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BT, FE RN 7 CGE AR AR R TE TIRABISGE . Fairchild 2% 2 /K >4 A R
Crag {la (i WE A R K B . IRIEAE FH . A /K R IR L R s A R A it A STe DO R
L[] EZ AR 7R A K AR 2E BT . FER BT RUBE |, Treble 257X ISV me 5 70 38
9 afWEil 0] T AW AE 7= 01 . ZE MR B AR X 7K KA 22 R AR (9 52 M .- Tadros
SR S PG R 5 Harrie Wood T 4 7 a WA Rii%i7k Ca. Cl. Mg/Ca. Sr/Caf)7s4k
55 H1 ENSO A [RIFHA 5 S 12 H RN S AR AL 2 DA DG, FF @7 T 5 M 7K K fh 27 3 A 4 M
AR, AT, F R EPR B TR K AR K KA SRR i FE P R X
KA EVE B 9T 28 b T2 AR R B X K K A 24 A A 1K ek ] RS Rz
G B B B R IT . BeAh, STl sk X sk o+ S 2, McDonald 26058 it
X Wombeyan {17 i 7K i -5 i T 2 B AR TRFSY , & 31 2002—2003 4F i JE /R JE i K 1
TS KT R TR . Mg FTSr & ARG N, 2006 4% 8 P A HL i i b X & AR FE KT
BRI AR R PSRRI K Cat . Mo e B I R AR O T S A B S
MR, JEE TR R TR R, RIS, I A R T R AR T TR
T 7% 7K B M AR, B IR T2 VA K A R Tl 4 R A SRR R R A DR
o BT T 7K K AR AR ) BT AR i e 2 AR AL RO b ) i S T T
RS 7 OKAE PR RUEE 3T, 2B HAM /K B9 Ca® . Mg? . SO~ e A8 Ak Al I H i S A =
PF, AE B IR A0 S BT K 2013 4R IX Sl vty T AR AR R, , B PR H 7KK
2EAE LR e W —PL R I — B /R JE i — A~ 58 24 11 ENSO JE P4 T AR AL R AIE , TCvk B0 e I
AR BT BB, A0, D K T R e R 4 1 43 R o T A

AR B e 48 2R 1] B XS 565 2009 4 10 H 31 2015 4 12 H 43 7 7K W I E s A
2015 4F 8 J W& R MG TACHE . MVAERR . 2205 . Bk EE BRI K 34 RUEE 23l 7 7K 1)
HERAL AR RRAE 5 K B SC 2R, WA /K K AL 247 52 3 1) ENSO HG 38 H A9 8 AL RRAIE
I ISP AFF 58 178 7K 7K A AR U Ko X a0 o 57 A 2 R e g A K

1 W XA
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DR G eRGE T, W i BT 78 X AF 347
#713.09 C, 4FRF/K 5 844.85 mm, 7—9 H
RS TH], 2 K 52%., FE
B R AR, JEE A 10~60 cm™;
AR, 230~40 m; AR A
10%~30%. AH#E FE R A TR, sk
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Wb 3 X, A MR B R e RS 110°E 112°E 114°E 16°E
(K 2) o ks DL =1 —28 )11 &2 1)tk 1 X R
M—‘, Yﬁ"\é&@ﬁﬁﬁﬁ, ﬂ]ﬁ@j}t{jﬁ% Fig. 1 Location of Jiguan Cave

34°N[




1786 H % % | 2% i 2%

Avie | N2 B 3 B 4 (e s [ o EE 7 DN 3 (¢ (9 BN 10
1 7112 el 13 14 el 15 1617 7118 [ 2719 @ 3km

TE: LR TR B 2. R TR R R N5 3. BSOS LIAE R BE s 4. rhoely SEREE A N 55,
JU SRR 6. thoTly SR DR REBR U RER A 5 7. WoT il SRR - RS a8, i LRSI ;9. 5
VU ZR DA SR AAA B 5 10, KL 5 10 PRSI ;12 -4k SEI WL 13, JUbAE AL M A A RBINT AL ; 14, 4 41 R
2415, B ;16 JEIIWTLE 17, 3820 GRIINTSL; 18, IR 19, 3WT2E . VORI IR T R A 281 X b ]

