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Ha 3eMHOM mape cerogHs JAOCTOBEPHO
YCTAHOBJIEH W THIATEJbHO H3y4YeH QaKT
pa6éoThbl NPUPOAHOrO SAEPHOr0 peaxkTopa,
YTO OBbIJIO BBISIBJIEHO Ha MECTOPOXKJEHHUSX
ypaHa Oku10, borom60 (lFa6oH)
dpaHny3ckumu ucciaegoBareaamu B 1972 r.
[Ipy mnepepa6oTKe YypaHOBBIX PpyA ObLIO
OOpallleHO BHUMAaHME Ha BeCbMa HM3Koe
coaep:KaHve HU30TONOB ypaHa-235. Tak npu
nepepadcoTke 700 T. YyPaHOBOTO
KOHIleHTpaTa JAepuuur wu3soroma 233U
cocraBua 200 kr (Naudet Roger, 1975)
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MecmopoicoeHull , Ha
KOmMopbIX 3ad(OUKCUPOBAHBI
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( Oka0 , boeomobo )
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SCIENCES DE LA TERRE DE LA RECHERCHE
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Mitzic gneiss: zircons : 2838 +/- 11 Ma

Ebel Orthogneiss : zircons : 2789 +/- 25 Ma

Sediments of the Ogooué System:
zircons : 2434 +/- 8 Ma

Lecoue granite:Zircons 2042 +/- 8 Ma
Analysed samples: Bidoudouma

Volcanisme : N’Goutou
2143 +/- 143 Ma

Dolerite dyke:
Zircons:
860 +/- 39 Ma

Pb loss in uraninite
of Oklo reactors:
500 Ma
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Lithological Correlation
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sundstones  SABAStONES o p  pelites

Unaltered FA

Cross-section of the studied drill-cores (Sonia SALAN. 2000)
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U. deposits
Reactors : 1975 Ma

Sandstones
(100 - 1000 m)
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Black shales
Breccia

U mioneralisation

FA sandstone

Achean basement

Reactor
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SEDIMENTATION -circa 2143 Ma
1. Detrital U

DIAGENESIS -2050 Ma
2. Dissolution of U bearing
Minerals and Migration
L2

3. Precipitation in oil traps =
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Cxema pazmMeujeHusl 6ypo8bIX CKEAMHCUH HA
Mecmopos+cdeHuu bozomoo (I'a6oH)
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Bble/ieHa 30HA IPUPOJAHOTO AEPHOr0 peaKTOpPa U KOHTYP 60raThixX py/.
(u3 guccepranuu Sonia Salan, 2000 r.)



Studied boreholes

A

COMILOG
PLATEAU (600m)

Conceptunal hydrological model (according to Gurban et al., 1996)

(Sonia SALAN, 2000)
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Mineralized
Black shales layer




PacnoJio’keHre aKkTUBHBIX 30H peakTopa OKJio.
1 - necyaHMK, 2-rpaHULA AO0OBITOU PY/AbI,
3- CKJIOH Kaphbepa, 4 -AHO Kapbepa,
5 - YHUYTOKEeHHasa 4acThb peakTopa,
6 - pa3BeJaHHasA YaCTb PeaKTOPa,
7 - y4acCTOK, nNpeAHa3HAYEHHbIN AJI1 COXPAaHEHHUH.
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Rb
Sr
Zr
Ru
Rh
Pd
Te
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Bi
Th

TaGmua 4

Conepxanuie HEKOTOPLIX MHKPOXJIEMEHTOB B YPAHOBBIX py/iax w3 peaxtopo# 3oust 10 (Hidak
Holliger, 1998) u Mecto ux orbopa.

1400
0.0900 (2)

1469

6.74 (5)

247 (1)
2840 (23)

89.1 (5)
1150 (34)
200 (4)
38.0(9)
26.9(9)
34.5(3)

0.321 (5)
247 (2)
199 (2)
225(2)
388 (6)
224 (2)
389 (3)
2.38(1)
42.8(3)
3.87 (5)
158(2)
2.78 (4)
5.69 (4)
0.672 (8)
3.90 (3)
0.643 (3)
037} (15)
328 (10)

12.5 (3)

453 (4)
99.6 (8)

231 (1)
95.8(9)

357(2)
67.9 (5)

5.96 (2)
10.8 (2)
1.41(3)
6.04 (3)
L71(5)
3.71(2)
0.327 (6)
1.84 (1)
0.934 (9)
21L.7(7)

805 (12)

1480

1.06 (2)
162 (2)
11600 (92)
71.6(12)
14.0 (3)
11.1(3)
124 (2)
6.02(7)
290(2)
70.0(5)
109(1)
42.7 (6)
144 (1)
238(1)
3.19(2)
3.87 (4)
0.565 (7)
249 (2)
1.19 (3)
3.28 (5)
0.285 (5)
1.67 (4)
0.876 (11)
6.55 (14)
168 (4)

