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B nepuoA rlaJreo3oftcrofi TeKToHo-MarMarnqec-
rofi ariuyuza4uu (410-360 MJIH. Jrer sagaA) Ha

KonscroM noJryocrpoBe 6unu o6pasonaHbl rlIraHT-
cKne neQennu-cuenraroBbre LrHTpy3VrLr xu6utr u JIo-
Bo3epa, a rarcKe 6oluuoe KoruqecrBo MaccuBoB LI

lafirosrlx reJI IrlerorrHo-yJlbrpaocHoBHblx nopoA'
xuvr6eprl,troB u rap6ouarllroB. O6paaonaHulo pac-

rrJraBoB AoMafMarurrec-
Koro M r o6oralqeH[ro
Aerrner Y6crPara P33,
Ba, K, Sr, Rb, Th, U, Nb, P u [pyrLIM]I HeKorepeHT-

HbrMlt gJreMeHTaMu [1, 2]. Ipegnolaraercfl, rrro

lrHTepBaJr Me)KAy rrpoqeccaMll MaHTnrlnoro MeTaco-

ruaroga u o6pasoBaHl{eM pacrlJlaBoe 6rIr orHocll-
TeJrbHo KpaTKoBpeMeHHbIM, rrro [pe[srcTBoBaJIO
HaKOIIJISHqIO paAIIOIeHHbIx I,I3OTO1OB B MaHTUlinovr

cy6crpare, [o1BepraBlxeMcfl B [ocJIeAyIoqeM rlpo-
rleccaM rlapqllaJrbHoro IrJraBJIeHna. OqeuKrI BpeMeHu

rtposBreHnfl uanrraftHoro MeracoMaro3a, cAeJraH-

Hbre B pe3yJrbrare u3yqenuq Sm-Nd- u Rb-Sr-uso-
TorrHblx cLIcreM, [pl,IBoAsrct B IlHTepBaJre or <10 Ro

450-750 MJrH. ner Ha3aA [1, 3].

fiannue o MI,IHepaJIbHoM cocraBe [opoA nepxuelTt

MaHTnn Konscroro per[oHa [orytleHbl npr,I [3yrre-
HI,IU KCeHOJTIITOB IrrtI[HeJIeBbIX [epuAoTI4TOB rrc Aan-
ru ruu6epJrr4ToB n pafione r. KangaJraKrrrr4. Pasr"rep

KceHoJItIToB KoJle6rercq B rrpeAeJlax l-3 cM' oHlI

r{Meror gJIJIIrrIcoBLtAHyIo, HelpaBl'InbHyro Soptuy u
MecraMI,I cocraBJlflIor [o 3F50Vo o6leua ilopoAbl.
Kcenorurbl cJIox<eHbI raMrr,rofi nopoA or rapq6ypru-
TOB I{ JIepIIOJTIITOB AO rlllpoKceHcoAepx<aq[x onuBl4-

HtrToB. MUUepanrnrrft cocTaB KCeHOJTLITOB - OJrr4BUH,

5V95vo (Fo* 88-927o)1 , Vl57o
(mg = 9l-93Eo), eHcrarllr, 89-90Vo),
Hlr3KorrlTarrrcrufi xpoMrJle -77-82).
* 

Fo - Sopcreprar, mg = t00Mg/(Mg + Fe).
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Konqenrpalluu ropoAoo6pasyroqux il BTopocre-
TIeHHbIX gJTeMeHTOB B Irr[UHeJreBbIX [epuAorl4Tax
rro3BoJItIOT OTHeCTU IIX K AeIIneT[poBaHHbIM ]I CI4IIbHO

AerrJIerHpoBaHHbIM [OpOAaM, rrTo [oATBep)KAaercq
HaxoxqleHueM TorreK cocTaBoB B cooTBeTcTByroqux
loJrsx trlanrnrlnblx flopoA, u3 Koropblx yAaJIeHa Jrer-

KorrJIaBKar Qparqufl' [4].

flonrnep)KAeHueM sDKHofi poJrll arr'rQu6oloB B

o6pasonaHvrvr ilIerorrHblx u rap6onarllToBblx pac-
[JraBoB Moryr 6rtrr MHoroq[cJreHHble uaxogxu o6-

ro 3aJIuBa Beloro Mopq. ZnrepcruqrraJlbHble Kpuc-
TaJrJrbr arrasu6ona u snorolllTa ycraHoBJreHbl B KCe-

