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Table 1. Electron-microprobe analyses of amphibole in the Nasrand intrusion and dikes
 

Sample A7.2.1 A7.2.2 A7.3.1 A7.3.2 N16.2.1 N16.2.2 N16.3.1 N16.3.2 N16.3.4 N31.3.1 N31.3.2 

Type D.D D.D D.D D.D Grd Grd Grd Grd Grd Grd Grd 

SiO2 43.00 42.19 44.09 42.09 47.31 47.76 45.01 47.35 48.56 48.26 47.35 
TiO2 2.61 3.27 2.73 3.49 1.30 1.40 0.96 1.41 1.10 1.18 1.41 
Al2O3 10.71 11.63 10.36 11.70 6.55 6.05 9.56 5.90 5.44 5.37 5.90 
FeO 13.95 12.28 12.31 12.45 17.31 16.79 17.91 16.75 15.46 17.16 16.75 
MnO 0.34 0.29 0.31 0.29 0.53 0.47 0.47 0.54 0.38 0.51 0.54 
MgO 13.40 13.84 14.72 13.68 12.16 12.47 13.68 13.11 14.15 12.66 13.11 
CaO 10.37 10.92 10.82 10.94 10.16 10.82 8.38 10.66 11.15 10.65 10.66 
Na2O 2.74 2.72 2.68 2.67 1.56 1.64 1.03 1.85 1.44 1.44 1.85 
K2O 0.80 0.70 0.55 0.61 0.99 0.74 0.70 0.72 0.82 0.73 0.72 
total 97.93 97.83 98.56 97.91 97.88 98.13 97.70 98.27 98.50 97.94 98.27 

TSi 6.25 6.13 6.31 6.11 6.91 6.98 6.16 6.89 7.00 7.04 6.89 
TAl 1.76 1.87 1.69 1.89 1.09 1.02 1.61 1.01 0.92 0.92 1.01 
TFe3 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.10 0.07 0.04 0.10 
TTi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CAl 0.08 0.12 0.06 0.11 0.03 0.02 0.00 0.00 0.00 0.00 0.00 
CCr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CFe3 0.96 0.74 0.89 0.75 0.97 0.70 1.92 0.82 0.76 0.83 0.82 
CTi 0.29 0.36 0.29 0.38 0.14 0.15 0.10 0.15 0.12 0.13 0.15 
CMg 2.90 3.00 3.14 2.96 2.65 2.72 2.92 2.84 3.04 2.75 2.84 
CFe2 0.73 0.75 0.58 0.76 1.14 1.35 0.00 1.11 1.03 1.23 1.11 
CMn 0.04 0.04 0.04 0.04 0.07 0.06 0.06 0.07 0.05 0.06 0.07 
CCa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BMg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BFe2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BMn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
BCa 1.61 1.70 1.66 1.70 1.59 1.69 1.29 1.66 1.72 1.66 1.66 
BNa 0.39 0.30 0.34 0.30 0.41 0.31 0.29 0.34 0.28 0.34 0.34 
ACa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ANa 0.38 0.47 0.40 0.45 0.03 0.16 0.00 0.18 0.13 0.07 0.18 
AK 0.15 0.13 0.10 0.11 0.19 0.14 0.13 0.13 0.15 0.14 0.13 
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 2.             
 

Table 2. Electron-microprobe analyses of plagiocalse in the Nasrand intrusion and dikes
 

Sample A13.1.1 A13.1.2 A13.1.3 A13.1.4 A13.3.1 A13.3.2 A17.1.4 A17.1.5 A17.2.2 A17.2.3 

Type D.D D.D D.D D.D D.D D.D G.D G.D G.D G.D 

SiO2 54.95 64.65 55.76 53.41 65.13 64.76 47.28 48.32 60.03 63.36
TiO2 0.03 0.00 0.10 0.01 0.00 0.00 0.02 0.04 0.00 0.03
Al2O3 27.58 21.84 27.48 28.64 23.09 21.99 33.21 32.55 25.58 23.17
FeO 0.55 0.07 0.61 0.64 0.14 0.03 0.49 0.42 0.07 0.06
MnO 0.00 0.00 0.00 0.05 0.05 0.05 0.00 0.00 0.00 0.00
MgO 0.05 0.01 0.02 0.08 0.02 0.10 0.09 0.08 0.02 0.00
CaO 10.74 3.15 10.26 11.72 3.65 2.97 17.03 16.45 7.10 4.25
Na2O 5.12 9.78 5.54 4.52 9.67 9.84 1.87 2.13 7.55 8.93
K2O 0.35 0.08 0.48 0.32 0.15 0.10 0.08 0.11 0.11 0.13
total 99.38 99.58 100.25 99.34 101.86 99.79 100.06 100.09 100.46 99.93

