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Abstract: Abandoned mine wastes, containing high sulfide contents, are of particular concern 

because of the formation of acid mine drainage (AMD), becoming an active and harmful point 

source of potentially toxic elements (PTEs) to the environment. A detailed evaluation of the chemical 

and mineralogical composition of mining wastes is necessary to determine effective remediation 

actions. Due to the high amount of generated wastes as a result of mining and processing activities, 

the cost and time consumed for this characterization are limiting. Hence, efficient tools could be 

applied to predict the composition of these wastes and their spatial distribution. This study aims to 

determine the physico-chemical characterization of wastes from mining activities using 

geochemical and geophysical techniques. The obtained results, both geochemical and geophysical, 

allow us to locate areas with a high potential risk of contamination by As in an economic and simple 

way, and enable us to design detailed geochemical sampling campaigns. In addition, the fact that 

there are conductive fractures in depth suggests the possible circulation of contaminants through 

them as well as the preferential lines of circulation. 

Keywords: arsenic; soil contamination; geochemical characterization; electromagnetic conductivity; 

electrical resistivity tomography; risk assessment 

  

1. Introduction 

Arsenic is a natural component of the Earth's crust. The arsenic concentrations in natural soils 

are low, the mean concentration in igneous rocks ranges from 1.5 to 3.0 mg kg−1, whereas in 

sedimentary rocks, it ranges from 1.7 to 400 mg kg−1 [1,2]. 

More than 300 As-bearing minerals are found in nature, the most abundant being arsenopyrite 

(FeAsS), commonly found in pegmatites, high-temperature gold-quartz, and tin veins, and also in 

contact with metamorphic sulfide deposits [1,3]. 

However, on certain occasions, the natural contents are increased due to various industrial 

activities, causing soil contamination. Among them, metal mining extraction is one of the sectors that 

produce this type of effects to a greater extent, by favoring the dispersion of potentially toxic elements 

(PTEs) contained in mining materials, both before the exploitation (geochemical anomalies) and after, 

by allowing the dispersion of PTEs. 
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Currently, mines are typically designed to mitigate their potential environmental impacts, but 

the extracted mineral deposits of old mines often remain where they were dumped outside after 

mining activity was stopped [4]. Mine wastes containing high sulfide concentrations are one of the 

most serious sources of environmental pollution of metal (oids) and other potentially toxic elements, 

which is due to the potential production of acid drainage of mine drainage (AMD) formed by the 

oxidation of sulfide mineral, commonly pyrite [5]. 

The principal source of arsenic is arsenical pyrite that undergoes oxidation releasing As(III) and 

As(V) to aquatic systems, according to simplified reactions [6]: 

FeS2-x Asx (arsenical pyrite) + 3.5 O2 + H2O→Fe2+(aq) + 2SO42- + 2H+ + As5+/As3+ (1) 

FeS2-xAsx (arsenical pyrite) + 14Fe3+(aq)+8H2O→15Fe2+(aq)+2SO42-(aq)+16H++As5+/As3+(aq) (2) 

AMD is produced when sulfide-bearing material comes into contact with oxygen and water 

Equation (1). As a result of this oxidation reaction, the pH decreases giving rise to the reaction 

Equation (2), where Fe3+ comes from the oxidation of ferrous iron (Fe2+) and partial dissolution of 

hematite/goethite. 

As species are influenced by different geochemical factors, such as pH-Eh conditions, 

temperature, sulfate concentrations, and bacterial activity. Depending on these conditions, arsenic 

ions can remain in solution or undergo multiple sorption/desorption cycles during the formation of 

acid mine precipitates. Arsenic exists in the −3, 0, +3, and +5 oxidation states; however, arsenite (As 

(III) and arsenate (As (V)) are the most frequently found in waters [7,8]. 

An analysis of a site affected by PTEs requires a great deal of time, as well as the application of 

various analytical techniques, such as acid digestion, chemical simple extraction, mineralogical and 

textural composition. To add to that, to perform this characterization, it is necessary to collect and 

transport the samples to the place of analysis, making the procedure more expensive. 

Cost-saving and faster alternatives useful for screening could be used as a complement of 

traditional laboratory analysis [9]. Among them, geophysical techniques are being applied in 

environmental studies to characterize contaminated sites, counting among their advantages that they 

are non-invasive techniques and that they allow one to obtain a high density of information at a low 

cost [10,11]. 