&2 WFFEIX DX o

Fig. 2 Regional geological map of the study area

AR R B IR TR ZEUK R S OB 45 512 T T4
R 1 0B P A PR ARHESI, TR Mo b 0 — DI, 3 T I TR
VERAR KIS | TRl S R X 0 T LM R 7
R,

2 FEhnRE LI

XS TEE IR PN 8% ST WAL IR 2K A s, B Xk /K (LY XS) IR B vk AT (TGBD) , % Heik
17 M6 alfifl 7 OKFERE TAE, FRKFEEAFT 50 mL R WE LM, FHE 7
A1~27% 1« LI EEHNO: IR fk, 7 MIPH e K i R s e %, A 26 [E Perkin Elmer
2\ ] (¥ Optima 2100 DV HLUEHE & 45 5 T & 45X (ICP-OES) 5, il B 47 0.001
mo/L, R2%/NT2%; BETF 51 Metrohm 23 ] 4 761 1 85 T 5400, A6 FE A
0.001 mg/L, #2/NT 1%, 7K pHAE ., 3% (EC) FIHITEE WTW 2 /A7 1)
Multi 3430 2 ZHUK B3 A AR R, A5 BE 43 5124 0.01 pH H 37 . 1 pS-cm™, sk
HCO; 78 [ Merck 23 7 A= P~ (B BT B4 I a2, K532 0.01 mmol/L. 3 7K R h #bk
FIEHIE , B AR min, AFFT X EE MRS K RO B A 28 B R E R, %K
SR S H B0 5 N Tl s & 10 7 2OREEE I . B5d i b 31 5 3 B = 22
JH SPSS 19.0 1 Origin 9.0 5¢ i,

L, B T ECY R E TZ (K'+Na'+2Ca*+2Mg?*+2Ba”+2Sr™) (1725 4k 15 [l
4.94~8.82 mEq/L, “F-¥J{E 4 7.38 mEqg/L. FEF S ik ETZ (F+Cl+ NO; +2 SO; +
HCO; ) HY7Z8 k7 Bl 4.35~8.00 mEq/L, “F¥I{E 4 6.99 mEq/L, HLM -1z 2% FH4{H 2
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Fig. 3 Seasonal and inter-annual variations of dripping rate in the Jiguan Cave during 2010-2015
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AR &5 . & [E DL Nifo 3.4 X SST (%) 34~ H i sl 3 {HiELE 5k =0.5 C (<-0.5 C)
FESCN—IRIE/RIEWE (FLRIR) FFPY, [AR, SOILJE i M ENSO A8 fb iY & ZE 48 R,
SONEHF/RAJL/R IS m, GENAE w4 ENSO Wil s, [R5 &5
RS 2 AL bl 15 2010 4R 8 JL/R JE i 4F, 2013 4F ENSO & F ik, {H
Nifio 3.4 1 DX S AR P e MRS, 20154 A JE/RJEHAE . S22, H2010—2015, ENSO
2107 T WER e it—P e i— /R e H e [l A ad 72

F 5T 2 B AR JE T A1 22 X6 R R R B AT, JE IRAT 22 06 o+ AP, 81T 5
2010, 2013. 20154FMIRE/KE4M 5141 009, 434, 911 mm, FLZ4EF-1{H 43 % 165 mm.
K410 mm. {567 mm, FEJE/RJE AR b e MRAEFEAR i AR b, RIS AR K 2t B0 T By
AT R MRS WRAE ] e /R e AR L AR i Ft v, ISR IXAR R K & B BB B =X ml T[]
B, URAZ KSR AR i 7K R 7K A 2R R B 25 LA AR 1k

