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Data collected by the Mars Odyssey Gamma Ray

Spectrometer (GRS) and Mars Exploration Rover Al-
pha Particle X-ray Spectrometers (MER-APXS) will al-
low for unprecedented chemical information to be ob-
tained from the Martian surface. Phosphorous and iron
are two elements that should be measured with some
accuracy by MER-APXS (as opposed to MPF). The
well-known affinity of iron oxide/hydroxides for sorp-
tion of phosphate in oceans, lakes, rivers, and soils will
be used to assess the utility of P/Fe (in conjunction
with other elements and element ratios measurable by
MER-APXS) as an indicator of aqueous activity at the
two 2004 MER landing sites. Iron oxide/hydroxides are
also an effective sink for Th in terrestrial waters; thus,
GRS data may also be valuable in evaluating the na-
ture of aqueous alteration (or lack thereof) at the MER
landing sites. For example, the hematite-bearing de-
posit in Sinus Meridiani (2S, 4W) has a high Th con-
centration and low K/Th, suggesting that sorption of
Th by specular hematite in aqueous solution may have
occurred at some point in the geologic history of this
region of Mars. Experiments on the sorptive properties
of specular hematite and palagonite for PO4 and Th
will be used to develop a model for the role of water in
formation of deposits at the two MER landing sites.
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We investigate convection in the interior of an
extra-solar giant planet using a simple disk-shaped 2D
finite volume model with radial gravity. The finite
volume method allows us to easily track fluid mo-
tion through the center of the disk (the origin point)
for a case without a solid inner core. Our anelastic
simulations have a cold, impermeable outer boundary
and a radial density stratification. A radial heating
source simulates heating by gravitational contraction.
We compare convection with and without a solid inner
core.
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The Active Period of the Core Dynamo
of Mars

Jafar Arkani-Hamed ((514) 398-6772;
jafar@eps.mcgill.ca)
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The tremendous amount of magnetic field data ac-
quired during the mapping phase of Mars Global Sur-
veyor (MGS) provides a unique opportunity to derive a
more accurate magnetic anomaly map of Mars. A most
reliable anomaly map is constructed on a global scale
through covariance analysis of the spherical harmonic
models derived using data from different periods of the
mapping phase. I also constructed most reliable mag-
netic anomaly maps on regional scales, using the covari-
ance analysis in the Fourier domain. Many weak mag-
netic anomalies are newly detected over the northern
lowlands, which are likely relicts of stronger anomalies
that have been partially demagnetized by the lowlands
formation process and the subsequent low-temperature
hydration. The north-south dichotomy of the magnetic
anomalies may not have been as drastic before the for-
mation of the lowlands. The lack of distinct magnetic
anomalies associated with the entire Valles Marineris,
the dike swarms, and the shield volcanoes, as also con-
firmed by the science phase and aerobreaking phase
MGS data, suggests that the upper at least 5 km of
the crust in Tharsis bulge is not significantly magne-
tized. Rifting a magnetized layer of 5km thickness,
with a magnetization similar to that of the mid-ocean
ridge basalt (MORB), on the scale of Valles Marineris
would have produced an appreciable magnetic anomaly
that could have been detected by MGS. A dike cutting
the magnetized layer will create a magnetic anomaly.
Although the magnetic anomaly of a single dike decays
fast with elevation and cannot be detected by MGS,

the collective magnetic field of a wide dike swarm can
produce a detectable field. Also, the magnetized layer
would have been thermally demagnetized by the over
lapping shield volcanoes and could have given rise to
detectable magnetic anomalies at MGS altitudes. The
upper crust of Tharsis bulge is basaltic and expected
to have appreciable magnetic minerals, and the bulge
has always been a highland where low-temperature hy-
dration may not have been appreciable. If so, then the
core dynamo ceased, or considerably reduced in inten-
sity, before the formation of the upper crust in Tharsis
bulge.
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Models for Mars’ Magnetic Scalar
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Mars Global Surveyor MAG/ER measured strongly
magnetized crust, despite Mars’ weak field at present,
the intensity reaches about 10 times that of Earth’s
magnetic lineations. We analyze the magnetic lin-
eations in an octant centered at 40◦S, 180◦W ±40◦,
concentrated in the more heavily cratered Southern
hemisphere. Data from the mapping phase of Mars
Global Surveyor, MAG/ER magnetic measurements at
an altitude of 404 ±34 km, were made available by Con-
nerney conveniently binned into degree boxes. Using a
rotated spherical co-ordinate system centered at 40◦S,
180◦W, we perform a two-dimensional Fourier analy-
sis over this region. This can be shown to be a good
approximation: results can be used to reconstruct the
original components as a check. The magnetic field
components can be described by the curl of a vector
potential or the gradient of a scalar potential. The
scalar potential is especially attractive as it can be ob-
tained from the Fourier transform of the vertical mag-
netic component, Hz . The gradient of this field gen-
erates the horizontal magnetic components which can
be compared with the rotated horizontal components.
The corresponding fields are nearly identical, thus an
independent check as the horizontal components were
not used to construct the scalar potential. We model
the magnetic field using the observed scalar potential.
With vertical dipoles we determine depths and mag-
nitudes for selected centers and average surroundings,
and find that 8 sources account for 80% of the variance.
(Only 4 sources already account for 60% of the vari-
ance.) These sources range in depth 260±130 km, and
the source magnitudes range over a factor of 4. Using
the autocorrelation of the scalar potential, we estimate
that there are only 20-30 independent components of
the field (which corresponds to a resolution of 4x5 or
5x6).
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Mariner 10 observed Mercury’s magnetic field dur-
ing 3 flybys of the planet between 1974 and 1975, re-
vealing the presence of a magnetic field of internal ori-
gin with a dipole moment of ≈ 300nT−R3

