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., , . . 
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 1:50 000 

 1977-85 ., - -
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 1988-91 ., -
 « » [ ., 1990], -

 [ ., 1995], 
 2002 . -
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, , -
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 1 

-
« » , 

, . -
. -

-
. 

, , -
. , , 

, -
. 

- , -
-

 (REE – Y, La, Ce, Sm, Eu, Tb, Yb, Lu), 
 (HFSE – Nb, Ta, Zr, Hf, Ti, Tb), -

 (LILE – K, Rb, Ba, Sr)  (Co, Ni, Cr).  REE  HFSE 
,  [Toksöz & Bird, 1977 -

],  Y  Yb  [Kilian, 
1997]. 

- -
-  (NMORB): Rb (1), Ba 

(12), K (830), Sr (136), La (3), Ce (10), Ta (0.17), Nb (2.5), P (570), Hf (2.5), Zr (88), 
Ti (8400), Eu (1.2), Y (35), Ni (138), Cr (290) [Terney et al. 1981; ., 
1987], : La (0. 378), Ce (0.976), Sm (0.230), Eu (0.0866), Tb (0.0589), Yb 
(0.249), Lu (0.0387), Ta (0.022) [Anders & Grevesse, 1989], : 
Rb (0.6), Ba (6.600), Th (795), Nb (0.658), U (0.0203), La (0.648), Ce (1.675), Pb 
(0.150), Sr (0.0199), Sm (0.406), Zr (10.5), Hf (0.283), Eu (0.154), Ti (1205), Gd 
(0.544), Dy (0.674), Y (4.3), Er (0.438), Lu (0.675), Cr (2625), Ni (1960) [McDonough 
et al., 1991]; - / .  



,  NMORB, -
-  (La/Nb, Ta/Nb, La/Ta, La/Yb .) -
 [ ., 1987], 

 Cr–Y  Zr/Y–Zr [Pearce et al., 1981], Zr–Ti/100–Y*3 
[Pearce & Cann, 1973].  

 Th–Nb/16–Hf/3 [Wood, 
1980], 

-
- . 

-
10*MnO–10*P2O5–TiO2 [Mullen, 1983], 

. -
- , 

-
. 

-
 D1=2.36 (SiO2+ 15.61 TiO2 +1.35 Al2O3-0.80 FeO-3.17 MnO+3.19 

MgO+2.34 CaO+21.35 Na2O-29.15 K2O) [ ., 1999],  D1=255 -
 <255> . 

, 
 D1, -

.  [Hofmann, 1997] -
.  

,  D1, 
.  D1 -

 Na(8) [Klein & Langmuir, 1987; Plank & Langmuir, 1998]. 

 Nb/Y–Nb/Zr -
 (OIB) ,  Zr/Nb–Nb  Y/Zr–Nb/Zr 

[Tatsumi et al., 1998] 
, 

- , .  

: F=10*ln(Cr#)+24 [Hellebrand 
et al., 2001],  F – ,  %.  



- -
 [Pearce et al., 1984; Hofmann et al., 1986; , , 1987; Jenner et al., 

1991; Kilian, 1997; Kerrich et al., 1999]. 

Ni, Co, Cr –  ( ) . Ni (Co) -
. Cr . -

.  

V, Ti – , 
. 

. 

Zr, Hf – . 
. 

Ba, Rb –  ( , 
 – , ). 

Rb  Fsp.  K/Ba –
.  

Ba – . 

Sr –  Ca  ( ). -
 Sr .  

REE –  REE. -
, . -

 REE. 

Eu2+ – . 

Y –  (  HREE). -
.  Y. 

Th – 
. Ta – . 

- . 

Nb, Yb – ,  Ta–Nb , 
-

, , 



-
.  

 Ti  Nb 
 ( ). 

Ta-Nb  (U) La, Th  Pb -
, -

. 

 Mg, Ni, Cr  Co 
, -

-
, . 

, -
, 

10Be ( ). 

 « » . -
 [Brongniart, 1813, 1821]  ( , , -

), 
. .  [Hess, 1955] 

( ), - , 
.  [Steinmann, 1927], « », -

, 
. 

 60- -
 [Hess, 1960], -

.  [Wegener, 1912], -
-

 [Dietz, 1963; Gass, 1968; , 1969].  

, -
- -

- -
 ( )  [ ., 1990; , , 

1991; Dobretsov et al., 1995; , , 1995].  



 [ , 1979], 
1972 ., – , -

-
.  « » 

. -
: , , -

, -
. -

, -
, , -

. -
. 

. : 1) 
, 

-
, 2) , -

, 3) .  

, -
 70- , 

,  [Ewart & Bryan, 1972; 
Miyashiro, 1973]. , , -

, , 
: -

(MOR);  (TF); 
(RM);  (BAB) 
(ARC) [Miyashiro, 1973; Bessaluva et al., 1979; Bessaluva, 1987; ., 1987 

.].  

.  [Bessaluva, 1987] 
. -

 MOR 
RM. 

 ARC  BABB.  

. .  [ ., 1987] : 
 MOR ,  (SSZ). -

Ti, Cr  Y , -
.  SSZ  MOR -

-



.  SSZ 
,  MOR -

.  

- -
- - , -

, -
, -

, 
, .  

, 
, -

, 
 [ , 1990].  

 « » . .  [Coney et al., 1980] 
, 

, -
 [Sengör et al., 1981; Monger et al., 1982, 1985; ., 1985].  

 [Dilek et al., 1988; , 1990; , 1997; 
., 1997, 2001] , -

 ( , , , -
, , ), 

, - -
.  

 « » 
[Moore, 1991; , , 1993; Nokleberg et al., 1994]. 

 [Hess, 1960 ], -
-

 ( ) , 
,  – . 

:  ( -
);  ( ), . -

-
, , -

. -
,  [Hofmann, 1997]. 



, , -
. -

, . .  [ ., 1974] 
. .  [ , 1983]. , -

, -
. , 

- . 
-

. 
, , -

. 

-
 – , - , -

- , .  

- , , 
, 

.  « » 
.  

- , , 
, -

, ; -
. -

, , -
 ( ) -

, .  

, - , 
, , 

. « » 

. 
-

 ( - )  ( -
- ). 

-
, -

, , 
- . 



- , - , -
. 

.  

- -
. -

- - .  

, . Ti-Mt – ; Crt – ; PM 
–  (  4,5 . ); PHEM (Primitive Helium Mantle) – 

, 
; LM – ; UM – ; DM – -

; EM – ; NMORB – - -
; TMORB – ; EMORB–  Nb, Ta, Ce, 

K, P ; OIB – ; BON – , Mr – 
; CAB – - ; SABt – - -

; Fe# – ; Mg# – ; Cr# – ; Fe3+# – 
; med-Ti – ; high-Ca – -

; low-Ca – ; high-H  – , -
; HFSE (High Field Strength Element) – -

; REE (Rare Earth Element) – ; 
LILE (Large-Ion Lithophile Elements) – . 



 2 
-

-
- . -

 (1900), . .  (1931), . .  (1932), . . -
 (1933), 

. . .  (1945) -
-

. . . -
 (1952), . .  (1960), . .  (1964) 

- .  

. .  (1948), 
, -

, 
- . 

. -
. .  (1940), . . 

, , 
,  ( , ) 

.  [Steinmann, 1927]. . .  [ -
, 1955], . .  [ , 1962, 1971], . .  [ -

, 1973] -
, -

- . -
- , 

, 
, , 

 [ , 1955],  [ , 1955; , 1971].  

- . . . 
[ , 1984], . . . .  [ ., 1977] , 

, 
, 

. 





. 2.1. , -
 [ ..., 1981; , 1985; Stepanets, 1993; 

., 1995; , 2002] .
1 – ; 2 – -

; 3 – ; 4 – -
; 5 – ; 6 – -

(O1); 7-8 – : 7 – , 8 – 
; 9 –  ( 2-3), 10 – -

; 11 –  ( 1–
O3); 12 – -  (Pr–O3); 13 – -

 ( 1– 3);14 – - -
 ( 1–S1); 15 – - -

 ( 1–S1) - -
 (O3); 16 – -  (O1-3): 17 – -

 ( 2–O3); 18 – -
; 19 – ; 20 – -

; 21 – - ; 22 – -
 ( 1–O3); 23-25 – 

 (D1-3): 23 – - -
 (D1-3)  24 – -  (D1-3) 

; 25 – -  (D2-3) , 26 – 
 (S1–D2), 27 – 

 28 – -  (O3-
D3); 29-30 –  (O3–S1); 31 – -

 (D3–P); 32-34 – -
(C1–P1): 32 –  (C1-2)  33 –  (C1–P2) 

, 34 – -
 ( 1), 35 – -  (D1–C1)  (D1–P1) 

; 36-37– ; 38 – 
 ( 1– 2); 39– -

; 40 – ; 41 – -
; 42 –   ; 43 – ; 44 – 

; 45 – ; 47 – .
: KS – , MA – -

, UL – , AMT – - ; EN – -
; : BA – -

, IS – ; : ST – 
, Dvpb – , BIvpb – -

; KTR – - - -
; : S – , SD – -

, M – - , S  – ,  – -
; : UR – ; BA – -

, NK – - , PT – ; 
: SR – , KK – - , SA– ; 

: MR – , U – ; 
: Tn – , Ds – ; : N – -

, BU – , BAN – - , T – -
, IT – -



. .  [ , 1980, 1982]. 
-

, 
, . . , 

.  

-
,  80- -
, -

. -
, 

, . 

-
, , 

, -
. -

 [ , 1948], -
, -

 [ , 1970], , , -
, -

 [ , 1980].  

 1969 . . .  [ , 1969]  « -
», 

-
, 

.  

,  1963 . 
. .  [Dietz, 1963]  « -

». 

, -
-

. 
.  

,  – -
,  –  [ , 1971, 1978; 

., 1973; , 1974, 1977]. -



, -
 [ , 1974; , 1979; , 

1980]. 

. . 
 [ , 1974] -

, 
– , -

, 
. - -

. . 
[ , 1974] 

- . , 

, , , 
, 

 [ ., 1984; , 1986].  

 [ , 1990] , 
, . . -

,  (477–480 . ) 
- -

 ( , , ) -
 [ , 1988, 1992].  

 80-90- -
 [ ., 1977; ., 1977; 

, 1985] , 
-

 [ ., 1993; ., 1982; ., 1990; Stepanets, 
1993]. 

 [ ., 1987; , 1988, 1992; -
., 1993; Stepanets; 1993; Ermolov et al., 1993; ., 1998 .], 

. -
-

-  [Stepanets, 1993].  

 [ ..., 1981; , 1990; , 1990, 



1992; ., 1990; ., 1995], 
-
-

- -
-  [Ermolov et al., 1993; Stepanets, 1993; Nikitin, 

1995; Segör & Natal’in, 1996; ., 2002, 2011, 2012]. 

, 
( , ), 

, -
, -

, -
, .  

 ( . 2.1).  

, 
, , 

- , , 
, - -

 [Stepanets, 1993; ., 1995], 
- .  

- -
  - .  8 

-
.  



-

-
 ( . 3.1), -

- :  
1) -

 (S2–D3). 
(O3–S1), -

 (S1-2), 
2) -  (C1–P2) -

-  (D1–P1), 
-  (D3–C1). C 

- -
-  (S1-2). -

 (D3–P). 

 3 
-

-
. -

, , 
-

. - -
:  ( -

)  – -
 –  – 
. -

- , -

. 
, -

, 
- -

. 
, -

, -
.  



. . . 
 [ , 1939] -

. -
- -
,  – -

.  

.3.1. - -
,  [ ..., 1981; -

., 1995] .  
1 – ; 2 – 

; 3 – ; 4 – -
; 5 –  (c -

); 6 – ; 7 – 
- ; 8 – ; 9 – 

; 10 – - ; 11 – -



; 12 – - - ; 13-14 – 
: 13 – D1-3, 14 – C1-P2; 15 – ; 16 – -

; 17 –   ; 18 –
; 19 – - - ; 20 – . 

: pcm – , acm – 
, cr – , ia – -

, ba – , fa – 
, rm – . 

: ap – , ol – , k – 
. 

: AM – - ; -
: DVP – , 

BIVP– - ; ST – -
; : Sc – ; -

: BA – - , NK – - , PS – 
; : Sr – , ZSr – -

, Ag – , KK – - , SA – -
; : U – ; :  – -

, T – , IT – - . 

, -
.  [ , 

1976, 1980] . .  [ , 1966], . .  [ , 
1974, 1976; ., 2015], . .  [ , 1976], . . -

 [ 1971], . .  [ , 1977]. 

. . , . . 
. .  [ , 1985; ., 1991; ., 

1992] , , -
. 

, .  [ , 
1939]. 

, , -
, -

, -
 – . 

, -
 (Dietz, 1963; , 1969; , 1974 ) -
-

. -
 [ -

., 1992]. 



, , , , -
, 

. .  [ , 1948], . . . .  [
. ., , 1972], . .  [ , 1974], . .  [ -

, 1980], . .  [ , 1980], . .  [. , 1988] . . 
 [ …,1988; ., 1991; , 2015 ]. 

, . .  [ , 
1974] 

. -

. . .  [ ., 
2015] -

, -
- , -

. - -
-

, -
- . 

-
. .  [ , 1980, 1984] -

-
, -

.  

. .  [ -
, 1991], 

. 

-
, . .  [ , 2002], -

 O1fl
2–O2da3 , -
 O3sa. 

 200 , -
, 

 [ , 1992; Popov & Tol-
macheva, 1995; ., 1998; , 2003]. -

. . , . .  [ , 



1991], , 
. 
, 

 [ , 1992; Popov & Tolma-
cheva, 1995; ., 1998]. 

, , -
, , -

, -
-

, , 
. 

-
-

. 

- -
,  350 -

-
 ( . 3.2( )).  

- - , 
( .3.2( , 4,5)) -

- - , -
, -

 ( .3.2( , 6,7)) -
.  

- -
- , 

, . 

. 
. . . . .  [

., 1991; ., 1992] -
. .  [ , 1939] . . 

 [ , 1971, 1976]. 
-   



.3.2( ). 
- , -

 [ ., 1995]. 
1 –  (J); 2 – - -  (D3–
C2); 3 –  (D1-2), 4 – -

-  (O3–D3), 5 – -
 (O2-3); 6 – ; 7-8 – -

: 7 – , 8 – -
; 9 – ; 10 – ; 



11 – ;12 – 
; 13 – ; 14 – ;15 – -

; 16 – : 1 – . , 2 – . , 3 – . -
- , 4 – . , 5 – , 6 – . , 7 – . 

, 8 – . . 

.3.2( ).  ( -
: 49015 ' . ., 73010' . .) -

, . . , . . , 
. .  (1987–90 .). 1 – -

-
; 2 – , -

 3 – -
; 4 – 

(O3–S1); 5 – - -  (O3sa1–S1); 6 
–  (O3sa1), , -

- ; 7 –  (O2da3–
O3sa); 8 – -  (O2da3–O3sa); 9 –  
(O2da3); 10 – ; 11 – ; 12 – -

; 13 – ; 14 – -  (C2-3); 15 – 
; 16 – : 1 – . - , 2 – 

 (49,160 . ., 73,20 . .), 3 – . 

.3.2( ). , -
. . , . . . . . 1 

–  ( 1-2); 2 – 
(D3fm–C1t); 3 – -  (D2-3). 

.3.2( ). , 
. . , . . . 1 –  (D2-3); 2 

–  ( 3). 

.3.2( ). , -
. . , . , . . , . . 

