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ABSTRACT  

Seismic events induced by blasting operations in open pit mines pose significant challenges 
for monitoring and mitigation. This paper presents an innovative approach utilizing audio field 
recorders to capture seismic signals from both vertical and horizontal geophones deployed in 
mining environments. Field experiments were conducted at a mining site, where a network of 
geophones coupled with audio recorders was strategically deployed to comprehensively monitor 
induced seismicity. The integration of audio field recorders with geophone arrays enabled the 
accurate detection and analysis of seismic activity, providing valuable insights into the spatial 
distribution and characteristics of induced seismic events. Our findings underscore the efficacy of 
audio field recorders in recording high-fidelity seismic data, showcasing their versatility as 
essential tools for seismic monitoring in challenging mining environments. Furthermore, this 
research contributes to enhancing safety protocols and risk management strategies in the mining 
industry by leveraging innovative technologies for improved seismic monitoring and mitigation 
efforts. 

Keywords: Seismic Signals, Blasting, Open Pit Mines, Audio Recorders, Geophone. 
 

INTRODUCTION 
Surface mining of mineral raw materials is one of the most effective methods for extracting 

valuable minerals, metals, and non-metals from the earth's surface. One of the phases in surface 
exploitation is the application of drilling and blasting techniques. During this process, rock is 
fragmented to facilitate subsequent operations such as loading, transportation, crushing, grinding, 
concentration, and extraction. 

Surface mine blasting, which typically involves mass blasting methods, generates significant 
seismic activity that can affect surrounding structures and pose safety risks. Traditionally, 
seismometers and accelerometers have been used to monitor these seismic effects. While these 
instruments provide valuable information about the blasting events themselves, they often offer 
limited data on the potential risks of dynamic seismic waves generated by the blasts. Additionally, 
the use of these classic methods (Stein, & Wysession, 1990) can be costly and may require 
substantial investment for proper maintenance. 

Recently, there has been growing interest in researching alternative technologies for seismic 
monitoring (Lellouch et. al., 2020). One such technology is the use of audio recorders (Skibicki et. 
al., 2024). While audio recorders are primarily designed for capturing sound, there is potential for 
them to register seismic signals due to their high sensitivity to vibrations (Igel et al., 2016), even at 
low frequencies. Human hearing typically ranges from 20 Hz to 20 kHz, but sensitive audio 
recorders can capture frequencies below 20 Hz within the range of seismic waves caused by 
blasting as well as natural earthquakes with frequencies below 1 Hz. 

This paper explores the potential of using audio recorders to monitor seismic activity 
resulting from blasting in surface mines. By analyzing data recorded from seismic events captured 
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by audio recorders, this study aims to improve seismic monitoring practices, enhance safety 
protocols, and optimize operational costs in mining activities. 

For the research, five 32-bit, 6-channel ZOOM F6 audio recorders and vertical and horizontal 
geophones (4.5 Hz) were used. For comparison, recordings were made with seismograph. 
Additionally, short-period field seismometers, paired with same geophones, were employed. The 
recordings were processed using software tools developed in Python, utilizing the libraries NumPy 
(NumPy Developers, 2023), pandas (Pandas Development Team, 2023), ObsPy (Python 
framework for seismology, 2023), SciPy (SciPy Community, 2024), Librosa (McFee et al., 2023) 
and Pyrocko (Pyrocko Team, 2023), Framework documentation site (SeisIO site, 2024), Seislib 
(Niemeyer et. al, 2023) etc. 

 
METHODOLOGY  

The research aims to evaluate the effectiveness of audio recorders for monitoring seismic 
signals in comparison with traditional seismic monitoring methods. The study employs a 
quantitative approach for analyzing seismic data and includes qualitative assessments of the 
usability and practicality of audio recorders. To achieve this, audio recorders have been tested 
alongside conventional seismometers under both controlled and field conditions to assess their 
performance. 

