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Abstract: The Luanhe River Basin in Chengde City is rich in strontium-rich groundwater resources with various
formation types, and hence it has typical research significance for the study of formation mechanism of mineral
water. Based on hydrochemical graphic interpretation, multivariate statistical analysis, ion ratio analysis, and
mineral equilibrium system, the authors analyzed the geochemical background for the formation of strontium-rich
groundwater, elaborated hydrochemical characteristics of strontium-rich groundwater in various subregions,
and investigated the formation mechanism of strontium-rich groundwater. The results show that the main
hydrochemical types of groundwater are HCO;-Ca-Mg, HCO;-SO4-Ca, HCO;-Ca and HCO;-SO4-Ca-Mg. The
formation of strontium-rich groundwater is controlled by geological structure and magmatic activity, influenced
by the abundance of strontium elements in geological formations and restricted by hydrogeochemical conditions.
The fracture structure and stratigraphic lithology control the general characteristics of distribution of
strontium-rich groundwater, while hydrogeological conditions affect the geochemical response mechanism of the

strontium element in groundwater. The strontium in groundwater of Luanhe River Basin mainly comes from
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weathering dissolution and cation exchange adsorption of feldspar minerals and carbonate minerals. The

outcropping mechanism of mineral water can be divided into three types: deep cyclic leaching of tectonic faults,

shallow cyclic leaching of fissures and enrichment of recharge type. The hydrochemical formation of Bashang

Plateau pore and fissure water subsystem is mainly controlled by atmospheric precipitation and leaching, while

the fracture water subsystem of the middle and upper reaches of the Luanhe River is controlled by the cation

exchange adsorption. The hydrochemical formation of pore karst fissure water subsystem is mainly controlled by

leaching and affected by evaporation and human activities.

Key words: strontium-rich groundwater; Luanhe River Basin; genetic type; formation; Chengde
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Table 1 Statistics of hydrochemical parameters of the study area
srIX WiH TDS Ca® Mg* Na* K* HCO; SO; Cl pH Sr* D ik AR
Min 68.29 7.86 1.90 4.86 0.54 68.29 0.05 1.75 6.44 0.04 4.73
Max 795.57 185.00 53.32 71.20 5.76 795.57 90.95 180.00 8.78 2.28 29.16
IIX Mean 257.33 46.96 12.50 13.54 1.83 257.33 21.86 17.73 7.37 0.30 21.64
Std. 150.39 40.66 9.42 11.67 1.10 150.39 23.60 31.93 0.46 0.44 5.19
Cv 0.58 0.87 0.75 0.86 0.60 0.58 1.08 1.80 0.06 1.46 0.24
Min 68.29 7.86 1.90 4.86 0.54 68.29 0.05 1.75 6.44 0.07 4.73
Max 1091.10 344.44 86.08 50.18 23.41 324.00 175.00 250.00 8.58 0.98 38.20
IIX  Mean 330.34 96.93 20.92 20.47 4.01 173.13 56.78 44.67 7.57 0.46 25.94
Std. 318.11 104.26 25.48 13.44 7.36 95.88 53.99 79.94 0.52 0.25 7.60
Cv 0.96 1.08 1.22 0.66 1.84 0.55 0.95 1.79 0.07 0.54 0.29
Min 182.92 52.10 8.06 5.35 0.81 77.80 40.00 8.00 7.48 0.07 13.18
Max 453.45 132.00 40.11 24.50 3.34 335.00 75.00 70.00 7.98 3.42 25.18
X Mean 318.00 87.59 24.00 13.22 1.73 210.90 61.11 24.89 7.78 0.59 18.46
Std. 105.50 3191 12.13 6.06 0.70 101.74 12.69 19.64 0.18 0.63 4.20
Cv 0.33 0.36 0.51 0.46 0.40 0.48 0.21 0.79 0.02 0.85 1.07

W Min FRE/ME; Max FRIEKRME; Mean FRHMH;
TDS-total dissolved solids, A7 il 44 .

