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FE R IR L FRATAE 2 B[] 57K ) (43 5, Ho 2 B ) e A BRI ST O ME A,
N T A AT AR IO AR AR T A DA v COL IR S Ry TR, 2 B
TP CO ) FEESRIEALRS . O 1A CO M /KT IAVERHY; @ FZEHESR COTIEM
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IK SR ERER A W R AR FH O R B9 A8 46, Troester X Tytoon il PN CO, ¥ i W i % $j H:
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Fig. | The map showing the selection of monitoring points in the area of a research profile (regional hydrogeological map
(a); distribution of the monitoring points of soil and cave water (b); distribution of the monitoring points of CO,

in the cave atmosphere (c))

WEHRHT 2 S M, AR 15.1°C, AFEREKIE R 1210 mm, e KR RN I 4R P40 A 7E 2 4F 1)
B (4—8 ). X AR FEMRATE 521N 60% Lk P,

22 RFAE

221 REERKMAZE  TE20154E 10 H—20164F 10 5 B A XA 1728 885 . 7 7wH
TRHEATAK— CO M, 4G 3D LIRS (S1~83) . 4 7K B 28 S COL M 55
(SQ1~8Q3. YM, #£1) (Kl 1b, Kl 1c), HrpxfFuKEE, SRAIIZFE PRI A, & 0
DX AR BESEAT A2 M ARG, /KR . S5 SR pH (B 8 0 WTW 2wl A 7= 1 Muln
3430 (EH#E KUK 0 Hr (2FD470) 7EREHL B2 TR, 1R 2243510 0.1 €. 0.1 ps cm™
F10.001, H: HCO, il Ca® ¥ E A K6 5 JFH 4 2 Aquamerck 23 w535 3 3 AR B2 1,
IHERFINTHI 0.6 mg LA mg Lo HoAth 257 W3 2 b 6 4 K REE T i CR
FH <0.22 pm Millipore SR ) , 2 AZ5H 725 mL 198 Z @0, RIS E B T A A,
KRR, XTI FRME KA, IAZERSER G %3047, PSR
W& TE UG S VB BT, FE PR B L ER Ak 2A I 58 T 1) 5% R S 5 B A AR I SRR T
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Tab. 1 The features of the collection points of water sample in Dafeng Cave
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1 SQl /N A K HARPERR AT K A, A%, AMFLEE R IIR)
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Telaire-7001 FHEHE LT HF COAIEAT LT WM, LA HEFEN 13107 vol%, ETEEN
0~1 vol%, MRS K+50x107 vol%. [ & [E Kestrel 4500 FIHEHES G0l X7 7 AL LA
FORANRAEREE AT, e bR G . KUE W k. MR . SRS, &
PR 9001 m/ss, 0.1 °C. 1m. 0.1%. 0.1 kPa, WMI5ENS B 2» 9 h+3% . +£1.0 °C. +15
m., £3%. +0.15kPa (25 °C); X}F +HE/KF + 42K COMME, IEARSEAE R -7
TEEEHE A, MRS R, RIEIEBIEK, g nlh S1~S3, LIEZS COM
RN CSORET, TERRIAE , BUE GT903-CH,O 4= THERIMk B I, 460 4
s R CO MR,
222 HIBRIEAE  FAAMFIEE (B SIe) FAER /K Dy il e 75 & LB B S TR
FRIEA, #5Slc > 0, WK PRRERESHS A A DTS, ez, WkARMME, H
17 R0 B/ 1l
&wg@%gl (1)
Kb [Ca AT Ca® TH s [COS TR COSRIE ;s Ko N A T 2R 8
PCO, 48 CO K, S22 S COMR I = A 5k o PCOyw i $ Ca ¥k JiE 15 51 F- iy
B K R AFAE RS COL o R, PCOys e dh 137 KM CO A, PCOsw il 7X N 28 S COL 57
JE, PCOwmedR I COor I, Hf, PCOs. PCOx I ME DA, PCOyw i it
PHREEQC #3155 11 PCOL /AT /KA /20T, 7 4 358 /3 2 v i i s o 4
RETFHPCO,, HTHA AR N,

PCO,,, =SIc+PCO,, (2)
HiZ A2 0E FH TR Ca-COL IR BIEARRAS RS, H STe AEHEhn 1.5, HARX R 24 2

FREHE = 10%.

