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On the cover: Sunset on the cliffs of the Orientale Multi-ring Basin system on the Moon. This giant large impact basin, on the edge of the 
Moon as seen from Earth, was discovered by PSI’s Bill Hartmann in 1961-62 during his graduate student work at University of Arizona.  
Due to the basin’s location, the Earth would hang just above the horizon as seen from the eastern ring cliffs. The scene is illuminated by blue 
Earthlight, with the sunlight hitting only the clifftops as the Sun sets behind us.  (Acrylic painting © William K. Hartmann, 2011.)
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NoTE FRoM ThE dIRECToR
PSI had another year of record growth, with a 26 percent increase in 
revenue in the midst of a wider economic downturn. This has been due 
to the continued expansion of our science staff and also the increasing 
success of our scientists in bringing in new research funding. This is 
enhanced by the mutual support provided by our Red Team process, in 
which scientists across the Institute volunteer to review the proposals 
of their colleagues and meet to discuss those reviews weeks in advance 
of the funding agency deadline. This improves the quality and competi-
tiveness of our proposals. It also promotes community.

Being a geographically distributed institution means we are always 
working to enhance connectedness and a strong sense of community. 
Toward those ends, this year we have made two significant investments 
in communication. The first is creating an integrated VoIP-based phone 
system and extending it throughout the Institute, even overseas! All 
scientists in Tucson or off-site are being sent phone handsets with local 
exchanges. To contact anyone in the Institute, they simply dial a three-
digit code. We are also exploring an intercom capability. our scientists 
in Europe have local Tucson numbers, so there is no need for them to 
make international calls to conduct PSI-related business. 

The second investment, made near the end of this year, is that everyone 
in the Institute was given an iPad – what we call a “PSiPad”! This allows 
for greater connectivity and productivity in more venues wherever 
people are, making use of WiFi hotspots or ATT’s 3G network. We have 
loaded them up with a standard collection of apps: for example, for 
reading and writing documents, spreadsheets, and, of course, email. We 
also provide everyone with an allowance for purchasing more apps, so 
we can find additional tools of value through our own “crowd sourcing.” 
Tablets are a new technology which is evolving. our plan as an Institute 
is to upgrade this equipment as important capabilities are added.

These advances and others have been enabled by the high quality of 
our expanding Information Technology staff. our IT Technician, 
Kathi Gardner, has been joined by our new IT Manager, Terrill Yuhas, 
and Gavin Nelson, who fills the new position of Infrastructure System 
Administrator. Terrill and Gavin most recently ran the data center at 
the Bio5 Institute of the University of Arizona. Picking up from our 
former IT Manager, Tamara Kemnitz, who significantly modernized 
PSI’s IT infrastructure while accommodating our rapid growth, they 
have continued to build and improve our internal capabilities and the 
robustness of our systems while supporting our increasing number of 
scientists. They also have implemented the first major overhaul of our web 
presence in many years, implementing a content management system 
that provides a more uniform look and feel to our web presence. 

our first Public Information officer, Ed Stiles, retired this year and 
we will miss him. As PSI alumni, however, he and his wife, Lori, are 
always welcome as our guests at our events. So, we look forward to 
seeing them in the future!

our new Public Information officer, Alan Fischer, brings many years 
of experience as a newspaper reporter in science and technology, the 
public affairs/media relations manager for Raytheon Missile Systems, 
and as an independent writer. Just as we are committed to always 
improving communication and connectedness within the Institute, 
we are also committed to always improving our connections and 

communication with 
the public. So, Alan has 
been brought on board 
not only to be PSI’s 
contact with the press, 
but to help us in our 
broader outreach 
through the internet, 
social media, and 
other means.

Another major event this 
year is the establishment of 
PSI’s development Program under the leadership of our first develop-
ment officer, Amy hartmann-Gordon. Amy brings years of experience 
in marketing, public relations and fundraising for the Tucson Children’s 
Museum and the Arizona-Sonora desert Museum. She was also the 
director of Finance for Congresswoman Gabrielle Giffords. Fundraising 
is essential for the health of any non-profit corporation. For instance, 
we bring in millions of dollars for research, but a good fraction of that is 
money recovered through invoicing – which means we need to carry 30 
to 45 days of expenses spent in advance. Where does that money come 
from? Unrestricted donations, which get to be continually reused like 
oil in a high-performance engine (except it never burns up!). develop-
ment also helps to sustain things like our teacher training programs 
beyond the period of agency funding, and it creates a pool of funds that 
we can use for taking our science to the public. down the road it will 
provide the foundation for a permanent facility for the Institute that 
will include offices, laboratories and space for the general public 
to see exhibits and participate in programs related to exploring the 
solar system. 

our first step is building a Friends of PSI program, in which member-
ship includes advance notice of breaking news on discoveries, access 
to special events that are also webcast and interactive (so Friends do 
not have to be local to Tucson), and special discounts at the PSI online 
Bookshop. This year we also had our first fundraising event for which 
PSI Board of Trustee member Ben Smith generously provided his home. 
Attendees got to handle meteorites and examine spacecraft instruments 
in addition to interacting with PSI scientists while enjoying refreshments. 
We all look forward to more of these events where we get to share the 
cool things that we do on a one-on-one basis. 

As PSI grows and expands, so does our vision and ambition. PSI 
scientists have for decades been involved with observing objects in 
the solar system from ground-based telescopes around the world and 
have participated on robotic missions to other planets. We are now 
planning to join the vanguard of private explorers going into space, 
beginning with the Atsa Suborbital observatory under the leadership 
of Faith Vilas, who has joined us this year after retiring as director 
of the MMT observatory, one of the major observing facilities in 
the continental U.S. PSI scientists will travel beyond the Earth’s 
atmosphere as telescope operators for this facility. As commercial 
suborbital vehicles move to commercial orbiters, PSI will be there.

Mark V. Sykes



A Busy Year at PSI

PSI Strengthens Science, Education and Support Staff

Planetary Science Institute researchers and educators expanded 
workshops for elementary and middle school teachers to improve 
science education, making use of visualizations of planetary 
surfaces and solar system research results. They also joined with 
the Arizona-Sonora desert Museum to conduct Earth Camp, 
providing insights from space-based observations of water on 
Earth by NASA.

PSI scientists confirmed that dinosaurs were killed by a giant 
impact and not volcanoes; found evidence for past and present 
reservoirs of liquid water under the surface of Mars, and the 
possibility of a habitable environment below its surface today; 

helped to recover the Japanese hayabusa  spacecraft, returning the 
first samples from a near-Earth asteroid; determined the negative 
consequences to the Earth’s ozone layer (and life) by a modest-
diameter asteroid impacting the ocean; improved the precision of 
dating certain meteorites by a factor of 10, providing new insights 
into the timing of events in the early solar system; and continued 
participation in the dawn, MESSENGER, and other missions.

With the arrival of the Atsa Suborbital observatory project, PSI 
scientists are looking forward to future research opportunities 
as astronauts.

