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Abstract: The high CO, concentration in Xueyue cave, Chongqing, is rare at home and abroad. However, the circulation char-
acteristics of carbon and its controlling factors in this cave system remain unknown. Pco, it s Peo, ave s Peo, e » Sles and 6" Cpie
of subterranean stream were analyzed to investigate the laws of CO, concentration variations in Xueyu cave and its contolling
factors, as well as the impact on carbon cycle in this cave by subterranean stream. It is found that soil Peo, mainly controlled by
precipitation in subtropical areas was higher in rainy season than that of dry season. Cave air Pc, exhibited seasonal variations,
high cave air Peo, typically occurred during warm periods, and low cave air Pco, were typical of cold periods. It was ventilation
driven by the temperature difference between cave and outside air that resulted in a sharp transition of cave air sz . Mean-
while, cave air sz could rise to high level in a short period of time because of CO, degassing from subterranean stream. Due
to soil CO; effect, groundwater became more mineralized water with low Slc and high water Pco_ o+ and dissolution in some
months in rainy season. With the reduction of soil CO, and precipitation, groundwater had low degree of mineralization with
high Slc and low water P(«()Z,Cq in dry season.

Key words: karst cave system; carbon cycle; CO, partial pressure; calcite saturation index; Xueyu cave; climate change.
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(Davidson and Janssens, 2006 ; Sherwin and Baldi-
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PUHESF L Altamira i /X 2= CO, #eJE HA7500 X
1078, & &M & 3k 5 000 X 107 (Cuezva et al. ,
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Fig. 1 Location of Xueyu cave and sampling sites
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Table 1 The nomenclature in article
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Fig. 3 Dissolution of calcite in an open karst system
[H2CO; * 457k st COz 5 HoCOs 15 Z N
ZEA N2 FI(5) . Sle I ER N 1.00[
Sle=2 « Igl HCO, ~ ]+ pHm+ :))Z; Mo HCOTUH i L &~ GaDtit
K, Y2 025}
l o ). (6) e
g(Kc 2 * Ynco,~ ) % 0.00
540D pHm 242K (6) th #4045 3] Sle 025}
E/‘J i‘%iifﬁ : 0501
o~ -0.75F Pco,-eq(%)
Sle= —1 « Ig(Pco, ) +3 « Ilg[ HCO, ™ ]+ 0 525 1 N%3 o1 003
1g(0), ) 10 13 15 18 20 23 25 28 30 33 35
. . " N . N -lg(Pco,-eq)
/ZA\:T:E(7))EZ|< PC()?feq B/\Jxﬁﬁ% SIC ZIEH E"Jgﬂﬁﬂé%\ ’
- NI N N \ g — . , - 4 —lg(Pco, o) vs. Sle ¢RI
BN R AT AR N 1 M E AR B NS A4 ~lgPoo,w) va. Sle RAR
M B 4k (gassing and degassing line, fjFk G&.D Fig. 4 Relationship of —lg(Pco,«) vs. Sic
line). XFh R H HCO, FHAREIE, &N & Peyraube et al. (2012)
AR AR /)N o Wk BE 1 52 ) P 88 AN T 24 SIe=0 .
_ JSlc
I+ Peo, - T I (D 3RAG lglHCO,™ J=constant 5 p —==1,  (10)
‘ cq
lg(Peo, w0 =3 + [g HCO,” T H1g(C). (8) 1 2Sle
g(P(;()zﬂ,)—constant W*B (1D

Jﬂi7SIC\pHm\pHSHt\PC()Zfeq%ﬂ PC()zfsatZI‘E_IJ (P
A HERR N
pHmrpHsat=Sle=1g(Pe, «) —1g(Peo, o). (D
HAR (DA AR A0 fAKX QD , ] Sle
A ALAFIERAR I Peo, o MILHCO, ~ IR AL LHE

Liﬁ%%iﬁﬂ)ﬂ—lg(ﬂxw) vs. Sle IR IR
(B O AR e 1 /K AR SRS AN 132 B R AE , 1T
P(‘,()feq'ﬁ P(,‘()ZfsalEE#[@J:E"JX‘Tttﬁ%ﬁ*ﬁﬁ%tﬂﬂ(iﬁi
3 MHZ AR SO DL : 7K — & — 0 3 AHZ TAI/E ]