FEVEHIRES I R G, K—S COFEALIE T 7K SCHBER fh 245 fb i A rp 81 22 1) 3
5, W 7CNAK—PCOIRE T KA 523 S COMRE I sh e S5k 1), HE R &
AR A R bR SR Alg PCOEFRAF 1

AlgPCO, = A lgPCO,, - A lgPCO,,, (3)

#1 Alg PCO, <0, ULH] PCOy/NT PCOyw,, FEMITVA AR T 7K 111 CO AR A it

A RBIE K CaCOs TR, &AM R RN
Ca’’ +2HCO, —CaCO, | +CO, 1 +H,0 (4)

#r Alg PCO, = 0, UiHAPIE IREPPA, KIKT CaCOsIREPA, 761403 PG B
TARES I, (AARES S 32 HAB R 2 022 A mi A2 4k

47 Alg PCO,>0, N PCOw/NTF PCOuw), KRGS 5253 CO,, 7K fl i il

H

3.1 BEHS KBS & E PCO,. B = TL 4T

CO, T B[] & 4 2 A BB 5 1 K AE B4 —2A A — )/ CORASM BLAE FHa AR SE 3y
HSE R AN R R B e ) 45 )2 PCO. B 5B K . FA . R CO AL R,
TEAV B NERB B KE T R B 2R TR N, DR 7 OKeEK I AR, &
HK— R 2
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vol% . 0.671vol% . 0.608 vol%50.625 vol%, iX— M BiJE Tz IX i) R Bk A& ZE1, |\
FEARAR AL Bl A PTG s i o ) 5555 AE , 6 SRR s R e 8 5s, IR AN
KAMRBEAAZER, T1E 18 CO. M KRB FACVE RS SR, (DA Ty & &4 2y A
s 2—6 H, BEE IR T SRR RS, HIEAYRNG I, S RE PCO
LTI, PCOse/A 3 T3 2.279 vol%. 2.498 vol%. 2.661 vol%H12.491 vol%,

320K R A0 BBl M 35 DU B A BB X, SR K — A & A Y B
o A (2) AMHE B IRZEIXWE R WA /K PCO, (E3), 3R PCOLw i 3l H
N, B2 AARAN, WA BB, MRS LR, @, H
P AR AL I B A K I 02 SQL, ARAL IR FE A 1.142 vol%, SQ2 YA fbilE i /N, H A 0.52
vol%; X —IZRAIRE HIZZERNRER I, [RIAF A4S SR iZ 3R 2 g ki
25 T KR A K A A LA S K AR 2R FR G COL 020, 3t 1 I ST 457 )98 385 K
CO.HA —mfEtk.

'i‘z ~1.9
o -2.0-
o BT =1
=18 s 7
> 5 2.2
%-19 Z
8“ 20 ON -2.34 SQ]
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2.1 —— 40 cm 25 ——8Q3
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Fig. 2 Variations of PCO,, at different depths Fig. 3 Variations of PCO, at different sampling points

ME 4857 EKY, PCOx M ZETTPERE T4 3, FERIENLRM ., EREIEE
M, HsQl, SQ3 5 YM AR B AL, SQ2. SQ3 MAFF-IIPCOwI K, YM M
/Ne SQ2 itE6 H SR REK, MiTExX—H AR S PCOW LT, HFIS
H e B AR, B— A e 2 A, 2—8 HIR/NH CoZ e, 514 Co,
BT ARACRFIEAR A

WE s s, 70K PCOw 2217 AR UEEFRAE i 2, FemE i AE SQ1 &6 H
i550.129 vol%, mAREHITE 12 A SQ3 s, HAT0.036 vol%, LA L ALEK] 5
WA B, 43 20154F 10—11 H . 20154F 12 H—20164F4 H . 20164F5—7 H
2016 4E7—9 A, Hr, 2015412 A—20164-4 A, SQ1. SQ2. SQ3 5 YM/KH
PCO £ T, SQ3 42155 0.029 vol%, #EEfPL, YMASUIEE /]y, /NF0.013 vol%.
PCO.w/ AL R AP — B FRik M, TR SR IE AR I A G,

