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Table 1 Hydrochemical characteristics of karst water in Niangziguan spring watershed

2

j:j DH Ee/pSem- ﬂzﬁ/ K Na' Ca® 1w§;l Cl s0; HCO;,
ES mg-L
B 8.10 2500 25.90  6.56  193.60  375.80  79.78 327.90 1197.00  303.60
Bk BUME 6,96 479 14.00  0.72 6.26 62.11  16.50  5.32 21.74 12.14
SEHME 759 1100 18.37  1.84 4500  157.00  38.80  34.45  370.00  230.76
BoRME 849 2270 29.00  18.03  264.00  351.00  75.62 138.30 974.40  267.10
WFEK EoME 7.99 1767 18.20  7.66  65.86  194.40  47.19  58.50  578.90  197.30
EHME 818 1984 24.50  13.87  147.62  259.93  58.10 104.00  763.30  237.77
Bk 3.39 7250 27.50  2.99  343.00  495.00 415.00 144.00 4182.00 0
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Fig. 1  Hydrogeological sketch of Niangziguan spring watershed
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Equivalence ratio of (Ca>+Mg’") and HCO; in Niangziguan spring watershed
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Fig. 3 Equivalence ratio of (Ca”+Mg>) and (HCO+S0; ) in Niangziguan spring watershed
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Fig. 4 Relationship between SOZ_ and 8"S in karst water in Niangziguan spring watershed
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Table 2 Test results of 5027 and 8*S in water in the Niangziguan spring watershed

i SO;/ . . SO;/ .
TIX i G - 0"Sy_cor/ %o || ArIX g3y i N Sy cpr/ %o
mg-L ! mg-L "
Y01 63.58 22.26 Y14 181.6 24. 62
Y04 351.6 19.61 Y31 222.0 24. 52
Y05 918.3 24.97 Y48 64.2 17.46
T I Y06 487.8 12.27 1 w Ik Y55 293.7 21.18
Y07 307. 4 24. 87 Y59 272.6 22.65
YO8 386. 4 26. 06 Y61 193.6 19.08
Y10 257.7 22. 60 — — —
Y38 176.6 20. 52 Y45 252.8 18.03
Il AR Y41 139.5 19.16 Il A Y46 147.5 17. 00
Y42 357.8 10. 31 Y47 431.7 27.68
Y13 202. 0 7.49 Y27 793.0 5.05
Y15 733.6 6.04 Y28 821.0 25. 87
Y16 664. 6 9.41 Y29 331.3 4.80
Y17 975. 2 7.43 Y32 422.4 2.37
Y18 200. 1 14.24 Y33 396.9 12.31
Y19 177.6 14. 66 Y34 495.6 16. 45
I A Y20 155.5 1.21 Il| A Y35 541.7 14. 81
Y21 95. 68 6.46 Y49 1029.0 —0.21
Y22 916.5 22.06 Y50 105.6 15. 04
Y23 1043.0 17.30 Y53 1197.0 —2.41
Y24 1105.0 3.44 Y56 427.0 5.98
Y25 595. 1 8.56 Y57 536. 2 4.84
Y26 484. 6 16. 82 Y58 623.5 4.03
Y02 111.5 11. 86 Y40 112.5 10. 43
Y03 21.74 6.37 Y43 24.4 15.12
Y09 286. 6 14.60 Y44 231.6 0.77
Y11 320. 8 17.98 Y51 236. 2 24. 47
N A Y12 175.7 14.10 N wItE Y52 41.7 12. 24
Y30 29.12 17.02 Y54 349. 8 21.15
Y36 221.2 —3.54 Y60 117.3 16. 87
Y37 304. 2 —6.11 Y62 211.8 26.35
Y39 118.4 7.22 Y63 106.0 4.24
, e Qo1 185.3 8.31 , o QO3 326.9 18.54
N HER e 315. 1 17.26 : Gl — — —
— DO1 974. 4 —5.40 f@i@k D03 736.6 3.94
D02 578.9 4.79 w3k D04 4182.0 —4.58




