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CHANCES IN HAWAIIAN PALAGONITE FE MINERALOGY ASSOCIATED WITH THERMAL 
ALTERATION: IMPLICATIONS FOR MARS; James F. Bell I11 (NRCINASA Ames, Space 
Sciences 245-3, Moffett Field CA 94035), Richard V. Morris (Planetary Science, SN4, NASA 
JSC, Houston TX 77058), and John B. Adams (Dept. of Geological Sciences, Univ. 
Washington, Seattle WA 98195). 

Summary: We have studied six Hawaiian palagonitic tephra samples (PH-1 through PH-6) 
from a site where a Mauna Loa lava flow has partially embayed a Mauna Kea cinder cone. 
Tephra samples that were not affected by the lava flow (PH-5, PH-6) consist of partially 
palagonitized coarse-grained glassy Hawaiitic particles whose iron mineralogy is dominated by 
nanophase ferric oxide (np-Ox) and olivine. Samples closest to the lava flow (PH-1 through PH- 
4) have been strongly altered and their iron mineralogy is dominated by np-Ox, magnetite, and 
hematite. This suite of samples has many spectral similarities to Martian bright regions, and 
thus this localized thermal alteration event may be an analog to similar processes on Mars that 
lead to the production of small amounts of crystalline ferric oxides within a poorly-crystalline or 
amorphous palagonitic matrix. 

Introduction and Background: We have analyzed a series of thermally altered palagonitic 
tephra samples from Puu Huluhulu cinder cone on Mauna Kea, Hawaii, as part of an ongoing 
analysis of terrestrial materials that exhibit spectral similarities to Mars. Previously, we reported 
our findings on the relative abundances of poorly- and well-crystalline ferric oxides in these 
samples [I]. In this abstract we present a more detailed analysis of the iron mineralogy in our 
samples and particularly of the variations in iron mineralogy as a function of the degree of 
thermal alteration. Our interpretations rely primarily on Mossbauer and reflectance spectroscopic 
techniques. Additional details concerning the sample site, other physical properties of the 
samples, and laboratory techniques can be found in Bell et al. [2]. 

Results: The iron-bearing phases that were needed to model the Mossbauer spectra of our 
samples are presented in Table 1, along with their corresponding Mossbauer parameters. The 
identification of pyroxene is tentative (IS is usually > 1.1 mm/s) and is based on analysis of XRD 
data. The magnetite is strongly cation deficient and/or has Ti substituted at the octahedral sites. 
We cannot rule out the presence of Ti substitution in the hematite as well. The nanophase iron 
oxide (np-Ox) doublet results from octahedrally coordinated ferric iron and has been confirmed 
to arise from np-Ox particles based on selective DCB extraction results [3]. We cannot identify 
the mineralogy of these nanoscale (20-50 nm) particles further without high resolution TEM or 
single area electron diffraction analysis. 

TABLE 1. Average Mossbauer Parameters at 293 K for Iron-Bearing Phases in Palagonitic Soils 
PH-1 Through PH-6 

Phase IS, mm/s QS, mm/s Bhf, 7' 

Ferrous Doublets 
Olivine 1.13M.02 2.87M.03 
Pyroxene 0.98kO.02 2.36kO.03 
Glass 0.99kO.02 2.05M.02 

Ferric Doublet 
Nanophase iron oxide 0.35M.02 0.69kO.04 

Magnetic Sextets 
Hematite 0.38M.02 -0.18kO.02 5 1.5M.2 
Magnetite (octahedral) 0.66M.02 -0.08kO.02 46.7H.2 
Magnetite (tetrahedral) 0.29kO.02 -0.03kO.02 49.5H.2 
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Variations with Degree of Thermal Alteration: The relative percentage area of each of the 
iron-bearing phases in the Mossbauer spectra of our samples is presented in Table 2. Nanophase 
femc oxide has the largest fractional area in all samples, with the highest values occumng in the 
c20 pm size fraction. This is consistent with the observation by Moms et al. [4] that np-Ox is 
associated with the most palagonitized material. Ferrous iron is present in olivine in all samples. 
Ferrous iron in glass is also present in the least altered samples (PH-4 through PH-6) but it is 
absent in the most altered samples (PH-1 through PH-3). The opposite is true for ferrous iron in 
pyroxene. This implies that the glass weathers faster than olivine and that pyroxene formation is 
related to the thermal alteration event. A similar coupling is observed between magnetite and the 
thermal alteration event. Hematite is found only in the zone closest to the heat source, where 
temperatures would have been the highest. 

Implications for Mars: We have previously demonstrated that this suite of samples has many 
spectral similarities to Mars [I]. Our results here demonstrate that even a small influx of heat and 
energy (e.g., lava flows, dikes, craters) interacting with unaltered or palagonitized volcanic 
tephra results in the alteration of more poorly ordered phases to more crystalline ones. This 
process provides a way to generate the crystalline hematite recently discovered spectroscopically 
on Mars [5,6] and also (possibly) a way to generate pyroxene [7,8], although this is much more 
speculative. The mineral assemblage observed in our samples can be produced by processes 
other than small-scale thermal alteration; however, there is abundant photogeologic evidence that 
thermal alteration has operated on the Martian surface, and this hypothesis can be tested in the 
future by more detailed remote sensing, mapping, and eventual sampling. 

TABLE 2. Relative percent spectral areas of phases from Mossbauer data for c 1 mrn, 500- 
1000 pm, and c 20 pm size fractions of palagonitic soils PH-1 (closest to heat source) through 

PH-6 (farthest from heat source). All values in percent; errors are k2% absolute. 
S a m ~ l e  Size Fraction Olivine Pyroxene Glass n~-Oxide Hematite Magnetite 

PH-1 <1 mm 6 7 0 57 12 19 
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