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  (  -

      
)   . T -50,  

 ,   
 ,  -

  (   ., 
2013;   ., 2014;   ., 2014; 

  ., 2015;   ., 2016; -
  ., 2017;   ., 2017; -

  ., 2019;   ., 2019): 1) -

    
     -

 (  2100 ); 2)  -
   ,     

; 3)  -
    , 

 430 3/c; 4)   
   -

. 

 
. 1.  ( )    ( )     50-  -

      ( -50): 1 �     ; 2 � 
      ( ); 3 �   ; 4 � 
 ; 5 �  ,       -50;  

6 �       

    -
 - -  

 -50, 
   -

    
   ( . . ) -

,   
. .    -

   -50    
  2016 .  

 
 

 
    

 :  -
 (  -312    -

  OLYMPUS 
BX51);   -

  (JSM-6400, -
    

);  -
    pH ( -

 -7529 )  -
  (MESA-500W); -

  -
 (Perkin Elmer ELAN 9000);  

 (Shimadzy XRD-6000); -
  ( -

   -02); 
  (MS-

1104Em).     
« »      

    « » -
     .  

 
,   

  
 

  
   , -

  -
    -

 ( . 2),   
    .  
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. 2.     -50:  � ;  �   -
  (  ),  �  ,  � -

    

  ( . 3) -
    

   
 .  

    -
.  -

     T -50 
�  , -

  ,  
  -

.   -
    -
 .  ,  

   -
,   -

    
. 

    
,  

(MgO /Al2O3 = 0.21 ± 0.05)   -
 (TiO2/SiO2 = 0.03�0.04) . 

   -
   SiO2,  

TiO2  MgO, ,  -
.    

   . .  
(   ., 2016).  -

   -
 -50    -

.   K2O   
   (Pec-

cerillo, Taylor, 1976),  -
   -

-    
   -  -
   , 

   ( , 1979: 
, 1980).   ( , 2018), 

  -
    , 

    -
-   . 

 

 
 

. 3.    TAS: 1 � ; 2, 3 � 
,  -   -

; 4 � ; 5�8 � , -
, , - , 

, ; 9 � ; 10 � -
; 11 � ; 12 � -

; 13 � ; 14 � ; 
15 � ; 16 � ; 17 � -

; 18 �  ; 19 � ; 
20 � ; 21 � ; 22 � ; 
23 �  ; 24 �  -

; 25 � ; 26 �  
 ( ); 27 �  

; 28 � ; 29 � ; 30 � 
  ( ). :  � -

- ,  � - ,  � 
- ,  � .  -

 : I, II �    
  ; III�V � -

    -
 (III)   (IV), -

    -
;  �  . .    

  -50 (   
., 2016).     -

     -
  -   

 ( , 1979) 



196 . . , . . , . . , . . , . .   ,  

 
  T -50  45 

,   
   ( / ): Li 18�22; Be 

1.5�2; Rb 56�70; Sr 274�330; Sc 23�30; V 
214�330; Cr 8�79; Co 24�40; Ni 11�71; Ga 20�
22; Cu 270�275; Zn 125�130; Y 39�52; Zr 
226�280; Nb 7�9; Ag 0.1�0.2; Mo 1�2, Cd 0�
0.2, Sn 3�4, Cs 1�3; Ba 504�604; Ln 160�165, 
Hf 6�7.5; Ta 0.5�1, W 0.5�1; Re 0�0.1, Tl 0�
0.3, Pb 6�10; As 0�2; Sb 0.5�1; Bi 0�0.1, Th 2�
4; U 1�3. ,    

    -
 ( . %):  � 0.04; 

 � 0.02;  -
 � 0.018;  -

 � 0.015.    -
      -

 : 13  = �24.4��24.3�,  
   -

,    -
 (   ., 2019).  

  ,  -
    

     -
 .    (Cr, 

Ni, Co, Cu, V)    
     

(Rb, Zr, Y, Pb, W, Th, U)    -
  . -

   -  
( . 4, ) Ta-Nb     -

  ,  -
 Eu-     

  -
.   ,  (La*/Yb* 

= 3�5)   
( . 4, )    

   -
.     , 
,  . 

