Fifty Years of Space Exploration
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— Paul Schenk, Lunar and Planetary Institute

As NASA celebrates the 50th anniversary of its founding in the
challenging early years of the Space Age (inaugurated in 1957 by the
U.S.S.R.), it is perhaps worth looking back on what we have gained
and accomplished. One of the principal components of the NASA
Creation Act of 1958 is to contribute to “The expansion of human
knowledge of the Earth and of phenomena in the atmosphere and
space.” This simple objective gave birth to one of the greatest eras
of exploration in our history. From Mariner 2 at Venus in 1962, to
the current fleet of NASA spacecraft ranging literally from Mercury
at the center (MESSENGER) to Pluto (New Horizons is well on its
way), NASA has led the way to the planets. Five of these vehicles are
on a course to leave the solar system forever. True, the Soviets did
get there first in several cases, including the first successful probes to
the Moon, and a long-running program of successful Venus landers.
And there have certainly been some disappointments along the way,
including a few launch mishaps, the disappearance of Mars Observer,
the crashing of two spacecraft into Mars in 1999, and
the crippling antenna failure on Galileo in 1991. But
with every successful mission, what we have seen
First Success.
has surprised us, even totally astounded us — perfect
Mariner 2 is launched to Venus on what would be the
first successful interplanetary spaceflight, 46 years ago.
examples of this are the now dry river valleys of Mars,
(August 1962)
and the first glimpse of the powerful volcanos of Io.
Thanks to the commitment of NASA, Congress, and all
Americans, we now have a much more complete view of the origins of our home world, our solar system, and
the universe beyond.
After 50 years, what have we learned from our explorations? In 1960, the solar system was perceived as a
static place, highly predictable and rather bland. Each planet performed its quiet annual dance around the
Sun and not much seemed to be happening except for an occasional stray comet. Percival Lowell may have
thought he saw canals on Mars, but most astronomers tended to look on planetary astronomy as a stagnant
backwater, and textbooks rarely featured more than a few pages on our planetary system. But starting in 1962,
we began to sense that little if any of this vision was
correct, except for the names of the eight (or is it nine?)
planets. The combination of advanced astronomical
tools and robotic explorers since then has opened up
the vast expanse of the solar system not only in space
but in time. We now know that the solar system was
and remains a rockin’ place. Indeed, the birth of our
planets was an extremely violent affair, and computer
models are now indicating that the apparently stability
of planetary orbits was not always the case . . . at least
two planets (Neptune and Uranus) may have switched
places not long after planet formation, triggering a
wholesale disruption of the solar system at large.

First Image.
Mariner 4 acquired the first close-up images of another planet. This view shows haze above the limb of Mars as Mariner
approached the planet. It required several hours to transmit this small image to Earth. Subsequent images in this sequence
showed impact craters like those on the Moon. First impressions can be very wrong indeed. (July 1964)

2

LUNAR AND PLANETARY INFORMATION BULLETIN

Fifty Years

continued . . .

L
P
I
B

The solar system is far more
dynamic than we imagined in
those headstrong days of the late
1950s. Within this new insight lies
some cautionary tales. We have
witnessed comets break apart
First Landing.
and collide with planets (Comet
Venera 9 achieved the first successful landing and first views of the surface of another
Shoemaker-Levy 9 crashing into
planet, the rocky surface of Venus. The distorted view is due to the arc of the camera
Jupiter in 1994). We have mapped
swath. The vertical stripes are due to interference in transmission. (October 1975)
landscapes ripped apart by eons of
heavy impact cratering. We have
seen landscapes fractured and sundered by faults and smothered by volcanos that are active even as you read
this article.
Many of our neighboring worlds have shown us alien vistas beyond the imagination of even the best science
fiction artists. The list of discoveries is a long one. Once thought an oily tropical jungle, Venus is wracked
by widespread volcanos and fractures resurfacing a world too hot and noxious for life. On Mars, we see the
desiccated remains of what was once a wet and potentially hospitable world. Raging rivers and flash floods
once scarred a world now dominated by giant volcanos and canyon systems dwarfing any preserved on Earth.
Beyond the rubble-strewn asteroid belt are the storm-wracked gaseous giant planets. Each is surrounded by
large concentric ring and satellite systems, each unique in size and dynamics. The mostly ice-rich moons of
these massive planets hold some of the biggest surprises, ranging from cratered wastelands to tortured active
worlds spewing water vapor, gas, and dust into space. In the last decade or so we have discovered the Kuiper
belt, a vast family of icy objects orbiting beyond Neptune that may be remnants of the formation of the solar
system.

In the 1960s, the first decade of this new Age, the Apollo program dominated NASA’s agenda, but 40 years
later, what does this adventure mean for us? Expensive, born of the fears of a Cold War with a nation on
the other side of the globe, the mission to land a man on the Moon (and return him safely) was born of the
desire to explore, but was hijacked by political and national needs. The Moon-landing adventures awed and
inspired a generation (myself included). Almost in spite of its principal motivation, Apollo did have important
scientific objectives, especially in the later stages. Chief of these was simply to determine how our Moon,
so important in the geophysical evolution of our own planet, came to be. The Apollo missions returned
382 kilograms (842 pounds) of rock to Earth for intensive study, along with myriad other data collected on
the surface. In 1984, lunar scientists met in Hawai’i at what became known as the Kona Conference, and
discovered that many of them had come to the same conclusion: that the Moon had formed from debris
left over from a megacollision of early Earth with a large protoplanet. Just as samples recently returned
from Comet Temple 1 and the solar wind, it was the large suite of samples returned and the insights into the
Moon’s composition that have
provided the most important
clues to unlocking the Moon’s
origin. Despite this, the sample
suite is geographically limited
and the earliest stages of lunar
history remain hidden from us.

Mars Close-Up.
The Mars Exploration Rover Opportunity acquired this exaggerated color panorama as it
toured the outer edge of Victoria Crater. Wheel tracks extend into the distance. Opportunity and
its twin, Spirit, have rewritten our understanding of Mars and its evolution. (April 2007)
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The violent birth of our Moon is really part of a much
larger story. Simultaneously with the sample returns,
Apollo and its robotic precursors Ranger and Surveyor
confirmed that the Moon’s innumerable holes in the ground
(craters) were caused by the impacts of asteroids, both
large and small. The first images of Mars, then Mercury,
and eventually the rest of the solar system revealed that all
planets and their satellites had also been subjected to this
ancient bombardment. Thus were revealed the last stages of
our planetary birth, as well as the revelation of an ongoing
threat. The planets — including our own — are still struck
by a wandering stray body every few million years or so,
either a small asteroid or comet. Fortunately, most of the
large ones were removed from circulation long ago when
they collided with other planets or were expelled from the
solar system during the turbulent epoch after
the Sun’s birth.

Great Discovery.
In one of the most famous “discovery” photographs ever taken,
Voyager 1 looks back at Jupiter’s moon Io and sees two volcanic
eruptions, one in silhouette, the other rising out of the darkness. Io is
more volcanically active than our Earth, showing how important tidal
heating can be in planetary evolution. (March 1979)

Perhaps a greater still and yet unfolding
revelation of the Space Age has been the
relatively recent realization that potentially
habitable environments may be common
among the other planets. Although cold arid
Mars is foremost in our minds, liquid water
may currently be very abundant within the interiors of many icy satellites. While these environments are
not conducive to human life, smaller, more primitive lifeforms could easily inhabit the subsurface oceans of
Europa, Ganymede, Callisto, Triton, or Enceladus (if proven to have one), the shallow seas of Titan, or the
subterranean layers of a once wet Mars. As a result, the overarching goals of our exploration have become
understanding the origins and fates of planets and the search for life, habitable environments, and the origins
of life and its components.

Perversely, the ancient solar system bombardment revealed on the Moon may have played a critical role in
the beginnings of life here on Earth! The scattering of comets and asteroids may also have brought water ice
and organic material to the hotter inner planets. Large impacts on the early Earth and other planets create hot
zones that may have been havens or oases for organic and prebiotic development. Much needs to be studied
and worked out before these processes are fully understood, but comets and asteroids may have been the
delivery trucks that brought the star stuff we are made of to Earth.
The NASA exploration program is robust
and diverse. Other nations are beginning
to explore as well, including Russia,
Europa, Japan, China, and India. All this
is as it should be: Much remains to be
done. From Hubble Space Telescope, to
the Mars Rovers, to Japan’s Kaguya, to
Galileo and Cassini following in the wake
of Voyager (to name just a few), each
time we have gotten a closer look at our
planetary neighbors, we have been amazed

Ice-Moon Europa.
Despite a crippled communications system, the Galileo spacecraft was able to acquire some stunning views
of this ice-covered moon of Jupiter. A salty ocean lies a few kilometers beneath this disrupted icy crust. Red
indicates high topograph, blue indicates low topography in this perspective view. (February 1997)
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and enlightened. Several major bodies have yet to be
explored, although spacecraft are now on their way
to Pluto and the largest asteroids Ceres and Vesta. All
three of these bodies are certain to reveal even more
surprises. In the last decade we have finally begun to
detect planets orbiting other stars. New planets are
being discovered almost monthly. Most orbit too close
or too far from their host stars to be habitable, but
the discovery of Mars-like or even Earth-like objects
is only a matter of time, with all the implications for
biology that that might entail.
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In the final analysis, however, our explorations of
deep space have taught us a lesson that we as a race
seem determined to ignore. The lesson is simple. The
first humans to orbit the Moon in 1968 and witness
an Earthrise were the first to understand how
unique yet fragile our home world is in a
Hot Icy Moon.
universal sense (an unexpected and very
Volcanism
on
Enceladus
was
fi
rst
discovered
by
the
Cassini
spacecraft
welcome gift from Apollo). No matter how
in 2005 due to magnetic field and thermal anomalies. Later images
far we explore, no matter the stunning vistas
showed plumes of icy vapor and dust erupting into space. This highthat await future interplanetary explorers,
resolution view shows high surface temperatures along linear fracture
no matter the fragile colonies that are
zones that cross the south polar region. (March 2008)
established on remote alien worlds, there is
no safe refuge for mankind as a whole to flee.
In other words, there is no hiding place1, nowhere else for us to go but here on this blue dot of a water-rich
planet we call Earth.
1

Richard Lewis, Appointment on the Moon, Viking Press, 1969.

