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Tiny Volcanoes on Mars

Holy Water Miracles
and a Climate Story

AT ITS

CORE

ETHER MADE OF ICE, SEDIMENT,
AFROST, DRILL SAMPLES ARE A TIC
TO OUR PLANET'S PROLOGUE.



Tiny Volcanoes Are a Big Deal on Mars

tion today, but what we already know for

sure is that our planetary neighbor is
home to the largest volcanoes in the solar
system. Olympus Mons towers 23 kilometers
(75,000 feet) over the surrounding landscape,
and its neighbors, the Tharsis Montes (Arsia
Mons, Pavonis Mons, and Ascraeus Mons),
stand out as a line of volcanic giants. These
are the most prominent volcanic features on
the planet, but a new study suggests that
thousands of small volcanoes litter the land-
scape.

Small volcanoes are surprisingly important
for understanding the volcanic history
of a planet. On Earth, cinder cones and fissure
vents are found all over volcanic terranes
and, in many locations, may volumetrically
be as important as larger shield volcanoes
or stratovolcanoes. The contribution of
these smaller volcanic features piqued the
interest of Jacob Richardson, an assistant
research scientist at NASA’s Goddard Space
Flight Center in Greenbelt, Md., and lead
author of the new study.

“We know a lot about the big volcanoes of
the Tharsis Province, but what about all
the smaller vents?” said Richardson when
asked about what spurred the study, pub-
lished in the Journal of Geophysical Research:
Planets (bit.ly/tharsis-province-volcano).
“What is the extent of all these small volca-
noes, and what is the nature of their relation-
ship with all the big volcanoes?”

I ife might be the focus of Mars explora-

Tracking Down Volcanic Vents
Richardson and his colleagues identified
more than 1,000 small volcanic vents in the
Tharsis Volcanic Province, an area roughly the
size of Africa. Most vents were less than
100 meters tall, which isn’t much different
than the heights of such vents on Earth. Many
of these ancient vents might be analogous
to the fissures and small cones formed
during the 2020-2021 basaltic eruptions
on the Reykjanes Peninsula in Iceland.

Richardson and his colleagues used high-
resolution camera imagery as well as infra-
red and laser altimetry data from a vari-
ety of Mars orbiters to compile a database
of these small volcanic features. The ages
of the features range from 3 billion years
to less than 250 million years, some
likely only tens of millions years old,
and imply that a new volcanic vent formed
somewhere in the province every 3 million
years.

NEWS O—O0—

The Tharsis Volcanic Province on Mars includes big volcanoes like Olympus Mons (top left) and the Tharsis Montes
(Ascraeus Mons, Pavonis Mons, and Arsia Mons, center diagonal from top to bottom). New research indicates
that smaller volcanoes in the region, too, provide key clues to the evolution of the Martian crust and mantle.
Credit: NASA

Although the resolution of the data sets
allowed for identification of these features,
trying to decide what constituted a “volcanic
vent” was challenging, according to Richard-
son. Many times, erosion and faulting
destroyed potential vents over the millions to

Although the resolution
of the data sets allowed
for identification of these
features, trying to decide
what constituted a
“volcanic vent” was
challenging.

billions of years since they formed. On top of
that, Martian dust and sand have buried many
vents. Even identifying fissure vents (which
can stretch long distances with low elevation)
versus cones (which are more compact but

have higher elevation) is difficult. This chal-
lenge makes the catalog only a minimum
estimate of potential small volcanic vents
across the Tharsis Volcanic Province.

Independent Venting
The researchers’ census shows the impor-
tance of small volcanoes in the Tharsis Vol-
canic Province, where previously only the
Tharsis Montes and Olympus Mons were
appreciated. The existence of these small vol-
canoes suggests spatially broad and long-
lived magmatism in the region. When taken
as a whole, these clusters of hundreds
of vents may have contributed the same
volume of lava as the big Tharsis Montes vol-
canoes, albeit over longer periods of time.
These small vents likely aren’t directly
tied to the larger volcanoes. On Earth, large
shield volcanoes that are waning in activity,
such as Hawaii’s Mauna Kea, have small vents
littering their slopes. On Mars, however, the
abundant small volcanic vents are not on the
flanks of the Tharsis Montes and Olympus
Mons. Instead, they are to the east of the line
of volcanoes, suggesting that they might have
had their own magmatic source that fed erup-
tions over the past 500 million years.
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The new study “adds
information about the
long-term evolution of the
crust and mantle on a
planet that lacks
tectonics.”

