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ABSTRACT

The 3D Euler Deconvolution is a potent technique to locate regional magnetic sources. This data, associated
with the regional uranium count through their radioactive properties can lead to a fuller characterization of the
geological structures associated with uranium mineralization zones. In this paper, the Lagoa Real Uranium
Province in Brazil, whose radiometric and magnetic data were the base to determine strategic points, was
studied to advance a new local research looking for the nuclear fuel. Uranium radiometric anomaly and Euler
Deconvolution maps were made. The superposition of these maps showed the most interesting regions for
promotion of local research.
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I. INTRODUCTION

Brazil has important uranium reserves and dominates almost all the technology of the nuclear fuel
production cycle. In addition, Brazil has recently become a group member of the few countries that
develop the uranium enrichment process through the ultracentrifugation. Only few countries possess a
strategic combination of the 2®*U enrichment technology and large uranium reserves such as Brazil.
All this mixed with the recent utilization of nuclear submarines and heavy demand for uranium by
Angra | and Angra Il power plants promote the hard requirement of studying and reevaluating the
Brazilian uranium reserves [1].

The Lagoa Real Uranium Province is situated in the State of Bahia. It was discovered after airborne
surveys from studies of uranium in the Quadrilatero Ferrifero. It plays up the pioneering surveys
carried out at the regional scale: Espinhago Septentrional Project (1975), Diamantina Project (1976)
and Urandi Project (1976/1977). The strong uranium radiometric anomalies obtained of Lagoa Real
Province enabled the implementation of S0 Timdteo gamma spectrometry and magnetic survey in
the year of 1979. This survey corroborated the existence of uranium occurrence series [2].

Since the execution of the Lagoa Real Project in 1978, ten prospecting areas in the course of 12
radiometric anomalies were considered deposits. The appraisal for these areas is a heritage of more
than 100,000 tons of uraninite (UsOsg), with a level of 2,100ppm (parts per million) [3]. The
information received from the S&o Timdteo Project through CPRM (geological survey of Brazil)
comprises a great deal of magnetic and gamma spectrometry data. These data provide a capital chance
to hold out a combined study involving different physical realities (magnetism and radiation) of rocks
in an area of large economic interest and with reservations in exploration. Pascholati et al. (2003) [2]
correlated gamma ray spectrometric data of uranium, thorium and potassium with geological data and
remote sensing. Santos (2006) [4] used the same radiometric data for environmental studies in
radiation dose distribution absorbed in the air. Guimardes and Hamza (2009) [5], by employing
techniques such as vertical derivative, analytic signal and Euler Deconvolution, identified several
faulting regions and structural features in the study area.
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Thus, in this paper, Section 2 presents the characteristics of the subject area as location, topography,
geology, some results of previous studies and the data used in this study. Section 3 summarizes the
theoretical basis of Radiometry and Euler Deconvolution that were the techniques used in this study.
Section 4 identifies the data processing and demonstrates the results using maps. Section 5
summarizes the principal results obtained and the endings of this paper. Finally, proposals for future
work are suggested in Section 6.

Il. STuDIED AREA CHARACTERISTICS

The Lagoa Real Uranium Province was found while doing a serial publication of aerial surveys,
between 1976 and 1977, when 19 mineralized areas were distinguished. Later, another 14 uranium
occurrence were identified in the region, totaling 33 cases that make up the backlog. The start of the
mining and processing activities on the unit of uranium concentration (INB - Industrias Nucleares do
Brasil - Caetité) (Figure 1) started only from the year 2000 [6]. The uranium extraction occurs through
the static leaching in ore piles of about 25,000 tons and can get up to 35,000t [7].

Figure 1. Uranium concentration plant (URA)

1-Wastewater tanks; 2-Jaw crusher; 3-Leaching yard; 4-Liquor tanks; 5-Industrial area and

6-Administrative area [7]

This area is located in the south-central mountainous region in the State of Bahia, Brazil. The Lagoa
Real Uranium District is bounded by geographical coordinates with latitudes of 45°13'S and 14°13'S
and longitudes of 42°04'W and 42°32'W. It is inserted in the quadrilateral formed by the Caetité,
Lagoa Real, Maniagu and S&o Timoteo counties [6].

