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it LA 30% F1 59%, Bm Rz E L KUksE R
5 W R PR L A B R A A, %25 L
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Yy A AR TR 2, A e R R O
X, PArp, HifG a0 3, Hrp i 4 J0 R (REEs) £4
DL A (DLE 7 28 40 ik SR B X 3 50 ) A7 7,
ALFE AT A L DA AARAH 07 AH 2
T SRR 1, HA RS 4 | BTG PR
HH T E L 2 R A, SRy KA Ik AR Y
w1 AR, B T A . T B BRI 45
(PR A R, B W B B TR R - e R B IR
AR S ACTE 50 ol R S kA%
WA SN EENEZ —, BRI TR TE
FUEAL S E AR Y EZ IR . 598, FEVFR KL
FC BT W B R 0 R S i R 0 R PEf H
T IC RIS PR, BR T2 XA A
PR 1 J0 R SRS, T B M5 i IR o
TICERR R 5 IR EELBET R RE.
KPR FT AT A PR R A2 . PR, AR I e X
e B 1 W BT B R 4 PR P A LT R A S A AT
TEAS, X FFFEIR K380 07 PRIV AT 254 7 TR Hb
FREIE . 0 BERER A A DL MW e R AE A A
+3gekE | K BE S A Y B b AR Ak M T A i A
AR HAFEERE L,

KRR, STTRER . ke I AESH
ROV O T TR AR IE S NG SRR,
TS BR AR AR AR ME ™ & I #F i oo R B,
PRI I, 38 8 R FH 3% S 00 £ B SR g ST R IE A S
B, E WM TR S W SR UL 2
BB A Fh, 0 1979 4 Tessier 45 70 B
Tessier 1% . BRI A b5 i ) 5 Jm T 1992 4F 2 1 1Y
BCR #: (Bureau Community of Reference) - *' Lk &
Shuman #%: '°! | Gibson #: ") | Miller & ' 4% 3%
Loy ik Z2 R, H N )Tz SR o IS
1Y) BCR DU % 242 ik S ABIE J5 1Y Tessier 20 5%
T SRIGE, B3 L0 iy R
B RLR TR O R T ST O T
B Z . AR, A B IR -9 i oo
15T I E Y O A A OCHGE, (HRSEA R
i 1 JC 3R At N AR s I E , B A =
R PURRIR Ak L s LT AR E TR

i V18200 S T R A T A R AE 2 ML DU RRIR &
4 1 B SRl 960/ B R R S A R, P TR
TR B 155 (337°C), BI A R AE A R 32 5 T
T TS e R, A5 ) T A L S A ek i, ELAR
PO B A 7 (8 T, X T 4% 2ERE R TR e
L FhIRATIE 255 W RF T AR AT 55, 5 DR 7T A 2
T 1 IR WRAFTE S5 5 2, ELIE A S 5
T IEIB AN TG — bk, A AT B 407 7
VR, [ A - TE BT A TR I, — Lt
SCHRAR T8 TR A S P 4 i on R A R 4k
SIS 7122, 5 BN G 2 L L8 | S
PURWIRE . i, A5 SR BCR DU HR IR
X 43 R R LT R TS HEAT T AR
W, FEBRHUSRA EHEAT T X HUIFST, R IML B R
S L B3 I 7R BRI S B i s 21 g
I BCR B BF5Y T A [7) 28 750 i 80 1 9 [ ] 370 4 3¢
HR TR R A i RORAEE S, WL T R R RS
SRARRAE; A 2 SR A A i e B
HNT T R UURRIRE i B 455 TR LT A A
AT, SR T LI B A AR TS
SRARHEAE . AR, B AL LT R T — 2 6 T
LR PR LR RIS i, Fss 1
A Al S AR U BFIE T B VUL IR/ Hb X 0T
BURRG -8 P L e BRI, 455 R, &
LB I ASAFAE, B 1 T0 2 1] AR L 2R S 2R
FETE L0 Wi, AR, X0 2R R T XAk %
R S T EE e O NI (T S (1 RN X 7
JHI Tessier LAEDIRE T 1 4R IXAL 2 B T 751
L0 R iR LI Z IRAEIE A, Jie— B2 WK
A 35 TR T 2R A RAE TV 25 B HL 3 4 0 S it
T SR, (E R % TAE 3% LI BRI B
% KN R 32, A RGN SR BT 7 B RSE
DA SCik T (8 B0 7 i A SRR ), LA/ 17
TR BT R L0 o s L R IRAETE S 4
BrOFSE, R [ D5 TR 4R A 1 T8 R T 25 45 2 15 0
LW, M TCHE G USRI . ST, AL P
T 7 HH X A KA 0 R PR 1 4 e i 5
X4, Fe I RRIR A T AR AE s e R A kS Wi
b7, F I BCR DU Tessier L4543 5
PRECT REG PR T 2 ARV 25 5 i, W Rk
FEXE FURIFSY, D) B 4 45 B TR % (ICP-MS) Wy
o T, 0 T RE S T e A i R R AT TE
AT S A AR B0, LA B T 2 Ak b
X T 2 SR B SR )78 FLARRAE
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1 SEER
L1 U E

X-Series IT 1 B BN A 45 25 IR BT iYL (2 E
ThermoFisher 2 /), i 5 £h 55 fL &%, = 4@ < (Ll
>99.99%),

I TAEAE L 1,

HY-2A B3 2 FPR i (i M8 KA A il i
A RS F]); WB100-6F 7 H $AGE R /K i 4 (E &2 5256
IER A BR AT, HC-3518 RS B0l (b b
FERL2ZAL AR A BR A F]); HN101-0A 7Y B )L 45
A6 (R F R AL R F)); BSA KA1 (TR H
Sartorius 23 )): 5B 0.1mg.
1.2 ARUETEEAN 32 200

15 Fhfi LR IT R ARMERE A I (B A (648
L AR BT U b BFD): La, Ce, Pry Nd. Sm,
Eu, Gd. Tb, Dy, Ho, Er, Tm, Yb, Lu, Y #E¥H
1000pg/mL,

IRAPRUERIK (% 15 F 100 R): s
YRR 250ng/mL, 41N 5% FEIR

KHER IR thiR SRR BE RN 0.4,

2.0, 10.0, 50.0ng/mL P #:#fE R B, Hp s 10
R HIE RV TN 5% IR, TR 8508
RHE RN IA TR 45 A AR

T AE IE % W Ba, Ce. Pr. Nd 850 KA,
WeREE N 1pg/mL, AN 5% TEIR

JF % JH I W Lis Co. In, Ce. UIR B,
BICEWE N Ing/mL, /5N 5% HERL .

