


 ( )

. . .

:

 XLVII

 2 

2015



 549.903.55(1) 

 26.323 

 67 

-

: .  XLVII 

.  2. .: , 2015. 324 .

ISBN 978-5-89118-693-4 

. . , . .

 15-05-20053 

 1- . :

 (

.  5 ,

). . .

© , 2015 

© , 2015



3

. .
1
, . .

,

, -

-

.  8 

.  (13 )

 [1]. 

 20  90 . -

,

-

, ,

 I  –  [1, 2-6].  

-

,

, , -

.

 [ , 1998] -

,

,  300 

 8000 . . -

 0.2 

. ,

.

-

.

 ( ),  [2] -

-

, -

 – 

.  30-  60-

115- . -

-

 [7] -

1

. . .  ( ), ,



4

 [8]. -

,  “ ” -

-

, . .

.

-

. , ,  “ -

” , -

 8000- , ,

. , ,

 1700 , -

 – 1600 . -

,

, .

.

, -

.

.

,

, ,

-

.

-

. -

[3]  [9], 

-

. . .

-

, -

-

, -

.



5

C

. -

, -

.

, ,

 450-900° -

. ,

. .

. -

-

.

 450-550° .

, -

,

. , -

,

,  “ ” -

, -

, -

 “ ”  8 -

.

-

[2] , -

. -

 I . .  –  II . . . -

 (  I . . .),  (

II . . .)

 II . . ., . -

, -

 [10]  [7], -

.

-

 IX – , -

-  – –XI . ,

-

. -



6

-

-

.

 (  13-05-00431) 

 (  14.Z.50.31.0017). 

1. . ., . ., . . -

 // 

. 2014.  5. . 1-8. 

2. . . -

 // . . . .: 

, 1998. 65 .

3. . ., . .

 I  // . 2009.  

 7. . 54-62. 

4. . ., . ., ., ., . . -

-

 // . 2005.  8. . 28-40.  

5. . ., . ., .

 I 

 “Los Villares” // . 2006. 

 11. . 1-6. 

6. . ., . ., .

 // . 2002.  5. . 24-29. 

7. . , . ., . .

 V–III -

 ( ) // . 2008. 

. 48,  3. . 424-431. 

8. . ., . . -

-

 // . 2012.  5. . 77-84.  

9. . ., . . -

 // 

. 2013.  1. . 11-19.  

10. . ., . . -

 // 

. 2011.  12. . 66-73. 



7

. .
1
, . .

2
, . .

2
, . .

2
,

. .
3
, . .

4
, . .

5
,

. .
6
, .

7

 2011, 2012  2014 -

.  20 000 . -

 2 ,

, , , -

.

-

.

-

:

(1)  ACEX; 

(2) -

;

(3) ,

;

(4) - -

,  HALIP -

 ±123 

±127 Ma. 

, -

, -

 ±44  (20 ): -

-

. -

. ,

 44.4 .

1 , , ,
2 , ,
3 . . . , ,
4 , ,
5 , - ,
6 UPMC Universite Paris 06, ,
7 University of Oslo, ,



8

. 
1

.



9

-

- .

, .

-

, - -

-

 ( ). ,

 ±123 .

- ,

,

 ( -

).

.

( . 1):  

(1)  ( ) ;

(2) - - ,

, ,  ( -

)  ( );

(3) .

-

 134-117 . . -

-

-

.

. -

. -

- .

,

 ( . 1):  

(1) -  ( );

(2) -  (

 ( . 2));  

(3) -  ( -

).

- -

; ,

.



10

. 2. -

 44 

,

- , .



11

. .
1
, . .

2
, . .

1
,

. .
1
, . .

2

:

:

 ( ) -

 ( ).

. -

,

, , -

.

-  ( )

. , -

 ( ) ,

,  (1), 

 (2), 

, -

-

 (3). 

1. , -

, .

 [1-3]. 

3.3 -

.

, -

-

- . -

,

 FINCAT 

. -

,  [4]. 

1  ( ) , ,
2 , ,



12

 (

., 2003) 
1 – ; 2 – 

,  – ,  – 

; 3 – 

,  – - ,  – -

-

, , -

, , . -

,

. -

-

. -



13

.

, , -

, -

:  (

 30-40 )  ( ) (1), -

 ( ) -

 (2), -

,  6, 

 (3). 

-

,

. . , - -

 [5-7]. -

.

2. -

. ,

-

,

.

-  ( -

). -

, -

,

.

,

.

, -

,

–  [8]. 

 GPS,  – 

 ( ) .

, , -

 ( ) -

.

-

, , -

. ,



14

, -

. -

,

 ( ?), -

.    

3. -

-

 ( -

)

[9]. -

 0.23–0.42  (0.05–0.09 %)  1964  2008 , -

, -

.

: 1. -

 40–50 

. 2.  ( )

, -

.

3.  ( ) -

, -

, , . 4. -

, -

 13–15 , .

-

 (

) , ,

,  [2, 3].  

. ,

, - , -

, , -

. -

, -

, -

, .

-

,

 [5-7, 

10].



15

1. . .  – 

 //  XXI . 2002 : . . .:

, 2003. . 207-214. 

2. . . - -

 // . . . 2013. . 450.  4. 

. 465-469.  

3. . . -

: . . -

 // -

: : . . : -

, 2014. . 269-274. 

4. . ., . .

 // 

: : . . -

: , 2014. . 275-279.  

5. Skordas E.S., Meyer K., Olson R., Kulhanek O. Causality between 

interpolate (North Atlantic) and intraplate (Fennoscandia) seismicities // 

Tectonophysics. 1991. V. 185. P. 295-307. 

6. . ., . ., . . -

-

-  // . 2008.  1. . 12-22. 

7. . . -

-  // -

: . . 2. .: - , 2009. . 302-

304. 

8. . .

 // -

: .

. 2. ., 2010. . 97-100. 

9. . ., . ., . ., . ., -

. . -

 // . 2015 ( ).

10. . ., . ., . . -

. ,

2003. 300 .



16

. .
1
, . .

1
, .

2
, .

2
,

. .
3
, .

4
, . .

1

-

 (~450-400 . ):

-

-

 ( -

). -

. 37 -

 ( ) Ds = 

168.5, Is = 5, ks = 22.3 95 = 5.1 (  HTo . 1). 77 -

 Ds = 193.9, Is = 20.9, ks = 

16 95 = 4.2 (  HTs . 1). , -

,  Ds = 204.4, Is = 37.9, ks = 27.2 95 = 2.7, -

 104  (  MT . 1). 

, , -

, -

. -

-

.

(HTo),  (HTs) -  (MT) -

 ( . 1). -

 ( ) -

-

 ( . 2). 

, ,

180° .

-

. .

 ~1500 -

  30°  . -

1 . . . , ,
2 University of California Santa Cruz, USA 
3 , ,
4 Massachusetts Institute of Technology, USA 



17

. 1. -

 (HTo),  (HTs) �  (MT) 

. 2.  – ,

 450–400 

.

 1100 -

 10° . . . -

.

.  1500 -

 60° .

, , -

 – , -

 450-400 .

,

,

. -

, -



18

.

.

,

- -

.

(  14.Z50.31.0017).

Powerman V.I., Shatsillo A.V., Coe R., Zhao X., Gladkochub D.P., 

Buchwaldt R., Pavlov V.E. Palaeogeography of the Siberian platform during 

middle Palaeozoic Times (~450-400 Ma): new palaeomagnetic evidence from 

the Lena and Nyuya rivers // Geophys. J. Internat. 2013. V. 194. P. 1412–

1440, doi: 10.1093/gji/ggt197 

. .
1

-

, , -

-

. , -

, -

.

. -

,  50-60 ,  10-20 - . -

 (  10 ) . -

,

 10-30  (5-7 ) -

.

1  ( ) , ,



19

.

. -

-

, .

.

:  (  300 )

(« » )

. -

.

.

 [1] 

,

: -

, -

. -

: - -

-

. :

 « » ( , ).

. -

- - , -

:

,  – .

, -

. ,

 [2]. -

:

,

 [3].  

.

, -

,

–

,  [4]. 

-

. -

:



20

,

,  90 [5]. , -

, -

- . -

-

, -

, -

.

, . -

-

.

-

 [5, 6]. , -

 ( -

- ), -

 – - ,

, , -

, .

. - -

. -

-

.  [7, 8] ,

,  « » -

.  [5, 6], 

.

, - -

, , -

 ( ).

.

, -

-

,



21



22

. ,

-

.

, -

,

 [9]. 

,

, , .

 [10]  [11]. 

,

. -

, - -

 [12]. 

-

 – 

.  – -

 ( ),

. -

 ( -

).

, -

:

-

.

-

.

1. . . .

. -

. - , 2013. 344 .

2. Bijwaard H., S akman W., Engdahl E.R. Closing the ga  between regional 

and global travel time tomogra hy // J. Geo h. Res. 1998. V. 103, B12. P. 30055-

30078. 

3. Choi D.R., Pavlenkova N.I. Geology and tectonic development of the Pa-

cific ocean. Part 5. Outer low gravity belt of the Great Pacific Ring structure // 

NCGT Newsletter. 2009.  50. . 46-54. 



23

4. . ., . ., . ., . ., -

. ., . .

// . 2013.  55. . 5-20. 

5. . . - -

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

 (  100- . . -

). .: , 2011. . 69-92. 

6. Pavlenkova N.I. Fluids-rotation conception of global geodynamics // Bull. 

Soc. Geol. It. 2005. Vol. Speciale.  5. . 9-22. 

7. . . -

 // -

 / . . . . ). .: , 2000. . 204-224. 

8. . .

 // 

. 1994.  3. . 5-14.  

9. : , ,  // 

. . , 20-24 

 2002 / . . . . , . . . .: , 2002. 471 .

10. . .  (

). .: , 1995. 101 .

11. Gilat A., Vol A. Primordial hydrogen-helium degassing, an overlooked 

major energy source for internal terrestrial processes // HAIT Journal of Science 

and Engineering B. 2005. Vol. 2, Is. 1-2. . 125-167 

12. . . -

. .:  « », 2002. 250 .

. .
1
, . .

2

-

 ( - )

-

-  – 

- , -

-

- .  ( )

1  ( ) , ,
2 , ,



24

 200 - -

,  [3, 4]. -

-  (MORB) -

 J2-K1v. -

-

-  J3-K1 -

, -

 PZ3 – MZ1  – -

 (?)  [6] 

-

- -

( ), -

-

 ( - ) -

- , -

 [2, 4, 6]. , -

.

;

 [5]. 

 –  (mg# =  0.84-0.92) , 

 (Cr# = 0.45-0.94) [1, 4], 

.

, - -

 ( );  (Sm-Nd , [4]) -

 (292-293 )

.

 (T-J1 [6]) -

- . -

-

.

,

-

 [1, 2, 4, 5] .

 (

)  [1, 4] -

 [5, 8] , . - -

 11-13  1100 

– 700  [1, 4]; . . -

 36-39 .

-



25

. 1. .

. . 934/3 – 80 , 934/4 – 100 

.  1-2-4-6-8-10 %  1 % .

– , L – -

.

 –  – .

-

. -

.  5 

, , -

 ( );

. -

, ,

 0.5 . , -

, . -

 ( . 1).  Ng -

 (  8%), -

. Ng- -

.  Nm  Np -



26

 Ng, 

. -

,

.

Nm  Np ,

Ng- .

,

 (110) [001], (100) [001], (100) 

[010]  [7]  ( -

) .

,  750 C  400 C, -

 (ε >10
-4

c
-1

) [9]. 

,

 (

?) .

-

, -

, -

-

, -

- .

. . -

.

1. . ., . ., . ., . -

-

,  // . 2013. . 21,  3. . 247-276. 

4. . 372-388.   

2. . ., . . - -

 ( - )

// . 1988. . 3. . 276-293. 

3. . . -

. .: , 2001. 201 .

4. . . -

 // :  / 

. . . . .: , 2002. . 237-267.  



27

5. . ., . ., . .

-

, -  // . . 1996. . 346,  3. 

. 368-371. 

6. . ., .

-  ( -

- ): SHRIMP U-Pb -

 // . . 2015 ( ).

7. . .  ( ,

). : , 2001. 214 .

8. Ishiwatari A. et al. Garnet metagabbro-ultramafic complexes in the Pekul-

ney Range, Northeast Russia // Island Arc. 2007. Vol. 16. P. 1-3.  

9. Nicolas A., Poirier J.P. Crystalline plasticity and solid state flow in meta-

morphic rocks. New York: Wiley – Interscience, 1976. 444 p. 

. .
1

( )

– -

–  (  70–80 %) -

, -

. -

,

,

. -

, -

: , .

-

:

, ,

, ,

, -

1 . . .  ( ) , ,



28

,

. [1–3]. 

 – ,

, -

,

, ,

. -

, -

, ,

.

; -

-

-

.

-

.

, -

, ,

.

-

-

. -

:

        
=∇

=−∇−∇
.0

02

u

gu
ii

P ρµ

      (1) 

P – , u – , ρ – , µ –

 (µ = const), g – , ∇ – 

, ∇2
= ∇⋅ ∇  – .

-

,

( ), . -

, -

:

iiii
HT

Dt

DT
c +∇= 2λρ

,   (2) 



29

c – , ρ – , λ – -

, H – . -

 [5,6], 

. 1,  – .

 1.

(i = 3)  (i = 1) (i =2) 

 ( , / • )

( , / • )

 (H, / 3)

 ( , / 3)

 (µ, • )

 (h, )

,

103

 2.5 

 2.2 

2750 

-

20

15 – 350

103

3

1.0 

3000 

5·1020–
1022

20

–

103

4

0.08 

3300 

1022–
5·1023

80

–

,

-

: -

 ( ), -

, -

, ,

, -

.

-

-

. -

,

.

-

, . .

: ,

.

, ,

,



30

. 1. ,

:  (i = 3) – ,

 (i = 1)  (i = 2). h1, h2, h3 – -

, -

, hm – ; d1, d2, d3 – -

, , u0 – 

,  – , Pi – -

 [5] 

-

 5⋅10
20

 - 5·10
21 ⋅  10

22
 - 5⋅10

23 ⋅ -

. - ,

,  “ ” – .

-

-

.

,

, -

,

.

, -

 [4]. 

, -

,

, .

-



31

,

. ,

, ,

-

. -

 “ ”  “ ” , -

, , -

.

 – -

.

 –  0.5–3 

/  10–30  [6]. 

, -

, ,

.

,

 ( / -

, ) -

.

 9 , -

 270  [5]. -

 4 .

-

, -

 [4].  

1. . . -  – -

 // . 1995.  2. . 61-74. 

2. . ., . . . ,

: 2. 

 // . 1996. . 4,  6. . 619-648. 

3. Barbey P., Convert J., Morean B. et al. Petrogenesis and evolution of an 

Early Proterozoic collisional orogen: the Granulite Belt of Lapland and the Belo-

morides (Fennoscandia) // Bull. Geol. Soc. Finl. 1984. Vol. 56. P. 161-188. 

4. . ., .- . -

 ( -

) // . 1998.  10. . 22-32. 



32

5. . .

 ( ) // -

. 2014.  1(23). . 107-120. 

6. Gerdes A., Worner G., Henk A. Post-collisional granite generation and HT 

– LP metamorphism by radiogenic heating: the Variscan South Bohemian Batho-

lith // J. Geol. Soc. 2000. V. 157. P. 577-587. 

. . , . . , . .
1

 ( )

, -

, -

 ( , , , )

, -

,  [10 .].

 ( , 1350–1220 -

, 1200–1000 )  ( -

, 1190–1140 , , 1080–1020 ,

1000–980 ) [5, 10], -

. - -

 –  (1140–1080 ),

(1050–980 ),  (980–970 )  (970–900 

) [9]. -

- -

, - -

- ,

 [5].  

-

, -

 (

. ), - - -

1  ( ) , ,



33

- , -

 [6].  « »

-

- -

. -

 ( .

) , ,

,

, .

-

 (65 %) 

(35%) .

Conophyton 

cylindricus Masl., Jacutophyton sp., Baicalia sp. -

.

,

. , -

- ,

, -

, , , , , ,

 ( ) . -

, , , . -

: Q+Chld+St+Mu+Gr, Bt+Q+Pl+St+Gr+Chld, Bt+ 

Q+ Pl+ St+ Gr+Ky, Ca+Mu+Ky. -

-

 ( ), -

.  n × 1  5–10  (

.  20–30 ),

.

,

; ; , , -

. , -

, - - -

, .

,

, -

, -

.

Mu+Chl+Q+Chld, Ca+Mu+Q+Chl,  – Pl+Ep+Act, Pl+Chl+Ca, 

.



34

-

, , , , , -

, , - -

. , ,

. .  [2], -

 520–680 ,  – 4,5–8,5 

. . .  [8] -

 Bt+Ky+Chld±Gr ; -

- -

- . . .  [1] -

+ + -

+  530  4,7 . . . -

 [3] -

- -

- : - -

- -

.

( . ) . .

( , . )  Camebax-Micro [6], -

 ( -40- )  SX-

100 ( . . . . , , . ).

,  Mg -

 – Ca  Mn ;

,  – 

,  – . -

, .

 250 

, -

 TPF, , , -

, , , , , , , -

, ,

-  ( ) , -

 = 600–650  = 9–10  ( -

- - - ,

).

, , , , -

. ,

,  Sm-Nd  973±49 .

(MSWD=1,9). 



35

 [9]. 

 (~970 . ) . . . . -

 [4] -

;

900–1000 . , -

, - , ,

-  ( )

, ,  [10]. 

– -

 [7], ,

; ,

Nd(t) = 10,3  TDM=2262 

.

 12- -5-2022. 

1. . . , -

. .: , 1980. 227 .

2. . .

. .: , 1973. 128 .

3. . . . .: ,

1979. 263 .

4. . ., . . P-T-t -

:

// . 2014.  3. . 385–416. 

5. . ., . ., . ., . .

 // . . -

. 2014. . 22.  2. . 46–61. 

6. . ., . ., . ., . ., . .

 // . 2009. . 50.  1.  

. 54–57. 

7. . ., . ., . ., , ., . .

 // . 2014. . 459.  6. 

.

8. . .: ,

1974. 328 .



36

9. Bingen B. A four-phase model for the Sveconorwegian orogeny, Fenno-

scandia, and the Sveconorwegian-Grenville correlation // EUG-2008. HPP-04 

From Rodinia to Nuna and beyond: Precambrian supercontinent reconstructions 

delving deeper in time - Part 1. CD-ROM. 

10. Li Z.X., Bogdanova S.V., Collins A.S. et al. Assembly, configuration, 

and break-up history of Rodinia: a synthesis // Prec. Res. 2008. V. 160. P. 

179–210. 

. .
1,2

, . .
1,2

, . .
1
, . .

1

-

-

, -

, -

,  3D 

( ).

-  ( . 1) -

- . -

-

.

 III2 – Ia (D – C1) 

 4 . -

. -

 Ia –  (C2 – P1), 

2 , - -

.

1 , .- ,
2 - ,



37

. 1. -

- :
1-6 – : 1 –  –  (Knc – Q). -

 1,2  0,6 , 2 –  –  (J3 – Knc). 

 0,8  0,4 , 3 –  –  (T – J1). -

 0,6 , 4 –  –  (P2 – T1). 

 4,8  2,8 ( ) , 5 –  Ia –  (C2 – 

P1).  2 , 6 –  III2 – Ia (D – C1). -

 4 ; 7-9 – : 7 – 

, 8 – -

, 9 – -

 ( -

)

 –  (P2 – T1) -

 4,8  2,8 .

- .

 –  (T – J1) ( -

 0,6 ).



38

,

 –  (J3 – Knc), 

 0,8  0,4 .

- .

, ,

 –  (Knc – Q), -

 1,2  0,6 .

, -

, .

-

, -

. -

-

-

-

 [1]. , -

,  30-50 . -

,

.

 3D  3  385 -

 20 . -

, . -

.

-

: III2, Ia, , , ,  ( . 2). 

-

,

 12-14 .

-

. -

 10-15˚.

-

 1,9 / , -

.  (

 1,2 / ), -

 3,6 / . -

,

-

.



39

. 2.  3D -

AVO  « »

- . ,

- . -

 « ».

1. Piskarev A.L., Shkatov M. Yu. Energy Potential of the Russian Arctic Seas: 

Choice of the Development Strategy // Developments in Petroleum Sci. Vol. 58. 

Amsterdam: Elsevier, 



40

. .
1
, . .

2
,

. .
1
, . .

2

, -

, -

.

: -

.

 ( ) -

.

,

800  [12].  ( )  [8] -

- ,

. .  [9], .

,

-  [2–7, 11–12 .]. -

-

 [12],  ( -

) ,

[4], -

.

-

 ( . 1 ) . -

, , -

, ,

 ( ).

,

1  ( ) , ,
2 . . . , ,



41

. 1. – .

, -

 – . -

. -

. –

. . . –
.



42

, -

 ( ). -

, -

: ) -

, ; ) -

; ) -

,

, - -

; ) ; ) -

.

,

 ( -

),

.

.  ( . 1 )

,  ( )  – ,

.

, -

. -

,

-

, ,

.

, , - . ,

,

1,5 , -

. -

 125 ,

 2 . -

 – -

, , . -

 (

 [1, 10]) 15–40 .

, - . . ,

,

.

-

 – -



43

, ,

. , .

. , -

 ( . 1 ), -

.

,

, -

. , -

, -

.

,

-

 200 .

,

-

. , -

-

,

, -

.

10 -

 14-05-00149.  

1. . ., . . -

. : . . , 1977. 93 .

2.  / . . . . -

: , 2000. 60 c. 

3. . . -

, -

 // .

, 2006. . 9. . 171-182. 

