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Locations of the Changliushui spring and sampling sites along the stream of Guilin City, Guangxi Autonomous Region
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Table 1 ~ Amplitudes of downstream variation in geochemical indicators in different segments of the stream
o~ WepE e iERSS AT ApH AEC A[Ca®*] A[HCO; ] ASL  AlgpCO, ASPC e
*) (m) (m) (C) (uS/em)  (mmol/L)  (mmol/L) (%o0)
Cl ~Cl4 9.9 47 270 +2.2 +0.9 -34 -0.2 -0.7 +0.9 -0.9 +1.8
Cl4 ~CI8 0.8 4 295 +1.1 -0.2 -9 -0.1 -0.3 -0.1 +0.2 -0.5
C18 ~C19 3.8 13 190 +0.6 +0.2 -24 -0.1 -0.2 +0.1 -0.2 +0.6
C21 ~C23 0.6 5 493 +0.6 -0.4 +18 +0.1 -0.1 -0.3 +0.4 -0.5
C25 ~C26 0.2 5 1450 +1.8 +0.3 +4 -0.1 -0.1 +0.3 -0.2 +1.0
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Fig. 2

Downstream variations in the hydrogeochemistry of

stream water
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3 5 o A R A A A I I AL (6 0.5 ~ 0. 8 i,
IS R E R RRAS UL BE Y . X S B A g —
L, EC5 ~ CO BB W LI IR & HETIRL
BRIRES CTENE 2Tl AEfLK H Ca®* F HCO, [ LI
R (3) B3 SR ], AT il A5 % 7K Ca®* il HCO;
WIE LA BEC (A R FE 2 Wi A, 5 bL R B, e
RS ERE CO, SURM A BRI, BT Tmol 11y
CaCO,, 52 A Lmol ) HCO; i izf il K/ it 32 KL A
FHRBEHCH Tmol 1 CO, SR WL i (3) T, 2ERR
& CO, R Z Dok Hik i .

C1 ~ C14 JRBOK Ak i B AR A i Jir IR 3 22
SIRTE MY S oK sh f1 s F A . B O
(CI ) % Cl4 f5 R RhE Y hy 30 ~23° (73
B4 10°) o ZIREHKIZHE, ZH 2 ~5em, HIE
ENREA 20 A NGIK LAY, KR 2R
Tito TEXFIK BN I 4T, Bk CO, B H %
15, SL, B T o B B, A Bl A B b R AR R R S
‘U:?L E[l3—14] .

H Cl4 & CI8 fi, Wi 3 E KR KA, UK
0.8°  E KK 2= R B AR FE B /N (R 15181 2) 6
TE C17 5., 523050 F H K (TR A, 1R K K4k 2F
AR, £ C18 ~ C19 B, IRIAFL AR B, 37 5 24
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ST, EAH EE IR 73 AT ) 1 B AR 24K X R BRI
BRIR R 1R 2 B Al F S 35 5O fb, T BOR &
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Table 2 Changes in geochemistry of stream water caused by the

mixing of tributaries

Fao o HCOT IRIE Ca*yfpE  EC " pCO, . 8" Chic
52 0 (mgl)  (mgl) (p¥em) | (107am)  © (%)
S19 ILAR  228.6 84 378 8.3 1.3 1.1 -13.0
20 FHA  257.2 90 417 8.0 22 0.9 -14.7
21 A 248.8 86 397 7.9 2.7 0.8 -13.8
S23 LAHD  248.2 88 401 7.7 47 0.6 -14.0
4 WWB 2747 92 45 7.6 12 0.5 -15.7
25 ITAFE 255.3 88 409 7.6 55 0.5 -14.5

B C21 % C22 fi, Wi /N, i1, Bk oK
TR2E7E AR AR K (B 2) o i €22 ~ €23 BE, %
TRARZA AT R ek AR, i PR 2 Al 7K i A R
KERAER T . [ C20 &b, C24 AbSZ3 B BIIR A
WA PR IK KA 2 B s H & i F 300 B e
(21.3L/s) M T TN, A HRRA 5 W
/K pH 1 ST, {HAH HLIR A WK ARG, €25 % C26
BN R, 2R K 2 1. Skm B9 52 BE Y, B ALK
0.3°  BIKKA2E AR EE A K

bR 1 32y RRAL 2E s R A1 B AK K AR 22 i AR
e RE L A7 2 K A A O ACVE T (e & /EHD) 19
S 7R CL ~ Cl4 p SR TE T LA LK &
BB AER . BT R B, B35 n] LUR K o
CO, F HCO; HEATEAVE™", T2 i Ak A7k
fb2g o H2, T Cl1 ~ C14 B HBE, /K i o B
(1 ~4m/s) , H/KH DIC ¥ )JF 4 K ( >4mmol/L) , 4
YA E XS K A2 s i A R . A ik
SN BRI B KA LI A A AT g At
BAKIKA2E 7 A R
3.2 PYIRFRHEK 6" Co MM AL FAE

