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1. INTRODUCTION

Ground-penetrating Radar (GPR) a geophysical method based on the propagation of
electromagnetic (EM) waves in the 10 MHz to 1 GHz frequency range. An EM pulse is transmitted
into the earth by a transmitter antenna. That pulse refracts and reflects at interfaces separating
rocks with distinct dielectric properties and is eventually registered in a receiver antenna. GPR
has a wide range of applications in geosciences, including hydrogeological (de Menezes Travassos
and Menezes, 2004), environmental (Kumar et al., 2016), soil (Aranha et al., 2002), and reservoir
analogs (Menezes et al., 2016) studies. A comprehensive review of the GPR acquisition, processing,
and interpretation techniques can be found in Jol (2008).

Open-source GPR datasets are becoming more and more common in geosciences. There are
some published examples that were collected at several distinct geological scenarios like volcanoes
(Leopold and Schorghofer, 2017), river beds (Huber, 2019), wetlands (Matthew et al., 2017), soil
(Romero-Ruiz et al., 2018), and test sites (Igel et al., 2019).

Here we present the open-source Itapemirin River delta GPR dataset. The GPR data herein
introduced can be used for educational and research purposes, like testing new processing
workflows, trying distinct geophysical attributes to be applied to GPR data, or promoting deltaic
reservoirs analogs’ advanced studies.

2. DATA ACQUISITION

The Quaternary sedimentary plains are confined along the Espirito Santo coastline as their
geological evolution is associated with sea-level fluctuations and the availability of fluvial sediments.
The decrease of 3-4 m in sea level that occurred in the last 5,700 years favored the progradation
of the shoreline, originating extensive plains of coastal strands and filling estuaries sandy-muddy
sediments and the development of broad mangrove areas (Albino et al., 2016).

The studied area (Figure 1) is in the northern portion of the wave-dominated Itapemirim River
delta. The delta shows a cuspate to arcuate geometry, with the coastal strands parallel to the nearly
north-south trending shoreline and extending over 10 km. The beach ridges show a stratigraphic
sequence of fine to coarse sands (Supplementary Figure 1.3) with heavy minerals lenses such as
monazite, ilmenite, zircon, and rutile (CPRM, 2015).

The GPR dataset was acquired operating a RAMAC/GPR MALA GeoScience, with the 100 MHz
unshielded antennae in the broadside-perpendicular configuration. All GPR profiles were acquired
in the fixed-offset mode with an antennae separation of 1.0 m and done in a stop-and-go triggering
mode for a maximum coupling with the ground. Antennas were pulled along the profiles with a
constant step of 0.20 m. The total time window utilized in the fixed-offset profiles comprised 350 ns.
The dataset consists of five 2D lines 50 m long each (Supplementary Figure 1.4). Three lines were
acquired along the east-west direction (transversal to the coastline) and two north-south (parallel
to the shoreline). The spacing between parallel lines is 25 m.
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FIGURE 1 | The satellite photograph of the Itapemirim River delta from June 2020 displays the GPR survey location along the coastal strings. Image modified from

315000

3. PROCESSING WORKFLOW

In practice, when propagating in the geological environment,
the effects of absorption and dispersion attenuate the GPR
pulse. These effects are revealed in the radargram, mainly
as loss of resolution with increasing time. As a result, the
spectrum of amplitudes decreases, and displacement of the
central frequency toward the lowest frequency components cause
a spectral imbalance.

We carried out a set of processing steps aiming, among other
aspects, to attenuate noise generated during the acquisition,
compensate for the signal loss, and reduce scattered energy
at diffracting points in depth. These steps’ primary purpose is
to produce a final GPR section that highlights the subsurface
geological features, facilitating these events’ interpretation.

The data processing workflow included seven steps briefly
outlined in the following subsections. More details of the whole
process can be found in the acquisition-processing report granted
as Supplementary Material.

3.1. Data Editing

The data editing step included the data reorganization, data file
merging, and the time-zero correction (correction of start time
to match with surface position). There was no need to apply
the static correction as the terrain was planar. As an example of
the raw data presented, we show in Figure 2 - Upper Panel, the
Profile A radargram loaded into the open-source software GPRPy
(Plattner, 2020).

