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Abstract: This paper is the result of mineral exploration engineering.

[Objective] In recent years, lithium has become a key mineral in the world's major economies, as demand has grown rapidly in the
emerging and low—carbon technology industries. Especially under the "carbon peaking and carbon neutrality" goals, the demand for
lithium resources is also becoming more urgent in China, but the security of lithium supply seriously restricts the development of
new energy industry. At present, our lithium resources are mainly developed by the brine type and pegmatite type, but the geothermal
brine type also has a certain resource potential. Therefore, it is necessary to study the distribution characteristics of lithium element in
geothermal water. [Methods] Based on the results of investigation and study of geothermal water in China by predecessors, this
paper introduces and discusses the distribution characteristics of lithium content in geothermal water, influencing factors, lithium
extraction technology of geothermal water and geothermal exploration technology. [Results] We analyzed the lithium content of
geothermal water in the main heat storage of 30 provinces and cities, and actually calculated that the annual discharge of lithium
metal in the 1989 geothermal water was 789 t, and estimated that the annual discharge of lithium metal in the geothermal water was
3233 t, indicating that the geothermal water lithium resources have certain potential. [Conclusions] It is found that the main factors
influencing the lithium content of geothermal water are the characteristics of surrounding rocks and thermal reservoir rocks,
temperature, water—rock interaction, etc. It is also found that lithium isotopes have good potential in tracing the sources of
geothermal systems, water—rock interactions, and material sources in continental areas. Lithium—rich geothermal water enrichment
mechanism in China is mainly divided into the Himalayan geothermal belt type and Sichuan basin type, the former is related to the
type in the crust remelting magma upwelling, while the latter is related to the dissolution and filtration of gypsum and halite in the
strata. In addition, it is pointed out that the future prospecting direction of lithium—rich geothermal water in China will be
concentrated in the Tibetan Plateau, Sichuan Basin, Jianghan Basin and oil (gas) field water. "Simultaneous exploration of
geothermal water and lithium" and "simultaneous mining of geothermal water and lithium" to maximize the utilization of resources,

and multiple geothermal exploration technologies will also contribute to the development of geothermal industry.

Key words: geothermal brine type; lithium content; lithium isotope; enrichment mechanism; lithium extraction from geothermal
water; mineral exploration engineering

Highlights: (1) The characteristics of lithium element in geothermal water reservoirs in 30 provinces is analyzed, the displacement of
lithium metal in 1989 geothermal water is calculated, and the potential of lithium resources in geothermal water is estimated. (2) The
enrichment mechanism of lithium rich geothermal water in China can be divided into the Himalayan geothermal belt type and
Sichuan basin type. (3) The lithium extraction technology and geothermal exploration technology of geothermal water are
summarized, and the prospecting direction of lithium rich geothermal water in the future is proposed.
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Fig.1 Lithium deposits reserves (Lithium carbonate equivalent) (a) and resources (b) in mainly distributed countries in the word
(data cited from Research Center for Strategy of Global Mineral Resources, China Geological Survey, 20219)
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Fig.2 Distribution of main lithium metallogenic belt in China (modified from Wang Denghong et al., 2022)
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mg/L. 0.044 mg/L,

(13):6r 5. LARSE L A pO0 A =, o2
WR.HER. KPR, &R AKRR. EF R,
FERFR—RPH R | Uy G E b HOK R 5 4 (E
% 51 K 02 mg/L. 0.02 mg/L, 243 mgL. 0.53
mg/L. 0.42 mg/L. 0.225 mg/L. 0.08 mg/L. 0.438
mg/L; B 18 el D], BRI M E A i EL AR
A 54 P b RAOK B 34 (E 3 58 0.125 mg/L.
0.178 mg/L, 0.17 mg/L, 0.35 mg/L. 0.14 mg/L. It
G, DURR A b B b PR BT PR, o o R LR
A E M HOK B 5 58 0.63 mg/L.

(1) AR 43 AR I R R TR A
S L AR A AR | AR T PRI L Ep SO | el
16 5 A P 2 L HAOK B B Y AE 5300 R 0.008
mg/L. 0.314 mg/L. 0.66 mg/L. 0.96 mg/L; A~ % H.
ROERR WBER. AKR. ZBR. KPR M
T Z it )2 M PAOK B R34 (E 23 518 0.382 mg/L.,
0.317 mg/L. 0.098 mg/L. 0.142 mg/L. 0.225 mg/L.
0.288 mg/L, 0.367 mg/L. VIR AIFHIT R | Ay
I It )Z L RAOK B R34 3 5128 0.092 mg/L.
0.096 mg/L.

(15)¥5rE: 43 AR L R RO A
B 111 78U b AR5 5 e LU AR L ED SCIIAE
o HBIVEIIE R A B R ER A L AR R AR
I R T HCA G2 K B 2 40 )
A 0.17 mg/L, 0.286 mg/L. 0.17 mg/L. 0.298 mg/L.
0.11 mg/L. 1.68 mg/L. LR 7 H 1 My B0 7% I o B
VT M A2 AOK B S 34 E R 0.69 mg/L.

(16) ] 74: Rl 43 R RS Ll RS RN DTN A 7Y, LA
GRS LI R R =, YON TR AR, B 1) s R vp
LR RV R, "SR, SR ARK. Jed
. FERAR . HEl | EISCI n BRI AR 2 AR
K AR A B ¥ H 4 5k 2.06 mg/L. 0.0033 mg/L.,
0.114 mg/L. 0.003 mg/L. 0.00047 mg/L. 0.14 mg/L.
0.00055 mg/L. 0.049 mg/L. 0.002 mg/L. 0.06 mg/L,
TIORR 3 b 80 b PR ol 7 L JE R R A2 b A
KA1 0.03 mg/L., 0.073 mg/L.

(17) VL5 AT 43 Ay R L bl AL R T AR 2 1 A
e L A R TR PP R R R R R
“BR AKFR—_E&R . BER ERR. EH
. O T AL PAE R POK BT R & E

45k 0.53 mg/L. 0.096 mg/L. 0.02 mg/L, 0.28
mg/L. 0.3 mg/L. 0.29 mg/L., 0.17 mg/L. 0.189
mg/L. 1.4 mg/L. 0.297 mg/L; JJTFH 73 b B v g i
P R FER R AHE)Z PO TR & o
4 0.15 mg/L, 1.57 mg/L, 3.85 mg/L.

