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A5, 2B T B OK A LT R AR AETF A5 T2 0 R OK AT K AT X L, SR A R DL S R 3R 46

SRR % X POK BRI K R KR e R

B A8, TR R KT A A R R F 245

AR, HA MREE 541 Eu £S5 | Ce 5% % () REE
o KB REE &5 pH 2 IEMCCR , HHRAAIE 2052 pH ER

BOR, BRI EOK T REE US43 Ln(CO5) , Fl LnCO L T 3, sk ORI K M LAZE 590 LnCO; S 32, i R

PEMTRZH T K REE BL Lo % & —E B LnSO;

KB AREIZYTHIAE ; i LUK Eu IERH B RA R KOICE

i 90 % (Rare Earth Elements, REE) J& 8 &
LR N5 ZBEYIM L (Y) FgL(Se) , 38 17 Fhog
2. HBPERT, AT —2 0 A 19T &R (LREE .
La,Ce Pr Nd .Pm) W +J0% (MREE: Sm Eu,
Gd.Th . Dy) F1E #i 156 % (HREE: Ho Er,Tm Yb,
Lu.Y) . PHARRRYE , &8 T IF RS K IE mhad 72
b v AR R | b S22 T AR A ATL A XU e R A T
TATAAIF 9T, 32 2 f U5 A 4 flk B2 & A I M K
(3= KA, 2013; X 335, 2018 ; Verplanck et al. |
2014) . #uF 7K REE BIAF5E 46 T 20 tH 22 80 4F
R, EZORIE RS A0 W KA S S B iR, & s
bR KL A R R SR A G, HATE
BN T K—AAMEAERE R R G AR
IRBE A7 5 LA B A 25 PR 858 52 Wi 15 3 43 AT (A9 00 N 2
% 2014 Smith and Liu, 2018; Vinnarasia et al. ,
2020; FIHFZMZELEDL,2021)

X FHRIK RS, REE 1900 5% R 24T 2
B, & OpH B 7KIE S A PR A% & Wi
FEPEMAELFIQHREE 7E4K pH 2514 T P 5 W bt )

ARSI ZR S AT RINRE (405 :2019YFC0604901 ) Al H 2R RL#

Fe B Mn IS LW I (Larsen et al. , 2021), It
b IRBEXT REE 43 5% 3 0, Eu I Ce 5
HAER A P F 5 GRS E I AUK—S A B AR
FEF=H 19 43 54 K (Fiket et al. , 2015; Temizel et
al. , 2020) , &b X #FOKE) REE K AF7ERY Eu
S BB T RS R, Ce 5% W 5 A bt 72
5 Fe 1 & A0 W) TOVE W BT FHAT G, pH #5461 45
REE T HLIE & B9 70 77 ( Wang Mengmeng et al. ,
2020) . ASAHRVL, KR REE & & KORHIE F 432
TR pH FOIR BE 2500 5 BlE B B8 a6 2 1
IK—F M LA AT Fe  Mn 25 5058 A 40 110 R FF— At
PriEH.

A JONCE L XCOR B 2 AR A A S
BT IR, A8 B S XA SE T REE & 58 o
CA T EZE D T 5018 REE 73 S RHIE &
FURT LB, ANt AR 1 2 4 T S
M IR PRI IEAE T ALK 5 pH ARXS FR 2
P88 REE & 1 19 W BEE (B4, 1992, BRAE S
45,1994 ; 5o M35t 55 2003 ; Huang Jian et al. , 2021)
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(EXHEER A T Hor P oK B9 REE & & 70 5%

ARSI WAL TR 23 AR o — e
it A P o i T = 9 B R T R 51X, R
KA FHLERAL 2 BT 35, B0 T XA R AR A
Rl 2 UK REE RYRFAE ORI TCHUE S-S
AR AR /R

1 207 570 K T el o

FM37 T Hh B H AL T 2 48 g N T e e (]
la) , HIALZRZE 115°30" ~116°41" dt4h 23036 ~24°
13", FME IR 7 GU L, V8 53 V5 8 DA Ve oy
Fo XN FE R B EAL LK B % Lk RUSULL ik
FE Lk

XA &R 2 2 26 U 2% R GHE L DT AE e e
ZRA . BRI E A TR H SR M
B, D BUZ N FE (B b, o) s IRP R 2010,

M PR E—rh M da KR S A S D DU 2
PR, SRR T 3358 m, Wik NG T R IRP 4
Z b (ZFFE5,2017)

