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Introduction  

The Kahnouj Fe-Ti ore district is located 25 km southeast of Kahnouj 

city associated with the large gabbro intrusion of the Kahnouj ophiolitic 

complex. This ophiolite is one of the largest ophiolite assemblages of 

Iran (SE Iran), and part of neo-tethyan ophiolites (Kananian et al., 2001; 

Ghasemi Siani et al., 2021b). The Dar Gaz district is located in the 

middle part of Kahnouj ophiolitic complex and it is classified as the main 

ortomagmatic Fe-Ti ore mineralization. Although the 

geothermobarometric of iron-titanium oxide minerals in the Dar Gaz 

district has been studied by Karimi Shahraki et al. (2019), the 

geothermometry of silicate minerals (especially ferromagnesian) in the 

Dar Gaz gabrroic rocks has not been performed. Therefore, the main aim 

of this study is to determine the crystallization temperature and 

replacement of gabbroic rocks hosting Fe-Ti mineralization of the Dar 

Gaz district, using geothermometry of ferromagnesian silicate mineral. 

 
Material and methods 

A total of 100 thin-polish sections from different parts of the mining area 

were prepared and studied at the Iran Mineral Processing Research 

Center (IMPRC) and the Kharazmi University of Tehran with a Zeiss 

Axioplan 2 microscope. In order to achieve the temperature conditions 

of gabbroic rocks formation, 64 points (20 points of olivine, 13 points 

of clinopyroxene, 3 points of orthopyroxene, 14 points of plagioclase 

and 14 points of amphibole) from ferrogabbro to coarse-grained 

pyroxene-hornblende gabbro, 42 points (11 points of olivine, 10 points  
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of clinopyroxene, 1 point of orthopyroxene, 8 points 

of plagioclase and 12 points of amphibole) from 

pyroxene-hornblende to fine-grained olivine gabbro, 

30 points (12 points of clinopyroxene, 10 points of 

plagioclase, 8 points of amphibole) from fine-

grained hornblende gabbro and 20 points (3 points of 

clinopyroxene, 11 points of plagioclase and 5 points 

of amphibole) from the diabasic dike of the Dar Gaz 

district were analyzed using CAMECA SX 100 

electron microscopy (EPMA) with 20 kV and 20 nA 

conditions in the IMPRC. 

 

Discussion  

The mafic rocks of the Dar Gaz district include 

ferrogabbro to coarse-grained pyroxene-hornblende 

gabbro, fine-grained pyroxene-hornblende gabbro, 

hornblende gabbro and diabasic dikes. Ferrogabbro 

to coarse-grained pyroxene-hornblende gabbro is 

one of the most important host rocks for Fe-Ti 

mineralization in the district.  

According to the thermo-barometers, the formation 

temperature and pressure of gabbroic rocks in the 

Dar Gaz district are in the range of 750 to 1258°C 

and a pressure of 2.5 and 6 kbars (clinopyroxene and 

amphibole barometers), and dibasic dikes are in the 

range of 700 to 1145°C and a pressure of 2.5 and 6 

kbars were obtained. The highest crystallization 

temperature related to fine-grained pyroxen-

hornblende gabbro unit (754 to 1258 °C) is the base 

of the sequence.  

The ascending of asthenosphere in the back-arc 

tectonic settings are from a magmatic chamber with 

a depth of about 15.34 to 21.20 km, and a pressure of 

about 4 to 8 kbars upwards. The average geometric 

results of pyroxene-ilmenite mineral pair 

geothermometry and pyroxene geothermometer of 

these rocks, their equilibrium temperature was 

determined between 901 to 1228°C, which is close to 

the magmatic temperatures.  

