
LUNAR AND PLANETARY
INFORMATION BULLETIN
July 2019 Issue 157

A PERSONAL JOURNEY TO 
ULTIMA THULE:  New Horizons 
in the Kuiper Belt
Featured Story · From the Desk of Lori Glaze · News from Space · Meeting Highlights · 
Spotlight on Education · In Memoriam · Milestones · New and Noteworthy · Calendar



Paul Schenk, Brian May, Joel Parker, and Andy Chaikin discuss a possible shape
model for Ultima Thule, January 1, 2019. Credit: E. Whitman.

Featured Story

A Personal Journey to Ultima Thule: New Horizons in the
Kuiper Belt

As the New Horizons science team gathered in Laurel, Maryland, during the last week of 2018, 
many of us reflected back on a similar gathering three-and-a-half years earlier. In the summer of 
2015, we all came together on a voyage of exploration to the planet Pluto and its moons. At that 
time, we didn’t know very much about our target, and this time we knew even less about “Ultima 
Thule,” a small, lonely 30-kilometer-wide object known as 2014 MU69 that was orbiting the Sun 
almost half a billion kilometers beyond Pluto. Unlike what we knew about Pluto, we did not even 
know Ultima Thule’s surface composition, its shape, or even the length of its day.

We knew Ultima Thule was much smaller than — and hence would be a very different beast from 
— Pluto. So as the New Horizons team arrived at the Applied Physics Laboratory (APL) in Laurel, 
Maryland, to watch and enjoy the encounter sequence play out, we were completely in the dark. 
The only clues we had were stellar occultation observations of Ultima Thule from Argentina in 2017 
that indicated it was elongate and might have either two separate or contacting lobes. The lack of 
any variability in brightness as it rotated hinted that we might be looking at one of its poles,
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Marc Buie sculpting a clay model of Ultima Thule,
January 1, 2019. Credit: P. Schenk.

and therefore it must be “spinning on its side” relative to most planets. What we observed at Ultima 
Thule would be completely new.

The New Horizons engineering and science teams were charged with the task of completing 
mankind’s first reconnaissance of the outermost known solar system. Twenty years before, the 
National Science Council had set the reconnaissance of the Kuiper belt as its top planetary priority. 
The Kuiper belt forms a huge donut-shaped zone of ice-rich objects orbiting the Sun past the last 
of the major planets, Neptune. Pluto, with its five satellites, is a little wider than the state of Texas 
and is the largest of these, but thousands of smaller objects, many barely detectable, share this 
zone with Pluto. Would these smaller objects be frozen remnants of the birth of our solar system?

I arrived at APL on December 28, three 
days ahead of the encounter, although 
others had arrived a day or two earlier. 
(Team members concerned with finding 
out whether Ultima Thule had moons, 
rings, or other hazards of its own had 
been there for a few weeks.) The 
laboratory was rather quiet, as it was 
the week between Christmas and New 
Year’s Day and so many of the staff 
were away on holiday. We mostly had 
the building to ourselves and it was 
almost creepy.

As the encounter observation sequence 
had been designed months before and 
had already been uplinked to the 
spacecraft, and we would not even 
know the true shape of Ultima Thule 
until the day before the encounter, the 
science team did not have much to do 
except speculate on what we might see.

Speculate we did. Any such debates always start with the nature of the Kuiper belt itself and 
any similar or related objects we might have visited.

The Kuiper belt is similar to the asteroid belt between Mars and Jupiter in that it comprises 
large numbers of small irregularly shaped objects that did not accrete to form a single
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planetary mass, but there the similarity ends. Objects in the Kuiper belt (KBOs) formed at great 
distances from the heat of the Sun and are rich in volatile ices, including methane, nitrogen, carbon 
dioxide, and of course water ice. Short-period comets such as Wild 2, Temple 1, and 67P/
Churyumov-Gerasimenko, each of which have been visited by spacecraft, offered glimpses of what 
smaller KBO objects might look like. Short-period comets are KBOs whose orbits had been shifted, 
bringing them close to the Sun. Each of these comets had borne the scars of multiple passes near 
the Sun’s heat, which had volatilized much of their icy surfaces. The surface of 67P, for example, 
was revealed by Rosetta as heavily pitted and eroded and coated with dust. Would Ultima Thule 
betray any hints of this sublimation even though it had never been close to the Sun?

The Kuiper belt is much also larger and more distended than the asteroid belt, with much greater 
distances between objects. This means the collision rates between objects are much lower and we 
might have a good chance to look further back in time on their surfaces. In the asteroid belt, most 
objects there have been heavily bombarded by multitudes of small objects, forming thousands of 
craters on their surfaces and erasing much of their earliest histories. Would Ultima Thule be a 
cratered lump with no record of its early history, or would we see evidence of its original 
construction?

In January, as we entered a new decade, the big day finally arrived. The Maryland winter was cold 
but not bitter (but sadly, no snow). Media representatives had gathered to share the event with the 
world, even if not quite in the same numbers as the encounter with Pluto. We gathered in the 
Geology meeting room to await the scheduled approach images, which would hopefully reveal 
something of the shape of Ultima Thule.

The New Horizons spacecraft was traveling at ~14 kilometers per second past Ultima Thule, which 
was only ~30 kilometers across. This gave us only one chance to get it right. As the position of 
Ultima Thule was uncertain, and the encounter sequence had been designed several months 
previously, the imaging observations had to be planned with this position uncertainty in mind. As we 
approached Ultima Thule, that uncertainty shrank and a final update was transmitted to the 
spacecraft early that day. Given the small size of the object, it was also likely that we would not see 
geologic features until the spacecraft was only a few hours away from the target, and those images 
would not start to be downlinked until the morning of January 1.

Because of the tight timeline, New Horizons was programmed, as at Pluto, to ignore Earth during 
the critical encounter period and go radio silent in order to use all its time for making observations. 
So December 31 began with a short playback of a few approach images, followed by more than 18 
hours of silence as we all awaited word on the success of the encounter. Given that the one-way 
travel time for radio signals was six hours, there wasn’t anything anyone on Earth could do to help 
anyway.
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Color composite showing our best view of 2014
MU69 “Ultima Thule,” highlighting the rounded
smoothened surface and numerous small pits
along the right edge. Credit: NASA/Johns Hopkins
University Applied Physics
Laboratory/Southwest Research Institute/
Roman Tkachenko.

There was considerable excitement as the 
first images of the day were revealed. Even 
though there was a nominal pixel size of only 
~5 kilometers, or ~6 pixels across the entire 
body, these images clearly showed an 
elongate object, just as the stellar occultation 
observations of Ultima Thule from Argentina 
in 2017 had shown. Although still fuzzy in 
appearance, they showed an object looking 
something like a bowling pin. We would have 
to wait until mid-afternoon the next day, 
January 1, for the next transmissions to 
really see Ultima Thule for what it was.

We gathered at the main APL auditorium late 
on December 31 to celebrate the official time 
of encounter (despite the radio silence), 
which by a fluke of cosmic alignment 
occurred at half past midnight on New Year’s 
Eve. We got to celebrate the new year with 
friends and colleagues at a research lab in 
the middle of Maryland. As at Pluto three-
and-a-half years previously, however, we had 
to wait another 10 hours before the signal 
from the spacecraft that it had turned toward 
home would arrive to let us know how things 
went. In the meantime, we all went back to 
our hotels to try and get some sleep. The 
only remaining question was whether our 
targeting of Ultima Thule was as accurate as 
we hoped.

At mid-morning on January 1, we all gathered again at the main auditorium to await the first 
signals. Although it played out in essentially the same way, somehow it felt a little different than at 
Pluto. We had had that success and knew our little piano-sized spacecraft could do the job, but still 
there was the mystery of Ultima Thule and whether it had any surprises in store for us. Several 
hundred of us gathered and waited as the main video screen went to Mission Operations. A big 
cheer went up when Alice Bowman called out “In lock with telemetry.” This was the first sign that 
the spacecraft was following the command sequences. More cheers when telemetry confirmed 
that all the data that was expected had actually been recorded, another sign that things had gone 
as planned. Yay!
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Author with New Horizons Team members and their families, shortly after acquisition 
of signal indicating a successful encounter, January 1, 2019. Credit: P. Schenk.

We spent a little time reveling in the moment before proceeding back to our Geology room across 
the street to await the first images sometime mid-afternoon. Before leaving the auditorium I was 
approached by JoAnna Wendel to see if I would be able to give a radio interview for Duncan 
Wilson’s radio show in Auckland, New Zealand. Of course I agreed; this would be the longest-
distance interview I’d ever done! Since it was their morning show, the interview was scheduled for 
approximately 1:00 p.m. U.S. Eastern Standard Time, shortly before we received the next images, 
which we hoped would finally reveal what Ultima Thule was. So I gave the interview on my 
iPhone, and proceeded to have a very pleasant 10-minute interview during which we talked about 
what we hoped to learn about the solar system from Ultima Thule. (Later, on January 4, I would 
have a video interview with Chris Ready of Launch Pad Astronomy, discussing the results.)

The real science fun began late in the afternoon on the January 1 when the first fully resolved 
images arrived. These images would have pixels ~300 meters across, just a bit larger than a 
football stadium. To our delight, they showed Ultima Thule as a bilobate object, basically two 
spheres “kissing” each other, and a dramatic confirmation of the stellar occultation results. The 
two lobes looked to be relatively intact bodies that had very gently merged (rather than
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A 3-D stereo anaglyph of Ultima Thule,
showing its double lobe nature. Credit: P.
Schenk and B. May.

collided). Apparently they had formed as separate worlds and had come together shortly 
thereafter, with almost no resulting damage.

Another surprise was that both lobes, while lumpy, 
were a lot less lumpy and very much less bashed 
around by impacts than other small icy bodies 
closer to the Sun. This object clearly did not have 
many craters on it. In fact, it was hard to be sure in 
these first images if there were any true impact 
craters at all. We would have to await the later 
images, which would have pixels as small as 35 
meters across, a factor of 10 improvement. It was 
clear from these initial images, however, that we 
were seeing a body relatively undamaged since it 
was constructed, a window into the formation of 
planets.

A few more images came down later that evening, 
and by 10:00 p.m. we were putting together the 
first stereo pairs of the object from which we 
hoped to learn more about the object’s shape, 
which was proving to be flatter than expected. At 
first described as two pancakes touching, a more 
accurate description might be two jelly (or crème-
filled) donuts touching.

As the images came down over the next three days we set out to understand what we were 
seeing. We even brought out the modeling clay and molded miniature models of Ultima Thule to try 
to replicate what we were seeing in the images. It is rather remarkable how accurate those initial 
clay models turned out to be! Earlier that week, Dr. Brian May (perhaps more famously known as 
the guitarist for the rock group Queen) had arrived to share in the encounter. May, an 
astrophysicist and New Horizons groupie, is also a stereo image enthusiast like myself, and we 
collaborated on putting together the best stereo pairs of Ultima Thule.

On the afternoon of January 2, I was surprised to get a request to be in the New Horizons press 
briefing to take place on the following day to show the latest stereo images. Unfortunately, the 
stereo pairs in hand were not of high enough quality to derive topographic maps (that would come 
later), but it gave us a chance to talk about the images in this way. After three decades in planetary 
science, I had never been a part of a mission press conference. It was fascinating to get a "behind
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Member of the New Horizons team at the press briefing on January 3, 2019. From left to right:
Alan Stern, Mark Showalter, Leslie Young, Silvia Protopapa, and Paul Schenk.

the scenes” look at how they work.

There is a lot of preparation before holding a press briefing. The participants meet several times in 
the days before to discuss what topics will be covered. A consensus is reached on the materials 
and conclusions that the team is confident in and can be presented to the public. If we were not 
confident about data or a conclusion, then we would not present it until we were. Graphics are 
reviewed to make them as clear and understandable as possible. A rehearsal is run a few hours 
before. It was amusing to look back on it afterward, because all the instructions to look at this 
camera or that person as I was speaking were completely forgotten when my turn at the 
microphone came. Better luck next time, I guess!

By January 4, many of the team members were packing up to go back home. We would not be 
getting much new data for a few weeks as New Horizons worked on other observations and 
downlinks. The best images would come down in late January and throughout the month of 
February. We knew from the available images that our targeting looked really good. We also knew 
that in the highest-resolution images, at ~35 meters pixel scale, Ultima Thule would just fill the 
entire imaging frame. If the pointing was a little bit off, we might miss half or more of the object. 
Back home, we were all eagerly anticipating these images in mid-February when they came down, 
and to our delight, there was Ultima Thule right in the middle of the frames
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exactly where we hoped it would be. Tiny pits less than 1 kilometer across were visible, as were a 
few small linear fractures, but otherwise Ultima Thule was a pair of similar merged objects, lumpy 
but surprisingly undamaged, and a relict of the formation of the solar system. It just doesn’t get 
any better than that.

The Lunar and Planetary Information Bulletin collects, synthesizes, and disseminates 
current research and findings in the planetary sciences to the research community, science 
libraries, educators, students, and the public. The Bulletin is dedicated to engaging, 
exciting, and educating those with a passion for the space sciences while developing future 
generations of explorers.

The Bulletin welcomes articles dealing with issues related to planetary science and 
exploration. Of special interest are articles describing web-based research and educational 
tools, meeting highlights and summaries, and descriptions of space missions. Peer-
reviewed research articles, however, are not appropriate for publication in the Bulletin. 
Suggested topics can be e-mailed to the editors, who will provide guidelines for formatting 
and content.

Dr. Paul Schenk, Scientific Editor (schenk@lpi.usra.edu)

Renée Dotson, Production Editor (rdotson@hou.usra.edu)

The Bulletin is published on a quarterly schedule (January, April, July, and October). The 
copy deadline is the 15th of the month immediately preceding publication.

To be added to the list to receive notification by e-mail of future issues, please visit 
www.lpi.usra.edu/forms/newsletter/.

The Bulletin is published by the Lunar and Planetary Institute (LPI), 3600 Bay Area 
Boulevard, Houston TX 77058. Material in this issue may be copied without restraint for 
library, abstract service, education, or personal research purposes.

ISSN 1534-6587

The LPI is operated by the Universities Space Research Association under Award No. 
NNX15AL12A from the Science Mission Directorate of the National Aeronautics and Space 
Administration. Any opinions, findings, and conclusions or recommendations expressed in 
this issue are those of the author(s) and do not necessarily reflect the views of the National 
Aeronautics and Space Administration.
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From the Desk of Lori Glaze

Exploring New Horizons in the Solar System!
Before Facebook, Twitter, and
everything else we use today to
share our news and excitement,
there was television, radio, and the
newspaper. Those were my sources
for history in the making. This is how
NASA shared its news and events
with the world, how I witnessed the
first human on the Moon, and how I
learned about the Voyager missions.
As we celebrate the Fourth of July
holiday in the U.S., I cannot help but
reflect on our modern history in the
making. This year — 2019 — had an
auspicious beginning from the first
hour, the first day! For thousands of
people, New Horizons’ closest
approach to (486958) 2014 MU69
(referred to as Ultima Thule, “the farthest limit”) at 12:33 a.m. EST on January 1, 2019, was the 
best New Year’s celebration ever. Not only did the scientists, engineers, and technicians who 
worked on the mission witness this historical event, but their families, neighbors, and friends from 
all around the world connected and followed the spacecraft’s approach, frame by frame, using their 
smart phones and favorite social media outlet(s). My family and my friends were all on board with 
the big global party that was waiting to see NASA explore the most distant object it ever had in our 
solar system.