M (1RM =
2440 km). Such a field is probably too large to be
explained by induction effects or remanent magneti-
zation; however, energetic considerations suggest that
it may be too small to be consistent with dynamo ac-
tion, at least for an Earth-like dynamo. More specif-
ically, energetic considerations provide an estimate of
the toroidal magnetic field strength that the dynamo
should generate: if the dynamo is Earth-like in the
sense that it has similar toroidal-poloidal field strength
scaling as the Earth, then the poloidal field should be
much stronger than that observed. Before abandoning
a dynamo explanation for Mercury’s field, we question
whether the same toroidal-poloidal scaling should hold
for Mercury. If a dynamo is operating in Mercury’s
iron core, part of the core must be fluid. Thermal evo-
lution calculations estimate that the solid inner core
comprises between 0.5 and 0.8 of the total core radius,
much larger than the Earth value of 0.35. As a result,
the fluid convecting outer core where the dynamo is

generated is much thinner for Mercury than for Earth.
Here we use 3-D numerical dynamo modeling to inves-
tigate dynamos operating in thin shell geometries. We
find that the magnetic fields produced by thin shell dy-
namos can have larger toroidal to poloidal field ratios
than Earth-like dynamos. This suggests that a hydro-
magnetic dynamo may be consistent with the weak sur-
face field observed at Mercury and alternative explana-
tions may not be required.
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Analysis of the orbits of spacecraft can be used

to infer global tidal parameters. For Mars, the Mars
Global Surveyor (MGS) spacecraft has been used to
estimate the second degree Love number, k2 from the
tracking DSN tracking Doppler and range data by sev-
eral authors. Unfortunately, neither of the spacecraft
presently in orbit are ideally suited to tidal recovery
because they are in sun-synchronous orbits that vary
only slightly in local time; and, further, the sub-solar
location only varies by about ±25 degrees in latitude.
Never-the-less respectable estimates of the k2 tide have
been made by several authors. We present an updated
solution of the degree 2 zonal Love number, compare
with previous values, and analyze the sensitivity of the
solution to orbital parameters, spacecraft maneuvers,
and solution methodology. Estimating the k2 Tidal
Gravity Love Number of Mars

P31A-06 0915h

Tharsis: Consequence of Mars’
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The two largest and most striking features on Mars
are the crustal dichotomy, the nearly hemispheric divi-
sion in topography, gravity, crustal thickness, and age,
and Tharsis, a volcanic center active from the Noachian
to the present. Tharsis’ long-term persistence of local-
ized volcanism is, to the best of our knowledge, unique
in the solar system. Explaining the timing of Tharsis
volcanism, from initiation early in martian history to
recent activity, has been an enduring challenge.

Here we present an model of the martian mantle
that can explain early and persistent volcanism at
Tharsis by incorporating the effects of the crustal
dichotomy and a compositionally layered mantle. As
the crust is expected to be enriched in heat-producing
elements, this dichotomy in thickness leads to a di-
chotomous heat flux boundary condition on the mantle,
which affects the internal dynamics. The evidence for
layering includes the ability of a layered mantle to
simultaneously meet a chondritic bulk composition and
the moment-of-inertia factor (Elkins-Tanton et al., in
revision), which can not be done with a one-layered
mantle. In addition, studies of the martian meteorites
suggest that the martian mantle is heterogeneous, a
constraint that can be met with layering.

