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Extended Abstract 

Introduction  

Modeling mineral potential based on the precise collection and processing of geological, 

geophysical, and satellite data enables us to predict the potential presence of mineral substances 

in a specific area. This process involves constructing complex mathematical models that, 

utilizing machine learning algorithms and thorough data analysis, assist authorities and 

decision-makers in the mining sector. It helps identify mineral-rich zones for optimal extraction 

and manage land resources in the best possible way. Given the diverse geological units present 

in the Saqez sheet, this sheet is considered one of the most promising areas for the formation 

of metallic deposits. The host rock for most Pb-Zn deposits in Iran is sedimentary, known as 

Sedimentary-Hosted Pb-Zn deposits. According to conducted surveys, it has been determined 

that the Pb-Zn mineralization occurring in the Saqez sheet is also of this type. Typically, calcite, 

dolomite, shale, sandstone, and igneous rocks serve as hosts for these deposits. 

 

Materials and Methods 

In this research, the exploratory layers of lithology, dolomite alteration, and geochemical of 

Pb-Zn were used to prepare a map of the prediction of Pb-Zn mineralization in the turpentine 

sheet. Utilizing the singularity technique on sediments stream, using various exploratory layers 

performing laboratory spectroscopy, and applying the spectral behavior curves obtained on 

Sentinel-2A images in this innovative and creative research. It shows its existence compared 

to another similar research. After fuzzification of exploration layers in GIS software, the 

prediction map of Pb-Zn mineralization was obtained by Fuzzy-Gamma function and gamma 

value of 0.85. The results of XRF and ICP-MS analysis on the discovered Pb-Zn samples 

showed a grade between 3 and 7%, which indicates the correct selection of the studied area and 

the exploratory layers and their correct integration.  
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Further, by conducting laboratory spectroscopy in a dark room with a halogen lamp and 

obtaining the spectral behavior curve of the sphalerite mineral related to the samples of the 

study area, the SAM matching algorithm was applied to the Sentinel-2A satellite images. 

 

Results and Discussion 

According to the Pb-Zn mineralization prediction map of the Saqez sheet, this map is classified 

into four categories of low, moderate, high, and extreme mineralization potential. It is evident 

from this map that the northern, central, and southeastern regions have the highest potential for 

Pb-Zn mineralization. Upon examining the topography and road identification of the Saqez 

sheet, six areas were selected for exploratory drilling of Pb-Zn. Samples were collected for 

analysis and validation of identified points. XRF and ICP-MS analysis results indicated that 

the total Pb-Zn content ranged from 2 to 7% and 70,000 to 20,000 ppm. Finally, high-grade 

Pb-Zn samples were selected for petrographic examination. Petrographic studies revealed that 

minerals such as sphalerite, galena, and pyrite were predominant in the collected samples, with 

their texture filling the pore spaces. Specifically, sphalerite replaced galena, and galena 

replaced pyrite. 

The results obtained from laboratory spectral analysis and the application of spectral behavior 

curves for sphalerite minerals on Sentinel-2A satellite images were utilized to assess the 

accuracy of the work and identify promising new mineralized areas. By comparing the 

corrected spectra from the laboratory experiments with the USGS spectral library, it was 

determined that the obtained spectral behavior is similar to the USGS spectral library. 

Therefore, the predictive map of Pb-Zn mineralization resulting from the application of spectral 

behavior curves for sphalerite on Sentinel-2A satellite images indicates the correct selection of 

imagery, appropriate spectral analysis, and all processing steps. 

 

Conclusion 

Due to the fact that the host rocks of most Pb-Zn deposits in Iran are of sedimentary origin, the 

first step in modeling the mineral potential of these deposits is to accurately recognize the ore 

deposit type. Based on the evidence and samples observed in the study area, the ore deposit 

type in the study area can be considered as the Irish type. Therefore, based on this, modeling 

and prediction of Pb-Zn mineralization on the one hundred thousand scale map of Saqez were 

carried out according to the Irish type Pb-Zn mineralization. 

After evaluating the Pb-Zn mineral potential map, seven final areas were selected for 

exploration. Based on the exploration conducted in six areas (S1, S2, P, Q-Pb-Zn, Polygon12, 

and Polygon13), samples containing Pb-Zn mineralization were discovered, while Polygon5 

was identified as lacking Pb-Zn mineralization, indicating the reliability of the exploration 

layers and integration method. XRF and Aqua Regia analysis results showed that the 

discovered Pb-Zn samples had grades ranging from two to seven percent, indicating economic-

grade content for these metals. 
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$ ºÉwzRoedder, 1971óºù )# ĂĊĄ£ ćv¾z IĈýºÞù ¾ĉw·» ćwă

