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L AT, Hu PR 5N 29°41'—31°20'N, 116°38'—119°37'E, HbJFHE & T4 T IVIF4 5 118 6 B )
TP, DK DA AR S DO R . AR X8 2 A, b S BT A S 3R 9V X AR
SRR 15.5 C, B A (1 A) RN 1.7 C, RS (7 ) FRRIR N 27.1 °C. AR
N 1498 mm, HHWZR(4 A—10 A) KK 5 2FERKERER 77% , 21 A—84FE3 A) W
K AN A 2 4E 0 23% . WU BT84k, REZEDRERE L, ZBEN DRI, 3.
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Table 1 Characteristics of the studied watersheds

TR KU (F) FEIE(FA)
2 118°2'10"E 118°220"E
s 30°332"N 30°32'47"N
/m 100—575 114—422
T/ km2 @ 3.59 1.00
B Ak e 7
T HERRE
ARl BRI 4T £ FRETRIEAIE 1, FE KA
pH (H,0) 5.48—5.60 5.10—5.58
CEC/ (cmol-kg™") 2.83—12.57 2.24—12.47
BS/% 39.15—70. 19 31.67—78.94
I I K i M (70% ) AH (26% )
ik &
A AR, YAz, SR AR, YAz, A
AR AW, B, Biligr AW, R, Bulia
F A ® — KA
PR /(m*a™h) 2.72 x 10° 0.75 x 10°

ORI AR Are/GIS B i BAEAL(DEM) it 5, @A 7 U TR R BEE AR (TM) SR 31435 @R AE Y (KA i
MR —AE—Z | AR IS HEAT AR .

1.2 FEACREE

M 2007 4F 3 H #2010 4F 2 X 2 A/ AR K ST WEIFSRAE | 2009 4F 3 H JilRAE F A
BRA—W, ZJEWZERER—R, TFR2 F—R. 152 /N DAL GG EE T hriEdE , Jf 22
T HERFEAL(SEE 1SCO6712 B A SISRAEAL) . H SRAEAGE KA MRSk, o] DLW I K A7 i 254k
KA AE 30 min PN ETHES] 2 em B, [ SRFEAGHRIEATRAE, I TR AN A RFERAE ; [FIAT,
H Bl RAEAAT LIRS /KA At Fbs s i S 80 A AR i i
1.3 ik

FESCRAE G SR pH 31 (PHS-3C #9) 58 4% (DDS-307 A1) 5 pH LS, sk 2 e 4R g
Je 7 BV HCL i 2 22 HCO, . FRIARE Sk 8 5 in A e B 8 B 68 590 J 2 A 3R R o P & T UK A8
4 CLAWGAMRTE. FKIEIEE T (FP640) PIE K* Fl Na* 5 IR/ LB T ( AA220) l5E Ca®* Al
Mg 5 FHES TR (1C-6) P E SO2- NO; Fl €1 LA B30 H A 5 13 [ BRBE AR B i R (K R
AW AR i) L R Si A AR He e, A (ARl A 2R b s )

2 R 51He

2.1 R R
WomHAE], fers /NI (F FA) A2 A2 pH (B 2050 6.96 1 7.02, 7855 8 A1 55 58y N 481k
AR RBUT N 3.25% F14.97% (F2). BRifb#d it , FHE YL Na® fl Ca** A E, BIE L

S
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HCO, F1 Cl™ 2R3 WtEaE & m 5, FIE 58 263. 11 pmol - L™ 'F1215. 68 pmol -L™' (£ 2).
BRiAfERESN, FA AT B o8 m T F (2 2) . &M T FA JS AR TE ok HAb 2
WAL T ARG I RE IR £ 3 rp B Bk, 50— T FA B AR A O R S SO v T
W REROK R, T BB AR TP A A e B B IR A R . B SR S — e R LR T R
TR TR, F ORI FA SR A SR A 4 50 57.49 pSeem T A1 77.31 pSeem T (£ 2).
WEITN] F AT FA BB B T i oK T (11 B RAE 3 ) BT EKET (4 AZ 10
), MiKZET F B FA AR 1 B LK 08 5. 4% 1 4.1% , RWIFKFETERE
it R S i ELAT R R

