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ABSTRACT. Geophysics, when applied to the study of groundwater, is commonly used in searching for rocks, 
structures or geological environments that can allow the extraction of water. It can also be used to estimate physical 
aquifer characteristics (porosity and permeability); to indicate water potability parameters, such as the degree of 
salinity or the presence of contamination by polluting chemicals; and also to give information on the contaminant 
transport and ecosystem sustainability. These applications are discussed here, and examples of the use of geophysics 
in the main geological environments of occurrence of groundwater are also presented. The objective of this article is 
to review the available methods and demonstrate the importance of the application of Geophysics in the groundwater 
study. 
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INTRODUCTION 
Water, indispensable for life, can be found in two 
natural sources: surface and underground. Surface 
water is found in rivers, lakes, streams, bays and 
oceans, while groundwater occurs in the geological 
layers below the Earth's surface. From the amount of 
fresh water that exists on the surface and in the 
subsurface to a depth of 1000 m, more than 95% is 
groundwater (Rebouças, 1980). 

The safe use of surface water as a source of 
domestic supply of a city requires a lot of care that 
involves good planning and administration, as well the 
control of water quality. This demands a lot of resources 
and reflects in a high price to be paid by the consumer 
of water. 

An alternative to the supply of water, more 
effective and less expensive, is to also use groundwater 
withdrawal of geological layers through wells. 

There are at least seven major reasons for the use 
of groundwater (Rebouças, 1980): 

● The water for the population and industries is 
presented free of pathogens, turbidity and color, 
eliminating the costly purification processes 
required by surface water. 

● The water is more protected from contaminants 
or pollution. 

● The water presents very large volumes as 
compared to the volumes stored in surface. 

● The water is difficult to get radiochemical 
contamination and of great strategic 
importance in the issue of national security, 
considering the different possibilities of atomic 
catastrophes or act of terrorism. 

● There is no great loss by evaporation, being 
little affected by drought problems. 

● At the level of public supply, allows installment 
of investments to the extent that the demand 
evolves. 

● It can constitute the main or supplementary 
source of domestic and industrial supplies. 

In the study of groundwater, the rocky 
subsurface materials can be classified as: Aquifers, 
aquicludes, and aquifuges. 

Aquifers are the subsurface materials provided 
with sufficient porosity and permeability to produce 
the necessary water supply. The permeability of the 
aquifer is typically higher than 10-2 darcy. 

http://dx.doi.org/10.22564/brjg.v40i5.2147
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The materials which do not transmit water at 
velocities sufficient to provide appropriate supply 
quantities are called aquicludes. Such materials 
have low permeability (less than 10-2 darcy). 

Materials that are not able to provide or absorb 
water, by not having interconnected voids, are 
classified as aquifuges. These materials have very low 
permeability or no permeability (less than 10-4 darcy), 
although they may contain a large number of pores. 

Basic concepts on groundwater can be found in 
De Viest (1969); Custodio and Llamas (1976); Freeze 
and Cherry (1979); Singhal and Gupta (1999); Alfaro 
et al. (2006); Feitosa et al. (2008); Manzione (2015); 
Woessner and Poeter (2020); Clutter et al (2022); and 
Fetter and Kreamer (2022). 

GROUNDWATER ENVIRONMENTS 
Groundwater occurs in two main types of geological 
environments: in the sedimentary basins which house 
large thicknesses of sediments and sedimentary rocks, 
and in the basement areas where igneous and 
metamorphic rocks outcrop or are covered by a small 
thickness of sediments (Figure 1). 

In sedimentary basins, groundwater can be 
found in aquifers consisting of unconsolidated 
sediments (sands, gravels) or sedimentary rocks 
(sandstones, limestones, dolomites), occurring in the 
form of extensive layers or lenses, or even in the form 
of paleochannels. 

In the basement areas, the major amount of 
water is normally found in fractures that cut intrusive 
rocks, basaltic flows or metamorphic rocks. Water can 
also be extracted from zones of alteration of these 
rocks or from paleovalleys embedded in them. 

In the sedimentary environment, groundwater 
is stored in the pores of rocks. Therefore, higher 
porosity rocks and sediments are those with the 
greatest potential for the extraction of water for 
supply. However, the existence of high porosity does 
not necessarily imply that the rock can be exploited 
as an aquifer. It is necessary, in addition to the large 
amount of water, that it can easily be removed from 
the rock. 

The ability of a rock or sediment to easily yield 
the water easily is measured by its hydraulic 
conductivity or its permeability. Thus, there are rocks 
and sediments that have high porosity (contain large 
amount of water) and high permeability (easily yield 
the water) as unconsolidated sands and sandstones; 
but there are also rocks and sediments that have high 
porosity and low permeability (yield the water with 
difficulty) as clays and shales. Table 1 shows porosity 
values for various types of rocks and sediments. 

 
Figure 1: Geological environments of groundwater 
occurrence. 
 
The hydraulic conductivity and the permeability are 
defined respectively by: 
  

𝑲𝑲 = 𝜿𝜿 𝒅𝒅𝒅𝒅
𝝂𝝂

           κ = C d 2 , (1) 
 

where 𝐾𝐾 is the hydraulic conductivity, 𝜿𝜿 the 
permeability; d the fluid density; g the gravity; and  𝝂𝝂 
the fluid viscosity. 

The permeability described by the expression on 
the right is a function of the medium, where is a constant 
which depends on the roundness and arrangement of 
the grains and the rock compaction, and the average 
grain diameter in the rock. The speed with which a fluid 
runs through a medium depends on the hydraulic 
conductivity and the hydraulic gradient, being expressed 
by the negative of the product of these two quantities. 
Table 2 shows values of permeability and hydraulic 
conductivity for some types of rocks and sediments. 

Rocks with permeability values below 10-4 darcy 
are considered impermeable. Permeability values are 
considered low between 10-4 and 1 darcy; medium, 
between 1 and 102 darcy; high, between 102 and 104 
darcy; and very high, above 104 darcy (Benedini, 1976). 

Hydraulic transmissivity (m2/s) is the amount of 
water that can be transmitted horizontally across the 
thickness of the aquifer. Its value is calculated by the 
expression 

𝑇𝑇 = 𝐾𝐾ℎ, (2) 
where 𝐾𝐾 is the hydraulic conductivity and h the 
thickness of the aquifer. 
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Table 1: Porosity of sediments and rocks (Freeze and Cherry, 1979). 

Material Porosity (%) Material Porosity (%) 

Gravel 25 - 40 Sandstone 5 - 30 

Sand 25 - 50 Limestone 0 - 20 

Silt 35 - 50 Dolomite 0 - 20 

Clay 40 - 70 Shale 0 - 10 

Fractured basalt 5 - 50 Fractured crystalline rock 0 - 10 

Karst limestone 5 - 50 Dense crystalline rock 0 - 5 

 
Table 2: Hydraulic conductivity (K) and permeability (κ) of rocks and sediments (Freeze and Cherry, 1979). 

Material K (m/s) κ (darcy) Material K (m/s) κ (darcy) 

Permeable basalt 10-7 – 10-2 10-2 - 103 Shale 10-13 - 10-9 10-8 - 10-4 

Fractured igneous and 
metamorphic rocks 10-8 - 10-4 10-3 - 10 Marine Clay 10-12 - 10-9 10-7 - 10-4 

Limestone and dolomite 
 

10-9 - 10-6 

 

10-4 - 10-1 

 

Silt 

 

10-9 - 10-5 

 

10-4 - 1 

Sandstone 10-10 - 10-6 10-5 - 10-1 Sand 10-6 – 10-2 10-1 - 103 

Unfractured 
metamorphic and 

igneous rocks 
10-14 - 10-10 10-9 - 10-5 Gravel 10-3 - 1 102 - 105 

 

GEOPHYSICAL RESPONSE 
The success of Applied Geophysics as detection tool 
depends on several factors, among which stands out 
the contrast between the physical properties of the 
object being investigated and the environment that 
surrounds it. Thus, an object with density greater 
than 5 g/cm3, for example, may have a good chance 
of being detected within the geological environment 
where the rocks have density values rarely 
exceeding 3 g/cm3. Although the contrast of physical 
property is very important, another factor that 
should be highlighted is the concentration of the 
object within the volume of material sampled during 
the geophysical measurements. For this reason, 
despite gold having very high density and electrical 
conductivity compared to the host rock, geophysical 
measurements do not allow directly detecting this 
mineral because its concentration in rocks is 
generally less than 50 ppm. The concentration thus 
controls the contrast in physical properties in the 
sampled volume. The lower the concentration, the 

lower the contrast, independent of the absolute 
value of the physical property of the object of 
research and the lower the contrast, the more 
difficult becomes the direct detection through 
geophysical measurements. For a contrast to be 
perceived by Geophysics, the concentration should 
not be less than 1% (10,000 ppm). 

