L
504

o5 0
EARTH AND ENVIRONMENT

b3 20254F 45 53 % 45 44

Vol. 53.No. 4,2025

DOI: 10.3724/EE.1672-9250.2024.52.067

CSTR: 32253.14.EE.1672-9250.2024.52.067

ETHMSERURTZHNERY RAKPIEAKIR

wEE, Far>, TR, 7 &P, 3 B, W g,

> 7.1 -1 6
FLE, KTWHE, KREE
(LA E TR A (BRI BRBE2A0E , 2RI 430074 2. 75148 /K SCHI TG TRE M ST ER B 1 SR 2 52 , v T° 810001 5

3T AR 7K S5 R R B T S A BT 810001 5 4.9 UR 5 A A5 AT iy i b A T S LA SR, BRI 430034
5.0 R T Bl BRI 430034 6.4 TR A (BRI FrieiZA R, B 430074)

T OE: FETRAKEN AT R E E AR KR, AR S EALIE DLRCR R R IR Y TR, RACCHUER L AT E
RWB o ALV IR N H A H 5% X, & T Pearsondl x 047 B F i K L o T #F % F B, 200 T K NHA 5487 A
B ARAE, RA T HRNREF B R HET RARRA RPN E ENE, B FERET RANREAMERETT ZTRAHA,
WETFRERFENTRE., KFEINEREZH HCO-CaMgHF R ANETEN D RRTHRBR LT WAtk ho W aml,; m
SO,~Na HCO;-SO,~Na-Mg-Ca . HCO;-SO,~Ca-Mg L % Cl-Na-Mg# 7 2 K F F R BN B R FE TE L B LT B, B
A & R IE R B8 ARG R e, K R A Oy R T FH e A R R A U 89 RK R A
ETHAGM, TR ABERERNRT AT ETEEENEEANF TR, HTHRACRAERENZ TRABEA X
W B B b 3 T P R 2k o 0 AT T ANMA KA R K AR B TUBR O Pk 3 M 40%~50%, K K 5 KA by FUmk b P UK T 10%; B E R K
W RIEH, KR EmTE TR b B EHA(20%), 5 RAPEKEMA L LR EA. RFREULLL LT oy Emxts
BAESRE RS St R A B E Y, AU RA T R AP RN EE, X—KANTET ZARFENHRHIERET Foy L
i, B BE A 9 th T SR R AP G T R I R AR R T B

EERE: AT BAGWIFE LN SR E A 2 KT K

HRESZES: P52 XHFRIRE: A XEHS: 1672-9250(2025)04-0504-12

PR AR A B RE LT IR TR | BEIE 1Y
S ARE AR Bk A | TR o I A8 B A5, VE IR
PR IR AT 7K R AR B A SRR B ok > — T, AR
it R RARTRIK ) (GB 8537—2008)Fnife, 4 H T
K Sk BE A 1510.2 mg/L A A RS B e SRk 2,
R KRR RS2 S KA EAR I, R &
A R AAR FEHAB BT 5K 2 R R S
BB b i BB ) U K A (SrSOy) S Es™
(SrCOs3) %, I 20U E F80 SROK B . & 280 SR K
I IAERRIR AR B K Z T SRS A2 E R T Y
AR S BORREL D P76 it R vh 8500 2 25 5 i A
Beffe, AR 2 F 55 4 S A T Rk & K2 i
B At EARE RS A R YA T
K AR AEAR 5 RIS 25 RBK -t AT R e & B

Wi BEI: 2024-08-13 ;B BHA: 2024-10-27

EEWR: Hilpa e ™ I &R R IR+ 5 H [DCY2023SWO01(SK) 1.