With comparison of temperature (700 to 1258°C), 

pressure (4 to 8 kbars) and oxygen fugacity (-19.25 

to -25.25 bars) obtained for gabbroid rocks hosting 

Fe-Ti oxide mineralization with the temperatures 

obtained from ilmenite and titanomagnetite by 

Karimi Shahraki et al. (2019), it can be concluded 

that oxide mineralization is classified as 

orthomagmatic and occurs during the replacement, 

cooling and fraction of basic magma and formation 

of gabbroid intrusion associated with fractional 

crystallization. 

 
Conclusion 

Thermometry of pyroxenes at 2.5 kbars pressure 

indicates a temperature of 750 to 1258 °C for 

gabbroid bodies and 700 to 1145 °C for diabaic 

dikes. Thermometry of plagioclase and hornblende-

plagioclase at 6 kbars pressure for coarse-grained 

ferrogabbro, fine-grained pyroxene-hornblende 

gabbro, hornblende gabbro and diabasic dikes are 

868, 884, 776 and 784 °C, respectively. Amphibole 

thermometers at 6 kbar pressure for coarse-grained 

ferrogabbro, fine-grained pyroxene-hornblende 

gabbro, hornblende gabbro and diabasic dikes are 

911, 948, 937 and 946°C, respectively. Comparison 

of temperature, pressure and high oxygen fugacity 

values obtained for gabbroic rocks and ilmenite and 

titanium magnetite ores of the Dar Gaz district, 

indicating oxidation conditions associated with 

fractional crystallization is the main factor for 

control of orthomagmatic mineralization in the back-

arc environment. 
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Fig. 1. Distribution map of ophiolite sequences in Iran and the location of Kahnuj ophiolitic complex (Green Square). 

(Khoy ophiolite: KH, Rasht ophiolite: RS, Kermanshah: KR, Nain: NA, Neyriz: NY, Baft: BF, Shahrbabak: SHB, 

Esfahanteh: ES, Bandziarat: BZ, Fannuj-Maskutan: FM, Iranshahr: IR, Chehelkoureh (East of Iran); TK, Mashhad: MS, 

Sabzevar: SB) (modified after Ghazi et al. (2004)). 
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Ăýwí ûwzÀĊù ćwúñwùĈ~ Ĉĉv¿Ĉù ā¹¾z ¿v üLLÆíÿ¾Ċ~ ÿ óĀ{Ċæùj )¹ĀLLÉ

ĈýwíôĊîLLÊ£ øĄù ćwăĂ¤LLÉw{ýv āºþă¹  )ºþ¤LLÆă ûwzÀĊù Ĉĉÿ¾zwñ ćwă

Ăz¾¬£ûwLÊý äö¤¸ù ûv¾òLÊăÿÂ~ ćwă  øĊþĊùĀõj ûvÀĊù Ăí ¢LÅv ā¹v¹

ĂÖzv½ IüLLÆíÿ¾Ċ~ ÿ ºþö{ý½Āă ôí  ½Āö{£ ćwù¹ ÿ ½wLLÊå wz øĊê¤LLÆù ćv

üLĉv ¿v ÿ ¹½v¹ ûjĈLù ÿ½  óĀL{LĊLæLùj ĈLĉwLLĊLúLĊLLLÉ yLLĊLí¾L£ ¿v ûvĀL£  ÿ

 āw{LLÅw´ù ćv¾z üLLÆíÿ¾Ċ~üĊù¿ ćwăwù¹(  ¹¾í ā¹wæ¤LLÅv Ĉ¬þLLÅ½wLLÊå

$Hammarstrom and Zen, 1986; Aoki and Shiba, 

1993ĈýwLí ĈĉwLĊúĊLLLÉ yLĊí¾£ ¿v )#  ûvĀþÝ ĂLz IóĀ{Ċæùj āÿ¾ñ ćwLă

wù¹ Ôĉv¾LLLÉ üĊú¸£ ćv¾z øĄù ĈîĊ¤ýÁÿ¾¤~ Ì·wLLLÉ ìĉ   ½wLLLÊå ÿ

  ćwù¹$ ½Āö{£ ÔĊ´ù/++    w£,,0+  Ĉ¤ýwLÅ Ă«½¹ ¿v ¾¤úí ½wLÊå ÿ ¹v¾ñ

,    wL£-.  Ĉù ā¹wLæ¤LLLÅv #½wLzĀöĊí$ ºLýĀLLLÉRidolfi et al., 2010; 