Si 9.99 11.44 10.05 9.75 11.29 11.43 8.70 8.86 10.65 11.20
Al 5.91 4.55 5.84 6.16 4.71 4.57 7.20 7.03 5.34 4.82
Ti 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Fe2 0.08 0.01 0.09 0.10 0.02 0.01 0.08 0.06 0.01 0.01
Mn 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Mg 0.01 0.00 0.01 0.02 0.01 0.03 0.02 0.02 0.01 0.00
Ca 2.09 0.60 1.98 2.29 0.68 0.56 3.36 3.23 1.35 0.81
Na 1.81 3.36 1.94 1.61 3.25 3.36 0.67 0.76 2.60 3.06
K 0.08 0.02 0.11 0.08 0.03 0.02 0.02 0.03 0.02 0.03
Ab 45.40 84.50 48.10 40.30 82.10 85.30 16.50 18.80 65.40 78.60
An 52.60 15.00 49.20 57.80 17.10 14.20 83.10 80.50 34.00 20.70
Or 2.11 0.40 2.81 1.90 0.80 0.60 0.40 0.60 0.60 0.80

Sample A17.3.1 A17.3.2 N16.1.1 N16.1.2 N16.1.3 N16.2.1 N16.3.1 N16.3.4 N16.3.5 N31.3.1 

Type G.D G.D Grd Grd Grd Grd Grd Grd Grd Grd 

SiO2 51.77 51.24 64.14 61.42 61.65 63.19 62.99 63.23 62.65 67.21
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.03 0.00 0.00
Al2O3 30.04 30.43 22.76 24.00 23.11 24.07 23.13 23.04 23.06 20.46
FeO 0.57 0.66 0.04 0.16 0.21 0.17 0.27 0.20 0.36 0.00
MnO 0.00 0.01 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.01
MgO 0.09 0.14 0.01 0.01 0.01 0.00 0.01 0.12 0.00
CaO 13.17 13.82 3.78 5.52 5.60 5.13 4.42 4.47 4.26 0.89
Na2O 3.93 3.87 8.98 7.57 8.28 8.02 8.84 8.88 8.61 10.56
K2O 0.19 0.19 0.10 1.33 0.44 0.62 0.37 0.37 0.16 0.07
total 99.76 100.34 99.79 100.00 99.30 101.21 100.07 100.22 99.23 99.20

     
Si 9.45 9.33 11.32 10.95 11.04 11.06 11.15 11.18 11.16 11.83
Al 6.46 6.53 4.73 5.04 4.88 4.96 4.82 4.80 4.84 4.24
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Fe2 0.09 0.10 0.01 0.02 0.03 0.03 0.04 0.03 0.05 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
Ca 2.58 2.70 0.71 1.06 1.08 0.96 0.84 0.85 0.81 0.17
Na 1.39 1.37 3.07 2.62 2.88 2.72 3.03 3.04 2.98 3.61
K 0.04 0.04 0.02 0.30 0.10 0.14 0.08 0.08 0.04 0.02
Ab 34.70 33.30 80.70 65.90 71.00 71.20 76.70 76.60 77.80 95.10
An 64.20 65.70 18.80 26.50 26.50 25.20 21.20 21.30 21.30 4.40
Or 1.10 1.10 0.60 7.60 2.50 3.60 2.10 2.10 1.00 0.40
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Table 3. Electron-microprobe analyses of pyroxene in the Nasrand intrusion and dikes
 

Sample A13.2.1 A13.2.2 A13.2.3 A13.2.4 A13.3.1 A13.3.2 A13.3.3 A13.5.1 A13.5.2 A13.5.3 A13.5.4 
Type D.D D.D D.D D.D D.D D.D D.D D.D D.D D.D D.D 
SiO2 48.78 47.49 50.30 50.01 48.87 48.72 50.93 49.24 50.18 50.54 49.94 
TiO2 0.89 1.00 0.51 0.75 1.04 0.98 0.59 0.75 0.83 0.53 0.67 
Al2O3 5.75 6.80 3.54 5.02 3.71 3.89 2.27 5.52 5.58 4.90 5.65 
FeO 8.57 9.16 8.52 8.50 10.08 10.33 9.35 8.61 7.86 7.20 6.64 
Cr2O3 0.03 0.00 0.08 0.01 0.00 0.00 0.00 0.05 0.07 0.19 0.24 
MnO 0.12 0.23 0.25 0.20 0.34 0.31 0.30 0.13 0.19 0.18 0.13 
NiO 0.03 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.03 
MgO 14.55 13.74 15.98 14.70 14.75 14.26 15.21 14.21 15.72 15.74 14.85 
CaO 21.33 21.19 20.40 21.32 19.86 19.87 20.15 21.80 20.74 21.36 22.04 
Na2O 0.36 0.34 0.35 0.37 0.26 0.26 0.32 0.30 0.27 0.24 0.28 
K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 0.01 0.00 
total  100.40 99.95 99.96 100.87 98.93 98.63 99.15 100.63 101.46 100.89 100.48 

