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Table 1 Hydrogeological characteristics of Wanhuayan underground river system in April
ae Kig/ o K* Na* Ca* Mg* Cl_‘ SO;” HCO; Sio, St Py 3Cpye
C mg-L~! (V—PDB)%,
LID—1 14.80 6.98 1.05 1.99 4.45 0.72 1.6 4.85 23.66 11.62 —2.46 245.47 —7.61
LJD—-2 16.00 7.14 1.19 2.06 4.8 0.62 1.67 589 19.72 12.80 —2.32 128.82 —7.20
LJD—3 15.70 6.81 1.15 2.21 4.05 0.6 1.67 540 19.72 12.86 —2.73 281.84 —7.74
PCL 11.90 6.87 0.65 1.73 3.18 0.37 1.41 472 9.8 11.87 —3.12 117.49 —6.84
W] 12.60 7.18 0.98 1.84 10.71 0.69 1.48 550 39.43 12.80 —1.69 223.87 —3.81
TK 13.00 7.60 1.18 1.99 14.28 1.35 1.60 6.84 41.40 12.31 -—1.13 89.13 —6.47
SID 13.00 7.95 2.10 1.88 30.26 1.66 2.06 7.08 90.69 11.82 —0.16 85.11 —8.52
MTL 17.10 7.17 0.20 0.59 98.43 7.07 1.84 12.85 305.59 5.14 0.07 1778.28 —12.74
LNL 16.00 7.70 0.52 0.64 69.84 556 1.81 16.04 207.01 3.94 0.30 346.74 —9.95
YKL 14.80 7.84 0.49 0.56 65.29 2.79 1.87 6.55 197.16 6.07  0.37 239.88 —9.92
GPX 13.40 7.82 1.62 2.35 2545 1.84 1.93 13.65 69.00 10.01 —0.47  89.13 —6.13
NJW 15.80 7.44 1.18 2.06 37.29 2.70 1.81 14.48 110.41 9.54 —0.46 346.74 —9.05
WHY 16.90 8.09 1.44 155 56.31 3.24 1.94 11.22 165.61 10.10  0.51 117.49 —9.43
BKE 24.40 8.64 2.31 4.40 110.70 9.56 3.94 24.54 340.33 16.04  0.87 2691.53 —5.45
B/ME 1770 6.35 0.56 0.46 3.65 0.43 1.29 3.95 13.16 4.38 —3.19 2455 —14.28
FHE 2041 7.47 1.31 2.43 42,44 3.33 1.83 11.07 132.38 10.47 —0.72 412.20 —9.18
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Table 2 Hydrogeological characteristics of Wanhuayan underground river system in September
5 Kid/ oH K* Na* Ca* Mg* CI° i SO:”  HCO;, SiO, s 3¥Cpic
T mg-L™ (V—PDB)%
LID—1 19 6.98 1.2 2.06 528 0.8 131 3.95 24.56 11.29 —2.3 24547  —6.96
LJD—2 17.7 6.35 0.85 2.82 5.65 0.87 1.35 5.17 13.16 125 —3.19 562.3¢ —8.55
LID—3 19.5 7.05 0.59 2.26 3.65 0.45 1.29  4.92 15.79 11.7 —2.57 138.04
PCL 19.4 6.95 0.92 2.08 3.71 0.43 1.35  4.48 17.54 12.63 —2.62  190.55
WJ 209 7.89 1.68 2.52 12.96 0.88 1.45  4.67 45.61 16.04 —0.73  69.18 —5.45
TK 23.3 808 1.8 2.54 18.07 1.72 1.57 6.68 63.15 12.68 —0.25  51.29  —6.69
SID 21 7.8 231 1.9 57.3 277 2.3 7.71 178.94 9.92  0.47 234.42 —9.17
MTL 21.6 7.16 0.59 0.81 110.7 8.83 1.96 17.96  340.33 4.38 0.2 56.23  —14.28
LNL 20.2 7.03 1.53 4.4 98.36 9.56 3.94 18.88 319.28 6.29 —0.02 2691.53 —13.81
YKL 19.2 7.76 0.56 0.46 82.28 521 1.81  9.08 248.24 6.44  0.53 380.19 —9.76
GPX 24.4 8.64 1.61 3.9 42.33 3.34 1.65 24.54 117.54 10.77  0.87  24.55 —7.23
NJW 20.2 7.37 1.36 2.8 47.56 3.81 1.69 19.46 136.8¢ 10.21 —0.3  537.03 —10.97
WHY 189 7.99 2 3.1 63.8 45 204 1639 199.99 11.29  0.57 177.83  —8.07
BAE 17.1 8.09 2.1 2.35 98.43 7.07 2.06 16.04 305.6 12.8 0.51 1778.3 —3.81
B/ME 11.9 6.81 0.2 0.56 3.18 0.37 1.41 472 9.9 3.94 —312 8.1 —12.74
FHE 14.6 7.43 1.05 1.65 32.64 2.24 1.74 8.8 99.9 10.06 —1.02 314.6 —8.11
3 GR59% k1 340.33~9.86 mg-L"', ¥ ¥ {H H 116. 16 mg-L",
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Table 6 Contribution rates of weathering of different types of rocks to HCOj flux of water body
BRI RS BB s T oM
HCO; @&

