a2
2023 4E2 A

¥ P~ Vol. 42 No. 1
CARSOLOGICA SINICA

Feb. 2023

MR ik, TR, ERREE, 25, ILZRE AR 75 3R T K AL 4 AR S L) L] P A, 2023, 42(1): 139-148.

DOI: 10.11932/karst20230110

L ZR & AR T R &Rt TS 7K 7K 4L 4 1 A 72 R #L

Y EZRE I, iR, Eaea’
(1. HAb R, B {% 710069; 2. .1 F AL &R TRZHDRE LR LRFT *
B F I LB H R R KN, L &R FT 272100 )

O ORI L AR A AR AR BRI DX R KR AR AR R L K BOIR B AR A 2 R R AR B
X 45 2 B b T KA 32 78, K2l K7, Na', Ca™, Mg”, CI', SO;~. HCOj. NOj., F . TH fl TDS % fk %
BB, 2GR BRI A SR 53 A A0 32 18053 3 26 7 2 SR FEH TR KBS K Al 52 4 R R UL
HRFW: (D)WL X BEBK | FLIOK A 75 7 K E A ALY A PG 2R3 AE, 24 BRI AL UK B9 7K f 2 2
AL HCO,-Ca Bk 2, i ¥ /K K Ak 2 28 Bl HCO, -Ca - Mg B (2) LB /K | R BK Rl 7 K K AL 4
TE AL ] 3 2 LUK =5 A AR O 3 UG 32 B ARG S i S o FLIRUK 32K —# A B AR ALK

% B8 W B4 HG 43 5 R 77.7% F10.5%, T 2L Bk

2 5% W ) A8 4351 R 63.9% F1 11.3%

KGR : HBUK; KA AR JE RHL 5 258 20 #r s A8 SR T

FESES: P64l.1 X EARIRAD: A
XEHS:1001—4810(2023) 01—0139—10

0 35l

il

W T KK A RAIE I 32 K — A AR S 158
E N AR (RTINS S N N ) 2 L S S
R 3 PR B R K A A R, T
MR N AR o SRR AE L T KB i 52
PR 20 T 3l T K B IR0 KR K B IR A B
SR OK BHR R AT A R A S 84
IKARAE 53 A7k (N Piper €], Gibbs 5] 5 B 5 LU (R 4F
Tk BB LR KA A RHIE SOE AT 40 A, LRI
FEEA MR R WM. LAk, Fln
B AR A7 2 22 ou et A DT AR BN W, JF
BB BOR , B N B TS K A 27 ik 25 728 A AL
PUNK A= L5 R R A 2 T RY, k%" g
18 B G5 1%  K SCHL B 7 | K SCHEER 16 55 1Y

FF iR (AR R %) 47858 (OSID ): %

FEACHE, PR AR IR 7 7K b 2 AR i B LB 28 43 A R
B KA RE T UL BoK SCb ek fad f .+
Tt S A 7K S M R IR A RIRE SR A T A A L
K G207 AR BT SRR Ak 27 5 vk X e
B Ky SR NE R TS otay) = 2 S NS S
B, ARy SR T b T KAk 22 A A 1 d R A2
UEAE FH ARG SZ 0, I DA 98 b A1 AR 52 6 25 1% XU Ak 75 it
R, JRERAE B R ER AW A A, T Na il CT 3
BRI T A b s i . et A5 R AT HT LR
4 b LUK B S 3 Ak B A3 A Y5 R b R A 2 R
P, A LT K R Ge K A2 8 2806 sl 5% T B
R L ST KRS | TR BRI ST B
B T R KM A R TR, AR 5 2R SRR 3R R
AN XA R K . R A 25 Ais HIAH
KM HT . AT BTk, 454 PHREEQC #X

BEEIH : 1 ARE H R ACOK IR A A PR (5 V5 R ) W E [ &3 (2016)02 5 ]
HE—EE A BRiE (1980—), 5B, Wi, M T RRIM, EEEMF5E T 19 /K SOK PR . E-mail: Inychenhao@163.com,
WEMEE: ERM(1962—), Y, 4, B, F2ERIFET5 10 K SCHL T TR . E-mail: wangjd@nwu.edu.cn,

ks A #1: 2022—01—01


mailto:lnychenhao@163.com
mailto:wangjd@nwu.edu.cn
https://doi.org/10.11932/karst20230110

