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Abstract; To investigate the chemical characteristics and formation mechanism of groundwater in
plain areas of Barkol-Yiwu Basin, Xinjiang, the test data of 75 groundwater samples were analyzed
by mathematical statistics, Piper diagram, Gibbs diagram, iron rationanalysis, etc. The results
showed that the main hydrochemistry types of unconfined groundwater were HCO, water and SO,
water, the main hydrochemistry types of confined groundwater were SO, water, and both types were
weak alkaline, which belonged to medium hardness of water. Gibbs diagram showed that the
hydrochemical compositions of unconfined groundwater in the study area were mainly controlled by
evaporation and rock weathering, the hydrochemical composition of the recharge source of the
confined groundwater were mainly controlled by evaporation.lon ratio analysisand mineral saturation

indices showed that the major sources of ions in the study area were mainly the dissolution of halite ,
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sulfate and silicate. The ratio relationship between (Na*—Cl™) and ( Ca® +Mg™ ) - (SO +HCO;)
demonstrates that cation exchange is a major mechanism controlling the composition of groundwater.
Keywords : hydrochemical characteristics, Gibbs diagram, ion ratio analysis, cation exchange,

saturation indices, Barkol-Yiwu basin, Xinjiang.
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1 RS 7 ( Materials and methods)

1.1 R XA

ECL P 2 b A T S A i b DX, SRR A M DX, 3 F AR 4R 91°157—96°45", JL 26 42°50'—45°10" Z [H],
AL ELHLIPIA % 5w F YA B (DUR R« & B30 B ) R B B b A 2 b &b v £ 3 I KK i
Hi S B A TR AR OB R B R RN, A TRIEVY BRI ZE R, K HE D, 28 R 5w B (11X
AR [ KR 500 mm 2o AT, PR IX ZAERE K 40 mm A4 5 L X AR 178 K — B AE 1100 mm 72
A, T RAEE 3—5, PR IX 242425 & 2300 mm 247, T F45%0>50) .

ECL B b 2 26 6 T MR > = 1L 5 1 . o A SR L L ok —— 5 Ly WA R B L v Ol AR
B 7, GBI AR ERS ZR LUl R BT IR 28 Ll A% k. R 1 = Jik—— 5 B3y i 7R B 5 1L RN B4R 2 7 1 22 [
Sk B L 2 M, B4R L AR v I R L b R BT R 8 L A Pk =2 T = -0 T .

ECL /D 2 L PR 73 15 e 2 ) VR A KT AR i o R 2 | 2 AR [ ) b 55 B0 | L stb R R sk s ol X 4
i DU Ay 1L DX AR b g T B (M BRI 0, 4 Z b G LL T RS IR B TR AR P AR AR i | i AR 4 T
TE Z3 b HR o SA T 1 (R RS SR B AL

WF5E DX LT e B S5 00 A A R IR A DB | Ak R D 2 BB — S5 1 FLBR P K, &2 IR A3
A LB A B B AR, B 7K A AT FR LRI 1] 2301 O AR 20 5 76 B W RN 2F R A BRI o A 2 )2
SER LRI K -0 A S A LB L B R R K5 DU RN A AL BRI K Bk 2 a M IR Bk A DBk A | 7 0k
Wb ARSI AR, B A A LBR R BUR K B K 2 A R RS A BRA MR 5 55 R R &
IKIZ AT IEANWI | B K 2 P R U D BT e

WFFE X T 7K AN £ A R K A I X I A BRI AR AN | 755 T 7 40 DX 4 0 1) 428 3
A H T K A LR ) A O AR, R BB SR K 3B 20%0—T70%o , 7E BERE IR R ER K 13
JE 1%0—10%o. 5 F 7K BRI 7 2 AZE & 2608 Rk N T IR BOLH3 A s o .
1.2 Wk
1.2.1 MR AKOKEERAE 5L

HiUF KR AR AT A0 A T S R X, RAERSHE] A 2011 4F 9 A SRAFR S ¥ AR 8923 km® , HR
SE MR AKKHEE 75 21 (o 3B KOKER 42 4, AR FEZKOKAE 33 4) |, SRAE s 20 A1 UL I 1 KRR A% 42 (bR 7K
PR W H AR B (HI/T164—2004) ) F4T R4 ARAEFIERE.
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Fig.1 Distribution of the groundwater sampling sites in the plain areas of Barkol-Yiwu basin

FKAE DU F B 58 LA R 55 7K SC T AR b S5 K AR 56 3 56 B KR Na® FH K i IR AL 43 DO JBE 1
RE, Ca™ 1 Mg™ FH Z VU 1R — i 12 1250 %2, C1 A PR AR 28 1 v 0 22 , SOT FH AL R A1 LL 1t 7
FE ,HCOT FH #5814 2 5 0 72, NO3 5840 20 S 0 B vk I 7, pH FH 33 89 Pl A 32 000 . K R 0 F BR
0.05 mg-L™",Na" & FBEH 0.01 mg-L™", Ca® Mg Hl CL A FFE N 1.0 mg- L™, SO> &l FBR Fy
5.0 mg-L™,NO; I FFR R 0.2 mg-L7".

