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espite being available as an object of direct

and indirect study, our Planet Earth still
holds numerous mysteries that continue to perplex
generations of geologists, geographers, and geophys-
icists. Mars may be one of Earth’s neighbors, but we
only know it thanks to remote sensing techniques,
and we have no direct contact with the rocks present
there. For this reason, many of the objects identified
on the Red Planet are still shrouded in mystery, with
their origin and evolution being investigated by sci-
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entists from various disciplines. Unfortunately, it will
be impossible in many cases to verify their opinions
and hypotheses until a geologist actually sets foot on
the surface of Mars. It is likely then that we will solve
the mystery of the origin of Martian spherules - or
“Martian blueberries” as they are also known. How
did they come about?

Spherules of hematite

We now know that Martian spherules are spherical
structures formed of hematite, a mineral with the
chemical formula a-Fe,0s. They were identified on
the surface of Mars in the Meridiani Planum region
by the Opportunity Rover, which operated from
25 January 2004 to 10 June 2018 despite the initial
modest expectations of 90 days of operation. The
spherules are hard, more-or-less perfect spheres of
an unknown internal structure that measure <6.2 mm
in diameter (two size populations are known: larger
spherules with an average size of 4.2 £ 0.8 mm, and
smaller ones, measuring 0.8 + 0.1 mm in diameter). In
false-color images first published by NASA, the he-
matite spherules appear blue against the background,
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and so they were dubbed “Martian blueberries” and
the name has since stuck. The hematite that forms
these spheres and gives them their distinctive color is
iron(III) oxide, a common mineral found on Earth.
Its name is derived from the Greek word haema (hai-
may), which means “blood” (haimatites — bloody), due
to the distinctive cherry-red color this mineral has in
powdered form. It is also a very common iron ore,
with high but not the highest iron content (70% Fe).

Martian blueberries discovered

Martian spherules were first recorded and photo-
graphed in 2004. But to understand the history of their
discovery, we must go back to 1996, when NASA sent
Mars Global Surveyor (MGS) on a mission to Mars.
The probe was fitted with a thermal emission spec-
trometer, which enabled the mapping of the mineral
composition of the planet’s surface. In the following
years, maps of the distribution of potential minerals
on the Martian surface were obtained, and the pres-
ence of crystalline hematite was identified in an area
of over 175,000 km” in a region called Sinus Meridiani.
This observation, if it were confirmed, could indicate
the presence of water in Mars’ geological history. For
this reason, the region became an obvious target for
detailed analyses by subsequent Martian missions. On
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24 January 2004, the Opportunity Rover, a robotic
geologist, landed in Eagle Crater at Meridiani Planum
(the western part of Sinus Meridiani). A few days lat-
er, it sent back the first images of Martian spherules.
These were then examined using various on-board
tools, which confirmed that the spherules were indeed
composed of hematite. Since then, intensive research
has been underway to find terrestrial counterparts of
these structures and, consequently, to try to answer the
question of their origin and evolution. So far, howev-
er, the geological processes leading to the formation
of these structures are not fully known.

The origin of spherules on Mars

The first images of Martian blueberries were obtained
over 15 years ago. Since then, scientists have proposed
many hypotheses to explain their origin, mechanism
of formation, and distribution on the surface of the
Red Planet. Their formation is relatively often linked
to water activity, which means that their mass occur-
rence could provide indirect evidence in favor of the
presence of water in the geological history of Mars. Al-
though most scientists tend to agree with this hypoth-
esis, comparing spherules to the concretions known
from Earth (masses of mineral matter formed through
the gradual precipitation of minerals around some

Examples of Martian blueberries observed by the
Opportunity rover:

(a) A Bow! Full of Blueberries,
Source: NASA/JPL-Caltech/Cornell University,
https://www.nasa.gov/sites/default/files/5664h.jpg

(b) A close-up image of Martian spherules near Fram
Crater captured by the Opportunity Rover during the
84th Martian day (19 April 2004).

Source: NASA/JPL-Caltech/Cornell University,
https://mars.nasa.gov/resources/6944/martian-
blueberries/

(c) The largest close-up image of Martian spherules
captured by the Opportunity Rover near a part of the
rock outcrop at Meridiani Planum called Stone
Mountain.

Source: NASA/JPL-Caltech/Cornell University, NASA/
JPL-Caltech/Cornell, https://mars.nasa.gov/mer/
gallery/press/opportunity/20040212a/07-ml-3-soil-
mosaic-B0T19R1_br.jpg
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kind of a nucleus), the details in which these two types
of objects differ are significant. The most commonly
postulated water-related mechanisms include: (1) slow
deposition in standing bodies of water, (2) crystalliza-
tion from water during episodic flooding, (3) growth
in stagnant groundwater, (4) growth in water flowing
through sediments, etc. However, they mostly point to
a similar environment, namely shallow, small bodies
of water, only temporarily filled with water.

Another group of hypotheses points to links be-
tween Martian spherules and volcanic activity. In
this group, we can also distinguish several detailed
mechanisms, including direct precipitation and crys-
tallization in hydrothermal environments (or crys-
tallization from highly mineralized water solutions
associated with magmatic processes) and, at a later
stage, as a result of the reaction of volcanic ash and
pyroclastic material with sulfur-rich water, and the
effects of volcanic sediments and acidic hydrother-
mal fluids on rocks formed earlier. More exotic hy-
potheses connect the formation of Martian blueber-
ries with the impact of an object such as a meteorite
hitting the surface of the plant. Some scientists also
point to potential links between these structures and
life on Mars, treating them as a certain type of fossils
associated with bacterial activity. As yet, however, it
has been impossible to fully confirm or refute any of
these hypotheses.

Since the mystery behind the formation of the Mar-
tian blueberries could not be definitively explained,
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various terrestrial analogs have been studied in detail
to help explain the origin and evolution of these struc-
tures. Such analogs typically include spherules that
are similar in form to the Martian ones and found in
sandstones and other sedimentary rocks (chiefly in
the United States, Australia, and China), which indi-
cates their links to water activity during deposition.
In addition, formations found in volcanic rocks on
Mauna Kea in Hawaii are relatively often identified
as terrestrial equivalents of these structures, which
suggests their links to volcanic and hydrothermal en-
vironments.

The Future

Although scientists have been trying to resolve this
mystery for more than 15 years using countless terres-
trial analogs and research hypotheses, we still know
very little about Martian blueberries. Most of the views
that have been expressed are merely speculations or
conjectures. It appears that only future manned mis-
sions to Mars and real contact with these structures
will allow us to definitively confirm or refute specific
hypotheses. We should remember, though, that even
on Earth, which we can study directly, there are many
structures that we do not fully understand. Martian
spherules are just one of many examples of intriguing
structures that have been observed on other celestial
objects and continue to hold mysteries for scientists
studying their origin and evolution. m
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An artist's concept of the
Opportunity Rover,

which was active

on the surface of Mars

from 25 January 2004

to 10 June 2018

Source: NASA/JPL-Caltech/
Cornell, https://photojournal.
jpl.nasa.gov/catalog/
PIA04413
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