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Chemical weathering of carbonate rocks by sulfuric acid and the carbon cycling
in Southwest China

LIU Cong-qiang*, JIANG Ying-kui, TAO Fa-xiang, LANG Yun-chao and LI Si-liang
( State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)

Abstract: The research on relationship between catchment erosion and eco-environmental change is one of frontier
sciences in the earth’s surface geochemistry. Crustal weathering by sulfuric acid and its relationship to carbon
cyeling has become one of the most interesting subjects for geochemists. In recent years, we studied water
geochemistry of rivers draining karstic areas in Southwest China, and recognized that the studied river waters have
high content of SOi~, and that sulfuric acid had significantly taken part in chemical weathering of carbonate rocks
as evidenced by stoichiometric analysis, 8"C of dissolved inorganic carbon (DIC) and &*S of sulfate ion of the river
waters. Weathering rate of carbonate rocks in Southwest China has estimated to be 97 t/ (km® - a), and 25 t CO.
consumption/ (km® - a) . Sulfuric acid weathering carbonate rocks was originated mainly from acid rain, oxidation
of sulfide minerals in coal containing strata and ore deposits. The flux of CO; release to atmosphere is 8.2 t/
(km” - a), and the calculated total flux of CO, release due to carbonate weathering by sulfuric acid in southwest
China amounts to 4. 4 x 10> g/a, which is 33% of CO. consumption by weathering of carbonate rocks. If this rate
is applied to whole land of China, carbonate weathering by sulfuric acid will release 28 x 10 g CO./a, about 26%
of global consumption of CO. by silicate weathering. This work shows that sulfuric acid-involved catchment

weathering can change carbon cycling, and should have been taken into consideration in modeling global carbon
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cycling, and further indicate that human activities in many ways can accelerate chemical erosion of river basins and

modify biogeochemical cycling of substance.

Key words: karst; catchment erosion; sulfuric acid erosion; carbon and sulfur isotope
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Fig. 1 Relationships between major ions in surface and ground water

from karstic catchments in Southwest China
(data from references [8 - 10, 15])
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Fig. 2 Varations of 8°Cpic with [Ca?* + Mg?*]/[HCOs ] ratios
of river water in karstic areas in Southwest China

(data of Beipanjiang from reference [10])
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Fig. 3 Variations of 8*S value with [Ca®* + Mg**]/[SOi™ ] equivalent ratios of river water of Wujiang

in both summer and winter seasons ( 8™S data from reference [15])
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Fig. 4 Variations of 8'°C with &S value of river water from Wujiang
and ground water from Guiyang in 2002
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B, BREFERRET Y, ER ERRET
Y ¥ % 19 DIC 3% fin Wi {3 36 7 7K # DIC %9 8“C {7
B TFTRER):

CO; + H,0 + CaSO,4 + CaCO; —

2CaC0; +S0%~ +2H* (3)

SRR S REMTKHERLEFNAR, BE
B OSMS HMTIKK SECHHARE, RUAERER
BT YHBR-Y A IMABBRREEEFERY
Rk, HEAE L RRBRIET YOBER - TR
KM AL Rk 8°C HE,

4 TVHRBRER LS IR R R K IR
NP

4.1 FEEE STMKGEEE RN R

AR F B R A K SOF™ 1Y 6%S H A LAEAE
FIBT, BT _E#ER T HRK R SOi BA AFEMK
B, R EEXR AT KA ENL ER BB
WHELAKRBRIIFE; THUNFERGERMER
Y HEN KSRIIERABHER, B, AT
BEFITE, RATES 30 I _EFER T ¥R K8
SO%~ R TEHAT 4T -

BT TFRICAT A A ETH#HRSR, U
MBI TFHEME B O, BTWKXEREMRA]
2002 £ K SO SR SHTEH SR M
BEALOMESWmEERUR EWHMT IS
SOF Bt ERBMIER(E 1),

RMBEARNGIT M BN SO REEN
170 x 10* g/a, KK B F £ KB4 5 &5 £4F SO;~ %@

F1 5T SO FHHEE(X10"° g/a)
Table 1 Output fluxes (X 10'° g/a) of SOi~ from Wujiang River basin