The presence of water in the pores of the rock 
causes changes in some of its physical properties, like, 
for example, the electrical conductivity and the density. 
The presence of water also affects the speed at which 
seismic waves and electromagnetic waves propagate in 
the rocks. Still, the groundwater prospecting is an 
indirect application, that is, it is not the physical 
properties of water that are directly researched and 
that respond to the geophysical methods. Table 3 shows 
physical property values and the propagation velocity 
of seismic waves for various types of rocks and 
sediments. 

The theory of geophysical methods employed in 
the exploration of groundwater is described by Astier 
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(1975); Orellana (1982); Telford et al. (1990); Luiz and 
Silva (1995); Kearey et al. (2009); and Reynolds (2011). 

Groundwater prospecting with geophysical 
methods allows seeking rocks, structures or geologic 
environments that may allow water extraction. 
Geophysical methods can also be used to: 

a) Estimate the physical characteristics of 
aquifers, as porosity, permeability, and 
transmissivity (Benedini, 1976; Griffiths, 1976; 
Kelly, 1977; Kosinski and Kelly, 1981; Niwas 
and Singhal, 1981; Ponzini et al., 1984; 
Marinho and Lima, 1997; Yadav and Abolfazli, 
1998; Hagrey and Müller, 2000; Lima and 
Niwas, 2000; Niwas and Lima, 2003; Lu and 
Sato, 2007; Soupios et al., 2007; Nascimento 
and Lima, 2013; Neves and Luiz, 2015; Díaz-
Curiel et al., 2016; Omeje et al., 2022). 

b) Specify some of the parameters for water 
quality as, for example, the degree of salinity 
(Hagrey and Müller, 2000; Benkabbour et al., 
2004, Dhakate et al., 2015; Hasan et al., 2019; 
Shah et al., 2022) or contamination by chemical 
and organic pollutants (Buselli et al., 1990; 
Costa and Ferlin, 1992; Costa et al., 1995; 
Benson et al., 1997; Sauck et al., 1998; Aquino 
and Botelho, 2001; Nunes and Luiz, 2006; 
Laureano and Shiraiwa, 2008; Baessa et al., 
2010; Bahia et al., 2011; Cunha and Shiraiwa, 
2011; Naik, 2017; Marques et al., 2018; Guireli 
Netto et al., 2020). 

Geophysical methods can also provide 
information about the direction of groundwater flow 
(Schiavone and Quarto, 1984; Carvalho Junior, 1997; 
Braz et al., 2000; Neves, 2002; Neves and Luiz, 2003; 
Bai et al., 2021; Kukemilks and Wagner, 2021) and the 
volume of water present in aquifers (West and Sumner, 
1972; Van Overmeeren et al., 1997; Legchenko et al., 
2018; Lähivaara et al., 2019). 

While electrical (resistivity tomography - ERT 
and soundings - VES) and electromagnetic methods 
(time domain – TDEM and frequency domain - FDEM) 
are the most widely used in studies of groundwater, 
seismic methods and gravimetry can also provide good 
results, as shown in Eaton and Watkins (1970); Hobson 
(1970); West and Sumner (1972); Zehner (1973); Van 
Overmeeren (1975); Van Nostrand (1976); Carmichael 
and Henry, Jr. (1977); Stewart (1980); Ali and Whiteley 
(1981); Van Overmeeren (1981); Kobayashi (1982); 
Allis and Hunt (1986); Haeni (1986); Steeples and 
Miller (1990); Holman et al. (1999); Murty and 
Raghavan (2002); Mota and Monteiro dos Santos 
(2006); Adeoti et al. (2012); Azaiez et al. (2021). 

The main applications of geophysics in the 
groundwater exploration and the recommended 
methods in these applications are: 

● Determining the limits and thickness of a 
sedimentary basin - resistivity, seismic 
(refraction and reflection), gravimetric, and 
magnetic methods. 

● Determination of the lateral extent and 
thickness of layers - resistivity and seismic 
(refraction and reflection) methods. 

● Location of palaeochannels and paleovalleys - 
resistivity, induced polarization, ground 
penetrating radar (GPR), seismic (refraction 
and reflection), and gravimetric methods. 

● Location of fractures - inductive 
electromagnetic methods (EM). 

● Determination of the top of the water table - 
resistivity, GPR, and seismic refraction 
methods. 

● Determination of the contact between 
freshwater and saltwater - resistivity, 
inductive electromagnetic, and GPR methods. 

● Study of the movement (flow direction) of 
water - spontaneous potential method. 

● Study of the variation in permeability - 
induced polarization (IP) method. 

● Estimates of porosity - resistivity, seismic 
refraction, and radiometric methods (in 
measurements inside wells and at the surface 
of the ground for the first two methods and 
inside wells in the case of radiometric). 

● Estimates of permeability - resistivity method 
(in measurements inside wells and at the 
surface of the ground). 

● Estimates of the content of dissolved solids 
(salts) - resistivity method (in measurements 
inside wells). 

Despite Geophysics providing a lot of information 
on groundwater prospecting, worldwide, 96% of 
spending on geophysical exploration between 1976 and 
1990 were made in the demand for oil, while from the 
remaining 4%, 49% was devoted to mineral 
prospecting, 4% for groundwater prospecting, 18% to 
civil engineering, and 1% to environmental protection 
(Luiz and Silva, 1995). The remaining 28% was spent 
on research (15%), Oceanography (9%) and geothermal 
prospecting (4%) (Luiz and Silva, 1995). Currently, it 
seems that these percentages were little changed.  

Next, it is presented examples of applications of 
Geophysics in the groundwater prospection. 
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POROSITY, TRANSMISSIVITY AND 
HYDRAULIC CONDUCTIVITY 
ESTIMATES 
The porosity of the rocks can be estimated from electrical 
resistivity values through the empirical relationship 
called Archie-Winsauer Formula. In the case of 
saturated, non-argillaceous formations, this formula is 
 

𝜌𝜌𝑟𝑟 = 𝜌𝜌𝑎𝑎𝑎𝑎∅−𝑚𝑚 (3) 
 
where r is the resistivity of the rock saturated with 
water; a the resistivity of the water; ∅ the rock porosity; 
and a, m are empirical parameters respectively related 
to the texture of the rock and the cementing. The 
parameter a ranges from 0.6 (sedimentary rocks) to 3.5 
(tuffs and volcanic lavas); while the parameter m 
ranges from 1.3, for weakly consolidated sediments, to 
2.3, for rocks with well cemented grains (Keller, 1970). 

Some typical values of a and m are (Keller, 1970): 
a = 0.88 and m = 1.37 for detrital rocks weakly 
cemented with porosity ranging from 25 % to 45 % and 
tertiary age (sands, sandstones, and some limestones); 
a = 0.62 and m = 1.72 for moderately cemented 
sedimentary rocks, with porosity ranging from 8 % to 
35 % and generally mesozoic age (sandstones and 
limestones); a = 0.62 and m = 1.95  

for well cemented sedimentary rocks with a 
porosity between 5 % and 25 % and age usually 
paleozoic; a = 3.5 and m = 1.44 for highly porous 
volcanic rocks (20 % to 80 %); a = 1.4 and m = 1.58 for 
rocks with less than 4 % porosity (igneous rocks and 
metamorphosed sedimentary rocks). 

As a first approximation, using a = 1 and m = 2, it is 
produced small errors in the estimates when porosity is 
between 10 % and 30 % (Keller and Frischknecht, 1966). 

Porosity can also be estimated from the velocity of 
the waves obtained in seismic refraction surveys. In 
consolidated, saturated, non-argillaceous formations, it 
is useful the formula given by Wyllie (Astier, 1975): 
 

1
𝑉𝑉 =

∅
𝑉𝑉𝑎𝑎

+
(1 − ∅)
𝑉𝑉𝑚𝑚

 (4) 

 
where V is the velocity in the medium; ∅ the porosity; Va 
the velocity in water (1450 m/s); and Vm the speed in the 
rock matrix. According Astier (1975), satisfactory results 
are generally achieved using the following values for Vm: 
6000 m/s in sandstones, 6400 m/s in limestones and 7000 
m/s in dolomites. On the other hand, in consolidated, 
saturated, argillaceous formations, the expression 
becomes (Astier, 1975): 
 

1
𝑉𝑉

=
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎

+
∅
𝑉𝑉𝑎𝑎

+
1 − 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 − ∅

𝑉𝑉𝑚𝑚
 (5) 

 

where Parg is the percentage of clay in the rock and 
Varg the velocity in the clay(about 2000 m/s). 

