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Abstract: Microseismic monitoring techniques have been widely 
used in mining and civil engineering for evaluating ground 
fracture development for risk management and production 
control. The seismic sensors, data acquisition hardware and 
software used for microseismic monitoring are particularly 
designed for capturing small seismic events associated with 
rock fracturing, at frequencies ranging from 4.5 - 200 Hz. In 
Australia, in recent years, mine operations have been 
increasingly requested to monitor earthquakes that may be felt 
by people in the vicinity of mining. In this paper, the feasibility 
of using microseismic monitoring techniques for earthquake 
monitoring at a lower frequency range is investigated. This 
feasibility study was carried out in China near the Long-Men-
Shan Active Earthquake Zone. Four types of seismic sensors, 
two geophones commonly used for microseismic monitoring 
and two earthquake seismometers were used for comparison of 
recorded seismic data. The results have shown that the 
conventional geophones can reliably record local earthquakes 
and have produced identical seismic arrival times to the 
seismometers identifying earthquake locations. Several 
approaches are proposed for recovering true seismic 
waveforms for earthquake magnitude estimation. 

I. INTRODUCTION 
Mining induced earthquakes have long been recognised 

by mine operators as one of potential hazards associated 
with mining. Governments require mines to quantify 
earthquake hazards near mining areas for local infrastructure 
maintenance, vulnerability reduction and community 
awareness. As mineral resources near the ground surface are 
becoming exhausted, mining is getting deeper underground 
into higher stress environments. The implementation of 
massive mining methods (massive block caving and 
longwall mining, for example) produces much larger voids 
underground than previously used methods. These changes 
have significantly altered stress regimes in the ground and 
the induced stress level may exceed the strength of rock 
mass and weak points in the structure system of the upper-
most crust to trigger an earthquake.  

Earthquakes that have occurred in and near mining areas 
have been observed in many countries around the world and 
investigations of mining induced earthquakes have been 
carried out for more than 50 years (Gibowicz and Kijko, 
1994; McGarr,, 2000). In China, many earthquakes with 
magnitude (ML) 2.1-4.6 were found to be induced by 
mining (Li et al., 2007). In South Africa, a number of strong 
earthquakes were identified to be associated with mining 
activities (McGarr 2000; Boettcher, 2015). Many ML=1.3-

1.8 earthquakes were attributed to coal mining in east-
central Utah, USA (Fletcher and McGarr, 2005).  

In Australia, on 28 December 1989, a ML=5.6 earthquake 
rocked Newcastle, NSW, killing 13 people and injuring 
more than 160. A number of coal mines, some of which 
started production around 200 years ago, were located in 
this region. A numerical modelling study showed that the 
mine operations had weakened and reactivated a major fault 
line beneath Newcastle, which induced the earthquake 
(Klose, 2007).  

An ML=5.0 earthquake occurred 1.7km beneath the 
Western Australian mining town of Kalgoorlie on 20 April 
2010, which damaged the masonry of many old buildings. 
Some scientists suggested that the earthquake may have 
been a 'rock-burst', induced by deep mining and not a 
natural earthquake (Cranswick, 2011).  

From earthquake catalogues provided by Geoscience 
Australia (www.ga.gov.au), smaller earthquakes are 
observed near mining areas in Australia each year. Mining 
induced earthquakes can not only be a threat to people and 
mining activities, but also can damage buildings and disrupt 
highways and rail lines. Since around 2006, governments of 
several Australian states have encouraged mining operators 
to install seismic networks for mining induced earthquake 
monitoring and reporting. For example, in NSW, mining 
companies are required to monitor local earthquakes in their 
newly developed mining areas as part of their 
Environmental Risk Assessment Plan. 

To monitor local earthquakes, an array of expensive, low 
frequency (1 Hz) seismometers are installed and expert 
interpretation of seismograms is needed. A geophone is a 
type of cheap seismic sensor developed for industry 
applications, such as seismic exploration for oil and gas and 
microseismic monitoring in mining. It would be financially 
beneficial for a mine operator to use geophones to replace 
seismometers for local earthquake monitoring. A 
microseismic network already installed at a mine site could 
also be used for monitoring mining induced earthquakes.    

Using geophones for earthquake detection for research 
and education has been reported in literature since the 
1960’s (Whiteway, 1966; Liu et al., 1991; Boulaenko, 2002; 
Husebye et al., 2003). These investigations have shown that 
it is feasible to use geophones to record local earthquakes. 
However, there has been a lack of comprehensive 
assessments of the reliability or accuracy of geophones for 
earthquake monitoring. In order to use geophones for 
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earthquake recording, the following questions must be 
addressed: 

What frequency range and magnitude scale of 
earthquakes can a geophone reliably record? 

What are the differences between seismograms recorded 
by geophones and those recorded by seismometers, and how 
can the data from the geophones be corrected? 

What type of geophone is most suitable for earthquake 
monitoring? 

How can we improve a microseismic monitoring system 
to record mining induced earthquakes? 

In this paper, a comparison study between geophones and 
seismometers for earthquake recording is described, and the 
preliminary results from the study are presented. 

