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Welcome to the

10" Lunar and Planetary Laboratory Conference

Jade Bond, Maki Hattori and John Moores
2007 Lunar and Planetary Laboratory Conference Organizing Committee

We would like to take this opportunity to welcome
everyone to the tenth running of the Lunar and
Planetary Laboratory Conference taking place this
year at Hacienda del Sol in Tucson Arizona from
the 17" to the 18™ of May, 2007. We are pleased
to report that participation in this event is stronger
then ever. Over the next two days you will hear
from sixty speakers on subjects from all areas of
planetary science. In particular we would like to
highlight several special aspects of this running of
the conference compared to previous iterations.

Firstly, this year’'s conference has been moved
from Tanque Verde Ranch to Hacienda del Sol. By
moving the conference closer to campus we hope
to facilitate the participation of those members of

the LPL community who have on-campus
responsibilities. We shall also benefit from the
improved audio/visual facilities at this new
location.

But first and foremost, this move has allowed the
scope of the conference to grow as, for the first
time, the Lunar and Planetary Laboratory
Conference will include technical and engineering
talks. We hope that this additional section will
foster a new and richer interchange between all the
members of the laboratory by allowing members of
each group to update each other on the diverse
activities which take place at the Lunar and
Planetary Lab.

Lastly, we would like to remind all presenters that
even though talks are scheduled for 15 minutes

P e

Jade Bond

each, they should not last beyond 10 minutes. To
this end, an audible signal will be given at the 8
minute mark to allow presenters to conclude their
remarks. This will permit adequate time for
questions from the audience and keep the
conference proceedings on schedule. This is more
important this year then in the past, as we will be
making use of two separate rooms and would like
to permit participants the opportunity to circulate
freely between talks.

We invite you to peruse the abstracts reprinted in
this journal (including beautiful images from the
HiRise mission as selected by P.I. Alfred McEwen
and displayed in the central leaf) and to enjoy
these proceedings. If, during the conference, you
have any questions, comments or concerns do not
hesitate to approach any of us on the organizing
committee. We would like to thank you for
attending this event, especially those who have
chosen to give talks; without your contributions
and support this event would not take place.

The return to Hacienda del Sol, site of the first
LPLC, is a reminder that ten years after its
inception this conference is stronger then ever. As
a tribute to all of those who have helped to make
this conference what it has become, this year’s
cover art includes the names of all those who have
presented at the conference over the last ten
years. As we complete our two year stewardship of
this event we can only hope that the next ten
years are as successful as have been the past ten.

Fte o

Maki Hattori

P sveeo—

John Moores
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Planetary Habitability Considerations:

Rotation Rate and Radius

C. S. Cooper*, A. A. Pavlov, A. P. Showman and D. C. Noone

Presenting and Corresponding Author: curtis@lpl.arizona.edu

Traditional views of planetary habitability
consider only the average surface temperature,
ignoring atmospheric dynamics. Here, we show
that rotation rate and radius may also be
critical for determining whether liquid water
oceans can reside on the surface of terrestrial
planets. In the case of the Earth, which has lost
a significant amount of its angular momentum
to theMoon, the modest rotation rate allows
efficient equator-to-pole heat transport. Hence,
the poles never reach the condensation point of
CO02, which would have a destabilizing effect on
planetary climate. On faster rotators, on the
other hand, equator-to-pole transport may be
suppressed, resulting in lower polar
temperatures.

Radius is also important for determining
the sizes of Hadley cells, which are more global
in scale for small planets (for a given rotation
rate). Equator-to-pole heat transport is more
efficient on small planets than large planets,
leading to smaller temperature gradients
overall. From a dynamical standpoint, we

therefore expect greater climatic stability on
Mars than on Earth.

In this study, we adapt the NCAR
Community Atmosphere Model to planetary
habitability studies. We first validate the model
by comparing with results from the
ARIES/GEOS Dynamical Core, which has been
successfully used for Mars and giant planet
studies. We then provide the same heating rate
to models of variable rotation rate and radius,
with no other differences. We analyze the
temperature, velocity, and heating rates
predicted in these models to explore whether
high rotation rate and large planetary size
inhibit latitudinal energy transfer, which
increases the likelihood of condensation of
greenhouse gases at the poles and the onset of
a fully glaciated climate state. The magnitude
of these effects on atmospheric dynamics will
be discussed in the context of other
considerations that affect a planet’s long-term
habitability.
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Apsidal Orientations in Planetary Systems:
Behavior and Implications for Planet-Planet Scattering

Rory Barnes* and Richard Greenberg

Presenting and Corresponding Author: rory@Ipl.arizona.edu

A widely considered characteristic of
extrasolar planetary systems has been a
seeming tendency for major axes of adjacent
orbits to be aligned, a stable configuration.
Using up-to-date orbits and our numerical
integrations, we find that such small-amplitude
oscillations are actually not common but in fact
quite rare; most pairs of planets' major axes
are consistent with circulating relative to one
another. However, the new results show that
two-planet systems (whether librating or
circulating) tend to lie near a separatrix
between libration and circulation. Similarly, in
systems of more than two planets, many
adjacent orbits lie near a separatrix that divides
modes of circulation. A defining characteristic
of the near-separatrix motion is that one
eccentricity periodically reaches zero. One
explanation for this type of interaction is that a

scattering event occurred in a system of three
planets that were initially all on circular orbits.
One planet is thrown from the system, while
another goes into the near-separatrix
interaction with the third. We find such
outcomes are rare (<5% of cases, compared
with nearly 50% of observed cases) and seem
to require a specific sequence of events. Also,
while observed systems oscillate half about
aligned pericenters and half about anti-aligned,
the scattering model gives nearly all the
former. We speculate that, as an alternative,
the disturbing body was already on a very high
ecccentricity orbit, scattered in from another
part of the system. After it set one of the
regular planets on a moderately eccentric orbit,
it might quickly be ejected from the system,
leaving behind planets in near-separatrix orbits.

Tidal Evolution of Close-In Extrasolar Planets

B.K. Jackson

Presenting and Corresponding Author: bjackson@lIpl.arizona.edu

Eccentricities e of extrasolar planets
with semimajor axes a > 0.1 AU are large,
averaging 0.24 and broadly distributed up to
near 1. For smaller a, eccentricities are much
smaller (most < 0.2), which is widely attributed
to damping by tides after the planets formed
and the gaseous disk dissipated. Previous
estimates of the damping rates considered the
tide raised on the planet by the star, but
ignored the tide raised on the star. Also,
specific values were assumed for the planet's
poorly constrained tidal dissipation parameter
Q. Perhaps most important, the strongly
coupled evolution between a and e was
ignored. We have now integrated the full
coupled tidal evolution equations for e and a
over the estimated age of each planet, and
confirm that the distribution of initial e values

of close-in planets can match that of the
general population. Eccentricity distributions
are best matched for stellar and planetary Q
values of ~1e5 and ~1e6, respectively. The
accompanying coupled tidal evolution of the a
values (mutually dependent on the evolution of
e) was also significant: At the start of tidal
migration, all planets had a > 0.06 AU,
significantly larger than current values. It
appears that gas disk migration did not bring
planets closer than 0.06 AU, and that the
current smaller values of a were only reached
gradually due to tides over the lifetimes of the
planets. Models of the early physical evolution
of "hot Jupiters" should take into account that
those planets were significantly farther from
the stars when the gas disk dissipated than
they are now.
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The dust, planetesimals and planets of HD 38529

Renu Malhotra

Presenting and Corresponding Author: renu@Ipl.arizona.edu

HD 38529 is a 3.5 Gy old G8 star with a
planetary system consisting of at least two
planetary or substellar companions, having
m*sini of 0.8 and 12.2 jupiter masses,
semimajor axes 0.13 AU and 3.74 AU, orbital
eccentricities of 0.25 and 0.35, espectively.
Additionally, this star shows an infrared excess
at wavelengths longer than 30 micrometers.
This means that HD~38529 not only harbors
two massive planets, but also an outer belt of

dust-producing planetesimals, a configuration
that resembles that of the Jovian planets plus
the Kuiper Belt in our Solar System. In this
presentation, I will summarize the results of a
dynamical analysis and a spectral energy
distribution modeling study that constrains the
location of the planetesimals and the dust mass
in this system. (Reference: Moro-Martin,
Malhotra, et al., 2007, Apj, submitted.)

Planet Hunting: Transits, Eclipses and Blends

A.L. Proctor*, S. Howell, M. Everett

Presenting and Corresponding Author: aproctor@Ipl.arizona.edu

We present the results of a transit survey of
NGC2301, an open cluster, taken using the UH
2.2m telescope on Mauna Kea for fourteen
nights. Our 0.15 square degree field contains
just over 3500 stars. Given the current
statistics on spectroscopically-detected planets
we would expect that 0.1% of stars should

have observable transits, thus we would expect
to find three transitting planets in our field.
With our transit search algorithm, OPTICSTAT,
we identified four potential planets. Although
one of these is most likely an eclipsing binary,
the other three cannot be ruled out as possible
planets at this time.
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Rate measurements of the hydrolysis of laboratory made
tholins: Implications for prebiotic chemistry on Titan

Catherine Neish*, Jonathan Lunine, Arpéd Somogyi, Mark Smith

and Hiroshi Imanaka

Presenting and Corresponding Author: cdneish@lIpl.arizona.edu

Laboratory experiments that simulate
the reactions occurring in Titan’s thick nitrogen-
methane atmosphere produce complex organic
precipitates known as tholins. Tholins have the
general formula CHyN, and are spectrally
similar to Titan’s haze. When placed in liquid
water, a variety of tholin compounds produce
organic species containing oxygen atom(s),
whose abundances have been observed to grow
over time. If similar reactions were to take
place on the surface of Titan, in impact melt
pools or «cryolavas, molecules of direct
relevance to the origin of life could be created.
To determine whether there is sufficient time to
produce oxygen-containing organics in a
solidifying melt pool on Titan, it is necessary to
determine the rate constants of the hydrolysis
reactions at relevant temperatures.