For me the 2014 MU69 flyby by the New Horizons spacecraft was a proud and nerve-racking

moment. I thought of the Moon landing and how much that first step meant for me and for the 
world; how much it meant for a generation of new scientists and explorers. I thought of the Voyager 
spacecraft surviving for decades and leaving the heliosphere. It reminded me of the ingenuity and 
resilience of our species. With New Horizons’ approach to 2014 MU69, we observed a Kuiper belt

object (KBO) at a range closer than we had ever done. As it did for its first contact with the Pluto 
system, the mission team created a great event for the historical occasion. They took us with them 
deep into the Kuiper belt, they showed us the environment as we all approached our goal, and then 
we all saw the sharpest image of the farthest object ever explored.
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investigation, we learned that 2014 MU was more flattened than initially thought. The

described as a “walnut.” This is truly remarkable and quite unexpected. It sent us back to our 
books trying to understand what we thought before of a typical contact binary. The cause of

2014 MU69 is the first primordial contact binary ever explored with an accuracy so far only
portrayed by artists’ concepts. We have certainly observed KBOs before, but on January 1, we got 
to almost touch this one. It was the proverbial up-close and personal moment with this intriguing 
object. As the spacecraft approached the KBO, we saw more and more details with an acute 
resolution. We also discovered how strangely it is shaped. 2014 MU69 data from New Horizons

gave us a new look — with the highest resolution — at the era of planetesimal accretion and 
therefore the earliest stages in solar system formation and evolution. The contact binary, like others 
in its class, is composed of planetesimals that accreted and held together as our solar system 
evolved.

The three key science themes for the Science Mission Directorate and the Planetary Science 
Division are to discover the secrets of the universe, protect and improve life on Earth, and search 
for life elsewhere. The data obtained that evening in January provides the planetary community 
with an unprecedented opportunity to study the surface and the composition of this KBO, and as a 
consequence, provides us with harder evidence for our theories of the origins, formation, and 
evolution of the solar system and other stellar systems. Understanding of the solar system is one of 
the fundamental pillars in understanding the universe, and the New Horizons data provided a 
critical and unprecedent data point to test our theories.

The images obtained by the telephoto Long-Range Reconnaissance Imager (LORRI) during the 
New Horizons’ closest approach to the object offered a resolution of about 33 meters
(110 feet) per pixel. They confirmed its double-lobed appearance, and then after further

69
flattened larger lobe of 2014 MU69 was described as a “pancake,” while the smaller lobe was

2014 MU69’s flattened shape is uncertain, although centrifugal forces are suspected.

Other than taking us a step further in our understanding of the formation and the evolution of the 
solar system and thus the secrets of the universe, 2014 MU69 data also helped us in our search for

life in the solar system. In fact, spectral data from the Linear Etalon Imaging Spectral Array (LEISA) 
instrument has revealed the presence of methanol, water ice, and organic molecules on the surface
of 2014 MU69. So, a pristine ancient object at the far edge of our solar system shows traces of
organic molecules. What will we discover next?

NASA’s Planetary Science Division and its community are thriving. We have a fleet of over two 
dozen missions in formulation, implementation, and primary and extended operations, including 
recent selections of three SmallSat missions (EscaPADE, Janus, and Lunar Trailblazer) and our 
latest New Frontiers selection, Dragonfly. It is indeed a great time to be a planetary scientist. I am 
proud to be leading our division and humbled by the discoveries and exploration our community is 
achieving. 2014 MU69 may be at the edge of the solar system, but it is only the beginning of our

new age of discoveries. — Lori S. Glaze, Director, NASA’s Planetary Science Division, July 2019
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News From Space

NASA’s Dragonfly Will Fly Around Titan Looking for Origins,
Signs of Life

This illustration shows NASA’s Dragonfly rotorcraft-lander approaching a site on Saturn’s exotic
moon, Titan. Taking advantage of Titan’s dense atmosphere and low gravity, Dragonfly will
explore dozens of locations across the icy world, sampling and measuring the compositions of
Titan’s organic surface materials to characterize the habitability of Titan’s environment and
investigate the progression of prebiotic chemistry. Credit: NASA/JHU-APL.

NASA has announced that our next destination in the solar system is the unique, richly organic
world Titan. Advancing our search for the building blocks of life, the Dragonfly mission will fly
multiple sorties to sample and examine sites around Saturn’s icy moon.

Dragonfly will launch in 2026 and arrive in 2034. The rotorcraft will fly to dozens of promising
locations on Titan looking for prebiotic chemical processes common on both Titan and Earth.
Dragonfly marks the first time NASA will fly a multi-rotor vehicle for science on another planet;
it has eight rotors and flies like a large drone. It will take advantage of Titan’s dense
atmosphere — four times denser than Earth’s — to become the first vehicle ever to fly its
entire science payload to new places for repeatable and targeted access to surface materials.
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Titan is an analog to the very early Earth, and can provide clues to how life may have arisen on
our planet. During its 2.7-year baseline mission, Dragonfly will explore diverse environments
from organic dunes to the floor of an impact crater where liquid water and complex organic
materials key to life once existed together for possibly tens of thousands of years. Its
instruments will study how far prebiotic chemistry may have progressed. They also will
investigate the moon’s atmospheric and surface properties and its subsurface ocean and
liquid reservoirs. Additionally, instruments will search for chemical evidence of past or extant
life.

“With the Dragonfly mission, NASA will once again do what no one else can do,” said NASA
Administrator Jim Bridenstine. “Visiting this mysterious ocean world could revolutionize what
we know about life in the universe. This cutting-edge mission would have been unthinkable
even just a few years ago, but we’re now ready for Dragonfly’s amazing flight.”

Dragonfly took advantage of 13 years’ worth of Cassini data to choose a calm weather period
to land, along with a safe initial landing site and scientifically interesting targets. It will first
land at the equatorial “Shangri-La” dune fields, which are terrestrially similar to the linear
dunes in Namibia in southern Africa and offer a diverse sampling location. Dragonfly will
explore this region in short flights, building up to a series of longer “leapfrog” flights of up to
8 kilometers (5 miles), stopping along the way to take samples from compelling areas with
diverse geography. It will finally reach the Selk impact crater, where there is evidence of past
liquid water, organics — the complex molecules that contain carbon, combined with
hydrogen, oxygen, and nitrogen — and energy, which together make up the recipe for life.
The lander will eventually fly more than 175 kilometers (108 miles) — nearly double the
distance traveled to date by all the Mars rovers combined.

“Titan is unlike any other place in the solar system, and Dragonfly is like no other mission,”
said Thomas Zurbuchen, NASA’s associate administrator for Science at the agency’s
Headquarters in Washington. “It’s remarkable to think of this rotorcraft flying miles and miles
across the organic sand dunes of Saturn’s largest moon, exploring the processes that shape
this extraordinary environment. Dragonfly will visit a world filled with a wide variety of organic
compounds, which are the building blocks of life and could teach us about the origin of life
itself.”

Titan has a nitrogen-based atmosphere like Earth. Unlike Earth, Titan has clouds and rain of
methane. Other organics are formed in the atmosphere and fall like light snow. The moon’s
weather and surface processes have combined complex organics, energy, and water similar to
those that may have sparked life on our planet.

Titan is larger than the planet Mercury and is the second largest moon in our solar system. As
it orbits Saturn, it is about 1.4 billion kilometers (886 million miles) away from the Sun, about
10 times farther than Earth. Because it is so far from the Sun, its surface temperature is
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around –179° Celsius (–290° Fahrenheit). Its surface pressure is also 50% higher than Earth’s.

Dragonfly was selected as part of the agency’s New Frontiers program, which includes the
New Horizons mission to Pluto and the Kuiper Belt, Juno to Jupiter, and OSIRIS-REx to the
asteroid Bennu. Dragonfly is led by Principal Investigator Elizabeth Turtle, who is based at
Johns Hopkins University’s Applied Physics Laboratory in Laurel, Maryland. New Frontiers
supports missions that have been identified as top solar system exploration priorities by the
planetary community.

For more about the Dragonfly mission, please visit: http://dragonfly.jhuapl.edu/.

Curiosity’s Mars Methane Mystery Continues

This image was taken by the left Navcam on NASA’s Curiosity Mars rover on June 18, 2019, the
2440th Martian day, or sol, of the mission. It shows part of “Teal Ridge,” which the rover has been
studying within a region called the “clay-bearing unit.” Credit: NASA/JPL-Caltech.

NASA’s Curiosity Mars rover recently found a surprising result: the largest amount of methane
ever measured during the mission — about 21 parts per billion units by volume (ppbv). One
ppbv means that if you take a volume of air on Mars, one billionth of the volume of air is
methane.

The finding came from the rover’s Sample Analysis at Mars (SAM) tunable laser spectrometer.
It is exciting because microbial life is an important source of methane on Earth, but methane
can also be created through interactions between rocks and water.
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Curiosity does not have instruments that can definitively say what the source of the methane 
is, or even if it is coming from a local source within Gale Crater or elsewhere on the planet.

“With our current measurements, we have no way of telling if the methane source is biology 
or geology, or even ancient or modern,” said SAM Principal Investigator Paul Mahaffy of 
NASA’s Goddard Spaceflight Center in Greenbelt, Maryland.

The Curiosity team has detected methane many times over the course of the mission. 
Previous papers have documented how background levels of the gas seem to rise and fall 
seasonally. They have also noted sudden spikes of methane, but the science team knows very 
little about how long these transient plumes last or why they are different from the seasonal 
patterns.

A follow-up experiment a few days later revealed methane levels had sharply decreased, with 
less than 1 ppbv detected. That is a value close to the background levels Curiosity sees all the 
time.

The finding suggests that the earlier methane detection — the largest amount of the gas 
Curiosity has ever found — was one of the transient methane plumes that have been 
observed previously. While scientists have observed the background levels rise and fall 
seasonally, they have not found a pattern in the occurrence of these transient plumes.

“The methane mystery continues,” said Ashwin Vasavada, Curiosity’s project scientist at 
NASA’s Jet Propulsion Laboratory in Pasadena, California. “We’re more motivated than ever to 
keep measuring and put our brains together to figure out how methane behaves in the 
Martian atmosphere.”

Curiosity does not have instruments that can definitively say whether the source of the 
methane is biological or geological. A clearer understanding of these plumes, combined with 
coordinated measurements from other missions, could help scientists determine where they 
are located on Mars.

For more about the Curiosity mission, please visit: https://mars.nasa.gov/msl/ .
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Scientists have obtained the first image of a black hole, using Event Horizon Telescope
observations of the center of the galaxy M87. The image shows a bright ring formed as light
bends in the intense gravity around a black hole that is 6.5 billion times more massive than the
Sun. Credit: Event Horizon Telescope Collaboration.

A black hole and its shadow have been captured in an image for the first time, a historic feat
by an international network of radio telescopes called the Event Horizon Telescope (EHT). EHT
is an international collaboration whose support in the U.S. includes the National Science
Foundation.

A black hole is an extremely dense object from which no light can escape. Anything that
comes within a black hole’s “event horizon”, its point of no return, will be consumed, never to
re-emerge, due to the black hole’s unimaginably strong gravity. By its very nature, a black hole
cannot be seen, but the hot disk of material that encircles it shines brightly. Against a bright
backdrop, such as this disk, a black hole appears to cast a shadow.

The stunning new image shows the shadow of the supermassive black hole in the center of
Messier 87 (M87), an elliptical galaxy some 55 million light-years from Earth. This black hole is
6.5 billion times the mass of the Sun. Catching its shadow involved eight ground-based radio
telescopes around the globe, operating together as if they were one telescope the size of our
entire planet.

“This is an amazing accomplishment by the EHT team,” said Paul Hertz, director of the
astrophysics division at NASA Headquarters in Washington. “Years ago, we thought we would

Black Hole Image Makes History
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have to build a very large space telescope to image a black hole. By getting radio telescopes
around the world to work in concert like one instrument, the EHT team achieved this, decades
ahead of time.”

To complement the EHT findings, several NASA spacecraft were part of a large effort,
coordinated by the EHT’s Multiwavelength Working Group, to observe the black hole using
different wavelengths of light. As part of this effort, NASA’s Chandra X-ray Observatory,
Nuclear Spectroscopic Telescope Array (NuSTAR) and Neil Gehrels Swift Observatory space
telescope missions, all attuned to different varieties of X-ray light, turned their gaze to the M87
black hole around the same time as the EHT in April 2017. NASA’s Fermi Gamma-ray Space
Telescope was also watching for changes in gamma-ray light from M87 during the EHT
observations. If EHT observed changes in the structure of the black hole’s environment, data
from these missions and other telescopes could be used to help figure out what was going on.

While NASA observations did not directly trace out the historic image, astronomers used data
from NASA’s Chandra and NuSTAR satellites to measure the X-ray brightness of M87’s jet.
Scientists used this information to compare their models of the jet and disk around the black
hole with the EHT observations. Other insights may come as researchers continue to pore
over these data.

There are many remaining questions about black holes that the coordinated NASA
observations may help answer. Mysteries linger about why particles get such a huge energy
boost around black holes, forming dramatic jets that surge away from the poles of black holes
at nearly the speed of light. When material falls into the black hole, where does the energy go?

“X-rays help us connect what’s happening to the particles near the event horizon with what we
can measure with our telescopes,” said Joey Neilsen, an astronomer at Villanova University in
Pennsylvania, who led the Chandra and NuSTAR analysis on behalf of the EHT’s
Multiwavelength Working Group.

NASA space telescopes have previously studied a jet extending more than 1000 light-years
away from the center of M87. The jet is made of particles traveling near the speed of light,
shooting out at high energies from close to the event horizon. The EHT was designed in part
to study the origin of this jet and others like it. A blob of matter in the jet called HST-1,
discovered by Hubble astronomers in 1999, has undergone a mysterious cycle of brightening
and dimming.

Chandra, NuSTAR, Swift, and Fermi, as well as NASA’s Neutron star Interior Composition
Explorer (NICER) experiment on the International Space Station, also looked at the black hole
at the center of our own Milky Way galaxy, called Sagittarius A*, in coordination with EHT.

Getting so many different telescopes on the ground and in space to all look toward the same
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NEEMO 23 crew members ESA astronaut Samantha Cristoforetti and NASA astronaut
Jessica Watkins test the second version of an ESA’s Lunar Evacuation System Assembly
(LESA) rescue device during an underwater spacewalk. Credit: ESA/NASA-H.Stevenin.

celestial object is a huge undertaking in and of itself, scientists emphasize.

“Scheduling all of these coordinated observations was a really hard problem for both the EHT
and the Chandra and NuSTAR mission planners,” Neilsen said. “They did really incredible work
to get us the data that we have, and we’re exceedingly grateful.”

Neilsen and colleagues who were part of the coordinated observations will be working on
dissecting the entire spectrum of light coming from the M87 black hole, all the way from low-
energy radio waves to high-energy gamma rays. With so much data from EHT and other
telescopes, scientists may have years of discoveries ahead.

For more information about the Event Horizon Telescope, please visit:
https://eventhorizontelescope.org/.

As Above, So Below: Lunar Rescue Device Tested Under
Water

Issue 157 18 of 81 July 2019

Copyright 2019 Lunar and Planetary Institute



With its rocky, sandy terrain and buoyant salt water, the bottom of the ocean floor has more in 
common with the lunar surface than you might imagine. That is why this week two members of 
NASA mission NEEMO 23 are testing ESA’s latest prototype to rescue astronauts on the Moon.

