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Note; No. 32 is a water sample from Aiding Lake, which is not drawn on the map due to the long distance from Altay Region.
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Table 1 8D, 60 and content of major anion and cation ions in waters, Altay Region

v . ; BB 7 &5 it (mg/LL)
FE G5 RAEALE b §°0 d T pH Concentration of anion and cation ions (mg/L)
Sample 1D Sampling location (%) (%o) (%o) (°C)
DO TDS K* Na* Ca’* Mg** HCO; cCl- SO;~
W AR wl-1
1 Wi’?‘%mi{’“ ) 106 -14.8 12.4 3.2 8.296 9.95 100.3 0.42 2.03 10.5 1.51 38.4 1.19 4
Kaylt River (Tributary 1 —1)
R AR (1 =2
2 ﬂfm’_]‘%ﬂ(*{"b ) 100 115 -8 7.2 $.144 8.32 90.2 0.71 3.9 135 1.66 38.1 4.76 8.01
Kuilt River ( Tributary 1 -2)
— kY 71
3 ﬁ*f’bﬂ(i_“'“ ) 102 -13.6 6.8 9 8.436 8.83 166.1 0.75 4.35 19.7 2.16 65.6 2.21 5.45
Huzitz River ( Tributary 1)
S V2y ‘v‘t2
4 %z#{”“(if'h) 114 -12.7-12.4 7.7 7.975 8.8 2900 9.36 395 209 57.7 316 261 855
Unnamed River ( Tributary 3)
5 WUKFT Intysh River  —103 —13.6 5.8 12 8.736 9.45 108.6 0.73 4.25 13.3 1.89 43.4 2.55 9.04
6 WK Itysh River  —103 —12.9 0.2 15 8.421 8.97 122.1 0.7 4.32 15.9 1.88 43.9 3.06 17.5
W — 451 4R 5 73
7 L %*’J‘%ﬂ;m(.i“'“ ) 103 131 1.8 6 $.049 8.83 109.8 1.08 4.45 13.9 2.54 47.5 2.04 8.69
Kara Irtysh River ( Tributary 3)
Wby AR S (3 3
8 Gk %*/J‘W‘?Ww ) 105 _13.2 0.6 7.1 8.659 8.92 140.8 0.64 3.45 13.1 2.87 49.2 1.36 3.55
Kara Irtysh River ( Tributary 3)
9 WURFWI Itysh River - 112 -15.4 11.2 13.1 7.93 8.52 113.3 0.67 3.87 15 1.83 38.1 4.25 17.2
10 BURFFWTI Intysh River - 111 —15.3 11.4 13.5 8.745 8.45 135.3 0.74 4.99 17.9 2.18 41 3.4 20.3
11 WURFN Itysh River  —110 —14.4 5.2 12.3 8.621 8.59 169.1 0.82 6.86 19.8 2.62 47.8 5.95 20.5
12 BURFFWTT Itysh River  —107 -12.9 -3.8 10 7.814 9.16 183.1 0.9 8.4 21.8 3.11 54.5 6.29 28.8
2L 4
13 . ﬁfﬂ(xf"“ ) -108 -14.6 8.8 9.9 7.792 8.41 105.2 0.66 3.42 14 1.94 49.8 2.21 8.13
Crane River ( Tributary 4)
14 BRSO Inysh River  —107 -14.3 7.4 10.3 8.094 9.27 593 2.53 48.3 56.1 11 136 20.9 158
Jir 33 v‘ts
15 ﬁ”“%‘mi{”h ) -108 -14.2 5.6 8.7 8.229 8.84 86.7 0.72 2.44 11.4 1.89 11.7 2.21 8.35
Burqin River ( Tributary 5)
16 WURFI Intysh River  —107 —13.3 —0.6 12.6 8.075 8.03 522 2.26 42.7 49.1 10.2 126 36.2 111
17 WURFCHI Itysh River  -109 —14 3 10.7 7.677 10.4 208 1.2 11.9 21.4 4.24 72.7 3.4 34.3
DA ‘Vﬂ »‘2‘:6
18 ”F.i”(i,“"“ ) 110 -14.2 3.6 12.5 7.645 9.35 124.8 0.53 3.04 17.7 3.07 68 5.95 8.05
Haba River ( Tributary 6)
19 WURKFNT Intysh River  —109 —12.2 -11.4 13.6 7.792 8.64 628 1.76 26.5 36.8 11.4 99.6 16.2 97.3
B 5 ) (SEIR T)
20 107 -12.7 -5.4 12.4 7.785 9.01 227 1.37 6.4 33 5.18 110 3.4 18.9
Belzek River (Tributary 7)
21 475 Ulungur Lake -59 -5 -19 13 8.228 8.71 1979 20.4 309 48.4 40.5 263 231 472
22 {8 5 Ulungur Lake 98 -6.9 -42.8 12.5 8.434 8.32 182.1 0.92 8.84 21 3.07 52.7 5.95 25.9
23 B H Ulungur River  —101 —13.1 3.8 10.1 8.195 8.15 655 2.92 52.3 66.9 13.2 161 36.6 123
24 B HE Ulungur River  -100 —11.7 -6.4 11.9 8.146 8.6 654 2.9 50.2 68.1 13.1 166 36 140
25 B Ulungur River  -102 -12.9 1.2 14 8.249 8.35 700 3.05 54.9 71.3 13.8 173 39.6 152
26 B4 Ulungur River  —102 —13.2 3.6 14.3 8.205 8.64 605 2.85 48 62 11.8 150 31.8 121
27 BT Ulungur River  —105 —13.3 1.4 10.3 8.123 8.36 448 2.46 27.4 50.4 9.49 135 16.2 88
28 Z 7K Snow water 90 -11.8 4.4 3.2 7.516 7.86 35.3 0.24 0.46 4.42 0.24 12.9 2.89 6.47
Bz
29 W’”‘%’K ) 106 -11.6-13.2 7 8.345 9.96 567 3.04 58.5 43.6 5.66 121 51.5 63.2
Water from the mine pit
30 k1 Spring water |  -114 —11.8 -19.6 11.7 7.218 8.9 685 2.97 84.1 47 11 218 13.9 138
31 15k 2 Spring water2  -121 -14.9 —1.8 10.3 7.929 8.84 1040 7.21 132 77.8 19.5 387 21.8 253
32 T Aiding Lake 49 -5.4 -5.8 23.3 8.207 7.35 2049 4.18 288 104 32.4 165 133 608
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Table 2 Hydrogen and oxygen isotopes of water in Altay Region in previous studies and this study

