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 XI  

1.   

1.1. T     

           

     .     

       -   -  , , 

,  (  /  ), , ,  . .  

            (SiO4)4- ,  

  Si-O.            

   (SiO4)4-    ,       

      .     , 

            .   

      (silica tetrahedron)     

 ( . 1.1)  

 

 

. 1.1.     .   (Si)   
   ( ).

 

    Si-O    (SiO4)4-,    

,              

,    ' .   « » .    

            . 

       ( ).     

         . 

     , ,        

 : .   

 2

,           

.   1.2  1.5    ,     

     « » .      

  SiO4      : 

 

   (Si:O=1:4) 

  (Si:O=2:7) 

  (Si:O=1:3) 

 (Si:O=1:3, 4:11) 

 (Si:O=2:5) 

 (Si:O=1:2) 

 

 

. 1.2.      . .  (Mg,Fe)2SiO4. 
 

1.2.    (Si:O=1:4) 

     (nesosilicates, orthosilicates)  

    SiO4 ( ),      

             

" " ,     ( . 1.2).   Si:O=1:4.     

       (SiO4)4-
.     

      (Mg,Fe)2SiO4,    SiO4   Fe2+ 

 Mg2+.           

         (SiO4)4-.  

         ( ),    

             

  ,   .         

 (Mg,Fe)2SiO4.           

3 2(SiO4)3,   ZrSiO4,    Al2OSiO4 ( , , 

) . .  

 

1.   

 3

 

. 1.3.      . .  
Ca2(Fe,Al)Al2O(SiO4)(Si2O7)(OH). 

 

1.3.  (Si:O=2:7) 

   (sorosilicates)       
Si2O7      ,      

 ( . 1.3).   Si:O=2:7.         

   (Si2O7)6-.   Si2O7      

             

   .     Si2O7   

Ca2+, Al3+, Fe2+, Fe3+  Mg2+.   Ca2(Fe,Al)Al2O(SiO4)(Si2O7)(OH)    

Ca2MgSi2O7      .  

 

 

. 1.4.      . .  Be3Al2Si6O18 (  
). 

 

1.4.  (Si:O=1:3) 

   (cyclosilicates)       

        ,    

    (SixO3x)2x-,  x = 1,2,3    ( . 1.4).  

 : .   

 4

 Si: =1:3.           

      .      

  ,     .       

  BaTiSi3O9, (  ),   (Ca,Fe,Mn)3Al2(BO3)(Si4O12)(OH) 

(  )    Be3Al2Si6O18 (  ).  

 

 

. 1.5.     .  , . .  CaMgSi2O6 
( ).   . .  Ca2Mg5Si8O22(OH)2 ( ). 

 

1.5.  (Si:O=1:3  4:11) 

1.5.1.   (Si:O=1:3) 

     (single chain inosilicates)   

         ( . 1.5).   

     c      

 (SiO3)2-
n.   Si:O=1:3.         

     (Si2O6)4-.       

     Mg2+, Fe2+, Ca2+  Na+.     

        . .  CaMgSi2O6. 

1.   

 5

1.5.2.   (Si:O=4:11)  

     (double chain inosilicates)  

     .     

 - ,           

,        ,   

  ( . 1.5)     c    (Si4O11)6-
n.  

 Si:O=4:11.           

   (Si8O22)12-.         Mg2+, 

Fe2+, Ca2+, Na+  K+      ( )-.      

       . .  Ca2Mg5Si8O22(OH)2. 

 

 

. 1.6.      . .  K(Mg,Fe)3AlSi3O10(OH)2 
( ). 
 

1.6.  (Si:O=2:5) 

   (phyllosilicates)     

             

  ( . 1.6).       (Si4O10)4-
n.   

 : .   

 6

Si:O=2:5.            

(Si4O10)4-  (Si2O5)2-.          

. .  K(Mg,Fe)3AlSi3O10(OH)2,   Mg3Si4O10(OH)2,   

Mg3Si2O5(OH)4, . . 

 

 

. 1.7.      . .  SiO2,  KAlSi3O8 
( ).

1.7.  (Si:O=1:2) 

   (tectosilicates)    SiO4  

          , 

     ( . 1.7).   Si:O=1:2.   

      SiO2,   . .  KAlSi3O8 . . 

  Al             

   ,       Si   

,   . .   ,  ,    

   . '          

 Al      .     , . . 

  ,     (Si+Al):O=1:2    

Si:O=1:2.  

 

 



2.   

  (Mg,Fe)2SiO4

 

 -   Mg2SiO4 - Fe2SiO4 

 

  Ca(Mg,Fe)SiO4

 

  X3 2(SiO4)3 (X=Mg, Fe, Mn, Ca), (Y=Al, Cr, Fe)

 

 ( ) Al2SiO5

 

 Al2SiO5

 

 Al2SiO5

 

 Fe2Al9O6(SiO4)4(OH)2

  ( )

 Al2SiO4(F,OH)2

 

 ZrSiO4

 

 CaTiOSiO4

 

 : .   

 8

2.1.   

:       (olivine)     

 ( )       

    .       

 :  (Fo) Mg2SiO4 (forsterite),  (Fa) Fe2SiO4 

(fayalite),  Mn2SiO4 (tephroite)   CaMgSiO4 (monticellite).  

        ,   

   SiO4        

.   ,       ,  

      ,      

          

 (Mg, Fe, Mn, Ca).      ,      

  ,          

  .  

          

  (  ).       

       (Mn,Fe)2SiO4 (knebelite)   

.  

         

.         

            

      .     

 ,      .   

         

      .      

            

.  

 

: H              

   {100}        

SiO4.                

   a ( . 2.1).       Mg2+  Fe2+ 

    Ca2+  Mn    1  2.  1   

          2   

        SiO4.  (Fe,Mg)-  

 1   2    Fe2+  Mg2+    , 

2.  

 9

       .    

( )  Ca2+   1    Mg2+  2.  

  

 

. 2.1.   (    a).     .
 

             

           . 

    410 km        

(wadsleyite)   520  km     (ringwoodite),  

   .          

     ,        

  ,          

  .  

 

    -    .  

 : .   

 10

2.1.1.  -   

(Mg,Fe)2SiO4 
 

 
       
  Fo  Fa   
n  = 1,636 - 1,827   (+)  (–) 
n  = 1,651 - 1,869  2V  = 82-90°  2V  = 46-90°
n  = 1,669 - 1,879  a = Z, b = X, c = Y 

 = 0,033 - 0,052  EOA // (001) 
       

Nicols // Nicols X 

.  ,   ,  ,  
   3    .  

 
 - :     (Fo) Mg2SiO4 

(forsterite)   (Fa) Fe2SiO4 (fayalite)      

        .    

         .   

        Mn2SiO4 

(tephroite).         ,  

       .      

2.  

 11

        ,     

      .     (Fe, Mg, Mn, 

Ca)       ,   .  

 

 - :         

      .    

     .        

 x .  Mg-     .    

  .      

.         

        .  

   .  Fa-     

= = x   = ,    .  

 

:        

   .        

 ( , ),    ,   

        c. 

 

: ,          .  

 

:   {010}  {110}.     .  

        c.    

        .  

 

:  ,     {100}, {011}  {012}.    

  .  

 

:           

   .          

          .  

           

             

.   {010},    n  - n ,    

       (n -n )     

 ( . 2.2).   {100}  {001},    n  - n   n  - n  , 

           

 : .   

 12

(n -n )     (n -n )      ( . . .  

).  

 

. 2.2.    (  ,    2V)  
.

 

:       

(0,033)   (0,052)      ( . 2.2).   

    {001}.       

  3            

  o .  

 

  -  :     

-     .     

     c       

,    ,  c=Y.    .   2V  

        ( . 2.2).    

 Fo100-Fo85     2V =82-90°,   Fo85-Fo0   

 2V =90-46°.          

 Fo100  Fo70      2V.     

       (    )  

      .       

 r<v     r>v   . 

 

2.  

 13

:           

          

   .          

,  ,  ,  ,     . 

       . 

 

:      '      

Mg6(OH)8Si4O10 ( , , )     , 

    .      

.   (serpentinization)      

             

    .       

     ,         

     .      

  : 

3 Mg2SiO4 + 4 H2O + SiO2  2 Mg3Si2O5(OH)4 

 Fo Srp 

2 Mg3Si2O5(OH)4 + 3 CO2  Mg3Si4O10(OH)2 + 3 MgCO3 + 3 H2O  

 Srp Tlc Mgs 

 Fo= , Srp= , lc=   gs= . 

 

  :    ,  ,   

         , 

, ,      . o  

     (kelyphitization, corona)     

          

  .         

          .  

 

:           

   ,     ,  

, , , , ,    .   

          

.       (iddingsite)    

         . .   

 .          

,    . 

 : .   

 14

 :        , 

  ,     ,   

     .    ,  

 ,       .     

 ,    ,    (  

)    .        

   ,  . .     

 .  

 

E :        

   , , , ,    

 .         

     ,    ( , 

, , , ).      

    ,  ,  , 

, , , .  ,   ,   

          .  

            

  .      -  

   , skarns   ,   

, .     ’    

      .  

2.  

 15

2.1.2.   

Ca(Mg,Fe)SiO4 
  

 
       
n  = 1,638 - 1,654   (–) 
n  = 1,646 - 1,664  2V  = 69-88°  
n  = 1,650 - 1,674  a = Z, b = X, c = Y

 = 0,012 - 0,020  EOA // (001) 
      r>v  

  
Nicols // Nicols X 

.  ,       1  .  
 

 - :   (monticellite)      

CaMgSiO4.  Ca         Mg, Fe2+  Mn,   

    ,      .  Mg  

      Fe2+   Mn.       

(CaFeSiO4)     .  

 



 : .   

 16

 - :       

.      .  

 

:        .  

       c.  

 

A :   . 

 

:  {010} . 

 

:          

     .  

 

:         

 .           1  

.  

 

  -  :  2V    (69-88°) 

     Fe2+  Mn.       

      .    

     .       

      (c=Y).  

 

:          

 .         

  ( . . , Ca3MgSi2O8).  

 

 :    Mg-Fe-Mn-    

            

,       . ,   

,     ( )   {031}.  

 

:          

        -  

.         

  : 

 

2.  

 17

CaMg(SiO3)2 + Mg2SiO4 + 2 CaCO3  3 CaMgSiO4 + 2 CO2 

 Di Fo Mtc  

 Di= , Fo=   Mtc=   

         ( , 

, ,  ).  

 

 

 

 : .   

 18

2.2.  

3 2(SiO4)3 
 

 

 

    
 Mg3Al2(SiO4)3 n = 1,720 - 1,770 

 Fe3Al2(SiO4)3 n = 1,770 - 1,820 

 Mn3Al2(SiO4)3 n = 1,790 - 1,810 

   
 Ca3Cr2(SiO4)3 n = 1,838 - 1,870 

 Ca3Al2(SiO4)3 n = 1,735 - 1,770 

 Ca3Fe2(SiO4)3 n = 1,850 - 1,890 
  

Nicols // Nicols X 

.   ,   ,     
( ).  

 
:   (garnets)        

          .  

           

 ( . 2.3).  

2.  

 19

:           

3 2(SiO4)3 

X = Ca2+, Mg2+, Fe2+, Mn2+    

 = Al3+, Fe3+, Cr3+    

               , 

          .    

    Al o   (pyralspite)     

 (pyrope),  (almandine)   (spessartine).   

     Ca    (ugrandite)   

 o  (uvarovite),  (grossular)   (andradite). 

 

 

. 2.3.   (    c).      
      .       

      .     .

 . .     .      

 ,             

   .        

   ,       ,   

          ( . 2.4).  

            

        .     

       .     

   ,         

 .          

 ,        .  

          

,   ,   .       

 : .   

 20

     ,      

,       Mn2+  Mg2+.  

      ,     , 

 ,    Mn3Fe2(SiO4)3 (calderite)    (melanite)

(    1-5% TiO2).     

(hydrogarnets)            Si4+  

  4 +.  

 
 - :       

.           , 

   .       

,     , ,   

       ,   .   

            

.      .   

       .   

        ,   

         .  

 

:          

{110}    {112}       

.       .     

   .  

 

:  . 

 

:     .    . 

        {110}.  

 

:      .     

            

      .  

 

:            

.  

 

 

2.  

 21

 

. 2.4.     . ( )      
 (n),   ( . .)    a   . 

( )    . .   - . 
 

:          . 

        .    

           

 1          0,005.  

 

 : .   

 22

  -  :      

        

,  ,   2V    0-90°.  

 
:         .   

       ,   .  

          

         .  

 

 :        

 ,        .   

       .  

     ( )     

.            

      .        

 ,           (  

 )  .  

 

:            

         .  

           

 ,        ' . 

         .  

          

.    ,    .  

           

  .  

        skarns   

  ,    , ,  

 .           

   Fe3+   Al3+   .      

           

   '   .      

 .  

           

      .  

2.  

 23

2.3.  ( ) 

Al2SiO5 
 

  = 90,1°   = 101°   = 105,7° 

 
 
n  = 1,710 - 1,718   (–)     
n  = 1,719 - 1,725  2V  = 78-84°      
n  = 1,724 - 1,734  a:X' = 0-3°  {001}, b:Y' = 27-32°  {100}, c:Z' = 27-32°  {100} 

 = 0,012 - 0,016  r>v      
  

Nicols // Nicols X 

.  ,   ,     1  . 
 

 - :   Al2SiO5 (kyanite)      

      c     Si4+  

    Al3+    ( . 2.5).      

      .       

            ,  

 : .   

 24

 .         ( . . 2.6 & 2.7).  

             

  ,   .       

 .  

 

. 2.5.   (    c). ( ) . ( )  .  
   .

 

 - :          

    .        

 ,          .  

   ,         

     = , =  -   =  

  ( < < )1.  

 

MO :        ,    c 

    .    .  

 

:   .  

 

:      {100}    {010}.   

    c.     {001}.  

 

:      {100} -     {100}  

  b  c.    {001}      

                                                 
1             
 . 



2.  

 25

  (  ).      

    .  

 
:          ,  

        .  

 
:      (0,012-0,016)   

        1     .  

     , 30°    {010}  

      .  

 

  -  :       

 {100},           

     .      

.       r>v.       

   {100}    30°      c    

  b.    a: '=0-3°   {001},  b: '=27-32°  {100}  

 c: '=27-32°  {100}.       30°   {100}. 

  {010}     {100}    .  

  .  

 

:       .   

       .     

       .     

(3Al2O3.2SiO2  2Al2O3.SiO2)       

. 

 

 :   ,   ,  

 ,           (   

  )    2V       

 .            

       . .     

   2V ,      .  

 
:           

,         . 

, ,        . 

 : .   

 26

              

   .        

       .    

       .  

 

2.  

 27

2.4.  

Al2SiO5 
 

 
       
n  = 1,653 - 1,661   (+) 
n  = 1,657 - 1,662  2V  = 20-30°  
n  = 1,672 - 1,683  a = X, b = Y, c = Z

 = 0,018 - 0,022  EOA // (010) 
      r>v  

  
Nicols // Nicols X 

.    (001)    (010)    ,  
 .          2  

. 
 

 - :   Al2SiO5 (sillimanite)  (AlO6)   

           c.  

       Si4+  Al3+  

 .   Al3+        

 : .   

 28

( . 2.6).            

 Al2SiO5.   Fe3+     .  

 

 - :         

 .   ,    .  

   .      

,       > > . =   

, =     =    .  

 

 

. 2.6.   (    c). ( ) . ( )  .   
  .

 

MO :       

    c,          

 (fibrolite). 

 

:   .  

 

:      {010}      

.       .  

 

 - :        ,    

    .  

 

:   ,    {010},   

(0,018-0,022),           

 ( ) 2  .        

2.  

 29

.         

   .  

 

  -  :    

,      .      

 ,       .    

     2V =20-30°    , r>v.  

         c=      

   .  

 

:      .  ,  

         .   

    (stress)      

 ,          

.  

 

 :     ,    

,  ,  ,    

 .    ,     , 

     2V .       2V ,  

 . .         .   

    .       ,   

      .  

 

:         

          . 

,          

   , , , , ,   . 

        .     

 ,    ,        

     .    

       .    

        .  

 

  

 : .   

 30

2.5.  

Al2SiO5 
 

 
       
n  = 1,629 - 1,640   (–) 
n  = 1,633 - 1,644  2V  = 71-88°  
n  = 1,638 - 1,650  a = Z, b = Y, c = X

 = 0,009 - 0,013  EOA // (010) 
      v>r  

  
Nicols // Nicols X 

.     ,      
 1  . 

 
 - :      ,     Al2SiO5 

(andalusite)           

     c.      

  Si4+   ,    Al3+   .  

    Al2SiO5,     Fe3+, Mn3+  Ti4+   

2.  

 31

  Al3+.   (viridine)   Mn-     

(   . .,  ,  2V    

),        .    

           

           

 (chiastolite). 

 

 - :         

  .      ,     

, , ,   .       

