55 42 % 55 2 1 oo %+ Vol. 42, No. 2
2020 4§ 8 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Aug. , 2020

DOI: 10. 7522/j. issn. 1000-0240. 2020. 0052

LI Mingyue, SUN Xuejun, LI Shengnan, et al. Advances on inorganic hydrochemistry of glacial meltwater runoff in the Qinghai-Tibet Plateau and
its surrounding areas[J . Journal of Glaciology and Geocryology, 2020, 42(2):562-574. [ZEM B, =%, 22 eAs, 55 . 0 B R o] 30 Ml
DR RlR AR AR AR AERFTEHERE [T ], KR L, 2020, 42(2):562-574. ]

(1. tPEREBE

S = SR H E A i Kok 1| Bk 125
TR F S R TR
AR, REE, EREV, KEFV

3. [EBLA B TR SRR s A G, ST 100101)

OB KR KAR I v ) s B8 1 B B0 IE , X HOR AR 2R IR AL (LB BT 524 B T8 78 0k
JUAE DS 5 04 A= My s R A A AR PRI A, IR DATRURITAR DK RGF 1 SRR S5 R LR 135 10 52 i 412 3t
Sl R i HL R i M X3 A A BRI R L MR R R B I, AR A AR AL 75 5 R ok
IR R o 2 DX R il K AR 30 v % 2 2 L 9 AR A SR AR PR RO W T a2 Wi o i o A
H A M 7 B S A 1 R /K A T LA 2 4L Y RN 2 R A RRAE , JF R B T RIOC R () 2ok
U5 H PG a ER T-B, BE— B LR -G Iria 8 . vkl A2 0 88 - R JT 3R 9 & i S AL R AE
SEUKRF R PR 0T | AU /K SCRFIE A AU K (A B0 A~ A 4 DY R AR A SR R R o 76 B 25 %
W5 UL TR R SRt L AT TSR B2, DA it WL A0 BE Al B He AR 2R JRE S TE ALK A2 4100 f i
oML, RSB 7R MK A2 40 A B 22 DR R G DR RIS S04 FALARD , A0 ok 1 R R AR K A2 A9 X

T T T R RO B AR S b R R AL A, B AT 1001015 2. P EBRABE R, LA 1000495

AGEERBEHONE , g 0T 5 78 s S ol T el SR ) PR B AR A R IR} i
SRR : TR I DR)IRKARI s TCHLKAG 5 IPAS AL ; IR

FE4ES: P343.6 XERFRERD: A

0 35

LR, SRR T 43R VK Rl R 11
TR B RS e T o ) e R S i, R
XA BR RUBE 9 A5 W M Rk Ak 2 0 B 7 AR
VK Rl 7K A2 378 7K A 24 RAE B8 405 A 28052 e vk 1R
XA XAk 8 R 0 A 4 3t BR AL 2 1 PR A5 AR AR, A
X UK Rl K AR K A 2= BRI AR L 2L

B A B A AR & 1122 B 25 (IPCC) T 2019 4F
AT AR AR b i TR R DR B R 4 5 ) A8
WU R LA AR KR B K TR R
FAR 4R, WA T R U AT KB AR, X6 X R
AR IEE A A S A T 2 BRGT 1 5
M) PR K AR G R K A2 R IR AR Ak B LA 25 38

T

I fm HEA: 2019-03-26; &iTHHA: 2020-07-23

XEHS: 1000-0240(2020)02-0562-13

BEAAN , 2 5 1L KA P A Ak R i) ) =R B AR BN AR 5
W, 7R 20 22 70 4R AR, BRI T AT UKk K
b2 B BF 58, DASE P Bk s A Ak o =R
Hasnain %"/ & 3, Chhota Shigri 7K )1 fl 7K (1) 5 T4
JE VK i B4R i B e e, HVRE SR
FHIG . 20 H22 90 A4, AK Ak 2 BiF 99 32 ¥ v o 4t B
FEREAS | A& RIBCEIT VR GR35 vk
IRl 7K A% JE ALK A 2% 1 B 9% 42 R R g i
Brown %5 R G458 T UK Al K AL 4058, L ER
A2 B T 5 A 9 T VKR Rl K AR e R KO 9 38k Ak
= WAy TR BSR4, W)
K A= BIF 5T T8 T B A2 37 A 900 Do %) 4L R R U 45
7 T B 28 B A Rtk J Rl B, vk Kk R i