Yavaz and Doner, 2017)# 

ÈăÿÂ~ ûĀLþíwLL£  ĈõvĀ£ ā½wLLz½¹ ć¹ºLLÞL¤ù ćwLLă ÿ ©ĀþĄí Ĉ¤ĊõĀĊåv

Ăýwí¢Ċþúöĉv Ĉĉv¿(  ÷w¬ýv ¢Ċ¤þòù$ ¢LÅv āºLÉGhadami, 1998; 

Kananian, 2001; Kananian et al., 2001; Ghazi et al., 

2004; Arvin et al., 2005; Rajabzadeh et al., 2011; 

Ghasemi Siani et al., 2018, Ghasemi Siani et al., 

2021b; Karimi Shahraki et al., 2019 ½wLÊå ÿ wù¹ üĊú¸£ )#

Ĉýwí ĈúĊLLÉ ÃwLLÅv ¾zĂĉđ ćwăÿ¾zwñ ½¹ ¹Ā«Āù  Ă£wîĊöĊLLÅ ćwă  ćv

  ¢LLĉ¿Ā£½Āýj I¢LLĉ½Āýÿ¾zwLLñ I¢LLĊõĀ¤íÿ¾£ĀíĀõ I¢LLĊõĀ¤íÿ¾£Ēù$

  ÿ ÿ¾zwLñüĉĀĊõv   ā¹Ā£ ćwLăÿ¾zwLñ I#ÿ¾zwLñìLĉv¹ Ićv  ć¿wLzwLĉ¹ ćwLă

Ăé½ÿv Äîö úí ćv$ ûwĊýwÞþí ĂöĊÅÿ Ăz ©ĀþĄí Ĉ¤ĊõĀĊåKananian, 

2001÷w¬ýv #üĊù¿ )¢LÅv āºLÉwù¹(  Ĉýwí Ĉ¬þLÅ½wLÊå  ćºĊLÆív ćwă

üăj(   ûv½wîúă ÿ Ĉí¾ĄLLÉ Ĉúĉ¾í ÔLLÅĀ£ IÀñ½¹ ĈõwùĀýj ÷ĀĊýw¤Ċ£

$Karimi Shahraki et al., 2019½v¾é ĈLLLÅ½¾z ¹½Āù I# ĂL¤å¾ñ

¢LLLÅv.  IÈăÿÂ~ üĉv ¿v ãºLă   IĈĉwLúñwLù ûÀ¸ù Ôĉv¾LLLÉ ĈzwLĉ¿½v

üĊù¿ ÔĊ´ù  ÿ ½Āö{£ ćwLù¹ IĈ¤·wLLLÅèúÝ  ðLþLLLÅ ĈþĉÀòĉwL«  ćwLă

Ăýwí ûwzÀĊù ćºĊtÿ¾zwñüăj Ĉĉv¿(   ā¹wæ¤LLÅv wz IÀñ½¹ ĂêÖþù ÷ĀĊýw¤Ċ£

ĈúĊLÉ ¿vĈýwíĂ¤LÉw{ýv ćwă  ºþö{ý½Āă I¿ĒíĀĉÁĒ~ ºþýwù$ Ĉĉÿ¾zwñ ćv

)¢Åv #üÆíÿ¾Ċ~ĀþĊöí ÿ 

 

