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Abstract

For an analysis of the region of Manaus (AM), they were
of great importance the collection and analysis of GPR
data. GPR, has become increasingly popular in the
acquisition of geophysical data because it is a device that
presents greater ease in its operation. But although it
does not require a deep understanding of physical
concepts, it is of great importance for the operator to
know the fundamental concepts of the method and also
understand about data collection and processing. The
processing of the data collected by GPR consisted in the
treatment and filtering of images applying filters and
gains, thus facilitating their identification and
interpretation. This processing allowed the visualization of
supposed faults in places that have a high factor of
weathering and of difficult surface observation.

Introduction

Studies on tectonics in the Paleozoic basin of Amazonas
have shown a large number of structures (faults and frac-
tures) that cut off the Cretaceous sequence and even the
pedogenetic (lateritic) horizon in the tectonic context of
Cenozoic deformations (Silva 2005; Silva et al. 2007; Val
et al. 2014). The mapping of these structures has been
carried out mainly in urban areas or road crossings, con-
sidering the intrinsic characteristics of the region, such as
dense vegetation cover, difficult access and thick alter-
ation layer. The exposure of subsurface particles or hori-
zons that have been displaced by lamps have been ex-
posed from the artificial exposure. This fact has made ge-
ological-structural mapping difficult. In this sense, the use
of geophysical tools, such as GPR (Ground Penetrating
Radar), allows to advance in the characterization of these
subsurface structures. The use of GPR in Amazonia is not
new and the first research carried out by Sauck et al.
(1992) have already demonstrated satisfactory results but
used only as a way of calibrating the equipment without
in-depth structural analysis. In this context, the main ob-
jective of this study is to investigate the Cenozoic tecton-
ics of the Manaus region by applying the survey in the Rio
Negro Fault Zone (Silva 2005) in two locations, in the ur-
ban area of the city, where the structural data were ob-
tained in a systematic way. In order to advance in this ge-
ological-structural characterization, the profiles surveyed
(in 2003) were carried out at the base of the cuts that
present important structural features, mainly involving
weathered layers.

The GPR data used for structural characterization of the
region allowed the recognition of sites more affected by

the deformation and the layout of the structures and their
types in depth of the order of up to 12 meters.

Regional Geology

The study area (Figure 1), located in the geological con-
text of the Paleozoic Basin of Amazonas, basically in-
volves sandy and clayey layers of the Alter do Chao For-
mation (Cretaceous/ Paleogenous), very weathered. The
basal level, occurring near in the river is formed by sand-
stone and / or reddish silt under a very altered reddish
layer. Above this package, with thickness of the order of a
few meters, occurs the whitish level formed by kaolinized
clayey and sandy intercalation. The soil horizon devel-
oped above corresponds to the sequence of the mottled
level, superimposed by the yellowish clayey horizon, with
lateritic concrete surface (10 to 30 cm thick), sometimes
thin (pisolithic) and, at the top, the clay layer compact and
slightly thick organic soil.
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Figure 1 — Study area. The northwest area represents the Tur-
ismo avenue and the southest part represents the Rio Negro
margins.

B3 B4

VIII Simpdsio Brasileiro de Geofisica



Tectonics analysis on Amazon using GPR data

The tectonic context in this region, based on Silva (2005),
Silva et al. (2007) and Val et al. (2013, 2014) shows the
existence of faults that cut through this sequence and
control the relief and drainage of the region. According to
Silva (2005), in the region of Manaus, the Rio Negro Fault
Zone is a structure with direction N30W, which develops
faults with dips both to the southwest and northeast and
that controls the orientation of this river for almost 120 km
to the region of the river Ariau, west of the said city (Silva
et al., 2007). The exposure of faults and fractures of this
tectonic deformation is remarkable in road cutting and
roads in the urban area of this city.

Field Work and Processing

In this study two types of GPR were used for the
acquisition of data. The first one was an 80 MHz MLF
GSSI GPR, unshielded, composed by two antennas
(transmitter and receiver), 80 MHz frequency, 12 ns of
pulse length with a data acquisition computer connected
by cables. The second one was a SUBECHO 70 type,
with 70 MHz frequency, shielded, with only one antenna
(transmitter and receiver). In both cases, the survey
performed preferably followed the Step Mode, where
about 90 km of GPR data were obtained along the
highways of the region. For detailed, step-by-step walking
was carried out in two areas: one located to the north and
the other to the south, of that city, both located near the
Rio Negro. For the first equipment was necessary a
wooden car adapted with support wheels and an
odometer in the back. In the front, next to the main
vehicle, was placed the transmitter antenna with the
receiver antenna in the other part.

