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INTERPRETATION OF MAGNETIC DATA BASED ON EULER DECONVOLUTION:
ANALYSIS OF THE MAIN HOST GOLD STRUCTURE IN THE
NORTHEASTERN PORTION OF THE QUADRILATERO FERRIFERO, MG, BRAZIL

Thiago José Augusto Madeira', Maria Silvia Carvalho Barbosa' and Antonino Juarez Borges?

ABSTRACT. The study of the geometry and kinematics of deep geological structures, bearing mineralization, has advanced greatly by the aggressive progress of
geophysical techniques over the last decades. The gold mineralization located in the Quadrilatero Ferrifero has its genesis controlled by shear zones. The geophysical
analysis (aeromagnetic and aero-glectromagnetic) by means of two-dimensional magnetic data inversion profiles (Euler deconvolution) and later interpolation, provided
the 3D configuration of a tectonic-structural geological model, explaining the spatial configuration of lithostratigraphic and structural units, and kinematics features
of the main shear zone mineralized in gold in the northeastern portion of the Quadrilatero Ferrifero. The processing of airborne geophysical magnetic data of the Rio
das Velhas Project provided the generation of inversion profiles with outputs up to 5000 m deep, opening new windows for gold prospection at the surroundings of
the main gold mineralized structure in the Quadrilatero Ferrifero. The integration of geological, geophysical data and field observations was essential for the final results
of this work.

Keywords: South America, mineral prospecting, Euler deconvolution.

RESUMO. 0 estudo da geometria e cinematica de estruturas geoldgicas de alta profundidade, portadoras de mineralizagGes, tem sido cada vez mais viabilizado pelo
avango agressivo das técnicas geofisicas nas dltimas décadas. As mineralizagdes de ouro localizadas no Quadrildtero Ferrifero tém a sua génese controlada por zonas de
cisalhamento. A analise geofisica (magnetometria e eletromagnetometria de dados aerolevantados) através de perfis de inversao bidimensionais (deconvolucao de
Euler) e posterior interpolacdo, possibilitou a configuragado 3D de um modelo geoldgico tectono-estrutural, que permitisse uma analise e sugestdo descritiva da
configuragdo espacial de unidades litoestratigraficas, estruturais e cinematica da principal zona de cisalhamento mineralizada em ouro do nordeste do Quadrildtero
Ferrifero. O processamento de dados magnetométricos aerogeofisicos do Projeto Rio das Velhas possibilitou a geragdo de perfis de inversdo com respostas de até
5000 m de profundidade, abrindo novas janelas para a prospec¢do de ouro nas adjacéncias da principal estrutura mineralizada em ouro do Quadrildtero Ferrifero. A
integracdo de dados geoldgicos, aerogeofisicos e de observagdes de campo foi fundamental para os resultados finais deste trabalho.
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INTRODUCTION

Over the last decades, the structural geology has experienced
major progress mainly related to the processes and mechanisms
of nucleation and development of structures and their kinematic
significance (Endo, 1997). The geometry, kinematics and dy-
namics of thrust faults and folds genetically related have been
the subject of significant scientific interest during the past years
(Rolim & Alkmim, 2004). At the same time, geophysics has
been effectively developed due to the broad improvement of dig-
ital techniques to integrate different types of data, combined
with analytical tools, handling and process of data analysis be-
ing executed with agility and consistent results with the actual
observations in the field (Madeira, 2011; Madeira & Barbosa,
2012).

Located in the southern portion of Sao Francisco Craton, in
the Northeastern portion of the Quadrilatero Ferrifero (QFe), the
area of study is distinguished by the presence of several gold
mines, and it was selected based on the airborne survey coverage
Departamento Nacional de Pesquisa Mineral/Servico Geoldgico
Brasileiro (DNPM/CPRM) (Baltazar et al., 2005) — Rio das Ve-
Ihas Project (Fig. 1). The area is 300 km? and covers the bound-
aries of the municipalities of Caeté, Sabara and Raposos cov-
ering the grids of Caeté, Belo Horizonte, Itabirité and Gandarela
(Baltazar et al., 2005).

