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Freoxumuueckue Knaccucukaumm
3/1EMEHTOB

PaznnyHble BapraHTbl Knaccutukaw i
3IEMEHTOB NPeanoXxunsan B cBoe Bpema B. M.
fonbaummar, A. E. ®epcmad, B. 1. BepHagckui,
A. H. 3aBapuuknia, I. BalLlMHITOH.
[eoXnMmnyeckme Knaccmrkaun A. E.
PepcmaHa 1 A. H. 3aBaprukoro, No cyLlecTBy,
OTpaLKaloT pacnpedeneHmne 371eMeHTOB B
3IHOOTEHHbIX 00PA30BaHNAX — MarmMaTyecKnx
nopogax u nx geprearax. Knaccuurkaunm B.M.
[onbawmmnaTa n B./. BepHaackoro HocAT dosnee
LLUMPOKMIA XapakTep, oTpaxkad nosegeHue
3/IEMEHTOB B Pa3fINYHbIX 0D0M0YKaxX 3eMSIN.



cuaepoduabHbIe XaNbKOOHALHLIE JIMTODHILHBIC atMouIbHbIC OnopmabHBIC
8 METEOpHIAX B 3eMHOi Kope
Fe,Co.Ni,Ru, | Fe, S, Se, Te, | Fe, S, Se, Te, | Fe, O, (P), (C), HCHO |JCHON,P,
Rh, Pd, Os, Ir, | (P), As, Sb, Bi. As. Sb, Bi. (H), F. CI. Br, Cl, Br, J. He. S. CI, Br, J.
Pt, (Cu), Au, Re, Zn, Cd, Cu, (Ge), (Sn), J, L1, Na, K, Ne, Ar, Kr, B, Na, K, Mg,
(Mo), (W), N, P, | Ag, (Mn), (Cr), | Pb, Ga, In, TI, Rb, Cs, Be, Xe Ca, V. Mn, F,
(As), C, Ge, Sn, | (V), (Ti), (Ca), Zn, Cd Hg, Mg, Ca, Sr, | Co, Cu, Zn,
(Ga), (Hg) (Mg), (Na), (K) | Cu, Ag. (Mn), | Ba, B, At, Sc, . g Mo MAP.
Mo Y, La, Ce, Pr,
Nd, Sm, Eu,
Gd, Tb, Dy,
Ho, Er, Tm,
Yb, Lu, Th, U,
Si, Ti, Zr, Hf,
V. Nb, Ta, Cr,
W, Mn, (Ga),
(Sn)

Mpumevanne, B ckoOKkax yKaszansl 3ACMCHTBI ¢ HPOMEKYTOUHLIMKM CBOHCTBAMH, AN KOTOPBIX MNPOABIACHMC
CHACPOPHALHBLIX, XANLKOPHUABHLIX HAK JTUTOPHALHBLIX CBOACTHE ABAACTCA BTOPOCTCNCHHON. HO ICOXHMHHECKH
BAKHOH HEPTON NOBCACHINA,

Our. 4-1. 'coxumuueckas knaccudukauuns yiementon. [lo B. M. [Nonsauwsuary,




Neoxumunyeckas KﬂaCCM¢MKaL|Mﬂ XUMUNYECKUX IrnemMeHToOB No

B.U.BepHagckomy

fpynna anemexros

INEMEHTDI

dneMeHTbI Yucno anemeHros

. BraropogHble rasb! He, Ne, Ar, Kr, Xe 5
Il.BnaropoaHble Au, Ru, Rh, Pd, Os, Ir, Pt 7
MeTannbl
1. Unknueckve H,Be, B, C, N, O, F, Na, Mg, Al, Si, P, S, Cl, K, Ca, 44
[PRCMEHTEN Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, As, Se, Sr, Zr,

