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Resumen

La ciudad de Neuquén esta experimentando un crecimiento urbano importante que impulsa la
demanda de aridos, como arena, grava y ripio, utilizados principalmente en la construccién. Esta
necesidad genera una intensificacion de la actividad extractiva en canteras tanto riberefias como
terrestres, cuya explotacién puede provocar impactos significativos sobre el entorno geolégico,
como la erosion, inestabilidad del terreno y alteracion de sistemas sedimentarios suprayacentes
e infrayacentes. El presente proyecto busca analizar estos impactos desde una perspectiva
geologica y evaluar el grado de intervencién de profesionales gedlogos en la planificacion,
control y monitoreo de dichas actividades, en el marco de los principios de produccion y
consumo responsables establecidos por el ODS 12.
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Abstract

The city of Neuquén is undergoing significant urban growth, which drives the demand for
aggregates such as sand, gravel, and crushed stone, mainly used in construction. This demand
leads to an intensification of extractive activities in both riverbank and terrestrial quarries, whose
exploitation can cause significant impacts on the geological environment, such as erosion,
ground instability, and alteration of overlying and underlying sedimentary systems. The present
project aims to analyze these impacts from a geological perspective and to assess the degree of
involvement of professional geologists in the planning, control, and monitoring of such activities,
within the framework of the principles of responsible production and consumption established
by SDG 12.
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1- Introduction

The exploitation of quarries represents a key activity for the supply of aggregates and
construction materials, but at the same time generates environmental, social, and landscape
impacts that have been the subject of numerous studies over the last decades. The literature has
widely documented dust and noise emissions as externalities of crushing and screening
processes, which affect both the environment and the health of nearby communities (Saramak,
Gawenda & Saramak, 2022). Likewise, the alteration of aquifers and the vulnerability of
groundwater to contamination from gravel pit excavations highlight the importance of
considering the hydrogeological dimension in this type of research (Karlovi¢, Markovi¢, Smith &
Maldini, 2023). At the social and public health level, various authors point out that unplanned
extractive activity generates socioeconomic conflicts, environmental degradation, and direct
effects on quality of life (Mahapatra, 2023). Meanwhile, recent research has developed specific
methodologies to assess the visual impact of mines and quarries, emphasizing that landscape
perception constitutes a critical component in the social acceptance of these activities (Dentoni

et al., 2023).

However, despite the diversity of approaches, a gap in the literature can be identified: most
studies address the impacts in a fragmented way — whether from the perspective of water
pollution, dust and noise emissions, community health, or visual assessment — but do not
integrate these aspects into a comprehensive analysis that links the visual impact of quarries
with the social, environmental, and geological dimensions, particularly in urban and peri-urban
contexts such as Neuquén City. This still little-explored research area is especially relevant within
the framework of SDG 12: Responsible Consumption and Production, which requires considering
not only productive aspects but also environmental sustainability and the social perception of

extractive activities.



In this regard, the present research aims to analyze the visual impact of quarries in the city of
Neuquén, articulating the geological, environmental, and social dimensions. For this purpose, a
conceptual framework is adopted that integrates the findings of previous studies (Saramak et al.,
2022; Karlovic¢ et al., 2023; Mahapatra, 2023; Dentoni et al., 2023) and is organized around the
relationship between pollution, health, society, and sustainability, as summarized in Figure 1
(hexagonal thinking). This conceptual network makes it possible to visualize the interconnection
between factors such as dust, noise, and groundwater with social elements (health, society),
environmental elements (landscape, pollution), and technical aspects (screening, aggregates),

forming the basis for a comprehensive approach to the visual impact of quarries in Neuquén.

To achieve the proposed objective — to analyze the visual impact of quarries in Neuquén City by
integrating the geological, environmental, and social dimensions — the research combined

fieldwork, interviews, and bibliographic research.

In the first stage, visits were made to two representative quarries, one active and one
abandoned, in order to directly observe landscape modifications, geological characteristics of the
terrain, and the degree of visual alteration caused by extractive activity. These observations
allowed the documentation of differences in exploitation status, machinery presence,
accumulation of aggregates, surrounding vegetation, and visibility from various points in the

urban environment.

Subsequently, semi-structured interviews were conducted with managers and workers at both
sites to understand their perception of the quarry's impact, its relationship with the community,
and the measures they implement — or consider necessary — to mitigate environmental and
landscape effects. The responses provided valuable information on the social and human

component of the phenomenon, complementing the technical observation.



