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Abstract: Background, aim, and scope Chemical weathering of continental silicate rocks and carbonate rocks
is closely related to global climate change. Study of weathering in watersheds is an important way to understand
how continental weathering responds to global climate change. Previous researches focused on large river basins,
and few of them worked on small river basins. In particular, the influencing factors of chemical weathering
in river basins in high and cold regions are still uncertain. The Nyang River Basin on the Tibetan Plateau with
relatively simple lithology and less human disturbance was selected as the research object. A hydrological year
sampling analysis was performed to explain the seasonal variation characteristics of rock chemical weathering
rate and its influencing factors in the alpine region. Materials and methods In the present study, a hydrological
year (2017—2018) sampling analysis was conducted at the lowest stream of Nyang River Basin. Annual
variation of chemical compositions of surface river water were analyzed, including the major cations (Na', K,
Mg™*, Ca™), soluble silicon and major anions (F~, C1", SO;", NO; and HCO,). Based on chemical composition
analyses, contributions of four end-members (silicate, carbonate, hotspring and atmosphere) to riverine cations
were estimated. Coupled with discharge data calculated by a hydrological model and water temperature
measured in the field, weathering rates of silicate and carbonate as well as their responses to discharge and
temperature were investigated. Results Results show that the water ions of the Nyang River are mainly derived
from the weathering of carbonate rocks and the weathering of silicate rocks, contributing 60% and 29% of
cations to the river water, respectively, and the weathering rates are 0.20—19.00 t-km >-month ' and 0.09 —
0.80 t-km - month™', with annual averages of 11.90 t-km~-a™' and 4.38 t-km *-a”', respectively. In a
hydrological year, the weathering of carbonate rocks is obviously affected by seasonal changes, while the response
of silicate rock weathering to seasonal changes is insignificant. In general, the weathering rate increases in the
rainy season and decreases in the dry season. Discussion Discharge is an important factor controlling chemical
weathering in the basin. The increase of discharge promotes the weathering of carbonate and silicate rocks, but the
dissolution dynamics of rocks will limit the effect of discharge on the weathering rate. The increase of discharge
can continue to effectively promote the weathering of carbonate rocks because of the large dissolution rate,
while for the silicate rocks with small dissolution rate, the effect of discharge on weathering is weakened when
discharge continues to increase. Different dissolution dynamic characteristics of rocks are important reasons for
the different responses of carbonate rock weathering and silicate rock weathering to seasonal changes. Increased
temperature can effectively promote rock weathering in the Nyang River Basin by increasing the dissolution rate
of rock minerals. Temperature can also import an effect on weathering of the watershed by influencing discharge.
Conclusions From above, it can be concluded that, in Nyang River basin, discharge can be a primary control on
chemical weathering, and temperature is relatively minor control, but temperature can also affect glacier activities
as well as discharge in this alpine area. The different dissolution kinetics of carbonate and silicate account for the
discrepant weathering behaviors of the two kinds of rocks during a hydrological year. Recommendations and
perspectives The climatic factors in the alpine area like Nyang River Basin interact with each other and also
affect physical and chemical weathering. For this reason, the longer time monitoring and higher sampling density
in alpine watersheds will help to better understand the response of weathering to climate change.

Key words: Nyang River, chemical weathering, seasonal variations, climate factor
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Fig.1 Sampling location map of Nyang River (modified from Liu X et al, 2018)
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Tab.1 Annual water quality parameters and chemical compositions of Nyang River