KT TERSEUZ LUK b A SRR IR AR 5 Al
FEREIH YA B SR KR TR E .
7 SRK PR R P A B R AT K SCHBBRAL - U Y
— I ORISR, [t S UK A AN S B
TR 4B TARRFE S Rt , 25 0 57 S S
K AR IR B TPl A st R /K B 1Y
S IR RELEFRA TR AR T /K AT 7, 4R
SRAKGEIRAITE AR 1, IR SR K™ Ml e e 2 J
PERL ARG . 3l i TR AT B BRSO ER A IR, 3
AITRTURS B DX 23 9855 A R 06 i K B8 5 o S o3 A
B TTHR LA, 30Xt TRk E R KPR AP B PR oK 3¢
PR 22 A BT ORI 9

T R [ (o 2 I 40 B b T 7K BROR U ) o 22 T
B, Btk B 2 AT AR B AR

F—EEEN: RENL(2001—), 5 W04, FEAFIR SR 7 ST . email : 343971245@qq.com,
HEEEE: & FE(1987—), 5, S TR, EE N K SCHL T [ AYTFSE TAE . email ; 532640607@qq.com.
© Editorial office of Earth and Environment. This is an open access article under the CC BY-NC-ND license.


https://doi.org/10.3724/EE.1672-9250.2024.52.067
https://cstr.cn/32253.14.EE.1672-9250.2024.52.067
https://doi.org/10.3724/EE.1672-9250.2024.52.067

54 TREBHEAE . B TRV RN T kT B8 SRk T A A R U 505

FA 84S Sosr STSeRISSSe U [l | 7R K SCHB TS
BRI 230 RS SRS HL Al BYSe/* S, B
1545 B A AR I LA K3 0T i R b/ St LA A 6
$Sr/%Sr L B A8 Ak 1T LABRAIEAT S 7K T8 Ak AT T )
{5 L, T 3K S {5 AR 3 o B AT 5% 7K Ak 2 SRR AIE R 3R
5o W TRREN B AR IR i, B R DTRE
(987 St/*0 St LU AR AIF A S AR Rl A R AE T BBA, A1 0
FRIRM 28 AT LIRS s ), TR0 5 8 i Ak 0 7K A A
HAER, 20 R T K 0 PR R R S A
H A5 AR Bk b 2FoR IR L 2B AR 29T, 24 5 A 13l
TR T K SCHERAL S A i Ak 214
8T NP NG AR 5/ S 11 8 X Gt
PR A AR AR SCHIER (b2 . KA rh i 4Al]
A7 Z N T IHAE K SCHbERfb 2 it P2 v 37 21 T KRR
K8 RAEF oK — b T /KA EAE A 2, n]
DIAR G H T 50 B 1 R /K iR R 2 , R FHAS [ R
FRIAT A8 TR 2 4 25 S PR AR R IX A0 A Rl K R 22 —
RGBT K AT F B3R RURI S B AN S l sb fH ,
AR LA RS R [l 2R (B AnER IR ) AHZE &, i
IR B AT LT K BRI A H 1

VST 2 T T T N B TR VBRI R A K

101°0'0"E

HEESRUK . H RS T ROK B AL BT A
G — AL, f51 038 A A 26 23 VA A 7 VA T S M X R AR
SROK AR FE EOR IR T A A T R RERR SR B D s
B 5 2 AN A8 S EORIR T 28 R M Z AR A
R CRHR A AR A IR B2 ) 1 3L R 3%
fiff o SEBR L E AT SROK B AR AR S — P,
TARMAGIEIR AR AR 2R, S BER AR IR
WRZILM . HHATHTTER 258 e SR K 7K 5
PEA R SEIRBERUK AL ARAE 1o DRt AR 3G 5 oR
BE PRI AN X AR T X R D4 R K R 2200
G I7 L T KA 2 AR, 45 A i AR R 37 2R
PRIF L 2R 45 SRR X T KA ) A 8 ) SR A 7 7
ST, AT 485 718 KA T B SR KR 1l 7 o i
LK SCHL R 2 i A o TSR T A 2 R R
SRR BRI AR R BERL 45

1 ARSI SO gl

VA LK I 30 T 5 S AL 7, SR T 4
HE PR 11— | 508 T 2 EL AR, 1 7R
L2 P I 6 T 3354 km i B0 T
16 100 km?(&1) , £ FAL436°02'~37°28", 4 4:100°42