The qualitative analysis of geophysical maps enabled the
individualization of lithofacies, visualization of structural linea-
ments and structures presenting rotational kinematics, to infer
the depth of lithostratigraphic units and to identify areas featur-
ing hydrothermal alteration favorable to the mineral prospection.
Quantitative analysis of the inversion of magnetic data provided
the partitioning of structures at different depth intervals and the
identification of planar structures with depths up to 5000 m.

After the data inversion (Euler deconvolution) it was possible
to obtain the configuration of a 3D tectonic-structural geologi-
cal model by integrating a high number of two-dimensional mod-
gls. This model can be applied to improve the structural analy-
sis at crustal level of estimated depths. The work herein aims to
apply geophysical magnetic data inversion to generate a three-
dimensional model (3D) with deep crustal level information, and
the macro scale assessment of the deformation related to the
mechanisms and processes ruling mobilization/remobilization
and concentration of gold in host rocks and structures close to
mineralized shear zone.

STRUCTURAL AND GEOLOGICAL CONTEXT

Almeida (1977) understanding the cratons as transitional units
records that the Séo Francisco Craton (SFC) had an anteces-

sor, named Paramirim Craton, stabilized after the Jequié Event
(2,9-2.7 Ga) and that its margins would have been reconditioned
during the Transamazonic Event and, in a smaller extent, once
again during the Brazilian Event. The SFC would have been the
result of the Paramirim Craton with accretions of the Transama-
zonic Event and action by the Brazilian Event. In the south edge of
SFC is located, preserved and exposed the Mineiro Belt (Teixeira
etal., 1996), wich is a small portion of the outer belt Paleoprotero-
zoic orogeny. Furthermore, the Quadrilatero Ferrifero is settled in
the eastern portion of the Mineiro Belt.

According to Bizzi et al. (2003), during the Jequié orogenic
cycle the Rio das Velhas greenstone belt (RVGB), developed
within a complete Wilson cycle with taphrogenesis phase fol-
lowed by orogenesis, felsic volcanism calci-alkaline presenting
tonalitic intrusions, metamorphism and deformation. The Rio das
Velhas greenstone belt was affected by two Transamazonic strain
(e.g. Alkmim et al., 1994; Alkmim & Marshak, 1998; Zucchetti
& Baltazar, 1998; CPRM, 2011). The first deformation event (D1)
generated NE-SW trending folds and thrust faults, after the south-
west convergence and collision of two passive margins around
2.125 Ga (Almeida, 2004; Endo et al., 2005). The second phase
is characterized by extensional structures related to the develop-
ment of granite-gneiss domes (D2) deforming the supracrustal
rocks (2.095 Ga) and resulting in the orogenic collapse during
the Transamazonic Event.

By the end of the Mesoproterozoic, a maritime basin in the
gastern part of the current Sdo Francisco Craton was formed, im-
pacting the Transamazonic Orogen, in the QFe, most likely rep-
resenting the collisional phase and collapse of a Wilson cycle
during the Paleoproterozoic. Then the Espinhaco rift took place,
opening the basin and intruding diabase dikes. During this de-
formation phase a compressional event was also observed in the
gastern boundary of QFe, generating N-S oriented structures. This
last event is known as Brazilian Orogen (0.7-0.45 Ga) and it is as-
sociated with a regional progressive metamorphism of medium
green schist facies. It has generated a fold and faults belt dip-
ping to the west, resulting in the suture of the supercontinent
Gondwana.

The Brazilian Event is the most remarkable within the QFe,
taking over the entire central-eastern portion, being represented
by regional foliation of NW, NS and NE direction related to the
frontal and oblique ramps of the thrust fronts, to which this
foliation is related. Mineral lineations and stretching as well
as the associated intersection lineation dipping from E to ESE,
are related to a N-S tectonic shortening (Almeida, 2004; Endo et
al., 2005).
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Figure 1 —The study area is located in the northeast of the QFe. The gold mines are represented over the map magnetic, Analytical Signal, of Rio das Velhas Project
showing major mines deactivated and activated in the QFe (modified from Ladeira, 1991).

