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Abstract: The Tianshan Mountains are a key area for water resource formation in the arid region of northwest China. Understanding
regional hydrological processes is important for managing water resources in arid areas. The northern slope of the Tianshan
Mountains is located in the central part of the Eurasian continent. It mainly includes the northern Tianshan Mountains and the
southern edge of the Junggar Basin. This area has a typical temperate continental climate. Existing studies on isotopes in arid regions
have mostly focused on precipitation and groundwater. However, systematic research on the spatiotemporal characteristics of stable
hydrogen and oxygen isotopes in river water across the entire northern slope of the Tianshan Mountains is still lacking. This study
collected river water samples from major rivers on the northern slope of the Tianshan Mountains between 2022 and 2024. The goal
was to clarify the stable isotope characteristics of regional river water and their implications for hydrological cycles. Based on stable
hydrogen and oxygen isotope data from 216 river water samples, this paper analyzed the spatiotemporal variations of river water

stable isotopes in the study area. A backward trajectory model was used to identify water vapor transport pathways during the
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sampling period. Using structural equation modeling and multiple geographic and environmental factors, the study further explored
the main factors controlling river water stable isotopes. The results show three key findings. First, stable hydrogen and oxygen
isotopes in river water show clear spatiotemporal variations. The §2H and 880 values of river water on the northern slope of the
Tianshan Mountains range from —117.2%o to —46.4%o and from —17.84%o to —7.10%o, with average values of —=78.3%o and —13.27%o,
respectively. The temporal variations of these two isotopes are generally small, but spatial differences are large across the study area.
The average 82H and 8180 values are —85.8%o and —14.16%o in the western region, —71.0%o and —12.28%o in the central region, and
—81.0%o and —13.74%o in the eastern region. This shows a spatial pattern with high values in the central area and low values in the
eastern and western areas. Second, the regional evaporation line (EL) is defined as §2H = 4.315'%0 — 21.94 (R== 0.72, n = 216). Its
slope of 4.31 is much lower than that of the local atmospheric precipitation line (7.51) and the global atmospheric precipitation line
(8). This indicates that evaporation and isotopic fractionation strongly modify the isotopic composition of river water in the study
area. Third, the stable isotopes in river water on the northern slope of the Tianshan Mountains are controlled by multiple interacting
factors. The physicochemical properties of river water directly affect isotopic characteristics. Elevation shapes the isotopic baseline
of water sources. Temperature and evaporation control isotopic enrichment during runoff. River recharge processes mix different
isotopic signals in river water. In addition, water vapor sources and transport pathways determine the isotopic composition of
precipitation, which further influences river water isotopes after precipitation recharges surface rivers. All these factors alter regional
hydrological processes and ultimately drive variations in river water stable isotopes. This study systematically clarifies the
spatiotemporal variation patterns of stable hydrogen and oxygen isotopes in river water on the northern slope of the Tianshan
Mountains. Based on field sampling and laboratory analysis, it quantitatively identifies the main factors affecting stable isotope
variations in regional river water. This work fills a research gap in mountain-scale isotopic analysis of hydrological processes across
the entire northern slope of the Tianshan Mountains. It also provides reliable isotopic evidence for further understanding hydrological
cycle processes in Tianshan watersheds.

Keywords: Hydrogen and oxygen stable isotopes; river water; spatio-temporal distribution; environmental factors; northern
slope of Tianshan Mountain

IKGRIR A ER F R DT AR TEIR,  ARM S HARES RGN R HIARIEN . 2 %A
W5 NIRRT SR, KBRSk OO B 207 16T 7 XLt w35 S AR A% O 1)), R
Ll L AR S g P SI f OKES s R HAZ L PR DX, 2 XA W R G 4 A R L RS 2R B AR T
St KRB R EED, RN AE P b T FIX AT FROK B 10 B B AN Pt , HOK SRR 5 25 1) R
Z152 A X IBOK BRI A2 25 2 4 S Wb R o Rl B35 AR TR 900 3 AR 45 SR B B K AN UK 1 R K
AUBEARAL TR L X UK R 25 A2 e 5 /KR 3R 3 R ) 2 2 MR AR B2 0 AN e 1910 Bl BRI ST R 1 b
WK CLBOKAERE, X T oH AL T2 XK B R 5 B e (K.

