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Abstract —During mining activity, the natural equilibrium 

of the rock mass gets altered resulting in increase in stress 
causing sudden, violent failure of rock mass. The stress 
increases with increase in the depth of mining. The dynamic 
stress changes caused due to release of strain energy from 
within the rock mass in the form of seismic signals are termed 
as seismic events. The occurrence of seismic events has been a 
regular phenomenon in and around the abandoned mines of 
Kolar Gold Fields causing damage to the surface structures 
and inducing apprehension about the safety and stability of 
mining areas. Among the abandoned mines, one of them had 
reached mining depth as deep as 3200m. In this sensitive 
mining area, there has been occurrence of many seismic events 
that were monitored by a dedicated seismic monitoring system 
from time to time. The monitoring system was used to 
determine the location of seismic events and used as an 
indicator of precaution from future events. In the background 
of this monitoring history, an attempt has been made here to 
assess the overall scenario of seismic hazard due to the seismic 
events observed over one decade. This study focuses on 
assessing the current probable seismic hazard for the 
abandoned mining region by using the estimated source 
parameters such as source radius, seismic magnitude obtained 
from the data of strong motion accelerometer supported by 
data from existing broad band seismometer.  

Keywords—seismic events, seismic hazard, source radius, 
seismic magnitude  

I. INTRODUCTION  

The mines of Kolar Gold Fields (KGF) was one of the 
major source of gold production in India. Gold mining was 
started in 1880 and as the mines got deeper the energy 
equilibrium in the rocks changed leading to build up of stress 
culminating in violent rockbursts. In this area, occurrence of 
seismic events due to sudden collapse of the underground 
workings has been a usual phenomenon ever since the 
beginning of mining operations. The probability of 
occurrence of seismic events tends to increase as depth of the 
mine increases. This led to initiation of a series of scientific 
studies resulting in establishment of seismic monitoring 
system at KGF mines area. To understand the phenomenon 
and cause of various seismic events taking place, 
considerable research has been carried out at KGF 
employing monitoring system and techniques [1]. Seismic 
investigation since 1978 and microseismic investigations 
since 1983 were carried out respectively to monitor 

occurrence of seismic events and to assess the stability of 
mine workings. The seismic event monitoring system started 
since 1979. Years rolled by and as the mining activities were 
on the waning side and the old mines existed abandoned for 
a long time. However, the release of stress accumulated in 
the rocks due to gradual failure of supports, presence of 
water in the mines [2] and lack adequate mine reclamation 
measures continued to be factor for cause of regular seismic 
events witnessed in the area.  

Geographically, the mining area is located in Kolar 
district of Karnataka state, India. Kolar Gold Field is situated 
at 120 57’lattitude North and 78016’ longitude East lying at 
100 km east of Bangalore in South India having an altitude 
of 900 m above mean sea level.  

Geologically, Kolar mining region lies in the Kolar 
Schist Belt of Dharwar Craton of southern peninsular India. 
The Kolar Schist belt is 80 km long in the north-south 
direction and about 4 km wide in the east-west direction. 
Located on the Kolar schist belt along a strike length of 8 km 
are three mines: the Nundydroog Mine, Champion Reef 
Mine and Mysore Mine. The three major fault systems 
identified in this mining region are, the prominent Mysore 
North Fault (MNF), striking NW-SE right through the centre 
of the region and the other two identified faults are minor 
faults running sub parallel to MNF, Tennant Fault and 
Gifford Fault [2, 3]. Fig 1.shows geology of Kolar Gold 
Fields 

Occurrence of mine induced seismic events have been 
quite challenging to the mining community as the events 
endanger lives and loss to property[4]. The attempt to assess 
seismic hazard integrates the effects of all the seismic events 
occurring at different locations of mining area during the 
specified period of mining and post mining, with their 
associated uncertainties taken into account. Seismic events in 
mining regions are results of sudden fracturing of rock, 
redistribution of stress during mining activity, the method of 
mining adopted, the presence of geological planes of 
weakness over a period becoming  points of slippage, other 
causes like presence of faults, dykes, or joints.  