PSI’s strength and advantage are in its people. our culture of openness and high level of mutual support distinguish us 
as an organization.

In 2010 PSI continued to grow, adding 13 new staff, including eight new researchers. other new personnel focus on 
development and public outreach efforts and add to PSI’s science support and administrative efforts.

New PSI staff members for 2010:

Alan Fischer
Public Information officer

Marc Fries
Research Scientist

W. Brent Garry
Research Scientist

Michelle Greer
Accountant

Candice Hansen
Senior Scientist

Amy Hartmann-Gordon
development officer

Elizabeth Jensen
Associate Research Scientist

Catherine Johnson
Senior Scientist

Gavin Nelson
Infrastructure Systems 

Administrator

Eric Palmer
Postdoctoral Research Scientist

Julie Rathbun
Senior Scientist

Faith Vilas
Senior Scientist

Terrill Yuhas
Information Technology  

Manager
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Clark R. Chapman of the Southwest Research Institute in 
Boulder, Colo. introduced hartmann at the event.

“Bill hartmann is one of the few scientists during the past half-
century who has studied cratering from the broadest, most 
open-minded perspective, trying to elucidate the fundamental 
role it has played in shaping the surfaces of the planets and the 
properties of the smaller bodies in the solar system,” Chapman 
said. “Bill hartmann’s vision of lunar and planetary cratering, 
and his career of research and public outreach on that topic, 
make him eminently qualified to receive the prestigious 
Barringer Medal.”

The Barringer Medal and award were established in 1982 to 
honor the memory of d. Moreau Barringer Sr. and his son 
d. Moreau Barringer Jr. and are sponsored by the Barringer 
Crater Company. The senior Barringer was the first to seriously 
propose an impact origin for the crater that now bears his name. 
For nearly two decades he defended this theory against the 
vast majority of scientific opinion. The junior Barringer was 
the first to identify the odessa crater, the second known impact 
site on Earth.

 “The Barringer family from Flagstaff originally bought 
Meteor Crater near Winslow and eventually developed it into 
a significant Arizona attraction with a wonderful museum,” 
hartmann said. “The family has always been terrific about 
supporting science and research into meteorites and cratering.”

The Meteoritical Society awarded Planetary Science Institute’s 
William K. hartmann its 2010 Barringer Medal in New York 
July 29.

The award recognizes hartmann’s outstanding work in the 
field of cratering of planets by asteroid impacts, according to 
the citation from the international society for meteoritics and 
planetary science.

“The award primarily recognizes our work in developing a system 
for estimating ages of planetary surface features, especially on 
Mars,” hartmann said. “The idea is that if you create any surface 
in the solar system – lava flows, lakebed deposit or even a parking 
lot – asteroid impacts will create craters over millions of years,
so the older the surface, the more craters.

“By careful counting of impact craters, and attention to their 
state of preservation, we’ve been able to show that while many 
surfaces on Mars are very old – say 3.5 billion years to 4.5 billion 
years, or almost as old as the planet itself – other surfaces such 
as water erosion features and lava flows can’t be much more than 
100 million years, which is the last 2 percent of geologic time, 
which suggests that Mars has had volcanic activity and even 
occasional water release in ‘modern’ geologic time. That is very 
exciting, to realize that Mars is a geologically active planet, just 
from counts of asteroid impacts on various surfaces.”

The award-winning research was carried out during the past 39 
years at Tucson’s Planetary Science Institute, where hartmann 
is a senior scientist and one of the founders of the Institute.
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Left to right, Drew Barringer, Beverley Barringer Wadsworth, Jenny Barringer, Sophie Wadsworth, Dyer Wadsworth, Bill Hartmann and Gayle Hart-
mann gather after Bill Hartmann received the  Meteoritical Society’s 2010 Barringer Medal in New York.

hartmann honored for Cratering Research Efforts



PSI Launches Efforts to Begin Suborbital Research
The Planetary Science Institute is expanding into human space exploration 
with the addition of Faith Vilas, who has joined the Institute as a Senior 
Scientist to lead the Atsa Suborbital observatory project. Atsa is the 
Navajo word for eagle. Atsa will use crewed suborbital commercial space-
craft with a specially designed telescope to provide low-cost, space-based 
observations above the contaminating atmosphere of the Earth, while 
avoiding operational constraints of many satellite telescope systems.

Vilas has been developing the Atsa Suborbital observatory with 
collaborator Luke Sollitt, a professor at The Citadel, The Military College 
of South Carolina. “At PSI, we have an organizational framework within 
which we can bring Atsa fully to life,” Vilas said.

Vilas left her position as director of the MMT observatory – a joint facility 
of the Smithsonian Institution and the University of Arizona – a post 
she held since 2005, to join PSI. She has had a long and distinguished 
career as a prominent planetary astronomer, providing new insights into 
our understanding of the composition and history of the asteroid belt, 
constraining heating in the early solar system, and expanding evidence 
for water throughout the asteroid belt. As a scientist at NASA’s Johnson 
Space Center, she designed a telescope system for the space shuttle to 
detect and characterize orbital debris at low-Earth orbit through geosyn-
chronous orbit. At NASA headquarters, Vilas was the program scientist 
for the discovery Program, NASA’s solar system exploration mission 
workhorse. She has been a U.S. representative to the Japanese hayabusa 

mission science team, whose 
spacecraft recently returned to 
Earth carrying the first samples 
collected from an asteroid. 
Presently, she is a science 
team member on NASA’s 
MESSENGER mission to the 
planet Mercury.

For her accomplishments, Vilas 
was honored by the designation 
of Minor Planet 3507 Vilas by 
the International Astronomical 
Union, and she has received 
numerous awards for her work at NASA.

Mark V. Sykes, CEo and director of PSI, notes the importance of Atsa to 
the future of the Institute and science. 

“We are very honored to have dr. Vilas on board. She will be expanding 
our activities in new and exciting directions with human space flight that 
will greatly advance our knowledge of near-Earth asteroids, comets and 
other parts of the solar system and universe,” he said. “her leadership 
and experience make this project possible.”

Faith Vilas, Atsa Project Scientist

The human-tended Atsa Suborbital Observatory project headed by PSI’s Faith Vilas will fly aboard a reusable 
spacecraft – such as the XCOR Lynx shown here – equipped with a specially designed telescope to provide 
low-cost, space-based observations while avoiding some operational constraints of satellite telescope systems.
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An asteroid crashing into the deep ocean could have dramatic worldwide 
environmental effects including depleting the Earth’s protective ozone 
layer for several years, said PSI Senior Scientist Elisabetta Pierazzo.

This could result in a huge spike in ultraviolet radiation levels and 
hamper efforts to grow crops, as well as affect other life forms on Earth. 
A medium-sized asteroid – between 500 meters and one kilometer in 
diameter – smashing into Earth’s deep oceans would send vast amounts 
of seawater into the air, said Pierazzo.

In the past, the interest in the effects of oceanic impacts of medium-sized 
asteroids has focused on the danger of regional tsunami, but Pierazzo’s 
new approach, published in Earth and Planetary Science Letters, has used 
computer modeling scenarios to look at the effects such a strike would 
have on the atmospheric ozone. 