1485

1.40 (2)
114 (1)
4540 (46)
195 (4)

14.8 (4)
322(3)
119 (1)
313 (3)
110 (3)
382 (1)
67.6 (4)
6.53 (2)
153 (3)
1.51 (1)
5.63 (3)
1.97 (3)
4.28 (4)
0.442 (8)
243 (1)
1.19(2)
4.50 (9)
253 (5)

1492
8.94 (14)

1640
1.84 (3)

112(1)
1780 (33)

306 (3)
50.5(9)
372(7)
48.8 (5)

14.3 (2)
108 (2)

304 (4)
574 (4)
210(2)
453 (2)
170 (2)
575 (4)
112 (1)

9.63 (9)

18.9 (2)

1.98 (3)
9.32(8)
2.52 (5)
5.83(4)
0.602 (12)
3.96 (3)
L71(3)

23.6 (6)

918 (9)

Number in parentheses are standard deviations of the last digits indicated.

1L1(3)

822 (4)

1.82(1)
10.1 (1)
0.533 (5)
1.95 (2)
0.431 (3)
0.121 (1)
0317 (4)
0.0587 (9)
0321 (4)
0.0642 (7)
0.128 (2)
0.0188 (7)
0.0916 (9)
0.0228 (4)
0.00686 (12)
0.358 (7)

13.5(1)

65.1(5)

3.60(2)
149 (1)
3.32(3)
0.932 (8)
2.78 (4)
0.369 (7)
1.73(2)
0.320(3)
0.665(T)
0.0776 (9)
0.567 ()
0.102 (8)
0.113 (%)
204 (4)




Table
Chemical compositions (weight percentage) of metallic aggregates

in SD37-S2/CD, reactor 13
No. Pb  Ru Rh Te u As 8

39.57 34.77 5.22 2.99 0.15 6.45 695
59.02 2047 2.54 1.65 <0.01 3.60
38.87 32.69 4.50 3.15 0.33 8.26
38.49 37.11 4.90 2.77 049 7.06
2422 343 247 <0.01 726
2349 348 1.85 <0.01 4.40
30.89 4.88 1.90 023  7.02
31.78 6.23 3.61 0.35 7.81
37.02 5.13 2.51 0.27 5.31
26.69 429 2.77 0.09 8.53
38.52 4.94 1.88 0.20 6.74
16.94 223 2.09 338 5,15
37.91 507 3.54 0.30 11.44
19.41 284 1.77 0.06 4.21
38.20 6.61 2.88 030 9.16
39.77 6.53 2.53 0.17 8.65
37.81 5.69 3.68 0.20 11.25
37.32 5.87 3.01 0.21 11.29
29.90 497 3.19 0.23  6.01
32.77 1.72 3.11 1.05 5.30
43.63 4.07 3.11 0.38 12.19
41.09 3.68 2.66 Q.36 8.15
37.92 5.51 3.71 0.28 8.03
31.17 5.22 4.20 2.61 15.23
31.87 4.74 1.86 0.09 6.97
30.74 4.13 1.82 038 7.06°
37.34 4.45 4.02 0.51 13.64
37.67 5.31 2.23 042 7.70
35.53 5.32 0.25 10.45
41.30 5.83 0.32 11.63
30.70 5.07 2. 0.08 10.16
26.45 296 2. 0.03 ° 447
35.43 5.48 3, 0.26 10.70
33.52 4.77 3. 0.18
- 35.51 3.30 0.38
33.81 4.81 2. 0.30
39.22 5.19 2. 0.24
32.38 3.26 2. 0.30 g 8.41
40.40 6.10 : 5.64
31.50 5.52 A 7.98
38.90 4.52 2. ¢ 99. 7.37

CXINOLAWN~

The uncertainties of the analytical values are less than 1% for Pb,
Ru, As and 8, and less than 5% for Rh, Te and U.
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Fig. . Two components dia
SD37-8S2 /CD at reactor 13.
Eafcs are assumed to two members,

(weight percentage).
H. Hidaka et al. / Chemical Geology 155 (1999) 323333
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Marhieu et al (21300}

Fig. Comparison of the Th/La ratios between coarse-grained
silicified sandstones of the FA and FB formations, shales and
fine-grained sandstones from the Franceville basin (present study)
and quartzites and shales from several Archean and Proterozoic
sedimentary basin. ~ Data are taken from a compilation of Ribeiro
(1999), Mc Lennan and Taylor (1979), Mc Lennan et al. (1995),
Gibbs et al. (1986), Fayek ind Kyser (1997) and Fedo et al.

(1996). [Regis Mathieu e.a., 2004].



