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FEGEIR, Tz N TR RE R P BEES ENE R
25 Fo K% Tl 845150 . 2021 4F 23R AR W 2 mAf i
93 000 t, # 2020 4EH4 K 339% (USGS,2022) . bl 4
BRI 1 RE TR TR oK B Rr ek o | #1002 Ak ik
— AT, HETREK AT AT AR A B BER 2 24
F& KA A S B AT ORR AL, 43 1) o A R B8 IR
1Y 64% ,29% 7% Gruber et al.,2011) . ITAEFHE
A BRE TR IR T SR ) SR LT A & R R I

PR e 18 AR it i i 15 5 1 070%10* t( Lithium Americas,
2018; Fayram et al., 2021; Iyer and Kelly, 2023) . T
Bacanora Lithium 2 &) 1 Rio Tinto 23 &) 43 Al £ X} 28 VG
B PGP Sonora BEAT FIFE /R 4E 0 51 38 R AR A L i
T 504x10° t F1 613x10° t 14k 2 41 B¢ 5 4t (Bacanora
Minerals Lid, 2018; Gourcerol et al.,2019) . I4ah, i
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(Bowell et al.,2020) .
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B L UIRUE b R T H 5 s AR B AR AE GIRIDUEE
%%,2020; Yang et al.,2022; Zhang et al.,2022) . $E47]
AT AN 25 g X 7.2 kem? S FE PR 5 0 B9 484
PG A 34%10° t QR IURESF , 2020) . 1HL4H,JS
o FE 5 TN M X )2 A R F AR TR H R
A AR LI RRAE GRIDGESF , 2020) - (1) & #L#)=
RE TRIEmMRE a2 2 b () \§HE a8 50
T B R SR AR R A LR T i
SRS B HA —E W IEAR DG 5 (3) KA 23 5 J3 2%
IRAG /NG o b G R e X X s R Ak 2 - A
PR LE BRI i A AL B AR B
BRI . FIAK XA X R A 2 R Bk
i (Yang et al.,2022; Zhang et al.,2022; Wang et al.,
2023) RAERE 1A A A7 AR R 55 20 A AL (Ling
et al.,2020; ¥R IUHESE , 20205 £ 4545, 2022) FRAY
R 5 R i R (FE 2855, 2022; Yang et al.,2022;
Zhang et al. ,2022; Wang et al. 2023) & IR T R
T TAE A5 TIF 2 EE AR BUAAA s 2
UL P, R A Y BRI bl AN TS R
JCER MR LUK TT 2R 7B B A7 U-Ph 4F 1 734
Frg 24 R0 A — 20, WA oA T R ARk R R
)2 N BB 28 DU W0 vl e IR &=
BT R (IR DUEESE | 20205 £ 4545 , 2022 ; Zhang et
al.,2022) ;s Fhi AP H AL R E BOSHT 51
XM R45 5 (Ling et al., 2020; I IHESE , 2020 £ 5%
85,2022) BN 52 A0 e w B A oA T B 32 AR
(ORI SN L Rk iR e (R 7K g RS | B
B rp = 2R 3 0 2 B S e A A A, 52
B A7 A& B (Zhang et al.,2022) . AN, & HEY
WF5E TAEEZ  AH AT X v 5 PG 1 L DX i 22
S 4 AR IEAR A AR ALY s B AG a E  R AIL T
T A% G 3 BT 3 R e = 3 6 IR AR TR T ]
it anE S A A EEE L, W B
X G g X R ARG S A DG AT A b i
— IR AIEE
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AE T i VU AL A4 R R AR R G A R
20 BN, A T DA ZR 0 — R )3 L oy A S Ae L e b
AR IE , VY RS VA P S— R R I 2 Al 5 B ST Bk
e, VYRR R T 1L B2 5 A A A I — T Al b
A3 IF, 2R T AR KA P (Li e al., 20095 Zhao et al.
2011) o == 5 53 N b X A2 T 47 - b B 1) 74 R T
(FE 1) (BN A Hu i 7= Ry, 1987 5 = pa 48 M o i 7=
JA1,1987; Wang et al.,2018) . VB AR R %
PGS k& W A5 LA, 43 501 A VTR ik LT A
TE—I 1% L7 (Zhou et al. ,2006) , EffUCE TH T
b 3R AR B 55 P b A A e A 1 A
T PR 20 22 7 AR 2 A ) o AR B I R A AR I G
P, B A 1Lz 35 | T Ve Z20 F A BR 22 )2
[6) F AN B S 22 it (Faure et al.,2009) , RN E =/ 5
Dt DX, T < i O, 58] B B 20 5 e 4 40 i 2 2 TR Y
AHEEFZ (Zhang et al. ,2022) . FRZLBNR 5
R TR EDTE MY AT IF, PR A T 4R R Bl
et sh KBk 1 25 i #0175 5 (Metcalfe ,2013) . H—
B 20 5t R BRI MOTF IR K AR R, O R AE = S Al it
WIFEA S (Deng et al. ,2014) . [RIAF, i ERHR I EE Y
AL AE ST MO PU R 8 1 R T oy A A
MR £ A DURR M 3 46 T 5 28 KR 3 kA R (e i
A TE BT Rl A i M a2t 25 ot e 4%
ZWRB U, IF i — iR 20 )2 R B et
THEM AR, 2011),

