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Feature Story

The Scar on Jupiter: Discovery of Comet Shoemaker-Levy 9
and Its Impact Into Jupiter 25 Years Later
On March 24, 1993, in the midst of a photographic search for near-Earth objects at the fabled
Palomar Observatory, Drs. Carolyn and Eugene Shoemaker and Dr. David Levy acquired an
image in the vicinity of planet Jupiter using surplus film. This image surprised the observers
when they first examined it. Expecting to find yet another small asteroid trail, they instead
found an elongate object comprising several large clumps all strung out in a chain thousands
of kilometers long in the night sky, each with its own cometary tail. Its orbital position proved
to be quite close to Jupiter, and it did not take long to determine that it was in fact orbiting that
giant planet and would come very close to the cloud tops the following year.

The discovery of this strange comet was both serendipitous and completely unexpected, and
the rest of the world was startled when the image was released three days later. No object like
it had ever been seen before. It would be named P/Shoemaker-Levy 9 after its discoverers (SL-
9 for short). We had observed comets break apart during close encounters with the Sun into
irregular clumps, but the linear geometry of this object indicated that it had passed very close
to Jupiter in July 1992 and been ripped apart by tidal forces, something we had not observed
or even predicted before. The original comet may have been captured by Jupiter as far back as
1929 or so. More surprises were to come.

In May, the scientific world was stunned to learn that the fragments of this cometary object
would in fact strike the giant planet during the week of July 16, 1994. The innumerable impact
of asteroids and comets was known to be responsible for the thousands of craters on the
Moon and other planets (including those few craters remaining on Earth), but this was going
to be the first time we would witness an impact collision of two planetary bodies as it
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occurred. More than a hundred scientists, including the two authors of this piece, met to 
discuss the comet and
its pending impact and
plan observations.
One such meeting was
the “Comet Pre-Crash
Bash” held in Tucson,
Arizona, in August
1993. A revolution was
taking place in
planetary science.

The discovery of SL-9
and its subsequent
impact into the giant
planet Jupiter in July
1994, a little over a
year later, occurred
during a rather
remarkable period in
space exploration
history. Voyager had
just finished its
glorious tour of the
four giant outer
planets with its daring
flyby of Neptune and 
its large moon Triton 

Discovery image of Comet Shoemaker-Levy 9. Credit: Palomar 
Observatory.

in 1989. Voyager’s tour was a revolution of its own, with the first discoveries of geologically 
active worlds among the moons of the outer solar system. Also anticipated in 1993 was the 
Mars Observer global mapping mission in the first return to the Red Planet since the Viking 
landers almost 20 years before (the mission failed but was replaced by the successful Mars 
Global Surveyor in 1997), and the impending arrival of the Galileo probe at Jupiter, then in 
interplanetary cruise. What we did not expect after Voyager was a fundamental redefinition 
of the solar system.

Several major discoveries occurred in rapid succession beginning in 1991. First came the 
discovery of a large impact crater buried under sedimentary rock on the Yucatán Peninsula 
and linked to the extinction of dinosaurs and most life on Earth 66 million years ago. This 
~180-kilometer-wide geologic scar would be named Chicxulub, “tail of the devil,” and was a
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The discoverers of SL-9, from left to right, Eugene and Carolyn
Shoemaker and David Levy, during a press conference the week of the
impact in July 1994. Credit: NASA Goddard Space Flight Center.

classic case of a “smoking gun,” linking large impacts of the type seen on the Moon with
catastrophic effects here on Earth. Evidence for such an event had been found in metal-rich
deposits scattered across the globe, but this was the first evidence for the actual impact site
itself, confirming the role of this and possibly other large impacts in the evolution of life
in Earth.

Only a year later, in 1992, the discovery by Luu and Jewitt of the first object beyond the orbit
of Neptune since the discovery of Pluto back in 1930 demonstrated that the region beyond
the furthest gas giant planet is indeed likely to be populated by many small icy and rocky
objects. Discovery of more Kuiper belt objects followed within months, confirming the
existence of this hypothesized zone, a major component of our solar system, and vastly
expanding its known limits. Pluto remains the largest of these objects, but it would take
another 20 years before we got our first close look at any of them, with New Horizons at Pluto
in 2015.

Then in 1993–1994
came SL-9 and its
impact into Jupiter.
The scientific
importance of the
events associated with
SL-9 in 1993–1994
cannot be
understated. It
demonstrated in
dramatic fashion the
continuing importance
of impact processes in
the planetary
environment. That
disrupted comets such
as SL-9 have struck
Jupiter many times in
the past was made

clear when Jay Melosh and Paul Schenk realized that odd chains of craters on the large jovian
moons Ganymede and Callisto recorded similar past occurrences, on average once every
200 years or so. The discoveries in Mexico, at Jupiter, and in the Kuiper belt all pointed to the
urgent need to understand just how crowded (and dangerous) our solar system neighborhood
is. One of the last large impacts to do observable damage to Earth’s surface was Meteor Crater
in Arizona, which formed roughly 50,000 years ago. (For more details of this impact, see LPI
Contribution No. 2040 at
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https://www.lpi.usra.edu/publications/books/barringer_crater_guidebook/.) Clearly these
things do not happen very frequently on human timescales, but they do occur, and thanks to
the efforts of NASA, several groundbased survey programs, such as the Catalina Sky Survey,
and spacebased surveys, such as NEOWISE, we now have a nearly complete (>90%) survey of
objects larger than 1 kilometer on orbits crossing that of Earth’s. The surveys are now working
to identify 90% of the near-Earth objects larger than 140 meters.

Those surveys need to be supplemented with data from other groundbased or spacebased
platforms to identify near-Earth objects in the part of space not currently observable from
Earth. Once complete, those surveys will identify potentially hazardous objects in the asteroid-
related population. However, cometary objects in the outer solar system, some of which may
never have entered the inner solar system before, will remain a largely uncharacterized
threat. Interested readers can track the surveys’ progress using a JPL website
(https://cneos.jpl.nasa.gov/stats/).

While some of these surveys were spurred by the SL-9 impact, it is now understood that most
impact cratering events on Earth are produced by asteroids. As the Chelyabinsk air burst
illustrated (see the May 2013 LPIB issue at
https://www.lpi.usra.edu/publications/newsletters/lpib/lpib133.pdf), hazardous impacts can
occur with frequencies commensurate with a human lifetime. This event occurred in 2013
when a small object entered and broke up high in the atmosphere over Siberia, not far from
the location of the 1908 Siberian Tunguska airburst. The monitoring of smaller, more frequent
NEO bolides into the atmosphere, in the form of fireballs, is reported by U.S. government
sensors (https://cneos.jpl.nasa.gov/fireballs/).

The discovery of SL-9 also 
coincided with several major 
cultural and technical events. 
First, the Hubble Space 
Telescope (HST) had just been 
launched in 1990, but with an 
incorrectly ground mirror. 
Happily, the flaw was precisely 
known and fixable with 
corrective mirrors (or spectacles, 
as some called them) that would 
be installed in December 1993 

during one of the most daring 
and most important space 
shuttle missions ever 
conducted. 

HST astronomers react to the first images of the impact of 
fragment A into Jupiter's atmosphere, July 16, 1994. Credit: 
NASA Goddard Space Flight Center.
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This would position the telescope to be fully operational when the comet’s fragments struck 
Jupiter 8 months later, just in time to produce some of the best astronomical images of the 
decade. The week of impact had been already scheduled for other observations, but 
fortunately the Space Telescope Institute was able to reassign some of that time to observe 
the impacts and their effects.

Second, the Internet had just been opened up to the public, and the comet’s discovery and 
subsequent impacts into Jupiter in 1993–1994 was the first major global event covered on 
the new World Wide Web (WWW). NASA generated a website at the Jet Propulsion Laboratory 
(JPL) for the dissemination of data. During the week of the impacts, the SL-9 home page was 
accessed 1.1 million times, making it the most accessed home page in the world up to that 
time. By March 1996, that site was accessed more than 7 million times; these were 
extraordinary numbers at that time, and all those views helped share the wonder of a 
planetary system in action.

The repaired HST confirmed that there were ~25 observable fragments in the linear chain 
that make up SL-9, often described as a string of pearls in space, as beautiful as they were 
violent, each fragment capable of producing multi-megaton impact blasts as they plummeted 
into Jupiter’s atmosphere. Most of the world’s telescopes were focused on Jupiter that week, 
as it took six days for the long chain of objects to consecutively strike the planet. Although 
numerical models of the impact suggested they could be observed from Earth, nobody was 
certain we would see anything, either through direct observations or through photographic 
exposures.

There were many predictions for what we might see, with the biggest unknowns being the 
sizes and masses of each fragment. It turned out that most of the fragments were less than 1 
kilometer in size and consisted of tightly packed clusters of loose debris. The impact 
velocities were predicted to be ~60 kilometers per second, however, so we could be sure 
there was plenty of energy for each impact.

Many of us went to our closest observatories on July 16 to hopefully see the impact of the 
first object, fragment A (the 25 or so fragments were named A through W), but were 
disappointed to not see a flash or scar of any kind. Meanwhile, observatories from Spain to 
South Africa were making their first observations and reporting the detection of a major 
fireball. We were all astonished the next morning, however, to see on the Internet that the 
HST, fulfilling the promises of its makers, had indeed witnessed and imaged a large fireball 
erupting out of the shadow of the nighttime Jupiter, up into sunlight far above the limb of the 
planet. The impact
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The first HST images of the first fragment impact, July 16, 1994,
showing a time-lapse sequence of the expanding impact-generated
gas plume and its subsequent collapse. Credit: Space Telescope
Science Institute.

debris formed a giant 
plume of hot gas and 
debris expanding above 
the cloud tops of the 
giant planet, leaving a 
dark circular scar the 
size of planet Earth as it 
collapsed down onto the 
cloud tops. Videos of the 
press conferences from 
the week can be found 
at https://
svs.gsfc.nasa.gov/11822
.

Many people, including both professional and amateur astronomers, contributed to the 
observing campaign in 1993–1994 and subsequent data analysis (indeed, quite a few books 
were published detailing these events). By the end of the week, the entire southern 
hemisphere of Jupiter was populated by large dark clouds, residual effects of the preceding 
impact events. These scars were visible from Earth and were monitored by amateur 
astronomers around the globe for several months afterward, contributing greatly to our 
understanding of chemical and meteorological processes in Jupiter’s atmosphere.

Observatories both on Earth and in space shared their observations as the fragments 
continued to hit Jupiter, including infrared and ultraviolet movies. The HST had its own scare
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Infrared image of Jupiter showing the hot gas plume erupting on the
edge of the planet (at lower left). Bright spot at right is Jupiter’s moon
Io. Credit: Max Planck Institute for Astronomy.

when the spacecraft 
entered the emergency 
hibernation mode known
as “safing” and had to be
rebooted twice just
one week before the
impacts. Even the
Galileo orbiter,
millions of kilometers
and a year out from its
target, Jupiter,
captured several
impact events. Galileo
was the only
observatory that could
directly observe the
moment of each
impact, all of which
occurred just out of
our view on the
backside of Jupiter.
Galileo’s Solid State
Imager recorded the
fireball flash, and the
Near Infrared Mapping Spectrometer also recorded the initial fireball produced by the 
impact. Several minutes later, it was also able to record the moment when, after a vapor-
rich plume rose 3000 kilometers above the atmosphere, atmospheric heating occurred 
when that impact plume fell back into the atmosphere.

The impacts into Jupiter were also a test of how well our models did at predicting the effects 
of large impact events. Since this was an impact into a very deep atmosphere, rather than a 
rocky surface, the calculations were relatively simple and relatively accurate. One surprise was 
that the fireball and eruption cloud that followed did not bring up much water from deep 
inside Jupiter. This turned out to be related to the incoherent or rubbly nature of the incoming 
projectiles, which broke apart very quickly high in Jupiter’s atmosphere. Thus they did not 
penetrate very deeply into the watery cloud decks below.

The observations also caused the community to reassess the effects of impacts on Earth. The 
phenomena of a ballistic vapor-rich plume caused Mark Boslough and David Crawford to 
reassess impact events, particularly airburst events like Tunguska, a phenomena seen again in
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Time-lapse sequence showing the changing shape of the dark impact
scars on Jupiter, summer 1994. Credit: Space Telescope Science
Institute.

modified form during the Chelyabinsk airburst of 2013 (see the May 2013 LPIB issue at
https://www.lpi.usra.edu/publications/newsletters/lpib/lpib133.pdf). Also observed were
plumes of sulfur following the SL-9 impact on Jupiter. Although a portion of that sulfur may
have been dredged up from the atmosphere, David Kring, Jay Melosh, and Don Hunten
realized that impacting asteroids (sometimes with more than 5% sulfur) and comets could
deliver significant amounts of sulfur to Earth’s atmosphere, producing climate-altering sulfuric-
acid aerosols. Asteroids as small as 300 meters across could produce global effects and larger
impacting objects could depress global average temperatures by 2°C for more than three
years.

It has been 25 years
since the impact of SL-
9 captured our
imaginations. Who can
tell what cosmological
event is next on our
horizons? The
collisions of planetary
objects are now
recognized as
fundamental to their
formation and
evolution. Examples
abound, including the
large Rheasilvia impact
basin on the south
pole of asteroid Vesta,
which delivered HED
meteorites to Earth. At
least five objects have
been observed striking
Jupiter since 1994,
some recorded live by
amateur astronomers
(see Wikipedia page

“Jupiter impact events”). One such event was first detected by Anthony Wesley in July 2009,
15 years after SL-9, and a fireball flash was witnessed by the same observer in 2010. Other
impact events no doubt occurred before 1994, but astronomers were not lucky enough to
have observed them, and cameras were not as sensitive as they are today. Jupiter sucks in a
lot of space debris. Dozens of small impact craters have also formed in the past 25 years on
both the Moon and Mars. Clearly the solar system is a very active place. We need not worry
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too much, as these events are very rare on Earth on the timescale of human evolution, thanks
to our protective atmosphere.

As for the discoverers of SL-9, Gene Shoemaker passed away just six years later in a accident
in the Australian desert, doing what he loved best, searching for ancient impact scars on our
own home planet. Carolyn Shoemaker retains her life-long interest in NEOs, even though she
is no longer able to continue her observing. David Levy is still actively studying the skies,
looking for other heavenly bodies that are still waiting to be discovered.

About the Authors
Paul Schenk, a staff scientist at the LPI, uses Voyager,
Galileo, and Cassini stereo and monoscopic images
to map the topography and geology of the icy outer
planet satellites. He is also a Participating Scientist on
the Dawn and Cassini missions, studying impact
cratering on small bodies and plume deposition
processes on Enceladus, as well as a co-investigator
on the New Horizons mission to Pluto and beyond,
responsible for cartography and topography.
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David Kring, a staff scientist at the LPI, conducts research that
explores the origin of the solar nebula and its evolution into a
geologically active planetary system; the geologic history of the
Earth, Moon, Mars, and several smaller planetary bodies;
impact cratering on the Earth, its effect on Earth’s environment,
and its possible role in the biological evolution of our planet;
and the chemical and physical properties of meteorites. He has
worked extensively with the Chicxulub impact crater, gives
frequent public lectures, and has been involved with a variety of
print, radio, and television science productions in an effort to
educate the general public.
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From the Desk of Jim Green

Today’s Impact of SL-9
In 1994, Comet Shoemaker-Levy 9 (SL-9)
collided spectacularly with Jupiter, providing a
first ringside view of an extraterrestrial collision
with a planet. Once captured in orbit by Jupiter,
SL-9 passed within Jupiter’s Roche limit, and the
planet’s tidal forces acted to rip the comet apart
into multiple pieces ranging up to 2 kilometers
in diameter. These fragments finally collided
with Jupiter between July 16 and July 22, 1994,
at a very high velocity, discharging an extreme
amount of energy on impact, equivalent to
six million megatons of TNT. In fact, had those
fragments hit Earth, the resulting damage
would have been catastrophic. Since the SL-9
event, groundbased amateur astronomers
began to look for impacts in Jupiter’s
atmosphere and have observed several over
the years. Perhaps Jupiter, in a sense, protects
the Earth. The giant planet must attract small bodies — whether asteroids or comets — as
they pass close by. For this reason, it is thought that the giant planets in our solar system, and
Jupiter in particular, shields the inner planets from numerous potential bombardments by

Issue 152 13 of 86 April 2018

Copyright 2018 Lunar and Planetary Institute



comets and asteroids. However, this theory is still rather controversial.

