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L A P BOK B AL 09 B2 1 L K BT Ak
32 5 R AR L T EL 2 52 I ik R R A XA AR ol i
77 % AR A 21 8 4k 19 # 2 ] & (Tostevin et al. ,
2014;Li Xiaogian et al. ,2014), T/ SO,*
BER VAL AT R IR T A BV R AL Y R A R
ULRE A N 2515 3 ) By A (Liu Conggiang et al. ,
2008) , NFIRIE I SO, HA AR 6% Sso “F5 8”7
FEAE - PRI 67 Sson BT 12 38 JH T 78 BRSO, 1Y R IR
(Crowley et al. , 1997; Hosono et al. , 2007; Niu
Xinsheng et al. , 2014; Yang Xiuqing et al. , 2014;
Zhu Qiaogiao et al. ,2016) . #Rfj . B —¥) 6" Ssou /8
KM SO REAAAE R IR, EERATE:OKX
SRR 8% Ssor (< +10%0) 5 i 4k 4 S AL 7= A2 1
0™ Sson (<5000 FEAE K A T B M LA X 73 s O iR
AR A0 B A SR R R S B 07 Ssol BT 5 A B IR

FEA ) 6% Ssou (> +15%0) MELL X 43 (Zhang Dong et
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12%0 /545 (Mayer et al. ,2010) ; Btk ¥y & fk 248 —
5%~ +4%.Z [a] (Krouse et al. ,2000) ; f1 & | £ 43
HifE+14. 5%y~ +32. 5% [[] (Li Xiaodong et al. ,
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SO,* 3k¥H ., Hosono et al. (2010) 3 #F T EL
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1A A W Cln 2 i A IS AR U R 45 Hh ITE VR 2 R
7K H 5 Li Xiaodong et al. (2011) F 6* Ssoi 1 8" Oso
PO M 32 B VAT 7K SO Sk U, 3R B A A ) E Ak &
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Fig. 1 Hydrogeological map of Chadiangiao area and the location of sampling sites
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1—Sample point number; 2—town; 3—village; 4—sinkhole; 5—descending spring; 6—karst window; 7—karst well; 8—water cave; 9—

direction of groundwater flow; 10—direction of surface water flow; 11—subterranean river; 12—surface river; 13— stratigraphic boundary;

14—study area;15—{ault; 16— subterranean river outlet
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Fig. 2 Stratigraphic column of Chadianqiao area
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2014 4E 8 H XA N Wi /K (rainwater , RW) |

/K (surface water, SW) ., #i F 7K (groundwater,
GW)HEAT T HBORE R4 10 A dh . o MK AR
TAS b RAKAE 3 A KEE 6 4,

B Al R AR KA 5 LR 5 H 0D, 016" O, o B
FH 50 mL 3 O RRCR & IR FREM I 12 1
ek st HNO, 2 pH<<2, BT 6" Ssor 26" Osos
FEF 2 LA e SRR 46 . I 2 4 HCL 2= pH<<
2., 11 BaCL UL UE 4 SO, ° 58 5% 4k hy BaSO, TTVE »
FER ) DTPA 50 FHICVE 5 047 24k, 1 4 20 ¥ 1)
BaSO, ki, ¥ 75 208 AR 2% 2 b B 4l o K 42 (X
DOM K. KA RAEFH 0. 45 pom Y& B 98 Bir A7
IKHEE 4 C 2R

FES I : Ca®" VHCO, — IR B2 31 A1 Ak 5 3 B3
Y 7 G BE 4y 5 9 2 mg/L # 0.1 mmol/L. H]
WTW3430 370 5 /K /& pH. &G PR B2 0. 01, FH
B Mg™ (Na® (K" HJE 7 IR 635 2 CAAS) i
BB SO (CU T &0 A 3% CHPLO)
G, ODuo I 8" Owo BE JH B 5 R i % I 3 X
(MAT253) 0 & » A BE 23 50 48 T 0. 126 F1 0050,
8 Ssor Fl 8" Oso £ 2K F JC & 43 #7 {X (Carlo Erba
1108) 25 & Fa 58 RV &K i % Y (Delta V Advantage
A MAT253) W K B 3 B AL T 0. 2%0 A1 0. 5%
FE 7 (SO, (Cl ) FHE F (Mg \Na' \K')#l
0D 08" O B T 52 T4 76 [ - T 45 2 0
J5T % 5 B 58 M A s 52 R

