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Abstract: [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
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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] It 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
789t, and estimated that the annual discharge of lithium metal in the geothermal water was 3233t, 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; geothermal exploration engineering

Highlights: 1) Analyzed the characteristics of lithium element in geothermal water reservoirs in 30 provinces,
calculated the displacement of lithium metal in 1989 geothermal water, and estimated the potential of lithium
resources in geothermal water. 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) (left) and Resources (right) in meanly distributed
countries in the Word (data cited from Research Center for Strategy of Global Mineral Resources, China
Geological Survey, 2021)
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Table.1 Mail types of lithium resources in China
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Figure.3 Frequency histogram of Li content in hot springs and geothermal wells in China
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Figure.4 Lithium content and geothermal reservoir distribution in geothermal water in China (geothermal reservoir

cited from Zhang Wei et al., 2019)
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4 0.17. 0.286. 0.17. 0.298. 0.11. 1.68mg/L. JUFRZ:H 7Y iy FAHE 5 hoBnils R #ivi 2 4
POKEEEEI9E Y 0.69mg/L.

(16) J V4. wl4r AR (L BRI R it A, AR (L B 32, ORI A,
Heppgi b dn R, (RE R, =& R, ARR. BER. BRA. M. B0,
T L A S0 B il PR B 5 2448 49 79 A 2,06 0.0033. 0.114. 0.003. 0.00047. 0.14. 0.00055.
0.049. 0.002. 0.06mg/L; Ui Z R il & . € 0 &R Pl HOK 85 270 7l O 0.0,
0.073mg/L.

(17D VL5 0] o AR (i R AT B i Y, ke Lo B A BE s iE R AR
PR, ZBR. ARR-ZBR. Bl R, ZFRA. BHR. ol SR EHHOK
HOCR S EWHE 2N 053, 0.096. 0.02. 0.28. 0.3. 0.29. 0.17. 0.189. 1.4. 0.297mg/L;
VIR AR R R kP R R RO TR & ®0 0.15. 1,57, 3.85mg/L.

(18) WiiT: Fo AR A AR 2, B i B R IR kP &R A
BRIR S B L R N it Hh oK B S B E 4 B 054 0.25. 0.01mg/L. PR ZHh A
MR AT R AR R P RAGEH RO S B IE 5 50N 3.94. 0.63. 1.04mg/L.

(19) M w o Rk IR AN TR A Y, ke L R b AR IR P R P R B AR
W&, AR, BHEHR. KA #al g ok 8 & &350E 5508 0.2521. 0.009.
0.04. 0.14. 0.039. 0.097. 0.076mg/L. YUFRZEIAHIAERE i R, AR RE . Wi
& AE UK S B 20509 0.61. 0.749mg/L.

(20) AREE: BPARER LAY TR, FEERAE TAE R A R Y, S FET K
A, K, AER. kPR, =B8R, SR, ERA. #LH. ESTHREBHOK
A EE S99 0139, 0.28. 0.233. 0.152. 0.29. 0.26. 0.5mg/L.

(2D) JLPG: DAEERILACHE, HPARR, hP R, =8F%. —8%. @R &
Mgz, SENAR. BER. ol ML, IS, B A Koo o i 46 S PG oK 4
SEBES M 059, 0.32. 0.011. 0.0455. 0.23. 0.01. 0.106. 0.239. 0.23. 0.288. 0.003.
0.944. 0.048mg/L. VIR IfEETE N — B R-=8 RS, HPUKESEME N
0.083mg/L.

(22) WhZR: Ao AR L R AN R TR, AR Ly TR B S R R S R 221
FERARKS . Kb AT A Ml EDSCi. VT, T oo i 1E S il oK



PSS B N 0.845. 1.77. 1.135. 1.588. 0.46. 1.53. 1.41. 0.14mg/L. Vi 77
MRV BIE RADA . BB R BRIR $hh A Hh H oK BB B8 (E 43 58 0.182, 0.942mgl/L.

(23) Ji[pg: AlSp A REAR L R R A7 b TR, e L s R A PR I R FER-
B R, Jot . F A A OKEE S RSP IE 2 58 0.016. 0.44. 0.75. 0.227mg/L.
iR A B A TIEHORE R =8 R AV E R HOK L E = 34{E 8 0.045. 1.145mg/L.

(24) #db: AT BRI ROR A R, BT L b R R TR R I R
CHR-EBR BR-AR. RE-RER, Kol R SR oK R I E 50
4 0.003. 0.176. 0.0005. 0.169. 0.12. 0.062mg/L. JTAR Zth 7Y FA B IR 43 A TV 25,
PREAMENAE R, IR HNE RIDA

(25) WFg: ¥ARER LRI, =S R0H. R RKE. ARDH. AKA
FERR A M AR BUKE . et RRE . BE-FER RIS Jul 7-i% B RBCE TR TR J%
WATE B P oK B A B4 22 500 0,019, 0.006. 0.184. 0.023. 0.045. 0.028. 0.47.
0.225mg/L.

(26) BEPR: AR ILRIAEIE, REZEEEAN=BR. 2B RULFER RN
Bihn. —&R. B8R, Ei-EERAMEHOKE S RS04 0,235, 0.045. 0.057mg/L.

