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Fig. 1 Geographical location map of the Shule River tail area
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Fig. 3 Spatial distribution of TDS content in the tail area of the Shule River
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Table 2 Statistical eigenvalues of hydrochemical parameters in the tail area of the Shule River

BRI ,p (mg/L)

K* Na* Ca** Mg cl S0, | HCO,™ | NO;~ F SRR g TDS v

Fe/ME 2.6 126.5 9.6 15.3 54.6 120. 1 104.9 0.1 0.4 90.1 453.1 6.8
B | 308.6 | 19269.0 | 1318.0 | 2163.0 | 22690.0 | 22911.0 | 2437.0 | 175.4 4.6 | 11009.0 | 58972.0 | 8.7
XA 85.8 | 4456.0 | 364.9 | 530.6 | 5318.7 | 5147.0 | 508.5 12.3 1.5 3097.3 | 16184.1 | 7.6
brifi 2 85.6 | 4856.7 | 283.6 | 478.7 | 5526.4 | 5376.9 | 482.3 26.6 1.1 2512.5 | 15514.4 | 0.4
5 R A 1.0 1.1 0.8 0.9 1.0 1.0 0.9 2.2 0.7 0.8 1.0 0.1

K 18.1%., 5341, 4 L4y HCO, + SO, —Na' i
JeHCO, + CI"=Na™ BRI, 5 ey it 8. 4%, %

B ETTR ~Jaht—il . Hr 10 Mok feesk

RIS H 21, 7%, SR T R KA 2R 2R R H

LT B g SR X A B K AR
3.1.3 HTFKEFHEXEDHT

o K T A A B R AR s R A OK A

a HH

m EifL

shallow well

bore hole

ZERARARURH S K b 7K R U5 ) — B P A 22 e e

Ca™

Fig. 4 Piper trigram of hydrochemistry in the tail area of the Shule River( the unit of the ions in figures is mg/L)
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Table 3 Statistics of hydrochemical types in the tail area of the Shule River

. _—
i K o f/“; i K P ff?
1 Cl™ - S0,* —Na* 1 27 [32.5] 9 Cl™ - 80,” -Na* - Ca®* 2! 2 | 2.4
2 Cl” - S0, -Na" - Mg*" | 16 | 19.3 10 S0,* - HCO,™ - CI"-Na* %Y 1 1.2
3 S0,% - CI"-Na' %! 15 |18.1| 11 |S0,* + HCO;™ - CI"-Na® « Mg*" - Ca® ® | 1 1.2
4 S0,% - CI"—Na* - Mg*" %! 5 |60 12 S0,% - HCO, -Na*#! 1| 1.2
5 HCO,™ - SO,* -Na* 7} 4 | 4.8 13 S0,* -Na*" &l 1 1.2
6 HCO,™ + ClI"—Na" 7} 3 3.6 14 S0,* -Na* - Mg** %I 1 1.2
7 ClI™-Na* %! 3 |3.6] 15 S0,* -Na® « Mg*" - Ca®* %! 1|12
8 Cl™=Na® - Mg*" /i 2 | 2.4
(RIS, 2020) . ASIKBISCI Pearson MASGHEZR R (LEE HIWEHL T AR5 32 28 Wi A 40

BOEWE LR 4, MR 4 ALAL BF 58 X R K oy
TDS 45 Na' \Cl" f SO Jit £k vik B 114 4 G 4k e 58 , A
KARBEEE 0.9 VUL, YLK = B 71 i BE K

/NG ZER AR TDS BN e R, C17 45 Na' i
{&EB@*H%@@%,*H%%%&&@ 0.9, BEMIRAET
EERIOVEE;SOT 5 Na I i v B AR SC M3, MG
FHCN 0.933, BEHIBF ST X P9 77 A= 2 i 5 G R 4R
Wy R
3.2 MTKEE S
3.2.1 17k Gibbs &