.          : 

=   , = ,      = ,   

.  

 

:   ,      

 ,     c,   .   

       .   

      ,      

        .  

 

:    . 

 

:     {110}    90°  

          

.  

 

 - :       {101}.     

  ,        ,  

      .    

, ,       

      .  

 

:   ,    {010}   

(0,009-0,013).     1     .  

 

  -  :    

    2V =71-88°       

 : .   

 32

 .        .  

     v>r   r>v.     

    ,        .  

   c=   .  

 

:       .   

    ,   .   

       . H     

           

.  

 

 :      ,  

,     .    

     ,     

  .       ,    

      ,        

        .    

   2V ,         

,     , .     

 .  

 

 

. 2.7.      Al2SiO5. 

2.  

 33

:          

         -  

,      .     ,  

       , ,   

.         , 

       .   

      .  

     Al2SiO5     -   

 .          

      ( . 2.7).   

    (<1,5 kbar)     .  

    .      

       .    

    ,    '      

 .  

 

 

 

 



 : .   

 34

2.6.  

Fe2Al9O6(SiO4)4(OH)2 
 ( ) 

   90° 

 
       
n  = 1,736 - 1,747   (+) 
n  = 1,740 - 1,754  2V  = 80-90°  
n  = 1,745 - 1,762  a  Y, b = X, c  Z 

 = 0,009 - 0,015  EOA // (100) 
      r>v   

  
Nicols // Nicols X 

.    ,  ,    
1           . 

 
 - :     Fe2Al9O6(SiO4)4(OH)2 (staurolite)   

        (Al2SiO5)   

 Al0,7Fe2(O)2(OH)2,     {010}.    

        ,    {100}  

2.  

 35

      {010}  .    

      Fe2Al9O6(SiO4)4(OH)2,     

    Fe2+   Al  Mg, Ti, Zn, Co, V  Cr.  

H           

 (lusakite).  . .        , 

  2V .  

 

 - :        

 ,        . 

         

        > > . = ,  , 

=  ,   = , .   

      .  

 

:          

     c.     

   {010}  {110}.      

        (  , sieve 

structure)     .  

 

:   . 

 

:  ,    {010},   .  

 

 - :     {023}  90°    

{232}  60°         

,     .      

   .       {031}. 

    .  

 

:   ,     {100},  

   (0,009-0,015).         1  

,   .  

 

  -  :    

   2V =80-90°.        , 

  2V       90°.     {100}    . 

 : .   
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  {001}       ,   

  .         r>v.  

            , 

     {110}     .      

 c=   .  

 

:       ,    

  ,   .      

      ,      

        , , 

  .  

 

 :   -     -  

 ,   ,   ( )     

        

.   ( ),      ,  , 

            

.      ( ),     

        .  

 

:          

         

    , , , ,   

.        ,  

       .   

         .  

 

2.  

 37

2.7. T  

Al2SiO4(F,OH)2 
 

 
 

n  = 1,606 - 1,635   (+) 
n  = 1,609 - 1,637  2V  = 48-68°  
n  = 1,616 - 1,644  a = X, b = Y, c = Z

 = 0,008 - 0,011  EOA // (010) 
      r>v  

  
Nicols // Nicols X 

.  ,        1  . 
 

 - :     (topaz)      

Al2SiO4(F,OH)2     ( )-     F-   30%.  

            

 : .   

 38

      .  . . ,   2V    

   ( )-  F-.  

 

 - :         

, , .      .   

  ,           

  . =  - , =    =  

.  

 

:         

     c,       . 

              

       .    -  

       .  

 

:   .  

 

:     {001}      

   .  

 

:       {010}   

(0,008-0,011)      1       

.  

 

  -  :     

    2V =48-68°.   2V      

( ) .         

         '   . 

        r>v.      

  a=X, b=Y  c=Z.           

       .     

           .  

 

:       ,   

     ,   .     

       .  

 

2.  
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 :       , 

 ,  2V         

  .         

  .         

,          (  

2V )          .  

 

:           

 .        , 

, ,   Li-  .     

  , ,    .  

        ,   

    .      F-

  greisen        , 

  .       , , 

  .          

 . 

 

 : .   

 40

2.8.  

ZrSiO4 
 

 
       
ne = 1,967 - 2,015   (+) 
no = 1,920 - 1,960   

 = 0,036 - 0,065   
  

Nicols // Nicols  

.  ,    ,      
    4  .     . 

 
 - :     ZrSiO4 (zircon)    

     Zr,        

.  ,   Zr,    U, Th      

 .     Hf    Zr, U  Th.  

   U, h         

   ( ) .  

2.  

 41

 - : ,    , , 

.   , , .       

  .           

.  

 

:          

    ,    

 c.  

 

:    .  

 

:  {110}  {111} .     .  

 

:    {111}. 

 

:         

    .  

 

:      . .   

.        . .   

1,80.            4  .  

 

  -  :   

     .      

    .   ,     

       .  

    ,      

    2V <10°.  

 

:       ,     

   .        

     .  

 

 :       

  .  .   , ,   

.            

.     ,     

 : .   

 42

.         .  

   .       

,          ,  

   (pleochroic halos),   ,    

  Th, U      .  

 

:       , ,  

 .        .   

  ,       

        .     

       .  

 



2.  
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2.9.  

CaTiOSiO4 
Mo  

  = 119,7° 

 
       
n  = 1,843 - 1,950   (+) 
n  = 1,870 - 2,034  2V  = 17-40°  
n  = 1,943 - 2,110  a:X = 6-21°, b = Y, c:Z = 36-51°

 = 0,100 - 0,192  EOA // (010) 
      r>v   

  
Nicols // Nicols X 

.   ,      .  
 Nicols     ,       

      . 
 

 - :     CaTiOSiO4 (titanite, sphene)   

  SiO4    Ti4+     Ca2+  

 : .   

 44

 .   Al3+    Fe3+  '  Ti4+.  

           

,    .   ,   , ,  

 ,   '    .  

 

 - :         

  ,      , ,    .  

            

.        . =    

, = , , = ,   .  

 

:      ,   

    .      

 .  

 

:    .  

 

:   {110},       .  

 

:        {100}.     

        .  

 

:  .     ,    

   . .    .  

 

:        {010}   

 0,100  0,192      ,    

  ,       .  

 

  -  :    . 

             (010)  

 36-51°.      .    

           2V (17-

40°).          r>v. 

 

2.  
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:             

(   , ,   ). O    

   ,   .  

 

 :    ,    

,         ( , 

,  )     .  

                

     Nicols.        

    . .       

 .  

 

:          

.        ( , 

, )     (  ).  

    ,   

 , skarns . .        

 .  

 

 

 

 

 

3.   

  

 Ca2Al3O(Si2O7)(SiO4)(OH)

 

 -  Ca2(Al,Fe3+)3O(Si2O7)(SiO4)(OH)

 

 ( ) (Ca,Ce,La)2(Fe2+,Fe3+,Al)3O(Si2O7)(SiO4)(OH)

 
 

 

3.   
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3.1. OM   

               

  2 3 (Si2O7)(SiO4)(OH).      : 

 

  Ca2Al3O(Si2O7)(SiO4)(OH)  

K   Ca2Al3O(Si2O7)(SiO4)(OH)  

  Ca2Fe3+Al2O(Si2O7)(SiO4)(OH) 

  Ca2(Al,Fe3+,Mn3+)3O(Si2O7)(SiO4)(OH)  

  (Ca,La,Ce)2(Fe2+,Fe3+,Al)3O(Si2O7)(SiO4)(OH) 

 

         AlO6    

      b.      

   Al3+    2-   ( )-.  o  

     (SiO4)   (Si2O7)   ( . 

3.1).    Ca2+         

,         

Ca2Al3O(Si2O7)(SiO4)(OH). H   ·   .  

        Al3+  Fe3+   

   - .   Al3+  ' 

  Mn3+      .   Ca2+  

Ce3+, La3+         Al3+  Fe2+  

      ( ).  

 

   ,   -    .  

 : .   

 48

3.1.1.  

Ca2Al3O(Si2O7)(SiO4)(OH) 
 

 

 
        
n  = 1,685 - 1,707   (+)  
n  = 1,688 - 1,711  2V  = 0-60°  
n  = 1,698 - 1,725  -  -  

 = 0,005 - 0,020  a = Y, b = X, c = Z  a = X, b = Y, c = Z 
      EOA // (100)  EOA // (010)  
      r<v  r>v  

 

 - :   Ca2Al3O(Si2O7)(SiO4)(OH) (zoisite)      

     .   ,  10%,   

     Fe3+    Cr3+  Mn3+.    Fe3+ 

    - ,     Fe3+  - .   

3.   

 49

      .   (thulite)   

   ~2%      Mn3+.  

 
Nicols // Nicols X 

.           1  
. 

 

 

. 3.1.   (    b).   AlO6     
    b      (SiO4)   (Si2O7) 

 .       .
 

 - :     , , , 

 ( ).     .      

.  

 

:          

.    , ,   , 

   b ( '   c).  

 
:   .  

 : .   
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:   {100}    {001}.  

 

:   . 

 
:    .     ( )   

        2V   

 .         -

    - .       .  

 
:   ,     {100} ( -

)    {010} ( - ),          

.   ,       ,  

    1           

  .  

 

  -  :      

.        

    .       -      

 - .       2V  30-0° (   c)  

 (100)   -     0-60°   (010)   - . 

         ( - )  

   ( - ).       r<v ( - )  r>v ( -

).  

 

 :         .   

    ( , saussuritization).  

 

 :          

,   ,   ,    

   .    ,      

.  ,          

 .     ,   

    .       ,  

    .  

 

:        

   ( , , )     

3.   
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    .      (  

), , , , ,   .     

 ,            

   ,   .     

         .  

         . 

         

       (saussurite)  , , , 

, -   .  



 : .   
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3.1.2.  -  

Ca2(Al,Fe3+)3O(Si2O7)(SiO4)(OH) 
 

  = 115,4° 

 
  

Ca2Al3O(Si2O7)(SiO4)(OH) 

 
 
n  = 1,703 - 1,715   (+)  
n  = 1,707 - 1,725  2V  = 14-90°   
n  = 1,709 - 1,734  a:  = +25-(-60°), b = Y, c:  = 0-85°

 = 0,004 - 0,012  EOA // (010)  
      r<v   

 

  
Ca2Fe3+Al2O(Si2O7)(SiO4)(OH) 

 
 
n  = 1,715 - 1,751   (–)  
n  = 1,725 - 1,784  2V  = 90-64°   
n  = 1,734 - 1,797  a:  = 25-40°, b = Y, c:  = 0-15°

 = 0,012 - 0,049  EOA // (010)  
      r>v   

3.   
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Nicols // Nicols X 

.  ,   ,      
.  

  
Nicols // Nicols X 

.     ,   ,    
   3  .         
. 

 
 - :   Ca2Al3O(Si2O7)(SiO4)(OH) (clinozoisite)   

 Ca2Fe3+Al2O(Si2O7)(SiO4)(OH) (epidote)      

       ( )    35% 

    Ca2Fe3+
3O(Si2O7)(SiO4)(OH), .   

Ca2Fe3+Al2O(Si2O7)(SiO4)(OH) ( ).       

Al  Fe3+  35%  ( . 3.2).   Mn3+   
(piemontite).           

    (    ),      

 10%  15%   .  
 

 - :         

.      .       .  

 : .   
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      .   Fe3+   

        > > . = ,  

,  , =   = ,  .  

 Mn3+           

,     .  

 

:        .  

    ,      

   b.        

  ( )   .      

  .  

 

:   . 

 

:   {001}    {100}     .  

 

:      {100} .  

 

:            

      (  2V,  , 

, . .  ).       

          .  

           .  

 

:   ,     {010}, 

    Al3+  Fe3+  0,004 ( )  0,049 

( ) ( . 3.2).       1     

( ,   ),          

   .        

  1   3      .     

   .  

 

  -  :    

     ( . 3.2), '     Y=b   // 

(010).   c:X     0-85°     0-15° 

3.   
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 .   a:Z=0-25°     -60°   2,   

    25-40°.         {001} 

   (010).         b=Y.    

2V       .       

     .    2V    14-90° 

   >65°.    2V =90-64°.    2V    

     .      {001} 

            

.  

 

. 3.2.    (  , ,    
 2V)   - .

 
:          , ' 

      .     

   Ca- .  

 

 :       ,  

   .    ( )    ( ) 

                                                 
2       +  –       . 

 : .   

 56

   .      ,     

 ,         . 

      .      

    .  

 

:           

   . O       

   .        

   .      

, , -, -   , , 

, ,   skarns.       

 ,   ,      

    .      

  Ca-      .  

 

 

 

 

 

3.   
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3.1.3.  ( ) 

(Ca,Ce,La)2(Fe2+,Fe3+,Al)3O(Si2O7)(SiO4)(OH) 
 

  = 115° 

 
       
n  = 1,690 - 1,791   (–)  (+) 
n  = 1,700 - 1,815  2V  = 40-90°  2V  = 90-57°  
n  = 1,706 - 1,828  a:  = 26-72°, b = Y, c:  = 1-47°

 = 0,013 - 0,036  EOA // (010),   (010) 
      r>v,  r<v  

  
Nicols // Nicols X 

.     ,      
      . 

 
 - :   (Ca,Ce,La)2(Fe2+,Fe3+,Al)3O(Si2O7)(SiO4)(OH) (allanite, 

orthite)           

  Ce, La, Y    ,      

  Fe3+  Al3+    Fe2+  Mn2+    . 

 : .   

 58

              

  .      Na, U, Th, V  

  .  ( )  '   F     Si  P.  

          ,  

       .  

 

 - :        

   .        .  

   ,      , 

,     . 

 

:      ,   

      b.    

     .     

 ,           

.       .  

 

:   .      .  

 

:   {001}    {100}  {110}.     

. 

 

:  {100} . 

 

:         . 

      .    

 '   ,   .  

 

:   ,     {010}, 

 .         1   2  ,  

      .      

  . .  1,54. 

 

  -  :    . 

        (010)  Z=b.  

              

        .   

3.   
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     2V =40-90°.       

 2V =57-90°.           

    .        

           .  

 

:     '        

.          (  

 " ") (metamict).  

 

 :      ,  

       ,     

   .       

      .     

            .  

 

:      , , ,  

    .      skarns.  

          

.    ,   .  

 

 

 

 

4.   

 Be3Al2(SiO3)6 

  

 Na(Mg,Fe,Li,Al)3Al6(Si6O18)(BO3)3(OH,F)4 

  



4.   
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4.1.  

Be3Al2(SiO3)6 
 

 
 

ne = 1,557 - 1,599   (–) 
no = 1,560 - 1,608   

 = 0,003 - 0,009   
  

Nicols // Nicols X 

.         1  .  
 

 - :     Be3Al2(SiO3)6 (beryl)   

     SiO4,      

      6       

c ( . 4.1).            

Be2+  l3+     , ,     

 : .   

 62

 .           

   " "    ,     

 Si:O=1:3    .      

       ,      

 - " " -          

Al2(Be3Si6)O18.  

 

 

. 4.1.   (    c,    6  ). 
       c (     

).       .
 

           

.          (Li, Na, K  

Cs),           

      .     

(Li  Na)      ,     

,   ,           

   .         

    .          

       .  

    Fe3+  Cr3+      

     (emerald)    (aquamarine) 

.     (morganite)     

 (heliodor)           

.  

 

 - :       

( , , , , , ).     

4.   
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,           

  .  

 

:            

      .     

         

.            

       .  

 

:    .  

 

:      {0001}   .  

 

:     , .  

 

:           

   . .        

 .     , -     

        .  

 

:       (0,003-0,009), 

   .         

   1  .  

 

  -  :     

       '     . 

     ,      

     2V   17°.     

    c          

.  

 

:          

    .  

 

 :       ,   

,       .      

 : .   
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    ,         

 . .   .  

 

:           

      , -   . 

   ,  ,  ,     

       .   

           

.           

   ,  ,   ,   

.          

, , skarns     .   

      .  

 

 

 

4.   
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4.2.  

Na(Mg,Fe,Li,Al)3Al6(Si6O18)(BO3)3(OH,F)4 
 

 
 

ne = 1,610 - 1,675   (–) 
no = 1,631 - 1,698   

 = 0,015 - 0,035   
  

Nicols // Nicols X 

.  ,   ,  ,  
      3  . 

 

 - :     Na(Mg,Fe,Li,Al)3Al6(Si6O18)(BO3)3(OH,F)4 

(tourmaline)            

 .      ,   

 (elbaite) -  (schorl)     (dravite) - ,  

     

 

 : .   

 66

  NaFe3Al6Si6O18(BO3)3(OH)4 

  NaMg3Al6Si6O18(BO3)3(OH)4 

  Na(Li,Al)3Al6Si6O18(BO3)3(OH)4 

 ,   n    Fe, Mg .  F  ' 

 ( ),  Fe3+  Al   Ca  K  Na.  

 

 - :          .  

  ,         , 

, ,        .     

