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Abstract: The shortage of groundwater caused by poor water quality is more prominent in the Kashgar delta of Xinjiang, so it is

practical significance to study groundwater flow system. Based on the divisions of groundwater aquifer system in Kashgar delta,
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the characteristics of the groundwater hydrochemistry and cycle regeneration were analyzed using hydrogeochemistry and
environmental isotope age test methods. The research results show that the delta aquifer system consists of unconfined
groundwater in piedmont sloping alluvial-diluvial plain, unconfined groundwater in river alluvial plain and confined groundwater in
river alluvial plain. The evolution of groundwater hydrochemistry types is HCO;-SO,-Ca—>S0O,-Ca—>S0O,-Cl-Mg+*Na—>S0,- Cl-
Na along the groundwater flow direction. With the increased TDS, the groundwater quality tends towards salinization. Piedmont
sloping alluvial-diluvial plain is the main dissolution-runoff zone and the river alluvial plain is main runoff-accumulation salt zone.
The groundwater renewal rate in the study area is 0.03%~16.35%-a", which is characterized by unconfined groundwater in
piedmont sloping alluvial-diluvial plain™unconfined groundwater in river alluvial plain™confined groundwater in river alluvial
plain. Estimated by *H, the age of unconfined groundwater in piedmont sloping alluvial-diluvial plain is 8~49 a, with an average of
29 a. The age of unconfined groundwater in river alluvial plain is 14~ >>50 a, in which the average age of upper unconfined
groundwater is 24 a, and the average age of lower unconfined groundwater is >50 a. Estimated by "“C, the age of unconfined
groundwater in river alluvial plain 1s 476~33 623 a, with an average of 8 106 a. The age of confined groundwater in river alluvial
plain is 5 186~34 578 a, with an average of 30 043 a, being “older” than unconfined groundwater. Based on the above
characteristics, the groundwater aquifer systems in Kashgar delta are divided into two local flow systems ( I, and I ,) with faster
renewal rate and a regional flow system ([ ) with slow circulation.

Key words: Kashgar delta in Xinjiang; hydrogeochemistry; isotope age; renewal rate; groundwater flow system; hydrogeology.
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Table 1 Hydrochemical parameters and frequency distribution in groundwater
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Fig.2 Saturation index relation of minerals in aquifer medium
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Table 2 Estimation of °H age in groundwater

7K SC T BT Sy AT (a) FEAE n(A) B (%) FHE (a)
0~10 1 3.6 8
10~30 19 67.9 24
LA A b 3 AR T K (n=28)

30~50 8 28.5 44
=50 — — —
0~10 — — —
ST B B K (n=37) 1= 1 o -
30~50 2 5.4 40
=50 17 46.0 —
0~10 — — —
0TS o B LR I K (n—27) 10 B B B
30~50 — — —
=50 27 100.0 —

Fx3I MTKEMEBREHEELER

Table 3 Estimation of groundwater renewal rate
IR S T HL T S AEIEE (Y -at) FEAREL n(4>) HEH (%) FHE (G at)

10~16.35 2 7.2 13.80
UL AT A ol BT I 7K (n=28) 5~10 13 46.4 6.20
0~5 13 46.4 3.83
10~16.35 — — —
T3 RO TS K (n=37) 5~10 17 45.9 6.70
0~5 20 54.1 1.10
10~16.35 — — —
[ BT JE R K (n=27) 5~10 — — —
0~5 27 100.0 0.02

[ 65.5% F10.5% . B 5% X 3T 7K 537 i 2R LA 1
160 Ak w3t RSP T VR 7K > Yl 30 ek B S DR UK > 9 3
R JU AR R 7K R RFAE

B W 5 X R K AR % 5 R R A A (A
3) AAL L VMR K m, Hb F K AR R R T
PN TR = B O

LRI A b it R DRV K K R B E R R AT
A T3 K BB K A B R R K B R R
TR K AT W 3 55 /0N 5 I YT o R R K 2 A
UKL 32 1 A8 A0, 98 38 kAR 2%, 3 1) B M 1) b 45 BE
ARG R K R EGE , LR 45 R B T R
Bl /1N 5 K AE W 3 48 5 Y] i e AR D RO K A
% W 7K J2 BEL 8 R A X A58 R 1 BT B, 5 v K
ACH AN 4 22, R K S RN AR IR > 50 a.

