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ICP-MS MZEJIEBHESRERAR T AV MR FEXE
CRITENIRERERR

Bl Trve  EoRk A& IREF

(1. BN e T 7= B A i S0 %, 50 5RPBH 550081
2. MM LS, S SR 5500185
3. BRI A X P R A TR ARG .0 =M SFH 550081)

[ E]AENALABA R B L % K 8 MG SRR Z 0 K F — & B E R A RAL
R, ERANGE R LR SRR MAE, AFEHLRILEELE, ALK A XRD #TH 547,
XRF 541 £ R ZAF, L A JUAEA A7 A Bk A7 2 bk | X0k ) B A% -5 B T i (ICP-MS) 7
E, FREREN . ORBEFTWAR IR BB KT FHE REHT BRTF LT 5
Mo I b Vb 62. 3%~ 89. 85% , L4k A b L 2. 50%~ 11. 8% , 7 F) B & 1L 1. 8%~ 18. 0% , 4k 4k 7 &
Y6 0. 10%~ 1. 00% , #4K 5 & b 0. 70%~ 7.00% , } £ F L& £%H Si Al Fe Ti, @k H #
BREGE R T Sc 69 E AL EE A9 3F T Nb fe Zr L& HERK, LA ZFBRAREE . Qs -TK
S B ERBGER TARES Yo, RAT A Hy du s, BT F &S VER T, 5 LK
B Ay R AR T R B HIEEAE KEA T ProNd Th. Dy Nb. Zr ST &8 7 AT &
32 DWRIE—IE R R RIE R T Ga 09 AT A2 £ KED X T, A BERE X FH, "5 7T
MM, KA EAE B EAT 0.011 ~1.66 pg/g Z M, M T FRAF 0.044 ~6.65 pg/g X
], RSD A~F 2.06%~11. 1% [ ,RE A~F 0.99%~9. 90% X ] , % 5 FrAfSuIaiE | 7 ki iE A
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TFZR AP L = FHTE N,

[ EFEIA ] M0 F IR O f R B RAS A F B TR gk (ICP-MS)

[ FE 52 S ] Ps8s. 22;0657. 63; 0652. 4; 0614. 33; 0614. 37

5943(2024)01-101-08

SEMAEN BT =B IR A, 7 R R
AR SE ST A A TR AR
TE =077 J5 1, HA W] A R R A bk 452
2022) , TEHT—REHRE RERIEAT ST, A B
BARAB I X BCA WAL s S =Moo R (B,
2023) fHHAFR B0 B Ak (5K S, 20225 5K
HEEAE ,2022) , S FRIE AL, AL I X = T
R T H R BRI E 2 5 APt &k

[ WrF5 HE912023-11-27
[E£TiH

[1EEEN
[BITEE

[ 1&[E H#1]2024-01-04

[ ST R W'

[ SCERARIRFD]A [3XEHS]1000-

JRAAHEREZ Y,

ERIT, 50 S ARSI A4 7 3k, 32 B2 AE T i
AbFR A WO BRI (1 TS W55, 2020) | %% A R %
(FERRAE 2020550 22 HE45 2022) (WO e Ik 6
2 2021) BB (NI, 2019; 4 B 45 2022) 27
Do B UL REACR R BURR VA 2 RV A 50 4, T
SEREPERE S Bl LA I AR (PVEE AT AR 2023)
WRIEFR , R PR RR MO IRV R ek s 7 7 9 7

E RIS X g T BRE« =570 A (B A AR PRI PR (20211360 5)
JAOTWE(1973— ) 3 M TR, RENES AT Y00 LE ARG HE TAE, 793872711@ qq. com,
Tok#E(1978— ) BB WP TR, FENFE AT Y0P REAREHSETAE,674990383@ qq. com,
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IS (it A 55 ,2022) o X T ARERA 1, SR AT
PR 55 DU RIS T2 PR RS , o RE A s ™ o () 0
W MERS(XIBCE,2023 ) (HZIEFERTHS AR T
Rk . XUTEIAF (2022 ) SR AT LR R AR i 2 E
Fixt e, BB RENG 4 o 0 T AR AR, i B s
AMEH 58 4, HLIN 52 25 DU e

