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. 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 – -









 3 
-

-

  





. 3.1. -
- , - -

. : [ -
., 1995; , 2003; , 2007; -

, 2008]  
1-3 – : 1 – , 2 – - , 3 – 

- ; 4 – - ; 5-10 – 
- : 5 – - , 6 – -
, 7 – - - , 8 – , 9 – 
, 10 – - ; 11 – : 1 – . 

, 2 – . , 3 – . , . . , 4 – . 
, 5 – . , 6 – . , 7 – . , . , 8 – . 



, 9 – . , 10 – . , 11 – . -
, 12 – . , 13 – . , . , 14 – , O1-2 – 

, 
 Jn,  ( : [ -

., 1995; ., 2002; Collins et al., 2003]). -
- , -

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

 [Alexyutin, 2005] 

Nyctopora ., Lichenaria ., Tetradium ., 
Rhabdotetradium Reuschia . sokolovi , Plasmoporella 

Holorhynchus giganteus: Agetolites 
. minor Agetolitella prima Hemiagetolites . columellus Palae-

ofavosites? ., Catenipora ., Rhabdotetradium ., Heliolites? ., Propora ., 
Plasmoporella . grata



Gapparodus bokononi Phakelodus tenuis Mamillodus ., Proa-
contiodus 

. 3.2.  ( : 50060' . ., 
74020' . .)  (50051' . ., 74027' . .)  (50052' . ., 
74020' . .)  ( . . , . . , . . , 

: [ ., 1993]) 
1 – , -  (Deca=980, 
Inca=110, 95=80, =5.50  [ ., 2002]); 2-7 – . 2 
– - - : 2.1 – - -

, 2.2 –  (Deca=1100, Inca=-30, 95=150, =-1.50 

([ ., 2002]); 3 – ; 4 – -
; 5 –  (Deca=1150, Inca=-60, 95=210, =.30  [ -

., 1995]); 6 – , 7 – -
: 7.1 –  , 7.2 – ; 8-11 – -



 (Deca=1220, Inca=100, 95=140, =50  [ ., 2002]): 8 – -
, 9 – , 10 – -

, , 11 – ; 
12 – - ; 13 – -

; 14 – ; 15 – ; 16 – 
:  – ,  – ; 17 – 

:  – ,  – ; 18 – -
. Deca, Inca – 

 Jn, 95 – , – 

. 3.3.
 – - ;  – ;1 – ; 2 – 

- .  
. . 3.2 

Holorhynchus giganteus



. 3.4. -
. 

Ageto-
lites ., Fletcheriella ., Nyctopora ., Reuschia ., Propora tumulosa Helioli-
tes . ramosus Vermiporella Holorhynchus giganteus

Reu-
schia ., Propora ., Plasmoporella .



Holorhynchus gi-
ganteus.

.

Paracordylodus gracilis

Vologdino-cyathus borovikovi Ko-rovinella 
vistulata



Holorhynchus gi-
ganteus

. 3.5.  (
. . , . . ) 

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

: 5 – , 6 – ; 7-8 – : 7 – -
, 8 – ; 9-12 – : 9-10 – -
- - : 9 – - , -

- , , , -
, , 10 – -

 ( , ); 11 – -
; 12 – . 

. . 3.2 

Paracordylodus gracilis Oepikodus communis Balto-



niodus .,  Acodus deltatus
Protopandero-

dus . rectus

P. elegans O. evae Paracordylodus gracilis
Tropodus sweeti Prioniodus 

Periodon 
Periodon aculeatus

Periodon aculeatus Periodon flabellum
Histiodella . holodentata Paroistodus 

P. elegans: Prioniodus 
elegans Paracordylodus gracilis Tropodus sweeti

Ansella Paroistodus proteus
B navis Baltoniodus navis Oepikodus 

intermedius Periodon flabellum Paroistodus 
Periodon flabellum

Paroistodus horridus
Periodon flabellum



Paracordylodus gracilis Periodon Tropodus sweeti

Oepikodus evae Dre-
panodus arcuatus Para-
cordylodus gracilis Oepikodus communis Acodus
longibasis

Para-
cordylodus gracilis Tropodus sweeti Periodon



Periodon flabellum , Dre-
panodus arcuatus , Protopanderodus cf. rectus , Periodon aculeatus 

