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Coal mine goaf is rather severe safety hazard during the process of coal mining. Besides, it is also 

difficult to be detected accurately. Based on the electrical, magnetic and physical properties of coal mine 

goaf, the paper proposes the comprehensive use of magnetic method and transient electromagnetic 

method to detect coal mine goaf. Within the research region, the magnetic method is used to measure 

the area, and designate key zones. Then, transient electromagnetic method is adopted to survey the 

key regions and learn about electrical resistivity underground. Comprehensive analysis is conducted on 

magnetic susceptibility and electrical resistivity to infer the spatial distribution features, such as the 

possible scale and depth of goaf. Drilling data prove the reliability of joint detection and explanation 

method. 

1. Introduction 

Coal mining industry is one of main energy sources in China. It plays an important role in promoting the 

development of the national economy. During the process of coal mining, some holes or cavities (goaf) 

are likely occur, causing safety hazards to urban construction and geological environment (Zhihai et al., 

2014). How to rapidly and effectively defect the scope of underground goaf is an important task of 

geologic prospecting. Many domestic and foreign science researchers have conducted a lot of research 

and studies on goaf defection. Primary methods include thermometry, magnetic method, resistivity 

measurement, gas measurement, transient electromagnetic method, geological radar detection method, 

remote sensing and radioactive radon detection. Among these methods, transient electromagnetic 

method and magnetic prospecting method have merits like short prospecting time and favorable 

resolution capabilities. Hence, they are effective methods to defect fire zone boundaries and water 

abundance of coal beds (Wang et al., 2014, Weidong et al., 2012 and Zhang et al., 2015). According to 

the physical features of goaf, the paper utilizes transient electromagnetic method and magnetic method 

to conduct joint exploration on a certain goaf region in Shanxi, in order to find out the spacial distribution 

of goal region, eliminate safety hazard, and provide basis for dealing with geological disasters and coal 

mine safety (LI et al.,2011). 

2. Detection Principles 

According to the residual magnetism theory, the theoretical model can be formulated (Figure 1.) The 

magnetic anomaly curves are demonstrated as follows: Normal coal-bearing region has stable magnetic 

field. Spontaneous combustion area shows apparent magnetic anomalies (Qi et al., 2014, Yan et al., 

2014; Jiang et al., 2013). For the whole detection region, magnetism of the burning region shows the 

following anomalies: It is quite difficult to detect magnetic anomalies in the burning temperature curie 

point, the evaporation zone of absorbed water and discharging zone of volatile matter. As for the 
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burning region, the coal bed is oxidized by the air in the tunnels, collapse craters and fissures. Hence, it 

is feasible to determine the scope of burning regions and goad zones according to magnetic anomalies. 

Transient electromagnetic method is the geophysical exploration method based on the law of 

electromagnetic induction to detect underground information of terrestrial electricity. An impulse is sent 

through the earthed return line to detect the inducted secondary field caused by vortex due to 

stimulation of geologic body. Through observing the changing rate of secondary magnetic field over 

different periods, it is feasible to explain space structures and electrical parameters of geologic bodies at 

different depths (Song et al., 2011,). When coal beds are mined, gaps may form between the bottom 

and top rock stratum layers and disrupt the integrity and continuity of rocks. Hence, the electrical 

resistivity in this region is higher than that of surrounding rocks. When gaps are filled with water in the 

goaf region, the electrical resistivity indicate low levels of resistivity (Li et al., 2017; Markku et al., 2003; 

Xu et al., 2009; Liu, 2006; Zhang, 2007; Yang et al., 2008; Zhang et al., 2013; Zhu et al., 2014). 

 

Figure 1: Diagram of incline step model                    Figure 2: Arrangement diagram 

3. Data Collection and Processing 

In the mining area, the coal bed is relatively shallow. Besides, due to the low rate of recovery, a lot of 

coals are left in the goaf zone. The mining zone is transient from chestnut soil to castano-cinnamon soil. 

