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SUMMARY
The work highlighted herein represents part of efforts made to assist Johannesburg`s West Rand District Municipality in mapping sinkhole and subsidence vulnerability around the town of Venterspost, using geophysical exploration tools. ERT, VES and gravity surveys were conducted to assist in mapping sinkhole vulnerability, using an existing sinkhole as a constraint. Video evidence was also collected using a drone to image the geology within the sinkhole. The Venterspost sinkhole is a known karstic feature which has developed over the past 10 years, and has so far collapsed deep and the actual depth extend is currently unknown. The site was initially earmarked for a school, before the sinkhole developed, prompting for stability assessments to be conducted. Geophysical studies focused on mapping the possible depth extend of this feature, and to identify other areas in close proximity to the sinkhole, which may also develop sinkholes in the near future. Methodology applied includes Electrical Resistivity Tomography (ERT) profiling, Electrical Soundings (VES) and the gravity method. ERT profiles were used to map the lateral changes and disturbances in the local strata, and possibly identify locations of potential risk (sinkhole formation and/ or cavities) at depth. VES soundings were used to define potential sinkhole and subsidence locations with depth, to help classify the material at specific locations of interest within the site. Results of the geophysical surveys conducted mapped the possible extend of the currently existing sinkhole and offered characterisation of the area wherein possible subsidence, sinkholes and other karstic features would possibly form. A high-resolution residual gravity map of the area was created, to map the possible extension and trajectory of the karstic features at depth.
Key words: 

Electrical Resistivity Tomography (ERT): a geophysical technique for imaging sub-surface structures from electrical resistivity measurements made at the surface, or by electrodes in one or more boreholes.
Vertical Electrical Soundings (VES): a one dimensional (1D) electrical resistivity method for subsurface imaging, with the capability of geophysical characterising a single station with its depth extend. 
Pseudosection: A plot of data against position along a traverse line, used to produce a display of resistivity data. 
Sinkhole: a depression in the ground that has no natural external surface drainage
Subsidence: a feature that forms on a land portion, which result in a gradual collapse or caving in.  
INTRODUCTION

Johannesburg`s West Rand district is known for its dolomitic terrain, which is notorious for formation of sinkholes and dolines. The Town of Venterspost has experienced collapse of a massive sinkhole, which had been developing for a number of years. The Council for Geoscience was first notified in 2012 to assess the possible formation of the sinkhole and conduct a geophysical site characterisation. A preliminary study was conducted at this site, with the intension of mapping the possible depth extend to which the sinkhole could collapse. After the collapse, further studies were conducted in 2017 and 2018 to map the possible depth extend of the existing sinkhole and the potential formation of other such features within the area. 
METHOD AND RESULTS
Electrical resistivity surveys deduce the subsurface resistivity distribution of rock material by making measurements on the ground surface. From these measurements, the true resistivity of the subsurface can be estimated. The technique is useful for subsurface mapping, as it can be used to generate pseudosections of the subsurface along a measured traverse (in case of ERT profiling) or a single point vertical plot of the subsurface conditions/ rock layers in case of  the VES technique. Gravity surveys indirectly calculates the density property of subsurface materials, thereby offering a distribution of the mass of the underlying materials, which can then be used to infer the type of the geological material underlying an area.   
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Figure 1. Illustration of the the principle of the vertical electrical sounding (VES) technique. Picture courtesy of Dr. Donié Geo-Consult GmbH (2018).
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Figure 2. Typical results of an ERT profile for engineering studies. Image courtesy of Zonge website (2018).
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Figure 3. VES results for station 1 showing a 4-layered geological model.

[image: image4]Figure 4. Residual gravity map of the area covering the existing sinkhole, as well as locations of the VES soundings and the N-S ERT profile across the sinkhole.
CONCLUSIONS

The studies around the Venterspost sinkhole highlighted the effectiveness and usefulness of the geophysical surveys in mapping karstic features. Surveys results successfully mapped the possible extension trajectory of the current sinkhole and locations where other new karstic features may occur in the near future. Following these efforts, the municipality has since made efforts to close off (fence) the area for safety of the locals. Geotechnical studies, including drilling is a planned to confirm/ compare with VES results at specific locations. 
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