, Microzarkodina flabellum 



. 3.6.
: [ -

., 1993]) 
1-2 – : 1 –  (D2-3), 2 – 
(D1); 3-6 –  (O1-2): 3 – - , 4 – 

- -  (Deca=1600, Inca=190, 95=80, =200, : [ -
., 1991]), 5 – , 6 – -

; 7-10 – : 7 – -
 (O1fl), 8 – - -  (O2da), 9 – -

, 10 – ; 11-14 – 
: 11 – , 12 – , 

13 –  (Deca=1220, Inca=200, 95=200, =10.30  [ -



., 1991]), 14 – - - ; 15-19 – -
: 15– , 16 – -

, 17 – , 18 – , , 19 – -
 (Deca=1460, Inca=280, 95200, =150  [

., 1991]); 20 – ; 21 – ; 22 – -
; 23 – ; 24 – ; 25 – 

.  
. . 3.2 



Periodon flabel-
lum , Paroistodus cf. originalis , Panderodus gracilis 

, Drepanodus arcuatus 

Paroistodus cf. origi-
nalis , Periodon aculeatus , Periodon flabellum 





  





. 3.7. (a)  ( -
: 51032' 25 . ., 75054' 06'' . .) 

1 – ; 2 – , , -
, ; 3 – -

; 4 – -
; 5-8 – ; 5-7 – 

: 5 – , 6 – -
, 7 – -

-
; 8 – ; 9-11 – 

- - - : 9 – -
, 10 – , 11 – , 

; 12-16 – 
: 12 – , , 13 – -

, 14 –  « », 15 – , 
16 – -

; 17 – ; 18 – ; 19 
– ; 20 – . 
(b) 





Perio-
don aculeatus , P. Flabellum, Paracordylodus sp.

Pygodus serra: Perio-
don aculeatus , P. flabellum, Paroistodus . 



Periodon aculeatus , P. flabellum, Paracordylodus sp., Paroistod-
us horridus . 

Periodon sp., Paracordylodus sp

Phakelodus tenuis , 
Prooneotodus gallatini , Prooneotodus rotundatus , Eocono-
dontus notchpeakensis .

-

  



Periodon flabellum  Oepikodus intermedius 
Periodon flabellum

. 3.8.  (5006 ' . ., 
76035' . .) 
1 – -

; 2 –  - -
; 3 – - ; 4 – -

 (Deca=1840, Inca=10, 95=130, =0.50 , : [ -
., 2002]); 5-7 –  (Deca=1740, Inca=30, 

95=100, =1.50 , : [ ., 2002]);5 – 
, 6 –   . 7 – . Deca  Inca – 

 Jn, 95 – ,  – 

Periodon aculeatus , Para-
cordylodus ., Paroistodus horridus .

Holorhynchus giganteus.





. 3.9.  ( : 
40040'43'' . ., 76057'40'' . .)  ( -

. . , . . ) 
1 – ; 2-3 – : 2 – -

, 3 – ; 4 – -
; 5 – , , -

; 6 –   
, -



, -
; 7 – , 

 (   
); 8-9 – : 8 – 

, 9 – -
; 10 – ; 11 – ; 12 – ; 13 – -

; 14 –   



  

Histiodella , Periodon 



. 3.10. -  ( : [ -
., 1995] ) 

1 – ; 2– , 3 – -
; 4-6 – : 4 – 

, 5 – , 6 – 
; 7 – , , ; 8 – ? 

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

14 – : 13  – , 13  – -
; 14 – , ,   



  
-   



Finkelnburgia ., Hesperonomiella 
Hystricurus 

. 3.11. - -  ( : [ -
., 1992] )

1 – ; 2 – 
; 3 – ; 4 – ; 5 – -

; 6 – ; 7 – ; 8 – -
; 9 – ; 10 – ; 11 – -
, 12 – :  – , 

, ,  – ; 13 – : 1 – , . , 2 
– . , 3 – . , 4 – . , 5 – . , 6 – . -

, 7 – . , 8 – . , 9 – .   



. 3.12.  ( : [ ., 
1992] ) 
1 – ; 2 – ; 3 – 

; 4 – -
; 5 – ; 6 – .  

. .3.11







. 3.13. -

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

; 7 – , 
; 8 – ; 9 

– ; 10 – ; 11 –
; 12 – ; 13-16 – -

: 13 – , 14 – , 15 – -
-  16 – - ; 17 – . 

 –  2008 ., * –  (
., 1984). ,  * [Tolmacheva et al. 

2009]  **[ , 1999]. 

P elegans O evae
M ozarkodella

Paracordylodus gracilis



P. elegans – M. 
ozarkodella

O. evae

P. legans
M. zarkodella

Phakelodus tenuis Prooneotodus gallatini P. ro-
tundatus Eoconodontus (E.) notchpeakensis

P. serra



Paracordylodus gracilis
Periodon flabellum





. 3.14. -
-

I-V – - : I – , II – -
, III – - - , VI – -
, V – - .  

