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pelitic coals (according to [5]). The sapropelite kerogen cont~ins both alipha~ic 
and aromatic structural units. The pre~e~ce ~f. the latter m _the sap7opehte 
kerogen does not disprove their sapropehtic or1gm, as_ these un_1ts are, 1~ fact, 
characteristic of catagenetically transformed sapropelites. An increase m ~o
matic structural units in the Olenyok boghead and the Tutonchana ~apropelite 
kerogen by catagenesis proceeds more slowly than by transformation of the 
sapropelites earlier studied. 
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P. B. BOI'/1,AHOB, 8. T. JIHIIIIMAA, C. A. 03EPHA.H, A. A. IIHXJIAK 

H3OTOilHhlH COCTAB BAJIEHTHblX «l>OPM YPAHA 
B ,ll;HKTHOHEMOBhIX CJIAHD;AX 

R. BOGDANOV, E. LIPPMAA, S. OZERNAY A, A. PIHLAK 

ISOTOPIC ABUNDANCE OF URANIUM(IV) AND URANIUM(VI) 
SPECIES IN LEACHANTS OF GRAPTOLITIC ARGILLITES 

KaK H3BeCTHO, BOAbI MupoBoro oKeaHa H 6oJibWHHCTBa BHyTpeHHHX BOAO

eMOB BCJieACTBHe IlPHPOAHOro 3q>q>eKTa q>paKI\HOHHpOBaHHSI 'lleTHbIX H30-

TOilOB ypaHa o6oram;eHbI H30TOilOM 
234U [1-4]. MexaHH3M q>paKI\HOHH

poBaHHSI B o6m;Hx qepTax 3aKJIIO'llaeTCSI B Bblm;eJia'<IHBaHHH IlOA3eMHbIMH 

BOAaMH aTOMOB ypaHa-234 H3 KailHJIJISlpHOH CHCTeMbI ropHbIX IlOPOA H 

MHHepaJIOB [1]. EcTeCTBeHHO, cnoco6HOCTb ypaHa-234 K Bblm;eJia'<IHBaHHIO 

SIBJISleTCSI q>yHKI\HeH ero XHMH'lleCKoro COCTOSIHHSI. IIepeXOAY H3 TBepAOH 

q>a3bl B )KHAKYIO cnoco6cTByeT meCTHBaJieHTHOe COCTOSIHHe ero aTOMOB. 

Jla6opaTopHbie 3KcnepHMeHTbI IlOKa3aJIH, '<ITO BOAHble HJIH Kap6oHaT

Hble BbITSl)KKH o6oram;eHbI JierKHM H30TOilOM ypaHa B Tex CJiy'laSIX, KOr~a 

60JibWaH qacTb ypaHa-234 CTa6HJIH3HpyeTCSI B MHHepaJiaX B mecTH

BaJieHTHOH q>opMe. HanpoTHB, ecJIH He Ha6JIIOAaeTCSI 3aMeTHOH TeHAeHI\HH 

K OKHCJieHHIO aTOMOB-234, TO KapTHHa q>paKI\HOHHPOBRHHSI CTaHOBHTCSI 

MeHee 'leTKOH [2]. He BAaBaSICb B AeTaJIH, MO)KHO CKa3aTb, 'ITO OAHH H3 

rJiaBHbIX BOilpOCOB npH aHaJIH3e SIBJieHHSI q>paKI\HOHHpOBaHHSI - 3TO 

BOnpoc O Tex q>aKTOpax, KOTOpbie onpeAeJISIIOT q>H3HKO-XHMH'lleCKOe co

CTOSIHHe ypaHa-234 B MHHepaJiax. 

