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PSI on its Way to Mercury
by William C. Feldman, PSI Senior Scientist

MESSENGER—a NASA Discovery mission to conduct the first
orbital study of the innermost planet, Mercury—was launched on
August 3, 2004, and is scheduled to be inserted into Mercury’s
orbit on March 18, 2011. The orbital phase of the mission will
extend over one Earth year, which corresponds to slightly more
than four Mercury years (each being 88 Earth days). If funding
and fuel hold out, the mission might be extended.
MESSENGER was designed to answer six key questions about
Mercury: 1) Why is the planet so dense? 2) What is its geologic
history? 3) What is the structure of the planet’s core? 4) What is
the nature of its magnetic field? 5) What are the unusual materials at its poles? and 6) What volatiles are important at Mercury?
Three members of PSI, Senior Scientist Robert Gaskell, Affiliate
Senior Scientist Faith Vilas, and I, are part of the science team
for the MESSENGER mission. I am a Co-Investigator with
prime responsibility for the Neutron Spectrometer (NS), a component of the Gamma-Ray and Neutron Spectrometer (GRNS),
one of seven instruments on board the spacecraft.
Faith Vilas is a Participating Scientist who brings a strong background of contributions to the study of Mercury’s surface mineralogy determined from visible and infrared spectral reflectance

MESSENGER at Mercury (artist’s impression).
Credit: NASA/Johns Hopkins University Applied Physics Lab/Carnegie Institution of Washington

measurements. Faith and I are members of the MESSENGER
Geochemistry Discipline Group.
Robert Gaskell is a Participating Scientist in the Geology Discipline Group. He will be using the pictures sent back from the
spacecraft’s MDIS instrument (Mercury Dual Imaging System)
to determine the high resolution topography of the planet.
So far , MESSENGER has swung by the Earth once and Venus
twice and is slated to fly by Mercury three times prior to insertion into Mercury’s orbit, as shown at left. During the second
Venus flyby, on June 5, 2007, all of the seven instruments were
operated to gather new information about Venus. They obtained
calibration data that will be needed later, during the Mercury
orbit, to help answer the six questions about Mercury. All experiments ran extremely well during the recent Venus flyby, and
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A Possible Breakthrough in Crater-Dating of
Mars (Part 2) by William K. Hartmann
Past PSI newsletters have described surprising images from Martian
orbiters suggesting features associated with water flow and glacierlike ice flow. But how old are these features? How can we distinguish whether they date from primordial climate conditions, 4000
million years ago, or from the last ten percent of Martian history, less
than 450 million years ago? As discussed in the last newsletter, PSI
has been at the center of developing a method for dating geological
formations on Mars. In essence, we count the number of impact craters of a various sizes (per unit area), and divide by the estimated
formation rate of the craters.
Our Summer 2007 issue described a recent breakthrough in which
new, direct measurements of formation rates of Martian craters about
16 to 32 m in size agrees well with the rates we have been using.
This means we can get reliable, if rough, age estimates for individual
small features, such as dry riverbed channels, glacier-like formations
(image top right), and so-called debris aprons around Martian mountains (also suspected of being flows of ice-rich soil). A surprising
and intriguing result is that the glacier-like and possible ice-flow features repeatedly give ages of not a billion years or a hundred million
years, but much younger — 5, 10, 20, 40 million years. These seem
to be features forming in the last one percent of Martian history, i.e.
“modern” geologic time.
The exciting thing here is not just that such ages are geologically
young, but that they fit into recent evidence that Mars has been experiencing periods of dramatic climate change on cycles of roughly 5
or 10 million years! Research in the last few years has revealed that
the axial tilt of Mars varies from a few degrees to as much as 70 degrees in those time periods. Sophisticated computer climate models
by French and American teams have made models of Martian climate
during the periods of high axial tilt, using Mars topography, prevailing winds, and other factors. The map (right) shows an example of
such a study by French researcher Francois Forget. His results—
independent of our work—show that ice and snow should be deposited in exactly the locations where the glacier-like forms, debris
aprons, and even hillside erosion gullies have actually been seen!
The best example lies east of the giant Hellas basin, in a region of
debris aprons studied by PSI’s David Crown, Dan Berman, Les Bleamaster, Frank Chuang, and others. The glacier-like feature (image
top right) flows down the wall of a crater in just this region. Dan has
cataloged a small number of other similar nearby features.
Since we use craters of 16-32 m diameter and about 5-10 m depth to
date the surfaces, our ages technically indicate the time since this last
deformation of the surface at that scale. This could be the age of
formation of the whole feature, but more likely indicates the timescale of the most recent periods of ice deposition or flow in the top 510 m of an older feature. In the same way, the snow and cracks on
terrestrial glacier surfaces are usually younger than the glacier itself.
Our measured ages may very well tie into the last few episodes of
snow and ice deposition, predicted by Forget.
The bottom line is that, within the next few years, the combination of
the PSI crater counting techniques and climate modeling may lead
not only to precise dating of young Martian landforms, but to better
understanding of processes and consequences of planetary climate
change cycles. We hope, in addition, that the calibration of the crater
count method on Mars will be a first step leading to measurement of
reliable, if approximate, chronologies of surface evolution on more
distant planets, moons, and asteroids in our planetary system.
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This image from Mars Global
Surveyor shows how an upper
limit age estimate is made at
PSI for a glacier-like flow
feature (about 1 km wide).
The area of the flow surface
was marked off (white line)
and then possible small impact
craters (white boxes; mostly
only 10-20 meters wide) were
identified in enlarged versions
of this image. The feature is
so young that almost no certain impact craters can be
found, but the number of possible craters gives at least an
upper limit on the age. (MGS/
MOC Image # S08-00446)