1-16 – : 1 – - , 2 – 
, 3 – , , 4 – , 

5 – , 6 – , 7 – , 8 – 
- , 9 – - - -

, 10 – - -
, 11 – , 12 – 

, 13 – , 14 – , 
, 15 – -

, , , , 
, , , 

, 16 – 
; 17-26– : 17 – , 18 – -

, 19 – , 20 –
- , 21 – 

, 22 – , 23 – , , 24 – 
- ; 25-26 – : 25 – 

, 26 – ; 27-29  – : 27– 
- , 28 – -

, 29 – 









Holorhynchus giganteus 



-



.3.15.  Th/Yb-
Ta/Yb [Pearce, 1983] -

- -
 ( : [ -

, 2012]) 
:1 – 

( 1), 2 –  ( 3), 3 – -
 ( 2-3), 4 – -

 ( 1-3) 



.3.16.  REE 
-  [Regelous et al., 2003] 

 OIB, EMORB, NMORB ( : [Sun, McDonough, 1989])



. 3.17.  [Verma, 2010], -
 –  (La, Sm, Yb, Nb, Th) 

. . 3.15 

. 3.18.  a) Th/Yb-Ta/Yb, b) Ba/Yb-Nb/Yb[Pearce et al.,2005]

. . 3.15



-
- -

-

. 3.19.  Rb/Cs, 
Ce/Pb, Th/La-Nb/U [Klein &Karsten, 1995] 





. 3.20.  Th-Nb/16-Hf/3 [Wood, 1980] 
) 1 – - -  2 – -

 ( :[Pearce et al., 1999]); b) - : 3 – -
 ( 2), 4 –  ( 3), 5 – 

( 1), 6 –  ( 2-3); ) - :7 – 
( 1), 8 – 3, 9 –  ( ) ( : [ , 2012]). :  – NMORB, B – 
EMORB, C – WPB, D – CAB 

.3.21.  La/Nb-Zr/Nb, Ba/Nb-Zr/Nb [Hofmann, 1997] 
. 3.15 



- -

. 3.22.
 CeN-SrN-SmN [Ikede, 

1990]

. 3.15



. 3.23.  ( : [ , 
2012]) 
a) ; b) high-Ti/low-Al 



-

. 3.24.  REE -
 ( : [ -

,2012]) 
1-4 – :1-3 – -

, 4 – -
, PB –  OIBP – -

 ( : [Pearce et al., 1999]) 

. 3.25.  ( )  (b)  Th/Yb-Nb/Yb [Metcalf & 
Shervais, 2008]  ( : [ , 2012])



. 3.26.  Ba/Zr-Nb/Zr [Ishizuka et al., 1990] 
. . 3.15 

-



. 3.27.  REE  ( : [ -
,2012]) 

PHT – ; BTA – 

-



. 3.28.  ( ) Ti/Cr-Ni [Beccaluva et al., 1983], (b) Cr-Y [Pearce et al., 
1984] - -

: I – , II – -
 III – -

, , ; MORB – -
- , IAT –  (

- -
); OIB – . 

1 – ; 2 – 
; 3 – . ; 4 

– 



- - -
-

. 3.29.  Sr/Y-Y [Kilian, 
1997] 
ABaS – 

- -
 ( :[Hergt &Farley, 1994]); 

SSIA – -
- -

 ( : [Pearce et al., 1995]).  
. 

. 3.28 



  

-





- -

. 3.30. (a) Zr-Y*3-Ti/100 [Pearce & Cann, 1973], b) Zr/4-Nb*2-Y 
[Meschede, 1986] 

 :WPA – , WPT – -
, MORB – - , WPB – 

, LKT – , CAB – -
, IAB – , IAT – -



. 3.31.  (a) Sr/Y-Y [Kilian, 1997], (d) Zr/Y-Zr [Pearce & 
Norry, 1979] 

 ( : [Kilian, 
1997]): d – low-K , e – high-K .  

. . 3.28 



. 3.32.  ( : [ , 
2012] 

-



-  - -



. 3.33. 
REE -

-
 ( : 

[ , 2012]) 

-
, -

-

 ( : [Pearce et al., 
1999]) 



. 3.34.  Ce/Nb-Th/Nb [Saunders et al., 1988] 
C p c  c p
(DMM), c x  c  (RSC) , x p

 c p  c  (SDC). p x  c p -
p c  p c p  DMM, RSC  SDC 

( :[Saunders et al., 1988]).  —  RSC, 
DMM  PM ( p ). c , p , -

-  (OJOP) cc  ( : [Floyd, 1989], [Hemmond et al., 
1993]  [Ewart et al., 1994] c ).  