Ring Worlds.
Not to be outdone, Saturn’s massive ring system continues
to provide amazing insights into the behavior of the smaller
denizins of our solar system. Here, a small moon disturbs icy
F-ring particles in its neighborhood. (August 2008)

Wet and Wild.
One of the great revelations of the space age has been the overwhelming
evidence that rivers and running water once coursed freely over the
surface of Mars. This “bird’s foot”-shaped feature is in fact the dried
remains of an ancient river delta similar to that of the Mississippi River
in Louisiana. Compositional mapping, shown in color, indicates deposits
of clay-rich minerals in this area. (July 2008)
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TAKE AN INTERACTIVE JOURNEY THROUGH NASA’S FIRST FIFTY YEARS OF EXPLORATION
On July 29, 1958, the 34th President of the United States, Dwight D. Eisenhower, signed into law the “National
Aeronautics and Space Act of 1958” (Public Law 85-568). Less than one month later, President Eisenhower
administered the oath of office to NASA’s first Administrator, T. Keith Glennan, and the agency’s Deputy
Administrator, Hugh L. Dryden, who had been serving as the director of NASA’s predecessor, the National Advisory
Committee for Aeronautics, or NACA. To commemorate NASA’s beginning, the agency has released an immersive
multimedia experience that takes visitors on an interactive tour of its first five decades of exploration.

Combining current and historic video with state-of-the-art computer animation, the virtual exhibit takes a World’s Fair
approach to NASA history, featuring pavilions that host each decade of the agency’s challenges and achievements.
Visitors will get unique insight into NASA’s activities over the years, including a wide range of exploration and
research initiatives, and a glimpse into the future.

The exhibit’s host is an animated robot named Automa, who will guide visitors through their journey. Also assisting
everyone throughout their tour are important historic and cultural figures of the past 50 years of aerospace history,
including astronauts, presidents, astronomers, and other popular icons associated with NASA’s history. For example, in
the 1970s pavilion, visitors will see a presentation of NASA’s Voyager and Viking missions hosted by an avatar of the
late astronomer Carl Sagan, complete with excerpts from his popular television series “Cosmos.”
Visitors to the site can also experience interior three-dimensional views of John Glenn’s Friendship 7 Mercury
spacecraft, the original April 1959 press conference introducing the Mercury astronauts, a tour of the International
Space Station, video presentations about NASA’s aeronautics programs, and an interview with former CBS news
journalist Walter Cronkite.
To begin the tour of NASA’s first 50 years, visit www.nasa.gov/externalflash/50th/index.html.
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Small Rock.
View of rock-strewn Itokawa, a 200 × 500-meter-wide
asteroid, the smallest object yet visited by man. The
Japanese spacecraft Hayabusa orbited and landed on
this rock and small samples of this body are currently on
their way back to Earth. (September 2005)

New Moon.
Interest in our Moon is on the rise. Two spacecraft (from Japan and China) are currently
orbiting and two more are set to join them (from India and the United States). Kaguya
captures a rising blue Earth as it orbits the gray barren Moon. (December 2007)
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NASA SPACECRAFT SHOWS DIVERSE, WET ENVIRONMENTS ON ANCIENT MARS
Two studies based on data from NASA’s Mars
Reconnaissance Orbiter have revealed that the Red Planet
once hosted vast lakes, flowing rivers, and a variety of
other wet environments that had the potential to support
life.
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One study, published in the July 17 issue of Nature,
shows that vast regions of the ancient highlands of Mars,
which cover about half the planet, contain clay minerals,
which can form only in the presence of water. Volcanic
lavas buried the clay-rich regions
during subsequent, drier periods of
This three-dimensional image of a trough in the Nili Fossae region of
the planet’s history, but impact craters
Mars
shows a type of mineral called phyllosilicates (in magenta and blue
later exposed them at thousands of
hues) concentrated on the slopes of mesas and along canyon walls. The
locations across Mars. The data for the
abundance of phyllosilicates shows that water played a sizable role in
study derives from images taken by
changing the minerals of a variety of terrains in the planet’s early history.
the Compact Reconnaissance Imaging
Credit: NASA/JPL/JHUAPL/University of Arizona/Brown University.
Spectrometer for Mars (CRISM) and
other instruments on the orbiter.
The clay-like minerals, called phyllosilicates, preserve a record of the interaction of water with rocks
dating back to what is called the Noachian period of Mars’ history, approximately 4.6 billion to
3.8 billion years ago. This period corresponds to the earliest years of the solar system, when Earth, the
Moon, and Mars sustained a cosmic bombardment by comets and asteroids. Rocks of this age have
largely been destroyed on Earth by plate tectonics. They are preserved on the Moon, but were never
exposed to liquid water. The phyllosilicate-containing rocks on Mars preserve a unique record of liquid
water environments possibly suitable for life in the early solar system.
“The minerals present in Mars’ ancient crust show a variety of wet environments,” said John Mustard,
a member of the CRISM team from Brown University, and lead author of the Nature study. “In most
locations the rocks are lightly altered by liquid water, but in a few locations they have been so altered
that a great deal of water must have flushed though the rocks and soil. This is really exciting because
we’re finding dozens of sites where future missions can land to understand if Mars was ever habitable
and if so, to look for signs of past life.”

Another study, published in the June 2 issue of Nature Geosciences, finds that the wet conditions on
Mars persisted for a long time. Thousands to millions of years after the clays formed, a system of river
channels eroded them out of the highlands and concentrated them in a delta where the river emptied
into a crater lake slightly larger than California’s Lake Tahoe, approximately 40 kilometers (25 miles) in
diameter.

“The distribution of clays inside the ancient lakebed shows that standing water must have persisted for
thousands of years,” says Bethany Ehlmann, another member of the CRISM team from Brown. Ehlmann
is lead author of the study of an ancient lake within a northern-Mars impact basin called Jezero Crater.
“Clays are wonderful at trapping and preserving organic matter, so if life ever existed in this region,
there’s a chance of its chemistry being preserved in the delta.”
For more information, visit crism.jhuapl.edu.
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PHOENIX BEGINS ANALYSIS ON DEEPEST SOIL SAMPLE
Scientists have begun to analyze a sample of soil delivered to
NASA’s Phoenix Mars Lander’s wet chemistry experiment from
the deepest trench dug so far in the martian arctic plains. Phoenix
has also been observing movement of ice clouds overhead.
On August 31, the lander’s robotic arm sprinkled a small fraction
of the estimated 50 cubic centimeters of soil that had been scooped
up from the informally named “Stone Soup” trench on August 30,
the 95th day of the mission. The Stone Soup trench, in the left
portion of the lander’s active workspace, is
approximately 18 centimeters (7 inches) deep.
Digging by the Phoenix Lander on August 23, during the 88th sol
(martian day) since landing, reached a depth about three times
The surface of the vast arctic plain where
greater than in any trench Phoenix has excavated. Credit: NASA/
Phoenix landed on May 25 bears a pattern of
JPL-Caltech/University of Arizona/Texas A&M University.
polygon-shaped small hummocks, similar to
some permafrost terrain on Earth. Scientists are
particularly interested in the new sample because it is the first delivered to an analytical instrument from
a trench on the margin between two of the polygons, where different material may collect than what has
been analyzed from near the center of a polygon. Seen inside Phoenix’s scoop, the sample material from
the bottom of the trench displayed clumping characteristics somewhat different from other cloddy soil
samples that have been collected and examined.

A series of images of fresh soil dug and discarded from Stone Soup trench have given some clues to the
composition of the sample. While spectral observations have not produced any sign of water-ice, bigger
clumps of soil have shown a texture that could be consistent with elevated concentration of salts in the
soil from deep in the trench. The lander’s wet chemistry laboratory can identify soluble salts in the soil.