     .      

  no>ne,       ,     

       .    

 .       , ,   

 .           

 ,   .        

    .  

 

:   ,      

       .  

     .  

 

:    . 

 

:  {1120}  {1011} .    .   

     . 

 

:   .      {1011}.  

 

:         . 

    ,      

,  . .   .  

 

:        .  

          

 3  .         

     2  .  

4.   
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  -  :   

   c         . 

       ,  .  

       ,     

    .        2V  

  10°.  

 

:      ( , 

, , ).         

     ,  .   

  ( ).  

 

 :       

         ,  

 ,       .  

     ,        

 . ,          

,         . 

       .     

      .  

 

:           

  ,         

,      .    

   , ,   .   

        . 

             

.  

 

 

 

 

5.   

 

 -   Mg2Si2O6 - Fe2Si2O6

( ) 

 (Mg,Fe,Ca)2Si2O6

 

 -  CaMgSi2O6 - CaFeSi2O6

 

 (Ca,Mg,Fe,Al)2(Si,Al)2O6

 

 -   NaFe3+Si2O6 - (Na,Ca)(Fe3+,Fe2+,Mg,Al)Si2O6

 

   

    

 

 -  (Mg,Fe)7Si8O22(OH)2

 

 -  Ca2(Mg,Fe)5Si8O22(OH)2

 

  (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22(OH)2

(  ) 

  (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22( , )2

(    ) 

 -  -  Na2(Mg,Fe2+)3(Al,Fe3+)2Si8O22(OH)2 

 
 

5.   
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5.1.   

: O   (pyroxenes)      (single 

chain inosilicates)     (SiO3)     

 c ( . 5.1  & . 5.2).        SiO4 

       ,        

          .   

Si:O=1:3,    (Si2O6)4-         

         .  

 ,             

        a  b,    

     « »        ( . 

5.1, 5.2 & 5.3).           

(110):(110)    87°  93° ( . 5.4). 

 

 

. 5.1.  . ( )     .    
   c.          .  

 Si:O    1:3,    (Si2O6)4-      
. ( )    c.   ,    1    

     2      . 
 

            

           .   

    1  2  ( . 5.1 , 5.2 & 5.3).  1   

 ,    ( . .=6) (     



 : .   
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)      .  2   

,     ( . .=6  8) (    ), 

     ,      

      . 

 

 

. 5.2.   (    c).     . 
 

 

 

. 5.3.   (    c). ( ) O  1      
  2      .     . 

 

:          

2 1 2 6 

2 = Ca2+, Na+, Mn2+, Mg2+, Fe2+,   Li+   2   

1 = g2+, Fe2+, Mn2+, Fe3+, Al3+, Cr3+, Ti4+   1  

 = Si4+, Al3+      

        (Si2O6)4-,    

   ,        

5.   
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,    Fe, Mg  Ca.        

  (En) Mg2Si2O6 (enstatite),  (Fs) Fe2Si2O6 (ferrosilite)  

 (Wo) Ca2Si2O6 (wollastonite).    , 

       ,   

     (pyroxenoids),      

. 

 

 

. 5.4.     c           
        (87°  93°). 

 

          

     ,       

         Wo, En, Fs ( . 5.5).  

   ,        Wo50  

  .  

    2     Fe2+  Mg2+   

           
Mg2Si2O6    Fe2Si2O6. 

       ,   

 .        , 

   ,    - .    

   Fe2+   Mg2+  2      

    .         

   -   .      

       

 (opx) (orthopyroxene)   (cpx) (clinopyroxene).  

 : .   

 72

       Ca:(Ca+Mg+Fe)=0,05-0,15  

(Wo5-15),     (pigeonite)       

   Ca   - .  

 

 

. 5.5.   Ca-Mg-Fe    En-Fs-Wo. 
 

 

. 5.6.   Na . 
 

5.   
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    Ca:(Ca+Fe+Mg)=0,15-0,25 (Wo15-25),    

 (miscibility gap).       '     

    (subcalcic augite)     

        .  

  (augite)   Ca:(Ca+Mg+Fe)=0,25-0,45 (Wo25-45),    

-  (diopside-hedenbergite),       

CaMgSi2O6 (Di)  CaFeSi2O6 (Hd) , Wo45-50.  

            

,          (SiO3).  

       ,   ( . 

 CaSiO3),       .  

        ,    

 '    5.5,       

   .         

 5.6,        Ca-Mg-Fe   

 5.5          NaAlSi2O6 (Jd) 
(jadeite)   NaFe3+Si2O6 (Aeg) (aegirine).        

  ,  ,    . 

           
(aegirine-augite),    (omphacite),  0,25<Ca:(Ca+Na)<0,75,   

   -   - . ,  

 LiAlSi2O6 (spodumene)    .  

 

:          

   ,         . 

 

 ( )  
 (En) Mg2Si2O6 

  (Mg,Fe)2Si2O6 

 (Fs) Fe2Si2O6 

 

 ( ) 
  

  Mg2Si2O6 

  Fe2Si2O6 

  (Mg,Fe,Ca)(Mg,Fe)Si2O6 

 

 : .   
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 (Di) CaMgSi2O6 

 (Hd) CaFeSi2O6 

  (Ca,Mg,Fe)(Mg,Fe,Al)(Si,Al)2O6 

  
  (Ca,Na)(Mg,Fe2+,Fe3+,Al)Si2O6 

   (Ca,Na)(Fe3+,Fe2+,Mg,Al)Si2O6 

 

  
 (Aeg)  NaFe3+Si2O6 

 (Jd) NaAlSi2O6 

 

  
 LiAlSi2O6 

 

:             

            ,   

       .      

    (110):(110)    87°  93° ( . 5.4). 

 

 

. 5.7.     c:Z     (010). 
 

5.   
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 :         

  .   5.7      

.  

     ,     

 {010},   c:Z,    -      c:X.  

   c    ,     Z     

.    ,    -    

,      (~30-50°). 
 

    -  ( ),  ,  

 - ,      -  .  

 

 

 : .   

 76

5.1.1.  -  ( ) 

(Mg,Fe)2Si2O6 
 

 
          
  En  Fs      
n  = 1,649 - 1,768   (+)  (–)   
n  = 1,653 - 1,770  2V  = 50-90°  2V  = 90-48°    
n  = 1,657 - 1,788  a = Y, b = X, c = Z    

 = 0,007 - 0,020  EOA // (100)     
      r>v   , v>r   

  
Nicols // Nicols X 

.  ,   ,      
 1  . 

 
 - :     (orthopyroxenes)    

        (En) Mg2Si2O6 (enstatite) 

  (Fs) Fe2Si2O6 (ferrosilite).        

:  (En100-88),  (En88-70),  (En70-50), -  

5.   
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(En50-30),  (En30-12)   (En12-0).      

      ( . . 5.5): 

  En100-50 

  En50-0 

    (bronzite)   (hypersthene)  

,          .   

En88 (   )  En12 (   ),    En90  En10 , 

            ( . 5.8).  Mg2+  

 Fe2+          ,  , 

       .      

    Ca  Fe3+.      

    .       

        . 

   Ti, Cr, Ni     .    

     ,     , 

       {010},     

 ,   (pigeonite).     

(   )   {010}  {001}      

   .         

  .  

 

 - :        , 

,    ( )      .  

     .         

   .      

     = , , , 

=  , , , ,  =  , 

, .  

 

:         

          

.     c       

   .  

 

:     . 

 : .   

 78

:         

 {210},    87°  93°. ,  ,  

 {010}  {100}. 

 

:   ,    {100},  

      0,007 ( )  0,020 ( ).  

      1          

   1    . 

 

:  Mg-           

       .    

       (   )  

 .         10% En.  

    .       

  ,         

       .     

             

 .  

 
:      {101}.    

    c            

     {010}.      

         . 

 

  -  :     

     2V         

     50-90° ( . 5.8).    '     c, 

   '     ,    

   .     ,   2V    90° 

      En88-En12,    (En88-70)   

 (En70-50),   .       

   (  '      )     

 {010}.  2V           .  

,      ,     .  

    {100}  a=Y, b=X  c=Z.     {210} 

 c=        . 

 



5.   
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. 5.8.    (  ,    2V)  
.

 

:      Mg- ,    

 (bastite) (  ).        

 (uralite),    ( ) ,   

      .      

   .       

            

    .  

 

 :       

   .   . .    

   .    ,      

          .  

             

        .    En  88% 

 ,     .       

  '    .    -  

            

    .         

     c      .  

            

    .  

 : .   
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:          

        

( , ).     Mg-   

    Fe-    .    

  , Mg-        

,        .  

     .     

      .     

      , ,    

   ,      

   .  ,    

             

   58%.  

         

.        

,            

    .    .   

           

. 
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5.1.2.   

(Mg,Fe,Ca)2Si2O6 
 

  = 108,5° 

 
       
n  = 1,682 - 1,732   (+) 
n  = 1,684 - 1,732  2V  = 0-32° (    ) 
n  = 1,705 - 1,751      

 = 0,023 - 0,029  a:  = 14-26°, b = Y, c:  = 32-44° a:  = 22-26°, b = Y, c:  = 40-44° 
      EOA  (010) (  ) EOA // (010) 

 

 - :   (Mg,Fe,Ca)2Si2O6 (pigeonite)      

  Wo5-15.    ,       

    Mg  Fe  Ca  2 .   

     .      

Fe:Mg    30:70  70:30.  

 

 - :       . 

         .   

          .  

 

:    ,    c    

.  

 

:   . 

 

:    {110}. 

 : .   
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:            {100}. 

 

:         . 

 

:      {010}   

        . 

 

  -  :     

,      2V   .   {001}  

           .    

     {010}.          

Fe2+,  2V      ( )        

   {010}.        32-44°    

  ,   {010}.    {110}     

 32°.     ,         c. 

 
:          

 ( )       .   

    . 

 

 :        

    2V <32°           

    .       

   2V >32°          

 .         

{001},  .  

 

:      ,    , 

      .       

      .       

  .        ,   

    (chilled margins). 
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5.1.3.  -  

CaMgSi2O6 - CaFeSi2O6 
  

  = 106-104° 

 
        
  Di  Hd    
n  = 1,664 - 1,732   (+) 
n  = 1,672 - 1,739  2V  = 58-63°  
n  = 1,694 - 1,757  a:X = 22-34°, b = Y, c:Z = 38-48°

 = 0,030 - 0,025  EOA // (010)  
      r>v  (Di),  (Hd) 

  
Nicols // Nicols X 

.  ,   ,       
2  . 

 

 : .   
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 - :   (Di) CaMgSi2O6 (diopside)    (Hd) 
CaFeSi2O6 (hedenbergite)       ,  

           ,   
CaMnSi2O6 (johannsenite).        : 

 (Di100-90),  (Di90-50),  (Di50-10)   (Di10-0).   

         ( . . 5.5): 

  Di100-50 

  Di50-0 

  Ca2+  (Mg2++Fe2+)       

,   Ca2+  2     8,   g2+  Fe2+  1 

    6.   Al3+  Fe3+    , 

  Cr3+  Zn2+    Mn2+.  

 

 - :        

  ,     -      

  .          

  .           

      . =    

  , =      =  . 

 

:  Mg-         

         ,  

     93°.       

        .  

 

:   .  

 

:    {110}     93°  87°. 

     {001}  {100}.     

     {001},       

,     (diallage).  

 

:        ,  {100}  {001}, . 

 
:   ,     {010}, 

  0,025    0,030       

5.   
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 .   ,   ,   1     

2  ,   1   (  )   .  

 

. 5.9.   (n),   (c:Z)   2V    -
. 

 

  -  :       

   2V       Fe2+  58° ( )  63° 

( ) ( . 5.9).  2V      Mn       

Na.    {001}        

      .     (010)   b= .  

 {010}  c:Z=38° ( )    Fe2+  48° ( ) ( . 5.9), 

  a:   22°-34°.    {001}      

      {100}   .    

       {010},         

    45°    .       

    ,      .   {100}   

.      r>v     Fe2+    

.  

 
:  -      (  

- )     ,   .   

           

  ( . . ).  

 

 : .   
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 :     -   

      .      

 2V          , 

         .  

     -     

  2V ,         .  

 

:         Ca-  Mg-  

.      -   

      ,    

   skarns  , , , , 

,    Ca-Mg-  .      

       ,   

  .        

  ,   .  

      -  '   

           

(  , ),    ,  ,   

- .         ,  

           . 
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5.1.4.  

(Ca,Mg,Fe,Al)2(Si,Al)2O6 
M  

   105° 

 
       
n  = 1,664 - 1,745   (+) 
n  = 1,672 - 1,753  2V  = 25-70°  
n  = 1,694 - 1,771  a:  = 20-33°, b = Y, c:  = 35-48°

 = 0,018 - 0,034  EOA // (010) 
      r>v    

  
Nicols // Nicols X 

.     ,   ,    
   2  . 

 
 - :   (Ca,Mg,Fe,Al)2(Si,Al)2O6 (augite)   

             

 ( . . 5.5).         



 : .   
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- ,           

 .       ,   

 -     (15-25% Wo)   

 .    Si4+  Al3+   Ca2+  Na+   

   (Mg, Fe, Mn)   (Al, Fe, Cr, Ti)   

    .   ,    ,   

 .  

  (fassaite)        

(Al,Fe3+) (Mg,Fe2+),      Al Si. T    

               

   Al, Ti, Fe3+  Cr.  

   ( ) (titanaugite)     Al,   

Fe3+               

 .        ,    

  Ti4+  Fe3+         

 .        

             . 

      {100}   Mg 

(Mg:Fe2+>3:1) ,       {001}    

 .  

      Fe2+    

 ,  ,        {001} 

    schiller .  

 

 - :        

  .       .  

   ,         

.          

 .          

   .          

        .  

 

:           

   ,       

    .     {100} 

   {001}     .  
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:   . 

 

:             

{110}.   {100}  {001}   .   (diallage)  

         {100}   

    .  

 

:       {100}       

.      {001}     

 .       {010}    

  {122},    .  

 

:           

    Fe2+      .  

   ,        

 .         "  " 

(hourglass),      ,      

    . 

 

:       {010},  , 

  0,018  0,034     .     

 1     2  .       Fe2+, Fe3+ 

  Ti     Cr  Al.      Fe2+  

   Al. 

 

  -  :    {110} 

 ,    .     

   {100}  {001}    ,   

  .      ,    2V      

   25-70°.     r>v,     

 .             

  {010}    35-48° ( . 5.7).      

  {100} (      ),      

      .       

        45°     

              . 

      {100}.  

 : .   
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:          

 (uralite),      

,      .    

        ,  

,           

.             

,  ,  ,  ,        

.  

 

 :      ,      

          ·   

   .         

  .      ,    

    124°,    87°.    ,    

    .        

      .     

    ,       

        2V<30°.     

    -    .    

 ,          

  .         

     .  

 

:           

,      .     

      .       

       ,    

  .         

  ,   .      

     '   ,      

   .       

    .  

         Al, Fe3+, Ti, Ca  Na 

    .        

     .      

         .  

5.   
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.           

 ,       ,   ,   

      .  

 

 

 : .   

 92

5.1.5.  -   

NaFe3+Si2O6 - (Na,Ca)(Fe3+,Fe2+,Mg,Al)Si2O6 
Mo  

  = 107,4-105° 

 

 

  
NaFe3+Si2O6 
       
n  = 1,750 - 1,776   (–) 
n  = 1,780 - 1,820  2V  = 60-70°  
n  = 1,795 - 1,836  a:  = 17-7°, b = Y, c:  = 0-10°

 = 0,040 - 0,060  EOA // (010)  
      r>v    

 

   
(Na,Ca)(Fe3+,Fe2+,Mg,Al)Si2O6 
       
n  = 1,700 - 1,760   (+)  (–) 
n  = 1,710 - 1,800  2V  = 70-110°  
n  = 1,730 - 1,813  a:  = 16-36°, b = Y, c:  = 0-20°

 = 0,028 - 0,050  EOA // (010)  
      r>v    

 
 - :      (Aeg) NaFe3+Si2O6 (aegirine)  

   CaMgSi2O6    Ca  Mg  Na  Fe3+ . 

    - ,    .    

5.   
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  .    (Na,Ca)(Fe3+,Fe2+,Mg,Al)Si2O6 (aegirine-augite) 

      .  
Nicols // Nicols X 

.      ,  ,  , 
      3  . 

 
 Al       10%    1, 

       Si.      

  Ti  Mn.        (acmite).   

      Mn,       Zr 

  .  

           Aeg80   

         Aeg20     

    ( . . 5.6).        : 

  Aeg100-80 

   Aeg80-20 

A   Aeg20-0 

'     -       Aeg40  

     .     ,    

    ,        

            20% Aeg. 

 

 - :        

    ,       .  

             

.            

   .    : = , 

 , = ,   =  , . 

 : .   
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          .    

       .  

 

:         

 ,          

 .        ,   

      ,      

c   ,     .  

 
:   . 

 

:          . 

 

:      {100}. 

 

:           

 .            

