+ 184 - Multipurpose Utilization of Mineral Resources

W EEaNA

Mg Ky T AN i b 1 3L o B I B B %5 0 PR 1
M IR AR PE
EHT O, BXE Y, KWE, Kk, AxE v

(. hEHRNFRT ~EAFRMR, M R 610041; 2. hEMFAERR
TEERR ARG L, PN RLE 610041)

THEE: DLAERE AR YT R ) b (K e XA 52 25 T W B B - ORI St B, o EL I A A
HILIX B R B TR L PR A 4 RAL E H BR A SRR AE AT REE IRAEIR S k. B RS S A B m B Kt
B, SR AR (&) BB WERG. WE0. BKO. MEAMERMST ST, 5T RS TR
P R A2 EA R . XS LR R B, PR T PR B T LB B L W E . WG R KBRS TR
GAEWHEHAR, SEHMT KBEEERKNER. KTV XRIREEER, CIA F83805IE 92.07%, XA
REAIE KT XAEAE S 245 0 i RN, BRI R 5 R E ST RIS 4 Sk 0 W S A
MR AR s BRI X KALFE EBUE, (AL iREE &R (R ARA7 JE B 205K, 3 ml i A2 HL i 3 41 S A )
T iREE (R 17 ——Zidb b X b 5245 F A 32 0 0l th v BB 58 B0 T A, BT B AZAE 3 & B SR 5512 0 ae &
[FIB%. iLREE #JKIZ H 5 B iREE A SRR 32 —Fh & REE BIK, MRS e A LM, ML
SR AERE, BNEHE S AR iREE B # LRI T2 RS, LIS 7R L SR
FREFI S G 1 — AN B E 7 ]

KBEIA): TERA RS, BT TR 1 RAPIRAS; 2 BRI

doi:10.12476/kczhly.202302200064
TEAFFERS: A XEHRS: 1000-6532 (2025) 04-0184—14

RESES: TDISS

2025 4

SIFME: UM, BESCR, SKITA, 55, Hepg VT A 1032 $L e 5 0 B 2R A A R s IR A RS B 0], 7

FREEE I, 2025, 46(4): 184-197.

LI Xiaoyu, XIONG Wenliang, ZHANG Lijun, et al. Comparative study on REE occurrence mode in ion-

adsorption type REE deposits from changting, fujian, and northern myanmar[J]. Multipurpose Utilization of

Mineral Resources, 2025, 46(4): 184-197.

M LoCE A 21 A B B AR RS TR, 17 P
RS NE. b BN, HPRAE LA
B, Bl BRL G PR EEAEE. 6. . B
i, HRWAEW LR, KT HIT#H LT
(REE) , JoHAEHEMLT (HREE) MFERESH
ELBG U, T 5 R B 2R b S B i R R
P, R T A K X T Gdy Tb.
Dy &, HEMG L JLPaMMFER, Fiimdg Ak
LA P2 51 A e gt PR U0 o [ - AE I A A

Wi HE: 2023-02-20

FEa SR, RILCILRBE” MBER R, BT
BE A% 0 (faI K IREE) = 273 Afi £ HE m X,
Je b [ B R AR AT . (HIE AR i T
M R AEARIR, AN BT OO o E R
BT EEAN TS, H AT AR EE T 2 1
B AR R

CAAEBFFU A DL, [ B X 32 0 A1
B A A8 B KA 1 XA 58 R A T PR,
BRI PR REE £ 2 DA 1 25 IR M 7E UL 7e o

EL£WE: BEZEELPIAKITER] (2021YFC2902201) 5 H [E# A E R KA H (DD20221809) ;5 P4)I|
b S TR R BB (20222YD0126) 5 PY)IE HARRI RS H (23NSFSC0495)
fEERE N 20 (1981-) , &, IEmGLAEN, THEMNETWE. 50%. TREVR.


https://doi.org/

54 W
2025 4£ 8 A

FHRE: LhRiTREILEIL RS TFRMAS LT RGH LKA KRS ‘185

M. RIEASEFH LT IMastE, Bx
BEL KA B = BERI R S5 BT, dmAE ok,
bR 7 EERIHLX (LPuErg . XL , 18
RE AW L IRE e . TR R
TWrL S A T E B AR R, JUH R
AP — i ——FR O R AP iREE WK 4b,
NAHGERIL T 2/~ iREE § IR AR 5010 55 8001k
,41_%[1 0,29-40] .

