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targets of HREE-enriched deposits. A total of 9 REE-enriched geochemical provinces were delineated throughout

China by Mapping Chemical Earth Program-China Geochemical Baselines project. The targets with 3.5 of

LREE/HREE, similar to the ion-adsorption HREE-enriched deposits discovered in Huanan, located in Honghe,

Yunnan province, southwestern China, were selected for follow-up geochemical surveys at scales of 1:250 000

and 1:50 000. A giant ion-adsorbed REE deposit with an ore reserve of 946 million tones and TRE,Oj; reserve of

approximately 1.0 million tones at an average REE grade of 0.14% has been discovered by a drilling program at

Maandi, Honghe. The ore bodies hosted in regolith range in depth from 2 m to 13 m, which developed from the

parent rocks of Indosinian and Yanshanian granites and Proterozoic gneiss and leptynite, and are distributed at

gentle slope areas. This is the first discovery of ion-adsorption REE deposits containing LREE (La, Ce, Pr and Nd)
and HREE (Gd, Tb, Dy and Y) with both economic and scientific value in south Yunan, China. This finding shows

that global-, regional- to local-scale geochemical surveys by using wide-spaced, low-density and high-density

sampling to provide high-quality data of 16 rare earth elements is a cost-effective method to delineate targets for

regolith-hosted ion-adsorption HREE deposits.

Key words: ion-adsorption deposit; HREE; geochemical survey; Mapping Chemical Earth; discovery; Maandi;

Honghe of Yunnan
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Fig.1 Geochemical provinces of super-enriched REEs in China and location of new finding of HREE-enriched deposits at
the study area of Honghe, Yunnan, China
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Fig.2 REE geochemical map with anomalies delineated by 1:250 000 geochemical survey at Honghe, Yunnan
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Table 1 Statistical parameters of REE geochemical anomalies delineated by 1:250 000 geochemical survey at Honghe, Yunnan
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Fig. 5 Geochemical survey for ion-adsorption REE hosted in regolith profile
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Fig. 8 Regolith with REE contents of total digest (TRE,O3) and leaching ion-absorbed REE (SRE;O;) of Maandi Core

GNZ04 (red dash line showing cut-off grade)



S5 U

FEFORAE 7P ELI] R R M L ™ 4 e B R R L 515

*2 BRHSEARNUTNESY I EE
Table 2 Work quantity of natural and drilling regolith profiles
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Table 3 Estimated reserves of undiscovered deposits

IKE AL {45 o , e BWHtA HEHER
TE g g TR il SRR VIR BRI g 6T
kR DUTE km o TR it (TR,04/%) e WivEEREL T R
RN /m TR/t it
JIRER RN 12 582  13.12 16216 0.12% 52% 190810 161338 29 472
2 Bk 2.55 9.38 4786 0.15% 34% 70 795 62 501 8 294
KIR=2 N 1.34 6.83 1836 0.11% 41% 20 905 17 638 3267
DR 4 55K 5.12 9.68 9918 0.11% 53% 107 601 83 585 24017 WBTE
W ba 5 25k 14 3.64  10.48 7 634 0.21% 41% 160 194 148 486 11708 AR
6 SH Ak 12 5.89 6.25 7358 0.12% 45% 85 885 67 788 18 097
OER . .
P 62 24.36 9.29 47748 0.14% 44% 636190 541336 94 855
KIE I
N K 7 1.84 7.48 2753 0.15% 40% 41165 36 716 4 449
iR LB
bikd B 22 25.51 8.65 44131 0.07% 39% 327212 289421 37 791 i
ﬁ?j:ﬁ iy . . . (] (] j(ﬂ
Bt 91 94 630 1004567 867472 137 095

e gl A CF B 7= H i A& BLYE (DZ/T 0204—2002) ) #5 F W BE 985 -0 30 A & 07 B8 £ i B s 0 (B 8 b )
0.05%~0.1%, Tl 5 f7: 0.08%~0.15%; TEH# L0 i i A (i £ A A): 0.03%~0.05%, Tk &hi: 0.06%~0.1%; KEIFE 4 9% Ik & :
KF 10 Jrmi, B 1~10 JimE, /NEL < 1 J5 I,
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WA AR AL A Wb X, R IS AR e
T TR Y = VAR DX I vh— R NN AR R B T 21
TR B A (R LA, 2017; BESCEE, 2019;
AN, 2019; BEFESE, 2020; BHIRZASE, 2021),
HEB AR 10 Ry FE o AR AE T g o VA DXk 3
WA EM LB TR L, MBI, Eik
X [ s . EEAR L AR A A B0 3 I R
i LA R Y, A B AEYER
FIHLIE HUAR 1 5C 3R, BN £ T2 10 07 S5 80 A FF
T8

