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Featured Story

Earth’s Impact History Through Geochronology
Unlike the pockmarked Moon, whose surface has been shaped by impacts large and small for
more than 4 billion years, planet Earth has retained a few relics of that cosmic bombardment.
Tectonic activity that recycles crust along active plate margins, erosion, and the burial of
impact craters underneath layers of sediment and lava have either removed or concealed the
majority of the Earth’s cosmic scars. Only 199 impact structures (counting fields of small
impact craters produced during the same event as one) and 40 individual horizons of
proximal and distal impact ejecta (again, counting layers with the same age at different
localities as one) have thus far been recognized on our planet (Fig. 1). Those impact structures
and deposits span a time from more than ~3.4 billion years (Ga) before present (Archean
impact spherule layers in South Africa and Western Australia) to roughly 6 years ago (the
Chelyabinsk airburst in Russia on February 15, 2013, which shattered windows and whose
main stony meteorite mass produced a 8-meter-wide circular hole in the frozen Lake
Chebarkul; see Issue 133). Although impact rates have dramatically decreased since the early
portion of solar system history, we see that meteorite impacts are still an ongoing geologic
process and remain a constant threat (Fig. 2).
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Fig. 1. Map of impact structures and deposits on Earth and their best-estimate ages (for poorly
constrained ages, the stratigraphic maximum age was chosen). Only a few representative ejecta
localities are shown (e.g., Thailand for the Australasian tektite strewn field) because some distal
ejecta deposits, such as the end-Cretaceous Chicxulub ejecta (in orange, plotted at Beloc, Haiti) or
the Upper Eocene clinopyroxene spherules (plotted near Hawaii), have a global or semi-global
distribution. Credit: LPI/M. Schmieder.

Despite the limited terrestrial record, the study of impact structures and deposits through
geologic field work and drilling is important for the understanding of the collisional evolution
of the inner solar system, and particularly the Earth-Moon system. Unlike sample return
missions to the Moon and other planetary bodies, collecting impact crater materials on Earth
as planetary analogs is convenient and economic. Large amounts and representative
collections of sample material can be recovered from the field, processed, and analyzed in the
lab. Six fundamental questions are then:

1. How did the structure and/or deposit form and is there compelling evidence for impact?
2. Can we better understand the dynamic processes that create impact craters of different size and in

different geologic settings and their associated ejecta deposits?
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3. What was the type of impactor that produced the crater?
4. When exactly did the impact occur?
5. How are impact events related to one another and to the impact rate in the Earth-Moon system?
6. How are large impacts related to crises, mass extinctions, and diversification events in the biosphere,

and can cooling impact craters serve as a habitat for microbial life?

Questions (1) and (2) require detailed petrographic analysis of rock, including the study of
impact-diagnostic shock metamorphic features such as shatter cones, shocked quartz or
zircon grains, and the presence of high-pressure polymorphs. Question (3) can be answered
through the geochemical analysis of impact melt rocks and breccias that formed under
extreme temperature and pressure conditions during the impact event. Trace-element
analysis has, in many cases, revealed the nature of the impacting body even though only
traces of the projectile were admixed to the mainly crust-derived melt. Likewise, geochemical
work is essential when assessing the economic potential of an impact structure, such as the
~1.85-billion-year-old (Ga) and ~200- to 250-kilometer-diameter Sudbury impact basin in
Ontario, Canada, which is one of the oldest and largest impact structures on Earth and a
world-class reservoir for nickel, copper, and platinum group elements.

Fig. 2. Histogram showing ages of terrestrial impact structures and ejecta deposits. Ejecta layers
that presumably have the same age and occur at more than one locality [e.g., the ~3470-million-
year-old (Ma) Paleoarchean S1 Barberton and Warrawoona spherule layer identified in South
Africa and Western Australia, respectively] are shown as one deposit. Ages are average ages (e.g.,
2100 ± 400 Ma shows as an age at 2100 Ma. Note the distinct Ordovician impact spike (darker
blue). Abbreviations: V = Vredefort, S = Sudbury. Credit: LPI/M. Schmieder.

Let us now focus on impact geochronology, which has over the past six decades grown into its own field of
research and which offers answers to questions (4), (5), and (6) — perhaps those with the most significant
and far-reaching global (and extraterrestrial) implications.
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Impact Geochronology: Different Methods, One Goal
While the scientific approach for the verification of an impact origin (i.e., the proof of evidence
of shock metamorphism in rocks and minerals) remains the same for all candidate impact
structures, the timing of impact can be determined using one or more independent methods.
The determination of stratigraphic ages, by superposition, can be applied to all impact
structures on Earth and elsewhere, where relative host rock ages are to some degree
constrained. Every impact structure has a target rock that the impacting body penetrated, and
through simple geologic cross-cutting relationships the youngest rock units affected by the
impact provide a maximum (oldest possible) age for the impact. In turn, the oldest
undisturbed rocks that fill the crater after its formation constrain the minimum (youngest
possible) impact age. Sometimes the stratigraphic age for an impact can only be bracketed
within several hundred million years, as in the case of the 12-kilometer-diameter Wells Creek
impact in Tennessee: The crater must be younger than Mississippian (~323 Ma) and older than
Late Cretaceous (~100 Ma), leaving us with a best-estimate age of ~211 ± 111 Ma and a
relative error of more than 100%. However, other stratigraphically constrained impact ages
are remarkably precise, such as that of the ~14-kilometer-wide marine Lockne crater in
Ordovician rocks of Central Sweden. There, the impact age is precisely constrained to be
455 Ma plus and minus a few hundred thousand years, because both the youngest pre-impact
and oldest post-impact sequence lie in the late Sandbian L. dalbyensis chitinozoan microfossil
zone studied in great detail. (We shall come back to other impact craters produced during the
Ordovician later in this article.) We also note that both the Wells Creek and Lockne impact
craters have little or no recognized impact melt that could potentially be used as material for
radioisotopic analysis.

A relatively large number of terrestrial impact structures have preserved impact melt-bearing
rocks, such as the thick, differentiated crystalline melt sheet at Sudbury (the Sudbury Igneous
Complex), the melt sheet at the 100-kilometer-diameter Manicouagan impact structure in
Québec, Canada (Fig. 3a), and the glass-rich suevite of the 25-kilometer-diameter Ries crater in
Germany (Fig. 3b). The Ries impact also produced green glassy tektites (moldavites; Fig. 3c),
distal melt ejecta found ~200–500 kilometers northeast of the crater. Such impact melt
lithologies are suitable for geochronologic analysis using a variety of radioisotopic techiques.
One method used to determine impact ages is the uranium-lead (U-Pb) and coupled lead-lead
(Pb-Pb) geochronometer pioneered by Alfred Nier in the late 1930s–1950s, soon thereafter
applied by George Wetherill, Gerald Wasserburg, Fouad Tera, and others, and now being used
with several different technical setups. These include, for example, laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS), secondary ion mass spectrometry (SIMS) and
sensitive high resolution ion microprobe (SHRIMP) analysis, and thermal ionization mass
spectrometry after chemically abrading the mineral sample for better results (CA-TIMS).

Each of these techniques has its advantage and disadvantage. While LA-ICP-MS and
SIMS/SHRIMP are routinely and rapidly applied to thin-section or grain-mount samples that
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can preserve the textural context of the sample, producing moderately precise U-Pb and Pb-
Pb ages, CA-TIMS completely dissolves the mineral sample but produces much more precise
ages with errors commonly in the range of a few thousand to tens of thousands of years.
Uranium-lead results are typically visualized in a concordia diagram (Wetherill or Tera-
Wasserburg plot) in which minerals from the unmelted target rock tend to yield an older age
on or near concordia (the curve along which U-Pb ages from different U-decay series are
equal). In contrast, shock-recrystallized and chronometrically reset mineral grains produce
either a younger concordia age (Fig. 3d) or, if disturbed by the loss of Pb, a discordant array of
dates that then defines a lower intercept with concordia, interpreted as the age of the impact.
The U-bearing minerals most commonly used for U-Pb geochronology are either intensely
shocked (recrystallized) or melt-grown zircon crystals (Fig. 3e), baddeleyite, monazite, and to a
lesser degree titanite and apatite, although recent results for terrestrial impact craters
suggest the latter may be a promising target mineral for future studies.
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Fig. 3. Impact crater materials suitable for geochronologic analysis and exemplary results. (a)
~100-meter-tall cliff of the impact melt sheet at the Manicouagan impact structure, Québec,
Canada (Baie Memory Entrance Island). This type of impact melt rock is suitable for whole-rock
argon-argon (Ar-Ar) analysis and commonly contains minerals (e.g., zircon) that can be analyzed
using the uranium-lead (U-Pb) method. (b) Suevite, a type of impact breccia with dark, elongated
flädle of impact glass from the Ries crater, Germany (Katzenstein Castle near Dischingen, Baden-
Württemberg). Impact glass is commonly used as sample material for Ar-Ar geochronology. (c) A
green, glassy Ries tektite (moldavite) found in Besednice, Czech Republic. (d) Concordia diagram
showing U-Pb geochronologic results for zircon in impact melt rock from the Rochechouart
impact structure in France. (e) Shocked zircon grain with LA-ICP-MS laser ablation pit created
during U-Pb analysis in impact melt rock from the Charlevoix impact structure, Québec, Canada
(backscattered electron image using the scanning electron microscope). (f) Argon-argon age
spectrum showing a well-defined plateau age for a Ries tektite sample similar to the one shown
in (c). Credit:  LPI/M. Schmieder.

Shocked zircon crystals in melt rock from the ~250- to 300-kilometer-diameter Vredefort
impact structure, the largest one on Earth, yielded a U-Pb age of 2023 ± 4 Ma. Zircon grains
crystallized from Sudbury’s impact melt sheet produced a U-Pb age of 1850 ± 1 Ma. In a recent
study, intensely shock-metamorphosed zircon grains recrystallized into microgranular
aggregates yielded a precise age of 77.85 ± 0.78 Ma for the 23-kilometer Lappajärvi impact
crater in Finland. This result for Lappajärvi has, as we will see later, implications for the role of
impact craters in the origin and evolution of life on the early Earth.

Another technique prominently used in impact geochronology is the Ar- Ar method, an
improved variation of the classical K-Ar technique. The Ar-Ar method was pioneered by
Heinrich Wänke and Hans König in the late 1950s and Craig Merrihue and Grenville Turner in
the 1960s and can today be applied using the total fusion of a sample with a laser or,
alternatively, the stepwise heating of a sample using a furnace or laser. The potassium (K)-
bearing mineral or rock sample, together with standard minerals, is first irradiated by fast
neutrons to produce Ar from Kr as a proxy for potassium in the sample; the Ar isotope
ratios are then measured in a mass spectrometer and ages calculated. Generally, the step-
heating method produces a more comprehensive set of data than the total-fusion method
and allows for a more robust statistical assessment of resulting ages. Argon-argon results can
be disturbed by the effects of sample alteration or inclusions of older material. Statistically
robust Ar-Ar results ideally form a “plateau” in the age spectrum (Fig. 3f), a sequence of
individual degassing steps with increasing temperature that all overlap within a narrow error
limit and include most of the Ar extracted from the sample. Precise Ar-Ar ages have been
obtained for a number of impacts on Earth, such as 66.051 ± 0.031 Ma for glassy microtektites
from the 180-kilometer-diameter Chicxulub crater linked to the end-Cretaceous mass
extinction. Ries tektites (Fig. 3c) yielded a precise Ar-Ar age of 14.808 ± 0.038 Ma. An
increasingly robust intercalibration between the U-Pb and Ar-Ar geochronometers provides
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confidence that ages obtained using both techniques are not only precise (with a small error)
but also accurate (close to the “true” age) and can be directly compared and correlated.

Additional methods exist for the determination of impact crater ages, such as the rubidium-
strontium (Rb-Sr) method (for minerals from impact melt rock), the low-temperature uranium-
thorium-helium (U-Th)/He geo-/thermochronometer (mainly using zircon and apatite for
cooling studies), the carbon-14 ( C) method (for charcoal inside a young impact crater),
cosmogenic nuclides and exposure ages, luminescence, and fission track analysis (zircon,
apatite, or glass).

Double and Multiple Impacts on Earth?
With an increasing number of precise and accurate ages for terrestrial impacts, we can take a
closer look at the potential temporal connection between impact events themselves. Classic
examples of two closely spaced impact structures are the ~25-kilometer Nördlinger Ries and
~3.8-kilometer Steinheim Basin crater pair in Germany and the two Clearwater Lakes in
Québec, Canada (Fig. 4). While the age of the Nördlinger Ries is precisely known, the age of
the Steinheim Basin is still somewhat enigmatic. However, the two impact craters are thought
to be genetically linked because of the similar age of their (oldest) crater lake sediments and
their geometric alignment with the Central European tektite strewn field to the northeast. In
Canada, the larger, ~36-kilometer-diameter West Clearwater Lake impact structure has a ring
of islands where impact-melt bearing rocks occur. East Clearwater Lake, 26 kilometers in
diameter, has a more subtle appearance and melt-bearing rocks are only known from
drillings. For almost 50 years, these two impact structures had been considered as a textbook
example of an impact crater doublet created simultaneously by the impact of a binary
asteroid in the early Permian some 290 million years ago. However, things later turned out to
be more complicated. Repeated Ar-Ar analysis, alongside other lines of geologic evidence,
eventually made a convincing case against the double impact scenario. While the larger
western crater was indeed produced in the Permian at 286.2 ± 2.6 Ma, the eastern crater is
almost 180 million years older and, with an age around 465 Ma, dates back to the Ordovician
time period (485–443 Ma).

14
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Fig. 4. The two Clearwater Lakes in Québec, Canada. The western structure, West Clearwater
Lake, is ~36 kilometers in diameter and has a ring of islands where impact melt-bearing rocks
occur. The eastern structure, East Clearwater Lake, is ~26 kilometers in diameter and has a more
subtle appearance. Both impact structures were considered to represent a 290-million-year-old
impact crater doublet until 2015. New Ar-Ar geochronologic results, however, demonstrate that
the eastern crater formed during the Middle Ordovician (~465 Ma), a time of intense asteroid
bombardment of Earth, whereas the western crater formed in the Early Permian (~286 Ma) and
is therefore approximately 180 million years younger. Credit: Landsat Operational Land Imager
(OLI)/Thermal Infrared Sensor (TIRS) satellite image taken on June 13, 2013, when the western
lake was still partially frozen (GloVis/USGS).

The East Clearwater Lake impact in the Ordovician is, however, not a unique structure of that
time. In fact, as more impact structures are discovered and their ages refined, the list of
Ordovician impacts steadily grows. Twenty-two of the currently known 199 impact structures
on Earth (i.e., more than 10%) have proven or very likely Ordovician ages, creating a distinct
spike in the terrestrial impact cratering record (Fig. 2). Recent additions to the list of
Ordovician impacts, based on new U-Pb and Ar-Ar geochronologic results, include, for
example, the 54-kilometer-diameter Charlevoix impact structure, the 50-kilometer-diameter
Carswell impact structure, and the 8-kilometer-diameter La Moinerie impact structure, all
located in Canada. Those impact structures — six in the United States, nine in Canada, five in
Sweden, and one in Estonia, Ukraine, and Australia, respectively — were produced over a
period of several million years. Among the Swedish impact structures, the 14-kilometer-
diameter Lockne and 0.7-kilometer-diameter Målingen impact craters may represent a true
crater doublet within the framework of multiple impacts. In addition, a number of fossil
meteorites found in Ordovician limestone in Sweden and the impact-produced Osmussaar
Breccia in Estonia testify to a period of enhanced bombardment of Earth by asteroids at that
time. Analysis of the fossil meteorites and impact breccias suggests that most of the
Ordovician impacts are linked to the collisional breakup of the L-chondrite parent asteroid in
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space some 470 million years ago, which then sent large masses of shock-melted stony
meteorites into Earth-crossing orbit. However, compared to the largest terrestrial impacts,
such as Vredefort, Sudbury, and Chicxulub, the asteroids that created the Ordovician impact
structures were rather small.

While the Ordovician can be regarded as a time of intense impact cratering, there is currently
no evidence for true multiple impact events resulting in the formation of larger-scale impact
crater chains on Earth. Although such a scenario had been proposed for at least five impact
structures with overlapping ages (Manicouagan and Lake Saint Martin in Canada, Red Wing
Creek in the United States, Rochechouart in France, and Obolon in Ukraine) in the Late Triassic
some 214 million years ago, more recent Ar-Ar age determinations on the Lake Saint Martin
(227.8 ± 0.9 Ma) and Rochechouart (206.92 ± 0.32 Ma) impacts and refined stratigraphic age
constraints for Obolon (<185 Ma) demonstrated that all those craters have very different ages
and are therefore unrelated. We conclude that the Late Triassic Earth did not see a multiple
impact event similar to the impact of the tidally disrupted Comet Shoemaker-Levy 9 on Jupiter
as observed by the Hubble Space Telescope in July 1994 (see Issue 152). While there are true
impact crater chains on the Moon and other planetary bodies, no such chain is known to exist
on Earth.

The Impact-Biosphere Connection Through High-Resolution
Geochronology
With the advent of the “New Catastrophism” in the wake of Luis and Walter Alvarez’ impact-
mass extinction hypothesis (1980), according to which the Earth’s Mesozoic life — most
prominently the dinosaurs — were wiped out due to the impact of a large asteroid that was
also the source of a global iridium anomaly, larger meteorite impacts have been discussed as
potential triggers for most, if not all, of the “big five” extinction events in the geologic past.
While the end-Ordovician extinction (~443 Ma) was most likely related to climatic effects,
some researchers argue that frequent impacts in the Mid-Ordovician (~470–458 Ma) may
have, in fact, boosted biodiversification. The Late Devonian Frasnian/Famennian transition,
associated with an extinction event, has an age (~372 Ma) that is similar to the age of the ≥52-
kilometer-diameter Siljan impact structure in Sweden, Europe’s largest impact structure.
However, current Ar-Ar results suggest the Siljan impact occurred at either ~400 Ma or
~380 Ma, and therefore a causal link with the Frasnian/Famennian boundary event seems
implausible. Likewise, there is currently no convincing evidence of global-scale impacts at the
end-Permian (~252 Ma), the biggest of all life crises on Earth during which more than 95% of
marine species and 70% of terrestrial vertebrates went extinct, and the end-Triassic
(~201 Ma). Although the ~40-kilometer-diameter Rochechouart impact structure in France
previously had an age that overlapped with the Triassic/Jurassic boundary, new Ar-Ar results
suggest the impact occurred some ~5 million years before the transition. Instead, the end-
Permian and end-Triassic extinction events may have been caused by volcanic activity in large
igneous provinces, such as the Emeishan and Siberian Traps in the final stages of the
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Permian, and the Central Atlantic Magmatic Province at the end of the Triassic, and potentially
other compounding environmental factors. Thus far, the only convincing case for impact as
the trigger of a mass extinction remains the giant Chicxulub impact on the Yucatán Peninsula
in Mexico (see Issue 144), which has been stratigraphically, micropaleontologically,
geochemically, and in terms of precise U-Pb and Ar-Ar ages linked with the
Cretaceous/Paleogene boundary at ~66.05 Ma. At the time of impact, the contemporaneous
Deccan trap volcanism in India had already been active.

