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Abstract

The formation and development of faults are a manifestation of stress concentrations and energy release in crustal rocks, and

faults have a great influence on the occurrence of dynamic mine disasters. This study proposed mapping technology as a fault

identification method. The mapping procedure included four steps: (1) Drawing points on topographic maps. The information of

topographic maps, such as elevation, rivers, and lakes was copied onto sulfuric acid paper. (2) Classifying the landform. Based on

the highest and lowest points in the studied area, the minimum elevation difference was calculated and the elevation points were

graded according to the minimum elevation difference. (3) Determining the block boundaries. The elevation points in the same

grade were categorized into the same blocks. (4) Mapping the fault distribution. The boundaries between different blocks were

considered as faults. In this regard, numbers were assigned to the faults, and a graphic scale, coordinate grid, and legends were

added to the map. Fault identification for classes I–V was conducted at different scales. Fault identification for the next class

always retained the previous results. Using this method, the faults in the Pingdingshan coal mining zone were divided into classes

I–V. By comparing the classes with historical coal and gas outbursts, it was indicated that more than 90% of the coal and gas

outbursts occurred in the vicinity of faults, especially at the intersections of multiple faults and in areas with concentrated faults.

This study provided a scientific basis for predicting coal and gas outbursts.
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Introduction

Coal and gas outbursts represent a severe hazard in coal

mines. They often cause casualties and equipment damages

to coal mining enterprises, reducing mining safety and eco-

nomic efficiency. Outbursts occur because of the combined

effects of ground stress, gas, and compatible physical and

mechanical properties of coal (Díaz Aguado and Gonzúlez

2007; Wold et al. 2008; Fu et al. 2008; Wang et al. 2009;

Zhang 2009). Many scholars have conducted extensive re-

search regarding the influencing factors of coal and gas out-

bursts, including gas contents (Dennis 2017), ground stress

(Pan et al. 2020), and the crushing effect (Zhang et al.

2020). There are over dozens of factors that may influence

outburst threat (Jacek 2011; Norbert 2012).

It is believed that most outbursts occur near geological

structures (Jiang and Yu 1996; An et al. 2008; Han et al.

2008; Liu et al. 2010b; Liu et al. 2010b; Zhang et al. 2013).

The geological structure in a mining zone determines the un-

even distribution of coal and gas outbursts (Guo and Han

1998; Guo et al. 2002a, b). Farmer and Pooley (1967) found

that all coal and gas outbursts occurred in regions that had

experienced severe structural deformation, such as faults,

folds, rolls, and slides, and in the tectonic coal development

area. Shepherd et al. (1981) investigated the occurrences of
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coal and gas outbursts in Australia, Canada, the UK, France,

and Poland. It was found that more than 90% of typical out-

bursts occurred in areas of strong deformation, such as the

hinges of asymmetric anticlines, the hub area of plunging fold,

strike-slip faults, nappe faults, and strong deformation zones

around reverse and normal faults. Lama and Bodziony (1998)

believed that folds, joints, faults, tectonic coal, variations in

coal seam thickness, and magmatic intrusions affect coal and

gas outbursts. Cai and Wang (2004) systematically summa-

rized the coal and gas outbursts from 106 coal mines in 15

coalfields in China. Among 3082 accurately recorded out-

bursts, 2525 (81.9%) of them occurred in locations with geo-

logical structures, such as faults, folds, magmatic intrusions,

and variations in coal seam thickness. Only 557 (18.1%) of the

outbursts took place in areas without geological structures.

Moreover, outbursts occurred in eight out of nine currently

producing mines in Huainan, and 72 out of 129 outbursts

(55.81%) were related to geological structures. Therefore, it

could be concluded that the geological structure has a signif-

icant impact on the occurrence of coal and gas outbursts.

The results of the geological studies of outburst emphasizing

structural conditions and tectonic stress field demonstrate that the

outbursts are related to four factors: the structural characteristics,

tectonic stress field, tectonic coal, and coal seam gas (Guo et al.

2002b; Zhang and Zhang 2005; Han et al. 2007; Liu et al. 2010a,

b; Gao et al. 2012). In a study of tectonic stress, Zhu (1994)

confirmed that the stress field adjacent to faults has a significant

effect on outbursts. Han et al. (2011) discussed the effect of

tectonic depressions on outbursts. Hao et al. (2012) analyzed

the characteristics of tectonic stress caused by sliding at the lo-

cations of outbursts. Based on the geo-dynamic division theory,

earthquakes, rockbursts, and coal and gas outbursts are associat-

ed with the movement and development of fault structures and

are the result of the secondary formation of faults and fractures

(Zhang 1998; Zhang et al. 2009). As the scale of the current plate

tectonics is large, it cannot be applied directly to solve the dy-

namic hazard problems in a coal mine. Hence, the methods that

can identify and detect faults in regional and local scales are

needed. Such methods are applicable to engineering activities

which are highly required.

