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Mineral saturation index characteristics, sources of Sr**, SO,”” and development
potential of strontium—rich karst water in Xintian County, Hunan Province
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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] There is limited research on the sources of strontium elementand the potential for the development and utilization of
karst water in the large—scale strontium rich mineral water field in Xintian County, Hunan Province. Exploring the hydrochemical
characteristics of strontium—rich karst water and the sources of strontium element can provide theoretical support for searching for
strontium rich groundwater in karst areas. [Methods] PHREEQC software, water stoichiometry, end element method and
hydrogeological parameters were used in this study to reveal the mineral saturation index characteristicsof strontium-—rich karst
water, as well as the sources of Sr** and SO, and its development potential through the hydrogeological investigation and
hydrochemical testson groundwater in this strontium—rich mineral water field. [Results] Calcite is mainly saturated both in the
springs and shafts, while dolomite changes from unsaturated in the springs to saturate in the shafts. Strontium is saturated in the
shafts, and gypsum is unsaturated both in the springs and the shafts. In the springs, mineral saturation index increases with the total
dissolved solids, and they areof a good positive correlation, but of a poor correlation in the shafts. The correlation of SO,*
betweenthe springs and shaftsare positive. According to the stoichiometric relation of Ca*>*, Mg*', Sr**, HCO, and SO,”", SO,” in the
shafts may come from gypsum dissolution. The Sr** in the springsare mainly derived from strontium which replaces calcium with
isomorphism in limestone, while Sr*" in the shafts probably come from strontium siderite in the aquifer. 85.2% of the
groundwatersamplings in the research area meet the national standard for drinking water quality, and the excess water samplings are
mostly single indicator exceeding the standard. Through calculation, the natural recharge resources, exploitable resources and
groundwater resource potential of strontium-rich groundwater in dry years are 3.83x107 m*a, 1.05x10" m*a, 7.28x10° m*/a
respectively. [Conclusions] Strontium in the strontium—rich groundwater in Xintian County is mainly derived from the dissolution of
strontium—containing minerals in Shetianqiao Formation strata of Devonian. Those minerals, including strontianite, were form by
isomorphicly substitute of calcium with strontium. The amount and resource potential of strontium-—rich groundwater are

considerable, with a great value for development and utilization.

Key words: strontium—rich karst water; mineral saturation index; Sr*" and SO,”"; development potential; hydrogeological survey
engineering; Xintian County; Hunan Province

Highlights: (1) The sources and contributions of Sr** and SO,*” in karst groundwater were studied by using mineral saturation index,
water stoichiometry and end element method; (2) The amount and development potential of strontium-rich groundwater in the
research area are analyzed based on the meteorological and hydrological information and the current exploitable groundwater
resource.
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Table 1 Statistics of hydrochemical indicator content in springs, shafts and precipitation
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Fig.2 Mineral saturation index in groundwater of Xintian County, Hunan Province (a—Spring; b—Shaft)
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Fig.3 Relationship between mineral saturation index and TDS in groundwater of Xintian County, Hunan Province (a—Spring; b—Shaft)
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Fig.5 Relationship between exogenous acid, TDS and SO,*"in groundwater of Xintian County, Hunan Province (a—Spring; b—Shaft)
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2[Sr*]=[HCO, 1+2[SO,* ] 45 4 1 £k Fftilr, i BHAILIF:
th EIR S R EEORIE T A Ha . 28
WA R R0 TAE S Rk by, I
AR ZR KK A, [Ca® H[Mg> 1+[Sr*] Y 24 1 vk B A
RETA [HCO, T+[SO,> 1 A Yk i, AT fg/eHh Na
T Ca*, AL RS> Ca® i AE .
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Fig.6 Relationship between Ca®*, SO,* and gypsum saturation
index in shafts of Xintian County, Hunan Province

RIE T Ho ARz B mT AL i
Tk H Mg /(Ca*+Mg™) FLfE/NT 0.25 B, AlAH
FOKE IR ER 77 B AR A (R I 55, 2020);
HAEAR T 0.25~0.5 B, /K2 fH =A%
HREARA; lWEAKT 0.5 B, IH = A R F . B ST
5 Mg™/(Ca*+Mg™") KREI(E 4)n] A1, FRER Mg/
(Ca*+Mg”") {H 4L T 0.037~0.189 YL [FH N, 617 F &
SRR Z R IRIRER A B A IR, BT R 2
ETiZatRd . 2N S, Ca MR EWICER, fhaptt
JFARALL, Sr BEME B 4 Ca FE A7 A1 S T AR AT
T2k (Banner, 1995), 2438 /K% 1}, Sr [ 7 A )
LA SEIE A HE A KR, 3O T SR P S