KA SR 85 Coe N = 15. 3%0, X AME 5
TP R G2 F B IR 38 98 bl = 2k Y 8" Coye B M
( =16%0) H23E"" o S B 19 8" Cpp LB, N
—15.72%0 , Ut W12 S 1 R & AR ZL ) CO, A
VEFT . BFIKIY 8" Coye (HAALTE R - 15. 2%0 ~
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Cl % C14 K 8" Cope [EUT T FEA W 5, 18
35 1.8%( &l 2) . [EIFEH, 7 C18 ~ C19,C25 ~ C26
BEE K 6" Cope 1t 52 30 ) 72 B 1 TF e
(£ 1), BB AR 8 Cpe {9 S 5 A K TR B 1R
A B EMBUEEK 8 C (. BN, L A F1 B
I BB AR K 87 C o B TR 571 (£ 2) o

%K 8" Cp AL 5 /KR . CO, B BRIRES UL
FA IV A 527 L — e, A& CO, TR
2 CO, Z 8] B[R 2 A3 18/ AL 1. 1%, ik
K CO, 43T X 87 Cope FIFE MRS /N, SRTT,
T HCO, K/ it 38 3 1o #5 v i) [] 6 R A1 2L KA
% 165 ~25CHT,8" Cpfil 7. 3%0 ~ 10. 1%0, 5
W, Ak 20%0 L IR, BRER A ULAR B & 18 CO,
JE A RERS (8 75 7K 8" Coppe i BIAR K48 . 7E KR
7K 8" Co AT HCO; e B 2R VE bl ¢ (181 3) , %
BB IR S TE 5L 1Y CO, A TT fE S S BUE K
P4 DIC AR Z LN FEZEH, &3 dn]
S, SRR IR A TR S M B0 b B, L 8 Cope (AN
HCO, M BEAR LL T iie AT T m i &R, AW AR
Gk A A= 91 06 A AR IR IR DIC, 7] B 23 s A8
8" Coe B0 L W B3, 76 TR 18 K BIR 2
hn €25 ~ C26 Ry KRS I B, A= WA A FH AT RE X
K 8" Cou FHE A — REFEM

-12.0

-125 + o Cl1~Cl14
) 15~C2
Y Ko o C15~C26
~~_0O
-135 o o< g
- I
-14.0 f /Dg)\ﬂ"\ . Fy,
“145 Ly=213x507 g S
' R>=0.39 o0
-15.0 o<
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Fig. 3 Correlationship between 8 C,. values and HCO;

concentrations
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SR A PR AN R 2R B ) CO, < — a2,
KR B IR Y S R R CO, A T2, R
E KR ESTIVE T K CO, B o AR ORI W A
KA CO, P HEATE 50 Hr, IR Al S T SR K
R R G IR T & R CO, Bl (5 R IR A
ol A A T A B CO, A L A

— ettty , AT AR b T 9 0 SR K o
ZERAT I AR T A A VS o T R e A . TR, Al
F PHREEQC 3. 0 &7 345 /9 S JoHLAk (TIC) ¥ B
R AR BT Bk L R, B A[TIC ],
fi ) mmol/L, 1 HCO; Fifi pH 224k, ANREH 5 H]
Kt B R S DU B rg CO, iAo fH R N
K (3) W AT VA ), B4 B 1mol (1) CO, , 5431
FE Lmol (1 Ca’* , BIf AN FRR RS ULIE 5| & 9 CO,
B (ALCO,T,) , ATARYE Ca® W25 (A Ca®" ])
W BT ®K Mg B 7 & B 5K, Uh0.2
mmol/L, HIF M B AEALAR /Nl HExt €O, i<y
SUERAT DA 2 AN, e, FU AKX (4) B
IR CO, B (ALCO,],) .

A[COZJ(] =A[TIC] _A[Coz]p

=A[TIC] -2 xA[ Ca’" ] (4)

7 3 FHAAIREN CO, HEitmaii, Ll
A RO Cl g% Cl4 51, 7549 270m PR ES N, 9
HREE AR CO, A ik ,A[ CO, ], =0.67mmol/L,
[ BRIRES LR | & 1Y CO, AR hAR,ALCO, ],
=0.20mmol/L, Ti7E FWEEEIX, 4 €25 ~ €26 B,
WAL 1. Skm, BiFPZEAL CO, A REAR /DN

ASLE— IR T C1 ~ Cl4 Bk CO, iR
di 287K DIC >k 5 T3 CO, ¥ BRI il 1 2 5 Bk R
ERIE AR, BILDICT, . MUIRJK pH Ca®* ¥R |
pCO, F1 8" Cp S 4G br il LUE H 3 7K 2 Y A0 B R 6
EE R AE O T AT, Rk, W] DAAR
= (3) PP ¢ & , il PHREEQC 3.0 /271t
S ) DIC ¥ B 2555 A vk B2 R i 2 [ DIC ] fH, 24
2. 99mmol/L, 2 5 527K & DIC /) 55% , 3% 5l {2
TPV A K IR DIC ok [ 3 CO, 1Y H 4
—3, E&Ja, TR WA LA CO, B A
[DIC] /LB (P A P,) W3R 3, ATLAKRELE R H
Cl fi & Cl4 55, Bk Em Co, B T kR E:
wlE M R IR E E CO, 1Y 29% , F Y B
i () 3 CO, 3 [\ 1 KA, TRk R %5 U UE 7 A 1Y)
CO, Bl ( FEZIHAE HCO; ) A X/, A B 1
7% (1) CO, BT (K 3) o AWFFEBL T ik 1K

