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The behavior of actinide elements including uranium in geomedia is controlled by redox conditions. Under the oxidized condi-
tions, uranium forms uranyl ion (UO,?) and its complexes, and dissolves in ground water. Under the reduced conditions, UQV) has
much lower solubility than uranyl ion. In the Koongarra uranium deposit, Australia, lead-bearing uraninite, urany! lead oxide and
urany! silicate minerals occur in the unweathered, primary ore zone, and uranyl phosphate minerals occur in the weathered, secon-
dary ore zone. Between unweathered and weathered zones, the transition zone exists as a redox front. In the transition zone, graphite
and sulfide minerals react as reducing agents for species dissolved in ground water. By SEM, spherical grains of uraninite were
observed in veins with graphite. Pyrite had coffinite rim with crystals of uraninite. Calculation based on the ground water chemistry
and hydrology at Koongarra shows that the uranium in the transition zone may be fixed from the ground water. In the Koongarra
transition zone, recent mineralization of uranium by reduction takes place. Mineralization is much stronger fixation mechanism than
adsorption on clay minerals. Pyrite in the buffer materials of possible radioactive waste repositories can fix radionuclides in oxi-

" dized ground water by mineralization with reducing reactions.
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Fig. 1 Schematic vertlcal cross section of the Koongarra depomt The primary ore occurs in the quartz—chlorite schist under the
graphite layer. The secondary ore is formed by ground water flowing from the northwestern sandstone hill adjacent to the
deposit over the Koongarra fault. The transition zone is between the lower unweathered zone and the upper weathered
zone. D~®) represent relative locations of samples listed in Table 1.
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Table 1 Samples in which uranium minerals are observed in
this work. Ur: granular uraninite, Cf: coffinite~like im
on sulfide minerals. D~®) represent sample loca—

tions in Fig. 1.

Sample name | Depth (m) Uranium minerals
'DDH9-97 270 Ur
DDH9-101 23.6® Ur

.| DDH9-130 304 Q Ur, Cf

DDH58-116 2710 Ur
DDH58-119 2780 -Ur
DDH58-120 2800 Ur
DDH58-126.6 | 29.6 @ Cf
DDH58-127 29.7 @ Cf
DDH58-128 299 @ Cf
DDH62-101 23.60® Ur
DDH62-111 2590 Ur
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Fig. 2 Scanning electron microscope image of DDH9-97.
Spherical and its aggregates, botryoidal uraninite
grains (Ur) occur in vein (V) within chlorite (Chl).

Fig. 3 Backscattered electron image of DDH58-126.6. Pyrite
(Py) has rim of coffinite (Cf) in quartz (Qz) and chlorite
(Chl). A rectangle represents enlarged area shown in
Fig. 4. :
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Fig. 4 Enlarged photograph of a coffinite rim shown in Fig. 3.
Submicron crystals of uraninite (Ur) occur in coffinite.
Morphology of uraninite grains shows angular, euhedral
shape which is different from granular uraninite shown
in Fig. 2.
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Fig. 5 Simplified pH-Eh diagram of uranium (system U-C-O-
H, 25°C, 1 bar, solid lines) and iron (system Fe-S—-0-H,
25°C, 1 bar, dashed lines) species. Boundaries between

. stability fields of species are dependent on activities of
elements and system. Stability field of pyrite is on the
lower half of that of uraninite. Upper boundary of dis—
solved Fe*" species in an Fe-C-0-H system is higher
than that of FeS, and lower than that of uraninite.

BIERLENEEL, BIEESEALTWSS). 3MED
G RIEL FETIBEHE T, VI3 Em0#
HTHEL>ob “IREREBR L TWD. BEHIIEK
+HERITIIZEBLINIbDEBDbR BB, £0
BRALEDY Z 0%, BRRRL>TRERE SN, TRERK
FHERTHIUI L O—EERoTNBEEDbPRE. 7
HIGRDE S 7% “E” BILOHTIERL, HTER
WL R T KRB HEAT 5 X 9 REAE, B
TR EEMT D LI o CRES R TAS
DOEFIF LV RYERECFEETEDZILOLEDbRS.