FEAGER IRy T, 22 Ay e G R (FE 5
#1,2007 ), J5F W IS0OG 15 5 4 (B K, 2003)
WRITIEAE L IR L FERTH  BORMR SR S, T
ICP-MS % BLA 3B e TR | R0 v A% BT
DU R A5 0 A A6 IR s A DU 1T LA R 1Y
PEREPE (XN IAEE,2019) o A SO 20 BUFN 2 1
TR KT AL BRYE 7 I EAT X L, BRI Pr
Nd.Th. Dy .Sc . Nb . Zr.Ga #EATHIE, 51 45k
PRH R | = R ARSI A3 B ik, R B = A
FERIRA BT R IR 7= B B RO K
FIFH PR HE IR 4 AR S

1 LWEHES

1.1 FEES

iCAP RQ H1JBHE & 45 B9 IR Bl X (£
Thermo 2\ &) ) ;REVO fﬁﬁ{ﬁ%ﬁ(( B S
A A BN F]) 5ZSX Primus [T X K 58058
FEIEAL ( H AR BR2ARR 24 ) ; Agilent 5110 HLJEHH
BB TR ST (SEE Agilent A7) o

1.2 F 20N LA R

AN ( B SE R BR A ) it
AR (R R R AL R A IR W) iR
BE (R TR Wk 27 R A BR A ) ) SR B
P (FEER A G A R A ) FhER (H K
JIZRA G R VU9 (HF) (F R ARk T2 (%
P A FRA D) | e SR (BUAR T BB fb 27 a4 FR
NLIDINSWA L3 & S E i T Xl (g (e RS AN
Al), IREEFIK R SI8M Q - em,

Fiis L AR ETR I 100 we/mL( HZA 648 K&
HL AR i)

BUARMEVA TR - 1 000 pe/mL (32 58 kS Bh 45 It
WMAHRAF]) ;

Wi TCR PR UEA I : 100 wg/mL (%A (4
J& S TR I L)

BT R BARER I : 100 we/mL ( 3z 28 5 A
FHE R A BRAFD ) 5

FERPRARER M . 100 pg/mL(HEA A58
SR F AR AT )

FRUEY) 5T . GBWO07405 (GSS-5) . GBW07386
(GSS - 30) . GBW07105 ( GSR - 3) . GBW07727
(GSR-18) . GBW07155, GBW07185 ., GBW07156
GBWO7157 ., GBWO7178 ( HbER 4 BH i BR Ak 27 ) 5
WL ) ; GBWO07159 . GBW07160 . GBWO7161 ( i
JEW T LR A A A G |
1.3 AR ELAL: ik
1.3.1 Tl ARk

FRELO. 1 g iFE(HREHIZE 0.000 1 ), ikl
AL, A 3.0 mL 232 . 1. 0 mL 8RR, fin
SRR h, AT RFIBEIT K 1800
W, N T2 120 C, B E] 5 min, P£%F 10 min;
FETHEZ 180 °C,If[H] 5 min, {4#4F 10 min; &J5 T+
M2 185 °C ,Af[E] 5 min, f#4F 60 min, FFEHIE
40 C ATHHUH #4782 i #4, A 3.0 mL
SRR 1.5 mL AR AT 3. 0 mL = &R, T 200 C
TR T, H 40% FKAREL, RS, 2% s R &
5% 200 mL, FR5) A B[RS 2 £y 28 AR
1.3.2  BdJAE-DIEsT Bk

HERRFRI 0. 1 g 1A CREH 22 0. 000 1 ) T-HI
T ALY 2.0 ¢ iR, PR, T3
PN 0.5 ¢, BT EFHEZE 750 C D 3E0
WA 15 min, BUBR RS AL, A BUEA 50 mL
R AR (LR SO R ) AT IR I, V0 HE 3
HE IR 4R Uk, 19% S A AL BV TR UL
UE 2-3 I, 3R, DIVEH 40mL #4119 50% fis iR
ST, KR 2-3 I, KRR B 28 200 mL %5
SR, BRA), EHLREI, BETRE2 28 RS,

(VM E— BN 5% = L WERGH W 7
LR 0. 5% IR BE A B AL B )

1.3.3  BE IR R LT

HERRFREL 0. 1 g URE (RSB 22 0. 000 1 g) T4R
T ALY 2.0 ¢ AL EN, BEHHR S, TR
PRI 0.5 ¢, & T EFHRZE 720 C L3 b b, 1
A2 15 min, BURFRE A BURAT 40 mL $UK
PEATIR I, Ve HEHR , F 509% 3 iR i kAT R4k
WZHL 10 mL SE 45 % 50 mL 2500, #2549, L HLAE
T, BETR A 2 128 R,
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1.4 EHLGET %

