
www.SID.ir

Arch
ive

 of
 SID

 

 
  Ç: sjmoghad@pnu.ac.ir§�ول yÇا��ات*      

 شناسی اقتصاديمجله زمین

  )1394سال ( 2، شماره 7جلد 
�341ا  327صفحات 

Journal of Economic Geology

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

ISSN 2008-7306 

§نkÂ,  من�¬هد��³Âm Ã [اÓ د� ¿اuیه  دا�eیتا¿یÔa ¹Âس�Åاي�e°ی¶  ¿ÃÂvشناسی Á زمین
 استا½ سی�تا½ Á [ل�qÂتا½

  
 Âmاد �Ëدي Á *سی| Âmاد م¬|سی
  

 ، تهران، ایرانشناسی، دانشگاه پیام نور گروه زمین
 

q  ، :5/8/1393¢�£25/8/13929: 4ر�ا¾�
 

Ã|ی°q  
EÏ�Êا��� JاÍ£سØq 4,رÌÂ³ËÇ ¾ 1 4رÏË Ì35¾اصل -ÏË1 4ر جÏË¾ Fس�ا£Îشمال ش J£�ÇÏل�x ·@Á,و Fا�@§tÏو �ل Fس�§�ا Fس�ا, J£ا���

.Í4@در, ��É�@§q~@Ç Ã�y@ª@ا س@x É£�اس@Ì )ر�Ïy@§Ç)w@ªÇاy�q 7, ~ytÏx ¨ - F£ه ,¾�ÏÇ Ì 1ÏË¾ ~��ÄÏر³Ç 4اÂ³ËÇ� Ì¹Ä. ,س�
Ìم�Ê ا�~ وÇدÂÇ ا¾اتª�x, FاªÊ 1ÏË¾ ÌÂ³ËÇ 4,4ه ,س� �ف�ل~ 4رÌxÌا��Ê É�£ار�@�¸£q ×ا@� ¤{Ï4ره جÌ@ا��ÊEÏ�Êا@��� Ì@Â³ËÇ 4,ر 4ر

}¤ �@ا× Ë�@§Íد و ,Ê 7¶@£ 4ره جÊÏا��Ì 4,ر  و,�دÍاÏÍ Jر�ÊلËد }ا�£و و ,É�Ï�Ä }ا�£و�~ ÌÂ³ËÇ، سÇ zËا4ر Øqس£ÍاJ ���ا1ÏË¾ .EÏ�Ê ,س�
~Êاxا��Ëش ÃÇشا ~F4}£سا JاÍ7ØxÏ�UØq  ،شدهÏËل�x،É§xو£�q لÏف��Ç' و É�Ï�Ä,~ÇدËاش� .EÏ�Êا@��� Ì@Êاx É�£@م�ÎÇ �@�Ë4,ر 4ر ,�لم

4ره ج@Ï}¤ �@ا× Êا��@Ì 4,ر  ���@اEÏ�Ê � @¨ س@É�|Ë رس@�ÏاتÍ4د ªÊ ÌxاÇ F~~ ��شËا xا³Ç ~Êا¹Äات. ,س�و,�دÍاJ سx5 ~|Ë£ شده 
 JاÎ�Êاx س� و, ��Ëلم�, ÃÇشا Kا¸مد�ا���Ì� ¤�Ê Éو ,سف Ãرو�� ،���Ë|ÇÏÊ  ¤د,ر جÂÇد�Êر 4,رÏ°� ~ .~رس£�  F,¤�Ç¤x£م�  �@�Ëلم�, ~Êاx

ÌÊات رو�4ا�Ï4ر رس~Ç FاªÊ É�ËuمÍ J,7, Ìا ,¾¤,�¨ ¾اصل� Ìx دÍ4  F,¤�Ç ،ا4رÇ zËس¤x£م� ~Ç ,د�q ¨�,¤¾,Éا��q د و 4رËx  Ì@� 4س�
~Ç 4Ï� د,رÂÇ £�x,رسد �د .É�Ç7 دÍ,Ïش~Ç FاªÊ ~اسËشEÏ�Êا��� JاÍ£سØq Ìx دÍ4 4,رÌا��Ê£ � £�, ا× 4ر� ¤{Ï47}~ 4ره ج,ÏÍ و ��

 JاÎ|Ëس�Êاx Jا4ر }ا�£و�~ �اوÇEÏ�Êا��� JاÎو 4,ر ،¤x£م�  Ì�ªÎÊ و ÌÊا 4ر �§�£ رو�4اÎÊ' Fشدهشد Ã�yª� ×ا� ¤{ÏدجÊ,.   
  

  .دار، ایلمنیت، دره جوگز بالا، فنوجپلاسرهاي تیتانیوم :¯لی|ي ÅايÁÃا�
 

  م¬|مه
 Ì� £سØq هU,وÌ�@ªÎÊØ@², w@و7و��£Êا¾ É@ا س@� Jو,ر' Jا@Í B

~@Ç دË@اش� J4ا@@�Á, 97ر, J,4,ر Ì@@x 4Ï@@ش (Garnet and 
Bassett, 2005). £سØqاÍ لÏ@حÇ Ì@�£t ا@Í J س@ا�¨ و£¾

-Ïرس  Jد }¢,رË�@§Í4ر  وÌ@���Ê  Ì@¸Ïم�Ç  7, J,JاÍ4,ر�@د 
É�Ç7  ~ا��Ëش~Ç Ã�yª�  ،دÊÏش F,4وره �@ا 4ور w� ~² 4ر Ìx
É�Ç7 ~Ç Bاس~ ,�فاËش �¾,Ëد .FÏمËا ر�� Ì�£t É�, ~{47,ÏÍ و 

 ~|Ëس JاÍو,�دÊاxÌ  ا47,ر»' ~@Ç 4Ï@و  و ش ~@y�¤�¾ ~{47,Ï@Í
�Øq Ãس@£Íا4ر �y@ª،�@ا ÍÆ@Íم¤ÇاÏ² Fر �Ç¤, �ا �Ìش�م�ا�~ 

 Garnet and Bassett, 2005; Patyk-Kara( �4ا�Ä 4,رÊد
et al., 2001.( ,د جدË�'£¾ ،J£سØq JاÍار§Êاx Ã�yª� 8سا, 

}¢,رÉ��-Ï  J رس شدx FاÎ�ÊاJ س�x 7, wاÎ�ÊاJ سÉ�|Ë 4ر 
�x £�ªاÊ§ارÍاØq Jس@£¹�Ç Jل@Ì@� À �. (Robb, 2005) ,س�

F' 7, د وË�§Í £¯د �اÎ¸  Ìx د س@�³ 4رجا@Êر 4,ر,£@Á É�@Ç7،
ËÇا�· ÎÇم~  ÍاØqس£. ÇمÉy ,س� 4ر ,�£ ¾£سا�¨ ,É�� 7 �£وÊد
xاÎ�ÊاJ �@اوË¸ Jاص@£ �£,J سÎ|ËاJ جJ£Í,Ï، ¾ل¤,ت �Áم�~، 

EÏ�Êا@@��� Jا@@Î�Êاx و Éx£@@�7 ،-م�@@اx ~xد�@@اË�@@§Í 4,ر
)Morley, 1982; MacDonald, 1983; Williams, 

1990; Rattigan and Stitt, 1990; Harben and 
Kuzvart, 1997.( Ì�ªÎÊ دË�@§Í ار�¸ Æx ل�», J£سØq JاÍ

É�, Ì� ÌجÏ� ا� ~Äا س§�  وÎÊ' دهÊ74 سا,ÏÇ Ìx�@س, Ì@�  ~Êس@ا'
F¹دÇ Ãا�Á  Jار@x~@Ç دË@اش� (Guilbert and Park, 1997; 

Dill, 2010).  و w@@�¾اÇ JاÎ|Ë@@47}~ س,Ï@@Í س@@ا�¨ و£¾
 w�¾اÇ,£�Ä4 4ر ,وÏجÏÇJاÎ�Ä,Ï� ~��ÄÏ�¾, Ìx ~Êاx Jاو�  J7س@ا

 EÏ�Êد ���اË�§ÍÌ�ªÎÊ ا 4ر '- وÎÊ' Fشد Éا��@q JاÎ�¾4س@�ر،
~Ç د@Ê,Ï�  Ã�y@ª� �@جÏÇ4Ï@ش EÏ�Ê7 ���@ا, ~@Ë» JاÍ£@سØq
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(Dimanche and Bartholome, 1976).  4ر }@£وه �@�Ëلم�,
 45,رÌx 4 4,ر,J وÏ@ Ç F7: �@دوÎ�Ê  4اJ سÉ�|Ë جاxJا

Ì@@اسÇ 4ر £�@@ª�� د وË�@@§Í~@@Ç �@@¾¹��²@@~ �ا Jا@@Í دÊÏ@@ش
(Laznicka, 2006).  F4ر ,س@�ا ·@Á,1 وÏËÎx EÏ�Êار ���ا§Êاx

شËا��Ì شده ���@اØq EÏ�Êس£Ç£x JاÎÇ 7, ~y� Fم�£�É �5ا�£ 
و ª�x, Ì@Â³ËÇ@ا¾~  (Kowsari et al., 1987) 4ر ,�£,F ,س�

Ì� F,£�, 4ر EÏ�Êه ���اÏÂÄ7 �5ا�£ �ا, ¤�Ê 1ÏË¾شمار ~Ç4رو .  
Çحدو4ه EÏ�Êا¾~ ���اª�x, 41,رÏË¾  حدو4ه4رÇ ~ج¼£,¾�ا�  É��

ÄÏ² JاÎ'00 °59  60° 00'�ا   Jو �اور JاÎ¯£¸'30 °26   ا�
'00 °27 ~Äر 4,ر4شما,£Á. É�,ÌÂ³ËÇ  ا�  ~��£Â� �¹5000وس 

J¤x£Ç رش�ÎÍÏx Ìاª� Jا}£4 و ج�x¨ �  -ÏËلÇ £�ÇÏ£�· 4ر 
 Fر�اÏÇ74,ل جاÏ{ Fا�§tÏو �ل Fس�§�ا Fس@�4ر ,س�ا, ·Á,و  و

 7, ~ª �ÄÏ�¾, ه£y�q~�� 1ÏË¾ - Fا�Ïy§Ç )wªÇر ( Ã�yª� ,ر
~ÇدÍ4 ) Ãy1. )1شÏ@Ë¾ J£سØq EÏ�Êار ���ا§Êاx  ~@² 4ر Ì@x

ه ,س@@�ªx 1Ï@@Ë¾ Ì@@Â³ËÇ@@½ ش@@د س�§@@�ما��ª�x,w@@ا¾ات 
(Tadayon and Azarm, 1983)  ش@مال  435ر J£�ÇÏ@ل�x

w�Ê ·�,Ï� 7, 1ÏË¾ Fس�ا£Îش Fس@�ا, J£ا��@� -Ï@Ë4ر ج £Î@ش
³Çا¹Ä@ات ,ª�x@ا4Aر . �س�§�اF و �لtÏ§�اF و,Á· ش@ده ,س@

 ,Ì(Yazdi 4ر Â³ËÇ@ ص@Ïرت }£¾�@�ÊÌمÌ �ف�ل~  ÂÇدÇا�~ و
2010) Ì@@ا��Ê @@� ×ا@@� ¤{Ï@@4ره جÌ É�£ار�@@�¸£q F,Ï@@Ë¸Ì@@ا��Ê

~Êاx  J7¹£¾~ ساÇ EÏ�Êا��� Ì@x �@شده ,س،À@�Âح� É@�, ~@²
É�Ç7  Ã�@ف� Ì� F' Ã�yª� هÏحÊ اس~ وËر ش,£@Á �@ر4 �حÏ@Ç

~Ç 4£�{ .  

