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Venus is often considered Earth’s hellish 
twin due to its thick caustic atmosphere, 
high surface pressure, and hot dry surface 
environment. Venus has a thick omnipresent 
cloud layer that is opaque to most orbital 
sensing methods, which — along with the 
hellish surface conditions — has prevented 
it from receiving the attention that Mars or 
the Moon have had.

Many fundamental questions about 
the Venus surface environment remain 
unanswered, which will be addressed 
in the coming decade as a fleet of 
spacecraft approach Venus. NASA 
will send the Venus Emissivity, Radio 
Science, InSAR, Topography, and 
Spectroscopy (VERITAS) orbiter mission 
in 2028 and the Deep Atmosphere Venus 
Investigation of Noble gases, Chemistry, 
and Imaging (DAVINCI) atmospheric 
probe in 2029, and the European Space 
Agency (ESA) will send the EnVision 
orbiter mission in 2032. In addition, the 
Indian Space Research Organization’s 
Shukrayaan-I and Russian Space 
Agency’s Venera-D orbiter and probe 
missions are also under consideration 
for flight in the late 2020s and early 

2030s, respectively. Collectively, these 
missions aim to constrain long-standing 
questions about the geologic history 
of our divergent and hellish twin.
To prepare for the coming decade 
of Venus exploration, the Lunar and 
Planetary Institute’s (LPI) new Venus 
Science Initiative is a four-workshop series 
dedicated to discussing and summarizing 
some of the critical unanswered questions 
before the procession of spacecraft begin 
arriving. The topics at the workshops 
will be (1) Ancient Venus, (2) Venus 
Surface and Atmosphere, (3) Venus as 
a System, and (4) Venus-Like Planets 
and Exoplanets; the first of these 
workshops (Ancient Venus) will be held 
in May 2022. Here, we describe some 
outstanding questions about Venus.

The surface of Venus is covered with 
volcanoes, including some of the 
largest volcanoes in our solar system. 
Based on orbital spectroscopic and 
radar measurements, some of the 
associated lava flows appear to be 
fresh unweathered basalt rock and are 
thought to be geologically quite young. 
Recent and ongoing experimental 

work has shown that basaltic rocks and 
associated minerals should alter very 
quickly when exposed to the hot and 
caustic venusian atmosphere. Models 
based on these experiments suggest 
that these unweathered lava flows 
may be very young — only years to 
decades old! Geophysical studies also 
suggest active or very recently active 
volcanism for coronae structures (a 
diverse set of circular volcano-tectonic 
features), which are thought to be 
supported by active deep-seated mantle 
plumes. Furthermore, investigations of 

FE ATURED STORY

VENUS BEFORE THE NEW 
ERA OF DISCOVERY
Justin Filiberto (NASA Johnson Space Center/Lunar and Planetary Institute), 
Matthew Weller (Brown University), Walter Kiefer (Lunar and Planetary Institute), 
and Allan H. Treiman (Lunar and Planetary Institute)

As it sped away from Venus, NASA’s Mariner 10 
spacecraft captured this seemingly peaceful view 
of a planet the size of Earth, wrapped in a dense, 
global cloud layer. But, contrary to its serene 
appearance, the clouded globe of Venus is a world 
of intense heat, crushing atmospheric pressure, and 
clouds of corrosive acid. This image was processed 
from archived Mariner 10 data by JPL engineer 
Kevin M. Gill. Credit: NASA/JPL-Caltech.

The surface of Venus is covered with 
volcanoes, including some of the 
largest volcanoes in our solar system.”

“
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the geology of Idunn Mons, a volcano 
in Imdr Regio, suggest that there have 
been alternating periods of both volcanic 
and tectonic activity in the very recent 
geologic past. Similarly, portions of the 
venusian crust may be in motion today, 
with many blocks (hundreds of kilometers 
to a side) jostling and sliding against 
each other, somewhat like chunks of 
pack ice on Earth. The questions remain 
of the exact timing of these volcanic 
and tectonic events, including which, 
if any, volcanoes are active today.

The debate about the age of lava 
flows plays into two other debates 
about volcanism on Venus:  so-called 

“catastrophic” vs. gradual resurfacing, 
and the water concentration of the Venus 
interior. The surface of Venus is thought 
to be geologically young, based on the 
number, distribution, and degradation 
state of impact craters on the surface. 
Constraining the age of lava flows 
on Venus, as well as the rate at which 
new lava flows are produced, will help 
determine if lava gradually poured 
out of volcanoes to cover (resurface) 
the planet in dribs and drabs, or if 
there were periods of more extreme 
eruptions with lava pouring out in large 
volumes (akin to flood basalts on Earth), 
covering the planet in large swaths.

There is no liquid water on the surface of 
Venus today because the surface is too 
hot and the atmosphere is thought to have 
largely lost its water; however, there is an 
ongoing debate about the water content 

of the venusian interior. Gradual ongoing 
volcanism would support some amount 
of water (and other volatile species) still 
being trapped in the Venus interior, while 
catastrophic resurfacing would support a 
drier and more volatile-free Venus interior.

To address these uncertainties, the 
VERITAS and EnVision missions 
will analyze the surface using both 
radar and spectroscopy, specifically 

targeting volcanic regions to constrain 
the age and evolution of volcanoes 
on Venus. DAVINCI will measure the 
chemistry of the atmosphere including 
trace gases that could be spewing 
from ongoing or previous volcanic 
activity, as well as noble gas isotopes 
(such as argon-40) that can be used 
to constrain the rate of volcanic 
outgassing through geologic time.

The composition of Venus’ atmosphere 
also gives evidence for active volcanism. 
Over the last few decades, the sulfur 
content of the upper atmosphere has 
spiked and gradually declined several 
times — the spikes could represent 
massive eruptions with sulfur-rich gas 
plumes that penetrated Venus’ cloud 
deck. But the spikes in atmospheric sulfur 
could have also been produced by other 
mechanisms. Much of this uncertainty 
stems largely from our lack of data of 
Venus’ lower atmosphere, below the 
opaque cloud deck. The Venera and 
Vega probes analyzed the chemical 
composition of the lower atmosphere, but 
those missions were decades ago. More 
recent orbital missions, such as ESA’s 

FE AT U RE D S TO RY 

Venus’ surface is younger than other planets like Mercury and Mars. It’s clear that the planet stayed warmer 
longer than the other two and was resurfaced with lava flows more recently than the other two. But for the 
most part, scientists think that Venus is volcanically inactive in our present day. There’s some evidence of recent 
volcanic activity, mostly in the form of coronae, which are ring-like structures on the surface caused by plumes 
of hot material flowing from the depths of the planet through the mantle and the crust. Credit: Universe Today.

A current debate about 
the venusian atmosphere 
is whether the thick cloud 
deck could be a habitable 
environment for life as we 
know it.”

“
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Venus Express and Japan Aerospace 
Exploration Agency’s (JAXA) Akatsuki, 
measured the composition of the upper 
atmosphere, providing a wealth of data, 
but could not see beneath the clouds, and 
therefore the chemistry and oxidation 
state (oxygen and sulfur fugacity) of the 
lower atmosphere remains a mystery.

A current debate about the venusian 
atmosphere is whether the thick cloud 
deck could be a habitable environment 

for life as we know it. The surface is too 
hot and caustic for known Earth-life to 
exist (let alone thrive), but the clouds 
could be more hospitable. Unlike clouds 
on Earth, which are a transient feature, 
clouds on Venus are more stable and 
long-lasting. The temperatures in venusian 
clouds are reasonable for many terrestrial 
life forms, sunlight could provide 
energy (both directly as photosynthesis 
and indirectly through photochemical 
disequilibria), and the clouds contain 
essential nutrients. However, life 
in Venus’ clouds would have to be 
adapted to a highly acidic environment 
(the cloud particles are mostly sulfuric 
acid) and limited available water, 
more akin to extremophiles on Earth.

The hypothesis that Venus’ clouds could 
be habitable gained significant traction 
last year with a reported Earth-based 
detection of abundant phosphine 
gas (PH3). On Earth, phosphine can 
be produced both abiotically and 
by biological activity, but at the high 
concentrations originally described in 
the clouds of Venus were suggestive of 
biological activity. Subsequent studies did 
not fully reproduce the original detections 

of phosphine and suggest that it either is 
not in the clouds at all or is at much lower 
concentrations than the original report.

There is, therefore, still substantial debate 
as to whether the clouds of Venus could 
be a habitable environment, and if 
they are habitable, are they inhabited? 
DAVINCI will directly address these 
questions by measuring the chemistry 
and isotopic composition of the Venus 
atmosphere, including measuring for 
phosphine, and will determine whether 
they in fact constitute a habitable 
environment. DAVINCI will also 
measure the composition and oxidation 
state of the lower atmosphere.

Tessera terrain areas are thought to be the 
oldest exposed crust on Venus and so are 
among the best targets for understanding 
ancient Venus (a time period that is all but 
wiped out in Earth’s rock record). They are, 
however, some of the least-understood 
regions in our solar system. They are 
highly deformed (faulted and folded) so 
that original structures are not clear, and 
even what kind of rock they are (igneous 
vs. sedimentary) remains uncertain. 
Tessera terrain are characterized by 

FE AT U RE D S TO RY 

The clouds of Venus can actually reach the pleasant temperature of 30°C (86°F). Credit: Jurik Peter via Shutterstock/HDR tune by Universal-Sci.

A portion of Alpha Regio is displayed in this three-
dimensional perspective view of the surface of Venus. 
Alpha Regio, a topographic upland approximately 
1300 kilometers across, is centered on 25°S latitude, 
4°E longitude. In 1963, Alpha Regio was the first 
feature on Venus to be identified from Earth-based 
radar. Credit: NASA/JPL.
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high elevations, extensive and multiple 
deformations, and high radar backscatter.

The current data available are consistent 
with both highly altered basaltic lava 
flows and evolved granitic rocks like 
continents on Earth.

The difference in these interpretations has 
enormous implications for early Venus. 
Granitic contents on Venus would imply 
that early Venus was much more like 
the early Earth with water in the interior 
and crustal recycling remelting water-
bearing rocks. On the other hand, if 
tessera are altered basaltic lava flows, 
this could imply that early Venus may 
not have been as Earth-like as some 

models suggest and may point toward a 
more Mars-like early Venus dominated 
by volcanic activity of basaltic lava.

Another question about tessera are their 
mountain tops. The highest elevations of 
many tessera are bright in reflected radar, 
which suggests that they may be coated 
in a semi-conductor material. Different 
minerals, from very common minerals on 
Earth like pyrite and apatite to incredibly 
rare minerals like tellurobismuthite (Bi2Te3) 
and coloradoite (HgTe), have been 
suggested to cause these anomalies.

VERITAS and EnVision will explore the 
early history of the tessera with radar 
imagery that is an order of magnitude 

better than achieved by the Magellan 
mission and high-resolution topography, 
which will enable new modeling to 
constrain faulting and folding processes 
that formed the tessera. The DAVINCI 
probe will enter the atmosphere above 
Alpha Regio, imaging the surface from 
below the clouds, enabling scientists 
to (1) determine if they are granitic 
or basaltic in composition and (2) 
constrain what minerals are forming 
during weathering of the rocks.

FE AT U RE D S TO RY 
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As I write, in early October, our Lucy 
mission is just days away from launch. 
The next in our line of Discovery missions, 
Lucy will journey to the Trojan asteroids 
that have been trapped in stable 
Lagrange Points, along Jupiter’s orbit, for 
billions of years. Starting in 2027, Lucy 
will fly by seven of these Trojan asteroids 
and, in doing so, will allow us to survey 
their diversity and gain new insights 
into this unique, never-before-explored, 
population of early solar system remnants.

Lucy is named for the fossilized skeleton 
of an early hominid found in Ethiopia in 
1974. The name of that find was inspired 
by The Beatles’ song “Lucy in the Sky with 
Diamonds,” and by naming our mission 
for the skeleton, we come full circle and 
are taking Lucy back to the sky! Just as 
the Lucy skeleton provided fundamental 
insights into the evolution of our species, 

the Lucy mission is set to revolutionize our 
understanding of planetary origins and 
the formation of the solar system.

But while I anticipate the Lucy launch 
and am thinking about our origins, I can’t 
help but also contemplate the evolution 
of our planetary science community over 
the past year, and what the planetary 
science landscape will look like in the 
coming decades. The events of 2020 
and 2021 have been a wakeup call to 
us as individuals, as scientists, and as 
members of a worldwide community. But 
as hard as these times have been, I am 
grateful that important issues — namely 
those relating to inclusion, diversity, 
equity, and accessibility (IDEA) — have 
come to the fore, and that individuals 
and organizations alike are trying to 
foster positive and long-lasting change. 
Indeed, NASA has been increasing its 

commitment to IDEA and added inclusion 
to the Agency’s core values (safety, 
integrity, teamwork, excellence) last July.

As such, I’d like to take this opportunity to 
update you on some of the many IDEA-
focused initiatives we are working on at 
NASA, the Science Mission Directorate 
(SMD), and the Planetary Science 
Division (PSD).

SMD IDEA 
Working Group
I am pleased to share that earlier this 
year we officially chartered an Inclusion, 
Diversity, Equity, and Accessibility 
Working Group within SMD. This Group 
(comprised of SMD staff and advisors) 
will seek to advocate for and promote 

LOOKING BACK, 
MOVING FORWARD

Lori S. Glaze

Director, NASA’s Planetary Science Division, October 2021

FROM THE DESK 

OF LORI GL A ZE

http://lucy.swri.edu
http://lucy.swri.edu
https://iho.asu.edu/about/lucys-story
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inclusive values and efforts, and will 
develop viable, actionable solutions 
that are impactful, sustainable, and 
measurable for SMD to implement. 
Reporting to the SMD Associate 
Administrator (Dr. Thomas Zurbuchen), 
the IDEA Working Group is responsible 
for the development and implementation 
of an IDEA Strategic Implementation 
Plan, to focus current and future IDEA 
activities for a five-year period (and 
renewable five-year increments 
thereafter). The Working Group currently 
consists of several subgroups that are 
focused on various aspects of SMD 
activities, including recruitment and 
hiring; missions, programs, and projects; 
science engagement; leadership 
development; research and analysis; and 
inclusion and culture. I am so glad to see 
SMD developing IDEA initiatives in this 
strategic manner, and I am excited to see 
what this group achieves.

Proposed Changes 
to Announcements 
of Opportunity
As another example of NASA’s 
commitment to IDEA values, SMD is 
undertaking a comprehensive effort to 
ensure NASA programs are accessible 
to all Americans, especially underserved 
and underrepresented communities. To 
that end, a Request for Information (RFI) 
was released on September 22, 2021, 
for public comments on draft language 
that SMD plans to add to future 
Announcements of Opportunity [and to 
amend the open Stand-Alone Mission 
of Opportunity Notice (SALMON)]. The 
proposed amendments would require 
proposers to describe how the processes 
used to assemble the proposed team and 
to execute the proposed project would 
align with NASA’s core value of inclusion 
and NASA’s IDEA values. If you have not 
already, I urge you to read the RFI text 

carefully and submit comments before the 
November 3, 2021, deadline.

Dual-Anonymous 
Peer Review
As you are hopefully aware, we are now 
deep into the second ROSES cycle where 
we are implementing Dual-Anonymous 
Peer Review (DAPR) for several of our 
research programs. Under this system, 
neither are proposers told the identity of 
their reviewers nor are reviewers told the 
identity of the proposers until they have 
completed the evaluation of the scientific 
merit of the anonymized proposals. The 
results of SMD’s pilot implementation 
demonstrated improvements in both the 
overall quality of the review process as 
well as in the demographics of awardees. 
After the successful pilot year, during 
which PSD’s Habitable Worlds program 
was run under DAPR, we are using this 
process in ROSES-2021 for all our data 
analysis programs (Cassini, Discovery, 
Lunar, New Frontiers, and Mars Data 
Analysis Programs), as well as the cross-
divisional Exoplanets Research Program. 
Please refer to our DAPR webpage to 
read more.

Mentorship Programs
Lastly, I want to highlight two new 
mentorship programs we are supporting 
at the PSD and SMD level. Within PSD, 
we have recently started a pilot program, 
known as “Here to Observe” (H2O). 
The goal of this initiative is to spark and 
maintain an interest for underrepresented 
students considering STEM careers, and 
so far we have assembled three PSD 
mission/Minority-Serving Institution 
(MSI) pairs:  Europa Clipper and the 
University of Puerto Rico; Dragonfly and 
Virginia State University; and Lucy and 
Howard University. We already have 
30 undergraduate students from these 
universities signed up to participate 

and we are currently in the process of 
matching each of these students with 
mentors from the mission teams. The 
students will participate in the mission 
science team meetings as well as other 
planetary science community meetings. 
In addition, participants in the program 
will be offered supplemental activities 
such as seminars, social events (including 
an upcoming Lucy launch party), career 
panels, and more. I am keen to see the 
outcomes of this pilot, and if it proves 
successful, we will plan to scale the 
program up to include all PSD missions 
and other institutions.

In SMD we are also pleased to be 
partnering with several societies 
(e.g., AGU, GSA) to support the new 
Mentoring365 platform. With programs 
such as this we are investing in early-
career researchers and students working 
within Earth and space science, which 
in turn helps us foster a robust, diverse, 
equitable, and inclusive workforce that is 
equipped to address the challenges our 
environment and planet are facing and 
the science and exploration goals we 
have. This program is highly customizable 
and free to use. Please take a look at the 
website and sign up to be a mentor and/
or mentee!

These are just a few of the activities we 
are undertaking to create a more diverse, 
inclusive, and fruitful planetary science 
community — one that is welcoming to 
all. I am incredibly proud to see how my 
colleagues within PSD, SMD, and the 
larger planetary science community have 
taken IDEA issues to heart, and I know 
that these efforts will allow us to achieve 
long-term changes. After all, our efforts 
to study the origins and workings of our 
solar system — and our place within 
it — will only truly be worthwhile if we 
continue to use the lessons we learn to 
strive for a better future.

FROM T H E D ES K O F LO RI  G L A ZE

https://nspires.nasaprs.com/external/viewrepositorydocument/cmdocumentid=844864/solicitationId=%7BC283D37B-29E1-A5A3-9954-31595B093DCC%7D/viewSolicitationDocument=1/IDEA%20in%20AOs%20RFI%20NNH21ZDA019L.pdf
https://science.nasa.gov/researchers/dual-anonymous-peer-review
https://mentoring365.chronus.com
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Time capsules from the birth of our solar 
system more than 4 billion years ago, the 
swarms of Trojan asteroids associated with 
Jupiter are thought to be remnants of the 
primordial material that formed the outer 
planets. The Trojans orbit the Sun in two 

loose groups, with one 
group leading ahead of 
Jupiter in its path, the other 
trailing behind. Clustered 
around the two Lagrange 
points equidistant from 
the Sun and Jupiter, the 
Trojans are stabilized by 
the Sun and its largest 
planet in a gravitational 
balancing act. These 
primitive bodies hold vital 
clues to deciphering the 
solar system’s history, and 
perhaps even the origins of 
organic material on Earth.

NASA’s Lucy will be the first space mission 
to study the Trojans. The mission takes its 
name from the fossilized human ancestor 
(called “Lucy” by her discoverers) 
whose skeleton provided unique insight 

into humanity’s evolution. Likewise, 
the Lucy mission will revolutionize our 
knowledge of planetary origins and 
the formation of the solar system.

Lucy launched in October 2021 and, 
with boosts from Earth’s gravity, will 
complete a 12-year journey to eight 
different asteroids — a main-belt asteroid 
and seven Trojans, four of which are 
members of “two-for-the-price-of-one” 
binary systems. Lucy’s complex path 
will take it to both clusters of Trojans 
and give us our first close-up view of 
all three major types of bodies in the 
swarms (so-called C-, P- and D-types).

NASA’s Perseverance rover recently 
completed the collection of the first 
sample of martian rock, a core from 
Jezero Crater slightly thicker than a 
pencil. Mission controllers at NASA 
Jet Propulsion Laboratory (JPL) in 
Southern California received data that 
confirmed the historic milestone.

The core is now enclosed in an airtight 
titanium sample tube, making it available 
for retrieval in the future. Through the 
Mars Sample Return campaign, NASA 
and the European Space Agency (ESA) 
are planning a series of future missions 
to return the rover’s sample tubes to 

Earth for closer study. These samples 
would be the first set of scientifically 
identified and selected materials 
returned to our planet from another.

“NASA has a history of setting ambitious 
goals and then accomplishing them, 
reflecting our nation’s commitment to 
discovery and innovation,” said NASA 
Administrator Bill Nelson. “This is a 
momentous achievement and I can’t 
wait to see the incredible discoveries 
produced by Perseverance and our team.”

Along with identifying and collecting 
samples of rock and regolith (broken rock 

and dust) while searching for signs of 
ancient microscopic life, Perseverance’s 
mission includes studying the Jezero 
region to understand the geology and 
ancient habitability of the area, as well 
as to characterize the past climate.

“For all of NASA science, this is truly a 
historic moment,” said Thomas Zurbuchen, 
Associate Administrator for Science at 
NASA Headquarters in Washington, 
DC. “Just as the Apollo Moon missions 
demonstrated the enduring scientific value 
of returning samples from other worlds 
for analysis here on our planet, we will 
be doing the same with the samples 

N E W S  F R O M  S P A C E

LUCY BEGINS ITS TRAVELS TO THE 
FOSSIL ASTEROIDS OF JUPITER

NASA’S PERSEVERANCE ROVER 
COLLECTS FIRST MARS ROCK SAMPLE

This diagram illustrates Lucy’s orbital path. The spacecraft’s path (green) 
is shown in a frame of reference where Jupiter remains stationary, giving 
the trajectory its pretzel-like shape. Credit: Southwest Research Institute.
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Perseverance collects as part of our Mars 
Sample Return program. Using the most 
sophisticated science instruments on Earth, 
we expect jaw-dropping discoveries 
across a broad set of science areas, 
including exploration into the question 
of whether life once existed on Mars.”

First Sample

The sample-taking process began 
on Wednesday, September 1, when 
the rotary percussive drill at the 
end of Perseverance’s robotic arm 
cored into a flat, briefcase-size 
Mars rock nicknamed “Rochette.”

After completing the coring process, the 
arm maneuvered the corer, bit, and 
sample tube so the rover’s Mastcam-Z 
camera instrument could image the 
contents of the still-unsealed tube 

and transmit the results back to Earth. 
After mission controllers confirmed 
the cored rock’s presence in the tube, 
they sent a command to complete 
the processing of the sample.