ĂþĉÀă Èăwí ÿ ć¾Úý xĀ¯½wĄ¯ ë½vº£ ÿ ¡wÞõwÖù ½¹ wă

ôĊÆýw¤~  ìúí Ăz ĈýºÞù ĈzwĉGIS  ¢Ċúăv ćv½v¹$ ºývZuo 

et al, 2021 ûj )#ā¹v¹ xw¸¤ýv Ăz wăóºù IwăøĊúÎ£ ÿ ć¿wÅ(

ñ ÿ ºý¹¾ñ ©v¾¸¤Åv ºăwÉ ûvĀþÝ Ăz ¹½vĀù ÷vºí Ăîþĉv ć¾Ċ

øĊúÎ£ ćv¾z üĊþ°úăĀ´ý ć¾Ċñā  û¿ÿ ¢Ċúăv û¹¾í ½v¹

Ĉù ìúí IĈýºÞù ôĊÆýw¤~ ¹½ÿj¾z ½¹ IºăvĀÉ Ĉ{Æý  ºþþí

$Behera et al, 2019)#  Ĉ~ MđĀúÞùĈĉĀ«  ¾ĉw·» ĈýºÞù 

ÔÅĀ£ È¬þÅ ¿v ½ÿ¹ wz ðþÅ ĈĉwÅwþÉwă ÿ Ĉýwí ćwă 

ĈÎ·wÉ Ăí Ô{£¾ù wz ā¾Ċ·» ĈÍw· ÷w¬ýv Iºþ¤Æă Ĉù(

É¹Ā Ăí ½¹ ĂÆĉwêù wz ĈõwùĀýj ćwă ĈĉwĊúĊÉĀtÁ  wĉ

ĈîĉÀĊåĀtÁ ¿v wĄýj wz ûvĀþÝ ĈõwùĀýj ćwă ĈîĉÁĀõĀ¤Ċõ ¹wĉ 

Ĉù$ ¹ĀÉNwaila, 2022āºþ¬þÅ )# ćwă È¬þÅ ¿v   ½ÿ¹

  ºþýwúă ĈæĊÕºþ¯Sentinel    ¾ĉÿwÎ£ wz ĂÆĉwêù ½¹ASTER  

ûvĀ£ ¿v ìĊîæ£ Ĉýwîù Ĉĉđwz üĉv )ºþ¤Æă ½v¹½Ā·¾z ĈĉwývĀ£ 

wĄýj v½ Ăz ¢{§ ¡wÝĒÕv Ĉýwîù èĊé¹ ć¾£ ĂÑ½wÝ ¿v ćwă 

²ÖÅ  üĊù¿ ½¹wé ĈùJ¹¿wÅ Ăz  ć½ĀÕ Ăí Ĉù  ºþývĀ£

¡wåĒ¤·v  ì¯Āí ĈæĊÕ v½ ÀĊý ¢{§ ºþþí $Thakur et al, 

2020#  )Ăă¹ ½¹ ôĊõ¹ üĊúă Ăz  ¾Ċ·v ôĉº{£  Ăz  ć½vÀzv  øĄù 

 ćv¾z ĈÅ½¾z ðþÅwă ÿ ĈLýwLí ôLĊLîLÊL£ ćwLăºLþLă¹ā 

$ ¢Åv āºLÉ üLĊLù¿ ²LÖLÅPeyghambari and Zhang, 

2021ā¾Ąz wz Ăõwêù üĉv ½¹ āºÉ ¾í» yõwÖù Ăz Ă«Ā£ wz )#(

ñā¹v¹  ¿v  ć¾ĊüĊù¿  ćwă  5ôùwÉ  Ĉ¬þÅ½ÿ¹  ÿ  ĈÅwþÉ

äĊÕ ÿ ĈúĊÉĀtÁ IćÁĀõĀ¤Ċõ IĈýwÅ¾ñ¹  ĈĉwÅwþÉ Ăz Ĉ¬þÅ

ĂýwíüĊõÿv ćv¾z Ićÿ½ ÿ x¾Å Ĉĉv¿  Ă¤·v¹¾~ ÀêÅ ĂêÖþù ½¹ ½wz

Ĉù )¹ĀÉ 

 