Jupiter is further out than the asteroid belt, and its massive gravity is also pushing asteroids
around. Through gravitational resonances, Jupiter either pulls asteroids in the asteroid belt
out of the solar system or throws them inward where they could become potentially
hazardous objects. Some theories argue that Jupiter and its immense gravity have helped it
attract small bodies, keeping them away from Earth and thus fostering a habitable
environment on our planet. Some potentially hazardous objects in the solar system are
known to be long-period comets. As they travel toward the Sun, they receive gravity assists
that distort their trajectory. In the case of Jupiter, they receive more than a small gravity assist;
they get “sling-shotted” into different directions (or, if they get too close to the giant planet,
they get completely absorbed). In that sense, instead of continuing in a trajectory toward the
Sun and possibly on a collision course with Earth, they collide with Jupiter and disappear.

We do know that this theory is not completely unchallenged, even though not much research
has been focused on verifying or completely denying this idea. Simulations of the impact flux
on Earth using a test of the asteroid population were constructed to study the variations of the
impact rate on Earth as a function of a Jupiter-like object. The resulting conclusion showed
that the shielding rating in a solar system containing a giant planet is comparable to one
without.

Regardless of which of these theories is correct, one conclusion remains realistic and
reasonable to draw: SL-9 had an direct effect here on Earth, and more specifically, on U.S.
space policy. At the time, the idea of a giant space rock (whether comet or asteroid) slamming
into Earth seemed much too remote a possibility to worry about. Even though science had
attributed the extinction of the dinosaurs to near-Earth objects (NEOs) colliding on Earth, it
was only when the SL-9 event at Jupiter occurred that the idea of planetary defense began to
really take hold.

Indeed, the collision of SL-9 with Jupiter emphasized that impacts are still currently possible
and some NEOs could be potentially hazardous to the Earth. NASA had been studying various
aspects of NEOs since the 1970s, but it wasn’t until 1998, when Congress directed NASA to
conduct a program to discover at least 90% of 1-kilometer-diameter or larger NEOs within 10
years, that the real work began. NASA immediately established a NEO program in response,
and in 2010 fulfilled this Congressional mandate.

Then, in 2005, Congress again directed NASA to survey 90% of the potentially hazardous
objects measuring at least 140 meters in diameter by the end of 2020. In addition, this
legislation directed NASA to submit an analysis of alternatives that NASA could employ to
divert an object on a likely collision course with Earth. The 2005 authorization act also
amended the National Aeronautics and Space Act of 1958 to state that “the general welfare
and security of the United States require that the unique competence of [NASA] be directed to
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detecting, tracking, cataloguing, and characterizing near-Earth asteroids and comets in order
to provide warning and mitigation of the potential hazard of such near-Earth objects to the
Earth.”

This brings us to the recent establishment last year of the NASA’s Planetary Defense
Coordination Office (PDCO). The PDCO is managed within the Planetary Science Division of
the Science Mission Directorate at NASA Headquarters in Washington, DC. The PDCO is
responsible for:

Ensuring the early detection of potentially hazardous objects
(PHOs) — asteroids and comets whose orbits are predicted to bring them within 5 
million miles of Earth, and which are of a size large enough to reach Earth’s surface 
—i.e., greater than ~30 to 50 meters;
Tracking and characterizing PHOs and issuing warnings about potential impacts;
Providing timely and accurate communications about PHOs; and 
Performing a lead coordination role in U.S. Government planning for response to an 
actual impact threat.

In addition to finding, tracking, and characterizing PHOs, NASA’s planetary defense goals 
include developing techniques for deflecting or redirecting PHOs, if possible, that are 
determined to be on an impact course with Earth. In the event that deflection or redirection is 
not possible, the PDCO is responsible for providing expert input to the Federal Emergency 
Management Agency for emergency response operations should a PHO be on course to 
actually impact Earth.

The PDCO relies on data from projects supported by NASA’s Near-Earth Object Observations 
(NEOO) Program. The PDCO also coordinates NEO observation efforts conducted at 
groundbased observatories sponsored by the National Science Foundation and space 
situational awareness facilities of the United States Air Force.

The NEO Observations Program supports NEO surveys that contribute to a sustained and 
productive campaign to find and track NEOs, collecting data of sufficient precision to allow 
accurate predictions of the future trajectories of discovered objects. The program also 
supports efforts to characterize a representative sample of NEOs by measuring their sizes, 
shapes, and compositions. In addition, the program devotes a limited amount of funding to 
research into NEO impact mitigation and deflection strategies and techniques.
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So where are we today? The NASA-funded surveys have found nearly 17,000 NEOs from an
estimated population of about 60,000. These surveys are currently finding NEOs at a rate of
about 1800 per year. Roughly half of the known catalog of NEOs — over 7000 — are objects
larger than 140 meters in size. The estimated population of NEOs of this size is about 25,000.
Current surveys are finding NEOs of this size at a rate of about 500 per year.

When we think back to the SL-9 event, we have made remarkable progress in finding,
cataloging, characterizing, and understanding the NEO population, but we have a ways to go.
We recognize we are not in danger of extinction from an NEO anytime soon, but we didn’t
really know that prior to SL-9. Thanks to you, Jupiter, who woke us up!

— James L. Green, Director, NASA’s Planetary Science Division, April 2018
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Snapshot of a sunspot observed by the Hinode spacecraft. (top) Visible light continuum image.
(bottom) Magnetic field strength map. The color shows the field strength, from weak (cool 
colors) to strong (warm colors). Red indicates a location with a strength of more than 6000 
Gauss (600 millitesla). Credit: NAOJ/JAXA.

News From Space

HINODE Captures Record-Breaking Solar Magnetic Field

Astronomers at the National Astronomical Observatory of Japan (NAOJ) using the HINODE
spacecraft observed the strongest magnetic field ever directly measured on the surface of the
Sun. Analyzing data for 5 days around the appearance of this record-breaking magnetic field,
the astronomers determined that it was generated as a result of gas outflow from one
sunspot pushing against another sunspot.
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Magnetism plays a critical role in various solar phenomena such as flares, mass ejections, flux
ropes, and coronal heating. Sunspots are areas of concentrated magnetic fields. A sunspot
usually consists of a circular dark core (the umbra) with a vertical magnetic field and radially
elongated fine threads (the penumbra) with a horizontal field. The penumbra harbors an
outward flow of gas along the horizontal threads. The darkness of the umbrae is generally
correlated with the magnetic field strength, hence the strongest magnetic field in each
sunspot is located in the umbra in most cases.

NAOJ faculty members Joten Okamoto and Takashi Sakurai were analyzing data taken by the
Solar Optical Telescope onboard HINODE, when they noticed the signature of strongly
magnetized iron atoms in a sunspot. Surprisingly, the data indicated a magnetic field strength
of 6250 Gauss (1 Gauss = 0.1 milliTesla). This is more than double the 3000-Gauss field found
around most sunspots. Previously, magnetic fields this strong on the Sun had only been
inferred indirectly. More surprisingly, the strongest field was not in the dark part of the
umbra, as would be expected, but was actually located at a bright region between two
umbrae.

HINODE continuously tracked the same sunspot with high spatial resolution for several days.
This is impossible for groundbased telescopes because Earth’s rotation causes the Sun to set
and night to fall on the observatories. These continuous data showed that the strong field was
always located at the boundary between the bright region and the umbra, and that the
horizontal gas flows along the direction of the magnetic fields over the bright region turned
down into the Sun when they reached the strong-field area. This indicates that the bright
region with the strong field is a penumbra belonging to the southern umbra (S-pole). The
horizontal gas flows from the southern umbra compressed the fields near the other umbra
(N-pole) and enhanced the field strength to more than 6000 Gauss.

Okamoto explains, “HINODE’s continuous high-resolution data allowed us to analyze the
sunspots in detail to investigate the distribution and time evolution of the strong magnetic
field and also the surrounding environment. Finally, the longtime mystery of the formation
mechanism of a stronger field outside an umbra than in the umbra has been solved.” The
results were published in The Astrophysical Journal Letters.

BepiColombo Gets Green Light for Launch Site
Europe’s first mission to Mercury will soon be ready for shipping to the spaceport to begin
final preparations for launch. The mission passed a major review on March 8, meaning that
the three BepiColombo spacecraft, along with ground equipment and mission experts, are
confirmed to start the move from the European Space Agency’s (ESA) center in the
Netherlands to Europe’s Spaceport in Kourou, French Guiana, at the end of April. The launch
window is open from October 5 until November 29.
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“It’s been a long and 
occasionally bumpy road 
to this point, and there is 
still plenty to do until we 
are ready for
launch,” says Ulrich 
Reininghaus, ESA’s 
BepiColombo project 
manager, “but we are 
extremely pleased to 
finally move our 
preparations to the 
launch site, and are 

grateful to everyone who has made this possible. In parallel we are continuing with some 
long-duration firing tests on a replica transfer module thruster, under space-like conditions, 
to be best prepared for our journey to Mercury.”

Once at Kourou, an intensive six months of essential preparation are needed, including more 
review checkpoints. Work includes dressing the spacecraft in protective insulation to prepare 
for the harsh space environment and extreme temperatures they will experience operating 
close to the Sun, attaching and testing the solar wings and their deployment mechanisms, 
installing the sunshield, fueling, and connecting the three spacecraft together. The final weeks 
will see the spacecraft stack inside the Ariane 5 rocket fairing, and preparing the launch 
vehicle itself, ready to blast the mission on a seven-year journey around the inner solar 
system to investigate Mercury’s mysteries.

A transfer module will carry two science orbiters to the innermost planet, using a 
combination of solar power, electric propulsion, and nine gravity-assist flybys of Earth, Venus, 
and Mercury to set it on course. The two orbiters will make complementary measurements of 
the innermost planet and its environment from different orbits, from its deep interior to its 
interaction with the solar wind, to provide the best understanding of Mercury to date, and 
how the innermost planet of a solar system forms and evolves close to its parent star.

For more information, visit http://sci.esa.int/bepicolombo/ .

BepiColumbo approaching Mercury. Credit: European Space Agency
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Credit: NASA.

NASA is focused on an ambitious plan to advance the nation’s space program by increasing 
science activities near and on the Moon and ultimately returning humans to the surface.

As part of the President’s fiscal year 2019 budget proposal, NASA is planning a new Moon-
focused exploration campaign that starts with a series of progressive commercial robotic 
missions. “The Moon will play an important role in expanding human presence deeper into 
the solar system,” said Bill Gerstenmaier, associate administrator of the Human Exploration 
and Operations Mission Directorate at NASA Headquarters in Washington. “Coupled with the 
capabilities enabled by the Lunar Orbital Platform-Gateway, these missions will usher in a 
new era of exploration of the Moon and its resources, and provide a training ground for 
human missions to Mars.”

NASA plans to enlist a series of commercial robotic landers and rockets to meet lunar payload 
delivery and service needs. The agency will release a draft request for proposals this spring to 
initiate commercial lunar payload service contracts for surface delivery as early as 2019.

This solicitation, which will be open to all domestic commercial providers, complements 
ongoing NASA efforts to stimulate the emerging space economy. The Lunar CATALYST 
partnerships have already helped advance commercial capabilities to deliver small payloads 
to the lunar surface.

NASA is also interested in understanding and developing requirements for future human 
landers. By developing landers with mid-sized payload capacity (500 to 1000 kilograms, or 
1100 to 2200 pounds — roughly the size of a smart car) first, this will allow evolution toward 
large-scale human-rated lunar landers (5000 to 6000 kilograms, or 11,000 to 13,000 pounds). 
Additionally, this class of lander can support larger payloads to the Moon, addressing science 
and exploration objectives such as sample return, resource prospecting, demonstrations of in 
situ resource utilization (ISRU), and others.

The agency will seek information from industry later this month for larger lander

NASA Outlines New Lunar Science, Human Exploration Missions
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development, and determine how best to proceed with potential partnerships. NASA plans to
follow that effort with a solicitation to enable the partnerships between NASA and industry.
The first of two mid-sized commercial missions to the Moon for NASA could come as early as
2022.

The campaign — supported by science and technology projects and activities — is designed to
enable seamless collaboration across NASA, leveraging agency, commercial, and international
partnerships toward a common goal.

“This agency-wide strategy will inspire and enable humankind to take the next bold steps to
our lunar neighbor,” said Thomas Zurbuchen, associate administrator of the Science Mission
Directorate at NASA Headquarters. “While American innovation will lead the way, partnerships
and opportunities with U.S. industry and other nations will be expanded.”

NASA’s intrepid robotic explorers have and continue to provide vital data to support future
exploration plans. The agency’s Lunar Reconnaissance Orbiter continues to study the lunar
surface from orbit, providing data needed for future robotic and human landers. Plans are
underway now for an enhanced lunar sample analysis campaign to ensure data from existing
Apollo samples is widely available to support future exploration. NASA also is providing
ShadowCam as a U.S. contribution to the Korea Aerospace Research Institute’s first lunar
exploration mission, the Korea Pathfinder Lunar Orbiter (KPLO). ShadowCam will map the
reflectance within the permanently shadowed regions to search for evidence of frost or ice
deposits.

A new analysis of data from two lunar missions found evidence that the Moon’s water could
be widely distributed across the surface rather than confined to a particular region or type of
terrain. The findings could help researchers understand the origin of the Moon’s water and its
feasibility and accessibility as a resource.

NASA plans to use a number of CubeSats to affordably study the lunar environment. Thirteen
CubeSats will launch on Exploration Mission-1, the agency’s first integrated flight of the Space
Launch System and Orion. Four of them, LunaH-Map, Lunar IceCube, Lunar Flashlight, and
LunIR, will use state-of-the art instrumentation to investigate the abundance, locations, and
composition of Moon resources.

Building on knowledge obtained from lunar orbit, NASA will develop new science and
technology payloads, to be delivered by commercial lunar landers. The opportunity to deploy
instruments directly on the lunar surface will improve our understanding of the Moon and its
resources, and enable the testing of new technologies for exploration.

The Lunar Orbital Platform-Gateway will serve NASA and its commercial and international
partners as a uniquely valuable staging point and communications relay for exploration and

Issue 152 21 of 86 April 2018

Copyright 2018 Lunar and Planetary Institute



science missions in deep space. The agency recently hosted a workshop to discuss how the
gateway could facilitate new scientific discoveries in a variety of ways, including support to
lunar sample return missions and other lunar surface science activities.

“Together, science and technology communities will continue studies of the Moon, with a
focus on identifying the lunar resources important for exploration to our Earth companion
and into the solar system and beyond,” said Zurbuchen.

For more information, visit https://www.nasa.gov/.

“Marsquakes” Could Shake Up Planetary Science

Artist’s rendition showing the inner structure of Mars. The topmost layer is known as the crust,
and underneath it is the mantle, which rests on an inner core. Credit: NASA/JPL-Caltech.

Starting next year, scientists will get their first look deep below the surface of Mars. That’s
when NASA will send the first robotic lander dedicated to exploring the planet’s subsurface.
InSight, which stands for Interior Exploration using Seismic Investigations, will study
marsquakes to learn about the martian crust, mantle, and core. Doing so could help answer a
big question: How are planets born?

Seismology, the study of quakes, has already revealed some of the answers here on Earth,
said Bruce Banerdt, Insight’s principal investigator at NASA’s Jet Propulsion Laboratory,
Pasadena, California. But Earth has been churning its geologic record for billions of years,
hiding its most ancient history. Mars, at half the size of Earth, churns far less: It’s a fossil
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planet, preserving the history of its early birth. “During formation, this ball of featureless rock
metamorphosed into a diverse and fascinating planet, almost like caterpillar to a butterfly,”
Banerdt said. “We want to use seismology to learn why Mars formed the way it did, and how
planets take shape in general.”

When rocks crack or shift, they give off seismic waves that bounce throughout a planet. These
waves, better known as quakes, travel at different speeds depending on the geologic material
they travel through.

Seismometers, like InSight’s Seismic Experiment for Interior Structure (SEIS), measure the size,
frequency, and speed of these quakes, offering scientists a snapshot of the material they pass
through. “A seismometer is like a camera that takes an image of a planet’s interior,” Banerdt
said. “It’s a bit like taking a CT scan of a planet.”

Mars’ geologic record includes lighter rocks and minerals — which rose from the planet’s
interior to form the martian crust — and heavier rocks and minerals that sank to form the
martian mantle and core. By learning about the layering of these materials, scientists can
explain why some rocky planets turn into an “Earth” rather than a “Mars” or “Venus” — a factor
that is essential to understanding where life can appear in the universe.

Each time a quake happens on Mars, it will give InSight a “snapshot” of the planet’s interior.
The InSight team estimates the spacecraft will see between a couple dozen to several hundred
quakes over the course of the mission. Small meteorites, which pass through the thin martian
atmosphere on a regular basis, will also serve as seismic “snapshots.” According to Banerdt, “It
will be a fuzzy picture at first, but the more quakes we see, the sharper it will get.”

One challenge will be getting a complete look at Mars using only one location. Most
seismology on Earth takes measurements from multiple stations. InSight will have the planet’s
only seismometer, requiring scientists to parse the data in creative ways. “We have to get
clever,” Banerdt said. “We can measure how various waves from the same quake bounce off
things and hit the station at different times.”