The study of integrated structural, petrographic, petrological
data and field caracterization of RVGB shows the units are dis-
tributed according to four major lithostructural domains, char-
acterized by distinct stratigraphic columns (Zucchetti & Baltazar,
1998). That considered, it was proposed, as a preliminary mea-
sure, the subdivision of the area of the greenstone exposure,
within the QFe, in four tectonic blocks (Fig. 2). The study area
is located in the Caeté Block which, according with Baltazar &
Zucchetti (1998), is the only one presenting all the elements of
a greenstone sequence, from the basic-ultrabasic metavolcanic
rocks, metavolcaniclastic sequence and resedimented up to the
coarse non-marine clastic metasediments of Maquiné Group,
with greenschist facies metamorphism.

Some lineaments of the QFe (e.g. Juca Vieira, Aredo Tapera
and Sao Vicente) even being reactivated during the Brazilian cy-
cle, would have been generated during the deformational Event
F1, configuring old thrust systems. Such assumption is based on
some observation, still inconclusive, but which shall be consid-
ered, especially regarding the Sdo Vicente lineament (Zucchetti

Brazilian Journal of Geophysics, Vol. 33(3), 2015

& Baltazar, 1998). Some of its special features reinforce such
assumption: gold mineralization throughout its length; geome-
try shaping curvilinear trace; their overlapping by the Funddo-
Cambotas System in the Mariana anticline ending; non-marine
clastic sediments depositional chute (coastal and by rainwater)
of Maquiné Group (Archean). Therefore, such lineaments would
have been generated by the time of the inversion of the basin, in-
dicated by large recumbent south-verging folding featuring axis
in the same direction (NW-SE). The structures aforementioned
are consistent with one event of crustal shortening, where blocks
in the northern portion were uplifted towards the south (Correa
Neto & Baltazar, 1995).

INTERPRETATION OF MAGNETIC DATA

Based on Euler's Homogeneity Equation, Thompson (1982) and
Reid et al. (1990) started a series of studies relating the den-
sity distribution and/or heterogeneous magnetic susceptibility of
sources with their geometry at depth. With no interference or
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Figure 2 — The Rio das Velhas greenstone belt units were grouped into tectonic domains, called: Nova Lima, Caeté, Santa
Barbara and Sao Bartolomeu, portraying different petrogenetic environments (modified from Zucchetti & Baltazar, 1998).

noises from other sources, any magnetic anomaly produced by
a three-dimensional point source suits the Euler Homogeneity
Equation, Eq. (1).

(= 20) o0+ (= ) o+ (2= 20) 90 = " (1

dy 0z

The equation expresses the anomaly of the total field
T(x,y, z) produced by a three-dimensional point source lo-
cated by the coordinates xq, yo, zo Of the Cartesian System
which is submitted to a decrease of intensity to a rate », with
the increase of the distance between the source and measured
point. The parameter » is an indicator of the geometric shape of
the anomaly and therefore it is called structural index.

Therefore we have that the Euler deconvolution is a process
of inversion by least squares, from which the anomalous mag-
netic field values and of one selected structural index aim to solve
the Euler equations, generating brief solutions for the depth and
geographic position of all the existing magnetic sources in the
survey area (Reid et al., 1990).

According to Keating & Pilkington (2004) the Euler decon-
volution and Analytical Signal are used for semi-automatic in-
terpretation of magnetic data to outline more contact zones and
get a quick estimate of the depth of the top of the anomaly cause
source. For the Euler deconvolution the quality of the source es-
timate depends mainly on the selection of a suitable structural
index, which is a function of the geometry the body causing the
anomaly. This technique can only be applied to homogeneous

functions, like the case the magnetic field due to contacts and
thin dikes. Fortunately, several complex geological structures can
approximately present this simple geometry.

The geological database for this work consists of geolog-
ical maps of the QFe, in the 1:50000 scale, of QFe Geology
Project — Integrating and Cartographic Correction in GIS, result-
ing from geological mapping project agreement by USGS/DNPM
(1952-1969) and the integration with geological mapping of the
agreement DNPM/CPRM (1992-1996). The integration Projects,
the final output of these agresments, is a GIS of the integrated
geological map of the QFe from maps of 1:25000 scale by
USGS/DNPM and DNPM/CPRM Projects (Baltazar et al., 2005).