AR W58 X A #ELL R LIk | 3 22 T e il
RATEIL T 3 S 4 X AR A TS R . FEAE L
R IR A I A e k. SRR BT
PR KA T2 )2 R 27 HHE SR 1 LA 2R DL &
THE LLV R HT 25 AR IR (2564, 2017) . FE B LD
AR ER N EREA JFRA—G B TS
PR INERR AT

X WL NE [6)28 £ EW [6] NW iRk 2 ([
lb) HZ 8IS TR R W 246045 J6 AR ) 7Y 34

TRWT LT AR VY ) i X1 —=F R TR W 24 At
Eﬁlﬁﬁ Lk R (2 52,2020) . BT RSN
eI, (DX PN AE e 5 Al 215 20 e BRALBE AR A1k
wRE LR .
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Fig. 1 Geological settings of Tangkeng geothermal field , Fengshun County, Guangdong province: (a) location of the study area;

(b) geological settings and sampling locations; (¢) cross section of NW—SE direction
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2 HHUKCRAES 7 il

ARUCRFERE T M7 br A H 557 b
(IXB A4 R W9 25 b A 8 X 3 VE BRI A W80
AT AE M AR DA R AL =B  J5 LLA H A Bs X, St
FAEHLHUK 17 20 (P 15 40k | T, 2 410k
HFER) REH A K 2 b EmK 3 H, R
RSN 1 PR B ORI y 35~94°C T
h 63.8°C ; bR KR A T 058 X PN A FA VT 3 I
Ui PR U TR Z R KR B AU AR AT B
SR AR A 1 BRI

JITAT 7K A 34 1 v 2 B R <0 38 BB ( HDPE ) R
B RAETHRER KA R 3 W, XFTFIHK,
IKRERAE 2 BT St 7K 270 20 min, fHL SR
pH R S K A2 AR R e J5 T IR R A2 Ak, 2R
Y ze KR pH AE R BE B SR SRR IR SR LA
ALY &AW T, T L TR i
FERLJEH] 0. 45 pum SR LT U8, 2R 53¢ A HDPE 5
AL IA 6 N 4l HNO, ¥ W, 115 K #E pH {H <
2, BERAT, AREETE R L5 B 20 26 A A% Toalk b o
H AR T A3 M I O A TR T R R T R
I, SR FH %) AT 3k 2 rL SR 6 5 B8 1A R 3

TR L R B S B TR RS AR O A TR
&% 3% AL (5300 DV ) Fl S B TR B AL
(NexION300D) , 7 #7145 B2 A +0. 5% , K5 HHBR A 2 ng/
L, [ 4Bk T B E T A A R A
oA R 7 2 A RE Al AT 3 At

3 g R

3.1 AEAKGEHLITERE
SFOKFEMM TR G EENER 1, B TIHE
PN 5, % T & AT R R (2 ng/L) B2
Wi ZEF AT LB R 1 ng/L, MUK 6
TR R WME 2 B, M LR W E
SREE & 20~204 ng/L,F#I{EH K 73 ng/L, H:if Eu
i AR AL T R % & K =, LREE, MREE A
HREE A EY{E 43514 18 ng/L 40 ng/L Hl 15 ng/
L,MREE # LREE #l HREE ¥ & 45, HREE & & %
fi%, FEVLIRIKY SREE YLl 131 ~264 ng/L, -
Y J9 183 ng/L, Horb La Al Eu S EAMIX R, 3k
A& R AR IR )Z 1R K SREE 4351 64 ng/L
1275 ng/L, HH La Ce Nd Fil Eu f & 4 HA T
ZHE, CERRETRZER K HEFEE, Hhp
R H BRI T /K R B AR VLT T, vk B2 S5 AL

1T FFINATBR AR K EHELTESES TR (BEAL:ng/L)

Table 1 REE concentration of various water in Tangkeng area, Fengshun, Guangdong (unit: ng/L)

