20194E 8 R M S CORTEC N W )
August, 2019 MINERAL DEPOSITS 38 (4): 898~916

XEHS: 0258-7106 (2019) 04-0898-19 Doi: 10. 16111/j. 0258-7106. 2019. 04. 014
WmtW (5 BEERENEFLZFHEN

ERiEA= V2 3N FT M EFE ERa S LR F?
(1 H E M R U BR R  5 2A e, JE T 1000835 2 H AR TR IREE sV -5 90 IR PPN A S0 80 =2, b [ M BB 22 e =
RS AT, JEa 100037)

 E Ay EIEA LiZr Nb . Sc 5 =Moo R SN E RUTBRBE IR E .. 50 h i IRAeR s
A BRI T, X 32 & & SR B B A SR A R A SR S R R L K, SRS T AR ENL P
TIRG TV N 2 R PRSI AR T R A ML BR A2 0 W ARG RORE AR T R R A R e
HZEMZEEFI TR, BAb e 320 5 s £ XA XA e DURUR B 8148 0 C&H) |, B B R i o=
AR p & I 20 A R R E R TS0 AR P NHEBEICRE A (AR A - 5 I A/S
TH A 1.1~1.8,w(Si0,) N 25%~45% ,w(ALON T 35%~55%, MiAE AR 5 1 w(Li) A o 480 32 5 DL s 12 S 1
TR 2 AR XIRAEAE S0 A e A S A S8 L0 Y JF BN L& ey R wL) B . Bk
WA ) VAR DB A8 I8 1 F 2007 BRI U, 2 - SR80 AR SE a0 A0 Tolle 1 (9 32E R 58 T A 25 i 3 it
TR

RSB M DU R G s B b AR AR AR SR S A

FESEE P618.7 MR A

Bauxite (aluminum)-type lithium resources and analysis of its development
and utilization potential

ZHONG HaiRen"?, SUN Yan’, YANG YueQing’, WANG DengHong’, HUANG Fan® and ZHAO Zhi’
(1 School of Earth Science and Resources, China University of Geoscience, Beijing 100083, China; 2 Key Laboratory of
Metallogeny and Mineral Assessment, Ministry of Natural Resources; Institute of Mineral Resources, Chinese Academy of

Geological Sciences, Beijing 100037, China)
Abstract

Bauxite is often associated with ‘three rare elements’ such as Li, Zr, Nb and Sc, and is a potentially huge
sedimentary lithium resource pool. The study of the occurrence state and distribution of lithium in bauxite is of
great significance for enriching the development of lithium mineralization theory and realizing the comprehensive
utilization of bauxite resources. Geochemical, mineralogical and chronological data of bauxite deposits in Shanxi,
Henan, Guangxi, Guizhou, Yunnan and Chongqing of China were collected systematically, and the distribution
regularity, influencing factors and comprehensive utilization prospects of lithium were discussed. The paleocrusts
of weathering sedimentary type of bauxite (aluminum) in the bauxite mining areas of northern Guizhou, southern
Chongqing, western Henan, and north-central Shanxi are most enriched in lithium, and the metallogenic ages are

the Benxi period of the Late Carboniferous and the Liangshan period of the Middle Permian. Lithium is mainly
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enriched in dense massive bauxite (high alumina clay rock)-hard clay rock in the middle and lower part of ore-
bearing rock series. Its A/S value is 1.1~1.8, w(Si0,) is 25~45%, w(Al,O;) is 35~55%, while the lithium content is

lower in earthy bauxite. Lithium is mainly present in the clay minerals such as (meta/poly)-kaolinite, chlorite, and

montmorillonite., which are exchanged in an incompatible isomorphism form of cations in the layered silicate.

When the type is high, the lithium content is high. And when there are many kinds of clay minerals and the

amount of clay minerals is large, the lithium content is high. Bauxite (aluminum)-type lithium is an important and

huge source of sedimentary lithium resources. The progress of lithium extraction in experiments and industry pro-

vides a broad prospect for the comprehensive utilization of lithium in bauxite.

Key words: geology, sedimentary-type lithium ore, bauxite (aluminum), clay, distribution law, occurrence

state, comprehensive utilization
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Fig. 1 Distribution of major lithium and bauxite deposits in China (base map after Li et al., 2014)
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Fig. 2 Average lithium resources content of different deposits (associated) in China
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Table 1 Average lithium content of rock (ore) in different bauxite deposits in China
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Table 2 Average lithium content in Jiaozuo clay metallogenic belt, western Henan
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Table 3 The age of formation of bauxite in China
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Table 4 Geochemical characteristics of sedimentary-type
bauxite(rock) from paleo—crust of weathering
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a. Buxite deposits in Shanxi; b. Bauxite deposits in western Henan; c. Bauxite deposits in northern Guizhou and southern Chonggqing;

d. Bauxite deposits in southeastern Guizhou and western Guangxi
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Z ] 4 5 B OE AH G M S 2 A AH OGP 5 w(Li) 7R
w(Si0,) H 25%~45% . 10(ALO,) g 35%~55% it 5 155

wtEEEON R A

B

3.5.2 HMGLEEITTE LR
Li5 Be fl1Rb .Cs fAE LA s 5 Zr W . Ga %5
Fa s T2 To I B AH D PE th 2k (18] 6a~F) o [l BB 4



H38% 444

PR A5 B8 e O ) RO IR T R I

909

J&IGZ Rb . Cs([#l 6b.c) FIARERTK 142 )8 T Z Be ([
6a) , TEALZPE T A — e AR , BCTE AR DG PR L
R T — 2, B2 WA IEA DG . 2 TiNi,
Zr NbSFF e TCR 2 it M), S0 2 ao(Li)id 5 #0
B T 24 w(Zr)7E 350 x 107°~800 % 1076, 1w(Nb) 7E 30 %
107°~80x 1070 B}, A7 5 R R I B 48 Li Y41 Li
5 Ga. W R 0P A 350K FFw(Ga N T
25x107~40x 107}, Li P i w4 . FALE(2013)4)%
T B RAT R4S 0 Li AW T DOk B
EWITCER I ZE AR IR G, AL
[ (& 6d). Ti.Ni.Zr Nb%f o R AR R T
R85, 0 T RS 1y SO IR A i 5 1 Ga
T ([ 60) EXT B HURM TR, H FH TH/R IR
B AR 45 B Li -5 H AT ST 3 A G HERRIE 4 A B

10000

1000}

100+

w(Li)/10°*

10 |

10000,

1000}

100 F

w(Li)/10™°

10 |

0.0 0.1 1 10 100
w(Cs)/10°°

Al d had a4 o
o W A M

w(Zr)/10°°

W(Li)/ 107

100 1000

w(Li)/10

1000

B E—LEn RVEHE N I B s 4, DL it
TCRA IS RRHIE L K S Li Z )RR 88 T
PR Ca) IR US RE R AR SRR
3.6 A1 (E)PENEERESHRN

Li 2 4 Ji 1 sh Ml A T 3%, 7 XA inhid
HORIHAB B G J — AR RS PR O I Tk
W E A S B W B R Be e Be O, T DA
AT Li ARk