In this work, we made quantitative
measurements of tholin  hydrolysis rate

constants. We dissolved fresh laboratory made
tholin samples in water at four different
temperatures, and monitored the intensity
changes of several oxygenated species over
time using electrospray ionization coupled with
high resolution Fourier-transform mass
spectrometry. From these data, we
constructed growth curves for oxygen-
containing products, and determined their rate
constants. Once rate constants were calculated
at the different temperatures, we determined
the activation energies for these reactions.
Preliminary results indicate that hydrolysis
reactions occur in a few days at 298 K and in a
few weeks at 273 K for several tholin species.
This implies that these reactions could vyield
prebiotically interesting products on Titan,
where melt pools and cryolavas provide
aqueous environments for up to several
thousand years.
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Global Map of the Lunar Crustal Magnetic Field at Constant
Altitude Using Lunar Prospector Magnetometer Data

N. C. Richmond* and L. L. Hood

Presenting and corresponding author: nic@Ipl.arizona.edu

Introduction Previous work using the Lunar
Prospector magnetometer (LP-MAG) data has
yielded only ~40% coverage of the Moon. In this
study, we revisit the LP-MAG dataset with the goal of
producing the first global map of the vector magnetic
field.

Mapping The approach used differs from previous
mapping (e.g. Hood et al., 2001) by using a less
restrictive noise criteria and considering all data
regardless of the plasma environment (e.g. when the
Moon was in the geomagnetic tail region/lunar wake
region). Using this method, we have produced a
global map of the lunar crustal magnetization along
the curved surface defined by the spacecraft
altitude. The map has been continued to a constant
altitude using the inverse power method described
by Richmond et al. (2005).

Distribution of the Crustal Magnetization

Figure 1 presents the 30km constant altitude map.
Consistent with previous studies, we find that the
largest distributions of crustal anomalies are located
antipodal to the similarly-aged Crisium, Serenitatis,
Imbrium and Orientale basins (e.g. Lin et al., 1988;
Hood et al., 2001). We also map a number of strong,
isolated anomalies that have been described by
previous studies, notably Reiner Gamma, Rima
Sirsalis, Descartes and Airy (e.g. Hood, 1980;
Richmond et al., 2003). In addition, we identify a
number of previously unmapped anomalies and
provide improved coverage of other areas. Notable
results include: (a) weak anomalies over Mare
Crisium and Mare Moscoviense; (b) anomalies

located peripheral to the South Pole-Aitken basin;
(c) improved coverage of an isolated anomaly near
the crater Abel; (d) identification of a number of
anomalies not previously identified in the LP-MAG
data (e.g. near the crater Hartwig); (e) identification
of a linear series of weak anomalies in a region
dominated by crater chains associated with the
formation of Nectaris; (f) multiple sets of coverage
of crustal anomalies at different altitudes under
different plasma conditions.

Discussion There are many open questions
regarding crustal magnetization on the Moon. The
origin of the magnetizing field, the source materials
and the age of the anomalies remain the subject of
debate. Further, an apparent association between
crustal magnetization and areas of unusual high
albedo (e.g. Richmond et al., 2005) has indicated
that the anomalies may be strong enough to create
mini-magnetospheres, which shield the surface from
solar wind ion bombardment and prevent the
regolith from reaching optical maturity. The
application of the new mapping results to these
issues will be discussed.

References Hood, 1980. Proc. Lunar Planet. Sci.
Conf., 11th, 1879-1896. Hood et al., 2001. J.
Geophys. Res., 106, 27,825-27,839. Lin et al., 1988.
Icarus, 74, 529-541. Richmond et al., 2003.

Geophys. Res. Lett., 30(7), 1395,
doi:10.1029/2003GL016938. Richmond et al., 2005.
J. Geophys. Res., 110, EO05011,

doi:10.1029/2005JE002405.

Figure 1.
Global map of
the total
magnetic field
at 30km
altitude. The
contour
interval is
1nT, starting
at 3nT. The
background
image is the
Clementine
albedo map.
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Ganymede’s orbital and thermal evolution and its
effect on magnetic field generation.

M. T. Bland*, A. P. Showman and G. Tobie

Presenting and Corresponding Author: mbland@Ipl.arizona.edu

Overview: Ganymede is unique among the icy
satellites in the solar system in that it has an
intrinsic magnetic field, while similar satellites
(e.g. Europa, Callisto, Titan) do not. This
observation suggests that Ganymede’s
magnetic field results from the unique orbital
history of the satellite, which may have
included passage through one or more Laplace-
like resonances before settling into its current
orbital configuration. We propose that passage
through such a resonance generated tidal
heating within Ganymede’s silicate mantle. This
heating buffered cooling of the metallic core,
causing it to warm. When Ganymede escaped
the resonance, tidal heating diminished and the
core began cooling rapidly, driving the thermal
convection and inner core formation that
produces the currently observed magnetic field.
Here we present preliminary modeling of the
coupled orbital-thermal history of Ganymede
that seeks to determine the feasibility of this
scenario for generating Ganymede’s magnetic
field.

Method: We follow the basic conceptual
approach of Showman et al. (1997) who
coupled the orbital model of Malhotra (1991) to
a thermal model for Ganymede’s interior. The
orbital model is a generalization of the Yoder
and Peale (1981) scenario for evolution into the
Laplace resonance that allows a more complete
dynamical investigation of the orbital histories

of the Galilean satellites. This includes capture
into one or more Laplace-like resonances that
cannot be rigorously explored analytically.

The thermal model solves the energy
balance in Ganymede’s ice shell, silicate
mantle, and liquid Fe/FeS core. Heat transport
within the ice and silicate layers occurs via
stagnant lid convection, while in the core heat
transport is by conduction. Both radiogenic
heating of the mantle and latent heating of the
liquid core due to inner core growth are
included. Coupling between the orbital and
thermal models occurs via tidal dissipation
(calculated with the model of Tobie et al.
2005), which depends upon both the orbital
eccentricities of the satellites and their physical
and thermal structure.

Results: To establish a baseline for further
modeling, we first perform simulations in which
no tidal heating has occurred. These models
provide insight into Ganymede’s thermal history
if passage through a Laplace-like resonance did
not occur. In such a scenario we find inner core
growth begins after 1 to 2 Ga (depending on
initial conditions), with the inner core reaching
approximately 40% of the core radius. Initially
rapid inner core growth facilitates magnetic
field generation early in Ganymede’s history.
However, as inner core growth declines over
the history of the Solar System production of
Ganymede’s magnetic field becomes

significantly more difficult and
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s conditions. These results suggest
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Figure 1: Inner core formation as a
function of time for a Ganymede
model with initial core and silicate
temperatures of 1800 K and 1400
K respectively. The core is 660 km
in radius and contains 10%o sulfur.
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Topography of Chaotic Terrain on Europa

R. Greenberg*, T. Hurford, K. Varland, M. Foley

Presenting and Corresponding Author: greenberg@lpl.arizona.edu

Many small patches of chaotic terrain on
Europa appear to be bulged upward, which has
contributed to qualitative impressions that
chaos might represent “cryovolcanic” and/or
convective upwelling. However, the oceanic
melt-through model for chaos formation
explains the bulged appearance differently as
simply the topography expected after
refreezing and buoyant equilibrium. Greenberg
et al. suggested an observational test to
discriminate between these models, based on
whether or not the up-bulged chaos is higher
than the typical tectonic terrain in the region
(for up-welling) or only higher than its
immediate moat-like surroundings (melt-
through and refreezing). Several authors have
taken up this challenge, presenting topographic
maps to refute the melt-through model by
showing high elevations for chaos. However,
details on the methods (based on combinations
of stereo images and photoclinometry) have
been sketchy, and without quantitative
discussion of uncertainties.

For example, near Tyre where high-
resolution stereo is available, topographic maps
and profiles have been used to refute the melt-
through model. Yet the differences in
elevations between various published results
are over an order of magnitude greater than

the purported 10m precision. Moreover, high-
elevation portions of profiles that were labeled
as chaos are actually tectonic terrain. Stereo
actually shows that major chaos areas are
lower than the tectonic terrain in the area.
Also, variations in elevation in the tectonic
terrain itself are so great that any differences
from chaotic terrain are in the noise.
Moreover, we have performed analyses of
uncertainties in both stereo and
photoclinometry and find that both systematic
and random errors are probably greater than
any reported differences between elevations of
chaotic and tectonic terrain. For example,
stereo-based models may exaggerate the
height of chaos by favoring rafts as tie
features, and photoclinometry is sensitive to an
uncertain photometric function and to sub-pixel
slope variations, as we will demonstrate. We
will also show how the stereo can be used to
derive 3D shapes for the rafts in chaotic
terrain.

To paraphrase Mark Twain, reports of
the death of the melt-through model have been
greatly exaggerated. Any results based on
topography should not be accepted unless the
methods involved have been subjected to
rigorous and transparent quantitative
evaluation.
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Methane variability on Titan, measured from

ground-based observations

P.F. Penteado*, C.A. Griffith

Presenting and Corresponding Author: penteado@lIpl.arizona.edu

Methane (CH4), the second most
abundant component of Titan’s atmosphere,
cycles between the atmosphere and the surface
similarly to water on Earth. Ground-based and
Cassini/Huygens observations show that Titan’s
meteorological activity is common and highly
variable in frequency and characteristics over
Titan’s surface. The dense methane clouds that
form at the high troposphere (30-40 km
altitude) concentrate on the south pole and in a
band at 40°S latitude. These clouds were
observed frequently since the year 2001,
except for the January/2005 - June/2006
period. Radio and near-IR observations have
revealed frequent fluvial features, though their
locations do not correlate with the methane
clouds. This suggests that methane s
transported long distances by Titan’s
atmospheric circulation, thus not being
restricted to near the surface sources.

