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Abstract: Because river water in the Yangtze River watershed with a huge area is influenced by variable
lithologies and large-scale water projects such as the Three Gorges Dam, the hydrochemical origins of the main
stream are still controversial. Furthermore, previous estimations on the carbon sink in the watershed caused by
mineral weathering are mostly based on the mass-balance calculations of cations, but this method generally

involves the selection of parameters of various mineral end-members, which causes the uncertainty of results. In
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this study, the temporal and spatial evolutions of hydrochemistry of the main stream are determined, and a new
method for the determination of CO, consumption rates during mineral weathering processes are proposed based
on the mass-balance calculations of HCOj3 of the upper reaches. The results show that dissolution of evaporites,
circulating salts, minerals weathering and sulfate dissolution are the main hydrogeochemical reactions controlling
the ionic compositions of river water of the mainstream of the Yangtze River, while human activities mainly
control the contents of NO3 in the river water within 3 000 km from the estuary. The CO, consumption rates of
silicate weathering and carbonate weathering in the upper reaches of the Yangtze River are 1.16x 10’ mol/(kmz-a)

and 4.75x10° mol/(km2~a), respectively. This study may provide a better understanding of the major

hydrochemical processes, enriches and promotes the theory of carbon cycle.

Keywords: mainstream of the Yangtze River;

hydrochemical origin; CO, consumption
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Fig.1 Location of the water samples and rock types in the Yangtze River watershed (modified from Ref. [9])
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Fig.2 Distance-dependent hydrochemistry of the water samples
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Table 1 Statistics of hydrochemical parameters of the river water in the middle and lower reaches of the Yangtze River /(mg-L b)
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Fig. 8 Plots of factor scores of the water samples
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[C gk o R LA 7 BRAS B AT 7K CL 5 i
/NME, B 4.97 mg/L, WLIE 2(b) o [C Jyp ks 552 T 9 Al
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Fig. 9 Sketch map of runoff amounts in mainstream and
tributaries of the Yangtze River
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Table 3 Contents of elements carried by tributaries to

the upper reaches of the Yangtze River /(mg'L™
Ea Na+K ca” Mg cr Ners HCO;
ML 9.62 26.11 8.84 3.20 6.83 103.00
UL 7.42 32.97 8.45 5.17 20.89 102.86
SR 9.53 38.48 9.49 6.95 37.62 12823
BT 6.91 41.00 9.59 4.03 37.92  127.60

AWM TR AT L7 23 o 5 B CFE 270 B i Be
ML —IRVEBL RV —Fa B VLB 1L — {1,
DL R BT —"H & B, 4 Bl m oK oc i % &, B
I E AT

Ry X [ion] 5+ Ry X [ion]

2
Ry tRy

LionTu e =

2 [ion ]y e —— T K3 TG 8 T2 f/(mg-L )5
Ryy—— T E/(10'm" a ),
Ri;ﬁ—i%ﬁ?ﬁ%/(losm;aﬁ);

Lion] T KR 75 i/ (mg L)
lion) sy —— WK B & i /(mg L) .

e 22V b i BT K i o6 B F & i R 2(b) UG
2 LI B 5 450 km BE ST B T A ERAE T
BV — R VLB T It 2 2 2 B Ry o 28V L3l BT K
Ui oG B F o i, T A SR SCu AR i ARk,
U HE VT AR T A RN B S a A (BT 9 RN ER 3 rh T
No K5 BB SHAC A (2) B o] 15 21k 22T — IR VT BE
R K S TS T o i IRV — 5 BB, b — 1
VLB DL R YT — B B B (A T] 7K i o6 B8 1 7 ok 2
U AT, IRV — 5 B VLB v H )
FHUKSCh SIRIT AR R 2 k.