4.

 / . . . . -  1:10 . .: , 1973.

5. . .  // 

. : -

, 2004. . 150-191.  



44

6.  A.A. . .:

, 1977. 239 .

7. 

 / . . . . , 1974. 61 .

8.  ( , , -

) / . . . . , . . ,

. . . : , 2011. 431 .

9.  A.A.  –  // -

.  6. .; ., 1956. 122 .

10. -

. -

. ., 2006. 803 .

11. -

. ., 1972. 131 .

12. Morner N.-A. The Fennoscandian uplift: geological data and their geody-

namical implication // Earth Rheology, Isostasy and Eustasy. 1980. P. 251-284. 

. .
1
, . .

1
, . .

1
,

. .
1
, . .

2

-

-

. -

.

-

,

.

, -

. -

, , .

:

,  –  [1-6 .].

1 , ,
2  « », ,



45

. 1. -

.
1 – ; 2 – ; 3 – 

; 4 – 

 2014 . , -

-

, , -

, -

-

. .

,

- -

. .

.  ( . 1, 2).  23 .

,

 « ».



46

. 2. .

, .

 – 

.

, -

,

.

, -

.

 ( ). -

,

, , -

. - - ,

, -

,

,

. -

. , ,

,

, .

- -

, .

.

.



47

-

.

: ,

 ( . 1  

 1, 4  3 ). -

. .

,

, -

,

 50 . -

 –  500  ( ).

- .

( ) – 5,1  3,6 .

:  – 3,3 ,  – 3,1 .

-

 100–120  ( -

).

 100 .

. ,

,

.

,

,

. -

, . -

- , - -

.

, .

, ,

.

.  3,3 

,  – 3,5 . -

.

. , -

, -

. ,

.

. ,

 « » ,

, .



48

-

 ( . . 1). 

-

-

.

, -

, ,

.

-

, , - ,

, . -

.

, ,

.

,

, . -

. -

, , -

.

. ,

. -

. .

. .

,

-

,

. -

. -

 ( )

- . -

, -

 [7, 8 .].

-

 (  13-05-96507 _ _ ).



49

1. . ., . . -
- . .: , 1987. 

88 .
2. . ., . ., . . -

 // -
. 1987.  3. . 74-78. 
3. . . -

- -
 // -

. .: , 1970. . 46-58. 
4. . .: , 1979. 187 .
5. . ., . . . .,

, 1984. 144 .
6. . . -

 // . 1983. 3. . 549-551. 
7. . . - - -
 // . 2006. . 411.  2. . 223-225. 

8. . .

 // . -
. 2010. . 21-28. 

. .
1

-

- -

- , -

, -

- .

- , -

.

-

, -

1 , ,



50

.

, -

.

-

,

 70- , , -

, ,  (  130520  130521). 

 130520 ( )  31.0 -

.  30 -

, . -

 130521  34.0 ,

130520, .  10 -

,

, - . -

- .

-

.

, -

- ,

- ,  – - -

-

-

.

- -

, . -

,

. -

 ( -

, .). -

- , -

, .

: ,

 – .

, .

-

- , , -

, , -

. -

, -

.



51

- -

,

. -

, , -

, -

.

,

. ,

, ,

, .

. -

, , -

, , -

. -

, -

 « ».

, , -

, -

.

-

- -

- ,

, . -

.

, -

-

.

 « » - .

- -

 21 .

-

. -

,

.

-

- -

.

, , , -



52

,

 (  « »).

-

. -

-

-

.

,

.

, -

, . -

-

- -

.

- ,

, - . -

, , ,

.

, -

.

,  ( ) . -

. -

.

, . -

,  80-90
o
, -

.

, , -

,

, ,

. -

. -

.

, -

. , -

-

-

.



53

-

. , , -

, -

- . ,

-

, .

-

, ,

.

 (  13-05-96507 _ _ , 14-05-00131, 14-05-

31167_ ).

. . , . . , . .
1

-

 2006-2007 . . .

 – . . . , , -

.  950 -

.

: , , , -

, , , , -

. , -

 150-200 .

- -

. -

,

. -

. -

. , -

1  « -

» (  « »)



54

/ , -

, . -

, , .

 ( -, , -

-, )

1035  550 . , -

. ,

, -

.

.

, -

,

, . .  500 . ,

, , -

. -

, ,

.

.

. .
1

 2014 . - -

-

, -

-

. ,

.

1  ( ) , ,



55

.  – .

. -

, -

- .

-

, -

.

, -

. -

-

.

, , -

. .  – -

 200  1,4 

. -

. -

,

,

 ( )  " ".

-

 ( , -

)

.

 4 
3
. ,

, . ,

.

- .

,

-

 – , -

- .

 – -

. -

,

. ,

. -

 " -



56

" 8–15˚,

. -

, -

 – , -

. -

 (  50 ) -

-

,

.

, -

 ( , -

, ) -

. - ,

 ( - ?) 

.

-

. -

.

 ( ) -

,

- .

.

-

,  " -

"  100–300 . -

-

, ,

, .

-

 ( ) .

, , -

,

. - ,

, -

. -

-

. -



57

. -

. . - . -

-

-

. , ,

- .

 14-05-90112.

. .
1,2

, . .
1
, . .

3,4
,

. .
2
, . .

5
, . .

5

-

 ( )

- ,

 [7, 12 .]. -

-

 [1, 12], 

.

,  –  [12] 

 [1].  [14], -

, -

: -

-  (  850  [7]  750 [14] ) -

 (630  [14]), .

1 -  ( ), - ,

2 , ,
3  ( ) , ,
4 . . . , ,
5 ,  ( ) , ,



58

. ,

.  Ar-Ar  703±4 

Ma [8], ,

- -

 [5], 

- .

 U-Pb  (LA ICP-MS) -

 4  (100 ) -

 ( )

-

. .  (  |D| 

<10%) , -

 ( ), -

 3  (664±6, 672±6, 670±8 

)  665 . , -

 ( ),

 3  (686±8, 665±9, 679±6 

).

, -

 [4]. 

 ( .)

-

.

1.8–1.9  2.5–2.6 . -

-

 [10, 11]. 

-

, , -

 1850  [9].  2.5–2.6 

 [11].  

( .). , -

,  910–950 

 750–700 , 820–850 . -

- -

,

( , ,  ~880–860  [2, 6],  -



59

. -

, . , ~720–750  [2, 14, 6 

.]).

 (1000–600 ) -

-

 [3, 6 .].  [3], -

.

- .



60

,

-

.

, -

, ,

. , -

-

-

, -

-

.

-

,

. , -

, -

, - -

 « » - -

. -

-

- . -

,  Lu/Hf -

-

-  ( - ) -

.

:

(1)

 665 . .  [5] 

 ( )  [13] -

, -

.

(2) -

. -

, -

, -

.

(3) , -

,

,

- .



61

 (  14.Z50.31.0017) -5 , -

 3.38.137.2014. 

1. . ., . ., . . -

 // .1975.  8. . 67–77. 

2. . ., . ., . ., . ., 

. ., . ., . ., . . -

 – 

 // . 2002. 

. 43,  3. . 259–272.

3. . ., . ., . ., . ., -

. ., ., . ., . . -

:  L  ICP-MS -

 // . 2013. . 54, 10. . 1472-1490. 

4. . ., . . . -

 1:200000 (P-46-XXXII). 1969. 

5. . ., . ., . ., . .,

. ., . .

- -

 ( - ) // -

-  ( ):

. . 11. : , 2013. . 143-147. 

6. . ., . ., . ., . ., -

. ., .

: ,  (Sr, Sm-Nd) -

,  U-Pb  LA ICP-MS  // 

. 2013. . 54,  10. . 1507–1529. 

7. . ., . ., . . -

-

 // . 2011. . 52,  1. . 158–181. 

8. . ., c . ., . . . -

:

 // . 2007. . 48,  12. . 1307–1320. 

9. . ., . ., . ., . . -

- -

: U-Pb, Ar-Ar, Sm-Nd  // 

. 2003. . 44.  9. . 881-891. 

10. . ., . ., . . : -

, . .: , 2006. 210 .



62

11. . . -

 ( - ):  Sm-Nd 

U-Pb  // . 2010. . 18,  2. . 168-187. 

12. . ., . ., . ., . .

-

. .: , 1972. 356 .

13. . ., . ., . .

-

 ( ):

 // -

 ( ): -

. .12. : , 2014. . 331-332. 

14. Vernikovsky V.A., Vernikovskaya A.E., Sal'nikova E.B., Kotov A.B., 

Kovach V.P. Neoproterozoic accretion-collisional events on the western margin 

of the Siberian Craton: New geological and geochronological evidence from the 

Yenisey Ridge // Tectonophysics. 2003. V. 375. P. 147-168. 

. .
1
, . .

2
, . .

1
,

. .
2
, . .

2

.

( )

-

-

 [1] -  [2]. 

 – « »  «

», -

– – .

 « ». -

-  ( -

 5–45°).  ( -

 75–85°). ,

1  ( ) , ,

2 -  ( ), – ,



63

- - -

. -

, -  – 

- . - -

. -

- - .

-

 [1]. 

-

45–85°, - .

.

-

 ( ) -

 ( ) .

,

-

. -

, .

-

, -

.

, - -

, , -

,  [1]. 

. , . . -

 [1, 3, 4]. 

- - -

.

. -

.

– -

.

, ,

.

- ,

. , .



64

 « ». - - -

- -

 3–5 . -

-  – , -

, -

. - , -

- . -

.

 30–60° - .

- - -

. -

- -

. , -

. , ,

, -  . -

- -

. , ; -

- , - , - . -

- , -

. -

. - -

- - -

-

. -

.

– -

.

- ,

,

, -

, , . -

.

,

-  – -

.

 (

VIII.66.1.4),  (  3.38.137.2014), 

 (13-05-00700, 13-05-00943, 12-05-33018, 12-



65

05-98506), -10.2, 10.3,  53 -

 44 .

1. . ., . ., . . -

 1:200000. .

 T-54-XXXI, XXXII, XXXIII; S-53-IV,V,VI; S-53-IX, XII; S-54-I-II-III; 

S-54-VII, VIII, IX, XIII, XIV, XV. . .:

« », 1985. 160 .

2. . ., . ., . ., . ., -

. ., . ., . . -

 // ,

 ( ). :  « / -

», 2001. . 199–255. 

3. . ., . ., . . - -

.  ( ):

 // . .

. 2009. . 17,  5. . 69–94. 

4. . ., . ., . . . -

.  // . . 1979.  3. . 104–109. 

. . , . . , . . ,

. . , . .
1

 ( - )

,

,

, - . -

-

 7 . -

,

. -

1 . . . , ,



66

 [1], 

 ( ). C ,

 (T3-J1). -

,

, ,

 [7]. -

, -

. , , . .  [8], 

, -

- -

-

.

 2014 . ,

, -

, ,

,  [4, 6].  

- ,

.  – -

, , , -

.

. -

 [8], -

. -

, .

 35  1,5 ,  (30 -1 )

, -

-

 ( ?) , .

 – , , ,

 Al, Ti, Fe  Mg -

. , -

, , -

.

, ,

,

.  30–40 .

 1–1,5 . -

 – , , - ,



67

.

. -

 ( ) -

 ( ).

-

, , , -

, , -

. , , -

,

.

, -

- , , -

.  – 

, .

-

 [2]. 

, , .

-

, .

,

 REE , -

 N-MORB ( . 1, 

). ,

. -

 REE ,

 Eu. ,

, -

.

 REE (La, Ce  Pr), -

 (La/Lu < 1)  N-MORB . -

,  N-MORB ( .

1, ), , -

 ( )– Rb, Ba, Th -

 Nd  Cr. -

 [3], 

-

,

.  Nb  Ta -

-

.



68

. 1.  REE ( )  ( )  [4] 



69

. , -

 Nb  Ta 

,

 24 -  [7]. 

. . .

.  [5], -

. . .  [8] -

– - .

, ,

-

,

, -

. . . . [3] -

. ,

 (7-10%) .

,

 – -

. ,

,

,  ( -

) . ,

.

1. . ., . . -

 // . 1988.  4. . 85-93. 

2. . . II. .: - , 1981. 326 .

3. . ., . ., . -

 // -

. .: , 1987. . 134-165. 

4. . ., . ., . . . -

 ( - ) // .

4, . 2014.  6. . 25-36.

5. . ., . ., . . -

. : , 1997. 287 .

6. . .  // 

XXI :  X . . . : , 2005. 

. 289-291. 



70

7. . . -

, : . . . ,

2013. 40 .

8. . . . : , 2011. 333 .

. .
1

-

 ( ) - -

,

 [1]. -

, - , -

. -

- -

- . -

.  – -

. , -

.

.

-

, ,  ( )

. , , -

,  ( -

), ,

, .

 ( ).

- - , -

- ,

: , - , ,

1 .



71

.

-

, .

-

, -

, .

, - , -

- , . -

 (56,0–66,58), 

,  (Al/(Na+K+ 

Ca+Mg)  1,1 ),  Na/K (  1,1) -

.

- - ,

. -

 (15%),  (30%),  (20%),  (20%), 

(8%),  (6%)  (1%). , - -

, -

, -

 [4]. 

- , -

 20 .

2- , .

- . -

-

, - , -

, -

,  -  [1].

- . -

- , -

 – - , - -

- , - , , - -

.  –  2000 . -

- -

. , -

,  [1].

- - .



72

. - -

, , -

- ,

.

, -

618 , .

- -

, . -

, , -

.

-

, -

 8 
2
,  – -

.  2-

,

.

, -

-

. : - -

- .

 500 .

- -

. - ,

, - , -

- -  – ,

-  – .

.

 (U-Pb )  690  [2] 

-

, - - , - - ,

- , , , -

.

, - .

-

.

 10 

, -

,  100 -

, - - , -

-



73

 [1]. . -

-

-

. , -

.

- -

, - -

. -

- , -

.  5 

50  5–10 .

 50 , -

,  [3].  

: -

- ,

- -

. ,

-

, -

.

.

 – , , , -

- -

, , ,

.  320  1000 .

– , . .

-

,  315 , -

. -

 618  529 .

-

- , -

,

- -

. [4] 

-

.

-

.



74

1. . . 32. . .: , 1969. 695 .

2. . -

 1:1000000. ( ). . -52, 53 

- . . - ., 2011. 332 .

3. . . : -

// . 2013.  6. . 198-204.  

4. . ., . ., . . -

 // 

. 1970. . 190.  6.  

. .
1

,

-

 (  LIPs). 

 www.supercontinent.org. 

: “Reconstruction of Supercontinents 

Back To 2.7 Ga Using The Large Igneous Province (LIP) Record: With Im-

plications For Mineral Deposit Targeting, Hydrocarbon Resource Explora-

tion, and Earth System Evolution”.  

-

, -

 (  LIPs), 

-

, -

. -

 LIPs, , -

1 , . ,



75

 - ,

.

 I MORB  IAB. ,

,

-

,

, , -

 [1]. 

 (RF1). -

,  ( -

), -

, .  2011 

, , -

,  1752±11 

. ,

 [2], 

.

URSEIS 95 , - - ,

,

 [3]; 

. -

 (1750-1780 ,

.

:  [4] -

 [5]. -

 ( -

) [5]. 

: - , -

,  [6 9].

 (RF2). -

, -

, ,

. -

,  (  20 ) ,

. , -

,

, .

-

 [10]. U Pb  (SHRIMP 

,

A- IDTIMS , ).



76

,  300 

 1380 1385 . -

 U Pb  ( )

, :

1385.3 ± 1.4  [11], -

- ,

. -

,  LIPs [12]. 

2009 . . . ,

, , -

 Rb Sr  1396±142 , -

. -

 (U Pb , SHRIMP  Sm Nd -

) [13]. , ,

, ,

-

-

-

-Me 1, . 1

; , ,

).  1750 , -

-

 [10, 14]. 

 (RF3)  (RF4) . -

. -

, -

, . ,

. , -

, -

 – 

 707,0±2,3  732,1±1,7  [15]. 

- .

, -

 (RF4, ),  750 600 .

,

, -

-



77

,

 [16].  – 726 ± 13  (Rb-Sr -

). , . 1 , . . -

,  R Sr

 812±80  730 .

- -

, - -

,  680±3,4 [17]. 

. . ,  (689±5 , Rb Sr -

,) .

.

 – 672±22 , -

-  – 671±7,5 ,  – 

671±24  [19].  c .

1. . .  // . , . .

2013.  4. . 64 73. 

2. . ., . ., . . , . .,

. ., . .

 // . -

. 2013. . 448,  4. . 1-6.  

3. . .  ( -

, , ). : -

, 2010. 260 c.  

4. Lubnina N.V., Pisarevsky S.A., Søderlund U. et al. New palaeomagnetic 

and geochronological data from the Ropruchey sill (Karelia, Russia): implications 

for Late Palaeoproterozoic palaeogeography. Supercontinent Symposium. Hel-

sinki, 2012. . 81-82. 

5. Bogdanova S.V., Gintov O.B., Kurlovich D.M. et al. Late Palaeoproterozoic 

mafic dyking in the Ukrainian Shield of Volgo-Sarmatia caused by rotation dur-

ing the assembly of supercontinent Columbia (Nuna) // Lithos. 2013. V. 174. P. 

196 216.  

6. Gladkochub D.P., Pisarevskii S.A., Ernst R. et al. Large Igneous Province 

of about 1750 MA in the Siberian Craton // Doklady Earth Sci. 2010. Vol. 430, 

Part 2. P. 168–171. 

7. Youbi N., Kouyaté D., Söderlund U. et al. The 1750 Ma Magmatic Event of 

the West African Craton (Anti-Atlas, Morocco) // Precambrian Res. 2013. Vol. 

238. P. 106 123 



78

8. Hou G., Santosh M., Lister G.S., Li J. Configuration of the Late Paleopro-

terozoic supercontinent Columbia: Insights from radiating mafic dyke swarms // 

Gondwana Res. 2008. Vol. 14, N 3. P. 395–409. 

9. Zhang S., Li Z.-X., Evans D.A.D. et al. Pre-Rodinia supercontinent Nuna 

shaping up: A global synthesis with new paleomagnetic results from North China 

// EPSL 353 354 (2012). P. 145 155.  

10. Puchkov V.N., Bogdanova S.V., Ernst R., Søderlund U. et al. The ca. 1380 Ma 

Mashak igneous event of the Southern Urals // Lithos. 2013. V. 174. P. 109 124.

11. Ernst R.E., Pease V., Puchkov V.N. et al. Geochemical Characterization of 

Precambrian magmatic suites of the southeastern margin of the East European 

Craton, Southern Urals, Russia //  5 / .

: , 2006. . 119–161. 

12. Ernst R., Bell K. Large igneous provinces (LIPs) and carbonatites // Min. 

Pet. 2010. V. 98. P. 55–76.  

13. . ., . ., . . -

 « »: -

// . X . . , 2014. . 202 204. 

14. El Bahat A., Ikenne M., Søderlund U. et al. U–Pb baddeleyite ages and 

geochemistry of dolerite dykes in the Bas Drâa Inlier of the Anti-Atlas of Mo-

rocco: Newly identified 1380 Ma event in the West African Craton // Lithos. 

2013. V. 174. P. 85 98.  

15. . ., . ., . . et al.

 ( ) // -

. 2012.  4. . 127-139. 

16. . . - -

 // -

. 2011.  2. C. 68–83.  

17. . ., . ., . ., . . -

-

( ) // . 2013. . 450,  2. C. 1–5.  

18. . ., . ., . . -

-  (

):  // . 2005.  4. 

. 42–69. 



79

. .
1

,

 – -

, -

 2014 . . . . ,

,  ( . . ,

. . . . ). 

 (U/Pb LA-ICP-MS) 

(dZr)

 ( )

 ( .  [4]). 

,

 5 dZr. : -

,

,

.

:

1.  102 

(« »)  89,  3625 ± 

53  1891 ± 23 . -

.

 (64 ), -

 2187 ± 32  1891 ± 23 -

 ~2064 

.  8 

 2510 ± 66  2378 ± 24 

~2478 . -  (14 )

 2943 ± 21 – 2626 ± 21  2  – 

2737  2938 .

 U/Pb-  - 3060 ± 28, 3241 ± 69  3625 ± 53 .

2.  79 -

 76 « ». -

 3070 ± 27 -1817 ± 59 

:  – 40 %, -

 – 52 %  – 8 % .

1  ( ), ,



80

3. dZr

 (~705 )  (~2869 ). , -

, . -

 (1105–1338 ), -

 (1454–1593 )  (1652–2095 ).

4. dZr -

 (~617 . )  (~3188 ).

,

 (~1298 

)  (~1691 ), -

 ~ 1099–1231 . ,

 (7 )  (8 -

) .

~1923–2097 ,  - ~2644–2850 .

5.  « »  44 

 1857.5 ± 53.8  3054.0 ± 48.0 .

 ( , ~ 400 

),  (  1.5 !)

" "

(~1860 ), .

, :

1.

- -

. , -

-

 (2187 ± 32 – 1891 ± 23 ) -

- ,

 ~2000 – 2100 . , -

dZr -

 ( ), -

.

2. dZr -

-

, -

 1.7–3.7 , -

 2.2–2.4 .

, , , -

.

3. , ,

, -



81

, , - . -

, -

- .

, "

?", -

, ,  – -

 AUD (Australia Upside Down conception) [2]. 

dZr

-  ( , -

- ) [3]). -

/

-  (KS- ), -

 MS 

Excel  ( , ) G. 

Gehrels  J. Guynn 

 http://sites.google.com/a/laserchron.org/laser-

chron/home. 

dZr

. , -

,

.

, , -

,

( )

, -

, -

- . -

-

 AUD. , ,

 " "

[1], 

, ,

.

