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1. INTRODUCTION

The municipality of Cabo Frio is one of the oldest Brazilian locations. 
Geographically, it is located in the southeastern region of Brazil and 
comprises a territorial area of approximately 410.418 km2, at a latitude 
of 22°52’46 ″ south and a longitude of 42°01’07 ″ west [1].

The Cabo Frio region is considered one of the largest economies in 
the state of Rio de Janeiro, Brazil. It is the main regional center from 
the diversification of commercial activities and services. Cities such 
as Arraial do Cabo, Armação dos Búzios, São Pedro da Aldeia, and 
Araruama are in its surroundings, whose lagoon is part of the territorial 
extension of Cabo Frio, which in turn has great importance in the salt-
producing market [2].

Aeroradiometric surveys are valuable for geological mapping and 
exploration of mineral resources. With the growth of the economy 
and the search for new mineral deposits, some methods that use 
radioactivity have been increasingly used [3].

The advancement of technology has made great progress in 
aeroradiometric methods. It currently has a fully technological 
detection system, which facilitates data collection and processing [4].

Although Cabo Frio is one of the most beautiful tourist cities on 
the Brazilian coast, the city is also a major economic hub due to the 
existence in its territorial extension of the Araruama Lagoon, known 
as the largest hypersaline lagoon in the world, thus standing out for its 
potential in the salt (NaCl) production sector.

The entire Cabo Frio region is covered by aeroradiometric surveys, 
thus offering an excellent opportunity to analyze the entire subsoil of 
the area without the need for excavations, which would result in higher 
costs.

According to Silva [5], the radiometric method can be used as an 
optimizer and achieves significant results in the investigation of 
extensive territorial areas and geological structures.

Thus, this paper aims to provide a geological study through the 
acquisition and interpretation of aeroradiometric data of uranium, 
thorium, and potassium from the entire Cabo Frio region. For that, 
section 2 presents the description of the studied region. Section 3 
presents the theoretical basis of the radiometric method. Section 4 
presents the radiometric maps and their interpretation. Finally, in 
section 5, we have the main conclusions pointed out.

2. GEOLOGICAL CHARACTERISTICS OF THE CABO FRIO 
REGION

The region where the project was developed has a geology that can be 
represented by the simplified geological map described in Figure 1 and 
Table 1 [6].

From the satellite data of the Topex V18.1 global topography model 
developed by the Oceanography Institute of the University of San 
Diego [7], we created a topographic map of the Cabo Frio region, 
which allows viewing the variety of relief of the region shown in 
Figure 2 (with 2D view).

The altitude varies from −8 m to close to 62 m. The lowest region, 
according to Figure 2, is from the northeast to the southeast of the map, 
and the highest altitude is the northern region.

The area identified by the pink color on the map (Figure 2) shows 
one of the places with the highest altitude located in the vicinity of 
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Table 1: Geological units.

Geological 
Units

Name

Alluvial deposits
(Fluvial and marine sand-silty-clay deposits)
Fluvial and marine deposits
(Sandy-clayey fluvial-marine deposits, rich in organic 
matter)
Dune fields
(Quartz, sand, dune fields)
Barreiras group
(Poorly selected detritic deposit with gravel size, sandy-
clay sand)
Cretaceous/tertiary alkaline rocks
(Syenites, alkaline intrusion)
Búzios complex
Kyanite, sillimanite, garnet, biotite, shale, gneiss)
Paraíba do Sul complex
(Grenade, quartz, gneiss)
Região dos Lagos complex
(Hornblende, biotite, orthogneiss)

the municipalities of Casimiro de Abreu and Rio Bonito. The lower 
altitude areas are located along the coastal cities of the Lagos region, 
in which Cabo Frio is included in the study.

3. RADIOMETRIC METHOD

The radioactivity is present in rocks, soils, hydrological systems in 
emerging areas, groundwater, seas, and atmosphere; it comes from 
natural radioactive elements. According to Madrucci [8], numerous 
types of radioactive nuclei are present on Earth, but those that are most 
relevant to rocks and that occur in abundance in the Earth’s crust are 
uranium (U), thorium (Th), and potassium (K).

The elements U, Th, and K are present in certain minerals in different 
lithologies. They can provide additional data on the chemical 
characteristics of the rock [9].

The elements in question are lithophilic, more reactive elements, and 
are concentrated especially in igneous rocks. In this type of rock, there 
is a significant variation in radioactivity due to the mineralogical, 
petrographic, and structural chemical properties [10].

The concentration of uranium, thorium, and potassium in igneous, 
metamorphic, and sedimentary rocks is present in Tables 2-4 [11].