 Cp - c  xp  (MAR) c p x  ( : 
[Saunders et al., 1988, 1991] c c ).  PM, NMORB, EMORB 
OIB  ( :[Sun & McDonough, 1989]), c p px -

p  ( : [Taylor & McLennan, 1985)]. c x 
c p - c p ,  GEOROC. 1 – 

. 
. . 3.15 





.3.35. - , 
 ( : [ …, 1983]) 

5 – ; 1 – ; 314 – -
; 312 – high-Ti 



-

.



. 3.36. -

 – , . 290-2, 
.+, . 36;  – -

- , . 306, .+, . 27;  – -
-

, . 131-5, .+, . 36;  – -
- , . 290-6, . +, . 36 



.





. 3.37.
Alz=(Aliv*100/2) -TiO2 

- . 1-
- -

, 2-  3- -
, 4- -

: 1 – -
, 2 –  -

, 3– -

 ( : [Loucks., 1990]), 4 – 
 ( -

) -
 ( : [ , 2012]). 

-
 ( : [LeBas, 

1962]) 

, -



. 3.38.  Cr#-
Mg# 
1 —  ( : [Ram-
pone et al., 1993]); 2 — -

-  ( : 
[Ishii et al., 1992]); 1 —  2 
— -

; 3 — -
; 4 — 

; 5 — -
-

.





. 3.39. - , 
 ( : [ …, 1983]) 

2108 – ; 2110 – ; 446/2 – ; 2109 – 



. 3.40.
Alz=(Aliv*100/2) – TiO2

-

( : [ , 1992]) 
: 1 – 
, 2 –  -

, 3–

( : [Loucks., 1990]), 4 –  (
) 

 ( : [ , 
2012)]. 

 ( : 
[LeBas, 1962]) 



. 3.41. -
 ( : [ , 1992]) 

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

); - Al(t)-Ti ( );  – Ti-Aliv ( ) 



. 3.42.  Cr#  TiO2  Cr-  ( : 
[ , 1992]) 



 ( : [Dick, Bullen, 1984; Jan, Windley, 1990; Arai, 1992]); 1 – -
 2 – ; 3 – -

  ; 4 – , 5 – , 6 –  7– 
; 8 – -

; 9 –  10 – -



. 3.43.  Alz=(Aliv*100/2) - TiO2 -
: ) , b) 

: 1 – , 2 –  
, 3–  ( : 

[Loucks., 1990]), 4 –  ( ) -
 ( : [ , 2012]); -

 ( : [LeBas, 1962]). 
. . 3.37, 3.40 







 Paracordylodus gracilis

Periodon flabellum

 Paroistodus horridus
 Microzarkodina 

ozarkodella Eoplacognathus suecicus



 3.1



 3.1



 3.1

 3.1



 3.1



 3.1 



.3.2.

 3.2



 3.2



 3.2

 3.2 



 3.3

 3.3



 3.4.

 3.5.

 3.6.



 3.6

 3.7.

 3.8.



 3.9.

 3.10.



 3.10

 3.11. 

 3.11



 3.12

 3.13.



 3.13

 3.14.



 3.15.

 3.16



 4 
- -

-
  

  





. 4.1. -  ( : 
[ ., 1995] ) 
1 – ; 2 – 

; 3 – - ; 4 – -



 ( 1-O3);5 –  (O1-3); 6 – 
 ( 1- 3); 7 – 

 (D1-2); 8 – ; 9-10 – : 9 – -
 ( 1-O3), 10 –  (S1-D2); 11-12 – -

: 11 –  -  (O1-S1), 12 –  -  (S2-D2); 
13 – -  (O1-3); 14–
(D2-3); 15 –  (D2-C2); 16 –  (P2); 17 – 

; 18 – ; 19 – ; 20 – -
; 21 – : 1 – , 2 – , 3 – , 4 – -
, 5 – ;  –  (J-Q) 

-



. 4.2.  ( : [ ., 1996] -
) 

 – ;  – 
;  – -

. 
1 – ; 2 – , -

, ; 3 – 
; 4 – ; 5 – 

,



-





. 4.3. La/10-Y/15-Nb/8 [Cabanis & Lecolle,1989], 10*MnO 
-10*P2O5-TiO2 [Mullen, 1983], MgO-Al2O3-FeO  [Pearce et al., 1977], Na2O+K2O-
FeO -MgO [Irvine & Baragar, 1971]   
1 – ; 2 – ; 3 – 

  

- - .