Finally, it is worth noting that large impacts, capable of causing widespread destruction and
mass extinctions, are not only detrimental to the biosphere. As LPI’s scientist David Kring
formulated in his “Impact Origin of Life Hypothesis,” cooling impact craters that hosted
hydrothermal systems are thought to have served as a habitat for thermophilic and
hyperthermophilic microbial life on the early Earth (and possibly Mars). Although large
impacts were much more abundant during the Hadean and Archean before ca. 3.7 Ga, impact
craters and their hydrothermally altered rocks and minerals accessible today are valuable
analog sites for this type of habitat. Two critical factors in hot-fluid systems as biologic
habitats are their temperature and lifetime. Numerical modeling suggests that the largest
terrestrial impact craters, such as Sudbury and Chicxulub, may have sustained initially hot
hydrothermal activity for more than 2 million years, whereas medium-sized impact craters
around 20–30 kilometers in diameter were generally thought to cool down more rapidly,
perhaps over a few tens of thousands of years. Recent high-precision U-Pb and Ar-Ar results
for the 23-kilometer Lappajärvi impact crater in Finland, mentioned earlier, suggest those
initial estimates may have been too conservative. An older zircon U-Pb age, recording lead
diffusion at ~900°C, in combination with significantly younger Ar-Ar results for K-feldspar that
record Ar diffusion over several hundreds of thousands of years, indicate that even the
comparatively small Lappajärvi crater cooled to ~200°C over a period of at least 1.3 million
years. This is substantially longer than estimated previously and makes Lappajärvi-sized
impact craters, which are much more common over geologic time than Sudbury- or
Chicxulub-sized craters, an important type of habitat for thermophilic and hyperthermophilic
microbes.

In summary, high-precision geochronology has refined the timeline for a number of impact
events on Earth whose ages can be correlated with other impacts and geologic events in Earth
history. Based on the latest geochronologic results, synchronous double impacts on Earth
seem to be rare and evidence for a large-scale multiple impact event on our planet is currently
missing. However, the Ordovician marks a time period of intense bombardment over several
millions of years, supported by a growing number of Ordovician U-Pb, Ar-Ar, and stratigraphic
impact ages. Only the Chicxulub impact has been firmly linked to a mass extinction event, in
part based on high-precision U-Pb and Ar-Ar results. The latter can also be used to determine
the lifetime of hydrothermal systems in cooling impact craters, as recently done for the slowly
cooled Lappajärvi impact crater in Finland as an analog for impact-crater-hosted habitats for
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microbial life on the early Earth.
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From the Desk of Lori Glaze

Ancient Impacts and Today’s Planetary Defense

Twenty-five years ago, in July of 1994,
the world witnessed for the first time
a collision between two bodies in the
solar system: the planet Jupiter and
fragments of the shattered comet
Shoemaker-Levy 9. The spectacular
celestial event, witnessed by
telescopes on the ground and in
space, was also a wakeup call for
humanity — we are, like our
prehistorical ancestors millions of
years in the past, vulnerable to
asteroid impacts.

Fortunately, space is large and Earth
is a fraction the size of Jupiter, so it’s
extremely rare that our planet and
an asteroid would cross paths at the
same exact time in their orbits around the Sun. But it’s better to be prepared, so in the late
1990s, Congress directed NASA to start a concerted effort to track and monitor the asteroids
and comets in our neighborhood. Those small bodies that come within 50 million kilometers
of our planet were deemed “Near-Earth Objects” (NEOs) and have been vigilantly tracked ever
since. In 2016, NASA created the Planetary Defense Coordination Office, which is hosted in the
Planetary Science Division.

We’re not just studying NEOs from Earth. One of the Planetary Science Division’s missions,
OSIRIS-REx, is studying a NEO called Bennu up close. Bennu has a 1 in 2700 chance of colliding
with Earth in the late 2100s, and now is our chance to become deeply knowledgeable about
the asteroid and its orbit and composition. In 2020, OSIRIS-REx will become the first NASA
mission to collect a regolith sample of an asteroid, and in 2023 it’ll deliver that sample to Earth
for humans to study.

We’re also celebrating several planetary defense milestones in 2019. This year marks not only
the 25th anniversary of the Shoemaker-Levy 9 impact with Jupiter, but also the 40th
anniversary of the establishment of the Infrared Telescope Facility, one of NASA’s asteroid
observing telescopes. Located at the 13,800-foot summit of Manuakea on the Big Island of
Hawaii, the IRTF was originally established to assist in the Voyager missions, but has helped
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planetary scientists with so much more. Scientists have used the telescope to map the region
of Galileo entry probe on Jupiter, assist Cassini observations with coincident data, and
measure winds on Titan ahead of the Huygens insertion, and use it in the present day to
characterize numerous comets, asteroids, and other small bodies. The astrophysics mission-
turned-asteroid hunter NEOWISE (Near Earth Object Wide-field Infrared Survey Explorer) is in
its fifth year as a planetary defense mission, helping us discover NEOs that are too dark for
our groundbased telescopes to see.

In two years, NASA will launch its very first spacecraft to demonstrate the “kinetic impactor”
technique for deflecting an asteroid. The Double Asteroid Redirection Test, or DART, will fly to
the binary asteroid system Didymos and we’ll deliberately crash the spacecraft into the
football-stadium-sized moon. Already, an international network of scientists are observing
Didymos to calculate the orbit of its moon. After the mission’s dramatic climax, we’ll once
again measure the moon’s orbit to see how much it was changed.

We only have one Earth, and it’s our duty to defend it. With our fellow planetary scientists
studying impacts in the deep past, we can better understand what can happen in the present
and into the future.

— Lori S. Glaze, Director, NASA’s Planetary Science Division, April 2019
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News From Space

InSight is the Newest Mars Weather Service

Mars InSight’s first selfie. Credit: NASA/JPL-Caltech.

No matter how cold your winter has been, it’s probably not as chilly as Mars. Check for
yourself:  Starting today, the public can get a daily weather report from NASA’s InSight lander.

This public tool includes stats on temperature, wind, and air pressure recorded by InSight.
Sunday’s weather was typical for the lander’s location during late northern winter:  a high of –
17° Celsius (2° Fahrenheit) and low of –95° Celsius (–138° Fahrenheit), with a top wind speed
of 16.9 m/s (37.8 mph) in a southwest direction. The tool was developed by NASA’s Jet
Propulsion Laboratory in Pasadena, California, with partners at Cornell University and Spain’s
Centro de Astrobiología.

Through a package of sensors called the Auxiliary Payload Subsystem (APSS), InSight will
provide more around-the-clock weather information than any previous mission to the Martian
surface. The lander records this data during each second of every sol (a Martian day) and
sends it to Earth on a daily basis. The spacecraft is designed to continue that operation for at
least the next two Earth years, allowing it to study seasonal changes as well.

“It gives you the sense of visiting an alien place,” said Don Banfield of Cornell University, in
Ithaca, New York, who leads InSight’s weather science. “Mars has familiar atmospheric
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phenomena that are still quite different than those on Earth.”

Constantly collecting weather data allows scientists to detect sources of “noise” that could
influence readings from the lander’s seismometer and heat flow probe, its main instruments.
Both are affected by Mars’ extreme temperature swings. The seismometer, called the Seismic
Experiment for Interior Structure (SEIS), is sensitive to air pressure changes and wind, which
create movements that could mask actual marsquakes.

“APSS will help us filter out environmental noise in the seismic data and know when we’re
seeing a marsquake and when we aren’t,” Banfield said. “By operating continuously, we’ll also
see a more detailed view of the weather than most surface missions, which usually collect
data only intermittently throughout a sol.”

APSS includes an air pressure sensor inside the lander and two air temperature and wind
sensors on the lander’s deck. Under the edge of the deck is a magnetometer, provided by the
University of California Los Angeles, which will measure changes in the local magnetic field
that could also influence SEIS. It is the first magnetometer ever placed on the surface of
another planet.

InSight will provide a unique data set that will complement the weather measurements of
other active missions, including NASA’s Curiosity rover and orbiters circling the planet.
InSight’s air temperature and wind sensors are actually refurbished spares originally built for
Curiosity’s Rover Environmental Monitoring Station (REMS). These two east- and west-facing
booms sit on the lander’s deck and are called Temperature and Wind for InSight (TWINS),
provided by Spain’s Centro de Astrobiología.

TWINS will be used to tell the team when strong winds could interfere with small seismic
signals. But it could also be used, along with InSight’s cameras, to study how much dust and
sand blow around. Scientists don’t know how much wind it takes to lift dust in Mars’ thin
atmosphere, which affects dune formation and dust storms — including planet-encircling dust
storms like the one that occurred last year — effectively ending the Opportunity rover’s
mission.

APSS will also help the mission team learn about dust devils that have left streaks on the
planet’s surface. Dust devils are essentially low-pressure whirlwinds, so InSight’s air pressure
sensor can detect when one is near. It’s highly sensitive — 10 times more so than equipment
on the Viking and Pathfinder landers — enabling the team to study dust devils from dozens of
meters (hundreds of feet) away.

“Our data has already shown there are a lot of dust devils at our location,” Banfield said.
“Having such a sensitive pressure sensor lets us see more of them passing by.”
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Fore more on InSight, visit https://mars.nasa.gov/insight/.

Credit: NASA/JPL-Caltech.

NASA Mission Reveals Asteroid Has Big Surprises

This view of asteroid Bennu ejecting particles from its surface on January 19, 2019 was created
by combining two images taken on board NASA’s OSIRIS-REx spacecraft. Credit:
NASA/Goddard/University of Arizona/Lockheed Martin.

A NASA spacecraft that will return a sample of a near-Earth asteroid named Bennu to Earth in
2023 made the first-ever close-up observations of particle plumes erupting from an asteroid’s
surface. Bennu also revealed itself to be more rugged than expected, challenging the mission
team to alter its flight and sample collection plans, due to the rough terrain.

Bennu is the target of NASA’s Origins, Spectral Interpretation, Resource Identification,
Security-Regolith Explorer (OSIRIS-REx) mission, which began orbiting the asteroid on
December 31, 2018. Bennu, which is only slightly wider than the height of the Empire State
Building, may contain unaltered material from the very beginning of our solar system.
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“The discovery of plumes is one of the biggest surprises of my scientific career,” said Dante
Lauretta, OSIRIS-REx principal investigator at the University of Arizona, Tucson. “And the
rugged terrain went against all of our predictions. Bennu is already surprising us, and our
exciting journey there is just getting started.”

Shortly after the discovery of the particle plumes on January 6, 2019, the mission science team
increased the frequency of observations, and subsequently detected additional particle
plumes during the following months. Although many of the particles were ejected clear of
Bennu, the team tracked some particles that orbited Bennu as satellites before returning to
the asteroid’s surface.

The OSIRIS-REx team initially spotted the particle plumes in images while the spacecraft was
orbiting Bennu at a distance of about 1.61 kilometers (1 mile). Following a safety assessment,
the mission team concluded the particles did not pose a risk to the spacecraft. The team
continues to analyze the particle plumes and their possible causes.

“The first three months of OSIRIS-REx’s up-close investigation of Bennu have reminded us
what discovery is all about — surprises, quick thinking, and flexibility,” said Lori Glaze, acting
director of the Planetary Science Division at NASA Headquarters in Washington. “We study
asteroids like Bennu to learn about the origin of the solar system. OSIRIS-REx’s sample will
help us answer some of the biggest questions about where we come from.”

OSIRIS-REx launched in 2016 to explore Bennu, which is the smallest body ever orbited by
spacecraft. Studying Bennu will allow researchers to learn more about the origins of our solar
system, the sources of water and organic molecules on Earth, the resources in near-Earth
space, as well as improve our understanding of asteroids that could impact Earth.

The OSIRIS-REx team also didn’t anticipate the number and size of boulders on Bennu’s
surface. From Earth-based observations, the team expected a generally smooth surface with a
few large boulders. Instead, it discovered Bennu’s entire surface is rough and dense with
boulders.

The higher-than-expected density of boulders means that the mission’s plans for sample
collection, also known as Touch-and-Go (TAG), need to be adjusted. The original mission
design was based on a sample site that is hazard-free, with a 25-meter (82-foot) radius.
However, because of the unexpectedly rugged terrain, the team hasn’t been able to identify a
site of that size on Bennu. Instead, it has begun to identify candidate sites that are much
smaller in radius.

The smaller sample site footprint and the greater number of boulders will demand more
accurate performance from the spacecraft during its descent to the surface than originally
planned. The mission team is developing an updated approach, called Bullseye TAG, to
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accurately target smaller sample sites.

“Throughout OSIRIS-REx’s operations near Bennu, our spacecraft and operations team have
demonstrated that we can achieve system performance that beats design requirements,” said
Rich Burns, the project manager of OSIRIS-REx at NASA’s Goddard Space Flight Center in
Greenbelt, Maryland. “Bennu has issued us a challenge to deal with its rugged terrain, and we
are confident that OSIRIS-REx is up to the task.”

The original, low-boulder estimate was derived both from Earth-based observations of
Bennu’s thermal inertia — or its ability to conduct and store heat — and from radar
measurements of its surface roughness. Now that OSIRIS-REx has revealed Bennu’s surface up
close, those expectations of a smoother surface have been proven wrong. This suggests the
computer models used to interpret previous data do not adequately predict the nature of
small, rocky, asteroid surfaces. The team is revising these models with the data from Bennu.

The OSIRIS-REx science team has made many other discoveries about Bennu in the three
months since the spacecraft arrived at the asteroid, some of which were presented at the 50th
Lunar and Planetary Conference in Houston and in a special collection of papers issued by the
journal Nature.

The team has directly observed a change in the spin rate of Bennu as a result of what is
known as the Yarkovsky-O’Keefe-Radzievskii-Paddack (YORP) effect. The uneven heating and
cooling of Bennu as it rotates in sunlight is causing the asteroid to increase its rotation speed.
As a result, Bennu’s rotation period is decreasing by about one second every 100 years.
Separately, two of the spacecraft’s instruments, the MapCam color imager and the OSIRIS-REx
Thermal Emission Spectrometer (OTES), have made detections of magnetite on Bennu’s
surface, which bolsters earlier findings indicating the interaction of rock with liquid water on
Bennu’s parent body.

For more about OSIRIS-REx, visit https://www.nasa.gov/osiris-rex.

Stunning Discovery Offers Glimpse Of Minutes Following
‘Dinosaur-Killer’ Chicxulub Impact
A study to be published Monday in the Proceedings of the National Academy of Sciences
offers a scientific first: a detailed snapshot of the terrible moments right after the Chicxulub
impact — the most cataclysmic event known to have befallen life on Earth.

At a site called Tanis in North Dakota’s Hell Creek Formation, a team of paleontologists whose
headquarters are at the University of Kansas unearthed a mother lode of exquisitely
preserved animal and fish fossils — creatures that lived in and around a deeply chiseled river
connected to the ancient Western Interior Seaway — that were killed suddenly in events
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Robert DePalma and Peter 
Larson conduct field research in 
Tanis. Credit: Robert DePalma.

Micro-CT image
showing cutaway of
clay-altered ejecta
spherule with
internal core of
unaltered impact
glass. Credit: Robert
DePalma.

triggered by the Chicxulub impact.

The fossils were crammed into a “rapidly emplaced high-
energy onshore surge deposit” along the Cretaceous-
Tertiary boundary (KT boundary) that contained
associated ejecta and iridium impactite associated with
the impact about 66 million years ago — an impact that
eradicated about 75% of Earth’s animal and plant
species.

“A tangled mass of freshwater fish, terrestrial
vertebrates, trees, branches, logs, marine ammonites
and other marine creatures was all packed into this
layer by the inland-directed surge,” said lead author
Robert DePalma, a KU doctoral student in geology who
works in the KU Biodiversity Institute and Natural
History Museum. “Timing of the incoming ejecta
spherules matched the calculated arrival times of

seismic waves from the impact, suggesting that the impact could very well have triggered the
surge.”

DePalma, who discovered the fossil mother lode, said the find
outlines how the impact could have devastated areas very far from
the crater quite rapidly.

“A tsunami would have taken at least 17 or more hours to reach the
site from the crater, but seismic waves — and a subsequent surge —
would have reached it in tens of minutes,” he said.

DePalma and his colleagues describe the rushing wave that shattered
the Tanis site as a “seiche.”

“As the 2011 Tohoku earthquake in Japan showed us, seismic shaking
can cause surges far from the epicenter,” he said. “In the Tohoku
example, surges were triggered nearly 5000 miles [804 kilometers]
away in Norway just 30 minutes after impact. So, the KT impact could
have caused similar surges in the right-sized bodies of water
worldwide, giving the first rapid ‘bloody nose’ to those areas before
any other form of aftermath could have reached them.”

According to KU researchers, even before the surge arrived, Acipenseriform fish (sturgeon)
found at the site already had inhaled tiny spherules ejected from the Chicxulub impact.
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“The fish were buried quickly, but not so quickly they didn’t have time to breathe the ejecta
that was raining down to the river,” said co-author David Burnham, preparator of vertebrate
paleontology at the KU Biodiversity Institute. “These fish weren’t bottom feeders. They
breathed these in while swimming in the water column. We’re finding little pieces of ejecta in
the gill rakers of these fish, the bony supports for the gills. We don’t know if some were killed
by breathing this ejecta, too.”

The number and quality of preservation of the fossils at Tanis are such that Burnham dubs it
the “lagerstätte” of the KT event — paleontologist-speak for a landmark sedimentary deposit
with exceptionally intact specimens. He said this is especially true as the fish are cartilaginous,
not bony, and are less prone to fossilization.

“The sedimentation happened so quickly everything is preserved in three dimensions —
they’re not crushed,” Burnham said. “It’s like an avalanche that collapses almost like a liquid,
then sets like concrete. They were killed pretty suddenly because of the violence of that water.
We have one fish that hit a tree and was broken in half.”

Indeed, the Tanis site contains many hundreds of articulated ancient fossil fish killed by the
Chicxulub impact’s aftereffects and is remarkable for the biodiversity it reveals alone.

“At least several appear to be new species, and the others are the best examples known of
their kind,” DePalma said. “Before now, fewer than four were known from the Hell Creek, so
the site was already magnificently significant. But we quickly recognized that the surrounding
sediment was deposited by a sudden, massive rush of water, and that the surge was directed
inland, away from an ancient nearby seaway. When we noticed asteroid impact debris within
the sediment and a compact layer of KT boundary clay resting on top of it from the long-term
fallout, we realized that this unusual site was right at the KT boundary.”

According to Burnham, the fossil trove fills a void in scientific knowledge with vivid new detail.