52 40 J& T 2: 1 & ([Si-O] MU i 4 : [Al-O]/\ Ifii
) — =/ N AR B ZAR AR IR EE , B AT AR 8 14 18
JIANBH B ¥ S BE 7, BRIV 3% T A A A T S 4
YRR o PRS0 2 0] B 5~ 2208 Lit, MU 21
Gy 18l 3 AU (CEESE , 2010) 98 52 15 40 25
Ha A Liy7s - nH,O - [Si;75A1)55] [Al; sMg, 5]05(OH),,

10000,

R
1000t A Y
atA A 4

A
R T
m ‘L
100 PO R Yo
LA "
A
.
4

10 |

0.01 0.1 1 10 100 1000

10000,

1000

100

N N
A A Pl
10} N e
s

0.01 0.1 1 10 100
w(W)/10°°

1000

0 500 1000 1500 2000 2500 3000 3500

iy e

As 4

100

6 Fhs Ca) iR o R 5 B R AR G P i

Fig. 6 Correlation between trace elements and lithium in bauxite(aluminums )

150
w(Ga)/10°

200

250



910 o JZN

b Jt 2019 4F

324 SiH A 1B ALBUR, & 84~ AL A —
Mg B, LiyO 5 b ik 4.7%, T8 5 B Ul 85 5 W B 2
F 15 W B B S 5 K o 4 R K A8 F,
FEAEZE £ i Hh 2% 1w sl 2 A1k 3 2o k& mT LA
FRUIR o TR S 0 Ay H %) 8 8 DU DR IR 1) 5
SR A0 5 Wi NG | W & = W LU NTETR NS AN 7 N R
(R AN TR N T VAL S s W P S O (I E S
[ Py Ak M Y King Valley & £ 5¢ i £ 26 -+ R0 (1)
T Bt i kg AR R AR T A bk 0 ) B 1 9 0 i A
R LR R AR R B K KL T PN T B A
B ETEE I T 5 52 LU AR 3 4 Y 3
AR TE s S A )2

T U A AR MR S A BRI T, A R A
WRUETE B B 4, AR R A W A R P
T ZKEE A EKEE A, A AL
[S1,0,0](OH)5 - (H,0),0 =il 47 K 111 Fl—— )\ i {4
RUZARZE Y, AURT Si 9k B 4 1) $50m AR AR, B 2 B 1
& JRICER Z UL W HHE PR A, PHE 283
REJ1E s o (B Y 2 K3 2 56 A8 A8 K i Ue A 5 %
IR A J5 BHES 1A ) 2313 BNk, B 559 2R
K R (n=0) —AEIK I A1 (n=2) > ZIK = IR A
(n=4) . [FIEF, 76 1L P 0] R 80 0 R 26 £ A
AR A A H UL (X, 1986) o SR 11T A Ay i 0
A1 S ST S5 R LA A, KB es e R
B W A S ARy I A, SR T
AR HEICHMEE . BLAh, =W A RS2 A W ¥ Li
(1) S 56 7 P — 55 TR T A5 1 T, e U o TR AR 1Y)
AR IEE] 0.075 mmol/g, i 2y H R =4 FHE
(Fe?* Mg? .Ca?") A I /EFH CRAESESE,2011) . ik
A (RN ) AN R LA B8~ W BT X B
43 Li, Al fig LS A e U 46 Li

s AT R i 2 YL [(S1,A1),0,0](OH)g,, x=5~
6,Y £% Mg Fe Al /L& Li Mn %5 [HE 1, & T
20101 A — =/ AR R 2R G548, 2 P -G TR HOR
YT A SR ST E T 74 ZEPE S5 1 T
T ATETYITE ARSI T HA W sl i 45
MZMEAEARNEZE, gesityg . Salefqih
AR A B B R AL R, 2T
A RPN T E K ME . FE T
HFF 5% 5 AT R AR 8 A s (DR 4% 19865 X1
i BEAE,1987) L Ais 2 P AR I F BruE s T
BRERYE A B AETE, 8 A o B T i e A 4 Ak
SRR g A R R A AR R i AR T AR N R

AR . AR AL 2% 8 LiAL(AISi;0,,) (OH)s,
52 BR it AT R Ak 2 2R 2 (LigesCagor Nagop)os
(Al; gsMg o9 Fe) osFe**) 1) (Al 5915 1,0,0) (OH)g 5, pli
e AT SR, AT DR T (R G B 4 iz i &k . Dai 45
(2012)TERFFT N 5 i S IR B A 25 250 H A, 2 A
a0 (Li)F5e 3 1] 1K 505% 1076, 20 Al B 5 A A7 16
gl rh, R R SR UE A - il % e A 1 ] A R s
W] BEAAAE R e A AR R 2 b TR LU VS
SR S P R R e A 7 i RE HE (R=0.92) , #34 iH
A2 R RIAE S X A R A7 A Al 1) A
& f1 (Zhao et al., 2018) , 7] g /2 /= U8 Fl Lit7E A #L
25Tl R AR IE K. Zoya %5 (1975)
FERFGE VG A5 17 rh R e A B A Sk R i 1
A AR R =, BRI A 0 OC R AR DD, Tl g
PR I BE AR ) 2544 R L e BH B8 AR X R = 1
& LIS 60T, i E S A R Li A B AR AR B . e
Hh,ALB . SilfFZ [ HA 2 B 28 BT A G015 &
UL Lic A 5T [R] G A0 LA, B LA FT REAE
TE5 4 E A1 [Li,AlL(AIBSLO,,)(OH)] -

PR MR A7 T B 2Z PR RR TR [S10, 1Y A Hh i T
JPE7S T A FI[ALOG )\ THHA H L B 38 17 T
R 5 Hegh by h—E6 43 Si-O DU A 1 Si gk ALY, —
#B3 AL-O /N TEA Y ALRE Mg B, DA Az £ H fr o
R TR, O e SR IR v 4 B
F-(Li* \Na* K", Ca>" 4 ) , K 02 M)A A 15 A i 4 i A
Bt AR 1 Y SR ML R (L AR B
IR 58 A CEAT AN B3 FIPE J5T P [T 44, G s
SIH T BBk AP, T LitFE 183 AP 25k 25
Bt rb AT 2 F b BIOR RO R Rl e 4t . LA
R BRAREERRER | 29[ Si0, VU ARy 4 R4 a4
BB AR, DU TR ACKS S AR S48, Si+aT LA 43
Bl AP R F A B A A E 27 (Li* \Na® |
K Ca> % ) FAfif . 448K A (NaALS,08) H5 K A
(CaAl,Si,0f) IF KA (KAISI;O) pAEE A (LIAISIO,) |
B-#E M A (LiAlSI,O4) , B-£1 42 (Si0,) Sl J& X Fh 4514
AR IR CGRX 2255 ,2007) o T3 A BH 25 A 0 22 # fig
1RSI 41 & Lit~Na* < K'~NH*" < Rb* < Co*~
Mg?" < Ca?* < Sr**~Ba?<La*~H'=AI", W Li'HiZ &
62 A BH 25 1 B3 2 ARG, 17T 22 S A i 1 PH 2
T HEHZ LM & E£WAGT 80 wh A
S

