Lunar and Planetary Science XXXV (2004)

PRELIMINARY RESULTS OF THE MAGNETIC PROPERTIES EXPERIMENTS ON THE MARSEXPLORATION

ROVERS, SPIRIT AND OPPORTUNITY.

SF. Hviid?, P. Bertelsen?, W. GoetZ, K.M. Kinct?, JM. Knudsen? M.B. Madsen?, SW. Squyres*, JF. Bdl I11%, A.
Yen®, M.J. Johnson*, JB. Proton’, E. McCartney”, H. Arnesor, H.P. Gunnlaugsson®, J. Merrison®, T. Wdowiak® and
the Athena Science Team. *Max Planck Intitut fiir Aeronomie, Lindau, Germany (hviid@linmpi.mpg.de), 2Center for
Planetary Science, DSRI and University of Copenhagen, Denmark, Spnarhus University, Denmark, “Cornell University,
Ithaca, USA,%Jet Propulsion L aboratory, Pasadena, USA, ®Birmingham University, Alabama, USA.

Introduction: The Mars Exploration Rovers[1] each
carry a set of Magnetic Properties Experiments de-
signed to investigate the properties of the air-borne
dust in the Martian atmosphere. It is a preferred inter-
pretation of previous experiments (Viking 1 & 2, 1976
and Mars Pathfinder, 1997) that the airborne dust in the
Martian atmosphere is primarily composed by compos-
ite silicate particles containing one or more highly mag-
netic minerals as a minor constituent [2], this ninor
constituent probably being dominated by the mineral
maghemite (gFe,0;). The ultimate goal of the magnetic
properties experiments on the Mars Exploration Rover
mission is to provide some information/constraints on
whether the dust is formed by volcanic, meteoritic,
agueous, or other processes. In detail, the objectives
are: @) To identify the magnetic mineral(s) in the dust,
soil and rocks on Mars. b) To establish if the magnetic
material is present in the form of nanosized (d < 10 nm)
superparamagnetic crystdlites embedded in the ni
crometer sized airborne dust particles. ¢) To establish if
the magnets are culling a subset of strongly magnetic
particles or if essentially all particles of the airborne
dust are sufficiently magnetic to be attracted by the
magnets. d) Detect compositional differences between
the airborne dust and the soil and rock sites which are
investigated at two landing sites. To accomplish these
goals the Mars Exploration Rovers each carry a set of
permanent magnets of several different strengths and
sizes. Each magnet hasits own specific objective [3].

The Captureand Filter Magnet Experiment:

The Capture and Filter magnets are located in front of
the Pancam Mast Assembly, such that the &tracted
dust can be studied by the Panoramic Camera (Pan-
cam), the Mdssbauer Spectrometer (MB), the Alpha
Particle X-ray Spectrometer (APXS), and the Mcro-
scopic Imager (MI). The dust settles on a circular sur-
face of high purity aluminum (45 mm in diameter), where
the central part (25 mm in diameter) is magnetically ac-
tive. The Capture magnet was designed to be as strong
as possible by maximizing the magnetic field B (0.46 T)
and gradient NB (550 Tni%). The strength of the Filter
megnet (B = 0.20 T and NB = 34 Tm*) was chosen such
that it attracts mainly dust particles with high magnetic
susceptibility (hence the “filtering”).

The APXS measurements will reved differences in
elemental composition between the magnetically
attracted dust and the surface dust and soil. It is
important to determine whether the magnetic minerals
contain the element Ti or not. Titanomagnetite is
typical for basdtic igneous rocks, while pure iron
oxides could be a result of processes involving liquid
water.

The Mdssbauer spectrum of the magnetically attracted
dust may differ from soil spectra, since the magnets
collect airborne dust only, using magnetica ‘filtering’.
In case of very small $20 nm) superparamagnetic
crystallites, the magnetic field will be helpful to identify
the magnetic minerals.