. 4.4.  Al2O3-Cr2O3-ZnO*100 
:1 – , 2 – , 3 – , 4 – 

( : [ , 1999; ., 1996]) 

. 4.5  Al(t) – Ti; Ti - Aliv ( ) 
 ( :[ ., 1996)] 

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



- - .

.4.6.  Aliv*100/2-TiO2

: 3 – , 
2 – , 1–

 ( : [Loucks, 1990]). 
-

 ( : [LeBas, 1962]). 
1 – -

.  
. . 4.4 



-
-





.4.1.

 4.1



 4.1



 5 

   

  





. 5.1. 
 ( : [ , 1992] . . -

. . ) 
1-2 – - : 1 – , 2 – -

; 3-4 – -   -
: 3 – , 4 – ; 5 –

; 6-7 – - -
:6 –  (O1), 7 – -  (O1-S1); 

8-10 – - - -
: 8 – -  (O1-3), 9 – -

-  (O3), 10 –  (S1); 11 – 
:  (O2); 12-13 – -

: 12 – -  (D1-3), 13 – -
 (C); 14 – ; 15 – ; 16 – ; 17 –

; 18 – : 1 – - , 2 – -
, 3 – , 4 – , 5 – , 6 – , 7 – , 7 – 

  





. 5.2.  (51025'50'' . ., 
75019'52'' . .), . . . .  1991 
1-3 – : 1 –  Prioniodus (P.) elegans, 2 –  Prioniodus (O.) evae, 3 
–  Periodon flabellum; 

Paracordylodus gracilis , 
Prioniodus elegans , Acodus deltatus longibasis , 

Protoprioniodus sp., „Scandodus“ aff. robustus , ( ) 
 Paracordylodus gracilis , Prioniodus elegans , Acodus del-

tatus longibasis 

Paracordylodus gracilis .

P. (O.) evae 
Paracordylodus gracilis , Prionio-

dus elegans 
Prioniodus evae , Dre-

panodus arcuatus ,  – Paracordylodus gracilis 
, Prioniodus elegans 

Paracordylodus gracilis , Pri-
oniodus sp., 

P. (P.) elegans P. (O.) evae

Prioniodus .

P. flabellum: Periodon flabellum , Prioniodus 
., Paroistodus . Prioniodus (O.) evae.



. 5.3.  ( -
 420: 51013'30'' . ., 75000' . .) ( : [ , 1992]) 

1 – ; 2 –  (D3sl); 3 – -
 (D3ms); 4 –  (D3sf); 5 –  (D2kn); 6–

 (D2krt); 7 –  (S1bn); 8 – 
 (O3sn); 9 –  (O3or); 10 –  (O3kk); 11 – 

 (O1-2sb); 12 – ; 13 – ; 14 – ; 15 – 
, , ; 16 – ; 17 – ; 18 – 

 (
); 19 – ; 20 – ; 21 – -

; 22 – ; 23 – ; 24 – ; 25 – 
; 26 – ,  – ;  – -

  



Paracordylodus gracilis 



. 5.4.  (  683: 51010' . ., 
74051' . .) - -

. . . .  1986 
. . 

, 
.  

. . 5.3 



Prioniodus intermedius
Paracordylodus gracilis Periodon flabellum Protopanderodus 
rectus, Paroistodus parallelus

Periodon flabellum Paracordylodus gracilis



. 5.5. , . . -
, . . . .  (1991) . . -
 (1989) . .  (1991) 

1 – ; 2 – ; 3 – , 4 – 
- ; 5 – , 6-10 – : 6 – 
, 7 -9 – - - - : 7 – -

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

; 14-16 – : 14 – , 15 – -
, 16 – 



Holorhynchus giganteus

Prioniodus 
intermedius
Periodon ., Prioniodus 



-



.5.6.  Zr/Nb-Nb (a)  Y/Zr-Nb/Zr (b)  
 (a) 1-3 – : 1 – , 2 – 

, 3 – ; 4-5 – 
: 4 – , 5 – 

; 6 – . (b) : SSIA – -
 ( : [Pearce et al., 1995]), KKIA – -
 WPT –  KKIA ( : 

[Churikova et al., 2001]), NMORB – -
, EMORB – -  OIB 

–  ( : [Sun, McDonough, 1989]). -
: I – , II – 

 OIB , III – NMORB -
-  ( : [Regelous et al., 2003)



. 5.7.  Ti/Cr-Ni [Beccaluva et Al., 
1983] . 
I – 
(I1 – ); II – -

 (II2 – ); III – -
- , 

, . 
. . 5.6 

. 5.8. 
Nb/Y-Zr/Y [Fitton, 2007] 

 –  – 

 ( : [Sun & McDonough, 1989]). 