HIpUuduUHGI
B03HUKHOBCHUA
NpUpoGHOU YenHou
S0EepHoU pedkyuu






O6Gpa3oBaHNE O0CKOJIO0YHBIX
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Scheme off division of isotope 23> U
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Puc. 4.8 Conocrassienie OTHOCHTEAbHON PACNpOCTPAHCHHCCTH XHMHUCCKHX 3JICMEHTOB B
viectoporsaeHd Oxso (1) M KpHBOH BbiX0O1a OCKOJAKOB Jeacuus 2°U  rensoBbiMi

HeHTpoHaMH (2).
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Figure 89 - Comportement des produits de tlcs@n dens les réacteurs d'Oklo.

masse atomique
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Puc. 4.12 CocTaB mopoJi, BMEIaromux NPHPOAHBIA SAECPHBIH
PCAKTOp M HEKOTOPBIE XapaKTEPUCTHKH YPAHOBBIX Py (110
R. Bros e.a., 1993).




TaGmuua 4.12

AnoMaauiisie COOTHOWCIHA 1130TONOB HEKOTOPHX gjeMmenToB B MecTopoXAenud Okao (PecuyGauia TaGou, Adipuxz)

Haovomm 3
OTHOL MNie

Hopyantiw:
SIANCHHE

InAUSHKE NPH CACHINE TEMIOBKIMK
HAITPOHAMK

G sy

Py

Ne 1

Ne 3

917r

*sMo
Mo

lOlRu
“Ra

108Pg
108Pd

lDlpd
“Tpg

1 Iopd
Wspg

""Ag

“TWAg

14Te
19Te

'25Te
WiTe
12T

12 8Te
TTe

4,582

1,662

1,342

1,229

1,202

0,5313

1,055

0,1337

0,2027

0,988

1,030

0,8227

0,406

0,0604

0,025

6,0

0,008

©0,8621

0, 90664
0,9836
0,708
0,375
0,111

2,0

2,540,5
4,4:40,2
1,2:4-0,2

0,654-0,12

0,2240,04
0,16-+-0,03
3,510,7
0,0031-4-0,0006
0,015+-0,003
0,0184-0,003

0,1840,03

. 1,640;3
1,1+0,2
1,0.+0,2

0,7940,16
0,28+4-0,06
0,16-+-0,03
4,04-0,8
0,0044+-0,0008
0,0194-0,004
0,025+-0,005

0,224-0,04

1,940,4
1,240,2
1,310,3
0,70+0,14
0,18+0,04
0,12:4-0,02
3,6+0,7
He onp.
0,011-£0,002
0,0224-0,005

0,11+0,02
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Puc. 4.93aBucuMOCTb Ko (HUIMEHTa pa3sMHOXKEHHs TEIUIOBBIX HEHTPOHOB (a) B
OeckoHeYHO  OOJIBIIOM  pYJAHOM  Tejle,  KPHTH4YECKOro  BO3pacTa
MmecTopoXkaeHusi (6) OT KOHIEHTpalMd B HEM YypaHa H BOJBI (o

[Iyxomoxosy IO.A. u np., 1985)
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600 to 700 x 107 kg of U participated to the fission reactions

607 kg of 235U are now missing
Sx103 kg of 2>°U undergone fission
16 500 MW yr energy - Temperature : 300 - 500 °C

Fluence : 102! n/cm? 1.45

C : restitution factor 0.39

Number of fission vs 33
present time U content

Duration : 103 years 620

Reactor 2



Aig  3anycka MOIpUPOAHOL0 SAEPHOro
peaKkTopa ObL/IN HEO0O0XO0AUMBI , Kak
MMHAMYM , CJleAylomue yCcIOBUA :
1)Hayinurie  4Ype3BbIYAMHO  GOraThbIX
ypaHOBBIX pyA (6osee 20 % ) macca.
Kpurtnyeckasa macca pyabl 1 Kyo. M ;
2)OTCYTCTBHE B py/Jdax 3J1eMEHTOB ,
HOr/IOIAIIINX. HEUTPOHbI (raaoaIuHNNA
U aAp.) ; 3) Bo3pacr pyabl o6oJjiee 2
MUWIJIAAPAOB JIET; 4) HaJInuue
NPUPOAHBIX MAaTEPUAIOB ,CIIOCOOHBIX
3aMeaaaATh HEUTPOHBI (BOAA , YIJIEPOA )

[ |



Paano3Ko/IorndecKkue
C/IeACTBUA N3 OIIbITA
N3yUYEeHNd NPUPOAHBIX
AAEPHBIX PEAKTOPOB
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Fission « Normal » Fissign
4

Depth
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235U/238 U isotopic ratio
In groundwater

« Normal » uranium

Upstream

—#-naturalU ¢ BAX02

BAXO03 e BAX04

= BAX05 = BAX07 Downstream

BA121 A BA122

BA142

From Louvat, 2000



OCHOBHBIE BbIBO/AbI

Ha npumepe HnN3yudeHUus
ONPUPOAHLIX  AAEpPHBIX

peaKTopoB MOKHO
Y TBEPK/AAThH ,dTO
J0JICOBPEMEHHOE  3aX0-
pOHEHME
PaANOAKTUBHBIX
OTXO0/I0B BO3MOKHO.

lIpupoga HAAEKHO HX
yIIaKOBa/Ia B IJINMHUCTYIO

py6amky , 4TO He
[103BOJINJIO
OCKOJIOYHbIM
3/IEMEeHTaM AAJIEKO

pacHpOCTPAHUTHCH.