  
,    -

 ,   -
  .   Zr�

Zr/Y (Pearce, Norry, 1979)   -
     -

 ,    
La/Yb � Th/Nb (Hollocher et al., 2012)  

    -
 .      

  -50 -
 (   ., 2016): 87Sr/86Sr = 0.70336 

�0.70341; 143Nd/144Nd = 0.51309 � 0.51310, 
      
-50   . 

     -
   , -

50,   ( , 1984; 
Portnyagin et al., 2015; Churikova et al., 2015; 

  ., 2022)     
 « »  ( , 

, 1977).    
    Sr-Nd  

   -
   ( , 2007).  

 
. 4. -  ( )  -    ( ),  -

 -50  

,   
,  T -50 -

   -
.      -

 ,   -

  , -
    

 .   -
 ,   -

,    -
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 ,   

 ,    ( -
  ., 2006; Ionov, 2010).   

  ,   
, ,   -

,     -
  ,  -

   -  , 
    -

     -
  ,  , -

 .  ,    
    -

  T -50  .  
 

  
 

,    
   -

    � -
     , 

    
 .    -

      
     . 

 ,   -
    , 

 �  
.  

    
    -

 ( . 5).     
   ,  

     -
     

 .   
    � 

    -
.    -

    -
       

 ,  -
    

t-  .  
  ,  

    -
   2.5  83%,    

   15 7850 .  
     

   ,   -
     1  

28.    , -
 -50     

 ( , , 2017): 
1)  (  < 5%), 2)  

 (5 10%),3) -  
(10 30%), 4) -  
(30 55%)  5) -  
(> 55%).  

 

 

. 5.      -50:  � ;  � ;  
,  � - ; ,  � - ; ,  � -    
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 ( . 1),    -

  -  
   -

    .    
    

     
,     .  -

     -
    -

    -
  .    

-    -
   -

    ,  
     -

.  ,   -
   -

  , . .    
  .  

       -
 ,  , 

  .  
   -

     
  .  -
  ,     

    -
  ,  

 , -
  .  ,  -

  ,  , 
, , , 

    
  .  

 
 1.        

 

. � , Sx �    ( )  

    -
      -

   -
    -

,  . 
    -

    -
  .  -
   . 2   . 6. -

     
   77  83%, . .  

    -
   .  -

    ,  
    -  
    

    .  
-      

.   
 ,  , -

  1  6,   90% -
    1�3.  

     
      

   . 
     

   
-  -

,   
  ,   

     
.  -
     

   -
     

  .  

 
 

 
-
, 

% 

, %  ,  
  

 

 Sx Vx, %  Sx Vx, %  Sx Vx, % 

 4.4 3.6 1.3 37.7 184 211 114.7 2.2 0.9 40.9 

 13.3 8.5 1.3 15.3 481 614 127.7 2.5 1.2 48.0 

-
 

53.4 18.3 5.6 30.3 661 830 125.6 2.4 2.5 104.2 

-
 

15.6 39.4 7.8 19.8 1034 603 58.3 3.4 2.9 85.3 

- 
 

13.3 62.3 5.9 9.5 1104 946 85.7 1.9 0.8 42.1 
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 2.    -      
 

 
, % 

 ,    

 

81.9 

  509   509 
  25�1655    1�6 

 352   1.71 
 266   0.87 

 , % 75.6  , % 50.9 
 

77.2 

  605   605 
  27�1729    1�12.5 

 421   1.76 
 357  1.02 

 , % 94.2  , % 57.9 
  

83.0 
 

  97   97 
  22�6490   1�4 

 997  1.54 
 939  0.58 

 , % 84.8  , % 37.7 
  

77.8 

  832   832 
  18�1272    1�5 

 327   1.19 
 227   0.41 

 , % 69.4  , % 34.5 
 

 
. 6.     ( )      ( -
)   -   -50  
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    -

  
 

   
    

   -
,      -

 ,  
 - ,  

   .   
    

      
.  

   -
 ,  -

  
   -

 ( . 7). ,  -
  , -

 , , , 
 ( ,  ), 

, , . 
 ,    -

   , 
-  , , -

  .    
     -
 .   

(17.5%)   , 
    

  13.8%,   -
  12.5%,    

    10%.  