To estimate the hydraulic transmissivity, it is 
necessary to combine the expression (2), which defines 
the transmissivity, with the defining expression of the 
transverse electrical resistance (R) of a layer given by 
(Orellana, 1982): 
 

𝑅𝑅 = 𝜌𝜌ℎ, (6) 
 

where 𝜌𝜌 is the electrical resistivity of the layer and h 
its thickness. From this combination, it results 
 

𝑇𝑇 = 𝐾𝐾
𝑅𝑅
𝜌𝜌

 (7) 

 

If in a given area 𝐾𝐾/𝜌𝜌 in an aquifer remains 
constant, representing the logarithm of the transmissivity 
(obtained in wells in the area) versus the logarithm of the 
transverse resistance calculated from vertical electrical 
soundings (made close to the wells where the  
transmissivity values were obtained) establishes a linear 
relationship between transmissivity and transverse 
resistance. Thus, when performing electrical soundings 
elsewhere in the area, it is possible to estimate the 
transmissivity and hydraulic conductivity at these points, 
without the need to drill a well. Moreover, it is possible to 
identify the areas of greatest transmissivity of the aquifer 
to indicate locations of drilling. 

MAPPING OF AQUIFER LAYERS IN A 
SEDIMENTARY BASIN 
Figure 2 shows a geoelectric section constructed from the 
lateral correlation of models arising from the 
interpretation of Vertical Electrical Soundings (VES) 
conducted with the resistivity method. The geophysical 
survey was conducted in the town of Bom Jesus do 
Tocantins, southern of the state of Pará, Brazil. On the 
section, there is an indication of two possible aquifer 
layers: a shallower (layer 4) one, starting at a depth of 20 
m, and a deeper (layer 6), with the top deeper than 100 
m. The indication of the aquifer layers was based on the 
correlation of the section with additional information 
obtained in a near shallow well and field observations. 

Another example of the mapping of potential 
aquifer layers in a sedimentary basin is shown in 
Figure 3. The figure presents the results of gravimetric 
and seismic refraction data obtained on the same 
profile. The survey was conducted at the Indian Wells  
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Figure 2: Geoelectric section constructed from models resulting from the interpretation of VES conducted in Bom 
Jesus do Tocantins, southern Pará, Brazil. The layers 4 and 6 were indicated as aquifers. The values in the 
columns represent the resistivity in ohm.m (adapted from Alves and Luiz, 2001). 
 

 

Figure 3: Interpretative models from gravimetric and seismic refraction measurements obtained on profile 
conducted in Indian Wells Valley, California, USA (Eaton and Watkins, 1970). 
 
Valley, California, USA. The upper part of the figure 
shows the measured values of the gravity field (solid 
line) and the gravity values calculated (points) for the 
subsurface model shown in the middle part of the 
figure. At the bottom of the figure, it appears the 
subsurface model obtained from the seismic refraction 
data. It is observed in the seismic model that the 
sedimentary layers and the basement are 
characterized by the velocity of propagation values 
interpreted for the seismic wave. We note, comparing 

the two models, that they are very similar, although the 
model obtained from gravimetry is less detailed than 
the seismic model, because it can only discriminate the 
basement and a package of sediments resting on it, 
without distinguishing the different sediment layers. 

More examples of the application of geophysical 
mapping of aquifer layers can be found in Lima (1990); 
Souza and Luiz (1994); Harari (1996); Barbosa Junior 
and Alves (2013); Mendes et al. (2014); Nazifi and 
Lambon (2021); and Fadakinte (2022). 
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LOCATION OF FRACTURES IN 
BASEMENT 
In regions where there is little thickness of sedimentary 
material, the amount of groundwater which can be 
removed from the subsoil is usually very low. Appreciable 
quantities of groundwater may, however, be drawn from 
fractures of basement rocks that lie just below the 
sedimentary material.  

These fractures have been successfully located by 
applying the inductive electromagnetic methods. Figure 
4 illustrates this kind of application. The survey was 
conducted along streets in the town of Canaã dos 
Carajás, south of the state of Pará, Brazil, with 
measurements taken at intervals of 50 m. It is shown in 
the figure measurements of the in-phase and quadrature 
components made with the Slingram horizontal loop 
(HLEM) system Max-Min for three frequencies (110 Hz, 
880 Hz and 3250 Hz). The position of the fractures is 
indicated by arrows in the figure. 

Other examples of application of geophysics in the 
basement environment are described by Lima and 
Medeiros (1988); Medeiros and Lima (1990, 1991); 
Cavalcante et al. (2001); Souza Filho et al. (2006); Lima 
(2010); Oliveira (2011); Sousa and Luiz (2012); 
Nascimento et al. (2013); Chandra et al. (2019); and 
Deep et al. (2021). 

FRESHWATER-SALTWATER 
INTERFACE IN COASTAL AQUIFERS 
On the seacoast area, saltwater infiltrates into the 
continent, positioned beneath the fresh groundwater. 
The knowledge of the depth of the interface that 
separates these two waters is important to indicate the 
maximum depth that a catchment well should reach to 
not attain the salt water. This is a problem that has been 
satisfactorily solved with the aid of electrical resistivity 
and inductive electromagnetic methods, and the GPR. In 
Figure 5, it is shown the application of the electrical 
resistivity method by VES to delineate the surface that 
separates saltwater from freshwater in Ilha Comprida, 
municipality of Iguape, state of São Paulo, Brazil. On the 
left the figure shows the results obtained in 3 VES and 
on the right the location of the VES and the interpreted 
saltwater-freshwater contact. 

Figure 6 shows a resistivity section where it was 
possible to identify the freshwater-saltwater interface. 
The interface was estimated using the Archie-Winsauer 
Formula. The section was obtained in a resistivity profile 
held in the Village of Algodoal, northeastern Pará, Brazil. 

Other works involving the mapping of the 
freshwater-saltwater interface are presented by Arora 
and Bose (1981); Lima and Macedo (1983); Cavalcanti 
Neto (1986); Goldman et al. (1991); Silva (1991); Aquino 
et al. (1998a, b); Pereira et al. (2003); Land et al. (2004); 
De Mio et al. (2005); Dias et al. (2007); Hasan et al. 
(2017); Correia et al. (2019); and Hasan et al. (2019). 

SEPARATION OF FRESHWATER 
AQUIFER FROM SALINE AQUIFER 
The resistivity values obtained on aquifers with brackish 
water and on clayed aquifers with freshwater are very 
similar. Both the brackish water and the presence of clay 
cause the resistivity decreases. To separate these effects, 
Roy and Elliott (1980) used the method of induced 
polarization, which normally produces high values in the 
presence of clay and low in the presence of brackish 
water. Figure 7 illustrates this application of the method 
of induced polarization. In the figure, a comparison is 
made between the measurements obtained in the VES 
with the methods of resistivity and induced polarization. 
In Figure 7 (a), it is shown VES performed on an aquifer 
with brackish water: the resistivity is less than the 
threshold 100 Ω.m and the induced polarization less 
than the limit of 3 ms. In Figure 7 (b), the VES were 
performed on a clay aquifer with freshwater: the 
resistivity is close to the limit of 100 Ω.m and the induced 
polarization above the threshold value of 3 ms. 

IDENTIFICATION OF SANDY ZONES 
IN A WELL 
During the drilling of a well for groundwater extraction, 
samples of the material being cut are collected. The 
purpose of this sampling is to identify the most 
promising zones for the exploitation of water (usually the 
sandy zones in a sedimentary basin). Often, the limits of 
the sandy zones are difficult to be determined based only 
on the sampled material; furthermore, the clay 
intercalations in the sandy zones can also be difficult to 
recognize. These problems can be easily solved by 
logging the well with geophysical measurements. The 
demarcation of the boundaries of the sandy zones 
supplied by the geophysical logging helps in the accurate 
placement of filters for water catchment. 

Basics of well profiling (or well logging) applied to 
groundwater can be found in Keys (1970, 1989) and Nery 
(2008, 2013). 
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Figure 4: Mapping of fractures with the electromagnetic Slingram HLEM system in Canaã dos Carajás, south of 
the state of Pará. The position of the fractures are marked by arrows. The solid lines represent the in-phase 
component, while the dashed lines represent the quadrature component (adapted from Alves and Luiz, 2001). 
 
 

 

Figure 5: Determination of the freshwater-saltwater interface in Ilha Comprida, municipality of Iguape, São 
Paulo, Brazil (adapted from Davino et al., 1980). 
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Figure 6: Resistivity section conducted in Algodoal, northeastern Pará, Brazil. The interface separating 
freshwater from saltwater is represented by the dashed line (adapted from Luiz et al., 2001). 
 

 

Figure 7: Comparison between VES measurements obtained with the methods of resistivity and induced 
polarization to separate aquifers with brackish water from clay aquifers with freshwater (Roy and Elliott, 1980). 
 

In Figure 8, it is represented part of the data 
collected during the geophysical profiling of a well 
drilled in the metropolitan region of Belém, state of 
Pará, Brazil. In the well, it was "run" electrical 
resistance (ER), spontaneous potential (SP), and 
Gamma Ray profiles. The correlation between the 
three profiles allowed the identification of three sandy 
zones, which are potential aquifers for water 
extraction. These zones are highlighted by the 
symbols I, II and III. The position of the zones was 
identified by associating low values of the gamma ray 

counts (cps - counts per second) with high values of 
electrical resistance and low values of spontaneous 
potential. This association characterizes the presence 
of sandy zones, as opposed to the high values of 
gamma rays, low values of electrical resistance and 
high values of spontaneous potential that are 
produced by clay zones. 