B PHAe pa6oT OTMe'laJIOCb o6oram;eHHe ypaHOM-234 BaJieHTHOH q>OpMbI 

U(IV). 3To OTHOCHTCSI K THTaHO-HHo6aTaM [5], q>ocq>aTaM [6], CHJIHKO

q>ocq>aTaM [7] H HeKOTOpbIM APYrHM CHCTeMaM. ABTOpbI [6] npHilHCaJIH 

3TOT sq>q>eKT npHCyTCTBHIO B H3y'llaeMbIX HMH OCaAO'IHbIX IlOPOAaX opra -

HH'lleCKoro Be:w;eCTBa (AO 10 % ). Pa Hee MbICJib O TOM, '<ITO BOCCTaHOBHTeJib

HbIH 3q>q>eKT, B03MO)KHO, CBSl3aH C opraHH'lleCKHMH BKJIIO'lleHHSIMH B MHHe

paJiax, 6bIJia BbICKa3aHa B pa6oTe [8]. IJoCKOJibKY opraHoreHHble IlOPOAbI, 

Hecy:w;He ypaH, WHpOKO pacnpocTpaHeHbI B 3eMHOH Kope, eCTb CMbICJI 

npoBepHTb cnpaBeAJIHBOCTb 3TOH rHnoTe3bI, KOTopaSI npeACTaBJISleT co6oH 

KaK 6bl YHHBepcaJibHbIH cnoco6 o6'bSICHeHHSI SIBJieHHSI BOCCTaHOBJieHHSI 

paAHoreHHoro ypaHa B TBepAOH (pa3e. 

YA06HbIM o6'beKTOM AJISI TaKoro HCCJieAOBaHHSI SIBJISIIOTCSI AHKTHOHe

MOBble CJiaHl\bI, KOTOpbie COAepmaT AOCTaTO'<IHble AJISI Ha6JIIOAeHHSI KOJIH

qeCTBa ypaHa H AO 16 % KeporeHa, AHCnepcHO pacceSIHHOrO BO BMem;aIO

m;eH nopoAe [9, 10]. C y'lleTOM Toro, 'ITO AJIHHa TpeKa aToMa OTAR'<IH 
234Th 

COCTaBJISleT He MeHee 20 HM [11], CJieAyeT O)KHAaTb, '<ITO 'laCTb aTOMOB 

ypaHa-234 OKameTCSI B opraHH'leCKOM OKpymeHHH H CMomeT XHMH'leCKH 

B3aHMOAeHCTBOBaTb C Bem;eCTBOM KeporeHa BO BpeMSI SIAepHO·XHMH'le

CKOro npOl\ecca. EcJIH •opraHH'lleCKaSI• MOAeJib BOCCTaHOBJieHHSI ypaHa-234 

cnpaBeAJIHBa, TO AOJI)KHO HMeTb MeCTO HepaBeHCTBO 

(1) 
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r.ue OTHomeHHSI H30TOnOB BblpameHbl B e,llHHHI~ax aKTHBHOCTH. ECJIH npH

cyTCTBHe opraHHqecKOH q>aabl aaMeTHO He CKa3blBaeTCSI Ha XHMHqeCKOM 

COCTOSIHHH ypaHa-234, TO Mbl npHXO,llHM K Tpa,llHIJ;HOHHOMY COOTHOme-

HHIO BH,lla 

(2) 

31tcnepHMe&TaJ1bB8JI 11aCTb 

HayqeHbl ,llBa o6paau;a ,llHKTHOHeMOBOI'O CJiaHu;a c co.uepmaHHeM ypaHa 

(55 ±3) MKr/r (npo6a 1947, Kapbep Maap.uy, 3CTOHHSI) H (200 ± 20) MKr/r 

(npo6a 2296, Ceuepo-3ana.u 3cTOHHH). YpaH onpe.ueJIBJIH .llBYMSI MeTo

.uaMH: IIO ecTeCTBeHHblM raMMa-JIHHHSIM pa,llHSI-226 H CBHHIJ;a-214, a TaK

me nocne aeiiTpOHHOH aKTHBaIJ;HH no 
239

Np. ,D;onoJIHHTeJibHblH KOHTPOJib 
232u npoBO,llHJIH aJibq>a-cneKTpoMeTPHqecKH no Tpaccepy nocne XHMHqe-

