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Fig. 1 Geological sketch map of the Shuizhu area, Yongshan County, Yunnan Province
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Fig. 2 Sample photos of sedimentary-type rare earth ore in Shuizhu area, Yongshan County, Zhaotong City
(a) #Efh BT102-SD32, B (55 ; (b) HEhh BTS16b1, JKAGHLEIEE; (o) Bk ZK70001b2, K@ LB ;
(d) Pl ZK70001b3, ¥R AL G0 BT &
(a) The sample BT102-SD32, yellow mudstone of ; (b) the sample BT516b1, grayish-white bauxitic mudstone; (c) the sample ZK70001b2,

gray bauxitic mudstone; (d) the sample ZK70001b3, light flesh-red arenaceous ferruginous mudstone
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Table 2 Total amount and proportion of light, heavy rare earth elements of the ores from Shuizhu area,

Yongshan County, Yunnan Province

- i A BWt Tt BWEA | LS Bt/ | (La,Ce,Nd),0,4
(x107%) (x107°) (x107°) (%) (%) L Hitb(%)
ZK70001H]1 960. 04 754.89 205. 15 78.63 21.37 3.68 72.39
ZK70001H2 732.81 592. 69 140. 12 80. 88 19.12 4.23 72.60
ZK70001H3 1105. 93 892. 64 213.29 80. 71 19.29 4.19 72.16
ZK70001H4 1037. 33 825.37 211.96 79.57 20. 43 3.89 71.72
ZK70001H5 2251.07 1636. 01 615.06 72.68 27.32 2. 66 66. 63
ZK70001H6 956.79 646. 91 309. 88 67.61 32.39 2.09 61.46
ZK70001H7 596. 00 520.33 75.67 87.30 12.70 6. 88 81.64
ZK70001H8 2291.51 1393.77 897.74 60. 82 39. 18 1.55 53.72
ZK70001H9 359. 38 246.32 113.06 68. 54 31.46 2.18 59.96
BT102H26 2572.47 2249. 10 323.37 87.43 12.57 6.96 78. 60
BT102H27 1809. 69 1502. 65 307.04 83.03 16.97 4.89 74.87
BT102H28 905. 34 713.70 191. 64 78. 83 21.17 3.72 71.24
BT102H29 902. 38 727. 66 174.72 80. 64 19. 36 4.16 72.59
BT102H30 1097. 34 839. 40 257.94 76. 49 23.51 3.25 69. 08
BT102H31 1406. 32 1043. 34 362.98 74.19 25.81 2.87 67.34
BT102H32 3877.97 3255.90 622.07 83.96 16. 04 5.23 76. 46
BT102H33 756. 20 542.61 213.59 71.75 28.25 2.54 63.34
BT102H34 636. 28 547.15 89. 13 85.99 14.01 6. 14 78.71
BT102H35 990. 53 882.99 107. 54 89. 14 10. 86 8.21 80. 66
BT102H36 2578. 14 2390. 70 187. 44 92.73 7.27 12.75 80.25
BT102H37 818. 66 648. 67 169. 99 79.24 20. 76 3.82 68.28
BT516H6 1154. 24 860. 90 293.34 74.59 25.41 2.93 66. 36
BT516H7 1505. 51 1033.72 471.79 68. 66 31.34 2.19 61.24
BT516H8 643. 59 493.12 150. 47 76. 62 23.38 3.28 68. 58
BT516H9 841.71 754.74 86.97 89. 67 10.33 8.68 81.98
BT516H10 988. 92 901.76 87.16 91.19 8.81 10.35 83.22
BT516H11 1881. 88 1724.90 156. 98 91.66 8.34 10. 99 80.24
BT516H12 317.21 203. 69 113.52 64.21 35.79 1.79 54.57

TEHGE 2 Tl i A 5 A7 AR b, BE 35 50
M 1154.24%x107° ~3255.90x 107, T + A &
7 156.98x10°° ~897. 74x 107, Hirh  #7% 1+ H ik
LR g IR K &R A gl i 4 e e ]
FIFG B 53.72% ~ 80. 25%

3.2 XRD 7o

ASCHERL BT102 #) -+ TREAY 1 -4 -0 Ak
s AT T XS AT 43, i BT102-X32 éﬂ‘ﬁ
WEWH. ML O EEHRNE LT (F
T5%) — KA (S5 16%) /DA (&
9%) (£ 3), Bt WA FEA®HEAH (FE
45% ) SEMAT (E i 36% ) (e (B 19%) (A
3,7%4),
3.3 R