InSight won’t be the first NASA mission to do seismology. The Apollo missions included four
seismometers for the Moon. Astronauts exploded mortar rounds to create vibrations, offering
a peek about 100 meters (328 feet) under the surface. They crashed the upper stages of
rockets into the Moon, producing waves that enabled them to probe its crust. They also
detected thousands of genuine moonquakes and meteorite impacts.

The Viking landers attempted to conduct seismology on Mars in the late 1970s. But those
seismometers were located on top of the landers, which swayed in the wind on legs equipped
with shock absorbers. “It was a handicapped experiment,” Banerdt said. “I joke that we didn’t
do seismology on Mars — we did it three feet above Mars.”
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InSight will measure more than seismology. The Doppler shift from a radio signal on the
lander can reveal whether the planet’s core is still molten; a self-burrowing probe is designed
to measure heat from the interior. Wind, pressure, and temperature sensors will allow
scientists to subtract vibrational “noise” caused by weather. Combining all this data will give us
the most complete picture of Mars yet.

For more information, visit https://mars.nasa.gov/insight/.

Mars Curiosity Celebrates Sol 2000

This mosaic taken by NASA’s Mars Curiosity rover looks uphill at Mount Sharp, which Curiosity
has been climbing. Spanning the center of the image is an area with clay-bearing rocks that
scientists are eager to explore. The mosaic was assembled from dozens of images taken by
Curiosity’s Mast Camera (Mastcam) taken on Sol 1931.The scene has been white-balanced so the
colors of the rock materials resemble how they would appear under daytime lighting conditions
on Earth. Credit: NASA/JPL-Caltech/MSSS.

NASA’s Mars Curiosity rover just hit a new milestone: its 2000th martian day (sol) on the Red
Planet. An image mosaic taken by the rover in January offers a preview of what comes next.
Looming over the image is Mount Sharp, the mound Curiosity has been climbing since
September 2014. In the center of the image is the rover’s next big, scientific target: an area
scientists have studied from orbit and have determined contains clay minerals.

The formation of clay minerals requires water. Scientists have already determined that the
lower layers of Mount Sharp formed within lakes that once spanned Gale Crater’s floor. The
area ahead could offer additional insight into the presence of water, how long it may have
persisted, and whether the ancient environment may have been suitable for life.

Curiosity’s science team is eager to analyze rock samples pulled from the clay-bearing rocks
seen in the center of the image. The rover recently started testing its drill again on Mars for
the first time since December 2016. A new process for drilling rock samples and delivering
them to the rover’s onboard laboratories is still being refined in preparation for scientific
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targets like the area with clay minerals.

Curiosity landed in August 2012 and has traveled 18.7 kilometers (11.6 miles) in that time. In
2013, the mission found evidence of an ancient freshwater-lake environment that offered all
the basic chemical ingredients for microbial life. Since reaching Mount Sharp in 2014, Curiosity
has examined environments where both water and wind have left their marks. Having studied
more than 183 vertical meters (600 vertical feet) of rock with signs of lakes and groundwater,
Curiosity’s international science team concluded that habitable conditions lasted for at least
millions of years.

For more information, visit https://mars.nasa.gov/msl/.

Tiny Crystal Shapes Get Close Look from Mars Rover

This exposure of finely laminated bedrock on Mars includes tiny crystal-shaped bumps, 
plus mineral veins with both bright and dark material. This rock target, called “Jura,” 
was imaged by the MAHLI camera on NASA’s Curiosity Mars rover on January 4, 2018, 
during sol 1925 of the mission. Credit: NASA/JPL-Caltech/MSSS.
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Star-shaped and swallowtail-shaped tiny, dark bumps in fine-layered bright bedrock of a 
martian ridge are drawing close inspection by NASA’s Curiosity Mars rover. This set of shapes 
looks familiar to geologists who have studied gypsum crystals formed in drying lakes on Earth, 
but Curiosity’s science team is considering multiple possibilities for the origin of these features 
on “Vera Rubin Ridge” on Mars.

One uncertainty the rover’s inspection may resolve is the timing of when the crystal-shaped 
features formed, relative to when layers of sediment accumulated around them. Another is 
whether the original mineral that crystallized into these shapes remains in them or was 
subsequently dissolved away and replaced by something else. Answers may point to evidence 
of a drying lake or to groundwater that flowed through the sediment after it became 
cemented into rock.

The rover team also is investigating other clues on the same area to learn more about the Red 
Planet’s history. These include stick-shaped features the size of rice grains, mineral veins with 
both bright and dark zones, color variations in the bedrock, smoothly horizontal laminations 
that vary more than tenfold in thickness of individual layers, and more than fourfold variation 
in the iron content of local rock targets examined by the rover. “There’s just a treasure trove of 
interesting targets concentrated in this one area,” said Curiosity Project Scientist Ashwin 
Vasavada of NASA’s Jet Propulsion Laboratory (JPL), Pasadena, California. “Each is a clue, and 
the more clues, the better. It’s going to be fun figuring out what it all means.”

Vera Rubin Ridge stands out as an erosion-resistant band on the north slope of lower Mount 
Sharp inside Gale Crater. It was a planned destination for Curiosity even before the rover’s 
2012 landing on the crater floor near the mountain. The rover began climbing the ridge about 
five months ago and has now reached the uphill, southern edge. Some features here might be 
related to a transition to the next destination area uphill, which is called the “Clay Unit” 
because of clay minerals detected from orbit.

The team drove the rover to a site called “Jura” in mid-January to examine an area where —
even in images from orbit — the bedrock is noticeably pale and gray, compared to the red, 
hematite-bearing bedrock forming most of Vera Rubin Ridge. “These tiny ‘V’ shapes really 
caught our attention, but they were not at all the reason we went to that rock,” said Curiosity 
science team member Abigail Fraeman of JPL. “We were looking at the color change from one 
area to another. We were lucky to see the crystals. They’re so tiny, you don’t see them until 
you’re right on them.”
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The features are about the size of a sesame seed. Some are single elongated crystals.
Commonly, two or more coalesce into V-shaped “swallowtails” or more complex “lark’s foot” or
star configurations. “These shapes are characteristic of gypsum crystals,” said Sanjeev Gupta,
a Curiosity science-team member at Imperial College, London, who has studied such crystals
in rocks of Scotland. Gypsum is a form of calcium sulfate. “These can form when salts become
concentrated in water, such as in an evaporating lake.”

The finely laminated bedrock at Jura is thought to result from lakebed sedimentation, as has
been true in several lower, older geological layers Curiosity has examined. However, an
alternative to the crystals forming in an evaporating lake is that they formed much later from
salty fluids moving through the rock. That is also a type of evidence Curiosity has documented
in multiple geological layers, where subsurface fluids deposited features such as mineral
veins.

Some rock targets examined in the Jura area have two-toned mineral veins that formed after
the lake sediments had hardened into rock. Brighter portions contain calcium sulfate; darker
portions contain more iron. Some of the features shaped like gypsum crystals appear darker
than gypsum, are enriched in iron, or are empty. These are clues that the original crystallizing
material may have been replaced or removed by later effects of underground water.

The small, stick-shaped features were first seen two days before Curiosity reached Jura. All
raw images from Mars rovers are quickly posted online, and some showing the “sticks” drew
news-media attention comparing them to fossils. Among the alternative possibilities is that
they are bits of the dark vein material. Rover science team members have been more excited
about the swallowtails than the sticks.

“So far on this mission, most of the evidence we’ve seen about ancient lakes in Gale Crater has
been for relatively fresh, non-salty water,” Vasavada said. “If we start seeing lakes becoming
saltier with time, that would help us understand how the environment changed in Gale Crater,
and it’s consistent with an overall pattern that water on Mars became more scarce over time.”

Such a change could be like the difference between freshwater mountain lakes, resupplied
often with snowmelt that keeps salts diluted, and salty lakes in deserts, where water
evaporates faster than it is replaced. If the crystals formed inside hardened rock much later,
rather than in an evaporating lake, they offer evidence about the chemistry of a wet
underground environment. “In either scenario, these crystals are a new type of evidence that
builds the story of persistent water and a long-lived habitable environment on Mars,”
Vasavada said.

Variations in iron content in the veins, smaller features, and surrounding bedrock might
provide clues about conditions favorable for microbial life. Iron oxides vary in their solubility
in water, with more-oxidized types generally less likely to be dissolved and transported. An
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environment with a range of oxidation states can provide a battery-like energy gradient 
exploitable by some types of microbes. “In upper Vera Rubin Ridge, we see clues that there 
were fluids carrying iron and, through some mechanism, the iron precipitated out,” Fraeman 
said. “There was a change in fluid chemistry that could be significant for habitability.”

For more about NASA’s Curiosity Mars rover mission, visit https://mars.jpl.nasa.gov/msl .

5000 Days on Mars

NASA’s Mars Exploration Rover Opportunity recorded the dawn of the rover’s 4999th martian
day, or sol, with its Panoramic Camera (Pancam) on February 15, 2018, yielding this processed,
approximately true-color scene. Credit: NASA/JPL.

The Sun rose on NASA’s solar-powered Mars rover Opportunity for the 5000th time on
February 17, sending rays of energy to a golf-cart-sized robotic field geologist that continues to
provide revelations about the Red Planet. “Five thousand sols after the start of our 90-sol
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mission, this amazing rover is still showing us surprises on Mars,” said Opportunity Project 
Manager John Callas, of NASA’s Jet Propulsion Laboratory (JPL), Pasadena, California.

A martian “sol” lasts about 40 minutes longer than an Earth day, and a martian year lasts 
nearly two Earth years. Opportunity’s sol 1 was landing day, January 25, 2004 (that’s in 
Universal Time; it was January 24 in California). The prime mission was planned to last 90 sols. 
NASA did not expect the rover to survive through a martian winter. Sol 5000 began early on 
February 16, Universal Time, with the 4999th dawn a few hours later. Opportunity has worked 
actively right through the lowest-energy months of its eighth martian winter.

From the rover’s perspective on the inside slope of the western rim of Endeavour Crater, the 
milestone sunrise will appear over the basin’s eastern rim, about 22 kilometers (14 miles) 
away. Opportunity has driven over 45 kilometers (28 miles) from its landing site to its current 
location about one-third of the way down “Perseverance Valley,” a shallow channel incised 
from the rim’s crest of the crater’s floor. The rover has returned about 225,000 images, all 
promptly made public online. “We’ve reached lots of milestones, and this is one more,” Callas 
said, “but more important than the numbers are the exploration and the scientific 
discoveries.”

The mission made headlines during its first months with the evidence about groundwater and 
surface water environments on ancient Mars. Opportunity trekked to increasingly larger 
craters to look deeper into Mars and father back into martian history, reaching Endeavour 
Crater in 2011. Researchers are now using the rover to investigate the processes that shaped 
Perseverance Valley.

For more information, visit https://www.nasa.gov/rovers.
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This view from NASA’s Dawn mission shows the floor of Ceres’ Juling Crater. The crater floor
shows evidence of the flow of ice and rock, similar to rock glaciers in Earth’s polar regions. Credit:
NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/ASI/INAF.

NASA Dawn Reveals Recent Changes in Ceres’ Surface

Observations of Ceres have detected recent variations in its surface, revealing that the only 
dwarf planet in the inner solar system is a dynamic body that continues to evolve and change. 
NASA’s Dawn mission has found recently exposed deposits that give us new information on 
the materials in the crust and how they are changing, according to two papers published 
March 14 in Science Advances that document the new findings.

Observations obtained by the visible and infrared mapping spectrometer (VIR) on the Dawn 
spacecraft previously found water ice in a dozen sites on Ceres. The new study revealed the 
abundance of ice on the northern wall of Juling Crater, a crater 20 kilometers (12 miles) in 
diameter. The new observations, conducted from April through October 2016, show an 
increase in the amount of ice on the crater wall.
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“This is the first direct detection of change on the surface of Ceres,” said Andrea Raponi of 
the Institute of Astrophysics and Planetary Science in Rome. Raponi led the new study, 
which found changes in the amount of ice exposed on the dwarf planet. “The combination 
of Ceres moving closer to the Sun in its orbit, along with seasonal change, triggers the 
release of water vapor from the subsurface, which then condenses on the cold crater wall. 
This causes an increase in the amount of exposed ice. The warming might also cause 
landslides on the crater walls that expose fresh ice patches.”

By combining chemical, geological, and geophysical observations, the Dawn mission is 
producing a comprehensive view of Ceres. Previous data had shown Ceres has a crust about 
40 kilometers (25 miles) thick and rich in water, salts, and possibly organics. In a second study, 
VIR observations also reveal new information about the variability of Ceres’ crust, and suggest 
recent surface changes, in the form of newly exposed material.

Dawn previously found carbonates, common on the planet’s surface, that formed within an 
ocean. Sodium carbonates, for example, dominate the bright regions in Occator Crater, and 
material of similar composition has been found at Oxo Crater and Ahuna Mons. This study, 
led by Giacomo Carrozzo of the Institute of Astrophysics and Planetary Science, identified 12 
sites rich in sodium carbonates and examined in detail several areas of a few square miles 
that show where water is present as part of the carbonate structure. The study marks the first 
time hydrated carbonate has been found on the surface of Ceres, or any other planetary body 
besides Earth, giving us new information about the dwarf planet’s chemical evolution.

Water ice is not stable on the surface of Ceres over long time periods unless it is hidden in 
shadows, as in the case of Juling. Similarly, hydrated carbonate would dehydrate, although 
over a longer timescale of a few million years. “This implies that the sites rich in hydrated 
carbonates have been exposed due to recent activity on the surface,” Carrozzo said.

The great diversity of material — ice and carbonates — exposed via impacts, landslides, and 
cryovolcanism suggests Ceres’ crust is not uniform in composition. These heterogeneities 
were either produced during the freezing of Ceres’ original ocean — which formed the crust 
—or later on as a consequence of large impacts or cryovolcanic intrusions.

“Changes in the abundance of water ice on a short timescale, as well as the presence of 
hydrated sodium carbonates, are further evidence that Ceres is a geologically and chemically 
active body,” said Cristina De Sanctis, VIR team leader at the Institute of Astrophysics and 
Planetary Science.

For more information, visit https://dawn.jpl.nasa.gov/mission .
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This composite image, derived from data 
collected by the Jovian Infrared Auroral 
Mapper (JIRAM) instrument onboard NASA’s 
Juno mission to Jupiter, shows the central 
cyclone at the planet’s north pole and the 
eight cyclones that encircle it. Credit: NASA/
JPL-Caltech/SwRI/ASI/INAF/JIRAM.

NASA Juno Finds Jupiter’s Jet-Streams Are Unearthly
Data collected by NASA’s Juno mission to Jupiter indicate that the atmospheric winds of the gas-
giant planet run deep into its atmosphere and last longer than similar atmospheric processes 
found here on Earth. The findings will improve understanding of Jupiter’s interior structure, 
core mass, and, eventually, its origin.

Other Juno science results include that the 
massive cyclones that surround Jupiter’s north 
and south poles are enduring atmospheric 
features and unlike anything else encountered in 
our solar system. The findings are part of a four-
article collection on Juno science results published 
in the March 8 edition of the journal Nature.

“These astonishing science results are yet another 
example of Jupiter’s curve balls, and a testimony 
to the value of exploring the unknown from a new 
perspective with next-generation instruments. 
Juno’s unique orbit and evolutionary high-
precision radio science and infrared technologies 
enabled these paradigm-shifting discoveries,” said 
Scott Bolton, principal investigator of Juno from 
the Southwest Research Institute, San Antonio.
“Juno is only about one-third the way through its 
primary mission, and already we are seeing the 
beginnings of a new Jupiter.”

The depth to which the roots of Jupiter’s famous zones and belts extend has been a mystery 
for decades. Gravity measurements collected by Juno during its close flybys of the planet have 
now provided an answer. “Juno’s measurement of Jupiter’s gravity field indicates a north-south 
asymmetry, similar to the asymmetry observed in its zones and belts,” said Luciano Iess, Juno 
co-investigator from Sapienza University of Rome, and lead author on a Nature paper on 
Jupiter’s gravity field.

On a gas planet, such an asymmetry can only come from flows deep within the planet; and on 
Jupiter, the visible eastward and westward jet streams are likewise asymmetric north and 
south. The deeper the jets, the more mass they contain, leading to a stronger signal expressed 
in the gravity field. Thus, the magnitude of the asymmetry in gravity determines how deep the 
jet streams extend. “Galileo viewed the stripes on Jupiter more than 400 years ago,” said Yohai 
Kaspi, Juno co-investigator from the Weizmann Institute of Science, Rehovot, Israel, and lead 
author of a Nature paper on Jupiter’s deep weather layer. “Until now, we only had a superficial 
understanding of them and have been able to relate these stripes to cloud features along
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Jupiter’s jets. Now, following the Juno gravity measurements, we know how deep the jets
extend and what their structure is beneath the visible clouds. It’s like going from a two-
dimensional picture to a three-dimensional version in high definition.”