IR SR AT VRS A, T AR VR
FH 2% T8I bR R M B AL 0. 00 pe/L 0. 10
pg/L. 0.50 pg/L. 1.00 pg/L. 500 pg/L.
10.0 pg/L, 50.0 pg/L. 100 pg/L., 500 pe/L.
1 000 pe/ LINFRUEG TR FR B, 2% A FRFF N bR s T
MR SR 10 pg/L. Ji A KED i3 44 T4
RN T S 1 550 W 8 NV RS, M
1.05 L/min; i B <3 & 0.90 L/min; &< I &
5.0 mL/min; 25 b % i B 2. 70°C ; i 3h & 5
40 rpm ; = R AP [0S AU AR s SRAEHE/ BUER
BRAE CRFEHEEAR 1.1 mm, BUBUHE H420. 5 mm; >R
FERL OB IG SRR 5. 0 mm; AL REL3 K,

2 HRSi

2.1 WM EREITCR T
BEEZL XRD 2047, WE 1 Fias, FE i

A A BT MR KRG LA A R
PR SRR E ), HohEie b I 62.3%~
89. 8% , BEKH L 2. 50%~ 11. 8% P F 47 /5 I
1. 8%~ 18. 0% , WAk /5 Lt 0. 70%~ 7. 00% , 774k
Wl 0.20% ~ 4.40% , 55 5K 5 &5 HE 0. 109% ~
4.80% , LK A7 i L 0. 90%~ 2. 00% , £k WL 2k 5
0. 10%~ 0. 80% , W41 A7 FE 9 K R 13057
T, 1 E L PR AR S ARAE , U™
YA RIS o ) 42 A AR S S SR b S W+
GrFD EEWRAE TR | RIS TER™ X A 30
A IS S A Ga (O RS ,2022)

2 XRF 7304, FEICEK WK 1 PR, Sio, ~
19.0% ~ 53.6%, V- ¥ {6 A 43.9%, Al,0, K
22.5% ~ 37.6%, V- ¥}y 33.6%, Fe,0, N
3.78%~ 54. 8% , F-FI{H N 15. 6%, TiO, H} 1.75%
~11.8% ,F¥{E N 5. 56% ,K,0+Na,0 (0. 05%~
5.52% ,F-YI{H N 0. 16% ) F1 CaO+MgO (0. 08% ~
0.91%, F¥I{H N 0.24%) , =5 HE % Si0,,
Al 0, TFe,0, TiO, F1%% K,0 Na,0 ,CaO ,MgO,
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Fig. 1 X-ray powder diffraction spectra of the ore samples
®1 KEFRETREEER
Table 1  Primary and secondary elements of the sample
e e Si0, Fe,0, Al O, TiO, K,0 Na,O CaO MgO P,0,
TCO3GP1 32.2 28.7 30.3 7.95 0. 065 0.038 0.17 0. 088 0.15
TCO3GP2 45.1 8. 16 33.4 11.8 0. 067 0. 046 0.20 0. 069 0.33
TCO3GP3 49.9 10. 4 37.1 1.75 0. 059 0.035 0.11 0.031 0. 096
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gk
eSS Sio, Fe,0, ALO, TiO, K,0 Na,0 Ca0 MgO P,0;,
BTOIGPI ~ 47.5 9.33 34.8 7.56 0.075 0.033 0. 070 0. 069 0.23
BTOIGP2  50.8 6.59 36.2 5.42 0.091 0. 036 0. 029 0.058 0.20
BTOIGP3  19.0 54.8 22.5 2.22 0. 034 0.012 0.037 0.873 0. 080
TC21GP1  53.6 3.83 36.3 5.07 0.179 0.011 0.038 0. 063 0.28
TC21GP2  52.8 3.78 37.6 4.17 0.091 0. 037 0. 026 0. 050 0.36
TC21GP3  36.0 26.3 33.4 3.42 0. 130 0.019 0.023 0.138 0.091
TCI1GP1 51.8 4.58 34.9 6.29 0. 464 0.057 0.12 0.151 0.45

