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Abstract. IR transmission spectra of hydrothermal argils, which are formed as a result of modern geother-
mal processes in the central part of the Nizhne-Koshelevsky deposits and Nizhne-Koshelevsky thermo-
anomaly, located in the south of the Kamchatka peninsula are investigated. The state of water in mineral 
hydrothermal argils is characterized. The characteristic bands of aluminosilicate structure are discerned. 
On the basis of that one phase compositions of argils are considered. Hypothesizes on the conditions of the 
argils ore genesis are offered.
Key words: geothermal thermoanomalies, hydrothermal argils, layered aluminosilicate, the chemically 
bounded water, infra-red spectroscopy

    -
     -

     
      -

   [1, 2].   
    -

     500 .   
   , -

    « »  
 1,5 – 2,0     -

 .     
     
  ( ) -

-   ( -
)  (  )   

   :    -
,     -
   [3].  

   ,   
    -

  -
  (« ») ,  -

    ,   
  [4, 5].     

    ( - ) 
,  , - , ,   
   –  
,   .

    
     -

.       -
  M

2
IO – MIIO – Al2O3– SiO2– H2O (MI – -

, MII –  )  
,   ,   

 .  -
    ,    -

 .   , 
     

 ,    
,      -

 .  ,   



62  , : , 2012,  2, –

. . , . . , . . , . . 

     -
-    -

.     
 .

     
,    

[SiO4]   [AlO6].   -
        

    Al–OH  -

 Si–OH .     
    - : -
       ( . 

1, 2).       -
     [6, 

7].     
  ,  -

      -
.

. 1.      ( . . P1,  = 89,80 ), -
 OH- .    (001)

  - ,   
 ,     

     -
 .  -

      
 H2O  ,   -

      
  .    

   ,  -
 , ,  -

  ,    
  ( ,   . .). 

      
    -

. 2.      ( . . Cc,  = 90,00 ),  
OH- .    (001)

  .    (  
,   H2O)  

     
     ,  -

      
    .  -

     
 -    ,   -
   ,     

   , -
      -

 .
   -    

     -



63 , : , 2012,  2, –

     -   (  )...

 –     (  -
)  .   -

     
    -    

 -   
  ,   -

 .

 
     -

  -   
   2011 .   -

    . 1.

 1
  

   
, t,  

–1/11–5/2

  -
,   . 

.   
.

140–160 98

-    
(« ») ,  
( ).    

,   .

–2/11–6

  -
,  

   
« ».  

-  .

120–130 98
(105 1)

 (« ») , 
 .    
  ( - ). 

 -  -
.    -

 .
: 1   .

    
  Vertex 70,   -

   ( )   
ZnS     500 – 4000 –1. 

,     -
       

20 – 25    ,  -
      

.     
  0,01 .   -

     
,    NaCl, KBr  

1.
     -

      
D( ),  D = – lg T –  , T – -

 . ,  -
    ( ) 

,       
   :

 

3

1
( ) ( )n n

n
f a f C ,

 
(1)

 an – ; fn –  

1       
    (  

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

.

21
21( )

2

n

n
n

n

f e ;

n  –   ( ); n –  
 (

n
2 – ); C – . -

    D( ) -
 (1)     -

 

2

( , , ; )

( ) ( ) mini n i
i n

S a C

D f C

    a = (an), ( ),n   = 
= ( n)   C.   S -

   « »,  -
 ,  a, , .  

 -    
Origin®Pro 7.0.   n    

,   -
.

   -
       

  PowderCell 2.4 [8].  
    

Ai4[Si4O10](OH)8    
C1

1– P1 ( )  Cs
4– Cc ( ) [9 ,10].  

    , -



64  , : , 2012,  2, –

. . , . . , . . , . . 

   . 1  2    
 (001).

   
,  -     

    2,7 – 2,9 , -
   . 

     
 3  6 .   -

    
-     -
  [11].

     -
        

,    2,71  2,76  
( . 3).     

     , 
-      

.   X– –  (  X – Al, Si) 
       

   . , -
  ,   

    ( ) 
,  ,    

 –     .  
[6, 7],   2,71    

 Al–O–H ,     
   . ,  

2,76     
Al–O–H ,  , -

     ( . 1, 2) [9, 10]. 
  - ,   -

 ,     - , 
   . ,  

 -    , -
  .   -   

      
,    -

.  ,     
     

 2,76    .  
     -

     -
. 

  –1/11–5/2   
2,71  2,76  ,   

   .   –2/11–
6    2,76   

,    2,7 .  -
  -  ,  [6], 

 ,  
 ,    –  

  .   -
    -

,    ,   
    

,   .  
   -

  -     -
        

  .    [6, 7] 
     -

    -
 ,      –  4 

(     ).    
  ,   

  - ,   
 ,    « -

 –  – ».  -
   ,  
,     -

      
,    -

. ,  ,    
«  –  – »  -

 :  , -
 , -    , 

 .

. 3.       
2,4 – 4,0 : 1 –  –1/11–5/2; 2 –  

–2/11–6

       
    

    3 .   -
     ( . 



65 , : , 2012,  2, –

     -   (  )...

4, 5).      
   : 

 s   as [11].  
 ,   . 4, 5,   -
  -Ih.   
 2,93     , -

     -
 (Na+, Mg2+  .),   , -

      
[7].  ,    3,33  
( –2/11–6)  3,55  ( –1/11–5/2),   

    –  
       

.

. 4.      -
 –1/11–5/2

  ( )   
     6,12   

    ( . 6)   
   -Ih (6,17  [11]).  