Map of the region of Mars near Hellas basin (circular contours,
left). The colored regions show predicted areas of maximum ice
deposition during periods of high axial tilt of Mars, according to
computer models developed by François Forget. The unusual
glacier-like feature in the top image lies within the colored region. (Courtesy François Forget.)

Hartmann Book Now a Planetarium Show

A frame from the Buhl Planetarium's Mars show, photographed
during projection on the dome.

Bill Hartmann has been traveling to Pittsburgh as a consultant
to the same planetarium he used to visit when he was ten years
old. The Buhl Planetarium is presenting a state-of-the-art fulldome show based on Bill’s book, A Traveler’s Guide to Mars.
The show takes you on a futuristic guided tour of Mars, soaring
through a high-definition digital Martian landscape, traversing
ancient lake beds and channels in search of the history of Mars’
watery past. A provisional version of the show opened in May,
2007, and the formal opening is in October, after which the show
will be marketed by Buhl to other full-dome digital planetariums
around the world.
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2007 PSI Retreat

PSI members at the retreat, front row (l-r): Beatrice Mueller, Lijie Han, Dan Berman, Mark Sykes, Carol Neese, Bruce Barnett, Betty
Pierazzo, Chris Holmberg. Second row: Tamara Kemnitz-Michotte, Rose Early, Melissa Lane, Randy Perry, Eldar Noe Dobrea,
Nader Haghighipour, Greg Vaughan, Elaine Owens. Third Row: Nic Richmond, Jack Drummond, Oz Pathare, Steve Metzger, Steve
Kortenkamp, Bill Feldman, Les Bleamaster, Natasha Artemieva, Kim Kuhlman. Back row: Mark Everett, David Crown, Stu Weidenschilling, Scott Mest, Pasquale Tricarico, Amy Knudson, Jason Rose, Dave O’Brien, Kelly Yoder, Tim Hunter, Nalin Samarasinha,
John Mason. Attendees not pictured: Matt Chamberlain, Jim Head, Emily Joseph, David Levy.

In late August, PSI’s third annual retreat was held at the beautiful Westward Look Resort north of Tucson (pictured above).
Although PSI is headquartered in Tucson, our scientists are
scattered around the world and attendees arrived from California, Hawaii, Maryland, Missouri, Nevada, New Mexico, Texas,
Wisconsin, the U.K. and Russia to attend the two-day event.
Scientific presentations covered many topics, including: A
Martian Moves to the Moon: On Becoming a Lunatic; Target
Selection for NASA’s Kepler Mission; Monitoring Volcanic

Thermal Features from Space; Dirt and Hematite on Mars;
Making Impact Craters from Numbers; The PSI Planetbuilding Code: Multi-zone, Multi-use; Blowing Things Up with
Sincerity; Radiation-induced Reactivity of Lunar Regolith in
Support of the Return to the Moon, and many more.
Visit our website for the complete retreat program and photograph album: www.psi.edu/retreat.
Additional pictures of the retreat are on the next 2 pages.
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2007 Retreat Photo Gallery

Row 1

Row 2

Row 1: Day One presentations begin with Mark Sykes;
Greg Vaughan; Beatrice Mueller, Dan Berman.
Row 2: Amy Knudson; Emily Joseph (student intern), Steve
Kortenkamp; Mark Everett, Mark Sykes, Randy Perry.
Row 3: Jim Head; Jack Drummond and his demonstration
“asteroid rock.”
Row 4: Board of Trustee chair Tim Hunter and board
member David Levy; resort lobby, flowering barrel cacti,
resort warning sign; Carol Neese.
Row 5: Catalina Mountains viewed from Westward Look
Resort grounds; Randy Perry and fiancée, JoAnne, lunch
with Rose Early; Scott Mest, David Crown.

