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Abstract

The coastal Southeastern region of Brazil concentrated
most of Brazilian economical production and largest
cities, as well as, nuclear power plants and the largest oil
production fields. Despite having a low seismicity rate as
compared with other intraplate areas, such as North
America and Australia, the Brazilian continental margin
lacks more studies for planning future offshore economic
activities. This work describes the results from the first
Ocean Bottom Seismometers (OBSs) deployed for
long-term seismological studies in Brazilian territory
carried out by a Brazilian researcher team. The OBS is an
autonomous data-acquisition system that free falls to the
seafloor to record seismic signals generated by
earthquakes and other non seismic signals. Our results
indicate that the OBSs provide useful data to retrieve
signals that are not recorded by the land stations and
they can significantly improve the seismic attributes
retrieved in the offshore environment as well as to entice
crust and lithospheric studies.

Introduction

The irregular distribution of seismic stations over the
Earth’s surface is a long-standing issue because around
71% of the Earth's surface is covered by water. Adding
instrumentation to areas that are covered by oceans
would considerably improve the seismological data
density and provide details of Earth’s interior structures,
submarine faults, and deep-sea earthquakes (Webb,
1998). However, installing stations over the ocean floor
has been a hard task due to technological and financial
obstacles. As the ocean surface is a huge source of
broadband seismic noise, long-term seafloor observations
are necessary to better constrain local tectonics and
seismic activity (Frontera et. al, 2010; Romanowicz et. al,
2009).

Deployment of a marine autonomous data-acquisition
system (OBS) increased in the last decade (Dahm et al.,
2006; Wilcock et al., 2013). Different multidisciplinary
projects around the world have promoted campaigns for

monitoring seismic signals generated by earthquakes and
other underwater seismic sources. Despite the new
technologies, working with OBS is still a blind
deployment. Apart from very recently developed OBS
systems, after the equipment free falls downwards to the
seabed, the project team has typically severe strict
communication with the OBS, so it is impossible to check
whether the equipment is recording. At last, many of the
critical problems with OBS are related to sensor - seabed
coupling, noise level and battery charge durability. Ocean
bottom seismometers traditionally record earthquakes
and volcanic signals from the seafloor, however, there are
numerous non seismic signals as well, mainly in the form
of short‐duration events (SDEs) in the vicinity of the
equipment. Basti et al. (2019) describe the main SDEs
characteristics: short duration (<1s), high‐frequency
content (between 4‐30 Hz), high signal to noise ratio, and
single impulsive wave train.

In order to improve the seismic monitoring of the
southeast coast of Brazil, as a first step towards a marine
branch of the Brazilian Seismographic Network (RSBR)
(Bianchi et al., 2018), this work presents the installation of
the first OBSs for long-term seismological studies in
Brazilian territory by a Brazilian team, as part of a joint
cooperation among Universidade Federal de Santa
Catarina, Observatório Nacional and Petrobras. Six
broadband OBSs were installed along the Brazilian
continental margin in around oil fields (Figure 1). Our
results evidenced a prolific growth of short-duration
events registered in the vicinity of the OBSs locations.

Figure 1 - Location of the six OBSs (blue triangles) and
the earthquakes (circles) recorded by the RSBR stations
(black triangles). Source: Altimetry (GEBCO, 2020),
Bathymetry (LEPLAC, 2020), Shapefiles (CPRM, 2001).
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Method

Data acquisition

The OBSs installed in the oil fields (Figure 1) are
manufactured by Güralp, which consists of a high-density
polythene cradle, cylindrical concrete ballasts and two
glass spheres. One glass sphere containing the digitiser
and the data storage unit, and another sphere, the
release system. Each sphere has its own battery system,
designed for lasting approximately one year. Furthermore,
there is a central compartment, where the triaxial
broadband seismometer (CMG-40T) is placed. Figure 2
shows the hydrophone attached to the OBS structure and
the two cylindrical concrete weights at the base. The
digitiser system acquires data from the vertical (HHZ),
horizontal (HHE and HHN) and hydrophone (HHX)
channels with a  sampling rate of 100 Hz.