Finally, a bibliographic and documentary review of national and international scientific studies
was carried out, which made it possible to contextualize the local findings within a solid
theoretical framework (Dentoni et al., 2023; Saramak et al., 2022; Karlovi¢ et al., 2023;
Mahapatra, 2023). This triangulation of sources — fieldwork, interviews, and literature — made it
possible to analyze the geological, environmental, and social factors in an integrated manner,
thereby fulfilling the objective of assessing the visual impact of quarries in Neuquén from a
sustainable perspective, consistent with the principles of SDG 12: Responsible Consumption and

Production.

Figure 1: hexagonal thinking

2. Methodology

General Approach

This research adopted a qualitative-descriptive approach, aimed at analyzing and interpreting

the visible effects of extractive activity in the quarries of the city of Neuquén, as well as its



relationship with the geological, environmental, and social context.
This approach made it possible to understand the phenomenon from an integrated perspective,
considering not only the physical transformations of the landscape, but also the perceptions and

experiences of the workers involved in the activity.

Data Collection

Data were obtained through a bibliographic and documentary review of international scientific
articles related to the environmental and visual impact of quarries (Dentoni et al., 2023; Saramak
et al.,, 2022; Karlovi¢ et al., 2023; Mahapatra, 2023).

This review was complemented by field observations and semi-structured interviews conducted
in active quarries (Image No. 1) and abandoned quarries (Image No. 2), as well as in a sand and

gravel screening plant (Image No. 3) used for urban pavement production.

All the sites visited are municipal operations, primarily focused on limestone extraction, and are
located in the plateau area and surroundings of the Centenario racetrack, in the province of
Neuquén, Argentina

(https://earth le.com/earth/d/1xbvhV |_dRePvchsdRwdINgWC5m]O).

These visits allowed for in situ recording of the geological characteristics of the material, the
landscape changes caused by extractive activity, and the interaction between quarry operations

and the surrounding urban environment.


https://earth.google.com/earth/d/1xbvhV36Oal_dRePvchsdRwdINgWC5mJO

Image 1: Abandoned quarry

Image 2: Active quarry



Imagen 3: aggregate screening plant

Data Analysis

The analysis of the collected information was carried out through three complementary

procedures:

Visual comparison between disturbed and undisturbed areas, aimed at identifying differences in
terrain morphology, coloration, vegetation cover, and the visibility of the impact.

Conceptual synthesis through the development of conceptual networks integrating the
geological, environmental, and social dimensions of the phenomenon.

Critical interpretation of the results based on the principles of SDG No. 12 (Responsible
Consumption and Production) and from a geological perspective, emphasizing sustainability and

the responsible management of natural resources.

Participants

The research was conducted by third-year Geology students.
Additionally, local actors participated through semi-structured interviews with workers and

operational managers from the quarries visited, who provided information regarding extraction



processes, material handling, site conditions, and perceptions of the generated impacts.

Characteristics of Interviewees

Interviews were conducted with one worker and the operations manager at each quarry.

Both described the staff's roles, tasks performed with heavy machinery, and the labor dynamics
within the quarry.
The work teams at both sites consisted of young and adult workers, all over 18 years old,
engaged in extraction, transport, and classification of aggregate materials.
Their testimonies were essential for understanding the human component of extractive activity

and their perception of landscape transformation.

Relation to the Project Objective

The activities carried out —including bibliographic review, fieldwork, and interviews— made it
possible to address the impact of extractive activity from an interdisciplinary perspective,
integrating geological, environmental, and social dimensions.

In this way, the project fulfilled its main objective of analyzing the impact of quarries in Neuquén,
contributing to the reflection on the responsible use of natural resources and local sustainability,

in accordance with the principles of SDG No. 12

3. Results

The results obtained during the field visit evidenced a significant environmental and social
impact resulting from an extractive activity lacking technical, regulatory, and professional
control.

During the visit, two municipal quarries were examined—one active and one abandoned.
Observations of these sites, together with an interview conducted with the supervisor, revealed

the absence of trained personnel, prior planning, environmental management, and geological



supervision. This situation generated a set of negative consequences for the natural and urban

environment of the city of Neuquén.

In the active quarry, it was verified that extraction activities began without formal permits or
environmental and geotechnical impact studies. Workers reported that operations in this new
quarry started on an experimental basis, without the participation of a professional geologist to
determine the maximum excavation depth. The open-pit aggregate deposit showed operating
machinery, dust accumulation, and an evident alteration of the natural landscape, with artificial
slopes and large volumes of removed material. Visually, the quarry contrasts sharply with the

surrounding plateau, producing a negative impact on the landscape.

The abandoned quarry exhibited an advanced state of environmental deterioration. It presented
a deep depression containing groundwater with high salinity and in a state of decomposition due
to the amount of scattered solid waste. According to the workers, the proposed solution by
those responsible was to fill the depression with garbage and cover it with soil, without
considering the contamination that this would cause to the aquifers, as well as the health risks

for nearby residents.