R e R, 25 T RS (DR i 4h
YER (R4S AR A BCE 0 AT . 9 8] 7 DX 5



H38% 444

PR A5 B8 e O ) RO IR T R I 911

S b BT R 237 A 240, A T K SRR
FLBR/KFT IR 1A , I HLAE AN (RIS ER B B, 83 TR )
ANF) L B e R P e = 2 Al kA A
EeAR , BIANAE S R H R M T (RE KA A ) T 4 AR
R JE A e A v A A TR L K A A 5 Fe
Mg I BRE IR T 5 T Ak T A1 & KA B 1 3185 5
TE R A 5 10 7 b e IR A A 555 e sl MR PR A0 1 ) 55
RS (U EF45,2018) . FEix seid i, B +8
VIR e 1 sc gl AR BE 2552 RS2 e, DR T X 2
T SR R AT X OR) 5+
WY LA BT LR B AR S B S22 5
56 EE B AR A - A R IR A R 2
FROE B H A B AR M ARTK I A 2K
Wt ilA SENA PRIRE SRSRZEE 0
Y IRAE  IFAE (80K 2K ) e A v or A ) A7 AE
el T AT RE SRS MA SRS )

A R RCOL TUE e
Sy

PEA TR RN ER B B Y IR A RS B35 e 25 R
LR  AHXHE SR IS 7, R A DA A
B B ICE P FERE B B LA ST AR
B 0 R FHAR BE AN i, KB Ak TR B
SEBRAE PR D . HETAERE & B DR R A
PR 2 43 A A8 IS PN FRRPI , U 5€ [ 7 S i 45 (Clay-
ton Valley) 7 5¢ i A1 6 + 4 . KR (Big Sandy) &
J7 A FER B AR SR A AR R £ 2 Y
5 (Burro Creek) & #1 26 £ 2 38 s if Hr/H £ &
( Thacker Pass/Kings Valley) i & £ %5 1 )2 |, 85 P4 &F
FKif i (Sonora) #1552 il A3 B + 2 BB R 2
(Falchani) & £ JK 75 1 FE IR 4 W7 B9 35 7K (Jadar) il
H IR (Jelena et al., 1997; F M4 ,2019) ., H A
Clayton Valley Fll Big Sandy #8# H: 7= T. 2 )2 R H R
AR R B B BR R XA A TR S B g i e
W, B JE A T B AR AR B R, X T AT &
I e R e R I AT D4R R B %% . 1T Sonora £
SEMAT AL PRIG A 7 T2 AR B - Wy BT 4 I 75
TR AR A R T 950°C Nk be , Friff ATk in 4 4k
F A B R] 77 ) Li,SO,, fie J5 G Ak B A B4 BE K T
99.5% IFFEHEZE Li,CO, 7= o BT UL BED 1 HH B AS
[FIRAPIR AR e 5 AE 7 T2

S A CE) AR R ERAE S — R 2 A Y

DU B2 YR, o X 5 R JLRh O AR 7 8
RURIIANIR] , VA | B O B R R el Ak
FEARREA RN . R 255 (1987) FF X & L4t
AR () A3 E T AFEAN AT BB T
PRI, SRS T s H R R IR AR R
HAE TR , 5 2 S AN RN, 1
BT BR IR N EURR . AT 75 (2013) H
BRI R B AR, T A3 B0 5%~25% AR
FRTE 60°C I 1 2 h D b, A5 B £ R I 12%, 1iE
WA AW SR UAE AR 3D T 27 AE T8 01
R R RER R R BRIE R o B TRk
/NTF 75 pm (1 JERE 800°C 1 K5 BE ) L 7 60°C 4% 14
T, 5 5B 10% B R (FEWE 1:4) KON 2 h
J& B R ]G 95%, AR oR M AE (2014) £ X
TR () A B RS IR vk R B ERES | 96
1B5% BRIRENIE A JRET T 800°CkEBE 2 h, 1M R H i
PR DL L 103 I 20 IR 1 h, £ 3 B R
H 89% (B BR e 1 10% ) ~95% (B FR ¥ J& 50%) . 5=
MREE (2016) %) BB -8 SCHR T IR IV, 78 75°C 4%
4 AR A BEAE i (R LE 1:8) , LA 300 r/min
A AEFESR R SN 15 min, 75 24112 HR N 55% (A
SRR T3 E 5% ) ~99% (IR AT 4 17% ) o

W S b 2E N T BRI ARk (FEH L %
SRR ) RE TR mmRE, EE N T4
AR ML E Y . FERRIEAL B ] 2 R A AR
(18 LS 0 Y e S 2 6 AR P 5 i i Ak P4 -
Az P AR, R 2B EA TR AR, itk A
AR ER IR ANAT Fe V \GatE T2 A3 T [mlii,
HAR KA 25 455 i A 20 5850 9 2545 ISR T
P, B TR TR H 2R DL R = T2
B AT, Ry i iy AR 2 TR R () £ IR h
B VR T R 5 B VR AT DR AN DSR4
B ER S R OE , &5 T E U 06k
HRIEHE . X T wALO,) AR 1 LT R H %
BB R 5 1 w(ALO;)<55%  A/S<2.5 B4R+ A LI K
B A5 AT UK BRAE R PR AR IR AT 2R A R
FH LA B35 208 Tl S 07 968 3 Ca) wT LA kil
SR AT, e R Al T S A Y
R AR 205 25 A 0 Tk A8 b o RIS B4 286 4] ok
AR A A RN VK S A, T AT R R A
R AV FEL i 460 2o R BB EE 5 1T A IR 8 AR A B 38 v 2 B
B ER B TC R LR A TS A b R 3 8 i it |
R G5 B A 25 A R B B T 3 LI



912 R

b Jt 2019 4F

BEE TT R A HE D LI K G AF R [ S AR Y
PR PR B RE 2 A B, 1 R 40 2T O ) BB B8 4%
FABDURR R AT HooKs 2 3 3 22 (0 563

5 45 &

(1) 7E v [ 45 Fh O AR AR B B 0 ep by KU e L
ARV 0 () B & B Hoor A )iz, R AT i
ST IT M 22—

