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Dedicate(_i to Solar System explorationy
PSI scientists are invelved in NASA and international missions,
fieldwork around the world, education, and public outreach.

I

PLANETARY SCIENCE INSTITUTE

The Planetary Science Institute is a private, nonprofit 501(c)(3) corporation dedicated to Solar System exploration.

It is headquartered in Tucson, Arizona, where it was founded in 1972.

PSI scientists are involved in NASA and international missions, the study of Mars and other planets,
the Moon, asteroids, comets, interplanetary dust, impact physics, the origin of the Solar System,
extra-solar planet formation, dynamic evolution of planetary systems, the rise of life, and other areas of research.
They conduct fieldwork on all continents around the world. They are also actively involved in science education

and public outreach through school programs, children’s books, popular science books and art.

PSI scientists and educators are based in 35 states and the District of Columbia,

and work from various international locations.
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ON THE COVER:
“Landscape with an Erupting Volcano on Jupiter's Satellite, lo.”

Painting Collaboration by PSI Cofounder and Senior Scientist Emeritus
William K. Hartmann and Astronomical Artist Ron Miller

The Sun is just passing behind Jupiter. Jupiter's very thin ring is visible when
seen nearly edge-on. Umbrella-shaped clouds of debris formed by eruptions
from active volcanoes have been photographed from space probes near lo.
This painting collaboration between Hartmann and Miller was

created for one of their joint books about the Solar System.
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This year started off with a bang when we reported the
detection by Jeff Morgenthaler of a large volcanic explosion

on Jupiter's moon lo, using PSI's IolO telescope facility.

The Solar System is always revealing inspiring processes to be
understood, but this year we have been also focusing on an

ongoing revolution in planetary science as a profession. Decades

of increasingly granular discoveries made on other worlds and the
explosion of thousands of planets discovered around other stars are
breaking down the traditional NASA stovepipes of planetary

science, earth science, heliophysics and astrophysics.

Earth is a planet, of course, and since 2022, we have been bringing
on "traditional" earth scientists including physical oceanographers and
geologists. These areas are of real value as we work to understand other
"ocean worlds" in the Solar System and increasingly detailed geological
processes beyond Earth. Many planets being discovered around other
stars orbit very close to their stellar companion, making the heliophysics
of these other stars important to understanding the planetary
environment both nearby and at greater distances (how do flares
potentially affect astrobiology?). It is good to have heliophysicists on
board to inform our understanding of what might be going on in these
other solar systems. Finally, given thousands of new solar systems with
different architectures and types of planets, traditional topics of star
formation are directly relevant to understanding the circumstances
under which different solar systems might arise and to understand
their potential differences in chemistry and makeup. So now we are
welcoming astrophysicists as well! Can NASA keep up, though?

Exciting events of this year included a sample of the asteroid Bennu,
captured by the OSIRIS-REx spacecraft and returned to Earth! PSI
scientists participated in the characterization of Bennu and even the
navigation of the spacecraft. Everyone is looking forward to analyzing
the returned material from this “primitive” asteroid — except we
already know that it will be at some level a mixture of both primitive
and non-primitive material with a complex collisional history and
inter-taxonomic contamination (OK, this is just me speaking!).

This year also marked the launch of NASA’s Psyche mission to - you
guessed it — the asteroid Psyche. This is the putative metallic core of
a differentiated asteroid (think Vesta) that subsequently had its rocky
mantle removed through collisional processes. PSI scientists will
be interpreting nuclear spectroscopy of the surface to tease out
geochemistry from elemental signatures and provide insights into
the nature and history of this object. It will be interesting to see what

craters look like if the surface has a significant metallic composition!

 RICH IN NEW AND EXCITING SCIENCE

Jianging Feng, Matt Siegler and Mackenzie White discovered
evidence of a volcanic process on the Moon that had only been seen
on Earth - an actual volcano.

Norbert Schorghofer determined that the permanently shadowed
regions in the south polar region of the Moon are much younger
than previously thought, dramatically changing how much water ice
could be there.

Alexis Rodriguez, Bryan Travis, Dan Berman and Jeft Kargel found
remnances of a mud lake charged by mud-volcanoes at a time when
the surface of Mars was likely habitable, targetting this area as a
good place to search for evidence of ancient life.

Alexis Rodriguez, Deborah Domingue, Bryan Travis, Jeft Kargel,
Oleg Abramov, John Weirich, Nick Castle and Frank Chuang
uncovered evidence of potential salt glaciers on Mercury, raising
questions about a volatile environment that was potentially
habitable on the innermost planet.

Amanda Hendrix, using Hubble and Cassini data, determined that
fresh organics emplaced on the surface of Enceladus by active
plumes would be preserved in pristine condition very near the
surface, easily accessible by a landing spacecraft.

Amanda Sickafoose, using occultation data, determined that

the rings of the Centaur Chiron are actually a quickly evolving
orbiting debris field, possibly due to erupting jets or a shell of

surrounding debris.

SCIENCE IS ADVANCED EVERY DAY AT PSI.

— Mark V. Sykes
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PSI Scientists Honored With Prestigious Awardsin 2023

Rebecca M.E. Williams Named Geological
Society of America Fellow

Senior Scientist Rebecca M.E. Williams was elected to be a Fellow
of the Geological Society of America by the GSA Council for her work
as a planetary geomorphologist who studies the signature of aqueous
processes and environments as recorded in sedimentary deposits
and landforms.

The citation said Williams received the award “..because of her
keen ability to find interesting questions, her capacity for critical thinking,
her knack for conducting field campaigns at sites on Earth that are
directly applicable to Mars, and to develop coherent, robust hypotheses
that stand the test of time. Becky’s field studies integrate sedimentological,
topographic, and climatic datasets to investigate sediment transport,
deposition, and landscape evolution. Becky has a record of publications
and sustained participation in GSA meetings, including a GSA field
guide for exhumed fluvial landforms in east-central Utah which is
widely used in college/university field trips.

Catherine Johnson Garners Two Honors

Senior Scientist Catherine L. Johnson received two honors: she was
elected to the National Academy of Sciences and elected to the Royal
Society of Canada.