üĊù¿ðþÅ ÿ ĈÅwþÉĈÅwþÉ 

  óĀÕ wz$ ¡½wĉ¿ºþz Äîö úí ¿v ĈÊ¸z IĈÅ½¾z ¹½Āù ā¹ÿº´ù3+    ÿ

 Ï¾Ý-+   āwñºĉ¹ ¿v Ăí ¢Åv ©ĀþĄí Ĉ¤ĊõĀĊåv ĂÝĀú¬ù ¿v #¾¤ùĀöĊí

üĊù¿ øĊLÆê£Ą¤þù ½¹ ûv¾ĉv ĈLÅwþLÉwxĀþ« ĂĊõv©ºþþLÅ ĂþĄ~ ć½ÿw·( 

$ ¹½v¹ ½v¾é ûw«¾ĊLÅMcCall, 1985  üĉv )# ôLÆñ ÿ¹ üĊz Äîö úí

Ĉù ½v¾é āºúÝ$ ¹¾Ċñ  ôîÉ- 5¿v ºþ£½w{Ý Ăí #, Ăí ûv½vÿÀ{Å ôÆñ #

  ĈL¤LĊLõĀLĊLåv ĂLLÝĀLúL¬Lù ÿ ¹½v¹ ½v¾Lé üLĊLù¿v¾Lå üLĉv ć¾L¤L·wLLz ÈĻ Lz ½¹

  ĂLLþĄ~ ìLLĊtÿ¿ĀuõwLL~ ĈýĀñ¾ñ¹ ĂLLÝĀú¬ù ½wLLþí ½¹ v½ ¡½wLLĉ¿ºLLþz

©ºþþLLÅï    ÿ ā¹v¹ ½v¾é ûw«¾ĊLLÅ-½ÿw· º³ Ăí ¢å¾Ċ« ôLLÆñ # ć

 ć¾¤·wz ā½wþí ½¹ v½ ¡½wĉ¿ºþz ĂÝĀú¬ù ÿ ¢LLLÅv āºLLLÉ¹wĉ üĊù¿v¾å

$ ¢LLLÅv ā¹v¹ ½v¾é ûĀùwLăKananian et al., 2001 Äîö úí )#

  ćv¾z$ ć¿wLzwLĉ¹ ìLĉv¹ āv¾úă ĂLz #ìLĊýĀ£Āö~ ºL³vÿ ćv¾z$ ¡½wLĉ¿ºLþz

ìĉv¹Ăé½ÿ ćwă ā½¹ Äîö úí ÿ #ćv LLÊæLLÊ£j º³vÿ ćv¾z$ ½wýv  ÿ Ĉýw

Ĉù ôĊîLÊ£ v½ ©ĀþĄí Ĉ¤ĊõĀĊåv ĂÝĀú¬ù I#ûj ĈzĀLÅ½ ÈLÉĀ~  ºþă¹

$McCall, 1985ºLþz Äîö úí )#  ćwLăÿ¾zwLñ ¿v ôLîLLLÊ¤ù ¡½wLĉ¿

ìLĉv¹ Iäö¤¸ù ¢Lĉ½Āĉ¹ Ĉúí I¢LĊú¬ýÿ¾£ I¢Lĉ½Āĉ¹ Ić¿wLzwLĉ¹ ćwLă

ºLþö{ý½Āă ¢LĊ£ÿºLĉ¾~ ÿìLĉv¹ ÿ ½v¹ĂLé½ÿ ćwLă  yLĊí¾£ wLz ćv ¿wLzwLĉ¹

 ¢Lĉ½Āĉ¹ ÿ ¢LĊLLLÅv¹Āĉ½ I¢LĊõwLýĀ£ I¢LĊú¬ýÿ¾£ I#ÿ¾zwLñ ºLþö{ý½Āă$

 ā½¹ Äîö úí )¢LLLÅv ā¿vºLñ ¿v ôLîLLLÊ¤ù ½wLýv ìLăj IĈLLLÊõwLz ćwLă
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ĂLLLÅwù ¡wzĀLLLÅ½ I¡¾¯ IìĉÁĒ~ ā¹Ā£ Ĉúí ¾ĉ¹wêù ÿ ĈòþLLLÅ  ćwă