On September 6, Perseverance transferred 
sample tube serial number 266 and its 
martian cargo into the rover’s interior to 
measure and image the rock core. It then 
hermetically sealed the container, took 
another image, and stored the tube.

“With over 3000 parts, the Sampling 
and Caching System is the most complex 
mechanism ever sent into space,” said 
Larry D. James, Interim Director of 
JPL. “Our Perseverance team is excited 
and proud to see the system perform 
so well on Mars and take the first step 
for returning samples to Earth. We also 
recognize that a worldwide team of 
NASA, industry partners, academia, and 
international space agencies contributed 
to and share in this historic success.”

First Science 
Campaign

Perseverance is currently exploring 
the rocky outcrops and boulders 
of “Artuby,” a ridgeline of more than 
900 meters (0.5 miles) bordering two 
geologic units believed to contain 
Jezero Crater’s deepest and most 
ancient layers of exposed bedrock.

“Getting the first sample under our belt 
is a huge milestone,” said Perseverance 
Project Scientist Ken Farley of Caltech. 

“When we get these samples back on 
Earth, they are going to tell us a great 
deal about some of the earliest chapters 
in the evolution of Mars. But however 
geologically intriguing the contents of 
sample tube 266 will be, they won’t tell 
the complete story of this place. There 
is a lot of Jezero Crater left to explore, 
and we will continue our journey in 
the months and years ahead.”

The rover’s initial science foray, which 
spans hundreds of sols (martian days), 
will be complete when Perseverance 
returns to its landing site. At that 
point, Perseverance will have traveled 
between 2.5 and 5 kilometers (1.6 
and 3.1 miles) and may have filled as 
many as 8 of its 43 sample tubes.

After that, Perseverance will travel 
north, then west, toward the location of 
its second science campaign: Jezero 
Crater’s delta region. The delta is the 
fan-shaped remains of the spot where 
an ancient river met a lake within the 
crater. The region may be especially 
rich in clay minerals. On Earth, such 
minerals can preserve fossilized signs of 
ancient microscopic life and are often 
associated with biological processes.

For more about Perseverance, visit 
www.nasa.gov/perseverance.

Anomalies in the distribution of hydrogen 
at Occator Crater on the dwarf planet 
Ceres reveal an icy crust, says a new study  
led by Tom Prettyman, a senior scientist 
at the Planetary Science Institute (PSI).

The evidence comes from data acquired 
by the Gamma Ray and Neutron 
Detector (GRaND) onboard NASA’s 
Dawn spacecraft. A detailed map of the 

concentration of hydrogen in the vicinity 
of Occator was derived from observations 
from elliptical orbits that brought the 
spacecraft very close to the surface during 
the final mission phase, said Prettyman. The 
paper, entitled “Replenishment of near-
surface water ice by impacts into Ceres’ 
volatile-rich crust: Observations by Dawn’s 
Gamma Ray and Neutron Detector,” 
appears in Geophysical Research 

Letters. PSI scientists Yuki Yamashita, 
Norbert Schorghofer, Carle Pieters, and 
Hanna Sizemore are co-authors.

GRaND’s neutron spectrometer found 
elevated hydrogen concentrations in 
the outermost 1 meter (3.2 feet) of the 
surface of Occator, a large, young crater 
92 kilometers (57 miles) in diameter, the 
paper says. The paper argues that the 

This sealed titanium sample tube contains Persever-
ance’s first cored sample of Mars rock. The rover’s 
Sampling and Caching System Camera (known as 
CacheCam) captured this image. Credit: NASA.

TRACES OF CERES’ ICY CRUST 
FOUND AT OCCATOR CRATER

https://www.nasa.gov/perseverance
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excess hydrogen is in the form of water ice. 
Results confirm Ceres’ outer crust is ice-
rich and that water ice can survive within 
impact ejecta on airless, icy bodies. The 
data imply partial control of the distribution 
of near-surface ice by large impacts 
and provide constraints on surface age 
and regolith thermophysical properties.

“We think that ice has survived in the 
shallow subsurface during the roughly 
20 million years following the formation 

of Occator. Similarities between the 
global distribution of hydrogen and the 
pattern of large craters suggest impact 
processes have delivered ice to the 
surface elsewhere on Ceres. This process 
is accompanied by the loss of ice by 
sublimation caused by heating of the 
surface by sunlight,” Prettyman said.

“The impact that formed Occator would 
have excavated crustal materials 
as deep as 10 kilometers (about 6 

miles). So, observed enhancements in 
the concentration of hydrogen within 
the crater and ejecta blanket support 
our interpretation that the crust is ice 
rich. The findings reinforce the emerging 
consensus that Ceres is a differentiated 
body in which ice separated from 
rock to form an icy outer shell and 
subcrustal ocean,” Prettyman said.

“Smaller, water-rich bodies, including 
the parent bodies of the carbonaceous 
chondrite meteorites, may not have 
experienced differentiation. So, the 
findings could have implications for 
the evolution of icy bodies, small 
and large,” Prettyman said. “More 
broadly, as an ocean world, Ceres 
could be habitable and is therefore an 
attractive target for future missions.”

Funding for the study was provided by 
a grant from NASA’s Discovery Data 
Analysis Program, the NASA Dawn 
Mission, and the SSERVI TREX project.

New data analysis techniques allow 
evidence of recent volcanism to be 
found in old Magellan spacecraft 
data. It is unclear if this activity is 
occurring today or occurred within tens 
of millions of years, but geologically 
speaking, either case is recent. This adds 
to the growing body of evidence that 
volcanoes on Venus didn’t go extinct 
as long ago as many had thought. This 
work was conducted by Planetary 

Science Institute (PSI) researchers 
Megan Russell and Catherine Johnson.

In the 31 years since NASA’s Magellan 
spacecraft entered orbit around Venus, 
researchers have been using the mission’s 
radar images, topography, and gravity 
mapping to understand the surface history 
of this cloud-covered world. Early results 
made it clear that Venus has significantly 
fewer impact craters on its surface 

than its cousins Mars and Mercury. The 
craters that it does have are randomly 
scattered across the planet. Craters build 
up over time, and Venus’ low number 
of craters means it has a surface that 
was somehow wiped clean roughly 
300 million to 1 billion years ago. It is 
unclear whether this was a catastrophic 
event that resurfaced the entire planet 
at once, randomly distributed ongoing 
events that systematically resurfaced 

The study focused on Occator Crater (left), which contains Ceres’ most prominent bright spots. The newly 
reported map (right) reveals higher concentrations of hydrogen than expected if the near sub-surface within 
Occator Crater and its ejecta blanket was ice-free. Results indicate that the crustal materials excavated by the 
crater-forming impact were rich in water ice. Credit: NASA/JPL-CalTech/UCLA/MPS/DLR/IDA; Prettyman 
et al. (2021).

NEW EVIDENCE OF RECENT 
(GEOLOGICALLY SPEAKING) 
VENUSIAN VOLCANISM
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Venus over time, or a combination 
of both options. To understand what 
happened, it is necessary to understand 
when volcanoes have been active.

“The question of whether Venus has 
had geologically recent or ongoing 
volcanism has been an enduring enigma 
from the Magellan mission: we still 
have no smoking gun regarding this, 
but more and more lines of evidence 
suggest a recently, and potentially 
currently, active planet,” said PSI 
Senior Scientist Catherine Johnson.

As computers have improved, it has 
become possible to do more and more 
with Magellan’s finite dataset. Russell 
and Johnson used a high-resolution 
stereo topography dataset generated by 
other researchers to look at a volcano at 

the edge of the 350-kilometer-diameter 
(217.5-mile-diameter) Aramaiti Corona.

Coronae are roughly circular features, 
surrounded by a ring of cracks that 
appear roughly like a crown and are 
thought to be large faults. At some 
coronae, like Aramaiti, volcanoes and 
lava flows are observed close to or on 
these fractures. The volcano studied by 
the PSI researchers was part of the lucky 
20% of Venus’ surface to be imaged in 
stereo with synthetic aperture radar (SAR), 
which revealed the elevations across the 
three-dimensional structure, providing 
a better view than a simple image.

“Instead of looking at the surface of the 
volcano or flows, we look at how the 
volcano deforms the ground around it. 
In response to the weight of the volcano, 

the ground around it bends, like flexing 
a plastic ruler,” said Megan Russell, a 
research associate at PSI and lead 
author of the article “Evidence for a 
locally thinned lithosphere associated 
with recent volcanism at Aramaiti 
Corona, Venus,” which appears in 
Journal of Geophysical Research — 
Planets. “The same kind of deformation 
is seen in the bending of the seafloor 
around the Hawaiian Islands. From this 
deformation, we can infer properties 
like heat flow local to the volcano.”

Using complex computer models 
to model the surface deformation 
is necessary to go beyond simply 
indicating older vs. younger. It is from 
this modeled deformation that properties 
like heat flow can be inferred.

Over time, these kinds of structures can 
evolve, and the observed degree of 
deformation hints at how old or young 
a feature might be and how much heat 
might be flowing under the surface.

Russell goes on to explain, “Modeling 
studies suggest that the shape and 
topography of this corona indicate 
that it is also geologically young, and 
would have similarly geologically 
young volcanism associated with it.”

This particular structure seems to be 
unique in Magellan’s limited dataset. 
Only seven other coronae in the 20% 
of Venus that Magellan studied with 
SAR have steep-sided volcanoes on 
or near their fractured ring like that 
studied by Russell and Johnson. In 
addition, the stereo topography data 
on the feature in this study was of 
particularly high quality. With three 
upcoming missions planned for Venus, 
this team looks forward to exploring this 
question in greater detail in the future.

For Johnson, Venus has already played 
a multi-decade role; she worked on 
her Ph.D. from 1984–1989 as a guest 
investigator on Magellan. For Russell, this 
work is a great start to her career. This 
research was performed while Russell was 
a graduate student at the Department of 
Earth, Ocean, and Atmospheric Sciences 
at the University of British Columbia.

Magellan SAR image of Aramaiti Corona. Narina Tholus (center left) appears as two adjacent domes that are 
superposed on the west outer fracture ring. Credit: Russell et al. (2021).
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“COOL” KIDS IN THE COSMOS 
MAY NOT BE SO UNIQUE

Stars scattered throughout the cosmos 
look different, but they may be more 
alike than once thought, according 
to Rice University researchers.

New modeling work by Rice scientists 
shows that “cool” stars like the Sun share 
the dynamic surface behaviors that 
influence their energetic and magnetic 
environments. This stellar magnetic 
activity is key to whether a given star 
hosts planets that could support life.

The work by Rice postdoctoral researcher 
Alison Farrish and astrophysicists David 
Alexander and Christopher Johns-Krull 
appears in a published study in The 
Astrophysical Journal. The research 
links the rotation of cool stars with the 
behavior of their surface magnetic flux, 
which in turn drives the star’s coronal 
X-ray luminosity in a way that could 
help predict how magnetic activity 
affects any exoplanets in their systems.

The study follows another led by Farrish 
and Alexander that showed a star’s 

“space weather” may make planets in 
their “Goldilocks zone” uninhabitable.

“All stars spin down over their lifetimes 
as they shed angular momentum, and 
they get less active as a result,” Farrish 
said. “We think the Sun in the past 
was more active, and that might 
have affected the early atmospheric 
chemistry of Earth. So thinking about 
how the higher-energy emissions from 
stars change over long timescales is 
pretty important to exoplanet studies.”

“More broadly, we’re taking models 
that were developed for the Sun 
and seeing how well they adapt 
to stars,” said Johns-Krull.

The researchers set out to model what 
far-flung stars are like based on the 
limited data available. The spin and flux 
of some stars have been determined, 
along with their classification — types F, 

G, K, and M — which gave information 
about their sizes and temperatures.

They compared the properties of the 
Sun, a G-type star, with what they knew 
of other cool stars through its Rossby 
number, a measure of stellar activity 
that combines its speed of rotation with 
its subsurface fluid flows that influence 
the distribution of magnetic flux on a 
star’s surface. Their models suggest 
that each star’s “space weather” works 
in much the same way, influencing 
conditions on their respective planets.

“The study suggests that stars — at least 
cool stars — are not too dissimilar from 
each other,” Alexander said. “From 
our perspective, Alison’s model can be 
applied without fear or favor when we 
look at exoplanets around M or F or K 
stars, as well, of course, as other G stars.”

“It also suggests something much 
more interesting for established stellar 
physics, that the process by which a 
magnetic field is generated may be 
quite similar in all cool stars. That’s a 
bit of a surprise,” he said. This could 
include stars that, unlike the Sun, are 
convective down to their cores.

“All stars like the Sun fuse hydrogen and 
helium in their cores, and that energy is 
first carried in the radiation of photons 
toward the surface,” Johns-Krull said. 

“But it hits a zone about 60% to 70% 
of the way that’s just too opaque, so 
it starts to undergo convection. Hot 
matter moves from below, the energy 
radiates away, and the cooler matter 

More broadly, we’re taking models 
that were developed for the Sun and 
seeing how well they adapt to stars.”

“

Rice University scientists have shown that “cool” stars like the Sun share dynamic surface behaviors that 
influence their energetic and magnetic environments. Stellar magnetic activity is key to whether a given star 
can host planets that support life. Credit: NASA.
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New research published in Nature has re-
vealed the solution to Jupiter’s energy crisis, 
which has puzzled astronomers for decades.

Space scientists at the University of 
Leicester worked with colleagues from 
the Japan Aerospace Exploration 
Agency (JAXA), Boston University, NASA 

Goddard Space Flight Center, and the 
National Institute of Information and 
Communications Technology (NICT) to 
reveal the mechanism behind Jupiter’s 
atmospheric heating.

Now, using data from the Keck 
Observatory in Hawaii, astronomers 

have created the most detailed yet global 
map of the gas giant’s upper atmosphere, 
confirming for the first time that Jupiter’s 
powerful aurorae are responsible 
for delivering planet-wide heating.

Dr. James O’Donoghue is a 
researcher at JAXA and completed 
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falls back down. But stars with less than 
a third of the mass of the Sun don’t have 
a radiative zone; they’re convective 
everywhere,” he said. “A lot of ideas 
about how stars generate a magnetic 
field rely on there being a boundary 
between the radiative and the convection 
zones, so you would expect stars that 
don’t have that boundary to behave 
differently. This paper shows that in many 
ways, they behave just like the Sun, once 
you adjust for their own peculiarities.”

Farrish, who recently earned her doctorate 
at Rice and will begin a postdoctoral 
research assignment at NASA Goddard 
Space Flight Center soon, noted the 
model applies only to unsaturated stars.

“The most magnetically active stars are the 
ones we call ‘saturated,’” Farrish said. “At 

a certain point, an increase in magnetic 
activity stops showing the associated 
increase in high energy X-ray emission. 
The reason that dumping more magnetism 
onto the star’s surface doesn’t give you 
more emission is still a mystery. Conversely, 
the Sun is in the unsaturated regime, 
where we do see a correlation between 
magnetic activity and energetic emission,” 
she said. “That happens at a more 
moderate activity level, and those stars 
are of interest because they might provide 
more hospitable environments for planets.”

“The bottom line is the observations, 
which span four spectral types including 
both fully and partially convective stars, 
can be reasonably well represented 
by a model generated from the Sun,” 
Alexander said. “It also reinforces the 
idea that even though a star that is 30 

times more active than the Sun may not 
be a G-class star, it’s still captured by 
the analysis that Alison has done.”

“We do have to be clear that we’re 
not simulating any specific star or 
system,” he said. “We are saying that 
statistically, the magnetic behavior of 
a typical M star with a typical Rossby 
number behaves in a similar fashion to 
that of the Sun, which allows us to assess 
its potential impact on its planets.”

A critical wild card is a star’s activity 
cycle, which can’t be incorporated into 
the models without years of observation. 
(The Sun’s cycle is 11 years, evidenced 
by sunspot activity when its magnetic 
field lines are most distorted.)

Johns-Krull said the model will still be 
useful in many ways. “One of my areas 
of interest is studying very young stars, 
many of which are, like low-mass stars, 
fully convective,” he said. “Many of these 
have disk material around them and are 
still forming planets. How they interact 
is mediated, we think, by the stellar 
magnetic field. So, Alison’s modeling 
work can be used to learn about the 
large-scale structure of very magnetically 
active stars, and that can then allow 
us to test some ideas about how these 
young stars and their disks interact.”

Minjing Li, a visiting undergraduate 
from the University of Science and 
Technology of China, is a co-author of 
the paper. Alexander is a professor of 
physics and astronomy and the director 
of the Rice Space Institute. Johns-Krull is 
a professor of physics and astronomy.

It also reinforces the idea 
that even though a star 
that is 30 times more active 
than the Sun may not 
be a G-class star, it’s still 
captured by the analysis 
that Alison has done.”

“

SPACE SCIENTISTS REVEAL SECRET 
BEHIND JUPITER’S ENERGY CRISIS
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his Ph.D. at Leicester. He is the lead 
author for the research paper.

O’Donoghue said, “We first began trying 
to create a global heat map of Jupiter’s 
uppermost atmosphere at the University 
of Leicester. The signal was not bright 
enough to reveal anything outside of 
Jupiter’s polar regions at the time, but with 
the lessons learned from that work, we 
managed to secure time on one of the 
largest, most competitive telescopes on 
Earth some years later.”

He continued, “Using the Keck telescope, 
we produced temperature maps of 
extraordinary detail. We found that 
temperatures start very high within the 
aurora, as expected from previous work, 
but now we could observe that Jupiter’s 
aurora, despite taking up less than 10% 
of the area of the planet, appear to be 
heating the whole thing. This research 
started in Leicester and carried on at 
Boston University and NASA before 
ending at JAXA in Japan. Collaborators 
from each continent working together 
made this study successful, combined 
with data from NASA’s Juno spacecraft 
in orbit around Jupiter and JAXA’s Hisaki 
spacecraft, an observatory in space.”

Dr. Tom Stallard and Dr. Henrik Melin 
are part of the School of Physics and 
Astronomy at the University of Leicester.

Dr. Stallard added, “There has been a 
very long-standing puzzle in the thin 
atmosphere at the top of every giant planet 
within our solar system. With every Jupiter 
space mission, along with groundbased 
observations, over the past 50 years, we 
have consistently measured the equatorial 
temperatures as being much too hot. This 

‘energy crisis’ has been a long-standing 
issue — do the models fail to properly 
model how heat flows from the aurora, or 
is there some other unknown heat source 
near the equator? This paper describes 
how we have mapped this region in 
unprecedented detail and have shown 
that, at Jupiter, the equatorial heating is 
directly associated with auroral heating.”

Aurorae occur when charged particles 
are caught in a planet’s magnetic 
field. These spiral along the field lines 
toward the planet’s magnetic poles, 
striking atoms and molecules in the 
atmosphere to release light and energy.

On Earth, this leads to the characteristic 
light show that forms the Aurora Borealis 
and Australis. At Jupiter, the material 

spewing from its volcanic moon, Io, 
leads to the most powerful aurora 
in the solar system and enormous 
heating in the planet’s polar regions.

Although the jovian aurorae have long 
been a prime candidate for heating 
the planet’s atmosphere, observations 
have previously been unable to 
confirm or deny this until now.

Previous maps of the upper atmospheric 
temperature were formed using images 
consisting of only several pixels. This 
is not enough resolution to see how 
the temperature might be changed 
across the planet, providing few clues 
as to the origin of the extra heat.

Researchers created five maps of the 
atmospheric temperature at different 
spatial resolutions. The highest-
resolution map shows an average 
temperature measurement for squares 
2° longitude high by 2° latitude wide.

The team scoured more than 10,000 
individual data points, only mapping 
points with an uncertainty of less than 5%.

Models of the atmospheres of gas 
giants suggest that they work like a 
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Jupiter is shown in visible light for context underneath an artistic impression of the jovian upper atmosphere’s infrared glow. The brightness of this upper atmosphere layer 
corresponds to temperatures, from hot to cold, in this order: white, yellow, bright red, and lastly, dark red. The aurorae are the hottest regions, and the image shows how 
heat may be carried by winds away from the aurora and cause planet-wide heating. Credit: J. O’Donoghue (JAXA)/Hubble/NASA/ESA/A. Simon/J. Schmidt.
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giant refrigerator, with heat energy 
drawn from the equator toward the 
pole and deposited in the lower 
atmosphere in these pole regions.

These new findings suggest that fast-
changing aurorae may drive waves 
of energy against this poleward flow, 
allowing heat to reach the equator.

Observations also showed a region of 
localized heating in the sub-auroral region 
that could be interpreted as a limited 
wave of heat propagating equatorward, 

which could be interpreted as evidence 
of the process driving heat transfer.

Planetary research at the University 
of Leicester spans the breadth of 
the jovian system, from the planet’s 
magnetosphere and atmosphere to 
its diverse collection of satellites.

Leicester researchers are members 
of the Juno mission, a global team of 
astronomers observing the giant planet 
and leading Jupiter observations from 
the forthcoming James Webb Space 

Telescope. Leicester also plays a leading 
role in science and instrumentation 
on the European Space Agency 
(ESA)’s JUpiter ICy moons Explorer 
(JUICE), due for launch in 2022.

“Global upper-atmospheric heating on 
Jupiter by the polar aurorae” is available 
in the August 2021 issue of Nature.

FROZEN SMECTITE CLAYS, NOT 
WATER, DETECTED BENEATH MARS 
SOUTH POLAR REGION

What lies beneath the frozen surface 
of Mars’ south polar region has been 
a recent hot topic among researchers, 
and a new paper by Planetary Science 
Institute (PSI) Research Scientist Isaac 
Smith refines the answer, pouring cold 
water on the subglacial lake theory.

The bright radar reflectors detected at the 
martian south pole are not liquid water, 
but clays, specifically frozen-solid smectite 
minerals, said Smith, the lead author of “A 
solid interpretation of bright radar reflectors 
under the Mars south polar ice,” which 
appears in Geophysical Research Letters.

Using the Mars Advanced Radar for 
Subsurface and Ionosphere Sounding 
(MARSIS) radar instrument onboard 
the European Space Agency’s Mars 
Express orbiter, previous work detected 
areas of high radar reflectivity deep 
beneath martian south polar ice deposits. 
That team said the bright reflections 
indicated that several bodies of water, 
commonly reported as lakes, were 
found. But a recent flurry of journal 

papers has made the presence of 
underground lakes in the martian south 
polar region less likely, including a recent 
paper on which PSI Senior Scientist 
Nathanial Putzig was a co-author.

