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Abstract: To explore the characteristics, sources and main controlling factors of water chemical ions in surface or groundwater of
Poxin underground river system and the implications of carbon stable isotope, the authors collected hydrochemical and carbon stable
isotopic data from 38 water sites in the Poxin underground river basin and did analysis with stoichiometry and isotopic method. The
results show that spatially, the chemical ions in the mainstream of underground river vary significantly due to the effect of the
regional rock types and the dilution of the tributaries. lon proportional analysis shows that the precipitation has great influence on CI°
and Na”in some springs, and the main type of carbonate dissolution seems to be limestone in the study area . The Mg*"/Ca’* molar
ratios of surface water and water in ground river skylight are negatively correlated with HCOs™, indicating that, at the macroscopic
scale, the dissolution will become more intense with the higher HCO;™ value, and H,SO, and HNO; will participate during the
weathering of carbonate rocks actively. Silicate rocks weathering has contributed to Ca**, Mg’", Na"and K* of surface water and
groundwater. Mining activities and agricultural activities have a great impact on the generation of SO, and NO; . The forward
model of mass balance shows that, owing to regional rock types and hydrological conditions, water in surface and underground river
skylights is mainly dominated by carbonate dissolution, whereas silicate dissolution and atmospheric input also contribute some
components, and hence the ratios of three sources vary greatly spatially. The dissolved inorganic carbon (DIC) in the water is mainly
derived from the dissolution of carbonate rocks and the soil CO,. DIC and the 6”Cpic values are obviously different between surface
water and groundwater, and are negatively correlated with 6"Cpic, implying that the more DIC from the soil CO,, the more intense
the dissolution capacity of the carbonate minerals. Based on the data from this study area and previous study in upper, middle and
lower reaches of Xijiang River, the authors detected that both of data support the argument that the aquatic algae can apply DIC

transport to organic carbon, and forms a stable carbon sink.
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Fig.1 Hydrogeology of the Poxin underground river basin (modified after 1:50000 Hydrogeological Report of Fengshan County)
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Table 1 Chemical composition and stable isotope ratio of water from the study area

AR KA pH HSE KE Na© K Ca¥ Mg®  CI SOF HCOs NOy TDS  §"Coe
PG-11  7.42 198 244 402 202 33 318 189 147 103 426 180  -10.6
PG-12 758 269 222 204 1.8 476 228 212 5.1 151 574 234 -10.96
WRARE  PG-13 737 318 196 145 066 659 1.93 214 819 196 1.1 288 -13.43
PG-14 749 322 198 1.63 083 605 2 2.3 8.3 181 402 275 -1255
PG-15 754 312 198 162 074 575 188 202 706 173 688 264 -13.97
PL-1 847 276 261 646 154 425 51 234 264 134 22 235 -11.19
PL-2 732 315 222 244 154 568 229 244 563 183 122 273 -11.09
PL-3 876 178 260 271 06 247 242 156 3.99 88 354 146 9.5
PL-4 812 228 262 29 076 365 272 195 547 127  1.08 197 -10.15
PL-5 7.8l 163 231 349 066 233 264 1.7 49 858 2 147 299
PL-6 827 196 235 359 072 298 288 2 6.07 104 417 174 9.7
ok PL-7  7.69 165 212 338 05 238 277 164 482 85 44 146 -8.75
PL-§  8.12 151 244 352 047 267 29 158 539 976 109 158 -85
PL-9  7.66 139 199 372 073 222 298 195 439 88 134 145 922
PL-10 155 022 581 139 124 326 338 346 703 -11.27
PL-11  7.74 170 227 234 053 201 154 166 217 425 637 118 -12.68
PL-12 776 213 245 242 058 34 202 253 513 110 44 184  -15.01
PS-1 739 349 196 9.64 1.08 555 7.04 298 334 180 114 308 -13.16
PS-2 735 470 192 053 011 96 024 154 708 268 436 383 -15.74
PS-3 747 437 186 336 0.8 805 479 075 753 257 213 381 -13.94
PS-4 770 409 212 06 013 819 028 132 638 230 574 329 -13.68
PS-5 739 372 187 028 0.4 80.1 04 3 792 224 772 328  -1447
PS-6 745 451 194 086 0085 763 922 1211 521 233 1487 357  -13.5
PS-7 766 263 209 048 01 58 059 109 617 167 1.6 239  -13.02
PS-8 834 175 181 277 018 301 275 089 17.1 913 146 163  -9.96
PS-9 748 394 182 0.69 0.3 859 024 16 818 234 7 342 -14.87
PS-10 752 352 186 05 006 771 028 134 835 219 194 313 -14.94
RK PS-11  7.52 437 187 054 023 815 1012 157 693 280 326 393 -13.72
PS-12 723 397 202 045 167 528 09 09 461 171 124 235  -10
PS-13 737 318 196 0.63 047 596 3.06 156 773 178 59 268 -10.94
PS-14 7913 405 19 085 06 848 225 088 1577 241 135 358  -12.1
PS-15  7.196 433 19 259 036 766 462 148 57 260 291 382  -14.13
PS-16 024 0087 733 034 1.1 537 222 005 308. -14.38
PS-17  5.11 325 233 021 002 665 014 125 629 202 005 281 -128
PS-18 8847 1639 26 294 2367 163 049 149 7.02 90 0.05 147 92
PS-19 7452 333 215 012 002 72 017 1.1 511 220 005 304 -12.05
PS-20 7281 477 219 025 0.02 103 058 155 4636 252 005 412 -11.98
PS-21 7.806 451 237 0.6 002 786 353 12 654 255 005 351 -1435