LYXS [ pH{ERI M Z WAL, TRER (KD, FEHEEINEE N 7.74~-8.04,
WS E A 3.87% A IX /K pH A 22232 4 T K Hhis i COL I ™, ZWAE, FEK
i L CO B2, 5K H RO 7= A Bk R 18 22 10 6 pH IR AR ;48 WAH I o
LYXS ) EC H T AR, ZM4FEm (1), HAEIHEINNER N 532~715 pS-cm™,
VSR N 34% ., ZTRARY, BRI 20+ S3H T Yt AlK, fECTHE, T
FAERZ o LYXS ) HCO; AR PR L R PR 25, WA B 2014 4737 T 552 bk 25 T e
(HARME : 3.1 mmol - L), HARRAEFR BT (E4), HCHFFR T J LA X
SRERAL, ALY A K AE CO S, /K S HCO; I REAZ 2 COBLTASEM, XHE
o [i) B 7K e 25 5 TG A 38 Sz e

T 6 aXe, XERMAK Ca* . Mg> ., SO ¥ BAFEPRAE b B 5858 IX ok
AR, HEZWERER . DIRAAREM (€D, HKCa . Mg~ EZRIE
T IR IRE TR IR ER A 007 s SO T ESRIE T LI IRMIGLY) . 24K
BRI e B IN T K Ca . Mg, SO RYMIE; /b IIAE, BRI, [k
R IEME RS , /Kb Ca* . Mg* . SO MREFEAL, /K Ba®, S5 M bk
B A rp A s A o6, HARRR R F Rk 22 SO RUE Rk E 257K,
AEENRB IO B AR, R ALEIE A A A IR Y A R, BBat . S
AEPRAR I ANEH B

BREFFRAEGY AN, /K 9 Mo/Ca S fk S BLIE ST ARR . T 54F d (A I . BF Y 2]

F1 REAKKUFETRELZWHAE

Table 1 Hydrochemical characteristics of cave waters in wet and dry years

HCO; Ca* Mg* Ba* Sr SO*

Mok pH  EC Mg/Ca Ba/Ca Sr/Ca

MBI fs-om®) /(TT)O " '(['1?' '(['l‘i' /(Sg' /(:lg)' /(['ff;' n0° 110°  /10°
) ZMW4E 957 7.85 677 5.93 101.54 32.93 0.018 0.081 66.80 324 0.176 0.798
LS +T54 606 7.93 592 5.59 90.25 30.26 0.017 0.071 50.92 336 0.194 0.783
Hi T ZW4E 957 7.61 343 2.83 49.59 13.27 0.032 0.113 32.12 268 0.651 2.281
i) +E4AE 606 7.59 346 2.78 46.63 13.30 0.030 0.112 33.54 285 0.653 2.391

ZW4E 957 7.97 505 4.35 6546 3193  0.032 0.085 67.10 476 0.483 1.350

K TR4E 606 7.96 471 3.76 5570 2754 0.031 0.078 5496 516 0559 1.383
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Fig. 4 Variation of physical-chemical properties of dripwater in the Jiguan Cave during 2010-2015
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ML R EGE /N 1, 3Z PCPRZMIE/N, N2 AR K I8 /0 BE T BOE 211 Mg™ X+
Ca L 5EkE®, FTL) Mg/Ca T 524E 5 . Ba/Ca Fl Sr/Ca A8 k¥t 5 Ba . Sre vk JiE A8 ik,
A5, HRERE LAWNES, HIFZEREBa . SrRENZ{k. TGBDIH/KMS N
PRARAS K HLAL PE R A B pl, T LY XS T /K 5 i RS 4, O BRI, 1158
135 TGBD 5 LYXS 1y Ca* Se DT E B 2k 5~V Y 43 3o 11175 42.23 mL™, HiiH
BT %, AN, TGBDMg/Ca, Sr/Ca. Ba/Calb{EJRiE T-LYXS (K5), HiL, A
FER 7 CTRER B PCP AR IR TS

T TGBD £ Wi, JLikiEsI/K, RADEEWE, HHAEMEARS LYXSHE
WEi—8E (RI3ZEES5) . [FEF, 3%k KA F R br A 2 Tl K AR 1k 5
R IKHZANEK R, HARAESAARAE AR AL AR (R 1) LA UK K
fesfdabn, K BUHREIA & b S e ENSO ASRIFA( 22 57 BT 1 A0 281 b X [ 7K B AT BRAE Ak
32 ETRE LKA ETUFEREHMEER

