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Ã|ی°q  
س¹Ç  É�, 7, ~y� BØªÁ zËدF 7«ال. سzË ,س� 7وF سا��ار�Ä, J£7 4ر شمال ,�£,�Ç ،F¤�اF �¹د,ÎÇ 4م~ ,x 7اÊ§ارÍاJ 7«ال 

�¶اÍ£ 4,ر 4ر ¹Ç ÌÂ³ËÇدBØªÁ ~Ê 4ر � ¨ �ÇاÊ~ ساÊ7د شمwª  7«الÍا�x .ÌË�t  JلJ£�ÇÏ '4,7شÁ £Î£,ر 4,ر4 35 س� Ìx 4ر xاÊ§ارÍا
Ì� Ìx دÊ4,ر Ãر ¸مده ,7 ش�Ï²س�ل� ، ÌاسÇ و zËشده ,س� س Ã�yª� zË7«ال. س  « ªÇ 4£{Ï{ Æx Kا��§Ê £�4اÂÇ ا� BØªÁ JاÎ|Ëس

~Ç FاªÊ Ìx دÊÏش Ìt4,�~ و 4ر�ا£Ç JاÎ³ح�Ç 4ر �ªÎÊ دهËÍ4 س�, J,.  و ,�ل�� ��Ïy§Ç ،���Ä' ،��ÊÏر�لÏم�ÊÏÇ ،��Ë�ÄÏا�x ،¤ر�,Ïx
سzË 4,ر �ا �دوF وجÌ و }اه ��م¹ات ¾£,��Ï�ÇدJ 4ر 7«ال صÏرت �لÏرÍاJ وجÌ� ��£�q Ì. سÎ|Ëا Ë�§ÍدÉ 7«الxاÎ�ÊاJ ,صل~ 4ر ,�

ا�Ê, £�§xاE سzË �ا ,س�فا4ه ,Í ��£¯ 7م�§�|~ ��Ë¸ Éاص£ و � «�£'Ä~ 7«ال/ �Ë¸ ~��x£� Ã�Ç É��¹اص£ �Ëx,£q .~Ä' ¨ � Ìده ,س�
. ,J �ا Í£ 4و � ¨ 4,رÊد Íم£,Í~ 4و}اNi ÌÊو  Ï°� .Sr ،Pbر 4,رÊد Nbو  Si ،Al ،Ti ،Fe ،K ،Na ،Zn ،Ga ،Zr، Rb 4ر xاÎ�Êا.شد

سBØªÁ zË 4ر ÂÇا�§Ì �ا «ل¶�Îا�Ç Jد,ول جÎا�ª�� ~Ê£ ,س� Ìx س£- و Ãy�Ê �ا ÍاJ 7«ال ~ 4ر ÊمÌÊÏ«ل¶� ,«ل� ¸Ëاص£ ج¤�
~Ë» É�£�ª��~Ç « ªÇ ~{دشدÊÏش .

  

Ãا�Á اي ¯لی|يÅ: ی، البرز شرقی، قشلاقئشناسی، ژئوشیمی، عناصر جز کانی، سنگ زغال
  

  م¬|مه
q¢�£ و ÊاÍم|Ë~ ,س@� Ì@x ,7  ، سzË رس�Ï~ ,ش�¹السzË 7«ال

4و � ¨ 'Ä~ �ا Çاس£,ل و «�£'Ä~ �ا Çا4ه xا�Êا�~ �Ã�yª ش@ده 
 F,¤�Ç 7, ر4,ر ,س@�وÏ@�£� ~�@اسËÇ ~@�5@ا�£ و ,ر97 �£,ر� .

س@Ê zËاش@~ ,4Ï@� ~@Ä' ¨@ � 7ه و  �ماÇ :,Ï� ~Çف�@د 7«ال
­Äا�اÊ F' ~Ä'£�» ¨ � ~@Ä' ¨@ � É�¤|ج@ا� Ìx ا�~ ,س�Î�

سÌ� zË شÃy �اx§@�£ �@£ ج@اJ  شده و q¥ ,7 سÉ��Ï 7«ال
~Ç د@@ÊاÇ .ات@@Ë�£x ،~@@رس Jا@@Î�Êاx ،اÍف�دÄÏ@@ر�¤ ,7 س,Ï@@x ا و@@Í

 ,Asanlou)س@Î|Ëا Ë�@§Íد ÎÇم�£�É ساÊ7د}اÄ'£�» F~ 7«ال
Ê 7, Ì@@x¶@@£ ¾£,و,Ê@@~، ر�@@د,4 و �q@@د,�¨ �@@ا �y@@د�|£  (1991

ص@Ïرت  xا���Ë�ÄÏ و سا�£ xاÎ�Ê@اJ رس@~ �@ÏxÌ,ر�¤، . �Çفاو�Ëد
 �Í@ا ,«ل@� 4,ر,ªËÇ J@و Ë�£x@ات 5ر,ت 'و,ر4Ï� Jه و سÄÏف�دÍا

Ì�ÏÊا�~@Ç Ã�y@ª� ~Ä7«ا JاÎ�,4£Ç 4ر Ìx دÊ,دÊÏ@ش(Merritt, 
�@@£�Ç ،�@@�£�q Éارxاس@�� و xا�Ç 7, �@@�£�qÏyÄ@@د,ول. (1990

 ,.Pinetown et al)سË�@§Í zËدxاÎ�ÊاJ سÄÏف�دJ 4ر 7«ال
سÂ� zË£��اK �اوJ �ماË¸ ~Çاص£ ج@دول �Ë@او�~ 7«ال .(2007

Ìx 4ر � ÎªاÄ' J~ و «�£'�7Ï� ~Ä·   (Swaine, 1990)  ,س�
,Ë¸ ·�7Ï� JÏ|Äاص£ ج¤�~ 4ر Îª � 7, w� £ÍاÊ,.  ~@Ä' Jد شده

 ،Ã�y@@ª� ±�@@حÇ ~ش@@�مÏ�U و JUÏ@@ÄÏ¾رÏÇÏ�U ·ا�@@� ~@@Ä'£�» و
~Ä7«@ا Ã�,£Ç ~دروش�م�Í ش�م~ وÏ�� و �¼��@£,ت Fش@د pH

 ;Christanis et al., 1998) ش~ ,Ë�'£¾ 7@دÍاÄ' J@~ ,س@�Êا
Liu et al., 2001) .  

¸F,ÏË س��Ï، �ا ØyªÇت  سzË و ,س�فا4ه ,xÌ� F' 7ار�£4 7«ال
Çح�³~ }§�£4ه ,�ÄÏ� Ã��Á 7د Í7@�- ,س@�د¹Ç J@دF و �7§�

~Ç Ìx م£,ه ,س�Í C4ر '- و �ا É�|Ëاش� ¾ل¤,ت س�Ê,  د@Ê,Ï�
F,£@@ج� JاÎده و,ر4 'ور4 �§@ار�@@Ê7 4,تÏ@@جÏÇ Ì@@� ,ر J£�¢@@qاÊ .

س@ØyªÇ É�, 7, ~ª � Ìt£{,  zËت Êاش~ ,Ä' ¨@ � 7@~ 7«ال
Çح�Ä'£�» ¨@ � 7, ~³@~  ,س�، ,Çا �§�ارØyªÇ 7, Jت �7§�

�Ë@@ا�£,�É، �£رس@@�ÎاJ . ش@@Ê ~Ç 4Ïاش@@~س@@ÏÇ  zËج@@4Ï 4ر 7«ال
~Êاx ا��~ 7«الËش ªËÇ ،>ÏÊ 7, ~Íو '}ا zËا  �س@Î�Êاx ·�7Ï� و

Ï س@ سË¸ ·�7Ï� JÏ|Ä w� 7, zËاص£ ج¤�~ 4ر 7«الÊÏ|t|~ ,و 
ÌË�£�4 ~³ح�Ç ±�,£ش Ã4ر �حل� (Widodo et al., 2010)  و

 Çح�³@~ ,7 سJÏ �4|£ 4ر �£رس~ و ,ر�7@ا�~ Øy@ªÇت �7§@�
(Swaine, 1990)4£@�{ ر,£@Á Ì@جÏ� 4رÏÇ ار�£4 4,ر4 و �ا�دx.

36°23´�@ا Ç �­@ات ج¼£,¾�@ا�~ س¹Ç BØªÁ zËدF 7«ال
�xل@@Ï@@²35  J£�ÇÏل ش@@£Á~ 4ر  55° 20´¸@@£; ش@@ماÄ~ و 
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¾¹اÎ��ÄاJ ). 1شÃy (جÏË- ش£B شÎ£س�اF '4,7شÁ £Î£,ر 4,ر4 
F¹دÇ 7 سال, F¹دÇ É�, 4ر Jارx 1378  د@�ÄÏ� ش£و< شده و �ا

 �@@É 4ر س@@ال 4ر �@@ال ¾¹ا�Ä@@� ,س@@� Í@@¤,ر Ï�Ç20س@@± 
(Sabbaghi et al., 2003). 7«ال Ãyش Ì� F¹دÇ É�, JاÎ|Ëس

Ì�×ا وÍ w@ªد شمÊ7س@ا ~Êا@�Ç ¨@ � 4ر ~Ä7«@ا JاÎ�@دس¸
 �¶@@اÍ£ 4,ش@@�Ì و ��w@@x >Ï@@Ê 7, £�@@ª ش@@Ï و ¾اÁ@@د }@@ا7 ,س@@�

(Hassaninasab et al., 2006).  É�, شده 4ر Eا�Ê, ¹اتÄ³اÇ
Ì@@Â³ËÇ Ì@@� Ì@@ªÂÊ Ì@@�Î� ÃÇر ¸م@@ده ش@@اÏ@@² É�@@Ç7 ~@@اسËش

100000:1 (Jafarian, 2004)، É�@@Ç7 ¹@@اتÄ³اÇ اس@@~ وËش
�£رس~ xاÎ�ÊاJ  ،(Hassaninasab et al., 2006) ,س� £,ج~

�@§�7 Ì@�ÏÊح�³@~�اÇ (Shamanian et al., 2008) و  ¤@�Ê
 ,Í (Rabbani and Taghipourا �£رس@~ ÇاÇ �@�Íاس@£,ل

2011) ÌË�£�4 ±�,£7«ال و ش Ã�yª� ~³ح�Ç  Ì@ا��Ê ا 4رÎ|Ëس
4ر ,�@É . �اش@د Ç~ (Rabbani et al., 2012),ر BØ@ªÁ 4 7«ال

~Êا@x ا¾�~ و� JاÎ�{vو� ÌÄاÂÇا��~ 7«الË@ش  F¹@دÇ JاÎ|Ë@س
BØªÁ و ÊحÏه ر�د,Ë¸ 4اص£ ج¤�~ ÏÇر4 �£رس~ Á@£,ر }£¾�@Ì و 

Ì� ا���Ê 8ده 4ر�اره ,�£,ت �7§@� �£ ,ساÇ' 4س�  É@�, ~³ح�Ç
  .سÎ|Ëا ,Îµار Ê¶£ شده ,س� 7«ال

  

  ��Á م�ا· ه 
ÃÇشا À�Âح� É�, شده 4ر Eا�Ê, JاÎ4و � ¨ ص@ح£,�~  �£رس�

4ر �£رس@@�ÎاJ ص@@ح£,�~ �@@ا ,�Ê @@ا- . و 'Ç7ا�ª@@|اÍ~ ,س@@�
zËت س,£��¼� Ì�× £� 4Ïم¸ JاÎ�£م�Ê ره و,Ï@�4 zËاس~ سËش

~Êاx ،~�¾ت �ا,£��¼�Ì@�× �Çاس@~ و ¯@ اËش~Ä7«@ا Jا@Í  4ر
ÃÊÏ� Fا و �£وÍ  ½ل� Ç JاÎª � 7, س³ح~ �£رس~ شد و JاÍ47

Ì@ÊÏمÊÌ@@� Jد�@£4,ر@Ç' Ã@م¸ .' JاÎ�@@رس£� ÃÇش@@ا ~Íا|@ªا�Ç7
~Êا@x ،~¾,£{و£�q ¹اتÄ³اÇ�@ش@�م�ا�~ ,س Ì@�¤�� اس@~ وËش .