QD W BERLBAERETENR, AXR, =B8R, B8R, AKR. BHAR.
BHER. TR RS BRRILE) « TERA MBCH . #e1l R B2 1AL i 5 g Hh ok
A EIE 478 0.003. 0.543. 0.47. 1.47. 0.53. 0.31. 0.04. 0.34, 0.32. 0.2, 1.92. 20.86.
2.47. 0.12mg/L; PIRZLMARIIGE A EN =B, S BRIREE, LA AOKE & BHE 5
WA 7.16. 4.99mg/L.

(28) =Fd: B L BORE IO LRI SRR Y, ) AR THIRUE 95% LA 1, Hoaili 5t
BH-Z& R, AR HE . 50U R KN SOH-# LA oK B E A
0.54. 0.51. 0.96. 0.0843. 2.99mg/L; JIFRZEI AR B A T4 &, HAommfhT 5%,
HE AR, —& R/ AMhHOKE S 058 0.22. 0.01mg/L.

(29) 5oM: DARER L R AR v 3, HE B R-=S R E . ol VS
i Hh AR B B B IIE 40 0.29. 0.46mg/L, M PURR 7L HU R M IR IEAN 0 A ARk . SI7KE,,
H &= B AR A HOKE S5 28 25.8mg/L.

(300 PhjEL: ARERC IR A N 2, Pl SRR B A B 0 SR A R I, A 1
B WKAES, B THREA AR, I RS, HERDIRZE . HIEg %A,

FRWA. R R A, BRE. —BRAS. WH. Z&RKE. #ul-5 L g
PO &R H 5N 0.48. 7.6. 2.5, 45, 0.38. 3.79. 13.31. 1.71. 1.72. 8.25mg/L.
3.3 HEMMRKEHMEBMLE

FIFEIR . ARG E A AL R & B AT T A oK HEC (4 8 =
A GIE 1989 AL SR A EE, TG I POK G R B HE Dy 789,
e R X B e, AT ERZ) 75%, HUCA B PONIRRE (B 6) o XM T M. 7.



VU1 Y ROKS8J8 T2 DR AT, R MR IR A X, HLAE S A
X s T REER 43 55 0 LU AH A A A G A v, LR BOR, A RS AR A
PRAE 2017 e e it iR E H 2 IR SR 2334 b At #k I 5818 IR (E51¥4%%, 2017) , A LA
125t B B K A 4 B SR HE RN 3233t 76 Hh A K I B RN 5 B (R R AR AR (1 iy
$&, 100 4E B HOKE &R EHERAT A 32.33wt, T A ERIREE AT i 172.10wt, A EET
VIR (2022 4F) PIRE 5 R 42.5%, AT WL E Hh AR AR B 5 24 Al !
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Figure.6 Histogram of lithium emissions in provinces and cities in China
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4.1 HRKESESHMRBEIMER

RIEHOKE S B EEEMMEMMRRE (K4 LF, Rk EH 6T ES
R AT, B 7E 2 DX IR R I B35 R AL i a B (B e 5055, 2022). Zth
R YA R B8 Tl R AR KRR B8, O A TR T M5 R A K X A
HR S 0 SR AT R, PR T B B A R (K I R S8 CF S4BT SC i, 2020@)
AT FERIL, HHOK A 1 Li B 7 R BHOK BT 5 & Li B R A KSR kg i)
b, BT RERIR S ETHA RN E S IIE K S SRR S BUE KBS L IS5, 2018),
AL, D A A — S B B B oK, R B T =2 R T RZERILHMN =8 R+
GiTE DI HBRIR SN A R, AR A NEAERIGRIA A B . iR PR E TR
SEEBREREERA . T EM ., BT E ., FRB S e g A kK, 5K
WHERREY) (/NS 2021; XIRAKEE, 2021; SeBIes, 2022). B4k, ZREGUNHE. AR
Wt e HA 2 B R 2 i R . R S SRR SR A o A AR HUK
TR AATE AR Fr B K . IXEEHL X 2 B MIREE, 1R T Re S #uif 2 A YA o0, ™
2o A I FE - B R BRIR £ k2 B T H R OKa MR R, ANARS B A, KA R
R CTRARSE, 2019): AR5 /0 i 35 HHTE - T R AV 2 1 TF I8 35 TR,
R HOK T2 B IR BE KR Btk aE, & smEl, WA S, AN G T A ) & 4
(5K A%, 2019).
4.2 k5 LEEMIKLEERXR



T E B A S (- 7D BoR, B A ROK TR & B S R 2
PATHEAR B, JUHAE Li06 57 . Li08 F kX (E2AKREE, 2020) , Rl ALK B i
KA A BB WAL T Li6 57 XN (RICESE, 2022) , 3K S MR e SR 3 At Aok
PR R RS HIEE A MAARE A g, Wk Regusis, 8% A0 XL
HOK P S BIF AR R mE, AIE 2IURE, Rt Ao h TR E RS Rk sz
2R, AR . I AF IR
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Fig.7 Lithium geochemical map and distribution of lithium in geothermal water in China (modified after Wang et
al., 2020>

