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   1  2012 .

.      -
    .      Cu-Mo-  -

   1,3 . ,   :  Cu-   
(  ),  W-Mo  ( ),   (40 %  

 Hg),       (40  Hg).  -
-      ( )    ,  
, ,    [1].          

  « », -      
.

 : -  , , , , , 
 ,  .

Abstract. Mineragenical productivity of Cenozoic is huge and distributed unevenly in space and tempo-
rally. In this stage the Chilean Belt of Cu-porphyry deposits have been appeared as well as the ore Giants 
Cu-porphyry Bingham, Utah, Oligocene W-Mo Climax (Colo), spanish Almaden (40 % yield in World 
production), Quaternary Monte Amiata in Italy (40 Hg deposits). In Eocene-Pliocene the unique Be ac-
cumulations (bertrandite) have been appeared in tuffs of Spor Mountain, Utah. In Paleocene and Eocene 
the southern (Asian) rim of Arctic ocean along the chain of so called “astroblemes” (volcanic-tectonic 
objects) are formed, with lonsdaileite large reserves in some cases. 
Key words: historical mineragenical provinces, Paleogene, Quaternary, endogenous deposits
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 , ,  [2, . 238]  
    -

 (   ): 23-16; 13,5-12; 10-5; 5-2; 
2-0,7; 0,7-0.      
    .   -

      
,  ,  4-5   

,    [2, . 129].
       -

     (  -
, -   .).     

    -
 .    

     -
    , -

  , , -
      

,     -
  (    ,  

2 ).    ,   -
 ,     

   .  
   -

 (   Kz  4 , -
  500 ,  50–120 )   

.   .    -
     -

  : , - , 
.   -

   –  .
    

  ,    
   (  -

  ).    
 5  2 ,  . .   

1,8   2,    –  
3  2.      -

  22,5  2; 10,5  2; 
12,0   2. ,  . . - -

,      
      ,  
 .    

 , , -  , 
,     

    -
  . 

 ,  , 
      

,     ( -
 , , Fe-Mn  
,  « »  

 1        .).  
     

     
,  , , 

…  . 
    

      -
 (Sn-REE     

 , ;  -
  -   - -

   . .),     
    , -

,   .  
    

 -  
, Cu-Ni, Cr ,     

  .   
   Au 

 Ag, , Cu-Mo, Sn, Hg.   
    -

  -  , - -
 ,   .   
    -
      

    (?) -
 U    –  

 Black Hills,   ,  
Powder-River, Shirley-Basin, , Marysvale, 

   . .    -
      -

   -  
   W-Mo-Pb-Zn  

 ( - ,  . -
).        -

,    [3]  -
: 2  , K-Ar,  -

 – 1,8  .     
  10-12   . -
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  ,   ,  
 10   . .   .  1999 . 

     
 W    120   ( -

  0,137 % W, 0,03 % Mo).
 –   

 .   -
,  , ,  

      
Hg, S, Au-  .    

-    , -
,    .  

    
  [4 .].   -

  . ,  Pb, Zn, Cu, Ag, Sb, As, 
Hg, Ba, S,    600   
1-2 /  Au, 1-5 /  Re, 1-3 / . In.    

      -
  2  Re [5, . 34, 35].  
  W-     

   .   
    50    , 

 , ,   
  WO3 0,008%    

170 .  WO3.     
   44% WO3   -

 92-98 % [6, . 268].
   Au (  

1 / ),     Axial 
      

[7].      
      

3280,      1% Cu, 
25% Zn.     -

    4% Pb, 400 /  Ag. 
,     Axial -

      – - -
    .     

    ( )  
    -

 71 /  Au  10% Cu. B  , 
      -

 ,    
, -     -

,   -
,   Ag3SbS3, -

 AgSbS2, , . B   
   37% Hg [8, . 149, 150, 

185].
      

