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Abstract

During the temporary NARS-Botswana seismic network project, conducted by the
Utrecht University to determine the structure of the crust and mantle beneath Botswana,
a moment magnitude 6.5 earthquake occurred on April 3, 2017 in southeast Botswana
near Moiyabana. The earthquake occurred inside the continental African plate, in
an area with low historical seismic activity and more than 300 km away from the
nearest seismically active fault structure, the Okavango Rift Zone. A sequence of 79
aftershocks followed the 2017 Moiyabana earthquake, with magnitudes between local
magnitude 2.5 and body wave magnitude 5.0. In this study, the hypocenter locations
and times of the main shock and the aftershocks are determined using the double-
difference hypocenter location algorithm hypoDD [Waldhauser and Ellsworth (2000)].
The results of the relocation give more insight in the locations and geometries of the
structures that slipped during the earthquake sequence and how they relate to the
local geology. The relocated aftershocks form two clusters; the largest cluster contains
the main event and 56 aftershocks and the smaller cluster contains 2 aftershocks, lo-
cated 113 km away from the main event. The larger cluster of events is 24 km long
in the NW-SE direction, consistent with the focal mechanism of the 2017 Moiyabana
earthquake and local geological structures. The depth range of the events in the larger
cluster is from 0.107 4= 0.611 km to 18.367 4 0.745 km and the depth of the aftershocks
decreases towards the northwest. The hypocenters are located on a northeast dipping
fault. From these results I infer that the 2017 Moiyabana earthquake occurred on
the reactivated Moiyabana fault, located in the Proterozoic Limpopo-Shashe belt. The
Moiyabana Fault is part of an ancient zone of weakness, associated with the collision of
the Kaapvaal and Zimbabwe Cratons, that responded to large scale extensional forces
present in southern Africa.



1 Introduction

On April 3, 2017 at 17:40:18.56 UTC a moment magnitude (M,,) 6.5 earthquake occurred
in the southeast of the Central District of Botswana, 132 km from the village Moiyabana
(hereafter referred to as the Moiyabana earthquake). Whereas most of the global seismicity
is associated with active faults near plate boundaries, this event happened inside the con-
tinental African plate. Large intraplate earthquakes are rare, but the occurrence of these
events show that continental lithospheres are not entirely stable and are related to seismic
hazards [England and Jackson (2011)]. The 2017 Moiyabana earthquake (with ID name:
2017/04/03Mw6.5) occurred in an area with low historical seismic activity (Figure la) and
there are not many strong earthquakes that have been recorded in the past. In the months
following the main event, multiple aftershocks occurred that have to be relocated with re-
spect to the main shock. The precise spatial offset between the hypocenters is needed to
better constrain the geometries of the structures that slipped during the earthquakes.

According to the ISC On-line Bulletin (2016), the hypocenter of the Moiyabana earthquake
is at a depth of 29 + 1.8 km and located at 22:678 S and 25:156 E (£ 7.5 km). The focal
mechanism of the event has a nodal plane with a strike of 332 , a dip of 41 and a rake of -
70 . A sequence of 79 aftershocks followed the 2017 Moiyabana earthquake, with magnitudes
between local magnitude (M) 2.5 and body wave magnitude (myp) 5.0. Two aftershocks have
been recorded on August 12 2017, 113 km southeast from the main event. The last aftershock
of the sequence was recorded at November 9 2017 [ISC On-line Bulletin (2016)]. The initial
estimated locations of the main event and the aftershocks is given in Table A (Appendix
A). The estimated locations, depths and magnitudes are shown in Figure 1, along with the
LBTB and NARS-Botswana seismic stations and past seismic events.

The 2017 Moiyabana earthquake occurred within the Paleoproterozoic Limpopo-Shashe (LS)
orogenic belt, which is situated between the Archean Kaapvaal and Zimbabwe Cratons, and
event 2017/08/12mb4.9 occurred in the Kaapvaal Craton (Figure 2). The LS belt was formed
during the collision between the Kaapvaal Craton and Zimbabwe Craton and is defined by
crustal-scale thrust faults [Roering et al. (1992)]. Since the earthquakes occurred more than
300 kilometers away from the Okavango Rift Zone, a seismically active zone that has been
suggested to belong to the southwestern part of the East African Rift Zone System (EARS)
[Kinabo et al. (2007)], the events are classified as intraplate seismic events. Suggestions have
been made that recent seismic activity in the LS belt point to the continuing southward
propagation of the EARS [Bird et al. (2006); Materna et al. (2019)].

Using aeromagnetic and gravity data, Kolawole et al. (2017) found that the nodal plane of
the Moiyabana earthquake aligns with a NW striking and NE dipping magnetic lineament
within the Precambrian basement. This normal fault, named the Moiyabana Fault, had a
displacement of 1.8 m and ruptured at 21-24 km depth [Kolawole et al. (2017)]. It has been
suggested that the rupture occurred due to extensional reactivation of the Moiyabana Fault
[Kolawole et al. (2017); Moorkamp et al. (2019)]. Figure 3 shows the interpreted geological
structures by Kolawole et al. (2017).
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