The result was a surprise for the Juno science team because it indicated that the weather
layer of Jupiter was more massive, extending much deeper than previously expected. The
jovian weather layer, from its very top to a depth of 3000 kilometers (1900 miles), contains
about 1% of Jupiter’s mass (about 3 Earth masses). “By contrast, Earth’s atmosphere is less
than one-millionth of the total mass of Earth,” said Kaspi “The fact that Jupiter has such a
massive region rotating in separate east-west bands is definitely a surprise.” The finding is
important for understanding the nature and possible mechanisms driving these strong jet
streams. In addition, the gravity signature of the jets is entangled with the gravity signal of
Jupiter’s core.

Another Juno result suggests that beneath the weather layer, the planet rotates nearly as a
rigid body. “This is really an amazing result, and future measurements by Juno will help us
understand how the transition works between the weather layer and the rigid body below,”
said Tristan Guillot, a Juno co-investigator from the Université Côte d’Azur, Nice, France, and
lead author of the paper on Jupiter’s deep interior. “Juno’s discovery has implications for other
worlds in our solar system and beyond. Our results imply that the outer differentially rotating
region should be at least three times deeper in Saturn and shallower in massive giant planets
and brown dwarf stars.”

A truly striking result released in the Nature papers is the beautiful new imagery of Jupiter’s
poles captured by Juno’s Jovian Infrared Auroral Mapper (JIRAM) instrument. Imaging in the
infrared part of the spectrum, JIRAM captures images of light emerging from deep inside
Jupiter equally well, night or day. JIRAM probes the weather layer down to 50 to 70 kilometers
(30 to 45 miles) below Jupiter’s cloud tops. “Prior to Juno we did not know what the weather
was like near Jupiter’s poles. Now, we have been able to observe the polar weather up close
every two months,” said Alberto Adriani, Juno co-investigator from the Institute for Space
Astrophysics and Planetology, Rome, and lead author of the paper. “Each one of the northern
cyclones is almost as wide as the distance between Naples, Italy, and New York City — and the
southern ones are even larger than that. They have very violent winds, reaching, in some
cases, speeds as great as 350 kilometers per hour [220 miles per hour]. Finally, and perhaps
most remarkably, they are very close together and enduring. There is nothing else like it that
we know of in the solar system.”

Jupiter’s poles are a stark contrast to the more familiar orange and white belts and zones
encircling the planet at lower latitudes. Its north pole is dominated by a central cyclone
surrounded by eight circumpolar cyclones with diameters ranging from 4000 to
4600 kilometers (2500 to 2900 miles) across. Jupiter’s south pole also contains a central
cyclone, but it is surrounded by five cyclones with diameters ranging from 5600 to
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7000 kilometers (3500 to 4300 miles) in diameter. Almost all the polar cyclones, at both poles, 
are so densely packed that their spiral arms come in contact with adjacent cyclones. However, 
as tightly spaced as the cyclones are, they have remained distinct, with individual 
morphologies over the seven months of observations detailed in the paper.

“The question is, why do they not merge?” said Adriani. “We know with Cassini data that 
Saturn has a single cyclonic vortex at each pole. We are beginning to realize that not all gas 
giants are created equal.”

To date, Juno has completed 10 science passes over Jupiter and logged almost 200 million 
kilometers (122 million miles) since entering Jupiter’s orbit on July 4, 2016. Juno’s eleventh 
science pass was on April 1.

For more information, visit https://www.missionjuno.swri.edu/ .
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Illustration of NASA’s James Webb Space Telescope. Credit: NASA.

NASA’s James Webb Space Telescope is currently undergoing final integration and test phases
that will require more time to ensure a successful mission. After an independent assessment
of remaining tasks for the highly complex space observatory, Webb’s previously revised 2019
launch window now is targeted for approximately May 2020.

“Webb is the highest priority project for the agency’s Science Mission Directorate, and the
largest international space science project in U.S. history. All the observatory’s flight hardware
is now complete; however, the issues brought to light with the spacecraft element are
prompting us to take the necessary steps to refocus our efforts on the completion of this
ambitious and complex observatory,” said acting NASA Administrator Robert Lightfoot.

NASA’s Webb Observatory Requires More Time for Testing 
and Evaluation; New Launch Window Under Review
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Testing the hardware on the observatory’s telescope element and spacecraft element
demonstrate that these systems individually meet their requirements. However, recent
findings from the project’s Standing Review Board (SRB) indicate more time is needed to test
and integrate these components together and then perform environmental testing at
Northrop Grumman Aerospace Systems in Redondo Beach, California, the project’s
observatory contractor.

NASA is establishing an external Independent Review Board (IRB), chaired by Thomas Young, a
highly respected NASA and industry veteran who is often called on to chair advisory
committees and analyze organizational and technical issues. The IRB findings, which will
complement the SRB data, are expected to bolster confidence in NASA’s approach to
completing the final integration and test phase of the mission, the launch campaign,
commissioning, as well as the entire deployment sequence. Both boards’ findings and
recommendations, as well as the project’s input, will be considered by NASA as it defines a
more specific launch timeframe. NASA will then provide its assessment in a report to Congress
this summer.

NASA will work with its partner, the European Space Agency (ESA), on a new launch readiness
date for the Ariane 5 vehicle that will launch Webb into space. Once a new launch readiness
date is determined, NASA will provide a cost estimate that may exceed the projected $8 billion
development cost to complete the final phase of testing and prepare for launch. Additional
steps to address project challenges include increasing NASA engineering oversight, personnel
changes, and new management reporting structures.

This is a pivotal year for Webb when the 6.5-meter (21-foot) telescope and science payload
element will be joined with the spacecraft element to form the complete observatory. The
spacecraft element consists of the tennis-court-sized sunshield, designed by Northrop
Grumman, and the spacecraft bus, which houses the flight avionics, power system, and solar
panels. Because of Webb’s large size, engineers had to design components that fold origami-
style into the Ariane 5 rocket’s fairing configuration.

Webb has already completed an extensive range of tests to ensure it will safely reach its orbit
at nearly 1.6 million kilometers (1 million miles) from Earth and perform its science mission. As
with all NASA projects, rigorous testing takes time, increasing the likelihood of mission
success.

“Considering the investment NASA and our international partners have made, we want to
proceed systematically through these last tests, with the additional time necessary, to be
ready for a May 2020 launch,” said Thomas Zurbuchen, associate administrator for NASA’s
Science Mission Directorate.

After the successful test performance of Webb’s telescope and science payload in 2017 at
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NASA’s Johnson Space Flight Center in Houston, the telescope element was delivered to
Northrop Grumman earlier this year. Both halves of the 6075-kilogram (13,500-pound)
observatory are now together in the same facility for the first time.

The spacecraft element will next undergo environmental testing, subjecting it to the
vibrational, acoustic, and thermal environments it will experience during its launch and
operations. These tests will take a few months to complete. Engineers then will integrate and
test the fully assembled observatory and verify all components work together properly.

Webb is an international project led by NASA with its partners, ESA and the Canadian Space
Agency. ESA is providing the Ariane 5 as part of its scientific collaboration with NASA. The
James Webb Space Telescope will be the world’s premier infrared space observatory and the
biggest astronomical space science telescope ever built, complementing the scientific
discoveries of NASA’s Hubble Space Telescope and other science missions. Webb will solve
mysteries of our solar system, look beyond to distant worlds around other stars, and probe
the mysterious structures and origins of our universe and our place in it.

For more information, visit https://www.nasa.gov/webb.

NASA Finds a Large Amount of Water in an Exoplanet’s
Atmosphere
Much like detectives
who study fingerprints
to identify the culprit,
scientists used NASA’s
Hubble and Spitzer
space telescopes to
find the “fingerprints”
of water in the
atmosphere of a hot,
bloated, Saturn-mass
exoplanet some
700 light-years away.
And, they found a lot
of water. In fact, the
planet, known as
WASP-39b, has three
times as much water
as Saturn does.

Although no planet
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Using Hubble and Spitzer space telescopes, scientists studied the “hot
Saturn” called WASP-39b — a hot, bloated, Saturn-mass exoplanet
located about 700 light-years from Earth. By dissecting starlight
filtering through the planet’s atmosphere into its component colors,
the team found clear evidence that WASP-39b has three times as
much water as Saturn. Credit: NASA, ESA, G. Bacon and A. Feild
(STScI), and H. Wakeford (STScI/Univ. of Exeter).

like this resides in our
solar system, WASP-
39b can provide new
insights into how and
where planets form
around a star, say
researchers. This
exoplanet is so unique,
it underscores the fact
that the more astronomers learn about the complexity of other worlds, the more there is to
learn about their origins. This latest observation is a significant step toward characterizing
these worlds.

Although the researchers predicted they’d see water, they were surprised by how much water
they found in this “hot Saturn.” Because WASP-39b has so much more water than our
famously ringed neighbor, it must have formed differently. The amount of water suggests that
the planet actually developed far away from the star, where it was bombarded by a lot of icy
material. WASP-39b likely had an interesting evolutionary history as it migrated in, taking an
epic journey across its planetary system and perhaps obliterating planetary objects in its path.

“We need to look outward so we can understand our own solar system,” explained lead
investigator Hannah Wakeford of the Space Telescope Science Institute in Baltimore, and the
University of Exeter in Devon, United Kingdom. “But exoplanets are showing us that planet
formation is more complicated and more confusing than we thought it was. And that’s
fantastic!”

Wakeford and her team were able to analyze the atmospheric components of this exoplanet,
which is similar in mass to Saturn but profoundly different in many other ways. By dissecting
starlight filtering through the planet’s atmosphere into its component colors, the team found
clear evidence for water. This water is detected as vapor in the atmosphere.

Using Hubble and Spitzer, the team has captured the most complete spectrum of an
exoplanet’s atmosphere possible with present-day technology. “This spectrum is thus far the
most beautiful example we have of what a clear exoplanet atmosphere looks like,” said
Wakeford.

“WASP-39b shows exoplanets can have much different compositions than those of our solar
system,” said co-author David Sing of the University of Exeter. “Hopefully, this diversity we see
in exoplanets will give us clues in figuring out all the different ways a planet can form and
evolve.”

Located in the constellation Virgo, WASP-39b whips around a quiet, Sun-like star, called WASP-
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Hot exoplanet. Credit: ESA.

39, once every four days. The exoplanet is currently positioned more than 20 times closer to
its star than Earth is to the Sun. It is tidally locked, meaning it always shows the same face to
its star.

Its dayside temperature is a scorching 776.7°C (1430°F). Powerful winds transport heat from
the dayside around the planet, keeping the permanent nightside almost as hot. Although it is
called a “hot Saturn,” WASP-39b is not known to have rings. Instead, is has a puffy atmosphere
that is free of high-altitude clouds, allowing Wakeford and her team to peer down into its
depths.

Looking ahead, Wakeford hopes to use NASA’s James Webb Space Telescope — scheduled to
launch in 2020 — to get an even more complete spectrum of the exoplanet. Webb will be able
to give information about the planet’s atmospheric carbon, which absorbs light at longer
infrared wavelengths than Hubble can see. By understanding the amount of carbon and
oxygen in the atmosphere, scientists can learn even more about where and how this planet
formed.

For more information, visit https://exoplanets.nasa.gov/.

ESA’s Next Science Mission to Focus on Nature of
Exoplanets
The nature of planets orbiting stars in other systems will be the
focus for ESA’s fourth medium-class science mission, to be
launched in mid 2028. Ariel, the Atmospheric Remote‐sensing
Infrared Exoplanet Large‐survey mission, was selected by ESA
today as part of its Cosmic Vision plan. The mission addresses
one of the key themes of Cosmic Vision: What are the
conditions for planet formation and the emergence of life?

Thousands of exoplanets have already been discovered with a huge range of masses, sizes,
and orbits, but there is no apparent pattern linking these characteristics to the nature of the
parent star. In particular, there is a gap in our knowledge of how the planet’s chemistry is
linked to the environment where it formed, or whether the type of host star drives the physics
and chemistry of the planet’s evolution.

Ariel will address fundamental questions on what exoplanets are made of and how planetary
systems form and evolve by investigating the atmospheres of hundreds of planets orbiting
different types of stars, enabling the diversity of properties of both individual planets as well
as within populations to be assessed. Observations of these worlds will give insights into the
early stages of planetary and atmospheric formation, and their subsequent evolution, in turn
contributing to put our own solar system in context.
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“Ariel is a logical next step in exoplanet science, allowing us to progress on key science
questions regarding their formation and evolution, while also helping us to understand Earth’s
place in the universe,” says Günther Hasinger, ESA Director of Science. “Ariel will allow
European scientists to maintain competitiveness in this dynamic field. It will build on the
experiences and knowledge gained from previous exoplanet missions.”

The mission will focus on warm and hot planets, ranging from super-Earths to gas giants
orbiting close to their parent stars, taking advantage of their well-mixed atmospheres to
decipher their bulk composition. Ariel will measure the chemical fingerprints of the
atmospheres as the planet crosses in front of its host star, observing the amount of dimming
at a precision level of 10–100 parts per million relative to the star. As well as detecting signs of
well-known ingredients such as water vapor, carbon dioxide, and methane, it will also be able
to measure more exotic metallic compounds, putting the planet in context of the chemical
environment of the host star.

For a select number of planets, Ariel will also perform a deep survey of their cloud systems
and study seasonal and daily atmospheric variations. Ariel’s meter-class telescope will operate
at visible and infrared wavelengths. It will be launched on ESA’s new Ariane 6 rocket from
Europe’s spaceport in Kourou in mid 2028. It will operate from an orbit around the second
Lagrange point, L2, 1.5 million kilometers (about 932,000 miles) directly “behind” Earth as
viewed from the Sun, on an initial four-year mission.

Following its selection by ESA’s Science Programme Committee, the mission will continue into
another round of detailed mission study to define the satellite’s design. This would lead to the
“adoption” of the mission —– presently planned for 2020 — following which an industrial
contractor will be selected to build it.

Ariel was chosen from three candidates, competing against the space plasma physics mission
Thor (Turbulence Heating ObserveR) and the high-energy astrophysics mission Xipe (X-ray
Imaging Polarimetry Explorer).

For more information, visit http://sci.esa.int/cosmic-vision/.

Donor Star Breathes Life Into Zombie Companion
The European Space Agency’s (ESA) INTErnational Gamma-Ray Astrophysics Laboratory
(Integral) space observatory has witnessed a rare event: the moment that winds emitted by a
swollen red giant star revived its slow-spinning companion, the core of a dead star, bringing it
back to life in a flash of X-rays. The X-ray flare was first detected by Integral on August 13,
2017, from an unknown source in the direction of the crowded center of our Milky Way. The
sudden detection triggered a slew of follow-up observations in the following weeks to pin
down the culprit. The observations revealed a strongly magnetized and slowly rotating
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Red giant and neutron star interaction. Credit:
ESA.

neutron star that had likely just begun to 
feed on material from a neighboring red 
giant star.

Stars the mass of our Sun, and up to 
eight times more massive, evolve into 
red giants toward the end of their lives. 
Their outer layers puff up and expand 
millions of kilometers, their dusty, gassy 
shells blown away from the central star 
in relatively slow winds up to a few 
hundreds of kilometers (or miles) per 
second.

Even larger stars, up to 25–30 times more massive than the Sun, race through their fuel and 
explode in a supernova, sometimes leaving behind a spinning stellar corpse with a strong 
magnetic field, known as a neutron star. This tiny core packs the mass of nearly 1.5 Suns into a 
sphere only 10 kilometers (6 miles) across, making them some of the densest celestial objects 
known.

It is not uncommon to find stars paired together, but the new system of a neutron star and red 
giant is a particularly rare breed known as a “symbiotic X-ray binary,” with no more than 10 
known.

“Integral caught a unique moment in the birth of a rare binary system,” says Enrico Bozzo from 
University of Geneva and lead author of the paper in Astronomy and Astrophysics that describes 
the discovery. “The red giant released a sufficiently dense slow wind to feed its neutron star 
companion, giving rise to high-energy emission from the dead stellar core for the first time.”

The pairing is certainly peculiar. ESA’s XMM-Newton and NASA’s NuSTAR space telescopes 
showed that the neutron star spins almost every two hours — very slow compared with other 
neutron stars, which can spin up to many times per second. Then, the first measurement of 
the magnetic field of such a neutron star revealed it to be surprisingly strong.

A strong magnetic field typically points to a young neutron star — the magnetic field is thought 
to fade over time — while a red giant is much older, making it a bizarre couple to have grown 
up together.