102°0'0"E 102°30'0"E

101°30'0"E

A
L AR
gL
R GER
ARGl R
754
EERGABEF
BB R
o B4R
b EEGRAA
L FE TG OA
RRAuAG & o
22 YR S L

37°0'0"N

N,/

Ex

36°30'0"N

TR LB
R 0 5 10
okt —

() @
HSQO1 | HSQ24

N,/
HSQ31
HSQU’.HSQBX

Kim @usqoz 541X

N

A

@1isQ17
@ 1sQ15
@ HSQ16

oL Kok P

Ex

@Y
HSQ18
HSQ20 o
P
)
@HsQ19

1 P UV PR SO IR 1] KSR 1 3 A

Fig. 1 Hydrogeologic map of Huangshui River catchment in Qinghai Province with the sampling site distribution
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Fig. 2 Durov diagram of mineral water from the study area
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F2 EKARIEE RN FHSHEKIERE
Table 2 Correlation matrix of chemical components in mineral

water from the Huangshui River catchment

R3 RKAREN R FE IR S HE
Table 3 Chemical composition rotation matrix of mineral water in

the Huangshui River catchment

ZH ca® Mg¥ Na° K' HCO; SOF CI' NO; Sr** TDS e o1 %] 533
ca¥ 1 K 0.991 0.046 0.094
Mg* 0669 1 Sr** 0.875 0.187 0.407
Na® 0612 0815 1 S0} 0.865 0.373 0.322
K" 0502 0287 0.748 1 Na* 0.690 0.494 0.477
HCO; 0.788 0.683 0.373 -0.006 1 HCO; ~0.034 0.970 ~0.166
SO} 0.666 0.656 0.948 0.904 0.270 1 Mg 0.206 0.817 0.512
CI" 0.386 0.796 0.806 0.446 0.142 0.706 1 Ca** 0.468 0.804 -0.062
NO; -0.057 0.233 0.382 0.268 —3.28 0.339 0.641 1 TDS 0.552 0.791 0.258
SP' 0.534 0.542 0.881 0.903 0.095 0.948 0.692 0.494 1 NO; 0.196 -0.239 0.871
TDS 0.872 0.891 0.901 0.608 0.711 0.868 0.671 0.150 0.734 1 cr 0.351 0.344 0.833
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Fig. 4 Gibbs diagram of mineral water from the Huangshui River catchment



94 TREHLA . ST R AR R 2 7 Wk AT 5 R K TR AR TR 511
6L a A—=HsQ3I o1t b §H5Q31 H§Q02
/X ~HSQO1
......... AASHSQU

00k TR REREE A KA AR
~ 4} N EHSQII-[SSQM
f=} | :
(Inm -0.1 A A
S 2t 3=-1.06-+0.56 . A
T R 02} AD
A R*>=0.98 )
&, AA
T oof A 03t
“en
2
=5l 04}

A
05 F
-4 . 1
2 1 0 1 2 3 4 4 3 -2 1 0 1
y(K*+Na*-CI") CAIl

PSR ATEAT SR K FH S S LU A A S 2k 2 4]

Fig.5 Relationship between cation exchange ratios and chlor-alkali index in mineral water of the Huangshui River catchment

6.900'°0+5.04 , HAPRAE/INT 24 b 1) KA Pk 258.17,
T Z0 RAK AR R0 & 532 1078 KM
FSEIR o ™ SR KRR i A v 3 A1 6 24 1l 1 R /K
LRIFHIT , RN SR IR AN R S AR B VIR G |, 52 28 RoA

S R0 B IR KA A 3RS A MG T R
KL Z R, 3% ] fE 2 YAoK H4E A B I 4E 5 BIFSE
KK BEFRIE T UE — B AK . 40, WA AR AE (d-
excess, 25N . d-excess=0D—80"20) f1 ¥k FH (&
6b) , AF7E XA RATRB AR N IE, A T-8.28%0~18.8%o,
SERIME A 14.28%0+2.58%0 , JE SNIR AR . X RIATFFE
XA SR K TR ST BN 8 K R BRI Rl A . B
SRIK B SRB A KR e T 2 BR RS B B2 R A A