The objective of this study is to analyze the potential of electromagnetic techniques when 

examining the contamination of an old mining area in Guadalix de la Sierra (Madrid, Spain) 

potentially contaminated by arsenic. For this aim, an electromagnetic system in the frequency domain 

(FDEM) has been used and allows investigating the resistivity and phase component of soils until 3.3 

m deep. Resistivity tomographic image reconstruction of soils has been made, and the obtained 

results have been compared with those obtained in the geochemical characterization, to determine 

the relationship between the geochemical and geophysical parameters. The results can help to locate 

areas of potential pollution, not detected in the geochemical analysis due to their lower spatial 

resolution, and to design new geochemical characterization campaigns. 

2. Geological Setting 

The Spanish Central System is part of the northern domain of the Central Iberian Zone of the 

Iberian Massif [12], and it has been classically divided into three sectors (Figure 1), from W to E: 

Gredos, Guadarrama, and Somosierra-Ayllón [13]. The study area is located in the SE limit between 

the Guadarrama and the Somosierra-Ayllón sectors. The Guadarrama sector is characterized by the 

presence of an alleged pre-Ordovician metasedimentary series composed of paragneiss, calc-silicate 

rocks, paramphibolite, and marble; Ordovician felsic igneous rocks metamorphosed into Augen 

gneisses during the Variscan orogen are also present, and late Variscan granitoids are abundant, 

especially to the West. Metamorphism varies between intermediate grade (Sil zone), nearby the limit 

with the Somosierra-Ayllón sector, and high grade (Sil+Kfs zone) to the West, with large areas close 

to anatexis. 
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Figure 1. Geological sketch of the Spanish Central System (modified from [14] with the location of the 

study area and its geological map [15]. The coordinate system is ETRS89/UTM zone 30N (N-E). The 

position of the Central Iberian Zone (CIZ) in the Iberian Massif is shown in the upper part of the 

figure. 

The study area is mainly constituted by Augen gneisses (Figure 1) that are crosscut by dykes of 

varied composition: microdiorite, quartz, and felsic pegmatite. The mineralization is linked to the 

latter, which are 1–2 m thick and tens of meters long. Their orientation is roughly NE–SW, subvertical, 
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and they are probably related to a late Variscan fracturing. The felsic pegmatite dykes are composed 

of quartz, K-feldspar (orthose), plagioclase, and abundant muscovite. The genesis of the Sn-W deposit 

has been interpreted as hydrothermal of high-temperature [16]. 

The quaternary cover is of minor importance and it consists of anthropic material from the 

mining activities and river deposits. The mining activities in the area began in the fifteenth century, 

as a silver ore, but the peak of activity took place in the middle eighteenth century and during the 

Second World War. They obtained first As from arsenopyrite (FeAsS), and then W from Mn-rich 

wolframite (hubnerite, MnWO4). Arsenopyrite is frequently altered to scorodite (FeAsO4·2H2O) and 

associated with columbite-(Fe) (FeNb2O6), sphalerite ((Zn,Fe)S), galena (PbS), matildite (AgBiS) and 

accessory uraninite (UO2) [16]. 

The experiment was conducted in abandoned mine exploitation located in the upper portion of 

a small sub-catchment of the Guadalix River (Madrid, Spain), which feeds into the Madrid Tertiary 

Detrital Aquifer, which supplies water to the population of Madrid. The site includes an abandoned 

smelting factory where arsenopyrite was processed for the extraction of wolfram during the Second 

World War. The mining wastes, which contain up to 19 g kg−1 of As and currently remain where they 

were dumped on the soil surface, are subject to weathering processes [4,17]. 

3. Materials and Methods  

3.1. Geochemical Characterization: Data and Methods 

Soil sampling has been designed to analyze the concentration and mobility of arsenic, and a 

systematic sampling (grid) was proposed, with 27 sampling points (Figure 2a,b). 

 

Figure 2. (a) Geochemical sampling design. (b) Topographic map of the study area with the position 

of the data obtained with the CGM in Low mode (red) and in "high" mode (black line). The yellow 

points show the position where the tomographic inversions of the apparent resistivities have been 

made. The blue triangles correspond to the position of the geochemical samples. 

Sampling was performed according to ISO 10381-1:2002 [18]. In each monitoring plot, five 

subsamples were collected from the top layer (0–20 cm) at the center and on the diagonal lines of the 

plot (1 × 1 m). Samples were collected with a shovel in each subplot, then mixed and homogenized 

and a subsample (about 2 kg) was taken. 
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3.1.1. Chemical Analysis 

All samples were air-dried and sieved through a 2 mm screen. The pH and electrical 

conductivity (EC) were determined in a 1:5 (w/v) suspension of soil in pure, deionized water (Milli-

Q; resistivity ≥ 18 MO hm). 