Gibbs [ FIAAE PR 23 BT T 7K A 27 20 43 9 1

s KA AN B 1 (= b 45 ,2019) o J@at
ST X T 7K Gibbs B (& 5) AT 40 #r 5 . K
BB KA 50T T 7% S vk di A T AR DX 3k, 203
A T A A WAV E A Xk, v B AT IX
R KA 2R 3 TR 1Y 32 B A2 45 T 28 R Wk de VR
ey, F Ry A AR, KRR AR B2 i 87N
TN IBRA AR LS A T Gibbs B 175 FlZ 51,
FEIWFFE X M T UK BR 32 L RVE B 2 4b , i 1T B
BN R 052, 2 BH 2 - A2 2 W FFEE (P
Y4 ,2019)
3.2.2 BFLBIRHE

Hi R KBS 41 5 Z ) 1 B A3 OG 3 0 R BT

* 4 GENAREE X TR FSEE X REER

Table 4 Correlation coefficient matrix of hydrochemical parameters in the tail area of the Shule River

=] K* Na* Ca® Mg** ar S0,% HCO,~ NO,~ SR DS pH
K* 1
Na* |0.785"" 1
Ca®* 0.256" |0.338"" 1
Mg® | 0.519%* | 0.549" " [ 0.687"*" 1
CI” |0.690"" |0.900"* | 0.583" " |0.753" " 1
S0, 0.791** [0.933"" | 0.253* |0.489"* |0.731** 1
HCO;™ [0.314** | 0.278° |-0.258* | -0.011 | 0.106 |0.308"" 1
NO,~ 0.212 |0.331°* |0.287"* | -0.011 |0.332"* | 0.239* | —0.109 1
B 1 0.480° | 0.526" " |0.821°* [0.979"* | 0.756"* | 0.455** | -0.081 | 0.073 1
TDS |0.797°* [0.989* " [0.438"* |0.656" " |0.931°* |0.928"* | 0.244" |0.310"* | 0.638" " 1
pH -0.143 | -0.131 |-0.500" *|-0.437"*| -0.221" | —0.171 | -0.105 | 0.124 |-0.484"*| -0.204 1

T AE0.01 GO (R ) AHSCHE L+ 7E 0. 05 G (WU ) , MG I 3

o FPE BT KOERTEE R TDS M B Rk



12 A

PR - H A kst DX g 8] 18] DX R 7K A2 R AiE S s B

9

100000 5

SEHZ L R E LR B Origin BPFAR B
K A Shthamiag.,

(a)

10000 [ ]

1000 §

p(TDS)/(mg/L)

100 5

10 4

() y(CI)
y(Na™) +y(K")

Cl" 5 (Na™+K") (2 50 Y it Wk 4 L (E
AT LR W b R 7K b Na™ 1 KT R U8 T
FERIOTE AR (> 1) B R IR A Y I i
(HfE<1) (R4 ,2019), M 6a Al %0,
KRS RAE R AR TE 1.1 ZEHL AT
B b7, DA R ST T 121 SF{ELR
B R 7, BB ST X /K H Na® fil K 3
BORIR T 5 SR %, JLUR O RE R 5 1 %

T T
0.4 0.6

p(Na')/[p(Na')+p(Ca™)]

0.0 0.2

%O
y(HCO,) +y(S07)

y(Ca™) +y(Mg™)

100000 E
I ®

10000

1000

<

p(TDS)/(mg/L)

100 5

10 4

ot

= A . ‘
TRIG M w m o "

(HCO, +S07 )/ (Ca™ +Mg™) M2 58
Mt R B L (B AT DA S 0 7 R K o
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HORRERRER MV (LB < 1) (XIBLBESE,
2019) . Il 6b AT, KA B RAE R 5T
MAE 121 SELM N7, D E SR RAE 153
fi T 1.1 SELM FJr BLATEE X
K Ca™ F Mg™ EZORIE T A A7
TERYAEZR R MR RR EL VA i, RO R
H A SRR IR AR M
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Fig. 5 Gibbs diagram of groundwater in the tail area of the Shule River