For Atkins and Jones [12], isotopes of several chemical elements can 
spontaneously disintegrate, generating the emission of particles and 
detectable electromagnetic radiation, allowing the location of the 
material that produced them.

The radiometric method consists of detecting nuclear radiation 
emissions from rocks that have radioactive minerals. In this case, 
gamma radiation (electromagnetic wave) is detected through a 
scintillometer or Geiger counter to obtain the geological, geochemical, 
and environmental mapping of the region, and it can also be useful to 
identify soil and subsoil lithologies [13].

The gamma radiation spectrometers normally have 256 (or 512) 
channels in the 0–3 MeV energy range. Each channel records all the 

Figure 1: Geologic map of Cabo Frio Region.
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gamma rays absorbed by the detector with energy in a range of 11.7 keV. 
The conventional approach for acquiring and processing gamma-ray 
spectrometric data for measuring U, Th, and K is shown in Table 5 [3].

The aeroradiometric surveys are basically based on the repeated 
measurement of the gamma radiation flow spectrometry through the 
assembly of detectors on an aircraft. The acquired data undergo some 
corrections and are subsequently processed to generate the desired results 
as presented in concentrations of uranium, thorium, and potassium [3].

The “Low Level” test performed to correct radiometric data is also 
referred to as the repeatability line. In this test, a measurement ramp 

Figure 2: Topographic map of the Cabo Frio region (2D view).

Table 2: Concentration of thorium, uranium, and potassium in 
igneous rocks [11].

Rock Th (ppm) U (ppm) K (%)
Acid 18.0 3.5 3.34
Intermediate 7.0 1.8 2.31
Basic 3.0 0.5 0.83
Ultrasound 0.005 0.003 0.03

Table 3: Concentration of thorium, uranium, and potassium in 
metamorphic rocks [11].

Rock Th (ppm) U (ppm) K (%)
Schists 13.5 4.1 2.5
Marble 1.8 1.1 0.4
Amphibolites 4.0 1.0 0.7
Gnaisses 8.0 1.6 2.0

Table 4: Concentration of thorium, uranium, and potassium in 
sedimentary rocks [11].

Rock Th (ppm) U (ppm) K (%)
Sandstone 10.0 3.0 1.2
Limestone 1.8 1.4 0.3
Leaves and clays 11.0 4.0 2.7

needs to be created, usually on the runway at the airport where the 
aircraft performs flights at prospecting heights that are around 100 m, 
then collecting for around 2 min. As the test is always carried out on the 
same ramp, a pattern of radiometric measurements is generated, so the 
diurnal variation of the test is verified, for example, radon interference. 
The “High Level” test is also called a calibration test. In this test, a 
flight direction is maintained for collecting measurements with about 
3 min at the height of approximately 800 m. In such a case, it is not 
necessary for the measurement ramp to be always the same since at 
this point we consider that the data on the ground do not interfere 
with the measurements. The background test is what is repeated daily, 
in this test, radiometric measurements of the environment are made. 

Table 5: Conventional approach for acquisition and 
processing [3].

WINDOW NUCLIDE ENERGY RANGE (Mev)
Total count - 0.40 – 2.81
K 40K (1460 keV) 1.37 – 1.57
U 214Bi (1765 kev) 1.66 – 1.86
Th 208Ti (2614 keV) 2.41 – 2.81



Indian Journal of Advances in Chemical Science 2021; 9(3): 111-118

 KROS Publications 114 www.ijacskros.com

This interference is also known as ground measurements. In addition 
to these corrections, the correction of the Compton Effect can be 
mentioned, where the electromagnetic wave is scattered, increasing its 
wavelength and reducing the photon energy [14].

4. PROCESSING AND RESULTS

The surrounding area of Cabo Frio is covered by an aeroradiometric 
survey carried out by Bandeirante aircraft, with sampling intervals of 
100 m, spaced profiles of 1 km, and measurement lines in the North-
South direction. The gamma-spectrometer used in the survey was the 
Geometrics GR-800A with thallium-activated sodium iodide crystals 
with a volume of 3072 cubic inches.

Aeroradiometric surveys consist of aerial measurements of the natural 
gamma radiation emitted by the soil and geological formations close 
to the surface. The spectrometric gamma measurements focused on 
the radiation emitted by the elements uranium (U), thorium (Th), and 
potassium (K). The results were recorded as the count per second (cps) 
of the channels referring to these elements and also the total count (TC).