The geology of the Lagoa Real Uranium Province is primarily composed of metamorphic rocks such
as gneisses (Figure 2). The metasomatic albitite, which is the host rock of uranium mineral, is found
as black regions on the map. The metamorphic basement called Lagoa Real Granite-Gneiss Complex
(central range of the geological map) is the main interest area because a heavy portion of the
radiometric anomalies are linked with the albitites. Structural features include albitite zones in form of
arches and shear zones.
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Figure 2. Geological map of the Lagoa Real Uranium Province [8]

The topographic map of the Lagoa Real region was taken through satellite data from TOPEX model V
18.1. The region topography is presented in Figure 3.

Figure 3. Topographic map of the Lagoa Real region

Local relief is composed of three main units: the unit plan, which is the high topographical; the unit
slope that is the intermediate topography; and alluvial lowlands that occupy the gutters and flood
plains of the main drainage of the region [7].
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I1l.  METHODS

3.1. Radiometry

Some isotopes of various elements may disintegrate spontaneously. In this process, they emit particles
and electromagnetic radiation that can be detected and allow the source location. This phenomenon is
known as radioactivity and stems from the core of unstable atoms. Therefore, the radiation is not
thought a physical attribute, but a property of the atomic nucleus [9].

According Kearey, Brooks and Hill (2002) [10], the Radiometry studies the distribution of
radioactivity in terrestrial materials. The method takes into account, in especial, the electromagnetic
radiation emitted in typical energy windows for the Uranium, Thorium and Potassium (Figure 4) by
nuclear disintegration.
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Figure 4. Typical power windows of Uranium, Thorium and Potassium detection [10]

Radiometric air surveys, usually maintained in concurrence with the magnetometric method, involve
repeated measurement of gamma-ray spectrometry involving one or more detector mounted on a
aircraft.

The data are adjusted to variations in elevation, atmospheric radon and cosmic microwave
background radiation and processed to produce results expressed in counts per second or
concentrations of potassium, uranium and thorium. The calibration data are collected over sources of
known concentrations. So test flights over land regions of known concentrations and radiation levels
are performed [11]. Despite the outstanding improvement in instrumentation, the interpretation of
radiometric survey provides data mostly qualitative. This is partially due to the small depth
(shallowness) penetration possible with the method [12].
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According Kearey, Brooks and Hill (2002) [10], various sensor types are available for radiometric
surveys. The answers are shown conventionally as the emission counts over a specified time. The
principal ones are Geiger counter, scintillation counter, gamma-ray spectrometer and the radon
emanation measurement system [13].

3.2. The Euler deconvolution process

The Euler Deconvolution 3D technique is a form of inverse modelling using the potential field
spectrum of information that can be gravity or magnetism [14]. The method makes it possible to
calculate the position, depth and also the nature of the potential field source of data evaluated:

oF oF oF
(X—XO)&+(y—yO)E+(Z—ZO)E: N(B-F) q

in that (X,,Y,,Z,) is the stance of the generating source whose total field F is measured at the

point(X, Y, z), B is called regional field and N is the index which is linked up to the morphological
nature of the field source and its decay with the origin distance. By solving the Euler equation within
a total field mobile window and its derivatives through orthogonal least squares, is possible to obtain
the location (X,, Y,,Z,) and their uncertainties for the structural indexes that are selected through the

source geometry [15].

When the technique is applied, it is advisable to make a structural index according to the prospected
source. The solutions with uncertainty exceed a specified threshold must be thrown out and the
position of the sources is suitable when it comes about a low solution dispersion (Figure 5) [16].
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Figure 5. Quality of the Euler Deconvolution solutions [16]

According Guimaraes (2009) [14], the N structural index represents a change rate measure of the
anomalous magnetic field in the distance (Table 1).