2 At o vﬁéiﬁi . e Ca™ K Mg** Na'
D Month T DSMUE icem) qmegL?) PO )
/(m*-month™") /(umol - L")
NY-1 1 4 2.44%10° 120 60 8.1 3928 279 1219 135.0
NY-2 2 5 2.85%10° 118 59 82 3839 281 117.1  143.0
NY-3 3 12 7.97%10° 132 66 83 4087 29.9 1194  154.0
NY-4 4 12 1.21X10° 129 64 85 3984 297 1177 141.1
NY-5 5 12 1.70X 10° 80 40 84 2395 183 85.2 68.7
NY-6 6 15 2.10X10° 84 42 8.0  284.0 17.8 96.9 75.9
NY-7 7 - 3.31%10° = = - 3086 18.8 102.5 79.7
NY-8 8 17 2.78 %10’ 196 99 85 3211 18.1 120.1 64.2
NY-9 9 - 293X 10’ - - - 3522 19.5 122.0 68.6
NY-10 10 8 1.73X10° 117 59 82 3834 286 118.1 93.4
NY-12 12 6 430x10° 122 61 82 3905 27.3 1211 1215
Hii' Ay Si0, F~ cr NO; SO HCO, TZ TZ NICB
1D Month /(umol-L") f(ueq-L™")  /(ueq-L™") /%
NY-1 1 114.7 47 396 7.6 1838  790.8 11923 1210.4 -15
NY-2 2 117.8 43 455 8.1 1801 8313 1173.0 12493 —6.1
NY-3 3 113.1 6.1 48.0 63 1774 7746 1240.0 1189.7 42
NY-4 4 103.7 56 494 82 1875  880.0 1203.1 1318.2 -8.7
NY-5 5 63.9 2.8 10.2 132 1244 - 736.5 — -
NY-6 6 64.0 43 14.6 94 1452 5708 855.5 889.5 -3.8
NY-7 7 65.5 43 11.6 1.1 149.0  562.9 920.6 877.9 49
NY-8 8 61.5 43 8.6 26 1758 = 964.5 = =
NY-9 9 72.8 4.1 17.0 73 2138 = 1036.8 = =
NY-10 10 933 48 247 122 1847 6838 1125.0 1094.8 238
NY-12 12 108.2 52 353 1.1 2025 7359 1172.1 1192.5 -1.7

TZ =2Ca*"+2Mg>+Na +K'; TZ =280} +HCO, +Cl"+NO; ; NICB = (TZ'~TZ ) /TZ' X 100%
TDS = Ca” +Mg " +Na'+K +Si0,+ SO, +HCO; +Cl"+NO;
—: BEARM ., — Data not measured.
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3 ZR5WE
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WA AL 9T 3 49 {1250 peq L™ ( Meybeck,
1979) , #ESHE Y& (T2 ) H 877.9—
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THAE —10% —10%, FRHIKAL 70 4s R EA 7]
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a 100

25
wow :
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Si0,
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FEME (Dalai et al, 2002; Noh et al, 2009 ) .
] K ffe T TR i (TDS ) ¥ B 3 Bl R 40 —
9mg-L ',

7K B PH B R s BRIl Ca? >
Mg™ >Na">K", F ¥ {H 4> %) H 351.2 umol- L',
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XIS, 2018; sKIGESE, 2017) .
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Fig.2 Ternary plots of the dissolved chemical compositions of Nyang River

DOI: 10.7515/JEE192029



HwRIE, e IKH

FFORTE KA i A i o6 HAG AR E i oT R
L AR 3 ] ( Gaillardet et al, 1999 ) , [t a] D) ]
Na'" FRifEAb )5 BB T2 A T T 7K 2228 BH S 7 1Y)
Ko BT R AHERNRIZE & A vTiki > (XS,
2018) , fHEAFFEH MM ( F3C3377)
DAL AR SC SR 2R R W (2002 ) 1% T8 (1 75 5T b X
PR K AL 22 BHE T 5 1 SF- 45 Ca'/Na' . Mg®'/Na'
FITHCO; /Na" BE/R [t (435120 0.15., 0.03., 0.45)
VE RIS A S TG . W TSR 14
fERZE AL, AR 12—3 AL 4—5 A,
6 —9 H F 10 —11 J 43 5 %] 43 S Ak K3 L TR

ol S T A A R 2 1 S AR A R I P 2R

A RIS . BRI 3 Al . JE PR sk
TRBS 7 4 A 3 B A7 kR R 25 ) UL Rk R £k 2
WAL 6], o Hren et al (2007 ) B3
R 22 (R Rk R R 2R ) AR i AT, TR
2 (2018) AYHCHE U S5 7 B 22 A ik Rk 2557 4 XL
TR AT AW R A TR 4 A 05
8 A EdE =M, R SR (FFZ) kK
BT R TR R AR 26 W A, T AR
(AEWZ) TR WAL, FIHZ
PR TR ER A Xk, 3 R 200 A TRk R ik A
Ak