TEL S b X TE 47 M B P R 2 S L AL v 1) 4 2
HACVY RL/ING T 2 Ry S, 5 R YR — T V34 B A
£B, MV LA T —8 Ih—R B 1R 7, SRS
M A2 (FHAE 4, 1994) o X E F 325 F e
AR UL A 2 (52N A BB 7 R, 19875 &~
8 ML BT 7 Ry, 1987) (& 1b, ¢ )« thoT i A )2 L
PR 8 5 I IR £ o 3, oot AR R I LU g 5 0t
BUFH R F , M) 2k B hRR R A SR A )=
FER 20 M )2 3 28 i 5 A R T S DR R G 4 ) B TR
A2 AR, B RPN R R E TR
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Fig.1  Geological profile of the Yunnan-Guizhou area

(a) simplified tectonic map of the South China Block (Wang et al.,2018a); (b) geological map of the central Guizhou province (Guizhou Bureau of Geology and Mineral Resourc-

es, 1987); (c) geological map of the central Yunnan province (Bureau of Geology and Mineral Resources of Yunnan Province, 1987)
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B R L FERE TRAEE AT, BT
DI e BT SR M E T R & L BRI IXOR 3 5 4
filh 5 ZR IR A i, A 5 e X R e A AT
B 20 M Ay B 2 Hb )2 (Deng et al. ,2010) .
12 F KRR

ML IR AT R GRS (C ) J2— BB

TE R K A I TR R LIRS oA O T AR AT ik
FvUaE R SR R AR A TR A R DT
FRZ, —JBRJE 2~20 m, & 5 B A A4 2 A0 AT
JZ47 (Ling et al.,2020; IS ,2020) . JLAEH 2
JzZ oA TR h MOAR I X, 5 b T HE B R
RS HMOCR . BRI N = At fon: LR
TCLAMREIZ 5 3 4 Bk Bt A o L RO B 1
FBR 0T JRA G, T R 3 B R A 4 S kT
AN (Yang et al.,2022) o BORE T a {37 F 52 M
FLEHWE (WA) 5 3 A MO R G4, R I
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JES, TR K 29 37 m, 2 AH L 5 U A 18R 5 e
IR (F 2 3a) o #1H b AT 5t M 4 70 B Wi of
FOYC) M2 K, 5 F R B RO R
B LHImKA10 m, FEEBER 5 L0 kR
T (K2 K8 3b).
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o R IEESF ,2020) o BRI o 1 F R B/
W2 e S HIX (LMS) , 5 _E(P1) [ F (C243) iR Eh
L E O R A T A 20.5 m, A B R
WIEE A R T SRR A s
(2. 3c) o HIT d 7 F %7 Lhrg i Sl b 20 %
X (HP) , 8ISk 4 B2 R W, 5 AR
FAHZE(POEMIERERE, FERF L5 R+
WA (E 2 E3d) . i FRMUALE REE
M (FM) 814 Sk 4 B8 305, 5 B IKCE (P1) 3
il RIEHE A AH LA LA RS AR D
RS R E (2 K 3e)

