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Fig. 1 Location of the study area and the surrounding environment of sampling points (a:location of the study area;

b:S31 spring; c:S54 epikarst spring; d:CF2 borehole; e:soil sampling point)

HHERETIRE 7 1L, 2 EESEOL R 1, B JEE TR CF2 B LK =Fh A 38 8 24Kk . 3 Fh
1% T TC ) 7k Bk g S8 I 0 AR SRR 3 2 JELJEE MR . AR KR 3 Bl K A I 2700
2, AR R T eh AR AL . 2023 4F 5 H mL, 3T 12 H 16:03 FFHAR L5 (4392 0 L10,
11 AR AR G Bk R gemt/h 5 A 10 H L20, L30, CP, CS31, CS54 Fl CCF2) ., SEI % & I
211 H), 12 A L REIRK D S31 MR, 854 3% &2 FIHR A 1, SC g R s an T

F1 ERYEHFRRPEELEFRENERSE

Table 1 Contents of major physicochemical indicators in the slope soil of Yaji Experimental Site
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N /
Wigem  pH O akk

g-cm mgkg cmol-kg™ gkg”! gkg”
0~10 6.66 1.18 29.8 100 30.5 5.97 72.6 -21.36 —13.45
10~20 6.34 1.02 31.2 120 30.4 9.36 55.9 —19.24 —12.88
20~30 6.42 0.93 32.7 190 30.4 11.4 452 —-17.03 -16.22
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Table 2  Sizes and major chemical components of rock tablets
N s - . . CaO MgO Cco BRANEE)
WA FREA Wk EARmm EE/mm EEFem® 2 B
JT U %%
KA BEAERSE FEPRR 40 3 28.9 5569 042 4297 0.67
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A SR N R AT R B, R A pCO, 2 N
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PEEIREE 19~26 C, BRIZIE 6 h Fl 12 h AR IR SN
BRI MR I (8] 121 0 9 AR R i B KA, BRI 2
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iz FH Phreeqc v2.11(U.S. Geological Survey) #k 4
53 M 18 WL W 5 il At RT AR BOR CO, 43 s SR
IsoSource v1.3(U.S. Environmental Protection Agency)
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Fig. 3 Quality differences of rock tablets in various types of soaking solutions
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Table 3 Statistics of testing results of water chemical indexes in soaking solutions
M ca¥ Mg" K Na~ HCO; sOo;  NOj cr HTER  pco, 8°Che
E3iv] pH mg-L™ us-cm | ppmv %o
wAMH 807 5180 1748  6.02 246 149.00 3650 7630 654  407.00 7709  -3.18
R/ME 720 3781 1510 469 138 108.69 31.84 / 458  326.00 931 -—16.64
(ﬁig) TFHME 759 4652 1606  5.09 174 12468 33.29 - 501  378.56 3281 —10.63
a2 030 439 087 050 038 1189 155 - 0.61 25.43 2152 4.60
WHAR 395 943 540 976 21.74 954  4.67 - 12.19 6.72 66  —43.28
RKME 774 5636 1855 358 297 24396 738 11972  7.86 44950 12749 397
B/ME 688 5072 1745 3.1 256 13418 6.4l / 723 32900 4121 -—13.35
(iﬁg) FEME 719 5356 17.84 334 278 15327 676 - 751 38833 6982  -8.56
W2 030 216 039 013 0.3 3458 035 - 0.19 33.10 2481 3.00
TRFH 413 402 216 399 480 2256 513 - 2.55 8.52 36 —35.11
WA 776 6470 2334 140 272 23178 9.56  164.67  9.64  539.00 16749  —5.05
R/ME 717 5257 2146 094 197 10573 7.65 0.19 860  421.00 3499  -1821
(ﬁig) FHME 741 5768 2228  1.07 217 14752 843 10726  8.89  480.39 6963  —10.19
FafiZe 021 505 057 014 023 4128 055 6879 0.3l 42.66 3928 458
AR 278 875 257 1335 1056 2798 655  64.13  3.54 8.88 56  —44.94
RKRME 798 2443 014 013 047 7290 213 176 083  114.00 1919  -3.11
s/ME S 7220 342 004 0.09 / 3.67 170 111 0.46 9.89 114 -12.66
(ncj;) FEME 754 1384 008 011 - 41.07 193 1.58  0.73 65.49 1092 -6.18
P2 030 841  0.04 001 - 2600  0.15 026 012  40.16 615 3.13
TRFH 393 6077 4695 1290 - 6329 801 1651 16.70 61.33 56 —50.65
wmAME 794 9231 061 015 082 23881 10.16 3875 3.03  432.00 3648  —3.27
R/ME 755 3931 041 003 0.04 7348  7.04 3587 265 195.00 904 —16.42
(CHSZS;; TFHME 780 5962 046 010 045 13538 791 3798 287  288.67 2050 —9.13
FafEZE 013 2054 006 003 027  66.03  0.89 098  0.15 89.99 992 5.57
AR 165 3444 1336 35.13 6051 4877 1124 259 541 31.18 48  —60.99
RKRME 796 8976 077 033 092 23881 1057 3045 272 412.00 5070  -3.38
w/ME 764 3889 061 0.5 / 7715 619 2936 229  189.40 959  —16.11
(CHS:39 l) FEME 781 5869 066 017 - 14153 725 3010 257  280.38 2221 -9.18
P2 010 1995 0.06 009 - 63.50  1.36 033  0.14 85.87 1432 5.27
BRFH 128 3400  9.06 5499 - 44.87 18.78 1.08 542 30.63 64 —57.37
wmAMH 796 9843 065 038 1.07 283.82 11.60 1454 294  441.00 10965  —2.51
R/ME 738 3174 040 021 014 7348 752 1101 257  154.10 809  —16.09
fn(fg? FEME 775 5690 046 030 054 14975 863  13.88 278  264.88 3146 —9.05
a2 017 2399 008 005 030 7611 143 125 0.3 10325 3230 4.96
TREH 221 4217 1792 1821 5519  50.82 16.55 9.02  4.84 38.98 103 —54.81

