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ABSTRACT

The Euler Deconvolution is a powerful technique that allows to identify the localization of the regional
magnetic sources. This information combined to the concentrations of Uranium, Thorium and Potassium may
allow a better characterization of geologic structures in surfaces associated with diamond mining areas.
Through this technique, it is possible to identify the geological structures in the study surface. In this context,
the purpose of this work is to contribute to a detailed evaluation of the aeromagnetic survey data held in the
region of Diamantina—MG. It allowed to detect strategic points that can be more interesting to promote new
local research. A map was obtained from Euler deconvolution with a 5 km window. The geology and
topography of the region were associated with the maps of Thorium, Uranium and Potassium concentrations.
The ternary map shows the concentration of three elements in a single map and a heterogeneous radioelement
distribution.
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I. INTRODUCTION

The Earth, among other solid bodies in the solar system, is made of rocks, which are formed by
groups of minerals. Because they have diverse applications, the minerals boosted the development of
humanity, due to them being the source of the main raw materials. A mineral that receives great
prominence because of its extreme rigidity, distinct occurrence of places in nature and different ways
of using, is the diamond [1].

The Diamantina city is located in the so-called border of the Espinhaco Mountain Ridge, in the region
of Jequitinhonha in Minas Gerais. This city is mainly known for its great mineral wealth. Currently,
the economy of Diamantina is based on agriculture, mining, small industries and tourism [2]. Near to
the Serro city, between the Piruruca and Grande rivers, priceless gold deposits were discovered, what
attracted the first explorers to the city of Diamantina. Around 1720, with the discoveries of diamond
deposits there, the urban and economic growth in the region started. [3]

The radiometry involves the repeated measurement of gamma ray spectrometry, involving one or
more detectors mounted on a moving aircraft. The data is corrected on variations in altitude,
atmospheric radon and cosmic background radiation, and processed to produce results expressed in
concentrations of Potassium, Uranium and Thorium, based on calibration data over sources of known
concentrations and test flights on areas of known radiation levels [4].

The knowledge of radiometric and magnetometric techniques can be useful in order to detect
minerals. The radiometry is used to detect radioactive materials in the Earth's subsurface through
equipment called scintillation counter. The magnetometry is a technique that allows to know the
magnetism generated inside the Earth through devices called magnetometers that record information
about the structures of rocks on surfaces that contain magnetic properties [5].
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The deconvolution method of Werner or Euler is usually used in the interpretation of the huge data
volume in magnetometry [6]. It is believed that the Euler Deconvolution is commonly used because it
requires little knowledge about the geometry of the source and does not require magnetization vector
information. The Euler deconvolution technique uses a range of elementary magnetic anomalies
without assuming any particular geological model (such as contacts or dikes). In this way, the Euler
method can help the performer indicating interest areas, which can be modeled in detail [7].
Therefore, the data obtained from the radiometric survey were used to estimate radiometric sources of
thorium, uranium and potassium. The Euler deconvolution was applied to the magnetometric survey
in order to estimate the localization of common intrusive magmatic rifts that are associated with
diamonds in the region.

Thus, in this paper, Section 2 presents the characteristics of the subject area as location, topography
and geology. Section 3 summarizes the theoretical basis of Radiometry and Euler Deconvolution,
which were the techniques used in this study. Section 4 identifies the data processing and
demonstrates the results using maps. Section 5 summarizes the main results obtained and the
conclusions of this paper.

Il. STUuDIED AREA CHARACTERISTICS

Diamantina is located in the Espinhaco Mountain Ridge in Minas Gerais, according to Area 4 (Figure
1) [8]. The magnetic and radiometric survey covered a total of 6,999.75 kilometers in lines. On the
examined terrain, a flying height of 100 meters was set. The flight and control lines were spaced 250
meters and 2,500 meters respectively. The flight lines were oriented to N20E direction and the control
lines to N70W direction. The study area covers the cities of Diamantina, Guinda, Inhai, Sopa and Sdo
Jodo da Chapada [9].