2 ARSI

RS Nl DI GE R i =N ]
(WA) R (YC) , K pa Mkl s R B
(FM) g 5 1l 1 (LMS) K 203 50 17 (HP) o 4245
BT PR REAE 9 28 AR S 45 ISR I 54 44, o 2
TR 36 1 AR AR AL T A R BTG A A S
N R el R LIS e o= R W G N/ e o
an 144

AR AR RE i B9 W A 43 B (X-ray Diffraction,
XRD) 7€ 7 Rl 2 B 7 1 8 5 0 5% T 0 A I3t s
FIHI D8 Discover X 283 A A5 (7 E BRUKER)
e o MHK AN Cu 8 Ko 4%, W38 FL o 40
kV, HLI 0 35 mA, $94# /8 ) (20) y 3°~70°, B K
0.016°, A HUMEE M 1°, 3250845 4 0.3 mm.,

A BRI A BT A R R o B RN A BR TE
TEATFISERL. AR S 24 0 5 BRI 20 o Xt o M 4
BT, 35 Z 1 4 591 ) FH 8 K RN S 1 o) A
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2013),

TR TC AT A AL B R A0 R - (1)%5 200
AL E T 105 CHEFE TR T 12 hy (2) HERA PR BB
AHE A 50 mg B T Teflon FEAE S5 (3) S5 IRIR 2%
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Fig.2  Typical rock types of the Daoshitou Formation in central Yunnan

(a) basal mud-crystalline carbonate rocks; (b) bauxite claystone with interbedded carbonaceous mudstone; (c) dense massive bauxite claystone; (d) pea oolitic claystone
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Fig.3  Petrographic histogram of lithium-rich claystones of the Jiujialu Formation and Daoshitou Formation

(a) Wengan profile of the Jiujialu Formation, Guizhou (WA); (b) Yuchong profile of the Jiujialu Formation, Guizhou (YC); (¢) Longmashan profile of the Daoshitou Forma-

tion, Yunnan (LMS); (d) Hongpo profile of the Daoshitou Formation, Yunnan (HP); (d) Fumin profile of the Daoshitou Formation, Yunnan (FM)
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WA SIS A — KRR A — KRR A, LA b
PR, b E EE A9 EE A AR (LMS3 \HP3  HP4)
FEH WA RA =W A PR 5 SN XL
B AR (HP1-2  LMS4) T3 Wy 40 A &
Wy —IKERER A, 5 b — KR A BLER
PR RS T oA RE S (FM3  LMS2) 55 Y4 8 b £
W FEHRAAR A RE S (FM2) B8 W4 i — 7K b
A (E4),
32 FENRERR

SN JUZR g A B A D Sio, (12.70%~
95.13%, V-4 47.22+16.43%) . AL,0,(1.11%~44.81%,
- 14 28.37+11.32%) . TFe,0, (0.47%~59.43%, V- 2]
8.30+13.55%) 2 1 , /b 1 K,0 (0.07%~8.53%, ¥
2.51+2.57%) .Ti0,(0.01%~4.28% , F-}40.93+1.02%) ,
MnO, MgO, CaO . Na,0.P,0, Al Z W& RiF (£ 1), H
TiO, (0.01%~4.28%, F ¥] 0.93+1.02%) . TFe,0,
(0.47%~59.43% ,~F-14 8.30+13.55%) .MnO(0~0.22%,
- #70.01+0.04%) . K,0 (0.07%~8.53%, V- ) 2.51+
2.57%) Y FJ¥ 5 Si0, . ALO, . MgO . CaO ,Na,0 . P,0, 4l
ZEMK A>T IE) . mrEla kA F 4+
F i Si0,(1.73%~96.13%, *F- 3 50.12+19.7%) . ALO,
(1.709%~77.55%, “F ¥ 31.92+15.32%) 4 1 , /b =&
TFe,0, (0.10%~11.29%, ¥ ¥ 2.40+2.83%) . TiO,
(0.28%~5.40%, F ¥J 1.77+0.97%) . K,0 (0.04%~
8.60%, ¥ ¥ 1.27+2.43%) , MnO . MgO . CaO . Na,0 .
P,0, 1] 20 A3 (F 1), H TFe,0,(0.10%~11.29% , *F-