1) elevation contours, 2) river, 3) lake, 4) faults that form geomorphic features
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Fig. 1 Geomorphic

manifestations of faults: (1) ele-

vation contours, (2) river, (3) lake,

and (4) faults that form geomor-

phic features

Table 1 Empirical values of the

minimum elevation difference

(Δhmin) used in the mapping

Fault classes Topographic map scale Minimum elevation difference/Δhmin

I 1:2,500,000 500m

II 1:1,000,000 200m

III 1:200,000 100m

IV 1:50,000 20–50m

V 1:10,000 5–10m

710    Page 2 of 15 Arab J Geosci (2021) 14: 710



Fig. 2 Topographic map of the study area (regional)

Fig. 3 Points that were drawn on sulfuric acid paper (regional)

Page 3 of 15     710Arab J Geosci (2021) 14: 710



So far, many scholars have conducted a lot of research on

fault identification and detection methods, including Landsat

synthetic stereo pair (Salvi 1995), grid-based ensemble

Kalman filter (Sun 2011), Alpha track (LR-115 type II) detec-

tors (Asumadu-Sakyi et al. 2011), curvature (Zheng et al.

2014), diagnostic plots with the divergence time (Vilarrasa

et al. 2017), seismic and scattered data analysis (Landa and

Gurevich 1998; Xu et al. 2015; Noori et al. 2019), integration

of remote sensing and geographic information systems

(Mohamed and Alshamsi 2019), horizontal to vertical spectral

ratio (HVSR) (Khalili and Mirzakurdeh 2019), high-precision

gravity data analysis (Zou et al. 2019), the mineral and bulk-

rock compositions (Masakazu et al. 2019), temperature vege-

tation dryness index (Wang et al. 2019), and the multidisci-

plinary studies (e.g., archaeoseismology, remote sensing and

geomorphology, surface geology and structural data, 2D re-

sistivity imaging, and palaeoseismological trenching)

(Similox-Tohon et al. 2006).

Based on the principle of geo-dynamic division (Chen et al.

2016), a fault identification method predominantly based on

mapping technology was proposed in this study. The fault

division by mapping was mostly based on the geomorphic

characteristics of active faults. It had the feature of high effi-

ciency, low cost, and easy operation. The procedure consisted

of drawing points on a topographic map, classifying the land-

form, determining the block boundaries, and mapping the

fault distribution. The faults were divided into classes I–V in

the coal mine region. The fault’s effect on coal and gas out-

bursts was also analyzed, which provided a scientific basis for

predictions of dynamic disasters in coal mines.

A division method for faults

Geomorphic indicators of fault

Tectonic movement is the driving force for the formation and

development of the earth’s topography and geomorphology.

Faults are consequences and indicators of crustal movement.

Geomorphology reflects great information about faults. The

geomorphicmanifestation caused by faults can be divided into

two categories. The first category is large-scale landform or

macro-landform, which is the result of long-term effects of

faults. The second one is the micro-landform, which is caused

by a small number of abrupt events (such as earthquakes). The

study of the geomorphic manifestations of the faults is impor-

tant for understanding the characteristics and activity of faults.

The topography is sensitive to faults that can be identified

from the earth’s surface. Fault identification is a process of

determination of the boundaries between blocks that are geo-

dynamically related. Although the boundaries may become

ambiguous due to erosion, the fault indicators are still visible.

Faults can be identified by several topographic indicators,

such as fault scarps and toe lines, bending of continuous river

valleys, and beaded lakes (Fig. 1).

Fault identification method

Mapping is one of the major methods used to identify faults

and is mainly conducted based on the geomorphic character-

istics of faults. Based on the assumption that the basic forms

and main characteristics of the topography and geomorpholo-

gy depend on the geological structure, the formation and de-

velopment of regional faults can be identified through topo-

graphic and geomorphic analyses. The fault identification

principle is applied from a general to an individual perspec-

tive. Starting with the plate tectonics, by identification and

division of classes I–V faults, the scope could be narrowed

down to mine field scale, which linked plate tectonics with

engineering applications. The mapping was conducted based

on topographic maps. Topographic maps depicted three-

dimensional characteristics of landform and provided evi-

dence for analyzing landform origin. The mapping procedure

included the following steps:

(1) Drawing points on topographic maps. The fault identi-

fication for different classes must be conducted on topograph-

ic maps with different scales (Table 1). After selecting the

topographic map (e.g., division of class V faults at a scale of

1:10,000, as shown in Fig. 2), the topographic map was cov-

ered with a piece of transparent sulfuric acid paper. The ele-

vation points whose locations and values were known on the

topographic map were copied to the sulfuric acid paper.