“We’ve understood that bad things happened right after the impact, but nobody’s found this
kind of smoking-gun evidence,” he said. “People have said, ‘We get that this blast killed the
dinosaurs, but why don’t we have dead bodies everywhere?’ Well, now we have bodies.
They’re not dinosaurs, but I think those will eventually be found, too.”

DePalma said his find provides spectacular new detail to what is perhaps the most important
event to ever affect life on Earth.

“It’s difficult not to get choked up and passionate about this topic,” he said. “We look at
moment-by-moment records of one of the most notable impact events in Earth’s history. No
other site has a record quite like that. And this particular event is tied directly to all of us — to
every mammal on Earth, in fact. Because this is essentially where we inherited the planet.
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The ExoFit test model of the Rosalind Franklin rover that will be
sent to Mars in 2021 scouting the Atacama Desert in Chile. It is
remotely controlled from the United Kingdom, over
11000 kilometers (6835 miles) away. Credit: Airbus.

Nothing was the same after that impact. It became a planet of mammals rather than a planet
of dinosaurs.

“As human beings, we descended from a lineage that literally survived in the ashes of what
was once the glorious kingdom of the dinosaurs. And we’re the only species on the planet that
has ever been capable of learning from such an event to the benefit of ourselves and every
other organism in our world.”

For more information, visit https://news.ku.edu/2019/03/29/stunning-discovery-offers-
glimpse-minutes-following-dinosaur-killer-chicxulub-impact.

ESA’s Mars Rover has a Name: Rosalind Franklin
The ExoMars rover that
will search for the
building blocks of life on
the Red Planet has a
name: Rosalind Franklin.
The prominent scientist
behind the discovery of
the structure of DNA will
have her symbolic
footprint on Mars in
2021.

A panel of experts chose
Rosalind Franklin from
over 36,000 entries
submitted by citizens
from all ESA Member
States, following a
competition launched by
the UK Space Agency in
July last year.

The ExoMars rover will be the first of its kind to combine the capability to roam around Mars
and to study it at depth. The Red Planet has hosted water in the past, but has a dry surface
exposed to harsh radiation today.

The rover bearing Rosalind Franklin’s name will drill down to two meters into the surface to
sample the soil, analyze its composition and search for evidence of past — and perhaps even
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present — life buried underground.

The rover is part of the ExoMars program, a joint endeavor between ESA and the Russian
State Space Corporation, Roscosmos.

What’s in a name?

Rosalind Elsie Franklin was a British chemist and X-ray crystallographer who contributed to
unraveling the double helix structure of our DNA. She also made enduring contributions to
the study of coal, carbon and graphite. ESA has a long tradition of naming its missions for
great scientists, including Newton, Planck, and Euclid.

“This name reminds us that it is in the human genes to explore. Science is in our DNA, and in
everything we do at ESA. Rosalind the rover captures this spirit and carries us all to the
forefront of space exploration,” says ESA Director General Jan Woerner.

The name was revealed this morning in the ‘Mars Yard’ at Airbus Defense and Space in
Stevenage, in the United Kingdom, where the rover is being built. ESA astronaut Tim Peake
met the competition entrants who chose the winning name, and toured the facility with UK
Science Minister Chris Skidmore.

“This rover will scout the martian surface equipped with next-generation instruments — a
fully-fledged automated laboratory on Mars,” says Tim.

“With it, we are building on our European heritage in robotic exploration, and at the same
time devising new technologies.”

The rover will relay data to Earth through the Trace Gas Orbiter, a spacecraft searching for tiny
amounts of gases in the martian atmosphere that might be linked to biological or geological
activity since 2016.

Rosalind has already a proposed landing site. Last November a group of experts chose Oxia
Planum near the martian equator to explore an ancient environment that was once water-rich
and that could have been colonized by primitive life.

On our way to Mars, and back

Looking beyond ExoMars, bringing samples back from Mars is the logical next step for robotic
exploration. ESA is already defining a concept for a sample return mission working in
cooperation with NASA.

“Returning martian samples is a huge challenge that will require multiple missions, each one
successively more complex than the one before,” says David Parker, ESA’s Director of Human
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and Robotic Exploration.

“We want to bring the Red Planet closer to home. We want to delve into its mysteries and
bring back knowledge and benefits to people on Earth. Returned planetary samples are truly
the gift that keeps on giving — scientific treasure for generations to come,” he adds.

Long-term planning is crucial to realize the missions that investigate fundamental science
questions like could life ever have evolved beyond Earth?

ESA has been exploring Mars for more than 15 years, starting with Mars Express and
continuing with the two ExoMars missions, keeping a European presence at the Red Planet
into the next decade.

For more about ExoMars,
visit https://www.esa.int/Our_Activities/Human_and_Robotic_Exploration/Exploration/ExoMars
/ExoMars_2020_rover.

NASA Administrator Statement on Return to Moon in Next
Five Years
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Vice President Mike Pence speaks about NASA’s mandate to return American astronauts to the
Moon and on to Mars at the fifth meeting of the National Space Council March 26, 2019, at the
U.S. Space & Rocket Center in Huntsville, Alabama. Credit: NASA.

The following is a statement from NASA Administrator Jim Bridenstine on Tuesday’s
announcement by Vice President Mike Pence, at the fifth meeting of the National Space
Council, about putting American astronauts back on the Moon in the next five years:

“Today, I joined leaders from across the country as Vice President Mike Pence chaired the fifth
meeting of the National Space Council. Vice President Pence lauded President Donald J.
Trump’s bold vision for space exploration and spoke to NASA’s progress on key elements to
accomplish the President’s Space Policy Directives.

“Among the many topics discussed during our meeting at the U.S. Space and Rocket Center in
Huntsville, Alabama, was to accelerate our return to the Moon:

NASA is charged to get American astronauts to the Moon in the
next five years.
We are tasked with landing on the Moon’s South Pole by 2024.
Stay on schedule for flying Exploration Mission-1 with Orion on the
Space Launch System (SLS) rocket next year, and for sending the
first crewed mission to the lunar vicinity by 2022.
NASA will continue to ‘use all means necessary’ to ensure mission
success in moving us forward to the Moon.

“It is the right time for this challenge, and I assured the Vice President that we, the people of
NASA, are up to the challenge.

“We will take action in the days and weeks ahead to accomplish these goals. We have laid out
a clear plan for NASA’s exploration campaign that cuts across three strategic areas: low-Earth
orbit, the Moon, and Mars and deeper into space.

“I have already directed a new alignment within NASA to ensure we effectively support this
effort, which includes establishing a new mission directorate to focus on the formulation and
execution of exploration development activities. We are calling it the Moon to Mars Mission
Directorate.

“Earlier today I was also at Marshall Space Flight Center for an all-hands to reinforce our
commitment to SLS with the workforce. We discussed my recent announcement that NASA
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would consider all options to fly Orion around the Moon on schedule. I shared the analysis we
conducted to assess flying the Orion on different commercial options. While some of these
alternative vehicles could work, none was capable of achieving our goals to orbit around the
Moon for Exploration Mission-1 within our timeline and on budget. The results of this two-
week study reaffirmed our commitment to the SLS. More details will be released in the future.

“There’s a lot of excitement about our plans and also a lot of hard work and challenges ahead,
but I know the NASA workforce and our partners are up to it. We are now looking at creative
approaches to advance SLS manufacturing and testing to ensure Exploration Mission-1
launches in 2020. We will work to ensure we have a safe and reliable launch system that keeps
its promise to the American people.

“I know NASA is ready for the challenge of moving forward to the Moon, this time to stay.”

For more about NASA’s return to the Moon, visit https://www.nasa.gov/specials/moon2mars/.

NASA’s Cassini Finds Saturn’s Rings Coat Tiny Moons
New findings have emerged about five tiny moons nestled in and near Saturn’s rings. The
closest-ever flybys by NASA’s Cassini spacecraft reveal that the surfaces of these unusual
moons are covered with material from the planet’s rings — and from icy particles blasting out
of Saturn’s larger moon Enceladus. The work paints a picture of the competing processes
shaping these mini-moons.

“The daring, close flybys of these odd little moons let us peer into how they interact with
Saturn’s rings,” said Bonnie Buratti of NASA’s Jet Propulsion Laboratory (JPL) in Pasadena,
California. Buratti led a team of 35 co-authors that published their work in the journal Science
on March 28, 2019. “We’re seeing more evidence of how extremely active and dynamic the
Saturn ring and moon system is.”

The new research, from data gathered by six of Cassini’s instruments before its mission ended
in 2017, is a clear confirmation that dust and ice from the rings accretes onto the moons
embedded within and near the rings.

Scientists also found the moon surfaces to be highly porous, further confirming that they
were formed in multiple stages as ring material settled onto denser cores that might be
remnants of a larger object that broke apart. The porosity also helps explain their shape:
Rather than being spherical, they are blobby and ravioli-like, with material stuck around their
equators.

“We found these moons are scooping up particles of ice and dust from the rings to form the
little skirts around their equators,” Buratti said. “A denser body would be more ball-shaped
because gravity would pull the material in.”
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This montage of views from NASA’s Cassini spacecraft
shows three of the small, ring moons inspected during
close flybys: Atlas, Daphnis, and Pan. They’re shown
here at the same scale. Credit: NASA/JPL-Caltech/Space
Science Institute.

“Perhaps this process is going on
throughout the rings, and the largest
ring particles are also accreting ring
material around them. Detailed
views of these tiny ring moons may
tell us more about the behavior of
the ring particles themselves,” said
Cassini Project Scientist Linda Spilker,
also at JPL.

Of the satellites studied, the surfaces
of those closest to Saturn — Daphnis
and Pan — are the most altered by
ring materials. The surfaces of the
moons Atlas, Prometheus, and
Pandora, farther out from Saturn,
have ring material as well — but they
are also coated with the bright icy
particles and water vapor from the
plume spraying out of Enceladus. (A
broad outer ring of Saturn, known as
the E ring, is formed by the icy
material that fans out from
Enceladus’ plume.)

The key puzzle piece was a data set
from Cassini’s Visible and Infrared
Mapping Spectrometer (VIMS), which
collected light visible to the human
eye and also infrared light of longer
wavelengths. It was the first time
Cassini was close enough to create a
spectral map of the surface of the

innermost moon Pan. By analyzing the spectra, VIMS was able to learn about the composition
of materials on all five moons.

VIMS saw that the ring moons closest to Saturn appear the reddest, similar to the color of the
main rings. Scientists don’t yet know the exact composition of the material that appears red,
but they believe it’s likely a mix of organics and iron.

The moons just outside the main rings, on the other hand, appear more blue, similar to the
light from Enceladus’ icy plumes.
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The six ultra-close flybys of the ring moons, performed between December 2016 and
April 2017, engaged all of Cassini’s optical remote sensing instruments that study the
electromagnetic spectrum. They worked alongside the instruments that examined the dust,
plasma and magnetic fields and how those elements interact with the moons.

Questions remain, including what triggered the moons to form. Scientists will use the new
data to model scenarios and could apply the insights to small moons around other planets
and possibly even to asteroids.

“Do any of the moons of the ice giant planets Uranus and Neptune interact with their thinner
rings to form features similar to those on Saturn’s ring moons?” Buratti asked. “These are
questions to be answered by future missions.”

Cassini’s mission ended in September 2017, when it was low on fuel. Mission controllers
deliberately plunged Cassini into Saturn’s atmosphere rather than risk crashing the spacecraft
into the planet’s moons. More science from the last orbits, known as the Grand Finale, will be
published in the coming months.

For more information about Cassini, visit https://solarsystem.nasa.gov/cassini.

Volcanic Plumes on Jupiter’s Moon Io
A team of space scientists has captured new images of a volcanic plume on Jupiter’s moon Io
during the Juno mission’s seventeenth flyby of the gas giant. On December 21, 2018, during
winter solstice, four of Juno’s cameras captured images of the Jovian moon Io, the most
volcanic body in our solar system. JunoCam, the Stellar Reference Unit (SRU), the Jovian
Infrared Auroral Mapper (JIRAM) and the Ultraviolet Imaging Spectrograph (UVS) observed Io
for over an hour, providing a glimpse of the moon’s polar regions as well as evidence of an
active eruption.

“We knew we were breaking new ground with a multi-spectral campaign to view Io’s polar
region, but no one expected we would get so lucky as to see an active volcanic plume shooting
material off the moon’s surface,” said Scott Bolton, principal investigator of the Juno mission
and an associate vice president of Southwest Research Institute’s (SwRI) Space Science and
Engineering Division. “This is quite a New Year’s present showing us that Juno has the ability to
clearly see plumes.”
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JunoCam acquired three images of Io prior to when it
entered eclipse, all showing a volcanic plume illuminated
beyond the terminator. The image shown here,
reconstructed from red, blue, and green filter images, was
acquired at 12:20 (UTC) on December 21, 2018. The Juno
spacecraft was approximately 300000 km (186411 miles)
from Io. Credit: NASA/SwRI/MSSS.

JunoCam acquired the first images on December 21, 2018 at 12:00, 12:15 and 12:20
coordinated universal time
(UTC) before Io entered
Jupiter’s shadow. The images
show the moon half-
illuminated with a bright spot
seen just beyond the
terminator, the day-night
boundary.

“The ground is already in
shadow, but the height of the
plume allows it to reflect
sunlight, much like the way
mountaintops or clouds on the
Earth continue to be lit after
the sun has set,” explained
Candice Hansen-Koharcheck,
the JunoCam lead from the
Planetary Science Institute.

At 12:40 UTC, after Io had
passed into the darkness of
total eclipse behind Jupiter,
sunlight reflecting off nearby
moon Europa helped to
illuminate Io and its plume. SRU
images released by SwRI depict

Io softly illuminated by moonlight from Europa. The brightest feature on Io in the image is
thought to be a penetrating radiation signature, a reminder of this satellite’s role in feeding
Jupiter’s radiation belts, while other features show the glow of activity from several volcanoes.
“As a low-light camera designed to track the stars, the SRU can only observe Io under very
dimly lit conditions. December 21 gave us a unique opportunity to observe Io’s volcanic
activity with the SRU using only Europa’s moonlight as our lightbulb,” said Heidi Becker, lead of
Juno’s Radiation Monitoring Investigation, at NASA’s Jet Propulsion Laboratory. Sensing heat at
long wavelengths, the JIRAM instrument detects hotspots in the daylight and at night.

“Though Jupiter’s moons are not JIRAM’s primary objectives, every time we pass close enough
to one of them, we take advantage of the opportunity for an observation,” said Alberto
Adriani, a researcher at Italy’s National Institute of Astrophysics. “The instrument is sensitive
to infrared wavelengths, which are perfect to study the volcanism of Io. This is one of the best
images of Io that JIRAM has been able to collect so far.”
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The latest images can lead to new insights into the gas giant’s interactions with its five moons,
causing phenomena such as Io’s volcanic activity or freezing of the moon’s atmosphere during
eclipse, added Bolton. JIRAM recently documented Io’s volcanic activity before and after
eclipse. Io’s volcanoes were discovered by NASA’s Voyager spacecraft in 1979. Io’s gravitational
interaction with Jupiter drives the moon’s volcanoes, which emit umbrella-like plumes of SO
gas and produce extensive basaltic lava fields.

The recent Io images were captured at the halfway point of the mission, which is scheduled to
complete a map of Jupiter in July 2021. Launched in 2011, Juno arrived at Jupiter in 2016. The
spacecraft orbits Jupiter every 53 days, studying its auroras, atmosphere, and magnetosphere.

For more about Juno, visit https://www.swri.org/industries/space-science.

Holy Cow! Mysterious Blast Studied with NASA Telescopes

Astronomers using ground-based observatories caught the progression of a cosmic event
nicknamed “the Cow,” as seen in these three images. Left: The Sloan Digital Sky Survey in New
Mexico observed the host galaxy Z 137-068 in 2003, with the Cow nowhere in sight. (The green
circle indicates the location where the Cow eventually appeared). Center: The Liverpool Telescope
in Spain’s Canary Islands saw the Cow very close to the event’s peak brightness on June 20, 2018,
when it was much brighter than the host galaxy. Right: The William Herschel Telescope, also in
the Canary Islands, took a high-resolution image of the Cow nearly a month after it reached peak
brightness, as it faded and the host galaxy came back into view. Credit: Daniel Perley, Liverpool
John Moores University.

A brief and unusual flash spotted in the night sky on June 16, 2018, puzzled astronomers and
astrophysicists across the globe. The event — called AT2018cow and nicknamed “the Cow”
after the coincidental final letters in its official name — is unlike any celestial outburst ever
seen before, prompting multiple theories about its source.

Over three days, the Cow produced a sudden explosion of light at least 10 times brighter than
a typical supernova, and then it faded over the next few months. This unusual event occurred

2
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inside or near a star-forming galaxy known as CGCG 137-068, located about 200 million light-
years away in the constellation Hercules. The Cow was first observed by the NASA-funded
Asteroid Terrestrial-impact Last Alert System telescope in Hawaii.

So exactly what is the Cow? Using data from multiple NASA missions, including the Neil
Gehrels Swift Observatory and the Nuclear Spectroscopic Telescope Array (NuSTAR), two
groups are publishing papers that provide possible explanations for the Cow’s origins. One
paper argues that the Cow is a monster black hole shredding a passing star. The second paper
hypothesizes that it is a supernova — a stellar explosion — that gave birth to a black hole or a
neutron star.

One potential explanation of the Cow is that a star has been ripped apart in what astronomers
call a “tidal disruption event.” Just as the Moon’s gravity causes Earth’s oceans to bulge,
creating tides, a black hole has a similar but more powerful effect on an approaching star,
ultimately breaking it apart into a stream of gas. The tail of the gas stream is flung out of the
system, but the leading edge swings back around the black hole, collides with itself and
creates an elliptical cloud of material. According to one research team using data spanning
from infrared radiation to gamma rays from Swift and other observatories, this transformation
best explains the Cow’s behavior.

“We’ve never seen anything exactly like the Cow, which is very exciting,” said Amy Lien, an
assistant research scientist at the University of Maryland, Baltimore County and NASA’s
Goddard Space Flight Center in Greenbelt, Maryland. “We think a tidal disruption created the
quick, really unusual burst of light at the beginning of the event and best explains Swift’s
multi-wavelength observations as it faded over the next few months.”

Lien and her colleagues think the shredded star was a white dwarf — a hot, roughly Earth-
sized stellar remnant marking the final state of stars like our Sun. They also calculated that the
black hole’s mass ranges from 100000 to 1 million times the Sun’s, almost as large as the
central black hole of its host galaxy. It’s unusual to see black holes of this scale outside the
center of a galaxy, but it’s possible the Cow occurred in a nearby satellite galaxy or a globular
star cluster whose older stellar populations could have a higher proportion of white dwarfs
than average galaxies.

“The Cow produced a large cloud of debris in a very short time,” said lead author Paul Kuin, an
astrophysicist at University College London (UCL). “Shredding a bigger star to produce a cloud
like this would take a bigger black hole, result in a slower brightness increase and take longer
for the debris to be consumed.”

