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Introduction:   Cemented soils formed via
reactions with salts are studied here and provide
information about the climate when they formed.
Spectroscopic and microprobe studies have been
performed on cemented volcanic crusts in order to
learn about the composition of these materials, how
they formed, and what they can tell us about climatic
interactions with surface material on Mars to form
cemented soils. These crusts include carbonate,
sulfate and opaline components that may all be
present in cemented soil units on Mars.

Evidence of Cemented Materials on Mars:
Sulfate crusts have been synthesized in the lab in
order to study their spectral properties and test their
applications to Mars[1,2]. Preliminary analyses of
TES spectra suggested regions on Mars where sulfate
crusts might be present[3]. Studies of silica-rich
alteration layers on volcanic rocks have also been
shown to be consistent with martian VNIR and TES
spectra in some regions[4]. Identification of carbon-
ate in the martian dust (Fig. 1)[5,6] also raises the
possibility of carbonate crusts on Mars.

Samples: Rock crusts were collected from the
Hawaiian islands for study in this project. Sample
JB383 was collected on the SW rim of Kilauea
Caldera on Hawaii, sample JB375 was collected at
the S-bank site at Kilauea on Hawaii, and sample
JB616 was collected from the dunes on the NW side
of Molokai. Images of the sample collection sites and
samples are shown below. A microprobe image of
Kilauea crust #8300309 (similar to JB383) is shown

in Fig. 2. The surface crust of this sample is
composed of thinly-banded amorphous silica coating
tephra from the Keanakako’i Ash. The lithic clasts
are mainly basaltic and contain fine-grained
plagioclase, pyroxene, and Fe-Ti oxides as well as
some coarse-grained olivine.

Fig. 1  TES and mini-TES spectra of Mars (after [6]).

Fig. 2 BSE image (1.2 mm width) of the Kilauea
crust material.

Fig. 3.  Images of collections sites (L: near Kilauea crater, Ctr: S-bank off Kilauea, R crusted dunes on Molokai).

Fig. 4.  Sample JB383 near Kilauea (L), sample JB375 from S-bank (Ctr), sample JB616 crusted dunes (R).
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Fig. 5.  VNIR reflectance spectra of crust and related
soil samples from Kilauea and Molokai.

Reflectance Spectra: VNIR and mid-IR spectra
are shown in Figs. 5-6 of three kinds of crusts formed
from volcanic material along with the spectra of local
fines. Spectra of the Kilauea crust layer shown in
Figs. 5A and 6A contain bands at 2.2-2.3 µm and
1100-1200 cm-1 (8-9 µm) that are consistent with
opal or hydrated silica. A silica coating is observed
on the grains in this cemented crust layer that is
dominating the crust surface spectra, but not the
ground crust spectra. The samples from the S-bank
site contain spectral features due to sulfates, FeOx
and clays. The Molokai dune crust contains strong
carbonate bands in addition to the weak FeOx and
kaolinite bands observed in the local soil.  The
carbonate bands near 1300 and 1550 cm-1 in the
ground dune crust are similar to the carbonate
features observed in the TES and mini-TES spectra
of the martian dust.

Fig. 6.  Mid-IR inverse reflectance spectra of crust
and related soil samples from Kilauea and Molokai.

Applications to Climate on Mars: T h e
presence of carbonate crusts on Mars may imply that
CO3 salts and water were available for cementation of
the soil.  Sample texture would also be important in
determining the formation conditions of such
samples.  Studies of fumaroles and S-vents indicate
that intense high-temperature activity typically results
in opaline coatings as well as some FeOx and clay
components, whereas acid-fog type weathering
results in sulfates, FeOx and some clays[e.g. 7,8].
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