cKoro Bbl,lleJieHHSI q>paKIJ;HH ypaHa. 
HaMeJibqeHHYIO HaBeCKY CJiaHu;a Maccoii OT 5 ,llO 20 r o6pa6aTblBaJIH 

npH KOMHaTHOH TeMnepaType JIH6o BO,llOH H BO,llHblMH paCTBOpaMH Kap-

6oHaTa HaTpHSI B TeqeHHe 5 CYT, JIH60 paCTBOpaMH COJISIHOH KHCJIOTbl paa

JIHqHOH KOHIJ;eHTpau;HH u TeqeHHe 30 MHH, HepaCTBOpHMblH OCTaTOK y.ua

JISIJIH .ueKaHTau;Heii. PaCTBOp, npe.uHa3HaqeHHblH ,llJISI onpe.ueJieHHSI OTHO

meHHSI aKTHBHOCTeH ypaHa B cyMMapHOH q>paKIJ;HH ypaHa (U~). OKHC

JISIJIH 830THOH KHCJIOTOH, IIOCJie qero ypaH Bbl,lleJISIJill C noMOIIJ;bIO aHHOHO

o6MeHHOH xpoMaTorpaq>HH B paCTBope 6 MOJib/ JI HCl [12]. 

400 
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Puc. 1. Anbq>a-cneKTp q>paK~HH cyMMapHoro ypaHa npo6bl 1947. 3Ha
tJeHHe OTHomeHH,H aKTHBHOCTeH H30TOllOB 2340 / 2

J
8U 1,013 ± 0,018 

Fig. 1. a-Spectrum of total uranium fraction, sample 1947. 234U/238U 
value is 1.013 ± 0.018 

BaneHTHble ipopMbl ypaHa B BblTSl»tKaX - U(VI) H U(IV) Bbl,lleJISIJIH 

.llBYMSI cnoco6aMH: ,llJISI HaBecoK Maccoii 5 r - xpoMaTorpaq>H'leCKH B cpe.ue 

coJISIHoii KHCJIOTbl [12] Ha cMone •,D;ay3KC• 2 X 8 HJIH •AB-17•; .UJISI 
HaBecoK 6onee 5 r - coocam.ueHHeM U(IV) c Kynq>epoHaTOM THTaHa [13]. 

HaoTOIIHblH COCT8B ypaHa onpe.ueJISIJIH 8Jihq>a-cneKTpOMeTpHeH C 

HCnOJib30BaHHeM KpeMHHeBblX nouepXHOCTH0-6apbepHblX .ueTeKTOPOB IlJIO-
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ru;a,llbIO 3 - 5 CM2 C co6CTBeHHblM paapemeHHeM 25-35 K3B, Anhq>a-HCTO'I

HHKH H3l'OTOBJIBJIH MeTO,llOM MOJieKy JISlpHOI'O 3JieKTpoocam.ueHHSI Ha 

HHKeJieBblX HJIH Me,llHblX ,llHCKaX H3 cpe,llbl HaonponHJIOBOI'O cnHpTa npH 

HanpSimeHHH 600 B [14]. Anhq>a-cneKTpbl aHaJIH3HpoBaJIH no MeTO

.llHKe, paaBHTOH B pa6oTe [15]. AJibq>a-cneKTp ypaHOBOH q>paKIJ;HH CJiaHu;a, 

Bbl,lleJieHHOH npH Il0JIHOM paaJioateHHH npo6bl 1947, npHBe,lleH Ha pHC, 1. 

