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Spectral properties of samples found on slopes of Mauna Kea, Hawaii are similar 
to the spectral properties measured by earth-based telescopes for Martian soils [1,2,3]. 
However, little information has been reported on the mineralogy of these Martian 
analog materials from Hawaii and only limited information has been reported on the 
mineralogy of soils on the slopes of Mauna Kea [4]. The primary objective of this 
study was to examine the mineralogical properties of several samples from soils and 
parent materials on the slopes of Mauna Kea and Mauna Loa which have spectral 
properties similar to Martian soils. 

MATERIALS AND METHODS 
Three Hawaiian samples, two from the slopes of Mauna Kea and one from the 

slopes of Mauna Loa, were chosen for x-ray diffraction (XRD), optical microscopy, 
scanning electron microscopy (SEM), and  transmission electron microscopy (TEM). 
Sample PN (Puu Nene, Mauna Kea) was taken from a 10 cm depth in a soil developed 
in a basaltic tephra on the flank of a cinder cone; sample PH (Puu Huluhulu, Mauna 
Kea) was taken 2 cm from a dike in a basaltic tephra; and  sample PQ (Punaluu 
Quarry, Mauna Loa) appears to be a buried soil (paleosol) located approximately 2 
meters below the surface of a lava flow (pahoehoe). Sample PN has been subjected to 
recent pedogenic processes (i.e., soil forming processes), whereas, samples PH and PQ 
have had some influence by hydrothermal alterations. 

Samples were fractionated into sand (2.0-0.05 mm), silt (0.05-0.02 mm), and clay 
( ~ 0 . 0 2  mm) fractions by sedimentation and  centrifugation. Sands and silts were 
ground in acetone and  compressed into a depression on glass slides for randomly 
oriented XRD powder mounts. Slurries of Mg-saturated clay were pipetted onto glass 
slides to prepare preferentially oriented aggregates for XRD analysis. The fine clay 
fraction (<0.002 mm) was dispersed in distilled deionized water and an  aliquot was 
placed on a holey carbon grid fo r  TEM and electron diffraction (ED). For SEM 
analysis, sand- and silt-sized particles were evenly dispersed over adhesive copper tape 
cemented to A1 stubs, and the grains were coated with approximately 20 nm of Au-Pd. 

RESULTS 
Sand and silt fractions of all three samples were dominated by glass fragments 

and plagioclase feldspar (Table 1). Olivine (forsterite) appears to be present in PQ 
and PN samples and may be responsible for the ferrous iron phase as suggested by 
Mossbauer spectroscopy. Hematite (Fe2O3) was detected in all three size fractions for 
sample PH. X R D  and TEM analyses of the PQ sample indicates the presence of 
spheroidal halloysite. Spheroidal halloysite is a 1:l phyllosilicate with some interlayer 
water and  has a characteristic spheroidal morphology. Very-fine particle hematite 
(<20 nm) appears to occur along with halloysite. The clay fraction of sample PN is X- 
ray amorphous,  however, the  morphology f o r  allophane was observed by TEM. 
Allophane is defined as a series name of naturally occurring hydrous aluminosilicate 
clays [5] and have unit particles made up of hollow spherules with a diameter of 3-5 
nm. 

DISCUSSION 
XRD and Mossbauer spectroscopy indicated that the hematite content was greater 

in sample PH as compared to the other two samples. Apparently, the close proximity 
of sample PH to the dike caused hydrothermal alteration of the basaltic glass and the 
subsequen t  f o r m a t i o n  of hematite. I t  is d i f f i cu l t  to in terpret  the  e f f e c t  of 
hydrothermal  a l tera t ions  on sample PQ. Halloysite may have formed on glass 
fragments and feldspar grains. Before the paleosol was covered by the pahoehoe flow, 
halloysite may have formed as a weathering rind on plagioclase feldspar grains. 
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However, halloysite may have also formed after being covered by the lava flow due to 
hydrothermal alterations a t  the surfaces of the glass fragments and feldspar grains. 
There appears to be little evidence for  hydrothermal alterations in sample PN as 
suggested by the amorphous nature of the weathering rind on plagioclase feldspar 
grains and glass fragments. 

HALLOYSITE AND AELOPHANE FORMATION ON MARS 
Many of the geological and pedological processes controlling the nature of the 

Hawaiian samples described in this paper may have occurred on the surface of Mars. 
Volcanism has been one of the most important geological processes on Mars as well as 
fluvial and aeolian processes. Therefore, the presence of volcanic glass in Martian 
surface materials is probable. It is possible that weathering rinds have formed on 
glass fragments and feldspar grains, or the glass and feldspar have been completely 
t ransformed by solution weathering or hydrothermal alterations during ancient 
weathering environments on Mars. Halloysite and allophane are common terrestrial 
al teration products in  volcanic materials, primarily basaltic tephra; hence, these 
minerals may have formed on Mars. The present climate on Mars is thought to be 
arid, in which case, both halloysite and allophane may have undergone dehydration. 
Under dehydrated conditions, halloysite may transform to metahalloysite and then to 
kaolinite [6,7]. Kaolinite is thought to be the only phyllosilicate that  would be 
thermodynamically stable over all ranges of temperature and water vapor abundance 
in the present environment at the Martian surface [8]. Although, allophane occurs in 
the soils developed in the basaltic tephra on the slopes of Mauna Kea, allophane may 
have altered to halloysite, to metahalloysite, and ultimately, to kaolinite in the dry, 
cold climate on the surface of Mars. 
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TABLE 1. Mineralogy of a suite of Mars Analog Soils from Hawaii. 

Sand Silt Clay 
Sample (2-0.05 mm) (0.05-0.02 mm) (<0.02 mm) 

Puu Huluhulu plagioclase plagioclase hematite 
hematite hematite 

Puu Nene plagioclase plagioclase allophane 
forsterite 

Punaluu Quarry plagioclase plagioclase halloysite 
forsterite forsterite hematite 
halloysite halloysite 
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