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Abstract: The Three Rivers ( Jinshajiang River Lancangjiang River and Nujiang River) region
(TRR) in Southwest China was selected to study the characteristics of chemical weathering
during river erosion. With the forward model hydrochemical characters and dissolved inorganic
carbon isotopes of river waters were used to interpret the sources and their corresponding contribu—
tions to dissolved components and to confirm the participation of sulfuric acid in carbonate
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weathering and the net release of CO,. The results showed that: (1) Hydrochemical composi—
tions of river water were controlled by complex lithology. The ions of Na-Ca-CI-HCO, were domi—
nated in Jinshajiang River due to outcrop of evaporates in its upstream region while Ca-HCO,
was dominated in Lancangjiang River and Nujiang River due to the existence of abundant carbon—
ate and silicate minerals; (2) Sources and ratios of dissolved components in river waters in TRR
were variable. The dissolution of evaporates might control the sources of ions in the main stream
of Jinshajiang River with an average percentage of 52% but was minor in Lancangjiang River
and Nujiang River with an average percentage of 11% and 2% respectively. On the contrary
the dissolution of carbonates controlled the sources of ions in the main stream of Lancangjiang
River and Nujiang River with an average of 70% and 78% respectively and was minor in the
main stream but considerable in major tributary drainage of Jinshajiang River with a corresponding
average of 38% and 74% . In addition the contribution ratios of silicates weathering to the main
streams of Jinshajiang River Lancangjiang River and Nujiang River were 8% 16% and 15%
respectively; (3) The weathering rates of silicates in the catchments of Jinshajiang River Lan—
cangjiang River and Nujiang River were 1.14 3.32 and4.32t*km > *a™' respectively and
the corresponding CO, consumption rates were 0.35 1.19 and 1.41 x10° mol * km ™ *a™'. By
contrast the weathering rates of carbonates in the three studied rivers were 17.41 34.04 and
34.84 t « km ™’ * a”' with the CO, consumption rates of 1.46 2.69 and 2.53 x10° mol * km > *
a”' respectively; (4) Sulfate in the TRR was mainly derived from sulfide oxidation which led to
net release rates of CO, as 0.87 3.01 and 4.36 x10° mol * km > * a™' in Jinshajiang River
Lancangjiang River and Nujiang River respectively. These values were higher than those in
Guizhou China so attention should be paid to the important role of sulfuric acid in rock weathe—
ring during the study of regional carbon cycle and global climate change.

Key words: Jinshajiang River; Lancangjiang River; Nujiang River; hydrochemistry; sulfuric
acid; chemical weathering.
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Table 1 Chemical compositions of river waters in the main channel and major tributaries of the Three Rivers

E N pH TZ* TZ- TDS NICB 8" cC

(meq+L7') (meq+L™') (mg-L™") (%) ( %0)

J1 31°37° 98°36° 8.42 6.96 7.17 479 -2.5 -3.9
J2 29°53~ 99°03~ 8.47 5.66 5.88 400 -3.3 -4.4
J3 28°21° 99°12~ 8.33 5.15 5.43 378 -4.8 -4.2
J4 28°11~ 99°21~ 8.56 5.78 6.09 411 -3.4 -4.2
J5 27°57 99°24~ 8.61 5.20 5.44 375 -4.2 -
J6 27°43" 99°26~ 8.70 5.16 5.33 363 -1.2 -5.0
J7 27°34~ 99°32~ 8.73 5.08 5.51 378 -8.1 -
J8 27°07 99°50° 8.53 5.08 5.34 368 -4.6 -
J9 27°10° 100°04~ 8.43 4.78 5.01 345 -4.4 -4.4
TJ1 28°22° 99°14~ 8.39 1.75 2.00 152 -13.2 -4.2
TJ2 28°09° 99°24~ 8.44 1.96 2.03 158 -2.8 -4.5
TJ3 27°46° 99°25~ 8.21 1.09 0.99 81 10.1 -
TJ4 27°34° 99°31~ 7.90 0.86 0.92 75 -4.2 -
TJ5 27°09° 99°46° 8.06 0.95 1.11 87 -14.2 -
TJ6 27°12° 100°02° 8.34 1.83 1.79 144 2.9 -6.8
TJ7 26°48~ 100°31~ 7.88 1.96 2.11 153 -5.8 -7.0
L1 31°05° 97°12~ 8.44 4.28 4.28 315 0.7 -5.2
12 29°37° 98°21~ 8.49 4.20 4.15 306 1.9 -5.2
13 26°20° 99°08~ 8.48 3.48 3.64 266 -3.7 -
14 26°00° 99°08~ 8.38 3.57 3.77 275 -4.7 -
LS 25°25° 99°20~ 8.38 3.29 3.44 253 -3.8 -5.3
TL1 29°33~ 98°11~ 8.32 1.01 1.03 77 -1.0 -3.5
TL2 25°29° 99°58~ 8.29 2.17 2.32 176 -4.8 -
N1 30°05° 97°14~ 8.42 2.64 2.83 205 -6.2 -4.2
N2 27°33" 98°50~ 8.28 2.64 2.85 207 -7.2 -
N3 27°14° 98°54~ 8.26 2.57 2.73 199 -5.3 -3.9
N4 26°56° 98°52 8.27 2.56 2.73 199 -6.1 -
N5 26°32° 98°54~ 8.28 2.52 2.68 195 -5.3 -3.
N6 26°15° 98°52~ 8.26 2.50 2.66 194 -5.7 -3.
N7 25°54~ 98°51~ 8.23 2.46 2.66 194 -7.4 -
N8 25°33~ 98°52~ 8.25 2.52 2.67 195 -5.1 -
N9 25°14- 98°51~ 8. 15 2.46 2.61 191 -5.1 -3.8