~Êاx ¹ات �ا¾�~ وÄ³اÇ ~ry@وس£y�Ç EÏس£Ç JاÎروش Ì� ~اسËش
C7اÊ و C7اÊ ·²اÂÇ Jرو £�- �@¾£{ Eا�Ê, ~لÂاس@ا�~ . ص�Ëش

رو9  سzË و �اx§�£ �اصx Ì� F' 7, ÃاÎ�ÊاÏÎ�Ç Jل 4ر 7«ال
 ¥y�, Ï�£q 9,£q)XRD (4و �ا ,س�فا ¥rل��¾ £�ÇÏ�x£ه ,7 �4ف

. �Ïس± ش£x �xاÊ§@ار,Ë�� F@ا�Ê, 4ÏÄ@اE ش@د ÇPW1800دل 
 ,.Bullock et al)سq £� zËا�Ì روy�£Ç, 9@ا�~  ل �اx§�£ 7«ا

2002)Ì�Î� رو9، ,��د, . شد É�, 450ر  É@|مÍ Ì@ÊÏمÊ 7, E£{
Ì@�Î� ¨@Ç ش@د و 4ر  180سzË �ا 5ر,�~ �³Á Ì£ ��¨ ,7  7«ال

س@ا¸� �@Ì  36و  2، ²5/1~ سÇ Ì£�لq Ì~ 4ر Ç Ì@� ~@q@دت 
 JاÇ4 525و  300، �200£��� �ا ~�Êسا Ì4 �@ا  4رج,£{��@§Ê 
 JاÇ4 ¨�,¤¾,5/2 ~�Êسا Ì4رج Ì@Â�Á4 ا  }£,4 4ر@Ç£{ رهÏ@x 4ر

7«ل¶� ,x§�دÍاJ ,صل~ و �£�~ ,Ë¸ 7اص@£ ج¤�@~ ,. 4,4ه شد
 Ã@@@@��ÁRb ،Nb ،V ،Ni ،Pb ،Sr  وBa Ì@@@@ÊÏمÊ 4ر Jا@@@@Í

سzË، �ا²لÌ و �اÌ� £�§x رو9 ¾لÏرساÊ¥ ,ش@y�, Ì¹@¥  7«ال
)XRF ( دلÇ ¥rا ,س�فا4ه ,7 4س�|اه ¾�ل��PW1480  ±@سÏ�

�د �ª �» 4س�|اه �@£,J . ش£x �xاÊ§ار,Ë�� Fا�Ê, 4ÏÄاE شد
JاÍد�§x,TiO2  ،P2O5  وMnO  ،001/0  £س@ا� J,£� ،4رصد
,4Ï@� Eهq~~@q@ 1و �£,Ë¸ Jاص@£ ج¤�@~  4رصد x,01/0§�دÍا 

  .,س�
  

     [Á hv [��سی
  شناسی زمین

��¤ ,�Ä£7 ش£Á~ و,Á@·  سBØªÁ zË 4ر �Ì¯Ï 7«ال¹ÇدF 7«ال
��9Ï@@� BØشËاس@@~ �@@£ ,س@@اÉ�@@Ç7 Ì@@ªÂÊ 8. ش@@ده ,س@@�

(Jafarian, 2004)  ~د�مÁzËو,�د س É�£�ÌË�t FÏمËر� J,
zË@س Ì�× ±سÏ�Ç ا� C7اÊ اتÂ�² ÃÇشا ÌÂ³ËÇ É�, 4ر Ì�¾ا�

س@Ë|~ و ش@�ل~ ÍاÇ JارÊ~، 4وÇ ،~��ÇÏÄاس�ÇÌاyÍ'Ì�× F~ �ا 
9Ï� دÊ7س@�|~  ساÏ�qاÊ ا@� Ì@x �@س, É�@Ê4و É@س Ì@� BØ��

Æ@Í  É@@س Ì@� Cار@�Ç دÊ7س@ا Ì@ا�Ë�£x JاÎ|Ë@س@± سÏ� ��@ش
ÍاÌ�ªÎÊ Ì@x É�Ç£@q J). 1ش�ÊÏ�£x) Ãyف£ Ïqش�ده شده ,س� 

Ì� رÏ² Ì@اسÇ 7, مده¸ Ã�@و ش �@�ÇÏÄ4و ،w@Í' zË@س ،zË@س
Ì� Ì�¾ا� Ã�yª� ÆÍ رÏ² Ì@�¾£{ ر,£Á Cار�Ç دÊ7سا Jش�� �£ رو

zËس JاÍس± و,�دÏ� و ÌË�t 8ا@�£� É@ا �@ا س@y�Ä, دÊ7سا J,
� ¨ qا��Ë~ ساÊ7د ,y�Ä@ا �@ا س@É �£�@اÏq . 8ش�ده شده ,س�

zËس ،Ãاو�~ ,7 ش�Ë� ÃÇشا É�£�7  و Ì�× ±سÏ�Ç ا� C7اÊ wÍ'
Ëx|لJ,£ÇÏ 4روF ساÊ7دJ و � ¨ �ا×�~ 'F ش@اË� ÃÇ@او�~ ,7 

 ،Ãش�zËس� س, ��ÇÏÄو 4و ~��ÇÏÄ4و wÍ' .Ì�ªÎÊ É�, ا �@ا@Í
ÆÍ ~|س�Ï�qاÊارهÁ ات�Ïس± رسÏ� ا  ش��@� w@ªد شمÊ7سا J,

Ê,  47@@د É�£�@@ª�� 7, Ì@@x �@@£وFس@@U Éور,س@@�Ïq wش@@�ده ش@@ده
Ì� 4ه وÏ� ر4,رÏ�£� ÌاسÇ 7, ر ¸مدهÏ²Ãش� ،zËس�ل�س ، zË@س

Ì@@�× É�@@� و ,£ÇÏ@@ل|Ëx ش@@ده ,س@@� و Ã�y@@ª� ~Ä7«@@ا Jا@@Í
(Hassaninasab et al., 2006).  

ساÊ7د شمË�Ç £� wªاJ �¼��£,ت ر�§اره سÌ� ~|Ë سÌ و,�@د 
 É�£�7 و,�د ÃÇشا)Js1 (ÌاسÇ 7, Ãyª�Çس�ل� ،zËو س zË@س
 �Çا ¯@ ا@� Ã500ش�  ~Êا@�Ç و,�@د ،£@�Ç)Js2 ( �Çا ¯@ ا@�

1200 Ãش� ÃÇشا £�Çس�ل� ،Ì@اسÇ ،zËسÌ@�× و zË@س Jا@Í
Ëx £@@�Ç|ل@@Js3 ( 7, Ãy@ª�Ç700  ،,£ÇÏ(7«@اÄ~ و و,�@@د �@@ا×�~ 

ÌاسÇس�, w�yف� Ãا�Á Ãو ش� zËس .،É�� É�, 4ر ~Êا@�Ç و,�د
4,ر,Ët Jد�Ì�× É 7«اÄ~ ,س@� ­�Á, £@¶Ê 7, Ì@x@اÍ, J4م�@� 
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×�@Í6  ÌاJ 7«اÏÇ ~Äج4Ï 4ر ,�É و,�د �ÎË@ا ,Ì�× É�� 7. 4,رÊد
 7, £�ª�� �Çا ¯ J,440,ر ~�Êا سا@ÎÊ' É�£@م�ÎÇ Ìx س�, £�Ç

 �£,ر�@@~و ×�@@�Ç Ì@@�× ،II  Ìل�@@ار Ê Ì@@�IاÎÇ@@ا�Ç Ì@@�× Jل�@@ار 
(Hassaninasab et al., 2006) Eا@Ê Jدش@ده }@¢,ر@Ê, . Æ@Í

J£�Ç ,7 سÉ�Ç7 �³ و ,Ì@�× 7 �600£4,رJ ,7 ¸مÎ� ،FÏËx, À£ه
Ç ل�@@ار�II ~Ç Eا@@�Ê, 7«ال Ì@@x 4Ï@@اص@@��  ش� F' JاÎ|Ë@@س

  .Øqس��J£�ª�� J£�ÇÏ 4,رÊد
  

  سن² شناسی سن² می�[ا½ ز£اµ¯ا¿ی
Ì@�× ره,Ï@�4 zË@صح£,�~، س JاÎسا8 �£رس�, £� ~Ä7«@ا Jا@Í

Ï@x,ر�¤، . سzË ,س@�سzË و ÇاسÌشاË� ÃÇاو�~ ,7 ش�Ã، س�ل�
 Jا@Î�Êاx 7, 7ØxÏ@�UØq و w�@اس�q اتr@لدس¾ ،���Ä' ص@ل~ و,

. xل£��، ��Ïy§Ç و ,�ل�� ,x 7اÎ�ÊاJ ¾£¸~ 4ر ,�É سÎ|Ëاس@�
ÌاسÇ�@ل��Uو 'ر Ì@Ê,4 ±سÏ�Ç ر�¤ �ا JاÎ|Ëس £�@§� zË@ا س@Í
Ì�×~Ç Ã�yª� ,ر ~Ä7«ا JاÍدËÍ4 .ÌاسÇ Ì� اÎ|Ëر ¸مده ,7  سÏ²

Ì@7,و� Jو,ر' Jا@Í¤ر�,Ïx 7ØxÏ@�UØq و w�@اس�q اتr@4,ر، ¾لدس
) Ãy2ش- A (y§Ç ~¸£¾ JاÎ�Êاx و ~@Ê,ل£�@� �@ا ¾£,وx و ��Ï

Í@ا 'ر�Uل�@�. ,Ê@د�Ã�yª ش@ده) B -2شÃy (4رصد  x5م�£ ,7 
Ì� Ì� ~رس JاÎ�Êاx 7, Ãyª�Ç ر ¸مدهÏ² ~@Ç ه ,�ل��vدو�Ë@اش� .