140 AR

2023 4E

PEXH O AR A0 48 BT R AR, SR S KR
MR oK KK A A R AR BRSO W TR
T AR X LU AR AR U R T A S SR AR B A T
AR A FFAE S AR AT 70T, 4B s AL 2 4R b
{14 DX SR AR R | N ) AR AR RRAE LA AR ELAR A AR,
S5 R L DX R K IR BUIR S AL 2R
JITIR, AR 22 W5 3 5% T A A R T R ) A P A
PRV K, TR AR XS 227K XOG TR D

ABIESE DAL T AR T ARHR, AT iz oA, X
SR SCHE SR AR TE AR BE AR, SR TF T S IR A
PR R ML X, 22 AR R BR K A PRIE 5 i R AR
b A= 7= A AE I B SR AR R, IR AR 45 G
A $ A TR T 4 4Dk e K s DX B ) K TR
ARCFHETF AR 1250 000 7K SCHE 5 JE A 100 5 5L
(R, >R AL GURAL =20 B 5 2 o0 GE T AR A 5 1
T3 s, A BT F 5 X1 R 7K Y 7K Ak 2 R AE FE AL
i, LA by S ARl ke 7K il DXy 3T 2K T 2 AR ALK B
RS

1 MR

5T XA T LU AR AR IR T 23358, ALY 400 km?,
AR L Fr B DX, AL P B AH B 2R, A AR RUE L 3
A TEEAR 649 m, J2 X P f ey U FH OB 28 S L
(i) 7% b, b TAT B 25— FBEFE 120~150 m,

A5 DX 10 U0 e W Vi 2 XU X, D 2R 4 B
MIAEIH . BRI, ST BRI, Bk
o BCEERRIR A RE, Bk /D AR LRFER, T
L. XKNZEFHFEKELN 86 mm, i/ K
397.72 mm, H KM 1 12625 mm. &K 78 B} [E] |4
AR, FE AT E 2=, HAh 5 oK D, 4EBR
Z [H) FIAE N 45 221 I B K AR AN - .

WG X Kb FUCE a2 A, AVEE R X
A ERRWET RN, BVURNTHREER
W, — AR 15 m, FESS MRS, XA
FLBRK . A K ALK =i R 7k 2880, Hodh I
Bk R (B 1) o FLBRAKIBAE T565 U R iz, &
KIZAEEVM RS bR L SR R Lo E, F
AR B 22, B K B — /N T 500 m’d T A
WKRAF TR R IR RHE LA S5 KGR A
L, SRR LKA . A ada i E, &KX
U, B FE KR — BT 1000 m’-d ', 7 W 24T,

P K B AT 5000 m-d T BRI A6 T %
F 5% X H BB LMY KR a3 b X, A v R A AR
Tt AR AR R A AL A TN, HUR K
F BEWRAT T KL Bk 1 4B b, XAk TR B
— /T 30 m, W E MBS M A E 2, MIREKZE,
PR R — BN T 100 m™-d ' BF9E XM Tk 5
Pz KRAFEK A, Mk 1 X L e 25 i sh, DA
A FHHEEFN S A 2B 38 TR 1) =CHEE

2 MIRAX®

21 HEmRERMKTTE

2020 4 5 H (R K3 XA 5 X 32 4~ BURE A5 3k
FTIORE, Jrh ZEBRIK KRR 24 A, FLBRAKOKEE 6 4, &
WIKIKEE 2 AN 1) o BUKEE Z RifhK 5053 4h, B
BNIFRIHAKHE o SRAETT, I H TR AL 5 R R A
HHE T 3 LA B myohit o RIS, BE S BCE TR
Ky ERA R Ar s, P E YRR R,
JIT AR S X LU AR 4 6w b T T AR 22 B /K A3 i
UL HEAT A3 HT o KR Na'>R FH O & S il 2,
Ca™, Mg  HLEEE B (TH) R £ e U 2,18 — %l
EREGE, CI, SOF ., F HINO; R & 1 (il &,
HCO; F FH i 2 20 2 o
22 HESHAE

