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Abstract Lithium (Li) as a critical mineral in the new energy sector, has become a focal point in mineral exploration and
geological research. Southern China represents one of the most significant regions for Li resources. Over the past two decades,
substantial breakthroughs have been achieved in the exploration of hard rock-type lithium deposits. Additionally, numerous clay-type
lithium mineralizations have been identified in the Yunnan-Guizhou-Guangxi region. However, compared to the extensive studies on
ore-forming mechanisms, research on the regional geochemical characteristics of lithium deposits remains relatively limited. This paper
utilized 76 elements data of 5244 composite stream sediments from southern China to generate the geochemical map of Li. Using a lower
threshold value of 47.7 x 10 ~®, 16 anomalies of Li were delineated. Approximately 83% of Li ores are located within these anomalies.
Furthermore, 76 elements and 26 geochemical indicators were compiled for granitic, pegmatitic, and clay-type Li ores. By comparing
geochemical signatures between mining areas and non-mining areas, combined with random forest-based feature importance analysis,
exploration indicators for three types of Li ores were established. For pegmatite-type Li deposits, trace elements such as Li, Be, Rb,
Cs, Ta, W, Sn, As, B, P, F, Th, and U are enriched, while Zr and Ti are depleted; the ratios of Li/Y and Li/La are relatively
high. For granite-type Li deposits, trace elements such as Li, Be, Cs, Nb, Ta, Bi, W, Sn, Rb, U, F, and B are enriched, while
Ti, Co, Ni, V, Sr, Ba, and P are depleted; the ratios Rb/Sr and Nb/Ta, Zr/Hf, K/Rb are high; 6Eu shows significant negative
anomalies. In clay-type Li ore areas, geochemical characteristics include enrichment in trace elements such as Li, Sc¢, V, Ga, Nb,
Th, U, Mo, REE, and Cr; AL,O, and Fe,0," are enriched, with no significant negative SEu anomaly. In summary, the distinctive
geochemical indicators for different types of Li deposits can facilitate effective identification of ore-related anomalies.

Key words Southern China; Granite-type Li deposit; Pegmatite-type Li deposit; Clay-type Li deposit; Geochemical exploration
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Fig. 3 Geochemical counter map of lithium in stream sediments in southern China
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TLE M RETAAET fL B R MR M (A 4EE SE, 2013) . BRILZ
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JIUREpS g