        ,    

    .        

         .  

 

:       {010},  

   2  .     (0,060)  

     ,        .  

    3       2    3    

  . 

 

  -  :     

  2V      68-70°.       

     2V   2V   70-90°.   {001}  {100}  

         2V    

 .          r>v.  

   ( )     b    ( )    {010}. 

  a:     7-17°    16-36°   

.    ,   {010},   0-10°   

 0-20°   .  {100}   ,   {001} 

     {110} .      
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   c          

 c.  

 

:            

   ,      .  

 

 :         

  ,           

,  ,      . .,    

     .        

.    ,       

    .  

 

:           

   .     ( , 

)   ,   .    

            

.         . 

            

  .       

,   ,      

.         

( ).     ,   ,  

        . 

 : .   
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5.1.6. K    

             

          Mg2+   

  Fe2+.          

1.            

,  

2.          

           .  

3.          

(  )         

    .  

       '    , 

              

,    .        

   : ( )         

        ( )     

           

      .  

 

 

. 5.10.       . 
 

         1140°C   

        950°C      

 ( . 5.10,     ).  , 

         ,    



5.   
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   ( . 5.10,   ).    

,       ,  

   ,      

 (  Mg:Fe)      ( . 5.10). 

       (En100-70)     

         

- ,          

 (   ).    ,     

    (>En70)        

          (   

  ).  

          '   

         .   

           

 ,        

,    .     ,   

,   ,   '      

  .  

 

 

. 5.11.    . 
 

           .    

 ,     ,       

 ,      . .    ,  

  .  «  » (inverted pigeonite) 

 : .   
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         , 

     {001}   .  

           

,              

   .         

       Mg:Fe   70:30.     

   .  ,      

,    (        ) 

   .         

,          (    

 ) ,    Mg:Fe    35:65. 

,   ,   ,     

       Mg.   

  ,    ,   

   ( . 5.11): 

 

 

5.   
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5.1.7.     

    
           

        . ,     

        .     

    ( . . 5.5),      

   '   ,       

 (   9,5% CaO    1,6%  ).   

           

         .   

      ,     

          

,     .      

  : 

1.  Bushveld:              

   (Opx)       

   (Cpx)   {100} ( . 5.12  & 5.14).  

 

 

. 5.12.    . ( )  Bushveld.   
  (Cpx)//{100}   (Opx). ( )  Stillwater.    

(Cpx)//     {001}  «  » (Opx).
 

2.  Stillwater:    ,      Bushveld,   

  (Cpx)          

  {001}   ( . 5.12 ).     

  ( )       (Cpx)   

 {001}   (Pgt) ( . 5.13 ).      

 (Opx) ( ),      (Cpx)    

 ( . 5.13 ).     {001}     

 : .   

 100

   {100},     « » (fishbone 

texture) ( . 5.13 ).       ,   

,  «  » (inverted pigeonite),     

{100}     (   ,   

 ),     ( ) ( . 5.14).  

 

 

 

. 5.13.    .  Stillwater: ( )     
(Cpx) , ,     {001}   (Pgt). 
( )        (Opx)      
(Cpx)     . ( )     {001}   

     {100},     « »   
 «  ». 

 
Nicols X Nicols X 

 

. 5.14.    .     
  « ». ( , )     (Opx),   

  (Cpx).          
{100},        (Cpx001)    {001}  

 (  Stillwater).        ,    
       (Cpx100)    {100} 

(  Bushveld). 

5.   
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(exsolution)      ,    .   

         ( . 5.15 & 5.16).   

          

    .      

,     c  ,     

   .          

.             

     .   ,  ,  

    ,     , '  

     .     

          ,      

     - .  

 

 

. 5.15.    . ( )    
(Opx)//{100} Mg-  (Cpx). ( )    (Pgt)//{001} Fe-  (Cpx). 
 

Nicols X Nicols X 

 

. 5.16.    .     (Cpx). ( ) 
  (Opx)//{100}  . ( )   (Pgt)//{001}  . 

 : .   
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5.2.  

:   (amphiboles)      (double 

chain inosilicates)     ,    ,  

  .            

     .   SiO4    

 ,       ( . 5.17).    , 

       ,     

Si:O=4:11          (Si8O22)12-.  

         c     

 ,       b  c 

( . 5.17, 5.18 & 5.19).        b,  

   a  '         ( . 5.17 

& . 5.19).           (110):(110)  

  124°  56° (« ») ( . 5.20). 

 

 

. 5.17.  . ( )     .   
    c.          

. ( )    c.   ,    1, 2  3   
      4        . 

  ( )-  F-       . 

5.   
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. 5.18.   (    c).     . 
 

 

 

. 5.19.   (    c). O  1, 2  3     
   4        .     
. 

 

 

. 5.20.     c           
      124°  56° (« »). 

 

 

 : .   
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        .    

  '        '  

     ( . 5.17   . 5.19).   

  1, 2  3    6 ( . .=6),     4 

( . .=6  8)    ( . .=10  12).     ( )-  F-  

          

  ( . 5.17, 5.18 & 5.19).  

 
:          

0-1B2C5T8O22(OH)2 

A = Na+, +      

B = Ca2+, Na+, Mn2+, Fe2+, Mg2+, Li+   4   

C = Mn2+, Fe2+, Mg2+, Fe3+, Al3+, Ti4+   1, 2  3   

T = Si4+, Al3+    T  

OH = OH, F, Cl, O    

          .  

 

:           

   ( 4) .     : 

  

 

   

  

         Mg2+ Fe2+ (  

C ),             

      Si   Mg/(Mg+Fe2+),  Si, 

Mg  Fe2+            

.         

 5.21.        Si4+ Al3  

           C 

.       ( . 5.22)   

     ,       

  .  

 

5.   
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. 5.21.    . 
 
 

 

. 5.22.      (    ).  
      (    ),     C 

 Mg  Al (  L  M ).         
 ,             

 Mg, Fe2+  Mn (L)    Al  Fe3+ (M)    C. 
 



 : .   

 106

          : 

 

  (   = Fe, Mg, Mn, Li) 

* � g7Si8O22(OH)2 

* � g5Al2Si6Al2O22(OH)2 

 � g7Si8O22(OH)2  

 �Fe2+
7Si8O22(OH)2 

 

  (   = Ca) 

 �Ca2Mg5Si8O22(OH)2 

 �Ca2Fe2+
5Si8O22(OH)2 

**  �Ca2(Mg,Fe2+)5Si8O22(OH)2 

**  (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22( )2 

  ( )**  (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22( , )2 

 NaCa2(Mg4Ti)Si6Al2O22( )2 

 

   (   = Ca, Na) 
 Na(Ca,Na)Mg5Si8O22(OH)2 

 Na(Ca,Na)Fe2+
4(Al,Fe3+)Si7AlO22(OH)2 

 

   (   = Na) 

 �Na2(Mg3Al2)Si8O22(OH)2 

 �Na2(Fe2+
3Fe3+

2)Si8O22(OH)2 

 NaNa2(Mg4Al)Si8O22(OH)2 

 NaNa2(Fe2+
4Fe3+)Si8O22(OH)2 

 

*            

       . 

** O ,          . 

�     . 

 

:           ,  

      ,     ,   

       .      

    (110):(110)    124°  56° (« ») 

( . 5.20). 

5.   
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 :         

  .   5.23      

.  

 

 

. 5.23.     c:Z     (010). 
 

     ,      

{010},   c:Z,        c:X.     c  

  ,     Z     .    

,      ,      (~0-30°).  
 

    - ,   -

,  ,      - - .  

 

 : .   
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5.2.1.  -  

(Mg,Fe)7Si8O22(OH)2 
 

  = 102° 

 
       
n  = 1,630 - 1,696   (+)  (–) 
n  = 1,638 - 1,709  2V  = 65-98° 
n  = 1,655 - 1,729  a:X = +2-(-9°), b = Y, c:Z = 10-21° 

 = 0,022 - 0,045  EOA // (010)  
      v>r  ( ), r>v  ( ) 

  
Nicols // Nicols X 

.    ,   ,   
 ,     1  . 

5.   
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 - :   -  (Mg,Fe)7Si8O22(OH)2   

 .       -

    Mg7Si8O22(OH)2  Fe7Si8O22(OH)2.     

        .   -

        0-70%  

Mg7Si8O22(OH)2.   Mg7Si8O22(OH)2 (cummingtonite)    

 30-70%,    Fe7Si8O22(OH)2 (grunerite)    0-30%  

 .   30%          

 ( )   ( ) ( . 5.24).     

g (>70%  Mg7Si8O22(OH)2)        .  
       ,     

   ,      -  

   Mg/(Mg+Fe2+) 0,50 (   )  Mg/(Mg+Fe2+)<0,50 (  

 ).   Al Si    ,   

   .       . 

 

 - :         

   .          

    = -  , =  , 

  =     .    

       .  

 

:    ,       

   .     ,   

     .  

 

:     . 

 
:            

{110}.      56°  124°.  

 
:       {100},    . 

 

:            

          

.  

 

 : .   
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:   ,     {010}, 

        0,020-0,045.     

 1  ,         3  .  

 

. 5.24.    (  ,     2V)  
 - . 
 

  -  :    

          . 

      2V        65-90°. 

 30%   Mg7Si8O22(OH)2  2V=90°        

    2V     90-82°     

 ( . 5.24).         

= .       {010}   21-10°    

,      10-15°    15-21° ( . 5.24).  

  ,         c.  

 

:           

  ( ).        

  .  

 

 :        

 . .,        

(c:Z>15°)   .     -    

5.   
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 ( )     .    

 -    . .      . 

        .  

 

:       , 

   , ,     

.      .    

, ,   .     .  

        ,  

 ,      ,    .  

        

     , , , ,   

.  

 : .   
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5.2.2.  -   

Ca2(Mg,Fe)5Si8O22(OH)2 
M  

  = 104,7° 

 
       
n  = 1,599 - 1,688   (–) 
n  = 1,612 - 1,697  2V  = 75-88° 
n  = 1,622 - 1,705  a:X = +5-(-6°), b = Y, c:Z = 10-21°

 = 0,017 - 0,027  EOA // (010)  
      v>r   

  
Nicols // Nicols X 

.    ,   ,   
 ,      2  . 

5.   
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 - :   -  Ca2(Mg,Fe)5Si8O22(OH)2   

.       Mg Fe2+.   

Ca2Mg5Si8O22(OH)2 (tremolite)     Mg/(Mg+Fe2+)=1,0-0,9, o 

 Ca2(Mg,Fe)5Si8O22(OH)2 (actinolite)  Mg/(Mg+Fe2+)=0,9-0,5   

 Ca2Fe5Si8O22(OH)2 (ferro-actinolite)  Mg/(Mg+Fe2+)=0,5-0,0 ( . . 

5.21).        .   -

       , 

    ,        

       .  

 

 - :        ( ) 

          Fe2+ ( ). 

         Fe2+   ( ) 

  ( ).         

. = ,  , =  ,  

  =  , , .  

 

:     ,     

.    .     

           

  {110}.          

-     .  

 

:   . 

 

:            {110} 

(   56°  124°).       {100}   

  {010}. 

 

:        

. 

 

:  ,     {100}.   {001}  

. 

 

:   ,     {010}, 

  (0,027-0,017)      Fe2+.     

 : .   

 114

   2              

  .  . .     Fe2+ ( . 5.25). 

 

  -  :      

      2V   88-75°    

   ( . 5.25).  {100}       

.    ,   {010},   10-21°  

   Fe2+.           c.  

 

. 5.25.    (  ,     2V)  
 - . 
 

:   ,   - .     

       ,     

   . 

 

 :     . .,  

,  2V        . 

         . .   

.          

        (>17°).     

    ,        

    ,  2V     .  

 

:         
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5 CaMg(CO3)2 + 8 SiO2 + H2O  Ca2Mg5Si8O22(OH)2 + 3 CaCO3 + 7 CO2 

 Dol Qz Tr 

 Dol= , Qz=   Tre= . 

     , Ca- , ,   

  Ca-  Mg-  .     ,  

            

.        

(  ),         

      .       

 ,     ,  ,     .   

     ,     

   .   ,      

  ,         

 .           

. O  (uralite)      

     .  

 

 : .   
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5.2.3.  (  ) 

(Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22(OH)2 
 

  = 105,5° 

 
       
n  = 1,61 - 1,70   (–)  (+) 
n  = 1,62 - 1,71  2V  = 35-130° 
n  = 1,63 - 1,73  a:X = +3-(-19°), b = Y, c:Z = 12-34°

 = 0,014 - 0,034  EOA // (010)  
      v>r  r>v  

  
  

Nicols // Nicols X 

.   , ,    ,   
   2          . 
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 - :   (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)(Si,Al)8O22(OH)2 
(hornblende, common hornblende)        

 .    ,     Si Al 

       .      -

    Na  K     Al3+  Fe3+   

C  (M1, M2, M3).        

Si Al    ,      Al2Si6.    

   ,        

Mg2+ Fe2+: 

 -  �Ca2(Mg,Fe2+)4(Al,Fe3+)(Si7Al)O22(OH)2 

 -  �Ca2(Mg,Fe2+)3(Al,Fe3+)(Si6Al2)O22(OH)2 

 -  NaCa2(Mg,Fe2+)5(Si7Al)O22(OH)2 

 -  NaCa2(Mg,Fe2+)4Al(Si6Al2)O22(OH)2 

 -  NaCa2(Mg,Fe2+)4Fe3+(Si6Al2)O22(OH)2 

            

Mn Ti  Cr,   F, Cl       ( ).   

             

  , ’           

  .  

 

 - :        .  

             

  ,   . = , 

   , = ,     

= ,   . 

 

:           

   .        

       .   

 ( )      ,    

.  

 

:    . 

 

:           {110} 

(   56°  124°).    {100}  {001}    . 

 : .   

 118

:        {100},      

    - . 

 

:            

,        .     

  .  

 

:  . .        ( . 

5.26).     ,  0,014 (  Mg)  0,034 (  

Fe),     {010}.      

   0,022.        1   

  2          .  

  ( )-  F-   . .,        

  .  

 

. 5.26.    (     2V)  . 
 

  -  :    

     .    '  

    .      

,         (   

).    2V   70°    

.  2V        Fe2+ ( . 5.26).   

       v>r    r>v.   

   {010}  b= .    c:Z       

        .    

           {010}    

5.   
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12-34° ( . . 5.23).        {100} (   

   ),            .  

            c.  

 

:     ,      

.          

     , , , , . . 

            

  (     ).     

         

           .  

           

 .    .       

  .          

   .  

 

 :       . .   

       ( . . , ).  

          ,  

      .    

   .    -  

,        {100}.    

 ,       . .,  

,  ,     

 . 

 

:           .  

         ,     

     .   

         (   ),   

,          

( ).          

   .        

,   '        ( ).  

          ,  

  ,   .      

         

 : .   

 120

               

. 
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5.2.4.  (    ) 

(Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22( , )2 
Mo  

   106° 

 
       
n  = 1,65 - 1,70   (–) 
n  = 1,67 - 1,78  2V  = 56-88°  
n  = 1,68 - 1,80  a:X = +16-(-2°), b = Y, c:Z = 0-18°

 = 0,018 - 0,083  EOA // (010)   
      v>r   r>v  

  
Nicols // Nicols X 

.   , ,  ,    
   4          . 

 : .   

 122

 - :   (Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22( , )2 

(    ) (oxyhornblende, basaltic hornblende)    

    ,         

    Fe2+  Fe3+.      

 ( )-   2-.      

        Fe2+  Fe3+.   

            

  .       ,  

     .  

        

  ( . . , , ),    Fe2+ 

   Fe3+    ( )-  2-.     

        ,   Fe3+  

 ( )-.       Fe3+/Fe2+>1  

Mg>(Fe3++Fe2+).      ,    Si Al  

    (Al2Si6). 
           

      (   )  . 

          .  

           

  ,       .  
       . 

  (kaersutite)     ,    

  ,     (Fe3++Fe2+)    

    (Na,K).  

 

 - :        

 , > > ,     Fe3+  Ti4+.   

  .           

   . = , , = , 

,  =  ,  .  

 

:        .  

            {010}.  

 
:  .  
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:           {110} 

(   56°  124°).    {100}  {001}. 

 
:            

   {100}. 

 

:           

(  . .,  ,     2V   

 ).        .  

 

:          

   ,    . .,    Fe3+  Ti4+.   

,     {010},     (0,018-

0,083)     4          

.      .   {100}     

 {001}  .  

 

  -  :     

        2V  (56-88°),    

   (Fe3+).       a,  {100}   

 ,     .       .  

     v>r,      r>v.  

  ,     {010},   0-18°  

 0°    .    ,      

 c.  

 

:         

      .     

   .      

  , ,     .  

    (opacitization).     

   . 

  

 :      

  ,   ,   , 

    .     , 

,        



 : .   
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 2V .       ,     ,  

      2V   .      

          ,  

 .  

 
:         

 ,      (   

).         

( , , , ).       