(18) WL A 43 Ay Bet i 1L 3l R0 N0 AR 4 Y
Reg B LU 1 0 b AT PR TR R L TR R IR ER
e LR A TV 2 PR B B S 4 (E 53 R 0.5
mg/L. 0.25 mg/L. 0.01 mg/L. JTFR 78 b B75 5
iR AR R BB R AZ UK
{435 3.94 mg/L. 0.63 mg/L. 1.04 mg/L.

(19) 84 1l 43 Ry B 1y i R0 RN U0 AR 4 76
PR LI B b PR PR rh R P R R R BB R
FERAR L EE R KT Fe L A oK
o 4 R 0.2521 mg/L. 0.009 mg/L. 0.04
mg/L. 0.14 mg/L. 0.039 mg/L. 0.097 mg/L. 0.076
mg/L, JURRZH AR IR &R . R
FUBY b 5 P 2 b AR BE 5 5 (8 730 o 0.61
mg/L. 0.749 mg/L.

(20) 4 34 R RS L Y AP U, B AT
TAE AR R b, SR AFTE T AR, |
LR KPR, "SR _&FRERAR. HILWY
B S 3 B At )23 b B K B B R 34 (B 43 0 R 0.139
mg/L. 0.28 mg/L. 0.233 mg/L. 0.152 mg/L. 0.29
mg/L. 0.26 mg/L. 0.5 mg/L,

(2DVEVY: IR I A R =, FER RS
R.OBR CER EBRR BHRERR R
HZR ool T, IR A BRSO A
ARIE . Tolt i AR B e DAl RO B
{85 4% %1 059 mg/L. 032 mg/L. 0.011 mg/L,
0.0455 mg/L. 0.23 mg/L, 0.01 mg/L. 0.106 mg/L.
0.239 mg/L., 0.23 mg/L. 0.288 mg/L. 0.003 mg/L.
0.944 mg/L. 0.048 mg/L. TLF 7 B fi% 5 P ok
TER— BRI S, HOKE S R IE N
0.083 mg/L.

(22) AR : AT 43 Ay et e 1Ly il 780 R0 AR 4l 76
Bag e Ly b 7R b RS R R R R L A R R K
o KA ML R . BEISOAE R A
BB R A TR R ool AR R e it
JZ b PR B B Y 4 0 A 0.845 mg/L. 1.77
mg/L. 1.135 mg/L. 1.588 mg/L. 0.46 mg/L. 1.53
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mg/L. 1.41 mg/L. 0.14 mg/L. JIFRZH R 7T IR
HUBE R SR R R I 2 oK
FEESY 14 0.182 mg/L. 0.942 mg/L.

(23)7[Fg 2 AT 3 Ay B 1yl 780 R T AR A 7R
e L M AL M R R I R L R R R
JOT T HELL AR 2 K AR i A 4 S R
0.016 mg/L, 0.44 mg/L. 0.75 mg/L. 0.227 mg/L. Vi
R AL R PR T 2R . =B R E HOK
PEEEII(E A 0.045 mg/L, 1.145 mg/L.

(24) 16 AT 3 Ay Bt S 1Ly b A0 RN AR 2 Y
PEd I A s R R — IR R &
F——BR RER—AKR. BRER—BHER.
KitrF—Iolr 5, ML 2 oK # 2 (E
43 % 4 0.003 mg/L. 0.176 mg/L. 0.0005 mg/L.
0.169 mg/L. 0.12 mg/L. 0.062 mg/L. JTFZ 7
IR A TR M A, R ita Mo e R
&R ML R

(25) 1518 : ¥R BRI RE R, =8 &K
Wa . ZEBRIKA . CERAREDE . S RAK
FREBUR A M = BUR A Te @ R B
F—ERRKE . o F—R B RZRA MRS
UL b 2 Tt 2 H PROK B B (B 535K 0.019
mg/L. 0.006 mg/L. 0.184 mg/L. 0.023 mg/L. 0.045
mg/L. 0.028 mg/L. 0.47 mg/L. 0.225 mg/L.

(26) FPR: ¥ B 1L o R G, A2
BWH=8FR. &R EFRANKRE S, =&
. ZER, ERR R R E oK 5
43924 0.235 mg/L., 0.045 mg/L. 0.057 mg/L.

Q7)) PN Bk L R RAR TP IO R L R
PR, —&FR. &SR AKR.RER. LW
., FERAR . Ul FhR RS (RIRER S ) L FERE L it
Gl . eI B BN SR b 2 A 2 RO B
{8 4 5 R 0.003 mg/L. 0.543 mg/L, 0.47 mg/L.
1.47 mg/L. 0.53 mg/L. 0.31 mg/L. 0.04 mg/L. 0.34
mg/L, 0.32 mg/L. 0.2 mg/L. 1.92 mg/L. 20.86
mg/L. 2.47 mg/L. 0.12 mg/L; PR b B Pl 25
N =B R B RRIRER A, I 2 ROk B
BEDHIN 7.16 mg/L, 4.99 mg/L.

(28) 25 i+ A 1Ly b FR R0 300 K 1L L5 20
R A ARGR 95% LU L. ool A B RR——
BR. AER—NER—FER. FWR, BX

98 Ly 30 P 2 b AOK L B R S E 53 )l 0.54
mg/L. 0.51 mg/L. 0.96 mg/L. 0.0843 mg/L. 2.99
mg/L; IR A A R B o3 A T 448 45 b, 0 A T
BUNT 5%, KPR B R—FER R, & ZNHZH
POKHRE 3900 0.22 mg/L, 0.01 mg/L.

