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         -  :   
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91/6/25 :  

92/12/17 :  

          

      .    

             

           

       .      

        

            

 (     )    

         

.(Miyashiro, 1973) 

          

         

          .  

          

(Gill, 1981; Kushiro, 1990; Tatsumi      

          (and Kogiso, 1997
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      -    

  (HREE    LREE, LILE  ) 

(Defant and        - 

.(Drummond, 1990; Garcia-Casco et al., 2008

           

          

(Ernst,           

          .(1999

        -  

        

           

             

          

.

  

         

    (   )    

           

      500      

   Cameca SX100     

       .   

    15nA   15KV   

        .    

         1  -   

    -      

         

  5        .   

   2       

.      ICP-MS  

   

          

 (   )      .   

   .          

          StÖcklin (1968)

        Alavi (1991) 

 Pilger (1971)    .      

           

            

.          

         

            

            

           

(StÖckline, 1974;        

 Alavi -Tehrani, 1977; Lensch et al.,1975; Delaloye and

 .(Desmons, 1980; Baroz et al., 1983; Shojaat et al., 2003

             

   (    )     

         

    -        

 Stampßi, 2000; Stampßi and Borel, 2002; Golonka,)

 2004; Bagheri and Stampßi, 2008; Shafaii Moghadam et

 .(al., 2009; Rossetti et al., 2010; Nasrabady et al., 2011

         

           

    -       

 Baroz et al., 1983; SengÖr et al., 1988; Mc Call, 1977;)

 Stampßi and Borel, 2002; Hassanipak et al., 2003; Agard

.(et al., 2006; Rossetti et al., 2010; Omrani et al., 2013

         

     )     

 )        (   

    .(a1  )    (   

      Rossetti et al. (2010)   

          

 )         

        (  

  107   105)       

       .   (  

   (a1 )       

 .           

           

          

    1388  1382 )  

      .(Omrani et al., 2013 1391

  -          

  .(b1 )         

          

Ros- 1388 )       

  -    (setti et al., 2014, Baroz et al., 1983

  54   49      -    

             

           

1. Calc Min
2. Activation lab
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     Macaudier (1982, 1983)  .  

             

 (1379)      .    

           

             

            

         .     

           

           

    61   57        

    .(1388  )    (  )

   (  )      

           

  -           

 1388  1382 )       

        .(Baroz et al., 1983

           

   .        

            

 -          

         

          

 .  

     (    )                (a 1 

       .            (b  ((Lensch et al., 1975)   )

 .        -   
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       -  

            

              

      .(b1 )    

           

         

            

    .      

          -

           

       +  +  + 

            .   

      ( )  + 

    .   (b2 )    (a2 )

            

         .(c2 )

           

            

          

      .       

            

 .(d2 )        

           

.(e2  )         

  (c    (b       (a       .2 

.           (e     (d .     

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

        

27

                (a        .3

 (c  d                 (b           

 .                     

   -      

  ±  ±  +  +  +   

     .  ±   ±   ±

   .        

   50         

            .  

      -   .(a3  )

            

   .       

            

             

 .(b3 )    

            

          

        

        

  c3   )        

          .(d3

          

.        

  

          

     2     - 

           

      500     

           .  

.       

  (Leak et al., 2004)      

 )        

    (       

      .    

     (  18   15)    
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 42)  :     .    1

 23  17)  (  35  26)  (  49 

.  (  7  2)   (

  

         

 (  55  3)  :       

  .(  92  7)   ( 27  0) 

   6/53   5/93         

.(1 )

         

.(1 )      21  16 

          

           

 (1 )         .  

.   94         

          

.(1 )       

           

        

        

.     1

 

        

         

          -  

         .  

      .      

   .Garcia Casco et al. (2008)  Storkey et al. (2005)

     (  )      

           

            

           

            

           

   .        

         

(Yoder and Tilly, 1962;        

 Heltz, 1973, 1976; Beard and Lofgren, 1991; Winter and

 Newton, 1991; Thompson and Ellis, 1994; Selbek and

  700  )      (Skjerlie, 2002

 .(Liu et al., 1996)       (  

     -        

         

             

              

          

        )    

 .(a3 )   (    -

           

           

   )       

           (

           

            

       .     

          

(Beard and        

      (Lofgren, 1991; Winter and Newton, 1991

          

        .     

  ( )        

              

           

   .      -   

     -      

          - 

.      

         

          -  

          

           

.       

           

           

   (  +  )       

  (   )     ( )

         .    

          

 .           
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 - 

 + )          

          -  (

         -    

            

       .    3

    .       