( ).  
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5.2.5.  -  -  

Na2(Mg,Fe2+)3(Al,Fe3+)2Si8O22(OH)2 
 

  = 103-104° 

 

 
 

 : .   

 126

 
Na2Mg3Al2Si8O22(OH)2 
       
n  = 1,594 - 1,647   (–) 
n  = 1,612 - 1,663  2V  = 0-50° 
n  = 1,618 - 1,663  a:X = 8-5°, b = Y, c:Z = 6-9° 

 = 0,024 - 0,016  EOA // (010)  
      v>r  

 
 

Na2(Mg,Fe2+)3(Al,Fe3+)2Si8O22(OH)2 
       
n  = 1,647 - 1,690   (–)  (+) 
n  = 1,663 - 1,690  2V = 0-90° 
n  = 1,663 - 1,702  a:X = 6-4°, b = , c:  = 8-10° 

 = 0,016 - 0,012  EOA  (010) 
      r>v   

 
 

Na2Fe2+
3Fe3+

2Si8O22(OH)2 
       
n  = 1,690 - 1,702   (+)  (–) 
n  = 1,690 - 1,712  2V  = 0-90°  2V  = 90-50° 
n  = 1,702 - 1,719  a:  = 7-6°, b = Y, c:  = 7-8° 

 = 0,012 - 0,017  EOA // (010)  
      v>r   (+), r>v   (–) 

 
Nicols // Nicols X 

.   , ,    ,   
    2  . 

 

 - :   -  Na2(Mg,Fe2+)3(Al,Fe3+)2Si8O22(OH)2 

   .   Na2Mg3Al2Si8O22(OH)2 (glaucophane) 

   Na2Fe2+
3Fe3+

2Si8O22(OH)2 (riebeckite)    

.     Mg2+ Fe2+  Al3+ Fe3+.      

  Al3+>Fe3+   ,  Mg/(Mg+Fe2+)>0,5,  

5.   
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,  Mg/(Mg+Fe2+)<0,5.        

Al3+<Fe3+   ,  Mg/(Mg+Fe2+)>0,5,  ,  

Mg/(Mg+Fe2+)<0,5.   Na2(Mg,Fe2+)3(Al,Fe3+)2Si8O22(OH)2 (crossite) 

  .   -    

            

 .   Mn  Ti     Mg 

 Al,   Ca  K   Na.  F    ( ). 

,         0-45%   

      45-82%  ,    2V    

     ( . 5.27). 

 

 - :        

( )      ( ).      

           .    

    .   = , = , = , 

  = , = , =     =  , =  

, = .  

 

:      (    )  

   ,    c.  ,  

  c,          

  .  

 

:     . 

 

:      {110}      

58°  122°  .      {010}  {001}.  

 
:             

  {100}.  

 

:           

         . 

          

 .      Fe3+-        

           .  , 

 2V    ,   Fe3+-  .  

 : .   
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:    (0,024)  ,   

      .   

          

( .5.27).      1     2    

              

.  . .           

.  

 

. 5.27.    ( ,     2V)  
 - . 
 

  -  :    {001} 

     ,          .  

,        .  Mg-   

    .  2V  ,  0-90°.   

     2V   50-30°.    45% 

  2V     {010}  0°,      

.      2V       ,     

 {010},   {001}.  2V    90°   65%    

  0°     82%       . 

   ,  2V          {010}  

    90%  .    2V   '  

        (100%),   

2V =50° ( . 5.27).  

       v>r       

 r>v      (v>r      r>v   

 ).       ,    

5.   
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       {010},     10°.   

   .  

          b=Y, 

     {010}  7-8°    . 

    b=Z     {010}.   b=Z  

{010}.             {010} 

  10°.  

 

:           

  .         

     .     ,   

 (tiger’s eye),      (crocidolite)  

 .  

 

 :          

     .      

,      .     

,     ,      

    .       

 . .       .  

 

:           

   (  )    

   .         

  .  -     

        

  ,    , , , 

, ,  . .  

          . 

   , ,      

   .    ,   

    ( ,  )  .    

   .        

     . ,   

,       ,   

 .  

 

 

 

6.   

    

  

   Al2Si2O5(OH)4

( ) -

   ½(Ca,Na)0,67(Al3,33Mg0,67)(Si,Al)8O20(OH)4·nH2O

( ) 

   K1-1,5Al4(Si7-6,5Al1-1,5)O20(OH)4

( ) 

  (Mg,Ca)[(Mg,Fe2+)5(Fe3+,Al)](Si5Al3)O20(OH)4·8H2O

 

 Mg3Si2O5(OH)4

 

 Mg3Si4O10(OH)2

  ( )

 

  KAl2(AlSi3)O10(OH)2

 

  (Mg,Fe)3(AlSi3)O10(OH)2

 

  (Mg,Fe,Al)6(Si,Al)4O10(OH)8

 -

6.   
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6.1.     

         (phyllosilicates)  

           

  ( . 6.1).       ,    

        .      

      .        

    .        

       ( ).  

        c   ,   

      « »        

  ( . 6.2).  

. 6.1.      .      
 ,      ,        

       ( ). ( )    c. (b)  
  a. 

 

 

 : .   
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. 6.2.         c   ,    
     « »         . 

            . 
( )    c. (b)    a.     . 
 

       ( . . Mg, Fe, Al),   

  ( . .=6)     ( )    . 

          ( . 6.2). 

            

  .     ,  

        ,  Fe  Mg,  

         Mg3(OH)6.   

           , 

 Al,           Al2(OH)6.  

            

  ,         
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       .     

     6.3. 

 

 

. 6.3.       .     
      .  

 

1. -   ( . 6.3 ):          

 ( )    « »    .  

           ( )   

              

 ( ). ’      -   

  -  .         

( )    ( ) ( . . 6.4). 

2. - -   ( . 6.3 ):         

 « »       - -  .  

       ( ) ( . . 6.5)    

( ). 

3.   - -         (Na, K, 

Ca) ( . 6.3 ).        ,    

( )    ( ) ( . . 6.6). 

 : .   
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4.     - -       
    ( . 6.3 ).  

  -   - -         

  ( . 6.3 ,  & )     ( . 6.3 ).  

            

     . 

 

    (  ,  ,  

,  ),  ,  ,   ( , ) 

  . 
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6.2.  

    (clay)        

   , , ,  .  

 . '         

   ,            

     ,        

        .   

          .  

            

  .        : 

 

. 6.4.   (    a). ( )       
 - .           ( )  

     Al. ( )  Al           
( )                

  ( ).     . 
 

Nicols // Nicols X 

 .         
    . 

 

 : .   
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6.2.1. O   ( ) 
 

  Al2Si2O5(OH)4 

  Al2Si2O5(OH)4 

  Al2Si2O5(OH)4 

 Al2Si2O5(OH)4·2H2O  

 Al2Si2O5(OH)4·nH2O 

 

      (kaolinite)      

  -         ( . 

6.4).     2    . T     

     =90-104°. O   .  

      n =n =1,55-1,57, n =1,56-1,57, =0-0,008  2V 

     .       {001}   =b.  

   a:         <20°. 

 

6.2.2.   ( ) 
 

  ½(Ca,Na)0,67(Al3,33Mg0,67)(Si,Al)8O20(OH)4·nH2O 

  ½(Ca,Na)0,67Fe3+
4(Si7,33Al0,67)8O20(OH)4·nH2O  

  ½(Ca,Na)0,67Mg6(Si7,33Al0,67)O20(OH)4·nH2O  

 

    (montmorillonite)        

   - - .       Al, Mg  Fe. 

   Si   Al. H     

    ,  Ca  Na.   

     " " ,    

 .     90°.     

   n =1,48-1,61, n =1,49-1,63, n =1,50-1,64, =0,01-0,04, 2V =  

  . //(010), c:X, =b  a:  . 

 

6.2.3.   ( ) 
 

 K1-1,5Al4(Si7-6,5Al1-1,5)O20(OH)4 

 (K,H3O)2Al4(Si6Al2)O20(OH)4 

 (K,H3O)2(Fe3+,Al,Fe2+,Mg)4(Si7,5-7Al0,5-1)O20(OH)4 

6.   
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  (illite)         

    .      .   

 - -      Al   ,   

     Mg  Fe.   Si   Al.  

      (K, Na  H3O).   

     90°          

: n =1,53-1,57, n =n =1,56-1,61, 0,03, 2V <10°. (010), c:X, b=Z  a:Y . 

 

6.2.4.   
 

  (Mg,Ca)[(Mg,Fe2+)5(Fe3+,Al)](Si5Al3)O20(OH)4·8H2O 

 

  (vermiculite)       . 

       - -  .  

 ,  Mg  Ca,      

.     90°.       

: n =1,52-1,56, n =n =1,54-1,58, =0,02-0,03, 2V <8°. //(010), a:Z=1-4°, b=Y, 

c:X=3-6°. 

 

 :        

             

          

.         ,    

 .         ,  

             . 

    (<0,008        0,04   

   ).        

    ,   .     

,    .       

    .    ,   . .  

  1,5  1,6.          

 {001},   . 

 

E :               

 .    ,    

 .          

        . 

 : .   
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     ( . .  , kaolinization)   

    ,   .    

          

. 
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6.3  

Mg3Si2O5(OH)4 
 (    ) 

   90-93°  

 
       
n  = 1,529 - 1,595   (–).    .
n  = 1,530 - 1,603  2V     (20-50°) 
n  = 1,537 - 1,604  a , b = Y, c  a , b = , c  
 = 0,001 - 0,010  EOA // (010)   EOA  (010)  

  
  

Nicols // Nicols X 

.  ,   ,    ,   
   1  . 

 : .   
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 - : O  Mg3Si2O5(OH)4 (serpentine)   

      -    

     .     

  SiO4     g(OH)2 (  ). 

   :  (chrysotile),  (antigorite) 

  (lizardite).      ( ) (asbestos),   

     . 

           

Mg3Si2O5(OH)4,       .  Al   

 Si  Mg      ,   Fe 

(   ) Mg.   ( i,Mg)3Si2O5(OH)4 (garnierite)   Ni-

      Fe3Si2O5(OH)4 (greenalite)  Fe-   

     .  

 

X  - :      ,  

, ,   .       .  

  ,       . 

     ,      

   .      ,   

          . 

 

:             ' 

.       .      

   .      

   . 

 

:  

 

:   {001}.    .    

 . 

 

:          

          1  .   

     (  ).  

 

  -  :    

       ,      

6.   
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     (c:Z=0-7°)     ,     

,     .      

  a=Z     b=Y.       

 .           {010} 

 a , b=Y, c ,  a , b= , c . K       

   ,       

.           

  2V    20-50°,         

.       r>v  r<v. 

 

: O          

( ) (serpentinization)   Mg-   ( ) (bastite), 

    .       

  .    '     '  

 . 

 

 : O        

 . .       .  

       ,     

    .      

          . 

 

:          

   ( , ),     

 Mg- .          

      .      

        . '   

   ,       .   

         , 

, ,    . 

 

 

 



 : .   

 142

6.4.  

Mg3Si4O10(OH)2  
  

  = 90,5°,   = 98,9°,   = 90° 

 

 
       
n  = 1,538 - 1,544   (–) 
n  = 1,557 - 1,599  2V  = 0-30° 
n  = 1,575 - 1,602  a , b = Y, c:  = 10° 

 = 0,037 - 0,048  EOA // (010)  
      r.>v   

  
  

Nicols // Nicols X 

.  ,     ,     
   3  .        . 

6.   
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 - :   Mg3Si4O10(OH)2 (talc)     

,   - -         

  ( . 6.5).    .  

      '    .   

         Mg  Fe, Mn  Ni  

    Si  Al  .   ,  2Al 

 3Mg,     (pyrophyllite). 

 

. 6.5.   (    a). ( )        
- - .             Mg. 

( )  Mg       ( )       
.     . 

 

 - :   , , ,   

        .   

  . 

 

:     ,      

       . 

 

: X    . 

 

:   {001}. 

 

: . 

 

:       {010}   

    ,     3  .  

 : .   
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        1   

. 

 

  -  :     

  .          

 2V  (0-30°),      .    

. 

 

:  '   . 

 

 :           

,    2V.        

. .,             

.        . 

 

:        

  , ,    .  

         , 

,    .       

    -  .   

    (        

      ). 
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6.5.   

:     (micas)   ,   

    .      

 (muscovite)    (biotite).      

 .   ,       

             

.          

          .  

           

 ,       ,   

       ,     . 

  ( - - )          

 (  ) ( . 6.6). 

 

:          

WY2-3Z4O10(OH)2  
W = K+, Na+, Ca2+     

 = Mg2+, Fe2+, Al3+, Fe3+, Li+, V3+, Cr3+     

 = Si4+, Al3+     

OH = OH, F   

          

,  W    ,        

 .         

.  Si       Al.   

   Al:Si  1:3,      

       .     , 

  "  ",    a,   "  ". 

 2Al:2Si      . . Ca,   

  .       1:3  2:2.  

           W 

/    .     Si    1Al:3Si  

 (phengite).     Si,    Al,    

     Fe3+  Ti.  

       ,    

    Mg, Fe2+, Al, Fe3+, Li, V  Cr.    

 : .   

 146

    K  Na      Ca.   

 Rb, Ba, Sr  Cs.  

 

 

. 6.6.   (    a). ( ) M . ( ) .     
          - -  

       .     Al 
( )  Mg  Fe ( ).      12  .  

     . 
 

 :        {001},  

      - -      

  ( . 6.6),   ,   

            

.

6.   
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6.5.1.  

KAl2(AlSi3)O10(OH)2 
Mo  

  = 95,5° 

 
       
n  = 1,552 - 1,580   (–) 
n  = 1,582 - 1,620  2V  = 30-47° 
n  = 1,587 - 1,623  a:  = 1-3°, b = , c:  = 4-2°

 = 0,036 - 0,049  EOA  (010)  
      r>v   

  
  

Nicols // Nicols X 

.  ,     ,  ,   
    3  .         
. 

 : .   
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 - :   KAl2(AlSi3)O10(OH)2 (muscovite)    

           

.       - -   

       12   ( . 6.6 ).   a  

     NaAl2(AlSi3)O10(OH)2 (paragonite)    

  .        Rb  Cs     

  Ca, Ba  Sr.   CaAl2(Al2Si2)O10(OH)2 (margarite)   

     .  V,   

,       (  15% V2O5).  Li   Cr 

         (Li- ) (lepidolite) 

   (Cr- ) (fuchsite) .       

 Mn, Fe2+  Fe3+.         

.  , , ,      

  .         

. 

 

 - :        

 ,   .      .  

    . 

 

:       .    

    .   

(sericite)     ,    ,  

    . 

 

: X   .          

 . 

 
:   {001}. 

 

:   ,     {100} 

       ,    .    

   2   3  .   {001}     

   .       

     ("bird's eye" extinction) (    

 ),        .  
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  -  :    {001}   

          

  .             

        .  2V   

    30-47°.       

 (  ).      (010).      

   ,           

    3°     {010}.      

    r>v . 

 

 : O        

   .          

  ( ,  ).   ,     

         , 

         ,     

     .        

 2V<30°,    2V>50°,      

     . .   .   

          '   . 

            

        . 

            

     (     ). 

 

:            

   .        .  

          . 

 

:            

  , , ,   .   

     , ,   , 

   ,    ,   .   

            

 .   ,        

,   .         

     .  

 

 : .   
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6.5.2.  

(Mg,Fe)3(AlSi3)O10(OH)2 
 

  = 99,3° 

 
       
n  = 1,522 - 1,625   (–) 
n  = 1,548 - 1,672  2V  = 0-25° 
n  = 1,549 - 1,696  a:  = 0-9°, b = Y, c:  = 9-0° 

 = 0,027 - 0,071  EOA // (010)  
      r>v   

  
  

Nicols // Nicols X 

.    ,  ,  ,   
   3          . 
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 - :   (Mg,Fe)3(AlSi3)O10(OH)2 (biotite)      

 ( . 6.6 ).       - -  

      .      

              

   .        

         .  

       (phlogopite)    
(annite). 

 KMg3(AlSi3)O10(OH,F)2 

 KFe3(AlSi3)O10(OH,F)2 

 K(Mg2,5Al0,5)(Al1,5Si2,5)O10(OH,F)2 

 K(Fe2,5Al0,5)(Al1,5Si2,5)O10(OH,F)2 

           

(Mg:Fe>2:1)            

 (Mg:Fe<2:1),     .    

  (lepidomelane). 

         Na    

Rb, Ca, Ba  Cs.     Si  Al   AlSi3  

Al1,5Si2,5.     Fe2+  Mg     

   Al, Fe3+, Ti, Mn      Li. To      

    .     

, ,          .  

          

( )   . 

 

 - :          

.     Fe3+  i,     Fe2+.    

          .  

          {001}  

  ' .     {001}     

.       .   Fe3+, 

Ti  Mn           Fe2+.  

    Fe3+      

.        : 

= , , = ,  , , 

=  ,  , .    

       .  

 : .   