Subsequently, routine corrections were applied to the raw data of 
the radiometric method, such as height corrections, Compton Effect, 
background, among other device-specific corrections. Through the 
technique of minimum curvature with cells of 250 m, the corrected 
maps of uranium, thorium, and potassium counts were created with 2D 
views represented by Figures 3-6. The maps were then correlated to the 
simplified geological map (Figure 1).

As shown in Figure 3, the highest uranium counts are located in the 
west and northwest regions of the map and approximately in the center 
towards the south. They are associated with the alkaline orthogneisses 
of the Região dos Lagos unit (Pγ1rl) and the gneisses and grenades 
of the Búzios (MNb) and Paraíba do Sul (MNps) complexes. Large 
counts are also evident in the northeast area of the map, referring to the 
alkaline rocks of the Maciço Alcalino do Morro São João unit (KTλsj). 
Further southeast of the map, high uranium counts can be identified 

on Cabo Frio Island (KTλc) due to the presence of alkaline rocks, 
referencing the unit.

The smallest uranium counts can be identified in the regions 
surrounding the Araruama Lagoon and its southernmost locations on 
the map, they are associated with the quartz sand deposits present in 
the Resting Deposit (Qphr) unit and the Sandy-clayey deposits present 
in the Fluvial and Marine Deposits (Qphm).

There is also the presence of these deposits to the east of the map, close 
to the Tamoios region and to the northwest in the Juturnaíba Lagoon 
and its surroundings. These lower radioactive counts occurred mainly 
around the Araruama Lagoon, which is a region with great potential for 
the production of salt (NaCl).

As shown in Figure 4, high counts of thorium are found along the 
Região dos Lagos Complex (Pγ1rl), associated with calc-alkaline 
orthogneiss rocks, present both in the west and northwest and in the 
north of the map, comprising a large extent. In the northeast region, 
the highest counts are associated with the cretaceous/tertiary alkaline 
rocks present in the Morro São João unit (KTλsj).

Higher thorium counts can also be observed in a small region from the 
center to the south of the map, near the Araruama lagoon, possibly referring 
to the Búzios Complex (MNb) unit associated with grenades and gneisses.

The lower thorium counts show the regions of marine fluvial and silty-
sandy-clayey deposits that encompass lines of beaches and lagoons 
present in the Marine and Fluvium-Marine (Qphm) unit to the northeast 
and east of the map, close to the Tamoios region, besides the Juturnaíba 
Lagoon (Qha). To the south, more precisely around Araruama Lagoon, 
areas formed by deposits of quartz sand, which constitute sands of the 
Dune Field unit (Qphr), also showed low counts.

As shown in Figure 5, the highest counts occurred in the north of 
Araruama Lagoon dominated by the Região dos Lagos Complex 
(Pγ1rl). There are also large potassium counts in the alkaline 
rocks of the KTλsj unit. It is also evident that there is a high 

Figure 3: Corrected uranium map of the Cabo Frio region (2D view).
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Figure 4: Corrected thorium map of the Cabo Frio region (2D view).

count on the island of Cabo Frio regarding the alkaline rocks of 
the KTλc unit.

The lowest potassium counts located in the central area to the northeast 
of the map, close to the Tamoios region, and they are associated with 

the Qha unit, referring to sediments and river deposits. The south 
and southeast of Cabo Frio also show small counts associated with 
the Dune Field (Qphr) and the Fluvial and Marine Deposits (Qphm) 
units.

Figure 5: Corrected potassium map of the Cabo Frio region (2D view).
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Figure 6: Map of the total count of the Cabo Frio region (2D view).

As shown in Figure 6, the TC map of the Cabo Frio region and all its 
surroundings show important geological units from across the area, 
clearly differentiating the regions of high and low counts.

The largest counts are well distributed throughout the map and are located 
largely in the west and northwest of the map, associated with the gneisses 
of the Região dos Lagos Complex (Pγ1rl) Paraíba do Sul Complex 
(MNps) and the grenades and gneisses from the Búzios Complex (MNb). 
The alkaline rocks of Morro São João (KTλsj) have a high count to the 
northeast of the map, and the grenades and gneisses associated with the 
MNb unit (Búzios Complex) also stand out with a large count from the 
central to the south near the Araruama Lagoon. In the southeastern region, 
the Pγ1rl unit can also be identified, which is very present in large part of 
the map. The KTλc unit associated with the alkaline rocks of the island of 
Cabo Frio to the southeast of the map also has a large count.