2.2 MitIuER kot

SR BRI T A AN B — TV 40 B9 3 2R 47 i Ak
B R 2 RN, BRI AR AR R B (D
RExOy) /T 541 ~ 7 004 pg/g 210l FH{E K
2 678 pg/g, BIETE (J7 %8 —) #i 1 B ( X RExOy)
AT 590 ~7 987 pg/g Z [0, SFEHAME A 3 008 pe/e.
JEAEERE GBWOT159 F1 GBWOT7160 {His 114 i 1215
> RExOy 4 813 wg/g Fl 4 871 pg/g, Bl vk (7
ZE—) [ T RExOy } 828 pg/g fl 4 861 wg/g,
BRI, BB 1 S DR 240 w8 T e T ek, FLa g
FEMNAZE SR S PR EE AL . BEZE ProRT Nd 7 &3
ka2 R R E . AR R R
BTSRRI R T I AR N A T R R T
fiff, I 1 A 1 R PR T A A T B L AN /Ne X — 2
MEVEH DT i RO S BRAR RR B Ze HE RTHG £
SEILER I ISR 22 (FE2#AK,2020) o XTSI
B, BB T S Qi =5, B O A 1 T A DU
ZERGPRUEE BT, A A AE KED BUF 3
ST IcGE, HR_R AR E, AXGIA=L
B, (SR 0 2 5 O e BL &4, 40 0,
TR - R TTER B, A RIS T
K P —UU0E 73 B 1 (7 8 —) BUdE I T v
Pr Nd . Th Dy F&%6 a0 /if Ab R, o I f vk s
F Se I HIALEE,

2.3 M ouEz ik

TRIEFR B IRV W M LK 55 Bk A1 53 gt )
JIG, T V5 B A0 L i DD IS (X145, 2022)
R T HERRINE B M T AR A JC R 430 R F RO T
R T (O 22 ) A BRAE S, WL 3 TR, X
T Nb Ju &, SEPRIARE PR 5 1 45 SR AH 25 R K,
FE il BTO1GP3 £5 5843510 120 pe/g 1124 pg/g,
RSP it 35 20 b s R I A 1 1 A0
([ SPRTITIR 72 v 1 = RS 7 [ = T (1 =

GBWO7185 255435114 2 439 pg/g M3 365 pe/g,
B 2R A I e PE A B R . R T Zr TR,
K PRI T A vk i 0 B 11, 25 S M 2 Tk
WP SR E V)&, e i BTO1GP3 45
I3 789 we/g Fl 943 wg/g, GSS—5 4554351
135 pe/g F1284 pe/g. A SCH| B AR EEFN 4 fh 4
VSRR B, 7 B R 22 PR 3 v S L BEDTVE , B 1k
TR IR T A 15822, 1B IR - U 0E 20
RO E)BERTT Y Nb M Ze BT 1T
JLELIN

2.4 WHOTR LS

W Z W, &8 Ga M52, R A R
(HCIO, \HNO, HF HCl) i, B & 1 AR HT,
FHIN#GE &R T, F# HC %R, €455, 1CP-
MS WZE , I P IR TR AR T R A 75 K (4
FERREE 2022) M B FA 45 (2022) R JH D B 1R
T RIRE T A R T TR PRI I R T Ak
PURIRZER . XIPRAE (2019) RIS A AL BT HR 4T
FRHEAT A RRE & SR FHHOK IR 42, 5 50% 48
MR TR AL AL B 7R R 5 A% )5, FH 1ICP-MS 471
W, RS AN, BN, BAT XRF 358 DZ/
T0279. 1-2016 1 YS/T 575.23-2021 il 5& J5 ¥,
IEN -y pr 0 S 17 = S TR NN a2 2l = O
SR TR W SLPR kI BE S 2= .

HRAE SRR O, R I LA B LR B AR P
TR e, S5 R L ER 4, SEPRIKKE Ga & R E
63.5~109 pg/g ZIH],FH4fHIk 91.2 pg/g. M
JFdE GBWO07177 Fl GBWO7178 HY %4k 7] 441, XRF
DRI A R R A I 25 SR S AR (E R B2
E TS briatRE , 25 5k 0 2, 5 TR & il
W PR VS RN S T Al 45 SR S AR ME (R IR 25 80K,
XRF 323 R — 45 il ) 1 Ak vk e 3 A s, i )
B I F R A TEBGE T W0 Ga (&0 11
SO
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Table 3  Rare elements content in different ore dissolution methods( pg/g)