 ĂÞõwÖù ¹½Āù ĂêÖþù 
üĊù¿ĂÞõwÖù ¹½Āù ĂêÖþù ĈÅwþÉ 

 ½¹ ûj øÚÝv È¸z ć¾Ċñ½v¾é ¢öÝ Ăz ÀêÅ Ăé½ÿ ā¹ÿº´ù

þĄ~Ă  ©ºþþÅ  ĈýĀñ¾ñ¹(  ¡wĊÍĀÎ·  ćv½v¹  ûw«¾ĊÅ

Ĉù ĂþĄ~ üĉv ĈîĊýÁĀõw¤ùā¹Ā£ »Āæý ĂêÖþù üĉv ½¹ )ºÉwz ćwă

ûwù¿  Ăz  ÓĀz¾ù  ćºĊtĀ¤Ċýv¾ñ üĉ¾{ùwí¾~  ćwă  $G1#  I

ìĊtÿ¿ÿÀù  $G2 #   ć½wĊÉ¾£ ÿ   $G3#  ðþÅ ô·v¹ Ăz ćwă

 ć½vÿj ÈÉĀ~ ÿ ºĉºÉ ìĊýĀ¤î£ ÀĊý ÿ Ĉúĉºé ĂýĀñ¾ñ¹ (

Ĉù  ìĊtÿ¿Āuõw~  Ă£wþz¾íĈýwí  È¸zºĉĀý  ºývĀ£ ć¿wÅ  ćwă

  āwòý ¿v )ºÉwz ā¹ÿº´ù üĉv ½¹ û½wîÅv ÿ Ĉzwù¾ñ ÛĀý ćÀöå

¢¸ĉ½Ăz Ăí Ăé½ÿ ĈýwĊù èÕwþù ĈÅwþÉðþÅ ¿v āºúÝ ½ĀÕ(

āºùj ºĉº~ ĂÅw£¾í ĈýwÊæÊ£j ÿ ć½vÿj ćwă  ćv½v¹ ºýv

 Ă £ ¡½ĀÍ Ăz øĉĒù Ĉåv¾ñĀ~Ā£øí ćwă  ±ĀÖÅ wz Ûwæ£½v

È¸z )¢Åv ½vĀúă ÈĉwÅ¾åÿ Ĉîăj ćwă   ĂÅw£¾í Ĉ¤ĊùĀõÿ¹

ĀòĊõv ÿ üĉ¾ĉ¿(  Üæ£¾ù èÕwþù ÿ ºý½v¹ üÊ· ÈĉwÅ¾å üÅĀĊù

È¸z ½¹ v½xĀþ« ÿ ĈzĀþ« Ić½ÿw· IĈõwúÉ ćwă  Ăé½ÿ Ĉz¾á

ĈùÈ¸z ÀĊý ć½đwÅ üÆ³ Ĉ¤Ċýv¾ñ ā¹Ā£ )ºþýwÉĀ~  Ĉĉwă

  ½¹ )¢Åv ā¹v¹ ôĊîÊ£ Ăé½ÿ xĀþ« ½¹ v½ üÊ· ÿ Üæ£¾ù

È¸zxĀþ«  ÿ  Ĉé¾É  ćwăðþÅ  Ăí  Ăé½ÿ  Ĉé¾É ćwă

È¸z  ºý½v¹  Ç¾¤Æñ  Ĉúĉºé  ĈýĀñ¾ñ¹  Ĉ¤ÆĊÉ  ćwă

Ă¤ÊĄý Ĉõÿ ºý½v¹ ĈþÊ· ¢{Æý Ăz Ĉåv¾ñĀ~Ā£  ĈöĊÉ ćwă

z v½ ĈúĉĒù Ĉåv¾ñĀ~Ā£ ¾Ąí ºù¿wÅ  ĂĂ £ ¡½ĀÍøí ćwă(

Ĉù ûwÊý Ûwæ£½v  Ĉ¤Ċýv¾ñ ā¹Ā£ ĂêÖþù üĉv ½¹ )ºþă¹G3    ÀĊý

üÊ· Ĉåv¾ñĀ~Ā£ðþÅ Ăz ¢{Æý v½ ć¾£ ûwÊý ûĀùv¾Ċ~ ćwă

Ĉù  ôîÉ$ ºă¹,)#   ½¹ ÀêÅ Ăé½ÿ ā¹ÿº´ù Ić½w¤·wÅ āwòý ¿v

©ºþþÅ ĈýĀñ¾ñ¹ ½vĀý Ĉz¾á ówúÉ ĂĊÉw³( ½¹ ÿ ûw«¾ĊÅ

ĂþĄ~ wz ĂþĄ~ üĉv ĈéĒ£ ô´ù ½¹ ¢êĊê³ ć½w¤·wÅ ćwă

 ćĀ·(¿¾{õv  ÿ  ¹wzwĄù(  v¼õ  )¢Åv  āºÉ  Üévÿ  ûw¬ĉwz½»j

¸ù  ćwăº³vÿ¤  MwÒÞz  Ăé½ÿ  üĉv  ½¹  ¹Ā«Āù  ĈòþÅ  äö

þĄ~ ¡wĊÍĀÎ· Ă  ©ºþþÅ ĂýĀñ¾ñ¹(ðþÅ$ ûw«¾ĊÅ  ćwă

 ¡wĄzwÊ£  ÀĊý  MwÒÞz  ÿ  Ă¤Év¹  v½  #üĉ¾{ùwí¾~  ĂýĀñ¾ñ¹

þĄ~ wz ĈîĉÁĀõĀ¤ĊõĂ  ¿¾{õv(  Ă£wþz¾í ćwăº³vÿ$ ûw¬ĉwz½»j

üĉ¾{ùwí¾~ ć½vÿj( #ìĊtÿ¿ÿÀù ÿ ìĊtÿ¿Āuõw~ Iüĉ¾ĉ¿ üĉ¾{ùwí

Ĉù ûwÊýĂ¤ÊĄý )ºþă¹  w£ üĉ¾ĉ¿ ìĊtÿ¿Āuõw~ Ăz ÓĀz¾ù ćwă

