201942 1 7 N R H38 % A1
February, 2019 MINERAL DEPOSITS 38 (1): 170~180

XEHS: 0258-7106 (2019) 01-0170-11 Doi: 10. 16111/j. 0258-7106. 2019. 01. 012

RN BIESR T Py WL

> 2 12 & S2 3 0 g B 12 2k B 12
KAKZ 2 AR, kR ISR
(1 HPRE KA 04 T i 00 15 b 5 P M 0 28 7 P o e S %, IR K7D 41008352 iR K2 sk Rl2 5 (5 B e
B, 1 K> 410083 ;3 Department of Geology, University of Regina, Saskatchewan, S4S 0A2, Canada)

B B ARSEUPEENIRERE SR WS B YRR SRR . AR TR A AR 2 AR
X A4 (XRD) ICP-MS R FH4EH (EPMA) FL8 G5 /W55 F-B W8 eh R (948 -+ —— W48 1 b (9 sl
HEHAT TGS . WFSE R 240 L R, Bl s 42 0 5 (w(U) (18x107°~62x107), SEHE 35x107°) AlE Py K/ NE Ok B
TOKRER , BIZE BT I 20 BRFESE T = A A SR B rp IR 5 ™ B DA DG 1 e ey SR /K R .
Wi E 34053 UO,(w(UO,)HN 52.2%~80.88%) 1 TiO,(10(TiO,)H 1.85%~14.98%); Hi T-HREF T 414 Ton a4y vh gk
APATAEE ST s T BT 2 A I 442 e Fl1 454 em, R, 0B AT S o SRR RO Bk AT, HOE
BT RRENR T N ERG B RO R T (U AR R T AR U7 BT Bk AL, Fe %8k 4
AL s AR B A R R B =K A AR SR A RS K AR AR SR S S G 8 SR k™, W ) el
fEm TR (US R UY) S e .

KR HERILF Y B T R ERET s B2 B0 B

FESES:P619.45 XHRAREE A

Discovery of uranium minerals in Yunfeng bauxite deposit,
Guizhou Province

LONG YongZhen'"?, CHI GuoXiang®’, GU XiangPing'* and DAI TaGen"*
(1 Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring, Ministry of Education,
Central South University, Changsha 410083, Hunan, China;2 School of Geosciences and Info-Physics, Central South University,
Changsha 410083, Hunan, China;3 Department of Geology, University of Regina, Saskatchewan, S4S 0A2, Canada)

Abstract

Elevated concentrations of uranium have been found in many bauxite deposits, however, occurrence of separate
U-minerals in the bauxite deposits has not yet been reported. In this paper, the authors carried out petrographic, XRD,
ICP-MS, electron probe micro-analyzer (EPMA) and Raman spectroscopic studies of bauxite ores from the Yunfeng
deposit, one of typical bauxite deposits in central Guizhou. The results show that the bauxite ores are characterized by
high content of uranium (18x107° to 62x10°, averagely 35x107°). Micron- to submicron-sized grains uraninite occurs
as rims of Ti-oxides, fillings of micro-fractures in kaolinite, and disseminated grains in association with sulfides in the
matrix of diaspore and kaolinite. EPMA analysis indicates that the U-minerals are mainly composed of UO,(w(UQO,)
52.2% to 80.88%) and TiO,(w(TiO,) 1.85% to 14.98%) which are unevenly distributed in the U-minerals. Raman
spectroscopic analyses show that the Raman peaks appear at around 442 cm™ and 454 cm™ for the U-minerals.

The U-mine rals are suggested to be uraninite and Ti-bearing uraninite. The formation of uraninite is inferred as fol-
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lowing stages, during weathering stage, uranium was liberated from the source rock (the Lower Cambrian black

shales of the Niutitang Formation) due to oxidation uranium from U* to U, subsequently, most of the U was

absorbed by Al’, Fe-Oxide/hydroxide. During deposition and diagenesis stages, the majority of U® was liberated

from the Al, Fe-Oxide/hydroxide, reduced to U* again and finally converted to uraninite, together with the conven-

tion of gibbsite to boehmite and diaspore as well as the Fe-Oxide/hydroxide to pyrite.
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Sketch map showing the distribution of bauxite deposits in Guizhou Province (a, after Li et al., 2013)

and geological map of the Yunfeng bauxite deposit (b, after Long et al., 2017)
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Fig. 2 Lithostratigraphic column for ore-bearing strata of a
typical drill hole (ZK301 in Fig. 1b,after Long et al., 2017)
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Table 1 Characteristics of mineral components, major

elements, trace elements concentrations of bauxite ores

Xt E I H FoMA BORfE E I bRkt 22
w(B)/%

WKERA 47.04 84.81 78.21 71.78 11.56
ISl 0.08 4.96 1.75 2.18 1.57
PR F 4.13 42.49 7.85 15.93 12.38
PR3N 0.09 6.57 1.79 232 1.64

