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‘1’lwI{l*tcnti OII of I{u:lctor Products in the Oklo
Natural ]:ission lkaclmr

GeOrgc’J. Cowan

I$ith in the pnst few years it has been clearly

series of natural fi ssion reactors qeratcd ncmly

rich uranium orc dcmsits located in the OklcI mine.

of the l{cpublic of Gabon, Wst Africa. ~l]~2j[3][4]

zones IKIVCbeen identified,

they opemtccl over a period

15000 W’-ycars of energy w

Approx imtcly six tons of b

demonstrated thnt a

2 x 109 yew-s ago in

in the southeast pa I t

Four separate” rcacte:”

all in the same part. of t.hc open-pit mine.
r,- -s.’ 600,()(1() years. Ilurin~ this time

.-,. J . .d at m avcraj:c levc] of 25 KW.

crc cormmecl, creating an equivalent

amunt of fission products dcpositctl r.lircctly in the ground. Nearly three

tons of RI-239 were created by neutron capture on U-238 I.hich ewntmlly

decayed (]wtiti]t.it’cly to [J-235. Approximatc]y one t?l(MISilllCl tcms of

uranim m-r involved in the rcacticm mncs.
::!L ,:L. mJK:s hvm h“ighly cnrichd lcnws of uranium ore, averaging

o’.c-r .:{;# in uranium content within tan ore body of illKJUt 0.5% tmcrage con-

cent r7.t i WI. ~lt the time of criticality the initial atomic ratio of the

fissj.l::d:~e u-~~j isotqm Kas l+%. ‘Ilc rich lcnws were highly irregular

ill for; :.lt tcnck’d to bc tabular, tdmut one meter thiclc, mld scvural

hwklrc.1 square meters in area. l~ollo~”ing initia~ dcposi.tion in fluvial

sediments and sul]si~lcncc, the fomiatjon was tilt~xl shout 45° a.ncl faulted.

‘lhc rich orc zones then formed in st wctural traps and, presmibl.y, achieved

criticitlity as soon as [~ hi~h enough uranium concentration was reachcxi in

the prcsencc of the transporting and n~ut ron -modcrat i.ng mcdim ~water.

Ik Fact that nat urc and not mn IKLddesigned the first tcrrcst r ial

f iss.i on reactor was, :It lcnst. ini t inl ly, surprising. Perhaps even more

surpris ing K:is t hc rcmarkahlc st:: TCIuf prc:;mvation of the reactor.

(J:l:lllt i t:;? ~vf.~nll(l semi -(lllnnt i I“ilt ivr :I:KI1!SW*Sl-or thc~ v:lriolw rc:w’tor

;’:..”L:(!L-?. ,- .,J:,.d [ll:lt tll:l hxlj(l!”it). ~~i-‘! till’ill Il:lli 1).’u’i!II [.1iik’dm [ I \\,l.+ :1l::L)

poss ihlr to demonstrate tliilt the rc%lctor :onc*s hid. prcscn’ul their initial

gclmwtri~’s, i .c. , the ores IIildnot luldcr}!onc phys i~ill or chrmi rnl mix ing.

‘1’lw[trgum~’nts which support thcwr conL.lur inns arc pr~wxlt.cd in dctai 1 in

the IWCCLK1ings o f the Ok]o Symposium .wki only the Col:c I[w ions a rr



surmwri ml here. ‘ftw degree of rctmt ion of the pr,i nc ipa ! reactor prmhlcts

is sunmriztxl in ‘hblc I. (5)

From rni~-roscopic and !~cal~-ion st .imu]atcd ion-elni w+ion stl.ld ics (6) {7)

a ~reat deal has been Mn-ned of tile composition of the orc and the

locat ion of the rcac tor products. Alt bough the uranium outs ids the reactor

zones in low concentration ores is l.argc ly p i tchhlcndc, the mineral in t hc

highly enriched reaction zones is generally uraninitc in t.hc form of grains,

of the order of 40-ZOO ~n in dimetcr, distrihutccl in a phyllitic gangw

(chlorite plus illitc). ‘Ihesc analyses show that there is alwqs assoc i -

ated with the uraninitc gra ins some c~lcium, flwrinc, sodium, titanium,

rare earth fission products, zirconium, ruthenium, pal.laclium, yttrium,

lead, and thorium. In the giu-tgue onc finds boron, 1 i thium, potassium,

mucli of the racliogen ic. leacl, b:lriwn , strontium, and some of the fission

pro~uct zirconium and ruthenium. ‘fhc ratio of U-235 to U-238 appcms to

be curtst mt in the uran initc grains. lhc fact that none of the U-255 is
c.~~~i<r ;iku. grain~ 1cncls to the conclL~ ion that the large :umxmts of

RI-:57 icImud by ncut ron capt uirc on U-238 clccaycd wi th,in the uran in i LU

gr:lin.s co U-255.

