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Abstract

Scandium (Sc) metal resources are relatively abundant in the world, and are mainly produced in Russia,
China, Ukraine, the United States, the Philippines and Australia. However, economically valuable large-scale Sc
resources have been rarely found. Sc is one of preponderant mineral resources in China, accounts for 33% global

Sc resources and provides about 90% of global Sc production. Sc is always recovered as by-product due to its
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unique geochemical characteristics. According to its formation environment, Sc deposits can be divided into en-
dogenous mineralization deposits and supergene mineralization deposits. Endogenous Sc deposits can be subdi-
vided into the following types: I . Granitic pegmatite-hosted scandium deposits; II . Alkaline-ultramafic rock-re-
lated phosphorus, rare earth (Sc) deposits; Il . Mafic-ultramafic rock-related vanadium, titanium, iron (Sc) depo-
sits. Supergene Sc deposits can be subdivided into the following types: IV. Sedimentary Scandium deposits and
V . Weathered leaching scandium deposits. Currently, the alkaline-ultramafic rock-related phosphorus, rare earth
(Sc) deposits and mafic-ultramafic rock-related vanadium, titanium, iron (Sc) deposits provide the main Sc re-
sources in the world, whereas scandium metal is mainly recovered as by-products. Supergene Sc deposits are
characterized by low mining cost, easy to be separated and high recovery rate, because Sc is present as ions. Due
to these advantages, supergene Sc deposits are considered as economically important Sc resources in future by Eu-
ropean, Australian, and American countries and may change the distribution pattern of global scandium resources.
Studies of Sc-baring minerals show that scandium independent minerals mainly occur in granitic pegmatite or car-
bonatite, with little occurring in hydrothermal quartz veins or in weathering environment. In addition to indepen-
dent minerals, scandium are mainly hosted in ferro-magnesium minerals (e.g. pyroxene), minerals enriched in
high field strength elements (HFSE) (e.g. baddeleyite), weathering minerals (e.g., goethite and clay minerals), and
rare earth elements minerals (e.g., xenotime). Among these minerals, pyroxene of hydrothermal or magmatic ge-
nesis is one of the most important Sc-bearing minerals. In endogenous Sc deposits, Sc mainly occurs in the form
of isomorphism with less occurring as independent mineral, while in supergene deposits, Sc occurs in the forms
of isomorphism and ion adsorption. Studies of the mineralization process of scandium deposit show that the en-
richment of scandium in silicate magma is closely related to the formation of ferromagnesian minerals. It is in-
ferred that the crystallization differentiation process of magma may be unfavorable to the enrichment of scandi-
um. In contrast, hydrothermal processes are critical for the re-migration and enrichment of scandium.

Key words: geochemistry, scandium, ore deposit type, occurring states, metallogenic mechanism
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1.3 EM-BEMEERY KK (ST K

Fot - S A R BR Bk (Se) R EZE A A
Frp E A R RN M X (6 2) 3B R BT HOM A
M, R BR VBRSE T R IR A ORI, A
VG 31X 5 B B ki 1 0 R 3 SR O B -

I AR AR AU BRI B R A AR R
IR, 8k v ) T B ) A A Bkt T L X el
BUREA R A I R, PR
BRRE IR P AR A BUREIR 3.87 T i (fnf 25, 2016) ,
IR S U A AR N A, L R
B (WA, 2016) , 1 A1 19 w (Sc,05) B i, A
70x107°( 5 AR A, 1992) , EHHLIX ) A3 &5
AL w (Sc,0,)=66x107 K i1 A A, SR AL 09 I
K 720 ¢, 17748 U B - M A A P Se,04 1
B UR L SR RO W (SR AR 5, 2012) 5 HOR AL P
WS AR LL w (Sc,05) 69% 1076 M LA, S84k BT
YRR A 162 tCEPE 4, 2018) 3% R TP B K&t
W4 R IN AT, BT w (Sc,0,) 9231076, 78 FiR
W R R K B ST 5L )