Working with a team of atmospheric scientists, she looked at two aster-
oid impact scenarios: 500 meter and one kilometer diameter asteroids 
impacting an ocean four kilometers deep.
 
“This work represents the first attempt at combining impact simulations 
with a three-dimensional shock physics code and atmospheric simulations 
using a general circulation model with interactive chemistry,” she said. 
“The results suggest that mid-latitude oceanic impact of one kilometer 
asteroids can produce significant global perturbation of upper atmo-
spheric chemistry, including multi-year global ozone depletion compa-
rable to record ozone holes recorded in the mid 1990s.” 

The modeling depicted how rapidly ejected seawater, included as water 
vapor and compounds like chloride and bromide that hasten the destruc-
tion of the ozone, would affect atmospheric chemistry, said Pierazzo, the 
paper’s lead author and project principal investigator. 

“The removal of a significant amount of ozone in the upper atmosphere 
for an extended period of time can have important biological repercus-
sions at the Earth’s surface as a consequence of increase in surface UV-B 
irradiance,” she said. “These include increased incidence of erythema 
(skin reddening), cortical cataracts, changes in plant growth and changes 
in molecular dNA.” 

Asteroid Impact Could damage Earth’s ozone Layer
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This model shows an 
expanding impact 
plume resulting from 
a 500-meter-sized 
asteroid impacting 
the ocean. The three 
graphs show the 
plume – a mix of air 
(blue), water (gray) 
and asteroid material 
(light green) – at 
2.5 minutes (top), 
5 minutes (middle) 
and 9 minutes after 
impact (bottom). 
This interesting se-
quence shows the far 
reach of the plume, 
more than 500 
kilometers above the 
surface and well 
over 1,000 kilome-
ters horizontally, all 
within 10 minutes.

This NASA rendering shows what could happen if an asteroid 
impacted one of Earth’s large bodies of water.

While technology does not currently exist for diverting or destroying an 
asteroid headed for Earth, with enough lead time and preparation the 
long-term consequences of such an impact can be diminished, she said.
Farmers could plant crops with higher tolerance to UV radiation to 
make up for the types that would not thrive, or survive, because of the 
breached ozone layer, she said. Food could be stored to prepare for a few 
years of reduced productivity, both on land and in the ocean. 

The spike in UV radiation would also affect humans and animals, 
she said. 

The ultraviolet index, or UVI, is a scale used to indicate the intensity 
of UV radiation at the Earth’s surface, and the higher the number the 
greater chance of damage to the skin and eyes. A UVI of 10 or greater 
tends to be dangerous, resulting in burns to people with fair skin in a few 
minutes’ exposure, she said. 

The highest UVI recorded on Earth has been 20, she said. The results 
of a 500-meter asteroid impact could see the UVI jump to values above 
20 for several months in the northern subtropics, and an impact by a 
one-kilometer asteroid would see the UVI rise up to 56, with levels 
exceeding 20 for about two years south of about 50 degrees latitude in 
both hemispheres, she said. 

A level of 56 has never been recorded before, so we are not sure what it is 
going to do,” she said. “It would produce major sunburn. We could stay 
inside to protect ourselves, but if you go outside during daylight hours 
you would burn. You would have to go outside at night, after sunset, to 
avoid major damage.” 

The research was funded by a NASA Exobiology grant. 



PSI scientists were active unraveling the mysteries of Mars with discoveries 
including evidence of water and a potentially habitable environment:

•  An international research team led by PSI Research Scientist J. Alexis  
 Palmero Rodriguez found evidence of reservoirs of liquid water on  
 Mars at shallow crustal depths of as little as tens of meters after studying  
 collapsed terrains within some of the solar system’s largest channels.

•  PSI Research Scientist Joseph Michalski said a new discovery of   
 hydrothermally altered carbonate-bearing rocks on Mars points   
 toward habitable environments deep in the Martian crust.

•  Rodriguez may have also found a new explanation for how seas and  
 lakes may have once developed on Mars. 

•  A geologic mapping project by PSI Research Scientist Leslie Bleamaster  
 using NASA spacecraft data offered new evidence that expansive lakes  
 existed long ago on Mars.

Rodriguez said investigations of similar but vastly larger zones of collapse 
located where these channels initiate have led previous investigators to 
postulate that the upper crust of Mars contained vast aquifer systems

concealed underneath a global frozen layer kilometers in thickness. how- 
ever, these zones of large-scale collapse are rare on Mars and their forma-
tion most likely took place under exceptional hydrogeologic conditions.

The PSI-led team’s work documents the distribution of groundwater 
within crustal zones located beyond these regions. Extrapolations of their 
results to the present Martian conditions imply that groundwater may 
currently exist underneath thermally insulating fine-grained sedimentary 
deposits approximately 120 meters in thickness. 

These reservoirs could mean the presence of accessible water near the 
Martian surface, Rodriguez said, which could greatly reduce the costs 
of future manned exploration of the planet. In addition, it could mean 
habitable environments may exist at shallow depths, he said.

Michalski’s research studied a deposit of carbonate rocks that once 
existed six kilometers below the surface of Mars which was uplifted 
and exposed by an ancient meteor impact; this points toward habitable        
environments deep in the Martian crust.

With infrared spectra from the Compact Reconnaissance Imaging    
Spectrometer for Mars (CRISM), planetary geologists detected the 
hydrothermal minerals from their spectroscopic fingerprints. Visible 
images from the high Resolution Imaging Science Experiment (hiRISE) 

Mars Research Focuses on Planet’s Water, habitability  
camera aboard Mars Reconnaissance orbiter show the carbonates and 
hydrated silicate minerals occur within deformed bedrock exhumed by an 
ancient meteor impact that poked through the volcanic upper crust of Mars.   

“Carbonate rocks have long been a holy Grail of Mars exploration for 
several reasons,” Michalski said. “one reason is because carbonates form 
with the ocean and within lakes on Earth, so the same could be true for 
ancient Mars – such deposits could indicate past seas that were once 
present on Mars.”   

The discovery also has implications for the habitability of the Martian 
crust. “The presence of carbonates along with hydrothermal silicate   
minerals indicates that a hydrothermal system existed in the presence of 
Co2 deep in the Martian crust,” Michalski said. “Such an environment is 
chemically similar to the type of hydrothermal systems that exist within 
the ocean floor of Earth, which are capable of sustaining vast communities 
of organisms that have never seen the light of day.”   

Rodriguez also found a new explanation for how seas and lakes may have 
once developed on Mars. he studied the Martian northern lowlands 
region, which contains extensive sedimentary deposits that resemble the

abyssal plains of Earth’s ocean floors. It is also like the floors of other 
basins on Mars where oceans are thought to have developed. 

Citing evidence found in the planet’s northern plains south of Gemini 
Scopuli in Planum Boreum, Rodriguez proposed in an article published 
in Icarus that groundwater emerged through extensive and widespread 
fractures forming the floors of ancient continental-scale basins on Mars. 
This led to the formation of river systems, large-scale regional erosion, 
sedimentary deposition and water ponding. 