W 2 20 (2) AR B [CL Ly e A (D
BRI 75 21 7K St T 19 7K B DTERR f, THAL A R R B A1
SEI(E N 28.71%, 26 BT iRk 352K Bl N
HMFIK ANRITA o

7K S OGS KT BT K 78 A B TR E Bk
VR, AT hE St s e T AR A B
FE B % HEBR ] K 3 0 % Ca?* . Mg™* . SOZ LA [ HCO;
BT, AR

Lion] vy~ X lionT
1-f

2 [ion] g se —— TIKSRICES T8 i/ (mg L)
lion] 1y —— WA KBS T 5 B/ (mg L)
Lion] iy x——RIESG HIARKES T-Erit/ (mg L),

WETFT A, KT K b3 il B R 322 R ik R
A AL R R ARV R OB R R AR S N Bl
Mo Hrp 28 & Eh i B R E A5 Bh R (3) 47 T
KIE, 1283 2 = 252 i K i NOS & it . AUt
[Ca™*]". [Mg*]'. [SOZ 1 LA & [HCO;] I 4 % 32 Bk ik £h
o WAL R 2 8 VA i 52 M o R T, VT i IR A
FER B y([Ca™ ] +[Mg* ] =[SO 1)/y([HCO; ' VM F 1 1y
B AL (BN 10), R BA RIS Al . B R h 5 KAk S iR
ARV T SRR 5E AR R LT K K A2 R 4
A B T S T G AT AL, VT IR K T HCO; AT gk
B Tk R £ KUAAE 25 I A 52 ) ] 8 2 38 8 121 10
HR R R ARE S AT 101 85 i R A

= [ion]" Lk (3)
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2 3 G CO, +H,0+(Ca,Mg)CO; = (Ca™,Mg™) +2HCO; (4)

g3l

= Py BRIRZ: 5 M BRIR XL

22 o ° .“ H,80, +2(Ca,Mg) CO; = 2(Ca®,Mg*) + SO} +2HCO;

= 1:1 () (5)

2 °

2! ° ST AL 52 4 R B 1 I, K T

5 .‘ ® i [Ca®*Mg™ ]/[HCO; Y BE /R FLAE 4301 2 0.5 5 1.0, K7L
0. : e R K B ([Ca? ] + [Mg* T7)/[HCO; 1 HI {E M 0.60, 3

[HCO;]/(meq-L™)
B 10 AT EHFAIK[Ca? ] + Mg ] - [SO3 " 5[HCO; " X R E
Fig. 10 Bivariate plot of [Ca**]* + [Mg?*]" — [SO2"|* and [HCO; "
of the upper reaches of the Yangtze River
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Py AL 3 X KR CO, I FE 18 o Y BEAE X 3

AU 5% %5 VT L Ui T KRR A RS HCO #E AT T
W PRIERN 53 S5, T R B 7 AR meg/Lo
B 10 i F 1 s 1 LT 5 B9 EE S, HIHCOL bk B
TRIRE A KA FRERRER XA A 2L FIVE AT, SE i [HCO; ] -
([Ca™ ] +[Mg™]" - [SO; THRB#E I i K A T rEFRER 0™
KALAE H B HCO; % &, i H[HCO; 1y, 2k A F ik iR £k
=B ¥ K HCO, & it o4 [HCO;]" -[HCO; ]y, it M
[HCO; Jeupe N2F 1 : 1 ML 7 BFE &, FLHCO; [
SEAk A FIRIREL S 0 W KL B2, B [HCO; ]y =
[HCO;T .

AL AP, [HCO; 16, FVEREA 0.00 ~ 1.78 mmol/L,
¥IME N 0.27 mmol/L, 1 [HCO; |, 1 35 FE K 0.34 ~ 3.69
mmol/L, ¥{H 4 2.23 mmol/L, FEHIKIT FIFRiREL &
WX HCO; & it 1 51 Mk 2 R 89.13%, il ik FR L4
1 BTRR AN 10.87%

WP KAk it B #E B CO, B 5 A4 i HCO; 2 (7]
FEEBEXT N R o X FREBR IR0 W oK 3, KAk =4
HCO; 1 1 Bl 58 4 K H T KA CO,, i ik iR £ 4 T 77
15 2 P XA K

AR 0k 2 ko XA 32 B I 45 1, 5 1 XL A ) 5% g
AN o PR R AR R AUE Y ik R R T AR 7S B Y
HCO; A 172 Bk H F KA CO,.