A different team of scientists was able to gather data on the Cow over an even broader range
of wavelengths, spanning from radio waves to gamma rays. Based on those observations, the
team suggests that a supernova could be the source of the Cow. When a massive star dies, it
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explodes as a supernova and leaves behind either a black hole or an incredibly dense object 
called a neutron star. The Cow could represent the birth of one of these stellar remnants.

“We saw features in the Cow that we have never seen before in a transient, or rapidly 
changing, object,” said Raffaella Margutti, an astrophysicist at Northwestern University in 
Evanston, Illinois, and lead author of a study about the Cow to be published in The 
Astrophysical Journal. “Our team used high-energy X-ray data to show that the Cow has 
characteristics similar to a compact body like a black hole or neutron star consuming material. 
But based on what we saw in other wavelengths, we think this was a special case and that we 
may have observed — for the first time — the creation of a compact body in real time.”

Margutti’s team analyzed data from multiple observatories, including NASA’s NuSTAR, ESA’s
(the European Space Agency’s XMM-Newton and INTEGRAL satellites, and the National 
Science Foundation’s Very Large Array. The team proposes that the bright optical and 
ultraviolet flash from the Cow signaled a supernova and that the X-ray emissions that followed 
shortly after the outburst arose from gas radiating energy as it fell onto a compact object.

Typically, a supernova’s expanding debris cloud blocks any light from the compact object at 
the center of the blast. Because of the X-ray emissions, Margutti and her colleagues suggest 
the original star in this scenario may have been relatively low in mass, producing a 
comparatively thinner debris cloud through which X-rays from the central source could 
escape.

“If we’re seeing the birth of a compact object in real time, this could be the start of a new 
chapter in our understanding of stellar evolution,” said Brian Grefenstette, a NuSTAR 
instrument scientist at Caltech and a co-author of Margutti’s paper. “We looked at this object 
with many different observatories, and of course the more windows you open onto an object, 
the more you can learn about it. But, as we’re seeing with the Cow, that doesn’t necessarily 
mean the solution will be simple.”

For more about NuStar, visit https://www.nasa.gov/mission_pages/nustar/main/index.html .
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Members of the NASA Mars Helicopter team inspect the flight model inside the Space Simulator, a
7.62-meter-wide (25-foot-wide) vacuum chamber at NASA’s Jet Propulsion Laboratory in
Pasadena, California. Credit: NASA/JPL-Caltech.

Since the Wright brothers first took to the skies of Kitty Hawk, North Carolina on
December 17, 1903, the first flight has become an important milestone for any vehicle
designed for air travel. While it’s one thing to design an aircraft and make it fly on paper (or
computer), it’s another to put all the pieces together and watch them get off the ground.

In late January 2019, all the pieces making up the NASA’s Mars Helicopter flight model (the
actual vehicle going to the Red Planet) were put to the test.

Weighing in at 1.8 kilograms (4 pounds), the helicopter is currently undergoing the rigorous
process that will certify it for Mars.

The majority of the testing will assess how the helicopter operates on Mars, including how it
performs at Mars-like temperatures. Can it survive — and function — in cold temperatures,
including nights with temperatures as low as -90°C (-130°F)?

All of the testing is in preparation for February 2021, when the helicopter will reach the
surface of the Red Planet as part of the Mars 2020 rover. A few months later, it will be
deployed and test flights (up to 90 seconds long) will begin — the first from the surface of

NASA’s Mars Helicopter Completes Flight Tests
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another world.

“Gearing up for that first flight on Mars, we have logged over 75 minutes of flying time with an
engineering model, which was a close approximation of our helicopter,” said MiMi Aung,
project manager for the Mars Helicopter at NASA’s Jet Propulsion Laboratory (JPL) in
Pasadena, California. “But this recent test of the flight model was the real deal. This is our
helicopter bound for Mars. We needed to see that it worked as advertised.”

Flying helicopters is commonplace here on Earth, but flying hundreds of millions of miles away
in the thin martian atmosphere is something else entirely. Creating the right conditions for
testing here on Earth presents its own set of challenges.

“The martian atmosphere is only about one percent the density of Earth’s,” said Aung. “Our
test flights could have similar atmospheric density here on Earth — if you put your airfield
100000 feet [30480 meters] up. So you can’t go somewhere and find that. You have to make
it.”

Aung and her Mars Helicopter team did just that in JPL’s Space Simulator, a 7.62-meter-wide
(25-foot-wide) vacuum chamber. First, the team created a vacuum that sucks out all the
nitrogen, oxygen, and other gases from the air inside the mammoth cylinder. In their place,
the team injected carbon dioxide, the chief ingredient of Mars’ atmosphere.

“Getting our helicopter into an extremely thin atmosphere is only part of the challenge,” said
Teddy Tzanetos, test conductor for the Mars Helicopter at JPL. “To truly simulate flying on
Mars we have to take away two-thirds of Earth’s gravity, because Mars’ gravity is that much
weaker.”

The team accomplished this with a gravity offload system — a motorized lanyard attached to
the top of the helicopter to provide an uninterrupted tug equivalent to two-thirds of Earth’s
gravity. While the team was understandably concerned with how the helicopter would fare on
its first flight, they were equally concerned with how the gravity offload system would
perform.

“The gravity offload system performed perfectly, just like our helicopter,” said Tzanetos. “We
only required a 5-centimeter [2-inch] hover to obtain all the data sets needed to confirm that
our Mars helicopter flies autonomously as designed in a thin Mars-like atmosphere; there was
no need to go higher. It was a heck of a first flight.”

The Mars Helicopter completed its second flight in the vacuum chamber the following day.
Logging a grand total of one minute of flight time at an altitude of 5 centimeters (2 inches),
more than 1500 individual pieces of carbon fiber, flight-grade aluminum, silicon, copper, foil,
and foam have proven that they can work together as a cohesive unit.
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“The next time we fly, we fly on Mars,” said Aung. “Watching our helicopter go through its
paces in the chamber, I couldn’t help but think about the historic vehicles that have been in
there in the past. The chamber hosted missions from the Ranger Moon probes to the
Voyagers to Cassini, and every Mars rover ever flown. To see our helicopter in there reminded
me we are on our way to making a little chunk of space history as well.”

For more about the Mars 2020 mission, visit https://mars.nasa.gov/mars2020/.

Cooking up Alien Atmospheres on Earth

JPL scientists used the “oven” (center) to heat a mixture of hydrogen and carbon monoxide and
subject it to UV radiation, generated by a hydrogen gas discharge lamp. The lamp radiates both
visible light (the pink glow) and UV light, which enters the gas container inside the oven via a
window on the right side. Credit: NASA/JPL-Caltech.

Researchers at NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, California, are cooking up
an alien atmosphere right here on Earth. In a new study, JPL scientists used a high-
temperature “oven” to heat a mixture of hydrogen and carbon monoxide to more than
1100° C (2000° F), about the temperature of molten lava. The aim was to simulate conditions
that might be found in the atmospheres of a special class of exoplanets (planets outside our
solar system) called “hot Jupiters.”

Hot Jupiters are gas giants that orbit very close to their parent star, unlike any of the planets in
our solar system. While Earth takes 365 days to orbit the Sun, hot Jupiters orbit their stars in
less than 10 days. Their close proximity to a star means their temperatures can range from
530° to 2800° C (1000° to 5000° F) or even hotter. By comparison, a hot day on the surface of
Mercury (which takes 88 days to orbit the Sun) reaches about 430° C (800° F).

Issue 156 36 of 97 April 2019

Copyright 2019 Lunar and Planetary Institute

https://mars.nasa.gov/mars2020/


“Though it is impossible to exactly simulate in the laboratory these harsh exoplanet
environments, we can come very close,” said JPL principal scientist Murthy Gudipati, who leads
the group that conducted the new study, published last month in the Astrophysical Journal.

The team started with a simple chemical mixture of mostly hydrogen gas and 0.3% carbon
monoxide gas. These molecules are extremely common in the universe and in early solar
systems, and they could reasonably compose the atmosphere of a hot Jupiter. Then the team
heated the mixture to between 330° and 1230° C (620° and 2240° F).

The team also exposed the laboratory brew to a high dose of ultraviolet (UV) radiation –
similar to what a hot Jupiter would experience orbiting so close to its parent star. The UV light
proved to be a potent ingredient. It was largely responsible for some of the study’s more
surprising results about the chemistry that might be taking place in these toasty atmospheres.

Hot Jupiters are large by planet standards, and they radiate more light than cooler planets.
Such factors have allowed astronomers to gather more information about their atmospheres
than most other types of exoplanets. Those observations reveal that many hot Jupiter
atmospheres are opaque at high altitudes. Although clouds might explain the opacity, they
become less and less sustainable as the pressure decreases, and the opacity has been
observed where the atmospheric pressure is very low.

Scientists have been looking for potential explanations other than clouds, and aerosols —
solid particles suspended in the atmosphere — could be one. However, according to the JPL
researchers, scientists were previously unaware of how aerosols might develop in hot Jupiter
atmospheres. In the new experiment, adding UV light to the hot chemical mix did the trick.

“This result changes the way we interpret those hazy hot Jupiter atmospheres,” said Benjamin
Fleury, a JPL research scientist and lead author of the study. “Going forward, we want to study
the properties of these aerosols. We want to better understand how they form, how they
absorb light and how they respond to changes in the environment. All that information can
help astronomers understand what they’re seeing when they observe these planets.”

The study yielded another surprise: The chemical reactions produced significant amounts of
carbon dioxide and water. While water vapor has been found in hot Jupiter atmospheres,
scientists for the most part expect this precious molecule to form only when there is more
oxygen than carbon. The new study shows that water can form when carbon and oxygen are
present in equal amounts. (Carbon monoxide contains one carbon atom and one oxygen
atom.) And while some carbon dioxide (one carbon and two oxygen atoms) formed without
the addition of UV radiation, the reactions accelerated with the addition of simulated starlight.

“These new results are immediately useful for interpreting what we see in hot Jupiter
atmospheres,” said JPL exoplanet scientist Mark Swain, a study coauthor. “We’ve assumed that
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temperature dominates the chemistry in these atmospheres, but this shows we need to look
at how radiation plays a role.”

With next-generation tools like NASA’s James Webb Space Telescope, set to launch in 2021,
scientists might produce the first detailed chemical profiles of exoplanet atmospheres, and it’s
possible that some of those first subjects will be hot Jupiters. These studies will help scientists
learn how other solar systems form and how similar or different they are to our own.

For the JPL researchers, the work has just begun. Unlike a typical oven, theirs seals the gas in
tightly to prevent leaks or contamination, and it allows the researchers to control the pressure
of the gas as the temperature rises. With this hardware, they can now simulate exoplanet
atmospheres at even higher temperatures: close to 1600° C (3000° F).

“It’s been an ongoing challenge figuring out how to design and operate this system
successfully, since most standard components such as glass or aluminum melt at these
temperatures,” said JPL research scientist Bryana Henderson, a coauthor of the study. “We’re
still learning how to push these boundaries while safely handling these chemical processes in
the lab. But at the end of the day, the exciting results that come out of these experiments is
worth all the extra effort.”

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

Rosetta’s Comet Sculpted by Stress
Feeling stressed? You’re
not alone. ESA’s Rosetta
mission has revealed
that geological stress
arising from the shape
of
Comet 67P/Churyumov–
Gerasimenko
(Comet 67P/C–G) has
been a key process in
sculpting the comet’s
surface and interior
following its formation.

Small, icy comets with
two distinct lobes seem
to be commonplace in
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Single frame enhanced NavCam image taken on March 27, 2016,
when Rosetta was 329 kilometers (204 miles) from the nucleus of
Comet 67P/Churyumov-Gerasimenko. The scale is 28 meter/pixel
(91 feet/pixel) and the image measures 28.7 kilometers (17.8 miles)
across. Credit: ESA/Rosetta/NavCam.

the Solar System, with
one possible mode of
formation a slow
collision of two
primordial objects in the
early stages of
formation some
4.5 billion years ago. A new study using data collected by Rosetta during its two years at
Comet 67P/C-G has illuminated the mechanisms that contributed to shaping the comet over
the following billions of years.

The researchers used stress modelling and three-dimensional analyses of images taken by
Rosetta’s high resolution Optical, Spectroscopic, and Infrared Remote Imaging System (OSIRIS)
camera to probe the comet’s surface and interior.

“We found networks of faults and fractures penetrating 500 meters (1640 feet) underground,
and stretching out for hundreds of meters,” says lead author Christophe Matonti of Aix-
Marseille University, France.

“These geological features were created by shear stress, a mechanical force often seen at play
in earthquakes or glaciers on Earth and other terrestrial planets, when two bodies or blocks
push and move along one another in different directions. This is hugely exciting: it reveals
much about the comet’s shape, internal structure, and how it has changed and evolved over
time.”

The model developed by the researchers found shear stress to peak at the center of the
comet’s ‘neck’, the thinnest part of the comet connecting the two lobes.

“It’s as if the material in each hemisphere is pulling and moving apart, contorting the middle
part — the neck — and thinning it via the resulting mechanical erosion,” explains co-author
Olivier Groussin, also of Aix-Marseille University, France.

“We think this effect originally came about because of the comet’s rotation combined with its
initial asymmetric shape. A torque formed where the neck and ‘head’ meet as these
protruding elements twist around the comet’s center of gravity.”

The observations suggest that the shear stress acted globally over the comet and, crucially,
around its neck. The fact that fractures could propagate so deeply into 67P/C-G also confirms
that the material making up the interior of the comet is brittle, something that was previously
unclear.

“None of our observations can be explained by thermal processes,” adds co-author Nick Attree
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of the University of Stirling, UK. “They only make sense when we consider a shear stress acting
over the entire comet and especially around its neck, deforming and damaging and fracturing
it over billions of years.”

Sublimation, the process of ices turning to vapor and resulting in comet dust being dragged
out into space, is another well-known process that can influence a comet’s appearance over
time. In particular, when a comet passes closer to the Sun, it warms up and loses its ices more
rapidly — perhaps best visualized in some of the dramatic outbursts captured by Rosetta
during its time at Comet 67P/C–G.

The new results shed light on how dual-lobe comets have evolved over time. Comets are
thought to have formed in the earliest days of the Solar System, and are stored in vast clouds
at its outer edges before beginning their journey inwards. It would have been during this
initial ‘building’ phase of the Solar System that 67P/C-G got its initial shape.

The new study indicates that, even at large distances from the Sun, shear stress would then
act over a timescale of billions of years following formation, while sublimation erosion takes
over on shorter million-year timescales to continue shaping the comet’s structure — especially
in the neck region that was already weakened by shear stress.

Excitingly, NASA’s New Horizons probe recently returned images from its flyby of Ultima Thule,
a trans-Neptunian object located in the Kuiper belt, a reservoir of comets and other minor
bodies at the outskirts of the Solar System.

The data revealed that this object also has a dual-lobed shape, even though somewhat
flattened with respect to Rosetta’s comet.

“The similarities in shape are promising, but the same stress structures don’t seem to be
apparent in Ultima Thule,” comments Matonti.

As more detailed images are returned and analyzed, time will tell if it has experienced a
similar history to 67P/C-G or not.

“Comets are crucial tools for learning more about the formation and evolution of the Solar
System,” says Matt Taylor, ESA’s Rosetta Project Scientist.

“We’ve only explored a handful of comets with spacecraft, and 67P is by far the one we’ve
seen in most detail. Rosetta is revealing so much about these mysterious icy visitors and with
the latest result we can study the outer edges and earliest days of the Solar System in a way
we’ve never been able to do before.”

For more on Rosetta, visit http://www.esa.int/Our_Activities/Space_Science/Rosetta.
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NASA’s Record-Setting Opportunity Rover Mission on Mars
Comes to End

This 360° panorama is composed of 354 images taken by the Opportunity rover’s Panoramic
Camera (Pancam) from May 13 through June 10, 2018, or sols (martian days) 5084 through
5111. This is the last panorama Opportunity acquired before the solar-powered rover succumbed
to a global martian dust storm on June 10, 2018. Credit: NASA/JPL-Caltech/Cornell/ASU.

One of the most successful and enduring feats of interplanetary exploration, NASA’s
Opportunity rover mission is at an end after almost 15 years exploring the surface of Mars
and helping lay the groundwork for NASA’s return to the Red Planet.

The Opportunity rover stopped communicating with Earth when a severe Mars-wide dust
storm blanketed its location in June 2018. After more than a thousand commands to restore
contact, engineers in the Space Flight Operations Facility at NASA’s Jet Propulsion Laboratory
(JPL) made their last attempt to revive Opportunity on February 12, 2019, to no avail. The
solar-powered rover’s final communication was received June 10, 2018.

“It is because of trailblazing missions such as Opportunity that there will come a day when our
brave astronauts walk on the surface of Mars,” said NASA Administrator Jim Bridenstine. “And
when that day arrives, some portion of that first footprint will be owned by the men and
women of Opportunity, and a little rover that defied the odds and did so much in the name of
exploration.”

Designed to last just 90 martian days and travel 1000 meters (1100 yards), Opportunity vastly
surpassed all expectations in its endurance, scientific value and longevity. In addition to
exceeding its life expectancy by 60 times, the rover traveled more than 45 kilometers
(28 miles) by the time it reached its most appropriate final resting spot on Mars —
Perseverance Valley.

“For more than a decade, Opportunity has been an icon in the field of planetary exploration,
teaching us about Mars’ ancient past as a wet, potentially habitable planet, and revealing
uncharted martian landscapes,” said Thomas Zurbuchen, associate administrator for NASA’s
Science Mission Directorate. “Whatever loss we feel now must be tempered with the
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knowledge that the legacy of Opportunity continues — both on the surface of Mars with the
Curiosity rover and InSight lander — and in the clean rooms of JPL, where the upcoming Mars
2020 rover is taking shape.”

The final transmission, sent via the 70-meter (229-foot) Mars Station antenna at NASA’s
Goldstone Deep Space Complex in California, ended a multifaceted, eight-month recovery
strategy in an attempt to compel the rover to communicate.

“We have made every reasonable engineering effort to try to recover Opportunity and have
determined that the likelihood of receiving a signal is far too low to continue recovery efforts,”
said John Callas, manager of the Mars Exploration Rover (MER) project at JPL.

Opportunity landed in the Meridiani Planum region of Mars on January 24, 2004, seven
months after its launch from Cape Canaveral Air Force Station in Florida. Its twin rover, Spirit,
landed 20 days earlier in the 166-kilometer-wide (103-mile-wide) Gusev Crater on the other
side of Mars. Spirit logged almost 8 kilometers (5 miles) before its mission wrapped up in
May 2011.

From the day Opportunity landed, a team of mission engineers, rover drivers and scientists on
Earth collaborated to overcome challenges and get the rover from one geologic site on Mars
to the next. They plotted workable avenues over rugged terrain so that the 174-kilogram (384-
pound) martian explorer could maneuver around and, at times, over rocks and boulders,
climb gravel-strewn slopes as steep as 32° (an off-Earth record), probe crater floors, summit
hills and traverse possible dry riverbeds. Its final venture brought it to the western limb of
Perseverance Valley.