 

 
 

. 7.   -50: a�  � ; ,  �  ; ,  � 
 ; �p � .  : 1 � , 2 � -

 ; 3 �  , , . -   
  = ( , , , , , , )   ( , , , , , , , , )  
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   -

   
,   

  , 
  .   -

  :  
1) ,  , 

   
  (250�1500) × (70�

500) ;  
2) ,   -

    
 (50�125) × (15�45) , -

   
 .   
    -

,  -   -
 85�350 .   

  .  
    
   � -
   -

  (80�450) × (5�35)  
  

 (20�70) × (3�10) .  
    

 (25�50) × (10�25) .  
   

  , -
    

     
(20�50) × (2�5) .  

 ,   
  -

   -
     -

   -
 -

      
     -

 , , , 
   .  

    
  , -

    -
.    

( . 3),   -
     

     -
 .   -

  -
    -

,      -
      

   ( . 2),  
     -

   ( . 3). 
   -

   -
 ,  

   � 
  -

.  ,    -
 Fe2O3  SiO2 -

,   
   �0.97.  -
 SiO2   -

     ,    
   ,  -

 ,  , -
 ( . 3).  

    -
    -
   -

  .   -
 -  -

    
  -

   ( . 8, ).  
   

    �  
  ( . 8, , ) � -

   -
   -

 .    
    

,   
    (  ., 

2022)    -
    ( -

  ., 2009).    -
    

   
  -

,   .  -
    -

  , 
    

  
 ( . 8, ).  
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   ,     
   -

 .   -
   -

    ( . 9, ), -
   .   -

    -
  ( . 9, ).  

 

  -
     

   -
 ( ., 

2017).   -
    �11 � 

+11 /c     -
.    -

 -Fe.  
 

 3.      -50, . % 
  

 /  SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O V2O5 P2O5 

1 

 
 

53.10�
56.24 

2.03�
2.24 

14.38�
14.54 

7.98�
9.17 

 . 

4.03�
5.95 

2.93�
8.29 

5.12�
7.14 

3.16�
5.10 

 .  . 
 54.40 2.16 14.44 8.49 4.83 5.00 6.30 4.37 

 1.64 0.11 0.09 0.61 1.00 2.88 1.05 1.06 

2 

 
 

37.60�
44.09 

1.70�
3.27 

8.93�
12.09 

24.23�
33.98 

« 

3.59�
4.97 

4.27�
5.15 

3.20�
6.18 

2.41�
3.86 

« « 
 40.63 2.25 10.77 28.61 4.25 4.77 4.95 3.24 

on 3.27 0.89 1.64 4.95 0.69 0.45 1.56 0.75 

3 

 
 

40.61�
62.14 

0�3.50 
5.77�
19.12 

0.34�
28.26 

 . 

2.77�
22.98 

1.06�
9.29 

0�1.15 0�4.58 
« « 

 53.80 2.41 14.88 11.83 7.05 6.45 0.47 2.46 
 7.14 1.24 4.81 9.14 7.84 3.12 0.44 1.68 

4 

 
 

52.35�
52.69 

2.64�
3.93 

11.97�
13.87 

18.67�
18.76 « 

 

3.12�
4.10 

4.15�
5.04 

0�1.23 
2.65�
3.87 

« 0�0.82 

 52.52 3.29 12.92 18.72 3.61 4.60 0.62 3.26 
 

0.41 
 0.24 0.91 1.34 0.06 0.69 0.63 0.87 0.86 0.58 

5 

 
 

17.68 
1.94�
4.78 

8.02�
13.50 

29.98�
59.64 

0�0.64 
3.37�
6.58 

0.84�
3.13 Not 

det. 

0.80�
3.75 

0�0.55 
 

 .  32.67 3.24 10.89 43.71 0.32 4.65 1.96 2.54 0.08 
 10.81 1.05 2.08 12.49 0.30 1.06 0.88 1.06 0.21 

6 

 
 

43.03�
55.57 

1.12�
4.82 

10.64�
17.46 

10.66�
31.36 

 . 