B L+ T £
HikH 34 14 48
FKM 104 18 122

% 138 32 170

BRI 28% M 72% , E¥rshXEH A SO H4
Wi REM 80%

BT HKPIR#TAKE SO WERM &S
HEHE, DTFOOTEEKPARFRRE SO~ XK
SO;™ TR, &SRB KB BRE I TTER AT I TR
ER

S e = E}, (2

R, i fRRWIC; river RFFK; m 3L SO~ K
FEE; mi/ mae NEWITII K SO TERNE 42
o

ST BRI X R R, FKEMmER
REEHWAKIS . RERMAE 2001 FAEREL
®, SUKRABEBELRESHKEN 50%, BER
BN 0.5, AR Xiao et al. P KENEIE, BT
WAR A RMET A, TSLRBERTI AR HX,
H SO WEM/MT AT KK, Bk, EHERN
KB R FEME SO WER, RITCRAR %/ WS )G
— PRI, FFBFAKKN SO FHRENR
0. 06 mmol /L, R M FIZK SO ¥V #iE Han
et al. PVPTI BB K S FRK SOF PRk EME, B,
X— SO WEHEITE NG RATARTK R ST
WA SO MBAKAMMERERBHTRABEY
FIKE SOi” FHWE Caiw=0. 12 mmol /L, R
8*Srain = — 2%o00

e FEHEREAEN &S BEAFKNAR
A EHBRLE PR S A O BRERE , X4
BiRRibn S HS R AREREHE, LILHEA
DERR.CBRAN-BERBRBRLESME] 06
HRERBEERN 70% , 5| —HERLCHEF
BEREEAETNH, S'SHEHTHH +26.6% », 5
LIHRBANRBREN R KRBT FERRER,
HB R RARTE +23. 2%0 ~ +26. 3% 8], 5%
RGHELARBRIROTRECEAR (+23. 7% ~
+29. 6%0) T B, Hilk, RAVE T S HRE
HAERZERBFENBRABKEN +25%0,

X 6"8.-) (4)
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MRS . RS RE S MR RN SRIER 411

JED R K S0 B 8%Seen = — 13. 0%0; BFHILIL
MHAYT LT HIK SOF K 6*Swse = + 8. 0% ;
TLAFN K SO~ By 8%S;= - 5. 8%0; ZEMEF K SO;~
By 6%Sc = —4.7%0. BT LWFA T HHK SOi- B
AR, B 43 51 E & R W R

FEFFEKBEKKEHBEREN 183 x10° m*/
a, WK K SOF FHMEE 0. 12 mmol /L, A[ 5
WA AK SO;™ K 21.1x10° g/a, i L SOi~
WIS EK 20% . HKPH SO FERET IH
WEPRAY AL . 7 LG AN EALRTAK,
TR AXEK SO WHER K a, BN b, MK
BALPITRER K (1 - a - b) o FHRBXFEK SO;™ iy
TERFRRTF .

6*S; = 6¥Snie X @ + 8*Seon X b +

6¥S.usde X (1 -a- b) (5)
K. a=20%, THEE b=52% ., B} L¥ERKH
) SO;~ H 20% K BET WK, 52% KRBT, 28% X%
BT ik WAL

MFTFHEAK, BEEUTARTREX — XK
6] VLT B A B9 SO3™ B 8*Sowa 18 :

0%Se x Feo = 8*Sy X Fy + *Suown X Fooma (6)

K Fou Fi Ml Foow AR EEME TR WK T
BXICATHMAKEK SO; #E (1), HESER
*Suowa = + 1. T%00 X —Hb X E 7K BT K K 4E B B
B 105 x10° m*/a, FKH AR SO~ K 12.1 x 10%
g/a, i TI#F SO Wi B BH 67% . FAKHBH SO;-
RETHAK., BEREME, WRFEAKMFEK SO B
TERA x, BREWTERA v, WEKTERA (1-
x—y)o HRFEXHK SO BFER A A F A ARt
T

*Siown = 6™Smain X & + *Sevaporite X ¥ +

634Scoalx(1_x_y) (7)
R x=67%, iITHFIE y=28%., BITF#HRAKS
E& SOi" H 67% RFET WK, 280 RETHREE
##,5% FBETH

BRI, Eﬁﬁi%ﬂ?%ﬁ?ﬁ%l‘]ﬂeﬁﬁﬁﬁﬁm
MKW TRAEEEBRRNES, FiFaXBaTr
AR SRBERNGAST K, W ﬂ(ﬁ@hi?ﬂe
BT RBE AR, WA RERNED,
T X WK R ERER N F ERET WK, ﬁﬁ%iﬂ
RREBBEE W, P EET IR TERRE D,

AU EHAESR, SMERNFKHSILRK
FE) SO A 5SS T e RABPRETHRM,33 ¢

LIU Cong-qiang et al. :

REFWK, 29 T 1 RBTEKBABRRAL, 577 K
HEEABER, M EKB IR K SO~ T #k 73
H 45% \27% 24% 1 4% , & 1EHE PRI R
LR EKATAK SO B EEN KT,