“I cannot think of a more appropriate place for Opportunity to endure on the surface of Mars
than one called Perseverance Valley,” said Michael Watkins, director of JPL. “The records,
discoveries and sheer tenacity of this intrepid little rover is testament to the ingenuity,
dedication, and perseverance of the people who built and guided her.”

More Opportunity Achievements

Set a one-day Mars driving record March 20, 2005, when it traveled 220 meters (721 
feet).
Returned more than 217000 images, including 15 360° color panoramas.
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Exposed the surfaces of 52 rocks to reveal fresh mineral surfaces for analysis and 
cleared 72 additional targets with a brush to prepare them for inspection with 
spectrometers and a microscopic imager.
Found hematite, a mineral that forms in water, at its landing site. 
Discovered strong indications at Endeavour Crater of the action of ancient water similar 
to the drinkable water of a pond or lake on Earth.

All of the off-roading and on-location scientific analyses were in service of the Mars
Exploration Rovers’ primary objective: To seek out historical evidence of the Red Planet’s
climate and water at sites where conditions may once have been favorable for life. Because
liquid water is required for life, as we know it, Opportunity’s discoveries implied that
conditions at Meridiani Planum may have been habitable for some period of time in martian
history.

“From the get-go, Opportunity delivered on our search for evidence regarding water,” said
Steve Squyres, principal investigator of the rovers’ science payload at Cornell University. “And
when you combine the discoveries of Opportunity and Spirit, they showed us that ancient
Mars was a very different place from Mars today, which is a cold, dry, desolate world. But if
you look to its ancient past, you find compelling evidence for liquid water below the surface
and liquid water at the surface.”

All those accomplishments were not without the occasional extraterrestrial impediment. In
2005 alone, Opportunity lost steering to one of its front wheels, a stuck heater threatened to
severely limit the rover’s available power, and a martian sand ripple almost trapped it for
good. Two years later, a two-month dust storm imperiled the rover before relenting. In 2015,
Opportunity lost use of its 256-megabyte flash memory and, in 2017, it lost steering to its
other front wheel.

Each time the rover faced an obstacle, Opportunity’s team on Earth found and implemented a
solution that enabled the rover to bounce back. However, the massive dust storm that took
shape in the summer of 2018 proved too much for history’s most senior Mars explorer.

“When I think of Opportunity, I will recall that place on Mars where our intrepid rover far
exceeded everyone’s expectations,” Callas said. “But what I suppose I’ll cherish most is the
impact Opportunity had on us here on Earth. It’s the accomplished exploration and
phenomenal discoveries. It’s the generation of young scientists and engineers who became
space explorers with this mission. It’s the public that followed along with our every step. And
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it’s the technical legacy of the Mars Exploration Rovers, which is carried aboard Curiosity and
the upcoming Mars 2020 mission. Farewell, Opportunity, and well done.”

Mars exploration continues unabated. NASA’s InSight lander, which touched down on
November 26, 2018 is just beginning its scientific investigations. The Curiosity rover has been
exploring Gale Crater for more than six years. And, NASA’s Mars 2020 rover and the European
Space Agency’s ExoMars rover both will launch in July 2020, becoming the first rover missions
designed to seek signs of past microbial life on the Red Planet.

For more information about the agency’s Mars Exploration program, visit
https://www.nasa.gov/mars.

Beresheet April 11 Lunar Landing Attempt Fails

An artistic rendering of the Beresheet lander on the Moon. Credit: SpaceIL.

On April 11, 2019, an Israeli nonprofit organization called SpaceIL attempted to land the first
privately funded lander on the surface of the Moon. Launched on February 22, 2019, onboard
a used SpaceX Falcon 9 launcher along with a U.S. Air Force satellite and an Indonesian
communications satellite, the craft took more than a month to reach its target in order to save
on fuel mass during launch. It achieved orbit around the Moon on April 11. The planned
landing site was in the north part of the Mare Serenitatis. In spite of the disappointing crash
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landing, the SpaceIL team remains committed to their goal of successfully landing an Israeli
spacecraft on the Moon. Below are tweets they sent out after the landing attempt:

Israel To The Moon @TeamSpaceIL
Apr 11
Don’t stop believing! We came close but unfortunately didn’t succeed with the landing 
process. More updates to follow.

Israel To The Moon @TeamSpaceIL
Apr 12
About last night: we didn’t complete a soft landing but got to the Moon. This is an incredible 
achievement — only 7 nations have ever entered its orbit. #Beresheet was the 1st private spacecraft 
to make this journey, which will forever change space travel.
#IsraelToTheMoon #spaceil

Israel To The Moon @TeamSpaceIL
Apr 12
Our engineers think that a technical glitch in one of the components caused the main engine to 
shut down — making it impossible to slow the spacecraft’s descent. By the time the engine was 
restarted its velocity was too high to land properly. #Beresheet #SpaceIL #IsraelToTheMoon

Israel To The Moon @TeamSpaceIL
Apr 12
Preliminary technical information collected by the teams shows that the first technical issue 
occurred at 14 km above the Moon. At 150 meters when the connection with #Beresheet was lost, it 
was moving at 500 km/h, making a collision inevitable.
#IsraelToTheMoon #SpaceIL

Israel To The Moon @TeamSpaceIL
Apr 15
We’re currently working on #Beresheet2 to make this dream come true. #IsraelToTheMoon 
#SpaceIL
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Meeting Highlights

81st Annual Meeting of the Meteoritical Society

The 81st Annual Meeting of the Meteoritical Society (MetSoc) was held on July 22–27, 2018, in
Moscow, Russia. The conference was hosted in the Presidium of Russian Academy of Sciences
building, also called “Golden Brains.” Three hundred and two participants from 28 different
countries registered for the meeting, including 213 professionals (scientists + exhibitors), 71
student participants, and 18 guests. A total of 164 registrants were MetSoc members.
Exhibitors at the meeting included Springer Nature, CAMECA, and Textronica. In total, 358
abstracts were accepted for 204 oral and 154 poster presentations. Oral presentations were
scheduled in three parallel sessions from Monday (July 22) to Friday (July 27), and all posters
were on display for the entire duration of the conference.

A total of 38 travel awards were allocated to student members, early career scientists, and
scientists from low-income countries through generous sponsorships by the Barringer Crater
Company, the NASA Cosmochemistry Program, the International Meteorite Collectors
Association (IMCA), the Planetary Studies Foundation (PSF), Elsevier, and the Meteoritical
Society Endowment and the Travel for International Members Fund. In addition, Russian
sponsors supported 79 Russian participants.
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Two pre-meeting tours to St. Petersburg and Yaroslavl were organized prior to the conference.
Seventeen participants visited St. Petersburg on July 18–21, including the normal tourist sites
as well as a visit to the A. P. Karpinsky Russian Geological Research Institute (VSEGEI), with its
impressive Geological Museum and a special exhibition dedicated to the Popigai impact
structure (visit led by Dr. Victor L. Masaitis). On July 20-22, Dr. Natalia Artemieva led a two-day
tour to Yaroslavl, the capital of the Russian Golden Ring:  the group of 12 participants visited
the depository of Russian superdeep drilling cores, including the 5-kilometer-deep drill core of
the Puchezh-Katunki impact crater and the superdeep Kola borehole.

The conference kicked off on Sunday (July 23) with a pre-meeting workshop on “NEOs Hazard: 
Multidisciplinary Approach,” convened by Drs. Olga Popova, Vladimir Svetsov, and Valery
Shuvalov, as well as registration and a welcome reception at the V. I. Vernadsky State
Geological Museum just next to the legendary national hotel and in front of Red Square.
Several participants and guests also attended the ballet at the Bolshoi Theater on Saturday
and Sunday.

The official opening ceremony took place on Monday, July 23 with greetings by the Head of
the Meteoritics Committee of Russia, Erik Galimov; the director of the Vernadsky Institute of
the Russian Academy of Sciences, Dr. Yuri Kostitsyn; and the Vice-Rector of Kazan Federal
University, Dr. Danis Nurgaliev. A talk was also given by the head of the meteoritics lab at the
Vernadsky Institute, Dr. D. D. Badyukov. The opening ceremony was followed by an award
ceremony and a special lecture sponsored by MetSoc and presented by Dr. Artem Oganov
(Skolkovo Institute of Science and Technology, Russia) on “High-Pressure Chemistry and
Geochemistry:  New Results and Ideas.” Awardees’ lectures were given on Monday afternoon
by Dr. Sasha Krot (Leonard Medal) and Dr. Thomas Kenkmann (Barringer Medal) and were
followed by two special sessions:  “Evolution of the Solar Nebula:  Origin of the Moon and
Planets” and a special session dedicated to the famous meteorite falls in Russia (Tunguska and
Chelyabinsk).

The scientific program covered 26 topics organized under the themes of achondrites,
carbonaceous chondrites, ordinary chondrites, chondrules, methods and analytical
techniques, volatiles, solar system chronology, impacts, Mars, geochemistry of lunar
meteorites, organic matter, presolar grains, interplanetary dust particles, and differentiated
bodies. A mid-week workshop on “Experiment and Modelling in the Investigation of
Extraterrestrial Material” was convened by Drs. Ruslan Mendybaev and Kevin Righter.

One of the highlights of the meeting was the annual Barringer Invitational Lecture on Monday
evening. Brother Guy Consolmagno SJ presented a talk on “The Philosophy of Meteoritics: 
Awe, Faith and Data,” which attracted a number of external attendees.

The regular scientific sessions on Tuesday (July 24) were followed by a day off on Wednesday
(July 25), giving meeting participants the opportunity to explore via a number of excursions,
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including a Moscow city tour, a Moscow boat tour, and three consecutive guided tours to the
Kremlin and the Fersman Mineralogical Museum (FMM).

The Gala Dinner took place on Wednesday night at the gorgeous Korston Club hotel, located
in the magnificent Place de Paris banquet hall. Participants enjoyed traditional Russian cuisine
and Russian folk dancers/singers.

Both poster sessions on Tuesday and Thursday evening were very well attended. Having the
poster venue open and available through the entire week of the meeting helped to encourage
and facilitate networking between young and senior scientists.

The conference concluded on Friday afternoon (July 27) with a farewell party, where
participants met each other in the Winter Garden, had lunch, and continued discussions on
various scientific topics. Approximately 40 participants attended the Friday evening
planetarium excursion to see the Star Hall and try to observe the Moon eclipse.

Three post-conference excursions were organized:  a three-day tour to St. Petersburg; a tour
of Kazan (including a field trip to Karla crater); and a tour of Ekaterinburg and Chelyabinsk,
which included seeing the main mass of the Chelyabinsk meteorite, recovered from Chebarkul
Lake in 2013.

For more information about the meeting, visit http://metsoc81-moscow.ru/. To view the
program and abstracts, visit
https://www.hou.usra.edu/meetings/metsoc2018/pdf/program.pdf.

— Text provided by Marina Ivanova and Natalia Bezaeva

Comparative Climatology of Terrestrial Planets III (CCTP-3)

NASA’s Science Mission Directorate has fostered and shepherded a multidisciplinary dialogue
on climate processes, which resulted in the 2012 first Comparative Climatology for Terrestrial
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Planets (CCTP) conference in Boulder, Colorado.

CCTP-1 promoted interdisciplinary dialogue on a wide range of planetary climates. Out of this
first CCTP, a University of Arizona Press book of the same title was produced. The CCTP-2
meeting offered a similar range of conversations, including the effects of the Sun and other
stars, on the climates of Earth and other planets in and beyond the solar system. CCTP-3
continued this dialogue and interactions started at the two previous conferences examining
from the micro to the macro scale. This third conference encouraged cross-disciplinary
conversation on climate processes at work on terrestrial planets both within our solar system
and in extrasolar systems. The CCTP-3 conference treated terrestrial climate as a broad term,
which included the climates of Earth, Mars, and Venus as well as the climates of Titan and
Pluto. CCTP-3 also covered exoplanets similar to Earth, Mars, Venus, Titan, and Pluto.

The conference synthesized present and past research in terrestrial climate science, including
solar-stellar influences. It did this from a multidisciplinary, multiplanet perspective to promote
discussions of forthcoming research, including future mission needs. This meant that CCTP-3
benefited from expertise from disciplines ranging from planetary science, to heliophysics, to
Earth science, to astronomy. It also meant that it encouraged the growth of a diverse and
inclusive community, so that future conference and activities in these themes will incorporate
as many perspectives as possible into this multidisciplinary discussion.

As an outcome from this third conference, an ad hoc committee will be formed to maintain
continuity on this multidisciplinary science dialogue . A website will also be established to act
as a repository of all the CCTP conferences. The NASA Office of the Chief Scientist will be
shepherding this effort.

For more information about the conference, including the program and abstracts, visit
https://www.hou.usra.edu/meetings/climatology2018/.

— Text provided by Adriana Ocampo
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The 2018 Annual Meeting of the Lunar Exploration Analysis Group (LEAG) was held 
November 14 and 15 at the Universities Space Research Association Headquarters in 
Columbia, Maryland. With almost 300 attendees, this was the most highly attended LEAG 
meeting in history. The meeting opened with the presentation of the Bernard Ray Hawke Next 
Lunar Generation Career Development Awards, sponsored by SSERVI, as well as a moving 
tribute to legendary LPI planetary scientist Dr. Paul Spudis. Featuring a major format change 
from previous LEAG meetings to spur discussion and community participation, the 2018 LEAG 
meeting consisted of a robust set of discussions regarding the next steps on the Moon, a 
forum for new lunar mission concepts to prepare for the next planetary decadal survey, an 
overview of missions that could leverage the unique lunar environment for new astrophysical 
observations, building bridges between the lunar science and commercial communities, and a 
community discussion regarding the goals of the next Lunar Reconnaissance Orbiter (LRO) 
extended mission and the types of support that LRO can provide to human and robotic 
exploration.

The population that attended LEAG2018 included a diverse set of participants:  commercial 
entities, engineers (civil, aerospace, mining), policymakers, and scientists from a broad variety 
of disciplines (astronomy, astrophysics, biology, physics, planetary science, geology, economic 
geology, and materials science, to name just a few). The clear excitement about the long-
overdue return of the Moon to the forefront of United States exploration planning permeated 
the meeting.

For more information, including links to the program and presentations, visit the meeting 
website at https://www.hou.usra.edu/meetings/leag2018/.

— Text provided by Samuel Lawrence

2018 Annual Meeting of the Lunar Exploration Analysis
Group
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The 50th 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 (Lunar and Planetary Institute) and Eileen Stansbery (NASA Johnson Space 
Center). Attendance was the highest in the history of the conference, with 2095 attendees 
from 38 countries. Submitted abstract numbers were also at the highest ever received for this 
conference, with 2282 abstracts submitted from 40 countries. LPSC continues to be accessible 
and important to young scientists, with student participation at approximately 30% 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 that kicked 
off the commemoration of the 50th anniversary of the conference. Beginning on Monday 
morning, the conference featured four-and-a-half days of sessions, including the following 
topics:

50 Years of Lunar Science — The Legacy of “One Small Step”: Focusing on the 
achievements of the Apollo missions, this session highlighted the advances made in lunar 
science in the years since Apollo, ranging from major early discoveries about the 
fundamental nature of the Moon to important recent findings arising from sample 
studies and spacecraft missions.

50th Lunar and Planetary Science Conference
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Jack Schmitt presented this year’s Masursky
Lecture.

50 Years of Planetary Science — “One Giant Leap for Mankind”: The
second of two Apollo-focused sessions, a grand tour of the major
solar system bodies was presented, showing how understanding
the Moon became the foundation of the field.
New Horizons at KBO 2014 MU69 (Ultima Thule): This session
featured results and images from the encounter, the furthest ever
from the Sun by a spacecraft.
Going Inside with InSight: This session included the first results
from the NASA Discovery mission, InSight, which landed on Mars on
November 26, 2018.
Hayabusa2: Unveiling Asteroid Ryugu: This session highlighted the
latest results that the JAXA robotic sample return mission,
Hayabusa2, has been making at the C-type asteroid, Ryugu, since its
arrival in June.
OSIRIS-REx at Asteroid Bennu: This session featured results from
the approach and preliminary survey stages as well as the very
latest from the detailed survey.

The complete program and abstracts are available at
https://www.hou.usra.edu/meetings/lpsc2019/pdf/lpsc2019_program.htm.

The plenary session on Monday afternoon 
featured the Masursky Lecture, “Apollo 17 
Lunar Science and Lunar Policy,” by Harrison 
H. (“Jack”) Schmitt. During the Monday 
evening NASA Headquarters Briefing, 
representatives from the Planetary Science 
Division of NASA’s Science Mission 
Directorate addressed meeting attendees.

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.
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NASA Headquarters Briefing on Monday evening.

The poster sessions offered an 
opportunity for participants to network 
and share science as well as check out 
the numerous exhibitors at this year's 
conference.

Fun at the poster sessions!

In addition to the oral sessions, there were many peripheral meetings and activities held
during the week, including an educational engagement opportunity (Lunar Palooza), featured
panelists at the annual Susan Niebur Women’s Networking Event, “Walk on the Moon” lunar
floor map, and a Mars Exploration Rover tribute session.

Once again, the conference engaged LPSC Microbloggers to use social media to provide real-
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Walk on the Moon lunar map.
50th LPSC
Microbloggers.

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 51st LPSC, which is scheduled for March 16–20, 2020.
Details will be made available on the meeting website soon.
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Spotlight on Education

Celebrate the 50th Anniversary of Apollo

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

Upcoming Public Event Opportunities
Upcoming opportunities exist for educator and public engagement around the broader topics
of NASA planetary exploration. Contact local astronomical societies, planetariums and
museums, local scientists, and NASA’s Solar System Ambassadors
(solarsystem.nasa.gov/ssa/directory.cfm) — ask them to join your events and share their
experiences or resources with your audience.
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Astronomy Day, May 11, 2019

https://www.astroleague.org/al/astroday/astrodayform.html
Local astronomical societies, planetariums, museums, and observatories will be sponsoring
public viewing sessions, presentations, workshops, and other activities to increase public
awareness about astronomy and our wonderful universe.

Jupiter at Opposition, June 10, 2019

https://in-the-sky.org/news.php?id=20190610_12_100
At opposition, Jupiter will be visible for much of the night,
reaching its highest point in the sky at around midnight local
time. Jupiter’s face will be fully illuminated by the Sun and
brighter than any other time of 2019. This is a great
opportunity to share the Giant Planet and the Juno mission
with your community!

Summer Solstice, June 21, 2019, 15:54 UTC

Summer begins in the northern hemisphere, winter begins in the southern hemisphere. Set
up solar telescopes to view the Sun with your community and discuss the reason for the
seasons!