R BB R A R AN R A A 2 rh g
()5 i, WEFE 4G S s« MRS R A 5 Th P 0 3 i R b
Koa OO i 2 4% R RH A 1Y 8 A s RHC A
WA SR A R A P 3 w (Se,05) 53
P4 6x107°.21x107°,21x10° 2 48x10-°(fif 25, 2016;
T8, 2017), RUPAIRTHUN &&= 5 A ny v
JE ARG, A I R B ok v (MO 5 A ) sl R
FERAR OB A0 ), o & SERE B 4 I . [ b
PG R BUAE AN P X, BRI A 45 (2012) BF 58 TE
Ol X - SR S L A5 R s A R B
FENEIRS AR SR, SR R RE
AR, 5 AH 20 5 BSOS B I, U] 25 A mh Bt 2 e R R A
%, 2 I8k o 1 R PR 4 Y 35 2 X AT i M
AR N A SRRV SR EZ ARG
14 RULHIEESH K

ZRBIGI IR LA TP e E A H
W E AR, R B R A 0k
Ui, ARFAER PR AR % 1t Tomtor 5 JK , H i K 555k
R A A R UIAE G i A O A R R i
PRz —, WAL UEVE T, (045 B 4 b 3k 5]
Tl FF R AE G . i WAL 5E T3 w (Sc,0,) F ik
390% 1076, BT ¥ YR ik £ 4 100 t, IR BT 4 M i s A
R R RS AN A ST A, S R L
W w (Sc,0,) B ik 11000x1076~17000%1076( Lapin et
al., 2016) . & [E ¥t Al A9 75 85 6k B2 £ A XL 5
w(Sc,0,) I 35 10x107~500x 1076, Jf H.7E Fairfield
BRSO 0 R A BRI B DB R B 55 B ot
MSTH B, %0 R w (Sc,0,) Al 3% 300x1070~1500%
107 (5K £ 757, 1997) o ILAFR 72 R FE 3 T
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Nyngan , Syerston £l SCONT = /™8 A U ity KAk ik &
RUGLHIR . $5 52 E M =) (USGS, 2019) 4E4 , 7F Sy-
erston /" K 77 L 3001076 (Sc,04) Ky i1 FL i A7, A 3K
75 2 J7 W (4 S8 A6 B BT U s Nyngan 7 PR H DL 155% 107
(Sc,04) R B fh A, BT LL3RAS 590 t 1Y A AL Bt U5 5
SCONIH" K H L 162x107°(Sc,0,) A F iz, 7l LU
FRAF 3000 ¢ (1 SR AL BT BT IR, [A] B i PR A AR KA 1Y
Co-Ni & @7l

Hh ] XA UK 9 AU A 1= (Se) 07 R 20 A F UL
PO PSR G AR AR H AT, 7EAR RS M X
R 170 > KA ka8 B 07K, % 28 B8 +
W R FL 3 5 M ot mT 9k %) 43 4 - 90 % (LREE)
WP A E i+ JC & (HREE) B 3K , Hoip 8 f +
(HREE)H" K (5 10%(Li et al., 2017; 2018) . £
HARREH, FE R LA FR A . Xt
RIS AR BEiZ 7 = (Se) 0 IR N RAE 5 74 TR v R AR
RE£WF TR, W A PRI E 20 76 T 461~384
Ma.228~242 Ma #i1 189~94 Ma 3 NI, il i AR
WA I e B OGR4, 2017) o FE3E5 A XU
FENFR BT R BT WA 2= ik s h
s = 0 AR W A B K A A A S
W90 5 W0 B AR ) = B R N A AR
TR s AR T+ B 2R Y 2R R 2R
Yy, B LA TR 2R W R A A (B ER
W) (CE k5 ,2010) o 421 Hb DXORUAL Ik 8 R0 7
d 4 AR B K B % BT R S w(Sc,05) AT 3K
20 x 1070~50 x 1070 ( B 7 /E 4§, 2001 T i V1 4%,
2018) o EH T, B4 XA bk 38 AL AR L b B4 8 1Y
Tl b A7 A BB R, B A0 e B [ A S 50
ST AT LIAE R A AR B2 PA ] i