II. MONITORING SITE AND INSTRUMENTATION 

A. Site selection 
The study site was established in China at The Southwest 

University of Science and Technology (SWUST) that is 
located about 40 km from an active earthquake zone, the 
Long-Men-Shan Earthquake Zone. There are many 
earthquakes with magnitude ML=1-4 occurring within this 
zone each year. Active local seismicity and good support 
offered from SUST made this site ideal for this study.  

B. Seismic sensors 
The earthquake monitoring station consisted of four 3-

component seismic sensors. Two types of geophones that 
are commonly used for microseismic monitoring and 
seismic exploration and two seismometers used for local 
earthquake monitoring were chosen for this comparison 
study.  

The details about the four seismic sensors are shown in 
Table 1. The four sensors were installed inside a concrete 
shelter and on a concrete block that is set on bedrock 
(Figures 1 and 2).  

The four seismic sensors have limitations to their 
frequency responses (Figure 3). The flat sections of the 
responses are used to record unbiased seismic signals. In the 
low frequency range outside the flat section, the outputs 
from a sensor are distorted compared with the original 
signals. The dominant frequency of most local earthquakes 
is below the natural frequency of the geophones. There were 
two concerns about using a geophone for earthquake 
recording: whether a low sensitivity geophone can record 
earthquake signals at a lower frequency range, and if 
seismic signals can be recorded, how can we recover the 
seismic waveforms from the distorted signals?   

C. Seismic data acquisition 
The four seismic sensors were connected to a data 

acquisition instrument that was manufactured by Chengdu 
Cezhen Company particularly for mining microseismic 
monitoring. The seismic instrument was set to record 12 
channels of seismic signals simultaneously at a sampling 
rate of 1000 sps and at a 24 bit resolution. Timing of the 
seismic acquisition system was controlled by the Network 
Time Protocol (NTP) through an internet connection, at an 
accuracy of about 25ms. 

The data acquisition system recorded signals from the 
four sensors continuously. Data collected every 10 minutes 
was saved on a local PC. Every 12 hours the data files were 
transmitted via the internet to Dropbox, a data storage 

service provided by Dropbox Company 
(www.dropbox.com) and to a local backup disk. The data 
files saved in Dropbox were accessed from an office in 
Australia for downloading and processing. 

 
 

 
Figure 34: Schematic diagram of seismic sensor installation at the SUST 
station. 

 
 

 
Figure 35: Earthquake monitoring station at SWUST. Left: the shelter 
housing the seismic instruments; Right: installation of a 4.5 Hz GS11D 
geophone (smaller one) and a 1 Hz L4C seismometer on a concrete block. 
Later a 10 Hz geophone and a 1 Hz TDV-23S seismometer were installed 
on the block. 

 
 

 
Figure 36: Frequency response curves of the four seismic sensors used in 
this study. The solid curves are provided by the sensor manufacturers. 
There was no information from the manufacturers about the responses 
outside the solid curves. The dashed lines are estimations of the frequency 
responses at a lower frequency range. 
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TABLE 11: SPECIFICATIONS OF SEISMIC SENSORS USED IN THIS STUDY. 

Geophone/	
Seismometer	

Sensitivity	
V/(m/s)	

Natural	
frequency	
Hz	

Component	 Recorder	
channel	 Power	 Cost	

US$	

GS11D	
4000Ω	 108	 4.5±0.75	

E-W	 1	
Passive	 ~300	N-S	 2	

Vertical	 3	

Weihai	
1500	Ω	 60	 10±	

E-W	 4	
Passive	 ~120	N-S	 5	

Vertical	 6	
L4C	Mark	
Products	
5500	Ω	

265	 1.0±0.05	
E-W	 7	

Passive	 7,000	N-S	 8	
Vertical	 9	

Zhuhai		
TDV-23S	 2000	 1.0	

E-W	 10	 	
Powere
d	

5,000	N-S	 11	
Vertical	 12	

 

III. DATA PROCESSING AND INTERPRETATION 
The monitoring station was established in October 2011. 

From that time to June 2014, a total of 1040 earthquakes 
with magnitudes ranging from 1-8.6 were captured by the 
geophones and seismometers (Figure 4).  Although there 
were many instrument down-times during that time, due to 
power supply problems, the data captured are sufficient for 
this research.  

The parameters of the earthquakes recorded at the station, 
such as magnitude and location were obtained from the 
China Earthquake Catalog provided by China Earthquake 
Data Center (data.earthqake.cn). The data in the catalogue 
originated from both a dense local earthquake monitoring 
network and the state earthquake network operated by China 
Seismological Bureau.  

The geophones recorded many earthquakes with high 
quality. Figure 5 shows seismic waveforms of a ML=3.8 
earthquake located about 250 km from the station. The 
waveforms displayed are results after a low pass filter at [10, 
11 Hz]. High frequency contents are shown in the geophone 
waveforms, with the dominant frequency of about 5 Hz, 
which is much higher than the dominant frequency, 1 Hz, 
obtained by the seismometers. After applying a 1 Hz low 
pass filter to the waveforms, the geophones showed similar 
seismic waveforms to the seismometers (Figure 6). 

