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1 Introduction

Open-source geophysical datasets and synthetic earth models are becoming increasingly
common in geosciences as they are required to study various geologic problems.
There are published examples from several projects covering all geophysical methods
at different scales and for diverse goals such as stratigraphy (Huber, 2019; Menezes,
2021), petroleum exploration (Fehler, 2009; Lynn et al.,, 2021), and CO, sequestration
(Andersen et al., 2019; Gasperikova et al., 2022).

The MR3D is an open-source project aiming to provide a realistic geoelectric model
and associated electromagnetic datasets of a Brazilian coast deep-water turbidites system
(Marlim Reservoirs); these are considered analogs to other systems worldwide (Carvalho
and Menezes, 2017b).

In Phase 1, (Carvalho and Menezes, 2017b), presented the workflow for building an
anisotropic geoelectric model and made it available on the seismic scale (75 x 25 x 5 m). In
Phase 2, (Correa and Menezes, 2019), upscaled the seismic model to a 100 x 100x 20 m
necessary to run 3D forward modeling codes to generate the CSEM (controlled-source
electromagnetic) dataset. In Phase 3, (Correa and Menezes, 2021), upscaled the CSEM
model to accommodate the regional features of Campos Basin to generate the MMT (marine
magnetotelluric) dataset. The central core of the mess was discretized at regular intervals of
200 x 200 x 20 m, and beyond that core area, cells increased with an incremental factor of
1.4 with distance.

In Phase 4, we present a realistic synthetic resistivity log dataset built from the MR3D
resistivity model. These resistivity logs were constructed by combining the low-frequency
horizontal resistivity model (Carvalho and Menezes, 2017b) with the high-frequency
variations of actual resistivity logs acquired (0.154 m sampling rate) at 27 wells available in
the MR3D area (Figure 1). This dataset complements the previously published by (Carvalho
and Menezes, 2017a), forming a multi-scale data cluster for educational purposes,
training samples for machine learning (ML) interpretation workflows, and developing
imaging and inversion algorithms. The synthetic resistivity well-log data are now available
on the Zenodo platform for free research or commercial use under the Creative
Commons License.

01 frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2024.1422255
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2024.1422255&domain=pdf&date_stamp=2024-11-13
mailto:paulo.menezes@uerj.br
mailto:paulo.menezes@uerj.br
https://doi.org/10.3389/feart.2024.1422255
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2024.1422255/full
https://www.frontiersin.org/articles/10.3389/feart.2024.1422255/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Menezes and Menor

10.3389/feart.2024.1422255

360000 380000

o
o
o
o
<
LN
N~
8

E 8
o

> un

cC M~

e

)

—

O

s
o
o
o
o
o
LN
N~

360000 380000
FIGURE 1
outline of the Marlim reservoir.

Easting (m)

Bathymetric map of the Marlim Oilfield with the location of the synthetic 27 wells made available in this study. The white polygon line represents the
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2 Creation of the synthetic resistivity
logs

ML algorithms and interpretation workflows are becoming more
popular, and some require well logs as part of the training data
(Vereshagin et al., 2019; Li et al., 2021). To that end, we present a
set of realistic resistivity logs at the well scale with high-frequency
content compatible with actual data (0.154 m sampling rate). Correa
and Menezes (2019) provide six synthetic well logs, but as they
were extracted from the lower frequency seismic scale model
(5m sampling rate), they are not appropriate to represent an
actual well log.

The Brazilian Petroleum Agency (ANP) made available the
public resistivity dataset of 27 wells in the study area. These
wells are distributed inside and outside the Oligocene turbidite
reservoir (Figure 1), so they sample reservoir and non-reservoir
facies in the Oligocene interval, thus making our dataset suitable for
interpretation.

We developed a five-step workflow based the
findings of (Alumbaugh et al, 2023) to produce a realistic

on

dataset.
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1. Well-log edition and preconditioning with a spike removal
filter aiming to discard deviant values from the data.

. The resistivity logs were low-pass filtered with a 101-data-point
averaging window to approximate a depth interval of 15 m,
three times the geological model’s sampling rate (5 m).

3. Subtract the low-pass filtered logs of step 2 from the
actual logs aiming to produce fine-scale high-frequency
‘perturbation’ logs.

. Extract pseudo-logs of the MR3D horizontal resistivity cube at
each of the wells locations shown in Figure 1.

. Sum the perturbation logs of step 3 to the pseudo-logs to
produce realistic synthetic logs that have both the fine-scale
variations of the actual logs and the low-frequency resistivity
variations of MR3D.

Figure 2 shows the actual log(a), the synthetic log extracted from
the MR3D cube (b), and the final realistic synthetic log at the 1-RJS-
219A (c), the discovery well of the Marlim oilfield.

The final curve (Figure 2C) resembles an actual log curve,
with the high-frequency content observed at any authentic
The all 27 wells
available in the Supplementary Material.

well-log acquisition. curves for are
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FIGURE 2

synthetic resistivity log.
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(c)

1-RJS-219A well. (A) Actual resistivity log. (B) Synthetic resistivity log extracted from the MR3D model (Carvalho and Menezes, 2017a). (C) Realistic

A critical aspect of our dataset is that the 27 wells survey
distinct regions within the Marlim oilfield, inside and outside the
main reservoir. Thus, it is more appealing for interpretation as it
probes distinct geological situations by imaging fine-scale geological
features of reservoir and non-reservoir facies.

3 Conclusion

Here, we introduce a large resistivity well-log dataset with
27 wells complementary to the MR3D model dataset. This new
dataset can be employed for educational purposes, such as teaching
well-log data processing and filtering schemes, testing forward-
inversion-modeling interpretation methodologies, and developing
applications such as new ML interpretation workflows. Usually, one
of the main problems with such procedures is the lack of training
data. The workflow herein presented can be applied to any other
geological area when creating synthetic earth models.

Using the existing logs acquired at each well as a starting point,
our synthetic resistivity logs obey the fine-scale geological features
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mapped at depth combined with the coarser-scale geological
model. The resistivity logs of all 27 wells are presented in the
additional material.

4 Nomenclature
4.1 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.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
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