B (10%0) , WS EB L X 78 R KIS 5 TIKTEA 2
BRI R A T TR IV | [k b SRR R 28 LA
i, REUTRB AR RS . H T /K28 Rk diVE 2
{1\ e N TR =5 € KRl e S DO N
33 FRAENHITONE=TREEHEEITE
3.3.1 IR AT

F AR S rp gt /KRB R IR A A 24
AR RERRER AR IRER A R gg BT
BoR A BRI P RE R XAk SR TR AY TS /% S Ay
0.716~0.720 , F#H) (CUNEIK A ) B9YSt/* Sr b (29 0
0.720 ; TRIRER S it U5 187 St/%S1r410.706~0.709 | Y{H
}0.708 ;25 & A T ST YT S/ S Sl I I — AN B —

20
45+ a b A
18}
A
501 A
16} o
. 55k =6.90x+5.04 s N
S $ A
z 2 14t &
& g A 4
Q>I -60 | $ A
= N 12+ A
65} i H IR K LR
—— RHKARAL ol
R KT R K 2R
Tor e ORI A AL
1 1 1 1 1 1 1 8 1 1 1 1 1 1
2100 95 9.0 8.5 8.0 75 7.0 -10.0 9.5 9.0 8.5 8.0 75

o' SOV-SMOW /%o

30y gpow/%o

FEl6 PRI AT SR K S OFISD A A AT Ak F

Fig. 6 Distribution of ¢'*0 and D and deuterium surplus in mineral water from the Huangshui River catchment



512 Mok 5 F OB

2025 4F

TG A SCHA RIS A B M i SR B SR YA
K MUZE R 5% n i B A 78 8 (R ),
HYSr/ASr A 40,709 4~0.710 0, /K 7ES 5 5
TK RGNS il 5 RS A AR EAE R, B8 AT LA
WU IR B R R AR . (H R K PR i A
10~50 pg/L2 81427 kil T 7K B A o2 BRMCT G, R
RZKANRE A M R 7K e i R A ORI

Vil (AR ) 5 SR B AN 2 iR AR IRl 2, XAt
T KA A K B EAE IR, Y S/ SerT LA
PN RRLRSF IR ER R, I A A RAAE IR T A
fifE TR BRI o AR SCGE Y Se/M SR S/ X AR =[]
(15 2 B R K PP AR A IR L BRI LB W
o RERRER ) AL S 3 R K AR ST, T AR FH St/
Nalb @ LLIX 43 BRER Eh A ) & T SrE & 1MiNafk =
HEIT =4 55 5 (4 Se/Na, REFRER D) 2 i T Na i S ™=
AR HIST/Na, Sr/Caltb(E AR AT DL T R b Tk
BRI IE . MW FE KW R K K REBEATY Se/%Se#r
S7Sr/ASSr{H 7 FEl M 0.708 9~0.716 8, HAF-H{H 20,712 5+
0.002 4, K74 T Sr/*Sr 5 St/Na  Sr/Calit) = 4k
] B R R W R R B SR 7K B A A St/Na AR 11
St/Cafl Iy St/ * Sr U , WTHS Q13 , BEFREL T )k
TR RKA B BALEISt/Na B 1 19 Sr/Ca M i 1
YSr/%Sr, AIHSQ25MIHSQ27., i #E & A 250 Wy I iy
B IR KA T W35 2Z 18], A 5 5K 1 Sr/Na, 2 (187 S/
“SrHCfE, WHSQ3 1. AL, rlKHSQI3fE MR AR R
KT, HSQ271E M RERR ER ™ SR /K 3 7T , HSQ3 I/ h 7%
BB RAKIGTT

)
TR ERRAL  HsQ27

HSQO8  HSQI2
o ]

=3
)
=

HSQ31

HSQ24 HSQo4 ~ HSQOI ]
HSQ16
HsQis @ AR RV

HSQ17

=

81Qy /208y

=)
a
©

<.
ey
=

TRER SRR

E7 7 R AKEEY S/ Sr 5 St/Na  Sr/Ca: 2 4]
Fig. 7 Relationship between *’St/**Sr and Sr/Na, Sr/Ca

in mineral water

332 HORIEAY —IuiR A AL K AT

BRI HTH R 78 KA 2 kR R TR Eh A
53 BSERIR ST XA SR K BB A 3R R TR, A T 43
BN R IKFE 25 R IR X R A TR, 75 EARIE SR K
B B FIYTS /A STHUAE E SE. T — > = oniR AR
HAFGARWT .

