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Chemical weathering and CO, consumption flux in Tibetan Plateau: A case of Niyang
River catchment. LIU Xu'> ZHANG Dong’ GAO Shuang' > WU Jie'> GUO Jian-yang'
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Sciences Beijing 100049  China; ‘Institute of Resources and Environment Henan Polytechnic
University  Jiaozuo 454000 Henan China) .

Abstract: Tibetan Plateau is an ideal place to study the relationship between tectonic uplift
surface weathering and climate change. Here the role of sulfuric acid in carbonate and silicate
weathering and its effects on the corresponding CO, consumption flux and climate change were in—
vestigated in Niyang River catchment using hydrochemical method and forward model. The results
showed that: (1) The hydrochemical type of Niyang River was characterized by HCO, * SO,-
Ca * Mg and HCO,  SO,-Ca. The cations in river water were mainly derived from weathering of
carbonate and silicate contributing to 79.4% and 11.7% of the total water cation respectively.
(2) There was substantial chemical weathering of sulfide minerals in the catchment with weathe—
ring rate (13.5t * km™ ¢ a”') being three times as high as that of the silicate mineral weathering
(4.46 t  km™ < a'). (3) The net CO, emissions during chemical weathering of carbonate
resulted by sulfuric acid to a large extent could offset the CO, consumption caused by
carbonate-silicate mineral weathering in Niyang River catchment.

Key words: Tibet Plateau; sulfuric acid; mineral chemical weathering; CO, consumption;
Niyang River.
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Fig.1 Map of the sampling sites along the Niyang River
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Table 1 Hydrochemical characteristics and compositions of water in Niyang River
pH EC Na* K* Mg C® HCO,, C~ S0, NO,” S0, TDS Tzt TZ"  NICB
(S (wmol* (wmol* (jwmol e+ (wmol * (pmol * (‘pmol = ( pmol + ( pmol « ( pmol * (mge (peqs (peqe (%)
(km) em™) L) L) LH L) gy L) oy gy Ly )oh) o
M1 106 8.08 138 62.0 17.5 223 503 808 8.4 307 6.1 86.8 112 1532 1437 6.2
M2 113 8.01 141 58.7 14.7 213 496 808 11.8 316 6.4 67.8 111 1491 1459 2.1
M3 138 8.09 127 54.4 12.0 185 462 808 10.7 254 7.6 64.7 103 1361 1335 1.9
M4 17 7.93 117 58.2 12.1 159 410 760 11.6 223 6.3 62.0 94.3 1208 1224 -1.3
M5 202 7.87 94.7 57.9 11.8 104 367 618 11.6 156 5.2 56.6 75.8 1012 946 6.4
M6 214 7.86 102 54.6 15.2 117 378 594 12.3 175 5.2 61.3 71.2 1059 961 9.3
M7 228 7.88 95.3 53.3 49 33.0 243 542 11.1 40.5 32 723 53.8 610 637 -44
M8 258 7.84 97.0 41.7 12.8 113 363 575 9.2 165 1.7 62.7 73.9 1012 915 9.5
M9 264 7.62 70.8 57.9 14.8 79.2 274 574 10.1 104 5.7 76.8 65.1 780 798  -24
M10 289 7.93 108 49.9 15.0 110 355 594 10.2 150 4.1 68.9 74.0 995 909 8.6
MI1 296 8.02 93.0 48.0 13.5 106 345 575 10.9 151 5.3 66.8 723 964 893 7.4
T1 109 7.86 160 57.4 15.5 280 485 333 5.9 561 7.9 63.5 107 1603 1469 8.4
T2 111 8.13 110 53.8 8.2 173 406 760 33 17 6.5 53.6 88.5 1220 1113 8.8
T3 129 8.02 118 63.5 14.6 176 452 808 10.0 192 7.7 55.0 96.2 1335 1209 9.4
T4 163 7.97 92.6 53.9 11.0 96.5 335 523 11.0 168 4.3 60.1 69.6 927 874 5.8
Ts 193 7.76 86.0 47.6 12.4 799 375 599 10.8 127 3.7 52.1 71.0 969 867 10.5
T6 204 7.64 69.3 51.9 12.4 80.9 236 356 7.4 129 5.7 65.6 51.7 699 627 10.3
T7 222 7.71 523 48.0 12.8 115 360 580 12.7 169 6.6 60.8 74.9 1012 937 7.4