  

Ì@x �@ا 4,�@£ه Ç£Á@¤ ش£F' ~Á 4ر جÏË-) ر�Ïy§Ç)wªÇاy�q-  F£ه ,¾���¹ÁÏÇ1ÏË¾ ~��ÄÏ ج¼£,¾�ا�~ ÍاF,£�, J و ,¾�Ëx,£q ÌªÂÊ ��ÄÏد}~ .1ش°¶ 
  . )(Shafaii Moghadam and Stern, 2011)�ا �¼��£,ت ,ªÇ £qÏ�) 7 » شده ,س� 

  

Fig. 1. Simplified distribution map of ophiolites in Iran and geographic situation of Fanuj-Maskutan (Rameshk) 
ophiolite shown by solid red circle (modified after Shafaii Moghadam and Stern, 2011). 
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  ��Á م�ا· ه
ÏÇ ÌÂ³ËÇر³Ç 4اÌ¹Ä ر, ر�Ëم@FÏ و,�@دÍاJ  4رصد ,7 �70دو4 

�Â� و ~|ËسÌ~@Ç Ã�y@ª� ~ات س³ح�Ïدر, رس@ËÍ4 . مل�@ات¸
Ì� ~�,£اسا� صحËر شÏ¶ËÇ ~~�,ÏÊ ÌÊاx ²@~4,ر  Ì@� Ì@ل�£Ç 4و

 ª�x,Ì@x F' ~@² 40@ا¾ات ÂÇ@دÇا�~  )1: ش�Ê, £�7 2£اE ش@د
 ش@@�Ï~،�¹@@د ,7  ×وÊCمÌ@@ÊÏ ,7 رس@@�Ïات س@@³ح~ �£4,ش@@� و 

É�|Ëس ~Êاx ¹اتÄ³اÇ�4د£{ Eا�Ê, اÎÊ' Jرو £� . Ìل�£Ç É�, 4ر
 Ì� ÌجÏ� ا�²§@~ �اË¼Ç Jا@Î�Êاx F,¤@�Ç F4Ï@� ×4ر �@ا£�@ª�� 

ÌÊÏمÊ ±Â¾ ،اÍ5  9رو Ì� ÌÊÏمÊE£¾ÏÇ£�{Ì@ÊÏمÊ £و س@ا� J£�  اÍ
J7رو9 جد,س@@ا Ì@@� دÊا�²§@@~ �£رس@@~ ش@@دË¼Ç . 7, ¥@@q

« ªÇÌÊÏمÊ Fشد  JاÍ EÏ�Ê7 ���ا, ~Ë»)�@�Ëس£شار ,7 ,�لم(، 
Ìا��Ê اس�ËÇ J,£� Ìم�Ê Aاª�x,~ا- }£�4@د �ف@�ل@ �Ê, . 4ر

ÌÊÏمÊ Ìل�£Ç É�, ½@ل� Ç ~|Ë@س Jا@ÎÊÏمË7 ر�, J4,ر£� J,£@�
س@اx J7@اÊ@ªËÇ É�@�¹�� ~Ê|ارJ و xاÊ ÌÊ|ارJ،س³ÇzËا¹Äات 
 EÏ�Ê�4د���ا£{ Eا�Ê,. 2 (Ìم�Ê ا¾اتª�x, ~ف@�ل�Ì@x  F' ~@²

�£,ÌªÊ 4ر ËÇا�Ç, À²د� ¨ �ا ,¸م@ا�Ç Bف@اوت  t9اwÍ و  29
�@£,É�, 7, ¤�Ê J �ف£�ات ÊمÌÊÏ  61و �ف£ }£�4د �Ç£  �4ا  7,1 

~Êا@x ¹اتÄ³اÇ É�|Ë@ا4هس@Ç' ش@د�£4,ش@� و J7س@ا. É@�, 4ر 
Ìل�£Ç،  4,¹�15دÌÊÏمÊ 7, ÌÊÏمÊ  JاÍشده �£4,ش� Ìx É�£�ª��

~Êاx F,¤�Ç~Ç FاªÊ ,ر EÏ�Êا��� J7دساÊ4,4،  د,رÂÇ É��¹� J,£�
TiO2 Ì�  9ش�م~ �£رو )FÏد) ���£,س�Êا- }£�4د �Ê,. 

Ì@x 1Ï@Ë¾ ÌÂ³ËÇ �ف�ل~ 4ر و �Êمª�x, 7, ¥qÌا¾ات ÂÇدÇا�~ 
~Êاx F' 4رEÏ�Êا��� J£سØq J7سا �Ì صÌاسÇ رتÏ س�اه JاÍ  4ر

¸q F,ÏË£¸�ار�£�É  4ره جÏ}¤ �ا× �ÊÌا��Ì ،�ا¾� شدÇحدو4ه  4
Ìا��ÊÊا���EÏ�  4,رEÏ�Êحدو4ه ���@اÇ 4ر B£@4ر ش Fا�Ïy@§Ç 4,ر

 9Ï{ارÎt100000/1  1ÏË¾ ~اس@ا�Ë�4@دش£{ ) Ãy@4ر  .)2ش
 É�,Ìا��Ê Ì� ÌجÏ� ا� ÌاسÇ 4Ï4ر �§@�£  وج « @ªÇ س�اه JاÍ

 4ر ÂÇا�§@Ì �@ا4ر س@Í �³@اJ س@�اه  ÇاسÂÇÌد,ر 4ره و ,¾¤,�¨ 
�,ÏÊ£|�4 ~،  4,¹�12د wÍاt ÌÂس@±  �لÏ�Ç À@�3@ا  �2ا ¸م 
£�Ç  ه 5و£Â¾ ÌªÊ,£� ا� ÄÏ²JاÎ 2  �4ا £@�Ç £@�4@د و 4ر  �ف£{

>Ïم�Ç26ÌÊÏمÊاÎyÍاt 7,ÌªÊ,£� ا وÍJ,£@� ~Êا@x ¹@اتÄ³اÇ
É�|Ëف@£ .شد�£4,ش� س� Jا@ÎyÍاt ��¹ÁÏÇ  ش@ده 4رÌ@ا��Ê 

Ï�4,ره tاÎyÍا .ªÊاF 4,4ه شده ,س� 3× 4ر شÃy 4ره جÏ}¤ �ا
ÌªÊ,£� 4,ش@� و �@ا ,س@�فا4ه ,7  و£� É�@Ç7 Jا¾~ رو@ª�x, Jا@Í

E£Ê V× ت ,¾¤,رØq1 �4د£{ Æا .�£س�ÎyÍاtJ  ¨�,ا¾~ �ا 'رª�x,
~@@³� Kا@@��£Â� ل 4رÏ@@² هو 4ر ¤{Ï@@ج  Kا@@��£Â� 4,د@@�Ç, ا×، 4ر@@�

~Äشما- ~�ÏËدشد�ف£  جÊ )Ãy¹ات  ).3 شÄ³اÇzËاس@|ÊJو  ر

ÌÊاx  Jار|ÊJده  �£ رو@ËËx Ì@²ا�, ~|Ëس JاÍو,�دÌ@ا��Ê  4ره
É�@ËuمÍ ا× و� ¤{Ï4ج  Ì@ÊÏمÊ É�|Ë@س Jا@Î�Êاx 7, ات�Ï@رس

¤{Ï4ره ج J£سØq  7, ا× �ا ,س�فا4ه�F,¤ر�Øq pyوس£y�Ç  Eا�Ê,
4ر  TiO2شد}~  «ªÇ J,£� F,¤�Ç~Ë » شدÍ FمÉ�Ëu . شد

Ì�ªÎÊ JاÍ£سØqÌ¹Ä³اÇ 4رÏÇ ÌÂ³ËÇ J،وØ@¸ £@� 15ه Ì@ÊÏمÊ
Ìم�Ê ا¾اتª�x, Ìل�£Ç ¹�7د,4 �ف�ل~، �£4,ش� شده 4ر  ÌÊÏمÊ

ÌÊÏمÊ 7,  É�|Ëس ~Êاx JاÍ7, ره �£4,ش� شده,Ï@�4  ا@ÎyÍاt Ì@�
  .شدÊد ��¤����Ì£,س�FÏ رو9 

  
   شناسی �¼Âمیزمین

Ì¹Ä³اÇ 4رÏÇ ÌÂ³ËÇ ~��ÄÏ�¾, ه£y�q w� 7, ~ytÏx ¨ � Ì�EاÊ
1ÏË¾ ¥yلrمx- Fا�Ïy@§Ç )w@ªÇس@) ر, Ì@x � و -Ï@Ë4ر ج

 Fر�@اÏÇ74ش@� جا Jاور@� -ÏËر 4,ر4 ج,£@Á(Arshadi and 
Mahdavi, 1987). Æ�§Â� 4ر ��ÄÏ�¾, JدË� É@�, ،F,£@�, Jا@Í

�@@�ÄÏ�¾, 4ر Ì@@¸Ïم�Ç J¤@@x£Ç F,£@@�, اره@@Á¤ر� FÏ@@Ç,£�q Jا@@Í
(Takin, 1972) ��ÄÏ�¾, و¨�q JاÍFر�@اÏÇ7جا Ì¯Ï� Fماx

)Shafaii Moghadam and Stern, 2011(  Ì� Ì@اس�£x Éس
~Ç ر,£Á É�§q4£�{ . ~Ëس £¶Ê 7, Ì¸Ïم�Ç É�,��ÄÏ�¾, ا@�  Jا@Í

 Ìاس�£xÉ�§q  7,}£8 4ر-£» ÆÍ ~�,ÏÊ £و سا� F,£�, ر7 ,س�,
(Shafaii Moghadam and Stern, 2011; Aghanabati, 

2006). É�Ç7 £¶Ê 7, zËا��~ و سËوه و,�@د  ش£@{ Ìا��~ سËش
�Ç ،~��ÄÏ@�¾, Ì@¸Ïم) 1: سË|~ 4ر Á ÌÂ³ËÇا�ª� Ã �» ,س@�

2 (~�Ï@@رس JاÎ|Ë@@�3 £��@@~ و  -س ( ~ÊÏ@@{£{4 JاÎ|Ë@@س
Ìا��Ê J, .~د�مÁFو£� ~|Ëس JاÍو,�د É�£�  Ì@Â³ËÇ 47 شده 4ر

 Ì�Éس  Ì@اس�£x Ã�,و ,و É�Ç£qدË�@§Í و Kم@د�ا¸  ¥yلr@مx 4ر
,�x Éمrلy¥ شاÃÇ 7وF ¾ل§~ �ا روÊ@د . ,Êد �ا¾�Ì }§�£9'7,و, 

~Á£س� -شÏq 7, ~{دÇ'£� w� اره«£�~ ,س� و@Á Ì  -Ï@§حÇ J,
~Ç 4Ï@ش )Arshadi and Mahdavi, 1987( . ¥yلr@مx É@�,