FEfdis |[FEmZEA La Ce Pr Nd Sm Fu Gd Th Dy Ho Er Tm Yb Lu |XREE
TKO1 2 2 - - - 26 4 - 7 - - 8 - 52
TK02 5 10 - 8 - 23 4 - 9 2 4 - 8 - 73
TKO3 4 9 - 8 - 25 6 2 21 5 18 3 15 3 119
TKO4 5 4 - 4 - 24 - - 0 - 3 - 3 - 43
TKO5 2 4 - - - 28 - - 2 - 2 - 2 - 40
TK14 5 4 - 2 - 47 2 - 3 - - - - - 63
TK28 2 - - 3 - 4 - - - - - - - - 9
TK30 FHk 15 28 2 13 - 33 4 - 5 - 4 - 3 - 107
TK25 5 6 - 5 3 43 4 - 9 3 4 - 4 - 86
TK26 8 14 2 7 - 53 7 3 31 8 28 5 32 5 203
TK12 18 14 4 16 5 65 6 - 9 2 7 - 7 2 155
TK13 3 2 - - - 31 - - - - - - - - 36
TK20 5 4 - 3 - 16 - - - - - - - - 28
TK21 - - - - - 13 - - - - - - - - 13
TK17 5 7 - 2 - 11 - - - - - - - - 25
TK16 . 4 5 - 4 - 8 - - - - - - - - 24
TK15 i 3 - - - - 42 - - - - - - - - 45
TK29 IR 8 4 3 18 2 9 6 - - 2 - 3 - 60
TK27 | %kH | 43 45 9 38 11 53 10 3 18 5 16 3 17 4 275
TK33 71 31 14 57 11 41 16 2 8 - 6 - 4 - 261
TK34 [#FILIWIK| 24 18 5 16 2 50 2 - 3 - 3 - 4 - 127
TK35 24 17 5 21 3 43 6 - 8 - 10 - 11 3 151

T =" FORR TR,
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Fig. 2 REE concentration of geothermal water in Tangkeng area, Fengshun,Guangdong province

L gl

TWER KR FOCR B E E R, Bkl WL s RAIETUA (PAAS) A1 L2 Hb7E (UCC) , Hiff £t
POK A S TR W AT K I BB, % RS R ER 2 PR (X1EHE, 2018) , NASC,PAAS

M b TC BRI T HMRAAIE S W] REAFAE 22 5+ M UCC #5H o0 R & A — 2L, 1M CHD A9H £
3.2 HmImERELERI>EK TEREEVRMETX =S WY, WH5EE, CHD

s+ T E S - EEMATFRER S ok ERHERIE Bw IR L OT R M35 i i w
AR RN 2 . BEkRMEtbw i S%a T2, DU RS A R 5 0 1 oo R iR 1k
FEERRIFR A (CHD) Jb3E T4 (NASC) i K fRiR PAASFR AL b PRIE 5 F T R 7K, K, MK (558
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Fig. 3 Standardized distribution patterns of REE in different water bodies in Tangkeng geothermal field, Fengshun, Guangdong
LLE K, W EIIR IR S AR Z T K K AR L A AL R A

Red—geothermal water, blue—Rongjiang river water, green—shallow groundwater, purple dotted line—Local granite
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R2EABITNEMENSEY
&2 (mg/L) ( XiE7#%,2018)
Table 2 REE concentrations ( mg/L) of
standard references ( Liu Haiyan, 2018&)

Z W) CHD NASC PAAS uce
La 0.31 32 38.2 30
Ce 0. 81 73 79.6 64
Pr 0.12 7.9 8.83 7.1
Nd 0.6 33 33.9 26
Sm 0.2 5.7 5.55 4.5
Eu 0.07 1.24 1.08 0. 88
Gd 0.26 5.2 4. 66 3.8
Th 0.05 0.85 0.77 0. 64
Dy 0.32 5.8 4.68 3.8
Ho 0.07 1.04 0.99 0.8
Er 0.21 3.4 2.85 2.3
Tm 0.03 0.5 0.96 0.33
Yb 0.21 3.1 2.82 2.2
Lu 0.03 0. 48 0.43 0.32

Fr,2018), % &% PAAS 5 NASC il UCC KL HY
iR E, ANV 2 BT PAASENS
TR TG o R S s AL B AL s B
FICR A WNE 3 B, ol ARG X A OK |
TRIZH T KRR TLIR KRR £ e R ER R —

Ce/Ce HEEA/NT 1, RILH Ce 558, 1M Eu/
Eu"[ENHI R KT 1, RN Eu IERF, BEK L
B, M FRIKRR 0 3 38 B M A I A ik R
Y, 54 MREE &4/ Eu IE 5% . Ce fi 7 H 1Y
REE B,