HCO,®ih HHEXS/L BB E HREAXS/L KM E
HE/ mco,/  WE B/ FR HCO/ Wk B/ B 10Ymol- B
10*mol - 10°mol-  2/% 10°mol+ /% 10°mol - /% 10molr X% (km*a)™' /%

(km?-a)™"  (km®a)™’ (km?®-a)™! (km?-a)™ (km?-a)™"
Tk 349.34 16.92 4.84 148.45 42.49 148. 45 42,49 35,53 10.17 165.37 47.34
£A8  1139.56 31.84 2.79 505.28 44.34 505. 28 4.34  97.16 8.53 537.12 47.13

SEYH 1492.62 55.28 3.70 649.72 43.53 649.72 43.53 137.91 9.24

705.00 47.23
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Table 7 Statistics of atmospheric CO, consumption by rock weathering in typical karst watershed

, mMibE COMMEER/ ZETHREFR WAz

PURWE,  ARLTHAREH ERR SWB/%  clova?  B/mm B
T VH TG KA b F oy PERTEBREEX 89 36.05 1800 2011
WL TEEHT T el Ll v i st 36 31.02 1565 2017
ByTRad 13&MBTRE(EE) PERFPLENEBASBEX 81 15.06 1030 2013
BK ¥ 4T BRERAH 95 38.63 1444 2015

T E T e WA S H R R BGE BULF 23N
EBEREARK ¥R ZE M T CO, HAEEBME
BRELA SHREEE AL & B, ST SN IR K R Bk
CHIEm(ES),

HR8H, FHEATRE S R K1 T WS KR
th & CO,THAEEE 514 79. 41 t-(km’-a)" F140. 2
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Table 8 Comparison of atmospheric CO, consumption of rock weathering between Wanhuayan river system and Xiajiahe underground

river system
, BMEbERY ERMEEEXS CO, il eER/ BREIL S CO, &
RMER IR lom /% /% te(km’-a)”! #/t-(km?+a)™"
TEARE, 28. 49 92.16 7.84 31.02 79. 41
BEFBTW 22.15 98. 88 1.12 38.63 40.2
5 & # GVETHRERBARRE—EEELSMH

(V) FTHEE 1T W RG0S A RNALTHFE CO, M 3
$31.02t (km**a)™';
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ALIFFE CO, B H & BIRILA 92. 16%;
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87.06% (H P —EHE T KR/ T CO, M TTIRE, —F
RARMEEER) ;RBRERBEKREERZ ., N
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Effect of exogenous water and acid on karst carbon sink in the
Wanhuayan underground river system

LIU Pengyu,ZHANG Liankai, HUANG Qibo, QIN Xiaoqun
(Institute of Karst Geology,CAGS/Key Laboratory of Karst Ecosystem and Treatment of Rocky Desertification, MNR/Key
Laboratory of Karst Dynamics, MNR&GZAR, Guilin, Guangzi 541004, China)

Abstract The petrochemical weathering process in the basin is an important part of the global carbon cycle.In re-
cent years, increasing attention has focused on the effects of exogenous water (silicate weathering) and exogenous
acid on the global carbon cycle in the estimation of hydrochemical carbon sink fluxes in the watershed.In this study,
the Wanhuayan underground river system is selected as the study area, where the proportions of silicate rock distri-
bution area and carbonate rock distribution area are 64% and 36 % , respectively.In 2017, a one-year sampling moni-
toring was carried out at the entrance of the cave, and the ion composition of 13 water points in the Wanhuayan un-
derground river system was monitored in April and September, respectively. The chemical weathering rate and CO,
consumption flux of the basin rocks were calculated by using the hydrochemical equilibrium method and Galy model.
The process of rock weathering and carbon cycle in the system was analyzed. The results show that the rate of CO,
consumption by rock weathering in the Wanhuayan underground river system is 31.02 t* (km”-a)™', with dominant
carbonate weathering which is 20 times that of silicate rock dissolution. Moreover, carbonate weathering accounts
for 92.16% of CO, consumption in the whole basin. The contribution rate of different rock weathering types to car-
bon flux is 87.06 %, of which carbonate dissolved carbonate rocks is the largest. The external water in the upper
reaches of the basin has a great role in promoting the karst carbon sink. After the external water imported, the car-
bon sink rate of carbonate rock can be twice that of the non-external water sink in the basin. Sulphuric acid dissolved car-
bonate rocks took the second place, accounting for 9.24 % ; carbonate weathered silicate rock is the smallest, which is
3.7%.Theinfluence of sulphuric acid on rock weathering should be removed when calculating carbon sink in river basins.

Key words Wanhuayan underground river system, exogenous water, exogenous acid, rock weathering
characteristicst
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