-49° -42°

-16°

-20°

Figure 1: Study area location (Area 4)[9]

The geology of the study area can be described in Figure 2, which shows the simplified geological
map of the Diamantina region extracted from the Geological Survey of Brazil (CPRM) [10].
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Figure 2: Simplified geological map of the Diamantina region [10]

In general, the geology consists of dolomite, quartzite, metarenites, pelites, diabase, alluvial deposits
and lateritic formations. As for the host diamond regions, there are three types of conglomeratic rocks
in the region that can be associated with diamonds:

¢ Monomitic conglomerates of sandy matrix, sporadically with diamonds;

e Polymictic conglomerates of sandy or clayey matrix, usually with diamonds (Sopa

Conglomerate);

e Quartzite gaps with clayey matrix, locally diamondiferous.
Therefore, in the Diamantina region, the rocks associated with the diamond may have their origin
associated with "intrusive magmatic rifts" similar to the African kimberlite chimneys [8].
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The topographic map of the Diamantina region was made from the Topex V18.1 model satellite data
updated on 28/11/2015. The region relief is shown in Figure 3.
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Figure 3: Topographic map of the Diamantina region

The altitude ranges from 641 m to nearly 1,349 m. The lowest region, according to Figure 3, is the
northwest of the map, and the highest elevation is the southern region.

Il. METHODS

3.1. Radiometry

When atomic nuclei emit radiation after suffering modifications, there is the phenomenon known as
radioactivity. Rutherford presented the atomic nucleus in 1903, claiming that some chemical elements
possessing unstable nucleus were able to emit three types of radiation, a, § and y. This is known as
radioactive decay [11].
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The gamma radiation is emitted in the form of electromagnetic wave, allowing it to be more
penetrable compared with alpha and beta, being able to cross bodies and buildings [12].

The radiometry studies the distribution of radioactive material in terrestrial rocks, taking in
consideration the electromagnetic radiation gamma emitted by nuclear decay. Therefore, the
radiometry consists in detecting nuclear emissions from rocks containing radioactive minerals.
Normally, the gamma radiation is detected using a scintillation counter in aerial surveys [7].

The collection of gamma ray has an energy band known as energy window (as illustrated in Figure 4
and Table 1), which varies from 0.41 to 2.81 MeV (Figure 4). Within this band, each element
represents a channel in the spectrometer. Potassium isotope is associated with a peak of 1.46 MeV.
The isotopes 232Th and 238U, as they do not emit gamma radiation, are analyzed by their radioactive
decay, since the products (208TI and 214Bi) emit gamma radiation centered on 2.61 and 1.76 MeV,
respectively [13].
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Figure 4: The gamma radiation spectrum showing the power window positions for each element and the total
count [13]

The Table 1 shows the energy band and the peak corresponding to each radioactive chemical element.

Table 1: Values of channels and the peaks (in MeV) associated with channels of radiometric elements and
cosmic emissions [13]

Channel Energy range (MeV) Peak
K0 1.37-1.57 1.46
yze 1.66-1.86 1.76

Th?3 2.41-2.81 2.61
TC 0.41-2.81 -
Cosmic 3.0-8.0 -

The Table 2 and Table 3 describe the relationship between the radioactive element concentration and
the main minerals and rocks.
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Table 2: Relationship between minerals, rocks and radioelements [14]

Mineral table and their occurrences

Potassium Thorium Uranium
Mineral Occurrence Mineral Occurrence Mineral Occurrence
. Granite,
Orth_oclasc_a and Acid igneous Monazite Granites, Uraninite [U pegmatite and
microcline ks and [ThO2 + rare . ide. Pb b
feldspar roc s?: carth pegmqtltes, oxide, Pb, Fi;]TH, Ag,dP CltJ
' pegmatites gneiss rare ear vein deposits,
[KAISi;Og] phosphate] and others
Muscovite Acid igneous Thorianite Granites, Carnotita
[HKAI(SiO)s] rocks and [(Th, U)O,] pegmatites, [K20.2U03.V20s. Sandstones
2 3 pegmatites /2 placers 2H,0]
Alunite Alteration in ;Qr?glt?gl:iet'e peGgr;na:ttietZ‘s Efg:]m:i Associated
[K2Als(OH)12Si04] |  acid volcanic [ThSiO«+U] placers alteration] with uraninite
Sga:;/r:gil?tgd Salt deposits in
[KCI,MgCl6H,0] |~ Sediments