Ce AR MR REZ , i H AT 544 A ik ik
JEAE FAN3Z 15 %20 ( Sholkovitz, 1992, Dia et al. |
2000 ; X133HE,2018) . MK IR EMEIE S A0 Y
IR HIRHEAT (55% ~65% ) FHAT (5% ~15%) |
AIYE(20% ~30% ) = BE (3% ~T%) | fH N A1 FiE
A EE AR, H Ce BHFEECN 1.0, K H
ToFH o BRI B, CER 40 M K Y S8 A6 3 Tt
HLA N 34.4~277.7 mV, &b T E5 AL ES, H A LA
JRELAZ (ORP) 5 Ce/Ce™ 2 8] B2 A5 BH I i AH 5 4
(E 4c) HAEEAEMT, Ce 5 LRI CeO, B
AFTE, B Ce N 1EF TR, MU XAkt &
T R K S oK R B Ce T2 5%, Ji5h, 4
pH }5.0~8.5 i, Ce LA CeO, ML RIETE, T3
HAE M AROK R B0 S i (SR M E A 2003) . B

R 3 ITRFIGA UM X K % R T K FIRI KR £ T R AHE

Fr AR, AIFIE X AR 5 A T D 36 SHGIt R
T LH A RS B AR Table 3 Typical parameters of REE of various water bodies
b4 LR SRR IE SRR E a 3d b 5d . u
Mlﬂ?ﬁ !",%iﬂ:%*ﬂ#ffﬂ ,Eﬂlll:fﬂ% L - (:7) (%) (%) (%) Ce Eu
S (EwEn” ), Ce 7 % 45 % ( Ce/ m/e r P v| Ce Eu
Ce”). (La/Sm ). (Gd/Yb ). (Yb/  TKOI 0.3 0.3 | 96.2 | 29.1 | 46.4 | 0.3
- ) TK02 0.7 0.3 | 1220 | 3.6 | 41.0 | 1.0
Nd) g A1 (GA/Nd ) g (5675 HH ( Ld/SH:)P’ TKO3 0.6 | 02 | 225 | 55 | 3.5 | 1.0
(Gd/Yb),, (Yb/Nd), I (Gd/Nd), E7R), 1k 0.7 | 0.2 | 90 | 1.8 | 113 | 0.4
HEULE 3 FE 4a, MUK (La/Sm), HN KOS 0.3 | 0.3 | 240 | 7.3 | 131 | 0.6
s ’ TKO7 0.3 0.6 4.0 2.4 | 18.8 | 0.2
1.2,°F44955 0.5;(Gd/Nd), fHA 1.8~29. 1, xs so | os | 28 | 22 | sss | 11
XA 6.2;(Yb/Nd) H N 2.8~96.2,F  tkoo | sk | 0.2 | 0.6 | 9.6 | 58 | 569 | 0.6
H17.4, Eu SRR Ce S 48045 TKIO 1.2 0.1 | 550 | 7.3 | 58.3 | 0.8
TKI11 0.5 0.5 5.3 2.7 | 55.0 | 0.4
y ~ - AR PANG =11
H18.8 ~ 197 0.1~ 1.1, X {H 5351 TK12 0.4 0.6 | 12.0 | 7.3 145 0.3
77.7 M10.5, fERAR Eu EEIEECNO0. 1~ 1x13 0.7 | 0.6 | 40 | 2.4 | 751 | 0.4
0.4,Ce SEHAER N 1.0, TK14 0.1 0.6 | 1220 | 7.3 | 6L.0 | 0.2
TK15 0.7 0.6 6.0 3.6 | 51.6 | 0.7
4 WLl/b\ TK16 0.6 0.6 3.0 1.8 | 3.5 | 0.6
TK17 0.4 0.6 | 12.0 | 7.3 197 0.1
4.1 BIXERiBEMGEEERDS TK18 [RZHTFAK 0.6 1.2 2.0 2.4 | 10.1 0.2
WFST R 1 K R £ ok 0.6 0.4 >4 LY | 8.8 | 0.5
N e - . TK20 0.9 2.4 0.8 2.0 | 14.0 | 0.2
TEATVEEKRT VE RIS o Ik | 1.7 0.3 3.0 0.9 117 0.4
YEH ( Yang Kuifeng et al. , 2011) , #R¥aEI4a  TK22 1.2 | 0.3 6.3 2.1 | 43.6 | 0.4
b, RS X MK (Yb/N), KT 1, ki P56l ks | 0.7 2.2 0.5 1.2 0.4 1.0
FS-G2 0.7 1.1 1.2 1.4 0.1 1.0