Parent material and soil mainly include alluvial deposit, diluvium, and slope wash, as well as some 

eluvium. In the goaf zone, areas with high resistance should be given extra consideration on electrical 

property. Firstly, magnetic method is used to measure the area. Then, according to magnetic inversion 

results, conduct the transient electromagnetic measurement in key regions(Figure 2).  

3.1 Magnetic data collection and processing 

Magnetic detection range covers the whole area, which is 1010m×1540m(Figure 2). the network is 

designed as 50m×20 m. accuracy is 2.5 nT. After daily variation change, height change and pole 

changes, magnetic anomalies are shown in Figure 3. 

The goaf is mainly in the zone of superficial layers. The detected data are anomaly overlays by different 

geologic bodies, which indicate geologic bodies of different depth and sizes. Hence, it is necessary to 

separate the anomaly overlays, extract superficial information and conduct post processing. Optimized 

filtering method is used to separate the original observation data and obtain the local anomaly (Figure 

4). According to Figure 3 and Figure 4, it can be seen that regions with high values in the southeast part 

of Figure 3 have deep source. Some regions (northeastern part) didn’t indicate anomalies, but obvious 

anomalies are shown after smoothing, which verify the necessity of extracting superficial information. 

To accurately determine the position and depth of field sources, three-dimensional inversion is 

implemented on the underground model after mesh generation. The number of networks is 54×80×51 

(Figure 5) 

Compared with traditional two-dimensional section inversion and man-machine interaction inversion, 

three-dimensional inverse also gives consideration to magnetic anomalies in the whole region, in order 

to eliminate the influence of side anomalies. After 15 iterations, underground magnetic susceptibility 

inversion distribution results are shown in Figure 6. 

3.2 Transient Electromagnetic Data Acquisition and Processing 

Because the induced voltage signal is small, which is susceptible to all kinds of human electromagnetic 

interference, it is necessary to analyze and filter the noise after drawing the original multi track map. 

After filtering de-noising, it is also necessary to convert the apparent resistivity parameter to facilitate 

understanding and post-processing of data. The result of the late phase of TEM is useful for the 

stratified information of the geoelectric section. Moreover, its stratification ability is strong, its volume 

effect is small, and the detection depth is large.  

The apparent resistivity mentioned above is the basic parameter to be processed further. After inversion 

calculation, it would be analyzed and explained according to the actual data of the work area. 
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4. Results and Discussions 

4.1 Analysis of Results from Magnetic Method 

The studied area is an opencast coal seam, which is buried shallower. Also, the magnetic anomalies 

caused by the fire area are mainly distributed in the shallow part. Therefore, the shallow magnetic 

anomalies separated from the original anomalies can more accurately reflect the distribution of the 

burned areas. Combining the known data and the high magnetic area of the measured magnetic 

anomalies in the magnetic anomaly, the region likely to exist in the burning area has been circled in the 

figure. The part circled by the black line is the inferring abnormal area (Figure 7). In Figure 8, it is three-

dimensional inversion result diagram, in which the distribution, burial depth and direction of underground 

high magnetic lift are further shown. It can be seen from the figure that the distribution of fire area in this 

study area is relatively scattered with a large range of abnormal reflection in the northwest corner. And 

the corresponding transient electromagnetic workers should be arranged in the key areas of the 

magnetic research area to provide reference for further confirmation of goaf and production 

construction. 

                                               

Figure 3: Original ΔT magnetic anomaly in 

research area 

Figure 4: Local ΔT magnetic anomalies in 

research region 

                             

Figure 5: Mesh generation in research region Figure 6: ΔT Underground magnetic 

susceptibility inversion distribution results 

4.2 Analysis of the Transient Electromagnetic Results 

(1) Analysis of the Results in C6 Area 

Figure 9 is a three-dimensional diagram from the transient electromagnetic method to infer the abnormal 

results of goaf in the C6 area. The envelope of a graph is an equivalent surface of apparent resistivity. 