 16 -  -
 ( ), . 1: I – , II –  

, III – , IV – -
, V – - , 

VI –  , VII – -
-  , VIII – - -

- , IX – - -
, X –  , XI – -

- , XII –  -
, XIII –  , XIV – 

, XV – -  -
, XVI –   .
I.    -
    – Au-Ag, 

    . -
   ( )  

 (Goodnews)  -   -
    -

   (   -
 9.2  ).     -

,       
    .  -

 , . -  (Yukon-Koyu-
kuk),  -  

-   
Au-As-     (Don-
lin Creek [10]).    , 

   ,  -
    Sn-W -

.    - . -
   - -

       
-     

.   R-Ar  -
  ,    -

,    ,  . 
      -

   [11, . 289-309]. , -
   (Quartz Creek),  

 ,    
    

 (30  ).   1,584   
  0,0762% Mo.  1,207   Mo [12, 

p. 205].
II.   .   

    -
    -

   , .
. .     

(   ). -
 ,     

  Cu-Mo-   
Au-Ag .  -

    -
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. 1.  ( ,  65  )     
.       . .  [9, c. 322], .  -
: 1 –         ; 2 –  

  -   ; 3 –    ,  -
     -  ; 4 –  ,    ; 

5-8 –      ,  . . : 5 –    
 – , ); 6 –   ,    

(         ,  - , -  -
  . .), 7- 8 –   (7 – , 8 – ). -  -

 ( )        (  
  ): I – , II –  , III – , IV – , 

V – - , VI –  , VII – -  , 
VIII – - - , IX – - , X –  , XI – -

- , XII –  , XIII –  , XIV – -
, XV –  -  , XVI –   .  -
  ,  . : I.     , , -

: 1 –   (Middle Park); 2 –   (Smoke-Bewt); 3 –   (Highwood Momtains); 
4 –  (Igunga); 5 –  (Grassrange); 6 –   (Muun Canyon); 7 132 – ; 8 – -

; 9 – , ; 10 – , , ; 11 –  ; 12 – ; 
13 – ; 14 – ; 15  – ;16 – ; 17 – , . ; 18-21 – -

 « »,   ,  . .: 18 – , 19 – - , 20 – , 
21 – - .  II –         -

: 22 – , ; 23  –       , 
  ,  . .: 23  –    , , 23  – , 23  –  ; 

24 – ; 25 –  ; 26 – ; 27 – ; 28 –  ,  . .: 28  – Rangwa, 
Homa Mountain, North Ruri, South Ruti, 28  – ; 29 –   (Amba Dongar). III – , 

- , ,     - , : 30 – -
-  (Qeqertarssuaq-Nuussuaq); 31 –  (Goodnews); 32 – ,   ; 

33 –   ; 34 – . IV – : 35-38 –  ,  . .: 35 – .  
(Kinamaligan, Naghiao, Sierra Madre), 36 – . , 37 – . , 38 – . . V – , 

: 39 – , , , ,  ( ); 40 –   (Wadi 
Araba); 41 – - -  (Sharm ElSheikh); 42 – -  (Shalateen-Halaib). VI –  

, , -  , ,   : 
43 – , ; 44 – ; 45 – ; 46 – ; 47 –  (Bucim); 48 –  (Alsar); 
49 – ; 50 –  (Bingham); 51 –  ( ); 52 – ; 53 – , - ; 
54 – , - , ; 55 – - , ; 56 – - ; 57 – , ; 
58 – ; 59 – , , ; 60 – ; 61 –  (Kremnica),  

 (Banská Štiavnica),   (Banská Hodruša),   (Zlatá Ba a); 62 – , , 
; 63 – - , ; 64 – , ; 65 –  ( hehelkureh); 66 – ; 

67 – ; 68 –   (Bu-Arafa); 69 –   (Bou Grine); 70 –   (Batu Hijau); 71 – -
; 72 –  (Selogiri),  (Pacitan),  (Merubetiri); 73 –  ( ); 

74 –  ; 75 – , ; 76 – ; 77 –  (Hokuroku); 78 – -
 (Babame); 79 – ; 80 –  (Kinking); 81 –   (Padre Antonio); 82 – -
 (Bienaventurada); 83 –  (Refugio); 84 – -  ( ); 85 – ; 86 –  ; 

87 – - ; 88 – ; 89 – ; 90 – ; 91 – - - ; 92 – ; 
93 – ; 94 – ; 95 – , ; 96 – ; 97 – -