EETB: FEARBAILSTH (41671074) 5 55 KT w1 IRLE A R4 2 54T 58 £ T H (2019QZKK0605) % Bl

EEE N : 2 H (1996 - ), L, WA, 2018 AR FE AR R AF AR 2207, 0N oy R ot o e DA 5 BT A e - g 2, IR
VKA BB H BRI 247 5% . E-mail: limingyue @itpcas.ac.cn

BIEIEE: sKarT, WFIT0L, M 0 R vk VR Bl Ak S5 B4R 5T . E-mail : gianggong.zhang @itpcas.ac.cn.



2 4 ZERT A A R e D e T DX oA R AR ST LKA S R 0 563

BRI RS IR 200 A A IR B RN 3% W A2 B 5%
TR TR i DX vk 1 K AR K A e
B AR SERIE I TF AL B, 20 42 80 4FEAY, Tk [ 2%
AR VTR DX R BT L K A6 b vk | R K Ak 27
BRGNS R 12 b IX K G U RS A A 45
PEAE TR o KR TEHL A2 20 53 1) SR AR AT 23
FrE R CBN IR, T2 B HFARGE KN K G
FUK AR, ] R F 58 vk 1 Bk i He stk 2y 20 4y
WA B 15 Y PR BRSO SR o i 525 0
TR e SR S L R T X, RIER = A X, BlEs
K EPNAKIE”, 434 26 B mE AL DA AN B KAt i Y
VKO, 1) JE i B i b DX R A3 1 R A K DR LA
KR AR T o 7 e S R S i vk T AR 3 L
Wy H: WY 0 oA TR T LRI L S K el R K TR R
Bl A DKL, 43 SIAE T 75 6 e i A P 0« 7 9 D AR
J6HB . B S K Ly b DR SR PG, A% o vk
T AR Y 22% . 46% F132% >, AN [FIZEI UK )1 A Hb 5
FRAE AT [ SR b B 25 R 25 5 BOK, HmloK 42 i K
FFREA R R 2Z S . 323 KSR 52
VEAEE 7 e D B H: ] 300 KON | A 1B 4 - 52
FRARF R T AR BN, T R e K Ak
TR A Y ER AL AR . vkl K A2 K Ak
SIS R N 4 7R vk AR R 9 53 19 A= 0 Ak 22 97 20
LR, PEAR VKRR 25 R U A S IR B KURS: B2 AR AR
20 A R T e D K |7 Ak P A5 5 )
P SEAE . DR AR SO, T 7 e D X B A
A8 AN TR SR DK Ui 23 vk N Qg PE R KT |
6 55 K CE K i B oKk 1) Fn 2 583 12 5 k)1 (B
KFE ALK BlK AR 3 O BF TR 45 58, MRS T Rk 4t
i TEHLAR 2 Ay LT 4 4y () s A AR AR SRR AE A

KA LA K ALK AL~ R AR A iy E RN R,
R e PRV T IO Rl R B T 5T oK R K AR I
TEALK AR B RIT 5T A S R B, g 1 7 e g J s X
TRAWT I UK Rl K AR P ALK A 2 22 A R
IR SRS HE R

1 KINEKERPHIENLERIEES
EFHE

T R re 5 R HL ) 0 e IX vk 1 il K A% 3 B TE AL
IKACARRAE B A BN RGNS, Horp ok R B AR
PRAL S50 pH E S 52 W 0 R BB TR E 2K A
SRR R F 22—, L5238 (EC) LRV A [ 14 ) o
(TDS) 5 W T 7K A 11 18 7 5 &R Il o7 38 4318
TSR T XK A R A | Pl /K U b 1 T 2 vk
GIEAE A VIR S R SR S IAE = T R o2 -
Ca®™. Mg>. Na', K*. CI". HCO, 1 SO 25 fig % )z Ik
KT Bl 30 3500 Jo Ak 286 RG24 3 i 11 5
A B TR VKN T8 Bl A BRBRAE R A 5Tk 5 S
JCZE AN AL, Ti. Cu. Pb. Zn. Hg X4 C Z Al %
SENN F2 B F KRR T B R AT A
1.1 KEEREBLSEIFE