The characterization of sandy zones in wells and 
the lateral correlation for defining aquifer layers is 
presented by Lima and Ribeiro (1982); Keys (1989); 
Souza and Luiz (1994); and Freimann et al. (2014). 
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Figure 8: Logging of well drilled for groundwater extraction in a sedimentary basin environment. SP = 
spontaneous potential, ER = electrical resistance. The sandy areas are highlighted by the dashed lines with the 
symbols I, II and III. 
 

REFERENCES 
Adeoti, L., O.M. Alile, O. Uchegbulam, and R.B. 

Adegbola, 2012, Seismic refraction prospecting for 
groundwater: A case study of Golden Heritage 
Estate, Ogun State: Research Journal of Physics, 6, 
1–18, doi: 10.3923/rjp.2012.1.18. 

Ali, H.O., and R.J. Whiteley, 1981, Gravity exploration 
for groundwater in the Bara Basin, Sudan: 
Geoexploration, 19, 127–141, doi: 10.1016/0016-
7142(81)90025-9. 

Allis, R.G., and T.M. Hunt, 1986, Analysis of 
exploitation-induced gravity changes at Wairakei 
geothermal field: Geophysics, 51, 1647–1660, doi: 
10.1190/1.1442214. 

Alves, J.G.V., and J.G. Luiz, 2001, Exemplos de 
aplicação de métodos geofísicos à prospecção de 
água subterrânea no estado do Pará: Sétimo 
Simpósio de Geologia da Amazônia, Sociedade 
Brasileira de Geologia (Núcleo Norte), Belém, 
Brazil, CD-ROM. 

Alves, J.G.V., and M.X. Ponte, 1989, Definição de 
mananciais subterrâneos através do método 
geofísico de eletrorresistividade – caso de São 

Miguel do Guamá/nordeste do estado do Pará. 
Décimo Quinto Congresso Brasileiro de Engenharia 
Sanitária e Ambiental, Associação Brasileira de 
Engenharia Sanitária e Ambiental, Belém, Brazil, 
Anais, 2, 293–308.  

Alfaro, P.E.M., P.M. Santos, and S.C. Castaño, 2006, 
Fundamentos de hidrogeologia: Madrid, 
Paraninfo/Mundi-Prensa, 284 pp. 

Aquino, W.F., and M.A.B. Botelho, 2001, Método 
eletromagnético indutivo e GPR aplicados à 
detecção de contaminação do solo e água 
subterrânea por resíduos industriais. Sétimo 
Congresso Internacional da Sociedade Brasileira de 
Geofísica, Sociedade Brasileira de Geofísica, 
Salvador, Brazil, CD-ROM. 

Aquino, W.F., M.A.B. Botelho, and O.C.B. Gandolfo, 
1998a, Emprego do geo-radar na detecção de 
intrusão salina e na identificação de estruturas 
geológicas em áreas litorâneas: Décimo Congresso 
Brasileiro de Águas Subterrâneas, Associação 
Brasileira de Águas Subterrâneas, São Paulo, 
Brazil, CD-ROM. 

Aquino, W.F., O.C.B. Gandolfo, and M.A.B. Botelho, 
1998b, Identificação de cunha salina através do uso 

https://doi.org/10.3923/rjp.2012.1.18
https://doi.org/10.1016/0016-7142(81)90025-9
https://doi.org/10.1016/0016-7142(81)90025-9
https://doi.org/10.1190/1.1442214


Luiz, J. G.  69 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

de geo-radar (GPR). Segundo Encontro Regional de 
Geotecnia e Meio Ambiente e Segundo Workshop de 
Geofísica Aplicada, Fundação Unesp, Rio Claro, 
Brazil, CD-ROM. 

Astier, J.L., 1975, Geofísica aplicada a la hidrogeologia. 
Madrid: Paraninfo, 344 pp. 

Arora, C.L., and R.N. Bose, 1981, Demarcation of fresh- 
and saline-water zones, using electrical methods 
(Abohar area, Ferozepur district, Punjab): Journal 
of Hydrology, 49, 75–86, doi: 10.1016/0022-
1694(81)90206-7. 

Azaiez, H., H. Gabtni, and M. Bédir, 2021, Joint 
gravity and seismic reflection methods to 
characterize the deep aquifers in Arid Ain El 
Beidha Plain (Central Tunisia, North Africa): 
Water, 13, 1310, doi: 10.3390/w13091310. 

Baessa, M.P.M., A. Oliva, and C.H. Kiang, 2010, 
Imageamento elétrico 3D em área contaminada por 
hidrocarboneto no polo industrial de Cubatão – SP: 
Revista Brasileira de Geofísica, 28, 609–617, doi: 
10.1590/S0102-261X2010000400006. 

Bahia, V.E., J.G. Luiz, L.R.B. Leal, N. Fenzl, and G.P. 
Morales, 2011, Diagnóstico sobre contaminação das 
águas subterrâneas na área do Parque Estadual do 
Utinga, Belém-PA, pelos métodos elétrico e 
eletromagnético: Revista Brasileira de Geofísica, 
29, 753–770, doi: 10.22564/rbgf.v29i4.79. 

Bai, L., Z. Huo, Z. Zeng, H. Liu, J. Tan, and T. Wang, 
2021, Groundwater flow monitoring using time-
lapse electrical resistivity and Self Potential data: 
Journal of Applied Geophysics, 193, 104411, doi: 
10.1016/j.jappgeo.2021.104411. 

Barbosa Junior, A.C.L., and J.G.V. Alves, 2013, 
Investigação geofísica de água subterrânea com o 
método da eletrorresistividade (SEV) na cidade de 
Augusto Corrêa – PA: 13th International Congress 
of the Brazilian Geophysical Society, Sociedade 
Brasileira de Geofísica, Rio de Janeiro, Brazil, CD-
ROM, doi: 10.1190/sbgf2013-112. 

Benedini, M., 1976, The aquifers and their hydraulic 
characteristics: Geoexploration, 14, 157–178, doi: 
10.1016/0016-7142(76)90011-9. 

Benkabbour, B., E.A. Toto, and Y. Fakir, 2004, Using 
DC resistivity method to characterize the geometry 
and the salinity of the Plioquaternary consolidated 
coastal aquifer of the Mamora plain, Morocco. 
Environmental Geology, 45: 518–526, doi: 
10.1007/s00254-003-0906-y. 

Benson, A.K., K.L. Payne, and M.A. Stubben, 1997, 
Mapping groundwater contamination using DC 
resistivity and VLF geophysical methods – a case 
study: Geophysics, 62, 80–86, doi: 
10.1190/1.1444148. 

Braz, V.N., L.B. Menezes, and L.M.C. Silva, 2000, 
Integração de resultados bacteriológicos e geofísicos 
na investigação da contaminação de águas por 
cemitérios. Primeiro Congresso Mundial Integrado 
de Águas Subterrâneas, Associação Brasileira de 
Águas Subterrâneas, Fortaleza, Brazil, CD-ROM. 

Buselli, G., C. Barber, G.B. Davis, and R.B. Salama, 
1990, Detection of groundwater contamination near 
waste disposal sites with transient electromagnetic 
and electrical methods, in Ward, S.H., ed., 
Geotechnical and Environmental Geophysics. Tulsa: 
Society of Exploration Geophysicists, 2: 27–39. 

Carmichael, R.S. and G. Henry, 1977, Gravity 
exploration for groundwater and bedrock 
topography in glaciated areas: Geophysics, 42, 850–
859, doi: 10.1190/1.1440752. 

Carvalho Junior, M.A.F., 1997, Aplicação de métodos 
geofísicos ao estudo de águas subterrâneas na 
Grande Belém (caso cemitério do Benguí). Trabalho 
de Conclusão de Curso (Graduação em Geologia), 
Universidade Federal do Pará, Belém, Brazil, 64 pp. 

Cavalcante, I.M., J.M.L. Marinho, W. Cordeiro, and 
S.M.S. Vasconcelos, 2001, Desempenho do método 
VLF na locação de poços em terrenos cristalinos de 
uma área do agreste do estado de Pernambuco, 
Brasil: 7th International Congress of the Brazilian 
Geophysical Society, Sociedade Brasileira de 
Geofísica, Salvador, Brazil, CD-ROM. 

Cavalcanti Neto, F.P., 1986, Determinação da interface 
água doce-água salgada da Estância Hidromineral 
de Salinópolis: Trabalho de Conclusão de Curso 
(Graduação em Geologia), Universidade Federal do 
Pará, Belém, Brazil, 41 pp. 

Chandra, S., E. Auken, P.K. Maurya, S. Ahmed, and 
S.K. Verma, 2019, Large scale mapping of fractures 
and groundwater pathways in crystalline hardrock 
by AEM: Scientific Reports, 9, 398, doi: 
10.1038/s41598-018-36153-1. 