(Tomkins et al., 2007;       

        (Watson et al., 2006

       .     

    765  589       

   -        .  

    810   700   (Ernst and Liu, 1998)

    .     19   14   

             

   )    650   

.(Vilzeuf and Schmidt, 2000)   (  

  (Powell and Holland, 2008)     

 )         

       (     

T = 715 ± 54°C & P = 16.2 ± 2.5 Kb   :     

          

         (4 )  

  )    -  

 :   (    2   (Kretz, 1983)  

1) 12Fac + 42Prg + 114Qtz = 22Grs + 20Alm + 21Tr + 

21Gln + 12H
2
O

2) 2Grs + 9Tr + Gln + 10Pg = 12Prg + 44Qtz +8 H
2
O

3) 10Grs + 84Tr + 6Fac + 105Pg = 10Alm + 105Prg + 

405Qtz + 9H
2
O

4) 39Tr + 6Fac + 66Pg = 10Alm + 45Prg + 5Gln + 

185Qtz + 50H
2
O

        +   

.           

     -     

            

          

           

   -        

          

            

  14/5±2/5       530±124

          

        .    

 :    - 

1) 3Cel + 4Ky = 3Ms + Pyp + 4Qtz 

2) 2Mst + 8Ms + 19Qtz = 8Cel + 4H
2
O + 26Ky

3) 3Fcel + 4Ky = 3Ms + Alm + 4Qtz

4) 12Mst + 39Cel + 32Grs + 6Qtz = 39Ms + 48CzO + 

29PyP

5) 24Fcel + 24CzO + 58Ky = 6Fst + 24Ms + 16Grs + 

61Qtz

 -          

         

      .      

(Ater et         

(Kornprobst et        (al., 1984

     (al.,1990; Morishita et al., 2001

  (Enami and Zang, 1988; Zhang et al., 2004)   

  .    (Grew, 1986)    

           

            

.(Shimpo et al., 2006)

.                      .4
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      (   )            .1

         .     4  23 5 6 8 22 12/5 28 12 23          

.       XPs     FeOt         

Sample 235-11 HGR5

mineral
Am Grt

Chl Ep Phn Ab Am
Grt

Ep Phn Ab
core rim core rim core Rim

Analysis #112 #114 #56 #40 #124 # 117 #72 #96 #65 #32 #25 # 95 #82 #22

SiO
2

38.1 39.44 37.23 37.73 23.48 36.94 47.72 66.69 39.34 37.52 37.62 36.17 46.99 66.72

TiO
2

1.33 1.27 0.594 0.32 0.06 0.47 0. 4 0.00 1.47 0.702 0.52 0.3 1. 09 0.03

Al
2
O

3
17.06 16.05 20.24 20.38 17.02 26.14 27.39 19.16 15.02 19.95 20.66 20.66 29.37 19.64

FeOt 15.57 15.79 22.04 22.57 28.39 8.93 5.23 0.04 18.78 22.51 14.56 24.51 4.15 0.15

MnO 0.11 0.18 3.14 1.11 0.84 0.11 0.06 0.00 0.27 2.27 1.94 1. 94 0.04 0.0

MgO 9.21 9.27 4.38 4.72 14.81 0.28 2.56 0.00 8.8 4.61 4.86 4.86 2.11 0.0

CaO 10.49 10.72 9.81 12.63 0.00 22.51 0.2 0.38 10.80 11.65 9.55 20.99 0.0 1.21

Na
2
O 2.48 2.37 0.04 0.00 0.00 0.04 0.5 11.68 2.16 0.00 0.02 0.02 0.88 11.12

K
2
O 0.914 0.95 0.00 0.00 0.00 0.00 10.49 0.07 0.76 0.00 0.00 0.00 10.29 0.05

Total 95.26 96.4 97.47 99.46 84.6 95.42 94.55 98.02 97.4 99.21 99.73 99.45 94.92 98.92

