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Introduction: The data from the Pathfinder mis-

sion have given a significantly better picture of the 
properties of the magnetic dust suspended in the Mar-
tian atmosphere [1–3]. However, new questions have 
been raised, related to the properties of the dust and 
the potential of using the dust to learn more about at-
mosphere–surface interactions [3]. These questions 
have stimulated interest in the development of an in-
strument that could measure the accumulation of mag-
netic dust to permanent magnets with a better resolu-
tion (in both time and mass) than was possible during 
the Pathfinder mission [4]. 

Recent experiments performed under Martian con-
ditions on the electrical properties of Mars analogue 
dust [5] have shown that the dust is electrically 
charged, in the sense that it is attracted by electrodes. 
The dust was found to be both positively and nega-
tively charged in roughly equal amounts. The charging 
does not seem to originate from collision processes, 
and surface chemistry has been suggested [5]. 

We have developed a small instrument, based on 
optical detection of dust on surfaces. In this contribu-
tion, the scientific objectives that could be addressed 
with such an instrument will be described, and results 
obtained under simulated Martian conditions are given. 

Removal of dust from magnets: Among the more 
astonishing results from the Magnetic Properties 
Experiment onboard the Pathfinder lander was the fact 
that dust had been removed from the magnets on at 
least two occasions during the mission [3]. Most 
prominent was the removal of material between Path-
finder Sols 23 and 26, when approximately 25% of the 
dust on the strongest magnet of the lower Magnet Ar-
ray was removed as evaluated from the change of con-
trast in the images. It was suggested that the removal 
of dust must involve interaction with particles that are 
already in suspension in the atmosphere, i.e. in a way 
in many respects similar to the process of sand–
blasting [3]. 

Current models of the interactions between the air-
borne dust and the dust accumulated onto the magnets 
[4] indicate that some fundamental knowledge on the 
nature of these dust devils is lacking. Possible hy-
potheses are that either these events are more frequent 
or that the amount of dust in a dust devil has been 
largely underestimated previously.  

Not enough is known about dust devils on Mars to 
fully understand the implications for landers/astronauts 
on the surface of Mars. Magnets could offer a unique 
opportunity to study such events under quantitatively 
controlled circumstances. Magnets of different 
strengths would at any given time hold different con-
centrations of dust. During a dust removal event, it 
could be tested whether the removal is proportional to 
the concentration of dust, and by placing the magnets 
in different ways on the lander, directional effects 
could be evaluated. These events could then be simu-
lated in a wind tunnel on Earth in order to gain deeper 
insight into the erosion power of the sand–blasting 
mechanism, and such data could give vital clues to 
wind erosion processes taking place on Mars today. 

Optical Properties: The optical reflection spec-
trum of the dust accumulated to the strongest magnets 
of the Magnet Array shows characteristic differences 
in comparison to the dust on the ground surrounding 
the Pathfinder landing site [6,3]. While the slope of the 
reflection curve above 750 nm is negative for most 
soil/dust near the landing site, the reflection spectrum 
of the material accumulated to the strongest Pathfinder 
magnets shows a positive slope.  

Several hypotheses have been put forward to ac-
count for this difference (see e.g. discussions in [3] 
and [4]). One hypothesis is that the magnetic phase 
consists of Fe–Ti oxides [7], another that the magnetic 
dust lacks mafic material in comparison to the soil/dust 
in general [6] or that the particle size distribution of 
the material accumulated by magnets differs signifi-
cantly from the particle size distribution of the atmos-
pheric dust. [3].  

The diversity of these explanations does not allow 
for definite conclusions regarding the nature of the 
magnetic dust. It is clear though that obtaining the re-
flection spectrum of the material accumulated to 
weaker magnets (strongly magnetic particles) would 
give information that might distinguish between some 
of these hypotheses. 

The magnetic mineral responsible for the magnetic 
properties of the Martian soil and dust might contain 
important clues to the evolution of the Martian surface 
(see e.g. [8] and references therein), especially to the 
role of water. The identification of the mineral and its 
properties is hence of interest. Presumably, obtaining 
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material on a sample return mission for laboratory in-
vestigations is the best way to study this. If, however, 
only limited amounts would be acquired and the mag-
netic component is a minor component of the dust (say 
<< 1 %), one would be interested in sampling this 
component by magnetic methods to obtain enough 
samples for the identification.    

To some extent, hopefully, this issue will be re-
solved on future missions to Mars. Included in the 
payload of NASA's 2003 Mars Exploration Rover mis-
sion (launched in 2003, landing in 2004) [9] are mag-
nets [10] that will accumulate dust for investigations 
by Mössbauer spectroscopy [11] and APX–fluorescent 
spectroscopy (elemental analysis) [12]. These meas-
urements will undoubtedly be of vital importance in 
determining the magnetic minerals responsible for the 
magnetism of the soil/dust on Mars. 