3.2 The Euler Deconvolution Process

In the twentieth century, some government agencies began systematic aeromagnetic surveys of their
territories, among them the Geological Survey of Brazil (CPRM) [6]. The Euler deconvolution
technique uses a band of elementary magnetic anomaly distributions without assuming any particular
geological model (such as contacts or dikes). In this way, the Euler deconvolution can help the
performer indicating interest areas [7].

It being (Xo, Yo, Zo) the coordinate of a magnetic source where Fa is the anomalous field detected at (x,
Yy, z) where the primary regional value is Fp [7]:

(x—xo)%ﬂy—yo)%;ﬂz—zo)%:N(Fp—Fa) (1)

Through the homogeneity equation, Euler deconvolution technique allows to estimate the position,
depth and type of magnetic sources (Table 4) [16].

Table 3: Relationship between rocks and radioelement concentrations [15]

Rock Ba/kg K (ppm) Th (ppm) U (ppm)
Granite 26-180 35,000 15 4
Basalt 13 9,000 2 0.6
Chondrite 850 0.08 0.02
Dolomites 300
Olivine 12
Ultramafic 10 0.2 0.05
Hornblende 45
Marble 70
Quartzite 185
Sandstone 70-150
Slate 110-300
Limestone 15
Table 4: Structural Index of Euler deconvolution [16]
Structural Index (I) Source
0 Geological contacts
0.5 Regions of faulting

1 Dykes and sills

2 Cylindrical sources and monopoles

3 Spherical sources and dipoles
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After selecting the structural index "I", a defined size data window goes through the network,
generating a set of solutions. The location of the source is considered to be well defined when there is
a grouping of the solutions, as exemplified in the Figure 5 [17].

WINDOW

GOOD
SOLUTIONS > ' O

Figure 5: Quality of Euler deconvolution solutions [17]

Regardless of the source orientation and the magnetic field direction, the Euler deconvolution method
provides the depth and position of the various sources in the region. The technique gives good results
even in low-latitude regions or areas with remnant magnetization. The main disadvantage of this
method is that only a structural index can be used at a time [18].

IV. RESULTS

4.1. Radiometric data treatment

First, raw data maps were obtained containing the counts per second of every Uranium, Thorium,
Potassium window and total count measured directly by the aircraft equipment.
The raw data received several corrections:

e Dead time correction was applied to the gamma spectrometer PGAM / 1000.

o Filtering was applied for spike removal and low pass filters to reduce the cosmic

radiation influence.
e Background, cosmic radiation, radon and Compton Effect corrections were
performed.

Then, the Potassium, Thorium and Uranium concentration maps were obtained (Figure 6, Figure 7
and Figure 8).
The potassium concentration (Figure 6) ranged from 0.02 to 2.3% with prevalence around 0.2%. It is
observed that higher potassium concentrations can be found in the central region, whose altitudes are
higher than 950m. The Diamantina city and its vicinity showed high concentrations, mostly prevailing
the concentrations between 0.75 and 2.3% related to the Costa e Sena group and Sopa-Brumadinho
formation. In the Sopa and Datas vicinities, there were showed high potassium concentrations, as well
as in Diamantina. S&o Jodo da Chapada showed relatively low concentrations, predominantly around
0.2%. Near to the Sempre Vivas National Park, the potassium concentration ranged from 0.17 to
0.87%, related to the Galho do Miguel and Sopa-Brumadinho formations.
According the Figure 7, it is noted that the thorium concentration ranged from 0.51 to 15.68 ppm.
Sopa and Datas regions showed higher concentrations of thorium. In the northwest region (640 to
1,250m) near the Sempre Vivas National Park, there were found lower concentrations varying from
0.51 to 3.00 ppm with few places with high concentrations. The Inhai region, with altitude ranging
from 738 to 984 m, had the concentration of thorium between 0.51 to 6.03 ppm associated with the
Galho Miguel and Sopa-Brumadinho formations.
The Figure 8 shows that the highest rates of uranium were predominant in the South Central region
(1,000 to 1,349 m) and Southwest (1,200 to 1,349 m), ranging from 2.0 to 5.13ppm. The Diamantina
and Sopa showed the highest uranium concentrations. The Sao Jodo da Chapada region (924 to 1,349
m) showed low concentrations of thorium associated with Galho do Miguel and Sopa-Brumadinho
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formations. The west (1,000 to 1,349 m) and northwest, near the Sempre Vivas National Park (1,000
to 1,273 m) had a lower uranium rate associated with Galho do Miguel (metarenites) and Sopa-
Brumadinho formations. The northern region (1,000-1,250 m) also showed low levels of uranium. In
the Inhai district (738 to 984 m), the concentration ranged from 1 to 3.64 ppm, associated with the
Galho do Miguel and Sopa-Brumadinho formations.

