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Abstract: To achieve satellite-based hyperspectral mapping of lithium spatial distribution to support mineral exploration
efforts, a lithium content inversion model was developed using a multi-algorithm approach, based on spectral data, XRD
analysis, lithium content measurements, and hyperspectral imagery from the ZY1-02D site. The quantitative inversion model
was established using the Ensemble Transformer Neural Network (ETNN) regression algorithm. This model was integrated

with Spatial Spectral Endmember Extraction-Spectral Angle Mapper (SSEE-SAM) for mineralized outcrop identification and
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supplemented with the CORrelation Alignment (CORAL) algorithm for spectral domain correction. The quantitative inversion

model was then applied to generate a spatial distribution map of lithium content. Training set R*=0.93, RPD=3.91,
RMSE=110.13; validation set R*=0.89, RPD=3.08, RMSE=183.04, indicate high accuracy and strong fitting capability;
field test set R*=0.75, RPD=2.02, RMSE=263.86, demonstrate robust generalization ability. Correlation coefficients

indicate that lithium exhibits the strongest association with montmorillonite and chlorite. Importance analysis reveals the

2 132—2 350 nm wavelength band as critical for the inversion model. This study establishes a comprehensive inversion

methodology linking spectral data to lithium content, providing technical support for exploration of clay-type lithium

deposits in the Tongchuan region, Central Yunnan basin, and Central Guizhou basin.
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A H (Zhao et al., 2023). )R & B R WK A7 5 4 F
BT TT 2N (B B E i = NS 3 B/ Tl i 7/

S 1 NI RPN V22 e mib = B 12N
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Fig.1 Geological background: Tectonic position of the Ordos basin (a; modified by He ez al., 2022), geological schematic map of

the Tongchuan area (b)
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B Ry 20 nm, 25 (8] 43 HF R H 30 m, @ 58 60 km.
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(L4, 19965 Zuo ez al., 2022 ; itk 45,
2025) . K T 0T W 0 ke AE WU, BE BE S5 A R
JECE B LG A N7 A R AE WG 0 3k 148 A FF
IE . A N M, N 2 G2 2 R Y O 1% b B T A
A B 4 AE , 5 O TR G5 O 3% 5 I 4 AR A OJF , dE
AT 296 S FH T AR MG HE A RFIE (R 1)
2.3 XRD##F

A B 5T R X5 2 ATT S (XRD) J5 325 % 4 i 1
W B3 AT 53 B A 5 HE 6100 Lab 22 Ty g X 5
AT HAL B 45 Cu Ko #8 (1=0.154 nm) , B JE Ry
40 kV, HL % 4 30 mA. XRD #1476 8° & 65°(20) {1
il 9 2E 47, 48 K o 0.02°. i i 4 % B SR A (FPS,
Full Pattern Summation) J77: M XRD % s 2w~ 4
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P B3 Bl (nm) U B LA (nm) FEAE W% (nm) _
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. 782/1 290 808~1 005 5
(944D B) 2
979/1 290 808~1 223 b
2199/2 132 2132~2 266
2098~2 434 2317/2 132 2165~2 233
(214~ B) 2 266~2 366
2 283~2 350 l ' }‘ ‘ *

T 2 BB TR O 395~902 38 1 23X AN 9 TR A 19 3 B (94 4 Dk
B s U B L 722/799 H8 B9 2 722 Uk B SR B B 799 U B A
TR RRAE A 0% | 1L 619~808 SRy il , 5 A4 S 31X A4~ 3 il N Y Pos . Dep
Are I SAT PSS X 1% LG8 2 bk 25 10 633 R AR IR0k 2k 4%, 3k
A 1154 BE T 556, 5 A BRURR I BE L AR, 28 A FRAE M i i 24

o e E B, % 7 Rl R AT S RS R R
20 47 DT R R B ROk Al IR A W b i AR
B, % H RockJock JE 1E i = 2% 0 38 £ ( Butler
and Hillier, 2021). L B #¢ 5 i FPS 4 #r 45 £
B4 B R, B Ar R A b A R 3k 2 o
2.4 SSEE-SAM & L 32H