1428 kBl http: //www. earth-science. net

Hﬂ‘ﬁj?ﬁﬁj\»P(‘oz—cq'ﬁ P(x>2—w>{%|},@% P(:()Z—CHVCEEJ%EE‘@ £5]
’E%,%H‘TIHVFE, /Elﬁ P(f()zf(qlzﬁ P(‘()Z—C;WCE'ZFEJ/B;}‘@E/‘J
A1k, P(‘()Z*sa\ AL ANBH 2. BilS 1, 24 pHm=pHsat=
7. 35, Pcuz—eq - Pm[m = 0. 48%7 {EIE j‘? 12 C HTL
Model-HCO, ~ = 200 mg/L (15 E). Model-HCO; |
Model-pHsat g1 G&D B2k 5 Sle=0 F £k 58 fi B AL b
KA HoAT AR IS WO B RE BE S 1R TR

3 %

3.1 TEANKAS CO, BE

148 CO, He B2 W DB (8] B2 Ry 2012 4F 8 H 2
2013 4F 7 ], R BB A 2 PR 7N 4 A SRAE A ) e
By R Peo, AT X HL A3 Hr. A0 1E1 5 BT 7 s Il i
() B PAE 5 X R R B4R TP fE 2012 4 9 H & 2012
£ 11 H.2013 4F 4 H & 2013 4F 6 H ., HAl H 4y F#
PR XS B, R A A3 B AE 2012 4F 11 A &
2013 4 3 J /TR NP 287308 B2 A ] 0331 A0 24
W BE R T M. Peo, o AT M7 HL IF B T
2 b ERE (2012 4F 9~10 F.2013 4F 4~6 H)F1 3
AMEAE (2012 4F 8 H 2013 4F 1~3 J1.2013 4 7
J1). Peo, o BRI WY 58 1A 25795 P FE 508 Z5 4 4
FREARME X, TR FEL . 2012 4F 10 H Peo,-wv TR
TREL 11 AR R R ARE ; 2013 4 3 H BRIK B IHF
Bl Z A K 2012 4 11 H & 2013 4 2

160 5
5 gg e 200
< 11 3H o
IR e, / I
LIS~ -7 = N o i
=19 P e—e —t— 30 cm/b
| | —&— 60 cmAb
! 4
! 3E
2}
1.0 : e
=08
< 0.6
504
& 02
0.0

I (EE- 1)
BI5 BFIEIX 5 Poo, JRFC P, BEG AT RUF

Fig. 5 The variation relationships of Pco,-«i and Peo,-cave

with time in study area

%4l G
1.0 =%
N A D o
0.8 Model-HCO-=250 mg/L N e
Pco,-sat=1.63% . A-A N
0.6f "o . =
- A
041
= A A
wn
0.2 Model-HCOs=205 mg/L
........ =7 Peo,-sat=0.09%
0.0
[
0.2} .
m Peo.co( %)

-0.4L 1.00 0.63 0.40 0.25 0.16 0.10 0.06
1 1 1
T T T 1

0.0 0.2 0I.4 OI.6 0.8 1.0 1.2
-lg(Pcofeq)
& 6 i’@—F?EUJ(*lg(P(‘()Z—ﬂI) vs. Slc FE T 4y H 25 1R