The ternary map of concentrations was generated from the uranium, thorium and potassium levels
(Figure 9).

It was observed that the potassium concentration (%) - in red - was not equally distributed across the
map. It can be noted a higher concentration in the edges of the northwest region (Sempre Vivas
National Park) and west-southwest associated with sandstones of Galho do Miguel and Sopa-
Brumadinho formations (Pelites, sandstones, conglomeratic sandstones, hematite phyllites and
diamictic). In other regions, such as south and northeast, the potassium presence was not significant.
The thorium (green) was present throughout much of the map, however the concentrations (ppm)
were unevenly distributed. The thorium predominance in Datas region is related to sandstones of the
Galho do Miguel, Sopa-Brumadinho and Gouveia formations. The Sopa district also showed high
concentrations of thorium associated with the Sopa-Brumadinho, Costa e Sena and Galho do Miguel
formations.

The predominant area of uranium concentration (ppm) was the west edge of the Diamantina city,
associated with the Sopa-Brumadinho and S&o Jodo da Chapada formations. However, it is also
possible to observe significant predominance of uranium in the central part of the map, in the
southwest, west and northwest (Sempre Vivas National Park).

In the Inhai region, there is a high prevalence of uranium and thorium, and low potassium, as well as
in Sdo Jodo da Chapada. Both related to the Galho do Miguel e Sopa-Brumadinho formations. It is
observed that in the Sempre Vivas National Park, northwest of the map, there was a predominance of
potassium and uranium. It is also noted the predominance of uranium and potassium in the west-
southwest of the map. Next to Datas, there is a predominance of uranium and thorium, associated
with the sandstones of the Galho do Miguel formation and the Costa e Sena Group (Aluminous schist,
amphibolite). Finally, the white color is associated with high counts of the three elements, while the
black color is associated with low levels of those elements
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Figure 7: Thorium Concentration Map
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4.2. Magnetic data treatment

The magnetometric maps were generated based on an aeromagnetometric survey. The Euler
deconvolution technique was applied to the magnetic data using structural index | = 2, according to
Table 4. The mapping was done using 100m cells and interpolation by minimum curvature,
generating maps with equivalent area technique, in which the program statistically evaluates the grid
values in such a way that each color occupies one equal area on the map.

Due to magnetic storms, it is necessary to correct the diurnal variation, in which the magnetic field
and its variations due to storms are continuously measured by a base station. Then, the raw magnetic
field is fixed for the acquisition time. After the diurnal variation correction, it was applied the leveling
correction to adjust mistakes due to the directions of the flight lines. In this regard, the control lines
are flown at right angles to the flight lines, in order to obtain two measurements of the same point in
order to get an average that can be applied as a correction in the entire line or neighboring points.
From the magnetic anomaly grid "T", the derivatives were calculated in the horizontal directions "x"
and "y" and the vertical direction "z". These three derivatives generated the analytical signal
amplitude grid "A" according:

A-{5)-(5]-(5)

that allows to estimate, in two dimension, the localization of the main magnetic bodies of the region.
In the possession of the analytic signal amplitude grid, Euler deconvolution technique was applied
with a 5 km window. In the technique application, the structural index used was "I = 2", what allowed
to identify magnetic cylindrical sources.