Figure 2 - Complete scheme of the OBS system (Source:
Güralp Limited Systems, 2019).

The oceanographic cruise deployed the six OBSs in the
offshore environment of the coastal basins in July 2019
and recovered the OBSs in June 2020. They were
installed by free fall, where the equipment was lowered to
the water surface and released to submerge downwards
the seabed (Figure 3). The OBSs locations and their
depths, after the deployment, were estimated by acoustic
triangulation, where the equipment landed at most 0.5
NM (nautical miles) away from the location where they
were launched. At recovery, the ship sends an acoustic
command to the OBS to release the ballast, and then it
returns to surface, as the structure of the OBS has
positive buoyancy.

Figure 3 - The crew releasing OBS (CMG-40T Güralp).
Photography: Luiz Antonio Pereira de Souza.

Quality Control

Summarising the quality control stage, only four OBSs
(OBS17, OBS18, OBS19, OBS20) were recovered by the
cruise and another one (OBS22) was found recently adrift
on a beach in the south of Brazil without its sensor. From
six OBSs, only two (OBS17 and OBS19) completed the
entire expected cycle including installation, sensor
seabed coupling and recovery. Effectively, just the OBS18
registered data between the installation and recovery; all
the other OBSs presented problems with the battery
system. The datalogger battery system did not present
satisfactory performance, because in most of the OBSs,
the datalogger stopped recording before the expected
nominal battery lifetime (~ one year), thus losing
approximately 40% of the expected data set, as shown in
Figure 4.

Figure 4 - Percentage of data according to the acquisition
period for each OBS recovered. The OBS22 adrift
recovered in a beach, was  not yet processed.

Signal characterization contained in the acquired data is
needed to draw the attainable goals. The first appraisal of
both quality and performance of each OBS can be
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derived from the spectral information of the dataset
(McNamara and Buland, 2004). Lower noise level is
expected from the sensors that were properly coupled to
the seabed, because they are less prone to ocean floor
conditions (e.g., bottom currents). However, the OBS19,
which has coupled, presents a high noise level (Figure 5,
down left) and according to the masses’ positions, the
sensor was stuck at the seabed after landing on the
ocean floor. The lack of coupling makes the HHN and
HHE components noisier, especially in periods greater
than 10 seconds. Despite the OBS18 and OBS20 not
releasing the sensors, consequently, they are not coupled
correctly on the ocean floor, their data may be partially
used, mainly the data from vertical component and
hydrophone.

Corrections

Typically, OBS data require the following corrections:

1) Time correction: crucial requirement to correct
absolute timing of seismograms.

2) Tilt correction: for removing the tilt caused by
seafloor currents flowing across the equipment.

3) Azimuthal correction: to determine the unknown
horizontal orientation of the sensors due to
free-fall deployment.

4) Compliance correction: to estimate and remove
the effect of the pressure variations associated
with infragravity waves in the data set.

Firstly, there is no communication with GPS at the ocean
bottom, then the data time needs a clock time correction.
Today, there are a few solutions to create a link of
communication with the OBSs, such as nodes and wave
gliders. However, these types of equipment are extremely
expensive. Ocean tides and bottom currents can move
the sensor at the seabed, so the tilt correction is a must
for removing the effect of the tilt in the data set. Lastly, the
sensor needs an azimuthal correction because it is not
possible to align the sensor during the installation. For
correcting the seafloor compliance, the OBS must have a
differential pressure gauge (DPG) to measure the
pressure variation at the ocean floor. The OBSs utilised in
this project do not have such equipment, so the
compliance correction was not done. The majority of
these corrections use earthquakes records to correct the
data set. However, the acquisition time of this project is
restricted, so the cross-correlation of ambient noise was
used to correct the data set. The clock drift was corrected
using the methodology proposed by Hable ​et al. (2018)
and the tilt correction followed the methodology of Bell et
al. (2014). Both methodologies improve the signal to
noise ratio from the vertical component, mainly below 1
Hz. The azimuthal correction will follow the methodology
proposed by Zha (2013), who retrieved the direction from
Rayleigh wave polarization from ambient noise
correlation.

