
The Thirty-third Lunar and Planetary Sci-
ence Conference was held on March 11-15,
2002 near Houston, Texas. The conference
covered the full range of planetary science,
including studies of all the planets, the aster-
oids, comets, Kuiper belt objects, interplane-
tary dust, planets around other stars, and life
on other worlds. This year's LPSC was
among the largest, with 1160 registered
attendees and 1064 abstracts of presenta-
tions. The conference is truly international in
scope. A total of 25 countries were repre-
sented, including 241 scientists from outside
the United States. Summarizing such a large
and diverse meeting is impossible, and we
have chosen a few of the scientific high
points here. The complete program and
abstracts for the meeting are available on the
internet at http://www.lpi.usra.edu/meet-
ings/lpsc2002/. 

Many presentations dealt with the flood
of spacecraft data returned from Mars in
recent years. Several presentations of the ini-
tial science results from the Mars Odyssey
mission were made to a standing-room-only
crowd. Phil Christensen (Arizona State Uni-
versity) discussed results from THEMIS, an
infrared imaging system. By obtaining
images of a region both in daylight and at
night, THEMIS can measure how rapidly
different materials heat up and cool down, a
property known as thermal inertia. These
measurements can constrain the spatial dis-
tribution of dust and large rocky blocks.
Thermal images shown at the conference
showed details in the ejecta blankets of
impact craters and on the floors of fluvial
structures. These initial images suggest that
THEMIS will be an important tool for high-
resolution geomorphology studies. These
results will also assist in selecting landing
sites for future missions to Mars.

William Boynton (University of Ari-
zona) described results from Mars Odyssey's
Gamma Ray Spectrometer. William Feld-
man (Los Alamos National Laboratory) pre-
sented results from Odyssey's Neutron Spec-
trometer. Both instruments show strong con-
centrations of hydrogen between the south
pole and 60˚ south latitude. Most likely, the
hydrogen is present as water ice in the upper
meter of the regolith. The strength of the
hydrogen signal is stronger than expected,
although the abundance of water ice cannot
be quantified yet.

Many presentations dealt with data
from the Mars Global Surveyor spacecraft.
Herb Frey (NASA Goddard Space Flight
Center) presented topographic data on the
many subdued circular depressions on Mars'

northern plains. The depressions are proba-
bly impact craters, partially buried under 1 to
2 kilometers thickness of lava and sediment
that make up the plains. The northern low-
lands of Mars were believed to be relatively
young, but (based on these depressions) the
surface beneath the lava and sediment is
quite ancient. It has approximately the same
abundance of craters as the southern high-
lands, and so is about the same age. 

Chemical analyses from the Mars
Pathfinder spacecraft and infrared spectra
from the TES instrument on Mars Global
Surveyor have engendered the surprising
suggestion that andesite is common on Mars.
Andesite lavas on Earth form mainly near
subduction zones, and there is no strong evi-
dence for subduction (or plate tectonics) on
Mars. A recalibration of the Mars Pathfinder
data, at last year's LPSC conference, revised
the composition of the rocks near its landing
site to have less silica (SiO2 down by 5 to 9
weight %), making its rocks look more
basaltic than andesitic. At this year's LPSC,
Michael Wyatt (University of Tennessee)
discussed TES infrared spectra for the north-
ern plains of Mars, which have been inter-
preted to represent abundant andesite lavas
or ashes. Wyatt showed that the spectra are
equally consistent with aqueously altered
basalts. The "andesitic" spectra occur across
the northern plains, which may have once
contained an ocean or lake of water (based on
geomorphic evidence including possible
shorelines). Could the ocean's water have
altered basalt lavas? 

Martian meteorite ALH84001 has
maintained its interest as a possible host to
Martian bacteria or bacterial fossils, although
evidence against these ideas continues to
mount. Over the last few years, this debate
has focused on some sub-micrometer mag-
netite crystals in the Martian carbonate
deposits in the meteorites. Are these mag-
netites identical to those made by the terres-
trial bacterium MV-1? If so, does this iden-
tity imply that the Martian magnetites were
also made by bacteria? Two separate groups
(headed by D.C. Golden of NASA Johnson
Space Center and by Andrea Koziol of
Miami University of Ohio) produced mag-
netite grains (by thermal breakdown of iron
carbonate) that they claimed were identical
to the grains in ALH84001. However, Kathie
Thomas-Keprta (NASA Johnson Space Cen-
ter) and her colleagues disagreed pointedly,
both in their presentation and in question and
answer. They maintain that these magnetite
grains in ALH84001 are quite distinct from
the grains produced in the laboratory. There

was no consensus. Further uncertainty was
contributed by M. Weyland (University of
Cambridge), who showed three-dimensional
reconstructions of these magnetites based on
transmission electron tomography. This
innovative method, analogous to CAT and
PET scans used in medicine, allowed Wey-
land to produce accurate three-dimensional
models of magnetite crystals from the bac-
terium MV-1. Distressingly, these tomo-
graphic reconstructions bear little resem-
blance to the accepted shapes of the MV-1
magnetites. In the view of Peter Buseck (Ari-
zona State University), the shapes of all these
magnetites are still known poorly.  