IIONUTAX UIII'THEJIEBbIX IEPTIAOTLITOB' TPAHATOBbIX

rpaHyJrLITOB, UIIMMepI{TOB LI IIpOKCeHUTOB !I3 yJrb-

TpaocHoBHbIx navrnpoQltpoB vr xap6ouarllToB B

rpy6xe B3pbIBa u gafiroBblx reJrax, coAep)Kalrlux
KceHoKpplcraJrJrbl avr$n6ona. KceHoreHnrrrf xapaK-
Tep KprIcraJIJroB avrQu6ola roATBep)qaerc fl' Halrur-
qlreM BOKpyr HpIx MeJrKo3epHucrblx 3aKarorrHblx

BMeIIIaTUIeM yJrbTpaocHoBHoM narvrnpoQupe vr3

rpy6xu B3pbIBa na o.EloBoM rloKa3alrrr cyqecrBeH-
Hoepa3JII,Iq[eBHI4xBeJII4IIuHHaqaJIbHbIXoTHoIIIe-
nrafi tTSrf6Sr (coorBercrBeHno 0.70768 n 0.70445),
IITO TAK)<E MO)KET I,IHTEPIPETIPOBATbCfl' KAK CBUAE-

TeJrbcTBo HepaBHoBecHocTI{ KpI{CTaJTJTOB tIO OTHO-

rrleHrro K BMeularcqeMy lavrupoQvpy -

Kcenorp[IcraJlJrbl artrQu6ol a Aocrllraror B AJrpIHy

2-3 cvt, rrJleoxpoupylor B )KeJrroBaro-KopllrrHeBblx
ToHax'I4nococTaBycooTBeTcTByIoTKaJII,IeBbIMTL|-
TaHucrbrM MarHe3l,IoracruHrclrraM (ra6l. 1). flpnt
cpaBHeHLIu c "MaHrufinrruu" auSra6oJIaMrI pa3nurr-
HbIx reHeruqecK[x rlIrIoB [5, 6] I'I3yrreHHue arraQr'r6o-

IIr;t sau6onee 6rllsru poroBblM o6vlasxaM I,I3 xI{Jr B

HoAyJItx trranrufinblx JrepqoJILIToB (pr:. 1), gna Koro-
pbrx 6olsrunncrBoM I4ccJreAoBareJIerI [peArloJrara-
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Ta6nnqa 1' KonqeHTpaIII4I4 rJraBHbIx (uac. vo) u nropocrerreHHrrx (r/r) eJreMeHTon n a^aeu6orax
Kolrrone I 2 3 4 5 6 7 8 9
si02
Tio2

Al203

Fe203

FeO

MnO

Mgo
CaO

Na2O

Kzo
Hzo-

Sro*

Coz
F-O

40.16

2.88

11.94

4.25

6.35

0.09

14.74

12.45

2.59

2.07

0.05

t.2

0.25

0.68

0.12

40.76

3.66

11.57

3.i
6.65

0.1

14.9

r0.92

2.88

1.5

0.31

3.47

0.09

0.04

40.02

2.51

r1.72

3.36

7.02

0.1

15.14

11.82

3.r9

r.6

0.3

1.65

0.21

r.64

0.09

44.5

2.39

9.04

2.22

5.9

0.1

16.78

11.45

3.33

1.29

0.3

1.68

0.26

0.42

0.r2

43.02

2.19

9.92

2.78

5.63

0.09

16.51

12.64

3.35

1.18

0.r7

r.79

0.26

0.67

0.r2

4r.6
r.79

9.42

6.58

10.88

0.29

10.38

9.94

4.32

1.34

0.29

1.81

0.19

1.44

0.08

37.08

2.58

12.99

2.10

7.85

0.r

14.05

12.09

2.41

2.88

0.41

r.43

0.76

2.97

0.34

41.57

2.57

12.28

4.21

7.27

0.11

14.39

r0.79

3.1 I
1.53

0.47

1.37

0.27

0.32

0.r2

39.32

3.03

r1.44

5.8

6.81

0.12

13.72

12.33

2.84

r.44

0.13

2.57

0.24

0.11
uyMMa 99.58 99.89 r00.19 99.54 100.08 ra}.t2 99.36 100.14 99.68
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3
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530
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Teptr3yrorc, Jrrrurl o6pasqrr arrreu6ona c nonuuren_
3a cqeT KoTOpOfo B
rennonrur,r ner?rpo_
paAaoreHHoro rHe*