FIFH Piper = £& K Fil Gibbs & % 7K fb 27 2 7Y I
IKAR 2 TE WA FH#E AT 43 87 o Piper = £k € Fl Gibbs
K] 43 51 2% ] GW-Chart Calibration Plots #1 Surfer %X
P22 . SR SPSS # A4 X KAk 2= S 8 AT e it oy
B« FH OGR4 A7 R0 FE 1853 53 A, 45 G DF 5 DXAH G |l
JO . 7K SCHE TR, BRI SE X T K K Ak 2E R AR
FIE AL

3 &HRGITIE

3.1 KL FAFME R EE

311 KAuF4EAE

21 MWFGE X ZEBK . FLBR AR A KK A 2
Horaiitde. ZBUKFFLERK Hh FHE ik E 5 R0
M Ca™* >Na'>Mg™>K', MMt A K F N Ca™ >
Mg” > Na>K', {H Mg 5 Na M 2 A K; 248k . fL



Fat Hi1y

B 1A LR AR AR TR T AR A2 R S L)

141

P T

o

>

[ ] mmcaerimok

[ MR A Bk

[ ] mathmmmnsh s 2 pa vk

kST Ys

H T KT SRk

] semmiz

[-7] st =

Btk okl Rk

) HEAT K IR PR
Rk

O ALBKERE S
@ HAKIRES
@ AHCAIRBUKIRE AT

0 4 Okm
B 1 WRXAKSCHR KB R ALE 5
Fig. 1 Distribution of sampling locations and hydrogeology in the study area
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Table 1  Statistics of hydrochemical parameters of groundwater and surface water in the study area/mg-L_1
KA BHSGS  Ca” Mg”  Na' K' HCO; 50" cr F No;(N) TH TDS

R/ME 3035 538 1161 103 7041 2431 654  0.07 0.10  97.94 18898
KA 173.67 2605 80.99 9.52 33382 137.78 9930 133  48.08 521.16  765.08
iﬁﬁ FEME 91.61 1625 29.41 345 19827 66.11 4560 027 1815 295.69  459.78
b2z 39.01 541 1658 203  69.85 2993 2776 028 1326 11347 17843
WRFEU% 4259 3328 5636 5887 3523 4527  60.88 103.14  73.06 3838 3881
R/ME 60.42 1153 1372 143 13353 2991 1997  0.10 028 19835  271.09
\ RKRME 189.67 52.15 125.62 5.14 52440 15421 15923 024  41.10 68842 1152.00
ifgj)( FEIE 107.57 2340 42,68 271 29720 7391 6514 0.7 1090 36498 53297
b2 50.86 14.86 4448 153 18021 4281 5232 005 1604 18568 33125
WRFEU% 4728 6351 10424 5649  60.64 57.93 8033 2941 147.16 5087  62.15
K J1 8437 19.64 13.10 124 213.65 4775 31.64 0.0 1288 29157  378.02
(n=2) 12 79.82 19.80 631 569 269.49 3101 855  0.17 6.91 280.86  337.78
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Fig. 2 Piper diagram of groundwater in the study area
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Table 2 Correlation matrices of hydrochemical parameters of groundwater in the study area

Ca™ Mg™ Na K HCO; Noyn Cr F NO3y TH TDS

Ca” 1 0.726"  0.677° 0302 07837  0.7317  0.8247 0403 0.650" 09837  0.935"
Mg™ 1 0.755"  0.265 0.750"  0.644"  0.792"  —0.387 0.479"  0.839"  0.811"
Na* 1 0367 0.6627 07017 0873  —0.115 0.592" 07357 0870”7

K' 1 0.186 0.171 0.344 ~0.037 0.505"  0.309 0.399’
HCO3 1 0.449"  0.628"  —0.340 0.185 08187  0.723"
S0;” 1 0.716"  —0.240 0.598"  0.749"  0.803"

cr 1 -0.274 0.676" 08617  0.924”

F 1 -0.187  -0421  —0.311
NO; 1 0.641" 07727
TH 1 0.954"
TDS 1
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Fig. 4 Hydrochemical relationships between the rates of the selected ions of water samples
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Table 3 Results of principal component analysis of groundwater