(29) 5 MM: LARREES L A A0 5o 8, HOR
R— B RWIREL . ool B TS i 2 HOK
SR AMES B 0.29 mg/L. 0.46 mg/L; AL
R b BT IFA S A oK, KB, R &R ——
B RBRIR ER A A2 H UK & iRy 25.8 mg/Ls

(30) PG 7K. AR Ll X B oA =, SRl
AN A R ER A, A e A R e T
KASE, B TR R IR . B RbA . o
ERBERE . IR LW HERDE KPR
Wa. A, B R a Wa. &R KA. ML
5 11 A 2 BROK R B i (B 3 1R 0.48
mg/L. 7.6 mg/L. 2.5 mg/L. 4.5 mg/L. 0.38 mg/L.
3.79 mg/L. 13.31 mg/L. 1.71 mg/L. 1.72 mg/L. 8.25
mg/L,
3.3 FEtH/KEHNEGE

FIFHR SR MR A g i A AR TR & =] DA
TR R POK P HES A 4R i, gt
rh ] 1989 Ab i SR AN R ECHE , RS b HROK
B 4 B AR HENCR A 789 ta, b R M X A% R
Hi 62 75%, HR R =rd . HHFIRE (A 6) o X
STV, = rE . ORI JE T8 Sk
AT, R SR L RO e b A X, O
B AR 5 TR R 43 55 o L ZH A
AR 58 e, L it e 205 K, ol R R i N X
o ARAE 2017 A R P ge i A R E D ER IR R
2334 bR AT 5818 HR (T 5344, 2017), v LAY)
AAG L Hh 3R B B 4 T AR HE R R 3233 t, 7E
PR I B AR R EAS AN AR AT R4, 100 4F
L PR R 4w S HER T I 32.33 5 t, T kR
BRI IR 172,10 J7 ¢, S (i BT 7 B¢ R 4l 4 (2022
AF) YR R B i R B 42.5%, AT LR FE B oK B
BEIEAR S AT

4 HPIRE MR R SR R R

4.1 MPKESESHAESHRER
A H RO 5 1 4 ] A A S R A
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Fig.6 Histogram of lithium emissions in provinces and cities in China

()P LAE H, & EHIOK 2004 T 5 S i b
RHFBAEIT, 5 3078 1M XA 2 BB 5 o e KT
FHET (AR, 2021) o I N IR G )R
TRl Bl B AR % BRI R GE, T RA IR
T e R T 7R DR R 1) Ry AL S AR, T
BT B T B IR Y K A R G (1 S8 i
SCEE, 2020) 0 BT AT A B, HEROK A Li BR TR
HHUK TR S8 Li A A R A K S g
RSN, AT BER IR T LA EIN B S A AR A
TR A A S S A O (PFIS A, 2018) . 1k
A, DU Za b o3 A — 2 = B B i BOK, 32 B A
HTh—F =88R mBEiTamb =855 044
WRIREL A2, A A A G MEATRIREAS
o ZEEPEMEETRRESERZELEKE
YERIA G VDL ZEH VT4 | 3 28 b S A
e D QRS PEY R (O P
2021; RIS, 2022; A2/MIIAE, 2022) o KSR, R
P VTIEE  0JF WT Zt B HCAh Z b An 50 /R 22 Hr  b J)
S WNIL A AR D A5 R 43 43 A (IR L AOK
T B3 A AR i B e K o X X 2 i
DMIRER, AR 1T e 5 A8 2 A A ¢, i) iz
FER R — P R ORTR L 5 A 2 th T b K e
PR, MR BRI AN, K A VE B Tl R X A (e
WA, 2019); HEAE I3 A 4 B R — i R A
82 02 TF A B PREE, H R HOK )2 22 IR
I B UE, S8R AN, WAL, AR S

TE AR Y & 4R (SR A5, 2019) .
4.2 ok 5EEEMBREEEEXR

Hh [ R R AL 2R SR (B 7) o, 3 R
JE P M BROK 10T R i S R R A 2 R R A
FEAR —F, T HAE Li06 5 . Li08 S X (F 2%
SRAE, 2020), fe BT & B B R R A b A
RIBL WAL F Li6 58 XN (F w355, 2021), iX
S5 T 9T 1 A PN S L BROK e B Y A S
I A At X B R W L AR R TR,
B o> A X R L HOK RS O R R B
1B, e 2 BUINE, X B oK R BT R &
HE 5150 32 HoAh S5 S2 R, Ak s AR SR | TR
EERE,
4.3 REXT K R

BB EVEE N A POK B S SIRERE 2
6] By 56 Z2 A R P (P 8) o, 5 R 4 (R R TP (v
SR 2 (A B R A IR A SR OG 2R, SR e L
PEE bR FP LS B A3 IN. HF CIHAE H AR UK
FRGE PR HA R, TR RE S, AN ZIK S
A BT R i, BRI I A LA St 40 3 R e A AR
FK A2 A et e M HAh 28 K U ( Arnorsson and
Andrésdottir, 1995; V7 M 55, 2018) o Hi #4037 {4
Si0, ¥ fiff B A il B 1Y) pRESC, AR L B 7, Ak v
)R] M Si0, Bk £, T Bl 5 I 1A R EE 1A AR,
Si0, MITTENT it B 218, Fr LA SiO, fe S ek
i U BE (FNEZL I 45, 2015) . 4 [ Hb #oK d
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Fig.7 Lithium geochemical map and distribution of lithium in geothermal water in China (modified from Wang Xueqiu et al., 2020)
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Si0, 5 Li Z 8] By = o K (15 9) iR, CI' L,
Si0, 5 Li f i S BUEON W W i IEAHSCHE, 25 CIfy
IO R T R e g AR A Li A A

