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Mars, the furthest terrestrial planet in our solar system, has long intrigued astrobiologists due to its potential for hosting life
and its significance for colonization efforts. So far, no evidence of past or present life exists on Mars. Still, the accumulated
detected results indicate some biosignatures on Mars, such as organic matter and microstructures. We select essays and websites
worth mentioning by analyzing their quality, evaluation, and influence, and mention their opinions in the articles to provide more
credibility for the article. This paper presents the fundamental information about Mars, including its water history, atmospheric
composition, magnetic field, and climate. We then conducted an in-depth analysis of Mars’ habitability by synthesizing findings
from various detection techniques such as radar, spectroscopy, and imaging. Furthermore, we introduce the history of Mars
exploration, highlighting critical missions and discoveries. We also address the challenges and potential solutions for human Mars
colonization, alongside discussing the technology’s limitations of current technology and prospects for future research. This article
provides a comprehensive overview of the progress and findings in Mars research, serving as a valuable contribution to planetary
science and paving the way for future investigations on the red planet.

Introduction

Mars is still our horizon for human exploration because it is one
of the only other places we know of in the solar system where
life may have existed1. Mars is the fourth planet from the Sun
and the farthest terrestrial planet in the solar system. Figure 1
shows a global color coverage of Mars at a scale of 1km/pixel
deriving from Viking Orbiter red- and violet-filter images. Its
mass is only 11% of Earth’s mass, its volume is 15% of Earth’s,
its density is less than Earth’s, and its diameter is around half of
Earth’s, giving it a gravity of 38% of Earth’s2. Because of the
similarity of the planet to early Earth, scientists have repeatedly
asked the same, simple question over centuries: “Is it possible
for Mars to form life?” Almost all modern theories hold that
the presence of organic matter, a liquid medium, and an energy
source were three necessary premises for life to first appear
on early Earth3. However, until now, the question remains
unresolved due to lack of direct evidence. There is no concrete
evidence of extant or historical life on Mars.

This paper will organize the basic data and information about
Mars, integrate various pieces of evidence from various view-
points within the academic field, present them clearly to the
reader, and summarize them to a certain extent. Next, we will
compare these conditions with those of early Earth in the aspect
of the formation and development of early life forms and find
out its impact. Then, we will briefly summarize the varieties of
technology developed for exploring and studying Mars in order
to review the footprints of human exploration of Mars. After-

ward, we will analyze how the local environmental conditions
can be an obstacle to human colonization and ways to overcome
them. Finally, some experiments and plans will be presented,
for instance, NASA’s numerous missions to study Mars deeper,
as well as a hypothesis for colonizing Mars.

By this summarization, we hope to provide contributions to
the field of planetary science, pave the way for future related re-
search, and enable further exploration and deeper understanding
of Mars. Besides, we want to raise the attention of the general
public to this topic for future astronomical research, keep the
public informed of current research progress, and give them a
general idea of future developments.

Exploring Mars’s Environment

Mars’s Water History

The possibility of past or present life existence is significantly
influenced by the presence of potential water and its historical
evolution. It is believed that water existed on Mars’ surface
throughout the Noachian (4.1–3.7 billion years ago) and Hespe-
rian (3.7–3.2–2 billion years ago) periods, indicating that Mars
was warmer and wetter in the past5,6. Furthermore, the surface
of Mars is crisscrossed with riverbeds, canyons, channels, and
other features that many scholars believe are proof that liquid
water once existed. For example, figure 2 shows different types
of channels. Today, the temperature and pressure on Mars are
too low for liquid water to exist. Most of the water ice on Mars
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Fig. 1 Global Color Views of Mars4.

is located in the polar regions, which are covered with ice caps
that stretch for millions of square kilometers and are thousands
of meters thick. Mars observation data also further confirmed
that the polar areas are covered with a lot of water ice7.

Fig. 2 3 types of channels on Mars. (A) fretted channel. (B) runoff
channel. (C) outflow channel8.

Assessing the current content and state of liquid water on
Mars has become one of the driving forces for its exploration.
Many scholars have different opinions about whether liquid wa-
ter exists at the bottom of Mars’ south polar ice cap. Researchers
used radar data from the Mars Express mission of ESA and ge-
ological and mineralogical evidence to analyze this region9,10.
The results suggest that there could be a lake of liquid water

under the ice cap, but this area’s average annual surface tem-
perature is too low even for supercooled perchlorates to remain
liquid, so the area also may not be liquid water. These results
indicate that the South Pole may have a complex hydrological
system, which has aroused wide discussion and concern among
scientists.

Constituents of the Atmosphere

Mars has a unique atmosphere because it lost its magnetosphere
perhaps as a result of an asteroid hit 4 billion years ago11. Conse-
quently, the solar wind emanating from the Sun directly interacts
with the Martian ionosphere and removes atoms from its atmo-
sphere’s outer layer12. As shown in Figure 3, the atmospheres
of Mars and Earth are quite different in composition: Mars is
primarily carbon dioxide-based, while Earth is rich in nitrogen
and oxygen13. Approximately 96 percent of Mars’ atmosphere
is made up of carbon dioxide, 1.93% argon, and 1.89% nitrogen,
with fewer quantities of oxygen and water, as well as a signifi-
cant quantity of dust made up of rock fragments, minerals, and
other small particles14.

Even so, there are still substances that are beneficial for bio-
logical forms of life. There is persistent methane in the Mars
air. Since methane in Mars’ present atmosphere is unstable
chemically because of the UV radiation from the sun and other
chemicals, scientists conclude that methane is persistent in the
atmosphere15. Formaldehyde is also found in Mars’s atmo-
sphere. These are potential evidence of life forms on this planet
because these nutrients can be used by life forms.

Effect of Mars’s Core and Magnetic Field

Mars’s core is made up of dense material with a radius of 1,700
kilometers, a layer of molten rock that is wider than the man-
tle layer of Earth, and a thin shell primarily composed of rock
and regolith as its outermost covering. Mars doesn’t possess
dynamic plate motion, resembling Mercury and the moon of
Earth. Near 4.5 billion years prior, alterations to Mars’ internal
structure caused its core to stop moving for inclusive reasons, ul-
timately leading to the disappearance of Mars’ magnetic field16.
Without a magnetic field, Mars is unable to defend itself from
potentially dangerous cosmic radiation, solar radiation, and
UV radiation, which makes Mars a harsh place for creatures
to survive. These changes significantly degraded the surface’s
habitability.

Martian Seasons and Climate

Because of the similar tilts of their rotating axes, Mars’s seasons
are the most equivalent to Earth’s among any of the planets
in the Solar System17. Since Mars is further from the Sun,
its seasons are nearly twice as long as Earth’s, and as a result,
the Martian year is roughly twice as lengthy as Earth’s. The
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