1.2.2 Btk

SR FH BA BH 5 -1 A6 95 7 D W KRR RS A T AT S AL 06 | B FH 8 1 (R A X R 25 E 1 266 % (B
INT 5% Ry T RERCHE RS0, BT A B 1 AT SRR AR R ) Piper — 26 [ BOAH CME 43 B 45 5 1%
AR KK RE B K Ak 2 28 8 R AR ], SR Gibbs RIS B8 F UM 22 B0k M A AR BOk 4505 1
HEFT KAk 2 R A3

2 5L 59718 (Results and discussion)

2.1 MR KA BRI
2.1.1 WK ERE TRAE

XS AR FER I B G A8 bR ] SPSS B AT B GE o0 B, BT 4 2R Wk 1. 38 1m0 KA
pH {E 9725 03 7.32—9.07 , /K BE L 85 B ME ; AKBEH Y TDS Y254k G 90.17—4947.09 mg- L', #1i
1086.53mg- L™ ; #&¢ TDS A4 T /K AR 43 42 ANF 1 g+ L7 BIRK, 1—3 ¢+ L7 N fUsik, 3—
10 g- L™ AJHIK ,10—50 g- L 3Rk, AR R RE UBOKKAE ROK K AE S350 15 KK FERY 66.7% |
23.8%F019.5% /K KEH SR (TH) (975 4k 75 ] 30.80—1056.80 mg- L™, F-45{H 385.33 mg- L™ ;¥ TH 1]
Wb R KR ) 40 R NTF 75 mg - LUK, 75—150 mg- L™ N HROK, 150—300 mg- L™ A R0AH
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7K ,300—450 mg- L™ MK, KT 450 mg- L™ A AE /K, HA A 3RK K RE  BROK KRR BRRE K KR i 7K
TKAEFIAR A K AKAE A3 500 5 VKK ARE Y 4.8% 21.4% 28.6% 16.6%F11 28.6%.
WAKH B4 FE A Na™  Ca™ SOT (CL™, HK 2 Mg™ FHCO; ; W& B F S EI(ERE :Na* >Ca™ >
Mg* >K*,S05 >Cl">HCO;. F it WK FBHE 7 LA Na* i 3, BIBF 0T Dok .
T 1 EAKKRE KA ARG (n=42)

Table 1 Statistics of chemical indexes of the unconfined groundwater samples(n=42)

Sii1HH Statistical value K* Na* Mg?* Ca® cl- S0y  HCO;  NO; pH TDS TH

Fe/IMH Minimum 0.88  2.43 1 10.67  7.17 3.07  49.81  0.02 732 90.17  30.80
e KAH Maximum 7.37  1499.39  88.89  364.33 1428.22 1801.27 435.85 24.86  9.07 4947.09 1056.8
I Mean 3.04 22591 2725 109.39 200.24 397.85 179.69 3.85  7.90 1086.53 385.33
FifE2% Standard deviation 1.68 3375 2317 90.15 310.94 492.11 91.32 587 030 1206.04 307.84

255 ZHU Coefficient of variation 055 149 085 082 155 124 051 065 004 111 080
T pH AVAS SR RO, L EABbRRA mg- LRI

Note: pH and coefficient of variation arenondimensional parameters, other indicators units are mg-L™".Similarly hereinafter.

2.1.2  7RHoKH B FRHIE

2% 2 W AR KK RE pH (B B8 Ab 8 Bl 7.41—8.72 , /KRR L 55881 s /KRR B9 TDS A9 728 4k 3 [l
193.34—6250.02 mg- L', *F-YJ{H 1658.08 mg- L™, H PR AK AKAEE AR K K AR sl /K 2K AR 43 591 o K e 7K
IKFER) 36.4% 51.5% 12.1% ; /KFEH TH YA LI 41.00—1482.90 mg- L', F{H 363.41 mg- L™, H
HB IR KRR ROK K BE TR 7K KA | R 7K AR IR A58 7K 7K A 43 53] oy T K OK R Y 12.1% . 15.2%
21.2% 21.2%%130.3%.

