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Abstract: Study on hydrochemical characteristics and water-rock interaction is of great significance to ascertain the causes of
groundwater pollution and the sustainable use of karst water. Hydrochemical components and types, ion ratios, strontium content,
¥Sr/%Sr ratio and inverse hydrogeochemical modelling were employed to identify hydrochemical evolutional processes of karst
groundwater in Guiyang City. The results show that the hydrochemical types of groundwater are mainly HCO,+ SO,-Ca and HCO;-
Ca-Mg, and the hydrochemical compositions of groundwater varied with time and space due to the dissolution/precipitation of
different minerals. The mixing of surface water and groundwater has a certain influence on the hydrochemical characteristics of
groundwater. Strontium isotope analysis and inverse hydrogeochemical modeling indicate that the hydrochemical characteristics of
groundwater are mainly controlled by rock weathering. The dissolution-precipitation of carbonate dominated by calcite and
dolomite as well as the dissolution of sulfate and halite are important processes to control the hydrochemical characteristics of

groundwater in the study area, and are also affected by the hydrolysis of silicate minerals in the overlying porous aquifer.
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Fig.1 Hydrogeological map and the sampling location of the study area
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Table 1 Correlation matrices of hydrochemical parameters of groundwater

K Na' Ca’ Mg* Cl- SO~ HCO4~ TDS
K’ 1
Na*® 0.766 1
Ca** 0.108 0.277 1
ik 1 Mg** 0.146 0.345 —0.329 1
(n=41) Cl- 0.570 0.910 0.442 0.347 1
SO, 0.375 0.635 0.573 0.343 0.791 1
HCO,~ 0.153 0.374 0.150 0.651 0.361 0.269 1
TDS 0.382 0.707 0.651 0.415 0.842 0.928 0.547 1
K* 1
Na* 0.650 1
Ca*! 0.267 0.511 1
EV S 1 Mg?' 0.227 0.346 —0.174 1
(n=34) cl- 0.535 0.958 0.564 0.322 1
SO~ 0.559 0.776 0.580 0.423 0.762 1
HCO;~ 0.138 0.267 0.438 0.508 0.283 0.202 1
TDS 0.539 0.832 0.764 0.431 0.847 0.890 0.552 1
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Fig. 2 The average concentration of different solutes in
groundwater samples during the rainy and dry sea-
sons (a), ratios of the average solute concentration for
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water samples (c)
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HAPIAE, 2018). Fr R KA Gibbs K fllyNa™ /yCa® 5

TR A RAR 7= 4 b BB LA Ca™ o 3 R UK B ST
Ca*' — it , = & WAL = W) 0 & 72 Ca® -Mg™ 2t
[ (Ca®" : Mg =1:1), kR ih 7 0 P KAk 7= 4
NP AE Ca® -Mg® Ze i 1n] Na ™+ K™ — i s XJ B &
M5 L B R a5 R ) AL 7™ ) % £ HCO, — i
R E AL W% A SO +CL L 1 45 w8 Y — i
(TR AR5, 2018). N ST LAAE W, H T /K BH & 7
HEI Ca® F Mg® b9 85 v 19 5 [l 9] 2 5 BE 5 0
HCO, 1 SO, — i, /s #u F /K 32 2232 ik TR 6 A
(A WA+ Hzm) WA, I 32 5k W a KAk
28 K T iR

Hb T K B R Y AR Ak R BB TR A 2 AT DL ok
PR K R G K — A E R (Klaus er
al., 2007; I FE 4, 2011; Wen et al., 2016). B¢
BH T M 7K o Sro AR e AR, Ol 0.30~
2.23 mg/L; M K FE AY St = 43 51~ 0.63 mg/L
F10.49 mg/L(5£2).Puet al (2012) (BF5E 2 W, R
[] A 4 v %) BRI A7 22 20 P O TR], AT St/ S
SEHHAE 0.707 5 FI4I Mg /Ca®" FLfE (29 0. 1)1 K
A IR S TR A 0 0B S 515 YS/% ST FE(E 0.709 3 FilEK
i Mg™ " /Ca® fH (24 1.05)VE N 11 2 5 3 ik ) o 149 i
5139 Sr/*Sr e H 0.720 0 Al i 25 Mg /Ca (B (4
0.7 ) Sy fik i 5 25 5 ik 0 I 1) i B