100 4 I

80

A% %
3
|

EN
(=]
1

20

0 —

~ 800
~ 600
400
. ‘ 200
Ll I »

19 2.40+2.83%) . MgO (0~1.60%, 4 0.30+0.42%) .
K,0(0.04%~8.60% , “F-14 1.27+2.43%) .Na,0 (0.01%~
0.39%, F-#4 0.09+0.10%) /Y F £ 5 Si0, . ALO, . TiO,
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T P G ER ALLT [R)E B8 3 5 4 A RRAE , 17 Si A
S, FR AN & A ke e A I o % (4 P L 4
2018) , fHBE M JLAE I A % + 4 T ALO, 5 Si0, . TiO,
FEPER B . ok, St LA Al = R Bl 2
B A Sio, 5 Tio,. TFe,0, £ 55 i #H & %
Z(El5).
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R, ot 55 mi A B WF S8 AR AT QRIS ,2020) . Lis
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Fig.4 Mineral compositional characteristics of claystone from the Jiujialu Formation and Daoshitou Formation,

and their relationship with Li content
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Table 1 Major element (%) composition of the Jiujialu Formation and Daoshitou Formation
— JUs A - o ik fEfT ke - . ik
ZIN(EN (n=25) ZIN(EN (n=25)
Si0,(%) 12.70 95.13 47.22 16.43 1.73 96.13 50.12 19.70
Tio, 0.01 4.28 0.93 1.02 0.28 5.40 1.77 0.97
ALO, 111 44.81 28.37 11.32 1.70 71.55 31.92 1532
TFe,0, 0.47 59.43 8.30 13.55 0.10 11.29 2.40 2.83
MnO 0 0.22 0.01 0.04 0 0.02 0 0

MgO 0.01 1.88 0.63 0.52 0 1.60 0.30 0.42
Ca0 0.02 0.07 0.04 0.01 0.04 0.43 0.08 0.08
Na,0 0.02 0.25 0.07 0.06 0.01 0.39 0.09 0.10
K,0 0.07 8.53 251 2.57 0.04 8.60 1.27 2.43
P,0, 0.01 0.12 0.03 0.03 0.01 0.10 0.03 0.02
CIA 65.04 99.59 89.55 9.60 80.12 99.73 95.24 7.21
Icv 0.04 6.64 0.83 1.47 0.06 0.87 0.22 0.21
PIA 93.29 99.85 99.12 1.38 93.77 99.89 99.12 1.31
ALO,/Si0, 0.01 1.39 0.67 0.28 0.11 44.78 2.34 8.49

AR SR AR A KO LAY AR AR, T RE
B TR X 22 5 (81538 2) o
3.3 5 EXEEREISILE

XF Bt USRI 2H A o~ A4 Sk 2H A oA BT
TG ER 4055 KRl H5¢ (Upper Continental
Crust, UCC)FHIe R & 4T 17 13— 1L &L (Taylor
and McLennan, 1985 ; Rudnick and Gao,2014) (K 6) .
SERRMY, SN LAY R = e AR Sk L A A
Ca0.Na,0 MnO 2 54, #5878 T R A1k KUk
Rb.Sr.Ba MgO . P,0,H & 51 ,K,0.,8i0,55 5, Hih
SN U Co Nith 25 S, HOTRE 2
ARSI P L B W A R o i i e
R ITCR SV 2 I R RE, BAL SRR E AT
SR B A AL B 15 7 5 0T R L B (R S 42 4
1986) . 55 Kt AR K FIE-15 5T (Post-Archean
Australian Average Shale,PAAS) FE i LR IH— LA
L E A EE (Taylor and McLennan, 1985) , B ALO, . TiO,
4k, 8i0, . MgO . Ca0 . Na,0 .K,0 .Fe,0, % Fi K 5
W S R E KAV E Rl R D B Tk Y
4 JBICE K Na,Ca Mg G KB , ANIEILIY Fe | Si B

AR L R PERY ALLTE U S8R B 4 1878 1 5 A

kXA RE . Tk T Rb . Sr.Badh, g e =44
I A W] A £ ZIRAAAE B XUk ™ A
o AN, LR TFe,0, (0.47%~59.43%) . K,0
(0.07%~8.53% ) T it AR Wil 2 1475 s, ik A
AEJESZ 3 1 KAk 8 T 3R B ARG Sl MR SR

