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Effects of Land Use on Rlverme Dlspolved Inorganic Cﬁrbon (DIC) and 8°C,i. in a

Kapst River Basm Southwesfern Chlna
XU Sen LI Si- ha,ng" ZHONG Jun ; n - _.«-“'

(Insmute of Surface-Earth“System Science, School of Earth System Scienc.e, Tianjin University, Tianjin 300072, China)

Abstracts/As an important part of the riverine carbon cycle, dissolved inorganic carbon (DIC) has attracted continuous attention. The stable carbon isotope (8°C.,. ) of DIC
can reflect its sources and transformations. However, the effects of land use on DIC and §"C,),, are rarely investigated. To study the influencing factors of DIC and §"°C,,
river water samples were collected and analyzed from the Chishui River basin, a typical karst river basin in southwestern China. The upper reaches of the Chishui River basin
were predominantly underlain by carbonate sedimentary rocks, whereas the lower reaches contained mostly siliciclastic sedimentary rocks, and the forest coverage in the lower
reaches was relatively high. The elemental compositions of the river water revealed that the hydrochemistry of rivers in the upper reaches of the basin was mainly controlled by
carbonate weathering, whereas the hydrochemistry of some tributaries in the lower reaches was mainly affected by silicate weathering. During the wet season, the average values
of ¢ (DIC) and the 8C,),. value were (1940 £493) wmol-L ™" and ( =9 £1) %o, respectively, whereas the ¢ (DIC) was relatively high, and the §"C,,,. value was more
positive in the dry season, with the average values of (2334 +626) wmol-L ™" and ( =7.3 £1) %o, respectively. The DIC of most samples was mainly controlled by
carbonate weathering under an open system and was derived from carbonate minerals and atmospheric and soil CO, . The seasonal variations in the ¢ (DIC) and 8"°C,. values
suggested that ¢ (DIC) was regulated by climate, hydrology, and biology. The increasing contribution of biological carbon to DIC in summer was the main cause of the more
negative 8"°C,,. value in the wet season, whereas the dilution effect of higher discharge was the main cause of the low ¢ (DIC) in the wet season. The samples from three
tributaries in the lower reaches with the highest proportion of silicate and forest distribution had the highest dissolved organic carbon concentration [¢ (DOC) ], the lowest ¢
(DIC), and the most negative 8"C,,,, value in the wet season. The proportion of carbonate distribution had positive correlations with ¢ (DIC) in the wet and dry seasons,
indicating that lithology was the main controlling factor of ¢ (DIC). The rivers draining the carbonate areas had a lower ¢ (DIC) and a more negative §°Cy,, value in the wet
season than those in the dry season, whereas for the rivers draining non-carbonate areas with high forest coverage, the ¢ (DIC) was higher and the 6"Cy, value was
significantly more negative in the wet season than those in the dry season. This implies that ¢ (DIC) and §"°C,y,. are significantly affected by land use when they are less
affected by lithology.

Key words: karst; carbon cycle; dissolved inorganic carbon (DIC) ; dissolved organic carbon (DOC) ; isotope; land use
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Fig. 3 Spatial variations in DIC concentration and the 8'3Cy,. value of river waters in the Chishui River basin
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3.2 [ DIC SRR 8"°C 7 it

KA DIC 1) FEORIF A FRIR R SR |
KA CO, ., H4 CO, , HIBRIEHE CO, KD ITIR
FCKTE ST s AL R R B IR 9 6°C B A
WA IR, A SR B8 C R AR fb K T 100%0, Y 2 K
=90%o ~20%o , H3K -4 J57 itk [F] 137 = 2H B Ay S A4 A8
AR . QFLRR & 4£C, I8 Fk 7 #51°C; @Kk
CO, WIS CIE A - T%0; DUFHTUARR AR 1525 1Y
8°C AFAIEEIAR/IN( = 1%0 ~2%0, T3 0%0) ; @I
KRR R A N AR S CIE R Z B TE( -5 +
2) %0 . SVCHYAS IR R 1 A YR RN 45 Fh A b BR Ak
St RO OC T AR R PR B R 2 41

FFALHE A A W W AR P o8 A5 7K A o R ik [ 467
Fol 70, B IR 1) A A RT3 1 75 K A rp R S ik )
P 00, Y6 AV A A5 /K AR T 2 Ji 7 10 R 5k [
172, KA A R A A A5 K A R i sk [ 467 22 i
E:[l,4,8,32,33,35].

KA HE CO, Al % 4 b 42 3 A0 I 7K 7% i
HEA S H M v, sl 25 A R
HCO, i AZIAIGE, BeAh , BRIR S5 AMNR R = 5 0 hik
R4 7 A4 HCO, HEA AR 12 gk k3
TSR 1R TS FONIRYE, LR /K X HCO;
TR TT LA Z W W AMAT K S Y pCo, T TR
LKA CO, M—MBTER, I KA Co, M



234 DRARAE : VU R W ST R 8 ot M) G ST 5 Ak I ML B B G [ 37 3R ) 52 ) 757

(a) — Pk
y=-001x-175
R*=0.3, P <001

— Hhiki
y=-0.005x-7.1
R*=0.05,P=0.16

-6

-8

S3Cpic/%e

12 | T21. T22H1T23
0 100 200 300
¢(DOC) umol-L~ !