3.01�
15.50 

3.33�
8.97 

0�0.74 
1.97�
4.67  

. 
« 

 51.46 2.72 15.21 15.44 4.73 6.83 0.12 3.49 
 3.88 0.95 2.66 6.54 4.06 1.79 0.26 0.99 

. 1, 2 �  -       -
; 3 �    ; 4, 5 �    -

         -
; 6 �        

   120 
.    

   -
 «Univem».   

     
  QS = 3 /c , 

   Fe2+.  
     

    
    Fe3+

  
 QS.  

    
    

 .  -  
 . 10,   

 . 4. 
  ,  

    
     

    
,   Fe2+.  

    � Fe2+ (1) � 
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 60%  .   
  ,  

 � QS    � IS 
(Dyar, 1985),     

.    

 ,    
,    

   
 .  

 
 

. 8.  -        
-50:  �   ,       -

 ; ,  �     ( )    
    ( ),  ( )   -  -

  (M );   �      -
    -  ;. -    

-   

 
 

. 9.     -50.  �  : 1 �   
(  + ), 2, 3 �  -    .  � -

  �      : 1 �   ; 2, 3 � 
 -    , 4, 5 �  -

            -
; 6 �      ; 7, 8 �  

-       ); 9 �   -
 .    : I � , II �    
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  Fe2+ (2)  15% 

 .   
  

    
,    

   .  
    

(0.39 /c )    
  Fe2+   ,   

 .    
,  Fe2+ (2)  

.    
   

  (Dyar et al., 
2006),     
(   ., 2013; Grandjean et al., 1998)  

 (Dyar et al., 2009).  

 4.  -     
   

 
 Fe2+ (1) Fe2+ (2) Fe3+ 

  IS, 
/  

0.985 1.132 0.51

 -
 QS, /  

2.028 2.905 0.82

 , H  0.849 0.395 0.718 
 S, % 602 153 254 

    
    

     
    

 ,  
    Fe3+  
  (Dyar, 1985).  

 

 
 

. 10.  -    
   -50 
 

     25% 
 . ,   

    Fe2+  
Fe3+    

  .  
  , 

     
   

 85%   . 
    
    , 

, .   
Fe3+ / Fe,    

,     0.25, 
      0.3,  

 ,  
 ,    
     
    . 

   
   fO2 

    
FMQ = lg[fO2 � Fe3+/ Fe,   

(Nikolaev et al., 1996).   
,  Fe3+/ Fe = 0.25�0.30 

  lg[fO2   2.0.  
 

-  
 

 -  
   -50 

    
   , 

, , , 
,    

 .  
    

 .  
     

   ( . 11, , ). 
  

,  -
   

    
( . 11, , ).  

  ( . 5)     
   

,    
Fo56�84     

   � 
(Mg0.77�1.41Fe0.45�1.07Mn0�0.02Ca0�0.08Al0�0.05)1.96�2.06 [SiO4], 
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   � (Mg0.88�

1.56Fe0.59�0.95Mn0�0.02Ca0�0.03Al0�0.11)1.99�2.06[SiO4]. 
    

 ,   
  ( ): ao = 

0.477 ± 0.0003; bo = 1.026 ± 0.003; co = 0.595 ± 
0.003.    

   Ti, Al, 
Mn, Ca.  ,    

   . 
     
  , 

    
     

(r = �0.65��0.80).   
     

 ,   
   

(Finnerty, Boyd, 1978; Churikova et al., 2015). 
 , ,   -

    , . . 
   .  
 

 
 

. 11. -    ( )   ( ): a,  �   ; ,  
�   ; �  �    ( ),  ( ),  ( )  
      ( ). -    -

 (a� , , )   ( )   
 

 5.   ( . %)    (1)    (2) 
 

  SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO K2O 

1 

  
 

32.55�38.08 
 . 

0�2.83 0�44.30 0�0.90 16.82�39.54 0�1.26 
 . 

 36.52 0.85 27.72 0.45 32.92 0.26 
 1.38 0.80 9.04 0.24 5.29 0.29 

2 

  
 

32.59�36.72 0�2.7 0�3.21 28.42�41.48 0�0.79 19.04�33.43 0�1.06 0�0.67 

 35.91 0.35 1.24 29.64 0.57 31.50 0.43 0.06 
 1.95 0.92 1.06 7.94 0.25 6.83 0.33 0.18 

     
,    

( . 11, � ).   
    ( . %) SiO2 

51.60�55.10, TiO2 0�2.27, Al2O3 16.34�28.44, 
Fe2O3 1.09�9.16, MgO 0�2.62, CaO 7.79�
11.11, Na2O 3.03�6.22, K2O 0.96�4.15. -

  -
    

.   -
    -

 ,    
 .  

