwLíûwLĄý ćwLăÄõwL~ ÔLLLÅĀ£ ĂLĊõÿv ôL¸ö¸¤ù ÿ ½Āöz  ĈõvĀ¤ù ćwLă

ªĉv½ Ić¾Ċ·m£ ¡đwĊLLÅ  ¢õw³ üĉ¾£¢LLÅv $Díaz-Acha et al., 

2022)#    ìLLÉĀí ¢ĊîLLÆĉ½vÿ ¿v Ĉ·¾z  ¿v ðý½ Ĉ¬ĉ½º£ ¡v¾ĊĊâ£

øí À{Å º³vÿ ìĉ Ăz Ĉ¤ĉ½ºĊÅĀæÆå ć¾¤Æíw· Ă¤Æă ôîÊ¤ù$ ðý½

 ÓĀö¸ù ¿v  ½¹ ÿ #¢ĊîLÆĉ½vÿ wz āv¾úă ¢ĉ½ºĊLÅĀæLÆå R¢Ċ{õwá wz ćwă

ĂĊLÉw³ Ăz ¢ĉwĄýā¾Ċ£ À{LÅ ćwă  vÿ ¢Ċ{õwá wzĈù ûwLÊý ¢ĊîLÆĉ½ )ºă¹

Ăñ½ ¹vº¤ùv ½¹ ðý½ IĂ¬Ċ¤ý ½¹ìă¾ñ ÿ wăwă Ăz   Ĉ¬ĉ½º£ ¡½ĀLLLÍ

Ĉù ¾ĊĊâ£Ĉ~ĀîLLÅÿ¾îĊù ¢åwz ÛĀþ£ )ºþíĈLLÅ½¾z Ićwă üĊù¿ĈúĊLLÉ  

ðþLLÆýwí  ĈLLÅ½¾z ÿûwĊù Ĉ¬þLLÅwù¹Àĉ½ ćwăówĊLLÅ ćwă½wz   ¾òýwĊz

ĈýwíĂö³¾ùºþ¯ ć¿wLÅûwLÊý ÿ ¢LÅv ćv¾å āºþă¹ĉv ÿ óĒ´ýv ćwăºþ

z ¹º¬ù xĀLÅ½ĈîĉÀĊå Ôĉv¾LÉ Ăz Ă«Ā£ w(  ¾å ¾z øíw³ ĈĉwĊúĊLÉ v ºþĉ

¢Åv ôĊîÊ£.   

 

Ă¬Ċ¤ý ć¾Ċñ 

ĈLLLÅ½¾zćwLă  ĈýwLí ¾òýwLĊz Ĉ~ĀîLLLÅÿ¾îĊù ÿ Ĉ~ĀîLLLÅÿ¾íwLù  Ĉĉv¿

Ăñ½ ¡½ĀLLÍ Ăz ìLLÉĀí x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ½¹ ¢ĊîLLÆĉ½vÿ (  

Ă°ñ½ā¹Ā£ ćºĊæõĀLLÅ ðþLLÆýwí ûÿ¿ wz Ô{£¾ù ć½wLLÊ¤ýv ÿ ćv ÿ ćv

ĂLĉđ  ĂLz ÿ ÀĊ¯wLý ¡½ĀLLLÍ ĂLz ćv ûÿ¿ wLz Ô{£¾ù ā¹¾¤LLLÆñ ¡½ĀLLLÍ

ĂĊLÉw³ôĊLÅ ÿ ćv  )¢LÅv Ĉ¤ĉ½Āĉ¹ÿ¾îĊù ćwă¢ĊîLÆĉ½vÿćwă   ¹½Āù

 ĈLLÅ½¾zĂz øă½¹ ¡½ĀLLÍćºLLÉ½    ¿v ĈtÀ« ¾ĉ¹wêù ÿ ¢Ċòý¾¤LLÅv wz

Ĉýwí ¾òĉ¹āÿ¾ñ ćwăºþ¤LLLÆă ¢ĊîLLLÆĉ½vÿw¤ù ÿ ¢ĊîLLLÆĉ½vÿ ćwă) 