[X 2% RAE N Z IR0 (Li et al. ,2020)

34 WEIE

i £ 0 3 HLA R R 00 o Bk fb 27 Jg o |, RE RS 44t
BEAY) T B PREE 55 R 1o R S 22 1 o A
BRAE 25 B (AR 42, 1997) o KUk 7e i
T ICER FER H A, B TR REE J215 3
B, (B AR A5/, REE &5 Ao 2 3] LA
Wl B )RR (255 5 Rk 4l L 2008) o A1 3 i
N UVBRP A R A T R R OTR B (SREE)  f2
i+ L3R (SLREE/SHREE) ¥) 1 3 5 T84 L 4136
T RGP X R 2 R 22 5 TR B L
AR 2H R S TE XA AR R AR R Y 40 R
Wi,

LEIR S G R PES S REZS uR = N AR SR TN 14
B # oo R 5l BE R IR A 2R AT L E, 91 Uce
(Rudnick and Gao, 2014) FlI PAAS (Taylor and
McLennan, 1985) (& 7). IAb, #K88 fir A AH EWE 5T
(Yang et al., 2022; Zhang et al., 2022; Wang et al.,
2023) , A5 XS ISR H 1] BEW IR X A A 10T
REAEIAT TR, R Tb A T EIER G4
R H = a (Cls) R BB G K S (0) A
W FR BT H I (Cao) I H TR BTG o 28 1L T
2 R RE L [ 2 A REE #2838 R 457 2% 1 45 15
BB Eu i 58 R (B A o e B
Tm IE 55 RFIE . BT 4 A BT E M AR a2
HYHFIE , O HEAT Ce TSR .

JUER Bl A B £ Sk 2 B e i 48 5 UCC,
PAAS AL, H 20 = F UCC . PAAS ([ 7a) , HAZE
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R2 ABRPAMEELAMETE(10°)HRK

Table 2 Trace element (10°) composition of the Jiujialu Formation and Daoshitou Formation

—— Y] - o FRifE2E (kP - . FRifE2E
/M (n=25) ZIN(EN (n=25)
Li(10°) 2.65 1 144.01 154.51 280.98 13.56 1786.53 418.59 457.77
Se 2.52 80.49 25.27 20.54 1.69 58.52 25.87 12.17
v 8.00 411.18 125.12 107.49 13.39 506.08 188.74 114.34
Cr 17.03 300.74 117.52 96.58 10.22 563.66 261.33 146.85
Co 0.29 182.22 18.93 47.22 0.25 35.50 7.02 8.17
Ni 1.51 390.38 57.70 99.16 1.66 121.32 39.96 37.96
Rb 1.59 170.82 44.28 45.49 0.72 213.84 37.09 66.92
Sr 2.85 143.62 53.74 46.92 7.01 102.08 29.21 23.25
Zr 5.19 1564.80 339.79 444.67 147.76 3126.62 806.19 586.68
Nb 0.16 112.83 21.29 25.59 6.08 128.74 43.84 23.62
Ba 11.05 689.67 149.95 166.39 227 1.862.48 210.90 489.85
U 0.25 34.79 6.73 7.41 1.59 29.46 7.10 5.30
Th 4.31 242.93 37.03 46.93 4.76 108.72 46.22 21.86
Y 2.76 581.50 53.51 114.56 12.37 262.85 54.00 48.19
Ga 0.82 99.24 32.83 31.17 2.79 164.79 51.75 32.65
Ta 0.02 10.64 1.64 2.24 0.46 9.60 3.12 1.74
Hf 0.12 47.06 9.67 12.99 4.19 92.18 2222 17.19
Pb 7.46 301.52 68.14 74.46 4.33 129.79 26.65 25.09
B/Ga 0.44 16.52 3.75 3.60 0.28 13.12 1.64 2.58
V/V+Ni 0.04 0.99 0.67 0.34 0.52 0.99 0.82 0.12
Z —n— U
b —o— fHIfkA
ok —m— PAAS
E o
5 ¢ R
it L T
#
0.1
0.01 — — : : — :
Uk S 8w b M 4 U S VG W G g i o e b oMo o
PO Bt X LA AR 2 p s DB Sk 2 g B8 0 i o 3R ek R 1
S 1 HERUEk ] Rudnick and Gao, 2014, J5 A AR A -3 BUAEUE K 11 Taylor and McLennan, 1985
Fig.6. Major and trace element spidergrams of lithium rich claystones from the Jiujialu Formation
in Guizhou and the Daoshitou Formation in Yunnan
4 PhHE 1R (Hayashi et al.,1997) . & IN A, FtE kA