AR 20ng/mL ) Rh, Re -G, /)5
K 5% HEIR . NARIEEIRAEDN E Bl AT —Sm eI

SRR HR . =AM thR . BiER . KR
Rl EALEE . TREN . FEEEER N . ShRR N | i
AR, CREH R sy Hral; 58 T K (B =
18MQ-cm).
1.3 FESRIBRHE IR

S5 BT FH ) SEBRAE e SRAR B D R R X

1 HUSRESF B PRI R

() 6 1Ak =) 7 B XA 72 B8 W B PR -4, B ot
S350 W02, W04, 101, L03, L05 & L08, £+
i A I B AR LR 20 K ERAISR AR B AR R T
IR GRS 5 = K, IR T 28 Bk 424 0.074mm
IR

D5 s 16 2 4 T O 07 40 Lo b e )
JFi: GBW07160. GBW07161, GBWO07185(J5 Hb Jif
FEER UL FRZE G A I H A

DL SEBREE dh SRR 0 AR e O T ik
S5 B 5 RN BT R i ], ZEAE FHZHT T 105°C LAt
T 2h, & H
1.4 FESHERSIBSREUT ik

K FH LRI A TH fff i A B R S AT R
JGE 4B, JF R F BCR DU A 3% 2 48 Bk A
Tessier LSRR BUEIA A 10 RIEAS R,
FAFT B AR T .
1.4.1  HERA T

FREL 0.05g #£50T 30mL R PUR 2 Ht (6
A B S IR, AL 25 3 Tk TN &, Mk 2%
I 3mL S FRAE . 2mL AEfR . ImL S &R . ImL
02 M 1mL B2 (IS5 50%), T 220°C FEil i
Pt EomB R T A ES, BN IR R R
I, PRI 10mL $hi2 (R EL 50%), Z I 4 4R
BT 160°C B MR A2y 15min, BUF T
TR H G, KRR A 100mL BB 500, Yk
Hest i RE, A B FOKE S 2 100mL, $245, #iE,
ICP-MS T,
1.4.2 BCR PUAHEHGE

PR 2 U (F1): FREX 0.5g £ 5T 50mL 8504
H, A 20mL 0.11mol/L Z, 2, iR T (25+2°C) &
¥% 16h, #X )5 L) 4000r/min 2.0 10min, W& FiE R,
ICP-MS F5il, FH 24 30mL 25 B 1 /K i e B 045 h ik
i, B R/ FERIE VR, B TR .

A8 A (F2): [a] F1 5 5% i in A 20mL
0.5mol/L #hFR FMe-fis IR (FhIRF2 e 5 A RR Ak B2 1

Table 1 Operating parameters for ICP-MS measurements.
TAESH BEE(H TIESH BERE(H
RpiIES 1300W ESE[Ve ¢ 40 IR
PRI (Ar) T 13.0L/min RT3 B, 3 5/ B
RIS (Ar) P 1.0L/min 15 BRI ] 10ms/
FARA AR (Ar) TiH 0.85L/min W R] 30s
SREEHE () fLA2 1.0mm SrHrE s <5.5%x10 'mbar
B (B fLie 0.7mm FIFFRREL 3
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Table 2 Field sampling information of the samples.
B S WX RS F LT HHE SRR (m)

W02 AX S1 N R At R AL S 8~10

wo4 B IX s15 ESARIA MR — A KA 6~8

LO1 D [X. S3 Eankia ok R AE R 10~ 12

L03 D X S1 Eankia HORLAE R A 3.8~58

L05 D X S3 REA HRURL R = B R AE RS %

L08 DX S1 REA HHAURL R 2 B R AE RS R

J0.5mol/L), % i T (25+2°C) & ¥ 16h, 2K J5 LU
4000r/min #.> 10min, Y4 35, ICP-MS 0,
2y 30mL 223 FKIE T DA ik, B0 R0 S
FIHVRH, BN TR

Al A AR (F3): 1) F2 T 4% i H i A SmL
30%(F5t & 43 ) i AL & (pH=2.0+0.2), = i T
(25£2°C) Wi 1h, B T 85°C /KT f# 1h (18]
10min {5 —WK), b J5 BUH B 74, INA SmL 30%
AL E (pH=2.0+0.2) T % 70min, RS HE0
A 20mL 1mol/L Z R %% (pH=2.0+0.2), % i F #& %
16h, #RJ5 LA 4000r/min £5.0> 10min, Y& FIf, ICP-
MS i, 2 30mL 2% 25 7K I U 250045 Th ik i
BLLE /NS RIE VR, B T ki

BRI (F4): 28 10 F3 sk il 7% A
150mL BEfHr, T 105°C MEARHET, FRE (m)). BEAH,
A R IE 2B d (d=m\/mg, my N EFREER 0.5g),
FREL 0.1g ¥ i T 30mL 58 DU 96 2 46 M 30 op, $22 18
1.4.1 75 AR TR A T A DR ) 25 BURE I 25 Y, ICP-MS
0, 005 25 R (A BA o R R ) T LA IE R4k d
A IR A
1.4.3 Tessier -G

IR (T1): FREL 1.0g B4 T So0mL &0 & H,
FIA 25mL £ 77K (pH=7.0£0.2), i T (25£2°C)
PR 2h, R)5 LA 4000r/min 25.0> 10min, Y5 FIER,
ICP-MS i, Fi 2 30mL 2 B /K i vE B O ik
i, B R /IO IR RIE TR, B T ki .