4.3 mExTH Ak R AR

U Rl P9 A HOK B S B IR T R A AL o (B 8) , S E
AR 500 B 2 R S R AP I IEAH ROG R, SO H UL FE TH] 3% R ARt M oK 4 2 i rg 1Y
me T CIEERIK-ERGEHEARTFIE, TR, HEARZK-EEH RIREY
0], RIS AT LA P Sk 40 RS 0 A AR5 A R /KA 2 s b o P2 R oAb 85 7k IR (Arndasson et al,
1995; VFME4E, 2018) o HHWAART SiO, VMR il B2 (B, Pl BBk, IR AT
W SIO %, T REAE FARIERE A1, SiO, MITTIEHT H It R NEENE, FTLL SiO, At/ it
HAEEE (PNLANSE, 2015)  &EH#HUKH CIy Si0, 5 Lz [ =JoHuiE (B9
Cl'5 Li, SiO, 5 Li & RIBOAMBIIEMIGH:, 2 CIraEik. BT itk
TR Li S EHN, X AT RS B TR T m KA R SR B, (R Li Je 3R AN Ak
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Figure.10 Box-plot of the relationship between temperature and lithium content in geothermal water
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Fig.9 Ternary scatter diagram of the relationship between CI, SiO, and Li components in geothermal water

4.4 FKEHREIER X HAKEEAI RN

A MAER KA BEK L (GMWL, 5°D=85"0+10, Craig, 1961) KILLIK, §°D-6"°0 EIffH
FEI RS 52 /K B SRVE 5 4 K- AR ELA T B b KR A1 PS5 K SCHE RS E (Pang et all,
2017) o HEKEEIBEAKLZL (LMWL, 6°D=7.98"0+8.2) I (1983) 2, AXIH K
SRR o A T b H K R I R S B (R S8R A 3 o ARARRAE , — R AR R R A I R
R KA TERRHE, WP ek, BEbHUK, XaTREREm TAKEERSRET, KS5aa
ZPRAER RN =, SEUbPUKERMRE S, KEAFMRIEERE. 5—KHlPoK,
=P R HOKEEIL GMWL 43 fii, RS R R, HENX KRR AN
TERIRHEER, KA R ROK S H A AR RS (RS, 2021) o Hiptok 322
KR T RAUK (Crgig, 1961) , Bl 10 B RFL GMWL R HR /- IREE & S Hh Bk f/b 2 il

BHIAOK BRI, b )1 7t ) 0 & S A ORCRIEDA S KUK, &l T EE 2
ifﬁéi}fﬁfﬁﬁﬁo AR FRRFAE, 4 (¥t B RORIE AT BB ELHE = A0 os: KUK UK RlUK A 2
K (Fig6) « KAK 0D EFRETHHRIRIKTRUK, ATUANEHRAUK, FHEHHOKE o°D



Bhn. KERUKEE TS, @k Z TR ERMEE, BOMHOK I EZER S REZ — (Guo
etal, 2017) . K10 &%, HiuKd 6°D. 60 B Tk TRk, #HEWE °D. %0 A
HARKAT] g MK R RITE 2 — o B 7 V)N 24, FHAd O o e B 5 B oK RE i T
=AuCHR S X, WA ER . ORI oK ERR R FOK IR AKEL b, IR B
KRR R VK S RK I SR TR A SRR o T8 T 1 =TT S5 b oK B AR AE UK 25 Rk KRR <
IKHEEL b, R VKSRl R UK TR &R IE . 1AL TR & X b )3 7 i oK AT e 2 5 ¢
Ky KAKFVKTRUKIRES . B4, K10 HEREEE 6°0 KA LEER, HHvKkF Li &3
NEEIIEINIER . L5 Bk, FRATHEN LLA FKAUK S K ARG RIFERHIEOK, 2k
AERIK A AR, SR 5 A RN R IR R AR R & 4R

0

Y
GMWL Q“ — N
LMWL } =
40 R A X 5%
—» HaXKBEHL 5)
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Kl 10 Hi#ok e oD -6"°0 Ef# (VKK X 3851 [ Guo etal., 2010; # %7K 51 F Giggenbach, 1992; Hi#/K
IR R R 2R Hedhs b 2218051 E B I AR 55, 2022; Jbt sl FBIR M, 2022; TR 51 H R4, 2022; 171651 A1t
F4%, 2006; /5] EFRIEL, 2021; #WEES]E K, 2019; k5] KD, 2012; Tk K, 2022; AR, 2022;
MBI sI B4, 2019; WAL A PRNISE, 2013; RANGE, 2022; FAKS| 424, 2020; TLVES]EEE S,
2021; WEE 5| HA S, 2010; BIBeR, 2017; i 5] AXIWI5E, 2015; 255K, 2016; 45/K ¥, 2016; 1145
H EWTHY, 2018; L VE5| K ARETSE, 2007; T3, 2007; #%4, 2019; SKAFAH, 2022; PU)II5] EH 4548, 2020; F
1€, 2020; ¥Rk, 2021; KA A B4, 2019; =F 5] BRI, 2015; Z=heds, 2017; XI5, 2020; 5KE&5%,
2020; HEERI A IR A, 2020; VS EXIIE, 2014; XIWISE, 2015; F R, 2017; 241, 2018; 3%, 2021.
Fig.10 Diagram of oD -6*%0 in geothermal water in China (the rectangle of magmatic water area was plotted
according to Giggenbach, 1992; the rectangle of snow-melt water area was plotted according to Guo et al., 2010;
Anhui after Sui et al., 2022; Beijing after Deng, 2022; Guangdong after Tian et al., 2022; Guangxi after Yang et al.,
2006; Guizhou after Chen, 2021; Hainan after Zhang, 2019; Hebei after Zhang, 2012; Zhang, 2022; Deng, 2022;
Heilongjiang after Li, 2019; Hubei after Chen et al., 2013; Yu et al., 2022; Jilin after Cai, 2020; Jiangxi after Cui,
2021; Inner Mongolia after Shi, 2010; Gu, 2017; Qinghai after Liu, 2015; Li, 2016; Li, 2016; Shandong after
Wang, 2018; Shanxi after Zhang et al., 2007; Ma, 2007; Lu, 2019; Zhang, 2022; Sichuan after Li, 2020; Wang,