. : :‘” icmid ,analyt ical results arc a}-ai l:lbl c from wnplcs tnkcn as%.u- ,-
~-~++:.. , 2.5 cm in traverses across the reactor zones..Js c}?~~~. @l (~1 q~,~s~

s?1o.( gessrally consistent agreement bet~iccn depletions in the U-255

nbundancc , neutron fluenccs evaluated from second-order neutron capture

effects in the rare earths, absolLltc rare earth fission product conccn-

trarions, h uranium concentrations. Although in some traverses there

is cvider.cc that a part of the uranium has been lost from regions near the

outside of the reactor zones (or that ri~r~ earth fission products have

bc.cn gained), in gcilcral the ratio of nrodymium to uranium lms been

quantitatively prcscrvcd even on ii scale of ccntimctcrs. These ohscwa-

tions arc consistent with the microscopic ohscmwt ions thil! t!m n(?O@TIilLn’

I I,: ,: ., h..’! ~lil”l:lt i t:lt iv’.’!) rut:liilct! Ilirili:l Ii IL’ (lri~;ill::l Ilr;ll]il)ir’.’ ~:r;lill,;.

TilkL!Iltogether, chcv support the con~l usion th:lt tlmrc I)as bcm no

cxtcnsivc ~cochcmical or ~~!o[~l~~s.icillnixing of the Llriulinitc grains.

‘l”hc apparrnt. stahi.”lity of tl”c gr~’ii~s of urnninitc dcmonsl.rated hy

th(?s(? d)s(!~~tions Seem.$$~~ilrti~u~[l~l)’ lWlllill.klhl C bCTWIS(? L?LXNI rilthC~ SlllilL1.



L-h;mJ:LS i Ii plI :iIId J-Y.s especially if mxmqxmid i-Jym incrcasc in dissolrcd

carholvltcs, C,M]1t“d.1 to rapid ox i&lt ion :ind di S:;OIut ion in the form of a

urmy 1 clout)]c c:~r!;~mtc or, :tt least, to t lle format ion of scconikmy, oxidized
(10) lJIc: ol,~~rv~ stal,il ity cm not bc+attributed tominerals of urm i m.

the :IhscIKc of c:q losurc of the orc to nmvi ng ground-wit cr. “Ihc reactor ore

was dqw ited by water and t hc neut run reaction rcqu i rcil widtcr to achicvc

criticality. ‘JIMmost soluble fi ss lon products have hcen alnmt qua.ntita -

t ively rmovml 01 rcpl aced. ~qc mc:lsurcmcmts shoN thiit ttro - th i rds of the

total rad iogcn i c lCULIhas been lost which means thnt exposure to water

occurred over a large part of the li f% of the ore-body or reoccurred in

relatively rcccnt times. Accord ingly, i t :I])pcars evident that water W:IS

present. hut must have been huffcred within a narrow pl1 and Eh range.

Scl f -huff cring uf ground w;ltcr, C*VCWat rather shallow depths in a

rcascmbly luygc volume of a given soii t)-pe, is probably the nJlc rather

‘~1) ‘ih.M the Oklo olwrvations support the conclusionsthan tlw cscc]Vion. -v
that . .!Q::;:itr the extreme M1lL*ral] ili ty of n mineral sLKh as uraninite to

gcocl,cI.:; c::l att:lch and dissolut icm, it c:m rctnin its integrity tand
“~: ,n to :1 rcnulrhablc ~~cgr~,.l*~~~r 1)i 1] ions r)f yc!ars whi lC i~erWdColupus1- LL

in nat”u..~l grc)uml-hwtcr. Gil en the vari:~tion in mcasurcmenrs wi thin the

rcact~:. :5:1L25, ht’ estimate thut the trunslmrt or uranium out of the

pr inc.i lxil rractor zones averaged m mm’ than 20% in the nmst affected

regions. ‘]lis means that the fractional 10SS of uranium was no more thm
~o-lo

pcr !mr. ‘lhc hydrolog icnl and grolngical conditions which wcrr

rcspons i!~lc for this degree of stahi 1it y arc prohubly not unto.mnmn.
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remaining
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