ESA’s Lunar Evacuation System Assembly (LESA) is a pyramid-like structure designed to be 
deployed by a single astronaut in lunar gravity to rescue an incapacitated crewmate. The device 
enables an astronaut to lift crewmates onto a mobile stretcher in less than 10 minutes, before 
carrying them to the safety of a nearby pressurized lander.

ESA astronaut Pedro Duque and NASA astronaut Kjell Lindgren tested an earlier prototype during 
NASA mission NEEMO 22 in 2017. This week two astronauts, and members of the NEEMO 23 
crew currently living and working onboard undersea habitat Aquarius for nine days, will put LESA to 
the test.

ESA head of spacewalk training and Neutral Buoyancy Facility (NBF) operations Hervé Stevenin 
says LESA is the world’s first prototype for a system that will allow the safe and rapid recovery of a 
fallen astronaut on the Moon’s surface by a single spacesuit-wearing rescuer. The catalyst for its 
development came from a three-year Moondive study.

Commissioned by ESA and led by French company Comex, this study looked at how the 10-m 
(32.8-ft) deep pool at ESA’s astronaut center in Cologne, Germany, could be used to simulate lunar 
gravity underwater to test equipment, tools and operational concepts for the Moon.

A key part of this work was identifying essential activities astronauts would need to perform while 
carrying out Extravehicular Activities (EVA) on the Moon’s surface. Rescuing a fallen crewmate 
emerged high on the list.

“Recognizing the importance of providing astronauts with the capability to rescue an incapacitated 
crewmember during lunar exploration, we began working on potential concepts four years ago at 
ESA’s astronaut center,” Stevenin explains.

Stevenin says a good understanding of the suit aspect and EVA itself was vital in development of 
LESA, as EVA spacesuits are bulky and restrictive. EVA suits are also quite heavy, despite the 
reduced gravity of the Moon being one sixth of that on Earth, and pressurized EVA gloves reduce 
an astronaut’s dexterity.

“There is no way an astronaut could carry their fallen crewmate over their shoulder while wearing 
an EVA suit,” Stevenin says. “Our objective was to bring all the rescue actions into the working 
range of the EVA-suited astronaut to ensure a rapid and safe rescue.

“LESA can be transported like a golf caddy and placed close to the fallen astronaut to provide a 
lifting mechanism and a stretcher that is easy to maneuver. Once the rescuer has used the device 
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to lift their crewmate and attach the stretcher to their back, they add wheels to thestretcher and 
transport them to safety.”

As members of the current nine-day NEEMO 23 mission, ESA astronaut Samantha Cristoforetti 
and NASA astronaut Jessica Watkins will evaluate the second version of LESA during an 
underwater spacewalk in the Atlantic Ocean this week. The pair will wear EVA gloves and take 
EVA suit constraints into account as they test the lifesaving device.

Rather than taking turns to play the role of fallen crewmember, the pair will test LESA on Comex’s 
EVA space suit simulator. The underwater weight of this suit simulator is equivalent to the weight of 
an astronaut wearing an EVA suit on the Moon and it has been used during previous underwater 
testing, including the Apollo 11 Under the Sea mission off the shore of Marseille, France in 2013.

Stevenin says feedback from Cristoforetti and Watkins will aid further development of the LESA 
concept, as ESA seeks to work with NASA on opportunities for future missions to the Moon.

“ESA has been participating in NASA’s NEEMO missions for the past eight years. With our shared 
focus on sending astronauts to explore the lunar surface by as early as 2024, joint testing through 
this very NEEMO 23 mission paves the way for potential NASA-ESA cooperation.”

For more about NEEMO, please visit:
https://www.nasa.gov/mission_pages/NEEMO/index.html.
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In a laboratory simulating temperature, pressure, and electron radiation conditions on Jupiter’s
moon Europa at NASA’s Jet Propulsion Laboratory in Pasadena, California, plain white table salt
(sodium chloride) turned yellow (visible in a small well at the center of this photograph). The color
is significant because scientists can now deduce that the yellow color previously observed on
portions of the surface of Europa is actually sodium chloride. Credit: NASA/JPL-Caltech.

A familiar ingredient has been hiding in plain sight on the surface of Jupiter’s moon Europa.
Using a visible-light spectral analysis, planetary scientists at Caltech and NASA’s Jet Propulsion
Laboratory (JPL) in Pasadena, California, have discovered that the yellow color visible on
portions of the surface of Europa is actually sodium chloride, a compound known on Earth as
table salt, which is also the principal component of sea salt.

The discovery suggests that the salty subsurface ocean of Europa may chemically resemble
Earth’s oceans more than previously thought, challenging decades of supposition about the
composition of those waters.

Flybys from NASA’s Voyager and Galileo spacecraft have led scientists to conclude that Europa
is covered by a layer of salty liquid water encased in an icy shell. Galileo carried an infrared
spectrometer, an instrument scientists use to examine the composition of a surface they are
studying. Galileo’s spectrometer found water ice and a substance that appeared to be
magnesium sulfate salts (like Epsom salts). Since the icy shell is geologically young and

Table Salt Compound Spotted on Europa
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features abundant evidence of past geologic activity, it was suspected that whatever salts exist
on the surface may derive from the ocean below.

“People have traditionally assumed that all of the interesting spectroscopy is in the infrared
on planetary surfaces, because that’s where most of the molecules that scientists are looking
for have their fundamental features,” said Mike Brown, the Richard and Barbara Rosenberg
Professor of Planetary Astronomy at Caltech and coauthor of the Science Advances paper
describing salt on Europa.

“No one has taken visible-wavelength spectra of Europa before that had this sort of spatial
and spectral resolution. The Galileo spacecraft didn’t have a visible spectrometer. It just had a
near-infrared spectrometer, and in the near-infrared, chlorides are featureless,” said Caltech
graduate student Samantha Trumbo, lead author of the paper.

That all changed when new, higher spectral resolution data from the W. M. Keck Observatory
on the dormant volcano Mauna Kea in Hawaii suggested that the scientists weren’t actually
seeing magnesium sulfates on Europa. Most of the sulfate salts considered previously possess
distinct absorptions, which serve as fingerprints for compounds, should have been visible in
the higher-quality Keck data. However, the spectra of regions expected to reflect the internal
composition lacked any of the characteristic sulfate absorptions.

“We thought that we might be seeing sodium chlorides, but they are essentially featureless in
an infrared spectrum,” Brown said.

Meanwhile, JPL scientist Kevin Hand had used sample ocean salts, bombarded by radiation in
a laboratory under Europa-like conditions, and found that several new and distinct features
arose in sodium chloride after irradiation. He discovered that they changed colors to the point
that they could be identified with an analysis of the visible spectrum. Sodium chloride, for
example, turned a shade of yellow similar to that visible in a geologically young area of Europa
known as “Tara Regio.”

“Sodium chloride is a bit like invisible ink on Europa’s surface. Before irradiation you can’t tell
it’s there, but after irradiation the color jumps right out at you,” said Hand.

By taking a close look with the NASA/ESA Hubble Space Telescope, the research team was able
to identify a distinct absorption in the visible spectrum at 450 nanometers, which matched the
irradiated salt precisely, confirming that the yellow color of Tara Regio reflected the presence
of irradiated sodium chloride on the surface.

“We’ve had the capacity to do this analysis with the Hubble Space Telescope for the past
20 years,” Brown said. “It’s just that nobody thought to look.”

While the finding does not guarantee that this sodium chloride is derived from the subsurface
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ocean (this could, in fact, simply be evidence of different types of materials stratified in the 
moon’s icy shell), the study’s authors propose that it warrants a reevaluation of the 
geochemistry of Europa.

“Magnesium sulfate would simply have leached into the ocean from rocks on the ocean floor, 
but sodium chloride may indicate the ocean floor is hydrothermally active,” Trumbo said.
“That would mean Europa is a more geologically interesting planetary body than previously 
believed.”

For more about Europa, please visit: https://solarsystem.nasa.gov/moons/jupiter-
moons/europa/overview/.
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This image of InSight’s seismometer was taken on the 110th Martian day, or sol, of the mission.
The seismometer is called Seismic Experiment for Interior Structure, or SEIS. Credit: NASA/JPL-
Caltech.

NASA’s Mars InSight lander has measured and recorded for the first time ever a likely
“marsquake.”

The faint seismic signal, detected by the lander’s Seismic Experiment for Interior Structure
(SEIS) instrument, was recorded on the lander’s 128th Martian day, or sol. This is the first
recorded trembling that appears to have come from inside the planet, as opposed to being
caused by forces above the surface, such as wind. Scientists still are examining the data to

NASA’s InSight Detects First Likely “Quake” on Mars
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determine the exact cause of the signal.

“InSight’s first readings carry on the science that began with NASA’s Apollo missions,” said
InSight Principal Investigator Bruce Banerdt of NASA’s Jet Propulsion Laboratory (JPL) in
Pasadena, California. “We’ve been collecting background noise up until now, but this first
event officially kicks off a new field: Martian seismology!”

The new seismic event was too small to provide solid data on the Martian interior, which is
one of InSight’s main objectives. The Martian surface is extremely quiet, allowing SEIS,
InSight’s specially designed seismometer, to pick up faint rumbles. In contrast, Earth’s surface
is quivering constantly from seismic noise created by oceans and weather. An event of this
size in Southern California would be lost among dozens of tiny crackles that occur every day.

“The Martian Sol 128 event is exciting because its size and longer duration fit the profile of
moonquakes detected on the lunar surface during the Apollo missions,” said Lori Glaze,
Planetary Science Division director at NASA Headquarters.

NASA’s Apollo astronauts installed five seismometers that measured thousands of quakes
while operating on the Moon between 1969 and 1977, revealing seismic activity on the Moon.
Different materials can change the speed of seismic waves or reflect them, allowing scientists
to use these waves to learn about the interior of the Moon and model its formation. NASA
currently is planning to return astronauts to the Moon by 2024, laying the foundation that will
eventually enable human exploration of Mars.

InSight’s seismometer, which the lander placed on the planet’s surface on December 19, 2018,
will enable scientists to gather similar data about Mars. By studying the deep interior of Mars,
they hope to learn how other rocky worlds, including Earth and the Moon, formed.

Three other seismic signals occurred on Sols 105, 132, and 133. Detected by SEIS’ more
sensitive Very Broad Band sensors, these signals were even smaller than the Sol 128 event
and more ambiguous in origin. The team will continue to study these events to try to
determine their cause.

Regardless of its cause, the Sol 128 signal is an exciting milestone for the team.

“We’ve been waiting months for a signal like this,” said Philippe Lognonné, SEIS team lead at
the Institut de Physique du Globe de Paris (IPGP) in France. “It’s so exciting to finally have proof
that Mars is still seismically active. We’re looking forward to sharing detailed results once
we’ve had a chance to analyze them.”

Most people are familiar with quakes on Earth, which occur on faults created by the motion of
tectonic plates. Mars and the Moon do not have tectonic plates, but they still experience
quakes — in their cases, caused by a continual process of cooling and contraction that creates
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stress. This stress builds over time, until it is strong enough to break the crust, causing a
quake.

Detecting these tiny quakes required a huge feat of engineering. On Earth, high-quality
seismometers often are sealed in underground vaults to isolate them from changes in
temperature and weather. InSight’s instrument has several ingenious insulating barriers,
including a cover built by JPL called the Wind and Thermal Shield, to protect it from the
planet’s extreme temperature changes and high winds.

SEIS has surpassed the team’s expectations in terms of its sensitivity. The instrument was
provided for InSight by the French space agency, Centre National d’Études Spatiales (CNES),
while these first seismic events were identified by InSight’s Marsquake Service team, led by the
Swiss Federal Institute of Technology.

“We are delighted about this first achievement and are eager to make many similar
measurements with SEIS in the years to come,” said Charles Yana, SEIS mission operations
manager at CNES.

For more about InSight, please visit:
https://www.nasa.gov/mission_pages/insight/main/index.html.

Atmosphere of Midsize Planet Revealed by Hubble, Spitzer
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This artist’s illustration shows the theoretical internal structure of the exoplanet Gliese 3470 b. At
12.6 Earth masses, the planet is more massive than Earth, but less massive than Neptune.
GJ 3470 b may have formed very close to its red dwarf star as a dry, rocky object. It then
gravitationally pulled in hydrogen and helium gas from a circumstellar disk to build up a thick
atmosphere. The bottom illustration shows the system before the disk dissipated. Image Credit:
NASA, ESA, and L. Hustak (STScI).

Two NASA space telescopes have teamed up to identify, for the first time, the detailed
chemical “fingerprint” of a planet between the sizes of Earth and Neptune. No planets like this
can be found in our own solar system, but they are common around other stars.

The planet, Gliese 3470 b (also known as GJ 3470 b), may be a cross between Earth and
Neptune, with a large rocky core buried under a deep, crushing hydrogen-and-helium
atmosphere. Weighing in at 12.6 Earth masses (M ), the planet is more massive than Earth but
less massive than Neptune (which is more than 17 M ).

Many similar worlds have been discovered by NASA’s Kepler space observatory, whose
mission ended in 2018. In fact, 80% of the planets in our galaxy may fall into this mass range.
However, astronomers have never been able to understand the chemical nature of such a
planet until now, researchers say.

By inventorying the contents of GJ 3470 b’s atmosphere, astronomers are able to uncover
clues about the planet’s nature and origin.

“This is a big discovery from the planet-formation perspective. The planet orbits very close to
the star and is far less massive than Jupiter — 318 times Earth’s mass — but has managed to
accrete the primordial hydrogen/helium atmosphere that is largely ‘unpolluted’ by heavier
elements,” said Björn Benneke of the University of Montreal in Canada. “We don’t have
anything like this in the solar system, and that’s what makes it striking.”

Astronomers enlisted the combined multi-wavelength capabilities NASA’s Hubble and Spitzer
space telescopes to do a first-of-a-kind study of GJ 3470 b’s atmosphere.

This was accomplished by measuring the absorption of starlight as the planet passed in front
of its star (transit) and the loss of reflected light from the planet as it passed behind the star
(eclipse). All told, the space telescopes observed 12 transits and 20 eclipses. The science of
analyzing chemical fingerprints based on light is called “spectroscopy.”

“For the first time we have a spectroscopic signature of such a world,” said Benneke. But he is
at a loss for classification: Should it be called a “super-Earth” or “sub-Neptune?” Or perhaps
something else?

E

E
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Fortuitously, the atmosphere of GJ 3470 b turned out to be mostly clear, with only thin hazes, 
enabling the scientists to probe deep into the atmosphere.

“We expected an atmosphere strongly enriched in heavier elements like oxygen and carbon 
which are forming abundant water vapor and methane gas, similar to what we see on 
Neptune,” said Benneke. “Instead, we found an atmosphere that is so poor in heavy elements 
that its composition resembles the hydrogen/helium-rich composition of the Sun.”

Other exoplanets, called “hot Jupiters,” are thought to form far from their stars and over time 
migrate much closer. But this planet seems to have formed just where it is today, said 
Benneke.

The most plausible explanation, according to Benneke, is that GJ 3470 b was born precariously 
close to its red dwarf star, which is about half the mass of our Sun. He hypothesizes that 
essentially it started out as a dry rock and rapidly accreted hydrogen from a primordial disk of 
gas when its star was very young. The disk is called a “protoplanetary disk.”

“We’re seeing an object that was able to accrete hydrogen from the protoplanetary disk but 
didn’t run away to become a hot Jupiter,” said Benneke. “This is an intriguing regime.”

One explanation is that the disk dissipated before the planet could bulk up further. “The 
planet got stuck being a sub-Neptune,” said Benneke.