To determine how the methane cycle
operates on Titan, it is thus necessary to
measure its spatial variability. Cassini VIMS
observations can map the methane distribution
with high spatial resolution. But as the strong
methane bands get saturated on Titan’s
spectrum, VIMS observations are limited by
their spectral resolution to methane bands that
are only sensitive to the methane abundance
down to 15-25 km altitude. Ground-based high
resolution spectra (R~20000) can overcome
this problem by measuring deuterated methane
(CHsD) bands. With its lower abundance, CHs;D
bands are not saturated, thus are sensitive to

the methane present over the entire extent of
Titan’s atmosphere. However, previous ground-
based measurements of the methane do not
provide information on its variability, as Titan’s

disk is not resolved.

We present the first measurements of
methane spatial variation on Titan from
ground-based spectra. Using the NIRSPEC
instrument on the Keck II telescope, it is
possible to resolve the CHs;D bands (R~27000),
while the AO allows to resolve Titan’s 0.87"” disk
with ~60 pixels. Even with the limited coverage
obtained (a single slit position over the N/S
direction in the center of the disk), the
1.555pym CH3;D band clearly shows an
asymmetry between the N and S hemispheres.
A significant change in the band depth occurs
at 35°S latitude, which coincides with one of
the preferential locations of methane clouds.
With the scattering caused by the haze, a
radiative transfer model capable of reproducing
Titan’s spectrum is necessary to remove the
haze effects and determine the variation in
methane that corresponds to the observed
band variation. The Huygens probe
observations provide strong constraints to the
haze optical properties and distribution at the
landing site (10°S latitude). We are currently
adapting the haze model derived by the
Huygens DISR team, to account for the
latitudinal variation of the haze, so that the
methane variation can be better measured from
the band variation.
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(101955) 1999 RQ36: The OSIRIS Sample Return

Target Asteroid

Carl Hergenrother

Presenting and Corresponding Author: chergen@pirl.Ipl.arizona.edu

[no text submitted]

Ulysses Meets Comet McNaught

Marcia Neugebauer

Presenting and Corresponding Author: mneugeb@lIpl.arizona.edu

Comet McNaught was the brightest
comet observed from Earth in the last 40 years.
For a period of five days in early February
2007, four instruments on the Ulysses
spacecraft directly measured cometary ions and
key properties of the interaction of the comet’s
ion tail with the high-speed solar wind from the
polar regions of the Sun. Because of the
record-breaking duration of the encounter, the
data are unusually comprehensive. 03 ions

were detected for the first time at a comet,
coexisting with singly charged molecular ions
with mass in the range 28-35 amu. The
presence of magnetic turbulence and of ions
with energies up to ~200 keV indicate that at a
distance of ~1.6 AU from the comet nucleus,
the ion tail of comet McNaught had not yet
reached equilibrium with the surrounding solar
wind.

The Scattered Disk as the source of Jupiter Family

Comets

Kat Volk

Presenting and Corresponding Author: kvolk@Ipl.arizona.edu

Test particles representative of the
scattered disk population of the Kuiper belt
were integrated under the gravitational
influence of the sun and the four outer planets
for 1 Gyr. The fraction of objects per year that
have a close encounter with one of the planets
is 2x10'° yr!.  Previous simulations have
shown that 30% of these objects will enter the

Jupiter family comet population. This implies a
total scattered disk population of about 3x108
objects if the scattered disk is the sole source
of the Jupiter family comets. This is several
orders of magnitude larger than the number
expected for an extrapolation of the observed
size distribution.
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Abundance and Composition of K and Ca Bearing
Minerals in Ordinary Chondrites and Their
Application to Ar-Ar Dating

J.R. Weirich and T.D. Swindle

Presenting and Corresponding Author: jweirich@Ipl.arizona.edu

Compositionally uniform albite accounts Ar-Ar experiments, however, which must
for all K in two H chondrites studied. Two K/Ca indicate two separate releases of Ar from albite.
ratios are observed in individual meteorites in

ALH 84001: A Microprobe Analysis

Naydene Hays* and Dante Lauretta
Presenting and Corresponding Author: haysn@Ipl.arizona.edu

The poster will be on an anlysis of ALH features implies aqueous deposition. The
84001. I analyzed the carbonatesand composition of the phosphates implies that they
phosphates of the martian meteorite using the are merrilittes, rather than the apatites
microprobe. The composition of carbonate reported in the literature.

Anomalous Diffusion of Centaurs

B. Bailey
Presenting and Corresponding Author: bbailey@math.arizona.edu

The Centaurs are a transient population encounters with the giant planets. We are
of small bodies in the outer solar system which attempting to characterize the evolution of
are thought to be a dynamical class these orbits as a diffusion process. Our early
intermediate between the Kuiper Belt and the results show evidence that this diffusion is
Jupiter family comets. They have orbits that anomalous: for plots of semimajor axis vs.
exhibit chaotic behavior due to frequent close time, we find o ~ t" where H # .

Bulk Compositions of the CB Chondrites Bencubbin,
Fountain Hills, MAC02675, and MIL 05082

D.S. Lauretta, J.S. Goreva, D.H. Hill and M. Kilgore

Presenting and Corresponding Author: lauretta@Ipl.arizona.edu

[no text submitted]
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Thermal radiation from large asteroids

Matt Chamberlain
Presenting and Corresponding Author: mac@psi.edu

New thermal observations are being cannot be explained by shape and albedo
made in the mid-infrared and the microwave alone. Repeat observations of the same
wavelengths of Ceres, Vesta and other large asteroid are made under different viewing
asteroids. These planetary bodies represent aspects and sub-solar latitudes, and can
protoplanets left over from the formation of constrain  thermophysical properties of the
terrestrial planets. There is evidence for surface. Results are being used to refine the
variation in thermophysical properties both thermal models applied to asteroids, some of
between asteriods and on the surface of a which are two decades old, and to begin
single asteroid. Thermal lightcurves are identifying surface regions with anomalous
observed as the asteroids rotate and these properties.

lightcurves have significant amplitudes that
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Outreach Website at LPL for Global Warming

C. S. Cooper*, C. D. Neish, B. K. Jackson, V. S. Vuitton, R. G. Strom, A.
P. Showman, J. M. Keller, K. M. Sayanagi, M. T. Bland, D. S. Choi, C. A.

Marsh, J. T. Overpeck

Presenting and Corresponding Author: curtis@lpl.arizona.edu

Under the advisement of Professors Adam
Showman and Bob Strom, a group of students
and researchers at LPL have undertaken to
build a website! to improve public knowledge
and awareness of human-induced climate
change. These efforts have been generously
supported by Department Head Mike Drake and
College of Science Dean Joaquin Ruiz. The core
content of the website includes frequently
asked questions, a discussion of the
controversy, and podcasts?® featuring University
of Arizona experts on climate change. The
introductory interview was with LPL’s Bob
Strom, whose book on global warming (called
“Hot House”) will appear on shelves this
summer. We have also interviewed
Geosciences’ Professor Jonathan Overpeck, a
world-renowned expert on climate change. We
are seeking to further expand our podcasts to
other University experts, including Malcolm
Hughes of the tree-ring laboratory, and Julia

Cole, an oceanographer who presented at the
College of Science global warming lecture
series. When the initial four podcasts are
completed, we will link our website for greater
visibility to the Wikipedia, other climate change
websites, and sites offering free podcasting
content. We are also developing strategies for
improving awareness of the issue within Tucson
itself. We present here the results of our work
over the past year to provide helpful, clear, and
accurate information for public consumption
about the global warming crisis.

References: !Located at
http://www.lIpl.arizona.edu/climate2025/.
’Podcasts are audio programs that are the
digital-age equivalent of radio shows. These
mp3 audio files are playable on computers and
other multimedia players (such as Apple’s
iPod).

Public Relations Implications of the Phoenix

Mission for LPL/ZUA/Tucson

S.E. Hammond*

Presenting and Corresponding author: shammond@Ipl.arizona.edu

The Phoenix Mars Scout Mission will provide
an unprecedented opportunity for the Lunar and
Planetary Laboratory, the University of Arizona and
the city of Tucson and surrounding region to showcase
themselves as a planetary exploration/scientific
research hotbed to the world via the news media.

As we approach mission launch, news media
— in Arizona, across the United States and around the
world — are beginning to take notice of and report on
the Phoenix Mars Scout Mission.

We expect extensive coverage of the launch,
and then the Phoenix public relations team will spend
the cruise period keeping the mission in the news and
preparing for news coverage of landing and surface
operations.

Once Phoenix is on the surface of Mars,
hundreds of representative of news media outlets are
expected to file stories about the scientific findings.
Dozens of those reporters and photographers will
come to Tucson and others will report remotely.

What are the implications for the other
successful LPL projects? We will have science writers
on campus, some for days at a time. What would you
like the world to know about YOUR project?

| will address the public affairs activities
surrounding the mission, what has occurred so far,
what will occur in upcoming weeks and months and
entertain your questions about the world of the news
media and its relation to LPL at UA.
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What’s a BackOffice Got to Do With it?

Yisrael Espinoza

Presenting and Corresponding Author: yisrael@u.arizona.edu

A Web-based BackOffice that can help
your team publish information to your Web site
from anywhere in the world? A short talk on

how HIRISE created a BackOffice to publish
images online dynamically and smooth out the
process for an entire science team.

Education and Public Outreach for Phoenix Mars

Mission Open House Events

F.L.Kolb*

Presenting and Corresponding author: fkolb@Ipl.arizona.edu

The Phoenix Mission SOC (Science
Operations Center) is the base of science
operations for NASA’s upcoming mission to the
red planet. The Phoenix Mars Lander will be
launched in early August from Cape Canaveral
Air Force Station in Florida for a May 2008
touchdown. UA is the first public university to
lead a mission to Mars. Lunar and Planetary
Laboratory (LPL) senior scientist Peter H. Smith
is the principal investigator.