K3 NabrifEfe)m &1 4k

Fig.3 Plots of molar ratios of Na-normalized ions
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Fig.4 Seasonal variations of dissolved ions concentrations (a, b) and molar ratios of Na normalized ions (c, d) of Nyang River
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2 AHTTEM A BB TC I S TR AR U L
Tab.2 Molar ratios of ions from typical end-members adapted in this study

¥i#JC  End-member K'/Cl” Na‘/Cl” ca’'/cl Mg>'/Cl” NO, /CI” SOT/CI”  HCO,/cl
K" Atmosphere 0.53 1.15 20.35 1.12 0.71 0.54 23.89
#% *  Hotspring 0.10 0.73 0.007 0.00 0.07

Ca™/Na* Mg™/Na"
FERRER © Silicat
AR BN 0.545 0.30

a PLEEHLIX ZAE R34 Average compositions of rain in Lhasa ( Zhang et al, 2003 ) ; b =£/\J}#4¥k Hotsrping from Yangbajing ( Zhao et al,

2000) ; c fEEEAGYIfIE  Yarlung Tsangpo River basin ( Hren etal, 2007 )

K TRRZK CL B A3 70 T AT ek 1 4R
W75 R TR o JE T AR W28 A A 2 R
Ik, ZWgzE A sk (XIIRSE, 2018) o K1,
FTA R SEAEAE 208 T RIS SR seme, 5 i
M IX A TE TR R, AR ER, PR B ] 7K Y B
T NF %K (Evans et al, 2001; Evans et al,
2004 ) o [Ht, ASCERK AR TR K A —ER 4
ClIH45 THR r 5 A o TR i TG A7 Ak {8 D0 >R HI P
e DR HA R A /A JHHHAME ( Zhao et al, 2000 )

(F2) . B, NH ERTE RS 5 A TTE 7
TR LARAS RGO 7K i 25 IO DT Ak

TR b 285 KA AL IE J5 1Y Na™ FT K I
FEORIE T rERRER A XAk, Ca® Al Mg™ BT E>
T TFaRiRE 7 AL, WnTBek i TREfREL 75 KL,
PRI I 7 5 W 2 A AU X3 PR oG 2= 19 BT ik
o RBAK KA AR S 1Y Na (Na* )
AR A fERR AR A KAL, WGE DU A A
K R RERRER A L= AR Ca™ R Mg™ s

Cazrmm =(Ca/Na) P X Na* (2)
Cajyy =Cajg + Cagyy + Cajy, + Caly (3)
Mg s = (Mg/Na) B Na* (4)
Mg = Mgy + M + Mgl + Mgin (5)

TS [R50 38 A0t 08 e PR 2k 2 D AR A 9 7
PANIE], 4 Hren et al (2007) A3 o A KA
2H 53 R Al BB RERR £ A 53, 1T Zhang et al

(2015) WA R TR 3 A TA 5, R
BERE B Ak R 75 KA o3 ik it oC A R AEAELAR T[],
(Ca/Na),,. lCIEEE N 0.25—0.545, (Mg/Na),,,.
WAETEEI Y 0.16—0.57 (Hren et al, 2007; Fanetal,
2014; Zhang et al, 2015) . 7% 3C K F Hren et al

(2007 ) X kG5 AT V14 Y 3 A Ak R k2 s 4 40
SHAETHE (R 2) o m2AE(Q) @) BER3H5
TERRER A KL= 1Y Ca** il Mg™ &, FEE A AR
(3) M (5), AT LABRAFOR AR R 7 KL F= 2 1 Ca™ Al
Mg2+ .