WF 58 X MR 7K AR i 55 0T R R X N R K
b 2% Ak G AR L A5 A T KU IR 3h AR Y 16
BRRECES (3 I NI LI T S 0 A NN = e a0 AU

A (B2 3L, 2010).
422 HTK“CE#HEHF= (1)# T K "CE
% . W5 XML R K MC AR IR A 5l 476~34 578 a
(R 4) W op B T K AE B 476~
33 623 a, F HAE Y A 8 106 a; 4F W £ 1 000~
10 000 a A9 7K B &7 71.4% , F 3 4E 8% 0 4 506 a.
T B OF JE R R K b R K AF O 5 186~
34 578 a, F Y AE WS Ky 30 043 a; Hb F K AE #4 7E
10 000~34 578 a i K ¥E (5 92.9% , °F ¥ 4F % Ny
31 955 a. ] Jii v AR JeL R R KA % B 3 R TR
K, BV KAE S Y 3.7 A% B K

(2) #h R 7K “C AR I8 R 8. BF 58 X R K HC
AR 5 A XX B (R 5) SRR 1 B AY X
R OKMCAHER S T ERNCERE i e A
T wp B B R H A B RO B, A R T T R
Hi X1l AR B T R R SR R b s 5 L
DA 24, bR K AR A X R
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Fig.3 °H age and the renewal rates in unconfined groundwater
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Table 4 Estimation of “C age in groundwater
Y ®'S: i S Sy A (a) FERB n(A>) (%) TFHfE (a)
50~1 000 2 14.3 602
L P BUE IR K (n=14) 1 000~10 000 10 71.4 4 506
10 000~33 623 2 14.3 33 609
50~1 000 — — —
AT o RO R R K (n=14) 1 000~10 000 1 7.1 5186
10 000~34 578 13 92.9 31 955
£S5 AEAHXHTKCEHITLE
Table 5 Comparison of "C age in groundwater in different areas
b IX 27 ik BUREEREE (m) BC AR (a) I KA A
TEENF R I/ EE(2006) 70~250 0~8 750 0.25
B [nyith NSRRI YS! BIEHE%(2013) 100~200 2 000~12 000 0.35
TR B 7] 37 Bt 2 1625 (2015) 70~150 0~14 000 0.40
7 [ R H/NEELE(2014) 100~180 2 000~23 800 0.69
AR L T 2 45(2009) 300~350 2 620~25 470 0.74
RT3 N %) X 25(2014) <180 0~28 000 0.81
AR A = A i A3 <350 476~34 578 1.00
Wy AL 5 T4 (2011) 250~550 673~35 200 1.02

B R B ih G [ XA RO AR AU — B AR T
R X TC R M, JE RS PO 22 OR TR T B R
SR B OP £ )= (i 75 25, 2019)  BFSE X R
JK I B IR 8] B T 35 7K M = B9 DC AR AR AR R TR K
OGS 3t DA 2R K S M R 3 R B DR OK R TR A
K, BAH TDS SR RHE , J& T /K AFAC A K i
T A 114 9 235 2R 5 L fiE A e 8 RRF B K L B
T e AR D K 2 5 BAUK SO B 9 DX, 3R
IKAF R MR B/, A AR TDS S RRIE
43 HAHEMTRKRREZR S

MR BIF 52 X 4B 7K Al 22 800 18 AR R AR LB

BV M LA L 25 6 R ZKCAE I B T R TR
R H T LN K RS o 2 AR (K4, 4r
) Ay T A BRI R AR R T KR R G, B — A
116 PR i 2% 1 X 3k K 3 &R 4 .