“These objects are puzzling,” says Enrico. “It might be that either the neutron star magnetic 
field does not decay substantially with time after all, or the neutron star actually formed later 
in the history of the binary system. That would mean it collapsed from a white dwarf into a
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neutron star as a result of feeding off the red giant over a long time, rather than becoming a
neutron star as a result of a more traditional supernova explosion of a short-lived massive
star.”

With a young neutron star and an old red giant, at some point the winds traveling from the
puffed-up giant will begin to rain on to the smaller star, slowing its spin and emitting X-rays.

“We haven’t seen this object before in the past 15 years of our observations with Integral, so
we believe we saw the X-rays turning on for the first time,” says Erik Kuulkers, ESA’s Integral
project scientist. “We’ll continue to watch how it behaves in case it is just a long ‘burp’ of winds,
but so far we haven’t seen any significant changes.”

For more information, visit http://sci.esa.int/integral/.

Issue 152 42 of 86 April 2018

Copyright 2018 Lunar and Planetary Institute



The Lunar and Planetary Institute’s 50th Anniversary
Science Symposium

Commemorating 50 Years of Planetary Science at the
Lunar and Planetary Institute

The Lunar and Planetary Institute (LPI),
established in 1968, is devoted to the study of the
formation of the solar system, its evolution into
the dynamic planetary system we have today, and
the potential for life elsewhere.

To commemorate the LPI’s 50th anniversary, a
one-day science symposium was held on March
17, 2018, in the Lecture Hall of the Universities

Space Research Association building in Houston, Texas. The symposium program was
organized starting with the inner planets extending to the outer solar system and beyond. The
talks were presented by leaders in the planetary science community many of whom were
former LPI scientists and interns.

The first featured presentation we wish to highlight is from Jim Green, Planetary Science
Division Director, entitled Overview: Fifty Years of Solar System Exploration. The presentation
slides can be viewed here.
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Meeting Highlights

49th Lunar and Planetary Science Conference

March 19-23, 2018
The Woodlands, Texas

The 49th
Lunar and
Planetary
Science
Conference
(LPSC) was
held in March
at The
Woodlands
Waterway
Marriott Hotel
and
Convention
Center in The
Woodlands, Texas, and was co-chaired by Louise Prockter of the Lunar and Planetary Institute
and Eileen Stansbery of the NASA Johnson Space Center. Attendance was high, with 1789
attendees from 33 countries. Submitted abstract numbers were also high, with 2012 abstracts
submitted from 44 countries. LPSC continues to be accessible and important to young
scientists, with student participation at more than 32% of total attendance. Meeting
organization was provided by the Lunar and Planetary Institute (LPI).

LPSC began with Sunday evening registration and a very successful welcome event, which
gave participants an opportunity to connect with friends and colleagues. Beginning on
Monday morning, the conference featured four-and-a-half days of sessions, including such
topics as the Cassini mission, meteorites, early Mars, lunar chronology, planetary volcanism,
tectonics, terrestrial impact cratering, and many more. The complete program and abstracts
are available at https://www.hou.usra.edu/meetings/lpsc2018/program/.

The plenary session on Monday afternoon featured the Masursky Lecture, “Cassini’s Amazing
Discoveries,” by Dr. Linda Spilker of the Jet Propulsion Laboratory. The winners of the 2017
Dwornik Awards, the 2018 LPI Career Development Awards, and the 2018 Pierazzo
International Student Travel Award were also recognized. During the Monday evening NASA
Headquarters Briefing, representatives from the Planetary Science Division of NASA’s Science
Mission Directorate addressed meeting attendees.
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Fun at the green screen!

Poster sessions held on Tuesday and 
Thursday evening included the same 
topics covered in the oral sessions, as 
well as topics in education and public 
outreach. The poster sessions offered 
an opportunity for participants to 
network and share science. Other 
networking opportunities included 
technology demonstrations of LPI’s 
virtual reality, augmented reality, 
and the green screen.

In addition to the oral sessions, 
there were many peripheral 
meetings and activities held during 

Dr. Linda Spilker presented this year’s Masursky 
Lecture.

the week, including an educational
engagement opportunity (Planetary
Science Palooza), a workshop highlighting Planetary Science Deep Space SmallSat Studies, a 
workshop on planetary image analysis with ArcGIS, and a panel discussion honoring the 
45th Anniversary of Apollo 17.

Once again, the conference engaged LPSC Microbloggers to use social media to provide real-
time coverage of the science presented during the sessions. Combined with a Twitter feed 
on the meeting website, this coverage allowed participants to know what was going on in the 
sessions they were unable to attend and also provided information for those in other parts 
of the world who were not able to make it to the meeting.

 Plans are already underway for the 50th LPSC, which is scheduled
for March 2019. Details will be made available on the meeting
website soon.
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As part of the effort to explore the utilization of the Lunar Orbital Platform-Gateway, NASA 
invited scientists and engineers to an agency workshop in Denver, Colorado, February 27–
March 1, 2018, which was supported by the Lunar and Planetary Institute and All Points 
Logistics. Participants had a kick-off discussion on how the gateway could be used to enable 
science near the Moon. NASA received more than 190 abstracts, with topics covering human 
health and performance, Earth observation, astrophysics, heliophysics, and lunar and 
planetary science.

The goals of the workshop were to (1) engage the scientific community, (2) discuss different 
scientific investigations that could leverage the gateway’s location and infrastructure, and
(3) discuss what resources the identified scientific investigations would need.

After a set of introductory briefings about specific plans for the gateway, lessons learned from 
the International Space Station, and international perspectives, participants broke into five 
parallel sessions organized according to science discipline: Heliophysics, Earth Science, 
Astrophysics and Fundamental Physics, Lunar and Planetary Science, and Life Sciences and 
Space Biology. These parallel sessions consisted of a mixture of presentations and discussion 
periods. They were followed by a series of crosscutting sessions that discussed potential 
gateway capabilities needed to support external instrumentation, internal instrumentation, 
sample investigations, telerobotic operations, and infrastructure.

The gateway is the next step in human exploration of the solar system and is anticipated to 
support multiple NASA, commercial, and international partner objectives in cislunar space and 
beyond. It will consist of a power and propulsion element and habitation, airlock, and logistics 
capabilities. NASA is targeting launch the power and propulsion element in 2022. Crew are 
expected to visit the gateway once per year.

Deep Space Gateway Concept Science Workshop
February 27–March 1, 2018
Denver, Colorado
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The workshop provided NASA’s human spaceflight team with a basic understanding of the 
science that could be conducted from the vantage point of lunar orbit, and the potential 
spacecraft resources that would be required. The agency is reviewing the workshop 
findings, and has published an article on NASA.gov with additional details.

For more information, and to view the program and abstracts, visit the workshop website 
at https://www.hou.usra.edu/meetings/deepspace2018/  .

2017 Annual Meeting of the Lunar Exploration Analysis 
Group: Science Enabled by Getting to the Surface

October 9–11, 2017
Columbia, Maryland

The 2017 meeting of the Lunar Exploration Analysis Group (LEAG) was held at USRA 
Headquarters in Columbia, Maryland, on October 9–11. This was the most well-attended 
annual meeting since 2005, with 216 registrants and 182 actual attendees.

The meeting started with community updates from NASA, the European Space Agency (ESA), 
the Japan Aerospace Exploration Agency (JAXA), and the China National Space Administration 
(CNSA), as well as a presentation from the Space Resources Roundtable regarding in situ 
resource utilization activities. There was also a presentation that clarified how the Moon is 
classified in terms of planetary protection. This was important given the commercial interest in 
getting to the lunar surface. There then followed sessions regarding ongoing and proposed 
lunar missions, science-exploration-commercial synergies, resources and the lunar economy, 
and sample return and surface activities. Talks were a mixture of science and engineering and 
were given by people from academia, government agencies, and commercial entities.
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The final part of the meeting was spent developing community findings (see
https://www.hou.usra.edu/meetings/leag2017/Meeting-Findings.pdf) that focused on enabling 
the cislunar economy, resource prospecting, future missions, involvement in commercial lunar 
missions, and preparing for the next planetary decadal survey. The overall mood of the meeting 
was positive and optimistic for the future of lunar science and exploration. We look forward to 
the 2018 LEAG meeting, which will be held in November.

For more information, including links to the program and abstracts, visit the meeting website at 
https://www.hou.usra.edu/meetings/leag2017/ .
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Spotlight on Education

Upcoming Public Event Opportunities
Upcoming opportunities exist for public engagement around the broader topics of NASA
planetary exploration.  Consider getting in touch with 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. Tips for scientists in conducting public
engagement are at www.lpi.usra.edu/education/scientist-engagement.

Mars InSight Launch, 05 May 2018

InSight is scheduled to launch on May 5 from Vandenberg Air Force Base in
California. The InSight mission seeks to uncover how a rocky body forms and
evolves to become a planet by investigating the interior structure and
composition of Mars. The mission will also determine the rate of Martian 
tectonic activity and meteorite impacts. For more info, please visit 
mars.nasa.gov/insight.

Oppositions Galore!

Planetary oppositions provide opportunities for great telescopic viewing. In 2018, the
oppositions of   Mars, Jupiter and Saturn will make great telescopic targets for night owls:

 Jupiter at Opposition, 08 May 2018, at 3:00 a.m. Central Daylight Time

 https://in-the-sky.org/news.php?id=20180509_12_100

 Saturn at Opposition, 27 June 2018, shortly after midnight Central Daylight Time

 https://in-the-sky.org/news.php?id=20180627_12_100

 Mars at Opposition, 27 July 2018, 10:00 p.m. Central Daylight Time

 https://in-the-sky.org/news.php?id=20180727_12_100

Perseid Meteor Shower, 12-13 August 2018

The 2018 Perseid meteor shower will peak the night of August 12/13. The Perseids meteors
are made up of pieces from comet Swift-Tuttle and appear to originate from the constellation
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Perseus, hence their name. Learn more about the Perseids at
https://solarsystem.nasa.gov/small-bodies/meteors-and-    meteorites/perseids/in-depth/

OSIRIS-REx Begins Approach Phase to Asteroid Bennu, 17 August 2018

OSIRIS-REx will see Bennu for the first time from a distance of approximately two million
kilometers and Science Operations will officially begin. Learn more
at  https://www.asteroidmission.org.

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. The LPI
conducts scientist workshops to provide insight on meeting audience needs and has placed a
variety of recommendations online. https://www.lpi.usra.edu/education/scientist-engagement

ASP Annual Meeting: Advancing Astronomy for All
September 10 – 13, 2018

The ASP’s 130th Annual Meeting is a broad science education/outreach
conference featuring plenary talks/panels, contributed workshops/sessions, and
oral/poster presentations addressing a wide range of professional work,
research, and evaluation in education, communication, and diversity in science.
Visit www.astrosociety.org/about-us/asp-annual-meetings/asp-2018-annual-

meeting for more information.

American Astronomical Society Education Prize
aas.org/grants-and-prizes/prize-nominations

The AAS Education Prize is to recognize outstanding contributions to the education of the
public, students and/or the next generation of professional astronomers.  Nominations and
letters of support for the AAS prizes for 2018 must arrive in the Secretary’s office by 30 June
2018.

NASA Postdoctoral Program Fellowships
npp.usra.edu
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The NASA Postdoctoral Program, or NPP, supports NASA’s goal to
expand scientific understanding of the Earth and the universe in which
we live. Selected by a competitive peer-review process, NPP fellows
complete one- to three-year fellowships that offer scientists and
engineers unique opportunities to conduct research in fields of science
relevant to NASA.  These opportunities advance NASA’s missions in
earth science, heliophysics, planetary science, astrophysics, space
bioscience, aeronautics and engineering, human exploration and

space operations, and astrobiology. Opportunities are available at NASA centers and other
NASA-approved sites. Interested applicants may apply by one of three annual application
deadlines: March 1, July 1 and November 1.
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In Memoriam

Kevin Burke, 1929–2018

Kevin Charles Antony Burke, 88, of
Rockport, Massachusetts, passed
away peacefully on March 21, 2018.
An award-winning geologist, Burke
was considered by many to be a
leading expert in the application of
plate tectonics to continental
geology. He served as Director of the
Lunar and Planetary Institute (LPI)
from 1982 to 1988.

Burke was born on November 13,
1929, in London, England, but
became a naturalized U.S. citizen in
1979. He attended University College
in London, where he received his
bachelor’s degree in science with a
specialization in geology in 1951,
then went on to earn his Ph.D. from
the University of London in 1953.

The concepts of continental drift and
plate tectonics may seem like elementary science these days, but in the 1960s, very few
geologists had sufficient knowledge of the broad view of the geological behavior of our planet
to be able to fully grasp the significance of plate tectonics. While the theory that Earth’s crust
is made up of a few massive plates helped explain earthquakes, volcanic activity, mountain
ranges, and the movement of continents, most geologists at the time rejected this theory.
Burke’s almost-encyclopedic knowledge of Earth’s geologic behavior, combined with his
critical, rational approach to the question of what it should be like, propelled him to the
forefront of a paradigm shift in the field, leading him to be recognized as one of the foremost
experts in the field of plate tectonic theory. He was also one of the first to write about how the
collision of the Indian and Asian plates created the Himalayas.

Because the plates move at roughly the rate fingernails grow — approximately 4 centimeters
(1.6 inches) per year — Burke’s research took him hundreds of millions of years into the past
to understand how plate movements reshaped continents and formed new seas and oceans.
Plate tectonics also explained continental drift and how Africa and South America seemed to
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fit together like a puzzle, outdating previous theories along the way. Burke later extended his
work to the exploration of similar geological processes on other planets, from triple-junction
rifting and detachment surfaces near the Pele volcano on Io, to a possible comparison
between circular structures in China and areas on northern Venus.

In addition to the LPI, Burke’s professional affiliations included the University of Gold Coast,
Africa (1953–1956); the Geological Survey of Ireland (1956–1960); the University of West Indies,
Kingston, Jamaica (1961–1965); the University of Ibadan, Nigeria (1965–1971); the University of
Toronto (1972–1973); and the State University of New York at Albany (1973–1982). In 1983,
Burke became a Professor of Geology at the University of Houston, where he remained until
his retirement. Burke was a member of the Geological Society of London, the Geological
Society of America, the American Geophysical Union, the American Association of Petroleum
Geologists, the Nigerian Mining Geological and Metallurgical Society, the Nigerian Association
of Petroleum Explorationists, and the Houston Geological Society.

In 2007, Burke was given the Penrose Medal by the Geological Society of America, awarded in
recognition of his pioneering research in geology, joining the ranks of colleagues he had long
admired. “I know you’re kind of expected to say you’re overwhelmed, but it’s true,” Burke said
in an interview given at the time. “People I think very highly of have won this award.” In
addition to the Penrose Medal, Burke’s other awards included being an Elected Fellow of the
Geological Society of America, an Elected Fellow of the American Association for the
Advancement of Science, and receiving the Career Contribution Award from the Geological
Society of America.

We celebrate the life and legacy of one of the greatest geologists of our time, and recognize
the tremendous contributions he made. Those of us who were privileged to serve under his
directorship at the LPI remember him fondly, and it is our privilege to offer this tribute to a
true giant in the field.

— Renée Dotson, Lunar and Planetary Institute
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John Young, 1930–
2018
John Young, NASA’s 
longest-serving astronaut, 
who flew in space six 
times, walked on the 
Moon, commanded the 
first space shuttle, and 
became the conscience of 
the astronaut corps, 
advocating for safety 
reforms in the wake of the 
1986 Challenger disaster, 
died following 
complications from 
pneumonia on January 5, 
2018, at his home in 
Houston. He was 87.

John Watts Young was born on September 24, 1930, in San Francisco, California. When he was 
18 months old, Young’s parents moved, first to Georgia and then Orlando, Florida, where he 
attended elementary and high school. Young earned his bachelor of science degree in 
aeronautical engineering from the Georgia Institute of Technology in 1952. After graduation, 
he entered the U.S. Navy, serving on the destroyer USS Laws in the Korean War and then 
entering flight training before being assigned to a fighter squadron for four years.

Young graduated from the U.S. Navy Test Pilot School in 1959 and served at the Naval Air Test 
Center at Naval Air Station Patuxent River in Maryland, where he evaluated Crusader and 
Phantom fighter weapons systems. In 1962, he set world time-to-climb records to 3000- and 
25,000-meter (82,021- and 9,843-feet) altitudes in the F-4 Phantom. Young retired from the 
U.S. Navy with the rank of captain in 1976. Over the course of his flying career, he logged
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more than 15,275 hours in props, jets, helicopters, and rocket jets, including more than
9200 hours in NASA’s T-38 astronaut training jets.