. 
1 –  (S1); 2 –  (O3sa1–S1); 3-5 – 

: 3 –  (O3sa), 4 – - , 5 – -
; 6 – ; 7 – ; 8 – ; 

9 – : 1 – ; 10  – -
; 10  – 

. 

. 
( . 3.2( )) -

. 



- -
, , 

. , -
, , , 

, . 

, , -
, , -

, -
 [ ., 1991; , 1991].  

, -
, 

[ , 1991]  [ , 1976] -
. 

-
( . 3.2( )) : Periodon grandis
(Ethington), Drepanodus suberectus (Branson & Mehl). 

-
Coronograptus gregarius

Coronograptus gregarius Monograptus convolutus [ -
., 1992].  

. . . -
 [ ...,1988] 

 [ ., 1991]. 

-
 ( .3.2( )), , -

- -
- .  

-

, , 
- -

, - -
, -

 ( . ). 

-
, -



 [ ., 
1991], . 

-
. 

, - . , -
.  

. 
 [ ...,1988; ., 1988; ., 1991; 
, 1991],  800 . 

- , . 
-

. 
, . , 

. .  [ ., 1988], -
.  

- .  1987 . . . .
-

 [ …,1988]. 

[ ., 1988; ., 1991].  

 (95 %), -
 (5 %). -

, . . 
.  500 . 

- .  

, 
 120 . , 

, , , -
. 
- , -
.  30 .  

. .  [ ., 1988] 
, 

. , -
- . 



, . .  [ ., 1991] -
 [ , 1976]. . - -

- . , 
, - .

, , . 
-

. 

- , -
, , , , -

, 
: Periodon aculeatus Hadding, Pygodus anserinus Lamont & Lindstrom 

[ ., 1991].  200 
700 .  

. - -
 ( . 3.2( )), -

, -
, .  

- -
-

 [ -
…1988; ., 1991].  

-
, 

, , , 
, , 

.  150 .  

 (  170 ) , -
: Periodon grandis (Ethington), Panderodus mutatus (Branson & Mehl), 

Scabbardella cf. altipes (Henningsmoen), -
  

 (350 ) , -
, . -

-



, -
Coronograptus gregarius.  

- , -
-  ( .3.2( )) -

, . .  [ , 1991] .

- -
-

. 
-

. 

. 
. -

 [ , 1976; , 1986; ., 1991; 
, 1988; …, 1988; , 1991; ., 2015].  

-
 ( . 3.2 ( )) -

. -
-

, -
, , , 

, - , , -
- .  

- -
, , -

, , -
, -

, , -
- , - . 

, -
.  

. -
. 

-
 [ , 1980] 



 [ , 1976; , 1986; -
…, 1988 ].  

 1987 
, 

. . .  [ , , 1988], 
, -

. , 
 [ , 1992, 

2015 ], .  

,  K-Ar  [ , 1976], 
,  [ , 1980], , 

.  

. . 
, -

, , . 

 [ , 1976] -
- , - , -

, , , 
. -

: Periodon aculeatus (Hadding), 
Protopanderodus cf. parvibasis Lofgren [ ., 1991; ., 
1992]. 

, -
. -

. 
, 

-  [ , 
1976; , 1991] -

.  

. .  [ , 1991] 
-

. ,  [ , 1991], , 
. -

, -
. -



, 
.  

-
 10  [ , 1967; , 1976], 

. 

87Sr/86Sr [ , 1976].  

-
, , . 

 ( .3.2( )) 
, -

, , , , -
, . -

, , 
, , - , -

. 

-  80 -
. -

, , 
- .  

-  ( . 3.2( )), 
, -

. . .  [
., 1991] . - , -

. - -
- . , , 

, , 
, . -

, -
.  200 . 

-  [ , 1991].  

. - , - , 
: Periodon aculeatus (Hadding), Pygodus 

serra (Hadding), - . -
: Periodon aculeatus (Hadding), Py-

godus ancerinus Lamont & Lindström [ ., 1991]. 



- ,  ( . 
1 ), . -

, 
, -

, - . -
-

.  

, . .  [ , 1991], 
 80 -

, . 

. -
, , , , 

, -
, -

 [ ., 1991]. : 
Pygodus serra (Hadding), P. ancerinus Lamont & Lindström [ , , 

1989; ., 1992; , 2002], -
: Drepanodus suberectus (Branson & Mehl) s.f., Paroistodus cf. originalis

(Sergeeva), Periodon aculeatus (Hadding), Drepanodus arcuatus Pander, -
: 

Pygodus ancerinus Lamont & Lindström, Periodon aculeatus (Hadding) [
., 1991]. 

-
,  ( . 

3.2( )), , , 
.  200 .  

. -

, 
 [ , 1979]. -

 Al2O3 (0.75–1.87 .%). -
 P2O5 (0.01–0.11 .%),  CaO 

 1.05 . %.  MgO/(MgO+FeO) 
Fe2O3  FeO. 
0.85–0.86. 
0.86. 



 ( .3.3( )) 
 (  1.40 .%)  Al2O3 (3.42–4.04 .%), -

. 

.3.3( ). -
 A(Al2O3+CaO+Na2O+K2O) 

– S(SiO2-(Fe2O3+FeO+MgO+MnO+TiO2)),  % [ , 1956]. 
1 – ; 2 
– ; 3 – ; 4 – ; 5-6 – -

  : 5 – 
( ) , ,  (Ol, Opx, Cpx -

); 6 – , ,  (Ol`, Opx`, Cpx` -
) , . . . 

.3.3( ).  Al2O3–CaO  (1, 2) -
 (3) . 

: 1 – , 2 –  [Ishii et al., 
1992]. 

: 1- , 2 – - - , 3 – 
. 

 Al2O3  CaO ( .3.3( )) 
, -

,  Al2O3, . 
. 

, -
, .  



-
 [ ., 1991]. 

, - , 
, -

. -
, . 

-
, , 

, 
.  ( . . ) 

 TiO2 , -
-

[ , 2015 ].  

.3.4. 
. 

: IAT – , BON – , MORB – 
-  [Beccaluva et al., 1989]; Al(t)–Ti (

); Ti–Aliv ( ). 

-
 Al(t)–Ti, Ti–Aliv ( .3.4) -

, -
.  Alz–TiO2 ( . 3.5( )) -

. 

-  [ , 
2015 ]. 



, - , 
, . , 

. 
 TiO2 (<0.96 .%), P2O5 (<0.10 .%). 

-
- . 

 MgO (6.86 .%) -
 Al2O3 (<17.29 . %). 

(24.5 / )  (2.3 / ), 
-

. 

.3.5( ).  Alz=(Aliv*100/2)–TiO2

 (1)  (2). 
: 1 – , 2 – 

, 3 – 
[Loucks, 1990], 4 –  ( ) -

 [ , 2015 ] 
 [LeBas, 1962]. 

.3.5( )  Cr–Al–Fe+3 -
 (1-3)  (4). 

 [ , 1949]: 1 – , 2 – , 3 – , 4 – 
, 5 – , 6– , 7 – 

, 8 – , 9 – , 10 – -
, 11 – , 12 – , 13 – .



. 
 TiO2 (0.21 .%), Al2O3 (14.75 

.%)  Na2O (1.47 .%)  K2O=0.19 .%. , 
,  Na2O (5.13 .%). 

. -
 K2O (1.80–2.05 .%)  Na2O (5.22 .%) 

.  

.3.6.  Na2O+K2O-–FeO –MgO [Irvine & Baragar, 1971] 
. 

:1 – , 2 – , 3 – ; 
4 – ; 5 – - ; 6 – 

. 

.3.7.  10*MnO–10*P2O5–TiO2 [Mullen, 1983] 
. OIT – 

; OIA – ; MORB – 
- ; IAT – ; 

CAB – - ; Bon – . 



 ( .3.6).  

 (TiO2: 0.89–0.24 .%)  (SiO2: 
50.37–51.96 .%, MgO: 5.96–6.73 . %) 
P2O5 (0.01–0.03 .%)  FeO (<8.02 .%)  Fe2O3 (<1.16 

.%),  [Cameron et 
al., 1979], . .  ( . 3.7). -

- -
. -

, -
[Cameron et al., 1979]. 

 (TiO2: 0.77–1.47 .%)  (SiO2: 50.37–
51.96 .%, MgO: 6.67–7.81 .%, P2O5: 0.09–0.15 .%) -

-  ( .3.6, 3.7).  

 (SiO2:44.49–46.42 
. %) , 

 ( .3.6)  P2O5 (0.03–0.1 .%). 
 TiO2 (0.67–0.98 . %), 

Al2O3 (13.34–14.66 .%)  FeO (<6.98 
.%)  Fe2O3 (<2.21 .%).  MgO–Al2O3–FeO  [Pearce et 

al., 1977]  MORB  OIB ( . 3.8), 
 10*MnO–10*P2O5–TiO2 [Mullen, 1983] -

.  

( .3.6).  (MgO<8.64 .%),  P2O5

 0.08 .%. 
.  MgO–Al2O3–FeO  [Pearce et al., 1977] -

, -
 MORB ( . 3.8).  

-
. 

 [Ishikawa et al., 2002].  

 ( . 3.6, 3.8) 
, , -



.  

. -
. , , , 

, , , -
 ( .3.9).

. 3.8.  MgO–Al2O3–FeO  [Pearce et al., 1977] -
-

. : 1 – , 2 – , 
3– - , 4 – -

, 5 – . 
 3.6. 

. 3.9.  Na2O+K2O–
SiO2 [Irvine & Baragar, 1971; Cox 
et al., 1979] -

. 
Pc – - ; U1 – -

; U2 – , U3 – -
; Ph – ; S1 – 

; S2 – 
; S3 – -

;  – ; B – ; 1 
– ; 2 – -

; 3 – . 
. . 

3.6. 



-
 TiO2 (<3.25 .%), FeO  (<14.76 .%), P2O5 (<1.35 .%) 

 SiO2. 

. .  [ ., 1991; , 1991] -
 Nb (35–42 / ), V (185 / ), Ba (350–460 / ), Sr (300 / ), Zr (278 / ), Rb 

(27 / ), Y (29 / )  Cr (10 / ), Ni (50 / ), Co (23 / )  MgO 
(<5.59 .%), 

. -
- .  

-
 10*MnO–10*P2O5–TiO2  [Mullen, 1983], 

 ( .3.8). 
 MgO–Al2O3–FeO  [Pearce et al., 1977] -

 ( . 3.8). 

-

87Sr/86Sr,  0.7086  0.7170 [ , 1974], 
- , 

 [Hamer, 1983]. 

- . 
 (TiO2: 0.63–1.15 .%),  (Al2O3:13.96–

15.75 .%),  (P2O5: 0.08–0.15 .%), 
(Na2O: 2.65–7.89 .%) - . -

-
-  ( .3.7, 3.8). 

 (SiO2 <53.87 .%) 
Al2O3 (  17.36 .%)  TiO2 (<1.15 .%),  MgO 
(3.41–6.90 .%) , 

. -
 P2O5 (<0.04 .%), 

. -

 ( . 3.7, 3.8). 

.  (TiO2: 
1.14–1.69 . %)  Al2O3

(12.76–15.21 . %)  P2O5 (0.09–0.22 .%)  K2O (>0.05 
.%),  ( . 



3.7, 3.8),  Na2O (3.46–6.25 .%). -
 (TiO2=3.36 .%), 

(Al2O3=12.25 .%)  (K2O=0.05 .%) , -
 P2O5 (0.22–0.45 .%), 

. 

. 3.10.  10*MnO–10*P2O5–TiO2 [Mullen, 1983] 
. 

1 – ; 2 – ; 
3 – . 

. 3.7. 

- , -
, . 

, 
 ( . 3.10). -

 (TiO2: 0.76–0-96 .%),  (FeO : 7.45–8.17 .%), 
 (Al2O3:14.79–15.09 .%),  (P2O3: 0.32–

0.38 .%) - -
. -

 (TiO2<3.37 .%),  (CaO<11.51 .%) -
-

.  

. . , 
-

 (TiO2: 0.79–0.59 %), 
(K2O<0.1 .%)  (Na2O<8.0 .%) -

 ( . 3.11). , ,  Nb (7.5 



/ ), Y (40 / ), Yb (4.3 / ), Zr (235 / ), Ga (17 / )  Ni (12 
/ ), Cr (17 / ), Co (9 / ).

- . , , -
, ,  (Na2O<5.29 .%) 

 (MgO>2.54 .%)  (MgO<7.08 .%) 
- . -

 Al2O3 (14.96–15.44 .%)  P2O5 (0.1–0.13 .%), -
 (FeO <9.39 . %),  Na2O  3.08 . %. -

 P2O5 (0.05–0.07 .%), 
 P2O5  0.22 

.%.  

-
 (TiO2<1.0 .%) 

(TiO2>1.0 .%). 
, 

. -
, 

 ( . 3.12). 
-

, , -
. 

.3.11.   Na2O+K2O–FeOt–MgO [Irvine & Baragar, 1971] 
. 

1 – ; 2-3- : 2 – low-Ti, 3 – med-Ti; 4-6 – -
: 4 – ; 5-6 – -



: 5 – low-Fe, 6 – high-Fe; 7 – -
. 

.
, , -

Na2O (<2.51 .%)  K2O  1.58 .%, -
-  ( . 3.11). -

, 
- . -

- 
 ( . 3.12), -

. 

. 3.12.  10*MnO–10*P2O5–TiO2 [Mullen, 1983] 
. 

: I – , II – -
.  

. 3.11. 

, . .  [ , 1976; -
., 2015] . .  [ ., 1991], -

, 
 [ , 1969; , 1979], -

.  

, 
, 

, 
.  



, -
, 

.  

, 
, 

. -
, -

.  

 1. 
  

(52.80 . ., 74.60 . .) 

- . 
,0 ,0 - , 5000 ,0

 n Dec,0 Inc,0 K 95,0  n Dec,0 Inc,0 95,0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
3 325-

20 
25-
75 

17 171 -6 4 17 - - - - - 

180 17 - - 23 190 20 10 10.3 
1

-14 
3 280 90 15 155 44 2 25 - - - - - 

240 25 - - 9 210 24 19 12.6 

15-
18 

3 340 40 12 46 47 1.5 43 - - - - - 

20 25 - - 12 185 13 9 6.6 

2 210-
30 

30-
80 

9 162 -5 2 25 - - - - - 
139 -25 - - 7 273 18 11 9.2 

2 164-
232 

20-
80 

9 313 78 2 26 - - - - - 
205 79 - - 9 162 33 11 18 

.  – ;  – -
;  – ;  – ;  – 

,  [ -
., 1991]. 

- , 
, -

, -

 ( .3.13).  

-
 (  1), , -

- -
, -

. -



. 
-  80 

, 
. 

-
-

- .  

.  [ , 1991], -
, 

, , 
, -

 [ , , 1987].  

. 3.13. -
. 

1 – ; 2 – 
. , . 

. . 3.2( ). 

, 
- , 

, -
 [Hamer, 1983]. , , -



-
, -

 (Cr, Ni, Co),  Nb  3 / .  

-
 Nb (35–42 / ),  Ba (460 / ), 

Rb (28 / ) ,  Cr (10 / ), Ni (50 / ) , 
 [ , , 1987].  

 (87Sr/86Sr: 0.7086–0.7170) 
-

, 
. .  [ , 1991]. 

87Sr/86Sr , , -
,  EM2. -

 Zr/Nb (6.62–7.94), Rb/Nb (0.64–0.77), Ba/Nb 
(10.00–10.95)  Rb/Sr (0.09) . -

 [Hofmann, 1997],  EM2 -
, . 

