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Ha 3eMne ceiicMuqecKtte KaTacTpOlphI Bcne,n;crnue CBoeii 

Henpe,n;CKa.3yeMOCTli Bee CIIIC YHOCaT )KH3Hli 60JihIIIOro qttcJia mo,n;e:ii. B 
3TOB CBj[3li npe,n;cTaBJij[eT liHTepec MO,n;eJih 3eMJili, KOTopy10 HCIIOJ1h3YCT 

ceiicMonorna. Ha pttc. l li3o6pa)Ketta Mo,n;enh 3eMJIH [ 1 ], cornacHo KoTopoii: 

MaHTlij[ 3eMJili HMeeT CliJIHKaTHhIH COCTaB, 6JIH3KliM K COCTaBy XOH,!l;pHTOB -

KaMeHHhIX MeTeOpliTOB. B paMKax :non MO,!l;CJili B MaHTlili ,n;onycKaIOTCj[ 

JIHIIIh IlOJIHMOpq>Hble npeBpaIIICHlij[ BeIIIecrna, 3Heprtta KOTOpbIX He MO)KeT 

o6ecneqHTh npoTeKaHtta ceiicMttqecKHX npou:eccoB, oco6ettHo Hatt6onee 

MOIIIHhIX. 

B HaCTOaIIIee BpeMa HaKOilHJIOCh MHOro q>aKTOB, KOTOpbIC HCJ1h3j[ 

o6'haCHliTh B paMKax TaKOB MO,!l;CJili. IT03TOMY npe,n;npHHliMaIOTCj[ IlOilhlTKli 

ycoBepIIIeHcTBoBaHHa cyIIIecrnymIIIeii Mo.n;entt 3eMJIH. Hatt6onbrnttii 

liHTepec npe,n;CTaBJiaeT rn.n;ptt,!l;HM MO,!l;CJih 3eMJIH, cornaCHO KOTOpoii: 

MaHTHj[ 3eMJili He j[BJij[CTCj[ IlOJIHOCThlO CliJIHKaTHOM [2]. Otta co,n;ep)KHT 

TaK)Ke MCTaJIJIHqecKoe BeIIIeCTBO (MCTaJIJihI, IlOJIHMCTaJIJihl, CHJIHU:li.!l:hl), 

cocToaIIIee H3 Na, Mg, Al, Si, K, Ca H ux MHKporoMonoroB, KOTopb1e 

HMCIOT HH3KYIO nnoTHOCTh (p<3 r. cM-
1
). B ornuque OT Fe H ,n;pyrnx 

rn)KeJihIX 3JICMCHTOB, cnoco6HhlX norpy)KaTbCj[ B a,n;po 3eMJIH, YKa.3aHHble 

BhIIIIe JICrKlie MaHTliHHhie 3JieMeHThl He MOryT cne,n;oBaTb 3a HHMH li 

OCTaIOTCj[ B MaHTHli. 

B pa6oTax [3-6] npttBe,n;eHhl HCKOTOpbie . ,!l;OKa.3aTeJibCTBa B Il0Jlh3Y 

rn.n;ptt,n;HOM MO,!l;CJili. U:enhIO HaCTOaIIIero coo6IIIeHHa j[BJij[CTCj[ aHaJili3 

pe3yJihTaTOB li3MepeHHj[ 3JieMeHTHhIX COCTaBOB HCKOTOpbIX o6oeKTOB, 

CBa3aHHhIX C ceii:CMHqecKOB aKTHBHOCThIO 3eMJIH. Ha pttc.1 cxeMaTttqecKli 

IIOKa.3aHhl TaKtte o6oeKThl. 

II. ManTHHHbie MeTaJIJibI n ceiicMnqecKaH aKTnouocTb 3eMJIH 

CornacHO rn.n;ptt,n;Hoii MO,!l;eJIH B 3eMJie KOHU:CHrpau:tta KllCJiopo.n;a, K!, 
3HaqnTeJihHO MeHbIIIe, qeM ,n;onycKaeT XOH,n;pliTHM MO,n;enh, CM. pnc.1; 

Enaro,n;apa 3TOMY cBo6o,n;Hhie OT Kncnopo.n:a MeTaJIJihI cyII1ecrny10T B 

MaHTllll H MOryT nona,n;aTb B JIHTOCq>epy. H .n:eiicTBHTeJibHO, Bee MaHTHMHhle 

MeTaJIJihl - Hll3KOKHilaIIIHe BeIIIeCTBa. K TOMY )KC OHH o6pa.3ymT C H2, 



II \ a 

Kopa 

M' 
aepxmu1 

··c··Nl~l 

:rMI 
CpC.lUUUI 

11 

JI 

11 

T 

H 

51 

<l>monJibl - H1• H10, HCI, H1S II Jipynie 

Puc. 1. 
Mo.r1e.Jitt 3eMJitt: 

I - XOH,l:lpttTHa51 MO,l:le.Jih 3eMJIH, K; >40% MaCCOBhIX. 