4. dZr -

,

,

-

. -

 ( ),

-



82

 AR-PR1 . -

dZr (  1857.5±53.8 ) -

-

. , -  ( )

- , - ,

, - - .

, dZr

-

, .

1. , ,

,

 ( ) -

.

2. - -

, .

3. .

, -

, ,

.

.

4.

, , , , -

- .

1. . ., . .

-
-  // . 2011. . 440, 

 3. . 378–383. 
2. Evans D.A.D. The palaeomagnetically viable, long- lived and all-inclusive 

Rodinia supercontinent reconstruction // Ancient Orogens and Modern Analogues 
/ J.B. Murphy, J.D. Keppie, A.J. Hynes (eds). Geological Soc. London, Spec. 
Publ. 2009. V. 327. P. 371-404. 

3. Fergusson C.L. et al. Detrital zircon ages in Neoproterozoic to Ordovician 
siliciclastic rocks, northeastern Australia: implications for the tectonic history of 
the East Gondwana continental margin// Journal of the Geological Society. 2007. 
Vol. 164. . 215–225. 

4. Maslov A.V. Riphean and Vendian sedimentary sequences of the Timanides 
and Uralides, the eastern periphery of the East European Craton // The Neopro-
terozoic Timanide Orogen of Eastern Baltica / Gee D.G., Pease V. (eds.) // Geol. 
Soc. London. 2004. Mem. 30. P. 19-35. 



83

. . , . .
1

-

 ( .).

.

-  (

 312º). - -

 2000 , -  – 350 . -

- :

 600  25º, 

 –  0º, , ,  ( )

 –  42º. 

, . .

. -

 [1]. -

 [2 ]; -

,  ( ).

, -

,

-

.

.

, ,

,

 ( )  [4, 5 

.]. , -

.

, -

-

,  ( )

, -

.

1 , ,



84

:

. -

-  ( ). -

-

, , -

. ,

 ( ), -

.

, -

. -

–

1 – -

; 2–3 – 

: 2 – ; 3 – 

; 4 – -

, -

-

; 5–9 – 

-

: 5 – - , 6 – -

, 7 – , 8 – 

- - , 9 – 

- ; 10–11 – -

- : 10 – 

- -

; 11 – - -

.

:  – -

,  – ,

– ,  – 



85

- .

, , -

-  [3] 

.

, ,

. -

-

 ( - ),

( - ). -

- , -  – 

. , -

 90º (312º  42º, ).

, -

.

, -

.

-

.

, - ,

- , -

:  –  – 

, . . , -

.

- - , -

-  ( ) -

- .  – 

-  ( )

, -

.  – 

. .

-

-

, .

, -

, -

-

.



86

1. . . .: 

, 1991. 447 .

2. . .  // 

: , , -

, .  XLVI -

. . 2. .: , 2014. . 112-116.  

3. . ., . . -

-  // -

. . 2: -

. .: , , 2006. . 521-532. 

4. . .  // -

. . 2: 

. .: , , 2006. . 363-373. 

5. Kashubin S., Juhlin C., Friberg M. et al. Crustal structure of the Middle 

Urals based on seismic reflection data // European Lithosphere Dynamics / D.G. 

Gee, R.A. Stephenson (eds.).  Geological Soc., London, Memoirs.  2006. V. 32. 

P. 427-442. 

. . , . .
1

1D

 ( )

,

-

, .

, ,  1D 

. -

, , -

.

1 . . .  ( ) , ,



87

 PetroMod (Schlum-

berger). -

. . .  ( . )  1D -

-

 ( ) ( . 1 ), -

 [2]. 

 ( ), -

, -

 ( . 1 ). -  125 

 30-15 . . -

- -

, -

, - . -

, -

 2  ( . 1 , ). - -

,

 3-  ( ) ( . 1 , , ).  

,

.

-

, . -

, , ,

-

 ( . 1 ).

 1D , - -

 ( ), -  ( )

( . 2). -

.  1D 

« » . 1 ,  « »  « » – . 1  [1]. -

 ( ) : I – 

, II – , III – -

 ( . 1 , , ) [1]. -

, , -

,

.

48.6  11.6 . , -

 ( .

1 ), , -

, - -



88



89

. 1.  ( )  ( , , )

 ( )

.
1 – ; 2 – g; 3 – 

, ; 4 – ; 5 – : ) , ) ; 6 – 

:  – ,

 – ; 7 – ; -

: 8 – 

 [2]. - -

, . -

 «0» -  ( . 1 , ) [1]. 

.

« » - -

, -

 400  ( . 2 ). -

 1.13 - , -

, -

,  1.14-1.18.  1000 

 1300 .  – 55 /
2
. -

-

 ( ),  – -

, -

,  1- -

 ( . 2). , -

.

1. : , -

, -  / . . . . . -

: , 2009. 424 . (  «

» / . . . . ; . 3). 

2. . ., . . -

: , -

 // . . 2011. . 30,  2. . 58-74.  



90

. 2.  1D 



91

. .
1

-

- ,

 – -

- -

 – 

-  [10, 16]. 

 ( . 1), 

, -

 –  (  12 )

– -  – - , -

 [3, 16]. -

 ( ) , -

- . .  30 

, -

,

 – 

 [3]. 

, , -

- -

, -

–  [10, 16]. 

-

 ( . . 1). 

- -

. ,

,

 [3, 10]. -

, ,

. -

1  ( ) , ,



92

. 1. ,

 [16, 15] c .
1 – ,  1, 2  – 

, ; 2 – ; 3 – -

: A, B, C, D, E, F, G, H – . E – ; 4 – 

; I–I –

; , ,  – 

,  [5] 

, -

 [3]. 

 ( . . 1): 

,

, -

 [3]. ,  40-

 (

) , -

,  [9]. ,

, -

-

. ,

 1881- , -

 [12] ( . . 1).

,

(  – . . 1), 

 [10], 



93

 [16]. -

.

- -

, -

- .

, , ,

, -

.

?

- -

, -

« »  [5].  (detachment) -

-

,

. ,

 [2], 

, -

-

. , -

,

,

.

-

- , -

. ,

-

 Mn/CH4 [11], -

, .

- - -

. - -

, -

, - -



94

.

, -

, -

, -

, -

 45  850  [7, 14]. -

 « » -

,

:  VLBI  ( -

 – Very Long Baseline Interferometry) 

,  [13], 

 GPS 

 [8], 

,

,

,

.

,

, -

-

 [1].  (Grav-

ity-Magnetic High,  [15]) -

, : -

 854 -

 [15]. , -

- ,

, -

- ,

« » , -

-

. -

, -

-

 [5] -

, .



95

,

-

- , -

-

 [16]. -

-

. -

, -

,

 [10], 

 ( , , -

) , -

- .  110 

-  ( . . 1), 

 [15]. -

, ,

.

, -

,

 - -

, .

-

-

, , -

 [4], 

-

.

 12-05-

00113, 13-05- 00136, -2981.2014.5 

 28 .

1. . ., . . -

// . 1986.  3. . 25-41.



96

2. . ., . ., . . . -

-

 // . . . 2000. . 1.  1. . 1-13. 

3. . . -

 // .  «

» 1981. . 5. . 4-7. 

4. . . -

 // . 2012. 

 1. . 3-18.  

5. . . -

 // .

2013. . 453.  2. . 180-184. 

6. . .

 // 

. 2014. . 456.  6. . 699-702. 

7. : -

 1: 500 000 / . . , . . -

, . . . .: , 1989. 79 .

8. . ., . .

 // 

. .: . 2001. . 374–401.  

9. Another Serpentine Discovery for Cuba // Oil and Gas Journal, 14th July. 

1945. P. 96.  

10. Echevarria Rodriguez G., Hernandes-Perez G. et al. Oil and gas explora-

tion in Cuba // Jour. Petroleum Geology. 1991. Vol. 14. Is. 2. P. 259-274. 

11. German C.R., Bowen A., Coleman M.L. et al. H2-rich fluids from serpenti-

nization: geochemical and biotic implication // PNAS. 2010. Vol. 107. Nb 32. P. 

4020-14025. 

12. Levis J.W. // Bull. Amer. Assoc. Petrol. Geol. 1932. Vol. 16. Nb 8. P. 809-

818. 

13. Ma C., Ryan J.W. NASA Space Geodesy Program GSFC DATA Analysis 

- 1998, VLBI Geodetic Results 1979-1998, August, 1998.

14. Sunit K., Addy F. Taylor W. Structure and seismic stratigraphy of Yucatan 

Basin in Western Caribbean // AAPG Bulletin. 1981. Vol. 65. DOI: 

10.1306/2F919B2A-16CE-11D7-8645000102C1865D. 

15. Pardo G. The geology of Cuba: AAPG Studies in Geology Series, 2009, 

no. 58, 360 p. 

16. Schenk C.J. Jurassic-Cretaceous Composite Total Petroleum System and 

geologic model for oil and gas assessment of the North Cuba Basin, Cuba, in U.S. 

Geological Survey North Cuba Basin Assessment Team, Jurassic-Cretaceous 

Composite Total Petroleum System and geologic assessment of oil and gas re-

sources of the North Cuba Basin, Cuba: U.S. Geological Survey Digital Data Se-

ries DDS–69–M. 2008. hap. 2. 94 p.  



97

. . , . .
1

-

-

-

.

, -

-

, .

,

- .

 [Rebetsky et al., 2012; ., 2014], 

-

, , , -

  (5-20 )  ( )

, -

 ( , )

 ( . 1).  

-

, -

,

,  – 

.

, . . -

. -

, -

-

.

  (  0.1-1 / )  [ ,  1984],  

1 . . . , .



98

. 1. -

-

 ( ),  ( ), 

-

. 1 - , -

, 2 – , 3 – , 4 – -

. -

,  – -

.  ? , -

-

.

,

,

,

. . 1, 

, -

. -

, -

.

-

,

,

.

. , -

-

 - . , -

, -

 ( ), -

, .



99

. -

, -

.

 ( ) [ -

, , 2014] , , -

 ( , , )

-

 ( . 1, ),

-

. ,

, , -

, -

, , -

. , -

:

 ( ) ,

, -

. , , -

 (  – 

) , -

.

, -

,

, -

,

. ,

. - -

, -

. ,

, -

-

 ( . 1, ).

, -

-



100

 (5-20 ). -

, -

. , , , -

,

 (

. 1  ?). -

- , -

, ,

 ( ),

-

 ( )

( ).

. . , -

-

, , -

 [ -

, 1959, 1963]. ,

 –  (

)

3σ 1σ
( . 2, ). 1σ

. -

-

 ( . 2, ).

-

.

,

. -

2σ . ,

 [ , 2013] -

 ( - ).

, . .

-

-

. . . -

,

. -



101

. 2. -
 ( )  ( )  [ , 1963] 

( ) . -
 – , -  – 

. -
 ( )

-
, -

,  ( )

, -

-

. -

,

. .  ( . . , ) , -

, , -

. 2,  (

). -



102

, , -

.

( ) , -

, . ,

-

-

. -

-

. 2, ,  [ , 1963].   

. 2, -

,

. -

, , -

 ( ) -

. . -

.

, -

-

. , . 1 . 2 -

-

- .

, -

. -

. , -

. -

, , -

 in-situ, 

[Brady, Brown, 2004]. -

 (  4 )

.

-

. , -

. 2, , .

-

-

,

-

.

 6 -

 13-05-00892- .



103

1. . . -

. . I, II. .: - . 1959. 265 .; .

III, IY. .: - , 1963. 544 .

2. . . -

. . III, IY. .: - , 1963. 544 .

3. . . .: , 1984. 460 .

4. . . -

 ( - ) // . 2013. 

. 4, . 4. . 461-484. 

5. . ., . ., . .

-  // . 2013. . 54, 

 2. . 271-291. 

6. Brady B., Brown E. Rock mechanics for underground mining. Third edition. 

Kluwer Academic Publishers. 2004. 688 p. 

7. Rebetsky Yu.L., Sycheva N.A., Kuchay O.A., Tatevossian R.E. Development 

of inversion methods on fault slip data. Stress state in orogenes of  the central Asia 

// Tectonophysics. 2012. Vol. 581. P. 114-131. 10.1016/j.tecto.2012.09.027. 



104

. . , . . , . .
1

- -

-

.

-

, -

. -

.  [2] 

- , -

,  ( ), .

, -

-

.

 ( ) -

- .

 – -

. ,

, ,

,

. . -

, -

, . . . .

, -

.

 – 

- - ,  [2] -

. -

. .

.

.  – 2-2,5 . .

 – .

-

.

1 . . .



105

. 1.  ( )
. 2 

 ( ) [1]. 

 ( . 1) 

.

-

.

-

.

-

.

. -

, .

 ( . 2) -

, -

 (3 ), -



106

. 2.



107

 (25-30 ). , -

- -

.

-

- .

 (1,5-1 . ) -

 - 1,2-1,9 / . , -

,  95 .

;  0,5 / . -

.

-

,  [3]. -

-

.

, - -

, -

-

. , -

-

.

1. . ., . ., . .

-

. // 

. 2008. 7. . 66-84. 

2. . ., . ., . ., . . -

 – . .: 

, 2002. 225 .

3. . ., . ., . . . -

- . : , 2006. 176 .



108

. . , . .
1

:

, -

.

.  1979 . : – « -

 – 

» [1]. , -

 ( )

 – -

;

-

-

. -

. , -

, , -

,  100-150 -

. ,

. ,

,

,

 ( ), , .

. -

- -

,  (

) -

.

-

-

 [2-4 .]. ,

. ,

-

1 -

, . , rodkin@mitp.ru 



109

; , -

.

,  – 

?  [5], ,

-

 – 

. -

; -

. , -

, -

, -

. -

. ,

 – -

.

-

. -

- .

, -

, .

,  [5], -

.

-

 [6].  48 

-

. ,

.1  1  [6], -

.

:  Vs -

 – 34 ;  Vp/Vs -

 - 32  31 ;  Vp/Vs -

 - 30  28 ; -

 - 30 ;  – 20 -

. . .. -

 Vp  Vs 



110

 Vp/Vs. 

. , , , -

 ( )

; . .,

.

. -

-

.  ( -

) -

. ,

-

.

-

,

.

 [7, 8] -

-

,  [9] 

. , , -

-

. ,

,

, .

-

-

-

-

-

-

-

-

-

- -

-

0.46 0.48 0.51 0.66 0.48 0.25 

0.62 0.64 0.67 0.78 0.63 0.35 

-

. ,  ( )  1.5 



111

 1.9 . -

. ,

-

-

, . ., -

.

, -

.  [10] -

-

,  [11]  ( -

) . -

, -

 –  – -

,  (

) .

1. Teller E. Energy from Heaven and Earth. San Francisco: W.H. Freeman, 

1979. 322p. 

2. . .  // . 2008. . 419, 3.

. 373-377. 

3. . .  // . .

. . 1995.  2 

4. . . :  – .

. 2004.  5. . 28-33. 

5. . . -

 – . ,

2006.  4. . 60-67. 

6. . ., . .

. .: , 2000. 194 .

7. . ., . ., . . -

 // 

. . . 2008. . 422,  1. . 1-5.  

8. . ., . . .

.: , 2010. 384 .

9. . ., - . . ,

. .: , 1988. 383 .

10. . ., . ., . ., . ., -

. . - - – -

 // . 1994. .

131. . 385-392. 



112

11. . ., . . -

 // . . . - . 1977. . 5.  

. 629-637. 

. .
1
, . .

1
, . .

2
,

. .
1
, . .

1

-

, -

.

 –  15–20 .

, ,

. - -

-  [1] 

, -

, , , -

. ,

,

.

- ,

, -

.

 [2], -

, -

-

 250–300  [3]. -

-

. -

-

,  157 -

1  ( ), ,
2 . . . , ,



113

. 1. .
1 −  GPS- , / ; 2 − -

; 3 −

 140–120  [4]. -

,  58 

 [5, 6]. -



114

, -

, -

 1200  [7, 8] ( . 1).  

,

, , -

 22.8 /  323 . -

,

. , :

, , ,

 20 /  205-264  [9].  GPS -

, , -

.

,

- .

. 2 - ,

[10] ,  [10, 11]. -

- , -

.

.  43 . -

 12 , -

 3  6.2 / .

 6.4  6.8 /  12 

 25 .

, -

. -

, , ,

-  [12, 13]. 

- , -

- , -

 [14]. -

- -

,

, -

 [13]. -

. ,

- , , -

, , , -

 [13, 15]. 



115

. 
2

. 
-

.
-

.
1

–
; 

2
 –

; 
3
 –

,
/



116

-

, - , -

- , -

 [15]. -

-

. , , -

- .

, -

.

-

,

. -

- . , -

, ,

, -

.

- ,

, , . -

, - , -

- , - -

. -

,

- .

1. Ritzmann O., Faleide Jan Inge. The crust and mantle lithosphere in the 

Barents Sea/Kara Sea region // Tectonophysics. 2009. V. 470.  1-2. P. 89–104. 

2. . ., . ., . ., . ., -

. ., . ., . .

 // . 2013. 

 1. . 3-35. 

3. . ., . ., . ., . . C

// . 2012.  10. . 1261-1272. 

4. . . -

 // . 2009.  1. 23-38. 

5. . .

 // 

. 1968.  5. 1968. . 8-19. 



117

6. . ., . ., . ., . ., 

. ., . ., . . -
-  // -

,
-

.  45 (XLV) . .:
, 2013. . 214-218. 

7. . . . .: , 1977. 247 .
8. . . - . -
 // , -

. . . . . .: , 2000. . 229-245. 
9. GIPSY-OASIS. GNSS-Inferred Positioning System and Orbit Analysis 

Simulation Software. https://gipsy-oasis.jpl.nasa.gov/index.php?page=home 
10. . ., . . -

 // , . 2008.  3. . 55-63. 
11. . ., . . -

−  // 
, . 2009.  2. . 61-67. 

12. . .  // . 2004. 
 3. . 13-30. 
13. . . -

 // . 2009.  2. . 4-55. 
14. . . -

. . . . .- . . .:
, 2013. 21 .

15. . . - -
- . . . . .-

. . .: , 2011. 132 .

. .
1

?

, , 4.6 to 4  (Ha-

dean eon, [5]), : 1 – 

 4.4  ( -

1  ( ) , ,



118

) , ,

[6], , 4.1  –  3.61 – , -

 [10]. 2– , 4.4  (Narryer gneiss [6]), 

3 – - ,  > 4.03 

 [9], 4– ,  > 4.03 ,

.

 ( ). -

, , -

,  3.66  [7] 

,

.

.  0.5-1.0 -

 ( - , ) ,

,  – - .

 –  – 

.  Sm-Nd 

 4280 . , -

- , -

 (  – .

, , 3.8–3.2 , -

 [1]. -

 ( ) -

, ,  ( -

), ,

, -

 – 

 [4]. -

,

, .

3.5

, - -

 ( ) -

,  [3, 

8].

, -

, .

, -

 [2]. 



119

1. . . : -

, , -

 // , 2011. 1. . 3–27 

2. . ., . ., . . . -

:  1. -

 // . . 2007. . 15,  2. . 3–39. 

3. Eriksson K.A., Donaldson J.A. Basinal and shelf sedimentation in relation 

to the Archaean–Proterozoic boundary // Precamb. Res. 1986. . 33. . 103–121. 

4. Greenstone belts / Eds. de Wit M. Ashwal L.D. Oxford Monograpths on 

Geology and Geophysics. 1997. . 35. 809 .



120

5. International Commission on Stratigraphy's International Stratigraphic 

Chart, 2009. 

6. Myers J.S. Tectonic Evolution of continental crust: from the oldest rem-

nants to late Archean time in Australia and Greenland. 32-nd IGC. 2004. Abstr., 

241-10/11. 

7. O'Neil J., Carlson R.W., Francis D.C., Stevenson R.K. Neodymium-142 

evidence for Hadean mafic crust // Science. 2008. . 21, . 1828-1831.  

8. Thurston P.C., Chivers K.M. Secular variation in greenstone sequence de-

velopment emphasizing Superior Province, Canada // Precamb. Res. 1990. . 46. 

. 21–58. 

9. Uehara Y., Komiya T., Iizuka T., Ueno Y., Katayama I. Geology of the 

Acasta Gneiss Complex: New evidence of the oldest rocks in the world. Gold-

schmidt Conference Abstracts. 2003. A499. 

10. Wan Y., Liu D., Wilde S., Nutman A., Dong C., Wang W. The oldest rocks 

and zircons in China. Goldschmidt Conference Abstracts. 2008. A994 

. .
1
, . .

1
, . .

1
,

. .
2
, . .

1
, . .

3

-  "

" ,

, ,

.  ( ) -

( ).  " -

" .  ( -

) . , -

 – . " -

" -

. -

1  ( ), ,
2 - -

 ( ), ,
3  ( ), ,



121

, . -

,

- -

.

-

 [7]. . -

:

1) ,

-  (

 (?) ( 1)); 2) - -

, -  ( -

 (?) ( 2-3)); 3) ,

 (  (S1); 4) -

 (  (S1-D1l); 5) , , -

 (  (D1-2)). -

- ,

 [1; 3; 4]. : 1) 

 ( -

); 2)  ( , , -

, ).  ( -

) .

 (?) -

, : 1) 

; 2) ;

3)  ( ).

, ,

, -

, .

. -

, , -

, -

- - -

. , ,

. -

.

 (  65
0
) , .

-

: 1-

( ) - 790° ,12 ; 2-  - 770°, 7,4 ; 3-  - 660°, 7,3 .



122

=960-990°  [4], 

 [3].  (?) 

- , -

 ( -

- ), - -

.

-

.

 Ar-Ar -

 407.0 ± 8.8 . .

 410±6 .  [5]. 