º³vÿ )¢LÅv ć»ĀæýĈýwLÊæLÊ£j ćwă(    Iªþñ Ĉĉđwz ĂLÅw£¾í ĈzĀLÅ½

 L³ ½¹ ëºLĊz ÿ ûwLí½ÿ¹ Ië¾Ċù āwL¯ IûwLò«wLz Äîö úí ĂLĊLLLÉw

$ ºý½v¹ ćw« Ĉ¤ĊõĀĊåv ôîÉ- )# 

ðþLÅûĀúþ·½ ćwă äĊÕ ôùwLÉ ©ĀþĄí Ĉ¤ĊõĀĊåv Äîö úí ½¹ Ă¤åwĉ

ðþÅ ¿v ĈÞĊÅÿyĊí¾£ wz üĉ½»j ćwă  )ºþ¤Æă ćºĊÅv w£ ìĉ¿wz ćwă

ðþLÅ üĉv  ćwăÿ¾zwñ ôùwLÉ wă¢LÉ½¹  ÿ ½Āöz  Iÿ¾zwñÿ¾îĊù I½ĀözÀĉ½

ìĉv¹  Ić¿wzwĉ¹ ćwă  I¢Ċýv¾ñv¹ĉìwăć  ö~jĊ¤ÿ Ĉ  Ăñ½(  Ă°ñ½ wăć  

ÁĒ~ĉýv¾ñĀĊ¤Ĉ  )¢LÅv ÃwLÅv ¾z  LÅ½¾zĈwăĈþLÆ³ ć ûv½wîúă ÿ ëw~

$Hassanipak et al., 1996ìLù ÿ #$ ówLíMcCall, 1997I#  

ºL³vÿwLăć  ÿ¾zwLñĈĉ  åvĊõĀ LĊ¢  ¿ºLþz Lĉ¡½w  ĂLz  ÿ¹  È¸z   wLăÿ¾zwLñć  

 ā¹ĀL£vć  đwLLzĈLĉ    ÈĻ Lz$¾L¤L·wLLzć  #ÿ  wLLăÿ¾LzwLLñć  đ LLĉĂvć  ¿ Lĉ¾ Lĉü 

È¸z$wăć ½ÿw·ć # ā¹½ºþzć ùĈ¹ĀÉ ) 

êÖþùĂ  wăº³vÿ ¿v ôîLLÊ¤ù Àñ½¹ć  òþLLÅĈ ~ w£ ÿ¾zwñÿ¾åĊüLLÆíÿ¾(

ÿ¾zwLñ ºLþö{ý½Āăć  ¢LLLLÉ½¹½ĀözI  ~ĊüLLLÆíÿ¾(    ºLþö{ý½Āă ÿ¾zwLñ  ć

½ LĉÀ½ĀLöLzI  ºLLþLöL{Lý½ĀLă  ÿ¾LzwLLñ    ÿv¹ LLĉìwLLăć  ¹ LLĉ¿wLLzwć   LLÝĀLúL¬Lù ÿĂ 

ðLþLLLÅwLăć  ýv¾ñĊtĀ¤ LĊºć $ ¢LLLÅv  ôLîLLLÉ.  )#ù¿Ċü LLLÅwLþLLLÉĈ  ÿ  

ðþLLÅ½wòýć  wăº³vÿć  ½»jĉü Ăz  ¡½ĀLLÍ  ôùwí    ĈúLLÅwé ÔLLÅĀ£

$ ûv½wîúă ÿ ĈýwĊÅGhasemi Siani et al., 2018; Ghasemi 

Siani et al., 2021b  I#¹½Āù ĈLLÅ½¾z ½v¾é Ă¤å¾ñ ÿ  ½¹ Ăùv¹v  Ôêå 

Ăz ¡½ĀÍ ¾Î¤¸ù Ăz ûj  ā½wÉv  āºÉ ¢Åv) 