BLIE Mg /(Ca>+Mg™) L 18 36 [ R 0.047~
0.578, A 61% I /K 5 Mg™/(Ca*+Mg™) fH kK T
0.25, 21% R 7K 5 Mg?'/(Ca>+Mg>) 15 KX T 0.5, it
P& K2 FEEA A SO RIEA AT
ALK PR R RAATEAE, B TAE
HIR IR T O M A A, A BRI RE T
JKH Ca® W B S 35 10, B 2 A AR AR 19 )7
fife A K HEDIE, HCO, Ws/b, HETAR A 1 = A 1 i LA
HekF HCO, W T4, LI Mg™ SR & T T
43738

R K Se TR IE A AR IR EL | FEFRER FIAT

([HCO; 1+2[SO.2 )/(meg/L)
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Fig.7 Equivalent concentration relationship of the main ion in
shafts of Xintian County, Hunan Province
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UUVE, 15 F = AR AT Mg 7™ A — i fit i 3
e BEAN, B S KA 4 P48 A ik 838 mg/kg
(IR HAE, 2017a), BT B2 S K2 PR T A7
FEZZEEAT, 22 5 ZEHLH bt BUAR AR St B0 iF ik
i

4 BT K A A
4.1 ERHTKEFKAIERETENR

R R AR 15 AR K A F ) (GB 5749~
2006) , EHCPIHR AT W4 . pH. TDS. Al. Cu. Pb,
Zn, Cr, Cd, Mn, As, Hg. Se. Fe, NO, -N, i g
i Sy AR (CODy, 1, L 0, 31) 19 Fidsdn
TR & M R KR A AT A TS IR K . BF5E X
FRA B K S TSR Sk, IR AT WL, pH.
TDS. fifREh . FALY G4 R W% 1, Hibisbrs
TR LR 20 P PRUE R A5 — K A —Fhak
DL 38R o A TS AR K AR AR, A K S
Hi R KON R LA A AR TR IRK

WEFEIX 61 4b i #E /K A5, 52 AbAF & B R A 1E IR
FHAK TUEARAE, IRPRAR 85.2%, MbR/K 52 M Bde b
MR, Horp TR RR KA 3 4, AR 9.1%, Hh
PR bR AR, B FR K S S048. S081., S109 4341 K
NO, -NCH#% 0.78 £5) . Mn(#iH7 0.90 i) . Mn(
Fr 0.07 1) M bR o ML HEFR K £ 6 4L, bR
21.4%, H:rP S009. S020. S065. S066. S069 A ¥tk
b bR, 43 9 i Po( i bR 0.50 £% ) . Hg( # #5
0.87 fi5) . NO, -N(# 5 0.46 fi5) . NO, -NC## #x

=2 ERHTKESENIERIERITER
Table 2 Statistics of some conventional indexes content in
strontium-rich groundwater

sk TR ML
HAT R TME BME BORME TME moME
Al/(ug/L) 178 / - 670 / -
Cu/(pg/L) 1.52 / - 8.66 / -
Pb/(ug/L) 076 042 025 15 185 032
Zn/(pg/L) 15.8 / - 437 / -
Cri(pg/L) 104 541 147 899 619 236
Cd/(pg/L) 0.2 / - 0.4 / -
Mn/(pg/L) 190 / - 571 / -
As/(pg/L) 1.38 / - 5.03 / -
He/(pg/L) 0.14 / - 1.87 / -
Se/(ug/L) 1.98 / - 2.04 / -
Fe/(mg/L) 0.27 / - 1.1 / -
NO; —N/(mg/L) 78.94 / - 64.46 / -
COD,,/(mg/L) 251 / - 1.37 / -

Ee RN EFERETRINL; /R .
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0.42 %) . MnCHE Fr 4.71 %) #8458, S104 K Al 1
Mn &G #5, 00l 2.35 £, 0.24 f5.

4.2 ZiEM T KA REREITN

42.1 ST KRR RANE TR E

R K RIRANA IR BRI R KRG H 25
BARIKAEIR AR ASHE:, ol IWKE . SR 1
7K Crp ) b BT A sy, 2012) o AR BB B R 4 R
40 4F (1976—2015 4F ) B W f B0 48 , A 5% X 1 R
176.7 km*( & H %5, 2017) K 43 HMF 41 b2 B R A
BRB 017, 2017a), RIAIKRS K AS
FBOE (N OB IX MK RIR AN

Ou = 1000F X x X (4)

A O NFE A BAMA R (m’/a); F AT I
FR(km?); x MAEFE B (mm/a); o NI AB R 5L
(M),

R TR AT X M 7K = BEANA R, B8 [
PRUEZIE AR K AR KA BR K AR, DU
Xof b K RAR AN TR U (GBX R4S, 2022), 1K
PEWFFE X 40 4F B T 2 454 i P 38 2k ik (R gk 2%,
2010) 158 45 B A AF AR E 3 . OB [ T AR TIE R
25%. 50%. 75% WRE R FEAE M BFFEIX FEK AR oK
AF | R KA B A T AR, X6 O A A R (B4 R
1540 mm. 1395 mm, 1275 mm. WAL @) HE
HIBFGE X F2 K AR | SR AR | A ZK AR T K R R4 A
PR A 4.63x107 m¥/a, 4.19x107 m*/a, 3.83%
10" m*a.