  ÿ Ă¤Évºý ûĀúþ·½ ĂêÖþù ½¹ #¾æĊýĀz¾í w£ üĊÆĉÿ¹½v$ ĈýwĊù

Ă¤ÊĄý¢ĊùĀõÿ¹ ćÿ½ ¾z ûwÆúăwý ¿¾ù wz üĊù¾~ ćwă ćwă

  ĒĊù ºý¿wÅĈúĉºé ćwăº³vÿ wzĈù ćw« ¾£Ă¤ÊĄý )ºý¾Ċñ  ćwă

¢ĊùĀõÿ¹ wz ÷ÿ¹ ûv½ÿ¹ Ăz ÓĀz¾ùĂ¤ÊĄý ÿ Ûÿ¾É Ãwĉ¾£ ćwă(

  ÀêÅ Ăé½ÿ ā¹ÿº´ù ½¹ ĂÅw£¾í ćwă¿wáj¾Å Ăz ÓĀz¾ù ćwă

øÊ¯ ć½ĀÒ³  ÿ ć½vÿj ā½wÆ·½ ćv½v¹ yöáv ÿ ºý½v¹ ¾Ċñ

ðþÅ )ºþ¤Æă ĈýwÊæÊ£jĂ¤ÊĄý ÿ üÅĀtv ĈýwÊÊ£j ćwă ćwă

zvÿ ć½vÿj½»j ûwĉwÉ ûĀúþ·½ ĂêÖþù ûwĉ ½¹ ûj Ăz Ă¤Æ

Ă¤ÊĄý Ăí Ĉõw³ ½¹ Iºý½vºý ĈĄ«Ā£  üÅĀĊùĀòĊõv Ă£wþz¾í ćwă

ĈñÂĉÿ ¾¤ÊĊz ÿ ºý½v¹ ¾ĊòúÊ¯ ć½ĀÒ³ þĄ~ ćwăĂ  ¿¾{õv(

Ĉù ûwÊý v½ ûw¬ĉwz½»j ôîÉ$ ºþă¹, )# 
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 ôîÉ,Êêý 5Ă üĊù¿)ĂÞõwÖù ¹½Āù ĂêÖþù ĈÅwþÉ 

 

Çÿ½ ÿ ¹vĀùwă 

 ôĊÆýw¤~ ½ĀÚþù Ăz ÈăÿÂ~ üĉv ½¹ Ăé½ÿ ½¹ ćÿ½ ÿ x¾Å Ĉzwĉ

Ăĉđ IÀêÅû¿ÿ ¿v Ä~ ĈåwÊ¤ív ćwă èĊæö£ ¾òĉºîĉ wz Ĉă¹

 Ăýwí èÕwþù ÿ ºÉ ÈĊ~ ćÿ½ ÿ x¾Å Ĉĉv¿  ¢ĉwĄý ½¹ )ºÉ ĈþĊz

Ĉ~ ¿v Ä~ĈĉĀ«ĂýĀúý äÊí wz ÿ āºùj ôúÝ Ăz ćwă ćwă

ĂýĀúý üĉv Ićÿ½ ÿ x¾Å ćÿw³ ½wĊÝ¾~  ìĉ½w£ çw£v ½¹ wă

  ½w¤å½ ÿ ºþ¤å¾ñ ½v¾é Èĉwù¿j ¹½Āù Ĉ¬þÅ äĊÕ āwòÊĉwù¿j

Ĉýwí Ăz ÓĀz¾ù ĈæĊÕ  ā¹wĊ~ ćv¾z ÿ Ì¸Êù ¢ĉ¾õwæÅv ć¿wÅ

  ¾ĉÿwÎ£ ćÿ½ ¾zSentinel-2A    ø¤ĉ½Āòõv ¿vSAM    )ºÉ ā¹wæ¤Åv

  ôîÉ$ ¾ĉ¿ ¡½w¯Āöå ½¹ ÈăÿÂ~ ÷w¬ýv ô³v¾ù-  ā¹v¹ ûwÊý #

  )¢Åv āºÉ 

 

 
 ôîÉ-ĂÊêý ĂĊĄ£ ô³v¾ù ¡½w¯Āöå 5ÈĊ~ ćwă)ćÿ½ ÿ x¾Å ĈþĊz 
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 ôîÉ.äĊÕ āwò¤Å¹ 5äĊÕ ºþĉj¾å ÷w¬ýv ÿ ā¹wæ¤Åv ¹½Āù ªþÅ)ìĉ½w£ çw£v ½¹ Ĉ¬þÅ 

 

$ Ĉ¤ĉ½đĀòþĊÅ ìĊþî£Singularity# 

ĉđ û¹¾í øăv¾å ćv¾z ĂÞõwÖù üĉv ½¹Ă   ćÿ½ ÿ x¾Å ĈúĊÉĀtÁ

é½ÿ ½¹Ă  ĂýĀúý ¿v ÀêÅ  Ăăv¾zj ¡wzĀÅ½  ÌĊ¸Ê£ º³ wz ćv 

ppm+1*+    ÿ x¾Å Àöå ćv¾z+3 *+  ppm   Ăí ćÿ½ Àöå ćv¾z

 üĊù¿ ûwù¿wÅ ÔÅĀ£ ĂĊĄ£ ½ĀÊí ĈýºÞù ãwÊ¤ív ÿ ĈÅwþÉ

āºÉ ôîÉ$ ¢Åv āºÉ ā¹wæ¤Åv ºýv/  )# 
 

 
 ôîÉ/Ăăv¾zj ¡wzĀÅ½ ¢ĊÞéĀù 5āºÉ ¢Év¹¾z ćv é½ÿ ½¹Ă  IÀêÅa5  Ix¾Å Àöåb5 )ćÿ½ Àöå 

 