16 A BB XOK R DT Li &80 FE Dl 27. 6 x
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Table 2 Geochemical parameters of stream sediments for three types of Li deposits in southern China
ik BRARET R RERRT e
B IX FEFIX X FED X X I IX
Li 56.2(37.0~80.4) 35.8 58.7(27.6 ~235) 35.5 54.1(18.8 ~154) 35.3 34.0
Be 3.35(1.82~9.69) 2.35 4.80(1.69 ~17.5) 2.31 2.58(1.28 ~4.12) 2.35 2.20
Rb 145(108 ~278) 113 197(78.2 ~441) 112 106(41.3 ~178) 114 105
Cs 12.2(7.85~27.5) 8.87 17.3(7.30~73.7) 8.74 11.4(3.69 ~26.2) 8. 81 8.20
w 7.27(1.33 ~115) 3.61 16.9(0.99 ~131) 3.42 3.14(0.96 ~16.0) 3.66 2.10
Sn 12.0(2.62 ~397) 5.75 17.7(2.36 ~95.7) 5.58 4.45(1.57 ~20.3) 5.82 3. 60
Nb 19.8(13.8 ~29.0) 20.0 21.9(14.5~36.2) 20.0 23.7(13.9~38.0) 19.9 18.6
Ta 1.69(1.15~2.69) 1. 66 2.51(1.21 ~5.26) 1.65 1.79(0.93 ~2.85) 1. 66 1. 40
As 29.5(1.67 ~394) 16. 4 25.5(1.54 ~251) 16.3 28.4(3.74 ~137) 16. 1 13. 1
Mo 1.11(0.33 ~6.97) 1.35 1.67(0.36 ~8.78) 1.34 1.76(0.20 ~6.56) 1.33 1. 10
Sc 11.9(7.49 ~20.4) 11.7 9.69(6.72 ~18.2) 11.7 15.8(9.60 ~22.5) 11.5 11.1
Bi 1.39(0.30~28.1) 0.74 2.62(0.15~22.4) 0.71 0.63(0.19 ~4.06) 0.75 0.39
Ba 504 (230 ~2543) 468 439(164 ~4763) 469 381 (128 ~3346) 471 429
Sr 116(36.0 ~418) 87.8 50.6(23.7 ~126) 88.5 72.8(34.1~249) 88.6 77.0
Ga 19.5(15.5~32.9) 17.3 20.0(11.3~32.4) 17.3 20.3(12.6 ~32.4) 17.2 17.1
Ge 1.48(0.90 ~2.01) 1.43 1.54(1. 11 ~2.14) 1.43 1.51(0.82~2.26) 1.43 1. 42
Zr 290(193 ~596) 341 372(207 ~889) 340 339(158 ~681) 340 320
Hf 8.22(6.19 ~14.5) 9.38 11.0(6.65~19.9) 9.35 8.36(5.27 ~11.9) 9.41 8.30
Th 16.8(9.20 ~47.7) 15.8 24.7(9.80 ~64.6) 15.7 17.6(9.20 ~31.6) 15.8 13.3
U 4.55(2.10~13.2) 3.96 6.52(2.10 ~18.2) 3.92 4.72(1.40 ~11.0) 3.90 3.50
Ti 4970(3012 ~10534) 5410 4273 (2224 ~8760) 5425 7455(4100 ~ 19669 ) 5341 4600
Co 14.8(8.10 ~32.7) 14.7 11.1(3.70 ~25.4) 14.7 20.8(8.60 ~41.7) 14.5 13.3
Ni 32.0(11.7 ~85.3) 32.6 24.9(10.2 ~80.8) 33.0 52.0(23.3~114) 32.0 29.0
AY 103(42.7 ~269) 106 77.9(28.1~225) 106 161(76.2 ~366) 104 91.0
Cr 76.2(28.0 ~168) 78.8 58.5(29.1~162) 79. 1 127(53.8 ~252) 77.2 67.0
B 95.1(30.0~207) 61.3 78.1(14.1~323) 61.3 80.1(25.3~143) 61.0 60.0
P 724 (329 ~1060) 637 498(319 ~1093) 640 833(388 ~1325) 632 601
F 681(348 ~1426) 570 652(363 ~1880) 570 785(442 ~1402) 564 527
Nb/Ta 11.8(6.60 ~18.2) 13.1 9.50(3.20 ~18.1) 13.2 13.5(9.45~19.8) 13.1 13.1
Zr/Hf 36.4(27.7 ~44.6) 37.4 34.3(26.3 ~44.5) 37.4 39.6(29.9 ~55.4) 37.3 37.3
Rb/Sr 1.80(0.39 ~5.36) 1. 86 4.55(0.94 ~17.6) 1. 82 1.66(0.39 ~4.10) 1. 87 1. 86
Li/Y 1.87(1.01 ~4.80) 1.22 1.68(0.43 ~11.6) 1.22 1.35(0.39 ~5.48) 1.23 1.23
Li/La 1.03(0.36 ~1.71) 0.83 1.23(0.32~7.34) 1. 11 0.97(0.32 ~3.60) 0.83 0.83
8Ce 0.97(0.92 ~1.09) 1.03 1.06(0.91 ~1.21) 1.03 0.98(0.88 ~1.16) 1.03 1.03
S6Eu 0.63(0.45~0.71) 0. 64 0.54(0.38 ~0.68) 0. 64 0.67(0.53 ~0.80) 0. 64 0. 64
LREE/HREE  4.40(2.92 ~8.29) 3.70 3.63(1.93 ~11.5) 3.70 3.34(2.08 ~5.72) 3.72 3.70
AL, 0, 15.3(12.0 ~19.3) 13.9 14.4(10.8 ~18. 1) 13.9 15.6(12.2 ~20.5) 13.8 13.8
Fe,0," 5.33(3.53~10.1) 5.34 4.35(2.92 ~8.15) 5.36 7.27(4.40 ~13.1) 5.28 4.80
MgO 1.42(0.61 ~2.27) 1.23 0.80(0.38 ~2.27) 1.24 1.31(0.47 ~2.99) 1.23 1.10
Si0, 61.5(49.9~71.7) 64.7 67.1(57.1~76.1) 64.6 60.2(47.4 ~72.4) 64.8 64.9
Na, O 1.04(0.25 ~1.70) 0. 68 0.43(0.16 ~1.46) 0. 69 0.35(0.09 ~1.74) 0.69 0. 60
K,0 2.94(1.88 ~4.05) 2.3 2.72(1.60 ~4.44) 2.34 1.99(0.85~3.34) 2.36 2.30
CIA 75.5(66.7 ~92.0) 78.6 80.2(68.7 ~90.3) 78.5 84.6(65.6~95.9) 78.3 78.4