B ACHAS (T2): ] T1 sk P A 25mL
Imol/L S k4% (pH=7.0+0.2), % i (25+2°C) F#E %
2h, 4R J5 Lk 4000r/min #5.0> 10min, Y8 |15, ICP-
MS R, FHZY 30mL 25 8§ 7K 3 1k B0 8 rh R i
BRI SR RIE VR, B T ki

B IR £k 45 A3 (T3): ] T2 T 3R & h o A
25mL Imol/L Z R4 (pH=5.0£0.2), =i T (25+2°C)
P& 5h, SRJ5 LA 4000r/min 2.0 10min, Y5 F IR,

ICP-MS ##ll, FH %4 30mL 25 B 17K T e B 048 ik
I, BLOJE/INO IRV, BT ki

J HE R 45 A3 (T4): 0] T3 T 5% o A
35mL 0.1mol/L £ W5 R 1 % W (pH=10.0+0.2), = It
T (25+2°C) #& % 3h, #&J5 LA 4000r/min 50> 10min,
W4k i W, ICP-MS 7, FH 24 30mL 2 25 1 /K&
VEES.OAE TR BRI, B0 R/ N0 S RIE TR, BN TS
Bt .

BRAR AL (T5): 17] T4 T kit A 35mL
0.25mol/L R R FEM-ER RIS R (FhR P2 N 5 R IRk FE
Yo 0.25mol/L), ZE il T (25+2°C) #i2 % 6h, S5 VA
4000r/min #.> 10min, Y4 FIHH, ICP-MS 01, H
29 30mL KB AR B DA TR, B0 S /NS
FIHVEH, BN TR

5 A LS A (T6): ) TS 1 i 5% i
A 3mL 0.02mol/L fif g A1 SmL 30% if A b &
(pH=2.0+0.2), & T 85°C /K ¥+ 1 % 1.5h (I Ia)
10min Y41 —R), Bl B 25048, %M 3mL 1 4
A6 A G Ak 22 AR 70min, IR @A, A 2.5mL
3.2mol/L Z MR %% (pH=2.0+0.2), Hl L& T /KB E
25mL, $£2), #E 10h, L 4000r/min &.0> 10min, Y&
£ LS, ICP-MS 1, %4 30mL 25 F /K i
B IR, O/ RE TR, BOF T
BRI

BRI (T7): LB 1 K% To ok it #% A
150mL BE#R 1, F 105°C BEAHET, FREE m, . BEA,
J1 R TE B AL d(d=m\/mg, my NIEFRFER 1.0g).
FREL 0.1g #£ f T 30mL 2 VU 560 2 4 3 3 vh , % R
1.4.1 75 TR TR A T fff D R il 25 BURE I 25 Y, ICP-MS
0, 005 25 R (A BA o Wk B ) T LA IE R4k d
KA IR A
1.5 ICP-MS &

Fi 8 ICP-MS (XU A5 B AR RLRR IE 5 3 A A%, X
B ORI G RASE 30min LA b, {5 FH B R I
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(M Ing/mL &Y Li, Co. In, Ce. U IR W) ¥t
1 TAES B T S LAk, 115 CeO/Ce j7= %
2 2% LT, B TR RS . & 1 iy T
ﬂf%ﬁ‘iﬂﬂimLa\ 140C6\ 141PI\ 146Nd\ 147Sm\ 153Eu\
157Gd\ lngb\ 163Dy\ 165HO\ 166EI\ 169Tm\ 172Yb\ 175Lu\
Oy I 15 FonE, FEHIE S AR . X T —SexE
G R R e B W1 i1 w1 K VA B B0 a1 R 718
FAFR T HRAL IE W (M6 B 1pg/mL 1) Ba, Ce. Pr.
Nd 70 R B W) DL 48 & B0k v #EA7 A E AR
124250 BEHC R A Re S IABE, (R TE A — 2
LA AT R A B SRR W BC R A B
T, 8 22 i 5 M T TR AR DG B 1) 7 A I
FASIONE T8, Xk T A S R 4 A 3 ) D) g A 7 A
Bl AL E

2 HiRGie
2.1 WtocERERTH

FEHR 1.4.1 5 RS2 T A 12y s RS, T
BHFRUEIZE (00), LA 30, X R A5 A R 7 A H
FR; [R] B B A 12 1 A 1 4 52 A & (GBWO7160,
GBWO07161, GBW07185), 5% H: & #5F 4 (w).
FEXI BRI ZE (RSD) AR S INE M (wo) AH ELEL A AH
X525 (RE), $E1T kG 2 BE AR B 06 . I
F3LIAEH: % I0E A RSD N 0.82% ~ 5.19%, £
HFBRK 0.002 ~ 0.027ug/g, M 7€ (6 5 IAE AR RE 15

F3 TIIRRERTE. A BRI

Table 3  Precision, detection limit and accuracy tests of the method.

~4.70% ~ 6.65%, ELA BT HRE 55 B FMERR BE, T 2
CHby BT 7= 52 50 = D0 K R = A B YR ) (DZ/T
0130—2006) 195t it 43 Hr 2K, B FLIRIR & T it 7
AR R 5 Y S 25 A RBEIR, R A DR T
P TE A5, A B L oC A RE R, FIUL, RERE
T At 4 A e w7 e o e =012
2K,

SPERIZ TR B S FIE, AR SO SEBRRE i W02,
W04, LO1, L03. L05 & LO8 HEAT /0 HriliE, “F47 4
XUy, LAy )P F 0B A 0 5 45 2%, 3 F 007 ) s
S5 T AH X R 25 RDOUUGY 45 55 2 (B 4 XL LA AL
4 A 5380, S5 0L 4. FE 47T LU
B 6 FFRE A H T 2 D (B X R 25 RD A
0.08% ~ 14.81%, =52 Ml /& (b ST 7™ 52 56 2 ) 34
FE A PG )(DZ/T 0130—2006) ZiK 5 6 £4HE 5 1
s £ 0 % 45 (YREEs) & 299 ~ 1944pg/g, T 3% 1% .
W S BTG, HY LREEs/YHREEs 4 1.25 ~ 16.50
(CLREEs N##i+ 0% La ~ Eu A&, YHREEs N &
i 203K Gd ~ Y i), Ay Bl KR, a5 5 1
FEA w4, IR SRS R AARF X KRR
FeHE, sCE AR A, 5 [R— XUk se ] i AN )
RACJZBE 44 Ko R 32 R A2 B 5% i, AN [
W X KA AT A A2 o AN 58 2 AR [R), [R) s 7 £
TCRENFE TS 2R AE S 5, HEESK
b 7245 2 0 XAL TR BE . 9 41l 55 I % D) M

GBW07160 GBW07161 GBWO7185 . .

