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Figure 25—Isometric views of the seismicity during the late undercutting stage at Lift 2. The dark line in each view shows the approximate limit of the
seismicity. The gray line shows the seismic limit of the previous month. The month-by-month extraction of the undercut is also shown on each diagram

zone is approximately 25 to 50 metres in vertical height and
increases in elevation by only about 25 metres during this
period. 

The seismogenic zone does move horizontally somewhat
towards the north-east, as the undercut moves to the north-
east. However, there is surprisingly little seismicity near the
undercut blasting. The seismicity tends to continue to occur
in the peak of the cave. Frequency-magnitude analysis
showed the lack of events was not due to a reduction in the
seismic system sensitivity. The lack of seismicity was likely
due to the fact that the undercut has been extended fully to
the north, with all the remaining undercut blasts are in a
stress shadow of the east-west maximum principal stress.  

As the undercut mining progresses, the seismicity tends
to concentrate in the south side of the cave, with almost no
seismicity in the northern 50 metres of the cave. This
aseismic band is shown in the January 2004 seismicity
picture in Figure 26. This is particularly surprising since all of
the undercut blasts in January 2004 were on the north side of

the undercut. There is no clear geological reason for the
aseismic zone as the three primary rock units (Lower
Volcanics, Diorite, and BQM) are all present in the north side
of the orebody.

Apparent stress in the seismogenic zone

Throughout undercutting of Lift 2, the seismogenic zone was
large and diffuse. Clear movements in the seismogenic zone
were often difficult to identify. The locations of high
Apparent stress events were used to identify movements in
the seismogenic zone. The assumption is that the high
Apparent stress events are most likely to occur in the area of
highest stress change, which would be the apex of the
seismic failure front. Figure 27 shows the location of the high
Apparent Stress events (Apparent Stress ≥ 10,000 Pascals)
on a month-by-month basis for July, August and September
2003. A red-line is interpreted at the bottom of each month’s
seismicity (red-lines from previous months are coloured black
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Figure 26—Location of the seismic events in January 2004 (looking east). There is an aseismic region of the cave on the north side of the orebody

Figure 27—Month-by-month views looking north-west for July– Sept 2003. The diagrams on the left show events with apparent stress of 10 000 Pascals or
more. The diagrams on the right show events with an apparent stress of less than 10 000 Pascals

and retained for reference). The figures also show the
location of the of the lower Apparent Stress events (Apparent
Stress < 10,000 Pascals).

It is observed that during undercutting, high Apparent
Stress events occur in a peak or apex shape on the south-
west side of the orebody. The band of high Apparent Stress
events was tighter and generally moved in a more continuous
manner with the undercutting, compared to lower Apparent
Stress events. When the band of high Apparent Stress events
moved (generally up and to the North-East), there were few
or no high Apparent Stress events recorded below the band.

This could be interpreted that the high Apparent Stress
events identified the location of an active stress-related
failure front. The lower Apparent Stress events were more
dispersed than the high Apparent Stress events.  

The lower Apparent Stress events occurred predominantly
along the sides of a failure zone profile rather than in the
peak of the apex. There were also numerous low Apparent
Stress events to the west of the orebody, outside the cave
profile. These lower Apparent Stress events were occurring in
areas that would have had lower induced stresses than the
apex of the cave.  
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There were comparatively few high apparent stress
seismic events in the BQM unit. This is likely due to the BQM
unit tending to not be in the peak of the cave, but may also
be reflecting the higher strength of the BQM.

Cave back versus seismogenic zone location

A series of inclined open holes were drilled from the 9700
Level to monitor movement of the cave (approximately 230
metres above the undercut level). Dipping of the open holes
was routinely undertaken to estimate the cave back location.

On August 03, 2003 measurements recorded the cave
back at about 9470 to 9480 in hole D262 (located in the
south-west corner of the cave). This is within 10 metres of
the top of the undercut blasting. Figure 28 shows the location
of the events in July 2003, with the bottom of the seismicity
at about the 9540 Elevation. This suggests a rock mass
loosening zone of 60 to 70 metres. Duplancic7 found that the
zone of loosening was approximately 15 metres in height
during mining of Lift 1 at Northparkes.

Throughout the undercutting, the zone of loosening was
typically 50 to 70 metres in thickness.

A stress driven undercutting failure model 

An undercutting model for Lift 2 at Northparkes is proposed.
For the first two months of undercutting (approximately 10%
of the total undercut), a dome-shaped seismogenic zone
forms and moves in a relatively consistent and expected
manner. As undercutting continued, geological disconti-
nuities begin to have a major role in the location of seismic
events. Movements in the stress-failure front are relatively
discontinuous and erratic, despite a near constant
undercutting rate. The contact between the weaker volcanics
and stronger BQM units became preferentially seismically
active.  

Early in the undercutting, movements in the seismogenic
zone were directly triggered by mine blasts. Most seismic
events occurred within a few hours of the undercut blasts.
Later in the undercutting, rock mass failure was less directly

related to individual blasts with high seismic event rates
occurring for 1 to 3 days after blasts.  

The rate of seismic events was surprisingly consistent for
the first two phases of the undercutting (approximately 1/3
of the undercut). Once the undercut was fully extended to the
north, the number of seismic events per blast increased
significantly. This further supports the notion that rock mass
failure in the first two stages of undercutting was induced
directly by stress change related to undercut extraction.  As
the undercut widened to the east, in the third stage of
undercutting, rock mass failure was increasingly driven by
caving related rock mass failure mechanisms.  

The seismogenic zone showed a poor correlation with the
measured location of the cave back. There was an aseismic
zone of loosening of up to 50 to 70 metres in height above
the cave back. At Palabora, a zone of loosening of up to
60–80 metres was identified25.  

S:P energy ratio analysis suggests that shear of existing
discontinuities was the most common seismic source
mechanism. This was consistent throughout the undercutting
period, and for all the major rock mass units.  

The peak of the undercut seismogenic zone was the
location of the highest apparent stress events. This suggests
that the peak of the seismogenic zone represented an area of
stress-driven rock mass failure.  

There were significant areas above the undercut that had
very few events. Different rock types had a different seismic
response, the volcanics were far more seismically active than
the quieter BQM in the east. Areas in which caving was not
occurring under stress-driven failure were virtually aseismic.
The east side of the cave had very few seismic events
recorded. There were also very few seismic events in the
northern 25% of the undercut area. These two anomalies are
not adequately explained by a reduction in seismic system
sensitivity, and may be more related to stress shadowing of
undercut blasting by the caved muckpile and the loosened
rock mass zones. It is unclear whether a significantly more
sensitive seismic system would detect a significant number of
events in the aseismic areas.

▲

418 JULY  2008       VOLUME 108       REFEREED PAPER The Journal of The Southern African Institute of Mining and Metallurgy

Figure 28—Seismic events for July 2003, which is the month prior to the open hole checking on August 03, 2003. The blue profile represents the final cave
shape (as of Jan 2006). The bottom of the seismogenic zone in the south-west corner is at approximately 9530 to 9540 elevation. This is well above the
cave back measured (using open holes) at 9470-9480 on 03 August 03 2003
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