3.2. Dewow Filtering

The first step is the necessary temporal filtering to remove
the primary DC signal component and the very low-frequency
content from the data. This step is referred to as dewowing the
data. Very low-frequency contents of the data are associated
with either inductive phenomena or possible instrumentation
dynamic range limitations. Dewowing is an essential step as it
reduces the data to a mean zero level and, therefore, allows the
positive-negative color filling to be used in the recorded traces
(Jol, 2008).

3.3. AGC Gain

Radar waves are very fast attenuated as they propagate into the
ground. Usually, signals from great depth are tiny and display
this information simultaneously as signals from shallower depths
may be unmanageable. When the wave’s amplitude is optimal
for shallow depth, events from greater depths may be hidden
or indistinct. Balancing amplitudes by applying some time-
dependent gain function compensates for the rapid fall-off in
radar signals from deeper depths.

We applied the AGC (automatic gain control), a continuously
adaptive gain filter. With the AGC gain, each data trace is
processed, so that the average signal is computed over a time
window. The aspired output value’s quotient magnifies the data
point at the window’s center to the average signal amplitude.

3.4. 2D Migration

Migration is a technique that compensates spurious effects
introduced by wave propagation and acquisition geometry.
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FIGURE 2 | Profile A radargrams loaded in GPRPy. (Upper) edited raw data. (Lower) final processed data.

Dipping events are misplaced, the lateral resolution is low, and
a wide array of non-geological effects like diffractions influence
the data to mislead interpretation. Migration concentrates the
energy along hyperbolas to the actual spatial position from which
the energy originated. Migration relocates dipping reflections
to their proper subsurface position and collapses diffractions,
thus enhancing spatial resolution. A practical limitation of the
migration approach lies in the fact that our data is 2D, and out-
of-plane diffractions will not be correctly dealt with within the
migration process.

In this work, we used Stolt’s f-k migration approach (Yilmaz,
2001). It is assumed that the GPR data can be considered as zero
offset and that the average velocity can be taken as a constant
background migration velocity Vm = 0.10 m/ns.

We estimated the migration velocity using a try-and-error
approach. We performed the migration rounds using multiple
velocities in the 0.05 to 0.15 m/ns range at 0.01 m/ns intervals.
The chosen velocity, 0.10 m/ns, produced a radargram attenuated
the waves’ diffraction effects, reducing the hyperboles without
smearing out the geological reflectors.

3.5. Band-pass Filtering

Temporal filtering is often used in the GPR processing
for spectral balancing and downgrade high-frequency noise.
Filtering can be employed before or after AGC as long as the
gain’s effect is understood since the AGC is a non-linear process.
We applied a 30-110 MHz band-pass FFT filter to attenuate the
high-frequency noise before using an AGC filter second pass. The
filter was designed to prevent noise boosting in this second pass
of the gain.

3.6. AGC Gain

For stratigraphic and structural interpretation, the reflectors’
continuity is more important than the information irrespective
of amplitude fidelity. Therefore, we applied the second pass of
AGC attempting to equalize the radar signals by using a gain
inversely proportional to signal strength. As result, the difference
between the raw and processed spectra is up to three times
larger. In the final processed Profile A radargram (Figure2 -
Lower Panel), we can observe the enhancement of the radar
reflections’ sharpness and continuity compared with the raw data
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(Figure 2 - Upper Panel), thus making the interpretation process
of the main sedimentary reflections, out of the scope in the
present paper, more amenable.

3.7. 3D Visualization

In this last step, we converted the processed radar files to
the standard seismic SEG-Y format and loaded the dataset
in the open-source seismic interpretation software OpendTect
(Huck, 2012).

4. CONCLUSION

Our dataset can be employed for several applications like
teaching, practices with new processing methodologies or
workflows, promote advances in deltaic sedimentation and
reservoirs analogs studies, and experiments with different GPR
interpretation attributes. To that end, we made available the raw
and processed data in the Sensors and Software (.dt1) and Seg-Y
format. We also provide a full Opendtect (ODT) survey project.
Further details of the acquisition, data processing, and a 3D view
of the ODT survey are found in the companion reports, available
as additional material.

5. NOMENCLATURE

5.1. Resource Identification Initiative

To take part in the Resource Identification Initiative, please use
the corresponding catalog number and RRID in your current
manuscript. For more information about the project and for steps
on how to search for an RRID, please click here.
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