ĂýĀúý üĉv ðý½  ¡v¾ĊĊâ£ )¢LÅv ¾Ċâ¤ù À{LÅ w£ üLÉÿ½ Ĉzj ¿v wă½  ðý

  ½¹ĊîÆĉ½vÿ¢øă½¹ ¿v ĈÉwý ìÉĀí ćwă¡wæÆå ¾òĉ¹ wz ćºÉ½ wă

¡wæõĀLÅ I#¢Ċõvºýv¾í ÿ ¢ĉ½ºĊLÅĀæLÆå$  wĉ #¢ĊLÅÿ½w« ÿ ¢ĊýĀõj$ wă

¡wîĊöĊÅ#¢Ċ¤îúÅv ÿ À£½vĀí I¢ĉ¿Āõwă I¢ĊþĊõĀtwí$ wăI    ćwă½v¼ñ

Ĉýÿ¾¤îõv  IðLý½ ¾LLLÍwLþÝ ½¹ ć½Āöz ûvºLĊù ćwLă½v¼Lñ v¿    Ìêý ÿ

  ć½Āöz ½wL¤·wLLLÅĈù ¾ùv üĉv )¢LLLÅv v ¦LÝwLz ºLývĀ£ûwLLLÅĀý ¹wL¬ĉćwLă 

ðLý½ ĈþÞĉ IĂLþĊù¿ ÿ¹ ¾ă ½¹ ā¹¾¤LLLÆñĂLĉwLù  ćvĀ¤´ù ÿ À{LLLÅ ćwLă  ĂLz

¾ăwÙ øí 3+Cr Ăz )¹ĀLLÉ  Ĉù ¾ÚýÀ{LLÅ ðý½ ºLLÅ½    wz ¢ĊîLLÆĉ½vÿ

ĂLLLLÅ ÷ÿ¾í ûĀĉ ¢LÚöá ÈĉvÀåvĈ¤Ċå¾Ù  $Cr³⁺#   )¹½v¹ ÓwL{£½v  ½¹

¢ĊîLLÆĉ½vÿ  QIìLLÉĀí x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ćwăûvÀĊù Cr³⁺  ½¹  

