2012 4£ 10 s W st Vol. 31, No.5
October 2012 ROCK AND MINERAL ANALYSIS 884 ~ 888

NXEHS: 0254 —5357(2012)05 — 0884 — 05

LY S K 2 G e el e ity B

e, £ 2, %k ®, %k %

(1. RS (LR, L5 100083

2. TR A M TS T, [ b VR IR A S 2 TS SR A, TV R 541004
3. bk SC TR T2 S, Tk L 050021)

HE: ARBEFTFRRIEN IR B AR T o LR LR KRBT RPORILALRE, K
PRI BAARERL T T A% BIRLR LT A% ERLBEF AR T TRAAZABDEERT
K ZGE, A& Z AT AT 2 A= HCO, 3R 69 S ml J5R, R A 8 A0 5 -7 82 Xk A% Shaim a8 2 (CO, ) .
URET ERIT ARG @ARFHILE S A 68.82 t/(km’ - a), KEH T 7 & %469 845 @A SE a5 08
F4 8118 t/(km’ « a) , HFARAILT I A %69 A2 @ARFBILIBF H 100.07 v/ (km® « a) . HATRK B —A %
KRG MR AR IR A AR E R AT 6 T i 694 HCO, JRE R Fom B2 R IL R E 0 X 4E R
F, LT R E 6 BACTBIL 3R B A9 %500 B2 R Bl 28 78K R G a8 & ML 2 R S o Fo i T K
At E], B AT 2 LA AL Hrh, HAT R AT TR Sk AR AR A Fe it N B R BRIL R F 2 L,

KEBIE: BEKAG; ILEF; WF TR X

FESES: X142 XEAFRINED: A
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Abstract; Select results from modern karstology research show that carbonate rock can be actively involved in the
global carbon cycle with a quick response, thus the carbon sink effect from the water cycle in carbonate rock areas
is very important. As described in this paper, three representative karst groundwater systems were selected,
including Guangxi province Guilin Zhaidi, Guangxi province Huanjiang county Da’an groundwater and Chongqing
Qingmuguan groundwater. Carbon sink flux (CO,) of each underground water system was estimated from the serial
monitoring data of discharges and bicarbonate concentrations by using the simple chemical equilibrium method. The
fluxes in Zhaidi, Da’an and Qingmuguan were 68.82 t/(km’ - a), 81.18 t/(km’ + a) and 100.07 t/(km® - a)

respectively. The structures and environmental conditions in each karst water system were relatively stable;

accordingly, the groundwater discharge and HCO, concentration were two key factors influencing karst carbon sink
intensity, especially the flow rate change of underground streams. However, the carbon sink flux could be
controlled by water chemistry and hydraulic conditions and was also impacted by land use change for different karst
water systems. The results of carbon sink fluxes from three typical underground water systems provided references
for the improvement of the carbon cycle model and the estimation of the karst carbon sink.
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Fig.1  The carbon cycle mode of epikarst dynamic system

— 885 —



%5 o

a

2012 4

http: // www. ykes. ac. cn

FHKACE 1 R E 2 — R X PR AL I
S Bt ASBFFERX K pH  Ca® " (HCO, (HL T3
R 7 12 o AR IBURE T X 7 B WTW
A A7 pH/ Cond340i 7K 5t 22 2 HUAL N 15 ]
Merck 7 w) Az 7 B RE B2 3T R0 RE 1178 B A0 B 00 7K
FEMIIRE 538 pH fH . Ca® " (HCO, ¥k & k17 )
X, H RS B 5 o 0. 1C 01 ws/em, 0. 01,
2 mg/L.0.1 mmol/L,

B AT B 5 B — JBE R R P g S o P A 0%
o F v i gl gy B AN a1 =R B R
ARER ™1 o AR SR 8 B Ak 2 - 5% 2 1 Al S g
UK R G0 i, o a2 3 U iy A K1k
R TN B [k A

B R AR e A T T ) A ST F

CaCO, +CO, + H,0 < 2HCO, +Ca’"

CaMg( CO,), +2C0O, +2H,0 <

4HCO, +Ca’" +Mg""

AL, Bk R £ A A ¥ il AR 32 R AR AR Tk 1
CO,MZ 5T RAM, Ha & m i K HCO, Hil
A —2F R YT CO,o PRI, I I 5% — 1] B
A AR AT B IR AR VA Tkl A v A BT 20 B2 1
BT B R IR K RGN BB PR RHE o

T NAKAL A TR PRI HCO, & 4, $5 IR LA
PAXIE CO, & & p(CO,) , Widhf Ch, ALl
mg/L,
p(HCO; )

2 x61

H A X SR A K AR i Q 5 ek
TP BARIRAEL M, SRAT 2 00 8 R Rk 1R 6 5 7 1l i
THAEHY CO, , B TH AR E fE (BRIGERIREE Cm) .