(2) " EEALSS EEY X e -
WX RV A TR - AR X
LG FR LR AR - XAl KA e DO AR 87 ()
PRSI E K,

(3) & H Ay WA FE DR AR (Fh) 20 il st
PAE T E AL T e A s A ), g 5 o vh S i
R, R Jo ke T B S 5 HLRE A [ b B
F, HAT IR Bk IR S KT 1 - K o e 2 )G
BERMNATIBREHA B VIR, IF BIE G #rh
TORR ] W st 0] B2

(4) RS R/ P T ESE, I7ES -
F(Esagi ) - L a b E ST ek
Fisa () om h A for s 4 mAesh Lo 2 oA
BE ETxRAF AT ARTEERL. L
W ) AP s R AR BUR HORS 1 B R L = iR >
FAR . YR CE) T ASTE T 1.1~1.8,w0(Si0)
T 25%~45% ,1w(ALO) T 35%~55% B}, fe & S .
BRI S Bkt 4 JE o6 2R S A DG, Bl Ze (Nb 45 82
TETCRFAAERE QR R T R s B i 25 55

(5) PR FEME 0 WAL, YF Y
U R 20 AR S i o AR R B T
(2K EW A GRef S A &R Lo, L
P S R 5| A W s i B D =l | A w e d o

(6) By, HEZ LRGN T 24 T —LitfE,
AL 2 o] E AMIUBUAER T T & R AR AR AR
ZRA RIS T Ca) LS TR

BB b E MR B BRI B S
KA B AR WAL L R SOR AR R Z b T 5 5t
HEIL, TR 20 H B !

References

Bardossy G. 1982. Karst bauxites, bauxite deposits on carbonate

rocks[J]. Developments in Economic Geology, 4:1-441.

Cai S H, Liu X F, Meng J Y, Sun S L. 2012. Mineralogy and geochem-
istry of Tianyang accumulation-type bauxite in western Guangxi[J].
Geology and Exploration. 48 (3): 460-469(in Chinese with Eng-
lish abstract).

Cai S H. 2014. Detrital zircon geochronology and its implications: The
Carboniferous bauxite deposits in the North China Craton (Disser-
tation for Master Degree) [D]. Tutor: Wang Q F. Beijing: China
University of Geosciences. 22-26.

Cao G S, Xing Z, BiJ H, Sun F Y, Liu L Z, Du X, Zhou H C and Chen
Y C. 2018. Material sources analysis of the Benxi Formation bau-
xite in the Yanshi-Longmen area, western Henan[J]. Acta Geologi-
ca Sinica, 92(7):1507-1523(in Chinese with English abstract).

Chen P. 1997. Sedimentary geochemistry of the carboniferous bauxite
deposits in Shanxi[M]. Shanxi: Shanxi Science and Technology
Press. 62-69(in Chinese).

Cui T, Jiao Y Q, Du Y S, Wang X M, Lei Z Y and Weng S F. 2013.
Mineralogy and geochemical characteristics of bauxite in northern
Guizhou[J]. The Chinese Journal of Nonferrous Metals, 23(10):
2905-2918(in Chinese with English abstract).

Dai S F, Jiang Y F, Colin R Ward, Gu L D, Vladimir V Seredin, Liu H
D, Zhou D, Wang X B, Sun Y Z, Zou J H and Ren D Y. 2012.
Mineralogical and geochemical compositions of the coal in the
Guanbanwusu mine, Inner Mongolia, China: Further evidence for
the existence of an Al (Ga and REE) ore deposit in the Jungar coal
field[J]. International Journal of Coal Geology, 98: 10-40.

Deng G S, Li J M, Yang G H, Zhao X D, Chen L, Chen Y and Lii T.
2014. Distribution law of lithium and its influencing factors in
Shuijiangbanqiao bauxite mining area, southern Chongqing[J].
China Mining Magazine, 23(3): 72-79(in Chinese with English
abstract).

Deng H W and Qian K. 1993. Sedimentary geochemistry and environ-
mental analysisfM]. Gansu: Gansu Science and Technology
Press.4-29(in Chinese) .

Deng J, Wang Q F, Yang S J, Liu X F, Zhang Q Z, Yang L Q, Yang Y
H .2010. Genetic relationship between the Emeishan plume and
the bauxite deposits in western Guangxi, China: Constraints from
U-Pb and Lu-Hf isotopes of the detrital zircons in bauxite ores[J].
Journal of Asian Earth Sciences, 37:412-424.

DuY S, Zhou Q, Jin Z G, Ling W L, Wang X M, Yu W C, Cui T, Lei Z
Y, Weng S F, Wu B, Qin Y J, Cao J Z, Peng X H, Zhang Z and
Deng H. 2014. Mineralization model for the early Permian bau-
xite deposits in Wuchuan-Zheng'an-Daozhen area, northern Gui-
zhou Province[J]. Journal of Palacogeography, 16(1): 1-8(in Chi-
nese with English abstract).

Gao L, Wang D H, Xiong X Y and Yi C W. 2014. Summary on alumi-
num ore deposits minerogenetic regulation in China[J]. Acta Geo-
logica Sinica, 88(12): 2284-2295(in Chinese with English ab-
stract).

Gu J, Huang Z L, Fan H P, Ye L and Jin Z G. 2013. Provenance of la-

teritic bauxite deposits in the Wuchuan-Zheng'an-Daozhen area,



H38% 444

PR A5 B8 e O ) RO IR T R I 913

northern Guizhou Province, China: LA-ICP-MS and SIMS U-Pb
dating of detrital zircons[J]. Journal of Asian Earth Sciences, 70-
71:265-282.

Han Z H, Wu B, Weng S F, Chen Q and Tao P. 2016. Geochemical cha-
racteristics of bauxit deposits in the Wuchuan-Zheng’ an-Daozhen
area of Guizhou Province and their geological implications[J].
Geology and Exploration, 52(4): 678-687 (in Chinese with Eng-
lish abstract).

Hou Y L, Zhong YT, Xu YG and He Z B. 2017. The provenance of
Late Permian karstic bauxite deposits in SW China, constrained
by the geochemistry of interbedded clastic rocks, and U-Pb-Hf-O
isotopes of detrital zircons[J]. Lithos, 278:240-254.

Jelena O, Jelena D C and Nebojsa V. 1997. Phytogenic lacustrine sedi-
mentation-oil shales in Neogene from Serbia, Yugoslavia[J]. Jour-
nal of Paleolimnology, 18(4):351-364.

JinPP,OuCH,MaZG,LiD,RenY Jand Zhao Y F. 2018. Evolution
of montmorillonite and its related clay minerals and their effects
on shale gas development[J]. Geophysical Prospecting for Petro-
leum, 57(3): 344-355(in Chinese with English abstract).