NASA’s upcoming James Webb Space Telescope will be able to probe even deeper into
GJ 3470 b’s atmosphere, thanks to Webb’s unprecedented sensitivity in the infrared. The new 
results have already spawned great interest from American and Canadian teams developing 
the instruments on Webb. They will observe the transits and eclipses of GJ 3470 b at light 
wavelengths where the atmospheric hazes become increasingly transparent.

For more information about exoplanets, please visit: https://exoplanets.nasa.gov/ .
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Example data captured by the Geostationary Lightning Mapper instrument aboard GOES-16, an
Earth-monitoring satellite operated by NOAA and NASA. This instrument captured the flash from
a small asteroid impacting Earth’s atmosphere. Credit: CIRA/CSU, RAMMB/NOAA/NASA.

When a lightning detector on a NOAA weather satellite detected something that wasn’t
lightning last Saturday, a scientist at the Center for Near Earth Object Studies at NASA’s Jet
Propulsion Laboratory (JPL) in Pasadena, California, did some detective work.

Could a tiny, harmless object that broke up in the atmosphere in a bright flash be connected
to a just-received automated alert of a potential near-Earth asteroid discovery? Although far
below the size that NASA is tasked to detect and track, the event presented an ideal
opportunity for NASA planetary defense teams to test their parts of the alert system.

The outcome? The flow of alert data works, and the culprit was identified: It was an asteroid.
Now designated 2019 MO, the asteroid was only about 5 meters (16 feet) in size and was
detected at 9:45 UTC (2:45 a.m. PDT, 5:45 a.m. EDT) on Saturday, June 22, by the University of
Hawaii’s ATLAS survey telescope on Mauna Loa in Hawaii.

When first spotted, 2019 MO was about 500,000 kilometers (310,000 miles) from Earth —
farther out than the orbit of our Moon. This was roughly the equivalent of spotting something
the size of a gnat from a distance of 500 kilometers (310 miles).

The initial four observations by ATLAS were submitted to the NASA-funded Minor Planet
Center (the worldwide data processing node for asteroid observations) and immediately
assessed by automated impact-analysis software, called Scout, at JPL. Scout quickly identified

NASA Tracked Small Asteroid Before It Broke Up in
Atmosphere
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a possible impact. The observations were too few to provide certainty but did show the size
would be far too small to be of concern.

“Asteroids this size are far smaller than what we’re tasked to track,” said Davide Farnocchia, a
scientist at the Center for Near Earth Object Studies (CNEOS), which operates Scout. “They’re
so small, they would not survive passing through our atmosphere to cause damage to Earth’s
surface. But this event shows how capable our search programs are, even for objects of such
small sizes.”

Scout works by processing sky-position measurements of each potential new asteroid and
rapidly computing the possible range of future motion even before these objects have been
confirmed as discoveries.

The mystery was closer to being solved in the early evening of June 22, when a NOAA-NASA
weather satellite called GOES-16 carrying a Geostationary Lightning Mapper reported a
possible bolide — the bright flash of an asteroid impacting Earth’s atmosphere — over the
Caribbean Sea. JPL’s Farnocchia recognized that the object Scout flagged earlier that day could
have caused that bolide, and he dug into the data. He computed a viable trajectory that would
fit the coordinates of both the flash captured by the lightning mapper and the ATLAS
observations of about 12 hours earlier.

Farnocchia noted the data on the tiny, new asteroid were not yet conclusive: The body had
been spotted only four times in just under half an hour, which was not enough information to
determine where the object came from or exactly where it was headed.

Luckily, the NASA-funded Pan-STARRS 2 survey telescope on Maui had imaged the part of the
sky where the small asteroid could have been visible a couple of hours before the ATLAS
observations. Using the potential orbit Farnocchia had calculated, Pan-STARRS scientists
Robert Weryk and Mark Huber, both at the University of Hawaii Institute for Astronomy, and
Marco Micheli at the European Space Agency located the asteroid in images that had been
taken just before the ATLAS observations.

With these additional observations, a more precise trajectory for the asteroid was calculated
and the puzzle was solved: The object that impacted the atmosphere over the Caribbean was
the asteroid detected by ATLAS just 12 hours earlier and flagged by Scout.

The impact of Asteroid 2019 MO has now been confirmed by international infrasound and
other US Government sensors and added to the CNEOS Fireball Map.

For an animated version of the image showing the bolide flash, please visit:
https://www.jpl.nasa.gov/images/asteroid/20190627/bolide20190627.gif.
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SOFIA took this image of comet 46P/Wirtanen on Dec. 16 and 17, 2018. Credit:
NASA/SOFIA.

Comet Provides New Clues to Origins of Earth’s Oceans

The mystery of why Earth has so much water, allowing our “blue marble” to support an
astounding array of life, is clearer with new research into comets. Comets are like snowballs of
rock, dust, ice, and other frozen chemicals that vaporize as they get closer to the Sun,
producing the tails seen in images. A new study reveals that the water in many comets may
share a common origin with Earth’s oceans, reinforcing the idea that comets played a key role
in bringing water to our planet billions of years ago.

The Stratospheric Observatory for Infrared Astronomy, SOFIA, the world’s largest airborne
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observatory, observed comet Wirtanen as it made its closest approach to Earth in December
2018. Data collected from the high-flying observatory found that this comet contains “ocean-
like” water. Comparing this with information about other comets, scientists suggest in a new
study that many more comets than previously thought could have delivered water to Earth.
The findings were recently published in Astronomy and Astrophysics Letters.

“We have identified a vast reservoir of Earth-like water in the outer reaches of the solar
system,” said Darek Lis, a scientist at NASA’s Jet Propulsion Laboratory, in Pasadena,
California, and lead author of the study. “Water was crucial for the development of life as we
know it. We not only want to understand how Earth’s water was delivered, but also if this
process could work in other planetary systems.”

Planets form from debris orbiting in a disk shape around a star; small pieces of debris can
stick together and grow larger over time. Leftover debris remains in regions of our own solar
system like the Kuiper belt, beyond Neptune, or the Oort cloud, far past Pluto. Comets come
from these areas, but we can only see them when their orbits bring them closer to the Sun.
The heat from the Sun causes some of the dirty snow to vaporize, creating the fuzzy halo or
“coma” of water vapor, dust and ice grains seen in comet images.

Scientists predict that the water in Earth’s oceans came from water-carrying bodies in the
early solar system that collided with our planet, similar to today’s ice-rich asteroids or comets.
But scientists do not know where in the formative disk these objects originated.

Water is also known by its chemical name H O because it’s made of two hydrogen atoms and
one oxygen atom. But using special instruments, scientists can detect two types: regular
water, H O, and heavy water, HDO, which has an extra neutrally-charged particle called a
neutron inside one of the hydrogen atoms. Scientists compare the amount of heavy to regular
water in comets. If comets have the same ratio of these water types as Earth’s oceans, it
indicates that the water in both may share a common origin.

But measuring this ratio is difficult. Ground and space telescopes can study this level of detail
in comets only when they pass near Earth, and missions to visit comets, like Rosetta, are rare.
Scientists have only been able to study this ratio in about a dozen comets since the 1980s.
Additionally, it is difficult to study a comet’s water from the ground because water in Earth’s
atmosphere blocks its signatures.

Observing at high altitudes above much of the Earth’s atmospheric water allowed SOFIA to
accurately measure the ratio of regular to heavy water in comet Wirtanen. The data showed
that comet Wirtanen’s water ratio is the same as the Earth’s oceans.

When the team compared the new SOFIA data with previous studies of comets, they found a
surprising commonality. The ratio of regular to heavy water was not linked to the origin of the
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comets – whether they were from the Oort cloud or the Kuiper belt. Instead, it was related to
how much water was released from ice grains in the comet’s coma compared to directly from
the snowy surface. This could imply that all comets could have a heavy-to-regular water ratio
similar to Earth’s oceans, and that they could have delivered a large fraction of water to Earth.

“This is the first time we could relate the heavy-to-regular water ratio of all comets to a single
factor,” noted Dominique Bockelée-Morvan, scientist at the Paris Observatory and the French
National Center for Scientific Research and second author of the paper. “We may need to
rethink how we study comets because water released from the ice grains appears to be a
better indicator of the overall water ratio than the water released from surface ice.”

More studies are needed to see if these findings hold true for other comets. The next time a
comet is forecast to fly close enough for this type of study will be in November 2021.

For more information about SOFIA, visit: http://www.nasa.gov/sofia.

Four CubeSats Successfully Deployed from Kibo

Images of four CubeSats being deployed from the Kibo module on the International Space
Station. Left: Uguisu (Kyutech, Japan), Raavana-1 (ACCIMT, Sri Lanka and Kyutech, Japan), and
NepaliSat-1 (NAST, Nepal). Right: SpooQy-1 (SSTA/NUS, Singapore). Credit: JAXA/NASA.

On June 17, four CubeSats were deployed from the Japanese Experiment Module (JEM) “Kibo”
on the International Space Station. NepaliSat-1 was co-developed by the Nepal Academy of
Science and Technology (NAST) and the Kyushu Institute of Technology (Kyutech); Raavana-1
was co-developed by the Arthur C Clarke Institute of Modern Technologies (ACCIMT), Sri
Lanka, and Kyutech; Uguisu was developed by Kyutech; and SpooQy-1 was co-developed by
the Singapore Space and Technology Association (SSTA) and the National University of
Singapore.
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These CubeSats were developed for the third round of the BIRDS Project (BIRDS-3), an
international joint development and operations project for CubeSats, by the Kyushu Institute
of Technology and certain Asian and African nations. Japan, Sri Lanka, and Nepal participated
in this round of the program, developing a 10 cm CubeSat in 12 months. Raavana-1 (Sri
Lanka), and NepaliSat-1 (Nepal), are respectively the first two satellites from their countries.
SpooQy-1 was designed and developed by the National University of Singapore as part of an
agreement signed between the Singapore Space and Technology Association (SSTA) and JAXA
on utilization of the Kibo module.

For more information, please visit: http://iss.jaxa.jp/en/kiboexp/news/190625_jssod11.html.

NASA’s Cassini Reveals New Sculpting in Saturn Rings

A false-color image mosaic shows Daphnis, one of Saturn’s ring-embedded moons, and the
waves it kicks up in the Keeler gap. Images collected by Cassini’s close orbits in 2017 are offering
new insight into the complex workings of the rings. Credit: NASA/JPL-Caltech/Space Science
Institute.

As NASA’s Cassini dove close to Saturn in its final year, the spacecraft provided intricate detail
on the workings of Saturn’s complex rings, new analysis shows.

3
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Although the mission ended in 2017, science continues to flow from the data collected. A
recent paper published in Science describes results from four Cassini instruments taking their
closest-ever observations of the main rings.

Findings include fine details of features sculpted by masses embedded within the rings.
Textures and patterns, from clumpy to strawlike, pop out of the images, raising questions
about the interactions that shaped them. New maps reveal how colors, chemistry, and
temperature change across the rings.

Like a planet under construction inside a disk of protoplanetary material, tiny moons
embedded in Saturn’s rings (named A through G, in order of their discovery) interact with the
particles around them. These observations provide further evidence that the rings are a
window into the astrophysical disk processes that shape our solar system.

The observations also deepen scientists’ understanding of the complex Saturn system.
Scientists conclude that at the outer edge of the main rings, a series of similar impact-
generated streaks in the F ring have the same length and orientation, showing that they were
likely caused by a flock of impactors that all struck the ring at the same time. This shows that
the ring is shaped by streams of material that orbit Saturn itself rather than, for instance, by
cometary debris (moving around the Sun) that happens to crash into the rings.

“These new details of how the moons are sculpting the rings in various ways provide a window
into solar system formation, where you also have disks evolving under the influence of
masses embedded within them,” said lead author and Cassini scientist Matt Tiscareno of the
SETI Institute in Mountain View, California.

At the same time, new puzzles have arisen and old mysteries have deepened with the latest
research. The close-up ring images brought into focus three distinct textures — clumpy,
smooth, and streaky — and made it clear that these textures occur in belts with sharp
boundaries. But why? In many places the belts aren’t connected to any ring characteristics that
scientists have yet identified.

“This tells us the way the rings look is not just a function of how much material there is,”
Tiscareno said. “There has to be something different about the characteristics of the particles,
perhaps affecting what happens when two ring particles collide and bounce off each other.
And we don’t yet know what it is.”

The data analyzed were gathered during the Ring Grazing Orbits (December 2016 to
April 2017) and the Grand Finale (April to September 2017), when Cassini flew just above
Saturn’s cloud tops. As the spacecraft was running out of fuel, the mission team deliberately
plunged it into the planet’s atmosphere in September 2017.
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Cassini’s Visible and Infrared Mapping Spectrometer (VIMS) uncovered another mystery. The
spectrometer, which imaged the rings in visible and near-infrared light, identified unusually
weak water-ice bands in the outermost part of the A ring. That was a surprise, because the
area is known to be highly reflective, which usually is a sign of less-contaminated ice and thus
stronger water ice bands.

The new spectral map also sheds light on the composition of the rings. And while scientists
already knew that water ice is the main component, the spectral map ruled out detectable
ammonia ice and methane ice as ingredients. But it also doesn’t see organic compounds — a
surprise, given the organic material Cassini has discovered flowing from the D ring into
Saturn’s atmosphere.

“If organics were there in large amounts — at least in the main A, B and C rings — we’d see
them,” said Phil Nicholson, Cassini VIMS scientist of Cornell University in Ithaca, New York. “I’m
not convinced yet that they are a major component of the main rings.”

The research signals the start of the next era of Cassini science, said NASA’s Ames Research
Center’s Jeff Cuzzi, who’s been studying Saturn’s rings since the 1970s and is the
interdisciplinary scientist for rings on the Cassini mission.

“We see so much more, and closer up, and we’re getting new and more interesting puzzles,”
Cuzzi said. “We are just settling into the next phase, which is building new, detailed models of
ring evolution – including the new revelation from Cassini data that the rings are much
younger than Saturn.”

The new observations give scientists an even more intimate view of the rings than they had
before, and each examination reveals new complexities, said Cassini Project Scientist Linda
Spilker, based at NASA’s Jet Propulsion Laboratory in Pasadena, California.

“It’s like turning the power up one more notch on what we could see in the rings. Everyone
just got a clearer view of what’s going on,” Spilker said. “Getting that extra resolution answered
many questions, but so many tantalizing ones remain.”

For more information about Saturn and results from Cassini, visit:
https://solarsystem.nasa.gov/cassini.
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Meeting Highlights

2019 Annual Meeting of Planetary Geologic Mappers (PGM)

The 2019 Annual Meeting of Planetary Geologic Mappers was held at the U.S. Geologic Survey
in Flagstaff, Arizona, on June 12–14.  Thirty-three oral and poster presentations were given,
discussing progress on geologic mapping projects from Mercury to Pluto and many places in
between.  An update on the status of the U.S. Planetary Mapping Program was presented by
the U.S. Geological Survey (USGS) Planetary Mapping Coordinator, James Skinner, as well as
updates on Geographic Information Systems (GIS) software from Marc Hunter and on
planetary nomenclature issues from Tenielle Gaither, both of the USGS.  A new oral session
was added on Teaching Planetary Mapping, which will be included in future meetings.  This
topic lead to a discussion to develop a Planetary Geologic Mapping Summer Workshop, akin to
the Planetary Volcanology Summer School run by the University of Hawaii.  The goal of the
Planetary Geologic Mapping Workshop will be to train students and professionals in the skills
of planetary geologic mapping, including training in mapping using ArcGIS.  Devon Burr
(Northern Arizona University) is leading a working group to develop plans for the workshop,
which will result in a NASA proposal to support the workshop.