T, 3T RE SR TR T (o K A 1 FH o R R
PR Li T Mo Aibkig ok
4.4 JKAREERAX KRR 2
M BR KA 7K 2k (GMWL, 6°D=86"0+10,
Craig, 1961) K FLLISK, 6°D-6"0 IR FH A 2 7K
AR SR | KA BAE F Bt /KR A 1R F 4%
IKSCAEFREFAE (Pang et al., 2017) o H KRG 9 4K
2 (LMWL, 6°D=7.95'"°0+8.2) Fh 4 1 45 (1983 ) 4
H, R IX R AR 2 o 4 ] i AR 36 TRy 19 o g
TR SR 28 0 A RRAE, — R S R R A AR
R, R KRR, Qnva (k| 45 28 A
K, X AT RE R i K AEE R R, K5 A Z 0
KRR AL, SR BOKERN R EE, &
AR R R IETEAS . 9 — MoK, an s i = T
JE UK SEIE GMWL 4347, A & A B 8 ) 48 TR 432
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R, TN X 2T SR AN AR R B A b, R kR
HH S 1% M BROK 5 A SR 7 3 A He (R 4 A,
2021) . MK FERIFE T RSK(Craig, 1961), £z
I GMWL 9 G0 AR 5 & oK R /D R
S AR 8 R AR IR (] 10), 010G ) 1] 23
o1 8 B HACRIE A R AUK, Gl T S R
VEF o ARIE T ARAE, 4 FE Y KOk TR T BE AL 45
3 MG KAK, IKERUKFIERK K. KSK 6°D
B T RAR VK S @K, 7T RLkh FE oK, IRl
HHRIK ) o°D N, vKERK S0t T, Bt W)=
TR ZIAE)Z, Wk K Y B ZEAN A R TR 2 —
(Guo et al., 2017) . HiFKHH) 6°D. 6"0 ¥ T UK
EHEIK (K 10), #EME 62D, 60 B £ 3 KWl fig
FEHBOK BRI Z — o BT U1 A, Hoft R
SPECE AR S LUK SR T 3 NI IR A X,
PUESS AP i1 E2 Y ik SR (b er ¥ @il E17) $
2 b, NN ER L ORI HUK R UK T RlK s 2ok
FITR A KT o MR T I =] J5 b K S AR 7R
VKRR R SKELZ L, FRHE KT R AR S
IR R o T Ak TR A X Hh ]38 43 B K AT
REJE A K . KRAUK AR @K IR A o e4h,
B 6'°0 KA IEEERS, Hiptok i Li R BN & i
Tk (E 10) o 8 B ATk, #Em RLE 3R oK A

KR ACHIR G R IE I LK, & & A B 5m K
FAREAER, T2 ) bR R 6 2 E IR & AR R Y
(=5
4.5 KBhi#R AR F AR AR HFAE R KR ERIE TR

€A

PR F O RAE M AR et R 28 KA,
LA AN [R) b 53 i P A8 2, ATk © 2 R L
2 BR AL 2 PR AR AN R U 22 — (Tomascak et al.,
2016; He et al., 2020) . Li /R EAL#IE T (DL 2
H AR R R 0k 4 8 oT R, A W FUE [ % °Li
FITLA, FHEA 7.6% 1 92.4%, HARRE i 22 7]
ik 16.7%, PRIHTE BT FRAR 75 &) R B i s 21 1Y) [)
fi 3R 7318 (35 70%0) (7 #7855, 2009; Penniston—
Dorland et al., 2017) . (2)7E7clE 757 A4S 5 -5
B, Li 2P % ANHM %A 6 E ( Tomascak et al.,
2016) . (3)Li BA WA s, "Li Pt e e A
W % (Penniston—Dorland et al., 2017) ., Li ELAA
HIPBOHE R, ZE Y s R H L 5 HCE R (Coogan
et al.,, 2005), FIr LA Li [Al oz RAE ARG 512 516 5h
i, PR KA RS AR S s K A R
) 43 18 ( Brenan et al., 1998; Caciagli et al.,
2011), (4) T Li TAbE BS54 aid e,
AL IR AR FH AN AE VR G HL 18 AT R T AT 52 )
(Clergue et al., 2015) . [k, # R B T —14
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Fig.10 Diagram of §D-6'0 in geothermal water in China

The rectangle of magmatic water area from Giggenbach, 1992, the rectangle of snow-melt water area from Guo et al., 2010; Anhui from Sui Liyuan et
al., 2022; Beijing from Deng Junzu, 2022; Guangdong from Tian Jiao et al., 2022; Guangxi from Yang Yanyan et al., 2006; Guizhou from Chen
Zhengshan, 2021; Hainan from Zhang Ying, 2019; Hebei from Zhang Xue, 2012; Zhang Liang, 2022; Deng Junzu, 2022; Heilongjiang from Li
Yiming, 2019; Hubei from Chen Gang et al., 2013; Yu Jie et al., 2023; Jilin from Cai Zhuang, 2020; Jiangxi from Cui Yugui, 2021; Inner Mongolia
from Shi Zhuo, 2010; Gu Xiaomin, 2017; Qinghai from Liu Mingliang, 2015; Li Lele, 2016; Li Yongge, 2016; Shandong from Wang Xinyun, 2018;
Shanxi from Zhang Senqi et al., 2007; Ma Rui, 2017; Lu Chang, 2019; Zhang Mengzhao, 2022; Sichuan from Li Na, 2020; Wang Hua, 2020; Xu
Yangqiu, 2021; Tianjin from Lu Chang, 2019; Yunnan from Liu Mingliang, 2015; Li Xiaolu, 2017; Liu Yu, 2020; Zhang Yuqi, 2020; Chongqing from

Su Peihui, 2020, Tibet from Liu Zhao, 2014; Liu Mingliang, 2015; Wang Siqi, 2017; Li Mingli, 2018; Ma Xin, 2021

e ELVE T B T H 1 3k 25 S AR TR RN A 25 SR AR TR 7 2J (0 045 Ve

BET AR KRG RSB [F A ZHUR/r 2022), — SRR R IR A R R R 55
B 11), & 30K i i PR B8 5 7R 0.0005~190  FR4R 1k KA () for R AL AN 36 2. S BV R b b
mg/L(¥{E 4 (10.28+26.78 ) mg/L, n=286) Z [0 2454k, R T vyME A\ It B KE. KE
A 3 1 /K (180 pg/L) A A £ ZW 3 (1.49 pg/L)  Krafla Mot H | 98 B8 [ 5300 el DA KT 1 2 P
(Huh et al., 1998; Misra et al., 2012) . FHELIEIRHIR KA X, X S B R 8 P I R A, — s T
AFXT 24140 B [ 437 25 2 (R R 2 A (+844) %o,  200°C, & &3l A T 0.023~34.4 mg/L, 6'Li /i T
Verney—Carron et al., 2015), KFdi 3K [F] 22 (H —2.9%0~8.1%o0. TMAE 7K PRI M P A e an v )11 2%
A AR K (=2.9%0~+26.1%0, SIH HJ (3.8424.67) %o, U, Je3kil . =g KA, B MR GLIE AP K 5
n=286), i [A] {37 Z P HEAL T K A 5 3= 2] i [E] Mono Basin, i $& i #4 2 45 P g i R — M AIC T
(+31%o, +23%o) (Huh et al., 1998; Misra et al., 2012).  200°C, £ & & L H A F 0.0005~190 mg/L, &'Li /i