R2EUBERRAAL AR

Table 2 Chemical composition of surface runoff in the studied watersheds

/M L INIE] SR i AR5 BB %

S F

F FA F FA F FA F FA F FA
HEE/ (uS-em ") 45.80 54.70 94.70 104.00 57.49 77.31 7.35 9.58 12.79 12.39
pH 6.39 6.13 7.68 8.17 6.96 7.02 0.23 0.35 3.25 4.97
K*/(pmol-L™") 11.54 10.26 39.74 74.36 20.91 22.60 4.99 7.21 23.85 31.92
Na*/(pmol L") 130.43  147.83  295.65 339.13  196.37 212.46 21.34 33.90 10. 87 15.95
Ca®*/(pmol-L~1) 40.73 50.29 208.07  362.34 107.94  118.78 29.14 63.09 27.00 53.11
Mg?* /(wmol - L=1) 25.82 15.59 52.11 114. 46 34.76 46.53 4.33 14.92 12.45 32.07
Si g/ (pmol - L") 57.64 55.92 377.60  431.25 263.11  215.68 20.60 42.83 16.67 42.56
NO; / (pmol-L™") 15.29 17.29 150.99  174.67 51.49 66. 10 26.74 34.24 51.92 51.81
S0%~/(wmol L") 24.93 34.93 241.51  251.78 82.25 87.21 39.22 44.45 47.68 50.98
Cl=/(pmol-L°1) 95.00 96.31 196.10  366.60 124.45  128.40 65.10 68.54 52.31 53.38
HCO; /(pmol -L™") 91.88 89.96 226.58 318.26  133.02  147.59 55.42 184.58 41.66 125.06
TZ*/(peq-L7") 275.07  289.83  955.76 1367.09 502.68  565.69 67.25 160. 19 13.38 28.32
TZ~/(peq-L7") 252.02  273.41 1056.60 1363.09 473.47 516.51 104.79  188.76 22.13 36.54

E.TZ* =2Ca®* +2Mg®* +K* +Na*; TZ~ =HCO; +2S0;~ +NO; +Cl~.

BH B3 7R B 7119 = RSB B T AR 7K ) A2 B, T LA ] DX AN ) RUA U5 X 40 J 2 g,
M e g R /N (F FA) 2R A BHES R T LU, B0 5 28 Mg -Ca™
] Na*-K*—ii; M1 F B h g S 2% A = MED R, Bt s S ER&E (E 1), X 54 E
AL 0 /N T SR A% 3 7K A0 fb 2 L 4 o 28 AR ], s e T B — e AR AR 0 KR R VR R Y
Sig.-Na ™ -HCO; ;i [F)AE D0 AAGHE R b 7 AT 5o U8 DX ) R i sl e i A 2 s & LU e &
AOBRIRER M2 | RIS IAR MALE 4N R Ca® " -Mg® " -HCO, &Y, Sk TRk IR Eh 25 5 A1 B Ak 2 X
feig Rt AR A A e B i e e MR ). Siy,/Na ™ FU(E AT DS BURE R R 57 4 i AL A« 1 Fig /DN A
(F FA) 2% Siy./Na* HAE I KWL R AYIT 10 £, db— R T —aEfR ik A i 5 )12 A
AU I [ ) 22 5. 164, BERE/NALE(F FA) 23 NO; /S0; ™ H{H 0.85—1.06, 1fii Kbl
JEEBFIBAR R T NO; /805~ HAEAN R 0.27, 4878 T g B b IX KSR WL I 118 T2 2L ol 5 A Tl L X ) 22
St AU AR AR R , TIA TE 2 R N Bl R BN AR T AR 2 B 2 S R T AR I
e E .