A RS, B 5 BT102-SD32

& 3 ZEAEKIMIBX R BT102-X32
FTEMHRFEELERSNERSK
Table 3 Analysisresults of main phases and semi-
quantitative results of sample BT102-X32 from Shuizhu

area, Yongshan County, Yunnan Province

EFYR I AR (%)
Mg | EFES —IK | Ehit
4—0‘/‘:/ %\:/-’ /\I“
A BHCA | R | R ek | 5
BT102-
D246758 9 — — — 16 75
SD32

Nd (F4# 6.85%), & i & A 77 b 43.23% ~
47.57% F¥F L on R B E E 4 ol 45.4%, Al
TR E N 8.67% P FH R A 4 R
11.62% ,Si P a5 R 5. 1%, A4 = sy
R I Al R A, AR A A2 Ce (PO,) B
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Pl 3 B BT102-X32 X R4 BT i
Fig. 3 X-ray analysis spectrum of sample BT102-X32
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R 4 ZBAERTHE AR BT102-X32
FIwWENEESNEREK
Table 4 Analysis results of relative contents of clay
minerals in sample BT102-X32 from Shuizhu area,

Yongshan County, Yunnan Province

B BTN ER( %) | RIZH(%)

e A
S |[I/S| It |Kao| C |C/S| I/S | C/S
D246758 | BT102-X32 | — |36 | — |45 |19 | — | 25 —

L S—Z A I/ S—R/FR)Z  — A Kao— = I8 17 5
C—4e A ;C/S—8/ FHRIZ .

3.4 ®mIEHLIW

h T WS B TR B AR A SR
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FEMIEAT TR I A, B AR, BT
W B RRAS (5 7 - S 10 2. 949% , 45 R 1] 52 55 1A
S EED(£S),

® 5 ZEAEKMBRH L ZHIXGEREK
Table 5 Results of rare earth leaching tests for the ores

from Shuizhu area, Yongshan, Yunnan

. i BT LB | SREO/TREO
FE g = I 6
TREO(x107®) | SREO(x107°) (%)
BT102-ZH1 1890 55.6 2.94
» N
4 e

R IZH XS £ 0 R RAPR S 2 Z A LU
JUFANIR. O 5 @A 555 L& s YA G,
F B AR AN S S TR RS )
*Héﬂ}ﬁ(z}lao Lixin et al. , 2017) ;@ TE B A R
AT LZRERIG R 3, & WA (29 20% )
P A (5545, 2018 5 U 5E,2021b) ;B Bl
AR R A A B B AR T B A S Y
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Fig. 4 Backscattered electron images (a, c¢) and energy
dispersive spectroscopy (EDS) spectra (b, d) of monazite
from sample BT102-SD32
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Study on theoccurrence state of rare earth elements at the bottom of
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Objectives: This study intends to investigate the occurrence states of rare earth elements ( REEs) in the
paleo-terrigenous sedimentary rare earth deposits at the bottom of the Xuanwei Formation in the Shuizhu area,
northeastern Yunnan, within the contiguous region of Sichuan, Yunnan and Guizhou. The research is expected to
provide crucial clues and a scientific basis for mineral exploration and comprehensive resource utilization of the
same type of sedimentary rare earth deposits in the study area and across China.

Methods: In this paper, a variety of rock and mineral testing techniques including basic chemical analysis,
X-ray diffraction ( XRD ) analysis, scanning electron microscopy ( SEM ) analysis, and rare earth leaching
experiments were employed to conduct an in-depth mineralogical study on the paleo-continental sedimentary rare
earth deposits in the Lianfeng area of Yongshan County, Zhaotong City, Yunnan Province.

Results: The analysis results show that the average grade of total rare earth oxides (TREO) ranges from O.
12% to 0.21%, with the maximum content of a single sample reaching 0. 23%. The ratio of light rare earths to
heavy rare earths is between 1. 55 and 2. 88, indicating a light-rare-earth-dominated characteristic, where light rare
earths account for 61% ~73% of the total rare earth content. Mineralogically, the ore is dominated by clay minerals
with a total content of approximately 75% , among which kaolinite is the predominant component (45%) , followed
by montmorillonite (36% ) and chlorite (19% ). The contents of other minerals are trace, and independent rare
earth minerals are exiremely scarce. Leaching tests and measurements reveal that the ion-adsorbed phase accounts
for only 0. 94% - 3. 86% of the total rare earths, suggesting a relatively low content of ion-exchangeable rare

earths. The results indicate that the rare earth elements in the samples are likely to occur as rare-earth-enriched
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nanomineral particles hosted within clay minerals such as kaolinite.

Keywords: Permian Xuanwei Formation; sedimentary rare earth ore; occurrence state; Yongshan, Zhaotong,
Yunnan
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