,J ر, 4ر ش@@مال F,£@@yÇ و �اش@@��Ç  ÌمÇ Ì@@¸Ï£�ف@@· و ªx@@�ده
~@Ç Fر�اÏÇ7و,¾�ا4}~ جا£¾ ~�ÏËج Æ@x w@Í' 7, س@ا47 و À@م¸

x£�اس@Í Ìم@£,ه �@ا رس@@�Ïات � £��@~، س@Î|Ëاª�' Jفª@@اÊ~ و 
 ,Ã�y@ª� ~ÊÏ@{£{4)Arshadi and Mahdavi ش@ده ,س@� 

1987.(   
 ~��ÄÏ@�¾, ~Ä,Ï@� w@� JاÎ@ª � Eم@ا� ،Ì¹Ä³اÇ 4رÏÇ ÌÂ³ËÇ 4ر
 ÃÇا× ش@@ا@@� Ì@@� Éا��@@q 7, Ì@@x �@@ده ,سÍا@@ªÇ Ã@@ا�Á w�@سØx

,J و  Í@@اÍ Ì@@�× J@@ا�ÊÏ@@�y� J¤ه و ,�Êاش@@�~، }@@ا�£وq£�@@دو���4
Í@اJ �اªÄ@~ و  ,J �4ا�@اJ7، �اÍ �@Ä,7@اJ ور4Ï� ،J, w@�,4 Ì@Áه
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�@£�É و,�@د  �£4هÍ@ا }§@ q£�دو���. �اشËد Ç w�UØq~ رس�Ïات
Ã�yª� ��ÄÏ�¾, دهËÍ4  دË�§Í اÍ Ìx4ر شمال Ì@Â³ËÇ ~�£» 4ر

«£�~ Ì@Â³ËÇ 4ر Ï@xه ش@Î£�ار و ÍمÉ�Ëu جu�£{, -ÏËاÏx Fه
Fد�£وÊ47 4,ر.  

  ¿´ا�ي Âeا·ی ا§یÂ·یتی¿´ا�ي Á ¯ا¿هسن²
FماÍ  JاÎ@ª � Eما� Ì¹Ä³اÇ 4رÏÇ ÌÂ³ËÇ شاره شد 4ر, Ìx رÏ²

³Çا¹Ä@ات . ªÇ Ã@اÍده ,س@��Øx ~��ÄÏ�¾, ~Ä,Ï� wس@�Á wا�@
zËس~Ç FاªÊ Jار|ÊÌ� Ìx دÍ4~لx رÏ² �¾ا� >ÏÊ اش�~  4و�Ê,

  . ÍاÌÂ³ËÇ J وج4Ï 4,ر4 و ��ÊÏ�y¤ه 4ر q£�دو���
Íا�Ê, Jاش�~ Ìx 4,ر,J �ا¾� ,�Êاش�~ Ë�@§Íد ش@اq ÃÇ£�دو���

Í@@اÍ JارÏ�7ر�U@@�، 4وÄ ،�@@�Ê£7و�Ä@@�، ور�Ä@@� و q£�@@دو���
~Ç 47,رØxÏ@�UØq دË@دو�. �اش@�£q�� 4Ï@@ه �@ا وج¤�ÊÏ@�y� Jا@@Í

w�£ل~ و ¾ا�y@ه، 4}£ش¤�ÊÏ@�y� �¾ا� ÃÇشا Ìx ~لy4}£ش JاÍ
V£@�~@Ç Ìا��Ë@@اس@�، شÎ�Êاx ~@@{د و,رÊÏ@@ش(Adabi and 

Karimpour, 2002).  
Ì�× JاÍ4ه }ا�£وÏ� و J, 4ر شمال و شمال Ìx J, Ì@Â³ËÇ ~@�£»

~@@Ç دهÍا@@ªÇ Ì@@¹Ä³اÇ 4رÏ@@Ç دو���@@�£q ÃÇد، ش@@اÊÏ@@ش Jا@@Í
�ا }ا�£وÍاJ س£ش@ار ,7ØxÏ@�UØq 7 و 'ÏÊر�47ØxÏ�UØq �@�7Ï,ر 

~ÇدËاش� .Ì@�× Jا@Íد و }ا�£وË�@§Í ~�@اش�Ê, �@¾ا� J,4,ر J,
Íا47ØxÏ�UØq J,ر، �£و��ÄÏ�x و ,É�Ï�Ä }@ا�£و شاq ÃÇ£�دو���

~Ç دËاش�) Ãy4ش-A .(4هÏ� JاÍر }ا�£و×Ï@Ê,£{ �¾ا� J,4,ر J,
xÏ@@�UØq Jا@@Î�Êاx 7, Kد و ¸م@@د�اË�@@§Í Ì@@Ê,4 �@@7 و 4رشØ

�لÏرÍ@@اB .( J-4ش@@Ê,) Ãy@@د  xل��qÏË£وÃ�y@@ª� É@@§x ش@@ده
 ،Vس± �@ا �@¤رÏ�Ç د,7هÊ, ر و£yÇ ÃxاÇ 7 �اØxÏ�UØq AرÏÇÏË�7

~@Ç ,ر zË@س ÌË�Ç7 £�ª�� ¤د,ر ج@ÂÇ Ì@� د وÊ7رس@~ و �@س@ا ~
ساJ7 ���اEÏ�Ê ¸م@د�اK 4ر  xاC .(~Ê-4شÊ,) Ãyد  س£�§��~ شده
Ì�× JاÍد }ا�£و و  }ا�£وËل�ÊرÏÍ >ÏÊ 7, J, Ãyش Ì� ا�£و{ É�Ï�Ä,

~Ç دهÍاªÇ ��Ëلم�, ~Êاx  4Ïش) Ãy4ه ).5شÏ� JاÍا�£و{ J,  ا@�
ÍاJ  4رش@� 4ر �ÏÍÌ@r,47}~ �ا× و �ا¾@� }£,Ï@Ê×ر Ì@Ê,4 شدت

ÆxA,£@², >ر�فا,Jروس@�اFا�Ïy@§Ç ش@مال و ش@مالو -£@»
ÌÂ³ËÇ Ì� 1ÏË¾ س�, Ì�¾ا� Ì¹سÏ� ~�Ï�.  
w�,4 ÌÁور JاÍ  7, £�ª�� J,20 �@�ÄÏ�¾, ر,  4رصد Ì@Â³ËÇ Jا@Í

~Ç دÊ7سا-Ï@Ëر}@~ ر, 4ر ج¤� Ì@Â³ËÇ وB£@ش -Ï@Ëو ج -£@»
,�É . د1ÏË¾ ~Ç ËËx ,ش¼ال -�Ïy§ÇاF ر,ه�Ïy§ÇاF و 4ر ,�Çد,4 

xاÎ�ÊاJ ر�§@اره ش�§@�  �Ç Ì�ÌمJ, ¸Ï }§�£4هÏ²ر  �Ì و,�د
,�ÄÏË��x@� و Ë�£x@ات  س@�¤ ش@اx ،�@��Ä' ÃÇل£�@�، ,�q@دوت،

4ر. (Arshadi and Mahdavi, 1987) س@�,  4}£ساF ش@ده
 Jار�§�،~�,ÏÊ 7, w�,4 ÌÁور JاÍ د,7ه{ ،J, 4ر ·Á,و ~ªÄا� JاÍ

��ÄÏ�¾, ¨ � É�£�×4ه �اÏمÊ Ì�¢¼� ,ا رÍ دÊ, .�Ä,7ا�  ~@ªÄا� JاÍ
~Ç ,ر ÌÂ³ËÇ ~��ÄÏ�¾, ~Ä,Ï� ¨ � É�£�×ا� ÌمÍ Kا��£Â� د وÊ7سا

 Í(Arshadi and@اJ �@ا���ÄÏ@� �@�x£� ~�Ä,7~ 4,رÊ@د }د,7ه
Mahdavi, 1987) . 

 É�£ار�@�¸£q Ì@x ×ا� ¤{Ï4ره ج Ìا��Ê ~Äو شما ~�£» JاÎª �
~Êا@x Ìا��Ê JاÍس@± و,�@دÏ� ،�@س, Ì@Â³ËÇ EÏ�Êا@��� J7س@ا

و � @¨ ش@£kper5/6 ( ~Á(,وÉ�Ï�Ä }ا�£و و ÏÍر�ÊلËد }ا�£و�~ 
 ~��£Ä7 و,�د 4و,)F4}£سا JاÍ7ش@ده�4ا�ا) (kpedb ( ش@�دهÏq

|Îا ¸مد�اK ش@اx ÃÇاÎ�ÊاJ ساÊ7ده ,�É سË. )3شÃy ( شده ,س�
x ،7ØxÏ@@�UØqل��qÏË£وx, ،É�Ï@@�Ä, ،É@@§x§@@�د 'É@@Í و �£�@@~ 

�ا¾� «اÉ�, �Ä سÎ|Ëا ,ÏÊ,£{ >ÏÊ 7×ر �@ا . xاÎ�Êاx Jدر Ë�§Íد
�لÏر و ÏÇÏË�7رÍ7ØxÏ�UØq  ÌË�Ç7 Ìx AاJ 4رش�. ,�Êاش�~ ,س�
~Ç ,ر zËسF,د، ¾£,وÊ7سا zË@س ~Êاx É�£� Ì@� د وË�@§Í 7س@ا

).C-4ش@Ãy (ش@ÊÏد 4}£س@اx~@Ç FاÎ�ÊاJ رس~ و س£�§�� 
É§xو£�qÏËل�x ~�Ïq �¾ا �ا �اÍ  و ��ÄÏÇ£� ،لÏف��Ç' Ì� wل���x

~Ç F4}£سا ÉÍ' JاÍد�§x, دÊÏ@ش) Ãy@4ش-D .( Ì@� É�Ï@�Ä,
  .ش4Ï ~ 4ر ��É �لÏرÍا7ØxÏ�UØq J �4ده ÂÇ�~Çد,ر ج¤

Ì@ÊÏمÊ ~لÂا²· ص�ÂÇ Ì¹Ä³اÇ  JاÍ4,ش@� ش@ده ,7 و,�@د£� JاÍ
FÏ@Ç,£�q 4ره ) ÏÍر�ÊلËد }ا�£و و 4وÉ�Ï�Ä, ��£Ä }ا�£و،(}ا�£و�~ 

�� ~Êاx 4Ïا×، وج� ¤{ÏجEÏ�Êا� ~@Ç ر, �ا��@د �@�Ëد4,ر ,�لم@Ëx
) Ãy5ش .( J, هÏ@ÎÁ zÊا شدت �ا�7ا�¨ ¯�¹½، ر� Ìx ��Ëلم�,

�Çما�@@Ì@@� Ã ص@@Ïر�~، Ët@@درÊ|~ ¯@@�¹½ وÄ@@~ و,¯@@� و 
~Ç Ìا��Ëش JÏÁ J4£|Êم§اÍاÊ 4Ï@ش(Moghaddasi, 2006)

Ì� Kرت �ل ¸مد�اÏا سا-ص� AرÏÇÏË�7 JاÍرÏ  4ا ,�¹ا� AرÏÇÏ�,5  ا�
400 Ì� Fو£y�Ç ~Ç �¾ا� zËس É�Ç ده 4رËx,£q Ãy4شÏ@ا . ش@�

É�, Ì� ÌجÏ�  ×ا@� ¤{Ï@4ره ج Ìا��Ê ~Äو شما ~�£» JاÎª � Ìx
 ~@Ê,و,£¾ É�ËuمÍ شده ,س� و Ì²ا�£و�~ ,�ا{ JاÍس± و,�دÏ�

EÏ�Êا��� JاÎ�Êاx~Ç ،اÍو,�د F' ا ر, س4,ر 4رÎÊ' F,Ï� ا4ر@Ç zË
~Êاx�§Ê,4 ÌÂ³ËÇ 4ر EÏ�Êا��� J7سا  .  