-4

(b) — FkH
y=-0.004x - 8.6
m R =005 P=0.17

— Rk
y=-0.03x-6.1
R*=049, P<0.01

-6
@ FAKMTFik
FEZSE

B @ mikiiTiH

B HkNIE i

-8

Y3 Cpic/%e

-10

| 1
0 100 200 300
pCO2/Pa

B 6 FRAKGAFRETKSCp e 5 DOC F pCO, % F
Fig. 6 Relationships between 8'°Cp;. and DOC and between §'°Cy,;. and pCO, in the Chishui River basin

ff ] LA Z 0. I3 2 o Y DIC SRR 4%, HAb T
FERCAR ZR b, AN TR I 22 [ 118 e 58 8 Ak F ) 25 1 i
T, 8"C JEWMZ BN ZME Jed B . T W&
Y R DIC SRR, 4T T R, v\.ﬁﬁ
JI_EEE H 3 Co, B%fE . AL E’J%Wc/ \ﬁ’ﬁnﬁifz
AR, EEE/L?‘IUH%UT?’?&EGE%%B‘ e
ii% Co, E’Jf’ﬁ-’ﬁﬂﬁm}ﬂﬁﬂ%ﬁa\ﬁ’%
: C05+HO—>HCO’ */’ x’Zg)
(CHO) £ nHO—>nCO & nHO g0
R tmad f 0 )
5 |/l CaMg,,CO, +H,CO, —f 7 ¥

4 2CaMg, CO, + H,80, —
24Ca®* +2(1 - x)Mg®* +2HCO; + SO~ (6)
HIEY CO, T2 E R TR 5 AR S ik AN A )

FRF A FH , Hmse R 437 28 21 il e 28 I W 1 I b A

BUTT A [ ZR AL AR, 55 XA B 257 (C3 1 5 C4

FEH ) A W O AR KA IR e T A A S

hC3 MW, BN M X C3 AW 8UC H Ak

-28. 5%, HHEAHLT AL CO, JLFAR LA

[ 218 0 CO, 729 B E Hm Y h & &4

2y 4. 4% 58S TR AT B IA R i 3 Co,

(IS CAE R —24. 1%o. WG AHVTRURR FRER A 196C y  (E

230 0%0 . BRER T AR BR £ 45 7= £ B HCO, A —

ok ARRIRER S, Ui — Pk A L3 Co,, R Ih

F%E’J HCO; M8 CIHZA N - 12%0; BiFRZESMNRFR

WIRBRIRER 77 E B HCO, 2k A BkiREh & , N

ﬁtfﬁiﬂﬁ HCO; B8 CAE LN 0%o; Bk IR Vs fift ik TR

EATE R HCO, ¥k A 4 Co,, Kkl

FEAL ) HCO, HISUCAE R — 24. 1%o. T UL AR /K 3

ST 7K 8"°C.p 1 5 5 T Al P XL A Bk R k25 e 7= 2 1)

HCO; (W8 CIH.

A (4
‘xCaﬁ"*+(1—x)Mg2++2HCO o 15),.%”

AR LA L30T, 03 DIC f R AT A g 32 2
HEHE CO, FUBRFRERA 1y 17 . Je oy sS4 i 7P
LR T LKL 35407 00 DIC e ki mfkiﬁﬁ-éﬁ It
i, fr;%/\ﬁﬁn"‘F d‘ Fa

613CDIL _51:«” Cea b, XFc b +813CB X (1 "'FL b),-“

-- e ".. 7)

K, 513(:[1,(;17(17}(1%,:9;7&@ fH, 6"C,, 3‘3(:
SRR TR AL CO, 195 SCIE T, ,ﬁ;
%‘%Tﬂéﬁﬁiﬁ%@i’ﬁuaﬂﬁ DIC 191, 25 R Wk FLS
FRER #0140 DIC TG L9 B 73k 11 135 co, 1 Dl’c £
HofB, LK B0k F1 B R 1 DIC 1 He G T4
K. AN HAE A i e KA B R 3 55, JUVAT /K DIC
BEA 50% K FIRFRER S, MHRK K F kR LA 1
DIC Y H %58 KT 50% , B iR A BIRE: A 1)
DIC 1 L2 &5 F 1 i, 3 WA 16 B R 55 MR R =
SV TR TR ER A, ELXT e B TR 2 8 ik 114 5 il K
F .
3.3 LHUAIFHA DIC F16"C,, HIFEHR