J7 X AR AR SR A EORE, UK T -0.1%0~26.1%0. LI BR, IR IR AL b R St
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etal., 2014; France %(#& 5| H Millot et al., 2007, 2011; Millot and Négrel, 2007; Frence West Indies (#&5| H Millot et al., 2010; New Zealand {#&
5| B Millot et al., 2012; Bernal et al., 2014; Yellowstone National Park %{#&5| B Cullen, 2020; Central Andes 5| H Godfrey et al., 2013; Upper
Rhine Graben #(#f5| H Sanjuan et al., 2016; Mono Basin, California (4% 5| H Tomascak et al., 2003; Ontake volcano, Japan £{#% 5| H Nishio et
al., 2010; 7K BHE51 B Misra and Froelich, 2012; tH A F 2 AW 4G5 B Huh et al., 1998
Fig.11 Distribution characteristics of lithium isotope and lithium content in continental geothermal fluids
Tibetan Plateau from Xiao Yingkai et al., 1994; Ma et al., 2020; He et al., 2020; Yu et al., 2022; Zhang et al., 2022a; Zhang Yudao et al., 2024;
Iceland from Sanjuan et al., 2014; France from Millot et al., 2007, 2011; Millot and Négrel, 2007; Frence West Indies from Millot et al., 2010; New
Zealand from Millot et al., 2012; Bernal et al., 2014; Yellowstone National Park from Cullen, 2020; Central Andes from Godfrey et al., 2013; Upper
Rhine Graben from Sanjuan et al., 2016; Mono Basin, California from Tomascak et al., 2003; Ontake volcano, Japan from Nishio et al., 2010; Sea
from Misra et al., 2012; Main major rivers in the world from Huh et al., 1998

R2 KR RGESERERMEAM

Table 2 Lithium content and isotope composition in continental geothermal system

Hh

P IR Li/(mg/L)  6'Li/%o Sk
FERE . RS, ok, B, BEE. i 5.5-344 —1.7~3.8 Zhangetal, 2022a; KIIELE, 2024
HIE VKB Kraflath W 0.023~0.78  3.5~8.1 Sanjuan et al., 2014
WM EE L E R AR 0.626~6.76 —1.2~3.8 Cullen, 2020
B 22 R KL X 0.2~32.5  —29~2 Millotetal., 2012; Bernal et al., 2014
PUJNEWE . Jeskil, BHE. MUK, B, OB, TTEM% 0.0005~3.10 1.26~16.7 Maetal., 2020; TIN5, 2022
BRREM . A, BT R IR 0.058~1.10  3.8~11 Maetal., 2020
MG RGRARIR 234~325 2.29~433 HRHYIEE, 1994; He et al., 2020
dead% B Upper Rhine Graben 4.5~190 1~6.8  Sanjuan et al., 2016
IR B FECentral Andes 26.2~147.4 1.4~18.4 Godfrey etal., 2013
% & Limagne Basin. Paris Basin 0.0052~153 —0.1~10.9 Millot et al., 2007, 2011
2. )% West Indies & 0.0005~10.1 3.8~26.1 Millot et al., 2010
2% [EMono Basin 0.292~0.56  8~17.1 Tomascak et al., 2003
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HAROK — B HAG e e, R R A B —
(42/INAlEE, 2020) ; TTEE A2 AR AL bR G 40K
PSRRI R, 3R UK S e K T
KPR ARG, HRE A R B m R —,
HY L Y, AN TR 28 750l B 2R 5 5 o S R ) o7 R
FEAE AU e F A TR, R B 5 A R 22,
it 28 A PR L (AR S A o ik A5 A (Sanjuan et
al., 2014) .

B RE R R G g iz T
Al B it T R (Millot et al., 2010; Sanjuan et al.,
2014, 2016) . 7~ %5 Hb #4443 A P Jo oK TR
(Sanjuan et al., 2016; 5K IETE S, 2024) | [ WL AL
PRl 22 0] A8 7K 5 R B A P D B s B A Vi i
(Millot et al., 2010, 2011; Grodfrey et al., 2013) 55, H:
Hh, TE R B AR B TSR YR T 1T, b RO A v e R
RISk RERIA , K . H R KBRS K &, AR
TR A 0T DA R A AR B TR e . AN
i, BRI R ZAGE A A 2R AEIRE . SRS
Z (B 7K A E AR BE B9 52 . Millot and Négrel
(2007) 7%} 1 FE L ER R GE R A st o B 2 2 A1 2 A
AESZ IR Li [A] (. Z4HRME . Millot et al.(2010) 7EXF &
P2 T8 7 5 R T 2 3 1) b R G ] A s, % B )
BB AL TE g 4%0~26%0, F IR N GTAEZ WEERY
HHGTRAIAR G Li [Fl457 Z AR 74 E s R 216, 5
XS 2 AR [ R AR WL 25 5, X AT
IKINA BN RE AR R, 2545 1 K& s A B S 5,
FHE DN 3% PT 8 A 7K A B FH A i v R 25 57
1. Millot et al.(2012)TA kit JB AT BEAS A2 52 M FA
TR Li R AL RN . A, iR P
U Ly DX b A A UL B (1 48— &TLi fHIH A T
] — P52 sk € BT 2. Bernal et al.(2014) t i B
Li [A) 37 28 32 K = AR ELAE HIS2 i AR, B il IX.
H AR IS o7l REH AR 5 A Z 8 kA T A
AR, I BRI 67Li B MK 6'Li A9 A ik
USRI . TR A 45 (2024) WTTE LR\ Y e
47 M ORI 5% & R, A9 X MK S0 & 4 B
Li. Rb. Cs 2702, H 6"Li 7 [l (3.5%0~3.8%0 ) b F
By NE A 7 9K 0Li (B ] (2%0~6%o ) PN, 41 1] i A
K B, Li A MEE ORI THEETEZH
SEE ARG AYE IR IR, TN (2022)7E

XU NS i AR5, AR AL )67 22 0 i Al Ak
A A R TR BB (1.142.06) %o, 33T )1 P 4
W RS AR R 2R AR, AR A R K
TCRRIE T UL A, 25 b, R 2%
FAR IR B M BRI IR . 7K A AH B ) TR s 7
T HA R