Bleamaster’s geologic mapping project offers new evidence that expan-
sive lakes existed long ago on Mars.

The research, based on NASA spacecraft data, points to a series of sedi- 
mentary deposits consistent with what would relate to large standing bodies 
of water in hellas Planitia located in the southern hemisphere of Mars.

Fine-layered outcrops around the eastern rim of hellas have been in-
terpreted as a series of sedimentary deposits resulting from erosion and 
transport of highland rim materials into a basin-wide standing body of 
water, Bleamaster said.

“This mapping makes geologic interpretations consistent with previous 
studies, and constrains the timing of these putative lakes to the early-middle 
Noachian period on Mars, between 4.5 and 3.5 billion years ago,” he said.
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A small portion of Bleamaster and Crown’s geologic map of eastern Hellas Planitia region shows the transition from Hellas floor (left) to the 
Hellas rim (right).  Blue and green colors represent ancient pathways for volatiles and sediments.



Education and Public outreach Efforts Expand

New development Program Established

The Planetary Science Institute had a busy and successful year of 
Education and Public outreach efforts.

NASA awarded PSI a $750,000 grant to help teachers improve science 
education. The Workshops in Science Education and Resources 
(WISER): Planetary Perspectives grant will fund professional develop-
ment workshops for elementary and middle school teachers in Arizona, 
Texas and Wisconsin.

The program saw teachers attend six workshops during 2010. Workshops 
held were: Exploring the Terrestrial Planets, Moon-Earth System and 
two each on Impact Cratering and Asteroid-Meteroite Connection. 

PSI scientists are collaborating on the project with the Tucson Regional 
Science Center, a partnership led by the Tucson Unified School district 
of independent school districts, charter schools and private schools. The 
RSC supports member districts with nationally recognized instructional 
kits that include student books.

Workshops developed through the grant also will be used to enhance 
science education in Texas and Wisconsin, where some of PSI’s scientists 
are located, said david Crown, PSI Assistant director and Principal 
Investigator on the project. Teachers who have attended the workshops 
cite hands-on activities, learning the scientific process, and interaction 
with scientists as the top three benefits.

In addition to Crown, the project team includes PSI educators Larry 
Lebofsky, Thea Cañizo, Sanlyn Buxner and Steven Croft, as well as 
PSI scientists Alice Baldridge, Les Bleamaster, Frank Chuang, Steve 

This year marks a new chapter in the growth of PSI with the launch 
of a formal development program. While the organization has long 
been successful in acquiring grants to fund research efforts, it had not 
branched out into seeking and securing other traditional areas of 
non-profit support. 

As PSI’s education and public outreach programs began to take off 
this year, it became a natural next step to address the need for strategic 
advancement in the areas of long-term planning, fundraising, building 
a base of community support and expanding the Board of Trustees.    

With support from the Board of Trustees and staff, PSI hired Amy 
hartmann-Gordon to lead its development and advancement efforts. 
hartmann-Gordon is a native Tucsonan whose career expertise has 
been focused on the areas of non-profit marketing and development. 
She also has had a lifetime of knowledge of PSI: her father, William K. 
hartmann, is a co-founder. 

For the short term, hartmann-Gordon has focused her efforts on 
launching the Friends of PSI membership program, reconnecting with 
colleagues and long-time supporters, and building the infrastructure 
necessary for strategic advancement of the organization. 

A new Friends of PSI Update, published quarterly and included with the 
PSI Newsletter, was launched in September offering news and notices 
about donor activities as well as upcoming events. In october PSI hosted 

Kortenkamp, Elisabetta Pierazzo, and Aileen Yingst. 

PSI is also participating in a program funded by a three-year, $800,938 
NASA grant that will operate a Tucson-area Earth Camp where partici-
pants will be immersed in the study of water.

The Laurel Clark Earth Camp Experience, a partnership between the 
Arizona-Sonora desert Museum, PSI and Arizona Project WET at the 
University of Arizona Water Resources Research Center, will use NASA 
data for the Earth to teach teens, teachers and the public about water.

Earth Camp will be composed of four elements: Summer Earth Camp 
Programs for Teens, Earth Camp for Educators, Exhibit design Work-
shop (with traveling poster and on-line exhibits) and Earth Clubs at 
Schools, with all coming together to create a cohort of Earth Stewards 
dedicated to education and informed environmental decision making.

The Arizona-Sonora desert Museum is the lead organization on the 
project, which is named after Laurel Clark, an astronaut who lost her life 
in the Columbia space shuttle tragedy.

Crown, Cañizo, Buxner and Baldridge of PSI worked with desert 
Museum staff to develop an education and public outreach proposal for 
the program.

In addition, other PSI EPo efforts include science fair judging, several 
comet-making events, Teacher Appreciation Night at the Arizona-
Sonora desert Museum, and educational outreach events at Tucson 
area schools.

an introductory cocktail party called “Rocks! on the Rocks” which 
introduced new and old friends to PSI scientists and their research.  

For the long term, goals include strengthening the corporate and 
community philanthropy program, addressing major capital needs 
including a new building, lab space and facilities for the public to learn 
about planetary science, as well as infrastructure investment.  

In the last few months of 2010, nearly $15,000 was raised and 100 people 
became Friends of PSI. 
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At an outreach event in Tucson PSI’s Bill Feldman demonstrates an 
engineering model of the Neutron Spectrometer that found the water on 
the moon while flying aboard the Lunar Prospector spacecraft.



PSI Financial Report Bruce Barnett     Chief Financial officer

PSI experienced a robust 26 percent annual revenue growth in the fiscal year ended January 31, 2011, with 
revenues totaling $7.1 million. Funding from NASA represents $6.9 million, or 96 percent of total revenues.  
during the fiscal year, NASA funded 84 grants with a PSI scientist as principal investigator, and 65 contracts 
issued by other institutions with NASA prime awards. 

Salaries and related fringe benefits represent 75 percent of PSI’s total expenses of $7.1 million. operating expenses 
include $446,988 paid on subcontracts to other institutions whose scientists are included on PSI awards. Program 
services expenses are 88 percent of total expenses.

PSI’s financial records are audited annually by independent auditors.  A condensed Statement of Financial Position 
from PSI’s audit report for the year ending January 31, 2011 is reflected below.  
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REVENUES

 Grants and Contracts      $ 7,078,881
 Contributions  50,846
 other            2,399  
Total Revenues  $  7,132,126

EXPENSES

 Salaries and Benefits          $  5,313,906
 operating  1,672,461
 depreciation  84,796
 Interest       18,490                    
Total Expenses $ 7,089,653

Current Assets $ 878,523
Property & Equipment       528,734
Total Assets $ 1,407,257

NASA FUNdING

 Grant Awards (84) $  4,722,353
 Contracts (65)                                   2,135,149
Total NASA Funding      $  6,857,502

EXPENSES BY FUNCTIoN

  Program Services $  6,223,532
  Management & General           842,262
 Fundraising   23,859
Total Expenses $ 7,089,653 
 

Current Liabilities $     768,802
Long-term Liabilities  369,325  
Property & Equipment       269,130
Total Liabilities & Net Assets $ 1,407,257                                       



  

Rossman P. Irwin III, Noachian denudation of the Martian highlands. 
NASA Mars data Analysis Program.