Ctt.JIHKaTHM MaHTll51 COCTOHT ll3 5 qacTett [ 1 J. 
II - ru.r1ptt,I:1Ha51 MO,l:le.Jih 3eMJill [2]. 
CJIOH JierKHX MeTa.JIJIOB B Cll.JIHKaTHOH MaHTllll, K,; "" 1 7% 

MaCCOBhIX [4-6]. 

06neKThI, o6orameHHhie JierKHMll MaHTHHHhIMH MeTa.JIJiaMu tt 

CB513aHHhie C cettCMHqeCKOH aKTllBHOCThIO 3eMJIH: 

a. rtt,l:lpOTepMhI. 

6. CeucMuqecKtte oqam (.r10 680 KM). 
B. Tpy6Ktt ( OKOJIO 150 KM) (JiaMilpOHThI, KHM6ep.JIHThI). 

r. Qqam u nocrpottKH BYJIKaHoB 

yrneBO,l:IOpO,l:laMtt H LIPYrHMH areHTaMtt JieTyque COe,l:lttHeHtt51. 

HaKail.JIHBaHCh B JIHTOC<pepe, paHo If.JIM Il03,l:IHO OHM MOryT Il0,l:IBeprHyThC51 

araKe co CTopoHhr OKHCJIHTe.Jieu: H 20, HCI, H 2S u .r1pymx. ITptt 

3K30TepMttqeCKOH peaKU:llll OKHCJieHHH ( ropeHH51) MeTa.JIJIOB. ·. BhI,l:leJIHeTCH 

OKOJIO 10
4 

,ll;:JK r-
1
• TaK KaK CKpbITaH Ten110Ta IlJiaBJieHHH MeTa.JIJIOB If 

CJIO:lKHhIX OKCll,l:IOB COCTaBJIHeT 50 -10
3 

,ll;:JK r-1' TO OKHCJieHtte MeTa.JIJIOB 

MO:lKeT IlpttBeCTH K o6pa30BaHHIO pacnJiaBOB. ITptt pa3orpeBe If pacnJiaBe 

nopo.r1 yBe110quBaeTCH HX o6neM, qTo ,l:IOJI)KHO npttBO,l:IHTh K nepryp6an:ttHM 

B Kope. Ec110 MeTa.JIJihI H ux rpattc<popMaU:H51 · HBJI51IOTC51 npttqHHou 

ceilcMuqecKttx HBJieHtttt, To B npttpo.r1e ,l:IOJI:JKHO Ha61110AaThC51 o6orameHtte 

3THMH MeTa.JIJiaMH COOTBeTCTBYIOmttx o6neKTOB, CM. pm:.1 .. 

2 

; .., . 

TepMaJibHble BO,,_bl noJiyoCTposa qeJieKen (Kacnuii) 

ITonyocTpOB qeJieKeH HaXO,l:IHTC51 Ha nepeKpeCTKe .IIBYX rno6a.JihHhIX 

pa31IOMOB 3eMHOH KOphr. B,l:IOJih 3THX pa31IOMOB npoHCXO,l:lllT 60JihIIIOe 

qncno 3eMJieTp51ceHHH. ITpe.r1cTaB1151eT HHTepec co.r1ep:lKaHtte nerKttx 

MaHTHHHbIX MeTa.JIJIOB no cpaBHeHHIO C TJI)KeJihIMH MeTa.JIJiaMtt, ttanpttMep 

Ni n Cu, B pacconax qeJieKeHa. 

B ra611. l npe.r1craB11eHhI 3HaqeHHH. OTHOIIIeHHH K; / K~i B pacconax 

qeJieKeHa, BCh [7], .r1na6a3ax, W-1 [8], n noBepxHOCTHhIX Bo.r1ax, SW [8]. 

vb .r1aHHhIX Ta611. l MO)l{HO sn.r1eTh, qTo B OTJiuqne oT SW, qe11eKeHCKtte 

Ta6JIH(la 1 

OTHOIIIeHiie KOHUeHTpau;Hil: JierK11x, K;, 11 TJDKeJioro, K~i, 3JieMeHT0B B .n;na6a:rnx, W-1, 

rroaepxH0CTHhIX Bo,nax, SW, paccoJI0B rr-oaa qeJieKeH, BCh, CKB. f-14 

3JieMeHTbl (K; /K~Jw-1 (K; /K~Jsw (K; /K~JBCh ( BCh )+ 
<!> w-1 Ni 

Li/Ni 0.2 0.1 27.5 138 
Na/Ni 1.9· 102 6.3·102 7.1·104 432 
K/Ni 66.3 2.3·102 4.7·102 7.1 

Rb/Ni 0.3 0.1 0.3 1.0 
Cs/Ni l.4·10-2 2.0-10-2 0.2 13.0 
Mg/Ni 5.0·102 4.1·102 2.3· 103 4.6 
Ca/Ni 9.9·102 l.5·103 1.7-104 17.2 
Sr/Ni 2.2 8.0 6.9·102 3.l · 102 