4.6 KFHEHbAT AR E EHH

R 5 R AR oA R R B SR, B A
ML AT 43 55 L i AR R 0 1| 2 b 25

A b PG AR R AR AL AN 1A 12 BOR
B2 i e 5 DIV Al A 5 M il 43 T O G ) 4 1 A
T, BT Hu e R il 25 S5 D5 DX v 0 ) AR
TR, T HAE e i — e IR E Nk B A K
FIAS [RS8ty AR Rl AR, A B T P A
P 5T G b B 1 AT AL ML, S A
IR T HIF (£ 75, 2003; £ 545, 2020) . [F]AT
HTARHEASZL | 2F/\FERELEY S TRl RAF5E K 0
(BT 0, ISR T RS T A A S Dk (2 iR v
45, 2005), HHOK TP E4E B JUE M B[R ZAFEH
TESEBR AR A K T A A Tl A v 4 20 43 P el i 2
I8 SN HE A HB#OK (Zhang et al., 2015) . &b
B LK R A A LR AR R, R
LR B K b BAT & W A 4 Jm T R AR, ok
PBE TR . KA RIS Bl KRR TR, 1K
WA N B R IR R T 5, 2 R s m A
BERAARYI T (L) IR, S b oKk I8 N3] — e R, £
B SR, s IR T i ) g R . FEdtad
v OS5 LA 2 A s ZUKCA AR T, X LB
oK Si [R5 25 BH I A% 4 5 BT IE S (Wang et al.,
2019) )iFEEH Li 845 HHOKIEA AR
ST TR B SRR, A R AT R AR
K 35 J2 02 5 AT DR 2 1 6 S BRI W T IR A
fitho B Li M BRI G 7 28 sl 2 b i S B T
FrE M, PEAFLBRIE B K A2 D0 R A O 5k
A2, DESIRRZ 552, TP SR U R FLER A
PAE RIS (SR8 5, 2020) .

O )1 b 78 4 b R OK 3 A ZE DU 1 Z b, 32
FOE BT RS AN B A i #EH (Zhang et al.,
2022b) . AR K IR R B M EA MY =&
FRIRFRER FAEIZ Th, SRS 2 = A T K e i
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Fig.12 Concept map of Himalayan type lithium enrichment mechanism (modified from Wang Siqi, 2017; Zhang Yudao et al., 2024)
1-Granite; 2—Silty mudstone; 3—Slate; 4-Normal fault; 5-Reverse fault; 6-Atmospheric precipitation and underground cold—water migration; 7-Heat

conduction; 8—Geothermal water migration; 9-Glacial meltwater migration; 10-Geothermal surface manifestations; 11-Temperature contour lines;
12—Ductile shear zone

RS, fFRRHAE K W2 i, G AEAE IR FLBREE L IR
BimE A T R LR ) K AE Hb 3k ) 7 2% R 3K B
IR RS A A R, T T K B T R )
B 5 #4938 (Zhang et al., 2022b) . X TP 1| 25 Hb Y
PRI, B i AKGE & 5 o RHl AW 2%
BHLX, B EA SRR, RS Emik
99.5 mg/L( F %, 2018d) . X LA PR LL A
FERRE I A R, O EE My N R4 &
IKZFE ERA T (AnT5 ARt 1 b2 F1A9 % (Zhang et
al., 2022b) . FITHFFT R F A, gk JE 1L AT A
OGS 2 J5 A K AR ES S T U1 25
POKBR ) FE(E B4, 2021), =& 4812
MR EZIZG A, W5 A T R 249.2 Ma,
225.2 Ma, [f] i x et & A 4 Li, B, Be., Ga,
Ti o0&, Hoh I RILH & D EFLURERIM S
A Li Sk 663x10 (P4, 2017) . 3% i It
VU b SR 2 e A T Z2 IR BRI A I ek, R 5 K
LUy Jo i e 28 b 5 XS PR R HICAE 2 b, by R
TR AT R AL T R A4S Li 76 9 1 L 4 ot
(L4045, 2019; FBLT4E, 2021)

5 JFAFIHTET S X HOK SR HAR

Hi A g KRR BT R B AR Rk B E Y
2%( Christmann et al., 2015), {2 B4k E 8 %% IR
— AR H B gt IRk . Mk rL
AL T — A AL S, FT LK R [Rlche AR 3
O 2o PR AR i K By Bt v, R B A Al R, TT
7 Ay MR K TR i AS (Jeffers et al., 2017) . BpAfifi
S BRI A FA R K, 4N 10 me/L, 8 i 50
MW FILAR ) T B 3 2 ] DA R DA b Bk 3y
JUA AT )4 JE 21 (Bloomquist, 2006) . JEAM, 725
AT DATE PRt 52 A5 i 47, R A R e PRt D b 7K
B——5 KB RE 7% A& of B /5 19 JLAS A FULAEAH
He, Bs JLAS /N aE LK (Jeffers et al., 2017) . 4
HI, 2 FE AR C T b #AOK $2HL, Stringfellow and
Dobson(2021) 4T #b . R GeHb 4 T MK S EL
AR, BV AR—0T0E . A HLIRE R . o5+ BH
[ i a3 | INR A [ Q7 = S i R ke o
HoR, Hr.