Rossman P. Irwin III, Investigation of fluvial shorelines as analogs to fea-
tures on Mars. NASA Mars Fundamental Research Program, Smithsonian 
Institution subcontract.

Steve Kortenkamp, Investigation of a new resonant mechanism for accretion 
of interplanetary dust by Earth. NASA Planetary Geology and Geophysics 
Program.

Kimberly Kuhlman, Investigation of the spatial relationships of bacteria 
within rock varnish. NASA Exobiology Program.

Larry Lebofsky, Small bodies, big concepts: professional development in 
image analysis for student engagement. NASA opportunities in Education 
and Public outreach for Earth and Space Science Program, Mid-continent 
Research for Education and Learning subcontract.

Scott Mest, Scientific characterization of lunar regions of interest: Prepa-
ration for NASA’s return to the Moon. NASA Lunar Advanced Science 
and Exploration Research Program.

Scott Mest, data validation and analysis utilizing LRo LoLA, Messenger 
MLA and dawn Framing Camera in support of LMMP and other projects. 
NASA Goddard Space Flight Center.

Joseph Michalski, A systematic study of volcanic and hydrovolcanic fea-
tures in Iceland and on Mars: Closing the gap between field, laboratory, 
and remote sensing studies. NASA Planetary Geology and Geophysics 
Program.

Joseph Michalski, Fe/Mg-phyllosilicates, Al-phylloslicates, and sulfates: 
A complex aqueous alteration assemblage for future Mars exploration and 
sample return. NASA Mars Science Laboratory Critical data Products Pro-
gram, JPL subcontract.

Joseph Michalski, Effects of shock metamorphism on phyllosilicate spec-
troscopy. NASA Mars Fundamental Research Program.

Jeffrey P. Morgenthaler, Io and the Plasma Torus: Conditions at the time 
of the New horizons encounter and the hST Jovian Auroral Campaign. 
NASA Planetary Astronomy Program, University of California at davis 
subcontract.

Beatrice Mueller, Archiving of ground-based data of NASA mission targets, 
comets 9P/Tempel 1 and 19P/Borrelly. NASA Planetary Mission data 
Analysis Program.

Beatrice Mueller, Accurate interpretations of nuclear lightcurves and 
implications for the interior structures of comets.  NASA outer Planets 
Research Program.

Eldar Noe Dobrea, Modeling stone circles and labyrinths on Mars as a re-
cord of seasonal variation. NASA Mars Fundamental Research Program, 
University of California Santa Cruz subcontract. 

Natalia Artemieva, Impact ejecta on the Moon and beyond – numerical 
modeling and comparison with lunar samples. NASA Lunar Advanced 
Science and Exploration Research Program.

Alice Baldridge, Laboratory and remotely sensed spectroscopic charac-
terization of chlorides. NASA Mars Fundamental Research Program, Uni-
versity of Washington subcontract.

Susan Benecchi, Probing solar system history with transneptunian binaries. 
Space Telescope Science Institute.

Mary Bourke, Wind regime, sediment transport and the age of dunefields 
in the North Polar Sand Seas on Mars. NASA Mars data Analysis Program.
 
Sanlyn Buxner, Planet SEPoF: Extending the coherence and reach of 
NASA Planetary Science and SMd E/Po. NASA Science Mission direc-
torate, Universities Space Research Association subcontract.

David A. Crown, Workshops in Science Education and Resources (WISER): 
Planetary Perspectives. NASA opportunities in Education and Public 
outreach for Earth and Space Science Program. 

David A. Crown, Laurel Clark Earth Camp Experience: Using NASA data 
to teach teens, teachers and the public about planet Earth through pro-
grams and interactive exhibitry. NASA Competitive Program for Science 
Museums and Planetariums, Arizona-Sonora desert Museum subcontract.
 
David A. Crown, distribution, morphology, and age of Martian debris 
aprons. NASA Mars data Analysis Program.

Deborah Domingue Lorin, What shapes a spectrum? Looking beyond 
the mineralogy. NASA Planetary Mission data Analysis Program.

William Feldman, dAWN – A journey to the beginning of the Solar     
System – Phase E. NASA discovery Program, UCLA subcontract.

Marc Fries, Mineralogy and microtexture, NASA Mars Instrument        
development Program, JPL subcontract.

Marc Fries, Characterization of carbonaceous matter in cometary material 
by Raman imaging. NASA Sample Return Laboratory Instruments and 
data Analysis Program.

Candice Hansen, NASA Mars Reconnaissance orbiter hiRISE Program,   
University of Arizona subcontract.

Candice Hansen, JunoCam and Science Planning Working Group. NASA 
Juno Program, Southwest Research Institute subcontract.

William K. Hartmann, Small impact crater statistics: a tool for analysis of 
geologic processes in Martian volatile-rich formations, NASA Mars data 
Analysis Program.

Rossman P. Irwin III, New global geologic map of Mars, part 2. NASA 
Planetary Geology and Geophysics Program, U.S Geological Survey sub-
contract.

New PSI Research Grants
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Grants listed by Principal  Investigator, project 
title and program or funding source.



David P. O’Brien, dynamical and collisional evolution of small bodies in 
the solar system. NASA outer Planets Research Program.

David P. O’Brien, Formation and evolution of planetary systems. NASA 
Fellowship for Early Career Researchers.

David P. O’Brien, Quantitative modeling of Vesta’s impact history and 
cratering record. NASA dawn at Vesta Participating Scientist Program.

Karly Pitman, Collaborative research: A laboratory experimental study 
of astronomical dust analogs at ultraviolet-visible wavelengths. NSF 
Astronomy and Astrophysics Research Grants Program.

Karly Pitman, derivation of optical constants of Mars analog alteration 
products: Mg- and Fe- sulfates. NASA Mars Fundamental Research Program.

Robert C. Reedy, high-quality elemental maps of Vesta from analyses of 
dawn gamma-ray and neutron data. NASA dawn at Vesta Participating 
Scientist Program.

J. Alexis Palmero Rodriguez, Formational history of the polar troughs in 
the north polar plateau on Mars. NASA Mars data Analysis Program, U.S 
Geological Survey subcontract.

Nicholas J. Tosca, Clay-bearing assemblages from alteration of synthetic 
Martian basalt: An experimental study. NASA Mars Fundamental Research 
Program.

Pasquale Tricarico, Interior structure of Vesta and dynamical effects on 
dawn. NASA dawn at Vesta Participating Scientist Program.

Stuart Weidenschilling, Concurrent growth of Jupiter, Saturn, Uranus 
and Neptune. NASA outer Planets Research Program, NASA  Ames 
Research Center subcontract.

