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Previous studies on dissolved carbon export from alpine catchments have focused on permafrost areas, and less attention has been
paid to seasonal frost areas. To explore the patterns, influencing factors and mechanisms of dissolved carbon export through rivers in
seasonal frost areas, we selected the Hongnigou catchment at the northern flank of the Qilian Mountains on the Qinghai-Xizang
Plateau as the study area, and we made continuous observations of dissolved organic carbon (DOC) and dissolved inorganic carbon
(DIC) concentrations and fluxes in river water. Combining the observed data of stable isotope abundance in river water and
meteorology, hydrology, and ground temperature in the catchment, it is found that: (1) during the early thawing period in late
spring, the riverine DOC and DIC at the outlet of the catchment were high in concentration but low in flux; (2) during the late thawing
period in summer, the riverine DOC and DIC were low in concentration but high in flux; and (3) both DOC and DIC concentrations in
the river showed an overall decreasing trend in summer, but slightly increased during low flow periods compared to high flow
periods. The study shows that for the alpine catchments underlaid by seasonal frost, represented by the Hongnigou catchment, the
dissolved carbon export is mainly influenced by frost characteristics and dynamics during the early thawing period. However,
during the late thawing period in summer, it becomes dominated by hydrological input characteristics. During this period, the thin
aquifers consisting mainly of fine-grained residual deposits and the widespread freeze-thaw disturbed landforms also have significant
impacts, resulting in a higher riverine DOC concentration than that reported in other areas of the Qinghai-Xizang Plateau.

Key words: alpine regions; the Qinghai-Xizang Plateau; upper reaches of the Hethe River basin; seasonal frost; dissolved organic

carbon; dissolved inorganic carbon; lateral export to the river; environmental geology; hydrogeology.
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Fig.1 Maps showing the location (a) of the Hongnigou catchment on the Qinghai-Xizang Plateau and the monitoring and sampling

sites (b) in the Hongnigou catchment
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Table 2 Statistical characteristics of stream water chemistry and dissolved carbon export at the outlet of the Hongnigou catchment

S8 L AT (20134E5 A9 E6 A 1H) HAE W (20134E7HSHEIH 21 H)
T2 £ T2 £
fe/ME IE N} . fe/ME IEFN:] .
i 2 i 2
&H %o ~40.45 -29.19 ~34.5342.71 -37.90 -21.25 ~30.03+£2.67
30 %o -6.81 -4.83 ~5.907-0.48 ~6.60 ~4.85 ~5.7740.37
3387.07+ 2167.64+
TDS mg/L 2743.67 4106.81 1147.41 3128.59
348.87 491.50
DOC mg/L 9.19 19.48 15.2342.30 7.46 14.78 12.524-1.13
DOC
o kgC/d 0.38 13.49 3.6943.58 5.83 49.21 18.00+10.66
i
DIC mg/L 102.70 190.31 160.74+19.78 82.09 167.42 125.98+13.97
DIC
. kgC/d 4.96 155.41 38.34+39.89 59.22 436.38 175.94+96.56
i
3C e %o ~7.55 ~5.94 ~6.7840.41 -9.22 -5.27 -8.0040.63

17HZ9H 20 H ) FH B By 3K it i T4 B, =
I W 3 9T DOC  DIC A TDS %5 A it 45 AF
ARG 227 . 26 o W3 10 02 TDS W F 87 Coie
(B« E ARG 3E Sk 00 [ S22 0 4 B R 1) b TR #s, TDS
BE A & 3 000 mg/L LA b 7 A 0 1) ) [
7% , TDS ¥ JZ Al B %2 1 000 mg/L & 45 . 1] K
DOC #1 DIC ¥ £ #F 5 2= iR Bk - 2 RT3
(SRR i R RS S = [ S T i

3 e
3.1 EIMAEDOCHEWITERSE

B 5 IX 3] 7K B DOC %yt 2 R HE 0 68 A 235 1
225 R TR A2 I IR T AL DOC YR JE &
T H 00 3 2 T o R A R s ) B 58 42 3 il
DOC 3 H5 WA Sz, L5537 5t W 3% 00 AH G . 75

e JUHA b X (3 2 AR R 1 X)) i 19 DOC fi
AR 5 Z 2 (Mu ez al., 20175 T 0%,
20175 Gao et al., 2019; Song et al., 2019; You and
Li, 2021). 3% Fft 7 7 56 i 5L B A7 % 8 1 19 DOC %ag
AR AE A ) T AL B G B M X SR TR
F R E W DOC W 85 , DOC i & f i i %
Hi A7 (McGuire et al., 2009; Prokushkin ez al.,
2011) . 28 3 4R I 322 22 S ] R S W 25 Ml IXC [1] 7K SC A e
Z 0 AN TR] 1 R . A G AR M XTI AR I Y
40%~80% £ k& A= 7E 4 7= fift Uk ] 6] (Stein and
MacDonald, 2004). 76 5 J8 & J i X, 7K SCH A R
TAR U 5 R 2 0T Rl REAS ] 25 RIVFE R 0 ik
PR E R W R NETD, HZUZRNIE
KK CLEREE, 2018) (45 B W 42 I F+ 11 1Y
R R Wi RN O BRSO (R
), T e D DX 7K S AR 3 T DOC B ik
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A 5] T 7] Sy € DX 37 b A b XL 2 2 Af B W 42
P S = Sy @ VAl SR G < S =T - 1 R IV 8
DOC ¢ B S 1y A A1 It 12 400 ) W A B 45 380 47 ik
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{8 (3 3 A T 0~5 mg/L) (Gao er al., 2019; Song
et al., 2019; You and Li, 2021) , 1 5 [F] J& 2 7]
Tt A AR T 08 /N 9 38 A 9T K DOC ¥ (~10 mg/
L) 35 (Mu ez al., 2017) . 38 52 3t 30 ) 8 22 R AiE
D0 AN S (1 TR N U (A IV N R I N Rl = i
DOC ¥ i 5 b 5 iy 7K SC b T 4% 4 Fi b 3 4 A
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THE 0 /DN 3 B2 L (AR AR AR A 2013) , £1 U VA /N i
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ok L i X TDS #1 DIC () ¥ BE 43 51 5 18 3 000~
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AR 2 I £0 U I8 /N i Sk b e R Ay R 4 R
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Bk A& A T R A5 Y HE SR (salt exclusion) 31
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2021; Wan ez al., 2021) , KK B2 VK& Ak i &
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Fig.7 Pictures showing the salt accumulation on ground surface in the riparian zone of the Hongnigou catchment caused by salt

exclusion during the soil re-freezing (taken in April 2013)
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