Ok —ive: fee &R ik s Ay
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AL N FROK T iTvE . SR, X b T2 Hol
AT &Rk EmMEAZ N b, T
JE AT BEANAE FH T HbBROK B 42 P U, 38 4 e B iR
YRR AT AR Al A B, DA e R e A s
1% (Ighalo et al., 2022) . @7 HLIHF]: HrpAHLE
A B0 B B - B R R PE AN S AT A, AR
T 22 89 £ BCAT [\ Y% ( Stringfellow and Dobson,
2021) . TMIERENIE SR AW B A & 8 ek, 1 A
B3 3R A WG 5 43 0 44 K JB0RE 2 B K A K
RRFF5I, FT DA A pi 7K oA ek [ (Stringfellow
and Dobson, 2021) . @JEHL7>T-9ii B 25 7S e Wit
F s ToALE, & R b S E 4SS (AIOH) | 4 Ak 4R
(AIO,) . ALk (MnO,) FIA AL EK (TiO,), B #IE
B ELA Sk (Li et al,, 2018) . Ak, AIOH FIH:
s Ak 27 Jo s 3 9 A v ] AT TR R
(Wisniewska et al., 2018) . SR, W B 1] 7 5 42 W
R~ HUAJE 2R Hh A S 1 T B 23 5 i JHE S B iz FH
(Jiang et al., 2019) . @ FIFEHL: S AAKE I 53
B4R — A BRI BRI ZE BN A W
PEHUA R, TR IR AR TR B, B 2205 SR,
A2 8 ) AR AT BEAR K (Spasic et al., 2020) . G
OB EOR: T HIEFE VRS 5T, B 2 oY
ALAE X FLVF R S 180 52 1 B ) R ) e P B B 9 5
TEREMERAR A AN AUERE, VPR N A 2 (g
BB, (ALK M B s DL BRIk
4 T A AR (EL 45 L) A9 A5 T 25 (Somrani et al., 2013;
Razmjou et al., 2019) . R 1538 1E X 2R (1) e 51k
1) 32 B DR 2 A A0 KB T AR T TR A IR S 1
AR IS | I Y 2T H far DL RGE B TR S
(Razmjou et al., 2019) . FRBELE: BEAG b F FE Rl A
i, 20 S0 & FUBLAT I, A EE T A HE
P KRG . @S5 B TR — Pl
e AR, AR R B ok aE .
TR Y LB AT B TR R R Y T AT,
B BT A 22 02 BEAS HL B M 1k )z i 1)
PRI B 2 )R

IR ER R G4 R A A AN SR A R B
SN B e R R KSR BT . BT, IEAE
AT 0 2R 21 0V T A g 7K i SO A 2 2 T e
BL A3 i P 25— 52 46 W2 T 5510 18 Bt 4 ( Stringfellow
and Dobson, 2021) ., EnergySource 7£ %% /K i 5 i #4

H 4T T —A4 4%k “ATLIS (35 B, TR B4R 77
16500 t Bk R (LCE) , Jf ik & | & XF 2 IR il
KGRA A i 7K £ 1 1 2 U I B iU (TLIAD) ™
PR T R A 7 2P 3R (] 13) (Stringfellow and
Dobson, 2021), % T. £ A5G AL B | 420 {0 4K
BRI S48 0 F A B i, SR J5 R4 T4l Ak - A
AR T A A 72 i CRR R sl U ) o il M
CHLBIN)BRASE B, JTEHTRETR 2> 7] 5 G 5 e b
V5 ) R O 9 B A o A R v e A K 8 B
e R, AN R BROK 2 4R P A T R R R,
BN, 5 S T T FE AR XY R
Be 4 A e KK BH B AR sk L e IR P 3, R4
EHRAK AT T, B ] BRI 22 R Y
.

6 A5 1 MM TR T

6.1 ¥y AmE

SEEL PR SAR”  PRIER”, AR Hb R A ik
SR b A K 5 38 BT I K K B bR,
R A OK T B AR A A JE T R R A T DF A
FIH . — BMRE A T 28R 05, Pk rh g
R AT LAZRG R, A (2 A 0™ b 5% R -2
VAR, vh e K )7 & B AR IR T B o 5 )
AL RPEN, WL LA RGBT 1. T 400 2R
HiFH:, PEAC HIE PR 40 AxAb (5134, 2020) . 4=[H
A TAEZ T FHR”, Bibe T H I 75 2T
JE A b T A AR AL 2F I T A . Ak, 5
Jir b AR A (] o () 30T 40 224, 7 18 25 b 0K
WAEETE N RG22 S48 e e & kAR 4k, o
AT AR Ak, 336t 2 o SR ) 24 PR BRARL = & R A G
e

HERA, & H7 A H K S A 1 75 9
R VU I Z st o 75 9w D b o T A R B AR,
J, WA VT2 M OK AR T R A, AT
TAL I A PO s b PR 4 R AR HE R T 600 ¢,
ORI BT R A/ 4F, (B9 3E A 2 /DB
J1iR TG 2 A FORS AL PR . JE T AR TAE,
A S EVERE A\ JE . oK R . ALl
e o L 1 P R I AT A T O R b b T 9
MK ) S 2 W I AR S8 U A T4, 22
it B0 R 8 b SRR AR, B9F 5T M BROK AR B AR AL,
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[l 13 Energy Source 2 A} M i 7K HR RIS FIHALA M AT B TR T2 5FE (B8 Stringfellow et al., 2021)

Fig.13 Energy Source patented process for extraction of lithium and other valuable materials from geothermal brine (after
Stringfellow et al., 2021)

A1t B R T 3 S RN R A b AR TR R L R
F1, VPO ARGV 75 B HBRA 2 I | R
DU 328 JER 55 22 o T B o . 48 DU B A Je A,
KBNS RERI H 0, ARG TE SR AR AR
FED )1 bl Cn iz 7 K9 . B 5T, 4 HAE) IR
P 11 7K H TR R R AR T, T R A A R TR,
4275 T3 AT R B 1 7K B A fis B AR i, A B
U ) 1 2, 3R b A 157 7K 53 A7 R R A AR, A5 A
KRS UR  TERS . B AR AL, BT AR g K
B, AP TR IR, P dm s X, T U
i, AR IR A I, AR T e (T804, 2018),
Shy ) SR 2R 0 A K B R RO AR R A,
bl RN ES i S N AN 22 £ 7 N2 i £ A 24
M, R e PH A A A TR K AR AR
TP R RVE IS (T BL15, 2018) . AL, if
T 230577 RN P RS b 7K ) s AR IR, okt
GBS VRTR %, Z0 A B S A TN B K Ak 2 Bh A