Charles Wood, Cassini Solstice Mission. NASA Cassini Program, JPL 
subcontract.

Cathy Weitz, Investigation of diverse mineralogies in a possible future 
Mars landing site at Noctis Labyrinthus. NASA Analysis of Mars Landing 
Sites Program, JPL subcontract.

Rebecca Williams, Analysis of Martian gully features with CTX and 
ShARAd data. NASA Mars data Analysis Program.

Rebecca Williams, Interdisciplinary investigation of Melas Basin for future 
Mars landers. NASA Analysis of Mars Landing Sites Program, JPL sub-
contract.
 
R. Aileen Yingst, Geologic mapping of the SPA west quadrangle of the 
moon (Lunar Quadrangle 29). NASA Planetary Geology and Geophysics 
Program.

R Aileen Yingst, Geologic mapping of the surface of Vesta. NASA dawn 
at Vesta Participating Scientist Program.

PSI Publications
Grieve R.A.R., d.E. Ames, J.V. Morgan, N. Artemieva (2010). The evolu-
tion of the onaping formation at the Sudbury impact structure. Meteorit. 
Planet. Sci. 45, 759-782. 

Milkereit B., N. Artemieva, h. Ugalde (2010). Fracturing, thermal evolu-
tion and geophysical signature of the crater floor of a large impact struc-
ture: The case of the Sudbury Structure, Canada. Geol. Soc. Am. Sp. Pap.  
465, 115-131.  

Brown, A.J., S.J. hook, A.M. Baldridge, J.F. Crowley, N.T. Bridges, B.J. 
Thomson, G.M. Marion, C.R. de Souza Filho, J.L. Bishop (2010). hydro-
thermal formation of clay-carbonate alteration assemblages in the Nili 
Fossae region of Mars. Earth Planet. Sci. Lett. 297, 174-182.

hulley, G.C., S.J. hook, A.M. Baldridge (2010). Investigating the effects 
of soil moisture on thermal infrared land surface temperature and emis-
sivity using satellite retrievals and laboratory measurements. Remote Sens. 
Environ. 114, 480-493.
 
Balme, M.R., C. Gallagher, d.P. Page, J. B. Murray, J-P. Muller, J-R. Kim 
(2010).  The Western Elysium Planitia Palaeolake. In: Lakes on Mars. El-
sevier (N. Cabrol, Ed.), New York, pp. 275-305.

Grindrod, P., M.R. Balme (2010). Groundwater processes in hebes Chasma. 
Mars. Geophys. Res. Let. 37, L13202.
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Benecchi, S.D., K.S. Noll (2010). hST astrometry of transneptunian objects. 
Astrophys. J. Supp. 189, 336-340.

Gulbis, A. A. S., J.L. Elliot, E.R. Adams, S.D. Benecchi,  M.W. Buie, d.E. 
Trilling, L.h. Wasserman (2010). Unbiased inclination distributions for 
objects in the Kuiper Belt. Astron. J. 140, 350-369.

Benecchi, S. D., K.S. Noll, W.M. Grundy, h.F. Levison (2010). A trans-
neptunian triple. Icarus 207, 978-991.
 
Bishop, M.A. (2010). Nearest neighbor analysis of mega-barchanoid 
dunes, Ar Rub’ al Khali, sand sea: The application of geographical indices 
to the understanding of dune field self-organization, maturity and envi-
ronmental change.  Geomorph. 120, 186–194. 

Fenton, L.K., M.A. Bishop, M.C. Bourke, C.S. Bristow, R.K. hayward, 
B.h. horgan, N. Lancaster, T.I. Michaels, d. Tirsch, T.N. Titus, A. Valdez 
(2010). Summary of the Second International Planetary dunes Workshop: 
Planetary analogs - Integrating models, remote sensing, and field data, 
Alamosa, Colorado, USA, May18–21, 2010. Aeo. Res. 2, 173–178. 
 
Bleamaster III, L.F., D.A. Crown (2010). Geologic map of MTM -40277, 
-45277, -40272, and -45272 quadrangles, Eastern hellas Planitia region of 
Mars. USGS Sci. Inv. Map #3096.

Bond, J.C., d.S. Lauretta, D.P. O’Brien (2010).  Making the Earth: Com-
bining dynamics and chemistry in the Solar System.  Icarus 205, 321-337.



Bond, J.C.,  D.P. O’Brien, d.S. Lauretta (2010). The diversity of extrasolar 
terrestrial planets.  IAU Proc. 265, 399-402. 

Bond, J.C., D.P. O’Brien, d.S. Lauretta (2010). The compositional diversity 
of extrasolar terrestrial planets. I. In situ simulations.  Astrophys. J. 715, 
1050-1070. 
 
delgado M.E., G. Israelian, J.I. González hernández, J.C. Bond, N.C.   
Santos, S. Udry, M. Mayor (2010). Chemical clues on the formation of 
planetary systems: C/o versus Mg/Si for hARPS GTo sample. Astrophys. 
J. 725, 2349–2358.

Bond, J.C., d.S. Lauretta, D.P. O’Brien (2010). The diversity of extrasolar 
terrestrial planets. In: Proceedings of IAU Symposium 265: Chemical 
abundances in the universe – Connecting first stars to planets (K. Cunha, 
M. Spite, B. Barbuy, Eds.), Cambridge University Press, pp. 399-402.
 
Bourke, M.C., (2010). Barchan dune asymmetry: observations from Mars 
and Earth. Icarus 205, 183-197.

Bourke, M.C., N. Lancaster, L.K. Fenton, E.J.R. Parteli, J.R. Zimbelman, 
J. Radebaugh (2010). Extraterresterial dunes: An introduction to the special 
issue on planetary dune systems. Geomorph. 121, 1-14. 

Bourke, M.C., L.K. Fenton, N. Lancaster, Eds. (2010). Special issue: Plan-
etary dune Systems. Geomorph. 121, pp. 1-132.

Bourke, M.C., N. Lancaster, L.K. Fenton, E.J.R. Parteli, J.R. Zimbelman,   
J. Radebaugh (2010). Extraterrestrial dunes: An introduction to the special 
issue on planetary dune systems. Geomorph. 121, 1-14.

hobbs, S.W., d.J. Paull, M.C. Bourke (2010). Aeolian processes and dune 
morphology in Gale Crater. Icarus 210, 102-115.

Titus, T.N., R.K. hayward, M.C. Bourke (2010). Interdisciplinary research 
produces results in the understanding of planetary dunes. Eos 91, 281.

Ewing, R., A. Peyret, G. Kocurek, M.C. Bourke (2010). dune-field pattern 
formation and recent transporting winds in the olympia Undae dune 
Field, North Polar Region of Mars. J. Geophys. Res. 115, E08005. 

Viles, h., B.L. Ehlmann, C.F. Wilson, T. Cebula, M. Page, M.C. Bourke 
(2010). Simulating weathering of basalt on Mars and Earth by thermal 
cycling. Geophys. Res. Lett. 37, L18201.
 