AR R TE X 5 X A 72 28 iREE B PR 78 2 A
FEREPIEN IR ERA S A J7 10, R 52
IS LAY W LR R R YR AR
4> AT R WAR D98 Je o 3 RO 98 CAESE, 18
iREE B IR # Looe /4 B A 2 R gk Rt —HF"
PR REE W AR 7E AN [5) (00 B g s ik 7% o A=
TR AR ACE IR R B B B s AR
W RS R I E T AEM . BT REE /IR 3
ERAEENMLES (BEDEEREHE
H) o, A XALEF B REE IAFIRES, A
T-#& B iREE & i 2 4 1 REE I AFR A2 A0 1
B, FFHMSIF Y. M T RBRFE R
VIR AFIRAS 75 B0 R ——H A ) 5 M o e e
TEANTE R R T2 A AN B A B B A
REE — [Ai2 t, 1172 i/ B AE AT IR o B 9 URE (1)
“iREE BH#™” .

W 0 b B 9T 4R g VT R 4 b B b A X
iREE A" R 1 ()86 L0 05 fi . 2RO & A8 A,
B 7E 25 B 9 XA 5E R 1) REE IR AR IR S R0 o A
M, EEHPEAE. BRSE. WEE R, K
R B 55 2 A X REE AP RS 2 Bl =R, I
HF 50 I RN Rl I #2 HP REE A7 R A ATEC 70 2%
b, T B Z AR IR TR 22 % O KR “IREE 2
W BRSO ZE AR L

1 k=

A VT AL T [ VG F P 2 IR i — i R
KBRS, SRR 2 bR M, Fik
s g B4R M AL, IR 350~400 m, &2
AN, FEREAE D, JE B R R B S, TR R
ZW, HEFLE: H B85 v A ARG 5
R R, PR R a R A, WA
(B BAUER, FREEfHERRAER L, EB>~
THRE RPN AZEN, DR T 5
WARERE A Z S, 0 R — &2 2~8 m.

£ ) A S A XA T B B AR B 5 RROTE AR B 2
(B, KM A7 B JE B A AR B AL, i
% 1000 m, JEMER MR LHEX, H)F WA
FRAERA, R e AP ARE R LK
A, AR A 52 DX E A I A R 4 ),
JEHR-EE R A ATk J2) EE~ T4
KA WA FEH R RAEN, AR E RIS
PR Z A BT E, KRR K 25~50 m.
2 HEBRERAM K

AU S o )R B i) 5 R AR 2 KT
iREE i R & NRALJZE N, RAS T EURE, REZ
(RE S B R B, AR 22-2 mm 45 73 il 4 45 X
WELERE

e A AL RE R I & Tl i Lo &R
A3 AT I LE A [ 5 R 2 B A 25 R AT AR
SEIG IR O sE R, B T R IR T R K R
F X R (XRF), 0 e 2k & A B b 4 ok
TSRS R A £ oo 2K R % 9 X-Series
BB & S B TR TS A, TR ZEADNT 5%,
X A5t o3 iR A X ST (Ultima IV). {6
R 7 G K s A 1 E R R RE S 43 AT ER
3% 5 B 7 S % Tecnai G2 F20 S-TWIN Jlj 5, i
T YR B A RE U 4 TR H sigma 300 3k
5F H185 A1 Quantax 200 Xflash 6 | 60 AEREAY, i
FAFIEE R 10 kV B 20 kV, UK HLIA 20 nN,
HFREAN S um, BEEKN R VFiRZE: TRE
E>20% B, AR 2 <5%; 3%~20% i, FHXT
RES10%; 1%~3% B, MHXRES20%; 0.5%~
1% B, MXHRZE<30%; 0.1%~0.5% K, FHXTiR
#<50%.