, -
- - , 

 [ , , 1987], -
, -

, 
 [McKenzie, 1983]. , 

, -
 [Tatsumoto et al., 1992]. -

 Cr, Ni, Co, V, Mg,  Ba, Pb, Zr -
.  

 (87Sr/86Sr: 0.7053±0.0021) , 
, , -

 [ , 1976; ., 2015], 
, -

, -
- . -

87Sr/86Sr , -
 EM1, -

 [Hofmann, 
1997], 



. 
, , -

-
,  EM1  EM2. 

 [ , 2015 ] - -
, . 

. .  [ ., 
2015] , -

, . 
87Sr/86Sr 

, , - -
 (87Sr/86Sr:0.7020–0.7035) [Cox et al., 

1979]. , 
 (0,42 / ), -
 [Bonatti et al., 1971]. 

- , ,  [Manatschal & Müntener, 
2003], , 

-
 ( .3.3) -

. , - , 
, 

 [Dilek, 2003].

-
 I-  [Bea et al., 2000] -

. 

, -
 (  1), , 

- .  



,  Nb, 
Y, Yb, Zr, Ga  Mg, Ni, Cr, Co, -

-  [Whalen et al., 1987; Bea et al., 2000],  Nb, Y, Yb, 
Zr , -  [Pearce et al., 1984]. 

 Nb–Y–Ga [Eby, 2011] -

2- . -
 K2O  Na2O , 

-
 [Frost, 2010], 

 I-  [Litherland et al., 1994]. 

. .  [ ., 1992], , 
, -

 ( ) 
( ) , 

- . - , -
,  ( . 3.2( )) 

 (  3.2( )) , -
, 

, 
, -

. 
.  

, -
, -

, 
. -

, -

, , -
[ ., 1998] 

 [ , 1992]. -

.  [ -
., 1991; , 2002], 

-
. . .  [ ., 2015], 

[Popov & Tolmacheva, 1995], 
. -

, -



, , 
. -

, - , -
-

- . 

-
- , , 

, 
, 

.  

 40 , -
 200 -

 60 .  

-
, , -

- - , -

.  

. .  [ ., 2015], , 
, -

, 
, -

.  

. 
, -

, , , -
 [ , 1973], 

, -
[ , , 1972]  [ , 1991] 

. , 
-

, -
- , -

. -



 4.5  [ , 1973]. -
, , , , 

.  

- , -

, , .  [ -
., 1991]. , -

, -
, -

. 

- -
, -

-  ( ) , 
-

 ( ) 
, -  (S2–D3), 

 (O3–S1). 
-
-

 ( 3–S2).  

 [ , , 1995], -
, 

, , -

, -
. 

,  [ , 
, 1995], , -

.  

- -
, 



. 
, 

-
, -

 [ ., 2015] 
[ ., 1991] , -

, - . , -
, 

. 
. 

. 3.14( ). 
- . 



1 –  ( -
); 2 – 

( 2-3) - ; 3 – ; 4 
–  ( 3); 5 – - ; 6-7 – -

-  ( 3–S1): 6 – , 7 – 
; 8 – ; 9 – -

 ( 2); 10-  (G3–O2) -
. 

. 3.14( ). -
- . 

. 3.14( ).  – -
- . 

-
-

 ( . 3.14( )).  

-
, , 

, -
, -

 ( . 3.14 ( )). , -
-

. , -
-

, -

 ( . 3.14( )).  

 [Christensen & Salisbury, 1975], 
, -

. , , -
, -

 ( ). -
 [ , 2015 ]. 

 ( . 
3.14 ( )), -

, -
. -

-
. 



-  ( . 
3.15) :  (

)  – -
 –  – 
. -

- , -

. , 
[Xiao et al., 2010], 

. 

. 3.15.   -
 [Scotese, 1997] 

. 
1 – ; 2 – - -

; 3 – - - -
; 4 – - ; 

5 – - ; 6 –  ( ) 
; I – - ; II – . 



 4 

- . -
. . . .  (1948 .) 

 ( ). 

, -
, , 

. 

,  60-70- , , 
 ( . . , . . , . . , . . .) 

-
, -

 –  ,  –  [ -
, 1974].  

- -
,  1984 . . . , . . . . -

 [ ., 1999] 
- -

. 

  
- , . , -

 ( . 4.1), -
 [ ., 1989; , 2003]. 

-
, , , 

 [ ., 1999; , 2002]. 

- , -
, 

 [ ., 1995], -
, , 

, 
. -

, -
- , . 

: Periodon flabellum (Lindstrom), Paracordylodus cf. gracilis



(Lindstrom), Paroistodus parallelus (Pander), Accantiodus accantus Lindstrom s.f., 
Colocerodon sp. s.f., Ozarkodina sp. s.f. [ ., 1999]. 

. 4.1. , 
 [ ., 1995] . 

1 – -
; 2 – - ; 3 – -

; 4 – ; 5 – -
; 6 – ; 7 – -

; 8 – ; 9 – ; 10 – -
: 1 – , 2 – , 3 – , 4 – , 5 – 

, 6 – , 7 – . 

- . -
, , -

. - . 
-

. - -
- , -

, - , , 
. 

, 



.  300 
.  - Protopanderodus cf. insculptus (Branson 

& Mehl), Icrodella superba (Rhodes), Panderodus similis (Rhodes), Skandodus dilku-
maensis Mosk., Rhynchognatus tipica Ethington, Hamarodus europaeus (Serpagli). 

, - , 
 [ , 2002]. 

 ( . 1).  

- , - , 
 [ ., 2003]. 

 1. 
(47.00 . ., 76.00 . .) 

- . ,0 ,0 - , 5000 ,0

 n Dec,0 Inc,0 K 95,0  n Dec,0 Inc,0 95,0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
3-

S1

20-
41 

95 18 200 -8 3 22 - - - - - 

202 11 6 17 16 210 35 16 18 

3-
S1

130-
308 

89-
150 

38 357 7 7 9 - - - - - 

260 -64 2 23 19 206 35 9 19 

.  – ;  – 
 ( ), 

 [ ., 1991]. 

. .  [ ., 2003] 
. 

- , 
, . 

, , -
, . -
. 

, , - -
- , -

. 
- . , -

. 
. , 

.  



-
, , . 

-
-

 « » [ ., 1995]. 
 4.1 ( ).  

 high-K 
(K2O>1.55 . %)  low-K (K2O<0.50 . %).  

 high-Al (Al2O3: 17.90–18.56 .%) -
- -

 Rb (  54 / ). 

 (MgO <5.97 .%) -
 ( . 4.2) 

 (Al2O3: 14.32–15.30 . %),  Nb 
7.8 / .  low-P (P2O5<0.1 .%) -

- -  Y (10-13 
/ ).  

 Cr (145–330 
/ ),  Ni (52–74 / ), -

-  [ , , 1987]. 

. 4.2.  10*MnO –10*P2O5–TiO2 [Mullen, 1983], Zr–Sr/2–
TiO2 [Pearce & Cann, 1973], MgO–Al2O3–FeO  [Pearce et al., 1977], Na2O+K2O–
FeO –MgO [Irvine & Baragar, 1971] .  



 MgO–Al2O3–
FeO  [Pearce et al., 1977]. 

 Zr/Nb>9.2, Rb/Nb=5.4–10, Ba/Nb >40 ( -
. .  [ , 1983])  high-Al 

 [Rollinson, 1993]. 

 Y/Zr, Nb/Y, Nb/Zr [Bradshaw, 2003] -
 ( .4.3), -

 ( . 4.2)  Zr–Sr/2–TiO2 [Pearce & 
Cann, 1973] 

,  ( . 4.4), 
, . . -

. -
 Sr, Pb, K, U, Th, Ba  Rb, -

, , -
 Nb, P, Zr, Y, Ti, , - , 

.  

. 4.3.  ( ) Y/Zr–Nb/Zr  ( ) Nb/Y–Nb/Zr [Bradshaw, 2003] 
. 

SSIA–  [Pearce et al., 1995]; 
KKIA– -  WPT– -

-  [Churikova et 
al., 2001]; MAACM– -

 [Abratis, 1989]; OIB– ; 
NMORB– . 



,  (Co, Ni, 
Cr) 

. 

. 4.4. - -
,  NMORB [Sun & McDonough, 1989]. 

1 – high-Al ; 2 – ; 3 – low-P ; 4 – . 

,  Rb, K 
. , -

 Ba/Zr–Nb/Zr ( .4.5), -
,  low-P  (  3), 

. 

 high-Fe 
-

, - , 
, , -

- .  

-
-

. 

 [ ..., 1981; 
., 1999] 

. , -



 ( . 1), -
,  50 -

. 4.5.  Ba/Zr–Nb/Zr [Ishizuka et al., 1990] 
. 

. . 4.2.



. 4.1.
. 

SiO2 46.80 46.60 46.83 46.80 47.00 45.30 49.20 46.20 48.80 
TiO2 1.60 1.58 1.48 1.14 1.04 1.16 1.24 1.62 1.62 
Al2O3 15.00 14.70 14.32 15.50 16.60 18.50 17.90 15.30 14.80 
Fe2O3 9.85 8.61 8.66 3.65 6.04 9.32 9.68 10.66 5.26 
FeO 3.20 5.22 5.35 6.35 4.74 3.32 2.77 3.37 4.63 
MnO 0.18 0.21 0.21 0.21 0.26 0.44 0.20 0.18 0.17 
MgO 5.39 5.97 6.29 7.75 6.63 4.79 4.49 5.28 5.88 
CaO 8.75 8.75 8.54 6.97 10.58 8.54 5.10 8.18 10.00 
Na2O 3.50 3.16 3.16 3.94 3.26 2.77 3.82 3.64 3.50 
K2O 0.40 0.10 0.05 0.40 0.40 1.55 2.05 0.50 0.15 
P2O5 0.19 0.17 0.15 0.09 0.09 0.12 0.15 0.20 0.10 
n.n.n. 3.90 4.30 4.48 5.59 2.66 3.49 2.99 3.50 4.26

Rb 5 5 5 5 5 29 54 17 5 
Y 18 20 22 15 13 18 21 12 10 
Zr 86 84 88 25 25 58 50 74 51 
Nb 7.8 6 5 5.4 5 5.4 5.4 5 5 
Cr 160 170 170 210 330 240 230 120 145 
Ni 66 52 52 54 66 58 70 62 74 
Sr 340 320 290 97 300 210 200 315 170 

Q - 14.86 - - - - - - - 
Pl 64.08 37.47 62.05 67.68 61.32 62.28 64.48 64.81 63.53 
Ort 2.99 0.87 0.35 2.94 2.90 11.15 14.42 3.69 1.10 
Neph - - - 0.07 2.55 1.91 - 0.27 - 
Cor - 8,67 - - - - 0.37 - - 
Di 14.31 - 13.24 8.25 17.1 6.24 - 12.08 19.17 
Hyp 2.96 33.85 11.50 - - - 5.18 - 7.6 
Ol 11.96 - 9.25 18.41 13.62 15.52 12.59 15.31 5.37 
Il 2.05 2.32 1.92 1.45 1.29 1.45 1.51 2.07 2.04 
Mag 1,20 1.48 1.32 0.96 0.98 1.13 1.08 1.29 0.92 
Ap 0.44 0.46 0.35 0.21 0.19 0.28 0.34 0.46 0.24 
Zir 0.01 0.01 0.01 - - 0.01 0.01 0.01 0.01 
Chr 0.02 0.02 0.02 0.03 0.04 0.03 0.03 0.02 0.02 
Mg# 44.3 45.1 46.0 58.9 53.8 42.2 41.1 42.1 52.8 
D.I. 67.1 53.2 62,4 70.7 66.8 75.3 78.9 68.8 64.6 
E.L.T 1218 1135 1220 1203 1235 1257 1189 1231 1184 

. ,  (D.i.), -
 (E.l. t.)  H2O  http://www.neiu.edu/~kbartels/norm3.xls.; 

 (-) , 
 – .
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« » -

-

-
, 

, -

, 
, . 

 « » . -
 [Brongniart, 1813, 1827]  ( , , -

), 
. 

.  [Hess, 1955]  ( -
), - , . -

 [Steinmann, 1927], « », 
, -

. 

 60- -
 [Hess, 1955], -

.  [Wegener, 1912], -
-

 [Dietz, 1963; Gass, 1963; , 1969; , 1974].  

, -
- -

-
 [ ., 1990; , , 1991; Dobretsov et al., 

1995; , , 1995].  

, -
,  1972 . -

 [ , 1979],  [Ew-
art & Bryan, 1972; Miyashiro, 1973]. , 

, , -



 [Metcalf & Shervais, 2008]. -
 [ , 1992]. , -

 [ , ., 2011], -

 [Maruyama, 1994].  

- , -
 [ , 1974], -

, 
: ,  [ ., 1990, 

., 1983; , 2002]. 

-
 [ , 1974, ., 

2009]. - -

[ ., 2011], -
 [ ., 2012].  

-
- -

 ( . 5.1). 
,  2 « » [ ., 1990] 

 [ -
., 1995]. -

 « », - -
-7 .  

-
. -

 ( . 5.1). -
-

- , 
- , -

, , , - , , , -
, , , - , 

,  [ -
, 1974; , 1986]. 



 ( . 5.1(1)) -
 458  468 .  [ , 2008].  

-  9 -
 [ …, 1972] 

( . 5.1(2)), -
, , . 

, , -
. 
-

 [ ., 1991].  

-
,  [ ., 

1995], , 
, -

, , -
, , , . -

 [ , 
2002]. 

-
-

 [ ., 1990],  « » , , 
, , , . 

Periodon cf. aculeatus Hadding [ ., 
1990], , . -

, -
- . 

 « » , 
, -

.  

- -
- -

 [ , 2002]. 

, -
, - , 

: Periodon sp., Pygodus cf. anserinus 



Lamont & Lindström, , -
- .  

. 5.1. , -
 [ ., 1995] .

1 – -  (C1–P2); 2-3 – -
 (O3–D3): 2 – -

, 3 – -  (O2), 4-9 – 
 (O3–C1): 4-5 – : 4 – -

, - , , , 5 – 
(O3); 6 –  (O3); 7 – -  (S); 8 – 

-  (D1–C1); 9 –  (D3– 1); 10 – -
; 11 – ; 12– ; 13 – -

: 1 – , 2 – , 3 – , 4 – 
. 

, , , -
, : Periodon aculeatus Hadding, 



Pygodus cf. serra (Hadding), Pygodus cf. anserinus Lamont & Lindström. 

Paroistodus proteus Lindstrom [ ., 1995], , 
. 

 [Stepanets, 1993], . . -
 [ ., 1990] , 

, , -
. -

- -
.  

-
, , , 

. , -
, , -

. , -
. .  [ ., 1990] . 

. -
- , 

.  100 % -
, -

. -
. -

. -
. 

. , 
. 

1 –  [ ., 
1990]. 

. 5.2.  Al2O3–CaO 
-

.  
: 1 – , 2 – 

 [Ishii et al., 1992]. 
1 – ; 2 – -

.  



 (  46 % 
SiO2)  70%,  (25 %), 

, ,  (5 %).  

-
. -  (  80 % -

, 453-2, 3), ,  (453-1, 1 , 453-4, 
453-4 , 453-5)  (460-3). 

. -
 « » , , -

.  

 « » 
. -

-
, . 

:  [ ., 1990]. 