Johnson is a global leader in studies of terrestrial and planetary
magnetism. Her work addresses fundamental questions related to
how terrestrial planets and moons form and how their interiors
function. Through key roles on science teams for NASA missions, she
has pioneered studies of interactions among planetary magnetic fields,
deep interior processes and the solar wind. Johnson is a Fellow of the
American Geophysical Union and a member of the American Academy
of Arts and Sciences.

Candice Hansen Honored with GSA
G.K. Gilbert Award

Senior Scientist Candice J. Hansen was named the 2023 G.K.
Gilbert Award winner by the Geological Society of America’s Planetary
Geology Division.

The Gilbert award recognizes outstanding contributions to the
solution of a fundamental problem(s) of planetary geology in its
broadest sense, including planetary geology, geochemistry, mineralogy,
petrology, and tectonics, geophysics, and the field of meteoritics. Such
contributions may consist either of a single outstanding publication, or
a series of publications that have had great influence on the field.

Hansen’s research focuses on seasonal processes on Mars, plumes
across the Solar System, and science and art from Juno’s JunoCam
visible imager.
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GEOLOGICAL SOCIETY OF AMERICA FELLOW

Geological Society of America President Christopher (Chuck) Bailey
presents Rebecca M.E. Williams with her Fellow of the Geological Society
certificate. Credit: GSA/Jennifer Stalcup

Candice Hansen

Catherine Johnson

GSASs citation said Hansen was honored for “being an excellent
mentor, scientist, and human. Community consensus has lauded Candy
as a straight-talker who puts exceptional effort into encouragement
and development of the next generation of scientists and is a terrific
leader in public outreach. For all of her scientific achievements,
leadership in exploration, advocacy, friendship and mentorship,
Candy has been selected as this year’s G.K. Gilbert awardee”

Earlier Gilbert award recipients from PSI are M. Darby Dyar,

Carle Pieters, and William K. Hartmann.



NASA SILVER GROUP ACHIEVEMENT AWARD TEAM

PSI’s Planetary Data System Asteroid/Dust Subnode team, from left,
Conor Kingston, Carol Neese, Mike Drum, Beatrice Mueller, Jesse Stone,
Kristina Lopez and Eric Palmer. Not pictured: Kelly Yoder

NASA Silver Group Achievement Award

PSI’s Planetary Data System Asteroid/Dust Subnode team members
were honored with the NASA Silver Group Achievement Award.

The team is made up of Mike Drum, Conor Kingston, Kristina Lopez,
Beatrice Mueller, Carol Neese, Eric Palmer, Jesse Stone and Kelly Yoder.

“The development of the PDS4 archiving standard has been a vast
project. While difficult, this archiving standard ensures that we can
operate for many decades to come with a design that can be used by
Artificial Intelligence, automated processing and cloud-base systems,"
said PSI Senior Scientist Eric Palmer, who is the Principal Investigator
for the PDS Asteroid/Dust Subnode. “We are honored to receive this
award and we look forward to continuing to provide this valuable
resource to this community."

NASAS citation said: "This achievement was awarded to the PDS
for the creation and ongoing development of the PDS4 data model
and standard. The PDS4 model has become the standard for all
internationally sponsored planetary archives. This decades-long effort
ensures that planetary scientists and many others will efficiently find,
access, and use the high quality planetary observations that will reside
in the PDS and the world’s planetary archives for generations to come."

Fritz Foss Receives Innovation Award
in Geophysics

Senior Research Associate Fritz Foss won first prize for the
Innovation Award in Geophysics at the Seventh International
Conference on Engineering Geophysics at the United Arab Emirates
University in Al Ain City, Abu Dhabi.

As part of the award competition, Foss gave a presentation to the
Conference’s Technical Committee that included a comprehensive
question and answer session. He also spoke with the Committee about
ongoing 3D projects, working with both MRO SHARAD and MEX
MARSIS data. The award, which includes a $10,000 prize, recognizes
significant contributions to applied near-surface geophysics, focusing
on innovative contributions that substantially advance the application
of geophysics to near-surface problems.

Ashley Murphy

Murphy, Yingst Receive NASA Team Awards

Ashley Murphy and R. Aileen Yingst received the Mars 2020 Science
SHERLOC Operations Team award. The award is for “exceptional

R. Aileen Yingst

efforts on the SHERLOC investigation displaying operations and
science expertise that advance Mars exploration and support future
sample return.

The SHERLOC (Scanning Habitable Environments with Raman &
Luminescence for Organics and Chemicals) instrument is located at
the end of the robotic arm on NASA's Mars 2020 rover. SHERLOC is
a spectrometer that provides provide fine-scale imaging and uses an
ultraviolet laser to determine fine-scale mineralogy and detect organic
compounds on Mars.

INNOVATION AWARD IN GEOPHYSICS

From left: Zaki Anwar Nusseibeh, Chancellor of the UAE University, Fritz
Foss, Ahmed AlKowaiti, CEO of Lands and Real Estate Sector, Municipality
of Al Ain City, and Ghaleb AlBreiki, Acting Vice Chancellor of UAE University.

Foss’s research has focused on radar data analysis and processing,
in particular applying/adapting terrestrial seismic methods for use
with Mars’ orbital sounding radar data to produce 3D orbital radar
images of Mars’ polar and mid-latitudes regions. The instruments
providing the data are the Mars Reconnaissance Orbiter (MRO)
Shallow Radar (SHARAD) and Mars Express (MEX) Mars Advanced
Radar for Subsurface and Ionosphere Sounding (MARSIS).



PSI Scientists Honored With Prestigious Awardsin 2023

Jamie Molaro Honored with NASA Planetary
Science Early Career Award

Senior Scientist Jamie Molaro received the NASA Planetary Science
Early Career Award. The Early Career Award (ECA) program is intended
to help promising young scientists play an increased and meaningful
role in the planetary science community and pursue professional
development in areas relevant to the Planetary Science Division (PSD).

Molaro was cited for her study of the efficacy of thermally driven
regolith creep on lunar, Martian, and asteroid surfaces. Molaro’s
research focuses on geomorphology, rock weathering, ice sintering,
and landscape evolution on airless bodies. She has extensive experience
in thermal and mechanical numerical modeling and is an expert on the
properties of rocks, ice, and regolith. She is best known as the field’s
foremost expert on thermal fatigue, a mechanical weathering process
that drives rock breakdown and regolith production.