2020; Xu, 2021; Tianjin after Lu, 2019; Yunnan after Liu, 2015; Li, 2017; Liu, 2020; Zhang, 2020; Chongqing
after Su, 2020; Tibet after Liu, 2014; Liu, 2015; Wang, 2017; Li, 2018; Ma, 2021)

4.5 Kt ORISR RN R A R FHE & RoRErE~ER

BRI R AR N AR SRS [RIAL R SRS, DIHAEAN [R5 i e 2 TR W 35, Lok &8
BN TR 2 HLER AL 27 20 T A R TV 2 — (Tomascak et al., 2016; He Maoyong et al., 2020)
Li RERBET: (D Li ZARFREWRSE TR, FF e MR °L AL, £
SN 7.6%F0 92.4%, ARG B 2 TIA 16.7%, DR 7E e FEAR 25 5 S B H 5 5 1 Rl o7
KM GE70%)  (ifas®, 2009; Penniston-Dorland et al., 2017) . (2) fEF184> T A4G
f AR, L RS CER (Tomascak etal., 2016) . (3) Li AF RGN,
TLi R4 1EWi A M & 45 (Penniston-Dorland et al., 2017) . Li B A BHRIIY Bok 2, 5 Yak
stk OLi 9B B (Coogan et al., 2005) , LA Li [Ff7 REFRKTSIZ 5130+, Hanh
TR T FE AR B ARF ey it 7K o 5 ZU ) 4318 (Brenan et al., 1998; Caciagli et al., 2011; Liu
Haiyang etal.,, 2019) . (4) BT Li BHANEUMS 5L, AMHaE )5 1EHMEYE
FAX H A BEV A M (Clergue et al., 2015) o Ktk #REIST BN T — M EE 1R
BETH.
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Bl 11 Rt AR R 2 R AL 36 S5 80 3 & 0 AR IE G e JE80E 51 B 1 REL5E, 1994; Ma et al., 2020; He et al.,
2020; KHEIESE, 2022; TN, 2022; Zhang et al., 2022; Iceland %3 5] [ Sunjuan et al., 2014; France %3 5
B Millot et al., 2007a, 2007b, 2011; Frence West Indies 4 5| & Millot et al., 2010; New Zealand #{#551 &
Millot et al., 2012; Bernal et al., 2014; Yellowstone National Park %#% 5] & Cullen, 2020; Central Andes 5| &
Godfrey et al., 2013; Upper Rhine Graben ##% 5| B Sunjuan et al., 2016; Mono Basin, California #4535 &
Tomascak et al., 2003; Ontake volcano, Japan %% 5] E Nishio et al., 2010; #F/K¥E 5| H Misra et al., 2012; it
FEZRWHE 5] H Huh etal., 1998)



Figure.11 Distribution characteristics of lithium isotope and lithium content in continental geothermal fluids

(Tibetan Plateau after Xiao et al., 1994; Ma et al., 2020; He et al., 2020; Zhang et al., 2022; Yu et al., 2022;
Zhang et al., 2022; Iceland after Sunjuan et al., 2014; France after Millot et al., 2007a, 2007b, 2011; Frence West
Indies after Millot et al., 2010; New Zealand after Millot et al., 2012; Bernal et al., 2014; Yellowstone National
Park after Cullen, 2020; Central Andes after Godfrey et al., 2013; Upper Rhine Graben after Sunjuan et al., 2016;
Mono Basin, California after Tomascak et al., 2003; Ontake volcano, Japan after Nishio et al., 2010; sea after
Misra et al., 2012;main major rivers in the world after Huh et al., 1998 )

B T 4 BR & MK B b P R g TR A R BCHE AT, R B KRG b B K B B AE
0.0005-190mg/L (¥J{ti >}y 10.28+26.78mg/L, n=286) 2 [al4gfk, #idi#F/K (180ug/L) At
FLEE (1.49ug/L)  (Huhetal., 1998; Misra et al., 2012) . HH Eb A5 i i AR % 24153 )
B EA R BRFIA R I (E+8+4%o, Verney-Carron et al., 2015) , KRt # K41 A7 £ A4
TR K (-2.9%0F1+26.1%0, IMEHA 3.8414.67%0, n=286) , HH[FE(7Z FHMEAKTHK.
A FEERIR (+31%0, +23%0) (Huhetal., 1998; Misra et al., 2012)

7S AR R GRS OR IR, K ORI 0 R SRR B RN A S TR A 2K
(FRIHIE, 2022) o —Se BUAY R 20 S RN E 2 S AR A B R G PO 2 i S ) 3R 2 e
Lo ARMFER ARG )\ #4858, B, UK Krafla HihH . EE A E
FKA FE LA T P 24 B KL X, X et R G iR R B m, — T 200°C, HEE EY
Fl /T 0.023-34.4mg/L, 6'Li /~T-2.9~8.1%0. MAEE W AIRR PRSI Z9% . fosk
W mEERAM . TlERSEEARIE L E Mono Basin, XLuHhi R Gk R — AL T
200°C, HEEVEEAT 0.0005-190mg/L, 6'Li /- T-0.1~26.1%0. LK, ‘i HJ5m
MR G HOK AR S R, R RBICAS— (R/AMIIEE2020) ik 3 4
JREL R R R Gk HOKEE & BT IR, 3 MoK Hp A & B KT SRR B R 4t
AL R HRIAE — . HULE H, ANFEA R Gr 5 i S A7 3 AN T4
gl R, Rk S AR R, W62 E AR FARSR ok AR B (Sanjuan et al., 2014) .