422 ST RTIFRAK RS

[ Y R A X R K R SR WE TR R 4
1762.82x10° m*/a, A] FF R BE IR 1 24 5 RARGEIR 1)
8.0%~56.1%, “F-14 33.0%, HF 5% X GBS ) A K 7o
VEIF R GE IR 2 2 (5 ZAF -2 RAR TR IR 2 1 27.5%
AR, 2006) o BRLIGCRH EL LR B0 A Bt 52
X R T K AT RR R A, TR AT

Oz = AX O (5)

K Qg O E RS K AT IR BT 5
TR IRAN A G U5 B (m¥/a) ; A K LA R B (o i
44), BLH 0.275,

FRAE A 2 (5) 1345 HAF 9T X F kAR | B AKAE .
M 7K A 3T K AT R IR 143 51 1.27%107 m¥/a,
1.15%x10" m*/a, 1.05%10” m*/a.

4.3 ERMTKFLFIHEAH

MR K B9 IF & FI A2 8 g L oK S TR 4%
1. Y2 T A REOK -5 22 R DR 2 o 24 (R A S A,
2021), BT i [ PG g 5 DX b T 7K AR A2 A 1)
B BT &R AR, IR AN
90.53x10° m/a, JF K 2 & £ 14.56%( E H JC 4%,
2022) . VR K GEIRRE 0] A BT M KT
R FHIAR AT ALY K R i R K o] %
TR (ET, 2020) . WFFRIXHE R K FEHTER
A 1 K AN R, {5 B A KRB R E AR B £ E
VB 37 o A B e AN RE A BB A, MR
IKIF %R HRAUA 37.97% (SR HEE, 2020) . BFFT
X FREN FIAME, EES KK S | KIS
B B, 45 S BT RA R AV 1 R K SR
12091 3138.88 m¥/d, 618.62 m¥/d, 732.67 m*/d.
2985.12 m*/d. 928.80 m’/d., 422.50 m*/d( 7 [H %,
2020), A3t 3.22x10° m?/a, K4 (K SCH T H A LT
(1 :50000) )(DZ/T0282-2015) & A5 X 7K
A OFIKAR | MK AR KGRI 153 3K 9.48%10°
m*/a. 8.28x10° m¥/a. 7.28x10° m*/a, JT R 2 & 43 1]
9025, 0.28. 0.31, %5 IX 85.2% Y HL T 7K £
IR A RO BARRHETH L, R A v VR A T
FHIK () bR 7K BEIR Y 718 5.73%10° m’/a, [ HL T
K RS iR E G R AR SRk AR, & RN
IKFF R HEABR AT 500E

5 45 i

(1) J7 fife A 75 B R SRR ey 2 240 T4
WA, Ao A7E PR T BT RIARES, 78
LI 2 AL TR AR . 2288 (WL A i B
THIALRZS, )2 SRR P AT REA RS 88. AF
TE T SR AL F 2 RAGAIRAS .

(2) PRI . A=A, SRR R
FIRERIK TDS T =i i oK, A B B IEAR R R,
ViRl B R AR I T8] | AR B AR A3, 5K
ST 7k S ey ORI 67 3. T PN IS R AR 2 T
PIIAIE RS TDS BB B iAo, X —J7
AJRE R T8 C s B P, 55— T3 i, ARE
I 5 72 85 7 A T R i A I A DR 9 T 2R B
If 22 HE ORI T ) 22, Bl —Rrii Hh A CO,
B BT oK, BRERER S d i i RS e
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(3) ISR SO FIRE/K FR AR & UL K 5
AL SRK R SO,2 A REEEORIEFREK . AL SO,
5K bR A 32, B TDS A B4 M ¢
PE. PP AR ATE S Ca’'. SO, S HA IEAH
Ktk, H5 SO MR TH S Ca® AH %,
VLI SO,2 AT RERIE T4 B ia i, feri T sk
WAESEHLFH SO>SR IR T4 F Vit

(4) FRESR P SPTRBORIE T A KA DS i
A& B EEoc R . LT S5 Na*, SO,/ #
Kelhd 2, VA2 H R 7K S I AR IR T ik R
LR FNBL R R 5™ ) AV A, RIS P 1 O i D 2
Hz A AB/E L Al Sr/Ca., St/Mg 5 TDS L ICHEH#Y
FHOCPE, &K 5 4 i & 1 0 R — P i T
PHREEQC FHPI R 2 5 /K 2 ] REA7 1R 22 580
25

(5) AR B 28 A2 1 AR K AR A o, 9T IX
61 b R7K A1, 52 AT A AR T IR K BAFRAE, 18
PR 85.2%, #EAR/K s 2 A ERFe b . AR5
DX R RN AR L BRI AS R TTER, A KA AR
R KRR KA G . 1T TR GE YR 1 A T /K %
T30 4 3.83x107 m/a, 1.05%x10" m*/a, 7.28x10°
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