Selected alongside Neil Armstrong and Jim Lovell with NASA’s second group of astronauts in
1962, Young flew two Gemini missions, two Apollo missions, and two space shuttle missions.
He was one of only three astronauts to launch to the Moon twice and was the ninth person to
set foot on the lunar surface. In total, Young logged 34 days, 19 hours, and 39 minutes flying in
space, including 20 hours and 14 minutes walking on the Moon.

Young made the first of his six missions as the pilot on the maiden flight of Gemini, NASA’s
two-seater spacecraft. Flying with original Mercury astronaut Virgil “Gus” Grissom, Young
launched on the nearly five-hour Gemini 3 mission on March 23, 1965, putting the new vehicle
through its paces while also taking a bite or two from a later infamous corned beef sandwich
that he smuggled onboard the flight. Young commanded his second spaceflight, Gemini 10, in
July 1966. The three-day mission climbed to more than 760 kilometers (400 miles) above Earth
to measure the risk posed by radiation, conducted the program’s first double rendezvous with
two Agena target vehicles, and included two spacewalks by pilot Michael Collins.

On the Apollo 10 mission in May 1969, Young became the first person to orbit the Moon
alone. During the flight, which was a full-up dress rehearsal for the first lunar landing two
months later, Young remained onboard the command module “Charlie Brown” while his
crewmates, Thomas Stafford and Eugene Cernan, flew “Snoopy,” the Apollo 10 lunar module,
to within 14 kilometers (47,000 feet) of the Moon’s surface. On their return to Earth, Young,
Stafford, and Cernan set a record for the highest speed achieved by astronauts onboard a
spacecraft: 39,897 kilometers per hour (24,791 miles per hour).

Young got his chance to walk on the Moon in April 1972, as commander of Apollo 16, the fifth
and penultimate Apollo lunar landing. Young and Charles Duke landed the “Orion” lunar
module in the Descartes highlands for a nearly three-day stay. “There you are, mysterious and
unknown Descartes highland plains,” described Young, as he took his first steps on the Moon.
Exhibiting his dry wit, Young then compared his situation to a Joel Chandler Harris story,
adapted for the Disney movie “Song of the South,” to express how fortunate he felt to be on
the moon. “I’m sure glad they got ol’ Br’er Rabbit here,” he remarked, “back in the briar patch
where he belongs.”

Over the course of three excursions across the boulder-strewn surface, Young and Duke
explored more than 26 kilometers (16 miles), becoming the second crew to drive a lunar
rover. As they went, they collected 96 kilograms (211 pounds) of Moon rocks and lunar soil,
which they brought back to Earth with Apollo 16 command module pilot Thomas “Ken”
Mattingly. During their first moonwalk, Young and Duke received word from Mission Control
that the U.S. Congress had approved the funding to develop the space shuttle. “The country
needs that shuttle mighty bad,” Young said in response. “You’ll see.”
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Although he had no way of knowing it at the time, Young would next make history
commanding the first flight of the space shuttle nine years later, almost to the day. Young and
Robert Crippen launched on space shuttle Columbia on April 12, 1981. Because of the way the
orbiter had been designed, it could not be tested in space without a crew. For two days and
six hours, Young and Crippen tested Columbia’s systems before returning to Earth like no
other orbital spacecraft had done before — with wings, gliding to a touchdown on the dry lake
bed at Edwards Air Force Base in southern California.

Young’s then-record sixth space mission returned him to the commander’s seat on board
Columbia for the orbiter’s sixth mission in November 1983. This time, Young led a crew of five,
including the first international astronaut to fly on the shuttle, Ulf Merbold of the European
Space Agency (ESA). STS-9 also marked the the first flight of the European-built Spacelab
laboratory, a pressurized module that was mounted inside the orbiter’s payload bay. The 10-
day mission carried out 72 experiments in astronomy, astrobiology, material sciences, and
Earth observation. On December 8, 1983, Columbia made a pre-dawn landing at Edwards,
returning Young to Earth for the last time.

In addition to his own six spaceflights, Young also served on five backup crews, including
backup pilot for Gemini 6; backup command module pilot for the second Apollo mission (as
slated before the Apollo 1 fire) and Apollo 7, the first crewed Apollo launch; and backup
commander for Apollo 13 and Apollo 17. In 1974, Young was named the fifth chief of the
Astronaut Office, after serving for a year as the office’s space shuttle branch chief. For
13 years, Young led NASA’s astronaut corps, overseeing the crews assigned to the Apollo-
Soyuz Test Project, the approach and landing tests with the prototype orbiter Enterprise, and
the first 25 space shuttle missions.

After the loss of space shuttle Challenger and its seven-person crew in January 1986, Young
penned internal memos critical of NASA’s attention to safety, a topic he had championed since
his days flying Gemini. Young expressed concern over schedule pressure and wrote that other
astronauts who had launched on missions preceding the ill-fated STS-51L mission were “very
lucky” to be alive. Young was subsequently reassigned to be special assistant to the director of
the Johnson Space Center for engineering, operations, and safety until 1996, when he was
named the associate director for technical affairs, a position he held until his retirement from
NASA on December 31, 2004.

Young was the recipient of many honors for his contributions to space exploration, including
the Congressional Space Medal of Honor, NASA Distinguished Service Medal, Rotary National
Space Achievement Award, and six honorary doctorates. Young was inducted into the National
Aviation Hall of Fame in 1988 and Astronaut Hall of Fame in 1993. He was awarded the NASA
Ambassador of Exploration in 2005, including a Moon rock he assigned for display at the
Houston Museum of Natural Science, and was bestowed the General James E. Hill Lifetime
Space Achievement Award from the Space Foundation in 2010. A stretch of Florida State
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Road 423 that runs through Orlando is named John Young Parkway in his honor.

“NASA and the world have lost a pioneer,” said NASA acting administrator Robert Lightfoot in
a statement. “John Young’s storied career spanned three generations of spaceflight; we will
stand on his shoulders as we look toward the next human frontier.” Continued Lightfoot,
“John was one of that group of early space pioneers whose bravery and commitment sparked
our nation’s first great achievements in space. But, not content with that, his hands-on
contributions continued long after the last of his six spaceflights — a world record at the time
of his retirement from the cockpit. Between his service in the U.S. Navy, where he retired at
the rank of captain, and his later work as a civilian at NASA, John spent his entire life in service
to our country. On STS-9, his final spaceflight, and in an iconic display of test pilot ‘cool,’ he
landed the space shuttle with a fire in the back end. John Young was at the forefront of human
space exploration with his poise, talent, and tenacity. He was in every way the ‘astronaut’s
astronaut.’ We will miss him.”
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George E. McGill, 1931–2018

George Emmert McGill, an Emeritus Professor at 
the University of Massachusetts (UMass), passed 
away peacefully on Tuesday, March 13, 2018, in 
Amherst, Massachusetts, at the age of 86.

McGill was born on June 10, 1931, in Des Moines, 
Iowa. He moved to Minnesota to attend college, 
receiving his B.A. degree from Carleton College in 
1953 with a major in geology and a minor in 
biology. M.S. and Ph.D. degrees in geology were 
completed at the University of Minnesota in 1955 
and Princeton University in 1958. Although he 
remained a generalist throughout, he acquired a 
special interest in structural geology while in 
residence at Princeton. McGill joined the faculty of 
UMass in 1958 and served as Department Head 
from 1977 to 1984 and 1988 to 1993.

McGill’s career at UMass spanned nearly four decades. Until 1970, he conducted field 
research on the structural geology and stratigraphy of the Montana Rockies, and laboratory 
research involving high-pressure rock deformation. After 1970, most of his research was in 
planetary geology, with emphasis on structural geology and the crustal evolution of 
terrestrial planets, including relevant Earth-analog field studies in the Colorado Plateau area. 
While he spent many happy weeks out in the wilderness, solving geologic puzzles, he was 
probably best known for his later work in planetary geology. He worked with NASA on many 
projects, including serving as a member of the Science Steering Group and on the Radar 
Mapper Team for the Pioneer Venus Project of NASA, and he compiled major global 
summaries of the geology and tectonics of Venus as a result of this activity. He also was a 
Guest Investigator for the Magellan radar mapping mission to Venus from 1990 to 1993.

Over the years, McGill played an instrumental role in building and developing the geology 
department he loved. While he was a devoted teacher, his true passion was working with and 
mentoring his many graduate students, work he continued long after his retirement in 1997. 
McGill counted his students among his friends, and he took great pride in their many 
achievements. He was also devoted to his family, and one of his greatest pleasures, 
particularly after retirement, was traveling with his wife to visit his far-flung children and 
grandchildren. He loved music, tended an organic vegetable garden for years, and always 
made sure the bird feeders were full.
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Ursula B. Marvin, 1921–2018
Ursula (Bailey) Marvin, a renowned planetary geologist and 
author, died on February 12, 2018. She was born in 
Bradford, Vermont, in 1921, the daughter of Harold Leslie 
Bailey and Alice M. Bailey. She was educated at Tufts 
College, Massachusetts, where she received a B.A. in history
(1943) but took enough courses in geology to pursue the 
science in graduate school, earning her master’s at

Radcliffe College (1946). Her specialty in mineralogy provided her with research 
opportunities and teaching appointments at the University of Chicago and Tufts. In 1950 she 
met Thomas C. Marvin, whom she married in 1952. For the next eight years they worked 
together for the Union Carbide Corporation exploring for ore deposits in Brazil, Angola, and 
the USA. In 1958 they resigned from the Corporation and took up residence in Harvard 
Square, where Tom began consulting for mining companies and Ursula accepted a position at 
Harvard researching the mineralogy of meteorites, a science that had become of great 
interest after the birth of the Space Age in 1957. In 1961 she was appointed to the permanent 
research staff of the Smithsonian Astrophysical Observatory, which had moved to Cambridge 
from Washington in 1955. She received her Ph.D. from Harvard in 1969. Marvin retired from 
the Observatory in 1998 having spent her entire career there being involved in some of the 
most fundamental events in the field of space geology, including the study of samples 
returned by all the Apollo and the Russian Luna missions to the Moon and chairing the 
committee that assigned the distribution of lunar rocks to worldwide scientists. She 
participated in two Smithsonian expeditions collecting meteorites from the ice fields of 
Antarctica and was honored by the naming of an Antarctic peak after her, Marvin Nunatak. In 
addition, in 1991 her work in space geology was acknowledged with the naming of Asteroid 
Marvin.

From 1974 to 1992 Marvin taught a course at Harvard entitled “Seminar on the Resolution of 
Scientific Problems.” She was an Emerita Trustee of Tufts University, having served as an 
Alumna Trustee there from 1975 to 1985. She published numerous articles on her research 
results and on the history of geology, including the book, Continental Drift: The Evolution of a 
Concept, published in 1972 by the Smithsonian Institution Press. While researching this book, 
she came to the realization that Earth’s continents, rather than being fixed in place, move 
horizontally as part of a global plate movement. Since the late 1970s Marvin spent most of 
her research and writings in the field of meteoritics and served as President of the 
Meteoritical Society from 1975 to 1976. From 1989 to 1996 she served as the Secretary-
General of the International Commission on the History of the Geological Sciences.

Her awards include The History of Geology Award from the Geological Society of America
(1986), The WISE Award for lifetime achievement in science (1997), The Geological Society of 
London’s Sue Tyler Friedman Medal (2005), and the Service Award of the Meteoritical Society 
(2012).

Credit: Wikimedia Commons 
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Jim Green will serve as NASA
Chief Scientist beginning May 1,
2018. Credit: NASA

Milestones

James Green Named NASA Chief Scientist
Acting NASA Administrator Robert Lightfoot has named
the Science Mission Directorate’s Planetary Science
Division Director Jim Green as the agency’s new chief
scientist, effective May 1. He succeeds Gale Allen, who
has served in an acting capacity since 2016 and will retire
after more than 30 years of government service.

Green will represent the agency’s strategic science
objectives and contributions to the national and
international science communities. He also will serve as
principal advisor to the NASA administrator and other
senior officials on agency science programs, strategic
planning, science policy, and the evaluation of related
investments.

Green took on his current position as the director of
the Planetary Science Division at NASA Headquarters in
August 2006. During his 12 years in this role, he managed
numerous successful missions from Mercury to Pluto that

have ushered in a golden age of planetary exploration. These missions include the Lunar
Reconnaissance Orbiter; Mars rovers Spirit, Opportunity and Curiosity; and the New Horizons
mission to Pluto and beyond. Currently, he is engaged in preparations and negotiations for a
variety of future NASA science missions, such as the next Mars lander and rover, and
the Europa Clipper, as well as missions with international partners.

With Green’s departure from the Planetary Science Division, Thomas Zurbuchen, associate
administrator of NASA’s Science Mission Directorate, has named Lori Glaze to the position of
acting director. Since 2017, Glaze has served as the chief of the Planetary Geology, Geophysics
and Geochemistry Laboratory at Goddard Space Flight Center in Greenbelt, Maryland. Prior to
that, she served as the deputy director of Goddard’s Solar System Exploration Division.

For more information about NASA’s programs, missions, and activities,
visit https://www.nasa.gov

Ellen Stofan Named to Head National Air and Space
Museum
Ellen Stofan, currently consulting senior scientist at the Johns Hopkins Applied Physics
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Laboratory, has been named the John and Adrienne Mars Director of 
the Smithsonian’s National Air and Space Museum, effective April 
30. Stofan comes to the position with more than 25 years’ 
experience in space-related organizations and a deep research 
background in planetary geology. She is the first woman to hold this 
position.
Stofan was chief scientist at NASA (2013-2016), serving as the principal
advisor to former Administrator Charles Bolden on NASA’s strategic planning 
and programs. She helped guide the development of a long-range plan to 

get humans to Mars, and worked on strategies for NASA to support commercial activity in low 
Earth orbit as it transitions from the International Space Station (ISS) to sending humans to 
the Moon and Mars in the mid-2020s. She supported NASA’s overall science programs in 
heliophysics, Earth science, planetary science and astrophysics. While at NASA, she worked 
with President Barack Obama’s science advisor and the National Science and Technology 
Council on science policy.

“Ellen’s scientific background, leadership skills, communication acumen and strategic thinking 
have positioned her superbly to lead the National Air and Space Museum,” said Smithsonian 
Secretary David Skorton. “Her passion for science coupled with her love of education will 
ensure that the museum will continue to be a global treasure and world leader through its 
extensive programming, exhibitions and scholarship.”

“It is an incredible honor to join the National Air and Space Museum family at this important 
point in the museum’s history,” Stofan said. “Space and aviation inspire our next generation of 
explorers, and there is no better place to experience this than at our museums on the Mall 
and at the Udvar-Hazy Center.”

Stofan succeeds Gen. J. R. “Jack” Dailey who retired in January after serving 18 years as 
director.

National Space Society to Present Space Pioneer Award to
SETI Astronomer Frank Drake
Dr. Frank Drake is the winner of the National Space Society’s 2018 Space Pioneer Award for 
Science and Engineering. This award honors the work he has done as a professional 
astronomer, especially as a radio astronomer, technical advisor for the Golden Record on the 
Voyager mission, and as a leader in the science-based Search for Extra-Terrestrial Intelligence 
(SETI) community.

Dr. Frank Drake has a huge array of accomplishments, which includes his work at the National
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Radio Astronomy Observatory, JPL, Cornell University, the 
National Astronomy and Ionosphere Center (Arecibo), the 
National Research Council, the University of California at 
Santa Cruz and other institutions. He was among a group 
that pushed for the conversion of Arecibo into one of the 
world’s top and most unique radio astronomy facilities, 
and served as its director from 1966-1968. He is a leader in 
the SETI field, which has now existed for over 55 years and 
with the SETI institute, which has existed for over 30 years. 
He pioneered the Drake Equation, which provided a 
rational and quantifiable way of estimating the number of 
potential civilizations in our galaxy and elsewhere. Credit: National Space Society 

More of the terms of that equation are now being solidified as the new exoplanet data 
streams in and the proven number of roughly Earth-sized planets continues to climb.

NSS invites the public to come meet, interact and learn from the awardees and attend their 
award ceremonies. NSS will present the Space Pioneer Award to Dr. Drake at our annual 
conference, the 37th International Space Development Conference (ISDC®) to be held in Los 
Angeles, California, at the Sheraton Gateway Hotel at LAX. The Conference will run from May 
24-27, 2018.

Jeff Bezos to Receive Gerard K. O’Neill Memorial Award

The National Space Society has named Jeff Bezos its 2018 
recipient of the prestigious Gerard K. O’Neill Memorial 
Award for Space Settlement Advocacy to be awarded at the 
Society’s yearly conference in May 2018.

Bezos is the founder and CEO of Amazon, as well as the 
founder of newspace company Blue Origin. He funnels $1 
billion of his own funds into Blue Origin each year and is 

Credit: National Space Society

developing two major rocket and spacecraft systems, as well as large and innovative 
rocket engines that utilize highly efficient fuels with advanced technologies. 