it RSD RE RSD RE 1 | i
"o " "o v "o g (hg/e) | (hg/e)

(ng/g) (ngle) (%) (%) (ng/g) (ng/e) (%) (%) (ng/g) (ngle) (%) (%)
La 938485 929 181 —099 | 2362+145 2372 159 043 | 6.52%0.17 645 357 -1.12| 024 | 0.022
Ce 28341 279 317 -137| 18748 186 234 070 | 13.4x07  13.1 3.07 -2.62| 031 | 0.025
Pr (372) 367 358 129 | 447:25 444 175 —0.77 | 1.58£0.14 151 459 448 | 0.033 | 0.008
Nd 189+17 191 226  1.19 | 1595¢86 1586 1.56 —0.55 | 6724040 679 269 1.02 | 012 | 0023
Sm 120417 132 166 226 | 285:26 288 143 118 | 2.14%022  2.18 3.86 193 | 0.017 | 0.008
Eu 1.55:026 148 504 —4.52 | 64.843.6 664 176 239 | 0.1120.03 0.1 519 —470 | 0.003 | 0.003
Gd (234) 236 171 096 | 226£26 228 2.05  1.04 | 3.012026  3.07 358 197 | 0.016 | 0.008
Tb 49.15.1 478 329 256 | 34.6:2.2 337 289 263 | 0.61:0.07  0.62 284 194 | 0.003 | 0.003
Dy 31444 317 116 096 | 183%17 186 168 176 | 41120.13 398 195 -322 | 0.013 | 0.005
Ho 65.5:54 639 207 242 | 35.7+4.0 347 258 283 | 0774007 075 312 -2.11 | 0.003 | 0.004
Er 192426 194 137 127 | 96.0+87 979 1.85 193 | 2324020 238 3.07 270 | 0.006 | 0.004
Tm 27731 275 347 —090 | 13211 127 3.04 348 | 033x0.03 035 489 579 | 0.001 | 0.002
Yb 193426 195  0.82 126 | 87.8+10.5  89.0 224 131 | 2.08:024  2.15 419 330 | 0.007 | 0.006
Lu 267426 271 355 142 | 12.040.9 123 2.88 275 | 033003 035 504 665 | 0.001 | 0.002
Y 2386+205 2398 1.69 049 | 976+47 984 1.69 086 | 23.650.6 237 257  0.62 | 0.077 | 0.027

TE: 155 NAEE A S %

— 870 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

£ 6 1]

H AR, 45 XA B IR R AT v i b e R R SRR SRS

543 4%

S L2028 R e, R SE AR ) 20 1 I0 2 i i 1
WAL A
22 FtcBEES
2.2.1 BCR M Tessier 324 + 0 R H2HU4E Xt 1

BCR DU B A1 Tessier & 2 #RBUE K +
JTCR ML SR RS W liEas ns R T4
AT 4 KA, BT XA FUEAEANBIE &
ERARTEX 4 REES B AEEHS P
BCR MWk A Tessier L AERIKIAD, A fE
HREEG O T KRS RBA, tHX A S5
o RN O, TR KI5y BCR MUY
TR HE B (F1) XF W T Tessier & 25 2 W0 1) K I &
(T1). BEF3CHA (T2) FkIREhEs &35 (T3), YIE T
AITRAS; IR RS (F2) X R TR AL (T5); Al
B (F3) X0 F AR S & 24 (T4) Mk A HLas &
A (T6); FRIEZ (F4 1 T7) B BUHAE S 2 S5 R
AR A

A SCHEIE 1.4.2 715 BCR DU R HUE TN 1.4.3 73
Tessier 1 25 48 By XFAF 5 W02, W04, LO1, L03,
LO05 J¢ LO8 #4545 + oo RIEA i ab 2, R H 1CP-
MS AT AE, SEAT RO, LAY B SF- ¥4 Ay i)
EGER, W TR PRI R I 5 Ik 6. 4%
FKSMFE 6H 15F oo KL R UEAT A (L
YREEs ), IE3H3H UG 52 45 5 i AR X i 25 RD

o M 5 I 6 nTLLE H: 6 (FESL Y REEs & (A
AN 22 RD 235114 0.62% ~7.98% F110.64% ~21.00%,
T AR A 2 M 3K Ak 27 VT B 5 4 B 2E 5K ) (DD
2005—03) X FIE ST EREHEEER . Fi5b,
Z: B 25 M BR Ak 2% OF 0 #F & 43 B 225K ) (DD
2005—03) Hxt - OB A AR BE 1Y 2K DU A4
TR e, SEES T EZ AL, 115
HIXFiR2E (RE)o RE=|Cy—Cy | x100%/Cy (Co R IT
Rae; Co WER A&, 2Rk RE<40%). #3% 4.
%5 K3 6 BT 45 (S REEs) #EA T A X iR 22 144
(B 1), ATLLE H 6 1FFE M 1Y RE A58 4 i FI 2L
K, PIRIE S50 H T B FE 30T

HRYE P RNIE 8 W i R OGR4 3 5 f
7 6 PHIMIELF (Y REES ) F4 7 I 2 HARN 2
(E12). IFE 5. 3 6 LI 2 4550 LA, Bkt Jr
TSI A & TIRRE (F2) 584 s
(TS). BRI (F4. T7) LUK EALAS (F3) S HE R
4557 (T4) MERA MGG (T6) By I FEHE H Xt
FEARARH VT, FXHFZE N 0.79% ~ 8.07%, SRIMAEN]
AR RN 56 & P R P, W02, W04 B §h Y Tessier
DK A BM A 4 PFFE S B, IR
i F1 5 T1+T2+T3 M Xt fw 22 4 % R 6.76% £
8.07%, LU 4 FAF A AR X 22, 1 H. Wo4 (17K
A F R EL W02 &, A6 22 Rl 2 3 K, W] DL oK

