ISSN: 2332-2519
Journal of

Astrobiology &
Outreach

OPEN @ ACCESS Freely available online

Opinion Article

The Future of Space Exploration and Planetary Defense with Asteroids

Emma Reble’

Department of Evolutionary Astrology, University of Toronto, Toronto, Canada

DESCRIPTION

Asteroids, those enigmatic celestial bodies that populate our
solar system, have interested and confused astronomers and
space enthusiasts for centuries. These rocky remnants from the
early days of our solar system hold valuable clues about the
formation of planets and the potential for space exploration. Yet,
their close encounters with Earth and the catastrophic events
they can trigger have also made them objects of concern.

Origin and types of asteroids

Asteroids, often referred to as "minor planets" or "planetoids,"
are rocky and metallic objects that orbit the Sun. They are
remnants of the early solar system, dating back to its formation
over 4.6 billion years ago. Asteroids can vary significantly in size,
shape, and composition. There are three primary types:

C-Type asteroids: These are carbonaceous asteroids, rich in
carbon compounds and volatile materials like water. They are
the most common type, accounting for about 75% of all known
asteroids. C-type asteroids provide valuable insights into the early
solar system's composition and the potential sources of water on

Earth.

S-Type asteroids: These are silicaceous asteroids, composed
mainly of metals and silicates. They are rocky and metallic in
nature and are believed to represent the partially differentiated
building blocks of planets.

M:-Type asteroids: M-type asteroids are metallic, primarily
composed of nickel and iron. They are thought to be fragments
of larger bodies that experienced extensive differentiation in the
past.

Asteroid impacts: Guardians or threats?

Asteroids have played a significant role in shaping the history of
our planet. While most asteroids orbit harmlessly in the asteroid
belt between Mars and Jupiter, their paths can sometimes
intersect with Earth's orbit, posing both opportunities and
threats.

Impact risks: Asteroid impacts have caused mass extinctions in
the past, most notably the event that led to the extinction of the
dinosaurs around 66 million years ago. While such catastrophic
events are rare, they underscore the importance of monitoring
and tracking Near-Earth Asteroids (NEAs). Organizations like
NASA maintain a catalog of potentially hazardous asteroids and
develop strategies for planetary defense, including the use of
spacecraft to deflect or mitigate the impact risk.

Scientific opportunities: Asteroids are time capsules from the
early solar system, containing materials that have remained
relatively unchanged for billions of years. Sample return
missions, such as NASA's OSIRIS-REx and Japan's Hayabusa2,
have successfully collected samples from near-Earth asteroids,
providing scientists with invaluable insights into the origin and
evolution of our solar system.

Challenges and ethical considerations

Despite the potential of asteroid mining, it poses numerous
technical, legal, and ethical challenges. One significant challenge
is the difficulty of reaching and extracting resources from these
distant objects. Additionally, the lack of clear international
regulations governing asteroid mining raises questions about
property rights and environmental impact.

Furthermore, the potential for altering the orbits of asteroids
during mining operations has raised concerns about unintended
consequences, such as altering their trajectories in ways that
could lead to future impact risks. Striking the right balance
between exploration, exploitation, and preservation is a complex
and ongoing debate within the scientific and space community.

Future space exploration and defense

Asteroids have not only inspired the possibility of resource
extraction but have also served as platform for future space
exploration.

Human exploration: NASA's Artemis program aims to return
humans to the Moon, and asteroids are considered as potential
destinations for future missions. Learning to navigate, land on,
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and explore asteroids could provide valuable experience for
future deep-space missions to Mars and beyond.

Planetary defense: As our understanding of asteroid dynamics
improves, so does our ability to develop planetary defense
strategies. Concepts like kinetic impactors and gravity tractors
are being explored to deflect potentially hazardous asteroids and
protect Earth from impact events.
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Asteroids are captivating celestial bodies that control to
unlocking the unknown of our solar system's formation. While
they pose potential impact risks, they also offer opportunities for
scientific discovery, resource utilization, and space exploration.
As we continue to study, monitor, and explore these enigmatic
objects, our knowledge of asteroids will expand, enhancing our
ability to safeguard Earth and explore the cosmos.
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