A 5 R 25 6] 't 335 o T $2 B (SSEE) 5 i
BR800 % R T A e s
(Rogge et al., 2007) , il i @l & i 0635 BHR 0 5 O
T AR SRR AR 5 S ] R M 43 A B A R 0 Ak o G
e KRG 5 S KNS B AT & W F X
B, 38 i A R E A R T SRR AN XY — AL AR AR )
i, DU R KA 3 R R o6k o 22 R #
A UGB 15 5% 2 i T T 4 DX 4 38 1 SR
FEAE ) it b, 55 7 T 1) 6 G I 1) 45 3R AR b A% 328 o
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Fig.4 XRD mineral composition analysis results for typical

samples

JC . I 23 ) 24 5RORE ' 335 AH BL i 6 3 s T AR 3R
T5 4 FF A 25, DL BUFE A AR rp o3 A AL 23
] 7t 57 %) 3 G (Rogge et al., 2007, 2012). &5, 5
L R A MG A, 6 iy oC HE AT R0 25 4y SR R L R
A 1 57 SO L OGS AE 2 200 nm BT
2 A W SRR AE , IR AE 2 164 nm Ab G B 55 1Y Wik,
X SRR AE R A LR A RO e, A4 52
Ji A7 AP R0 A G 4y 26 (SAM) S —
Foft 35 F O 33 [ 25 (R RARY f a JK or R B R Ll i
R EREHE S 2% G5 o e W dh iy % A
A% 5% AH K i A6 6 15 AH L PE (Kruse ez al., 1993).
2.5 CORALMFEE

T W IR A E bR S D A 25 R
K CORAL 8032 b 5 430 38k 4 £iF F 47 % 5% (Sun and
Saenko, 2016). 1 2 70 28 U5 388 55 5 DL Kz B Ax 385K
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Table 2 Mineral composition (%) and lithium content (1g/g) of selected samples

1D Li MON CHL DIA ILL KAO MGC NAC NAM
22-BS1-1-1 2 150 8.5 9.6 9.5 56.0 2.0 1.4 0.0 8.5
22-BS1-2-3 850 0.0 0.9 0.2 0.0 96.2 0.7 0.0 0.0
22-BS1-2-4 3290 8.5 6.9 28.5 0.6 35.9 2.7 0.0 0.0
22-CC2-2 1840 5.9 5.4 3.9 0.0 82.0 1.6 0.0 3.6
22-FG-01 620 0.9 0.7 0.0 6.2 80.2 0.7 0.0 0.0
22-FG-01-1 530 0.0 8.4 0.0 9.0 77.8 0.4 4.0 0.0
22-FG-02 850 9.3 10.3 10.7 6.5 48.5 0.0 0.0 9.3
22-FG-03 154 2.9 9.2 0.5 8.4 55.5 0.5 0.0 2.9
22-FG-03-1 285 0.0 1.0 0.0 6.0 84.9 1.0 1.9 0.0
22-FG-03-2 570 0.0 8.4 0.0 4.4 79.5 0.5 3.7 0.0
22-FG-04 287 1.2 8.1 0.3 9.6 61.8 0.0 1.0 1.2
22-FG-05 550 0.0 3.5 0.6 7.0 77.8 0.4 0.0 0.0
22-FG-05-1 940 11.2 14.2 22.0 4.1 15.6 0.0 0.0 11.2
22-FG-06 490 1.9 5.7 0.4 7.3 67.4 0.7 0.0 1.9
22-FG-07 87.4 0.1 3.9 0.0 1.9 83.6 0.3 0.5 0.1
22-FG-08 325 1.1 3.1 0.0 4.4 72.7 0.3 0.0 1.1
22-FG-09 175.5 4.9 7.2 0.0 3.0 67.0 0.0 0.0 4.6
22-HC2-2 1180 1.5 3.4 28.5 5.5 49.9 1.4 0.0 0.0
22-HC2-3 1030 2.2 6.7 0.0 7.6 79.0 1.1 0.6 0.0