R LE R A A EBRASUR P IEA A 4 AN S =& IS F1 5 TIHT2+T3 B AH X i
F4 WioReRNESR
Table 4 Determination results of REEs.
Wbt W02 RD W04 RD LO1 RD L03 RD LO05 RD L08 RD
(ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%)
La 584 1.07 477 1.40 455 1.60 260 1.26 71.2 1.43 92.1 1.63
Ce 222 2.66 123 3.71 237 1.95 118 3.63 94.3 1.38 179 1.06
Pr 98.4 2.34 96.2 2.08 75.9 4.72 55.4 2.56 16.4 1.83 18.9 3.70
Nd 326 2.82 354 2.75 253 1.35 171 2.98 55.7 1.26 64.5 1.30
Sm 56.4 1.56 91.0 1.87 52.6 4.71 21.5 6.98 9.34 3.00 10.6 2.26
Eu 6.05 4.30 7.41 2.16 5.66 6.71 2.05 5.85 1.22 3.28 1.27 3.15
Gd 35.4 0.34 58.2 0.45 59.1 2.81 11.4 4.39 7.07 1.41 8.59 2.10
Tb 4.30 3.72 8.76 1.14 12.9 6.51 1.08 11.11 1.05 7.62 1.21 6.61
Dy 19.7 1.22 453 2.69 80.6 2.70 3.46 4.62 5.64 1.77 6.17 1.62
Ho 3.38 2.37 7.74 1.29 15.6 4.76 0.63 6.35 1.06 3.77 1.11 5.41
Er 9.98 3.81 22.4 5.54 40.7 4.86 2.04 7.84 3.00 7.33 2.92 2.74
Tm 1.39 432 3.56 7.30 591 3.38 0.27 14.81 0.46 13.04 0.41 9.76
Yb 10.1 2.97 28.2 1.35 37.6 3.30 1.74 2.30 3.15 3.81 2.64 2.27
Lu 1.22 8.20 3.39 5.90 4.59 6.54 0.24 8.33 0.39 10.26 0.32 12.50
Y 83.1 0.91 245 0.85 608 1.43 17.2 5.58 28.7 0.84 29.5 1.02
> REEs 1462 0.79 1571 0.22 1944 0.63 666 0.64 299 0.20 420 1.25
> LREEs 1293 0.91 1149 0.12 1079 2.02 628 0.53 248 0.08 367 1.40
>HREEs 169 0.14 422 1.14 865 1.10 38.0 2.52 50.6 1.58 52.9 0.19
> LREEs/y HREEs 7.67 2.72 1.25 16.50 491 6.93
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Table 5 Determination results of REE sequential extraction for BCR method.