4.2 SiIREKEILENEMAE

EREFIEIRAAED, TR RERRS
25T RERREENAERM, RE\ERIIX
2000 4511 2004 4 SYLF KA 24 AT, BILH
K BRI RREL A AL 0 (Cao 7sMgo.2s) COso
B3 Hercod et al. P FE:, FHMAEEN 2002 4
BITTF ¥ OB KE FIRMMU EITESR
B SIRERRELERMB N IR, R
BRI R R B BRI R N AT B R O R
g

(2 + a)Cao.7sMgo.2sCOs + H2S0, + aH2CO;5 =

(2 + a) (Cao.7sMgo.25)2* +S0%™ +

(2+2a)HCO; (8)
K 2+ a HFKPELWE (Ca®* + Mg®*) Fl SOi~
BERWRE W, MABRESSTBHRREMS, N
a=0, SHRILMNL, RESHRAYRLERK
BT RALE MY, iR A% BRI
RETYHRM, RRIAERIEXNFK HCOs &

. Mg ERBATR, RRERRLBERBLEX
Ca* FBATM, B2 M Han e ol. "' ITERE
AT A2 0 B V45 56 2 X B MR R UL B IR Eh 2 %
BEEBNETFIRNEHEHATRIE:

[C1 Jeyetie = 0. 027 mmol /L (9)

[C1~ Juiver = [C1" Jeyete + [ C1™ Junihropogenio (10)

[Na‘” ]river = [Cl‘ ]cyclic + [Cl_ ]nn!hmpogenic +

[Na* Jobeute (11)

[K+]river= [K+]silicnte (12)

[Ca?* Juiver = [Ca?* Jcarbonste + [Ca®* Joiticnte +

[Ca?* ] cvaporite (13)
[Ca®* tionte/ [Na* Liitioae = 0. 2 (14)
[Mg?* Javer = [Mg2* Jeabonsie + [Mg® * Juitiome ~ (15)
[Mg?* Jaioare/ [K* Juitiowe = 0. 5 (16)

RIEMRER, RIS XALH [Ca?* + Mg ] curbonae =
1.59 mmol/L; BRERABRERIL[F B MR A > E
9 [ HCO5 ] camvonnte = 2. 28 mmol/L; H.SO. ¥ I B
[SO3™ autsuric acia = 0. 43 mmol /L, [Ca** + Mg®* ] carbonste /
[SOF™ Juturio st =3.7, a=1.7, B, &% ZITHIBR
E R KR FHR R ER T RAUE R,
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3. 7Ca0.7sMgp.2sCOs + HaS0s + 1. TH2COs =
3. 7(Cao.7sMgo.25)2* +S0%~ +5.4 HCO; (17)

HEIABANITRXR.

[HCO5 Joubonste” LSO ™ ] utturic acia = 3. 4

[HCO5 ] cabonsie 7/ [Ca?* + Mg?* Jcarbonae = 1. 6
1 SE B B B Lo (B 3 5.3 1 1,43, AT, B3R
75 A8 ] DAAR S 3 B2 AR 5 T 3 458 = K 3 R AR gk R X
BBREENEM, BNTENITRXRTH, £K
B G VLR R 1 B AL A 53% 2 h B BR 2 hh
R

4.3 EEFMEBX R ITERIS A R ER

BATC-VARHE Galy et ol. W HFEHE TSI
FIEERIL AR T B R KR Eh 2 B B R XA P B AR
BRERIL[F XA R L S B E (R 2), EXE
HES, B TERMAERMRK (2) MHFAR S0
HEMRERRIAZE THRRETUHER, B
HHEBEEVRBRK . TRERBRBRXKITES
LA Rk R L SE BRI :

ST KB BRI 64S EAM R R UEH, Mk
B SO FERERBEMBRRET YN &Y. R
R ST E WA T BRIk SO R BEM 44T,
A R B3R 3 K S VT s b A A 2 2
4.8x10* mol/ (km® - a), W IRBALY KILEE N
3.9x10* mol/ (km? * a), It 8.7 x10* mol/ (km? *
a) o N IE BT, KRR K i HE M A B BR L 7]
DL BEA T3 -31, H,SO. 75 iR B BR 1R 25 1 SR 7T A
KRN

2Cag.7sMgo.25C0s + H2S0, =

2(Cap.7sMgo.2s)** +S0;~ +2 HCO;  (18)

M2 g/em® ERRRE S FHYFE, ATMHEF

KA F R BRI EREL SR MER, 5R5)