“To date, all previous papers were only 
able to suggest holes in the lakes argument. 
We’re the first paper to demonstrate that 
another material is the most likely cause 
of the observations,” said Smith, who is 
also affiliated with York University, Toronto, 
Canada. “Now, our paper offers the 
first plausible, and considerably more 
likely, alternative hypothesis to explain the 
MARSIS observations. Specifically, solid 
clays frozen to cryogenic temperatures 
can make the reflections. Considering the 
recent work on this topic finding faults 
with the lake theory, this is like a 1-2-3 
punch combination that puts big holes in 
the lake interpretation and then solves the 
riddle. In my opinion, it’s a knockout.”

Subglacial lakes were first reported in 
2018 and caused a big stir because of 
the potential for habitability on Mars. 

Mars south polar layered deposits on top of martian 
smectites. Top: The multi-kilometer-thick south 
polar ice cap has a base that is composed, at least 
partially, of a common type of clays. These clays 
are found over nearly half of the planet’s surface 
and now at the edges of the ice cap. Credit: ESA/
DRL/FU Berlin. Bottom: Radar measurements of the 
clays from a lab led by Smith show that they can 
explain the bright reflections observed by MARSIS, 
a simpler explanation than bodies of liquid water. 
Credit: NASA.
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Astrobiologists and non-scientists were 
equally attracted to the exciting news. 
Now, the solution to this question, with 
great import to the planetary science 
community, may be much more mundane 
than bodies of water on Mars.

The strength of this new study is the 
diversity of techniques employed. “Our 
study combined theoretical modeling with 
laboratory measurements and remote 
sensing observations from the Compact 
Reconnaissance Imaging Spectrometer for 
Mars (CRISM) instrument on NASA’s Mars 
Reconnaissance Orbiter. All three agreed 
that smectites can make the reflections 
and that smectites are present at the south 
pole of Mars. It’s the trifecta: Measure the 
material properties, show that the material 
properties can explain the observation, and 

demonstrate that the materials are present 
at the site of the observation,” Smith said.

Smith puts the clays in perspective, saying 
“Smectites are a type of clay that is 
extremely abundant on Mars, covering 
nearly 50% of the surface, especially 
focused in the southern hemisphere. I 
call them solid-state to reinforce the 
idea that these materials are solid. 
There is no unbound water. Further, our 
experiments show that when the clays are 
frozen to cryogenic temperatures, they 
become brittle, rather than a soft clay 
like you might use for pottery. Recent 
theoretical work had suggested that 
clays could make bright reflections, but 
no one had frozen them to temperatures 
we would see on Mars — namely 
40° to 50° below freezing — and 

measured them, nor had they identified 
these minerals at the south pole.”

The paper could put to rest the question 
of what lies beneath Mars’ south polar 
region. “Lakes under the ice leave more 
questions unanswered than answered. A 
simpler answer is that a material we now 
know exists at the south pole of Mars 
explains the anomalous observations 
better than an extraordinary claim of 
bodies of liquid water,” Smith said. “In 
my opinion, the liquid water interpretation 
is hard to support at this point.”

NASA SPACECRAFT PROVIDES 
INSIGHT INTO ASTEROID 
BENNU’S FUTURE ORBIT
In a recent study, NASA researchers 
used precision-tracking data from the 
agency’s Origins, Spectral Interpretation, 
Resource Identification, Security-Regolith 
Explorer (OSIRIS-REx) spacecraft to 
better understand movements of the 
potentially hazardous asteroid Bennu 
through the year 2300, significantly 

reducing uncertainties related to its future 
orbit, and improving scientists’ ability to 
determine the total impact probability 
and predict orbits of other asteroids.

The study, entitled “Ephemeris and 
hazard assessment for near-Earth 
asteroid (101955) Bennu based on 

OSIRIS-REx data,” was published in the 
November issue of the journal Icarus.

“NASA’s Planetary Defense mission is to 
find and monitor asteroids and comets 
that can come near Earth and may pose 
a hazard to our planet,” said Kelly Fast, 
Program Manager for the Near-Earth 
Object Observations Program at NASA 
Headquarters in Washington, DC. “We 
carry out this endeavor through continuing 
astronomical surveys that collect 
data to discover previously unknown 
objects and refine our orbital models 
for them. The OSIRIS-REx mission has 
provided an extraordinary opportunity 
to refine and test these models, helping 
us better predict where Bennu will be 
when it makes its close approach to 
Earth more than a century from now.”

In 2135, asteroid Bennu will make a 
close approach with Earth. Although 
the near-Earth object will not pose 
a danger to our planet at that time, 
scientists must understand Bennu’s exact 
trajectory during that encounter in order 

NASA’s Planetary Defense 
mission is to find and 
monitor asteroids and 
comets that can come 
near Earth and may pose 
a hazard to our planet.”

“
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to predict how Earth’s gravity will alter 
the asteroid’s path around the Sun — and 
affect the hazard of Earth impact.

Using NASA’s Deep Space Network 
and state-of-the-art computer models, 
scientists were able to significantly 
shrink uncertainties in Bennu’s 
orbit, determining its total impact 
probability through the year 2300 
is about 1 in 1750 (or 0.057%). The 
researchers also identified September 
24, 2182, as the most significant 
single date in terms of a potential 
impact, with an impact probability 
of 1 in 2700 (or about 0.037%).

Although the chances of it hitting Earth 
are very low, Bennu remains one 
of the two most hazardous known 
asteroids in our solar system, along with 
another asteroid called 1950 DA.

Before leaving Bennu on May 10, 2021, 
OSIRIS-REx spent more than two years in 
close proximity to the asteroid, gathering 
information about its size (it is about 500 
meters or one-third of a mile wide), shape, 

mass, and composition while monitoring its 
spin and orbital trajectory. The spacecraft 
also scooped up a sample of rock and 
dust from the asteroid’s surface, which 
it will deliver to Earth on September 24, 
2023, for further scientific investigation.

“The OSIRIS-REx data give us so 
much more precise information, we 
can test the limits of our models and 
calculate the future trajectory of Bennu 
to a very high degree of certainty 
through 2135,” said study lead Davide 
Farnocchia of the Center for Near 
Earth Object Studies (CNEOS), which 
is managed by NASA Jet Propulsion 
Laboratory (JPL) in Southern California. 

“We’ve never modeled an asteroid’s 
trajectory to this precision before.”

Gravitational 
Keyholes
The precision measurements on Bennu 
help to determine better how the asteroid’s 
orbit will evolve over time and whether it 
will pass through a “gravitational keyhole” 

during its 2135 close approach. These 
keyholes are areas in space that would 
set Bennu on a path toward a future 
impact with Earth if the asteroid were to 
pass through them at certain times due 
to the effect of Earth’s gravitational pull.

To calculate exactly where the asteroid will 
be during its 2135 close approach — and 
whether it might pass through a gravita-
tional keyhole — Farnocchia and his team 
evaluated various types of small forces 
that may affect the asteroid as it orbits the 
Sun. Even the smallest force can signifi-
cantly deflect its orbital path over time, 
causing it to pass through or completely 
miss a keyhole.

Among those forces, the Sun’s heat plays 
a crucial role. As an asteroid travels 
around the Sun, sunlight heats its dayside. 
Because the asteroid spins, the heated 
surface will rotate away and cool down 
when it enters the nightside. As it cools, the 
surface releases infrared energy, which 
generates a small amount of thrust on 
the asteroid — a phenomenon called the 
Yarkovsky effect. Over short timeframes, 

This mosaic of Bennu was created using observations made by NASA’s OSIRIS-REx spacecraft, which was in close proximity to the asteroid for over two years. 
Credit: NASA/Goddard/University of Arizona.
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this thrust is minuscule, but over long 
periods, the effect on the asteroid’s position 
builds up and can play a significant 
role in changing an asteroid’s path.

“The Yarkovsky effect will act on all 
asteroids of all sizes, and while it has 
been measured for a small fraction of the 
asteroid population from afar, OSIRIS-
REx gave us the first opportunity to 
measure it in detail as Bennu traveled 
around the Sun,” said Steve Chesley, a 
senior research scientist at JPL and study 
co-investigator. “The effect on Bennu is 
equivalent to the weight of three grapes 
constantly acting on the asteroid — tiny, 
yes, but significant when determining 
Bennu’s future impact chances over 
the decades and centuries to come.”

The team considered many other 
perturbing forces as well, including the 
gravity of the Sun, the planets, their moons, 
and more than 300 other asteroids; the 
drag caused by interplanetary dust; the 

pressure of the solar wind; and Bennu’s 
particle-ejection events. The researchers 
even evaluated the force OSIRIS-REx 
exerted when performing its touch-and-
go (TAG) sample collection event on 
October 20, 2020, to see if it might have 
slightly altered Bennu’s orbit, ultimately 
confirming previous estimates that the 
TAG event had a negligible effect.

“The force exerted on Bennu’s surface 
during the TAG event were tiny even 
in comparison to the effects of other 
small forces considered,” said Rich 
Burns, OSIRIS-REx Project Manager at 
NASA Goddard Space Flight Center in 
Greenbelt, Maryland. “TAG did not alter 
Bennu’s likelihood of impacting Earth.”

Tiny Risk, Huge Gain
Although a 0.057% impact probability 
through the year 2300 and an 
impact probability of 0.037% on 
September 24, 2182, are low, this 

study highlights the crucial role that 
OSIRIS-REx operations played in 
precisely characterizing Bennu’s orbit.

“The orbital data from this mission 
helped us better appreciate Bennu’s 
impact chances over the next couple of 
centuries and our overall understanding 
of potentially hazardous asteroids — an 
incredible result,” said Dante Lauretta, 
OSIRIS-REx Principal Investigator, and 
Professor at the University of Arizona. 

“The spacecraft is now returning home, 
carrying a precious sample from this 
fascinating ancient object that will 
help us better understand not only the 
history of the solar system but also the 
role of sunlight in altering Bennu’s orbit 
since we will measure the asteroid’s 
thermal properties at unprecedented 
scales in laboratories on Earth.”

INTERSTELLAR COMETS LIKE 
BORISOV MAY NOT BE RARE

Astronomers spotted something 
incredible in Earth’s backyard: a 
rogue comet from another star system 
in 2019. Named Borisov, the icy 
snowball traveled 180,000 kilometers 
per hour (110,000 miles per hour) and 
marked the first and only interstellar 
comet ever detected by humans.

But what if these interstellar visitors — 
comets, meteors, asteroids, and other 
debris from beyond the solar system — 
are more common than people think?

In a new study published in the Monthly 
Notices of the Royal Astronomical 
Society, astronomers Amir Siraj and 

Avi Loeb at the Center for Astrophysics 
(CfA) Harvard and Smithsonian 
present new calculations showing that 
in the Oort cloud — a shell of debris 
in the farthest reaches of Earth’s solar 
system — interstellar objects outnumber 
objects belonging to the solar system.

“Before the detection of the first 
interstellar comet, we had no idea how 
many interstellar objects there were 
in our solar system, but theory on the 
formation of planetary systems suggests 
that there should be fewer visitors than 
permanent residents,” said Siraj, a 
concurrent undergraduate and graduate 
student in Harvard’s Department of 

Astronomy and lead author of the 
study. “Now we’re finding that there 
could be substantially more visitors.”

The calculations, made using conclusions 
drawn from Borisov, include significant 
uncertainties, Siraj points out. But even 
after taking these into consideration, 
interstellar visitors prevail over 
objects native to the solar system.

“Let’s say I watch a mile-long stretch of 
railroad for a day and observe one 
car cross it,” Siraj said. “I can say that, 
on that day, the observed rate of cars 
crossing the section of railroad was 
one per day per mile. But if I have a 
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reason to believe that the observation 
was not a one-off event — say, by 
noticing a pair of crossing gates built 
for cars — then I can take it a step 
further and begin to make statistical 
conclusions about the overall rate of 
cars crossing that stretch of railroad.”

But if there are so many interstellar 
visitors, why has only one been seen?

“We just don’t have the technology 
to see them yet,” Siraj said.

Consider, he said, that the Oort cloud 
spans a region some 200 billion to 100 
trillion miles away from the Sun — and 
unlike stars, objects in the Oort cloud 
do not produce their own light. Those 

two factors make debris in the outer 
solar system incredibly hard to see.

Senior astrophysicist Matthew Holman, 
who was not involved in the research, 
said the study results are exciting 
because they have implications for 
objects even closer than the Oort cloud.

“These results suggest that the 
abundances of interstellar and Oort 
cloud objects are comparable closer 
to the Sun than Saturn,” said Holman, 
who is the former director of the CfA’s 
Minor Planet Center, which tracks 
comets, asteroids, and other debris in 
the solar system. “This can be tested 
with current and future solar system 
surveys. When looking at the asteroid 
data in the region, the question is: Are 
there asteroids that really are interstellar 
that we just didn’t recognize before?”

Holman explained that some asteroids 
get detected but are not observed or 
followed up on year after year. “We 
think they are asteroids, then we lose 
them without doing a detailed look.”

Loeb, the study co-author and Harvard 
astronomy professor, added that 

“interstellar objects in the planetary 
region of the solar system would be rare, 
but our results clearly show they are 
more common than solar system material 
in the dark reaches of the Oort cloud.”

Observations with next-
generation technology may help 
confirm the team’s results.

The advent of the Vera C. Rubin 
Observatory, slated for 2022, will 

“blow previous searches for interstellar 
objects out of the water,” Siraj 
said, and hopefully, help detect 
many more visitors like Borisov.

The Transneptunian Automated 
Occultation Survey (TAOS II), which is 
specifically designed to detect comets 
in the far reaches of Earth’s solar 
system, may also be able to detect 
one of these passersby. TAOS II may 
come online as early as this year.

“The abundance of interstellar objects 
in the Oort cloud suggests that much 
more debris is left over from the 
formation of planetary systems than 
previously thought,” Siraj said.

“Our findings show that interstellar objects 
can place interesting constraints on 
planetary system formation processes 
since their implied abundance requires a 
significant mass of material to be ejected 
in the form of planetesimals,” Siraj said. 

“Together with observational studies of 
protoplanetary disks and computational 
approaches to planet formation, the 
study of interstellar objects could help us 
unlock the secrets of how our planetary 
system — and others — formed.”

An image of the interstellar comet 2I/Borisov observed 
from the Hubble Space Telescope on October 12, 
2019. Credit: NASA/ESA/Hubble/D. Jewitt, UCLA.

THE FORECAST FOR MARS:
Otherworldly Weather Predictions
As scientists prepare for crewed 
research missions to nearby planets and 
moons, they’ve identified a need for 
something beyond rovers and rockets: 
accurate weather forecasts. Without 
them, any trip to the surface may be 
one dust storm away from disaster.

A new Yale study helps lay the foundation 
for more accurate, otherworldly forecasts 
by taking a phenomenon related to 

Earth’s jet stream and applying it to 
weather patterns on Mars and Titan, 
Saturn’s largest moon. The study appears 
in the journal Nature Astronomy.

“I believe the first accurate forecasts 
of perhaps a few Mars days may be 
only a decade away,” said lead author 
J. Michael Battalio, a postdoctoral 
researcher in Earth and planetary 
sciences in Yale’s faculty of Arts and 

Sciences. “It is just a matter of combining 
better observational datasets with 
sufficiently refined numerical models. 
But until then, we can rely upon 
connections between the climate and 
weather to help anticipate dust storms.”

On Earth, the regularity of storm systems 
in the middle latitudes is associated 
with an annular mode — a variability 
in atmospheric flow that is unrelated to 
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the cycle of seasons. Annular modes 
affect the jet stream, precipitation, and 
cloud formations across the planet. They 
explain up to one-third of the variability 
in wind-driven “eddies,” including 
blizzards in New England and severe 
storm outbreaks in the Midwest.

After noticing that the regularity of dust 
storms in the southern hemisphere of Mars 
was similar to the repeatability of Earth’s 
eddies, Battalio conceived of the new 
study. Specifically, after looking at 15 
years of Mars atmospheric observations in 
a public dataset, he discovered that Mars 
also has annular modes, just as Earth does.

Battalio’s lab supervisor, Juan Lora, 
an assistant professor of Earth and 
planetary sciences at Yale, suggested 
that they also look for annular modes 
on Titan. Although there are very few 
atmospheric observations for Titan, Lora 
has developed a highly regarded global 
climate model for the moon called the 
Titan Atmospheric Model (TAM).

Indeed, Battalio and Lora found that 
annular modes are also prominent in 
their Titan simulations. The researchers 
found that annular modes on Titan 
and Mars are even more influential 

than they are on Earth. They appear 
to be responsible for up to half of the 
wind variability on Mars and two-
thirds of the wind variability on Titan.

“Methane clouds and surface changes 
caused by methane rain on Titan have 
been observed before,” said Lora, who 
is co-author of the study. “And now 
it seems these events are connected 
to shifts of Titan’s strong jet stream, 
influenced by its annular modes.”

Added Battalio, “The fact that we have 
found annular modes on worlds as 
different from Earth as Mars and Titan 

also means they may be ubiquitous in 
planetary atmospheres, from Venus 
to the gas giants or exoplanets.”

As for Mars, its dust storms range from tiny 
dust devils that are constantly occurring 
to global dust storms that encircle the 
planet once every few years. The smaller 
storms last less than a day, but the global 
events may last months. There are also 
regional events that last days to weeks.

“Understanding and predicting these 

events is vital for the safety of missions, 
particularly those that rely on solar power, 
but also for all missions as they land 
on the surface,” Battalio said. “During 
larger regional events, the dust can 
become so thick at times as to make day 
seem as dark as the middle of the night. 
Even without a large, dramatic event, 
regional storms are a periodic feature.”

It is this periodic nature, researchers said, 
that could allow for annular modes to 
predict dust storms. Mars’, Titan’s, and 
Earth’s modes each occur regularly. 
Because the annular modes impact 
the eddies that cause dust storms, real-

time analysis of the annular modes 
enables simple predictions of dust storms 
without relying on a complex model.

The Opportunity robotic rover landed on 
Mars in 2004 for a 90-day mission; it 
operated for more than 14 years, partly by 
hibernating during dust storms. The Interior 
Exploration using Seismic Investigations, 
Geodesy and Heat Transport (InSight) 
robotic lander arrived on Mars in 2018.

“A global event is what finally ended 
the Opportunity rover, but the slow 
accumulation of dust is currently 
endangering the survival of the 
InSight mission,” Battalio said.

Credit: Illustration by Michael S. Helfenbein; image courtesy of NASA/JPL-Caltech.

It is this periodic nature, researchers 
said, that could allow for annular 
modes to predict dust storms.”

“
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Astronomers have long suspected 
that superflares, extreme radiation 
bursts from stars, can cause lasting 
damage to the atmospheres and 
habitability of exoplanets. A new study 
published in the Monthly Notices 
of the Royal Astronomical Society 
reports that they pose only a limited 
danger to planetary systems.

“We’ve known these are big flares, much 
larger than we see on our own Sun,” said 
co-author James Davenport, a research 
assistant professor of astronomy at the 

University of Washington (UW). “Now 
we see superflares occur at high latitudes, 
near the ‘poles’ of the star, which means 
that the bursts of radiation are not directed 
toward the paths of orbiting exoplanets.”

Flares are magnetic explosions on 
the surface of stars that expel intense 
electromagnetic radiation into space. 
Large flares like superflares emit a 
cascade of energetic particles that 
can hit exoplanets orbiting the flaring 
star, and in the process, alter or even 
evaporate planetary atmospheres.

Using optical observations from the 
Transiting Exoplanet Survey Satellite 
(TESS), the team, led by astronomers at the 
Leibniz Institute for Astrophysics Potsdam, 
studied large superflares on red dwarfs, 
a class of young, small stars that have a 
lower temperature and mass than our Sun.

Many exoplanets have been found 
around these types of stars. A lingering 
question in exoplanet research has 
been whether these exoplanets are 
habitable since red dwarfs are more 
active than our Sun and flare much 
more frequently and intensely.

The team developed a method to 
determine the location on the stars’ 
surface where flares originate. The team 
achieved this by analyzing so-called 

“whitelight flares” on fast-rotating red 
dwarf stars. These types of flares last 
long enough that their brightness, as 
observed by TESS, varies as they rotate 
in and out of view on the stellar surface.

“Since we can’t see the surfaces of 
these stars, determining the latitudes 
of things like hot flares and cool spots 
has traditionally been between difficult 
and impossible!” said Davenport, who 
is also the associate director of the 
Data Intensive Research in Astrophysics 
and Cosmology (DiRAC) Institute at 
UW. “This work combines clever data 
modeling with the uniquely precise 
data that comes from missions like TESS, 
and finds something remarkable.”

The team found rotating flares by 
processing the light curves of more than 
3000 red dwarf stars by TESS. Among 
these stars, they found four with flares 
large enough for their new method. The 
team used the precise shape of each 
star’s light curve to infer the latitude of 
the flaring region, and found that all four 

SUPERFLARES MAY BE LESS 
HARMFUL TO EXOPLANETS 
THAN PREVIOUSLY THOUGHT

Small stars flare actively and expel particles that can alter and evaporate the atmospheres of planets in their 
orbit. New findings suggest that large superflares originate at high latitudes, sparing planets that orbit around 
the stellar equator. Credit: Leibniz Institute for Astrophysics Potsdam/J. Fohlmeister.
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flares occurred above approximately 
55° latitude, which is much closer to the 
pole than flares and spots on the surface 
of our Sun, which usually occur below 
30° latitude. The team also showed that 
their detection method was not biased 
toward a particular stellar latitude.

These findings, even with only four 
flares, are significant. If flares were 
spread equally across the stellar 
surface, the chances of finding four 
flares in a row at such high latitudes 
would be about 1 in 1000.

This has implications for models of the 
magnetic fields of stars and for the 
habitability of exoplanets that orbit them.

“We discovered that extremely large 
flares are launched from near the poles 
of red dwarf stars, rather than from their 
equator, as is typically the case on the 
Sun,” said lead author Ekaterina Ilin, a 
doctoral student at Leibniz. “Exoplanets 
that orbit in the same plane as the equator 
of the star, like the planets in our own 
solar system, could therefore be largely 

protected from such superflares, as these 
are directed upwards or downwards 
out of the exoplanet system. This could 
improve the prospects for the habitability 
of exoplanets around small host stars, 
which would otherwise be much more 
endangered by the energetic radiation 
and particles associated with flares 
compared to planets in the solar system.”