Clutter, M., C. Fandel, and T. Ferré, 2022, The basics 
of groundwater: New York: Nova Science 
Publishers, 255 pp, doi: 10.52305/FAAK1755. 

Correia, K.A., M.W.C. Silva, A.C. Mendes, A.G.O. 
Miranda, E. Luczynsky, and I.R.V. Cunha, 2019, A 
utilização do ground penetrating radar (GPR) na 
definição de penetração de cunha salina e no 
monitoramento do nível freático em praia estuarina 
amazônica: Águas Subterrâneas, 33, 87–101, doi: 
10.14295/ras.v33i1.29095. 

Costa, A.F.U, and C.A. Ferlin, 1992, Mapeamento 
geofísico da contaminação da água subterrânea 
utilizando o método geofísico EM34-3. Trigésimo 
Sétimo Congresso Brasileiro de Geologia, Sociedade 
Brasileira de Geologia, São Paulo, Brazil, Resumos 
Expandidos, 2, 393–395.  

Costa, A.F.U., N.L. Dias, L.F. Zanini, and O. Correa, 
1995, Metodologia geofísica para detecção de 

https://doi.org/10.1016/0022-1694(81)90206-7
https://doi.org/10.1016/0022-1694(81)90206-7
https://doi.org/10.3390/w13091310
https://doi.org/10.1590/S0102-261X2010000400006
https://www.doi.org/10.22564/rbgf.v29i4.79
https://doi.org/10.1016/j.jappgeo.2021.104411
https://doi.org/10.1190/sbgf2013-112
https://doi.org/10.1016/0016-7142(76)90011-9.
https://doi.org/10.1007/s00254-003-0906-y
https://doi.org/10.1190/1.1444148
https://doi.org/10.1190/1.1440752
https://doi.org/10.1038/s41598-018-36153-1
https://doi.org/10.52305/FAAK1755
https://doi.org/10.14295/ras.v33i1.29095


70   Groundwater through Geophysics: Review and Examples 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

contaminação de águas subterrâneas: caso do lixão 
da Estrada da Palha. A Água em Revista – Revista 
Técnica e Informativa da CPRM, 3, 6, 24–37. 

Cunha, L.F.J., and S. Shiraiwa, 2011, Aplicação do 
método eletromagnético indutivo na investigação da 
pluma de contaminação da água subterrânea por 
resíduos de cromo de curtume: Revista Brasileira de 
Geofísica, 29, 127–134, doi: 10.1590/S0102-
261X2011000100009. 

Custodio, E., and M.R. Llamas, 1976, Hidrologia 
subterrânea: 2nd ed., Barcelona: Omega, 2418 pp. 

Davino, A., O. Sinelli, and Gonçalves N.M.M., 1980, 
Determinação do contato água doce-água salgada 
na Ilha Comprida, Município de Iguape, S.P. 
Trigésimo Primeiro Congresso Brasileiro de 
Geologia, Sociedade Brasileira de Geologia, 
Camboriú, Brazil, Anais, 2: 915–924. 

Deep, M.A., S.A.S. Araffa, S.A. Mansour, A.I. Taha, 
A. Mohamed, and A. Othman, 2021, Geophysics 
and remote sensing applications for groundwater 
exploration in fractured basement: A case study 
from Abha area, Saudi Arabia: Journal of 
African Earth Sciences, 184, 104368, doi: 
10.1016/j.jafrearsci.2021.104368. 

De Mio, G., H.L. Giacheti, R. Stevanato, J.R. De Góis, 
and F.J.F. Ferreira, 2005, Investigação de intrusão 
de água salgada em aquífero superficial a partir de 
medidas de resistividade elétrica: Solos e Rochas, 
28, 249–260. 

De Viest, R.J.M., ed., 1969, Flow through porous 
media: New York, Academic, 530 pp. 

Dhakate R., V.S. Kumar, B. Amarender, S. Sankaran, 
and V.V.S.G. Rao, 2015, Integrated geophysical and 
hydrochemical approach for locating fresh water 
locations in a coastal terrain: Water Resources 
Management, 29, 3401–3417, doi: 10.1007/s11269-
015-1007-x. 

Dias, E.R.F., A.R.C. Medeiros, J.G. Luiz, and Z.M.P. 
Nunes, 2007, Aplicação do método eletromagnético 
na determinação da interface água doce-água 
salgada na Vila do Bonifácio, Bragança-PA: 10th 
International Congress of the Brazilian 
Geophysical Society, Sociedade Brasileira de 
Geofísica, Rio de Janeiro, Brazil, CD-ROM, doi: 
10.1190/sbgf2007-154. 

Díaz-Curiel, J., B. Biosca, and M.J. Miguel, 2016, 
Geophysical estimation of permeability in 
sedimentary media with porosities from 0 to 50%: 
Oil & Gas Science and Technology - Revue d’IFP 
Energies nouvelles, Institut Français du Pétrole 
(IFP), 71, 2, 27 pp, doi: 10.2516/ogst/2014053. 

Eaton, G.P., and J.S. Watkins, 1970, The use of seismic 
refraction and gravity methods in hydrogeological 
investigations, in Morley, L.W., ed., Mining and 
Groundwater Geophysics/1967: Economic Geology 
Report, n. 26. Ottawa: Geological Survey of Canada, 
544–568. 

Fadakinte, I., 2022, 3D geophysical mapping of the 
subsurface to support urban water planning: a case 
study from Simawa, Nigeria: NRIAG Journal of 
Astronomy and Geophysics, 11, 120–131, doi: 
10.1080/20909977.2022.2031555. 

Feitosa, F.A.C., J. Manoel Filho, E. Feitosa, and J.G.A. 
Demétrio, orgs., 2008, Hidrogeologia: conceitos e 
aplicações: 3rd ed., Rio de Janeiro, Brazil: CPRM, 
812 pp. 

Fetter, C.W., and D. Kreamer, 2022, Applied hydrogeology: 
5th ed., Illinois: Waveland Press, 625 pp. 

Freeze, R.A., and J.A. Cherry, 1979, Groundwater. 
New Jersey: Prentice-Hall, 604 pp. 

Freimann, B.C., J.G.V.  Alves, and M.W.C. Silva, 2014, 
Estudo hidrogeológico através de perfis geofísicos de 
poços – Salinópolis-PA: Águas Subterrâneas, 28, 
14–30, doi: 10.14295/ras.v28i1.27400. 

Goldman, M., D. Gilad, A. Ronen, and A. Melloul, 1991, 
Mapping of seawater intrusion into the coastal 
aquifer of Israel by the time domain 
electromagnetic method: Geoexploration, 28, 153–
174, doi: 10.1016/0016-7142(91)90046-F. 

Griffiths, D.H., 1976, Application of electrical 
resistivity measurements for the determination of 
porosity and permeability in sand-stones: 
Geoexploration, 14, 207–213, doi: 10.1016/0016-
7142(76)90014-4. 

Guireli Netto, L., A.M. Barbosa, V.L. Galli, J.P.S. 
Pereira, O.C.B. Gandolfo, and C.A. Birelli, 2020, 
Application of invasive and non-invasive methods of 
geo-environmental investigation for determination 
of the contamination behavior by organic 
compounds: Journal of Applied Geophysics, 178, 
104049, doi: 10.1016/j.jappgeo.2020.104049. 

Haeni, F.P., 1986, Application of seismic refraction 
methods in groundwater modeling studies in New 
England: Geophysics, 51, 236–249, doi: 
10.1190/1.1442083. 

Hagrey, S.A., and C. Müller, 2000, GPR study of pore 
water content and salinity in sand: Geophysical 
Prospecting, 48, 63–85, doi: 10.1046/j.1365-
2478.2000.00180.x. 

Harari, Z., 1996, Ground-penetrating radar (GPR) for 
imaging stratigraphic features and groundwater in 
sand dunes: Journal of Applied Geophysics, 36, 43–
52, doi: 10.1016/S0926-9851(96)00031-6. 

Hasan, M., Y. Shang, G. Akhter, and M. Khan, 2017, 
Geophysical investigation of fresh-saline water 
interface: A case study from South Punjab, 
Pakistan: Groundwater, 55, 841–856, doi: 
10.1111/gwat.12527. 