Fred Whipple Award 2023 Given to
Thomas Prettyman

Senior Scientist Thomas Prettyman has been named the 2023
recipient of the Fred Whipple Award, the highest honor given by the
Planetary Sciences section of the American Geophysical Union (AGU).

The Fred Whipple Award and Lecture are presented annually and
recognize significant contributions to the field of planetary science
from a mid-career or senior scientist. Established in 1989, this award,
and accompanying lecture, are named in honor of Fred Whipple,
an AGU Fellow and astronomer whose most notable work focused
on comets. AGU’s citation said Prettyman was honored for major
contributions to our understanding of planetary surface composition
using the tools of neutron and gamma-ray spectroscopy on spacecraft.

Prettyman’s research focuses on chemical remote sensing of
planetary bodies using nuclear spectroscopy. Gamma rays are made
by the decay of natural radioelements found in rocks. Neutrons and
gamma rays are made by cosmic ray interactions with the outermost
surface layers. Particles escaping into space provide a fingerprint
of surface elemental composition that can be detected from orbit.
Elemental mapping data are used to study geologic and atmospheric
processes. Prettyman has had the good fortune to work on several
planetary missions, including Lunar Prospector, 2001 Mars Odyssey,
and Dawn.

Kathryn Volk’s Dynamics Research Earns
Vera Rubin Early Career Prize

Senior Scientist Kathryn “Kat” Volk was awarded the American
Astronomical Society Division of Dynamical Astronomy’s Vera Rubin
Early Career Prize for her work on both the dynamics of small bodies
beyond Neptune, and the long-term dynamics and stability of tightly
packed exoplanetary systems.

Volk gave a presentation and received the award at the 54th annual

Thomas Prettyman
Credit: Sandra C. Lapham

Kathryn "Kat" Volk
Credit: Emily Joseph

Division of Dynamical Astronomy meeting in Lansing, Michigan. The
Vera Rubin Early Career Prize is named after Vera Rubin and recognizes
excellence in Dynamical Astronomy. Recipients must have received
their doctorate no more than 10 years prior.

The award citation said: “Her numerous contributions span both
Solar System and exoplanetary science, powerfully bringing together
theory, numerics and observation. Orbital migration of the giant
planets early in the Solar System’ history can explain various small-
body populations in the outer Solar System. In particular, groups of
trans-Neptunian objects (TNOs) captured into different mean motion
resonances with Neptune are natural consequences of the latter
migrating outward, and close encounters with Neptune are thought
to be responsible for the dynamically excited scattered disk."

Faith Vilas Receives Alumnae Achievement
Award from Wellesley

Senior Scientist Faith Vilas, Class of 1973, received the Alumnae
Achievement Award from Wellesley College.

The award citation said: “Vilas spent 20 years at NASA, where she
worked on quantifying orbital debris from spacecraft as well as her
planetary science research. While at the Johnson Space Center, she also
traveled on an expedition to Antarctica to search for meteorites. She
went on to direct the MMT Observatory in Arizona, a joint venture of
the Smithsonian Institution and the University of Arizona, and she is
now a Senior Scientist at the Planetary Science Institute and editor of
the Planetary Science Journal.

“Vilas’ pioneering work has been foundational to our understanding
of Mercury, asteroids, and moons. Her observations from the ground
helped prove the existence of Neptune’s rings in 1984. She developed a
technique to more easily locate the presence of water on airless bodies.
Studying the presence of water has helped explain the history of the
Solar System and the potential for development of life. Her instrument
design and observational techniques have also helped us explore the
full diversity of the Solar System.”
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NEW DISCOVERIES IN 2023.

UNVEILING MERCURY’S GEOLOGICAL
MYSTERIES

PSI scientists have uncovered evidence of potential salt glaciers on
Mercury, opening a new frontier in astrobiology by revealing a volatile
environment that might echo the conditions needed to habitability
found in Earth’s extreme locales.

“Our finding complements other recent research showing that
Pluto has nitrogen glaciers, implying that the glaciation phenomenon
extends from the hottest to the coldest confines within our Solar
System. These locations are of pivotal importance because they identify
volatile-rich exposures throughout the vastness of multiple planetary
landscapes,” said Alexis Rodriguez, lead author of the paper “Mercury’s
Hidden Past: Revealing a Volatile-Dominated Layer through Glacier-
like Features and Chaotic Terrains” that appears in the Planetary
Science Journal.

PSI scientists Deborah Domingue, Bryan Travis, Jeffrey S. Kargel,
Oleg Abramov, John Weirich, Nicholas Castle and Frank Chuang are
co-authors of the paper.

“These Mercurian glaciers, distinct from Earth’s, originate from
deeply buried Volatile Rich Layers (VRLs) exposed by asteroid impacts.
Our models strongly affirm that salt flow likely produced these glaciers
and that after their emplacement they retained volatiles for over 1 bil-
lion years,” said co-author Travis.

"Specific salt compounds on Earth create habitable niches even
in some of the harshest environments where they occur, such as the
arid Atacama Desert in Chile. This line of thinking leads us to ponder
the possibility of subsurface areas on Mercury that might be more
hospitable than its harsh surface. These areas could potentially act as
depth-dependent ‘Goldilocks zones, analogous to the region around a

star where the existence of liquid water on a planet might enable life as
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MERCURY'S NORTH POLE, SITE OF POTENTIAL SALT GLACIERS
A view of Mercury’s north polar chaotic terrain (Borealis Chaos)
and the Raditladi and Eminescu craters where evidence of possible
glaciers has been identified. Credit: NASA

we know it, but in this case, the focus is on the right depth below the
planet’s surface rather than the right distance from a star;” Rodriguez
said. “This groundbreaking discovery of Mercurian glaciers extends
our comprehension of the environmental parameters that could sustain
life, adding a vital dimension to our exploration of astrobiology also
relevant to the potential habitability of Mercury-like exoplanets”

This work was partly supported by an unsolicited grant from to PSI
by NASA (80NSSC20K1839).

_ SEARCHANG FOR CONCENTRATED BIOSIGNATURES IN AN ANCIENT MARTIAN MUD LAKE

A landmark discovery by a collaborative team led by the Planetary
Science Institute’s Alexis Rodriguez has unveiled evidence of sedimentary
plains created by aquifer drainage within Martian collapse formations
termed chaotic terrains.