T pH ICHL, HL 48 KR 23 30 puS/em  °C, 67 Core B D9 %0 , HoA hy me/L

5.2 IKLFEEFRIESHT

5.2.1 ClI#= Na' kIR 541

CI'/Na'BE 7K Hel % 5 FH A A B 521X 114 CLA
Na R, X LEAR P A5 R K i A SR 75 3h

20 (Roy et al., 1999) . & 53R (2005)IN K, 2K A
VR B R BRK ii AB) CL/Na BEJR AR M 1,16, [H
AT LA CLU/Na' LUAE H Wit 58 X 1 C1 \Na' 2 752k
T TG K E A o B 25 RAE S LR Na fH 5 A 3
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T ST PH B 1 B M R B A AN

— I, SO SRR F G b4 (1) S AL A
Bl LA S KU A9 % A (Wu and Han, 2015; Li et
al., 2011) ,NOs W R T A0 3 (G i W&,
2016; EJRH4F,2016) o HEL UL N 7K 28 SO
FINOs W FEEA— , FARME AR S 2 [ 22 T — 44K
R, I LA T AR OGN, BRI, A R R
IFAE—2 HEBIE X N AR RSP SH R
e (X 7K 555, 1990) , I LI 9% X P 32 A7 TE i
B R0 RO TG 8, — 7, KRR & Ak
JEEE BRERET 2 K K AR H (Meybeck, 1987) , )%
NRXH (4) o T3 — D7, TERG b B v, P i
32 | B TR R 5200, Bl 2 K AR A8 1 A |l AT 3
W, 27 SO SO B /K AR PS—1,
PL—1,PG—11, XK S0 TH R TG sha4 &
BE N, AR 2 TRk, N SR I Bh A Ak A Ak
AYLE R, iR K 5 PS—18 . PS—20 Y& R0 153 B
Hi A A e ZR AR TR R A R P (1), DU R 2 i 5 X
WAL A A2 R . AR KSR SO Wk B A
e SIS T B3R AR AT SO Bysmm DL ORS
ORI A o BIFST X Rl S0 = BN RN, 7
Tt & RACNE S KA G & A A G ke A | R K
5 23 S A R AR AR SO AE I NOy (R RAE,
2016) . LA, A3 1K HERL , KA TR TR R
WA R —E M NO, (BRI 5 ,2012) , HAHXT Rk
VEDTHREL /N o TRIUL, s A ) B Ak 0 A8 AL RR B 3
R X SO 7= A 1 BRI, AL T 8y, A
55 K A HER U] 12 X NOs 7= A 1) 3 ER I .

4FeS,+ 150,+ 8H,0 — 2Fe,0:+ 8H.SO,  (4)
524 B F kR EHSH

Zi Bk M, N6 6t BH B F 1) 5Tk 4K
o B, ZE 3 I FH /K AL 27 1 AR R ) 45 b 38 /K R
MR R %R BRI IR ER A KA AR R &
F AL TTRRCR JEA T A BT . AR KA
SR ICIE H 224 8K PS—12, H CI/Na' i i 1.3,
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A R o i SR AR e, e Cl =
0.025mmol/L. F& {1 % J7 2 2 B4 (Xu and Liu,

2007) , B4R

[CI ] geie = 0.025 mmol/L (5)
[CI Juver = [C'] eyetic + [C1] agricutune (6)
[Na T = [C1 ] yetc T [C1 ] agrcunre + [N Tuiicae (7)
KT e = [K 7] e (8)
[Ca™ ] e [Ca™ ] cuonne + [Ca™'] siicue )
[Mg™'] rver = [ME™ ] carvonaie + [ME7] siicate (10)
Mg* 7 siicae/ [KT sicarc = 0.5 (11)