 ~@Ê,و,£¾ J,اه 4,ر{ Ìx ل���, Ãyش ~Ê7Ïس JاÍرÏ4رص@د  �50ل
~Ç ~ry@وس£y�Ç ¹@اتÄ³اÇ Jا@Ë�Ç £@� ،دËاش�) Ãy@2ش- C ( و

XRD اس@@ا�~ ش@@دËش .� zË@@سÌ@@�× £�@@§ J,4,ر ~Ä7«@@ا Jا@@Í
ÌË�Ç× و ~@Ê,و,£¾ Ì@x �@س, ~Ä7«@ا C7اÊ ده و �§�ارËx,£q JاÍ

.}§�£9 �§�ار ÇحدوJ4 4,رÊد
zËس Ì@�× 9Ï@qÌ@اسÇ 7, ~او�@Ë� ÃÇش@ا ~Ä7«@ا Jا@Í ،zË@س
ÌاسÇ ش�ل~ و س�ل� zËاتسr@ر�¤، ¾لدس,Ï@x 7, Ãy@ª�Ç zËس

Ï� Ìx و ,�ل�� ,س� ��Ë�ÄÏا�x ،��Ïy§Ç ،���Ä' ،wاس��q ±@س
Íا، ,�É سÎ|Ëا 4ر �£�~ ,Ê 7مÊ, .ÌÊÏدÌË�Ç7 س�ل�§~ ,�اÌ² شده

ÌË�Ç7 J,4,ر~@Ç Ì@ا�Ë�£x رس@~ و JاÎ�Êاx 7, J, 4ر Ì@x دË@اش�
ÌاسÇ 4ش�ل~ �دو JاÎ|Ë4  15سÏ@� Ì� ,ر zË4رصد ��م~ س

~Ç :د ,��­اËÍ4) Ãy2ش- D .( zËار7 س� JاÎ�{v7 و�, ~y�
ÌË�Ç× 4Ï9 وجÏq@س, ~Ä7«ا Ì�¾ا� �Îج JاÍ �) Ãy@2ش- E (

,Ì� ��§Ê Ìx . ،~@¾£² 7 سzË �§@�£ ¾£,و,J£�@ª�� ~@Ê 4,رÊ@د
 É@Í' JاÍد�@§x, ل�� و�, ،���Ï�� ،��Ïy§Ç ،��£لx JاÎ�Êاx

 J£�ª�� ~Ê,و,£¾ J,4,ر ¤�Ê Ì�ÏÊ4رص@د �10دو4 (�ا ( zË@4ر س
~Ç 9ÏqدËاش� .ÌÊÏمÊ 7, ~�£� 4ر��Ïy@§Ç ،اÍا �م�@ده@Í د@Ê,

) Ãy@@2ش- F (~@@Ç Ì@@x 7, ~@@اشÊ د@@Ê,Ï� Jا@@Íو£�Ê 4£@@yمل¸
É�Ç7 اشد� ÌÂ³ËÇ ارش~ 4رª¾ ~سا��. 

  
 
 
  
  
  
 
  
  

  
  
  
  
  
  
  

  
  

  .(Jafarian, 2004) ج¹ف£�اq ÌªÂÊ 7,Fا�Ì . و F' ��¹ÁÏÇ 4ر ,�£,¹ÇFدBØªÁ F شËاس~ É�Ç7 ÌªÂÊ. 1ش°¶ 
Fig. 1. Geologic map of the Gheshlagh mine and location of it in Iran (after Jafarian, 2004).  
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Ï@x,ر�¤، 7ØxÏ@�UØq و xاÎ�Ê@اJ رس@~ و Ë�£x@ا�~ 4ر  Í .:A@اJ 7«@اÄ~ 4ر ¹Ç@د­�BØ@ªÁ Fاو�£ y�Ç£وسÇ 7, ~ryاسÌ سzË و Ì@�× 9Ïq .2ش°¶ 
ÌاسÇ  ،Éا��q£مx JاÎ|Ëس:BÌÊ,4ÌاسÇ ر�¤ 4ر,Ïx Jو,ر' JاÍÉا��q£مx JاÎ|Ëس.:C  ،Éا��@q £@مx ~ل���Uر' zËس ÌاسÇ م¹ات ,�ل�� 4ر��:D  Ì@Ë�Ç7

ÌاسÇ 4ر Ìا�Ë�£x ÌÊ,4¤م£�ا×، ر�x ~ش�ل JاÎ|Ëس:E ÌË�Ç×ÌاسÇ 4ر ~Ä7«ا JاÍ zËم£�ا×، سx JاÍ:F  ��Ïy§Ç ر �م�دهÏل�) ¥y¸B  JرÏ@�¸ رÏÊ 4ر
Ms  = ،��Ïy§Ç,�ل��،  = 7Ill«ال، =  xCoalل£��، =  xChlل§��، = Cal: ,��­ار,ت).  ,Êد¸اJ4 و سا�£ ¸Î§yا 4ر ÏÊر ¸�ÏرØq Jر�¤ه }£¾�Ì شده

Pl  = ،7ØxÏ�UØqQtz = ¤ر�,Ïx.   
 

Fig. 2. Photomicrographs of the sandstone and coal bearing strata in the Gheshlagh mine. A: quartz, plagioclase, clay 
and carbonate minerals in the footwall sandstones, B: clastic grains of quartz in the footwall sandstones. C: illite 
aggregation in the footwall argillitic sandstones, D: fine grain carbonate groundmass in the hanging-wall shaly 
sandstones, E: coal lamellas in the hanging-wall sandstones, F: bbended muscovite crystal (B in plan ploride light=PPL, 
others in cross ploride light=XPL). Abreviations: Cal=Calcite, Chl=Chlorite, ILL=Illite, Ms=Muscovite, 
Pl=Plagioclase, Qtz=Quartz. 

  
 سن² شناسی ز£اµ¯ا¿ی

~Êا@x JاÎ�@7 �£ ,س@ا8 �£رس, �@�£�qÏyÄاx و �@�£�q ،~@اسËش
~Êاx Jف�دÄÏس JاÍس@�7«@ال, BØ@ªÁ JاÎ|Ë@ا . س@� �@�£�q

4,ر �@ا �@دوF صÏرت �لÏرÍ@اJ وج@Ì 4رصد �Ì 2¾£,و,x ~Êم�£ ,7 
). A -3ش@J,) Ãy ,س@� Ì Ì@tوجÌ 4,ر,J �¶اª¾, £Í@اF و ر}@

��£�q Fدو� JاÍ 4ا ,�¹ا4 �دو� Ì5وج  Fو£@y�Ç) Ãy@3ش- B (
��£�q وÌوج Ìم�Ê JاÍ 4�3@ا  42,ر �ا ,�¹ا  Fو£@y�Ç) Ãy@3ش- 

C ( �4ده~Ç دÊÏش . �@�£�q Jد@��Ï�Ç,£¾ م¹ات�� ،É�, £� وهØ¸
ص@Ïرت  سÎ|ËاBØ@ªÁ J ,س@� y�Ì@� Ì@x~ ,7 و�Î�{vاJ 7«ال
 £³Á ا� Jو£x ده �7ا  ��5م¹اتÍاªÇ Ãا�Á Fو£y�Ç دÊ,) Ãy@ش

3- D.( 
Í@اÏÇ Jج@qÏÄ(Lopez and Ward, 2008)  ��£�q 4Ï¤ و و,ر4

Ì س@�س@Î|Ëا ر, �@£ Ë�Ç@اJ و�Î�{v@اJ �@ا¾�~ �@Ì 4و 44ر 7«ال
Æ@Í ا �اس@�|اه� Jد��Ï�Ç,£¾ ا �اس@�|اه  4,7 و@� Éx£@q Ì¾اy@ش
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4,ر 4ر Í@ا��Ï�Ç,£¾ J@دJ و وج@Ê,. ��£�qÌد x Æ�§Â� 4,7£�4£4ه
 £Íا@¶� J,ش@ده و 4,ر Ã�y@ª� Ì@�Äو, Fر�~ ش@دÏ� دË�'£¾ ~²

Ì�× 4ر Fاª¾,~Ç ~Ä7«ا JاÍ��£�q اÇ, ،دËاش� Ì@وج Fدو@� JاÍ
 Jا�@اÂ� ا �ا�· '�ار وÎÊ' Ãyش Ìx �@ده ,س@Êد�@د 'ورq Fا@Íا�{

 Ì¾اy@و ش ~Ë�ªÊرت جاÏ4و ص Ì� 4ه وÏ� 4,7£�4 اس�|اه� J,4,ر
~@Ç Ã�y@ª� Éx£q دÊÏ@ش(Widodo et al., 2010) . É@�, Ì@�

~Ç ،���£���£�q F,Ï7«ال� Jد��Ï�Ç,£¾ JاÍ BØ@ªÁ JاÎ|Ë@س
ÆÍ >ÏÊ 7, ,ر  JاÍ4,رو�@د Ì@� ,ا رÎÊ' Ã�yª� و �¾£{ £¶Ê 4,7 4ر
~Ä7«ا Ì�Äو, Ê F4,4شد ��§ .��£�q Ì§ا�ÂÇ 4ر Jد��Ï�Ç,£¾ JاÍ
Ìوج >,ÏÊ, ا�Ìوج Ìم�Ê 4,ر �ا@Ç �³@س J,وس@�·�4,ر 4,ر £� J£@�

~@Ç ¨�,¤@¾, ,ا ر@ÎÊ' ¨ا�@§x, و J£|ªËx,3 و£Ê Ìx 4هÏ�4د@Í 

(Weber et al., 2004) .�@@�£�q É@@�, رÏ@@°� £@@¶Ê 7, ا@@Í
Çح�³~ 4,ر,Í, Jم�� �4Ïه و �ا�د 4ر �£رس�ÎاJ �@ا¾�~ و  �7§�
~Êاx4£�{ ر,£Á ÌجÏ� 4رÏÇ ~اسËش.  

xاÌ� ��£�qÏyÄ صÏرت �لÏرÍاJ �دوF وجÌ و �ا ¾£,و,x ~Êم�@£ ,7 
~Ç �4ده ��£�q 4Ï@ش) Ãy@3ش-E .( £Íا@¶� J,4,ر ~Êا@x É@�,

. ,¾ªا4Ï� Fه و }اه ,7 �اش�Ì 4ر �ال ��د�Ïx Ì@� Ãو�Ä@� ,س@�
 Ì@@�ÏÊا� É@@Í' JاÍد�@@§xدرو�Í ا وÍد�@@§x,) Ãy@@3ش- F ( 7,

�اش@@Ëد Ì@@x 4ر Ç 4,7@@~ 4}£س@@اÊ~ �@@£وÎÇFم�@@£�Ç Éح­@@Ï×ت 
Ì�× 47ه و,ÏÍ ~س³ح JاÎÊÏمËر� Ì@� �³@س Ì@� w@�4¤Ê Jا@Í

Éx£q و جاx ~Ë�ªÊاÎ�ÊاJ س@ÄÏف�دJ,  J، شyا¾ÌÌtÌصÏرت ر}
  .�¶اÍ£ 4,رÊد

  
 
 
 
 
 
 

  
  
  
  
  
  
  
  
  
  
  
  
  

 ��Ì Ì@t ،�@�£�q J, :Bم¹ات yÄÏ@q~ و ر}@ ¹Ç BØªÁ .:AدF سÎ|ËاÍJاÏÇ Jج4Ï 4ر 7«الÇاx£وسry~ و y�Ç£وس�q 7, ~qÏy£�� �­او�£.  3ش°¶ 
��£�q ،Ìوج Fدو� JاÍ:C ��£�qÌوج Ìم�Ê JاÍ ،Ìوج F4,ر �ا �دو:D �@�£�q م¹@ات��Jا@Í  ،Jد@��Ï�Ç,£¾:E  ،�@�£�qÏyÄاx:F F,Ï@Ë¸ Ì@� �@ما��Í

Fو£� ~Êل 4}£ساÏح­Ç  ��£�q 4,7)J4اس~ ¸اy¹Ê, رÏÊ او�£ 4ر­� ÌمÍ شده Ì�¾£{دÊ,(.ار,ت­��, :Py = ،��£�qCcp = ،��£�qÏyÄاxHem =ما���Í.
 

