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Abstract. The use of geological interpretations to better understand features observed outside Earth defines what is known as
Planetary Geology. It is a highly multi-disciplinary field, using concepts from many areas of human knowledge to better understand
the many objects of the Universe. Interpretations tend to be based in analog models, created from observations made on Earth and
extrapolated to the many geological contexts of other celestial bodies. In recent years, the prospect of studying the geology of
planetary bodies other than Earth became a more tangible and accessible reality, a fact at least partially demonstrated by the crescent
number of publications in the fields of Planetology and Astronomy that incorporate Geology in some level. Even though, Planetary
Geology is still mostly unknown by the scientific community, usually seen as a mere curiosity. This work aims to fill this gap at
least partially, providing an accessible introduction to the topic for scientists and students alike. Here, we present an overview of this
emerging field of science: what it is, the limits of its application, the current state of the art, and the meaning of this line of research
in the era we live, in which the exploration of other objects of the Solar System is a reality.

Resumo. O uso de interpretações geológicas para melhor entender feições observadas fora da Terra define o que se entende por
Geologia Planetária. É uma área altamente multi-disciplinar, que usa conceitos de vários campos do conhecimento para melhor
entender os objetos do Universo. Interpretações tendem a ser baseadas em modelos análogos, criados a partir de observações feitas
na Terra e extrapolados às particularidades de outros corpos celestes. Em anos recentes, a possibilidade de estudar a geologia de
corpos planetários que não a Terra tornou-se mais tangível e acessível, um fato ao menos parcialmente demonstrado pelo crescente
número de publicações em campos como Planetologia e Astronomia que incorporam Geologia de alguma forma. Mesmo assim,
a Geologia Planetária ainda é pouco conhecida pela comunidade científica, usualmente vista apenas como mera curiosidade. Este
trabalho objetiva preencher essa lacuna ao menos parcialmente, fornecendo uma introdução acessível ao tema para cientistas e
estudantes. É apresentada uma revisão geral sobre esse campo do conhecimento: o que é, seus limites, o atual estado da arte e o
significado dessa área de pesquisa na era em que vivemos, na qual a exploração de outros objetos no Sistema Solar tornou-se realidade.
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1. What is Planetary Geology?

The creation of Planetary Geology, or Astrogeology, as an inde-
pendent branch of Astronomy/Earth Sciences can be attributed
to the American geologist Dr. Eugene Merle Shoemaker in the
early 1960’s. He, for the first time, used geological principles
in the study and mapping of planetary bodies, mostly centred
around impact craters on the Earth and the Moon (USGS 2016).
Planetary Geology evolved as a highly interdisciplinary field
from the start. The planetary geologist:

“[...] must have a good background not only in geology, but
also, depending on the specific application, in such diverse
subjects as astronomy, mineralogy, geochemistry, geophysics,
chemistry or even biology. [...] [The field] includes a substan-
tial element of exploration and discovery. Many times students
and researchers in the field will be exposed to completely new
terrains or processes that have no clear terrestrial analogs. [...]
In these situations the multidisciplinary nature of the field pro-
vides its greatest advantage, because the skilled planetary ge-
ologist must be able to apply universal sets of physical laws ef-
fectively to new or unusual situations" (Bell et al. 1999, p.509).

To some extent, instrumental innovations are fundamental
for the development of this field of science. Tools used to col-
lect data are being constantly improved, providing more recent,
precise and vast sets of data to be analysed. These recent ad-
vancements transformed the prospect of studying the geology of
planetary bodies other than Earth into a more tangible and ac-
cessible reality.

This scenario allowed scientists to access detailed geological
information, such as outcrop scale images, of many of the Solar
System’s objects for the first time, achieving high-level geolog-
ical interpretations about their past and current conditions, and
forever changing our understanding about many objects of the
Universe.

2. It’s all about the maps

Geological maps are one of the most powerful tools within
Geology. They integrate information from many scales, allow-
ing a global understanding of a region. They are the first step
towards the understanding of the geological history and evolu-
tion of planets, often being used as guidelines for future space
exploration missions. Many objects across the Solar System are
being studied using this approach, such as Mars.

Mars is a desert world characterised by huge volcanoes, pro-
found canyon systems (many bigger than the Grand Canyon) and
extensive sinuous valleys presumably sculpted by water in the
geological past (Figure 1). Despite it somehow inhospitable en-
vironment, it is the object with most chances of having hosted
life at some point in the past. Because of this, and due to its
relative proximity to Earth, it has become one of the most well
known objects outside Earth. Mars’ geological map is the on of
the most detailed in the Solar System, second only to Earth’s
(Figure 2).
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Figure 1. A) Image of Olympus Mons, the biggest volcano of the Solar System. Its peak has an elevation of 21287 m and its basis
occupies approximately 300000 km2 (Faure & Mensing 2007). Source: https://goo.gl/oWTqvz. B) Image of Valles Marineris, one
of the biggest canyon systems of the Solar System. Source: goo.gl/KkDvns. C) Image of Mars’s northern pole polar cap, obtained
by the Mars Global Surveyor. Notice the spiral structures exposing the basal rock layers. Source: goo.gl/KW6Vw6..

Figure 2. Geological map of Mars. Details about it are available at http://pubs.usgs.gov/sim/3292/. Source: Tanaka et al. 2014.

3. The power of analogs

Most of the affirmations, hypothesis and theories regarding the
origin, characteristics and evolution of planetary bodies, from
inside or outside the Solar System, are based, in greater or lesser
degree, on Earth analog models (Faure & Mensing 2007). The
reason is simple: the Earth is the only planetary system that we
can directly access. We can walk freely on its surface and study
its geological record in detail, understanding the processes that
took place in the 4.6 Ga of its existence.

When confronted by new situations, such as the study of ice
dynamics in Pluto or the dune fields on Mars, it is natural to use
well-stablished models from Earth as a first approach instead of
elaborating explanations from scratch. These models are adapted
and used as necessity demands; in other words, our planet can be
used as a “rosetta stone or analog for the comprehension of the
Geology of the Solar System” (Garry & Bleacher 2016, pg. xi),
providing general lines for the study of other planetary bodies.

Stablished models, however, are far from perfect. There are
fundamental differences between Earth and other planetary bod-
ies (Massé et al. 2016). Interpretations regarding geological pro-
cesses on other objects cannot be based solely on Earth, even
if based on Earth analogs; corrections are often necessary, with
models being developed and refined through use
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