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Fig. 1 Water system and sampling points in the

Yanggong river basin
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BB () s Y R (TZ = CIT+2S02 +HCO; +NO; ),
AL TE FR 1.59~7.38 meq-L ', “F-¥J{H 3.79 meq-L ',
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Table 1 Ionic chemical compositions of water in the Yanggong river basin (averages of rainy and dry seasons)
e R o Ca¥ Mg" Na& K HC:)E s} I NO;  TDS  H,SiO, ] 7 TZ
mmol-L mg-L
YGSI B 827 227 277 390 045 604 006 003 003 980.50 2355 1444 738
YGS2 X 809 1.17 035 012 001 274 011 003 003 14800 31.10 3.6 3.03
YGS3 TR 759 161 067 1.05 019 434 034 097 030 31950 13.65 582 629
YGS4 X 834 095 036 006 003 244 008 010 003 15000 1070 271 272
YGS5 B 840 0.86 043 0.04 001 234 004 002 000 26400 666  2.63 244
YGS6 SRK 881 069 046 005 001 205 004 003 001 12900 520 235 218
YGS7 WERHIE 785 080 056  0.02 002 252 004 001 00l 18150 662 274 2.62
YGS8 SRK 828 097 058 019 004 318 017 002 001 18500 384 334 355
YGS9 SRIK 775 1.0 042 005 0.02 28 004 001 000 14900 922  3.11 295
YGS10 AR 786 1.4 062 040 009 308 022 045 011 21900 517 401 4.09
YGS11 ST 847 137 079 039 0.09 360 033 042 011 33600 932 479 479
YGSI12 SRK 870 144 081 031 005 293 049 027 007 25100 3990 486 425
YGS13 B 837 158 097 046 0.5 382 050 054 0.12 34150 1145 572 5.49
YGS14 SRK 885 042 050 002 001 147 005 003 000 160.00 1.65 1.86  1.59
YGS15 ST 822 1.17 046 0.09 0.03 234 055 003 002 20700 1255 338 3.49
- SiO, HeEEH 1.65~39.90 mg-L ', SFHEH 12.70 mg-L ™,
o] Tooss Y . P UL AT P 8.7 mg L AR K
1 1 Na ¥ i s e 3 ] 7K 7K Ak 2 2 32 ik 1R 2 KU A 1Y
L - BRI/
g, 22 FSITHEATRLEYRES
=, 3 o3 75 000 B B 5 1K A2 Piper =4
] Ko PHE 7L Ca®+Mg N F, i BH B 7 4 i)
. 53%~97%, “F-1 9 86%., Ca™ Hl Mg™ J& i 5 1Tk &
0 ém .L,l‘" 6 () 3 % FH B T, 3 WK k2% 25 B Ll HCO,-Ca 7 o
e HCO,-Ca-Mg %10 F, AKAL2EH AR 2, s 7
B2 EFSiLimE/KEAMEEFEEE

Fig. 2 Water anion and cation equilibrium in

Yanggong river basin

PR VLKA B S TP HHk B R/ IMERICH - Ca™ (1,17
mmol-L " )>Mg”(0.72 mmol-L ')>Na'(0.48 mmol-L ')>
K'(0.08 mmol-L"), Ca’ iy F M HE 7, HHE T
YL 48%, & Mg™, o5 BHE T 4L 29.5%.
TR 5 VAR I3 8 - 2853k B2 R/ IMIR Yy : HCO; (3.05
mmol-L")>S0O; (0.24 mmol-L')>CI (0.20 mmol-L " )>
NO; (0.06 mmol-L ™), HCO; & EE B T, i BIE
T 86%. HABIBAE ¥ =B, KA
& HCO;-Ca 4 8f, HCO,-Ca-Mg B, [ Mt T 7K fk 2 4%
TE T B2 B TR R e Ak 2 ARV E R 2 e o T 7K foe

B
o

PIHCO; Ry 3, 5 B 5 F 4L 1) 729%0~98%, - 35 K
88%. YGS10 il YGS13 Y Cl & b i, 433 i B
TR 11.7% T 10.8%, HXF N AY Na™+K 'l 22%
1 19%, fWoR 1T B A BERR 3 A KA /E H Y 45 A
SOy FETR S ULAK R F 15 1.3%~12.9%, “F-¥1K
6%, 5= Tk = T K Z& i 58 — K B3 B F (YGS10.
YGS12 F1 YGS13 BE4M) o FE AR = 1L i 3k,
NO; &+ & 8K, I 18 W EE Y 1%,
AT H K25 FE RS IR X A A WAL 52