3 R 50M

3.1 EHARKLF4E

1 RBT WG X MK b KRR K 5
AAb2EA N, WK R pH 2 6. 85, B i B P, /K fk
AR SO, —HCO; « Ca B, 7E 3 PMHLE K,
SWol ) pH i (2. 7), SO, > ¥ & & ik 705.79
mg/L,HCO, ™ Tk th . K fk 2% 2 A2 SO, « Ca
(Mg) %I, SW02 F1 SW03 fi§ pH 43 %K 7.23 F1
7.69, BB T LA Ca't o 4 B, HoZ e Y
([Ca®" ], meq/L) >75%; B & F LA [ HCO, ™ +
SO ] i 4 gt #, B LSO J Fir o5 b i)
[HCO, 1, H itk SWo02 5 SW03 f#) 7Kk 1k 2# 2 1 Ny
SO, —HCO; « Ca B, i F/KPH pHFEG6. 6~7.7 2
]34 H 2 7. 35, WS AR B 1. BH B LL Ca®' Al
Mg®" H4 XL #, [Ca®" +Mg*" ]\ B HE F 2w
MER 902 L L [KT +Na™ IR 102 Bl 7 LU
[HCO; +S0,” 1(=>95%) 4 xf fh#. GWol,
GWO4 A RAE AL [LHCO,~ 1>[80,* ], kb2
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Table 1 The chemical composition of rainwater, surface water and groundwater from Chadianqiao area
T t N2+ 2+ 2 ~ N
on K'+Na® | Ca | Mg (mg/\L) SO, [ nco, [ @ Kb .

M 7K

RW 6. 85 0. 47 6.98 0. 24 12.36 9.31 1.38 e
K

SWo1 2.7 13.42 92. 14 32.8 705. 79 0 2.79 a7V P, !(
SW02 7.23 12. 42 112 17. 65 256. 15 124. 04 5.08 b 2 O P!
SW03 7.69 7 90. 76 12.53 150. 1 144. 71 2.76 b 223 Ty yn!
R K
GWol 7.54 5.71 84.8 10. 12 94. 53 181. 28 4.42 HUR R Ty yn®!
GWo02 6.6 5.82 69. 87 9.75 152.78 79.51 1.46 TR Ty
GWO03 7.27 5.92 93.8 9.71 136. 72 154. 25 3.29 TR T1y?
GWo4 7.35 4 76. 33 3. 66 47.22 176. 51 3.16 H 7K 7 IR T,y
GWO05 7.7 3.61 69. 68 40. 22 58. 33 338.71 4. 27 TRER T, gt
GWo6 7.61 5.66 94. 75 23.57 54. 06 301. 34 7.64 I Ty yn?*

A AEBH BB AR .
3.2 EMIEHIE

M K H) 6D, o 18 22 1k Y5 i Dy — 45. 7% ~
—32. 1%0, F-3IE 2 — 40. 47%0 56" On, o {8 25 Ak 5 B
H—7.19% ~—5. 01%,, FH{E N —6.33%. #F
IKI 6Dy, o fH A F —56. 2%~ — 46. 4% Z [i] . -3
HA — 52.62%0; 6 Ou,o /0 T — 8.45% ~
— 7. 34%0 2 18], V- {E S — 8. 1150,

R IR 0° Sson {H 22 Ak 0 Dy — 12. 9874 ~
—7.58%0, EHIH K — 10. 49%0 58" Oson {45 A7 H
—0.54%~+9. 13%,, F{H K +4. 66%. H1TF 7K
) 6°* Ssou (A T — 14. 32%0 ~ +16. 58%0 Z [a] , F- 1
18 h — 2. 87%0 30" Osor fHA F +2. 81%0~ +14. 35%;
Z ] P S {E 47, 06%0,