SIRERM TEM LR E AR X (=R
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DL, oK Ce B £ 245 T3 pH (R Y
BEA A il R AR JEAE T

FRAE I 4a, HFAK 2 LR KRR VLI K #E
R B R Eu 1E 55, 0048 B Bl ) 2 B
Eu f54 . Bu 1E 55 00 5 P 3 24045 S A0k Jit e
NEAK—E R EAE R, Hoh K —& A AR AR BT
35 QMUK IRL Bu IERHE N EKZE6;Q
= Eu i WL %, ik A s OFEK—4F HAE
Had B2 i, Eu® A AE S8 i # ( Guo Huaming et al. |
2010) , #R4EE 4d, Eu/Eu” {5 ORP Z [i) f£7£ —
SE R TARDCHE . ATt XK E A T8 & K
A7 B IR A R SR At v, Bl L, BIF 5 DX Bk
Eu 1E 54 355 18 5 A i 2 T Koa 04 BV

T DL AR A SR A A G

FIHT MR AL 2 40 2/ PHREEQC3. 3 J Hov
B 1lnl. dat 45 % ( Parkhurst and Appelo,2013) | X}
IR R ZE R K RIS VTR F6 0 R 1 EHLE
BT THERL, 5HRFW X = FKER L TETL
VUOESFAER 2SS Uk ot TIESE
FIB R N WRIR % G Ln(CO,) | FIEARRIRZE 454
LnCO; , & /P8y LF> F1 Ln* (Lo AH +50%) , 1
K5 s, KERIT Ln(CO,) , W& IS 50% , Er,
Dy .Gd .Ho Pr.Sm . Th . Tm I Yb ) Ln(CO, ) %4
KT 70% ; LnCO; 155 it 2H 10.9% ~ 49.4% , Hr
La Nd Pr il Sm 1§ LnCO; & # 7]k 52. 1%, BEHIH

1000 — 3
E (a) (b)
| i A
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E 2 4 !
] m %’5
o3 = 3 :
- [ e - 3 S
|l et esesssnsacasansassssrnescanansnsirn e ! @)
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Kl 4 MoKk 10 R S RHE S e
Fig. 4 Statistics of typical differential parameters of geothermal water
L1 5 Pl — A K 15 6 =M — VTR R (B IE T T — IR 2 T K S I — R A

Red circle—geothermal water; blue triangle—R] River water; green square—shallow groundwater; purple diamond—granite
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Fig. 5 Characteristics of dominant inorganic species of REE in geothermal water

FEEZPET HCO, Al CO,> , A Fu THRM FEIE
A% B H EuOHCO,, EuOH ( CO,),” Ml Eu
(OH),CO, . FFTLIKA 10 R AL 5 MoK
FEM 225, UL LnCO R 3, & /0 &k Ln(CO,), i
Ln™ Jefie i) LnOH™ F1 LnSO, (¥ 6) , LnCO; 7
} 83.3%~90. 8% ,~F-HI{E 1k 86. 8%,

TRJZ LT K FE IR THIE S HHOK IR
FKAREE AR R 22 5, DL LnCO Al L™ O 32,
F /> LoF™  Ln (CO,),” \LnSO; I LnOH" (

7)o TRJZHLTKAE & 5050 0 2R 75 R 9 v SROKAE
RS R R KB iy, — e LT R T
AT ES AR AR, L ARFE R R (B Ta)
FERNY InCO, & 5N 64.7% ~91. 1%, V- ¥ {H ik
84. 8% , SFFTLIKHEA L, (HH Lo™ 19 & 5 W 2.
BRI K B 5 KA B A R R AL A T R K A
LnCO; #1 Ln™ 3 (& 7b) , 73514 20. 0% ~55. 2%
F127.8%~70. 4%, WEHb, KA EAT T2 0 T 7K b
LnSO; M EL e, 13k 14. 2% 2 A /KR & 1
Y o
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i | owmon;  KFEE TK18 F1 TK19 L K #4
6% | OLnF, T3 7K FE 5 TK20. TK21 A

HIn*

.| mincoy;  TK22, R pH {H 22 5 X4 i +
i | BLCO; JCRE AL SR, AR g E
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Fig. 6 Characteristics of dominant inorganic species of REE in Rongjiang River water