Si 5.79 5.95 2.94 2.95 5.31 2.94 6.53 0.00 5.89 2.94 2.95 2.95 6.38 2.94

Ti 0.15 0.14 0.03 0.01 0.01 0.02 0.04 0.0 0.16 0.04 0.03 0.01 0.11 0.0

AlIV 2.2 2.04 0.06 0.04 2.68 2.45 1.46 1 2.1 0.05 0.04 2.34 1.61 1.3

AlVI 0.84 0.81 1.82 1.83 1.85 2.95 0.58 1.79 1.86 3.09

Fe2+ 1.17 1.34 1.4 1.28 5.37 0.0 0.35 0.00 1.31 1.28 1.47 0.00 0.37 0.00

Fe3+ 0.72 0.65 0.16 0.17 0.00 0.53 0. 22 0.00 0.93 0.17 0.12 0.58 0. 08 0.00

Mn 0.01 0.02 0.21 0.07 0.16 0.00 0.00 0.00 0.03 0.18 0.12 0.00 0.00 0.00

Mg 2.08 2.08 0.51 0.55 4.99 0.03 0.52 0.00 1.96 0.54 0.56 0.06 0.42 0.00

Ca 1.8 1.73 0.83 1.05 0.00 1.92 0.00 0.01 1.73 0.98 0.80 1.83 0.00 0.05

Na 0.73 0.69 0.00 0.00 0.00 0.00 0.13 1.01 0.63 0.00 0.00 0.00 0.23 0.96

K 0.17 0.18 0.00 0.00 0.00 0.00 1.83 0.004 0.14 0.00 0.00 0.00 1.78 0.003

Cation 

sum

15.66 15.63 7.96 7.95 20.37 7.89 14.03 2.02 15.46 7.97 7.95 7.77 14.79 5.23

Mg# 63 60 26 29 47 59 29 27

NaB 0.37 0.34 0.33

Grs 28 35 32 27

Pyp 17 18 18 19

Alm 46 42 43 48

Sps 7 2 6 4

Xps 17 20

Pg 7 11

Ms 53 55

Cel 27 19

Ab 98 94

Or 0.3 0.2

An 1.7 5.8
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1  

Sample 235-15

MaÞc band Felsic band

mineral Am
Grt

Chl Ep Phn Cpx Ky
Grt

St Ep Spl Pg
core rim core rim

Analysis #1 #17 #34 #18 #27 # 7 #25 #77 #101 #98 85# #4 #14

SiO
2

39.81 40.32 38.49 38.18 26.33 37.27 47.87 50.73 37.63 37.00 37.81 26.64 35.67 0.00 45.56

TiO
2

1.18 0.97 0.49 0.38 0.09 0.32 0.43 0.94 0.01 0.63 0.31 0.66 0.52 0.54 0.00

Al
2
O

3
18.77 18.62 21.13 21.09 19.11 28.12 28.83 8.47 61.52 20.51 20.72 53.36 25.2 55.14 39.23

FeO* 15.22 14.14 23.48 24.15 23.85 8.27 2.82 6.49 0.83 24.08 24.14 13.31 10.67 17.18 0.68

MnO 0.10 0.07 2.4 0.89 0.33 0.4 0.03 0.16 0.04 3.04 1.21 0.38 0.00 0.28 0.00

MgO 8.59 9.35 5.28 6.06 16.98 0.32 2.45 15.78 0.00 4.66 4.81 2.54 0.512 2.99 0.08

CaO 10.49 10.46 9.46 9.5 0.00 22.81 0.02 15.93 0.02 9.36 10.61 0.00 21.03 0.02 0.45

Na
2
O 2.88 2.69 0.05 0.03 0.00 0.03 0.63 1.34 0.00 0.02 0.01 0.00 0.00 0.00 7.54

K
2
O 0.85 0.97 0.00 0.01 0.00 0.00 10.57 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.64

ZnO 0.47

Total 97.89 97.59 100.78 100.29 86.69 97.54 93.65 99.84 100.1 99.3 99.62 97.37 93.60 97.37 94.18

Si 5.87 5.92 2.97 2.95 5.64 2.92 6.45 1.84 1.00 2.95 2.96 7.47 2.86 0.00 5.93

Ti 0.13 0.1 0.02 0.02 0.01 0.01 0.04 0.02 0.00 0.03 0.01 0.13 0.02 0.01 0.00

AlIV 2.12 2.07 0.02 0.04 2.35 2.59 1.54 0.15 1.97 0.07 0.03 17.65 2.38 1.94 2.06

AlVI 1.13 1.14 1.9 1.87 2.38 3.03 1.83 1.87 3.95

Fe2+ 1.4 1.21 1.43 1.41 4.1 0.3 0.19 0.00 1.4 1.44 3.12 0.4 0.07

Fe3+ 0.42 0.46 0.07 0.12 0.00 0.48 0. 21 0.00 0.01 0.16 0.12 0.64 0.02 0.00

Mn 0.01 0.00 0.15 0.05 0.05 0.02 0.00 0.01 0.00 0.2 0.08 0.09 0.00 0.00 0.00

Mg 1.88 2.04 0.6 0.69 5.32 0.03 0.49 0.85 0.00 0.54 0.56 1.06 0.06 0.13 0.01

Ca 1.8 1.64 0.78 0.78 0.00 1.91 0.00 0.61 0.00 0.79 0.89 0.00 1.8 0.00 0.06

Na 0.82 0.76 0.00 0.00 0.00 0.00 0.16 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1.88

