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Three-dimensional physical models of sedimentary basins
as a resource for teaching-learning of geology
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Abstract: Three-dimensional modeling connects several fields of knowledge,
both basic and applied. 3D models are relevant in educational research because
the manipulation of 3D objects favors the acquisition of spatial vision by the
students, but there are few didactic publications in Portuguese on the subject
for Geosciences. The authors are developing an educational research project to
produce three-dimensional models of didactic examples of sedimentary basins:
the Parana Basin (Silurian-Upper Cretaceous), the Taubaté and the Sao Paulo
basins (Neogene). 3D-compatible files will be produced to compose didactic and
display material, from maps and geological-structural profiles of certain regional
stratigraphic levels of each basin. The research challenges are: (a) to obtain
an overview of the available resources for 3D modeling; (b) to evaluate their
potential, characteristics, advantages and limitations for application in Geology
and Geosciences; (c) to create computational models of the basins; (d) to produce
at least one physical model based on one of the computational models of each
basin. The resources will subsidize training workshops for in-service teachers,
technical-scientific articles and Internet pages.
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drilling data, as well as to analyse and interpret

Three-dimensional modeling connects many
fields of basic and applied knowledge. High-level
skills linked to spatial thinking are essential for any
Geosciences professional, being an indispensable
aspect for professional training in Earth Sciences
(King 2008). Thus, specific disciplines of Geology
undergraduate courses seck to develop such skills.

In the case of simple or complex geological
structures, there is a challenge for training specia-
lists and for developing data management applica-
tions. Investment in the oil and mining industry,
from companies, universities and research centers,
has generated sophisticated resources to process

seismic lines.

3D object manipulation helps students acquire
spatial vision. There are open-source programs for
educational purposes, but most commercial soft-
ware require purchasing licenses at prices as high
as thousands of dollars. In the academy, for most
university courses, acquisition can occur only in
exceptional cases. In Brazil, educational investiga-
tors pay low attention to the subject. This research
project secks to produce models of subsurface
geological structure of three Brazilian sedimenta-
ry basins, as well as 3D computational modeling
guides for didactic purposes in Geosciences.
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Research goals and objectives

The educational research project belongs to the
area of Structural Geology and Three-Dimensional
Visualization, articulating the production of basin-
-model representations and 3D models of geolo-
gical structures for developing didactic and display
materials of geological structures at various scales
using 3D printing resources. This requires research
about 3D representation in Structural Geology and
resources for modeling geological structures, from
the theoretical foundations of mapping using isopacs,
isochors and structural contour maps (Ragan 1973).

The research team should explore platforms
and environments that allow any person to gene-
rate and publish 3D content online. The project
should produce new didactic resources to improve
geological 3D visualization, with the support of the
Renato Archer Information Technology Center.
The examples will increase in the future, including
new physical models of sedimentary basins.

3D printing, technically known as additive
manufacturing, is composed of a set of techno-
logies based on various physical and/or chemical
principles to automatically produce, from a virtual
3D model, a physical model using the controlled
deposition of layers of materials. This allows, in
many areas of knowledge, to represent structures
with complex geometries not possible by conven-
tional production processes (Volpato et al. 2017).

The expected products are physical models
produced in state-of-the-art 3D printers. The
generation of digital and physical 3D models of
selected rocky bodies and sedimentary basins
relies on geo-interpreted representations such as
charts, maps, images, photographs and geological-
-structural profiles.

Development of 3D Geo-Structural Models

The universe of digitalization and publication
of three-dimensional models evolves in a fantastic
pathway, not only in the cinema and industry but
also in the educational field. The internet has been
a lavish source of 3D viewing capabilities. Three
good examples are Sketchfab (URL: https://ske-
tchfab.com), Visible Geology (URL: http://app.
visiblegeology.com/) and Agisoft PhotoScan (URL
http://www.agisoft.com/) among others. The first
two belong to the category of open access programs,
but the use is restricted to specific platforms. An
issue that has been posed by systems like Sketchfab
is simple and fairly current:

If millions of people make 3D models or digitize
the real world in 3D, why would they share that
in 2D? YouTube made it for video creators, or
SoundCloud for musicians, we want to do for
3D creators (Sketchfab 2016).