-

 [5]. 

, , -

. -

 ( , - - ): 1) -

, , -

; 2) - , -

, - , ,

 (  ( 1) -

- , -

 ( 1-3)); 3) - - -

 ( ); 4) - . -

, -

-

.

. -

 ( =450-550° , =2-4 ). -

-

. , -

 (5-

10
0
) . -

( =600-750° , =5-6 =750-950° , =5-7 ).

, - -

- . , -

" " -

,  [5]. 

-  Sm-Nd 

 415 . - -

 ~ 461  [5].  



123

 " "

: 1) - - - -

- - , -

 (  ( -

 ( 1)),  ( -

(?)); 2) -

. . 1- -

 (  20-30 ) ,

, . -

, -

. -

. -

:  - 841
o

 12 ,  - 600-630
o

 10 

. - -  U-Pb 

 394±2 .  [2].  

-

 40 .

.  " "

- , -

, - . -

.

, , -

, -

. -

 T°C=900° ,  10 .

 (T°C=700°; P=7 )

. , -

,  U/Pb  (SHRIMPII) 

 408,9±3 . .

- . -

, -

. -

. , , -

 (?) - ,

. -

, - . -

. -

 T  590  650°  12 

 9 .  410  490° -



124

 9-10  9,5-12 . -

. -

 395±5,8  (SHRIMPII). -

, - ,

-

. , -

,  413-470  [6].  

-

, -

, -

 [4]. - ,

.

-

, , -

- .

 (La/Yb)n=0,8-1,2 -

/  11-12 . -

/

 E-MORB  Nb, 

 Sr  Zr. 

 Th-Zr/117-Nb/16  OIB  E-MORB. 

-

 [7]. , , -

,  Ar-Ar 

 410,9±2,2 , , 412,2±
8,7 .

412±8,5 . -

- . -

,

 399  [9]. -

, . , -

. -

. ,  Ar-

Ar  = 399.7±8.7 -

.

- -

 395-415 . -

.  "

" , -

-



125

, .

, . ,

, -

. -

-

- ,

, -

-  (

).

, 14-

05-00052 10 

1.  . ., . .

-

// . :

, 1975. . 26-36. 

2. . ., . ., . ., . .,

. . -

 // 

.  IV -

. - .: , 2009. T. 1. . 216-218  

3. . ., . ., . ., . .

 // . .

. . 1983.  2. . 25-37. 

4. . ., . . -

: -

 // . 1994.  3. . 21-35.  

5. . ., . ., . . . -

-

- -

 // -

. .

. 2. : , 2009. . 125–132.  

6. . ., . ., . .

: , -

 // ,

. - . . -



126

. XV . . . :

, 2012. . 232-234.  

7. . ., . ., . . .

-

// : . .: -

, 1998. . 93-117.  

8. . ., ., ., . . . -

 // 

. 2005.  3. . 57–72.  

9. . ., . ., . . . U-Pb - -

-

 // . 2000. . 371.  1. . 96-100.  

. .
1, 2

, . .
2
, . .

3
,

. .
1,2

:

- ,

, - ,

, -

 ( ) , -

 [1, 2, 3, 4, 5, 14, 15]. -

-

-

-

. -

 [1, 2, 3, 4, 5]. -

- . . -

,

1 Univ. Grenoble Alpes, ISTerre, F-38041 Grenoble, France 
2 . . . .  ( )
3  ( ) , ,



127

.

-  ( -

 2-5  %.). -

, .

 25 . -

-

- -

ameca SX100 ( )  JEOL JXA 8200 SuperProbe -

 ( , ).

- -

- , -

 (LA-ICP-MS  ( , ).

-

, , -

,  8 -

 22%. -

-

 – -

, -

, -

- .

,

 [6] ,

, -

 8-13%, -

 14-22%; -

 22%. 

-

, - , -

. , -

 [7, 8., 9], .

 ( ) -

-

. , -

 ( . 1). , -

- -

, -

.



128

. 1. -

, 1 -

.

: [7-9] 

,

. -

,  [10], 

, -

-

 (Sr). , ,

. , -

.

, .

- -

, , -

, -

. -

-

, ,

-

, -

. ,



129

2 =100 ppm [11], 

 22%  1.5 ± 

0.5  [12]  1470± 50
o
C .

-

-  – 1380
o
C [13]. 

,

 « » .

,

.

, ,

, -

 [4, 14, 15] .

, -

-

,  « -

» ,

 – -

.

 13-

05-00640.  

1. . ., . ., . ., . . -

 1:200 

000. - , -58- VI, XXXI, XXXII. -

: . 1999, 267 .

2. . ., . .

:

 // -

. .: , 2001. . 138-158.  

3. . ., . ., . ., .

-

, . //

. . 2004. . 397. 2. . 243-246. 

4. . ., . ., . -

:

 // . 2005. . 13.  6. . 626-645. 

5. . ., . .  (

): , ,  // 

. 2006.  4. . 61-89. 



130

6. Batanova V.G., Suhr G., Sobolev A.V. Origin of geochemical heterogenety 

in the mantle peridotites from the Bay of Islands ophiolite, Newfoundland, Can-

ada: Ion probe study of clinopyroxenes // Geochimica et Cosmochimica Acta. 

1998. V. 62. P. 853-866. 

7. Johnson K.T.M., Dick H.J.B., Shimizu N. Melting in the oceanic upper man-

tle - an ion microprobe study of diopsides in abyssal peridotites // Journal of Geo-

physical Research-Solid Earth and Planets. 1990. V. 95, N B3. P. 2661-2678. 

8. Johnson K.T.M., Dick H.J.B. Open system melting and temporal and spatial 

variation of peridotite and basalt at the Atlantis-Ii fracture-zone. // Journal of 

Geophysical Res. 1992. V. 97, N B6. P. 9219-9241. 

9. Hellebrand E., Snow J.E., Dick H.J.B., Hofmann A.W. Coupled major and 

trace elements as indicators of the extent of melting in mid-ocean-ridge peri-

dotites // Nature. 2001. V. 410 (6829). P. 677-681. 

10. Batanova V., Belousov I., Savelieva G., Sobolev A. Consequences of 

channelised and diffuse melt transport in supra-subduction mantle: evidence from 

Voykar ophiolite (Polar Urals) // J. Petrology. 2011. T. 52, 12. C. 2483-2521.

11. Sobolev A.V., Chaussidon M. H2O concentrations in primary melts from 

suprasubduction zones and mid-ocean ridges: implications for H2O storage and 

recycling in the mantle // Earth and Planet. Sci. Lett. 1996. V. 137, N 1-4. P. 45-55. 

12. Katz R.F., Spiegelman M., Holtzman B. The dynamics of melt and shear 

localization in partially molten aggregates // Nature. 2006. V. 442, N 7103.  

P. 676-679. 

13. Herzberg C., O'Hara M.J. Plume-associated ultramafic magmas of Phan-

erozoic age // J. Petrol. 2002. V. 43. P. 1857-1883. 

14. Portnyuagin M., Hoernle K., Savelyev D. Ultra-depleted melts from Kam-

chatkan ophiolites: Evidence for the interaction of the Hawaiian plume with an 

oceanic spreading center in the Cretaceous? // Earth and Planet. Sci. Lett. 2009. 

V. 287. P. 194–204. 

15. Portnyagin M., Savelyev D., Hoernle K., Hauff F., Garbe-Schonberg D.,

Mid-Cretaceous Hawaiian tholeiites preserved in Kamchatka // Geology. 2008.  

V. 38. P. 903–906.  



131

. .
1
, . .

2
, . .

1

-  – 

.

 U-Pb 

.  « » -

 (5 )

:  ( . 1). 

- -

 (174,2±1.2 )  (169.7±1.5 

) -

- -

. -

-

.

- -

, -

 [2, 4]. 

 – -

.

-

 « » -

.

-

 JR-6,  JR-4 

JR-5  (AGICO Brno, Cze h Republic). 

:

-  SRM-755 (2G 

Enterprises, USA), 

LDA-3 (AGICO Brno, Cze h Republic),  TD-

48(ASC Scientific, USA).  

                                                           

1 - , - ,
2 - -

, - ,



132

. 1. .
1 – ; 2 – - ; 3 – -

; 4 – - ; 5 – -

; 6 – ; 7 – -

; 8 –  – ; 9 – ; 10 – ; 11 – 

:  – ,  – ,  – ; 12 - 

; 13 – ; 14 – -

:  – ,  – ; 15 – :  – -

,  – .  ( ); 16 – 

: 1 – -1 ( ), 2 – -9 ( ), 3 – U -1

( ), 4 – -6 ( )

 50 , -

 600  (10-11 ).

 17  19  25 /

25  200 / , 50 /  200  400 /  100 /  400 

 1000 / .



133

D I 95 N oE dp  dm mo

80.00 56.00 5.7 31.2 101.7 8.2 5.9 36.5 

,

 (Remasoft30),  Paleo-

magnetism data analysis (Randolph J. Enkin), 

. . .

-

-

.

, -

. -

-

, . .

- .

, -

, -

 [1, 3]. 

. -

.

1) . ., . .

.  (

) // .  4, . 4. 2013. 

2) . ., . ., . . U-Pb  (SHRIMP) 

( ) // - -

, . 7,  4. 2012. . 25–34.  

3) . ., . .

 — -

 // . 1993.  1. . 96–105. 

4) . ., . ., . .

- - -

-  ( , . -

) // : , ,

, .

 XLVI . . . 2. .: , 2014. 322 . . 162-166.  



134

. .
1,2

, .
3
, . .

4

XII, XIV  ( . )

, :

, , ,

 (~ 8 . . . .).

,  1  ±25 -

 ±150 

.

( ). -

.

 (Km(T)) 

MFK1-FA Kappabridge  KLY-3  CS (AGICO, ).

,

. :

1.  (1102); 

2.  (1119); 

3.  (1185–1192); 

4.  (1310); 

5.  (1371). 

, ,

-

. ,

 Km( ) .

                                                           

1

2 -
3 Institut de Physique du Globe de Paris 
4 -



135

. . , . . , . .
1

 (3-1,6 )

-

 (3–1,6) ,

 « » -

 ( , ). -

-

 (3–2,5 ), -

 (2,6–2,4–2 ), -

,  – 

 ( ) - .

-

 ( ),

-

- - .

- - -

-

 ( . 1). -

 Ag, Au -

. , -

, - ,

,  (1886 .). -

 – , -

. ,

 [3, 4], -

: - , -

                                                           

1

, , -

 ( )



136

. 
1

.



137

,

.

(  100 . )  (  1  U3O8).

 (3,2–3 .) -

 (n*10 ).

 (  50% ) -

-

 100  (  1 . ). -

 40. -

 ( )  5 . . -

, -

, , , -

.

, -

. -

 ( ) [2]. -

-

. -

, - ,

, , .

-  (  300 -

 60-70 , - -

 11–14 , -

 ( ): , -

 [1]. ,

 –  ( , -

, ), -

,

, . , ,

 ( , , , ),

, -

. -

,  Ag, Co, Ni.   

. -

 ( , , )

 Fe-Ti-V  ( )..

  (Ni-Co-Cu  PGE, Au, Ag  -



138

. 2. - .
: 1 – , 2 – , 3 – -

, 4 – , 5 – , 6 – , 7 – - ,

8 – ; - - : 9 – , 11 – , - -

: 10 – , 12 – 

, , , ) -

,

( , )  ( -

)  U-REE 

 ( ) -

, -

 ( ) -

- . -



139

-

 ( ).

, -

, - -

-

- -

- . -

,

- , - -

- .

1. . ., . ., . . . -

-

. , 2004. 520 .

2. . . -

 ( ). . . . .:

, 2012. 43 .

3. . ., . . -

 // 

. . . 2006.  6. . 475-511. 

4. . .  // .

. 2007.  5. . 101-111. 



140

. .
1

( )

 – -

. -

-

. -

.

 40  [1]. -

.

- -

, .

 « » .

, -

. -

, , -

, -

 – .

-

- .

, .

-

. -

. -

,

.

-

 ( ), - - -

.

-

- . -

                                                           

1 , ,



141

- -

:
1 – ; 2 – ; 3 – 

; 4 – : 1 – 

-  ( ); 2 – -

; 5 – ; 6 – 

: 1 – - , 2 – , 3 – , 4 – -

- , 5 – , 6 – . ; 7 – : I – -

, II – , III – , IV – , V – -

; 8 – ; 9 – ; 10 – -

: 1 – , 2 – , 3 – , 4 – , 5 – ,

6 – , 7 – , 8 – , 9 – - ;

11 – - - : 10 – , 11 – 

, 12 – - , ; 12 – 

: I – , II – , III – , IV – -

, V – ; 13 – 



142

-

. - - ,

.

- -

. -

. -

-

. -

-  ( .).

-

- -

. -

, -

. -

.

-

. -

.

- -

,

.

-

. -

 ( . ). -

, - -

 [2], -

,

. -

. -

.

, ,

,

-

. - -

-

, .



143

 ( -

) - -

.

- -

. -

-

-

, -

.

-

,

. -

- -

-

 [3]. 

-

.

- -

.

.

, -

- -

. - -

, ,

, .

, -

. -

-

.

, ,

, - .

1. . ., . . -

 ( -

). , 2005. 356 .



144

2. . ., . .

. .: 1991. 199 .

3. . ., . . - -

 / -

. . 2002. . 214-216. 

4. . . -

 ( ) / -

, , . -

. . . , 1999. . 131-132. 

. .
1
, . .

2

-

-

-

 ( h/ v ).

 [1, 2], h/ v  0,5–

2,0. , -

 ( ) -

 0,4. -

 ( hg)

 ( ht), ,  ( h = 

hg + ht). hg  1,0 

( , ).

-

 5–10  [3]. 

 20- . -

. - -

 [4]. -

, ,  10 h -

 20 . h/ v  74. 

 –  500 .

                                                           

1  « », ;

. ; - , ,
2  « », ,



145

-

.

,  [3].  

,

:

 –  – -

, .

 20–10 . -

-

. ,

,  5–10  [5]. -

, .

 10–

15 .  [6].  

-

.

100 . .  40 

 20 .  [5, 7]. -

 90–20 . ; -

 20–10 . ; -

 ( ) .

. -

 [8]. 

,

,    (1) 

(0) –  ( ) -

;  = 2 /  –  (  – );  – -

.

(Z)  1000 (0) = 10  = 

10
-6 2

/ . , (Z)  100, 40  20 .

.  9,8–9,9  10 

 1,1–3,7  1000 .  0,5·10
-6

2·10
-6 2

/ (Z).

 1000 -

 10 .  [9]. -

. -

, . -



146

l.

l

:

Tll ∆=∆ β ,    (2)

 – ,  – 

 ( (Z)).

-

.

.

,  ( -

)  ( ht). -

 (2): 

TE
l

lE
ht

∆=∆⋅= βσ ,   (3) 

ht – ,  –  ( -

).

. , - -

 (5-15)10
10

/
2
.

 (6–10)10
-6

 (1/ ). -

 = 10
6

/
2

.

, (0) = (0) = 10 .

(Z),  (1)  = 40 .  = 10
-6 2

/ ,

. -

ht,  (3). 

.

-

. .  [1, 2]: 

( ) gH
vhg

ρµ
µσεσ ⋅−=⋅=

1     (4)

= )1( µ
µ

− –  (µ – 

 ( )); v = gH – 

(  – , g – -

, H – ).

v hg, µ = 0,3  = 2700 /
3
, -

.

 ( h) , h/ v -

.  100-

 ( ).



147

 10 

Z,              10      100     200     400     600     800     1000 

                (Z),       9.8     8.5      7.3      5.3      3.9      2.8       2.1 

                ht, MPa       9.8     8.5      7.3      5.3      3.9      2.8       2.1 

v, MPa      0.27   2.65    5.30    10.6    15.9    21.2     26.5 

hg, MPa    0.12   1.14    2.28    4.55    6.83    9.07     11.4 

h, MPa     9.92   9.64    9.58    9.85    10.7    11.9     13.5 

h/ v, 1 36.7   3.64   1.81     0.94    0.68    0.56     0.51 

. -

h h/ v , ,

-

.

-

ht -

, , -

. - ,

.

, ,

-

.

.

1. ., ., . . . -

. . 2. .: , 1974. . 399−846. 

2. . . -

. .: , 1981. 288 .

3. . . -

-

 // . .: . , 2008. . 431−
466. 



148

4. Denham D., Windsor C.R. The crustal stress pattern in the Australian conti-

nent // Exploration Geophysics. 1991. Vol. 22. P. 101−106.  

5. . ., . . -

. .: , 1978. 280 .

6. Wolff E.W. The past 800 ka viewed through Antarctic ice cores // Episodes. 

2008. Vol. 31, No 2. P. 219−221. 

7. Gibbard Ph., Cohen K.M. Global chronostratigraphical correlation table for 

the last 2.7 million years // Episodes. 2008. Vol. 31, No 2. P. 243−247. 

8. . . . .: , 1976. 280 .

9. . ., . .

:  // 

. . . . 2013.  7. . 135−140. 

. . , . . , . .
1

-

 [1, 2] , -

-

,

-

 ( ) -

.

-

 ( -

) ,  « -

» [2]. 

, -

-

 ( , -

. .), -

                                                           

1 , ,

( ) , ,



149

.

( - )
1–3 – ,  " " (1), " " (2)  " -

- " (3); 4 – ; 5 – -

; 6 – :  – - ,  – - -

; 7 – :  – ,  – . -

 ( .): Fe – -  (Fe,Au,TR); Cu-Ni(Pt) – -

 (Ni,Cu,Co,Au,Pt,Te,Cr); Met – -  (U, Ag, Co, 

Ni, Bi)  ( ) . -

: sd – - ; Au-sd – -

 ( - ), ; – - -

- ; Au-sd1 – -  ( -



150

, ), ; Ag-sd – -

 Sn(Ag) – - - ; Cu-sd(Mo) – - -

; Pb-Zn – - ; Ms1 – ,

, , - - -

, ,

 – . -

-

 ( .).

-

-

. -

, -

. -

 ( ),

.

 ( ) , -

, , , ,

.

, ,

-

-

.

-

-

 ( ). ,

, -

 ( )

 (

- )  ( , -

, , ) , -

 (U, Bi, Co, Ni, Ag) ,

,  [2]. ,

,

 ( )

.

-

, , , -



151

 [3]. 

 ( )

.

-

, -

. -

-

. -

, -

- . -

, -

. -

-

, -

 [4, 5]. 

,

- , - - -

 ( .). -

, -

 ( ), -

-

.

,  ( .). 

( ), -

( - , - , ,

). - -

, - , - -

,

.

-

-

- . -

-



152

-  – ( - , - ,

, , - -

).

- ,

-

. ,

, -

. .

- -

.

, -

-

,

 (Pz-J) -

 (J-K1)  (K1-Cz).

-

.

-

-

.  ( ) -

-  ( ) -

,  ( )

.

 14-17-00170.  

1. . ., . .

 // . 2009. . 427,  2. . 229–232. 

2. . ., . ., . ., . . -

 ( -

- ) // . 2010. . 430,  4. . 523–528. 

3. . ., . ., . . -

 // . 2013.  3. . 3–14. 

4. . ., . ., . ., . .

 ( ) // 

. 2008.  3. .10–18.

5. . ., . ., . . . -

- , -  // 

. . 2012. . 54, . 4. . 350–359. 



153

C. .
1

,

( ), -

-  ( ).  « -

» ,

1960-1980 ., , -

,  MORB, -

-

,

.  1990–2000 

. ,

-

, -

. , -

,  ( ), -

, -

, - -  [1-3]. 

, - -

 ( -

), , . -

-

. -

, .  [4], -

: -  (ORG  O );

 (VAG);  – COLG ( -

- - , -

; - ,

- );  (WPG). 

, . -

, -

-

                                                           

1 . . .  ( ) ,

,



154

, -

 ORG,  [4].  

, -

: 1) 

, -

 [5], -

,  SiO2; 2) -

, ,

, ;

3) -

,

-

 (0.60-2.00 .%) -

 NaCl [1,6]; 4) 

 ( -

)
87

Sr/
86

Sr,
143

Nd/
144

Nd, 

 DM; 5) ,

; 6)  U-Pb -

,

 1–2 ; 7) 

 780 –850 .

,

: (1) -

 (  750° );  (2) 

.

-

.

, -

 (« »)

-

. , -

, -

: -

.

-

- .

 U-Pb -

, , -



155

 1–2 . -

,

-

, ,

-

- . , -

,

, -

. ,  1–2 

, -

- -

,

 (“zero age” MORB).  

,

 ( , [7]), , -

, .

, -

( , [8]), -

, -

 ( )  “non-spreading 

blocks”. -

,

.

, -

:  ( ) -

 ( ).

-

-

.

 (  50–100 ) -

 – -

 [9]. -

, -

, -

.

 « »



156

, -

 ( ) -

, -

.  ( ) -

-

 4.4 –  3.8 Ga 

.

,

« », -

, -

-

. -

 « » -

,

, -

, -

 3.9 Ga. 

1. C . .

- , 13 -17 . . // . 1998. . 6.  4. 

. 381-421. 

2. Maeda J., Naslund H.R., Jang Y.D. et al. High-temperature fluid migration 

within oceanic Layer 3 gabbros, Hole 735B, Southwest Indian Ridge: implica-

tions for the magmatic–hydrothermal transition at slow-spreading mid-ocean 

ridges / Natland J.H., Dick H.J.B., Miller D.J., Von Herzen R.P. (Eds.) // Proc. 

ODP. Sci. Results. 2002. V. 176. P. 1–56. 

3. Nakamura K., Morishita T., Chang Q. et al. Discovery of lanthanide tetrad 

effect in an oceanic plagiogranite from an Ocean Core Complex at the Central 

Indian Ridge 25°S // Geochem. Journal. 2007. V. 41. P. 135–140. 