The award will be presented to Mr. Bezos on Friday, May 25 at NSS’ 37th annual 
International Space Development Conference® (ISDC®) in Los Angeles. The Conference 
runs from May 24-27 and features leaders from space science, engineering, advocacy and 
government fields who are developing new ways to develop, live and prosper in space and 
on other worlds.
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The Gerard K. O’Neill Memorial Award is given at infrequent intervals to exceptional 
individuals and has in the past recognized such leaders in space exploration and 
development as physicist Freeman Dyson and Apollo 17 astronaut and geologist Harrison 
Schmitt. The granting of the award to Mr. Bezos continues this tradition of recognizing 
exemplary achievement.

The public is invited to attend the awards presentation. For more information,
see: isdc2018.nss.org.

The Cassini Huygens Teams Win the National Space
Society’s 2018 Space Pioneer Awards for Science and
Engineering

The NASA and European Space Agency Cassini and Huygens 
Teams are the winners of the National Space Society’s 2018 
Space Pioneer Awards for Science and Engineering. Saturn 
has been revealed to science in great detail at last by the 
Cassini-Huygens mission. The mission saw the Cassini 
spacecraft meander through the moons and rings of Saturn 
for thirteen years, while the Huygens probe made a daring 
descent through the hazy atmosphere of Titan to soft land 
on the ice-covered ocean world in January 2005.

NSS invites the public to come meet, interact and learn from the mission teams. NSS will 
present the Space Pioneer Awards to each team’s representatives at our annual conference, 
the 2018 International Space Development Conference (the 37th ISDC) to be held in Los 
Angeles, California, at the Sheraton Gateway Hotel at LAX. The conference will run from May 
24-27, 2018.

Saturn is our solar system’s most iconic-looking planet with its vast system of spectacular rings 
and numerous unique moons. It was shrouded in mystery throughout our history until it was 

first unveiled by NASA’s Pioneer and Voyager fly-bys.
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As the Cassini-Huygens mission has been carried out by two teams over a very long period of 
time, NSS is pleased to be able to present awards to representatives of both the Cassini Team 
and the Huygens Team. This award recognizes the massive amount of work carried out by the 
two teams to propose, design, launch and operate the Cassini and Huygens missions and to 
receive and analyze the data over many years.

Learn more about the Space Pioneer Award at http://space.nss.org/national-space-society-
space-pioneer-awards/

Explorer 1 Anniversary Marks Sixty Years of Space
Exploration

Last January marked the 60th anniversary of the launch of America’s first
satellite, Explorer 1. At that time, NASA had yet to be formed, and the
honor of this first flight belonged to the U.S. Army. The rocket’s sole
payload was a javelin-shaped satellite built by the Jet Propulsion
Laboratory in Pasadena, California.

In the mid-1950s, both the United States and the Soviet Union were proceeding toward the
capability to put a spacecraft in orbit. Yet great uncertainty hung over the pursuit. As the Cold
War between the two countries deepened, it had not yet been determined whether the
sovereignty of a nation’s borders extended upward into space. Accordingly, then-President
Eisenhower sought to ensure that the first American satellites were not perceived to be
military or national security assets.

In 1954, an international council of scientists called for artificial satellites to be orbited as part
of a worldwide science program called the International Geophysical Year (IGY), set to take
place from July 1957 to December 1958. Both the American and Soviet governments seized on
the idea, announcing they would launch spacecraft as part of the effort. Soon, a competition
began between the Army, Air Force, and Navy to develop a U.S. satellite and launch vehicle
capable of reaching orbit.

At that time, JPL, which was part of the California Institute of Technology in Pasadena,
primarily performed defense work for the Army. In 1954, the laboratory’s engineers began
working with the Army Ballistic Missile Agency in Alabama on a project called “Orbiter.” The
Army team included Wernher von Braun (who would later design NASA’s Saturn V rocket) and
his team of engineers. Their work centered around the Redstone Jupiter-C rocket, which was
derived from the V-2 missile Germany had used against Britain during the war.
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JPL’s role was to prepare the three upper stages for the launch vehicle, which included the
satellite itself. These used solid rocket motors the laboratory had developed for the Army’s
Sergeant guided missile. JPL would also be responsible for receiving and transmitting the
orbiting spacecraft’s communications. In addition to JPL’s involvement in the Orbiter program,
the laboratory’s then-director, William Pickering, chaired the science committee on satellite
tracking for the U.S. launch effort overall.

The Navy’s entry, called Vanguard, had a competitive edge in that it was not derived from a
ballistic missile program — its rocket was designed, from the ground up, for civilian scientific
purposes. The Army’s Jupiter-C rocket had made its first successful suborbital flight in 1956, so
Army commanders were confident they could be ready to launch a satellite fairly quickly.
Nevertheless, the Navy’s program was chosen to launch a satellite for the IGY.

University of Iowa physicist James Van Allen, whose instrument proposal had been chosen for
the Vanguard satellite, was concerned about development issues on the project. Thus, he
made sure his scientific instrument payload — a cosmic ray detector — would fit either launch
vehicle. Meanwhile, although their project was officially mothballed, JPL engineers used a pre-
existing rocket casing to quietly build a flight-worthy satellite, just in case it might be needed.

The world changed on October 4, 1957, when the Soviet Union launched a 23-inch (58-
centimeter) metal sphere called Sputnik. With that singular event, the space age had begun.
The launch resolved a key diplomatic uncertainty about the future of spaceflight, establishing
the right to orbit above any territory on the globe. The Russians quickly followed up their first
launch with a second Sputnik just a month later. Under pressure to mount a U.S. response,
the Eisenhower administration decided a scheduled test flight of the Vanguard rocket, already
being planned in support of the IGY, would fit the bill. But when the Vanguard rocket was,
embarrassingly, destroyed during the launch attempt on December 6, the administration
turned to the Army’s program to save the country’s reputation as a technological leader.

Unbeknownst to JPL, von Braun and his team had also been developing their own satellite, but
after some consideration, the Army decided that JPL would still provide the spacecraft. The
result of that fateful decision was that JPL’s focus shifted permanently — from rockets to what
sits on top of them.

The Army team had its orders to be ready for launch within 90 days. Thanks to its advance
preparation, 84 days later, its satellite stood on the launch pad at Cape Canaveral Air Force
Station in Florida.

The spacecraft was launched at 10:48 p.m. EST on Friday, January 31, 1958. An hour and a half
later, a JPL tracking station in California picked up its signal transmitted from orbit. In keeping
with the desire to portray the launch as the fulfillment of the U.S. commitment under the
International Geophysical Year, the announcement of its success was made early the next
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morning at the National Academy of Sciences in Washington, with Pickering, Van Allen and
von Braun on hand to answer questions from the media.

Following the launch, the spacecraft was given its official name, Explorer 1. (In the following
decades, nearly a hundred spacecraft would be given the designation “Explorer.”) The satellite
continued to transmit data for about four months until its batteries were exhausted, and it
ceased operating on May 23, 1958.

Explorer 1 re-entered Earth’s atmosphere and burned up on March 31, 1970, after more than
58,000 orbits.

For more information about Explorer 1 and the 60 years of U.S. space exploration that have
followed it, visit: https://explorer1.jpl.nasa.gov

NASA Honors Its Fallen Heroes, Marks 15th Anniversary of
Columbia Accident

NASA paid tribute to the crews of Apollo 1 and space shuttles
Challenger and Columbia, as well as other NASA colleagues who
lost their lives while furthering the cause of exploration and
discovery, during the agency’s annual Day of Remembrance on
January 25.

Credits: NASA/Joel Kowsky 

NASA acting Administrator Robert Lightfoot and other agency senior officials led an 
observance at Arlington National Cemetery in Virginia. A wreath-laying ceremony was held at 
the Tomb of the Unknown Soldier, followed by observances for the Apollo 1, Challenger and 
Columbia crews.

Various NASA centers also held observances on and leading up to the Day of Remembrance 
for the public, employees and the families of those lost in service to America’s space program, 
including Johnson Space Center in Houston and Marshall Space Flight Center, in Huntsville, 
Alabama.

The Astronauts Memorial Foundation honored the astronauts who gave their lives for space 
exploration during a ceremony January 25 at the Astronauts Memorial Foundation, located at 
the Kennedy Space Center Visitor Complex.

Speakers at the ceremony included:
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Thad Altman, president and chief executive officer of the Astronauts Memorial 

Foundation
Robert Cabana, Kennedy center director
Eileen Collins, former space shuttle astronaut Karen Stevenson, daughter of Charles A. 
Bassett II Sally Kneuven, daughter of Elliot M. See Jr.
Beth Williams, widow of Clifton C. Williams Jr. Brent Adams, son of Michael J. Adams
Tal Ramon, son of Ilan Ramon

Video and still images of various agency observances are available 
at https://www.nasa.gov/mediaresources

New AR Mobile App Features 3-D NASA Spacecraft
NASA spacecraft travel to far-off destinations in space, but a new
mobile app produced by NASA’s Jet Propulsion Laboratory,
Pasadena, California, brings spacecraft to users. The new app,
called Spacecraft AR, uses the latest augmented reality (AR)
technology to put virtual 3-D models of NASA’s robotic space
explorers into any environment with a flat surface.

You can download the new app here.

JPL developed the Spacecraft AR app in collaboration with Google. The app uses Google’s
ARCore technology to bring 3-D spacecraft into users’ devices using native mobile augmented
reality. (“Native mobile” AR uses the built-in capabilities of a mobile device to interact with 3-D
environments and objects.)

The initial version of the app works with Android devices that support ARCore, with plans to
add additional device compatibility in the near future, including iOS devices.

To create the experience of having virtual spacecraft in your space, Spacecraft AR uses the
same high-quality 3-D models as a previously released NASA app called Spacecraft 3-D, but
with a breakthrough new capability. Whereas Spacecraft 3-D works best with a printed image
called a target or marker, Spacecraft AR works with a flat surface — no target required.

“The Spacecraft AR app is an exciting new way to get up close and personal with NASA’s
robotic missions,” said Kevin Hussey, manager of JPL’s visualization team, which developed
Spacecraft 3-D and worked on the new app with Google. “We can’t wait for people to try it, and
we’re looking forward to adding many more spacecraft to the app in the future.”
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Within the Spacecraft AR app, users swipe to select among missions that observe and explore
Earth, Mars and the other planets, and choose the spacecraft they would like to see. Once the
app detects a flat surface, users simply tap the screen to place the spacecraft into the scene in
front of them. They can take and share photos directly from the app and view in-depth
information about each mission. And for those using the app in spaces that are large enough,
there’s even a button to view the spacecraft at their actual sizes.

At launch, the app includes NASA’s Curiosity Mars rover, Juno, Cassini, and Voyager. Users can
also check out the giant, 70-meter NASA Deep Space Network dish. More spacecraft are
planned in future updates to the app.
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New and Noteworthy

Microstructural Geochronology: Planetary Records Down
to Atom Scale

Wiley, 2017, 402 pp., Hardcover, $199.95 www.wiley.com

Geochronology techniques enable the study of geological
evolution and environmental change over time. This volume
integrates two aspects of geochronology:  one based on classical
methods of orientation and spatial patterns, and the other on
ratios of radioactive isotopes and their decay products. The
chapters illustrate how material science techniques are taking this
field to the atomic scale, enabling us to image the chemical and
structural record of mineral lattice growth and deformation, and
sometimes the patterns of radioactive parent and daughter atoms

themselves, to generate a microstructural geochronology from some of the most resilient
materials in the solar system. This book will be a valuable resource for graduate students,
academics, and researchers in the fields of petrology, geochronology, mineralogy,
geochemistry, planetary geology, astrobiology, chemistry, and material science. It will also
appeal to philosophers and historians of science from other disciplines.

Visually Observing Comets

Springer, 2017, 276 pp., Paperback, $34.99. www.springer.com

In these days of computers and CCD cameras, visual comet
observers can still contribute scientifically useful data with the
help of this handy reference for use in the field. Comets are one
of the principal areas for productive pro-amateur collaboration in
astronomy, but finding comets requires a different approach than
the observing of more predictable targets. Principally directed
toward amateur astronomers who prefer visual observing or who
are interested in discovering a new comet or visually monitoring
the behavior of known comets, it includes all the advice needed to
thrive as a comet observer. After presenting a brief overview of
the nature of comets and how we came to the modern

understanding of comets, this book details the various types of observations that can usefully
be carried out at the eyepiece of a telescope. Subjects range from how to search for new
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comets to visually estimating the brightness of comets and the length and orientation of tails,
in addition to what to look for in comet heads and tails. Details are also given of 20 periodic
comets, predicted to return between the years 2017 and 2027, expected to become suitable
targets for visual observing, in addition to information on a famous comet potentially visible
each year and subject to great outbursts of brightness.

Giovanni Domenico Cassini: A Modern Astronomer in the
17th Century

Springer, 2017, 186 pp., Hardcover. $39.99. www.springer.com

This book offers a fascinating account of the life and scientific
achievements of Giovanni Domenico Cassini, or Cassini I, the
most famous astronomer of his time, who is remembered today
especially for his observations of the rings and satellites of
Saturn and his earlier construction of the great meridian line in
the Basilica of San Petronio in Bologna. The various stages of his
life are recounted in an engaging style, from his early childhood
in Perinaldo and his time at the famous Jesuit College in Genoa,
to his later experiences in Bologna and Paris. The emphasis,
however, is on the scientific side of his life. The book explores
his impressive body of work in diverse fields while also drawing
attention to the international character of his endeavors, the

rigor of his research, and his outstanding management skills, which combined to make him an 
early embodiment of the “European scientist.” It was also these abilities that gained him the 
attention of the most powerful king in Europe, Louis XIV of France (the “Sun King”), under the 
auspices of whom he set up the Paris Observatory in 1671. He would go on to serve as 
Director of the Observatory, where he would make the majority of his scientific discoveries, 
for the rest of his life.
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A History of the Future

Cambridge University Press, 2017, 298 pp., Paperback, $24.99.
www.cambridge.org

In this wide-ranging survey, Peter J. Bowler explores the phenomenon 
of futurology: predictions about the future development and impact of 
science and technology on society and culture in the twentieth century. 
Utilizing science fiction, popular science literature, and the novels of 
the literary elite, Bowler highlights contested responses to the potential 
for revolutionary social change brought about by real and imagined 
scientific innovations. Charting the effect of social and military 
developments on attitudes toward innovation in Europe and

America, Bowler shows how conflict between the enthusiasm of technocrats and the 
pessimism of their critics was presented to the public in books, magazines, and exhibitions, 
and on the radio and television. A series of case studies reveals the impact of technologies 
such as radio, aviation, space exploration, and genetics, exploring rivalries between 
innovators and the often unexpected outcome of their efforts to produce mechanisms and 
machines that could change the world.

Conjuring the Universe: The Origins of the Laws of Nature
Oxford University Press, 2018, 216 pp., Hardcover, $19.95.
global.oup.com

The marvelous complexity of the universe emerges from several deep 
laws and a handful of fundamental constants that fix its shape, scale, 
and destiny. There is a deep structure to the world that at the same 
time is simple, elegant, and beautiful. Where did these laws and these 
constants come from? And why are the laws so fruitful when written in 
the language of mathematics? Peter Atkins considers the minimum 
effort needed to equip the universe with its laws and its constants. He 
explores the origin of the conservation of energy, of 

electromagnetism, of classical and quantum mechanics, and of thermodynamics, showing 
how all these laws spring from deep symmetries. The revolutionary result is a short but 
immensely rich weaving together of the fundamental ideas of physics. With his characteristic 
wit, erudition, and economy, Atkins sketches out how the laws of nature can spring from very 
little, or arguably from nothing at all.
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See It With a Small Telescope: 101 Cosmic Wonders Including Planets, 
Moons, Comets, Galaxies, Nebulae, Star Clusters and More

Ulysses Press. 2017, 256 pp., Paperback, $16.95. 
www.ulyssespress.com

Have fun exploring the stars with close-up views of 
space objects right from your own backyard. It 
doesn’t take an astronomy degree to feel like an 
astronaut and explore space with a small 
telescope. This book takes the mystery and 
struggle out of exploring the unknown and 
discovering new worlds. With hands-on tips and 
tricks, it’s a complete guide to unleashing the full

power of a small telescope and going beyond the basics. Without technical jargon and
complicated star charts, this book offers step-by-step instructions and easy-to-use illustrations
for finding over 100 celestial objects in the night’s sky, including Saturn’s rings, Jupiter’s
moons, Orion Nebula, Andromeda Galaxy, Polaris, Pegasus Globular Cluster, the Apollo 11
landing site . . . and more!