The detection of these flares is further 
evidence that strong and dynamic 
concentrations of stellar magnetic 
fields, which can manifest themselves 
as dark spots and flares, form close 
to the rotational poles of fast-rotating 
stars. The existence of such “polar 
spots” has long been suspected from 

indirect reconstruction techniques like 
Doppler imaging of stellar surfaces but 
has not been detected directly so far.

“Nature is telling us something important 
about how these little, typically 
young stars produce magnetic 
fields that are much stronger than 
our Sun,” said Davenport. “That has 
huge implications for how we think 
about the planets that orbit them.”

N E WS FROM S PAC E

Nature is telling us something important 
about how these little, typically young 
stars produce magnetic fields that are 
much stronger than our Sun.”

“
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M E E T I N G  H I G H L I G H T S

The 12th Planetary Crater Consortium (PCC) 
Meeting was held virtually from August 
11–13, 2021. The meeting was convened 
by the Planetary Crater Consortium 
and hosted by USRA/LPI. A total of 52 
individuals were registered, with more than 
40 active participants at any given time, 
spanning time zones from India to Hawaii.

The PCC annual meeting is open to all 
planetary and terrestrial scientists interested 
in any aspect of impact cratering on solar 
system bodies, including observational, 
theoretical, experimental, and numerical 
modeling studies of impact craters on 
planets, dwarf planets, moons, asteroids, 
comets, or other small solar system 
objects. The annual meeting is designed 
to encourage and provide adequate time 
for an in-depth discussion of crater-related 
issues and research topics to enhance 
collaborations. A primary goal is to 
provide feedback on works in progress in 
a relaxed and friendly environment, discuss 
potential new avenues of collaborative 
crater research, and present new work 
and applications of impact crater studies 
and related topics. Most talks had longer, 
30-minute slots, and discussion times were 
set aside in the schedule every day.

The scientific program consisted of 
22 talks spanning 6 different topical 

sessions: computer applications to impact 
crater studies, crater-based surface 
ages, lightning, crater studies via remote 
sensing datasets, field and laboratory 
studies, and laboratory and computer 
modeling of impact craters. The new 
lightning session was designed to give 
some speakers shorter talks but still be 
able to fit them into the schedule, and 
it appeared to be well received.

Under the PCC charter, the PCC annual 
meeting also contains several business 
items. This included committee reports and 
the election of a new PCC council member 
(Margaret Landis, Colorado University/
Laboratory for Atmospheric and Space 
Physics) to replace one of three who rotates 
off each year (this year, Lillian R. Ostrach, 
U.S. Geological Survey). This year, the 
PCC chair was also up for election for 
a three-year term. A new charter was 
presented for potential adoption based 
on new issues and contingencies that 
have arisen over the past few years. A 
new position was created (and filled) 
called the documentarian. The intent of the 
documentarian position is to help manage 
PCC communications and take minutes 
of PCC executive council meetings. The 
position is intended to give an early-career 
individual experience in leadership in a 
professional society. The PCC executive 

council selects the documentarian based 
on anyone who has volunteered prior 
to the end of the meeting (Rachael H. 
Hoover, Southwest Research Institute).

This year also featured a memorial for one 
of the three PCC co-founders, Nadine 
G. Barlow, who died the week after the 
2020 PCC meeting. This featured an 
open-audio invitation for anyone who 
wished to say something about their 
memories of Barlow, her accomplishments, 
mentorship, or anything else. The event 
lasted nearly an hour and featured 
over a dozen speakers, some of whom 
shared relevant photographs, such as 
of Barlow leading field trips to Meteor 
Crater, where her ashes were scattered.

The annual PCC meeting was a 
success, thanks to the hard work of the 
conveners, organizers, and hosts, and 
we look forward to the lucky thirteenth 
meeting, which will hopefully be held 
in person in August 2022 in Flagstaff, 
Arizona, with a virtual component.

For more information about the 
meeting, including links to the program 
and abstracts, visit www.hou.usra.
edu/meetings/crater2021/.

12TH PLANETARY CRATER 
CONSORTIUM MEETING

— Text provided by Stuart J. Robbins (Southwest Research Institute)

https://www.hou.usra.edu/meetings/crater2021/
https://www.hou.usra.edu/meetings/crater2021/
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ME E T I N G H I G H L I G H TS

The 2021 Annual Meeting of the Lunar 
Exploration Analysis Group (LEAG) was 
held virtually from August 31–September 
2, 2021. The theme of this year’s annual 
meeting was “Lunar Science and 
Exploration in the Next Five Years.”

Over 200 attendees participated in the 
meeting across the U.S. and internationally. 
The meeting featured updates from NASA 
Headquarters, current and planned lunar 
missions from the U.S. (Artemis and PRISM) 
and several other countries, Commercial 
Lunar Payload Services (CLPS) providers, 
and others. Several contributed sessions 
were held, focusing on highlights from 
the Lunar Reconnaissance Orbiter, lunar 
science and exploration goals, future lunar 
assets and concepts regarding science 
and technology, and future lunar sample 
analysis assets and concepts.

The meeting also engaged and showcased 
the early-career lunar community by 

inviting a presentation from the Lunar Next 
Generation Scientists and Engineers group 
and holding a Featured Early Career 
Presentation, given by Dr. Liam Morrissey. 
A virtual networking session was held on 
day 2 using Gathertown, which hosted 
several meet-and-greets and focused 
breakout discussions for the community.

The LEAG Equity, Diversity, and Inclusion 
(EDI) chair gave additional featured 
presentations, followed by a presentation 
discussing issues relating to planetary 
nomenclature. A virtual Bystander 
Intervention workshop preceded the LEAG 
meeting. Bystander intervention is an 
evidence-based framework intended to 
reduce the burden of protecting oneself 
from harassment and shift the responsibility 
to the community. This program was 
developed and given by scientists to 
increase peer-to-peer anti-harassment 
efforts and positive culture changes. This 
year’s LEAG meeting introduced a new 

award, the LEAG Service Award, for 
exemplary service to LEAG and the 
lunar community through excellence in 
leadership, continuous dedication to 
mentoring, and enriching the early-career 
community. The inaugural 2021 LEAG 
Service Award was given to Dr. Wendell 
Mendell and Dr. Clive Neal.

Findings were drafted regarding a variety 
of topics such as Artemis; EDI; science 
priorities; surface, orbital, and sample 
analysis assets, missions, and infrastructure; 
and collaboration, engagement, and 
communication. Once finalized and 
approved, all findings will be posted on 
the LEAG website.

To view the program, abstracts, and 
presentations, visit the workshop website at 
www.hou.usra.edu/meetings/leag2021/.

— Text provided by Erica Jawin (Smithsonian National Museum of Natural History) and Amy Fagan (Western Carolina University)

2021 ANNUAL MEETING OF THE LUNAR 
EXPLORATION ANALYSIS GROUP

https://www.hou.usra.edu/meetings/leag2021/.
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Terrestrial analogs are an important part 
of the robotic and human exploration 
of the solar system. One of the main 
recommendations from a community 
survey conducted in 2019 was to hold 
a workshop to increase communication 
and share resources among scientists, 
engineers, data managers, educators, and 
students who are involved, or hope to be 
involved, in terrestrial analog studies.

The Workshop on Terrestrial Analogs 
for Planetary Exploration was held as 
a virtual conference from June 16–18, 
2021, in coordination with the Annual 
Meeting of Planetary Geologic Mappers 
and hosted by USRA/LPI. The decision 
to coordinate these meetings was based 
on clear overlap in these disciplines and 
mutual support. These meetings were 
initially intended to be held in person in 
Flagstaff, Arizona, with an optional field 
trip to nearby analog sites. However, the 
meetings were changed to a virtual format 
in response to the COVID-19 pandemic. 
The workshop had 245 participants, 
including 93 students, representing 
16 different countries. The program 
included 64 oral presentations, 55 poster 
presentations, and 6 print-only abstracts.

The goals of the workshop were to share 
perspectives and lessons learned from 
a range of analog investigations, as 
well as to identify areas of focus, shared 
challenges, common strategies, and paths 
forward. The workshop covered scientific 
investigations of planetary analog 

processes and environments, exploration 
strategies, technology applications, 
training, and community resources.

Scientific investigations were 
categorized by planetary processes, 
including volcanism, impact cratering, 
sedimentology, glacial/cryogenic 
processes, and astrobiology. These 
broad categories allowed participants 
from various fields to share their results, 
which led to productive discussions about 
shared analog sites, techniques, and 
instrumentation. The session on exploration 
strategies covered many well-developed 
analog programs as well as the tools, 
techniques, training requirements, and 
operational constraints for analog mission 
simulations, with an emphasis on near-
term human and robotic exploration. 
Field guides, training programs, and 
data repositories were also discussed to 
publicize and gather feedback on these 
community resources.

Based on discussions during both the 
analogs and mappers meetings, five 
breakout session topics were identified. 
The breakout sessions were originally 
scheduled for June 18, but were 
rescheduled for June 30 to recognize 
the new federal holiday, Juneteenth. 
The breakout sessions lasted for 45 
minutes each and provided an informal 
opportunity for participants to discuss 
key issues as well as shared interests that 
arose during the course of the workshops, 
including integrating geologic mapping 

and analog work, technology 
applications in the field, 
considerations toward building 
safe and inclusive analog 
work environments, best 
practices for archiving and 
data access, and challenges 
facing new researchers. 
Summaries of the breakout 
sessions were presented 
during the closing discussion.

Collectively, this meeting highlighted how 
analogs continue to be an integral part 
of planetary science and exploration. 
With the steadily increasing variety and 
breadth of upcoming solar system missions 
comes an increased need for coordination 
across the community. Participants showed 
strong interest in more regularly scheduled 
workshops that focus on terrestrial 
analog investigations, ideally with a 
hybrid format (both in-person and virtual 
to enable increased participation) and 
field trips to key analog locations. Future 
coordination with the Annual Meeting of 
Planetary Geologic Mappers was deemed 
favorable, along with additional training 
opportunities. The community is interested 
in special publications to capture the 
wealth of information from analog work in 
recent years, but this needs to be balanced 
by the busy nature of field campaigns 
and exploration timelines (particularly 
after a year in which many projects were 
on hold). Participants also discussed the 
need for increased representation from the 
analogs community in NASA-sponsored 
working groups and assessment groups. 
This workshop’s broad interest and 
engagement signals growth in terrestrial 
analog research across the planetary 
science community and emphasizes the 
importance of terrestrial analog studies for 
future planetary exploration.

For more information about the meeting, 
including links to the program and 
abstracts, visit www.hou.usra.edu/
meetings/terrestrialanalogs2021/.

— Text provided by L. A. Edgar, A. L. Gullikson, M. E. Rumpf, and J. A. Skinner Jr. (U.S. Geological Survey)

WORKSHOP ON TERRESTRIAL ANALOGS 
FOR PLANETARY EXPLORATION

https://www.hou.usra.edu/meetings/terrestrialanalogs2021/
https://www.hou.usra.edu/meetings/terrestrialanalogs2021/
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OPPORTUNITIES  FOR STUDENTS

The education team at the Lunar and Planetary Institute (LPI) 
has created an instructional video entitled “Submitting a 
Competitive Internship Application.” This webinar provides 
tips on planning, information on how to research an internship 
program, and instruction on incorporating experiences and 
skills into your application. Presenters included Claudia 
Bellard (Senior Administrative Assistant, LPI), Dr. M. Alexandra 
Matiella Novak (Senior Professional Staff, JHU Applied 
Physics Laboratory), Dr. Edgard Rivera-Valentín (Staff 
Scientist and LPI Internship Coordinator, LPI), and Christine 
Shupla (Education and Public Engagement Manager, LPI).

Recommendations
• Read the application and follow all of the instructions.
• Do research on the internship and the possible advisors; 

and match your expertise and skills to the opportunities.
• Tailor your application to the internship opportunity.
• Be yourself, be original.
• Sell yourself as if it were a job application:  your 

expertise, your skills, your interests.
• Explain any issues (such as a low GPA) in your 

cover letter and letters of support, and how 
you are overcoming these challenges.

• Give your references plenty of time to 
write their letters of support.

• Provide details about yourself to those 
writing your reference letters.

• Proofread your application and ask an advisor to 
review and give feedback before you submit it.

Presentations
• Submitting a Competitive Internship Application
• Common Mistakes Students Make When Applying for Internships
• NASA Internships/AFRL Scholars Program
• How to Stand Out

Additional recommendations are at How To Stand Out When 
Competing For A Summer Internship.

The LPI Summer Intern Program in Planetary Science provides 
undergraduate students with an opportunity to perform cutting-
edge, peer-reviewed research, learn from widely respected 
planetary scientists, and discover exciting careers in planetary 
science. During the 10-week internship, students will have 
opportunities to participate in enrichment activities, including 
lectures and career development workshops. Many of today’s 
planetary science leaders got their start as LPI summer interns. 

Every career starts somewhere, and we encourage you to join us 
as you embark on your journey.

The Lunar and Planetary Institute invites undergraduates with at least 
50 semester hours of credit to experience cutting-edge research in 
the lunar and planetary sciences. Students with majors in a physical 
or natural science, engineering, computer science, or mathematics 
are preferred, but all eligible students will be considered.

SUBMITTING A COMPETITIVE 
INTERNSHIP APPLICATION

LPI SUMMER INTERN PROGRAM IN PLANETARY SCIENCE

https://www.lpi.usra.edu/education/intern/presentations/Bellard.pdf
https://www.lpi.usra.edu/education/intern/presentations/Hackler.pdf
https://www.lpi.usra.edu/education/intern/presentations/EGRV.pdf
https://www.theladders.com/career-advice/how-to-stand-out-when-competing-for-a-summer-internship
https://www.theladders.com/career-advice/how-to-stand-out-when-competing-for-a-summer-internship
https://youtu.be/6s2Vil1GhdI
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The 10-week program runs from June 6 to August 12, 2022. 
Summer interns will work one-on-one with a scientist from the LPI or 
the NASA Johnson Space Center on a research project. Interns are 
selected by the project advisors who look for academic excellence 
and scientific interest and backgrounds compatible with their 
specific project needs.

Given the uncertainty of the COVID-19 pandemic, the 2022 
internship program may be held in person, virtually, or as a 
combination of those formats. Selected participants will be notified 
in March 2022 of the internship format. Interns participating in 
person will be located either at the Lunar and Planetary Institute or 
the NASA Johnson Space Center, both in Houston, Texas.

The benefits of this internship include:
• Gaining valuable research experience
• Developing new skills and refining others
• Meeting and working with professionals, establishing contacts for 

letters of reference and networking
• Experiencing a new work environment

The LPI is located near the NASA Johnson Space Center, on 
the south side of Houston, Texas. On NASA’s behalf, the LPI 
provides leadership in the scientific community for research in 
lunar, planetary, and solar system sciences, and linkage with 
related terrestrial programs. The deadline for applying for the 2021 
program is December 13, 2021.

For more information, including eligibility and selection 
criteria, areas of research, and an online application form, visit               
www.lpi.usra.edu/lpiintern/.

O P P O RT U N I T I ES  FO R S T U D E N TS

The Summer Undergraduate Program for Planetary Research 
(SUPPR) is an eight-week summer internship providing 
undergraduates majoring in geology and related sciences with an 
opportunity to participate in NASA planetary geosciences research.

Students work under the direction of a NASA-sponsored 
planetary science investigator at various science institutions. 
The program is designed to help students gain educational 
experience in their fields of study while contributing to NASA 
missions and science.

College undergraduates who have not yet begun graduate 
studies and who are interested in learning about research in 

planetary geoscience are eligible. Previous participants of SUPPR 
(formerly PGGURP) are not eligible. Preference is given to U.S. 
citizens and permanent residents.

The deadline for student applications is February 7, 2022. 
Mentor applications are due by February 28, 2022. Notification 
of selection will be made in March 2022. Successful applicants 
should be prepared to make a decision regarding the offer to 
participate within two days of notification. The program will be 
held from June 2022 through August 2022.

For more information, visit www.lpi.usra.edu/suppr/.

NASA’S SUMMER UNDERGRADUATE PROGRAM FOR 
PLANETARY RESEARCH (FORMERLY PGGRP)

https://www.lpi.usra.edu/lpiintern/
https://www.lpi.usra.edu/suppr/
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The Barringer Crater Company has established a special 
fund to support fieldwork by eligible students interested in 
studying impact cratering processes. Masters, doctoral, and 
postdoctoral students enrolled in formal university programs 

are eligible. Applications for the next round of funding will be 
accepted starting in February 2022. For more information, visit               
www.lpi.usra.edu/science/kring/Awards/Barringer_Fund/.

BARRINGER FAMILY FUND FOR 
METEORITE IMPACT RESEARCH

O P P O RT U N I T I ES  FO R S T U D E N TS

LPI Career Development Award

The Lunar and Planetary Institute (LPI) Career Development 
Award, which is open to both U.S. and non-U.S. applicants, will 
be given to selected graduate students who have submitted 
a first-author abstract for presentation at the 53rd Lunar and 
Planetary Science Conference.

The application deadline will be January 12, 2022.

Stephen E. Dwornik Student Awards

The deadline for Dwornik Award applications will be January 
12, 2022.

The Dwornik Award was started in 1991 with a generous 
endowment by Dr. Stephen E. Dwornik, who wished to encourage 
U.S. students to become involved with NASA and planetary 
science. The Award consists of a plaque and a monetary award 
given for outstanding student presentations (in both poster and 

oral categories) or a plaque for honorable mentions (poster and 
oral) at the annual Lunar and Planetary Science Conference 
(LPSC). The awards are managed and judged by the Planetary 
Geology Division of the Geological Society of America.

The awards are open to all students at any degree level in a 
field related to planetary geosciences, regardless of location of 
residency or educational institution. Recent graduates, pre-college 
students, and postdoctoral fellows are not eligible. Students who 
have previously won a “best presentation” award as a graduate 
student are not eligible to compete again in either category. 
Students who have won a “best presentation” award as an 
undergraduate are not eligible to compete again in either category 
as an undergraduate but are eligible to compete in either category 
as a graduate student. Students who have won honorable mention 
award(s) as either a graduate or undergraduate student in either 
category are eligible to compete again.

For more details about either of these awards, visit                  
www.hou.usra.edu/meetings/lpsc2022/student-awards/.

LPSC STUDENT OPPORTUNITIES

http://www.lpi.usra.edu/science/kring/Awards/Barringer_Fund/
https://www.hou.usra.edu/meetings/lpsc2022/student-awards/
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Being an astronaut isn’t the only cool thing about space. Interns 
use their creativity and innovation to work on projects impacting 
NASA’s mission, such as returning to the Moon. As a NASA intern, 
you will be part of an amazing team that is dedicated to space 
exploration. You will work with leading experts and gain valuable 
experience as you participate in research and mission projects. 
Come dream with us and change the future. Applicants for this 
internship must be U.S. citizens.

The application deadlines for the 2022 program are:
Spring Session: February 4, 2022
Summer Session: July 15, 2022

NASA internships and fellowships leverage NASA’s unique 
missions and programs to enhance and increase the 
capability, diversity and size of the nation’s future science, 
technology, engineering, and mathematics (STEM) workforce. 
Internships are available from high school to graduate 

level. Internships provide students with the opportunity 
to participate in either research or other experiential 
learning, under the guidance of a mentor at NASA.

For more information, visit intern.nasa.gov/.

NASA INTERNSHIPS AND FELLOWSHIPS

O P P O RT U N I T I ES  FO R S T U D E N TS

The NASA Postdoctoral Program (NPP) offers unique research 
opportunities to highly talented U.S. and non-U.S. scientists to 
engage in ongoing NASA research projects at a NASA Center, 
NASA Headquarters, or at a NASA-affiliated research institute. 
These one- to three-year Fellowship appointments are competitive 
and are designed to advance NASA’s missions in space science, 
Earth science, aeronautics, space operations, exploration systems, 
and astrobiology.

As a postdoctoral scientist or senior scientist, the Fellow will 
conduct research of national importance and will collaborate 
with distinguished U.S. and international researchers. NASA 
Postdoctoral Program Fellows have made significant research 
contributions that have advanced specific science efforts of 
NASA and the body of general scientific knowledge in the 
areas of astrophysics, Earth science, aeronautics, biology and 
astrobiology, cosmochemistry, heliophysics, planetary science, 
and technology development.

Scientists within five years of receiving their degrees are eligible 
to apply as a Postdoctoral Fellow; scientists who have received 
their doctorates more than five years previously may apply as 
a Senior Fellow. After the first year as a Postdoctoral Fellow, 
scientists interested in management may apply to the Postdoctoral 
Management Program at NASA headquarters.

Application cycle deadlines for the NASA Postdoctoral Program 
are March 1, July 1, and November 1, annually. Currently, the 
Astrobiology Program accepts applications only during the March 
and November rounds, and does not consider applications 
submitted during the July round. Note:  You may submit only ONE 
application for ONE research opportunity per application cycle.

For more information, visit npp.usra.edu/.

NASA POSTDOCTORAL PROGRAM

https://intern.nasa.gov/
http://npp.usra.edu/
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SAO Summer Intern Program

The Smithsonian Astrophysical Observatory (SAO) Summer 
Intern Program is a 10-week National Science Foundation (NSF) 
Research Experience for Undergraduates (REU) internship where 
students take on an astrophysics research project with an SAO or 
Harvard scientist. Students are expected to work at the Harvard-
Smithsonian Center for Astrophysics for the full duration of the 
program. We house our interns in Harvard’s graduate student 
dormitory facilities.

The program is funded by NSF and the Smithsonian Institution.

Undergraduate students interested in astronomy, astrophysics, 
physics, or related physical sciences are encouraged to apply. 
We provide a wide range of projects to our interns. That said, we 
have noticed in recent years that many of our projects involve 
programming tasks, and Python tends to figure prominently in 
them. You may find it helpful to bring some Python proficiency 
to your internship — but this is by no means required; we have 
hosted many successful interns with NO prior programming 

experience. In a similar vein, you may find it useful to have taken 
at least an introductory astronomy course, for scientific context. 
Again, that is NOT required.

The application deadline for the Summer 2022 program is 
January 31, 2022. For more information, visit www.cfa.harvard.
edu/opportunities/graduate-undergraduate-programs/
reu-summer-intern-program.