AR A 7 R I V5 K HEACAE N2 vl e
SR KA A A SR ERAE (2009 ) X RV
T 7K BT 3 A A5 SRR WY, NN TG Bl R JE ] i 5
AL AR /N XITEAE (2018 ) RY4ER B e
T BH B ok F N RIS S TTRRAR D, A R
K1Y 0.3%. A7 7K H A R AR & N\ R 1% Bl 1Y i 22 4R
B, A 5T 45 R W7 @ v T IR AR TR B A e
13.2 pmol- L™, EiBAIK, B, ASCZBEmIK T
BTk A IS S DTk

ZFA, WK BH S - rh 2% i e Y DRk R R B
e BRIRER S WAL TTRR R K, P 60%, H:
UONRERR A KAk, X 29%, PR ki
ABIAIFEAR, 4300 3% F1 7% (ES) o R4
TIR N 2 A R RERR I, (HBRIRER A XA XF
T 7K B 85 - 2H LR e e Ko 3% 02 TRl PR R 5™
Y2 DS AR il , JEHSRAEVK) 1 R B HLIX
PRL TG B A Tl 3 25 - 4 B Y 3 5 4 A s s ( Blum
et al, 1998; Quade et al, 2003; Tipper et al,
2006 ) .

K5 &b Asi TR Je P K b BH 2S5 R STk E 43 L
Fig.5 Contributions of four typical sources to total cations in
different seasons
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5Nt SRR A 4 He B R AR AR L. R R
W25 i s DT R A AR AR R A R, P AR &R
B CV= b2 / FHIME X 100%, THEAAH: K
SHA L PIRE A IRIR R A KA AR R R A K
P TTER A 53 L CV AE 3028 65%. 52%. 13%.
5% HHILATIL, KA AN T AR b R A, H
ORI, TR £ 7 AN R R 3 5 R X 15 A
Ry R AR Bl ARk R, KRAHA
FESEATNZE )G, XK B B F STk i ok, X
LR IR, KSR G, PO AN R B
S i RN 2 BH B ok A, SO R IR R
YERMZE 5. T K AE I 2R 7K U5 32 B0k | R AR
K, WAESRZE EE R R KNG, BRAE R
TR —Fh oK, NIRRT, W
ZEorikAR . REMRER A KA 2Bk W 25 Hir 30 ma ik i
R, MR 2R PTREAR, BRI RS
2, GIMKFTh o X AT RE A PR A W 2 i AT K 3
AL, KRN, R AKCEAE B R )
HUF KRN, Wi T B Z R W) . A,
AT, WK R, AKREE M, H
F oK B B (R AR, R T bR 1K A N, Hh
TAKKN A XTI ( Tipper et al, 2006) , A
Tk R R AL 1 DTk X R, iR R KR X
K BH S 1 1) STRRAE — N K SCAFE N IR &R = T 1l
i, B (10—5 H ) sudkAxT A%, mE T
% (6—9H) , fllEmEEY, AFiTm, B
£ 10 HJEHIRFEL, X —Z5 R R PIRR IR 6 A 7E
FokififE, WARPE TGS
34 UERUMHSHHETUMZMES

R4 A5 At 7T B B 1 Sk i i s 2, 1
E AR AR R MR AL, AT LA IR R A
AAEE#Z (CWR ) FIfERRER A XALH % (SWR ),
THRAXT

CWR=( Cayyy + Mg )X 2 i /3 1

T R 4)
SWR=( Caysy + M + K + Nag ) X 12
PN R R TR (%)

K JEHCRE TR, WNCa,,. RFK [ ik
Rt h i) Ca®'s

gEIR (El6, £3) TR FE—NKSEN, Bk
iR £k A WAL IR 5 4 = S iy, KL R 0.20—
19.00 t-km >-month ', 4FF-H{E 4 11.90 t-km *-a ™,
Howk b wE R R A K, KU fE R 0.09 —
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#11E