We perform analog laboratory experiments with corn
syrup to simulate Mars’ thermal evolution. We vary
the presence of a partial insulating lid, to simulate the
effect of the dichotomy, and layering in the convecting
fluid. We show that in the case of a layered mantle
and an insulating lid, a large swell, which acts to lo-
calize upwelling plumes under the lid, forms early and
endures for the scaled equivalent of billions of years.
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Linda T. Elkins-Tanton, E. M. Parmentier, and P.
C. Hess, “Magma ocean fractional crystallization and
cumulate overturn in terrestrial planets: implications
for Mars,” in revision for Meteoritics and Planetary Sci-
ence.
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of Fe-Rich Silicate Melts
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Data from Mars missions have revealed that the
planet has a very active igneous history and that it may
still be volcanically active. To improve and understand
the hypotheses regarding the formation and evolution
of Mars a model for its interior must be developed.
This requires a knowledge of the physico-chemical prop-
erties of Martian magmas that control their dynam-
ics. Two different simple Fe-bearing systems have been
studied to date: (i) anorthite-diopside eutectic com-
position (AnDi) with variable amount of Fe (up to 30
wt%) as a basalt analogue and (ii) sodium disilicate
(NS2 up to 10 wt% Fe). In addition, the compositional
range has been extended to include the more complex
SNC meteorite composition (more relevant to Mars).
The high-T viscosities (1594-1200◦C) have been mea-
sured using the concentric cylinder method in air. The
low-T viscosities (817-711◦C) have been measured us-
ing the micropenetration method in an Ar atmosphere
for samples that could be quenched to glasses. High-
T density measurements (1026-1567◦C) have been per-
formed on investigated Fe-bearing melts using the Pt-
based double-bob Archimedean method. The oxidation
state of Fe has been determined on quenched glasses
at regular T steps by wet chemistry method. Differ-
ential scanning calorimetry (DSC) measurements have
been performed on glassy samples at heating and cool-
ing rates of 5, 10, 15 and 20 K/min in order to de-
fine the glass transition temperature (Tg). Isothermal
viscosity decreases from 0.15 to 0.22 log Pa.s (high-T)
and from 0.8 to 1.2 log Pa.s (low-T) with the addi-
tion of each 5 wt% Fe into the AnDi eutectic system.
The viscosity of all these melt compositions shows non-
Arrhenian behaviour across the whole T-range investi-
gated. The density of the melts increases by about 0.05
g.cm−3 with each addition of 5 wt% of Fe. Fe3+ con-
tent decreases with increasing T (i.e., about 10% be-
tween 1300-1600◦C). The DSC measurements suggest
that the Tg decreases about 19◦C with the addition of
each 5 wt% Fe at a given cooling/heating rate. Low
viscosities, which result from the high Fe content of
Martian magmas, promote highly fluid lava behaviour,
with implications for lava runout distances, eruptive
styles and the landforms produced.
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The cooling of the terrestrial planets from their pre-

sumed hot initial states to the present situation has
required the operation of one or more efficient cool-
ing mechanisms. In the recent history of the Earth,
plate tectonics has been responsible for most of the
planetary cooling. The high internal temperature of
the early Earth, however, prevented the operation of
plate tectonics because of the greater inherent buoy-
ancy of thicker oceanic lithosphere (basaltic crust and
depleted mantle) produced from a hotter mantle. A
similar argument is valid for Venus, and also for Mars.
An alternative cooling mechanism may therefore have
been required during a part of the planetary histories.
Starting from the notion that all heat output of plan-
ets is through their surfaces, we have constructed two
parametric models to evaluate the cooling character-
istics of two cooling mechanisms: plate tectonics and
basalt extrusion / flood volcanism. We have applied
these models to the Earth, Mars and Venus for present-
day and presumed early thermal conditions. Our model
results show that for a steadily (exponentially) cooling
Earth, plate tectonics is capable of removing all the

required heat at a rate comparable to or even lower
than its current rate of operation during its entire his-
tory, contrary to earlier speculations. The extrusion
mechanism may have been an important cooling agent
in the early Earth, but requires global eruption rates
two orders of magnitude greater than those of known
Phanerozoic flood basalt provinces. This may not be
a problem, since geological observations indicate that
flood volcanism was both stronger and more ubiquitous
in the early Earth. Because of its smaller size, Mars is
capable of cooling conductively through its lithosphere
at significant rates. As a result may have cooled with-
out an additional cooling mechanism during its entire
history. Venus, on the other hand, has required the op-
eration of an additional cooling agent for probably ev-
ery cooling phase of its possibly episodic history, with
rates of activity comparable to those of the Earth.
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Magellan images of Venus show extensive faulting