WF5E XA TR . 3% 7 o Pl pg 4 5
HERE I 1L ST AL, 2 B RE 5 T K it il 43 =47
B N o R AR PR P LS B S RO
B R - P % o AR O I R L (% 1 TR AR
2008), ANt AR = KMHELE PP 0, AR —
LA 04 P B A K R B R AR KU A DG R
T T B 1 B R 0 IR (AR TR A, 2019), A
TR B AT PRI B AN A B S 3 A e L BT AE <
o, AT ALK TR RS AR . R 5 AR
T A R B Bl 1 B R B T T O A
(CBECEE, 2019), {HIZ X U™ 4 5 75 54 A s £
A RRE— R

H 4 H AT AR5 T A B ) 2 & A
W ARLE XA JZ PR A A 3 Rl (1)) i sk
i, BifG Lo REPHeXLZ2E %, 75 LEHE
JEREE ) NI A B KRR S A (D)
FAEWR)Z R, BIARS 1 a7 WAL 2 o b e BIR
TRz (DR Z S IR)Z L, B LT R AR
AT P ) e A R B R A R . =R A
B S HIE S . MR R | RN . AR
FH o OB BEE SRR R A RR i — 2 Y

FEARB L WA BOHHEIL T 810 B A+~
H T 2R AR IR A R RO BOR K 2R ORI HE DLk 3
HMERL, ST A L DX AR A -
BRALAE A B A R R, AN T iR L
X T AR A AR A . kR T 2 RE
HiBR Ak A B 2 B R LR AR R, W12 O X
I 35 DX 38040 X3 R S I A R Ak 2 S
HARZRY,

TR 20 tHad 70 AR BT IR 19 3 F K R U
Pron iy XOREE 4 R S e RE ©
SR K E T EEAEF(Wang et al., 2016), {HiF
SR = RE S BRI, AT 39 ANICR AL
LA L0 R (W24, 1978), Fn b X3 % 11
FEAEIE AN S 8 I LR e 5, 2T 7k
AU RAE 7 1, o4 e - 5% (5
B R T IR L0 o ER Ak 27 B 2 B F R B 5T,

HEF 10K 5 T RALTE B2 8k d0bL 92 )
W BT R R R, T T DAARARR 285 5 1 4 o] R e 2 i
W PR AE ik L 1:25 JT R 105 5ROk R IT
FRRAE T . H SRR 52 Fl TSR AR Bl R A 57
WA EREMR L TR EREE SR,
TR T # -  shERkfb = i A e B R R

fe g U iR e o S I e 8 e R N S e
MEUA R IR 58 02, DR I A% 4 1) b 3% - 1 0 o
D7 VRN S A E e LB AU B R DRI
S vl T AR 18] 2 (1) T sl i B B A R i, T
SEHAUE, A DUPRGHE R B e R

S A A DUBRIEFE AT ICP-MS s #TH R, 52
BXFHR 16 ADFE L ITR WS AT, S Hr A
FRATLAGAE] 0.1 pg/go [HIEH A FHEF 4R 307 53 A bR
BE AT DA A5 PR H 1) 25 0 B R -, A SR g
F = ARG HT B R AT LUK B I i 1 2%

ZuR X il 84 MXALFEEITH A 29 4L
M, A 70 DA 28 DNEEFLIR R A AL, W)
AR E R RIS TR R | R ZER B YIS AE K rh A
WO A AR T, A E S E
fi 1+ B+ W B A W 1 & (HREE-enriched
ion-adsorption deposit) iR, MAH FHER 5 T
W K} %% - (HREE ion-adsorption deposit)iX — 4
&, BHO HETER 08 8 R RA gl R,
BEAS B - TR b A PN I A Tk — 20 )
. WA ER L TEY A 9.46 10, FR 1 AAk
YIBAEGEIR 2 100 T3 32K [ 15 U 7E T g L IX.
RIS TR B W B PR A 2 R R A 1
O R Sy e UGN 7 I T N/ /=5 i o 1 PN
BB RRMmBOTEG@RE. B K. 8. B, 0
IR R, ALLEN S BIFR, HAEREFME,
Fealerh . #o. 2L, a0, BB E R R H 3R
TR B O R, X v ARk R ] B 2 A R K Y
TR DA “RRIBUET A “BRHRDT T REAM B KR,
HAE LS E
42 #ig