AR IE IR - (Se) i R AT s He i 2 A 2
BIEEEE A KA B b B R AR G 2
A, 2012), PRS2 T AL R T SRR A
FA TS LT g R M BT IR R il
A EE R (R FR S, 1984) , ARG FETF I
RG], B o R A W A R R
A1, 5 WAL ) B = BE RIS 7 A, 78 KA AT 7 P i e
Sc¥ B Rk g 2 4 KL 2 s Pt KL RE T3 i 85 A
FERERE, Bk B AER T2 LT ILE P . ZEX
e R IE L XL 52 N, B & SRR B o0 &R
M EREM, Xkt S mSnEaz
() 7 BH 8 (0 AH S B BT, B — R, 2
IRER (R4, 2012) o KT 258K 76 -0 KAL 72 1)

R, M LB TR FEEE TR (T
W4 ,2010)

Xof IR I JRUA 7 i R B PR T AT 5 e
BUpE R R EEmA N T 3 A O KL i ikt
[T - B A T B T B B AR, IR
REAT (w (Sc,0,)=80x107°) ; @) 15K & B M bk 555
H 2 D5 T A RUAR IR DE s B KUARTE B £1 4
Sc¥ B Bk iy S Ak W (58K ) 4 4K (Chassé et al.,
2016) . K& M T 9042 A 5 M08, IR
SRR AT T T TR IR 22, (R 3 P Bk B T
Yol LR R, it KA IEVE 2 )5 , 72 AL 5%
HE G R RO TRA DM ER, F s
R LA R 2T E (Schock, 1975) .

1.5 ARBERE R

BUBURAR 0 (So) i R AR # S 2 AR i
IRFHZ —, 0 BB SRR RE, 2
AMIURR IR Y ORI (2R N4, 2014) . 2 EREA+
W B B U A AT IR B AR A rp ol AR
(PRga) HAEMRURE 2 H2EL) FE LA, o i
FARE i (w0 (Sc) :82x1070) PR I1L (w (Sc) :72x107) |
BERAHw (Sc) :58%1070) e Z K Je WAL FE (w (Se) :
65x1070) 45 E K (Je w45, 2019) o R B it FLR
B PR w0(Sc,05)h 150x1076; 26 [F 4T % I 5k A
F UL LAl (Se) w7 IR, BE 2 hi £ i I i /0 5 5 4l
(Sc) B PRANH 252 P4 FFM 22 A7 B Wi AR Bl (S ) i~
PR, w(Sc,05) 23 314 100X 1076 1 15x 1076 (3K T 2,
1997),

A 0 BT e B R T R B
AR SE e B8 B B 20 (J e 45, 2019) , 3252
AT s R AT e w0 O = L 12w O NS )
w (Sc)30x 1070 Ay i A fi 7 (2= 224045, 2012) 47510
EURTEE FIITAN , EEAS A T (B 3) B s
JTPE(46%10°°) , HK S 52 I (43x1070) , 1L 75 (35 %
1070) MR (32x1070) fe ik . H A A1 9 A0 £
T AR LSS 00 R B e, B
I AT el 5 840 PR T i e 1K, A 2500 4
fif o XERATFEAS 05 R A5, TA N B AT BE AT
TG Y b (2230 W15, 2014) , 78 5 M A6 H 55
J-1E % -8 FAR 00 82 K Pt n] BEIRAT T485 6 &
g1 BERSE R FE (&b EAE, 2013) 1 7E
Tk $ERER B R4 BT AR U H AT 3R A
T IR FIEH T 1 (Zhang et al., 2016) . SHHN &
i TFBH LA B R DR AL A IR 1 ww(Sc,05) 4 10%
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100

80

60

w(Sc)/10°

20

LI Y A AINER MR % Kk R
AT S Tty % E K@ K&
H X l 18 B

B3 P ESS R eE ORI iR
(w(Sc)LA30x10° A1 At dtvfir (ZFZE A, 2012))
Fig. 3 Distribution of Sc concentrations in bauxite in China
(the horizontal line corresponds to 30x107¢, the cutoff grade in
the bauxite(after Li et al., 2012))