This paper gives an overview of various instrumentations 
deployed in the investigation and the techniques adopted for 
monitoring the seismic events and prediction efforts. Based 
on the recorded data and the derived parameters an over the 
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last decade an attempt has been made here to assess the 
hazard due to the events. 

 
Fig 1.Map showing geology of Kolar Gold Fields [2] 

II. BRIEF OVERVIEW OF PAST SEISMIC MONITORING SYSTEMS 

Monitoring of seismic activity is very important in 
assessing the stability of underground excavations. The 
seismic events occurring in the underground mining regions 
of Kolar Gold Fields had been constantly monitored using 
seismic monitoring system since 1979. Initially the 
monitoring systems were used to locate the foci of the 
seismic events and to obtain timely warning of any 
impending seismic event. A review on the various types of  
Seismic Monitoring Systems periodically used in Kolar Gold 
.Fields, will help in better understanding of the monitoring 
systems used, the method employed for recording of seismic 
events, the output source parameters and the method used for 
assessing the  probable seismic hazard for the mining region 
of KGF. 

Seismic Monitoring during 1978 to 1990  

A regional multi-channel seismic network was 
established in 1978, consisting of 14 Geophones - 7 surface 
and 7 underground covering the mining area. The network 
system was put in continuous operation for round the clock 

monitoring of seismic events in the mining area stretching 
about 8km N-S and 3km wide.  

The signals picked up by the sensors were directly 
transmitted through 4 - core cable using a carrier frequency 
of 540 hertz, and recorded on a 24 channel analogue 
magnetic tape recorder as shown in Fig 2. The underground 
network consist of high frequency geophones  
accelerometers and the micro-seismic signals picked up by 
the sensors are telemetered through a 4-core cable and fed to 
a microprocessor through an interface unit located in the 
surface laboratory[5].  

 
Fig 2.Seismic Recording Unit 

This instrument was used in assessing the day-to-day 
safety of mine workings. The analogue seismic system has 
been used to continuously monitor and locate seismic events 
with an accuracy of +/- 30m from the mining volume of 8 
km x 3 km x 3 km [6] 

The layout of seismic geophone network employed for 
the monitoring of seismic activities in this period is as shown 
in Fig.3. It is observed that seismic activity is concentrated in 
the vicinity of deep-level mine workings of the Champion 
Reef and Nundydroog mines. The detailed distribution of 
computed hypocentres of seismic events depth wise along 
the profile of mine working is shown in the longitudinal 
section taken along the North-South direction in Fig 4. 

More than 10,000 seismic events were recorded with an 
accuracy of 50m. The details on the instrumentation and the 
data generated by this network have been explained by 
Subbaramu [6].  The seismic data collected was in the 
analogue form.  
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Fig 3 Previously existing seismic network layout [7] 

 
Fig 4.Longitudinal section through Kolar Gold Fields showing typical distribution of seismic events for the year1987 [8] 

Seismic Monitoring during 1991 to 1997 

The monitoring during this period was continued using 
the same 14 geophone seismic monitoring system. 
Microseismic studies were carried out using PDP11/34 and 
PC-386 computer based online microseismic monitoring 
systems for investigating the seismicity particularly in 
Champion Reef deep mine, especially for short range 
prediction of seismic events and accurate assessment of 
potential areas of seismicity [9]  