Std. T bR 2E; Cv FARZRERE; pH LEMN, HAHNA R me/L;
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Fig.3 Box whislcer of strontium content in different media in Luanhe River Basin
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Table 2 Correlation coefficient matrix of groundwater chemical composition of the study area

TDS Ca** Mg** Na* K HCO; SO; Ccr Sr** SiO,
TDS 1.000
Ca** 0.928%* 1.000
Mg 0.853%* 0.771%* 1.000
Na* 0.736* 0.701* 0.458 1.000
K 0.369 0.330 0.305 0.439 1.000
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PiACE BN, B 2Rk H EE AL 2 245 3T K
K AR HRMEASE, BUKIRPRE SRz

W5 X B8 MR K 5 KR 5 5 P4 AL X R
I R LI X R - A A5 R B TUK R
JBEEKIZ, BT R AR A M E = SRz,
TR T I PG A B 5 R B0 R IR A A
KIZA—E ERATE L KRN E
R OK AR R T EE YW T KIS A
I XRAE ., RAGEREFUETUA LG YU K
£, Un b KR RFRSI TR A KA
HH ) B Ao P T S e Y L XU KA £ P A
TR T8N, WESEIX 23 R A B e A
SWATER LY SRR, W T KB
R PO BB R BT s 8 T 5 N R i 8 — E e
JE B TR S A B KRR, s 1K A Y
WIOLREE,

PRI IR A L T KT R G KA R, R K
R TR R AR, DEIR A SRR, R



% —1

INE RS PRI R E I AR KO8 PR S T 5 T1 L 77

KA FREIT R K SCHBER AL~ i AL o 1 DX
MR K A 2T W R T 23, TR R T O IR R
GRAUGEPR VA RL . 11 DR B8R K BR 20 A1 T W R i
PSR, 3B T2 AL R B, B A
He) 3 T SR TR A R T 8 5 S B AR BRI 2 T X
FyiB = 2 A R BUK O & B8 R K, A 28 1L n]
DA B SRR o W7 R PR AR LA SR OK BTE B
ST B R a0 B BRI R, T
JKCAE B R 16 ™ K 9 P R ) I - R
DX 73 TR O T 22 1) i 56 1L Y U ROAE 33 2B 2 S ok
P, BT B KRR R B KM I, 1R S oK IR R
PHfE I e Ay TP AR AT BEAH XA, (L T IR
247 R OK B PRELTR, SR A KIE R REEOR, K
JRAIE K BA —E MRS 1T Xl T gz 8)
& LA /N LT, T A 3 5 o T Bl il
FrA WAL B T, O i DA TR B 25 1 S8 e %
BEF A T B B3t 17 2 AT -2 O K SO Bk AL 27 3R 55
SRR RIAE | BB P T R G s (B R A Y
SKIEIE . RAFEKABIE RIS AL REBK, #
R . SKZEN A AT s,
RN E—ERE LEE, BN R
Ko XN KRB, TR IREE R, &
BRK AR PR A R A 2, T IS TR R SR TG 3 A
R AR EARMGEALZ T I KAz A S KR
JZE IR, R KR A7 S B 0 J2= e SR K, 2 (8]
HIR R K M EAE I EUE T KR RULR B R
BCER B SRR T K SRR, T AT R I
22 B SR 2 A R

6 45k

(L) BT I 58 8 SR R K AR AT AT, MR K A
BEgr N 0.04~3.42 mg/L, FE &L AR S B
020 mg/L 5 78.44%, #id 0.40 mg/L (K&
58.08%.

()W 5T DX 3 D L B 24 B K I 3R G2 7K Ak 2
KR F Ky HCO; M (HCO5-Ca-Mg, HCO5-Ca ),
e R B B K W R 4 £ B HCOs-Ca
HCO;3-S0,4-Ca B, Pinf v i FL B V5 2L BK O R 42
X Pl HCO;-Ca-Mg . HCO;-SO4-Ca . HCO;-Ca .
HCO;-SO4-Ca-Mg N £,

(3) ] 3 B AR T K T AR, 2 B A4 s R
FIRTE S SR, M ST R F R, K
SCHOBR A A S5 A 24 o T 580 o 22 s M T
B T KT B A B SRR, K SCH T SRR
Wi %5 bR K AL 2E A OT R A L BR AL 27 i AL . AR
W SRR A TR 1 588 B AT 43 A 4 1 T L TR AT PR I
Y ARG PRI Y | R 2G E AR SRR = A

(4) VA 3L 358 SR R K 7K A 508 UV
SN A AT AR BB -5 BH S 5 S e B . 3
s S LB BB K T 2R G 2 T K 32 A2 R
IR AN UEAE FA L AT B UK R SR
IK e 2 T -2 B A R K IR EE, BH B8 5 i I
VR FIARNS 55 2 I o i FLBR i 2R /K I 2R 46
MoK -3 R K AR EAE ISR AN, R ok fb s B2
TR I, 28 AR VE TR 0

gt RaftP BXR K F Qb)) B A AR A 3 %)
MR BN, FERFESSREIE TS
T XFLEH B, F ERAE KISR0 FAF
R AL B A Z AR MK 40T 04 1 3,
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