SAO Predoctoral Fellowship Program

The Smithsonian Astrophysical Observatory (SAO) predoctoral 
fellowship program welcomes graduate students worldwide 
to carry out research under the guidance of SAO scientists. 
SAO scientists and collaborators boast expertise in a wide 
array of fields and have access to extensive facilities and 
databases. The program accepts applications through a rolling 
admissions process. For more information, visit fellowships.si.edu/
opportunity/smithsonian-astrophysical-observatory-predoctoral-
fellowship-program.

SMITHSONIAN ASTROPHYSICAL OBSERVATORY (SAO) 
STUDENT OPPORTUNITIES

O P P O RT U N I T I ES  FO R S T U D E N TS

The American Association for the Advancement of Science 
offers a 10-week summer program that places undergraduate 
and graduate students at media organizations nationwide. 
Fellows utilize their technical knowledge while honing their 

ability to communicate complex scientific issues to the public. 
Applications for the 2022 program close on January 2, 
2022. For more information, visit www.aaas.org/programs/
mass-media-fellowship.

AAAS MASS MEDIA SCIENCE &
ENGINEERING FELLOWSHIP

Each summer, 
more than 400 
college students 
from across the 
country are invited 
to intern at Johns 
Hopkins University 

Applied Physics Laboratory (APL). As a college intern, you’ll spend 
the summer contributing to engineering and research projects 
that help protect our nation and expand the frontiers of science. 
Summer internship programs require a minimum GPA of 3.0 and 
applications are accepted until March 31, 2022.

APL College Summer Intern Program

APL offers science and engineering internships each summer. 
The Laboratory’s internship program provides practical work 

experience and an introduction to APL. Students spend the summer 
working with APL scientists and engineers, conducting research, 
developing leadership skills, and growing professionally.

ATLAS Intern Program

The APL Technology Leadership Scholars (ATLAS) program 
provides a unique educational opportunity for a select group 
of students from Historically Black Colleges and Universities, 
Hispanic-Serving Institutions, and Tribal Colleges and Universities. 
You will have the opportunity to work on projects alongside 
experts in your field and attend professional development 
workshops that focus on giving presentations, improving interview 
skills, writing resumes and more.

For more information about these and other programs, visit        
www.jhuapl.edu/Careers/Internships.

INTERNSHIPS AT APL

https://www.cfa.harvard.edu/opportunities/graduate-undergraduate-programs/reu-summer-intern-program
https://www.cfa.harvard.edu/opportunities/graduate-undergraduate-programs/reu-summer-intern-program
https://www.cfa.harvard.edu/opportunities/graduate-undergraduate-programs/reu-summer-intern-program
http://fellowships.si.edu/opportunity/smithsonian-astrophysical-observatory-predoctoral-fellowship-program
http://fellowships.si.edu/opportunity/smithsonian-astrophysical-observatory-predoctoral-fellowship-program
http://fellowships.si.edu/opportunity/smithsonian-astrophysical-observatory-predoctoral-fellowship-program
http://www.aaas.org/programs/mass-media-fellowship
http://www.aaas.org/programs/mass-media-fellowship
http://www.jhuapl.edu/Careers/Internships
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Are you interested in sharing your science and expertise with the 
public? Education and public engagement opportunities may 
be available online or in your community. Explore ways to get 
involved by contacting your local museums and planetariums, 
libraries, Solar System Ambassadors, or amateur astronomy clubs.

DART Mission Launch, 
November 24, 2021

DART (Double Asteroid 
Redirection Test) is the 
first space mission to test 
asteroid deflection from a 
kinetic impact and is part 
of NASA’s larger planetary 
defense strategy. The DART 
mission spacecraft presents 

the opportunity to discuss asteroids, comets, and planetary 
defense. For more information, visit dart.jhuapl.edu.

Geminids Meteor Shower, December 4–17, 2021

The Geminids are produced by dust particles left behind 
by asteroid 3200 Phaethon. Meteors will radiate from the 
constellation Gemini. The shower peaks this year on December 
14. Meteor showers provide an excellent opportunity to generate 
public interest in asteroids and comets, planetary atmospheres, 
and night sky viewing! For more information about the Geminids, 
visit solarsystem.nasa.gov/asteroids-comets-and-meteors/
meteors-and-meteorites/geminids/in-depth.

Launch of the James Webb Space Telescope, December 
18, 2021

The premier space observatory of the future, the James Webb 
Space Telescope, is an engineering triumph that will reveal the 
early universe, lifecycles of galaxies and stars, and features 
of faraway worlds. The Webb mission signifies innovation, 
perseverance, and the next leap in understanding the universe; 
help celebrate the big day!
For more information, visit www.webb.nasa.gov.

Launch of Artemis 1, February 2022

The launch of NASA’s uncrewed Artemis I mission will be the 
first integrated test of the Space Launch System (SLS) rocket 
and Orion spacecraft. The launch of the Artemis missions is a 
key milestone that marks the beginning of the next generation in 
human exploration to the Moon and Mars. For more information, 
visit www.nasa.gov/artemis-1.

Sharing Planetary Science: 
Common Planetary Misconceptions

The Lunar and Planetary Institute’s education and public 
engagement team is pleased to assist planetary scientists 
in their communication and public engagement activities. 
In this professional development session, we will discuss 
common audience misconceptions and provide strategies for 
addressing them. Join us on December 7, 2021, at 3:00 p.m. 
CST. For more information, visit www.lpi.usra.edu/education/
scientist-engagement.

ASP2021: Sharing Best 
Practices in Astronomy 
Teaching and Public 
Education

The Astronomical Society of 
the Pacific (ASP) invites all 
educators, scientists, science 
communicators, and public 
engagement professionals 
in astronomy and related fields to register for the ASP2021: A 
Virtual Conference. The conference is an opportunity to learn 

UPCOMING EDUCATION AND PUBLIC 
ENGAGEMENT OPPORTUNITIES

RESOURCES ON ENGAGING AUDIENCES

SPOTLIGHT ON EDUCATION

Credit: NASA/MSFC/Danielle Moser, 
NASA’s Meteoroid Environment Office.

Credit: NASA/Chris Gunn.

https://informal.jpl.nasa.gov/museum/Connect
https://www.starnetlibraries.org/about/our-projects/nasa-at-my-library/
https://solarsystem.nasa.gov/solar-system-ambassadors/directory/
https://nightsky.jpl.nasa.gov
http://dart.jhuapl.edu
http://solarsystem.nasa.gov/asteroids-comets-and-meteors/meteors-and-meteorites/geminids/in-depth
http://solarsystem.nasa.gov/asteroids-comets-and-meteors/meteors-and-meteorites/geminids/in-depth
http://www.webb.nasa.gov
http://www.nasa.gov/artemis-1
http://www.lpi.usra.edu/education/scientist-engagement
http://www.lpi.usra.edu/education/scientist-engagement
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about best practices in sharing science, innovative ideas and new 
research findings, and evaluation results from a global community. 
The meeting will take place November 18–20, 2021. For more 
information, visit astrosociety.org/get-involved/events/asp2021-
a-virtual-conference/conference-overview.html.

Public Engagement Resources for Scientists

The Lunar and Planetary Institute curates a wide variety of 
education and public engagement resources available for use 
in classrooms and with broad audiences. Presentations and 
activities for use by scientists can be found at www.lpi.usra.
edu/education/scientist-engagement/tools/. Find activities for 
informal education programs at www.lpi.usra.edu/education/
explore/ and more resources at www.lpi.usra.edu/education/
resources/.

Books

Championing Science: Communicating Your Ideas to Decision 
Makers by Roger D. Aines and Amy L. Aines; University of 
California Press, 2019.

Getting to the Heart of Science Communication: A Guide to 
Effective Engagement by Faith Kearns; Island Press, 2021.

If I Understood You, Would I Have This Look on My Face? My 
Adventures in the Art and Science of Relating and Communicating 
by Alan Alda; Random House, 2017.

Articles

Huber, B., Barnidge M., Gil de Zúñiga, H., Liu, J. 2019. 
Fostering Public Trust in Science: The Role of Social Media. 
Public Understanding of Science, Vol 28, Issue 7. doi.
org/10.1177/0963662519869097

Ophir, Y., Jamieson, K. H. 2021. The effects of media narratives 
about failures and discoveries in science on beliefs about and 
support for science. Public Understanding of Science, OnlineFirst. 
doi.org/10.1177/09636625211012630

Rubenson, D. 2020. Why Your Scientific Presentation Should Not 
be Adapted from a Journal Article. Nature. doi.org/10.1038/
d41586-020-03300-6

Abrahams, M. September 26, 2016. 10 Tips for Giving Effective 
Virtual Presentations: What to Know Before You Go Live. Stanford 
Graduate School of Business.

S P OT L I G H T  O N E D U C AT I O N

OPPORTUNITIES TO ENGAGE AUDIENCES

Join Gage

Gage is the world’s largest directory of women and gender 
minority professionals in science, technology, engineering, math, 
and medicine (STEMM). It is a resource for educators, journalists, 
policymakers, and others seeking expertise in STEMM. Join the 
Gage directory to be contacted for opportunities to get involved 
in education, outreach, media, and research from around the 
world. For more information, visit gage.500womenscientists.org.

Join the GLOBE International STEM Network (GISN)

GLOBE is a worldwide science and education program 
supported by NASA, NSF, and NOAA. The purpose of 
the GISN is to connect students, educators, and STEM 

professionals, and promote collaborations and the 
understanding of Earth as a system. For more information, visit 
www.globe.gov/get-started/become-a-globe-scientist.

Letters to a Pre-Scientist

STEM (Science, Technology, 
Engineering, and Mathematics) 
professionals are invited 
to volunteer with Letters 
to a Pre-Scientist pen pal 
program, connecting students 
to scientists. The program 
strives to build student 
awareness, interest, and 

http://astrosociety.org/get-involved/events/asp2021-a-virtual-conference/conference-overview.html
http://astrosociety.org/get-involved/events/asp2021-a-virtual-conference/conference-overview.html
http://www.lpi.usra.edu/education/scientist-engagement/tools/
http://www.lpi.usra.edu/education/scientist-engagement/tools/
http://www.lpi.usra.edu/education/explore/
http://www.lpi.usra.edu/education/explore/
http://www.lpi.usra.edu/education/resources/
http://www.lpi.usra.edu/education/resources/
https://journals.sagepub.com/doi/10.1177/0963662519869097
https://journals.sagepub.com/doi/10.1177/0963662519869097
https://journals.sagepub.com/doi/10.1177/09636625211012630
https://www.nature.com/articles/d41586-020-03300-6
https://www.nature.com/articles/d41586-020-03300-6
https://www.gsb.stanford.edu/insights/10-tips-giving-effective-virtual-presentations
https://www.gsb.stanford.edu/insights/10-tips-giving-effective-virtual-presentations
http://gage.500womenscientists.org
http://www.globe.gov/get-started/become-a-globe-scientist
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“Spotlight on Education” highlights events and programs that provide opportunities for planetary scientists to become involved in 
education and public engagement. If you know of space science educational programs or events that should be included, please 

contact the Lunar and Planetary Institute’s Education Department at education@lpi.usra.edu.

confidence in exploring a future in STEM. For more 
information, visit prescientist.org/volunteers/.

Seeking DPS Members to Conduct 
Virtual Classroom Presentations

Schools across the country are looking for scientists from all 
career stages to talk about their science to a classroom of 
K–12 students during autumn and early winter 2021. The 

virtual visits will consist of a short presentation about the 
scientist’s work and a Q&A session. To sign up, visit docs.
google.com/forms/d/e/1FAIpQLSdUIZ0ZsIv7KsZyP0f_
BY6O-C1GZuVcf2Y4KlWPpRDdtavY0Q/viewform.

SEEKING STUDENT REPRESENTATIVE FOR THE AMERICAN 
ASTRONOMICAL SOCIETY DPS COMMITTEE

DPS welcomes applications for the Student Representative 
position of the American Astronomical Society DPS Committee. 
The Student Representative is responsible for communicating 
the interests of planetary science students to the committee. The 

application deadline is December 15, 2021. To apply, visit 
docs.google.com/forms/d/e/1FAIpQLSfl-WFCFT-LGo8r
l4dpJyJPEgHBMF7HJoHnx9_9kGXgsiuHgQ/viewform.

S P OT L I G H T  O N E D U C AT I O N

http://prescientist.org/volunteers/
http://docs.google.com/forms/d/e/1FAIpQLSdUIZ0ZsIv7KsZyP0f_BY6O-C1GZuVcf2Y4KlWPpRDdtavY0Q/viewform
http://docs.google.com/forms/d/e/1FAIpQLSdUIZ0ZsIv7KsZyP0f_BY6O-C1GZuVcf2Y4KlWPpRDdtavY0Q/viewform
http://docs.google.com/forms/d/e/1FAIpQLSdUIZ0ZsIv7KsZyP0f_BY6O-C1GZuVcf2Y4KlWPpRDdtavY0Q/viewform
http://docs.google.com/forms/d/e/1FAIpQLSfl-WFCFT-LGo8rl4dpJyJPEgHBMF7HJoHnx9_9kGXgsiuHgQ/viewform
http://docs.google.com/forms/d/e/1FAIpQLSfl-WFCFT-LGo8rl4dpJyJPEgHBMF7HJoHnx9_9kGXgsiuHgQ/viewform
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IN MEMORIA M

Thomas W. (Tommy) Thompson passed 
away on Friday, October 8, from a 
sudden heart attack. Although officially 
retired from the Jet Propulsion Laboratory 
(JPL), Thompson had continued to be 
active professionally in advancing the 
exploration of Venus and Mars as well as 
many other professional interests.

Thompson earned a B.S. from Case 
Institute of Technology (now Case 
Western Reserve University) in 1958, 
a master’s in engineering from Yale 
University in 1959, and a Ph.D. from 
Cornell University in 1966. His research 
career began when as a graduate 

student in electrical engineering at 
Cornell in the 1960s he was assigned to 
conduct radar observations of the Moon 
using the 70-cm radar at the Arecibo 
Observatory in Puerto Rico. His research 
continued with a number of other radar 
investigations, including Apollo Lunar 
Sounder, Seasat-A, AirSar, and Magellan, 
and he was involved in the planning of 
the Voyager project.

Thompson made both scientific and 
programmatic contributions to the 
exploration of Venus. In particular, he 
was involved in the formation of the Venus 
Exploration Analysis Group (VEXAG) 

in 2005 and remained closely involved 
with it up until the time of his death. Along 
with his Venus involvements, he managed 
NASA’s involvement in the European 
Space Agency’s (ESA) Mars Express 
project for many years and continued to 
be active with the Mars program at JPL.

In addition to his scientific research, 
Thompson was a generous person with 
a warm caring personality and will be 
greatly missed by all who had the honor 
of knowing him, whether on a personal or 
professional level.

— Portions of text courtesy of James A. Cutts, NASA Jet Propulsion Laboratory

THOMAS W. 
THOMPSON
1936 –2021

Credit: NASA/JPL.
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I N MEMO RI A M

Edward Robert Dalton Scott passed away 
unexpectedly on October 7, 2021, at 
his home in San Rafael, California. Scott 
was a distinguished meteoriticist, former 
President of the Meteoritical Society, and 
Emeritus Professor at the School of Ocean 
and Earth Science and Technology 
(SOEST) at the Hawai‘i Institute of 
Geophysics and Planetology (HIGP). He 
was 74 years old.

Born in Heswall, England, Scott 
earned B.A. and M.A. degrees from 
the University of Cambridge’s Churchill 
College, majoring in mineralogy and 
crystallography with a minor in physics 
and materials science. In 1972, he 
received his Ph.D. from the University 
of Cambridge with a thesis on the 
geochemistry, mineralogy, and petrology 
of iron meteorites.

After completing his Ph.D., Scott took 
postdoctoral positions at the University 
of California, Los Angeles, with John 
Wasson, and then at the University of 
Cambridge with Stuart Agrell. He also 
held a position as a Senior Fellow in the 
Department of Terrestrial Magnetism at 
Carnegie Institution of Washington and 

spent 10 years as a Research Scientist 
and Senior Research Scientist at the 
University of New Mexico before joining 
the staff at HIGP, where he remained until 
his retirement in 2015.

Scott was a superb scientist with a deep 
curiosity about the solar system and its 
origin. Throughout his career, he did 
innovative research into the nature and 
origin of all types of meteorites, from 
iron meteorites to origins of primitive 
components in chondritic meteorites, the 
nature of processes operating in the cloud 
of gas and dust surrounding the Sun as 
it was still forming, and the accretion 
of nebular dust into asteroids and 
planetesimals. He was a big thinker who 
liked complicated problems.

Scott’s accomplishments were recognized 
by receiving the Leonard Medal from 
the Meteoritical Society, an international 
organization founded in 1933 to promote 
the study of extraterrestrial materials and 
planetary science. The Leonard Medal 
recognizes outstanding contributions to 
the science of meteoritics and closely 
allied fields. Besides receiving this award, 
has was also recognized by having 

asteroid 4854 named “Edscott” in 2000 
and by having the first natural occurrence 
of the iron carbide Fe5C2 named after him:  
edscottite. Over the years, he also held 
numerous positions with the Meteoritical 
Society, including serving as its President, 
and he served as an Associate Editor for 
both the Journal of Geophysical Research 
and Meteoritics & Planetary Science.

Scott was a devoted educator, teaching 
courses at both the undergraduate and 
graduate levels. For many years he 
was Associate Director of the Hawai‘i 
Space Grant Consortium, managing 
the undergraduate fellowship program, 
which links University of Hawai‘i (UH) 
undergraduate students with faculty 
members to do research on projects in 
space science and engineering. Scott 
was a beloved member of not only the 
UH faculty but the planetary science 
community as a whole. In the words of 
one of his HIGP colleagues, Scott was a 

“quintessential gentleman’s gentleman, a 
science friend to all.” He certainly was that 
and much more and will be greatly missed.

— Portions of text courtesy of G. Jeffrey Taylor, University of Hawai‘i
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SHOEMAKE R
1929–2021

American astronomer and co-discoverer 
of Comet Shoemaker-Levy 9, Carolyn 
Shoemaker, passed away on August 13, 
2021, at the age of 92.

“Carolyn was quite extraordinary,” noted 
Lisa Gaddis, Director of the Lunar and 
Planetary Institute. “Although her scientific 
career began after she and her husband 
Gene raised their family, she became 
one of the world’s foremost discoverers 
of comets and asteroids. She was smart, 
witty, and just so practical; she was an 
example to younger women and budding 
scientists everywhere as someone who 
made a difference in her own way. Later 
in life, she was celebrated widely for her 
many scientific accomplishments, but as 
a friend and colleague to many across 
the world, she also will be remembered 
for her kindness and humor. She will be 
deeply missed.”

Born in Gallup, New Mexico, to Leonard 
and Hazel Arthur Spellmann, Carolyn 
Shoemaker went to Chico, California, 
along with her family, where she and her 
brother Richard grew up.

She earned bachelor’s and master’s 
degrees in history, political science, 

and English literature from Chico 
State University, but she had little 
interest in science until she met and 
married geologist Eugene M. (“Gene”) 
Shoemaker. She later stated that 
the stories of his work inspired her. 
Notwithstanding her relative inexperience 
and lack of a science degree, the 
California Institute of Technology 
(Caltech) had no problem with her 
joining Gene’s team there as a research 
assistant. She had shown herself to be 
unusually patient and proved exceptional 
stereoscopic vision, which was a 
precious quality for looking for objects 
in near-Earth space. Her work involved 
the search for near-Earth asteroids and 
comets so that the potential risks of an 
impact to the future of life on Earth could 
be understood.

Her passion for her work sustained her 
through the painstaking work of combing 
through exposed films, searching for 
asteroids and comets. “My real love for 
the night skies developed while observing 
at Palomar Observatory in California, 
and that love has never diminished.” 
Carolyn Shoemaker once spoke about 
her feelings when she finds the latest 
comet, “I want to dance.”

Shoemaker received an honorary Doctor 
of Science from Northern Arizona 
University (NAU), Flagstaff, Arizona, in 
1990; received the NASA Exceptional 
Scientific Achievement Medal in 1996; 
became a Cloos Scholar at Johns 
Hopkins University in 1990; and was 
elected to the American Academy of 
Arts and Sciences in 1996. Affiliated at 
times with the U.S. Geological Survey’s 
Astrogeology Science Center, Lowell 
Observatory, and NAU, she once held 
the record for the most comets discovered 
by an individual.

Shoemaker received the Rittenhouse 
Medal of the Rittenhouse Astronomical 
Society in 1988 and the Scientist of 
the Year Award in 1995. She and her 
husband Gene won the James Craig 
Watson Medal by the U.S. National 
Academy of Sciences in 1998.

The Hildian asteroid 4446 Carolyn, 
discovered by colleague Edward Bowell 
at Lowell Observatory in 1985, was 
named in her honor.

— Text courtesy of US Day News; Mary Chapman,  USGS Astrogeology; and Lisa Gaddis, LPI

https://astrogeology.usgs.gov/people/carolyn-shoemaker
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Gordon Hemenway Pettengill, professor 
emeritus of planetary physics in the 
Department of Earth, Atmospheric 
and Planetary Sciences (EAPS) at 
Massachusetts Institute of Technology 
(MIT), former director of the MIT Center 
for Space Research, and pioneer in radio 
astronomy, died peacefully at his home in 
Concord, Massachusetts, on May 8. He 
was 95.

Pettengill pioneered the use of radar for 
planetary astronomy applications, making 
groundbreaking observations of the 
Moon, the inner planets, and other solar 
system objects. His work was instrumental 
in the development of multiple NASA 
missions including the Apollo missions 
to the Moon and the Mariner 2, Pioneer, 
and Magellan missions to Venus.

Pettengill was born on February 10, 1926, 
in Providence, Rhode Island, and grew 
up in Dedham, Massachusetts. From 
a young age, he was drawn to radio 
and electronic technology, and even 
began trying to build his own radios 
from spare parts when he was 6 years 
old. In high school, Pettengill met other 
radio enthusiasts and became involved 

in amateur radio broadcasting under 
the call sign W1OUN. His passion 
for amateur radio would stick with him 
even as he rose to prominence as a 
professional radio astronomer.