Total PTEs content: The soils were first ground to a fine powder using a zirconium ball mill. 

Aliquots (0.1 g) of soil samples were placed in Teflon vessels, and a mixture of 5 ml concentrated HF 

(37%), 200 μL concentrated HNO3 (65%) and 5 mL of water was added. After digestion in a 

conventional microwave oven, the solutions were transferred to a volumetric flask, brought to 50 mL, 

and analyzed. 

All collected samples were submitted to an acid extraction, simulating the effect of acid mine 

drainage in selected materials following the ISO 17586:2016 procedure [19]. 

The arsenic content was measured by atomic fluorescence spectrometry using an automated 

continuous flow hydride generation spectrometer (PSA Millenium Merlin 10055). The limit of 

quantification for the selected elements was 0.3 μg kg−1 for arsenic. 

Accuracy and precision of the analytical procedures for As concentration was verified using the 

certified reference material SRM 2710 Montana Soil. The results were consistent with the certified 

values with errors of < 5%. Element concentration in procedure blanks and all reagents were always 

below the detection limit. 

The analytical determinations were carried out in the University Complutense of Madrid (Spain) 

and the University of Castilla La Mancha (Spain). 

3.1.2. Assessment of Potential Environmental Risk 

A significant number of indicators designed to approximate the quality of soils can be found in 

the literature. In our case, the assessment of sediment contamination level was performed by the 

quantification of the contamination factor (CF) and the acid mine drainage mobility indicator [20–

23]. 

The contamination factor (CF) has been calculated as the ratio between the metal concentrations 

with its background values: 

�� =
�����

�����������

 
(3) 

The criteria adopted to determine the extent of the contamination were as follows: no/low 

contamination (CF < 1), moderate (1 ≤ CF < 3), high (3 ≤ CF < 6), and very high (CF ≥ 6). The value 5.8 

mg kg-1 was taken as a background element based on the reference [24]. 

In addition to the contamination factor, acid mine drainage mobility indicator was calculated to 

provide information of As mobilization in materials with a high probability of being affected by 

AMD. This indicator is calculated as the quotient between the arsenic concentration with its 

background values after the nitric extraction: 

����� =
������� ����� ���� ����������

����������� ����� ���� ����������

 (4) 

Indicator values lower than 1 point to low mobility; values from 1 to 3 suggest moderate 

mobility; from 3 to 6, considerable mobility and higher than 6 very high mobility. 

3.1.3. Geochemical Data Processing 

To geologically and spatially contextualize the distribution of arsenic, geological maps were 

carried out together with environmental liabilities of mining using “Autocad 2011 (Autodesk)” and 

the ArcGIS software geographic information system. 

To carry out the fieldwork with a sufficient degree of detail, it has been necessary to develop an 

ad hoc detailed mapping, taking into account that the best available scale is 1:25000, which was 

insufficient to map elements such veins or dumps, as their dimensions are less than 3–4 m. Thus, 

using the ArcGIS geographic information system and based on the PNOA digital terrain model 

(MDT05-LIDAR), two topographic plans with equidistant contour lines 30 and 50 cm were elaborated 
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with which it was possible to visualize all the terrain features susceptible to map. A slope map was 

also prepared. 

Spatial interpolation and geographical information system mapping techniques were employed 

to produce spatial distribution maps for the target elements. For this purpose, ArcGIS v.10.4 software 

(Esri, Redlands, CA, USA) was used. The sampling points, defined by a global positioning system 

(GPS), were integrated to create a database in which the coordinates and the value of the element 

concentrations for each point were included. For the spatial distribution of the As and Sb contents, 

five intervals were considered: (minimum–p25), (p25–p50), (p50–p75), (p75–p95) and (p95–

maximum). 

3.2. Geophysical Data and Methods  

Once the geochemical characterization had been carried out, a field campaign was conducted to 

characterize the distribution of resistivities in the study area. Given the large surface to be 

investigated, the orography and the necessary penetration (< 4 m), the inductive EM system CMD-

Explorer (GF Instruments) was selected. The equipment is a conductivity ground meter (CGM) 

consisting of three pairs of receiving (Rx) and transmitting (Tx) antennas mounted on a bar, which 

allows parameters to be obtained at three depths simultaneously. In this way, for each measurement 

point, the equipment obtains three values of apparent resistivity (ρap, Ω·m) and three values of in-

phase component (in ppm) simultaneously at three depths. The value of the resistivity of rocks and 

soils (Ω · m) depends on their composition and the quantity and nature of the fluids they contain. 