  
¹Âیتا¿یe ايÆاد ¯ا¿ی|yته��Æ¿ س�ي دا� د�Ôa ايÅ  

Ì�ªÎÊ 4,ه ر�دÏحÊ Ì¹Ä³اÇ J,£�EÏ�Êا��� JاÍ 4ره Ì@ا��Ê 4,ر 4ر
�لt ÌÂاwÍ 4ر رس@�Ïات �§@�£ رو�4اÌ@Ê  12جÏ}¤ �ا× �¹د,4 

Í  J@ا �لt ÌÂاwÍ 4ر Çح@دو4ه �9ف£ }£�4د É�, 7, Ìx �¹د,4، 
A  وB ) حدو4هÇA  حدو4هÇ 4ر �ا×4س� وB Éا��q 4س@�4ر (
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ج�Ï@Ë~، 4ر Ï@²ل Ç§@�£  -�لt ÌÂاwÍ 4ر ,�Çد,4 ش@ماÄ~ 3و 
، �@t w@� 7, J£�Ïاw@Í 6ش@Ãy ). 2شÃy (4ره �ف£ }£�4د 

 Fا@ªÊ ,ا× ر@� ¤{Ï@4ره ج Ì@ا��Ê ~@�¾£�' ات�Ïف£ شده 4ر رس�
~Ç دÍ4 .,¤@�Ç F4Ï@مÊ « @ªÇ رÏ@¶ËÇ Ì� ،اÎyÍاt £� وهØ¸ F

~Ë»ÌÊا4}اq 4ر EÏ�Êره 4ره شد}~ ���ا,Ï@�4 ~د�مÁ ~�¾£�' JاÍ
ÊمÌ@ÊÏ ,7  ¹�26@د,�Ê ÌªÊ,£� . 4¤ �ف£ }£�4د 5جÏ}¤ �ا×، �¹د,4 

¾اص@لÌªÊ,£� . Ì �ف£ شده، �£4,ش� }£�4د �5لt ÌÂاwÍ و  12

~Á£@ش JاÎyÍاt ±سÏ�Ç-  4ره Ì@Ê4ر �§@�£ رو�4ا Ì@x ~@�£»
ªÇ @ات 1ول ج@د. �Ç@£ ,س@� Ê,80@د، جÏ}¤ �ا× �ف£ شده

ÌÊÏمÊ ÌªÊ,£� ا وÎyÍاt 7, 4,ش� شده£� JاÍ  ف@£ ش@ده 4ر� JاÍ
~@Ç Fا@ªÊ ,ا× ر@� ¤{Ï4ره ج Ìا��Ê د@Í4 . Ãy@9 7ش£@� Jا@Í

 J4Ï6¸مÌ� ,ا× ر� ¤{Ï4ره ج Ìا��Ê 7, � �ËÇ wÍاt 7, ���£�
~Ç FاªÊ شمال Ì� -ÏËدجÍ4.  

   

  
ر,ËÍم@ا و ج¤��@ات Ë�¸ Ì@ªÂÊ@ا1ÏË¾ ÌÂ³ËÇ . Ì@ªÂÊ 7, K و tاÎyÍ@اJ �ف@£ ش@ده 4ر 'Ê ��¹ÁÏÇ Fا��Ì 4ره جÏ}¤ �ا× 4ر Çحدو4ه �Ïy§ÇاF .2ش°¶ 
É�Ç7  8ا�ÂÇ 1 �اÏË¾ ~اسË100000/1ش É�Ç7 FاÇ7ر ساÏªx ~Ê¹دÇ ا¾اتª�x, اس~ وËش(Arshadi and Mahdavi, 1987) ا8 شده ,س���Á,.  

  

Fig. 2. Situation of Upper Jogaz Valley area at Maskutan region (Fanuj), including the location of exploration 
boreholes. Legend and the map details were adopted from 1:100000 geological map of Fanuj (Arshadi and Mahdavi, 
1987). 
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,وÉ�Ï@�Ä }@ا�£و و  kper5/6و,�@د . 41Ï@Ëر Í ¾ Ì@Â³ËÇاJ �ف£ شده 4ر �§�£ رو�4اÌÊ 4ره جÏ}¤ �ا× و tاB wÍو  ÍAاÇ ��¹ÁÏÇ  Jحدو4ه .3ش°¶ 

  .,س�) �4ا�اÍ7اJ 4}£ساF شده(4وÏÍkpedb  ��£Äر�ÊلËد }ا�£و، و و,�د 
  

Fig. 3. Situation of A and B exploration areas and drilled boreholes in streambed of the Upper Jogaz Valley river in 
Fanuj area. kper5/6 is olivine- and hornblende- gabbro, and kpedb is dolerite. 

  

4ر و,�د ) Ol( و ,É�Ï�Ä) Cpx(�q£وx É§xل�ÏË، )ÏÇÏË7ØxÏ�UØq )PlرA ��لÏرÍا1ÏË¾ ÌÂ³ËÇ J,B: 7 J، �ا¾� ,�Êاش�~ 4ر }ا�£وÍاA: Ì�× J .4ش°¶ 
،1ÏË¾ ÌÂ³ËÇ ~ا�£و�{ É�Ï�Ä, C:7 JاÍرÏل� AرÏÇÏË�É§xو£�qÏËل�x  ~رس JاÍ7ØxÏ�UØq س£�§��~ و وÌ�× JاÍ1 و  شده 4ر }ا�£وÏ@Ë¾ ÌÂ³ËÇ J,D: 

ÏËل�x شده ~��ÄÏÇ£� É§xو£�q)Tr ({و رÌ  J¤ر�,Ïx Ìt)Qz (~1 4ر و,�د }ا�£و�ÏË¾ ÌÂ³ËÇ ) Ì@�Î� ·²ا@Â�Ç ر�@¤هØq JرÏ@�¸ رÏ@Ê او�£ 4ر@� Ì@مÍ
  ).,Êد شده

 

Fig. 4. A: Cumulate texture in the layered gabbros of Fanuj area, B: xenomorph crystals of plagioclase (Pl), 
clinopyroxene (Cpx) and olivine (Ol) in the olivine gabbro unit, C: xenomorph crystals of clinopyroxene and argilized- 
and sericitized- plagioclase in the layered gabbro unit, and D: tremolitized clinopyroxene (Tr) and quartz veinlet (Qz) in 
the gabbroic unit of Fanuj area (all photomicrographs are taken in cross polarized transmitted light, XPL). 
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  ).سا4ه ,y¹Êاس~ÏÊر Øqر�¤ه ( 1ÏË¾ ÌÂ³ËÇ 4ر سÇ zËا4ر ,É�Ï�Ä }ا�£و�~) Mlr(و �Çل£�� ) Ilm( ,�لمÎ ��ËاxJاÍ�Êم£,Í~  .5ش°¶ 
  

Fig. 5. Ilmenite (Ilm) and millerite (Mlr) intergrowth in the olivine gabbro source rock of the Fanuj area (plane 
polarized reflected light, PPL). 
 

  .ÍاÇ JاسÌ س�اه ¾ÁÏاF' ~Êو ×�Ì 4ر 1ÏË¾ ÌÂ³ËÇ 4ره جÏ}¤ �ا× Êا��4Ìر ) t w� 7, J£�Ï�)TP-04اwÍ �ف£ شده  .6ش°¶ 
 

Fig. 6. View of a drilled borehole (TP-04) at the Upper Jogaz Valley area along with top layers of black sand. 
  

ÌªÊ,£� ا وÎyÍاt ~ف£ شده 4ر �£رس� JاÍÌا��Ê  Ì@¹Ä³اÇ 4رÏÇ
 Fا@@ªÊ~@@Ç@@Í4 Ì@@x دÃy@@ش Ì�@@ªÎÊJا@@Í  J£@@سØq Jا@@Î�Êاx

EÏ�Ê7 4,ر ���@ا, Ãy@ش £�@§�  Ì@Ê4ره رو�4ا¤{Ï@�¹@��@ا×  ج�� 
~Ç دËx. EÏ�Êا@��� Jا@Î�Êاx ¤@x£4,ر �مK4ر  ¸م@د�اÌ@س À@¾,  ا@�
¯�Çا  É�� 30 100 �ا ~�Êسا £�Ç دهÍاªÇ ~@Ç 4Ï@ش)Ãy@ش 
7.(  F,¤�Çا�Ï9 رس£�§{ÌÊرو�4ا J£سØq 4ر  ت J,Ì@ا��Ê  4ره

.شÇ4Ï~�£'ور�x4لÇ £�ÇÏ£�·8/0جÏ}¤ �ا× �دو4 
~Êا@x �@�x£� Ì@x 4,4 Fا@ªÊ É�|Ëس ~Êاx ¹اتÄ³اÇ  ~ا��Ë@ش

EÏ�Êا��� JاÎ�¾£�' É�|Ëس ¨ �  ÃÇشا Kا× ¸مد�ا� ¤{Ï4,ر 4ره ج
و xاÎ�Ê@اJ ���ا��Ë|ÇÏÊ@�، رو��@Ã و ) 8ش@Ãy (,�لم��Ë ,س� 

Ì� ¤�Ê Éرت  ,سفÏدصÊر 4,رÏ°� ~¸£¾ . 7, �@�Ëلم�, ~Êا@x 4¹ا�,
ص@Ïرت  4Ï@� £@�¼�Ç £@�Çه و �@�Ç Ìل~ y�Ç3£وF �@ا  �120دو4 

ÌÊ,4 Ìم�Ê JاÍ Ìرشد}~ 4,ر �ا }£74,و�Ïده  شده �ا جÍاªÇ ½�¹¯
~Ç دÊÏش ) Ãy8ش-A  8و-B .( ،�@��Ë|Ç ،د��@ÊØ�Ëq JاÎ�Êاx

Ì� ¤�Ê ��£ل�Ç و ��£�qÏyÄاxÆÍرت ,�4ال و �ا 4رÏا ص@� Jرشد
~Ç دهÍاªÇ ��Ëد ,�لمÊÏش.  
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و ¸�ار ) ,¾ÎÂاJ �اJ£�§x رt)zÊاÊ 7, � �ËÇ wÍا��Ì 4ره جÏ}¤ �ا× 4ر Ìx 1ÏË¾ ÌÂ³ËÇ 4ر '��¹ÁÏÇ F  �6£شÎاJ ¸مJ4Ï  .7ش°¶  

EÏ�Êا��� JاÎÂ¾,شده ,س� « ªÇ 4,ر . Ãyش Jا �£ روÎyÍاt ~��¹ ج¼£,¾�ا�ÁÏÇ3 ما�¨ 4,4ه شده ,س�Ê .wÍاt £Í 4ر �ا× شماره J
  . �£9 4ر1 شده ,س�

Fig. 7. Lithological columns of six selected drilled boreholes from Upper Jogaz Valley area showing the situation (gray 
color horizones) and ore grades of titaniferous horizons. Location of exploration pits were indicated on figure 3. 
Borehole numbers are displayed above the columns. 
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~Ë» دÊرو ~|ÊÏ|t ~رس£� J,£�  4ره Ì@ا��Ê JاÍ£@سØq ~{ش@د
EÏ�Êا@��� JاÎ�Êاx £و سا� ��Ëلم�, ~Êاx 7, ×ا� ¤{Ïا��  ج@�Ê ،4,ر

Ì@ÊÏمÊ ~ش@�م�ا� Ì@�¤�� و É�|Ë@س ~Êا@x ~مx ¹اتÄ³اÇ  Jا@Í
رو�4اÌ@Ê �£4,ش� شده ,t 7اÎyÍاJ �ف£ شده 4ر ,�Çد,4 �§@�£ 

-Ï@Ëد,4 ج@�Ç, ا× 4ر� ¤{Ïر -4ره ج,£@Á ~@ر4 �£رسÏ@Ç ش@مال
 �¾£{) Ãy1 و جدول 2ش .( Jا@Î�Êاx س@ا8 ¸�@ار, É�@مÍ £@�

EÏ�Êا��� É�|Ëو  س Ã@رو�� ،�@��Ë|ÇÏÊا��� ،�@�Ëلم�, ÃÇ4,ر ش@ا
 (Azarm, 1985) ,س@@فÉ 4ر Ê £@@ÍمÌ@@� Ì@@ÊÏ روx 9م@@~

اصلÎÊ' Ì@ا }�£J و �Êا�� 'F �ا �ÏجÌ� Ì شماره tاÎyÍا و ¾ ,Êد,7ه
,7 س�ªËÇ zË و,Á· 4ر �ا×4س� رو�4اÌÊ جÏ}¤ �@ا× 4ر ج@دول 

، t6/1 ،2/2 ،4/2اÎyÍا �@Ì �£��@� 4ر ¾اص@لÇ . Ì£�� }£�4د 1
روÊ@@د . �xل@@J£�ÇÏ ,7 س@@Ç zË@@ا4ر Á@@£,ر 4,رÊ@@د 2/4و  9/2

~Ë» EÏ�Êا��� JاÎ�Êاx ~{شد  Ì@� ÌجÏ� ات '�£¾�~ �ا�Ï4,ر 4ر رس
 Ãyا4ر 4ر شÇ zË7 س, Ìد 9¾اصلÍاªÇ~Ç 4هÏش .  

ÂÇ@د,ر x@اA  ~Ê-9ه 4ر شÃy شد ªÊاF 4,4ه�ا �ÏجÊ Ì� Ìم4Ï,ر 
 Ì4ر ¾اصل ��Ë6/1,�لم @Ç zË7 س, J£�ÇÏل�x4رص@د  95/0 ا4ر

ش@د}~ x@اÊ~  روÊ@د «Ë@~ ا4ر�ا ,¾¤,�¨ ¾اصلÌ ,7 سÇ zË. ,س�
 ��Ëلم�,ÌÇ,4, ~Çا�د و 4ر� Ì4/2 ¾اصل Ç zË7 س, J£�ÇÏل�xا4ر 

 Ì�20/2 ~Ç 4 ,}£. رسد 4رصد Ì@t Ì7  9/2ر ¾اص@ل, J£�ÇÏ@ل�x
Ç zËا4رس ~Ë» دÊرو  ~@Äشده ,س@�، و ½ÁÏ�Ç ��Ëشد}~ ,�لم

Ç zË7 س, Ìا4ر�ا ,¾¤,�¨ ¾اصل ~Ë» دÊرو  �@�Ëلم�, ~Êاx ~{شد
~Ç ,د�q ÌÇ,4,Éا��q د و 4رËx4س�، JاÎyÍاt ÃحÇ ش@ماره 4ر 

Á£,ر 4,رÊ@د  ا4ر�xلJ£�ÇÏ ,7 سÌx2/4 Ç zË 4ر ¾اصلÌ 15و  14
 Ì@@�76/3 ~@@Ç رس@@د 4رص@@د . Jا@@Í4,رÏمÊ د 4ر@@Êرو Ì@@� <Ï@@�£Ç
~Ë»  ~{اشد���ÏÊ  Éو ,س@ف Ã@رو�� ،���Ë|Ç) Ãy@9ش- B ،C  و

D ( ¤�Ê ¨�� و Æx~Ç �4ده ~ª�,¤¾, دÊرو Éم�Í  د,ر@ÂÇ 4 وÏ@ش
 7, E,دx £Íا 4ر@ÎÊ'  Ìا4ر 2/4¾اص@ل@Ç zË@7 س, J£�ÇÏ@ل�x  Ì@�

,�³Ê@@اB �§@@�ار �@@Ï- روÊ@@د . رس@@د �4Ï@@� ~@@Ç@@د,ÂÇ £�x@@د,ر 
~Ë» � ��Ëشد}~ ,�لم~Ë» دÊ�4|@£  ا رو É�|Ëس JاÎ�Êاx ~{شد

ªÊ �@��Ë|Ç@اF ,7 ر¾�@ار ªÇ@ا����ÏÊ Ì@اÇاËÊد ,س@فÉ، رو��@Ã و 
EÏ�Êا��� JاÎ�Êاx 44,ر ~�Ïح�± رسÇ 4,ر 4ر.  

¸�@ار Ï�Çس@±  ،41ر جدول  ªÊاF 4,4ه شدهÍاJ  �£ ,سا8 4,4ه
 ��Ëلم�,Ì@ÊÏمÊ ~Çما� J,£� ا@ÎyÍاt 7, 4,ش@� ش@ده£� Jا@Í و

ÌªÊ,£� اÍ 4س� 4رصد �2دو,. Ì@ÊÏمÊ 4,ش@�  ,}@£ ¸�@ار£� JاÍ
و  Í)Qt1اq  ~@�¾£�' Jا4}اÌ@Êش@ده 4ر  ÍاJ �ف@£ �£,ÌªÊشده ,7 

Qt2 (Ì@ÊÏمÊ J,£@� É�|Êا@�Ç 44، ¸�ار£{ £§x F,¤�Ç É�, 7,  JاÍ
4رص@د  �57/2@دوQal ( Ì@� 4(,7 �§�£ رو�4اÌ@Ê  �£4,ش� شده

 ��Ëلم�,~Ç ¨�,¤¾,ح@دو4ه . �ا�دÇ J,£� É�|Êا�Ç ار�¸ É�ËuمÍ
A  Ìx 4ر �ا× 4س� ÌÊس@� رو�4ا, Ì@�¾£{ ر,£@Á ¤{Ï43/2ره ج

Ìx 4ر qا��É 4س� Á£,ر 4,رB  4 4رصد ,�لم��Ë و �£,Ç Jحدو4ه
06/5  ��Ë4رصد ,�لم Ìحاس�Çشده ,س� (Yazdi, 2010).   

  
¹Âیتا¿یe ايÅس�Ôa Ã|¿اي سازÅ|نËM�§ Ó�³ [اÂm Ãدا� د�  
£¾ £� J£سØq JاÍار§Êاx Ã�yª� 8ر '�,سا,Ïا�~ ,س�ÍدË�@س,

 É�@� 4ر É�|Ë@س Jا@Î�Êاx 7, w4 س�,ÏÇ Fج� جد,شدÏÇ Ìx
-Ï@@رس ~@@Ç Jد }¢,رÊÏ@@ش(Robb, 2005) . Jا@@Î�Êاx ·@@م��

~Ç Bل½ ,�فا� Ç JاÎاس�ÂÇ 4ر �¹��² 4ر É�|Ëم@· . ,¾�دس��
 JاÎ�ÊاxÊ' د@ËÊاÇ ،ÌÊح�± رو�4اÇ 4ر É�|Ëس Ì@Ê4ر رو�4ا Ì@u

 w@tÏx س@± �@اÏ�Ç ;ر,Ï@¸ ÃÇ4,4ه ,س�، شا Jا× رو� ¤{Ïج
�ÂÇ~Ç 8اشدا�.  

É�Ç7 دÍ,Ïش~Ç FاªÊ ~اسËشEÏ�Êا@��� JاÍ£@سØq Ìx دÍ4 4,ر
4ر ,�£ � £�� و ÏÍ,47}~ سÎ|ËاÊ)1ÏË¾ ( Jا��Ì 4ره جÏ}¤ �ا× 

Í@اJ �@اوx JاÉ�Ï@�Ä, (Ì@Ê }@ا�£و و ÏÍر�ÊلË@د }@ا�£و(}ا�£و�~ 
EÏ�Êا���Ì�ªÎÊ و Fارشد�¸£q و ،��Ëد ,�لمËÊاÇ ا 4ر 4,ر@ÎÊ' Fشد

Ï4ره ج ÌÊش@ده�§�£ رو�4ا Ã�y@ª� ×د}¤ �ا@Ê, . ار@�¸ ¨�,¤@¾,
EÏ�Êا��� JاÎ�Êاx ±سÏ�Ç �@4س Éا��q 4ر ·Á,و JاÎyÍاt 4,ر 4ر
Í4د ªÊ Ì@xاÇ F~) 9و شÃy  1جدول (رو�4اÌÊ 4ره جÏ}¤ �ا× 

,��ما×x KاÍ¨ س£¸� ج£�اF '- 4ر qا��É 4س� رو�4اÌ@Ê 4ره 
. جÏ}¤ �ا× ÎÇ ¨ÂÊم~ 4ر q£¸�ارساØq J7س£ ,�فا x@£4ه ,س@�

4,ر ÇاËÊ@د شد}~ ,�لم��Ë و س@ا�£ xاÎ�Ê@اJ ���@اË»EÏ�Ê~ روÊد
ش@Ãy (���ا���Ë|ÇÏÊ، ,سفÉ و رو��Æx ،Ã و ��¨ �y§اF ,س� 

9 (~Ç FاªÊ Ìx Ì@مÍ £� EÏ�Êده ���اËËx ´ل�¼� JاÍدË�'£¾ دÍ4
EÏ�Êا@��� Jا@Î�Êاx �@4س Éا��@q 4ه و 4ر£@x Ã@م¸ Fا@§y� 4,ر

�ل@x 7, J£�ÇÏ  42/4ر ¾اص@لÂ� Ì£��@~ (رو�4اÌÊ 4ره جÏ}¤ �ا× 
  .��q É�£�ª£¸�ارسا�Ê, J7اE شده ,س�) سÇ zËا4ر
Eو£�ªÄÏ�1 F,ار@yمÍ و ÉÇ7 ¾£�@د, ÃÂÊ Ì�(Friedman et al., 

1992) -Ïو رس ،ÃÂÊ و Ãسا�¨، �م£¾ Ìx 4,4 FاªÊ  4ر Jر,¢{
ÌÊ,4 د,7هÊ, و Fا�¹~ ,7 س£¸� ج£�ا� ÌÊح�± رو�4اÇ ا@Í) £@Í ا@�

�@Ì@� F,Ï ر, Ç@~ سا7وxارÍاJ جÏرشد}~ �Íدروy�Ä~. ,س�) 4و
Ì@Â�² ار }@£وه@Ît 4£@x Jد@Ë�(Slingerland and Smith, 

1986) :Ì�ÌÊ,4 4,7' �§ªÊÃو �م Éا، �£4,ش�ÍÌÊ,4 F4£x 7, ا@Í
ÌÊ,4 J£�§� ار� w�~ش£� ،-' Fس± ج£�اÏ� J,ÌÊ,4 Fا 4ر شدÍ

ÌÊ,4 ~Â�£ال �فÂ�Ê, و ،�x£� س�ال 4ر �ال £�§� w� ±سÏ� اÍ
-' Fج£�ا . 
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Ì��§ªÊ EÏ�Êا��� JاÍ£سØq Ã�yª� م~ 4رÎÇ ¨ÂÊ ~لÂ� 4,ر
-y� �§ªÊ§اÊ,Ï�ÌÊ,4 Fد س£¸� �¹�Ìا4ل �ÍدروÇ ~y�Ä~. 4,ر4

 JاÎ�Êاx دهªÊرÏم¹ات ج�� Ì� £�ËÇ د وÍ4 ��¯Ï� ,ا رÍ
4Ïش ,£ÇÏل|Ëx دËÊاÇ 4رش� ÌÊ,4 -Ïرس w� 4ر É�|Ë4 . سÏوج

Ì�ªÎÊÌÊ,4 ار و�¸ Æx JاÍ É�|Ëس JاÎ�Êاx 7, دهËx,£q JاÍ 4ر
~Ç ,ا× ر� ¤{Ï4ره ج ÌÊ4رش� رو�4ا ÌÊ,4 ات�Ïرس Ì� F,Ï�

4,4 ��§Ê ~y�Äدرو�Í ¹ا4ل� .Ì� �¸£س £{,ÌÊ,4 �§ªÊ اÍ
Ì� اشد و�Ê Fا§y� دËÊاÇ Fح�± 4ر �ال ج£�اÇ w� 4ر �§ªÊ

Ì� É�|Ëس JاÎ�Êاx ،د�¾, Bفا�, ÌÊسم�  رو�4ا Ì� ~�Êرت جاÏص
Ì� ÌÊ4س� رو�4ا Éا��qد,7هÊ, 7, ~¹ا�� F,ÏË¸  7, ~Äا|t و

~Ç ,د�|£ جدyد�ÊÏ4ره . ش ÌÊات �§�£ رو�4ا�Ïرس Fارشد�¸£q
EÏ�Êا��� JاÎ�Êاx 7, ×ا� ¤{Ïج~Ç ,4س� ر Éا��q 4,ر 4ر Ì� F,Ï�

�§Ê,4 <Ï�£Ç دË�'£¾ É�, 4£y4ر . ¸مل ��Ëار ,�لم�¸ É�|Êا�Ç
ÌÊÏمÊ ×ا� ¤{Ï4ره ج ÌÊا×4س� رو�4ا� JاÍ) حدو4هÇA (3/2 

Éا��q حدو4ه (� 4س4رصد و 4رÇB (06/5 4رصد ,س�.  

  
 µÁ|m1. ÌÊÏمÊ ات ªÇ JاÎ�Êاx £و سا� ��Ëس± ,�لمÏ�Ç 1 و ¸�ارÏË¾ ÌÂ³ËÇ ا× 4ر� ¤{Ï4ره ج Ìا��Ê ف£ شده 4ر� JاÎyÍاt 7, 4,ش� شده£� JاÍ
EÏ�Êا���اÎÊ' 4,ر 4ر .ÌÊÏمÊ ~ش�م�ا� Ì�¤�� ا���Ê ف£ شده 4ر �§�£ رو� JاÎyÍاt Ì� <Ï�£Ç É�|Ëس ~Êاx JاÍ 4ر FÏ�@رو9 ���£,س Ì� ×ا� ¤{Ïج ÌÊ�4ا

 £�' FÏار (س��¸TiO2 (4ر1 شده ,س�.  
  

Table 1. Properties of collected samples from drilled boreholes in the Upper Jogaz Valley area and average grade of 
ilmenite and other Ti minerals in it. The result of geochemical analysis of heavy minerals from drilled boreholes in the 
Upper Jogaz Valley area was measured by titration method (TiO2 grade) in end columns. 

n.d.= not detected
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Ti

O
2 (

%
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TP-06 3.0 
KF12H 

1.2 
11.59  

 
n.d.  n.d.  n.d.  n.d. 

KF13H 2.05 n.d.  n.d.  n.d.  n.d. 

TP-02 3.0 
KF1H 

1.6 

1.14 

0.95

40 

2297 

1.66 

4.26 

5.48 

14.96 

n.d. 
KF2H 1.33 7787 4.34 21.33 n.d. 

TP-04 3.0 
KF8H 1.12 1254 12.06 24.86 n.d. 
KF9H 0.21 108 0.99 8.18 n.d. 

TP-01 3.0 
KF3H 

2.2 

2.99  

1.39

2157 

1363 

12.82 

11.42 

10.57 

18.09 

12.76 
KF4H 0.67 59 8.7 17.93 n.d. 

TP-03 2.0 
KF6H 0.88 729 9.69 19.98 n.d. 
KF7H 1.02 1507 14.49 23.9 n.d. 

TP-05 3.0 
KF5H 

2.4 
2.32 

2.20
3423 

3132 
11.58 

11.58 
9.55 

9.71 
16.13

KF16H 1.73 2841 0.0 9.87 n.d. 

TP-09 2.5 
KF14H 

2.9 
0.62 

2.03
412 

3266 
3.02 

1.76 
24.88 

18.25 
n.d. 

KF15H 3.77 6120 0.5 11.62 13.64 

TP-12 1.5 
KF34H 

3.9 

1.39  n.d.  n.d.  n.d.  n.d. 
KF35H 2.53  n.d.  n.d.  n.d.  n.d. 

TP-13 3.0 
KF36H 0.58  n.d.  n.d.  n.d.  n.d. 
KF37H 1.01  n.d.  n.d.  n.d.  n.d. 

TP-14 2.5 
KF40H 

4.2 

5.88 

3.76

3950 

4073 

32.59 

14.35 

10.65 

24.18 

14.68 
KF41H 1.61 3744 9.25 64.58 n.d. 

TP-15 2.5 
KF42H 1.00 363 12.08 19.96 n.d. 
KF43H 6.60 8234 3.5 1.55 24.33 
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Í Jا�لÏر  :A. 4ر Ì 1ÏË¾ ÌÂ³ËÇ 4ره جÏ}¤ �ا×Êا��4,ر 4ر � ¨ سÉ�|Ë رس�Ïات ���اIlm (EÏ�Ê(,�لمÍ  ��Ëاx Jا�ÌÊ,4ÌÊاو�£ y�Ç£وسry~  .8ش°¶  
Ì7,و�ÌÊاx 4 شده£{ Ìم�Ê 4,ر �ا É�|Ë4ر � ¨ س ��Ëو ,�لم B: Ì¼�� Ã�yª� JاÍ ما���Í ~|� �Ç'اÊ)Hem( ÌÊاx 4ر  ��Ëلم�,) ر�¤هØq رÏÊ~@اسy¹Ê, 
  ).سا4ه

  

Fig. 8. Photomicrograph of ilmenite (Ilm) grains from heavy part of the Upper Jogaz Valley titaniferous sediments. A: 
angular to semi-rounded grains of ilmenite, and B: formation of hematite exsolution lamellae (Hem) in ilmenite ore 
mineral (plane polarized reflected light, PPL). 

  
  

  
 x@اA: ~Ê .4,ر 4ر �§�£ رو�4اÌÊ 4ره جÏ}¤ �ا× 4ر ÂÇا�Ã ¾اصلÌ ,7 سÇ zËا4ر و,Á· 4ر �ا× 4س@� رو�4اxÌ@ÊاÎ�ÊاJ ���اEÏ�Ê شد}~ روÊد «Ë~ .9ش°¶ 

��Ëلم�, ،B : ~Êاxا��� ،���Ë|ÇÏÊC : ~Êاx و Ãرو��D : ~ÊاxÉسف,.   
  

Fig. 9. Enrichment trend of titaniferous minerals in the Upper Jogaz Valley streambed versus distance away from the 
upstream source rock. A: ilmenite, B: titanomagnetite, C: rutile, and  D: sphene.  
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Íاw� 7, É�¹Ç J �@ار جاÊ,Ï�Ì ÌÊ,4 F4£xا�~ �w س�ال �£,J جا�
�§�£J و �£ÎÊ' �xا �Ì سم� qا��É 4س� ر, جÏرشد}~ Êاش~ 

,Êد,7ه 5ر,ت . (Robb, 2005) ,7 �£4,ش�É و �مË�Ï{ F4£x Ãد
4ر �@w . و t|ا�Ëx ÃÇ,Ï¸ ،~Ä£ل ,صل~ 4ر ,�Ë�'£¾ É@د Ë�@§Íد

w�@@5ر,ت س ،J£�@@§� -Ï@@ا رس@@� Ì@@�× £@@�),4 د@@ËÊاÇÌ@@Ê Jا@@Í
7ØxÏ�UØq (~Ç Ãو �م Ì4,ش�£� É�|Ë5ر,ت س Ì���Ê د و 4رÊÏش

~Ç 4ه و «£�ال£x C£� ,درÊÏش .£¾ É�,' Fد@ÊاÇ ج� �£جاÏÇ دË�
Ì�× Ã�yª� و JدÊاÇ7م¹ات �ا��~Êا@x C7ا@Ê JاÍ  4ر É�|Ë@س

ÌÊح�± رو�4اÇÌ�× و �ا J,~@Ç -رÏ@Ç Jد@Ë� 4Ï@ش . Ãy@10ش 
Ì@�×�Êاx 7, س£ش@ار C7ا@Ê ~س@³ح Jا@Í@ÎJا  É�|Ë@د س@@ËÊاÇ

�@@�Ëلم�,  �@@��Ë|ÇÏÊس@@± �@@ا×�£ ,7 (و ���اÏ�Ç ~Äا@@|t ا@@�
gr/cm37/4 (Klein and Dutrow, 2008)(  £�@@@§� 4ر

~Ç FاªÊ ,ا× ر� ¤{Ïج ÌÊ4 رو�4ا£@yمل¸ £@�, £� K×ما��, Ìx دÍ4
وج@ÏÊ 4Ï,ر�Ë@دÍ ½@�£µ JمÊ,.  É�@Ëu@د,�Ë�'£¾ Éد ,��ا4 شده

Ì@@�× 7, Ãy@ª�ÇÊاx 7, او- س£ش@@ار@@Ë�Ç Jا@@Í و É�|Ë@@س Jا@@Î�
Ì�× É�|Ë@س Jا@Î�Êاx دÁا¾ JاÍ )Dill and Ludwig, 2008( 

EÏ�Êا@��� JاÍ£@سØq Ã�yª� د 4رË�'£¾ É�, م��Í, 7, FاªÊ 4,ر
4,ر 4ر م£x ¤@@xاÎ�Ê@@اJ ���@@اÊ .�EÏ�Êا��@@Ì 4ره ج@@Ï}¤ �@@ا× 4,ر4

 Kا��§Ê JاÎÂ¾,ÌÊ,44رش� ÌاسÇ J,) Ãy7ش (~@Ç �@م�Í, د@Ê,Ï�
ÌÊرو�4ا JاÎÊج£�اJ,  ,ارÎÊ' Ã�yª� د 4رÍ4 FاªÊ )Dill and 
Ludwig, 2008(.

