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Abstract: This study proposes conducting a mining characterization of Oasis II
construction materials quarry in Santiago de Cuba to evaluate the effects of its
exploitation on the environment. To this end, fundamental tasks were defined, such as
the analysis of the geological, mining-technical, and environmental characteristics of
the area, as well as identifying and characterizing the environmental impacts. To analyze
the environmental affect the methodology used was based on cause and effect
interaction matrix. The study followed national methodological guidelines for
environmental impact studies. Among the main results, negative impacts generated
during the clearing, stripping, waste dumps construction, soil deposits, and overburden
removal, significantly affecting the atmosphere, soil, geomorphology, and geophysical
aspects; meanwhile, the socioeconomic environment was the most positively influenced

factor, revealing development opportunities for the community.
Keywords: construction materials, natural resources, mineral deposits

Resumen: Se propone realizar la caracterizacién minera del yacimiento Oasis II de
Santiago de Cuba para evaluar los efectos que provoca su explotacion sobre el medio
ambiente. Para ello, se definieron tareas fundamentales como el analisis de las
caracteristicas geoldgicas, minero-técnicas y ambientales del area y se realiz6 la
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identificacion y caracterizacion de los impactos ambientales. La metodologia empleada
para el analisis de los impactos se basd en la matriz de interaccion causa- efecto. El
estudio se desarrollé alineado a guias metodoldgicas nacionales para estudios de
impacto ambiental. Entre los principales resultados, se destacan los impactos negativos
generados en las etapas de desbroce, destape, construccion de escombreras, depositos
de suelo y extraccion los cuales afectan de manera significativa la atmdsfera, el suelo,
el relieve y los aspectos geofisicos; mientras que el medio socioecondmico resultd ser
el factor mas influido positivamente, evidenciando oportunidades de desarrollo para la

comunidad.

Palabras claves: materiales de construccidn, recursos naturales, yacimientos

minerales

Abstract: A mining characterization of Santiago of Cuba’s Oasis II ore deposit, is
proposed in this paper in order to assess the mining effects on the environment. For
that purpose, the main tasks, such as the geological conditions, mining-technical and
environmental characteristics of the area were defined and the identification and
characterization of the environmental impacts was carried out. The methodology used
to analyze the impacts, was based on the cause -effect interaction matrix. The national
methodological guidelines were followed in this research in order to conduct the
environmental impacts assessment. Among the main results, the negative impacts
caused during the completion of clearing, stripping, overburden deposit construction,
soil deposit construction works, as well as the mining works stages, are highlighted,
which greatly damage the atmosphere, the soil, the relief, as well as the geophysical
items; however, the socioeconomic medium was the most positively influenced, so that

development opportunities for the community were evidenced.

Keywords: construction materials, natural resources, mineral deposits
Introduction

The mining activities cause negative environmental impacts on nature and society
(Vilela, Espinosa & Bravo, 2020; Bravo-Calle, Osorio-Rivera & Loor-Lalvay 2021;
Rodriguez, 2022; Rea-Toapanta, 2023), so that preventive and correcting actions must

be implemented in order to minimize the negative impacts.

The mining works carried out at the construction materials quarries, may cause damages

to the natural environment (Olivera-Ferrer, Ragnar Medina & Hernandez Garcés, 2023;
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Suarez-Jalca, Baquerizo & Vasquez, 2024). The works that are carried out change the
surrounding ecosystems and may create discomforts at the neighboring communities,
due to dust emissions, noise generation, as well as gases emissions (Jatib et al., 2015;
Aguilar Condori, 2024). However, as Anto (2020) assures, today there are technologies
and operational practices, which allow to minimise the mining operations impacts up to
acceptable levels, by the society. According to Aduvire (2023) the environmental impact
studies must provide the existing environmental conditions, so that they allow to identify
the potential environmental impacts and to prevent them. (Marchevsky et al., 2018;
Vandana et al., 2020; Lee et al., 2024). Besides, the environmental impact assessment
is a preventive tool that allows to combine the economic, social and environmental
development (Sucari-Ledn, Chambi-Condori & Llanque-Maquera, 2022; Aguilar Condori,
2024; de Almeida et al., 2025). According to Chica & Zaldumbide (2021), one alternative
is to identify the generated environmental impacts magnitude, as an action that will
allow to control and prevent the negative effects and maximising the positive ones, by

carrying out the environmental impact assessment.