Since we are committed to informing the
public about all aspects of this important space
mission and there is great interest locally in
planetary exploration, we have held 2 different
Open house events, with one more to follow in
the winter of 2008. Highlights from these open
house events include full-scale mock Phoenix
Mars Lander, complete with working
engineering models of the science instruments,
in the science center's Payload Interoperability
Testbed, or the "PIT", scale models of NASA
spacecraft currently orbiting Mars, stunning
images from the Mars Reconnaissance Orbiter’s
HIRISE camera, meteorites from the UA
Southwest Meteorite Center, and an exhibit
about the Phoenix Mission prepared by the
Pima Air and Space Museum.

There is also a series of presentations by
UA scientists outlining UA's major role in Mars
exploration:

Victor Baker, Regents Professor of hydrology

and water resources, planetary sciences and
geosciences.

William Boynton, principal investigator for the
Gamma Ray Spectrometer (GRS), an
instrument on the 2001 Mars Odyssey Orbiter.
Boynton's team made world headlines in May
2002, when the GRS found enormous quantities
of subsurface water ice on Mars. The idea for
the Phoenix Mission was born from this
discovery. Boynton leads the Phoenix Mission
Thermal and Evolved Gas Analyzer (TEGA)
experiment.

Alfred McEwen, principal investigator for the
High Resolution Imaging Experiment (HiRISE)
on the Mars Reconnaissance Orbiter. The
HIiRISE camera, which began its science mission
last November, is the most powerful telescopic
camera ever sent to another planet. HiRISE has
so far taken more than 150 images of
candidate Phoenix Mission landing sites.

Peter Smith, Phoenix’s principal investigator.
Smith describes the Phoenix Mission as "a
stepping stone on a path of missions that
search for habitable zones on Mars and then
probe for life signatures."
Alfred Quiroz, UA professor of art. Quiroz and
his students designed a giant mural for the
Phoenix Mission, then painted it over a 20 x 60
foot area on the exterior south wall of SOC last
fall.
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The Catalina Sky Survey — A Status Report

S. M. Larson*, E. C. Beshore, E. J. Christensen, R. E. Hill, R. A. Kowalski,
A. R. Gibbs, A. P. Odell, R. M. McNaught, G. Garradd (RSAA, Australian

Nat. Univ.), A. D. Grauer

Presenting and Corresponding Author: slarson@lIpl.arizona.edu

The Catalina Sky Survey is part of a
Congressionally-mandated, NASA-administered
program to inventory all Near Earth Objects
(NEOs) whose diameter is 1 kilometer or larger
and with a perihelion distance of < 1.3 AU. We
present a poster which reviews the results of
our dual-hemisphere survey which has been
responsible for over half of new NEO
discoveries since 2005. We describe our
facilities, observing methodologies, and those
factors that have contributed to our
performance.

We also address two areas which have
been traditionally ignored by other surveys.
One is the issue of photometric quality.
Historically, NEO survey magnitude
measurements have lacked precision and may
have biased the size estimates of both the NEO
and main-belt populations. Calibration of
magnitudes for all-sky asteroid surveys is
difficult, and we describe our efforts to improve
our results.

Follow up observations of already

discovered NEOs is also a source of concern for
the community. Many objects have been
discovered, and then neglected. As a result, the
orbits for some objects have become highly
uncertain, and in some cases, have become
functionally lost. This situation is a result of few
organized efforts to supply follow up on known
objects, instead relying on amateur
observations and serendipitous “re-discovery”
by the surveys. The problem is particularly
acute for those objects which are faint and
beyond the reach of telescopes smaller than 1
meter. We have initiated a program to obtain
needed follow up observations for those NEOs
which represent the greatest potential threat.

Finally, there remains several ways in
which we believe that additional work could
result in significant increases to our discovery
efficiency. We will briefly touch on our efforts in
these areas.

This work is supported by the NASA
NEOO Program.
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The Catalina Sky Survey Data Set — A New

Opportunity for Discovery

E. C. Beshore*, S. M. Larson, E. J. Christensen, R. E. Hill, R. A. Kowalski,

A. R. Gibbs, A. P. Odell, A. D. Grauer

Presenting and Corresponding Author: ebeshore@Ipl.arizona.edu

The Catalina Sky Survey is part of a Congressionally-
mandated, NASA-administered program to inventory
all Near Earth Objects (NEOs) whose diameter is 1
kilometer or larger and whose perihelion distance is
< 1.3 AU. Weather permitting, observations in
pursuit of this goal are made each of the 24 nights
surrounding the new moon by the 0.68 meter
Schmidt Camera at the Catalina Station of Steward
Observatory (CSS) and the 1.5 meter reflector at the
Mt. Lemmon Observatory (MLS).

Observations Observations with the CSS are
organized to exploit its medium-faint, wide-field (8.2
deg?), allowing nearly-complete sky coverage down
to about -25° declination each lunation. The MLS,
with a field of 1.2 deg?, cannot cover the entire sky
each lunation, but instead surveys a region %10
degrees along the ecliptic each month. Both surveys
avoid the galactic plane, where high star density
produces excessive false detections.

We divide the sky into predefined, “standard” fields
unique to each telescope. All survey observations
consist of four 30 second exposures obtained in
consecutive passes through 8-12 of these pre-
identified fields. The second through fourth
exposures of each field are dithered slightly with
respect to the first to help eliminate false detections
caused by cosmetic defects in the CCDs and internal
reflections.

Data Characteristics After each exposure, the
images are calibrated (bias and flat corrected) and
objects in the frame are extracted and tabulated.
Magnitudes are refined using comparison stars from
the 2MASS catalog. Astrometric solutions are applied
and the results enter a moving object detection
pipeline.

Individual unfiltered images from CSS typically
record about 50% of minor planets with a V
magnitude of ~19.2. 30-second MLS images record
about half of the asteroids at V~20.4. Astrometric

precision ranges from ~0.18 to ~0.40 arc seconds,
depending on the telescope and seeing conditions.

All images, extracted catalogues, and other relevant
data are archived on DVD. Because each survey can
produce up to 20 GB of image data per night, a
gentle wavelet compression algorithm is applied to
reduce the image size by a factor of ~4.5.

A Data Mining Opportunity Recently, we have
completed loading the data from both surveys for all
of 2005 and 2006 on a multi-terabyte disk system.
This makes the data far more accessible for our ad-
hoc system performance analysis and searching for
objects that might have been recorded but gone
undetected prior to their formal date of discovery.

We believe that this large data set has great
potential for discovery. Data from a single night can
uncover variability or motion in time domains of ~40
minutes or less, while data from multiple lunations
can reveal changes taking place on time scales of
months to years. Hundreds of thousands of main-
belt observations, and thousands of NEO
observations could reveal useful population data.
Preliminary investigations have resulted in the
discovery of unknown flare stars, new cataclysmic
variables, and supernovae. Experiments with
registering and co-adding the four frames of a field
taken on a single night have revealed bright TNOs
and distant dwarf planets. We have also investigated
stacking many frames from multiple nights taken
over many months. The depth and amount of detail
these images reveal may be unprecedented for
surveys that cover such a wide area of the sky.

We invite LPL and Steward faculty and students to
inquire about our data set. We believe the
possibilities for its use goes far beyond the discovery
of new NEOs.

This work is supported by the NASA NEOO Program.
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A new phenomenon in impulsive-flare associated

energetic particles

E. E. Chollet* & J. Giacalone (LPL), J. E. Mazur (The Aerospace

Corporation), M Al Dayeh (FIT)

Presenting and Corresponding Author: echollet@Ipl.arizona.edu

We present ACE/ULEIS and Wind/STEP
observations of a new and unusual feature of
energetic ions between 0.02 and 3
MeV/nucleon associatedwith impulsive solar
flares. In addition to the wusual velocity
dispersion associated with the transit in the
heliospheric magnetic field of a small localized
source of energetic particles on the Sun, these
events also show intermittent behavior that
may be related to the magnetic flux tube
structure of the solar wind. These are
anomalous bursts of low-energy particles which
we call "tassels". Tassels are enhancements of
ions extending to much lower energies than
those associated with the main event. In one
year of data from June 2000 to July 2001, we

have identified two events with tassels, both of
which occur simultaneously with interplanetary
coronal mass ejections (ICMEs). The tassels
may be a superposition of two events, either
gradual and impulsive or two impulsive events.
Since the tassels could be interpreted as ions
arriving earlier than those with the same
energy in the main velocity dispersion, we
suggest that the tassels occur when the
spacecraft intercepts a flux tube with a
relatively shorter path length. The decrease in
path-length may be caused by a decrease in
scattering or a shorter travel distance, since
flux tubes may be distorted by the passage of
the ICME. These tassel events may allow us to
infer some of the structure of the ICME.

Pickup lon Anisotropies in the Solar Wind

David Smith* and Joe Giacalone

Presenting and Corresponding Author: dss@lIpl.arizona.edu

Interstellar neutral atoms that filter into
the heliosphere can become ionized through
solar UV photoionization or charge exchange
with solar wind protons. These ions are born
with a large velocity relative to the solar wind
and feel large electromagnetic forces that
rapidly accelerate them to match the velocity of
the wind. Interstellar particles picked up in this
way by the solar wind are called pickup ions.