P TR B R o RN PR 7 X6 T K AR A
XT BT ik 6 8 ok R ME L 3R AT 2R H (Galy and Frence,
1999) fif: i £k 5 KL 1) 5T 9 Ca®*/Na” LA 4 0.2 F11
Mg /K HAB N 0.5, 3% FE 0] LRFE E=CE
(12)

Mg Jiver = M@ Tcutonse + [K T siicac ¥ 0.5 (13)

Wi AT FR TR, A LA R R G
RERRER A AL DTk

X = (14 % [Na " Tutewe + [K "] sticue)/ ([N " Jiver
(14)

= RURICHTT RS R LR 9, 7E R KA R
TR 5 KAL) BTERVE R 0.46~0.9 , kR £E A A
A4 BT BRTE A 0.06~0.42 , FS i A B BTk 3 Bl
0.04~0.13(1&1 9a) ; 1 7FHu T 1] K7 A AE i o, ke PR 8
B TTERYE A 0.78~0.93 , kR Eh 2 XL By BTk 35
[l >4 0.06~0.09 , A fi A 1) 51 ik 5 [ 4 0.01~0.13
(E19b), 254 1T LIE ), JCIe R SR A AL T
T DX B IR ER A WAL S A Y K e, ]
W, 1K PL—5, PL-10 0 TAE AR XN IR R A

AL DTERFAR B R 5 & . i gs R SR T
DT a8 = a0 e Ko [ s | TR A NN e W P I
FELEARRRFRER A 3= T Ik Y , o A 24 v A kT
AP TR , IX SRR ER A A B 1 1 B ATV 1k 2%
PIAI 5% (Xu and Liu, 2007) . 4bF 44 XAH 2041
P KA A BB 3 18 /KW, 4 PL-3 . PL—6.PL-7.
PL—8.PL—9, Hfk iR #h 5 Ttk 3 B W 3 fin , (HAKIH
K F PG—11 BRAMAHA MR KA . ok A fERRER
F AT 5 Z A0S o B TR SCER AR 52, o7
T 12 0 SR SSURT DL B B ROk A KA K %
A BRI, e ACRAE Aok R Ak A 1 BTk %
-3 2 5y T2k iR 2K AR I T T R 7 (PG 11
B Ah ), MR AR B PG— 11 1 T 4 ) 4538 Al 7k
g A, RZFRUE T KEM K, KHA
TR R . L, X — IR R AT 5B R
FESSASEBRIG Ol o TSN B BT 2514 KA R R AN
IR SRR PR =3 AR DR R Y OG5
5.3 BRELIBRIESREES

A% TG ALK (DIC) J2& A i K PR v i 22 24
43, DIC ¥ & I He Rl 28 4 W3z B A v 2 S
RS, HEEE S8 R BIINE IR
Mel AR AT A2 A . 7R A R S8 Y DIC F 2Ok IR
THRIRER A 1 R Y CO, AR 2R I
YEH A9 53 A WL, A B KR CO, Y 32
(Probst and Brunnet, 2005) ., Fl| FH#kf2 5 [F] 47 2% (8
AT DL W 7 DO [R] KA 1 DIC SR . BF5E X 1Y
pH {28 Ak 70 Bl Ky 5.11~8.76, 7E R ZS T, DIC 3%
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Fig.9 Relative contributions of ions from different sources ( a—Surface water, b—Groundwater skylights)
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(Romanek, 1992), K It , °] DA Z W&, 7E DIC &% &
I, SR 7K A9°F- 34 DIC % 54 213 mg/L, # R ] K 1
i) DIC V-2 & &~ 161 mg/L, #1235 /K 19°F- 44 DIC &
M 98.1 mg/L(FK 1), SRIKFIHLRIK () DIC F- 43k
JEZ—RELL L IR K 2 7 T F A T8 KA
FHIE AR, bR T K 7 52 31 iR 7K R 2K S TR A
fRI5 I, DIC 25 58, 3K B ok TR A %
X, R DIC & ik