Fig. 3. Photo and photomicrographs of pyrite in the Gheshlagh mine coals. A:. fine-grained aggregates and veinlet of 
pyrite, B: anhedral pyrites, C: subhedral to anhedral pyrites, D:. framboidal pyrite, E: chalcopyrite, F: hematite as the 
supergene alteration of pyrite (all photomicrographs taken in reflected light). Abbreviation: Py=Pyrite, 
Ccp=Chalcopyrite, Hem=Hematite. 

 
~Êاx JاÎرو9 �£رس� Ì@� ~@اسËشXRD Ì@ÊÏمÊ Jرو £@� Jا@Í

س@@ªÊ BØ@@ªÁ zË@@اÏ@@°� £|Êر Ï@@x,ر�¤، xا��Ë�ÄÏ@@�، 7«@@ال
س@Î|Ëا ل�ÊÏÇمÏر�ل��Ïy§Ç ،���Ä' ،��ÊÏ و ,�ل�� 4ر ,�É 7«@ا

س@Î|Ëا�Ê4 J@ا، Ï@x,ر�¤  ÍماËÊد سا�£ 7«ال). A -4شÃy (,س� 
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ÌÊÏمÊ ا�~ 4رyس�ل� ~Êاx É�£�Ê,و,£¾  Ì@x س�, Ì¹Ä³اÇ 4رÏÇ JاÍ
~Ç �§د �£ ,�£ شÊ,Ï� ره �@ا و,Ï@�4 zË@ا ,7 سyس@�ل� JÏ@4,7 ش'

4Ïش Ã�yª� ~Íا�{ JاÎ�¾ا ,7 �اyس�ل� Fشد  . Jا@Î�Êاx رÏ°�
~Ç ,ا�~ رyس�ل�ÏË�ÇÏÄ' �§ش Ì� F,Ï� و zË@ا ,7 س@Ë�ÇÏÄ' JÏ@ش

 ��@§Ê اyا س@�ل�@� F' E,Ï@� �ªÎÊ و Jره 4ر ش£,�± ,س�د,Ï�4
4,4(Lopez and Ward, 2008)  .~Êاx ¹@اتÄ³اÇ  £@� ~@اسËش

Ï,ر�¤، س@@Î|ËاBØ@@ªÁ J ��@@اÏ@@°� £|Êر x@@ روJ �اx§@@�£ 7«ال
'��Ïy§Ç ،���Ä، ,�ل�� و Êا�£وجاروس�� و x 4Ï@�Êا��Ë�ÄÏ@� و 

�@@¢x Aا��Ë�ÄÏ@@� و ). B -4ش@@�ÊÏÇ) ÃyمÏر�ل�ÊÏ@@� ,س@@� 
~Ç ,ر £�§x7 �ا, ��ÊÏر�لÏم�ÊÏÇ  ا@Î�Êاx É@�, Jا�د,رqاÊ Ì� F,Ï�

4,4 ��@@§Ê £�@@§xا� Ã�y@@ª� Jا@@Ç4 4ر(Swaine, 1990; 
Lopez and Ward 2008).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
  
  
  
  
  
  
  

سÎ|ËاJ 4ر 7«ال شده xاÎ�ÊاJ شËاسا�~ A:. سÎ|Ëا¹Ç JدBØªÁ F 4ر 7«ال �£,J شËاسا�~ xاÎ�ÊاÏÎ�Ç Jل Ê 7, J,XRDم4Ï,رÍاÊ JمÌÊÏ .4 ش°¶
 ،J¤x£Ç ÃÊÏ�:B  JاÎ�Êاx7«ال FماÍ £�§xاسا�~ شده 4ر �اËا شÎ|Ëار,ت .س­��, :Q =،¤ر�,Ïx I  =��Ïy§Ç-،ل���,A   = ،�@��Ä'K  = ،�@�Ë�ÄÏا�x

M  =��ÊÏر�لÏم�ÊÏÇ.  
 

Fig. 4. A case of XRD diagrams for identification of unknown minerals in the Gheshlagh mine coals. A: identified 
minerals in the coals of central tunnel, B: identified minerals in the coal ashs. Abreviations: Q=Quart, I=Muscovite-
Illite, A-Albite, K=Kaolinite, M=Montmorillonite. 

 
سÎ|ËاBØªÁ J و شËاس@ا�~ 'F ر«Æ وج�q 4Ï£�� 4ر 7«ال ¸ل~

�Ïس± روش@Îاy�Ç J£وس@x É@�, ،~ry@اÊ~ 4ر �Ê@ا�� ³Çا¹Ä@ات 
XRD ÌÊÏمÊ 7«@ال JاÍ Ì@x د@ªÊ دهÍا@ªÇ £�@§xو �ا zË@س

~Ç 4ر 7«ال ~Êاx É�, Æx ~Ê,و,£¾ Ì� ,ر F' F,Ï� BØªÁ JاÎ|Ëس
 ��£�q Ãد��� ¤�Ê و Ì@�Î� د@Ë�'£¾ ~@² ا�£وجاروس@�� 4رÊ Ì@�

�اÌx 4,4 ��§Ê £�§x �ا¸@� ��¤�@�q Ì£�@� و �@£وÉ@Í' 1 و 
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~Ç Æا �ا سد�ÎÊ' ��x£� 4 و£{Ï{ 4Ï@ش(Lopez and Ward, 
4ر �اØ@@¸  £�@@§xوه �@@£ �°@@Ïر Êا�£وجاروس@@��.  (2008

�ÊÏ@� 4ر ,�x ÉاÍ Ì@� ~Êم@£,ه جاروس@�� و Êا�£و'Ä  سzË، 7«ال
JاÎ@ª � 4 4رÏجÏÇ Ì�ÏÊت �ا×Ïح­Ç 47ه 7«@ال,Ï@Í JاÎ|Ë@س

. شËاسا�~ شدÌ� BØªÁXRD رو9 
  

µشی¼ی ز£اÂW�²سن 

س@Î|ËاJ ,4و,ر Ç �ل@½ �£رس�ÎاÏ�U Jش@�م�ا�~ �@£ روJ 7«@ال
É�Ç7 ل@½ 4ر� Ç ~@�¤اص£ ,ص@ل~ و جË¸ رÏ°� £|ÊاªÊ ~اسËش
 Ï@²ر �@Ì.  (Swaine and Pickering, 1985)سzË ,س�7«ال

سËÊ,Ï� ~Ç zËد 4ر � Îªاx ~@Ä' Jل~، ¸Ëاص£ ÏÇج4Ï 4ر 7«ال
�@ال، �@£,Ç J. (Zhuang et al., 2007) و «�£'Ä~ �¶اÍ£ �ا�Ëد

,ÎÇ 7م�@£�Ë¸ Éاص@£ ,ص@ل~ 4ر  Caو  Ë¸Si ،Al ،Fe ،Mgاص£ 
Í@ا و �اش@Ëد Ì@x �@ا xاÎ�Ê@اJ رس@~، Ë�£x@اتس@Ç zË@~7«ال

 Í(Christanis et al., 1998; Alexandraم£,ËÍدسÄÏف�دÍا 
and Paul, 2004)  . £@اصË¸ 4,ر�@د ~|ÊÏ|t �7· وÏ� ~رس£�

Ã�y@ª� ±ح�Ç £�§4ر �ف ~Ä'£�» و ~Ä' JاÎª � 7, w� £Í 4ر 
(Liu et al., 2001) �§�7 JاÎم��  و �£رس�Í, J,ح�³~ 4,رÇ

   .(Zhuang et al., 2007; Baioumy, 2009) ,س�

 
   �ÂWشی¼ی �نا�� ا�لی

س@Î|ËاBØ@ªÁ J �اx§�£ 7«@ال�£رس~ �Êا�� ��¤�Ì ش�م�ا�~ 
�@Ì �£��@� �@ا  SiO2و  Í4Al2O3@د ªÊ Ì@xاÇ F@~) 1جدول (

 É�|Êا�Ç7/36  ش@�م�ا�~  1/50و �@�x£� م� ¸مده§Á ،4رصد
، ËÍ4MnO  ،P2O5@د و سzË ر, �4Ï@� Ì ,��­@ا: Ç@~7«ال

MgO ،CaO ،Fe2O3  وSO3 د@@Êر4,رÏ�£� J£@م�x �@¶7 «ل, .
xاص@@£ ,ص@@ل~ 4ر �اË¸ �@@¶رس@@~ �¼��@@£,ت «ل£� É�@@مÍ £�@@§

�@Al2O3  Ìو  SiO2سÎ|Ëا ªÊ ¤�ÊاÊ|£ �@ا× �@F4Ï «ل¶@�  7«ال
 É�|Êا�Ç ل¶@� 3/23و �9/48£��� �ا» F4Ï@� Éا��@q 4رصد و

MnO ،P2O5 وTiO2 É�|Êا@�Ç ا@� �@��£� Ì�4/0 ،5/0 4/1و
 qSO3 ،MgO@ا��ÂÇ F4Ï@� É@ا�4£ . 4رصد 4ر �اx§@�£ ,س@�

xاÎ�Ê@اJ  سÎ|ËاBØ@ªÁ J �@ا ¾£,و,Ê ~@Ê@ا�t¤4ر 7«ال  CaOو
�@Ê,Ï~  س@Î|Ëا Ë�£x Æ@Íا�~، سÄÏف�دJ و سÄÏفا�~ 4ر ,�É 7«ال

، J£@�{Ni ،Ba ،V ،Cr ش@ده 4ر ��Ë¸ Éاص£ ج¤�~ ,Êد,7ه. 4,ر4

Zr  وCo  ل¶@� و» É�£�ª�� 7,Rb ،Nb ،Zn ،Ga ،Y  وCl  7,
  . xم�£�É «ل¶� �£�Ïر4,رÊد

�£,J �£رس~ Ë¸ ~��x£� Ã�Çاص£ �Î@ª � 7, w� £Í ÌاÄ' J@~ و 
, ~Ä'£�» و £�§x4رصد �ا Ãا�ÂÇ 4و�ا�~ «ل¶� 4ر JاÍ4,رÏمÊ 7

�£ ,ساÇ . É@�, 8حاس�Í ��£¯ Ìم�§�|~ ��ÎÊ' Éا ,س�فا4ه شد
4,ر,É�£�@ª�� J  �98/0@ا ¯@£�� Íم�§@�|~  ÊSiO2م4Ï,رÍا، 

، A .( ،~@¾£² 7,K2O -5ش@Í) Ãyم�§�|~ �ا �اx§@�£ ,س@� 
TiO2  وMnO  £�@§xا 4رص@د �ا� ���Ç ~|�§م�Í J,4,ر ¤�Ê

~Ç دËاش�) Ãy5ش- B  وC ( اÍد�@§x, É�, £Íا¶� £� �Ä×4 Ìx
شËاس@~ �@ا �Ïج@x Ì@� Ì@اÊ~. سzË 4,ر44ر � ¨ «�£'Ä~ 7«ال

~@Ç ,اص@£ رË¸ É@�, رÏ°� ،Ì¹Ä³اÇ 4رÏÇ JاÍ£�§x4ر �ا F,Ï@�
 £@¶Ê 4ر �@��Ä' ل�@� و�, ،��Ïy@§Ç ،¤ر�,Ïx JاÎ�Êاx ر��ا> �ا,

�¾£{ . JاÍد�§x, جف� É�� ���Ç ~|�§م�ÍMgO-Al2O3 ،
MgO-K2O ،Al2O3-K2O  وSiO2-K2O ) Ãy@@@6ش- A ،B ،

C  وD ( �@اص@£ 4ر ,�ل�@� ,سË¸ É@�, رÏ@°� دهËËx 4اÎËª�q
(Melegy et al., 2006). 