Hasan, M., Y. Shang, G. Akhter, and W. Jin, 2019, 
Application of VES and ERT for delineation of fresh-
saline interface in alluvial aquifers of Lower Bari 
Doab, Pakistan: Journal of Applied Geophysics, 164, 
200–213, doi: 10.1016/j.jappgeo.2019.03.013. 

https://doi.org/10.1590/S0102-261X2011000100009
https://doi.org/10.1590/S0102-261X2011000100009
https://doi.org/10.1016/j.jafrearsci.2021.104368
https://doi.org/10.1007/s11269-015-1007-x
https://doi.org/10.1007/s11269-015-1007-x
https://doi.org/10.1190/sbgf2007-154
https://doi.org/10.2516/ogst/2014053
https://doi.org/10.1080/20909977.2022.2031555
https://doi.org/10.14295/ras.v28i1.27400
https://doi.org/10.1016/0016-7142(91)90046-F
https://doi.org/10.1016/0016-7142(76)90014-4
https://doi.org/10.1016/0016-7142(76)90014-4
https://doi.org/10.1016/j.jappgeo.2020.104049
https://doi.org/10.1190/1.1442083
https://doi.org/10.1046/j.1365-2478.2000.00180.x
https://doi.org/10.1046/j.1365-2478.2000.00180.x
https://doi.org/10.1016/S0926-9851(96)00031-6
https://doi.org/10.1111/gwat.12527
https://doi.org/10.1016/j.jappgeo.2019.03.013


Luiz, J. G.  71 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

Hobson, G.D., 1970, Seismic methods in mining and 
groundwater exploration, in Morley, L.W., ed., 
Mining and Groundwater Geophysics/1967: 
Economic Geology Report, n. 26. Ottawa: Geological 
Survey of Canada, 148–176. 

Holman, I.P., K.M. Hiscock, and P.N. Chroston, 1999, 
Crag aquifer characteristics and water balance for 
the Thurne catchment, northeast Norfolk: Quarterly 
Journal of Engineering Geology, 32, 365–380, doi: 
10.1144/GSL.QJEG.1999.032.P4.05. 

Kearey, P., M. Brooks, and I. Hill, 2009, Geofísica de 
exploração (tradução de Maria Cristina Moreira 
Coelho):  Oficina de Textos, São Paulo, Brazil, 438 pp. 

Keller, G.V., 1970, Application of resistivity methods in 
mineral and groundwater exploration programs, in 
Morley, L.W., ed., Mining and Groundwater 
Geophysics/1967: Economic Geology Report, n. 26. 
Ottawa, Geological Survey of Canada, 51–66. 

Keller, G.V., and F.C. Frischknecht, 1966, Electrical 
Methods in Geophysical Prospecting: Pergamon, 
Oxford, 517 pp. 

Kelly, W.E., 1977, Geoelectric sounding for estimating 
aquifer hydraulic conductivity: Ground Water, 15, 
420–425, doi: 10.1111/j.1745-6584.1977.tb03189.x. 

Keys, W.S., 1970, Borehole geophysics as applied to 
groundwater, in Morley, L.W., ed., Mining and 
Groundwater Geophysics/1967: Economic   Geology 
Report, 26, Ottawa, Geological Survey of Canada, 
598–614. 

Keys, W.S., 1989, Borehole geophysics applied to 
ground-water investigations: National Water Well 
Association, Dublin, 313 pp, doi: 10.3133/ofr87539. 

Kobayashi, C.N., 1982, Eletroresistividade e sísmica de 
refração no estudo de água subterrânea em 
Marajó/PA: Revista Águas Subterrâneas, 5, 33–43, 
doi: 10.14295/ras.v5i1.11137. 

Kosinski, W.K, and W.E. Kelly, 1981, Geoelectric 
soundings for predicting aquifer properties: Ground 
Water, 19, 163–171, doi: 10.1111/j.1745-
6584.1981.tb03455.x. 

Kukemilks, K., and J-F. Wagner, 2021, Detection of 
preferential water flow by electrical resistivity 
tomography and self-potential method: Applied 
Sciences, 11, 4224, doi: 10.3390/app11094224. 

Lähivaara, T., A. Malehmir, A. Pasanen, L. 
Kärkkäinen, J.M.J., Huttunen, J.S. and Hesthaven, 
2019, Estimation of groundwater storage from 
seismic data using deep learning: Geophysical 
Prospecting, 67, 2115–2126, doi: 10.1111/1365-
2478.12831. 

Land, L.A., J.C. Lautier, N.C. Wilson, G. Chianese, and 
S. Webb, 2004, Geophysical monitoring and 
evaluation of coastal plain aquifers: Groundwater, 
42, 59–67, doi: 10.1111/j.1745-6584.2004.tb02450.x.  

 Laureano, A.T., and S. Shiraiwa, 2008, Ensaios 
geofísicos no aterro sanitário de Cuiabá-MT: 
Revista Brasileira de Geofísica, 26, 173–180, doi: 

10.1590/S0102-261X2008000200005. 
Legchenko, A., C. Miège, L.S. Koenig, R.R. Foster, O. 

Miller, D.K. Solomon, N. Schmerr, L. Montgomery, 
S. Ligtenberg, and L. Brucker, 2018. Estimating 
water volume stored in the south-eastern Greenland 
firn aquifer using magnetic-resonance soundings: 
Journal of Applied Geophysics, 150, 11–20, doi: 
10.1016/j.jappgeo.2018.01.005. 

Lima, O.A.L., 2010, Estruturas geoelétrica e 
hidroquímica do sistema aquífero cristalino da 
bacia do alto rio Curaçá, semi-árido da Bahia: 
Revista Brasileira de Geofísica, 28, 445–461, doi: 
10.1590/S0102-261X2010000300009. 

Lima, O.A.L., and J.W.P. Macedo, 1983, Estudo da 
distribuição de água salgada nos aquíferos costeiros 
da região de Caravelas/Alcobaça por prospecção 
elétrica: Revista Brasileira de Geociências, 13, 159–
164, doi: 10.25249/0375-7536.1983133159164. 

Lima, O.A.L., and W.E. Medeiros, 1988, Geophysical 
techniques applied to ground water investigation of 
crystalline aquifers in Central Bahia, Brazil: 58th 
Annual International SEG Meeting, Anaheim, 
CA/USA, Expanded Abstract, 1, 625–628. 

Lima, O.A.L., and S. Niwas, 2000, Estimation of 
hydraulic parameters of shaly sandstone aquifers 
from geoelectrical measurements: Journal of 
Hydrology, 235, 12–26, doi: 10.1016/S0022-
1694(00)00256-0. 

Lima, O.A.L., and A.C. Ribeiro, 1982, Caracterização 
hidrogeológica do aquífero São Sebastião na área de 
captação do CIA-Bahia, usando perfilagens 
elétricas de poços: Revista Brasileira de Geofísica, 
1, 11–22. 

Lima, R.J.S., 1990, Levantamento geofísico para 
prospecção de água subterrânea no município de 
Irituia-Pará: Undergraduate Final Project on 
Geology, Universidade Federal do Pará, Belém, 
Brazil, 36 pp. 

Lu, Q., and M. Sato, 2007, Estimation of hydraulic 
property of an unconfined aquifer by GPR: Sensing 
and Imaging, 8, 83–99, doi: 10.1007/s11220-007-
0035-x. 

Luiz, J.G., and L.M.C. Silva, 1995, Geofísica de 
prospecção: UFPA/CEJUP, Belém, Brazil, 1, 311 pp. 

Luiz, J.G., E.M. Nishimura, C.S. Sousa, and M. 
Heimer, 2001, Medidas elétricas na ilha de 
Algodoal, estado do Pará: 7th International 
Congress of the Brazilian Geophysical Society, 
Sociedade Brasileira de Geofísica, Salvador, Brazil, 
CD-ROM. 

Manzione, R.L., 2015, Águas Subterrâneas: Conceitos 
e aplicações sob uma Visão multidisciplinar: São 
Paulo, Brazil, Paco Editorial, 388 pp. 

Marinho, J.M.L., and O.A.L. Lima, 1997, 
Características hidráulicas de aquíferos na região 
Acaraú-Itarema, Ceará, usando sondagens de 
eletrorresistividade: 5th International Congress of 

https://doi.org/10.1144/GSL.QJEG.1999.032.P4.05
https://doi.org/10.1111/j.1745-6584.1977.tb03189.x
https://doi.org/10.3133/ofr87539
https://doi.org/10.14295/ras.v5i1.11137
https://doi.org/10.1111/j.1745-6584.1981.tb03455.x
https://doi.org/10.1111/j.1745-6584.1981.tb03455.x
https://doi.org/10.3390/app11094224
https://doi.org/10.1111/1365-2478.12831
https://doi.org/10.1111/1365-2478.12831
https://doi.org/10.1111/j.1745-6584.2004.tb02450.x
https://doi.org/10.1590/S0102-261X2008000200005
https://doi.org/10.1016/j.jappgeo.2018.01.005
https://doi.org/10.1590/S0102-261X2010000300009
https://doi.org/10.25249/0375-7536.1983133159164
https://doi.org/10.1016/S0022-1694(00)00256-0
https://doi.org/10.1016/S0022-1694(00)00256-0
https://doi.org/10.1007/s11220-007-0035-x
https://doi.org/10.1007/s11220-007-0035-x


72   Groundwater through Geophysics: Review and Examples 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

the Brazilian Geophysical Society, Sociedade 
Brasileira de Geofísica, São Paulo, Brazil, Resumos 
Expandidos, 1, 445–448. 