 152

 - :         .  

         .  

   {001}      .  

 

:     .  Mg-  . 

 

:   ,      

 ,           

    .  Ti  Fe3+        

    4  .     

        .  . .   

   ( . 6.7).    ,     

  ( )   Nicols    .  

 

 

. 6.7.   n         .

 

:       .   

  {110}    {001}.       

,    ,   ,    

   . 

 

  -  : T      

  ( )          

    .    Ti  Fe3+  2V 

  20°,           

.      0-9°.      

6.   
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  1   //(010).   2   (010).     

    .  

 

:       ,      

.            

     .      + 

 ( 3 )+   .       

             

. , -        

    ,   2S    

   .      
(opacitization),      ± . 

 

 : O        

  .   ,    

 . .    .      

                 

    .        

     .  

 

:        .   

    ,       

 .        

        .   

    ,  ,  

   .  

         .  

  (    )    

        (   

 )    ,    

 .  

         

    .       

          

,   .        

       .     

 : .   

 154

       ,     

  .  
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6.6.  

(Mg,Fe,Al)6(Si,Al)4O10(OH)8 
   

   97° 

 
       
n  = 1,55 - 1,67   (–)  (+) 
n  = 1,55 - 1,69  2V  = 0-60°  2V  = 0-40° 
n  = 1,55 - 1,69  a:   a:  = 0-9°, b = Y, c:   c:  = 7-2°

 = 0,0 - 0,015  EOA // (010)  
 

  
Nicols // Nicols X 

.    , ,  ,    
 ( )  .     . 

 : .   
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:    (Mg,Fe,Al)6(Si,Al)4O10(OH)8 (chlorite)     

 ,        .    

    - -   " "     " ", 

     c       

 14Å ( . 6.3 ). T        

 .    .    

        7Å    

  (septechlorite) (   septe= )     

    ,     c.  
          

         .  

 

:          
Mg6Si4O10(OH)8 (antigorite)    (Mg4Al2)(Si2Al2)O10(OH)8 (amesite)  

    Mg  Fe.     Si  ' 

  Al (  Si2Al2)     Fe3+  Cr.   

     ( l, Cr, Fe)   ,   

       (Mg, Fe, Mn, Ni).    

         (Mg,Fe)5Al(Si3Al)O10(OH)8.   

         (chlinochlore),  

       (chamosite).  

        

  .          

          .  

       ,  ,   

  ,    , , , 

, , , ,  . .,  

         ( . .  = 

 ,  =  ).  

              

-   - . 

 
  

 Mg6Si4O10(OH)8 

A  (Mg4Al2)(Si2Al2)O10(OH)8 

 (Mg5Al)(Si3Al)O10(OH)8 

X  (Fe2+
5Al)(Si3Al)O10(OH)8 

6.   
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 (Mn5Al)(Si3Al)O10(OH)8 

 ( i5Al)(Si3Al)O10(OH)8 

 (Fe2+
5Fe3+)(Si3Al)O10(OH)8 

 (Fe2+
5Fe3+)(Si3Al)O10(OH)8 

 

  
 -    (Mg,Al)6(Si,Al)4O10(OH)8 

 me100-90  Ame =  (Mg4Al2)(Si2Al2)O10(OH)8 

K  Ame90-75 

 Ame75-60 

K  Ame60-45 

 Ame45-25 

 Ame25-0 

  

 -   (Fe,Al)6(Si,Al)4O10(OH)8 

 Gre100-90  Gre=  Fe6Si4O10(OH)8 

 Gre90-75 

 Gre75-60 

X  Gre60-45 

 Gre45-25 

 

 - :        

 ( = ).    ,   . 

      ,     

.       .    

 >        = = , , 

, = , ,  .    

  <   = , ,  , 

= = , , .  

 

:        '   .  

      {001}. 

:     . 

 

:   {001}. 

 
:   {001}      . 

 : .   
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:    .     

      1  .     

  ( , , , ).    

. 

 

  -  :     

  (010)    (   )    {001}. =b    

 a:X  a:Z       9°.     

    ,     . 

          . 

         .  

   .       v>r   

 r>v. 

 

:       .    

  ,        

. 

 

 :          

        .   

     . . '     

.             

.             

        . 

 

:            

     .      

, , , ,   .   

       ,    

 .       , , , 

,   .        

.  

 

 

 

7.   

     

  SiO2

 -

  SiO2

  ( )

  SiO2

  ( )

  

   (K,Na)AlSi3O8

 -

  KAlSi3O8

 

  KAlSi3O8

 

  KAlSi3O8

 

  (K,Na)AlSi3O8

 

  KAlSi3O8

 -

  NaAlSi3O8 - CaAl2Si2O8

 

   BaAl2Si2O8

 

    

       

      

 



 : .   
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 a3KAl4Si4O16

 

 KAlSi2O6

  ( )

 

 a2(Al2Si4)O12·2H2O

 

 a2(Al2Si3)O10·2H2O

  ( )

 NaCa2[(Al,Si)5O10]2·6H2O

  ( )

 Ca(Al2Si4)O12·4H2O

 

 (Ca, a2)(Al2Si7)O18·6H2O

 

 (Ca,Na2,K2)(Al2Si7)O18·7H2O

 

 Ca(Al2Si4)O12·6H2O

  

 KAlSi2O6

  ( )

7.   
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7.1.     

    ( - ),     ,    

     ,      

 SiO2          

 .          

        ,     

 ,            

         ( . 7.2).   

-         Si:O=1:2. 

      SiO2 (silica)    (quartz),  

 (tridymite)    (cristobalite).       

            

   ( - )      ( - ) 

( . 7.1).  

 

 

. 7.1.        . 
 

 : .   

 162

7.1.1.  

SiO2 
 ( - ) 
 ( - ) 

 

 
     
ne = 1,553   (+) 
no = 1,544   

 = 0,009   
  

Nicols // Nicols X 

.  ,   ,  ,     
 1      . 

 

 - :   SiO2 (quartz)         

       SiO2,      

Ti, Fe, Mn, Al   . 

7.   
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. 7.2.   (    c).         
.     . 

 

 - :      ,  

        .   

  .         .  

 

:         

   .       

    ,    ,    

.       -  (  

 )     (   573°C)   -  

(   ),      -     

     .  

 

:  . 

 

:   ,         

  {1011}   {1010}.  

 

:          Dauphine  

    c,         {1120}   

       {1122}.     Dauphine  

   ,          c 

 .       .  

 

 : .   
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:     (0,009),     

  1           .  

           

  .  

 

  -  : E   

     c   .    

       .     

,      (   )   

      .   (  ) 

(smoky quartz)    (  ) (amethyst)     

     2V. 

 
 :   , '     .   

         

     (  ).  

 

 :        

,         .   

    ,    .     

          .    

,     .    ,    

  . 

 

:           

  ( , ,   .)  

.        

,     .     

       .   

      ( . . 7.2.5).    

   ,       -

  ,     (myrmekite).  

    -         

   (granophyric intergrowth).     

   -          
(graphic intergrowth).  

7.   
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7.1.2. T  

SiO2 
 ( ) 

 

 
 

n  = 1,468 - 1,482   (+) 
n  = 1,470 - 1,484  2V  = 40-90° 
n  = 1,474 - 1,486  a = , b = , c = 

 = 0,002 - 0,004  EOA // (100)  
 

 - :   (trydimite)    SiO2.   

 Na, K  Ca         , 

            ( . 7.3).    

    Si  Al.  

 

 - :     .    

   .  

 

:      ,   

    .     

        .    

        ,   

 .  

 

:  .  

 : .   
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. 7.3.   (    c).     . 
 

 

:     ,       

  .       .  

 

:      -  -      

   {1016}         

       .  

 

:           

1  .  

 

  -  :    

              

    .        

    c=       .    

            

  .  2V    70°   40-90°.  

           .  

 

:  .       

           

.  
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 :       

     .   ,    

  .    ,      

   .       

.  

 

:           

 .    ,     

           

   ,  , , , 

 . .         .  

 

 

 : .   
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7.1.3.  

SiO2 
 ( ) 

 
       
ne = 1,482 - 1,484   (–) 
no = 1,486 - 1,488   

 = 0,002 - 0,004   
  
  

Nicols // Nicols X 

.          
      . 

 

 - :     SiO2 (cristobalite)     

          ( . 7.4)   

 Na, K  Ca          

Si  Al      .  

 



7.   
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 - : ,    .   

 .  

 

:      -      

   - .      ,  

    -    - .     

 .         

    .       

          .  

 

 

. 7.4.   (    c).     . 
 

A :      .  

 

:  .      .  

 

:      {111} ,      

.         .  

 

:          

    1  .  

 

  -  :    a   

 -    c   -      

  .        ,    

    .        .  

           

 : .   

 170

 .         ' 

    .   ,       

 .  

 

: . ,    ,   

    '   .  

 

 :  ,   ,   

       .   

   .  

 

:         

.        .   

  ,        , , 

,  . . 
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   SiO2       .  

  SiO2 (chalcedony)       

 .            

       .    

             

 .          a 

   c    . H     

              

.      .    , 

  '    .    

  ,           

      .     

 ,            

      . 

 
Nicols // Nicols X 

.         ,    
 . 

 

  SiO2·n 2  (opal)        

.          , 

        .   

              

 SiO2.      ,     , 

     .   ,  ,   

    .     ,   

 .    .     

        .   

           

 : .   
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.       .   

        ,    

  .          geyser.  
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7.2.  

  (feldspars)      .  

        '      . 

  '         

            . 

      ,      

 .  

 

:           SiO4  

AlO4   K, Na, Ca  Ba  .     

           

.   " "     (  ),   

    ( . 7.5).  

 

:          

4 8 

 = K+, Na+, Ca2+, a2+    

 = Si4+, Al3+     

          ,    

    SiO2 ( ),        

.    .         

   K, Na, Ca  Ba ( . 7.5) 

       ( )    

( ),      ,      

     (   a).      
(alkali feldspars),       KAlSi3O8,  
(orthoclase),  (sanidine),  (anorthoclase),  (microcline), 

 (adularia)  NaAlSi3O8,  (albite).  

        ,     

          (Ca  Ba),  

      Ca-  CaAl2Si2O8,  (anorthite)  

  Ba-  BaAl2Si2O8,  (celsian).  

            :  

-  KAlSi3O8 (Or),  NaAlSi3O8 (Ab)   CaAl2Si2O8 (An)  
( . 7.6).           BaAl2Si2O8 (Cn). 

          ( - -

 : .   
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)         ( -
). 

 

. 7.5.    ( )    a  ( )    c.  
       .     

. 
 

 

. 7.6.       . 
 

   Si  Al     -    

  .        

,              

.        ,    

7.   
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    ,    - (low-)  - (high-) 

 (     ).  

        (monoclinic)  

 (triclinic)           (  

)        Al-Si.     (K, Ba) 

     ,    (Na, Ca)  

      .      

   ,          -

 ( ),        ,      

     Si-Al     . ,  

  -   ,  '       ( ). 

            

   ,           

,      Al-Si.  

          

         , 

         .    

  -  /  - - ,    

 -  /  -  .   

        . 

 

     ( , , , 

, ),      .  

 

 

 

 : .   
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 7.2.1. A   

(K,Na)AlSi3O8 
 

:    (alkali feldspars)     

      -  KAlSi3O8   NaAlSi3O8. 

       ,    ,  

 ,            

      .     CaAl2Si2O8, 

      ,     5%.  

    -     ( , , 

  )       ,   

       . ,    

    ,         

     .        

  ( )       ( )  

       . 

 

 -  
  ,      ,   

  ,          .  

,        Al  Si   

,   : 

1.  -  (Ab0-33) - -  (Ab90-100) 
       ,    

 ,    b63. H  Al-Si    

   (   ). 

2.   (Ab0-63) - -  (Ab90-100) 
         

  ( . . 7.2.5)    b40-75  

         b63.  

       (Ab63-90).     

 Al-Si       (   ).  

3.   ( r100-85) - -  ( r20-0) 
        l-Si. 

     Ab15-80   . 

7.   
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4.   (Or100-82) - -  ( r20-0) 
      -      

   Al-Si.       

.     (<Ab8)       

  . 

5.   -   
      - .      

(pericline)      ,     

       -Na.   

 ,         

 .          

. 

 

  7.7  7.9      ,  

           . 

 

 

 

. 7.7.   -  (  )       
  - -   -  - . 



 : .   
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. 7.8.             
 - -   -  -  ( ). 

 

 

 

. 7.9.   -  (  )       
  - -   -  -  ( ). 
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 :       ,  

         .    : 

- :  -    2V = 40-0°    (010). 

:  -    2V >40°    (010). 

:  -     .  -

        ,      

      .       (010).   

2V    >66°,      .  

 

. 7.10.   2V    . .         Al-Si 
 - . t1o  t1m       T1o  T1m  Al. 

  Al  Si    ,   -  ( ),  0,25  1   0,25 
 1m      Al (t1o+t1m=0,50).    Al    
  . .  1 ,  t1o=1,00  t1m=0,   t1o+t1m=1,00,   -  

( ).          -  ( ), -  
( ),  ( )   ( ). 

 

   ,      , 

     .     

  .   .    

 ,  {001}    {010} ,    

   .   {100}   .  

     - ,        

  .  ,   ,     

    . 

 . .          Al-Si  

 ,      ( . 7.10).     . .  

 : .   
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        ,    

  .        

   .   2V      

  Al-Si    ( . 7.10). 
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7.2.1.1.  

KAlSi3O8 
 

  = 90,6°   = 115,9°   = 87,7°  

 

 
       
n  = 1,514 - 1,526   (–) 
n  = 1,518 - 1,530  2V  = 66-85° 
n  = 1,521 - 1,533  a:   18°, b:   18°, c:   18°, :(001) = 15°

 = 0,005 - 0,008  EOA  // (001) 
      r>v   

  
  

Nicols // Nicols X 

.  ,   ,     1  
      ( ) . 

 : .   
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 - :   KAlSi3O8 (microcline)    

    - .       - 

-      ,   

.         (<5%). 

 

 - :    .      

. 

 
:     ,   (010)  

    c  a. 

 

:  . 

 

:    {001}    {010}.      

 90,7°.           

    .  

 

:   Carlsbad, Manebach  Baveno     

   ( . . 7.2.4).         

  (microcline twinning),    ,    

     .      

     90°,     

          

 " " (cross-hatched twinning).   ,  

    (001),          

          

. 

 

:  . 

 

:      (0,005-0,008)  

   {001}.           

1  . 

 

  -  :     

  (001)       b,  '   18° . 

 a: 18°  c: 18°.        {001}   

7.   
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15°     {010}.     {001}  {010}  

  15°  5°       .    

,       a        

      a.       

    .       

2V >65°    70-85°.  2V     Na   Ca.   

    r>v. 

 

:        ,   

.          

.  

 

 :   " " ,   

       . 

         .  

            

   .       

        {001},  o   

  35°    {001}.  

 

:     ,      

      .     

 .           

      .   

         

 .     ,   

    ,      

 .  

 

 : .   
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7.2.1.2.  

KAlSi3O8 
 

  = 116° 

 
       
n  = 1,514 - 1,526   (–) 
n  = 1,518 - 1,530  2V  = 40-70° 
n  = 1,521 - 1,533  a:  = 5-13°, b:  = 18°, c:  = 13-21°

 = 0,005 - 0,008  EOA  (010) 
      r>v   

  
 

Nicols // Nicols X 

.  ,   ,    ,  
    1       Carlsbad. 

7.   
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 - :    ,     KAlSi3O8 

(orthoclase)         

- .    r100-85    ,  ,  

   (Or85-20)        

     (perthitic intergrowth)  

  .        

     (<5%). 

 

 - : ,         

   .     

  .        ,    

,    . 

 

: O      ,    a 

  c,      (010). 

 

:  . 

 

:        {001}  {010},   

   90°.          

. 

 

:   .    Carlsbad    .  

Carlsbad           

   (010).   Carlsbad      

   b.         ,   

    -   -      .    

Baveno     a      (  

)      (   45°).     

 ,           . 

   Manebach     a.     

   ,        

{001}. 

 

:        .   

           

. 

 : .   
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: H     (0,005-0,008)  

   {001}.           

1  .       .  

 

  -  :      

(010).         {001}      

 5-13°       (010).    b  

     .           

a    {001}  {010}        

 a.      2V       , 

  40-70°.   85°   .      

  r>v.  

 

:    ,    ( , 

sericitization),    ( , kaolinization)     

  . 

 

 :         

            

      2V .        

,      .      

 ,        . 

 

:         , , 

,     .     

          

.           

 ( )    . 
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7.2.1.3.  

KAlSi3O8 
 

  = 116° 

       
n  = 1,514 - 1,526   (–) 
n  = 1,518 - 1,530      
n  = 1,521 - 1,533  -  -  

 = 0,005 - 0,006  2V  = 0-47° 2V  = 0-40° 
      a:   5°, b = Y, c:  = 21° a:  = 5-9°, b = , c:  = 21-17° 
      EOA // (010) EOA  (010) 
      v>r   r>v   

  
Nicols // Nicols X 

.    , ,   ,   
  1       Carlsbad. 