3.2 MEHETS LB PCO IR EEZ A

CO, oAb i 8 32 AN [A] B85 v A 456 T B A AR 22 IR 2R 52 9 A Bt ¢ AR PN ML B

pH. Slc 1 EC AR M MR RUK AL 22 2R 5 AR 53 )2 1 PCOL Z [ A SR 741



54 TR 45 - WSRO B K — 1 — R CO. 0 T B AL E S e A R 1013

2.7
-2.81 2
3.0
:S\ —2.91 o
g 3.0 % 31
g =32
o 314 £
@] —=—SQ1 o —=—SQ1
A 324 —e—SQ2 8 -3.34 —e—SQ2
——SQ3 34 ——SQ3
—3.31 —~YM ] —~—YM
B 35
\Q%\'\?s\'\%;&\ &&&5%&3;&5%‘&&‘&'\%&% Yggj% \Q?’\\%Q?&&‘&W%&%?&&Y&S%&&&«%&% Y&O’%
SalCaIC MCHHC AR St SR TN
SO S S S S SO S S
4 RIEFE 5 PCOW 2L 5 AN[AIE R PCOxw/ 2L
Fig. 4 Variation of PCOyx at each sampling point Fig. 5 Variation of PCO,w, at each sampling point

Br, FEREEHE R 2 PR, FHCHSE R MR 3R, INF RS PCOLs. PCOw A B
K, {HPCO.w HPCOs/ SRR R ITA B, Ui A T B8 U (R4 1 52 e AR £k
BB OG, DAt — e, R Bt B PRI 5 pH . PC Oy 5 PCOLw 2Z [A] )
KZH . PCOxFHMPBIRSE (Tew) . T 7CHEBIRE (Tw) 5 PCOsw. PCOuxw Fl pH 5
PCOsw). PCOuut PCOys Ml PCOxu M I 5 HLIB 3 o Sle 5 pH A G , X 5K K1k
VRO E T SIc A R &R, H54)2 PCOM MRS, WAL ZiHe ., BBk,
T 1 1) 4% )2 PCOFHEL A Y o I N AMIRLRE K2 pH 28 Ak % 3 4 S BT N PCOL B AL ad R 5 i)
YERB B, DA i 46T,

KARERAERZ I shd fErim st LB A, T R gk, EKmREE
Ae1, BB RBVEITRY LI EEXNEE K CO.M#M A ER, M6 N, (Riki
ARIZWE IR BB K 2 RS COLd BRI IR R - 2548 T, 45 45 PCOue P AR
T PCOxs), B SQI 5 SQ34k, 1ERELFE I PCOxw F PCOy i B AR AR A3, 7E /T
7%, PCOui T PCOs LRI — & I IG5 R, 5 Kuzyakov™ | Cuezva 55273 it
FERMCR AT, UL )2 5 TREE R 2 VR W Re T il B 2 o 38 USSR 52 ) 45 )2 B T B 1 41

F2 ENKHEXBEFREREPCOSFHE

Tab. 2 The features of the relevant ions in the cave water and PCO, in each layer

H/ME LENII A brifEe Ji% B SRR

pH 8.250 8.620 8.390 0.090 0.008 0.001
EC(us-cm™) 324.000 594.000 410.104 56.150 3152.861 7.688
Slc 0.740 1.270 0.968 0.099 0.010 0.010
Ca*(mmol-L™) 1.030 2.200 1.711 0.194 0.038 0.022
Mg*(mmol-L™) 0.340 0.810 0.620 0.084 0.007 0.011
HCO; (mmol-L™) 2.600 5.000 3.779 0.435 0.189 0.050
SO/ (mmol-L™) 0.140 0.340 0.208 0.037 0.001 0.005
PCOsu, (vol%) 0.045 0.166 0.086 0.183 0.033 0.011
PCO,w (vol%) 0.036 0.129 0.077 0.118 0.014 0.004
PCOu (vol%) 0.275 1.513 0.711 0.136 0.018 0.008