T XK — R 5 AL Rl AL O3 Fe, 057 \Mg0 ,Si0, \Na, 0K, 0 45 ERETC K A7 wide ,Nb/Ta %0 H L AH  CIA \5Eu ,6Ce #C
S, HAB RO TTR ALy % 10 70 5 h R 7K R YU P H(H 5| A B2 R 46 (2011)
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Fig. 4 Importance measurements of geochemical indicators of three types of Li deposits with random forest method
(AR S RVRIAE b RV AR AE AR i R ISR PR, 2018) s 50407 X 1 2 5 TIK RIS R U R 4L

FARAAEAS S B M LR 4 f e TR b, R Li (9 STk
fEfF SN, Rb Cs La/Yb Li/Y (AL O, \K,O B Z 45 F th H A
AR I DT (FRAE 22 > 0. 04) 46 5 R0 R Li
) TTER (H 5% =i 4h, Cs \Rb/Sr Be \Bi (W, Sn 28 FAE tH B A 5 =
P TTHRE (RRAEEZERE >0.04) s 25 R AUERR o, BR Li 19 5Tk
B4, Fe, 0,7 (Cr Ni \Mn |V CIA 23 BA ¢ 8 i Sk (G
(FHIEEZE >0.04)

5 Wi

5.1 AEZRBEET XEMRKEERHERE
501.1 4R aR4i2s R FHEFE

HA A5 di s BB TF R T RGBT R L BR k27 1 X 35,
kb2 A . HERT XAKRIVRY L &84T
0.25x107% ~717 x 10 *ZJa], F¥y R 42.5x10°;1 : 1 T+
e ER Ak 2= i R Li Be \Rb,Cs S Ta Nb 5 7 FiOoCE 1
PHEHE S T2E TV E, EERZBKRT LS WTEA
Be .Cs.Li.Sn.Ta, £ JCE Li & KT 200 x 10°° (14 5

4 Li Be.Cs .Rb Nb.Ta W Sn, L) Li Be.Cs i 3 f) i BR 1L 27
FRIE (B AR5, 2018) s & 1 B BEVH R IX 1 0 5 KR UL
W 121 J7 334 1 255 4 Li Be Sn Nb.Ta Cs Rb, Jiij
FAXS 545 Ba Zr S Th % I0 R (5 DIFRSE, 2023 ) 5 WL & 1 4
X121 07 g R 2 X R B $5 R E I T =y Li
Be Nb Ta & (22045, 2024) ; WL & A 20 X Hh BRfL 22 469
bRl Li Be \W . Sn Nb . Bi BJZ55 574 (%K, 2020) ;5830
WX & % Li Nb Ta Cs Be ,Sn (FA4E4, 2023 ) ; $TAE 14 £ 4%
WX 4 Cs \Rb U Ta 48,5 i Ba.Sr.Nb Fll Zr &5 (BRIRSE,
2024 ) s HEFEIRAT REENE A1 F foa A £ 1 e P s 2 e