Oqenra roapacra uantnrhtoro MeracoMaro3a

HbIMrr 3narrenu'Mu orrromenlna 3He*n /iHe""," xapax- ffiifl?%frffl.lffif5tfffi:."d*eAeJreu B
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n = Na/(Na + Ca), Vo

BETPHH H AP,

"80604020
f =Fez*l(Fez* +Mg),vo

Pnc. 1. fluarparrartra cocraBa arvrQIa6oloB B KoopAl{Harax

Na(Na + Ca>Fe2+l(Fe2* * Mg). I-3 - KceHoKpLIcrzlJrJrbI
arraQu6ona: I - us yJlbrpaocHoBnblx nauupoQrpon,2 -
ns iap6oHarl{ToB, 3 -us ltelaueQe:rruHnra;4,5 -uurep-
cruqnalrsue aufiu6onvt;4 - B KcenoJrutax arrlSn6on*
pyru;r-Qnoroflur-rpanaroBblx rropoA, 5 - s xceHoJIlITax
urnr.rHeJreBhlx IrepI{AoTlrToB I{ rpaHaToBblx rpaHyJIlITOB.
flyuxtupolr o6ogHa.reHbl noJlt cocraBoB "MaHTEfiHbIx"
alaQn6oron (uone V): I - MeraKpl{crarr.st,.2 - I{3 XI{JI,
3 - uorirnJrllToBble, 4 - uurepctzqualruue; 5 - I{3 aJrb-

nnficwtx [epl{Aorltron [5, 6]. flone VI - cocranu arrlQn-
6oros rr3 lrleJloquo-ynbrpaocHoBnblx [opoA.

Ha guarpaMMe B KoopAI'IHarax 4oAr[36Ar-K{36Ar

TOTIKI,I BCEX U3YIIEHHbIX KCEHOKPI{CTAJIJIOB AUQU6O-
ir a p aclo rar aror 9f I B Ao JI b e B o JI IOqUO nnOrl rruHuu \Irf .
Bo3pacra B37O MJIH. ner (puc. 3). 3ro Mox<er cBtr4e-
TeJrbcTBoBarb 06 oTcyrcrBl{u KaK cyuIecTBeHHbIx
[orepb 40Ar, TaK Ir 3axBaqeHHoro u36blTorrHoro pa-

fuorennoro rl3orona groro eJIgMeHTa. He ycraHoB-
JreHo cyqecrBeHHoli flepecrpofixu ngororlHblx crlc-
TeM U npn a0Ar-3eAr'AarHpoBaHrII{ LIHTepCTI{IIIIaJIb-

BeAeHHbre AaHHbIe noKa3blBalor, rITo n3yrreHHble aM-

Qn6onu coxpaHLIJII{ cBorl ilgpBurlHble rIgororlHble
x ap aKTep ilcirurKr4 B IIp ollgcce T? aHCnOpTITP o B KI{ Kce -
HOKpUCTOB K roBepxHocrrl pacfiJr&BLMII yJIbTPaoc-
HOBHOTO rI KapooHarnroBoro cocTaBa.

Cxo[ctgo cocraDoB r3yqeHHblx arraQu6onoa Q

uanruft nbrMl{ au$u6on aurl, o6pasyrcql{Mrl LIHTep-
crr,rqrraJrbHble KpueTaJlJIbI 1I XIIIbI B TIOpOAaX MaH-
ruu [5, 6], nosnoilfler rlpegnoJlararb MeracoMar]Iqe-
cKyrc nepepa6orKy uanruftrroro cy6crBara Snrcu-
AaMrr r,rJrr,r paclJl aBaMlI MaJIbIx creneHgft IrJraBJIpHlIfl .

(aoAr/36Ar) x lo-a
1.0

0.4

0.2

4s
(K/36Ar) x

Pnc. 3. fluarpauua B KoopArurarax 40asf6AFIv36Ar.