TER3 RBRYNERLEHNRBUERLLRRT

35.7 t/(km’ - a) . X—HELER SR LRWHE
HR(E 2) M Bl

B EAME T B eea@nm, FedkR

X3 BIIARFKRBAAREN KB ENHSMEE
ERXSEHRN CO. Bl
Table 3 Chemical erosion rates of carbonate rocks by H2S0.
and CO: fluxes released to atmosphere in Wujiang River basin

BB H aoy Wk JA
WS R HEE (t/ (km’ - a)) 18.3 9.9 1.5
BB b E 20 H % (mm/ka) 9.1 49 3.7
CO, B & (1/ (km? - a)) 42 23 1.7
CO: BHE R ( x 10° mol/ (km? + a)) 95.1 51.4 39.0

KEEE T FEAFR ot KA CO. WTHREER, MATHT
7, HCOs 7E¥ /K H i 3 B8 B[R] L SO KB4 g
%, Hit, \eRBEKNBREBRBEIANAEER,
BB R BR AL S I RONK 18 K S BB CO( LR
M (2)). ARRERREMKREREEEMASE
B CO BBITELE R TR, B CO. BEHE
BIAF T 185.5 x10° mol/ (km® - a) [8.2 t/ (km? -
a)lo MRRAPEARERRLEHBET NS4
km?, FBETPEABTARRES S X 55T
TSR T AN A SRR, RATTARES
TL 335 BR KL B BR £ 25 1) RSB IK CO. B R 1T
HEANAABHRKSIBERNVBESEK CO.WERE, H
HFRHN4.4%x10" g/a, HETHERBERREE X
LHERER =Sk Co, BERRA 33% ., RK LR
BB T 45 SR X R B K I s 8 R R A Bk BR L 43
i E (340 77 km?) HFTHE , B XALKBRET Y
MmEASBERK CO, BB N 28x102 g/a, X
FLREREXILHEEE CO. 2 (106 x 102 g/a") By
26%

5 & B

(1) BEERREAHXAKEEENERY LR
B (TDS), HEEH FHHH Ca’, Mg . HCO; #i
SO, HEETFEEN %L L, EREFHRSH,
SOi” A& {UKT HCOs ,

(2) FI RS SYLAIPE L L RS A VL b & VD 0 Bk

R2 AESBNNREAERMER

Table 2 Chemical erosion rates of karstic catchments in southwest China

B AR S B ABR LR KRR E B X bBRMEE
W Rk CO. Wt R R CO: M ¥l B % CO, WHEH R
(t/ (km? » a)) ( x10° mol/ (km?® - a)) (t/ (km?® - a)) ( x 10° mol/ (km? - a)) (1/ (km? - a)) ( % 10° mol/ (km? - a))
MR 4.3 72 73.1 527 64. 4 614
/I 6.7 130 96.6 567 78.8 743
BT 6.0 98 97.0 581 65.0 682
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RRELE W R P BE A 90 t/ (km® « a) , IR K
T RAAFFISRREE R MR PHE, WK
iR FK SRR 8°C Mmmh
BT 6MS BMEH, ARBERBERAYH
46 7 KA WAL K KBRIITEE KRR
25T RBAERMN,

(3) RBRSZE5RBESHIAIFEAHEKRI
CO:, FERZ 10 H4AEK A AR B LT H&am KSR
B CO20 V5 B WE 307 4 DL 8 B BR AL B R 30 5 PR R 3R
H35.7 t/ (km® - a), [ KB CO. WHEEN 8.2
t/(km? - a) . PEEREKERESHHEREMHT R KX
SBH COH 4.4 x102 g/a, YT HETRERK
B2 AL AR = Sk CO, BB RN 33% . IR
R U5 V5 B W B A B B B 2 5 R X R B K B i R R
G B BR BR R 40 AR AR (340 7 km?) #EATHHEE AR
BRI P KRR COo. BERN
28 x 102 g/a, MM T 2 REEBREE NALFEE CO. B K
26%

(A)RBS 5 RBEIMRE T 2 RBHEF, 2%
R LIRBIEAER N KHE BN —INEEXRN, KK
BRULREXT FE R R T T B R LS WAL 2 B A A
HERE, B IIA R, FR A2 30 0T DS 3 hn 3 i
WAL 2R, T30 FE Y B A Yy bR (L 2 TR 3R

FHEREAMEMFR LR AL #
RN E, BMAFRBFRHSHEZFFR L
KEYAFel R — LR EHRAGRARR
F B P A F R F R G A ELIFM, &
Y XA R~ H G EIF—RB RS RL
R AFRALR K L HE—BF,
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