4 HSUBEEDFALRr—IL

Bk, HMTADSDMHEDO T T o OBTIZES
BEREN S VU IGRBBHEHFETIVI 2 b
b LIRRAE LTI, BRI TAREALSOH
HEHEL LTCHETBMICHALLY 5L 0fp, B
BHIIRETAIVIVOREZRDTVB LIRS,
ATBUTORBITHTARFO Y Z L BRE L BARES
LRER Lo TRDOBN, £k, BAFOTUT LD
BIIBEOANIBEEV TV REZR - CHEATE
5. BE(DOMY 7 VREW)DOH T ARBBBEICTHA

71

BB LRERICBI28LIC L7 OBEE

L, AFOEDY T 3T _TRE, BRSNS LEE
THE, MTFARICRokFH] mOBEFOY S PR
(CH)DHEMEE, ROXNTHAESINS.

Cy=TKIW, /p

T, KIXEARRE, IBKAER, piBE0BETH
5.

7 W IFGRTITbR T ARBEREIZ LhZ, B%
HIZB T2 BARBEIIHRKXK2x10° m/day & STV 3B
[15]. 72, 72 FIGEDEHM R D BIKAE
13504 %, EHEOBEIINNS g’ TH D, HTFABDY
7 BB, —REKTOHR UL O EOBRLH T
TI3100 ppbll EIZET 28, ZOHLT M THROBBE
TIX10 ppbREETETTB[16]. AEHTDOUT U BmE
1%, ZREETHOBBHIZBWT, Ry 7 7I00F
T D ppms b, “RELERD 7 T 2 BT 5 1000 ppm
BEE CHEMT 3. "

INHOEERWS E, 200 ppbD T T EETMTA

W2k o TREIZI000 ppmdD Y 5 o ERET 2 T DITI,

KSOBFENLEERD. 7 HIGREADRERDE
HRBROMARICLD &, BEEWROFA AR —VIE
BHHERETHV[6], TART—FhbOHERRL
AN THD., BRERICHEFET DIV 7 V1L, #TK
EEBRBMALEZD VUV BTRTCERICE>TEHEE L
DL EoTHELENELDTHIAREENRDS.

MDY T DBITEIGIE, 75774 FORILEES A
BILZEoTHEShAZLZERTS. BBEOY T
VRERZ LT LT DI LERBRTESBORITIZON
THRIFLABRTNIERER . T 774 FROBREIE
VT =NAF Y EBTT BRRIIUTOR TR SIS,

C+2U0*+3H,0 — HCO, +2U0,+5H"
FeS,+7U0,» +8H,0 — Fe*" +280, +7U0Q, + 16H"

IRLDRIET T AL FL OHBBTEENE L VS HE
BHRREEZRTHOTHD. ZThoDROEDDS T
Ty A NOEBKGLE, FDOTT=F A FOEE, &K
RHETHE, vI=FA FOBRKIZS T T 74,
BRI OZ N ZTN04572 0 L15ME, B TIX#tic10
fEEien, ARBER LU VT T HRBEBEOREINIL,
BACSLRC 7 7 7 4 BB HETOY T OENEE
OIS RBEELTVS.

5 F&H

ayﬁiﬁﬁomM§iﬁﬁ?%éE$%mxwf,
BTHEOTHOFEET IBTIMEOY T v 2Eh v T =



BF¥Hy oz PR

-
~—

FA M EOFMBHER L TnBEZ L BgB s,
ik, HTKE L BIZHA LMDV F VB, 7I77
A MREHHER L L oTETEN, BEShS20H5
ZEEFRLTWD., HMTKEFT—-FRENLHETS L,
BRHICHMATIMOD T o DIF & A EIET, BEL
SNTVWDHEENDD. BETEREEDOMBLSITE
WC, BERIRHTADBRA LR EBITSRHEET
b, BIRUEOHME S ORBECHE L & L EMT 52
EIEST, ¥tEHZEIHEL Y HIXDITHWE
ERETHL2EBETIC L 2HMEBEE ZTRBRERSD =
Lk, SEOBEFRIIRL TS, '

o

AL, TV S —FEAHBICBIT ST a SHRS
¥ x 7 MAnalog Studies in the Alligator Rivers Region,
ASARR)D—¥ & L TiThhiz, A7av=2 hOvR
T¥—T¥%5, Dr. PL. AwreylZRH L T3, ABHEEIR,