The lowest counts are located in regions well spread on the map, in the 
northeastern region, there is the presence of silicon-sand-clayey and clay-
marine deposits from the Qphm unit. In the southern and southeastern areas 
of Cabo Frio, around the Araruama Lagoon, they are the deposits of quartz 
and sand associated with the Dune Fields (Qphr) and with a small presence 
also from the Fluvial and Marine Deposits (Qphm) again, which results in 
lower counts. Near Tamoios region, there are also low counts referring to the 
sandy and silty-clayey fluvial and marine fluvial deposits associated with 
the Alluvial Deposits (Qha) unit. These lower counts showed that the entire 
Araruama Lagoon and its sandy deposits always presented low counts.

5. CONCLUSIONS

In this paper, the theoretical bases of radioactivity and the 
aeroradiometric method were presented, describing the main elements 
responsible for the emission of natural radioactivity (uranium, thorium, 
and potassium). These bases were of great importance in the use and 
application in the radiometric study of the Cabo Frio region.

It was used a large aerogeophysical database in Geosoft’s xyz and gdb 
formats. It was possible to apply these data in the radiometric method 
of uranium, thorium, and potassium to investigate the area studied.

Maps of natural radioactivity in the uranium, thorium, and potassium 
channels of the Cabo Frio region were prepared. It was possible to 
highlight the main geological formations of the covered area and their 
radiation emissions.

Through these maps, it was possible to distinguish the areas with silty-
sandy-clayey-sand-marine deposits and quartz-sandy that indicate low 
counts, as well as the regions with high counts, mostly associated with 
orthogneisses and garnets in general present in regions of higher altitudes.

From the radiometric maps, it was possible to make the correlation with 
the geologic map of the Cabo Frio region. This comparison provided 
the identification of areas with lower radiometric counts, usually 
present on the banks of lakes, rivers, and seas. Thus, the regions with 
the greatest potential for salt production have low radioactive counts.

The obtained maps provide a radiometric basis that can be used in other studies 
such as geological, geochemical, and environmental, thus contributing to the 
understanding of all soil and subsoil in the Cabo Frio region.

For future work, it is suggested that local surveys be carried out to 
validate the results obtained by the method used. It is also recommended 
to reprocess the maps with the conversion of counts per seconds (cps) to 
percentage (%) and ppm for the concentrations of uranium, thorium, and 
potassium for a better assessment of the geology of the Cabo Frio region.

6. ACKNOWLEDGMENTS

The authors thank the reviewers for their valuable recommendations. In 
addition, the authors would like to express their thanks to the Research 
Chemical Engineering Coordinator Warlley L. Antunes from Faculdade 
Salesiana Maria Auxiliadora for trusting and supporting the work.



Indian Journal of Advances in Chemical Science 2021; 9(3): 111-118

 KROS Publications 117 www.ijacskros.com

7. REFERENCES

1. IBGE Instituto Brasileiro de Geografia e Estatística, (2017) 
Cidades IBGE. Available from: https://www.cidades.ibge.gov.br/
v4/brasil/rj/cabo-frio/panorama. [Last accessd on 2017 Mar 27].

2. D. M. L. Feijó, (2017) Estado do Rio de Janeiro Regiões do Governo. 
CEPERJ Centro Estadual de Pesquisas e Estatísticas do Estado do 
Rio de Janeiro. Available from: http://www.ceperj.rj.gov.br/ceep/
info_territorios/divis_regional.html. [Last accessd on 2017 Mar 20].

3. J. R. S. Silva, (2007) Estudo do Levantamento Aerogeofísico do 
Estado do Rio de Janeiro na Região dos Lagos. Rio de Janeiro, 
Brazil: Observatório Nacional.

4. IAEA. (2003) Radioactive Waste Management Glossary. Vienna: 
International Atomic Energy Agency.

5. D. R. A. Silva, (2006) Aplicação de Métodos Radiométricos 
(Rb-Sr e Sm-Nd) na Análise de Bacias Sedimentares o Exemplo 
da Bacia do Paraná. Porto Alegre. Available from: http://www.
cprm.gov.br/publique/media/mestra_diogo_rodrigues.pdf. [Last 
accessd on 2016 Apr 27].

6. L. C. Silva, H. C. S. Cunha, (2003) Mapa Geológico do Estado do 
Rio de Janeiro. Brasil: CPRM Serviço Geológico do Brasil.

7. D. T. Sandwell, E. Garcia, K. Soofi, P. Wessel, W. H. F. Smith, 
(2013) Towards 1 mGal global marine gravityfrom cryosat-2, 
Envisat and Jason-1, The Leading Edge, 32(8): 892899.