Agisoft PhotoScan is a commercial photo-
grammetric digital image processing software that
generates 3D spatial data of objects at various scales
for use in GIS applications, cultural heritage docu-
mentation and production of visual effects.

Many research groups investigate the nature
and the particular way by which a student deve-
lops his/her 3D visualization capability. Kastens
et al. (2011), after investigating critical learning
issues, oftered proposals to improve education (see
a report on Spatial Thinking. Professional Develop-
ment to Improve the Spatial Thinking of Earth Science
Teachers and Students, URL http://earth2class.org/
site/?page 1d=2957).

Each physical model developed to support
Geoscience teaching should be accompanied by a
didactic guide for use in practical classes. The guide
should include general and specific information
about the selected basin, its structure and evolu-
tion. At least three 3D geological models will be
created: (a) 3D-model of the Palacozoic-Mesozoic
Parand Basin; (b) 3D-model of the neogenic Sio
Paulo Basin; (c) 3D-model of the neogenic Tauba-
té Basin (Fig. 1). Critical subsurface data of these
basins are available, which allows production of
updated models without collecting more data from
petroleum companies or agencies such as ANP
(National Petroleum Agency):

*  Parand Basin (Almeida 1980, Zalin et al. 1987,
Mantesso-Neto et al. 2004, Milani et al. 1994,
Oliveira & Carneiro 2008, Soares et al. 2007a,
2007b, 2008, 2009).

*  Sio Paulo Basin (Hasui et al. 1976, Takiya
1991, Takiya et al. 1989, 1990).

*  Taubaté Basin (Carneiro et al. 1976, Hasui &
Poncano 1978, Marques 1990, Carvalho et al.
2011, Fernandes & Chang 1992, 2001, 2003,
Padilha et al. 1991).

Stereology and 3D visualization

The ability to visualize geological structures
within solid rock masses is critical for geologists
and other professionals. It depends on the learner
to develop, or to construct, a visual penetrative
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ability (Kastens et al. 2009,

Structural Outline of the Taubaté Basin

Kuiper 2008).

The use of computers may
help, or hinder (Oppenheimer
1997), the achievement of
many required skills (Schlis-
che & Ackermann 1998, Wells
2002), but this kind of research
is scarce in Brazil.

Three-dimensional mode-

22°40's +

ling resources may support
conveying ideas, using real-
-world miniatures, which
act as tools for recording and
improving concepts. Insofar as
they stimulate cognitive gains,
they contribute to the deve-
lopment of visio-spatial per-
ception and learning of visual

23°00's +

language. Kastens et al. (2014)
argue that in Earth Scien-

ce spatial thinking involves Basin limits
“envisioning, manipulating, 600
or drawing meaning from the 550

position, shape, orientation,
trajectory, or configuration
of objects or phenomena, or
groups of objects or pheno-
mena”.

Spatial thinking uses the
properties of space as a vehicle for structuring
problems, formulating questions and proposing
solutions. The authors point to the fact that in the
USA the educational system rarely includes the
ability of spatial reasoning in the contents treated
in Earth sciences. A similar situation occurs in
Brazil, where Geosciences contents are studied
in a fragmented way in several disciplines, which
makes it even more difficult to develop such skills.

The quality of a model is a direct function of’
the quality and quantity of the available data from
boreholes or fieldwork. The difficulty increases
if the data are poorly distributed or insufficient
(Pollard & Fletcher 2005). To improve 3D repre-
sentation of rock formations, geological interpre-
tations should ideally be made from the outset in
a three-dimensional environment (Groshong Jr.
2006). A geological model is usually composed of
three parts or aspects (Munier 2004): (1) a model
that describes the geometry and properties of
several units and/or lithological domains at various
scales; (2) a structural model that also describes the

20 30 40
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Lines: structural contours, unit: meters, datum: mean sea level

Coordinate System: WGS 1984 UTM Zone 23S
Projection: Transverse Mercator
Datum: WGS 1984

Figure 1. Subsurface structural contouring of the basement of the Taubaté
Basin (Neogene). Source: T.R. Lopes (2017)

geometry and properties of deformation zones; (3)
the arrangement of fractures and/or other structu-
res within the lithological units.