e
Sample type

R

Sampling location

SRAERT ] Rt R 8D 8%0 Rk
Sampling date Sample quantity (%o) (%0)  Data source

KAREK

EIES 1998 4E—2001 4
Atmospheric 226 -100.4 -13.8 [26],[27
tmospheric Altay Year 1998 t0 2001 [261.127]
precipitation
N 2000 4=—2001 4F
. . k2 11 Belukh /R 2% ’
; . Belukha Mountains, Russia . / -98.7 -17.7 [28]
Snow in a snow pit X . January to April, October to December
( Altai Mountains ) .
in each year, Year 2000 to 2001
1% % i Belukha 11 1984 4£—2000 4=, 41 H—
ESMINNY WY Al /R %% L ik 4 7,10 A—k4E2
L (7J'<LJ (M/J\%%I'IH/]O ' A : A—&F2 A , _100.9 -13.8 [28]
Snow core, ice core Belukha Mountains, Russia January to April, October to December
('Altai Mountains ) in each year, Year 1984 to 2000
K ] 85 2 2016 4F 10 A A3
25 -106.04 -13.4%4
River water Altay October 2016 This study
5 % I
WK iy 4 % 2016 4£ 10 A 3 _68.67 _5.77 ZIKSC
Lake water Altay October 2016 This study
R 2016 4% 10 ~
@%7J< BT % 10 A ) 1175 —13.35 '4)'C
Spring water Altay October 2016 This study
K Fiy ) 4% 2016 410 A 1 ~90 _11.8 A3
Snow water Altay October 2016 ' This study

ARG T CIE 2) , BEHTHZ X 25 2R AR R 42
BRI G RS R K T 32 7K A B 7RI i A rp
T AR A2 AT T AN R B ) 42 K 1A Y
AR IRBR R SRR IK Z B, A7 —7E HLA] 14 7K 7 A