O6cy:m:.ueBHe peayJIJ,TaT0B 

OTHOilleHHe aKTHBHOCTe:H 'leTHblX H30TOilOB ypaHa 
234 U / 238U, xapaKTe

pH3YIOIIJ;ee H30TOilHblH COCTaB ypaHa, onpe.ueneHo KaK ,llJISI BCero CJiaHu;a 

B u;eJIOM npH ero npe.uuapHTeJibHOM C»tHI'aHHH H KHCJIOTHOM paanomeHHH 

30Jlhl, TaK H ,llJISI BblTSlateK paaJIH'IHblX THilOB, ,D;JISI BO,llHO-CO,llOBblX o6pa-

60TOK npe.ucTaBJieHbl .uaHHble JIHillb no COOTHOilleHHSIM aKTHBHOCTeii BO 

q>paKIJ;HSIX cyMMapHOI'O ypaHa (Ta6JI. 1). AHaJIH3 BaJieHTHhIX q>opM B Ta

KHX 3KCnepHMeHTaX HMeeT MaJIO CMblCJia, IlOCKOJibKY aa 5 cyT KOHTaKTa 

npo6bl c BO,llHOH q>aaoii u paCTBope MOI'YT npoTeKaTb KaK OKHCJIHTeJil,HO

BOCCTaH0BHTeJibHble npou;eccbl, TaK H npou;eccbl H30TOilH0I'O o6MeHa. 

,D;JISI KpaTKOBpeMeHHblX o6pa60TOK KpenKHMH paCTBopaMH HCl ,llaHbl 

H30T0nHble 0TH0illeHHSI ,llJISI cyMMapH0I'O ypaHa H ,llJISI o6eHX BaJieHTHblX 

q>opM no 0T,lleJibH0CTH (Ta6JI. 2). Bnaro.uapSI 3T0MY Mbl MO»teM ou;eHHTb 

BKJia.ll Kam.uoii BaJieHTHOH q>opMbl B o6ru;ee o6oraru;eHHe ypaHa HaoTo

noM 
234U. 

BnoJIHe Il0HBTH0, 'IT0 HaH60JibllIHe 3Ha'leHHSI H30T0nHblX OTHOllleHHH 

noJiy'leHbl ,llJISI BO,llbl H paa6aBJieHHOI'O paCTB0pa CO,llbl, MHHepaJihHaSI H 

Ta6Jtul{a 1. OrnomeHee 234U/2
:i
8U uo cl>pax~aa cyMMapHoro ypaHa (U~) 

B BhITJl:atICaX B3 ,ll;BKTHOHeMOBhJX CJia~eB 

Table 1. 214U / 23dU in total uranium fraction in extracts from graptolitic argillites 

BbI~eJia'IHBaIO~HH areHT, YCJIOBHJI o6pa60TKH 
cnaH}\a 

H .10* 
0,1 MOJI&/ JI pacTsop Na2CO 1* 
0,25 Mon&/ JI pacTsop Na1COJ* 
11,4 MOJib/ JI paCTBOp HCI, BbI~eJia 'IHBaHHe 
a Te'leHHe 30 MHH. 
IlonHoe KHCJIOTHOe paanomeHne nocJie npeAsa
pHTeJI&Horo npoKaJIHBaHHR npo6hl npn 850 •c 

Ilpo6a 1947 

1,50 ± 0,05 
1,40 ± 0,05 
1,07 ± 0,01 

1,27 ± 0,03 

1,01 ± 0,02 

Ilpo6a 2296 

1,35 ± 0,05 
1,89 ± 0,08 
1,47 ± 0,05 

1,12 ± 0,02 

1,01 ± 0,02 

Tat5Jtuqa 2. OTBomeuue 
2

J
4U / 238U BO ct,pa1t1~1u1x U(IV) u U(VI) a coJIJ1HOKHCJ1hlX 

BhITJl:atKaX Ba ,ll;BKTBOBeMOBLIX CJiaH~eB 

Table 2. 2340 / 2380 in U(IV) and U(VI) fractions in hydrochloric acid extracts from 
graptolitic argillites 

PaCTBOp HCI,* Ilpo6a 1947 Ilpo6a 2296 
MOJib/ JI 

U(VI) U(IV) U(VI) U(IV) 

11,4 1,35 ± 0,03 1,09 ± 0,03 1,25 ± 0,03 0,93 ± 0,02 
11,4 1,34 ± 0,03 1,08 ± 0,05 