A8 - BT LAR R R AKORRE PR A Na® 32 BT 7L SOF M.

R 2 RIEAOREEEEIRAIEPRGE T (n=33)

Table 2  Statistics of chemical indexes of the confined groundwater samples(n=33)

S Statistical value K* Na* Mg Ca* ar- SOi” HCO;  NO; pH DS TH
$5%/MB Minimum 096  28.06 241 1149 1237 41.03 5479  0.07 741 19334 41.00
P HRAE Maximum 21.05 193136 101.4 426.67 1879.23 2187.98 286.42 39.48 872  6250.02 1482.9
J{H Mean 416  436.85 25.14 102.69 339.05 634.48 151.32 453  8.00 1658.08 363.41
FrifE2E Standard deviation 371 447.61 2376  90.2  451.64 52971 56.84  7.14 030 1462.38 301.19

AR5 ZHL Coefficient of variation 0.89 1.02 0.95 0.88 1.33 0.83 0.38 0.63 0.04 0.88 0.83

22 FEHEMRETFZHLR
2.2.1 Wk

A BTS2 8 A AR M 20 M, ol LA I 4R 7K P 4% B8 =22 a) 2 5 R AR TR A U8 3l i
SPSS HRA X TS K AKFE (R KA 2E S EGHATA C REOHR  THRE S R 3R 3 iR 3R 3 ATLUE ) O
545 BB T 2Z (R AH O 8 3, P 5 Na™ i AH SG M R EGE E1) 0.9895,S0% 545 FHES 7 22 [R] (1A AH 74 1
=, Hh 5 Na® AHCHE REGERE] 0.966. th FHFE X AR A A3 AE 5, t b ml DLERTE 5% X H
KB B Sk A R ACE ISR IR R i KU I .

TDS 5458 & 1t 22 18] A AR G G 28 T DA g i sz et 7K A B IRL ) e 38 3 AT LA HE TDS 54%
B 22 A A B AR Sk, P TDS 5 Ca™ Z 8] AR SCPE ol 3 A S R 0K 0,988, Hik
Mg 1 SO ML H0h 0.901 F10.859, Hort TDS 5 C1 I Na* 2Z [W] i AH & 22 B0CH 0.794 1 0.761, 3
THTE & & A SR MBRIRER FOFIT X, 31X 5 RS Tk @ i X 13t T 7k fh 22,

2.2.2 JRHEK

M 4 TLIFE W CI7 5 Na*  Ca®™ Z B AHCHE .3, S0% S4B 72 M YA et i 3%, R 98 IX
] HELEAE AL A BTSSR L 09 AL % TDS 5 4 55+ & & 2 A KB AETE B - i AR DGk, o
TDS 548 T Z A M EPE R R F I N Ca® >80T >Mg™ >Na' >Cl, KHITEE & A EL IR ER ER BT X,
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X LRI ES T HE I IX B AR R KR A 27 2.
R3OWKOKEEEZORI A S RN K R EUERE (n=42)

Table 3 Correlation matrices of hydrochemical parameters of the unconfined groundwater samples (n=42)

T H Na* Mg Ca®* S03" cr- HCO; TH TDS
Na* 1

Mg2+ 0.548 %% 1

Ca** 0.801 ** 0.823 ** 1

S03 0.966 " 0.657"* 0.890 ** 1

cl- 0.989 ** 0.591 ** 0.829 ** 0.948 ** 1

HCO; -0.136 0.175 -0.069 -0.163 -0.154 1

TH 0.992 ** 0.635** 0.869 ** 0.986** 0.986 ** -0.122 1

TDS 0.761** 0.901 ** 0.988 ** 0.859 ** 0.794 ** -0.005 0.837"" 1

T FRAE 0.05 AP EEBFEMR; + » FRAE 0.01 AP L EBFEMR. TR,

Note: * indicates a significant correlation at the 0.05 level; * * indicates a significant correlation at the 0.01 level.Similarly hereinafter.

R4 JREAOREE EZOKAC B HUA R R EGE (n=33)

Table 4 Correlation matrices of hydrochemical parameters of the confined groundwater samples(n=33)

i H Na* Mg Ca* S0y cl- HCO; TH TDS
Na* 1

Mg 0.366* 1

Ca* 0.656** 0.694 ** 1

S0y 0.854 " 0.691 " 0.887 " 1

cl- 0.985 " 0.318 0.647 " 0.799 ** 1

HCO; -0.213 0.005 -0.294 -0.241 -0.259 1

TH 0.976 " 0.523 " 0.795** 0.940** 0.955** -0.237 1

TDS 0.603 " 0.8327" 0.974"" 0.886"" 0.582*" -0.219 0.760 ** 1

2.3 R IKIK K AR AR

WF5E DR A2 BRI R B R LA T 702K,
2.3.1 WK

I WFFE X R 7K KR Piper =2k I (8] 2) AT LA RS X WS KK A 325 01 85 /& HCO; #i SOy, FH
BT Ca> f Na® JKAb2A 2RI, HCO, YR SO, AR .