 : .   
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 - : o  KAlSi3O8 (sanidine)      

  ,           ( -

)      .     

        - ,    -  

   (< b33)    .      -

    ,      b40-75  

  .       

      b63     

     ( b0-63)     

( b63-90).        ,      

30% BaSi2Al2O8 ( ),         

  . 

 

 - :   , , .    

 . 

 

:          

 .      (010)   

    a.     ,   . 

      .  

 

:  . 

 

:    . 

 

:       Calrsbad        

      .       . 

 

:           

  . 

 

:      (0,005-0,008)  

   {001}.          1  

. 

 

  -  :    

  .  -       

7.   
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,  (010)  a: =5-9°, c: =21-17°  b= .  -   

   ,  //(010)  a: 5°, b=   c: =21°. 

 -         (010),  2V     

a  0°,      1075 °C,  2V     

(010). 

        {010}  5-9°     

  (010).    b   (001)   . 

    a   ,       

 a    {001}  {010}   ' .   2V    -

  <40°     (010),   0°     

  Al-Si     (010)   47°   - .  

-          2V .  

       (100)    .  

        .    

-  -    ,      (010). 

             

   ( - ).       

    (010)   -  ( - )  -  ( - ).  

     r>v   -   v>r   - . 

 

 :  -       

      2V . To -     -  

        (     // (010) 

 v>r).       ,   , ,  

      .  

 

:  -          

-            . 

           . 

 

:      -     

 ( , , , ),    

.         Ab20-60,   

  .         

     .   

       .  -  

       . 

 : .   
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7.2.1.4.  

(Na,K)AlSi3O8 
 

   92°,   = 116,3°,   = 90,2°  

 

 
       
n  = 1,519 - 1,529   (–) 
n  = 1,524 - 1,534  2V  = 0-55° 
n  = 1,527 - 1,536  a:   10°, b:   5°, c:   20° 

 = 0,005 - 0,008  EOA  // (001)   (010)
      r>v   

  
Nicols // Nicols X 

.    , ,   ,  
   1        . 
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 - :     (Na,K)AlSi3O8 (anorthoclase),  

      ,   Ab63Or37  

Ab90Or10. 

 

 - :    . 

 

:         c.  

   . 

 

:  . 

 

:      {001}  {010},      

 92°. 

 

:           

 ,   ,      .  

    ,      ,  

      (010).        

     {001}     . 

 

:     (0,005-0,008),    

         1  . 

 

  -  :     

  (001)  a: 10°, b: 5°  c: 20°. H      

        '   .   

      {001}   4-10°.    

    2V >55°.      

   . 

 

 :    ,     

       ,   2V     

 . 

 

:    . 

 

 : .   
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: To         Na-   

 ,   , ,    

. 

7.   
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7.2.1.5.  

KAlSi3O8 

    

 

   KAlSi3O8 (adularia)   - ,    

     {110}.       

        . 

       .      

         .   

    ,       

      . 

         ,  

            

        .    

     ,     .   

      - ,     

. 

 

 : .   
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7.2.2.  

NaAlSi3O8 - CaAl2Si2O8 
T  

  = 94,3°   = 116,6°   = 87,7° (Ab) 

  = 93,1°   = 116,0°   = 91,1° (An) 

 
       
  Ab  An   
n  = 1,527 - 1,577   (+)  (–) 
n  = 1,531 - 1,585  2V  = 45-102° ( - ) 
n  = 1,534 - 1,590  2V  = 75-102° ( - ) 

 = 0,007 - 0,013         
      r>v  v>r   

7.   
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Nicols // Nicols X 

.  ,   ,     1  
   . 

 
 - :    (  ),   

(plagioclase)          

 NaAlSi3O8 ( b) (albite)    CaAl2Si2O8 ( n) (anorthite) (  -

 - ).          

     (  -  - ),    

      (    

n2-16,  Bøggild   n47-58,  Huttenlocher   n67-

90).              

  .   ,    8% 

KAlSi3O8    ,       .  

          - ,  

     -  ,    

   ,      (antiperthite). E  

  -    - . 

        (    

)        .    

. 

 

 n0-10 (Ab100-90) 

 n10-30 (Ab90-70) 

 n30-50 (Ab70-50) 

 

 n50-70 (Ab50-30) 

 n70-90 (Ab30-10) 

A  n90-100 (Ab10-0) 

 

 



 : .   
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     <50% (<An50)     

( , , ),      >50% (>An50)  

 ( , , ). 

 
 - :      ,   . 

 , ,    .       

     .     .   

             

     . 

 

:        . 

    (010)     c   a.  

         

. 

 

:  ,       . 

 

:    {010}  {001}     .   

    (010),     93-94°. 

 

:          

,     (polysynthetic twinning).  

       (Albite law)  '   

     .   ,  

      ,     

,     .    Carlsbad  Pericline 

     .       

 ( .  7.2.4). 

 

:           

,       2V      

.        ,    

             

 ( . 7.11).       

    .  

    (normal zoning),       

       .      ,  

7.   

 197

       ,   

 .  

  (reverse zoning) ,       

       .      

              

   .  

    (oscillatory zoning)   

        .    

          .  

         

      . 

 
Nicols  Nicols X 

. 7.11.   . 
 

:    (0,007-0,013)  ,  

            

 1  .        ,    

       . 

 

  -  :     

             

         .   

       -    -   

 ,         '  

 .         {010} 

    ,  '       

   ( . . 7.2.6). 

 : .   
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       .       c  

,       ' . ,  2V 

   ,           

   ( . 7.12).   2V       

    ,      

   .        

   .  ,  ,    

  2V.        ,   

2V    ,         90°.   

   r>v  v>r. 

 

 

. 7.12.   2V   -  ( )   -  
( ). 
 

 :       

        .    

,             

.    ,      ,  

     ,    .   

           

.        

.    ( )   ,    

 ,      .    -

           

  . 

 

7.   
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:         

         .     

       .     

   (sericite),      ,     

.      .   , 

  ,           

  , ,     ( , saussuritization). 

 

:           

   .      

   50%    ,        

         ,   

. , , , ,     

   ,    .  

,    ,   .   

       .    

       (  )     

    .     

     >50%.    

        . 

          

(An0-10),           .  

     ,  .  

           

   ,       

     . 

 

 : .   
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7.2.3.  I 

            

       ,   .  

 BaAl2Si2O8 (Cn) (celsian)        - , 

  Ba-   Cn40-80   . To   

      Cn85-100.     Ba-

 - K-     (Cn30-5) (hyalophane)     

. 

 Ba-           

,    . .        .  

    2V =83-90°,      2V =48- 79°.   

     (010)     ' . 

 Ba-            

,   ,      , 

 , ,   .  

 

7.   
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7.2.4.    

             

  ' .       '    

     .      

 ,   ,   .   

    ,          

(010)        (010),     

  ,     2       

 b      (010). 

   ,         , 

      : 

 

   
           ,    

    . 

 

    

Albite  (010) (010) 

Manebach  (001) (001) 

Baveno  (021) (021) 

X  (100) (100) 
 

   
            , 

             

 . 

 

    

Carlsbad [001] (hk0)  (010) 

Pericline [010] (h0l) 

Acline [010] (001)  (100) 

Ala [100] (001)  (010) 
 

 

 

 : .   
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     .         

  .           . 

 

    

Albite-Carlsbad  c (010) 

Albite-Ala B  a (010) 

Manebach-Ala A  a (001) 

X-Carlsbad  c (100) 
 

  7.13  7.14     .  

 

. 7.13.  . ( ) Carlsbad, ( ) Manebach, ( ) Baveno, ( ) Albite, ( ) Pericline, ( )  
      . (       

). 
 

7.   
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Nicols  Nicols X 

 
  

Nicols  Nicols X 

 
  

Nicols  Nicols X 

 

. 7.14.  . ( )   Carlsbad  . ( )   Carlsbad  
. ( )    . ( )      

Carlsbad,   ,  . ( )     
  . ( )        

(  ).          
,      . 

 

 : .   
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7.2.5.       

 
 ,           

,      ,   
 (exsolution)    .   

        (perthite),  

            (  

 ).           

   ( . 7.15 , ). 

        Al-Si.   

    - -    ,    

,  . .  ,      ,  

      .      

    Al-Si         

   Al-Si. H    Al-Si     

     .        

     Na  Ca    

.          

     ,      .  

         (100)  . 

           

 (  ),  (  )  

 (      ).   

          

. 

      ,      

,     ,    : ( )   

       ( )     

     .  

 

 
    ,   ,     

     .        

      - ,      

       ,    
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    (antiperthite).     

 -         ( . 7.15 ).  

          

.      ,    

     : 

1.   (   An2-16),      

   ( )     

 (  An25)    ,  

2.   Bøggild (   An47-58),     

  An45  An60    ,    

     

3.   Huttenlocher (   An67-90),     

  An67  An95.  

         

. 

 

  
    (graphic intergrowth)    -   

  (   )     

.             

  - .         

    ( . 7.15 ). 

 

  
 (granophyric intergrowth)       - ,  

         

.            '   

  -  ( . 7.15 ).  

 

 
 (myrmekite)        

,          

 .         

  -         -

.    ,       

          -  ( . 7.15 ).  

 

 : .   
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Nicols  Nicols X 

 
  

Nicols  Nicols X 

 
  

Nicols  Nicols X 

 

. 7.15.      . ( , )  . 
( )  . ( )  . ( )  . ( )  

. (Or= , Mc= , Ab= , Pl= , Qz= ). 
 

              

  ,      -      

.            

  ,      -      .  

            

7.   

 207

 - -     .      

         -

,      ,      -

- ,    .        

 ,         . 

 : .   
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7.2.6.      

           . '  

,    , '      

    (2V, . .,  )    

    .        

            . 

        2V,   . .    

 .        (   

     . .).        

Michel-Levy (  )    Albite-Carlsbad.  

  

 Michel-Levy 
         ,     

   (010)   ,     

.    (6-10)      

(  )          

.     ( . 7.16 & 7.17). 

1.            ,   

    (010)     .    

      : 

( )    ( )        (  

),      -     45°.  

     ,        

  ( . 7.16  & 7.17 ).         

 ,    (010)        

    .       ,    

            ,  

     Albite-Carlsbad. 

( )           .   , 

  (010)          . 

       (010)      

       .      

          .  

( )       ( . )     

  4-5°. 

7.   
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. 7.16.       Michel-Levy.   
 1  2          (  . )  

     ,      .  
 

 

. 7.17.       Michel-Levy. ( )    
 (  010)     -        

(  ). ( , )      ,      
   4-5°. 

 

2.      (010)    -     

     ,         

 (   1       

    - ) ( . 7.16  & 7.17 ).   .   

     - .      

   ,        ( . 7.16  & 

7.17 ).    ( 2)            

       4-5°.   

           

        45°,    

      .  

 : .   
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          -    

    (  . .)      (  

. .),    .       

 45°           

 .            

 ( ),     -      (  

. .).    ( ),      (  . .).  

3.      6-10 .      

   ,       

,              

  .  

4.            7.18.  

    18°    :    An20 

( )  An12 ( )   .      

     . . (   Becke)    .  

  An20   ( )    n <1,538 (   

).   An20-35    n >1,538.  

          ±5%An  

An60,       .     

     . 

 

 

. 7.18.              
 (010)     ( )    

( ). 
 

7.   
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 1 
      ( ).     

        (1)    

   : 20° (19°-21°), 25° (23°-27°), 16° (16°-16°), 28° (29°-

30°), 30° (29°-31°), 21° (19°-23°), 35° (30°-40°).  ,   ,  

 >4-5°  .         30°.   

   7.14      ,   

      55%An ( ). 

 
 2  

      ( ).     

(1)-(3)         15°.     

 7.18           

    5%An  30%An.      Becke    

      . .       

  .        30%An 

( - ). 

 

 

. 7.19.       .   1, 2  3  
  (010)    ,    4   .  2  

        ,   1  3      
   . 

 

     7.19      Michel-Levy  

            ,   

     .       

         (010), 

    . . .         

  (         

 : .   
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  ).         (010)  

  .        

 ·    4-5°         (010).  

   1, 2  3,           

  .   4    (010),      

,           .   

 1, 2  3,    ,        ,  

   ,    2.         

   .  

    ,      (010)      

 ( .   1)        . 

,                

          . 

 
 Albite-Carlsbad 

      ,         

  .        ( . 7.20).  

1.       Albite-Carlsbad     

     (010)      .  

         ( . 

7.20 ): 

( )        -     45°,   

Carlsbad          . 

    '       .   

   Carlsbad      (  ).  

( )      ,       (010)  

 ( .   Michel-Levy).  

( )             

   Carlsbad     4-5°. 

2.       Carlsbad        

         ,  

   Michel-Levy.        ( . 

7.20 ).  

3.         Carlsbad ( . 7.20 ).  

4.         7.21  (   

)  7.21  (   ).     

            2  

7.   
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3,        .       

   ,           

    ( . 7.21 ).  

 

. 7.20.       Albite-Carlsbad. ( )  
lbite-Carlsbad        - .      

Carlsbad    ,         
. ( )            Carlsbad. 

( )            Carlsbad.  
 

   <20°     .  ,   

         (  . .)  

    (010)  (001),  ,     7.21  

     . 

            

    An0-35. To       

Michel-Levy.   '         .  

           

   An0-25, '       '   

. . .    -       10°   

 15°,     7.21     : ) An1 (  



 : .   
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 -10°   -15°), ) An29 (   10°   

15°     )  ) An66 (   10°  

 15°     ). 

 

 

. 7.21.        Albite-Carlsbad.   
          . 

( )    ( ). ( )    
( ). ( )             

 (20°  33°)     .  
 

7.   
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    Albite-Carlsbad        

Michel-Levy,   ,         15°. 

    ,        

. 

 

  
     7.20,        

(19°+21°)/2=20°      (32°+34°)/2=33°    .   

  . .  ( ,  ),    

 7.21 ,      7.21 ,      

  60%An ( ). 

 
 

 

 

 : .   
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7.3.  

  (feldspathoids)        

        ,      

.            

 (  )      .   

 : 

 

  a3KAl4Si4O16  

 KAlSi2O6  

 

  

 a8Al6Si6O24Cl2  

N  a8Al6Si6O24SO4  

 ( a,Ca)4-8(Al6Si6O24)(SO4)1-2  

 

K  ( a,Ca, )6-8(AlSiO4)6(CO3,SO4,Cl)1-2·1-5H2O 

 lSiO4  

 

      . 

 

7.   

 217

7.3.1.  

a3KAl4Si4O16  
 

 
       
ne = 1,526 - 1,544   (–) 
no = 1,529 - 1,546   

 = 0,003 - 0,005   
  

Nicols // Nicols X 

  

.  ,         1  
. 

 
 - :   NaAlSiO4 (nepheline)       

  .   >1150°C     

     NaAlSiO4 (Nph)     

KAlSiO4 (Kls) (kalsilite),     (   

)     Na  ( )      

( ).     25 mole%   75 mole% Na,  

     25%         

     ,      .   

a3KAl4Si4O16 ,  ,       

    Ne  s.  

 : .   

 218

              

   ( . 7.22).     Si   Al  

       “ ” ,  

         .   

Ca      Na.         

        b33  An35.   a-    

 -     .      

NaAlSiO4   900°C        

1254°C   ( ),     ( a3KAl4Si4O16)    

    .      

   “ ”        

 .         

.  
 

 

. 7.22.   (    c).     . 
 

 - :    . ,    

      .   

     . 

 

:          

 .         

         

      . 

 

:   .    . 

 

7.   
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:    {0001}    {1010},     

   . 

 

:     {1010}  {1122},      .  

 

:          

. 

 

:   ,     

,   (0,003-0,005)      ,    . .  

        1  . 

 

  -  :    

    c     . 

 

:     ( , , )   a-

  ( , ).     ,   

    .     

    (  )    (  

). 

 

 :      ,   

,    . .,        

.           .  

    ,   ,       

. 

 

:         

  ( ,  ,      

 )         (  , 

 , Na-   Na- ).    

    . 

 

 

 : .   
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7.3.2.  

KAlSi2O6 
 ( ) 

 
       
ne = 1,509 - 1,511   (+) (  )
no = 1,508 - 1,511   

 = 0,000 - 0,001   
  

Nicols // Nicols X 

.    ,   , ,  
 ,      1     . 

 

 - :     (leucite)       

KAlSi2O6,    Na    ,   Fe3+  Al.   

       ( . . 7.4.1).    

            

     4   3  .   

    (   605°C),      

  (   605°C)   . 

 

 - :    .    

  . 
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:        24  {112} 

          

  .         

   .       

. 

 

:  . 

 

:   {110},       . 

 

:         

  {110},          

      .     

,             

  60°. 

 

:        .   

   ( , , , ),   

        .    

    (     

).  

 

:       (0,001)   

    1  ,        

 .      . 