Jiang L L. 2014. Geological and geochemical studies of bauxite ore
deposits metallogenic belt, western Henan(Dissertation for Master
Degree)[D]. Tutor: Wang Q F and Liu X F. Beijing: China Universi-
ty of Geology. 29-38(in Chinese with English abstract).

Jiao Y. 2014. Study on the Late Permian sedimentary palacogeography
and mineralization of bauxite ores in Tianshengqiao mining area,
Wenshan County, Yunnan Province(Dissertation for Doctor De-
gree)[D]. Tutor: Wang X L and Cui Y L. Beijing: China Universi-
ty of Geosciences. 93-98(in Chinese with English abstract).

Jin Z G, Zhou J X, Huang Z L, Gu J, Liu L, Dai L S. 2013. Detrital zir-
con U-Pb dating and its geological significance for the bauxite in
Wuchuan-Zheng’ an-Daozhen Al metallogenic Province, Guizhou,
SW China[J]. Earth Science Frontiers, 20(6): 226-239(in Chinese
with English abstract ).

Jin Z G, Zhou J X, Huang Z L, Dai L S; Xie X, Peng S and Gu J. 2015.
The distribution of associated elements Li, Sc and Ga in the typi-
cal bauxite deposits over the Wuchuan-Zheng’ an-Daozhen bau-
xite ore district, northern Guizhou Province[J]. Geology in China,
42(6): 1910-1918(in Chinese with English abstract).

Li H, Xu X and Yang K. 2014. Lithium and gallium resources metallo-
genic geological characteristics in coal No 4, Pingshuo mining
area, Shanxi[J]. Coal Geology of China, 26(12):17-19(in Chinese
with English abstract).

LiJ K, Liu X F and Wang D H. 2014. The metallogenetic regularity of
lithium deposit in China[J]. Acta Geologica Sinica, 88(12): 2269-
2281(in Chinese with English Abstract).

Li P G and Wang D H. 2014. Geology, geochemistry and metallogenic
regularity of the Dazhuyuan bauxite deposit, Guizhou[M]. Bei-
jing: Science Press. 10-90(in Chinese).

LiR G, Song X Y, Gao Z, Feng Y L and Li Z W. 2014. New technolo-
gy for extracting Li from low-grade lithium-bearing clay[J]. Mining
and Metallurgical Engineering, 34(6):81-84(in Chinese with Eng-

lish abstract).

Li Z H, Yan W, Liao C G, Lu T, Yang B, Li J M, Chen L and Chen
Y. 2012. Mineralogy and geochemical characteristics of the
Nanchuan-Wulong bauxite deposit in Chongqing[J]. Sedimentary
Geology and Tethyan Geology, 32(3): 87-100(in Chinese with
English abstract).

Ling K'Y, Zhu X Q, Tang H S, Du S J and Gu J. 2018. Geology and
geochemistry of the Xiaoshanba bauxite deposit, central Guizhou
Province, SW China: Implications for the behavior of trace and
rare earth elements[J]. Journal of Geochemical Exploration, 190:
170-186.

Liu B J. 1980. Sedimentary petrology[M]. Beijing: Geological Pub-
lishing House. 286-289 (in Chinese).

Liu C L. 1986. The finding of natural metakaolinite[J]. Contributions
to Geology and Mineral Resources Research, 1(2): 70-76(in Chi-
nese with English abstract).

Liu C L and W S B. 1990. Ore-bearing horizons, metallogenic Provinc-
es (belts) and ore-forming mechanisms of bauxite ores in China[J].
Geology and Exploration, (5): 18-25(in Chinese with English Ab-
stract).

Liu G K and Peng W.S: 1987. Infrared spectroscopy study of Cookeite[J].
Acta Mineralogica Sinica, 7(1): 52-56(in Chinese with English
abstract).

Liu X F, Wang Q F, Deng J, Zhang Q Z, Sun S L and Meng J Y. 2010.
Mineralogical and geochemical investigations of the Dajia Salen-
to-type bauxite deposits, western Guangxi, China[J]. Journal of
Geochemical Exploration, 105(3):137-152.

Liu X F, Wang Q F, Feng Y W, Li Z M, Cai S H. 2013. Genesis of the
Guangou karstic bauxite deposit in western Henan, China[J]. Ore
Geology Reviews,55: 162-175.

Liu X X, Sima X Z, Gao Z R, Yu R A, Tang C and Zhang C. 2016.
Geological characteristics and resource prospective of bauxite de-
posit in Shanxi and Henan Provinces[J]. Geological Survey and
Research, 39(2): 111-117(in Chinese with English abstract).

Liu Y P, Cheng G F, Zhou W L and Cui W. 2016. Division of bauxite
mineralization area (belt) in Guizhou Province[J]. Geological Sci-
ence and Technology Information, 35(3): 128-132(in Chinese
with English abstract)

Long K S, FuY, Long Z, Tian J L and Zheng J. 2019. Resource poten-
tial analysis of REE and Sc in global bauxite[J]. Acta Geologica
Sinica, 93(6):1279-1295(in Chinese with English abstract).

LuJ W, Peng X L and Xu L J. 1997. Source of ore-forming materials
for bauxite deposit in Shanxi Province[J]. Journal of Changchun
University of Earth Sciences, 27(2): 147-151(in Chinese with Eng-
lish abstract).

Ma J L. 2015. The material composition and enrichment regularity of
Mianchi bauxite field, Henan Province, China(Dissertation for
Master Degree) [D]. Tutor: Wang Q F. Beijing: China University
of Geosciences. 35-46(in Chinese with English abstract).

Ma S C, Wang D H, Sun Y, Li C and Zhong H R. 2019. Geochronolo-

gy and geochemical characteristics of ILower-Middle Triassic



914 R

b Jt 2019 4F

clay rock and their significances for prospecting clay-type lithium
deposits[J]. Earth Science, 44(2):427-440(in Chinese with English
abstract).

Meng J, Wang Q F, Liu X F, Sun SL, Li D S, Zhao Z Y, Yang Z H and
Wu J B. 2011. Mineralogy and geochemistry of the Pangjia-
zhuang bauxite deposit in Jiaokou County, Shanxi Province[J].
Geology and Exploration, 47(4): 593-604(in Chinese with English
abstract).

Meng M. 2012. Discusses Jiaozuo area pottery mine associated lithium
resources shallowly the comprehensive utilization[C]. Beijing:
Academic Exchange of Building Technology and Management in
2012. 179-180(in Chinese with English abstract).

Ren F T and Zhang J. 2013. Chemical separation and enrichment of
lithium in aluminous rock in central Guizhou[J]. Inorganic Chemi-
cals Industry, 45(3):19-21(in Chinese with English abstract).

Shen L P, Song Y H, Peng Z R and Guo K Z. 1986. Discovery and pre-
liminary study of Li-Chlorite in claystone form ascertain location
of Henan Province[J]. Acta Mineralogical Sinica, 6(1): 86-91(in
Chinese with English abstract).