The analysis was conducted using recorded data from blasting operations in two open-pit 
mines in Macedonia. Specifically, several randomly selected blasting events were chosen to ensure 
a representative dataset, resulting in a total of ten recorded events. The signal recording system 
used in the study comprised a ZOOM F6 audio recorder, one vertical geophone, and two horizontal 
geophones (4.5 Hz). Second way is to connect only one vertical geophone. It is done on several 
experiments in open pit mines (fig. 1 and 2). 

 

 
a 

 
b 

Figure 1. ZOOM F6 audio recorder. 
a  5 ZOOM F6 audio recorders, b  connected 3 geophones to XLR inputs (1, 2 and 3) on ZOOM F6 

 
The geophones were connected to the ZOOM F6 audio recorder (fig. 1) via shielded 3-pin 

XLR cables. The ZOOM F6 was configured to record on three channels (connected to channels 1, 
2, and 3, fig. 1b) with a minimum sampling rate of 44.1 kHz. Multiple recording setups were 
employed to capture multi-channel WAV files at both 24-bit and 32-bit depths, allowing for a 
comparison with 24-bit and 32-bit analog-to-digital converters.  

A significant challenge when using multiple audio recorders is time synchronization. Each 
ZOOM F6 recorder employs a time sync system using audio cables, where the primary ZOOM 
sends an audio signal via cable to neighboring ZOOM F6 devices. In theory, this signal can be 
cascaded to subsequent ZOOMs, but signal quality and synchronization feasibility decrease with 
greater distances. Based on our experience, we successfully synchronized ZOOMs over distances 
up to 65 meters. This implies that if the primary audio recorder is centrally located in the cable 
string, it can synchronize seismic profiles extending up to approximately 125-130 meters in length. 

An alternative synchronization method is simpler but involves more coordination: multiple 
individuals are needed to position the audio recorders. This method involves setting the time on 
one ZOOM unit first, then simultaneously activating the remaining ZOOMs. Activation is 
triggered by a "test" hammer strike near the placed ZOOMs. All ZOOMs are triggered 
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simultaneously by the same impact, allowing for straightforward post-processing synchronization 
unless they are manually powered off. The ZOOM devices remain idle at the intended 
measurement points until specific dynamic events are recorded. 

 

  
Figure 2. ZOOM F6 connected with one vertical geophone. 

 
First Model 

The previous system is the first model to use the ZOOM F6 recorder as a three-channel 
seismometer. The recording is done on these three channels using three 4.5 Hz geophones (one 
vertical and two horizontal). The ZOOM F6 saves the recorded data on an internal SD card as a 
24/32-bit multi-channel WAV file. This file is then analyzed and processed using software for 
audio editing or converted directly with custom-developed Python software utilizing libraries such 
as librosa, scipy, and base64. To conduct a comparative analysis of the results, both the audio 
editing software and the developed Python application were used. The procedure for converting 
(Aki, & Richards, 2002) the recorded audio track from induced seismicity (Fan et. al., 2020) 
involves the following steps: 

1. Splitting the three-channel WAV file into three separate mono WAV files, each representing 
an individual channel from the recordings of the vertical and two horizontal geophones.  

2. Resampling the three independent mono WAV files to the sampling frequency required for 
the specific analysis. The ZOOM F6 samples at a minimum of 44.1 kHz, which is often too 
high for certain analyses. Therefore, the files need to be resampled to 100, 200, 500, 1000, 
or 4000 Hz, depending on whether the analysis involves refraction, reflection, or MASW 
seismic methods. 

3. Combining the three mono files into a single digital file, typically in CSV format. This 
involves creating a CSV file with four columns: the first column represents the sample 
number, and the second, third, and fourth columns contain the voltages (in mV) recorded by 
the vertical geophone and the two horizontal geophones, respectively. This step is necessary 
when utilizing off-the-shelf software tools for sound editing, such as Audacity (Audacity 
Team, 2024). However, it may be omitted when employing an audio signal converter from 
a multi-channel WAV file. Below is a Python code snippet demonstrating the use of the 
Librosa library for converting audio to digital format. 