Fe 2 Kl HhH FR Gl ot S 3 2 AR

Table.2 Lithium content and isotope composition in continental geothermal system

W R 5t . . - .
S R Li(mg/L) 8"Li/%o ZE Wk
i EeYAC: SN SIEAREEID RN 3 £ LN
5.5~34.4 -1.7~38 FRIEIE L, 2022; Zhang et al., 2022
Az, M thiAE ~h 9
ey B VK Krafla Hi# H 0.023~0.78 35~81 Sunjuan et al., 2014
pi
ERJEsys v SlESE O/NTT 0.626~6.76 -1.2~38 Cullen, 2020
T 2 BRI LA X 0.2~32.5 -2.9~2 Millot et al., 2012; Bernal et al., 2014
VN2 kil B HoKIE
o . 0.0005~3.10 1.26~16.7 Ma et al., 2020; T4, 2022
WHEV. M. ST N
RREN. a5, MFERR  0.058~1.10 3.8~11 Ma et al., 2020
R TR SEA AR 234~325  229~433 1 14, 1994; He et al., 2020
& WX Upper Rhine Graben 45~190 1~6.8 Sunjuan et al., 2016
F92% Central Andes 26.2~147.4 1.4~18.4 Godfrey et al., 2013

% Limagne Basin. Paris Basin 0.0052~153 -0.1~10.9 Millot et al., 2007a, 2007b, 2014;



722 )& West Indies 0.0005~10.1 3.8~26.1 Millot et al., 2010
Z£[E Mono Basin 0.292~0.56 8~17.1 Tomascak et al., 2003

BRI AR KRR G Ol 32 B T S #ig IR 2= (Millot et al., 2010; Sanjuan et
al., 2014, 2016) . niEFHh AR S RAADI BRI (Sanjuan et al., 2016; 5kEESE, 2022) |
SRR 5 FlE 2 1A A A ELAE F DA S AR A4 A6 1 %2 (Miillot et al., 2007h, 2010, 2011;
Godfery etal., 2013) 5. HH1, FE/RERAAREA R IE T, MR A& o i 2 ] >k B IR ER R
L K. R KEORARK S, ARAE A IR & 1T DA R A B [ A 3R Al . NI
LR 3R S22 A A R G IRE . B Z IR KA R RS20 . Millot et al.
(2007b) TEX 72 [ H A R G0 i A R A 225 A 2R AL RERE I Li [RIA7 3 ARFIE. 2 )5, Millot et
al. (2010) 7EXT H4 e v B Al IS D0 B b A R el A i, R IR 3R AR I FEA 4%0~
26%0, ERIR MIRER Gk FZUSCAR b AR AR I Ui RIS, B AE A4 52 Hh AU 3 5110, (HIX S 2
MR RO SRR IE RN B 22 5, X AR AN BT BN REARRE, 45 G ik R A LS00
HEW X PTG A2 7K 5 A AR F I R P R 22 & ). Millot et al.(2012) I\ il FE W] B AN 2 5%
e AR R L AL R A R BRI ZR . AR, AT TR B ipt ok Ly DX it Ak v o0 5 380 13
— 1 5L AE IR PR TR — U5 ke T 3. Bernal et al.(2014)tiiF B Li [F47 252 7K -4 40 HAE
SOMARER, B KL KGR AR TR o'Li REAVA S5 2 kA T EAER, 3 HR
PRI o'Li M o'Li AT itk ok . KISHESE (2022) S PO )\ G- 24 W47 b
HOKBFFC KRB, WECIX HIAOK 7% &4 By Lis Rb. Cs Syn&, H o'Li Y (3.5%0~3.8%0)
AT S IRE R A oL BT (2%0~6%0) W, HENHHUKH B, Li SMaHERITEN
SRR R MR BRI AR S AR LI . TRER (2022) FEX Y )12 SR A
AR AR F) A 30 PN B A A F AL R A 1.14£2.06%0, H5IT) 1 ARG Bl BE
BEA KA, WNZREPIRK T R TT FORIE TR AL M E k. 28 b, R R AR+
ARIREFH KRR 7K A LA FH S 3 SR5 77 T B A R IRV 7
4.6 KBEMFRIATE S L

AR B M R OK A AT RFAE R B SRR, B SEALAI AT 43 Dy R b AR R )1 23

I R A ML A P 12 BTN ED AR RS IROTE AR B S il Js i 2 i 1
FIEABTE, TR T T SR Al R S DR Hp i J= iR s 2, T ELTE B s i — e IR
PR E I SRR R 8 o S DR A A, ) 3 T 5 o A AT (1) 78 b g
P AL AL, A RAOKIRGE TR (275, 2003; E5TF84E, 2020a) o [RIIFRT A #5644
0. )RR S FA R RBIIERIL NG, BoR TR ER A HITTR (RS
2005) , HiHOKA I ESE B SGEM B [FAE HIF S FR A A AR B Bl vk v ) 2043 ] g
A A FHEA UK (Zhang et al., 2015) , A4k, & HEHEHOK LR A5 2 Y]
HARIER S, RBGRTE K AA & A SRIT R, ARG T2k, KAREK
FVKE FAKRANATIR, A/KIEEIZE BRI T 5, 2R 5 AR (LR R 4 R