4. Pearce J.A., Harris N.B.W., Tindle A.G. Trace Element Discrimination 

Diagrams for the Tectonic Interpretation of Granitic Rocks // J. Petrol. 1984. 

V.25. P. 956-983.

5. Koepke J., Feig S.T., Snow J., Freise M. Petrogenesis of oceanic pla-

giogranites by partial melting of gabbros: An experimental study // Contrib. Min-

eral. Petrol. 2004. V. 146. P. 414–432. 

6. Kelley D.S., Delaney J.R. Two-phase separation and fracturing ih mid-

ocean ridge gabbros at temperatures greater than 700oC // Earth Planet. Sci. Lett. 

1987. V. 83. P. 53-66. 



157

7. . ., . ., . ., . .,

. ., .

, - -

, 12 58' . .  // . 2012. . 447. 

 4. . 1-5. 

8. Dosso L., Bougault H., Langmuir C. et al. The age and distribution of man-

tle heterogeneity along the Mid-Atlantic Ridge (31o–41oN) // Earth. Planet. Sci. 

Lett. 1999. V. 170. P. 269-286. 

9. Kamber B.S., Kenneth J., Collerson D., Moorbath S., Martin J., Whitehouse 

M.J. Inheritance of Early Archaean Pb-isotope Variability from Long-Lived Ha-

dean Protocrust // Contrib. Mineral. Petrol. 2003. V. 145. P. 25–46. 

. .
1
, . .

2
, . .

3
, . .

3
,

. .
3

- , -

-

-  ( ), - -

 ( ) -  ( ) -

-

. -

-

-  ( )  [5], 

– -

 [2]. -

 [4]. 

-

 –  [5]. -

                                                           

1 . . . , ,
2 . . . , ,
3 . . . , ,



158

 – 

. -

- , ,

 –  ( . 1) [5].  

. ,

- -

 I :

 –  –  [6], -

 ( - , - ,

 [9]. - -

, - -

,  I 

. -

 3D -

[2, 7]. . , -

 – . -

-

.

, ,

 [5, 6]. 

-

-

- , - -

- : -

-

 – .

-

-

 – .

- -

,

,

( . 2).  ( -

)

. , -



159

. 1. -

 ( :  [5]). 
 – : 1 - - ;  2 – :  – I,  – II,   – III 

; 3 – ; 4 – ,

.  – : 5 - :

 – I,  – II,  – III ; 6 – ,

– ,  – ; 7 – 

.

-

, ,

.  [8], -

 ( ) . .

,

, -

-

.



160

. 2. - .
. 1 – ; 2 – -

. . 3 – I , 4 – II , 5 – -

. . 6 – 

, 7 – , 8 –  ( ).

. 9–10 –  (9 –  

I , 10 – II ). : 11 – 

, 12 – . : 13 – -

1. . . . .: , 1975. 535 .

2. . ., . ., . . -

 // -

, -1, 2002. . 52-62.  

3. . .

 ( ) // 

, . . 1975. . 225, 3. . 557-560.  

4. . ., . . - -

 ( - ) // .

. -  XXXIII . . .: , 2000. . 251–253. 



161

5. . .

 // . . .

.: , 2000. . 326-350.  

6. . ., . ., . .

-

 // .  40- . . -

. .: , 2008. . 301-318.

7. . . -

- -

-  // -

. IV - . . - , 2001. . 114-129.  

8. . ., . ., . ., . ., . ., 

. . -

 // 

. - . . .». - ,

2000. . 162-173. 

9.  . ., . .

.  40-

. . . .: , 2008. . 431-461. 

. .
1

-

-

 ( )  (

)  (T
ex ≈ 150–300°C). -

-  ( )

.

∼9.2 /

 (T
ex ≈ 300°C) -

- -

. . -

, , -

                                                           

1  ( ) , ,



162

,  ( ) -

, .

, -

 ( ) -

-

ln(HL − HE) = 1.62 + 0.0168HE ,                                  (1) 

HL – , HE – .

HL = HL(Pac), HL(Afr) -

, T –  °C, P – , t – -

.

-

, . -

 –  ( -

) .  (HE = 73 ) -

.

 77PA-39 [1] ( -

T = 885°C, P = 2.34 ).  (1) -

HL(Pac) = 90  (t = 80 )

88 ± 7  [2]. 

 (HE = 83 , ) -

 34 -

- -

 – -  PHN 

3539 [3] (T = 1117°C, P = 2.64 )  PHN 

3549B [3] (T = 1097°C, P = 2.64 ). -

HL(Pac) = 103  (1) 

t = 110 -

HL(Pac) = 12 + 8.7t
 1/2 

,                                          (2) 

HL(Pac) = 90  (t = 80 )

 [4]. - -

∼122 -

∼22  (= 110 +34 − 122), . . .

,

,

- ,  ( - ),  ( - )

- -

 70 ( . ) – 110 ( - )

T = 1185 − 60.7t
 1/2 + 1255t

−1/2
P .                                  (3) 



163

, ∼1.2 / , -

-

.

- .  ( - ) -

HE = 108 

 CV9 [5] (T = 1253°C, P = 3.48 ). -

 (1) . ∼10 ,

, HL(Afr) = 139 .

, ,

-  [4] 

HL(Afr) = 139  (t = 130 ) -

HL(Afr)

HL(Afr) = 30 + 9.6t
 1/2 

.                                        (4) 

-

, -

 (qA),  (TL): qA(Afr) =
qA(Pac) TL(Afr) = TL(Pac) HL(Afr) = HL(Pac).  (2), (3) 

-

 3.5 /( ⋅ )  (4) -

. ∼10 qA(Afr) = 16.0  9.8 /
2
, TL(Afr) =

1270  680°C 

∆qA(Afr) = 6.2 /
2 ∆TL(Afr) = 590°C. -

∆qA(Afr) -

∆qS ≤ ∼9 /
2
 [6] -

.

-

.  (t = 156 ) qA(Afr)

= 14.3  9.0 /
2
, TL(Afr) = 1185  605°C ,

∆qA(Afr) = 5.3 /
2 ∆TL(Afr) = 580°C. .  (t = 135 

) , .

: qA(Afr) = 13.4  9.6 /
2
, TL(Afr) = 1065 

665°C ,

∆qA(Afr) = 3.8 /
2 ∆TL(Afr) = 400°C. 

 (2), (3)  (4) -

, -

 (3), 

T = 1059 − 67.0t
 1/2 + 981t

−1/2
P .                                (5) 



164

, -

HL(t).

, -

 (0.5–1 )  (  2.2 ).

,

- ,

 [7, 8]. -

,  – 

 – 

-  [9, 10], ∼30  (T
ex

≈ 300°C) [11] , -

 410  660 .

-

-

,

,  [12]. -

-

, ,

,

.

1. Sen G. Petrogenesis of spinel lherzolite and pyroxenite suite xenoliths from 

the Koolau shield, Oahu, Hawaii: implications for petrology of the post-eruptive 

lithosphere beneath Oahu // Contrib. Mineral. Petrol. 1988. V. 100,  1. P.61-91. 

2. Priestley K., Tilmann F. Shear-wave structure of the lithosphere above the 

Hawaiian hot spot from two-station Rayleigh wave phase velocity measurements 

// Geophys. Res. Lett. 1999. V. 26,  10. P. 1493-1496. 

3. Nixon P.H., Boyd F.R. Garnet bearing lherzolites and discrete nodule suites 

from the Malaita alnöite, Solomon Islands, S.W. Pacific, and their bearing on 

oceanic mantle composition and geotherm / Boyd F.R., Meyer H.O.A. (eds.) The 

mantle sample: inclusions in kimberlites and other volcanics. // Proc. 2nd Int. 

Kimb. Conf. Washington, D.C.: AGU, 1979. V. 2. P. 400-423. 

4. Zhang Y.-S., Lay T.  Evolution of oceanic upper mantle structure // Phys. 

Earth Planet. Int. 1999. V. 114,  1-2. P. 1-80. 

5. Bonadiman C., Beccaluva L., Coltorti M., Siena F. Kimberlite-like me-

tasomatism and ‘garnet signature’ in spinel-peridotite xenoliths from Sal, Cape 

Verde Archipelago: relics of a subcontinental mantle domain within the Atlantic 

oceanic lithosphere? // J. Petrol. 2005. V. 46,  12. P. 2465-2493. 



165

6. Stein C.A., Von Herzen R.P. Potential effects of hydrothermal circulation 

and magmatism on heatflow at hotspot swells / Foulger G.R., Jurdy D.M. (eds.) 

Plates, plumes, and planetary processes. // Geol. Soc. Amer. Spec. Pap. 2007.  

V. 430. P. 261-274. 

7. Wilson D.J., Peirce C., Watts A.B., Grevemeyer I., Krabbenhoeft A.  Uplift 

at lithospheric swells – I: seismic and gravity constraints on the crust and upper-

most mantle structure of the Cape Verde mid-plate swell // Geophys. J. Int. 2010. 

V. 182,  2. P. 531-550. 

8. Wilson D.J., Peirce C., Watts A.B., Grevemeyer I. Uplift at lithospheric 

swells – II: is the Cape Verde mid-plate swell supported by a lithosphere of vary-

ing mechanical strength? // Geophys. J. Int. 2013. V. 193,  2. P. 798-819. 

9. Davaille A., Stutzmann E., Silveira G., Besse J., Courtillot V. Convective 

patterns under the Indo-Atlantic «box» // Earth Planet. Sci. Lett. 2005. V. 239,  

 3-4. P. 233-252. 

10. Forte A.M., Quéré S., Moucha R., Simmons N.A., Grand S.P., Mitrovica 

J.X., Rowley D.B. Joint seismic–geodynamic-mineral physical modelling of Afri-

can geodynamics: a reconciliation of deep-mantle convection with surface geo-

physical constraints // Earth Planet. Sci. Lett. 2010. V. 295,  3-4. P. 329-341. 

11. Vinnik L., Silveira G., Kiselev S., Farra V., Weber M., Stutzmann E. Cape 

Verde hotspot from the upper crust to the top of the lower mantle // Earth Planet. 

Sci. Lett. 2012. V. 319-320. P. 259-268. 

12. Bird P., Liu Z., Rucker W.K. Stresses that drive the plates from below: 

definitions, computational path, model optimization, and error analysis // J. Geo-

phys. Res. 2008. V. 113,  B11, B11406. P. 1-32. 



166

. .
1

-

-

. ,

, ,

. -

 ( -

) . ,

, .

-

- . ,

-

,  ( )

, -

. -

: , -

,

.

.

,

.

, , -

.

, ,

 [1]. 

-

. -

 ( . 1).

, -

-

 ( )

. -

. -

, -

 [  2].  

                                                          
1 - -  ( )



167

. 1.
1–3 – : 1 – ; 2–3 – : 2 – , 3 – -

; 4–6 – : 4 – , 5 –  ( -

), 6 –  ( )

: 1) -

, , -

, ; 2) 

 (arc-flank), 

, -

 ( ). ,

. -

-  [  3].  

,

: , ,

( ). 1)  – ,

 ( ,

 –  – 

). 2)  – -

,  ( -

, -

). 3)  ( )  – -

.

,  – -

 ( ) .

 [  4].  

 – 

, -

, -

. -

,



168

-

,

.

1. . . -

-  // . . : -

 ( , 26-28 -

 2013 .). . , 2013. . 68-70. 

2. . ., . . -

.  1:5000000. : , 1992. 

3. . . - -

. .: , 1977. 170 .

4. . . -

 / . . . . . .: , 2004. 340 .

. .
1
, . .

1
, . .

1
, . .

1
,

. .
2
, . .

2
, . .

1

-

-

.

, -

.

.

- .

 ( - ) ,

- -

.

                                                          
1  ( ) , ,
2  ( )



169

, -

- .

-

. : -

-  ( . -

),  (

) - - ,  – -

. - -

- ,

-

 -  ( - ) , -

, , ,

.

- -

 ( , - - ), 

-

. -

-

- .

. - -

, -

, -

, -  (  609-677 

 [5]  650-540  [7]). 

, ,

-

 [1, 4].  

. -

-

, . -

 [5].   

, -

, , ,

 [3]. 

- ,

,

. K-Ar  233-218 , U-Pb -



170

 252±4  [6] 

. -

- , -

.

-

-

.

.

-

 4 :  – ,  – -

,  –  – .

 – .

-

, -

:  ( . . , 1935), -

 (Eardly, 1948),  [2],  (A.Embry, 1993), 

-  [7] .

,

,  [7]. -

, -

.

( , ) -

. -

 ( )

. , -

-

, . -

 369±1.2  374±0.5 

 [7] 

 (  353±5 )

.

 – . -

- -

.  – -

. , -

.

- -

. ,

 ( ) .



171

,

– , ,

. , . -

, .

. -

.

-

. ,

[6]. -

.

,

. . -

- . -

. -

, -

.

 ( – ).

-

. .

-

, -

. .

 ( ).

-

. -

: (1) ; (2) 

 (3) .

-

, - -

, , , -

.

 – .  ( - )

, -

. ,

, - -

- -

. -



172

- ,

.

1. . . -

- .  1. 

 // . 1995. . 14.  4. . 102-

115. 

2. . ., . ., . . -

. .: , 1990.  2. 334 .

3. . .

( - ) // . . . 600. LAP, 

2011. 334 .

4. Bering Strait Geologic Field Party. Koolen metamorphic complex, north-

eastern Russia: Implications for the tectonic evolution of the Bering Strait region 

// Tectonics. 1997. V. 16. P. 713–729. 

5. Kos’ko M.K., Cecile M.P., Harrison J.C., Ganelin V.G., Khandoshko N.V., 

Lopatin B.G. Geology of Wrangel Island, Between Chukchi and East Siberian 

Seas, Northeastern Russia // Geological Survey of Canada, Ottawa, Bulletins. 

1993. 461 p. 

6. Ledneva G.V., Pease V.L., Sokolov S.D. Permo-Triassic hypabyssal mafic 

intrusions and associated tholeiitic basalts of the Kolyuchinskaya Bay, Chukotka 

(NE Russia): Links to the Siberian LIP // Journal of Asian Earth Sci. 2011. V. 40. 

C. 737–745.  

7. Natal’in B., Amato J.M., Toro J., Wright J.E. Paleozoic rocks of the north-

ern Chukotka Peninsula, Russian Far East: implications for the tectonics of the 

Arctic region // Tectonics. 1999. V. 18.  6. P. 977-1004.  

. .
1

 ( ), -

-

-

                                                          
1  ( ), ,



173

 (  - . ., . .) -

, - -

 ( ) , -

.

, -

1-1.3 .

 ( . .)

, -

. -

 - 

-

,

-

.

.

-

,

 300-500 .

.

, -

,

. -

. , -

 300-500 , -

, -

.

-

.

 1- -

 GEBCO 

.  ( ) -

,  ( )

EMAG2 ( ) -

.

, -

, .

-

, -



174

.
 (

1
3
°7

' 
.

.,
 5

5
°5

3
' 

.
)

 (
1
3

°5
1

'

.
.,
 4

4
°4

8
' 

.
)

. 
9
-

 "
" 

(
, 

1
9

8
9

;

 -
 

.
.)

. 
 (

):
 (

),

 (
/

),
 

 (
),

 (
),

 (
).

-

 -
 1

2
3
0

 
.



175

-

, -

, .

,

 20% 

.

-

,

( ). -

,

2,  [1] .

,

.

-

,

, .

~52°30 . .  25 -

 ~350 . -

,

. -

. -

,  ( -

 - ),

.

 ~47°40 . ., 

,

.

1. . ., . ., . ., . ., 

. ., . -

 // 

. 1999. . . 1.  6. 



176

. .
1
, . .

1

 (

)

 ( ) – 

 7 .

-  (9583 ).

- , -

 220 º ,  5316 

. -

 Oberpfalz (9901 ).

,  1970–1980 .

.

 100 -

 7 ,  10  10 .

 (12 ) .

, ,

.  [1, 2], 

 3–4 -

,  1 
3

 20 . -

, .

 56 -

 ( - -

,  8000 ). -

, -

 ( . 1), 

- .

 500–600  70–100 

 8–10 . -

.

 6424 , -

 7250 ,

7309–7325 -

.

 [3].  5–6 

, - .

                                                          
1 , ,



177

. 1. : (Q-J) – ;

(T1–3) – ; (PZ) –  [3] 

. ,

.

 6  180 º .

, -

, -

.

-1  ( -

, ,  – 8000 ).

 (  7500 )

- , -

( . 2). -

- .

 [4]. -

, , , , , ,

, , .

 (860 ),  (1070 ),  (320 )

 (50 ). , -

.



178

. 2. : (Q–J3) – -

; (J1–2) – ; (PZ, AR–PR) – -

-  [4] 

 3529  8267 ,

.  3529–3900 

-

, 3900–5209 - -

, 5209–6100 - , 6100–6800 

,  6800–8000 -

.

.

 (

).

. . . . . . . -

, . .

. ,

, -

.

:  – -

 – .

. . .

 [5]. -

- ,

-  [6, 2]. ,



179

, -

.

1. . .  – 

 // -

. 2001.  6. . 563–609. 

2. . ., . ., . . , -

. // , -

. 2010.  6. . 27–32. 

3. . ., . ., . . . -

. ., 1994. . 32. 

4. . ., . .

 // ,

-1: . .

, 1984. . 3–10. 

5. ., .

 // : .

. ., 2006. . 160–166. 

6. . ., . .

 ( ). : -

- , 2007. 112 .

. .
1

-

, -

, .

-

, -

 ( ). -

                                                          
1  ( ) , ,



180

- , -

.

. .  [2], -

 (  200 ) ,

 ( -

).

, . .

, . . , . . , . . . -

.

. . , . .

, . . . . . -

-

.  – 

. , -

.

1.

-

. ,

, , . . -

 [1], .

,

, , -

, ,

- , ,

.

2.  800 -

,

 ( ) .

3. , -

.

4. , :

-

: , ,

, . - -

 (170-165 ), . . -

 40 .

,

-

.  – .

, ,

, -



181

.

.

5. , -

, -

, -

, , -

, -

.

, .  [1], , -

 ( , , ).

6. ,

, -

, . -

.

7. - -

.

 ( ) , ,

. .  [3], , -

 K-Ar .

-

(  280-300 , , -

, , .).

8. , -

. , . . , -

. -

 (  80 ) , -

- , -

.

, -

- -

.

,

.

-

, -

, . -

,  - 

-  [4].  



182

,

, . -

.

. .

. -

,

, . -

 - . -

-

-

,

, , .

, .

 S,  I- .

, ,

,

. . .

, , - , -

, ,

, .

1. . . . : - -

, 1968. 294 .

2. . . .  // -

. 1986.  5. . 94-106. 

3. . ., . . -

. .: , 2001. 186 .

4. . . -

 // .

.: , 2007. . 111-138. 



183

. .
1

 ( )

: ?

,

, -

:  ( )  [1] 

,

 [2, 3].  

. - ,

-

, , -

;

.

. - , -

,

.

- , , , -

- -

, -

.

. ,

,

.

 « »

.

, -

, -

, ,

,

. -

 – 

. , -

, -

.

. -

                                                          
1 , ,



184

 in situ -

 [2]. , ,

, -

. ,

. ,

-

, ;

- -

 ( ), .  – -

 [3]. .  ( . -

)

-  [2]. -

. -

.

( , ) , .

 [1, 2], -

.

. -

,

. -

,

. -

, ,

.

-

. -

-  – -

.  K-Ar  , -

,  170-165 

,  [4]. 

,

.  « »,

.

1. Adamia Sh., Alania V., Chabukiani A., Kutelia Z., Sadradze N. Great Cau-

casus, a long-lived North-Tethian back-arc basin // Turkish J. Earth Sci. 2011.  

V. 20. . 611-628. 



185

2. . ., . .

( ) // . . 1964. . 159.  1. . 81-84.  

3. . .

. .: , 1971. 246 .

4. . . -

 // . . . , 2003. 77 .

. . , . .
1

-

 (  U-Pb 

)

-

- -

-

.

-

 ( ) ,

, ,  ( ),

 ( ),  [1, 2].  " "

-

 [1-3]. -

 Sm-Nd - ,

,

- -

, -

 [4-5]. -

 " " -

- -

.

                                                          
1  ( ) , ,



186

-

 [1, 3] -

( ) -

- . -

, , , , -

. -

.

, -

, -

, -

,  [4, 6].  

-

.  U-

Pb  (LA-ICP-MS) 

- -

-

 (  "Apatite to Zircon, Inc" 

( , )).

.

-

. -

, -

-

 (490-488 )  ( -

. ).

 [1, 3] 

-  [7] -

-

.  ( . -

, . ).

� -

 ( ) -

- , -

,  [7]. -

.  120 -

,



187

 ( . -1203-3),  80 , -

. -

 ~ 1.8 , -

 615-467 .

 ( )

, , - . -

[3] .  120 

 ( . -1198) 

 73 . -

 ~ 1.6 ,

575-478 .

. - ,

- .

,

, . - , -

-

 –  (615-467 ) .

-

 ( ). - , -

.

, -

-

- -

 ( -

,  [8]). 

-

 (  13-05-00116  15-35-20062). 

1. , :  2 . / 

. . . . : , 2006. . 1. 572 .

2. . ., . ., . . . -

-  // -

. 2003. . 22,  6. . 7-41. 

3.  IV 

. . - , , 1994. 

4. . ., . ., . . . -

- -



188

):  Sm-Nd  // 

. 2009. .428,  5. .637-640. 

5. . ., . ., . . .

 ( - ): -

 U-Pb  Lu-Hf  // 

. 2012. . 444,  5. . 519-522. 