Mo, Ag, Cd, Sn, Sb, Te, Ba, Hf, W, Re, Hg, Tl, Pb,

Bi

V.Paccennmbie Li,Sc,Ga,Br,Rb,Y,Nb, Cs,Ta,In, | 11
[N1EeMeHThb!
;V.Pa,qmoaKmsHble Po,Rn,Ra,Ac,Th,Pa, U 7
§3neMEHTbI
VI. Peakosemenshbie, | La,Ce,Pr,Nd,Pm,Sm Eu,Gd,Tb,Dy,Ho,Er, Tu,Yb,Lu 15




FeoxuMuYecKas KASCCHPHKRLINE MIEMENTOS,
Mo BM. Noasammmary s B.H. Bepuazcexomy (JLH. Onunnnnxos)

Be, B, C, O, F, Na, Mg, AL Si, P,
CLK,Ca Ti, V, Cr, Mn, Sr, Zr,
Ba, HL W

Li, Br, Rb, Y, Nb, I, Cs, Ta
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
To, Dy, Ho, Er, Tm, Yb, Lu

S, Cu, Zn, Ge, As, Se, Ag, Cd,
Sa, Sb, Te, Hg. T\, Pb, Bi

Au, Pd

In

Po

Fe, Co, Ni, Mo, P

Ru, Rh, Os, Ir, Pt

O HB,lLS

H,NOC

He, Ne, Ar, Kr, Xe

Rn
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Puc. 10. I'eoxumuueckas KiaacCU(pUKALMs 3JI€MEHTOB
(mo A. E. ®epcmany):

[ — BJIEMEHTBI KMCJIBIX MarM 1 ITHCBMATOJIUTOB, 2 — CyHI)(I)I/IIIHI)IX MeCTOpO)KHeHHﬁ,
3— CPCAHUX MaAI'M, 4 — OCHOBHBIX U YIABTPAOCHOBHBIX MdI'M



Knaccudoukauma 3aBapuuKoro

ONeMeHTbI:
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MarmaTu4eckKux
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rpynnbl Xenesa
HepTHbIE rasbl
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PaanoakTtuBHbIE

MeTannuyeckue
PYAHbIE

MeTtannoungHsble,
METannoreHHble

Tspkenble ranonasbl

B pynna nnatuHbl



Knaccudukauma reoxmumMmyeckmnx
MUIrPaHTOB

eMurpaHTbI
eBo3ayuiHble
esAKTUBHbIE

e[laccuBHbIE

¢ AHUOHOIeHHbIe

eKaTMOHOreHHbIe



BO34YLWHbIE MUTPAHTbI

AXTUBHbLIE NaccusHble
(o6pa3yloT xumuyeckune (ve obpa3syloT xummuveckue
COeAMHEeHNUA) COeaANHEeHUR)
O, HC, N, I Ar, He, Ne, Kr, Xe, Rn
BOLOHbIE MUIPAHTbI
KaruonoreHHubie AHWOHOreHHbie
QuerHb nodsuxHbIe
Ca, Na, Mg, Sr, Ra Ci,B8r,S,F,B
Cnabo nodeuxHbie
K,Ba,Rb, 1i,Be,Cs, T Si, P, Ge, 8n, Sb, As

ModeuxHsie u cnabo Nnod8uUXHbIe 8 okucnumensHold obecmaHoeke u
UHEPITIHBIE 8 CepPOBOCOPOOHOU cpelde, OCaxOalomes Ha wWenoyHbix 6apbe-
pax, Mu2pupyrom 8 okucnumensHou obcmaHoexe

Zn, Cu, Ni, Pb, Cd

Hg, Ag, Bi

odeuwxHbie u cnabo NodeuXHbIE 8 oKuUCNUMeEnNnbHOU 06CMaHo8Ke, UHEePM-
Hbie 8 sBocCMmaHosumensHou cpede, 0caxdarmces Ha CeposodopOdHbIX U
aneesbix bapbepax