Summer of Space, Summer 2019

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

NASA Postdoctoral Program Fellowships
The NASA Postdoctoral Program (NPP) supports NASA’s goal to
expand scientific understanding of 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. Interested
applicants may apply by one of three annual application
deadlines:  March 1, July 1, and November 1. For more
information, visit https://npp.usra.edu/.
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American Astronomical Society Education Prize
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 June 30,
2019.

SMD People Profiles
NASA Science Mission Directorate (SMD) is looking for the
people behind the science, engineering, and exploration of
NASA. They encourage missions, programs, and centers to
submit profiles. To enter your profile, go to
https://solarsystem.nasa.gov/submit-your-profile. Examples are
available at https://science.nasa.gov/people/view and
http://solarsystem.nasa.gov/people.
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In Memoriam

Jay Thor Bergstralh, 1943-2019
Jay Thor Bergstralh passed away in Williamsburg, Virginia,
on February 16, 2019 after a valiant battle with atypical
Alzheimer’s disease.

Bergstralh was born on August 23, 1943, in Minneapolis,
Minnesota. He graduated from Carleton College in 1965
with a degree in Astronomy and the University of Texas in
1972 with Masters’ and Doctoral degrees in Astronomy. At
the University of Texas, he was the first graduate of the
Astronomy Department to do thesis work in the field of
planetary sciences. In 1972, Bergstralh took a research
position at the Jet Propulsion Laboratory (JPL) in southern
California. At JPL he conducted original research on the
atmospheres of Venus, Jupiter, Saturn, and Uranus and on

Jupiter’s satellite, Io, primarily from groundbased astronomy; he also worked on the Voyager
mission Photopolarimeter System team.

Bergstralh took on the role of Science Organizing Chair for the first American Astronomical
Society’s Division for Planetary Sciences (DPS) meeting in Pasadena, California, in 1978. He
also became the first Chair of the DPS from a NASA field center in 1986–1987. In 1988, Jay took
a position at NASA Headquarters in Washington, DC. During his tenure there, Bergstralh
managed the Planetary Atmospheres research grants program, became the Associate Director
for Solar System Exploration, and served as Program Scientist for the Galileo, Cassini, Europa
Orbiter, and MESSENGER missions, as well as the Discovery Program.

Following the Voyager flyby, he organized a conference on the Uranus system and was the
lead editor of the comprehensive book Uranus, published in 1991 by the University of Arizona
Press. Bergstralh concluded his professional career at NASA Langley Research Center, retiring
in 2012. Besides his scientific curiosity and public service at NASA, he was a quintessential
gentleman and a man of diverse interests and will be greatly missed.

— Portions of text courtesy of DPS/Glenn Orton and Kevin Baines and the Virginia Gazette

Julius Dasch, 1932-2019
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Julius Dasch, aged 86, departed this universe on February 14,
2019, at Ashton Medical Lodge in Midland, Texas, from
complications of interstitial lung disease.

Dasch was born in Dallas, Texas, on July 9, 1932. He
graduated from North Dallas High School, and then earned
geology degrees from Sul Ross State University in Alpine,
Texas (B.S.), The University of Texas at Austin (M.A.), and Yale
University (M.S., Ph.D.).

After a Fulbright Postdoctoral Fellowship at the Australian
National University in Canberra, he taught geology and
geochemistry at Oregon State University in Corvallis, Oregon.
At Oregon State he was widely known for his highly popular
class, “Rocks and Stars,” designed for students not studying
scientific or technical subjects. Enrollment was limited by the

size of the largest auditorium on campus to 748 students.

From Oregon State he moved to NASA, working first at the Johnson Space Center, and later at
NASA Headquarters where he managed the National Space Grant Program and the NASA
Experimental Program to Stimulate Competitive Research. He was also a visiting scientist at
the Lunar and Planetary Institute. His 150 research papers and abstracts were primarily in
isotope geochemistry, and he was honored to have worked on analysis of rocks from the
Apollo 14 and 17 missions.

Dasch served as chairman of the Geological Society of America (Cordilleran Section), president
of the Oregon Academy of Science, and was a recipient of the Burlington Northern Faculty
Achievement Award. He received the International Astronautical Federation Frank J. Malina
Medal for Space Education, the National Science Foundation/Department of the Navy
Antarctic Service Medal, the NASA Exceptional Achievement Medal, and the National Space
Grant Distinguished Service Award.

Dasch undertook research in Australia, Greenland, Antarctica, the Solomon Islands, Europe,
Asia, Canada, and Mexico, as well as the U.S. He served on the 1993 Antarctic Search for
Meteorites team, which recovered more than 800 meteorites, including the then-10th known
lunar meteorite.

After his retirement from NASA in 2002, Dasch returned to Alpine, where he taught
introductory geology at Sul Ross for several years. He continued to advise students, attend
student thesis defenses, and give brief talks to the Geology Club until shortly before his death.

— Text courtesy of the Alpine Avalanche
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New NSS President Geoffrey Notkin.
Photo by Christian Meza.

Milestones

Geoffrey Notkin Named President of the National Space
Society

In March 2019, the Board of Directors of the
National Space Society (NSS) voted to appoint
Geoffrey Notkin as its new president. Notkin has
served on the NSS Board of Governors since 2015
and will retain that position.

The National Space Society is a nonprofit
organization dedicated to the creation of a
spacefaring civilization. Its mission is to promote
social, economic, technological, and political
change in order to expand civilization beyond
Earth, to settle space, and to use the resulting

resources to build a hopeful and prosperous future for humanity.

Notkin is a longtime spaceflight advocate who also serves on the Board of Directors of the
Astrosociology Research Institute and the Advisory Board of Deep Space Industries. In his role
as President of NSS, Notkin will be a national spokesperson for the organization, working to
further its goals and objectives. The National Space Society is widely acknowledged as the
preeminent citizen’s voice on space, with more than 50 chapters in the United States and
around the world.

Along with his work in space advocacy, Notkin is a world-renowned meteorite expert, Emmy-
winning television personality, author, publisher, TEDx speaker, and film producer. He starred
for three seasons on the critically acclaimed TV series Meteorite Men for Discovery Networks,
and two seasons of the educational TV series STEM Journals for Cox Media. He also served as
an executive producer on the documentary film First to the Moon: The Story of Apollo 8.

Notkin is the founder and CEO of Aerolite Meteorites, a global company specializing in
research, recovery, donation, and sales of meteorites, as well as founder of the Science, Arts
and Space Institute in Tucson, Arizona. An accomplished author, he writes a space-themed
column for Ad Astra, the award-winning magazine of the National Space Society, entitled
“Throwing Pebbles at the Sky.” Additionally, he has been a featured speaker at the
International Space Development Conference, the annual gathering of NSS, every year since
2014.
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NASA Renames Facility in Honor of “Hidden Figure”
Katherine Johnson

NASA has redesignated its Independent Verification and Validation (IV&V) Facility in Fairmont,
West Virginia, as the Katherine Johnson Independent Verification and Validation Facility, in
honor of the West Virginia native and NASA “hidden figure.”

“I am thrilled we are honoring Katherine Johnson in this way as she is a true American icon
who overcame incredible obstacles and inspired so many,” said NASA Administrator Jim
Bridenstine. “It’s a fitting tribute to name the facility that carries on her legacy of mission-
critical computations in her honor.”

President Donald Trump signed into law in December an act of Congress calling for the
redesignation. The facility’s program contributes to the safety and success of NASA’s highest-
profile missions by assuring that mission software performs correctly. IV&V now is in the
process of planning a rededication ceremony.

Born in White Sulphur Springs, West Virginia, in 1918, Johnson’s intense curiosity and brilliance
with numbers led her to a distinguished career — spanning more than three decades — with
NASA and its predecessor agency, the National Advisory Committee for Aeronautics. Among
her professional accomplishments, Johnson calculated the trajectory for Alan Shepard’s
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Freedom 7 mission in 1961. The following year, Johnson performed the work for which she 
would become best known when she was asked to verify the results made by electronic 
computers to calculate the orbit for John Glenn’s Friendship 7 mission. She went on to provide 
calculations for NASA throughout her career, including for several Apollo missions.

At a time when racial segregation was prevalent throughout the southern United States, 
Johnson and fellow African American mathematicians Dorothy Vaughan and Mary Jackson —
who was later promoted to engineer — broke through racial barriers to achieve success in 
their careers at NASA and helped pave the way for the diversity that currently extends across 
all levels of agency’s workforce and leadership. Their story became the basis of the 2017 film 
“Hidden Figures,” based on the book by Margot Lee Shetterly.

Johnson received the Presidential Medal of Freedom in 2015 and, in 2017, NASA’s Langley 
Research Center in Hampton, Virginia, dedicated the new Katherine Jonson Computational 
Research Facility in her honor. Johnson celebrated her 100th birthday on August 26.

Since its inception more than 25 years ago, NASA’s IV&V Program has performed work on 
approximately 100 missions and projects, including: the Space Shuttle Program, Hubble Space 
Telescope, Cassini, Mars Science Laboratory, Magnetosphere MultiScale, Global Precipitation 
Measurement, and, most recently, the InSight Mars Lander. The IV&V Program currently is 
providing services to 12 upcoming NASA missions, including the James Webb Space Telescope, 
Orion Multi-Purpose Crew Vehicle, and the Space Launch System. It also provides general 
software safety and mission assurance services, including support for NASA’s Commercial 
Crew Program.

For more information, visit https://www.nasa.gov/ivv.
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Janet L. Kavandi, director of NASA’s Glenn Research Center, and James Buchli are the latest
veteran NASA astronauts to join the ranks of the U.S. Astronaut Hall of Fame.

“The pioneering spirit we see in every astronaut is truly exemplified by this year’s inductees,”
said NASA Administrator Jim Bridenstine. “Janet Kavandi and James Buchli represent the best
of America’s astronauts, and I congratulate them for achieving this prestigious honor. Each
has contributed greatly to the NASA mission, and their efforts have helped lay the groundwork
for where we are today — including Janet’s leadership directing Glenn’s Moon to Mars work —
as we chart a course for a return of American astronauts to the lunar surface in five years, and
eventually on to Mars.”

Bob Cabana, director of NASA’s Kennedy Space Center in Florida and a 2008 inductee, was
among the speakers at the ceremony, which took place Saturday at Kennedy Space Center
Visitor Complex, and now brings the total number of hall of fame space explorers to 99.

Kavandi was a member of NASA’s 15th class of astronaut candidates, selected in 1994. She is a
veteran of three space shuttle missions, serving as a mission specialist on STS-91 in 1998, STS-
99 in 2000, and STS-104 in 2001. She has logged more than 33 days in space, traveling more
than 13.1 million miles in 535 Earth orbits.

During her time in the NASA Astronaut Office, Kavandi supported International Space Station

Veteran NASA Astronauts Inducted into U.S. Astronaut Hall
of Fame
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payload integration, capsule communications, and robotics, and served as deputy chief of the
Astronaut Office. She became the director of Glenn in 2016.

Buchli was part of NASA’s 1978 astronaut candidate class. He was a member of the space
shuttle support crew for STS-1 and STS-2, both in 1981, and served as on-orbit capsule
communicator for STS-2. A veteran of four space flights, Buchli has orbited Earth 319 times,
traveling 7.74 million miles over a span of more than 20 days. He served as a mission
specialist on STS-51C in 1985, STS-61A in 1985, STS-29 in 1989, and STS-48 in 1991. From
March 1989 until May 1992, he also served as deputy chief of the Astronaut Office.

The Astronaut Scholarship Foundation selects astronauts for induction into the U.S. Astronaut
Hall of Fame, which was founded more than 30 years ago by the six surviving Mercury 7
astronauts as a venue where space travelers could be remembered and honored.

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

NASA Selects Two New Space Tech Research Institutes for
Smart Habitats

Illustration of the interior of a deep space habitat. Credit:  NASA.

As exploration missions venture beyond low-Earth orbit and to the Moon — and eventually
Mars — NASA must consider automated technologies to keep habitats operational even when
they are not occupied by astronauts. To help achieve this, NASA has selected two new Space
Technology Research Institutes (STRIs) to advance space habitat designs using resilient and
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autonomous systems.

The selected proposals create two multi-disciplinary, university-led research institutes to
develop technologies critical to a sustainable human presence on the Moon and Mars. The
smart habitat, or SmartHab, research will complement other NASA projects to help mature the
mission architecture needed to meet challenging exploration goals.

“Partnering with universities lets us tap into new expertise, foster innovative ideas, as well as
expand the research and development talent base for both aerospace and broader
applications,” said Jim Reuter, acting associate administrator of NASA’s Space Technology
Mission Directorate. “We’re excited to work with these two new STRIs to develop smart habitat
technologies for exploration missions on the Moon and Mars.”

Each STRI will receive as much as $15 million over a five-year period. The selected institutes
are:

Habitats Optimized for Missions of Exploration (HOME) 

The HOME institute’s design approach for deep space habitats is one that relies not only on
proven engineering and risk analysis, but also on emergent technologies to enable resilient,
autonomous and self-maintained habitats for human explorers.

The institute seeks to advance early-stage technologies related to autonomous systems,
human and automation teaming, data science, machine learning, robotic maintenance,
onboard manufacturing, and more.

The HOME team is led by Stephen Robinson, principal investigator at the University of
California, Davis, in partnership with the University of Colorado Boulder, Carnegie Mellon
University, the Georgia Institute of Technology, Howard University, Texas A&M University and
the University of Southern California. Industry collaborators include Sierra Nevada
Corporation, Blue Origin and United Technology Aerospace Systems.

Resilient ExtraTerrestrial Habitats institute (RETHi)

RETHi seeks to design and operate resilient deep space habitats that can adapt, absorb and
rapidly recover from expected and unexpected disruptions. The institute plans to leverage
expertise in civil infrastructure with advanced technology fields such as modular and
autonomous robotics and hybrid simulation.

Through an integrated effort, RETHi will mature deep space habitats that can operate in both
crewed and uncrewed configurations. The institute plans to create a cyber-physical prototype
testbed of physical and virtual models to develop, deploy and validate different capabilities.
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The multidisciplinary team is led by Purdue University principal investigator Shirley Dyke, in
partnership with University of Connecticut, Harvard University, and the University of Texas at
San Antonio.

The new selections will join two institutes founded by NASA in 2017. The established STRIs
have advanced biological engineering and cutting-edge methods for developing carbon
nanotube-based, ultra-strong and lightweight aerospace structural material.

The two inaugural institutes are the Center for the Utilization of Biological Engineering in
Space (CUBES) and the Ultra-Strong Composites by Computational Design (US-COMP). Both of
these undertakings are harnessing a talent base of inventiveness and innovation to help
shape NASA’s pursuit of Earth-independent, self-sustaining exploration mission capabilities.

For more information about STMD, visit http://www.nasa.gov/spacetech.

NASA Invests in 18 Potentially Revolutionary Space Tech
Concepts

Smart spacesuits and solar surfing may sound like the stuff of science fiction, but they are just
two of the technology concepts NASA has selected for further research as part of the NASA
Innovative Advanced Concepts (NIAC) program. The program will fund 18 studies to determine
the feasibility of early-stage technologies that could go on to change what’s possible in space.

The funded technologies have the potential to transform human and robotic exploration of
other worlds, including the Moon and Mars. One researcher, for example, will study an
affordable way to mine the ample ice at the Moon’s polar regions. NASA aims to send
astronauts to land on the Moon’s south pole in five years.

The latest NIAC selections include Phase I and Phase II awards. The selected Phase I studies
cover a wide range of innovations. Each Phase I award is valued at approximately $125,000,
helping researchers define and analyze their proposed concepts over nine months. If the
initial feasibility studies are successful, awardees can apply for Phase II awards.
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The new Phase I selections are:

Bioinspired Ray for Extreme Environments and Zonal Exploration (BREEZE):  Combines
inflatable structures with bio-inspired kinematics to explore and study the atmosphere of
Venus
Javid Bayandor, State University of New York, Buffalo

Power Beaming for Long Life Venus Surface Missions:  New approach to support a Venus
surface mission with power beaming
Erik Brandon, NASA’s Jet Propulsion Laboratory (JPL), Pasadena, California

SmartSuit:  An intelligent spacesuit design with soft-robotics, self-healing skin and data
collection for extravehicular activity in extreme environments that allows for greater mobility
for exploration missions
Ana Diaz Artiles, Texas A&M Engineering Experiment Station, College Station

Dual Use Exoplanet Telescope (DUET):  A novel telescope design to find and characterize
planetary systems outside the solar system
Tom Ditto, 3DeWitt LLC, Ancramdale, New York

Micro-Probes Propelled and Powered by Planetary Atmospheric Electricity (MP4AE): 
Similar to the ballooning capabilities of spiders, these floating microprobes use electrostatic
lift to study planetary atmospheres
Yu Gu, West Virginia University, Morgantown

Swarm-Probe Enabled ATEG Reactor (SPEAR) Probe:  An ultra-lightweight nuclear electric
propulsion probe for deep space exploration, designed to keep mass and volume low for
commercial launch
Troy Howe, Howe Industries LLC, Tempe, Arizona

Ripcord Innovative Power System (RIPS):  An investigation of a drag using ripcord
unspooling power system for descent probes into planets with atmospheres, such as Saturn
Noam Izenberg, Johns Hopkins University, Laurel, Maryland

Power for Interstellar Fly-By:  Power harvesting from ultra-miniature probes to enable
interstellar missions
Geoffrey Landis, NASA’s Glenn Research Center, Cleveland

Lunar-Polar Propellant Mining Outpost (LPMO):  Affordable lunar pole ice mining for
propellant production
Joel Serce, TransAstra Corporation, Lake View Terrace, California

Crosscutting High Apogee Refueling Orbital Navigator (CHARON):  Novel system for small
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space debris mitigation
John Slough, MSNW LLC, Redmond, Washington

Thermal Mining of Ices on Cold Solar System Bodies:  Proposes using a unique heat
application on frozen volatiles and other materials for resource extraction
George Sowers, Colorado School of Mines, Golden

Low-Cost SmallSats to Explore to Our Solar System’s Boundaries: A design for a low-cost,
small satellite heliophysics mission to the outer solar system
Robert Staehle, JPL

Phase II studies allow researchers to further develop concepts, refine designs and start
considering how the new technology would be implemented. This year’s Phase II selections
address a range of cutting-edge concepts from flexible telescopes to new heat-withstanding
materials. Awards under Phase II can be worth as much as $500,000 for two-year studies.