F2 FEVHRHMERAMTAKHEMLERE

Table 2 Isotopes values of surface water and groundwater

from Chadiangiao area

8D, 0 (%) 8" O0m,0(%0) | 834 Ssou (%0) | 618 Osou (%)

K

SWo1 —43.6 —6.79 —12.98 —0.54
SWo2 —32.1 —5.01 —7.58 +9.13
SWo03 —45.7 —7.19 —10.91 +5.4
iR K

GWo1 —52.5 —8.02 +3.03 +8.98
GWo2 —51.6 —8.1 —14. 32 +2.81
GWO03 —46.4 —7.34 —10.49 +6.02
GWod —54.7 —8.45 —6.8 +6.72
GWO05 —56.2 —8.37 +16. 58 +14.35
GW06 —54.3 —8.4 —5.19 +3.48

3.3 FKMigRIK MK SO, MR BEFAE

Li Xiaodong et al. (2010) M 1545 i 1 7K 3% 73 b
32k SO2 ¥ BEETE 63.1~110 mg/L Z [a], F 1y
{H K 84. 24 mg/L(n=>5) ;# F/K7E 30~61. 1 mg/L
Z [, ¥ ¥ {E N 45.55 mg/L (n = 2), Jiang
Yongjun(2012) 145 4B 3 (4 2= g 44 R i b ¥ 378
MK SO, WEEFE 4~5. 2 mg/L Z ], P H{E N
4.5 mg/L(n=3); M F /K IE 46.8~72.6 mg/L Z
[a] , SEF(E N 57. 66 mg/L(n="7); #0 F/KH{E 1.3~
91.4 mg/L Z A, FH(H K 32. 7 mg/L(n=36), 5
R 3 b DX A G S A 5T X KL B e K Ml TR KER 2 B
HAE SO R R (R D,

3 4 SO TEFI K bk \Hb T 7K v 4 43 A1
T . BARRE A R KR SO e BE /NI
RIS M K > b F K >TR K . B 5E X AR 7T LA Ry
T EREUR . S O BE 2 R HEAE P S JA FL B0 o oRE
A7 S5 ARG 1 e o 5 M A D R K R 22 3 e A A
UV S S B 1) 2 7 7K B I b R B f
MK SO R E . BAREE S KEAHT
SO.* Wy FEf# (Bottrell et al. .2000) . {H H:xf SO,*~
IE —ZEm e )1 (Guo Fang et al. ,2014) , =i
JE SO By RARI T B szl v KR S B A2 A
K E AR S W R L W BE A i A
I ok SO W Z/N T RK . Bk 22
FER B IRKIRIE I V8 M 19 R SO, T35 B 00 e 45
A ORI XS B R K R SO e BE 2/ T 3 5%
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Fig. 3 Concentration of SO,*" of rainwater, surface

water and groundwater from Chadiangiao area

3.4 HiRAK M TKIERIE

A ML DX b R K bR K T L R A R
HiZROK H TR K BTk IR G R i e W Bk R
RN X0 ) N N SR 7 /7
IKARH ) 8Dy, 0 8" Oy o 812 38 FHF U0 i 7K
IR A K R ) #N 45 k T (Long et al. , 20085 Li
,2014; Yang Pingheng et al. ,2014),
Craig(1961) F 1961 44 H T @8k KK LM
6Dy, o Ml 6" On,o K FH T5 2 : 6Du,o = 8. 06" Ou,o +
10. 0;Zheng Shuhui et al. (1983) 44 H T H E KX
R TR 2R 19 6Dw, 0 il 6" Op, 0 X F& 7 B : 0D, 0 = 7. 90"
Oun,o+8. 2B J5 SUA 43 23 th T 74 Fig b XK AUk
KR Du,o Ml 8" Onyo X F 7 Bt : 0Du,0 = 7. 966"
Ou,0+9.52(Zhao Jinfeng et al. ,2004), &l 4 #f
PLE L AR 58 DX b 27K 3R 7K H 6D, 0 fH 6™ Ouyo
1B 2 B v 7R VU g b X R AR K R B T 3R WA 5T
DX b 7K H R K R b 25 R IR 32 2 RARE K. RE
T 7% 76 H2JE B A b R AR AR I sl B b & 2 31—
FE TR 25 K 52 T K G e 9 KT 4 VA B
SIEEPHETBHAMT FKZ, ZERKERY
M 45 55 o PRt b 2R 7K 9 0D, 0 18" O, o B80T 7K A
(H 4),i1X 5 Yang Pingheng et al. (2014) g9} 5 4%
A