3 # K

3.1 TEREENKETRMBLE

FE AT A8 5 A KA JZE Bl BEE AR AR
ML F R A BERE, AR (8 MLl
VIEE NI A . BT A B R R R
BIAAE, BLE A EEIRA T A XIE R A R
o, IR A TR AR E R AL E T, R T
BT MR

CIA fa 30 (2B Fa 40 2 H Wik 5 XAk
R FER, HAFN CIA={(AL,0,)/[(AL,O;)+



+ 186 - W EsRE

HIH 2025 4

(Ca0*)+(Na,0)+(K,0)]} x 100(F 1 CaO*{\ Ay fif: 1R
FHHH) Ca0)

x1 2RUBRGEHEERZENBLARZINER

P AL e 4 WAL R 2R B AR BT R LR )
Pré R I 1.

B g/t

Table 1  Analysis results of major elements and rare earth elements in comprehensive samples of completely weathered layer

X Na,O* ALO;* CaO* K,O0* MgO* FeO* MnO* Sio,* P,04*
FRERTT 0.062 15.907 0.014 1.295 0.175 2.642 0.139 70.799 0.014
ik 0.295 18.754 0.026 4.562 0.569 3.474 0.072 62.792 0.078
X La,0, CeO, Pr,O, Nd,O, Sm, 0, Eu,0,4 Gd,0,4 Tb,0O, Dy,0,
FREATT 249.500 75.900 66.450 265.500 52.950 7.085 34.400 5.045 26.050
ik 198.500 62.200 51.800 206.00 41.100 5.545 27.650 3.965 20.700
WX Ho,O, Er,0, Tm,0, Yb,0, Lu,0, Y,0,
fEEKTT 4.665 15.550 2310 15.100 2.200 145.000
ik 4.020 12.350 1.845 12.050 1.790 118.500
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Fig.1 Comparison of XRD analysis results of rare earth
minerals in granite weathering crust between the two places
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Fig.2 Normalized REE chondrite distribution pattern of
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Myanmar®”!
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Table 2 Distribution characteristics of rare earth elements of rare earth independent minerals in Changting iREE

T4 44 F E=3'% 2N HIRYREO/%  SKMIYREO*/% LREE/%  HREE/% W & E/%
Bt (Fid) Hik

21 539~74;
BB F Monazite-(Ce)  (Ce,La,Nd,Th)[PO,] g %i kL4 37.8~5525 45~5429 0~0.96 0.03

BT U H0~5
WEM J5%i45 Cerianite- (Ce) (Ce,Th)O, 100.00 86.43~86.75 86.43~86.75  0.00 0.005
BEAZH™ Xenotime- (Y) YPO, 61.40 50.96 2137 2959 R
WA+ YK I 16.93~45.94 1520~44.72 122~1.73  0.02
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Fig.3 SEM of the morphological characteristics of rare earth
independent minerals in iREE orebody of Changting granite
weathering crust
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Fig.4 SEM of other mineral particle surfaces, particle fissures
or nano-sized fine-grained minerals commonly attached
between particles in iREE orebody of Changting granite
weathering crust
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Table 3 Distribution characteristics of rare earth elements in Changting rare earth mine, Fujian

LR VEAS b2 By 3 SEWYREO*% W& EY

A1 ¥EQuartz Si0, 0~0.03 54.04

K- A7 k-feldspar KAISi;Oq 0.06~0.08 7.80

#H& A Plagioclase (Na,Ca)[AL,Si,0] 0~0.01 0.04

= 7R} Biotite K(Mg,Fe),(Al,Fe)Si,0,,(OH.F), 0~0.18 5.46

#5f Zircon Z1Si0, 0~4.03 0.01

LR [ SAFE AT Y &40 (FEi&40°A) Rutile TiO, 2.98~3.26 0.18
B ADR G T e (& () BRI i 0.02~2.81