Row 3

Row 4

Row 5
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Row 1

More Retreat photos
Row 1: (l-r) Eldar Noe Dobrea, Tamara Kemnitz-Michotte, Betty Pierazzo, Nic Richmond;
Rose Early, Carol Neese; Emily Joseph,
Nalin Samarasinha.
Row 2: Bill Feldman; Matt Chamberlain,
Kim Kuhlman and Nader Haghighipour.
Row 3: An agave; Amy Knudson, Bill
Feldman, Scott Mest, Kim Kuhlman; saguaro
cactus close-up.
Row 2

Row 3

The Retreat Banquet at J-Bar Restaurant

At the banquet (l-r): Dave O’Brien, Eldar Noe Dobrea, Kelly Yoder, Tammi Palmer; Stu Weidenschilling, Natasha Artemieva, Betty Pierazzo
holding 3-month-old Zane Chamberlain (Matt’s son); Board Secretary John Mason.

L-r: Alicia Vaughan with 4-month-old Virginia, Greg Vaughan, Melissa Lane, Steve Metzger; Adam Showman & Lijie Han with their year-old
daughter, Arwen; Mark Sykes with his wife, Marilyn Guengerich; Les Bleamaster, Scott Mest, and Oz Pathare.
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Congratulations to PSI Scientists
William K. Hartmann Honored

NASA Award to Robert W. Gaskell

On August 8, 2007, PSI Senior Scientist William K. Hartmann

On August 6, 2007, PSI Senior Scientist Robert W. Gaskell

was elected to membership in the International Academy of
Astronautics. The Academy includes astronauts, cosmonauts,
scientists, technicians, scholars, and artists and was founded in
1960 "to foster the development of astronautics for peaceful
purposes," and "to contribute to international endeavors and
cooperation." The Academy's main offices are in Paris.

was awarded the NASA Exceptional Achievement Medal for
his "achievements in modeling the shape and surface of asteroid
Itokawa in support of the Japanese Hayabusa mission, providing
the highest resolution description of an asteroid."

Hartmann, a UA graduate in planetary science and one of the
founders of Planetary Science Institute in 1972, is known for his
work on Mars and the origin of the Moon. He was elected to
the Social Sciences section of the Academy in recognition of his
astronomical paintings and his books about space exploration,
both fiction and non-fiction. Hartmann is also the recipient of
the first Carl Sagan Medal for public outreach in planetary science awarded by the Division for Planetary Sciences of the
American Astronomical Society, the European Geophysical
Society's Runcorn-Florensky Medal for his work dating planetary surfaces, and the G.K. Gilbert Award from the Geological
Society of America for his contributions to planetary geology.

Gaskell joined PSI last year from the Jet Propulsion Laboratory.
He has been a pioneer in the generation of mathematical models
reproducing the shape and topography of small bodies and
planetary surfaces to unprecedented levels of accuracy using
stereophotoclinometry. His techniques are also used in the optical navigation of spacecraft. He currently participates in several
ongoing and proposed NASA missions including MESSENGER, Dawn, and OSIRIS, and is involved in the analysis of
data collected during the NEAR, Clementine, and Cassini missions.

Baby for Chuang

Marriage for
Berman

Adorable Alexandra Lianne Chuang, or Alex, could not have
chosen a more interesting birthday: 7-7-07. Although her
parents, Kang and Frank, are not the slot machine-playing
types, they hope this means good fortune for Alex and her
family! Vital statistics: weight 7 lbs. 6 oz.; length 19.75"; 10
fingers, 10 toes!

At sunset on June 24,
2007, PSI Research Associate Dan Berman married his sweetheart, Desi,
in a beach ceremony on
beautiful Captiva Island,
Florida. The happy couple
also spent their honeymoon on the island.

And, Third Child for Nelson
Second child for Williams
PSI Research Scientist
Rebecca Williams gave
birth to her second
daughter
Meghan
Aubrie on December
23, 2006. In this recent
photo, sweet 7-monthold Meghan is being
held by her beautiful 4½-year-old sister Sydney Marie.