0.80 t-km *-month ', 4 F-{H 4.38 t-km *-a ', &
IR T a2 R A KA 2 B iR 16 KAk 6 %) 2=
AR AR e h R, AR B A WAL R AZ 2R
A A e O W AR R B, R A A SR R B
O ES AR IAT & S 5II8

N ERE S TR e K Ft e i el e A AT BE SR T
Fig.6 Seasonal variations of chemical weathering rates of
Nyang River

# 3 AumTs EHRT A,
Tab.3 Results of chemical weathering rate of end-members

Aty KAL# % Weathering rate/(t-km *-month ™)

Month RFEREE  Carbonate kAL Silicate
1 0.20 0.09
2 0.23 0.11
3 0.68 0.32
4 1.03 0.44
5 0.87 0.37
6 1.12 0.47
7 1.93 0.80
8 1.84 0.56
9 2.16 0.58

10 1.49 0.48
12 0.37 0.14

iy 2 A28 U WA O 2 R i A 2 KU AR R A
% ( France-Lanord et al, 2003; Gaillardet et al,
1999; West et al, 2005 ) . — i Hh 3R 48 U K,
Wy P XA AE k5% ( Singh and France-Lanord,
2002; Singhetal, 2005; Westetal, 2005) , T4¥
FERAEAE A 22 A 3K 5 77 ( Bluth and Kump,
1994; Millot et al, 2002) , I LLI{E fifi 55 £ Y B
fif 5 iE, M AE B4k 2% XUk (Singh et al,
2005) o ARHEE 7a B 7b, AT LAE AR GG O
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Fig.7 Relationships between dissolved ions concentrations (a, b) and

molar ratios of Na normalized ions (c, d) with discharge of Nyang River

JE AT I S A PR 2 XU R 3 AR i R 2 XL
R SR EZ AR EACCR (K8) , Ju
HIR R IR A KL R AR I 2 (0] 2 4 35 i e vk
EMXKR (RP=091) , FUMIEAHLFR
B Z R R R . AR R,
fe R £h 2 AL BOR B AR e AN AR, R RIS K G
LR AR IR EL AL, X TRERR SR, HL
AR 38 AR /)N A3 I e 0 XA P 2 2R A FH 9
55, Tipper et al (2006 ) i i X} Fb ik FRER A FIAE iR
R AT 2750 e 7t & BT AR TR) g A, D

FEAVE 2 BN /NN, AT AR 5 I X
AE MR EN R, MR EL 250 P AL R £h 2
W) it 5 0 2 AR 2 SR 0 i BRGOX  f A %F
2 AR Ak A [ () E iR A

JE R AR T i 5 5 A AR BR8] 19 56 &
FFA B ETE UL A RS A P 2R 5 A2 KA
FTA] ¢ 28 B HEE (Riebe et al, 2004; West et al,
2005) , B “iz#fRH]”  (transport limitation ) &
ZA “BhHFRE]” (kinetic limitation ) 2 &R, 7 “in
FBRE” PLET, PR ECREAR, TR
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A 3 3 FIAR 3t i 2 ) 7 A HL AT A8 0 1 TE R G G
% ( Singh and France-Lanord, 2002; Singh et al,
2005; Westetal, 2005) , KUt 7EJEHEMTRIEL,
B E LT B RARAE R, R, n
P A R

K8 JePEI AR IR o R R AU i 30 A AL RE A8 A g e S A

Fig.8 Responses of carbonate and silicate weathering rates to variable discharge (a) and temperature (b) of Nyang River
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and Cartwright, 2009; Zhang et al, 2015) .
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EMKER (KEI8b) , KRG F &, REA R
PRk A WA, HARTE A OCE R 8, TR S XAk
TR 2 ] A O I S R /N T AR T 5 KU
Z RN A A G, PR AR I R R R 52 e 3 Tt AL
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(2019 ) ABLAEVKIIE 3l % BRAN LA UK S5 T Ay 32
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