The Sweep Magnet Experiment:

The Sweep Magnet experiment is placed on the upper
surface of the rover (on the —X solar panels away from
the PMA camera mast) near the Pancam Calibration
Target. The Sweep Magnet is therefore in view of the
Pancam. The magnet itself (SmCo;) is a ring magnet
with inner radius of 2.0 mm and outer radius of 4.5 mm.
The thickness (height) of the ring is5 mm. The ring is
embedded in an aluminum structure. The magnet has
been designed with a maximum surface magnetic field B
=0.42 T and a maximum field gradient of 450 Tri*. This
combination of field and field gradient is strong enough
to attract and hold most iron containing minerals
including most paramagnetic materials.

The Mars Pathfinder magnet array experiment showed
that the magnets attracted alarge fraction of the dust in
the atmosphere. It was not, however, possible to
exclude the presence of a fraction of the atmo spheric
dust not being affected by the magnets. The purpose
of the Sweep Magnet experiment is twofold: 1) to try to
detect if any non-magnetic minerals are present in the
amospheric dust in any significant abundance. 2) to
provide a magnetically attracted dust layer suitable for
spectroscopic  investigation by the Pancam
spectroscopy bandpassfilters.
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Fig 1. The Pancam calibration target on Spirit (Gusev
Crater) on Sol 14. The yellow arrow indicate the location of
the Swveep Magnet Experiment. The red ring seen on the
surface is dust attracted from the Martian atmosphere.

TheRAT Magnet Experiment:

Each rover carries a Rock Abrasion Tool (RAT) on the
IDD, which is able to remove dust (by brushing) and
weathering products (by grinding) from Martian rocks.
Four RAT magnets are placed inside the RAT behind
the grinding tool and the small brush. The purpose of
these four magnetsisto detect magnetic mineralsin the
dust (rock material) which is produced during grinding.
The amount of dust and the color of the dust on the
RAT magnets will be observed immediately before and
after grinding. Utilizing the different strength of the
magnets (magnetic field 0.07 T —0.28 T, and gradient 80
Tm' — 350 TmiY), it is possible to give arough estimate
of the magnetization of the rock material and the
identity of the magnetic minerals in the rocks (if such
are present).

Preliminary Results:

The reflection spectrum of the dust accumulated on the
Sweep Magnet on Spirit (Gusev Crater) isshown infig.
3. It should be noted that the shown spectrum
represents the raw measured spectrum. This spectrum
includes a significant spectral component from the
underlying aluminum surface because the dust layer is
not opague. It has not been possible to detect any
significant differences between the reflection spectrum
measured on the Sweep Magnet on Spirit and the
reflection spectrum measured at the dust on magnet #1
on the Magnet Array on Mars Pathfinder (AresValles).
Therefore, the dust seem to be very homogeniouson a
global scale.

Preliminary results (at time of writing) shows a
significantly faster dust accumulation rate than was
observed on Mars Pathfinder (seefig. 1).

70 T T T T T T T T

60 - A E
l/
50 - H J
= g
& [ i
o 40 o E
&
€ 3f e g
2 /i
I} | ]
20 | / E
L -—
10 | i E
1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18

Fig. 2. Shows the growth of dust coverage as function of time
for the first 14 sols on the sweep magnet on Spirit at Gusev
Crater.

Gusev Crater - Sweep Magnet
Measured PanCam Spectrum - Sol 14 - 10:43

T T T T T T T
0,45 -

RI%‘\I

qR 4

0,40 T
I -k—]_L—R’ 3 ]
T
0,35 E

IIF

0,30 |- —

0,20 [ 4

400 500 600 700 800 900 1000 1100
Wavelength [nm]

Fig 3. The measured reflection spectrum of the dust
accumulated on the sweep magnet on Spirit at Gusev Crater.

The coverage observed on Sol 14 for the Spirit rover at
Gusev Crater corresponds roughly to the dust
coverage observed at the Mars Pathfinder landing site
on Sol 83. This observation is consistent with the
significantly higher optical opacity measured at the
Gusev landing site as compared to Mars Pathfinder.
Preliminary results from the Meridiani landing site
shows roughly the same growth rate in coverage. This
fact makes it likely that successful Mossbauer and APXS
measurements will be possible before the end of the primary
mission of the Mars Exploration Rovers.
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