The geophysical data (aeromagnetic and aero-electro-
magnetic) gathered the information resultant from the Geology of
Quadrilatero Ferrifero Project and is part of the program Distritos
Mineiro (Mining Districts), DNPM, Provincias Minerais (Minerals
Hosting Provinces), CPRM, called Rio das Velhas Project (RVP),
Zucchetti et al. (1996). For the study herein, this database is lim-
ited to the magnetic data, which was acquired using a Bell he-
licopter for detailed study. The production lines present N4OW
direction, and the control lines present N5OE direction and are
equidistant, respectively, 250 mand 5000 m (Hildenbrand & Perez
da Gama, 1993). The flight height was set to 60 m, keeping the
cesium vapour magnetic sensor at 0.01 nT precision. The system
was mounted ina bird, 45 m above the ground. The samples were
collected at 0.1 second intervals (Zucchetti et al., 1996).

The magnetic data of the Rio das Velhas Project (RVP) were
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preprocessed by CPRM, the data had IGRF subtracted, the lev-
eling (and micro-leveling) of all data to @ common base and the
removal of regional trend. The magnetic data had the field anoma-
lous channel, already corrected, interpolated by the method of
minimum curvature in regular grid of 250 m by the software
Geosoft Oasis Montaj (Fig. 3). The derivate maps (horizontal, ver-
tical of first and second order) were generated, from the anoma-
lous magnetic field, in order to visualize and identify the struc-
tures, its trends and lateral continuity. Furthermore, upward con-
tinuation maps were generated in order to note the structural
deepward continuation (Fig. 3).

The inversion of magnetic data of the area was based the
Analytical Signal (AS). The Analytical Signal is an effective tech-
nique for the determination of the geometrical parameters, such
as location of boundaries (geological and structural) and roof
depth of anomaly source (Thompson, 1982). Therefore, the two-
dimensional models obtained from the Euler deconvolution were
based on data from the Analytical Signal.

The Euler deconvolution (2D) was obtained from the free
version of the Euler software, School of Geosciences — University
of the Witwatersrand. One hundred profiles have been generated,
equidistant 150 m apart, featuring the direction (N50°W) per-

Figure 3 — Flowchart of research methods adopted from magnetic data. TMI— total magnetic intensity; AF —anomalous magnetic field; AS — analytic signal; Dx — first
horizontal derivative (E-W); Dy —first horizontal derivative (N-S); Dz — first vertical derivative; Dz2 — second vertical derivative; Up100, Up500 and Up1000— continued

upwards of 100, 500 and 1000 m.

Brazilian Journal of Geophysics, Vol. 33(3), 2015
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Figure 4 — The figure shows the arrangement of 100 deconvolution profiles over the map of AS with major gold mines (modified from Ladeira, 1991). Active Mines:
14 — Lamego and 18 — Cuiabd. Inactive Mines: 1 — Cachoeira, 2 — Fernandes, 3 — Cutdo, 4 — Morcego, 5 — Congo Soco, 6 — Morro das Bicas, 7 — Ojeriza,
8 — Raposos, 9 — Soares, 10 — Carrapato/Caeté, 11 — Juca Vieira, 12 — Carrancas, 13— Tingud, 15 — Veremos, 16 — Terras do Capdo, 17 — Addo, 18 — Cuiaba.

pendicular to the main structures and covering the whole area of
interest (Fig. 4). The parameters adopted to generate the deconvo-
lution profiles were sampling intervals of 25 m, flying 45 m high
above the ground in accordance with the level of the magnetome-
ter in relation to the RVP survey ground, structural index equal to
1 for planar structures, estimated depth for display the responses
of the 5000 m inversion and the window size 21 (dimensionless
unit — for more details see Durrheim & Cooper, 1998) (Fig. 5).
This last item was determined by empirical analysis of the re-
sponses from geological data, that is, it was considered the prior
knowledge of the petrology and structural geology, according to
the literature (Baltazar et al., 2005; Madeira, 2011; Madeira & Bar-
bosa, 2012). The results presented as crosses (+), in the bottom
of the Figure 5, account for the roof depth of anomaly source.
The generation of two-dimensional (2D) profiles provided
the quantitative data interpretation, which associated to geolog-

ical data of the Quadrilatero Ferrifero Geology Project, has the
purpose to estimate the 2D geometry of geological structures in
subsurface. The systematic execution of 2D inversions of 100
parallel profiles (NW-SE trend), Figure 4, followed by the inter-
polation of the profiles provided a 3D model, which when inte-
grated to the geological data, enabled the understanding of deep
structures.