-
, -

 [ , 1979]. 
 Al2O3 (1.25  1.95 .%), 

Al2O3  1.20 . %. -
 P2O5 (0.01–0.02 .%), 

 CaO  0.80 . %.  MgO/(MgO+FeO) -
 Fe2O3  FeO. -

 0.85–0.86. 
 0.86.

,  Al2O3=2.80 . %  MgO/(MgO+FeO)=0.76. -
 Al2O3  CaO ( . 5.2) 

, 
. 

. .  [ ., 1990], , 
,  46.48 %  48.25 % 

Cr2O3  44.87 %  42.07 % FeO. -
 [Stern, 2004], 

- -
[ …, 1988]. 



-
 ( . 5.1). 

 med-Ti (<1.06 .%)  low-Ti (>0.16 .%) .  

Low-Ti -  SiO2 (45.3–49.9 . %),  MgO 
(5.96–6.73 . %),  FeO .  FeO (<5.39 . %) 

 Fe2O3 (< 2.57 . %)  P2O5 (0.02–0.05 . %). . . 
[Mullen, 1983] ,  MgO–Al2O3–
FeO  [Pearce et al., 1977] , 

. Low-Ti -
- , -

 [Cameron et al., 1979].  

 (FeO <17.6 . %) -
 (P2O5<0.10 .%) , 

. , -
 FeO . (17.6 . %), -
, . -

 [ …, 1988].  

-
 Cr  ( . 5.4). -

. 5.2. 

 Cr–MgO ( . 5.4(a))  Cr–TiO2 ( .5.4(b)) -
 low-Mg 

(MgO:1.2–3.71 .%)/Cr <20 / ) , -
 Y, Zr.  low-Ti (TiO2 <1.5 

. %)  high-Ti (TiO2<2.8 . %).  low-Ti 
, ,  P2O5 (0.28–0.64 . %).  

 Cr (>120 / ), -
 MgO  high-Mg (MgO=6.43 .%) -

 low-Mg (MgO:3.27–5.22 . %) 
 Cr  MgO ( . 5.4( )) -

 Cr  TiO2 ( . 5.4(b)). 
 Y  P2O5, .

 Na2O -
 high-K  (460-3) 

.  K2O : -
-



, , , 
.  

High-Ti -
-

.  

. 5.3.  10*MnO–10*P2O5–TiO2 [Mullen, 1983], Na2O+K2O–
FeOt–MgO [Irvine & Baragar, 1971], MgO–Al2O3–FeO  [Pearce et al., 1977] 

. 
OIT – ; OIA –

; MORB –  ; OIB –  
; CRB – ; IAT – -

; CAB –  - ; BON – . 
1 – - ; 2 – low-Ti - ; 3 – 

, - . 

. 5.4.  Cr  MgO  TiO2

- . 
1-6 – : 1 – , 2 – 

, 3 – , 4 – , 5 – 



, 6 – ; 7-8 – : 7 – 
, 8 – . 

 P2O5  Zr 
 1.54  2.07 .%  460  650 / , -
 high-Zr .  

 P2O5  Zr 
-

0.70-0.85 .%  250-360 / -
. 

-
-

 REE ( . 5.5(a,b)), -
 Y  REE (HREE 

– Tb, Yb, Lu).  

 (  453-2,3) 
 (  460-3) 

, -
, 

 La, Ce, -
 Tb, Yb, Lu ( . 5.5( , 

b)).  

. 5.5.  REE  Y 
(a,b, ) -

-
 [ ., 1990]  OIB 

[Sun & McDonough, 1989], -
 NMORB [Sun & 

McDonough, 1989]. 

P2O5 (0.50 . %)  Zr (83 / ) -
 high-Mg 

, , -
, 

- , -
 (REE), -

 ( . 5.5( ),  462-3).  



High-Ti  REE 
( . 5.5( )), high-Al (  462-1)  med-Al (  462-4,5) 
La, Ce  Tb, Yb, Lu.  

. 5.6. -
(a)  (b)  (c, d, e, f), -

 NMORB [Sun & McDonough, 1989].  

 HFSE, -
-

 (  high-Na  800 / ,  K 
 600 / ,  high-K  400 /  ( . 

5.2)). ,  Y (77–120 / ) -



 high-Na , 
- .  

 K, Rb, Ba  high-Na , 
 K (  453-2,3,5,8)  high-K (  460-3) 

 Th, U, Pb, Zr  Ta-Nb, Sr 
Ti, Mg, Co, Cr ( . 5.6(e)).  

Low-Ti/Al  ( . 5.6,  462-3)  REE 
(LREE – La, Ce, Sm, Eu),  HFSE (Nb, Ta, Zr, Hf, Ti, Eu, Tb, Y, Yb), -

 P, U, Pb, 
 (LILE – K, Rb, Ba, Th)  Sr, Zr  Ta–Nb -

 ( . 5.6 ( )). - , low-Ti/Al 
. -

. 

, -
 [ , 1974; -

., 2009; ., 2011; ., 2012], -
 NMORB [Sun & McDonough, 

1989]. , 
 OIB [Sun & 

McDonough, 1989]. 

 ( . 5.6) , -

- , 
. 

High-Na 
 OIB Ta–Nb  Th, U, Pb   

 HFSE, HREE -
. -

( . 5.6)  [Pearce et al., 
1984]. 

 Nb/U (10.98–18.72)  Ce/Pb (7.55–13.23) ( . 5.2)  high-Na 
,  OIB, -

.  U  Pb -
, , -

,  Nb  Ce, -



, 
EM2 [Hofmann, 1986].  EM2 -

, , -
 Ba/Nb (  5.2). 

. 5.7.  ( ) Th/Yb–Ta/Yb [Pearce, 1983]  (b) Nb/Y–Zr/Y [Fit-
ton et al., 1997] - . 
SSZ-OIB –  OIB 

; SSZ – .  
. .5.4. 

. 5.8.  Th–Nb/16–Hf/3 [Wood, 1980], La/10–Nb/8–Y/15 [Cabanis & 
Lecolle, 1989] - . 
OFB – ; CRB – ; IAB 
– ; BAB – ; CAB – -

- . 
. . 5.4. 

-  (Th, Ta, 
Yb).  Th/Yb -



, , -
 Ta/Yb , -

.  Nb/Y -
 Y 

Zr. 

 Th/Yb–Ta/Yb ( . 5.7(a)) -
-

. 
-

 Nb/Y–Zr/Y ( . 5.7(b)). 

 high-Na 
 Th, Hf, Nb ( . 8( )), 

,  La, Y, Nb ( . 
5.8 (b)) 
 high-Na .  Nb, U, Ce, Pb ( . 5.9) 

 high-Na 
.  

. 5.9. : (a) Nb/U–Nb, (b) Ce/Pb–Ce [Hofmann et al., 1986] 
- .  

. . 5.4. 

 K  high-K  Al2O3, ,  high-Na 
,  HFSE  REE, -

-
 ( . 5.7, 5.8). -

.  Ba (670–1700 
/ ) K  high-K , -

,  Ba/Nb (7.98–20.48)  Rb/Nb (1.589–1.668) 
 EM1 [Hofmann et al., 1986]. 



 (  462-1,4,5) 
 OIB ( . 5.6) Th, U, Pb  Ta–Nb  Sr -

. ,  Mg -
 (Co, Cr). -

 Th/Yb–Ta/Yb ( . 5.7) -
,  La, Y, Nb ( . 5.8(b)), 

Nb/U–Nb, Ce/Pb–Ce ( . 5.9(a,b)) , -
.  

 Ba , -
,  Ba/Nb (9.50–19.30), Rb/Nb 

(0,65–1,00)  EM1. 
 Ba . 

 EM1 -
, 

 [Hofmann et al., 1986]. 

High-Mg -  (  462-3), 
, -

 ( . 5.8)  Th, Nb, U, Pb 
( . 5.9), 

. 
  

-
 ( . 5.1), 

, , -
, - - , -

. 

-
-  [ .., 1972]. -

- . 
-

( . 5.1(3)) - , 
- . -

, , -
, , -

. 
. -

, -



[ .., 1972]. 

- , -
, P. anserinus Lamont & 

Lindstrom [ , 2002], , 
. -

, , . .  [ , 2002], -
P. serra (Hadding), 

. , - , 
, , . -

-
. 

, , , , ,  [ , , 1978]. 

- -
- -

 [ , 2002]. 

, -
, , , -

, , . -
: Periodon grandis Ethington, Protopanderodus sff. vericostatus

(Sweet & Bergstrom), Drepanodus suberectus s.f. (Branson & Mehl), , 
, : Protopanderodus insculptus (Branson & 

Mehl), Periodon grandis Ethington,  – , -
 [ , 2002]. 

, 
, , -

. -
- -

[ ., 1995].  

, . .  [ ., 2011] -
.  

, . 
-  high-K (0.5–1.4 . %), - 



-  low-K (<0.40 . %)  ( . 5.3), 
 high-Ti/low-Y, high-Y  high-Fe/med-Y.

 high-Ti 
(TiO2<2.62 . %)/low-Y(<17 / ), low-K  high-K , 

 Nb (<17 / ). High-Ti/low-Y  P2O5 (<0.40 
%), Na2O (>3.52 . %),  FeOt  12.0 . %. 

 high-Y (>30 / ) -
,  0.60 . %, Nb  6.6 / . 

high-Ti/low-Y  high-Y  P2O5(<0.21 . %), Sr (>160 
/ ), Ni (>37 / ), Cr (>43 / ).  

-  high-Fe (FeO >14.00 . 
%) ,  high-Y 

 Zr (<96 / ), Y (<20 / ),  Sr (>250 / ).  

, , -
,  ( . 5.4), -

.  

-  FeO  (>11,00 . %), 
Al2O3 (14.7 . %), Zr (58 / ) , -

, . 

-  high-Na/P , 
, - .  

. 5.10.  Zr/4–Y–Nb*2 [Meschede,1986], Zr–Sr/2–Ti/100 
[Pearce & Cann, 1973], MgO–Al2O3–FeO  [Pearce et al., 1977], MnO*10–
P2O5*10–TiO2 [Mullen, 1983] . 
1 – high-Ti/low-Y ; 2 – high-Y ; 3 – high-Fe /med-Y . 

. . 5.3. 



 Nb (19 / )  Y (30 / ),  Zr (74 / ), Ni (12 / ), 
Cr (5 / ).  Y (17 / ), Zr (50 
/ ), Ni (5 / ), Cr (5 / ),  Nb (30 / ), 

. 

 med-Mg (MgO= 2.73 . %) -
 Y (15 / )  Sr (580 / ). 

High-Ti/low-Y  Nb, P 
 ( . 5.11), high-Y  high-Fe/med-Y -
 Zr/4–Y–Nb*2 [Meschede, 1986]  MnO*10–P2O5*10–

TiO2 [Mullen, 1983] . 

 Zr–Sr/2–Ti/100 [Pearce & Cann, 1973] -
,  MgO–Al2O3–

FeO  [Pearce et al., 1977] 
.  

. 5.11.  ( ) Y/Zr–Nb/Zr, (b) Nb/Y–Nb/Zr [Bradshaw, 2003] 
 (1)  (2) . 

. . 5.3. 

 Nb/Y–Nb/Zr ( . 5.11(b)) 
. -

-  Y/Zr–Nb/Zr ( . 5.11(a)) 
.  Nb -



, -
. 

 Sr/Y ( . 5.12), , 

.  
. 5.12. -

 Sr/Y–Y [Stern, 2002] 

( ) -
 (b) . 

 [Stern, 2002]: –
; – -

. -
-
: 

I–  [Kay, 1993], II–
[Yogodzinski et al., 1995]  III-
IV– -

: III–
[Yogodzinski et al., 1995], IV–

 [Löpez-Escobar et al., 1993].  

-
 ( . 5.11) 

, -
. 

 Sr/Y–Y [Stern, 2002] - -

. 
 ( . 5.12). 

high-Nb  Sr 
. 

- -

, , 
. 

 EM1  EM2. -

.  



, 
 [Maruyama, 1994]. -

 [Stepanez & Kemmer, 2002], 
, 

, -
- .  

, 
,  Sr  Ta–Nb 

 LILE, HFSE  HREE.  

. 5.13. - -
. 

1 – ; 2 – ; 3 – ; 4 – 
; 5 – , , 

, ; 6 – - ; 7 – 
- , ; 8 – , , ; 9 – -

; 10 – , . : 1 – 
-   , 2 – 

, 3 – , 4 – -
, 5 – , 6 – . * : 

[ , 2002] . 



-
 [ ., 2011]. 

 [Xiao et al., 2010], -
.  

-
, 

 [ , 2013]. 
- , , 

, .  

- -
-

. , -
-

, -
.  

, -
, -

, . 
-

. 

 [ ., 1983; ., 
1990; Zhylkaidarov, 1998; , 2002] , -

- -
, 

 ( .5.13). -
. .  [ , 1974], -

-
, .  

, 
, . 

, 
-

, 
. 



 (O3–D3fm, 1) -
-

. -
, -

 (458–466 . ) , . 
, -

. , -
-

.  

-
- -

, 
 [ , 

, 1957].  

, 
, -

, -
, -

. 

, , , -
, , -

, -
, 

.  

, . , -
, , -

. 
-

, 
 [ ., 

2012].  

, -
, - -



-
- . 

- -

-
 ( . 3.1), -

- :  
1) -

 (S2–D3). 
(O3–S1), -

 (S1-2), 
2) -  (C1–P2) -

-  (D1–P1), 
-  (D3–C1). C 

- -
-  (S1-2). -

 (D3–P). 

- -
, -

- , - , -
- , -

, 

. 

-
,  (468 . ) 

- , -
- -

. -
, -

. 

 458  468 . , 

. -



, -
.  

-
. 
, 

. 
-

, 
, -

- . 

 ( ) 
, -

 [ ., 1991], -
-

. -
, -

, 

. 

-
-

 [ ., 1991], -
. 

-
-

 ( . 3.1). 

- -
 [ -

…, 1988; ., 1995].  

- -
, . 

, 
, 

- , , 
.  

, 
, 



. -
 ( . 5.14(6)) 

- . -
, - -

 ( . 5.14(5)), - -
- , 

- . 

. 5.14. 
 [Scotese, 1997] . 

1 – ; 2 – - -
; 3 – - - -

; 4– - ; 5 
– - ; 6 –  ( ) 

; 7 – -  ( ) -
; I – - ; II – . 



 5.1.  ( .%) 
. 1-3 – - ; 4 – ; 5 – 

; 6 – ;7 – high-Ti - ; 8-9 – -
. 