SRR XK SCIE A IEIR Z 52 21U AR AL I R, SRR R R AR OV BRI K SORER A, C8)
Z R T RRBTIT, ST R R K SO RE 58 B AR AT D). S ERAN RS X ) SRR W T R AL 2K T
JTZ R AERR BTN, WK R RS S R B35 R RN 53T 2 5, R A Rl 4o 2%
ey B A2 R 5B R A AEBRORRINE T 5 X, P AR R 3R 4 & I3RS KUK EdE
0] 7R R R G R AR RE Y AR S b IS, 25 KA R AR 2 M U E S KR i A KR
AR EZRYE, IR T /N KPR AT AE TR D9 sl A X I8 4 2R RO I R GErEm 78, [
P FHE AL T 2 RRBEKFAL R M4 (GNIP) 54 BRI L [AA7 3 k4% (GNIR) , AR K SCd 2
PRI AL A0 R J A AR R M AT TE SR it T 3 0% B B A Hodie R ).

AL A2 i L KR P B S BREFR T 100, YRR v (1 S SRR E () 3R 2 B S K SC L A ) B AR AR, T
AR ETALL  ZRE . KT B A 5 7K 2 B S G K SR B0, DR Z 5%
XTPEAET 5 XK R IRFEIT 7 WETE, HerpA > 23 N SR 1R L 3R 10 75 VAT 9 12 X3 A [ K Ak
H A RETHROK ST K FAL R RS, RN RUZEMT S FLTTiR A A5 506, R KSR 071, %
IKIRIRRIRIG 2R R AR RNV 5T . H AT R LA K R AT e 2 b T/ L Bl



Gy 3RS A BT T M 1 K S AR A 2 2 R 22 8] 0 AR AIE o 491 20 S T e 2R
K R FRAGAFAE =TT AR A0, (IR B 0] 5K T[] o7 3R 2H BRI I A 2 25 4R 121 e [T B ) /K 2 715 AR
22K B2 R G A S BT, AR AL K R A R A s 2 e B R0 b 30 . H AR e G AR R AE
(230, WMV IR KRR S K 8180 E R ILHUAR SG R R, DL ERT AL 2 4 T AN, AR
b R R e, 3 T /K S AR E )AL 3R T K SCIE A RE RO e 07 A = ko

Rl JESBERAE AE FERR, IUA T KA B s B 7 o AN 8y, UL = 70 5 B XK R GE M
R AR COI 2T« EA T BB TR AR D45 (9 U SR E R SRR AR A T T
NG, AN, KFIBOKSCRGE A, 2P AR FL R R 5 K (9 [RA 3R AR, 3 B8R o7 3% 200 A i
PR o 3 1) R PELAG T 50 R Ll B SBOK SR R Y AR BRAR 7 2 BT BRI T, R A FE Bk
DX SR BRI IAL 1R A R AL BT 7T . e, AHITFE ORI b3 E ZW RO AR R, BAE (1) Fos Rl b
7K 82H 1 8180 H I 23 73 A Ak SRy (2D RIS Rl K U AR € R A R AL R 3R, DUIIAR N B A R
i AB B iA EEAR E R AL 3R A BT R AR K SO R o % FUX 49 XA A e 4 DR IR K BE U5 AT 45 4
FHBA B2 OSSR EANME -