Cm =31.536 x Q/F x Ch 5}, Cm =31.536 x M x Ch
2, M—H KA A, L/ (s - k) 5 Q—4 1%
MR K fR W EE, L/sy F—00 3 A OB, km?
Ch—A 0K CO, % 1, mg/L; Cm—k 1§ 35 5 Ji,
kg/(km® - a)

A WLBR AR5 B Cm BE 5K CO, & A G,
WHRWRA K. VAR RGWBREE /) AMEZ K
A RS2, 052 30 K Bl ) S5 P s A

Ch=p(CO,) = x 44

3 M P ARGEN RS
3.1 JEICHl il S SE L i i
TR I AR GERIL I A LA R 1
AR K SCHERE, JEIRH T T i AE 7 Je
HCO; WRFEAE 7 3 Jefe SEil 4 BT 2008 473 J ~
— 886 —
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Table 1 ~ Carbon sink flux of Zhaidi underground stream
, i 0/ p(HCO; )/ Chp(COy), RILHAEL
03 B[] o ~ Cm/(kg - km™*
(L-s™") (mg-L™') (mg-L7") ca )
2008 423 H 812.88 179.95 64.90 50893.56
2008 424 H 1517.68 209. 84 75.68 110803. 38
2008 4£5 H 1435.33 173.85 62.70 86818.24
2008 46 H 1158.14 198. 25 71.50 79883. 81
2008 4£7 H 4374.55 179.95 64.90 273885.96
2008 428 H  440.89 237.90 85.80 36492.97
2009 49 H  89.60 251.93 90. 86 7853.67
2010 58 H  313.50 222.04 80.08 24218.84
2010 4£9 H 158.59 234.24 84.48 12924.73
2010 4£ 10 A 52.53 240.34 86. 68 4392.56
SEH 1035.37 212.83 76.76 68816.77
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Table 2 Carbon sink flux of Da’ an underground stream

Q/ p( HCO; )/ Chp(Coa)/ WL
Dt s ] . S Cm/(kg + km 2
(Les™) (mg- L7 (mg-L7H 0 hyy

2010 4E1 J1  24.00 274.50 99.00 2292.12
2010 4E2 H 92.26 282.43 101. 86 9065. 86
2010 4E3 J]  55.27 288.53 104. 06 5548.36
2010 44 H  281.10 263.52 95.04 25772. 64
2010 4E5 1 3383.70 237.90 85.80 280072.73
2010 4E6 H  2948.31 240.95 86.90 247163. 65
2010 4E7 H  2512.92 244.00 88.00 213330. 53
2010 48 J]  441.25 256.20 92.40 39332.21
2010 4E9 H 977.00 268. 40 96. 80 91235.03
2010 4£ 10 J1  376.00 262.30 94.60 34313.95
2010 4511 A 85.00 277.55 100. 10 8208. 14
2010 4£12 H  193.00 265.35 95.70 17818.08
AR 947.48 263.47 95.02 81179. 44

GEiT4rHr 2010 4F 1 H ~2010 4F 12 A 9 24E 5
P, KA T RG24 H 3t 5ok 480.31 t, 4
AERRLE N 5763.74 v, BN T4 SE M 81. 18
v/ (km® - a) o KRZH I RGEHIBRIL F 5 L LA
5 ~7 A6y, =4 H Bitik 740.57 v/ (km’ - a) . FEH
IKI BRI Fe 85 /0, e /MEH BLZE 1A, AU 2,29
v (km® -« a) s KA AAE 5 BRICE F ik 31 280. 07
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Table 3 Carbon sink flux of Qingmuguan underground stream

Q/ p(HCO; )/ Chp(CO,)/ wal i i
RS 1] Cm/ (kg + km 2
(L+s™) (mg-L7') (mg-L7h .
.ca )