The earliest Lunar Science Conferences
(predecessors of the LPSC) focussed on the
Apollo lunar samples, and studies of the
Moon are still integral to the conference.
Results from spacecraft missions of the last
five years are still being analyzed. This year,
the Gamma-ray Spectrometer team from the
Lunar Prospector spacecraft has produced
global maps of the concentrations of all
major rock-forming elements. Many of the
elements are direct detections, and the
remainder are based on element correlations
from lunar samples (e.g., Al is assumed to
correlate with Fe). In general, the new global
maps show consistent patterns, but large
uncertainties prohibit detailed interpreta-
tions. The South Pole-Aitken basin is the
largest impact structure on the Moon and
presumably exposes rocks from the lower
crust or upper mantle. The new maps show
elevated amounts of Mg on the floor of this
basin, but uncertainties in the technique pre-
vent the determination of the precise rock
composition. Because of the strength of
gamma ray emissions from thorium, it is
more easily detected, and a new map shows
Th abundances with a resolution of 15 km.

The issue of a lunar "cataclysm"
remains a point of controversy. This idea,
rehabilitated by the late Graham Ryder,
holds that the Moon formed rapidly at 4.5 Ga
and experienced little impact cratering until
about 3.9 Ga. Then, in a short cataclysmic
period, all of the Moon's large basins were
formed by impacts of asteroids or comets.
This scenario itself is disputed—some work-
ers argue that there was a continuous but
declining flux of these large impactors, and
that impact melts from these early collisions
were destroyed by later impacts. On the other
hand, it is possible that no ancient impact
melts are found because there never were
any. Dynamic models of the early solar sys-
tem have difficulty explaining a cataclysm; a
large population of planetesimals must be
'stored' for about 500 million years and then
released into the solar system at about 3.9
Ga. A new suggestion by John Chambers
(NASA Ames Research Center) is that the
solar system originally had another "inner
planet" which migrated away from the sun
and then broke apart at 3.9 Ga to form the
objects that hit the Moon. One clear way to
solve this problem would be to determine the
age of the oldest and largest impact feature
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on the Moon, the South Pole-Aitken basin.
We would need a spacecraft mission to
obtain samples of the impact melt from
South Pole-Aitken, but its geological com-
plexities and great age seem to imply that a
human mission would be much more likely
to succeed than a robotic sample return.

The Moon also continues to be impor-
tant for future human missions into space.
The presence of ice at the poles of the Moon
continues to be puzzling; a new study of the
distribution of shadowed terrain near the
north pole suggests that some craters a sig-
nificant distance from the pole might contain
permanently shadowed portions, in which ice
could exist. This new result might explain the
puzzling wide distribution of hydrogen in the
Lunar Prospector neutron data, some of
which occurs some considerable distance
from the geographic pole.

The outer solar system was also a 'hot'-
topic at the LPSC, based both on the new
data from the Galileo spacecraft and the pos-
sibilities of liquid water and life on the Jov-
ian satellites. The surface of Jupiter's moon
Europa is known to be made of ice, and the
interactions between Europa and Jupiter's
magnetic field suggest that Europa is electri-
cally conductive inside, which probably
means abundant liquid water. How far down
is the water? Either it is only 1 to 2 km down,
or it is at least 8 km down, depending on how
one interprets the patterns of deformation on
Europaís surface. Large impact craters can
be used to probe the structure of the outer
few kilometers of Europa. Elizabeth Turtle
(University of Arizona) has attacked this
problem using the heights of central peaks
associated with impact craters. She showed

that the ice must be thicker than 8 kilometers
for the central peaks of Europa's impact
craters to form and remain standing over
long times. In related work, Paul Schenk
(Lunar and Planetary Institute) measured the
sizes and depths of craters on Europa and
compared them to Jupiter's other icy moons,
Ganymede and Callisto. On all three moons,
small craters have similar depth versus diam-
eter trends. But larger craters on Europa
(greater than 9 kilometers diameter), are
shallower than those on Ganymede and Cal-
listo, and become shallower still with
increasing crater diameter. Schenk interprets
these trends as indicating that Europa's icy
shell gradually becomes weaker with depth,
with the liquid ocean being at least 19 km
below the surface.