6,0 1,20 ± 0,01 0,89 ± 0,02 

* BbI~eJia•rnsaHHe a Te'leHHe 30 MHH. 
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opraHH'leCKaB C0CTaBJUIIOIIJ;He CJiaH~~ npH TaK0M B03,Z\eHCTBHH npaKTH
'leCKH He paapymaJOTCB, H H30TOil U H3BJieKaeTCB MaKCHMaJibHO CB0-

60,Z\HhIM OT MaTepHHCKOrO HYKJIH,Z\a. MaKCHMaJibHhle 3Ha1leHHB OTHOme

HHB aKTHBHOCTeii AOCTHraJOT 1,5 ,!\JIB npo6hl 1947 H 1,89 ,!\JIB npo6hl 2296. 
CHHmeHHe aTHX 3Ha'leHHH COOTBeTCTBeHHO AO 1,07 H 1,47 npH yBeJIH'le

HHH KOHD;eHTpau;HH CO,Z\hl CBB3aHO, OlJeBHAHO, C HHTeHCHq>HKau;Heii Bhlw;e

Jia 'lHBaHHB MaKpOKOJIH'leCTB ypaHa (Ta6JI. 1). 

O6oraw;eHHe cyMMapHOH q>paKD;HH ypaHa H30TOilOM 
234

U B 11,4 MOJib/ JI 

paCTBope HCl B u;eJIOM MeHbWe, lJeM B CJiy11ae BOAHO-Kap6oHaTHhIX BhITH

meK. IIpH'lHH aToro ABe: Bo-nepBhIX, B 3Ha'lHTeJibHOH CTeneHH paCTBO

pBeTCSI MHHepaJibHaH 'laCTb CJiaHu;a, B peayJibTaTe 11ero paCTBOp o6ora

w;aeTCSI ypaHOM-238, BO-BTOphIX, OTHomeHHe H30TOilOB ypaHa B cyMMap

HhIX q>paKu;HHX HapHAY C meCTHBaJieHTHhIM onpe,Z\eJIHeT H 'leTblpexBaJieHT

HhIH ypaH. A KaK BHAHO H3 IIPHBe,Z\eHHhIX B Ta6JI. 2 AaHHhIX, H30TOIIHOe 

oTHomeHHe AJIH q>paKD;HH U(IV) B o6oHx cJiy11anx cyw;ecTBeHHO MeHbWe, 

11eM AJIH U(VI). 

AHaJIH3Hpyn AaHHhle Ta6JIHD;, MOmHo KOHCTaTHpOBaTb, lJTO IIPHCyT

CTBHe opraHH'leCKOH q>a3hl He Bhl3hIBaeT HenpeMeHHOro BOCCTaHOBJieHHSI 

paAHOreHHoro ypaHa: B cJiy11ae npo6hl 194 7 aHa'leHHe oTHomeHHH 
234

U / 238U 

AJIH 'leThlpexBaJieHTHOro ypaHa He3Ha'lHTeJibHO Bhlme e,Z\HHHD;hl, a AJIH 

npo6hl 2296 Ha6JIJO,Z\aeTCSI Aame Aeq>HD;HT ypaHa-234. To eCTb B IIOCJieA

HeM CJiy'lae Mhl HMeeM TpHBHaJibHYJO KapTHHY pacnpe,Z\eJieHHSI H30TOIIOB, 

OTpamaeMyIO HepaBeHCTBOM (2). )];JIH npo6bl 1947 H30TOIIHhle napaMeTphl 

AaIOT HOBYIO aaBHCHMOCTb: 

(3) 

OTcyTCTBHe CHJibHO BhlpameHHOH TeH,Z\eHD;HH K BOCCTaHOBJieHHIO JierKoro 

H30TOIIa, IIO-BHAHMOMY, B u;eJIOM OTpamaeT KapTHHY pacnpe,Z\eJieHHSI MaK

pOKOJIH'leCTB ypaHa B CJiaHu;e no BaJieHTHhIM q>opMaM. Ha COOTHOWeHHSI 

(4) 

r,Z\e i'-2:, i'6 H i'4 - OTHOWeHH.11 aKTHBHOCTeii H30TOilOB BO q>paKD;HHX U(~). 