Ba/Ni 2.8 5.4 22.7 8. 1 • 

Ni/Cu•+ 0.7 0.9 1.3 1.7 

+ - <t>aKTOp o6orarueHHH pacC0JI0B 3JieMeHTaMll II0 0TH0IIIeHHIO K W-1: 

(<I>!~t t = (K; /K~JBCh !(K; /K~i t1 ; 
* - He06XO,D;llMO )"IeCTb BbIIla,D;eHne BaSO4 B 0Ca,D;0K [7); 
*+ - rrpHB0,D;UTCH B Ka<recrne rrpnMepa 0TH0IIIeHHH K0HJ:~eHrpauHil: .n;Byx UDKeJib!X 3JieMeHT0B, 

0TCJO.n;a (e1>!c7 }c. = (e1>!c7 t · 1,7. 

pacconhr 3Haq1ne11hHO o6oraru:enhr nerKnMn MeTa.JIJiaMn. Eonee Toro, onu 

o6orameHhI 311eMeHraMu, nMe10mnMn 11eryq0e <popMhI, HanpnMep Zn, Cd n 

Pb. 3To MO)KHO o6o51CHHTh TeM, qTO B qeJieKeHCKHe paccOJihI rrorra,l:laIOT 

<p.JIIOH,l:lhl, KOTOphie co.r1ep:lKaT npo,l:lyKThl rrpou:eccoB (ropeHI:151 MeTa.JIJIOB If 

ITJiaBJieHHH rropo.r1), npHBO):IHII.J:HX K 3eMnerpHCeHHHM B MeHee o6BO):IHeHHhlX 
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penIOHaX, pacn0JI0)KeHHbIX B)].OJib Tex )Ke rno6aJibHblX pa3JI0M0B K0pb!. 

OTMeTIIM oco6o 0TH0CIITeJibH0 6oJibIIIOe o6orarueHne pacconoB Cs no 

cpaBHeHIIIO c K II Rb. 

3eiuJieTpHCeHHH 

Ha pnc.2 npe)].CTaBJieHbl 3KCnepnMeHTaJibHbie )].aHHbie [7, 9] II3MepeHIIH 

KOHIJ,eHTpaIJ,IItt Rn B raJe II Cd B Bo.ne BO BpeMll 3eMJieTpllCeHntt B pattoHax 
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a. KoHIJ,eHTpaIJ,IIll Rn B raJe B ycnoBHbIX e.nnHmi:ax, N, 
c VII.1982 r. no VIl.1983 r., cTpenKaMn o603Ha'IeHo BpeMll 

TOJI'IK0B AIIIxa6a,n:cKoro 3eMJieTpllCeHIIH [9]. 

B 

6. KoHIJ,eHTpaIJ,1Ill, Mr/n, Cd II Mn B rpyHTOBbIX Bo.nax B 1983 r., 

CTpenKOH o603Ha'IeHO BpeMll KnM-,[(arcKoro 3eMJieTpllCeHIIH [9]. 

B. Komi;eHTpaIJ,IIll MeTaJinoB, M = Zn, Cd II Pb B paccoJiax HII)KHIIX 

B0)].0H0CHbIX ropn30HT0B lieneKeHa C 1974 no 1978 rr., CTpeJIKOH 

o603Ha'IeHO BpeMll ra:1n1IHCKOro 3eMJieTpllceHIIll [7] 

4 

AIIIxa6a.na 11 K11M-L(ara ( 1983) 11 Komi:eHTpau,nii Zn, Cd u Pb B paccoJiax 

Hl:f)KHilX B0.[I0H0CHb!X ropH30HT0B lJeneKeHa, OT06paHHbIX .[10 H nOCJie 

ra3JIHHCK0ro JeMneTpllceHHll (I 975). J,b 3THX .[laHHb!X M0)KHO BH.[leTb, 'ITO 

np0H3B0)].Hbie CKopocTH 3THX npou,eCC0B He KoppemipyIOT C pa3rpy3KOH 

Hanpll)KeHHll B Kope, K0T0poe c6pacbJBaeTCll npn T0JI'IKaX 3eMJieTpllCeHHH. 

Cne.[IOBaTeJibH0, npH'IHHa 3eMJieTpllceHHH - 3T0 He Hanpll)KeHHe B KOpe, T.K. 

