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Abstract: This work aims to determine the hydrogeological potential in the community of Langos-San
Andrés, belonging to the canton Guano. This was done by interpreting the regional geology–specific
and subsurface stratigraphy. Stratigraphy was obtained by mathematical modeling of the electrical
resistivity tomography results obtained in the study area. The interpretation of this information
allowed us to know the structure of the soil and the levels at which the groundwater was located.
Also, determining the optimal level of extraction of groundwater is a partition of 50 m depth onwards.
Furthermore, the location of this water level will allow 1000 families in this area to obtain good
quality water, reducing the water access gap that exists in the region and in Ecuador.

Keywords: stratigraphy; hydrogeology; Langos; geophysics; subsurface; resistivity electrical tomograph

1. Introduction

Water is of global interest mainly because in several places on the planet it is difficult to
access [1–3]. The situation in Latin America is similar, with access to water being a problem
in several countries, as it is not possible to provide drinking water to areas that are far from
surface water sources [4,5]. In this sense, Ecuador has similar circumstances, even though
it is one of the countries with many water resources because there are several sectors of the
population that do not have access to water, especially for human use [6]. On the other hand,
groundwater in Ecuador is the main source of water for human consumption because the
existing springs are mostly located in areas with volcanic features, allowing water to be stored
in subway strata [7].

However, the complexity of studying groundwater due to the cost of traditional
methods, such as drilling, means that there is a shortage of hydrogeological data in the
country [8]. In this context, geophysical methods are a solution to this problem because they
are widely used worldwide and provide acceptable results, which allow an understanding
of the behavior of groundwater in the subsurface strata [9–11].

In this context, according to data from the Decentralized Autonomous Government of
Guano Canton (CAD Guano), the Langos–San Andres sector has a water distribution system
for only a few families. This has changed due to population growth in the area since the
construction of the new access road to Riobamba along Avenida de la República has led to the
urbanization of the sector, which means that drinking water distribution does not supply the
entire area, leaving more than 80% of the population in this sector without water [12]. In relation
to this, as indicated by [7], this area is located within the perimeter of the Chambo aquifer, which
has a large amount of groundwater and could serve to cover the needs of this sector.

Therefore, this work will allow the determination of stratigraphic characteristics in the
Langos sector, using electrical resistivity tomography, to determine the groundwater level
for water resource exploitation purposes.
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2. Methodology
2.1. Study Area

The study area is located in the northwestern part of the Province of Chimborazo, in the
Guano canton, San Andres parish, 8 km from the city of Riobamba. This zone was selected
because of its physical and topographic characteristics. The San Andres parish has an average
annual temperature of 11.19 ◦C and an altitudinal range of 2900 to 6310 msmn (Figure 1).
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The methodology used was developed based on national and regional geological
information [13] to determine the areas of hydrogeological interest in the Langos sector.

Then, by means of electrical resistivity topographies in the areas of interest, data
were obtained for the reconstruction of the stratigraphy in two and three dimensions. The
methods used to implement the proposed approach are described below:

2.2. Electrical Resistivity Tomography (ERT)

Electrical resistivity tomography allowed us to distinguish the distribution of the
electrical resistivity of the subsoil by relating the solid constituents of the soil, water
content, and temperature with respect to the electrical resistivity. This can be considered
as a way to interpret the variability in the physical properties of the soil [10,14,15]. The
results of this study are from a distance–depth stratigraphic section with a distribution
of subsurface resistivity, which is easily understandable in geological terms, in which the
electrical resistivity of the medium depends on the amount of water in the subsurface [16].
To determine the electrical resistivity of the structures, Equation (1) is used [17]:

ρ =
a

ϕmSn ρw (1)

where ρ is the electrical resistivity of the structure, ρw is the electrical resistivity of the
pore water, S is the degree of saturation, a and m are constants related to the saturation
coefficient and the cementation factor, respectively, and n is a parameter related to the
degree of saturation.
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2.3. Acquisition of Data for Electrical Resistivity Tomography

To acquire data in the field, a place with easy access was determined, without inter-
ference from construction or trees, so that the cables used would not collide with these
obstacles. The equipment used was the Syscal Pro, with two cables, 240 m long each,
and 48 electrodes arranged at a distance of 5 m in such a way that it allows acquiring
information up to an approximate depth of 60 m [15].

2.4. Electrical Resistivity Tomography Data Processing

The collected data were entered into the Res2dinvx64 ver. 4.07 software (licensed from
the National University of Chimborazo) to perform the inversion in two dimensions, which
is based on a smoothed least squares sequence with damping; the same sequence was
refined with a trial–and–error comparison (Figure 2), using the finite difference method or
the finite element method.
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Figure 2. Rectangular block arrangement in 2D model [14].

From the data obtained in the inversion of the Res2dinv software, all the electrical
topographies were projected in three dimensions using the Res3D software 3.13.50 (Na-
tional University of Chimborazo license), which performs an inverse three-dimensional
visualization of the resistivity data of the lithological materials that exist in the subsoil [18].

2.5. Electrical Resistivity Tomography Interpretation

To determine the groundwater level in the study area, the resistivity of rocks of water
present in the found stratum was used (Table 1)

Table 1. Electrical resistivity of rocks or water [8].

