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Abstract: This paper is the result of hydrogeological geological survey engineering.

[Objective]|In order to study the hydrochemical characteristics and evolution of groundwater in the Ejina plain, Inner Mongolia, 87
water quality samples and 69 hydrogen and oxygen isotope samples were collected in August 2020. [Methods]Based on the
methods of mathematical statistics, ion ratio, and hydrogeochemical simulation, the hydrogeochemical characteristics and the
hydrochemical evolution rule of groundwater stored in Quaternary aquifer and Cretaceous aquifer were analyzed. [Results]The
results showed that: (1) The groundwater was mainly SO,—Na type. SO,” was the main anion, followed by Cl". Na* was the main
cation, followed by Ca®™ and Mg™", there was little difference between Ca’* and Mg concentrations. (2) The concentrations of SO.*,
CI', TDS, total hardness, Na” and Mg’* decreased in the order of Quaternary confined water> Quaternary phreatic water> Cretaceous
confined water. (3) Quaternary phreatic ions were mainly controlled by leaching and mixing process, and some areas were
significantly affected by evaporation. The ions of Quaternary confined water were mainly controlled by leaching and cation
exchange. The ions of the Cretaceous confined water in the northern part of the plain were controlled by leaching and cation
exchange. The main ions of groundwater in the study area came from the dissolution of halite, carbonates and
gypsum. [Conclusions] Along the direction of groundwater flow, the concentration of ion components in Quaternary phreatic
showed an increasing trend. In the Quaternary phreatic and confined water in the Ejina plain, the main water—rock interaction
processes were dissolution of halite, dolomite and gypsum, precipitation of calcite, and positive cation exchange. In the interlaced
zone between the desert and the plain in the southeast of the study area, the dissolution of halite, dolomite and gypsum, the
precipitation of calcite, and reverse cation exchange mainly occurred. Halite, dolomite and gypsum dissolution, calcite precipitation,

and positive cation exchange mainly occurred in the Cretaceous confined water in the northern plain.

Key words: groundwater; hydrogen and oxygen stable isotopes; hydrochemical characteristics; evolution rule; hydrogeochemical
simulation; hydrogeological geological survey engineering; Ejina Plain; Inner Mongolia

Highlights: (1) The characteristics of major ionic and their possible controls in the groundwater of the Ejina plain were
systematically analyzed; (2) The hydrochemical evolution rule of regional groundwater was revealed by the methods of ion ratio,
and hydrogeochemical simulation.
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Fig.1 Distribution of groundwater sampling locations in the study area
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Table 1 Statistical results of hydrochemical parameters of groundwater (mg/L, except pH)

I REIK (n=51)

50U R KB K (n=20)

% R K (n=13)

—
B TEm R THE AR MM TRE BOE MM THR
pH 8.61 7.28 8.03 8.54 7.30 8.02 8.20 7.88 8.04
TDS 36811.05 255.21 2617.36 23896.55 378.05 2929.38 1697.25 923.75 1355.92
pX iy 13840.08 51.30 800.74 8853.08 76.98 886.59 522.24 256.50 376.50
Na* 7636.00 60.60 593.59 6000.90 46.90 706.85 440.00 232.00 322.67
K 399.00 4.10 21.79 123.20 2.73 17.35 9.93 0.62 2.78
Ca* 611.20 9.01 92.02 490.98 3.51 91.68 159.39 70.10 104.86
Mgh 2954.90 6.90 136.97 1842.20 9.41 157.77 36.70 19.50 27.45
Cl 11698.50 51.41 732.50 8614.35 27.70 911.67 687.90 182.60 307.48
HCOy 750.50 62.83 253.23 768.90 97.63 221.49 131.20 100.53 117.83
SO> 13136.20 44.10 913.87 8525.30 46.15 935.92 794.88 355.40 531.77
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BHZ B R . BEAR 3 50 DU R IKE bR 5 42 1.4
FHTAL, 55 DU FR AR oK AR EE A A AR, B & AR
TR B AR . B2 ERAR A
b BRER B, T R A UIE , DR R FHES T2
e, RN Na Wz, Ca> UE AR , B FLTERN L
H BRI 25 SR H 5 55 DU & TR ot
M IZ R 2, e sS B kAR Wi A
B H A B AT A A UTEE DL E 1) PR 2+

http://geochina.cgs.gov.cn FE LT, 2023, 50(1)