AR T S U548 1 Sr/*Sr 5 Ma®t/Ca’t W R

6], AR 9 % i O BB ) A2 R O & Ma®' /Ca®' [
(Pu et al., 2012) , 45 & = o b1 IR & B4 (Galy er

al., 1999) , M M~ 51 75 #& Al 5
[7] A 5 1 L A1)
(Sr/*Sr) e = (Sr/*Sr) wms Xfemn T
(IST/9S0) s X fagen+ (TSE/OSE) o X ferms 5 (1)
(Mg""/Ca®" ) e = (Mg*"/Ca" ) g X frsmems
(Mg®"/Ca*" ) gn Xfuxn + (Mg /Ca®" ) pan X
Srazns (2)
Suwa T fawat faza=1, (3)

AR K A



2834 HERFF2=  http://www .earth-science.net

o544 3

< 0

4 km
L1
€ HCO,'SO,-Ca-Mg

B3 WFFE X R KK Ak 2 2 43 A
Fig. 3 The distribution of groundwater hydrochemical type in the study area
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samples in Guiyang City

R2 MRRMTAEMRAKEESE VSt Sr R L E K
Table 2 Statistical results of St*” concentration and *Sr/*Sr
ratios of groundwater and surface water in the study

area and contribution rate of different rock sources

ENGE I/ i &
\ Szt Sr / (%)
FE & B3 PTEE—
(mg/L) BSr iR AKX Hzm
BE " &
GZ075 1.00  0.7078 0.0 50.0 50.0
GZ004 0.55 07082 0.0 48.0 52.0
GZ046 0.34 07081 0.0 44.0 56.0
GZ021 0.94 07077 2.0 98.0 0.0
R A
GZ015 044 07092 14.0 86.0 0.0
GZ054 0.34 07089 9.0 74.0 17.0
GZ053 0.52 07080 3.0 92.0 5.0
GZ008 0.80  0.7103 19.0 60.0 21.0
GZ003 0.58 07082 0.0 55.0 45.0
GZ001 1.02 07081 0.0 52.0 48.0
GZ047 TR £ 4 159  0.7080 0.0 46.0 54.0
GZ044 JEWEE 0.30  0.7081 0.0 50.0 50.0
GZ043 0.59  0.7106 22.0 53.0 25.0
GZ052 0.78 07081 0.0 59.0 41.0
GZ055 W8 0.05 07107 26.0 74.0 0.0
GZ005 0.63  0.7080 0.0 72.0 28.0
i K

GZ108 0.49 07103 21.0 65.0 14.0

W 0T R R IR 1) ML T A B o, 9 KR (58 Sk TR
oAl Hi T KOG T b R K A Ak e o7 AR TR, 2
FEIAE K L KAk 2 TR E TR 7 2 4 %5 O ThT 1Y
AR (BB, 2005). B G , AR T LA 28 AL 5 K R
Go, v X b 2 K 5 TR K A AR B A R i o
ZU . MR K R b T K K AR A R AE A A AL (18] 2,
Bl 3), H b T /KOG H 2% 7K Ak 2 21 R i) 2215 A8 ik B
AW A B Mg®/Ca®t Fl ST /Ca* K & R
(& 6b) , F KW FIM K KB Z 3 H =5 &
AKZ B BR ER A A K 2 R M 2K 3 A B TR A
DI N, 0 B A 7E R OK 3 S5 T KR &, AT
AR e 3
3.3 kb Bk R E AR