From a geological point of view, the destruction of sedimentary and stratigraphic structures was
recorded, which represents a valuable record for studying the processes of environmental
formation. This directly affects geology students and professionals, limiting future research in

the area.

The workers demonstrated a lack of awareness regarding the environmental impact of this
activity and had received no prior training on waste management, water pollution, or land
restoration. Furthermore, they expressed resistance to awareness efforts, justifying the activity
as a means to obtain materials for public works, without considering its ecological and social

consequences.



Interpretation in Relation to SDG 12

The results obtained show a strong contradiction to the principles of SDG 12: Responsible
Consumption and Production. This goal promotes efficiency in the use of natural resources and
the reduction of waste generation, seeking a shift in the current model to ensure present and
future well-being through efficient resource management. However, in the quarries, the

following were observed:

Irresponsible production resulting from the lack of planning, preliminary studies, and

professional oversight.

Lack of efficient management, evidenced by uncontrolled intensive extraction and the

irreversible alteration of the landscape.

Absence of responsible consumption measures, as there was no material reuse or

post-extraction remediation program.

Lack of education and training among both workers and site supervisors or managers.

In summary, the analyzed case highlights the urgent need to integrate geology, environmental
management, planning, and supervision in extractive activities. Likewise, the active presence of
professional geologists is essential to establish technical exploitation limits, prevent aquifer

contamination, and propose restoration plans that ensure proper landscape recovery.

4. Discussion

The results obtained in this research confirm what various authors have pointed out regarding
the need to address quarry exploitation from a comprehensive perspective that simultaneously
considers geological, environmental, and social aspects. According to Dentoni et al. (2023), the

evaluation of the visual impact of mines and quarries should be carried out using objective and



quantifiable methodologies that allow for informed decisions about the acceptance or mitigation
of landscape impacts. However, field observations conducted in Neuquén show that, in practice,
similar technical or methodological criteria are not applied, resulting in uncontrolled landscape
alterations and the absence of restoration plans.

In line with Mahapatra (2023), who highlights that unplanned mining generates social conflicts
and environmental degradation, the fieldwork revealed that the lack of professional supervision
and the absence of control policies lead to scenarios of environmental degradation and water
contamination that directly affect the local population. Similarly, Karlovi¢ et al. (2023) state that
the alteration of aquifers caused by over-excavation is one of the most critical impacts of
aggregate mining; this situation was verified in the abandoned quarry, where the groundwater
table was exposed and contaminated with urban waste.

The results also agree with the warnings of Saramak et al. (2022) regarding dust and noise
emissions generated by the crushing and screening of aggregates, as the active quarry showed
particulate material dispersion and a lack of control or mitigation measures. These findings
reaffirm that the impact of extraction is not limited to the visual component but involves a
complex interaction among physical, chemical, and social factors.

From the perspective of SDG 12, the situation observed in Neuquén demonstrates a failure to
comply with the principles of responsible production and consumption. The lack of prior studies,
unauthorized extraction, backfilling with waste, and absence of post-closure restoration illustrate
an unsustainable production model that contradicts the rational management of natural
resources. Furthermore, the low level of environmental awareness and the resistance to change
among workers reflect a weakness in environmental and technical education, a key component
for achieving sustainability.

Finally, the analysis highlights the importance of the geologist's role in these activities. Their
participation in quarry planning, monitoring, and closure is essential to establish extraction

limits, prevent aquifer impacts, and propose mitigation measures. The absence of geoscience



professionals in the studied quarries not only compromises environmental balance but also
deprives society of technical and ethical management of the territory.

5. Conclusions

The research revealed that quarry exploitation in the city of Neuquén, in the cases analyzed,
takes place without proper planning or environmental control, generating negative impacts such
as landscape alteration, aquifer contamination, and the degradation of sedimentary structures
of geological value. The lack of professional involvement, the absence of restoration measures,
and the inadequate management of waste consolidate an extractive model that is inconsistent
with the principles of SDG 12.

In contrast, the results highlight the urgent need to integrate geological science into
environmental management, promoting continuous staff training, compliance with current
regulations, and the incorporation of objective tools for evaluating visual and environmental
impacts.

Additionally, it is recommended to develop community environmental education programs that
strengthen awareness of the importance of landscape and geological resources as collective
heritage.

In summary, only through responsible planning, the participation of specialized professionals,
and the implementation of sustainable policies will it be possible to transform extractive activity
into a model that harmonizes urban development with environmental protection, effectively
contributing to the achievement of SDG 12 and the preservation of Neuquén'’s territory for future

generations.
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