[li

AN

ECOLE ET OBSERVATOIREDES
SCIENCES DE LA TERRE
Strasbowrg




Tem caMbIM HOATBEPKIAECH
Te3Vc, YTO npupoaa myapa u
3HAET Jydllle Hac ,94T0 HY;KHO
Aej1aTh.

Heooxoanmo YIUThCAH
HAO/JII0AATH 34 NPpUPOAOU U
Hpyu  OpUHATAN  pelleHnu
YVUNTHIBATH €€ ONbIT.



J/IEMEHTHbLIN COCTAB PYA N3 30HLI
peakTopa CBUAETEJbCTBYET , 4TO
paguOaAKTUBHbIE OTXO0AbI ;
O00OpPA3yI0INNUECA HNPH HEPEPAOGOTKE
AAEPHOr0  TOIVINBA  SABAAIOTCA
MECTOPOKAECHUAMU 6JAArOpPOAHbIX
METAJIJIOB (TexHOreHHbIE
MecTopokaenua Pd, Ph u ap.)

Talumua 4,13
COoAcpmmme NEKOTOPIIX MEXPOLICMCHTOR B YPAROBSIX pyaux w1 peaxtopsiodt 20w 10 (Hidaka,
Holliger, 1998) n mecto ux orfopa.

1400 1469 1480 1485 1492 1640

Q0900 (2) 6.74 (5) 1.06(2) 1.40¢2) 894 (14) 184 (3)
284741 89.1 (5) 162 (2) Li4 (1) 12 1432
2840 (23) 1150 (34) 11600 (92} 4540 (26) 1780 (33) 108 (2)
200 {4) TL6(12) 195 (¢) 306 (3)
38.0(9) 15.0(3) 0S5
269(9) 1L Tam
MY 12402) 485(5)
0321 (9 125(3%) e 14.8 (4) 304 (4) I8 Ns)]
247 () 453 (%) 290(2) 322(3) 57444) 822 (4)
W 9056 (8) 005 19 200 182(1) 135(1)
25Q2) i a) 091 NG 453(2) 101 (1) 65.1 (%)
3446 9389 2.7 (6) 103 170(2) 0.533(5) 1600
242 IS7Q2) 144 (1) 382(1) 575 (4) 195(2) 1491
389 679(5) BB 676 (4) na 0431 () 33203)
238(1) 5.96(2) 9@ 6.53(2) 963 (9) 0121 (1) 09 ®
2803 108 (2) A87(4) 153(3) 189(2) 0317 (4) 27814)
387(5) 1.41(3) 0565(7) LS1(1) 1.98(3) 0.0587 (9) 036% (T)
1580 6.04 (3) 245(2) 563 (3) 9.32(8) 0321 (4) LT3 ()
2784 171 (%) LIS () 1.97(3) 252(5) 0.0642 {7) 0.320(3)
5.69(4) LT1(2) 328(%) 428 (4) $83(4) 0.128(2) 0.665(T)
0.672(8) 0327 (6) 0.285(5) 0442 (8) 0.602(12) 00188 (7) 00776 (9)
3.50(3) 1.84 (1) 167(4) 243(hH) 396 (3) 0.0916 (%) 0.567 (M)
0.643 (3) 0.934(9) D876(11) L19(2) LT1(3) 0.0228 (4) 0.102 @)
0371 (1) LT 6.55(1%) 450 (%) 21.6(8) 0.00686 (12) QI3 (%)
128 (10) 805 (1) 168 (4) 251 (%) 918 /N 0 1SR (N 2 M c£y
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3SHAaHUA 006 YPOBHAX
HAKOIIJIECHUAA PEAKO-
3eMeJIbHbIX 3JIEMEHTOB
A HNX OTHOIIEHUSAX B
30HE [HPUPOAHOro
AJEPHOr0 peakTopa H
BHE €ro MMO3BOJISIOT

BbISBUTDH HOBLIE
reoxnuMudecKue
NHANKATOPHI 1A

OLlEHKH BO3/IENCTBUS
NpeaAnpuATIA AAepHOro
TOIVINBHOrO INKJIa




