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Physical Property Factors Controlling the Electrical Resistivity of Subsurface
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Abstract : This paper describes the physical properties of the factors controlling the electrical resistivity of the subsurface.
Resistivities of various types of soil and rock samples saturated with sodium chloride solutions having nine different
concentrations were measured, and the measured resistivities of these samples were compared with calculated resistivities
obtained using the conventional empirical formulas. From the results obtained, we observed that the resistivity of the soil
and rock samples increases with increasing in pore-fluids resistivity regardless of the media type. However, between 20
and 200 ohm-m, which is the normal range of resistivity of groundwater, the resistivity of the pore-fluids have little or
no effect on the resistivities of the samples used. Below 10 ohm-m, the resistivities of the samples are mainly controlled
by the pore-fluids, whereas, in the normal range of resistivity of groundwater, the sample resistivities are controlled by
their intrinsic matrix resistivity more than by the pore-fluids resistivity. Also, the measured resistivity of rock and soil
samples having more than 20% clay contents showed a good agreement with the calculated resistivity using the parallel
resistance model whereas, the calculated resistivities of glass beads correlate with that obtained using Archie's formula.
When the pore-fluid resistivity is high, the computation of the resistivity values of the samples using the Archie's formula
could not be carried out. Through this study, we were able to confirm that the tests are only applicable to the parallel
resistance model considering the intrinsic matrix resistivity within the normal resistivity range of groundwater in the
subsurface.
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Table 1. Influencing factors and degree of the resistivity of ground.
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Influencing degree

Influencing factors

Geological conditions of ground

i Saturated condition
Porosity

Weathered and fault fractured zone

Unsaturated condition

Pore fluid resistivity (Resistivity of groundwater) @ LoW ~——---—me-mmmr High Components of groundwater
Water saturation Large ---------------- Small Groundwater table

Water content by volume (Porosity and water saturation) Large -------=--mm---- Small Weathered and fault fractured zone
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Table 2. Description of soil samples.

Sa;lri)[?le Classification Gram( IS:EE) range G(r;:)el S( aa}t;;l (S(;it) %lyg)y S pe;ﬁicig;:v(lgc ;I)lﬁ )s01l

GBl1 Glass beads 1 mm 0.99~1.40 2.50
GB3 Glass beads 3 mm 2.79~3.96 2.50
GB4 Glass beads 4 mm 3.96~4.70 2.50
TS Toyoura standard sands 0.10~0.42 0 100 0 0 2.64
S Sands 0.10~4.75 9 91 0 0 2.64
SM Silt mixture sands 0.034~4.75 20 75 5 0 2.65
SM Silty sands 0.0016~4.75 10 70 14 6 2.67
SC Clayey sands 0.0017~4.75 11 62 13 14 2.75
M Silts 0.0014~4.75 7 38 32 23 2.64
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Fig. 3. Relationship between resistivity and pore fluid resistivity of
soils.
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Table 3. Description of rock samples.

Conglomerate 472 1.86 270 2.00
Sandstone 471 191 2.75 0.60
Granite 4.75 9.10 2.61 2.58
Shale 4.72 1.86 2.74 231
Tuft 4.74 1.86 2.66 1.23
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Fig. 5. Relationship between resistivity and pore fluid resistivity of
rocks.
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