The latest Phoenix images and information are available at www.nasa.gov/phoenix and phoeniz.lpl.
arizona.edu.

NASA MARS ROVER OPPORTUNITY ASCENDS BACK TO LEVEL GROUND
NASA’s Mars Exploration Rover Opportunity has climbed out
of the large crater that it had been examining from the inside
since last September. Opportunity used its own entry tracks from
nearly a year ago as the path for a drive of 6.8 meters (22 feet)
bringing the rover out over the top of the inner slope and
through a sand ripple at the lip of Victoria Crater. The exit drive,
conducted late Thursday, completed a series of drives covering
50 meters (164 feet) since the rover team decided about a month
ago that it had completed its scientific investigations inside the
crater.

NASA’s Mars Exploration Rover Opportunity climbed out of
Victoria Crater following the tracks it had made when it
descended into the 800-meter-diameter (half-mile-diameter)
bowl nearly a year later. Credit: NASA/JPL-Caltech.

“We’re headed to the next adventure out on the
plains of Meridiani,” said JPL’s John Callas, project
manager for Opportunity and its twin Mars rover,
Spirit. “We safely got into the crater, we completed
our exploration there, and we safely got out. We
were concerned that any wheel failure on our aging
rover could have left us trapped inside the crater.”

The Opportunity mission has focused on Victoria Crater for more than half of the 55 months since the
rover landed in the Meridiani Planum region of equatorial Mars. The crater spans about 800 meters
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(half a mile) in diameter and reveals rock layers that hold clues to environmental conditions of the area
through an extended period when the rocks were formed and altered.

For images and more information about the Mars rovers, visit www.nasa.gov/rovers and marsrovers.jpl.
nasa.gov.

CASSINI PINPOINTS SOURCE OF JETS ON SATURN’S MOON ENCELADUS

In a feat of interplanetary sharpshooting, the Cassini spacecraft
has pinpointed precisely where the icy jets erupt from the surface
of Saturn’s geologically active moon Enceladus. New carefully
targeted pictures reveal exquisite details in the prominent south
polar “tiger stripe” fractures from which the jets emanate. The
images show the fractures are about 300 meters (980 feet)
deep, with V-shaped inner walls. The outer flanks of some of
the fractures show extensive deposits of fine material. Finely
fractured terrain littered with blocks of ice tens of
meters in size and larger (the size of small houses)
This sweeping mosaic of Saturn’s moon Enceladus provides
surround the fractures.

broad regional context for the ultrasharp, closeup views

the Cassini space acquired during its flyby on August 11.
“This is the mother lode for us,” said Carolyn Porco,
Credit: NASA/JPL/Space Science Institute.
Cassini imaging team leader at the Space Science
Institute in Boulder. “A place that may ultimately
reveal just exactly what kind of environment — habitable or not — we have within this tortured little
moon.” One highly anticipated result of this flyby was finding the location within the fractures from
which the jets blast icy particles, water vapor, and trace organics into space. Scientists are now studying
the nature and intensity of this process on Enceladus, and its effects on surrounding terrain. This
information, coupled with observations by Cassini’s other instruments, may answer the question of
whether reservoirs of liquid water exist beneath the surface.

The high-resolution images were acquired during an August 11 flyby of Enceladus, as Cassini sped
past the icy moon at 64,000 kilometers per hour (40,000 miles per hour). A special technique, dubbed
“skeet shooting” by the imaging team, was developed to cancel out the high speed of the moon relative
to Cassini and obtain the ultrasharp views. “Knowing exactly where to point, at just the right time, was
critical to this event,” said Paul Helfenstein, Cassini imaging team associate at Cornell University, who
developed and used the skeet-shoot technique to design the image sequence. “The challenge is equivalent
to trying to capture a sharp, unsmeared picture of a distant roadside billboard with a telephoto lens out
the window of a speeding car. For the first time, we are beginning to understand how freshly erupted
surface deposits differ from older deposits,” said Helfenstein, an icy moons expert. “Over geologic time,
the eruptions have clearly moved up and down the lengths of the tiger stripes.”
The new images, with jet source locations labeled, are available at www.nasa.gov/cassini, saturn.jpl.
nasa.gov, and ciclops.org.

MESSENGER MAKES NEW DISCOVERIES ABOUT MERCURY

Scientists have argued about the origins of Mercury’s smooth plains and the source of its magnetic field
for more than 30 years. Now, analyses of data from the January 2008 flyby of the planet by the Mercury
Surface, Space Environment, Geochemistry and Ranging (MESSENGER) spacecraft have shown that
volcanos were involved in plains formation and suggest that its magnetic field is actively produced in the
planet’s core.
Scientists additionally took their first look at the chemical composition of the planet’s surface. The
tiny craft probed the composition of Mercury’s thin atmosphere, sampled charged particles (ions) near
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the planet, and demonstrated new links between both sets of
observations and materials on Mercury’s surface. The results are
reported in a series of papers published in a special section of
Science magazine on July 4.
The controversy over the origin of Mercury’s smooth plains began
with the 1972 Apollo 16 Moon mission, which suggested that some
lunar plains came from material that was ejected by large impacts
and then formed smooth “ponds.” When Mariner 10 imaged similar
formations on Mercury in 1975, some scientists believed that the
same processes were at work. Others thought Mercury’s plains
material came from erupted lavas, but the absence of
volcanic vents or other volcanic features in images from
Caloris basin in color. Credit: NASA/Johns Hopkins
that mission prevented a consensus.
University Applied Physics Laboratory/Carnegie

Institution of Washington
Six of the papers in Science report on analyses of the
planet’s surface through its reflectance and color variation,
surface chemistry, high-resolution imaging at different wavelengths, and altitude measurements. The
researchers found evidence of volcanic vents along the margins of the Caloris basin, one of the solar
system’s youngest impact basins. They also found that Caloris has a much more complicated geologic
history than previously believed. The flyby also revealed that the magnetic field, originating in the outer
core and powered by core cooling, drives very dynamic and complex interactions among the planet’s
interior, surface, exosphere, and magnetosphere.

Remarking on the importance of the core to surface geological structures, Principal Investigator Sean
Solomon at the Carnegie Institution of Washington said, “The dominant tectonic landforms on Mercury,
including areas imaged for the first time by MESSENGER, are features called lobate scarps, huge cliffs
that mark the tops of crustal faults that formed during the contraction of the surrounding area. They tell
us how important the cooling core has been to the evolution of the surface. After the end of the period
of heavy bombardment, cooling of the planet’s core not only fueled the magnetic dynamo, it also led to
contraction of the entire planet. And the data from the flyby indicate that the total contraction is a least
one-third greater than we previously thought.”
The flyby also made the first-ever observations of the ionized particles in Mercury’s unique exosphere.
The exosphere is an ultrathin atmosphere in which the molecules are so far apart they are more likely
to collide with the surface than with each other. The planet’s highly elliptical orbit, its slow rotation
and particle interactions with the magnetosphere, interplanetary medium and solar wind result in strong
seasonal and day-night differences in the way particles behave.
For more information, visit www.nasa.gov/messenger and messenger.jhuapl.edu.

NASA’S DEEP IMPACT FILMS EARTH AS AN ALIEN WORLD
NASA’s Deep Impact spacecraft has created a video of the Moon transiting (passing in front of) Earth
as seen from the spacecraft’s point of view 50 million kilometers (31 million miles) away. Scientists are
using the video to develop techniques to study alien worlds.
“Making a video of Earth from so far away helps the search for other life-bearing planets in the universe
by giving insights into how a distant, Earth-like alien world would appear to us,” said University of
Maryland astronomer Michael A’Hearn, principal investigator for the Deep Impact extended mission,
called EPOXI.

Deep Impact made history when the mission team directed an impactor from the spacecraft into Comet
Tempel 1 on July 4, 2005. NASA recently extended the mission, redirecting the spacecraft for a flyby of
Comet Hartley 2 on November 4, 2010.
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EPOXI is a combination of the
names for the two extended
mission components: a search for
alien (extrasolar) planets during
the cruise to Hartley 2, called
Extrasolar Planet Observations
and Characterization (EPOCh),
and the flyby of Comet Hartley 2,
called the Deep Impact eXtended
Investigation (DIXI).
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Series of images showing the Moon transiting Earth, captured by NASA’s EPOXI
spacecraft. Credti: Donald J. Lindler, Sigma Space Corporation;GSFC; EPOCh/
DIXI Science Teams.

“To image Earth in a similar fashion, an alien civilization would need technology far beyond what
Earthlings can even dream of building,” said Sara Seager, a planetary theorist at the Massachusetts
Institute of Technology and a co-investigator on EPOXI. “Nevertheless, planet-characterizing space
telescopes under study by NASA would be able to observe an Earth twin as a single point of light —
a point whose total brightness changes with time as different land masses and oceans rotate in and
out of view. The video will help us connect a varying point of planetary light with underlying oceans,
continents, and clouds — and finding oceans on extrasolar planets means identifying potentially
habitable worlds,” said Seager.
For more information, visit www.nasa.gov/epoxi.