Dr. AA. SnellingD B TIThhiz. BARETFHHETH

HREMEROFT « 12k, R, BR, FREHELZEL

ZL OB EB. TR LTEHLET.
BB
[11 Langmuir, D.: Uranium solution-mineral equilibria at low

temperatures with applications to sedimentary ore depos-
" its. Geochim. Cosmochim. Acta 42, 547-569 (1978).
TR, MARME, HAK=, LEME, fx
RERHE : R M FA P OSMERSYT. BARRT S
25 36, 1055-1058 (1994).
Snelling, A A.: Uraninite and its alteration products,
Koongarra uranium deposit. Proc. Intl. Uranium Symp.
on the Pine Creek Geosyncline IAEA, Vienna, 487-498
(1980).
Airey, P.L.: Radionuclide migration around uranium ore
bodies in the Alligator Rivers region of the Northern Ter-
ritory of Australia - Analogue of radioactive waste re-
positories - A review. Chemical Geology 55, 255-268
(1986). .
Murakami, T., Isobe, H., Sato, T. and Ohnuki, T.: Weath-
ering of chlorite in a quartz-chlorite schist: L Mineralogi-
cal and chemical changes, Clays Clay Miner., 44, 244-
256 (1996).
Murakami, T., Ohnuki, T., Isobe, H., Sato, T., Yanase, N.
and Kimura, H.: Significance of the effect of mineral al-
teration on nuclide migration, Scientific Basis for Nuclear
Waste Management XVII (Mater. Res. Soc. Symp. Proc.

[2]

(31

[4

B3]

(6]

72

August 1998

Vol. 333) (Barkatt, A. and Van Konynynburg, R. A. ed.)
Boston, USA, November 29-December 3, 1993, pp.645-
652 (1994).
Murakami, T., Isobe, H., Ohnuki, T., Yanase, N., Sato,
T., Kimura, H., Sekine, K., Edis, R., Koppi, A. J., Klessa,
D.A., Coneley, C., Nagano, T., Nakashima, S. and
Ewing, R.C.: Weathering and its effects on uranium
 redistribution, Alligator Rivers Analogue Project Final
Report, Vol. 9, ANSTO, Menai, NSW, Australia, p138
(1992).
Isobe, H., Murakami, T. and Ewing, R.C.: Alteration of
uranium minerals in the Koongarra deposit, Australia:
Unweathered zone. J Nucl. Materials 199, 174-187
- (1992). ~
Isobe, H., Ewing, R.C. and Murakami, T.. Formation of
secondary uranium minerals in the Koongarra deposit,
Australia. Scientific Basis for Nuclear Waste Manage-
ment XVII (Mater. Res. Soc. Symp. Proc. Vol. 333)
(Barkatt, A. and Van Konynynburg, R. A. ed.) Boston,
USA, November 29-December 3, 1993, pp.653-660
(1994).

[7]

[8]

9]

[10] Murakami, T., Isobe, H., Ohnuki, T., Sato, T., Yanase, N.

and Kiyoshige, J.: Mechanism of saléeite formation at the

Koongarra secondary ore body, Scientific Basis for Nu-

clear Waste Management XIX (Mater. Res. Soc. Symp.

Proc. Vol. 412) (Murphy, W. M. and Knecht, D. A. ed.)

Boston, USA, November 27-December 1, 1995, pp.809-

816 (1996).

Murakami, T., Ohnuki, T., Isobe, H. and Sato, T.: Mobil-

ity of uranium during weathring, American Mineralogist,

82, 888-899 (1997).

Brookins, D.G.: Eh-pH Diagrams for Geoch'emistry,

Springer-Verlag, Berlin (1988).

Frondel, C.: Systematic mineralogy of uranium and tho-

rium. US Geol. Surv. Bull. Vol. 1064, p.400 (1958).

Bowles, J.F.W.: Age dating of individual grains of ura-

ninite in rocks from electron microprobe analyses.

Chemical Geology 83, 47-53 (1990).

Townley, L.R., Barr, A.D., Braumiller, S., Kawanishi,

M., Lever, D.A., Miyakawa, K., Morris, S.T,

- Raffensperger, J.P., Smoot, J.L., Tanaka, Y. and Trefrey,
M.G.: Hydrogeological modelling, Alligator Rivers
Analogue Project Final Report, Vol. 6, ANSTO, Menai,
NSW, Australia, p133 (1992).

Payne, T.E., Edis, R., Herczeg, A L., Sekine, K., Seo, T,

. Waite, T.D. and Yanase, N.: Groundwater chemistry, 4/
ligator Rivers Analogue Project Final Report, Vol. 7,
ANSTO, Menai, NSW, Australia, p133 (1992)

{i1]

[12]
(13]

[14]

[15]

[16]