 

  -  :     

 .         

     .     

 . 

 

:            , 

     -  .    ,   

. 

 

 :   (   ),   

,         (   

 : .   
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)       .      

 ,        

    . 

 

:          

       ( ,  ,   

.)            ( , , 

, , ,    , 

,  ).         

  .         

. 
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7.4.  

  (zeolites)         

         ,   , 

   ,      

   ,      

 (  ).    40     

  100      .  

  ( , )        

          .   

          

     ,        , 

             

 .  

 

:           

         ( . 7.23).  

   Si4+    Al3+.     

      ,  +, Na+  Ca2+.  

     ,      ,  

         ,   

    ( . 7.23 & 7.24). 

 

:            

  : 

( a, K, ½Ca)XZ[(SiYAlX)O2(X+Y)]Z·nH2O 
             

     ,    

    2, 2, 4  2S.       

    .       

 ,          

 ,  Rb, Sr, Ba, Li, Cs, Cu, Pb  Ag.      

  ,    Na      Ca (Ca2+ 2Na+  2K+), 

     Si:Al.        

 Na+Si4+ Ca2+Al3+          

      . 

 

 : .   

 224

 

. 7.23.   (    c).      
,  ,       ( , a, Ca)   

  ,      .     
. 

 
 
 

 

. 7.24.  . ( ) , ( ) , ( ) , ( ) , ( ) , 
( ) , ( ) , ( ) , ( ) . 
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      : 

 

 a2(Al2Si4)O12·2H2O 

 a2(Al2Si3)O10·2H2O 

 Ca(Al2Si4)O12·4H2O 

X  Ca(Al2Si4)O12·6H2O 

 (Ca, a2)(Al2Si7)O18·6H2O 

 Na2Ca2[(Al2Si3)O10]3·8H2O  

 NaCa2[(Al,Si)5O10]2·6H2O  

 (Na2,K2,Ca)(Al2Si10)O24·7H2O  

 (Ca,Na2,K2)(Al2Si7)O18·7H2O 

 (Ca,K,Na)2-3Al3(Al,Si)2Si13O36·12H2O 

 (Ca,K2,Na2)6[(Al3Si5)O16]2·12H2O  

 Ba(Al2Si6)O16·6H2O 

 

           

          : 

 

  . . , , , .  

  . . , . 

  . . , , , .  

 

1.    (fibrous)      

   c.       

       c ({100}, {010}, 

{110}   )   .        

          .  

       c     

 . 

2.    (layered)       

 {010}       .   

       ,     

 {010}.            

           . 

3.    (blocky)      

          

 .      ,    

 : .   

 226

   ,       

       .  

 

 :         

   ,      

 (    ).  

 

    ,       

   ,        

     .    , 

 ,  ,  ,  ,     . 

 

  

7.   
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7.4.1.  

a2(Al2Si4)O12·2H2O  
  

 

 
 

n = 1,479 - 1,493   
 

 - :   a2(Al2Si4)O12·2H2O (analcime)    

 ,          

            

(  . 7.3).          

 ,     4   3  ,   

         ( . 7.24 & 7.25).   

         3  ,   

 Na+         

     Si4+  Al3+.      

,            Si4+  

 .           

 Na+  Ca2+,     . ,    

  Si4+  Al3+          

 .   Al:Si      <1:3  >1:2.  

 Ca2+  +    Na+,     

 Ca-  - . 

 

 - :         

 , , .     . 

 

:     ,    24 ,  

      . 

 

 : .   

 228

 
. 7.25.   (    c).      

.     . 

 
:  . 

 

:   {100}       . 

 

:        {100}  

{110}.        . 

 

:       ,    

         

 ( <0,001). 

 

  -  :    

     ,     

2V =0-90°.         .  Ca-   

     2V =80-105°. 

 

:             

       .     

  (    - )      . 

 

 :       . .  

    ,      . .,   ,   

   . 

 

7.   
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:             

    .      

.             

         .   

,         . 

     ,   ,   

 ,   ,     .  

Ca-          . 

 

 

 : .   

 230

7.4.2.  

a2(Al2Si3)O10·2H2O 
 ( ) 

 

 
       
n  = 1,473 - 1,490   (+) 
n  = 1,476 - 1,491  2V  = 0-64° 
n  = 1,485 - 1,502  a = , b = , c = 

 = 0,012 - 0,013  EOA  (010) 
       v>r   

  
Nicols // Nicols X 

.    , ,      
  1  . 

 

 - :   a2(Al2Si3)O10·2H2O (natrolite)   Ca   

  a      Si:Al.   

Ca(Al2Si3)O10·2H2O (scolecite)   Ca-    ,  Ca+H2O 

7.   
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 a2,    Na2Ca2[(Al2Si3)O10]3·8H2O (mesolite)   

,     Ca:Na   1.   7.26    

 . 

 

 - :    . 

 

 

 

. 7.26.   (    c).      .  
   . 

 

:           

    c. ,   ,   

  .       . 

 

:  . 

 

:    {110}.    {010}.  

 

:  {110}, {001}  {031}   . 

 

:       {010}   

 (0,012-0,013).         1  . 

 

  -  :   

   .    .     

      2V.       

 .       .  



 : .   
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          . 

 

:        . 

 

 :     .    

            

     .       

.             

(n       ).  

 

:        , ,   

   . ,     

,         .   

    .         

      SiO2 . 

 

 

7.   
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7.4.3.  

NaCa2[(Al,Si)5O10]2·6H2O 
 ( ) 

 

 
       
n  = 1,497 - 1,530   (+) 
n  = 1,513 - 1,533  2V  = 42-75° 
n  = 1,518 - 1,544  a = , b = , c =  

 = 0,006 - 0,021  EOA  (001) 
       r>v   

  
 - :   NaCa2[(Al,Si)5O10]2·6H2O (thomsonite)   

Al:Si    2:3   .       

Ca:Na.  K    a  Ca.   7.27     

. 

  

 - :     . 

 

:  , , .     

    c.       

 .  

 

:  . 

 

:    {010}    {100}.      

.       c.  
 

 : .   
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. 7.27.   (    c).      .  
   . 

 

:  {110} . 

 

:      {001}   

   (0,006-0,021).         

  1  .  . .     NaSi  CaAl. 

 

  -  :      

           

      c=Y.     {010}   

.   {001}           

      .       

 2V =42-75°.  2V     NaSi  CaAl.   

     {010}      {100} .  

    r>v   .  

 

:       ( )    

. 

 

 :      .  

            

.       .      

,      .       

,     (0,001) . 
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:       ,     

        ( , 

, )   .       

    .  

 

 

 : .   

 236

7.4.4.  

Ca(Al2Si4)O12·4H2O 
 

  = 111,5° 

 
       
n  = 1,502 - 1,514   (–) 
n  = 1,512 - 1,524  2V  = 25-45° 
n  = 1,514 - 1,525  a:X = 30-62°, b  , c:  = 8-40°

 = 0,008 - 0,016  EOA  (010) 
       v>r  

 

 - :   Ca(Al2Si4)O12·4H2O (laumontite)     

       .    

       Si:Al (NaSi CaAl)    

(2Na Ca).   Al     Fe3+.       

             

Ca(Al2Si4)O12·3½ 2  (leonhardite),          . ., 

  2V     c: .   7.28   

  . 

 

 - :    . 

 

:           

 .        c. 

 

7.   
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. 7.28.   (    c).      .  
   . 

 

:  . 

 

:    ,   {010}    {110},   

      c.  

 

:     {100}. 

 

:   ,     {010}, 

    (0,008-0,016).     1     

    1     .  . .    

    NaSi  CaAl. 

 

  -  :    

 c: =8-40°    {010}.     45°.   

  .      {010}    2V =25-45°.  

{100}     .       v>r. 

 

:          

. 

 

 :     .   

,      .      

 : .   
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  ,       .   

          .   

         2V . 

        . 

 

:       ,    

       .    

 ,    ,     

    . 
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7.4.5.  

(Ca, a2)(Al2Si7)O18·6H2O 
 

  = 91,5° 

 
       
n  = 1,487 - 1,505   (+) 
n  = 1,487 - 1,507  2V  = 0-50°  ~30°  
n  = 1,488 - 1,515  a:X = 9-33°, b  Z, c:Y = 8-32°

 = 0,001 - 0,011  EOA  (010) 
      v>r 

  
Nicols // Nicols X 

. , ,   ,    
   1  . 

 

 - :     (Ca, a2)(Al2Si7)O18·6H2O (heulandite) 

  10      “ ”     

       {010} ( . 7.29).     

 : .   

 240

            . 

    ’  . O  (Ca,K,Na)2-

3Al3(Al,Si)2Si13O36·12H2O (clinoptilolite)     ,   

  ,  Na,    Ca+Al Na+Si. 

 

 - :    . 

 

 

. 7.29.   (    c).      .  
   . 

 

:           

     {010}     

  . 

 

:    . 

 

:    {010}     . 

 

:  ,    . .,   

  NaSi  CaAl.       

     (0,001-0,011).       

 1         1   . 

 

  -  :     {010}  

       {010}.        

 {001}  {100}  9-33°.        {010}  

.      {010}.  2V   ,    
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  30°.      r>v.    (  ) 

   . 

 

:        . 

 

 :     .   

            

    2V.       ,   

    ,        

    .  

 

:     .    ,  

           

.          

         . 

 

 

 : .   
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7.4.6.  

(Ca,Na2,K2)(Al2Si7)O18·7H2O 
 

  = 128,2° 

 
       
n  = 1,482 - 1,500   (–) 
n  = 1,489 - 1,507  2V  = 30-49° 
n  = 1,493 - 1,513  a:  = 26-36°, b  , c:X = 12-2°

 = 0,006 - 0,014  EOA  (010) 
       v>r  

  
Nicols // Nicols X 

. , ,        1  . 
 

 - :   (Ca,Na2,K2)(Al2Si7)O18·7H2O (stilbite)   Na:Ca 

      .   Na    Ca   

  .      Na,     -  

7.   
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.    Ca      Ca(Al2Si6)O16·5H2O 
(epistilbite).   Al:Si        

( )   ( )   .   7.30  

   . 

 

 - :     . 

 

 

. 7.30.   (    c).      .  
   . 

 

:      {010}      c. 

         

. 

 

:    . 

 

:   {010},     ,    {001}. 

 

:    {100}      

.       . 

 

:      (0,006-0,014)  

   {010}.         1  

.  . .     Na  Ca. 

 

  -  :      

{010}    2V =30-49°.    2V    22°.    

 : .   

 244

  v>r .        .    

        b   8°  ,   

      .     

  {010}      c.     

{010}          {010}     

    b=Y.   {010}     26-36° 

     {001}, 2-12°         

  . 

 

:          

. 

 

 :     .   

           . 

           .  

 

:   ,    ,     

.     ,    

   , ,     

.  
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7.4.7.  

Ca(Al2Si4)O12·6H2O 
  

 
       
ne = 1,460 - 1,513     (–)  (+)
no = 1,462 - 1,515  2V = 0-~30° 

 = 0,002 - 0,010   
  

Nicols // Nicols X 

. , ,   ,     
   1  . 

 

 - :   Ca(Al2Si4)O12·6H2O (chabazite)     

Na, K  Ca        Si:Al   

  CaAl (Na,K)Si.   7.31     

. 

 

 : .   

 246

 

. 7.31.   (    c).      .  
   . 

 

 - :    . 

 
:       ,     

  ( 90°),   .  

 

:    . 

 

:          

. 

 

:     (0001)        

.    (0001)   ,     

 . 

 

:            

          . 

 

:       0,005   

    0,010.       

   c         1  .  

. .     Na. 

7.   
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  -  :     

    “ ”    .  

           2V.  

    .        

   c.         

   .        

  . 

 

:           

  . 

 

 :     .  

         . 

 

:            

          

.       . 

 

 

 : .   
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7.5.  

(Na,Ca)4[(Al,Si)3Al3Si6O24](Cl,CO3) 
 Na4Al3Si9O24Cl 

 Ca4Al6Si6O24CO3 
 

 
       
ne = 1,522 - 1,571    
no = 1,532 - 1,607   

 = 0,004 - 0,038   
  

Nicols // Nicols X 

.  ,         1  
  2  . 
 

 - :   (Na,Ca)4[(Al,Si)3Al3Si6O24](Cl,CO3) (scapolite)  

       Na4Al3Si9O24Cl ( ar) (marialite)  

  Ca4Al6Si6O24CO3 ( ei) (meionite).     : 

 

7.   
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 Mei0-20 

 Mei20-50 

 Mei50-80 

  Mei80-100 

      .     

    (Mei20-80).       4  

  ,         

     c.  ,     

  Cl  CO3       Ca  Na 

( . 7.32).     Ca  Na  F  SO4    

Cl  CO3.  

 

 

. 7.32.   ( )    c  ( )    a.   
  . 

 

 - :    . 

 

:         c.  

  .        . 

          

. 

 

:    . 

 



 : .   
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:      {100}     {110},    

    90°  45° . 

 

:            

      Ca  CO3   

  .         

,   . 

 

:  . 

 

. 7.33.    (    )  . 
nm=(no+ne)/2     .

 

:  ,    . .,     

 ( . 7.33).    (0,004)      0,038  

 .         

0,010-0,030      1     2  .  

     .    

           ( . 

7.33).  

 

  -  :    

        .    

           

 . .     10°       

. 

7.   
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:       . 

        , , 

, , , ,    . 

 

 :        .  

  ,        

,    .       . 

   ,       .  

        .   

  . 

 

:       ,    

        

   .          

.   skarn      , , 

, ,     .    

 , ,   .     

  .  

  

 

 

 

8.    

8.1.   CaCO3

  

8.2.   Ca5(PO4)3(F,OH,Cl)

  

8.3.   CaSO4·2H2O

   

8.4.   CaF2

    

8.5.    

  

8.6.    

  

  

8.    
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8.1.  

CaCO3 
 

 
      
ne = 1,486    (–) 
no = 1,658    

 = 0,172    
  

Nicols // Nicols X 

.  ,      (     
  ),  ,        

4       . 
 

 - : H    CaCO3 (calcite)        

 Ca2+  CO3
2-    Na+  Cl- .     

           

           c    

 ( . 8.1).          

 : .   

 254

 Ca2+  CO3
2-   (0001).   ,   

     ,     

CaCO3,        Ca    

 Mg, Fe, Mn  Zn.          

 MnCO3 (rhodochrosite),    ,     

 FeCO3 (Fe:Ca<1:4) (siderite),   ZnCO3 (smithsonite)   

 MgCO3 (magnesite).       ,    

 Ca Mg    (Mg:Ca<1:4).    

  Sr, Ba  Pb   '   Ca.  

 

 

. 8.1.  .   Ca2+  CO3
2-    (0001). 

 

 - :      ,   

   .        

 .  

 

:          .  

        

.  

 

:     .       

        . 

 

:    {1011}.         

.       ~75°.  
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:         {0112},   

 ( )             

  ( . 8.2).       {0001} .  

           

           

.  

 

 

. 8.2.        . 
 

:    (0,172)       

 ,        ,   .  

       4     . 

      .  

 

  -  :     

        .      

 (ne')        ,    

          >55°.    

         .  

   o ,        

   .  ,    

,     2V    15°.  

 

:            

 '   , , ,    

        .   

         .  

 

 : .   
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 :   ,      

          . 

    ,        

  .         

        .    

   . .       o ne   

    .  

 

:              

       ,        

CaCO3.          , 

       .     

  ,        

   ,       , 

, , , ,   .    

          . 

   ,         

.           

       .    

       ( . . 

, )     .  
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8.2.  

Ca5(PO4)3(F,OH,Cl) 
 

 
       
ne = 1,629 - 1,665   (–) 
no = 1,633 - 1,667   

 = 0,001 - 0,007   
  

Nicols // Nicols X 

.    , ,      
   1  . 

 
 - :     Ca5(PO4)3(F,OH,Cl) (apatite)   

 P 4
3-,     Ca2+,     

( . 8.3).         F-, Cl-,  OH-  
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8.3.  

CaSO4·2H2O 
  

  = 127,4° 

 
       
n  = 1,519 - 1,521   (+) 
n  = 1,522 - 1,526  2V  = 58° 
n  = 1,529 - 1,531  a:  = 15°, b = , c:  = 52°

 = 0,010    EOA  (010) 
      r>v  
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:      (0,010)     
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8.4.  

CaF2 
  

 
       
n = 1,433 - 1,435   
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(Na,K)0-1Ca2(Mg,Fe2+,Fe3+,Al)5(Si,Al)8O22(OH)2 
 

  = 105,5° 

 

 
 

n  = 1,61 - 1,70   (–)  (+) 
n  = 1,62 - 1,71  2V  = 35-130° 
n  = 1,63 - 1,73  a:X = +3-(-19°), b = Y, c:Z = 12-34°

 = 0,014 - 0,034  EOA // (010)  
      v>r  r>v  
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iii.        c:Z=12-34°  a:X=+3-(-19°). 
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