4 g

4.1  RBR XY RRER A R B R ST
E AR R A A [ AR 1 T &
i, & CO, — 7K — 45 = H 3 25 °F #7337 (Yuan

Xiaoqgian et al.

8DH2()$H 818()H2(){ﬁﬂ/‘.]?é/%
Fig. 4 6DH2(,and o8 ()“2“ of surface water vs.

Groundwater from Chadianqiao area

,2008), M HAT CO, & 5 ¥ i i TR
AR KRR [Ca* T +Mg*" ] s [HCO, J=1:1,
H =
Ca,Mg, ,CO,+H,O+CO,=xCa’t +(1—x)
Mg?" +2HCO, (1)

WF T X M K B K FZH & 7 [Ca®t +
Mg*" JH EZ B &+ [HCO, ]E‘J?EBEB‘G?%KWH*
T[Ca® +Mg"" ]: [HCO; J=1: 1% YHELK. N
TAE M2 n A4 I (& 5a>,iﬁ‘éfﬂiim%7k\ﬂﬂ?7kﬂlﬂ
MRS S TRRHAENER. CAWRE
B B SR AN R i sl ok i B R T LA 2 5 Rk R 5k
A0 fE (Barnes et al., 2009; JiangYongjun,
2012) YA BRSO T BT

3Ca, Mg, CO, +H,SO, +H,CO; =3x Ca*"
+3(1—x) Mg*" +S80,*” +4HCO, ~ (2)

FH 7 A8 (2 AT XY IR i R 2 /) 2 5 1 i ok
BREh 4 if . K R v [Ca®" + Mg?" ] = [HCO,  +
SO J=1+ 1, WFFEXH LK H T K FEZHE
[Ca’" +Mg"" IR EZHE F[HCO, +S0," ]Il
MWK REALT [Ca® + Mg*' ] = [HCO, +
SO J=1+ 1454k I KM (B 5b), 3t i
5% DX R R B R AL 7] 2 55 1 o R 6 o 10 A fie TG ik
M &5 5 10 7 02 b R OK L HL R K Py Catt
Mg*" HCO,  F IR,

MZKH ) Ca®  Mg™" 32 B2k I F ik iR £h 2 K
b B oK U S5 47 b R 1 5 85 86 JBURL Y (Han Guilin
et al. ,2006), /K H[Ca®" +Mg*" ] : [HCO, |l
WimEg 71 18R AT HA M & 5a) 5 40

Daoxian et al.
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surface water and groundwater from Chadiangiao area

ALSO,? I, [Ca*" +Mg?" ] : [HCO, +S0,* ]
HEEGAF 1 1 4% B R S, W s R i
Z: 5 7K B U ) T AR
4.2 6"Ss0s 0" Osos B S SO, RIR
4.2.1 HiFRK . HTK SO, BEKRIE

WFFE X+ T 2R AR S B85 . A2RTE )
B A T ILP NG s 2R R PR 7 40 2
A P R REAR LA it I8 £ D PR AR I AR TS TS K LT
b 7K Al R B B R FT LA Z B ST AR s oK
MR KA FE AN G R U T K A SO MR BE s
12. 36 mg/ L, A i & W A2 A 5% DX 1l 3R 7K L 1 R 7K h
SO W— A, HE 2 FH.EMIX P, L,
P,e . Pd )Z2HHFEWEE . T g )2 I F 08
L2 TP Ak 0 B AR AR RN A Y I S R 2 1 b
K GHE TR KA SO &, O U .