PGM meetings usually include one training day to go over procedures on various aspects of
planetary mapping.  This year, the meeting focused on a GIS Roundtable, discussing changes
in mapping procedures in ArcGIS Pro and on procedures for reviewing geologic maps.

In addition to oral and poster sessions, the 2019 PGMM included multiple community
discussion sessions to discuss the health of the U.S. planetary mapping program, and issues
relevant to its success.  A series of findings were developed, and will be posted to the MAPSIT
website after review by the MAPSIT Steering Committee.

The 2020 Planetary Geologic Mappers Meeting will be held at Planetary Science Institute (PSI)
offices in Denver, Colorado, during the week of June 15–19, 2020.  David A. Williams (Arizona
State University) is stepping down after 5 years as the Planetary Mapping Community
Representative on the MAPSIT Steering Committee.  His replacement is Peter Mouginis-Mark
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(University of Hawaii), pending approval.  Please direct any questions on planetary mapping to
Peter (pmm@higp.hawaii.edu) or Jim Skinner (jskinner@usgs.gov).

For more information about the meeting, visit PGM 2019. To view the program and abstracts,
visit the PGM 2019 Program and Abstracts.

 — Text provided by David Williams
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Spotlight on Education

Celebrate the 50th Anniversary of Apollo

Celebrate the 50th anniversary of the Apollo
missions and the future of lunar exploration! Many
events are being planned across the U.S. and the
world. Visit https://spacestem.nasa.gov/ to find
events near you and/or find ideas for hosting your
own event.

Upcoming Public Event Opportunities
Upcoming opportunities exist for educator and public engagement around the broader topics
of NASA planetary exploration. Contact local astronomical societies, planetariums and
museums, local scientists, and NASA’s Solar System Ambassadors
(solarsystem.nasa.gov/ssa/directory.cfm) — ask them to join your events and share their
experiences or resources with your audience.

Summer of Space, Summer 2019

http://www.starnetlibraries.org/summer-of-space/

In the summer of 2019, 16,000 libraries across the country will celebrate
space exploration in their summer reading programs. The slogan “A
Universe of Stories” was chosen by library professionals. Consider
contacting your local public library to find out how you can be involved!

Perseid Meteor Shower, August 11–13

https://earthsky.org/?p=165416

The Perseid meteors are made of pieces from Comet Swift-Tuttle and appear to originate
from the constellation Perseus, hence their name. Learn more about the Perseids at
https://solarsystem.nasa.gov/small-bodies/meteors-and-meteorites/perseids/in-depth.

Fall Equinox, September 23, 2019, 07:50 UTC

Fall begins in the northern hemisphere; spring begins in the southern hemisphere. Set up
solar telescopes to view the Sun with your community and discuss the reason for the seasons!

Mars 2020 Rover Engagement Activities
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Beginning in fall 2019, NASA will run a nationwide “Name the Rover” contest open to K–12
students in the U.S. The spacecraft will need a name by July 2020, when it’s expected to
launch. The contest is part of NASA’s ongoing effort to engage the public in its Moon to Mars
mission, which will search for signs of microbial life, characterize the planet’s climate and
geology, and pave the way for human exploration. If you’re not a K–12 student but want to get
involved, NASA is also accepting applications to judge the contest submissions:

https://www.nasa.gov/feature/nasa-selects-partners-for-mars-2020-
name-the-rover-contest-seeks-judges

NASA also has a “Send Your Name” campaign. Names will be etched
into a dime-sized chip and sent to space. Participants receive a
commemorative “boarding-pass”:

https://mars.nasa.gov/participate/send-your-name/mars2020

All are invited to watch the live feed from the Spacecraft Assembly Facility cleanroom at JPL,
where engineers are building and testing Mars 2020, before it is shipped to its launch site.

https://mars.nasa.gov/mars2020/mission/where-is-the-rover

Resources for Planetary Scientists Involved in Public
Engagement
The Lunar and Planetary Institute’s education and public engagement team is pleased to
assist planetary scientists in their communication and public engagement activities. LPI
conducts scientist workshops to provide insight on meeting audience needs, and has placed a
variety of recommendations online at https://www.lpi.usra.edu/education/scientist-
engagement.

Submit a 2019 AGU Fall Meeting Education Abstract

https://agu.confex.com/agu/fm19/prelim.cgi/Program/2328

Share your education and outreach experiences with the AGU community. Submitting an
education abstract won’t count against your first-authored science abstract submissions! At
AGU, one (1) first-authored education abstract is allowed in addition to a science abstract. The
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2019 Fall AGU abstract submission deadline is July 31, 2019, at 11:59 p.m. EDT.

ED026 — Engagement Opportunities for Everyone Through Science Festivals

https://agu.confex.com/agu/fm19/prelim.cgi/Session/82194

Increasing numbers of think pieces and news articles position scientists as experts yet still 
leave people questioning the science. Now, more than ever, it is crucial for scientists to be 
present in conversations around scientific subjects. Enter:  science festivals. This session will 
illustrate the power of engaging public audiences with science festivals through descriptions 
of ongoing events, discussions of evaluation methods and results, and connecting scientists 
with resources and experts to help them join current festivals or start their own. For scientists 
already engaging with public audiences, this session will provide next steps for 
communicating their science. This session will focus on what science festivals are, why 
engagement is important for scientists, and how scientists can connect with this living 
resource. Abstracts from education/communication professionals and scientists are welcome. 
Topics of interest may include science communication at live events, scientists’ engagement 
and outreach activities, and evaluation.

Questions? Contact Andy Shaner at shaner@lpi.usra.edu.

ED047 — Sharing Their Science:  Enabling Scientists in Public Engagement and 
Communication Efforts       

https://agu.confex.com/agu/fm19/prelim.cgi/Session/79959

Scientists share their science with broader communities through presentations, social media, 
events and activities, and more. This session seeks to discover the ways in which scientists are 
sharing their science and the barriers they face, and how they can be supported by 
communications and education professionals, organizations, and their institutions. We 
welcome presentations demonstrating the diversity of scientists’ activities to engage 
audiences, as well as indications of support, such as professional development and existing 
and potential partnerships to expand reach. We welcome evidence of the impact of public 
presentations, activities, and events by scientists. Our broader goal is to develop a deeper 
understanding of how the science education and communication communities can better 
support scientists’ engagement efforts.

Questions? Contact Christine Shupla at shupla@lpi.usra.edu.

AGU First Author Policy:  https://www2.agu.org/en/Fall-Meeting/Pages/Submit-an-abstract
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In Memoriam

Joshua L. Bandfield, 1974–2019
Josh Bandfield, a senior research scientist at the
Space Science Institute, passed away unexpectedly
in mid-June 2019 as the result of complications
following a heart attack.

Bandfield’s research focused on asteroids, Earth
analogs, and the processes that formed the
terrestrial planets. He used infrared and visible
spectral and imaging data returned from orbiting
spacecraft and landers to determine the
mineralogical, thermophysical, and morphological
properties of planetary surfaces, and had been
involved with spacecraft planning, operations, and

science activities for martian, lunar, and asteroid missions since 1995.

Bandfield received a B.S. degree in Geological Sciences (Earth Systems) in 1996 from the
University of California Santa Barbara, and a Ph.D. in Geology in 2000 from Arizona State
University. He had worked for the Space Science Institute since 2013. Previous positions
included Research Associate Professor/Affiliate Associate Professor at the University of
Washington, Research Specialist Principal in the Mars Space Flight Facility at Arizona State
University, and Adjunct Faculty at Mesa Community College/Chandler Gilbert Community
College.

Bandfield authored/co-authored over 90 peer-reviewed and 240 non-refereed articles on
planetary geology, spectroscopic remote sensing, radiative transfer, and thermal modeling.
He developed observation and data analysis strategies for the collection and derivation of
surface properties from thermal infrared observations. His spacecraft operational experience
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Credit: University of California
Irvine

included OSIRIS-REx, 2001 Mars Odyssey, Mars Reconnaissance Orbiter, Lunar
Reconnaissance Orbiter, Mars Global Surveyor, and Mars Exploration Rovers. He designed,
implemented, and validated calibration and data processing strategies for the Thermal
Emission Spectrometer (TES), Thermal Emission Imaging System (TES), Miniature Thermal
Emission Spectrometer (mini-TES), MCS, Diviner Lunar Radiometer Experiment (DLRE), and
Planetary Fourier Spectrometer (PFS) investigations. He served as a co-investigator on the
Lunar Reconnaissance Orbiter’s Diviner Lunar Radiometer Experiment and the 2001 Mars
Odyssey THEMIS instruments. Bandfield was also active in public outreach, and helped many
students and early career scientists.

— Portions of text courtesy of the Space Science Institute

Laurel Wilkening, 1944–2019
Professor Laurel Wilkening, a meteoriticist, university
administrator, and advocate for planetary science and for
women’s issues, passed away on June 4, 2019, in Tucson,
Arizona, at the age of 74. Born in Richland, Washington, on
November 23, 1944, she grew up in Socorro, New Mexico,
and got her Bachelor’s degree in Chemistry from Reed
College.

It was as an undergraduate that Wilkening became
interested in cosmochemistry. She received her Ph.D. from
the University of California San Diego in 1970, working with
Hans Seuss. In an oral history, she described having
recruited two Nobel laureates for her thesis committee,
only to have one (Hannes Alfvén) say he would veto her
Ph.D. thesis if she left one portion of it in, while the other
(Harold Urey) said he would veto it if she took it out. After
several days of negotiations, the thesis was approved as
written.
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Wilkening began her scientific career studying the first
samples returned from the Moon, and compared the exposure record of lunar samples,
particularly as revealed by damage tracks from cosmic rays, with that of meteoritic regolith
breccias. Later, her interests turned to comets. She edited the 1982 University of Arizona
Press volume Comets, and was deeply involved with planning of a U.S. mission to Comet Halley
that never materialized.

After her graduation, she worked and studied at several institutions, including the Tata
Institute of Fundamental Research in Mumbai, the Max Planck Institute for Cosmochemistry in
Mainz, and the Muséum National d’Histoire Naturelle in Paris. Wilkening became a faculty
member at the University of Arizona in 1973 in the newly formed Department of Planetary
Sciences. In 1981, she became head of the department and director of the associated Lunar
and Planetary Laboratory. Shortly thereafter, she became the Acting Dean of Sciences at the
university when that position was created, and then Vice President for Research. From the
beginning of her career at Arizona, she was instrumental in advocating for women’s issues,
including pay equity, and was a key figure in the establishment of what is now the
Department of Gender and Women’s Studies. In 1988, she became Provost of the University
of Washington, the first female to hold that position. In 1993, she became Chancellor of the
University of California Irvine, a post from which she retired in 1998.

Throughout her career, Wilkening was a nationally prominent member of the planetary
science community. She served as Vice Chair of the Advisory Committee on the Future of the
U.S. Space Programs, Chair of the Space Policy Advisory Board, and Vice Chair of the National
Commission on Space during the presidencies of Ronald Reagan and George H. W. Bush.
Later, she became a member of the Board of Directors of The Planetary Society, serving four
years as Vice President of the society.

Asteroid 75562 is named Wilkening in her honor. She was elected a Fellow of the Meteoritical
Society in 1978.

— Text courtesy of Timothy Swindle, University of Arizona
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John Hooper, of the American Humanist Association, presents PSI’s
Pamela Gay with the 2019 Isaac Asimov Science Award. Credit: Roy
Speckhardt, American Humanist Association.

Milestones

PSI’s Pamela Gay Receives Asimov Award at American
Humanist Association Conference

Planetary Science
Institutes’s (PSI’s)
Pamela Gay
received the
American Humanist
Association’s 2019
Isaac Asimov
Science Award at
the group’s
78 Annual
Conference at
Carnegie Mellon
University in
Pittsburgh,
Pennsylvania.

Gay, a Senior
Scientist at PSI, is an
astronomer, writer,
and podcaster
focused on using
new media to
engage people in
science and
technology. She is
co-host of the
Astronomy Cast
podcast and one of
the streamers for
the CosmoQuestX
Twitch channel,

programs at PSI. She also heads CosmoQuest.org, which allows everyday people to do citizen
science.

th
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“To receive an award named after Isaac Asimov is a particular honor. My own love of science
originated in a love for science fiction and a desire to learn what science in that fiction could
be made possible,” Gay said. “Today I hope to find ways to inspire future writers to write new
stories using modern science. It is through those future histories that we so often learn how
science can potentially corrupt, but also advance and liberate our society.”

Gay urged the audience to “science,” specifically in an effort to search the surface of asteroid
Bennu for a site that is safe, conducive to sample collection and worthy of a closer study by
NASA’s OSIRIS-REx spacecraft that is now circling the asteroid.

Through PSI’s CosmoQuest program, the public can help find the best place on Bennu to
collect a sample for return to Earth for study by going to Bennu.cosmoquest.org and marking
the locations of small rocks, boulders, and craters in high-resolution images.

Visit https://www.youtube.com/watch?v=dhRFTlBqMz0 to see Gay’s acceptance speech.

Announcing the 2019 Dwornik Winners
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) hosted by the Lunar
and Planetary Institute (LPI). The awards are managed and judged by the Planetary Geology
Division of the Geological Society of America.

Congratulations 2019 Stephen E. Dwornik student winners!

Graduate Oral Clara Maurel,  Massachusetts Institute of Technology
Partial Differentiation and Magnetic History of the IIE Iron Meteorite Parent Body

Hon. Mention – Grad
Oral

Xiaochen Mao, Washington University
Spin Evolution of Ceres Due to Impacts

Graduate Poster Alexandra E. Doyle, University of California Los Angeles
Oxygen Fugacities of Rocky Exoplanets from Polluted White Dwarf Stars

Hon. Mention – Grad
Poster

Amanda Ostwald, University of Nevada Las Vegas
Parental Melt of Nakhlites as Determined from Melt Inclusions

Undergraduate Oral Patrick Matulka, Colgate University
Rounding and Comminution Rates of Ice Clasts Using the Titan Tumbler:
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Fluctuating Roundness and Stepped Mass Loss

Hon. Mention –
Undergrad Oral

Christopher Yen, Brown University
An Updated Orbital Analysis of Ancient Strata in Terby Crater, Mars: The Thickest
Deltaic Sequence on Mars?

Undergraduate
Poster

Walter Zimmerman, University of Alaska Anchorage
Bands on Europa: A New Geometry-Based Classification to Explain Why Bands
Form

Hon. Mention –
Undergrad Poster

Steffanie Sillitoe-Kukas, Florida State University
Spherules in the Martian Polymict Breccias: I: Origin and Internal Chemical
Zoning

National Space Society Honors NASA Astronaut Al Worden
at Its 2019 International Space Development Conference

The National Space Society (NSS)
has named astronaut Al Worden
the 2019 recipient of NSS’ Space
Pioneer Award for Historic Space
Achievement. Worden flew to the
Moon on Apollo 15.

The prestigious award was
presented to Worden at the
Society’s 38th annual
International Space Development
Conference (ISDC ), which
was held in the Washington, DC,
area at the Sheraton Pentagon

City Hotel June 6–9, 2019.

For more information, see https://isdc2019.nss.org/.