Marques, T., C. Patinha, J. Ribeiro, E. Silva, and M.J. 
Senos Matias, 2018, A time space groundwater 
contamination investigation in an Industrial site 
using geophysical and hydrochemical methods: 
24th European Meeting of Environmental and 
Engineering Geophysics, Porto, Portugal, 2018, p. 
1–5, doi: 10.3997/2214-4609.201802644. 

McNeill, J.D., 1990, Use of electromagnetic methods 
for groundwater studies, in Ward, S.H., ed., 
Geotechnical and environmental geophysics: Society 
of Exploration Geophysicists, Tulsa, 1, chapter 7, 
191–218, doi: 10.1190/1.9781560802785.ch7. 

Medeiros, W.E, and O.A.L. Lima, 1990, A geoelectrical 
investigation for ground water in crystalline terrains 
of Central Bahia, Brazil: Ground Water, 28, 518–523, 
doi: 10.1111/j.1745-6584.1990.tb01707.x. 

Medeiros, W.E., and O.A.L. Lima, 1991, Potencial 
elétrico espontâneo em aquíferos de fraturas: 
geração e uso hidrogeológico: 2nd International 
Congress of the Brazilian Geophysical Society, 
Sociedade Brasileira de Geofísica, Salvador, BA, 
Brazil, Resumos Expandidos, 2, 1034–1038, doi:  
10.3997/2214-4609-pdb.316.198. 

Mendes, M.F., J.G.V. Alves, and M.W.C. Silva, 2014, 
Prospecção geofísica para identificação de zonas 
aquíferas na Formação Codó em Jacundá/PA: 
Águas Subterrâneas, 28, 62–79, doi: 
10.14295/ras.v28i1.27401.  

Mota, R., and F. Monteiro dos Santos, 2006, Secções 2D 
do índice de vazios e grau de saturação a partir de 
perfis de resistividade e de refracção sísmica: 
Décimo Congresso Nacional de Geotecnia, 
Sociedade Portuguesa de Geotecnia, Lisbon, 
Portugal. 

Murty, B.V.S., and V.K. Raghavan, 2002, The gravity 
method in groundwater exploration in crystalline 
rocks: A study in the peninsular granitic region of 
Hyderabad, India: Hydrogeology Journal, 10, 307–
321, doi: 10.1007/s10040-001-0184-2.  

Naik, P.C., 2017, Seawater intrusion in the coastal 
alluvial aquifers of the Mahanadi Delta: Berlin, 
Germany, Springer, 112 pp, doi: 10.1007/978-3-319-
66511-5. 

Nascimento, K.R.F, and O.A.L. Lima, 2013, Cálculo de 
parâmetros hidráulicos do aquífero Urucuia 
utilizando dados geoelétricos: 13th International 
Congress of the Brazilian Geophysical Society, 
Sociedade Brasileira de Geofísica, Rio de Janeiro, 
Brazil, CD-ROM, doi: 10.1190/sbgf2013-115. 

Nascimento, C.T.C., A. Almeida, R.R. Silva, and V.X.S. 
Silva, 2013, Identificação de aquífero fissural por 
meio de VLF: 13th International Congress of the 
Brazilian Geophysical Society, Sociedade Brasileira 
de Geofísica, Rio de Janeiro, Brazil, CD-ROM, doi: 

10.1190/sbgf2013-040. 
Nazifi, H.M., and S.B. Lambon, 2021, Geophysical 

mapping of groundwater aquifers beneath the 
Central Region of Ghana: Journal of International 
Environmental Application & Science, 16, 113–122. 

Nery, G.G., 2008, Perfilagem geofísica aplicada à água 
subterrânea, in Feitosa, F.A.C., J. Manoel Filho, 
E.C. Feitosa, J.G.A. Demétrio, orgs., Hidrogeologia: 
conceitos e aplicações: 3rd ed., CPRM, Rio de 
Janeiro, Brazil, 459–506. 

Nery, G.G., 2013, Perfilagem geofísica em poço aberto: 
Fundamentos básicos com ênfase em petróleo: 
SBGf, Rio de Janeiro, Brazil, 222 pp. 

Neves, A.V.B., 2002, Estudo geofísico para a 
caracterização geológica e hidrogeológica da 
subsuperfície rasa em área de deposição de rejeitos 
sólidos no município de Barcarena-PA. Master 
Dissertation on Geophysics, Universidade Federal 
do Pará, Belém, Brazil, 50 pp. 

Neves, A.V.B, and J.G. Luiz, 2003, Estudo do fluxo 
subterrâneo por imageamento elétrico: 8th 
International Congress of the Brazilian 
Geophysical Society, Sociedade Brasileira de 
Geofísica, Rio de Janeiro, Brazil, CD-ROM. 

Neves, A.V.B., and J.G. Luiz, 2015, Estimativa da 
velocidade de fluxo subterrâneo por imageamento 
elétrico: Águas Subterrâneas, 29, 104–115, doi: 
10.14295/ras.v29i1.27990. 

Niwas, S., and O.A.L. Lima, 2003, Aquifer 
parameter estimation from surface resistivity 
data: Ground Water, 41, 94–99, doi: 
10.1111/j.1745-6584.2003.tb02572.x. 

Niwas, S., and D.C. Singhal, 1981, Estimation of aquifer 
transmissivity from Dar-Zarrouk parameters in 
porous media: Journal of Hydrology, 50, 393–399, 
doi: 10.1016/0022-1694(81)90082-2. 

Nunes, L.P.M., and J.G. Luiz, 2006, Caracterização 
geoelétrica de área de curtume localizada no 
Distrito Industrial de Icoaraci, Belém-Pará: Revista 
Brasileira de Geofísica, 24, 467–481, doi: 
10.1590/S0102-261X2006000400002. 

Oliveira, M.A.S., 2011, Aplicabilidade do método 
geofísico de eletrorresistividade na pesquisa de 
água subterrânea em rochas cristalinas na região 
de Conceição do Coité-BA: Undergraduate Final 
Project on Geology, Universidade Federal da Bahia, 
Salvador, BA, Brazil, 67 pp. 

Omeje, E.T., J.C. Ibuot, D.O. Ugbor, and D.N. Obiora, 
2022, Geophysical investigation of transmissibility 
and hydrogeological properties of aquifer system: A 
case study of Edem, Eastern Nigeria: Water Supply, 
22, 5044–5055, doi: 10.2166/ws.2022.191. 

Orellana, E., 1982, Prospeccion geoelectrica en corriente 
continua: 2nd ed., Paraninfo, Madrid, 578 pp. 

Pereira, A.J., L.A.P. Gambôa, M.A.M. Silva, A.R. 
Rodrigues, and A. Costa, 2003, A utilização do 

https://doi.org/10.3997/2214-4609.201802644
https://doi.org/10.1190/1.9781560802785.ch7
https://doi.org/10.1111/j.1745-6584.1990.tb01707.x
https://doi.org/10.3997/2214-4609-pdb.316.198
https://doi.org/10.14295/ras.v28i1.27401
https://doi.org/10.1007/s10040-001-0184-2
https://doi.org/10.1007/978-3-319-66511-5
https://doi.org/10.1007/978-3-319-66511-5
https://doi.org/10.1190/sbgf2013-115
https://doi.org/10.1190/sbgf2013-040
http://dx.doi.org/10.14295/ras.v29i1.27990
https://doi.org/10.1111/j.1745-6584.2003.tb02572.x
https://doi.org/10.1016/0022-1694(81)90082-2
https://doi.org/10.1590/S0102-261X2006000400002
https://doi.org/10.2166/ws.2022.191


Luiz, J. G.  73 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

ground penetrating radar (GPR) em estudos de 
estratigrafia na praia de Itaipuaçú - Maricá (RJ): 
Revista Brasileira de Geofísica, 21, 163–172, doi: 
10.1590/S0102-261X2003000200005. 

Ponzini, G., A. Ostroman, and M. Molinari, 1984, 
Empirical relation between electrical transverse 
resistance and hydraulic transmissivity: 
Geoexploration, 22, 1–15, doi:  10.1016/0016-
7142(84)90002-4. 

Rebouças, A.C., 1980, Estágio atual dos conhecimentos 
sobre as águas subterrâneas do Brasil: Revista 
Águas Subterrâneas, 2, 1–10, doi: 
10.14295/ras.v2i1.11116. 

Reynolds, J.M., 2011, An introduction to applied and 
environmental geophysics: 2nd ed., John Wiley & 
Sons, 696 pp.  

Roy, K.K., and H.M. Elliott, 1980, Resistivity and IP 
survey for delineating saline water and fresh water 
zones: Geoexploration, 18, 145–162, doi: 
10.1016/0016-7142(80)90026-5. 

Sauck, W.A., E.A. Atekwana, and M.S. Nash, 1998, 
High conductivities associated with an LNAPL 
plume imaged by integrated geophysical 
techniques: Journal of Environmental and 
Engineering Geophysics, 2, 203–212. 