PHc. 3. 
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Pacnpe)].eJieHHe 'IHCJia 3eMneTpllCeHHH H II0)].3eMHbJX ll)].epHblX 

B3pb1B0B B conocTaBJieHIIII C KOne6aHHllMH ypoBHll KacIJHHCKOro 

M0pll [IO]. 
Jlol\taHall JIHHIIll - ypoBeHb KacIJHHCKOro MOpll. 

l!Hcno 3eMneTpllceHHH B 3ana.L1Hott 'IaCTH KacnHHCKOtt BIJa.[IHHhI -

He3aIIITp1IX0BaHHhie npllM0yronhHHKH, a B BOCTO'IHOH 'IaCTH -

3aIIITPHX0BaHHbie npllM0yronbHHKH; 1-16 H0Mepa MHpHb!X 

IJ0.[13eMHhlX ll.[lepHblX B3pb!B0B; 8 - Knacc 3eMneTpllceHHH 
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OHO CaMO .srnmreTC$1 CJie.l(CTBHeM HaKOITJiemrn H OKHCJieHH$1 MaHTHHHbIX 

MeTaJIJIOB B perHoHax, np11ypo'IeHHbIX K pa3JIOMaM KOpb!. 

Ha pHc.3 ITOKaJaHa KoppennQH$1 'IHCJia 3eMJieTpHCeHHH Ha 3ana,nHOM H 

BOCTO'IHOM no6epe)K1,nx KacnHH c ypoaHeM ero ao,n1,1 [IO]. ,Uo 1940 r. npH 

BI,ICOKOM ypoBHe Mopn (H nomeMHbIX ao.n) 3eMJieTpnceHHH npaKTH'IeCKH He 

6bIJIO. MeTaJIJII,I He MOrJIH HaKanJIHBaTbCH, TaK KaK OKHCJl$1JIHCI, no Mepe 

ITOCTyITJieHH$1 B BO,U:OHOCHI,Je ropH30HTbI, KaK H Ha l:leJieKeHe. YpoBeHb MOpH 

CHH)KaJICji BITJIOTb .n:o 1977 r. C03,n:aBaJIHCI, cyx11e nomeMHbie ropH30HTbl, B 

KOTOpbIX MOrJIH HaKaITJIHBaTbC$1 MeTaJIJII,I. l:IHCJIO 3eMJieTpnceHHH HatJHHaJIO 

paCTH. BHaqane OHO pOCJIO B 3ana,n:HOM perHOHe, r.n:e 6onee BJia)KHbIH 

KJIHMaT, r.n:e H2O MO)KeT nona,n:aTb B no,n:3eMHbie ropH30HTbI H CBepxy. 

O,n:HaKO Ha BOCTOqHOM nyCTblHHOM 6epery HaKOITJieHHe MeTaJIJIOB 

npo,n:OJI)KaJIOCb .n:o 1981 r. lIHcJio JeMJieTpHceHHH 3,n:ec1, Haqano 

yaeJIHqHBaTbC$1 JIHIIIb C pocTOM ypOBHH MOpCKOH B0,U:bl (H nomeMHbIX BO,n:). 

TipHae,n:eHHbie q>aKTI,I cornacyIOTC$1 C YKaJaHHOH BbIIIIe pOJII,IO MeTaJIJIOB B 

npoueccax, nanniom11xcn npH'IHHOH JeMJieTpnceHHH. 

reo,n:HHaMHqecKan BOJIHa H no,n:3eMHbie n.n:epHbie B3pb!Bbl B perHoHe, CM. 

[10,11], He MOrJIH 6bITb npH'IHHOH YKaJaHHOH KoppeJIHQHH, T.K. 

Hanpn)KeHHe B Kope, KaK 61,mo ynoM.sIHYTO BbIIIIe,. He .sIBJI.sieTC.sI npH'IHHOH 

3eMJieTp.srceHHH. 

JlaMnpoHTOBhIC (KnM6epJIHTOBLie) Tpy6KH 

vbBeCTHO [12], qTO JiaMnpOHTOBbie, KaK 11 KHM6epJIHTOBbie, Tpy6KH 

.n:ocTaBJI.sIIOT K rroaepXHOCTH 3eMJIH MaHTHHHOe aemecTBO c rny6HHbl OKOJIO 

150 KM. Heo6xo,n:HMa 6oJibIIIaH 3Heprn.sr, qrn61,1 C TaKOH rny6HHbl 

,U:OCTaBHTb Ha rroaepXHOCTI, 60JibIIIYIO Macey nopo,n:1,1, O61>.sICHHTI, TaKOe 

.sIBJieHHe MO)KHO TaK)Ke C IIOMOll.(I,IO HeO,n:HOKpaTHO IIOBTOp.sIIOll.(HXC.sI 

npoueccoB HaKonJieHH.sI H OKHCJieHH.sI MaHTHHHbIX MeTaJIJIOB. 