Song Y H, Shen L P, Zhang N X, Peng Z R and Guo K Z. 1987. Prelim-
inary study on clay minerals and their rare earths, lithium and oth-
er elements in a clay mine (rock) in Henan[J]. Chinese Science
(Compilation of Chemical Biology, Agricultural Science and
Geology), (2): 204-213(in Chinese).

Sun F M. 2018. Permi-Carboniferous main mineable coal seams lithi-
um content distribution features and metallogenic prospect analy-
sis in Shanxi[J]. Chinese Journal of Coal Geology, 30(7): 40-43.

Sun L, Xiao K Y and Lou D B. 2018. Mineral prospectively of bauxite
resources in China[J]. Earth Science Frontier, 25(3): 82-94(in
Chinese with English abstract).

Sun S L. 2011. Geological and geochemical characteristics of Kuan-
caoping bauxite deposit in Ningwu County, Shanxi Province(Dis-
sertation for Master Degree) [D]. Tutor: Deng J. Beijing: China
University of Geosciences.33-45(in Chinese with English abstract).

Sun Y, Wang D H, Gao Y, Han J Y, Ma S C, Fan X T, Gu W S and
Zhang L H. 2018. Geochemical characteristics of lithium-rich
Mung Bean rocks in Tongliang County, Chongqing[J]. Acta Petro-
logica et Mineralogica, 37(3): 445-453(in Chinese with English
abstract).

Wang D H, Li PG, Qu W J, Lei Z Y and Liao Y C. 2013. Discovery
and preliminary study of the high tungsten and lithium contents in
the Dazhuyuan bauxite deposit, Guizhou[J]. Chinese Science:
Earth Science, 56:145-152(in Chinese with English abstract).

Wang D H. 2019. Study on critical mineral resources: Significance of
research, determination of types, attributes of resources, progress
of prospecting, problems of utilization, and direction of explora-
tion[J]. Acta Geologica Sinica, 93(6): 1189-1209(in Chinese with
English abstract).

Wang J Q. 2013. The study on mineralization regularity and geological
features of gibbsite deposits in central Guangxi(Dissertation

for Master Degree) [D]. Tutor: Wang Q F. Beijing: China Univer-

sity of Geosciences.31-43(in Chinese with English abstract).

Wang J, Wang J X, Zeng F G and Wu X L. 2010. Molecular simulation
of interlinear structure and dynamic characteristics of hydrated
hectorite[J]. Acta Chimica Sinica, 68(16): 1564-1660(in Chinese
with English abstract).

Wang L, Liang T, Lu R and Wen J J. 2017. Mineralization characteris-
tics of Li, Ti, Ga, Zr, Nb and LREE in bauxite deposits in Ruzhou-
Baofeng-Lushan Area, Henan Province[J]. Mineral Exploration, 8
(4): 591-598(in Chinese with English abstract).

Wang Q F, Liu X F, Yan C H, Cai S H, Li Z M, Wang Y R, Zhao J] M
and Li G J. 2012. Mineralogical and geochemical studies of Bo-
ron-rich bauxite ore deposits in the Songqi region, SW Henan,
China[J]. Ore Geology Reviews, 48:258-270.

Wang Q S and Yuan C H. 2019. The global supply situation of lithium
ore and suggestions on resources security in China[J]. China
Mining Magazine, 28(5):1-6(in Chinese).

Wang T, Zhao X D, Li ] M and Lu T. 2014. Distribution characteristics
of lithium in Yinkuangyakou bauxite deposit, Chongqing[J]. Con-
tributions to Geology and Mineral Resources Research, 29 (4):
541-545(in Chinese with English abstract).

Wang X J, Wang G H, Zhou J, Cui Y L, Zhang D H, Li W Q and Fan L
J. 2013. Geochemical characteristics of Tianshengqiao-Zhewushe
bauxite deposit, Southeastern Yunnan Province[J]. Journal of Min-
erals, 33 (4): 485-495(in Chinese with English abstract).

Wen J J, Liang T, Lu R and Wang L. 2016. Mineralization of Li, Ti, Zr,
Ga, Nb and LREE of bauxite deposits in Songji area of Henanl[J].
Mineral Resources and Geology, 30(2): 216-222(in Chinese with
English Abstract).

Wu L, Zhang J, Wang J R and Mao R Y. 2016. Study on leaching and
enrichment of lithium in aluminum rock[J]. Inorganic Chemicals
Industry, 48(5): 24-26(in Chinese with English abstract).

Wu'Y Q and Zhao Z Q. 2011. Experimental study on the adsorption of
Li* on kaolinite and montmorillonite[J]. Acta Mineralogical Sini-
ca, 31(2): 291-295(in Chinese with English abstract).

Yan J, Dou S and Zhang D H. 2013. Geochemical characteristics and
sources of ore-forming metals of Datie bauxite deposit, Qiubei
County, Yunnan Province, China[J]. Acta Mineralogical Sinica, 33
(4): 462-470(in Chinese with English abstract).

Yang S J, Huang Y X, Wang Q F, Deng J, Liu X F, Wang J Q.2019.
Mineralogical and geochemical features of karst bauxites from Po-
ci (western Henan, China), implications for parental affinity and
bauxitization[J]. Ore Geology Reviews,105: 295-309.

Yang Z H. 2012. Study on the comprehensive exploitation and utiliza-
tion of bauxite (clay) deposits in Shanxi Province, China(Disserta-
tion for Doctor Degree) [D]. Tutor: Deng J. Beijing: China Uni-
versity of Geosciences.51-68(in Chinese with English abstract).

Yu F, Wang D H, Yu Y, Liu Z, Gao J Q, Zhong J A and Qin Y. 2019.
The distribution and exploration status of domestic and foreign
sedimentary-type lithium deposit[J]. Rock and Minerals Analysis,
38(3): 354-364(in Chinese with English abstract).

Yu L. 2012. Genesis and metallogenic regularity of Late Permian sedi-



H38% 444

PR A5 B8 e O ) RO IR T R I 915

mentary bauxite deposits, southeast Yunnan (Dissertation for Doc-
tor Degree)[D]. Tutor: Wang X L and Zhang D H. Beijing: China
University of Geosciences. 50-61(in Chinese with English ab-
stract).

Yu W C, Wang R H, Zhang Q L, DuY S, Chen Y and Liang Y P. 2014.
Mineralogical and geochemical evolution of the Fusui bauxite de-
posit in Guangxi, South China: From the original Permian
orebody to a quaternary Salento-type deposit[J]. Journal of Geo-
chemical Exploration, 146:75-88.

Yuan A G. 2010. Resource distribution and exploration strategy of the
bauxite deposits in the Henan Province, China (Dissertation
for Doctor Degree) [D]. Tutor: Deng J. Beijing: China University
of Geosciences. 29-35(in Chinese with English abstract).