 - ; 98 – ; 99 –  (Bainiuchang); 100 –  (Grasberg); 101 –  (Escondida); 
102 –   (Lavrion, Laurium). VII –  : 103 – ; 104 – ; 
105 – ; 106 –  (Ovacik); 107 –   (Kuhe Dom ); 108 –  (Pongkor); 109 – ; 
110 – ; 111 –  (Cirotan); 112 –  (Cibaliung); 113 –  (Taran); 114 – ; 
115 – ; 116 – ; 117 – ; 118 – ; 119 – ; 120 – ; 
121 – ; 122 – ; 123 – , ; 124 – ; 125 – ; 126 – -

; 127 – ; 128 – ; 129 – ; 130 – ; 131 – ; 132 – ; 133 – ; 
134 –  ( , ); 135 –  ( ); 136 – - ; 137 –  

,  ,  ; 138 –  (Homestake); 139 – , , , ; 
140 –  (Nathrop); 141 –  ; 142 –   (El Limon); 143 – ; 144 –  -

; 145 –   (El Indio); 146 –   (El Tambo); 147 –   (El Guanaco); 148 –  -
; 149 –  ; 150 – - ; 151 –  ; 152 –   (Donlin Creek); 
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  ,  -
  . , -

,   , 
 ,     - -

      .  -
    , 148 , 16  , 

    
  (Ecati)   (Diavik).  -

    4  
.   43,5  ,  – 71,83  
,   $6,034  [13].   

  ,   
.   ( , -

, )     (Highwood 
Mountains),  .     
50-53   (K-Ar).   

-  (Smoke-Bewt), ,  -
 3       -

    . -
  – 27   (K-Ar) [14]. -
 –  ,     

   (  -
), –    (Leucite Hills),  

. ,    2500 2 -
 22   ,  -

    75 ,  
, ,    [14, . 34]. 

   ,  
 ,     

   , 
   .  

   –  , 
1,1+0,4   (K-Ar,  ). 

    Cu-, 
Cu-Mo, Mo-  .   -

        
Mo-  « »   [12, 
p. 199]:  (Climax, , 2,18   

); -  (Henderson-Urad, , 
1,243   ); 3 –   (Mount Tolman, 

, 1,175   ). ,   
,     

 , 1,207),     
!      -

  ( ) .   
 (  )  

 16 -  « »  « -
»  .   -

  :   -
  (Shaanxi)   (Henan)  

 « »,     -
.     (Luanchuan), 2,06 
  ,     

 (East Quinling Mo Belt) – - -
 (Nannihu-Sandaozhuang)   

(Jinduicheng) «     » 
[12, p. 199, 200]. 

 -    -
  (43-36  )   

   Au-Ag  Sb-Hg 
  ,   -

-   [15].  
    Au-As-Hg -

 , , ,  (Carlin, Cortez, 
Getchell, Betze)     . 

 73    -
,  . . 66    

[16]. 
  1959–1960 .  50   . , 

       

. . , . . 

152 –   (Pueblo Viejo); 153 –  - ; 154 – ; 155 –   (Mother Lode); 
156 – , ; 157 –    (Bajo de la Alumbrera); 158 – ; 159 –  
(Escobal),  ; 160 –  (Chassoul); 161 –  (Gramalote); 162 –   (Baia Mare); 
163 –  (Kisladag). VIII –  , , : 164 – ; 165 – ; 
166 –  , ,  ; 167 – . I  – ,   -

, , ,      : 168 –  ; 
169 –  (Climax); 170 –   (Deh Hosein); 171 – - ; 172 –  (Alitupu); 
173 –   (Spor Mountain); 174 – ; 175 – ; 176 – , , ; 
177 – ,  , ; 178 – - ,  ; 179 – ; 180 – -

; 181 –   ; 182 – ; 183 –  (Ixtahuacan).  –  -
, : 184 –  (Marysvale); 185 – -I (Nopal I),  (Margaritas); 

186 –  (Dongsheng). I – , ,  : 187 – ; 188 – -
, , ; 189 –  ( ), ; 190 –  ; 191 – - ; 

192 –  ; 193 – ; 194 – ; 195 – ; 196 –   (Steamboat Springs); 
197 – - ; 198 –  ( , Huancavelica). II –   ( , 

  . .): 199 –   ; 200 –  .
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   (Spor-Mountain).  

1969 .   ,   
1997–2000 .  70 %   

.     
7  ,  – 50,8 . ,   

 – 0,72 %.  ( ,   Li, F, U, Zn) 
   (?)   