FMARRKTE S KA pCO, ((~ 107 atm) IR F5E 4
S (OB ERES ULE ) , PRI R 1 CO, M iR A
SPERE] . SR BN, lZ AT 48.9% 1 CO,
SRR A o fEU, S8 B XA BB A F
8 4~V D) ey AR i ) 0 B A R

3 BRBHEK CO, BRI

Table 3 Downstream change of CO, outgassing flux along the
stream water in different channel sections
A[TIC] A[CO,], A[CO,], [DIC].
- [TIC] [CO,], A[CO,], [DIC], PP,
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Cl ~Cl14 1.07 0.20 0.67 2.99 7% 22%
Cl4 ~C18 0.08 0.10 - - - -
Cl18 ~C19 0.16 0.05 0.06 - - -
C21 ~C23 0 - - - - -
C25~C26 0.12 0.05 0.02 - - -
3.3.2 /K CO, BiATREm R 2R KO0 il I Aa i M1

Ja7R

EHIR AR CO, B BN Z R
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Study on Carbon Dioxide Outgassing in a Karst Spring — fed Surface
Stream

LAN Gao — yong, WANG Zhi —jun”™ , YIN Jian —jun, TANG Wei, WU Xia, YANG Hui
(Key Laboratory of Karst Dynamics, Ministry of Natural Resources & Guangxi; Institute of Karst Geology,
Chinese Academy of Geological Sciences, Guilin 541004, China)

HIGHLIGHTS

(1) Outgassing of carbon dioxide in a karst spring — fed stream was explored based on hydrochemical and isotopic
analyses.

(2) Process and flux of carbon dioxide outgassing in streamwere mainly affected by topographically controlled
hydrological conditions.

(3) Carbonate precipitation in streams caused instability of karst — related carbon sinks, but such impact was

limited in streams from low — relief areas.
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ABSTRACT

BACKGROUND: Chemical weathering of carbonates (i. e. karstification ) involves considerable uptake of
atmospheric CO, which is converted to dissolve inorganic carbon (DIC), thereby acting as one of the important
terrestrial carbon sinks. This karst — related carbon sink could contribute greatly to the global carbon budget and
have the potential to be an increasing carbon sink on land. However, its stability has long been debated because
CO, sequestered by the dissolution of carbonate could return to the atmosphere through CO, outgassing from
groundwater — feeding surface waters, which can cause uncertainties for the estimation of the karst — related carbon
sink.

OBJECTIVES: In order to better understand the processes responsible for CO, outgassing and the flux and
influencing factors of CO, outgassing, and provide more insights into the stability of the karst — related carbon sink.
METHODS ;: Hydrochemical and isotopic techniques were used to monitor the change of water chemistry and
carbon isotopic composition of dissolved inorganic 6" C . along the flow path. Based on the downstream variations
of hydrochemical indicators and §" C,,., the flux and influencing factors of CO, outgassing along the stream were

analyzed.
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RESULTS: From the spring (Cl) to site C14, the stream channel (270m —long) had a steep gradient of ~10°,
and pH, calcite saturation index and 8" C,,. of stream water increased by 0.9, 0.9 and 1. 8%o, respectively,
whereas CO, partial pressure, electrical conductivity, Ca’* and DIC concentrations decreased by 85% , 34pS/cm,
0. 2mmol/L. and 0. 7mmol/L, respectively. These observations indicated the occurrence of significant CO,
degassing and calcium carbonate precipitation in the channel. In contrast, less downstream variations in water
chemistry and 8" C,,. of stream water occurred along C18 — C26 segment (about 2. 1km long, slope gradient <1°)
in the plain area, suggesting weak CO, outgassing and very limited calcite precipitation. Furthermore, the
hydrochemical and isotopic compositions of stream water were likely to be affected by tributary mixing and dilution
in the downstream area, and consequently the pH value of the stream and calcite saturation index decreased to some
degrees, which inhibited the occurrence of CO, degassing.

CONCLUSIONS: The downstream variation in hydrochemical and isotopic compositions suggest that the stream
CO, degassing is chiefly affected by topographically controlled hydrological conditions. At Changliushui, the CO,
degassing in streams partly counteracts the atmospheric CO, sequestered by carbonate weathering, but causes 29%
of the total amount of CO, sequestered in DIC of the feeding spring water to be released back to the atmosphere. For
streams/rivers from low — relief areas fed by karst springs/underground rivers that have a large discharge rate, the
CO, degassing should have limited impact on the stability of karst — related carbon sinks. In addition, the possibly

enhanced “carbon pump” effects of aquatic phototrophs would make the karst — related carbon sink more stable.

KEY WORDS: carbonate weathering; hydrochemical analysis; isotope ratio mass spectrometry; carbonate

precipitation ; calcium carbonate deposition; karst — related carbon sink
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