TEAM FINDS A NEW TYPE OF COMET DUST MINERAL
NASA researchers and scientists from the United States, Germany,
and Japan have found a new mineral in material that likely
came from a comet. The mineral, a manganese silicide named
Brownleeite, was discovered within an interplanetary dust particle,
or IDP, that appears to have originated from Comet 26P/GriggSkjellerup. The comet originally was discovered in 1902 and
reappears every five years.
The team that made the discovery is headed by Keiko NakamuraMessenger, a space scientist at NASA’s Johnson Space Center
(JSC) in Houston and former intern (1996) in the Lunar and
Planetary Institute’s summer intern program. “When I saw this
mineral for the first time, I immediately knew this was something
no one had seen before,” said Nakamura-Messenger. “But it took
several more months to obtain conclusive data because these
mineral grains were only 1/10,000 of an inch in size.”

Stardust sample extraction in the JSC
ARES laboratory. Credit: NASA.

A new method of collecting IDPs was suggested by Scott Messenger, another JSC scientist and former
LPI intern (1990). He predicted Comet 26P/Grigg-Skjellerup was a source of dust grains that could
be captured in Earth’s stratosphere at a specific time of the year. In response to his prediction, NASA
performed stratospheric dust collections, using an ER-2 high-altitude aircraft flown from NASA’s Dryden
Flight Research Center at Edwards Air Force Base, California. The aircraft collected IDPs from this
particular comet stream in April 2003. The new mineral was found in one of the particles. To determine
the mineral’s origin and examine other dust materials, a powerful new transmission electron microscope
was installed in 2005 at JSC.
“Because of their exceedingly tiny size, we had to use state-of-the-art nano-analysis techniques in the
microscope to measure the chemical composition and crystal structure of Keiko’s new mineral,” said
Lindsay Keller, JSC scientist and a co-discoverer of the new mineral. “This is a highly unusual material
that has not been predicted either to be a cometary component or to have formed by condensation in the
solar nebula.”
LUNAR AND PLANETARY INFORMATION BULLETIN

11

News from Space

continued . . .

L
P
I
B

Since 1982, NASA routinely has collected cosmic and interplanetary dust with high-altitude research
aircraft. However, the sources of most dust particles have been difficult to pin down because of their
complex histories in space. The Earth accretes about 40,000 tons of dust particles from space each year,
originating mostly from disintegrating comets and asteroid collisions. This dust is a subject of intense
interest because it is made of the original building blocks of the solar system, planets, and our bodies.

The mineral was surrounded by multiple layers of other minerals that also have been reported only
in extraterrestrial rocks. There have been 4324 minerals identified by the International Mineralogical
Association, or IMA. This find adds one more mineral to that list. The IMA-approved new mineral,
Brownleeite, is named after Donald E. Brownlee, professor of astronomy at the University of
Washington, Seattle. Brownlee founded the field of IDP research. Brownlee also is the principal
investigator of NASA’s Stardust mission.
For additional information, visit ares.jsc.nasa.gov and www.nasa.gov/stardust.

IAU APPROVES NAME OF FOURTH DWARF PLANET
The International Astronomical Union (IAU) has given the
name Makemake to the newest member of the family of
dwarf planets — the object formerly known as 2005 FY9 —
after the Polynesian creator of humanity and the god of
fertility.
Members of the IAU’s Committee on Small Body
Artist’s illustration of the dwarf planet Makemake.
Nomenclature (CSBN) and the IAU Working Group
Credit: IAU.
for Planetary System Nomenclature (WGPSN) have
decided to name the newest member of the plutoid family
Makemake, and have classified it as the fourth dwarf planet in our solar system and the third plutoid.
Makemake (pronounced MAH-keh MAH-keh) is one of the largest objects known in the outer solar
system and is just slightly smaller and dimmer than Pluto, its fellow plutoid. The dwarf planet is reddish
in color and astronomers believe the surface is covered by a layer of frozen methane.
Like other plutoids, Makemake is located in a region beyond Neptune that is populated with small solar
system bodies (often referred to as the transneptunian region). The object was discovered in 2005 by
a team from the California Institute of Technology led by Mike Brown and was previously known as
2005 FY9 (unofficially “Easterbunny”).
The discoverer of a solar system object has the privilege of suggesting a name to the IAU, which judges
its suitability. As Brown explains, “We consider the naming of objects in the solar system very carefully.
Makemake’s surface is covered with large amounts of almost pure methane ice, which is scientifically
fascinating, but really not easily relatable to terrestrial mythology. Suddenly, it dawned on me: the island
of Rapa Nui. Why hadn’t I thought of this before? I wasn’t familiar with the mythology of the island
so I had to look it up, and I found Makemake, the chief god, the creator of humanity, and the god of
fertility. I am partial to fertility gods; Eris, Makemake, and 2003 EL61 were all discovered as my wife
was 3–6 months pregnant with our daughter. I have the distinct memory of feeling this fertile abundance
pouring out of the entire universe. Makemake was part of that.” The WGPSN and CSBN accepted the
name Makemake during discussions conducted via e-mail.
Makemake holds an important place in the solar system because it, along with Eris and 2003 EL61,
was one of the objects whose discovery prompted the IAU to reconsider the definition of a planet and
to create the new group of dwarf planets. Visually, it is the second brightest transneptunian object,
following Pluto, and is bright enough to be seen through a high-end amateur telescope (a peak magnitude
of roughly 16.5).
For more information, visit www.iau.org/public_press/themes/pluto or www.gps.caltech.edu/~mbrown.
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NASA RENAMES OBSERVATORY FOR FERMI, REVEALS ENTIRE GAMMA-RAY SKY
NASA’s newest observatory, the Gamma-Ray Large Area Space
Telescope, or GLAST, has begun its mission of exploring the universe in
high-energy gamma rays. The spacecraft and its revolutionary instruments
passed their orbital checkout with flying colors. On August 26, NASA
announced that GLAST has been renamed the Fermi Gamma-ray Space
Telescope. The new name honors Professor Enrico Fermi (1901–1954), a
pioneer in high-energy physics.
“Enrico Fermi was the first person to suggest how cosmic particles could
be accelerated to high speeds,” said Paul Hertz, chief scientist for NASA’s
Science Mission Directorate at NASA Headquarters. “His theory provides
the foundation for understanding the new phenomena his namesake
telescope will discover.”
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Scientists expect Fermi will discover many new pulsars in our own galaxy, reveal powerful processes near
supermassive black holes at the cores of thousands of active galaxies, and enable a search for signs of new
physical laws.

For two months following the spacecraft’s June 11 launch, scientists tested and calibrated its two instruments,
the Large Area Telescope (LAT) and the GLAST Burst Monitor (GBM).
The LAT team recently unveiled an all-sky image showing the glowing gas of the Milky Way, blinking
pulsars, and a flaring galaxy billions of light-years away. The map combines 95 hours of the instrument’s
“first light” observations. A similar image, produced by NASA’s now-defunct Compton Gamma-ray
Observatory, took years of observations to produce.
For more information, images, and animations, visit www.nasa.gov/glast.
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missions that may be of interest to our readers.
Peer-reviewed research articles, however, are not
appropriate for publication in the LPIB. The LPIB
is published quarterly and serves the planetary
research community, science libraries, educators,
students, and lay readers interested in spacescience-related research. Suggested topics can
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“Spotlight on Education” highlights events and programs that provide opportunities for planetary scientists to
become involved in education and public outreach and to engage science educators and the community. If you
know of space science educational programs or events that should be included, please contact the Lunar and
Planetary Institute’s Education Department at shupla@lpi.usra.edu.

FACULTY INSTITUTES AT AAS
There is a nationally recognized need to improve science education by improving teacher preparation,
and most college introductory astronomy and planetary science courses have a number of future teachers
attending. For many students, this will be the last science course they ever take. The Faculty Institutes in
NASA Earth and Space Science Education (FINESSE) are for community college and university faculty
instructing future teachers. In this free two-day participant-driven workshop, NASA Earth and space scientists
and educators will share Earth and space science activities, data, and resources. These materials are directly
related to key science concepts, identified in the National Science Education Standards, that future classroom
teachers will be responsible for teaching. Participants will receive a $300 stipend, lunches, and more. The
Institutes will be delivered in 2009 at the January American Astronomical Society meeting, as well as the
Association for Science Teacher Education and the National Association for Community College Teacher
Education Preparation conferences. For more information or to apply, please go to www.lpi.usra.edu/
education/facultyInstitutes/.