Table 1. Structural Index in Euler Deconvolution [14]

0 Contacts

1/2 Faultings

1 Dikes and Sills

2 Pipes

3 Spherical Sources
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The uranium mineralization occurrence in Lagoa Real is associated with arches and shear zones in the
region [2]. The Euler Deconvolution technique, especially with the use of the 1/2 structural index,
can be used in the identification of faults and shearing regions. So the mapping of uranium
radiometric anomalies combined with the use of this technique can help in the identification of the
uranium mineralization regions.

IV. RESULTS

The S&o Timdteo Project through CPRM (geological survey of Brazil) data were processed. They
comprise a broad range of magnetic and gamma spectrometry data. The data processing was carried
out through the OASIS/IMONTAJ software. Radiometric data were calibrated and adjusted. It was
likewise raised the uranium radiometric anomaly map of the Lagoa Real Uranium Province. The Euler
Deconvolution technique was applied to magnetic data using several sizes of windows and the 1/2
structural index. The results of Euler Deconvolution were associated with uranium mineralization
zones in the area.

4.1. Uranium radiometric anomaly

The used data were obtained with 500 m spacing between measurement profiles (line) and direction of
the measurement lines in E-W. The sampling interval was 1s (60m). The gamma spectrometer was the
DIGRS-3001 Exploranium with 1,017.87 cubic inch detector crystals (crystals of sodium iodide
activated by Thallium).

The raw information (Figure 6a) received routine radiometric method corrections as height
corrections (High Level and Low Level), Compton Effect, Background and also an application of
microleveling (ButterWorth Filter). It was then prepared the map of corrected radiometric uranium
anomaly (Figure 6b). These maps were processed through a cell of 125 m and minimum curvature
interpolation.

The uranium radiometric anomaly ranged around from 6 to 40cps. It was noted that in the central
region, the anomaly found is more substantial, ranging between 15 and 40 cps, approximately. At the
border regions, the variation was between 6 and 15 cps, approximately, indicating a weaker anomaly.

425 424 423 422 42 1 420 425 424 423 422 421

. 0

_f_ l Corrected Uranium |

Lagoa Real Lagoa Real

_F_ | Raw Uranium |

Figure 6. Map of raw uranium and corrected uranium counts
4.2. Magnetic data treatment

The used data were obtained with 500 m spacing between measurement profiles (line) and direction of
the measurement lines in E-W. The sampling interval was 1s (60m). The magnetometer was the
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Geometrics G-803. The maps were built with 125 m cells and minimum curvature interpolation. The
acquired raw data (Figure 7a) received the diurnal variation correction related to the external magnetic
field originating mainly from the Sun. Then, the corrected magnetic map by diurnal variation was
obtained (Figure 7b).

(Diurnal Variation)
Lagoa Real Lagoa Real

'} Raw Magnetic Field Corrected Magnetic Field

Figure 7. Map of raw magnetic field and corrected magnetic field (diurnal variation)

Afterwards on the removal of the core's magnetic field through the IGRF correction, the magnetic
anomaly map was obtained. This map reveals the magnetism of the crustal rocks (Figure 8).
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Figure 8. Magnetic anomaly map

The magnetic anomaly grid shown in Figure 8, that indicates the magnetism rising from crustal rocks,
was used to carry out the Euler deconvolution of the area. For this procedure, it was used the 1/2
structural index which is able to observe regions of faults as arches and shear regions. As the uranium
mineralization occurs in those regions, they were the research object.
The Euler Deconvolution was performed using windows of 20, 10 and 5 km and 20% tolerance to
provide a great amount of solutions as shown in Figures 9, 10 and 11.
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Figure 9. Euler Deconvolution map (W = 20)

The map of Euler Deconvolution with 20 km window (W) and 1/2 structural index allowed the
recognition of faulty regions through major anomaly sources. The depths ranged from 25 m to around
560m. Most of the solutions were found in the range of 100 m to 200 m. Besides, there was a
predominance of solutions in the west border and in the northeast.
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Figure 10. Euler Deconvolution map (W = 10)

The Euler Deconvolution map with 10 km window (W) and 1/2 structural index allowed the
recognition of faulty regions through medium anomaly sources. The depths ranged from around 60m
to 550m. As in Figure 9, there was a predominance of solutions in the west border and in the
northeast.