ج£�ا�Ç Fم£x@¤ 5ر,ت ¹Çل@À 4ر �§@�£J رو,Ì@x F �@ا �£�@Ïر4 
ÌÊ,4 Ì� اÍÌy�@د�|£ و ,��@ا4 شy� Ì4 �@£ ص@فحÏ@و ¸م£@�Ê 7, J,

Í@ا �Ê,Ïد Ë�'£¾(~Ç ،Ì@Ê,4د جÏرشد}~ �£ش~(�£ش~ Íم£,ه ,س� 
)Ì� ÌÊ,4 هvالو�|t و Vر¤� JاÍ (' 2Ï³سم� س Ì� ,ر ~@Ë¹� 4,7

�¼ل@�´ xاÎ�Ê@اA£² Ì� (Robb, 2005) . J �@ا× Í@د,�� Ëx@د
Ì@@Ê,4 J£�@@§� ات�Ï@@ا×�£ ,7 رس@@� Jا@@ÎÂ¾, 4ر É�|Ë@@و ر�@@¤س £@@�

w4ر  س� Ì@x Ì@uÊ' د@ËÊاÇ ،£� 7, ~�,£ص@ح JاÎ�@4,ش£� w@Íاt
�Ê,Ï@د Êاش@~ ,7 ش@ªÇ~@Ç ،4Ï@اÍده Ç@~) 7ش@Ãy ( 13شماره 

J س£ش@ار ,Øq �@��£� É� 7س@£Íا, �Ì. ¸ملË�'£¾ É�, 4£yد �اشد
EÏ�Êا@��� É�|Ëس JاÎ�Êاx £@�¤ر� Ì@Ê,4 Kا��@§Ê ات�Ï@رس J4,ر رو

ÌاسÇ~Ç ر,£Á ~و س�ل� J,دÊ£�{.  
  

4ر �§�£ رو�4اÌÊ 4ره جÏ}¤ �ا× Ìx ,��م@ا×K �@£ ,�@£ ¸ملy@£4 ) ,�لمJ,)��Ë س�اه رÊ zÊاC7 س£شار ,x 7اÊ~ سÍ É�|ËاJ س³ح~ ÇاسÌ�×Ì .10ش°¶ 
F4£x Ãو �م Éد �£4,ش�Ë�'£¾ شده Ã�yª� ~y�Äدرو�ÍدÊ,.    

  

Fig. 10. Superficial thin black sand layers enriched in heavy mineral (ilmenits) at the Upper Jogaz Valley streambed, 
which are probably formed by hydraulic entrainment process. 

  
ي ÅاÔaس/� [/ا   د��³Â/m Ã  دا�eیت/ا¿یÔa  ¹Âس/�Åاي م¬ا�Ëه 
¹Âیتا¿یeدا� kÂنÆ¯  

�xل@J£�ÇÏ جÏ@Ë-  425ر Ì@x 4,ر J 1Ï@ËÎx ���@اÍEÏ�ÊاØqس£

 Fس�ا, ·�,Ï� 7, 1ÏËÎx Fس�ا£Îش FاÇ£x ر,£Á4,رÊاورت  ،د�Ç 4ر
1ÏËÎx Ð��ÄÏ�¾, Ì¸Ïم�Ç شده Ã�yªد�@Ê, . É@�, Ðه ,ص@ل£@y�q

Ì¸Ïم�Ç ~��ÄÏ�¾, ا�£و{ ÃÇشاÌ�× IاÍ4هÏ@� Iا@Íا�£و{ ،I,،I,
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w@�,4Ì@@Áور Iا@@ÍI, و }@@د,7ه Ð@@ªÄا� Iا@@Í�@@س,.  JاÍ4,ر�@@د
¾EارÎt F,4ور Ðªسا�£  Ì¸Ïم�Ç É�, Jج� شده ,س��£ روÏÇ 

4ور,Í  F@اÇI £و> ,¾ÌËyو  اqÍا4}اÌÊ,�لم��Ë 4ر xاÊ~ ¸�ار �ا 
 EارÎtÌ� 1ÏËÎx ÌÂ³ËÇ  4ات  10 �@ا �8دو�Ï@4رص@د و 4ر رس

Ì@Êرو�4ا J,Ì@� £@¯د �ا@Î¸4س@د�4رص@د �12@ا�10@دو£
(Kowsari et al., 1987) .Ì@Êا4}اq �Çات ¯@ ا�Ï@ا و رس@Í

ÌÊرو�4ا J, É��2  �10ا  ~�,ÏÊ ~�£� س� و 4ر, £�¼�Ç £�Ç Ì@�
 7, ¨��10 ~@Ç £�Çرس@د . EÏ�Êد ���@ا�@§x, ±@سÏ�Ç 4ر ¸�@ار

 ÌÂ³ËÇ JاÍ£سØq4دو4  7/3 �دو@� F' ا��@§Ç ،42/3رص@د 
�@£'ور�Ç 4ل�É@� FÏ  �44دو4  ,��ما�x~ÄلÇ £�ÇÏ£�· و ��5£ه 

~Ç4Ïش (Amadeh et al., 2000) . 4و £@Í ،اس@�|اه� £@¶Ê 7,
Ì�@@ªÎÊ qJ£@@سØ ¤{Ï@@1 �@@ا×  4ره جÏ@@ËÎx و�@@�ÄÏ�¾, 4ر  Jا@@Í

¨�q Fر�@اÏÇ7جا Ì@¯Ï� Fماx(Shafaii Moghadam and 
Stern, 2011)  F,£yÇ د 4ر شمالÊر 4,ر,£Á ا@� ~Ë@س £@¶Ê 7, و

��ÄÏ�¾,  Ì@اس�£x JاÍ@§q�É 7,}@£8 4ر-£@» F,£@�,  7ر, Æ@Í
 ;Ë�@@§Í )Shafaii Moghadam and Stern, 2011د

Aghanabati, 2006( .4و ÆÎÇ JاÎ�{v7 و�, ~�£� Ì�@ªÎÊ 4ر
,}£Ì@t ,ر�7@ا�~ ÂÇ.  F,¤@�Ç 7, ~@Â�Á4ا�§Ì شده ,س�2جدول 

 JاÍ£سØq ��5£هEÏ�Êا���¤{Ï@4ره ج Ìا��Ê ا× 4ر 4س@�  4,ر@�
 Ì@@جÏ� Ã@@ا�Á �Ç9 و ¯@@ ا£�@@§{ Ì@� Ì@@جÏ� ا@@� ~@@Äو ،�@§�Ê

Ì�ªÎÊ 1ÏËÎx J£سØq JاÍ ، Ì@�~@Ç £@¶Ê ��5@£ه F,¤@�Ç رس@د
EÏ�Êا���  Ìا��Ê×ا� ¤{Ïم�@£ ,7  ،4ره جx ار�@§� Ì@Â³ËÇ 1Ï@ËÎx

، 4ر �Ê,1Ï@Ë¾ Ì@Â³ËÇا³Ç Eا¹Ä@ات �yم�ل@~  �ا4رÍ£�ال. �اشد
�5 É�¾ر}�� ا�£,��مال �ا¤£ �§�Ê ار¶�Ê, 7, 4ور.  

  
  

 µÁ|m2. EÏ�Êا��� JاÍ£سØq Ì§ا�ÂÇ, £� 1ÏËÎx ÌÂ³ËÇ ا× و� ¤{Ï4ره ج Ìا��Ê 4,رÌ�¾و سا8 �ا ¨Íوvq É�, JاÍ)Kowsari et al., 1987; Yazdi, 
2010; Amadeh et al., 2000.(

  

Table 2. Comparison of titaniferous placer deposits between Upper Jogaz Valley area and Kahnouj region (this study 
and Kowsari et al., 1987; Yazdi, 2010; Amadeh et al., 2000). 
 

Kahnuj Ti placer Upper Jogaz Valley Ti placers Criteria 

Fore-arc ophiolites of Jazmurian basin Fore-arc ophiolites of Jazmurian basin Geological setting 

Gabbro (mainly olivine gabbro) Hornblende- and olivine- gabbro Source rock 

Plagioclase, clinopyroxene, olivine Plagioclase, olivine, clinopyroxene, 
amphibole 

Major source rock-forming 
minerals 

5 to 10 horizons 2 to 3 horizons Number of  titaniferous horizons 
in exploration areas 

1-3 m 0.3 -1 m Thickness of titaniferous 
horizons 

2-10 m  1-4 m  Thickness of placer deposits in 
exploration areas  

Ilmenite, titanomagnetite, rutile, sphene Ilmenite, titanomagnetite, rutile, sphene Ti minerals in placer 

Magnetite, pentlandite, pyrite, malachite, 
iron oxide and hydroxide 

Magnetite, pentlandite, pyrite, 
chalcopyrite, covelite, milerite, iron 
oxide and hydroxide 

Other ore minerals  

5.3%  3.7%  Average concentration of 
ilmenite in placer deposit  

3.7%  2.57%  Average content of TiO2 in placer 
deposit 

3.2 km2 0.8 km2 Approximate extent of placer 
deposit 
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  ³ی�ي¿تیجه
Ìم�Ê ا�~ وÇدÂÇ ا¾اتª�x, F' 4ر Ì@x 1Ï@Ë¾ ÌÂ³ËÇ ف�ل~ 4ر�

~ÊاxÌ� EÏ�Êا��� J£سØq J7ساÌ@اسÇ رتÏس@�اه �ا¾@� ص Jا@Í
~ÇشÏ~Ç FاªÊ ،4 Ìx دÍ4Ìا��Ê ×ا@� ¤{Ï@4ره ج،  É�£ار�@�¸£q

 ات³ÇاÍ4. @¹Äدر, �Ç Ã�yª~4ر 1ÏË¾ ÌÂ³ËÇ 4,ر  ����EÏاÊÌ Êا��
É�@@Ç7�@@ËuمÍ و Ì@@Â³ËÇ ~ÇÏ@@اس@@~ ¸مËش ÉzË@@و س Jار@@|Ê

ÌÊاx  Jار|ÊÌÊÏمÊ JاÍ 4,ش� شده£�~@Ç FاªÊ zË@س Ì@x د@Í4
EÏ�Êا��� JاÍ£سØq ا4رÇ JاÍا×، و,�د� ¤{Ïد  4,ر 4ره ج@Ëل�ÊرÏÍ

Ë�@§Íد x 7, ~@ª � 4Ï@� Ì@xم@rلy¥  }ا�£و و ,É�Ï@�Ä }@ا�£و
1Ï@Ë¾ ~��ÄÏ@�¾,-  w@ªÇر~@ÇدË@اش� .~Êا@x £@¶Ê 7, ا��Ë@@ش ،~