ĉđĂ    ā¹wæ¤Åv wz ÀêÅ Ăé½ÿ ½¹ ćÿ½ ÿ x¾Å ¾ÎþÝ ĈúĊÉĀtÁ

$ Ĉ¤ĉ½đĀòþĊÅ ìĊþî£ ¿vSingularity )ºùj ¢Å¹ Ăz #  

  ¿v ¡vÀöå ¢Úöá û¹¿ üĊú¸£ Ăz ½¹wé Ĉ¤ĉ½đĀòþĊÅ ìĊþîL£

ā¾¬þ~ āºăwÊù èĉ¾Õ ćv¾z )¢Åv øă ½ÿw¬ù ì¯Āí ćwă

ā¾¬þ~ ć¹vºÞ£ ¿v IĈ¤ĉ½đĀòþĊÅ üĊú¸£  wă)i(r    ôîÉ Ăz$

  ćv¾z  #Üz¾ùā¿vºýv¢Úöá  øív¾£  ć¾Ċñ  $C#   ìĉ  óĀ³

ËwL· ¢LĊÞLéĀù  $iZ  # Ĉù ā¹wæ¤Åv$ ¹ĀÉNazarpour et al, 

2022; Jafari et al, 2020ĈõwùĀýj Çÿ½ üĉv )#  üĊz Ăí Ĉĉwă

Ĉù ûwĄþ~ ĂþĊù¿  ±ĒÖÍv Ăz ÿ ºýĀÉWeak Anomaly  

Ĉù āºĊùwý û¿ÿ èĉ¾Õ ¿v üĊþ°úă ÿ ºýĀÉ  āĀĊÉ Ăz Ĉă¹

ĂLöÍwLå ÃĀLîÞù  ,$IDW#  ĈúLý ÌL¸ÊùĈù v½ ºLýĀÉ(

£$  ºþí  ĈĉwÅwþÉ  ºývĀJafari et al, 2021  ½vºêù  )#
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ā¾¬þ~ ćv¾z Ĉ¤ĉ½đĀòþĊÅ øLă ½ÿwLL¬Lù ìL¯ĀLí ćwLă

  ĂÖzv½$ ÃwLÅv¾LLLz,ĈLù ¢LLÅºLLz #$ ºLLĉjLiu and 

Carranza, 20225# 

 ĂÖzv½,# 
X  =  c · Ů (Ŭ -E)   
  ĂÖzv½ ½¹,I  X    I¾ÎþÝ ¢Úöá āºþă¹ ûwÊýc    I¢zw§ ½vºêùŬ  