[17, . 24; 11].
III.  .  -

     -
 u- , Sn, Ag, Au-Ag, -

. H   c Fe, REE, Se.  -
,     

  -   
Fe [18, . 190]:   (El Laco),  
(Incahuasi),   (Magnetta Ped-
ernalis).  –       

  . -
   (El Laco,  0,5   

, 60 % Fe)     
4600–5200 .

      -
 ,    -

   [18 , c. 181–185]: 1 – -
 (298–230  ); 2 – -

 ( , 132–97  ); 3 – -
 ( -  , 60–50  

); 4 –  (  -  
, 43–31  ); 5 –  

(  -  , 12–4,3  ). 
   -

     -
 -   (43–31  )  

 -  .  
, :   (Dos Amigos,  

),   (Lomas Bayas, ),  
 (Cerro Colorado, ),  (Spence, 

).   [18 , c. 195, 196],  -
      

     27   
28 .  :  (Refugio),   
(Cerro Cas le),  (Marte),  (Lobo),  

 (Santa Cecilia)  .   
   1,3 .  Au.  (Refugio) 

,    2001 .,   
 Au  .  1989–1991 .  

 (Marte),    -  -
     . 

    - -
 Au-Cu-    

   (Bajo de la Alumbrera).   

   2007 .  384    
   0,45% Cu, 0,48 /  Au  0,012% 

Mo.   +  
(measured+indicated)   20     

 0,37% Cu, 0,36 /  Au [19]. 
     -

     (1 .  , 
100  ), Cu    

,   Cu, Ag 
 .     

   -
    

     -
       

[20, . 241–254]. ,   
 -     

220–180   [21, . 176].   -
 ,   . , 

-   , 
 -  (  ) 
  Ge  Ag2OseGeS2, 

 4Ag2S x (Sn,Ge)S2.  Pb-Zn  
 (  - )   

 l8–11 % Cd    . -
,  20  -    

1922 .    Se- -
      (Ni,Co)Se2, 

 PbSe,  Ag2Se  -
 Se.       

 Pt 1380 / , Pd 70 / ,  500 / ) [20, 
. 249, 250].    x 

x Hg  – -
 (Huancavelica)    

(450     ).   
 450 .
    -

   .  (Muzo),  
(Coscuez),  (Chivor), . ,  

    , , -
,    -

   ,   
 .     

  (~400 ° ) ,  
   . Be, Si, Cr  

     
,     

   [22].   
Rb/Sr ,   

 .   
 -  (Coscuez-Muzo)  

38–32   , ,   
(Chivor), – 65    [23]. 
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IV.  .  -
     -

     -
   ,  -

       
( ,  ,   -

   70  ),   ( -
   – 51  ).   

       (   
 – 153  )     ( -

 – 136  ) [20, 21, 24]. , 
,      -

 [25]    .
V.  .   

  , ,   
  .  
   (Kaiserstuhl), 

- , ,   -
   .  Nb2O5 

  0,2%,  Nb2O5 – 1 . . -
 REE, Ti, P  [24].  -

 [26].    
-   (Langhian, 

Burdigalian),       
 , 14-18   . -

 - -    
    (   -

    ) -
   (Kizilçaören), .  

 , ,   
0,5   [24, . 451].     
(6,5 2),     -

 (15 %),   (95 %), 
   . -
   (   

1  ), TR, Fe, U.  U3O8 – 1 .  [24, 
. 455, 458, 462, 537].     

  -      
  - .   

Amba Dongar     
   (    

),      
   .  

    -
 Ta, Nb,  REE, ,  Ra. 

   , - -
, )  ,  [27, 

. 68–75]. 
   (Elba)   -

, 12   ,    
  . , -

 ( ),  -

   , , e. 
 1980 .    -
 (Calamita)   (Ginepro,  -

 , , , ). 
 -     

  Cu-Mo  
 – , , , -

.     -
 – .     

680 . ,  – 700 . , 7,6 % . 
  0,033 % ;  -

,  Re, Te, Se, Bi [28, . 164–166].  
W-Mo-Pb-Zn   ( -

- ,  . )   -
    

    .   K-Ar -
   

(2   ),    – 
1,8   [29].

    
 , ,   .  

  Au-Ag  
 (Metaliferi, South Apuseni)  -

       
    Au-Cu-  
  Au-Ag . -

   Au   2 . ,  
 , ~1800  Au  Ag  Te.   
  (Erzgebirge),    

  - -
 .     