“Our research focuses on a sedimentary unit within Hydraotes
Chaos, which we interpret to be the remnants of a mud lake formed
by discharges from gas-charged mudstone stratigraphy dating back to
nearly 4 billion years ago, a time when the surface of Mars was likely
habitable. These sediments might harbor evidence of life from that or
subsequent periods. It is important to remember that the subsurface
of Mars might have included habitability lasting the duration of life’s
history on Earth,” said Rodriguez, lead author of the paper “Exploring

the evidence of middle Amazonian aquifer sedimentary outburst residues

in a Martian chaotic terrain” that appears in Nature Scientific Reports.

PSI scientists Bryan Travis, Jeffrey S. Kargel and Daniel C. Berman
are co-authors on the paper. Scientists from NASA Ames Research
Center, the University of Arizona, Autonomous University of Barcelona,
Blue Marble Space Institute of Science, and the University of Florida
are also co-authors on the project.

The extensive study of Martian aquifer drainage has revealed
enormous flood channels that stretch thousands of kilometers into the
planet’s northern lowlands. The prodigious erosion caused by these
channels, combined with the subsurface sediments released from

(Continued on page 8)
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(Continued from page 7)

the aquifers, blankets extensive portions of the northern lowlands.
This complex landscape presents a formidable challenge for the
investigation of the nature of the Martian aquifers.

“Unlike vast flood channels with their complex erosion patterns,
this finding simplifies the examination of Martian aquifers, reducing
the risk of overland sedimentary acquisition, and opens a new window
into Mars’ geological past,” Rodriguez said.

”Our numerical models reveal a fascinating story. The lake’s source
aquifer likely originated from phase segregation within the mudstone,
forming vast water-filled chambers, several kilometers wide and
hundreds of meters deep. This process was likely triggered by intrusive
igneous activity. Moreover, the observed segmented subsidence
across the chaotic terrain suggests an interconnected network of
chambers, depicting stable water-filled giant caverns, some reaching
kilometers in widths and lengths, way larger than any known Earth
counterparts,” co-author Travis said.

“Initially biomolecules could have been dispersed throughout the
volume of large groundwater filled cavities. As the water was released
to the surface and ponded, the water went away leaving behind lags
of sediments and potentially high concentrations of biomolecules,”
Rodriguez said.

Therefore, the residue of this ancient mud lake could provide
unprecedented access to aquifer materials enriched in biomolecules
that have remained hidden within Mars’ subsurface for most of its
existence.

“Our crater counts indicate that the plains are relatively recent,
returning an age of 1 billion years. This age is good news for our search
for life. This age is way younger than the ages of most aquifer releases
on Mars, dating back to approximately 3.4 billion years ago. So, the
materials spent a huge amount of time in the subsurface,” co-author
Berman said.

Funding for the project was from a grant to PSI from Mars Data
Analysis Program (80NSSC19K1490) and a 2020 NASA Ames Research
Innovation Award.
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MUD VOLCANOES ON MARS

Figure(a) Map of Hydraotes Chaos showing how the interpreted mud
volcanoes (orange dots)and diapirs (white dots) are widespread. Both
feature types result from sedimentary volcanism — instead of magma
upwells and eruptions, wet sediments, and salts reach and breach the
surface, forming mounds and flows. Figure (b) shows a possible mud
volcano. Notice that its surrounding lobate deposits are highly eroded
and removed (red arrows), consistent with the flows that emplaced them
as fine-grained, volatile-rich materials. Credit: NASA

A large volcanic outburst was discovered on Jupiter’s moon Io

by Senior Scientist Jeff Morgenthaler using PSI’s Io Input/Output
observatory (IolO).

Morgenthaler has been using IoI0, located near Benson, Arizona,
to monitor volcanic activity on lo, since 2017. The observations show
some sort of outburst nearly every year, but the largest yet was seen in
the fall of 2022.

Io is the innermost of Jupiter’s four large moons and is the most

volcanic body in the Solar System thanks to the tidal stresses it feels
from Jupiter and two of its other large satellites, Europa and Ganymede.

“This could be telling us something about the composition of the
volcanic activity that produced the outburst or it could be telling us
that the torus is more efficient at ridding itself of material when more
material is thrown into it;” Morgenthaler said.

The observations have profound implications for NASA’s Juno
mission, which has been orbiting Jupiter since 2016. Juno flew past



Europa during the outburst and is gradually approaching Io for a close
flyby in December 2023. Several of Junos instruments are sensitive to
changes in the plasma environment around Jupiter and Io that can be
traced directly to the type of volcanic activity observed by IoIO. “Juno
measurements may be able to tell us if this volcanic outburst had a
different composition than previous ones,” Morgenthaler said.

In addition to observing the Jovian sodium nebula, IoIO also
observes Mercury’s sodium tail, bright comets and transiting
extra-solar planets.

Visit https://www.psi.edu/sites/default/files/ftp/Na_SII_best_0.mp4
to see a short video of IoIO images.

IoIO is supported by NSF and NASA funding.

2022-11-09 Na_on-band_003-back-sub.fits
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VOLCANIC ACTIVITY ON IO
lolO image of Jovian sodium nebula in outburst. Credit: Jeff
Morgenthaler, PSI

A new instrument type has discovered
evidence of a volcanic process on the
Moon that had only been seen on Earth.

“Before the 1950, most scientists

thought the craters on the Moon were

Despth (k]

from volcanoes, then, studies associated
with the Apollo missions showed that
they were nearly all from impacts,” said
Matthew Siegler, Senior Scientist at the
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Planetary Science Institute and author
of “Remote Detection of a Lunar Granitic Batholith at Compton-Belkovich”
that appears in Nature. PSI'S Jianging Feng is a co-lead author, and PSI
funded students Katelyn Lehman and Mackenzie White are co-authors.

“There was plentiful volcanism, with flood basalts, thin flowing
lavas, covering about 16% of the Moon, but not much in the way of
thicker, silicic lavas that could form something that we would call a
volcano,” Siegler said.