Clay minerals have low resistivity (< 10 Ω·m), and resistivity decreases with alteration (weathering) 

of rocks and with the presence of fluids. Thus, resistivity is a parameter that allows distinguishing 

well between soils and surface, or remobilized deposits, from the fresh rock. Within the fresh rock, 

the resistivity allows identifying the hydraulically conductive zones, which, in this geological context, 

are fundamentally fractures [25,26]. 

The in-phase component is defined as the relative amount (in ppm) of the primary magnetic 

field and is directly related to the magnetic susceptibility of the measured material. This factor is 

especially useful for locating artificial metal objects such as cables or pipes. In this work, this 

parameter has been used as a quality criterion for the apparent resistivity values, using the resistivity 

values in the interpretation when the in-phase component values were stable. 

The depth of penetration in conductivity meters (CGM) depends on the separation and 

orientation of coils and the operating frequency. In this case, the objective was to characterize 

potentially contaminated soils, which are poorly developed. For this reason, the “low” mode has been 

selected, which provides apparent resistivity values at 1.1 m, 2.2 m, and 3.3 m deep. In the NE sector 

of the study area, the “high” mode has also been used, which provides apparent resistivity values at 

depths of 2.2 m, 4.4 m, and 6.6 m, because in that area the soil thickness was potentially greater. 

The acquisition was carried out in continuous mode with GPS positioning, with a measurement 

value every second, which allowed obtaining a high number of data in one day of exploration. The 

sampling trajectory was carried out through a zigzag route with NW-SE and NE-SW path lines 

(Figure 2b). In total, 32964 measurements were collected in “low” mode distributed in 5494 points in 

the study area (Figure 2b): 3 apparent resistivity data and 3 in-phase component data at each point, 

and 10122 measurements along 1687 measurement points in “high” mode. All this information has 

been referenced with UTM zone 30N (WGS84) coordinates and the IGN DEM elevation of 5 m 

horizontal resolution has been assigned to them. This large amount of information has been 

processed with the Oasis Montaj software. 

3.2.1. Geophysical Data Processing 

After data acquisition, quality control of the data (QC analysis) was performed, discarding less 

than 1% of them due to high errors (RMS> 10%), and unstable in-phase component values. Maps of 

apparent resistivity and maps of the in-phase component of the study area were made at the three 

depths measured with the LOW mode. To do so, the data have been filtered and interpolated using 

kriging with a linear variogram and a mesh pitch of 5 m. 
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3.2.2. Resistivity tomographic inversion 

To obtain the resistivity structure in-depth, 7 longitudinal profiles have been sampled with 

regularized values every 5 m (Figure 2b). These data have been converted into the files necessary to 

carry out the tomographic inversion with the RES2DINV software [27–29]. The inversion of apparent 

resistivity values has been made using rectangular finite elements, and four nodes per element. The 

result of the inversion provides the real resistivity values of the subsoil at depth along the sections. 

In this way, the real resistivity values can be interpreted in terms of mineralogical composition, water 

content, degree of weathering, etc. 

4. Results and Discussion 

4.1. Geochemistry of Soil Samples 

Soil samples show slightly acidic conditions, with an average pH value of 5 (Table 1). Figure 3 

shows that the most acidic points coincide with the mine tailing dump and sediments downstream. 

Table 1. Geochemical results. 

 pH 

Electrical 

Conductivity 

(dS/m) 

Total Content 

(mg/kg) 

Acid Soluble As 

(µg/g) 