RO TH i 1 BIA - DIVE T BVE (TR )
FE o=
|Nb Zr Nb Zr
TCO3GP1 68.0 513 66. 4 621
TCO3GP2 143 1102 140 1238
TCO3GP3 220 1575 237 1729
BTO1GP1 83.5 605 84.9 702
BTO1GP2 164 1161 187 1518
BTO1GP3 120 789 124 943
TC21GP1 268 1921 265 2 208
TC21GP2 317 2 368 327 2482
TC21GP3 218 1 584 215 1 807
TC1GPI 167 1213 170 1 368
GSS-5 SEME/ FrifE(E 15.8/23.0 135/272 18.2/23.0 284/272
GBWO7185 SZIM{E/ FrufEE 2 439/3 635 - 3 365/3 635 -
GBWO7157 SZI{E/ FrufE(E - 1 096/9 254 - 10 565/9 254

x4 AEBYTHERBEREITE Ga 82 (u9/9)

Table 4  Scattered elements content of Ga in different ore dissolution methods( pg/g)

R G ARG WL R 1% T VA A IR A KR -XRF #% BRI s Al e AL v
TCO3GP1 / 49. 5 58.9 48.9 63.5
TCO3GP2 / 142 143 112 94.6
TCO3GP3 / 109 102 93.4 97.7
BTO1GP1 / 121 113 114 109

GSS-5 32.0 30.5 35.5 30.5 33.5
GBWO07178 65.0 17.4 53.6 65.6 69.7
GBWO07180 26.9 32.7 21.5 26.3 25.3

2.5 ﬁff*ﬁﬂj BE FS"Z‘ ¥l /ﬁﬁﬁﬁ 3 QE 'L/l'_\,

AR B 2 (5 %8 —) M E Pr Nd .\ Th,
Dy , B2 (772 =) M5E Nb F Ze, B0 I 12
FE Sc, BHAE -5 Bl Y R AL L I 22 Ga, $ HJ168 -
2020 AUE TR 7 R H B DU R B AR B o
2% (RSD) FIAHXT 1 22 (RE) . #HX R R® 7
0.999 0 P I, J5 A th BR S 2 T BR L3R 5, RSD
{HF RE {H L2 6-8, M3 5 A%, 7F 0. 10pg/L
~ 1000 pg/L JEHE A, J7 ikt BT 0.011 ~
1. 66 pg/g ZIH], ME FFRAT 0. 044 ~6.65 pg/
g Z A, 4r % & A GBWO07727. GBWO7155,
GBWO07156 . GBW07160, GBW07161 , GBW07178 .
GBWO7180 i# 171l 4, 45 R K W], RSD {H A
2.06%~ 11. 1% [, RE {H4 T 0.99%~ 9. 90%
ZIA], 7R PR A R RTORS 9 R LA, W S
FrAer i 75 2K

(D)X TR L0 E, BE - DU Bk (R
—)VIEHTHE AL R, 5] A = SR IR B, BE
B EARFAR T, JC K ProNd Tb Dy A9 %0HE i
WPER R . W T Se JUHR, 7E KED #UF , H 5T
YA ekt  (HACRAN 2 PRI 38 AU - DT
I3 BEAE R 1 u R BT AL L, O I R
Sc WA RTALRE

(2) X THAITCER W A% 5 8 Nb Zr
%, BB - DT VE 43 B VL (TR ) BB IR TR 40
UUVE , Wb ik Nb K, BRI 326 FH sk — 00
B (FE ) BSEHT Nb F Ze RIS ATAL

(3) X TFHREHBOTER , Bl — 1 a4 i 1 12k Jor
45 R SRR AN BRI, W T SEBRAEE , XRF 3%
WY AR Al B BOR B AR e T, R, 32

H A3
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Research on Pretreatment Methods for ICP-MS Determination of the
Associated Critical Three Rare Elements in Kaolinite Clay Rock

Minerals in the Adjacent Areas of Sichuan, Yunnan,and Guizhou

ZHOU Wan-feng, WANG Yong—xin,ZHANG An-feng

(1. Key Laboratory of Strategic Minerals Intelligent Exploration of Guizhou Province
Guiyang 550081, Guizhou , China ;
2. Guizhou Central Laboratory of Geology and Mineral Resources,Guiyang 550018 , Guizhouw , China ;

3. Engineering Technology Innovation Center of Mineral Resources Explorations in Bedrock Zones,

Ministry of Natural Resources ,Guiyang 550081, Guizhou , China)