ĂLÆĉwêù wz ¾òĉ¹ ĈýwíĈĉv¿ćwă  ĂzwLÊù wĊý¹ ½¹ üĊĉw~ )¢LÅv  ĂýĀúý Ĉĉwă  

Ăí ćv½v¹  ½vºêù  ć¾¤LÊĊz  ¿v Cr³⁺  Iºþ¤LÆăćv½v¹    ¾£ºĉºLÉ À{LÅ ðý½

ðLý½¾~ ÿ  ć¾£ºLþ¤LLLÆă.    ćv¾z Iüĉv¾zwLþzĂLîýj   ¢LĊæĊí ¢LĊîLLLÆĉ½vÿ

½vºêù ºĉwz IºLÉwz Ă¤LÉv¹ ĂýĀñ¾ăĀñ Cr³⁺   ÓĒ¤·v øĄLÅ ÿ đwz ûj ½¹

Ĉýwí ¾ĉwÅ wzwă  Ăz  āÂĉÿĈýwíāĀĄé w£ ¹½¿ ćwăćvĂĉwù   )ºÉwz øí ½wĊÆz

¢LĊîLLLÆĉ½vÿ ½¹ üăj ÀĊ¯wLý ¾ĉ¹wLêù  wLăĂLz MđwLú¤³v   ¾ĉ¹wLêù ¹Ā«ÿ ôLĊõ¹

)¢LLLÅv ¢Ċòý¾¤LLLÅv Ĉýwí ÀĊ¯wý  ĈLLLÅ½¾züĊù¿ ćwă ćÿ½ ¾z ĈúĊLLLÉ

ôLÆý¢ĊîLÆĉ½vÿ äö¤¸ù ćwă  ù ûwLÊýĈºă¹ ½vÿ ðþLÆýwíĉ LÆĊî ¢  

  ÿ¹ ¿v ìLLLÉĀíāÿ¾ñ  wLú¤ùĉÀ  îLLLÊ£ LĊô5¢LLLÅv āºLLLÉ  óÿv āÿ¾ñ I  

½vÿĉ LÆĊî¢ £ À{LÅ w£ üLÉÿ½ À{LÅĊā¾  LÉ wz Ô{£¾ùĊô  LÅĊāw ¢LÅv v )ĉü 

ĂLýĀúý v½v¹ wLăć  ¾£đwLz ËĀö·ć $ ºLþ¤LLLÆă<1.5% 2SiO  I 3O2Al

~28%  I~43% 5O2P  ¢L{LLLÆý ÿ #Al2O3/P2O5  ¹Àý Lĉì   ĂLz

íĀ¤LLÅv ½vºêùĊ¾¤ùĀć  ½vÿĉ LLÆĊî¢  $00*+    w£10*+ vĀ¤´ù )¢LLÅv #ć 

3SO w~Ċĉü  $,*,    w£1*,  ºLLLÍ½¹ ĂýwLLLÊý #üĉ¾¤úí øă½¹ñºLLLÉ½Ĉ  wz

¡wæõĀLÅ)¢LÅwă  ÷ÿ¹ āÿ¾ñ ôùwLÉ  ½vÿĉ LÆĊî¢wăć  £Ā{îþÝ½w£ À{LÅ Ĉ  

 LLLÉ wLz Ô{£¾ù LĊô   LLLÅ LĊāw  ½vÿ ÿĉ LLLÆ LĊ¢wLăć   wLz Ô{£¾ù üLLLÉÿ½ À{LLLÅ

ùĊ¹ÿ¾îĉ½Āĉ¤¢LLLÅv Ĉ v )ĉü  ĂLýĀúý v½v¹ wLăć  2SiO  $ ¾£đwLz0*-  wL£,*2 

ºLLÍ½¹  I#3O2Al w~Ċĉü¾£ $-/   w£-2  ºLLÍ½¹ ÿ #3SO $ ¾£đwz0*-    w£

-*2  ºLÍ½¹  #øă½¹ ĂýwLÊý Ăí ºþ¤LÆăñºLÉ½Ĉ    ā¹¾¤LÆñwz  ýwíĈwăć 

 LLLÅ½Ĉ õĀtwí$ĊþĊI¢  ĀõwăĉÀĉ¢£wæõĀLLLÅ ÿ #Ĉ  ýĀõj$ĊI¢  LLLÅÿ½vÁĊ¢  #

đwz ¢{LLÆý )¢LLÅvć 5O2P/3O2Al  $2-*10(+*+#  đj ĂýwLLÊýĉÈ  wz

ýwíĈwăć ùĀõjĊ LLLÅĀþĊöĊ£wîĈ  õĀtwí IÃ½$ĊþĊI¢  ĀõwăĉÀĉ¢¢LLLÅv #  I

 ªĉw¤ýXRD  m£Ċĉº  )¢LLÅv yöÖù üĉv āºþþí  ÃwLLÅv ¾zĈLLÅ½¾zćwă 

äĊÕ  ½¹ āºLLLÉ āºLăwLLLÊù ìLĊ~ ¡ºLLLÉ üĉ¾¤LLLÊĊz IûwLùv½ Ĉ¬þLLLÅ

¢ĊîLLÆĉ½vÿ ¹ÿº³ ½¹ Ĉ£Ā{îþÝ ½w£ ćwă,+..  Ĉ¤ýwLLÅ  ¾¤ù ÃĀîÞù  

$cm⁻¹#  ¹ÿº³ ½¹ ¾¤úí ¡ºLLLÉ wz ìĊ~ ÿ¹ ÿ ¢LLLÅv/./    ÿ.03+  

Ĉ¤ýwLLÅ  ¾¤ùÃĀîÞù $cm⁻¹# ¢ĊîLLÆĉ½vÿ ½¹ )¹½v¹ ¹Ā«ÿ  À{LLÅ ćwă

 ÿ ā¹wLLÅ¢ĊîLLÆĉ½vÿ ćwă$ ĈýĀzwLLÍÀ{LLÅ(  øí Ĉzj#ºĊæLLÅ w£ ðý½I 

 ¹ÿº³ ½¹ ìĊ~ ¡ºLÉ üĉ¾¤LÊĊz,+--  Ĉ¤ýwLÅ ¾¤ùÃĀîÞù $cm⁻¹# 

  ¹ÿºL³ ½¹ ¾¤úí ¡ºLLLÉ wLz ìLĊ~ ĂLLLÅ ÿ ¢LLLÅv/--  I0//    ÿ00+  

ĈL¤LýwLLLLÅ  ¾L¤LùÃĀLîLÞLù  $cm⁻¹ ôLLĊLõ¹ ĂLLz ĈLòLúLă ĂLLí ¹½v¹ ¹ĀL«ÿ #
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ÇwÞ£½vćwă  ¡wæLÆå āÿ¾ñ û½wê¤ù ĈLÊLÊí $4PO # ĈýºÞù ¹vĀù ½¹