Fe(OH);+2S0,* +4H" (3)
CaS0, & Ca®" +S0,? 4)

Jiang Yingkui(2007) 57 % 0 1% V197 1 34 48 Al
AR i R AR B ARG R K A
F b F K H R K AG SO, R, HL . WF 78 X M 55
K HL TR K A SO 8 Ak I8 2l RS K.
T2 A ) BRI
4.2.2 HbRK Tk SO KiEIZSH
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ERAZAFELEZPTAHEMN O So HE Ik
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6] (Li Xiaodong et al. ,2011), Bf3F X £% H =5
R 5 R HM)ZE R WL FE R FR 0 JZ S A o R I+
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7 Bl s @ SWO01,SW03 .GW02,GW03 Rk & o
Ssou H A7 T BE 2 Bt A6 9 S8 Ak ok U535 LN s @ SWO02,
GWO04 .GWO06 SR A it i T R AURE K FHE 2 Bt A6 )
ALK IR I 6% Ssou (B T B, T Tk HERA X 43 HOR I @
GWOT RAf gl Sr T 3 AW 70 Bl >R 15 110 g A3 [
GWO5 NS IER T Tog' M2 (& 1) e 225
AAEE D, A NERE GWO05 R SO
M) FEORYE . SWOL JH B 88 I i 8 5K
pH X% 2.7,S0,% W&k 705. 79 mg/L, 6™ Sso
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Sulfate Concentrations and Source Identification in Different Water Bodies
of the Chadianqiao Underground River Basin in Central Guizhou

REN Kun"? ,PAN Xiaodong"? ,LAN Ganjiang® ,JTAO Youjun"? ,ZENG Jie"? ,
MENG Xiaojun'? ,PANG Yuan"
1) Institute of Karst Geology , Chinese Academy of Geological Sciences; Karst Dynamics Laboratory ,
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2) International Research Center on Karst under the Auspices of UNESCO, Guilin, Guangxi, 541004 ;
3) College of Earth Sciences, Guilin University of Technology, Guilin, Guangxi, 541004

4) Guangzhou Water Research Institute , Guangzhou, Guangdong. 510220
Abstract

The Chadiangiao underground river is located in karst areas in southwestern China, where the
movement of the water, including rainwater, surface water, and ground water is extremely rapid. The
groundwater in the area is an important source of local drinking water. This study measured the sulfate
(SO,* ) concentration of rainwater, surface water, and groundwater in the drainage basin. Deuterium
(6Dy,0) and oxygen (5" On,0) isotopes were used to track the source of the surface water and
groundwater. Sulfur (§** Sgy, ) and oxygen (8" Ogy, ) isotopes in the SO,?” were employed to identify the
source of SO, in the surface water and groundwater, additionally, to quantify the proportion contributed
by the different SO,*" sources at the underground river outlet. The results demonstrated that 1) the SO,*~
concentrations in the different water bodies were (in descending order) surface water > groundwater >
rainwater. The SO,*” was more enriched in the Chadiangiao underground river basin than in the adjacent
river basins. 2) The major recharge source of surface water and groundwater was precipitation. The SO,*~
was active in the dissolution of carbonate rocks in the river basin together with HCO,, as well as in the
dissolution of the calcium/magnesium particles in the rainwater. 3) The 8 Sy, and §'® Og, values of the
surface water ranged between —12. 98%, and —10. 19%,, and —0.54%, and +9. 13%,, respectively. The
5% Ssou and 6 Ogy values of the groundwater ranged between —14. 32%, and +16. 58%,, and +2. 81%, and
+14. 35%;, respectively. The SO,?” in SW02 mainly derived from precipitation, whereas that in SW01,
SW03, GW02, GW03, and GW06 mainly derived from coal. The SO,*” in GWO05 derived from gypsum,
whereas that in GW01 and GW04 derived from mixed sources. 4) At the underground river outlet, 13% of
the SO,*” derived from precipitation, 40% from sulphide oxidation in coal seams, and 47% from the

dissolution of gypsum.

Key words: sulfate; sulfur and oxygen isotopes; different water bodies; source identification;

Chadiangiao underground river