INTERNATIONAL POLAR YEAR
The International Polar Year (IPY) is a two-year event (March 1,
2007, to March 1, 2009) that focuses science and education on
Earth’s remote polar regions. Scientists from over 60 nations are
participating, including U.S. researchers from NASA and many other agencies. New resources have recently
become available for use in education and outreach programs, including:
• International Polar Year at Earth & Sky (www.earthsky.org/article/international-polar-year) — new
and archived radio podcasts and images from the field;
• Beyond Penguins and Polar Bears (beyondpenguins.nsdl.org/) — an online polar science and literacy
magazine for elementary teachers;
• Explore! Ice Worlds! (www.lpi.usra.edu/education/explore/ice/activities/) — numerous hands-on
activities on ice’s properties, ice in the solar system, and ice on our own Earth for libraries and afterschool venues;
• Ice in the Solar System (btc.montana.edu/messenger/teachers/MEMS_CompPlanetology.
php#mystery) — curriculum materials for grades K–5 examine ice and where it can be found in our
solar system;
• Polar Trec (www.polartrec.com/home) — an educational research experience in which K–12 teachers
participate in polar research, working closely with scientists as a pathway to improving science
education;
• Polar Palooza (passporttoknowledge.com/polar-palooza/pp01.php) — scientists and educators share
IPY with audiences in cities across the nation in public events; the site contains abundant educator
materials, information about the poles, and more.
• Information about events, activities, research, and resources, including educational resources:
– International IPY Site (www.ipy.org/)
– NASA’s IPY Site (www.nasa.gov/ipy)
– NSF’s Office of Polar Programs (www.nsf.gov/dir/index.jsp?org=OPP)
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INTERNATIONAL YEAR OF ASTRONOMY
The International Year of Astronomy (IYA) begins January 1, 2009, and all planetary
scientists are urged to participate! The International Year of Astronomy (IYA2009) will be
a global celebration of astronomy and its contributions to society and culture, highlighted
by the 400th anniversary of the first use of an astronomical telescope by Galileo Galilei.
The aim of the IYA is to stimulate worldwide interest, especially among young people, in
astronomy and science under the central theme “The Universe, Yours to Discover.”
There are a wide variety of programs and themes. For more information, and ideas for
participating and involving your public audience, go to:
• United States IYA site: astronomy2009.us/
• International IYA site: www.astronomy2009.org/
• NASA’s IYA site: astronomy2009.nasa.gov/

INTERNATIONAL RESEARCH EXPERIENCE FOR U.S. GRADUATE STUDENTS
STUDY ASTRONOMY/ASTROPHYSICS IN INDIA — SUMMER 2009
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This program, administered by the National Solar Observatory and sponsored by the National Science
Foundation, is open to graduate students in any discipline of astronomy or astrophysics who are U.S. citizens
or permanent residents, age 21 or older, and have a passport. The program will take place in Bangalore, India,
under the auspices of the Indian Institute of Astrophysics (IIA). The program will support four full-time
summer research positions for eight weeks beginning June 10, 2009. Additional information and application
materials are available at eo.nso.edu/ires/. All application materials must be received by January 16, 2009.

AGU EDUCATION SESSIONS

You are invited to attend the education sessions that are being offered at the American Geophysical Union
(AGU) Fall Meeting in San Francisco, California, on December 15–19, 2008. There are a variety of sessions
related to education, from “Facilitating Literacy in Fundamental Earth System Concepts and Problems,” to
“Teaching Introductory Geoscience in the 21st Century,” to “Teacher Professional Development Programs
Promoting Authentic Scientific Research in the Classroom.” There are also sessions related to IYA and IPY.

OUTER PLANETS COLLOQUIUM SERIES

Would your institution like a visit and
colloquium presentation this fall from an expert
in outer solar system science? Would you like
travel support to share your outer solar system research? Presenters and host institutions are sought for the
Outer Planets Colloquium Series, a program that matches planetary scientists with university campuses and
research institutions.

Participation is open to two- and four-year undergraduate colleges, and to research institutions throughout the
United States. Presenters are encouraged to address the needs of the next generation of scientists (graduate
students, interns, and undergraduates) and to give an additional presentation that is free and open to the
general public. A range of topics is anticipated on the basis of speaker participation. The Colloquium Series
will cover the presenter’s travel expenses. There will be no honorarium for the speaker. Application details
and further information may be found at outerplanets.jpl.nasa.gov/.
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SPUDIS ANNOUNCED AS CHIEF SCIENTIST OF GOOGLE LUNAR
X PRIZE CONTENDER ODYSSEY MOON LIMITED

Dr. Paul D. Spudis, senior staff scientist at the Lunar and Planetary Institute,
has been named Chief Scientist of Odyssey Moon Limited, the first official
contender for the $30M Google Lunar X PRIZE. Spudis is a prominent
scientist in the international lunar community and served as deputy science
team leader for the highly successful Clementine lunar mission and is the
Principal Investigator of the Mini-SAR imaging radar experiment on the
forthcoming Chandrayaan-1 mission to the Moon. Spudis is an outspoken
advocate of the Moon as a focus of scientific exploration and human
settlement and has served on numerous advisory committees, including the
U.S. Presidential Commission on the Implementation of United States Space
Exploration Policy. The announcement was made during the recent NASA
Lunar Science Institute conference at NASA Ames Research Center in
Mountain View, California.

Spudis has an extensive background in geology and planetary science, including interpretation of remote-sensing
and image data. He will be applying his combined passions for science and lunar development to help Odyssey
Moon deliver a valuable scientific mission while pursuing the $30 Million Google Lunar X PRIZE and an ongoing
commercial lunar enterprise. “Evidence indicates that abundant energy and material resources exist on the Moon,
including deposits of ice within craters at the poles,” he said. “Returning to the Moon will teach us the skills we
need to live and work productively on other worlds.”
Odyssey Moon CEO Dr. Robert (Bob) Richards says the addition of Spudis to the Odyssey Moon Executive Team
broadens and strengthens the scientific capability for the commercial company. “Paul is a persistent champion of
the value of the Moon to the human species,” Richards said. “He understands the Moon’s role in furthering human
knowledge and securing a prosperous future and he has the experience and the credentials to help us make it
happen.”
In addition to serving as Principal Investigator of the mini-SAR experiment on the Chandrayaan-1 mission
launching in 2008, Spudis is also a team member of the mini-RF technology demonstration experiment onboard
NASA’s Lunar Reconnaissance Orbiter mission, also bound for the Moon later this year. Prior to this he was
Principal Investigator in the Planetary Geology Program of the NASA Office of Space Science, Solar System
Exploration Division, specializing in research on the processes of impact and volcanism on the planets. He served
on NASA’s Lunar and Planetary Sample Team (LAPST), which advised on the allocations of lunar samples for
scientific research. He was also a member of NASA’s Lunar Exploration Science Working Group (LEXSWG),
which devised scientific strategies of lunar exploration, and the Planetary Geology Working Group, which
monitored overall directions in the planetary research community. Spudis served on the Committee for Planetary
and Lunar Exploration (COMPLEX), an advisory committee of the National Academy of Sciences, and the
Synthesis Group, a White House panel that in 1990–1991 analyzed a return to the Moon to establish a base and the
first human mission to Mars.
Odyssey Moon Limited is a commercial lunar enterprise headquartered in the Isle of Man, and involves partners
in many nations. The company was unveiled in December 2007 as the first official contender in the $30M Google
Lunar X PRIZE competition, announcing a series of robotic missions to the Moon during the International Lunar
Decade in support of science, commerce, and exploration. The company intends to offer frequent, low-cost, and
reliable access to the lunar surface for private and government customers. Odyssey Moon is dedicated to the longterm responsible development of the Moon for the benefit of all humanity.
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TAYLOR NAMED RECIPIENT OF THE 2008 CARL SAGAN MEDAL
The Division for Planetary Sciences (DPS) of the American Astronomical Society
has announced that G. Jeffrey Taylor of the University of Hawaii is the recipient
of the 2008 Carl Sagan Medal. The Sagan Medal was established by the DPS to
recognize and honor outstanding communication by an active planetary scientist
to the general public. It is awarded to scientists whose efforts have significantly
contributed to a public understanding of, and enthusiasm for, planetary science.
Taylor, a planetary geoscientist at the University of Hawaii, is widely recognized in
the planetary science community for his research on the Moon, which has focused
on using Apollo samples and data collected by numerous spacecraft missions to
understand the general composition of the Moon’s surface and interior and how its
geology compares with Earth’s. His studies have improved our understanding of
how our Moon and the planets formed and changed.
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Taylor describes himself as “fanatical” about promoting the fascinating discoveries made by planetary exploration
and the research on data and rocks returned by space missions, and believes that it is the responsibility of planetary
scientists to help publicize their discoveries. To this end, along with colleague Linda Martel, Taylor co-founded the
Planetary Science Research Discoveries website, an educational site that shares the latest research on meteorites,
planets, and other solar system bodies being made by NASA-sponsored scientists. The site has received numerous
awards for extraordinary effort in presenting quality science information to a wide audience.
Other DPS awards announced for 2008 include Michael A’Hearn of the University of Maryland, who was awarded
the Gerard P. Kuiper Prize, which honors outstanding contributions to the field of planetary science; and Jon
Giorgini of the Jet Propulsion Laboratory, who was given the Harold Masursky award, which acknowledges
outstanding service to planetary science and exploration.