TR U T AR ARC 2 B . IR B L3
W ERA I EHOR, AR E i E ek
i, 7E g A R KA B 0 N R L R R
X, BAHEKRETOIEMESEEE S, VIR T
T2 RE R A BOR R, AN T 87
IR A s R 2 B ROR S H . X — KB T
IR R X & F A 1 0 B W R o A
Ko T 40 2 8 LR DR - 1 A A R A EE R
B, N i IR E R AR T
EHMEF , X — A HAXTHE LR 3 55



518 Moo BR

EE ¢ S+ =%

AT T 15 I MBS IREGUE TAE, I T —22
HAFNVEA BHR TAE, REA TR

B ZARRRAAETRRAAEHRFAERE
“UF AR5 EE RN (%5 DD20190451).
REEMELRE “FiHEMRNFIHEHER (%
5 : 2016 YFC0600600)F & [ L+ %t IR 3 47 Ak & 30
B “aE®fAFEELREFN (%5 Sino-
probe-04)5 X #FH T, MmE 10 HFOHMERE L
HHSWAR, FET BARTRI. AHEI. FE
WRBAEBGRD X LA 30 HASMT FIh
R RRESAMRAER ST T, RSP R
WRAZIRE K RFARTZALHRT R S —
IHRBOEFENL. A—H AL TRE L
A Fa A KT S R

Acknowledgements:

This study was supported by China Geological
Survey (No. DD20190451), National Key Research and
Development Program of China (No.
2016YFC0600600), and SinoProbe (No. Sinoprobe-04).

S5 3M:

BREE), E5ar, RER. 2015 HE B X886 5
AM]. dbaT: HJSE S R At: 344-368.

Wk, XI5 M. 2019, KALTE BRI RR +07 IF & 0 AR AR
BT, ER R, 37(2): 129-140.

W, ZEEHR. 2009. SinoProbe—Ff IR FRAR I SLBG[]. Hi %
247, 83(7): 895-909

R, MU, R, 2AEMG, BITE&E, FIRGE, RaE,
AR, 2N, AR, 2008, 1174 B -1 B B R Ak
Fi £ OCE A 0T IR M PR S XS R (1], AR
HiJT, 27(2): 145-176.

@A FRE, TERK, X, #01E, ¥ b, 2018, FEH+
0 IR BT Hh T R A S IR T 43T [D]. MbSE R, 25(3):
95-106.

BaAe, KT, BRI, XUREE, 8, B8, FKE. 2019
= P R IR T R AR L T R bR AL 2 RRE )]

IR, 39(4): 474-483.

GEFE, EHL, FRME, B2, B, REE, KR, i
2020. = B T W BFF R RS b 0 BT LA (0], MR 2 4R,
94(1): 179-191.

B, wIGL, WiEE, Rt e, S, XU, A
T, WAL, VR, 2RE, BEBIAR. 2019. 21 ALk H
P G 5 4 Ji 1 7= 3R B A 5 08 5B i R 9], TR Hb R,
38(5): 935-969.

BIVR S, JHAL, G, 28, BAE, B, ¥, XiE
72021, mEAAR L AVRAE . BT R S R[],
[# # + 2% # , https:/kns.cnki.net/kcms/detail/11.2365.TG.
20210820.1413.022.html.

EEL, BE, Th, &7, S, RS, XUIA, Mg,
2013. T BRSO R + BEUR B S | A7 AR DR A SR BT
T[] ET MK, 32(5): 796-802.

FEARLL. 2019, KB TPFREE S, BORNEE . SR
Wk R . A7 R R K 3 BT ) [J]. MR 2R, 93(6):
1189-1209.

TR, W, SRR, B, 2011 ISR IC R ELAR
HERRIE[]. HhIk2E4R, 32(S1): 65-83.

FEok, I, B, T, KO, 20, XA, R
%, RE, mHIY. 20200 PEF A OCE MERLE T R ST
X AREE[I]. BRI, 41(6): 747-758.

EEOR, FE, BREE, R, B, K, oA,
Hi, XIDOH, X8, #h%F, M. 2016, 2 EMER{L
ST UE ST S R A B A R AR (7], o I SR
43(5): 1469-1480.

TRk, 2012, ERMBERILASEE: TR, TSRRD]. H
TS, 19(3): 7-18.

W, 1978, XIBALER 4 EEE AL (1], WALIRIE S T, 3:
28-36.

#OAME, E89. 2001, o E N AT ORI ES SAE)]. 5T
PRI, (04): 347-354.

WOOE, FEMNE, R, FEM, B, B, B2, T
. 2012, P EFG LT RAT A M. dbat: BT A
1-116.