The map of Euler Deconvolution with 5 km window (W) and 1/2 structural index allowed the
identification of faulty regions through small anomaly sources. The depths ranged around 50m up to
380m. In general, there were no large concentrations of solutions in any region.
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Figure 11. Euler Deconvolution map (W =5)

Then it held the overlap of uranium anomaly maps with the maps of Euler Deconvolution only with
the 20 km and 10 km windows that took in a bigger number of solutions as shown in Figures 12 and

13.
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Figure 12. Overlap of the uranium anomaly map and the Euler Deconvolution map (W = 20)
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Figure 13. Overlap of the uranium anomaly map and the Euler Deconvolution map (W = 10)

The intersections of the large uranium count with the Euler Deconvolution aligned solutions were
located. Therefore, the regions shown by two figures with strong magnetic anomalies and large
number of aligned solutions are the most interesting to promote new local research.

V. CONCLUSIONS

The geological structures in the subsurface associated with uranium mineralization zones were
characterized based on magnetic and radiometric information. The radiometric anomaly map shows
that the central (area) is likely to contain higher uranium concentrations. The Euler Deconvolution
technique allowed estimating the fault regions with depths ranging from 25 m to nearly 550 m. By
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combining the radiometric and magnetic data, it was possible to determine which parts of the region
are the most interesting to promote new local research. In these regions, there is a greater probability
of finding significant uranium reserves.

VI. FUTURE WORK

As a suggestion for future work, it would be interesting to promote geochemical surveys in the
intersecting areas of the Euler Deconvolution solutions and large uranium counts. Therefore, it may
prove more local geological and geochemical features.

ACKNOWLEDGEMENTS

The authors thank the reviewers for their valuable recommendations. In addition, the authors would
like to express their thanks to the Research and Extension Coordinator Rodrigo S. Melo and the
Chemical Engineering Coordinator Warlley L. Antunes from Faculdade Salesiana Maria Auxiliadora
for trusting and supporting the work. Finally, we thank Miss Ana Claudia Fontes by English review.

REFERENCES

[1] A. Chaves, (2005) "Mineralogia e geoquimica supergénicas do urénio - provincia uranifera de Lagoa
Real, Caetité — Bahia." Comissdo Nacional de Energia Nuclear. Nuclear Technology Development
Center.

[2] E.M. Pascholati, C.L. Silva, S.S. Costa, L.S. Osako, G. Amaral, I.P. Rodriguez, (2003) "Novas
ocorréncias de uranio na regido de lagoa real, a partir da superposicdo de dados geofisicos, geoldgicos e
de sensoriamento remoto." Revista Brasileira de Geociéncias. 33 (2-Suplemento): 91-98.

[3] E.C. Matos, J.R.A. Silva, L.A. Rubini, (2003) "Provincia uranifera de lagoa real - garantia de
fornecimento de concentrado de urénio para as necessidades brasileiras." Revista de Geologia, Vol. 16,
n°2,111-120.

[4] E.F.S. Santos, (2006) "Espectrometria Gama Aérea da Provincia Uranifera de Lagoa Real (Caetité,

BA): Aspectos Geoambientais e Distribui¢do da dose absorvida no ar." Rio de Janeiro, 220 p.
Dissertacdo (Mestrado) — Instituto da Radioprotecdo e Dosimetria, Comissdo Nacional de Energia
Nuclear.

[5] S. N. P. Guimarées & V. M. Hamza (2009), "Avancos na Caracterizacao das Estruturas Geoldgicas em
Subsuperficie da Provincia Uranifera Lagoa Real (BA) a partir de Dados Aerogeofisicos" Sdo Paulo,
UNESP, Geociéncias, v. 28, n. 3, p. 273-286.