  –   (von Cotta), 
 (Pošepný),   

  .   
 : 1 – -  « », 

 Cu-   
       ; 

2 – -    Au-Ag 
 Pb-Zn ,     

.    Au-Ag -
 ,  ,   ,  

,     Cu-(Au) 
.      -

-     
 .   

   (Rosia Poieni),  
4    Cu. H    :  
(Deva)    (Mures Valley). -

    – 1260  Au.  40 
   (Brad, Barza)   
 (Rosia Montana, ~501  Au, 2400  Ag). 

 Au-Ag-Te   (Sacaramb) 

. . , . . 
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-     .  7. ...

  Au –  Te, –   
 ,  14   

[12, . 113, 133–135].    -
     

-  (47°40’ , 23°34’ ).   -
  -   

Pb–Zn–Cu(–Au) , ,  
 (Ilba),  (Nistru),  (Sasar),  

(Herja),   (Baia Sprie),  (Suior), 
 (Cavnic).     

: 11,5–10      (Ilba, Nis-
tru, Sasar)  9,4–7,9     (Herja, Baia 
Sprie, Suior, Cavnic),  0,5–1,5    

   [12]. 
   -

    (Picos de Europa), 
 (Reocin),  (Aveclia)  -

  (Maestrat) – 63   (U /Pb, -
) [30, p. 657]. -  -
      

( ),  ( - )  
  ( ).   – 

«  »:  265 -
 (   , 430 ) [31]. 

VI.   . -
 ,  , -

   .   
      -

   .  
,  U-Pb   -

,  (  ):   – 67,9; 
 – 66,7;  – 54,1;  

 . -  – 67,7; , -
 (    ) – 63,4. [32]. 

    .  -
,   ,   -
  2,5 2.    

   Ce [F, CO3],  
    (1–3 % 

TR2O3), 1–3 %  [24, . 61]. 
  Mn     -

      
    (Taien), 

.     
  , ,   

    , 
    ,     

 (Beni-Saf),  (Zaccar),   (Bu-
Khadir)   (Oenz),     -

.     
    .   

     – 

  (Jebel Djeriss, ), 
  (Jebel Slat),   

(Jebel Khamaim).    
     -

 - ,     
   ,  -

     [33]. 
     -

.    Pb-Zn   
(Bou Grine)    a  -

 (Mississippi Valley,  MVT) [34].
VII.  -  . 

       
    -
    -

  [32, . 18]: 1 –   
 .      

    -
 .      

 ,   ; 2 –  
- ,     ( )  

  .   -
 ,   -

      
 , ; 3 –   

, ; 4 –   -
  , .  

    (Nzega) -
 -  . .   -

  .   
 (U-Pb, ) – 53+1   [32, c. 25]. 

   -
   ,  

 (52  ) – 0,015 ./  [24].  2005 . 
   NZ151K1  NZ151K2 

   15   .  
    -

 ,     G3 
( )  G10 ( ,  -

).    -
    4–

15 . % MgO.   NZ151K2 
   Cr2O3 

 0,08  3,84 . %.   -
       -

.  [21, . 58]  Nb 
 (     ), , 
, , , , , -

, , ,   .  -
    
  REE .   -

 8   , 
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     -
  .    

(Niansa)  Rangwa, Homa Mountain, North Ruri, 
South Ruti, Tuige, Sokolo, Tinderet, Londiani,  

-  – Jombo  Mrima Hills.   
 ,      

,   (2,2   1,4 ; -
 2,2 2)    

(Mrima Hill).     -
,   .   , 

 ,   – , 
30  .   -

, .   
 .   

.  , , , 
, , , ,  

Ba[Al3(OH)6(PO4)(PO3OH)],  Sr[Al3(OH)6
(PO4)(PO3)OH], , , , -

, , , , , 
, , , , , 

.    , -
, , , , , 

 , , , -
, , , .  

  49     0,7 % Nb2 5, 0,61 % 
 .   (6  )  

 5 % TR2O3  , 0,4–0,2 % MoO3 
[35].    10   2 5 
(8 %), 25    (30 %) [24].