G-1 2.8 12600 37979.3 15.7 

G-2 4.5 1954 556.4 3.2 

Gx-1 5.5 777 44.1 0.05 

Gx-2 5.7 985 41.9 0.2 

Gx-3 5.3 719 44.1 0.02 

Gx-4 4.9 1230 45.8 0.03 

Gx-5 5.2 770 101.0 0.2 

Gx-6 5.2 815 120.7 0.3 

Gx-7 5.2 771 133.2 0.4 

Gx-8 5.1 697 60.3 0.03 

Gx-9 5.0 788 22.3 0.2 

Gx-10 4.8 747 71.5 0.04 

Gx-11 5.1 752 138.4 0.3 

Gx-12 5.2 729 33.0 0.02 

Gx-13 4.8 826 63.6 0.2 

Gx-14 4.6 809 28.7 0.2 

Gx-15 4.7 695 74.0 0.04 

Gx-16 5.6 752 59.9 0.2 

Gx-17 4.7 732 38.5 0.02 

Gx-18 5.2 760 41.2 0.35 

Gx-19 5.1 780 40.7 0.02 

Gx-20 5.5 760 26.3 0.01 

Gx-21 4.8 780 26.5 0.02 

Gx-22 5.4 1288 28.8 0.02 

Gx-24 5.4 807 54.3 0.03 

Gx-25 4.8 787 51.7 0.05 

Gx-26 5.6 780 92.4 0.1 

As regards the EC results (Table 1), soil samples show low electrical conductivity, with mean 

values of 780 μS cm−1, values of "normal soils", according to the American classification of soils (Soil 

Taxonomy), or not saline (EC < 2000 μS cm−1). 
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Figure 3. pH results in soil samples. 

The average total arsenic content was 1482 mg kg-1, noting that there is a high variation in the 

content of this element, ranging from 22 mg kg-1 to 37969 mg kg-1 (Table 1). 

The distribution of this element in the area shows that the higher concentrations of arsenic were 

found in areas occupied by dumps and fillings in the topographically low areas, where leachates can 

be washed away. On the other hand, in the higher areas and the intrusion of microdiorites, the arsenic 

concentration values are lower. Figure 4 summarizes the total arsenic content related to the 

environmental liabilities of mining. 

 

Figure 4. Total arsenic content. 

Acid soluble contents suggest that arsenic leaching is low. The average value was 1.5‰ and the 

median was 0.65‰ (Table 1). The highest mobilization is found in G1 and GX02 with 5.7% and 4.9%, 

respectively. These points were located at an alluvial area and in the lower part of an anthropic fill. 
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The spatial representation of the results (Figure 5) shows that, on the whole, the arsenic, in the 

topographically lower parts, has the greater facility to be mobilized in an acidic medium, due to the 

presence of less resistant mineral phases. On the other hand, in the tailing dump, the extractable 

fraction is low because the arsenic is probably in the form of scorodite, which is poorly soluble under 

these conditions. 

 

Figure 5. Potential mobilizable arsenic content in acidic medium. 

The contamination factor (CF) values for As are intermediate-high in almost all samples, 

regardless of their distance to the contamination sources. Even so, the highest values are found in 

areas close to tailing dumps. Furthermore, when the possible mobilization produced by mixing with 

acid drainage waters is assessed, the results obtained suggest a low potential risk for all samples. 

With the combination of the aforementioned factors, according to the matrix represented in Table 2, 

we obtain the qualitative assessment of environmental risk. 

Table 2. Environmental risk assessment criteria. 

  Mobility Index (AMI) 

  Low Moderate High 

Contamination factor (CF)  

Low Very low Low Moderate 

Moderate  Low Moderate High 

High Moderate High Very high 

Very high  High Very high Extreme 

Our results are summarized in Figure 6 and suggest that the risk posed by these soils is moderate 

even if the degree of contamination is high, because the low mobility of arsenic prevents its 

dispersion. It is observed that the areas that present the greatest environmental risk are, in general, 

those covered by dumps and fillings from mining activity and, especially, those located downstream, 

highlighting the area of the smelter and attached dump and alluvial sediments from the stream that 

collects the drainage of these areas. 
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Figure 6. Qualitative assessment of environmental risk results. 

4.2. Geophysical Results 

First, the distribution of apparent resistivity values (ρap) will be described by means of maps at 

the three depths of analysis (Figure 7). Then the results of the tomographic inversions are shown 

crossing the main resistivity anomalies (Figure 8). 

4.2.1. Apparent resistivity results 

The distribution of the apparent resistivity values at the three depths of analysis is summarized 

in Figure 7. 

 

Figure 7. Apparent resistivity (ρap) maps obtained at (A) 1.1 m depth, (B) 2.2 m depth, and (C) 3.3 m 

depth. 
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The three resistivity maps show a similar pattern in the apparent resistivity distribution. 

Moreover, three groups of apparent resistivity values are distinguished (Figure 7). 

a) The first group has values lower than 350 Ω m, reaching ρap values of 44 Ω·m. These values 

correspond to areas where clay and/or water are concentrated and coincide with the greatest 

development of natural soil, highly altered rock, and/or deposits resulting from anthropic activity. 