  IĈ¤ĉ½đĀòþĊÅ Ì·wÉŮ    ÿ āºÉ ówù¾ý ĂöÍwå ā¿vºLývE    ºÞz

 Ĉù  ĈÅºĊöév$  ºÉwzAgterberg, 2012 Ì·wÉ  )#

  ¢æ« wz āºÉ Ç¿v¾z øĊê¤Æù Ô· yĊÉ ¿v Ĉ¤ĉ½đĀòþĊÅ

ā¹v¹  ćwăc    ÿŮ  Ĉù ā¹¿ üĊú¸£ Ĉú¤ĉ½wòõ ½v¹Āúý ½¹  ¹ĀÉ

$Cheng, 2007 )# 

 èÖþù Çÿ½ ć¿wå 

  ćv¾z ½Ā´ù Èýv¹ Çÿ½ ìĉ ûvĀþÝ Ăz ć¿wå èÖþù ć½Āu£

üĊõÿvÔÅĀ£ ½wz  $ ā¹v¿Zadeh, 1965  #)¢Åv āºÉ ¹wĄþÊĊ~    ½¹

 ć½wĊÆz ÜévĀù ĈúýûvĀ£ ½¹ ¹½Āù ¹Āz wĉ ¹Ā{ý  āºĉº~ ĈÍw· 

øĊúÎ£ ć¾Ċñ ¹Āúý ÿ ìĉ üĉv¾zwþz ¿¾ù Ĉ¬ĉ½º£ ¹Ā«ÿ )¹½v¹ 

èÖþù  ć¿wå  øă  ćv½v¹ Ĉĉwă¾òöúÝ ¢Åv Ăí ½¹ øĊúÎ£  

 ć¾Ċñwă ¿v wĄýj ā¹wæ¤Åv Ĉù ć½Āu£ ÃwÅv¾z Çÿ½ üĉv )¹ĀÉ

Ĉù ć¿wå ĂÝĀú¬ùû¿ÿ ûj ½¹ Ăí ºÉwzĂĉđ Ăz Ĉă¹  ćwă

Ăĉđ ¿v ìĉ¾ă ¢Ċúăv ćwþ{ù ¾z ĈåwÊ¤ív ¡ÿwÒé ÃwÅv¾z wă

Ĉù ¡½ĀÍ ÌÎ¸¤ù ûwÅwþÉ½wí$ ¹¾ĉ¼~Hedayat et al, 

2022 Ăz Çÿ½ üĉv ćwþ{ù )#  ā¹v¹ ôĉº{£ ¡½ĀÍ  ć¹ÿ½ÿ ćwă

Ĉ«ÿ¾· Ăz ćwăĀÒÝ ćv¾z ûv¿ÿv Ă{Åw´ù wz āºÉ ówù¾ý ćwă

Ĉù ć¿wå ĂÝĀú¬ù ć½Āu£ ÃwÅv¾z ć¿wå$ ºÉwzZhang et 

al, 2017ôÆîĊ~ ¿v ìĉ ¾ă ćv¾z ć¿wå ĀÒÝ ¾ĉ¹wêù )# ćwă

ĂĉđĂz ĈåwÊ¤ív ćwă    ¾æÍ Ăþùv¹ ½¹ Ă¤ÅĀĊ~ ¾ĉ¹wêù ¡½ĀÍ

Ĉù ìĉ w£ºþÉwz $Abdelkareem and Al-Arifi, 2021  ½¹ )#

  ½v¹wþÞù ôÍvĀå ÃwÅv¾z ć¿wå ćwăĀÒÝ ć¿wå èÖþù ć½Āu£

ĈñÂĉÿ ¿vû¿ÿ äö¤¸ù ćwăĈù Ĉă¹  ¾ă ćv¾z Ăí ºýĀÉ

ĂLLz û¿ÿ ìĉ IĈýwîù ¢ĊÞéĀù wĉ ôÆîĊ~  üLĊLz ËĀLÎL·

ĈLù ā¹v¹ ËwLLÎL¤L·v ìLĉ wL£ ¾LæLÍ$ ¹ĀLÉZhang et 

al, 2017óºù ½¹ )#  ¿v ā¹wæ¤Åv wz ĈýºÞù ôĊÆýw¤~ ć¿wÅ

  yĊí¾£ ćv¾z Ĉývÿv¾å ¹¾z½wí ¾òöúÝ ªþ~ Ić¿wå èÖþù ć½Āu£

Ăĉđ ć¿wå äö¤¸ù ĈåwÊ¤ív ćwă  ôùwÉ Ăí ºý½v¹ āºÉ ć¿wÅ

  ćwă¾òöúÝAND    Ić¿wåOR    Ić¿wåPRODUCT   ć¾{«

  Ić¿wå SUM  ÿ ć¿wå ć¾{«GAMMA  Ĉù ć¿wå  ºþÉwz

$Bonham-Carter, 1994 ć¿wå ¾òöúÝ ¿v ÈăÿÂ~ üĉv ½¹ )#

$ wùwñGAMMA  èzwÖù Ăí #  ĂÖzv½$- Ĉù ûwĊz # ¹½Āù ¹ĀÉ

 5¢Åv Ă¤å¾ñ ½v¾é ā¹wæ¤Åv 

 ĂÖzv½-# 
FCombination = (SUM ć¿wå) ɔ × (PRODUCT  ć¿wå)1-ɔ  

$ wùwñ ć¿wå ¾òöúÝGAMMA ć¿wå ¾òöúÝ ¿v Ĉ{Ċí¾£ I#

$ ć¾{« x¾ÒöÍw³PRODUCT ôÍw³ ć¿wå ¾òöúÝ ÿ #

$ ć¾{« Üú«SUM Ĉù #  ¾¤ùv½w~ ûj ½¹ Ăí ºÉwzɔ    ½¹ #wùwñ$

Ĉù xw¸¤ýv ìĉ w£ ¾æÍ ¹ÿº´ùĂz )¹¹¾ñ  ¾ñv Ăí ć½ĀÕɔ 

$ ć¾{« Üú« ôÍw³ ûwúă yĊí¾£ IºÉwz ìĉ #wùwñ$SUM  #

  ¾ñv ÿ ¹Āz ºăvĀ·ɔ   ćÿwÆù yĊí¾£ IºÉwz ¾æÍ #wùwñ$

$ ć¾{« x¾ÒöÍw³PRODUCT  ÿ ²Ċ´Í xw¸¤ýv )¢Åv #