1.00
0 0.75 1.00

3
Fig.3 Ternary diagrams showing compositions of cations and anions in the water samples
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N9 Wu
(2008a) Noh  (2009) o
4.27 t » km ™ N
ca’ 33.54 t + km™? »
a'. 3 o
( Gaillardet et al. 1999) .
Wu  (2008a 2008b) ( 3) 0
( ) 1.39 ~9. 3.3.2 Co, Roy (1 1999)
10tekm™ *a” 8.52 Li  (2014)
~16.93 t+km™> «a”' Noh  (2009) CO,
mol * km CO, :
ca” ° Do =(2Ca, +2Mg,; +K;; +Na +5i0,) x
Wu  (2008a) / (22)
( 3) ° q)COZ = 0 5 X ( ancm']) + 2Mg(:arl) - 0 5 X
Wu( 2008a) (HCO,) ) % / (23)
( 3) D =(HCO;) , X / (24)
3 CO,
Table 3 Chemical weathering and CO, consumption rate in the Three Rivers region
SWR CWR Deop Deop Do
( km? (x10°  ({ekm2 mm-ek- tekm? mm * k 10°mol +  10°mol *  10° mol *
ca’!) km?”) ca’!) a”! ca”! ca”! km2<a! km2<a! km?-a"!
9 39.4 0.229 1.39 0.51 16.93 7.05 0.34 1.40 -0.73
L5 29.0 0.086 3.27 1.21 33.13 13.80 1.18 2.47 -3.01
N9 53.1 0.113 4.27 1.58 33.54 13.98 1.40 2.22 -4.27
2 39.4 0.233 9.10 3.40 11.50 4.80 3.70 1.30
a 29.0 0.089 4.10 1.50 50.10 20.90 0.70 5.20
A 53.1 0.110 5.90 2.20 57.10 23.87 1.10 5.90
b 2375 me+s~! 0.233 2.84 1.05 8.52 3.55 1.33 5.19
b 1658 m s~ 0.129 5.67 2.10 12.6 5.26 2.89 7.50
¢ 76.4 0.456 1.05 -0.74
¢ 49.3 0.117 1.03 -0.72
¢ 49.2 0.092 1.21 -0.85
d 8.7 0.032 1.8 47.3 0.16 2.30
d 60.4 0.128 6.5 42.0 0.92 2.81
° 493.0 1.05 14.00 23.24 4.48 2.25
N 90.0 0.916 3.82 7.21 1.50 3.43
f 37.6 0.067 6.0 65.0 0.98 6.82 -1.01
f 3.57 0.007 4.70 84.0 1.07 8.79 -2.02
f 11.1 0.017 7.10 61.0 1.35 6.33 -1.21
8 0.078 4.30 64.4 0.72 6.14 -1.76
8 0.21 6.70 78.8 1.30 7.43 -0.87
h 38.0 0.223 2.33 27.4 0.14 3.04
h 38.8 0.051 1.48 2.66 0.21 0.65
h 28.3 0.002 11.36 0.00 5.62 0.00
h 28.3 0.752 2.02 9.92 0.35 1.34
! 22.5 0.297 1.39 3.31 0.41 0.34 -0.03
i 16.9 0.073 4.74 13.5 1.28 1.40 -0.24
i 73.3 0.557 2.23 5.15 0.67 0.53 -0.05
a Wu  (2008a) ; b Wu  (2008b) ;¢ Noh  (2009) ;d Li (2014);e Gaillardet  (1999) ; f Han (2004) ;g
(2008) ; h Fan (2014) ;i (2013) .
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