
 

Mars and Earth may not have been early
neighbors
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A global view of Mars. Credit: NASA

A study published in the journal Earth and Planetary Science Letters
posits that Mars formed in what today is the Asteroid Belt, roughly one
and a half times as far from the sun as its current position, before
migrating to its present location.

The assumption has generally been that Mars formed near Earth from
the same building blocks, but that conjecture raises a big question: why
are the two planets so different in composition? Mars contains different,
lighter, silicates than Earth, more akin to those found in meteorites. In an
attempt to explain why the elements and isotopes on Mars differ widely
from those on Earth, researchers from Japan, the United States and the
United Kingdom ran simulations to gain insights into the Red Planet's
movement within the solar system.

Even though the study's simulations suggested that the most probable
explanation is that Mars formed near Earth, that model doesn't account
for the compositional differences between the two planets. Thus,
researchers paid particular attention to simulations consistent with the so-
called Grand Tack model, which suggests that Jupiter played a major
role in the formation and final orbital architecture of the inner planets.
The theory holds that a newly-established Jupiter plowed a large
concentration of mass towards the sun, which contributed to the
formation of Earth and Venus, while simultaneously pushing material
away from Mars, accounting for the planet's small mass (roughly 11
percent that of Earth) and the difference between the two planets'
compositions.

In Grand Tack simulations, the researchers gleaned additional insight
into Mars' formation. A small percentage of the simulations suggested
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that Mars formed much farther from the sun than it is now and that
Jupiter's gravitational pull pushed Mars into its current position.

University of Colorado Geological Sciences professor Stephen Mojzsis,
a co-author of the study, isn't concerned by the low probability of this
scenario taking place.

"Low probability means one of two things: that we don't have a better
physical mechanism to explain Mars' formation or in the enormous
panoply of possibilities we ended up with one that is relatively rare," he
says, noting that the latter seems to be the best conclusion.

Mojzsis also keeps such terms in perspective. "Keep in mind that rare is
relative," when it comes to space, he says, and rare outcomes do happen.
What are the chances that Earth would cross orbits with the asteroid that
hit the Yucatan and rendered the dinosaurs extinct?
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A model of our current solar system. Credit: NASA/JPL

"Given enough time, we can expect these events," Mojzsis says. "For
example, you'll eventually get double sixes if you roll the dice enough
times. The probability is 1/36 or roughly the same as we get for our
simulations of Mars' formation."

One implication of Mars forming farther away from the sun is that the
planet would have been colder than originally thought—perhaps too cold
for liquid water or to sustain life. This theory would seem to challenge
the idea that Mars was once far warmer and wetter than it is now.
Mojzsis argues that there's plenty of time in Mars' early history for it to
have been both colder and farther away and at times for for it to have
experienced warm, wet periods.

"Mars' formation in the Asteroid Belt took place very early in Mars'
history, well before the crust stabilized and the atmosphere was
established," he says. In a paper he co-authored last year, Mojzsis
concludes that late in Mars' planetary formation it was bombarded by
asteroids that formed the planet's countless craters. Such large impacts
could "melt the cryosphere and Mars' crust to densify Mars' atmosphere
and to restart the hydrologic cycle," Mojzsis says.

While many scientists are beginning to embrace the idea of planetary
migration, studies such as this raise additional questions regarding the
planets and their histories. What is Venus' composition and how does it
compare to that of Earth? Confirmation of similarities between Venus
and Earth would circumstantially support the idea that, in the Grand
Tack theory, Jupiter pushed material in-system to form Earth and Venus.
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It would also support researchers' theories about the formation of planets
in the inner solar system, including Mars. However, the lack of any
samples, even meteorites, from Venus makes it difficult to answer that
question. NASA and the Russian space agency Roscosmos have
proposed the joint Venera-D mission that would send an orbiter to
Venus around 2025, which may yield some clues to the planet's
composition.

Mojzsis also points out that one of the problems we face is trying to
understand how the giant planets formed. Jupiter, Saturn, Uranus, and
Neptune couldn't have formed where they now reside because the Outer
solar system didn't have enough mass early on to account for these giant
worlds, he says.

It could be that the giant planets formed close together and then later
moved away by the influence of their gravitational interactions. Such a
theory isn't unique to our solar system. "We understand from direct
observations via the Kepler Space Telescope and earlier studies that
giant planet migration is a normal feature of planetary systems," Mojzsis
says. "Giant planet formation induces migration, and migration is all
about gravity, and these worlds affected each other's orbits early on."

Mojzsis' recent work also focuses on how Jupiter ended up in its current
position and how its formation corresponds with the dispersal of gas and
dust from the sun's planet-forming disc. Little by little, scientists are
gaining a greater understanding of the solar system's history—and of the
nature of planetary formation in our galactic neighborhood.

  More information: R. Brasser et al. The cool and distant formation of
Mars, Earth and Planetary Science Letters (2017). DOI:
10.1016/j.epsl.2017.04.005
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https://phys.org/tags/planets/
https://phys.org/tags/planetary+formation/
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This story is republished courtesy of NASA's Astrobiology Magazine.
Explore the Earth and beyond at www.astrobio.net .
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