 

 
 

  ôîLÉ-) üĊù¿ ĂLÊêýā¹wLÅ ĈLÅwþLÉ  ĂÝĀú¬ù āºLÉÄîö úí ÿ ©ĀþĄí Ĉ¤ĊõĀĊåvĂĊĄ£$ ûj ûĀùv¾Ċ~ āºý¾Ċñ¾z½¹ ćwă  āºLÉÃwLÅv ¾z üĊù¿ ĂLÊêý ĈLÅwþLÉ ,5,+++++  

Ăé½ÿ ā½wúLLÉ ćwă20//  ÿ #ûw«Āþù ĂÞöé$20/0  $ ûĀñv½w~ ½ÿwLLÊù üĊLLÅºþĄù ¿v ¡v¾ĊĊâ£ wz #©ĀþĄí$Paragon-Contech Consulting Engineers, 

1985 # 
Fig. 2. Simplified geological map of Kahnuj ophiolitic complex and the surrounding complexes (prepared based on the 

geological map of 1/100000 sheets No. 7544 (Manojan Castle) and 7545 (Kahnuj) with changes from Paragon-Contech 

Consulting Engineers (1985). 
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 ôîÉ.) üĊù¿ ĂÊêýĂĊĄ£ ĈÅwþÉ Àñ½¹ ĈõwùĀýj ¿v āºÉ 
Fig. 3. Geological map prepared from DarGaz anomaly 

 
ºL³vÿ ~ wL£ ÿ¾zwLñÿ¾åĊüLLLÆíÿ¾( ºLþö{ý½Āăÿ¾zwLñć  ¢LLLÉ½¹½ĀözI ĂLz  

¡½ĀLLLÍ ¢LLLÉ½¹½Āöz  ÿ ĂL¤LLLÉwL{ýv I½đĀýv¾ñ¾¤þĉv ¢LåwLz wLzÿ ćv   āwLñ 

Ā£wúò~Ċtºć   ā¹¾¤LLÆñ ĈýwLLÅ¾ñ¹ ÿ ā¹Āz Àñ½¹ ĂêÖþù ½¹ º³vÿ üĉ¾£

 ¢Åv āºÉ ôú´¤ù ÀĊý v½$ ôîÉ/)# 

 

 
 

 ôîÉ/) üÆíÿ¾Ċ~$ ćºĊtÿ¾zwñ ćwăº³vÿ ¿v Ĉĉwúý½ÿ¹ï ºþö{ý½Āă#ówúÉ ¢úÅ Ăz ºĉ¹$ Àñ½¹ ĂêÖþù #ÿ¾zwñÿ¾å w£ ÿ¾zwñ 
Fig. 4. Overview of gabbroic units (pyroxene-hornblende-gabbro to ferrogabro) of Dar Gaz district (northward view) 

 
ĈLLLÅ½¾zĈ~ĀîLLLÅÿ¾îĊù ćwă  ù ûwLLLÊýĈºă¹ Ăí  ¾íĀþåĉ¢LLLÆwăć 

ÁĒ~ĉ¿ĒíĀ  #¢LĊýĀ¤Ċz$I  ~ĊüLLLÆíÿ¾   ¾¤úí ½vºLêù ĂLz ÿ ºLĊLLLÆ~Āĉ¹$

#¢Ċ£w¤LLÆýv    ÿøĉÀĊþù ¢ĉÀòþĊ¤LLÅwă ÿ ºþö{ý½Āă$ ĂĊõÿv óĀ{Ċæùj#½v¹    Ăz

ĂLýwLí āv¾úăwLăć  ¤þòù LĊ¢¢LĊ¤þòùĀýwL¤Ċ£ I ÿ vĉþúö LĊ¢  øĄù¾£ĉü  vÀ«vć 
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îLLLÊ£Ċôºþă¹ ā  $ ºþ¤LLLÆă ûj  ôîLLLÉ0(A)#    IĂĊõÿv óĀ{Ċæùj ¾z ûÿÀåv