AstroReality Lunar Model with Augmented Reality

$219.00. Twelve-centimeter-diameter globe with stand.
www.astroreality.com

The AstroReality Lunar Model is not only a scientific marvel and
stunning piece of craftsmanship, it’s also a source of knowledge and
fun. The model is precise to 0.006 millimeters per pixel based on
data captured by NASA’s Lunar Reconnaissance Orbiter. From
comprehensive information about the Moon’s most iconic

landmarks and missions to little-known trivia, the associated Augmented Reality app weaves 
together an unparalleled way to experience the Moon, in your hands and through your 
smartphone.

Issue 152 72 of 86 April 2018

Copyright 2018 Lunar and Planetary Institute



Impact! Asteroids and the Science of Saving the 
World
Houghton Mifflin Harcourt, 2017, 80 pp., Hardcover. $18.99. 
www.hmhco.com

Asteroids bombard Earth all the time. Some burn up in a flash of 
light. Others explode, smashing windows and throwing people 

to the ground. But a few have hit our planet, destroying everything nearby on impact. 
Follow scientists as they search for dangerous asteroids in space, study asteroids that have 
crashed into the ground, and strive to prevent an asteroid strike if one ever threatens our 
planet. For ages 12–16.

Hey-Ho, to Mars We’ll Go! A Space-Age Version of “The 
Farmer in the Dell”

Penguin Random House, 2018. 40 pp., Hardcover. $16.99.
www.penguinrandomhouse.com

This musical mission to Mars will have young astronauts talking
and singing about the science of space travel. Explore the science
behind a trip to Mars, from launch to landing on the Red Planet. Set
to the tune of “The Farmer in the Dell,” this jaunty journey follows
five adorable, bobble-headed astronauts as they learn how to
bathe in zero gravity, grow veggies in space, and entertain

themselves on the six-month trip. Even the design of the book defies gravity, as text and art
float free on the page, encouraging readers to turn the book sideways and upside-down. The
book provides an interactive, innovative approach to interstellar fun. For ages 4–8.

The Space Race — The Great Race: Fight to the Finish

Gareth Stevens Publishing, 2018, 48 pp., Hardcover. $31.95.
www.garethstevens.com

When the Soviet Union’s satellite Sputnik 1 entered Earth’s orbit in 1957,
people in the United States demanded that Americans “catch up” with
space technology. The Space Race between the two world superpowers
had begun. This authoritative volume explains how the technology
developed, who developed it, and the tragedies and triumphs that led
to the success of Apollo 11 and subsequent missions. It also addresses

the advances of space travel today and the possibility of colonization in outer space. Readers
will appreciate the many crucial STEM concepts and eye-catching images included in this
gripping account. For ages 8–11.
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MMRY: Moons and Planets Game™
$16.00. www.copernicustoys.com

MMRY:  Moons and Planets™ is a matching game for future
astronauts, terraformers, and near-space tourists and the first in
a line of unique memory matching games. MMRY created this
game using amazing photos printed on large chunky discs. It
contains 46 moon and planet tiles and a guide book explaining
each moon and planet in the game. It’s educational, beautiful and
tactile — what more could you want from a memory game? Know

your solar system! For ages 6 and up.

Sky & Telescope Nearside Full Moon Puzzle

$25.00. www.shopatsky.com

You’ll cherish the sight of the full Moon in this beautiful circular jigsaw
puzzle that’s 18 inches in diameter. Lunar Reconnaissance Orbiter
imagery of the nearside Moon provides a vivid picture that’s affixed to a
strong cardboard backing and then die-cut to produce the 350 puzzle
pieces. The finished product can be coated with puzzle glue, framed,
and displayed. For ages 3 and up.
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Calendar

2018 Upcoming Events

April
MEPAG Meeting
 April 3-5
 Washington, DC Area
 https://mepag.jpl.nasa.gov/

European Geosciences Union General Assembly 2018
 April 8-13
 Vienna, Austria
 https://www.egu2018.eu/

16th Biennial ASCE International Conference on Engineering, Science,
Construction and Operations in Challenging Environments
 April 9-12
 Cleveland, Ohio
 https://earthspaceconf.mst.edu/

AIDA/DART Spring 2018 Investigation Team Meeting
 April 9
 Laurel, Maryland
 http://dart.jhuapl.edu/investigationteam_april2018/index.php

2018 Southeastern Sectional Meeting of the Geological Society of America
 April 12-13
 Knoxville, Tennessee
 https://www.geosociety.org/se-mtg

2018 Division on Dynamical Astronomy (DDA) Meeting
 April 15-19
 San Jose, California
 https://dda.aas.org/meetings/2018
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Asteroid Science Intersections with In-Space Mine Engineering (ASIME)
 April 16-17
 University of Luxembourg, Luxembourg
 https://asime.uni.lu/

New Views of the Moon 2 — Asia
 April 18-20
 Fukushima, Japan
 https://www.hou.usra.edu/meetings/newviews2018/

International Conference on Nanoscience and Nanoengineering
 April 18-19
 Las Vegas, Nevada
 https://nanotech.conferenceseries.com/

Technologies and Infrastructures Workshop for Planetary Exploration,
Towards 2061
 April 23-25
 Lausanne, Switzerland
 https://planetaryexploration2061.epfl.ch/

Planetary Science Informatics and Data Analytics Conference
 April 24-26
 St. Louis, Missouri
 https://psida.rsl.wustl.edu/

Carbon in the Solar System Workshop
 April 25-27
 Denver, Colorado
 https://carbon-workshop.arc.nasa.gov

Second International Mars Sample Return Conference
 April 25-27
 Berlin, Germany
 https://atpi.eventsair.com/QuickEventWebsitePortal/2nd-international-conference-on-mars-sample-
return/home

May
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Mercury: Current and Future Science of the Innermost Planet
(#mercury2018)
 May 1-3
 Columbia, Maryland
 https://www.hou.usra.edu/meetings/mercury2018/

Differentiation: Building the Internal Architecture of Planets (#1st1e9)
 May 7-11
 Pasadena, California
 https://www.hou.usra.edu/meetings/differentiation2018/

Humans to Mars Summit
 May 8-10
 Washington, DC
 http://H2M.ExploreMars.org

Sixth European Lunar Symposium
 May 13-16
 Tolouse, France
 https://els2018.arc.nasa.gov/

MIAPP 2018 Workshop — Near Earth Objects: Properties, Detection,
Resources, Impacts and Defending Earth
 May 14-8
 Munich, Germany
 http://www.munich-iapp.de/programmes-topical-workshops/2018/near-earth-objects-properties-
detection-resources-impacts-and-defending-earth/

9th Workshop on Catastrophic Disruption in the Solar System (CD9)
 May 14-17
 Kobe, Japan
 http://www.impact-res.org/CD2018/Catastrophic_Disruption_2018/Welcome.html

Geological Society of America Cordilleran-Rocky Mountain Sectional
meeting
 May 15-17
 Flagstaff, Arizona
 www.geosociety.org/GSA/Events/Section_Meetings/GSA/Sections/rm/2018mtg/home.aspx
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Advances in Space Mass Spectrometry for the Search of Extraterrestrial
Signs of Life
 May 16-18
 Orleans, France
 http://www.lestudium-ias.com/event/advances-space-mass-spectrometry-search-extraterrestrial-signs-
life-O

Triennial Earth-Sun Summit
 May 20-24
 Leesburg, Virginia
 https://connect.agu.org/tess2018/home

Ocean Worlds 3: Water-Silicate Interactions (#oceanworlds2018)
 May 21-24
 Houston, Texas
 https://www.hou.usra.edu/meetings/oceanworlds2018/

International Conference on Nanoscience and Technology (ICNST-2018)
 May 21-22
 New York City, New York
 http://nanotech.alliedacademies.com

Rosetta Workshop on Comets and Their Role in Solar System Formation
 May 28-1
 Rhodes, Greece
 https://www.cosmos.esa.int/web/rosetta-swt-49

iCubeSat 2018 — The 7th Interplanetary CubeSat Workshop
 May 29-30
 Paris, France
 https://icubesat.org/

Dusty Visions — 2018
 May 30-1
 Madrid, Spain
 https://www.cosmos.esa.int/web/dusty-vision/home

June
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15th Annual Meeting, Asia Oceania Geosciences Society
 June 3-8
 Honolulu, Hawaii
 http://www.asiaoceania.org/aogs2018/public.asp?page=home.htm
 

Third International Conference on Advanced Spectroscopy, Crystallography
and Applications in Modern Chemistry
 June 4-5
 London, United Kingdom
 https://crystallography.euroscicon.com/
 

1st Annual RPI Workshop on Image-Based Modeling and Navigation for
Space Applications
 June 4-5
 Troy, New York
 http://mane.rpi.edu/space-imaging-workshop
 

Cryovolcanism in the Solar System Workshop (#cryovolcanism2018)
 June 5-7
 Houston, Texas
 https://www.hou.usra.edu/meetings/cryovolcanism2018/
 

Meteorites — Understanding the Origin of Planetodiversity
 June 6-8
 Paris, France
 https://meteorites2018.sciencesconf.org/
 

15th Annual International Planetary Probe Workshop (IPPW-15)
 June 11-15
 Boulder, Colorado
 https://www.colorado.edu/event/ippw2018/
 

Cosmic Dust: Origin, Applications, and Implications
 June 11-15
 Copenhagen, Denmark
 https://indico.nbi.ku.dk/event/1040/
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Geobiology 2018: An International Training Course in a Rapidly Evolving
Field
 June 12-15
 Pasadena, California
 http://web.gps.caltech.edu/GBcourse/
 

Planetary Geologic Mappers Annual Meeting (#pgm2018)
 June 12-14
 Knoxville, Tennessee
 https://www.hou.usra.edu/meetings/pgm2018/
 

Ninth Joint Space Resources Roundtable and Planetary and Terrestrial
Mining Sciences Symposium
 June 12-14
 Golden, Colorado
 http://www.csmspace.com/events/srr/
 

SBAG #19
 June 13-14
 College Park, Maryland
 https://www.lpi.usra.edu/sbag/
 

Lunar Polar Prospecting Workshop
 June 14-15
 Golden, Colorado
 http://www.csmspace.com/events/srr/
 

Mars Workshop on Amazonian and Present Day Climate
(#amazonianmars2018)
 June 18-22
 Lakewood, Colorado
 https://www.hou.usra.edu/meetings/amazonian2018/
 

Atmosphereless Solar System Bodies in the Space Exploration Era
 June 19-22
 Kharkiv, Ukraine
 http://www.astron.kharkov.ua/conference/ssb/18/index.php
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Didymos Observer Workshop 2018
 June 19-21
 Prague, Czech Republich
 http://didymos2018-mtg.asu.cas.cz/
 

Exoplanets Orbiting Hot Stars
 June 20-22
 Nashville, Tennessee
 https://aas.org/events/2018-02/exoplanets-orbiting-hot-stars
 

EUCOP 2018: 5th European Conference on Permafrost
 June 23-1
 Chamonix, France
 https://eucop2018.sciencesconf.org/
 

Workshop in Geology and Geophysics of the Solar System
 June 23-1
 Petnic, Serbia
 http://petnica.rs/planetary2017/
 

Astrobiology Australasia Meeting
 June 24-29
 Rotorua, New Zealand
 https://www.aca.unsw.edu.au/content/astrobiology-australasia-conference-2018
 

Astrophysical Frontiers in the Next Decade and Beyond: Planets, Galaxies,
Black Holes, and the Transient Universe
 June 26-29
 Boulder, Colorado
 http://go.nrao.edu/ngVLA18
 

Exploration Science Forum
 June 26-28
 Moffett Field, California
 https://nesf2018.arc.nasa.gov/
 

July
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Astrobiology Grand Tour 2018
 July 1-9
 Denham, Australia
 https://astrobiology.nasa.gov/events/astrobiology-grand-tour-2018/
 

Exoplanets II
 July 2-6
 Cambridge, United Kingdom
 http://exoplanets.phy.cam.ac.uk/Meetings/exoplanets2
 

Spectroscopy of Exoplanets
 July 8-11
 Windsor, United Kingdom
 http://www.exomol.com/activities/conference-spectroscopy-of-exoplanets/
 

Conference on Magnetospheres of the Outer Planets
 July 9-13
 Boulder, Colorado
 http://lasp.colorado.edu/home/mop/mop2018/
 

Astrochemistry: Past, Present, and Future
 July 10-13
 Pasadena, California
 https://www.cfa.harvard.edu/events/2018/astrochem18/
 

42nd COSPAR Scientific Assembly
 July 14-22
 Pasadena, California
 http://cospar2018.org/
 

Unveiling the Physics of Protoplanet Formation: Connecting Theory to
Observations
 July 15-5
 Aspen, Colorado
 https://www.aspenphys.org/physicists/summer/program/currentworkshops.html
 

Issue 152 82 of 86 April 2018

Copyright 2018 Lunar and Planetary Institute



81st Annual Meeting of The Meteoritical Society
 July 22-27
 Moscow, Russia
 http://metsoc81-moscow.ru/
 

Software Systems in Astronomy (SSFA) – 2018
 July 23-3
 Hilo, Hawaii
 http://astro.uhh.hawaii.edu/Summer/Summer-2018/ssfa18.php
 

Robotic Telescopes, Student Research and Education (RTSRE) and
InterNational Astronomy Teaching Summit (iNATS)
 July 23-27
 Hilo, Hawaii
 http://rtsre.net
 

August
Lunar Polar Volatiles (#LPV2018)
 August 7-9
 Laurel, Maryland
 http://www.hou.usra.edu/meetings/lunarvolatiles2018
 

9th Planetary Crater Consortium Meeting
 August 8-10
 Boulder, Colorado
 http://www.planetarycraterconsortium.nau.edu/
 

The Final Cassini Science Symposium
 August 12-17
 Boulder, Colorado
 http://lasp.colorado.edu/home/2018-cassini-science-symposium/
 

The 11th Meeting on Cosmic Dust
 August 13-27
 Sagamihara, Japan
 https://www.cps-jp.org/~dust/Welcome.html
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LSST 2018 Project and Community Workshop
 August 13-17
 Tucson, Arizona
 https://project.lsst.org/meetings/lsst2018/

Experimental Analysis of the Outer Solar System Workshop (#ExOSS)
 August 15-17
 Fayetteville, Arkansas
 https://www.hou.usra.edu/meetings/exoss2018/

XXXth General Assembly of the International Astronomical Union
 August 20-31
 Vienna, Austria
 http://astronomy2018.univie.ac.at/

Comparative Climatology of Terrestrial Planets III (#CCTP3)
 August 27-30
 Houston, Texas
 https://www.hou.usra.edu/meetings/climatology2018/

A Century of Asteroid Families
 August 28-30
 Vienna, Austria
 http://asteroidfamilies.net/IAU2018/

September
Asteroids and Comets – Inside Out Workshop
 September 4-6
 Tampere, Finland
 http://www.tut.fi/acio18

Triple Evolution and Dynamics Trendy-2
 September 10-14
 Leiden, The Netherlands
 http://www.lorentzcenter.nl/lc/web/2018/1016/info.php3?wsid=1016&venue=Oort
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International Venus Conference 2018
 September 11-14
 Niseko, Japan
 https://www.cps-jp.org/~akatsuki/venus2018/

SSB Committee on Astrobiology and Planetary Science
 September 12-13
 Irvine, California


http://sites.nationalacademies.org/SSB/SSB_067577#Meetings_and_Eventshttp://sites.nationalacademies.or
g/SSB/SSB_067577#Meetings_and_Events

Extrasolar Cloud Academy: Cloud Formation and Properties in Extrasolar
Planets
 September 23-28
 Grenoble, France
 http://eos-nexus.org/clouds/

SPIE Asia-Pacific Remote Sensing
 September 24-27
 Honolulu, Hawaii
 http://spie.org/AE/conferencedetails/multispectral-hyperspectral-and-ultraspectral-remote-sensing?
SSO=1

Bombardment: Shaping Planetary Surfaces and Their Environments
(#1st1e9)
 September 30-3
 Flagstaff, Arizona
 https://www.hou.usra.edu/meetings/bombardment2018/

October
HoRSE: High Resolution Spectroscopy for Exoplanet Atmospheres
 October 1-5
 Nice, France
 https://horse.sciencesconf.org
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Late Mars Workshop (#Latemars)
 October 1-3
 Houston, Texas
 https://www.hou.usra.edu/meetings/latemars2018/

Cosmic Dust and Magnetism
 October 31-2
 Daejeon, South Korea
 http://coma.kasi.re.kr/cosdm2018/home.html

November
2018 Geological Society of America Annual Meeting
 November 4-7
 Indianapolis, Indiana
 https://www.geosociety.org/GSA/Events/Annual_Meeting/GSA/Events/gsa2018.aspx

December
2018 AGU Fall Meeting
 December 10-14
 Washington, DC
 http://fallmeeting.agu.org
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