TSi 1.79 1.76 1.85 1.83 1.84 1.84 1.90 1.81 1.82 1.84 1.83 
TAl 0.21 0.24 0.15 0.17 0.16 0.16 0.10 0.19 0.18 0.16 0.17 
TFe3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
M1Al 0.04 0.06 0.01 0.05 0.00 0.01 0.00 0.05 0.06 0.05 0.07 
M1Ti 0.03 0.03 0.01 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 
M1Fe3 0.14 0.15 0.14 0.11 0.12 0.11 0.08 0.12 0.10 0.09 0.08 
M1Fe2 0.00 0.01 0.00 0.02 0.02 0.05 0.05 0.03 0.00 0.00 0.02 
M1Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
M1Mg 0.79 0.76 0.84 0.80 0.83 0.80 0.85 0.78 0.82 0.84 0.81 
M1Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
M2Mg 0.01 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 
M2Fe2 0.13 0.13 0.13 0.13 0.17 0.17 0.16 0.12 0.14 0.13 0.11 
M2Mn 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 
M2Ca 0.84 0.84 0.81 0.84 0.80 0.80 0.81 0.86 0.81 0.83 0.86 
M2Na 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
M2K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 3 (Continued). Electron-microprobe analyses of plagiocalse in the Nasrand intrusion and dikes
 

Sample A33.1.1 A33.1.2 A33.1.3 A33.2.1 A33.2.2 A33.2.3 A33.3.1 A33.3.2 A33.3.3 A33.3.4 
Type G.D G.D G.D G.D G.D G.D G.D G.D G.D G.D 
SiO2 51.84 51.95 50.13 47.54 51.53 51.92 48.97 51.15 51.32 51.44 
TiO2 0.48 0.46 0.86 1.35 0.50 0.51 0.93 0.44 0.51 0.51 
Al2O3 2.38 2.22 3.21 5.81 2.14 1.47 4.55 2.44 2.52 1.80 
FeO 8.61 7.86 11.56 8.65 8.58 12.40 6.84 7.51 8.13 10.40 
Cr2O3 0.08 0.11 0.03 0.15 0.08 0.01 0.68 0.29 0.06 0.02 
MnO 0.20 0.25 0.40 0.17 0.23 0.52 0.12 0.23 0.19 0.34 
NiO 0.00 0.03 0.08 0.00 0.00 0.04 0.00 0.00 0.02 0.01 
MgO 16.94 17.16 14.50 13.80 16.12 15.02 15.19 17.06 16.66 15.77 
CaO 19.28 20.43 19.43 21.38 20.52 17.81 21.38 19.85 20.75 19.14 
Na2O 0.17 0.19 0.35 0.29 0.19 0.21 0.26 0.21 0.16 0.21 
K2O 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
total  100.01 100.65 100.55 99.13 99.88 99.89 98.91 99.16 100.32 99.64 

TSi 1.91 1.90 1.86 1.78 1.91 1.95 1.82 1.89 1.88 1.92 
TAl 0.09 0.10 0.14 0.22 0.09 0.05 0.18 0.11 0.11 0.08 
TFe3 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
M1Al 0.01 0.00 0.00 0.03 0.00 0.01 0.02 0.00 0.00 0.00 
M1Ti 0.01 0.01 0.02 0.04 0.01 0.01 0.03 0.01 0.01 0.01 
M1Fe3 0.07 0.09 0.11 0.13 0.08 0.03 0.10 0.09 0.10 0.07 
M1Fe2 0.00 0.00 0.06 0.03 0.02 0.11 0.00 0.00 0.00 0.04 
M1Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 
M1Mg 0.91 0.89 0.80 0.77 0.89 0.84 0.83 0.89 0.89 0.88 
M1Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
M2Mg 0.02 0.04 0.00 0.00 0.00 0.00 0.01 0.05 0.03 0.00 
M2Fe2 0.20 0.14 0.19 0.12 0.17 0.25 0.11 0.14 0.14 0.21 
M2Mn 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01 
M2Ca 0.76 0.80 0.77 0.86 0.81 0.72 0.85 0.79 0.82 0.76 
M2Na 0.01 0.01 0.03 0.02 0.01 0.02 0.02 0.02 0.01 0.02 
M2K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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 1.           100000/1  )Bahroudi, 1999(        