Rb.U,Li,Nb,Ta JTEK, T4 Ba,Sr. Ti LR (L HEHLEE,
2016) VLI B B SK B AR B 5 Al BB AT X A £
A LA L KT 60.0 x 10 7° 7 8l 52 1 52 3 1Bl Y
(AR, 2012) o BRICZAE, AT AR A o R XA O
MBI A BT T 2 E R A A o0 17, R R T R R B &
TE VR B LSS AR AE , AVCNK (3 KT 11, SR
o, M R OCR B i S IR E AR R A A 2, S8 55 TSR Ja TP -
EAAS DR s 48 T S BU4E 7 ( Chappell and White, 1974 ;
SCRAEAE, 20165 B4, 20215 REEHEAE, 20225 8 DIk
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&, 2023; ERAEEEAE, 2024) , I TMRO B A S 1 s
BRI, R BUES G O SR T B AR R AR S BT
(—fB/NTF 20 x 107°) ,8Fu 347 F %, Nb/Ta F1 Zr/Hf {4
BAR(CCHRAES, 20165 1ok, 20165 B fi%, 2018),
PRI, 5 i TR 4 DX K L 8] R b 4t R A 2% U i A5 1Y)
Li/La 8§ Li/Y (7] LAA R0 16 ot ko EU2 R T g6
mn Wb 2R S B T AR /N, T 5 08 R 56 19 R TE FR 43 A 14 46
<A A2 B A B ARG, BIL, /N B RIS 3 Hh Bk
2 EE K R DU AN B 58 2 db AR A dis AR = LY
Ho [RIRERY AR S A B XA /R 855 Nb/Ta  Zr/Hf il SEu
TR