SOLAR SYSTEM BOOK DEDICATED TO ROBERT CLAYTON,
“MR. OXYGEN”
Robert Clayton has dedicated his life to the analysis of extraterrestrial
material, from lunar rocks to meteorites from Mars and the asteroid belt.
Now, the editors of a new book, Oxygen in the Solar System, have dedicated
the volume to Clayton, the Enrico Fermi Distinguished Service Professor
Emeritus in Chemistry and the Geophysical Sciences at the University of
Chicago.

The book, published by the Mineralogical Society of America, the
Geochemical Society, and the Lunar and Planetary Institute (LPI), contains chapters by 66 authors, the fruits of
three LPI workshops conducted in 2004 and 2005. “It covers oxygen everywhere, from the Sun to the interstellar
medium to the interior of the Earth,” said the book’s technical editor, Steven Simon, a Senior Research Associate
in Geophysical Sciences at the University of Chicago.
Clayton pioneered the use of oxygen isotopes, chemical fingerprints found in meteorites and lunar rocks, to
understand the processes that formed the planets and asteroids following the birth of the solar system. He “could
easily wear the name ‘Mr. Oxygen,’ ” wrote Smithsonian geologist Glenn MacPherson in the book’s dedication.
MacPherson highlighted Clayton’s discovery with colleagues at the Enrico Fermi Institute in 1973 that the
chemistry of oxygen in the Allende meteorite was fundamentally different from that known for Earth rocks.
According to MacPherson, “the intense interest generated by the 1973 work revolutionized cosmochemistry
in a way that continues to this day.” The editors collected an overview of Clayton’s oxygen isotopic data in a
frontispiece for the book that they labeled, “The Solar System in Clayton-Mayeda Space.” The late Toshiko
Mayeda, Senior Research Associate in the Enrico Fermi Institute, was a longtime collaborator of Clayton’s.
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The book dedication is the most recent of many honors that Clayton has received, including the National Medal
of Science, the Meteoritical Society’s Leonard Medal, and election to the National Academy of Sciences and the
Royal Society of London. Clayton officially retired in 2001, but in 2002, he published an article in Nature that
successfully predicted that the oxygen isotopic composition of the Sun would be vastly different from Earth’s and
the rocky planets. An analysis of data from NASA’s Genesis satellite, released in March, verified his prediction.
Most cosmochemists now seem to agree that the compositional differences in oxygen isotopes arise from chemical
reactions driven by ultraviolet light that occurred early in the history of the solar system. “The question that is
unanswered is: Where did that happen?” Clayton said.
Clayton prefers the idea that these photochemical reactions happened close to the Sun. This idea implies that
material from which Earth and other planets are made migrated close to the Sun, where they were exposed to the
ultraviolet light, then moved back out again. “That would be a radical departure from what people think of as how
to make planets,” he said. In the other two scenarios, ultraviolet light from other stars primarily sparks chemistry in
cold material at distances beyond the known planets, then brings the material into the inner solar system.
Clayton has devised a roundabout way of solving this issue. “If we have the right explanation for oxygen, then it
should probably apply to the isotopes of nitrogen,” he said, because of the similarity of the relevant molecules.
Cosmochemists already hold some critical measurements of Jupiter’s nitrogen isotopes, courtesy of NASA’s
Galileo spacecraft. “I have anticipated that the Jupiter number and the solar number will be the same, and the Earth
is different, just as we see in oxygen,” Clayton said. If so, then the photochemistry involved must have taken place
in the inner solar system.
The definitive measurements, based again on samples collected by Genesis, may be available later this year. At that
point, cosmochemists will stand better positioned to understand planet formation. “Right now, we’re still waiting
for more facts,” Clayton said.

ENCYCLOPEDIA OF THE SOLAR SYSTEM RECEIVES ANSARI
BEST REFERENCE WORK AWARD
The Geoscience Information Society (GSIS) has announced that the winner of the Ansari
Best Reference Work Award 2008 is Encyclopedia of the Solar System, Second Edition,
edited by Lucy-Ann McFadden (University of Maryland), Paul Weissman (Jet Propulsion
Laboratory), and Torrence Johnson (Jet Propulsion Laboratory).

This self-contained reference follows the trail blazed by the bestselling first edition. It
provides a framework for understanding the origin and evolution of the solar system,
historical discoveries, and details about planetary bodies and how they interact, and has
jumped light years ahead in terms of new information and visual impact. Offering more
than 50% new material, the Encyclopedia includes the latest explorations and observations,
hundreds of new color digital images and illustrations, and more than 1000 pages. Written
for scientists, teachers, interested laypeople, and students of planetary science, astronomy,
astrophysics, planetary geology, meteorology, and atmospheric and magnetospheric sciences,
the volume stands alone as the definitive work in this field, and will serve as
a modern messenger of scientific discovery and provide a look into the future of our solar
system.
GSIS is a member society of the American Geological Institute and an associated society of the Geological Society of
America (GSA). The award will be presented in October at their annual meeting, held in conjunction with the GSA
meeting.
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In Memoriam
JOHN LINDSAY
John F. Lindsay, a visiting scientist on the staff of the Lunar and Planetary
Institute, died on June 20 after a valiant battle against cancer. He was 67.
Lindsay’s education was in soft-rock geology with a solid background in
chemistry, physics, mathematics, and statistics, earning his B.Sc. (with
Honors) and M.Sc. degrees from the University of New England in New
South Wales, Australia, and his Ph.D. in geology from Ohio State University
in 1968. One of the original scientists at the Institute in the early 1970s, his
professional background also included positions as Research Scientist at
the Marine Science Institute of the University of Texas; Program Manager
at Exxon Production Research; Adjunct Professor at Oxford University,
and NRC Senior Research Associate at the Astrobiology Institute at NASA
Johnson Space Center, where he worked closely with David McKay and his
group.
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Much of Lindsay’s recent work involved research into the origins of life, especially around ancient and
modern hydrothermal systems as universal analogs for planetary environments. His work suggested that the
assumption that life on Earth developed early, and that all record of the prebiotic-biotic boundary may have
been lost, may be incorrect. Lindsay came to the conclusion that the early Archean record on Earth provides
many parallels with early Mars and is likely to provide a good analog to help plan for the search for life
beyond Earth. In the past year, he had worked on lunar dust hazards and mitigation, and had just finished
a paper on Archaen concretions and their implications for life. Unfinished projects include a textbook in
astrobiology and a major paper on the Warrawoona group of Australia, which includes the oldest sedimentary
rocks on Earth.

Lindsay received many awards and honors during his career, including the NASA Achievement Award for
Work in the Apollo Lunar Program, the U.S. Polar Medal for Antarctic Service, and the Australian Institute of
Cartographers award for cartographic excellence.

ROBERT C. SEAMANS JR.
A prominent figure in the quest to put a man on the Moon, Dr. Robert C.
Seamans Jr. helped lead the nation’s space program from its infancy to its
triumphant Apollo missions, working with aerospace engineers, pioneering
astronauts, and presidents to win the space race against the Soviet Union.
Seamans, former deputy administrator of the National Aeronautics and Space
Administration and former secretary of the Air Force, died on June 28 of heart
failure at his home in Beverly Farms, Massachusetts. He was 89.
A native of Salem, Massachusetts, Seamans earned a bachelor’s of science from
Harvard University, a master’s from the Massachusetts Institute of Technology
(MIT), and a doctorate in instrumentation from MIT. He played a pivotal
role in the early days of space exploration and joined NASA as an associate
administrator in 1960, three years after the Soviet Union had launched Sputnik,
the world’s first manmade object to orbit Earth, and worked closely with
President John F. Kennedy’s administration toward achieving his pledge of a
manned lunar landing by the end of the decade.

Seamans, who toured Cape Canaveral with famed rocket scientist Wernher von Braun and Kennedy less
than a week before the president was assassinated, served as deputy administrator from 1965 to 1968 and
worked closely with the defense department on research and engineering programs, particularly those that
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affected national security. In an introduction to Apollo Expeditions to the Moon, a NASA history, Seamans
described the monumental challenges involved in carrying men to the Moon and bringing them back safely.
“As planning for Apollo began, we identified more than 10,000 separate tasks that had to be accomplished
to put a man on the Moon,” wrote Seamans. “Each task had its particular objectives, its manpower needs, its
time schedule, and its complex interrelationship with many other tasks.” But Seaman’s trademark attention
to detail, combined with determination to cut problems down to size, allowed him to tackle even the most
daunting tasks.
While some NASA administrators thought a lunar landing was only a remote possibility, Seamans insisted
that it was within reach, and was not afraid to say so. Seamans was instrumental in deciding to send Apollo 8
to the Moon, over the objections of some in the agency. The success of that mission, which orbited the Moon
10 times, paved the way for the lunar landing the following year.
Seamans resigned from NASA in January 1968 to become a visiting professor at MIT, although he remained
a consultant to the NASA administrator. From 1969 to 1973, he served as secretary of the Air Force,
and in 1974 was named by President Ford as administrator of the Energy, Research, and Development
Administration. Upon his return to MIT in 1977, Seamans became dean of its School of Engineering. Even
after his retirement in 1984, he returned to the classroom to teach freshman seminars in astronautics.