41 4R

1 ALOJ/TIO, B R 3~8, F: K B 1) ALO/TiO, (BN
8~21, MR 1 K i A ALOYTIO, 8 g 21~70 (Hayashi et

411 FEHEMELEAR al.,1997) o Z5EFER A RRE , JUER I 25 1T B
AVRITICR MBS BB A sl Ua B A RE E B th e e O X, 45 R LR AT gk [
B, I G B B DRV A ) AUTHE S B SR FRYE KO, i b3 kE i = B A 76 vk kOt
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Table 3 Rare earth element (10°) composition of the Jiujialu Formation and Daoshitou Formation
— JUB A Fo . PRI BTk - . PRI
R/ME (n=25) N (e (n=25)
La 2.74 20247 49.13 48.75 3.16 318.50 61.84 84.98
Ce 8.87 1793.81 186.84 353.46 9.25 245.88 83.26 67.72
Pr 0.70 35.00 10.05 9.57 1.09 87.20 14.85 20.18
Nd 2.88 99.57 32.37 30.06 4.55 321.62 51.72 71.84
Sm 0.72 30.07 6.29 7.23 1.26 58.72 9.35 12.24
Eu 0.14 6.42 1.27 1.57 0.21 11.65 1.77 2.32
Gd 0.60 42.78 7.66 11.50 1.32 61.38 8.68 11.77
Th 0.11 12.75 1.59 2.77 0.26 7.68 1.46 1.46
Dy 0.64 104.40 10.79 21.20 1.78 39.60 9.28 7.36
Ho 0.13 2211 2.17 4.41 0.39 7.00 1.91 1.31
Er 0.36 60.07 6.02 11.84 1.23 16.86 5.71 3.31
Tm 0.05 7.67 0.84 151 0.19 1.99 0.89 0.45
Yb 0.36 46.47 541 9.10 1.38 12.47 6.19 2.85
Lu 0.05 6.37 0.78 1.25 0.23 2.04 0.94 0.43
SREE 20.14 212344 321.23 429.69 39.83 1178.58 257.84 273.48
SLREE 16.12 2020.33 285.96 408.15 20.26 1031.70 222.77 250.08
SHREE 2.31 395.70 35.27 61.14 6.77 146.88 35.07 2741
S(LREE/HREE) 0.60 59.41 13.59 12.39 0.84 14.37 5.93 375

DX, 2 A3 AT AE FEE KRG DX 45y Sk 2R )
S TE TR KOS X, A i A A TE R O X (]
8a)o X RERAN U REA A BN S Zr-Cr-Ga
Tt T 2R Rl i 4 L 1 BBt 8 AR A, 8 s A
M DX RS A R B M S KA R,
T JUHE 20 B A 32 30 5 P 5 4 5% i (&1 8b)
Yang et al. (2022) WAoo I 2 5o LR
W1, 7 MBS0 P A SR 3 T Bl R 2
PRI T 35 B R A A, o o ) P R i X
DUR U Z 3R AL T8 U8

P UL AR R 19 Th/Se Al Ze/Se H R AT F4fE B
AR A S A E A M AL 2 (McLennan et
al., 1980) , XX YR JEVE AT A B S %2 X,
PR 1 B Th, (H I & 4 S, Th/Se HLE B/R T
FE RGN Ze/Se W T FHIE A TURY AT IA
(Wang et al.,2014) . 1£ Th/Sc-Zr/Sc F f# I, JLZEH
YRR S SR Ay B (H R R T RS B TR
FEAE , TR 52 31 T SR IR AR I 33X -5 i T AY
INBURATF . A Sk AR s B o D, R TR
PEYIR ) = FAFAE, Th/Sc A1 Zr/Sc b 3 I IEAH
Fem T Sk 4L 2 25 2 2 PG PR o 1) 8 5
(F9) . FT Rt u Z e Kb i b KA
TSTE BRSS9 W UR B BRI i R i R
8 PRI JC R A B AR UM DR R R R ok