Gibbs E (1] 4) 1] ARSI 14 B8 4R AE S
M AT DL Y, 45 7K 5 Na'/(Na'™+Ca®™) L {E 7F
0.01~0.50 i [l P4, 108 B 4% 7K o588+ il o E 2RI T
AR LR . Hod YGST Y Na'/(Na'™+Ca™) Al

ISIA
7
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Fig. 3 Piper diagram of the hydrochemical compositions of the Yanggong river basin
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Fig. 4 Gibbs plot of river water at the sampling points. a: the relationship between CI /(Cl +HCO5) and TDS.
b: the relationship between Na'/(Na'+Ca’") and TDS
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Fig. 5 Relationship between [HCO3 /Na'] and [Ca>/Na'] in the

water points of Yanggong river

(LT RRIR 5 IR 5 3 oG 22 18], 3% TRE IR &6 K
PR PR T A —E 9 BTk

23 AARULERRASKCO, HEEEME

TE A 7K SCHE BT 45 A 005 HE, BERESE A K A
T A WAL T FE R A/ CO, A3, AR EFEAR K
B (YGS3) (45 Tl TR VI 58 PN L 380) AR =5 VR H 4
WA (YGS11) (A PR S 7Ll o 35 70
B0 A 2 20 R T TR TR R R A R R KAk Y
RA, EFHAH Galy ik LR A i g4
A WALTEFER S CO, il 1 M A7 IR . KA 225
PE AT UL, £ K A5 B BR HR SO X1 4 16.0 mg-L ',
PR AR YR8 5 2 TR A BR B RR 52

S VLI 2 A KA 38 39.26 mm-ka
Ho p TR R A R RE TR SR A 0 XUAk R A B
34.84 mm-ka ' Fl 441 mm-ka ', BRERER A 0 XAk
FIERERR R 5 WAL R0 8 £, & BHIZ I 30 LAk iR
AR E, RS ﬂ:ominiﬂajr‘ﬁa KALIHFE RS
CO, i 4 25.54 t CO,km >a ', HH RERS £h 25 KAk

CO, -km *a', i 4 % BF IR Z S50, A A XALBRIL
14 25.54 1 CO, -km >a ,ifnliaaéfj 33%, = T4V

(f7 8% ) 14% F1 K 7T ( ) 119", W& A% T &%
37.4%5, EK%E&%M%ST, ﬂmﬂifﬁv\}aﬁﬂﬂc

#) CO, HAETE M 23.11t CO,-km *a”', T % 18 T Bk
Z 5IER 18.92t CO,ckm >a, IR 18%. Ktk
UNIRR JERR R ) VR L, B R R A T I 3 A KL
TEAEH CO, e . ARG Wi 5% 5 LA
1A T3 45 S X L, 2% BT Wi 8 PR 9 A K i
2550 Wk, X5 EELLE R 12 sk f
KRB A 6. Har, & KEVFRRIHE
e ST R A Rk T R AR AR, R
3 ) b T S J%E’ﬁﬁ%%lﬂ‘%ﬂ@%ﬁé}@%
M G Sk A KA AT Y 38

3 it %
3.1 BEBAmERESS5RSIIREEGRLHKEE

IEHE
TR PR VA B FR AR A8 S I 5 R =X n

Ca,_,Mg,CO; +H,CO; — (1 —x)Ca’ + xMg>" + 2HCO;
(14)
AL 2E R (14), HA BRI AE B, kR 1k

HREM AR CO, K 1.15t COykm a ', IR T K AR R R Ca¥ Mg, FTHCO;, Big |,
K2 EFSIREHCEEGRE
Table 2 Estimation of carbon flux in the Yanggong river basin
TERRE A XL TR LR A XL
o UL HCOy e DRRRIERR o BRIRIEDR  BRIRAIGTRRE A e
U= | B /ﬁbﬁ"i . sy i) {T}LE LU gEss N L Sk THLTEZY Jan) ‘%;( o
HFR TR 3 - R R A - BRmREL S phEREREhE  fEE ait
CO,TH#E CO,JH#ER  CO,HfERE
10°m’-a” km’ tCO,'km *-a 'mm-ka 't CO, km **a'mm-ka 't CO,’km *+a 't CO, -km *a' mm-ka 't CO,’km *a 't CO, -a'
ARFEHEF 181 80  37.32 2.30 431 19.86 18.38 14.62 22.16 1893 15528.92
W 760 1670 59.49 441 1.15 24.40 33.94 24.39 39.26 2554 42 667.04
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A SETE RO 0.92, UL K H Z AT E Ca’ il
Mg’ I 24 J2& SO A LA i, R WIBR TiRIR S 5
TR R R A AR PR LIS, Bt 2 5 TRk =
IR R
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61 1.1#
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Fig. 6 Participation of sulfuric acid in the rock weathering. a: relationship between changes in chemical equivalent

concentrations of [(Ca’+Mg’")/ HCOS]. b: relationship between changes in chemical
equivalent concentrations of [(Ca®+Mg”")/(HCO; +SO27)]

i PR R Al T2 L () 975 i i 1R 2k 2 1) e vz 7 X
.
3(Ca,_Mg,)CO; +H,CO; + H,S0O, —
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Rock weathering and carbon sink effects under exogenous acid action:
A case study of the Yanggong river