   -
     , 

       -
 .   –2/11–6 
   -  

 ,    –1/11–5/2. -
 ,    -

 –2/11–6   ,   -
 –1/11–5/2.      

 ,    –2/11–6 
 (OH)  2,7    -

   2,76 ,    
–1/11–5/2   .  -

      
      -

   .    
(     ) . , 

 –1/11–5/2 « »   
 ,     -

 « »,     
  (OH) 2,7 .

. 5.      -
 –2/11–6

. 6.       
5,0 – 6,6 : 1 –  –1/11–5/2; 2 –  

–2/11–6



66  , : , 2012,  2, –

. . , . . , . . , . . 

    -
  ,     

   ; 
   .    

    8 –
12 ,     -

,    -
 [SiO4],      Al–O–H. 
       -

  ( . 7)   
  [6, 7].  -

  (SiO) 8,90  –  
, (SiO4) 10,0  –   

      
9,70 ,  11,0  –   -

  Al–O–H O.  
      . 2. 
      

     -
   -

 ,    
 [12].    -

    
 .

. 7.       
7 – 17 : 1 –  –1/11–5/2; 2 –  –
2/11–6.

 2
    

,

2,70
(OH)  

(     )
2,76

2,93 s( 2 )   /  ,  

3,18 as( 2 )

6,10 ( 2 )  ( , )

8,90 (SiO)

10,0 ,
 [SiO4]

 
(     )

11,0 Al–O–H O

12,7 ,
 [Si6O18]

,
- ,  SiO2

13,3

Si–O–Al  /  14,4

14,8



67 , : , 2012,  2, –

     -   (  )...

       
   ,  

 –2/11–6     
  ,   –1/11–

5/2.     ,  -
     

 –2/11–6 ,    –
1/11–5/2,  ,    – 

.
    –2/11–6  -
     

   ( -  -
  ),  ,  

,  .   
   , -

   .  -
      -

    ,  -
     . 

,  –1/11–5/2   -
   .  

       -
 .   

    –1/11–5/2   
  ,  

     
.

 ,    - -
,     -

     
 .  –1/11  –

2/11      ( . 
. 1)   -  , -

    , ,  -
    - -

 .  ,  
     

 (98 C),   –2/11, - -
,      -
 ,     -

   -  . -
    (  -

 )   103–105 C  
  100 .

    
     

     ,  -
,      -

-  ,   -  
    « » 

  ,   -
    (   

   )  -
 ,   ( ),  
   .

     
   -

 (  10-05-00009 ).

1. -  . .  -
  -   / 

. . - . – . : , 1992. – 131 .
2.  . .    -

   : . . … -  
.- .  / . . . – . :  , 

1994. – 50 .
3.  . .     

 :    -
   (  ) / 

. . , . . , . .  // -
  . – 2009. –  2. – . 39–55.

4.  . .    -
 -  - -

  / . . , . . , 
. .  //   . – 2010. – . 435, 
 6. – . 806–809.

5.  . .    -
 :     -

 -    
   / . .  [  

.] //   . – 2012. –  4. – 
. 1–14.

6.  . .   -
 / . . . – . : -  . - , 

1967. – 191 .
7.  . .   -
 / . . . – . : -  . - , 

1976. – 175 .
8. Nolze G. PowderCell 2.0 for Windows / G Nolze, 

W. Kraus // Powder Diffraction. – 1998. – V. 13,  4. – 
P. 256–259.

9. Joswig W. The orientation of the hydroxyl groups in 
dickite by X-ray diffraction / W. Joswig, V. A. Drits // Neues 
Jahrbuch fuer Mineralogie. Monatshefte. – 1986. – . 19–
22.

10. Bish D. L. Rietveld re  nement of the kaolinite 
structure at 1.5K / D. L. Bish // Clays and Clay Miner-
als. – 1993. – V. 41 (Issue 6). – P. 738–744.

11.  .      -
    : .  . / 

.  ;  . . . . – . : , 
1991. – 335 .

12.  . .   -
 / C. . , . . , . .  [  

.]. – . : , 1993. – 239 .



68  , : , 2012,  2, –

. . , . . , . . , . . 

  
. . ,   ,  

  ,   

. 8-951-852-91-30
valraf2009@yandex.ru

. . ,   ,  
    

. 8 (473) 220-86-10 
aither@bk.ru

     
. . ,  -  

,   
. 8 (4152) 29-77-37 

rychsn@kscnet.ru

   
. . . 

. . ,  -  
,     -

     

. 8 (495) 939-34-69
chernov@geol.msu.ru

Voronezh State University
A. V. Sergeeva, Candidate of the Chemical Sciences, 
chair of Mineralogy, Petrography and Geochemistry, 
research fellow
Tel. 8-951-852-91-30
valraf2009@yandex.ru

A. V. Naumov, Candidate of the Chemical Sciences, 
chair of General and Inorganic Chemistry, associate 
professor
Tel. 8 (473) 220-86-10
aither@bk.ru

Institute of Volcanology and Seismology of FED RAS
S. N. Rychagov, Doctor of the Geological and Miner-
alogical Sciences, chief of the science geothermic 
laboratory
Tel. 8 (4152) 29-79-54
rychsn@kscnet.ru

Moscow State University, Geological Department
M. S. Chernov, Candidate of the Geological and Min-
eralogical Sciences, Chair of Engineering and Eco-
logical Geology, senior staff scientist
Tel. 8 (495) 939-34-69
chernov@geol.msu.ru