 
import librosa 
import pandas as pd 
wav_file_path = 'fq1000.wav' 
csv_output_path = 'fq1000_data.csv' 
audio, sr = librosa.load(wav_file_path, sr=None, mono=False) 
duration = librosa.get_duration(y=audio[0], sr=sr) 
num_samples = len(audio[0]) 
time_values = librosa.times_like(audio[0], sr=sr) 
df = pd.DataFrame({ 
    'Time': time_values, 
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    'Geoph_z': audio[0], 
    'Geoph_x': audio[1], 
    'Geoph_y': audio[2] 
}) 
df.to_csv(csv_output_path, index=False) 
 

4. Creating a new file with converted amplitude values of the recorded data. This step involves 
using the recorded voltage values (in mV) and the calibration constants for each geophone 
(both horizontal and vertical) to compute the amplitudes of the recorded oscillations. The 
resulting file is also a CSV format with four columns: the first column is the same as before, 
and the remaining three columns contain the converted amplitude values. Converting the 
recorded voltage from an audio recorder to the amplitude of a seismic signal involves a few 
steps. It is need to use the geophone's sensitivity to convert the recorded voltage into ground 
motion measurements. Here's a general approach: 

 
a. Geophone Sensitivity 
The geophone's sensitivity is a critical factor in this conversion. It is typically given in terms 

of volts per unit of ground motion, such as mV/(mm/s) or mV/(g), where: 
- mV stands for millivolts. 
- mm/s stands for millimeters per second, representing the velocity of recorded seismic wave. 
- g stands for gravitational acceleration (9.81 m/s²), representing acceleration. 
 
b. Sensitivity Value 
For a 4.5 Hz geophone, the sensitivity might be provided in the manufacturer's specifications. 

Generally, in this case is 50 mV/(mm/s). This means that for every millimeter per second of ground 
motion, the geophone outputs 50 millivolts  recorded by ZOOM F6. 

c. Conversion to Velocity 
To convert the recorded voltage (in mV) to velocity, is used for: 
 

 [mm/s] 

 
Where are: 
U  voltage recorded by audio recorder, [mV] 
S  sensitivity (Constance) of geophone, [mV/(mm/s)] 
 
d. Converting Velocity to Acceleration 
To convert the calculated velocity (in mm/s) to acceleration (mm/s2): 
 

 [mm/s2] 

 
 
Where are: 
Vi, Vi+1  velocity of seismic wave in first and second measurement, [mm/s] 

t  time interval between measurements, [s] 
 
Second Model 

The second application model for using audio recorders to capture tremors from induced 
seismicity involves a setup with five ZOOM F6 recorders, each equipped with six recording 
channels (fig. 2). This configuration allows for the creation of a seismic array with a total of 30 
inputs by forming a string of vertical geophones. Each recorder is connected to a series of six 
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independent 3-pin cables, each cable linked to a separate geophone, resulting in a total array of 24 
geophones distributed across the five audio recorders.  

This model is suitable for various seismic survey methods, including MASW (Multichannel 
Analysis of Surface Waves), refraction, and reflection techniques. In this setup, the geophones are 
spaced 5 meters apart, yielding a maximum array length of 115 meters, which represents the length 
of the seismic profile. 

 
 

 
Figure 3. Schemes of string of 24 geophones connected to 5 ZOOM F6. 

 
 
A total of 24 out of 30 available inputs were utilized to connect 24 vertical geophones for the 

experiment (fig. 3). Six of these inputs were allocated for synchronizing audio recorders. 
Specifically, every sixth and first input of the side geophones (inputs 2 and 3, and 4 and 5) were 
configured to simultaneously record signals from adjacent geophones (2 and 3, and 4 and 5). The 
central ZOOM recorder (No. 1) played a pivotal role in signal synchronization: its sixth channel 
was linked to channel 6 of ZOOM No. 2, while its first channel synchronized with the first channel 
of ZOOM No. 4. The initiation of recording on the central ZOOM (No. 1) was triggered by the 
first geophone's channel 1 signal. 

