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Fig.1 Sketch map showing the source area of the Urumqi River and the sampling sites
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Table 1 The characteristic ionic concentrations of precipitation and runoff
RAEKR 1S UK SCA 23 DK K SRR 5KV S @

WM BUME CF RO BvME RKE hoME T WA BUME CF

Ca™(mg/L) 18.15 0.13  3.00 39.40 434 1438 19.50 232 8.67 27.33 0.64 13.86
Mg™* (mg/L) 1.12 nd  0.23 4.10 0.26 1.18 2.18 0.14  0.81 3.45 0.03 1.35
Na'(mg/L) 17.98 nd  0.77 1.28 0.15  0.64 2.31 0.09  0.70 451 0.13 1.27
k'(mg/L) 12.84 nd 041 1.98 0.21 0.95 1.12 0.02  0.17 2.10 0.12 071
SO, (mg/L) 14.99 0.18 246 91.14 0.30 19.59 39.46 098 855 44.45 0.88 14.98
NO; (mg/L) 21.26 0.04 1.23 4.83 nd 1.09 4.46 0.05 1.19 4.80 nd 1.27
CI'(mg/L) 17.62 0.03 1.16 1.74 0.06  0.67 5.86 0.05 097 5.90 0.22 1.13
HCO;s (mg/L) 36.71 0.41 9.18 83.41 10.06  28.32 46.04 239 20.06 63.71 0.68 33.18
EC(ps/cm) 162.20 3.05 29.82 249.00 29.00 91.66 127.70 17.40 57.24 185.10 1770 93.73
TDS(mg/L) 89.20 1.68 15.80 159.36 18.56  58.66 81.73 11.14  36.64 118.46 11.33  59.99
pH 8.48 5.51 6.73 9.18 6.86  7.67 9.54 6.64  8.08 9.67 6.23 8.47

T :nd F/RUREEARFIE (not detected ) , LT (XA MR EE

PR RS AR BT , HCOS Aok B T LA i BT L PH S 19
ZAE FE R, AR YT FE HCO, He % FH 91 BH 85 7%
BRESEATAG S . N VTR, RABEAK B FHE T
S-Sk BE M R A% HCO, >80, >NO, >CLFl Ca**>
Na'>K'>Mg™ . H 1 FHE 1K /NHES 5 e v iy 3=
JEE G — 35, i 5 ¥ K e B R v R U Na™>
Mg *>Ca™>K Ao I B8 AR SH I X IR & BROE
TPt R L, D ] e A T R VR X B iy ) L, 6
BH AR 7K R 1 B R L = B 2 i ) I 4
™ 5 KRR, 7230 P S 724k B HE
GG Y25 vk 3| FUBAE RN Ca’ >Mg*>Na'>k', 1 5
URINAET N Ca*>Mg™>k >Na" s A2 FF A B 1 F- 2k
J&E M s ZARIF —2L, o HCO5>S0.>NOs>Cl
TR P B U B R T ORARK B IR, R
K Y BH B 7k B LRI (TZ = Ca®™ + Na® +
K* + Mg™) 4 4.41 mg/L, V-3 [T B 1Mk B S RN (TZ =
HCO; + CI" + NOy™ + SO )4 14.03 mg/L; 1 57K |
23 VKb B AR T B PH OB R SR 43 0l Ry
17.15 mg/L . 10.36 mg/L 1 17.19 mg/L, BHES T B &
143514 49.69 mg/L.,30.76 mg/L A1 50.56 mg/L. H:
WS UK)IAR T Ca Mg SO 349k FE 4351 A K
SR IK A B YR 1 4.79 .5.08 F1 7.95 4% . RS
FK 2B TULAL, Ca™ i BHES T S04 68% , LIk
Na* 5 BHE F B8 17% ; HCOy 5 B & F B 5 iy
65% , HUR 0 SO 5 B+ 1Y 18% , E 2B 125
KISk Ca®*~Na'=HCO, -S0. o 27 1 FH & F LA Ca*
A XL, 5 BH B T Y 819%~84% ; BHES - LU
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HCO; SO 8 3, M 5 B S 801 90% LA I,
HA HCO, 5 B 7 ALY 57%~66% , SO 5 S
T EBAIEE N 28~39% , FE B FEM A
Ca*-HCO,-S0.>,

KAREKI pH MH K 6.73(5.51~8.48) , #ikT
Hp s 1S vk 23 UK R AR I P pH 21 20 51
}97.67(6.86~9.18) , 8.08 (6.64~9.54) Fll 8.47 (6.23~
9.67), EHME (R 1) . WK 2 Frs , i I X RSB
K4 FFRZETAUH JLIR B K pH (B4 = , Hor
200743 1 20 H FE7K pH (B s SR pHAAE 2 1 31
FERE ARSI BT, Hoh i/ IME H LA 2007
o H 15 H o &K ART R pHAE, BR7E TH flw)
WIAIAIY , 22 kS| R K SC s /0 pHAEAR T 7.0
Gh, BRI pHEEEARR = T 7.0, M LLZ T 7200
H pHAE W] . T DR SRR (S H-9 ) o AT
MBS B R A T HARRE , 2 WA AR5 3 Rl
flK7E e R v 5 R AR A R R R AR A
HAER, 1 BURUSAR T pH A A3 i
4.2 EC TDS