TZ*=2Ca** +2Mg** +Na*+K*; TZ~=280,% +HCO, +Cl"+NO;~; NICB=( TZ*-TZ") /TZ*x100%
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Fig.2 Piper map of water in Niyang River

Fig.3 Gibbs diagram of water in Niyang River
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Fig.4 Mixing diagrams using Na-normalized molar ratios in the dissolved phase of Niyang River
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Table 2 Ion ratios of different sources selected in this study
Ca® /Na* Mgt /Na* K*/Na* Cl™ /Na* NO,~ /Na* S0,* /Na*
50 20 0 0 0 Li et al. 2014
0.17 0.02 0 0.95 0 Li et al. 2014
8.81 0.49 0.46 0.87 0.61 0.23 2005
0.26 0.16 0.52 0 0 Fan et al. 2014
0 0 1.40 5 4 5.95 Xu et al. 2010
Ca®" = Ca* + Ca® + Ca* + 69.9% ~ 84.9%
Ca* (11) 79.4%:;
Mg™" Mg** + Mg” + Mg +  0~1.8% 0.6%:;
Mg™ (12) 0~0.5% 0.3%;
(5)- (12) ( 5.5%~12.9% 8.0%( 6).
2013)
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Fig.6 Contribution rates of different sources to dissolved cations in river water
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Table 3 Chemical weathering rates and CO, consumptions in different basins
€0,
(x10% m* ( x10* km?) (trkm™-a”) (x10° mol + km™2 + a”")
ca))
172 1.76 4.46 41.5 0.34 13.5 59.8 0.92 3.5 -1.22
0.78 - 4.3 64.4 - - 68.7 0.72 6.14 -1.76 2008
2.09 - 6.7 78.8 - - 85.5 1.3 7.43 -0.87
534 8.65 6 65 - 375 109 0.98 6.82 -1.01
35.7 0.65 4.7 84 - 30 119 1.07 8.79 -2.02 Han et al. 2004
111 1.71 7.1 61 - 25 93.1 1.35 6.33 -1.21
604 12.8 6.5 42 5.6 - 54.1 0.92 2.81 - Liet al. 2014
39.4 229 1.39 16.9 - - 18.3 0.51 7.05 -0.73 2015
29 8.6 3.27 33.1 - - 36.4 1.21 13.8 -3.01
53.1 11.3 4.27 335 - - 37.8 1.58 14 -4.27
- 625 26.4 39.7 40.3 - - 80 16.3 11.4 -1.87 Shin et al. 2011
- 135 26.4 2.77 11.4 - - 14.2 1.23 3.23 -0.42
( ) 380 22.3 2.33 27.4 20.8 - 50.5 0.14 3.04 - Fan et al. 2014
5.2 1.35 0.07 8.41 2.43 6 16.9 0.03 1.43 -0.63 2015
3630 43.7 9.15 69.1 4.56 - 82.8 0.55 6.48 - Gaillardet et al. 1999
9280 181 5.25 55.9 3.87 - 65 0.59 5.51 -
410 75.2 3.46 4.65 6.65 - 14.8 0.82 0.4 -
Kikori 400 1.32 30.3 311 0 - 341 1.89 31.1 -
Ganges 4930 105 14 232 4.76 - 42 4.48 2.25 -
Brahmaputra 5100 58 10.4 35.4 0 - 45.7 1.5 3.43 -
Indus 900 91.6 3.82 7.21 6.55 - 17.6 0.59 0.64 -
225 29.7 1.39 3.31 0.32 - 5.03 0.41 0.34 -0.03 2013
169 7.34 4.74 13.5 0.65 - 18.9 1.28 1.4 -0.24
733 55.7 2.23 5.15 0.40 - 7.78 0.67 0.53 -0.05
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