2.2 Rk KR
2.2.1 Ry A

M FAR T P T BRI T RV A A A2 AL A A Gibbs ™) AT L) H A B WL
S AR LAk 2 A SR T B K IS il 28 R AR AR il A o« 78 R MR i AR R e T T IX
WA R B 7% R R A VE I R AL A A B i (Y B 22 B, 7E Gibbs B, — 26w LB (7T
PR BN 10 meg- L' 24 AR RK A Na®/(Na® +Ca™" )8 Cl7/(Cl™ + HCO; ) FufE (32
ET 1), BT RARE AKX #0A6EH; wfrEs& &% (70—300 mg - L7) ifi
Na*/(Na® +Ca** ) Cl~/(Cl~ + HCO; ) LfEHAR (/NF 0.5) , [l T A A WAL X2 3 B A 3 52
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Wil 5 AR S T, WIS A Na®/(Na® + Ca® " )& C17/(Cl™ + HCO. ) I (3EIET 1), 2
e T R X 2K L MR AR VE AR I RAE . B R /NI (F L FA) R B8OS40 A ([ 2) iTLLE
W2 AN RS TR 21—71 mg-L~" Na*/(Na* +Ca®* ) B #RIEIT 0.5, C17/(Cl™ + HCO; )
M2 0.28. R, BEmg AL R A/ NI (F  FA) 2 i A2 s e 1 BR A2 AR 52, X
Z A KA SE A (9 S R . FA BRI D B B = T F ORI, R FA G ARO 3 Bk S
TRVEEA —E TR, Wk, A BEE AR EXE T B T A STHkR.
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Fig.1 Temary diagrams showing chemical composition of surface runoff in the studied watersheds
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Fig.2 Gibbs graph of surface runoff in the studied watersheds

2.2.2  RAPFEKPTIBRAE

FAPEAGE H 2 MR AR ORI, IREMNR AR TR 60% —80% S KAPEAKKN Y, vk
TR RN T TR A 2 KA AR R A2 I A 2 4R 5 R T e B L N B RO R,
BRI EE S BRI XT3, FEHLRKIERA T CL- AT M AR AR . — A C1- 2
K HIERAR T, A S STER AR 4D, L FE A EELUAEIE A TE, e A CL igFYy
BN 185 mg-keg 'L T ARSI IT BN SRR A — BRI, R AR, I, BE
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W C1™ 2RI FRAREAK. SRR AL R RS R B i 5Tk, 51 A (CL ) L, BT
S RERIEAHET Cl™ R W AR (C17) = [P/(P-E)]/(Cl7) ..
A, (C17) KRBT G &8 (umol - L") |, P RHAEY KR (mm) , E 7 B4R 2 Ff
ZEA A (mm) . WD ] fg g /N SRAE 24 A R R 1498, 3 mm, AEHZE KRN 767.7 mm, KA FEAKH
Cl~ BRI 294 60. 69 wmol - L") FHEAFR|(C17) A 124. 46 pmol - L' | B AR T €1
M Ea (R 2). WA RIRBEKL AR Kh FEE 5 G WA (3R 3) , BoE R nt 1™ iRk
TR, THRAFRIRAEAKR F s f 03~ \NO; (HCO; (Ca®* \Mg®* K" \Na* Si, M STHRR
3N 85% 97% 5% 56% 22% .60% 16% 2% , F-HIME N 43% ; KSFEKXT FA Hisk b S0~ .
NO; \HCO; .Ca** Mg** K" Na* Si,. MIBTHECRD 50 80% \75% 4% 51% 17% 56% 14% 2% ,F-
B R 38% . e /NSRS AKX AR S I BTk R = TR (11, 319% ) 77, JF Ham s T 5
I (3% )7, X FBE TN A M A BE IR A I S AR b, MK ZE KRR B R b
. A, WA ETUIRERY R, R RS BRI # AR B DTRRE =, [H F HTFA I
BRI 20 O3 AR ACRIFAT AN 25 AR

R3OMRBTATE KT EEE TS CL BRI HLH

Table 3 The molar ratio of major ions to C1™ in rain water and surface runoff for the studied watersheds

SO;~/Cl1~  NOj/Cl~ HCO;y/Cl~  Ca’*/Cl~  Mg*/Cl- K*/Cl- Na*/Cl- Si i /Cl~
ik (28] 0.56 0.40 0.05 0.49 0.06 0.10 0.24 0.04
F 0.66 0.41 1.07 0.87 0.28 0.17 1.58 2.11
FA 0.70 0.53 1.19 0.95 0.37 0.18 1.71 1.73

2.2.3 HARSLI TR

P At AR P2 A Ay A R VR 2 —. Gaillardet 257 DU 5L 1 60 £ 3%l SR
f BT B K s 48 29 15% RIR T RERREL A Ak, 35% IR TRRAR R A XML, 8% KR T2 &k
FIE, A KA R AR CO,AE A HCO, XA /KA T A STRk ik 37 % . PN IR A f o5t 3.
5 e AT K TS A 88 % SKRIR T A A KUk, IF HLZE R R RERRER A AR AR £h 5 XAk B9 BTk Uk
W, R TR ANAURAE B A AR A 2R AR S AR SCRAR I S T R R R K
[ BTk E AT B T (e 4).