Oasis 11 ore deposit is a main place for the construction material industry in Santiago of
Cuba. Its role is to provide quality construction materials, based on excellence,
innovation and experience for the construction material industry in Santiago of Cuba.
During the visits that were carried out to Oasis II Granitoid Sand ore deposit, the
rehabilitation programs that were approved by the competent authorities, as well as the

mining operations projects, as well as the environmental researches were not evidenced.

This paper aim is to carry out the mining- technical and environmental characterization
of Granitoid Sand Oasis II Ore Deposit, in Santiago of Cuba, which will allow to minimize

the negative environmental impacts that are caused by the mining works.

Materials and methods

The working zone is located at 15 km to the east of Santiago of Cuba City, just at Oasis
Community, at the Siboney cartographic 5075-I 1: 25 000, of the Cuban Institute of
Geodesy and Cartography.

For the estimation of the measured resources, based on the specific conditions of the
subject matter, as well as the morphological characteristics, the geological structure, as
well as the methodology used for this exploration stage were used, taking into

consideration the degree of the research performed in the sector, which was carried out
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ina 100 x 100 m grid, that due to the ore deposit characteristics, the resources may be

evaluated as measured category.

On the other hand, the mining works (in the final stage) of the Concession El Oasis,
whose mining limits are directly adjacent to Oasis II ore deposit, were taken into
consideration. The cut-off sequency shows that the granodiorites, that are modified up
to the sandy stage, keep a stable behavior that supports the investigation network, that
is used for performing these works, allowing to use the geological block method, that
was applied at the prospection and exploration stage, as it is an extended deposit at the
horizontal line and at the vertical line, as compared to a continuous solid package of

eluvial sand.

Impacts identification methodology

The methodology to identify the impacts is aimed at detecting the potential positive
effects, (if beneficial effects on the environment are evidenced) as well as the negative
impacts (if negative effects on the environment are experienced), which could be

generated by the mining works.

The cause-effect interaction matrix was selected due to its simplicity and its easy
application (MendozaZapata, Pacheco-Bustos & Certain-Abraham, 2021; Rodriguez &
Ramirez, 2023). This tool allowed to evaluate the damages caused by human actions
(construction, mining operations, transportation), as evidenced in several components
of the environment (soil, water, air, biodiversity). It was used in order to associate the
works that generate impacts, with the environmental factors capable of causing
damages (Alvarez et al., 2007; Centeno-Bordones, Labrador & Lara, 2021), as it has
been supported by the criteria expressed by 20 experts, the checking list and the

consultation of other researches for similar projects in the region.

Description of the methodological stages:

- Stage 1. Search, selection and analysis of the available information. All the information
about the working area was compiled and revised. The existing reports on geological,
mining-technical, and environmental assessments on Oasis II ore deposit, were
consulted and discussed. The search of current documents providing current
environmental regulations in Cuba and worldwide on environmental protection issues,
allowed to set the basis to perform the investigation. So that the data were processed
and interpreted.
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-Stage II. Field work: Travels to the ore deposit were carried out in order to evaluate
the mining-technical and environmental conditions. Besides, travels were carried out in
order to verify the geological, mining-technical and environmental information on the
ore deposit mining, from the previously compiled information, taking into consideration
the location, climate, relief, tectonics, hydrogeology, biological life (forestry, animal life
and microorganisms), as well as the social and economic issues. The actions required
to perform the ore deposit mining operations, were identified, based on travels and
consultations with the technicians and engineers of the ore deposit. The actions
conforming the ore deposits mining processes were identified, by doing travels and
consultations with the technicians and engineers of the ore deposit. Travels to identify
the environmental impacts that are generated by the mining of each ore deposit, were
carried out in the ore deposit location, as well as the surrounding environment. The air
quality, the soil characteristics, the surrounding vegetation, the landscape, the erosive
processes, the forestry and fauna, as well as the presence of communities that are close
to the ore deposit and that could be influenced directly or indirectly by the mining

operations, were discussed.