The data processing was done in Reflex software, with
the purpose of filtering and improving the visualization of
the lines, thus allowing the recognition of geological
features such as possible faults. The following filters and
gains were selected as the processing flow: Subtracting
mean (Dewow), AGC Gain, static correction, bandpass
frequency, and a manual gain in time. The subtracting
mean (Dewow) is a high-pass filter; the AGC gain, which
acts on each trace independently, creates equally
distributed amplitudes on the time-axis within a
predefined window, this gain is used to highlight the low
amplitude bands over the high amplitude bands; the
bandpass frequency was used to eliminate low and high
noise frequency and finally was applied a manual gain to
improve quality of the deepest reflectors.

Results

The GPR profile made at the base of this cut and parallel
to these structures shows strong sub horizontal reflectors
that correspond to the level of lateritic concretion and the
altered layers of the Cretaceous geological unit. In Figure
02 a layer of material supposedly used for grounding with
approximately 2 meters thick can be seen along the first
80 meters from NE to SW. It is observed in the interval
between 0 and 35 meters faults with characteristics of
horsts and grabens with depths greater than 10 meters.
From the range of 40 to 75 meters can be seen the
movement and rotation of the layers caused by faults with
possible listric character. From 80 meters to 180 m,
Negative Flower structures appear, caused by regimes of
strike-slip / transtensional faults. It is possible to see fault
zones noted on the surface mark displacement. In these

zones of disturbance of the layers there is development of
features in antiform and sinform that are associated to the
kinematics of the faults, compatible with the surface
presented deformation. Some faults that present high
diving angle may be suggestive of transcurrent/transverse
faults (negative flower structure), as indicated by Silva et
al (2007). In Figure 03, the regions limited by green lines
represent null signal, possibly caused by the equipment
battery oscillations during the field work. In the interval
between 0 and 60 meters, it is observed the layers
movement, forming an antiform and sinform caused by a
normal fault. It represents the other profile, located
downstream of this site, also on the banks of the Rio
Negro. However, has larger dimensions, where the
features are best observed. At the top of this profile, the
lateritic concretion was also displaced by the fault, which
was mainly in the low block of the fault. In the adjacent
section (E-W) other faulted surfaces that are parallel and
obey the NW-SE orientation are noted. Features such as
rotation of the layers, anastomosis and roll-over
structures, drag folds along the surface (antiform and
sinform) are characteristics denoted in these faults. In this
profile it is possible to observe the significant reject of the
displacement of this fault, due to the kaolinite level
(located above the reddish layer) next to this one. In
addition, the absence of the clayey horizon in the reddish
layer is diagnostic of the erosion after the tectonic event.
The GPR profiles made in this area show inclined
reflectors of the tilting of the altered layers of the
formation, as well as antiform and sinform features at the
side of the deformation zone. At deeper levels the
interface between the kaolinized and oxidized levels could
be observed, which resulted in a marked decrease in the
signal.

Discussion

The cut of land located in the Turismo avenue, left bank of
the Rio Negro, comprises soil levels of the Alter do Chao
Formation, since the weathered layers are located in sub-
surface. At the base, the mottled kaolinitic horizon is ob-
served, underlain by the laterite crust (a little thick) and a
pisolithic centimetric level above it and, to the top, yellow-
ish sandy-clay soil. The irregular distribution of the lateral
horizon derives from the displacement due to normal
faults N20W to N30W, as described by Silva (2005), Silva
et al. (2007) and Val et al. (2014). The structural arrange-
ment describes two families of normal faults that plunge
either to SW or to NE, which promote the rotation of the
blocks to the northeast. However, due to the occurrence
of soil faults, the lack of continuity to the top due to rheo-
logical characteristics of the material and the height of the
cutting height are limiting factors that limit the structural
faults (planar or curviplanes, for example). According to
the aforementioned authors, these faults show listric ge-
ometry, with rotation of blocks, developing grabens and
horsts. Finally, when correlating with the subsurface
structures obtained by the GPR survey, observed in
Figures 2 and 3, with the studies performed by Silva
(2005), Silva et al. (2007) and Val et al. (2014), it is
concluded that the features observed in the outcrops
present a representative continuity of the regional
structural trend in depth. Thus, allowing a better basis for
the understanding of the Cenozoic tectonic evolution of
the Alter do Chéao formation.
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Figure 2 — GPR section 1
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Figure 3 — GPR section 2
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