107°~25%1070 (5K £ 244, 1999),

DURRLER 100 IR F2 2 2 5825 KUAR T B, BP
A BRI Y Bk R . T ER T (Se) BT IR Y
Helm (GR2) FEUIBRIREL 7 o8 £, KON FE 5 FiE
REfREL . R A AR 2 X R Z 5T i
I WA BV P Fh A EEAARL A EAEAR XS
R 2R (TR A, 2019) , 3K 2KT R i 64 L)
— KRR AT K ES AR =K B A iR A
YR L0 (e AL SN ke R
BT SE) s B AR RGO BT A
ARSI Yk

H AT, X5 (/1L 0 A7) A R (SR KT
HIJE PP ) 5 070 )2 B i) & SR s 2,
B A w (Sc,04) K B B A (38
1076) iR 58 8 A7 (27x1076) R G 8 47 i
JE RS T A B W BRI (35, 2008) , X T 5
W A A AR RS s B RS A TP R e
TEERE,MASANTERESV ARMHT
#B (HRF 5, 2013)

2 BAYAAIE S

21 I
H Fii .4k 2% 5% Lars Nilson T 1879 4E %] BB 40"
FRER A2 BEAT 615 70 BT s 2 IR ET(Se) e K Lk, 3|

HATA IR, © AL 18 R & Hrakr a4y (£ 3) , Hirr
3PS UM W) AT B A o X SEH Y K B
HE TG SR ) b ST AR RN A A A AT R
(Ezzotta et al., 2005) . HLM 0 YW FELE KT T2
AR RO AR AR S AR 0 BNy e
Yhsisa (K 4) g a (B 4) REBUE i
A EESSHLA BUEOREESUE A TR B s 2R
M 1R % (Kalashnikov et al., 2016) , WA A & 4t ol
SEAT RS EE LA, R S BUET T DL BAE A
WA e ik sl R A g XA ERBE b, 491 in @ 4047 (MoElo
et al., 2002) F &L 5047 (5] 4; Dill et al., 2006) , #&
T A B B A 2 AR Y ) S R B 1 2 T A
1ES 5 Y, 5S4t (Williams-Jones et al., 2018) .
H 142 41 (Se,S1,0,) EE#E oA (IRAET )
(ScPO,,H,O) B HEHUIT (Be;Sc,Siq0 ) HAT HE [
ZNME

HIRBUIUER FRIR A MR Tb 2 1 T R BOE i
SR B D B BT IR 2RI 2255 800
Z P CEHRTLAE, 20185 VFZRAL, 1987) , Hh AT &35
W B0 & i) £ 2N EREE ), AnvEA SR IA
FE st R (HFSE) W W), ik 4 (K 4) b
of S RAERAT Y, e (E5) B 250
V¥ Y, BT
22 FIHEERES

BLfE B AR AP LUIE =B U A2 A feid
JEIABE R SE M o FE e A Rl ok B v, R B R A
A TCER PP, 3 AR M 7E B I A AR
XA (MORB) HHL ) 4 (Lee et al., 2005) . 7
AR E THAEE TR, AM T &R w
LS T AL I A A T ARl o ) E AR
B, w (Sc,0,) 24 221076, F M1 72 1 7] 35 31 x 107
(Rudnick et al., 2014); 750 H ) £ A 34x1070~48 %
107¢(Klein, 2003 ) ; A FH 2 1 #9428 2y 5.8x107¢ (Me-
Donough et al., 1995) ; J5U i Hu i o () == 5 A 16x107°
(Palme et al., 2014) .

e AR SR A TR TE H AR R P AR S
HA A P i R A 2 % 5t 32 3 A 81T 2 /Y 52 i
(Shchekina et al., 2008) . Hi T Sc** (75 pm) 55 Fe?*
(78 pm) Mn>"(0.67 pm) Mg>* (72 pm) . Zr**(72 pm)
85 B B AR B 2R AR RS UBC AL AR, il 15X
SR X THU e R B A EE RS S BRI
BRIEERAT A IR rh R A R HEA T o3 A U, 45 2R
TRBUR I — W A A R AR S BLRH B 1 R R A AL RN
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R3 MIIHH Y — 5K (I Steffenssen, 2018 &2 )