Tpy6KH, B KOTOpbIX Haxo,n:.sIT JiaMnpoHTbI, no CBOeMy npOHCXO)K,U:eHHIO 

61,rnaIOT .n:syx THnoB. O,n:HH HMeIOT B3pb!BHOH xapaKTep o6pa30BaHH.sI (He 

co,n:ep)KaT aJIMa30B), a ,n:pyrne (anMaJOHOCHbie) - 6onee cnoKOHHbIH. K 

nepBbIM OTHOC.sITC.sI Tpy6KH, o6Hapy)KeHHble Ha .n:peBHeH IIJiaTq>OpMe 

An,naHa (CH6Hpb), a KO BTOpbIM - Tpy6KH, Hail:,n:eHHbie a ,n:pyrnx crpaHax 

MHpa, KOT0pbie npHypoqeHbI K pHq>TOBbIM H CKJia,n:qaTblM 30HaM KOpb!. 

B Ta6JI.2 rrpe,n:cTaBJieHbI 3KcrrepHMeHTaJibHbie ,n:aHHbie [12], nonyqeHHI,Ie 

npH H3MepeHHH 3JieMeHTHbIX C0CTaB0B JiaMnp0HT0B An,n:aHa, A, H MHpa, 

M. B Ta6JIHQe ,n:aHbl q>aKTOpbI HX o6orameHH.sI 3JieMeHTaMH JiaMIIp0HT0B no 

0TH0IIIeHHIO K 6aJaJibTaM: 

<1> 8 =(K,IKF,)i(K1.,IKJ8 , 
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Ta6mIQa2 

<l>aKTOpbl o6oramemu, ::meMeHTaMH BepxHe!OpCKHX JlaMI!p0HTOB An.zlaHa, A, 

u JiaMrrp0HTOB Mupa, M, no 0TH0llleHHIO K 6aJaJihTaM, B; (<I>:): u (<I>~): C00TBeTCTBeHH0 

3JieMeHThl (<I>:) on (<I>: )w-1 (<I>~ )on (<I>~ )w-1 
Li 1.9±0.2 1.3±0.2 - -
Na 0.9±0.2 1.4±0.2 0.4±0.1 0.5±0.1 
K 3.8±0.2 5.5±0.3 8.7±1.8 13.0±1.2 
Rb 2.6±0.3 4.9±0.6 8.1±2.0 15.3±2.8 
Cs 7.2±0.6 6.0±0.5 ~17 ~14 
Mg 2.0±0.2 2.0±0.1 3.0±0.4 3.7±0.5 
Ca 0.8±0.1 0.6±0.1 1.1±0.2 0.8±0.2 
Sr 1.4±0.2 - 3.2±0.4 6.6±1.4 15.2±3.1 
Ba 5.9±0.6 54.6±5.5 22.8±4.7 28.0±6.0 
Al 0.3±0.1 0.4±0.1 0.6±0.1 0.6±0.1 
Si 0.7±0.1 0.7±0.1 1.2±0.1 1.1±0.1 
Cr 3.8±0.8 5.9±1.2 4.5±0.9 7.0±1.4 
Ga 1.7±0.1 1.8±0.2 - -
p 1.7±0.7 0.4±0.1 7.2±1.5 1.6±0.3 
Ti 0.9±0.1 0.7±0.1 4.6±0.4 5.7±0.4 
V 0.9±0.1 0.8±0.1 0.8±0.1 0.7+0.l 

Mn 0.5±0.1 0.8±0.1 0.5±0.1 0.9±0.2 
Fe 1 1 1 1 
Ni 1.9±0.1 3.6±0.3 5.7+0.1 9.1+1.8 
Cu 0.7±0.1 0.5±0.1 - -
Zn 0.5±0.1 0.7±0.1 - -
Zr 1.1±0.1 1.0±0.1 16.9±2.1 15.5±1.9 
Nb 1.8±0.5 0.7±0.2 6.9±1.8 12.7±3.3 
Pd 0.4±0.3 0.4±0.3 - -
Hf 0.3+0.l - 9.9+1.l -
Ta 0.4+0.1 0.2+0.l 17.1+3.7 16.1 +3.5 
Pt 0.04±0.01 - - -
Pb 0.8±0.2 0.7+0.2 11.3 8.3±2.9 
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npOL{OJllKCIIIIC Ta6m11-11,1 2 

Sc 0.9±0.1 0.6±0.1 1.0±0.2 0.6±0.1 
y 0.9±0.1 0.5±0.1 1.8±0.3 0.7±0.1 
La 0.5±0.1 0.4±0.1 15.7±3.5 13.0±3.0 
Ce 4.9±0.6 0.3±0.1 162±3.0 10.0±2.0 
Nd 0.6±0.2 0.2±0.1 14.6±3.9 5.4±1.4 
Sm 0.6±0.2 0.5±0.1 4.5±0.7 5.6±0.8 
Eu 3.0±0.7 - 3.7±0.9 -
Gd 0.3±0.1 - ~4 -
Tb 0.3±0.1 - 1.7±0.2 -
Dy ~0.8 - <4 -
Er - - - -
Yb 0.4±0.1 0.2±0.1 1.4±0.4 0.9±0.2 
Lu 0.2±0.1 - 0.3±1.1 -
Th 0.9±0.3 0.9±0.3 22.4±6.7 25.9±7.7 

u =2.8 =2 14.3±4.1 12.6±3.6 

* <I>t = (Ke I K Fe )i (K Fe I Ket, me Ke, KFe - KOHl.\eHTpal.\HH L{aHnoro :rneMeHTa H Fe B 

naMrrpoHrnx, L=A, M, H 6a1aJihTax, B=OIT mm W-1 

r,ne Ke II KFe - K0HIJ,eHTpa11,IIII ,naHH0ro :rneMeHTa II Fe B JiaMnpoIITax, L=A, 