، �@ا× TiO2و  Al2O3ر«Æ وج@Í 4Ïم�§@�|~ É�@� �@��Ç  ¸ل~
 ~��x£� Ã�Ç £|Êا ��اÍد�§x, É�, É�� ~|�§م�Í ��£¯ F4Ï�Ê

�Ê@ا�� ³Çا¹Ä@ات سzË ,س� Ìx �@ا  ÍاÄ' J~ 7«ال 'ÎÊا �ا ساÊ7ده
Ã�¸و ,س@ما J4¤@ا�@�Ê(Yazdi and Esmaeilnia, 2004) 

ÍاJ و��£�Ï°� £� ~Ë�Ç ~@��Ëر� Ë¸ É�, 7, ~ªاص£ 4ر Çاس£,ل
ËÍ4@ده  �£رس~ ر,�Ï{ Ì³}£4 �@ا �اªÊ £�@§x@اF. سا7}ارJ 4,ر4

Ì@� Ì@x �@د�|£ ,سy� 4و �ا É�,  ~فËÇ ~|�§م�Í  ر ¸م@دهÏ@²
ش@zË) Ãy ,س� س Êاش~ ,7 �£وÏ{ 1}£4 4ر ²~ سÉ��Ï 7«ال

5- D .(Ì� Jف�دÄÏس JاÎ�Êاx 4 4ر£{Ï{ 7, ~ª �  �@�£�q هv@و�
�@ا . وج4Ï 4,رÌx 4 4ر ³Ç ~²ا¹Äات y�Ç£وسry~ شËاسا�~ ش@د

�£ ¾£,و,É�,XRD  ~@Ê �ال، ¸دE شËاسا�~ �q£�� 4ر ³Çا¹Äات 
4ر �@�x, É§@�دÍاÏ@Ç Jر4 . �§�ار x É@�, Æx@اÄ×4 ~Ê@� 4,ر4

�@ا �اr = ( £�@§x -6/0(4,ر,Í Jم�§�|~ ËÇف~  �CaO£رس~، 
4SO3,رJ ر, �@ا و Íم�§�|~ E (~@Ë¹Ç ���Ç-5شÃy (,س� 

~Ç FاªÊ ر ¸م@ده 4رÏ@² Ì@� Æ�@§لx ¤@x£م� £|Êا@�� Ì@x دÍ4
 ,.x(Melegy et alاÎ�Ê@اJ س@ÄÏفا�~ ,r@�U Ã@��Á 7¥ ,س@� 

2006).Na2O £�§xف~ �ا �اËÇ ~|�§م�Í J,4,ر) Ãy@5ش-
F (س�,.  
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 µÁ|m1.ا���Ê ~صل, JاÍد�§x, ~ش�م�ا� Ì�¤��)4رصد ( ~�¤اص£ جË¸ و)ppm(4ر 7«ال|Ëا و سÎÌا²ل�BØªÁ F¹دÇ ~Ä7«ا JاÍ.
 

Table 1. Concentrations of major elements (%) and trace elements (ppm) in coals and coal gangues of the Gheshlagh 
mine. 

GC-3 G-3  WC-3  W-3  F-1  O-2  Z-1  M-7  M-2   
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: 3

6°
  5

4'
 4

4Ý
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L

at
itu

de
 

L
on
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tu

de
 

  

59.68 58.66 50.08 54.79 42.55 36.37 47.44 75.83 67.97SiO2 
1.022  1.031  1.933  2.901  1.781  0.742  1.234  0.854  1.16  TiO2 
18.77  19.87  36.69  30.71  27.47  20.63  30.12  16.87  23.72Al2O3  
6.646.57  0.90  0.92  1.74  2.24  3.76  1.41  1.97  Fe2O3  

0.163  0.281  0.027  0.068  0.051  0.086  0.026  0.16  1.026MnO 
1.661.82  0.41  0.32  0.76  1.34  2.06  0.32  0.99  MgO 
2.362.42  0.89  1.02  3.61  12.63  1.29  0.27  0.46  CaO  
0.580.53  0.33  0.23  0.57  3.86  0.28  0.16  0.27  Na2O  
2.072.20  0.86  0.83  0.10  0.18  1.58  0.86  2.06  K2O  

0.109  0.112  0.047  0.043  0.033  0.043  0.653  0.012  0.020P2O5  
2.9353.2251.0801.1476.56612.594.0680.2850.655SO3

95 97  67  64  105  201  59  57  57  Cl  
275  285  438  409  469  257  833  155  289  Ba  
216  198  176  132  166  191  386  63  86  Sr  
92  89  199  174  193  119  247  107  101  Cu  
137  123  49  39  87  146  209  47  70  Zn  
772  431  90  75  73  53  97  54  53  Pb  
206  187  753  632  755  348  1377  176  222  Ni  
148  192  322  279  179  40  239  107  116  Cr  
202  203  422  385  224  93  387  130  183  V  
132  120  197  170  187  70  349  63  198  Ce  
71  68  96  89  93  35  181  32  89  La  
23  22  50  44  15  16  27  22  23  Ga  
38  6  13  37  16  7  20  40  11  Nb  
261  246  240  227  202  185  235  211  217  Zr  
64  60  66  56  41  39  108  44  50  Y  
82  79  10  17  9  2  29  26  33  Rb  
15  14  232  217  181  128  88  10  17  Co  

 ÌÊÏمÊGC.3 ،WC.3  وG.3 Ì7 �ا²ل, ���£� Ì7«ال� ،~Ä7«ا JاÍÌÊÏمÊ £و سا� Ìا²ل� £�§xو �ا zË7«الس £�§xا� Ì� <Ï�£Ç اÍ س�, zËس. 

 
4/0س@Î|ËاBØ@ªÁ J 4ر �اx§�£ 7«ال�ÇP2O5اÉ�|Ê «ل¶� 

qا��ÂÇ F4Ï� Éد,ر ,�x, É§�د و Íم�§@�|~ ËÇف@~ . 4رصد ,س�
'ªÊ�  ~@ÄاËÍ4 F@ده 4/0r =  (@ªËÇ(سF' zË �ا �اx§�£ 7«ال

¾§ف£ Çا4ه «¢,�~ ,صل~ }�اÍاF ,س� و �Ì ص@Ïرت . ¾§ف£ ,س�
~Ç -¢فات ج§¾Ï4 ,ر�Ï@ش(Halivan et al., 1999) . ~@رس£�

,�@@ªÊÉ@@اÍ £|Êم�§@@�|~ TiO2  �@@��Ç �@@ا ÍAl2O3م�§@@�|~ 
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و ÎË@ª�qاËËx 4@ده �°@Ïر ) E -6ش@x,) Ãy§�دÍا �ا �y@د�|£ 
�ا ,�@É . ���اF 4ر xاÎ�ÊاÏË�ÇÏÄ' Jس�ل�yا�~ ,Ã��Á 7 ,سفÉ ,س�

س@Î|ËاªÊ BØ@ªÁ J@اF 4ر 7«@ال �TiO2ال، �ا× �ÂÇ F4Ïد,ر 
~Ç ~@مÊ Ìا�yس@�ل�ÏË�ÇÏÄ' JاÎ�Êاx Ìx دÍ4 ~ا�@ÎË� Ì@� د@ËÊ,Ï�

 É�, J,£�¢q د,ر@ÂÇTiO2دË@د,ر . �اش@ÂÇ F4Ï@� ×ا@�TiO2 4ر
سÎ|ËاÁ É��Ç BØªÁ J£,ر}�£É�, J 7«اÎÄا 4ر }£وه «Ë@~ 7«ال

س@Î|ËاJ 7«ال�£ روJ  ,7 ���اF ,س� Ìx �ا �Êا�� ³Çا¹Äات �Áل~
Ìو �ا²ل FشاÏÄ BØªÁ F¹دÇ JاÍ(Sabbaghi et al., 2003; 

Yazdi and Esmaeilnia, 2004)  ÆÍ 44,ر ~Ê,Ï@� . Ì@§ا�ÂÇ
) 4رص@د 37/1(سÎ|ËاBØªÁ J 4ر 7«ال �ÇTiO2اÉ�|Ê «ل¶� 

Í)05/0@اJ جÎ@اF س�zËا �ÇاÉ�|Ê «ل¶� ,�x, É§�د 4ر 7«ال
4ر �اTiO2 / Al2O3  £�@§xو q  ¤�Êا��Ê F4Ï� É§@�� ) 4رصد
��@اÊ|£ �اس@�|اه ) 4رصد�09/0ا Î)04/0اBØªÁ J |س7Ë«ال

 Jو,ر' TiO2  �@س,(Zhuang et al., 2007) . Na2O  J,4,ر
 .,س�) F -6شÍSiO2 ) Ãyم�§�|~ ËÇف~ �ا 

 
  

  
  
  

 
 
 
 
 
 
 
 
 
 
  
  
  
 
  
  
 
 
 
 
 

  
  
  
  
  
 

Êم@4Ï,ر  B:و �اÊSiO2  ،£�§xم4Ï,ر 4و�ا�~  A:. سÎ|Ëا¹Ç JدÊ BØªÁ Fم4Ï,رÍاÍ Jم�§�|~ ,x§�دÍاJ ,صل~ و 4رصد �اx§�£ 4ر 7«ال .5ش°¶ 
Êم4Ï,ر 4و�ا�~ F:و �اÊCaO  ،£�§xم4Ï,ر 4و�ا�~  E:و �اÊS  ،£�§xم4Ï,ر 4و�ا�~  D:و �اÊTiO2  ،£�§xم4Ï,ر 4و�ا�~ C:و �ا4K2O  ،£�§xو�ا�~ 
Na2O £�§xو �ا .  

 

Fig. 5. Correlation diagrams of major elements and percent of ashes in the Gheshlagh mine coals. A: bivariate diagram 
of SiO2 and ash, B: bivariate diagram of K2O and ash, C:. bivariate diagram of TiO2 and ash, D: bivariate diagram of S 
and ash, E: bivariate diagram of CaO and ash, F: bivariate diagram of Na2O and ash. 
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Êم@4Ï,ر 4و�@ا�~  Al2O3 ،:Bو ÊMgOم4Ï,ر 4و�@ا�~  Î .:Aا¹Ç JدBØªÁ Fسx|Ë§�دÍاJ ,صل~ 4ر �اx§�£ 7«الÊم4Ï,رÍاÍ Jم�§�|~ , .6ش°¶ 
MgO وK2O ،:C ~4,ر 4و�ا�ÏمÊAl2O3 وK2O ،:D ~4,ر 4و�ا�ÏمÊK2O وSiO2 ،:E ~4,ر 4و�ا�ÏمÊAl2O3 وTiO2 ،:F ~4,ر 4و�ا�ÏمÊNa2O و
SiO2.  