Ba=Be<rpt Bc*vctBp > 7D D
ﬁBXVB ﬁCXyC ﬁDXyD

= X + X + X 2

aA (XB ﬁA ac ﬁA aD ﬁA ( )

Bt yctrp=l (3)

X, a e’ YISt/ S, BRI SITURE IR IR K
T eB  CLA K DR A H i, BRI A Z )5 3
Sr R

TEIZIE R HSQ13 HSQ27FIHSQ3 143 3I4E H93
AHIRKIGIC, TR A R A8 . AKAEHSQ27/E Ak iR
IR K G, B RS e AN = YT S/ S r FU (B AY
E, 5L AYA A HSQ25 , 33X 24 /K RE 14 SR 45 F K [
WG ARE S RS 000 m, J& T HL T KER
SRIX SR T B A B R OE A, FLA IR A
HTDSIHMS W B HAR . BB T KA HE X 32
| WA B R R 3 G RN 28 A v on K TR A AR
JKAEHHSQO04 HSQ15 HSQ16 HSQI17HIHSQ24, &l
W R K P ARAY TTRR I 5, HSQO4FIHS Q24 3% F| fE iR h
S TC TR LR 2 ]9 70%~80% , BRTR L 5 TC TR &
LA R 24 220 % , T 25 & 25 i oG 1 VR & B 491 IS
10%; HSQ15 . HSQI16FTHSQ1 7K Jy 5423 HEM X 5 5
KB B BE B K, PR R R R 6 v JT TR A EL A8 R 40 %~
50% , BRIRER s IR & LU 40%~50% , 28 K i e Y
RA HORT 10%. 40 RKEH 2 HEM X (80K
DURBFREE ) | BLH iR K Sr W 2 T, VSr/*Sr e
HEUETF0.711 5, ULHAZE & 2o T4 T K S Wk A
SEF . BIATHSQO1 , iZ /KA A HE IR Hh i e M ZE &
HUICH —otiR A, B R AT IR A Ll 18%
Fodr, AR H )0.220 mg/L | T} %0.846 mg/L, T
YSr/*SrHAEMN0.716 7T FFEZE0.712 8. S EBIAEA
HSQ19, 7% & #om e iR & LU IR T 10% , 6 i
BB AT S/ ST EAE A TR W B . ik
AT R AT A S SR K TR R Y AR AR A7
BN ZR R G v s e S R 280 IR K 7K
R N HCOs—Ca-Mg Y {H /bt (1 26 K S oG
RAWARE S 20 R K A Seife B FISTSr/80Sr oAl i 3

A



54 TREBHEAE . B TRV RN T kT B8 SRk T A A R U 513
0.718
HSQ27
0.717 |
/\ HSQ25
0.716 |
0.9
0.715 F
0.8
0714} AHSQO8
0.7 o0
50713 F ' giN%SSQ01 AHSQI2
= SQ — 07
% 0.6 . 0.6 05
5 0712 F | AHSQ16 I D04 o3 02 ol HSQ31
0 \ . " N o ~
L ! A T, 03 0.2 0.1
0.711 0.4 \HSQIS HSQI7 o o7 06 0.5 0.4
0.8
0.710 |
0.709 F
0.708 1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Sr /(mg/L)
P8 LTSt/ e 5 S R 5K =TT A
Fig. 8 A ternary mixing model for mineral water based on the *’St/*Sr ratio and Sr** relationship
4+ s N
4 g RIS T3 A B Na RIK

FE IR K T K SCHb T TS S SRR 1 38 B KA
ST BRI RIS, & 007 B0 T oK
HRAA IR S H AR AL RAE TR F = eIk A Ay k1t
ST MR K SR AR R LA, 25 R