“Using an instrument looking at microwave wavelengths — longer
than infrared - sent to the Moon on both the Chinese Chang’E 1
and 2 orbiters, we have been able to map temperatures below the
surface. What we found was that one of these suspected volcanoes,
known as Compton-Belkovich, was absolutely glowing at microwave
wavelengths,” Siegler said. “What this means is that it is hot, not
necessarily at the surface, as you would see in infrared, but under
the surface. The only way to explain this is from extra heat coming
from somewhere below the feature within the deeper lunar crust. So
Compton-Belkovich, thought to be a volcano, is also hiding a large
heat source below it”

Surface evidence shows this volcano likely last erupted 3.5 billion
years ago so the heat is not from molten lava or anything of that sort,

VOLCANIC PROCESS ON THE MOON

The favored Compton-Belkovich pluton model based on (a) fitting of
the surface heat flux enhancement, (b) the resulting heat flux.

Credit: Matthew Siegler, PSI

but instead comes from the radioactive elements in the now solid rock.
The only type of rock that really contains enough of those radioactive
elements is granite. So the data collected with a fundamentally new
type of microwave instrument shows that a large volcano on the Moon
was once fed by a much larger granite magma chamber below it — the
most Earth-like volcanism on the Moon.

A granitic batholith is a huge body larger than 20 kilometers of
what was once subsurface lava that never erupted. Batholiths lie below
volcanic chains, like the Andes or the Cascade mountain ranges, and
are basically the plumbing system that feeds them. When these
plumbing systems cool, they form granite. Granites, nearly absent in
the Solar System outside of Earth, are a type of rock that is basically
cooled-off lava that never made it to the surface.

Siegler’s and Feng’s work on the project was funded by a grant
to PSI from NASAs Lunar Data Analysis program and Lunar
Reconnaissance Orbiter mission.




- .PIERAZZQO INTERNATIONAL STUDENT AWARD WINNERS
PST has announed that Kiersten Boley, Salvatore Buoninfante

and Pa Chia Thao have been named winners of the 2024 Pierazzo

International Student Travel Award. The Pierazzo International

Student Travel Award was established by the Planetary Science

Institute in memory of Senior Scientist Betty Pierazzo to support

and encourage graduate students to build international collaborations

and relationships in planetary science.

A PSI representative will present each awardee with a certificate

and check for $2,000 at their respective conferences.

Kiersten Boley
Kiersten Boley (Ohio State University) will receive the award as Reidccopben

AWARD WINNERS
U.S.-based graduate students going to a planetary-related conference (CLOCKWISE FROM

outside of the U.S. Boley will be attending Extreme Solar Systems V TOP LEFT)

in Christchurch, New Zealand, March 16-21, 2024. Her research . Kiersten Boley
e« . . - .. . . Salvatore Buoninfante
title is “The First Evidence of a Metallicity Cliff in the Formation Pa Chia Thao

of Super-Earths”

Salvatore Buoninfante

Salvatore Buoninfante (Universita degli Studi di Napoli
“Federico II”) will receive the award as a non-U.S.-based graduate Pa Chia Thao
student going to a planetary-related conference within the U.S. Pa Chia Thao (University of North Carolina) will receive the award
Buoninfante will be attending the 55th Lunar and Planetary Science as U.S.-based graduate students going to a planetary-related conference
Conference in The Woodlands, Texas, March 11-15, 2024. His outside of the U.S. Thao will be attending Exoplanets V in Leiden,
research title is “Relationship between tectonic and crustal structures The Netherlands, June 16-21, 2024. Her research title is “Probing the
of Mercury” Atmosphere of the 17 Myr, Gas Giant, HIP 67522b with JWST”

THANK'YOU TO OUR 2023 BENEFACTORS

With deep appreciation the Planetary Science Institute acknowledges the following individual and organizational
benefactors who made contributions between January 1, 2023 and'December 31, 2023.

$5,000 and up $500-$1,999 - Dr. Christopher Chyba
Dr. Mark V. Sykes and Mr. Richard Hendricks Mr. and Mr’s. ].ohn and
Ms. Marilyn Guengerich Ms. Alison Nordt Kathl.eer.l O'Brien

Dr. Dorothy Oehler Dr. Vicki Hansen
$2,000-$5,000 Mr. Jeri Seyk Mr. Charles Katzenmeyer
Ms. Anna Don

| $100-5499 - $1-599
Dr. Thomas H. Prettyman, Dr. Andrew Wheeler

Col. Pamela Melroy, Retired
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PSI EINANCIAL REPORT

Maurizio Balistreri, CPA Chief Financial Officer

PSI's revenues totaled $18M for the fiscal year ended September 30, 2023. During the fiscal year, PSI was actively involved in 128
prime awards issued directly from federal agencies and 154 subawards / contracts issued through other institutions. 92% of PSI's
Grants and Contracts revenues were derived from awards with NASA.

REVENUES ACTIVE PROJECTS BY PRIME AWARDING AGENCY
Grants and Contracts $ 17,741,199 NASA 116
Contributions 121,858 NSF/Other 12
Other 93,597 Subawards/Contracts 154

Total Revenues $ 17,956,654 Total Projects 282

Salaries and related fringe benefits represented 74% of PSIs total expenses. Operating expenses included $2.1M from subawards issued to
other institutions for collaborative efforts on PSI prime awards. Program Service expenses amounted to 89% of total expenses.

EXPENSES EXPENSES BY FUNCTION
Salaries and Benefits $ 13,003,277 Program Services $ 15,748,076
Operating 4,324,037 Management & General 1,871,605
Depreciation 250,655 Fundraising 720
Interest 42,432 Total Expenses $ 17,620,401
Total Expenses $ 17,620,401

PST’s financial records are audited annually by independent auditors. A condensed Statement of Financial Position from PST's audit report
as of September 30, 2023 is reflected below.

Current Assets $ 4,817,482 Current Liabilities $ 2,819,000
Property & Equipment, Net 1,513,667 Long-term Liabilities 226,591
Total Assets $ 6,331,149 Net Assets with Donor Restrictions 110,040

Net Assets without Donor Restrictions 3,175,518
Total Liabilities & Net Assets $ 6,331,149
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PSI scientists and education and communication
specialists continue to support many science
education and public engagement projects
across the globe.

Currently, our scientists, education specialists, and staff are based in
35 states, the District of Columbia, and several international locations.
In 2023, PSI members hosted dozens of in-person and virtual events
with many preparing for and celebrating the October 14, 2023, annular
eclipse visible across the U.S. Those engaged in this work included:
Bea Mueller, Kat Volk, Sanlyn Buxner, Larry Lebofsky, Kristina Lopez,
Thomas Prettyman, Jianqing Feng, Grace Wolf-Chase, Deborah
Domingue, David Vaniman, Candice Hansen, Nader Haghighipour,
Henry Hsieh, Jules Goldspiel, Jamie Molaro, Amanda Sickafoose,

JA Grier, Pamela Gay, Annie Wilson, and Amanda Hendrix.