The 2019 Phase II selections are:

The High Étendue Multiple Object Spectrographic Telescope (THE MOST):  A new, flexible
optical telescope design that can be a deployed in a cylindrical roll and installed upon delivery,
on a 3D printed structure
Tom Ditto, 3DeWitt LLC, Ancramdale, New York

Rotary-Motion-Extended Array Synthesis (R-MXAS):  A geostationary synthetic aperture
imaging radiometer with a rotating tethered antenna
John Kendra, Leidos, Inc., Reston, Virginia

Self-Guided Beamed Propulsion for Breakthrough Interstellar Missions:  An effort to
advance self-guided beamed propulsion technology
Chris Limbach, Texas A&M Engineering Experiment Station, College Station

Astrophysics and Technical Lab Studies of a Solar Neutrino Spacecraft Detector:  A
small-scale neutrino detector study to advance detector technology for future probe missions
Nickolas Solomey, Wichita State University, Kansas

Diffractive LightSails:  A study to design and advance passive and electro-optically active
diffractive films for missions in low-Earth orbit, inner solar orbits and to distant stars
Grover Swartzlander, Rochester Institute of Technology, New York

Solar Surfing:  A materials-science study to determine the best protective materials to enable
heliophysics missions closer to the Sun
Doug Willard, NASA’s Kennedy Space Center, Cape Canaveral, Florida
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NASA selected Phase I and II proposals through a peer-review process that evaluates
innovativeness and technical viability. All projects are still in the early stages of development,
most requiring a decade or more of concept maturation and technology development.

For the first time this summer, the NIAC program will select one Phase III research study. The
award will be up to $2 million for as long as two years. This final phase is designed to
strategically transition a NIAC concept with the highest potential impact to NASA, other
government agencies, or commercial companies.

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

NASA Selects Experiments for Possible Lunar Flights in
2019

The Moon. Credit: NASA.

NASA has selected 12 science and technology demonstration payloads to fly to the Moon as
early as the end of this year, dependent upon the availability of commercial landers. These
selections represent an early step toward the agency’s long-term scientific study and human
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exploration of the Moon and, later, Mars.

“The Moon has unique scientific value and the potential to yield resources, such as water and
oxygen,” said NASA Administrator Jim Bridenstine. “Its proximity to Earth makes it especially
valuable as a proving ground for deeper space exploration.”

NASA’s Science Mission Directorate (SMD) initiated the request for proposals leading to these
selections as the first step in achieving a variety of science and technology objectives that
could be met by regularly sending instruments, experiments and other small payloads to the
Moon.

“This payload selection announcement is the exciting next step on our path to return to the
surface of the Moon,” said Steve Clarke, SMD’s deputy associate administrator for Exploration
at NASA Headquarters in Washington. “The selected payloads, along with those that will be
awarded through the Lunar Surface Instrument and Technology Payloads call, will begin to
build a healthy pipeline of scientific investigations and technology development payloads that
we can fly to the lunar surface using U.S. commercial landing delivery services. Future calls for
payloads are planned to be released each year for additional opportunities,” he said.

The selected payloads include a variety of scientific instruments.

The Linear Energy Transfer Spectrometer will measure the lunar
surface radiation environment.
Three resource prospecting instruments have been selected to fly:

The Near-Infrared Volatile Spectrometer System is an imaging
spectrometer that will measure surface composition.
The Neutron Spectrometer System and Advanced Neutron
Measurements at the Lunar Surface are neutron
spectrometers that will measure hydrogen abundance.

The Ion-Trap Mass Spectrometer for Lunar Surface Volatiles
instrument is an ion-trap mass spectrometer that will measure
volatile contents in the surface and lunar exosphere.
A magnetometer will measure the surface magnetic field.
The Low-frequency Radio Observations from the Near Side Lunar
Surface instrument, a radio science instrument, will measure the
photoelectron sheath density near the surface.
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Three instruments will acquire critical information during entry,
descent and landing on the lunar surface, which will inform the
design of future landers including the next human lunar lander.
The Stereo Cameras for Lunar Plume-Surface Studies will image the
interaction between the lander engine plume as it hits the lunar
surface.
The Surface and Exosphere Alterations by Landers payload will
monitor how the landing affects the lunar exosphere.
The Navigation Doppler Lidar for Precise Velocity and Range
Sensing payload will make precise velocity and ranging
measurements during the descent that will help develop precision
landing capabilities for future landers.

There also are two technology demonstrations selected to fly.

The Solar Cell Demonstration Platform for Enabling Long-Term
Lunar Surface Power will demonstrate advanced solar arrays for
longer mission duration.
The Lunar Node 1 Navigation Demonstrator will demonstrate a
navigational beacon to assist with geolocation for lunar orbiting
spacecraft and landers.

NASA facilities across the nation are developing the payloads, including Ames Research Center
in California’s Silicon Valley; Glenn Research Center in Cleveland; Goddard Space Flight Center
in Greenbelt, Maryland; Johnson Space Center in Houston; Langley Research Center in
Hampton, Virginia; and Marshall Space Flight Center in Huntsville, Alabama.

Nine U.S. companies, selected through NASA’s Commercial Lunar Payload Services (CLPS) in
November 2018, currently are developing landers to deliver NASA payloads to the Moon’s
surface. As CLPS providers, they are pre-authorized to compete on individual delivery orders.

NASA also released the Lunar Surface Instrument and Technology Payload (LSITP) call in
October 2018 soliciting proposals for science instrument and technology investigations. The
final LSITP proposals are due February 27, 2019 and awards are expected to be made this
spring.

“Once we have awarded the first CLPS mission task order later this spring, we will then select
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the specific payloads from the internal-NASA and LSITP calls to fly on that mission.
Subsequent missions will fly other NASA instrument and technology development packages in
addition to commercial payloads,” said Clarke.

Commercial lunar payload delivery services for small payloads, and developing lunar landers
for large payloads, to conduct more research on the Moon’s surface is a vital step ahead of a
human return.

As the next major step to return astronauts to the Moon under Space Policy Directive-1, NASA
has announced plans to work with American companies to design and develop new reusable
systems for astronauts to land on the lunar surface. The agency is planning to test new
human-class landers on the Moon beginning in 2024, with the goal of sending crew to the
surface by 2028.

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

SpaceX Crew Dragon Splashdown Marks Success of First
NASA Commercial Crew Flight Test
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The SpaceX Crew Dragon spacecraft lifted off at 2:49 a.m. EST March 2, on the company’s Falcon
9 rocket from Launch Complex 39A. A crowd gathered
to watch as NASA and SpaceX make history by launching the first commercially-built and
operated American crew spacecraft and rocket to the International Space Station. Credit:  NASA
Television.

NASA passed a major milestone on March 8, in its goal to restore America’s human spaceflight
capability when SpaceX’s Crew Dragon returned to Earth after a five-day mission docked to
the International Space Station.

About six hours after departing the space station, Crew Dragon splashed down at 8:45 a.m.
EST approximately 230 miles off the coast of Cape Canaveral, Florida. SpaceX retrieved the
spacecraft from the Atlantic Ocean and transported it back to port on the company’s recovery
ship.

Demonstration Mission-1 (Demo-1) was an uncrewed flight test designed to demonstrate a
new commercial capability developed under NASA’s Commercial Crew Program. The mission
began March 2, when the Crew Dragon launched from NASA’s Kennedy Space Center in
Florida, and racked up a number of “firsts” in less than a week.

First commercially-built and operated American crew spacecraft
and rocket to launch from American soil on a mission to the space
station.
First commercially-built and operated American crew spacecraft to
dock with the space station.
First autonomous docking of a U.S. spacecraft to the International
Space Station.
First use of a new, global design standard for the adapters that
connect the space station and Crew Dragon, and also will be used
for the Orion spacecraft for NASA’s future mission to the Moon.

NASA and SpaceX teams gathered in the early morning hours at the company’s headquarters
in Hawthorne, California, to follow the spacecraft’s return journey and ocean splashdown.

A critical step in validating the performance of SpaceX’s systems, Demo-1 brings the nation a
significant step closer to the return of human launches to the space station from U.S soil for
the first time since 2011, when NASA flew its last space shuttle mission. However, NASA and
SpaceX still have work to do to validate the spacecraft’s performance and prepare it to fly
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astronauts.

Crew Dragon carried a passenger on this flight test — a lifelike test device named Ripley,
which was outfitted with sensors to provide data about potential effects on humans traveling
in the spacecraft. After SpaceX processes data from this mission, teams will begin refurbishing
Crew Dragon for its next mission, an in-flight abort test targeted to take place this summer.
Demo-2, the first crewed test flight, will carry NASA astronauts Bob Behnken and Doug
Hurley on the spacecraft’s final flight to certify Crew Dragon for routine operational missions.

Learn more about NASA’s Commercial Crew program
at https://www.nasa.gov/commercialcrew.

Destination Moon: The Apollo Mission Exhibition Lands at
Seattle’s Museum of Flight

The spacecraft flown on humankind’s first journey to the Moon is the centerpiece of the
Museum’s special exhibition. Destination Moon: The Apollo 11 Mission, presented in partnership
with the Smithsonian Institution, celebrates that historic flight. The challenge of putting the
first steps on the Moon moved a nation during the 1960s, Apollo’s legacy now inspires today’s
spaceflight adventurers. The exhibition takes you back with original Apollo 11-flown objects,
interactives and unique artifacts from the Space Race. Along the way, you too will feel reason
to celebrate the beginning of today’s New Space Age.

In its only West Coast appearance, Destination Moon will be on view until September 2, and will
feature special programs throughout the run of the exhibition, plus a weekend festival during
the July 20, 50th anniversary of the giant leap for humanity. The exhibition includes more that
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20 one-of-a-kind artifacts from the Smithsonian, many flown on the historic mission, plus 
dozens of NASA and Russian spaceflight additions from the Museum’s renowned collection.

Highlighting the exhibition is the historic NASA Apollo 11 command module, Columbia. Visitors 
can see the spaceship up close like never before, and can explore its intricate interior with an 
interactive 3-D tour created from the Smithsonian’s high-resolution scans.

The Smithsonian’s Destination Moon exhibition is enhanced with The Museum of Flight’s own 
Space Race displays with rare objects like a Soviet Sputnik satellite, early cosmonaut spacesuit, 
and the world’s only display of the remains of the rocket engines that boosted Apollo missions 
to the Moon. Also unique is a gallery about the legacy of Seattle-area industry, astronauts, and 
engineers to the space program.

Family experiences include spaceflight interactives and an indoor playground with a full-scale, 
hands-on command module.

The Museum is the final location for Destination Moon, capping a two-year tour to four 
museums by the National Air and Space Museum and the Smithsonian Institution Traveling 
Exhibition Service. This Destination Moon tour marks the first time the Apollo 11 command 
module Columbia has left the National Air and Space Museum since the museum opened to 
the public in 1976. Before entering the collection, the command module traveled on a 50-state 
tour throughout 1970 and 1971 covering more than 26,000 miles. It then went on display in 
the Smithsonian’s Arts and Industries Building before the current National Air and Space 
Museum was built on the National Mall.
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NASA invites you to take a behind-the-scenes look at how the agency explores Earth and outer
space with a new monthly television series that premiers this week.

The inaugural episode of “NASA Science Live” aired on February 27, on NASA Television,
the agency’s website, Facebook Watch, YouTube, and Ustream. Viewers were able to submit
questions on social media using the hashtag #askNASA or by leaving a comment in the chat
section on Facebook.

From remote locations on Earth to the depths of outer space, join the conversation live each
month to interact with NASA experts and watch as they reveal the mysteries of our solar
system and beyond.

“I am personally very excited about how this new show will highlight the interconnected
nature of science from across the agency,” said Thomas Zurbuchen, associate administrator
for NASA’s Science Mission Directorate. “The series will find new ways to talk about science
from various disciplines, missions, and centers to show how each works together in order to
achieve our exploration goals.”

This first episode — entitled “To the Moon, and Beyond” — explores how science conducted
on the lunar surface in the past informs current missions studying the Moon and future plans
to send science, robots and humans to our nearest celestial neighbor. The second episode —
entitled “Going Interstellar” — takes you to the very edge of our solar system where
interstellar space begins. The third episode — entitled “Our Weird Home” — will highlight our
weird home:  Earth. Liquid water, a protective atmosphere, and an active core that gives our

New "NASA Science Live" Program Premiers
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planet a defensive shield. These things, plus more, make our home one of the most unique
places in the solar system. Join experts as we explore these features that make Earth special.

For more information, visit https://go.nasa.gov/NASAScienceLive.

American Museum of Natural History Announces Its 150th
Anniversary Celebration

The American Museum of Natural History (AMNH) today announced a multi-year series of
events, programs, exhibitions, and projects that will celebrate the 150th anniversary of the
Museum, culminating in the opening of its new Richard Gilder Center for Science, Education,
and Innovation.

Beginning earlier this year with the new exhibition T. rex: The Ultimate Predator, the Museum
will present anniversary programming and exhibitions inspired by its legacy of scientific
exploration and science education, parts of its dual mission underpinned by more than a
century of world-class research in disciplines spanning paleontology, genomics, and
astrophysics. The first major exhibition of the anniversary focuses on the world-famous
Tyrannosaurus rex, a species discovered on a Museum expedition in 1902, and reveals
groundbreaking advances in the understanding of the biology of this extraordinary carnivore,
with the public unveiling of a life-sized T. rex model that is the most scientifically accurate to
date.

Looking ahead to the Museum’s future, the 150th anniversary celebration also includes the
modernization of iconic Museum galleries and exhibits, and the opening of the new Richard
Gilder Center for Science, Education, and Innovation, which will include major new exhibition
galleries, an interactive theater, state-of-the-art classrooms, and a multi-level Collections Core
that will reveal sections of the Museum’s working scientific collections. These forward-looking
projects will ensure that the Museum can continue to nourish the curiosity of generations of
New Yorkers and introduce millions of visitors from around the world to the wonders of our
planet, the rich traditions of human cultures, and the mysteries of our universe.

A new website, amnh.org/150, provides opportunities for people everywhere to join in the
anniversary by submitting their stories, pictures, and memories of the Museum to be featured
on the anniversary page and by participating in an online community celebrating the
Museum’s history and civic role in New York City.

Initiatives for the Museum’s 150th anniversary include:
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• the opening of T. rex: The Ultimate Predator — with a new look, based on the latest research,
at the most famous of all dinosaur species

• an exhibition, opening later this year, about the Theodore Roosevelt equestrian statue at the
Museum’s entrance on Central Park West, in which experts and visitors respond to the
representation of Theodore Roosevelt in relation to the Native and African figures in the
grouping; reflect on racism and cultural representation; and discuss the role of monuments in
public spaces in light of the 2017 Mayoral Advisory Commission on City Art, Monuments, and
Markers

• the revitalization in July of the Arthur Ross Hall of Meteorites, a gallery devoted to exploring
the origins of the universe

• the celebration of the 50th anniversary of the Moon landing in July with a SpaceFest,
reflecting the Museum’s legacy of bringing the latest space science to the public since the
establishment of the Hayden Planetarium

• the convening in October of a major scientific conference about human genetics, building on
the Museum’s longstanding role in illuminating scientific breakthroughs with implications for
human health

• the debut in January 2020 of an all-new Space Show in the Hayden Planetarium

• the reopening in Fall 2020 of one of the most beloved and popular spaces in the Museum,
the completely redesigned Allison and Roberto Mignone Halls of Gems and Minerals, which
will bring the latest geological science and most dazzling specimens to light

• the redesign and reinterpretation of the first and most historically distinguished of the
Museum’s cultural galleries, the Northwest Coast Hall, scheduled to reopen in Winter 2021

• the culminating event, the opening of the Richard Gilder Center for Science, Education, and
Innovation

For more information, visit https://www.amnh.org/explore/150th-anniversary-celebration.
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New and Noteworthy

Space Atlas: Mapping the Universe and Beyond
National Geographic, 2018, 352 pp., Hardcover. $50.00.
shop.nationalgeographic.com

Space Atlas combines updated maps, lavish photographs, and
elegant illustrations to chart the solar system, the universe, and
beyond. For space enthusiasts, science lovers, and star gazers,
here is the newly revised edition of National Geographic’s
enduring guide to space, with a new introduction by American
hero Buzz Aldrin. In this guided tour of our planetary
neighborhood, the Milky Way and other galaxies, and beyond,
detailed maps and fascinating imagery from recent space
missions partner with clear, authoritative scientific information.
Starting with the sun and moving outward into space,

acclaimed science writer and physicist James Trefil illuminates each planet, the most
important moons, significant asteroids, and other objects in our solar system. Looking
beyond, he explains what we know about the Milky Way and other galaxies–and how we know
it, with clear explanations of the basics of astrophysics, including dark matter and
gravitational waves. For this new edition, and to celebrate the 50th anniversary of his
moonwalk, astronaut and American hero Buzz Aldrin offers a new special section on Earth’s
Moon and its essential role in space exploration past and future.

Planetary Cartography and GIS
Springer, 2019, 405 pp., Hardcover. $169.99. www.springer.com

This book approaches geological, geomorphological and
topographical mapping from the point in the workflow at which
science-ready datasets are available. Though there have been many
individual projects on dynamic maps and online GISs, in which coding
and data processing are given precedence over cartographic
principles, cartography is more than “just” processing and displaying
spatial data. However, there are currently no textbooks on this rapidly
changing field, and methods tend to be shared informally. Addressing
this gap in the literature, the respective chapters outline many topics

pertaining to cartography and mapping such as the role and definition of planetary
cartography and (vs?) Geographic Information Science; theoretical background and practical
methodologies in geological mapping; science-ready versus public-ready products; a
goal/procedure-focused practical manual of the most commonly used software in planetary
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mapping, which includes generic (ArcGIS and its extensions, JMARS) and specific tools (HiView,
Cratertools etc.); extracting topographic information from images; thematic mapping: climate;
geophysics; surface modeling; change detection; landing site selection; shared maps; dynamic
maps on the web; planetary GIS interfaces; crowdsourcing; crater counting techniques;
irregular bodies; geological unit symbology; mapping center activities; and web services. All
chapters were prepared by authors who have actually produced geological maps or GISs for
NASA / the USGS, DLR, ESA or MIIGAIK. Taken together, they offer an excellent resource for all
planetary scientists whose research depends on mapping, and for students of astrogeology.

The Delivery of Water to Protoplanets, Planets and
Satellites

Springer, 2019, 450 pp., Hardcover. $159.99. www.springer.com

Liquid water is essential for the emergence of life at least as we know
it on Earth. Written by recognized experts in the field, this volume
provides a complete inventory of water throughout the Solar System
and a comprehensive overview of the evolution of water from the
interstellar medium to the final planetesimals and planets. Through a
series of up-to-date review papers, the book describes how water
influences the geophysical evolutions of bodies and how it is in turn
affected by such evolutions. Processes like atmospheric escape under
the effect of stellar irradiation and collisional impacts are discussed in

detail, with specific emphasis on the consequences for the budgets of water and volatile
elements in general. Specific papers on the emergence of life on Earth and the prospects of
habitability on extrasolar planets are included. The papers take an interdisciplinary approach
to habitability, addressing it from the perspectives of astronomy, planetary science,
geochemistry, geophysics and biology. Comprehensive yet easy to read, this volume serves as
an invaluable resource to scholarly, professional and general audiences alike. (Originally
published in Space Science Reviews in the Topical Collection “The Delivery of Water to
Protoplanets, Planets and Satellites”)

Mercury: The View after MESSENGER

Issue 156 80 of 97 April 2019

Copyright 2019 Lunar and Planetary Institute

http://www.springer.com


Cambridge University Press, 2019, 596 pp., Hardcover, $59.99.
www.cambridge.org 

Observations from the first spacecraft to orbit the planet Mercury
have transformed our understanding of the origin and evolution
of rocky planets. This volume is the definitive resource about
Mercury for planetary scientists, from students to senior
researchers. Topics treated in depth include Mercury’s chemical
composition; the structure of its crust, lithosphere, mantle, and
core; Mercury’s modern and ancient magnetic field; Mercury’s
geology, including the planet’s major geological units and their

surface chemistry and mineralogy, its spectral reflectance characteristics, its craters and
cratering history, its tectonic features and deformational history, its volcanic features and
magmatic history, its distinctive hollows, and the frozen ices in its polar deposits; Mercury’s
exosphere and magnetosphere and the processes that govern their dynamics and their
interaction with the solar wind and interplanetary magnetic field; the formation and large-
scale evolution of the planet; and current plans and needed capabilities to explore Mercury
further in the future.