fn £ B2 K pCO,. FREGIRFE | K3 1 44 K2
JERERIK  Ca® Ve FEAF R K S Y. SR A e, ik
AR IRV W I PR I BE A 22 0~2 °C, T 22 %) O A1
VA 2 1) 53 T T L 220 R s 5 2 S o RN
xS RO ), PR 3l 7 45 1F FOK 2 B BE 34 0
25

L10 % L30 Hisl i it i 22 {32 1= MUKt 21
Iy R 2 (8] 7), HCO; | pCO, YA e 3
Fofr bk HH S LT R A (VS iR/ 45 B, Ca®" | HL SR AN
TE 130 H 55 J fiff A0 1 A /485 A B A 6 . P
CS54. CS31 fl CCF2 Hik R [l 22{H 5 Ca”", HCO;
R SR A A S T 5 pCO, MR 5, #2
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Fig. 4 Characteristics of changes in major hydrochemical indexes in various types of soaking solutions
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Dissolution process of carbonate rocks by different types of water in atmospheric
environment and &"°C evolution of dissolved inorganic carbon

ZHAO Guangshuai"***, ZHU Yinian’, XIE Yincai"’, SHEN Lina"*,
WU Huaying*, LI Tengfang"!, HUANG Qibo"*
( 1. Institute of Karst Geology, CAGS / Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 2. College of Environmental
Science and Engineering, Guilin University of Technology, Guilin, Guangxi 541004, China; 3. International Research Centre on Karst under the Auspices
of UNESCO/National Center for International Research on Karst Dynamic System and Global Change, Guilin, Guangxi 541004, China;
4. Pingguo Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406, China )

Abstract Carbonate dissolution is a geological process that occurs in the shallow surface environment of the Earth.
Due to its geochemical characteristics—such as low temperature, openness, sensitivity, and biological
participation—it leads to variability in the concentration of dissolved inorganic carbon (DIC) and its 3" °C (8"Cpc)
values in karst water. In addition, although the global distribution of carbonate rocks (approximately 15.2%) is smaller
than that of silicate rocks (approximately 41.8%), the rapid kinetics of carbonate weathering contributes to
approximately 68% of DIC in large rivers all over the world. Therefore, exploring the effects of different types of
water on the dissolution of carbonate rocks, changes in DIC concentration, and carbon isotope characteristics are of
great significance. This study selects the Yaji Karst Experimental Site, a karst area in Southwest China characterized
by acid rain, as the research object to conduct experimental investigations in the atmospheric environment.
Additionally, this study examines the effects of atmospheric precipitation, soil water, and karst groundwater on this
process. The effects of continuous soil CO, input and aquatic photosynthetic plants are excluded. This study also
explores the influence of hydrochemical components in different types of water on the dissolution of carbonate rocks
under acid rain conditions. Besides, it examines the control of CO, degassing and CO, exchange at the water—gas
interface on the evolution of 8"Cpyc.