Çا ش@@اÎ|Ë@@س É@@�, دهÊ7ص@@ل~ س@@ا, Jا@@Î�Êاx Ã Jا@@Í7ØxÏ�UØq
Fشده،  4}£ساÏËل�x،É§xو£�q  و É�Ï�Ä,ل ,س�Ïف��Ç' . ��Ëلم�,
 Kمد�ا¸Ì� 7 JاÍرÏرت �لÏا سا-�ص� AرÏÇÏË Ì@� AرÏ@ÇÏ�,  Ãy@ش

É�Ç ده 4رËx,£q ~Ç �¾شده �ا£x5 ~|Ëس JاÍو,�دÏ4ش .  
Ì@ªÊ,£� ا و@ÎyÍاt ~رس£� Fا@ªÊ Ì@Â³ËÇ ف@£ ش@ده 4ر� Jا@Í

~Ç Ãyش Ìx دÍ4 Ì�ªÎÊاx J£@سØq JاÍEÏ�Êا@��� Jا@Î�Ê 47,ر, 
Ãyش £�§�  ÌÊ4ره رو�4ا¤{Ï���¹ا×  ج�� ~Ç د وËx É�, ¤x£م�

�Ç£  سا�Ê~ 100 �ا É�� 30 ¯ ا�Ç~ �ا ,¾À 4ر سÌ ¸مد�اÎ�Ê Kاxا
Ê Ìا��@F,¤@�Ç }§@�£9 رس@�Ïات Øqس@£J 4ر . روJ 4,4ه ,س�

³Çا¹Äات . ش�x4ÏلÇ £�ÇÏ£�· �£'ورÏÇ8/0 ~Ç 4ر³Ç 4اÌ¹Ä �دو4 
شËاس@~ � @¨  Í4د x �@�x£� Ì@x@اx~Ç F~ÊاÊ~ سªÊ É�|Ëا

 É�|Ë@@اتس�Ï@@رس EÏ�Êا@@���  ÃÇش@@ا Kا× ¸م@@د�ا@@� ¤{Ï@@4,ر 4ره ج
~Êاx س� و, ��Ëلم�,  JاÍا���Ì@� ¤�Ê Éو ,سف Ãرو�� ،���Ë|ÇÏÊ  

ش@د}~ x@اÊ~  �£رس@~ Ï°� ~ .~@Ë» F,¤@�Çر 4,رÊ@د�ÂÇد,ر ج¤

ÌÊات رو�4ا�Ï4ر رس ��Ëلم�,~Ç FاªÊ É�ËuمÍ J, ا@� Ì@x دÍ4
ش@د}~ ,¾@¤,�¨ �q@د, لÌ ,7سÇ zËا4ر، Ë» F,¤�Ç@~,¾¤,�¨ ¾اص

~Ç~Ç 4Ï� د,رÂÇ £�x,د� Ì� 4س� Éا��q د و 4رËx رسد .  
É�Ç7 دÍ,Ïش~Ç FاªÊ ~اسËشEÏ�Êا@��� JاÍ£@سØq Ìx دÍ4 4,ر

Ì 4ره ج@@Ï}¤ �@@ا× 4ر ,�@@£ � £�@@� و Ï@@Í,47}~ س@@Î|ËاÊ Jا��@@
ÌÊاx Jا�£و�~ �او{EÏ�Êا��� JاÍ و ،��Ëد ,�لمËÊاÇ 4,ر¤@x£و �م

Ì�ªÎÊش@ده Ã�y@ª� ×ا� ¤{Ïج ÌÊا 4ر �§�£ رو�4اÎÊ' Fدشد@Ê, .
Ì�ªÎÊ 4ÏوجÌÊ,4 ار و�¸ Æx JاÍ É�|Ë@س JاÎ�Êاx دهËx,£q JاÍ

 ÌÊ4رش� رو�4ا ÌÊ,4 ات�Ï4ره 4ر رس~@Ç ,ا× ر� ¤{Ïج Ì@� F,Ï@�
£¾'4,4 ��@@§Ê ~y�Äدرو@@�Í د �¹@@ا4ل@@Ë� . 7, ~@@اشÊ ~{رش@@دÏج

~@Ç F4£x Ãو �م É4,ش�£�Ã�y@ª� �@جÏÇ د@Ê,Ï� Ì@�× Jا@Í
 É�|Ë@س ~Êا@x 7, س£ش@ار C7ا@Ê ~س³ح)�@�Ë4ر �§@�£ ) ,�لم

 ÌÊ44ره رو�4اÏا× ش� ¤{Ïج . JاÍ£@سØq É�¾£@{ ر,£Á É�ËuمÍ
~Êاx 7, س£شارEÏ�Êا@��� É�|Ë@س JاÍ Kا��@§Ê ات�Ï@رس J4,ر رو

ÌاسÇ £�¤ر� ÌÊ,4 و س�ل�~ 4ر J, 4ره~@Ç ,ا× ر@� ¤{Ïج Ì@� F,Ï@�
��§Ê ~رشد}~ �£شÏد جË�'£¾ 4£y4,4 ¸مل.  

  
  ق|�دا¿ی

 ~Äا@Ç �@ا �ما�@� Ì@x �@س, ~@ªÍوvq 7, 1£ �@§Ç ÌÄاÂÇ É�,
Ä¢, ,7 �ماªÊ,4 . Ì@� Ì@x J4,£@¾, ~Ç|اه �qاÏÊ Eر ,�ÊاE شده ,س�

Ì4,ش� ¨ÂÊ F' J,£و ,ج ��Ï� 4ر JÏحÊ ~@Ç £y@ª� دÊ,4Ï@ش .
 Fا@x اورªÇ Éدس�ËÎÇ �x£7 �ما�� ش, ¨Íوvq É�, É�ËuمÍ

,Ç 7@د�£ ¸اÃ@Ç و  وس@�لÌ@x Ì �@د�Ï�£� F,£�,  Éر4,ر �4Ïه ,س@�،
~Ç ~Ê,4درÁ ÌÊصم�ما �x£ش F' E£ح�Ç FاساËارشx 4Ïش .  
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Introduction
The Fanuj titaniferous placer deposits are located 
35 km northwest of the Fanuj, Sistan and 
Baluchestan province (1) . The studied area 
comprises a (2) small part of the late Cretaceous 
Fanuj-Maskutan (Rameshk) ophiolite complex 
(Arshadi and Mahdavi, 1987). Reconnaissance 
and comprehensive exploration programs in the 
Fanuj district (East of the 1:100000 Fanuj 
quadrangle map,Yazdi, 2010) revealed that the 
Upper Jogaz Valley area has the highest 
concentration of titaniferous placer deposits. In 
this study, geology and formation of the 
titaniferous placer deposits in Upper Jogaz Valley 
area are discussed.  
 
Materials and Methods 
(3) Forty samples were collected from surface and 
drainage sediments to evaluate the potential for 
titaniferous placers. Mineralogical studies 
indicated the high Ti (ilmenite bearing) areas, 
which led to detailed exploration by 29 shallow 
drill holes and 9 trenches. A total of 61 sub-
surface samples were collected for heavy mineral 
studies and ore grade determination. 
The exploration studies suggest that the the Upper 
Jogaz Valley area in the Fanuj district has a high 
potential for titaniferous placer deposits. 
Extensive exposures of black sands in the 
sreambeds of this area suggested detailed 
sampling, so that 12 holes were drilled (2-3 m 
depth)from which 26 samples were collected, and 
 five trenches were excavated to 2-4 m depth (4). 
The distribution of drill holes and trenches were 
plotted with “Logplot” software for further 
interpretation. Twenty-two samples from these 
drill holes were analyzed for TiO2. 
 

Results
The reconnaissance and comprehensive 
exploration in Fanuj district shows that the Upper 
Jogaz Valley area has the highest concentration of 
titaniferous placer deposits. The general geology 
of the region and petrology and mineralogy of 
collected samples suggest that the source rock of 
the Upper Jogaz Valley titaniferous placers is the 
hornblende- and olivine-gabbro unit of the Fanuj-
Ramesh ophiolites. 
The Ti-rich sediment distribution in drill holes 
and trenches indicates that the titaniferous placers 
are distributed in an area of about 0.8 km2 and 
follow the Upper Jogaz river system. The 
titaniferous placers are concentrated mainly in 
three beds with thicknesses of 30 to 100 cm. The 
study of heavy minerals shows that ilmenite is the 
main ore mineral and titanomagnetite, rutile and 
sphene are present as trace minerals. The ilmenite 
concentration varies in the Upper Jogaz Valley 
fluvial sediments, in which the concentration of 
ilmenite generally increases away from source 
rock to reach a maximum concentration 
downstream.  
The geological evidence indicates that the 
titaniferous placers were deposited as a fluvial 
placer and originated from weathering and erosion 
of ilmenite-rich gabbros. The presence of low-
grade deposits and sparse heavy minerals in the 
Upper Jogaz river coarse sediments is probably 
related to hydraulic equilibrium (Robb, 2005). 
Entrainment sorting created thin layers of heavy 
minerals (i.e., ilmenite) on the Upper Jogaz 
streambed. The occurrence of Ti-rich layers in 
fine sand and silt beds is probably due to shear 
sorting. 
(5)The ophiolite sequence is well exposed in the 
study area. This sequence is composed of 
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cumulative peridotites, layered and massive 
gabbros, diabasic sheeted dikes, basaltic pillow 
lavas and pelagic sediments. The layered gabbros 
were the main source of the ilmenite Ti 
mineralization. The highest concentration of Ti 
was observed in the eastern and northern parts of 
Upper Jogaz Valley area, which are mainly 
covered by olivine- and hornblende-gabbros (6). 
The western part of the area is covered by an 
unaltered diabase unit. The study of several 
polished sections from the Upper Jogaz Valley 
gabbros shows ilmenite as the main Ti-bearing 
mineral with anhedral to subhedral crystals 5 to 
400 microns in size. 
The drill hole and trench data suggest that the 
deposits follow the morphology of the present-day 
Upper Jogaz river. The Ti placer beds 
accumulated over an area of 0.8 km2 with 2.3 % 
and 5.06% ilmenite in Upper Jogaz Valley 
upstream and downstream consequently.  
The study of heavy minerals shows that ilmenite 
is the main heavy mineral in the Upper Jogaz 
Valley sediments with 120µ to 3 mm, semi-
angular to rounded grains with weak sorting. 
Titanomagnetite, rutile and sphene are present as 
accessory minerals. Pentlandite, magnetite, 
chalchopyrite and millerite are also observed as 
intergrowths or inclusions in ilmenite.  
 
Conclusions 
The investigation of ilmenite concentration in 
fluvial sediments of the Upper Jogaz deposit 
represents a gradual increase of ilmenite 
concentration away from the source rock. 
Titanomagnetite, sphene and rutile have similar 
enrichment patterns to ilmenite. This suggests that 

all Ti-bearing minerals had a similar behavior in 
the Upper Jogaz Valley fluvial system. 
The geological and petrographic evidence 
suggests that the origin of the Upper Jogaz Valley 
placer is the weatherlng of the Ti-rich gabbros. 
The higher concentration of ilmenite in the lower 
part of the valley is probably caused by the lower 
water energy and flow downstream. The 
mechanisms of hydraulic sorting (Slingerland and 
Smith, 1986),  such as free settling of grains, 
entrainment of grains from a granular bed load 
by flowing water and shear sorting of grains in a 
moving fluidized bed were important in the 
enrichment of titaniferous placers in the 
downstream sediments.  
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