8. V. Madrucci, (1999) Avaliação dos Produtos Integrados TM-
LANDSAT, RADARSAT e Gamaespectrométricos na Caracterização 
Tectônica e Mapeamento Geológico de Área Mineralizada em Ouro 

na Região de Alta Floresta MT. São José dos Campos: INPE.
9. N. S. Sapucaia, R. M. Argollo, J. S. F. Barbosa, (2005) Teores 

of potassium, uranium, thorium and rate of radiogenic heat 
production in the basement adjacent to the sedimentary basins of 
Camamu and Almada, Bahia, Brazil. The Revista Brasileira de 
Geofísica, 23: 261. Available from: https://www.scielo.br/scielo.
php?script=sci_arttext and pid=S0102-261X2005000400008. 
[Last accessed on 2020 Oct 29].

10. R. M. Vasconcelos, M. J. Metelo, A. C. Motta, R. D. Gomes, 
(1990) Geofísica em Levantamentos Geológicos, Rio de Janeiro: 
CPRM, p165.

11. L. S. Nascimento, (2003) Analysis of Aerial Gamma Spectrometry 
and Remote Sensing Data of the State of Rio de Janeiro by 
Artificial Neural Networks. Rio de Janeiro: Application to 
National Geological Mapping, National Observatory Ministry of 
Science and Technology.

12. P. W. Atkins, L. Jones, (2011) Princípios de Química: 
Questionando a Vida Moderna e o Meio Ambiente. 5th ed. Porto 
Alegre: Bookman, p965.

13. H. S. Santos, M. E. Gonçalves, A. P. Gomes, (2014) Características 
da Radioatividade Natural do Município de Macaé. Revista de 
Engenharias da 89 Faculdade Salesiana, p11-19. Available from: http://
www.fsma.edu.br/si/sistemas.html. [Last accessd on 2020 Oct 29].

14. S. N. P. Guimarães, (2009) Avanços Recentes na Determinação 
das Estruturas Geológicas em Subsuperfície da Província 
Uranífera Lagoa Real (BA) a Partir de Dados Aerogeofísicos. 
Rio de Janeiro, RJ: Observatório Nacional, 2009.

*Bibliographical Sketch

Hans Schmidt Santos is a PhD at Geosciences from Observatório Nacional (2008). He has experience in Geophysics, acting 
on the following subjects: Sedimentary basin analysis, geoelectric structures, and radiometric and magnetometric methods

He is currently professor of the Faculdade Salesiana Maria Auxiliadora chemical engineering college, Brazil

 Hans Schmidt Santos graduated in Physics in 2006 at the Moacyr Sreder Bastos University Center (CUMSB); in 2008 
he completed a Master’s Degree in Geophysics and in 2013 he completed a Ph.D. in Geophysics, both at the National 
Observatory (ON) in Rio de Janeiro, Brazil. Currently, he works as a professor of the Chemical Engineering course, 
teaching courses in Calculus, Basic Physics and Numerical and Computational Methods; Research and Extension 
Coordinator of the Salesian Catholic College of Macaé promoting scientific research, scientific events and outreach events 
with community support; editor of the magazine Visões of the Salesian Catholic College of Macaé for the publication of 
works by university students; he also works as a researcher in scientific initiation programs, directing work in the areas of 
radiometry, magnetometry, gravimetry, bathymetry and applied seismic. He has supervised dozens of graduation course 
conclusion works and has published 28 articles together with his students, seeking to fully involve them in the research 
process, work development and subsequent submission and review of the generated article

 Felipe Barbosa Venâncio de Freitas is a physicist from Universidade Federal do Rio de Janeiro – Brazil, and master’s at 
Geosciences from Observatório Nacional. He is currently professor of the Faculdade Salesiana Maria Auxiliadora chemical 
engineering college, Brazil

Christyne Barros de Sá is a chemical engineer from Faculdade Salesiana Maria Auxiliadora engineering college, Brazil



Indian Journal of Advances in Chemical Science 2021; 9(3): 111-118

 KROS Publications 118 www.ijacskros.com

*Bibliographical Sketch

 Letícia Kizuka Pereira is a chemical engineer student from Faculdade Salesiana Maria Auxiliadora engineering college, 
Brazil

 Ludmila Ravane Santos da Silva is a chemical engineer student from Faculdade Salesiana Maria Auxiliadora engineering 
college, Brazil

Caio Martins Ramos is a chemical engineer from Faculdade Salesiana Maria Auxiliadora engineering college, Brazil

 Igor de Almeida Bichara Calanca is a chemical engineer from Faculdade Salesiana Maria Auxiliadora engineering college, 
Brazil