T Ay BT X T K K Ak 2 T A B
ARV 0 9 BTRK , 384 75 R T K AR I 1) B AN TR
FUA LT K ISR S 0 35 B 2 A% AR 3R R A 4L AR
(D #EATHESE . B8 AR 124 A GZ044— 5 GZ001—> 55
GZ003, 43 1 T 4 ik B2 8 %5 & K 2 5 #6482 2
GZ042—> xi GZ006, 43 1ii T Bk B2 £h 4 Je i )i 5 % /K
B MR FRRIR R A SRR RIR R A Je B A
K 22 AH X 55 33 K 2 I FLG % 7K 2 2 18] £ 78 AH 4
B 7K 2, K FEAE A B F K )E 2 iz 5l
R RT BE 2 2% 4% L 8% A 35 Ry Vi M K 3 8h O e il
JE IR SCH 3K AR 2 53 BT B READL 8 BE A SR A

DX PN b 2 M R B R h e 4 M X R
KHEHRE FETYAETRA O A A8
MAih HmaMmfs AERHBILESE DA
CO,Z 5 RN, H It CO,WAE Nl REF W AH " %
A Bk R RS A K )E T e R AR B
LA TR 2% 8 T & Fac B .2
KT AR R A2 05 K AR 2R TR WL 3 3, K K
T A R A5 S KRR AR R ) b i TR e ¢
VAT, ST 1) R UL AR Y S AT AR AL, AT 3R A A 4L
BEMT R E(RL).

WE b B KB A2 1 1Y GZ044—~GZ001, 3 %
T HBA AT AR CO, B i L 5 A1 U0
VE 3K AL G AT LLAR R R I = A AR VE T Bl T
WA ET YR, KR Ca® AR K R
K Ca® Mk FE Ty, O il A B S 3k B0 AT I IR T
VE, Ca® MR BE I/l 1 = il — A R O AR
e AR T A DL T s A

GZ001>GZ003 ¥ £2 I 7 fift A1 v /s 2>, A
A AT R AL R U IR A R
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0.720T 1‘2_(‘3) o HiK W Tk @ FAKMIH TR K
' o Hi K £ = o Higk Wit ok w KRk
0.718 eumisrnms 0T TES
LR D7 iR A+ = AR R T 4. Mg™/Ca*'=0.8
0.716 & TRIE 0.8
g o v
o 714 206 o« g .
g: o0 \p%/\";‘
% 0.712 = e
0.4 /o .ég
0.710
0.708 |£ : 021
0.706 L 1 1 1 1 ] 0.0 1 L )
0.00 0.20 0.40 0.60 0.80 1.00 1.20 0.000 0.004 0.008 0.012 0.016 0.020
Mg*'/Ca®™ Sr*'/Ca™
#6  BFFE X iR K KR AK Sr/*Sr 5 Mg®/Ca”™ K& (a) f1Mg” /Ca’ 5 S’ /Ca™ KL &R (b)
Fig. 6 ¥Sr/%*Srvs. Mg""/Ca”" (a) and Mg""/Ca’" vs. St /Ca’" (b) of groundwater and surface water samples in the study area
Mg?"/Ca*" S /Ca* ¥R FE IR IUAE
F3 EMH T KR EEN KBS TFEIT (mg/L)
Table 3 Hydrochemical data of groundwater samples along the flow path
IR pH Na +K" Ca*" Mg*" Cl- SO, HCO5~
AR 1 GZ044 7.07 8.6 91.8 25.3 13.6 50.6 298.0
GZ044—>GZ001 GZ001 7.16 16.9 118.4 32.5 27.2 170.8 355.7
GZ001—~GZ003 GZ003 6.69 24.5 123.1 33.3 39.2 203.9 342.9
A% 2 GZ7042 7.21 16.0 101.0 19.4 17.7 89.4 349.3
GZ042—~GZ006 GZ006 6.84 29.2 116.9 25.9 31.8 145.4 334.9
M F 1 o A R W i, Mg R B, 3T 7K v i #4 REEHER
Mgz' SRS (3 4). N GZ044—GZ001— Table 4 Results of the inverse hydrogeochemical modeling
\ P vk e 4 AL 1 (mol)
O ﬁ ﬁg: E L@ ;FH ;‘ha 7’!& —oH ﬁ Q% ) IS& ﬂiE ﬁ ;—C} st o GZ044—GZ001 GZ001—=GZ003 fesst
(12 IS B 0 6 5 A R 9 8k A £ — 4 !
—5.017X 10 —3.095X 10" CaCOy
B A <0 1
L@ % TEI ﬁ Rz - Kﬂ{ﬁ&t d%h *E 1:/{% £ JL % {ﬁ. Hz=fA 3.391x10* 3.301X 107  CaMg(COy),
En =% ‘l‘l‘ j:
I Y IE 1 b 3.697X10%  2.961%10* NaCl
B AR 2 Ah F B R R A e R T A & K2 A (I CO,(g)  1.169X10%  3.345X10% Co,
55 ) & K b X, Y b R K ARG O ), E B A T R A Jrfikdi — 9618107 CaCo;
{Eﬁ’ﬂzﬁﬁ LJ))—’(E%E E,—e._—_ '“%I':ﬂ] COZ E]/‘J{*ﬁllz . L:j Mz A 2.677x10* CaMg(COs),
18 6.218X10* CaS0,-2H,0
PEAR 1A LU, A0 B I i R I, &3k 6.218 X . P
| M2 A 3.969< 10" NaCl
AR AAVAN
10" mol/L., H 2 A1 i i i O, (g) 1,904 10* Co,
H T A8 W5, 2 A SO & &1 m . CaX, 4.378% 10" CaX,
Ca®' BE SO, iy 3 Jin 1y 38§ Jm #‘&ﬁl‘ﬁﬁﬁ’%ﬁﬂ‘] It NaX —8.756 X 10" NaX