U(VI), U(IV) cooTBeTCTBeHHo; P& H p4 - AOJIH weCTH- H 11eThlpexnaJieHT

Horo ypaHa [2], HeTPYAHO paCClJHTaTb, 'ITO 60-70 % ypaHa a COJIHHO
KHCJIOTHhIX BhITHmKax COCTaBJIHeT U(VI). 

BoJiee AeT8JibHO pOJib BaJieHTHhIX q>opM ypaHa B ero H30TOIIHOM q>paK

D;HOHHPOBaHHH MOmHO npocJieAHTb B XOAe IlOCJie,Z\OBaTeJibHOH o6pa60TKH 

0,1\HOH H TOH me HaBeCKH paCTBOpaMH KHCJIOT B03pacTaIOru;eii KOHD;eHT

pau;HH, TO eCTb npH BCe 6oJiee rJiy6oKOM BCiwhITHH CJiaHu;a. Ha pHC. 2 

noKa3aHO H3MeHeHHe 3Ha'leHl{SI OTHOmeHHH 
23 u / 238U AJIH o6eux BaJieHT

HhIX q>opM ypaHa npo6hl 1947 a IIOCJieAOBaTeJibHhIX BhITHmKaX paCTBO

paMH COJISIHOH KHCJIOThl, HMeIOIIJ;HMH KOHD;eHTpau;HIO OT 0,01 AO 

11,4 M011b/ JI. B caHTHMOJIHpHoii HCl OTHoweHue uaoTonon B npeAeJiax 

norpeWHOCTH aKcnepHMeHTa (1,43 ± 0,05) COOTBeTCTByeT paHee HaH,Z\eH

HbIM neJIH'lHHaM AJIH H2O H 0,1 MOJib/ JI Na2CO3. lJeTbipexaaJieHTHbIH 

ypaH B aTOH BbITHmKe o6HapymHTb He YAaJIOCb, APYrHMH CJIOBaMH, nee 

o6oraru;eHHe ypaHoM-234 npoHCXOAHT aa c11eT ypaHa(VI). 

IIepBbIH aTan Bhlw;eJia'IHBaHHH YAaJineT ace •cBo6oAHhle• aTOMbI 

ypaHa-234 H3 CJiaHu;a CTOJib IIOJIHO, lJTO yme B CJie,Z\yIOru;eii BbITHmKe B 

0,1 MOJib/ JI pacTBope HCl BO q>paKD;HH U(VI) Ha6JIIO,Z\aeTCH Aeq>HD;HT 

ypaHa-234 (0,90 ± 0,04). B TO me BpeMH yme B AeD;HMOJISlpHOH KHCJIOTe 

Ha'lHHaeTCSI H3BJie'leHHe 11eTbipexBaJieHTHOro ypaHa. OTHOmeHHe H30TO

IIOB ypaHa B aTOH BaJieHTHOH q>opMe (1,07 + 0,07) 6JIH3KO K TOMY, lJTO 
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yKa3bIBaJIOCb Bblme AJIH KOHD;eHTPHPOBaHHOH COJIHHOH KHCJI0TbI 
(1,08-1,09). 

B 0,1\HOMOJISlpHOH H, oco6eHHO, B meCTHMOJIHpHOH COJIHHOH KHCJIOTe 

npoHCXOAHT yme 3Ha1JHTeJibHOe paCTBOpeuue Bew;eCTBa CJiaHu;a H aHeprH'I

HOe H3BJie11eHHe ypaHa. IlpH aToM o6oraru;euue q,paKD;HH U(IV) JierKHM 

H30TOIIOM B npeAeJiax CTaTHCTH'leCKOH norpeWHOCTH H3MepeHHH OCTaeTCSI 

Ha 0,1\HOM ypOBHe (~,07-1,}0), OTKYAa MOmHo CAeJiaTb BhIBOA, 'ITO Mhl 
HMeeM AeJio C 0,1\HOH H TOH me q>H3HKO-XHMH1Jec1foii q>opMOH lJeTbipex