Rivers and lakes must also be mapped on the sulfuric acid

paper. Thus, the topographic and geomorphic information pri-

marily consisted of drawing the elevation points (Fig. 3).

(2) Classifying landform. The adjacent areas may be divid-

ed into different blocks by considering different elevations.

For each region, the minimum elevation difference

Δhmincould be calculated using the following equation:

Δhmin ¼ 0:1 Hmax–Hminð Þ ð1Þ

Table 2 Geomorphic

elevation classification

results

Elevation class Elevation scope/m

1 240–260

2 260–280

3 280–300

4 300–320

5 320–340

6 340–360

7 360–380

8 380–400

9 400–420

10 420–440
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Fig. 4 Block division (partial)

Fig. 5 Fault distributions (partial)
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where Hmax is the maximum absolute elevation of the surface

in the studied area (m) and Hmin is the minimum absolute

elevation of the surface in the studied area (m).

Table 1 presents the empirical values ofΔhmin for the iden-

tification of classes I–V faults.

Based on Fig. 3, the highest and lowest points in the study

area were determined. The maximum elevation was 439.4 m,

and the minimum elevation was 241.5 m. Then, Δhmin was

calculated using Eq. (1) as follows:

Δhmin ¼ 0:1� 439:4–241:5ð Þ ¼ 19:8 m ð2Þ

Based on the result, the elevation points were divided into

10 classes with an interval of 20 m, and each class was labeled

with numbers 1–10. The 10 geomorphic classes are presented

in Table 2.

Based on Table 2, the elevation points in Fig. 3 were re-

drawn using classes 1–10. The elevation points in one identi-

cal or similar class were drawn for one block. The studied area

was divided into several blocks. Figure 4 illustrates part of the

classified elevation points. We might encounter anomalous

elevation points during the division process. For example,

the elevation point of class “10” in the upper right part of

Fig. 4 was surrounded by other elevation points of classes 5

and 6. Therefore, this point could be erroneous. The reason for

this problemmight be a human activity, such as a waste dump.

These anomalous points must be corrected through a field

survey.

(3) Determining the block boundaries. The block bound-

aries were determined based on the classification of elevation

points. The boundaries between different blocks were faults.
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Fig. 8 Class I fault distribution in

Pingdingshan mining area

Page 7 of 15     710Arab J Geosci (2021) 14: 710



To identify faults, we also needed to analyze topographic and

geomorphic features, such as fault scarps, linearly distributed

beaded lakes, river bends, seismic data, and remote sensing

images. The anomalous elevation point was modified through

a field survey. Figure 5 exhibits the faults that were identified

based on Fig. 4.

(4) Finishing fault distribution map. Roman and

Arabic numbers were utilized to indicate fault class and

number. For example, V-3 represents the third fault in

class V. After adding a graphical scale, coordinate grid,

and legend into the map, the fault distribution map was

completed (Fig. 6).

Classes I–V faults could be identified by conducting the

above process on topographic maps with different scales.

Fault identification for the next class always retained pre-

vious results. For example, the identification of class V

faults retained the results of classes I, II, III, and IV.

Class V faults narrow the scope of a coal mine, which

can be used for engineering activities.

Fault identification application and its impact
on coal and gas outbursts in Pingdingshan
mining area

Fault identification in Pingdingshan mining area

The Pingdingshan mining area is characterized by a belt

of block uplifts and circumferential depressions. It is

bounded by the Jiaxian normal fault, the Xiangjia nor-

mal fault, and the Yelu normal fault (Fig. 7). The main

structure is the Likou syncline that is a broad and gentle

synclinorium. The axis of the syncline trends 300–310°

and plunges to the northwest. The dip angles of the two

wings are 5–15°.