- FLEAK ABK
RC1 RC2 RC1 RC2
Ca” 0952 0224 0.933 —0.154
Mg™ 0.986  0.104 0.797 -0.231
Na' 0.996  0.024 0.742  0.421
K' 0.808 —0.458 0.433  0.568
HCO; 0.837  0.358 0.703  —0.399
S0> 0.771  0.100 0.827  0.005
cr 0.987 —0.089 0.896  0.158
TDS 0.997  0.072 0.985  0.090
F 0290  0.765 —0.529  0.565
NO; 0.851 —0.341 0.800  0.355
TH 0976  0.187 0.957 —0.178
FHIE(E 8.547  1.159 7.033  1.246
J7 285U % 77703 10.538  63.938  11.332
Bit A U% 77703 88241 63.938 75270
B
4 &
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Hydrochemical characteristics and formation mechanism of groundwater
in east Zoucheng City, Shandong Province
CHEN Hao'?, WANG Jiading', WANG Linlin’, YANG Chuanwei’, JIANG Fuhong’

( 1. Northwest University, Xi'an, Shaanxi 710069, China; 2. Shandong Provincial Lunan Geology and Exploration Institute (Shandong Provincial
Bureau of Geology and Mineral Resources No.2 Geological Brigade), Jining, Shandong 272100, China )

Abstract

Shandong Province, and groundwater is an important water supply source in this area. There are distributed pore

The study area is located in the southwest of Shandong Province, which is a typical water shortage area in

groundwater, karst groundwater, and fissure groundwater. The distribution of pore groundwater is small and
discontinuous, with poor water-richness. Although the karst aquifer is relatively in good water-richness, its distribution

is more limited. The fissure water presents a wide distribution, but its water-richness is extremely poor. In recent years,
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with the rapid development of economy and the continuous growth of urban population, the demand for groundwater
resources is increasing, thus exacerbating the contradiction between supply and demand of water resources, which is
bound to seriously restrict the improvement of local people's living standard and economic and social development.
Therefore, the study on the hydrochemical characteristics and formation mechanism of groundwater in the water-scarce
mountainous area of eastern Zoucheng City can provide a strong theoretical basis for promoting the construction of
new rural areas and the implementation of drinking water safety projects. Based on this, 32 samples of different types
of groundwater (24 fracture water samples, 6 pore water samples and 2 karst water samples) were collected in this
study, and the water chemistry indexes such as K', Na', Ca>’, Mg™, Cl', SO2", HCO;, NO;, F, TH and TDS were
measured in the water-scarce mountainous area in eastern Zoucheng city as a typical research area. The water
chemistry characteristics and formation mechanism of groundwater in the region were explored in depth by graphical
method, correlation analysis and principal component analysis.

Results show that the cations of both fracture water and pore water are Ca’ > Na' > Mg’ > K, while the cations
of karst water are Ca’ > Mg’" > Na' > K, and the anions of all three types of groundwater are HCO; > SO;” > CI >
NO; > F. The water chemistry types of fracture water and pore water are mainly HCO,-Ca type, while the type of
karst water is HCO;-Ca-Mg. The water chemistry formation mechanism of pore water, fracture water and karst water is
mainly related to water-rock interaction, followed by the human activities. The results of principal component analysis
show that water-rock interaction and human activities affect 77.7% and 10.5% of pore water, and 63.9% and 11.3% of

fracture water, respectively.

Key words fissure water, hydrochemical characteristics, formation mechanism, principal component analysis,

Zoucheng City
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Jining, etc. have recently experienced increasing trend of karst collapse. Besides, the karst collapse usually occurs in
the thin-covered karst area, and the strata are mainly Ordovician Majiagou group, followed by Sanshanzi formation and
Cambrian Chaomidian formation. The thickness of soil layer in karst collapse area is less than 30 m, and the structure
of overburden layer is mainly composed of multi-element structure, then binary structure and single-element structure,
and the sloughing resistance of cohesive soil is related to its water content and porosity ratio. A large fluctuation of
karst water level is the most important factor of collapse, and karst groundwater level is most likely to cause collapse
when it fluctuates around the bedrock surface. Karst collapse areas in Shandong are mainly distributed in important
groundwater source areas; therefore, the water level drop or fluctuation caused by irrational exploitation and utilization
of groundwater is the main human-induced factor. The karst collapses in Laiwu iron mining area is obviously affected
by the drainage in this area. In addition, the vibration load of the railway in Tai'an City and Dongwangzhuang-

Xiwangzhuang of Dongping town is another important human factor.

Key words Kkarst collapse, law of development, distribution characteristics, inducing factor, Shandong Province
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