Exploring Planetary Climate: A History of Scientific
Discovery on Earth, Mars, Venus and Titan

Cambridge University Press, 2019, 332 pp., Hardcover, $54.99.
www.cambridge.org

This book chronicles the history of climate science and planetary
exploration, focusing on our ever-expanding knowledge of Earth’s
climate, and the parallel research underway on some of our nearest
neighbors: Mars, Venus and Titan. From early telescopic observation
of clouds and ice caps on planetary bodies in the seventeenth
century, to the dawn of the space age and the first robotic planetary
explorers, the book presents a comprehensive chronological
overview of planetary climate research, right up to the dramatic

recent developments in detecting and characterizing exoplanets. Meanwhile, the book also
documents the discoveries about our own climate on Earth, not only about how it works
today, but also how profoundly different it has been in the past. Highly topical and written in
an accessible and engaging narrative style, this book provides invaluable historical context for
students, researchers, professional scientists, and those with a general interest in planetary
climate research.

Gerard P. Kuiper and the Rise of Modern Planetary Science
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University of Arizona Press, 2019, 368 pp., Hardcover, $45.00.
uapress.arizona.edu

Astronomer Gerard P. Kuiper ignored the traditional boundaries of
his subject. Using telescopes and the laboratory, he made the solar
system a familiar, intriguing place. “It is not astronomy,”
complained his colleagues, and they were right. Kuiper had
created a new discipline we now call planetary science. Kuiper was
an acclaimed astronomer of binary stars and white dwarfs when
he accidentally discovered that Titan, the massive moon of Saturn,
had an atmosphere. This turned our understanding of planetary
atmospheres on its head, and it set Kuiper on a path of staggering
discoveries: Pluto was not a planet, planets around other stars

were common, some asteroids were primary while some were just fragments of bigger
asteroids, some moons were primary and some were captured asteroids or comets, the
atmosphere of Mars was carbon dioxide, and there were two new moons in the sky, one
orbiting Uranus and one orbiting Neptune. He produced a monumental photographic atlas of
the Moon at a time when men were landing on our nearest neighbor, and he played an
important part in that effort. He also created some of the world’s major observatories in
Hawai‘i and Chile. However, most remarkable was that the keys to his success sprang from his
wartime activities, which led him to new techniques. This would change everything. Author
Derek Sears shows a brilliant but at times unpopular man who attracted as much dislike as
acclaim. This in-depth history includes some of the twentieth century’s most intriguing
scientists, from Harold Urey to Carl Sagan, who worked with—and sometimes against—the
father of modern planetary science. Now, as NASA and other space agencies explore the solar
system, they take with them many of the ideas and concepts first described by Gerard P.
Kuiper.

Handbook of Astrobiology
CRC Press, 2019, 846 pp., Hardcover, $399.95. www.crcpress.com 

Astrobiology is the study of the origin, evolution, distribution, and
future of life on Earth. This exciting and significant field of research also
investigates the potential existence and search for extra-terrestrial life
in the Solar System and beyond. This is the first handbook in this
burgeoning and interdisciplinary field. Edited by Vera Kolb, a highly
respected astrobiologist, this comprehensive resource captures the
history and current state of the field. Rich in information and easy to
use, it assumes basic knowledge and provides answers to questions

from practitioners and specialists in the field, as well as providing key references for further
study.
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Mini Model of the Solar System Crystal Ball
3.15-inch crystal ball and resin stand, $29.88. Available on
Amazon.com

This solar system crystal ball is both educational and
decorative. The arrangement of the eight planets of the solar
system (Pluto was demoted in 2006) in their orbits helps
children understand the relationship of the sun and planets.
Created with engraving technology in 3D, this crystal ball is
perfect for home and office decor. This item comes complete
with a gift box.

Sara Seager: Planetary Scientist
Bellwether Media, 2019, 24 pp., Hardcover, $25.95.
bellwethermedia.com

Is there an Earth twin hiding in the stars? Sara Seager is on a
mission to find out! The astrophysicist is leading the quest to
explore planets beyond our solar system. Early readers can
discover more about Sara’s life and scientific work in this engaging
biography. For ages 5 to 6.

Absolute Expert: Volcanoes
National Geographic Kids, 2018, 112 pp., Hardcover, $14.99.
shop.nationalgeographic.com

Get expert insights from National Geographic explorer and
volcanologist Arianna Soldati in this lava-hot book, exploding with
the most up-to-date geological intel straight from the field.
Plunge deep beneath Earth’s crust to find out how volcanoes
form. Get up close to clouds of ash and molten lava. Learn about
the biggest, most extreme volcanic eruptions to date. On the hunt
for incredible volcanoes, you’ll travel around the globe, dive into
the depths of the oceans, journey into space…and so much more!
History’s most famous volcanic eruptions are all included: Mount

Vesuvus, Mauna Loa, Stromboli, Mount Etna, Olympus Mons, and more. With special features,
sidebars, wacky trivia, and more, it’s the ultimate book to help YOU become an absolute
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expert on one of your favorite subjects. For ages 8 to 12.

STEM Careers: Geologist
Jump! 2019, 24 pp., Hardcover. $25.65.
www.jumplibrary.com

In Geologist, carefully leveled text and vibrant, full-color
photographs take early fluent readers on an informational
interview with a life scientist. Readers learn about the day-
to-day responsibilities and challenges of this career and
the things they can do now to prepare for work as a
geologist. An infographic illustrates the tools of the trade,
and an activity offers kids an opportunity to extend
discovery. Children can learn more about geologists online
using our safe search engine that provides relevant, age-

appropriate websites. Geologist also features reading tips for teachers and parents, a table of
contents, a glossary, and an index. This book is part of Jump!’s STEM Careers series. For ages 6
to 9.

Qurious Space Family Card Game
$22.99. revealcards.com

Are you ready to explore the galaxy and beyond? The
Qurious Space Card Game delivers hours of portable,
safe, family fun. Play with up to 18 others at a time!
Qurious Space was designed by moms to help develop
social skills, spatial reasoning, memory, STEM interest
and analytical logic. It’s perfect for space lovers, small
fans and aspiring future crew of NASA and SpaceX,
aspiring astronauts, and star gazers of all ages. Each

Qurious Space GAME includes a space speed matching game, a challenge memory game, an
explorer matching pairs game, a photo trivia game, and bonus space stickers. For ages 3 and
up.
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Calendar

2019 Upcoming Events

April
Better Stars, Better Planets: Exploiting the Stellar-Exoplanetary Synergy
 April 14-28
 Santa Barbara, California
 https://www.kitp.ucsb.edu/activities/exostar19

2019 IAA Planetary Defense Conference (PDC)
 April 29-3
 Washington, DC
 http://pdc.iaaweb.org/

May
Integrations of Satellite and Ground-Based Observations and Multi-
Disciplinarity in Research and Prediction of Different Types of Hazards in
Solar System
 May 10-13
 Valjevo, Serbia
 http://www.gi.sanu.ac.rs/site/index.php/en/activities/conferences-organisation/975-hazards-sos

ExoComets: Understanding the Composition of Planetary Building Blocks
 May 13-17
 Leiden, the Netherlands
 https://lorentzcenter.nl/lc/web/2019/1132/info.php3?wsid=1132&venue=Oort

Applied Space Environments Conference
 May 13-17
 Los Angeles, California
 https://sti.usra.edu/ASEC2019/
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New Horizons in Planetary Systems with ALMA
 May 13-17
 Victoria, Canada
 http://www.cvent.com/events/new-horizons-in-planetary-systems/event-summary-
b476735da0c34d4fa62e81bf27668214.aspx

The Human to Mars Summit
 May 14-16
 Washington, D.C.
 https://h2m.exploremars.org

Planet-Star Connections in the Era of TESS and Gaia
 May 20-24
 Santa Barbara, California
 https://www.kitp.ucsb.edu/activities/exostar-c19

Workshop on Polarization in Protoplanetary Disks and Jets
 May 20-24
 Sant Cugat, Spain
 https://sites.google.com/view/sant-cugat-forum-astrophysics/next-session

2nd European Physics Congress
 May 20-21
 Berlin, Germany
 https://www.meetingsint.com/conferences/europhysics

European Lunar Symposium
 May 21-23
 Manchester, United Kingdom
 https://els2019.arc.nasa.gov

Ocean Worlds 4
 May 21-22
 Columbia, Maryland
 https://www.hou.usra.edu/meetings/oceanworlds2019/
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Japanese Geoscience Union Meeting
 May 26-30
 Chiba, Japan
 http://www.jpgu.org/meeting_e2019

3rd Advanced School on Exoplanetary Science: Demographics of
Exoplanetary Systems
 May 27-31
 Vietri sul Mare, Italy
 http://www.mpia.de/ases3

First General Assembly of the European Astrobiology Institute
 May 28-30
 Liblice, Czech Republic
 http://europeanastrobiology.eu/ga2019/general.html

International Venus Conference 2019
 May 31-3
 Niseko, Japan
 https://www.cps-jp.org/~akatsuki/venus2019

June
Planetary Dynamics 2019
 June 3-9
 Heidelberg, Germany
 http://www.mpia.de/homes/dynamics2019

The Main Belt: A Gateway to the Formation and Early Evolution of the Solar
System
 June 4-7
 Villasimius, Sardinia, Italy
 http://www.iaps.inaf.it/sz/mainbelt2019/

SPICE Domestic Training Class for 2019
 June 4-6
 Arcadia, California
 https://naif.jpl.nasa.gov/naif/WS2019_announcement.html

Issue 156 87 of 97 April 2019

Copyright 2019 Lunar and Planetary Institute

http://www.jpgu.org/meeting_e2019
http://www.mpia.de/ases3
http://europeanastrobiology.eu/ga2019/general.html
https://www.cps-jp.org/~akatsuki/venus2019
http://www.mpia.de/homes/dynamics2019
http://www.iaps.inaf.it/sz/mainbelt2019/
https://naif.jpl.nasa.gov/naif/WS2019_announcement.html


Planetary Exploration Horizon 2061: Synthesis Workshop
 June 5-7
 Toulouse, France
 http://horizon2061.cnrs.fr/meetings-events/

234th Meeting of the American Astronomical Survey
 June 9-13
 St. Louis, Missouri
 https://aas.org/meetings/aas234

50th Annual Meeting of the Division on Dynamical Astronomy (DDA) of the
AAS
 June 10-14
 Boulder, Colorado
 https://dda.aas.org/meetings/2019

Zooming in on Star Formation
 June 10-14
 Nafplio, Greece
 https://indico.nbi.ku.dk/event/1055/

Impacts and Their Role in the Evolution of Life
 June 10-13
 Tällberg, Siljan crater area, Sweden
 http://www.nordicastrobiology.net/Impacts2019

TRAPPIST-1: Towards the Comparative Study of Temperate Terrestrial
Worlds
 June 11-14
 Liege, Belgium
 https://events.uliege.be/trappist-1/

10th Joint Meeting of The Space Resources Roundtable (SRR) and the
Planetary and Terrestrial Mining Sciences Symposium (PTMSS)
 June 11-14
 Golden, Colorado
 http://www.isruinfo.com/
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Annual Meeting of Planetary Geologic Mappers
 June 12-14
 Flagstaff, Arizona
 https://www.hou.usra.edu/meetings/pgm2019/
 

Exoclimes Simulation Platform (ESP) Inaugural Summer School
 June 12-14
 Guarda Val, Switzerland
 http://www.csh.unibe.ch/research/projects/exoclimes_simulation_platform/index_eng.html
 

3rd International Conference & Expo on Laser, Optics, and Photonics
 June 14-15
 London, UK
 http://www.meetingsint.com/conferences/laser-optics
 

Meteoroids 2019
 June 17-21
 Bratislava, Slovakia
 https://fmph.uniba.sk/en/microsites/daa/division-of-astronomy-and-astrophysics/meteoroids-2019/
 

From Stars to Planets II — Connecting Our Understanding of Star and
Planet Formation
 June 17-20
 Gothenburg, Sweden
 http://cosmicorigins.space/fstpii
 

Emerging Researchers in Exoplanet Science (ERES)
 June 17-19
 Ithaca, New York
 http://carlsaganinstitute.org/2018/12/emerging-researchers-in-exoplanet-science-eres-symposium-will-
be-held-at-cornell-june-17-19-2019/
 

4th Planetary Data Workshop
 June 18-20
 Flagstaff, Arizona
 https://www.hou.usra.edu/meetings/planetdata2019/
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International Meeting on Paleoclimate: Changes and Adaptation
 June 18-19
 Coimbra, Portugal
 https://paleoclimate2019.wixsite.com/paleoclimate2019
 

Royal Astronomical Society 2019 National Astronomy Meeting
 June 20-4
 Lancashire, England
 https://nam2019.org
 

Meteoritical, Spacecraft and Astrophysical Perspectives on the Assembly
and Composition of Planets
 June 23-28
 Mount Holyoke College, Massachusetts
 https://www.grc.org/origins-of-solar-systems-conference/2019/
 

Ringberg Conference on Star-Planet Connection
 June 24-28
 Ringberg Castle, Germany
 http://www2.mpia-hd.mpg.de/~starsplanets2019/
 

2019 Astrobiology Science Conference (AbSciCon)
 June 24-28
 Seattle, Washington
 https://astrobiology.nasa.gov/news/abscicon-2019-save-the-date
 

European Week of Astronomy and Space Science (EWASS 2019)
 June 24-28
 Lyon, France
 https://eas.unige.ch/EWASS/program.jsp
 

21st Meeting of the Small Bodies Assessment Group
 June 24-25
 Greater Washington D.C. Area
 https://www.lpi.usra.edu/sbag/
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The Planetary CubeSats Symposium
 June 27-28
 Goddard Space Flight Center, Greenbelt, Maryland
 https://cubesats.gsfc.nasa.gov/symposium.php
 

S-SAIL: Solar System Atmospheres’ Investigation and Exoplanets
 June 27-28
 Lisboa, Portugal
 http://www.iastro.pt/research/conferences/s-sail/
 

July
82nd Annual Meeting of The Meteoritical Society (MetSoc 2019)
 July 7-12
 Sapporo, Japan
 https://www.metsoc19-sapporo.com/
 

International Planetary Probe Workshop 2019
 July 8-12
 Oxford, United Kingdom
 https://ippw2019.uk/
 

Global Experts Meeting on Frontiers in Chemistry
 July 11-19
 London, England
 https://frontiersmeetings.com/conferences/chemistry/
 

2019 NASA Planetary Volcanology Workshop in Hawaii: Analogs to Volcanic
Features and Processes in Satellite and Rover Images
 July 11-17
 Field Sites, HI
 https://www.lpi.usra.edu/planetary_news/2019/03/20/nasa-planetary-volcanology-workshop-in-hawaii-
analogs-to-volcanic-features-and-processes-in-satellite-and-rover-images
 

Pluto System After New Horizons
 July 14-18
 Laurel, Maryland
 https://www.hou.usra.edu/meetings/plutosystem2019/
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Software Systems for Astronomy Summer School
 July 15-26
 Hilo, Hawaii
 http://astro.uhh.hawaii.edu/Summer/Summer-2019/ssfa19.php
 

Lunar ISRU 2019 – Developing a New Space Economy Through Lunar
Resources and Their Utilization
 July 15-17
 Columbia, Maryland
 https://www.hou.usra.edu/meetings/lunarisru2019/
 

Great Barriers in Planet Formation
 July 22-26
 Palm Cove, Australia
 https://dustbusters.bitbucket.io/great-barriers-2019/
 

Ninth International Conference on Mars
 July 22-26
 Pasadena, California
 https://www.hou.usra.edu/meetings/ninthmars2019/
 

4th International Conference on Lunar and Deep Space Exploration
 July 22-24
 Zhuhai, China
 http://ldse2019.csp.escience.cn
 

Lunar and Small Bodies Graduate Forum (LunGradCon 2019)
 July 22
 Mountain View, California
 http://impact.colorado.edu/lungradcon/2019/
 

NASA Exploration Science Forum
 July 23-25
 NASA Ames/Mountain View, California
 https://nesf2019.arc.nasa.gov/
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International Union for Quarternary Science Congress
 July 25-31
 Dublin, Ireland
 http://www.inqua2019.org
 

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

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

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

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

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

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

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

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

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

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

September
Workshop on Binary Asteroids in the Solar System 5
 September 3-5
 Fort Collins, CO
 http://binaryast5.org/index.html
 

Habitability: Producing Conditions Conducive to Life
 September 8-12
 Big Sky, Montana
 https://www.hou.usra.edu/meetings/habitability2019/
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International Association of Sedimentologists Meeting
 September 10-13
 Rome, Italy
 http://iasroma2019.org/

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

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

Physics of Stars and Planets: Atmospheres, Activity, Magnetic Fields
 September 16-20
 Shamakhy, Azerbaijan
 http://www.shao.az/en/news/239

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

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

Titan After Cassini-Huygens
 September 23-25
 Madrid, Spain
 https://www.cosmos.esa.int/web/titan-after-cassini-huygens/home
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Large Meteorite Impacts and Planetary Evolution VI
 September 30-3
 Brasilia, Brazil
 https://www.hou.usra.edu/meetings/lmi2019/

October
Potential Landing Sites and Cloud Layer Habitability on Venus Workshop
 October 2-5
 Moscow, Russia
 https://www.lpi.usra.edu/vexag/meetings/meetings-of-interest/JSDT-Workshop.pdf

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

Global Experts Meeting on Frontiers in Chemistry
 October 17-19
 Rome, Italy
 https://frontiersmeetings.com/conferences/chemistry/

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

70th International Astronautical Congress (IAC)
 October 21-25
 Washington, DC
 https://www.iac2019.org

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

November
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VEXAG Meeting
 November 4-8
 Boulder, Colorado
 https://www.lpi.usra.edu/vexag/

COSPAR 2019
 November 4-8
 Herzliya, Israel
 http://www.cospar2019.org/

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

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

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

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

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