DIC WYL A 3 22 7 £ 4 Ak ) b BR Ak 2 0o 2 4
il ZO R S A T SRR S, LA K
(BN A A, a0 - 8K 4 . R PSR
FA TG 58 AT 5%, ¢(DIC) F18"C,, FIZE 1k
BT Bk 1 M BR A 2 AT Sk RN Hb Bk Ak 2F 0 BR KR
FIETS35T R KR o(DIC) F187C i X T 1 A 7]
b J5 R - bR FH 2% 4 B A A 4R R . [R] R
(T21) , JXUEI (T22) FRIET (T23 ) S 75 7K ] i dak
U 3 AU, 3X 3 AR S I AR SRR A
TR B 8] A6 T A SR A s 6 7 9 3 e v [ 0
96.8% . 100% #180.6% , & 1 (a)],Hid 3 Z&KITii
MK A SR TR (3R 1), R 5 R [m] ) 5 Ay 4
T T[] BT 7K ¢ (DIC) H1 p (Sr) AHXT #2552 1k
TR b 2 Vs s o ] BEAE XA, 3 AR It 9 A Bt



758 7D 53

B 43 %

MR TE R o B R R (430 89. 4% | 96. 5% FiI
88.5% ). 3 0] i Hh R Ja] K [R) VAT 32 N 230 B
SEMAH/IN IR & Ja A FH TR R 7 LA 1 ) B 32
NI Sl M R, T SR AR AL S AR R A T
DX, ] BYAT | RG] K [EINRT ] 7K A e ( DIC) S5 4H X
B, Herp RUE ALK [FIAT Y ¢ ( DIC) 787 A R i
AL B 3 (a) ], FHG B RUE T B o (DIC) 2351 R
725 pmol-L ™" F1 615 wmol-L™", K[ i ¢( DIC)
35 662 wmol - L' Fl1 650 wmol-L~", £ Jy ¥ i
¢(DIC) BME) =43 Z —. 3X 3 4T i 48 M (X 2
FE B Tk R R e EL AR b 7 5 A i ] RS T
PRIl iR 2 7 A7 1 AR LU 451 s 5, L e (DIC) 22 5 3%
15 T RO TR K [ m] O HOR AE R K ), ¢ (DIC)
T E A WA DAL IR R kA T A o b [ A s

0.52, P <0.01) L Je Al KA (R* =0.58, P <
0.01) ) ¢(DIC) W HAKIF I IEAH LK R KB 7
(a) ], RUAHRZE I K ¢ (DIC) I EZKHEK.
T SRR R £ S T AR B R R K J181°C . Y IE A G
KA (R =0.35, P<0.01) KW, F KM A
XPTE DIC B STRRECR [ B 7 (b) ] F KW 32
B AR A W T Bl A5 S I N KA B
I B0 R R s eV P 4 i, I L 32 1) 9 R (R 1k
(AR FH o] BB BT 5. LA £ 7K o, ISR
SAHSVC M IE . B TR 8 2 U B R SR AE A 7K B
T ¢ (DIC) |, T IH I 0] 900 428 30 06 20 | 9 3 A
% T 2K A AR W A= W VR FD AN LT 2K AR DIC
DTk AT RE AL K, L ¢ (DIC) FH8VC,, &2 fAH ¢
(S Ca) ], i 6k 1 o T B EE S VC (R BE A

B Ca) PR S PR A ] MK (R = IR 7 (b)) e o}
*1 BRM., RiZAMKEAAKE ¢(DIC) . p(Sr)F6VCp & IV
Table 1 The ¢(DIC), p(Sr), and 3"C, valueiof river waters from the Tongmin Rii;c:r,.Fengxi River, and Datong Rivef“. =1
e ok LN Ak ey ]
B % % e ——1% e
¢(DIC)/pmol - L p(St)/pg-L 6"C e/ %o c(DIC) /pgmol -L71 % p(Sr)/pg-L "0 Cyic/ Jeo
] EG3RT (T21) 89. 4 1320 /@ b 33 - -10.71 J A 850 s U 430 F —g, 85
RUEB(T22)  96.5 [ 725 | K5y /Y, S T ) | ,.;‘* Y S & 158 -5/68
KJA(123) 885 662 Ve ~10.83 AT X B 133 ~7,05 |
- ¢ | 0 A = P ‘ ; i —=
J ;i i & l
-4
@ FAMTH —— Rk (g (b)
4000 [~ @ FokMIEH y=17.7x+880 =
@ HikHTH R*=0.58, P<0.01
B ik -
T, 3000 -
: % ¢
= O
% 2000 |- FT:: ]
1000 — ki 12 — ¥k — Hhikill
[ y=13.2x+855 3 =0.02x - 10.7 y=-0.0lx - 6.6
R2=0.52, P<0.01 R*=035P<001  R*=0.06,P=0.13
0 1 1 1 1 1 1 _|4 | || 1 1 1 L
0 20 40 60 80 100 0 20 40 60 80 100
i EmAL AR b L% HOREA L & /%

B 7 FESEREREEER LS DIC M6"Ch X &R
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