  -        )Aghanabati, 1998(  
  

Fig. 1. Geological map of the Nasrand intrusion and its situation in the Geological Map 1:100000 of Shahrab 
(Bahroudi, 1999) with slightly modified and situation of it in the Urumieh Dokhtar magmatic arc in the geological map 
of Iran (Aghanabati, 1998)

 
 2.             A:    B:     )Plg  
Amp      .(  

  

Fig. 2. Photomicrographs of the amphibole coexist with plagioclase in the A: granodiorite rocks, and B: dioritic dikes 
of Nasrand complex. (Plg and Amp are plagioclase and amphibole, respectively).  
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Fig. 3. Classification of feldspar in the Nasrand intrusive complex on the An–Ab–Or Diagram (Deer et al., 1991). 
Symbols: Squares: granitic rocks; Diamond: dioritic dike; Circles: gabbroic dike.  
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 4.             )Leak et al., 1997(.       

     .  
  

Fig. 4. Classification of amphiboles in the Nasrand intrusive complex (Leake et al., 1997). Symbols: Squares: granitic 
rocks; Diamond: dioritic dike.
 

  
 5.             A:     Jd - Ae  - Q  B: Wo-En-Fs  

)Morimoto, 1988(.  
  

Fig. 5. Situation of pyroxenes of the gabbroic dikes of the Nasrand intrusive complex in the A: Q-Ae Jd, and B: Wo-En-
Fs triangle diagrams of pyroxenes (Morimoto, 1988). 
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 6.                )Soesoo, 1997( 

 

Fig. 6. The estimation of crystallization pressure of pyroxene in the gabbroic dike of the Nasrand intrusive complex by 
Soesoo (1997).  



                   318                                                                                                                                                                                       

       4  8  
  .        

         
)Putirka et al., 1996(  4/4     6 

 )Putirka et al., 2003(   6/6  
)Putirka, 2008 () 31 (  7/4  
)Putirka, 2008 () 32 (     

     )Soesoo, 1997 (  
 .         

     15  30   
 . 
 

  
         

     -     
       )Blundy and Holland, 

1990; Holland and Blundy, 1994; Stein and Dietl, 
2001(            

             
        .  

   )Blundy, 1994 Holland and(  
       -   

           
  .        

  C°40±705        
 )Schmidt, 1992 (    

)Anderson and Smith, 1995(    .  
            
         .  

       (Vyhnal et 
al., 1991)    1-20     

    HM – QFM    
        .  

       696  
     .    

          
     .  

       )Ridolfi et 
al., 2010 (        

.          
     940     

 . 
          

      .  
)Soesoo, 1997 (       

  XPT  YPT        
    1150  1250    
   ) 7 .(   )Nimis and 

Taylor, 2000 (        
         

     1022    
   .    )Putirka, 2008 ( 

   )Putirka et al., 1996; Putirka et al., 
2003 (          

      .        
        C°1127  

C°1194 ) 1163    (   
           

)Soesoo, 1997 ( .  
  

     
          

      )Kilinc et al., 1983; 
Moretti, 2005; Botcharnikov et al., 2005 (  

       -   
)France et al., 2010 (        

          
         

      .      
           

     .       
           
           



                       8  2 ) 1395  (                                         .....                         319  

      )Enami et al., 
1993 .( 

   )Anderson and Smith, 1995 (  
          

   3     
        

 .   8      
         .  

 
 

  
 7.                )Soesoo, 1997(  

  
Fig. 7. The estimation of crystallization temperature of pyroxene of the gabbroic dike in the Nasrand intrusive complex 
by Soesoo (1997)  
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Fig. 8. The estimation of Oxygen fugacity by amphibole chemistry (Anderson and Smith, 1995) in the Nasrand 
intrusive complex. 
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Fig. 9. Temperature versus oxygen fugacity diagram in the Nasrand intrusive complex. 
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Fig. 10. The estimation of oxygen fugacity by pyroxene composition in the Nasrand gabbroic dikes (Schweitzer, 1979) 
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Introduction 
Mineral composition is sensitive to variations in 
the composition of the magma and can be used to 
characterize the physical conditions of 
crystallization such as temperature, pressure, 
oxygen fugacity and water content. The studies 
have demonstrated that geobarometery by 
amphibole provides a tool for determining the 
depth of crystallization and knowledge of the 
depth of crystallization of hornblende through to 
solidification of calc-alkaline plutons (Anderson 
and Smith, 1995). The composition of pyroxene 
can be used as crystallization pressure and 
temperature indicators of pyroxene too.  
 