4.2 HBEIrEZMWMEZERSW
4.2.1 pHEXNHLITEAERTHNESHNIIG
CA MR R, pH [EXTH 03 1y & & LOHTE
MK (R K5, 2013 ; Noack et al. , 2014),
FRAE E] 8a, pH {ELEE A Ay b HAK | A -0 2 & &t
T 48 pH R A9 AR TR0 K AR 2 3 R /K AL, X
TS pH (ES T L0 i Rk KA 34 17
TARVLA I, BE AR VLR H T, AL V2 T KA
pH{E R 6.3, HAG H oo & i, mEREN

fi £ JC & L Ln (CO, ), M
LnCO; &, i Lot &K (&
9b) FIE i +ICEK (1K 9¢) 54
%iﬁ?(La)*ﬁtK,Ln(COQ;
NEREE, OG0 HN 52.6% ~77.7% H
72. 0% ~89. 0% , FALIN 7K & I AH X 4 Fr) 5 o
(pHAE N 7.5 747 ), Hoffis 70 3% 5 4035 3 0l 4
KEGE, H InCOJ 2 FE 2R, Hod i w ik 70% M
b B EITER Ln(CO,) , &I, M Lo 19
MRS, DmBtk A7 23 K (TK19) , HA + T
KR e (K 8a) B LT R UK EY In™ Rl
T, E—ERER LeSO;, B &
JEF PR R, L™ 1 55 5108

Y — @[ #i A, LnCOT I Lok & it
BT £, LSO, FEAT R,
% 100 r K AR TR RAIRZ T
2 K (TKI8, R A 7% 5% ) R B
m ] A 1 RV V9T 2K 6 R 9 s e
bl FRFAE, BIJCHUE A L LnCO),
hE G R TP, &
ol : i ; L . . . . L L FHAIN S Lo B9 & BTN
Ce Dy Er Gd Ho La Nd Pr Sm Tb Tm Yb //I\o
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REE characteristics and their influencing factors of the geothermal water in
Tangkeng geothermal field, Fengshun, Guangdong Province

LI Yiman"*? | CHEN Kai" , TIAN Jiao" > , CHENG Yuanzhi'* , LUO Ji® , PANG Zhonghe'*"?
1) Key Laboratory of shale gas and geoengineering, Institute of Geology and Geophysics ,
Chinese Academy of Sciences, Beijing,100029;
2) Innovation Academy for Earth Science, Chinese Academy of Sciences, Beijing, 100029
3) University of Chinese Academy of Sciences, Beijing,100049;

4) China University of Mining and Technology ( Beijing) , Beijing,100083;
5) Institute of Earthquake Forecasting, China Earthquake Administration, Beijing,100036;

6) State Power Invesiment Corporation Research Institute, Beijing ,102209

Objectives: Geothermal resources and multi-phases granite are widely developed in igneous rock regions of
South China and they have close relationships. Studies on differentiation properties and enrichment mechanism of
rare earth elements (REE) of granite rock have been done a lot while that for geothermal water is seldom. Taking
Tangkeng geothermal field in Guangdong province, this paper focuses on chemical properties and species of REE of
geothermal water as well as their influencing factors.

Methods: Geothermal water, shallow groundwater and Rongliang river water samples were collected and
analyzed for pH, TDS, chemical components and REE. The REE data were normalized using PAAS standards
before discussion. Inorganic species of REE were calculated using PHREEQC which is a widely used geochemical
program.

Results: The REE concentration of geothermal water is ranging from 20 ng/L to 204 ng/L and is lower than
that of shallow groundwater (64 ~275 ng/L) and Rongjiang river water (131 ~264 ng/L). Unlike the relative
smooth pattern of REE in granite, REE of geothermal water, shallow groundwater and Rongjiang river water show
consistent right deviation pattern. All of them has obvious negative Ce anomaly and positive Eu anomaly.

Conclusions: Geothermal water exhibits REE distribution pattern with positive Eu anomaly and negative Ce
anomaly enriched by MREE. This is probably caused by silicate minerals dissolution under alkaline conditions.
REE content show positive correlations with pH and also its species are affected by pH. REE of alkaline geothermal
water are dominated by complex of Ln(CO;), and LnCO; while that of neutral Rongjiang River water and slightly

acid shallow groundwater are mainly composed of LnCO; and Ln™" with certain content of LnSO:1 , respectively.

Keywords: Tangkeng geothermal field in Guangdong province; rare earth elements; positive anomaly of Eu;
granite; igneous rock in South China
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