166 i [

b, J 2023 4F

R2 FREESMNLERKEFRIBEL

Table 2 Saturation index of the water sample at the starting and ending of each path

A% R KR PRAT D R/ R JTiRA COs(g) oA aHE ik L
— L) -0.87 -1.81 -1.47 -1.97 -6.97 -7.68
| ! 25 -0.24 -1.86 0.00 -0.19 -2.95 -4.61
R -0.74 -1.75 -1.28 -1.96 -6.99 -7.72

KR
RIEA 280 -0.25 -2.00 -0.14 -0.18 -3.08 -4.70
. oY= -1.18 -1.97 -2.10 248 -7.00 -7.47

) Bk B

285 -1.12 -1.80 -1.99 227 -6.57 -7.10
- T -0.61 -1.71 -0.90 -1.46 -6.39 742

BIK
3 25 -0.39 -1.87 -0.88 -0.78 -5.90 -7.04
S R -0.80 -1.79 -1.34 -1.51 -6.34 -7.39

YaD
AR 280 -0.84 -1.75 -1.34 -1.68 -6.22 -7.60
— i -0.38 -1.78 -0.56 -0.96 -6.31 -7.23
4 " 28 0.37 -1.38 1.77 0.07 -2.87 377
T -1.70 -1.76 -1.68 -3.32 -6.74 -6.59
AR 25 0.34 -1.32 1.62 -0.08 -3.23 -4.45
TR -0.57 -1.92 -1.37 -1.06 -5.95 -7.83
> ARIEK 281 -0.59 -1.95 -1.43 -0.96 -5.39 -6.58

ZHAEH, T HERE S A Ma BTy, S804
AL B KA B A Na S5~ K i) Ca? kA58
e o ARAE B ) K SCHBIRAL AU S IR, A9 X b T
KA R VA RS B O oA S0 Wi i
A TLTE DL R A B e H o 32

442 R IBITF KK LM skAL F IR LT A2 M7

FEXF A0 55 48 - s b 7KK SC B3k 1k 27 8 1k i
FRFEAT 28 VAT E 5 0 A i 6 b, F— 2000 A )
T b A /K SCHER fb 2 8 A b o R 40 AR AL, % ey 1k
IR TR, A 8 R .

BN bR A2 AR TG SRR
it SR VY ZR A H K It ] 5 P K It In]— 30, 37K SCHh
BRAL AR L, 5 T A K SR
FEARAMA X WK KA 2R 5 32 1R A VR R ) (3
TRAGZERENE S M FKARRL s 55 DU R AR K 32 HBRTEOK
TREVERFE M KA ARRIE S KA, . TTEH ]
VKA DX, W T K 1] v K K Ak 2 2SR
SO,—Na BI745 3 Cl-Na i, 851k BE g i in , = %2

ZURUENE TS 2 H 5 2= KRG —H7 5 AR v s 4E
A7 T HRIRAR /N 228 K5 %, TDS {H i
T W H T AU ) 55 DU R A R K K A 22 4 A 2
TV TENE R e B ) 2 KRS —7 B 2R P4 e At
i —a1 TDS {2 & T, FHE Fac B . 76
i H T RIG 7 SRV R AT —7 , SE U R
7K TDS AT BETR G i i 2l N

P AR VDB D R W K AE 1) oty H T L IX AR
Uit il v 32 B2 R AR 5 S ml BH R - 2SR H
M, YRR K AL R AR, Mo Kk Ak
FRIE 22 uEVE F -5 1 1) BH B8 30 4/ % 1 5
R KK AR 2A 2R A L) SO, - Cl-Na Ik 5