6. . ., . ., . . .

 ( -

- ) // -

. 2011. . 440,  3. . 392-396. 

7. . . . . N-52-

XXXIV. .: , 1978. 

8. . ., . ., . . . -

- -

: -  (Sm-Nd) -

 (U-Pb, LA-ICP-MS)  // 

. 2012. . 445,  5. C. 577-581.  

. .
1

-

-

-

-

. -

. ,

 100-200 , ,

, ,  –  [4]. 

- -

- ,

- , -

 ( )

, - ,

                                                          
1  «

», , ,



189

, ,

.

- -

 ( ) -

: - -

, -

 ( ). -

 500 .

, -

 [2, 3]. 

, , , -

 (  2 )

. - ,

, .

. ,

-  2 
2
,

.

-

. - _ -

. -

-

- ,

.

, -

,

.

-

-

.

, -

( ), -

 [5]. 

. -

, - -

, -

; -

-

. -



190

- , -

- - -

-

-

- .

 1000  500  [1], . .

 500 

. ,

.

, -

-

, -

.

-  ( ) -

- - ,

,

, , -

, -

. -

, . . -

. , -

- - -

-

- ,

 (  500 )

. , , -

, .

-

. ,

-

,  « »  « »

.

1. . . -

: . . … - .- . .

, 2010. 46 .



191

2. . ., . .

 // . . . . 1991.  12. 

. 106-117. 

3. . ., . . -

. .: , 1987. 232 .

4. . ., . ., . .

. .: , 2004. 612 .

5. . . . .:

, 1973. 242 .

. . , . .
1

- :

 ( ) – 

.

.

-

. -

. -

-

.

 - -

,  ( , 1972; -

, 1988; , 1979; , 2006; , 2005; 

., 1989; , 1992; Karig, 1972; 1975 .). -

, ,

,

. , ,

 ( -

), -

 ( )

.

                                                          
1 . . .  ( ) ,

, .



192

, -

.

-

 ( ) -

- -

. , , -

,  ( ) -

. ,

 ( ) , ,

. -

,  ( )

. -

 [1]. -

 3 : 1 – ; 2 – ; 3 – 

. ,

-

 –  ( -

) – .

,  ( )

: , -

, - -

,

. -

, - .

 4 

- : 1 –  ( -

, - ); 2 – 

( - ); 3 –  ( -

); 4 –  ( ).

-

, - -

, . -

,

,

- -

.



193

1. . ., . ., . .

-  // 
- . :

, 1985. . 36–44. 

. .
1
, . .

1

-

,

-

,

. -

.

.

-

,

. -

- , -

.

, -

, , ,

, , - .

-

- - -

. , , , -

,  ( - ), , -

 ( ), , . ( - ) [1, 

2 .]. , ,

, , ,

-

.

                                                          
1 , , .



194

-

. , - . -

 10 ,  4 .

2250 .

600 ,

 (  150 ) , - -

 (  14 ) . -

-

.

350 . -

, - .

, -

.

- -

, - -

.  150 ,  10-15 . -

. -

1000 . , -

. -

. -

, , , -

.

. -

-

.

. ,

. .

-

, .

. .

.

 250 

.  20 ,  - 

 7 . - , -

- , -

.

.

 50–75 . -

 ( , , , - -



195

). -

. -

, . -

,

 0,5  20 .

 120 , – 20–35 .

 ( ) -

, . -

-

. -

, -

 25 . .

-

– 450 . -

- .

, .

 180 , – 10–30 . -

– -

, .

-

- . -

,

– 50 , –  6  11 .

 3055  4700 . -

 1800 . -

, . -

-

 5000–6000 , -

-  (2500–3000 ) -

 (1200 ) . -

: , -

. -

 [2] -

– 400 , – 500 

– 950 .

 1500 .

. -

,

.  [3], . -

,



196

. , -

.

,

16 . - , - , -

,

-

 (5 ), - .

– 270 . -

, , , . -

 [3], . -

-  30 .

, , -

. – 10–15 . -

- -

. – 800 .

.

. , , -

.

20  [2]. 

3800 , – 3700 – 3650 . -

.

.

(4750 ) .  3–4 .

– 120 ,  40 . -

 100 .

, -

.

: - - .

 (2500 )

, –  (2000 ) . -

-

. -

- :  – -

 – -

. . -

 – 

.

, - -

-

, .



197

- .

1. . ., . .  ( )

 // . . . ., . .1972. 

2. . 60-73.

2. . . . -

 // . . 1975. . 18,  2. . 42-46. 

3. .  ( )

// . . 1963. 7. . 18-22. 

. .
1

( )

, -

 – , ,

, . ., , , ,

. -

.

-

 ( ). -

, -

, . -

.

. -

, -

-  ( , -

), ,

                                                          
1 -  ( ), ,

.



198

 (

, , -

). -

 – , -

, , -

.

-

. -

, ,

. -

-

-

.

, , , -

. -

-

.

,

-

.

 ( -

, -

,

, - )

- -

.

.

- ,

,

, .

,

. , -

, -

,

,

, .

-

, -



199

( ), -

 – , -

, ,

. -

.

, , -

, -

 (

) .

 – -

. -

.

, -

,

, , -

.

-

- ,

: , -

, - - .

: - , -

, ,  (  60º); - -

, . ,  (

),

,  (  55º); - -

,

, -

, ,

.  (  52º); - - - ,

-

,

; - - , -

-

-

.

- , ,

- ,



200

- -

.

- - -

: -  ( -

, . - -

), -  ( ,

); -  ( -

).

- - -

-

: - - ; - - -

; .

, , -

.

-

,

- .

,

.

 – -

.

- , -

, -

. -

-

. -

 – . -

, -

.

,

, -

, -

, -

, - -

.

 ( )

 ( ) -

.

.



201

, -

, .

-

. ,

 (

, -

- , -

).

.

. , -

, .

, , -

, -

, , . -

 « » , -

- , - ,

-

 ( , -

, . .).



202

. .
1
, . .

1
, . .

1
,

. .
1
, . .

1

:

,

. ,  " " -

- . -

, -

, , -

 ( ) , -

, , , -

, ,

. -

 [2]. ,

-

.

. .  1939 . -

, -

 [1]. . .

[3] : , -

, . , -

 " " , ,

, .

, - ,

 " " . ,

. .

" " -

 " ", .

,

 –  – 2, 3 

([4] ). ,

,

. -

 2,04–2,03  [5, 6, 7].  

, -

,

1 . .



203

, , , -

. -

.

, -

-

, , .

- -

: - -

, .

- -

 10×4 , -  – -

 12×5 .

,  – -

. -

, -

.

8 ,

, -  – .

. .

 1975 . -

. , -

 ( ) -

. -

. -

.

. . -

: -

, -

- ; -

, -

.

 1847±4  (U-Pb  [5]), -

,  1,8  [6]. 

.

1. - -

 (1,5–3 ) , -

, . -

 70–30°,  – 

,  – .



204

2. -

 (  0,5 ) , , -

.

.

,

- ,

-

, -

- . , -

- -

,

. , ,

.

,  – -

, , -

. -

 [8]. -

, -

, , , -

. -

-

.

. . .  1975 .

. -

 ( ) , -

, , -

, .

- -

,  – . ,

- -

, , -

. , -

, -

. , -

, -

, -

.

 300  [6], -

-  ( -



205

),

 – 314–317  [9]. 

1. . .  // . . XII, 

. I. .: , 1969. . 70–106. 

2. . ., . . -

 // -

. . 1. , 1974. . 17–22. 

3. . ., . ., . .

 // 

. : , 1978. . 3–45. 

4. . .  ( -

, , ). : -

, 2010. 280 .

5. . ., ., . . -

 // . 2012.  5. . 50–76. 

6. ., . ., . . -

 ( ): -t  // 

–2005 : . 2006. . 322–330. 

7. . ., . ., . . .

 ( ) // . . - . . 4. . 2014.  

 6. . 19–28. 

8. . ., . ., . ., . . -

-

 ( ) // . -

- : -  XVI .

. . II. : , 2014. . 55–57. 

9. . .  U-Pb -

 ( - -

) // -2010, . , . 158. :

. 2011. . 69–72. 



206

. ., . .,

. ., . .
1

. ,

, -

. -

,

, , .

, -

. -

, , ,

, ,

.

,

,

,

.

 (

), , , -

, -

.

, -

, -

,

( ) .

.

- ,

, . -

 N-40-VI 

,

, ,

,

.

1



207

- -

, -

,

.

- .

-

 c 

1000 , ,

-  450–

480 . , , - -

-

 ( ),

. , -

-

, -

. -

 « »

, , -

, , .

. . -

, -

, . -

, ,

, -

,  – 

. , , , -

-

, -

-

.

: (1) 

; (2) ; (3) -

- ; (4) -

; (5) -

, - . -

. -

, ,

.

-

. .



208

. -

. , .  62 , -

 840 
2
 ,  4.1 / . -

-

, -

, -

,

,

.  45 ,  –  10 . -

- - -

 3–4 .

,  – -

, , ,

. . -

. -

-

. -

, . . -

, ,

. -

 18 . -

, -

. ,

 1100–1300 .

. -

, -

,

. -

 –  13.86 

,  0.93 .

,

,

-

. .

-

, -

. -

, .

-

. -



209

, -

.

, ,

, ,

, -

 – ,

, -

.

.   

-

.

,  – 

. , . -

.

. .

, , -

.

. -

,

, ,

. , -

.

-

, -

- .

( )

; .

,  – . -

- .

.

 – ,

.

. -

,

, , , -

.

-



210

. -

, -

,

.

, -

, , ,

. ,

,

, -

- .

, -

, -

, .

. -

 ( - ) ,

, , ,

-  – .

-

,

-

. -

, -

, ,

.    

-

, -

.

- -

, , , -

.    



211

. . , . .
1

-

,

. -

.  – -

, . -

-

, -

.

, .

, -

-

- . -

, , ,

- -

,

 ( ) [4], 

, ,

. -

, , ,

,

[8].  ( )

,  « » , -

.

, , ,

, , , , -

, .

.

,

, .

- , -

, , -

1  ( ) , ,



212

.

.

, -

 « » , , -

 [3, 

5].

, - , ,

.

,

. -

- -

, ,

, -

. , ,

, -

. -

,

 [1]. 

- - ,

, ,

- -

. , -

,  2–3 

 200–300 
3

 [2]. 

-

, -

- . -

, , -

,

 [6]. , -

 « »,

,

,

, .

, -

,

. , -

-

, ,

.       



213

 ( )

, -

, -

- -

 [7]. 

.

, -

, ,

,  ( -

) -

.

,

.

-

, , -

, - , -

, -

.

-

 10  13-05-00298 

 14-05-00149. 

1. . ., . ., . ., . . -

 (

) .: , 2012. 104 .

2. . ., . . , -

 // . -

. 2007. http:www.ngtp.ru/rub/10/020pdf 

3. . .

 ( ) // -

. 2010.  1. . 51–58.  

4. . ., . . : -

 // . 1997.  1. . 20-31. 

5. . ., . . -

. : .  « », 2009. 182 .

6. . ., . ., . . -

-

-  // . 2012.  1. . 77–94.  



214

7. . . -

, -

 // -

. . . , 2013. 

. 188–191. 

7. Bosworth W. Geometry of propagating continental rifts // Nature. 1985.  

V. 316.  15. P. 625–627. 

. .
1

-

- -

-

. , ,

, ,

.

 ( . 1), 

-

, - -

 ( -

) -

 ( ) [1]. 

 (

) ,

.

-

. -

-

-

, .

-

1 , - ,



215

 [3].  ( -

),  [2]. 

 59 

 ( ) -



216

-

-

. , -

 ( ?) ,

, , -

. -

, , -

 4 -

 2–2,5 .

 (  65-

80˚) - - .

. -

 ( ) - -

-

.

, . -

-

,  ( , -

 340-0˚).

-

: 1.  ( );

2. ; 3.  ( -

); 4.  (± ) -  ( -

); 5.  ( ); 6. 

 ( ).

- -

, .

-

-

-

, -

. , -

-

.

1. . ., . . -

 // 

« ». .: , 2011. . 1101–1105. 



217

2. . ., . . -

 ( ). .: , 1976. 176 .

3. Craddock C. Tectonic map of Antarctica // Geologic maps of Antarctica / 

Ed. V.C. Bushnell, . Craddock. N. Y., 1970. PI. XXI. (Antarctic Map Folio Ser. 

Amer. Geograph. Soc.) Craddock C. Antarctic tectonics // Antarctic geology and 

geophysics / Ed. R.J. Adie. Oslo: Universitetsforlaget, 1972. P. 449–455. 

. . , . .
1

-

-

, -

, -

.

,

-

 – 

- .

-

, -

,  [1]. 

-

:

1.

.

 ( ),  ( -

) .

1  ( ), -

,



218

2. -

, , -

, , , .

-

. , -

 (0,3-17,3)*10
-6

,

 3,7*10
-6

,  (0,6-3,6)*10
-6

,

 2,3*10
-6

. -

-

, -

 3,7*10
-6

 7,6*10
-6

.

3. -

. ,

,

. -

- .

 (0,5-12,8)*10
-6

,

 7,6*10
-6

,  (9,2-26,4) *10
-6

,

 21,6*10
-6

. -

,

.

4.

-

, , -

, -

.

-

. , -

, - -

, , - -

- , -

-

.

, -

, , -



219

,

, .

:

1. 

.

- . ,

, , , , ,

.

2. -

. -

. -

-

.

3. -

, -

 (8,0-22,0)*10
-6

,  12,0*10
-6

,

 (32,0-58,2)*10
-6

42,0*10
-6

. , -

 In=8,0*10
-6

In=22,0*10
-6

,

In=16,0*10
-6

. -

, -

.

, -

, -

.

4. 

, -

, .

: -

, -

, -

,  – 

 [2]. 

, -

-



220

. -

-

-

.

1. . ., . . -

-

 // . 2009.  4/1. . 32–35. 

2. . ., . . -

,   // 

. 2011.  2/1. . 119–122. 

. .
1

,

 2004 

. .

.

2720.7+8  U-Pb 

,

[1]. .

,

.

,

, .

 ( ), - -

 1.8–1.7 

. -

, -

1  ( ) , ,



221

.

 ( )  ( -

). AR – 

, PR1 – -

, LPR1 – 

.
1 – ; 2 – -

; 3 – 

 (  – -

,  – ); 4 – -

, ; 5 – ; 6 – -

;

7 – ; 8 – -

.

( ) ,

. -

, - -

 – -  ( ) -

 2.46–2.36  Fe- .

, -

- -

 ( ). -

 ( ),

-

. - , -

, -



222

, , , -

- .

, - -

, ,

-

,

 ( )

.

-

, -

 – .

 – 

, ,

, .

-

- -

.

,

-

 ( ) - -

- . -

, - -

.

, -

, . -

.

,

- . - , -

,  ( -

, -

). - ,

 (

), -

.  Fe-

, -

,

.

, -

, -



223

, -

. , -

, , -

.

-

-

.

,  ( -

. .  [1]). 

:

. -

-

. , -

 « » ,

, -

.

,

,

, - , -

.

1. . ., . ., . ., . ., 

. . ,

// . 2004. . 12,  6. C. 609–631. 



224

. .
1
, . .

2
, . .

1
,

K- .
3
, . .

2

U-Pb

-

-

-

, -

. -

, , -

, -

, - .

- -

-

 ( , -

- ),  ( - -

)  ( - ) ,

- .

- -

. -

-

 ( -

-  500-1000 ). - -

- , -

-  ( -

- -

 500  1500 ) [1, 4, 8, 9]. 

 – ,

-

1 , 119017 , . 7 
2 , 199034, - ,

. , . 2 
3 , , ,



225

, - -

 (  700 ) [5].

- -

 10–70%, , ,

 ( -

 – 10 , -  – 3–4 

) [2; 9]. - -

 3–5 ,

15–20 . -

 1:1  1:7. 

 0,2  2  [2]. -

- ,

,

,  [5]. 

 U-Pb -

-

, - -

.

 U-Th-Pb 

- -

 (LA-ICPMS)  > 85 

 150-250 . U-Th-Pb 

LA-ICP-MS -

, ,

, .

 580 -

 396  [14] , -

, -

,  [11, 17]. 

 “Overlap – Similarity Programm” [11] ,

, ,

0.792–0.882,  0.715  0.904.  

 1011-

1547, 1600-1965, 2565-2579, 2655-2773, 2822-2869 -

 1121 (n = 31), 1197 (n = 34), 1256 (n = 33), 1331 (n = 58), 1458 (n = 

78), 1647 (n = 2), 1778 (n = 8), 1859 (n = 10), 1920 (n = 13), 2705 (n = 12) 

2844 (n = 3) .



226

(1984–2061  2463 )  (2547–2597 ) -

,

.

,

- -

,

.

-  1.06–1.08  ( -

-

- ).

,

, ,

-

,

-

.

, -

 1.06–1.38 ,

[6, 7] -  [3, 12] .

, -

 1.46  1.65 

. ,  1.78, 1.86, 1.92, 2.70  2.84 . . -

-

. ,

-

. , -

,  [10] 

 [16]. 

/  (

1650-1580  1450-1380 ) [15] -

 1300-900  [13].

 (  14-

05-92000 _ , 14-05-00924,),  ( -766.2013.5) 

 « -

- -

».



227

1.  ( ). - : ,

1987. 224 .

2. . ., . . -

 ( ) // 

. . . ., 1965.  1. . 21–34. 

3. . ., . ., . . .

 ( - ):

,  // . 2011. .

441.  2. . 219–223. 

4. ., . . -

 // 

. 1982. 4. . 130–136. 

5. . .

 // . . - . .

. 1987. . 62. . 2. . 71–77. 

6. . ., . ., . . .

 ( ):

 // .

2011. . 438.  5. . 644–648. 

7. . ., . ., . . .

-  ( ):

 // . 2011 .

. 440.  4. . 511–515. 

8. . . - -

. .: , 1983. 

160 .

9. . ., . ., . . -

 // -

. .: , 1988. . 15–29. 

10. Condie K.C., Belousova E., Griffin W.L., Sircombe K.N. Granitoid 

events in space and time: Constraints from igneous and detrital zircon age spectra 

// Gondwana Research. 2009. V. 15. P. 228–242. 

11. Gehrels G. // Tectonics of Sedimentary Basins: Recent Advances. 

Wiley-Blackwell. 2011. P. 47-62. 

12. Kröner A., Alexeiev D.V., Rojas-Agramonte Y. et al. Mesoproterozoic 

(Grenville-age) terranes in the Kyrgyz North Tianshan: Zircon ages and Nd-Hf 

isotopic constraints on the origin and evolution of basement blocks in the south-

ern Central Asian Orogen // Gondwana Research. 2013. V. 23. P. 272-295. 

13. Li Z.X., Bogdanova S.V., Collins A.S. et al. Assembly, configuration, and 

break-up history of Rodinia: a synthesis // Precambrian Research. 2008. V. 160. 

P. 179-210. 



228

14. Ludwig K.R. Isoplot v. 4.15: A Geochronological Toolkit for Microsoft 

Excel. Special Publication, No. 4. Berkeley Geochronology Center. 2008. 76 p. 

15. Pisarevsky S.A., Elming S-Å., Pesonen L.J., Li Z-X. Mesoproterozoic pa-

leogeography: supercontinent and beyond // Precambrian Research. 2014. V. 24. 

P. 207-225.  

16. Rojas-Agramonte Y., Kröner A., Alexeiev D.V. et al. Detrital and igneous 

zircon ages for supracrustal rocks of the Kyrgyz Tianshan and palaeogeographic 

implications // Gondwana Research. 2014. V. 26. P. 957-974. 

17. Sircombe K. AgeDisplay: an EXCEL workbook to evaluate and display 

univariate geochronological data using binned frequency histograms and prob-

ability density distributions // Computers & Geosciences. 2004. V. 30. P. 21-31. 

. . , . . ,

. . , . .
1

 ( - ) -

- -

, . -

,

, ,

-

. -

, ,

,  (  ~1500 ). -

–

–

–

. , , -

.

, , -

 (  2–5 ),

2–3 . -

.

1 ,



229

 ( , , ) -

-

. ,  ( ,

, - ),

 20–50% . -

-

. - ,

. . , -

, -

,

. - ,

- , -

-

, .

-

- . - -

,  ( ) ,

,

 400–700 , -

.

- ,  stagnant slabs, 

big mantle wedges (BMW). - , , ,

-

 ( -

),

-  – -

, .

, -

, , -

. , -

, , -

, . -

, -

, -

.

, ,

. -

, -

,

, . . -



230

 400–700  BMW, -

.

-

, -

.

,  BMW, 

 400–700 -

.

.

-

, . -

-

,

.

, , .

 (  5–2 )

-

: - -

, - , -

.

, -

, - -

.

- -

,

- . -

, -

,

. ,

, - , - ,

, -

- . -

-

. -

, -

- . -

.

-



231

.

. -

 (« ») , -

, -

 200–300 .

, -

. -

- .

, -

. , -

. -

.  MORB 

,

-

, . -

 BMW 

 400–700 ,

, , -

. -

,

.

.

- , -

. -

, -

,  BMW -

.  BMW -

. - . . -

, . , . . -

,

.

, -

,

. . ,

. - , ,

 BMW -

, - , -



232

, -

.

, -

. ,

, -

. . .

, , ,

.

. .
1
, . .

2

- .

-

. , , .

 [ ., 1977] -

.

, -

. -

. . [ , 1983]  « -

» .

 [ , 1987]. 

-

. -

. ,

-

 ( ) , -

 ( )  (

)  – .