ARSCREE RN I FE AR BB T 4 Im oo e,
D T L 32 DXl 3 KR LT K v e HILAR 1Y ok
T LS (1) KR CO, Y 1 6°Coie  — 7.8%0
(Levin et al., 2010) , K<, CO, it A KA o F /KA
ST AE 4853 DIC V- 7318 9%, BRI, 72 R AF
5 2AF T KR H HCOS 1 6" Coic [E 214 1%0, (2) 2
i GRTBFUE AT, 2017 ) BT Al 988 Y137 Jal Btk iR 6 0°C
() 6" Ceacos THZ A —0.6%o , [HRR TR ER 75 75 A Hh Tk
) {37 25 40 1 10 & 4R °C, LR PCoe K20 1 1.0+
0.2% (Cerling, 1991) , K It /K /& HCO, ) "Cric K24
K —2%00 (3)TETFIL R GE N K F AT BT Bk it 1B
(1) 1 3E COL 1 BCeon 250 —23%0 (224245, 2010) , CO,
HEA KA () DIC A 53488 R 9% , R 1 e 2 HUE
9 14 %0 (4) B 32307 3t v A FH 7= A= 0 0K AT 1L
% (POC) 114 8°C {1 K —26.6%e , 11 T 18 P4 (1 I A
FHe45: 2k DIC, TETT I 2 88N DIC 1P S s v g
£E CO. N DIC & 1 T8 "C (H 2 H 9%0 (Mook et
al, 1974) , BRI ) 6 Coic (H 29 M —17.6%0, TEE] 9
Hh ] L& R ZH00RE AL T T (2) R (3) Z 18], 1 B
HZ BB IREL 75 F0 135 COL R , 8 3 7K S Ak T
oG (3) F1(4) Z 6], B POC 46 DIC i 2 i 4
YINE A A — 2 1Y DRk

i IK ) 0" Cone (ELEMA I 55 T T /K, 3 ot
FOKAH K AYAY 0°Coic 5 HCOs 2 AT R (K
10). M T7K4MAH DIC £ Z =4 i f e H A
M R KA LR 1 43 A LA B AR AR 28 R AR F P
A COE A HT KRG, Kt CO, S/KAHEAEH
A HaCOs , HoCOs ¥ fif i R 55 4 1 A2 B HCOs ™ (4%
TSEAE,2004) o RIUL, AR MR K R HE R 7K R AZ 2]
K A HHECOMTERT , (HX #4252 138 CO. #b 45
IR AN —FE, 1R /K AT DU A2 B £k [ 14 CO,
RN , 72 A B 2 B HCO, ™, XU, 55 i 1 [ 37 25 Sk U5
FABI AT N o

F5T X @ FPEVTOK R LA s 1 X — 4%
JNSZ I AR I T AT I () DIC #e BE(E Bl R 2.84~
3.23 mmol/L, #J{& >4 3.01 mmol/L, DIC [F] {37 Z {48
AEIE R —13.97~—12.55%0 , BI{H N —13.32%., 1EH:
PR LL K BE R BE R L £L KT R RV 5 Sk f
() DIC ¥ B 728 1k 485 [l 43 3 R 2~3.2,2.9~3, 2.8~
3mmol/L, #4143 5 4 2.6 .3.1 . 2.9 mmol/L (#fF Ji:
%,2017) . (Gao and Wang, 2015) il & A —4E /) 7Y
VL kS N 2 19 DICAH AR {4 1.17~2.4 mmol/
L, 38 4 1.92 mmol/L, DIC [Rl{7 2 45 {k. 3t [l K
— 14.75%0~— 8.25% , *F- ¥ {8 7 11.355, (Sun et al.,
2015) BT R PGV ¥t e 22 B 1) DIC B
4 1.48~2.21 mmol/L, F-¥J{E 4 1.89 mmol/L, DIC [f]
A AL K — 11.1%0~—9.0%o , “F-F41{E — 10.05%o,
p AT DL P VT3 3 DIC . B B3R A X 2 iR
DIC{l— I FE FFE, 0" Coc (ELTF IR IE .

K E R DX PN R VR R 1Y) DIC A9 A T i
T2 IES5EA R XK EHEIRS, SR
DIC{H 28 ¢ , A5 iy 3 R i SR AL Bl o S
bR K 1 (Meybeck et al., 2008) . A BF5T 2B ¥
A AE AR AR A A BRI FE v &
B PC I TCHUR 2> P Sl e 2Rl , i i B3R 12K
ALY 67 Cone 5 R (ALK S, 2011) , 3X /2 FE DIC
WPEP A, 1T 67 Cone W R 22— (i, 2012) 38 3
AFF 5 B b DX ) A ) T ke R 2 B, KA AL ) [Tk g
J1iRE58.8% LA o PRt AREE A2 " 1EH i
P K AR R AT LAFE DIC ¥ 40 A HLRK , 15

HCO, /(mmol/L)
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Fig.10 Relationship between §"Cpc and HCO;
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