T e A % ] 340 1 DX K |l K AR A 1 pH YA (EL
H7.39~9.100F% 1), BIKESGHME, H— e T
T KAV ) ) pH A ™ X g i T alk 5 3
R IREE A A BEAEH , THAE T HE T, ECHY
A5 Ak 3 L 16. 02 ~ 153. 83 wS-em™, AR T 7 jif
T SR AKAR I (450. 34 wSeem™) . X AP AE
VROV FH DX 265 b s, 32 505 440 7 %) 0 AR 3 A
XK, YL R PR K AR IR, 5308 0
T R TR

R TR U R Bl R A0 — i PR P 5
Table I A summary of pH, electric conductivity (EC) and total dissolved solids (TDS) of some glacial meltwater runoffs on

the Qinghai-Tibet Plateau

KN 2R pH EC/(pS+cm™) TDS/(mg-L™) KA H SCHR S TR
B AT 150K 8. 11 81.40 48.30 S5H31H-9H30H [36]
TR YK )| 8.15 95. 40 48.30 4H8H-11H24H [37]
RIRIE T Sk 9.10 64. 00 32. 00 7-8H [38]
BEHIE IR UK 8.53 138.90 69. 00 6-9H [39]
£kl 8.10 61. 60 45.33 6-9H [40]
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g2y ol 8.15 62. 67 5-114 [42]
B 125001 7.39 135. 00 61.40 6-9H [34]
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Fig. 1 Some soluble ion concentrations in glacial meltwater
in the Qinghai-Tibet Plateau, quoted from: Hailuogou Glacier'*’’,
Rongbuk Glacier'*", Qiangyong Glacier'*"’, Dongkemadi
Glacier'®', Qiyi Glacier'®', Laohugou Glacier No. 12'**/,
Urumgi Glacier No. 1'*', Qingbingtan Glacier No. 72'*"',

[38]

Karmatake Glacier ™", respectively

1.3 METE

T L ey Ji b DK | B A 25 00 KA Y T
2O A R SR IE S kO Rl K A2 A SR 5T
AT A Ay e = 70 RN Rl K AR 37 P e e v R A i
JG & fi Fe. Sr. Al, Ba % (& 2), 7F 3.78 ~
84.70 wg L™ Z ], ¥ {H 73 il & 28.75. 54.52.
9.87.17.02 pg-L™'c KA EITCER A 5 W B 7
BURY A, o S OE 0 07 U R
RIS A AR (<1 pge L"), B&Sr. Ba, Rb Fl
Pb Ab, T o 2R PR T H A & L s X, 0 F - Y
Hant 7K1 @l K423 FINEE K Sutri Dhaka 7K )1 7K1
W, FREAR AR, EAR VKRR A2 R T
RO AR, M2~ M AL Ni, Cu. Zn, Cd
FPb 45 3 22 DA AR M B 75 25 B0k 3R 1, X
50 28 23 Bl K AR 3L 2 25 e ) i 2 e i R 1 e
BHEATKAR, & A RS TTR SR T R

2 FTCHLEFE ST BB = 5 R RE

2.1 ZFEISDHEFE

T e S DX K1 43 A e R, R A A 3
PERT, KB PR R PRI, R i 28 oK | AR K ik
BRI o ASTR) AR Pk ] T A DR 358 1 A A0 AR it I o
fEZE AR, P LRl /K 42 3 b B8 7 FOC R FRIEAFAE
—EFESE . LIS LB, KRR RS
JE— S UK HCO, |, Ca* 2 SO i & & W i T
TR YA VKN | B SR AE 1L Y Gangotri 7K )1] . Chhota
Shigri K11 A K i+ A9 Haut K1 S50 VE R 0K, 3%
B A2 U VE R KO R TR AR R HAR I AR
R REAE R . A SCZRA RIS BE , Lt
BT R[] XK Rl oK AR 3 S T B (181 3), R
T KIE 725 vk AV A& s IR K)N L B
ARSFFWE 1S5k R 1250k RRE S 5
UK 45 Bl K AR B T RHR B 4 B ok 143,25,
120. 28 111.46. 64.90 . 58. 24 F156. 87 mg-L™", &
T L K 1| g R YA vk 1T (46. 73 mg-L7) , 5 Li
SRR S ARAT , AH R B P 28045 K1 Bk
422,06 mg- L™, A% T ALk )1 Vg 888 k1]
LR HRIE PR )1 K A2 37 R Ca> & HCO, 8 F i Tk
ki 8 K An AR 3% 1L i -E— vk ] L R 125 0k)1 .
X FH T bR 25 5, vRI K A2 I B8 vk
JEE R R K B Pk 3 T e Bk I, R n] g S
FrPERRAE | VRO B AR A | SRR B AN A
FRFET R ELZ MR ER K",



