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Modeling the Influencing Factors of Karstification and Karst Carbon Cycle in

Laboratory
ZHAO Rui-yi, LU Xian-fu, DUAN Yi-fan

(Key Laboratory of Eco-Environments in Three Gorges Reservoir, Ministry of Education, School of Geography Sciences, Southwest
University Chongqing 400715, China)

Abstract: To analyze the influencing factors of karstification and karst carbon cycle, a simulation experiment was carried out and 6 soil
columns were designed. The results showed that the content of H,S0, , hydrodynamic condition and thickness of the soil had important
influence on karstification and karst carbon cycle. For the soil columns which were covered by the same thickness of soil, the
concentrations of Ca’* + Mg * and SO;~ followed the order of B20-2 > B20-1 > B20-3, B50-2 > B50-1 > B50-3. This meant that input
of H,S0, enhanced the karstification and increasing infiltration water had significant dilution effect on the chemical properties. For the
soil columns with different thickness of soil but with the same slag pile and hydrodynamic conditions, the concentrations of Ca’* +
Mg”* and SO: " followed the order of BS0-1 > B20-1,B50-2 > B20-2,B50-3 > B20-3. It was demonstrated that more carbonate rock was
dissolved under the thick soil columns. In addition, the net consumption of CO, mainly depended on the content of H,SO, in this
experiment due to slight contribution of H, CO, to carbonate rock dissolution. More content of H,SO, brought about less net consumption
of CO,, but B50-2 was an exception. Organic matter and other nutrients might be input into deep soil with the slag pile, and they
promoted the production of soil CO,. Therefore, more CO, was consumed due to the increased contribution of H,COj to karstification.

Key words:simulation experiment; karstification; carbon cycle; slag pile; soil; hydrodynamic condition
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Table 1 ~ Soil texture

L R DR B4 1/ %

KR
1~0.25 mm 0.25 ~0.05 mm 0.05~0.01 mm  0.01 ~0.005 mm 0.005 ~0. 001 mm <0.001 mm
A 2.76 7.24 20 26 18
AB 0.74 10. 26 15 26 14
B 0.3 5.7 14 24 30

1.2 DL o R S ik

SEEGRE S L E R 6 AL B 45430 B20-
1. B20-2., B20-3, B50-1, B50-2 #1 B50-3. ¥4 11
B R TR A 10 em JE I A TR 1 PVC
B (BN 75 mm) , HH B20-1, B20-2 il B20-3
H—H, PR 20 em JBAY 38 HIERE S ICH THEF D
I 0 ~20 em &b B50-1., B50-2 #l B50-3 Jy
S—4, B 50 om S 58, RS E TEFAE
+HEH T 0 ~ 50 em Ab. B20-2. B20-3. B50-2 i
B50-3 7¢ + 3 FEBA w5 3 om JERUMEERER . B4
PVC K & T % &, I — 1 1 em K
HOHTBETBK EXLRAFRENE 1,2, 3,
4.5, 12,43 K 74 d 7] PVC 4 i A 4k 30k
R BRI, Hrb B20-1, B20-2, B50-1 Al
B50-2 FERHA 5 KHE4LK, FK 50 mL; B20-3 Al
B50-3 KK A 5 KH4EK, &K 100 mL.
1.3 ARSI

FH D38 BH B 12 K RE A 12 1A 4l il
FRIRALZE pH <2, LABij 1k FH B8 7 BfH & e i RE L, LU
I AR VU R R M BB 2 2 B M R b2 5 TR v 3R
S 2 SE R, AL A R 2E E Perkin-Elmer 23 7] 42
FEIY Optima-2100DV HLUSRHE & 45 85 7 & S ik (Y
(ICP-OES) , M AR 2 < 5% . BB ¥k B ik
T VY B R BB 224 B K A28 B 2 AT LTS G
SIMTE AT, A AR S B AR B A B A
UV2450 22 4k 43 )66 B o, & DUKS B £ F 0. 01
HCO, ¥ FE fiff FH 75 [ ™ Merck i B 11l
T HEHRO.1 mmol-L.7".

mg-L~".