. 1 2 3 4 5 6 7 8 9 
SiO2 46.81 45.30 49.90 48.67 36.60 53.06 43.50 44.70 45,5 
TiO2 0.27 0.17 0.16 0.36 1.36 0.83 2.10 1.22 1.65 
Al2O3 16.75 12.66 19.10 17.50 15.00 9.9 14.60 13.90 13.11 
Fe2O3 1.98 2.57 0.77 1.74 8.39 2.29 5.24 5.74 4.40 
FeO 4.11 5.39 4.72 4.52 10.04 4.67 9.69 11.95 12.90
MnO 0.14 0.15 0.13 0.12 0.24 0.13 0.16 0.20 0.21 
MgO 10.42 16.72 9.98 7.50 6.03 13.28 7.79 6.63 6.92
CaO 16.72 14.52 14.47 13.16 16.10 10.83 9.16 9.80 10.53 
Na2O 1.50 0.63 1.25 2.60 1.44 1.83 2.99 3.80 4.10 
K2O 0.25 0.05 0.24 0.50 0.48 1.44 0.81 0.70 0.53 
P2O5 0.02 0.05 0.02 0.04 0.25 0.22 0.27 0.10 0.08 
n.n.n. 2.38 2.71 3.76 3.24 3.57 1.13 3.23 0.47 3.57

Pl 47.77 41.68 60.80 61.65 40.23 34.65 48.43 38.63 34.90 
Ort 1.74 0.36 1.65 3.53  10.27 5.97 5.11 3.83 
Neph 5.15 0.54  1.18 8.63  5.86 12.10 13.65 
Leucite     2.97     
Di 33.15 30.95 18.60 22.63 12.12 28.45 15.52 22.77 27.76 
Hyp   13.05   20.84    
Ol 11.27 25.38 5.18 9.91 22.08 3.63 19.46 17.95 15.95 
Larnite     9.72     
Il 0.33 0.21 0.19 0.44 1.83 1.02 2.70 1.55 2.08 
Mag 0.55 0.75 0.50 0.54 1.82 0.65 1.43 1.68 1.64 



Ap 0.04 0.11 0.04 0.09 0.60 0.49 0.62 0.23 0.18 
Mg# 75.9 79.5 76.7 68.7 38.1 77.9 49.1 40.9 42.2 
D.I. 54.7 42.6 62.5 66.4 51.8 44.9 60.3 55.8 52.4 
E.L.T 1262 1283 1222 1206 1425 1141 1299 1297 1293 

 5.2.  ( .%), -  ( / ) 
- -

. 
. 453-1 453-

1a
453-2 453-3 453-4 453-4b 453-5 453-6 453-7 453-8 

.  1 2 3 4 5 6 7 8 9 10 
SiO2 50,70 53,40 54,30 52,00 51,90 55,20 50,50 62,40 55,20 68,90 
TiO2 1,97 1,94 1,40 1,37 2,12 1,74 1,99 0,64 1,79 0,28 
Al2O3 15,75 15,50 17,55 17,15 14,50 14,80 13,40 15,30 14,90 13,90 
Fe2O3 4,91 4,47 2,22 1,76 4,83 4,19 13,00 3,59 4,48 1,55
FeO 8,28 5,95 5,16 6,70 7,99 6,86 2,70 5,10 4,66 2,79 
MnO 0,18 0,14 0,13 0,20 0,21 0,17 0,05 0,20 0,14 0,04 
MgO 3,71 1,20 3,01 3,61 3,05 2,55 1,61 1,91 3,82 1,51 
CaO 2,93 5,87 2,51 2,74 5,95 3,44 5,17 0,70 3,07 0,56 
Na2O 5,22 5,32 4,79 4,10 3,70 5,45 4,87 6,03 4,15 5,01
K2O 0,98 0,75 4,48 5,06 0,88 0,65 2,36 0,86 4,19 2,89
P2O5 1,17 1,20 1,11 1,08 1,26 1,11 2,07 0,67 1,20 0,64 

. .  2,77 3,06 2,24 2,85 2,70 2,60 1,51 1,25 1,93 1,24 
. 98,57 98,82 98,90 98,62 98,82 98,76 99,23 98,65 99,53 99,31 

Mg# 34,3 17,7 42,9 43,7 30,6 30,0 16,6 29.1 44,0 39.2 
H2O 0,63 0,94 0,92 0,76 0,72 1,14 0,56 2.19 1,04 3.37
D.I. 68,3 79,6 81,9 81,0 62,4 76,4 73,4 80.3 77,1 88.7 
E.l.t. 1156 1104 1106 1134 1167 1075 1171 953 1089 841 

q 0,44 4,47   15,23 7,51  17.21 1,28 24.93 
ab 60,73 69,82 51,28 46,29 41,04 64,35 56,75 57.19 47,37 45.11 
or 7,12 5,27 30,57 34,71 6,17 4,57 16,66 5.86 28,46 18.61 
cor 2,82  2,15 1,90 4,51 1,17  3.27 0,60 1.78 
di  3,82     3,35    
ol   5,62 9,88   5,41    
hy 22,51 10,70 5,71 2,51 19,64 16,84 9,44 13.54 16,85 7.61 
il 2,47 2,35 1,65 1,62 2,58 2,12 2,44 0.75 2,10 0.32 

mt 1,24 0,93 0,65 0,76 1,16 1,0 1,37 0.76 0,79 0.36
ap 2,67 2,64 2,37 2,33 2,78 2,45 4,58 1.42 2,55 1.29 
Rb 9,6 7,0 46 65 10 4,8 19 8,1 52 36 
Ba 180 120 1200 1700 160 130 340 200 670 350 
Sr 180 160 420 450 240 150 320 130 150 86 
Th 7,85 9,30 16,97 15,44 7,38 8,05 10,21 14,35 11,02 22,10 
U 2,19 3,28 2,15 2,53 2,61 0,55 3,80 2,98 2,53 2,08
Zr 650 530 460 460 470 530 470 800 300 1200 
Hf 14 12 12 10 11 14 11 18 7,3 14 
Nb 41 36 89 83 35 37 31 73 84 82 
Ta 2,5 2,3 5,0 4,7 2,4 2,4 2,4 4,6 4,4 6,9 
Cr <10 <6 <6 14 <10 <8 <10 <5 <7 <10 
Co 12 19 13 9,4 18 8,0 13 4,3 11 0,54 
Pb 11,26 7,09 8,90 9,07 6,62 11,38 5,15 11,56 11,56 7,49 
Se 38 38 7,8 7,9 40 34 36 18 23 1,0 



Y 93 77 38 33 77 80 99 90 57 120 
La 41 32 63 64 31 38 43 72 47 69 
Ce 85 66 120 120 70 74 74 150 100 110 
Sm 16 13 9,8 10 12 15 13 19 18 17 
Eu 4,7 4,0 2,7 2,9 3,9 4,0 4,2 4,2 6,5 1,7 
Tb 3,5 3,0 1,4 1,7 2,6 3,3 2,8 3,4 3,2 2,9 
Yb 10 10 3,4 3,2 9,0 8,6 11 12 6,9 11 
Lu 1,8 1,5 0,48 0,41 1,4 1,5 2,0 1,7 1,0 1,7 

Th/Y 0,785 0,93 4,991 4,825 0,82 0,936 0,928 1,196 1,597 2,01 
(La/S 1,654 1,589 4,150 4,132 1,668 1,636 2,135 2,446 1,686 2,620 
(La/ 1,838 1,766 4,612 4,591 1,853 1,817 2,373 2,718 1,873 2,912 
(Nb/ 2,833 2,488 18,09 17,92 2,687 2,973 1,948 4,204 8,413 5,152 
(Nb/ 0.963 1.084 1.361 1.249 1.088 0.938 0.694 0.977 1.721 1.145 
(Nb/ 0.622 0.461 0.625 0.641 0.565 0.548 0.362 0.606 0.909 0.442 
(Th/ 1.601 2.171 1.602 1.563 1.772 1.828 2.768 1.652 1.102 2.265 
(La/ 1.038 0.923 0.735 0.801 0.920 1.066 1.440 1.024 0.581 0.874 

. 453-1– , 453-1  – , 453-2, 3– , 
460-3 – , 453-4 – , 4b – , 
453-5 – , 453-6 – , 453-7 – , 453-8 – -

, 462-1, 4, 5 – , 462-3 – . -
,  (pm)    (N). 

 ( ) -
 Axios Advanced ( : . . -

, . . ).  

 5.2 
. 460-3 462-1 462-3 462-4 462-3 

.  11 12 13 14 15 
SiO2 55,20 49,10 49,60 51,60 47,40 
TiO2 2,80 2,52 1,38 2,23 2,24 
Al2O3 17,50 17,65 13,95 16,25 15,90 
Fe2O3 3,85 9,75 3,36 6,84 3,02 
FeO 1,76 2,79 8,28 3,66 7,82 
MnO 0,04 0,16 0,24 0,12 0,16 
MgO 1,71 3,27 6,43 3,31 5,22 
CaO 3,21 3,91 5,87 5,03 6,01 
Na2O 2,86 4,26 3,72 4,82 2,97 
K2O 8,20 2,33 1,29 1,76 3,24 
P2O5 0,97 0,82 0,50 0,70 0,75 

. .  1,08 3,35 4,47 3,11 4,17 
. 99,18 99,91 99,09 99,43 99,20 

Mg# 36,9 33,5 50,3 37,6 46,9 
H2O 1,00 0,48 0,58 0,71 0,39 
D.I. 88,9 74,7 67,4 78,5 75,8 
E.l.t. 1095 1190 1167 1142 1211 
ab 35,74 58,13 57,97 66,20 52,62 
or 53,19 16,56 9,42 12,29 23,16 
cor 0,28 2,31    



di   6,44 2,13 3,39 
ol 2,51 4,63 7,45 3,84 13,50 
hy 2,72 12,32 14,73 10,38 1,86 
il 3,14 3,10 1,74 2,70 2,77 
mt 0,45 1,10 1,10 0,92 1,01 
ap 1,95  1,14 1,53 1,67 
Rb ( / ) 120 45 12 26 41 
Ba 980 440 690 380 830 
Sr 220 230 92 210 210 
Th 16,4 13,48 5,66 13,35 14,27 
U 4,12 0,47 1,05 3,37 3,03 
Zr 250 250 83 360 360 
Hf 6 5,3 2,6 8,8 8,8 
Nb 73 45 5,5 40 43 
Ta 3,7 2,3 <0,4 2,6 2,6 
Cr 20 240 120 250 200 
Co 32 44 47 38 32 
Pb 10,29 7,88 8,93 8,14 9,76 
Se 14 28 59 29 27 
Y 31 32 35 37 33 
La 37 28 5,6 48 41 
Ce 70 60 13 83 74 
Sm 8,7 9,1 3,6 12 9,3 
Eu 2,3 1,8 1,1 2,3 2,0 
Tb 1,5 1,3 1,0 2,2 1,8 
Yb 3,0 2,7 4,44 5,3 5,1 
Lu 0,52 0,42 0,73 0,89 0,80 
Th/Yb 5,467 4,992 1,286 2,519 2,798 
(La/Sm)N 2,746 1,986 1,004 2,582 2,846 
(La/Yb)N 3,051 2,207 1,116 2,869 3,162 
(Nb/Yb)N 16,816 11,518 0,864 5,216 5,827 
Nb/La)pm 1.901 1.548 0.946 0.803 1.010 
(Nb/Th)pm 0.531 0.398 0.116 0.357 0.359 
Th/Nb)pm 1.888 2.517 8.648 2.805 2.789 
(La/Nb)pm 0.526 0.646 1.057 1.246 0.990 

 5.3.  ( .%), -  ( / ) 
. 

. 
SiO2 45.9 46.28 48.7 48.53 51.5 48.7 49.2 47.8 48.16 46.5 46.2 
TiO2 2.80 2.65 2.84 2.62 1.58 2.32 1.86 1.60 1.40 2.00 1.86 
Al2O3 15.2 15.29 15.4 15.21 14.4 13.1 14.1 15.5 15.53 16.5 15.4 
Fe2O3 7.50 8.00 7.28 7.38 3.59 9.18 7.26 5.96 5.96 4.22 5.06 
FeO 5.30 5.17 5.42 5.30 5.62 5.91 4.94 8.12 7.98 11.32 10.28 
MnO 0.14 0.14 0.20 0.20 0.28 0.23 0.19 0.26 0.25 0.20 0.21 
MgO 5.97 6.21 6.24 6.44 6.18 5.32 6.29 5.2 5.5 3.86 4.79 
CaO 7.09 7.18 4.89 5.10 6.62 8.28 7.92 7.66 7.91 7.09 8.18 
Na2O 3.64 3.52 3.44 3.62 3.88 2.88 3.74 3.46 3.28 3.46 3.82 
K2O 0.40 0.36 0.70 0.69 0.60 0.50 0.50 0.60 0.54 1.4 0.95 
P2O5 0.43 0.40 0.40 0.39 0.16 0.21 0.17 0.18 0.21 0.20 0.20 

. . . 4.42 4.50 3.52 3.52 4.34 1.70 2.11 2.13 2.26 1.95 2.57 
Rb 5 5 5 5 5 5 5 14 14 35 24 
Y 17 17 15 15 17 36 19 30 30 20 10 
Zr 110 110 150 150 86 120 86 100 100 96 77 



Nb 11 11 17 17 5.4 6.6 5.4 5 5 5.4 5.4 
Sr 270 260 300 300 340 160 180 230 230 300 250 
Ni 78 77 68 66 43 37 66 50 50 66 48 
Cr 147 140 130 135 130 43 94 110 110 120 110 
Q   1.01  1.04 0.51      
Pl 65.62 65.07 60.26 63.16 62.19 54.70 61.07 63.67 63.89 62.76 56.11 
Ort 2.99 2.65 5.16 5.06 4.37 3.70 3.61 4.39 3.91 10.07 6.87 
Neph          0.42 4.30 
Cor   0.85 0.12        
Di 6.63 6.39   9.01 14.54 13.89 9.21 9.14 6.57 13.32 
Hyp 8.26 10.21 27.03 23.11 20.18 21.66 9.68 8.70 11.72   
Ol 10.69 10.16  3.17   7.89 10.29 8.81 15.77 15.15 
Il 3.60 3.38 3.61 3.31 1.99 2.98 2.35 2.02 1.75 2.49 2.34 
Mag 1.20 1.22 1.18 1.17 0.86 1.41 1.12 1.31 66.8 1.46 1.45 
Ap 1.00 0.92 0.92 0.89 0.36 0.49 0.39 0.42 0.48 0.46 0.46 
Mg# 46.9 47.2 48.2 49.0 55.4 40.1 49.4 40.7 42.6 31.3 36.5 
D.I. 68.6 67.7 66.4 68.2 67.6 58.9 64.7 68.1 66.8 73.3 67.3 
E.L.T 1233 1233 1189 1193 1127 1199 1186 1216 1214 1247 1254 

 5.4.  ( .%), -  ( / ) 
. 

. 1 2 3 4 5 6 
SiO2 45.65 52.2 64.5 57.4 60.8 64.2 
TiO2 1.7 2.42 1.88 0.68 0.64 0.48 
Al2O3 14.7 15.1 11.9 13.9 15.4 14.6 
Fe2O3 5.55 4 3.06 6.25 4.83 3.12 
FeO 6.44 8.96 5.5 4.36 2.54 2.54 
MnO 0.16 0.25 0.17 0.18 0.21 0.13 
MgO 5.05 3.14 1.83 2.73 2.73 1.65 
CaO 13.35 4.38 3.96 3.49 2.14 3.13 
Na2O 3.16 5.54 4.44 4.56 5.36 5.74 
K2O 0.35 0.8 0.7 1.45 1.8 1.6 
P2O5 0.15 0.45 0.38 0.37 0.23 0.19 
Rb <10 <10 <10 17.4 23.7 13.7 
Y 21 30 17 20 15 15 
Zr 58 74 50 51 74 51 
Nb 6.8 19 30 6 6.2 2.5 
Sr 150 150 230 300 580 80 
Ni 66 12 5 5 5 5 
Cr 140 5 5 5 5 5 
Q   24.86 37.5 11.15 14.57 
Pl 47.53 69.74 52.66 32.97 60.22 62.38 

. 1 2 3 4 5 6 
Ort 2.61 5.58 4.67 2.81 12.14 10.53 

Neph 7.61      
Corungum    4.67 0.05  

Di 31.65 3.63 4.81   3.46 
Hyp  11.00 9.27 19.25 13.69 7.65 



Ol 6.96 4.94     
Il 2.16 2.95 2.19 0.89 0.74 0.54 

Mag 1.13 1.18 0.74 1.01 0.62 0.47 
Ap 0.35 0.98 0.80 0.90 0.49 0.40 

Mg# 44.0 30.8 28.4 32.8 41.5 35.5 
D.I. 57.8 75.3 82.2 73.3 83.5 87.5 

E.L.T 1257 1143 925 970 972 918 

. ,  (D.i.), -
 (E.l. t.)  H2O  http://www.neiu.edu/~kbartels/norm3.xls.; 

 (-) , 
 – .