K 0.16 0.18 0.00 0.00 0.00 0.00 1.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.1

Zn 0.1 0.46

Cation 

sum

15.74 15.52 7.94 7.93 19.85 7.96 14.03 3.76 2.98 7.97 7.96 29.62 7.76 2.96 14.06

Mg# 57 62 29 33 55 61 81 28 28 74

NaB 0.41 0.42

Grs 26 26 26 29

Pyp 23 23 18 18

Alm 47 49 46 47

Sps 5 2 6 2

Xps 16 21

Pg 8 92

Ms 55 3

Cel 22 0.0
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 .   -      

   -       

         (3 ) 

           

.        

 20   16        

          

(Rapp et       

             (al., 1991

           30   20

       -    

(Sen and Dunn, 1994; Wolf and Wyllie, 1991;   

   .(Rapp and Watson, 1995; Rapp et al., 1999

      (Liu et al., 1996)   

     18     700  

            4

 -    )   +   +   +  

         (

    .      

  700         

        .     

   (Rapp and Watson, 1995)  (Sen and Dunn, 1994)

           

 Xiong et al.,      .     16 

           (2005b)

         15   

       .  (  )

(Yoder and Tilly, 1962; Heltz, 1976; Beard and Lof- 

 gren, 1991; Springer and Seck, 1997; Selbek and Skjerlie,

      (2002; Koepke et al., 2004

    )  -    

   (   -      

            

.    (    850   )

.(Kretz, 1983)     .2 

    

AmPl

CpxAlm

CzOCel

FacGrt

FcelSps

GlnAb

MstSil

PgPrp

PhnKy

PrgOr

PsMs

QtzGrs

SplChl

StEp

TrAn
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thermometry barometry

232a Hgr2 237 232a Hgr2 237

melanosome melanosome felsic band melanosome melanosome felsic band

thermocalc T=715±54°C T=624±67 °C T=530±124°C P=16.2±2.5 Kb P=17.2 ± 2 Kb  P=14.5± 2.5Kb  

Am thermobarometry

(Ernst and Liu, 1998) T=745-780 °C T=700-810 °C  P=14-18 Kb  P=15-19 Kb

Am-Grt thermometry

(Krogh Ravna,  2000b) T=743-776 °C T=738-767 °C

Rutile 

thermometry

At P=15Kb

(Watson et 

al., 2006)

701-765 °C 595-765 °C

(Tomkins et 

al., 2007)

656-714 °C 589-713 °C

.      -   .3 

  

         

       5    

         

   .    4      

    (Leuco1)    -

           

    Glikson (1979)  Cox et al. (1979)  

        .   

   (   )      

      .     

      .       

         

          -

         - 

      .        

      -     

          

       -      

      .       

           

 )          

          (  

          -

           

   .(a5 )    (   ) 

           

(David-          

         .(son et al., 2007

       -   

           

    .        

     .            -        (a 5

          (b          -      

.     
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      (Neo1,2,3)   (Leuco1)    (Melano1)       .4 

.  (*Trondhjemites and Tonalite)       

Trondhjemites 

and Tonalites*

Leuco1Melano1Neo3Neo2Neo1   samples

69.0162.4745.7454.3151.4651.44SiO
2

0.190.2891.8060.780.9230.969TiO
2

16.617.516.3915.4816.0714.58Al
2
O

3

1.913.7615.579.579.711.78*FeO

0.030.070.5090.1050.1210.136MnO

0.0481.766.115.476.226.88MgO

3.154.649.466.667.388.19CaO

5.447.612.183.423.522.86Na
2
O

1.490.381.271.231.480.94K
2
O

0.080.10.620.180.10.1P
2
O5

1.061.640.91.741.721.82LOI

99.49100.2100.698.9598.799.69Totale

0.51039272734Sc

0.1<1<1<1<1<1Be

287308266294328V

5<204030<2040Cr

31137303539Co

2<20<20403040Ni

56012080130110Cu

2040150120120140ZN

17.171216171718Ga

0.70.821.31.21.5Ge

2<5<5<5<5<5As

34452394423Rb

409365136208226193Sr

1.8914.15710.710.912.9Y

905664225729Zr

3.60.861.32.21.8Nb

1<2<2<2<2<2Mo

<0.5<0.5<0.5<0.5<0.5<0.5Ag

<0.1<0.1<0.23.3<0.1<0.1In

<1<11111Sn

<0.2<0.20.6<0.5<0.2<0.2Sb

0.460.52.110.80.8Cs

2475819411115873Ba

4.6821.37.41.551.011.23La

8.8840.817.54.032.734.03Ce

1.235.282.250.880.660.99Pr

5.3523.55.535.534.336.52Nd

1.265.393.52.141.822.74Sm

0.361.541.250.690.6150.854Eu
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   .(b5  )     (MREE)   

   .         