Workshops

The PSI EPO Tucson-based team, led by Lebofsky and Buxner,
conducted five in person and two virtual workshops for formal and
informal educators, including Girl Scout leaders, to prepare for the
annular eclipse. Grier and Buxner also organized and implemented a
seven-week virtual Disabled Science Writers Retreat which engaged
disabled science writers and scientists from across the U.S. Researchers
Molaro, Hendrix, Prettyman and Lebofsky all presented at this event.
Additionally, Prettyman presented hands-on workshops at the Native
American STEAM conference.

Media Appearances

Our researchers both create content for media outlets and serve as
subject matter experts. For instance, Hsieh wrote an article on active
asteroids for Sky & Telescope magazine and Gay’s team produces
Escape Velocity Space News, which airs on NowMedia.tv stations.
We've also seen the following researchers appear as subject matter
experts: Prettyman on AZPM and in Forbes regarding the Psyche
launch; Feng appeared on Live Science and Al Majalla and was
interviewed by BBC to discuss internal lunar structures; and Sickafoose
appeared on Cape Talk Radio and was interviewed for Sky & Telescope

and Astronomy Magazines regarding her research.

Presentations

Our researchers gave presentations at local, national, and
international events. Highlights from 2023 include: Prettyman
presented to the Southwest Florida Astronomical Society and Gay

presented to the St. Louis and Ottawa astronomical societies;
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TUCSON FESTIVAL OF BOOKS (TOP)

PSI's Bea Mueller chats with a Tucson Festival of Books attendee about
meteorites and impact rocks. Credit: Sanlyn Buxner

SAFE SOLAR VIEWER

Kat Volk (center with white hat) is shown demonstrating a safe solar
viewer to a group at the Grand Canyon South Rim Visitor center.

Public Events

PSI researchers support numerous public outreach events around
the nation through booths, lectures and workshops. This year’s events
included:

e A PSI booth (staffed by Muller, Prettyman, Lebofsky and Buxner)
featuring hands-on activities at the two-day Tucson Festival of
Books, with 1,300 people visiting PSI’s display;

e A PSIbooth at the 11th Annual Family SciFest event held at the
Children’s Museum Tucson, staffed by Buxner and Lopez, offering
kids of all ages a chance to learn about meteorites, have their image
taken with an infrared camera, build strings of UV beads, and
color planetary science related images;

e Lebofsky supported the SARSEF Community STEM Expo with
Meteor kit demonstrations;



e Volk assisted in public solar observing and gave a public lecture
at the Grand Canyon’s South Rim visitor center as part of the
Astronomer in Residence Program;

e Gay and Wilson supported a booth with demos at First Friday
events at the St Louis Science Center; and

o Gay appeared at the Arisia Science Fiction and Fantasy conference

as a speaker.

Major Project and Mission-related Qutreach

Many major research programs and missions rely on PSI
researchers to support their educational and public engagement
activities. For example, Hansen continued her work with the Planet
Four citizen science project regarding Mars, which returned to
operations and published its second paper. Hansen also continued
her work with the JunoCam, a public camera on the Juno mission
that engages the public in image analysis. Fellow researcher Hsieh
also supported the Active Asteroids citizen science project. Buxner
supported International Observe the Moon Night on October 21,
2023, a key public engagement program of the Lunar Reconnaissance
Orbiter.

Other Online Qutreach

Gay and her team produced the Astronomy Cast and 365 Days of
Astronomy podcasts and supported the CosmoQuest project through
their website and related tools, including livestreams on Twitch,

and events in their community Discord server. Additional activities

FAMILY SCIFEST
A steady stream of attendees visited PSI’s exhibit at Family SCIFest at the
Children’s Museum Tucson. Credit: Sanlyn Buxner

included Haghighipour presenting an episode of Ideas in Science on
YouTube.

Mentoring

Researchers stepped in as student mentors in many different
situations. For instance, Domingue mentored a student on a research

project as part of NASA's Neurodiversity Network SciAct program.

Outreach and Classroom Events

Multiple PSI scientists served as judges for various science fairs
including Lebofsky and Mueller in Arizona, Prettyman in New Mexico,
and Goldspiel in Virginia.

Other outreach events included direct presentations by Sickafoose
presented on comparative geology at Summerdale High School in
South Africa, and she also gave a talk to a summer science program at
Purdue University; Wolfe-Chase gave an online talk as part of the
Epic of Creation course at Lutheran School of Theology at Chicago
that was also made public on YouTube; Vaniman gave a series of
presentations to Independent Elementary School in California; and
Buxner participated in numerous events preparing for the annular
eclipse and facilitated safe viewing for visitors at Chaco Culture National

Historical Park in Nageezi, New Mexico, on October 14 and 15, 2023.
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PSI CONTINUES TO EXPAND IN 2023

As it has been for more than 50 years, PST’s strength and advantage continues to be in its people.
Our culture of openness and high level of mutual support distinguishes us as an organization.
In 2023 PSI continued to grow, adding 17 new research and administrative staff members.

Eddie Baron Ben Boatwright Liz Carey Rita Economos Tyler Linder Max Marconi
Senior Scientist Associate Research Scientist Senior Research Associate Senior Research Associate Research Scientist Senior Research Associate

R % o
' [ :"“, =
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:i? !
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Marc Mensing Dennis Metzger Jed Mosenfelder Randall Perry Brian Ramirez Micki Recchuiti
Systems Administrator Lead Software Developer Senior Scientist Senior Scientist IT Support Specialist Research Associate

Bo Reipurth Lior Rubanenko Alex Shelton Marshall Tabetah Marissa Vogt

Senior Scientist Associate Research Scientist Junior Web Developer Associate Research Scientist Senior Scientist
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ElisWth Kgah]s‘ﬁélm.ar Baﬁ er and Eva Lilly.
12997 Lizjensen

 Discovered 1981—Mar-02 by Bus, S. J. at Siding Sprmg

| C
'75) is an American space scientist who

solar corona structure using the

‘measures the solar magnetic field and studies the

Fara.da&

dynamics of coronal mass ejections and magnetohydrodynamic waves

by analyzing radio signals from interplanetary spacecraft.