PR 5 H N ARTUR )2 BA % V) 6 R (F21%,2013) ,
ARz HEA T ERA R AR X RG], A
ANIE F T PG R4 5 5 Wi (0 U R A 0 T ) 7
KL, A N b 223 20 A 43 B B R il
T4 45 47 U-Ph 2 AR R HE T iR A DX R ) B R L
G T L2 HERINHN (Liu et al., 20145 Zhang et
al.,2022) o BN, FRIMTAE(2021) AR IE4H 67 ik
J B A DUA R B RS AR R0 R LR
IR R LA 22k 3 TR DURR R 5 A R i A
TR HZ , R 8 A0 SRR TR X N K S5
A AR B 1A R A 1 328 23 B DX o XL
Hi DX S AR R B A IR SE (2020) I HR
TS, 8 2R B H RIS R LA -
1Ml Zhang et al. (2022 )3 32 % )& 45 A U-Pb 402 0F
¢, AR TR P R A R N R R LR R
TUBUA & (HJR AN HERR B ICHR IR R A Y ook, O HLAE
WiiE & R A L0 T RE R SR . Xl
5 ThiSe-Zr/Sc i s &5 SR 5 AT . 52
FHEG, SEINGR T8 R I AN 2 0 FE ) o
A (P 9) , H U v =20k [/ N AR 2 i XUk
Pz AN DR, AR b2 B8R 0 B 3 TR B
o WS ZESBA RIS HYIE R B Hi ot
I AR E B PRI A A T (X4,
2020) , 32 BB W —hn AR 3 1L E s, 5
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412 HELFAR

WFFE R, W A DU H G TR ARSI
b iR R AV E R R R AT RE I SRRSO 1R
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(McLennan, 1989) . 3% 5t 5 A9 Ff 1+ 90 2 i /058 2K
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TP A7 Sk 2 PR o ) 5 T IR A B
S (B 5 B 2 USRI B A AR I X 5
Zhang et al.(2022) BFRE S50 BAALT . J1IMETR
TR, JLE 2 REE fhZe2A Ce 1Y 1E 57 HRAIE,
R X F AT G AR b R AR, 5B
+4E(1989) XIPE B A H (2014)BF5E —3. X FIRE
JE A SN M X G e e — B i R R R £
W B E R Ce™ Al Ce*, ELH TH LB
Oy M, PR KK CO, HS AT ALIR , BRI 410 F
Ce* 1 T KR IE OMEVE S8 A W) R BE AR 12 b, DT
1 A AR ARG e R 43 B (Braun et al., 1990) ,

JE R Ce BYIE S RFIE . 25 LTk, JUARI 4 Fs A
LA B A IR IR AL, BN LS A B
T EIE RS TR LR = A B AR il 2% D)
FHOG, ]I BB 20 TR 22 ] R LAl — 2 1) 5%
Wi TR AR P8 ] B et R —rh oo e
TR PE A A B L 2, I HL Az 31 T Bk A o
(I . =R S B A R 2 ) TR
PERW) J5 11 S 5, m] e BB 28 LU &R K
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421 O G4

9% X & A A A R R R B )
T Y R R E YA, B A R
PR A SRR A S I A LA (E110) . ASIF]
e AR B 22 S 0 R R ] R S Kl
A VIMIOG . FEMIE A AR W4 A Rk
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FIH5E i AT A (Ling et al. , 20205 I3 HELE ,2020) .
AT S LR £ IR IR P s W i 2, K
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Fig.10  Plot of different lithologies vs. Li content
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AT Z 1 4 4% , TA R Thacker Pass & #41F)
A1 (AT B2 PR AL AR %o 552 I Ay 114 T8 3 1 FH T 3L
(Benson et al.,2023) . ] UL, b+ R o 3= LA R
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Fig.11  Correlation diagram between weathering degree and