Seismic records from 1991 onwards, indicated increase in 
the level of seismic activity started to increase. The 
dewatering and  pumping out of water regularly from the 

deeper level mining region was  discontinued in 1991, due to 
the gradual closure of mine working in the deeper level 
stating economic constraints and reduced deposit availability. 
The seismic activity could have been triggered by flooding of 
water within the mines.The regular seepage, collection and 
gradual spreading of water through critically pre stressed 
weak zones were identified as reasons for induced seismicity 
[10]. Detailed investigations identified the event as fluid-
induced tectonic seismic event and addressed these events as 
fluid-induced seismic events in the overburden rock strata. 
Seismicity induced by effect of water was lubricating the 
pre-existing geological faults and zones of structural 
weakness, thereby increasing the pore pressure[10].  
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During this period, it was observed that due to the 
inundation of water into the deeper level workings, there was 
an increase in the number of seismic events taking place. The 
hypocentres of the seismic events were found to be 
concentrated at two levels: (1) below the water level and (2) 
close to the water level. With the gradual increase in water 
level over a period of time, the seismic events were found to 
concentrate along both sides of champion mine dyke and 
along the prominent Mysore North fault. There were seismic 
events also observed in the shallow mine workings during 
this period. However, the seismicity observed during the 
period from 1994 to 1997, were found to be very low[10]. 

Similar case studies were reported by Wetmiller [11] in 
Falconbridge Mine, Canada, when mining operations were 
ceased in 1984 mine flooding had started. On closure of the 
mines, seismic events with magnitude greater than 3 were 
observed. Board [12], reports a test study in deep level of 
South African gold mine where small scale seismicity was 
induced by injecting water along a fault surface. 

Seismic Monitoring during 1997 to 2004 

In the year 1997; as an addition to the pre-existing 
seismic monitoring system, a three component (vertical, 
north-south and east-west) seismometer – GURLAP broad 
band system (BBS) was installed specifically to monitor the 
role of the Mysore North fault in inducing seismicity in the 
mining area. The broadband system consisted of a sensor –
CMT 40T and a data acquisition unit 72A-07 as shown in 
Fig 5. 

 

Fig 5.Broadband System – sensor (CMT-40T) and Data Acquisition System 
(72A-07) 

The CMG-40T Triaxial seismometer has low noise and 
electromagnetic feedback. The system consists of three 
orthogonal miniature sensors controlled by force feedback to 
give velocity and mass position electrical outputs. Frequency 
range used was 0.03 to 30 Hz 

A versatile portable 24 bit data digitizer/recorder DAS 
REFTEK model 72A-07/ND 7821 was connected with the 
Seismometer. A crystal oscillator in the CPU of DAS 
provides time to an accuracy of better than0.5 
microsecond/sec. Microseismic studies were carried out by 
till 1993 using the same PDP11/34 and PC-386 computer 
based online microseismic monitoring systems. Seismic 
events have occurred in the presence of water. The cluster of 

seismic activity on both sides of Mysore North fault is more 
significant when compared to overall seismic activity in the 
field. 

Even though the mining operation in some of the mines 
at KGF has been discontinued for quite some time now, the 
seismic events in the old as well as recent underground 
workings are frequently occurring at shallow depths upto to a 
kilometer level where lot of rain water has gradually 
accumulated over time and spread through excavated area. 
The present local seismicity in the inundated mining region 
seems due mainly to strata failure induced by the seepage of 
water through the weak zones pre stressed to critical limits. 

This is consistent with the current picture of mine 
tectonoseismicity where the seismic sources are found to be 
clustering in close proximity of NW-SE striking set of 
geologic faults of which Mysore North fault (MNF) is most 
prominent as shown in Fig 6.A total of 800 events were 
recorded using the seismometer .Seismic events recorded are 
equivalent to micro-earthquakes with maximum local 
magnitudes range varying from -1.65 to 3.14. 

 

Fig 6.Distribution of computed epicentres of seismic events in the mining 
region of KGF for period 1997 to 2001[10] 

The monitoring of seismic activity was continued 
keeping in view the slow flooding of the mines as one of the 
factors affecting the rate of occurrence of the events. The 14 
channel seismic geophone network system was in operation 
till 1998, and then the system was discontinued as it became 
obsolete.   