- Stage III. Office work: The compiled information was processed at this stage.

Analysis of the results

Mining-technical and environmental characterization of the Oasis II Ore

Deposit

The technological processes that are carried out at the mine, must assure the continuous
mining of the ore reserves at the set time, the quality of the process after mining depend
on them (Soto-Vazquez, 2025). The mining processes are divided into two types: the
main process and the auxiliary ones, within the first ones, the following ones are
included: clearing works, stripping works, mining and ore haulage works, as well as the
overburden deposit construction works. The auxiliary works include other activities to

assure the development of the main processes.

Mining equipment:
-Loader XLMG ZL-50G
Capacity: 2.5 m3
Length: 1 7.60 m
Width: 2.90 m
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- Dump truck SINOTRUCK STEYR 13 m3/20t 2 7.00 2.30 27

- Bulldozer Komatsu D-85A-12

Power: 180HP

Length: 5650 mm

Width: 3060 mm

Fuel: Diesel

Consumption: 18.81l/

Width and length of the blade: 4260 mm x 1060 mm
Maximum cutting penetration (p): 530mm (real 420mm)

External turning radio: 3300 mm

- Scraper

Width (Ae): 2164 mm

Quantity of teeth: 3

Working depth: 650 mm
Distance between (De): 925 mm
Drive: hydraulic

Truck Model: 650 mm

- Truck Kraz Modelo: 256-B

Fuel: Diesel

Power: 215 HP

Fuel Consumption Rate: 0.481 I/km
Maximum Gradeability: 189 (i=32)
Outer Turning Radius: 11200 mm
Minimum Track Width: 2640 mm
Dumping box

Length: 5570 mm

Width: 2480 mm

Capacity: 8m3= 12t

Clearing works: The clearing work means breaking and removing all the surface of the
undergrowth and vegetation, covering all the sterile layer, with a thickness of 0.3 a 1.0
m, that enable to carry out the earthing works for the ore stripping and overburden

removal works. This zone has few vegetation, so that the work is facilitated.
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Stripping works: The stripping work refers to removing the layer of sterile material, that
are considered out of the range, because they do not comply with the set mining
requirements, regarding the clay content. This operation is also denominated as
overburden removal, that begins when the clearing work is completed and it finishes

when it reaches the top distance to the ore.

Quarry drainage: According to the geological reports, the ore deposit is hydrologically
simple, so that it shows a positive character, with cracks and calcifications allowing the

water to be fully drained.

Removal of the useful component: It refers to removing the ore to be hauled to the
processing plant, where it is processed to produce the clay-free sand, as it reduces the

sand quality standard.

Useful component haulage: It refers to conveying the ore ready to be delivered to the
processing plant, as it is provided in the zone in order to reduce the ore haulage
distance, so that fuel consumption rates were reduced. The same equipment of the

quarry was used.

Ore deposit opening: The quarry mining system, the legacy and the haulage equipment
to be used, must be considered in order to select the ore deposit opening method. The
zone ore deposit opening shall be carried out by an access mine road, that is located

from the main road to the area that is going to be mined out.

Mining system: Due to the ore deposit geological conditions, and its location on the
external layer of the soil, they are the two most important characteristics of the ore

deposit. In this case, the mining system to be used is the open-pit mining system.

Drilling and blasting works: Considering the physical-mechanical properties of the rocks,
the starting process, is carried out by using the drilling and blasting method. These
works are carried out by the Geological-mining services (EXPLOMAT), which is provided
with the duly qualified personnel and the specialized equipment. In the case of the
secondary blasting works, the drilling of the tacos is performed by using manual drilling
equipment PR-206 with diameter of 40 to 50 mm. The preliminary breaking of the
granitoid sand is carried out by the drill loads, meanwhile the big rocks are reduced by
using breaker hammers. A mesh design of 4 x 4 x 6 m is used for blasting, with the

use of Trecton explosive. The mining Banks height range between 6 and 8 m, generally
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operating at one quarry mining face. The drilling of the 31 drills is carried out i with

drilling carts, allowing a controlled and safe performance of the process.