)R N N v R S S 1 e N 72
52 km [H] (7K X, TR B 0~200 m, i X ] 36 /K 3
T b 25 WK, T K AR I T AE PR, ST 2 8
BN T AVa  WIKCE AR Ry 24 as WK KR 2E 2R
A1 SO,-Ca R, TDS B/0N 5 2 Wi vh BRF- JE 35 K )2
UKL 72 WS A B 0 e )78 55, HU R K BUSR B X
R U 1 MR, LA Y (R AR Ry R SR A
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Fig.4 Groundwater flow systems of typical section

MR, R — AR IX

JR BT R GE 1 AT T AR o 28 30 B A i 11 0
KX, TEBE N 0~100 m, 32 M S0, M R 7K K F1 3k
BEAR %, WK T B R Ry 0.03%~2.62%a ', b F
IKAE Wy F 476~33 623 a, /K AL 242 B 4F g SO,+Cl-
Mg+Na % —>C1-SO,~Na B! , 75 1 7K H R AL/ X8, Hi
NAKRZEREAERKR, R — REEX

X 38k 7K PR F 40 43 A A A L = R R
UE R S, B8R I 200 m, AR P4 A ) ZE AR o
120 km , £ 45 b JiF B9 28 5 08 K L ep R i 09 K
KX A% XML R K AR AR 28 T TR D
Horp K AE I 1 654 a, K JE K AR R 5 186~
34 578 a; K Ak 2= AL AL U5 1] 2 SO,-Ca—>SO,-
Ca*Mg—>S0,*Cl-Na*Mg—>S0,+Cl-Na, i% X J &
SR TR — R

5 45t

(1) WF 58 X Ml T oK 555 80P, i 3 8 K i
[ A N R R [ IR I R U U AR
Ji ok 7K = ] g i AR DR R K > L AR o
HE B RO K M T K Al S 26 B i AL D HCO, -
SO,-Ca—>S0,-Ca—=>S0O,*Cl-Mg+*Na—>SO,+Cl-Na,
TDS ¥ & , /K B2 w6 4L

(2) B 58 IX 3 T K 36 58 op o R A B AL T
W DT = A b T R — o AR
& LB R RE 1 EA LD AT TR w it B R e T
K =) g h AR J R R K > ) e ARCP R K
4 45 AL L BT AR o R RSP D U DR — AR R X
O b BLE RO AR R — SRR IX

(3) WF 58 X M F 7K °H AF % Ah 5 45 2R O 8~

49 a F1>>50 a. 1l i B A4 op 7t AP B v K O H AE %
<50 a, V- YIME 2 29 a; G op B ST KA 8
14~>>50 a, H o] i of BLUF J5E b 88 0 K AR i o
14~41 a, ¥ {H N 24 a, F 35K 5 0 5 wb FLF
JAR R 7K AR iy 31 =50 a3 #b 7K CH A I 43 At
B A A AR v  BRP J s K <3 g i AR P D
T 7K <] i b B DR R K R AE

(4) BF 58 X H N 7K B B o el B A5 R R
0.03%~16.35%=a ', LLi Aij {0 A%} o 3k RSP Jord v /K B
B RN 2.75%~16.35%-a ', FH{H K 5.60% -
a b VT YA R ST T 0 K B A6k 0.03 26 ~9.69 06 -
a ' b AR K R RO B 6.30 %0, TR
R 0.47 Yoea ' T G o B D R R K BB B Sk
0.03%~0.29%<a ', F- B {H 4 0.03%6a ' Hb T 7K T
T A ELA LA i e AR TR K > T b AR
S-S5 7s 7K > TT 3L 1 REOY J R KRR AE

(5) BT IX M R 7K “CAFE#8 2h 476~34 578 a. i
T b BRSF JB TR UK A A R 476~33 623 a, FHI(EH N
8 106 a; ¥l it #f B F Ji 7K JE 7K 4AFE % R 5 186~
34 578 a, F-HI{E 2 30 043 a. o] Yt AR J5 2 1 7K 4F
WK A 2, HRA & TDS 4F1E,, h A H
TE B K2 LA ARk it BHOF T K LA BT i e
FUOF R K 2 5 BUACK SCIE IR L TDS /N X 3800 &
AR T K IR R R ) S OKE

(6)MF 5% X M T 7K i &R Gt 5 A7 76 A B0
RGP IR TR GEC LT ,) R — A1 2R3 %
XK ARG D). /KRS 1 EEAAE L
AR b RO D i VT b AR D K A6
PRV EAE 200 m DL, iR K AR I B AR B T T R
B R AT R GE T, kil i B 5 b R i K
X, PG F R BE /N T 100 m, LK B s b & Us i~
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