Neukum, G., A.T. Basilevsky, T. Kneissl, M.G. Chapman, S. van Gasselt, 
G. Michael, R. Jakumann, h. hoffmann, J.K. Lanz (2010). The geologic 
evolution of Mars: Episodicity of resurfacing events and ages from cratering 
analysis of image data and correlation with radiometric ages of Martian 
meteorites. Earth Plant. Sci. Lett. 294, 204-222.

Chapman, M.G., G. Neukum, A. dumke, G. Michaels, S. van Gasselt, 
T. Kneissl, W. Zuschneid, E. hauber, V. Ansan, N. Mangold, P. Masson 
(2010). Noachian-hesperian geologic history of the Echus Chasma and 
Kasei Valles System on Mars: New data and interpretations. Earth  Planet. 
Sci. Lett.  294, 256-271.

Chuang, F.C., R.A. Beyer, N.T. Bridges (2010). Modification of Martian 
slope streaks by eolian processes. Icarus 205, 154-164.

Domingue, D.L., F. Vilas, G.M. holsclaw, J. Warell, N.R. Izenberg, S.L. 
Murchie, B.E. denevi, d.T. Blewett, W.E. McClintock, B.J. Anderson, M. 
Sarantos (2010). Whole-disk spectrophotometric properties of Mercury: 
Synthesis of MESSENGER and ground-based observations. Icarus 209, 
101-124.

holsclaw, G.M., W.E. McClintock, D.L. Domingue, N.R. Izenberg, d.T. 
Blewett, A.L. Sprague (2010). A comparison of the ultraviolet to near-     
infrared spectral properties of Mercury and the moon as observed by 
MESSENGER. Icarus 209, 179-194.

Berman, A.F., D.L. Domingue, M.E. holdridge, T.h. Choo, J.R. Steele, 
R.G. Shelton (2010). Testing and validation of orbital operations plans 
for the MESSENGER mission. In: observatory operations: Strategies, 
Processes, and Systems III    (d.R. Silva, A.B. Peck, B.T. Sofier, Eds.), Proc. 
SPIE 7737, 77370d.

Lawrence, d.J., W.C. Feldman, J.o. Goldsten, T.J. McCoy, d.T. Blewett, 
W.V. Boynton, L.G. Evans, L.R. Nittler, E.A. Rhodes, S.C. Solomon 
(2010). Identification and measurement of neutron-absorbing elements 
on Mercury’s surface. Icarus 209, 179–194.

Lawrence, d.J., R.C. Elphic, W.C. Feldman, h.o. Funsten, T.H. Prettyman 
(2010). Performance of orbital neutron instruments for spatially-resolved 
hydrogen measurements of airless planetary bodies. Astrobio. 10, 183-200.

Feldman, W.C., d.J. Lawrence, J.o. Goldsten, R.E. Gold, d.N. Baker, d.K. 
haggerty, G. C. ho, S. Krucker, R.P. Lin, R.A. Mewaldt, R.J. Murphy, L.R. 
Nittler, E.A. Rhodes, J.A. Slavin, S.C. Solomon, R.d. Starr, F. Vilas, A. 
Voulidas (2010). Evidence for extended acceleration of solar flare ions 
from 1-8 MeV solar neutrons detected with the MESSENGER neutron 
spectrometer. J. Geophys. Res. 115, A01102.

Lawrence, d.J., W.C. Feldman, J.o. Goldsten, T.J. McCoy, d.T. Blewett, 
W.V. Boynton, L.G. Evans, L.R. Nittler, E.A. Rhodes, S.C. Solomon 
(2010). Identification and measurement of neutron-absorbing elements 
on Mercury’s surface. Icarus 209, 195-209.

Fries M., A. Steele (2010). Raman spectroscopy and confocal Raman im-
aging in mineralogy and petrography. In: Confocal Raman Microscopy 
(T. dieing, o. hollricher, and J. Toporski, Eds.). Springer Science, New 
York. pp. 111-135.
 
Zolensky, M., J. herrin, T. Mikouchi, K. ohsumi, J. Friedrich, A. Steele, 
d. Rumble, M. Fries, S. Sandford, S. Milam, K. hagiya, h. Takeda, W. 
Satake, T. Kurihara, M. Colbert, R. hanna, J. Maisano, R. Ketcham, C.A. 
Goodrich,  L. Le, G. Robinson, J. Martinez, K. Ross, P. Jenniskens, M.h. 
Shaddad (2010). Mineralogy and petrography of the Almahata Sitta 
ureilite. Meteorit. Plan. Sci. 45, 1618-1637.

Fries M., J. Fries (2010). doppler weather radar as a meteorite recovery 
tool. Meteorit. Planet. Sci. 45, 1476-1487.
 
Goodrich C.A., I.d. hutcheon, N.T. Kita, G.R. huss, B.A. Cohen, K. Keil 
(2010). 53Mn-53Cr and 26Al-26Mg ages of a feldspathic lithology in poly-
mict ureilites. Earth Planet. Sci. Lett. 295, 531-540.

Han, L., A.P. Showman (2010). Coupled convection and tidal dissipation 
in Europa’s ice shell using non-Newtonian grain-size-sensitive (GSS) 
creep rheology. Icarus 212, 262-267.

13



14

Feldman, P.d., S.R. McCandliss, J.P. Morgenthaler, C.M. Lisse, h.A. 
Weaver, M.F. A’hearn, (2010). Evolution Explorer observations of CS 
and oh emission in Comet 9P/Tempel 1 during deep Impact. Astrophys.  
J. 710, 1051-1056.

Mueller, B.E.A., N.H. Samarasinha, h. Rauer, J. helbert (2010). deter-
mination of a precise rotation period for the deep Space 1 target, Comet 
19P/Borrelly. Icarus 209, 745-752.
 
Chambers, J., D.P. O’Brien, A.M. davis (2010). Accretion of planetesimals 
and the formation of rocky planets. In: Protoplanetary dust: The astro-
chemical and cosmochemical perspectives (d. Apai, d. S. Lauretta, Eds.), 
Cambridge University Press, pp. 299-335.
 
Nimmo, F., D.P. O’Brien, T. Kleine (2010).  Tungsten isotopic evolution 
during late-stage accretion: Constraints on Earth-moon equilibration.  
Earth Planet. Sci. Lett. 292, 363-370.
 
Pathare, A.V., M.R. Balme, S.M. Metzger, A. Spiga, M.C. Towner, N.o. 
Renno, F. Saca (2010). Assessing the power law hypothesis for the size–
frequency distribution of terrestrial and Martian dust devils. Icarus 209, 
851-853.

Pierazzo E., R.R. Garcia, d.E. Kinnison, d.R. Marsh, J. Lee-Taylor, P.J. 
Crutzen (2010). ozone perturbation from medium-size asteroid impacts 
in the ocean. Earth Planet. Sci. Lett. 299, 263-273. 

Ivanov B., h.J. Melosh, E. Pierazzo (2010). Basin-forming impacts: Re-
connaissance modeling. In Large Meteorite Impact and Planetary Evo-
lution IV(W.U. Reimold, R. Gibson, Eds.). Geo. Soc. Am. Sp. Pap. 465, 
29-50.