After hearing of Seaman’s death, current NASA Administrator Michael Griffin issued the following
statement: “Robert Seamans was one of the early leaders in launching NASA’s efforts to explore the new
frontier of space. As NASA’s associate administrator and then deputy administrator, Bob, as a top manager
and consummate engineer, was instrumental in the decision-making, planning, and program execution
that enabled the United States to meet President Kennedy’s goal of landing men on the Moon. He will be
remembered as one of the great pioneers and leaders of America’s space program.”
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BOOKS
The Illustrated Guide to Home Chemistry Experiments: All Lab, No
Lecture. Robert Bruce Thompson. O’Reilly, 2008. 415 pp., Paperback, $29.99.
www.oreilly.com
For students, do-it-yourself hobbyists, and science buffs, who can no longer get
real chemistry sets, this one-of-a-kind guide explains how to set up and use a home
chemistry lab, with step-by-step instructions for conducting experiments in basic
chemistry. Learn how to smelt copper, purify alcohol, synthesize rayon, test for drugs
and poisons, and much more. The book includes lessons on how to equip your home
chemistry lab, master laboratory skills, and work safely in your lab, along with 17
hands-on chapters that include multiple laboratory sessions.
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How Apollo Flew to the Moon. David Woods. Springer Praxis, 2008. 424 pp.,
Paperback, $29.95. www.praxis-publishing.co.uk
Author David Woods tells the exciting story of how the Apollo missions were
conducted by following a virtual flight to the Moon and back. From launch to
splashdown, he hitches a ride in the incredible spaceships that took men to another
world, exploring each step of the journey and detailing the enormous range of
disciplines, techniques, and procedures the Apollo crews had to master. While
describing the tremendous technological accomplishment involved, he adds the human
dimension by calling on the testimony of the people who were there at the time. This
book provides a wealth of fascinating and accessible material: the role of the powerful
Saturn V, the reasoning behind trajectories, the day-to-day concerns of human and
spacecraft health between two worlds, and the sheer daring involved in traveling to the
Moon in the mid-twentieth century.
Titan Unveiled: Saturn’s Mysterious Moon Explored. Ralph Lorenz and Jacqueline
Mitton. Princeton University Press, 2008. 296 pp., Hardcover, $29.95.
press.princeton.edu
In the early 1980s, when the two Voyager spacecraft skimmed past Titan, Saturn’s
largest moon, they transmitted back enticing images of a mysterious world concealed
in a seemingly impenetrable orange haze. Titan Unveiled is one of the first general
interest books to reveal the startling new discoveries that have been made since the
arrival of the Cassini-Huygens mission to Saturn and Titan. Lorenz and Mitton take
readers behind the scenes of this mission. Launched in 1997, Cassini entered orbit
around Saturn in summer 2004. Its formidable payload included the Huygens probe,
which successfully parachuted down through Titan’s atmosphere in early 2005, all the
while transmitting images and data — and scientists were startled by what they saw.
One of those researchers was Lorenz, who gives an insider’s account of the scientific
community’s first close encounter with an alien landscape of liquid methane seas and
turbulent orange skies. Amid the challenges and frayed nerves, new discoveries are
made, including methane monsoons, equatorial sand seas, and Titan’s polar hood. The
authors describe Titan as a world strikingly like Earth and tell how it may hold clues to
the origins of life on our own planet and possibly to its presence on others. Illustrated
with many stunning images, Titan Unveiled is essential reading for anyone interested in
space exploration, planetary science, or astronomy.
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A Dictionary of Astronomy, Second Edition. Iain Ridpath. Oxford University Press,
2007. 576 pp., Paperback, $18.95. www.oup.com
Edited by renowned author and broadcaster Ian Ridpath, with the help of over 20 expert
contributors, the second edition of this highly popular dictionary contains over 4200 upto-date entries on all aspects of astronomy. Readers will find a galaxy of informative,
vividly written entries on everything from space exploration and the equipment
involved, to astrophysics, cosmology, and the concept of time. The dictionary also
features biographical entries on eminent astronomers — ranging from Galileo to Edwin
Hubble — as well as worldwide coverage of observatories and telescopes. Appendices
include tables of Apollo lunar landing missions, as well as constellations. Entries are
supported by numerous tables and diagrams. The text has been fully revised and updated
for the second edition, and includes information on new space missions, both those
planned for the future and those that have recently come to fruition (such as the Huygens
probe of Saturn’s moon Titan). It also boasts entry-level Internet links (accessed via a
regularly updated website) and in-depth features on topics such as the Big Bang, dark
matter, and gamma-ray bursts.
An Introduction to Space Weather. Mark Moldwin. Cambridge University Press,
2008. 146 pp., Paperback, $55.00. www.cambridge.org
Space weather is an emerging field of space science focused on understanding societal
and technological impacts of the solar-terrestrial relationship. The Sun, which has
tremendous influence on Earth’s space environment, releases vast amounts of energy in
the form of electromagnetic and particle radiation that can damage or destroy satellite,
navigation, communication, and power distribution systems. This textbook introduces
the relationship between the Sun and Earth, and shows how it impacts our technological
society. One of the first undergraduate textbooks on space weather aimed at non-science
majors, it uses the practical aspects of space weather to introduce space physics and give
students an understanding of the Sun-Earth relationship. Definitions of important terms
are given throughout the text. Key concepts, supplements, and review questions are
given at the end of each chapter to help students understand the materials covered. This
textbook is ideal for introductory space physics courses.

The Martian Surface: Composition, Mineralogy and Physical Properties. Edited
by Jim Bell. Cambridge University Press, 2008. 688 pp., Hardcover, $195.00.
www.cambridge.org
Phenomenal new observations from Earth-based telescopes and Mars-based orbiters,
landers, and rovers have dramatically advanced our understanding of the past
environments on Mars. These include the first global-scale infrared and reflectance
spectroscopic maps of the surface, leading to the discovery of key minerals indicative
of specific past climate conditions; the discovery of large reservoirs of subsurface
water ice; and the detailed in situ roving investigations of three new landing sites. This
is an important new overview of the compositional and mineralogic properties of Mars
since the last major study published in 1992. An exciting resource for all researchers
and students in planetary science, astronomy, space exploration, planetary geology, and
planetary geochemistry, specialized terms are explained to be easily understood by all
who are just entering the field.
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GLOBE
Mars Globe. Produced by Space Model Systems, 2008, 24-inch diameter with stand.
$3400.00. www.spacemodelsystems.com
This globe is based on a 24-inch hollow ABS sphere that is machine- and handsmoothed and covered with a high-resolution photo map of the planet surface. The
image map maintains a constant shadow angle around and shows a wide variety of
albedo features and topography, including the volcanos of the Tharsis bulge, the
enormous Valles Marineris, the deep Hellas Basin, and the enigmatic polar regions. As
the globe is built up of 36 separate image gores, or slices, hair-thin map seams will be
only slightly visible; these will almost disappear at normal viewing distances. An antiUV semi-matte clear coating is applied to protect the image map under normal indoor
lighting (not for extended outdoor use) and minimal handling. Scale is approximately
1:11,122,000, with 1 centimeter equaling some 111.22 kilometers. Fabrication time is
approximately four weeks.
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L
P
I
B

When We Left Earth: The NASA Missions. Produced by Discovery Channel, 2008,
four discs. $69.99. shopping.discovery.com

Prepare for lift-off with this landmark six-part series celebrating mankind’s greatest
missions. Commemorate NASA’s 50th anniversary with this stunning high-definition
series chronicling the inside story of the space agency’s epic endeavors. From John
Glenn’s Mercury mission to orbit Earth, to Neil Armstrong’s first historic steps on the
Moon, to the unprecedented spacewalks required to repair the Hubble Space Telescope,
these epic stories are shown in stunning clarity and told by the astronauts and engineers
who were there. The missions, the people, and the triumphs of space exploration are
revealed through exclusive interviews with celebrated astronauts, including John Glenn,
Buzz Aldrin, and Charlie Duke, and newly digitized, original mission footage from
NASA’s secret film vaults. This set features six complete episodes on four DVDs and
four hours of bonus features including digitally restored NASA film highlights, mission
clips, and astronaut interviews.
Phoenix Mars Mission: Ashes to Ice.
www.shoppbs.org

Produced by PBS, 2008, one disc. $24.99.

The Phoenix Mars mission blasted off to the Red Planet in August 2007. This film
chronicles the meticulous preparation through blastoff. The lander reached the martian
surface on May 25, 2008, and scientists from around the world are using the mission to
search for water in the form of ice under the planet’s surface.
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FOR KIDS!!!

The Sun is My Favorite Star. Frank Asch. Harcourt, 2008. 32 pp., Paperback, $7.00.
www.harcourtbooks.com
This book celebrates a child’s love of the Sun and the wondrous ways in which it helps the Earth
and the life upon it. In this colorfully illustrated story, a little girl marvels at everything the Sun can
do. For ages 3–7.