LYXS (1) pHAE SR SO I RN £ 225, HCO; WO I 251 28, W2
IK R COIE N, K HAsE AN, A /K pH E R HCOS 3w . SEBNAMZ. R
T 7E 2011 4F 12 F A1 2012 4F- 2 F i /K (1) pH L H BUAR SR BRAIS, J2 RNt AR S, 4
FEIY COL BB MTHE R, /b 1 R 7K BIV AT (K B 1) COL I A i A KR, 3% 7K 149 pH {E
BRIRFEAR

LYXS i ECth HA5 5 AR fL4SAE, 2013 4F77, HECERM AWM E S . BRL, WirE
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Fig. 5 Changes of ion concentration, ratios of Mg/Ca, Ba/Ca and Sr/Ca in dripwater
in the Jiguan Cave during 2010-2015
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-, MRS 1 R A 215 22 571k
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YER R T R A8, [RImF, 52R0ZUA) CO, M A e PCP 1 HIdL i #4447k b Ca™* i
fike M@ ZE B B /NF Ca™, 2232 3 Mg™ 1 /L R A2 . LY XS /K Sk iR AR 4L
TLHIY 16.7~20.4 °C, JREZESARN, flifF Mg™ B 70 e RECCEAR E , H 3l R o 4
/N 2011 4F 4 H Mg™ MR EE R B, WU A 02081 KR 38 e i e v e 55 R BT 30, Al
i, B BRI AR T Sr, BasCaRIRA S B L b i i BH S T R R R, DA
Je B RANTRERICR 2 —, HE e 2 IR SR ORI A MR, B
felEEEE sy (%2, &5).

R2 LYXSKUFER. BFETUHE
Table 2 Hydrochemical characteristics of LY XS in wet and dry seasons

ekt % HCO,/ cal Mg?/ Ba®/ s 502/
R R T L M ] . :
mm (uS-om?) (mmol-L?) (mg-L?)  (mg-L?)  (mg-L?) (mg-L?Y) (mg-L?)
2010— 7% 588  7.88 630 5.89 96.96 31.80 0.018 0.077 59.15
20154F = 194 701 636 5.62 94.70 3111 0.017 0.074 60.58

WK SO WeEEARfbaE A & . Fm, B, SR (F2. K5 ., MPRXIFESHE
2, By EEORIE N FR X R MR . 42, PR XN L, Inz BRI
FsZ e fi - 58 b SO &4, FEROKE G L3P SO; # AR, KR SO3
WeRE A o TR, KRBk iR B E AR Kt SO WRBEREAR, i /K i s 1k
fift SO Wk B M FAR(E A A I TRk 2 A 4y o

7K Mg/Ca R BN 520 . RS, FEE S Mg/Ca £ 22 /K-#1EH
i ] 14 ZE 4 R PCP AR FH A HN i i 850, Ba/Ca il Sr/Ca AR fk a5 Ba® . Sryfk EEARfh AR
—3&, PiBASr/Ca, Ba/Ca'tjBa*, Sr 245 T [RAERISAI [H 2,

3.3 BiZETMRE KK FETWEERZIMEE

20154FE-8 H 4—6 H, XPXGIetil iy OK AT T2 MM . I8/ SRR, Iz
KEFET129.2 mm, FES B . 8 H 4 H 15:00~18:00, M 24.2 mm; 22:00~
24:00, FH& 4.3 mm?,

X LY XS B9 W & B, i 7K SO0 R K i R AR R, S — B BERR K R ZI7E 3 h
Je B G| R 2 B B, 4ERE T 18 hAEfy, 4t 6 h iR mlvs 2 )5, 3250 Bk
KB, R R BT, XA RRRRSE T K210 h, )E R A RERE e (E
6). HISCHFSY, TEARBRRUEE L, LY XS K AREIK A SN AT Rk 24~ B 5 34
XS F R a NS, HRWARIKZ R 3 h, ATRESE Tk LR LR, 1EFREN
SREERCRET, MK BI T B E AR K,

