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Introduction:

Since the discovery of atmospheric Mg*™ at Mars
in 2015 by the Mars Atmosphere and Volatile Evolu-
tion (MAVEN) mission, there have been almost con-
tinuous observations of this meteoric ion layer in a
variety of seasons, local times, and latitudes. Here we
present the most comprehensive set of observations
of the persistent metal ion layer at Mars, constructing
the first grand composite maps of a metallic ion spe-
cies. These maps demonstrate that Mg* appears in
almost all conditions when illuminated, with peak
values varying between 100 and 500 cm®, dependent
on season and local time. There exists significant
latitudinal variation within a given season, indicating
that Mg" is not simply an inert tracer, but instead
may be influenced by the meteoric input distribution
and/or atmospheric dynamics and chemistry. Geo-
graphic maps of latitude and longitude indicate that
Mg" may be influenced by atmospheric tides, and
there is no apparent correlation with remnant crustal
magnetic fields. This work also presents counter-
intuitive results, such as a reduction of Mg" ions in
the northern hemisphere during Northern Winter in
an apparent correlation with dust aerosols.

Observations and Data Analysis:

The MAVEN spacecraft has a uniquely elliptical
orbit that benefits from atmospheric drag and subse-
quent fuel burns to change the location of periapse in
latitude and local time. Over the course of more than
seven Earth years, MAVEN has been able to observe
a variety of Martian seasons, geographic latitude and
longitudes, as well as local times. During the orbital
periapse segment the spacecraft descends through the
upper atmosphere (down to 140-160 km) so that in-
situ measurements of atmospheric atoms and ions, as
well as ambient E and B-fields can be measured
throughout. This spacecraft orbital geometry pro-
vides coverage of local times, solar zenith angles and
full longitude coverage over about 4-5 orbits (each
orbit is ~5 hours). IUVS is able to create vertical
profiles during its periapse orbital segment, when the
instrument is oriented orthogonally to the motion of
the spacecraft. Using the Mid-UltraViolet (MUV)
resonant fluorescent scattering of Mgll at 285 nm,
IUVS investigates the abundance and structure of

this meteoric ion above 60 km, where scattered solar
light serves to limit the lowest altitudes from obser-
vation. In this work we present the first global results
of near continuous monitoring of Mg* at Mars with
implications for the formation of mesospheric cloud
nuclei *? and to provide the first constraints on a
seasonally varying meteor input function (MIF) 4,
As has been successfully accomplished at Earth ¢,
this global view on meteoric ions also permits a di-
rect investigation of the upper atmosphere, where the
dynamics and chemistry can be constrained with a
novel set of observations.

Results:

Prior to the Martian insertion of the MAVEN
spacecraft in 2014, ionospheric observations of a
transient M3 or M, layer of electrons near 90 km,
coincident with modeled ablation heights "%, were
presented as evidence of intermittent meteoric abla-
tion. However, after the meteor shower of comet
Siding Spring *'° and discovery of a persistent layer
of meteoric ions ** provided the first observations of
atomic and ionic metal species it was possible to
determine that the origin of these radio occultation
observations was not meteoric *2. Initial monitoring
of the Mg" layer due to sporadic meteors indicated
that it was a persistent layer with a fixed altitude and
abundance . However, such an early and simplified
view has been supplanted by the wealth of data ac-
cumulated since 2015.

The Mg* layer seems to be dynamic, with peak
ablation altitudes shifting, abundances fluctuating,
and variations in the top and bottom-sides of the Mg"
layer, all likely directly related to the underlying at-
mospheric structure and meteoric chemistry. At the
equator, a multi-year analysis shows an enhancement
of Mg" at morning local times whose layer topside
increases throughout the day. Separating these ob-
servations by season, the peak altitude Mg" appears
to respond to the background atmosphere, as the
former shifts up and down in altitude. Using zonal
medians to compare across latitude, the Mg" layer
peak altitude can dip as low as 80 km near the south
pole and as high as 105 km at equatorial/mid-
latitudes. Overall abundances also vary dramatically,
in excess of the average 250 ions cm™ reported in
to averages of 300-500 ions cm™ in some cases, but
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also the reduction of Mg" in specific seasons war-
rants further investigation. Finally, in two seasons the
geographic distribution may be linked to tidal varia-

tions in the background atmosphere. 10.
This dataset represents nearly continuous moni-

toring of the Mg" layer in a variety of geophysical
conditions, and the results found herein will provide
important constraints for the next generation of me-
teoric ion chemistry and atmospheric circulation

modeling at Mars. Model-observation comparisons 11.

should provide insights into mesospheric transport,
chemistry and interplanetary dust particle sources.

Previous discrepancies between model predictions 12.

and metal ion observations led to the development of
a novel nucleation scheme for mesospheric clouds?,
and we expect this dataset to provide the impetus to
future advances in atmospheric chemistry. Overall,
this represents the broadest investigation of meteoric
metal ions, summarizes their first-order behavior,
and outlines new model challenges for the future.

References:

1.

Hartwick, V. L., Toon, O. B. & Heavens, N. G.
High-altitude water ice cloud formation on Mars
controlled by interplanetary dust particles. Nat.
Geosci. 12, 516-521 (2019).

Plane, J. M. C. et al. Meteoric Metal Chemistry
in the Martian Atmosphere. Journal of Geo-
physical Research: Planets 123, 695-707
(2018).

Carrillo-Sanchez, J. D. et al. Cosmic dust fluxes
in the atmospheres of Earth, Mars, and Venus.
Icarus 335, 113395 (2020).

Janches, D., Bruzzone, J. S., Pokorny, P., Carril-
lo-Sanchez, J. D. & Sarantos, M. A Compara-
tive Modeling Study of the Seasonal, Temporal,
and Spatial Distribution of Meteoroids in the
Upper Atmospheres of Venus, Earth, and Mars.
Planet. Sci. J. 1, 59 (2020).

Feng, W. et al. A global atmospheric model of
meteoric iron. Journal of Geophysical Re-
search: Atmospheres 118, 9456-9474 (2013).
Langowski, M. P. et al. Global investigation of
the Mg atom and ion layers using
SCIAMACHY/Envisat observations between 70
and 150 km altitude and WACCM-Mg model
results. Atmospheric Chemistry and Physics 15,
273-295 (2015).

Patzold, M. et al. A Sporadic Third Layer in the
lonosphere of Mars. Science 310, 837-839
(2005).

Withers, P., Mendillo, M., Hinson, D. P. &
Cahoy, K. Physical characteristics and occur-
rence rates of meteoric plasma layers detected in
the Martian ionosphere by the Mars Global Sur-
veyor Radio Science Experiment. Journal of
Geophysical Research: Space Physics 113,
(2008).

Crismani, M. M. J. et al. The Impact of Comet

Siding Spring’s Meteors on the Martian Atmos-
phere and lonosphere. Journal of Geophysical
Research: Planets 123, 2613-2627 (2018).
Schneider, N. M. et al. MAVEN IUVS observa-
tions of the aftermath of the Comet Siding
Spring meteor shower on Mars. Geophysical
Research Letters 4755-4761 (2015)
d0i:10.1002/2015GL063863@10.1002/(ISSN)1
944-8007.COMETL1.

Crismani, M. M. J. et al. Detection of a persis-
tent meteoric metal layer in the Martian atmos-
phere. Nature Geoscience 10, 401-404 (2017).
Crismani, M. M. J. et al. Localized lonization
Hypothesis for Transient lonospheric Layers.
Journal of Geophysical Research: Space Phys-
ics 124, 4870-4880 (2019).