Its distribution extends in the ENE-WSW direction, which corresponds to a topographically 

depressed area, and in depth, this distribution is better defined with lower resistivity values. 

b) The second group (ρap ranging from 350 to 750 Ω·m) indicates areas of intermediate apparent 

resistivity corresponding to weathered rock and/or soil. 

c) The third group (ρap> 750 Ω·m), reaches values greater than 1500 Ω·m and corresponds to 

unaltered rock. These values are generally found in elevated areas with rocky outcrops with an ENE-

WSW orientation but defined for lower resistivity value. 

Once the apparent resistivity maps have been analyzed, seven cross-sections of the valley and 

the main mineralized zones were selected (Figure 8). 

 

Figure 8. Location of the profiles where the tomographic resistivity inversion has been conducted. 

Along these sections, the apparent resistivity values at three depths were sampled every 5 m. 

Figure 9 shows the results of real depth resistivity obtained for the sections. Taking into account that 

the real resistivity values are always more contrasted than the apparent resistivity, which represents 

“average” values of the area irradiated by the EM field generated by the antenna, in real resistivity, 

three groups are distinguished: 

a) The first group ranges from 0 to 400 Ω·m, indicating areas of high conductivity and therefore 

low resistivity. These characteristics correspond to soils with high amounts of clay and/or the 

presence of water. These areas are usually found in small valleys, where accumulations of arsenic 

leached by water can be found. In some cases, areas with low resistivity correspond to areas of 

fracture in the gneisses. 
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b) The second group shows intermediate resistivities, ranging from 400 to 800 Ω·m) and 

correspond to weathered microdiorites and/or more developed soils. They are usually located close 

to the surface and with an average thickness lower than two meters. 

c) The third group shows high resistivity values (from 800 to 1400 Ω·m) which correspond to 

the presence of fresh rock (gneisses) as well as mineralized quartz dikes. They are usually found in 

the elevated areas and below the soils, although in some sections there are lateral contacts with 

conductive areas, probably fractures. 

 

Figure 9. Tomography resistivity inversion of the 7 sections represented in Figure 8. All sections have 

the same color scale and an ×3 vertical exaggeration. 

4.2.2.D resistivity distribution 

For a better understanding of the spatial distribution of real resistivities, the results obtained 

from the tomographic inversion were interpolated to a 3D voxel model. This 3d model has an element 

size of 5 × 5 × 1 m and allows complete spatial visualization of resistivity values. The results of the 

model are summarized in Figure 10 and allow us to visualize a general trend ENE-WSW in the lower 

resistivity values. 

 

Figure 10. Spatial distribution of real resistivities obtained from tomography inversion. (a) ρ values > 

700 Ω m, (b) ρ values < 500 Ω m. 
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These zones present a higher content of clay and/or water and are found along small valleys and 

fracture zones. In contrast, high resistivity values coincide with rock outcrops with very little or 

undeveloped soils. The spatial distribution follows the general ENE-WSW trend but dominating the 

most elevated areas. 

Considering the geochemical and geophysical results together, the geochemical maps (Figures 

11a and 1b) show that high arsenic contents coincide with areas of very low resistivity, found in the 

foundry dump area. The topographically depressed zones (with strong structural control) with 

preferential direction ENE-WSW, show high potential natural accumulation of arsenic. These areas 

correspond to developed soils, anthropic accumulations, and fracture zones. 

5. Conclusions 

The analyzed area is contaminated by arsenic, as a result of the mining activity carried out in the 

zone. The highest concentrations of arsenic are located in topographically depressed areas, in 

anthropic deposits, and/or in highly developed soils. 

The geophysical results allow us to obtain, clearly, the distribution of the anthropic surface 

deposits and soils, the fresh rock, as well as the conductive fracture zones. 

This approach suggests that the application of geophysics and geochemistry provides valid 

support for the proper characterization of highly contaminated areas by PTEs. 

In addition, the presence of conductive fractures in depth suggests the possible circulation of 

contaminants through them, as well as the preferred lines of circulation. 

Furthermore, the results suggest that electrical resistivity tomography can be successfully 

adopted to define the extent of contaminated layers cost-effectively. 

We argue that this information permits us to locate areas of the greater potential risk of 

contamination by As in an economic and simple economically and simply and to design geochemical 

sampling campaigns (Figure 11a,b). 

 

Figure 11. (a) Geochemical and (b) Geophysical results. 

Finally, it would be advisable to extend the study of arsenic contamination and potential 

mobilization of arsenic to the area of the reservoir for human supply using the proposed approach. 
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