VETT I /D WA T 15.9 mg/L. AR MM S B Cl
Y R, B R 3.969X 10 ¢ mol/L. i T A
RV, Na B, Hoe Rk R i & 4 T
Na-Ca FH & F & 28 #e /E FH , Na©™ B - 3% Wi 8k & K2
A J5 R R T R B 1 Ca® ' s 1 Na B  E A
WL MR AR 5 K RE GZ042 ZE K RE GZ006 i Kk Ak 2%
oAl —%L . ﬂﬁTmﬂlﬂNa‘AEﬂmﬁ“JEE{aT"
AR S BB T A A, 3 T BEAE AR AR R

s &R FLBR K M A (XA 4, 2018).
4 Ziig

B BH T A H R KK A 22 28R DL HCO,- SO,
Ca Bl fil HCO4-Ca-Mg &I & & |, H E A 8 K (1) 1) [A]
H) A% A X 3 i 22 7K I Hb R 7K K AR 2E 4 0 Sk



%9

55 18 5 T 3 T 2K KA 2% A L 2837

JREA — M B KT Na' FINO, Ab, #i K 15 1 3
JR R 7K 2% 21 4 e S TDS B T F ok .
FOK I TR K K, T K R b 26 K i v K TR
FHEMARM T KRG, BA —EMBEEH.

L N ) A o5 i i s el e (= D
M, EEZWRHBUKRAT HREELAY
Y i 5 e /D0 VE AR R B L BR B R A R L fE
REAE 2 B 3¢ B, X3 M 6 UK RN TR K rp i i R
F B e R R A R XUAR O R S, O 7 —
FERR B 32 UURL & K 2 RE R R W TR AR 0 R I
) B, M6 /K 5 b R K 19 B4R A 6 R K 1
A B

K SC Hb Bk Ak 2 S 1 AR L 2 SR R S0 o B SR AR
— R E A TKE TR P RERAER
K — A AL 5 7 i A B LTS /IR R L L =
AUH AR SRV AR VE R 5 Bk R AR T R K
EH TR R EAFTHRATIRUEASA AT A
RS T RVE A R b A T B B sC R
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