Table 3 List of recognized minerals with Sc as one of their main constituents (modified after Steffenssen, 2018)

G WY SO TR W) AR 43k w(Se)/%
1 B Thortveitite Sc,8i,0, 34.84
2 BEEL Pretulite ScPO, 32.13
3 TEBEHTA Kolbeckite ScPO, - 2H,0 25.55
4 A Jervisite NaScSi,0, 19.02
5 F4T Eringaite Ca,Sc,(Si0,), 18.52
6 fEHLB Bazzite Be,Sc,Si 0,4 15.68
7 L7 KRl Heftetjernite ScTaO, 15.51
8 BEEEBLA Juonniite CaMgSc(PO,)(OH) -4(H,0) 15.32
9 B Cascandite CaScSi,04(OH) 14.3
10 IR Y/S Scandiobabingtonite Ca,(Fe*",Mn)ScSi;0,,(OH) 7.28
11 B Kristiansenite Ca,ScSn(Si,0,)(Si,0,0H) 5.25
12 B Oftedalite (Sc,Ca),KBe;,Si ;0 4.44
13 [FiN e Allendeite* Sc,Zr,0,, 32.01
14 Davisite* CaScAlSiOg 9.54
15 Kampelite Ba,MgSc(PO,),,(OH),- 7H,0 16.17
16 Kangite (Sc,Ti, Al,Zr,Mg,Ca,[]),04
17 Panguite (Ti;ALSc,Mg,Zr,Ca), (O,

18 Warkite* Ca,Sc Al 0,

TE R B B B )

EEMNTED (B RS, 1992) , 1 sk Fhal 4 1 12
JRR R S B - LR R Rl 4 1 JE 208k 4 Fet Mg 56
BT HE AT 0 s b o 6T AR S AR 4
(Se) ™ IRIAIFFE , 2% B L5 A XUk 58 N A s = 0 i
TCR M RAPREAAAEZE S, S i T R D
ST YA BT SRAE W BT e R EE LR R4
& RATE , KAL 58 s 70 2 DA 7 W2 6 A T =Xt
FE BT R B 22 22 T R G 19 T8 2R A (1 2k
45,2010) o AR 38 b A5 B 2R — AN R Bk 7 g
PR——151 1 25 K R AR bk B U -0 K, 13- 8 i AE
AR TE 1 DL W B T2 XA 19 LB PT 56 11.21%,
X T + 70 %, B R AR h i RAEIR SR
R — 5T o BRI XAL bR 8 Y T PR fR 3
Fr IR A A P e o DA 2 ) 42 I R
FE, M XA B2 B TR W B T4k i S Ak )
M) i o X TULBURAR 53 R A9 5T,
AR LA 2 I [7) 52 00 - W A 1 o A (2= ZE 4
45, 2012) 1 TAlb 4R BRGS0, B4 B AR e h
BB E LI A 1 2K A7 (Zhang et al., 2016) .
XoF 0P - R T L R = (Se) B IR IAE ST, &
BT 3= 2 LA S T [A] 42 R R S AT, dnffk 2 1t Kovdor

RIS A R -0 A IR T B LR
A (E 4)J& BB ARG W, 6 Tz P h s s
£ WFGEINA S5 Zet A AL B 72 4%, I
TETE AN T B e ] : 2Zr**=Nb>*+Sc** (Kalashnikov et
al., 2016) .

3 BUEE I P RIERIE AT

BRI SE A O R A A RAE S R R
HAH A PE I BRI 2E AT 0 o R, A SR R X T4t
M EEHAEENE . A A B auee
WP AH - R A Z (B ) 4 L R B SR i 2 . WFoE 3R
HH ROV R A A AN TR S
BE BT 43 BE R A K T 1. Bedard 45 (2014) Fl
Williams-Jones % (2018) 1A~ , HULEN W A0 (R BE i
W) W VA AH Chk R R A5 44 v 1) 0T 2 250728 Ak i Fl
B, BRIV A T 0 IiE 2R B0 = 38 2005 A1 A A 4y
Bt R ENT 3K 1445 245 #5407 AR 5B b 2 i R K0 )
R 30; MR A Hb % 43 T AR B = A 10, Williams -
Jones 45 (2018) WA R HUAEW W AH -J 1A AH v 1) 43 B
BRI/ NBOR T4 4Y . Bedard (2005;2007;2014)