¥ 38E W6

AFRLLAF IR IR IR K SO 0MS FRAE M R R R X 873

S"STHTE 17%0 LA I, e KAB A 22 e il 24 w) A
IR, N 27.67% W4T EH, T X 1T IX
Y06, Y42 547 F 24 s oo TR A DX Hp ] AR e b
B T A mo s B, vl il 1 IX I IXCA 3
KRS0, BRI T AFMEM. 11X 10X
Qb T SR A R T K AR T DX A B R R e R IX, K
TBAY K AT HEE R T 300 m, & K2 FEE N O, KA, A
WRBAY — AR K EEEZEKA B
A KB, KA E R, S8 51
B 55 JK 2 K2 A B e 2 I R AR L (K 87S
AT 55, 11T Y06 (12. 27%0) Fl Y42(10. 31%0) FE i
F SUS AE AR XA L Y06 ., Y42 Sy 43 A5 70 M 22 L2 X 1Y
)2 F K IR I AR 28 T B R 2 T R A
FrKIZ I R B 1k 2 A4S 5 K 2 Rl K A e, —
AT 1R K AR BR  (H B 2 B )4 RS, 0 HOR IR TR
Je T B I TR K, X Al FLAE A8 U g o, i 110K
PERER %%, B Bk AL T B A SR
FTOKIEP S X KA 2 5 SO, - HCO,~Ca+ Mg
HIHIHCO,-SO,~Ca-Mg %,

2) MK

I DX (P& 1), Ak Fl AT Ak Tl g )] A4 ol
A AT R SRR IX % X A R v ARSI T
TP AL NET R T RS AKCE YL, REEK
JZ R 0,x+0,s K 77, J& 200~400 m. iR K IG5 52 K
SREKANG SN B Z AR AN B AN o X — X
SRR S S AR T /&5 SO, & i, 8V Sl — R AE 17%0 LI T,
26 1 KBEFF A 19EER Y SO, & i85 T 350 mgeL™,
HoK Ak 24 26 8 3 %% SO, - HCO,~Ca - Mg i | SO~
Ca-Mg T4, &l 4 7R, I8 Uy 2 32 B4 (Y49) 8¥S (H
J=0. 21%0, b EFERT (Y53)8MSH N -2. 41%0, {5 TH
FA YUK B 5t G, 10 T U At 0 3 b 7K VR
(Y19) | K H W 1 B (Y32) Fi i 1 F HLH I
(Y24) 1y 8%'S {E L H A AL , 42 3 4 R 0 B /K 1) 5 A i
JC, U B X BE R Y SOL EERIE TR 5Bk
BIAT B AT 7 R R RS (YS8) L b A R R I
(Y57) R SRR I (Y15) (BREER BRI (Y13) FIv
SRR I (Y16) By 8 S H 7E 4. 84%0~9. 41%0 22 [0] , Ab
F 20 e TR A X H ARG A SR T 0 R 0™ BTk
Vs it G L X B & 2 i oK IR Ao AR LT
MEIRT AT 3 b e K S LRSI Tk 1) 84S )
FE 25 S IR R =5. 40%0 AT A 3. 94%0 B )11130] Ky
4. 79%0 LI 2 —4. 58%0) 53 AT , S5 38 PN 45T i 7 L

Ui 8 2 DX 7= 0 ARG PR 6 5 R R X S B I AN A
VR K, B 2 A 5K TS Y B K B A A R
T A T K S MEAR A FE R . R, DX P
ik 12 £h = X, §MS{HAF 5%o0 ~ 8%o0 Z [A] , 1% — Hb 17
JEIE IR A BT R X, 4B 1 7K 84S (B A4 S
S T RIRESEL 22K S T2 EE R
Vs 2 K 2 18] (4 B KM RE S BB IR AR X Bk BT
K AR SR Z R B IR AN (R 2 Y17
KK AL R 393 m, HJE L B )RR K KAL A 710
m) , [AlAf, R 28 R 5 NRA S EKZ R IR gL
FLIRAK R B R et 2 R 2 — . BRI
(Y22) g (Y23) RBIX K PEE(Y26) (LR (Y28) LA
K 7R V% 5 B A (Y34) H 8%S {8 43 7 R 22. 06%0.
17. 3%, 16. 82%0.25. 87%0 F1 16. 45%0 , 51 T 41 F V%
fiff it TG, 3K T 43 AN T BT 5 YR T [ £ il PR A R
B2 DX, AR XA K %S (B e i IX 3, 3 — 31 Pl [ s
Z VAL ARARL O 1) KD 25 DX FNAS M 3T Y5 A K B4 A B 5
B, P BT MR 4 (Y19) SO, f ' AE 200
mg-L" LU ARIE X .