REE20 cm 0.661 2.291 1.230 0.162 0.026 0.014
PCOys)  ¥RSE40 cm 0.676 2.500 1.309 0.101 0.010 0.003
(vol%)  E 60 cm 0.603 2.692 1.297 0.177 0.031 0.010

VR 80 cm 0.631 2.512 1.271 0.087 0.008 0.004
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Tab.3 The correlation coefficient showing the influencing factors of PCO; in the critical karst zone
T Tan pH PCO. PCOxy PCOxw, PCOsu, Sle EC
T 1
Ta 0.4 1
pH -0.119 -0.509 1
PCOs 0.392 0.305 -0.147 1
PCOxs 0.503 -0.123 0.336 0.685 1
PCOyw) 0.504 0.675°  -0.767" 0.641° 0.245 1
PCOs, 0.825™ 0.477 -0.35 0.706 0.573 0.774” 1
Slc -0.105 -0.338 0.656" 0.26 0.474 -0.341 -0.158 1
EC 0.224 0.011 0.266 0.455 0.385 0.049 0.448 -0.088 1
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Fig. 6 The relationship between PCO, in the soil and bottom of the surface karst belt

i, IR B B KA B B BREE 1, (BT A TRIARE 5 o 0 56 2 (0 S A A — 2 22
5, ATRE S H A 2R B e, BARF EAN TR . AR FLOR,
Bifi &5 PCOus P&, PCOw JERFEAR G THmr, 5512 2016 4 2 H SQ1 45 SQ2 H: PCOL A it
PCO.s), ZIGNfE S RERHKI A —EBER, YRR /NS, B/ 4 1
B 28 RAEFAN, RAMEKIZEEEA Y EHOK, BLARZER I ZN, BT
WA, R R COANTAEMTT A, REBEKIEIR)Z T EK—AE MR, 1%
JZETRKPCOMEZ T, i rh Cak Bl i fn, H s (4) Fias, g
FARRSUUR, SFEEZEIAT BB &K PCO, 5% 2 - 5 F A%
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MRYEOREF- 15 RGN CHE, BiB/K PCO,7E 3 25 s 2 A8 b ad B2 ] U PCOLw 5

SIc UK ZFM, Slc. g PCOuw Ml Ca® 22 [H] By 56 2 i BA AU AL FES 1 R .
SIc=-1g PCO,, +31g(Ca’") +1gC (5)
Kb CRRXRFE, HtFEAKXWT .
- 4Koncoifz (6)
K. K, K (cCa®)
Kb K KRR IR FRER S T w55 K K A3 0 3 T fff A Vs e FVSOS COL %
P H L oCa™ 5 oHCO, fUIRAH N B8 UG BE R A", B BUEARBA K, I
MR 5 AR, IR R -1 Slc 5 1g PCOyw AR R N T, RIETR
PRV R AR, YAk PCOA B R M R A TR S, Billg PCOLw, B
T 1 Al i R AR DU R 46 A S m A, (R RIRE S R R, Ak
PR, PR O B AR -5 B /ML 8 (4805 26 Rl o S i K B e e, (H
KA E T BeAEAE— Y, FFIERIES & A", I 43 /K Sle 5 1g PCOyw L
AR TR AVE R B L R A TR R . MK MBI R4 )5, Hig PCOw RIS
A EEBI RAETIR . i A SO R as , DO R 2 R A AE AP 3R 5
W, abE I S B AR, RRIFREE T, lg PCOw/RfbaHAI, s &7
IK—SAGIA/N R G2k PCOMF B s sr b7, IILIR /K 522, PCO LA
K, Sle B HL TNM; MAEEMARGEHRE T, KIER PCO, &BEM Y & A% Wi T,
M TH /K 528 R Z 0 PCO 2 S AR, AKHPRITEE H 1Y CO, Sz 28 [ et 2K
PRAEK W PCO BT T, BEARTA TR IS SR AR BE 210 Ca™, FEUTBGEE KT
JAGHERE, Slctibfizz 2218 T %,