BaJieHTHOro ypaHa. B To me apeMn AJIH q>paKu;HH U(VI) H30TOIIHble oTHo

weHHH BHOBb aaMeTHO B03pacTaIOT (AO 3Ha'leHHH 1,18-1,20). B peayJib

TaT: nocJieA0BaTeJibHoro B03AeHCTBHH 1 H 6 MOJib/ JI paCTBopoB HCl AaH

HbIH HCTO'IHHK ypaHa HC'lepIIhIBaeTCH, H CJiaHeu; o6eAHHeTCSI ypaHOM-234 

HaCTOJibKO, lJTO IIOCJie,Z\yIOru;an o6pa60TKa npo6bl KOHD;eHTpHpOBRHHbIM 

pacTBopoM HCl o6HapymHBaeT JIHWb Aeq>HD;HT o6eHx ero naneHTHbIX q,opM 

(0,83 ± 0,05). H B u;eJIOM MHHepaJI Tome o6eAHHeTCSI AO'lepHHM HYKJIH

AOM: IIOCJie Toro, KaK OCTaTOK 6bIJI BbICyIIIeH, npoKaJieH H IIOJIHOCTbIO 

paanomeH CMeCbIO KHCJIOT, o6w;ee CO0TH0IIIeHHe H30TOilOB ypaHa B HeM 

COCTaBHJIO 0,90 ± 0,04. 8To CBHAeTeJibCTByeT 0 TOM, 'IT0 •naMHTb• 0 HAep

HOM npoucxomAeHHH ypaHa-234 coxpaHSleTCSI B CJiaHu;e AOCTaTO'lHO A0Jiro. 

Y'lHTbIBaH, 'IT0 CTeneHH paBHOBeCHSI 0,90 MemAy MaTepHHCKHMH H AO'lep

HHMH HYKJIHAaMH COOTBeTCTByeT BpeMH HaK0IIJieHH.H 3,4T, a npaKTH'le

CKH IIOJIHOe necoaoe paBHOBecHe AOCTHraeTCSI aa 107' (T - nepHOA IlOJiy

pacnaAa AO'lepHero HYKJIHAa), TO ,Z\JIHTeJibHOCTb cyw;ecTBOBaHHSI •CB060A

HbIX• RTOMOB ypaHa-234, o6Jia,Z\aIOru;HX cnoco6HOCTbIO K H30T0ilHOMy 

q>paKD;HOHH~OBaHHIO, MOmHO ou;eHHTb BpeMeHeM He MeHee 1775 TbIC. JieT. 

CTOJib yCTOH'lHBaH pa,Z\HOreHeTH'leCK8H naMHTb CBHAeTeJibCTByeT CKopee 
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BCero O <l>aaOBOM pa3A8JI8HHH MaTepHHCKoro H A0118pHero ypaHa B peayJib

TaTe anb<l>a-OTAa'IH, KOTopoe npenJITCTByeT IlOCJieAYIO~HM npo~eccaM 

BOCCTaHOBJieHHJI nepBOHa'laJibHOH CTpyKTypbl HJIH H30TOnHoro o6MeHa. 

He Bbl3blBaeT COMH8HHJI, 'ITO BeJIH'IHHa 0,90 JIBJIJleTCJI ycpeAHeHHOH no 

BCeMy Be~eCTBY CJiaH~a. ,ll;n.11 OTAeJibHblX <l>aa paaAeJieHHe H30TOilOB 

MomeT 6b1Tb BblpameHo B e~e 6onee CHJibHOH CTeneHH. 