This award honors Worden’s service as the Command Module Pilot for Apollo 15. He
graduated from West Point with a military B.S. degree in 1955, and then served in the Air

®
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Credit: Josh Valcarcel

Force in various capacities until the mid-1960s, with time off to get two M.S. degrees from the
University of Michigan in 1963. Worden then joined NASA in the group of astronauts selected
in 1966. He served as part of an astronaut support crew for Apollo 9 and as backup Command
Module Pilot for Apollo 12.

Worden flew as Command Module Pilot for Apollo 15, the 1971 mission that landed on the
Moon near Hadley Rille. This mission was one of the first where lunar geology was the prime
objective and Worden logged over 295 hours in space. During the mission, he operated two
lunar mapping cameras and six other instruments mounted in the service module’s new
Scientific Instrument Module.

After Apollo, Worden worked at NASA Ames from 1972 to 1975, first as Senior Aerospace
Scientist and then as chief of the Systems Study Division. After he left NASA, Worden was
president of Maris Worden Aerospace, Inc., and then became staff vice president of Goodrich
Aerospace in Ohio.

The Pioneer Award consists of a silvery pewter Moon globe cast by the Baker Art Foundry in
Placerville, California, from a sculpture created by well-known astronomical artist Don Davis.
The globe, which represents multiple space destinations and goals, sits freely (unattached) on
a brass support with a wooden base capped with a black granite inlay, both of which are
created by renowned sculptor Michael Hall of Studio Foundry of Driftwood, Texas. The brass
plaque on the base is created by Art Hall Awards of Austin.

Barringer Award Recipients Announced
The Lunar and Planetary Institute is pleased to announce the grant
awardees of the Barringer Family Fund for Meteorite Impact
Research:

Jean-Guillaume Feignon
University of Vienna, Austria

Elianara Fagundes Ferreira
Federal University of Bahia, Brazil

Pim Kaskes
Vrije Universiteit Brussel, Belgium

Fazia Kassab
University of Sciences and Technologies Houari Boumediene, Algeria

Carolinna da Silva Maia de Souze
University of Brasilia, Brazil
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The Barringer Crater Company established this special fund in 2002 that provides competitive
grants to eligible students to support their field research at known or suspected impact sites
worldwide.

The Barringer Family Fund for Meteorite Impact Research was established as a memorial to
recognize the contributions of the Barringer family to the field of meteoritics and their strong
interest in and support of research and education. The Fund also reflects the family’s long-
standing commitment to responsible stewardship of the Barringer Meteorite Crater and the
family’s resolve to maintain the crater as a unique scientific research and education site.

For more information, visit The Barringer Family Fund for Meteorite Impact Research.

NASA Selects Teams to Study Our Moon, Mars’ Moons, and
More

NASA has selected eight new research teams to collaborate on research into the intersection
of space science and human space exploration as part of the Solar System Exploration
Research Virtual Institute (SSERVI).

The new SSERVI teams, selected via peer review from a pool of 24 competitive proposals, are:
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Center for Lunar and Asteroid Surface Science (CLASS), led by
Dan Britt at the University of Central Florida (UCF) in Orlando. The
UCF team will study regolith — soil-like material on other planetary
bodies – of the Moon and asteroids, specifically looking at the
physical properties and resources of regolith and its behavior in the
space environment. CLASS also will create soil simulants that will
help other teams and the broader science community in this
research area.
Interdisciplinary Consortium for Evaluating Volatile Origins (ICE
FIVE-O), led by Jeffrey Gillis-Davis at the University of Hawai‘i at
Mānoa in Honolulu. This team will focus on remote sensing of
airless bodies and how things weather in space. It also will model
the physical, chemical, and isotopic signatures around the Moon’s
polar regions. ICE FIVE-O will address curation protocols for sample
return and the evolution of volatiles, or low-boiling point
compounds, and minerals within long-duration, curated samples.
Remote, In Situ, and Synchrotron Studies for Science and
Exploration 2 (RISE2), led by Timothy Glotch at Stony Brook
University in New York. This team will investigate how planetary
environments impact human health by looking at the chemical
reactivity of regolith in association with animal cells and tissues. 
RISE2 also will analyze how remote sensing datasets can be
confirmed through laboratory experiments, analyses, and field
deployments.
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Resource Exploration and Science of OUR Cosmic Environment
(RESOURCE), led by Jennifer Heldmann at NASA’s Ames Research
Center in California’s Silicon Valley. This team focuses on
determining what volatiles are available on the Moon for in situ
resource utilization. It will assess the quantity and availability of
resources on the Moon, test the technology required for processing
those resources, and field test the concepts of operations required
for sustained human lunar presence.
Institute for Modeling Plasmas, Atmospheres, and Cosmic Dust
(IMPACT), led by Mihaly Horanyi at the University of Colorado
Boulder. This team will measure micrometer-sized dust impacts in
icy regolith using the world’s fastest “dust impact” facility, and they
will develop hardware to determine secondary particle generation
and examine how that hardware degrades over time. IMPACT also
will use laboratory experiments to help validate theories of dust
and volatile mobility and modeling efforts being completed by
other SSERVI teams.
Lunar Environment And Dynamics for Exploration Research
(LEADER), led by Rosemary Killen at NASA’s Goddard Space Flight
Center in Greenbelt, Maryland. This team will focus on plasma
interactions with airless bodies and determine the effects of the
space environment on robotic and human assets at various
geographic locations on the Moon. The team also will model the
radiation environments and related effects associated with space
exploration.
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Center for Lunar Science and Exploration (CLSE), led by David
Kring at the Lunar and Planetary Institute in Houston. Through
modeling and geochemical analyses, this team will track the
distribution and form of volatiles from the early solar system to the
formation of the Moon and subsequent evolution to today. This
team will analyze the volatile cycle on the Moon to determine
overall source and loss mechanisms and how we can use these
resources.
Geophysical Exploration Of the Dynamics and Evolution of the
Solar System (GEODES), led by Nicholas Schmerr at the University
of Maryland in College Park. This team will use geophysical
modeling and laboratory techniques to characterize the overall
evolution, stability, and volatile content of the Moon and asteroid
subsurfaces. GEODES will test its theories through analog field
campaigns in conjunction with other NASA/SSERVI instrument
testing efforts.

Based and managed at Ames, SSERVI was created in 2014 as an expansion of the NASA Lunar
Science Institute. It supports scientific and human exploration research at potential future
human exploration destinations under the guiding philosophy that exploration and science
enable each other. SSERVI members include academic institutions, non-profit research
institutes, commercial companies, NASA centers and other government laboratories.

For more information about SSERVI, visit https://sservi.nasa.gov/.

 

NASA Taps 11 American Companies to Advance Human
Lunar Landers
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Illustration of a human landing system. Credit: NASA.

NASA has selected 11 companies to conduct studies and produce prototypes of human
landers for its Artemis lunar exploration program. This effort will help put American
astronauts — the first woman and next man — on the Moon’s south pole by 2024 and
establish sustainable missions by 2028.

The awardees, from eight states across the country, are:

Aerojet Rocketdyne – Canoga Park, California
One transfer vehicle study

Blue Origin – Kent, Washington
One descent element study, one transfer vehicle study, and
one transfer vehicle prototype

Boeing – Houston
One descent element study, two descent element prototypes,
one transfer vehicle study, one transfer vehicle prototype, one
refueling element study, and one refueling element prototype
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Dynetics – Huntsville, Alabama
One descent element study and five descent element
prototypes

Lockheed Martin – Littleton, Colorado
One descent element study, four descent element prototypes,
one transfer vehicle study, and one refueling element study

Masten Space Systems – Mojave, California
One descent element prototype

Northrop Grumman Innovation Systems – Dulles, Virginia
One descent element study, four descent element prototypes,
one refueling element study, and one refueling element
prototype

OrbitBeyond – Edison, New Jersey
Two refueling element prototypes

Sierra Nevada Corporation, Louisville, Colorado, and Madison,
Wisconsin

One descent element study, one descent element prototype,
one transfer vehicle study, one transfer vehicle prototype, and
one refueling element study

SpaceX – Hawthorne, California
One descent element study

SSL – Palo Alto, California
One refueling element study and one refueling element
prototype

NASA is sending astronauts to the Moon and then on to Mars, in a measured and sustainable
way. The direction from Space Policy Directive-1 builds on the hard work NASA is doing on its
Space Launch System rocket and Orion spacecraft, agency efforts to enable commercial
partners, its work with international partners, and what NASA learns from its current robotic
missions at the Moon and Mars. Learn more at https://www.nasa.gov/moontomars.

NASA Selects 12 New Lunar Science, Technology
Investigations

Issue 157 54 of 81 July 2019

Copyright 2019 Lunar and Planetary Institute



Commercial landers will carry NASA-
provided science and technology
payloads to the lunar surface, paving the
way for NASA astronauts to land on the
Moon by 2024. Credit: NASA.

NASA has selected 12 new science and technology payloads that will help us study the Moon
and explore more of its surface as part of the
agency’s Artemis lunar program. These
investigations and demonstrations will help the
agency send astronauts to the Moon by 2024 as a
way to prepare to send humans to Mars for the
first time.

The selected investigations will go to the Moon on
future flights through NASA’s Commercial Lunar
Payload Services (CLPS) project. The CLPS project
allows rapid acquisition of lunar delivery services
for payloads like these that advance capabilities
for science, exploration, or commercial
development of the Moon. Many of the new
selections incorporate existing hardware, such as
parts or models designed for missions that have
already flown. Seven of the new selections are
focused on answering questions in planetary
science or heliophysics, while five will
demonstrate new technologies.

The 12 selected investigations are:

MoonRanger

MoonRanger is a small, fast-moving rover that has the capability to
drive beyond communications range with a lander and then return
to it. The principal investigator is Andrew Horchler of Astrobotic
Technology, Inc., Pittsburgh.

Heimdall

Heimdall is a flexible camera system for conducting lunar science
on commercial vehicles. The principal investigator is R. Aileen Yingst
of the Planetary Science Institute, Tucson, Arizona.

Lunar Demonstration of a Reconfigurable, Radiation Tolerant Computer System.
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Lunar Demonstration of a Reconfigurable, Radiation Tolerant
Computer System aims to demonstrate a radiation-tolerant
computing technology. The principal investigator is Brock LaMeres
of Montana State University, Bozeman.

Regolith Adherence Characterization (RAC) Payload

RAC will determine how lunar regolith sticks to a range of materials
exposed to the Moon’s environment at different phases of flight.
The principal investigator is Johnnie Engelhardt of Alpha Space Test
and Research Alliance, LLC, Houston.

The Lunar Magnetotelluric Sounder

The Lunar Magnetotelluric Sounder is designed to characterize the
structure and composition of the Moon’s mantle by studying
electric and magnetic fields. The principal investigator is Robert
Grimm of the Southwest Research Institute, San Antonio.

The Lunar Surface Electromagnetics Experiment (LuSEE)

LuSEE will integrate flight-spare and repurposed hardware from the
NASA Parker Solar Probe FIELDS experiment, the STEREO/Waves
instrument, and the MAVEN mission to make comprehensive
measurements of electromagnetic phenomena on the surface of
the Moon. The principal investigator is Stuart Bale of University of
California, Berkeley.

The Lunar Environment heliospheric X-ray Imager (LEXI)

LEXI will capture images of the interaction of Earth’s
magnetosphere with the flow of charged particles from the Sun,
called the solar wind. The principal investigator is Brian Walsh of
Boston University.

Next Generation Lunar Retroreflectors (NGLR)
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NGLR will serve as a target for lasers on Earth to precisely measure
the Earth-Moon distance. The principal investigator is Douglas
Currie of University of Maryland, College Park.

The Lunar Compact InfraRed Imaging System (L-CIRiS)

L-CLRiS is targeted to deploy a radiometer, a device that measures
infrared wavelengths of light, to explore the Moon’s surface
composition, map its surface temperature distribution, and
demonstrate the instrument’s feasibility for future lunar resource
utilization activities. The principal investigator is Paul Hayne of the
University of Colorado, Boulder.

The Lunar Instrumentation for Subsurface Thermal Exploration with Rapidity (LISTER)

LISTER is an instrument designed to measure heat flow from the
interior of the Moon. The principal investigator is Seiichi Nagihara
of Texas Tech University, Lubbock.

PlanetVac

PlanetVac is a technology for acquiring and transferring lunar
regolith from the surface to other instruments that would analyze
the material, or put it in a container that another spacecraft could
return to Earth. The principal investigator is Kris Zacny of Honeybee
Robotics, Ltd., Pasadena, California.

SAMPLR: Sample Acquisition, Morphology Filtering, and Probing of Lunar Regolith

SAMPLR is another sample acquisition technology that will make
use of a robotic arm that is a flight spare from the Mars Exploration
Rover mission, which included the long-lived rovers Spirit and
Opportunity. The principal investigator is Sean Dougherty of Maxar
Technologies, Westminster, Colorado.

For more information about NASA and agency programs,
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visit https://www.nasa.gov/moontomars.

NASA Selects First Commercial Moon Landing Services for
Artemis Program

Commercial landers will carry NASA-provided science and technology payloads to the lunar
surface, paving the way for NASA astronauts to land on the Moon by 2024. Credit: NASA.

NASA has selected three commercial Moon landing service providers that will deliver science
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and technology payloads under Commercial Lunar Payload Services (CLPS) as part of the 
Artemis program. Each commercial lander will carry NASA-provided payloads that will conduct 
science investigations and demonstrate advanced technologies on the lunar surface, paving 
the way for NASA astronauts to land on the lunar surface by 2024.

“Our selection of these U.S. commercial landing service providers represents America’s return 
to the Moon’s surface for the first time in decades, and it’s a huge step forward for our 
Artemis lunar exploration plans,” said NASA Administrator Jim Bridenstine. “Next year, our 
initial science and technology research will be on the lunar surface, which will help support 
sending the first woman and the next man to the Moon in five years. Investing in these 
commercial landing services also is another strong step to build a commercial space economy 
beyond low-Earth orbit.”

As part of their submissions, each partner proposed flying specific NASA instruments to the 
lunar surface. By the end of the summer, NASA will determine which payloads will fly on each 
flight. The potential payloads include instruments that will conduct new lunar science, 
pinpoint lander position, measure the lunar radiation environment, assess how lander and 
astronaut activity affects the Moon, and assist with navigation precision, among other 
capabilities.

The selections are:

 Astrobotic of Pittsburgh has been awarded $79.5 million and has
  proposed to fly as many as 14 payloads to Lacus Mortis, a large crater
        on the nearside of the Moon, by July 2021.

Intuitive Machines of Houston has been awarded $77 million. The 
company has proposed to fly as many as five payloads to Oceanus 
Procellarum, a scientifically intriguing dark spot on the Moon, by July 
2021.
Orbit Beyond of Edison, New Jersey, has been awarded $97 million 
and has proposed to fly as many as four payloads to Mare Imbrium, a 
lava plain in one of the Moon’s craters, by September 2020.

Each partner is providing end-to-end commercial payload delivery services to NASA, including
payload integration and operations, launch from Earth and landing on the surface of the
Moon. These early missions will enable important technology demonstrations that will inform
the development of future landers and other exploration systems needed for humans to
return to the lunar surface. They also will help prepare the agency to send astronauts to
explore Mars.
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For more information about NASA’s Moon to Mars exploration plans,
visit https://www.nasa.gov/moontomars.

NASA Administrator Bridenstine Endorses the NEOCam
Mission

NEOCam artist’s concept. Credit: NASA.