KE, B4, T 2012 S S ICREE ST KA TR
IR RG], HFATZR, 19(3): 33-42.

J2ER, A, ERW, ZRE, XM, 2020, XLFETIH
T AT R B AR A E ST R R R D], Bl i,
65(33): 3809-3824.

References:

CHAU N D, JADWIGA P, ADAM P, VAN HAO D, PHON L K,
PAWEL J. 2017. General characteristics of rare earth and ra-
dioactive elements in Dong Pao deposit, Lai Chau, Vietnam[J].
Vietnam Journal of Earth Sciences, 39(1): 14-26.

CHEN Yu-chuan, WANG Deng-hong, XU Zhi-gang. 2015. Impor-
tant mineral resources and regional metallogenic regularity in
China[M]. Beijing: Geological Publishing House: 344-368(in
Chinese).

CHI Ru-an, LIU Xue-mei. 2019. Prospect and development of
weathered crust elution-deposited rare earth ore[J]. Journal of
the Chinese Society of Rare Earths, 37(2): 129-140(in Chi-
nese with English abstract).

DONG Shu-wen, LI Ting-dong. 2009. SinoProbe: the Exploration of
the Deep Interior Beneath the Chinese Continent[J]. Acta Ge-
ologica Sinica, 83(7): 895-909(in Chinese with English abstract).

European Commission. 2014. Report on critical raw materials for the
EU: Report of the Ad hoc Working Group on Defning Critical
Raw Materials[R]. Brussels: European Commission: 41.

HOU Zeng-qian, TIAN Shi-hong, XIE Yu-ling, YUAN Zhong-xin,
YANG Zhu-sen, YIN Shu-ping, FEI Hong-cai, ZOU Tian-ren,
LI Xiao-yu, YANG Zhi-ming. 2008. Mianning-Dechang Hi-
malayan REE belt associated with carbonatite-alkalic complex
in eastern Indo-Asian collision zone, southwest China: Geo-
logical characteristics of REE deposits and a possible metal-

logenic model[J]. Mineral Deposits, 27(2): 145-176(in Chi-



S5 U

FEFORAE 7P ELI] R R M L ™ 4 e B R R L 519

nese with English abstract).

LI Tong-fei, XIA Qing-lin, WANG Xin-qing, LIU Yue, CHANG
Li-heng, LENG Shuai. 2018. Metallogenic geological charac-
teristics and mineral resource potential of rare earth element
resources in China[J]. Earth Science Frontiers, 25(3):
95-106(in Chinese with English abstract).

LI Yu-hua, ZHANG Zi-jun, LONG Qing-bing, LIU Feng-xiang, LI
Ming-xiao, WANG Min, ZHOU Jia-xi. 2019. Trace elements and
REE geochemical characteristics of the Puxiong Nb-REE deposit
in Jianshui City, Yunnan Province, China[J]. Acta Mineralogica
Sinica, 39(4): 474-483(in Chinese with English abstract).

LU Lei, WANG Deng-hong, WANG Cheng-hui, ZHAO Zhi, FENG
Wen-jie, XU Xiao-chun, CHEN Chen, ZHONG Hai-ren. 2020.
The metallogenic regularity of ion-adsorption type REE de-
posit in Yunnan Province[J]. Acta Geologica Sinica, 94(1):
179-191(in Chinese with English abstract).

MAO Jing-wen, YUAN Shun-da, XIE Gui-qing, SONG Shi-wei,
ZHOU Qi, GAO Yong-bao, LIU Xiang, FU Xiao-fang, CAO
Jing, ZENG Zai-lin, LI Tong-guo, FAN Xi-yin. 2019. New
advances on metallogenic studies and exploration on critical
minerals of China in 21st century[J]. Mineral Deposits, 38(5):
935-969(in Chinese with English abstract).

MING Tian-xue, TANG Zhong, BAO Cong-fa, LI Rong, ZHAN
Dong-qin, YANG Qing-biao, HAO Xue-feng, YU Hai-jun.
2021. Prospect, research progress and distribution character-
istics of rare earth minerals in Yunnan Province[J]. Journal of
the Chinese Society of Rare Earths, https:/kns.cnki.net/
kems/detail/11.2365.TG.20210820.1413.022.html(in Chinese
with English abstract).

SCHULZ K J, DEYOUNG J H, SEAL R R, BRADLEY D C. 2017.

Critical mineral resources of the United States—Economic

and environmental geology and prospects for future supply[R].

