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Abstract: Uranium is the heaviest naturally occurring radioactive element in nature, and it is
widely distributed in the earth’s crust. With the improvement of the technical accuracy of
mass spectrometry to measure uranium isotope ratios, it is gradually recognized that uranium
isotopes in the natural environment also have fractionation effects. In this paper, the recent
research results on uranium isotope fractionation is reviewed and the geochemical behavior of
uranium in nature and the analytical methods of uranium isotopes is introduced. The natural

uranium isotope fractionation is related to the nuclear volume effect, which leads to a greater
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tendency for heavy uranium isotopes to be enriched in the reductant equivalent, and the §**U

of U(VI) reduction to U(CIV) reaches 1. 0%,. The isotopic fractionation mechanism of urani-

um in redox exchange reactions is revealed by the sensitivity of uranium isotopes to the oxi-

dation-reduction environment, and it is found that §*** U is significantly isotopically fractiona-

ted between deposits formed in different oxidation-reduction environments, and moreover, it

is shown that the bioreduction-induced isotopic fractionation of uranium is greater. There-

fore, uranium isotope fractionation has an important tracer role in the inversion of uranium

ore formation environment and the study of radioactive environmental chemistry and environ-

mental remediation in the in-situ leaching of uranium mining. Finally, how to better address

the environmental remediation of groundwater in the in-situ leaching of uranium mining is

suggested, thus promoting the research and application of uranium isotope systems in the

field of earth sciences.

Key words: uranium isotope; fractionation; redox reduction
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Fig.1 Uranium cycle in the modern ocean"*
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Table 1 Measured values of **U/***U and A of a series of uranium isotope reference

i CRM-112a» AY /% S
FRD BU/SURF ILE SRM-950a TRMM-184 REIMP-18a CRM-129a SCHik
137.84940. 079 [56]

M 137.849740. 079 —0.02240. 06 —0.20240. 06 [57]
M 137.849740. 079 —0.2540.19 [20]
T 137.84440.011 [58]
T 137.83740. 023 —0.9040. 05 [14]
T 137.83240. 022 [59]
M 137. 8297-0. 022 [59]
M 137.83240. 015 [2]
M 137.63140.018 [60]
M 137.8440.079 —0.15£0.09 [28]
M 137.84+0.079 —0.0440.06 [61]
M 137.844+0.079 —1.1940. 09 [62]
M 137.84340. 008 —1.16+0. 04 —0.14%+0.01 [63]
M 137. 84240. 003 [64]
M 137.84+0.079 —1.1640. 07 —0.1340. 06 —1.7340.09 [22]
M 137.8440.079 —0.04+0.01 [65]
M 137.84+0.079 —0.1740. 09 [66]
M 137.84+0.079 —0.1440. 08 [32]
M 137.84+0.079 —0.1640. 04 —1.7240. 04 [22]
M 137.88+0. 008 0.9040. 05 [67]

#:1) T /R TIMS,M Fx MC-ICPMS;

2) CRM-112a(5f NBL-112a,SRM-960) #l CRM-145 Cth AH [R] 44 44 il 8 i 75 10 200 1 H A A8 [ 04 [ 057 38 40

3) A BAFRES CRM-112a #5238 U 24 5

- (238U> ., <238U>
FEdh \ 23517 bR\ 23577
U = U o UZ %1 000%
Tt it (W
QYD)

M TA) 6L R 3 1 R H o R B R e 11— R
B

ZBSU
ﬂfﬂ(ﬁ)
"ﬁi@(ﬁ)

e =1000%(a—1) (3

3 BARPHMEMIRSBIIESHE

3.1 BARTHMRBEMLESBINE—ZFRN
e e [l (0 2 70 18 BEAE 2 S 7R AN ] 14 1]

i 2 HA 58 e A A A WL 7 RE - U2 Sl REFR 2 AN [R]

4 Jo B 08 P SR Lt L S A E G T
N R RS =R e X (5% Al K VA= 1 )
T A IR AN R 2 S AR RN A DG IR BT A
13 R4 3 BCE S (6] 47 3R SE 1) T & AR )
AR X RS TH S A5 R 5 1% g i o R
SERAH . 40, Bigeleisen il Nomura 45070 %
BT UCVD-UCIN) A2 S b Hh 25U /#5043 8 5
HOZS R BN S R AL RO N 25
A IR R T S R AT R Y
23 (R B S 5 | R 1 A% 3 %800 » g B AR A% A
Bl HL T A0 4% & BE. 2 )5 Schauble™ il i3 & 4t it
SRS T RN X He 55 T 42 8 [8] 7 3% /Y 70
(HESS S & N gy G S D R A R )
0. 5%0~ 10 s %3RO 5 | S 14 [R] 32 3% 43 17 BB 35 3
3o P HEMASEREE ¥ (He' ) ik i S &
aJE B (He") sfiim T L ER AR, Wik,