EC FITDS % fE & /KR v ed Yk FE 2R B PEFE A
(R S, — i fi ik &2 , TDS A EC [H ok, &
F 1R, ECHITDS BHEHESII Tl S ii>1 5
VKNS 23 VKSR SRR K . KABEK P EC
FITDS HIEAY Hy 29.82ps/em F115.80mg/L, iL/N T8
WEIME . AR P B K S EC AT TDS P18 5
(93.73ws/em Al 59.99mg/L) , %5 vK =} 4% i 4 (i fe /N
(57.24ps/em H1 36.64mg/L) o 15 K JI[ 423 EC
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Fig.2 pH values of precipitation and runoff at the headwaters of the Urumqi River

from May 2006 to September 2007
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Fig.3 The daily variations of TDS in runoff at the headwaters of the Urumgi River
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Fig.4 Relationship between TDS and the diurnal discharge in runoff
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Table 2 Mean molar concentration ratio of major ions in runoff
. 150Kkl z3 vk} PSR/
BT A N ‘
TRSCA KSR A
Ca™/ Mg™ 7.33 6.45 6.15
(Ca™+ Mg™) / HCOs 0.88 0.76 0.74
(Ca™+ Mg™) / (Na"+ K*) 7.82 7.17 5.48
3 Cr o1
Table 3 The molar concentration of major ions in seawater
[ (E Na® K Ca¥ Mg" SO
5 CIif LAl (k) 086 0.02 004 021 011

KAHIAME (wmol/L) 7079 1.65 329 1729  9.05

4
Table 4 Mean ionic concentration of different water samples
(mg/L)
KR FRES WIRDK 15001 2k BdE
Mek  n=32 n=17 e Ry AR
Na' 0.77 0.20 0.44 0.64 0.70 1.27
k* 0.41 0.04 0.36 0.95 0.17 0.71
NOs 1.23 0.29 0.67 1.09 1.19 1.26
CI 1.16 0.28 0.51 0.67 0.97 1.13

ERMCHE A T 2T HKF 3R
SR BRAR A TR0 AR B I
. TSN VKR A3 MR 5 B e
23R B AL T8 LK) D A B B3
LRI B4R R AR ST, TG
K1 50 T 2 o B MR R R
EHEARA, R KL T B
()R 10D 578 FHm R

F=[Tf[Ci(t) +CH0)+C0) +Cl 0] % Q)] (9)
r=r (10)
m

X FOR BB i C B T Na®, Ko, Mg™,
Ca™ VK FE; Q MARTIE; T MR R i fb 2= ih
R m oA IR E AR

W 5 ARFEITIR 15 UK 1 K SC ORI T S A48 3 o
ARSI I B i B AR A AT 58 15
i1 2006 41,2007 4 1 57K )1 A2 it ) Ak 2 A= il s 28 7
S 18.1 t/(km?-a) F112.3 t/(km?-a) . KitE—HF
I8 15 UK AR T AL 24 A2 TR 0 4 o K 5 [ A
HEVKNFISA T A R TR L (3R 5) o 4523
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Table 5 The cationic fluxes of runoff at the different glacier basins
Hus L) A WO R BORRR IR
(4F) (km®) (%) (t/(km*+a))
15k 2006/2007 3.34 54 18.1/123 AL
Dokriani Glacier 1992 6.10 34 142 Anderson et al., 1997
Haut Glacier 1990 11.70 54 137 [k
Worthington Glacier 1995 13.00 83 150 Lk
Kuannersuit Glacier 2001 258.00 65 15.9  Jacob et al., 2005
Batura Glacier 2001 760.00 48 28.5 Hodson et al., 2000

I, 2001 4F ELATHL oK) AR 0 B Tl Kk
28.5 t/(km’ -+ a) , Ho it 3ol ifiy BRI 0K )1 B 25 5% 43 1 Ry
760 km’ F148% ; 78 Fii -+ Haut vk )1 X A2 9 1) 25 13l
H/IN, 1990 4E T A 45 5 R 13.7 ¢/ (km® - a) , HE
JUAS VKN 3842 3t ) B8 -3 s (B 7E (14.2~15.9)
(km’-a) Z[H] (R 5) , 5 BE ARFHEIX 15 0K)1112
TITIRGS S AR, B AT s 19 B il e