(L) R, Dt oKIEINE— R, AR R, shRGAIT R Ligfg. et
RERR R OK AT 5 LR R AR SR RUKCEERT, X Rk Si R 2K B 405 S AT iE sk
(Wang et al., 2019) XUEUEH Li B F2H 5 MUK IE N S 7R 40 A0 1 I R0 pic 8 24 0
Rk, A R IE R K SR A E PRSI B S R BB R T IR i . & Li s BoKis
SR MR BCE FIIA SR TR, LS IENE R S I R A 2, BE
FUR RS RRZE o2, TERER DU AR LB R Ak R G (530 4E, 2020a) .
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Fig.15 Concept map of Himalayan type lithium enrichment mechanism (after Wang, 2017; Zhang et al., 2022)
1-TER A, -0 e 4 3-BCA, 4-1EIWT )R, S-UHEWTZ 6- KBRSt R vk ts, 7-#uvt 3 8- ok
#; 9-UK)I[Fil/KIZ 78 ; 10- M A IR 103 R A5 2k, 12- 91k B 1)y

VO A AR AE DY) G P, BB R T KRB A3 P B 2t (Zhang et al.,
2022) o EARIN R K BRI B A AE BN = B RIRIR L e B b, R E e T KR
MIRERER, FEREE RERBRAIE, A EIRILBRE . RBETEA B 3 T KA ER
215 ST E I IS g e, TR 1 KR BAT T R 1 s fhid (Zhang Bo et
al., 2022) o XU IR A R EOKIT S, a0 sAGE & &1 R R L T, &
R A SRR, ST REaIA 99.5me/L (FHHA%%, 2018d) o XA PR LA H I
ARRH R RN, Holb ZE 0 O™ (A 2 AL A5 5 7K = A8 s # s (s k) B3 )= At i
(Zhang et al., 2022) . HALHTFURARRY], WRJE LA KIS 2 2 )5 B a R F ]
25 1) B BOK B B R (844, 2020 . —SZMEPREZESEE,
HR Oy HE AT SR O 249.2Ma. 225.2Ma, [ IX LR GUA L Li By Be. Ga. Ti %L,
HAfE IR b 4 DB LR RIS GE T Li & & miik 663ppm (FM4%, 2017) o X et
VOB Gk A T 2 IR YESE SR, BB SE BRI S5 3R O IX S 9 AAE 23
H, ONE M HOK R R Bt TOREARE L SENRIRE B (52E4E, 2019, EE4AE,




2021D) .

5 JFRA RIS AR SRR

Hbu A o 7K (1 T O A ER AR AN o5 A ER ALK 2% (Christmann et al., 2015) , {HJ2'EI9A&
HZEIR— AN ORI LA St R o MR B R T — N HL S, AT ORR
Il A ke B AR B 22 $R A s /K B BT, M BB R AVt AT A R KO SR BOAR

(Jeffers et al., 2017) . BRI 24K AR XK, 11 10mg/L, @it SOMW BT T

J R R AT LA R AR AT L E A T4 B4R (Bloomauist, 2006). Ak, AT EA
SRS A T3, PR 9 e B PR s 7K Hh S B —— 55 K B BE 78 R R BT it B T LA H R LAE
I, RFE AN B LR (Jeffers et al., 2017) o 24507, &AHA CH T HHAOKIREL,
Stringfellow etal. (2021) (i, FREifg i 7 HIPOKIRBER 732, RIRSGE-DUE. AL
WCBH TR ToHL o307 BH B 1 AR PR 7R T RIAR I, RS B AT H AL 2 A B ROR . o

@© WAF-ULvE: HAELL & B SE SR BN POK P TiE. SR, 1XF

TZRERT ()& @R A ) B EAZHEN . thAh, TUER seAEH T ok E
FEARHUE, BT SR B AR TR R Al A T, DA A B b A PR s A A 4 (Ighalo et all,
2022) o @ AN HorbA HUES 728 B e B B - B BEVERI SR A MK, TAVE
TR PR BT E S (Stringfellow et al., 2021) . Ti#EENZE R &) BAG & @ik bk, {8 e
8 55 4 IR 5 23 1 0 AN K URE 2 B2 oK 52 5 BB R, R Al A g A v A e R 4 el S
(Stringfellow et al., 2021) . & JEHL5FIfiPH B T2 M P 7: oL i S A s
(AIOH) | &4k (AIOX) . Sk (MnOx) R LER (TiOX) , CUiEIl HA ik
(Lietal., 2018), 534, AIOH A A AL 22 H) 5 78 I 234 b mT LR T80 B 77 ( Wisniewska
etal.,, 2018) o SR, Wi P77 7E 35 52 W B - A RO A v ()R e 1 P e xS HL s PRS2 - (Jiang
etal,, 2019) . @ WEFIZHL: VAT ZEDUR MK 43 B 4 8 1) — Fh AR o« WIS
MK PR e, TR AR R B, BONZRBRR: AR, A f BB AT BEAR K
(Spasic etal., 2020) . ® L EHA: EEBEFDENE ST, BEo S MR aREms ovr
B S 8 I PR R R A R A A s SRR BUR I OKIERR,  SOVFBUN I B B (B
YZIE, (HIE AR — W& 1 DU R BR/K LLR S T Eh (BLFEAE) A5 T2 (Somrani et al.,
2013; Razmjou et al., 2019) o PRE BT~ X A1 132 5 P 11 32 B IR R B 45 9 Kol T A X oK
AR B TR R/ BT AR T FEA DL AGEIE RS (Razmjou et al., 2019) . ik
FEMERRAAEZEREOT 7T, 2 9S00 AU IS, ORI At kK 42 B . © H
WA B e PR B R, e Ik S Tl e E R . TR
ST TR PR AL, SR, BT IR AR AN 22 R BELAS FRIS T O T2 S R R Rl 0
S ENIER I