1 FREHR

Rilidbd (79°48' ~ 96°40'E, 4230 ~ 47°40'N) ML WK AR, FEAHFHRILLIIL. #EE /R
B S X, MR ARG, WK ALV E 200 m ~ 5000 m A4, B MBI KRR A R, 4R
BRI 7.0 °Co RN IX 52 2078 AR ATACHR BRI, R b3 g R B K K73 2 BLTERRCK
ik ARG P K PR SR I - BLUE K VR BB, BEOK e R AR08, P SRR PR K B4 250~350 mm, HEE
150~200 mm, ZR#%) 10~30 mml, Rl X & A REK ), ok EcE R AR 230 & B k)1 A 3
R TH R 16.33%F1 13.87%[261, YAl LAUK 5 /K R KRB AN o 3, UK BlK SRR IR 200N
16.9X108 m?, £y 5iZMX aEREN 13.5%2, MRS HEETILERTE, SfdEn, £ERE
ik 4.7X1010m3, HEEES AR 12 Bl ERE, Rk R A BENEN . mA T Rl A
M, BRhETPEISG, HIEMEREZRE, Aal. At WEL B, KEE B PRSI
&, WHRAE 1700m~2000 m 2 [8] o R il A3 R USRS AR K P K PR Bk B 5 2 T R 3 20, g B U
ORI B 35 HLAC Zth 52 Vb VR R R e, HONBH SR S B 0, WO B ks v T A3

2 M5 FRE

2.1 HARESLIE

2024 4 5 HAER WAL X PG RS . RIS 7] RS, AR B DURRA . 2
T, B L VAT VA NAT . PR HTIAT . B PEIAT . BRI . = yAl, SKiAl . SR SRl . K BEVT,
BERIOZTIRARTER, BPE. A% R0 ERA KR KR FFRA. M4k
W B S 25 SIS R 69 NMRUKEEA, FIMERMFEE, RFEE D, 2022 47 HF 8 HXt
RSB R R AR FE, H/REE R 7 AL 8 H /3 BIEREE 18 4~ (BI~BIS) « 24 4~ (B1~B24)
KEE; R 7 AL 8 AR 84 (J1~18) « 114 (J1~J11) /KFE. 202346 A. 7 H. 8 AXt 24
RFA T FWeRRE, RIRET 2440 (W1-W24) | 384 (WI~W38) . 24 D (W1~-W24) kKBt CR
BESA AW 1) o AR RE R, R A AR, FHH Kestrel3000 £ IhREFHA %1%
LRI CAID 158 . SRR ELI7 18 A 5 AR 20 A A (AZ86031) Wl sE Vil K BALFE 45 : HL SR (BC) .
pH. JKIE (T) . B¥HLE (TDS) . EfEJEHEAL (ORP) .

RO ZRIKEE R B, SRR T /KET BLR 10~15 cm db. R AE AR (BB 40 380
OV B G e, DU 4K )R ik J5 R AR TR 14 5 o SRAR SRR, #0E A AR IS ek
AFE, Bk B sl AT HUIS Qe it NFE S . SRAERTE 100 mL A7 (408 80 0 3% 3 A SRR AR S /K
TP 3 HEEEAFERK, RERHEA Parafilm BB O, R RBAFDEFE S g S REEM S, KR



FERSIEL, iy KAEEAL R AR 3515 AL RAERFFILRA, BKFEAEIAE 4 CIA VA IR 2
TFE T -

80°0'0"E 85°0'0"E 90°0'0"E 95°0'0"E
T T T T

o CREEA i 0 5433m

—
TR —

NS 0 125 250k
HRBEERQBE| - il L e

39°0'0"N 40°0'0"N 41°0'0"N 42°0'0"N 43°0'0"N 44°0'0"N 45°0'0"N
4

Bl LSRR AT (BT E AR BEIHRAR v Hb P I 55 I 3t N 3 67 115 09 GS (2024) 0650 5 b e - 22 il , ik B JEAZ 20

Fig. 1 Distribution map of sampling points
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Fig. 2 Temporal variations of hydrogen and oxygen isotopes compositions in rivers on the northern slope of the Tianshan Mountains

(The numbers in the diagram indicate the distance ( km) from that point upstream along the river to the first point)
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(Red, blue, and green represent air mass trajectories at altitudes of 1,500 m, 1,000 m, and 500 m above the study area's surface,
respectively. Figure a shows western rivers, figure b shows central rivers, figure ¢ shows eastern rivers, and figure d shows may d-

excess spatial variation map for the study area.)
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