RESULTS AND DISCUSSION
Qualitative Analysis

In the Analytical Signal map the highest amplitudes from the
magnetic data in the northern and southeastern boundaries of
the area was observed (Fig. 6). In the northern portion, the large
anomalies correspond to Paleoproterozoic supracrustal rocks
from Minas Supergroup — Caraca, Itabira and Piracicaba Groups,

Revista Brasileira de Geoffsica, Vol. 33(3), 2015
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Figure 5 — (A) Display of the 2D Euler free software screen, highlighting the parameters adopted for the inversions. (B) Map of AS with the location of the derivative

profile.

being the higher values corresponding to the itabirites from
Caué Formation (Itabira Group). As for the southeastern edge
the large anomalies are responses of high magnetic susceptibility
of Algoma-type iron formations, Ouro Fino and Morro Vermelho
Units from Nova Lima Group of Archean Age. Still in the south-
gastern boundary, within a small area at the border limit, there
is the occurrence of high amplitudes magnetic anomalies related
to rocks of the Minas Supergroup, of Caraga Group (Moeda and
Batatal Formation) and Itabira Group (Caué Formation).

The intermediate anomalies from the Analytical Signal map
(Fig. 6), of the central and northern areas, correspond to the
Mestre Caetano and Corrego do Sitio Units. The Mestre Caeta-
no Unit, defined by Zucchetti & Baltazar (1998) is metavolcano-
sedimentary clastic association, consisting of schists of variable
composition of sericite and chlorite, in addition to related banded
iron formation and quartz-ankerite schist. In the Corrego do Sitio
Unit, defined by Zucchetti & Baltazar (1998) as marine clastic
metasedimentary association, predominating schists with quartz,
carbonate, mica, chlorite and carbonaceous Phyllite, there is the
occurrence, in a smaller extent, iron formations, metapelites and
metapsammites with gradational stratification.

The Ribeirdo Vermelho, Morro Vermelho and Mindd Units,
from the Nova Lima Group, and the Palmital Formation from

Brazilian Journal of Geophysics, Vol. 33(3), 2015

Magquiné Group are the ones presenting the lowest values of
the magnetic data (Fig. 6). The Minda Unit covers the central
part of the area with schists presenting variable composition of
sericite, chlorite and mica. In the eastern portion the low values
are represented by the rocks of the Ribeirdo Vermelho and Morro
Vermelho Units, featuring, respectively, metaconglomerates to
metapelites and metabasalts with subordinate felsic metavolcanic
rocks. At the extreme southeast, the low values correspond to
quartzites from the Palmital Formation (Maquiné Group). Madeira
(2011) interpreted the low amplitude of the Analytical Signal in
the central and southeastern portion of the area, as a result of the
sedimentary cover with low magnetic susceptibility.

Briefly, high magnetic amplitude anomalies (>1.642 nT/m)
are related to supracrustal rocks presenting ferromagnetic min-
erals and (ultra)basic metavolcanic rocks (Telford et al., 1990).
The intermediate magnetic anomalies (0.125 to 0.692 nT/m) are
related to the clastic metasedimentary rocks hosting gold miner-
alization. The low anomalies (<0.115 nT/m) are represented by
clastic sedimentary metavolcanic rocks, metapelites and resed-
imentary lithofacies association. The variation of the Analytical
Signal values for the same geological unit or similar units can be
explained by the difference of the rocks™ depth. Madeira (2011),
in a survey at the same region, describes the wavelength val-
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Figure 6 — (A) Geology map with the major structures in the area (Zucchetti & Baltazar et al., 1998); (B) map of Analytic Signal showing defined contacts and major

structures contacts and major structures (Zucchetti & Baltazar, 1998).

ues increase of the magnetic anomaly, and consequently the re-
duction of Analytical Signal data values in the general direction
of the dip (SE) of lithostratigraphic units of similar mineralogi-
cal composition. In Figure 6 such decrease in the data values of
magnetic amplitude can be noticed from the rocks of the Mestre
Caetano and Corrego do Sitio Units, in the northern area, to
the contact with the Minda Unit with Palmital Formation, in the
southern area.