P WIS 1 2 T " llmenite FeTiO; (Y,0y: 0~0.08) 0.32
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RN Hematite Fe,0, (Y,05: 0~0.11) 0.49
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Table 4 Distribution characteristics of rare earth elements in Myanmar rare earth mine

Y B2 Ao 3 FILYREO/%  SMIYREO*/% LREE/% HREE/%H VI &/%
Bt @D A
. 2 1539~74;
MJE A Monazite-(Ce) (Ce,La,Nd,Th)[PO,] WEL gy 4577298 45.00~7298 0 0.02
A A 50~5
O - - - -
BLEBT  Monazite(Nd. Ce) (Nd,Ce,Sm,Pr,La,Gd,Zr)PO, EHS 36.2~68.95 33.27~68.95 0~2.93 0.0l
B kb2 47 Monazite-(Ce)  (Ce,LaNd,Th)[PO,] [ 43.73 43.73 0 i
Ji#lif7 Cerianite- (Ce) (Ce,Th)O, 100.00 84.50 84.50 0 A
W42 Xenotime- (Y) YPO, 61.40 51.60 19.40 3220  HRAMEE
e e e R L YN G 31.00~45.00 31.00~45.00 0 0.001
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Fig.5 SEM and TEM of the morphological characteristics of
rare earth independent minerals in iREE orebody of granite
weathering crust in northern Myanmar
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Table 5 Distribution characteristics of rare earth elements in rare earth mines in northern Myanmar

R VEAS 12z gy 2 SEMYREO* % W& E/Y%

F¥EQuartz Sio, 0.02~0.07 38.53

B AT k-feldspar KAISi,04 0.05~0.08 25.05

KA Plagioclase (Na,Ca)[AL,Si,0q] 0~0.01 0.10

= B Biotite K(Mg,Fe),(Al,Fe)Si,0,,(OH,F), 0~0.15 5.51

<§§’€Z§gﬁ%> Z18i0, 0~5.64 0.11

LIS G AP AESLALD 0 o210 (A4 204) Rutile Tio, o 30 e 0o
6 R B AR SR 2 0 1 A 23! ‘

R B R R ok SRERE CERE (B0 BkERA) FeTiO 1.32~5.78 0.10

IImenite 3 (Y,05: 0.17~0.63)

TR Hematite Fe,0; 0~0.71 2.00

HERH" Goethite EHERT bR AL S 5 N2Fe,0,4-3H,0 0~0.09 1.08

T %51 Psilomelane 1.01~3.71 0.02

=K% A Gibbsite Al(OH), 0~0.22 0.08

A Thorite ThSiO, 0.26 0.001

S REO* A RERE - s Bl ik 45 .



<190 » I =il

2025 4

DXTEOR G #r s AEAT D IURL R THT « R0DRE £ 28 F2 B
LR 8] 3K 3 P 55 2909 2K 2 ) S AR B ) —— B 5 40
KBRS B0 SRR M E A 4

4 3 #®
41 WHERHE

20 22 80 A AR K, A A i XS R £ Hh
iREE § PRI 5T, &5 & L HbERfb 2 M 50 L %1 4y
N=2%: OBMLEH IR, iLRee (LamEu) Lt
SEM 70% ULy @QFEM WK, iHRee (Gd—
Lu. V) HfEEER70%ULE; @M
K, BREGTESEMIEI. 460 f5RN 5
P S H IR iREE W R IEAT R R0, R
Y5 RLLE 5 R AR OF T 18 K 5 KAL)
BRI AR R GLREE) 5 @FF FAEN S
KAk 52 B S W B B A R A T R R
(& Eu, 1Y, iHREE) ; @ Tk E X 7erh
TR A S EMA K (& Y, iHREE) ;
@ 7= T A8 i A AL 72 (188 W Bt B L 52 4
K (Y, iLRee) ; ®OF*F % ilim KALFEHI T
W B Y ' B M LR (& Eu, iLREE) o

AT PR L BR A6 2 M R &, AR @ KT
REE #% =7 2% 5y, ## 1 &5t LREE (La-Nd)
T8 67.91%, Ti4iidt REE FF42# + 5 H LREE
(La-Nd) “F¥J N 67.51%, F REE A48 5K
TR Z5A IR BEE R, P
iREE B J& T 7= T4 i 2 KA 78 H 188 IR b 1L 4%
Fi LW K GGLREE) .