Ssor rcIltloHqafl JII4Hu fl flBlrflercfl ltlo)rpottofi Anfl Bo gPfl g-

ra370 MJrH. Jrer rrpu arMocQepsou HarlarbuoM orHoIIIg-

t , ao\rl36lt Qgq. Hsuepennn l{qorourrofg cocraBa
BbrrroJrHeHbr Ha Macc-c[eKTpoMetpe MI4=1201 uo Mpro-
Rrxe [3]. 1-9 - HoMepa o6parqoo (cu. radn. l),

Meracouarl,IqecKoe rtpeo6pagoBaulrp MaHrI4fiHbIx
ropoA, npr{BoAflrrlee K oopaooaaHrlro HoBbIx MI4I{9=

paJrbHbrx Qaa (rrloAaJrbHbrft MeTagoMaTO3) I{rII4 BhI-
3brBarcrqee yBeJrr{qeHue eoEepxaHHli HgKOreP-eHT=

Hbrx eJreMeHToB (rpuuronufi uetagoMarog), BbIflF-
JreHo uP4 uSytIgHlIrI rny6uuublx KceHoJIrIToB IIeJI9TB

pnlra paftouor 3errlnu [lFl?], p rceuoJlurax MQro-
coMaTI{3r{poBaHHbIx, u B ToM qHgre arrlQu6onl4[Ipo=
BaHHbrx, nopoA ycraHoBJIeHbI 9T9KJIa IrIeJrOqHOro Co-

craBa [13,l4], rITo noKa3blBaer Bo3MoxHogrb I9H9-

PAqUn O6OraIqeHHbIX IrIeJIOqaMu paCrIJraBoB B

Pli.e, 2, fiuarparrlua Bo3papron au$u6oJlop lI BMeIrIarc-
rrlux KceHoKpl.{craJrJrbr lallupoQ apa v rap6onarura. 2,

3.6
raOn
HATU
(a) w

Ka3AHbr rrorperuHogT[ ollpege ngEaE Bo3p4pra.

0.8

0.6

6
lf-6 .--,

Bogpapr, MJIH. JIer

Ca-Na-ar'rQu6olu (cy6qelovurte)

370 r"rnn. let
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Ta6nnqa2. Pesynrrarbr

flpuuevarne SrcrpaKqnt ra3oB E3 aM+E6ono-B npoE3BeaeEa MeroAar& qpo6nessr (rSpcnn) r nnaa;reurr Eo MeroA[KaM [61. Ho-Mepa o6pa3qoB coorBersrBylor o6pa3qaM B Taon. l

pe3yJrbTaTe nraBreH[s
MaHrr4rfHbrx ropog. Ha Ko
lpoqeccbr 6u"nra Bbr3BaHb
rrJrroMa, o6yclonzBrrrero uHTeHcLrBHyro nepepa6or-
Ky MaHTnfinrrx ropoA Snrou4aMr.r MaHTrarinoro reHe-
3r.rca [3].

Zsyueuuue auQz6olu sBrrrorcr KoHrIeHTparo-
paMr{ rleJroro pflAa ropoAoo6pasyrcrqvx vr peAKux
oJreMeHToB, xapaKTepHbrx Ars rrlerorrHbrx nopo4 (Ti,
Th, U, Nb, Zr, Sr, Ba, cu. ra6l.l), uro cBr.rlereJrbcr-
ByeT o rrpoqeccax MoAaJrbHoro lI KptruToBoro MeTa_
coMaTo3a B AelJleTr,rpoBaHHbrx [opoAax nepxHeri
MaHTnr4 perlroHa, [porcxoArrBrrrux 39Z4lZ MJrH. Jrer

----a3aA. 3ru gauubre oupe4eJrrrcT ua 2A40 MJrH. Jrer
--_ JJIee paHHee BpeMf rrpoqBJreH[s MaHrurfnoro ue-

TacoMaTo3a rlo
3arlrur (38f360
rap6oHarr{ToBb
KCeHO Kpr.rCTaJr JI br ar,a Qu 6 on a K rroBepxHo cTr4.

ZcclegoBanvrfl, rrpoBoAnJrr,Icb rrpu $uuanconofi
noAAep)<re PQOZ (rpauru 994545158 u0245-
64394).
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Nb n. n. Nb o6p.
oH",

t0{ crra3/r

ooA.,

10{ crta3/r
3He/He, xlo{ ooArTruO, 'Ha"r"

h-*"
K-Ar-sog-

pacT, MJIH. JIeT

I

2

3

4

5

6

7

8

9

I
1-I

2

2-I
3

4

5

6

7

8

9

9-I

60

26.3

4l
4

44

36

42

12

34

17

18

4.3

31

5

25

1,5

25

15

18

23

38

18

26

1.7

0.72

0.82

0.81

1.15

0.75

0.95

0.95

0.3

0.5

0.33

1.68

2.66

9240

1548

2800

760

3400

4780

4900

2230

6990

3400

2924

924

64.5

37.3

36.6

343

4l
I1.1

1.4

0.4

307

412+

395 +

t6

t5

4t7 + t7
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