   
.  ,  

    0.2�0.3  
1.5  ,  

   
( . 12).    

 ,   
    

.  
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  ,  
   

  ( . 6): 
   � 

An87±9 Ab9±10 Ort4±2;  -
 � An73±8 Ab21±11Ort18±10.  -

   -
 .    

, ,  ,  
,   ,  

   (r = �0.48��
0.99),    , 

,    (r = 0.33). 
    

     -
 (r = �0.60),     

 (r = �0.51).  

 
. 12.   ( ),  ( )   (M )     

( ). -    -     
 

 6.   ( . %) 

     
   , 

    
   ( . 13). -

      -
      -
 .     

   .  -
, ,    

    -
 .    

    -
,   -

 ,    
.   -

   2�100 ,   
  30 .  -

     
   (  

 3.8 ± 2.9),    
 500 × 300   10 × 2 .  

     
  .   

   -
  � -

   .    -
  -  , 

   , -
  13  (  -

  ): -
, , , -

, , -
, , , -
, , , -

, NiAl2O4 ( . 7).    
   17 

,   -
   (  

10 . %) .   -
   

  .  

  SiO2 TiO2 Al2O3 Fe2O3 CaO Na2O K2O 

 
 53.31 

 . 
31.12 1.32 12.81 0.81 0.53 

 1.42 0.50 0.23 0.86 0.99 0.15 
 -
-   

 53.97 0.64 27.16 4.35 10.99 1.35 1.26 
 1.79 1.13 6.19 4.93 1.80 0.63 1.09 
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. 13. -      (a�c),  (e�h)  
  (i�l)): ,  �    ( )     

( )  ; ,  �  ;  �  : �  �    
   (   � ). -    

-  SEM images, backscattered electron  
 

  
-   

(Fe0.98Mn0.02)(Fe1.61Al0.06Ti0.33)2O4, -
-  (Mg0.14�0.2Fe0.79�

0.84Mn0.01�0.02)(Fe1.49�1.54Al0.15�0.18Ti0.28�0.3)2O4, 
-  (Mg0.08Fe0.9Mn0.02) 

(Fe1.39Al0.34Ti0.27)2O4,  
(Mg0.15Fe6.78Cu0.05Mn0.02)(Fe1.96Al0.04)2O4 -

 ; -
 (Mg0.29�0.35Fe0.64�0.69Mn0.01�

0.02)(Fe1.38�1.39 Al0.24�0.28Cr0.06�0.09Ti0.27�0.28)2O4, 
-  (Mg0.39�

0.52Fe0.31�0.33Cu0.16�0.26Mn0.01�0.02)(Fe1.89�

1.95Al0.03�0.04Ti0.02�0.07)2O4, -
 (Mg0.51�0.59Fe0.13�0.19Cu0.25�

0.28Mn0.01�0.03)(Fe1.94�1.99Al0.01�0.05Ti0.01�02)2O4 

 ; -
-  

(Mg0.31Fe0.67Mn0.02)(Fe1.47Al0.19Ti0.34)2O4 -
 ; -

 (Mg0.23Fe0.39Cu0.36Mn0.02)8(Fe1.91 

Al006Ti0.03)2O4  .  
  -

 (Fe0.69�0.98Mg0�0.31Mn0�0.04)(Fe1.28�1.65Al0�

0.31Ti0.2�0.35Cr0�0.13V0�0.13)2O4, -
 (Fe0.7�0.81Mg0�0.31Mn0�0.02)(Fe1.22�1.41 

Al09.27�0.37Ti0.22�0.350Cr0�0.12V0�0.14)2O4, -
-  (Fe0.75Mn0.25)(Fe1.3Al0.29Ti0.27 