. . 5.6 



- -







. 5.9. -
. , 

 ( : [ ..., 1983]) 
1 – ; 2 – 



. 5.10. - , 
 ( : [ ..., 1983]) 

1 – ; 2 – 



. 5.11. - -
,  ( : [ -

..., 1983]) 
1 – ; 2 – 



. 5.12. -
 Alz=(Aliv*100/2) - TiO2 -

-

1 – ; 2 – 
-

. 
: 1 – -

, 2 –  -
, 3– -

-
 ( : [Loucks., 

1990]), 4 – -
 ( ) 

( : [ , 2012]). -

 ( : [LeBas, 
1962]) 



. 5.13. : ) (Na2O+K2O)-FeO -MgO [Irvine & Baragar, 1971]  b) 
MnO*10-TiO2-P2O5*10 [Mullen, 1983] -

-
1 – ; 2 – , - ; 3 – ; 4 – low-Al 

; 5 – 



-



  

. 5.14. : ) (Na2O+K2O)-FeO -MgO [Irvine & Baragar, 1971]  b) 
MnO*10-TiO2-P2O5*10 [Mullen, 1983] -



. 5.15.   
I –  (a – -

; b – ; c – 
); II – 

 [ , 2003]; III – -
.  

: 1 – , 2 – 
, 3 – , , 4 – 

, 5 – . * – -
 [ ., 1985] 







. 5.16. 
1-2 – : 1 – -  2 – - -

; 3 – ; 4-7 – -
: 4 – - , 5 – - , 6 – 

- - , 7– ; O2 – -
, -

 Jn,  ( : [ ., 1995; -
., 2002]) 





 5.1.

 5.2.



 5.2

 5.3.



 5.4

 5.5

 5.5



 5.6.

 5.7.



 5.7



 5.8.
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-

  



  

Dicranograptus  nicholsoni Clima-
cograptus . antiguus ., Dicellograptus , 

Eodinobolus Pseudolingula Kajnaria derupta
Anoptambonites aktasensis



. 6.1.
(51041' . ., 75003' . .) ( : [ , 1992; ., 2002]) 
1 – ; 2 – ; 3 – 

 (D1zr); 4-5 –  (O3or): 4 – , 5 – 
; 6 –  (O3nr); 7-9 – 

 (O2-3 sb): 7 – , 8 – ; (Deca=880, Inca=-60, 
95=170, =-30  [ , 1992]), 9 – ; 10 – 

 (O1-2kn); 11 – :  – ,  – ; 12 – 
:  – ,  – 

Amsassia chaetetoides



Catenipora libera, Holorhynchus giganteus

.

  

. 



. 6.2.  (Na2O+K2O)-FeO -MgO [Irvine & Baragar, 1971] -

1 – ; 2-4 – : 2 – , 3-4 –  . 
, 4 – 

. 6.3.  K2O-SiO2 [Peccerillo, Taylor, 1976] -

: I – - - , II – -  III 
– - , IV – 

. 
. . 6.2 



. 

  



. 6.4.  Zr-Sr/2-Ti/100 [Pearce & Cann, 1973] : ) -
, -

. .  b)  ( : [ , 2012]) 
. 6.2 



. 6.5.  Ti-Zr [Pearce & Cann, 1973] , 
, . . 

 ( : [ , 2012]) 
. 6.2, 6.4

.6. 6.  TiO2-MnO*10-P2O5*10 [Mullen, 1983] 
) - -  ( : [Pearce et 

al., 1999]): 1 – , 2 –  -
, 3 – ; b) -

 ( : [Abratis, 1989]): 1 – -
, 2 –  3 – ; c) 

: 1 –  2 – 



. 6.7.  TiO2-MnO*10-P2O5*10 [Mullen, 1983] 
a)  ( : [Churikova et al., 2001]): 1 – 

, 2 – ; 3-4 – 
: 3 – , 4 – -

; b) - : 1 – 
 ( 2), 2 –  (  3), 3 –  ( 1) ) 

1 –  ( 2-3), 2 –  (S1) ( :[ , 2012]) 

.6.8.  Th-Nb/16-Hf/3 [Wood, 1980] 
) 1 – - -  2 – -

 ( : [Pearce et al., 1999]); b)  [Ju-
lian et al., 1995]  c)  ( :[Churikova et al., 2001]) ; 
d)  ( : [Abratis, 



1989]): 1 – , 2 – ; e) -
: 3 –  ( 2), 4 – 

 ( 3), 5 –  ( 1)  f) 6 –  ( 2-3); 7 – 
 ( 3); 8 –  (S1) ( : [ , 2012]). 