0 ik Unconfined groundwater WIF5E DX P 0 14 L [ 2t 0k /K K Ak A I A
g AZRIEAConfined gromdvaler g g ot b K Al 2E R RIS RE N, EEA
HCO,-Ca . HCO,- SO,-Ca + Na, SO, - HCO,-Na - Ca #il
SO, C1-NaZ8 5 b0 (1) = 34 190 0 o 7 /K UK Ak 22 28 0
LLIATAY HCO4 SO,-Ca + Na SO, -Na - Ca U [i] 23 31 .0
#:4LH SO, Cl-Na-Ca %! C1-S0,-Na-Ca %1 ; J5 517
KA F ATV % Kl PEAN B )t | 2
KAk 22 2 B 47 HCO,-Ca + Na, HCO,- SO,-Ca * Na,
SO, HCO,-Na-Cafll SO, Cl-Na .

o @B N 232 JRHEK
80 69C_40 20 0 20 ‘%6,0 80 100 1 Piper —£ & (& 2) AT LA i, 7K KK FE
FFABE TR SOT , FHE T2 Na' K fb2:28/1L S0,
B2 WX T KL= sy Piper =4 N
Fig.2 Piperdiagram for the groundwater 7¥U¥7J(EXH?)§\ ﬂ‘fgﬁj}’%ﬁﬁjh%ﬁﬂ/ﬂ jjfnﬁ{ﬁﬂ ﬁi&ﬂéﬂ {é

samples in the study area

T, = S A AR PR K K Ak 2A 2 S KO 437t
U, N BB 2 LK A2 25 A SO HCO,-Na - Ca !
1] SO,-Na SO, CI-Na F1 Cl1-S0,-Na Z% 1k 35 7 0 8 b 7 e /K K Ak 25 300 52 2% , K4 AN BH I
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KA 224 HCO, SO, -Na-Ca HCO SO+ Cl-Na- Ca SO, HCO;-Na- Ca F1 SO+ Cl-Na-Ca FIK.
2.4 MR OKAREE S R ARIE AR T
2.4.1 3T Gibbs KB T

Gibbs &2 X 5As bR, B nT DLW b 7K A2 il o8 s i 1 401 DX 3 b 2 7K
H = AR IR 2 25 R e e N g R FH R 52 ) Gibbs P P i AS(E AT LU
FHA A AT b 2 7K B4 1 RS TR ) L, T AR A 2 A i T 7K B4 8 52 R m) B2, Gibbs [EJE: LA TDS A X5
Y4, yNa™/y (Na* + Ca™ ) Fl yCl™/y (CI” +HCO; ) J X §h Y & R K. £ Gibbs & 1, TDS {8 42 ik H.
yNa*/y(Na*+Ca®) LD yCl™/y (CI"+HCO; ) FLfE KT 0.5 i, 2 B X Sk fb 24 241 4 28 32 KA
JKAE ; TDS f P45 H. yNa®/y(Na®+Ca®) HAEEL yCl™/y(Cl+HCO;) HfE/N T 0.5 I, 2 B13Z X ok 1k
00y A M AE AT TDS (B4 H yNa®/y (Na* +Ca® ) HeAB B8 yCl/y (CI"+HCO; ) W3R T
LI R XK A~ 4 oy T B 32 2 A AR AR FE X T 7KK AR Gibbs 3 Aii [ (] 3) TPl LU
AT AFSE X 520, BT AR A XI55 X 3R /KA 22 20 43 L B4 500 5 K BURE o5 32 o0 1
F£ Gibbs IR HES K A7 1A, DL K K Ak 2 41 43 35 B2 2 A1 KAk 2 2% 2% AU S 0] 5 7 7K BBORE o5
FBATEA LA FE AR R A A BORE A5, DA A KRR AR TR K A2 4 43 3 52 78 R A R
M, A S BRURE i A2 A A A 3

O j#7K Unconfined groundwater A& 7&JE/K Confined groundwater
10000 10000
1000 1000
g g
£ 100 2 100
2 3
[a) [a)
= =
10 10
1 1 | 1 | 1 | 1 | 1 | 1 1 1 1 ] 1 ] 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
CI7/(CI™+HCO3) Na®/(Na*+Ca’")