Zhang J L, Zhang Q W, Yang C L, Gao P, Pei B K, Pi Q H and Li S H.
2016. Geochemical characteristics of the rare metal and rare-scat-
tered elements of bauxite in western Guangxi[J]. Journal of Guilin
University of Technology, 36(1): 153-159(in Chinese with Eng-
lish abstract).

Zhang Q M, Qin J H, Liao Z W and Liu C Z. 2015. Geochemical cha-
racteristics and material source of the late Permian bauxite depo-
sits in southeastern Yunnan Province[J]. Geoscience, 29(1): 32-44
(in Chinese with English abstract).

Zhang W T. 2012. Geology, geochemistry and origin of ore-forming
substances of bauxite in Qiubei, southeast of Yunnan (Dissertation
for Master Degree)[D]. Tutor: Wang G H. Beijing: China Univer-
sity of Geosciences.79-86(in Chinese with English abstract).

Zhang Y H, Ling W L, Wu H, Zhang Y N, Ding X Y, Cui T, Du Y S, Lei
ZY and Weng S F. 2013. Geochemistry of varied type ores of north-
ern Guizhou bauxites and its implication for mineralization[J].
Geological Science and Technology Information, 32(1): 71-79 (in
Chinese with English abstract).

Zhao L, Ward, Colin R, French D, Graham Ian T, Dai S F, Yang C, Xie
P P and Zhang S Y. 2018. Origin of a kaolinite-NH,-illite-pyrophyl-
lite-chlorite assemblage in a marine-influenced anthracite and asso-
ciated strata from the Jincheng Coalfield, Qinshui Basin, northern
China[J]. International Journal of Coal Geology, 185:61-78.

Zhao X D, Ling X M, Guo H and Li J M. 2015. Geological characteris-
tics, ore genesis and comprehensive utilization of coexisting of
Dafoyan bauxite deposit in Chonggqing[J]. Journal of Jilin Univer-
sity: Earth Science Edition, 45(4): 1086-1097(in Chinese with
English abstract).

Zhao Y, Lu L, Zhang L J and Wang H. 2007. Effect of crystallization
temperature on crystallization and microstructure of Li,O-ALO;-
SiO, system glass-ceramics[J]. Materials Reports, (S3): 360-362
(in Chinese with English abstract).

Zhao Z, Wang D H, Li P G and Lei Z Y. 2013. Detrital zircon U-Pb
geochronology of the Dazhuyuan Formation in northern Guizhou:
Implications for bauxite mineralization[J]. Rock and Mineral anal-
ysis, 32(1): 166-173(in Chinese with English abstract).

Zong R, Dong X Z, Zhang K T, Zhang J X and Kang Y L. 2018. The

geological characteristics and genesis of the Fireclay deposit in

Jiaogudui Jiaozuo Henan Province China[J]. Journal of Changchun
Institute of Technology(Natural Sciences Edition),19(2): 80-84(in
Chinese with English abstract) .

Zoya V'V, Igor S D, Boris B Z and Svetlana V S. 1975. Cookeite with
a perfect regular structure, formed by bauxite alteration[J]. Ameri-

can Mineralogist, 1041-1046.

Bt 1 325 3% Sk

EARER )R, T AT, PME A 2012, AP I BHHEFRALES A )
25 N ERE A (T]. Mo T 545, 48(3): 460-469.

SRATEE . 2014, AU TERIE A7 5 R AR IR i A AR A O X
(W30 [D]. S0 T TE . b st E T RF . 22-26.
WAL ST, B s  INRAY, XU 2, KRk R 204 BRAK A 2018,
PR S b X AR AL 07 T ) S R A AT 0], M T4

92(7):1507-1523.

MR- 1997, 1L P8 Mo e 2040 L0 DR BRAL =2 A 58 (0], LLPa 1l
VYRR AL, 62-69.

P, fa R R VE/INGR B AR B i E L 2013, Bk IX AR £
W) 255 M ER T 22 A (0] P R AT 4 24, 23(10) ¢
2905-2918,

X L 27, AR A R AR, BRAT, DR BH , 7. 2014 A KT
MR A 0 DX ) A B B LR g PR 38 A 5 (90, R Ll
23(3):72-79.

X230 AR . 1993, DIA b BR Ak 2% 5 I35 73 A (M. HOf: HoR B2
FAR At . 4-29.

M b B, A B e SO TR/ NI A SO/ AR TR, TR, S
LR B H N, 204, 3R XB R . 2014, B LS5 IR
T b DX S AR T U], AR L 16(1): 1-8.

B0 B BRI 5, B R A . 2014, v EAR B RO HLAR AT (0], Ho
T, 88(12): 2284-2295.

AR SR ST R R, BT 2016, 2L S5 IE I ML IX SR A R
HFR AL ARAE K T B C[T]. Hb T S5 % , 52(4): 678-687.
BEE  RROAE, T 22 AT B 4 BOK ET . 2018, 254 S A0 G
Zh A A A AR B X U T R RS IR [T]. AR

57(3): 344-355.

VLR . 2014, VG5 07 0 K Mo BT 5 M BR Ak 22 R AR AF 5 (138
SC)[D]. U PR, X6 db o AR L 29-38.
47, 2014, =7 0 KA X MG S 140 5 DUB Y s R AR
S E RS (A8 S0 [D]. S0 EIgk, a4 Jbat.

[l 4 JBT R .93-98.

S, S, B e, A, X F e . 2013, 520 55 )1 -1E -
T L XA L 5 AT U-Pb AR I B HE M 3 75 ST H 2R
% ,20(6): 226-239.

S RS R e AR TR SN A . 2015, L S5 IE—
TE Hb DX AVER 1 R AR A AT 25 T A BRI B A L [T].
[ 3 J5, 42(6): 1910-1918.

24 VPR . 2014, LSO X 4 R R A BRI R b T
FRHEWEFT0]. o L b R L 26(12): 17-19.

ZEFERE, K E O, FHLL . 2014, v ARG R R (], b 2



916 N JZS

b Jt 2019 4F

%, 88(12): 2269-2281

ZEU N, AT . 2014, M AT B4R 0 0 R M ST L b sk Ak 2 5
F LA M. db st Bl G . 10-90.

Rl RMTE, s T I , 2 A L 2014, Y7 g BE MG R o
Ry R T AWTSE[T]. BR TR, 34(6): 81-84.

Zrpgy B BRI, B B, AR AL T, DRIE L 2012, SR
JI-sC AR 00 2 M ERAE R AR [T]. DR R i i
32(3): 87-100.

XUEH . 1980. VLA A4 [M]. dbat: Huit H itk . 286-289.

X e, 32 SC L 1987, HLAk e A B LA GIE R AT (7). WA, T
(1): 52-56.