Schulte P., L. Alegret, I. Arenillas, J.A. Arz, P. Barton, P.R. Bown, T.R. 
Bralower, G.L. Christeson, P. Claeys, C.S. Cockell, G.S. Collins, A. deutsch, 
T.J. Goldin, K. Goto, J.M. Grajales-Nishimura, R.A.F. Grieve, S. Gulick, 
K.R. Johnson, W. Kiessling, C. Koeberl, d.A. Kring, K.G. MacLeod, T. 
Matsui,  h.J. Melosh, A. Montanari, J.V. Morgan, C.R. Neal, d.J. Nichols, 
R.d. Norris, E. Pierazzo, G. Ravizza, M. Rebolledo-Vieyra, W. U. Reimold, 
E. Robin, T. Salge, R.P. Speijer, A.R. Sweet, J. Urrutia-Fucugauchi, V. Vajda, 
M.T. Whalen, P.S. Willumsen (2010). The Chicxulub asteroid impact and  mass 
extinction at the Cretaceous-Paleogene boundary. Science 327, 1214-1218. 

Pitman, K.M., B.J. Buratti, J.A. Mosher (2010). disk-integrated bolometric 
Bond albedos and rotational light curves of Saturnian satellites from        
Cassini visual and infrared mapping spectrometer. Icarus 206, 537-560.

Pitman, K.M., C. dijkstra, A.M. hofmeister, A.K. Speck (2010). Infrared 
laboratory absorbance spectra  of olivine: Using classical dispersion analysis 
to extract peak parameters. Mon. Not. R. Astrn. Soc. 406, 460-481. 
 
Stapels, C.J., E.B. Johnson, X.J. Chen, T.H. Prettyman, E.R. Benton, J.F. 
Christian (2010). Space neutron spectrometer design with SSPM-based 
instrumentation. Nucl. Instrum. Methods Phys. Res. 652, 342-346.  
 
Yamashita, N., N. hasebe, R.C. Reedy, S. Kobayashi, Y. Karouji, M.     
hareyama, E. Shibamura, M.N. Kobayashi, o. okudaira, C. d’Uston, o. 
Gasnault, o. Forni (2010). Uranium on the Moon: The distribution and 
U/Th ratio. Geophys. Res. Lett. 37, L10201. 
 

Han, L., A.P. Showman (2010). Coupled convection and tidal dissipation 
in Europa’s ice shell. Icarus 207, 834-844.

Hartmann, W.K., C. Quantin, S. Werner, o. Popova (2010). do young 
Martian ray craters have ages consistent with the crater count system?  
Icarus 208, 621-635.

Hartmann, W.K., S. Werner (2010). Martian Cratering 10. Progress in use 
of crater counts to interpret geological process: Examples from two debris 
aprons. Earth Planet. Sci. Lett. 294, 230-237.
 
housen, K.R., K.A. Holsapple (2010). Ejecta from impact craters, Icarus 
211, 856-875.

Irwin, R.P. III, T.R. Watters (2010). Geology of the Martian crustal di-
chotomy boundary: Age, modifications, and implications for modeling 
efforts. J. Geophys. Res. 115, E11006.

Grant, J.A., R.P. Irwin III, S.A. Wilson (2010). Aqueous depositional     
settings in holden crater, Mars. In: Lakes on Mars (N. A. Cabrol and E. A. 
Grin, Eds.), Elsevier, Amsterdam, pp. 323–346.
 
Roach, L.h., J.F. Mustard, M.D. Lane, J.L. Bishop, S.L. Murchie (2010). 
diagenetic hematite and sulfate assemblages in Valles Marineris. Icarus 
207, 659-674.

Farrand, W.h., M.D. Lane, B.R. Edwards, R.A. Yingst (2010). Spectral 
evidence of volcanic cryptodomes on the northern plains of Mars. Icarus 
211, 139-156.
 
Mest, S.C., D.A. Crown, W. harbert (2010). Watershed modeling in the 
Terra Tyrrhena region of Mars. J. Geophys. Res. 115, E09001.

Mest, S.C. (2010). The geology of Schrödinger Basin: Insights from post-
Lunar orbiter data. In: Recent Advances in Lunar Statigraphy. Geo. Soc. 
Am. Sp. Pap. 477, SPE477-04.

Kurgansky, M.V., A. Montecinos, V. Villagran, S.M. Metzger (2010).    
Micrometeorological conditions for dust-devil occurrence in the Atacama 
desert. Boundary Layer Meteorol. 138, 285-298.

Michalski, J.R., P.B. Niles (2010). deep crustal carbonate rocks exposed 
by meteor impact on Mars. Nat. Geosci. 3, 751-755.

Michalski, J.R., J.P. Bibring, F. Poulet, d. Loizeau, N. Mangold, E. Noe 
Dobrea, J.L. Bishop, J.J. Wray, N.K. McKeown, M. Parente, E. hauber, 
F. Altieri, F.G. Carrozzo, P.B. Niles (2010). The Mawrth Vallis region of 
Mars: A potential landing site for the Mars Science Laboratory (MSL) 
Mission. Astrobio. 10, 687-703. 

Michalski, J.R., F. Poulet, J.P. Bibring, N. Mangold (2010). Analysis of 
phyllosilicate deposits in the Nili Fossae region of Mars: Comparison of 
TES and oMEGA data. Icarus 206, 269-289.

Noe Dobrea, E., J.L. Bishop, N.K. McKeown. R. Fu, C.M. Rossi, J.R.         
Michalski, C. heinlein, V. hanus, F. Poulet, R.J.F. Mustard, S. Murchie, 
A.S. McEwen, G. Swayze, J.P. Bibring, E. Malaret, C. hash (2010). Miner-
alogy and stratigraphy of phyllosilicate-bearing and dark mantling units 
in the greater Mawrth Vallis/west Arabia Terra area: Constraints on geo-
logical origin. J. Geophy. Res. 115, E00d19. 



Kobayashi, S., N. hasebe, E. Shibamura, o. okudaira, M. Kobayashi, N. 
Yamashita, Y. Karouji, M. hareyama, K. hayatsu, C. d’Uston, S. Maurice, 
o. Gasnault, o. Forni, B. diez, R.C. Reedy, K.J. Kim (2010). determining 
the absolute abundances of natural radioactive elements on the lunar 
surface by the Kaguya gamma-ray spectrometer. Space Sci. Rev. 154, 193-218.   
 
Kim, K.J., J. Masarik, R.C. Reedy (2010). Numerical simulations of pro-
duction rates for 10Be, 26Al and 14C in extraterrestrial matter using the 
MCNPX code. Nucl. Instrum. Methods B. 268, 1291-1294. 

Karouji, Y., N. hasebe, o. okudaira, N. Yamashita, S. Kobayashi, M.   
hareyama, T. Miyachi, K. Satoshi, K. Iwabuchi, K. hayatsu, S. Nemoto, 
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