BeH R WA AR AVAIRAL R T O T R R KR

569

AT AR R il [7) 157 28 5018 5 % 3 0L B DD AH G
3.2 BARTHEMNESBHEE—SNUIEE
R Mz

KT TE R A5 AW Bl AL 8 TR 58
e ;B Al )7 2K 4 1+ 4y A B, Shiel 2
W5 55 7K 2 v Al 3 B B e R S0 XoF U VD) R -
i W 1) R L T R K R Rt U/ U LR B
B, B AR L BR M AT 5000 HAE M K P A
DR 25U /2 U o 228 Ak 2 W AE W B - 1 2ot
P JUT- A il 1) 62 % 4348 . Chen 5599 BF5E T
TR T HR B R i e T X A [ 7 3R 0 0 ) R I
R IA R 28 4318 i K/ 5 UCVD B Ca, UO,-
(CO;); Caq) JE2AFTE 1) L B B IE EE B O $ 00 A
T2 525 vl W] 67 2R ) 728 Ak 2 T 7Kl 9 7K AR T 25 78
fesgmy  FE 5 &K pH.Ca®" F1 Mg™" ¥k B A8 1k
(14 5 10 {EL 3 52 M R /)N

FE VS Bl A1 A i 38 48 N 11 52 8 AT 5 v 2
RIT W0 AL R M4 i, Bopp
SO SIS I A B A 0 R 1 3 TR T BE AT 5
O UM AR LY 1. 0%, I 38 3 4 M BL 2 H £ b
=R AN X MR K HR U/ U R H R A AR
PRI B3 T 7K 2 v B TS G W Al 0 ST B e AL AR
Rolison 251 ] Fi 2K AT L) S BF 5% 1 3 Bk 4R
IBE 55 4h R0 2 4318 22 TB) 1) 26 2R 5 43 Sl >R FH 3 )
AT 5 AT AR 2 Y- 4 ()37 28 e U0 A TR A5 0L 4 38 D
LR RN R E LRI e o5 (—0.63%
0. 09) Yo (—0. 84740. 11) %o, 3% %6 ¢ (B 7E A4
I T S ) BCHE B YL o B U R HL S 43
0 B A e M DL R e UCVD-UCIV) 8 5 3 7
2 UM e e B B0 v L Ik Hh 2 U /22 U
¥ LA Bt 5 il B2 ) AL D8 /) 5 3R B A 0 A
Ty UCVD-UCIV) I8 Ji 2 52 i 806 vb il 6] 467 %
SRR EZHLE . Stylo %5 @ o 525 W IT KR B
SIEEFEFEEJE UGD 511Uy R
2. 0%, I 76 38 5 A o & 4 Al IRl 2 & ()& 2).
Bopp-*" #1 Shiel &5 43 51 & T H 32 K 4l 07 )2
Mo R KU /2 U LR, 525015 1 8™ U
ST AR A REAE 55 0 5 2 B g Al IR o7 2% 1 45 SR A
—E0, F Wl 5 K Z ) A e AR R Y iR
JE T K AR e Al o 3k SR 5T 4 S e T il ) 8 3 AR Ak
A5 AR R A B AR A Y R AE OGP . R R
41 A] B R AL B SR SR AR W B Bl 1 il TR AL 3R 0
M FR 20”2 U/ U R o AE 25 3085 F 0l A Ak e
B ST 4B T B 8 b o BRI b IR 07 R A A 2

AR 22 G0 b S A SO G 1) /s B3

s O@oj@. ®

é S0 S

~ ovm o

5 oe

izg*] DDé m

= °

2 °

ol @
O

1.0 0i8 016 0j4 012 0‘.0
c/c,

YhA 3y 0 T B IR SRR U S R AR W U = U,
BEAR AR AT ARIE R UGVDWE (05
IR UCVD ¥ Ceo) B HU1H
O——TCA MG IR . @— BRIk AR K R 0
| Widdel fI%# B2 £ 35 77 5&

Bl 2 fEwIRsh UCVD ik 5
T 8% o A v A 878 U AR AR R AiE
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