Working system: The Ore deposit Oasis II is provided with a day shift for 8 h during the
365 days of the year but just 332 days are used (the holidays, as well as the

maintenance and repair days are excluded).

Auxiliary Works: The auxiliary works are aimed at making the main processes to be
carried out with high quality and within the required time. Among them there are the
road and equipment maintenance, as well as providing sand to the entities, the reception

hoppers foundation and other works to assure that the production plan is complied.

Description of the cause-effect interaction matrix

For performing the double -entry tables or cause -effect interaction matrix, the
activities that generate impacts were related to the factors of potential damages, as
well as the checking list of possible impacts. The environmental impacts that were

considered in the matrix were grouped as follows:

Landscapes and morphology

Soil and relief

Atmosphere

Surface and underground waters

Forestry and fauna

Geophysical items

Socio-economic medium

Oasis II Quarry mining actions, that influenced on the natural and socio-economic
factors of the medium are as follows: road construction works, clearing works, stripping

works, loading and ore haulage works, as well as the drilling and blasting permits. The

results are shown as described in the table 1.
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Table 1. Cause-effect interaction matrix of the ore deposit

Affected Actions Environmental impacts
factors
Landscape Clearing works. Stripping works. 1. Visual quality change
and Road construction. Loading and 2. Damage to the Landscape
morphology ore haulage. Mining, drilling and harmony
blasting works.
Soil and Clearing works. Stripping works 3. Change of the relief shape and
relief Road construction. Ore haulage. soil composition.
Mining, drilling Works. 4, Increase of the erosive processes
5. Soil layer compacting
Atmosphere Road construction. Clearing works. 6 Dust emission to the atmosphere

Surface and

Stripping works. Overburden removal
deposits construction and soil deposits
construction. Loading and haulage.
Mechanical preparation plant. Mining,
drilling and blasting works
Construction of overburden and soil

7. Gas emissions to the atmosphere
8. High intensity noise emissions
9. Vibration emissions
10. Continuous and variable noise
emissions

11. Contamination of local water

underground deposits. Ore haulage. Mechanical deposits by liquid wastes
waters preparation plant. Mining, drilling and 12.Surface and underground water
blasting works quality reduction, due to the
presence of suspended solids
Flora and Road construction clearing. Clearing 13. Destruction of vegetation
fauna works. Creation of waste dumps and 14. Migration of species and
soil deposits. Extraction, drilling, and modification of migration routes
blasting works
Geophysics Road construction. Clearing works. 15. Increase of erosion dynamics,
Stripping works, ore haulage. Mining, landslides, transportation and
drilling and blasting works. sedimentation
Road construction. Clearing works. 16. Creation of new jobs
Socio- Stripping Works. Construction of 17. Increase of social services
economic overburden deposits and soil demand
medium deposits. Loading and ore haulage 18. Environmental discomforts

and Mechanical preparation plant.
Mining, drilling and blasting works

Environmental impacts characterization

The environmental

impacts characterization was put

into practice taking into

consideration one criteria, based on the environment care and protection, with the
search of suitable solutions and the use of several media in order to decrease the
negative effects. In this case, the dangers which may interfere with other information
and interests were outlined, in a flexible manner, regarding the above-mentioned
discussed phenomena. it was carried out by using the study of the environmental works
prepared by GeoCuba Company. Besides, interviews and consultation with experts were

carried out.
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Characteristics of the ore deposit environmental impacts

Visual quality change: The moving surfaces due to the ore deposit mining and the
modification of the landscape due to the introduction of other items, were observed.
The habitat modification with landscapes value with irreversible losses was evidenced.
The rainfall action that contributed to the modification, through a greater erosion that
is observe in the mining area, is added to it. Generally, this impact has an irreversible

character and it still remains after the mining works are completed.

