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Mr. Jaco Nel of the Department of Earth Sciences (University of the Western Cape) requested two resistivity imaging profiles across monitoring boreholes at the Berg River approximately 7 km south-west of Franschhoek.

The objectives of this survey were to:

1. Investigate the conductive nature of the subsurface

2. Identify possible geological structures in the vicinity of the boreholes.
The paragraphs below summarize the basic principles, field survey method and data reduction of the multi-electrode resistivity imaging technique.   
1. Resistivity method
The electrical resistivity varies between different geological materials, dependent mainly on variations in water content and dissolved ions in the groundwater. Resistivity investigations thus are used to identify zones with different electrical properties, which can then be referred to different geological strata. Resistivity is also called specific resistance, which is the inverse of conductivity or specific conductance.  The most common minerals forming soils and rocks have very high resistivity in a dry condition, and the resistivity of soils and rocks is therefore normally a function of the amount and quality of water in pore spaces and fractures as well as the degree of tropical weathering of the formation.  Consequently, the variation may be more limited within a confined geological area and variations in resistivity within a certain soil or rock type will reflect variations in physical properties.  For example: the lowest resistivities encountered for sandstones and limestone’s mean that the pore spaces in the rock are saturated with water, whereas the highest values represent strongly consolidated sedimentary rock or dry rock above the groundwater surface.  Sand, gravel and sedimentary rock may also have very low resistivities, provided the pore spaces are saturated with saline water.  

Fresh crystalline rock is highly resistive, apart from certain ore minerals, but weathering commonly produces highly conductive clay-rich saprolite.  The variations in characteristics within one type of geological material makes it necessary to calibrate resistivity data against geological documentation, from for example surface mapping, test pits or drilling.  However, this applies to all geophysical methods.

The degree of water saturation will of course affect the resistivity, and the resistivity above the groundwater level will be higher than below if the material is the same. Consequently, the method can be used for determination of the depth to groundwater where a distinct groundwater table exists. However, if the content of fine-grained material is significant the water content above the groundwater surface, held by hygroscopic and capillary forces, may be large enough to dominate the electrical behaviour of the material. The resistivity of the pore water is determined by the concentrations of ions in solution, the type of ions and the temperature.  The presence of clay minerals strongly affects the resistivity of sediments and weathered rock. The clay minerals may be regarded as electrically conductive particles, which can absorb and release ions and water molecules on its surface through an ion exchange process. 
Note.
It is not possible to determine geohydrological parameters such as porosity and transmissivities of a formation with geophysical results.  Lower electric resistivities in a homogeneous formation are normally associated with higher porosities and transmissivities. Very low resistivities on the other hand, are normally associated with clayey and consequently low transmissivity values formations or saline saturated formations. 
1.2 Field survey method.
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An Abem SAS 1000 terrameter and ES 10-64 switching unit was used for the field survey. Four multicore cables and stainless steel pegs were used with the “roll-along” surveying method. Measurement of the resistivity of the ground is carried out by transmitting a controlled current (I) between two electrodes inserted into the ground, while measuring the potential (V) between two other electrodes. Direct current (DC) or a very low frequency alternating current is used, and the method is often called DC-resistivity. The resistance (R) is calculated using Ohm’s law. The stainless steel electrodes were hammered approximately 30-40 cm into the moist ground.
Two profiles were surveyed on the 8th July 2009.  The Wenner-long measuring protocol with an electrode separation of 10.0 meters was used for profile-1. This electrode separation yields a maximum investigation depth of approximately 60meters. The Schlumberger-long measuring protocol with an electrode separation of 4.0 meters was used for profile-2. This electrode separation yields a maximum investigation depth of approximately 30meters.Elevations and coordinates for topographical corrections on the models were obtained with a hand held GPS. Profile coordinates are listed below the resistivity models. 
1.3 Data Reduction.

The RES2Dinversion program from GEOTOMO is used to invert the measured data after being manually filtered. 

The RES2Dinv version 3.52-inversion program was used to invert the measured data after being manually and mathematically filtered. The inversion routine used by the program is based on the smoothness-constrained least-squares method (deGroot-Hedlin and Constable 1990, Sasaki 1992). One advantage of the method is that the damping factor and flatness filters can be adjusted to suit different types of data. The 2-D model used by this program divides the subsurface into a number of rectangular blocks that will produce an apparent resistivity pseudo section that agrees with the actual measurements. A forward modelling subroutine is used to calculate the apparent resistivity values, and a non-linear least-squares optimisation technique is used for the inversion routine. The optimisation method basically tries to reduce the difference between the calculated and measured apparent resistivity values by adjusting the resistivities of the model blocks. A measure of this difference is given by the root-mean-squared (RMS) error. However the model with the lowest RMS error can sometimes show large and unrealistic variations in the model resistivity values and might not always be the “best” model from a geological perspective. In general the most prudent approach is to choose the model at the iteration after the RMS error does not change significantly. 
It is important to note that the inversion process that translates raw resistivity data into a resistivity cross section is non-unique. The inversion program chooses the smoothest, least heterogeneous, solution. This solves the mathematical problem of non-uniqueness, but produces a slightly blurred image of the actual geology. Abrupt transitions between layers become gradational transitions in the resistivity section. Second, the data are collected along a line and inverted assuming two-dimensional geologic structure. This assumption is reasonable for a layered earth or for dipping layers if the data are collected perpendicular to strike. 

A detailed description of the different variations of the smoothness-constrained least-squares method can be found in the free tutorial notes by Loke (2001), www.geoelectrical.com.      
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2. Results

2.1. Profile-1
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Profile coordinates (WGS 84):
0m:       33.95540 S ; 19.07470 E

500m:   33.95870 S ; 19.07110 E

2.2. Profile-2
[image: image4.png]300

290

260

270

260

250

240

SE

00

Resistivity imaging section-2, Berg River. July 2009.

Transported material & weathered sandstone

Weathered
sandstone zone

Sandstone
(bedrock)

I I (O (T (N (N O (NN NN Viode resistivity with topography

300

432 622 E3 1290 1888 2675 3652 teration 4 RMS error = 4.9
Resistity in ohm.m

Nw





Profile coordinates (WGS 84):

0m:       33.95750 S ; 19.07370 E

144m:   33.95670 S ; 19.07270 E

3. Discussion of results

Interpretation of the resistivity results entails relating different modelled ground resistivities with geology e.g. lithological units, degree of weathering, bedrock and vertical/sub vertical structures. 

The annotated models in section 2 show the modelled ground resistivity contours of the substrate.  The geo-electric models are contoured with the same logarithmic scale and the elevations appearing on the left of the sections represent heights above mean sea level. Note that heights and coordinates were obtained with a hand-held GPS unit and are not accurate. 
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