IR SCHLER Ak 2 ] 8, 2 P48 7 i K R R (52
2021) , 5B LR K B EBLRRAE, BT LA
R R T i T 7K A 2 20 o R R TR B IR Aot A (
FPi%E,2018) . AUAFIT R B F B R E0H
y(HCO;) +y(S0})

y(CI)
y(Na*)+y(K") y(Ca®™ ) +y(Mg™)
(HCO;)
Ak i,
y(SO, )+y(Cl")
(Ca™) +y(Mg™)-y(HCO, ) -y(S0})
AR & AR PAE S

y(Na™)—y(CI")
[ FAA R 22 0 H iR (meg/L) o 116 FY 121

(803 ) +y(CI)

HCOS/(SOT +CI) 2 58 4 Bk e FE 1
{7 24 A4 0T 4 7K P G A2 B 4
TR T

R IR (LB > 1) 3 R B £
BT R (M <1) (FAIE5E,2019) , A ]
6 TS, RPES M AE 1.1 AL 17, 389
HR B WOV TIE CH T /K AL A R 3 5
e

y(Ca™) +y(Mg™) -y (HCO,) -y(S0] )
y(Na") -y (Cl)

BH 0 TS B PR T B 7KK Ak 2453 0 7
TR 30 BR AL B (5B, 2021) @ i T
Ca’ +Mg’" -HCO,-S0>

g TR WA T A
W3 T K PO A5 A T S S A T (R
2021) , AT HER R PR R, KT
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Fig. 7 Spatial distribution of fluorine ion mass concentration [p(F~) ] in the tail area of Shule River
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Hydrochemical characteristics and genetic mechanism analysis of
groundwater in the tail area of the Shule River,
Dunhuang, Gansu

LIU Deyu"? | JIA Guiyi® , ZHANG Wei'”, YU Shengbo'* , WEI Yutao'”’

1) Key Laboratory of Groundwater Engineering and Geothermal Resources in Gansu Province, Lanzhou, 730050
2) Gansu Institute of Geological Environment Monitoring, Lanzhou, 730050

Abstract: The tail area of the Shule River is an ecological security barrier to protect Dunhuang Oasis and
culture, but there is relatively little research on hydrochemical chemistry. Based on field investigation and sampling
test, the hydrochemical characteristics and Genetic Mechanism of groundwater in the tail area of the Shule River
were confirmed through the methods of mathematical statistics, Piper trigram, ion correlation analysis, Gibbs
diagram, and ion proportion coefficient. The results show that the groundwater quality in the tail area of the Shule
River is weakly alkaline, with high total dissolved solids and high hardness, and the main hydrochemical type is
cl™ - SOjﬁ - Na®. The hydrochemical evolution of groundwater is dominated by evaporation concentration,
accompanied by weathering dissolution and cation exchange. Ca* and Mg”" in groundwater are mainly derived from
the dissolution of evaporite and silicate, and Na® is dominated sourced from the dissolution of rock salt. The
formation of high fluoride water is related to the widespread biotite minerals in gneiss, hydrogeochemical action
dominated by evaporation and concentration, and low—lying topographic conditions. This research not only enrich
the study of hydrochemical in the Shule River Basin, but also provide scientific basis for the protection and

construction of the ecological security barrier of Dunhuang Oasis.



14 B T T Y 2 2021 4F

Keywords : Shule River; tail area; Xihu Nature Reserve; Dunhuang Oasis, Gansu;

hydrochemical

Acknowledgements: This study was supported by the Open Fund of Key Laboratory of Groundwater Engineering
and Geothermal Resources in Gansu Province( No. 201903)

Firstauthor: LIU Deyu, male, born in 1988, engineer, mainly engaged in hydrogeology research; Email;
Ldeyu2010@ 163. com

Corresponding author :JIA Guiyi, male, born in 1961, professor of engineering, mainly engaged in hydrogeology
research; Email; 378002440@ qq. com

Manuscript received on: 2021-07-31; Accepted on; 2021-12-13; Network published on; 2021-12-20

Doi; 10. 16509/j. georeview. 2021. 12. 135 Edited by: ZHANG Yuxu



12 A

PR - H A kst DX g 8] 18] DX R 7K A2 R AiE S s B