38 4% 551

100 um 100 b1 m

4 B E SO R
a. 4241 (5] 3 Williams-Jones et al., 2018) ; b. iM%t (5] A Dill et al., 2006) ;
c. U A (BSE) B STIE AT (51 [ Ezzotta et al., 2005) ;d. i #U4H I 4 (BSE) #H# 1 (51 [ Kalashnikov et al., 2016)
Cal—J5 fif£1 ; Ap—WikJK A1 s Bdy— RV A1 ; Dol— A = A
Fig. 4 The photographs of scandium-independent minerals and scandium-bearing minerals
a. Thortveitite (after Williams-Jones et al., 2018); b. Kolbeckite(after Dill et al., 2006); c. Jervisite(after Ezzotta et al., 2005);
d. Baddeleyite(after Kalashnikov et al., 2016)
Cal—Calcite; Ap—Apatite; Bdy—Baddeleyite; Dol—Dolomite

0.09

K5 fINE KA B e - 0 - =R ER BT 25 18] (a) AN BH R - U - =K ERE™ 8T 2 15 w0 (Sc) /%73 Aii 151 (b)
(Teitler et al., 2019)
Fig. 5 The photograph of a goethite-kaolinite-gibbsite mineral assemblage developed in amphibolite-derived saprolite(a) and Quan-
titative elementary map (w(Sc)/% )of a goethite-kaolinite-gibbsite mineral assemblage(b)(after Teitler et al., 2019)
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LA MO A R A RN R A S RE R AR
W ZIRIBUH A3 TG R , D H AT R A 2 5 4
Hw(MgO) IR A ¢, B E w(MgO) R JE i s/, 77
e 2B . BR 2% w(MgO) e 5 1 L , BRI 47 A
FANA T R EBIR AR T 1,

1 N IR B R Rl Sei 5 Mg? (Fe* 45
B BA AU SR . R, S B TR
Sy i ik AN E T ABREE B A 0 ), U WA
FUAINA B4y Se B T ik AWK A RS A S
Rl ¥y (Eby, 1973) . @i GEitH Wa Fa 4
HUH) 2 & (Samson et al., 2016; Chassé et al., 2018) ,
RIS F SN A SRS A Th i
SRR T BE AR B O s A A R e B A R B
TR, XTI R A DN AR ERRDEE A B
R, HONER: B0 RR M 5 A0 DR -8 B o B R
A K A RBP4 e By S e D
(Shchekina et al., 2008) .

4 BUERB R R HUBER L AT

AT AR AR ARG X T L 4R
DUVE A A 52 e S O BB il fR R B4 32
5 —JN AR PUA SR ARG PR R . ROR R
Fr-HEREE A AP U e TR S A AR
R R 5 A6 5 BT SR T A D R A I AR O R
W), AL AR A A IR B RS AH IR
W PR AR BT 4 JE UE R (Winchester et al., 1977 1va-
nova et al., 1972) , Ul 7 B VL VY R A0 IR A A
A A 4000 t T4 8 B 5 53 A0 PE K U Sk 1
BT RV VL 2 T A AT A AR A BURCR (F
BVTAE, 2018) o XFAS [ B2 AU 85 B R h i %
W REN, s A M0 IR RS W
10(Sc,05) 1l 15 0.02%~0.2% (Kempe et al., 2006) . =5
TR N S AR - R R DG P P AR N s
2GR I REE-Fe-Nb " R H B A A 1) 5 1 A1 2%
BT RBRT Y . 56 =20 5 A e IR
FHOC Y PRI AT 7R 40 R XA R e IR
(L PR 19 w(Sc,05) 85 i , 4 80x 1078, 1t & A~ i
Eel R LNl | o (A (S~ S 2P U 2 NN [
UE, P AE XA s BT R, K i AT A 800 %
1070, & 5 17 1018 fEZa R P Hii s e 5
e WAL IR IS B -4 R A L B ARl ik
R Y b TR A 075, RO Ik R T Y P T AR T