[...] fractures and small deformation zones are
too small to be described in a deterministic man-
ner and therefore must be statistically described
in terms of the various distributions and their
relations (Munier 2004, p.6).

Stereology techniques help produce increa-
singly sophisticated 3D models basically by the
extraction of 3D parameters from measurements
obtained in 2D sections (Kuiper 2008).

Stereology-based programs allow to process
digital images and to generate stereoscopic images,
such as 3D images of seismic zones (Wells 2002).
Manipulation of static images can use the OpenS-
tereo program (Gomes Neto etal. 2007, Leite n.d.).
Pomaska (2011) has processed dynamic images to
create stereoscopic 3D images after recording them
onvideo. Other systems deal with high resolution
images constructed from digital elevation models
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for accurate estimation of layer orientation data
(Fernidndez 2005, Cracknell et al. 2012).

Teaching and learning of Structural Geology
is a prerequisite for improving the ability of stu-
dents to visualize structures in space, an essential
prerequisite for understanding rock arrangements
and their spatial distribution, as presented in
maps (Ragan 1973, Hobbs et al. 1976, Ramsay &
Huber 1983, 1987, Davis & Reynolds 1996, Twiss
& Moores 1992, Lisle 1995, Groshong Jr. 2006).
It is relatively easy to find texts in Portuguese on
computer-aided design (CAD) (see, eg, Bizello
& Ruschel 2007), but they are scarce in geology.
Jacobson (2001a, 2001b) provides examples of the
use of CAD for resolving exercises in Structural
Geology, such as structural contour lines, depth
and thickness of layers, three-point problem and
dive determination from apparent dives. The exer-
cises using CAD in two- and three-dimensions are
consistent with manual resolutions (Carneiro &
Carvalho 2008, 2012).

Use of Global Positioning Systems (GPS) has
been common in field data acquisition (Pollard &
Fletcher 2005), requiring an intensive use of geo-
processing software for data processing. In order
to construct a 3D geological model it is necessary
to have an adequate sample of three-dimensional
data (Wu et al. 2005).

Discussion

Production of three-dimensional models of
basins motivated surveys by undergraduate stu-
dents of Unicamp. For example, H.V.B. de Oliveira
concluded in late 2009 a subsurface model of the
Guarani Aquifer System, generating a Parand Basin
database in ArcGIS environment (Oliveira & Car-
neiro 2008). She compiled data from unpublished
reports and publications, such as Almeida (1980),
Zalin et al. (1986, 1991), Milani et al. (1994) and
Mantesso-Neto et al. (2004).

The new 3D representations of the Parand
Basin will incorporate more data, always keeping a
focus on the giant Guarani Aquifer. These models
as well as the 3D representations of the Sao Paulo
and Taubaté basins (Fig. 2) can help studies about
underground water resources in these regions.

Conclusions

The development of 3D models for didactic
examples of sedimentary basins, such as Parand, Sio

Figure 2. Subsurface models of: (A) structural contours. (B)
Physical 3D model of the Taubaté Basin (Neogene)

Paulo and Taubaté, despite the diversity of scale,
may be important for improving subsurface geolo-
gical data processing at the University of Campinas.

The models open the possibility of didactic
use of 3D models, thus attracting the interest of
teachers and students for research and educational
work. The easy visualization provided by 3D print
capabilities can enhance new educational methods
and introduce new functions and adaptations of the
models, depending on the needs of the professio-
nals who are dedicated to this area of study. Models
will be further tested and refined before coming
into a fully public domain, thus being accessible to
external experts and interested people.
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