ERER A, @ 4 A AN SRR R B B R e N B KRB T . H R
TEAEBEAT (¥ 2 7R U0 b #4 1x 7K 52 HUEH #0248 ) TC L 23 0 S 285 1 2 486 TR o 7] VB i 48

(Stringfellow et al, 2021) . EnergySource 7£ 2 /R H AT T — AN %8 “ATLIS”



TH, THRIEEAER 16500 MikkERE (LCE) , JEHIEL T R/R I KGRA Hifkxi /K
P T HE A B A CILIAD) "SR EL T A4 725 3% (1 13) (Stringfellow et al, 2021),
LA AR TR . AR RE ORI S04 B T RS e mL, AR AT Ak Ik IR Ak o]
BB RIREE A E LD o« BN (o) SRAME S, TR A 75 v
Ty B A ) FH R SR IR o AR b R OK SR U AT S R A, A IR = #t Bk 2
FEH MR, ERTEIGESS, 5L TR 78507 REAR F 24 3R 58 2 A AN M # B R BH RS
SETIRME, ERESIREACEIIRTR T, WA AR 1R I

T b B
i 4t 1

LiCIH Ht

4L ) ¥ 45 HLi,CO,

1
F /4

K 13 EnergySource 2+ w] MHLEA i 7K SR AN AR A M (EA R LA T 23R (Stringfellow et al, 2021)
Figure.13 EnergySource patented process for extraction of lithium and other valuable materials from geothermal
brine (Stringfellow et al, 2021)
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6.1 %8 7318

SCHL AR AR DUE A B AR AN L BOKGR R BT AT
AR BARHE, REMI UK PSSR SR TR S AT DT AAIM . — B3GR T2
ARG, BOK BT LR M, R e A R T, ek, he ity
FRBUFHINR T TR A2 SN, Al AR I SRR T 7 400 2 IRHLAIE, 42
ACHUAH 40 RAL (E5EFE, 20200 o A [EMINEYE TARIZHT “THE” , Wit T HOF 2
T A S U B AN AR AR A, el B st P R S (] BRI ()3 40 24F, 7EIR
A PUR BAEEAE N KSR R S R A, TR, X AR R R ] 2t F



KB R 1D O 1)

HRTRA , & R0 oK A o A0 1 75 90 e J5 A% W0 1 2 M o 550 o S5t 7 AR AR BE AL,
WIVETE, M V2 ORI IR, AR UGHEAT TS5 30 43 P e 2K o 4 R A HE
AT 600t, HiAGKERBHEIRE 1T 5B L, (AATA 20 IR )ik Fedt— B R S AU 41t
e ETARRTAE, SRFESETRE/ . Bk, REK. B, . cpEB. )]
P e il S5 b A FE O e b R SR B A R OK (IF) B8 MR AN SR DA T4, X B h A
Rt A BURFAE, W TR B SRR, 5 It A FH AR S A s A B s L R T
77, VEMTERBEURIE 715 AR HbIRAG S0 B K H F 2 R RT R S S 22 P T B &, ERINR A
Wt RAT, BRI E K, NERSERIGIE SR AR, .

FEDVU AR (i R, ATT. 4 055 IR kiK b S A K8y, A
BRER TR, A7 T W DRI S A 57 7K B A fids BB i, 28 W P )1 2 b A o 7K A7 A
JRATHFAE, W e s /K FP A KSR VE L 3ERS . AN, BT AN K A, A
PRI ), BRI R, TSR, fhESEAE R, SURT R RS (EE L4, 2018)
N E FAR R G B KA AT PRI AR RS, R E PR AE AR A AR, R
VB 2 P VL A 357 2 2 i O] 7 25 At R0 e /K LT PR A R RIE N S 2% (F
LA, 2018) o WAL, IOTEE A E S AR RS K A TR L, S BEURTR 2
ZRUEE LM K B AE KA A8 MR IRE MR, NS ST R R AR AL mT SRR

gk, EW (KD HIXZEGE KEHARIE RN, W (5D BKEE SHEES)E
JCE, WISEIAARTG I EE 3Lk K Li & &It 200mo/L, $5 BURGHL S KR & Li & &
AE R 94.1mg/L, JIZRAGEE 4 FE RHFSIK Li & 8 mik 323mg/L, B K Li & &
ik 97.5mg/L, VLIMIRE RS T FOEAME K Li S &EJEEN 52~65mg/L (FRigEEss,
2022) o Gy AR X (R HBEA i, BERETTLRRILET, B TR, thAE
SEPLH X TABRHER” ARRA . ATRFLE. ZRETRRAIA, HES M H AL SR aedE R
J& (5%, 2022) o X TO&ME. 1577 S TR, tn] Do sl Jy
o BT CHEEIER” , SRR AR .