Destruction of landscape harmony in the natural morphology: The clearing work was
totally completed through the quarries mining operations, at the mining faces. The
construction of overburden and soil deposits construction works, led to permanent
modifications of the natural morphology, with high intensity and long-term appearance.

Its recovery capacity is irreversible.

Soil composition change: Slope modifications, due to road construction works, clearing
works, stripping, construction of overburden and soil deposits works, as well as mining
operations, were evidenced. Also, the way of relieves, mainly due to the intense erosion,
occurred through the changes, taking place at the slope and alongside the ore deposit
slope. These factors acted directly on the torrent’s velocities, which led to soil losses
due to laminar erosion. Also, the soil composition was changed and the surface water

way was transformed.

Increase of the erosive processes: The activities of road construction, creation of spoil
heaps and soil deposits, as well as the removal of vegetation cover and the removal of
sterile material carried out for the extraction of the mineral, removed a large part of the
vegetation and soil, where climatic factors water, air, precipitation and temperature,
caused the increase of erosive processes. The soil erosion process, taking place specially
on the edges of the quarry, have been caused due to the rainfall waters that exercised

pressure over the crack walls, causing collapses. This is a strong magnitude impact.

Reduction of surface water and underground water quality, due to the presence of
suspended solids: The mine road construction, the clearing works, the stripping works,
overburden removal deposit, as well as and the soil deposit construction, the mining
works, the loading and material haulage works, as well as the dust emission caused by
the mechanical preparation plant, have led to an increase of suspended solids, so that

they have caused the waters turbidity and damages to marine fauna, due to the
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deposition of dust particles in the fish’s gills. Also, removing the material on the bottom,
changed the underground water quality, due to variation of the infiltration. This impact

is irreversible due to its recovery capacity and it is of long-term permanent appearance.

Destruction of vegetation: Road construction, clearing, soil removal, creation of spoil
heaps and soil deposits, as well as material extraction, caused the destruction of
vegetation and plant cover, leading to the loss of the soil's agrochemical properties. This

impact is significant, irreversible, permanent, of high intensity, and long-term.

Migration of the species and migration routes modification: The mine roads construction,
mine clearing, stripping, the construction of overburden deposits works and solids
deposits, as well as the mining works and the increase of the human presence in the
area, have caused damages due to the noise, dust generation, vibrations as well as the
loss of the ecosystems, which also damages the natural habitat of several species. The
response to it was migration in many cases. Other migratory species suffered from the
modification of the migration routes. So, this is an irreversible and temporary impact,

that is manifested at a medium-term.

Increase of the erosion dynamics, landslides, transportation and sedimentation of the
particulate material: The activation of the erosive and sedimentation processes, showed
a punctual occurrence probability and high intensity, due to the earth cuts with inclined
slopes at the access and circulation ways leading to sedimentation and activation of the
erosive processes during the rainy periods. Due to the blasting effects, the earth surface
that is close to blasting operations, suffered a displacement and its magnitude depended
on the energy generated by the explosives and the local geological conditions.

Consequently, the erosion and landslide processes appeared.

Generation of new employments: The ore deposit mining operation works have turned

into positive impacts, because a great number of jobs are available.

Increase of social services demand: The ore deposit mining works, have implied an
increase of social services demand, such as transportation, education, services, due

to the ore deposit mining works social services that are required.
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Conclusions

The technical-mining and environmental characterization of the granitoid sand ore
deposit Oasis II, showed the occurrence of negative and positive impacts. The study of
the geological, mining-technical and environmental characteristics of the ore deposit,

enabled to determine the environmental factors that are subject to receive impacts.

The environmental positive or negative impacts were identified and characterized by
using the cause-effect interaction matrix. It was proved that the actions that generate
more negative effects and the greatest damages to the environmental components, are
as follows: the clearing works, the mine stripping works, the construction of overburden
removal deposits construction works and soil deposits construction works, as well as the

mining works. The socioeconomic medium was the one with most positive impacts.
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