BLIBO)J;LI 

Ha AaHHOH CTaAHH HCCJI8AOBaHHJI MO)KHO aaKJIIO'IHTb: 

1. HaJIH'IHe opraHH118CKOH <l>aahl He npenJITCTByeT cy~eCTBOBaHHIO 

B CJiaH~e meCTHBaJieHTHOro ypaHa, KaK He npHBOAHT H K npeo6JiaAaIO

~eMy BOCCTaHOBJI8HHIO H30Tona 
234U AO 118TblpexuaneHTHOro COCTOJIHHSI 

B peayJibTaTe SIA8PHO-XHMH'leCKOro npo~ecca. 

2. ,ll;JISI CJiaH~a M8CTOpO)KA8HHSI MaaPAY HM8IOT M8CTO ABa MexaHH3Ma 

npeHMy~eCTB8HHOro Bbl~eJia'IHBaHHSI ypaHa-234: nepBbIH - B BOAHblX, 

COAOBhIX H CJia60KHCJIOTHblX paCTBOpax - aaTparHBaeT JIHWb IlOABH)K

HblH ypaH H cnoco6eH peaJIH30BblBaTbCSI B IlPHPOAHblX yCJIOBHSIX; BTO

poH - B KpenKHX pacTBopax KHCJIOT - MomeT 6h1Tb BOCilpOH3B8AeH B na6o

pa TOpHbIX yCJIOBHJIX H CBJl3aH C HHT8HCHBHblM paanomeHHeM Be~eCTBa 

cnaH~a. 

3. CTpyKTypa AHKTHOH8MOBOro CJiaH~a o6JiaAaeT HH3KOH cnoco6HOCTblO 

K •aane'IHBaHHIO• HapymeHHH, Bbl3BaHHblX SIAepHOH OTAa'leH, 0 118M CBH

A8TeJibCTByeT 10 %-Ha.II IlOTep.11 CJiaH~eM H30TOila 
2

J
4U IlpH KHCJIOTHOM 

Bbl~eJia 'IHBaHHH. 

SUMMARY 

The effect of graptolitic argillites' organic components on the valency of ura
nium isotopes and their fractionation has been studied. It is known that the 
leaching of uranium isotopes is dependent on their oxidation state. It is ura
nium-234 (VI) that is most mobile and easily leached, especially when it does 
not isomorphously enter the mineral crystal structure. According to K. K. Roe 
and W. C. Burnett [6], uranium-234 (comprised in a mineral system with organic 
components) should be in a reduced state possessing thereby insignificant 
mohllli~ . 

The samples of graptolitic argillites collected in Estonia, were studied. In the 
sample No. 1947, the content of uranium was 55 ± 5 mg/g; in the sample No. 2296 
it was 200 ± 20 mg/g, the organic component made up 15 %- Uranium leaching 
was carried out with crushed ground samples of 5-20 g by water, sodium 
carbonate and hydrochloric acid solutions of various concentrations. After the 
HCl treatment uranium(IV) and uranium(VI) were separated. The alfa-sources 
were prepared by electrolysis from an isopropyl alcohol medium. Alfa-spectro
metric measurements were performed with a silicon surface barrier detector. 

It has been shown that upon action of 11 m/1 HCl solution, the U-234/U-238 
isotopic ratio in the uranium(IV) fraction is 1.09 ± 0,03 for the sample No. 1947, 
and 0.93 ± 0.02 for the sample No. 2296 (Table 2). More than 50 % of the uranium 
in the shale goes into solution, of uranium(IV) 60-70 %, as can be calculated 
from formula (4) and is seen in Table 2. Although no special investigation of 
uranium in kerogene was conducted, it may be assumed that at this stage the 
radiogenic uranium doesn't reduce at all or the reduction is insignificant and 
due to other reasons. In contrast, the uranium(VI) fraction is enriched in the 
daughter uranium in both water-carbonate or slightly acidic solution and in 
concentrated hydrochloric acid solutions (Fig. 2; Table 1). This is indicative 
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of th~ prese~ce of ~t least two different uranium-234(VI) species, one being 
accociated with mobile ur:i,nium and the other with one of the shale's phases. 
T~ere are _two _corresponding mechanisms of the enrichment of leachants, one 
bemg realized m nature and the other under laboratory conditions. 
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