Jupiter's innermost large moon, Io, is
the most volcanically active body in our solar
system. Laszlo Keszthelyi (University of
Arizona) described high resolution imaging
of many volcanic features on Io, including an
eruption plume that reaches a height of 500
km. Thermal emission from the Pele lava
lake indicates a surface temperature of 1400
K, which is consistent with the eruption of
basaltic lava. John Spencer (Lowell Observa-
tory) combined a variety of data sets to esti-
mate a global heat flux for Io of 2.2 Watts per
square meter, which is 25 times that of the
Earth.

Origins of solar systems (especially
ours) has been a growing theme in planetary
science, and includes the search for solid
materials that survived intact through forma-
tion of our sun and the planets. Chondrite
meteorites contain small proportions of these
pre-solar grains, all high-temperature miner-

als (diamond, silicon carbide, graphite),
among the lower-temperature silicate com-
mon to the whole solar system. Many inter-
planetary dust particles (IDPs) also contain
evidence of pre-solar components in the
forms of odd glassy particles that are spec-
trally similar to interstellar dust and of
unusual isotopic ratios (in hydrogen and
nitrogen) that are unlike bulk solar system
materials. Scott Messenger (Washington
University) now has found that many silicate
mineral grains in cluster IDPs (probably
from comets) are pre-solar. Their oxygen
isotope compositions are widely different
from bulk materials of the solar system, and
seem consistent with formation near high
metallicity stars and type II supernovae. His
results are possible because of a break-
through in analytical instrumentation, the
nano-SIMS, which permits measurement of
isotopic ratios on spots 0.1 micrometer
across. Among Messenger's pre-solar sili-
cates is the mineral forsterite (Mg2SiO4),
which is known from astronomical spec-
troscopy as a major constituent of the young
circumstellar disks.

The Lunar and Planetary Science Con-
ference was sponsored by the National Aero-
nautics and Space Administration, the Lunar
and Planetary Institute, and the NASA John-
son Space Center. This is Lunar and Plane-
tary Institute Contribution 1119. 
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A better understanding of the geology and
mineral potential of Africa is important in
the overall context of social and economic
deve-lopment across the continent. Four
decades ago, scientists undertaking geologi-
cal research in Africa decided to hold a meet-
ing to exchange ideas and discuss results.
Consequently, in 1964, the "Colloquium of
African Geology" (CAG) was born. At the
beginning, this meeting was limited to Heads
of Departments and selected scientists.
Afterwards, growing numbers of participants
made this meeting a must for all geologists
and students of African geology, so that 500
delegates attended the colloquia in Berlin
(1987) and Nancy (1990).

Between 1965 and 1990, CAG was held
in Europe, and catered mainly for European

scientists and African scientists and students
(English- and French-speaking) domiciled in
Europe. During this period, CAGs were held
in London (1965), Clermont-Ferrand (1969),
Leicester (1971), Florence (1973), Leeds
(1975), Göttingen (1977), Montpellier
(1979), Open University, UK (1981), Ter-
vuren-Brussels (1983), Saint Andrews
(1985), Berlin (1987) and Nancy (1990). In
1990, the decision to organize the next CAG
in Africa was taken. So in 1993 the well-
attended and highly successful 16th CAG
was held in Swaziland, but only 45 delegates
attended the 17th CAG in Harare, Zimbabwe
in 1997. 

The Geological Society of Africa then
decided to alternate the biennial CAG
between Europe and Africa. Thus, at the18th

CAG in Graz, Austria where more than 200
scientists attended, the Chouaib Doukkali
University at El Jadida Morocco, was elected
to organise the 19th CAG in 2002. 

Technical sessions in El Jadida (19–22
March)
The 19th CAG took place in March 2002, in
the El Jadida Geology Department, with Pro-
fessor Nasser Ennih as Chairman of the
Organising Committee. El Jadida is an
attractive seaside resort in western Morocco.
The meeting was attended by more than 350
participants from 28 countries (Algeria, Aus-
tria, Belgium, Burkina Faso, Canada,
Cameroon, Egypt, France, Germany, Hol-
land, Ireland, Italy, Kenya, Mexico,
Morocco, Portugal, Romania, Senegal,
South Africa, Spain, Switzerland, Tanzania,
Tunisia, Uganda, United Kingdom, USA,
Zambia and Zimbabwe). Delegates from
North Africa were particularly well repre-
sented, indicating the positive role that hold-
ing the CAG in Africa can play. Following
selection, 348 abstracts were published in an
attractive abstract volume printed in Bel-
gium. 

A broad range of topics and themes was
covered in four parallel technical sessions
over the four days:

The 19th Colloquium of African Geology
and the post-colloquium Anti-Atlas field
trip 
El Jadida, Morocco, March 19–27, 2002