VIII. - -  . 
     

  .   
     (    

 ),  -    
   ( ) –  - -
 (178–50  ),   – -

,     -
 –  .  -

-     -
   – 350–250   (Re-Os), , 

    (70–65  ). -
  ,  Au  Pt 

.    ( ,  -
 )    -

  4–8     2 .     
 ,     

 [36]   340   , 
187Os-188Os. ,   -

  ,  Os  
      

.      -
 -   -

  Ni  Cu.   -
     . 
     : 31–162  

 (K-Ar); 68   (  Sm-Nd Rb-Sr); 
49,8–53    84,3   (40Ar-39Ar); 48 + 
+ 3     78 + 2   (U-Pb SHRIMP).  

     
[37, . 49, 50]. 

  -    Pb-Zn 
   ( )  

  . C   Pb- Zn  
    

  e- e,  
1,5–8,7 % Pb, 1,36–10,5 % Zn  62 /  Ag [38]. -

 [39, . 203–205]    – 66–68  
.     -

    -
 .      

 . 
       

   Au. ,  
,   Au- , . 

- , ,  
,   .  

 , , , 
, .   -

, .    
 .   

 , , ,  [6, 
. 343].   (52 ± 6  , Rb-Sr 

[40])  -    -
  .  -  

  Ag  1315 / .   
  Ag      

  10–20 ,  40 .   
    60–70  [41].  -
   ( -
  )  

 Au-Ag   -
 (41,1 + 1,1  , ).   Au 

 Ag    , 
,  ( , , 

), ,    -
  .  Au-Ag 

 Cu-Pb-Zn ,   , 
, ,  

, ,    
-   -

     .  
    .   

 Cu-Mo    
, , , -

. . , . . 
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. Ryohei Takahashi et al. [42]  -
   ,  
 K-Ar .   –  

  -
:  (41,4 ± 1,1  ),  

(17,1 ± 0,6  ),  (6,9 ± 0,2  ), 
 (7,4 ± 0,6  ),  

(5,1 ± 0,3  ),  (4,7-3.1 ± 0,2  
),  (1,1-0,9 ± 0,1  )  -

 (1,3-0,7 ± 0,1  ). 
 .  (  ) -

    -
 -   (25–4  ). 

    
   Au  

  1,2     
Au 4 / .      

-   (  « »  
« »)   Au  Ag. -

 , ,    
16 % Pb + Zn, 270 /  Ag,   Zn   Zn 

  13 % Zn.  ,  . .  
 Cu,  4,5   [8, . 182, 183].

  « »   
  ,   . -

     
  (15   )  -
 .    

.    Cu ( ), 
Pb-Zn    .    

 (Hokuroku),  [43],   -
       Zn-Pb-

Cu-Au-Ag     -
 . H    
    (Babame)  

 (Hikarizawa)    
2         

 ,    
  [44].     

     
     -

 ,    , 
 Al  [45, 46].

IX. -  .  
 .   ,    
      
  (Maoniuping).   -

,   .  
1992 .     (Weis-
han)   24 %   REE 

.  – - - , 
   .   , 

 ,  , 
    2,6 . 

       1   
  20 .   , , -

, .    1,2   
  2,89 %  REE [47, 48].. , 

-  ( ?) 
    , 

      
   -

   (Bainiuchang), . 
.    60 . 

(    – 50-697 ,  
  –  1,4 ,  – 7 , 
  Ag – 100 / ,  -

 Zn + Pb – 6,51 %, Sn – 0,32 %.  
   - -
   Tianpeng  Longha -
    -

  Bainiuchang.  -
 – 6470  Ag, 1,1   Pb, 1,72   Zn, 86 .  

Sn [49].     -
 -  (Phuket-Phangnga)   

  - , 
    -

.   «    
  -  » [50]. 

      
,   ,  -

, , .   
58–41   [21, . 24].   

    - -
 ,   80 %  -

   .   -
 [51]    -

    
(Dongsheng)  .  .

  , , -
     12  

     -
.   (1,3–1,2  , 

U-Pb SHRIMP)     -
    (Ban 

Huai Sai).     
1,74   (K-Ar),  [45]    

 : 4,1–3,3   (U-Pb SHRIMP), 
4,3–2,4   (  U). 

X.   .  60 -
    

    . -
     

  (Zambales), . . U-Pb 

-     .  7. ...