Schiavone, D., and R. Quarto, 1984, Self-potential 
prospecting in the study of water movements: 
Geoexploration, 22, 47–58, 10.1016/0016-
7142(84)90005-X. 

Shah, S.H.I.A., Y. Jianguo, Z. Jahangir, A. Tariq, and 
B. Aslam, 2022, Integrated geophysical technique for 
groundwater salinity delineation, an approach to 
agriculture sustainability for Nankana Sahib Area, 
Pakistan: Geomatics, Natural Hazards and Risk, 13, 
1043–1064, doi: 10.1080/19475705.2022.2063077. 

Silva, C.A., 1991, Sobre as possibilidades do 
aproveitamento dos aquíferos na Vila de Apeú-São 
Salvador, município de Viseu, estado do Pará. 
Belém, Pará. Undergraduate Final Project on 
Geology, Universidade Federal do Pará, Belém, 
Brazil, 41 pp. 

Singhal, B.B.S., and R.P. Gupta, 1999, Applied 
hydrogeology of fractured rocks: Kluwer Academic 
Publishers, Norwell, 400 pp, doi: 10.1007/978-94-
015-9208-6. 

Soupios, P.M., M. Kouli, F. Vallianatos, A. Vafidis, and 
G. Stavroulakis, 2007, Estimation of aquifer 
hydraulic parameters from surficial geophysical 
methods: a case study of Keritis Basin in Chania 
(Crete – Greece): Journal of Hydrology, 338, 122–
131, doi: 10.1016/j.jhydrol.2007.02.028. 

Sousa, G.B., and J.G. Luiz, 2012, Groundwater 
prospection in the municipality of Piçarra-PA using 
very low frequency and resistivity: Revista 
Brasileira de Geofísica, 30, 361–372, 
10.22564/rbgf.v30i3.191. 

Souza, C.W.M.F., and J.G. Luiz, 1994, Aquíferos na 
região de Belém: Um estudo com base em 
perfilagem de poços: Boletim do Museu Paraense 
Emílio Goeldi, Série Ciências da Terra, 6, 31–52. 

Souza Filho, O.A., R.G. Oliveira, J.A. Ribeiro, L.S. 
Veríssimo, and J.U. Sá, 2006, Interpretação e 
modelagens de dados de eletrorresistividade para 
locações de poços tubulares no aquífero fissural da 
área-piloto Juá, Irauçuba – Ceará: Revista de 
Geologia, 19, 7–21. 

Steeples, D.W., and R.D. Miller, 1990, Seismic 
reflection methods applied to engineering, 
environmental, and groundwater problems, in 
Ward, S.H., ed., Geotechnical and environmental 
geophysics: Tulsa: Society of Exploration 
Geophysicists, 1, chapter 1, 1–30, doi: 
10.1190/1.9781560802785.ch1. 

Stewart, M.T., 1980, Gravity survey of a deep buried 
valley: Ground Water, 18, 24–30, doi: 
10.1111/j.1745-6584.1980.tb03367.x. 

Telford, W.M, L.P. Geldart, and R.E. Sheriff, 1990, 
Applied Geophysics: 2nd ed., Cambridge University 
Press, United Kingdom, 770 pp, doi: 
10.1017/CBO9781139167932. 

Van Nostrand, R.G., 1976, An example of the use of 
gravity in ground-water exploration: Geoexploration 
(abstract), 14, 262–263, doi: 10.1016/0016-
7142(76)90024-7. 

Van Overmeeren, R.A., 1975, A combination of gravity 
and seismic refraction measurements applied to 
groundwater explorations near Taltal, province of 
Antofagasta, Chile: Geophysical Prospecting, 23, 
248–258, doi: 10.1111/j.1365-2478.1975.tb01526.x. 

Van Overmeeren, R.A., 1981, A combination of 
electrical resistivity, seismic refraction, and gravity 
measurements for groundwater exploration in 
Sudan: Geophysics, 46, 1304–1313, doi: 
https://doi.org/10.1190/1.1441269. 

Van Overmeeren, R.A., S.V. Sariowan, and J.C. 
Gehrels, 1997, Ground penetrating radar for 
determining volumetric soil water content; results 
of comparative measurements at two test sites: 
Journal of Hydrology, 197, 316–338, doi: 
10.1016/S0022-1694(96)03244-1. 

West, R.E., and J.S. Sumner, 1972, Ground-water 
volumes from anomalous mass determinations for 
alluvial basins: Ground Water, 10, 24–32, doi: 
10.1111/j.1745-6584.1972.tb02922.x. 

Woessner, W.W., and E.P. Poeter, 2020, Hydrogeologic 
properties of earth materials and principles of 
groundwater flow: The Groundwater Project, 
Guelph, Ontario, Canada, 205 pp, doi: 
10.21083/978-1-7770541-2-0. 

Yadav, G.S., and H. Abolfazli, 1998, Geoelectrical 
soundings and their relationship to hydraulic 
parameters in semiarid regions of Jalore, 
northwestern India: Journal of Applied Geophysics, 

https://doi.org/10.1590/S0102-261X2003000200005
https://doi.org/10.1016/0016-7142(84)90002-4
https://doi.org/10.1016/0016-7142(84)90002-4
https://doi.org/10.14295/ras.v2i1.11116
https://doi.org/10.1016/0016-7142(80)90026-5
https://doi.org/10.1016/0016-7142(84)90005-X
https://doi.org/10.1016/0016-7142(84)90005-X
https://doi.org/10.1080/19475705.2022.2063077
https://doi.org/10.1007/978-94-015-9208-6
https://doi.org/10.1007/978-94-015-9208-6
https://doi.org/10.1016/j.jhydrol.2007.02.028
http://dx.doi.org/10.22564/rbgf.v30i3.191
https://doi.org/10.1190/1.9781560802785.ch1
https://doi.org/10.1111/j.1745-6584.1980.tb03367.x
https://doi.org/10.1017/CBO9781139167932
https://doi.org/10.1016/0016-7142(76)90024-7
https://doi.org/10.1016/0016-7142(76)90024-7
https://doi.org/10.1111/j.1365-2478.1975.tb01526.x
https://doi.org/10.1190/1.1441269
https://doi.org/10.1016/S0022-1694(96)03244-1
https://doi.org/10.1111/j.1745-6584.1972.tb02922.x
https://doi.org/10.21083/978-1-7770541-2-0


74   Groundwater through Geophysics: Review and Examples 

Braz. J. Geophysics, 40, Suppl. 1, 2022 

39, 35–51, doi: 10.1016/S0926-9851(98)00003-2. 
Zehner, H.H., 1973, Seismic refraction investigations 

in parts of the Ohio River Valley in Kentucky: 
Ground Water, 11, 28–37.

 
 
 
 
 
 
 
Luiz, J.G.: responsible for revision of the 
geophysical methods, examples of application of the 
methods, writing, generation of the figures and 
results. 

 
 

 
 
 
Received on July 19, 2022 / Accepted on September 23, 2022 
 
 

 
 - Creative Commons attribution-type BY 

 

https://doi.org/10.1016/S0926-9851(98)00003-2

	Introduction
	GROUNDWATER ENVIRONMENTS
	GEOPHYSICAL RESPONSE
	POROSITY, TRANSMISSIVITY AND HYDRAULIC CONDUCTIVITY ESTIMATES
	Figure 2: Geoelectric section constructed from models resulting from the interpretation of VES conducted in Bom Jesus do Tocantins, southern Pará, Brazil. The layers 4 and 6 were indicated as aquifers. The values in the columns represent the resistivi...
	Figure 3: Interpretative models from gravimetric and seismic refraction measurements obtained on profile conducted in Indian Wells Valley, California, USA (Eaton and Watkins, 1970).
	LOCATION OF FRACTURES IN BASEMENT
	FRESHWATER-SALTWATER INTERFACE IN COASTAL AQUIFERS
	SEPARATION OF FRESHWATER AQUIFER FROM SALINE AQUIFER
	IDENTIFICATION OF SANDY ZONES IN A WELL
	Figure 4: Mapping of fractures with the electromagnetic Slingram HLEM system in Canaã dos Carajás, south of the state of Pará. The position of the fractures are marked by arrows. The solid lines represent the in-phase component, while the dashed lines...
	Figure 5: Determination of the freshwater-saltwater interface in Ilha Comprida, municipality of Iguape, São Paulo, Brazil (adapted from Davino et al., 1980).
	Figure 6: Resistivity section conducted in Algodoal, northeastern Pará, Brazil. The interface separating freshwater from saltwater is represented by the dashed line (adapted from Luiz et al., 2001).
	Figure 7: Comparison between VES measurements obtained with the methods of resistivity and induced polarization to separate aquifers with brackish water from clay aquifers with freshwater (Roy and Elliott, 1980).
	Figure 8: Logging of well drilled for groundwater extraction in a sedimentary basin environment. SP = spontaneous potential, ER = electrical resistance. The sandy areas are highlighted by the dashed lines with the symbols I, II and III.
	REFERENCES

