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Abstract: Based on a series of surface collapses in Qujiang 
mine, in order to find out the reasons and to guide 
geological hazard prevention, the temporal and spatial 
analysis was carried out. Author investigated the 
characteristics of nine surface collapses on site, verified 
the underground voids and their covers by geophysical 
prospecting, summed the variation of monthly 
precipitation over the past ten years and collected 
earthquake record data. Using the above info the 
mechanism of surface collapses was developed. 

I. GEOLOGICAL AND MINING CONDITIONS 
Qujiang mine is located in Jiangxi province. Its capacity 

is 0.9 million ton. Strata from bottom to top are Permian, 
Triassic, Jurassic and Quaternary. At the top of Permian is 
Changxing limestone�145~250 m thick. There is lots of 
calcium carbonate in it, which is soluble. Karst caves are 
developed by a long dissolution. Quaternary is a loose 
structure, 0~17 m thick, with low anti-erosion ability. Soil 
caves are easily formed in Jurassic and Quaternary. The 
thickness of B4 main coal seam is 2.8 ~ 3.0m. 

II. FACTOR ANALYSIS OF SURCAFCE COLLAPSES 
IN GENERAL 

Surface collapses are a common geological disaster. Due 
to the different conditions, collapse mechanism also is quite 
complicated. But there are some main factors (Hui et,al. 
2013), including underground caves, overlying covers, 
dynamic vibration, and so on.  

A. Underground cave factor 

The existence of underground caves is the essential factor of 
the surface collapse. The larger volume of caves, the more 
number of caves, the bigger horizontal cross section of 
caves, the more possible to cause the surface collapse. 

B. Overlying cover factor 

If there are no thick consolidation strata, in the overlying 
cover of large caves, they tend to collapse. Most of the 
surface collapses happened in soil covers (no bedrock cover) 
because soil covers, including mudstone, is not strong 
enough to keep stability of caves. According to collapse 

statistics in China, 97% of collapses occurred in soil covers, 
and only about 3% of collapses occurred in bedrock covers. 

C. Dynamic vibration factor 

Dynamic factors from groundwater level change, load 
increasing and vibration on ground surface, and earthquake, 
and mining activity, all contributed to surface collapse.  

III. FACT INVESTIGATION 

A. Surface collapses 

There are nine (9) surface collapses in the mine area. 
According to time order, they are called as No.1 to No.9 
Collapse. Their condition is shown in Table 1. 

B. Underground caves 

Through geophysical prospecting�61 underground caves 
are found, that consist of soil caves in shallow part (Jurassic 
and Quaternary) and Karst caves in deep part. 

There are 19 soil caves, 10~30 m below ground surface, 
with volume of 137~29229 m3. There are 42 karst caves, 
located at 110.5~335 m below ground surface, with volume 
of 1010~154825 m3. These caves create the conditions for 
development of surface collapses.  

C. Precipitation 

The monthly precipitation statistics for Qujiang town of 
Fengcheng city, from 2001 to 2014, are shown in Table 2. 
The distribution is uneven and the rainstorms mostly take 
place from April to June. The cumulative precipitation, from 
April to June, is 760.1 mm, which is 46.1% of annual 
rainfall. 

D. Local earthquake 
According to data of the Seismological Bureau of Jiangxi 
province there was no earthquake in Qujiang town from 
2004 to 2008. The earthquakes begin to be active since 2009. 
Eight earthquakes occurred from 2009 to 2015, as shown in 
Table 3. 
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TABLE 1: SURFACE COLLAPSES IN QUJIANG MINE AREA 

Collapse point  Collapse time Collapse condition 

No.1  2013 Circular pit, diameterr 3.7 m�depth 1.5 m. 
No.2 May, 2013 Circular pit, diameterr 6.2 m, depth1~2 m. 
No.3 March 7, 2014 Circular pit, diameter 4 m, depth about 2 m. 
No.4 March 8, 2014 Circular pit, diameter 45~50 m, depth 86 m. 
No.5 March 17, 2014 Elliptical pit, long and short axis 4 m×2.5 m, depth 1.5 m. 
No.6 June 21, 2014 Elliptical pit, long and short axis 2 m×1 m , depth 3 m. 
No.7 Dec. 25, 2014 Elliptical pit, long and short axis 4 m×3 m , depth 2 m. 
No.8 March 10, 2015 Circular pit, diameter 5.5m, depth 0.5 ~2.5 m. 
No.9 April 13, 2015 Circular pit, diameter 4.5m, depth 0.5~1.2 m. 