 

Fig. 6. Correlation diagrams of major elements in the percent of ashes of the Gheshlagh mine. A: bivariate diagram of 
MgO and Al2O3, B: bivariate diagram of MgO and K2O, C: bivariate diagram of Al2O3 and K2O, D: bivariate diagram 
of K2O and SiO2, E: bivariate diagram of Al2O3 and TiO2, F: bivariate diagram of Na2O and SiO2.    

  
 

W�m شی¼ی �نا��ÂWی�  

Í4@د ªÊ ~  Ì@xاÇ F~س~ �Êا�� ��¤�Ì ش�م�ا�~ ¸Ëاص£ ج¤��£ر
Ni ،Sr ،Ba ،Pb  وV  £@@اصË¸ ل¶@@� و» É�£�@@ª�� J,4,رRb ،
Nb ،Ga ،Y ،Pb  وLa  £�@@§xل¶@@� 4ر �ا» É�£@@م�x J,4,ر

�£رس~ Êم4Ï,رÍاJ 4و�ا�~ ,�Ë¸ Éاص@£ �@ا .�اشËدسÇ zË~7«ال
Fا@ªÊ £�§xاص@£ 4رصد �اË¸ �@��Ç ~|�@§م�Í ده@ËÍ4Nb ،

Rb،Zr   وGa  £�§xا �ا�) Ãy7ش-A ،B ، C  وD  ( 4,و ر�@د

 �@�Ë�ÄÏا�x Ã@��Á 7, ~@Ä'£�» ¨ � ا 4رÎÊ'(Zhuang et al., 
شÃy (�اx§�£  �ا ÍClاÏÇ Jر³Ç 4اÌ¹Ä، 4ر ÊمÌÊÏ. ,س� (2007

7- E ( وSi  ) Ãy8ش- A ( Æف~ و �ا س@د�ËÇ ~|�§م�Í J,4,ر
) Ãy8ش- B ( 4£{Ï{ و) Ãy8ش- C ( �@��Ç ~|�§م�Í J,4,ر

w� 7, Ìx س�, ªËÇ £|Êا�� Ïس�  J¢@فËÇ Jا@Î�' 7, Æسد� É�¾£{
س@£- . و ,7 سÏ°� É��Ç £|�4 JÏر xل£ 4ر � @¨ 'Ä@~ ,س@�

  ).F -7شÃy (� 4,ر,Í Jم�§�|~ ËÇف~ �ا �اx§�£ ,س
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Êم4Ï,ر 4و�ا�~  B:و �اÊNb  ،£�§xم4Ï,ر 4و�ا�~  A:. سÎ|Ëا¹Ç JدÊBØªÁ Fم4Ï,رÍاÍ Jم�§�|~ ¸Ëاص£ ج¤�~ و 4رصد �اx§�£ 4ر 7«ال .7ش°¶ 
Rb  ،£�§xو �ا:C  ~4,ر 4و�ا�ÏمÊZr  ،£�§xو �ا:D  ~4,ر 4و�@ا�ÏمÊGa  ،£�@§xو �ا:E  ~4,ر 4و�@ا�Ï@مÊCl  ،£�@§xو �ا:F  ~4,ر 4و�@ا�Ï@مÊPb  و

£�§xا�.  
 

Fig. 7. Correlation diagrams of trace elements and percent of ashes in the Gheshlagh mine coals. A: bivariate diagram 
of Nb and ash, B: bivariate diagram of Rb and ash, C: bivariate diagram of Zr and ash, D: bivariate diagram of Ga and 
ash, E: bivariate diagram of Cl and ash, F: bivariate diagram of Pb and ash. 

  
س@Î|ËاBØ@ªÁ J 4,ر,Ë¸ 7, ~�£� Jاص£ ج¤�~ ÏÇج4Ï 4ر 7«ال

ÌÊش�م�ا�~ 4و}اÏ�U د ر¾�ارÊ, .،ال�Ç J,£�  Sr  Ã@ا�Á د,ر@ÂÇ 7, Ìx
Ì¶�ØÇ ر4,ر ,س�Ï�£� £�§xا� Æx JاÎÄ4ر 7«ا J,(Zhuang 

et al., 2007)،w� 7, J,4,ر Ï@ا ¾§@ف£ س@� �@��Ç ~|�@§م�Í
) Ãy8ش- D ( اش@د� ~Ç ~Ä' ¨ � 4ر F' رÏ°� £|Ê4ه و  ��اÏ�

) E -8ش@Al ) Ãyو ,7 سJÏ �4|£ 4,ر,Í Jم�§�|~ ��Ç@� �@ا 
Æ�Ë�ÇÏ@Ä' Jا@Î�Êاx 4ر F' رÏ@°� £@� �@Ä×4 Ìx 4,ر 4,ر4,س� .

w� 7, ¤�Ê -£4,ر4  س £�@§xف~ �@ا �اËÇ ~|�§م�Í Ïس) Ãy@ش
7- F (مÍ J,�4|@£ 4,ر JÏو ,7 س J£@اصË¸ ا@� �@��Ç ~|�@§�

,�F .( £­Ë¸ É -8شÃy (,س�  Sو  ÇBa ،V ،Cr ،Cu ،NiاËÊد 

~Ç دهÊ74ر سا ÆÍ دÊ,Ïده�Ê74ر س@ا ÆÍ و ~Ä' JاÍ ~@Ä'£�» Jا@Í
 ¹Ç(Liu etدÃ��Á 7, ~Ê سÄÏف�دÍا و xاÎ�ÊاJ رس~ �¶اÍ£ �ا�د 

al., 2001).  

  مvی� �e°ی¶ 
4رصد  434/8,ر,Ï² Jر �ÇاÉ�|Ê  سÎ|Ëا¹Ç Jد7Ì� BØªÁ F«ال

~Ç £�§xر4ه�ا Ìا�q £� Ìx دË7«ال �اش JدË�  اÎ|Ëس(Eastern 
Alborz Coal company, 1990)  ر,£@Á £�@§xا� Æx 4ر ر4ه

~@@Çا 7«@@ال@@� £@@¶Ê É@@�, 7, د و@@Ê£�{ J¤@@x£Ç 7£@@�Ä, JاÎ|Ë@@س
(Gholipour et al., 2010; Goodarzi et al., 2006; 
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Yazdi et al., 2010)  �Íدش�اÊس@±. 4,رÏ�Ç ��§ÊNa/K  
}¢,رJ  ,س� Ìx �@£ رس@Ï- 9/0 سÎ|ËاBØªÁ J �دو44ر 7«ال

   .(Liu et al., 2001) س£�· ��Ä×4 Ì¯Ï 4,ر4
سÎ|Ëاس� ÎÇ 7, 4£{Ï{ £�ª�� Ìxم�£�Ë¸ Éاص£ Æ�,¤Ç 4ر 7«ال

Ì� ~@@Ä'£�» ات@@��x£� ¤@@�Ê و ~@@Ä' ات@@��x£� رتÏ@@ص) Jا@@Î�Êاx
Ìفا�ÄÏو س Jف�دÄÏس (~Ç £Íا�د �¶ا� . F4Ï@� Éا��@q Ì@� Ì@جÏ� ا�

و ) 4رص@د x1م�@£ ,BØ@ªÁ) 7 س@Î|ËاÂÇ  Jد,ر }Ï}£4 4ر 7«ال
Íم�§�|~ ËÇف~ }Ï}£4 و �اx§�£ �£ روÊ Jم4Ï,رÍاJ 4و�@ا�~ 

~Ç 7«ال F,Ï� ,ر BØªÁ JاÎ|Ë4س£{Ï{ Æx >ÏÊ 7, (Liu et al., 
2001)  ~Ä' ¨ � 4ر F' 4£{Ï{ مده¸ ¨ � Ìx �¾£{ £¶Ê 4ر

,�@�Ê É@ا�� �@ا ÂÇ@ا�q Æ@x £�4£�@� 4ر �£رس@�ÎاÏ°� . Jر 4,ر4
 Ï@@�£q 9,£@@q ¹@@اتÄ³اÇ 4ر F' ~اس@@ا�Ëش Eو ¸@@د ~ry@@وس£y�Ç

ÆÍ لÏÎ�Ç44,ر ~Ê,Ï� . Ã�yª� £|Ê4 ��ا£{Ï{ د,رÂÇ F4Ï� Éا��q
,J و  Î@@اÇ J£4,�@@~ و 4ر�اÇÌ@@tح�Î ³اBØ@@ªÁ J 4رس@@Ë| 7«ال

��@ªËÇ £� Jاس@� ���دÎÊ' ~4ر�@ا�£�» (Katupotha, 1989; 
Wang, 1994) .  

 
 

 
 

 Na ،:Cو  ÊClم4Ï,ر 4و�ا�~  Si ،:Bو  ÊClم4Ï,ر 4و�ا�~  A: .سÎ|Ëا¹Ç JدÊBØªÁ Fم4Ï,رÍاÍ Jم�§�|~ ¸Ëاص£ ج¤�~ 4ر �اx§�£ 7«ال .8ش°¶ 
.Pbو ÊNiم4Ï,ر 4و�ا�~ Al ،:Fو ÊSrم4Ï,ر 4و�ا�~ P ،:Eو ÊSrم4Ï,ر 4و�ا�~ S ،:Dو ÊClم4Ï,ر 4و�ا�~ 

 

Fig. 8. Correlation diagrams of trace elements in the coal ashes of the Gheshlagh mine. A: bivariate diagram of Cl and 
Si, B: bivariate diagram of Cl and Na, C: bivariate diagram of Cl and S, D: bivariate diagram of Sr and P, E: bivariate 
diagram of Sr and Al, F: bivariate diagram of Ni and Pb.             
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 ش|³ی �نا�� W�mی ش|³ی Æe Áی £نی
س@@Î|ËاBØ@ªÁ J �@@ا ÂÇا�§@Ì «ل¶@� ¸Ëاص@@£ ج¤�@~ 4ر 7«@ال

 ,ÏÄ(Yazdi and Esmaeilniaش@اF و ش@اÍ£و4 سÎ|ËاJ 7«ال
2003)  ·@Á,و J¤@x£Ç 7£@�Ä, و ~Á£@7 ش£@�Ä, 4ر �@��£� Ì� Ìx
4ر  Ceو  Ê,Ni ،V ،Sr ،Baد، ªÊ@@@اË» £|Ê@@@~ ش@@@د}~  ش@@@ده

ÏÄش@اF سÎ|ËاJ شاÍ£و4 و  سÎ|ËاÌ� ��§Ê BØªÁ J 7«ال 7«ال
س@Î|ËاJ  ~ 7«الÂÇا�§Ì «ل¶� ¸Ëاص@£ ج¤�@). 2جدول ( ,س�

س@Î|ËاBØªÁ  J �ا «ل¶� ¹ÇمÏل جÎاË¸ É@�, ~Êاص@£ 4ر 7«ال
 FاÎج(Swaine, 1990). FاªÊ ~Ë» دهËÍ4  ~{16شد  J£@�,£�

Ni  اص£ 4ر 7«ال�4ا  2وË¸ £سا� J£�,£� س�, BØªÁ JاÎ|Ëس .
س@Î|ËاJ ~ 4ر 7«@الÂÇا�§Ì «ل¶@� ¸Ëاص@£ ج¤�@  ,�É �ال، �ا