6.2 BENERARGE

H P B R T7 VS AR AT A TR SR MR BT T L RIS A )
PR REEE. HERYEREAR . HhaRAb 22 AR Jo s BRI A7 R A 00K A e
Horb, s iR A RS, B G, PR bR A B 2 0 R R 4
HRE B GRS fE R R AT LL DX AR R AT T SR, D e e S DX B VAR 7T
PRAOET EAR TR . 2011 A, REMTIEA RS T A E M R OK SRR VR AR, Xt
FR DA IR TR 5 IR AL VT . SR A ST R R PR AT
TS, X T EEVEE M- F ok AR TR R AR R TR .

i B, K IR I B TR FE A PR, AN RE S it SR B S, AR 1) e P kR
X R AR SIS @ TE M PR, B S S HIER RO R A RS A K IIE AT LAY



SR B FEAS [FIER PR B I 78 Ak, B ELIE IR O, B DRSS B TEAS, I v ik
(RIS H 77 1AV RISKRR, U TE A 5 A FE SI2 il E R B tH AR AR E R b ARG e it
#, N E T ARG T B ARYE (KIa%E, 2022) .

HhERY) AR ARG R IR T A BRI R (AMT)  KH R (MT) | Al )8
EARH B RAR (CSAMT) 45, IXJUFhRAE T2 e s B AR R, 2RI G
RERMEIA 2 5. i, A% (2021) FIFH MATLAB JIAIE K AMT 1 MT %#E
AT A UALP%, AT s AMT R MT BEANMIBL, K 3t el BEREHOBUR AR &
MRS, BRI N 23R, SRR PSR IR H MR R o BRVEE B A S 1) A FE
3D . &, WA H 3D M X F S5 R . R MT 1 TEM J7 5k 40 2 0 =4
IAGER R R 2E A R B 52 g 3 = A TS B AN s P SRR A L R A SRR K
SPREAT R BE b7 R vk FE AT 7 Hb 5 465 440 5 el M AR G i) 6 R 55 (513845, 2020D;
4T, 2022) .

AR T 0 5 125 L SRR AR . A T L A R L AT HE BT A L A
M, R VR e A A SR I s Bk 25 F bR . INTE A BR HU A T Jie L ALER,
IAIE T LI IR A FR AR 52 T VS TR ER, BE T IR ARG RO (R,
2022) o IR R AT O L W LUORI ST S et P R AR A e Bt K P T A i
e (REEARSE, 2022)

M BR A 2 S 7 b B 2 o (G RO R ST R AR IR SR s B 1 KAk
SRS WEFEN R AMEGRIN R SARA SR FIBH IR R G IR &8It EORIR
M ROKANE SRR ARRULAR  IRAVERT . PEMRUREE . B IR AV IR S, o
HAERE AR R R AL .

Ak, B BT R R AR KA KR AR R B e i A ot T R P
MRREME . ATRESEME B R, 1 B AR R JTARTF R A s TAE A, S
RAE P EAT WA, W R&EE (F5T4%%, 20200) o ft A4 5 7EH R R R ]
TP R EES AN, LR R IA R, BATEERRL, BHERRITE R R T %
7 R

(L FREMHK S & 2 RIFWIESN, & HOKE T L 5 A0 7E 5 DR
P FPU ) EH, 58 S M Ay KRG T B K D )1 5 A s R T

(2) M4 &4 T FA TR 264, 3T T 30 AN T - ZE G R i oK 2 . @i 1989
AL il SRR FA RN S Bk S H oK B 4 AR Ry 780t il R I M AR 4 e A
JilE: 3233t

(3) s AR B (R 3% 3 2 LA B S A T IR ACE RS Horp
FRE B R S S PO LS B AEE— B R NG FR, JUHAZ Li06. Li08 R IX,
SR K AR S AR SRR G MUK IR 5L B ETE A DG, RIRRE I
SEACE RS, {2k Li o MyE sk el @ E AR R 5 & EX R BHER T A



fr 2 IR R R ) 7K R B 2 R B0 oK Li e 26

(4) Rl Z St oK e & 2 LR 2R 530 8 10.28+26.78mg/L 3.84+4.67%0.
B R AE AR ER L HOKRVE KA AR ELAE T B RIS 7 T B R ), o R AEE
e R R FH L ] 7 2% T AR b A K L SR

(5) FRIE H RO & NI 3 00y B Dy b e B AN DY )1 2 B o 2 72 B REAR
e 5 WOT AR Hemlh i E 5T 52 R AR A K B SCA IR EE KR SR
J W ZERE S, 5 A0 JE LD A R 20 2 5 R SR S T R KSR 4E T P sk
P

(6) FFRIAUKFTR BLF, H AT AR 3 B IR -U0E . AR TEHL
O3 F- 07 B BT A B AR A RIREE Ry B A LA A oy B ER R 6 25, Ak, TRIEE M
POKIRE J7 MR E T M . DU, YOO S o (50 FRFEAE Li %8, 3T
CHEFRY . CRESER” , DLSEILRIEERCK R . 2 o Eh BRI T Rk (R ik
PR -
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