PEE S 0.20 4.88 2.19 1.27 1.63
ks 1.16 4.78 2.56 2.75 0.95

i £ e A1 1.43 5.39 3.01 2.26 1.22

Ak 0.18 2.24 1.32 1.24 0.52
ALO, 51.10 73.66 64.72 62.73 7.66
Fe,0, 1.11 23.49 2.40 422 5.06
Sio, 1.56 24.40 11.99 12.23 8.18
TiO, 1.92 5.30 3.50 3.56 1.03

w(B)/107°

P,0, 1.15 0.10 0.49 0.52 0.33
Th 42.10 179.50 81.90 95.82 41.30
U 18.00 62.40 32.80 35.11 13.04
Zr 380 4130 1040 1158 770
Ce/Ce* 0.69 1.41 0.80 0.87 0.17
Th/U 1.52 3.92 2.88 2.75 0.59
LREE/HREE 1.95 21.38 10.49 10.09 4.52
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Table 2 Composition of uranium minerals in the Yunfeng deposit determined by EPMA
)(B)/%
W LB
As,0;  ALO, Sio, P,0; uo, TiO, Fe,0, SO, CaO V,0, NiO 710, PbO syl
1 5.83 5.54 6.00 3.23 57.28 14.98 4.79 0 0 0.53 0 0 0 98.18
6 9.42 2.44 0 3.25 522 3.17 5.70 2.92 221 0 0 0 3.25 84.56
9 3.22 428 428 0 70.45 4.40 5.93 0 0 0 0 7.44 0 100
12 8.17 5.97 0.99 231 53.00 1.85 7.06 3.76 2.62 0 2.17 5.22 0 93.12
14 1.52 4.09 227 0 80.88 3.02 434 0.02 1.42 0 0 2.44 0 100
R3 WMT VALY YESBFRBIESTER
Table 3 Composition of surrounding minerals of U minerals in the Yunfeng deposit determined by EPMA
. w(B)/% )
W55 - - X}
0] As Al Si \Y Ti Fe S Mg Co Ni Mo K BRI
2 34.19 / 1.09 092 / 63.79 / / / / / 99.99 Bk
3 41.48 / 3242 2639 / / / / / / /10029 A
4 / 1.67 144 / / 3272 50.54 / 13.64 / 100.01 R R
5 43.34 / 2882 27.26 / / / / 0.58 / / 100 [
7 7.41 / 259 198 / / 3318 40.97 / 13.87 / 100 g RiaiiL: 5 R0n
8 24.07 1126 198  1.83 / / 3091 2323 / 5.71 / 98.99  FBAF AR EER kYT
10 4447 / 55.53 / / / / / / / / 100 KR
11 / 3.57 / / / / 34.07  46.56 / 206  13.55 / / 100 Bkl Bk
13 2307 1225 178  1.93 / / 319 2223 / / 6.57 / 99.73 AN BRI B R B




Fig.3 Binary diagrams showing correlations between U and selected elements in bauxite ores (data after Long et al., 2017)

FE3 w5 a5t Ao o R g Bl >R U T Long et al., 2017)
a. w(U) 5 w(ALO;);b. w(U) 5 w(Fe,0,); c. w(U)5 w(Si0,);d. w(U) 5 w(TiO,); . w(U)5 w(Zr); f. w(U) 5 w(P,05);g. w(U)5 w(Th); h. w(U)5j w(Nb)

a. w( U) versus w(ALO,); b. w(U) versus w(Fe,0,); c. w(U) versus w(Si0,); d. w(U) versus w(Ti0,); e. w(U) versus w(Zr);
f. w(U) versus w(P,05); g.w(U) versus w(Th); h. w(U) versus w(Nb)
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Fig. 4 Backscattered electron (BSE) images