ûwLLLÅ¾ñ¹ Ĉ~ ½¹ ÀĊý #¢Lĉ¿wLñ½wL~$ ĂLĉĀýwL§ óĀ{Ċæùj  ćwLă½Āöz ûºLLLÉ

Ĉýwí wz ć¾{úă ²ÖLLLÅ ½¹ āÂĉÿ Ăz IºĊLLLÆ~Āĉ¹ āºùj ºĉº~ I½ºí ćwă

$ ¢LÅv  ôîLÉ0(A ¿wå üĊ¤Æ¸ý Ăí wă¿ĒíĀĉÁĒ~ )#½Āö{£ üĉv ½¹ Ă¤åwĉ

ðþLÅĈù āºĉ¹ Ĉ¤LÉw{ýv ½Āö{£ ¡½ĀLÍ Ăz Iºþ¤LÆă wă  IüĊþ°úă )ºýĀLÉ

Ăýv¹ ćwă½ĀözĈýwí ÿ üÆíÿ¾Ċ~ ¿v ćÀĉ½ûwĊù ¡½ĀÍ Ăz ½ºí ćwă ½wz

Ĉù āºLĉ¹ wLĄýj ûÿ½¹  ºL³vÿ )ºLýĀLLLÉ~ĊüLLLÆíÿ¾(   ÿ¾zwLñºLþö{ý½Āăć  

½ĉ½ĀözÀ  ă ¢LåwLz LĊ}v Lĉºĉã½ĀùĀ  ùĊ½đĀýv¾ñÿ¾î ÿ ĂL¤LLLÉwL{ývvć   )¹½v¹

vĉü  ñÿ¾zw  ½ĉÀ½Āöz  ā¹Āz  ÿ ~ĊüLÆíÿ¾   #¢Ċ£w¤LÆýv ÿ ¢ĉÁÿv IºĊLÆ~Āĉ¹$I  

ÁĒL~ Lĉ¿ĒLíĀ    I#¢LLĊLýĀL¤LĊLz$üLĉĀLĊLõv    ĂLLĊLõÿv óĀL{LĊLæLùj I#¢LLĊLõwLLĉwLLå$

øĉÀĊþù ¢ĉÀòþĊ¤LLÅwă$  #¢ĉ¿wñ½w~$ ĂĉĀýw§ óĀ{Ċæùj I#½v¹ÿ  ýwíĈwăć 

Àöåć   LLLÆív LĊºć    ºLþýwLù$vĉþúö LĊ¢  ÿ  ¤þòù LĊ¢  #ýwLíĈwLăć   öLLLÍvĈ  

îLLÊ£Ċôºþă¹ ā  ûj  ºþ¤LLÆă  $  ôîLLÉ0(B)#  ûwĊùĈýwí ¿v Ĉĉwă½wz ćwă

ĈýwLí ÿ üLLLÆíÿ¾Ċ~Ĉù āºLĉ¹ ¿ĒíĀĉÁĒ~ ½¹ ½ºLí ćwLă  )ºLýĀLLLÉ

ºLþö{ý½Āăÿ¾zwLñ  ¢LåwLzwLăć  vĉ¾¤þ½đĀýv¾ñ  ÿ  ùĊ½đĀýv¾ñÿ¾î   ĂLýv¹$ v ć  #

ĂL¤LLLÉv¹  ÿ  yLöáv ¿v  ýwLíĈwLăć  ÁĒ~ĉ¿ĒíĀ  I#üĉ¿ºLýj$  æùjĊóĀ{   ĂLĊõÿv

øĉÀĊþù ¢ĉÀòþĊ¤LÅwă$  üLÆíÿ¾Ċ~ ÿ #¢ĉ¿wñ½w~$ ĂĉĀýw§ óĀ{Ċæùj I#½v¹

#¢ĉÁÿv ÿ ºĊLÆ~Āĉ¹$  îLÊ£Ċô āºLÉ  $ ¢LÅv  ôîLÉ0(C)# v¹ĉì wăć  

¹ Lĉ¿wLzwć   í¾£ LĊy  ýwLíĈ LLLÅwLþLLLÉĈ  ºLþýwLúă  ºLþö{ý½ĀăwLăÿ¾zwLñ  wLz  ¢LåwLz 