W, i W, S e S0 & R FH R A ] SRR

WA, A0 (R0 B X2 R Y H R G5
PRI, 3 (R0 KR & SRS 4 Jm TR, inseis A
VU R 3L K T Li & &8 5d 200 me/L, 35 5
ARG HAS KR Li & 50T = 2 94.1 mg/L, I 7R
b8 4 ORI K Li & 8 ek 323 me/L,
B H K Li & ik 97.5 mg/L, YLIUMIRG Fr b i
20 BB I WE I 7K Li B i LR 52~65 mg/L( &
URZESE, 2019) o AnSR ] LIA £ () H REA 3%
Jiti, B RE 1T 2 RGERA 0T, AUE Hh ST XSS, BB S
FH X PR SR IR AS | AT HFEE | 255 T R FIH,
STy i FE Aol i € BRI ™ M & 8 (E S 38 ARG 1],
2022), AT OE . 5 I TS,
AT D3 I e A B BRI, iR AT R SER T, SE R
T KALRI A H
6.2 IERARAE

i B A AR D7 vk E AR R ORPIE 5
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b P R R A L R I R e R
I, B, HIERY IR | HER IR | T B ik
fh2% | R 2 b ER Ak 22 S W o Hev, Hhdho
AR A . 20 g 70 AR, R ERMARE, dLaT
P A N R AL A ey e e 2 N
X VU . A DT 1L DX A SR R AT T SE R A, R T R
o JE i DX Ml A TR R ST SR T AR TR, 2011 4F,
H ] b SRR A S S s T 4 T M T K R R R 9 A
PR TAE, X458 B TRIR . Hb BRI (% P4 ith o7
S TR E L ShAS AR B TT & A BLIR
HEAT T A, TR T 4 EVE B A 5 — Tkl . AR
R R IR TESER

b R v R TR IR A R, X
A S L 2 A, AR R P A HE T X B A
(A8 B 32 A% 30 3 AT A SR R A 5 BRI
R S A O S 5 T AT L T LA 398 5 b R P S T O
FEWRE AR 1L, Bl B A, B R TR A
SEIEE, PR AR A2 B 7 10 FIoR IR, inFE4y
28 Hiu A FH St R DU TR B AR AR E R L L AR
J7 s, N — 2 Ay AR T ARE AR
P (GRAAEE, 2022) .

b TR B A H5 TSR I 4K b H g R
(AMT) | KHbHEREIIGE (MT) | ] 5 PR 35 49 K i e
FEMIGR (CSAMT) &%, iX JLRIRAE 7k | A8 SR L
AR ], 32 B R AR B AR GS A T 22 7. &
I, KR A 4 (2021) Al MATLAB i 4 15 5 %
AMT il MT 453047 6] s A7 4%, AT o AMT Fi
MT BB, K45 A, BEREFEIBTE AR A
15 B R, R SR 1) . DAl o R, JRA ] &
TRER PR g5 AL . BR Y B A B ) R
3D Ak, AL, WIRH 3D Mz i 12 b 3R X b i 435
¥4, A A MT Al TEM J5 7505 20 21 1) — 2 $A45 44 |
FIIFHZH A M Bk Py 3 5 0 g a7 — 4k v AL AL R AT
M b AT R A | R TR R B K T SR T RR
B VRS B AT 3 s R 254 5 i TR R R &5
PG 2R A5 (1 SRR RN SC#, 2020; 254l 2022)

Fe3E v H B9 7 vk 2 S AL R AN S
o HIE T R A Y R T A P A 3, 5
IR T 6 0k DO A oG 21 AR S A T ) 22 0 b sk A 2 e
Fro UNTFEAS B8 Mo B HH T J - 3 AR 1R, S04IE T 18
BRAL2EAR bR 352 T BE R R B, Bl T

TRIERIGE Z VL (R AE4E, 2022) , H 3R &
S TR | W HUORISF- 34 S 8 e B RE AR A S e
P WAL 15 16 B PE (AR AR AE, 2022) ¢

R Al 27 10 A 2 P TR 3R A P A RO R
Z—, Sl i A B K AR T SR AT (8 K AR 2
PaEZ S A R A SNE I I A EIR I SN N S
Wi R G IR 4B T EOR TR . M N HUK AN,
VR R AR IRAVER L MEIRUREE | i B i E) A
P IGEIR L 5, N E T A SRR I s

UEAN, o R IR & A A R ok 47 L K
TR KAk 2 B T e S T S o R R R A
P ATRpER M B R N, i H AL K,
TG T R o AR W T ARSI, HAr A8y A T Wil
B, W 75 5 (F 33 5, 2020) . H L, A5
FE MR T S A TR b o B i sh A W,
SERFEE I WEIR R EA TR, BF2E R I &
FIHITE

7 Zt i

(1) [ b oK B i i R IE S 0 A, &
B 1 B A R A A R b ARG D | 2
55 SRR A L IR B ER A B 0 )1 2 A
HEAHNTR

(2) MR 95 4548 T Hb B T 458, 430 T 30 M4
7 EZ GG T PR S il ad 1989 AbJR SR
Hi TR S PR 1 S H EOK 4 4 A R R
789 t, fili % [ M UK R 4 T AR RS 3233 t.

(3) 52 M b PR B 75 2t 14 PR 3R 32 AT T i
fE AR IR KA E AR, Horb o R sk
2575 5o 5 M HOK B B 8 2 [ AF A — e X R G R,
JUHJE Li06, Li08 S X, [ Wb Bk Fh 4 Y 7 45
EIEAA O MoK BT 5 R 2 (A AR IE A
K, ] RSl S SR ACE VE R B, AR Li e R
Uk s il SRR F S B R BER
T AR R I R R0 1) /K A VR 4 3 80 4
K Li B4,

(4) KBt b 30 22 G5 b PO A 1 R 4 ) o7 2640
2k (10.28+426.78 ) mg/L . (3.84+4.67)%0, FR[A){; %
TENER KRR | K 5 AH B R B Ok VR 7 Tl
BA BAFRIWE 1, JUHIRTE W 6w S A R ) 6 3
AT LA R A R )RR
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(5) P E M HOK BLE SR AL 32200 5 S
Mo PR TR Y ] F 70 i A B RE A e IR
M b i 43 541 52 L se R I L bCe B
;552 5 K= S R TR TR i R R,
3 AN L M WA SRR Bl 2 I 1) S AT
RE M HLAAOK SR AL T Y BORIR

(6) JF A HHOK RS KA4F, H Aok AR
R UAR—DLTE . AT HLIFRFR) . JCHLo> 0 BH s
ACHI AT R AL, B3 B R A2 o) B R
85628, Ak, hEE F L HOK H T gy 1) B e
g S5, PO . VLI Z b A5 et (<) KRR
Li G, 2EAT “ BVEHe ™ RERRER T, DISEBLBR
W RACM A o Z2 o042 BR 1 I J 4 e 2t 3
PoIL A

O [ 4 57 8] 5 R A TR A 7 B IR A B 5 0. 2021 AR
PRGBS T DA R AT RS [R]. LRt v [ B A
JRIAERE 7 BRI S 0, 1-7.
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