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We present a comprehensive study of seismicity from deep South African gold mines. Here, we find the unique
situation that the seismicity consists of both mining-induced earthquakes and aftershocks triggered by the M5.5
Orkney earthquake which occurred in August 2014. We hypothesize that the finite size and geometry of the volume
of stress perturbation, caused either by mining activities or by a large earthquake, controls the propagation of rup-
tures and influences the observed frequency-magnitude distribution. We use advanced approaches which involve
both waveform-based and probabilistic methods. These methods include rupture propagation imaging and directiv-
ity analysis, and studies of the scaling of earthquakes magnitudes in finite perturbed rock volume. For the first time
we apply these approaches to the observed seismicity in deep South African gold mines which also occurs in finite
volume where the in-situ stress is perturbed. It contributes to a better understanding of seismogenic processes and,
in particular, to an improved assessment of seismic hazard in an active mining environment. Our results indicate a
unilateral rupture of the M5.5 main shock propagating nearly from North to South over a distance of about 5km.
The images of back-projected seismic energy as well as the retrieved source time function reveal a highly complex
rupture process of this earthquake which complements other results (Imanishi et al., 2016, Moyer et al., 2017).
Furthermore, we see a clear spatial separation between the triggered aftershock cloud and the induced seismicity
in the different mining horizons. The aftershock cloud is unilaterally situated in respect to main shock epicenter
and aligned to the South which confirms the obtained rupture propagation image and directivity. The magnitude
statistics of both aftershocks and induced earthquakes are noticeable affected by the finite size of the perturbed rock
volume which inhibits the occurrence of larger magnitude events. The statistic of the event waiting times however
differ for the two types of seismicity. The distribution of aftershocks in time shows clearly the typical Omori-Utsu
behavior (i.e. a strict power-law decay) whereas earthquakes in the mines are observed at a rather constant level of
activity emphasizing a Poissonian nature of acausal occurring events induced by mining operations.