Ra U FRAR T T AT R

Table 4 Component loadings of surface runoff in the studied watersheds calculated in terms of the principal component analysis

- F i FA ji sk

HF 1 HF2 AT 3 HF 1 HF2 AT 3 AT 4

K* 0.80 0.04 0.07 0.67 -0.27 0.14 0.04
Na* 0.78 0.31 0.48 0.72 0.39 -0.02 0.06
Ca®* 0.05 0.77 -0.21 -0.01 0.90 0.07 -0.07
Mg+ -0.17 0.85 0.17 0.08 0.89 -0.13 0.20
Si e 0.72 0.02 -0.18 0.71 0.21 0.09 -0.26
NO; 0.77 0.10 -0.10 0.12 -0.09 0.34 0.69
S02- 0.53 -0.12 -0.08 -0.06 0.09 -0.04 0.95
HCO; 0.06 0.37 -0.66 -0.13 0.17 -0.82 -0.09
TR/ % 40.53 19.63 16.26 35.69 20.41 14.96 12. 64

M4 TTLIE L, X T F i, 3 TR BT 76.42% . 1 MITTHRE 9 40.53% , H
1 K* Na* Siy,..S0;” FI NO; Wyffiim, IURAE KA KA Ao 85T WERES B
(H,80, HNO,) Z 5 TR NAL IR ; 72 M TTRAH 19.63% , Hor Ca® " Fil Mg® " I R i iy , 1R
KA BT YRRL; KT 3 BT 16.26% , Hirf HCO; By fFmia s, fRERKIRE
LI Y CO MR M 51 A A KALE AR, X T FA Bl 4 71 BTy 83.70% . H
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o HE3 AR TTER S FOEUERL, R TR S AR K AR SRS XA R B4
DTk R 12.64% , Hirfr SO~ FINO, s, R FA fiidE SO~ FINO, & B E T F i
W (F2), RBLT FA WA IE SR HAL 2 AR A TTik. Be b, R KRR, iz
it A AR VR T I 38 P 2 A 00 Ak 2 AR RO 36 By, SR T 3 B 43 40 A B A TR B DTk 34 R i Ik ]
100% , X W] BESE 1 T/K-A Z RIFEEAC HAE R 2k, 5 I RARBEKI STk E 2%, A A KALXT i
BN F FA) AR AL L5 I BTRR 2 57% 1 50% , FA sk P9 4% 16 sh %o Hofb 24 4% it 14 BTk 24
M 12% .

2.3 AL bE AL XS CO, YIS AR &

ZAANRE R ISR, B Wb XA R P i PR B (T2 =
2Ca’" +2Mg>" +K* +Na*) 504 5™ 19 B B 7 S i B (HCO, +2S0; +NO, ) BEACEfr. X+ F
I FA R, {4 HCO, =4 S02- MINO, M2 FI¥y 5 T2 R4, {H&, HCO; SO2™ FINO, H&E
ZR5 TZ A, R T RIR RER FIASFRY A F A FA i KA Rt B, ZErERR ER 1k 2
KAkt FE T, FEISHE 2 pmol 19 CO, FT A 1 pumol - L~ BFAMRRE (Siy,. ), EILAT A5 e B v ( F
FA) K Siy, BB, 2015, BRI F FA) H1 H,CO, 25 #E 5 Atk WAL # 7= AR 19 Sy, 0
SN 45. 94—113. 29 pwmol - L™" 1 44. 98—159. 13 pmol - L™", SEH{H 43 51 4 66. 51 wmol - L™" £l
73.80 pmol-L~"; Y& H,S0,F1 HNO,Z 5 i b2# KAk it B2 BTk Y Siy,, 439014 11. 70—264. 31 pwmol - L™
F110.94—272.12 pmol-L™", F-YI(E /514 196. 60 pwmol -L ™" F1 141.88 wmol-L ™", k25 XAk &1
65% L 1. 85 A WAL B AR R AUB RN 3R 1Y) CO, 8 Ak A K i p i HCO, B 7. X it 3k
B HCO; BT HBR R K M TIBRG , R FEB R CO,Z 558 A WAL B HCO, , #g ik aT LAt
B e RS AN TLEAE B A KRR AR X CO, (0 T RE I8 . WD I 30 18] g m /N Bk ( F L FA) A AR 34948 i
351 2.72 x10° m*,0.75 x 10° m*. 315, BEpgfE A/ NIk (F FA) 25 XAk B XT CO, i FER
0 9k (0.67—1.62) x10° mol-km *a™", (0.64—2.27) x10° mol-km >a~", ¥ ¥ {H 4 5l K
0.96 x 10° mol-km *a™", 1.05 x10° mol-km *a~'. HEF|HERG/NRIR(F FA) FEKFEWRFR T E FIk
JEMRTARKZETT, mFEKETRRE S SERR AN —EL L, 5P CO, M iHFEE & AL T 71
18, Kk, B eE 5 R (0. 67—0.96) x10° mol-km % a ™' F1(0.64—1.05) x10° mol-km *a '8 K
AL PR A e E KR R T CO, BT AEE B R 3. 44 x 10° mol - km ~>a ™" PEYT 1 iERE b
VT LARERRER A T ARG/ A AL A KA BRI FE Y CO, &M (0.72—1.30) x 10° mol-km >a ™' #A
UL, BEREAE B A /NI (F L FA) A W AR X CO, T FEE AR, X2 i T 24 HyA 2 b e BE IR 530
W AR AR, KR I R R B 5 Ak, KRR 29 H,S0, Fil HNO, 278, 7 E— R
IS T A 2R R BT CO, T AE.