 6 
-

-
 (  CU–NI+PGE ) 

-  Cu–Ni–Co , 
- -

, , -
-  (Huangshan-Kangguer)  ( - ). -

, 
, , , . 

Cu–Ni–Co , , -
. - -

, -

. -

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

, -  (Huang-
shan-Kangguer) , -

. - - , -
, 

 (Bayingou) - - .  

-
- - , -

-
-  Cu–Ni–Co 

 Au  PGE. 

 ( . 6.1) 
. .  [ -

, 1958] - -
,  ( . 6.2(I)).  

. . 
, . . . .  [ ., 1968] 

,  ( ) -
 ( . 6.2(II)). -



-
 [ ., 1968] . 

. . , . . . .  [ ., 1993], -
- , -

, 
 ( . 6.2(III)). -

, 
, - , -

. -
, , 

, -
. 

-
 (Cu)Ni–Co , 

- -
 [ …, 1959]. 

. 6.1. - - , 
 [ …., 1996] . 

1 – ; 2 – -  ( 2); 3 –
 (C1v-s); 4 – -  (D3f–C1v1); 5 – 

- -  (D2 v); 6 – -
 ( 3); 7 – - -  ( 1?); 8 – -

; 9 – ; 10 – ; 11 – 
: 1 – , 2 – , 3 – . 

 ( ); 4 – .



. 6.2.  (I) [ , 1958], 
 (II)[ ., 1968],  (III) [

., 1993] - , . 
1 – -

, ,  (
, -

, ); 2 – , 
, 

 ( ); 3 – -
-   ; 4 – -

 – ; 5 – , 6 – 
; 7 – , 
 ( ,  – ); 8 – -

; 9 – ; 10 – 
; 11 –  ; 12 – ; 13 – , -

; 14 – - ; 15 –  -
 ( , -

, , , 
, , 

), 16 – 
. 

, -
, , -

- -
 [Wang, et al., 2011; Zhou  et al., 2009; Qin  et al., 2011;  Su et 

al., 2012; Deng et al., 2015]. 



 ( . 6.2) - -
,  90- -

.  

. 6.3. - -
,  [ , 1958; .., 1959] 

.  
: 1 – -  (Ng–Q), 2 – -  (P1), 

3 – -  (C2), 4 – -  (C1-2), 5 – -
 (C1v), 6 – -  (D3–C1), 7– - -

 (D2); 8 – - ; 9 – 
,  (Hg)  (Pb); 10 – 

; 11 – ; 12 – , -
: 1 – , 2 – , 3 – , 4 

– , 5 – , 6 –  1, 7 –  2 (
), 8 – . 

. 

, -
. . 

[ , 1958], -
. 

- - -
, -  (Huangshan-Kangguer) -

 Cu–Ni–Co+Au–PGE 
-  [Wang et al., 2011]. , -

 Cu–Ni–Co , -



, -
, , 

- -
- . 

. .  [ , 1958]  14 -
- , . -

. 6.3, -
 ( . 1), . -

 (  S [ , 
1956]), , 

, , . . . -
-

, , -
, 

.  

 ( . 6.3(2,3 )), 
- , , 

-  (D3–C1) - - -
 (D2 v),  [ -

, 1958; ., 1968, 2]  [ ., 1993].  

-
- -

 [Deng et al., 2015] -

. 

, . .  [ , 1969] 
. . , . . . .  [ ., 1968], 

 ( . 6.3(6-8)), -
-  (C2) -  (C1-2) . 

( . 6.1(3)),  ( . 6.1(4)), -
.  ( . 

6.3(1)), , 
, 

-  [ …, 1959]. 
 Cu–Ni–Co , 



, -
 [ …, 1959].  

. 6.4.
- - -

 (Huanghan) -  (Huanghandong) 
[Deng et al., 2015; , Deng et al., 2014, Song et al., 2013]. 

 [ , 1958] 
. -

.  



. 1. 
 [ , 1958]. 

 1 2 3 4 5 6 
SiO2 47.47 39 40.11 39.7 43.18 46.78 
TiO2 0.22 0.11 0.09 0.13 0.22 0.31 
Al2O3 4.09 1.81 1.87 2.27 5.60 8.71 
FeO 2.24 2.48 1.71 1.21 6.08 8.98 
Fe2O3 4.25 5.94 5.41 5.33 4.2 1.38 
MnO 0.06 0.11 0.13 0.08 0.17 0.2 
MgO 29.64 37.41 36.96 36.51 27.62 18.06 
CaO 2.45 0.14 0.11 0.83 6.20 1.28 
Na2O 0.16 0.00 0.11 0.00 0.26 0.13 
K2O 0.30 0.04 0.03 0.00 0.27 0.09 
P2O5 0.007 0.01 0.008 0.001 0.02 0.027 

. . . 8.86 11.84 12.75 12.49 6.63 3.31 
 99.747 98.89 99.288 98.551 100.42 89.257 

A 7.0 1.99 2.2 3.10 12.33 10.21 
S 11.03 -7.05  -4.19 -3.56 4.86 18.16 

Quartz - - - - - 12.78 
Pl 14.13 0.88 2.08 5.72 19.61 10.11 

Ortho 2.44 0.38 0.23 0.00 2.17 0.76 
Cor - 1.48 1.42 0.73 - 5.87 

Diop 2.2 - - - 14.58 - 
Hyp 60.29 31.83 37.17 34.47 18.87 68.73 
Ol 19.94 64.3 58.15 58.47 43.36 - 
il 0.31 0.17 0.13 0.20 0.31 0.47 

Mg 0.66 0.93 0.78 0.71 1.06 1.2 
Apatite 0.02 0.02 0.02 - 0.05 0.07 

: 1 – , 2-4 – , 5 –  ( ), 
6 – .  

 ( . 6.3(5)) . .  [ ., 1993] 
, 

, - -
. 

, 
-

- . 
. -

 (Bayingou) - - .  Pl-
,  325 .  344 

.  [Han et al., 2010].  [ ., 1993] 
, 

- -
- - .  

 [ ., 1993] 
TiO2  (Al2O3:15.6–24.4%, Cr#:0.55–0.70, Mg#:0.60–0.67), -



 (Al2O3=29.1%, Cr#=0.48, Mg#=0.68), -
 [Himmelberg & Loney, 1995]. -

-  [Song, et al., 2011].  

,  TiO2, Al2O3, CaO, Na2O+K2O ( . 6.4), -
 (Huanghan) [Deng et al., 2015; Deng et al., 

2014; Song et al., 2011]. ,  ( . 6.4) 
 TiO2, CaO, Al2O3 -

 (Huanghan) -  (Huanghandong).  

. 6.5.  (Huanghan) 
 [Deng et al., 2015]. 

1 – ; 2-6 – -
: 2 – , 3 – , 4 – , 5 – , 6 – 

; 7 – ; 8 – ; 9 – -
; 10 – ; 11 – -

; 12 – Cu–Ni ; 30- 31 –  . 

-
 ( . 1). 

 [ , 1958; ., 1993], 
-  (Huangshan-

Kangguer)  [Wang et al., 2011]. 
 ( . 6.3), -

. 

 Cu-Ni-Co 
. , 
. -



 (Ni: 0.1–0.47 %, Cu: 0.01–0.21%, Co: 0.01–0.02 %),
 (Ni=0.49 %, Cu=0.31%, 

Co=0.026 %)  (Huanghan) [Qin et al., 2003].  

. 6.6. : a) Al2O3–FeO +TiO2–MgO [Jensen, 1976], b) MgO–FeO –
Al2O3 [Pearce et al., 1977], ) DF2–DF1 [Verma, 2010] . 
1-2– : 1– , 2 – , 3-4 – 

- : 3– , 4 – ; 5 – -
 (Bayingou)  [Dong et al., 2010]. 

: 1 – , 2 – , 3– -
, 4 – , 5 – 

, CRB – ; OIB – ; MORB 
– - ; IAB – . : PK – -

, BK – , T – , C – -
- , HF – -, HM – , B – -
, A – , D – , R – . 

-
- - -

, .5.5. -



, , 
, - , -

, 
. 

 Cu–Ni–Co -
, 

.  

-
, 

, 
.  

, 
-

-
-  [ ., 1993], 

. . 
 (1980 .). 

-
 – - . 

, , -
-  –  ( . 6.6( )). 

-
, , , -

. -
 ( . 6.6(c)), -

. 
 ( . 6.6(b))  FeO , MgO, Al2O3

[Pearce et al., 1977]  TiO2. 
 ( . 6.6) -

 (Bayingou)  [Dong et al., 2007], 
-

. 

- -
, , 

 FeOt, MgO, Al2O3 [Pearce et al., 1977] 



 ( . 6.6(b)), 
.  

, -
, 

(Bayingou)  [Han et al., 2009] - - , 
. 

-
. -

, , -
. 

-
. . -

 [ ., 1993] -
, , , 

-  [Pearce et al., 2005].  

 [Wu & Liu, 1989], -
-

. 

- , -
- - , 

, 
: -

- - - .  

, - - -
, -

 (Huangshan-Kangguer)  [Deng  et al., 2015], -
- . 

, , - -
 [Su et al., 2012 ] 
 Cu–Ni–Co  Au  PGE.  

- - , , -
 (Bayingou) 

[Dong et al., 2007], -
. -

 [ ., 1993] , 



-
.  

- -
 ( . 6.3). ,  [ , 1950], -

-
, 

 Cu–Ni–Co 
 ( . 6.3(3,4 )). -

, -
 Cu–Ni–Co 

 ( . 6.3(2)). 

. .  [ , 1958] 
- - . -
- , , 

, -
-

 – , -
.  

 Au  PGE  Cu–Ni–Co 
, -

- - , 

- . 



 7 
, -

-
-

 [ ., 1987], -
- -

. , 
 ( ), , , -

, -
. -

.  

-
 [ , 2008], 

. , -
, .  

, 
- -

-  [ …1988], -
-

. 

.  (Cpx) 
. -

, 
,  (Fe#), -

 (Fs),  [ ., 1971 .], 
 [Kornprobst et al., 1982],  Na, Ti, Al(t), Aliv 

[Beccaluva et al., 1989; Loucks., 1990]. 

-
, -

. , 
 TiO2–SiO2/100–Na2O ( . 7.1). -

- -
.  Na2O, 



, -
, 

, 
. 

 ( . ).  Na2O (0.10 . %) 
 Cpx -

 ( . 7.1). 

-

 Na2O, TiO2  SiO2.  TiO2–SiO2/100–Na2O ( . 7.1 (c)) 
.  

, . -
.  

. 7.1.  TiO2–SiO2/100–Na2O . 
1 –  [ ., 1991]; 2 – 

; 3 –  4 – .  [ , 1992]; 
5 –  [ . 2012]; 6-8 – 

 [ , 1992]: 6 – , 7 – , 8 – 
; 9-11 –  [ , 1999]. 9 – , 

10 – , 11 – ; 12 – 
 [ ., 1996]; 13 – 

[ ..1996]; 14 –  [Johnson et al., 1990]; AP – 
. 

-
-  ( . 7.1). 



 Na2O -
 SiO2,  TiO2. 

 ( . 7.1), -
 TiO2, Al2O3  Cr2O3, 

, - -
.  

 Cr2O3, TiO2  Al2O3 -
,  ( . 7.2).  

. 7.2.  Al2O3–TiO2 (a, b) Cr2O3–TiO2 (c, d) -
. 

: AP –  [Johnson et al., 1990], SCLM –
 ([Rampone et al., 1993].  

. . 7.1. 

-
 (Fe#<12)  TiO2, -



 Al2O3 ( . 7.2 ( ))  Cr2O3 ( . 7.2 ( )), 
. , 

Cr2O3, 
.  Cr  Al -

, -
 Cr  Al [ …, 1988]. -

, 
. -

-
, .  

 Fe# (6.9–14) 
-

.  Cr2O3, 
 TiO2 , -

.  Cr2O3 -
, , -

. 
Na2O , -

-
, . -

, 
 [Webster et al., 1999], 

. 

-
 FeO  TiO2,  Al2O3  Cr2O3 -

 ( . 7.2).  Cr2O3 

- -
. 

, , 
 ( . 7.2(a,b)) -

 [Niu & Hekinian, 1997], -
-  [ , 1992]. 

- -
-

, -



, 
 ( . 7.2). -

, -
- , -

, -
. -

, -
, -

, - -
 ( . 7.2(b)). 

. 7.3.  Alz=(Aliv*100/2)–TiO2 [Le Bas, 1962] -
.  

: 1 – - , 2 – -
, 3 –  [Loucks, 1990], 1-1 – -
- -  [Johnson 

et al., 1990], 4 –  ( ) 
 [ , 2012]. -

 [LeBas, 1962]. 
. . 7.1. 

-



 Alz= (Aliv*100/2)–TiO2  Na–Ti, Al(t) –Ti, Ti–Aliv. -
-

 [Bec-
caluva et al., 1989; Loucks., 1990.]. 

. 7.4. 
. 

: IAT– , BON – , MORB – -
-  [Beccaluva et al., 1989]; a – Na –Ti ( -
);  – Al(t)–Ti ( ;  – Ti–Aliv ( ). 

 Alz= (Aliv*100/2)–TiO2 ( . 7.5) 
-

, -
 TiO2  Alz. , 

-
, -

.  

-
, -

 [ . 2012]. 
-

 [ …, 1988]. -
-

 [Kovacs et al., 1997]. 
-

- . 

 Na–Ti; Al(t)–Ti; Ti–Aliv ( -
) [Beccaluva et al., 1989] -

. , -



, -
 ( . 7.4). 

. 7.5.  Alz=(Aliv*100/2)–TiO2 [Le Bas, 1962] -
.  

: 1 – - , 2 – -
, 3 –  [Loucks, 1990], 1-1 – -
- -  [Johnson 

et al., 1990], 4 –  ( ) 
 [ , 2012]. -

 [LeBas, 1962]. 
. . 7.1. 

- -
 Alz=(Aliv*100/2) –TiO2 

 ( . 7.3, 7.5). , -
, , 

. 

 Na–Ti, Al(t)–Ti, Ti–Aliv [Beccaluva et al., 1989] 

-



, . . -
, 

. 

 Alz–TiO2 [Loucks., 1990] -
-

-
, -

, 
 ( . 7.6). 

. 7.6.  Alz=(Aliv*100/2)–TiO2 [Le Bas, 1962] -
.  

: 1 – - , 2 – -
, 3 –  [Loucks, 1990], 1-1 – -
- -  [Johnson 

et al., 1990], 4 –  ( ) 
 [ , 2012]. -

 [LeBas, 1962]. 
. . 7.1. 

- - -

, - -
, 



,  ( . 7.6, 7.7). 
, , 

- -
 ( . 7.6).  

. 7.7.
 [ ., 1996]. 

: IAT– , BON – , MORB – 
-  [Beccaluva et al., 1989], a – Na – Ti (

), - Al(t)–Ti ( ),  – Ti–Aliv ( ). 

. 7.8.  Na–Ti, Al(t)–Ti, Ti–Aliv (
) 

[ , 1999].  
: IAT– , BON – , MORB – 

-  ( : [Beccaluva et al., 1989]). 
1 – ; 2 – ; 3 – ; 4 – 

; 5 – . 