(3) VKX

Fo TG R IR AR S AR T e LA A A s b
TFAKAMNA AR DX DL B G SR SR X (T 1)

SR 38 ZR AU B 2R T R U LA S R K R
4 RWXEKIZEERO, ef AT A e i ik K
HIO, KA A R E R — | 324 4 AR B
% X 22 BUHT He) 3 T R4 40 A0 10 5 A K Ik, 5
IR EL WK T, KA K EEEANARIR, b T Kz
A TR iz sh A K8 8™ . KIEER R L h
HCO,~Ca-Mg B, i fif P B EA/NF 0.7 gL' 1ZIX
SUSTE /A MR 22, I\ 4. 24%0~26. 35%0 W& o

(1) ME 40 F H, HA K kIR 2 43T
T HOR A X B A5 20 A, D6 W ot X 3 v K b SO
KR THERT GO AR R A, AT R 8 S E
H 1K SO A I T R B BT K M4 B U A7 04 L
B, DI B s /K K %A 1 s

(2) SR 388 25 355 B AR AL ik 1 2 4 R IX T K
FEEZRAERABING  HR L EATEE AR
WK 1 SO, Fr i — IR TE 20~40 mg L™ 2 ], H = %ok
TR TFHRIEERY SO, , HAT B 8 S 1 ;

(3) SRS AR AL M DX (4n 5 Y62 . Y51 854k ) K
A Bk b B SR Ve e 2] e BRI BR TR AR A
A2 AR s RABK UL SUSTHA BN SRS



874 I

2019 4

KIZE AW i A 8, S EUK T SOL A AN
B, W %S fE L pEZ 1 K

(4) A1) F€ B R Bk TR £h A X 7 W K BE i (i
Y44) , H %S BE AR (0. 77%0) , B3 T 32 Bk S b,
DX PN FE R FR A FrK 2 T 84S IEAR B I

7GR BHE X, R X e v K HE i s
BRI IRA M LT 50~100 m (8 AFER R ), F
BEKENO K, FHat. ARKEEWEMEKE
WA — A T LA R s B T8, SRRV I T
RE RO i 2R Kk A WA KAV . %
DX Vs R K DU I 0 32, 32 SR AR R M R A T
AR RES &K, FTRESAR G
IKPERE S H 2 M 3 1R S M, 7E R XGR 21 T 538
TRIER R AHKBINEE . RIRHE X L3 A SR
SRR (L), 43 DR IRPE SR (QO1) L B SR (Q02) Al
B2 SR SR R IR TSR B IR MFBIURIR A, Q03) ,
SO, S MBI ZH MWK 2. NE4TFH, 7
SR B IR SR Y80S ELA T VA R N S T, T I P
SR T 2 AT IR A X, I TR SR AR R SR K
R SO, 7 5 R R T A0 B AR A A T I SR K
H1 B SO, i FBORIR T 32507 1 ik 5 e Bk T
KA B IEANG 2 . IR P R K Y SOL SRR
A, T 9 T 0 S5 R A SR 3 SR K Hh 0 SO B i A
T, HAH

R O SR T IX : B TSR R, R SR
FHE — SRRV ICAZ T B R K AR
T 1 000~1 200 m, H1 T /KSR Sh 10/, Ak B RS
FAXF T , b X A TR K AR TO R , b N AR T 4 1
22 VR R O T R URAL AR K AL T IR
Ao WRKCARHAR D A L, R
TR E B KK AR 2= Bk, K A2 25 Oy SO,—
MgeCa K, TDS 25 3 406. 5 mg-L_] \HB ~ 2 496 mg-L_] .
SO; N 2 016 mg'L". CI" Ky 276.6 mg- L' F Jy 3.2
mg- L7 PRI T R K Ak T — Tl 06 I 2% 1 1) i R B
KA

5 & &

BT IR AR K T SO, FE IR T4
JE I A LA SRR 050K SRIUN AR K 1 8 S (H I
KNP A8 R0 IR PR IR R G
7 A7 78 RV R 0K (4 84S (#5118 P A K
(14 84S 1B A e KB 5 e /IME - (1) SR AP L | P R s X
HR KB 8YS (RO TE 17%0 L b, R H S0,