T3 A1 2006 40K ) AR L0 25 130 2 H I B & T
2007 4, 15 vk AR I B8 13 1 1 4R PRt s K .
Pl XK PG IS G GE 7R i, 2006 4F-F-34
SR (=3.5C) B T HE RS (48R
1 -4.4°C, 2007 4F~F- 34 i -4.39C) 5 1H 2007 4EfE K
8N 618 mm, H 2006 4F [ 7K B G0 T 142.8mm,
J8: R Lok N3 S0 ) 159K )1 2006 4F 1 2007 415
W) S A 43 91 o -795.3 mm F1-641.5mm , 2006 4F
15 vk 5 =7 460 i B S 35, KN AR 3 1) 5 73l
ARE AT RE S VK Rl R B 2 DA o6 , BRI
o Tt — 2D UL AAF 5%
6

A CHETF 2006 4 -2008 AT A4 ¢ 54 4 T 1]
(3% S LI GERE , X 58 AR SRR IX A2 i K A2 e
fERE IR AT TSR A5 B LA T E2 458

(DM H R ERE , SEARFWIE 150K .
VK AR T Y PHES TR EE N 17.15 mg/L.
10.36 mg/L 1 17.19 mg/L; *F- 24 B 85 1-Hk & 4 49.69
mg/L.30.76 mg/L F150.56 mg/L, 5 RS KA, 12
T BRI BT . AR BHE L Ca
J A, BB T LLHCO, #1 S0 . RAEK pH
B0 6.73, FE 5 15 0K 25 VK| FS P A2 3
pH BB 3910 7.67,8.08 F18.47 , W& I B

(2)F& 9L H EC A1 TDS MHEIT 7 A B >1 50K
N>z vk Hod 1 5 vk AR sz vk VR TR ZL EC

FITDS W fE I & T HE I IK SO o Z AR T 4
AT A S , 57K SC AR T TDS A8 Ak 2 H 428 3t A
WIS

(3) Gibbs 13 B 45 il 42 30 B8 1 4 i B 25
RS ARILVER . 456 8T HLE AT Piper Kl
— M AR T TR T R EOR IR TR IR L L Bk
AR AR WAL KABEKFTKES Rk 642
VLB T s A E AR 2R 20, FLh AR K 1
SN AV BRI T K, Mg, Ca™, SO, U Ff
FEBE TGRS0 H 4.91%,9.10% 1 5.42%

(4)2006 4 2007 4F- 1 5 vk )11 7231 19 Ak 24 Ak
A 18.1 t/(km?+a) F112.3 t/(km*-a) , 5 E Ak
He k)N & A= i R AR L, #RE A
B,

B :
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Hydrochemical Characteristics and Controls of Runoff at the
Headwaters of the Urumgqi River, Eastern Tianshan Mountain

FENG Fang®?, LI Zhonggin*? ZHANG Mingjun*?, JIN Shuang*, WANG Feiteng*

(1. State Key Laboratory of Cryosphere Science/Tien Shan Glaciological Station, Cold and Arid Regions Environmental and Engineering Research
Institute, Chinese Academy of Science, Lanzhou 730000, China;
2. College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China;
3. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Glacierised alpine basins present an ideal environment for studying interactions between
water and rock, since chemical weathering rates are generally high and anthropogenic impacts are
often minimal. Studies on glacier hydrochemistry are still at an initial stage in China, with less data
being published on glacierized catchments. An analytical study of hydrochemical characteristics
and controls of the proglacial streams at the headwaters of the Urumqi River were carried out in
this study. Over the period from May 2006 through April 2008, a 2-year continuous precipitation
and runoff samples were analyzed for major cations (Mg’*, Ca**, Na*, and K*) and anions (SO,
NO; and CI'), pH, electrical conductivity (EC), and total dissolved solids (TDS). Results reveal that
Ca’* and Na* were the dominant cations, and HCO, and SO, were the dominant anions in
precipitation. The anions and cations in the streams were dominated by Ca**, HCOs, and SO..
Extensive interactions between meltwater and soil and chemical denudation of mineral solutes
contributed much to the stream water, resulting in a higher solute concentration in streams than in
precipitation. The average pH value in runoff was alkaline (7.67, 8.08, or 8.47), whereas in
precipitation the average PH value was close to neutral (6.73). TDS and EC values in runoff
samples in a descending order were the Zongkong station, Glacier No.1 station, and Empty Cirque
station. The peak TDS value at Glacier No. 1 station was highest, with large magnitude for TDS
values. The TDS yield in runoff was controlled by diurnal discharge at different scales at the three
hydrological stations. It was concluded that the major origin of ions in runoff was weathering of
rocks. Based on ion ratios and piper trilinear nomograph, main processes controlling the water
chemistry were found to be carbonate weathering, pyrite weathering, and feldspar weathering in
rocks. Ca’* and HCO; were the dominant cation and anion during the carbonate weathering
process. Contribution proportions of local precipitation to the solute at Glacier No.1, the Empty
Cirque, and Zongkong station, based on the seawater correction approach, were 4.91%, 9.10%, and
5.42%, respectively. A new calculation also suggested that cation denudation rates were 18.1 t «km
atand 12.3t *km?a* at Glacier No.1 station in 2006 and 2007, respectively.

Key words: lonic concentration; EC and TDS; Rock weathering; Solute fluxes; Headwaters of the
Urumgi River
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