2007 4E5  74.63 332.45 119.90 25196.37
2007 4E 6 1 834.78 265.35 95.70 224943, 65
2007 47 A 1956.69 289.75 104.50 575741.03
2007 4E8 A 166.21 323.30 116.60 54568. 82
2007 4£9 | 187.67 344.65 124.30 65683. 09
2007 4210 H 118.65 347.70 125.40 41893.71
2007 £ 11 A 96.60 341.60 123.20 33511.29
2007 £ 12 [ 81.67 347.70 125.40 28835. 57
2008 4E 1 f 61.02 359.90 129. 80 22301. 89
2008 452 | 61.66 366. 00 132.00 22917.42
2008 453 | 61.18 341.60 123.20 21224. 40
2008 4E4 | 308.44 268.40 96. 80 84068. 87
T 334.10 327.37 118.07 100073. 84
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Fig.2 The relationship between carbon sink flux, concentration of

HCO; and discharge in Qingmuguan underground stream
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Table 4  Carbon sink flux in different karst water systems
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LK TR (k) 32.69 71.00 12.90
44 Ch(mg/L) 76.76 95.02 118.07
Cm[mg/(km + a) ] 68820 81180 100070
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5 ghin (4] . WSR2k 1. 55 D2 B 5, 1993
TEAIHTHE LI = A T RGE (A (1): 16
I 2% e R RS 5 A H T &5 FF [5] i HST/E A5 B0c0E B R 9 10 el st F R 2R ().
) s . . 2SR, 2011, 56(26) ; 2157,
SEAFEATILRS - FIFFICAE LR HCO, YR e Ve P 201 30020+ 21 L
friiieuypmeibaunicuommenmy oML U R U L R T
AR AL TR A PRI ;‘ﬁ ‘ [J]. FF2£347,2011, 56(26) : 2174 —2180.
AL TR AR BT 5 L IR 68. 82 1/ (km - a) [7] de Montety V, Martin J B, Cohen M J, Foster C, Kurz
7> 2 > Y
K%y 8118 v/ (km™ - a), 75 A K O 100. 07 M J. [Influence of diel biogeochemical cycles on
t/(kmz ~a) o JPATIAC L ] B O A HCO; e rE carbonate equilibrium in a karst river [ J]. Chemical
TR AL 5 A S BE PR 3K HCO; YR S L Geology 2011, 283; 31 -43.
gﬁrg%;ﬂtﬂﬁﬁﬁ*ﬁa‘éﬂgﬁ%’i&‘F?ﬂ‘{}ﬁi_ %{5@% [8] ZhangZ C, Lian B, Hou W G, Chen M X, Li X, Li Y.
TR LR T ARG 3G 25 L By B B A A T A Bacillus mucilaginosus can capture atmospheric CO, by
—1 iy, - - » :arbonic anhydrase [J]. African Journal of Microbiology
Lo AR K R G IBRILE WAL K AL 4
7 7N Ak PLILN X BXFP =ty > 3 W st =
AT o e e o ;J&a . e [9) RHIE R KA, LAY RO BRI A
VAl =7 R Yl S 322 5 . N s s
URIIEACHIRON, i AR IR I IR B = i R T WA S LT
L RERERAEER WA R TR BRORAIEER - 15t i 1) LS P E A RS M. G R R
fifp DR A S BRBR AT PRI (e A ik #k, 2002 39 -42.
[10] Gams I. Comparative research of limestone solution by
6 g%irﬁk means of standard tablets ( second preliminary report of
[1] Mackenzie F T, Mackenzie J A. Our Changing Planet, the commission of karst denudation, 1SU) [ C] //
An Introduction to Earth System Science and Global Proceedings of 8th International Congress of Speleology.
Environmental Change [ M]. New Jersey: Prentice Hall 1981 273 -275.
Press, 1995 1 —292. [11] Ellaway M, Smith D I, Gillieson D S, Greenaway M A.
[2]  Yuan D. The carbon cycle in karst [ J]. Zeitschrift fur Karst  water  chemistry-limestone  ranges, ~ Western
Geomorphologie Neue Folge, 1997, 108 ( Supplement ) : Australia [J]. Helictite, 1990, 28(2) : 25 - 36.
91 —102. [12] Dreybrodt W, Buhmann D. A mass transfer model for

[3] LiuZ, Zhao J. Contribution of carbonate rock weathering

to the atmospheric CO, sink [ J]. Environmental

Geology, 2000, 39. 1053 - 1058.

— 888 —

dissolution and precipitation of calcite from solutions in
turbulent motion [ J]. Chemical Geology, 1991, 90.
107 - 122.