Fig. 6 Results of subterranean stream in —Ilg( P<~,<)2,eq) vs. Slc

H Peo, wn BREAEAR (X
3.2 AR —Ig(Peo,«) vs. Sle HEEH L5 R

TR L F K S B A B A R A T R
Sle {E&\Pcozfeql%} . 52 Sle ,%}\PC()Z,&(‘1E§([‘§] 6). THZ=
M RYTK SIe S —0. 27~0. 83, F-HI{E Ky 0. 32, 4~
Ay mK BA B bk s 52 Sle 928 (0 H
0. 09~1. 22, F-34{H K 0. 65, EZ VIR . K2k
iy Al et A K. Fﬁé_lg(Pmﬁq)Lﬁ Sle FAH
ZB R & 0.804(P<C0.01),%&Z= R* Jly 0. 562
(P<C0.01) , #8 S 4R 8 35 MR IEAH G R, G&D B
TES 2R Z 0] (0 5% Ak (] 6) W 7R 25 H R Rl 7K Bl 5
Z - R A 1) R 2 A A 2 T 8 058 19 °F 7 (Pey-
raube et al. , 2012). £#F H G&D H LS 5 W
Model-HCO;~ = 250 mg/L, Model—P(«,()Z,sal =
1.63%; 2 Z= Model-HCO, = 205 mg/L, Model-
PC()Z—sat:O. 90 % » R ZHU(H > 52 250 (H , Ui I ]
IKHZ= R T 52

B iHE

4,1 T Pco2 THEE

Peo, o B EEZ 2 AR IR ] - R S
TR KT R Bk T E P(‘()ZfsoilﬂAT:E 2 P
BT BUARAA < R A0 /N T 9 I B (1A 5, 2013
A1 H 3 2013 45 3 A 5 AN = TR PR 5
WK B AR X A/ (J&] 5, 2012 4F 8 J] i 2013 4E 7
A). 30 cm F1 60 cm b P(‘oz—soil A5 Ak B A Al A
0.85%~3. 78 Y% Fll 1. 78 %o ~4. 16 % . F-X{E 4351 Ky



583

& 14520122013 45 R KRR 7R RGN ERE 1429

2. 0851 2. 980+ P, o BB BESE T T 5, 5 £
ABFFEEER RIFAE RIS IE G, 20005 Frisia et al.
2011)—3%.

14 CO, FERIE T AW F 1 WF W AR 1T F1
T AW A LR 9 43 fi# (Knorr et al. » 2005 ;David-
son and Janssens, 2006) , X4 W15 3 FEZ R EF
¥t (Hess and White, 1993; Sherwin and Baldini,
2011, A 1 P(ﬁ()z—soilE'f‘[ﬁl—?‘]ﬂ%};{:yj{’tﬁ‘ﬁ—ﬁ‘r ,
B ¥ 2 Peo, i I BEZE Peo, o 805, BK ELHE
{WL% P(‘()zfsoil ??% X — @I ’pﬁ ﬂl &a H=E H?E HJ% %
(2013) 755 £ b4 +4 CO, ¥ 2011 FEdL 52
IR R AR 5 AR T, &5 3 BB Peo,
5 R BA A2k & 5 o TR
JEIRE Y 7.8 A Peo, o 20 B ZARE X HFFEIX
7.8 F i 32 R BT R AR IR R B KA X A
DVZERIERE. J R FERE R ER B 0~
0.5 ey Z44%. —J7 1] = T 20 W i BRBE 48 A 9 1 2
SR EEIR PP A Y CO, S g — 5 IR
LEM A T 3 CO, [0 AP AL i +3% CO,
W EREAR. PG, Peo, o 76 7.8 3 B 2 e AR AH. K
TR TE R BB Peo,won 5 R R BE Z 8] Y
AL 30 em il 60 cm Ab Pcozfsou'—?l%ﬂﬁiﬂ’ﬁﬁﬁé
ZECR® 43y M 0. 351 (P<C0. 05),0. 387 (P <<
0. 05) , 5 L E PR IE A OGO &R 5 1M PC()Z—,\-OHE‘?JJ%E 1 AH

SFEVEBAR B3 (P=>0. 05). i WA/E S T i Hb ¥ 3
SR R X o, won OS2 0 FETRLBE B 22, 3X 5 R R
(201175 Hy FEF [ B 7 2 15 DX 52 i T8 ol i 3 U e
PR K L ST B I AH ) 5
42 AR Po, BURE