In addition to the magnetofacies observed and described,
lineaments with structural trend NE-SW and NNE-SSW have been
observed in the Analytical Signal map. The NE-SW lineaments
located in the northern portion surrounds Lamego mine (Fig. 4,
mine 14) and connect it to the Cuiabd mine (Fig. 4, mine 18).
At the south of the area there is a NNE-SSW lineament associ-
ated with the contact of the quartzite from the Palmital Formation
(Maquiné Group) with the Minda Unit. Assessing the Analytical
Signal map, in the Figure 4, the gold mines are located between
low and high magnetic values and not over the high anomalies.
According with Greg Hodges (Heffernan, 2013) a common com-
plaint in gold exploration, as an example, is that the magnetic
peaks do not correspond to the gold mineralization. But consid-
ering the process of alteration around a gold deposit and how
that alteration would have reduced the magnetite in the host
rock, it is clear that magnetic lows are more likely to indicate
gold mineralization in most of the cases.

According to Baltazar et al. (1993), Endo (1997) and Aratjo
(2001), the Sao Vicente Shear Zone (SVSZ) presents sinistral

directional kinematics, featuring a major crustal discontinuity
and locus of significant gold mineralization. Madeira & Barbosa
(2012) present the electromagnetic map (HEM) of intermediate
frequency (4175 Hz) with kilometrical sinistral kinematic struc-
ture in the surroundings of the SVSZ. In the apparent resistivity
map (Fig. 7) such structure, with the sinistral rotational kinemat-
ics, is highlighted and the other structures with the same kine-
matics, but not that significant, can also be observed. In the
same map (Fig. 7), the kilometrical linear structures to the north
and to the east, which have low resistivity (<3.710 Ohm.m),
and respectively featuring structural trend NE-SW and NNW-SSE,
correspond to SVSZ by Zucchetti & Baltazar (1998). These struc-
tures are represented in the inversion profile (Fig. 5), to the NW,
presenting depths of up to 5000 m.

In the Figures 6A and 7, the contact of Morro Vermelho Unit
(a chemical-volcanosedimentary lithofacies composition, from
the Mesoarchaean Age) and Moeda Formation (quartzite with in-
tercalation of phyllite and conglomerate, from Paleoproterozoic
Age) is clear. The first unit present low resistivity values and the
second the highest resistivity values observed in the area. The
Minda Unit, composed by metapelites and metapsammites with
preserved gradational stratification, presents low-intermediate re-
sistivity evidencing gradational contact with the rocks from Rio de
Pedras Unit, proximal metaturbidite with intermediate-high val-
ues of resistivity. In the contact of Morro Vermelho and Corrego
do Sitio Units, in the southern portion, there is a linear struc-
ture trending NNE-SSW. Probably this structure has contributed
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Figure 7 — In the mid-frequency electromagnetic map (Madeira & Barbosa, 2012) it is possible to observe kilometric sinistral S structure.

to the mineralization of the two inactive mines (Fernandes and
Cubatdo) following this trend.

Quantitative Analysis

In the field, Madeira (2011) and Madeira & Barbosa (2012)
checked the accuracy of responses of the Euler deconvolution
profiles, in the surface ground, and used the same methodology
and systematics of the magnetic data applied to this work. Those
authors verified that the responses of anomalies near to the surface
are consistent with some structures shown by the Rio das Velhas
Project maps (Zucchetti et al., 1996). These structures were found
in the field in a radius smaller than 30 m than the place indicated
by the inversions.

For the characterization of the structures related to the
mechanisms and processes that rule the (re) mobilization and
concentration of gold in the surroundings of the Sao Vicente
Shear Zone, it was undertaken a deconvolution profile, for ex-
ample, at the northern boundary of the area (Fig. 5). This pro-
file shows the highest amplitude values of the magnetic data to
the NW, with responses to the depth limit adopted for the study
herein — 5000 m. In the central part of the profile there are two
structures with an average depth of 3500 m and a third one, fur-
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ther southeast, which also presents response at depth limit estab-
lished of 5000 m. It is noticed a horizontalization in the deeper
structures of NW towards SE. The deconvolution responses from
further southeast profile showed a mixture in parallel magnetic
anomalies at the depth range of 750 to 1250 m.

