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Rockburst

• Rockbursts continue to be a major contributor to mine accidents and cause of 
damage to mine excavations, particularly at great depth.

• Attempts have been made in the past to mitigate the impact of rockbursts, 
with rock support remaining the ultimate method for providing stability in with rock support remaining the ultimate method for providing stability in 
rockbursting environments.

• The problem has been present for more than a century, and although much 

research has been carried out, a solution is still elusive

www.sibanyestillwater.com

2



Seismic Coverage 
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Total geophone = 43 sites



Section View (sensor array)

depth
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Health of the system
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Daily Histogram (30 days moving average)
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Diurnal chart
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Diurnal chart
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S:P ratio and the Duration 
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M≥1.0
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S:P wave Energy ratio
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3D seismic reflection and Mining Induced 
seismicity

• The 3D seismic reflection profiling and the earthquake seismology are 

often used as methods to study the structure and subsurface of the 

earth

• The two methods use different approaches with different objectives 

although they share the same fundamental principle of wave although they share the same fundamental principle of wave 

propagation and are rarely used together.

• It is intended that the integration of 3D seismic reflection data with 

mining induced seismic data will provide better understanding and 

interpretation of the seismic sources in this structurally complex area of 

the Witwatersrand Basin.
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Objectives of the two  Methods

Processing of data

• The main objective of 3D seismic data processing is to 

- suppress noise, 

- enhance the reflected signal, 

- move (or migrate) seismic reflections to their true positions in time and 

space, and thus produce the best possible image of the subsurface.

• The main objective of  Mining seismic data processing is for 

- Accurate Location

- Moment Tensor Calculation (First arrivals)
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Criterion of selection (75 seismic events)

• Moment magnitude  above M1.5

• At least 20 sites (geophones)  triggered around the seismic event 

(selection based on the dense network)

• Seismic events with location falling within the volume covered by the • Seismic events with location falling within the volume covered by the 

in-mine seismic network and the 3D reflection volume.
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(a) 2D Plan view of Kloof mine, South Africa, with the location of the in-mine geophones 
(rectangles) and the 75 seismic events (blue, green and red circles) considered in this. Purple 
polygon indicates the location for the analysed 3D seismic reflection Volume (b) Cross section 
view indicating the geometry of geophones and (c) 3D view of the events within the purple 

polygon. 
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3D seismic reflection
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Cross section and the 3D fault interpretation
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Spatial Distributions  (75 seismic events)
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Literature on mining-induced seismicity reveals many studies 
assigning diagnostic value to Es/Ep .

Tensile model (Sato, 1978) Es and  Ep are approximately  equal

Gibowicz and Kijko (1994) - suggest tensile failure component with Es/Ep 

<10 )<10 )

Boatwright and Fletcher (1984)- suggest pure shear corresponds with Es/Ep 

> 10 )

Hudyma and Potvin (2010)-suggest that for events with Es/Ep < 3, the 

mechanism is non-shear

Es/Ep > 20 (Pure shear)- some authors
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Focal mechanism(Es/Ep ratio)
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Moment Tensor inversion -Problems

• Proving that the results provide an accurate reflection of reality

• Verification can be reliably undertaken by obtaining fracture mapping 
(comparing location and orientations of the computed fault-plane solution 
with those of mapping)

• Even then, the conclusion often remain speculative
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Source Parameters and Moment Tensor Components
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Corresponding Fault-Plane Solution

These results show both deviatoric and isotropic components
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Spatial Distribution of the deviatoric focal Mechanism for the 
KLF operationRegion A has indicated some alignment to two events close to nearby 

dykes (20180113 023808 and 20181119 121437). 

In Region B 5 of the 6 seismic events align with the NS striking dykes one In Region B 5 of the 6 seismic events align with the NS striking dykes one 

(20171017 211230) did not align with any feature within the area of its 

location..

In Region C both events 20171219 050805 and 20181017 144042 align with 

the dip pillars and the 20181007 082527 seismic event aligns with an 

abutment. 
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In this region most seismic events align with structures striking NE-SW which 

appears to co-incide with the orientation of the faults in the vicinity. No 

solutions were aligning with the N-S striking dyke in Region C



Hudson-Diagram (source type)

• Kloof Data indicates more implosive source type indicating the Tensile crack 
closure within the rockmass
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conclusion:

• The data has shown that the implosive component dominates the source 
mechanism of the majority of the events.

• Moment Tensor inversion indicates that the dominating source mechanisms  is 
of the Shear type  and show near vertical and near horizontal nodal planes.
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CASE STUDY : Seismic Information CASE STUDY : Seismic Information 
Pertaining to the M=2.9 on Henrey’s

dyke
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1Day in R=400m 
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M=2.9 and the Associated  triggered sites
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Henrey’s Dyke- Moderate to High Seismic Potential
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Henrey’s dyke recorded the highest  Mmax seismic event



Fault Plane Solution(FPS):

N

Location at 80 % 
confidence (164m at 

half axis)

(expected Damages
Based on PPV and 

distance from source)
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FPS

Burst type event 

Aligns with the North-
South (strike) and 

dipping at 800(West)



N

X-cut damaged 
(scaling sidewall)

X-cut damaged (total 
loss)
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Section View- Foot wall seismic event (1day)

290 m

www.sibanyestillwater.com

37

43 After shocks



Moment Tensor Solution
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Implosive source type



Seismicity:  Diurnal Distributions (R=400m)

Background 
level

Decay period
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PPV-Magnitude–Distance Plot & Expected damage.
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Summary on the event

� The M= 2.9 seismic event is located 65 m away from the North-South trending   

Henrey’s dyke .

� The  induced seismic event is likely to be associated with the geological feature in   

the  vicinity of its source location trending North-South .

� It is likely to be the burst on Henrey’s dyke according to the Energy ratio (Es/Ep 

=4.4) and location error margin =4.4) and location error margin 

� FPS indicates plane 1 correlates with the dip of the dyke.

� The PPV plot for the M=2.9 seismic event  was  0.7- 1.0 m/s  at the  

41level  x-cut (total lost)  and 43 level x-cut, which correlates with the 

damages within the  source radius   of the seismic event. 

� The expected damage for these values of PPVs  coincided  with the oberved

damages underground.

� Henrey’s dyke is transitioning from a quite stage (less aseismic) to being seismically 

active dyke.  
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