F BRI T B DIV 5 (2) SR8 I I XA K
Hr 0 SO, 5 5 1T 84S {E MK, 8%S {H — M 7E 17%0 LU
IR kT B N R A K Az BT K
YA TAT IR K 38 TR 2 LA R 43 Ml X 32 3 6 L A 2
B, SECUA KRS0, EERIE TR It
K 5 (3) SR 3R AU B K AR 0 T i i DASIM s IX, 2
WK R SO YR IR R A AT I AR AN, 3 5 B R
KA LA B AR B i A 1) b J2 25 PR 52 ) 5 (4) IR TG R
TE ORI SR AY SO, T EORIE TR0 HK, i
SRR SRk R 4 SO, T BRI T4 B TR

&% 3k

(1] ALapd, S0, sk, 45 1R B DL ALY R ) i
KRS - ok A S—Pb [l ks [J]. M2 {2k, 2018, 25
(1):125-137.

(2] 703, W, fL48, 5 IR S Il A BRI PR IR (52 22 (4 it
BRACSRHIE S s LT ] s 5 B4, 2018,54(1) :82-89.

(3] ZMk, Ersk, 2004, 55 VRO RS2 2RI IR
S P [R5 2H K% O™ 4 Bk IR s 5 [T ). BRI
2018,32(1) :56-65.

(4] CRESHE, 530, WA, 55 . BP0 X EY B0 R Il el 2
WS BRI AL R MR AL 2 WF ST, a4, 2016,32(11)
3431-3440.

[5] Ohmoto H. Stable isotope geochemistry of ore deposits[J].
Reviews in Mineralogy and Geochemistry, 1986, 16 (1) :
491-559.

[6] AT Walker , KA Evans , C L Kirkland , et al. Tracking min-
eralisation with in situ multiple sulphur isotopes: a case study
from the Fraser Zone, Western Australia[J]. Precambrian Re-
search,2019,332:105379.

[ 7] Dengfeng Li, Huayong Chen, Xiaoming Sun, et al. Coupled
trace element and SIMS sulfur isotope geochemistry of sedi-
mentary pyrite: Implications on pyrite growth of Caixiashan
Pb-Zn deposit[J]. Geoscience Frontiers,2019,10(6):2177-2188.

(8]  ZRETF AU ZR N H T =R EORIE AL F 5T ik i
[J]. RESHBRFF,2018,29(2) :159-167.

(9] by, sk, Askds, 5. o E RS K BB IR 22 2
FRAELT]. BARAIFIE I 1994 ,4(6) : T41-745.

[10] 17, SRIRVK, 23008, 55 . i atHl DXOR U PM, s T 7R 75 4L I8
Bk [F) 7 R AR AE [T ] B0 BERE2#, 2016,37(1) :22-27.

[11]  &hE, AEAS, BRssfi, 5 BT AR ARV m st bR E =
KA TR E R I S E Ak i AR [T, BREERE =, 2018,39(5)
2010-2014.

(12]  Z=m, H30, X030, % s BRI R AR 2R B HL
Hb R B R B R R ER ORI [T]. BREE RS, 2015, 36(8):
2877-2886.

[13]  Z/MiE, Xlisfl, Jal ), A5 VDT 4= K W K G Rk 1]
2R AL ARRAE K R YR AT [T). MbERER 2% (vl ] ot R 2 2
), 2014, 39(11): 1647-1654,1692.

[14]  9RIR, BT 2R L BRI AU R] 7 37 B V) B S IR T 7K



H38 % 46 AFRLLAF IR IR IR K SO 0MS FRAE M R R R X 875

BR AR VR [ T]. KRl 41k, 2013, 24(3) : 418-426. multi-isotopes (*S, O, H) to track local contamination of
[15] R, XUMSR, PR AE . 52 N 2 VTR ZR IR K ) 6 3 4 A the groundwater from Hongshan—Zhaili abandoned coal mine,

FRIERRSE [T ], K Bba=iE R, 2007, 18(4) : 558-565. Zibo city, Shandong province [J]. International Biodeteriora-
(16]  dblbyg, Wi R, T2 T, . Sl )07 3 405 7 e )5 tion &. Biodegradation, 2018,128: 48-55.