vĉ½đĀýv¾ñ¾¤þ  ºLLý½v¹  )  ĂLLĊõÿv óĀ{ĊæùjøĉÀĊþù ¢LLĉÀòþĊ¤LLLÅwLLă$#½v¹I 

ÁĒ~ĉ¿ĒíĀ  #üĉ¿ºýj$  ÿ  ~ĊüLÆíÿ¾ #¢ĉÁÿv ÿ ºĊLÆ~Āĉ¹$  ¿v  øĄù¾£ĉü 

ýwíĈwăć ºý¿wÅ ā vĉü v¹ĉìwă $ ºþ¤Æă ôîÉ0(D)# 

 

ĂÞõwÖù Çÿ½ 

  ¹vºLÞ£,++  ë¿wLý ÜÖêù(  È¸z ¿v ĈöêĊLLLÍ ĂLêÖþù äö¤¸ù ćwLă

  ÿ ûv¾ĉv ĈýºLÞù ¹vĀù ć½ÿj¾å ¡wLêĊê´£ Àí¾ù ½¹ ÿ ĂLĊĄ£ ĈýºLÞù

ć½¼Lñ ½Āý |ĀîLLLÅÿ¾îĊù wLz ûv¾Ą£ Ĉù¿½vĀ· āwLòLLLÊýv¹(  ĈzwL£¿wLz

  óºLLù$ ÄLĉv¿Axioplan 2½v¾Lé ĈLLLÅ½¾Lz ¹½ĀLù # ćv¾Lz )¢LLå¾Lñ

¢LÅ¹ðþLÅ ôĊîLÊ£ Ĉĉwù¹ Ôĉv¾LÉ Ăz Ĉzwĉ  ¹vºÞ£ ćºĊtÿ¾zwñ ćwă1/ 

$ ĂLLÖLêLý-+    ĂLLÖLêLýüLĉĀLĊLõv  I,.   Lý  IüLLLÆíÿ¾LĊL~ĀLþLĊLöLí ĂLLÖLê.   ĂLLÖLêLý

  IüLLLÆíÿ¾Ċ~Ā£½v,/  ÿ ¿ĒíĀĉÁĒ~ ĂLÖêý,/   º³vÿ ¿v #óĀ{Ċæùj ĂLÖêý

üÆíÿ¾Ċ~ w£ ÿ¾zwñÿ¾å(    ćÿ¾zwñ ºþö{ý½Āă¢É½¹  I½Āöz/- $ ĂÖêý,, 

 ĂLÖêýüĉĀĊõv  I,+   IüLLLÆíÿ¾Ċ~ĀþĊöí ĂLÖêý,   IüLLLÆíÿ¾Ċ~Ā£½v ĂLÖêý3 
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Fig. 5. Microscopic image of mafic rocks in the Dar Gaz district. A: Ferro gabbro to Coarse-grained pyroxene-hornblende 

gabbro (XPL light), B: fine-grained pyroxene-hornblede gabbro (XPL light), C: Intergranular texture in the hornblende 

gabbro where pyroxene and hornblende crystals are located in the spaces between plagioclase (XPL light), and D: Diabase 

dikes that have the same composition as hornblende gabbro (in XPL light). Abbreviations after Whitney and Evans (2010) 

(Hbl: Hornblende, Amp2: Secondary amphibole, Px: Pyroxene, Pl: Plagioclase, Ol: Olivine, Opq: Opaque mineral). 
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