42 iREE B# 1ER

A5 B £ IR AE 9 — PR AAE R T 17
W, 2B [F) 2R AR S AE F r s, s UL AE
F Rk E A T KSR % . BRI iREE X
W B = — AN 500 m, HOEA T 200~
400 m™*, SR1 E B BT (2017) iAA iREE # 7]
DATE iy 4 X T Bk, 4 A 7E v A 1 B g b 5
TR R 5 5 RAL 58 iREE B R S| 3 52 73X
— 4518,

TE A 52 B A A R 5k HE 3 %) 8 A TE 4
HHLIX , RAE PR O BN £ VR A SR S AR
PRI A . AR KT R A G b X 35 JE
Mo ERAE, RBRRTE, WRRW, AFMTA
ARIRAAE R . fEHLSR 7T, e B X R4l b Hb
X K EZ Hh 76 TF e R A B v~ 0k 4 gz

HIEY, R B AR, B R M R SR, A
FUR KA T R B . XA FE FE 5 o TR Hh 3 ok
REY], HFEHE TR0 H 2R 3T 38 0 Bt 5 20 K
5T R T PR T AT REAF A — N BRME, XK
AT T A R ORI A R A7 D B 22 (1) 42 1l 1
FHM™Y, 3F H Li %P9 R DU T0 50 21 i ) BRAR h
RO INEEA R FE, (HRFS R Z R 1 & T 5L
R E R, AR T AERRAE, SO
12 ok [ B 52 85 5% JE KA R IR T BB AR R A . A8
BRITH R K % 486.6 m, #xf 299.5m, —
% 350~400 m, =N, RS, BRI AEE
EREF, —BKE 5~10m, H&E>20m, —f#K
P, gz tARLSE, mEAKL. M
Jt iREE # K P ¥4 1000 m £ 4, A X & %
500 m, JEMAERMEILRX, ¥ X EEEZ
M. MR, 2 oRIERB LIRSS, @R
W TR AL A, B R EER, LR A
FEIRE RS, LR R EEE, ek AR
FEE M 25~50m, FTLLEH, BEARMREKIT
4 RALJZE CIA F8 50N 92.07%, FL XU AL FE & %5 4
Jb (79.34%) 5, {B46L iREE § {4 () 4547 5 FE 20
K, X 0] g2 H S0 % 5 F A F iREE R
A —— 2 b 1 X B 58 46 T A Hb 2 ) 1okt v B B 4
T BE, NEE R HARAE A B 9R 55 17 Th 28
Bk, AR F— PR,

MHEERAY 22 (0 SR, e KA TR A
TR AEH P R e PRS0 SRS A B pH M7,
AL 5B 0 B RS AIR BF B 714050 AL R T
RS BRI B2 AR Y DL R A AR
FURL B BORL K /NS5 R 3R #2521 REE (1 JXU4L
TR, mEL. RETZHNERSIE N REE 1)
YT, AHIX LT AE AN 2 DLk A8 KUk 5% REE 43
A B A A kAR v, A R R TR 4 0
YE T R SEAT 7k A R L 43 2R BB+ AT DA
SHE H P HJE 5 () REE 43 FR 28 284 40 87 5 XL 52 1)
REE Bt 70 88— 5, &SN “V7 78, JF B A7
7E Ce W A7 %, 1 Lay Prv Nd 0B & A 1E
R, Bu AR AR .