M II 6a:mm,Tax, B. B KaqecTBe 6a.3aJihTOB B3RThI ,nBe xopowo II3yqeHHhie 

nopo,n:hI - 3TO ocH0BHhie nopo,nhI, Oil [13], II ,nIIa6a3hI, W-1, T.e. B=Oll 

IIJIII W-1. 

11cxo,nR II3 ,naHHbIX Ta6n.2, M0)KH0 BII.[\eTb, qTQ naMnp0IITbI A II M 
.n:eiiCTBIITeJibHO co,nep)KaT II36b!TOK HeK0T0pb!X MaHTIIHHhIX MeTaJIJI0B (Li, 

K, Rb, Cs, Mg, Sr, Ba). KpoMe Toro, B naMnpoIITaX A He Ha6mo,naeTCR 

II36bITKa rn)KeJibIX 3JieMeHT0B, K0T0pbie He IIMeIOT neTyqIIx 0KCII.[\0B. 11 

HaK0HeIJ,, JiaMnp0IIThI M Hao6opoT o6oraw:eHbl rn)KeJib!MII 

"MIIKp03JieMeIITaMII", IIMeIOW:IIMII neryqIIe XJI0PII.D:hI, cyJih(pII,[(hl [14] II 

,n:pyrne neTyqIIe coe.n:1rneHIIH. 

3aMeTIIM, qTo B3pbIBHbie rpy6KII M0rJIII o6pa.30BaTbCH npII 6onee 

M0W:HbIX npo11,eccax, K0T0pbie Tpe6yIOT 6oJiblIIOro K0JIIIqecTBa MeTanJia II 

0KIICJIIITeJIH. B KaqecTBe MaKpooKIICJIIITeJIH M0)KeT 6hITh JIIIWh H 2O. IlpII 

3TOM B ee npIICYTCTBIIII yrnepo.n: TaK)Ke 6y,neT 0KIICJIHTbCH. Ilpo11,eCChI, 

TeKyw:IIe B npncyTcTBIIII MIIKpOOKIICJIIITeneiI (HCI, H2S II .n:pyrne ), 6onee 
CilOKOHHhl II conp0B0)K.[\aIOTCH o6pa.30BaHneM neryqIIx coe,nIIHeHilll 

rn)KeJibIX "MIIKpoMeTaJIJIOB" (xnopII,nOB, cyJih(pll,[(OB II .n:pyrIIx). 
BhIWe 0TMeqanoch, qTo B qeJieKeHCKIIX pacconax Ha6JIIO,neHO 

noBhIWeHHoe co,nep)KaHIIe Cs (Ba), CM. rn6n.1. B naMnpoIIrnx M TaK)Ke 

M0)KH0 yKa.3aTh HeonpaB,naHH0 BhIC0Koe o6oraw:eHne Cs, Ba, La-Gd, CM. 

Ta6JI. 3. 
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ByJJK3Hbl 

B rn6n.3 npe,n:CTaBJieHbl qJaKTOpb! o6oraw:eHIIH, (<!>~ )B, npo,n:yKTOB 

BYJIKaHIIqecKOH .n:eueJibH0CTll :rneMeHTaMII [ 15]: 

(<I>:.) 8 = ( K; / K;.,, ),. ( K:,.1 K,~) 8 , r.n:e K; II K ~. - K0HIJ,eHTpaI.1,IIII 3JieMeHT0B ll f e 

Ta6m11-1a3 

<l>aKTOpbl OTHOCHTeJihHOro o6orameHHJI :rneMeHTaMH IIPOAYKTOB BYJIKanHqecKoil 
.L{eJITeJibHOCTH: nennoa aynKanoa. TBS, a3p03oneil aynKanoa, Av H Bui, no 

OTHOWeHHIO K 6a3aJibTaM, B: (<J>;BS ): , (<J>~v ): , (<J>~ul ): COOTBeTCTBeHHO 

3JieMeHTbl (<J>~Bst (<J>~BS )W.J (<I>~J on (<I>~, )w.1 (<l>~ul) on (<I>~ul Jw.1 

K 7.7 11.1 4.7 6.8 2.9 4.2 
Rb 0.7 1.4 5.4 10.0 8.4 16.0 
Ca 1.6 1.3 0.9 0.7 0.4 0.3 
Sr 1.6 1.6 1.4 3.2 2.2 5.1 
Ti 1.1 1.2 1.3 1.5 1.0 I.I 
Mn - - 0.5 0.7 - -
Fe 1.0 1.0 1.0 1.0 1.0 1.0 
Ni - - 19.3 35.6 - -
Cu - - 83.0 69.0 - -
Zn - - 64.0 93.0 - -
Ge - - 591 511 - -
As - - 742 768 - -
y 1.7 0.9 3.0 1.6 1.2 6.3 
Zr - - 3.4 3.1 5.7 4.7 
Nb 0.6 1.1 6.1 11.3 6.8 12.6 
Mo 0.3 0.8 - - - -