The results indicate as follows, (1) Precipitation, along with its infiltration into the soil and subsequent exposure
to the surface, still exert a significant dissolution effect on carbonate rocks, even in the absence of a continuous input of
soil CO, and aquatic photosynthetic plants. However, under the same conditions, karst pipelines/fissure water exert
weak or no dissolution effects on carbonate rocks after its exposure to the surface. (2) As the soaking time increases,
the dissolution amount of carbonate rocks per unit time gradually decreases, and ultimately transforms into calcite
crystals, with the highest dissolution rate of approximately 19.7 mg-(cm’h) . Except for the precipitation soaking
group, the concentrations of DIC in the other soaking solutions gradually decrease and tend to stabilize. Furthermore,
the decrease in DIC in the karst groundwater soaking solution is greater than that in the soil leaching soaking solution.
The 8"”Cp values increase progressively with longer soaking time, ranging from an initial value of —18.21 %o to
—12.66 %o, and reaching values between —5.79 %o and 3.11 %.. Except for the precipitation soaking group, the CO,
partial pressure (pCQO,) in the other soaking solutions rapidly decreases and tends to stabilize. The stable pCO, level in
each soaking solution is mainly observed: the pCO, level in soil leaching soaking solution (1,000-3,000 ppmv) is
higher than that in karst pipeline/fissure water soaking solution (1,000 ppmv) but is roughly comparable to that in
precipitation soaking solution. The level of stable pCO, in all soaking solutions is higher than that of atmospheric pCO,
(approximately 420 ppmv), with the former being roughly two to eight times higher than the latter. (3) If water is in an
open atmospheric system without continuous input of soil CO, and without aquatic photosynthetic plants, when
concentrations of SO~ exceed 29 mg-L ' or concentrations of NO; exceed 50 mg-L ", the salt effect and ion pair effect

produced by SO2™ and NOj can significantly increase the solubility of calcite and promote its dissolution. If the
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caves, informed by preliminary drilling data and exploration conditions specific to the Yinshawan Project. This model
is a critical tool for understanding the subsidence behavior of steel casings in karst areas. This study classifies
subsidence patterns into three distinct categories: single-row steel casing groups, triangular steel casing groups, and
rectangular steel casing groups. It examines the mechanics of steel casing subsidence in areas affected by karst
development. The method involves simulating specified displacements to retroactively analyze the sinking process of
steel casing groups.

Through numerical simulations, this study examined the load-bearing characteristics of steel casing groups in
various sinking modes. The findings reveal that the sinking modes differed significantly in terms of the maximum
longitudinal and transverse bending moments experienced by the casings. For instance, in the single-row steel casing
group, the maximum longitudinal bending moment was found to be 1,620 kN-m, while the maximum transverse
bending moment was 664.6 kN-m. In the sinking mode of the steel casing group within the rectangular area, the
maximum transverse bending moment in the non-sinking steel casing was 637.8 kN-m, and the maximum longitudinal
bending moment was 2,144 kN-m; both of these values were found in the same steel casing. In the sinking mode of the
triangular steel casing group, the maximum longitudinal bending moment in the non-sinking steel casing was 2,090
kN-m, and the maximum transverse bending moment was 922.2 kN-m.

The study offers detailed analysis of each sinking mode, highlighting the stress characteristics and potential risks
of subsidence. Given these risks and the specific stress characteristics identified through simulations, a construction
method in areas with significant covered caves, such as the project site in Yinshawan, should be prioritized. This
method should focus on peripheral piling while selectively placing piles in the interior. This study provides valuable
insights into the field of geotechnical engineering, offering guidance for future projects in similarly challenging

environments.

Key words karst area, steel casing, bearing characteristics, numerical simulation, failure analysis
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concentrations of SO: and NO3 in water are high, the saturation index of calcite, calculated based on Ca” and HCO3
concentrations, may not accurately reflect the dissolution/crystallization state of calcite. Therefore, the simultaneous
effects of various ions in water on calcite dissolution/crystallization should be considered, including ion effects, salt
effects, and ion pair effects. (4) After soil vadose water or karst pipeline/fissure water is exposed to the surface, CO, in
the water can complete the degassing process within a few hours. In the absence of a continuous input of soil CO, and
aquatic photosynthetic plants, pCO, quickly reaches an equilibrium state and ceases to be the major factor controlling
the dissolution/crystallization of calcite. The CO, degassing effect significantly increases the 8"Cp,c value, with an
increase of up to +10.98 %o. This results in a substantial discrepancy between the actual and theoretical contributions of
soil or atmospheric CO, to DIC.

Key words Yaji experimental site, carbonate rock dissolution, open atmospheric environment, 5"°C of dissolved
inorganic carbon, CO, degassing
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