Cr0.12V0.02)16O32  -  
(Fe0.96Mn0.04)(Fe1.47Al0.31Ti0.2V0.0.02)2O4 -

 ; -
 (Fe0.95Mn0.05)(Fe1.05Al0.45Ti0.42Cr0.0.05 

V0.03)2O4  .  
   -

 (Fe0.75�1Mg0�25Mn0�0.02)(Fe1.43�

1.54Al0.13�0.2Ti0.18�0.35Cr0�0.0.12V0.2�0.3)2O4, -
-  (Fe0.7�0.79Mg0.21�

0.3Mn0�0.02)(Fe1.39�1.51Al0.15�0.25Ti0.28�0.34Cr0�

0.05V0�0.21)2O4, -  
(Fe0.66Mg0.18Ni0.12Mn0.04)(Fe1.44Al0.34Ti0.18Cr0.04)
2O4, -  (Fe0.76  

Mg0.21 Mn0.0.03) (Fe1.8Al0.05Ti0.16)2O4 -
 ; -  

(Fe0.6Mg0.4) (Fe1.57Al0.14Ti0.27V0.02)2O32 -
 ;  

(Fe0.86Mg0.14) (Fe0.9Al0.23Ti0.87)2O4 -
 .  
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 7.  ( . %)   ( . %)     

 

. 1 � ; 2, 3 � , -
; 4 � ; 5, 6 �  ( ) 

,  -   -  (Sharygin et al., 2018) 
 

   
     

     
 .    -

,      
( , ),   

   -
  ( , -

)    . -
    -

     
   , 

   -
   . 

    -
    

 ,  -
   -50 ( , , 

2014; , , 2018).   
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 � ,   
  .    -

  (Mg0.34�0.89Cu0.01�

0.47Fe0�0.28Mn0.02�0.09Zn0�0.03)(Fe1.8�1.95Al0�0.11Ti0�

, 
 

1 2 3 4 5 6 
        C     

Fe2O3 80.44 4.91 80.53 5.03 43.05 7.46 78.28 5.21 88.44 6.87 72.19 1.12 
FeO  . 0.36 0.82 0.38 1.11 
Al2O3 2.75 2.35 4.26 2.33 29.24 6.64 4.05 1.01 0.95 0.58 1.58 0.55 
Cr2O3 0.35 0.92 1.71 1.83 6.92 1.31 1.24 2.20 0.09 0.19  . 
TiO2 5.63 5.25 9.49 1.74 3.12 4.02 11.15 5.28 6.41 3.86 0.41 0.31 
SiO2  .  . 0.13 0.31  .  . 
V2O5 « 0.78 0.30  . 0.81 0.46 0.02 0.03  . 
CuO 4.74 5.79  . «  . 0.59 0.58 10.24 3.7 
NiO  . « 0.14 0.34 0.25 0.94  . 
ZnO « « 0.17 0.42  . 0.04 0.04 0.37 0.26 
MnO 0.56 0.12 0.22 0.45 1.48 0.49 0.23 0.38 0.55 0.34 2.2 0.37 
MgO 5.48 3.31 2.56 1.65 15.39 3.41 3.85 1.45 2.22 1.48 12.21 2.26 

 33.98 18.81 53.69 10.93 16.50 5.90 46.08 14.79 63.05 22.1 2.9 7.63 
 

MgFe2O4 
28.19 19.31 2.52 3.74 6.3 8.3 3.87 6.32 11.75 8.7 61.42 12.33 

 
CuFe2O4 

13.19 16.16    2.65 4.88 26.97 9.68 

 MnFe2O4 2.32 7.98 0.35 1.09 « 0.03 0.14 0.25 0.79 4.0 2.18 
 NiFe2O4   « 0.24 1.03  
 