The National Space Society (NSS) applauds NASA Administrator Jim Bridenstine’s April 29
endorsement of building and operating an orbiting infrared telescope, NEOCam, to detect and
track near-Earth objects (NEOs). NEOs are objects that approach or cross Earth’s orbit and are
best detected outside of Earth’s atmosphere using the infrared electromagnetic spectrum. His
endorsement came during the Planetary Defense Conference in College Park, Maryland,
organized by the International Academy of Astronautics.

NEOs are a significant threat. In 2013 a 20-meter object disintegrated over Chelyabinsk,
Russia. The shock wave sent 1500 people to seek medical treatment and damaged or
destroyed many buildings. A NEO exploded over Tunguska, Siberia, in 1908, leveling trees
throughout an area the size of Washington, DC. Around 66 million years ago, an asteroid
about 10 kilometers across struck the edge of the Yucatan Peninsula, causing a massive
extinction event that wiped out the dinosaurs.

NSS, the Planetary Society, and other organizations have been actively urging full funding for
the NEOCam mission to substantially reduce the threat. Addressing space advocacy concerns,
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Arizona Senator Kyrsten Sinema raised the issue of funding NEOCam with Administrator
Bridenstine during a March 13 hearing, The New Space Race: Ensuring U.S. Global Leadership on
the Final Frontier.

Chair of the NSS Executive Committee Dale Skran recently explained: “NEOs that cross Earth’s
orbit are particularly dangerous, and we have long campaigned for a mission capable of
spotting and tracking them before they hit Earth. In fact, our Policy Committee issued a
position paper in 2014 recommending that NEOCam be fully funded for that purpose.” (See
https://space.nss.org/media/NSS-Position-Paper-Planetary-Defense-2014.pdf.)

In 1998 Congress directed NASA to detect and track 90% of the NEOs 1 kilometer or more in
diameter. That goal has been reached. Subsequently, Congress directed NASA to detect and
track 90% of the more difficult to find NEOs 140 meters in diameter or greater. This has yet to
be accomplished. Amy Mainzer at NASA’s Jet Propulsion Laboratory (JPL) has estimated that
NEOCam could carry out that latter congressional mandate within 10 years.

NASA Social Media Efforts Win Two Webby Awards
NASA’s social media presence, which has grown
from a few accounts more than a decade ago to
dozens of channels with millions of followers, was
honored with a pair of Webbys and People’s Voice
awards as part of the 2019 Webby Awards.

“Social media has become NASA’s primary way of
connecting with the public,” said Bettina Inclán,
NASA’s associate administrator for

Communications. “It lets us reach out directly to people and share the excitement of
exploration across all of NASA’s programs. More importantly, it fosters conversation and
builds shared goals, which will be essential as the agency drives forward to return astronauts
to the Moon by 2024.”

There may be no better example of that connection than NASA’s Mars InSight mission, which
won a social media People’s Voice Award for Education & Discovery. After landing on Mars in
November 2018, the mission generated more than one million social media posts from
members of the public. The hashtag #InSight even trended higher than #cybermonday on the
Monday after Thanksgiving, known as Cyber Monday.

Two other agency digital properties received the People’s Voice award in their categories:
NASA.gov, the agency’s primary website, won its 11th People’s Voice award in Government &
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Civil Innovation; and the Solar System Exploration site won its third People’s Voice award in
the Science category.

NASA’s Climate Change website was also nominated in the Green category, and the video “The
Call of Science” was nominated in the 360-degree Video category.

For more information about the Webby Awards, visit http://www.webbyawards.com.

NASA Brings Moon and More to Visitors at COSI Science
Festival

A visitor is immersed in space through a virtual reality tour and learns about space
communications. Credit: NASA/Tyler D. Fairchild.

NASA hosted a range of activities and demonstrations, including a virtual reality chair and
Oculus Go trip to the Moon, at the COSI Science Festival, May 1–4, in Columbus, Ohio.

The 2019 COSI Science Festival culminated in an exciting and fun celebration of science.
The free event featured dynamic experiments, incredible demonstrations, and engaging
hands-on activities hosted by Franklin County’s own science, technology, engineering, and
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mathematics (STEM)-focused organizations. The Big Science Celebration provided
entertainment and learning opportunities for the whole family.

Festival attendees were able to explore science, flight, and space exploration through NASA’s
hands-on, interactive exhibits and activities, including:

a virtual reality chair, where visitors get a sense of what it might be
like to sit on the surface of Jupiter’s frozen water moon Europa
while watching a video about NASA’s planetary missions;
three activities that demonstrate how sound travels through the air,
how humans survive at high altitudes, and the altitudes where
objects fly;
an Oculus Go demonstration that takes visitors on a trip from Earth
to the Moon, and explore space communication with NASA’s
Tracking and Data Relay Satellite; and
a model of NASA’s James Webb Space Telescope and infrared
camera, and interactive demonstrations.

NASA is charged to get astronauts to the Moon in the next five years with a landing on the
lunar South Pole. When we go to the Moon this time, it will be to stay. And then we’ll take
what we learn on the Moon, and go to Mars.

Learn more about NASA’s Moon to Mars exploration approach
at https://www.nasa.gov/specials/moon2mars/.

Apollo Mission Control Reopens in All Its Historic Glory
On July 20, 1969, the United States achieved the most profound milestone of human
accomplishment when it landed NASA astronauts Neil Armstrong and Buzz Aldrin on the
Moon, while their command module pilot Michael Collins orbited above. The extraordinary
team of experts that guided these first three brave astronauts on their journey ran the hour-
by-hour operations of the Apollo 11 mission from a facility at NASA’s Johnson Space Center in
Houston – a facility that has been given a new life as a source of learning and inspiration.

The Apollo Mission Control Center has been restored to appear as it did in that era just in time
to celebrate the 50th anniversary of the Apollo 11 Moon landing.
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Overall view of the Mission Operations
Control Room in the Mission Control Center
at the Manned Spacecraft Center showing
the flight controllers celebrating the
successful conclusion of the Apollo 11 lunar
landing mission on Jul 24, 1969. Credit:
NASA.

“Apollo captured the world’s attention and demonstrated the power of America’s vision and
technology, which has inspired generations of great achievements in space exploration, and
scientific discovery,” said Johnson’s Director Mark Geyer. “Our goal 50 years ago was to prove
we could land humans on the Moon and return them safely to Earth. Our goal now is to return
to the Moon to stay, in a sustainable way. I’m thrilled this facility will be open for the public to
view. It is my hope that it will serve as inspiration for generations to come.”

In this facility, NASA flight control teams planned, trained, and executed Gemini, Apollo,
Apollo/Soyuz, Skylab, and Space Shuttle program missions until 1992. The facility was
designated a National Historic Landmark by the National Park Service in 1985, and in 2011, it
was renamed the Christopher C. Kraft Jr. Mission Control Center in honor of the man who
developed the concepts still used today in human spaceflight control.

“By restoring the Apollo Mission Control Center, NASA is preserving the rich history of a
remarkable achievement in human spaceflight,” said Restoration Project Manager Jim
Thornton. “This will not only help share our history with visitors from around the world, but
also remind our current employees who are planning missions to send humans back to the
Moon and then further to Mars, that anything is possible and we are standing on the
shoulders of giants.”

The restoration team included representatives
of the Apollo Mission Control teams that
supported astronauts on their missions. Great
pains were taken by these individuals to
ensure the authenticity of the control room
and the artifacts inside. The pieces in the
restored control room, visitor’s gallery, and
adjacent simulation support room are either
original artifacts that were cleaned and
restored, such as the control consoles and
displays, or items that have been recreated
based on original samples. This includes paint
colors, carpet, coffee mugs, clothing items, and
even ashtrays. The artifacts were all placed just
as they were 50 years ago.

More than a million visitors from around the
world visit Space Center Houston annually and
now they will have a chance to view this restored historical site – stepping back in time to the
first Moon landing, and looking forward to America’s next Moon landing.

To hear the restoration experts talk about the challenge and success of the renovation visit,
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Illustration of the Skylight mission
concept, a 2019 NIAC Phase III. Credit:
William Whittaker, Carnegie Mellon
University.

listen to the June 14 episode of “Houston, We Have a Podcast”:

https://www.nasa.gov/johnson/HWHAP/restoring-the-apollo-mission-control-center

NASA Invests in Tech Concepts Aimed at Exploring Lunar
Craters, Mining Asteroids
Robotically surveying lunar craters in record time and mining resources in space could help
NASA establish a sustained human presence at the Moon – part of the agency’s broader Moon
to Mars exploration approach. Two mission concepts to explore these capabilities have been
selected as the first-ever Phase III studies within the NASA Innovative Advanced Concepts
(NIAC) program.

The inaugural Phase III selections are:

Robotic Technologies Enabling the Exploration of Lunar Pits
William Whittaker, Carnegie Mellon University, Pittsburgh

This mission concept, called Skylight, proposes
technologies to rapidly survey and model lunar
craters. This mission would use high-resolution
images to create three-dimensional models of
craters. The data would be used to determine
whether a crater can be explored by human or
robotic missions. The information could also be
used to characterize ice on the Moon, a crucial
capability for the sustained surface operations of
NASA’s Artemis program. On Earth, the
technology could be used to autonomously
monitor mines and quarries.

Related Phase II study report

Mini Bee Prototype to Demonstrate the Apis Mission Architecture and Optical Mining
Technology
Joel Sercel, TransAstra Corporation, Lake View Terrace, California

This flight demonstration mission concept proposes a method of asteroid resource harvesting
called optical mining. Optical mining is an approach for excavating an asteroid and extracting
water and other volatiles into an inflatable bag. Called Mini Bee, the mission concept aims to
prove that optical mining, in conjunction with other innovative spacecraft systems, can be
used to obtain propellant in space. The proposed architecture includes resource prospecting,
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Illustration of the Mini Bee mission
concept, a 2019 NIAC Phase III. Credit:
TransAstra Corporation.

extraction, and delivery.

Related Phase II study report.

NASA selected the Phase III proposals through a
review process that evaluated innovativeness
and technical viability of the proposed projects.
All projects still are in the early stages of
development, but this final phase is designed to
mature technologies so they can be transitioned
to government and industry for
implementation.

For more information about NASA’s Moon to
Mars exploration plans, visit https://www.nasa.gov/moontomars.

For more information about NASA’s investments in space technology, visit
https://www.nasa.gov/spacetech.

Issue 157 66 of 81 July 2019

Copyright 2019 Lunar and Planetary Institute



New and Noteworthy

Moonshots: 50 Years of NASA Space Exploration Seen
Through Hasselblad Cameras

Voyageur Press, 2017, 240 pp., Hardcover. $75.00.
www.quartoknows.com

In December 1968, the crew of Apollo 8 captured images
depicting Earth hanging like a lonely fruit in the vast
darkness of space. The social and spiritual shock of that
photograph — and those which followed — never fully
diminished, even as Apollo missions followed at an
incredible pace, including the first lunar landing on July 20,
1969. Moonshots is the definitive photographic chronicle
of NASA space exploration — a giant slip-cased book
featuring more than 200 remarkable photographs from

that eventful era created almost exclusively on large-format Hasselblad cameras. Though a
number of these images have been reproduced in books and magazines over the years, one
attribute of this incredible collection has seldom been exploited: the sheer size and resolution
of the photography. Aerospace author Piers Bizony scoured NASA’s archives of Hasselblad
film frames to assemble the space fan’s ultimate must-have book — a gorgeous large-format
hardcover presented in a heavy slipcase with die-cuts to represent the phases of the moon.
This resulting volume extracts a stunning selection of photographs captured by astronauts
using Hasselblad equipment, many of them seldom previously published, let alone in such a
lavish package. The Apollo voyages form the centerpiece of this amazing collection, but
equally fabulous images from precursor Gemini missions are also featured, along with later
photographs chronicling Space Shuttle missions and even the construction of the
International Space Station.

NASA Mission AS-506 Apollo 11 Owner’s Workshop Manual:
50th Anniversary Special Edition
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Motorbooks, 2019, 216 pp., Hardcover. $35.00.
www.quartoknows.com

To celebrate the 50th anniversary of the 20th century’s
greatest flight achievement, this book chronicles how 400,000
men and women across the U.S. worked to transport human
beings across a quarter million miles of hostile space to an
unexplored world, and how they ensured that the seven
million engineered parts invented to fly this single mission all
worked perfectly. The first Moon landing in July, 1969 captured
the world’s imagination like no other space event before or
after. Now, a half century later, the Owners’ Workshop Manual
series presents a fascinating insight into this unparalleled

mission, from the raw, fire-breathing power of the mighty Saturn V rocket to the individual
stitching on a pressure-suit glove. You’ll also find a new look at the legacy of Apollo 11, how
the Apollo missions inspired Elon Musk and Jeff Bezos to think big and create the current
SpaceX and Blue Origin programs, and a look forward to future manned Moon missions and
deep-space exploration. The engaging, insightful text, accompanied by remarkable
photos and technical images, bring arguably the greatest-ever feat of engineering and human
endeavor to life.

Chasing the Moon: The People, the Politics, and the
Promise that Launched America into the Space Age

Ballantine Books, 2019, 384 pp., Hardcover. $32.00.
www.randomhousebooks.com

In 1961, President John F. Kennedy proposed the nation spend
twenty billion dollars to land a man on the Moon before the end of
the decade. Based on eyewitness accounts and newly discovered
archival material, Chasing the Moon reveals for the first time the
unknown stories of the fascinating individuals whose imaginative
work across several decades culminated in America’s momentous
achievement. More than a story of engineers and astronauts, the
Moon landing — now celebrating its fiftieth anniversary — grew out
of the dreams of science fiction writers, filmmakers, military
geniuses, and rule-breaking scientists. They include science fiction

author Arthur C. Clarke; Wernher von Braun; astronaut Frank Borman; mathematician and
first woman to work in Mission Control Poppy Northcutt; and African American astronaut
candidate Edward Dwight. Setting these key players in the political, social, and cultural climate
of the time, and including captivating photographs throughout, Chasing the Moon focuses on
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the science and the history, but most important, the extraordinary individuals behind what
was undoubtedly the greatest human achievement of the twentieth century. This title is a
companion book to the American Experience film on PBS.

The Cosmic Mystery Tour: A High-Speed Journey Through
Space & Time

Oxford University Press, 2019, 224 pp., Hardcover. $24.95.
global.oup.com

The Cosmic Mystery Tour takes us on a lightning tour of the mysteries
of the universe enlivened by brief stories of the colorful characters
who created modern science. It explores hot topics in physics and
astronomy, including the recent discovery of gravitational waves, the
quest for the origin of dark matter, the study of the supermassive
black hole at the center of the galaxy, the ongoing search for Earth-
like exoplanets, the search for signals from extraterrestrials, and the
development of technologies to send spacecraft to the stars. The first

part of the book explores the laws that govern the universe. The second part takes a look at
the history of the cosmos, studies its geography and explores some of its architectural
highlights such as red giants, white dwarfs, neutron stars, and the ultimate cosmic
mysteries — supermassive black holes. The last part considers the possibility that life might
exist elsewhere in the universe, and explores the cosmos from the outer fringes of science
fiction to the ongoing search for alien civilizations.

Spectroscopy and Photochemistry of Planetary
Atmospheres and Ionospheres: Mars, Venus, Titan, Triton
and Pluto

Cambridge University Press, 2019, 566 pp., Hardcover, $84.99.
www.cambridge.org 

The chemical composition of any planetary atmosphere is of
fundamental importance in determining its photochemistry and
dynamics in addition to its thermal balance, climate, origin, and
evolution. Divided into two parts, this book begins with a set of
introductory chapters, starting with a concise review of the Solar
System and fundamental atmospheric physics. Chapters then
describe the basic principles and methods of spectroscopy, the main
tool for studying the chemical composition of planetary atmospheres,

and of photochemical modeling and its use in the theoretical interpretation of observational
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data on chemical composition. The second part of the book provides a detailed review of the
carbon dioxide atmospheres and ionospheres of Mars and Venus, and the nitrogen-methane
atmospheres of Titan, Triton, and Pluto. Written by an expert author, this comprehensive text
will make a valuable reference for graduate students, researchers, and professional scientists
specializing in planetary atmospheres.