TR AR R E S T LY XS KA 2=F8 bR AR b . AT & B LY XS 45 KAk 2= 48 b
AR VT RE[RI S A2 36 ZEROUN . FRRRAE RO I . LY XS A8 pH {EL K EC il bifi 25 1k 2R A 384 i o 2
T, RZIFR . pHAERX AR B T B K IR REAVERT , ANAFAE COBUN o IR IR I
ECZEPKT&EAIT . FEFHS . SATTFH R, MZRWE, A KR
AR TR T EEAMATRK, IR KB T &R AR G R, S ECHE
SHAB TR, HEC ARt 7R H IR KX 78 3 R S H W R kg .

[FIEF, 3 < A 3 Y B 2B A T T ) 2 TP G R R B K (MK B Sk
HIEEH TS, Ca'y Mg™ . Ba™. Sr i, TEMRFERNAEOL T 321G 2N HES, ¥
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Fig. 6 \Variations of ion concentration, ratios of Mg/Ca, Ba/Ca and Sr/Ca in LY XS

B (IR S (B 6), M2 aRY g, W32 e2 2R RV E R A .
T B KERIE R, 5 FrBr “E/K” Ca. Mg, Ba. S BT E ek, &k
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Cafy2sfb5 Mg” . Ba” . SP & FIREEMAELLTF—3, REEERMATES, HIHER
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3.4 Ik Ik 4k 2 33 R i T R 2 A O Rl R

20134F, [ FG %) M X il 38 F A S0 DR R E TR, AR R
434.6 mm, EAEN/48.5%; TRRFERIAIG, HEEERAET A A 8H % M. R
T AT XS SRR K K AL 28R K B, 45 F8ARTE 2013 ey T AR IF A I R sk, H
W EUFE 2014 4, [ 201248 H 201447 H, LYXSisEEZ L FRFE-SE, HAHE
20134 6 HAA Lo, BLEindiRe FRekaHE, E5) 2014 4 8 J BifiF&E /K i) b 2 55 in iy 4 28
WK, DEIE] 3o PR A S0 1 i b 4F 5 ZR i KRR I =, TRl , TGBD i Bl K 5k
2 amyWri (#13), UEHHR A 2013 4 it o T 4 A B 1Y SO . EC F 2013410 H
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JEAFEE TR (K4), HIEIRA12%, 20144E2 A i ECHEBEE /K rh 4% 88 7 & i T R
ME— A%, 20144FHCOs BRI FI% (£935%), 2013—20154F4F LY XS Ak CO. ¥k
W B AR YA 43 9114 583.8x10°°, 393.2x10°, 500%10°°, 1] Ui, CO, Mk B 7E 2014 4F-l,
L RIR NS, MmsEmE] HCO; o R, Ca. Mg™. Ba™. Sr™ 4551k i ik
7E 201442 A5 LR R (E15).

1 2013 4E s T R F RIS, TR 7K R K IR TE B R B K s & U 2 T i
BRI K ( “BAK” ) EEE RN, K" BVERETE AR F IR AR 2013 4F
AR T RS, i Ca? . MgPTE 2014 4F 2 I “Wr X RRE, FRIEST
J12434.8% ., 28.1%, BLHFH MR TR EKH T2 5 PCPAEHTMBRAZE R, 7E9 X —
WRBERE 7 A LU oK B B3 20 ok A BVE R T8, [WIR Ba™ . Sr#E9 Iy “Wri
K7 TFREE R TROK R BAER, X W 57K SRR 2 A MBS AH—5. 7F 2013
4£10 H J5 Mg/Ca. Ba/Ca. Sr/Catli it Eiash, & H T /K AE [BlE i B il [a] 42 K PCP
YEFRINGE K E 22 Mg, Ba. SrAHXT T Ca it Jeiku€ irec™., ik A 2014 4N 0,
FCa*. Mg 1= B B AH S Mg/Ca i A8 b I+ R B &8, {H /K 75 B4 F 7E Ba/Ca., Sr/
Cafi &AL (E5),

PG, X5 2013 4F it 15, KK A2 RR IR Al o AR A0 AE 2014 4F, 2l T
KT WIE R BT K RO R LAY . 200 2014 45 S, BEFE 2015 4F L /R SR i (]
MK 2, R EETREK A KA R AR IR IR IS K, AR 2010 4R 7K F (&
5), WA TR 7R KRB R JE T —H e B— B AR JE 1 Y 58 35 1 i P A 7K 22 S g o 7
HA—E R EBE .