V, Mo, Se, U, Re

ModsuxHsie u cnabo nodsuxHbIe 8 B0CCMaHOBUMENLHOU 2neesol cpede,
UHEePMHbIe 8 OKUCIUMENbHOU U 80CMaHo8UMENsHOU cepoeodopodHOU

cpedax

Fe, Mn, Co

Maro nodsuxrbie 8 60bWIUHCMEE 06CMaH0B0K

Cnabas Muzpayusi C Op2aHuU4eCKu-
MU KOMNeKcamu. HacmuyHo Mue-

HYacmuyHO MU2pupyom 6 wienoyd-

pUPYIOM 8 CUNBHO KUCNOU cpede: Hou cpede:
Ti, Cr' Ce' Nb’ Y' La' Ga’ Th’ SC' Zrl Nb; Ta, W, Hf. Tel’. Tb. HO. EUI
Sm, Gd Yb, In, Lu

He obpasyrom xumuyveckux coeduHeHull (CaMmopOOK080e COCIMOsIHUE)

Os, Pd,Ru, Pt,Au, Rh, Zr

Knaccudukauums
3rfIeMeHTOB No
MUrpaLynoHHON

CNOCOOHOCTM
(A.W. NMNepenbmaH)



Mo Cknaposy E.B. (2001 r)

1. FnaBHble 3anemMeHTbI - Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P; nety4ue
KOMNOHeHTbl — H20, CO2, H2S, SO2.

2. PaaunoreHHble nsoronbl — K-Ar, Ar-Ar, Rb-Sr, Sm-Nd, U-Pb-Th.

3. CtabunbHbIe OCHOBHbIEe n3otonbl —H, O, C, S — nHANKaTOPbI
npoueccos,;

4. dnemeHTbI- NpumMecHu (cogepxaHme MmeHbLe 0,1%):

* KPYNMHOUOHHbIE NUTOoPUnbl, HaMbonee NnoaBUXHbIE B
reonornyeckux cucrtemax (Cs, Rb, K, Ba, Sr);

* TPAH3UTHbIE, CNabo NnoaBMXHbIe 3nemMeHTbl (Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn);

e OnaropoagHblie metannbl (Ru, Rh (poaun), Pd (nannagun), Os, Ir, Pt,
Au, Cu, Ni);

e BbICOKO3apsaaHble U HauMeHee NoaBUXHbIe 3NIeMeHTbI (Sc, Y
(ntTpUMK), Th (Topun), U, Pb, Zr, Hf, Nb, Ta, peako3emMenbHble
3NeMeHTbl);

peako3eMeribHble 3fieMeHTbl Hanbdoree CTaburibHbI C YeTHbIMU
HOMepaMU, UX Krnapk d0oree BbICOKUUN, U OHU OENATCA HAa TPWU
rpynnbi:



CtabunbHbIe N30TONbI B reOXUMUMU

(1) UMmeroT HU3KNe aTOMHbIE MacChl.

(2) 3HauyuTenbHbLIe OTNUYUA Macchkl uzotonor (H - D, 100%).
(3) C, N u S moryT npucyTcTBOBaTb B PAa3fIMYHOW CTENeHU OKUCIEHUS.

(4) Boicokas pacnpoCcTpaHeHHOCTh NerkmMx U3oTonos, YTo odnervyaer
Macc-CNeKTPOoCKONMYecKkue uccrnenoBaHus

Pacuet uaotonHoro coctaea kucnopoaa ( “/oo )
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0 °Q > 0 - orHOcUTeNbHOE oboralleHue U30TONOM 50

580 ¢ 0 - orHocuTesIbHOE ObeaHeHue uioTonom 20




naBHbLIe CTaOUNbHBLIE U30TONbI N UX CTaHAapThHI

OtHoweHwve | CtaHAapT

3Ha4YeHue
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1.557x10™*
1122x107%
3.613x10°°
2.005x10°°
3.76x10

4.43x10°2

Standard Mean Oceanic Water

Cretaceous Peedee formation Belemnitella
Atmosphere
Canyon Diablo Troilite




BaxHeWwmne pagnoreHHbIe U30TONbI

Mare pusc K TMepuos Doueprui XapakTe pucTUdecKoe
usorTon nonypacnaaa, HIoTON OTHOLIEMUE
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