PR |JEA| La | Ce | Pr | Nd | Sm | Eu | Gd | Tb | Dy | Ho | Br | Tm | Yb | Lu | Y |YREEs|RD WRHE;%
G5 |1V | (ngle) | (ng/) | (ng/e) | (ng/e) | (ng/e) | (ng/e) | (ne/) | (ng/e) | (nele) | (ng/e) | (ng/e) | (ng/e) | (ng/e) | (ng/e) | (ug/e) | (ng/g) | (%) %)
F1 | 510 | 245 [ 750 | 249 | 41.7 [ 401 | 27.0 | 3.14 | 14.0 | 239 | 7.52 | 0.90 | 7.14 | 0.79 | 66.2 | 1033 |2.47
F2 | 1.17 | 10.0 | 0.31 | 1.35 | 0.26 | 0.02 | 0.25 | 0.03 | 0.17 | 0.02 | 0.04 | 0.01 | 0.07 | 0.01 | 0.25 | 140 |3.14
W02 | F3 | 469 | 349 | 1.69 | 5.49 | 1.53 | 0.12 | 0.88 | 0.11 | 0.54 | 0.08 | 0.28 | 0.05 | 0.47 | 0.05 | 1.99 | 52.8 [5.15| 85.63
F4 | 869 | 125 | 1.78 | 6.59 | 1.48 | 0.57 | 1.52 | 0.16 | 0.85 | 0.14 | 0.52 | 0.07 | 0.61 | 0.08 | 3.25 | 151 [2.83
Bt | 525 | 194 | 788 | 262 | 445 | 472 | 29.7 | 344 | 156 | 2.63 | 836 | 1.03 | 829 | 093 | 71.7 | 1251 |1.95
F1 | 382 | 102 | 67.6 | 251 | 63.9 | 544 | 40.8 | 5.17 | 242 | 403 | 11.7 | 149 | 123 | 147 | 101 | 982 [2.03
F2 | 091 | 6.48 | 028 | 1.04 | 0.29 | 0.04 | 0.25 | 0.03 | 0.24 | 0.03 | 0.08 | 0.02 | 0.21 | 0.02 | 0.34 | 103 |6.21
W04 | F3 | 3.66 | 19.0 | 1.52 | 5.44 | 1.91 | 0.21 | 1.04 | 0.14 | 0.90 | 0.17 | 0.38 | 0.07 | 0.71 | 0.08 | 2.42 | 37.7 [4.56| 84.88
F4 | 309 | 87.0 | 7.69 | 27.2 | 6.77 | 035 | 6.44 | 1.68 [ 11.96 | 2.38 | 7.69 | 1.36 | 109 | 122 | 993 | 303 |3.47
Bt 417 | 123 | 771 | 285 | 729 | 6.04 | 48.5 | 7.02 | 373 | 6.61 | 199 | 2.94 | 24.1 | 279 | 203 | 1333 |0.62
F1 | 410 | 592 [ 633 | 213 | 43.6 | 419 | 47.0 | 11.0 | 64.1 | 11.7 | 346 | 5.08 | 29.5 | 3.69 | 645 | 1591 |1.72
F2 | 815 | 596 | 235 | 7.51 | 1.95 | 022 | 1.95 | 0.49 | 3.19 | 0.67 | 1.85 | 0.29 | 2.11 | 025 | 13.1 | 500 |1.24
L0l | F3 | 16.0 | 12.1 | 438 | 14.1 | 3.14 | 031 | 3.29 | 0.89 | 521 | 1.24 | 3.14 | 044 | 335 | 0.41 | 30.1 | 98.0 |2.82| 101.64
F4 | 3.66 | 214 | 096 | 3.11 | 0.76 | 0.31 | 1.85 | 0.28 | 1.49 | 0.29 | 1.05 | 0.19 | 1.51 | 022 | 6.98 | 237 |3.00
At | 438 | 238 | 71.0 | 238 | 495 | 5.03 | 54.1 | 12.7 | 740 | 139 | 40.6 | 6.00 | 36.5 | 457 | 695 | 1976 |1.64
F1 | 201 | 20.1 [ 437 | 124 | 146 | 1.38 | 7.51 | 0.72 | 1.89 | 034 | 122 | 0.11 | 0.89 | 0.11 | 9.88 | 427 [1.98
F2 | 548 | 431 | 1.44 | 548 | 0.91 | 0.07 | 0.69 | 0.14 | 0.78 | 0.15 | 0.39 | 0.05 | 0.39 | 0.05 | 3.33 | 23.7 |4.05
LO3 | F3 | 977 | 10.1 | 277 | 102 | 1.49 | 0.12 | 0.89 | 0.13 | 0.63 | 0.10 | 0.34 | 0.05 | 0.41 | 0.05 | 3.35 | 404 |5.69| 84.75
F4 | 544 | 604 | 1.00 | 3.21 | 0.46 | 0.07 | 0.66 | 0.05 | 0.24 | 0.05 | 0.09 | 0.02 | 0.10 | 0.02 | 0.91 | 72.7 |4.24
Bt | 222 | 949 | 489 [ 1429 175 | 1.64 | 975 | 1.04 | 3.54 | 0.64 | 2.04 | 023 | 1.79 | 023 | 175 | 564 |0.71
F1 | 23.1 | 555 (635|222 |328 | 034|234 034|147 | 024 | 068|007 | 055|005 | 7.56 | 741 |3.81
F2 | 14.1 | 10.1 | 344 | 12.0 | 224 | 024 | 1.54 | 037 | 1.24 | 0.26 | 0.65 | 0.07 | 0.66 | 0.08 | 6.44 | 53.4 |2.77
LO5| F3 | 8.00 | 844 | 224 | 734 | 121 | 0.11 | 0.79 | 0.12 | 0.62 | 0.13 | 024 | 0.04 | 0.31 | 0.03 | 3.44 | 33.1 [7.98]107.13
F4 | 28.1 | 757 | 644 | 21.2 | 3.69 | 0.66 | 3.04 | 0.49 | 2.85 | 0.58 | 1.55 | 029 | 1.77 | 0.19 | 129 | 159 |4.16
At 733 | 99.8 | 185 | 627 | 104 | 135 | 7.71 | 132 | 6.18 | 1.21 | 3.12 | 047 | 329 | 035 | 303 | 320 [3.32
F1 | 844 | 123 | 2.11 | 557 | 0.55 | 0.04 | 0.44 | 0.05 | 0.29 | 0.04 | 0.09 | 0.01 | 0.08 | 0.01 | 1.38 | 31.4 |6.94
F2 | 644 | 124 | 149 | 7.14 | 1.59 | 0.09 | 1.35 | 025 | 1.34 | 0.19 | 0.55 | 0.08 | 0.49 | 0.06 | 7.04 | 40.5 |4.74
LOS | F3 | 549 | 844 | 1.17 | 3.74 | 0.59 | 0.04 | 0.41 | 0.05 | 0.32 | 0.05 | 0.14 | 0.02 | 0.16 | 0.02 | 2.08 | 22.7 |6.61] 104.51
F4 | 71.4 [1583| 142 | 49.7 | 7.88 | 1.19 | 6.25 | 0.95 | 4.69 | 0.88 | 2.38 | 0.35 | 2.24 | 029 | 23.2 | 344 |1.92
BHE| 91.8 | 191 | 19.0 | 66.2 | 10.6 | 1.36 | 8.45 | 130 | 6.64 | 1.16 | 3.16 | 046 | 297 | 038 | 33.7 | 439 |1.79
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Table 6 Determination results of REE sequential extraction for Tessier method.
v | YREEs
Fefi | JES| La | Ce | Pr | Nd | Sm | Bu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu | Y |¥REEs| RD "
G5 |15 | (ng/e) | (nefe) | (ne/e) | (ngle) | (ne/2) | (ng/) | (ne/e) | (ng/e) | (ne/e) | (ne/e) | (nele) | (ne/e) | (ng/e) | (ne/e) | (ne/2)| (nel2) | (%) %)
T1 | 169 | 023 | 2.95 | 104 | 237 | 022 | 1.70 | 0.23 | 1.09 | 0.18 | 0.50 | 0.07 | 0.42 | 0.05 | 5.18 | 42.5 | 4.28
T2 | 467 | 173 | 526 | 163 | 189 | 1.74 | 154 | 139 | 472 | 0.85 | 2.56 | 023 | 1.27 | 0.15 | 346 | 782 | 1.21
T3 | 55.1 | 892 | 24.6 | 92.0 | 252 | 2.60 | 13.5 | 2.00 | 10.0 | 1.69 | 5.08 | 0.78 | 6.13 | 0.73 | 33.0 | 281 |2.69
woa| T4 | 319|480 | 115 | 395 | 1.04 | 0.10 | 058 | 008 | 045 | 0.08 | 0.24 | 0.04 | 036 | 0.04 | 145 | 176 | 318 |
T5 | 1.12 | 9.82 | 035 | 1.26 | 028 | 0.02 | 0.21 | 0.03 | 0.13 | 0.02 | 0.07 | 0.01 | 0.09 | 0.01 | 027 | 13.7 | 3.21
T6 | 1.62 | 30.1 | 0.51 | 1.75 | 0.40 | 0.04 | 0.40 | 0.04 | 0.17 | 0.03 | 0.09 | 0.01 | 0.14 | 0.02 | 0.32 | 35.6 | 4.15
T7 | 854 | 123 | 1.91 | 6.44 | 1.44 | 0.47 | 1.55 | 0.19 | 0.96 | 0.16 | 0.47 | 0.08 | 0.68 | 0.09 | 3.06 | 149 |2.89
BhE| 553 | 194 | 84.1 | 279 | 49.6 | 5.19 | 333 | 3.96 | 17.5 | 3.01 | 9.01 | 1.22 | 9.09 | 1.09 | 77.9 | 1321 | 1.94