 Na–Ti, Al(t)–Ti, Ti–Aliv ( . 7.7, 7.8) 
, 

-
. 

, - , , 

. 

, , 
. 

. -
, -

. -
 32 .

 (Al–(Fe3++Ti)–Cr) [ …, 1988],  TiO2–
Al2O3 [Kamenetsky et al., 2001], Cr#–Mg# [Pober & Faupl, 1988], TiO2–Cr# [Susini & 
Wezel, 1999], Fe3 –Fe  Cr –Fe  [Barnes & Roeder, 2001].   
( . 7.9) . .  [ , 1949]. -

 [Hellebrand et al., 2001]. 

 TiO2 ( . 7.10) -
 [Dick & Bullen, 1984; Arai, 1992], 

, -
, 

. . .  [ , 1949] -
, -

 ( . 7.9). 

 TiO2 -
 ( . 7.10). 

- -
.  

, , 
 Mg#–Cr# ( . 15.11) -



, -
- -  [Ishii et al., 1992]. 

- -
-

, , -
 [ …, 1988; Hellebrand et al., 

2001]. 

. 7.9. . 
1 –   [ ., 1991; 2 – ; 3 – -

- ; 4- ; 5 – .  [ , 1992]; 6 – . 
 [ , 1999]; 7 –  [ ., 1983]; 8 – -

 [ ., 1996];  9 –  [ , 1999];  10 
–  [Kepezhinskas et al., 1993].  

 [ , 1949]: 1 – , 2 – , 3 – , 4 – 
, 5 – , 6– , 7 – 

, 8 – , 9 – , 10 – -
, 11 – , 12 – , 13 – . 



. 7.10.  Cr#  TiO2  Cr- -
. 

 [Dick & Bullen, 1984; Arai, 1992]. 
: 1 – , 2 – , 3 – , 4 – ,  

. . 7.9. 

 ( , -
, )  Cr# 

. -
-

, 
, 

[ , 1992].  Al2O3 

 Cr# .  ( . 7.13) 
-

.  

-
 ( .7.10).  TiO2 -

. 
TiO2 , , -

-
. . . 

[ , 1949] -
-

 ( . 7.9).  



-
-

. -
,  ( . 7.11) -

, -
, -

 [Kepezhinskas et al., 1993]. -

-
.  Fe  Ti , 

-
.  

. 7.11.  Cr –Mg  Fer –Mg -
. 

: Abyssal peridotite [Dick and Bullen, 1984], Alaskan-type [Burns, 1985; Him-
melberg and Loney, 1995], IBM – - -  ( : 
[Ishii et al., 1992],Olyutor-type [Kepezhinskas et al., 1993], MORB and Boninite 
[Barnes & Roeder, 2001], abyssal peridotite [Dick & Bullen, 1984; Rampone et al., 
1993], Alaskan-type [Burns, 1985; Himmelberg & Loney, 1995]), Aleutian xenoliths 
[Conrad & Kay, 1984; DeBari et al., 1987; DeBari & Coleman, 1989], Picrites 
[ , 2009], IBM arc [Ishii et al., 1992], Forearc [Stern et al., 2004]. 

. . 7.9  7.10. 

 Ti  Fe -
, -

-



 [ , 1992].  Fo - 
, 
-

, 
 ( . 7.12). 

. 7.12.  Fo–Fa .  
1– -

; 2–3 – : 2 – -
 3 – ; 

-
-

 (Spl(Fe#)). 

 Fe# -
, -

, 

, 
. -

 Fo-  (90.0-
73.5 %)  ( . 7.12).  

 Fo-
, - , 

 « » , -
 [Barnes et al., 2001] , 

, , 
 [ , 1992].  

 Al2O3

 Cr# -
.  ( . 7.13) -

. -
.  

 TiO2–Cr# ( . 7.10) , -
, -

 ( . 7.9).  Cr –Mg ( . 7.11) -
- - -

, - , -
.  



, , 
, . -

-
. 

.  [ ., 1986], -
-

- . 

 Fe  Ti, -
 ( ,  10*ln(Cr#)+24 [Hellebrand et al., 

2001]) 
22 % . 

. .  [ , 2003],  (  4 
%)  ( ) 

, 
. 

. 7.13.  Al2O3–Cr# . 
FET (Fenner evolution trend) – .  

. . 7.9. 

, , -
,  Fe2+  Mg2+.  [ -

, 1986], . 
-

, 
 ( . 7.13).  



-

-
.  

 ( . 7.9) -
- - - - . 

-
 ( . 7.10, 7.11) -

,  ZnO,  MnO [ , 
1999].  

 Cr –Mg  ( . 7.11) 
-

.  

. 7.14.  Fe3+–Cr–
Al -

-

- -
. 

Abyssale, alpinotype Peridotites 
[Dick & Bullen (1984]; Alaskan-
type [Barns & Roeder, 2001]; 
ankaramite [Mossman et al., 
2000; Nono et al., 1994; Barsdell 
& Smith, 1989; Barsdell, 1988]. 

 ( . 7.14) 

-

. 

- -
. .  [ , 1949] -

, ,  ( . 
7.9).  

 (Cr#:0,70–0,80)  (Mg#: 
34–65). 



 ( . 7.11). 
F 3+ ,  ( . 
7.10, 7.11).

 Cr/(Cr+Al)–Fe2+/(Fe2++Mg) ( . 7.15( )) 
-

. 

. 7.15.  Fe3+  (a)  Cr  (b)  Fe -
- -

. 
 [Barnes 

& Roeder, 2001]. 
 [ , 1992]. 

. . 7.9

 MnO -
, 

-  [Himmelberg & Loney, 
1995].   , 

 ( . 7.15). 

 ( . 7.15) -
, 



, -
.  

 MnO 
(<0.33 . %)  ZnO (<0.31 . %). , 

 [Himmelberg & 
Loney, 1995].  NiO (0.0–0.11 .%) 

-

. ,  NiO, -
- -

.  

 Fe3+–Cr3+–Al3+ ( . 7.13) 
,  Cr  - 

Mg  ( . 7.11). 

- -
. .  [ , 1949] 

 ( . 7.9). 
 TiO2 (0.01–2.29 .%) -

 ( . 7.10) 
, 

. -
, , 

MnO (<0.79 . %)  ZnO (<0.91 . %). -
 NiO (0.0–0.47 .%)  V2O3 (<0.48 .%).  

 Fe3+–Cr –Al ( . 7.14) 
. -

- - - -
 [ , 

2012; Batanova et al., 2005]. Fe3+#–Fe2+# ( . 7.16) 
, . 

 TiO2, -
 ( . 7.17), 

 [Cina, 2010].  ZnO -
, 

, -
 [Himmelberg & Loney, 1995]. 



. 7. 16.  Fe3+#–Fe2+# 
- . 

 [Barnes & Roeder, 2001]. 
. . 7.9.

. 7.17.  Mg/(Mg+  
Fe2+)  TiO2 

-
- -

. 
Papua New Guinea; AS-Aldan: 
Konder, Inagli, Feklistov and Chad 
intrusions [Malitch, 1996; Mo-
chalov & Khoroshilova, 1998]; Fi – 
Fieeld [Slansky et al., 1991]; NT – 
Nizhni Tagilsk [Johan, -

]; Tu – Tulameen 
[Nixon et al., 1990]; AL – Albania 
[Karaj, 1992]; K – Kempirsai, Rus-
sia [Thalhammer, 1996]; NC –New 
Caledonia [Johan, 1986]; OM – 
Oman [Auge, 1982]; SA – Saudi 
Arabia [Auge, 1982]; Alaskan-type 
[Himmelberg & Loney, 1995]. 

. . 7.9. 

 ZnO–MnO ( . 7.18) -
, 



[Barnes & Tang, 1999]. 

. 7.18.  ZnO–MnO -
- . 

1–8 – : 1– , 2– -
, 3–  [Barnes & Tang, 1999], 4– -

 [ . 2008], 5–  [Cina, 2010]), 6– 
-  ( : [Himmelberg & Loney, 1995], 7– 

-  [ , , 2012], 8– 
,  [ , 2006]. 

. . 7.9. 

-
.  low-Ti 

 ( . 7.9). 
- -
 Al2O3 (<5.46 .%), MgO (<7.78 . %)  Fe2O3 (4.67 . %).  low-Zn 

 Al2O3  3.8 . 
%.  (ZnO>0.84 . %)  Al2O3 

2.64  5.46 . %

 Fe2O3 (19.99 .%),  ZnO (2.35 
.%), MnO (2.60 .%)  NiO (0.33 . %) 

Al2O3 (1.09 . %). , -
 Al2O3, MgO  Fe2O3, -

. , 



. 
ZnO  Cr2O3 , -

,  MgO  ZnO [ ., 
2008].  

. 7.19.
 Fe3+/(Fe3++Al+Cr) –Fe2+/(Fe2++Mg). 

:  – ,  – ,  – , 
 [ ,  2006]. 

 ZnO–MnO 
, -

 ( . 7.18).  

- , 
, 

.  

, 
 Fe3+/(Fe3++Al+Cr)  Fe2+/(Fe2+ +Mg) ( . 

7.19). -
 [ , 

2006].  Cr/(Cr+Al+Fe3+)  Fe2+/(Fe2+ +Mg) 
 ( . 7.20).  



. 7. 20.
 Cr/(Cr+Al+Fe3+)–Fe2+/(Fe2++Mg). 

: 1 – , 2 – 
, 3 – , 4 – -

, 5 – , 6 – , 
 [ , 2006]. 

, -
, .  

 Cr2O3–MgO ( . 7.21) 
, 

, 
.  

 Zn- -
, , -

.  

, - , 
, 
-

.  



. 7.21.
 Cr2O3–MgO. 

: 1 – , 2 – , 
, 3 – . , , 4 –

- , , 5 –
, , 6 – , 

[ , 2006].  

, 
-

-
. 
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, 
, , 

.  

-

 [Regelous et al., 1998; Ishii et al., 1992; 
Pearce, 1995; Ewart et al., 1998; ., 2001; Straub & Layne, 2003], -

 [Hergt et al., 1993, 1994; Kent et al., 2002; Ohara et 
al., 2003; Sinton et al., 2003]  [Kilian, 1997].  

- . [Klein et al., 1996; Hel-
lebrand et al., 2001; Kamenetsky et al., 2000, 2001; ., 2001; , 
2003],  [Lassiter et al., 2002; Regelous et al., 1999, 2003; 
Coombs et al., 2004]   -

 [ , 2002].  

, -
. 

8.1. -

, 
 [Best, 1975; Hawkesworth et al., 1979; Sanders 

& Tarney, 1979; Sanders et al., 1991 ]. 

, 
, 

, -
, . 



, 
 « » 

, « », -
, 

,  [Karig, 1971].  

. 8.1.1. -
 [Karig, 1971; Toksöz & Bird, 1978; ., 

1999] . 
, -

. 

 [Karig, 1971; Toksöz & Bird, 1977 .] , 



, , , , 
. 

,   , -
 [Karig, 1971; Toksoz & Bird, 1977; Pearce et al., 1984 .], -

, - ,  [ ., 1986 .]. 

, 
( ),  ( . 
8.1.1( )). 

, -
, -

, 
 ( . 8.1.1(b)). 

 [Boninites, 1989 
.], -

 [ ., 1999 .], -
, , .  

, , -
, , 

, -
, . 

, 
. 

 ( . 8.1.1(b)) 

 [Toksoz & Bird, 1977]. -
,  ( . 8.1.1(c)). -

 [Kent et al., 2002; Lassiter et al., 2002; Straub et al., 2003; Sharp 
& Barnes, 2004 .] -

, 

. 
, 

, . -

, -
.  



-
( ) -

, , 
, -

, . . , 
. 

 MgO, Na, Co, Cr, Ni  Cl 
, -

 ( , >6% MgO)  Sc, Co, Cr, Ni 
 Cl<0,09 %,  ( , <6% 

MgO)  Cl >0,1 % -
 Sc, Co, Cr  Ni.  

 (Ni, Co, Cr, V) 
-

, -
 [Stepanez & Kemmer, 2002].  

. 
. .  [Karig, 1974], 

, -
, . 

. .  (1748) : « , -
 – », , -
, , .  

, 
-

. , -
,  [ -

, 2003 ], -
 [Boudreau et al., 1986, 2004]. 

-
-

, , 
 [Karig, 1971; ., 1987; Kilian, 1997; -

., 1999],  [Hellebrand et al., 
2001] -

 [Watkins et al., 1981; Plank & Langmuir, 1998]. 



.  

, 
, , -

 [Best, 1975; Brenan et al., 1995; Iwamori, 1998; ., 2001; 
Churikova et al., 2001; Stern, 2002 .].  

, -
, , 

, , 
, , -

, , 
. , 

, , 
 [Kent et al., 2002; Lassiter et al., 2002; Stepanez & Kemmer, 2002; 

Straub et al., 2003; Sharp & Barnes, 2004 .]. 

, 
. 
 [Fabricus et al., 1970; Savin, 1977; . 

., 1987]. , 
-

, -
.  

350/00 ,  (0/00): Cl(18,978), SO4
2-

(2,6486), HCO3(0,1397), Br(0,0646), F(0,0013), H2BO2 (0,0260), Na+ (10,5561), Mg2+

(1,272), Ca2+ (0.4001), K+ (0.3800), Sr2+ (0,0133) [ . ., 1987].  

-
. 

 22.5% , -
, -

, . 

 [Kent et al., 2002; Lassiter et al., 2002; Straub et al., 2003 .], -
 [Wilmore et al., 2002; Boudreau et al., 1986; Boudreau, 2004] , 



 [ ., 1999; , 2002; ., 2005 
].  

-
, , -

 [Holck, 1996, New Zealand, 
News BBC], 18  [Harmon & Hoefs, 1995; Dorendorf et al., 2000], -

 [Hofmann, 1998, 2002; Coombs et al., 
2004] 10Be [Brown et al., 
1982; Tera et al., 1986; Dickin, 1997] -

.  

, -
, -

, -

[Stepanez & Kemmer, 2002; , 2005].  

, -
, , 

 [Coombs et al., 2004 .]. 

,  Cl, F, 
 NaCl, .  NaCl 

 Na+  Cl-, , 
 [ , 1974], .  

-
 [Kent et al., 2002; Lassiter et al., 2002; Straub et al., 2003] 

, , -
, . 

, , -
, -

 [ , 1974 .], -
 [Candela et al., 1995 .] 

[Webster et al., 1999 .], -
 [ , 1987]. 



-
, 

, - -
, , -

.  

, 

-
 [Stepanez & Kemmer, 2002; , 2003 ] 

 [Ballhaus & 
Stumpfl, 1985; Boudreau, 2004].  

, 
 (Ti, Co, Cu, Ni .) -

 (Pt, Ir, Os, Rh, Pd) , . -
 [ , 

1974] -  [ ., 2000 .].  

 « » , 
-

, , -
. 

8.2. -
-

, 
,  (

) 

-
,  [Uyeda & Kanamori, 

1979].  

-  ( . 8.2.1). 
, -

 [Kilian, 1997], -
 [Klein et 

al., 1995]. , -

, -



, 
. 

, 
. , 

, -
.  

. 8.2.1. -
. 

: 1 – , 2 – - , 3 
– , 4 – , 5 – ; -

:  – , b – , -
 LILE, HFSE  LREE -

 (  [LE]Cl), c –  (b), -
; : I – , II – 

, III – , 
. 