Meteorites: The Story of Our Solar System
Firefly Books, 2019, 128 pp., Paperback, $24.95. www.fireflybooks.com

Leading experts in the field provide a compelling introduction to the
space rocks that enter Earth’s atmosphere at speeds ranging from
25,000 mph to 160,000 mph. Scientists estimate that about 48.5 tons
of meteoritic material falls on the Earth each day. These messengers
from space give us a unique insight into the nature of the material that
was present when our solar system formed. Many of the specimen
meteorites in this second edition were re-photographed to improve
quality, and the optical microscopy shots were updated. There is also

new information on discoveries and developments in the study of meteorites, including
meteorite falls and craters, and new information on ones previously covered; use of weather
radar to detect and analyse meteorites, such as the 28,000 mph January 18, 2018, Michigan
“fireball”; how astrophysicists determine if a meteorite comes from Mars, and information
about the Martian meteorites found to date; and updated information on the results of the
European Space Agency’s Rosetta Mission in which a controlled impact was successfully
completed into Comet 67P after investigating it with a probe for more than two years. Co-
author Sara Russell, who is part of NASA’s Mars program, provides the latest news about
NASA’s Mars programs, including the Mars Rover, which landed in 2016.

Celebrating the 2017 Great American Eclipse: Lessons
Learned from the Path of Totality

Astronomical Society of the Pacific, 2019, 527 pp., Hardcover, $88.00.
www.aspbooks.org

On Monday, August 21, 2017, the shadow of the Moon passed across
the continental United States from Oregon to South Carolina, providing
millions of people their first opportunity to see a total solar eclipse. It
was the first time in a generation that a total eclipse was visible from
the continental United States and the first time since 1918 that one
crossed the entire continent. This volume contains the collected
wisdom, experience, and suggestions from hundreds of scientists,

educators, event planners, and outreach specialists, documenting knowledge gained during
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the 2017 eclipse. In this book, readers will learn about how to plan eclipse events, how to
reach marginalized communities, what kinds of events work best away from the center line,
how to make simple scientific measurements with students, which activities work well with
children, how to avoid potential pitfalls in public eclipse viewing, and much more.

Illuminated Moon Globe
12-inch-diameter and base, $99.95. Available on Amazon.com

In commemoration of the 50th anniversary of NASA’s Apollo 11
Moon landing, National Geographic and Replogle Globes have
partnered to create this special edition illuminated Moon globe.
This globe highlights the landing site of Apollo 11 and the first
Moon walk. It also features over 900 place names, including the
landing sites of all of the Apollo missions, and over 750
topographic locations. The globe has a rechargeable LED device

with long-lasting bulbs and comes with a USB cord. It sits on a free-mount base for easy
viewing. Gently tap the globe for five minutes of illumination or leave it on and use as a
nightlight.

Origami Galaxy for Kids
Tuttle Publishing, 2019, Boxed kit with 48-page
paperback book; 48 sheets of 6.75 x 6.75-inch
origami sheets and a 21 x 24-inch poster, $14.99.
www.tuttlepublishing.com

This cosmic kit is bursting with exciting models
inspired by stars, planets, and space
exploration. These easy origami projects will
transform young folders into intergalactic travelers
as they pilot their starship through the solar
system and beyond! Celebrate the 50th
anniversary of Apollo 11’s lunar landing in a hands-
on way with this kit. Kids can learn about the Moon
and what it takes to get there, as each model

comes with information on astronomy and cosmology. Blend an interest in our universe with
the fun of origami paper folding! The breathtaking night sky fascinates children everywhere,
inspiring an appreciation of science and astronomy, as well as science fiction stories, comics,
cartoons, and films. Many kids even dream of becoming an astronomer or astronaut when
they grow up, which makes this unique kit a perfect gift. The wall poster that is included is
packed with colorful graphics that relate interesting information about the solar system, the
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Milky Way galaxy, and the universe—the perfect way for kids to decorate their room or
classroom while they deepen their knowledge of the cosmos. For ages 6 to 10.

Plane Planets Wooden Circular Solar System Jigsaw Floor
Puzzle

$18.99. www.iplayilearntoys.com

This 48-piece cosmic puzzle will exercise children’s logical thinking
ability and cultivate their sense of accomplishment. Children can play
and share with friends, promoting communication and social skills.
The puzzle pieces are large and easy to grasp, and the edges are
smooth and burr-free. For ages 3 and up.

Dr. E’s Super Stellar Solar System: Massive Mountains!
Supersize Storms! Alien Atmospheres!

National Geographic Children’s Books, 2018, 128 pp., Paperback.
$12.99. shop.nationalgeographic.com

Take to the skies with planetary geologist Dr. E and her robot sidekick,
Rover, to explore the solar system’s wildest, most astronomical
geology — with comic book flair! This stellar book introduces kids to
outer space through in-depth info and comic book adventure. Along
the way, kids follow explorer Bethany Ehlmann, a member of the
NASA Mars Rover Curiosity mission, and her lovable robo-dog, Rover,
as they study and protect our amazing solar system. Dr. E’s

conversational and funny explanations of the solar system and planetary geology will pull kids
in like gravity. The pairing of fun and graphic novel side stories with science facts makes big
concepts accessible and interesting to boys and girls of all levels, from STEM science fans to
reluctant readers alike. For ages 8 to 12.

Breakfast Moon
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Astronomical Society of the Pacific, 2019, 64 pp. Paperback. $14.95.
myasp.astrosociety.org/astroshop/kids-gifts

The Astronomical Society of the Pacific introduces its first book for
engaging young budding astronomers! Breakfast Moon is an
engaging storybook featuring Mae and her younger brother Arthur
looking for the Moon each morning and recording their
observations in their Moon Journal. Developed in partnership with
early childhood educators and developmental psychology

researchers, the story encourages children to be scientists by observing the world around
them. For ages 4–8.

The School of Numbers: Learn About Mathematics with 40
Simple Lessons

Wide Eyed Editions, 2019, 96 pp. Hardcover. $19.99.
www.wideeyededitions.com

Greetings Cadet! Congratulations on being accepted into the
prestigious Astro Academy for math! Now strap on your space
boots, secure your helmet, and let’s get ready for a
mathematical journey like no other! Hop on board the
spaceship School of Numbers and head off on an intergalactic
mathematical journey that will introduce young readers to key
concepts including arithmetic, shapes, fractions, percentages,
and sequences. Six eccentric professors will teach budding

space mathematic Cadets all there is to know about the world of numbers! Meet Captain
Archimedes Brown who keeps everyone in order; Lois Carmen Denominator who’s got a
passion for fractions; Di Ameter who’s a stickler for geometry; Al Jabra who loves algebra; Ava
Ridge who’s looney for statistics; and last but certainly not least, Adam Up who just can’t get
enough of arithmetic! Float into this gravity-free classroom, prepare yourself for antics aplenty
and get ready to see math in action like never before. For ages 7–11.
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Calendar

2019 Upcoming Events

July
16th Annual Meeting of the Asia Oceania Geosciences Society (AOGS)
 July 28-2
 Singapore
 http://www.asiaoceania.org/aogs2019/public.asp?page=home.htm
 

TESS Science Conference I
 July 29-2
 Cambridge, Massachuesetts
 http://tess.mit.edu/science/tess-science-conference
 

August
NBIA Summer School on Protoplanetary Disks and Planet Formation
 August 5-9
 Copenhagen, Denmark
 http://nbia.nbi.ku.dk/nbia-school-2019
 

New Cometary Insights from the Close Approach of 46P/Wirtanen: A
Symposium in Celebration of Mike A’Hearn
 August 6-8
 College Park, Maryland
 http://wirtanen.astro.umd.edu/46P/symposium.shtml
 

10th Planetary Crater Consortium Meeting
 August 7-9
 Flagstaff, Arizona
 http://www.planetarycraterconsortium.nau.edu/
 

The 12th Meeting on Cosmic Dust
 August 12-16
 Chiba, Japan
 https://www.cps-jp.org/~dust/Welcome.html
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Exoclimes V
 August 12-15
 Oxford, UK
 http://exoclimes2019.org
 

Goldschmidt Barcelona 2019
 August 18-23
 Barcelona, Spain
 https://goldschmidt.info/2019/
 

Extreme Solar Systems V
 August 19-23
 Reykjavik, Iceland
 https://sites.northwestern.edu/iceland2019/
 

Hot-Wiring the Transient Universe VI
 August 19-22
 Evanston, Illinois
 http://hanksville.org/hotwired6/
 

5th Beijing Earth and Planetary Interiors Symposium
 August 24-27
 Beijing, China
 http://bepis2019.csp.escience.cn
 

Symposium on Water in the Universe
 August 25-29
 San Diego, California
 http://astro.phys-acs.org/symposia/Fall2019.html
 

September
Workshop on Binary Asteroids in the Solar System 5
 September 3-5
 Fort Collins, CO
 http://binaryast5.org/index.html
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Habitability: Producing Conditions Conducive to Life
 September 8-11
 Big Sky, Montana
 https://www.hou.usra.edu/meetings/habitability2019/

International Association of Sedimentologists Meeting
 September 10-13
 Rome, Italy
 http://iasroma2019.org/

NASEM’s Committee on Astrobiology and Planetary Science (CAPS)
 September 10-12
 Irvine, California
 http://sites.nationalacademies.org/SSB/SSB_067577#Meetings_and_Events

Horizon 2061 Synthesis Workshop
 September 11-13
 Toulouse, France
 https://h2061-tlse.sciencesconf.org/

AIDA International Workshop
 September 11-13
 Rome, Italy
 https://www.cosmos.esa.int/web/aida-international-workshop/home

EPSC-DPS Joint Meeting 2019
 September 15-20
 Geneva, Switzerland
 https://www.epsc-dps2019.eu

Mission to the Universe from Earth to Planets, Stars, and Galaxies
 September 16-20
 Stuttgart, Germany
 https://conference.dsi.uni-stuttgart.de/event/2/
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Physics of Stars and Planets: Atmospheres, Activity, Magnetic Fields
 September 16-20
 Shamakhy, Azerbaijan
 http://www.shao.az/en/news/239
 

2019 GSA Annual Meeting
 September 22-25
 Phoenix, Arizona
 https://www.geosociety.org/GSA/Events/Annual_Meeting/GSA/Events/gsa2019.aspx
 

Rosetta SWT and Workshop
 September 23-27
 Noordwijk, Netherlands
 https://www.cosmos.esa.int/web/rosetta-swt/swt-52
 

Star-Planet Interactions (Interactions étoile-planètes)
 September 23-27
 Aussois, France
 https://ees2019.sciencesconf.org
 

GeoPlaNet Analogue Field School — Fluid-Rock Interactions in the Solar
System
 September 23-1
 Pyrenees, France/Spain
 https://lpg-umr6112.fr/fs-geoplanet
 

Polarimetry as a Diagnostic Tool in Astronomy
 September 23-27
 Torun, Poland
 https://astropol.umk.pl/school2019/
 

Titan After Cassini-Huygens
 September 23-25
 Madrid, Spain
 https://www.cosmos.esa.int/web/titan-after-cassini-huygens/home
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Sixth Workshop on Robotic Autonomous Observatories
 September 30-4
 Malaga, Spain
 http://astrorob.iaa.es
 

Large Meteorite Impacts and Planetary Evolution VI
 September 30-3
 Brasilia, Brazil
 https://www.hou.usra.edu/meetings/lmi2019/
 

October
The Venera-D Landing Sites and Cloud Habitability Workshop
 October 2-5
 Moscow, Russia
 https://www.hou.usra.edu/meetings/venera-d2019/
 

38th International Meteor Conference
 October 3-6
 Bollmannsruh, Germany
 https://imc2019.imo.net/
 

The Tenth Moscow Solar System Symposium (10M-53)
 October 7-11
 Moscow, Russia
 https://ms2019.cosmos.ru
 

Planet2/RESCEU Symposium: From Protoplanetary Disks Through Planetary
System Architecture to Planetary Atmospheres and Habitability
 October 14-18
 Okinawa, Japan
 http://www.resceu.s.u-tokyo.ac.jp/symposium/resceu_sympo2019/
 

Global Experts Meeting on Frontiers in Chemistry
 October 17-19
 Rome, Italy
 https://frontiersmeetings.com/conferences/chemistry/
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70th International Astronautical Congress (IAC)
 October 21-25
 Washington, DC
 https://www.iac2019.org
 

White Dwarfs as Probes of Fundamental Physics and Tracers of Planetary,
Steller, and Galactic Evolution
 October 21-25
 Hilo, Hawaii
 http://www.gemini.edu/iau357/
 

Brown Dwarf to Exoplanet Connection III
 October 21-22
 Newark, Deleware
 http://www.jackiefaherty.com/bdexocon2019
 

2nd RPI Space Imaging Workshop
 October 28-30
 Saratoga Springs, New York
 http://seal.rpi.edu/workshop/2019
 

Annual Meeting of the Lunar Exploration Analysis Group
 October 28-30
 Washington D.C. Area
 https://www.hou.usra.edu/meetings/leag2019/
 

Voyage 2050 Workshop — Shaping the European Space Agency’s Space
Science Programme
 October 29-31
 Madrid, Spain
 https://www.cosmos.esa.int/web/voyage-2050
 

November
VEXAG Meeting
 November 4-8
 Boulder, Colorado
 https://www.lpi.usra.edu/vexag/
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COSPAR 2019
 November 4-8
 Herzliya, Israel
 http://www.cospar2019.org/

Rocky Exoplanets in the Era of JWST: Theory and Observation
 November 4-8
 Greenbelt, Maryland
 https://seec.gsfc.nasa.gov/Symposium.html

Asteroid Science in the Age of Hayabusa2 and OSIRIS-Rex
 November 5-7
 Tucson, AZ
 https://corex.lpl.arizona.edu/international-workshop

Mars Extant Life: What’s Next?
 November 5-8
 Carlsbad, New Mexico
 https://www.hou.usra.edu/meetings/lifeonmars2019/

17th Meeting of the Venus Exploration Group (VEXAG)
 November 6-8
 Boulder, Colorado
 https://www.lpi.usra.edu/vexag/meetings/vexag-17/

Subaru Telescope 20th Anniversary — Optical and Infrared Astronomy for
the Next Decade
 November 17-22
 Waikoloa Villiage, Hawaii
 https://subarutelescope.org/subaru20anniv/index.html

Planet Formation Workshop 2019
 November 25-28
 Tokyo, Japan
 http://th.nao.ac.jp/meeting/planet-formation-workshop2019/
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7th European Nanotechnology Congress
 November 27-28
 Madrid, Spain
 https://www.meetingsint.com/conferences/euronanotechnology

International Conference on Chemistry and Applied Research
 November 27-28
 Dubai, UAE
 https://www.meetingsint.com/conferences/chemistryresearch

December
2019 AGU Fall Meeting
 December 9-13
 San Francisco, California
 http://fallmeeting.agu.org

First International Orbital Debris Conference (IOC)
 December 9-12
 Houston, Texas
 https://www.hou.usra.edu/meetings/orbitaldebris2019/
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