a,d,e. Uraninite disseminated in diaspore and kaolinite closely associated with pyrite; b. Uraninite rimming anatase;

c. Uraninite filling a micro-crack in kaolinite; e. Uraninite rimming Ni, As-bearing pyrite
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Fig. 5 Backscattered electron (BSE) image of U-mineral along with Ti and U mapping

a. Backscattered electron (BSE) image showing a U-mineral rimming anatase; b. Ti mapping of the area corresponding

to the image shown in Fig. a; c. U mapping of the area corresponding to the image shown in Fig. a
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Fig.6 Energy spectrum and Raman spectra of U-minerals

a. Energy spectrum of a U-mineral (spot 1 in Fig. 4b); b. Raman spectra of a U-mineral (spot 1 in Fig. 4b);

c. Energy spectrum of a U-mineral (spot 6 in Fig. 4d); d. Raman spectra of a U-mineral (spot 6 in Fig. 4d)
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(Cumberland et al., 2016; Hou et al., 2017), 4 J& i fk
Yyde it AN g SR O BT o A,
DAWG B ASIE 5 B T50 070 B ) LA SR )
HE U BE— 2218 JEh UO,.,, I B HTTE B0 Bk
KL53 HOR 1Y UO,,, 7ERLIR] R B IR A T, R 25
KT B B e
42 BRI RHMATHRAREX

T 2 A T LR Y O B R A RE TR, A
J2 T LA HL 7 Ml AN T B 1 R il R (B4R R 4
2015) . HHT, o E 2 2RIy al fi 2 3k 5 A R
2015 AEHlAT BT IR R 4R 5338 4l I R4 AL
1616 tHll, Jo I AL RS R SR A R L 7 2
HAE,2017) o BRI b I E B AR AR A M
CARBI R T i o 4 15 3 06 F0T 00 ¢ 5 6L o i
10420 (3 Jp 45, 2014) , AR ER 3207 w0 (U) T2
h 351070, W AEBR 147 g B A 35 000 t.
LB R T R T, SR
b ALV By 7 B AR L, AT A5 S A gl
JEARL TR ] A7 4 B, (F o HG ot i e 1K T 0
RV Tl A7 (500x107) , BRI, X6 F1Z X 4
T8 R AT AR UL AT Ry T — L BT

A, Sl — T AR A 3 T A 55 SRR % TS 1 T
RGBT R MRS AR R
AL AR A28 (5 3¢, 2001; Villar et al., 2002;
Zhao et al., 2014; F3¢)7, 2015) ., Ghie Bk R F
BELUMST B4 S 5 [ SR B R B 4 T XA AE
BRI AL 3 e e AR 3R AR 30 85 v BT Y 2
&, R A n] A IR 2 B E ) — A
FhR (545, 20065 Yang et al., 2009) ; [A] i}, 412

B I RER B ) B 22 A5 A 1Y S Bt (Villar et al.,
2002; Jaireth et al., 2015; Cumberland et al., 2016)
Rt 3 — 20 A W] o< W A0 1 b Bl ) s 4 AR
A BBV, X 2= W58 -4 SRR ALER 8T PRI ik
AT AR 26 R DU B et () S4B A —
SE WY SR U2 5F A

5 45

(1) Brh g o s 0 2 (w(U) (18
10°9~62x1076), ¥J{E 35%10°0) , i, TR FIF7 & Ok
A3 S BRAT it SO R R TR A AT
ERCK AR /INEA T 5 B s Bk 2%
YIIAH S I v U4 A sl R K45 A

(2) HCRIET L0 0 BT n—E
T B L F A T FE R G A B I A A R sl
¥ LI} Fe .Co Ni As i ALP I A H R

(3) ‘Hle" W Y B = EEALHE 3 4B Bt KUK BY
B (Ut SR (U ) PACREZE P 03 v (R R ok, 4
AL Fe S50/ 2 8 A BT s DB R mE B, 55
- 550 55 SR Ak -5 A I bty | 8 43 US IR SRR U, A
R U0, I8 ST TE/ L IO VE 5 e B B Bk
HL 5 A R By B, U, Fl/al, US* 7 R 8] 15 W 11 9K f
T R 2 KO AR R

B SUNBLT RS SN G
WhBe 4 b BT B AR AR AR TR S I TR, B A
PR L ZOIESCH T S SRR WL R A B 1B 2
A AR — TR B R A
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