
Resistivity Methods

Near-surface Geophysics



Measure electrical conductivities or resistivities using artificial fields.
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Delimiting lithologic units and fault zones

Determining depth and properties of aquifers

Monitoring the impermeability of dams

Exploration and monitoring of residual waste sites

Monitoring the spread of pollutants

Detecting potential slip surfaces (e. g., clay layers) in landslide-prone 
slopes

Mostly:

Main Fields of Application



Electric Field and Potential



Electric Field and Potential



Ohm‘s Law



Conductivity and Resistivity



Conductivity / Resistivity of Rocks and Soils
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Conductivity / Resistivity of Rocks and Soils



• Conductivity / Resistivity of Rocks and Soils

Conductivity / Resistivity of Rocks and Soils

Hashin and Shtrikman (1962)

σG = a φn Sm σF

with:
material conductivity (σG),
material properties (a, n, m),
porosity (φ),
conductivity of formation water (σF)
and pores actually containing water (S)



Conductivity / Resistivity of Rocks and Soils

Question



Conductivity / Resistivity of Rocks and Soils

Question

Dynamic viscosity 𝜇 , Permeability 𝜅 and Pressure drop (Δ𝑝)



The Principle of Subsurface Resistivity Measurement

(from script Electromagnetic Methods in Geophysics H.Brasse SS2011)

equipotential surfaces



The Principle of Subsurface Resistivity Measurement



The Potential between the Electrodes



Solutions of the Potential Equation in a Homogeneous Medium



Arbitrary Electrode Configuration in a Homogeneous Half-Space



Dipole Field in a Homogeneous Half-Space



Penetration Depth of the Current



Dipole Field in a Homogeneous Half-Space



Arbitrary Electrode Configuration in a Homogeneous Half-Space



Arbitrary Electrode Configuration in a Homogeneous Half-Space

(from script Electromagnetic 
Methods in Geophysics H.Brasse

SS2011)



The Wenner (α) Configuration



Variants of the Wenner Configuration



The Schlumberger Configuration



The Dipole-Dipole Configuration



The Pole-Dipole Configuration



Surveys

Source: http://www.lgm.deSource: http://www.gfinstruments.cz



Types of Resistivity Measurements



Surveys – Vertical Sounding



Surveys – Horizontal Profiling/Constant Separation Traversing (CST)

Z1 Z2 Z3



Surveys – Resistivity Tomography (ERT)



Surveys – ERT vs. Horizontal Profiling (CST)

1D profile and 2d inversion of Wenner line over the Franconian line (Source: H.Brasse 2003)



Surveys – Resistivity Tomography (ERT)



Surveys – Resistivity Tomography (ERT)



Surveys – Resistivity Tomography (ERT)



Surveys – Electrodes



Surveys – Horizontal Profiling

Comparison between planting the current electrode directly into a tree trunk versus into the 
ground near the tree’s base: left - normalized potential, right – normalized resistivity profile



Surveys – Electrodes



Surveys



Apparent Resistivity



Penetration Depth of the Current



Vertical Sounding in the Two-Layer Case



Vertical Sounding in the Two-Layer Case

apparent electric resistivity in a two layer scenario



Vertical Sounding in the Two-Layer Case



Vertical Sounding in the Two-Layer Case

Source: U.S. Environmental Protection Agency 



Scaling Behaviour



Wenner and Schlumberger Configurations in the Two-Layer Case



Graphical Data Analysis in the Two-Layer Case



Graphical Data Analysis in the Two-Layer Case



Graphical Data Analysis in the Two-Layer Case



Analysis in the Two-Layer Case

• material with greater 
resistivity lies below the 
interface

• material with greater 
resistivity lies above the 
interface



Analysis in the Two-Layer Case

• constant resistivity

• constant depth



Analysis in the Two-Layer Case

1st layer: 10 m, 100 Ohm m

2nd layer: 20 m, 10 Ohm m

3nd layer: infinite, 1 Ohm m



Analysis in the Three-Layer Case

Z1 = 10 m

Z2 = 20 m

Z3 = inf.



Analysis in the Three-Layer Case



Multi-Layer Case

Source: Laurent Marescot, 2010



Multi-Layer Case

Source: Laurent Marescot, 2010



Multi-Layer Case



2-Layer Case



N-Layer Case



Data Analysis II

Penetration Depth of Current
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Penetration Depth of Current



Data Analysis II

Penetration Depth of Current
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Data Analysis II

Penetration Depth of Current
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Data Analysis II

Penetration Depth of Current



Data Analysis II

∆𝜌 ~ 𝜌𝐼

Principle of the Sensitivity Analysis and Depth of Investigation Characteristic formula

Source: Butler, 2015 after Roy and Apparo, 1971



Data Analysis II

Principle of the Sensitivity Analysis and DIC formula



Data Analysis II

Sensitivity of the Wenner Configuration
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Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity of the Wenner Configuration
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Sensitivity of the Wenner Configuration
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Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity of the Wenner Configuration



Data Analysis II

Sensitivity / Signal contribution section of the Wenner Configuration



Data Analysis II

Sensitivity maps for Wenner, Schlumberger, double-dipole, & partial



Data Analysis II

Sensitivity of the Wenner Configuration

Roy and Apparao (1971):
𝑧𝑚𝑜𝑑𝑒

Edwards (1977)
and Barker (1989):

𝑧𝑚𝑒𝑑𝑖𝑎𝑛

Gunther et al. (2006): 
90 %

Butler (2015):
𝑧𝑚𝑒𝑎𝑛



Data Analysis II

Sensitivity of the Wenner Configuration



Data Analysis II

Pseudosections

Source: Reynolds 2011



Data Analysis II

Pseudosections



Data Analysis II

Pseudosections



Data Analysis II

Pseudosections

1. Normal fault

2. High contrast two-layer case

3. Low contrast two-layer case



Data Analysis II

Pseudosections

1. Section with a lateral
Discontinuity

2. Lateral homogenous
three-layer section
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