LI Xueyan, LI Canfeng, YANG Kehao, CHEN Rui, XIONG Yinhong, WANG Xingrong, WANG Chuanyu

( Kunming General Survey Center for Natural Resources, China Geological Survey/Technology Innovation Center for

Natural Ecosystem Carbon Sink, Ministry of Natural Resources, Kunming, Yunnan 650100, China )

Abstract Rock weathering in the river basin is not only an essential carbon source and sink mechanism, but also an
important link in the global carbon cycle. Rivers are indispensable components of water bodies, and the
hydrochemistry of rivers is a representation of the degree to which weathering and denudation occur at the surface of
the river basin. Therefore, it is possible for us to collect information on rock weathering in the river basin by
conducting an analysis of the chemical compositions of rivers. In turn, the analytical results can be used for the
estimation of weathering rates and the amount of carbon dioxide that is consumed by the Earth's atmosphere. The

presence of exogenous acids in the process of rock weathering in the river basin has an impact on the geochemical
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cycling of carbon as well as the carbon source/sink effect. The chemical weathering rate of carbonatite is accelerated
by sulfuric acid, but the weathering does not consume atmospheric carbon dioxide. As a result, the effect of sulfuric
acid on carbonatite weathering should be taken into consideration when the amount of atmospheric carbon dioxide that
is consumed by rock weathering in the basin is calculated.

The Yanggong river is a part of the Jinsha river system located in the upper reaches of the Yangtze river. The
process of rock weathering and the influence of carbon sinks in the Yanggong river basin are not yet fully understood.
As a result of climate warming, the considerable increase in water output from the high-altitude area of this basin has
accelerated the water cycle there. This will undoubtedly exert a strong influence on rock weathering rates and
geochemical cycling processes that occur within the Yanggong river basin. In addition, a large number of coal layers
are distributed in this basin, so the sulfuric acid produced by sulfide oxidation or the dissolution of carbonate rocks by
sulfuric acid caused by human activities would also alter rock weathering rates in this basin. For this reason, it is
necessary for us to do more research in order to quantify the effect of exogenous acids on rock weathering as well as on
the carbon source and sink in the Yanggong river basin.

In this study, water samples from main streams and major tributaries of the Yanggong river were collected during
the dry and rainy seasons of 2023. The major concentrations of anion and cation, metasilicic acid, and total dissolved
solids (TDS) in these water samples were examined. Additionally, different types of rock weathering in the Yanggong
river basin were analyzed by the water chemical equilibrium method and the Galy estimation model. Finally, the
amount of carbon dioxide that was consumed by rock weathering under the combined effect of carbonic acid and
sulfuric acid was estimated. The findings indicated that the ionic compositions of the water system in the Yanggong
river basin were mostly derived from the weathering of silicate and carbonate rocks, and the hydrochemical types were
either the HCO;-Ca type or the HCO,-Ca-Mg type. Sulfuric acid and carbonic acid worked together to contribute to the
process of rock weathering in this basin. The atmospheric CO, consumption of rock weathering in this basin was 38.35
t CO,’km >-a' when sulfuric acid was not taken into consideration. However, when sulfuric acid participation was
taken into consideration, the carbon sink of rock weathering was reduced to 25.54 t CO,-km *-a ', with a reduction of
approximate 33%, which significantly improved the accuracy of the calculation. The atmospheric CO, flux consumed
by carbonatite weathering contributed 95.5% of the total, which indicated dominance of the atmospheric CO, flux
consumed by carbonatite weathering in the Yanggong river basin. The quantity of atmospheric CO, consumed by rock
weathering in the Yanggong river basin is 4.27x10* t CO,-a ', suggesting a process of carbon sink. That sulfuric acid
participated in the process of rock weathering in the river basin changed the regional carbon cycle is a significant link
that cannot be overlooked in the model of the global carbon cycle. Meanwhile, in studies on the carbon source/sink
effect of rock weathering in the river basin, it was essential for us to consider the regional geological background,

particularly the types of minerals rich in sulfides.

Key words rock weathering, carbon sink effect, sulfuric acid, carbonic acid
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