[ Abstract |

There is a set of weathering crusts with relatively stable thickness between the top of Mount Emei

basalt and the bottom of the Xuanwei Formation in the adjacent areas of Sichuan,Yunnan,and Guizhou,it is en-

riched with three rare elements and mainly composed of Kaolinite clay rock. In order to find out its ore grade and

content , this study used X —ray diffraction ( XRD ) to analyze the mineral composition, and X -ray fluorescence

(XRF)to analyze the major and trace elements. Several different pre —melting treatment methods were used for

comparison ,and the test solution was determined by inductively coupled plasma-mass spectrometry (ICP-MS)

. The test results show that:(D) The mineral composition sample mainly consists of kaolinite ,anatase , illite ,ilmen-

ite ,brookite , etc. ,of which kaolinite accounts for 62. 3% to 89. 85% ,anatase accounts for 2. 50% to 11. 8% ,illite
accounts for 1. 8% to 18. 0% ,ilmenite accounts for 0. 10% to 1. 00% ,and brookite accounts for 0. 70% to 7. 00%.
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sedimentary facies and their distribution characteristics,12 types of sedimentary facies are classified. The paleo-
geographic environment of the main stages of the Nanhuan Period has been inverted from this. It is concluded
that the northwestern part of the south China Yangize area is paleocontinent and the southeast is the rift basin
during the Nanhuan Period. The two glacial periods(beginning and ending) continuous and complete sedimenta-
tion existed only in the transitional shallow sea areas between paleocontinent and basin , that is, the current junc-
tion of Hunan Guizhou and Guangxi. The continuous and complete Nanhuan System section with research value
can only be found in this area.

[ Key Words] Adjoining area of Hunan, Guizhou and Guangxi; Nanhuan Period ; Sedimentary facies ; Paleo-
geography
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Analysis on the Spatial-temporal Distribution Characteristics of Natural
Disasters in Guizhou Province in 2022

XU Qi-song

(1. Department of Emergency Management of Guizhou Province ,Guiyang 550001 , Guizhou , China ;
2. Disaster Reduction Center of Guizhou Province , Guiyang 550001, Guizhou , China )

[ Abstract] Based on the annual Disaster data of Guizhou Province in 2022 ,in this paper, it used the Natural
Breaks spatial data classification and grading method and the Weighted Standardized Disaster Index ( WSDI)
. Based on the weighted standardized disaster situation index and four dimensional index,the disaster situation
in Guizhou Province was classified and graded, and the distribution and change trend of natural disasters in
Guizhou province were analyzed. From the perspective of spatial distribution,the distribution of natural disasters
in Guizhou Province in 2022 is generally heavier in the north and lighter in the middle. From the perspective of
disaster types,flood and drought have the most serious impact. From the distribution of disaster time, June and
July were the most severe.

[ Key Words | Natural disasters; Weighted standardized disaster index ; Spatial and temporal characteristics of

disaster loss ; Disaster distribution trend
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Its major elements are Si, Al,Fe,and Ti. @ High—pressure closed microwave dissolution method is suitable for
the dissolution of the concomitant rare earth element Sc,but for Nb and Zr,the data show a lower trend, while
differences in other elements are not significant. ) Alkali fusion—precipitation separation method is suitable for
the decomposition of the insoluble metal minerals, which not only opens the mineral lattice but also effectively
purifies the test solution through the use of precipitant or test complexing agents. It effectively reduces matrix in-
terference and improves data accuracy. The method is suitable for the pre—treatment of elements Pr,Nd,Th, Dy,
Nb,and Zr. @ Alkali fusion—acidification of fused material is suitable for the pre—fusion treatment of the sper-
sed element Ga. By using kinetic energy discrimination( KED) mode, it effectively reduces spectral interference
and improves the accuracy of Ga determination. The detection limit of the system method ranged from 0. 011
e/ g to 1. 66 pg/g,the lower limit of determination ranged from 0. 044 pg/g to 6. 65 wg/g. The relative stand-
ard deviation( RSD) ranged from 2. 06% to 11. 1% ,and the relative error( RE)ranged from 0. 99% to 9. 90%.
Verified by sample testing, the methods above were found to be suitable for the determination of the associated
critical three rare elements in kaolinite clay rocks in the studied region.

[ Key Words] Three rare elements; Alkaline dissolving method ; High—pressure microwave digestion method ;
Inductively coupled plasa mass spectrometry (ICP-MS)