The effect of pickup ions on the
dynamics of the solar wind and heliosphere is
still not well understood. Measurements of the

pickup H+ velocity distribution in the solar wind
show a consistent anisotropy that implies that
the ions stream sunward in the solar wind rest
frame. Using both a 1-D hybrid MHD simulation
and a stochastic integration of pickup ion pitch-
angle diffusion, we are able to reproduce this
anisotropy. We explore the dependence of the
level of anisotropy on a number of factors and
discuss implications for understanding solar
wind measurements and constraining
theoretical models.
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Interpreting the Reservoir Phenomenon in Solar-
energetic Particle Events

C. Pei*, J. R. Jokipii, and J. Giacalone

Presenting and Corresponding author: pei@Ipl.arizona.edu

During the decay phase of the same J., allenrode, M.-B., & Rassoul, H. K. 2003, Journal
individual gradual events, solar-energetic particle of Geophysical Research (Space Physics), 108, 4
intensities measured by different spacecraft are c
even if these spacecraft could be separated by
several AU in radius and by 70 degrees in latitude.
This phenomenon is call * "reservoir' phenomenon

or spatial invariant in literature. Although there are .
several qualitative models to explain this by applying -05 ‘® Earth
adiabatic cooling, interplanetary diffusion, or a1 : S

continued particle acceleration at shocks, there is no
consensus to the responsible physical mechanism.
By comparing our numerical solutions with -2
observations from Ulysses, IMP-8, and ACE, we
demonstrate in this presentation that this
phenomenon can be reproduced by a solar-energetic
particle transport model which includes drift, energy
loss, and spatial diffusion. This model is based on
Parker's transport equation with the application of a
reasonable value of perpendicular diffusion
coefficient over parallel diffusion coefficient and
reduced diffusion within a coronal mass ejection

-15

-2.5

Fig 1 3D view of Ulysses trajectory in

(CME). September 2000
Model: This simulation is based on Parker’s P
transport equation. 10
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Discussion: Our results are compared to the Sep
2000 solar events. The relative position of Ulysses
and ACE are shown in Figure 1. The comparison is
shown in Figure 2.

References: Giacalone, J., & Jokipii, J. R. 1999,
ApJ], 520, 204 Jokipii, J. R., Levy, E. H., & Hubbard,
W. B. 1977, Apl, 213, 861 Lee, M. A. 2000, in AIP
Conf. Proc. 528, Acceleration and Transport of

10

10°

flux meared by ULYSSES and ace for 0.5 -1.8MeV proton

Energetic Particles Observed in the Heliosphere, ed. 10’;54 po : po P Py P 266
R. A. Mewaldt et al. (Melville:AIP), 3 McKibben, R. B. day of year 2000

1972, J. Geophys. Res., 77, 3957 Mor_ll, G. E., & . o .

Voelk, H. J. 1979, J. Geophys. Res., 84, 4446 Fig 2 Data from Ulysses(solid line with x-mark)
Parker, E. N. 1965, Planet. Space Sci., 13, 9 and ACE(solid line) in Sep 2000. The

Reames, D. V., Kahler, S. W., & Ng, C. K. 1997, ApJ, ion channel of ACE is 1.9-4.75 MeV/nuc. The
491, 414 Reames, D. V. 1999, Space Science ion channel of Ulysses is 1.8-5.0 MeV/nuc.
Reviews, 90, 413 Roelof, E. C., Gold, R. E., Simnett, Numerical simulations are in dashed line and
G. M., Tappin, S. J., Armstrong, P. T., & Lanzerotti, dotted line.

L. J. 1992, Geophys. Res. Lett., 19, 1243 Zhang, M.,
McKibben, R. B., Lopate, C., Jokipii, J. R., Giacalone,
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Jupiter’'s Great Red Spot: Results from Automated
Cloud Feature Tracking and EPI1C Numerical

Modeling

David S. Choi*, Don Banfield (Cornell), Peter Gierasch (Cornell)

and Adam P. Showman

Presenting and Corresponding Author: dchoi@Ipl.arizona.edu

We have measured the winds of the
Great Red Spot (GRS), a large anti-cyclonic
vortex in the southern hemisphere of Jupiter
that has existed for hundreds of years, using an
automated technique that does not require
manual cloud tracking. Our method vyields a
high-density, regular grid of wind velocity
vectors that is advantageous over a limited
number of scattered wind vectors that result
from manual cloud tracking. The high-velocity
collar of the GRS is clearly seen from our
velocity vector map, and highest wind velocities
are measured to be around 170 m/s. The high
resolution of the mosaics has also enabled us to
map turbulent eddies inside the chaotic central
region of the GRS, similar to those mapped by
Sada et al. (1996). Using the wind velocity
measurements, we computed particle
trajectories around the GRS as well as maps of
relative and absolute vorticities. We have
discovered a narrow ring of cyclonic vorticity
that surrounds the main anti-cyclonic high-
velocity collar. This narrow ring appears to
correspond to a ring surrounding the GRS that
is bright in 5 microns (Terrile and Beebe,
1979). It appears that this cyclonic ring is not a
transient feature of the GRS, as we have
discovered it in a re-analysis of Galileo data
taken in 1996 first analyzed by Vasavada et al.
(1998). Otherwise, we show no dramatic
evolution in the structure of the GRS since the
Voyager era except for additional evidence for a
counter-rotating GRS core, an increase in
velocity in the main flow collar, and an overall
decrease in the length of the GRS.

Various numerical and laboratory
experiments have attempted to reproduce the
structure of the GRS. Although previous
studies have successfully reproduced the large-
scale features of the GRS, some of the detailed

flow characteristics have proven difficult to
reproduce. One such feature is the high-
velocity flow collar, which leads some to dub
the GRS as an example of a "hollow vortex",
i.e. the vorticity is concentrated at the edges of
the vortex rather than its center. Cho et al.
(2002) successfully reproduced these flow
details of the GRS in a 3D numerical
environment using a quasi-geostrophic
approximation, but no study to date has
reproduced these details in a full 3D primitive
equation environment. Here we present
preliminary results of our attempts at modeling
the GRS and its high-velocity flow collar, and
what implications it may have on the bulk
properties of the Jovian atmosphere.
References: Cho, J. et al.,, 2001. A high-
resolution, three-dimensional model of Jupiter's
Great Red Spot. Journal of Geophysical
Research 106: 5099-5106.

Choi, D.S., Banfield, D., Gierasch, P.,
and Showman, A. P., 2007. Velocity and
vorticity measurements of Jupiter's Great Red
Spot using automated cloud feature tracking.
Icarus 188: 35-46.

Sada, P.V., Beebe, R.F., Conrath, B.].,
1996. Comparison of the structure and
dynamics of Jupiter's Great Red Spot between
the Voyager 1 and 2 encounters. Icarus 119:
311-335.

Terrile, R.]J., and Beebe, R.F., 1979.
Summary of historical data--Interpretation of
the Pioneer and Voyager cloud configurations in
a time-dependent framework. Science 204:
948-951.

Vasavada, A.R. et al., 1998. Galileo
Imaging of Jupiter's atmosphere: The Great
Red Spot, equatorial region, and white ovals.
Icarus 135, 265-275.
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The Cloud Structure of Uranus Modeled with HST

Spectroscopy

Erich Karkoschka

Presenting and Corresponding Author: erich@Ipl.arizona.edu

The vertical distribution and optical
properties of atmospheric aerosols are some of
the most fundamental pieces of information
required to understand the atmosphere of
Uranus. A model for the vertical structure of
the aerosols is required to interpret
spectroscopic observations to determine the
composition of the atmosphere. The location of
the aerosols suggests if the aerosols are
formed by condensation, by photochemical
processes driven by ultraviolet radiation, or by
auroral bombardment. The vertical structure of
the aerosols can be compared to cloud physics
computations of condensation, coagulation,
sedimentation and vertical mixing to gain a
clearer understanding of the origin,
composition, and life cycle of the aerosol
particles.  The horizontal structure can be
compared with two-dimensional transport
models to understand the role of zonal and
meridional winds at various levels in the
atmosphere. The aerosols scatter and absorb
solar radiation as well as absorbing and
emitting thermal radiation to participate in the
heat balance of the atmosphere and to provide
dynamical forcing for the circulation. Thus,
knowledge of the nature and distribution of the
aerosols in the atmosphere of Uranus can
illuminate many physical processes in its
atmosphere.

In order to constrain the distribution and
properties of aerosols in the atmosphere of
Uranus, I use a unique data set. On August 19,
2002, I obtained an image cube of Uranus with
the STIS spectrograph of HST with spatial
sampling of 0.05 arc-sec in both spatial
dimensions and about 2000 spectral samples

between 300 and 1020 nm wavelength. I am
currently comparing thousands of measured
center-to-limb curves with radiative transfer
models. The spectral information in this data
set is superior to data sets consisting of Uranus
images taken in various filters, the basis for
some previous radiative transfer modeling of
the atmosphere of Uranus. The spectroscopic
data contain the continuum at each methane
window and the bottom of each methane band,
while the imaging data correspond only to
averages of each filter's passband. On the other
hand, spectroscopic studies of the atmosphere
of Uranus have been done before, but most of
them had no spatial resolution. The high
spatial resolution of my data set turned out
important, since it allows to measure center-to-
limb variations within a homogeneous latitude
zone and allows to distinguish the very different
high and low latitude regions.

My current effort on radiative transfer
modeling vyielded some preliminary results,
which question the "standard" cloud structure
of Uranus. Since Voyager 2 flew past Uranus in
1986, Uranus was considered to have an
extended global haze layer of low optical depth
at high altitudes, a variable methane cloud
layer at the methane condensation level, and
another cloud layer about a scale height
deeper. Some of the HST data do not seem to
be consistent with this cloud structure, while
structures with extended haze layers instead of
cloud layers seem to give better fits to the
data. Refined modeling in the next months
should be able to reliably constrain some key
parameters of the cloud structure of Uranus.
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The deposition of the K/T double layer

T. J. Goldin™ and H. J. Melosh

Presenting and Corresponding Author: tgoldin@geo.arizona.edu

Introduction The mechanics of impact ejecta
deposition are not well understood, especially for
impacts onto planets with atmospheres, where
complex interactions occur between the ejected
particles and the surrounding atmosphere. Current
ballistic models of ejecta emplacement are unable
explain ejecta distribution around some terrestrial
craters such as Chicxulub, where a dual ejecta layer
is observed in North America. Studying the
interactions between Chicxulub impact ejecta and
the atmosphere is additionally important for
understanding the environmental effects of this
catastrophic impact.