 
TABLE 2: PRECIPITATION STATISTICS IN QUJIANG TOWN OF FENGCHENG CITY (MM) 

 
TABLE 3: EARTHQUAKE RECORDS SINCE 2009 

Year-Month-Day Magnitude of earthquake�ML�   Depth(Km) Location 

2009-07-15 1.2 8 Qujiang town 

2010-07-09 1.4 8 Qujiang town 

2011-09-23 2.6 - Qujiang town 

2012-04-09 2.3 5 Qujiang town 

2012-10-25 1.8 8 Qujiang town 

2013-05-07 2.1 6 Qujiang town 

2014-03-18 2 19 Qujiang town 

2015-01-30 1.6 15 Qujiang town 

 
  

Month 
Year 1 2 3 4 5 6 7 8 9 10 11 12 

2001 116.0 106.1 162.2 271.3 91.3 232.4 84.1 116.4 1.0 45.3 108.4 102.2 
2002 64.4 35.3 173.1 304.5 319.7 281.7 221.5 107.8 82.5 143.5 103.5 99.2 
2003 79.9 120.3 101.8 239.2 246.4 278.7 36.4 32.5 55.6 36.5 73.4 23.3 
2004 50.2 213.1 141.2 135.4 232.1 101.2 154.4 378.9 42.6 2.0 64.0 65.3 
2005 100.4 239.3 114.6 114.1 391.8 219.8 96.6 63.2 136.5 50.7 178.1 53.4 
2006 66.9 108.3 105.4 281.7 303.7 392.2 54.0 167.5 82.8 34.0 78.6 18.0 
2007 55.5 111.8 157.6 151.6 126.3 182.3 110.0 107.8 71.2 0.1 9.2 55.0 
2008 84.6 67.7 183.3 238.5 148.2 344.2 128.6 115.7 43.4 25.1 198.4 12.2 
2009 28.5 78.7 289.7 220.5 147.0 139.0 223.3 92.1 15.0 12.5 74.0 49.9 
2010 90.5 105.8 217.5 311.0 443.5 491.4 101.3 106.5 92.0 75.1 24.5 174.4 
2011 43.2 45.7 84.6 126.0 93.5 402.9 139.4 79.7 5.6 93.6 30.0 24.3 
2012 103.7 125.3 240.1 274.6 293.1 330.4 158.8 65.2 218.5 34.1 256.1 142.7 
2013 18.3 128.6 229.3 263.2 185.6 247.5 71.9 73.0 43.4 15.7 127.1 64.2 
2014 33.0 144.3 297.0 150.2 349.2 545.0 295.5 140.1 70.3 7.6 76.7 15.1 

Average 66.8 116.4 178.4 220.1 249.8 199.2 133.8 117.6 68.6 41.1 100.1 64.2 



16TH INTERNATIONAL CONGRESS FOR MINE SURVEYING, BRISBANE, AUSTRALIA, 12-16 SEPT 2016 
 

 241 

IV. ANALYSIS OF SURFACE COLLAPSE 

A. Reason of thin cover 
Among nine collapses in Qujiang mine, depth of eight 

collapses is less than 3 m (except collapse No.4; its depth 
is 86 m). According to geophysical exploration, 
surrounding the collapse points, there are underground 
caves distributed. Their horizontal distance is shown in 
Table 4, about 4.5~60 m. The depth of caves is 16.7~ 
90.2 m, mostly less than 20 m. Those soil caves in 
shallow part will form due to many Karst caves in Daye’s 
and Changxing’s limestone and groundwater erosion 
above them. 

TABLE 4: RELATIONSHIP BETWEEN SURFACE COLLAPSE POINT AND 
CAVE 

Collapses  Cave name 
near collapse 

Horizontal 
distance (m) 

Cave 
depth (m) 

No.1 51 4.5 19.6 
No.4 4 20 90.2 
No.7 39 60 42.6 
No.8 40 5 16.7 
No.9 42 12 18.7 

 
Meanwhile, because the covers of soil caves are thin 

and low intensity, they lose their stability easily and 
collapse. From these facts we can deduce that the first 
intrinsic reason for collapses is the thin soil cover over 
underground caves.  