&
28769 Elisabethadams

Discovered 2000—Apr-24 by LONEOS at Anderson Mesa

Elisabeth R. Adams (b. 1981) is an Amerigitf genior Scientist at
the Planetary Science Institute (based in Somerville, MA). Her work
includes studying a range of planetary dynamics, from the Kuiper Belt

to exoplanets, as well as writing science fiction.

N E W P S I R E S E

Eddie Baron. Dust our luck? Measuring molecule and dust formation in
M101's hydrogen-rich SN 2023ixf. NASA James Webb Space Telescope
Guest Observer Program-Cycle 1.

Eddie Baron. MIR spectroscopy of type la supernovae: The key to unlocking
their explosions and element production. NASA James Webb Space Telescope
Guest Observer Program-Cycle 1.

Eddie Baron. Near- and mid-IR observations to probe dust formation in
the remarkably nearby stripped-envelope supernova 2023dbc. NASA James
Webb Space Telescope Guest Observer Program-Cycle 1.

Peter Buhler. Historical extent of Mars' south polar massive CO2 ice deposit.
NASA Mars Data Analysis program.

Sanlyn Buxner. Virtual trips to extreme environments. NASA Teams

Engaging Affiliated Museums and Informal Institutions (TEAM II) program,
Universities Space Research Association subcontract.

Sanlyn Buxner. Western regional Noyce network. National Science
Foundation, University of Oregon subaward.

Matthew Chojnacki. Archiving and distribution of high-quality context
camera (CTX) digital terrain models for the Mars research community.
NASA Planetary Data Archiving, Restoration, and Tools program.

Matthew Chojnacki. Seasonal slumps in the equatorial regions. NASA Mars
Data Analysis program, Rutgers, The State University of New Jersey subaward.
Roger Clark. Earth surface mineral dust source investigation. NASA EMIT
program, Jet Propulsion Laboratory subcontract.

249823 Delmarbarker

Discovered 2001—Mar-21 by SKADS at Kitt Peak

Delmar Barker (1941-2023) was an American phys&ist whose work
spanned the spectrum from vy rays to radio frequencies. His 42 patents
covered fields ranging from geology to antimatter. His final project was
developing a nuclear-powered ﬁ)cke'}&gine, an endeavor cut sho;t .
prematurely. His smile and engaging manner were an integral part of

his legacy.

./:‘I

346999 Evalilly

Discovered 2010—Feb-15 by Pan-STARRS 1 at Haleakala

Eva Lilly (b. 1982) is a Slovak-American astronomer. She earned
her PhD in astronomy at Comenius University in Bratislava. After . '
working at the University of Hawai'i for the PanSTARRS survey
she became a Senior Research Scientist at the Planetary Science
Institute. Her research includes planetary defense, comets and

trans-Neptunian objects.

AR C H G R ANTS

Darby Dyar. Collaborative research: Building and applying a universal
plagioclase oxybarometer using X-ray absorption spectroscopy. National
Science Foundation Petrology and Geochemistry program.

Darby Dyar. Experimental constraints on surface weathering on Venus.
NASA Solar System Workings program, University of Tennessee subaward.

Darby Dyar. Spectroscopies for assessing redox conditions (SPARC). NASA
Apollo Next Generation Sample Analysis program.

Darby Dyar. Venus experimental capabilities and calibrations. NASA Topical
Workshops, Symposia, and Conferences.

Darby Dyar. VERITAS, VesCOOR, and related activities. NASA Discovery
program, Jet Propulsion Laboratory subcontract.

Rebecca Ghent. A fresh examination of the Moon's young craters: Insights
from new datasets and analysis tools. NASA Lunar Data Analysis program.

Rebecca Ghent. CoRaLS: Cosmic ray lunar sounder. NASA Directorate
Development and Advancement of Lunar Instrumentation program,
University of Hawaii subaward.

Stuart Gilchrist. Collaborative research: SHINE-Using photospheric
imprints of coronal currents to understand coronal magnetic structure.
National Science Foundation Solar, Heliospheric, and Interplanetary
Environment program.

Nader Haghighipour. Detection and characterization of circumbinary
planets around TESS eclipsing binaries. NASA Exoplanet Research program.
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Amanda Hendrix. Characterizing primitive asteroids. NASA Hubble Space
Telescope Observer Program-Cycle 30.

Amanda Hendrix. Europa-UVS: An ultraviolet spectrograph for the Europa
mission. NASA Europa Clipper program, Southwest Research Institute
subaward.

Amanda Hendrix. Nightingale support. NASA Nightingale program, Jet
Propulsion Laboratory subcontract.

Amanda Hendrix. Support for planetary science program analysis/
assessment groups. NASA Topical Workshops, Symposia, and Conferences
program, Universities Space Research Association subaward.

AmandaHendrix. UMIS: The Ultraviolet Micromirror Imaging Spectrograph
NASA Maturation of Instruments for Solar System Exploration program.

Carly Howett. Development of a metamaterial spectral filters for high
spectral resolution spectroscopy. NASA Planetary Instrument Concepts for
the Advancement of Solar System Observations program, Ball Aerospace &
Technologies Corp. subaward.

Carly Howett. Enceladus: Is there activity we're missing? NASA Cassini Data
Analysis program, Southwest Research Institute subaward.

Carly Howett. Investigating energetic electron weathering at Saturn's inner
mid-sized moons. NASA Cassini Data Analysis program, Southwest Research
Institute subaward.

Carly Howett. Science team support and MVIC instrument scientist Lucy
phase E. NASA Discovery program, Southwest Research Institute subaward.

Carly Howett. Science team & Ralph instrument operations support New
Horizons extended mission 2 (KEM2). NASA New Horizons program,
Southwest Research Institute subcontract.

Henry Hsieh. Characterization of water outgassing in main-belt comets
133P/Elst-Pizarro and 358P/PANSTARRS. NASA James Webb Space Tele-
scope Observer Program-Cycle 2.

Catherine Johnson. Geophysical evolution of the Martian crust from
magnetic source depth analyses of MAVEN data. NASA Innovative Advanced
Concepts program, University of Alabama subaward.