[6] S. L. Oliveira, (2014) "Elementos de radioatividade a partir de primeiros principios e aspectos
ambientais no Distrito Uranifero de Lagoa Real — BA." Universidade Estadual do Sudoeste da Bahia
(UESB), Itapetinga.

[71 P. Oliveira, A. Benevides, B. Teixeira, (2011) "As Indlstrias Nucleares do Brasil na Unidade de
Concentrado de Uranio em Caetité/BA." Instituto Federal de Educagdo, Ciéncia e Tecnologia Baiano —
campus Guanambi.

[8] P. Maruejol, M. Cuney, K. Fuzikawa, A. Maria Netto, B. Poty, (1987) "The Lagoa Real Subalkaline
Granitic Complex (South Bahia, Brazil): A Source for Uraniun Mineralizations Associated With Na-Ca
Metassomatism." Revista Brasileira de Geociéncias, v. 4, p. 578-594.

[9] P.W. Atkins & L. Jones, (2011) "Principios de quimica: questionando a vida moderna e o meio
ambiente." 52 ed. Porto Alegre: Bookman,. 965p.

[10] P. Kearey, M. Brooks, I. Hill, (2002) "An Introduction to Geophysical Exploration.” 3? ed. Oxford:
Blackwell Science, 262p.

[11] H. Coetzee & J. Larkin, (2009) "Application of the airborne radiometric method in radiation protection
applications." 11th SAGA Biennial Technical Meeting and Exhibition, Swaziland, p. 453-455, set.

[12] W.M. Telford, L.P. Geldart, R.E. Sheriff, (1990) "Applied Geophysics." Cambridge: Cambridge
University Press. 770p.

[13] A. Telles & A. Rabelo, (2013) "Seminario sobre Aerolevantamento e Defesa: Potencialidade do
Levantamento Aerogeofisico.” Curitiba: LASA Prospecgdes S/A.

[14] S.N.P. Guimaraes, (2009) "Avangos recentes na determinagcdo das estruturas geoldgicas em
subsuperficie da Provincia Uranifera Lagoa Real (BA) a partir de dados aerogeofisicos." Observatério
Nacional. Dissertacdo de Mestrado.

[15] A.B. Reid, J.M. Allsop, H. Granser, A.J. Millett, .W. Somerton, (1990) "Magnetic interpretation in
three dimensions using Euler deconvolution." Geophysics, vol 55 -num 01, 80-91.

43




International Journal of Engineering Sciences & Emerging Technologies, Sept. 2015.
ISSN: 22316604 Volume 8, Issue 2, pp: 30-44 ©IJESET

[16]  J.D. Ribeiro, I.LM.S. Queiroz, H.S. Santos, (2015) "Depth Basement Estimate of the Alto Xingu Sub-
Basin, Brazil." International Journal of Engineering Sciences & Emerging Technologies, Volume 7,
Issue 5, pp: 725-736.

AUTHORS

Hans S. Santos is a Ph.D. in geophysics by the Observatério Nacional, Brazil. He is
currently professor of the department of research and extension. He is supervisor of
undergraduate works of the Faculdade Salesiana Maria Auxiliadora, Brazil.

Suze Nei Pereira Guimaraes is a Ph.D. in geophysics by the Observatério Nacional, Brazil
with sandwich in University of Kentucky, USA. She has experience in: Physics Education
(university research), with emphasis on misconceptions; Geophysics (MSc and PhD), acting
on the following topics: geophysics airborne, geophysics potential methods with focus in
spectral analysis and geothermal resources.

Amanda F. Sardinha is a chemical engineering trainee working in oil exploration area of
the Petrobras. She is a graduate by the chemical engineering course of the Faculdade
Salesiana Maria Auxiliadora, Brazil.

Marcelo D. Cabral is a graduate by the chemical engineering course of the Faculdade ' = 6'

Salesiana Maria Auxiliadora, Brazil.
Pr—

44