B3 BT HL TR Gibbs 207 ]
(TE:RWD Fm 41 MULAE I APD R KK AT ECD Fom 28 R4
Fig.3 Plot of the major ions within Gibbs model for the groundwater in study area

(Note: AWD means rock weathering; APD means atmospheric precipitation; ECD means evaporation )

2.4.2 FETEF AT K Ib2E 8o 5 Hr

KT 2 A HT S X T KA B R AR SR B Z ] Y FO B DG F R34 T 4347

(1)y(Na"+K")/yCl”

(Na"+K") 5 ClI" Z a2 5 it B (E G R AT LU B Na™ Fl K SRR, 25 y (Na™+K* ) /yClm KT 1 B,
FOR M B A B R TR 2 y (Na® +K7 ) /yClU/NT 1 ORI & A R RERR A i it i
Bl 4(a) iTLVE BRI T /K IR (S 7R R K BBORE f R 2 T y (Na™+K" ) /yCl =1 19 L7,
B HINER A K BURE ST y(Na® +K ") /yCl =1 BT 7, BLHAAFSEIX. Na*Fll K™ 325K [ 2 EhvAfi.

(2)y(Ca™+Mg™)/y(HCO;+S07)

R KRR Ca™ Fil Mg™ =Bk A fie R h sl fif R 3 S 78 B Wi i, IR i LU (Ca™ +Mg™ ) 5
(HCO;+S0% ) Z ] By 22 7 Y 4 U B Sk W Ca® A1 Mg™ A F BSR4 v (Ca® +Mg™ ) /y ( HCO; +S02)
KF 1B, R K T Ca™ Fll Mg™ 220K B BRFRER A7 M7 24 v (Ca™ +Mg™ ) /7y (HCO; +S07 ) /NF 1 B,
HR /K Ca™ Fl Mg ok A RERRER NZE & A BT i1 1B 4(b) il LA H K BURE SR 250
B F y(Ca® +Mg™ ) /y(HCO;+S07 )= 1 W J7, Ul BHBIFGE IX /K R i Ca® Al Mg™ 2R U5 T ik R £k Fn
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EZ N S - 36 %

ZER A (TR ) BV, Tk BRI ER VA Ak 5 BIF 50 DXR K IBURE s 5 KRR Ty (Ca™ +Mg™ ) /
y(HCO;+S0% )= 1 WA 7, SR K g A 1 MR Eh B BRER TR A , T REAFTE R IRER A VA .

y(Na™+K")/(meq-L™")

NSOF+CI")/(meq-L ™)

O i#7K Unconfined groundwater & 7&JE/K Confined groudwater
100 o qNa™+K*)/yCl” 30 - b, f(CaZ+Mg2")/(HCO:+S9%) .
o 25 +
80 [ .
5 0
< 20
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Fig.4 Relationships between the rates of the selected ions of groundwater

(3)y(SO7 +Cl")/yHCO;

(807
KF 1K,

+C17) 5 HCO; M2 5e Y it LU B S il R 7K ik 2 i i) 2R IR, 2 v (SO +C1) /yHCO;
R K b2 o R R B 2R R A R 24 v (SOT +C17) /yHCO; /T 1B H R K sp ik

S FERR AR ERER IR B 4(c) B HBR T AN K BURE S5 T y (SO +C17) /yHCO; =1
B4 R 7, A EURE S0 T e 0, BRI 28 & v i o = AR

(4)y(Na'=CI")/(y(Ca®+Mg> ) —y(SO> +HCO;) )

AT LUH y(Na®=CI7)/(y (Ca® +Mg™) =y (SO +HCO; ) ) Z [l ) Ho A5G 7 ok S e FH 25+ 3¢ #e 4
FHUSOT SRR K b & A T BB TR HAE, U y (Na® =C17) 5 y( Ca™ +Mg™ ) —y (SOF +HCO; ) [l %
R RIS BRR -1 BB Na* & 380 Ca™ I Mg™ & /b 0 W) 1 s i ol A
y(Na'"~CI") AT RS2t Na* & B R3S s . 6 4 (d) RaR A KM y (Na®~Cl17) 5 y(Ca® +Mg™ ) -
y (SO +HCOZ) KR W IX WK KA A ZE RN - 1. 111 B B JE L R 0.993 5 7 K K B 43 A
FEREE N -0.956 (19 ELLLJE RS 0.909, Pi BV /K 57 K 34 & A T S F-2c eV E . [FIRS, AIE 4(d)
HRT LA Y AR KK RE (1 R 3R S B - 1, U B BH B 7 38 40V P FE 7R /K i 1 oK [ st ik B T 78
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