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ABSTRACT: Rock masses in deeplevel mines are subject to high stresses, which can result in unexpected failure of rock into mined-out 
openings. Historically, various independent methods have been used to discem the causes of rock bursts and to evaluate stress conditions 
in rock masses susceptible to violent failure. Personnel from two research centers of the former U.S. Bureau of Mines, Spokane and Twin 
Cities, investigated a rock burst that occurred in May of 1994 in a rock mass between the 4400 and the 4600 levels of the Sunshine Mine, 
Kellogg, ID. The team evaluated the current state of stress in the pillar and the most likely cause of the rock burst by studying the 
seismic history of the pillar, examining the gcology, analyzing the available in situ stress data, calculating possible fault-plane solutions 
for the burst, and performing a seismic velocity tomographic survey. The results of the study showed that post-rock-burst seismicity was 
concentrated about 15 to 30 m west of and about 15 m above the rock-burst location. The pillar is composed of a very hard sericitic-to- 
vitreous quartzite of a type rarely found in the mine, but that is often found in other district mines having a history of seismic activity. 
In situ stress analysis of the pillar and the surrounding rock mass showed a probable stress rotation from northwest-southeast to east-west. 
Of four fault plane solutions, the most probable was either a left-lateral, strike-slip movement with a compressive principal stress oriented 
nearly north-south, or a right-lateral, strike-slip movement oriented east-west. Finally, tomographic images showed low-velocity areas 
(interpreted as areas of low stress) associated with the crosscuts and haulageways, and high-velocity areas (interpreted as areas of high 
stress) associated with the rock-burst location. High velocities were also found in a planar area oriented in an elongate northeast- 
southwest direction. 

1 INTRODUCTION 4400 and 4600 levels, the only other opening was the 18-m-high, 
2.7-m-wide, and 4.6-m-long raise where the rock burst occurred. 

On May 13, 1994, one miner was killed and another injured in a This study involved combining several types of assessments, 
rock fall resulting from a rock burst at the sunshine including seismicity, geologic, in situ stress measurements, fault 

~ ~ l l ~ ~ ~ ,  ID (figure 1). ne sunshine Mining Co. and the former plane solutions, and seismic tomography results to determine 

U.S. Bureau of Mines (USBM) agreed to conduct research to relative at the rock-burst site. 

determine the cause and then-current state of stress of the rock 
mass above and around the rock-burst site. 

The rock burst occurred in a raise 18.3 m above track level on SEISMICITY 

the 4600 level in the Chance vein footwall. The area studied was 
a pillar (CF02) between the 4400 and 4600 levels (-1344 and - 
1392 m below the collar of the Jewel shaft, respectively) and 
behueen 73500E and 74500E. and 79600s and 80300s (figure 2). 
The pillar was approximately 52 m high, 183 m long, and 152 m 
wide. Above the pillar, a 6-m-high, 91-m-long, and 2.4-m-wide 
stope had been excavated. Intact rock surrounded the remaining 
portions of the pillar. Other than development openings on the 

For the purposes of this paper, a seismic event is defined as the 
initial appearance of seismic energy on a seismic record. Seismic 
events include microseismic events, rock bursts, and earthquakes. 
Only microseismic events and rock bursts associated with mining 
will be discussed here. Microseismic events are defined as events 
that usually displace less than 1 to 2 m' of material into a mine 
opening, are less than 0.5 Richter magnitude, or result in less than 
30 mm of displacement on a seismograph. Accuracy of locating 
a microseismic event is confined ;o-a radius of about 8 6 
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depending on its magnitude. Determining the location of larger 
events is less accurate because a larger volume of rock is 

Scale, krn involved; conversely, the location of smaller events is more 
accurate. Microseismic events are detected with underground 

Kellogg geophones, but are normally not measured on a surface 

seismograph because of the small amount of energy released. 
They generally occur near drifts, haulageways, or stopes and 
cause popping, spitting, and spalling of the surrounding rock 
mass. 

In this study, a rock burst is defined as the sudden and 
sometimes violent release of accumulated energy expressed when 
a volume of rock is strained beyond its elastic limit. Rock bursts 
can be classified as strain, crush, or slip. Strain bursts are small 
and localized, while crush and slip bursts can cause extensive 
damage to drifts and stopes. Events exceeding 0.5 Richter 

Idaho magnitude or greater than 30 mm displacement on a seismograph 
are classified as rock bursts. 

The May 13 rock burst was located by a macroseismic system 
Figure I .-Location of Sunshine Mine, Kellogg, ID and was calculated to have originated at about 73775E. 80021 S, 