K/T boundary ejecta have been linked to the
65-Ma Chicxulub impact. The deposit is found
worldwide, increasing in thickness towards the
crater. The distal ejecta layer (“fireball layer”),
which is found at sites more than 7000 km from the
crater, has a fairly constant thickness of 2-3 mm [1]
and consists of densely packed spherules (average
diameter of 250 ym) with a spherule area density of
~20,000 per square centimeter [2]. The layer is
also enriched in Iridium, an impact indicator, which
suggests an origin from the impact vapor plume.

Closer to the crater (2000-4000 km) in
continental North America, the Chicxulub impact
ejecta consists of two layers: a ~3 mm-thick upper
layer containing an Iridium anomaly and a lower,
thicker (i.e. ~2 cm-thick in Raton Basin, NM) layer
consisting of mainly terrestrial claystone [2]. It has
been suggested that the upper layer is equivalent to
the distal fireball layer and the lower Ilayer
represents material from the ejecta curtain, but the
mechanics of producing two distinct layers s
unclear. The dual-layer stratigraphy has led to the
argument of a second impact event.

Modeling: KFIX-LPL is a version of the KFIX code
[3], which has been modified to suit the problem of
impact sedimentation. KFIX is based on the original
KACHINA code [4]. The finite-difference code models
two-dimensional, two-phase fluid flow allowing us to
examine the interactions between the atmosphere
and ejected spherules.

To model a simplified distal Chicxulub
scenario we injected uniform-sized (250-pm
diameter) spherules into the atmosphere at 8 km/s
with an inflow density consistent with the volume of

spherules observed in outcrops. The initial mesh
approximates the Earth’s atmosphere where air is
modeled as a perfect gas and the spherules are
modeled as a simple incompressible fluid with the
properties of basaltic glass. The spherules fall
through the thin upper atmosphere, pushing the
atmosphere downwards until the particles decelerate
and accumulate at ~50-km altitude. The
deceleration heats the atmosphere (>700 K) around
the spherules, creating a sharp boundary between
hot dense atmosphere below the spherules and cool
thin atmosphere above.

At intermediate distances (2000-4000 km
[2]) from Chicxulub, ejecta curtain material is also
expected. Thus, we added an initial brief injection of
terrestrial ejecta into our model atmosphere. The
compression of the atmosphere by the terrestrial
material alters the atmosphere’s structure causing
the fireball material to fall separately and resulting in
the deposition of two layers. Deposition of the lower
terrestrial layer on the ground begins at ~80
minutes and that of the upper fireball layer begins at
~130 minutes.

Summary: Results from KFIX-LPL models show
that the influx of spherules following the Chicxulub
impact compressed the upper atmosphere. It has
been proposed that thermal radiation from ejecta
reentering the atmosphere caused global wildfires
[5, 6] and our models support significant
atmospheric heating. Such changes to the
atmosphere also explain the deposition of the vapor
plume and ejecta curtain material as two distinct
layers at intermediate distances from Chicxulub.
The double layer observed in North American
localities does not require two impacts, and is, in
fact, expected from a single impact.

References: [1] Smit J. et al. (1992) Proc. Lunar
Planet. Sci. Conf., 22, 87-100. [2] Smit, J. (1999)
Annu. Rev. Earth Planet. Sci., 27,75-113. [3] Rivard
W.C. & Torrey M.D. (1977) Los Alamos National
Laboratory Report LA-NUREG-6623, Los Alamos. [4]
Amsden A.A. and Harlow F.H. (1974) Los Alamos
Scientific Laboratory Report LA-5680, Los Alamos.
[5] Wolbach W. et al. (1985) Science, 208,1095-
1108. [6] Melosh H.]. et al. (1990) Nature, 343,
251-253.
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Simulations of Resonance Sweeping during the

LHB

David A. Minton and Renu Malhotra

Presenting and Corresponding Author: daminton@lIpl.arizona.edu

One mechanism proposed for producing
a short duration pulse of inner solar system
impactors between 4.0-3.8 Gyr ago, the so-
called Late Heavy Bombardment (LHB), is
resonance sweeping of the Main Asteroid Belt
via the late migration of Jupiter and Saturn.
We present some preliminary results of
simulations of various migration scenarios and

their effects on the pattern of Main Asteroid
Belt depletion and the impact histories of the
inner planets. Through these simulations we
hope to better constrain the duration of the
LHB, how the provenance of inner planet
impactors changed over time, and what
mechanism may have been responsible for the
migration of Jupiter and Saturn.
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The Impact Hydrocode Benchmark
and Validation Project: Initial Results

E. Pierazzo, N. Artemieva, E. Asphaug, J. Cazamias, R. Coker, G.S.
Collins, G. Gisler, K.A. Holsapple, K.R. Housen, B. Ivanov, C. Johnson,
D.G. Korycansky, H.]. Melosh, E.A. Taylor, E.P. Turtle & K. Winnemann

Presenting and Corresponding Author: betty@psi.edu.

The use of computer codes to model and
predict impact events has become widespread and a
necessary tool for our understanding of impact
processes. There are many codes used by different
researchers, often with conflicting results.
Surprisingly, these codes are seldom systematically
validated, or validation results are rarely open to the
scientific community, resulting in an inefficient (and
sometimes invalid) use of the codes in impact
cratering studies. This work presents initial results of
a collective Validation and Benchmarking Project
(VBP) from the impact cratering and explosion
community, involving several impact codes routinely
used to model impact and explosion events.

The VBP has identified standards for
comparing and validating hydrocodes. The
benchmark component identifies a set of
hypothetical explosive and impact events of varying
complexity that must be run by the impact codes to
compare the different numerical and physical models
employed in the codes. The validation component
defines a set of well-documented laboratory and field
experiments as type-cases that must be reproduced
in detailed and systematic code simulations. All the
simulations will test a range of physical mechanisms
involved in impact events.

Benchmark Tests: Benchmark testing
involves the identification of impact standards,
repeatable tests used to evaluate the performance of
the codes in terms of accuracy, reliability and speed.
It involves detailed comparisons of characteristic
quantities that are not routinely measured in
experiments. Simulations are divided into two
classes:

Early-time simulations focus on the early
stages of the process, the propagation of a shock
wave through the target and the projectile. These
models focus on maximum shock pressure, shock
pressure decay, internal energy, temperature,
melting/vaporization, and tracer particle histories
during crater growth.

Late-time simulations focus on the cessation
of crater excavation and collapse of the impact
crater. Here, a good strength model is important.
Late-time model results focus on the crater final

morphology, tracer histories describing crater
collapse, and stress/strain fields and their variations
during crater collapse.

Preliminary Results: Our first early time
benchmark tests consist on an Al-sphere 1-km in
diameter impacting an Al-target at 5 and 20 km/s,
perpendicularly and at 45°. Aluminum is a simple
material with a well-kknown and well-modeled
equation of state. Different equations of state
models are used in the test runs.

We can identify wo types of code variability:
Intra-code variability depends on resolution as well
as the choice of artificial parameters used to stabilize
the hydrocode simulations. Inter-code variability
depends on the different techniques used by the
various codes to describe the basic equations of
impact cratering. So far, our initial benchmark tests
indicate code variability (inter- and intra-) up to 20-
30%. Figure 1 is an example of inter-code variability
for shock pressure decay in the target.

This work is supported by NASA Grant
NNXO06AD65G.
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Figure 1: Shock pressure decay from the
impact point, along the vertical, in the target.
Different color used for different codes
(resolution in cells per projectile radius, cppr,
reported for each code).
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Simulation and Analysis of Dune Evolution

Serina Diniega

Presenting and Corresponding Author: serina@math.arizona.edu

Dunes develop whenever there is a source of
granular material (like sand), wind of sufficient
strength to move this material, and an
“obstacle” to induce initial accumulation. These
landforms have been found on Earth, Mars, and
Titan. However, as common as dunes and dune
fields are, the processes associated with their
morphology, dynamics, and genesis are not
well understood. A thorough understanding is
needed for practical reasons, such as the
prediction of and fight against desertification or
in studies of remotely-sensed dunes.

The aim of my research is to construction a
simple model which describes granular flow
under the influence of wind and gravity, and
which will reproduce empirical measurements
of sand dunes’ behavior and morphology
without  impractical computational time
requirements. The evolution equations in this
two-dimensional dune model include the
exchange of sand between “moving” and
“static” layers through advective and diffusive
terms, which respectively capture the aeolian
transport processes and avalanches. An
approximation of the wind’s shear stress over

multiple interacting dunes is also computed,
which is then used to compute the maximal
amount of *moving” sand.

The model equations are numerically evolved
and resulting dune profiles and migration
speeds are compared with empirical
measurements. This allows a refinement of the
equation setup and evaluation of
phenomenological parameters. Additionally,
Dynamical Systems techniques are used to find
analytical dynamic and steady-state solutions
and trends. In the current simulation, sand
initially coalesces into pseudo-periodic dunes at
the predicted dominant wavelength. However,
the lee sides of the dunes steepen quickly and
avalanching becomes a dominant process,
saturating the downwind slope at the angle of
repose and creating an asymmetric semi-
steady profile. The smaller dunes eventually
run into and up the windward side of the larger
dunes, causing eventual coalescence into one
large dune. Investigations are continuing
regarding which parameters or processes limit
the height of dunes.
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Rock Breakdown by liquid-assisted differential

iInsolation cracking

J.E. Moores*, ].D. Pelletier and P.H. Smith

Presenting and Corresponding Author: jmoores@lIpl.arizona.edu

Breakdown of rocks in hot and arid
environments is often attributed to thermal
cycling [1] which sets up internal stresses
which are relieved by fracture. Despite this,
there is experimental evidence that simple
thermal cycling of rocks may not be sufficient
to cause them to fail [2] as well as field studies
that suggest that small amounts of water
greatly enhances rock breakdown [3]. Even so,
a recent study [4] was able to determine a
directionality to cracks in rocks which suggests
that thermal cycling must play some role.