Horrible Science Smashing Solar System: The Jigsaw. Galt America.
2008. 300 pieces, $19.95. www.galttoys.com
This 300-piece Horrible Science jigsaw puzzle is based on Scholastic’s best-selling book written
by Nick Arnold and illustrated by Tony de Saulles. Take a tour of the solar system with Oddblob,
the alien from the planet Blurb. Read about the intergalactic adventure holiday business in the
eight-page Loony Leaflet included. Spot planets in the solar system, answer the cosmic quiz, and
discover some top space traveling tips. Completed size 18.5 inches × 26 inches.

Flat Stanley’s Virtual Trip to the Moon. Presented by the United States Geological Survey
Astrogeology Research Astro Kids. astrogeology.usgs.gov/Kids/FlatStanley
USGS Astro Kids presents Flat Stanley Goes to the Moon! At this website, move your mouse
over the images and zoom images will pop up. Click on the image and a larger view will open in
a new window. Click on the links to visit websites about the Moon and the Flat Stanley Project.
Of course, Flat Stanley wasn’t really along for the Apollo missions, but it is fun to make believe!
Thanks to a little computer magic by USGS Astrogeology computer wiz Trent Hare, there are
some really cool pictures!
Weekly Reader Current Science Magazine. Sixteen issues per year, $10.15 for 10 or more
copies. www.weeklyreader.com
Current Science covers every area of the science curriculum — life, Earth, and physical science,
plus health and technology, and uses today’s news to make science more relevant to students.
Content reinforces national education standards, and every issue comes with a free teacher’s guide
and planning guide. Inquiry-based learning activities make science come alive and excite students’
interest. For grades 6–10.
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Calendar 2008
SEPTEMBER
1–5

IMPRS Summer School 2008: The Art and Craft
of Astronomical Instrumentation — From Optical to
Infrared, Heidelberg, Germany.
http://www.mpia.de/imprs-hd/SummerSchools/2008/

7–12

Eleventh Electromagnetic and Light Scattering
Conference (ELS-XI), Hatfield, United Kingdom.
http://www.els-xi-08.org/

8–11

Grand Challenges in Computational Astrophysics,
Vienna, Austria. http://www-obs.univ-lyon1.fr/js7/

8–12

Cosmic Dust — Near & Far, Heidelberg, Germany.
http://www.mpia-hd.mpg.de/DNF08/

8–12

15–16

Future Ground Based Solar System Research:
Synergies with Space Probes and Space Telescope,
Portoferraio, Italy. http://www.arcetri.astro.it/~elba2008/

*

15–17

15–17

Thermal Models for Planetary Science, Beaulieu sur
Mer, France. http://www.oca.eu/thermops/

15–18

Optical Turbulence: Astronomy Meets Meteorology,
Alghero, Italy. http://forot.arcetri.astro.it/otam-08/index.html

18–21

International Meteor Conference 2008, Sachticka,
Slovakia. http://www.imo.net/imc2008/

22–24

Journees 2008 Systemes de Reference Spatio-Temporels
and Lorhmann-Kolloquium on Astrometry, Geodynamics,
and Astronomical Reference Systems, Dresden, Germany.
http://astro.geo.tu-dresden.de/journees2008/

22–26

European Planetary Science Congress 2008, Münster,
Germany. http://meetings.copernicus.org/epsc2008/

22–26

Searching for Life Signatures, Paris, France.
http://iaaweb.org/iaa/Scientific%20Activity/setiparis2008.pdf

23–24

*

59th International Astronautical Congress, Glasgow,
Scotland. http://www.iafastro.com/index.php?id=78

30–Oct 2

Mars Climate Modeling Center Workshop, Moffett Field,
California. http://mcmeworkshop.arc.nasa.gov

OCTOBER
5–9

2008 Joint Meeting of the Geological Society of
America: Celebrating the International Year of Planet
Earth, Houston, Texas.
http://www.geosociety.org/meetings/2008/index.htm

5–10

IAGA International Symposium: Space Weather and Its
Effects on Spacecraft, Cairo, Egypt.
http://iaga.cu.edu.eg/

6–10

International Young Astronomers School on CoRoT
Astrophysics: The Star and Its Planetary System
in the Wake of CoRoT Advances, Observatoire de ParisMeudon, France.
http://ecole-doctorale.obspm.fr/rubrique163.html

6–10

Sixth IRAM Millimeter Interferometry School, Grenoble,
France. http://www.iram.fr/IRAMFR/IS/school.htm

8-10

2008 ROE Workshop: Habitability in Our Galaxy,
Edinburgh, United Kingdom.
http://www.roe.ac.uk/roe/workshop/2008/

10–15

40th Annual Meeting of the Division for Planetary
Sciences of the American Astronomical Society, Ithaca,
New York. http://www.aas.org/dps/meetings.html

13–17

I-Science Workshop on Data Mining, Distributed
Computing and Visualization for Astronomy, Leiden, The
Netherlands. http://www.lorentzcenter.nl/lc/web/2008/321/
application.php3?wsid=321

14–17

Classification and Discovery with Large Astronomical
Surveys, Ringberg Castle, Germany.
http://www.mpia.de/class2008/

19–24

Second Workshop on Mars Valley Networks, Moab,
Utah. http://www.nasm.si.edu/marsvalleynetworks

21–23

Workshop on Martian Phyllosilicates: Recorders of
Aqueous Processes?, Paris, France.
http://www.ias.u-psud.fr/Mars_Phyllosilicates/main_1st.php

26–30

New Light on Young Stars: Spitzer’s View of
Circumstellar Disks, Pasadena, California.
http://www.ipac.caltech.edu/spitzer2008/

26–31

2008 Huntsville Workshop: The Physical Processes
for Energy and Plasma Transport Across Magnetic
Boundaries, Huntsville, Alabama.
http://hsvworkshop.msfc.nasa.gov/

Workshop on the Early Solar System Impact
Bombardment, Houston, Texas.
http://www.lpi.usra.edu/meetings/bombardment2008
Measuring the Atmospheric Spectra of Extra-Solar
Planets, Exeter, United Kingdom.
http://www.astro.ex.ac.uk/esp08/

Inaugural Meeting of the Small Bodies Assessment
Group (SBAG), Houston, Texas.
http://www.lpi.usra.edu/sbag/

26–28

From the Antikythera Mechanism to Herschel
and Planch: 2500 Years of Observational Astronomy,
Thessaloniki, Greece.
http://astro.ic.ac.uk/outreach/obs_astro.shtml

29–Oct 2

Eleventh Mars Crater Consortium Meeting and GIS
Training Workshop, Flagstaff, Arizona.
http://www.marscraterconsortium.nau.edu/
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29–Oct 3

* Postponed due to Hurricane Ike. Check the website for updates.
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28–31

Joint Annual Meeting of LEAG-ICEUM-SSR, Cape
Canaveral, Florida.
http://www.lpi.usra.edu/meetings/leagilewg2008/
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NOVEMBER
3–7

10–13

4–8

213th Meeting of the American Astronomical Society,
Long Beach, California.
http://www.aas.org/meetings/aas213/

Cosmic Magnetic Fields: From Planets, to Stars and
Galaxies (IAU Symposium 259), Puerto Santiago,
Tenerife, Spain. http://www.aip.de/IAUS259/

FEBRUARY
10–12

Third International Workshop on the Mars Atmosphere:
Modeling and Observations, Williamsburg, Virginia.
http://www.lpi.usra.edu/meetings/modeling2008

Space Nuclear Systems Forum, Houston, Texas.
http://www.lpi.usra.edu/meetings/nuclear2009/

13–19

New Views on the Earth’s Interior, London, United
Kingdom.
http://www.minersoc.org/pages/groups/minphys/minphys.
html#views

10–14

AGU Chapman Conference on Universal Heliophysical
Processes (IHY), Savannah, Georgia.
http://www.agu.org/meetings/chapman/2008/gcall/

10–14

Cosmic Cataclysms and Life (ESLAB 08), Frascati, Italy.
http://www.congrex.nl/08C16/

DECEMBER
1–5

GUAS-Subaru Asian Winter School 2008, Tokyo, Japan.
http://optik2.mtk.nao.ac.jp/winter08/

15–19

2008 Fall AGU Meeting, San Francisco, California.
http://www.agu.org/meetings

26

JANUARY 2009

MARCH
2–6

Planet Formation and Evolution: The Solar System and
Extrasolar Planets, Tuebingen, Germany.
http://www.tat.physik.uni-tuebingen.de/~fgp/Conf09/

23–27

40th Lunar and Planetary Science Conference, The
Woodlands, Texas.
http://www.lpi.usra.edu/meetings/lpsc2009/

APRIL
2–4

Conference on Micro-Raman Spectroscopy and
Luminescence Studies in the Earth and Planetary
Sciences, Mainz, Germany.
http://www.lpi.usra.edu/meetings/spectroscopy2009/

3–5

CONTACT 2009, Mountain View, California.
http://www.contact-conference.org/

27–30

First IAA Planetary Defense Conference: Protecting
Earth from Asteroids, Granada, Spain.
http://www.congrex.nl/09c04/

MAY
10–15

Bolides and Meteorite Falls, Prague, Czech Republic.
http://www.bolides09.com/
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