Identification of class I faults

Eight class I faults were identified on a 1:2,500,000-scale

topographic map using the mapping method (Fig. 8). The

Table 3 Features of class I faults

Fault name Orientation Relationship to known fault Landform Movement type Activity

I-1 294° - 303° Liangyun Fault Uplift Strike-slip fault

I-2 319° - 288° Xin’an-Luye Fault

I-3 292° - 87° Xinxiang-Shangqiu Fault Terrace Dextral normal fault Strong

I-4 11° - 48° Liaocheng-Lankao Fault Depression Strong

I-5 32° - 69° Tangxi Fault Dextral-transform normal fault Strong

I-6 33° Taigu Fault

I-7 15° - 79° Hancheng-Huaxian Fault

Fig. 9 Class II fault distribution

in Pingdingshan mining area
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results indicated not only numerous known faults but also

several new faults. The features of the class I faults are pre-

sented in Table 3.

The class I faults were located within the Hehuai

block of the North China plate. Fault I-1 is related to

Liangyun Fault (Yunxian-Yunxi Fault) which is an im-

portant fault in the central orogenic zone. It has under-

gone a significant strike-slip deformation since the

Quaternary. Fault I-2 is related to the known Xin’an

Fault and Luye Fault, but its end is newly developed.

Fault I-3 is related to the Xinxiang-Shangqiu Fault that

is the boundary between the Jilu block and the Yuwan

block. It crosses the northern downtown area of

Shangqiu city and causes strong earthquakes. Fault I-4

is related to Liaocheng-Lankao Fault that is located on

the Huabei platform. As the boundary of the Huabei

fault zone and Luxi fault zone, it controls the formation

of tectonic patterns in neighbor areas. Fault I-5 is relat-

ed to the Tangxi Fault that is a dextral-transform normal

fault. It experienced intense activity in Neogene. Fault

I-6 is the Taigu Fault, and fault I-7 is the Hancheng-

Huaxian Fault.

Identification of class II faults

Three class II faults were identified on a 1:1,000,000-scale

topographic map through the mapping method (Fig. 9). The

features of the class II faults are presented in Table 4.

Fault II-1 is related to the Checun-Lushan Fault and is

marked by a chain of beaded lakes and boundaries between

highlands and lowlands. It extends several hundred kilometers

from northeast to southwest. Fault II-2 strikes northwest. The

elevation difference of its both sides reaches thousands of

meters. Numerous linear small lakes and reservoirs distribute

along this fault. Fault II-3 intersects with fault II-1 at Suya

Lake.

Identification of classes III, IV, and V faults

Classes III, IV, and V faults were identified on topographic

maps of Pingdingshan EastMining area as a center with scales

of 1:100,000, 1:50,000, and 1:10,000, respectively. Overall,

there were 15 class III faults, 11 class IV faults, and 31 class V

faults that needed to be identified. Details of these faults are

shown in Figs. 10, 11, and 12, respectively.

Fig. 10 Class III fault distribution

in Pingdingshan mining area

Table 4 Features of class II faults

Fault name Orientation Relationship to known fault Geomorphology Movement type Activity

II-1 311° - 295° Checun-Lushan Fault A chain of beaded lakes, terraces Dextral

II-2 345° A chain of beaded reservoirs, elevation differences

II-3 63° - 72° Terraces
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Effect of faults on coal and gas outbursts

Effect of faults on No. 8 mine coal and gas outbursts

Coal and gas outbursts in the western part of the No. 8 mine

were largely affected by faults III-6, III-12, V-1, V-2, V-11,

and V-12 (Fig. 13). The E9-10 coal seam had experienced 24

coal and gas outburst events, 19 of which (79.2%) occurred

between faults III-12 and V-1.

The coal and gas outbursts in the eastern part of the No. 8

mine were chiefly affected by faults III-3, III-5, and V-9. The

F15 coal seam had experienced 18 coal and gas outbursts, 15

of which (83.3%) took place at the intersection of faults III-3,

III-5, and V-9 and were distributed on both sides of fault III-3.

Effect of faults on No. 10 mine coal and gas outbursts

Coal and gas outbursts that occurred in the No. 10 mine were

concentrated on the north of fault III-12 and were affected by

several class V faults, including faults V-12, V-13, and V-24

(Fig. 14). The E9-10 coal seam had experienced 33 coal and

gas outbursts, 24 of which (84.0%) occurred near fault V-12

and between faults V-12 and V-13. Two of them (8.0%) took

place at the intersection of faults V-13, V-23, and V-24, four

of them (16%) happened near the intersections of faults III-1,

III-9, III-12, IV-3, and IV-4, and one of them (4%) occurred

near fault V-28. The area surrounded by faults III-12, V-12,

V-13, V-24, and V-25 was an area with a high rate of occur-

rence of coal and gas outbursts. High-density faults cause

severe rock fracturing and stress concentrations that are the

main reason for high frequent and intense coal and gas

outbursts.