Z5 LTk A A AR X S BR A S 2 bR A
JCZ Li Be.Rb.Cs W .Sn.Ta.Ga.B.P.F . Th U #i5t 54, Zr.
Ti A% 78 ERITE ALO, R ; Li/La F1 Li/Y {HEK
&, Nb/Ta Zr/Hf 5560 5% 6Eu LA 5% . SLTFREPLER
MEHE AL B BRI AR e R R TR A A Li-
Be-Cs-Ta-Rb-W-Sn-Li/Y &5 LCT U i 5 BRI A" ) Hh BR 1L 27
FHAE—(Cerny, 1991)
501.2 HHEAET RBHFAFHEAFE
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X 7K ZUTF4) Li \Be .Bi \W.Sn Cs Nb.Ta ,Rb . U.F.B.P £
RIESH ,Ti Co Ni Sr.Ba .V RIK M RH . LFEEHFH
" HAE A T XK R YT R L R b2 R o &
204 LA Li\Ta Nb Rb Cs .F B P &, 5RATGI 1 X I 1E
SR ICEA A FA—F, 2 Li=800 x 10 ~° i AT A2 M 42
WIRAEIX (4 F 4, 2023) . BEbilE R 5 & 4 K. Cs Rb,
Th,U.Pb.F Li W Sn Nb,JrHIRZUE 4 Li Nb W R K55
F, A% 545 Sr.Ba Ti J; REE(ZEhess4 2022), WG
HLAESRE , HA 414 B K A R FF 21, Rb/Sr Al Rb/Ba A~
WA, 1l Nb/Ta il Ze/HE WEASKTE/N , 894 A 48 5 7415 Rb/
Sr R R I, Nb/Ta /N (2252, 2015) 5 ARG X 4N
KA A AR e .35 5 % Li fl F,Rb/Sr . Rb/Ba 7R 44
K 78 54 T B A K, T Nb/Ta Fil Ze/HE {6 58/
(ZEPESR, 2015) ; PG HTAE K 2 Nb/Ta 2L E [ 2 1,12 ~
2. 60, Ze/HI Bk 12. 35 ~ 13. 40, 5 215 F v [= S i Hi 5% Nb/
Ta F1 Ze/Hf SE-XH (11. 88 1 86. 67) ( Fhgan4 | 2022)
PAT P LT AEEBRESF SEZVEAIEMHEX
(Badanina et al. , 2004) , 5% + 5 K/Rb {5 5 fHH % (4
EEAE, 2023) o ASCAETHITE KA TR X B B
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FEHLER AR AE 5 50 B B 25 3 o, T AE i A B 4
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HABESMTTEE(R 4) o B, 785 A R A X Ik
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EY M ab g8 A Ba KA KA. Aotk
TS, 2015; %4k, 2020) , TAE R B4R 1 40 9 &£
TN B 2 B (Roda et al. , 2007; Munk et al. ,
2018 Ellis et al. , 2022; Troch et al. , 2022) , 518 £ 1AL K
PR TR A % (G PO i AR 7 (2R IR0 S, 2021) , B il AR
ARG, B R AR A VB R R B B AR
W R EBRER AR A A R s A R
A RS A R SRR R AR A SR (2R
BB, 2015; FREESE, 2023) o WIE D YAl SO U KL F
4E Li.Be .Cs \Nb.Ta Rb () EZJFHE . A dh 5 4800 (19 215
DL — R TG R A BT (ERAE K A T LA R =™
R R T S A LS DRIE 20 R 1R
AN ITE R 25 5 R BN E AL X B AR L F
i TR A Pl T AL AR B i, A N S AR (—
MRARTF20.0x 107°) " f1 & Li 20 Y (MARAEM 49 5 Li/Y (8
BR AT fb 2 BB ) SHURY DX I R Ak 2 R AE o AE ) o T A
WA A BN B 22 5 T v B A SR A RN 2 o S R
(Fh3CALEE, 20225 RARICEF, 2023) , k¥ E A & Rb/Sr
FUIE Nb/Ta, Ze/HE (4 3 3R AL 2 FRAE (SR B FEM AT,
2025) o ABR A TR A T A R M DX, 42 R X A Bk i
KGR, KB RKEEH, R KA E W.Sn
PR 0 S A6 B S B2, Mo 1 Bi FEAEAE A 88 iy L
JCE B TR S RV A A v T P X, R )2
PIZBRTUWRA N, B, £ AR X W Sn Mo,
Bi e R B R T M A AT X, AUR LB E R
PR A T BR B 4 Li Na K Cs \Rb ZfiMoT 5450, 0 &
5 As B SFHERMEICR (Wang et al. |, 2023) . 245801 flfhE
IR X As F B (12918 48 4 29.5 x 10 7° F1 95.0 x
10 BEBTERKRIBEYNTRME(E2) . Wik,
o TR X T B 4 As B, FRAESTREXT X S Hh BR A 27 FEAE
WA —ERM, 6 A RIS E B 1 IR E % K0,
Na,O(London, 2018) , {H 2% fib A 2L £ A7 )11V = %€
X, A2 RARAE T8 55 (CTA Dy 75.5) , Tii 46 i< 4 B A B 4
o XA R A R B X (CIA g 80.2) , KUfkidt /2 4
FR SRR 1 25 B S0 A A B4R X K, 0 \Na, O & i
B THE R AT X

R AR 5 48 5 A BRI s LR R L R & AR A,
HA XIS ER L2 R 22 R B (B 6) . F LAYk
ATURRBIR IR, 5 5 88 L 2R (R4, 2019; sk-LiE
&, 2024) , FHEBUERE 25 T BRI RUALAE AT, X YK
RUTFY) CIA F-34(H Fik 84. 6( 3R 2) , 3 = TAE < A AN
a2 LI S & DR B 2%
TE LA SRR B AR, SRS AT T A S
DG T M s 8o £ (B34, 2025) o R, BRT
Li B840, B L RIERE 1Y AL O, Fe,0," ik, BT
Ga FIZEERICE Cr Ni Co.V & & B R ; M K,0,Na, 0,
Rb .St S5 ¥A 0, & A X B AR, B 30 Bl DL 5 i)
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T AR ITR R IR B TR e K E FE v e o 3, S 3
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