-4
— GNML "
—6 | — LNML .
<= 87
£ -
g -100 o -
%5 g
* A
=120 F 4
-140 : : : ' ‘
=16 -14 =12 =10 -8 -6 -4
(5”‘0(000)
R FF Wi Irtysh river ¢ Zifil Tributary 1
o 448 Ulungur river ¢ X #it2 Tributary 2
= 3484 W Ulungur lake * {3 Tributary 3
= T Aiding lake * X #ii4 Tributary 4
A B HTZBR K Water from a mine pit ¢ 325 Tributary 5
a 1li5tk Spring water * X #it6 Tributary 6
* % #i1-1 Tributary 1-1 ¢ 3237 Tributary 7
* % {i1-2 Tributary 1-2 - &K Snow water

T BURSF T A SRS B T38  HRi.
Note ; The tributaries’ serial numbers of the Irtysh River have been shown

in Table 1.
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Fig.2 8D -8"0 diagram of Altay waters
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78 5 T A K AA 158 BH 38 2K A X5 YA 3 R 12 B
T R AR, i sl 25, DN 32 21 BE 5 ZU 1)
RN R ERMRETS
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(R 28 A BB AR R, 16 AR 50 SR R /K i 2 B
Jok I A X6 A R R A7 2R A s i B S i), 5 b 3R
TR ZE T T AR K a7

BURFF ] K 48 A il KRR 8D - 80 K&
B 3) R, &R 70 10 R KEE L 6D - 80
RPERIA RN 8D =1.72978" 0 - 83. 879, R* Ky
0.3550, L&t AL s 6D - 60 KR LR N
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Fig.3 8D - 8" 0 diagrams of (a) Irtysh River and (b)
Ulungur River
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Table 3 Correlation relationships among 8D, 80 and other physicochemical parameters
ZH 2 £l
D 18, T H TDS DO + + 2+ o2+ - HCO5
Parameters 8 870 Longitude Latitude P Na K ta Me d 3
5'%0 | 0.840" *
4
EIE o 019 -0.001
Longitude
%-E -0.634 " * -0.503 % * -0.460 * *
Latitude
T 0.415* 0.382* -0.153 -0.632* *
pH 0.142 0.029 0.331 -0.240 0.107
TDS 0.431* 0.508* * 0.178 -0.532** 0.309 0.201
DO -0.425* -0.366*  -0.023 0.418 * -0.374*  -0.028 -0.234
Na* 0.488 * * 0.548** 0.214 -0.524** 0.281 -0.068  0.986** -0.219
K* 0.470 * * 0.542* % 0.047 -0.224 0.157 -0.028 0.777** -0.079 0.812**
Ca?* 0.114 0.226 0.207 -0.460 * *  0.226 -0.097 0.896* * -0.210 0.833** 0.516" *
Mg? * 0.387 0.469 * *  0.135 -0.453 0.264 -0.086  0.990* * -0.221 0.976* * 0.808 * * 0.894 * *
cl- 0.494 * * 0.550* *  0.139 -0.3% * 0.196 0.003  0.943** -0.173 0.959* * 0.845** 0.777** 0.953* *
HCO3 0.081 0.245 0.170 -0.324 0.205 -0.218 0.791** -0.099 0.753** 0.731** 0.784* * 0.799 * * 0.648 * *
S0% - 0.426 * 0.479* * 0.199 -0.552** 0.307 -0.076  0.990** -0.260 0.982** 0.717** 0.903** 0.979* * 0.929* * 0.743 * *

T x « "R T P=0.01 WEMKR; " « " FREE T P=0.05 BEMEKR,

Note: “ % *” indicates passing the significance test of P =0.01; “ ”
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TR 60 Je 8D 22 AR K, /K i T 5 2% & H
808D I & KT MK, F /K 60 {5
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M IR 32T 7 B KA AR B VKT Rl B R 4,
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SR , 15 R 5 03] 0 1 48 o ] U A ] 4 2 40
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A BB AR SE 6 5,80 A1 8D KR EIEmTE
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HIGHLIGHTS

(1) The differences in hydrogen and oxygen isotope composition and deuterium excess parameters of major surface
rivers and lakes inthe Altay region were investigated.

(2) 8D and "0 of waters showed positive correlation with temperature (T) , total dissolved solids ( TDS) and the
molar concentrations of Na*, K*, Ca’*, Cl~ and SO; .

(3) The hydrogen and oxygen isotopic composition of river water was quite different from the global and Urumqi’ s
atmospheric precipitation line, indicating that, apart from atmospheric precipitation, there was a certain
proportion of glacier meliwater supply. Moreover, hydrogen and oxygen isotopes experienced evaporative

fractionation during the water cycle, to some extent.