Catherine Johnson. Lunar magnetotelluric sounder (LMS). NASA Lunar
Surface Instrument and Technology Payload program, Southwest Research
Institute subaward.

Catherine Johnson. The lunar interior temperature and materials suite
(LITMS). NASA Portable Remote Imaging SpectroMeter program,
Southwest Research Institute subaward.

Nathan Kaib. CAREER: Next generation models of planet formation and
evolution. National Science Foundation Faculty Early Career Development
program.

Nathan Kaib. Deciphering and interpreting the survival of the pristine
Uranian moons. NASA Emerging Worlds program, Johns Hopkins University
Applied Physics Laboratory subaward.

Nathan Kaib. Dynamical harassment of the Kuiper Belt during planet
migration and instability. NASA Emerging Worlds program.

Georgiana Kramer. Integrated measurements and analysis of geophysics of
Schrodinger (IMAGES). NASA Lunar Data Analysis program, University of
Texas at Austin subaward.

Lucille Le Corre. XGEO space domain awareness from ground based
optical telescopes. NASA Spaceflight Technology, Applications and Research
program, University of Arizona subaward.

Jian-Yang Li. Long-term evolution of Dimorphos's dust tail created by the
DART impact. NASA Hubble Space Telescope program, Space Telescope
Science Institute Guest Observer Program-Cycle 30.

Eva Lilly. Investigating centaur surface colors: Connecting surface
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transformation to thermal and dynamical history. NASA Science Support
Office program.

Jonathan Lilly. Evolution and fate of wind-derived internal wave energy.
National Science Foundation Physical Oceanography program.

Jim Lyons. The isotopic compositions of light elements in the solar wind:
Implications for solar composition. NASA Laboratory Analysis of Returned
Samples program, University of California, Los Angeles subaward.

Jamie Molaro. Efficacy of thermally induced regolith creep on lunar,
Martian, and asteroid surfaces. NASA Planetary Science Early Career
Award program.

Gareth Morgan. Constraining Martian non-polar ice deposition and
preservation within impact structures. NASA Mars Data Analysis program.

Gareth Morgan. Exploring the volcanic history of the Crisium basin through
geologic mapping. NASA Lunar Data Analysis program.

Jeft Morgenthaler. Parker solar probe GSFC magnetometer team consultant.
Goddard Space Flight Center program, ADNET Systems subcontract.

Thomas Prettyman. Lunar-VISE: An investigation of the Moon's non-mare
silicic volcanism. NASA Portable Remote Imaging SpectroMeter program,
University of Central Florida subaward.

Nathaniel Putzig. High-resolution 3D radar mapping, analysis, and
modeling of the internal layers within the north polar layered deposits.
NASA Mars Data Analysis program.

Matthew Richardson and Amanda Sickafoose. Understanding asteroids by
the distribution of their hydrated minerals. NASA Solar System Observation
program, Johns Hopkins Applied Physics Laboratory subaward.

Alexis Rodriguez. The chaotic terrains of Mercury: Unveiling the history of
planetary volatile retention and loss in the innermost Solar System. NASA
Discovery Data Analysis program.

Kirby Runyon. Low-gravity assessment of crater ejecta. NASA Solar
Systems Workings program, Johns Hopkins University Applied Physics
Laboratory subaward.

Kirby Runyon. Lunar impact melt deposit stratigraphy. NASA Lunar Data
Analysis program, Johns Hopkins University Applied Physics Laboratory
subaward.

Juan Sanchez. Spectral characterization of artificial objects. Air Force
Research Lab Space4, University of Arizona subaward.

Stephen Schwartz. Investigating irregular vertical structures at the edges of
Saturn's A and B rings. NASA Cassini Data Analysis program, SETI Institute
subaward.

Matthew Siegler. CSA LEAP lunar rover phase B, C, and D. NASA Lunar
Exploration Accelerator Program and Lunar Rover Mission, Canadensys
Aerospace Corporation subaward.

Matthew Siegler. Lunar-VISE: An investigation of the Moon's non-mare
silicic volcanism. NASA Portable Remote Imaging SpectroMeter program,
University of Central Florida subaward.

Robert Skarbek. Collaborative research: Subduction megathrust rheology:
The combined roles on- and off-fault processes in controlling fault slip
behavior. National Science Foundation Geophysics program.

Robert Skarbek. Landslide kinematics in response to ongoing climate shifts.
NASA Earth Surface and Interior program, Jet Propulsion Laboratory sub-
contract.

Robert Skarbek. Understandingfirnrheologythroughlaboratorycompaction
experiments and radar data. National Science Foundation Antarctic Research
program, Columbia University subaward .

Sarah Sonnett. Exploring key Solar System evolutionary processes by
debiasing the main asteroid belt. NASA Solar Systems Workings program.



Bryan Travis. Source emission accounting & localization system (SEALS):
Developing, demonstrating, and flux inversion algorithm for continuously
monitored oil and gas infrastructure environments. NASA Compact
Atmospheric Multispecies Spectrometer program, University Corporation
for Atmospheric Research subcontract.

David Vaniman. Extended mission 4 support for the CheMin mineralogical
Instrument onboard Mars Science Laboratory: Experiment planning, data
analysis and mission operation. NASA Mars Science Laboratory program.

Kathryn Volk. The classical and large-a distant Solar System survey: The
importance of outer resonances. NASA Solar System Observations program,
Smithsonian Astrophysical Observatory subaward.

Kathryn Volk. Tools for advanced dynamical characterization of Solar
System small bodies. NASA Planetary Data Archiving, Restoration, and
Tools program.

Catherine Weitz. A geologic map of Aram Chaos: A community resource

to facilitate future scientific investigations on Mars. NASA Planetary Data
Archiving and Restoration program.

Catherine Weitz. Analog support to maximize science during the human
exploration of the Moon. NASA Desert Research and Technology Studies
program.

Catherine Weitz. Analyses of sulfates in chaos regions on Mars. NASA Mars
Data Analysis program.

Grace Wolf-Chase. Leveraging a Zooniverse discovery to bridge our
understanding of low- and high-mass star formation. National Science
Foundation Astronomy and Astrophysics Research Grants program, College
of Idaho subaward.

Bin Yang. Probing water ice in distant comets: Crystalline or amorphous?
NASA James Webb Space Telescope program, Space Telescope Science
Institute subaward.
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