1  ( ) , ,
2  ( ) , ,



233

 ( )

- ,

 80 .  U/Th  OSL  [ , 2002; 

. . ., 2010]. -

- , -

( . .). -

 50 .  [ ., 1977]. -

- .

,  – 

,

,  80–50 . ,

 25–30 . .

,

. -

 5–7°,  60°  ( . .).

 « » -

 25–30 . .

-

, -

. -

, . -

 300 .

 ( . 15°) 

- ,

10–15 ,  (?) -

.

,  25–30 . -

:

–

;

–

;

– -

;

– -

.

: -

,  2.5 

.



234

 ( - )



235

, ,

.

-

 13-05-00431.  

1. . . . ,

,  // . .: ,

2002. . 546. . 250. 

2. . ., . ., . . .

-

-  // 

. .: , 1977. . 61–68. 

3. . ., . ., ., .- . -

 // . 2010.  12. C. 37–49. 

4. . . - . .: -

, 1983. 216 .

5. . .

- .

. .: , 1987. . 150–157. 



236

. .
1

 – 

-

-

, . . -

, .

 ( . 1): -

-  ( ) -  ( ) , -

-  ( )  ( ),

-  ( )  ( -

).  (  500  [2]) 

 (  800  [3]) -

- ,

, .

-

 ( . . 1). 

-

- -

,

-

 ( . . 1). 

 ATL, STL, 

ISTL ( . . 1),  [4 .], ,

, ,

 ( . 1, ).

, , -

 ( -

), -

-

, -

, .

-  ( )

,  ( . . 1), 

 50–100  1000  -

1  ( ) ,



237

. 1. 

.
1 – - -

; 2 –  ( ):  – -

-  (  – - ,  – - -

,  – ,  – ,  – ),  – -

 (TF – , FF – , HIF – - , ISTL – -

, ATL – , STL - ); 3 – -  ( ) -

 ( ) ; 4-7 – - -

- :  (4), -

-  (5), - -

 (6), 7 – - -

: -  ( ), -

( ); 8 – - ; 9 – 



238

; 10-11 –  ( -

- ): -  (10), - -

 (11); 12 – - ; 13-15 – -

: -  (13), -  (14), 

(15); 16 – ; 17 –  ( -

); 18 – - - ;

19 – ; 20 - .

. 1 –  (FTL, STL, ISTL); 2 – -

- -

; 3 –  (MTL) 

- - .

- , -

, -

-

. - -

, , -

, , -

- ,

, . -

 ( - ) -

 ( - ) ( .

. 1) - , -

 ( . 2). -

- , -

 ( , )

.

( ) -

. -

- -

 ( . . 1). -

-

, -

,

. -

-

: ,

-  [1]. ,

-



239

. 2. -
- ,  (

[1], . . 1). 
1 – ; 2-5 –  ( -

): 2 – - , 3 – , 4 – -
, 5 – - ; 6-8 –  ( ): 6 – -

, 7 –  ( - ), 8 – -
,  ( ); 9 – ; 10 – 



240

,

, , -

 ( ).

1. . . -

- . . - . 2004. 192 .

2. . .

 // . 1985.  1. . 73-87. 

3. Otsuki K. Oblique subduction, collision of microcontinents and subduction 

of oceanic ridge: Their implications on the Cretaceous tectonics of Japan // The 

Island Arc. 1992. V. 1. P. 51-63. 

4. Tanabe H., Kano K. IIIite crystallinity study of the Cretaceous Shimanto 

Belt in the Akaishi Mountains, eastern Southwest Japan // The Island Arc. 1996. 

V. 5. P. 56-68.  

. .
1,2

, . .
3
, . .

1,4
,

. .
 1,2 

. -

 5 , -

-

. -

,

 250 ,

. -

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



241

, -

: - -

, -

 50  [1], 

.

-

. -

- -

,

(La Lieude, Gonfaron, Les Arc, Le Muy), 

.  416 

 280 .

,

.

 (La Lieude  Gonfaron) -

, -

 Les Arcs -

. ,  Gonfaron 

 100 ., -

 Elongation/Inclination [2]; 

f  0.81, ,

,

,  1.3° .

 La Lieude 

(127 , N= 127)  Gonfaron (101 , N=132) -

 (Plat=50.5°; Plong=168.4°; A95=2.4°; K=48.6 

Plat=52.5°; Plong=169.5°; A95=1.5°; K=79.7, ).

-

- ,

 (IAGA) -

, , -

 (  La Lieude  Gonfaron), -

 (Plat=49°N, 

Plong=161°E, N=9, A95=4°). 

 « » (Plat=50°N, 

Plong=163°E, A95=4°), 

 [3]. 

- , -



242

,

, -

- .

-

 (  10% )

.

 14.Z50.31.0017. 

1. Gradstein F.M., Ogg J.G., Schmitz M., Ogg G. The Geological Time Scale 

// Elsevier. 2012.  http://dx.doi.org/10.1016/B978-0-444-59425-9.00005-6. 

2. Tauxe L., Kent D.V. A simplified statistical model for the geomagnetic 

field and the detection of shallow bias in paleomagnetic inclinations: was the an-

cient magnetic field dipolar? // Geophys. Monogr. 2004. V. 145. P. 101–116. 

3. Bazhenov M.L., Shatsillo A.V. Late Permian palaeomagnetism of Northern 

Eurasia: data evaluation and a single-plate test of the geocentric axial dipole 

model // Geophys. J. Int. 2010. V. 180. P. 136–146. 

http://dx.doi.org/10.1111/j.1365-246X.2009.04379.x. 

. .
1

; -

. -

. -

, , -

,

,

. , -

,

, , -

 [2], 

, -

1



243

 ( , -

. .),  ( -

. ),

, . -

-

.

, -

, ,

, , -

-

- . , -

,

.

-

, . [3]. ,  ( -

)

, , ,  a95.

-

, -

-

- .

[3] 

 QC 

(Quideller, Courtillot), -

,  TK 

(Tauxe, Kent); -

. -

 QC -

, ,

. ,  TK :

.

-

,

.

 « »,

 392 ,

 “check-points” 

 15%. 

. -



244

 392 ,

-

. ó  (233 ,  59\%) -

,  ( , -

, -

).

. ,  90% 

 TK ,

, -

, .

 QC ,

:  90\% -

-

 QC ( -

,

, -

). ,  48 , -

(  5%),  344 

 QC.

.

-

. - , -

, . , -

, , -

. , -

, ,

,

, -

: ,

. -

-

,

. , , ,

-

 TRM,  c  TCRM [4]. ,

: -

, ,

.



245

1. . . . -

} // . 2012. . 13,  2.  

C. 50—61. 

2. Constable C.G., Parker R.L. Statistics of the geomagnetic secular variation 

for the past 5-My // Geophys. J. Int. 1998. V. 93, B10. P. 11569—11581, doi: 

10.1029/JB093iB10p11569 

3. Khokhlov A., Hulot G. Probability uniformization and application to stati-

stical palaeomagnetic field models and directional data} // Geophys. J. Int. 2013. 

V. 193, N 1. P. 110—121, doi:  10.1093/gji/ggs118 

4. Smirnov A., Tarduno J. Thermochemical remanent magnetization in Pre-

cambrian rocks: Are we sure the geomagnetic field was weak? // J. Geophys Res. 

2005. V. 110, B06103, DOI:10.1029/2004JB003445 

. .
1

-

 (

)

 – -

, -

-

, -

. -

( - - )  ( - -

) , - -

, - -

, -

 [6].

,

-

 [6]. 

(  80 ) - ,

1  ( ) , ,



246

, , -

, , - ,

. , -

,

, -

, .

-

, -

, , -

.  ( -

, )

.

, -

, , . ,

-

, , -

.

-

 [6]. -

- -

 (  3 ),

. . , . . , . .

, . .

,

, -

-

. -

-

,  ( ,

, ). -

- ,

.

. .  [2], 

-

.

,

- -

.



247

, -

, -

-

.

, -

 ( )

.

( -

), , -

 [7].  

 (

),

, -

 [7]. . . , . . , . . -

, . .

, , -

, -

. -

 ( ) -

- ,  300  1000 . -

, -

, , , -

- . ,

-

,  (

) .

,

-

- , -

 [4, 5, 7]. ,  ( -

, )

-

-

, - -

 [1]. 

 [4, 5, 7], -

,

. -

 ( ), -



248

.

-

-  [4], 

. .  [3] 

: , , -

,  ( , -

), -

. - ,

,

:  – ,  – 

,  – ,  – -

, -  –  [7]. 

, - -

, -

 [4, 

5, 7]. , -

-

.  ( -

-

, - -

) . -

, . . . . -

 [5], 

, , , -

 [4]. 

, -

-

.

,

.  ( -

, , -

) -

, -

, .

1. . . - -

 // . 2013. . 21. 

 4. . 1–7. 



249

2. . . -

. .: , 1977. 155 .

3. . ., . ., . .

 150  // 

. . . . 1986.  1. . 3–11. 

4. . ., . ., . . - -

. . .: -

, 1989. 79 .

5. . ., . . .

. .: , 1993. 448 .

6. . ., . ., . ., . . -

-

-

.  1.  // . .

. . 1996. . 71. . 1. . 14–26. . 2. -

 // , 1996. . 71. . 3. . 31–42. 

7. . ., . . , , -

.  1. -

 // . . . . 2003. . 78. . 1. . 3–15. 

. . , . .
1

. -

, – - -

. ,

-

 [1, 4] 

, – -

- , -

 [4].

 [2] 

-

1 , . ,



250

,

, .

. -

 (100–500) , -

,

 1–1,5 .

, -

 [6]. , « »,

. , « -

»,

. , « », -

-

. -

 [3],  – 

roller-rollover  [5].  

 ( ). , -

, -

-

 100–150 . -

-

, . -

,

 150-200 .

,

. .

-

. ,

-

, . -

, , -

 ( -) , -

.

,

-

.

, -

:



251

 (1-3) -

.  – ;  – 

- ;  – - ;  – 

- ;  – ;  – -

-

 ( ), ,

, - 

.

1. . . ,

 // -

. . . 118. 

, 1973. . 239–246. 

2. . . -

. .: , 1964. 416 .

3. . . . :

, 1979. 128 .

4. . .

: -

 // ,  1. 2013.  

. 18–37. 

5. Jackson M.P.A., Galloway W.E. Structural and depositional styles of Gulf 

Coast Tertiary continental margins: application to hydrocarbon exploration: 



252

American Association of Petroleum Geologists, Continuing Education Course 

Note Series No. 25. 1984. . 226. 

6. Jackson M.P.A., Vendeville B.C. Regional extension as a geologic trigger 

for diapirism // Geol. Soc. of America Bull. 1994.  106 (1). . 57-73. 

. .
1
, . .

2
, . .

1
,

. .
3
, . .

2

 – 

- -

 ( )

.

 GPS -

,

-

 [1, 2]. 

, ,

. , -

, - , , -

[3, 4]. -

, -

- -

. -

. ,

 (  50-

47 ), . . , -

.

,  [5], 

1  ( ) , ,
2 . . . , ,
3  (

), . ,



253

,

 [6]. 

-

 D-

 [7]. 

- -

,  [8]. 

-

, ,

 [7]. 

 « - » -

 700  ( ), -

,

, -

. ,

-

, -

 – . -

-

 [9] 

 [10]. 

( ., ) ,

 ( - ),

 1 / , -

, .

,

,

.  (56-50 ) -

,

 (

0,7 / ), . , -

.

, , , ,

.

 (47 ) -

-



254

. 
1

.
-

- -

: 
1
 –

; 
2

 –
 

; 
3

 –
 

; 
4

 –
 

-

; 
5

 –
 

; 
6
 –

 
; 

7
 

;
:

,

 (
8

) 
-

 8
0

, 
5
6
-5

0
 

 4
0

 



255

.

,

.

.  D- -

- ,

. -

-

, , -

, -

. , ,

 [1],  – 

-  [2]. -

.

-

-

-

. -

 [13], -

- , -

-

.

-

, , -

 [13]. ,

, -

-

.

1. . ., . ., . ., . .

 ( )

8  1991 : ? // 

. . . 26. .: , 1994.  

. 103–122. 

2. Mackey K.G., Fujita K., Gunbina L.V., Kovalev V.N., Imaev V.S., Kozmin 

B.M., Imaeva L.P. Seismicity of the Bering Strait region: Evidence for a Bering 

block // Geology. 1997. V. 25. . 979–982. 



256

3. Cooper A.K., Marlow M.S., Scholl D.W. Geologic framework of the Bering 

Sea crust / D.W. Scholl, A. Grantz, J.G. Vedder (eds.) // Geology and Resource 

Potential of the Continental Margin of Western North America and Adjacent 

Ocean Basins—Beaufort Sea to Baja California: Circum-Pacific Council for En-

ergy and Mineral Resources, Earth Sci. Series. 1987. V. 6. P. 73–102. Houston, 

Texas.

4. Scholl D.W. Viewing the Tectonic Evolution of The Kamchatka-Aleutian / 

Harbert W.P., Frei L.S., Cox A., Engebretson D.C. Relative motion between 

Eurasia and North Amerika in Bering Sea region // AAPG Program and Ab-

stracts, Pacific session meeting 1985. Anchorage, Alaska. P. 44.  

5. Harbert W.P., Frei L.S., Cox A., Engebretson D.C. Relative motion be-

tween Eurasia and North Amerika in Bering Sea region // AAPG Program and 

Abstracts, Pacific session meeting 1985. Anchorage, Alaska. P. 44. 

6. Scotese C.R. Jurassic and Cretaceous Plate Tectonic Reconstructions // Pa-

leogeog., Paleoecol. and Paleoclim. 1992. V. 87. P. 493-501. 

7. Cooper A.K., Marlow M.S., Scholl D.W., Stevenson A.J. Evidence for Ce-

nozoic crustal extension in the Bering Sea // Tectonics. 1992. V. 11. P. 719–731. 

8. . ., . ., . . // 

 – -

 // . 2014.  4. . 3-22. 

9. . ., . .  // -

. .: , 1987.  

. 31-57. 

10. . ., . ., . ., . ., -

. ., . ., . . -

-

 // . 2013.  1. . 3-35. 

11. . ., . ., . ., . ., -

. . -

- -

 // . 2014. . 459,  6.  

12. . ., . .

-

 // . 2014. . 455. . 67-71.  

13. . ., . ., . . -

 // . 2013.  6. . 20-38.  



257

. . , . .
1

-  ( - -

):

- - -

,

.

.

- ,

, -

 ( ) [3, 6]. : 1) -

,  2) 

 - 

,

, .

,

 ( ) ,

,  ( -

, , . .) [9]. 

-

.

-

, - , ,

., - -

. M. A  [1] , -

.  ( , , , -

)

,

. , -

, -

.

1 , ,

( ) , ,



258

, -

-

, , -

; -

. -

,  (15–26 ) .

-

, -

- -

. ,

.

-

, -

, -

,  ( ) [6]. 

, -

, ; -

, , - . -

sensu stricto. 

,

-

, :  ( -

) .

- , . -

, -

 400  [2]. -

, , ;

[6]. ,

– .

-

 (  50–60 ) ; -

 (  120–140 )

- , . .

 [11 ].

 c -

, , , :

. ,



259

, -

,

 [5, 8]. 

,

-

« » - . -

 [4],  GPS 

[10]. ,  « » -

,

-

.

- -

.

-

, -

.

 [4, 5] ,

.

, , , -

 [7].  « »

, - ,

/  ( )

 ( ).

,

 « » -

. , -

, .

1. - ,

;

, -

, , , , -

- .

2. c -

, : (1) 



260

. , -

-

( )  (2) , -

 ( , .).

3.

;  (  400 -

-

 « » -

 « » - .

4. , - -

-

-

.

5.

, -

.  « »

.

1. . . // . . . . 1971.  4. . 5-10. 



261

2. . ., . .

( - - . .: , 1990. 167 .

3. . . // . 1989.  2. . 67–75. 

4. Ko  M. . //  / . . . -

. .: , 2007. . 285–316.

5. . ., . ., . . // . . 2011. . 441. 

 4. . 521–526. 

6. . . //  / . . .

. .: , 2007. . 317–340. 

7. Sobisevich A.L., Masurenkov Yu.A., Pouzish I.N., Laverova I.N. // Geo-

physical Res. Abstracts. Vol. 14. EGU2012-2500. EGU General Assembly 2012, 

pdf. 

8. . ., . ., . ., . . // .

2013. . 21. . 20-33. 

9. . ., . ., . . // . . 2004.  

. 395.  1. . 91-95. 

10. Reilinger R., McClusky S., Vernant P. et al. // J. Geophys. Res. 2006. V. 

111, B05411, doi:10.1029/2005JB004051 

11. Sharkov E., Lebedev V., Chugaev A. et al. // Geoscience Frontiers. 2014. 

V. 5 (in press). 

. .
1

 " "  62˚

-

-

-

 2000 , .

– . -

 62–63 ,

 " "  [4, 

7].

-

, -

1 - - ,

,



262

, -

- . -

, ,

-

-  - 

, - , -

, - , -

, - -

, , -

.

- . -

. -

. -

- -

, . .

. .  [6].  500 , -

( , - , - .), -

, -

 ( , , ), -

. -

,  ( -

, , )  ( , -

, ), -

. -

. - -

- .

. .  [3] -

-

.

. -

-

, -

. . . -

 [5] 

,

.

,  - -

- - . -

,



263

, -

, -

.  - 

500 .

-

 - - .

-

. .  [9], 

: ,

, -

- ,  - -

- -

.

 ( -

- - )

- -

. , -

,  [4]. -

- .

.

, - -

- , -

. - -

-  [8] –

, -

,

.  ( – ) -

-

, . -

,

,

- .

, -

 (

), . -

. - .

- , , -



264

-

.

. - -

.
1 - , 2 - - - -

, 3 - - , 4 - 

– -

. -

, - -

-

- , -

- -

, -

 " " – ,

, .

, , -

.

-

-

- .

, , -

 " "

, .

- , -

. , -

,

,

. -

-

 " ". -

-

, .

- -



265

 ( , -

-

) -

- , -

.

.

-

 500 .

- -

.

- . -

 500  1:200 000 -

– , ,

, .. -

 50–70 , -

.

,  ( -

, ), -

, . -

. -

- -

, -

,

.

-

-

.

, , -

, -

 62 -

.

, -

. .  [7] . .  [4], -

,

. .  [3], - . .  [2], -

- . .

.[8], . .  [1]. 



266

1. . .  // . 1969.  

. 101, . 2. . 152-155. 

2. . .  // 

. 1983.  3. . 15–31.  

3. . .  // -

.

, , . 44, 1960. . 61-68. 

4. . . . .: . -

. , 1962. 152 .

5. . .

 // . . 1973.  9. . 133-141. 

6. . ., . . - -

 // . : ,

1978. . 35-45. 

7. . . . .

. . ., 1951. 

8. . ., - - . ., . ., . . -

 // 

. : .: , 1979. . 17-23.

9. . . -

// 

: .

. . ( , 4-6 . 1997 .). , 2000. . 68-76. 

10. . . -

 // . . 2008. . 5,  1. . 28-35. 



267

. .
1
, . .

1
, . .

2

 ( )  ( ),

, -

 - , , , .

-

.

, , ,

.

,

-

-

. -

.

,

 [1, 2, 3, 4], 

. ,

.

 – : -

.

, ,

-

.

-

 ( , -

),  ( -

                                                           

1

2



268

),  ( , -

).

, , , -

, -

  2 -

. , . . -

 [2, 3], ,

-  [5]. 

 2 -

 ~ 760-740 

 (Ar-Ar ),

,  [2, 

6]. , U-Pb  ~1640  [7], ,

, , ,

 ( ,  2 )

.

: ,

. .  [2, 3] 

-

 ( ,

Ar-Ar -

), ,

 U-Pb  (

),  – Ar-Ar .

 APWP, 

.

 1. 

 1050-950  ( . 1) 

- .

-

. -

-

 ( ), -

 ( ).

-

, -

 [ ., 2005; 2010, -



269



270

] -  [1] -

.

, -

, , -

 [1], , , -

 ( .1).

 2. 

-

 ( , ,

) , , -

 ~760 ,

. -

 APWP -

,

 APWP. 

, -

,  APWP 

 950-760  ( . 1). 

- -

,  760 -

, -  (

~560 ),  (  ~550 ) -

.  ~1050 - ~850-800 

~560  - ~530  1  2 .   

-

-

,  1, ,  ~900 

, , ,  740-760 -

 ( -

).  2 -

-

 ~1050-1100  ~760 , -

,

.



271

1. Shatsillo A.V., Didenko A.N., Pavlov V.E. Paleomagnetism of Vendian 

Deposits of the Southwestern Siberian Platform // Russian Journal of Earth Sci. 

Russian Journal of Earth Sciences Vol. 8, ES2003, doi:10.2205/2005ES000182, 

2006. 

2. . ., c . ., . ., c . ., -

. ., C . . -

 // . 2005.  4. . 398-413. 

3. . ., . ., . . -

-

 // . 2007. . 48.  

 1. . 42-59. 

4. . ., . ., . . -

:

-  // . 2010. . 51,  8.  

. 1114-1133. 

5. Pavlov V., Bachtadse V., Mikhailov V. New Middle Cambrian and Middle 

Ordovician palaeomagnetic data from Siberia: Llandelian magnetostratigraphy 

and relative rotation between the Aldan and Anabar–Angara blocks // Earth and 

Planetary Sci. Lett. 2008. Vol. 276, Is. 3-4. P. 229-242.

6. Pisarevsky S.A., Gladkochub D.P., Konstantinov K.M., Mazukabzov A.M., 

Stanevich A.M., Murphy J.B., Tait J.A., Donskaya T.V., Konstantinov I.K. Paleo-

magnetism of Cryogenian Kitoi mafic dykes in South Siberia: Implications for 

Neoproterozoic paleogeography // Precambrian Res. 2013. V. 231. . 372–382. 