T1 | 25.6 | 0.76 | 4.00 | 13.5 | 2.50 | 024 | 1.88 | 0.24 | 1.14 | 0.20 | 0.54 | 0.07 | 0.44 | 0.05 | 5.73 | 569 | 3.23
T2 | 348 | 3.47 | 465 | 162 | 283 | 2.28 | 21.5 | 2.26 | 8.74 | 1.50 | 4.10 | 0.45 | 2.67 | 033 | 592 | 691 | 2.41
T3 | 42.6 | 7.87 | 233 | 946 | 37.6 | 333 | 19.9 | 331 | 168 | 2.57 | 7.45 | 1.29 | 109 | 1.29 | 43.8 | 317 | 1.71
woa| T4 | 231 ] 273 | 101 | 393 | 145 | 0.13 | 078 | 014 | 0.72 | 0.11 | 0.34 | 0.06 | 059 | 0.07 | 1.95 | 163 | 221 | o
T5 | 0.87 | 6.63 | 030 | 1.18 | 0.38 | 0.04 | 0.26 | 0.04 | 0.21 | 0.03 | 0.10 | 0.02 | 0.17 | 0.02 | 0.37 | 10.6 | 5.09
T6 | 1.21 | 154 | 037 | 139 | 0.40 | 0.04 | 032 | 0.04 | 0.21 | 0.03 | 0.10 | 0.02 | 0.17 | 0.02 | 0.41 | 20.1 | 4.18
T7 | 300 | 84.6 | 7.59 | 27.0 | 6.95 | 032 | 6.64 | 1.61 | 11.7 | 2.40 | 7.56 | 1.31 | 10.6 | 1.30 | 97.3 | 297 | 1.58
BhE| 451 | 121 | 83.1 | 304 | 77.6 | 638 | 51.3 | 7.64 | 39.5 | 6.84 | 202 | 3.22 | 25.5 | 3.08 | 209 | 1409 | 1.49
T1 | 0.04 | 0.02 | 0.01 | 0.03 | 0.01 | 0.00 | 0.01 | 0.00 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.07 | 021 | 8.60
T2 | 334 | 3.19 | 362 | 113 | 16.1 | 1.58 |21.76 | 3.82 | 21.6 | 455 | 11.0 | 1.21 | 555 | 0.71 | 314 | 888 | 0.80
T3 | 852 | 2.96 | 299 | 107 | 28.7 | 3.08 [29.59| 7.42 | 483 | 9.18 | 247 | 3.78 | 253 | 3.10 | 328 | 736 | 0.86
Lop | T4 | 119 | 185 336 | 1141] 281 | 030 | 272 | 0.70 | 464 | 0.89 | 244 | 040 | 288 | 035 | 272 | 739 | 203 | =
T5 | 7.98 | 5.76 | 2.12 | 736 | 1.72 | 0.19 | 1.82 | 0.46 | 3.11 | 0.62 | 1.67 | 026 | 1.90 | 0.23 | 12.7 | 47.9 | 3.80
T6 | 3.38 | 9.28 | 0.88 | 3.09 | 0.70 | 0.07 | 0.72 | 0.16 | 1.05 | 0.20 | 0.55 | 0.09 | 0.66 | 0.08 | 4.63 | 255 | 2.81
T7 | 354 | 203 | 0.89 | 2.90 | 0.73 | 027 | 1.67 | 0.21 | 1.40 | 029 | 0.95 | 0.18 | 1.36 | 0.17 | 6.72 | 224 | 2.10
BhE| 446 | 226 | 73.4 | 245 | 50.8 | 5.49 | 583 | 12.8 | 80.1 | 15.7 | 413 | 5.92 | 37.7 | 4.64 | 693 | 1996 | 0.64
T1 | 0.01 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02 |11.27
T2 | 168 | 14.0 | 28.6 | 56.4 | 488 | 0.41 | 3.39 | 0.28 | 0.67 | 0.12 | 0.41 | 0.03 | 0.14 | 0.02 | 4.06 | 281 | 3.37
T3 | 354 | 871 | 158 | 70.1 | 109 | 1.02 | 444 | 055 | 1.34 | 027 | 0.85 | 0.12 | 0.86 | 0.11 | 6.16 | 157 | 2.94
Loz | T4 | 572 | 180 | 187 | 647 | 0.99 | 0.09 | 042 | 0.05 | 0.24 | 0.04 | 0.13 | 002 | 013 | 0.01 | 1.04 | 190 | 589 |
T5 | 579 | 454 | 1.65 | 578 | 0.96 | 0.10 | 0.75 | 0.15 | 0.85 | 0.16 | 0.43 | 0.06 | 0.45 | 0.05 | 3.43 | 252 | 4.22
T6 | 421 | 949 | 1.10 | 3.88 | 0.63 | 0.06 | 0.53 | 0.09 | 0.52 | 0.09 | 0.28 | 0.04 | 0.29 | 0.04 | 2.54 | 23.8 | 2.77
T7 | 5.73 | 64.3 | 1.04 | 3.40 | 0.60 | 0.09 | 0.73 | 0.07 | 0.28 | 0.05 | 0.13 | 0.02 | 0.15 | 0.02 | 0.95 | 77.6 |3.92
HhE| 225 | 103 | 50.1 | 146 | 19.0 | 1.77 | 103 | 1.19 | 3.90 | 0.73 | 2.23 | 0.29 | 2.02 | 0.25 | 182 | 584 | 3.42
T1 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |21.00
T2 | 532|038 | 0.81 | 255 | 028 | 0.02 | 0.24 | 0.02 | 0.09 | 0.01 | 0.04 | 0.00 | 0.01 | 0.00 | 0.64 | 104 | 4.04
T3 | 17.7 | 521 | 531 | 18.4 | 298 | 028 | 1.92 | 0.26 | 1.20 | 0.21 | 0.56 | 0.07 | 0.48 | 0.06 | 6.71 | 61.4 | 3.13
Los | T4 | 523230 | 134 | 465|077 | 007 | 047 | 0.07 | 0.35 | 0.06 | 0.16 | 002 | 0.15 | 0.02 | 1.97 | 17.6 | 284 | .
T5 | 133 | 9.67 | 335 | 11.5 | 213 | 022 | 1.58 | 0.26 | 1.30 | 0.23 | 0.59 | 0.09 | 0.59 | 0.07 | 6.32 | 51.2 | 3.59
T6 | 2.88 | 6.27 | 0.79 | 2.83 | 0.53 | 0.05 | 0.39 | 0.06 | 0.34 | 0.06 | 0.17 | 0.03 | 0.19 | 0.02 | 1.66 | 163 | 3.19
T7 | 269 | 73.1 | 623 | 203 | 3.52 | 0.62 | 2.88 | 0.45 | 2.62 | 0.52 | 1.48 | 0.24 | 1.69 | 0.21 | 12.7 | 153 |3.29
HhE| 713 (969 | 17.8 | 602 | 102 | 126 | 7.48 | 1.12 | 590 | 1.09 | 3.00 | 0.45 | 3.11 | 0.38 | 30.0 | 310 | 1.79
T1 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |14.10
T2 | 1.23 | 0.09 | 021 | 0.72 | 0.06 | 0.01 | 0.07 | 0.01 | 0.03 | 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.21 | 2.65 | 8.30
T3 | 7.06 | 11.2 | 1.50 | 472 | 0.56 | 0.04 | 0.45 | 0.05 | 0.22 | 0.04 | 0.10 | 0.01 | 0.09 | 0.01 | 1.11 | 272 |3.99
Log | T4 | 107 | 163 | 024 | 0.69 | 0.09 | 001 | 007 | 0.01 | 0.04 | 0.01 | 0.03 | 000 | 0.02 | 0.00 | 022 | 413 | 728 |
T5 | 652 | 12.8 | 1.84 | 737 | 1.74 | 0.10 | 1.39 | 0.23 | 1.29 | 0.23 | 0.59 | 0.08 | 0.54 | 0.07 | 7.15 | 41.9 | 2.96
T6 | 449 | 7.06 | 0.98 | 330 | 0.55 | 0.04 | 0.40 | 0.06 | 0.31 | 0.05 | 0.14 | 0.02 | 0.13 | 0.02 | 1.99 | 19.5 | 3.59
T7 | 69.7 | 157 | 139 | 47.5 | 7.74 | 1.14 | 6.09 | 0.89 | 452 | 0.82 | 2.20 | 0.31 | 2.03 | 0.23 | 22.7 | 337 |2.03
Ahb| 901 | 190 | 187 | 643 | 10.7 | 134 | 847 | 125 | 641 | 1.15 | 3.07 | 042 | 2.81 | 033 | 334 | 432 | 240
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Fig. 1 Comparison of accuracy of BCR method and Tessier
method.
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Fig.2 Comparison of REE extraction results between BCR
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by Tessier method.
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Rare Earth Element Contents and Occurrence Forms in Weathering Crust
Ion Adsorption Rare Earth Ore