Magnetic properties: Another fundamental prop-
erty of the dust is the distribution of the magnetization 
as a function of particle size. Insight into this property 
is stimulated by the discovery of magnetic anomalies 
on Mars [13] i.e. the presence of highly magnetic ma-
terial in crustal rocks. If the magnetic dust on Mars has 
formed from breakdown of rocks containing submi-
cron single domain Fe–Ti oxide phases, one would 
expect some of the smaller particles to contain rela-
tively larger amounts of the magnetic phase. If, on the 
other hand, the magnetic phase has formed via precipi-
tation in water then the magnetic properties would 
depend less on the particle size. Dependence of optical 
properties and accumulation rates onto magnets of 
differing strength could give a deeper insight into these 
properties.  

Electric charge of dust: Recent experiments per-
formed under Martian conditions [5] using Mars ana-
logue dust have shown that almost all the dust particles 
appear to be electrically charged. Fig. 1 shows a typi-
cal result from the experiments. 

There is a significant increase in the dust enhance-
ment on both the 300 V and 0 V electrodes. Charged 
dust will be affected by the local electric field and at-
tracted to one electrode or the other. This shows that 
the dust is both positively and negatively charged.  

Detailed in–situ measurements of the accumulation 
of dust due to electrical charging may give valuable 
information of the electrification of the Martian aero-
sol and insight into the dust chemistry, mineralogy and 
size. 

Dust Accumulation Rate Experiment (DARE): 
For the reasons mentioned above, an interest in detect-
ing the amount of dust on magnets with improved 
resolution (in mass and time) has developed. We have 
worked on a simple experiment, utilizing optical detec-
tion of accumulated dust, which has been given the 

working title "Dust Accumulation Rate Experiment" 
(DARE). 

Basic Principles of the DARE: The basic ideas be-
hind the DARE are illustrated in Fig. 2.  
 

 

Fig. 1: Figure 1a and 1b show respectively the ver-
tical and horizontal electric field components at two 
heights of 0.5 mm and 5 mm above a set of three 
electrodes with the central electrode on 300 V rela-
tive to the other two. Figure 1c shows the optical 
absorbance (proportional to material accumulated 
relative to background). Figure 1d shows the same 
for a side wind (from the right). 
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Fig. 2: Schematic drawing to illustrate the central 
idea behind the Dust Accumulation Rate Experi-
ment. Some of the parameters that may be varied 
in such a system are shown. 

A magnet/electrode, a light source and detector are 
embedded in a transparent material. When dust accu-
mulates onto the surface of the instrument, an increas-
ing fraction of the light will be reflected towards the 
detector. When far from saturation, the signal from the 
detector will be approximately proportional to the 
amount of dust accumulated. Using light sources of 
different colors, spectral information on the accumu-
lated dust can be obtained. The benefits of this 
method, in comparison to the magnets onboard the 
Pathfinder mission, are numerous. The resolution of 
dust loading on the device will be better than 0.2 
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µg/cm2, compared to roughly 20 µg/cm2 on the Path-
finder magnets. As the instrument does not need to be 
imaged from an onboard camera, the device can be 
miniaturized considerably compared to the Pathfinder 
Magnet Arrays. The power consumption and the 
amount of data from each measurement are so low that 
continuous (> 1 sec-1) measurements will be possible 
and the experiments are not dependent on (unstable) 
solar illumination. The device contains no movable 
parts, but a major drawback in comparison to passive 
magnets is the fact that the instrument has to be 
adapted to the electric power system, computer and 
data system of the landers.  

Test results: After some preliminary testing to 
demonstrate the principle of operation for a device of 
the type described above, a prototype was built, which 
could operate under Martian conditions using magnetic 
capture of particles. This device was tested in the Mars 
Wind tunnel at Århus University, Denmark [14]. 
Speed and number density of dust particles were moni-
tored using a Laser Doppler Anemometer. All experi-
ments where performed at room temperature using air 
at pressures of 9–10 mbar. The device uses three pairs 
of LEDs in different colors, red, green and blue. One 
set is covered with a color reference and used for ref-
erence purposes. The magnet is a Sm2Co17 Pathfinder 
type ring shaped magnet [15], situated 2 mm below the 
active surface. 

