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Abstract

Electrical resistivity tomography (ERT) is a traditional and representative geophysical method for
determining the resistivity distributions of surrounding soil and rock volumes. Depth resolution
profiles and sensitivity distribution sections of the resistivities with respect to various electrode
configurations are calculated and investigated using numerical model data. Shallow vertical resolution
decreases in the order of Wenner, Schlumberger, and dipole-dipole arrays. A high investigable depth
in homogeneous medium is calculated to be 0.11-0.19 times the active electrode spacing, but is
counterbalanced by a low vertical resolution. For the application of ERT depth resolution profiles and
sensitivity distributions, we provide subsurface structure models for two types of land-creping failure
(planar and curved), subvertical fracture, and weathered layer over felsic and mafic igneous rocks. The
dipole-dipole configuration appears to be most effective for mapping land-creeping failure planes
a (especially for curved planes), whereas the Wenner array gives the best resolution of soil horizons and
OPEN ACCESS shallow structures in the weathered zone.
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Fig. 1. (a) Vulnerability to weathering of igneous rock-forming minerals in Bowen'’s reaction series. (b) Standard classifi-
cation of igneous rocks based on their silica content. The susceptibility of rocks to weathering and saprolite conductivity
inversely increase with the quartz content.
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Fig. 2. Schematic geologic section of the weathered layer and its composition as a function of the underlying rock type
(after Nabighian, 1994).
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Fig. 3. (a) Development of a complete weathering profile with respect to time or weathering intensity and (b) modification
of the weathering profile due to declining water tables resulting from tectonic uplift (modified from Butt, 1982).
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Fig. 4. Schematic weathering profiles over felsic and mafic igneous rocks. The minerals most common to each horizon are
labeled next to each column. The fresh rock and fractured rock zone have the same mineral content (after Palacky, 1986).
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Fig. 5. Electrode systems and definition of £ for the investigation of the depth resolution characteristic (DRC) and sensitivity
distribution (modified from Roy and Apparao, 1971).
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Fig. 6. Geometry of current and potential electrodes for computing the depth resolution characteristics (DRC).
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Fig. 7. Plane geometry of dipole-dipole arrangements (modified from Roy and Apparao, 1971).
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Table 1. Absolute depths of investigation in homogeneous ground (L is the distance in any array between the two active
electrodes)

Electrode array Depth of maximum vertical resolution
Wenner 0.11L
Schlumberger 0.12 L
dipole-dipole 0.20L
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Fig. 9. Sensitivity distribution of the (a) Wenner array, (b) Schlumberger array, and (c) dipole-dipole array. The Wenner
array shows a high vertical resolution, whereas dipole-dipole array particularly sensitive to deep lateral resistivity variations.
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Fig. 10. (a) Soil layer and vertical fracture model (tension cracks), (b) inversion results with the Wenner array, (c) Schlum-
berger array, and (d) dipole-dipole array. The Wenner configuration provides the best resolution of shallow soil layer,
whereas the dipole-dipole array identifies two vertical fracture zones.
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thered layer.
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