:  – NMORB, B – EMORB, C – WPB, D – CAB 

. 6.9.  Sr/Y-Y:  [Stern, 2002] 
– ; – . 

: I–  [Kay, 1993], II–
 ( : [Yogodzinski, 1995]), III-IV– : III–

 ( : [Futa, Stern,1998]), IV–  [López-Escobar et al., 1993]. ) 
: 1–SSIA– -  ( ) 

( :[Pearce et al., 1995]), 2–TKIA- -  ( + ) -
 ( : [Hergt & Farley, 1994; Ewart et al., 1998]), 3–KKIA- -
 ( + )  ( : [Churikova et al., 2001]); 

b) . 1 – 
; c) -

 ( : [Abratis, 1998]); : –
, T – , – .  

. 6.8 



.



. 6.10.  Sr  Nd -
-  ( : , 2012) 

,  MORB  [Faure, 1986] 
 [Abratis, 1998], - -

 (IBM)[Pearce et al., 1999; Ikede & Yuasa, 1989]. 
. 6.8 



.6.11  Th-Nb/16-Hf/3 [Wood, 1980] 
) 1 – - -  2 – -

 ( : [Pearce et al., 1999]);b)  ( : 
[Julian et al., 1995])  c)  ( : [Churikova et al., 2001]) 

; d)  ( : 
[Abratis, 1998]): 1 – , 2 – ; e) -

- : 3 –  ( 2), 4 – 
 ( 3), 5 –  ( 1), 6 –  ( 2-3); f) -

: 7 –  ( 1), 8 – 3, 9 –  ( ) ( : 
[ , 2012]) 



. 



. 7.1. -
- , - -

.  [
., 1995; , 2003; , 2007; , 2008] 

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

- : 5 – - , 6 – -
, 7 – - - , 8 – , 9 –
, 10 – - ; 11 – : 1 – . 

, 2 – . ; 3 – . , . . , 4 – . 
, 5 – . , 6 – . , 7 – . , . , 8 – . 

, 9 – . ; 10 – . , 11 – . -
, 12 – . , 13 – . , . , 14 – ; O1-2 – 

, 
 Jn,  (  [ -

., 1995; ., 2002; Collins et al., 2003]). -
- , -

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

 [Alexyutin, 2005] 
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. 7.2(I). - -
 ( : 50051'33'' . ., 74048' . .), . . -
, . . , . .   

1-2 – -  (O1fl): 1 – 
, 2 – -  (Deca=1790, Inca=300, 95=190, =160); 

3-7 –  (Deca=1710, Inca=330, 95=140, =180): 3-5 – 
 (O2dp1-da3): 3 –  O2dp1, ,  P. 

navis,  O2da1, 4 – , 
 O2da, 5 – ; 6-7 – 

 (O3sa-ka1): 6 –  Opx-Cpx-Pl , 7 – 
 O3sa-ka1; 8 – 

 (O3ka2-hi; Deca=1620, Inca=250, 95=90, =130 [



., 2002]); 9-13 – - : 9 – 
, , 10 –

, , , 
, , 11 – -  (Deca=1590, Inca=260, 95=140, 

=140),  low-Fe  (Deca=1630, Inca=230, 
95=140, =120)  high-Mg , 12 – , 13 – -

; 14 – ; 15 – -
; 16 – ; 17 – ; 18 – 

; 19 – -
; 20 –  . Deca, 

Inca –  Jn, 95 – 
,  –  ( : [ ., 1991]).  

(II) : P.ti-Mt – 

B. navis



. 
- - - .  



.7.3.
 – . 

- , . -350, . +, . 27;  – 
. 

, . -351, . +, . 27;  – 
-

, . -12, .+, . 13;  – 
-

- , . -349, .+, .27;  – 

, . +, -383-3, .+, . 22;  – 
, -

, . -356, .-, . 7 





, -

- .

-

. , 



- .
- .

  
. 

- - - . 



. 7.4.  AFM [Irvine & Baragar, 1971] -
 ( ) -  ( )  ( : 

[ , 1992]) 
1-6 – : 1– , 2 – -

, 3 – , 4 – , 5 – -
, 6 – ; 7-8 – - : 7 – , 8 – 

; 9 – 
 ( : [Kepezhinskas et al., 1993]). -

-  ( : [Ir-
vine & Baragar, 1971]) 



. 7.5. -
 ( :[ …, 1983])  

11 – ; 12 – ; 13 – ; 15 – 

. 7.6.  Al2O3-CaO 
 (1) 

 (2) 

: 1 – , 
2 –  ( : 
[Ishii et al. 1992]) 



.