  Ăýwăwñjɔ  Ĉù ¹Ā«ÿ Ăz Ĉ«ÿ¾· ½¹ Ĉĉwă½vºêù I#wùwñ$  ¹½ÿj

 ÈLLêLLý ÿ ć¿wLå ć¾LL{LL« ÜLLúLL« āºþĉjÀå Èêý Ăí

ĈLù ôLLúLLÝ ûj ½¹ ć¿wLLå ć¾LL{LL« x¾LLÑ āºLþLăwLí(

ĂLLz  v½  ĂLLÝĀLLúLL¬LLù  ôLLí  ÿ  ºLLþLLí    ¢LLõwLL³

ĈLLù ó¹wLLÞLL£üĉv )ºLLýwLLÅ½ ¾¤ùv½w~ Ì¸Êù ºþîĊù Ăí 

½w¤å½ I¾òöúÝ ĈÞévÿ ĂýĀò¯ üĊz   ¢õw³AND    ÿOR   ć¿wå 

¾ĊĊâ£ Çÿ½ ºþí  èÖþù ¾z Ĉþ¤{ù ćwă ÃĒí MđĀúÞù ć¿wå  

Ĉúý ¾Úý ½¹ v½ ÔÅvÿ º³ ćwăÃĒí ÷wú£ ÿ ºý¾Ċñ  ìĉ ćwă

ĉđĂ    üĊz v½ ĈåwÊ¤ív+  øí$  ÿ #ÃĒí üĉ¾£,    üĉ¾¤ÊĊz$

Ç¿½v #ÃĒíĈù ć½v¼ñ Ăí v½ ĈêÕwþù ¢öÝ üĊúă Ăz ºþþí

Ĉù Ĉå¾Þù ĈõwùĀýj ûvĀþÝ Ăzøí Ĉñ¹¾¤Æñ ºþí  ¢{Æý ć¾£

Çÿ½ ¾ĉwÅ Ăz$ ºý½v¹ wăJafari et al, 2021a, b )# 

Ăĉđ èĊæö£ ć¿wå èÖþù Çÿ½ ÔÅĀ£ ĈåwÊ¤ív ćwă 

wz Ç¿½vIìĉ ÿ ¾æÍ üĊz ¾ĉ¹wêù ć½v¼ñ Ăö³¾ù  ć¿wå  ć¿wÅ

ā¹v¹wă ÷w¬ýv  Ĉù)¹¾Ċñ  ćv¾z ôĉº{£  ćwă¾Ċâ¤ù ĈêĊê³ Ăz 

 ćwă¾Ċâ¤ù Ĉýwz¿ MđĀúÞù ÜzvĀ£ ¿v ¢ĉĀÒÝ ā¹wæ¤Åv Ĉù)¹ĀÉ 

ºĉwz Ă«Ā£ ¢Év¹ Ăí ÈĊ~ ¿v  ć¿wå ć¿wÅ ā¹v¹Iwă ½ĀÚþù Ăz 

ûwîùv ôĉº{£ ā¹v¹wă Ăz ¡½ĀÍ ûÿºz º³vÿ ÿ I¹½vºýw¤Åv wz 

¾ĊĊâ£ Ăþùv¹  Ăz wă¾Ċâ¤ù  ā¿wz ¾æÍ ÿ Iìĉ ówù¾ý ć¿wÅ ā¹v¹(

ăw ÷w¬ýv Ĉùóºù )¹¾Ċñā¹v¹ ć¿wÅ  ½¹ ć¿wå ćwăGIS  üĉv 

ûwîùv v½ øăv¾å Ĉù¹¿wÅ Ăí wz ā¹wæ¤Åv ¿v ¡wĊöúÝ 

IĈýwÉĀ úă ôĊö´£ øĊúÎ£ºþ¯ ć¾Ċñ  ā½wĊÞù  ć¿wå v½ 

Ĉ£wĊöúÝ ¹Āúý 

 

ªĉw¤ý ÿ ¦´z 
ĂĉđĈåwÊ¤ív ćwă 

 ćÁĀõĀ¤Ċõ 

  ûv¾ĉv ½¹ ¹Ā«Āù ćÿ½ ÿ x¾Å ćwă½wÆýwí ¾¨ív ûwzÀĊù ðþÅ

Ĉù ĈzĀÅ½ wz ćÿ½ ÿ x¾Å ćwă½wÆýwí ûvĀþÝ wz Ăí ºÉwz

ĈzĀÅ½ ûwzÀĊù ðþÅ  $Sedimentary-Hosted #    Ă¤·wþÉ



 IüĊù¿ Èýv¹ ćwĄÊăÿÂ~ā½ÿ¹  ~øă¹Àýw ā½wúÉ I- I,/+.¡w´æÍ I ,-3(,,-                                                        ć¾æÞ«  ûv½wîúă ÿ     *,-+ 
 

Ĉù  IôĊÉ I¢ĊùĀõÿ¹ I¢ĊÆöí MwùĀúÝ )ºýĀÉĂÅwù ÿ ðþÅ

ðþÅ Ĉù ćÿ½ ÿ x¾Å ¾ĉw·» ûwzÀĊù ć½vÿj½»j ćwă  ½¹ )ºÉwz

  ôîÉ0  Ăýwí Ăí ĂêÖþù ìăj ðþÅ ¿v Ĉĉwúý ÿ x¾Å Ĉĉv¿

 ¢Ċúăv Ăz Ă«Ā£ wz )¢Åv āºÉ ā¹v¹ ûwÊý ā¹w¤åv çwæ£v ½¹ ćÿ½

é½ÿ ½¹ IāºÉ ā¹¾z ÷wý ĈòþÅ ćwăº³vÿ üĉvĂ   ÀêÅ ½vÀăºÎîĉ

Êêý ĈÅ½¾z ÿ üĊù¿ ÷ĀöÝ ûwÅwþÉ½wí ¾Úý è{ÕĂ  üĊù¿  

Ăz ðþÅ ÀêÅ ½vÀă ºÎîĉ Ăé½ÿ ĈÅwþÉ   ¾§où ¢öÝ Ăz yĊ£¾£

  óÿº« èzwÖù ćÿ½ ÿ x¾Å ćwă½wÆýwí ôĊîÊ£ ½¹ û¹Āz, 

 )¢å¾ñ èöÞ£ û¿ÿ 

 

 óÿº«,û¿ÿ 5üĊù¿ ćwăº³vÿ Ăz Ĉă¹Ăýwí Ĉ³vĀý ĈĉwÅwþÉ ćv¾z ĈÅwþÉ)ćÿ½ ÿ x¾Å Ĉĉv¿ 
Classes Lithologies 