Why this difference in volcanism? Richard-
son and others think that magma under the
Tharsis Montes might more efficiently reach
the surface by following preexisting fractures
in the crust. However, the crust to the east
doesn’t appear to be as fractured, so the
magma can’t follow these same efficient
routes. Instead of a big volcano like Arsia
Mons forming, you get smaller, distributed
volcanoes.

Better Understanding

the Martian Mantle

Mariek Schmidt, an associate professor of
Earth sciences at Brock University in Ontario
who was not involved in this study, said the
new study supports our understanding of the
Martian mantle. “The strong tectonic control
onvent distributions, rather than focusing at
large shield volcanoes, is consistent with our
understanding of Mars’s prolonged igneous
history involving thickening of the litho-
sphere and lower inputs of mantle melting
over time.”

Lionel Wilson, an emeritus professor at
Lancaster University in the United Kingdom
who was also not involved in this study, called
the new research an extremely valuable sys-
tematic catalog of volcanic activity in the
Tharsis Volcanic Province. These big data
sets allow for analyses that weren’t possible
before, he said.

“It helps us think about the contribution of
volcanic gases to the atmosphere over geo-
logic time,” said Wilson. “More generally,
it adds information about the long-term
evolution of the crust and mantle on a planet
that lacks tectonics.” That gives us an end-
member to understand our own planet. “Mars
is by far the best candidate for trying to
understand why Earth was the only one of
Venus, Mars, and Earth that developed plate
tectonics. The data in this study are a major
contribution to this question.”

By Erik Klemetti (@eruptionsblog), Science
Writer
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Narwhal Tusks Record Changes

in the Marine Arctic

A narwhal’s iconic spiral tusk can be used to trace the animal’s environment and food supply throughout its life.

Credit: ©Paul Nicklen/paulnicklen.com

s the Arctic continues to warm, cli-
A mate changes cascade into the

marine environment. Top predators
like polar bears, beluga whales, and narwhals
are affected by shifting seasonality and loss
of the Arctic sea ice that shapes where they
live and what they eat. Moreover, changes in
ocean currents alter the transport of toxins
like mercury through Arctic waters, which can
create health concerns for top consumers in
marine food webs.

Historically, it has been difficult to track
how decades of changes in the marine envi-
ronment have affected the denizens of the
Arctic deep. A recent Current Biology study has
shown, however, that the iconic spiral tusks
of male narwhals record chemical tracers of
diet and mercury exposure over the animals’
lifetimes and provide a new paleorecord of
the Arctic (bit.ly/narwhal-tusks).

“The tusk is a relatively rare sample to get
ahold of...but what’s unique about them
is that we can do a time trend analysis for
each individual,” which hasn’t been possible
before, said Jean-Pierre Desforges, a postdoc-
toral fellow in marine mammal toxicology
at McGill University in Montreal who coau-
thored the new study. “We don’t have that
many tusks, but for each tusk we have a lot of
data points.”

A Change in Diet

Narwhals spend months at a time under Arc-
tic sea ice in remote areas of the world, which
can make sample collection very challenging.
To date, most data on the impacts of climate
change on narwhals come from tissue sam-
pling, which can provide a brief snapshot of
an animal’s environment. If researchers
wanted to understand these impacts over a
narwhal’s 50-year life, they’d have to collect
tissue samples for 50 years. This limits anal-
ysis of a trends across a narwhal’s lifetime—
the samples might come from many animals,
or different collection methods might be
used. In population-level studies, trends can
be overwhelmed by variations among indi-
vidual animals.

Narwhal tusks provide an alternative. A
tusk is an enlarged canine tooth that grows
a little bit each year and is connected to the
animal’s circulatory system. Like whale ear-
plugs, baleen, hair, and teeth, narwhal tusks
can be a valuable archive of the animal’s
environment and habits. A single tusk pro-
vides decades’ worth of data for a single nar-
whal. “From the time the animal was Killed,
we can backtrack through the animal’s whole
lifetime,” Desforges said.

Desforges and his colleagues collected
10 narwhal tusks, each about 1-2.5 meters in