Figure 5 - Probability Density Functions for the vertical
component of the 4 retrieved OBSs.
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Local earthquakes detection

A single seismic station operating continuously produces
an enormous amount of data, a seismic network
produces even more data. Then, to analyze and locate
seismic events becomes a laborious task for
seismologists. Developing tools to deal with this hard task
is crucial, the easiest way to contour this situation is the
application of triggers, which are based on the amplitude,
the envelope, or the power of the seismic signal in time or
frequency domain. In this work, the methodology
proposed by Trnkoczy (2012) was used to detect any
amplitude that passed the pre-established threshold. The
STA/LTA (short-time-average/long-time-average) method
is usually used in weak-motion applications that try to
record as many seismic events as possible. The
algorithm continuously keeps track of changes in the
amplitude; a successful capture of seismic events
depends on the proper settings of the trigger parameters
(Trnkoczy ,2012).

Examples

Figure 6 shows seismograms of the March 13, 2020 Mw
5.2 Northern Chile earthquake recorded by the RSBR
stations (DUB01, CAM01, ABR01, RIB01 and GUA01)
and the OBS18. The vertical-component data from these
stations appear identical. However, the noise in the OBS
and the station ABR01 (Abrolhos Archipelago) is much
higher when compared with the stations located in the
continent. The low signal to noise is related to the
proximity of the ocean, the main noise source of the
seismic data. Despite that, the data from these stations
are usable and these stations are important to improve
the azimuthal distribution of the seismic network over
Brazilian territory.

Figure 7 shows a waveform example for a seismic event
that occurs frequently on the Southeastern part of the
Atlantic coast of Brazil. This event was recorded by the
OBS17, OBS18, and ABR01 station. These type of
seismic events are frequent in the OBS data set, and they
are highly clustered, as shown in the Figure 8. The
majority of these clustered seismic events, or SDEs,
found by the STA/LTA procedure are only registered by
the OBSs, sometimes, the big ones, they are registered
by other stations (Figure 8).

Figure 8 shows recordings of SDEs, which have several
potential sources, such as micro-earthquakes, biological
activities, and changes in the underlying soft sediments
(Frontera et al., 2010). The occurrence of SDEs in
long‐lasting swarms is observed in Figure 8, which can
be associated with pressure transients in the
hydrothermal system and hydraulic fracturing. SDEs can
also be associated with gas emissions out the seabed, if
they occur during the same tidal phase and with
comparable amplitudes (Basti et al., 2019). The data set
is still in processing, and a more robust analysis demands
more time.

Figure 6 - Waveforms and spectrograms of vertical
component at land, oceanic island, and ocean-bottom
stations. The left and right panels present velocity
waveforms and their spectrograms for the 5.2 Mw Chile
earthquake. This event was registered by the RSBR at
http://www.rsbr.gov.br/pevjs/event.html?usp2020fbsl.

Conclusion

The data set recorded by the OBSs during this project in
the southeastern part of the Brazilian coast brings more
experience and data for monitoring the seismicity of the
continental margin, slope and deep sea. The noise level
recorded by the OBSs is comparable with the noise of
stations in oceanic islands. On the other hand, land
stations have higher signal to noise than OBSs, as OBSs
present low coupling with the seafloor. Our results
indicate that OBS should provide good data, comparable
to that achieved at island stations if the installation
processes worked. Furthermore, these results showed
how the addition of some OBSs can retrieve signals that
are not recorded by the land stations and can significantly
improve the seismologicalknowledge of the offshore area.
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Figure 7 - The left and right panels present velocity
waveforms and their spectrograms for a short‐duration
event (SDE) from the Atlantic Ocean.

Figure 8 - The left and right panels present velocity
waveforms and their spectrograms for a cluster of
short‐duration events near the OBS17 and OBS18.
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