XUBEES , Al Shik T, S, AT 004 T Sl . 2016, WIRE LT
PR M S ARAE B B8 Y 5 [J]. HUS AT 55T, 39(2): 111-117.
XIS, FL B, SCHe 438 . 2016. 5N 4R L s IX ()R 43017

TR B, 35(3): 128-132.

XK . 1986, B[RS E7E AR LRI, RIS, 1(2): 70-76.

XY , A . 1990, i [ AR 37 5 & J2 00 s Xy S I %
HUER[T]. Hb 5T 5 R , (5): 18-25.

TeviW AL e, IREAR, FBZE . 2019, 4 EREE 8 FP i + MIBLHY
BEVRTE 1 BT [I]. HbTAA A, 93(6): 1279-1295.

FEERSC, BMERE RIS L 1997, L PE 4R+ 8 IR P R IR 1], K75
T 2F Be oA, 27(2): 147-151.

FRZSF . 2015, Jt AR A S B SRRV ST (38 30) [D].
i E PR bt B E TR . 35-46.

T SERD TORLT AN AR B 2019, P VS IR T /TR 0
Hb AR AR 2 R Ak 2 R AR RS £ R T Y $ 0 R (D).
HIERFRLF , 44(2): 427-440.

H B, EPCK, XA PR AR R 25 b e st
2011, P28 1T B FE R A 0B W24 5 U ER T 240 72 [0]. Mo
TS5 HHE , 47(4): 593-604.

BT . 2012, VRICAEVE M RS 3 A B e IR 25 A I [C. db st
2012 AR LSRN 5 B2 AR ZE i 2% . 179-180.

57, KA . 2013, 35 v b DCRR BT Th R 4k 27 43 B s AR AT,
TeHLER Tk, 45(3): 19-21.

CTREE Rz S IR E, ST Y. 1986. Il g Skl -0 rp AR e 1
19 2 TR AT AERESE ], B 802447, 6(1): 86-91.

R D BE sk T, S WA E , R0 1987, IR F bl -0 R
R0 IR + R AT TP EREB 1
2 R e PR HIE), (2): 204-213.

FhVE R 2018, NP9 f1 % — B0 TR IE2 0 b J G & 0 A 4
M55 BT i 5 2 [J]. o E RIS, 30(7): 40-43.

VAT, B TUR 2P0 . 2018, v AR R IR R ) SO PR (], Hb2E
A% ,25(3):82-94.

IMEE . 2011 1L 7 7 R B SEE IS 0 R A T S M BR Ak 2 R IE
FEER B3O [D]. IR ZE . Jla v [ b 5 K2 . 33-45.

IMHE, TBLL, T A, SR, 3B, BEGTE SO, SR AR LT . 2018.
o PR R b X Rt S R AE AR D). A e Ak
37(3): 445-453.

FRLL AN, SO, B AR BUACH . 2013, SRR 14
VLY B S LR AR [T]. TR (MR ) ,43(1): 44-51.

FLT . 2019, KA R BFICE S ORI R S BRI E M R ik

& AEAE S K 25007 151 [J]. HLBT24R , 93(6): 1189-12009.

AR 2013, B =IKAR 00 R SRR 5 B0 AR B T (A
W) [D]. I F R €. Jb st p E bR K2 31443,

Tk, EAEE, WU, R 2010, KALEESE N A 2 A S5 1R 5 )
FRIER 5 TRIU]. fh2F2¢ 4, 68(16): 1564-1660.

THT R, IR 2017, T g YN - - X AR L
Ti.Ga .Zr Nb A LREE (W fLAFAE[T]. 57 7= 7 , 8(4): 591-598.

FAKEF , TEARAE L 2019, 4 BRAEL LRI B K rp [ B R 22 4 AR B
AW [T]. P EEE,28(5): 1-6.

FATA, TS I AR 4, AT U R 4. 2013, JHA
R SCIN T RAENF — & FA i 0 R ER L WSS (1] 574
4R, 33(4): 485-495.

T R A, B 2014, TSR HE 148 5 4 00 40 A
TE[I]. MR 1B, 29(4): 541-545.

L, W, 5, AT . 2016, ARG 2 7 ML X AR 0 LiLTi Zr,
Ga Nb I LREE (0 {643 Hr [J]. 5 7= 5 1L, 30(2): 216-222.
SR IR AY, TR, BT . 2016, 58T TR 05 A S

ST 7). TCHLER Tl ,48(5): 24-26.

SEEE  XARET . 2011, = 8 A FHSE AT Y L+ 1) SEER SR [J]. 07
4R, 31(2): 291-295.

FEAd TN TRIB LT 2013. 2 B AL B B R Ak 2 AT K
T YRR [T]. A 241k, 33(4): 462-470.

T 2012, P/ B b X i B (T BB AR £ R AL IR 5 e
A (A8 30) [D]. S0 s, sk ar . Jb st o B s ok
2£.50-61.

e . 2012, VG55 Ok £ 2861 & A DFSE (18 30) [D].
S0 XBZE L bt E M T K2 . 51-68.

T, BB, T, XN, mIRE A EZ , 2. 2019. N H %
DRI o3 A1 S FF R BRI, 4 T, 38(3): 354-364.

TZE . 2010,V F 8 50 0 BEIR MG 5 I R R (18 50) [D]. %
Uili: XBZE . A mt: rp b T K2 L 29-35.

SRAERT, ST BHA R, A SR, AR L 24 . 2016, BT
B A AR A RN BT 3 M ER AL 2 AR (7], REAREE TR 2k
#%,36(1): 153-159.

TR e B S, XA 2015, AR B A L Bk
A RFIE S 53 BT (0], IR HLST , 29(1): 32-44.

Tk SCE . 2012, JHAR RS AL X AR 0 HhER b 24 0F B il 1) Jo A I
ST (B8O [D]. 50 : EARJE . dbat: i E BT R 5% .79-86.

BIBEZR, Ve /NB, SR AR B4 2015, T DERBE A 48 107 R b B 4
TE PR BGR B AR A 725 R I 0. 7 PROR 2% 24 (b skl 2
B) ,45(4): 1086-1097.

JREAE, B R SR RS T IRYE A e A, TR AT
B 2013, BAUAR R R 0 A s ERTL 2R AR B X R
YR8 7R (7] H SR 14z, 32(1): 71-79.

B BT SRR A, £ . 2007, SR XS Li,0-AL0,-Si0, £ i
LIS AT A S RS2 (0], RORHTR L (S3): 360-362.

B, FBL 2R, T AT . 2013, Wb KA [ 20 B 8 5 A AR A
B 4875 3 L. 50 MK, 32(1): 166-173.

Y\F, SEWLE , SR, gk 4 B L BETE AR . 2018. 77 g 2 45 1 7 fE 45 3t
i AOR - 0 R HL SR AE R ™ R B R [J]. A TR 2 B 2 i (B
IRFIEIR) , 19(2):80-84.