Hydrogen & oxygen
isotopes

32 water samples LGR DT100 Liquid Water
Laser Isotope Analyzer

5150(%o)
° -154

@ -7

5D (%) ¢
e =112

@ -100

A spatial distribution map of §D and 6'*O in major rivers in Altay Region
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ABSTRACT

BACKGROUND: Hydrogen and oxygen isotopes can be used to identify water sources and trace water cycles and
have been used in hydrogeochemistry since the 1950s. Studies have been carried out on stable isotopes of
atmospheric precipitation, rivers and lakes in Xinjiang. However, the research on hydrogen and oxygen isotopes of
waters in Altay is scarce, except for atmospheric precipitation. Researchers found that the rainfall in the Altai
Mountains during the warm season ( April—October) increased significantly from 1959 to 2014. Due to this
background of climate condition changes, it is meaningful to study the hydrogen and oxygen isotope compositions of
various types of water bodies in the Altay region, at the southern foot of the Altai Mountains.

OBJECTIVES: To obtain the basic data of hydrogen and oxygen isotopic composition of water in Altay and reveal
their spatial distribution characteristics.

METHODS: Hydrogen and oxygen isotope compositions of river water, lake water, spring water, snow water, and
water from a mine pit in the Altay region of Xinjiang were determined by liquid water laser isotope analyzer ( LGR
DT100, America). The dissolved oxygen (DO), TDS, T, and pH of the water samples were measured using the
German WTW3430 multi — parameter water quality analyzer. The concentrations of Na®, K*, Ca’*, and Mg’"
were analyzed by inductively coupled plasma — optical emission spectrometry ( PE8300, PerkinElmer, USA). The
concentrations of HCO; and CO;~ were determined by alkali titration method. Cl~ and SO;” concentrations were
analyzed by ion chromatography method.

RESULTS: The results showed that the ranges of 50 and 8D of the waters in the Altay area were from —15.4%o
to —5%o and from —121%o to —49%o, respectively. The hydrogen and oxygen isotope content of various types of
water in the Altay region were significantly different. The 80 and 8D values of river waters varied from —15. 4%o
to —11. 5%c and from - 114%0 to — 100%o, respectively, and the deuterium excess parameter varied from
—12.4%o0 10 12.4%o. The 50 and 8D of Ulungur Lake were much higher than those of surface rivers, with an
average value of —5.95%0 and —78. 5%o, respectively. The deuterium excess parameter of Ulungur Lake was
much lower than those of surface rivers, with an average value of —30.9%0. The 8" 0 value ( - 14. 9%c and
—11.8%0) of groundwater was similar to that of surface rivers, but 6D ( - 114%0 and - 121%0) was slightly
higher than that of surface rivers, indicating that groundwater was supplied by surface rivers but may be affected by
water — rock reactions. The 80 and 8D values of snow water and the water from a mine pit were —11.8%0 and
-90%0, —11.6%c0 and — 106%0, respectively. The fitting lines for hydrogen and oxygen isotopes of the Irtysh
River and Ulungur River were 8D =1.72975"0 —83.879 and 8D =1.9868'0 —-76.5, respectively. Surface rivers
were remarkably different from the global and Urumgqi atmospheric precipitation lines, indicating that apart from
atmospheric precipitation, surface rivers were also recharged by glacier meltwater, and underwent evaporation and
isotope fractionation during the water cycle. Due to the temperature and latitude effect of hydrogen and oxygen
isotopes, the 8D and 8" O showed significant positive correlation relationships with T, TDS, and the molar
concentration of major ions such as Na®, K", Ca’*, Cl™, and SO, , also showing a significant negative
correlation with the latitude of the sampling sites and DO (P <0.05, n=32).

CONCLUSIONS ; The hydrogen and oxygen isotope composition characteristics obtained in this study provide basic
data for the stable isotope research of various types of water bodies in the Altay area. The precipitation in Altay has
increased significantly in recent decades. Due to this background, it is indeed necessary to continue to conduct long
—term and in — depth systematic research on the composition of hydrogen and oxygen isotopes in Altay’ s

atmospheric precipitation and other types of water bodies.

KEY WORDS:; geochemisiry; surface water; hydrogen and oxygen isotopes; deuterium excess; spatial distribution

characteristics
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