We shall present preliminary results
from a model which suggests a possible
bridging mechanism. This geometrical model
considers the growth of incipient cracks
assuming that both water and thermal cycling
are important processes. We find, starting with
a random assemblage of incipient cracks,
certain directions are preferred depending upon

the time-scale of the process (annual, seasonal
or daily) which could explain the directionality
of the observed rock failures found in the field.
We shall particularly discuss the
importance of this process for other “arid” solar
system environments such as on Mars, Titan
and airless bodies to determine whether this
process is important for rock breakdown
elsewhere then on the Earth.
References: [1] Bourke, M. and Viles, H.
(2007) A Photographic Atlas of Rock Breakdown
Features in geomorphic environments. ISBN 0-
9785236-0-1 [2] Grigs (1936) The factor of
fatigue in rock exfoliation. Geology [3] Barton
(1916) Notes on the disintegration of granite in
Egypt. Geology [4] McFadden, L.D. et al (2005)
Physical Weathering in arid landscapes due to
diurnal variation in the direction of solar
heating. GSA Bulletin.

Separation of iron from silicate in a terrestrial

magima ocean

H.J. Melosh

Presenting and Corresponding Author: jmelosh@Ipl.arizona.edu

[no text submitted]
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Mars Through the Eye of HIRISE

Alfred McEwen
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The High Resolution Imaging Science
Experiment (HiRISE) has acquired more than 2
Tb of data in more than 1,000 images of Mars
at resolutions as high as 25 cm/pixel in the 3
PM mapping orbit of Mars Reconnaissance
Orbiter. Each image consists of data from up
to 14 CCD detectors and could contain as many
as 3 giga-pixels. Early results include (1)
improved knowledge of the stratigraphy of the
north polar layered deposits and the origin of
the thick basal unit; (2) discovery that rocks
are uniformly abundant in the Vastitas Borealis
Formation covering the northern lowlands; (3)
imaging of past landing sites has provided new
insights and surprises about the nature of these
surfaces; (4) fine layered deposits in Valles
Marineris, Meridiani Planum, Arabia Terra and
elsewhere are often cut by indurated and/or
bleached joints and faults, most likely due to
precipitation from fluids; (5) regions of Mars
rich in phyllosilicate minerals [Murchie et al.,
submitted] are seen to consist of layered
deposits with fine-scale fractures and polygons;

(6) lava flows through Athabasca Valles were
surprisingly thick flows that were deflated and
drained, leaving behind a veneer of lava with
abundant evidence for lava-water interactions;
(7) stratigraphic studies reveal two major
episodes of fluvial/lacustrine activity in Holden
crater, and we've detected exposures of ancient
megabreccia in the crater walls; (8) recent
large (3-60 km) impact craters have created a
range of apparently fluvially-modified
landforms; (9) a small cluster of craters from a
very recent impact event created a large (~2
km) wide blast zone with thousands of dust
avalanches; (10) relatively bright deposits
associated with very recent activities in gullies
appear to consist of materials eroded from the
crater slopes; (11) the south polar residual cap
of CO, has a range of newly-discovered
morphologies that constrain models for
landscape evolution; and(12) geysers or cold
jets associated with sublimation of the seasonal
CO,, frost are being monitored.
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HiRISE Observations of cratered cone groups on

Mars

C. Dundas*, L. P. Keszthelyi, A. S. McEwen and the HIRISE team

Presenting and Corresponding Author: colind@Ipl.arizona.edu

Introduction: The High Resolution Imaging
Science Experiment (HIiRISE) camera [1] is
providing extremely high resolution images of
the Martian surface. Early images include views
of cratered cones several hundred meters in
diameter from cone groups in diverse regions
of the Martian surface. Several modes of
formation have been proposed for these cones,
with varied implications for the role and state of
water or ice in the Martian subsurface. HiRISE
observations show that cones in two of the
groups have different fine-scale features, likely
indicating different modes of origin.
Observations: Cratered cones in Acidalia
Planitia have been much discussed since first
observed, and a variety of origins have been
suggested, including cinder cones, rootless
cones, pingos, mud volcanoes and spring
mounds [2-6]. Recent work has divided these
cones into two groups and supported an origin
as mud volcanoes or spring mounds [7]. HIRISE
images show that the surfaces of several of
these cones have extensive fine scale fractures,
best explained as thermal contraction or
desiccation cracks.

Cones in Hephaestus Fossae were

originally suggested to be cinder cones or
rootless cones [8], and have been little studied.
Most of these features imaged to date by
HIiRISE are degraded, but one 600 m diameter
cone appears relatively pristine. In this case
the cone rim is sharp and the material appears
fine-grained, as few boulders are visible on the
cone surface. The high crater/cone diameter
ratio suggests an explosive origin, so these
cones are likely volcanic, originating as cinder
cones or tuff cones.
References: [1] McEwen A. S. et al. (2007)
JGR, in press. [2] Wood C. A. (1979) Proc. LPS
10, 2815-2840. [3] Frey H. et al. (1979) JGR
84, 8075-8086. [4] Judson S. and Rossbacher
L. (1979) NASA Tech. Memo 80339, 229-231
[5] Tanaka K. L. (1997) JGR 102, 4131-4149.
[6] Crumpler L. S. (2003) Sixth Int. Mars Conf.,
Abstract #3228. [7] Farrand W. H. et al.
(2005) JGR 110, E05005. [8] Hodges C. A. and
Moore H. J. (1994) U. S. Geological Survey
Prof. Paper 1534.
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Bright Gully Deposits on Mars:

Topographical Settings

Geological and

K. J. Kolb*, A. S. McEwen, V. C. Gulick, and the HIRISE Team

Presenting and Corresponding Author: kkolb@lpl.arizona.edu

The Martian gullies[i] are thought to be
young features (< 1 Ma [ii]) likely formed by a
combination of fluvial and mass-wasting
processes. Recently, Malin et al.[iii] published
the discovery by the Mars Orbiter Camera
(MOC) of two new bright gully deposits (BGDs)
that appeared over a time period of several
years. HiRISE[iv] observations of the two new
deposits have confirmed that they mostly
circumvent, but also overtop, topographical
obstacles[v]. No resolvable changes in their
shapes have occurred since MOC imaging;
change would be expected if the bright material
were frost. The HIiRISE camera has detected
similar bright deposits in three other locations
that might also be very recent. It is very likely
that there are more bright deposits to be
discovered or that are forming today. The
BGDs discussed are located in four craters and
one trough in the southern hemisphere of Mars
and have not undergone any resolvable
modification since emplacement. The craters
that have the BGDs are all apparently relatively
young based on steep slopes and raised rims.
The BGDs exhibit low relieffror Beokmark not
defined: 3nd are seen to emanate from existing
channels. No new channels have been observed
to form where images exist before and after
deposition.

We use Mars Orbiter Laser Altimeter
(MOLA) elevations and shadow measurements
to evaluate crater depths and wall slopes. The

derived slopes are minimum values that are
limited by the resolution of the MOLA data as
well as errors in shadow measurements
(typically a few pixels, < 5 meters). Analysis of
slopes of the bright deposits shows that they lie
on steep slopes’. All but one of the slopes has a
slope ~30°, very close to the angle of repose
for dry material. There is no orientation
preference of the BGDs, which suggests that
insolation is not the dominant factor in their
occurrence. The BGDs can probably be
explained as water-transported material with
varying amounts of sediment, such that some
flows might be better classified as drier debris
flows. The results of this work will be used to
predict locations of future gully activity and to
increase understanding about the rate and
controls on current gully activity.

References: [1] Malin M.C. and Edgett K.S.
(2000) Science, 288, 2330-2335. [2] Mellon
M.T. and Phillips R.J. (2001) JGR, 106, 23165-
23180. [3] Malin M.C. et al. (2006) Science,
314, 1573-1577. [4] McEwen, A.S. et al.
(2007), JGR, in press. [5] McEwen, A.S. et al.
(2007), Science, submitted. [i] Malin M.C. and
Edgett K.S. (2000) Science, 288, 2330-2335.
[ii] Mellon M.T. and Phillips R.]J. (2001) JGR,
106, 23165-23180. [iii] Malin M.C. et al. (2006)
Science, 314, 1573-1577. [iv]McEwen, A.S. et
al. (2007), JGR, in press. [v]McEwen, A.S. et
al. (2007), Science, submitted.

Atmospheric Methane and Martian Climate

P.D. Archer

Presenting and Corresponding Author: darcher@Ipl.arizona.edu

Though atmospheric methane currently has no
effect on Martian climate due to the low surface
pressure and temperature, methane could have

played a critical role in sustaining a dense CO,
atmosphere that could have supported a warm
early Mars.
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Feeding the Goose to Get Golden Eggs:
Institutional Support and Legal Obstacles to Open

Source Software

Bradford Castalia

Presenting and Corresponding Author: castalia@Arizona.edu

Open source software can be likened in
many ways to golden eggs laid by the fabled
goose. This lighthearted talk will consider open
source software from the perspective of the
economy of caring for the goose and the quality
of her eggs. In addition, the institutional
policies, especially legal issues, that are
strangling the goose will be looked at in terms

of how we might be able to obtain more golden
eggs.

This talk was originally an invited
presentation to the Software Reuse Working
Group at NASA's Fifth Earth Science Data
System Joint Working Group conference in
College Park, Maryland, November, 2006.

On Providing Undergraduate Student Assistance in

a Planetary Science Project

Drew Davidson

Presenting and Corresponding Author: andrewd@Ipl.arizona.edu

The HIiRISE Operations Center (HiROC)
currently employs a handful of undergraduate
students as assistants in a technical context.
This practice places unique challenges and
benefits on the student workers themselves
and the supervisors of those students.