  ,ر�7ا��ÎاF,ÏË¸   J شا�­~ 4ر  �£,�£ ØxرBØªÁ  6  Ì� Ìx C �ا

�§�7~Ç ح�³~ ,س@�فا4هÇ  4Ï@ش(Gluskoter et al., 1977) 
~Ç FاªÊ ل¶� ,«ل�» Ìx دÍ4  7, £@�» Ì@� ~@ر4 �£رسÏÇ £اصË¸

Ni  وPb Ì@@� Ì@@x ~@@Ë» J,6و  8ش@@د}~  �£��@@� 4,ر  J£@@�,£�
~Ç �@م�@£ ,سx CرØ@x £@�,£� ¨د، ,7 شËاش� .~Ë»  ش@د}~ �@ا

~Î4 4ر 7«ال�ÏجÏÇ £اصË¸ ~{شد ~@Ê4رو Ã@Ç,Ï¸ ·ا�@� zË@س
ªËÇ ا وÎ�Êاx >ÏÊ دËÊاÇ�  ±�@حÇ Ã@��Á 7, ~@Êو£�� ÃÇ,Ï¸ 4 و,ÏÇ

 Yazdi) سzË و �ÍدروÌÂ³ËÇ JUÏÄÏ�U ,س� �ªÎÊ، سÉ 7«ال
et al., 2010). Ì@@ÊÏمÊ �@@و س@@£- 4ر ,«ل Ã@@y�Ê £@اصË¸  JاÍ

ش@د}~ 'ش@yارJ  �اشËد و «Ë~ شد}~ Ç~ سzË 4,ر,Ë» J~ 7«ال
ËÍ4@د Øx £�,£�  Ì@xرªÊ CاÏ�Ç Ì� ��§Ê6~Ç Fس± جÎاÊ~ و 

~Ç £¾ Ì@@� ,ر F' F,Ï@@�Ì@@� ~@@رس Jا@@Î�Êاx ~@@Ê,ج@@¢-  ,و F,Ï@@Ë¸
 .,�Ë¸ Éاص£ Í 4,4 ��§ÊاËÇ Jاس� ËËxده

  
µÁ|m 2. اص£ ج¤�~ 4ر 7«الË¸ �¶ل» ÌËÇ,4 و É�|Êا�Ç Ì§ا�ÂÇCرØ@x و ~ÊاÎس± جÏ�Ç ا� BØªÁ F¹دÇ JاÎ|Ëاص@£ 4ر 7«@ال. سË¸ É@�, �@¶ل» 

 ,.4,4Yazdi and Esmaeilnia, 2004 ;Swaine, 1990 ;Gluskoter et alه Í@ا ,7 (سÎ|ËاJ شاÍ£و4 و ÏÄشاÂÇ J,£� Fا�§Ì 'ور4ه ش@ده ,س@� 
1977  (. 

 

Table 2. Average and range concentration of trace elements in the Gheshlagh mine coals in comparison of the global 
average and Clark concentration. The concentrations of these elements in the Shahrud and Lushan coals are given for 
comparison (Data from Gluskoter et al., 1977; Swaine, 1990; Yazdi and Esmaeilnia, 2004). 
 

Clark The Global 
Average  

Shahroud  Lushan  Gheshlagh  Gheshlagh  Elements  

(Swaine, 
1990)  

(Swaine, 
1990)  

(Gluskoter et 
al., 1977)   

  

(Yazdi and 
Esmaeilnia, 

2004)  

)Range(  )Mean(  (ppm)  

-  -  150  115  57-201101  Cl  
452  20-1000  1700  251  155-977  484.14  Ba  
375  15-500  2500  440  63-2719  534.71 Sr  
55  0.5-50  489  737  101-247  163.57  Cu  
70  5-300  1600  320  53-209115.28  Zn  
13  2-80  526  430  53-43179.28  Pb  
75  0.5-50  456  2300  176-1377  617  Ni  
100  0.5-60  749  411  40-279153.86  Cr  
135  2-100  1100  1300  93-387219.71  V  
60  2-70  304  127  63-349186.86  Ce  
20  1-20  134  53  6-40  21.86  Nb  
165  5-200  898  954  185-397  239.14  Zr  
33  2-50  237  237  39-10862  Y  
90  2-50  228  98  1-79  16.71  Rb  
25  0.5-30  350  425  10-181111.14  Co  

  
 ³ی�ي¿تیجه

Jو,ر' Jا@Î�Êاx F,ر ¾£,وÏ°�£�4ا@ÂÇ ،  Éا��@q و �@�£�q Cد@Ê,
~Ç FاªÊ 4£{Ï{ د,رÂÇ F4Ï� 7«ال Ìx دÍ4اÎ|Ë4ر س BØ@ªÁ J

 Á J, (Widodo et al., 2010)@ارهÎاJ �ا�ÎÁØاÏ� Jر�~ Çح�³

 É�£شدهو 4ر ش£,�± '- ش� Ã�yª� دÊ, (Katupotha, 1989; 
Wang, 1994) . ،�@��Ä' �@�ÊÏر�لÏم�ÊÏÇ ،�@�Ë�ÄÏا�x ،¤ر�,Ï@x

��Ïy§Ç، ,�ل��، �q£�� و xاx 7, �@�£�qÏyÄاÎ�Ê@اJ شËاس@ا�~ 
Í@اª ���£�q J@~ ,7 . س@Î|ËاBØ@ªÁ J ,س@�شده 4ر 7«@ال
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Í@@اJ  س@@Î|Ëا ,�q >Ï@@Ê 7£�� شËاس@@ا�~ ش@@ده 4ر ,�@@É 7«ال
�£ �Ã�Ä4 4,ر, �F4Ï س@Í @Ç �³ا ���Ï�Ç,£¾ .��£�q É�, ÌدJ ,س�

��£ و,ÎªËxاx, J§ا�Á ~@ª@£,ر }£¾�@Ì و ��Ì 'ساÊ~ �ح� ��7ا4 
~Ç Jس�د, -�Í7 د�ÄÏ� ·�£§� �¸د �اÊÏش . Éا��@q ،ال@� É�, ا�

سÎ|ËاBØªÁ J و �°@Ïر xاÎ�Ê@اJ ل�ÂÇ F4Ïد,ر �q£�� 4ر 7«ا
Ë�£xا�Ì 4ر سÏ�4 zË,ره 'ÎÊا ÇاÏ� 7, ·Êس�Í7 Ì¹- ,س�دJ ش@ده 

  . ,س�
Ï�Çس@± جÎ@اÊ~ سÎ|ËاBØ@ªÁ J ,7  «ل¶� ¸Ëاص£ ج¤�~ 7«ال

س@Î|ËاJ جÎ@اª�� F@�£ ,س@� و ��Ë¸ É�,  É�£�@ªاص£ 4ر 7«ال
�@ا ,�@É . شد}~ ,س@� �£,�£ «¹�Ç F'16 ~ËلÃy�Ê Ì� À �ا ÂÇد,ر 
س@Î|ËاJ  ~ 7«الا�§@�Ç Ì@اÉ�|Ê «ل¶@� ¸Ëاص@£ ج¤�@ÂÇ  �ال،

شد}~ ¸Ëاص£ Ãy�Ê و  ªÊاØx £�,£� ~Ë» £|ÊرÎË� Cا BØªÁ6 �ا 
~Î� اص@@£ ,س@@� س@@£- وË¸ £رس@@~ ¯@@£�� �. ش@@د}~ س@@ا�£

سÎ|ËاBØªÁ J و �لف�Í  F' Àم�§�|~ ¸Ëاص£ �ا �اx§�£ 7«ال

~Êاx ا���Ê ا� FاªÊ ~اسËش  ~Ç  ،Fا@��� ،Æ�Ë�ÇÏÄ' £اصË¸ Ìx دÍ4
س�ل§@@��q ،Æاس@@�Æ و Æ�¤@@�ËÇ ,ساس@@اK 4ر � @@¨ «�£'Ä@@~ و 4ر 

� Ë¸ 7, ~@ªاص@£ ج¤�@~ ,x . 7اÎ�ÊاJ س�ل�yا�~ �°@Ïر 4,رÊ@د
 Ã��ÁNb ،Rb،Zr   وGa  ار �@اy@ش' �@��Ç ~|�@§م�Í J,4,ر

�ا ,�É �@ال، �@Ì . �ا4Ï� £�§xه و 4ر � ¨ «�£'Ï°� ~Äر 4,رÊد
~Ç £¶Ê  ~{ش@د ~@Ë» 7, Ì@x Ãy�Ê د س£- وËÊاÇ J£اصË¸ رسد

��Ï�Ç Ì� ��§Ê J£�ªس± جÎاÊ~ و ØxرÏ�£� Cر4,رÊد �Ï² Ìر 
~Ç <4ر ,ر��ا ~Ä' ¨ � د ¸مده �اËاش�  .  

Ì� ~Êاx ا���Ê Àل~، �لف�x رÏ² Ëش ÌÂ³ËÇ ش�م�ا�~ 4رÏ�U اس~ و
~Ç Fا@ªÊ Ì@¹Ä³اÇ 4رÏÇ 7«ال F¹@دÇ Ì@x د@Í4  BØ@ªÁ zË@س

Ì� Ã�Ä4 £�4اÂÇ Ì@� و Jف�دÄÏ@س Jا@Î�Êاx CدÊ,  و �@�£�q هv@و�
�°Ïر xاÎ�ÊاË�£x Jا�~ 4ر سÏ�4 zË,ره ,7 ,س@�¹د,Ê, 4@دx~ 4ر 

  .��Í7 Ã�yª- ,س�دÏ�£� Jر4,ر ,س�
 

 
 
References 
Alexandra, N.G. and Paul, F.C., 2004. Changes in 

geochemistry and mineralogy of thermally 
altered coal, Upper Hunter Vally, Australia. 
International Journal of Coal Geology, 51(3): 
197-210. 

Asanlou, M., 1991. Coal engineering. Naghous 
Press, Tehran, 77 pp. (in Persian) 

Baioumy, H.M., 2009. Mineralogical and 
geochemical characterization of the Jurassic 
coal from Egypt. Journal of African Earth 
Sciences, 54(3-4): 75-84. 

Bullock, J.H., Cathcard, J.D. and Betteron, W.J., 
2002. Analytical methods utilized by the 
United States Geological Survey for the 
analysis of coal and coal-combustion products. 
United States Geological Survey, Denver, 
Report 389, 15 pp. 

Christanis, K., Georgako Poulos, A., Freandez 
Turiel, J.L. and Bouzinos, A., 1998. 
Geological factors influencing the 
concentration of trace element in the Philippi 
peatland, Eastern Macedonia, Greece. 
International Journal of Coal Geology, 36(3-
4): 295-313. 

Eastern Alborz Coal company., 1990. Preliminary 
exploration of coal-bearing district in Olang 
and Malacharam region. Eastern Alborz Coal 
company, Shahroud, Report 1, 85 pp. (in 
Persian)     

Gholipour, M., Mazaheri, A., Raghimi, M. and 
Shamanian, Gh.H., 2010. Study of 
geochemistry and mineralogy in Karmozd coal 
Basin Central Alborz, Mazandaran Province. 
Iranian Journal of Crystallography and 
Mineralogy, 17(4): 655-670. (in Persian with 
English abstract)    

Gluskoter, H.J., Ruch, R.R., Miller, W.C., Cahill, 
R.A., Dreher, G.B. and Kuhn, J.K., 1977. 
Trace elements in coal: occurrence and 
distribution. Illinois State Geological Survey, 
Illinois, Report 499, 115 pp. 