XIAO Xilian'*, GUO Min®, SHAO Xin', TAN Juanjuan', WANG Lei"*, QIU Xiaofei'*
(1. Wuhan Center, China Geological Survey (Geosciences Innovation Center of Central South China), Wuhan
430205, China;
2. Research Center for Petrogenesis and Mineralization of Granitoid Rocks, China Geological Survey, Wuhan
430205, China;
3. Guangdong Institute of Geological Survey, Guangzhou 510080, China)

HIGHLIGHTS

(1) Adding a small amount of sulfuric acid to the classic four-type acid system is beneficial for the decomposition of
insoluble rare earth fluorides, which can obtain complete dissolution of REEs.

(2) REE forms extracted by the BCR method and Tessier method correspond and match each other.

(3) The differences in the total amount and various REE forms in weathered crust are closely related to factors such
as weathering degree and mineral composition.

(4) Ce element is easily oxidized from Ce*" to Ce*" in the fully weathered layer of the weathering crust, and stays in

situ in the form of colloidal or mineral phase precipitation, resulting in Ce anomaly.

ABSTRACT: The weathering crust ion adsorption type rare earth deposit has the characteristics of complete REE
types, low radioactivity, high heavy rare earth contents, and easy mining, making it an extremely important type of
rare earth deposit. At present, most of the research on the determination of REEs in this deposit only measures the
total amount and ionic phase components of REEs, and some methods have complicated operating procedures, while
there is relatively little research on the analysis of various REE forms. However, when studying the mineralization
laws of weathering crust ion adsorption type rare earth deposits, it is not only necessary to analyze the total amount
of REEs, but also to analyze the chemical forms that affect the mineralization background, migration, enrichment
process, long-term differences, and availability of REEs in the deposit. Therefore, it is necessary to accurately
determine the total amount and contents of various occurrence REE forms in weathering crust ion adsorption type
rare earth deposits. In this article, a five acid mixed digestion was used as a pretreatment method for determining the
total amount of REEs, and the results of rare earth elements speciation analysis determined by BCR method and
Tessier method were compared. ICP-MS was used as the detection method to explore the distribution of the total
amount and various REE forms in the samples. The results show that the five-acid mixed digestion can completely
dissolve all REEs in the rare earth ore sample, and the operation is simple. The precision (RSD) of this method was
between 0.82% to 5.19%, the detection limit was between 0.002pg/g to 0.027ng/g, and the relative error between
— 876 —
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the measured value and the recognized value of each element was between —4.70% to 6.65%. The Y LREEs/
> HREEs was between 1.25 to 16.50, covering the enrichment of light rare earths and heavy rare earths. The relative
deviation (RD) of rare earth forms extracted by the two methods of BCR and Tessier was 0.79% to 8.07%, and the
extraction results correspond and match each other. The rate of recovery was between 84.75% to 107.13%. The RD
of Y REEs determination values was between 0.62% to 21.00%, and the relative error (RE) was less than 40%. In
contrast, the BCR method has a simpler pre-processing flow, but the partitioned forms are not as intuitive and
specific as the Tessier method, which cannot be used to obtain more detailed data on each form. Thus, under the
conditions of this experiment, the Tessier method may have good adaptability for rare earth form analysis. REEs in
the fully weathered layer samples of the weathering crust mainly exist on the surface of clay minerals in the form of
ion adsorption, resulting in the highest content of ion exchange state. As the depth of the weathering crust profile
increases and the pH rises, REEs are more likely to bind with carbonate or bicarbonate ions, leading to an increase
in the rare earth contents in the carbonate bound state. Elemental Ce is easily oxidized from Ce*"to Ce*" in this layer,
and stays in situ in the form of precipitation, resulting in Ce anomaly; REEs in the parent rock are mainly enriched
in the independent mineral lattice, with the highest residual content. The variation patterns of all REEs under
different occurrence forms are basically consistent.

KEY WORDS: BCR four step method; Tessier seven step method; weathering crust; ion adsorption type rare earth
ore; rare earth elements(REEs); form; inductively coupled plasma-mass spectrometry
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