MW= ERE, AT (&) WLl
W (R b Kot AL 5% 7 0 R 10 2 BUARFAE
HEP—Y AR E WA \aa. BEK
A R AF RS (ED W LRI
DU BB A 1) F- 7% & iLRee 24 X4k 7%, iREE (¥ ™



54 W
2025 4£ 8 A

EH@E: £hRITAmILEIRE FRR AR LT RGH LA KRS LK <191 »

ST A KM Be-A K JE HR BT AR 22 AR
B B - R AL B 4R B BXIREE 78 5 AR B R b i )
W HE AT IREE M AT IR ATHE, 7Rk 5T
(P IR B AR U R ) R B AR A R A, i
FHH W REE [ & 2185 525 1 5%~ 50%,
(5 B LRI P05t 4245 REE 0Tk G 28 AR &
(10 s 57 B350 i A AR AL 5 H ) S T B A
REE F ZRJE T A R s (&) i al
U0 g prd, AR AT X 2B R
BRI REBR AR KIERE, Ea X s AR
(&) MRV IEREA. WA A, B
A FBREN MRS, BRAUE A A HAD
JURRH L0 WA X 25 5 Ak, ELAE AL ) i 25 %
KRN Ree™, @litia®. EEMGHE R

IR 1ER, AHX 5 T I iLRee IR
43 FEHTESEENXE D REE MEIRSITEE
i+ G AE iREE & o A7 TR 20T 20 i
VIKE . B TR AR . R AR o HORE A R A 2 AR
BOHT W 7 3 B, iREE A #f £ 70 2 35 2 DL = Rl
TERBAEE (D KL YRS T4H, &t
DI VR B A R R 2 B o A S
EE 5]t pH Bl 2R 1) 4 XUAK 2 R XA 2 1 38 5 s
W, SREBEEIRERINMIER: (2 AR XL
WA LT T, (3) AR HAMT Yt . &
A AU Y R A, W
AT RS T/ AR Y B L0 A LR
W =325, % R UM FE R4, AT 4y 5 Tl
W EIHERE R RIS HE =2 Wk 6.

*6 RURBEFRMERLIT AHITEMFREXIH

Table 6 Classification of rare earth elements occurrence state of ion adsorption rare earth ore in weathered crust
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Multipurpose Utilization of

Comparative Study on REE Occurrence Mode in Ion- adsorption Type
REE Deposits from Changting, Fujian, and Northern Myanmar

LI Xiaoyu'”, XIONG Wenliang'?, ZHANG Lijun'?, CHEN Da'?, ZHU Zhimin'*

(1.Institute of Multipurpose Utilization of Mineral Resources, Chinese Academy of Geology Sciences,
Chengdu, Sichuan 610041, China; 2.Rare Earth Resources Application Technology Innovation Center of
China Geological Survey, Chengdu, Sichuan 610041, China)

Abstract: Taking the samples of granite weathering crust ion adsorption rare earth deposits in Changting
area of Nanling, Fujian and a place in northern Myanmar as the research objects, the geochemical
characteristics, mineral characteristics, composition and content changes of rare earth in iREE deposits in the
two areas are compared. The bedrock of weathering crust in both places is biotite monzogranite. After
comparative analysis, it is found that the iREE deposits in the two places are obviously different in
geographical location, altitude, structural background, weathering degree and other aspects, resulting in great
differences in deposit attributes between the two places. The weathering degree in Changting mining area is
higher, and the CIA index is as high as 92.07%, which may be the main reason for more clay minerals in
Changting mining area, it is also easier to develop colloidal rare earths closely embedded with clay minerals
such as psilomelane and kaolinite than in northern Myanmar; Although the weathering degree of northern
Myanmar mining area is low, the preservation thickness of iREE ore body in northern Myanmar is larger,
which may be that its geomorphic conditions are more conducive to the preservation of iREE - crustal uplift
and surface denudation in northern Myanmar may be closer to the threshold, or there may be a more
reasonable alternating interval of strong and weak erosion; iREE tailings formed after leaching of iLREE
deposit is generally a clay material with low REE and stable chemical properties. From the perspective of
comprehensive utilization, it is an important direction in the future to strengthen the development and
research on the rare earth recovery process of low-grade refractory iREE tailings and realize the sustainable

utilization of ionic rare earth resources.
Keywords: granite weathering crust; ion adsorbable rare earth; occurrence state; comprehensive utilization
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