Reston: U.S. Geological Survey.
WANG Deng-hong, ZHAO Zhi, YU Yang, ZHAO Ting, LI
Jian-kang, DAI Jing-jing, LIU Xin-xing, HE Han-han. 2013.

Progress, problems and research orientation of ion-adsorption

type rare earth resources[J]. Rock and Mineral Analysis, 32(5):

796-802(in Chinese with English abstract).

WANG Deng-hong. 2019. Study on critical mineral resources:
significance of research, determination of types, attributes of
resources, progress of prospecting, problems of utilization,
and direction of exploitation[J]. Acta Geologica Sinica, 93(6):
1189-1209(in Chinese with English abstract).

WANG Xue-qiu, XIE Xue-jin, ZHANG Ben-ren, HOU Qing-ye.
2011. Geochemical probe into China’s continental crust[J].
Acta Geoscientica Sinica, 32(S1): 65-83(in Chinese with
English abstract).

WANG Xue-qiu, ZHANG Bi-min, LIN Xin, XU Shan-fa, YAO
Wen-sheng, YE Rong. 2016. Geochemical challenges of di-

verse regolith-covered terrains for mineral exploration in

China[J]. Ore Geology Reviews, 73: 417-431.

WANG Xue-qiu, ZHANG Bi-min, NIE Lan-shi, WANG Wei,
ZHOU Jian, XU Shan-fa, CHI Qin-hua, LIU Dong-sheng, LIU
Han-liang, HAN Zhi-xuan, LIU Qing-qing, MI Tian, ZHANG
Bao-yun, WU Hui, LI Rui-hong, HU Qing-hai, YAN Tao-tao,
GAO Yan-fang. 2020. Mapping Chemical Earth Program:
Progress and challenge[J]. Journal of Geochemical Explration,
217: 106578.

WANG Xue-qiu, ZHOU Jian, CHI Qing-hua, WANG Wei, ZHANG
Bi-min, NIE Lan-shi, LIU Dong-sheng, XU Shan-fa, WU Hui,
GAO Yan-fang. 2020. Geochemical background and distribu-
tion of rare earth elements in China: Implications for potential
prospects[J]. Acta Geoscientica Sinica, 41(6): 747-758(in
Chinese with English abstract).

WANG Xue-qiu, ZHOU Jian, XU Shan-fa, CHI Qing-hua, NIE
Lan-shi, ZHANG Bi-min, YAO Wen-sheng, WANG Wei, LIU
Han-liang, LIU Dong-sheng, HAN Zhi-xuan, LIU Qing-qing.
2016. China soil geochemical baselines networks: Data char-
acteristics[J]. Geology in China, 43(5): 1469-1480(in Chinese
with English abstract).

WANG Xue-qiu. 2012. Global geochemical baselines: Under-
standing the past and predicting the future[J]. Earth Science
Frontiers, 19(3): 7-18(in Chinese with English abstract).

WANG Xue-qiu. 2015. China geochemical baselines: Sampling
methodology[J]. Journal of Geochemical Exploration, 148:
25-39.

XIE Xue-jin. 1978. Regional Geochemistry-National Reconnais-
sance Project[J]. Bullentin of Geophysical and Geochemical
Exploration, 3: 28-36(in Chinese).

XIE Yu-ling, HOU Zeng-qian, GOLDFARB R J, GUO Xiang,
WANG Lei. 2016. Rare earth element deposits in China[J].
Reviews in Economic Geology, 18: 115-136.

YUAN Zhong-xin, BAI Ge. 2001. Temporal and spatial distribu-
tion of endogenic rare and rare earth mineral deposits of
China[J]. Mineral deposits, (04): 347-354(in Chinese with
English abstract).

YUAN Zhong-xin, LI Jian-kang, WANG Deng-hong, ZHENG
Guo-dong, LOU De-bo, CHEN Zheng-hui, ZHAO Zhi, YU
Yang. 2012. Metallogenic regularity of rare earth deposits in
China[M]. Bejing: Geological Publishing House: 1-116(in
Chinese).

ZHANG Qin, BAI Jin-feng, WANG Ye. 2012. Analytical scheme
and quality monitoring system for China geochemical base-
lines[J]. Earth Science Frontiers, 19(3): 33-42(in Chinese with
English abstract).

ZHOU Mei-Fu, LIM Y H, WANG Zhen-chao, LI Xiao-Chun, LIU
Jia-cheng. 2020. The genesis of regolith-hosted rare earth
element and scandium deposits: Current understanding and
outlook to future prospecting[J]. Chinese Science Bulletin,

65(33): 3809-3824(in Chinese with English abstract).