B. Reason of ground water decline and soil cover 
softening 

Under the condition of relative seal situation, when 
groundwater level decline it causes a vacuum suction 
erosion effect. The lower the groundwater level is, the 
more suction force draws soil cover. It leads to surface 
collapse. 

By analysing different monthly precipitation in 
2001~2014, April to June is rainy season, with larger 
precipitation, which accounted for 46.1% of annual 
average precipitation. Ground water level will increase 
within 1~2 months after the precipitation (Ruiguo et,al. 
2009). After the rainy season, underground water level 
slowly declined. When next rainy season comes, the 
underground water level rises again. So change of 
groundwater level in one year had a cycle of lowing and 
rising. In March, underground water level is the lowest. 
So in March, underground water level is the lowest. At 
the same time, the rainfall is concentrated in rain season. 
The floodwater soaked soil, making the soil cover 
strength sharply decline. Surface collapse tends to occur. 
As a result, 4 surface collapses happened in March; 1 
point in May, 1 point in June, 1 point in July, seen at 
Table 5. Therefore, the groundwater level decline and soil 
cover soften are second reason. 

C. Reason of earthquake vibrations 
Based on the earthquake records, the correlation 

analysis between earthquake and surface collapses were 
analysed. The obvious correlation was found. Earthquake 
occurred in May 7, 2013, and No.2 collapse occurred in 
May 2013. The earthquake occurred in March 18, 2014, 

and 4 surface collapses (No.3, No.4, No.5 and No.6) 
accompanied it around this period (March 7, March8, 
March 17, and June 21 respectively). Earthquake 
occurred in January 30, 2015, and 3 surface collapses 
(No.7, No. 8 and No.9) accompanied it around this period 
(Dec. 25, 2014, March 10, 2015, and April 13, 2015 
respectively). Their interval time was less than 3 months, 
as shown in Table 6. It can be inferred that the reason of 
earthquake is an induced reason. 

TABLE 5: SURFACE COLLAPSES RELATED TO RAIN SEASON 

Month Average precipitation 
(mm) 

Surface collapse points 
 per year 

3 178.4 No.3, No.4, No.5 in 2014; 
No.8 in 2015 

4 220.1 No.9 in 2015 

5 240.8 No.2 in 2013 

6 299.2 No.6 in 2014 

 

TABLE 6: SURFACE COLLAPSES RELATED TO EARTHQUAKE 

Year Earthquake 
time Collapse point and time  

2013 May 7 No.2 in May 

2014 March 18 No.3 in March 7; No.4 in March 8 
No.5 in March 17; No.6 in June 21 

2015 Jan.30 No.7 in Dec.25, 2014; No.8 in March 
10; No.9 in April 13 

D. Reason of underground mining 
According to the prediction formula for medium-hard 

overburden condition in the Coal Pillar Design 
Regulations (National Bureau of Coal Industry, 2000), 
the maximum height of water flowing fractured zone is 
42 m. The minimum distance from B4 coal seam to 
Daye’s and Changxing’s limestone is more than 300 m, 
and it includes the water-resisting layer. Mining influence 
on Limestone is small. No karst water from limestone is 
found in underground working face (Bingnan, 2014). In 
view of mining, there is no obvious relation with surface 
collapse.  

But objectively, underground mining would change the 
surrounding rock stress and cause the surrounding rock 
movement and deformation inevitably. As a result, they 
will affect underground caves within the influence range. 
Therefore, underground mining should have impact on 
surface collapse in that mining area. 

V. CONCLUSION 
There are many karst caves and shallow soil caves 

around the collapse point. They have no bedrock cover 
and their depth is less than 20m. Big underground caves 
and thin cave covers are the first reason of surface 
collapses in that area. 

During March to June, the low groundwater level 
makes caves to form relative vacuum and to draw the 
cave cover down. Concentrated rainfall makes the soil 
cover weak and destroy their structure. The groundwater 



16TH INTERNATIONAL CONGRESS FOR MINE SURVEYING, BRISBANE, AUSTRALIA, 12-16 SEPT 2016 
 

 242 

level decline and soil cover softening are the second 
reasons. 

There is an obvious correlation between surface 
collapses and earthquakes. Earthquakes accompanied all 
collapses in Qujiang town. Earthquake is the induced 
reason. 

Despite no obvious correlation between mining and 
surface collapses, certainly, the underground mining has 
also impact on the surface collapses. 
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