HHE R B, RERRER T FERY CO, 54 0 ~ 1.78 mmol/L,
¥1{H 24 0.27 mmol/L, T ik B2 £k %4 1 #E 1Y CO, &
0.17 ~ 1.85 mmol/L, ¥J{# & 1.11 mmol/L, & 2019 4E
o R O 8 U0 A 4R ), KT B W A AR U A 4.28%
10" L/a, FBHE BN 1.00x10° km’, 1% A A IR 0153 15 %)
0 4 16 #E CO, 12 & B, iE IR $h 0 W KU1k IH #E CO,
% K 0.00x10° ~ 7.62x10° mol/(km’-a), ¥ {E K 1.16x
10° mol/(km’-a), BRIREL A MIRULIEE CO, HHH 0.73x
10° ~ 7.92x10” mol/(km’-a), ¥J{fi 7 4.75%10° mol/(km’-a).

R4 PENE T DAE AR 2 0T B P XAk
iR AE R CO, R, H Gaillardet 25" F13K %
L4 VBT X% 43 B KT A R T i, 45
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Wiy 1 A 45 O RIF ST X Gl Vb IT, BEARR 32 S
i 1 5 DRI 45 SR B9 b, AN BE 8 56 TE AR IR B 5T
AR A A B 5 T SR, L REA R X AT |
T 05 X Y KA B 25 5

AWM FE T RE R £ M ik R £k A B X KR CO,
T FE e St A w2 D) b E AR 1y
SERLJE R Y, T T IR A AT §E 1 5 Gaillardet
AU e e L 2 ) B 5 SR L, AS YR BIE S A5 3 1Y
T R 6 XL T KA CO, TH AR R I A K, RIWTK T

F4 KiIIfE Co, HREE

Table 4 Carbon sinks evaluation of

the Yangtze River /(10° mol'km *+a”)
. TERRER ALY CO, BRI A XALCO N
fre T T
SV 3.70 1.30 EuEkiEay
LT 0.78 ~ 1.83 4.17~7.98 Wuzg"!
ST 034 1.40 (Chari
N.A. 0.60 5.51 Gaillardet %!
TE 0.8 4.46 LU K
HE (KT 1.16 475 AR5
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U A R R KA A A T R A A A, TR A X
XS KA CO, TR AR LITENE T 45 ATk, 32 W
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4 #Hit

(1)KL K f Na", KA1 CL 3 Y8 L3R T VT B
AR5, BlfFEEokR A TR M, ThiEZkA
TEAE:

(2) =Wk R IE 17 J5 KT e K iy Mg™ .
Ca’ Je HCO; & 15 32 K IR 4 At v V5 F 2 A BT
R, HoAth g 75 oA B BT, KAk A TE B 5 A8 1k

(3) KT K A B B s R i o P KAk, 2%
RIS R AR A I M AN RTE B R SR AL &
BERAAER VLA T, 78 ARV 3228 e AR 7 DL BE R
FET R B I i, B R RV A A L b R YA
AL M AZETE B FE 5 T 2R ES 3 000 km LA ]
7K NO; .

(4) VL _F YT 7K 7K 8 R R SR T DXIRT 7K L SZ Tl
IK B AMIE K, H I X T K 5 SR K K T R
i 28.71%, FBH LUK EZR A TAMNEK RN A

(5) KAT L e o KAk 3 2 DLk R £h 5 XA
F, BT UK B R £ KL TE FE CO, BN 1.16%
10’ mol/(km™-a), B iR 6 4 XL 114 #E CO, T K 2l 4.75%
10° mol/(km’-a).
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