2 HR5ITR

2.1 FBIKKAEEE B A AR

6 MEHERBHE FILL Ca®t S F, HRE R
0.79 ~2.53 mmol-L~", HWk iy Mg® ", H e iy
0.12 ~0.72 mmol-L~"; FAE F LI HCO;, H F,
He BN 0.54 ~3.7 mmol-L~" HRK b SO2 ™, e Ji
H0.21 ~1.26 mmol-L™'; K", Na*, Cl~
PO, ™ SRR E AR, A KEER) Ca®t + Mg® " ¥
BEAETT 3 23 R B B BE S L E W BT
[El1(a), B 1(b)]. £ LBIERE K 50cm 4L
Firp Ca®t + Mg” " ¥ A B50-2 > B50-1 > B50-
3, HEH 3 AR E, H2EMEAEO.S
mmol-L_IZEZ"T; M AE 32 o 20 em ) Ab #H
o EAR KR B K Ca®t o+ Mg R B
AR B4, B B20-2 > B20-1 > B20-3 ,{H &
T2 1) 1 22 5 A i B

FHEEE N 50 em [ 3 AL B, BREE 43 d
B50-31 HCO, ¥k B i% KT B50- 1 #b, H B
HCO, WJEHARFFLH B50-2 > B50-1 > B50-3,{H 1
HREJELRE M 20 em (1) 3 AACELZ [A] (A RIS B H
2ZRE/NE1(e), F1(d)]. Al Ca*" + Mg ¥
—HFE SO TR B Y AR b Fb I S8 R I
11, 3 AT RE A B T 3 K ) e s (B30, B Ak ) 4
A ] o e 2 38 hn 3 . I B B20-2 > B20-1 >
B20-3[ Kl 1(e) ],B50-2 >B50-1 >B50-3[ [ 1(f) ],
B50-1, B50-2, B50-3 Z [0 %25 [k B20-1, B20-2
B20-3 22 ] 1) 2 5 B .
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Fig. 1 Change of hydrochemistry
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H,S0, 43R 1 + 3K N B ki b
HO AL T E Z B AT E. TR E 76
b DX R ™ H AR R RN R o 32 e e
RIS BRAL G DA SRR i A R AL R AL 2
AR YRS S 30 A R 1 PR EE R R H,L, S0,
SHRHERG TS A EER, B8’ +
Mg " W BELL e HCO, YREERG . & 2 &l 3 WoR
SO;” WEH Ca’* + Mg Wk LUK HCO, ¥R 2 [H]
P T BT A A G, 35 R R Y B g 4G
e S O (S 1 R I T A D NSRS L
WEIECHE 20 7R, BT HNO, 5 H,SO, R HY

25 HCO; 454, 4 F80uK HCO; DL CO, IE
B KM I SO2- + NO; ¥ 5 HCO, He ¥
PR ) SR DGR R R S S A
W4l 52 18] H BRI 22 S AR AT e e DL R S 41k
R U L. ASTARLSEIG h TOR FH ) e 4
Blie , LB SR R A AR TS
KBRS HRRE FHEA2ZS T M. X
SEIR R AT R 3 K T B AR DL R KCE 2 fi i ]
RABER AR, TRt oK b 2 v o o B A B Y
#5.

BT H,S0, WMBREREL 2, /K P i HCO, 223
KH TR A, NS 2 Ca™" + Mg2+ wESs
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3.0 R2=0.8076, P <0.01

2 24 -
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[
=
T
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B2 Ca’* +Mg’* 5S03- ¥

Fig. 2 Relationship between Ca’* +Mg?* and NO; +S03~
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HCO3 /mmol-L™!

L L L

1
0.2 0.4 0.6 0.8 1.0 1.2 1.4
S04 /mmol-L™!

B3 HCO; 550}~ #x
Fig. 3 Relationship between HCO; and SO3~

HCO,; WJERIEE/RL N 1: 1. 1 CO, ¥ T /K5 T Al
(1 H,CO, #iakRER 7 H= 41y HCO; —2F2k H
BRIRER 5, 0 —2F ok A R E 9 COo,, TT&
FHok Ca?* + Mg M5 HCO; MR EE /R I
0.5: 17, [H iz 1 /K 1k 2 43 B 2 7T DL X 40
H,CO; 5 H,S0, #5 H Wik BREh v i ) STk i, OF
T AR CO, Mg i FER. Perrin %5 H
AHCO; KFRBR H,CO, N B R hik g £k &
A HCO; B[ A(1) ], H HCO; gy i HCO;
2k AT H,CO, kiR 5 iF HCO, AR BE,
HAHH Ca®* + Mg WY 2 %, HCO; s M P A
T E) HCO; W, BT A3 (1) R nl 4 55 ui 28 5K
(2). HCO; M2 AHCO, Wk H,CO, ¥
WRBRER A = £ HCO, . BT H,CO, ¥ Uik iz
AR HCO, —2F2k A TRk IREL & i o1 —2F
KHT CO,, HIL R A (3) AIHE AR