16  , : , 2012,  2, –

      
    (Acoje) – 44,2 (±0,9) 

[52]. 
Au-Cu- e  (Kinking) –  

 . .    -
 , , , -

, ,    
  ,   -

,  , -
 ,    

 .   -
-     -

 .    -
-     -

.     – -
   [53].  (Grasberg)  . 

- ,  ( .  ) –  
    Au-Cu- .  

  ,    
  .  -

   Ertsberg-East  
   – 700–800 .  2003 . 

     -
 0,76 /  Au, 0,73–2,6 % Cu (   

24–737 ).  Au   2,5 . , 
Cu – 30  .     -

 Au – 0,88 / .   85–90  
Au  930–950 .  Cu  [54; 12]. 

    
Au-Ag    .  

  (Pongkor)   
  100 .  Cu-Au   

 (Batu Hijau)  .  (Sumbawa)  
  914     0,53 % Cu 

 0,40 /  Au.     
    – -
  Au-Ag.   
  (Cibaliung)   -

   (Ujung Kulon),  (Pongkor) 
   (Cikidang),  (Cirotan) 
   (Bayah,)   - -

 .    
 – -  [55]. 

 Au-Cu   
(Panguna)  .    
      .  

   480  ,  13,9  Au  
48,4  Ag [8].   Au -

    ,   -
  .  Au-Ag-Te 

 , , - , , 
     . 

  [56]    
.   (Lepanto)  -

  (FSE) – 550  Au  3,6   Cu.  -
     -

   Au.  -
     -

  ( , 8,5 /  Au).  -
      

   -  P2
1-N2

2  
  2     0,5 . Au 

(3,7 / )  , , 
.     23 Au-

 . Au-Ag,  ,  
     

  -    
[8, . 141].    -

    
( , )  .  , 2,5–3,5   
 .

XI. -  .   
     

     (Barrington 
Tops).    -

      ,  
    , -

   -  
   (Gloucester River).  

-      
(Yarrowitch).      -

      -
,      

   (59–46  )  -
  100 2.    

   (Wellington)  
.  -  .   -

    
  (Weldborough).   -

       
47–46  . , ,  -

     , 
   .  -

   (Yarrowitch) -
 (U-Pb SHRIMP) – 66–60  .   
  : 62  ; 55  ; 

40  ; 3  .    : 
    -

,      
   .  -

  (Gloucester River)   
    62  , 

39  ; 4   (  U).   
   (Weld-

. . , . . 
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borough)    – 47   
(U-Pb SHRIMP),     

    U-Pb . -
     -

 (Tumbarumba),    , 
  .   

    ,  400 
  ,   – 23   , 

    (U-Pb 
SHRIMP).     (Yarrowitch) 

  -  
,  - -  -

       -
 .    (Weld-

borough, . )    18  = 
= + 4.4 – +6.3 ‰,    
  .    (Yar-

rowitch)       -
,   + 5.3 ‰  +5.4 ‰, -

 – + 3.6 – +3.9 ‰.    
  (Weldborough, . ) 

,         
4,5    1000–1200  [45, 57].

XII.   . 
-     

  -  -
     

 “  ” ( . ) [58, 
c. 11–13].      

   ,   
  .  .   

  30 %     2  -
  2 .  .  (15   ) 

    - -
 .    

  20 %     
    .  
    -
  –   10–20 % .  

   -
,     40 %.  

    (  -
)  -  .
III.   . -

   -
   ,   

 .     
  Au-PGE  
    .   
    -

.       
 Ti-   ,  1,2  -

    -   
  10-70 . B   5,6 /  Au, 

1,5 /  Pt, 3,5 /  Pd [13, . 47, 154, 155].  
  – 54  ,  -

  – 50   [59, . 41–43]. Cu-Mo-
  (Malmbjerg)  -

     (25,7 
 , 40Ar-39Ar, )  Malmbjerg, -

  (30  , 40Ar-39Ar), -
, .  – 25,8  , 

Re-Os. 40Ar/39Ar.     Mo-  
 (Flamme  eld)    

 (  , , -
 ) [60]. P    

-   ,  
40  ,     

   (54  
)     (50  ) [61, 59]. 

   – 39,7 ± 0,2, 
Os-Ir [59, . 41–43; 60]. , , 

 Pb-Zn   (Mestersvig, 
    1956–1963 .)    