and fracturing, suggesting movement of the planet’s
crust and the current possibility of frequent Venus
quakes. The high surface temperature and pressure
of the planet is, however, such that a long lived net-
work would be extremely challenging and probably fi-
nancially prohibitive. We propose therefore to use the
strong coupling between the atmosphere and the solid
planet for detecting surface waves generated by quakes
on Venus. After a quake, the surface of a planet is vi-
brating horizontally and vertically. By continuity, the
atmosphere at the surface must move with a vertical
velocity equal to the surface vertical velocity, and this
vibration is then propagated upward. Its kinetic energy
is conserved as long as the atmospheric viscosity does
not produce significant attenuation. Due to the expo-
nential decay of density with altitude, the amplitude of
the wave increases exponentially and produces signifi-
cant perturbations of the electron density in the iono-
sphere. Such signals are now commonly observed on the
Earth for large quakes, both with ground Doppler HF
sounders and space-based GPS satellites. We show that
the dense atmosphere of Venus amplifies this effect by a
factor of about 100 compared to the Earth. Moreover,
the structure of the ionosphere makes radar observa-
tions of these signals from above easier than on Earth.
We present simulations and estimates of the detection
threshold of this new strategy for Venus seismology. A
general concept of the experiment is then proposed.
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Magellan spacecraft images of Venus revealed sev-

eral different types of impact crater related deposits on
Venus. Examples include the hundreds of kilometers
in length parabolic-shaped deposits and the smaller
(tens of km) dark halos. Wind streaks are associated
with some of these features, confirming the presence of
mantling material. These areas on Venus may look sig-
nificantly different at optical wavelengths, since radar
can penetrate several wavelengths into the surface and
reveal underlying terrain. Linear polarization analysis
can be used to investigate whether there is a surficial
deposit in a given region. A circularly polarized wave
can be decomposed into two orthogonal linear-polarized
waves of equal magnitude. If a circularly polarized
radar signal penetrates into a surface that is smooth at
wavelength scales, and is scattered by embedded rocks
or a sub-surface layer, the received echo will have a
linear-polarized component. This linear polarization is
produced because the ”horizontal” and ”vertical” com-
ponents of the incident circular wave have different
transmission coefficients into and out of the surface
layer. If there is no sub-surface reflection, there will
be no linear polarization. We used the 13-cm wave-
length Arecibo radar system to observe Venus during
two inferior conjunctions. We transmitted a circularly
polarized wave and received both of the reflected circu-
lar polarizations. From these data, delay-Doppler im-
ages in all four Stokes polarization parameters were cre-
ated, and a map of the degree of linear polarization was
formed. Our data reveals linear polarization associated
with impact craters, volcanic dome fields, and areas of
wind streaks. In particular, we note significant linear
polarization from areas near 44 craters, including 5 of
the craters with parabolic deposits. The linear polar-
ization signature is usually associated with the diffuse,
featureless radar-bright areas near the crater. In ad-
dition, the craters that show a linearly polarized echo
component often have dark halos or bright floors, and
thus are likely be younger in age. This technique can
be used for other objects as well, including possibly de-
termining whether there is regolith covering the polar
ice deposits on Mercury and searching for regolith on
asteroids.
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The recent geological and hydrological history of the
eastern Sahara is still mainly hidden under large re-
gions of wind-blown sand. The subsurface geology is
generally invisible to optical remote sensing techniques
(LANDSAT, SPOT), but radar images obtained from
the Shuttle Imaging Radar missions were able to pen-
etrate the superficial sand layer to reveal parts of the
paleohydrological networks. However, the incomplete
geographic coverage of the SIR missions did not al-
low regional-scale mapping of the hidden hydrological
and tectonic structures of the eastern Sahara, and sci-
entific interpretations of available data remain partial
and incomplete. Nevertheless, complete L-band radar
coverage of the eastern Sahara exists and can be ex-
ploited: it was obtained by JERS-1, a Japanese satel-
lite for Earth observation that was operated by NASDA
from 1992 to 1998. We have produced the first radar
mosaic of the eastern Sahara covering Egypt, Sudan,
Libya and Chad, from existing archives of JERS-1 L-
band radar images, at a final resolution of 50 meters.
Such a data set will help in discovering unknown sub-
surface structures (river channels, former lakes, faults,
impact craters, etc.) and will contribute to answering
several key questions about the recent climatic, geolog-
ical, and hydrological history of the eastern Sahara. As
the eastern Sahara represents a good terrestrial analog
to Mars, our work may also be applied to the explo-
ration of Mars. Much of the surface of Mars has been