1) V8 KA 3 BT SR K Ay A Tz STk R
0.22~9.82 mg/L, i 8 T B R KR IR K B AR
W JE TR AR BB SR K B IR B T Rk ik
EW Y RLIAN IO B RES YRR ER T W 1) ot
ko BRIRER AN R K i b2 o () B A UR 1M
FER T2 v B S BRI, AE RS IX e
P, B AR IR K IR 2 S A I KA 2 ), B R K

2)) P ICTT A oh KU PR B R BT R K
TE AL T W TSR A R A B A PR 5 X
IKARZERFAE 1) 5 BRI R 2R M SR K 6 PO RISD I 43 A1
SFAE BRI X A7 — A2 28 AR AR VR, NI (7
SRR HE— A R AR

3) A AT BRI E MEERREL 6 W DR 5T IX
SR R 3R TR TR, = OB RIS SRR i
IR SR K PR B A AR R A B AR A R
VISR AOREIR . SR SRK PR STRRIN =, D s 2K
HIRTTIR A S B R K b Srifk RS/ Sr Al K AE
EAM.

[1]
[2]
[3]
[4]

[5]

2 % X B

SREEMR, T 246, FHAMK, 2. HI A 80 5K B & SR 5E RHIE sEhLERRFSE [J]. TP EHB, 2020, 47(6): 1688-1701.

Bl i, JRZ, XU, A5, B BRI o A RR AR S S A [T ], TP I, 2021, 48(6): 1865-1874.

XIPRE, R, AT, 7 Rk PR T R W H A BRI 22 PREE [ T]. K SCHU R T AR, 2004, 31(6): 19-23.

Li Y, Bian J, Xu P, et al. Hydrochemistry and strontium isotope fingerprints of solute sources and CO, consumption in Changbai Mountain area, Northeast
China[J]. Environmental Science and Pollution Research, 2023, 30(40): 91929-91944.

Pu J, Yuan D, Zhang C, et al. Tracing the sources of strontium in karst groundwater in Chongqing, China: a combined hydrogeochemical approach and
strontium isotope[ J]. Environmental Earth Sciences, 2012, 67(8): 2371-2381.

Toérdk A I, Moldovan A, Tandselia C, et al. Sr isotope, major, and trace element signatures in karst groundwaters[J]. Water, 2023, 15(7): 1431.

Jacobson A D, Wasserburg G J. Anhydrite and the Sr isotope evolution of groundwater in a carbonate aquifer[J]. Chemical Geology, 2005, 214(3/4): 331—
350.



514

W oER 5 B 5 2025 4

[13]

[14
[15]

[

[16]

Chen J, Wu X, Zhao J, et al. Hydrochemical characteristics, controlling factors and strontium enrichment sources of groundwater in the Northwest Plain of
Shandong Province, China[J]. Water, 2024, 16(4): 550.

RETE, RSCH, ZEEW, 45, 7RPEHL DX AR & B0 SRR A8 (B34 SRR S0 (0], ZKSCHB SR TR I, 2020, 47(6): 65-73.

Wang B, Qin X, Ren E, et al. Geochemical characteristics and formation mechanisms of the geothermal waters from the Reshui Area, Dulan of Qinghai,
China[J]. Water, 2023, 15(17): 3084.

X, B, SRR KA FHIRIL AT B R, R [T ], B BRI R 24 224 ), 2008, 29(4): 67-73.

Dun W, Jian W, Chao W, et al. Identification and prediction of mixed water sources in adjacent limestone aquifers based on conventional hydrochemistry and
strontium isotopes[J]. Journal of Earth System Science, 2024, 133(1): 44.

Ma F, Chen J, Chen J, et al. Hydrogeochemical and isotopic evidences of unique groundwater recharge patterns in the Mongolian Plateau[J]. Hydrological
Processes, 2022, 36(5): el4554.

XURR, Ty, BRAL, 4. Al sdhnl b S R m AL R BRI SR K S A R R BB [ ], R EOR 5 TR, 2021, 21(5): 1721-1729.

Zhang H, Jiang X W, Li G, et al. Geological carbon cycle in a sandstone aquifer: evidence from hydrochemistry and Sr isotopes[J]. Journal of Hydrology,
2023, 617: 128913.