Effect of faults on No. 12 mine coal and gas outbursts

Coal and gas outbursts that occurred in the No. 12 mine were

concentrated at the intersection of faults III-9 and V-11 and in

the area surrounded by faults III-12 and V-13 (Fig. 15). The

No. 12 mine had experienced 31 coal and gas outbursts.

Twenty of them (64.5%) occurred near the intersection of

faults III-9 and V-11, nine of them (29.0%) took place within

the area that was surrounded by faults III-12 and V-13, and

two of them happened near fault V-14.
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Coal and gas outbursts often occurred near faults. The anal-

ysis demonstrated that more than 90% of the coal and gas

outbursts that had occurred at Pingdingshan No. 8, No. 10,

and No. 12 mines were closely related to the mapped faults.

The intersections of multiple faults and areas with high-

density faults were also prone to coal and gas outbursts.

Discussion

Apractical project showed that coal and gas outbursts weremore

likely to occur in areas where faults were dense or multiple faults

intersected. The mapping was employed to determine the distri-

bution of faults suitable for mining engineering. According to the

results, the risk of coal and gas outbursts in different areas could

be predicted. Based on this, it becomes possible to optimize the

mining layout rationally or to take preventive measures before

mining in a high-risk region. It provides a guarantee for safe

mining. It also has a great significance for the prediction and

prevention of coal and gas outbursts.

Dividing the active faults by the use of mapping will

produce uncertainty. Natural erosion, weathering, or ar-

tificial transformation will change the original topogra-

phy and landforms, which causes errors in the division

results. Therefore, it is necessary to modify and verify

the results in combination with other methods. Field

survey is an important method. The mission of the field

survey includes geomorphological elevation point in-

spection, fault geomorphological fragment survey, water

system analysis, river terrace deformation, river capture

and rerouting, building survey, and geophysical explora-

t ion of faul t on the ground and underground.

Meanwhile, researchers can check the facts through an

aerial photograph or by using geographical information

systems. Besides, based on the exposure in actual min-

ing activities, the fault division can be further revised

and improved.

FaultFault

Scale Mine field1:10000

NO.8 Mine

NO.12 MineN
O
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M
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Fig. 12 Class V fault distribution in Pingdingshan mining area
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The fault has obvious control and influence on coal and gas

outbursts closely related tomining activities. This is an accept-

ed opinion of many scholars. This study was based on a fault

identification approach using mapping. In this regard, the re-

lationship between the fault distribution and coal and gas out-

bursts was established in combination with actual engineering

conditions. This relationship can be utilized to predict and

prevent coal and gas outbursts in mines. The stress change

during fault formation and development and fault activity

and mining activities influencing coal and gas outburst have

not been analyzed yet. We plan to discuss these issues in

subsequent research.

Conclusion

The following main conclusions were drawn from this study:

(1) The formation and development of faults are an indicator

of crustal movements and a manifestation of stress con-

centrations and energy release in crustal rocks. Faults can

be identified and categorized by their topographic and

geomorphic characteristics. Based on topography, this

study proposed mapping technology as a fault identifica-

tion method.

(2) The mapping procedure included drawing points on a

topographic map, classifying landform, determining

block boundaries, and completing the fault distribution

map. The mapping process followed the general-to-

individual principle. Faults were identified and divided

into class I to V with different scales. Finally, fault dis-

tribution suiting a mine scale was determined. It

established the relationship between plate tectonics and

engineering applications.

(3) Using the proposedmapping technology, the faults in the

Pingdingshan mining area were divided into classes I–V.

By comparing the fault distribution with the site of coal

and gas outbursts in the mines, the results demonstrated

that more than 90% of coal and gas outbursts were af-

fected by faults. The intersections of multiple faults and

areas with concentrated faults were prone to coal and gas

outbursts.

(4) The mapping established the connection between the

faults and coal and the gas outbursts. Based on this

Mine field

Fault

Coal and gas outbursts

Scale 1:10000

Fig. 13 Relationship between coal and gas outbursts and faults in the No. 8 mine

710    Page 12 of 15 Arab J Geosci (2021) 14: 710



coal and gas
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Mine field
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Fig. 14 Relationship between

coal and gas outbursts and faults

in the No. 10 mine
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outbursts
Mine field

FaultScale 1:10000

Fig. 15 Relationship between

coal and gas outbursts and faults

in the No. 12 mine
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connection, mining engineers can apply controlling mea-

sures in high incidence areas to prevent coal and gas

outbursts, which is significant for mining safety. This

study also provided a scientific basis for predicting coal

and gas outbursts.
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