*(<I>;,) 8 = (K; I K;.,, 1-(K;, I K: ), i = nenen, rr, aJp030Jih, a, V= TBS, Av, Bui, B=OIT, 
W-1 

B i-x .npo,n:yKrnx BYJIKaHoB II B 6a3anhrnx, B; i - 3T0 nennb1 .n:eikrnymw:IIx 

BYJIKaHoB Ton6aqeK, ne3hIMHHHhrii II CeHT-Xenen, TBS, a3po30JIH cpyMapon 

BYJIKaHa ABaqIIHCKIIH, Av, II a3po30JIII rpncpoHOB BYJIKaHa EynranaKCKIIH, 
Bui. B Kaqecrne 6a.3aJihTOB, KaK II BhIWe, IICI10Jih30BaHhI nopo,nhr Oil II W­

I. 113 .naHHhIX rn6n.3 M0)KH0 BII,neTb, qrn (KaK II npe)].bl)].YW:IIe npo,nyKThl 
ceiicMnqecKoiI aKTIIBH0CTII 3eMJIII) nennhI II a3p030JIII 06oraw:enh1 K, Rb, 
Ca, Sr. OTMeTIIM, qTo T0JihK0 nennhI ,neiicTBYIOW:IIX BYJIKaHoB o6oraw:eHhI 
Ca, pacnpocTpaHeHH0CTh K0Toporo 3HaqIITeJibH0 Bh!We, qeM y K. 
OTcyTCTBile TH)KeJibIX MeTaJIJI0B B nennax 03HaqaeT, BII)].HM0, TOT cpaKT, qTo 
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B ,naHH0M npou.ecce yqacTB0Ba.JI MaKp00KIICJUITenh MeTarrnoB H2O, KaK II B 
cnyqae o6pa:mBaHml naMnp0IIT0B A. A Ha.JIII'IIIe TH)Keflb!X 
"MIIKpOMeTarrnoB", IIMeIOIJJ.IIX neTy'IIIe xnopII,D.hl, cynhq>II,D.hl II .npyrIIe 
coe,nIIHeHml B a3p030m!X MeHee aKTIIBHhlX synKaH0B, rosopuT 0 TOM, 'ITO B 
:noM cnyqae 0KucnIITem1Mn Mornu 6hITh Cl2, HCI, H2S u ,npyrne. 

III. BblBO~bl 

ITpIIBe,neHHbie BhIUie <paKThl o6orameHH5! npo,nyKT0B ceikMH'!eCKOll 
aKTIIBH0CTH 3eMnII MeTarrnaMH He MoryT 6bITh o6b5ICHeHbl C T0'IKH 3peHH5! 
X0H,D.pHTH0rD C0CTaBa MaHTHH. TonbKO npucyTCTBHe CB060,nHhIX 
MaKp0MeTa.Jifl0B s MaHTIIH M0)KeT o6ecne'IHTh HX nona,naHue B flIITOC<pepy. 

O'IeBII,D.HO, 'ITO 6e3 y'IeTa H3fl0)KeHHhlX BhIIIIe cpaKTOB HaUTII MexaHU3M 
npe,nCKa3aHH5! KaTaCTpO<pH'IeCKHX ceiiCMH'!eCKHX 5!BneHIIH He 
npe,nCTaBn5leTC5! B03M0)l(Hb!M. ITo:noMy pa3BIITUe ,D.a.JlbHeiiIIIHX 
IICCne,noBaHIIll B )TOM HanpaBneHHH CTaH0BHTC5! HaCyIJJ.HOH 3a,naqefi. 