According to Aratjo (2001), the ductile-brittle deformation
and metamorphisms of the Sdo Vicente Shear Zone, resulted in
mineralization, where the fluids drained by pressure relief zones,
causing the precipitation of sulfides and gold along the SVSZ.
The structural evidences relates deformation to tectonic con-
veyance of rock units from the SE to the NW by thrust faults, direc-
tional and overlapping faults (Zucchetti & Baltazar, 1998; Araljo,
2001). According to Fossen (2010), the faults and contractional
shear zones represent a shortening of the crust or a layer of refer-
ence. When the surface of the crust is the reference, the contrac-
tional faults are exclusively reverse and thrust faults. The reverse
faults dip angles are wider than the thrust faults and do not rep-
resent large magnitude of displacement as the thrust, featuring,
however, a gradation between these two types of faults.

In the integrated geological/geophysical profile (Fig. 8), an-
alyzing from the northwest towards the southeast, there is a gra-
dation between verticalized fault, in the contact between Rio das
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Figure 8 — Integration of geophysical and topographic profile with information of geology of the Rio das Velhas Project (Zucchetti et al., 1996).

Velhas and Minas Supergroup, and the horizontalized fault, in
the contact of Mind& Unit with the Morro Vermelho Unit, featur-
ing contractional faults resulting from the shortening of the crust.
The geological/geophysical integration suggests deformation in
the contractional regime (reverse and thrust faults) with conver-
gence of tectonic conveyance to NW.

Arajo (2001) observing the SVSZ on its southern boundary,
within the Mariana Municipality region, noticed that the structures
have been developed within a range 3 km wide, involving psamo-
pelitic units from the Nova Lima Group. Teixeira et al. (2006)
estimated the depth of magnetic sources by means of Euler de-
convolution, to support the understanding of the geometric be-
havior of S3o Vicente Shear Zone at depths, and showed that the
fault dip is variable along its length. Teixeira et al. (2006) suggest
that, generally, the fault attains shallow (200 to 400 m) and some
deep zones (400 to 800 m).

Analyzing the Euler deconvolution profile (Fig. 5) and the
integration of geological/geophysical profile (Fig. 8), undertaken
in the northern boundery of the SVSZ, three main structures
show depths of 3000-5000 m, covering a range 5 km wide at
the ground surface. This last information can also be noticed
in the mid-frequency electromagnetic map (Fig. 7), presenting
lineaments of low resistivity and NE-SW structural trend, in the
northern portion of the area, with variable width of 5-7 km be-
tween the faults.

The result of the interpolation of two-dimensional deconvolu-
tion profiles to generate a three-dimensional model is presented

in the Figures 9, 10 and 11. The depths of the magnetic sources
have been splitted into five intervals, 19.34-363.74 m, 363.75-
657.22 m, 657.23-1035.66 m, 1036.67-1581.13 m, 1581.14-
3393.84 m respectively in the blue, green, yellow, red and ma-
genta colours.

Baltazar et al. (1993), while describing the eastern boundary
of the QFe, suggested that zones of high strain rate taken over
by a complex of overlapping scales of tectonic thrust, including
crystalline sheets, provided the migration and precipitation of
auriferous hydrothermal solutions, during obvious epigenetic
phenomena and strongly related to one or more Proterozoic
crustal shortening events which have affected not only the
supracrustal rocks, as well as the surrounding areas. In the Fig-
ure 9, the deep anomalies presented responses in a structural
trend of NW-SE. In the eastern and western boundaries of the
area (Fig. 9) this structural alignment is supported by the gold
mines alignment, presenting strong relation of the NW-SE struc-
tures to the mineralization in the area. In the eastern portion
of the map, it is still noticed the inflection from NW-SE to NE-
SW of the related structures with the Sdo Vicente Shear Zone of
Zucchetti & Baltazar (1998).