B B SR TVE ™ A B L,

i F Sc il i B IE =, B TR R A RN
M A S B TR R ER K (Z/) & T 5 iR PH 2
T AR BORE R B BE IS (HSAB) , Sc¥* & 5 5 OH-,
F~. CO: . SO; M PO, 255 BH 25 1T Wika s iy 2%
AW, T 5 RS T CIE U 48 & A s P
55 (Williams-Jones et al., 2014) . fEZER T S¢S
OH- ¥ Ji 1) 4% 45 41 (ScOH?* . Sc (OH ) 3. Sc(OH) §) %5
HEAE , Sc 5 F IR IR M4 4 4 (ScF> [ ScF, . ScF;)
RoEM &S T Y G ILAEm g T (Luo et al.,
2004), MHEZ T, Sc 51 FH0dH 2 CIIE By 4
A Wk g PERAIK (Wood et al., 2006) , 1H 75 2250 4 4k
TR CI R ZE A B A, B L, ] DLSE i A
ERIT R R AT T EIR T IS AL
i , Wood 55 (2006 ) Tl A5 it 44t Sc JT % Al BE 3
BLLL Sc-F 1 Sc-OH 25 A W1 e =0k #% . Smith 45
(2000)HF 5% 1 = 2B 18 REE-Nb-Fe " J& H = 5 + 5™
Prph 5 A7 (Ce) (w(NaCl)=1%~5% ) Fl 9 Bk i ™ (Ce)
((w(NaCl)=6%~10% ) "1 i i (A AL 14 % L, B 3t
e b R, Hzw IR 2 kB A 7R S ]
S B DI OC R HE BRI R I A
T R R AT RE S B OH Ml CIHR AL AR AR o6 . R
i Jo R 52 2 B BLLE R R ) A A T T LS L B
£ B HATE R A T A CI T R R T E
T S A T R S 2 B AT T 3RS = 2
P4 s Tk S B M, S SO v TR R A T A S
HLHIAS B , BEAT T 400 R HLERL I PR ABIFSE

5 Hiig5REE

AT ARG BT e ER U R B 28 R 8 L
i, SCE AR BT LA AR

(1) TETRE - B8 S 5 B i = (Sc) B PRk
PE-E R A R R Bk (Se) T IR, B Jm 7 i 45
R AR BOSA S o AR 3T LA B A BLAY DR
FUB R AR g R BT R T, T i e HLR
IR T AL, A B AR BT T 1 2R

(2) F P W) T 2R E TAE R Fh A
WA . BUOLER BRI TR Y & R
JC K (HFSE) 8 ¥y . % A4 WAL 9 L2 38 73 F £ 4
Y

(3) 155 A 1 HIA SE 90 IR P, BT R
A 1 AR A2 it ] G )0 SRR 5 A 5 A1 A 1™
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U R 2R 5 T ML 1035

VEFAAHSC I R, 070 2 DA s 1 W B A 2 I ) 42
L 2RAE

(4) AHAE AR T o0 & B UUTE, B AL
HAFFRMEM T K, HEZEXT BRI o
MR, PGS X T BT R B RIS B S UTE R
F14) S M 5 Ry B

W], by ik — 2 58 36 U™ B e A E R 1 4
A TAE, T BN LR Oy e .

(1) 25 B 5 50 A B 1 FAE G0 IR rh 2 AR
o= TP R AR AR ) BIRATFIE 2

(2) B H P IR UR 5

(3) 1T H A= 5170 2 78 PR AR e ) i i
& S YA SO WA, ST R AR &
FAE KA B IR | AT ML AS A, Nz
50 T IC 2 A AR SEPERIF I, DA A I g B IR B
BBl o B 0 s 1 B 4 T A2 - R R A A
TR A B AN ) BRA 2R S5 A, R BRAGR AT IR BT AL
Tl AL ISR A At

BB fexEMBSuEET FRLEAT
TESHRE AR RN
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