Anlytical methods 
The mineral compositions of the Nasrand 
intrusion were determined by electron 
microprobe, with special emphasis on the 
amphibole, feldspar, and pyroxene at the Naruto 
University, Japan, the EPMA (Jeol- JXA-8800R) 
was used at operating conditions of 15 kV, 20 nA 
acceleration voltage and 20s counting time. 
 
Results 
The Nasrand intrusion (33°13'–33°15' N, 52°33'–
52°34'E) with an outcrop area of about 40 km2 is 
situated in the Urumieh–Dokhtar magmatic belt, 
SE of Ardestan. It is composed of granite and 
granodiorite and various dikes of diorite and 
gabbro which are intruded in it. It is intruded into 
Eocene volcanic rocks, including andesite, 
rhyolite, and dacite. The petrographical studies 
indicate that the granitic and granodioritic rocks 
contain major minerals such as quartz, K-feldspar, 
plagioclase, and amphibole, which are in an 
approximate equilibrium state. The gabbroic-
dioritic dikes usually show microgranular 

porphyric texture. They mainly consist of 
plagioclase, amphibole, and pyroxene. The 
plagioclase shows variable composition from 
albite to oligoclase in the granitoid rocks and from 
oligoclase to bytownite in dioritic and gabbroic 
dikes (Deer et al., 1991). The amphiboles are 
calcic and their composition varies from 
hornblende to actinolite, whereas the composition 
of the basic dikes is inclined to hastingsite (Leake 
et al., 1997). Actinolitic probably crystallized as a 
subsolidus phase. Pyroxene in the dikes is 
clinopyroxene with augite- diopside composition 
(Morimoto, 1988). 
 
Discussion 
The total Al content of hornblende is a sensitive 
linear function of crystallization pressure and 
temperature (Schmidt 1992; Holland and Blundy, 
1994). However, the computed pressure may 
reflect the level at which the hornblende 
crystallizes rather than the pressure at which the 
granite consolidates. Therefore, Al content in 
hornblende geobarometer is only applicable in the 
presence of quartz and plagioclase; alkali 
feldspars, biotite, hornblende, clearly limit 
compositional influences (Ague, 1997). Oxygen 
fugacity has a marked effect on the mineral 
system, so only hornblendes with Fe/(Fe+Mg) < 
0.65, Si ≤7.5 and Ca ≥1.6 were used for 
geobarometry and are not applicable to subsolidus 
actinolite (Stein and Dietl, 2001). The average 
formation pressure in the intrusive rocks is 
evaluated to be 1.54 kbar by Schmidt (Schmidt, 
1992) and Anderson and Smith (Anderson and 
Smith, 1995) equations, which is consistent with a 
depth of 5.9 Km, whereas the average pressure of 
amphibole crystallization in the dioritic dikes is 
calculated to be about 2.96 Kbar by the Ridolfi 
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equation (Ridolfi et al., 2010), indicating 11.4 Km 
depth. The estimated pressure for clinopyroxene 
crystallization in the dikes is calculated to be 
about 4–8 kbar by the Soesoo (Soesoo, 1997) and 
Putirka (Putirka, 2008) equations which is 
reflecting the initial crystallization pressure of 
pyroxene from magma which corresponds to 
depths of about 15-30 km. The average formation 
temperature of the intrusive rocks and amphiboles 
in dioritic dikes is estimated to be 700 and 940 °C 
respectively, by the Holland and Blundy (Holland 
and Blundy, 1994), Vyhnal et al. (Vyhnal et al., 
1991), and Ridolfi et al. (Ridolfi et al., 2010) 
equations. The highest temperatures from 
pyroxene thermometry in the dikes is about 1150 
– 1250 °C by Soesoo (Soesoo, 1997) and Putirka 
(Putirka, 2008) equations which are assumed to 
reflect the actual temperature of initial pyroxene 
crystallization and are usually higher than 
temperatures obtained by hornblende-plagioclase 
thermometry. Oxygen fugacity in the granitoid 
rocks and dioritic dikes is above the Ni-NiO 
buffer and it is indicated to be -12.9 and 10.5 bars, 
respectively, by the Ridolfi et al. (Ridolfi et al., 
2010) equation. Water contents in the granitoid 
rocks and dikes are calculated to be about 3.6 and 
4.6 wt. % respectively, by the Ridolfi et al. 
(Ridolfi et al., 2010) equation, i.e. for typically 
subduction - related environments. 
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