By utilizing the trigger channel and synchronized channels, all multi-waveform files were 
aligned temporally and merged into a single 24-channel multi-waveform file, from which 24 
mono-waveform files were subsequently derived. This configuration necessitated the use of six 3-
pin cables, each 25 meters in length (fig. 4). Additionally, a trigger cable spanning 65 meters was 
required, ideally extending to 125 meters for accommodating various equipment arrangements. 

Apart from this complex setup, simpler configurations using only 1, 2, 3, or 4 ZOOM 
recorders in combination were also feasible. 
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Figure 4

seismic hammer). 
 

RESULTS AND DISCUSSION 
Below are the seismograms (fig. 5) derived from recordings of induced seismicity sequences 

triggered by a hammer, comparing the performance of the ZOOM F6 audio recorder when 
analyzing a single selected channel connected to a 4.5 Hz vertical geophone. This comparison is 
conducted against a 24-channel seismograph typically used for seismic reflection and refraction 
analyses. The analysis specifically focuses on the data from the 4.5 Hz geophone, which is 
positioned relatively close, approximately 20-70 cm away. 

 

 
 

 
Figure 5. Seismograms of comparative analysis. 

 
 
The seismograph samples at a rate of 4096 samples per second, while the ZOOM F6 records 

at 44.1 kHz with 32-bit quality settings. Figure 5 illustrates both seismograms. Despite the 
relatively short analysis window of approximately 1 second (equivalent to about 4096 samples), 
the seismograms exhibit noticeable similarity. This similarity suggests the feasibility of 
employing audio recorder systems to capture induced seismicity events, such as those generated by 
blasting activities in surface mining operations. 

Based on recordings of tremors induced by surface mining blasts (Boore et al., 1975) using 
the ZOOM F6 audio recorder (Model 1) with connected vertical and two horizontal geophones, 
seismograms were obtained (Fig. 6). Analysis of these seismograms indicates relatively 
satisfactory results, encouraging further examination and processing.  

The seismic tremors were recorded during induced seismicity from surface mining drilling. 
The three geophones were positioned approximately 150 meters from the center of the minefield. 
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Figure 6. Seismograms from blasting (three components). 

 
The following results (Model 2) depict recordings obtained using a single ZOOM F6  

recorder connected to a 25-meter string comprising 6 vertical geophones (4.5 Hz). These 
measurements were taken during a surface mining blast, with the geophone string positioned 
radially towards the blast site at a horizontal distance of approximately 510 meters from the last 
geophone (channel 6). The first geophone is located 25 meters further (channel 1). Figure 7 
displays the seismograms recorded during this blasting event (resampled from original 44.1 kHz to 
1000 Hz). 
 

 

 

 

 

 

 
Figure 7. Registration of 6 channels string of vertical geophones aligned radial from center of blasting. 

 
CONCLUSIONS  

The study demonstrates the feasibility of using audio recorders, such as the ZOOM F6, as 
effective tools for recording seismic signals resulting from blasting activities. Vertical and 
horizontal geophones were integrated to enhance data quality, enabling detailed analysis of ground 
movement characteristics during blasting events. This approach suggests that audio recorder 
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systems could potentially serve as cost-effective alternatives to traditional seismographs, offering 
reduced operational costs without compromising data accuracy significantly. 

Moving forward, it is recommended to focus on advancing signal processing algorithms 
tailored for extracting and analyzing seismic signals from audio recordings. This includes 
developing techniques to mitigate tremors and noise, as well as optimizing waveform analysis 
algorithms specifically for seismic data obtained from surface mine blasting. 

Moreover, comprehensive studies are needed to evaluate the reliability and durability of 
audio recorder systems for continuous monitoring of induced seismicity over extended periods. 

A crucial next step involves conducting comparative studies between audio recorder systems 
and traditional seismographs under various operational conditions. These studies would validate 
findings and optimize deployment strategies. 

This study serves as a preliminary exploration into the application of audio recorders in 
seismic monitoring. Further research and intensified efforts are necessary to advance seismic 
monitoring practices, enhance safety and efficiency in mining operations, and foster greater 
engagement among mining engineering professionals in addressing these challenges. 
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