 

Figure 37: Station operational status from Sep 2011 to Jul 2014 and 
earthquakes (red dots) recorded by both the geophones and seismometers. 
The green rectangles indicate the periods when the monitoring system was 
in operation. The white rectangles are periods when the system was down. 

 

 
Figure 38: Waveforms of an ML=3.8 earthquake, recorded by the 
geophones and seismometers. The red, green and blue traces are the north, 
east and vertical components, respectively. The 1st three traces are 
associated with the 4.5 Hz geophone, the 2nd three with the 10 Hz 
geophone, 3rd with the L4C seismometer, and the 4th with the TDV-23S 
seismometer. The blue curves on the right indicate the frequency responses 
of the vertical traces, after a low pass filter at 10 Hz. Each of the seismic 
waveforms is normalized to its own maximum amplitude. For seismometer 
L4C, only the vertical component worked properly and produced a reliable 
seismic waveform. 

 

 
Figure 39: Waveforms of the ML=3.8 earthquake, after a low pass filter at 
1 Hz. 

The earthquake detectable distance for the geophones is 
summarized in Figure 7, which shows the relationship 
between earthquake magnitude and detectable distance of 
earthquakes recorded by the geophones. The blue curve 
indicates the approximate threshold for earthquake 
detectability. The figure shows that within a 50km radius, a 
geophone is able to detect an earthquake with magnitude as 
small as 1. This fact suggests that a mining induced 
earthquake at magnitude 2 and above should be reliably 
recorded by nearby geophones used for a microseismic 
monitoring project at the mine site.  
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The capability of the geophones to detect distant (>2000 
km), strong earthquakes was beyond our expectation. It was 
considered that a distant earthquake would only maintain 
seismic energy at a very low frequency range well below 
geophone seismic resolvable capability. However, during 
the monitoring period, many distant, strong earthquakes 
were captured by the geophones (Figure 8). As one example 
in Figure 8, the M=7.9 Pakistan earthquake was recorded by 
the geophones although it occurred 4500 km away. 
 

 
Figure 40: Relationship between earthquake magnitude and detectable 
distance of earthquakes with hypocenter distance < 500 km and recorded by 
the geophones. The blue curve indicates the approximate threshold for 
earthquake detection. 

 
Figure 41: Relationship between earthquake magnitude and detectable 
distance of earthquakes with hypocenter distance up to 5000 km, recorded 
by the geophones. The blue curve indicates approximate threshold for 
earthquake detection. 

IV. DISCUSSIONS AND SUGGESTIONS 
This study has demonstrated that conventional geophones 

can be used for local and regional earthquake monitoring. 
For local earthquakes, the cheaper geophones recorded 
seismic signals that were as good as those recorded by the 
more expensive seismometers. It has shown that for local 
earthquakes, the geophones detected higher frequency 
seismic signals than the seismometers. The higher frequency 
content may benefit more detailed analysis of seismic source 
location and mechanisms. 

It was observed that the 4.5Hz geophone generated better 
quality data than the 10Hz geophone. This difference may 
be attributed to the lower sensitivity and limitation of 
frequency response of the 10Hz geophone. It is advised that 
for mining based earthquake-monitoring, geophones with 

lower natural frequency and higher sensitivity should be 
used. 

The arrival times obtained by both geophones and 
seismometers were consistent. This implies that using 
geophone-recorded seismic signals, accurate earthquake 
locations can be achieved. As a geophone is very cheap to 
buy and maintain relative to seismometers, many geophones 
can be used in one project, which will increase the reliability 
of earthquake detection and location. 

Three parameters are normally used to describe an 
earthquake: origin time, event location and magnitude. 
Using geophones in the monitoring network, origin time and 
event location can comfortably be obtained.  However, 
magnitude is more of a challenge, particularly for 
earthquakes with a dominant frequency well below the 
natural frequency of the geophone. The true seismic 
amplitude must be recovered from the distorted seismic 
signals for the magnitude calculation. 

 
There are several approaches that can address this issue. 

Firstly, the magnitude can be obtained from the national 
earthquake catalogue if this event is recorded by the national 
seismic network. Alternatively it may be possible to 
establish a relationship chart similar to Figures 7 and 8, 
between geophone seismic amplitude and reported 
magnitude. Using this relationship the earthquake magnitude 
may be extrapolated from the chart, based on geophone 
waveform amplitude. More investigation is needed to verify 
this method. 

  
 A third method to recover the true seismic amplitude at 

the low frequency range is to use a Frequency-Amplitude 
Inverse Filter that is currently being developed and 
evaluated by the authors. In order to use this method, the 
frequency response curve of a geophone at low frequency 
range must be obtained either from the manufacturer or from 
laboratory experiments. A fourth option may be by 
calibration of a geophone frequency response curve 
alongside a well-calibrated seismometer. This calibration 
may have to be repeated on a regular basis due to 
deterioration of the magnet inside the geophone case.  
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