IToBe,neHne Cs, Ba u nerKIIX naHTaH0II,noB La-Gd (no cpaBHeHHIO c Sc, 
Y, Yb II Lu) B HeK0Topb1x npou.eccax, ynoM5!HyToe BhIIIIe, c no3HJJ.IIH 
!p1I3IIKO-XIIMH'!eCKIIX npe,ncTaBneHIIll o6b5ICHHTh He y,naeTC5!. B )TOH CB5!3II 
cne,nyeT yn0M5IHYTh 06 3KCnepuMeHTa.JlhHh!X ,naHHhlX [ 16], n0Ka3bIBaIOIJJ.IIX, 
'ITO B KIIM6epnIITaX TaHraHbIIKII 6bln Hau:,neH 6onhIIIOH 1I36bITOK 136Xe. 
O,nHaKO, Y'IHTbIBa5! pe3ynhTaThl pa6oT no noucKy B npupo,ne II no CHHTe3y 
Ha ycKopuTen5IX T5I)KeJlhIX II0H0B CBepXTH)KeflhlX ::ineMeHT0B, CT3, 
npoBo,nIIMhIX no.n pyKoso,ncrnoM r.H.<l>neposa [17] u IO.U.OraHec5!Ha [18], 
M0)KH0 npe,nnon0)KHTh, 'ITO B 3eMne npucyTcTByIOT CT3 c nop5!,D.K0BhlMH 
H0MepaMu, Z, B o6nacrn Z=l 14 u (nnII) Z=l26 c T112, paBHhIM 6onee 
108 -109 neT 0TH0CHTenhH0 cnoHTaHH0ro ,neneHU5!. Bo3pacT nal\mp0IITOB 
cocrnBn5IeT 108-109 neT. Bu,nuMo, Hau6onee ,nonro)KHBYIJJ.IIii(ue) 1I30TOn(hI) 
(CT3) eme coxpaHIInc51(nncb) B 3eMne, B '!aCTH0CTII, B naMnpournx. 

B - n8U M 3T0II CB5!3II 0TMeTIIM, 'ITO B naMnp0IITax TaK)Ke HMeeT BhIC0K0e 
o6orameHIIe, CM. rn6n.2. O,nHaKo ero T112 =10 16 neT (OTHOCUTenhHO 
cnoHTaHH0ro ,neneHH5!) He no3B0n5IeT o6b5ICHIITh )TOT <peHOMeH ero npwcyr­
CTBHeM. 
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qy6ypKOB IO.T. ,lJ,12-99-320 
<lJH3lfKO-XIU,1lflieCKasl npHpo.na ceii:CMH'-!eCKOii: aKTlfBHOCTH 3eMJrn 

TioKa3aHO, '-!TO no cpaBHeHHIO C 6a3aJJhTa~m npO.r:IYKThl, noJiyqaIOIUHeCH B 
npoueccax Man.1006pa30BaH~, 3eMJieTpHcemtH, BYJIKaHH'-!eCKOH .neHTeJihHOCTlf, 
B03HlfKHOBeHHH JiaMnpOHTOBhlX H KHM6epJIHTOBhIX Tpy6oK If .npyrnx, o6orameHhl 
JierKHMlf MaHTlfllHhlMH 3JieMeHTaMlf. 3TH qJaKThl o6bHCHHIOTCH TeM, '-ITO npH'-llfHOH 
ynoMHHYThIX BhIWe npoueccoB HBJIHeTCH OKHCJieHHe (ropeHHe) 3THX 3JieMeHTOB, 
TaK KaK MaKpOKOJIH'-!ecrna tteKOTophIX H3 MaHTHtt:HhIX 3JieMeHTOB (Zi, Na, K, Rb, 
Cs, Mg, Ca, Sr, Ba, Al, Si) JIOKaJJhHO HaKanmrnaIOTCH B MaHTHH H JIHTOccpepe. 
3JieMeHThl, HMeIOIUHe BhlCOKYIO TTJIOTHOCTh, npH Bhl,[leJieHHlf lf3 ClfJIHKaTOB norpy­
)KaIOTCH B H.r:lpO. HeKOTOphie lf3 HlfX MOfYT o6oramaTh npO.r:IYKThl ceii:CMH'-!eCKOii: 
aKTHBHOCTlf Jllfillh npH ycJIOBlfHX, I103BOJIHIOIUHX o6pa30BaHHe lfX JieTyqnx cpopM 
(cyJihqllf.[lhl, raJJoreHH.[lhl H .np.). 

Pa6orn BhmoJIHetta B J1a6oparnp1m H.nepHhIX peaKunii: HM. r.H.<DJiepoBa 
0115111. 

TTpenp11m 06be/llme1rnoro 1111cn1Tyra iu1ep11L1x 11ccne11oea1111il. Jly611a, 1999 

TiepeBo.n aBTOpa 

Chuburkov Yu.T. D12-99-320 
Physicochemical Nature of Seismic Activity of the Earth 

It has been shown that, in comparison with basalts, the products formed as a 
result of the processes of magma generation, earthquakes, volcanic activity, for­
mation of lamproite and kimberlite tubes and others are enriched with light mantle 
elements. This can be explained by the fact that the reason for the above processes 
is oxidation (combustion) of these elements because the macroquantities of some 
of mantle elements (Zi, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Al and Si) are locally accu­
mulated in the mantle and lithosphere. The elements with a high density, if sepa­
rated from silicates, submerge into the core. Some of them can enrich seismic ac­
tivity products only under conditions permitting the arising of their volatile forms 
(sulphides, halohenides and others). 

The investigation has been performed at the Flerov Laboratory of Nuclear 
Reactions, JINR. 
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