Sharma A, Kumar K, Laskar A, et al. Oxygen, deuterium, and strontium isotope characteristics of the Indus River water system[J]. Geomorphology, 2017,
284: 5-16.

Yoshimura T, Wakaki S, Kawahata H, et al. Stable strontium isotopic compositions of river water, groundwater and sediments from the Ganges-Brahmaputra-
Meghna River System in Bangladesh[J]. Frontiers in Earth Science, 2021, 9: 592062.

Xu Z, Han G. Chemical and strontium isotope characterization of rainwater in Beijing, China[J]. Atmospheric Environment, 2009, 43(12): 1954-1961.
Han G, Tang Y, Wu Q, et al. Chemical and strontium isotope characterization of rainwater in karst virgin forest, Southwest China[J]. Atmospheric
Environment, 2010, 44(2): 174-181.

FRETG, SRIete, B2, 45 IR P BEIL AR Bl R AR RAAE OB ALHI [ 1], PREERLA244, 2023, 43(5): 69-78.

INE=, BEsE, TRk, % S TR RGURMZRE ZIU B AL 1], EHLGT, 2018, 45(6): 1128-1141.

XEIBH, ZRAE. BT AU ARUE AL R A M N KRR STt (7). SR IR VTR B ARz, 2024, 37(1): 13-15.

BRI, B, £I5F, 45, FEE ALK UK BT A PR RARIE ST AT D], TR, 2016, 38(5): 44-46.

CLHi A7, AN, 230, 5. B ALEB R AT SRR R HLBERITZE[T]. A RCEET, 2021, 43(S1): 57-59, 63.

X R, IRERH, SRR, 4. ST AR S R AT (4 T MR AT R T RS R SR RE 1 (1], TRIXAFSY, 2009, 26(3): 326-332.

Syt BUKOK R B HRTBURITART]. HKFKHREAR, 2003, 39(4): 281-282, 299.

AR, LT, BEESE, AF. HUTKH O CIRM 24878 AU KB IR TH AR AT A AR [V ]. MR 53735, 2023, 51(6): 583-592.

XU, H ARt KA RHIE[ D], A5 WbFeR~%, 2018.

AP, TEAR, XL, 45 B AL BRI KA R ARG AR BT [T]. $RBIRTST, 2024, 32(3): 21-31.

Gibbs R J. Mechanisms controlling world water chemistry[J]. Science, 1970, 170(3962): 1088—1090.

W, BHR, M, G AT T ACGK AR BRI 1], IWARHR R 24 (B A BHEIR), 2020, 39(1): 11-20.

Schoeller H. Qualitative evaluation of groundwater resources (in methods and techniques of groundwater investigation and development)[J]. Water Research,
1967, 33(1): 44-52.

AT, ZRIE, SRR, A5 TR bR K AT R BB BB [T]. REERF:, 2020, 41(9): 4011-4020.

SARG, AN, BESE, 45 RN AN K o PO MODAS LR [T ]. FARRIRZAIR, 2014, 29(9): 1552-1564.

XBIE, XZAE, i, &5 K SISO I R T i A R R AR AE A [T ], ANRIKIT, 2022, 53(4): 53-58, 72.

B, AARAE, SR, AF. WIPTHLHL DA T AOK A2 SRR AR A AE AT [V ] P EER, 2023, 42(3): 425435, 481.

BREHIE S, S, el RIS DXCH K R 2R 20T [0 ]. LA (242, 2020(10): 200-201.

Bao Y, Pang Z, Huang T, et al. Chemical and isotopic evidences on evaporite dissolution as the origin of high sulfate water in a karst geothermal reservoir[ J].
Applied Geochemistry, 2022, 145: 105419.

Qian K, Sun H, Li J, et al. Strontium isotopes as tracers for water-rocks interactions of groundwater to delineate iodine enrichment in aquifer of Datong Basin,
northern China[J]. Applied Geochemistry, 2023, 158: 105783.

Shen L, Wang L, Liu C, et al. Sr, S, and O isotope compositions of evaporites in the Lanping-Simao Basin, China[J]. Minerals, 2021, 11(2): 96.