3 g5

fie P LT A8 B /TR (F L FA ) MR A2 0 09 S Ak i AR Si Na ™ il HCO, , 2401 i
WA P 3 ( FA) B F it v AR (F) , R T ARG b AR 22 AR T i BTk 3 A () b DX 3 3l Ak 2
RV AR, FE R — Aty ot 25 53 AR 8l 3 800 KRR TR 4 il 22 S R e 12
AR EE R @A E TR, A KA R 1 SR e R A6 B /N (F O FA) 72
TALSE A TTERIS T, R BRI TIRRE R 43% M1 38% , 2 WAL BTk 208 57% M1 50% , Tii FA
TN TG S AL AR I B TTRR L 12% . e LAY AR i 2 /N (F L FA) 5 A Ak XA i B2 %
CO, M THFEM 53514 (0. 67—0.96) x 10° mol -km ~*a ™' F1(0.64—1.05) x 10 mol-km *a™", ZALT
[Fi] —£E W Sty PN A B B k.
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Chemical characteristics and chemical weathering of surface runoff
in typical granitic watersheds of subtropical China
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(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,

Nanjing, 210008, China; 2. Graduate School of Chinese Academy of Sciences, Beijing, 100049, China)

ABSTRACT

In order to study the effect of biogeochemical cycling processes on surface runoff and the consumption of
CO, by chemical weathering of granite at small-watershed scale, the surface runoffs in two small watersheds
(F-forest, FA-forest/farmland) with different land uses, which located in the typical granitic region of
subtropical China, were monitored continuously for three years, and the major ions and dissolved Si were
analyzed. The results showed that the dissolved Si, Na* and HCO, were the predominant ions in the chemical
composition of surface runoffs, and the total dissolved salts of FA watershed were higher than those of F
watershed, showing the contribution of agricultural activities in FA watershed to the chemical runoffs. The
ratios of Si,_/Na* and NO; /SO; " in typical granitic watersheds (F, FA) of south Anhui Province were much
higher than those in the Taihu Basin, which was rich in carbonate rocks and located in the same bioclimatic
zone, indicating that the lithology and the chemical composition of acid deposition caused by human activities
were the primary factors controlling the chemical runoffs. The contribution of precipitation to the chemical
composition of surface runoffs in the granitic watersheds (¥, FA) of south Anhui Province was 43% and 38%
respectively, and the contribution of rock weathering was 57% and 50% respectively, while the contribution of
the agricultural activities in the FA watershed was 12% . The consumption of CO, by chemical weathering of
granite in the small watersheds (F, FA) of south Anhui Province was (0.67—0.96) x 10’ mol-km *a "' and
(0.64—1.05) x 10° mol - km - a™" respectively, which were much lower than those of watersheds with
carbonate rocks.

Keywords: watershed, chemical runoff, granite, chemical weathering, carbon sink.