T - MON UG 5¢ A1 s NAM AU R 81 50 45 TLL ACR B A 41 s KAO USRI 41 s NAC IR 2 2R 1 s CHL AR 40 ¢ 1 5 MGC

AR B A1 s DIAMUR K H A

P, JF 7 43 B 1IH H FR 8 5 D) B ORE AR E BE  h
TOuE R P O 250 B AR E M X A B R
fiE 47 b5 e AL b BT 58 — HE AR B X B
B 8 2% 3k 41 R (Sun et al., 2016) :

Cs=cov(Ds)+1,, (D
Cy=cov(Dy)+1,, (2)
De=D+Cs 2, (3)
DS=Ds+C,"", (4)

Hov, D TR B8, Dy R B AR BB , Dy 4 55
Jo B RSB L o R R AR LERE 1R o X d B R

HRAE CORAL B, 8 a3 35 I S Fn B A 38 B
7 2 5 W R S L AT R 5%, IR AE U 7 22 35 B R s i —
A B [, DA JRE i AT S {00 TR) A I R E
55705 0 I R 3T DA AR AR XoF 5% I A D SRR A A8 R AR
R R — b 2 B e A 2 B R A7 LU IS S R fT ]
2.6 ETNN [E3HE %

ETNN J& — Fjof 7 2 7 oL 5 4R i > AH 25
G, 38 3 R AR A T A R M o B T T DR
AR PR 0 [T U A Y Ly A A B B TR
PR A A 2 B YR el 25 I 2% LA B 2o A TR A 5 D A
BB A 2H Bl ARSI R A X g A RRAE 2R AT I — fh Ak B,

Wi F o AR A0 BRI 9 3 Ry B A A R A O 3 RN i
S8 X 6 22 J5 B OGS A WA B R 2D R A
B 22 3L TR )2 R I B 7 Sk BRI B ) i 4 X
P A~ S 5 iz = 09 B L 2R
Transformer 7 & JJ AL, 4 #1247 AE 18] 1Y 42 Jm 4081 5C
F, DN A G B R AIE 43 B A B DA 58 L B
Rt R S T O 38 A A AR Lk e S
F 4 T FE AN 22 I 2% i 2 AR IE AL I — A4k BEPL %
I MR LM O pRE, S At S W U E . T
PRTHRIURG E 1, SR AR ISR, I 2 o > 200 ST 1) A5
R CBRIANE N A ), 3 86 -5 AU B K 5] 19 9 s Ak
SRGHEAT NG B 0000 25 57 3 DLAR 15 o5 A i o
ETNN WL #A WA, — & 1 2 7 PL 8 o A
FH Transformer 15 B4 £ 52 A2 R AE 5C R BE /1, R4
O HERRAE , DT £ 2 2 RO R A e ) dE
22 5L TR S 357 [ TG B — B TR T A ) 5% 22 , DA T 8 -
&S 8 M Rz AL RE 1 (Liu ez al., 2024b). 2 43 H7 A
AU i ' 1 e 1 AL SR H SHAP 5 325 %6 A5 A 3 47
wEM ST ELIH SR A A T 5 TensorFlow
Keras HE 22 3 25 19 i B SHAP i B a2 10, DAYl 45
U B4 B R A 28 ) 25 B TR R 2 A 1 T S RE AR R O B
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TEA W58, R 34 07 A% 22 (Root Mean
Square Error, RMSE) | # £ & %t (Coefficient of
Determination, K*) Fl 5% 2= 7l I f% 22 ( Ratio of Per-
formance to Deviation, RPD) & 3 fili £ # 4 GE .
RMSE {8 8 /)y, 7000 A B2 8y 5 RP K, B RS 40L&
JEFNRGE VAT . — O, Y RME R TS5 T
0.80 H RPD {f K F 8 45 F 2.00 i, 3= A2 70 H Ay
R4 09 #0068 7 5 4 RMA K T (% T 0.90 i, 5%
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3 LR HER
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