The Euler Deconvolution map made with a small window of 5 km (Figure 10) showed a small
amount of shallower agglutinated solutions in the east region of Sdo Jodo da Chapada and Sempre
Vivas National Park. The depths of the solutions varied from about 1 m to around 50 m. The central
regions of Sdo Jodo da Chapada, Inhai and Datas do not present significant agglutination of solutions
in the 5km window. It can be noted that the solutions were distributed in a dispersed pattern. Only
small agglutinations of significant solution points were observed throughout the map, as in
Diamantina and Sopa, where solutions are deeper.

Comparisons between radiometric and magnetometric studies have identified four interest regions.
The R1 area shows the Séo Jodo da Chapada Formation and Costa e Sena Group as the predominant
geological formations. The high thorium concentration dominated the region, prevailing around
15ppm. The uranium concentration ranged from around 1 to 2.01ppm. About the potassium
concentration, the low concentrations prevailed, standing out from 0.02 to 0.23%. The Total Count
varied from 114 to 876cps approximately.

The R2 area presents the S&o Jodo da Chapada, Costa e Sena and Sopa-Brumadinho formations as the
prevailing geology. The thorium concentration varied from approximately 1.88 to 15.68 ppm in this
area. There is a clear prevalence of high uranium concentrations varying from 3.24 to 5.13 ppm
approximately. The elevated potassium concentrations, varying between 0.23 and 2.3%, are
notorious. The Total Count was high, around 688cps.
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Figure 10: Interest regions of the Euler deconvolution map (Window =5 km)

The R3 area presents the Sdo Jodo da Chapada and Sopa-Brumadinho formations as the predominant
geology formations. The thorium concentration, near 6.03 ppm dominated this region. The uranium
concentrations were elevated predominating near to 5ppm. The low potassium concentrations ranged
from 0.02 to 0.87%, approximately. The Total Count was relatively low, varying from 114 to 226¢ps.
The R4 area shows the Galho do Miguel, Sdo Jodo da Chapada and Sopa-Brumadinho formations as
the prevailing geology. The thorium concentration next to the Sempre Vivas National Park was very
low. The presence of low concentrations about 5.51ppm was noted. The uranium concentrations were
low, prevailing around 1 to 2 ppm. The potassium levels that prevailed in the region were around
0.17% in some areas and in others close to 0.87%. The Total Count was relatively low, varying from
114 to 226cps.

Nevertheless, the Sempre Vivas National Park has dense vegetation, so the radioactivity techniques
can be influenced. Therefore, these areas must have higher concentrations of radioactive elements,
since the dense vegetation interference was not estimated.

V. CONCLUSIONS

The mappings of the uranium, thorium and potassium concentrations of Diamantina region were
done. The mapping results were associated with geological and topographic maps, allowing the
identification of regions with higher concentrations of radioelements.
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The raw magnetic data collected by the aircraft were processed by subtraction of the diurnal variation
and IGRF field in order to obtain the magnetic field associated to the crust called magnetic anomaly.
After the leveling operation, the magnetic anomaly data were used to carry out the Euler
deconvolution with structural index (I = 2), which permitted to investigate cylindrical magnetic
sources such as the intrusive magmatic rocks of the region and possibly associated to the outcropping
diamondiferous conglomeratic rocks.

The map of the Euler deconvolution provided shallow solutions due to the small window of 5km.
Because the solutions are agglutinated and shallower, four interest regions were selected. These
regions were related to the geological map and the uranium, thorium and potassium concentrations.

It is recommended for future analyses the processing of the magnetic data in order to obtain an
analytic signal amplitude map and the Euler deconvolution map with other structural index.
Especially the structural index | = 0.5, which is capable of detecting faulting regions in similar to the
magmatic intrusions that led to diamonds in the region. It is also suggested a detailed investigation of
the regions where more solutions were obtained with the Euler Deconvolution. Especially in the Sopa
Brumadinho formation, where there is a large quantity of diamondiferous carbonate rocks.
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