And the shadow part of the delineation is the deduced high resistivity anomaly area, that is, the goaf 

area. On the whole, the goaf is north-south, which is consistent with the trend of high magnetic anomaly 

in C6 area. It means that the construction mode of coal mining is in the direction of North and South with 

the 1200m in depth. In order to analyze the location of goaf in the whole survey area more finely, it is 

projected to the the surface, as shown in Figure 10. It can be seen from the diagram that the goaf in this 

area is mainly distributed in the North (400-500 m). and the region with a resistivity higher than 780 Ω·m 

is circled  by a red line, which is in high credibility. Therefore, relevant treatment and prevention work is 

necessary before construction here. The outward blue lines and green lines refers to 700 Ω·m, 550 Ω·m 
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respectively, whose reliability is slightly lower. Attention should be paid here to exclude risk factors 

before construction 

(2) Analysis of the Results in C8 Area 

In Figure 11, it is the spatial location diagram of goaf in C8 area through transient electromagnetic 

method. It can be seen from the diagram that the high resistivity area is mainly located in the north-

south direction of the survey area in the west of 1000-1100m. In order to observe the more precise 

location of goaf in the whole survey area, it is projected on the surface, as in Figure 12. It can be seen 

from the diagram that the goaf in the survey area is mainly distributed in the central and western areas. 

The area with resistivity higher than 700 Ω·m is circled by the red line, which is high credibility. It needs 

to be harnessing and warning before the construction. Outward, areas circled by blue and green lines 

are 600Ω·m, 470Ω·m respectively, which is in low credibility. It is needed to pay attention to and 

eliminate hidden dangers before construction. 

                                                   

Figure 7: Inferential Diagram of the Goaf in the 

Magnetic Anomaly 

Figure 8: Three-Dimensional Inversion Slice of 

Magnetic Anomaly Susceptibility 

    

Figure 9: 3D Diagram of Electrical Inversion in 

C6 Area 

Figure 10: The Surface Projection of the Goaf 

in C6 Area 

(3) Analysis of the Results in C9 Area 

Figure 13 is a three-dimensional diagram of the goaf in the C9 area deduced by transient 

electromagnetic method. And its surface projection is as shown in Figure 14. It can be seen from the 

diagram that the high resistance area in this is mainly distributed in the South and North side, who is 

also heading for North and South. Its top buried depth is 1250 m, which is larger than that of C6 and C8. 

The area circled by red lines is a region with a resistivity higher than 450 Ω·m located in southwest 

corner of the survey area, with high credibility in scale concentration. But here, the red circles ares 

overlap with the blue and green ones highly, which may indicate the sudden occurrence of electrical 

properties. 

4.3 Result Verification 

After analyzing the data of magnetic method and transient electromagnetic method, drilling validation 

was carried out in the C6 area (300,450), C8 area (400,1000) and C9 area (670,680). As a result, all 3 

boreholes were hit in the goaf, which verifies the accuracy of the combined interpretation of 

magnetoelectric results. Therefore, other areas of goaf / burning zone that may be identified by 
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magnetic method and transient electromagnetic method should be mainly focused on for safety 

production. 

 

 

Figure 11: 3D Diagram of Electrical Inversion in C8 Area 

 

Figure 12: The Surface Projection of the Goaf in the C8 Area 

 

Figure 13: the 3D Diagram about Electrical Inversion in C9 Region 

 

Figure 14: The Surface Projection of the Goaf in the C9 Area 

5. Conclusion  

The results of comprehensive utilization of magnetic and transient electromagnetic methods show that it 

is feasible and effective to use two methods in synthetically detecting the goaf in coalfield. Before 

working, the magnetic and electrical characteristics of the target area should be determined according to 

the actual situation. The range of the burned area can be effectively delineated by using high magnetic 

anomalies. And the specific shape of the target body can be determined by using high resistivity or low 

resistivity anomalies. The two methods should be complementary to each other, which is an effective 

way to accurately detect the goaf in the coal field. 
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