Du S, Zheng M, Lii Y, et al. Origin of halite in the Lanping—Simao Basin, Southeastern Tibetan Plateau, China: evidence from Sr and Cl isotopes[J]. Acta
Geologica Sinica (English Edition), 2022, 96(6): 2028-2039.

Brown S T, Kennedy B M, DePaolo D J, et al. Ca, Sr, O and D isotope approach to defining the chemical evolution of hydrothermal fluids: example from
Long Valley, CA, USA[J]. Geochimica et Cosmochimica Acta, 2013, 122: 209-225.

Santoni S, Huneau F, Garel E, et al. Strontium isotopes as tracers of water-rocks interactions, mixing processes and residence time indicator of groundwater

within the granite-carbonate coastal aquifer of Bonifacio (Corsica, France)[J]. Science of the Total Environment, 2016, 573: 233-246.



54 TREBHEAE . B TRV RN T kT B8 SRk T A A R U 515

Tracing the Origins of Strontium in Strontium-rich Mineral Water Using
Strontium, Hydrogen and Oxygen Isotope Analysis

XU Changgian', HE Zhonggiang™’, DIAO Yushan®’, HUANG Xin***, GUO Jing"’, HU Feng',
LUO Anping', ZHANG Ziyin', ZHANG Xiaobo®

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China;
2. Hydrogeology, Engineering Geology and Environmental Geology Survey, Qinghai Province, Xining 810001, China;
3. Key Laboratory of Hydrogeology and Geothermal Geology, Qinghai Province, Xining 810001, China;
4. Hubei Key Laboratory of Resources and Eco-Environment Geology, Hubei Geological Bureau, Wuhan 430034, China;
5. Geological Environmental Center of Hubei Province, Wuhan 430034, China;
6. School of Sustainable Energy, China University of Geosciences, Wuhan 430074, China)

Abstract: Strontium-rich mineral water is an important drinking water source in the Huangshui River basin. Therefore, understanding the
enrichment mechanism of strontium (Sr) and the contribution of different Sr sources is a key topic in hydrogeochemistry. Using the
Huangshui River basin as a case study, this paper analyzed the distribution of Sr in typical Sr-rich mineral water within the area, aiming to
identify the sources of Sr and to uncover its enrichment mechanism during mineral water formation. Based on pearson correlation, factor,
and hydrochemical analysis, a three-component mixing model was developed using Sr isotopes from different mineral water sources to
estimate the contribution of different Sr sources.The results of hydrochemical analyses indicate that the primary constituents of HCO;—
Ca-Mg type mineral water are derived from the dissolution of carbonate and silicate minerals. Conversely, the elevated Sr concentrations in
SO4—Na, HCO;-SO,—Na-Mg-Ca, HCO5-SO,~Ca-Mg, and Cl-Na-Mg type mineral water are predominantly attributed to the dissolution of
evaporite minerals. Generally, the ancient saline lake sediments in the Huangshui River basin provide the foundational materials for the
formation of Sr-rich mineral water. Atmospheric precipitation serves as a continuous recharge source, while evaporation and concentration
create favorable conditions for the formation of mineral water. Meanwhile, the weathering and leaching of rocks are the main
hydrochemical processes to enrich Sr in mineral water.The ternary mixing model based on Sr isotopes and concentrations show that in the
recharge area, both carbonate and silicate end members contributed 40%-50% of Sr in the mineral waters, while the mixing ratio of
evaporite minerals constituted less than 10%. As the mineral water is transported toward the discharge area, the mixing proportion of the
evaporite end member increases significantly (>20%). This study demonstrates that the dissolution of evaporite minerals significantly
impacts the Sr concentration and *’Sr/**Sr isotope ratio in mineral water, thereby effectively enriching Sr. This discovery delivers novel
insights into the formation mechanism of Sr-rich mineral water resources and simultaneously provides a scientific rationale for the
conservation and sustainable exploitation and utilization of high-quality mineral water.

Keywords: strontium-rich mineral water; source analysis; strontium isotope; hydrogeochemistry; Huangshui River catchment