This talk will identify some of the
specific administrative and technical challenges

to a student technical assistant and how these
challenges can be dealt with from an
undergraduate perspective. Additionally, the
talk will include a discussion of the benefits of
taking on the role of software support for a
major  planetary  science project and
appropriate scope for undergraduate student
involvement.
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Hyper Spectral Image Suite

Dyer Lytle*, Virginia Pasek and the VIMS Operations Group

Presenting and Corresponding Author: dyer@lIpl.arizona.edu

A set of software tools for quick browsing and
fast analysis of hyper spectral images, leveraging
existing software, is being constructed by the
ground operations group for the Cassini VIMS
instrument. The Java platform is used for this
project because it will soon be open source,
contains most of the tools needed including the
Swing widget set, is easily portable across
computer platforms, and has an excellent IDE
available.  Existing software such as the Pirl
Parameter Value Logic and Image] from the
National Institutes of Health are incorporated to
allow rapid development in an atmosphere of
constantly changing requirements. These tools
are used for the examination and analysis of
VIMS data but are written without VIMS
specificity to allow their use in a broad range of
projects involving hyper spectral data. Not all of
the tools in this package are designed for
scientific data analysis. Some are included to

HiReport

Guy McArthur

facilitate the construction of public outreach
images, i.e. "pretty pictures".
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Presenting and Corresponding Author: guym@arizona.edu

HiReport is a web-based application
used by operations personel and science team
members on the HIRISE project at LPL. It is a
central way of accessing information about
HIiRISE observations including planned imaging

and tracking of products through our
processing pipelines. Besides a brief demo, the
technology implementation will be discussed
including remarks on best practices for
complex web applications.
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HiCat: The HIRISE Catalog

Rodney Heyd

Presenting and Corresponding Author: rod@pirl.lpl.arizona.edu

HiCat is the database system at the
center of the HIRISE Ground Data System. The
information stored in the database can be
broken down into 4 broad categories: 1) target
suggestions where relations between science
themes, the target submitter, the priority and
even relationships to other suggested targets
must be maintained, 2) observation planning
and status which includes the instrument
parameters used to plan an observation, 3)
data processing status, in this case, Conductor
Pipelines, and 4) metadata about the standard

products that are ultimately released to the
scientific community and the public, which
could include up to 90 or more different files
and products that would be released to the
Planetary Data System for a single observation.

This presentation will give an overview
of the database design, the hardware and
software used to run and monitor the health of
the database servers, and a few examples of
some of the software that accesses the
database within the HiRISE GDS.

Designing and Implementing Processing
Pipelines with Conductor: The HIROC Experience

Bradford Castalia

Presenting and Corresponding Author: castalia@Arizona.edu

The use of the Conductor pipeline
procedures management system will be
described in the context of experience at the
HIiRISE Operations Center (HiROC).

Conductor pipelines have been used at
HIROC for processing HIiRISE (High Resolution
Imaging Science Experiment) observation data
from the point of raw data downlink over the
internet from the Jet Propulsion Lab through
the production of EDR and RDR PDS data
products. This includes updating of the
database tables providing PDS Data Node
information sources. The HiROC

Conductor pipelines form an extensive
multi-pathway system of chained segments
operating in parallel on a cluster of processing
nodes. HIiRISE is expected to generate more
data than all previous Mars missions combined
and the HIRISE Project is attempting to
minimize delays in releasing data products to
the science community and the general public.

So processing - and reprocessing as needed -
all of this data through all of the required
procedures must happen quickly and reliably.

The capabilities of Conductor that have
been exploited for the HiROC data processing
system will be outlined. Particular attention will
be given to the design of commonly occurring
pipeline processing requirements and the
implementation of procedures that revealed
limitations in the foundation systems'
networked storage operation. The solutions
that have enabled HIROC to process large
amounts (terabytes) of data faster and easier
than might have been expected will be
presented.

This presentation is complemented by
the “Conductor: Managing Processing Pipelines”
poster that describes the operation of the
Conductor software and where it can be
obtained.
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The HIRISE Operations Center

Joe Plassmann¥*, Terry Forrester, Dean Jones and Tim Spriggs
Presenting and Corresponding Author: joep@pirl.lpl.arizona.edu

The HIiRISE data processing system
or

How to hijack a pretty good but
underpowered and obsolete computer

HiVPN

Dean Jones
Presenting and Corresponding Author: N/A

[no text submitted]

infrastructure, recast it into a high-volume,
high performance system supporting operations
and data analysis for an experiment that is
returning orders of magnitude more data than
any other deep space mission ever flown.

HiRISE Data Storage and Processing Systems

Terry Forrester

Presenting and Corresponding Author: terryf@arizona.edu

The sheer volume of HiRISE image data,
coupled with the need to periodically reprocess
the data to take advantage of software
improvements, creates challenges in
implementing and managing data storage and

processing facilities. This talk describes the
mass storage and image processing computer
facilities deployed at the HIRISE Operations
Center (HIiROC).

Using Cfengine to Configure and Manage Divergent

Systems

Tim Spriggs

Presenting and Corresponding Author: tims@Ipl.arizona.edu

Configuring a system from the ground
up is a task that is commonly done by many IT
professionals, and keeping systems up to date
and consistent with other similar systems
usually proves to be a challenging task. Many

shops build or buysoftware for this purpose but
often this software struggles to keep
consistency while being a scalable solution.
Cfengine strives to elegantly solve thisproblem
while keeping security and ease of use in mind.
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Conductor: Managing Processing Pipelines

Bradford Castalia

Presenting and Corresponding Author: castalia@Arizona.edu

Conductor is a Java application for managing
queues of source files to be processed by
sequences of procedures.

This poster describes the Processing Pipelines
concept of Conductor, and how it manages
these pipelines using an independent database
driven procedure definition table coupled with
an open-ended queue of source file references
to be processed. The data structures and
processing sequences, including detailed
procedure logging with status checking and
recording, that form the bais of Conductor's
asynchronous distributed processing and

X to the Nth

Guy McArthur

multiple pipeline chaining capabilities using
various operating modes are presented.

Conductor is a single pure Java application
supplemented with utilities for adding source
record entries to a pipeline and sending email
notifications from a pipeline. The open source
software is distributed from
http://pirl.lpl.arizona.edu/software/Conductor

as part of the PIRL Java Packages. This poster
is available for download via the PIRL
distribution site link on the software description
web page in the Conductor-Poster.tif (38 MB)
file.

Presenting and Corresponding Author: guym@arizona.edu

XML became a W3C recommendation
ten years ago, by which time it had already
become established as an industry standard for
data interchange. Since that time, many APIs
have been developed to create, parse or query
XML; most are available in a very wide variety

of language implementations. New APIs
continue to emerge. A guide to the most
common APIs will be presented in addition to
an analysis of how they are best suited for
particular types of programming tasks.
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HiMail

Dean Jones
Presenting and Corresponding Author: N/A

[no text submitted]

JPEG2000: Pros and Cons

Bradford Castalia

Presenting and Corresponding Author: castalia@Arizona.edu

JPEG2000 is a relatively new internation
standard image file format. The HIiRISE (High
Resolution Imaging Science Experiment) is
employing this format to facilitate the
distribution of large image data products. This
talk will provide a brief overview of the
JPEG2000 core specification and the JPEG2000

Internet Protocol (JPIP) that facilitates very
efficient remote access to images stored in this
format. The benefits that justified the use of
JPEG2000 by the HIRISE Project will be
presented along with the caveats that
presented significant challenges to realizing
these benefits.
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LPL’s Role in the Phoenix Mission

P.H. Smith and the Phoenix Team

Presenting and Corresponding Author: psmith@Ipl.arizona.edu

This session provides an overview of
LPL’s role in the Phoenix Mission. The topics
cover the instruments that have been built and
tested at the UA: the thermal and evolved gas
analyzer (TEGA) and the surface stereo imager

(SSI). The discussion will include science
operations and payload testing in the Payload
Interoperability Testbed (PIT) that is being
conducted at the Science Operations Center
(SOCQC) on Sixth Ave.
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Rethinking Early Earth Phosphorus Geochemistry

Matthew A. Pasek

Presenting and Corresponding Author: mpasek@Ipl.arizona.edu

Phosphorus (P) is a critical element for
biochemical systems. The bulk geochemistry of
this element is limited today to inert and
insoluble orthophosphate (PO,*). However, P
geochemistry on the early Earth may have
been strongly influenced by impact-delivered
extraterrestrial material. Extraterrestrial
material delivered on the order of 10% kg of
reduced P minerals to the surface of the Earth
per year during the late heavy bombardment
~3.9 Ga. Reduced P minerals like
schreibersite, (Fe,Ni)s;P, were oxidized by water
on the surface of the Earth, releasing phosphite
(HPOs;%*), pyrophosphate (P,0,%), and
hypophosphate (P.Os¢*), among others (Pasek
and Lauretta 2005). Additionally, phosphite
radicals produced during the oxidation are
capable of phosphorylating organics (Pasek et
al. 2007). Furthermore, some bacteria (~1% of
all bacteria species) are capable of metabolizing

reduced P compounds (White and Metcalf
2004). Given the paucity of reduced P in the
environment today, this ability may reflect the
P chemistry of the early Earth. These clues and
others highlight the relevance of reduced P to
early Earth geochemistry.

Here 1 present the results of several
experiments that demonstrate that reduced
phosphorus as phosphite forms pyrophosphate
and triphosphate at room temperature under
simple conditions (5-10% vyield). I also present
the results of a series of stability experiments
that estimate the longevity of hypophosphate
to determine the utility of this compound as a
geologic marker for the presence of reduced P,
as well as new experiments detailing possible
prebiotic pathways leading to organic
compounds. These results are placed in the
context of early Earth models.
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