Seismic Monitoring during 2005 to 2014 

The seismicity of the identified mining region is being 
monitored using Broadband Seismic system and a Strong 
Motion Accelerograph (SMA) installed in 2005.Strong 
Motion Accelerograph was installed [13] in the campus of 
National Institute of Rock Mechanics. It is a Seismic Data 
Acquisition system with an internally mounted 
accelerometer. The strong motion accelerograph - GeoSIG is 
shown in Fig 7. The SMA is very useful in locating the 
epicentres of seismic events in and around the abandoned 
mining region. In the beginning of this period the broadband 
system was replaced with Trillium compact sensor and 
Taurus digital seismograph data acquisition unit as shown in 
Fig 8.  
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Fig 7.Strong Motion Accelerograph – GeoSIG 

 
Fig 8.Trillium Compact broadband seismometer and Taurus digital 
seismograph  

The 3 component Trillium 240 sensor having a frequency 
range of 0.0041 to 35 Hz with output sensitivity of 1195 
V/m/s was installed along with a Taurus 24 bit nanometric 
data acquisition unit with an internal clock and GPS. Using  
the Broadband system and the SMA data acquisition and 
analysis was carried out. 

III.  DATA PROCESSING AND ANALYSIS 

In this study, seismic events data for last decade (from 
the year 2005 to 2014) for the mining region of KGF was 
analysed. Whenever a seismic event occurs, the strong 
motion accelerograph records, filters and converts sensor 
inputs to 18 Bit digital form and saves it in the pre-event 
memory. The seismic events are being recorded by a single 
station Strong Motion Accelerograph (SMA), the recorded 
event is supported by data obtained from the installed broad 
band system. The recorded event has three components, a 
vertical component, a North-South component and the East-
West component. All the recorded events were processed for 
initial zero-line corrections, and the units were scaled. The 
accelerograms were processed using the seismosignal 
software for baseline correction to obtain acceleration and 
displacements. When a seismic event is recorded, depending 
on the source of the seismic event each component would 
have recorded the acceleration proportional to the energy 
from the particular direction. Depending on the phase of P-
wave whether it is compressional (upward motion) dilatation 
(down ward motion) in each component, the quadrant from 
which the seismic event signal has come was determined. 

With the recording of P-wave and the S-wave arrival, the 
epicentre distance was computed [3]. The magnitude was 
computed based on the amplitude of P-wave. The seismic 
events were recorded using this single station for 
determining the location of the events.  

The SMA of the seismic events generated was used to 
obtain Wood-Anderson synthetic seismograms [2] for 
accurate and reliable values of local magnitudes. For better 
analysis of the acquired SMA data, the seismic events 
occurring at a distance less than 5 km was considered for 
analysis.  

Based on the period of study taken up for analysis of the 
seismic events, the total no of recorded seismic events during 
this period using SMA was 2000 events. The year-wise 
recorded number of events is given in Table I and presented  
in Fig 9. 

TABLE I: YEAR-WISE NUMBER OF SEIMIC EVENTS RECORDED BY SMA 

Sl. No. Year No. of events recorded

1 2005 797 

2 2006 816 

3 2007 105 

4 2008 71 

5 2009 52 

6 2010 67 

7 2011 21 

8 2012 27 

9 2013 26 

10 2014 18 

Total No. of events recorded 2000 

 

 
Fig 9. SMA recorded total no. of seismic events for each year 

From the Table I, it is very clear that the number. of  
seimic events recorded during the year  2006 with 816 events 
is highest and the year 2014 with 18 events shows the lowest 
number of recorded events. The Fig 9. Shows a gradual 
decrease in the occurrence of seismic events through the 
period. This implies that there is a slightly stable condition 
being met. Year –wise analysis of the seimic events is being 
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done in order to study the distribution of events along the 
radial distance from the site of observation with respect to 
the seismic magnitude recorded.  