- . 



. 7.7. -
 ( )  ( )  ( : 

[Frey, 1974; Kay, 1970; Sum, 1978]) 
1 – ; 2 – ; 3 – ; 4 – ; 5 – -

; 6 – ; 7 – ; 8 – 



- .



. 7.8. - -
, - -

 (NMORB) ( : [Tarney et al., 1981  Sun & Mcdonough. 1989])
–  (861-10);  (861-20); 

 (734-18); –low-K ; –med-K 



. 7.9.  La/10-Y/15-Nb/8 [Cabanis 
& Lecolle 1989]  
1. : 1  – -

- , 1  –  1
1 , 1  – ; 2. : 2  – -

, 2  – -
; 3.



. 7.10.  Alz=(Aliv*100/2) -TiO2

: 1 – , 2 – 
, 3–  ( : 

[Loucks, 1990]), 4 –  ( ) -
 ( : [ , 2012]). 

 ( : [LeBas, 1962]). 
1– ; 2 – ; 3 – ; 4 – ; 5 – 

; 6 – 



.

  



. 7.11.

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

( ), b – Ti-Aliv ( )



. 

. 7.12.  Cr-Al-(Fe+Ti) 

: 1 – , 2 – -

( : [Jan, Windley, 1990]). 3 – 
, 

( :[Kepezhinskas et al., 1993]). 
1 – ; 2 – ; 3 – -

; 4 – 

. 

-



. 7.13.  Cr#-Mg# 
1 – - ; 2 – -

; 3 – 
 ( : [Stern et al., 2004]); 4 – -

 ( :[Kepezhinskas et 
al., 1993]). 

. . 7.12 

-





. 7.14.  (I)  ( : [ , 1992]) 
(II)  ( : [ ., 1995]) - -



1-2 – : 1 – , 2 – -
; 3-13 – : 3 – - -
, 4 –  5 – , 6 – , 

7 – - , , 8 – - , -
- , -

, 
, 9 – - , - , -

, 10 – - , 
- , , 11 – 

-
, 12 – -

, 13 – ; 14-15 – : 14 – -
, -

, 15 – - ; 16-17 – 
: 16 – , 17 – . 

: 1 – Prioniodus (O.) intermedius, 2 
– P. (O.) evae; 3 – P. (P.) elegans, 4 – P. (P.) deltatus longibasis  P. proteus, 



 7.15.  Fe#-TiO2 -
 ( )  ( )  

1 –  Cr- ; 2 – ; 3 – ; 4 – 
; 5 – ; 

F – ,  ( : 
[Hellebrand et al., 2001]); FI – -

. 
:  –  ( , , 

, ),  –  ( -
, - ) 



-



 7.1

 7.1



 7.1

 7.2



 7.3

 7.4



 7.5

 7.6

 7.7.



 7.8

. 7.9



 7.9

. 7.10.



 7.10

 7.10 



 7.10

 7.11



. 7.12

 7.12 



 7.13.

 7.14.



 7.14

 7.15.
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- -

. 8.1. 1-2  ( -
) 

1 – - ; 2 – -
- ; 3 – - -

; 4 – 



- -

. 8.2.  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) ( : [McLen-
nan, 1985]). PM – 

 ( : [Gill, 1981]). FC – . 1 – 
; 2 –  3 – -

; 4 –  ( ) , 5 
– ; 6 –  ( : [ -

, 2012]) 



. 8.3. ,  ( : 
[Sun &McDonough, 1989]) 
( ) - : 1 – , 2 – -

 3 – ; (b) : 1 – 
, 2 – , 3 – -

; ( )  ( : 
[ , 2012]) 



. 8.4. 2-3 

5 – ; 6 – -
; 7 – ; 8 –  

- -
. 

. . 8.1  



.8.5. ,  ( : 
[Sun & McDonough, 1989]) 
( ) ; (b)  ( : 
[ , 2012]) 



-

–



. 8.6. 3 

1 –  ( 1); 2 – -
 ( 2-3); 3 – -  ( 3); 4 – -

 ( 2-3); 5 –  « »; 6 – -
-  ( 1-2); 7 – - -

 ( 2-3); 8 –  ( 3); 
, 





. 8.7. -
. ( : [Scotese, 1997] -

) 
1 – ; 2 – - -

; 3 – - - -
; 4– - ; 1 

– - ; 2 –   





.
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