1 Other lithologies 
2 Shale, Cretaceous 

3 Dolomite-Limestone, Cretaceous 
4 Limestone-Shale-Sandstone, Jurassic 
5 Limestone, Permian 

 

 
 ôîÉ0Ăýwí ÿ üĊù¾~ ìăj ĈòþÅ º³vÿ 5 )ÀêÅ Ăé½ÿ ½¹ ćÿ½ ÿ x¾Å Ĉĉv¿ 

 

 
 ôîÉ15 ¢Ċõÿv ĂÊêý ćwăº³vÿ ćºþzüĊù¿ÃĒí ÿ ĈÅwþÉ )ûj ćºþz 

 



 ā¹v¹ èĊæö£üĊù¿ ćwăā½vĀăwù ¾ĉÿwÎ£ ÿ ĈÅwþÉ ćvSentinel-2A  ÿASTER                                                             ć¾æÞ«   ÿûv½wîúă      *,-, 
 

ĉđĂ  ĈúĊÉĀtÁ 

÷¾ý ¿v ā¹wæ¤Åv wz IĈ¤ĉ½đĀòþĊÅ Ì·wÉ Çÿ½ ½¹  ½vÀåv

MATLAB ¾zv¾z ûĀ¤Å wz ¾ÖÅ Äĉ¾£wù ìĉ Ĉ¤ĉ½đĀòþĊÅ I

Ĉù ¹w¬ĉv v½ìĉ Ăz v½ ĂÞõwÖù ¹½Āù ĂêÖþù ÿ ºþí Üz¾ù ć¾Å  

øĊÆê£ ì¯Āí ćwăĈù ćºþz  Ä Å ºþí  üĊòýwĊù ¢Úöá

Üz¾ùĈù ¾Úý ½¹ ĈþĊú¸£ ¢Úöá ûvĀþÝ Ăz v½ wă$ ¹¾ĊñJafari 

et al, 2021b; Jafari et al, 2020 đwz ½w§j ¢õw³ üĉv ½¹ )#

Ĉù Ă¤å¾ñ ¾Úý ½¹ ÀĊý ĂêÖþù ¢Å¹ üĊĉw~ ÿ ¢Å¹ ºýĀÉ  )

 Üz¾ù üĉv ºĊõĀ£ Ĉù vºĊ~ Ăùv¹v ½ºêýj ì¯Āí ćwă  Ăz w£ ºþí

 )ºÅ¾z ĂþĊĄz Üz¾ù  $Xiao et al, 2018; Borojerdnia et al, 

2020¿vºýv ćv¾z ë¾´¤ù üĊòýwĊù ¡wĊöúÝ Ä Å )# ā  ā¾¬þ~(

ă  ćw15*15  I17*17  I19*19  I21*21  I23*23    )ºÉ ÷w¬ýv

  ā¾¬þ~ ¿v Ă¤å¾ñ ¡½ĀÍ ¡wÞõwÖù è{Õ19*19  Ăz    ûvĀþÝ

yÅwþù   $ Ĉ¤ĉ½đĀòþĊÅ yĉ¾Ñ üĊĊÞ£ ¢Ą« ā¾¬þ~ üĉ¾£ɻ #

Êêý ÿĂ    ĈúĊÉĀtÁPb-Zn   ½¹ Ăí ¢öÝ üĉv Ăz )ºÉ ā¹wæ¤Åv

  ¹½v¹ ½v¾é üîúù ¢õw³ üĉ¾¤Ąz ½¹ Ĉ¤ĉ½đĀòþĊÅ ā¾¬þ~ üĉv

ĈzĀ· ÿ  ĈùĈõwùĀýj ºývĀ£  üĊþ°úă ÿ äĊÞÑ ÿ ûwĄþ~ ćwă

  ĈĉwÅwþÉ v½ ĂÞõwÖù ¹½Āù ā¹ÿº´ù ½¹ ¢Å¹đwz ćÁĀõĀ¤Ċõ ½w§j

  Ă¤æñ ÃwÅv¾z )ºþí  ðþ¯ Çÿ½ ½¹ óĀúÞù Ăýw¤Åj º³

  Ĉ¤ĉ½đĀòþĊÅ41*,  6ɻ  Ĉù$ ºÉwzCheng, 2007 ÃĒí )# 

ĉđ ćºþzĂ   üĊù¿ Ăz ĈĉwĊúĊÉ  $ ¹wĉ¿ Ăz øí ¿v yĊ£¾£,    w£0 #

  ôîÉ$ ¢Åv āºÉ Ă¤å¾ñ ¾Úý ½¹ ćÿ½ ÿ x¾Å ¡vÀöå ćv¾z

2)# 

 

 
 ôîÉ2Ĉþá ĂÊêý 5 )Ĉ¤ĉ½đĀòþĊÅ ìĊþî£ ÃwÅv¾z ćÿ½ ÿ x¾Å ¡vÀöå ĈñºÉ 

 

 
 ôîÉ3ÃĒí ĂÊêý 5ĊĄ£ ÿ ćÿ½ ÿ x¾Å ¡vÀöå ćºþzĂ Ăĉđ)ĈĉwĊúĊÉĀtÁ ćwă 