-
, . 

 « », 
. .  [ ., 1987 .] -

, .  

, . 
8.2.1, -

 ( - ) -
 ( . 8.2.2). 

, 
, -

, -
, . 



. Low-K -
,  med-K 

-  [Klein et al., 
1995],  (Cr, Ni, Co) 

.  

. 8.2.2. - , 
NMORB [Sun & Mcdonough, 1989], -

. 
 –   [Klein et al., 1996]; b – -

 [ , 1992]. 
 ( . . 8.2.1). d – -

. . 8.2.2( ,b) 
, 

. 

 ( - ) -
-

.  low-K 
,  – med-K - -

.  

, , 
,  Nb, 

 Sc, Co, Mg, Ni, Cr. , 
( . 8.2.1) , -

,  [Sharp & Barnes, 
2004] -

, .  



,  Ba/Nb 
,  (~21)  med-K 

 (~110),  Nb (<2,6), 
-

. , 
- , -

 [Sinton et al., 
2003].  

 LILE (Rb, Cs, Ba, Sr), REE (Ce, La, Sm, Eu, Yb, Lu) 
HFSE (Nb, Ta, Zr, Y) - -

, 

 [Hawkesworth et al., 1993; Kilian, 1997; Plank & Langmuir, 1998].  

Nb  La  Ta 
 [Mitchell & Kjarsgaard, 2004], 

 [Sinton et al., 2003]. -
 Nb , -

 Nb , -
- , 

, 
.  Nb -

, - , 
[Hawkesworth et al., 1993; Kilian, 1997; Plank & Langmuir, 1998], 

 ( . 8.2.2), -
, 

[Pearce & Peate, 1995].  

-
, -

. -
, -

,  Ti  Fe -
 Cr, Al, Mg.  

, , 
, 

, , -
 Ti, Fe  Cr, 

Al, Mg.  



, -  ( ) 
, -

 Fe, Ti  Mg, Cr, Ni, Sc. 

.  

, 
-

, -
, -

, 
[Pearce et al., 1995].  

, 
- , 

-
. 

- , -
, -

 [Hofmann, 
1997]. -

 ( . 8.2.1(II)) -
 ( . 8.2.1(III)).  

- , -
-

.  Sr -
. 

-
 [Hofmann, 1997 .].  

 (Cr#:0.58–0.75 %)  Al2O3 (18.82–21.8 
. %), TiO2 (0.23–0.29 . %), 

 2.5 %, , 
. -

, 
, -

. , 
, 

, -
,  [Macpherson & Hall, 2001]. 



, , 
 Al2O3 (13.18–13.80 . %),  Co, 

Mg, Ni, Cr,  LILE, REE  HFSE. -
 Ni  Cr. 

-
. 

- -
-

, -
 [Hergt & Farley, 1994; Pearce et al., 1995], 

- -
- . 

. 
[Powell, 1995 .], , 

, , 
, , - , 

  .  

, 
 [ -

, 1978; , 1988; , 1992; ., 2002], 
- . 

, -
. , , -

-
, - -

 ( . 8.2.3( )). 

, -
 [Kilian, 1997 

.]. -
 ( . 8.2.3( )) -

 ( ) , . 

(fore-arc ophiolite)  – 
. , 

- -
- - - - -

 – -



,  low-Al (Al2O3:11.20–13.95 . %) -
. -

- -
. 

.8.2.3. -

. 
( ) . (b) . (c) 

. 
 – ; MOR – 

- ; FORE–ARC – ; BACK–ARC– 
; ARC – ;  d – -

; Cl – ;  –  high-K 
; 

.8.2.1.

-
- , -

, -
. -

. 
 ( ) . 



 (fore-arc ophiolite) 
: Cr3+ (Al3+)–

Fe3+ (Ti4+) . 
-

 – 21.0 %,  Y; 
 Na2O (0.25–0,87 %), 

, , 
. 

 REE  HFSE 
- , -

.  

-
, . , -

- -
, 

, -
.  

-  high-Mg 
,  low-Fe  low-Fe . 

 Mg, Cr, Ni  Y , -
-

,  Y.  high-Y/low-Fe 
. -

 Fe2O3  SiO2 -
-

.  LILE (K, Rb, Ba, Sr) -

-  [Crawford et al., 1989],  HFSE 
(Nb, Zr) -

 [Klein et al., 1995].  

 (Ni, Cr, Co, V) -

. 

 ( , . 8.2.3), -
.  



, -
 ( ) -

- -  ( ). , -
, , 

, 
. , , 

, -
. - - -

, , -
. 

(back-arc ophiolite). -

 ( . 8.2.3(b))  – 
NMORB, . . -

, -

. -
 [Sinton et al., 2003], 

. 

, 
 [Kent et al., 2002]  [Sinton et al., 2003], -

 0.1 . %.  

-
, -

,  ( . 8.2.1), -
 ( . 8.2.3(c)). -

. -
-

, ,  [Stern, 2002, 2004 
.], 

 [Uyeda & Kanamori, 1979 .]. 

- , -
, 

. 

-
.  



-
- . 

. 8.2.4. -
- , -

 N-MORB [Sun & 
Mcdonough, 1989], 

-
 [ , 1992]. 

 – 
;  – -

. ;  – 
-

. -

, 
 – . 

. 

-
- -

, -
.  

-
. -

, ,  – -
 ( . 8.2.4). 

, -
, .

 – -
; -

, , - , 
. , 

 ( . 8.2.3). -
 LILE,  Rb  K, 

. 



  
, 

. -
, 

, -
 ( . 8.2.3(c)).  

- - -
.  

, -
-  ( . 8.2.4).  

-
 –  22.0 %, 

Y, - . 
Na2O  TiO2, . 

. 

Fe3+  Ti4+  Al3+  Cr3+, . . 
 Al3+ – Cr3+. 

,  LILE -
-

 ( . 8.2.4). , 

- - -
.  

 high-K 

( . 8.2.4) .  high-K -
, , , -

. -
, 
-

, 
,  high-K -

 140 . 



 ( . 8.2.4) -
, -

, -
.  

 REE  HFSE 
 [Hawkesworth et al., 1993; Hofmann, 

1997], , 
 ( . 8.2.3(c)), 

. 

 Sr (160–480 / ) 
D1<210, -

 [Hofmann, 1997; ., 1999], 
, 

. 

 [ , 2008] 

 [Zindler & Hart, 1986].  

, 
-

 [Armienti & Casperini, 2007].  

 [Hofmann, 1997] 
,

[McKenzie & O´Nion, 1983]. , -
, -

 [Tatsumoto et al., 1992]. 
-

, 
[Hofmann, 1997; Lustrino & Dallai, 2004]. 

-
, -

- - , -
, , 

-
.  



-
, -

-
 Nb,  5 / .  

, , 
- - , -

. 

, 
-

- . -
, , 

- . 
- -

. -
 [ , 2006, ., 

2012].  

- - -
- - -

- - . -
, , . 

 Ta–Nb 
, - -

. -
- -

 ZnO, MnO,  NiO. 
 ZnO 

- -  [Spry 
& Scott, 1986]. 

-
, 

.  

, 
, -

, 
. -

: 1) -
, 2) , 3) 



, 4) -
, 5) -

, 6) 
- - , 7) ; 8) 

. 

, . 
, -

, -
. -

 [Karig, 1971; Toksoz & Bird, 1978], 

[Oxburgh & Parmentier, 1978; , 1981]. 

8.3. 

- -

[ , 1964; , 1975; , 1981; , 
1985 .]. , , 

. , , 
-

. -
 [ ., 1995], -

 2.1. 

 ( -
) -  [ -

, 2008]. 
, -  ( . 8.3.1). 

, -
 ( . 2.1) - -

 [ , 2002; , 2012 .] 
,  [Popov et al., 2009].  

, 
, 

. - -



, -
. -

. 

. 8.3.1.  (a) G3–O1  (b) O2-3 -
. 

1 – - ; 2 – -
-   ; 3 – 

; 4 – ; 
. 

, -
, 

- -
.  

-
- - - -

, -  ( , 
, , ), - -

, -  [ -
…, 1971; .., 1972]. 



U-Pb  [ ., 2006] 
 – .  

-
 ( ), -

 480  535 
. , -

. -
– -

 150  [ .,2006].  

-
.  REE, HFSE -

 [ ., 2006] -
, 

, 
. 

-
, , , , -

- -
, , -

- . 

-
-

 ( . 8.3.1). 
-

. -

-  [ ., 2006]. 
,  [ .., 1991] , 

. 

- -
-

 [ ., 2001]  [ , 2012] -
-

.  



- , -
, -

. 

-
-

- -  ( , , 
, ), 

- -  [ -
.., 1972; , 1975].  

. 8.3.2.  Cen–(Ce/Yb)n (a), Ta/Yb–Ce/Yb (b) -
. 

 [Crawford et al., 2000]:  ( ), -
 ( ),  (IA),  ( ). 

: -
 (N), - -

 (E) [Sun & McDonough, 1989],  (R) [Marcelot et 
al., 1983]),  (B) [McLennan, 1985]. PM – 

 [Gill, 
1981]. FC – . 1 – ; 2 – -

 3 –  [ , 2012]. 

, 
. , -

, -
, , -

, , -
, 

. , -
. -



, -
 [ .., 1972]. 

-
. , -

 Ta-Nb , 
 [ …, 

1981; p , , 2006; , , 2007] -
 [ , 2008].  

, , -
,  REE  HFSE 

.  

 Ta-Nb -
 [ , 2012]  Nb (  1.4 

7.4 / )  Ta (  0.1  0.5 / ), ,  [ , 1987] 
, -

,  Ta, Nb  LILE .  

, -
,  Ta  Nb -

, -
. -

 Ta  Nb -
, -

 Ce, Yb, Ta, Th, Hf 
 ( . 8.3.2).  

-
, , 

, . , 
 Cen–

(Ce/Yb)n ( . 8.3.2) . 
 Nb/Y–Zr/Y [Condie, 2003; Weaver, 1991] -

-
, 

 ( . 8.3.3).  

 REE 
, 



 ( ) 
( . 8.3.4).  

. 8.3.3.  Nb/Y–Zr/Y 
[Condie, 2003; Weaver, 1991] 

-
. 

. . 
8.3.2.

 Hf 
-
-

, -
-

 [Abate et al., 
1989], -

 [ -
., 2001] 

 [Turner et al., 2003], 
. 

. 8.3.4. REE ( ) -
 [ ., 2001]  (b) 

 [ , 2012] , 
 [Sun & McDonough, 1989]. 

 Hf  [Marini et al., 2005] -
, 



. - , 

. , , -
, , -

, -
.  

, 
. -  [ , 1972, , 2012]. 

, 
, - , 

. , ,  5 % , 
. -

 [ , 2012].  

-
- - -  [ , 

1972], 
, -

. 

 Al2O3, Na2O  TiO2 , -
. - -

- , , -
. 

, , -
. 

 [ , 2012], 
. 

- -
-

- , , - , -
.  

-  low-Ti/Al/P -
, , , -

, -
 ( . 8.3.5) 



( ) - -  [Pearce et 
al., 1999]. 

 ( . 8.3.6( )),  ( . 8.3.5) 
- - -

 ( . 
8.3.6(d)). 

. 8.3.5.  MnO*10–TiO2–P2O5*10 [Mullen, 1983]  ( ) 
 (b) , . . , . . . . 

 [ , 2012]. 

-
.  

-  ( , 
 [ ., 1993] ) 

, , 
.  

, 
 ( . 8.3.6( )), , 

- , , -
, 

( . 8.3.6(b)).  

-
-  [ , 



2012]. , -
 [ ., 1993] , -

. 

, -
, 

. 

. 8.3.6. 1
1 (a,b), 1

4 (c), O2(d) -
- .  

1 – . 

 REE ( . 8.3.7(b)), 
 HFSE ( . 8.3.3) , -

. 
, -

, , 
, .  



-
 [ ., 1993] 

.  

. 8.3.7. REE ( ) , 
 [Kamenetsky et al., 2000]  (b) 

[ , 2012] ,  [Sun 
& McDonough, 1989].

-
, -

 [Popov et al., 2009]. , -
- -

.  

- , 
- , 

, -
 [Popov et al., 2009; Percival et al., 2011]. 

 ( . 8.3.8, 8.3.11) -
- , -

- , - -
- . 

 ( )  [ -
, , 2007], -

, , - -
.  

 ( )  ( . 
8.3.8) -



. 
- -

. 
 6 , -

, . .  [ , 2012].  

. 8.3.8. 1-2  ( -
). 

1 – - ; 2 – -
- ; 3 – - -

; 4 – . 

, - -
-

- . 

. 8.3.9.  Cen–(Ce/Yb)n (a), Ta/Yb–Ce/Yb (b) -
 [Crawford et al., 2000]. 

1 – ; 2 –  3 – 
; 4 –  ( ) -

, 5 – ; 6 – 
[ , 2012). 

. . 8.3.2. 



-
-  ( . 8.3.8), -

, 
 (Ce/Yb)n–Cen ( . 8.3.9), 

-
 ( . 8.3.10). 

. 8.3.10. REE,  [Sun 
& McDonough, 1989].
( ) - : 1 – , 2 – -

 3 – ; (b) : 1 – 
, 2 – , 3 – -

; ( )  [ -
, 2012]. 

, -
,  REE ( . 8.3.10( )), 

,  Hf 
 REE ( . 8.3.10( )), , -

.  

- -
- -

- -
. 

-
 ( . 8.3.8). -



-
 Pb, Li  U,  La, Sm, Yb, Nb, Th -

. .  [Verma, 2010].  

- - , 
, , -

- , 
REE  NMORB ( . 8.3.10( )). -

, -
. -

, -
, 

 Na2O, Pb, Sr, Ba, -
. 

. 8.3.11. 2-3 -
. 

5 – ; 6 – -
; 7 – ; 8 –  

- -
. 

. . 8.3.8. 

-
-  ( . 8.3.11). 

. 
, -

, 
. 

, -
1 



2. , 
, - . 

. 8.3.12. REE,  [Sun 
& McDonough, 1989]. 
( ) ; (b)  [ -

, 2012]. 

 ( 2-3), -
 REE ( . 8. 3.12), -

, , -
. - , -

-
 REE .  

, -
-

- - -
, 

 ( .  6 ). 

-
- , 

. -
- , 



-
. -

, 
, 

. 

. -
- - , 

, -
 ( ), 

.  

- , -
- -

. 
- , , -

 [
., 2002].  

. 
. -

.  

 [ ., 1995; Collins et al., 2003] 
-

, , -
- -

-
. -

- -
. 

-
, , 

. -
, , -

,  [ -
., 2002].  



. 8.3.13. 3 . 
1 –  ( 1); 2 – -

 ( 2-3); 3 – -  ( 3); 4 – -
 ( 2-3); 5 –  « »; 6 – -

-  ( 1-2); 7 – -
 ( 2-3); 8 –  ( 3); 

, . 

 ( . 8.3.13) -
-  ( . 2.1), 

-
. - -

. -
, . 

, -
- -

- . 
- -

. 

, , -
, -

. , 
, , 

 [ , 1979; 
. , 2002 .].  

-
- , 

 « », -
, , 

. , 



- -
. 

, -
- , 

- . 
- - -

. 
.  

 (150 . .) 
 (30 . .) 

- - . 
, 

 50 , 
, 

 2.0 . .    

. 8.3.14. -
.  

1 – ; 2 – ; 3 – -
. 

 ( . 8.3.13), 
, -

-
.  

,  [ , 2008], 
, -

, 
-

-  [Popov & 
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