The instrument was operated in the following way: 
A super–cycle of approximately 180 ms was used. 
Each super–cycle started with a timing reference, and 
then each of the six light emitting diodes (LED’s) were 
activated one after another for approximately 13 ms, 
separated in time by 13 ms. The voltage reading from 
the photodiode was fed to a computer through a 12 bit 
A/D converter. The computer found the timing refer-
ence, and extracted the signal from each LED. 

Not all parameters have yet been optimized in this 
system. One promising possibility for further im-
provement would be to use laser diodes instead of 
LEDs, and a CCD detector instead of the photodiode. 
Despite that, a very good detection resolution was 
found (~0.2 µg/cm2) and the data quality was found 
well within the limits of what could be hoped for.   

Generally, the signal from the diodes will depend 
on the amount of dust accumulated, the reflection 
properties of the dust and the particle size. To extract 
the reflection properties, one could place a white refer-
ence over part of the magnet, and observe the instru-
ment with an onboard multi–spectral imaging system. 
This would allow calibration of the signal in terms of 
dust accumulation and allow the reflection spectrum of 
the dust to be deduced. Fig. 3 shows the spectrum of 

the Salten Skov Mars analogue material [14] and the 
reflection found by the DARE.  
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Fig. 3. Diffuse reflectivity of the Salten Skov ana-
logue, compared to the results obtained with 
DARE. 

The Salten Skov analogue consists of micrometer–
sized aggregates of nanometer sized ferric oxide parti-
cles, including maghemite (γ–Fe2O3) and hematite (α–
Fe2O3). The strong charge transfer absorption band in 
the near UV, characteristic of ferric iron oxides, gives 
rise to the overall shape of the spectrum. There are also 
signs of the crystal field transition bands near 630 nm 
and 850 nm, showing that at least part of the iron oxide 
particles are larger than ~10 nm. Clearly, the DARE 
instrument is capable of reproducing the spectral in-
formation of the dust in these spectral channels. In a 
real situation, one would select light sources emitting 
at different wavelengths, to maximize the scientific 
output of the experiment.  

The capture of magnetic dust is generally a compli-
cated process depending on various parameters and in 
particular on the magnetic properties of the dust. To 
describe the capability of the magnets to capture mag-
netic particles the so–called “Capture Cross Section 
Height” (CCSH) [3] has been defined. This is an 
imaginary scale height above the magnet, for which 
particles moving on (horizontal) paths below this 
height will be captured by the magnet and those above 
will escape capture. In calculating the CCSH, one as-
sumes that the wind profile is constant above the sur-
face of the magnet, so this height does not take into 
consideration details of the wind profile or turbulence. 

Fig. 5 shows the CCSH as a function of wind ve-
locity for two strongly magnetic materials of different 
magnetization, maghemite (σS = 70 Am2kg-1) and 
hematite (σS = 0.4 Am2kg-1) from experiments in the 
Århus wind tunnel.  

The hematite was prepared by annealing the 
maghemite at 600°C in air overnight. The particle size 
distribution is unaffected by the annealing, which only 
changes the magnetic properties of the material. 
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As the wind speed increases, the capability of the 
magnets to capture magnetic dust decreases. It is also 
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Fig. 4: Capture cross section height as a function of 
wind velocity for particles of maghemite and hema-
tite (from [4]). 

seen that the probability of capturing the strongly mag-
netic particles of maghemite is much higher than is the 
case for hematite. The CCSH for maghemite is roughly 
one order of magnitude higher than that of hematite, in 
spite of the two orders of magnitude difference in the 
magnetization of these materials. This illustrates the 
importance of aerodynamics in the capture mechanism, 
and shows that the details in the airflow above the 
magnet surface are of importance in order to model the 
capture correctly. 

Concluding remarks: The DARE instrument has 
been shown to be capable of sensitively and accurately 
measuring dust accumulation in a realistic simulated 
Martian environment. The instrument will allow in–
situ studies of the complicated process of capture of 
magnetic dust. Though it could in principle work 
alone, the usefulness of this instrument would be sub-
stantially increased by making it a part of another in-
strument which measures one or more of the properties 
of the dust such as wind velocity and/or particle den-
sity (size). One possibility is a simple laser anemome-
ter [16].  

If so desired, the detailed design of the instrument 
could be modified in many different ways. One could 
apply magnets of different strengths, and in particular 
use one unit without magnet, use laser diodes of vari-
ous colors and mount the device in different geome-
tries, making use of gravity as a known directional 
force, or use electrodes to accumulate charged parti-
cles [4].  

DARE would seek answers to some fundamental 
scientific questions which are of importance in order to 
understand ongoing processes of dust erosion on Mars 
and the origin of the magnetic dust as well as shed 

light on the role of water in the soil forming processes 
on Mars. 
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