7. Metelkin D., Ernst R.E., Hamilton M. A CA. 1640 MA Mafic magmatic 

event in Southern Siberia, and links with Northern Laurentia // GSA 2011 Annual 

Meeting in Minneapolis (9-12 October 2011). 2011. V. 43.  3. 



272

. .
1
, . .

2
, . .

1

( )

, -

-  ( - ),

 – 

,  ( -

, , ), -

, -

.

 ( ). -

 « »  ( -

)  [2], -

,  – 

.  [3]. , ,

. ,

 [5 ], -

 ( , , ),

,  [4] -

- .

 2013 . -

 ( , -

), -

 –  (  – -

- ) [1],  [4] -

, ,

. -

-

.

 2013 .

 ( . , N60º 20.298  E92º 34.851 )

.

, ,

, , -

-

1  ( ) , ,
2  ( ) , ,



273

. , -

 (30º)  ~20º. 

 ( , -

)  40-45 .

 34 -

 0.5  2.5 .

 IPGP ( ),

, -

 SQUID- , -

, . -

-

, -

 380-675º .

,

- - . -

.

 – 

 4.75º 

4.82º. -

 ( ), ,

 « », -

.

-

-

, -

.

 (PLONG = 45.2, PLAT = -20.9, 

A95 = 1.8) -

, -

. -

– ,

. . « » [11, 12 .], -

.

-

 – 

 15  ( ), -

 ( )

. -

, -

, , -



274

.

. .
 – ,  – 

-

. -

,  45- -

 « » , , -

.

-

. -

-



275

 ( , . -

) [6, 9, 10], 

 [7] 

, –

, , . ,

 [10]  415 -

 80(!) .

 – -

 ( ) -

 U-Pb ,  555±3  [8], 

.

(550.2±4.6  [6]), -

 547.6±3.8  [7]. , -

,  ~550 

.

: ,

, -

 [1] 

 –  ( 555 – 

540 . ) , , ,

, -

- -

.

 (

12-05-00403, 13-05-12030)  (

14.Z50.31.0017) -5 .

1. . ., . ., . ., . .,

. ., . .

- -

 ( - ) // -

-  ( -

): . . 11. : ,

2013. . 143-147. 

2. . . c . ., . . . -

:

 // . 2007. C. 1307-1320. 



276

3. . ., . , . . , ,

SR

 // . . . 2012.  2. C. 197-221. 

4. . ., . ., . ., . .,

. ., . . ( -

- ) // 

- . :

, 2008. . 2. . 53-55. 

5. . . -

 // . 2014. . 55,  3.  

. 464-472. 

6. Iglesia-Llanos M.P., Tait J.A., Popov V., Abalmasova A. Palaeomagnetic 

data from Ediacaran (Vendian) sediments of the Arkhangelsk region, NW Russia: 

an alternative apparent polar wander path of Baltica for the Late Proterozoic-

Early Palaeozoic // Earth Planet. Sci. Lett. 2005. V. 240. . 732-747. 

7. Levashova N.M., Bazhenov M.L., Meert J.G., Kuznetsov N.B., Golovanova 

I.V., Danukalov K.N., Fedorova N.M. Paleogeography of Baltica in the Ediaca-

ran: Paleomagnetic and geochronological data from the clastic Zigan Formation, 

South Urals // Precambrian Res. 2013. V. 236. P. 16-30. 

8. Martin M.W., Grazhdankin D.V., Bowring S.A., Evans D.A.D., Fedonkin 

M.A., Kirschvink J.L. Age of Neoproterozoic bilatarian body and trace fossils, 

White Sea, Russia: Implications for metazoan evolution // Science. 2000. V. 288. 

P. 841–845. 

9. Popov V., Iosifidi A., Khramov A., Tait J., Bachtadse V. Paleomagnetism of 

Upper Vendian sediments from the Winter Coast, White Sea region, Russia: im-

plications for the paleogeography of Baltica during Neoproterozoic times // Jour-

nal of Geophysical Res. 2002. V. 107. P. 107, 10.1029/2001JB001607. 

10. Popov V.V., Khramov A.N., Bachtadse V. Palaeomagnetism, magnetic 

stratig-raphy, and petromagnetism of the Upper Vendian sedimentary rocks in 

thesections of the Zolotitsa River and in the Verkhotina Hole, Winter Coast of 

theWhite Sea, Russia // Russian Journal of Earth Sci. 2005. V. 7 (2). P. 1–29. 

11. Shatsillo A.V., Didenko A.N., Pavlov V.E. Paleomagnetism of Vendian 

rocks in the southwest of the Siberian Platform // Russian Journal of Earth Sci-

ences. 2006. Vol. 7, ES3006, doi:10.2205/2005ES000192. 

12. Shatsillo A.V., Didenko A.N., Pavlov V.E. Two Competing Paleomagnetic 

Directions in the Late Vendian: New Data for the SW Region of the Siberian 

Platform // Russian Journal of Earth Sciences. 2005. Vol. 7, N 4. 



277

. .
1

, :

« »

, , -

-

 ( - )

 ( - , ,

- . ),

, -

, .

, ,

. « » -

 ( - ), -

, ,

-

.

 [5], 

( -

 – + +  [11]) -

.

-

, -

- .

, -

-

, -

 ( ).  « » , -

 « » -

 ( ) – -

. ,

, -

 « » ,

- -

. -

-

, -

1  ( ) , ,



278

. 1.  – 

.
 ( ) - 

( ; ,  [Torsvik, Cocks, 2005]; 

 -  -  [

., 2007]);  -  ( ); -

 -  ( ), -

 [5]  45  75 ; ,  - -

-

 « » .

 ( ). -

 – 

 ( . 1), -



279

, -

.

, , -

,

. ,

 [6–9, 12], 

, ,

: (1) – ; (2) – ; (3) – - -

; (4) – ; (5) –  (6) – .

-

 ( . 1), 

,  ( ) -

,

 [5]. , -

 – 

~45°,  – 

 ~75° , -

 [5] ( . 1). 

-

,  – 

-

 « » , -

 ( . 2). -

,

,  – ,

« » , . -

, , ,

, .

 « -

» -

, -

, ,

- . - -

 ( -

- ), , , - -

,   ( -



280

. 2.  « »  (

).
 -  ( -

)

), , -

, .

, -

 [2, 4], 

, -

. , -

, -

, . , -

. .

 [4]  « -

»

-  ( ), -

. -

, . .  [2], 

, -

 (  [2]) -

, , ,

. ,



281

-

 ( ) ,  [10], -

,

, . ,

 [2, 4] -

, - -

-  « -

»  ( , , -

 [11]) -

 « » . -

, ,

( , )

, .

,  « -

»

,

[1, 3 .], . , -

- -

- , -

 [1]. 

, , -

, -

, -

.

 (

11-05-00705, 12-05-00403, 13-05-12030) 

(  14.Z50.31.0017). 

1. . . -

. : - ; , 1996. 202 .

2. . ., . ., . ., . ., 

. ., . ., . . -

-

:

// . 2013. . 451,  4. . 423-429. 

3. . ., . ., . ., . ., 

. .  // 

. 2013. . 54,  8. . 1083-1107. 



282

4. . ., . ., . .

 ( ) // . -

. 2014. . 22,  4. . 3-28. 

5. . .

 // . 2015.  2 ( -

).

6. . . -

:  // -  «

». , 7–12  2013 .

. 236-245. 

7. . ., . ., . . -

 ( ) -

 // . .

8. . ., . ., . . -

-

- :  // -

. 2014.  7. . 1093-1111. 

9. . ., . ., . .

 – 

-  // -

 ( , , ). 

-  "

". .: , 2012. . 270-277. 

10. Lane L.S. Canada basin, Arctic Ocean - evidence against a rotational ori-

gin // Tectonics, 1997, 16, p.363-387. 

11. Kuznetsov N.B., Natapov L.M., Belousova E.A., Reilly S.Y.O`, and Griffin 

W.L. Geochronological, geochemical and isotopic study of detrital zircon suites from 

late Neoproterozoic clastic strata along the NE margin of the East European Craton: 

Implications for plate tectonic models // Gondwana Res. 2010. V. 17.  2-3. P. 583-

601. DOI:10.1016/j.gr.2009.08.005. 

12. Powerman V., Shatsillo A., Coe R., Zhao X., Gladkochub D., Buchwaldt 

R., Pavlov V. Palaeogeography of the Siberian platform during middle Palaeozoic 

Times (�450–400�Ma): new palaeomagnetic evidence from the Lena and Nyuya 

rivers // Geophys. J. Int. (September, 2013). V. 194 (3). P. 1412-1440. 



283

. . , . .
1

:

, -

. -

, , -

.

:

- , -

-

, ,

,  3000 .

- - -

.

- -

.

,

, , -

. -

, -

.

- - . -

. -

, ,

.

 500 , ,

, -

 [1].  

, ,

,

. -

, ,

 [2]. -

.

1 , ,



284

. 1.

 (  « », 1991 .). 
1 - ; 2 - ; 3 - 

; 4 - ,

. : 5 - -

; 6 - , ; 7 -  8 - -

, ,

-

, -

. -

-

-

,



285

.

. , -

-

. -

,

 [3]. 

 ( . 1). 

, - , -

. ,

, -

 - . -

, -

.

, -

.

,

- . ,

- ,

.

1. . ., . . -

: -  // Palmarium Acade-

mic Publishing, 2012. 92 .

2. . ., . ., . . -

- -

// . 2012.  4. . 13-18. 

3. . . -  // -

, . 2009.  

 8. . 11-13. 



286

. .
1
, . .

2

-

-

( )

-  ( ) -

, , -

- ,

 ( . 1 ). -

, -

.

[6] , -

 ( -

) - -

, - , -

 – - - .

,

,

.

. -

-

,

-

 ( . 1 ). , -

- , -

. ,

-  – -

, , - .

(?) -

-  [3, 6]. 

-

.

 J-K -

 [1, 2, 4, 5, 7, 9 .], - -

1  ( ) , ,
2  ( ) , ,



287

-  [7, 8, 11]. -

.

-

, - -

,

.

,

 (  400–450 ) -

- . -

- - , -

,  300 , -

,

100 . -

,

-

, . -

. . - ,

-  – ,

. , ,

,

-

.

,

,

 – - -

- .

,  ( -

), ,

, ,

 -  300 . -

-

 3-4 

. -

, , , -

.

- - . ,

 [6] , -



288

. 
1

.
,



289

. 1 

.  (IBCAO)  ( )

. 1 – . , 2 – . .

. , . 1 

– , 2 – - , 3 – 

.  – .

.

. 1 – , 2 – ,

3 – , 4 – .

. .

( . ). 1 – , 2 – ,

3 –  (?) , 4 – , 5 – -

, , 6 – -

 ( ).

. .  ( . ). 1 – -

, 2 – , 3 – 

, 4 – , 5 – ,

, 6 – . : 1 –  " -1", 2 –  " -

-2", 3 –  " ", 4 –  " ", 5 –  " ", 6 – -

 " ".

.  130 .  ( ,

, , 2013) .  – 

 – .

 – .  – 

. 1 – , 2 – 

, 3 – - , 4 – 

- , 5 – -

, 6 – , 7 – , 8 – , 9 – , 10 – -

, 11 – , 12 – , 13 – 

� -

.

, -

, . . , ,

, -

,  ( -

). ,

-  221,5 ( -

)  207,9  ( ), -  – 

220  ( . )  180,9-187 ( - ). -

,

.

-



290

. , .

 ( - )
40

Ar/
39

Ar -

 ( . 1 ).  ( . 25-

23-24) -

 ( . 25-6)  189,9± 

3,1 .

 156,5±5,3 .

-

 (pl  pi) - 135±4 .

 ( . 26-27-28)  ( . 26-4)  196,5±6,3 

 (pl),  ( . 27-5) – 152,6±14,5  (pl) 

( . 28-9) – 131,2±5,9  (  pl  pi).  

, , -

 15-35 ,

-

.

,  1300-3200 

 ( ) -

 – 151±11, 192±13, 170±12  203±14  ( K-Ar , ) [5]. 

. ,

, – 189,1±11,4  (pl, . 38-5) – 

.

-

. -

.  ( . 1 ),

, .
40

Ar/
39

Ar -

 90 , . , .

,  128,8±12,1  (pi).  ( . 80, 

. 80-3)  126,2±2,8, 

( . 81, . 81-2) – 131,6±2,4 . -

,  « », -

 2-4 .

– « »  125,2±5,5  ( . 40, . 40-1), 

 – « » ( . 79, . 79-4) – 138,1±2,6 .

 « » ( . 74, . 74-2) – 133,5±4,1 , « -

» ( . 65, . 65-3) – 133,8±3.4 .
40

Ar/
39

Ar  –  pl  pi. 

 137±16 

 (Sm/Nd),  « » – 124±1 (40Ar/39Ar, ) [4], 

 « » – 138±10  (K-Ar, ) [9]. -



291

, ,  « », -

.

, -

.

, .

,

 –  ( ) -

, , , -

. -

 [3]. 

 ( . 1 ). -

 [8,10] 

 (Queen Elisa-

beth Islands) - -

 (Eglington) -

 ( . 1 ).

, -

.

 23  « ».

1. . ., . ., . ., . . -

- -

-  // -

. .: , 2010. . 1. . 293-301. 

2. . ., . .
40Ar/39Ar ,

,  ( - ) // . 2009. 

. 425,  2. . 213-217. 

3. . ., . ., . .

- -

. .: , 2010. 174 .

4. . ., ., . . . -

-

 // . 2009.  2. . 66–83. 



292

5. . ., . ., . ., . .

-  // . . 1982. . 266.  4.  

. 965–969. 

6. -

. .: , 2010. 336 .

7. . ., . . -

: - -
40Ar/39Ar  // . 2011. . 439,  3. . 376–382. 

8. . ., . ., . . - -

- -

 // . 2009. . 426,  3. . 369–372.  

9. Dibner V.D. Geology of Franz Josef Land // Norsk Polarinstitutt. Med-

delelser. 1998.  146. 190p. 

10. Døssing A., Jackson H.R., Matzka J. et al. On the origin of the Amerasia 

Basin and the High Arctic Large Igneous Province – Results of new aeromagnetic 

data // Earth and Planetary Sci. Lett. 2013. V. 363. P. 219–230.  

11. Shipilov E.V., Karyakin Yu.V. Geodynamics of the Jurassic-Cretaceous 

basaltoid magmatism of the Arctic region and the origin of the Canadian oceanic 

basin // International Conference on Arctic Margins (ICAM-VI). University 

of Alaska Fairbanks, USA. 2011. P. 185-186. 

. .
1
, . .

1
, . .

2
,

. .
2
, . .

1

, , -

, . .

[12]. -

,

.

1

2



293

. 1. , -

 ( , 2011) 

 (

2010-2013)  «SES-2000 de p» -

,  – 

: , -

, -

-  [8]. 

-

. -

-

 ( . 1). -

,

,

,  4–5 , , -

 5–6 -

 2–3 . -

, -

 ( ), -

 –  . 

-



294

 ( ) -

 [11]. 

-

. -

( ) , -

.

,  ( . 2). -

, -

. -

,

,

 6–7  ( . 2,3), 

 2–3 - -

- . -

 8–10 ,

 11,022 . -

-

 ( ) .

-

.

,

, -

. , -

,

 ( ).

– , -

.

,

 3–4 -

,

,  3–4 .

,

 8–10  11,022 .

. ,

, -

, ,

.



295

. 2.  ( ) -

 ( ., 1981). , ,

,  – 

. 3.  ( ) -

 ( ., 1981) 

-

, - , -

,  [6]. 

-

,

.

-

. -

, -

.  (  5 ) -

.

,

.



296

, -

, -

. - -

. -

 ( ). 

, - ,

. -

, , .

.

-

-

.  3–4 .

-

 8-9 ,  10–11  [1, 6]. 

-

.

,  [10] -

, -

, , , -

. . .  [11] - -

, - -

.

,

.

. .  [11], . . , . .

 [9] -

 200 ,

 1000 . -

. . . , . . -

 [7] ,

30

,

5 .

 [4, 5, 2, 3, 13, 14] 

,

. -

, -

,

. . -

. -



297

, -

, -

. ,

 3 ,

.

-

. - ,

. , -

-

. ,

. , -

.

1. . , . ., . . -

. .: , 1981. 250 .

2. . ., . ., . .

.  45 (XLV) -

. .: , 2013. . 264–270. 

3. . ., . ., . . -

-  // -

. . 4. .: ,

2012. . 11–28. 

4. . ., . .

 // . . 1990. . 316,  1. . 62-65. 

5. . ., . . -

 // . . . . . 81, . 6. 

2006. . 3–8.

6. . : « »; , 1998. 96 .

7. . ., . .  // 

. . 373.  1. 2000. . 84–86. 

8. . .  // -

. .: , 2011. . 1082–1085. 

9. . ., . .  // 

. 1999.  1. . 3–40. 

10. . ., . . -

 ( -

) // . . . 430,  6. 2010. . 792–796.  



298

11. -

 // . ; . 594. .: , 2011. 292 .

12. . . . .: , 1987. 239 .

13. . . -

- -

 // . , . . . 86, . 6. 2011. . 3–24. 

. .
1
, . .

1
, . .

2
,

. .
3
, . .

1

,

, -

 [13, 14] 

.

, -

 – 

 2009-2013 , -

 «SES-2000 deep» [9]. -

-

, -

. ,

, -

 ( . 1). 

-

.

,

( )  5,0-6,0 , ,

, ,

-

. -

.

-

 [2].  -

1

2

3



299

. 1. .  (2011) -

, -

, , ,

,  ( -

) . -

,

 ( . 2, 3). -

. -

, .

-

. ,

 6,0-

7,0 , -

- ,

-

.

,

.

, .

. -



300

. 2.  ( ) -

 ( ., 1981). , -

, ,

. 3.  ( ) -

 ( ., 1981). ,

. -

, -

, -

.

, , -

-

. -

, , -

,

. ,

. -

, -



301

, -

, -

.

-

 [1]. 

, .

-

.

,  [13] -

,

, , , -

, -

, , -

,

 [11]. 

.

-

 200 ,

 1000  [10, 11, 13]. 

-  [8] , -

 30 -

,

 5 .

, -

( . 4, 5) [3, 4, 5, 6]. 

, ,

. -

. ,

-

, . -

, -

 3 , -

.

-

. - -

. , -

-



302

. 4, 5 – 

. ,

. , -

.

1. . ., . ., . ., . .

 // . 1994. 1. . 68-73.

2. . ., . ., . . -

. .: , 1981. 250 .

3. . ., . ., . .

 //  45 (XLV) -

. .: , 2013. . 264–270. 



303

4. . ., . ., . .

-  // -

. . 4. .: ,

2012. . 11–28. 

5. . ., . . -

 // . . 1990. . 316,  1. 

. 62–65. 

6. . ., . . -

 // . . . . . 81, . 6. 

2006. . 3–8. 

7. . : « »; , 1998. 96 .

8. . ., . .  // 

. . 373.  1. 2000. . 84–86. 

9. . .  // -

. .: , 2011. . 1082–1085. 

10. . ., . .  // 

. 1999.  1. . 3–40. 

11. . ., . . -

 ( -

) // . . . 430,  6. 2010. . 792–796. 

12. -

 // . ; . 594. .: , 2011. 292 .

13. . .  // . ;

. 512. .: , 1998. 144 .

14. . .  // . -

, . . . 78, . 3. 2003. . 3–10.



304

. . , . . ,

. . , . . , . .
1

,

,

, -

. -

, -

 NRM, -

 (TRM) 

(NRM). , -

-

. -

,  (TCRM). 

-

TCRM, -

 CRM.  [1, 2] , -

(TRM)  (CRM) (TCRM) -

, . .

 (Tb), , -

-

- , - .

,

CRM -

 ( ) ,

( ) vb [3].  CRM 

, -

, ( )

 [4]. ,

 ( )

TCRM, .

, -

1  « »



305

 ( ,

) . -

, , TCRM < , -

CRM -

Ms. / -

m -

 CRM. 

,

, . ,

, -

 TRM  CRM [5, 

2]. -

 TCRM, -

, -

 CRM. 

-

 251 . -

 400, 450, 500  530° -

 5  200 . -

ó -

 ( 0)

, -

- , ,

-

.

 TCRM . 1 .

 ( ) -

 NRM, ≈ (350-400) °
CRM,

B  CRM 

t. -

 ( -

)  ( ).

,

 CRM  pTRM, 

 CRM. 

 2 -

, : -

,

 10  70  (  30–50 ) (p . 2),  (1–

5 ) ,



306

. 1. :  NRM ( ) -
 CRM ( ).

. CRM  400 °  50  200 .
:  ( )



307

. ,

-
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TTCRM
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pTRM 
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400 21.5 23.2 25.3 35.1 

450 30.0 28.7 30.0 60.0 

500 27.4 28.8 28.5 41.4 

530 22.6 35.7 26.4 43.2 

1) -
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, , -

anc.

2)  « » -

- ,  TCRM, 

 (1.5–2) ,  TCRM  [

TCRM + pTRM (high)]. 

3)  « » -

- ,  « -

»  pTRM,   (  pTRM). 

,  PTRM  TCRM [  TCRM 
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. 2. -  (NRM, pTRM) B = 30 µ . TCRM = 500 
0 , BCRM = 50 µ .  Hanc = 27.4 µ ,  (540, 

590) 0 . -  (TCRM+ pTRM20
500, pTRM). Hanc = 

28.5µ ,  (540, 590) 0  (CRM)  Hanc = 41.4µ ,

 (400,540)0  (pTRM) 
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