lithium ( Long et al., 2021)
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BE, 10 = 0 7t B 7R AR XUAk B bk A
SRR PERREE (A%, 2002) o 16 U i 39
TURUE B & 40555 R A8 SR i e T+ AR VR Boly
IKSCHL T R SRR IEVE TS, b A sk SR AR AL
YA A o R e IR, S BRI A 2 (8] KRS A
fmJ2 ] Na bk g it 2% AR O AL S A 4 3G 1
Wy ] W A e A (LI EL, 2010) , T8 B H RITFT LK
LIS F L, T BT R
Py RS B AR AR SIS RS R
422 HAHEE

B T F0 BB R X, 5 4R R O 1Y R DT
FRAEAY F ) A B o0 2 3. |+ o R B R 25 [
H B7 4R 18 (Gourcerol et al.,2019) . Xl 25458 + 0
AR A TR L B SR ML A R A T i 2 AR
gL R R MRS T WK T RE A AR T BB
B TR B e B Ul e S AR SRR AR 1 PR
IR S T AR AR T DT ) & 4E (Economou-
Eliopoulos and Kanellopoulos,2023) . M4EH 4 Hr 4
FIAF T ) 7 TR, AN IR XA 1 22 S5,
5 IABE AL SR A R 2 DDA OC I AR AR [ (AL, Li)
Mn,+0,(OH)](Bardossy, 1982) , 5%k 5 ¥l 544 A
5 1) 41 & U8 A7 [LiAL (Si,AL) O, (OH)] (¥ 31 BR 25
2021) , SRR EE XA S BRI S A Ak T
S A [(Mg, Li),Si,0,,(OH ), 1% (RN EESE | 2020) 1
A FTRIE . AT, U G v R R AR JFOIR A
R AR T REXT R N A0 £ P Y AL H A
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Provenance Characteristics and Lithium Enrichment Mechanism of
Bauxite-Type Lithium Rich Clay: A case study in the Yunnan-Guizhou
region
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Abstract: [ Objective ] Lithium rich claystone deposits with great potential for mineralization have been found in the
bauxite-bearing sedimentary strata of Yunnan-Guizhou region in Southwest China, but the current understanding of
the material sources and lithium enrichment mechanisms of these bauxite-type lithium rich claystones in these areas
is still significantly insufficient.[ Methods ] In this study, two sets of bauxite-type lithium rich claystone systems, the
Early Permian Daoshitou Formation in Yunnan and the Lower Carboniferous Jiujialu Formation in Guizhou, were ana-
lyzed in terms of their mineralogical compositions, major and trace elements, and the compositions of rare earth ele-
ments. Combined with the results of previous research, the study systematically explored the source attributes of two
sets of bauxite-type lithium-rich claystone systems, which were formed in different epochs but have very similar petro-
graphic characteristics, as well as determining the factors that led to the anomalous enrichment of lithium. [ Results
and Conclusions ] The results showed that the differences in source properties between the lithium rich claystones of
the Jiujialu Formation in Guizhou and the Daoshitou Formation in Yunnan had a significant influence on their lithium
content. In general, the development of the Jiujialu Formation, which has relatively low lithium content, is closely
related to the weathering and denudation of impure dolomite in the underlying Loushanguan Group. Its original source
may have been Neoproterozoic-Middle Proterozoic neutral acidic magmatism, which is significantly influenced by Mg-
Fe compositions. The formation of Yunnan Daoshitou Formation claystones with relatively high lithium content was
significantly influenced by the recycling of Ordovician sedimentary rocks, while the source connection with its under-
lying carbonate strata was weak. Their original source was dominated by neutral acidic magmatism. In addition, the
lithium rich clay rocks in the Yunnan-Guizhou region were hosted by either kaolinite or illite, and the drainage of the
watershed during the depositional period and the effect of coexisting ions in the water body played important roles in
restricting the lithium enrichment in the clay. Analyzing the provenance of lithium rich clay rocks in the Jiujialu For-
mation in Guizhou and the Daoshitou Formation in Yunnan, along with the occurrence of lithium-bearing minerals, is
of significant importance for understanding the ore-forming processes and controlling mechanisms of clay-type lithium
deposits.
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