Goodarzi, F., Sanei, H., Stasiuk, L.D., Bagheri-
Sadeghi, H. and Reyes, J., 2006. A preliminary 
study of mineralogy and geochemistry of four 
coal samples from northern Iran. International 
Journal of Coal Geology, 65(1-2): 35-50.   

Halivan, J.L., Bestor, J.D., Tisdale, S.L. and 
Nelson, W.L., 1999. Soil Fertility and 
fertilizers: An Introduction to Nutrient 
Management. Prentice Hall, New Jersey, 498 
pp. 

Hassaninasab, R., Farzanegan, R., Rahmati, M. 
and Ziadlou, R., 2006. Problems and 
implementing solutions to improve mining in 
Gheshlagh coal mine. Fifth Iranian student 
conference of mining engineering, Tehran 
University, Tehran, Iran. (in Persian)  

Jafarian, M.B., 2004. Geological map of 
Khosheylagh, scale 1:100000. Geological 
Survey of Iran.  

www.sid.ir


www.SID.ir

Arch
ive

 of
 SID

 

 

  383                                            ..... سÎ|ËاU Jور,س�¹Ç wدBØªÁ F شËاس~ و Ï�Uش�م~ 7«ال xاÊ~                   )  1394سال ( 2، شماره 7جلد                      
     

Katupotha, J., 1989. Pyrite Concentration and 
Paleoenvironmental Change of the Hiroshima 
Delta (Japan). Korean Journal of Quaternary 
Research, 3(1): 47-54. 

Liu, D., Yang, Q., Tang, D., Kang, X. and Huang, 
W., 2001. Geochemistry of sulfur and elements 
in coals from the Antaibao surface mine, 
Pingshuo, Shanxi Province, China. 
International Journal of Coal Geology, 46(1): 
51- 64. 

Lopez, I.C. and Ward, C.R., 2008. Composition 
and mode of occurrence of mineral matter in 
some Colombian coals. International Jornal of 
Coal Geology, 73(1): 3-18. 

Melegy, A.A., EL-Rahmaney, M.M. and Salman, 
S.A., 2006. Trace-element geochemistry of 
coal and suspended particulate matter at El 
Maghara Mine. Proceedings of the 3rd 
International Conference on Environmental 
and Geological Science and Engineering, 
Vouliagmeni Beach, Athens, Greece. 

Merritt, R.D., 1990. Thermal alteration and rank 
variation of coals in the Matanuska field, 
south-central Alaska. International Journal of 
Coal Geology, 14(4): 255-276. 

Pinetown, K.L., Colin, R. Ward, W.A., 2007. 
Quantitative evaluation of minerals in coal 
deposits in the Witbank and Highveld 
coalfields, and the potential impact on acid 
mine drainage. International Journal of Coal 
Geology, 70(1-3): 166-183. 

Rabbani, T. and Taghipour, N., 2011. Nature and 
distribution of coal macerals in the Gheshlagh 
coal-bearing region. 3th Symposium of Iranian 
Society of Economic Geology, Shahid 
Chamran University, Ahwas, Iran. (in Persian 
with English abstract)     

Rabbani, T., Taghipour, N., and Aharipour R., 
2012. Study of paleoenvironmental condition 
of coal deposition in the Gheshlagh coal-
bearing region. 31th Geosciences Congress, 
Geological Survey of Iran, Tehran, Iran. (in 
Persian with English abstract)    

Sabbaghi, A., Khazaei, A., Pakrah, k. and 
Hassaninasab, R., 2003. Economic evaluation 
of coal ash and wastes in coal mines of 
Golestan Province. Management and planning 
organization of Golestan Province, Gorgan, 
Report 126, 238 pp. (in Persian)     

Shamanian, Gh.H., Raghimi, M. and 
Farzaneghan, R., 2008. Environmental 

mineralogical studies in Gheshlagh watershed 
coal mine, Golestan Province, Iran. Gorgan 
University of Agricultural Sciences and 
Natural Resources, Gorgan, Report 140, 34 pp. 
(in Persian with English abstract)     

Swaine, D. J., 1990. Trace Elements in Coal, 
Butterworths, London, 278 pp. 

Swaine, D.J. and Pickering, W.F., 1985. Modern 
methods in bituminous coal analysis: trace 
elements. Critical Reviews in Analytical 
Chemistry, 15(3): 315-346.  

Wang, Y.Q., 1994. Study on occurrence and 
distributions of minor and trace element in coal 
and its combustion products, Ph.D. Thesis, 
China University of Mining and Technology, 
China, 88 pp. 

Weber, P.A., Stewart, W.A., Skinner, W.M., 
Weisener, C.G., Thomas, J.E. and Smart, 
R.S.C., 2004. Geochemical effects of oxidation 
products and framboidal pyrite oxidation in 
acid mine prediction techniques. Applied 
Geochemistry, 19(12): 1953-1974. 

Widodo, S., Oschmann, W., Bechtel, A., 
Sachsenhofer, R.F., Anggayana, K. and 
Puettmann, W., 2010. Distribution of sulfur 
and pyrite in coal seams from Kutai Basin 
(East Kalimantan, Indonesia): Implications for 
Paleoenvironmental conditions. International 
Journal of Coal Geology, 81(3): 151-162. 

Yazdi, M. and Esmaeilnia, S.A., 2003. Dual-
energy gamma- ray technique for quantitative 
measurement of coal ash in the Shahroud 
mine, Iran. International Journal of Coal 
Geology, 55(2-4): 151-156. 

Yazdi, M. and Esmaeilnia, A.S., 2004. 
Geochemical properties of Coal in the Lushan 
Coalfield of Iran. International Journal of Coal 
Geology, 60(1); 73-79. 

Yazdi, M., Navi, P., Esmaeilpour, R. and 
Khakzad, A., 2010. Composition and quality 
of Lavij coals, central Alborz, Iran. Scientific 
Quarterly Journal Geosciences, 20(78): 111-
116. (in Persian with English abstract)     

Zhuang, X., Querol, X., Alastuey, A., Plana, F., 
Moreno, N., Andres, J.M. and Wang, J., 2007. 
Mineralogy and geochemistry of the coals 
from the Chongquing and Southeast Hubei 
coal mining district, South China. International 
Journal of Coal Geology, 71(2-3): 263-275. 

 
 

www.sid.ir


www.SID.ir

Arch
ive

 of
 SID

  

 

 شناسی اقتصاديزمینمجله 

  )1394سال ( 2، شماره 7جلد 
20و  19صفحات 

Journal of Economic Geology 

Vol. 7, No. 2 (2015-2016)  

ISSN 2008-7306 

      *Corresponding authors Email: gh.shamanian@gu.ac.ir 

Mineralogy and geochemistry of the Jurassic coals from the Gheshlagh mine, 
Eastern Alborz 

 
Gholam Hossein Shamanian*and Fatemeh Hosseini Ashlaghi 

 
Geology Department, Faculty of Sciences, Golestan University, Gorgan, Iran 

  
Submitted: Dec. 24, 2013 
Accepted: Dec. 15, 2014 

 
Keywords: Coal, Mineralogy, Geochemistry, Trace elements, Eastern Alborz, Gheshlagh  
  
Introduction 
The Alborz structural zone in northern Iran is the 
host of a number of important coal deposits. The 
Gheshlagh coal mine is one of them, which is 
located 35 km southeast of Azadshahr. Coal 
bearing strata in the Gheshlagh mining district 
occur in the middle part of the Lower Jurassic 
Shemshak Formation  which consists mainly of 
shales, siltstones and sandstones. The Geshlagh 
coals have a low sulfur content and a low ash 
yield. The ash content of coal and its geochemical 
character depends on the environment of 
deposition and subsequent geological history 
(Yazdi and Esmaeilnia, 2004). The purpose of this 
study was to investigate the texural and 
mineralogical characteristcs of the Ghashlagh 
coals and to identify the geochemistry of the 
major and trace elements and their relationship to 
specific mineralogical components. These results 
are necessary to improve the understanding of 
coal characterization and to relate the mineralogy 
of different materials to their potential for 
producing acidic or alkaline mine waters 
associated with mining and preparation 
processes.   
 
Materials and methods 
About 20 samples were collected from the main 
coal seams. These samples were taken from fresh 
faces of the mine to avoid weathered surfaces and 
get fresh samples. The petrography of the samples 
was carried out by the conventional microscopic 
methods at the Golestan University. Mineralogical 
analyses were done by a X-ray diffractometer 
equipped with a CuKα tube and monochrometer 
(XRD Philips PW 1800) at the Kansaran Binaloud 
Company. The coal samples were initially crushed 
to less than 200 µm and homogenized. Then, 50 g 
from each sample was heated to 525 oC according 

to the United States Geological Survey procedure 
(Bullock et al., 2002). The concentration of the 
major and trace elements in the resulting ash 
samples was determined using a wavelength X-
ray fluorescence spectrometer (XRF Philips PW 
1480) at the Kansaran Binaloud Company.  
 
Results 
The Coal-bearing formation in the Ghashlagh 
mine belongs to the clastic unit of the Shemshak 
Formation,  consisting mainly of about 2400 m 
sandstone, siltstone, shale. The middle part of this 
formation includes the economic coal beds.  
Petrographic and mineralogical investigations 
indicate that the dominant mineral phases of the 
Gheshlagh coals are quartz, kaolinite, 
montmorillonite, albite, muscovite, illite and 
pyrite. Pyrite occurs as euhedral to anhedral 
crystals and locally as framboids which are 
disseminated in the coal. Oxidation products 
consist mainly  of iron hydrosulfate resulting from 
the oxidation of pyrite.   
The organic/inorganic affinity of elements in coal 
was determined using the correlation coefficient 
between the elements and ash yeild. Si, Al, Ti, Fe, 
K, Na, Ga, Zr, Rb and Nb are mainly associated 
with minerals. Sr, Pb and Ni have a dual 
association. The concentrations of most trace 
elements in the Gheshlagh coal samples are high 
when compared with the usual reported range in 
the world. The contents of Pb and Ni  show the 
highest concentrations.
 
Discussion 
The Gheshlagh coals are characterized by 
relatively low amount of sulfur indicating 
deposition in lacustrine and swamp environments 
(Goodarzi et al., 2006). The concentration of Ni, 
V, Sr, Ba and Ce in the Gheshlagh coals are 
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relatively higher than the Shahroud and Lushan 
coals (Yazdi and Esmaeilnia, 2004). The 
comparison of the concentration of trace elements 
in the Gheshlagh coals and worldwide 
concentrations (Swaine, 1990) indicates the 
enrichment of Ni and Pb in the Gheshlagh coals. 
Gluskoter et al. (1977) used a value of six times 
the Clarke value to determine if an element is 
enriched in the whole coal. By these criteria, the 
concentration of Ni and Pb are enriched in the 
Gheshlagh coals when compared with the Clarke 
values. 
Generally, the distribution and abundance of 
reacting mineral species in the coal mines can be 
used to predict the extent of acidification and 
neutralization in particular area. In the Gheshlagh 
coal mine, the frequency of  pyrite is moderately 
low. In addition, the availability of carbonates in 
the host rocks provides buffering capacity for acid 
produced by oxidation in this area. This 
investigation has led to a better understanding of 
coals and their roof and floor lithologies in the 
Gheshlagh coal mine.  
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