LRI N R AT R AR TR (A 4
FL AP FE HRN A 3 AU Hid
KB X Y CO, #eBE 52 Wi A R CE 5%
2014) » PR ASBIF 50 8 A 5 P& 7K B IR 7T Peo,
FRI R
4.2.1 EEPo, U HIFWCO, FERET
A, £ CO, W E W ST H & Peo, cave
/N (Baldini et al. , 2008), 3 CO, ¥4k K1
7 CO, B — 51 (Frisia et al. . 2011). S
KA AR R SRR 2 A A B 2 13 CO, 3t
AT P, e 26 H 75 5 D5 636 20 6 /1
3 s BEATH 7N Y L3 CO, 38 Peo, e AERFAEAR
(K. $KT 22012 4E 11 H Peo, e & FHEIE(HIX .
M Peo, -« 7E 2012 4 12 A A TF iR TR 2013 4 3 A
Proy oo €8 EFFEIEE R TTHCH Poo, o U5 FE 4
AR L Po, ave X Pco, wil I B B TR EA P i
P (& 5). Ith»“P(:()zfcach;@ p(ﬁ()zfsoilg/f’tﬁzﬁg/f 7K
MR AN BER LA B S BT Peo, e BN ] 22 L Y
FUHEE, AN REBEIN S £3 Poo, v 7E 2012 4F 11 J

4.5 4.5
40k (a)30 cm/t a0k (b)30 cmit
. . o .
3.5F 35
g 30r 30F < .
P2y 251 P>0.05 ©
¥ L L /———"73"/
2.0 2.0 5 o
151 151 o
O <
N S P<0.05 Lof o . o
0.5 L L 1 1 0.5 L L L L L
0 50 100 150 200 5 10 15 20 25 30 35
45 Slaseme -
40} 40f “
. 35F 35F &
s o P>0.05
7 3.0F 3.0 =
S st 25+F o>
20k o P<0.05 2.0 O
o o © & & &
1.5 I I L L 15 I I I L L
0 50 100 150 200 5 10 15 20 25 30 35
B4 7 - (mm) i (°C)

K7 3% PC()Z 55 R TR 1 IR A RE S

Fig. 7 Correlations of Pco, i vs. precipitation and P(«,()2,S(,;] vs. temperature
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Table 2 Water Pco, in upstream and downstream water of subterranean river %

A T Peo, i Pco,-« APco,-« Peo, -eave Pco, cave TN /U /D
2013—11—02 0. 14 0.15 0. 01 0. 39 —
2013—11—03 0. 20 0. 24 0. 04 0. 50 0.11
2013—11—04 0.18 0.31 0.13 0. 60 0.10
2013—11—05 0. 34 0.43 0. 09 0.73 0.13
2013—11—06 0. 33 0. 34 0. 01 0. 54 —0.19
2013—11—07 0. 36 0. 49 0. 14 0. 66 0.12
2013—11—08 0.61 0.76 0.15 0.91 0.25
2013—11—09 0. 67 0. 96 0. 29 0. 98 0. 07

SEAE 0. 35 0. 46 0.11 0.70 0.09

T Peo, cave 7 4 AR ORI TP HE 5 Peo, eI/ AR 2 KRB Z 22,

R H 0. 734(P<C0. 01), AR B FME AL R
DI IR 1] B P, -cove B3G5 307 T 7K 56 %5
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FH 6" Coie B 2R TTHY —0. 970 Y038 i £ R i 47 m Y
0. JE/N 25 (2013) X B PRATI A V5 SRR 0 b U
O Cowe MR, & B B SR K 5 13 5+ 0" Cone B 2R H
9 —1. 275 Y% 14 E) i 300 m A —0. 608%. &
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M A I3 F8. 2887 S I FEE R o by T Y 7K Jd Nk [1] ) 5
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5 Py, oo BRI SRTT 30 T WK 9 14 22 76 LT
R AE TR ZLI R SISO G LB ANTE 2 A
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BENR T e B 4 CO, R T T B MK
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I B 45 CO, BN (XA A 38 55, 20005
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’ﬂzﬁﬁJilHﬁT(HjZK Pcoz—eq i 1311, Slc, pHm F%ﬂfﬁ, (2)
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WICE IR BT EPIRZS) s Peo, o AHXSEESE » Sle B
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Fig. 9 Evolution of equilibrium and saturation values of sz from water in Xueyu cave
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