    (Kong Oscars Fjord). 
  – 150 .  [13, . 47]. 

XIV.  .   
 -II (6 × 15 )   -

   
     ,  

     
    :  

- -  ,  ( -
)  ,  -

,  ,  -
- .   , 

  , , , . 
  Al, Fe, Pb.   

[39, c. 178–183],   -
 25-100     25 . . 
    (   

   , %): Zn – 1,7    
(3,4 %), Cu – 0,7   (1,3 %), Pb – 30 .  (0,1 %), 
Au – 21 , Ag – 2100 .   -

 (25°45’–25° 50’ )    
  Ba-Pb . -

      
    .  -

     (Wadi Araba) -
  Fe-Mn.    Fe-Mn -

   (Um Bogma),   
   ,  -

 . Mn  -
-  (Sharm ElSheikh) –   

-     .  7. ...
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. . , . . 

  .   
 .      -

 (Esh El Mellaha)    -
 Ba-Fe-Mn .  -

  ,   . 
   (26,4 % BaO) -

     . 
 -  (Shalateen-Halaib) -

 24    Mn   , 
   , -

 –   PR3.    -
  (  70 )  . 

     -
   , ,   

,    -
    . 

 U-  Pb-Zn,  Ba, Fe-Mn -
  ,   
,     

   ,   
      

. M. M. Hassaan [33]   
   - -

  . 
XV.  -  .  

    -
     (24 -

  ),  (48 ),  
(  10 ).     

       
     8 . -

  (30 ,  18–20  ) 
    (20–

22  ),       
 .    

  (   3 ),  
,  ,  ,  -

.     < 3  
20 %,  , , - . -

   ,  
(  (K,Ba)(Ti,Fe)8O16,   
KNaBaTi2[Si2O7]2,  (K,Ba)2(Ti,Fe)6O13, 

 K2Zr [Si3O9]), .  -
   ( , , 
)   ( , , 

,  ),   
 ,   . 

     
40 × 50 .       
10  (   -38 – 0,4 ),  

-6  106 .    
   (0,5 × 0,25 )  

   1–4 .  
    -

  .   CaO  10 %, 0,2 % 
Na2O (  0,5 %).   ,   -

     -
   .   -
     

 124  (1,5 × 1,2 ).   -
 –    (1,3 × 1,0 ).  

    -
,  2-3  16  [62; 14, . 28–31; 24, . 66, 67]. 
XVI.    . 

     
     

  . .  [63],  
     -

    -
      

( )  -  
 ( ) – , - ), -

, - . ,  , 
     -

,    : 1 –  
   ,  

( -  ,  )  
  (  - -
   , -

 ); 2 – ,  , 
  ,   

     -
  . .    

 (     , 
). ,      

 (48–65  , K-Ar,  [64, . 110]  
     

 ,   « -
»    (  , 

, ,   .).     
    -

   – 38,9  , 
K-Ar  , ,  U   
[64, . 130; 65]  . .   -

       
.     

    -
     ,  

 –    . , 
,     , 

  ,    
.     

    
« - »  :  -
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, -  ,   -
 ,  -

, +80–87 ° ,   . 
    

    . -
     (   

),    (  
, )    . 

     
     

  . -
,   ,  ,  -

,     -
    -

      Mn, 
Mo, Cu.   ,   

     -
    -

,      
.  Pb  Zn     
  –    -
.
      -

     -
  ?  

,   – 95 %  -
 (!)    -

.    .   [24], 36 %  
 300     

- , – .  -
 ,   

  ,    
,       

  –   
 (1370 2),  (2 . 2, 370  

 [63]),   (450 2)  -
 (350 2) . ,  -
     –  

   (330 2, 
67  ).

      ? 
        

 .     
    -

 .    -
     

   -
      . 

      -
       – 

, , , ,    
      
.      

 ,       
,      
  -  , 

   -  . -
 .      

  ,  ( -
),  ( )   ( -

).
   -

  .   
   

 ,     
  , 

      -
  . . . -

 [64, c. 89]   “  
(47,8%)    ”. -

    -
,   - ,  
  (El Rosario),  Ag-Pb-Zn 

 (Lavrion). , ,    
   -

 ,  Au-Ag   
  .     

   -
 Au-Ag      

   .   -
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