At 16, Pettengill enrolled at MIT to study 
physics, but at 18 was drafted into the U.S. 
Army. When World War II ended in 1945, 
he was stationed in Austria and assigned 
to the Signal Corps, the Army’s military 
communications branch. After discharge 
from the Army, he finished his bachelor’s 
degree in physics at MIT in 1948. He 
went on to work at Los Alamos National 
Laboratory and, in 1955, earned his 
Ph.D. in high-energy physics from the 
University of California at Berkeley under 
Owen Chamberlain, the discoverer of the 
antiproton.

Pettengill returned to MIT just as the 
MIT Lincoln Laboratory Millstone Hill 
radar was under development — a 
government-commissioned pre-prototype 
missile-tracking system designed to 
be 1 million times more sensitive than 
traditional radar — and with it made a 
series of breakthrough observations in the 
nascent field of radio astronomy. When 

Millstone went online in 1957, Pettengill 
used the new technology to detect and 
track Sputnik 1, making the first radar 
observations of an Earth satellite without 
the aid of a transmitted beacon signal. 
In 1961, he aimed the system toward 
Venus, whose faint echoes heralded the 
use of radar to measure interplanetary 
distances. The results of these early 
experiments recalibrated the accuracy of 
the astronomical unit by three orders of 
magnitude, which proved instrumental in 
the successful navigation of NASA’s 1962 
Mariner 2 mission to Venus.

During this time period, he also used 
Millstone to generate the first two-
dimensional radar map of the Moon, 
which was a key advancement in 
NASA’s planning for the future Apollo 
landings. Pettengill’s work helped ensure 
that, according to Harvard University 
astrophysicist Irwin Shapiro, “the Apollo 
astronauts would not disappear under a 
meters-thick layer of dust.”

In 1963, Pettengill moved to Ithaca, 
New York, to become associate director, 
and later director, of the newly opened 
Arecibo Observatory in Puerto Rico, 

GORDON H. 
PET TE NGILL
1926 –2021
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Credit: Image from “A Conversation with Gordon H. Pettengill,” courtesy of 
Internet-First University Press, e-Commons at Cornell University Libraries.
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which was built and operated by Cornell 
University and which stood for 53 years 
as the largest single-aperture telescope 
in the world. Pettengill oversaw the 
installation of a powerful radar transmitter 
at the site and used it to correct a long-
held misconception about Mercury. For 
almost a century, scientists had believed 
that Mercury was locked in a Sun-
synchronous orbit, spinning just once over 
the 88 Earth days it takes the tiny planet 
to orbit the Sun. However, Pettengill and 
colleague Rolf Dyce were able to make 
radar measurements that revealed the 
Mercury “day” was, in fact, equivalent 
to about 59 Earth days, such that it spins 
three times for every two orbits around 
the Sun. This discovery catalyzed a 
resurgence in the study of planetary 
orbital dynamics in the solar system.

Upon stepping down as director at 
Arecibo in 1970, Pettengill returned to 
MIT as a professor of planetary physics 
in the Department of Earth and Planetary 
Sciences (which later became EAPS 
in 1983), where he remained until his 
retirement in 1995. During his tenure at 
MIT, he also served from 1984 to 1989 

as director of MIT’s Center for Space 
Research, forerunner of the Kavli Institute.

While at MIT, he led groundbased 
microwave studies of the inner solar 
system using the Arecibo telescope and 
MIT’s Haystack Observatory, achieving 
many more breakthrough observations, 
including describing the surface 
properties of several asteroids and comet 
nuclei, detecting radar echoes from 
as far away as the Galilean moons of 
Jupiter, and, using the Very Large Array, 
measuring the microwave brightness of 
the continents of Venus.

In 1977, Pettengill turned his attention 
to tackling spacebased radar mapping. 
Serving as principal investigator for 
the radar instrumentation onboard 
NASA’s Pioneer Venus Orbiter, the 
mission generated the first near-global 
topographic map of any planet — better 
even than the current maps of Earth at the 
time, as the ocean floors remained largely 
unmapped. Later, Pettengill reprised 
this role during the Magellan mission 
to Venus. The Magellan measurements, 
taken from 1990–1994, resulted in near-

photographic quality radar mapping 
— 98% of the surface was imaged at 
resolutions better than 100 meters per 
pixel — and remain our most detailed 
description of the surface and interior of 
that planet.

Pettengill was a member of the National 
Academy of Sciences (NAS) and a 
fellow of the American Academy of 
Arts and Sciences. In 1980, he was 
awarded a Guggenheim Fellowship 
to study astronomy and astrophysics 
while on sabbatical at the University of 
Sydney, Australia, and in 1994 earned 
the Magellanic Premium from the 
American Philosophical Society for his 
work on Venus. He was also recognized 
on multiple occasions by the American 
Geophysical Union, including the Fred 
Whipple Award from the Planetology 
Section in 1995 and the Charles A. 
Whitten Medal in 1997. Asteroid 3831 
Pettengill was named in his honor.

— Text courtesy of the Massachusetts Institute of Technology
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Paul Schenk has been named the 2021 
recipient of the Fred Whipple Award, the 
highest honor given by the Planetary 
Sciences section of the American 
Geophysical Union (AGU). The award 
recognizes “significant contributions 
to the field of planetary science from 
a mid-career or senior scientist.”

During his more than 30-year career, 
USRA senior staff scientist Paul Schenk 
at the Lunar and Planetary Institute (LPI) 
has contributed to the field of planetary 
science using his expertise in topographic 
mapping, which has enabled important 
new analyses that have fueled discoveries. 
He has used Voyager, Galileo, and 
Cassini stereo and monoscopic images 
to map the topography and geology 
of the icy outer planet satellites 
and, to some extent, on Mars and 
the Moon, too. He has also been a 
co-investigator on the New Horizons 

mission to Pluto and beyond, responsible 
for cartography and topography of 
these distant planetary bodies.

Schenk’s dedication to planetary science 
is reflected in his service to the community. 
He has served as an intern advisor for the 
LPI Summer Intern Program in Planetary 
Science for nearly 30 years. Schenk 
authored an important reference book, 
Atlas of the Galilean Satellites (Cambridge 
University Press, 2010), and was the 
lead editor of Enceladus and the Icy 
Moons of Saturn (University of Arizona 
Press, 2018). He is also a member of the 
Decadal Survey on Planetary Science 
and Astrobiology for 2023–2032.

Established in 1989, the Whipple Award 
and accompanying lecture is named in 
honor of Fred Whipple, an AGU Fellow 
and astronomer whose most notable 
work focused on comets. The award 

is presented at the Planetary Sciences 
section reception, where the awardee 
also delivers the Whipple Lecture. The 
AGU Fall Meeting is being held on 
December 13–17, 2021, in New Orleans.

For the full announcement of AGU Section 
Awardees and Named Lecturers, visit 
eos.org/agu-news/2021-agu-section-
awardees-and-named-lecturers.

Paul Spudis (1952–2018) of the Lunar 
and Planetary Institute now has a place 
on the Moon named in his honor. Spudis 
crater is located near the Moon’s south 
pole and is 13 kilometers in diameter.

The International Astronomical Union 
(IAU) Working Group for Planetary 
System Nomenclature recently approved 
two crater names:  Spudis and Marvin. 
Ursula Marvin (1921–2018) was a 
planetary geologist at the Smithsonian 
Astrophysical Observatory.

Mark Robinson of Arizona State University 

proposed their names in keeping with 
the policy of naming lunar craters for 

“Scientists, engineers, and explorers, 
as well as other persons connected 
with astronomy, planetary, or space 
research who have made outstanding or 
fundamental contributions to their field.”

Robinson submitted the scientific rationale 
in his proposal, “I am the hopper Science 
lead for the Intuitive Machines 2 (IM-
2) CLPS mission (aka PRIME-1). The 
mission is slated for launch in December 
2022. The Nova C lander and micro-
Nova (µNova) hopper are now being 

constructed. The IM-2 mission is a funded 
CLPS mission and the hopper is being 
carried as NASA Tipping Point technology 
demonstration. The hopper is slated to 
land within [an unnamed south polar] 
crater (the first ever vehicle to enter a PSR 
(permanently shadowed region)). We 
are working to identify and target sites 
near the south pole for investigation as 
future human and robotic landed missions. 
Communication between targeting 
groups will be greatly aided if key craters 
are named (science and navigation 
landmarks). We are requesting specific 
names for two larger craters (Spudis and 

PAUL SCHENK TO RECEIVE THE 2021 
FRED WHIPPLE AWARD

LUNAR CRATER NAMED AFTER LPI 
SCIENTIST PAUL SPUDIS

https://www.usra.edu
https://eos.org/agu-news/2021-agu-section-awardees-and-named-lecturers
https://eos.org/agu-news/2021-agu-section-awardees-and-named-lecturers
https://planetarynames.wr.usgs.gov/Feature/16007
https://planetarynames.wr.usgs.gov/Feature/16008
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Marvin). We are completing a geologic 
map of this area and it is now undergoing 
informal review before formal submission.”

Spudis worked at the Lunar and Planetary 
Institute for 22 years (1990–2002, 
2008–2018). Spudis was an expert 
in lunar and terrestrial planetary 
geology, and throughout his career 
made fundamental contributions to 

understanding the geology and mechanics 
of impact basins and craters, the origin 
and evolution of the lunar crust, volcanic 
processes on Earth and other planets, and 
the genesis of lunar polymict breccias. 
He served as deputy leader of the 1994 
Clementine mission science team, led 
the Mini-SAR radar that flew on India’s 
Chandrayaan-1 lunar orbiter, and was a 
team member of the Mini-RF instrument on 

NASA’s Lunar Reconnaissance Orbiter. A 
prolific author [e.g., The Once and Future 
Moon (1994) and The Value of the Moon 
(2016)] and tireless advocate for a return 
of humans to the Moon, Spudis served on 
many panels and advisory committees 
including the 2004 Presidential 
Commission on the Implementation of U.S. 
Space Exploration Policy. He received 
numerous honors and awards, including 
the Columbia medal from the American 
Society of Civil Engineers’ Aerospace 
division (2016), the National Space 
Society’s Space Pioneer award (2011), 
the Theodore von Kármán medal and 
lectureship from the American Institute of 
Aeronautics and Astronautics (2006), the 
NASA Distinguished Public Service medal 
(2004), and the Aviation Week and 
Space Technology Laurels award (1994).

Earlier this year IAU also approved 
the crater name Henson in honor of 
American polar explorer Matthew 
Henson (1866–1955).

Credit: NASA/GSFC/Arizona State University.

At the NASA Exploration Science Awards 
(NESF), the Solar System Exploration 
Research Virtual Institute (SSERVI) presents 
awards as a means of honoring key 
individuals in the community:  the Eugene 
Shoemaker Medal for lifetime scientific 
achievement, the Michael J. Wargo Award 
for outstanding achievement in exploration 
science, the Susan Mahan Niebur Award 
for early career achievement, and the 
Angioletta Coradini Mid-Career Award.

The SSERVI awards are open to the 
entire research community and are 
presented with invited talks at the NESF. 
Nominations are welcome at any time 
but must be submitted in early March 
for consideration in that calendar year. 
Recipients do not need to reside in the 
U.S. or be U.S. citizens. Winners are 
formally presented with the awards at the 
NESF each summer. For more information 
on these awards and past recipients, 
visit http://sservi.nasa.gov/awards.

Eugene Shoemaker 
Distinguished Scientist Medal

The 2021 Eugene Shoemaker 
Distinguished Scientist Medal, named 
after one of the founders of planetary 
science, American geologist Eugene 
Shoemaker (1928–1997), is awarded to 
Paul G. Lucey for his significant scientific 
contributions throughout his career. The 
award includes a certificate and medal 
with the Shakespearian quote, “And he 
will make the face of heaven so fine, that 
all the world will be in love with night.”

Lucey is faculty at the Hawai‘i Institute 
of Geophysics and Planetology (HIGP) 
at the University of Hawai‘i, Mānoa. 
His research in planetary science and 
remote sensing has been instrumental 
in developing imaging spectrometers 
for NASA. He has been the principal 
investigator of numerous programs 
and has used hyperspectral imagery 

to map lunar materials efficiently. His 
research on the composition of the lunar 
crust has led to quantitative modeling 

2021 NASA EXPLORATION SCIENCE AWARDS

Paul G. Lucey

https://planetarynames.wr.usgs.gov/Feature/16004
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of near-infraredspectra of the Moon. 
He has recently studied diverse rock 
types detected in the lunar South Pole-
Aitken Basin by the Chang’E-4 lunar 
mission. Lucey is a SSERVI ICE Five-O 
team member modeling the physical, 
chemical, and isotopic signatures around 
the lunar poles. He has published 
extensively in prestigious journals, served 
on many national review and advisory 
committees, and is the co-inventor of 
multiple patents. Lucey’s significant 
contributions across many disciplines 

— from engineering new instruments 
to scientific data analysis — make him 
an outstanding and highly deserving 
recipient of the 2021 Shoemaker Medal.

Michael J. Wargo Exploration 
Science Award

The Michael J. Wargo Exploration 
Science Award is an annual award 
given to a scientist or engineer who 
has significantly contributed to the 
integration of exploration and planetary 
science throughout their career. Wargo 
(1951–2013) was Chief Exploration 
Scientist for NASA’s Human Exploration 
and Operations Mission Directorate 
and was a strong advocate for the 
integration of science, engineering, and 

technology. The 2021 Michael J. Wargo 
Exploration Science Award is given 
to Darlene Lim, a research scientist 
at NASA Ames Research Center.

Lim is currently the Deputy Project 
Scientist for the NASA VIPER Lunar 
Rover Mission and also leads several 
NASA-funded research programs 
focused on blending field science with 

new concepts of operations for human 
and robotic teams. She is the principal 
investigator of the BASALT, SUBSEA, and 
Pavilion Lake research programs, deputy 
principal investigator for FINESSE, and 
science ops lead for RESOURCE. Lim 
has conducted field research around 
the world, on land, and underwater. 
She has served on several NASA Mars 
Exploration Program Analysis Group 
committees. She is currently serving on 
the NOAA Ocean Exploration Advisory 
Board and the NASA Network for 
Ocean Worlds Steering Committee.

Angioletta Coradini 
Mid-Career Award

The SSERVI Angioletta Coradini Mid-
Career Award is given annually to a 
mid-career scientist for broad, lasting 
accomplishments related to SSERVI 
fields of interest. Coradini (1946–2011) 
was an Italian planetary scientist who 
has inspired astronomers around the 
world. The 2021 Angioletta Coradini 
Mid-Career Award is given to Timothy 
Glotch at Stonybrook University.

Glotch is a co-investigator on the Lunar 
Reconnaissance Orbiter Diviner Lunar 
Radiometer instrument and a participating 
scientist on the OSIRIS-REx asteroid 
sample return mission. Glotch’s planetary 
regolith research and laboratory 
spectroscopic measurements of terrestrial 
and extraterrestrial samples in simulated 
environments have contributed to 
quantitative remote sensing of the surfaces 
of the Moon, Mars, and small bodies. 
Glotch has been a principal investigator 
of two SSERVI teams and has led over 
50 researchers and students in using 
state-of-the-art laboratory, theory, and 

field techniques to further NASA’s science 
and human exploration goals. He has 
also been a leader in equity, diversity, 
inclusion, and accessibility efforts at 
Stonybrook University and within SSERVI.

Susan Mahan Niebur 
Early Career Award

The Susan Mahan Niebur Early Career 
Award is an annual award given to an 
early-career scientist who has made 
significant contributions to the science 
or exploration communities. Recipients 
of the Susan M. Niebur Early Career 
Award are researchers who are no 
more than 10 years from receiving their 
Ph.D., have shown excellence in their 
field, and have demonstrated meaningful 
contributions to the science or exploration 
communities. Niebur (1978–2012) was 
a former Discovery Program scientist 
at NASA who initiated the first-ever 
Early Career Fellowship and the annual 
Early Career Workshop to help new 
planetary scientists break into the field. 
This year the prize is jointly presented 

Darlene Lim

Timothy Glotch

Parvathy Prem

Shua Li
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to Dr. Parvathy Prem and Dr. Shuai Li.

Prem is a science team member of 
NASA’s Lunar Reconnaissance Orbiter 
(LRO) mission and SEAL payload and 
is co-investigator on two SSERVI teams, 
LEADER and ICE Five-O. Her research 
focuses on applying computational 
methods to study solar system bodies 
and their interactions with the space 
environment. Current investigations 
include modeling the origin and 

transport of volatiles on the Moon and 
developing radiative transfer models 
to aid in the interpretation of remote 
sensing data. Prem is also serving 
as Science Organizing Committee 
co-chair for this year’s combined 
NASA Exploration Science Forum/
European Lunar Symposium meeting.

Li is an assistant researcher at the 
Hawai‘i Institute of Geophysics and 
Planetology at the University of Hawai‘i 

at Mānoa. He is a member of SSERVI’s 
ICE Five-O team. His research in the 
non-icy components of icy bodies in the 
outer solar system provides clues about 
surface processes and their possible 
connections to the interior to improve 
our knowledge about the formation 
and evolution of the solar system.

The Division for Planetary Sciences 
(DPS) of the American Astronomical 
Society (AAS) has named its 
prize winners for 2021.

“We are delighted to honor the outstanding 
contributions of these scientists and 
science communicators to the field, which 
span an incredible breadth of topics 
ranging across the solar system,” said 
Professor Amy Mainzer, Chair of the DPS. 
The 2021 DPS prizes were presented at 
the 53rd annual meeting of the Division for 
Planetary Sciences (October 3–8, 2021).

Gerard P. Kuiper Prize

The DPS awards the 2021 Gerard P. 
Kuiper Prize for outstanding contributions 

to the field of planetary science to 
Dr. Therese Encrenaz (French National 
Center for Scientific Research emeritus 
scientist, Paris Observatory, Paris Sciences 
and Letters University) in recognition of 
her advancement of our understanding 
of planetary atmospheres through her 
pioneering techniques, as well as for 
enabling groundbreaking research 
through her leadership roles over four 
decades, primarily at Paris Observatory’s 
Laboratory for Space Science and 
Astrophysical Instrumentation (LESIA). 
Encrenaz’s innovative observation 
methods, using instruments such as the 
Texas Echelon Cross Echelle Spectrograph 
(TEXES) and NASA Infrared Telescope 
Facility (IRTF), led to the mapping of 
hydrogen peroxide and its seasonal 
variability in the martian atmosphere. 
Along with her study of the spatial 
and seasonal variation of water, these 
discoveries led to a deeper understanding 
of martian atmospheric chemistry. She 
advanced venusian atmospheric science 
by monitoring and analyzing the variation 
in the abundance of water and sulfur 
dioxide in the cloud tops. In addition to 
her research, Encrenaz has performed 
leadership roles in several space missions, 
including as mission scientist for the 
Infrared Space Observatory and as 
co-investigator on missions such as Vega, 
Galileo, Mars Express, Venus Express, 
and Rosetta. She has widely disseminated 
planetary science to the public by 

authoring over 20 popular science books.

Harold C. Urey Prize

The 2021 Harold C. Urey Prize for 
outstanding achievement in planetary 
research by an early-career scientist is 
awarded to Dr. Lynnae C. Quick (NASA 
Goddard Space Flight Center). Quick’s 
innovative scientific work focuses on 
geophysical processes writ large, reaching 
from the inner solar system, through the 
asteroid belt, to ocean worlds, and into 
the exoplanetary realm. She has revisited 
modeling of (cryo)lava domes on Venus 
and Europa, was the first to model the 
formation of Ceres’ “bright spots” via the 
transport of material from a deep brine 
reservoir to the surface, has repeatedly 
provided new insights into plumes on 
Jupiter’s moon Europa, and shed light 
on the abundance of extrasolar ocean 
worlds. In addition to her scientific pursuits, 
Quick is exceptionally engaged in the 
broader research community through her 
proactive leadership as a co-investigator 

AAS DIVISION FOR PLANETARY SCIENCES 
ANNOUNCES 2021 PRIZE WINNERS
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on several space missions, as a member 
of the Outer Planets Assessment Group 
steering committee, the Planetary Science 
Decadal Survey 2023–2032 panel on 
ocean worlds and dwarf planets, and 
the National Society of Black Physicists. 
Quick’s advocacy work to diversify the 
field is particularly notable. She has 
mentored many early-career planetary 
scientists and is leading the Dragonfly 
Student and Early Career Investigator 
Program. Every aspect of Quick’s career 
represents a positive outlook for the 
future of the scientific community.

Harold Masursky Award

The 2021 Harold Masursky Award for 
meritorious service to planetary science 
goes to Dr. Mark Showalter (SETI Institute). 
Showalter’s service to the community has 
centered around his 30 years as principal 
investigator of the Planetary Data System 
Ring-Moon Systems Node. In this role, 
Showalter has gone above and beyond 
simply archiving ring data to providing 
invaluable search and ephemeris tools that 
assist the planetary science community 
as a whole. He has set up graphical tools 
for observation and proposal planning 
and produced the original design and 
much of the initial implementation of 
the Outer Planets Unified Search tool, 
which supports more than 1.5 million 
outer planet system observations.

 Carl Sagan Medal
 
This year, the DPS awards two Carl 
Sagan Medals for excellence in public 
communication. One goes to Dr. Nicolle 
Zellner (Albion College) for her effective 
and wide-ranging outreach activities 
that have reached diverse audiences for 
more than 20 years. Zellner has spoken 

to thousands of people around the 
country and has reached millions more 
through her written articles, television 
appearances, radio interviews, and more. 
She uses every opportunity to convey 
her passion and enthusiasm for space 
science to audiences of all ages, often 
bringing these topics to audiences who 
might otherwise not seek them out. She 
regularly offers public observing nights 
at Albion College and encourages 
college and community members to look 
up, especially during worldwide events 
like the annual International Observe the 
Moon Night, the 2012 Venus transit, and 
the 2017 Great American Solar Eclipse. 
Zellner co-founded the public observing 
program at Rensselaer Polytechnic Institute, 
is a member of one of the first classes of 
NASA’s Solar System Ambassadors, and 
is also a member of the Astronomy in 
Chile Educator Ambassadors Program.

Also receiving the Carl Sagan Medal is 
Dr. Adam Frank (University of Rochester), 
for founding continuously sustained efforts 
and solid platforms from which science 
can be distributed to the public in an 
accessible form. He was the co-founder 
of the National Public Radio 13.7 blog, 
a frequent contributor to the New York 
Times, and the creator of the Coursera 
course “Confronting the Big Questions: 
Highlights of Modern Astronomy.” The 
13.7 Cosmos and Culture blog was a 

highly trafficked science blog with yearly 
visits exceeding 13 million. Frank has also 
been a regular on-air commentator for 
NPR’s news show “All Things Considered.” 
Frank contributes to other publications like 
The Washington Post, The Atlantic, and 
Scientific American and has authored four 
popular books arguing for the beauty of 
science and against science denial. He 
was also a science advisor for Marvel’s 

“Doctor Strange” and has appeared 
on numerous science documentaries 
such as Netflix’s “Alien Worlds.”