X CO, M FER.
AHCO; = HCO; e — HCO; yun (1)
AHCO; =2(Ca’ +Mg™") - HCO; yyyyr  (2)

Vhp S 4o L 1 - -

B20-1 1) CO, MY ¥ {H #& 1 N 0.07 ~ 0.65
mmol -, EHIE N 0.26 mmol - L' ; B202 M
-0.2~0.51 mmol-L™" CEE R 0. 16 mmol - L, ;
B20-3 & 0.11 ~ 0.6 mmol-L™", S 1 & 0.32
mmol-L™"; B50-1 y —0.49 ~0.48 mmol-L~",F1y
f5 0.03 mmol-L™'; B502 K - 0.15 ~ 0.99
mmol -1, , 1 {H & 0.32 mmol-L™" ; B50-3 K
-0.25 ~0.56 mmol L' CEE R 0. 12 mmol -,
(K 4). +HEEE R 20 em 19 3 M4EFE, H CO, ¥
THFER I N B20-3 > B20-1 > B20-2. 4Rifij -2
JER 50 em (1) 3 ANMbFE H CO, HiHAEEHI LI N
B50-2 > B50-3 > B50-1,B50-2 ) SO2~ ¥k J¥ i K,
CO, HHlFEE I M A . ANRALH T E T, KAk 2E
PRI CO, HiEFE & AR LR IE AR R B T 22
S T o SIS R sk | B R DL Rk
Bl ISR A FH A TG PR 1 5 )

CO- 131y #E it/ mmol-L™!

NN

0.05 H
o % / v
B20-1 B20-2 B20-3 B50-1 B50-2 B50-3
AP

B4 FRELXET CO, #EFEEFHE
Fig. 4 Average values of net CO, consumption

under different soil columns

2.3 AVAEH KOG R N 2
2.3.1 BRI SR B A

Ca’" 5 Mg’ FER H TIRIREL A 7, itk
Ca®" +Mg” " VR TT LU B 2 AR FH R 5. 13
JEEEA 20 em [ 3 AMEHEH B20-2 Y Ca® + Mg™*
W fe i, B20-3 Jeflk; [FAE, HIEIEE 50 em 1Y
LB B50-2 Y Ca®* + Mg®* Wk EF LA K, B50-3
fik. B20-2 Fl B50-2Ca>* + Mg>* ¥k B s 5 10 |
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TR R AT G, R D A R A AL S
T A3t H,S0, B &, H,S0, HiFBKE R ig
BIFS SR EEMER T, S8 Ca®" + Mg® " Wk
Hhn. JFH Ca®t + Mg WRE S SO WEREIH T
HH S ) TEAH DG 3K -t 150 I R 2 ke v A A\ 5 I 1Y)
H,S0, H5k T A AEH. #&1f, B20-3 M1 B50-3 +15
A B T A AR R AR L E Ca + Mgt
W TS S02 WA FRAR. X & T B20-3 A1 B50-3
FRRIEEK T 4 ASAEBERY 2 4%, K 3 n &
FUKALAE 2 3 T BRI R S
HIY, TR R AR K, Ca® " + Mg " W 5 SO3 -
WeRE I T W T R a3 22 5 Bl K R B
AFIRIAG AN, Ca® + Mg® " Wk 55 SO, WL T
By AR T K ) 1 S AR AR A AR
FHP=H T EER .
2.3.2 +HHRE

XoF LA ] - 338 JE B B R 3B 7K 1 7K Ak 2 P
Ca”* + Mg’ " W EHH B50-1 > B20-1, B50-2 >
B20-2 . B50-3 > B20-3, i I ZE A4k ik i Ak 3
FEMEHR A LT 50 em 38T B A R 2
58T 20 em By LU, BT REIDISCE R E R NS T,
IF HABTRLE K S5 44 BT R FH B A R 4K 38 i KA
AERALHI AT L Z B AN, H,S0, EZRIET 4%
ZHE SRR L 15 AR s, A XS
F B20-1. B20-2 F1 B20-3,B50-1 ., B50-2 #1 B50-3
BAERMEEE R4 T 520 H,S0,
XHRRER ER A E A T i, BRIk BSO-1 ., B50-2 Al B50-3
) Ca’" + Mg™* W 5 SO, e B #RE 4 5 K T
B20-1. B20-2 il B20-3.

e H A RIEN T, P E LR & &
L, H b= co, MR L. JFAM T+
BEVRIRALBR EE /)N, 3 cOo, Y E Az B PR S
PR TR 11 CO, AR X 2 b - 5L DR [ 3] RS
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