Graph plots for visual representation of  the distribution 
of  magnitude with respect to the phase and radial distance 
for the consolidated period of 2007 to 2010  and for the 
period of 2011 to 2014 is shown in Fig 10 and Fig 11. 

 
Fig 10. Plot of magnitude with respect to radial distance and phase for the 
period 2007-2010 

From Fig 10. For the recorded period of 2007 to 2010, 
the maximum recorded seismic magnitude was 2.32 at 
distance of 4 km SE direction from the recording station. The 
number of events are more clustered within the radius of 1 
km, beyond a radial distance of 3km the events are few and 
scattered pattern is observed 

 

Fig 11. Plot of magnitude with respect to radial distance and phase for the 
period 2007-2010 

From Fig 11. For the recorded period of 2011 to 2014, 
the maximum recorded seismic magnitude was 2.27 at 
distance beyond 4 km NE direction from the recording 
station. The number of events are evenly distributed upto  
radius of 2 km, beyond a radial distance of 3km the events 
few and scattered pattern is observed 

The above observations were for consolidated periods of 
four years each. The patterns observed  indicates seimic 
events that have occurred during the period are in close 
proximity to the MNF which lies about 3km from the site of 
observation. For even better understanding of the distribution 

of the seimic events radially with respect to the seismic 
magnitude obtained, graphs were plotted to show the 
clustering of events at various locations. Magnitude with 
respect to radial distance from site of observation for two to 
three consecutive years are shown in Fig 12, Fig 13, Fig 14 
and Fig 15 

 
Fig 12.Plot of magnitude vs. radial distance for the year 2005 and 2006 

From Fig 12, the maximum magnitude recorded is 4.68 at 
a radial distance of 2km. seismic event clusters are observed 
within a radial distance of 1 km with magnitude varying 
between 0.5 to 1.5.There is a second cluster of events 
covering a radial distance of 1 km to 4 km of magnitude 
ranging between 2 to 3. All the other events are evenly 
distributed upto a distance of 5 km. 

 
Fig 13.Plot of magnitude vs. radial distance for the year 2007, 2008 and 
2009 

From Fig 13, the maximum magnitude recorded is 2.86 at 
a radial distance of 1km. seismic event clusters are observed 
within a radial distance of 1 km with magnitude varying 
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between 0.6 to 1.2.There is a second evenly distributed 
cluster of events covering a radial distance of 1 km to 2 km 
of magnitude ranging between 2 to 2.5. All the other events 
are found scattered. 

 
Fig 14.Plot of magnitude vs. radial distance for the year 2010 and 2011 

From Fig 14, the maximum magnitude recorded is 2.82 at 
a radial distance of 1.9 km. slight seismic event clustering is 
observed within a radial distance of 1 km with magnitude 
varying between 0.8 to 1.0.It is to be noted that the number 
of seismic events have reduced drastically when compared to 
events recorded for the year 2005 and 2006 seen previously, 
the other remaining events are found scattered. 

 
Fig 15.Plot of magnitude vs. radial distance for the year 2012, 2013 and 
2014 

From Fig 15, the maximum magnitude recorded is 4.1 at 
a radial distance of 2.3 km. slight seismic event clustering is 
observed within a radial distance of 1 km with magnitude 

varying between 0.7 to 0.9.It is noted that in this period of 
monitoring also the number of seismic events recorded have 
reduced, the other remaining events are found scattered. 