The magnetic anomalies, which depend on the shape, depth
and orientation of the body, are generated by the magnetization
contrast between the rocks. In the Analytical Signal map (Fig. 6B),
the Mindd Unit is the one that presents the lowest values of
magnetization. Analyzing the 3D model, statically represented in
the Figure 10, this unit appears to be the one with the greatest
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Figure 9 — Result of the interpolation of two-dimensional deconvolution profiles presenting the tectonic compartmentation of the area.

roof depth of the anomaly source. This fact is related to low mag-
netic susceptibility of sedimentary rock and depth to the base-
ment top, it has magnetization data values greater than superim-
posed resedimentary unit. The regions with the lowest depth re-
sponses, or high magnetization, are related to the basal (ultra)
basic metavolcanic rocks, Morro Vermelho and Ouro Fino Units,
in addition to the Paleoproterozoic Age supracrustal rocks of
the Minas Supergroup.

The Figure 11A presents the Lamego and Cuiabd Mines on
one NE-SW lineament connecting the mines in depths exceeding
657 m. The mines to the west of the area (Fig. 11B) are condi-
tioned by two major deep structures, exceeding 1000 m, featuring
NW-SE structural trend. In the Figure 11C, the mines, located at
the boundary of the Paciéncia Lineament (Scarpelli, 1991), are
aligned according with the NW-SE direction (sub) parallel to the
mixture of structural lineaments that, in this location, have depths
exceeding 1500 m.

CONCLUSIONS

The interpretation and qualitative analysis of the magnetic data,
Analytical Signal map, was a significant contribution to determine
structural lineaments and to split the magnetofacies for the lithos-
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tratigraphic units. Geometric parameters, such as the location of
geological and structural limits, and depth of the bodies also
provided excellent results with the Analytical Signal map. Elec-
tromagnetic data provided the identification of regions related to
the gold bearing bodies and structures (rotational and lineaments)
that contributed to the mineralization in the region. The magnetic
inversion over the Analytical Signal map allowed to estimate the
continuity at depth of structures and lithostratigraphic units, in-
cluding the repetition of layers. The three-dimensional interpola-
tion resulting in two-dimensional magnetic data inversion profiles
allowed the tectonic partitioning of the lithostratigraphic and visu-
alization of megastructures that have made this region the largest
gold bearing host within the Quadrilatero Ferrifero.

The Structural Analysis represents simplified descriptions of
the processes that form the structures. The deformation in some
structures are too complex to be adjusted by means of a sim-
ple kinematic model (Groshong, 1999). The result of inversions
and subsequent two-dimensional interpolation profiles generated
well-defined structures for the depth of 5000 m, but we shall
carefully consider the simplification used in the models and use
experimental and field data at the planning and assessment of
the results.



442

INTERPRETATION OF MAGNETIC DATA BASED ON EULER DECONVOLUTION

Depth (m)

§_ N MW 1934 - 36374
H B 36375 - 657.22
[ 657.23 - 1035.66

B 103567 - 1581.14
I 1581.15 - 339384

25 125 0 2,5 km

Datum SADE9 / UTM Zona 23K

Depth (m)

Bl 1934 - 36374
I 36375 - 657.22
[ 657.23 - 1035.66

I 103567 - 1581.14
I 1581.15 - 3393.84

Figure 11 — The image shows the location of the mines, actives and inactives, and their relationship to major structures in depth. (A) 14 — Lamego and 18 — Cuiabé;
(B) 5 — Congo Soco, 7 — Ojeriza, 9 — Soares, 10 — Carrapato/Caeté, 11 — Juca Vieira, 12 — Carrancas, 13 — Tingua, 15 — Veremos, 17 — Adao; (C) 4 — Morcego,

6 — Morro das Bicas, 8 — Raposos.

Briefly, the study shows that the correct use of tools are signif-
icantly important and effective for geological structures recogni-
tion at depth and their relations, as well as for mineral exploration
campaigns, improving programs by maximizing the rate of area
coverage and minimization of required boreholes. This technique
shows an economically and environmentally feasible and effec-
tive manner for the consolidation of the subsurface information.
This systematics was proven in several areas (private data) with a
higher degree of confidence than 90% in involved depth.
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