ÿ āÿ¾ñäĊÕ )ºLþ¤LLLÆă ¢LĊîLLLÆĉ½vÿwL¤ù ÿ ¢LĊîLLLÆĉ½v  ûwLùv½ ćwLă

øă ûw¤LÆîĊ«w£ ÿ ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí ¢ĊîLÆĉ½vÿ  ĈýwLÉĀ~

ôLzwLéìLĊ~ wLz ĈĄ«Ā£  ¹ÿºL³ ½¹ ĈĉwLă--.  I/./  I,+..    ÿ,+--  

Ĉ¤ýwLLLÅĈù ûwLLLÊý ĂLĊýwL§ ¾z ¾¤ù)ºLþă¹  ¾ĉ¹wLêùREE∑  ½¹  ðLþLLLÆýwLí 

¢ĊîLÆĉ½vÿ ÀĊ¯wý ¢LÅv )ćĀòõv  REE+YĈþá I ĈñºLÉSLREE I

  Ĉæþù ć½wL¬þăwLý ÿCe  Ĉù ûwLLLLÊý wLĉ½¹ xj ĂLĊ{LLLÉ wL£  üĊþ¯ )ºLă¹

$ üĊĉw~ wù¹ Ĉzwù¾ñ ¡đwĊLLÅ ¾òýwĊz ¢LLÅv üîúù ćºăvĀLLÉ-++  w£

.++  Ĉ¤ýwLÅ Ă«½¹ #¹v¾ñºLÉwzĈLÅ½¾z )ûwĊù Ĉ¬þLÅwù¹Àĉ½ ćwă ćwă½wz

  ówĊLÅāºþþíºĊĉm£ ¹wĉ Ĉĉwù¹ ā¿wz ÔLÅĀ¤ù w£ øí ć½ĀLÉ )¢LÅv āºLÉ

ûwĊù yöáv¹ ā¿wz IówĊÅ ćwă½wz  Ĉĉwù,,+    w£./+  Ĉ¤ýwÅ Ă«½¹ ÿ ¹v¾ñ

ûwĊù ½ĀLLLÒ³ ćwă½wz ć¿wåÿ¹÷v¹ Ăz èúÝ ÿ Üĉwù ¿wå ¿v Ĉþá Ĉñ¹w¤åv

  ½¹ ówĊLÅ ¿wå0+    w£0++  ¾å Èêý ¾òýwĊz üĊù¿ v ÿ ¡đwĊLÅ ÓĒ¤·v ºþĉ

Ĉýwí ½¹ ¡½v¾³ Ă«½¹ Èăwí)¢Åv Ĉĉv¿ 

 

 Üåwþù Ï½wÞ£ 

®ĊăÔÅĀ£ ĈÞåwþù Ï½wÞ£ ĂýĀñ  ûwĊz ûwñºþÆĉĀýāºÊý  )¢Åv 

 

 

 
 

1. X-Ray Diffraction (XRD) 

2. Barstow   

3. Amatrice 

4. Chlor-utahite 

5. Utahite 

6. Bariandite 

7. Strengite: FePO4.2H2O 

8. Crandallite: CaAl3(PO4)2(OH)5-H2O 

9. Bafq Mining district (BMD) 

10. Proximal 

11. Distal 

12. Zipper basinal rift zones 

13. Bafq-Saghand metallogenic province (BSMP) 

14. Lower Cambrian volcano sedimentary sequence (LCVSS) 

15. SEM 

16. X-ray Probe Microanalysis (XPMA)   

17. Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) 

18. Patch like 

19. Spiderweb Variscite 

20. chromophores 

21. Polymorph 

22. Messbach 

23. Lucin 

24. Polytype 

25. oxidizing acid alteration 

26. Bleached    

27. Intergrowths   

28. Nodules 

29. Light Rare Earth Elements (LREE) 

30. Neking down 

31. Fluid inclusion assemblages )FIA ( 

32. Polycrystalline inclusions 

33. SEDEX type 

34. MVT type   
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