5 45 &

AR SO T AR SOl BR A 27 BEAS RS 0 ) 37 2 K
SO XA N T R KK Ak eE S SRR E
A7 Z AR SR A A A R T T R G, £
BEHETR

R3 FWEERE LRER/TEE (mmol/L)

Table 3 Calculated amount of mineral dissolution or precipitation of each path (mmol/L)

i g 1 2 3 4 5

R AR WK TREIK WK WK TR JEK WK TRIEK TR JEK
CaX, -34.10 -11.59 0.09 -0.05 1.45 -6.05 -8.49 -0.40
NaX 68.20 23.19 -0.18 0.11 -2.89 12.09 16.98 0.81
77 41 (CaCOs) -42.93 -43.34 -0.38 22.16 -3.00 -240.80  -144.50 -1.07
Mz 41 (CaMg(CO:s).) 21.66 21.03 0.03 0.29 0.93 122.30 74.25 0.10

CO, -1.60 - -0.33 -1.61 - 3.55 - -

A (NaCD 274.20 245.30 0.58 2.98 2.72 327.50 208.40 6.37
AR (KCD 1.58 1.34 0.13 0.04 0.03 10.46 2.612 0.22
178 (CaSO, - 2H,0) 64.97 45.65 0.28 4.200 1.159 137.40 90.72 1.67
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Fig.7 Schoeller diagram of groundwater samples at typical
sections

(DWFFE X SR DU 2R 7K AR DU 2 7K KoK Ak 27
RARIPL SO,~Na Bk 32, 1l H 530 X 2 KRS —H7

T ARV SR A — 7 SR 9 X A% T R v A
X, 3% —Hb X 565 U 2 bR /K TDS {5 B A FETR B 18
T 2 SRR /N B R AR o BIF 5 DX 5 SRR 1 A B2 AR
TRV L5 S 25 TS T BEAIR (A IX . AFF 5T IX AL
12 R R R K KA 2E 28R L SO, - Cl-Na B ok &
ALA RS, FE R AR PR EE &2 S &
i TDS FLEA BE R B A K

(2) M T 7K SRR E Rl R AL BURFIE B 5T
DX 5 B YT A 5 7K 5 BT SR KK I R T
TF5E X AR | P AR VE K R R 28 2 Bl 25 2 b K
SR L, Z R . T IX AR ER T H T
X B VS Gt v 7K 5 7R oK U AR IRl 2R 4
BARARL, R R 5. WFoE X AR YRR K 5 H
A Z R H KRR R A LA K I RRIE , 71
FIRFIKTEREZ AN Z BTN B2 7 K5

(3R X5 U R 0 7K B -4 57 B A2 v DR AE

~ bt Ji A aT
g —[AZfi—CaX;——NaX
=
50.4 A c
i
fid
oo
%o.z
B 0 30 60 90 120
DER
1 o.004f A—B
|| 0002
0. 000
‘(43' =
f% 000275060 90 120
o] ooy ¢
’ 0. 006
0. 004
0. 002
0. 000
00025 10 20 30
fi] A—E
- A ;zg\ 0.3
B . 0.2
‘i: TN 0.1
e I 0.0
I:l 31 Fine-silty sand 0 30 60 90
El B4 Gravel and sand 000061 F—F
0. 0004
[ ]#tcuy [ [ J#sLorin 0. 0002
i _v | HR KA 0. 0000
lj i Sandstone Groundwater table 0. 00020 = i T %0
N § The boundary of phreatic
] WK R S ;
I:l Je#iMudstone E*H IRARFIR G S 2 aquifer and confined aquifer B

8 BB ANT- It T KR SCHUER b2 3 Al R AL P&

Fig.8 Generalized graph of hydrogeochemistry evolution process of Ejina plain
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