4 4fig

1) FPRRJE I, XSGR KK LA RRIE AR AL RE M N ENSO MG 3R 5 | 2 (1) 25 ) 1| Hb X 4F- R
BRI AR HAERLR B 1 FA4F = 23245 T 1235 CO M itk i/ & PCPAE TS ; 7
JEJR JE 15 1) 22 T AF I 32252 45 T KO L B k& A/ 3 I . PCP A ks .

2) ZEWRE L, AR A Y B AR AR R I B AR RRIE . AR
W EEZ R AoKERBIgE . FEYBURIEER . K= SO E] . PCP AR &R 3= 145
BRI, B T A b DX AR K AR

3) HRERREE L, /KR AE 3 h A A7 e B R R , T /KA AL A R AR AN
[ i b 2 3 i B R i AR AR T AR fb i i g, R EZ B BOKINB B . 15 2830
N, FRBAE ISR ZE R, S5 K- R AR PCPAEHIRRA K,

4) Xt 2013 4F X e vt SR 2, SRR IR o I K 45 KA 2R FE bR 2014 45 H AR o
Ak, H5TRAE (20134) “EK” BN 5K (2014 4F) MIRRRAVERIA X, 2015
AR K KA 22 R bR AT 2010 47K -, 2 B SeE {1 I 7 S 7K X ENSO G #8311y R
7K 22 S e i HA — g M
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Hydrogeochemical Characteristics of Dripwater in Jiguan Cave,
Henan Province at Different Scales and the Response to
Regional Extreme Drought Event

LIANG Sha'’, YANG Yan**, ZHANG Na'*, SUN Zhe'?,
ZHANG Ping*?, TIAN Ning*?, ZHANG Zhi-qin®
(1. Chongging Key Laboratory of Karst Environment, School of Geographical Sciences, Southwest University,
Chongging 400715, China; 2. Field Scientific Observation & Research Base of Karst Eco-environments
at Nanchuan in Chongging, Ministry of Land and Resources of China, Chongging 40843;
3. Administrative Office of Luoyang Jiguan Cave, Luanchuan 471500, China)

Abstract: Geochemical dynamics of dripwater at LYXS and TGBD in Jiguan Cave were
monitored from October 2009 to December 2015, and the rainstorm from August 4th to 6th in
2015 was monitored. Characteristics of the dripwater, including dripping speed, pH value,
HCO;, electrical conductivity, Ca’*, Mg**, Ba’*, Sr**, element ratio, and its relationship with
precipitation, were analyzed at different time scales, and their responses to the extreme drought
events were analyzed. The results showed that: 1) At inter-annual scale, the hydrochemical
characteristics of dripwater responded to the precipitation difference between wet years and dry
years. It was mainly controlled by the dissolution of soil CO,, leaching effect and the intensity
of prior calcite precipitation (PCP) effect. 2) Affected by the migration path of karst water, the
leaching effect, the time of water- rock interaction and the PCP effect, there were obvious
seasonal variations of the characteristics of dripwater. 3) At single rainfall scale, the
hydrochemical characteristics of dripwater varied with the dripping rate. It was mainly
influenced by the migration path of karst water, piston effect and dilution effect and had little
relation with the time of water-rock interaction. 4) Affected by retention of the old water in the
extreme drought year of 2013 and the dilution effect of the new precipitation in 2014, the
extreme values of the hydrochemical indicators appeared in 2014 when the precipitation
rebounded. The decrease rates of EC, HCO;, Ca*, Mg*, Ba™, Sr**, were 12%, 35%, 35%, 28%,
89% and 95%, respectively.

Key words: Jiguan Cave; dripwater; hydrochemical indicator; different time scales; regional
extreme drought