HIE 7R, W25 25K PCOARLTE FEI7E 0.035~0.105 vol%, Slc7E0.75~1.1
ZIRIARAE o 7E W DI N K S A ARG, T RS RS DA 2 R AR
K, WESEZE, WrOKERATIRR S, B EUE SIS B RS UTR 4y
A, AR [R5 20 e A 30 ) A2 b

i . o, I FEPCO w2 LA
BORIE, AT F B kK ibeE %4 1o - EEPCOLBCiH @

WM o 5 Pracny™ 545 /A 7 v YM(H) v YM(E)
A, AHFE R RRE SR 0] 4 < SQI(FY)  «SQI(F)
g - e L6\ op * SQ2(F)  *SQ2(R)

TG, JEHPISQ3 55 YM i 4]
%, HRFESIeFWAELERK, ¥ 2
Sy AR EFE R B THAGE R 20
Wk, W RBERTIHEEET AT 8]
P %, WREEEREE Fgdfhdg %0
BT RAEBITHHIE (Prior 4]
Calcite Precipitation, PCP) 0.2
FAVREST, WAV RAE 00
15~3750 s Bof [i] 22 53 B9, 3t B4 I 0] 456 ~
K, ARAK— Bk AL B ) & A
WEE G TR, BRAMA K7 1g PCOwS SIe KA (g PCOxw A RIZM I
CO. BB, PCOz(H)M 0.316~1 vol%[% IEF A A R34 1g PCO,)

> N Fig. 7 The relationship between PCO,w, and Slc (PCO,y, is the
.035~0.125 vol%, H CO. Y] HE
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The vertical conversion characteristics and influence of the partial
pressure of CO; in the water-soil-atmosphere of critical karst zone

WANG Yanlin"*, ZHOU Zhongfa"’, XUE Bingqing"’, LI Po®*,
TIAN Zhonghui"*, ZHANG Jie"*, TANG Yuntao">

(1. School of Karst Science/School of Geography & Environmental Science, Guizhou Normal University,
Guiyang 550001, China; 2. The State Key Laboratory Incubation Base for Karst Mountain Ecology
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for Karst Mountain Ecology Environment of Guizhou Province, Guiyang 550001, China; 4. Guizhou Engineering
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Abstract: The critical karst zone is the central area with the combined action of the carbon
cycle in the lithosphere, atmosphere, hydrosphere, and biosphere, and the interaction among
different layers forms distinctive reaction systems, where CO, plays a vital role. Through
monitoring the concentration of CO, in the overlying soil of Shuanghe cave, cave water, and
atmosphere, the vertical conversion characteristics of CO, were systematically analyzed based
on the carbonic acid equilibrium theory by adopting statistical analysis. The results show that
the vertical conversion process of CO, is influenced by the changes in temperature inside and
outside the cave, pH value of the dripping water and the process of degassing precipitation, and
the source of CO, and ion saturation conditions, which are significantly different between the
rainy and dry seasons. During the rainy season, the infiltration rate of atmospheric precipitation
is high in the soil, forming a relatively stable enclosed environmental soil. The surface karst
belt has weak activity in complementing CO, in the infiltration water, and the partial pressure
of CO, (PCO,) in the infiltration water varies in the range of 0.035~0.126 vol%, and the partial
pressure of CO, in the water- atmosphere ( A lg PCO,) inside the cave is above 0. The cave
water is featured by the corrosion property, and CO, in the lower part of the surface karst belt is
the primary source of CO, in the cave water, whereas during the dry season, due to a small
amount of precipitation, the infiltration water has sufficient time to receive CO. supplement
from the soil and surface karst belt, forming an open system. The infiltration water changes in
the range of 0.038~0.129 vol%, which is more conducive to the occurrence of the prior calcite
precipitation (PCP). At this time, PCO, in the atmosphere inside the cave is smaller than that in
cave water ( A lg PCO, < 0), prompting the recurrence of degassing precipitation inside the
cave. Also, both the soil and surface karst belt are the major sources of CO, in the cave water.
Keywords: karst critical zone; vertical conversion; water- soil- atmosphere PCO,; source of
CO,; Shuanghe cave system