2 4

R A A5« R I SRR i X oK Rk A T TEA LK AL 22 A 5

565

100

W%/ (gL

11

C BBASTHIELS k)1
)i

B RW125 )1

O & e3g a1

[ Hi:Hantyk )|

I fn4 K Sutri Dhakayk )|

1N

0.1 . | ‘

Fe Sr Al Ba Mn Ti As

Cu

Cd Cr Co Ni Rb Ti Pb

TR

Zn

12 K Rk AR P R TG 2R CHOR AR B0 1+ e ARSI L Sk I ke 12 Sk
KSR Hi -t Hant K117 %K Sutri Dhaka 7k )11)

Fig. 2

Trace element concentrations in glacier meltwater, quoted from: Urumqi Glacier No.

17, Qiyi Glacier™, Laohugou

Glacier No. 12", Dongkemadi Glacier'*’, Hant Glaicer'™", Sutri Dhaka Glaicer'®®', respectively
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Fig.3 Map showing the spatial distribution of ion concentration in glacier meltwater in various areas on the Qinghai-Tibet Plateau
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the Qinghai-Tibet Plateau
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Fig. 7 Schematic diagram of main influencing factors and mechanism of inorganic chemical changes in glacial meltwater
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Advances on inorganic hydrochemistry of glacial meltwater runoff in
the Qinghai-Tibet Plateau and its surrounding areas

LI Mingyue'?, SUN Xuejun'?, LI Shengnan'?, ZHANG Qianggong'*”
(1. Key Laboratory of Tibetan Environment Changes and Land Surface Processes , Institute of Tibetan Plateau Research, Chinese
Academy of Sciences, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. CAS Center for Excellence in Tibetan Plateau Earth Sciences , Beijing 100101, China)

Abstract: Glacier meltwater runoff is an important channel in the migration of chemicals. Study on the hydro-
chemistry of glacier meltwater is helpful to reveal the biogeochemical cycle of the chemicals in the glacierized
zones and serve as basis for understanding and evaluating the impact of glacier melting on the environment and
human life. The Qinghai-Tibet Plateau and its surrounding areas hold the largest amount of glaciers outside the
polar regions, and glaciers on the plateau have been retreating at an accelerated rate under the context of warm-
ing climate. Studies on the changes of various inorganic chemicals in glacial meltwater runoff and its climatic
and environmental effects have been increasingly recognized as a hot topic. In this review, we reviewed studies
on the concentrations and spatio-temporal variations of the inorganic chemical species in glacial meltwater runoff
in the plateau. In addition, we summarized the main sources of the inorganic chemicals and the quantitative and
qualitative methods of provenance determination. It is suggested that the contents and spatio-temporal variation
of inorganic chemical species in glacial meltwater were influenced by the melting of glaciers, the properties of
bedrocks, the hydrological characteristics of the meltwater runoff and some hydro-physiochemical processes.
We summarized the deficiencies of the current research on the inorganic hydrochemistry of meltwater runoff in
the Qinghai-Tibet Plateau and its surrounding areas, and proposed the future research needs. It is necessary to
strengthen data accumulation and the spatial -time scale of field observation, to clarify the transport mechanism
and rule of inorganic chemicals, to reveal the synergistic and antagonistic effects of multiple factors on the hydro-
chemistry, and to evaluate the effects of glacial meltwater hydrochemistry on the climate and environment. All
these research will provide scientific guidance for dealing with the environmental impact of glacier ablation over
the Qinghai-Tibet Plateau.

Key words: Qinghai-Tibet Plateau; glacier meltwater runoff; inorganic hydrochemistry; spatial and temporal

variation characteristics ; provenance
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