From the analysis of data with respect to the period of 
analysis from 2005 to 2014, it is found that the maximum 
numbers of seismic events have occurred in close proximity 
to the major prominent Mysore North Fault lying 
approximately at a distance of 0.5 km to 1 km and some 
found close to shallow level of workings. Since the observed 
seismic events were found to occur at shallow depths 

IV. DISCUSSION 

This single station strong motion accelerograph was used 
in monitoring the seismic events after the closure, the events 
were continuously recorded. The recorded event is supported 
by data obtained from the installed broad band system. From 
this study it can be deduced that: 

1. For the SMA recorded period of 2005 to 2014, the 
maximum magnitude recorded is 4.68 at a radial distance of 
2 km. seismic event clusters are observed within a radial 
distance of 1 to 2 km with magnitude varying between 0.5 to 
1.5 

2. It is observed that the year 2006 has the highest 
recorded number of events with 816 events and the least 
number of events were recorded in the year 2014 with 18 
events. Though, there has been an overall reduction in the 
number of events recorded, there certainly has been growing 
concern as the tremors are felt at irregular intervals leading 
to apprehension among civil community. The intensity of 
tremors felt are likely more when the source location of the 
seismic events become shallower. 

3. The intensity of seismic events and their rate of 
occurrence may be directly related to the old mining 
workings and the geological fault present in the mining 
region. 

4. Seismic events having magnitude less than 3 can be 
referred to as micro-earthquakes, since the ground vibrations 
produced by micro-earthquakes are of low levels, not felt by 
human beings nor is their intensity large enough to cause any 
visible damage to the surface structures 

Based on the above results, the magnitude with respect to 
the radial distance and the number of seismic events or the 
rate of seismic events serve as an indicator for possibility of 
hazard to the structures closer to the high event locations. 
However, the number and the magnitude alone does not 
contribute to evaluating the potential hazard, as it is required 
to understand the actual intensity of the vibration or the 
shake imparted by the sudden release of energy and its 
depth[14]. In the present case, since only one station has 
been available to provide data and this is incomplete for 
arriving at quantification of any parameter to evaluating 
hazard. In case of limited data, without involving deeper 
analysis, calculation of magnitude based on maximum 
magnitude and the nearest second largest magnitude values 
in a time window can be done. Thus, qualitative analysis 
based on number of events (Sn) over a time window i.e 
frequency of events and their magnitude (Mt) above certain 
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threshold value is an option to understand possible potential 
hazard due to the seismic events. The simplest formula for 
the assessment of the seismic activity rate = n / T [14]. 
Magnitude can be estimated based on empirical relationships 
between the magnitude, observed tectonic features, or using 
frequency of events and magnitude curves and the use of 
strain rate or rate of seismic moment release. The values of 
magnitude arrived based on any one these techniques can 
have impact on the quality on the assessment of hazard. 

Statistical techniques can be used with the historical data 
to assess the possible hazard due to the seismic events and 
can be useful to evaluate change in the level of seismicity in 
the mining area. These techniques consider probability of 
occurrence of seismic event, recurrence of a possible event 
and maximum expected magnitude. There are also non-
statistical approaches based on seismic energy released and 
the rate of seismic activity. While the statistical technique 
generally be reliable based on activity inclusion from the 
whole mining area, the non-statistical one is applicable for 
part of the mine using changes in the seismic source 
parameters and finding out dangerous seismic event 
threshold level. While in the efforts to assess the hazard due 
to the events, it has been found that [15,16] magnitude alone 
do not play role, but there needs to be inclusion of 
geological, geotechnical and the changes in the stress regime 
in the mines. 

V. CONCLUSION  

Since the beginning of mining activities, the monitoring 
of the seismic events has been done through employment of 
seismic or microseismic systems. Micro-earthquake 
monitoring networks are well suited for studying seismically 
active areas including study of rockbursts. With the 
limitations of having a single station only the epicentres of 
the seismic events can be computed and the depth at which 
the seismic event takes place cannot be arrived at accurately. 
Therefore, the results discussed are an estimate based on the 
trend observed and can be verified only when the seismic 
event is large enough to cause a visible surface damage.  

In order to locate the actual source of individual seismic 
event along with its corresponding depth and to assess the 
hazard due to abandoned mine, a network of minimum 5 to 6 
geophones should be deployed and monitored.  
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