 Claudia J. Alexander Prize

The DPS is pleased to award the inaugural 
Claudia J. Alexander Prize recognizing 
outstanding contributions by a mid-career 
scientist to Dr. Elizabeth Turtle (Johns 
Hopkins University Applied Physics 
Laboratory). Turtle’s research contributions 
to understanding geophysical features 
on planetary surfaces and the processes 
that drive them span the solar system. She 
played an integral role in analyzing and 
interpreting countless images from the 
Galileo and Cassini missions, building an 
intimate understanding of the mechanisms 
that shape the surfaces of satellites such 
as Io, Europa, and Titan. One of her 
most heavily cited papers, “Rapid and 
Extensive Surface Changes Near Titan’s 
Equator: Evidence of April Showers” 
(Science, 2011), demonstrates her 
creative approach of synthesizing data 
from three instruments on Cassini to tell 
a captivating story about an infrequent 
rain shower in Titan’s equatorial region. 
It is also clear that Turtle’s impact on 
planetary science will only grow. She 
currently leads two major projects slated 
to broaden humanity’s understanding of 
the habitability and potential for life on 
two of the most enchanting ocean worlds 

Nicolle Zellner

Adam Frank

Elizabeth Turtle

Mark Showalter
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in our solar system: the Europa Imaging 
System (EIS) on Europa Clipper and the 
New Frontiers Dragonfly mission to Titan. 

Turtle exemplifies leadership in the field 
by any metric and is extremely dedicated 
to public outreach and engagement 
well beyond the scientific community.

Jonathan Eberhart Planetary 
Science Journalism Award

The Jonathan Eberhart Planetary Science 
Journalism Award for distinguished 
popular writing goes to Camille Carlisle 
for her article “Rugged Worlds” in the 
May 2020 issue of Sky & Telescope. 
In this thoroughly researched article, 
Carlisle provides a riveting account of the 
surprising discoveries and challenges the 
OSIRIS-REx and Hayabusa2 spacecraft 
encountered during their visits to asteroids 
Bennu and Ryugu, respectively. She 
compares and contrasts the two missions, 
provides an overview of their contributions 
to asteroid science, and addresses the 

new questions raised by the findings. Her 
writing brings the excitement of planetary 
science to the general public. The article 
is a wonderful contribution to the field. It 
will undoubtedly increase public interest 
in the two space missions and more 
widely in solar system exploration.

NASA Administrator Bill Nelson recently 
announced that the agency is creating 
two new mission directorates that will best 
position the agency for the next 20 years.

The move separates the agency’s current 
Human Exploration and Operations 
Mission Directorate into the new 
Exploration Systems Development 
Mission Directorate (ESDMD) and 
Space Operations Mission Directorate.

NASA is making the changes because 
of increasing space operations in 

low-Earth orbit and development 
programs well underway for deep space 
exploration, including Artemis missions.

Both mission directorates are engineering 
the future of NASA’s Moon to Mars 
exploration approach from different ends 
of the spaceflight continuum. “NASA has 
long set the vision for space exploration, 
not only for our nation, but also for the 
world. This reorganization positions 
NASA and the United States for success 
as we venture farther out into the cosmos 
than ever before, all while supporting the 

continued commercialization of space 
and research on the International Space 
Station,” said Nelson. “This also will 
allow the United States to maintain its 
leadership in space for decades to come.”

Jim Free will return to the agency as 
associate administrator of ESDMD. 
The new directorate will define and 
manage systems development for 
programs critical to Artemis and 
plan the Moon to Mars exploration 
approach in an integrated manner.

Camille Carlisle

NASA LEADERSHIP POSITIONS 
AGENCY FOR FUTURE
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“I’m excited to be back at NASA. Working 
hand-in-hand with our colleagues in 
Space Operations, we will focus on 
ensuring the success of Artemis missions 
in the near term while charting a clearly 
defined path for human exploration of 
Mars as our horizon goal,” said Free.

Kathy Lueders will serve as associate 
administrator of the agency’s new Space 
Operations Mission Directorate. This 
directorate will focus on launch and space 
operations, including the International 
Space Station, the commercialization of 
low-Earth orbit, and eventually, sustaining 
operations on and around the Moon.

“The space station is the cornerstone of 
our human spaceflight efforts, and the 

commercial crew and cargo systems 
that support the microgravity laboratory 
are the building blocks to our continued 
success,” said Lueders. “We’ll work 
closely across mission directorates to 
achieve even greater successes to come, 
including expanding the low-Earth orbit 
economy, launching our state-of-the-art 
science missions, and getting ready for 
future operations at the Moon and Mars.”

Creating two separate mission directorates 
will ensure these critical areas have 
focused oversight teams in place to 
support and execute for mission success. 
This approach with two areas focused on 
human spaceflight allows one mission 
directorate to operate in space while 
the other builds future space systems, so 

there is a constant cycle of development 
and operations to advance NASA’s 
goals in space exploration. “Kathy has 
demonstrated exceptional leadership and 
overseen tremendous progress in her role 
as the associate administrator for human 
spaceflight. And we’re thrilled to welcome 
Jim back to the agency. Together, this 
dynamic duo will help forge the future 
of human exploration,” said Nelson.

Over the next few months, NASA will 
implement these new mission directorates 
while remaining focused on the safety 
of ongoing operations for commercial 
crew and upcoming Artemis missions.

For more information on NASA and 
agency activities, visit www.nasa.gov.

The following is a statement from 
NASA Administrator Bill Nelson on 
the departure of Michael Watkins, 

director of NASA’s Jet Propulsion 
Laboratory (JPL) in Southern California:

“Under Mike’s leadership, JPL has 
accomplished some of NASA’s most 
inspiring science missions, launching and 
landing the InSight and Perseverance 
missions on Mars, the first flight on 
another planet, and giving humanity an 
unprecedented understanding of our 
own planet with the Earth ECOSTRESS, 
Orbiting Carbon Observatory-3, 
GRACE Follow-On, and Sentinel-6 
Michael Freilich. During his tenure, 

Mike embodied JPL’s motto, ‘Dare 
Mighty Things,’ and I wish him all the 
best in his next endeavor, sharing his 
understanding of the universe with and 
helping shape the next generation of 
scientists and engineers at Caltech.”

JPL is managed for NASA by 
Caltech in Pasadena, California. 
For information about NASA JPL’s 
missions, discoveries, and activities, 
visit https://www.jpl.nasa.gov.

NASA and Minority-Serving Institutions 
(MSIs) across the United States are 
teaming up to bring untapped talent and 
diverse perspectives to several of the 
agency’s top priorities:  understanding 
and monitoring global ocean health, 

returning humans to the Moon through 
the Artemis program, and helping 
build a more inclusive workforce.

NASA will fund an array of projects 
proposed by MSIs — with a total of 

approximately $18 million — through 
four new opportunities from the 
agency’s Minority University Research 
and Education Project (MUREP). These 
funding opportunities will enable 
institutions to take on some of NASA’s 

NASA STATEMENT ON THE DEPARTURE 
OF JPL DIRECTOR MICHAEL WATKINS

NASA AWARDS $18 MILLION FOR RESEARCH 
AT MINORITY SERVING INSTITUTIONS

Former JPL Director Michael Watkins. Credit: NASA/
JPL-Caltech.

https://www.nasa.gov
https://www.jpl.nasa.gov
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most pressing challenges while increasing 
their research capabilities, allowing 
them to become more competitive for 
future awards. The awards also will 
allow the institutions to broaden their 
participation in science, technology, 
engineering, and math (STEM) fields.

“NASA thrives on big goals and 
monumental challenges, and these 
demand the brightest minds from the 
broadest variety of backgrounds 
and experiences,” said Mike Kincaid, 
NASA’s associate administrator of STEM 
Engagement at NASA Headquarters 
in Washington. The Office of STEM 
Engagement (OSTEM) manages MUREP. 

“We’re reaching out to historically 
underrepresented and underserved 
communities and creating as many 
avenues as we can to bring them 
onboard, whether it’s through awards 
such as these, NASA internships and 
fellowships, or other engagements.”

In June, NASA introduced Mission Equity, 
a new effort to assess the agency’s 
programs, procurements, grants, and more 
as an effort to remove systemic barriers 
and challenges facing underserved 
and underrepresented communities. 
MUREP plays a key role for the agency 
by funding opportunities that build 
infrastructure and research capacity at 

MSIs while emphasizing student success.

“MSIs bring their own, diverse viewpoint 
to answering the research questions 
NASA continues to seek,” said 
MUREP manager Torry Johnson. “By 
broadening participation, MUREP 
looks to expand the pool of institutions 
that engage in these critical science 
and technological discussions while 
at the same time introducing potential 
candidates that will aid in reimagining 
the future STEM workforce.”

OCEAN

A collaboration between MUREP and 
the NASA’s Science Mission Directorate 
(SMD), the Ocean Biology and 
Biogeochemistry (OCEAN) award helps 
MSIs prepare to compete in future funding 
opportunities in line with NASA’s efforts 
to gain a deeper scientific understanding 
of our planet. On June 21, NASA 
awarded 10 MSIs more than $6.6 million 
in cooperative agreements, enabling 
these institutions to take an active role in 
studying climate change and its effects.

“We’re excited about this partnership,” 
said Jack Kaye, associate director for 
research in NASA’s Earth Science Division, 
part of SMD. “MUREP OCEAN will 
further capacity at MSIs and expand the 

investigator community that is addressing 
the relationship between climate and 
ocean biology and biogeochemistry. The 
selected investigations add geographic 
and topic diversity to our program 
and will help create new opportunities 
for students and faculty to engage 
in our research for years to come.”

MUREP established the OCEAN funding 
opportunity in support of NASA’s research 
into ocean health, focusing primarily on 
the impacts of climate change on aquatic 
biology and ecosystems. The agency 
sought proposals to either develop 
remote sensing capabilities to analyze 
the impacts and vulnerability of aquatic 
ecosystems due to changing climate 
or improve understanding of carbon 
cycle processes and feedback in critical 
aquatic zones that are particularly 
vulnerable to environmental changes.

M-STAR Implementation Funding

The MUREP Space Technology Artemis 
Research (M-STAR) awards support 
NASA’s Artemis program, which will 
send the first woman and first person 
of color to the Moon. M-STAR was 
created in partnership with the agency’s 
Space Technology Mission Directorate 
(STMD) to promote STEM literacy and 
boost MSIs’ capabilities to compete in 
agency research required for missions 
to the Moon, Mars, and beyond.

M-STAR implementation funding builds 
on M-STAR planning grants awarded 
in August 2020. On July 14, the 
agency awarded nearly $3.5 million 
in cooperative agreements to seven 
institutions, five of which previously 
received M-STAR planning grants.

“Diversity is a key component of 
technology development,” said Jim 
Reuter, NASA associate administrator 
for space technology. “By investing 
in and working with MSIs that recruit 
and support communities traditionally 
underrepresented in STEM, the 
agency is accessing and utilizing new 
perspectives, skillsets, and solutions.”

MUREP INCLUDES

Engineering forms the backbone of 

A MUREP student explores careers in science and engineering at NASA. Credit: NASA.
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NASA’s most ambitious goals, and 
the agency recognizes the importance 
of diversity in problem-solving. 
NASA, OSTEM, and the National 
Science Foundation’s Directorate of 
Engineering signed a memorandum 
of understanding in 2021 to work 
together on a new initiative to bring 
a broader scope of perspectives to 
NASA’s missions. MUREP INCLUDES 
built upon the Nation of Communities 
of Learners of Underrepresented 
Discoverers in Engineering and Science 
(NSF INCLUDES) model to help MSIs 
form and lead coalitions dedicated to 
broadening participation in engineering. 
Its goal is to increase the participation 
of underrepresented minorities in 
STEM fields by 2026. This partnership 
aims to further scale activities as a 
result of increased lessons learned.

NASA awarded six institutions nearly 
$7.2 million in MUREP INCLUDES 
cooperative agreements, which the 
agency announced on July 21. This 
funding will be used to determine which 
methods are most effective at bringing 

diverse students into engineering research, 
expand existing programs that are 
already successful, and explore innovative 
approaches to fill in identified gaps.

M-STTR

The MUREP-Small Business Technology 
Transfer Research (M-STTR) planning 
grants are designed to reduce barriers 
and pave the way for MSIs and small 
businesses to compete in STMD’s annual 
Small Business Innovation Research/
Small Business Technology Transfer 
Research (SBIR/STTR) solicitation.

NASA’s SBIR/STTR program enables 
small businesses to take part in federal 
research and development. Through 
STTR, small businesses partner with 
research institutions to explore their 
technological capabilities, with the 
potential to profit from their innovations 
through commercialization. The new 
M-STTR funding enables MSIs to team 
up with small businesses to explore 
ideas, build teams, engage stakeholders, 
and, ultimately, have an action plan 

to respond to the solicitation.

On August 5, the agency awarded 
more than $540,000 in planning grants 
to 10 institutions for 11 projects. The 
selected institutions will have four months 
to develop their STTR action plans.

Powered Through Partnerships

MUREP’s awards made through its 
four funding opportunities underscore 
how partnerships are instrumental in 
broadening participation in STEM 
and driving innovative research 
aligned with NASA’s priorities.

These awards were made through the 
Education Opportunities in NASA STEM 
2021 (EONS 2021) solicitation. M-STAR 
is a two-year award, while OCEAN and 
INCLUDES each have a three-year period 
of performance. M-STTR planning grants 
have a four-month period of performance.

For information about MUREP, visit 
www.nasa.gov/stem/murep/.

NASA READIES JAMES WEBB SPACE 
TELESCOPE FOR DECEMBER LAUNCH

NASA plans to launch the James Webb 
Space Telescope into orbit on December 
18, 2021, to serve as the premier deep 
space observatory for the next decade.

The agency set the new target launch date 
in coordination with Arianespace after 
Webb recently and successfully completed 
its rigorous testing regimen — a major 
turning point for the mission. The new date 
also follows Arianespace successfully 
launching an Ariane 5 rocket in late 
July and scheduling a launch that will 
precede Webb. The July launch was the 
first for an Ariane 5 since August 2020.

Webb, an international program led by 
NASA with its partners the European 
Space Agency (ESA) and the Canadian 
Space Agency, will launch on an Ariane 
5 from Europe’s Spaceport in French 

Guiana on the northeastern coast of South 
America. ESA is providing the Ariane 5.

“Webb is an exemplary mission that 
signifies the epitome of perseverance,” 
said Gregory L. Robinson, Webb’s 
program director at NASA Headquarters 
in Washington, DC. “I am inspired by 
our dedicated team and our global 
partnerships that have made this 
incredible endeavor possible. Together, 
we’ve overcome technical obstacles 
along the way as well as challenges 
during the coronavirus pandemic. I also 
am grateful for the steadfast support 
of Congress. Now that we have an 
observatory and a rocket ready for 
launch, I am looking forward to the big 
day and the amazing science to come.”

The Webb telescope’s revolutionary 

After successful completion of its final tests, NASA’s 
James Webb Space Telescope is seen here being 
prepared for shipment to its launch site. Credit: 
NASA/Chris Gunn.

https://www.nasa.gov/stem/murep/
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technology will explore every phase of 
cosmic history — from within our solar 
system to the most distant observable 
galaxies in the early universe and 

everything in between. Webb will reveal 
new and unexpected discoveries and 
help humankind understand the origins 
of the universe and our place in it.

For further information about 
the Webb mission and telescope 
visit www.webb.nasa.gov.

NASA SELECTS FIVE U.S. COMPANIES TO 
MATURE ARTEMIS LANDER CONCEPTS

NASA has selected five U.S. companies 
to help the agency enable a steady 
pace of crewed trips to the lunar 
surface under the agency’s Artemis 
program. These companies will make 
advancements toward sustainable 
human landing system concepts, conduct 
risk-reduction activities, and provide 
feedback on NASA’s requirements 
to cultivate industry capabilities for 
crewed lunar landing missions.
The awards under the Next Space 
Technologies for Exploration Partnerships 
(NextSTEP-2) Appendix N broad 
agency announcement are firm-fixed-
price, milestone-based contracts. The 
total combined value for the awards 
is $146 million, and the work will be 
conducted over the next 15 months. 
The companies that received awards 
and their award values are:

• Blue Origin Federation of Kent, 
Washington, $25.6 million

• Dynetics (a Leidos company) of 
Huntsville, Alabama, $40.8 million

• Lockheed Martin of Littleton, 
Colorado, $35.2 million

• Northrop Grumman of Dulles, 
Virginia, $34.8 million

• SpaceX of Hawthorne, 
California, $9.4 million

“Establishing a long-term human 
presence on the Moon through recurring 
services using lunar landers is a major 
Artemis goal,” said Kathy Lueders, 
NASA’s associate administrator for 
Human Exploration and Operations 
at Headquarters in Washington. “This 
critical step lays the foundation for 
U.S. leadership in learning more about 

the Moon and for learning how to 
live and work in deep space for future 
missions farther into the solar system.”

The selected companies will develop 
lander design concepts, evaluating 
their performance, design, construction 
standards, mission assurance 
requirements, interfaces, safety, crew 
health accommodations, and medical 
capabilities. The companies will also 
mitigate lunar lander risks by conducting 
critical component tests and advancing 
the maturity of key technologies.

The work from these companies will 
ultimately help shape the strategy and 
requirements for NASA’s future solicitation 
to provide regular astronaut transportation 
from lunar orbit to the surface of the Moon.

“Collaboration with our partners is 
critical to achieving NASA’s long-term 
Artemis lunar exploration goals,” said 
Lisa Watson-Morgan, Human Landing 
System program manager at NASA’s 
Marshall Space Flight Center in Huntsville, 
Alabama. “By partnering with innovative 
U.S. companies, we will establish a robust 
lunar economy while exploring new areas 
of the Moon for generations to come.”

This opportunity is distinct from the initial 
crewed lunar landing demonstration 
mission awarded under the NextSTEP-2 
Appendix H procurement, which 
will serve as the proof of concept 
for the Artemis architecture.

NASA’s goals under Artemis include 
enabling a safe and cost-efficient long-

Artist’s concept of Artemis astronaut stepping onto the Moon. Credit: NASA.

http://www.webb.nasa.gov
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term approach to accessing the lunar 
surface and becoming one of the multiple 
customers purchasing services in a lunar 
transportation market. Much of what the 
agency develops for the Moon will be 
applied to future exploration at Mars.

NASA’s Artemis missions include landing 
the first woman and first person of color 
on the lunar surface, sending a suite of 
new science instruments and technology 
demonstrations to study the Moon, and 
establishing a long-term presence there.

To learn more about Artemis, visit 
www.nasa.gov/artemis.

Colorado School of Mines, in partnership 
with Lockheed Martin, has announced 
a new global student design challenge 
open to student teams from any 
accredited university worldwide.

The Over the Dusty Moon Challenge 
will address a topic of increasing 
practical concern as humans move 
toward a sustainable presence on the 
Moon’s surface. The challenge will task 
student teams to design, build, and 
demonstrate a system that can convey 
lunar regolith (or soil) horizontally and 
vertically. Regolith conveyance is a key 
technology to enable the use of lunar 
soil for resource processing, construction, 
and manufacturing on the Moon.

“This challenge builds on the rapid 
progress made in the field of space 
resources in recent years to address a 
problem of great practical significance. 
Being able to effectively move large 

quantities of regolith while minimizing 
the creation of harmful dust is critical to 
long-term human presence on the Moon,” 
said Dr. Angel Abbud-Madrid, director 
of the Center for Space Resources 
and the Space Resources graduate 
program at Colorado School of Mines.

The challenge begins immediately, and 
international participation is welcome. 
The competition will take place over 
two phases. Phase 1 will culminate 
with the submission of the conveyance 
system design. Due November 29, these 
submissions will be judged by a panel 
of experts from Lockheed Martin, Mines, 
and the space resources community. 
The top entries from Phase 1 will be 
invited to participate in Phase 2, where 
teams will be tasked with building a 
prototype of their conveyance system 
and then demonstrating the systems 
on the Mines campus in June 2022.

“Our academic partnership with 
Colorado School of Mines is vital to 
advancing technology and shaping 
the workforce of tomorrow,” said 
Kirk Shireman, vice president, Lunar 
Exploration Campaigns at Lockheed 
Martin Space. “The Over the Dusty 
Moon Challenge will foster innovation 
through student engagement. We are 
delighted to be launching the challenge 
with Colorado School of Mines.”

Prizes will include cash awards and 
the opportunity for the top teams to 
present their project at the Space 
Resources Roundtable international 
conference, which will take place after 
the challenge at the Mines campus.

For more information and to 
register for the challenge, visit 
www.overthedustymoon.com.

COLORADO SCHOOL OF MINES AND 
LOCKHEED MARTIN TO HOST THE OVER THE 
DUSTY MOON STUDENT DESIGN CHALLENGE

https://www.nasa.gov/artemis
https://www.overthedustymoon.com
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NASA released its first digital, interactive 
graphic novel on September 25 
in celebration of National Comic 
Book Day. “First Woman:  NASA’s 
Promise for Humanity” imagines 
the story of Callie Rodriguez, the 
first woman to explore the Moon.

While Callie’s story is fictional, the first 
woman and the first person of color 

will walk on the Moon, achieving 
these historic milestones as part of 
NASA’s Artemis missions. Through 
this graphic novel, NASA aims 
to inspire the next generation of 
explorers — the Artemis Generation.

Download, read, and interact with “First 
Woman” or listen to the audio version 
exclusively on NASA’s SoundCloud.

“The story of Callie captures how passion, 
dedication, and perseverance allow 
us to turn our dreams into reality,” said 
NASA Deputy Administrator Pam 
Melroy. “Callie, much like myself, grew 
her skills, seized learning opportunities, 
and overcame challenges to become a 
NASA astronaut. Her diversity is reflected 
in our own astronaut corps today — it’s 
important we can see ourselves as 
the explorers among the stars.”

The 40-page comic book highlights 
NASA technologies for traveling to, 
landing on, and exploring the Moon. 
The digital format comes to life, letting 
readers engage and interact through 
augmented reality elements using the First 
Woman website or their mobile devices.