August 23, 2007, PSI
Associate Research Scientist Andy Nelson and
his wife, Anna, had their
third child, Galina Ilana
Marie, seen here with
her big brothers Konstantin (almost 5) and Nikolai (almost 2). Little Galina was in such a hurry
to be born that her Dad
missed the main event
while parking the car!
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PSI on its Way to Mercury Continued from page 1

Fall is upon us: the season for
federal budgets to be argued and
(ultimately) passed. Last year,
Congress saved NASA science
research from being further devoured by the Moon-Mars program by putting the science
budget in the statutory language
itself, thereby providing an effective firewall against transfers
(which would have required an
act of Congress). This year, if
the Senate agrees with the House
version of the NASA budget for
FY 2008, it will restore almost $100 million in research funds
which had been transferred in late 2006 by the NASA Administrator to Crewed Exploration Vehicle development.
That $100 million represented about 25% of the research funds
available in solar system exploration. Without these science programs, our missions become merely expensive engineering exercises in launching metal into space. Our Senators and Representatives and their staff really do appreciate hearing from their constituents and getting their input on these and other issues. You
CAN make a difference.
On a happy note, last month we had our annual PSI retreat
(pictures from which are highlighted in this issue). It is a real
pleasure to gather a large fraction of the Institute in one place,
bringing onsite and offsite scientists together, continuing past
acquaintances and meeting our many new scientists. Our new
people range from those writing their first grants to those who
have already had long careers elsewhere. We are truly enriched
by their ideas and energy. The retreat results in many new collaborations—in fact, the staff insisted on minimizing the time for
presentations this year in order to maximize time available to just
talk to one another.
Our monthly staff meetings are also getting interesting. Half of
our scientists are distributed across other states and countries
with the result that they teleconference to these meetings from as
far away as Switzerland and Italy in one direction and Hawaii in
the other—spanning 12 time zones! Of course, if our scientists in
Australia and Russia had called in, we would have pretty much
spanned the globe. We are getting there...
Mark V. Sykes
September, 2007

Late-Breaking Baby
News
Born just in time to make this
newsletter, we are pleased to report
that on September 22, PSI Senior
Scientist Cathy Weitz gave birth to
her second child, beautiful Rachel
Sophia Grant-Weitz. Mom and
daughter are now back home with
big brother, Patrick, and dad, John
Grant.

A drawing of MESSENGER, showing many of the instruments as
seen from Mercury, when the spacecraft will be closest to the
planet. The Gamma-ray spectrometer (GRS) and the Neutron
spectrometer (NS) components are labeled. A key design element
is the heat-resistant, ceramic cloth sunshade (gray cover at left)
that will allow MESSENGER to operate at room temperature
despite Mercury’s surface temperatures which can reach 840°
fahrenheit (due to its nearness to the Sun). Credit: NASA/Johns Hopkins University Applied Physics Lab/Carnegie Institution of Washington.

those observations will be reported in December. The NS will
help provide answers to three of the MESSENGER questions
about Mercury (questions 1, 2 and 5).
In addition to studying Mercury, the NS has the capability to
answer questions about the Sun by detecting and measuring the
energy spectrum of solar neutrinos. This capability is enabled
by the close proximity of Mercury to the Sun, about 0.31 AU at
Mercury perihelion (closest to the Sun) to 0.45 AU at Mercury
aphelion (farthest from the Sun).
Neutrons are unstable and they decay to a proton, electron, and
anti-neutrino having an average life of 886 seconds. Such a
short life, combined with the fact that neutrons travel at speeds
that vary with their energy, translates to a reduction of their
numbers the farther they are from the sun. At the orbit of Mercury, therefore, their numbers—at the lowest energies detectable
by the NS—are 100,000 times greater than their numbers measured near Earth’s orbit. This enhancement is sufficient to allow
the MESSENGER NS to measure neutrons produced during the
very large but extremely short energy releases that occur during
solar flares. It may also be able to measure the more modest but
nearly continuous energy releases that heat the very outer visible
portion of the Sun’s atmosphere, the solar corona. The present
orbit of MESSENGER about the Sun (after the second Venus
flyby but before its injection into an orbit about Mercury) will
take it between about 0.32 AU and about 0.7 AU for the next
three-and-a-half years. This period spans the time between solar
minimum and solar maximum. The first such perihelion occurred on September 1, and the results of a search for quiet-time
solar neutrons near that time will be reported in future articles.
So, stay tuned.
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