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DARK DUNES IN KA’U DESERT (HAWAII) AS TERRESTRIAL ANALOGS TO DARK DUNES ON
MARS. D. Tirsch!, R.A. Craddock’, and R. Jaumann'® 'German Aerospace Center, Institute of Planetary Research,
Rutherfordstrasse 2, 12489, Berlin, Germany. (Daniela.Tirsch@dlr.de); Center for Earth and Planetary Studies,
National Air and Space Museum, Smithsonian Institution, Washington D.C.; 3Institute of Geological Sciences, Free

University Berlin, Berlin, Germany.

Introduction: Dark basaltic dunes represent the
majority of Martian eolian bedforms. However, on
Earth there are only few places where basaltic dunes
can be found, including New Zealand, Iceland, the
western USA, Peru, and Hawaii [1]. Is has been sug-
gested that the Marian dunes sands are volcanic in
origin because their mineralogical composition con-
sists of pyroxene and olivine [e.g. 2, 3, 4]. The dark
dunes in Ka’u Desert on the Big Island of Hawaii are
located on the western flank of Kilauea volcano. The
dark sands are derived from volcanic ash and reworked
pyroclastic material [e.g. 1, 5, 6]. Thus, the Hawaiian
dark sand dunes are an adequate analog to Martian
dunes, particularly for testing the hypothesis of vol-
canic origin and to determine basic spectral character-
istics that may be associated with differences in grain
size and chemistry indicative of maturity and transport
distances.

Methods: Samples of different dark dunes in Ka’u
Desert were collected during a field trip in summer
2009. Several samples were taken from a large, dark
vegetated parabolic dune (Fig. 1) and a 10 m high fal-
ling dune (Fig. 2). The sand samples have a grayish-
dark color and are of fine-grained sand sizes. This
grain size differs from that of the Martian dunes,
which is in the coarse-grained sand size range [e.g. 7].
We measured the samples with an ASD field spec-
trometer [8] in a laboratory. For each sample, we took
10 reflection spectra from 0.5 to 2.5 um each consist-
ing of 50 single measurements and created an average
spectrum, which best reflects the mineralogical com-
position. We compared the terrestrial spectra with
typical OMEGA [9] and CRISM [10] near-infrared
spectra of different Martian dark dune fields and with
dark material emanating from a dark layer exposed in a
crater wall [cf. 4].

Fig. 1: Vegetated dark dune in Ka’u Desert, located off the
Footprints Trail at 19°21° 17.52“N, 155°21°51.59“W.
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Fig. 2: 10 m high dark vegetated dune in Ka’u Desert
located off the Ka’u Desert Trail at 19°19°29°N,
155°21°51.15“W.

Results: Fig. 3 presents a comparison between
spectra of Martian and terrestrial dark dunes. The Mar-
tian spectrum reflects the basaltic composition of the
dark dunes. The spectra show a deep broad absorption
band at 1 um and a shallower band around 2.2 pm
indicative of a mixture of olivine and pyroxene. The
terrestrial spectra (sample 1, 6) strongly reflect the
olivine content of the dark sands as indicated by the
deep broad absorption band at 1 um (cf. Fig. 5). Fig. 4
presents further examples of Martian dark material as
derived by the CRISM spectrometer in an intra-crater
dune and dark material emanating from a dark layer
exposed at a crater wall [cf. 4]. The dune spectrum
reflects the typical mixture of pyroxene and olivine
whereas the wall spectrum is dominated by olivine
absorption features only. The terrestrial spectra corre-
late very well with the Martian spectra in terms of oli-
vine absorption features. However, the pyroxene ab-
sorption is less obvious. Nevertheless, a slight absorp-
tion around 2.2 pm, which is typical for high-calcium
pyroxenes such as diopside (cf. Fig. 5), is recognizable
in each of the terrestrial spectra we acquired. This
shallow absorption might partially be caused by the
difference in grain sizes which influences the depth of
absorption features [e.g. 11]. Moreover, the sands of
the Ka’u Desert dunes might comprise a higher
amount of olivine compared to the Martian dark dune
sands which masks the absorptions of other minerals.
Since this research is in its initial phase, further analy-
ses are needed to answer these questions. Neverthe-
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less, the dark material that emanates from a dark layer
on Mars (green curve in Fig. 4) shows a good correla-
tion to the terrestrial spectra showing a similar olivine
dominated signature.
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Fig. 3: Spectral comparison of Martian dark material

(OMEGA dune) and terrestrial dark dune sands (sam-

ple 1, 6).
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Fig. 4: CRISM spectra of dark material of a dune
(black curve) and dark material emanating of a dark
layer exposed at a crater wall (green curve).

2121.pdf

Spectral Library Plots
e B e

Pyroxens

alivine

Valus [Offset for clarity)

L | L L L | L L L 1 L

1.5 2 2.5
Wavelength [p.'-m-j]
Fig. 5: Laboratory spectra of pyroxene and olivine.

Conclusions: The overall spectral shape of the ter-
restrial spectra reflects a basaltic composition of the
sands fairly similar to that of Martian dunes, domi-
nated by olivine. These rock-forming minerals form as
the lava cools, and are commonly found in basaltic
volcanic ash. The correlation in mineralogical compo-
sition of terrestrial and Martian dunes hints to a similar
origin of the dark sands on Mars and Earth. The
sources of the Ka’u Desert dune sands are ashes
erupted from the volcanoes in the vicinity and lava
disintegration particles [e.g. 1, 5, 6]. A similar volcanic
ash origin for Martian dunes has been suggested by
[4], who found dark layers of fine-grained materials
exposed in impact craters and a material transport to
the dark intra-crater dune fields. Based on the minera-
logical similarities and the morphological evidence,
the source of the dark material on Mars are probably
layers of volcanic ash [4]. Our initial initial analyses of
the Ka’u Desert’s dark dune sands support these find-
ings.
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