            

 .(Davidson et al., 2007)   

   

          

           

       .      

         

 )          

 .(1388

     -      

         

             

     650       15

           

   -  )       

            (

          -  

 -      .    

           

          

         .    

  -        

    -       

     .       

 -   )       

    61   58      (  

     .(1388  )   

      -     

         

       .       

          

        .     

     .    

            

    -       

.  

         

  (  )    -     

   (   )   -  

 )        

        (1391  

      .     (Miyashiro,1961;1973)

          

    .      

(Aoya et         

  (Iwamori, 2000)      (al., 2009

   (Brown, 1998; 2009)     

.       

         

   -2    -1    (Winter, 2001)

     -4   -3 

      .        

         

  50  )         

    .   (   )     (

(Van Keken et al., 2002; Gerya and Yuen,   

           (2003

0.984.565.12.732.463.35Gd

0.120.631.10.460.440.55Tb

0.453.218.42.392.362.97Dy

0.060.532.10.460.460.56Ho

0.151.317.61.171.181.38Er

0.020.1611.30.1610.1650.185Tm

0.120.98.90.950.991.12Yb

0.010.121.390.1380.1470.164Lu

2.541.52.111.61.5Hf

0.240.050.30.090.160.15Ta

0.240.050.60.350.40.21Tl

8.772151.57Pb

1.012.081.50.080.080.05Th

0.410.720.30.270.080.05U
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   .        

         

         .   

           

  -  :           

(Okudaira         

  -  .(and Yoshitake, 2004; Uehara and Aoya, 2005

  (Yogodzinski et al., 1995; 2001)    

     -  .(Manea et al., 2005)   

     -  .(Gerya et al., 2002)  

.(Kincaid and GrifÞths, 2004) 

        

            

          .  

             

        (  ) 

 Takin, 1972; StÖcklin, 1974; Lensch et al., 1975;)  

 Stampßi, 1978; Wensink and Varecamp, 1980; Berberian

 and King, 1981; Lensch and Davoudzadeh, 1981; Baroz

 et al.,   1983; Bagheri and Stampßi, 2008; Rossetti et al.,

 2010; Nasrabady et al., 2011;Omrani et al., 2013; Rossetti

        .(et al., 2014

          

           

 Stampßi and Borel,)        

 2002; Golonka, 2004; Bagheri and Stampßi, 2008; Shafaii

 Moghadam et al., 2009; Rossetti et al., 2010; Nasrabady et

      .(al., 2011; Rossetti et al., 2014

        -   

           

         

.          

           

        

           

        

         .  

         

 (        )    

          

(Miyazaki and         

        .(Okumura, 2002

          

       .   

            

          

    )       

   )     (   

    -     1  

 .      (

 

  -     

          

         

            

           

    .        

            

    650       50   

         

 .       -  

          

           

            

 .   

   .1379  . .     .   -

     .   1/100000   

.   

      .1382  .   -

       .    

.140    

      .1388  .   -

       .   

.243 

  .    .   .   -

 -     .1391  .    . . .

  )        

.140-123 1      .(

- Agarde, P., Monie, P., Gerber, W., Omrani, J., Molina-

ro, M., Labrousse, L., Vrielynck, B., Meyer, B., Jolivet, L. 

and Yamato, P., 2006. Transient synobduction exhumation 

of Zagros blueschists inferred from pressure, temperature, 

deformation, time and kinematic constraints: Implications 

1. slab break-off
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for Neotethys wedge dynamics. Journal of Geophysical 

Researches, 111 (B11), B11401.

-Alavi, M., 1991. Tectonic of the Middle East. Geologi-

cal Survey of Iran, Scale 1:15000000.1Sheet.

- Alavi–Tehrani, N., 1977. Geology and petrography in 

the ophiolite range NW of Sabzevar (Khorasan/Iran with 

special regards to metamorphism and genetic relations 

in an ophiolite suite. Geological Survey of Iran, Report 

Number: 43.

- Aoya, M., Mizukami, T., Uehara S.I. and Wallis S.R., 

2009. High-P metamorphism, pattern of induced ßow in 

the mantle wedge, and the link with plutonism in paired 
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