FeAl2O4 
4.38 5.01 3.13 5.85 3.0 7.3 0.34 1.49 « 

 
MnAl2O4 

1.50 0.66 0.65 1.14 3.3 1.2 1.42 2.45 1.8 1.2 2.5 1.51 

 
MgAl2O4 

 4.15 5.27 39.1 11.1 7.05 4.0 0.68 0.85  

NiAl2O4 «  0.2 0.4 0.50 1.76  
 ZnAl2O4 « « 0.3 0.8   0.77 0.88 

 FeCr2O4 0.56 1.33 0.45 1.53 11.7 15.1 0.50 1.55  
 

MgCr2O4 
 2.85 3.38 12.5 4.2 1.32 2.80 0.08 0.24  

 Fe2TiO4 15.89 14.69 27.67 7.07 7.2 10.5 31.44 14.85 19.9 12.15 1.32 0.79 
 

FeV2O4 
 1.60 1.79  1.03 0.55  

 
ZnFe2O4 

  0.1 0.4 
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   -

  (Fe0.84�0.93Mg0.07�

0.16Mn0�0.01)(Ti0.66�0.77Fe0.12�0.23Al0.05�0.09Cr0.02�

0.03V0�0.03)O3.    
    

 (Fe0.66Mg0.32 Mn0.02)(Fe0.19Al0.37 

Ti0.34 Cr0.08V0.02)O3  -  
(Fe0.79Mg0.21)(Fe0.21Al0.26Ti0.42Cr0.10V0.02)2.01O4 

 .    
 ,    

  -
  , , -

  .    
    

 -  -
  ( . 14, a� ).   

    Cu1.7S�
Cu1.32S, -

.    . 
   -

,   -
      

 ( . 14, � ).  -
    Fe0.93�

0.95Si0.04�0.06(Cu,Mn,Cr)0.01�0.02  Fe75Sn4 

(Cu,Mn,Cr)   Cu0.8�0.89Sn0.10�

0.18Fe0.01�0.02  Cu7�10(Sn0.9�1.8Fe0.1�0.2)1�2. 
 ,   -50 

. .     -
 , -   

 Au0.8Pt0.2    NiF2 

(Simakin et al., 2015). 
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Bubbling Lavas of the Diamond-Bearing Tolbachik  
Fissure Eruption of 2012�2013 (TTE-50, Kamchatka) 
 

V.I. Silaeva, L.P. Anikinb, G.A. Karpovb, D.N. Remizovc, A.S. Myandina,  
V.N. Filippova, A.F. Khazova, V.P. Lutoeva, D.V. Kiselevad 
 

aInstitute of Geology Komi SC, Ural Branch of Russian Academy of Sciences, 54 Pervomayskaya 
Str., Syktyvkar 167982, Russia  
bInstitute of Volcanology and Seismology, Far East Branch, Russian Academy of Sciences, 9 Piyp 
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VO, Russia 
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Academician Vonsovskiy Str., Yekaterinburg 620016, Russia 
 

The results of comprehensive petrological, geochemical, and mineralogical studies of effusive volcanic rocks 
from the diamond-bearing Tolbachik fissure eruption of 2012�2013 (TTI-50) are summarized. It is concluded 
that the eruption was two-phase, which began with a short-term eruption of trachybasalts and continued with the 
formation of trachyandesite basalts. In comparison with lavas from other Tolbachik eruptions (BTTI, BD), the 
studied volcanic rocks are characterized by higher alkalinity and high K content (up to shoshonites), but lower 
Mg content. In terms of geochemical properties, they correspond to riftogenic magmatites formed due to the 
deep-mantle chamber of picrite magma. The studied volcanic rocks are characterized by widely varying vesicu-
larity up to bubbly lavas, which comprise 80�90% of volcanic glass, and whose degree of recrystallization varies 
from maximum in basaltic trachyandesite to minimum in trachyandesitebasalt bomb. According to the degree of 
iron oxidation in the glass phase, volcanics correspond to the products of terrestrial eruptions in an island-arc or 
continental-rift geodynamic setting. The microlites are dominated by olivine Fo56�84, plagioclases An87±9 Ab9±10 

Ort4±2, and spinel solid solutions based on magnetite, magnoferrite, ulvite, and cuprospinel. Individuals of de-
composition in phase-heterogeneous grains of magnetite are represented by hemoilmenite and ilmenite. As ac-
cessory microminerals, jirite-spionkopite of composition Cu1.7S�Cu1.32S, native iron composed of 
Fe75Sn4(Cu,Mn,Cr), and native copper of composition Cu7�10(Sn0.9�1.8Fe0.1�0.2)1�2.

Key words: Tolbachik fissure eruption; effusive rocks; petrological mineralogical geochemical properties 
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