Rete[J]. 5P aifgt, 1995(4) : 360-366. [22] BV, BB, AT, & WVGIRTIC IR K 5 Yo e K
[17] T &, BT, ok, % . BIAkRBA K T S0; ik AT HERA Y, 2017,36(5) :633-640.

PEHET [T ], K SCHb o TR T, 2017,44(1) :9-15. (23] BKF, Edids, AR, 45 . L5 5 K AR FLRRAE B L
(18] AR/, sk, 2R, 45 . w4 Ll R 7K s g PRSI ], A, 2013, 32(1) £ 34-42.

A it 4 TR 62 25 78 B (T ). /K SCHB B T AR M T, 2014, 41(6) : [24] o by ST 2 5 4 S i ST I 9 BT L 3R - DG SR A LA . IR T

103-109. DRI A MR R BT 445 [ R 1.2004.
[19] G, BB, FkoV, 55 IRF IR BAR I — HEl XA 7 [25]  BKOF, AL, THER 45 IR OGRS (PR TV ) 5

ARG YRR AR B R A B LT ). M B R N 4z, 2015, 34(5) - ARG G IE A PN B AR SR 1.2015.

147-152. [26] e, W A F e E 5k T]. ki,
[20] k=i B FIRLIR6 207 ST R ARk oh SO i Fle i — 2008,29(3) :355-365.

B0 E W A MR A s R R T 2 s [ C . [27] AU, BE/NBE, XUNTRE , 45 . U B MG X R [RI26 %80 4 R 7K SO

AE R R IR EEARIE 2 (I ZHL%) , 1986:316. OMS [ 4R AR Lo R [H 5 [T]. 48 ML 5, 2014, 34 (2) -
[21]  Jianwei Zhou, Qiuxia Zhang, Fengxin Kang, et al. Using 364-371.

Chemical characteristics and environmental significance of SOi_ and sulfur
isotope in the karst watershed of the Niangziguan spring,Shanxi Province

ZHAO Chunhong'*, LIANG Yongping®, LU Haiping®, TANG Chunlei*, SHEN Haoyong”, WANG Zhiheng’

(1. School of Environment Science and Spatial Informatics , China University of Mining and Technology , Xuzhou, Jiangsu 221116, China;
2. Institute of Karst Geology, CAGS / Key Laboratory of Karst Dynamics, MNR& GZAR , Guilin, Guangxi 541004, China)

Abstract The Niangziguan spring watershed is located in the hinterland of the Taihang mountains, eastern
Shanxi Province, with an area of 7,217 km®. The middle Ordovician limestone dominates its aquifer group, and
the lower Ordovician is the aquifer floor of the aquifer system in most areas except the drainage area and part of the
recharge area. The middle-upper Cambrian aquifer formation is mainly located in the eastern and northeastern mar-
gins of the spring watershed. The karst groundwater in the spring area is supplied by the recharge of atmospheric
precipitation infiltration and river leakage, and the Niangziguan spring and karst water exploitation are the dis-
charge sites. The karst groundwater in Niangziguan spring is the primary source of water supply in Yangquan City,
which accounts for more than 70% of the total water intake in the city. In recent years, the total hardness and sul-
fate radical of karst groundwater in this spring area have increased, and the water quality has been deteriorating.
Therefore, it is very important to clarify the characteristics and sources of sulfate in karst groundwater of the spring
area. On the basis of previous studies, this work tests and analyzes the chemical composition and sulfur isotope of
karst water in the Niangziguan spring area were tested and analyzed, and studies the influencing factors of hydro-
chemical characteristics and the source of sulfate in karst water to provide scientific basis for the development and
protection of karst water. The research shows that, (1) SOif of karst water in the northwest and southwest of the
watershed is mainly derived from the dissolution of gypsum. (2) The karst water near the Wenhe /Taohe /Nanch-
uanhe rivers of the central confluence area is recharged by the river water which is polluted by the mine pit water,
or polluted by the drilling string in some areas. In the karst water, SO; mainly comes from the coal mine water.
(3) The SO; in the Chengxi spring is mainly derived from coal mine water, while SO; of the Wulong spring and
Jiquan spring is mainly derived from the gypsum dissolution. (4) In the northeast of the spring and the east of the

river, SO; comes from meteoric precipitation and gypsum dissolution, and is also affected by stratum lithology.

Key words hydrochemical characteristics, sulfur isotope, karst water, Niangziguan spring area
(it FHRE)
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