Rocks or Water Resistivity (Ω·m)

Seawater 0.2
Alluvial aquifer water 10–30

Faustian water 50–100
Dry sand and gravels 1000–10,000

Sands and gravels with fresh water 50–500
Sands and gravels with salt water 0.5–5

Clays 0.5–5
Marls 2–20

Limestones 2–20
Clayey sandstones 50–300

Quartzite sandstones 300–10,000
Volcanic tuffs, cinerites 20–100

Lavas 300–10,000
Graphitic Schists 0.5–5

Clayey or altered shales 100–300
Healthy shales 300–3000

Altered gneiss, granite 100–1000
Healthy gneiss, granite 1000–10,000
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3. Results & Discussion

To understand the stratigraphy of the soil, it was found that the study area is located in
the Riobamba Formation (PR) (Pleistocene), most of this formation is composed of rounded
and angular gravels, which constitute the linarite volcanic phase of Chimborazo, and are
also present in some stratification sectors in soil [7,8]. As described in the methodology, once
the points where the ERTs should be performed according to the geological characteristics
of the area under study were identified, 6 ERTs were performed that allowed to know the
characteristics of the subsoil in this area, their results are presented below.

The results of tomography A (Figure 3A) show electrical resistivity ranges between 13.1
and 44.2 Ohm·m (blue color), revealing that groundwater could be found at approximately
50 m depth. On the other hand, resistivity ranges between 813 and 150 Ohm·m were
observed in the green color range, and according to their resistivities, they were semi-
permeable zones. In addition, in several parts of the tomography, the high resistivity ranges
of 275 and 507 Ohm·m (sandy brown and red color) are characteristic of impermeable zones
composed mostly of healthy lavas and granites.
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Figure 3. Electrical Resistivity Lines (A–F).

The second line (Figure 3B) has electrical resistivities of 25.9 Ohm·m in the light
blue scale. These are semi-permeable zones in the lower center of the tomography at an
approximate depth of 20 to 60 m. In the same way, resistivities between 632 and 154 Ohm·m
are observed in the range of green colors that represent less permeable zones composed
mostly of clayey sandstones and altered granite. There are also zones with resistivities
between 376 and 917 Ohm·m, which were also observed in sandy brown and yellow colors
at the corners of the upper limits, which represent impermeable zones of the subsoil.

The results of the third line (Figure 3C) show that there are resistivities of 43.8 Ohm·m,
green color; this shows the presence of semi–permeable zones representing a good part of
the tomography; there are also resistivities ranging between 110 and 702 Ohm·m (yellow,
sandy brown, red and purple color) representing areas with low permeability, also the
presence of large rocks that prevent the infiltration of rainwater to the subsoil, these
lithological materials may be composed of healthy lavas and granites.

The fourth line (Figure 3D) shows electrical resistivities between 6.15 and 15.8 Ohm·m
(light blue color), showing semi-permeable zones containing small pockets of water. In
addition, there are resistivities between 40.9 and 105 Ohm·m in the green color range; this
shows semi–permeable zones that allow water flow; likewise, we find resistivities ranging
between 272 and 1809 Ohm·m in red and purple color, which indicates the presence of
impermeable zones and rock intrusions.

The results of the fifth tomography (Figure 3E) represent electrical resistivities between
12 and 29.5 Ohm·m, in light blue color, which indicates the permeable zones of the subsoil,
in the same way resistivities ranging between 72.5 and 178 Ohm·m are observed, which are
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observed in green color, this shows semi-permeable zones representing the majority of the
tomography, resistivities between 438 and 1078 Ohm·m can also be observed, represented
in sandy brown and yellow color, which reveals zones of low permeability.

The Sixth tomography (Figure 3F) shows electrical resistivities between 10.4 and
22.5 Ohm·m (light blue color), indicating the presence of permeable zones with a small
water pocket that is surrounded by semi- permeable material since there are also resistivities
that are between 48.9 and 106 Ohm·m, represented in the range of green colors that are the
semi-permeable zones that are observed in most of the subsoil, in the same way we find
resistivities ranging between 230 and 499 Ohm·m, graphically represented in sandy brown
and yellow color that are found at shallow depths, these zones are of low permeability thus
preventing the infiltration of rainwater to the subsoil.

From the data obtained in the topographies, the 3D reconstruction was performed
(Figure 4), which revealed in a better way the presence of different lithological materials
present in the study area. As shown in the figure, there are areas with low resistivity
at depths of up to 50 m. There are also areas where the intrusions of rocks of different
sizes have been observed. In addition, it was possible to detect the presence of a possible
groundwater zone at a depth of 55 m.
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4. Conclusions

The sector selected for the topographies met the criteria in terms of accessibility and
the absence of obstacles. The tomographic lines were performed in a high area of the
Langos sector since in this sector there is a water supply tank for consumption in this area,
so if in the future the exploitation of groundwater is carried out, it would save on the costs
of construction of a storage tank, in addition to the fact that the land belongs to the GAD
of Guano.

In this context, the ERTs and the interpretation of the obtained values of electrical
resistivity determined that the stratigraphy of the area is of a heterogeneous type; that is, it
does not have the same composition of rocky materials and soil because of traces of rock
intrusions, poorly permeable zones and all this at a depth between 5 to 50 m were found, in
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this sense although the study area is located in an area with good hydrogeological power.
It is not likely that there is a large volume of groundwater in this section of depth studied.
It was observed that the low electrical resistivities were from 50 m depth, showing the
possible presence of groundwater from here and towards greater depths. Therefore, if a
water extraction project is to be conducted in this area, it is necessary to reach a drilling
depth of approximately 120 m to ensure that a good flow of groundwater is obtained.

In this sense, it is advisable to continue with the geophysical study of the Langos area
to determine more sectors that offer groundwater supply at less depth, implying a cost
reduction in the drilling of possible groundwater production wells.

As shown in the site description, drilling a well in this area will allow the Langos
community to access good–quality water, benefiting approximately 1000 families. This also
demonstrates that these noninvasive methods are an acceptable solution for preliminary
groundwater studies, reducing the cost of conducting test drillings that are not accessible
to economically disadvantaged communities.
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