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Fig. 1 Statistics of karst collapse

frequency in Shandong Province

1990 4F Z Rif, 5 38 B (U A A A 28 22 T I 5 vl
(B R 282 Tk X —IH B K IR b K S FE T X,
SR TSR KA LA HEK AN ), A2 UCRORT X 5
AR, 1990 AR, Bl 30T BERR ) AS I 4 e, A
7L IR i A KHUBCA R G ™, 2010 4E LK,
LI 2R 8 2 T 0 I i A USRI R B S 1, JCHG 2
B bR AR M RS T TR 1T, 2015 4R RIOR, 3

(2)4FEN AR

AE N AR 32 N ISR MR 7K KA R K O R
PR ™ & 2 AT, —AF BB R R AR
16 6-9 A1y, 29 83%, Hivh 7-8 H J& 248 15 M i &
A By, 5 50% 2% ETEA, 80% LA L BRI
A R AR TR AT TR A A K B R S Y — B
B I] P o

30 - - 250

25 | m—H K b

— BB 200

s 20 g
R F150 £
o
&

F1

- 50

] -0
123 456 7 8 91011 12
Ay

B2 WEREERBREASHIFIEE(1975-2019 )

Fig. 2 Annual distribution characteristics of karst collapse in
Shandong Province (1975-2019)
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Table 1 Karst collapse distribution in different cities of Shandong Province
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Fig. 3 Distribution map of karst collapse in Shandong Province
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Table 2 Bedrock strata of the main karst collapse areas in Shandong Province
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Table 3 Overburden characteristics of the karst collapse areas in Shandong Province
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Fig. 4 Relationship between collapse and soil thickness or structure
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Table 4 Hydrodynamic conditions of the main karst collapse areas in Shandong Province
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Table 5 Inducement of karst collapse in Shandong Province
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Analysis on development characteristics and inducement of
karst collapse in Shandong Province

WU Ya’nan'"’, YANG Yuntao"’, JIAO Yuguo'’, LIU Zhitao?, WANG Yanling"’,

ZHAI Daiting"?, ZHOU Shaozhi'?, WEI Kai'?, CHENG Feng'”
(1. Shandong Fifth Institute of Geology and Mineral Exploration, Taian, Shandong 271000, China; 2. Key Laboratory of Karst Collapse Prevention and

Control of Shandong Provincial Bureau of Geology and Mineral Resources, Taian, Shandong 271000, China )

Abstract  The karst collapse in Shandong Province has occurred continuously since 1960s, showing the
characteristics of wide distribution and great harm. In recent years, with the development of China’s economy, the
geological disasters caused by karst collapse have taken place widely and frequently. Therefore, it is significant for us
to study development characteristics and inducement of karst collapse. Carbonate rocks chiefly compose soluble rock,
and the main rock types are limestone and dolomite, including the transitional type and metamorphic product—marble,
which are mainly distributed in the Sinian, Late Cambrian and Ordovician periods. The main geological structure in the
study area is fault structure, and most of karst collapses are located in the fault zone, its effecting zones and fold
developing area. The aquifer rock group of karst water include limestone and dolomite of Cambrian and Ordovician,
and karst development is conducive to vertical precipitation and pore water infiltration. Artificial groundwater
exploitation is the main route of water discharge, and mass exploitation has led to landing funnels of karst water in the
study area. The change of hydrodynamic field is the most important factor causing karst collapse.

Based on previous studies and the results of investigation and monitoring, the spatial and temporal distribution
law of karst collapse in Shandong is summarized. Then the background conditions and influencing factors of several
main subsidence areas are expounded from the aspects of bedrock characteristics, overburden characteristics,
hydrodynamic conditions and external disturbance. Statistical analyses show that the karst collapse in Shandong is
mainly distributed in 6 cities such as Jinan, Tai’an, Zaozhuang, Linyi, etc. But new subsidence areas such as Yantai,
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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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