Readers can download the First Woman 
application for Android or iOS to 
explore life-sized environments and 
three-dimensional objects, including 

NASA’s Orion spacecraft and the 
lunar surface. Additional content 
includes videos, games, challenges to 
earn collector badges, and ways to 
virtually participate in NASA missions.

“We crafted this graphic novel and digital 
ecosystem to share NASA’s work in a 
different and exciting way,” said Derek 
Wang, director of communications for the 
Space Technology Mission Directorate at 
the agency’s Headquarters in Washington, 
DC. “We set out to make the content both 
engaging and accessible. From space 
fans of all ages to hardworking educators 
looking for new ways to get students 
excited about STEM, we hope that there 
is something for everyone to enjoy.”

NASA plans to release a Spanish 
version of the first issue of the comic 
book, “From Dream to Reality,” on 
the website in the future.

To learn more about the graphic novel 
and interactive experiences, visit 
www.nasa.gov/specials/calliefirst.

NASA RELEASES INTERACTIVE 
GRAPHIC NOVEL “FIRST WOMAN”

MI L ES TO N ES

Issue 1, “Dream to Reality,” imagines Callie’s 
trailblazing path as the first woman on the 
Moon. Callie and her robot sidekick, RT, overco-
me setbacks, disappointment, and tragedy along 
the way. Credit: NASA.

http://www.nasa.gov/specials/calliefirst
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NE W AND 
NOTE WORTHY

Edited by Ana Gomez de Castro

By Nicole Mortillaro

Elsevier, 2021, 176 pp., Paperback. $89.95. www.elsevier.com

Firefly Books, 2021, 120 pp., Paperback. $14.95. www.fireflybooks.com

Ultraviolet Astronomy and the Quest for the Origin of Life addresses the use of astronomical 
observations in the ultraviolet range to better understand the generation of complex, life-precursor 
molecules. The origin of RNA is still under debate but seems to be related to the generation of 
pools of complex organic molecules submitted to heavy cycles of solution in water and drying. 
This book investigates whether these cycles require a planetary surface or may occur in space by 
examining both the theoretical and observational aspects of the role of UV radiation in the origin 
of life. This book offers the latest advances in these studies for astronomers, astrobiologists, and 
planetary scientists.

This book is an ideal resource for both novice and experienced sky watchers in the United States 
and Canada, with advice, information, and data that enthusiasts need to understand and enjoy the 
wonders of the night sky. This in-depth guide first introduces readers to the objects in the sky — from 
stars, to comets, to globular clusters — and then takes them through the cosmic events to look out for 
each month in 2022, with sky maps, Moon phase charts, and information about the planets. The 
book also features methods for using your hands to measure angles in the sky, information about 
binoculars and telescopes, a glossary of terms, and a list of helpful resources. 2022 Night Sky 
Almanac is both a comprehensive introduction to astronomy and a quick reference book for more 
experienced sky watchers who don’t want to miss a thing. Its compact size means it is perfect for 
taking on an “astro-vacation” or simply sky-viewing in the backyard.

ULTRAVIOLET ASTRONOMY AND THE 
QUEST FOR THE ORIGIN OF LIFE

2022 NIGHT SKY ALMANAC:
A Month-by-Month Guide to North America’s Skies 
from the Royal Astronomical Society of Canada

Note:   P roduct  descr ip t ions  are  taken f rom publ i shers ’  webs i tes .  LP I  i s  no t  respons ib le  for  fac tua l  conten t .

http://www.elsevier.com
http://www.fireflybooks.com
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N E W A N D N OT E WO RT H Y

By Sarah Stewart Johnson

By Sandra Häuplik-Meusburger and Sheryl L. Bishop

Crown, 2020, 288 pp., Hardcover. $28.99. www.penguinrandomhouse.com

Springer, 2021, 250 pp., Hardcover. $159.99. www.springer.com

Mars was once similar to Earth, but today there are no rivers, no lakes, no oceans. Coated in red 
dust, the terrain is bewilderingly empty. And yet multiple spacecraft are circling Mars, sweeping over 
Terra Sabaea, Syrtis Major, the dunes of Elysium, and Mare Sirenum — on the brink, perhaps, of a 
staggering find, one that would inspire humankind as much as any discovery in the history of modern 
science. Georgetown University scientist Sarah Stewart Johnson tells the story of how she and other 
researchers have scoured Mars for signs of life, transforming the planet from a distant point of light 
into a world of its own. Her fascination with Mars began as a child in Kentucky, turning over rocks 
with her father and looking at planets in the night sky. She now conducts fieldwork in some of Earth’s 
most hostile environments, such as the Dry Valleys of Antarctica and the salt flats of Western Australia, 
developing methods for detecting life on other worlds. In this book, she interlaces her own personal 
journey — as a female scientist and a mother — with tales of other seekers, from Percival Lowell, who 
was convinced that a utopian society existed on Mars, to Audouin Dollfus, who tried to carry out 
astronomical observations from a stratospheric balloon. In the process, she shows how the story of 
Mars is also a story about Earth:  This other world has been our mirror, our foil, a telltale reflection 
of our own anxieties and yearnings. The Sirens of Mars offers an unlikely natural history of a place 
where no human has ever set foot, while providing a vivid portrait of our quest to defy our isolation 
in the cosmos.

This book explores creative solutions to the unique challenges inherent in crafting livable spaces in 
extraterrestrial environments. The goal is to foster a constructive dialogue between the researchers 
and planners of future (space) habitats. The authors explore the diverse concepts of the term 

“habitability” from the perspectives of the inhabitants as well as the planners and social sciences. 
The book provides an overview of the evolution and advancements of designed living spaces for 
manned spacecraft, as well as analog research and simulation facilities in extreme environments on 
Earth. It highlights how various current and future concepts of habitability have been translated into 
design and which ones are still missing. The main emphasis of this book is to identify the important 
factors that will provide for well-being in our future space environments and promote creative 
solutions to achieving living spaces where humans can thrive. Selected aspects are discussed from 
a socio-spatial professional background and possible applications are illustrated. This book will 
not only benefit individuals and organizations responsible for manned space missions and mission 
simulators, but also provides relevant information to designers of terrestrial austere environments 
(e.g., remote operational and research facilities, hospitals, prisons, manufacturing).

THE SIRENS OF MARS:
Searching for Life on Another World

SPACE HABITATS AND HABITABILITY:
Designing for Isolated and Confined 
Environments on Earth and in Space

http://www.penguinrandomhouse.com
http://www.springer.com
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By Martin Beech

By Jeff Shesol

World Scientific, 2021, 572 pp., Hardcover. $128.00. www.worldscientific.com

W. W. Norton & Company, 2021, 416 pp., Hardcover. $28.95. www.wwnorton.com

Hurtling through the atmosphere, in a blaze of light and reverberating percussions, the arrival of 
a meteorite on Earth is a magical, rare, and precious sight. These characteristics have accordingly 
ensured a long, yet often controversial history. For all this, meteorites are cosmic messengers. They 
tell us about the entire history of the solar system, their story carrying us from the very earliest 
moments, when solid material first began to form in the solar nebula. Indeed, meteorites played a 
key role in the origins of Earth’s oceans and the genesis of life. Meteorites additionally tell us about 
the origin and evolution of the asteroids, and they tell us about impacts upon the Moon as well as 
the volcanic history of planet Mars. Much is known about the structure and chemistry of meteorites, 
but for all this, they still harbor many scientific mysteries that have yet to be resolved.

If the United States couldn’t catch up to the Soviets in space, how could it compete with them on 
Earth? That was the question facing John F. Kennedy at the height of the Cold War — a perilous 
time when the Soviet Union built the wall in Berlin, tested nuclear bombs more destructive than any 
in history, and beat the United States to every major milestone in space. The race to the heavens 
seemed a race for survival — and America was losing. On February 20, 1962, when John Glenn 
blasted into orbit onboard Friendship 7, his mission was not only to circle the planet; it was to calm 
the fears of the free world and renew America’s sense of self-belief. Mercury Rising recreates 
the tension and excitement of a flight that shifted the momentum of the space race and put the 
United States on the path to the Moon. Drawing on new archival sources, personal interviews, and 
previously unpublished notes by Glenn himself, Mercury Rising reveals how the astronaut’s heroics 
lifted the nation’s hopes in what Kennedy called the “hour of maximum danger.”

A CABINET OF CURIOSITIES: The Myth, 
Magic and Measure of Meteorites

MERCURY RISING: John Glenn, John Kennedy, and 
the New Battleground of the Cold War

By Daniel K. L. Chua and Alexander Rehding

Princeton University Press, 2021, 272 pp., Hardcover. $32.00. www.press.princeton.edu

In 1977 NASA shot a mixtape into outer space. The Golden Record onboard the Voyager spacecrafts 
contained world music and sounds of Earth to represent humanity to any extraterrestrial civilizations. To 
date, the Golden Record is the only human-made object to have left the solar system. Alien Listening 
asks the big questions that the Golden Record raises:  Can music live up to its reputation as the universal 
language in communications with the unknown? How do we fit all of human culture into a time capsule 
that will barrel through space for tens of thousands of years? And last but not least:  Do aliens have 
ears? Around the extreme scenario of the Golden Record, Chua and Rehding develop a thought-
provoking, philosophically heterodox, and often humorous Intergalactic Music Theory of Everything, 
a string theory of communication, an object-oriented ontology of sound, and a Penelopean model 
woven together from strands of music and media theory. By confronting the vast temporal and spatial 
distances the Golden Record traverses, the authors take listeners out of their comfort zone and offer 
new perspectives in which music can be analyzed, listened to, and thought about — by aliens and 
humans alike.

ALIEN LISTENING: Voyager’s Golden 
Record and Music from Earth

http://www.worldscientific.com
http://www.wwnorton.com
http://www.press.princeton.edu
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By Ronald A. Wells

CG Publishing, 2021, 230 pp., Paperback. $29.95. www.cgpublishing.com

In a sequel to his book Apollo on the Moon in Perspective, author Ron Wells now brings a totally 
unique look at the Moon as seen through the J-mission photography from the Apollo program. Using 
cutting-edge photogrammetry techniques, he has created hundreds of views of some of the most 
distinctive features of the Moon seen from angles never before possible. This book also includes a 
multitude of three-dimensional anaglyphs created painstakingly by the author, including features 
from the lunar farside. Also included in this glossy book is a DVD that includes flybys over many 
of the lunar features derived from the three-dimensional models and a brand-new, unique movie 
narrated by Dr. Harrison Schmitt of Apollo 17 describing his flight over the Taurus Littrow valley 
where he spent three days as the only scientist to walk on the Moon.

APOLLO OVER THE MOON IN PERSPECTIVE:
3D Anaglyphs and Other Views from Orbit

Edited by Martin Rees

DK, 2020, 528 pp., Hardcover. $50.00. www.dk.com

Marvel at the wonders of the universe, from stars and planets to black holes and nebulae, in this 
exploration of our solar system and beyond. Universe opens with a look at astronomy and the 
history of the Universe, using three-dimensional artwork to provide a comprehensive grounding in 
the fundamental concepts of astronomy, including the basic techniques of practical astronomy. The 
core of the book is a tour of the cosmos covering the solar system, the Milky Way, and galaxies 
beyond our own. Explanatory pages introduce different celestial phenomena, such as galaxies, and 
are followed by catalogs that profile the most interesting and important examples. A comprehensive 
star atlas completes the picture, with entries on each of the 88 constellations and a monthly sky 
guide showing the night sky as it appears throughout the year as viewed from both the northern and 
southern hemispheres.

UNIVERSE: The Definitive Visual Guide, Third Edition

Produced by NOVA/PBS

One disc, $24.99. shop.pbs.org

It is a mission that might prove impossible. In the fall of 2020, a NASA spacecraft called OSIRIS-REx 
attempts to reach out and grab a piece of an asteroid named Bennu and bring it back to Earth. Can 
the mission team pull it off? They have just three chances to extend its spacecraft’s specialized arm, 
touch down for five seconds, and collect material from the surface of Bennu. NOVA takes you inside 
the mission as the team plans its approach:  They must map the asteroid’s surface, choose possible 
collection sites, and rehearse the risky maneuver. If the collection is successful, scientists could gain 
great insight into Earth’s own origins — and even learn to defend against rogue asteroids that may 
one day threaten our planet.

TOUCHING THE ASTEROID: The Mission of 
the Spacecraft OSIRIS-REx DVD

http://www.cgpublishing.com
http://www.dk.com
http://shop.pbs.org
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Produced by Chronicle Books

$12.99. www.chroniclebooks.com

Behold the Moon in all its glory with this 54-card set of deluxe playing cards. Launch into your 
favorite card game while immersing yourself in photos of the Moon from the NASA archives. Each 
playing card features extraordinary NASA photography and beautifully designed card backs using 
two pantone colors, all in a custom tin case.

MOON PLAYING CARDS: Featuring Photos 
from the Archives of NASA

By Lily Murray

Wide Eyed Editions, 2021, 32 pp., Hardcover. $17.99. www.quartoknows.com

Imagine if you could have an adventure in space. What if you could have MILLIONS of them? With 
this story-building book, you can tell your own space-inspired stories, over and over again. Just 
read the question and choose from the vibrant pictures on the page to create a new adventure. This 
book is packed full of fun, silly, and exciting things for the reader to choose from, including wearing 
an alien disguise, visiting a planet made of cheese, traveling with a band of singing crickets, blasting 
off in a rocket, and more. Once you’ve finished, you can turn back to the start and make different 
choices to tell a completely new tale. There are millions of possible combinations and endless stories 
to be told! For ages 5 to 7.

LET’S TELL A STORY! SPACE ADVENTURE

By Claudia Evans

Quarto Publishing, 2020, 120 pp., Hardcover. $17.85. www.quartoknows.com

Get digging for rocks and minerals with this striking new book. A bright, contemporary design will 
engage young children’s interest and maintain a fascination with rocks for years to come. Each 
alphabet entry is accompanied by a short chunk of text, designed to appeal to young readers and 
encourage them to look closely at the images. For ages 5 to 7.

A TO Z OF ROCKS, MINERALS, AND GEMS: A 
Beginner’s Encyclopedia of Everything from Agate to Zircon

http://www.chroniclebooks.com
http://www.quartoknows.com
http://www.quartoknows.com
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By Jan Carr

Crown Books for Young Readers, 2021, 40 pp., Hardcover. $17.99. www.penguinrandomhouse.com

Help throw Sun a birthday celebration in this hilarious picture book, complete with nonfiction facts. 
The planets are throwing Sun a birthday party! Mercury wants to thank Sun for how close they 
are. (Being the closest planet has its perks.) Earth enjoys Sun’s warmth, and all the planets want to 
celebrate Sun’s magnetic personality. But party planning takes work. Do they even have room for all 
of Jupiter’s moons? Blast off with this quick-witted and fact-filled picture book about the solar system 
and its (inter)stellar inhabitants. For ages 4 to 8.

STAR OF THE PARTY:
The Solar System Celebrates!

By Bruce Betts

Rockridge Press, 2020, 68 pp., spiral-bound. $18.55. Available on Amazon.com

Get even the smallest astronomer excited for the big universe of space, from the bright and burning 
Sun to our own blue Earth to ice-capped Pluto and every planet in between. With this book, kids will 
explore the entire solar system through incredible photos and fascinating facts on what makes each 
planet so special — like their size, distance from the Sun, what the surface is like, how many moons 
they have, and more! This book includes big, beautiful images. Vibrant photos will take kids deep 
into space and onto each planet, and no telescope is required. Learn all about the eight planets in 
our solar system, plus dwarf planets Ceres, Pluto, Eris, Haumea, and Makemake. Did you know the 
bubbles in soda consist of the same gas that is on Venus? Out-of-this-world facts will keep kids glued 
to the page and excited to explore the sky. Show kids the amazing universe that surrounds them with 
this fun and engaging astronomy book. For ages 3 to 6.

MY FIRST BOOK OF PLANETS:
All About the Solar System for Kids

Produced by National Geographic

$24.99. Available on Amazon.com

The National Geographic Rock & Mineral Game Set has countless geology-themed games that kids 
will love. The kit contains 25 rock specimens, six double-sided game boards, one deck of 52 playing 
cards, one bag of assorted polished gemstones, a rock specimen bag, and instructions. Start with a 
rousing game of rock bingo to learn to identify rocks, gems, and minerals by sight and characteristics. 
Use rock specimens to play two different types of gem-tac-toe. Then play a game of mineral memory. 
The 52-card deck in this kit can also be used in trivia games or as flash cards. Kids can also play all 
their favorite traditional card games too! The kit also includes over half a pound of smaller polished 
gemstones, equaling more than 150 genuine geological specimens. A convenient carry bag is 
included to keep all the game pieces together. Learning is so much more fun when it’s accomplished 
through play. This STEM resource is a great way to encourage quality family time and an awesome 
opportunity for kids to play and grow together! For ages 6 and up.

NATIONAL GEOGRAPHIC ROCK & 
MINERAL GAME SET

http://www.penguinrandomhouse.com
http://Amazon.com
http://Amazon.com
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2021 Upcoming Events
 November |  December 

November

Hayabusa 2021: 8th Symposium of Solar System Materials

19th Meeting of the Venus Exploration Analysis Group (VEXAG)

Astromaterials Data Management in the Era of Sample-
Return Missions Community Workshop

Lunar Surface Science Workshop — Virtual Session 12: 
Landing Sites and Capabilities for Future CLPS Deliveries

Meeting of the Astronomical Society of the Pacific

November 16–17

November 8–9

November 8–9

November 18

November 18–20

Virtual

Laurel, Maryland/Virtual

Tucson, Arizona/Virtual

Virtual

Virtual

curation.isas.jaxa.jp/symposium/2021/index.html

www.lpi.usra.edu/vexag/meetings/vexag-19/

corex.lpl.arizona.edu/astromaterials-workshop

www.hou.usra.edu/meetings/lunarsurface2020/

astrosociety.org/get-involved/events/asp2021-a-virtual-conference/conference-overview.html

http://curation.isas.jaxa.jp/symposium/2021/index.html
http://www.lpi.usra.edu/vexag/meetings/vexag-19/
https://corex.lpl.arizona.edu/astromaterials-workshop
http://www.hou.usra.edu/meetings/lunarsurface2020/
https://astrosociety.org/get-involved/events/asp2021-a-virtual-conference/conference-overview.html
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December

AGU 2021 Fall Meeting (Hybrid)

Evolved Stars and their Circumstellar Environments

Low-Cost Science Mission Concepts for Mars Exploration

26th Meeting of the NASA Small Bodies Assessment Group (SBAG)

December 13–17

December 14–17

 January 11–13

 January 24–25

New Orleans, Louisiana/Virtual

Virtual

Southern California

Virtual

www.agu.org/Fall-Meeting

sofia-science-series.constantcontactsites.com/

www.hou.usra.edu/meetings/lowcostmars2022/

www.lpi.usra.edu/sbag/meetings/

Venera-D: Venus Cloud Habitability System Workshop (Hybrid)
November 30–December 3

Virtual
www.hou.usra.edu/meetings/venera_d2021/

January

Rocky Worlds II
January 10–12

Oxford, United Kingdom
www.rockyworlds.org

2022 Upcoming Events
January|  February |  March |  April |  May |  June 

http://www.agu.org/Fall-Meeting
https://sofia-science-series.constantcontactsites.com/
http://www.hou.usra.edu/meetings/lowcostmars2022/
http://www.lpi.usra.edu/sbag/meetings/
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Lunar Surface Science Workshop — Virtual Session 13: Inclusive Lunar Exploration
 January 26–27
Virtual

www.hou.usra.edu/meetings/lunarsurface2020/

February

MExAG Annual Meeting 2022

SOFIA School

ASLO Ocean Sciences Meeting

Our Galactic Ecosystem: Opportunities and 
Diagnostics in the Infrared and Beyond

25th Microlensing Conference: The Dawn of Astrometric 
Microlensing, From Cold Exoplanets to Black-Holes

February 1–3

February 2–4

February 27 – March 4

February 28 – March 4

February 21–23

Virtual

Virtual

Honolulu, Hawaii/Virtual

Lake Arrowhead, California

Paris, France

www.lpi.usra.edu/mexag/meetings/2022/

sofia-school-2022.constantcontactsites.com/

www.aslo.org/osm2022/

arrowhead-2022.constantcontactsites.com/

www.cold-worlds.com/nouvelles-scientifiques/workshops-2022

http://www.hou.usra.edu/meetings/lunarsurface2020/
https://sofia-school-2022.constantcontactsites.com/
http://www.aslo.org/osm2022/
https://arrowhead-2022.constantcontactsites.com/
http://www.cold-worlds.com/nouvelles-scientifiques/workshops-2022
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March

April

May

16th Spacecraft Charging and Technology Conference (SCTC)

Origins and Exploration: From Stars to Cells (AbSciCon)

Applications of Statistical Methods and Machine Learning in the Space Sciences

Exoplanets IV

53rd Lunar and Planetary Science Conference

Protostars and Planets VII

April 4–8

May 15–20

May 17–21

May 1–6

March 7–11

March 21–27

Cocoa Beach, Florida

Atlanta, Georgia

Virtual

Las Vegas, Nevada

The Woodlands, Texas

Kyoto, Japan

www.hou.usra.edu/meetings/sctc2022/

www.agu.org/abscicon

spacescience.org/workshops/mlconference2021.php

aas.org/meetings/aastcs9/exoplanets

www.hou.usra.edu/meetings/lpsc2022/

ppvii.org/

C A L E N DA R

http://spacescience.org/workshops/mlconference2021.php
http://aas.org/meetings/aastcs9/exoplanets
http://ppvii.org/
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June

Mercury: Current and Future Science of the Innermost Planet

Planet Formation: From Dust Coagulation to Final Orbit Assembly

Meteoroids 2022

7th Mars Atmosphere Modelling and Observations Workshop

June 7–10

 June 7 –July 1

June 13–17

June 14–17

Orléans, France

Garching, Germany

Huntsville, Alabama

Paris, France

mercury2020.ias.u-psud.fr/main_1st.php

www.munich-iapp.de/final-orbit-assembly22

www.hou.usra.edu/meetings/meteoroids2022/

www-mars.lmd.jussieu.fr/paris2022/
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http://mercury2020.ias.u-psud.fr/main_1st.php
http://www-mars.lmd.jussieu.fr/paris2022/

