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A M~SSBAUER INVESTIGATION OF HOT SPRINGS IRON DEPOSITS; D.G. Agresti, T.J. 
Wdowiak, M.L. Wade, L.P. Armendarez, Department of Physics, University of Alabama at Birmingham, 
Birmingham, AL 35294-1 700; and J.D. Farmer, NASA-Ames Research Center, Moffett Field, CA. 

We report here on initial measurements by Fe57 Miissbauer spectroscopy of deposits collected 
from two ironcontaining subaerial thermal springs in Yellowstone National Park (Chocolate Pots and 
Jim's Black Pool) and one at Manitou Springs, Colorado. Our work has been inspired by two facts: first, 
the likely occurrence of extensive volcanism and abundant surface water early in Mars history, which 
may have led to the presence of life in iron-rich hot springs, with a surviving mineral record of such 
activity; and second, the development of a compact backscatter Miissbauer s p o m e t e r  (BaMS) [I1 
that is capable of in situ measurements on Mars of such mineral indicators. YNP samples were collected 
while varying distance and orientation from the vent source and at various depths to reflect differing 
environmental and microbiological factors. Miissbauer investigation of these samples was carried out at 
temperatures from 300 K down to 12 K. Our preliminary measurements show a rich variety of spectral 
signatures that exhibit a number of distinctive features, most importantly: a range of ferrous/ferric 
contributions, reflecting a variation of environmental redox potential, possibly due to microbiological 
diversity with depth b m i n g  more aphotic and anoxygenic) and/or distance from the vent source 
(decreasing temperature); and also differing degrees of magnetic order, including superparamagnetism, 
which implies the presence of nanophase iron minerals, the deposition of which was possibly also 
influend by the microbiological environment and may be associated with ultimate fossilization 

It is our long-term goal to build a library of Mijssbauer spectral types of deposits at iron thermal 
springs, to develop an understanding of the biotic influences on the observed mineralogy, and to 
determine whether BaMS measurements on the surface of Mars may give indication of the presence of a 
fossil record or microbiological tracer minerals from an earlier Martian epoch. In the following, we 
present representative spectral sequences of iron springs samples, with brief qualitative interpretations. 

In Figure 1 we show spectra taken at 300 K of sediments collected from three differents locations 
at a single vent mound in the Chocolate Pots area of YNP. Each consists of two paramagnetic doublets, 
a widely spaced ferrous doublet (peaks at -0 mm/s and -2 mm/s) and a closely spaced ferric doublet 
near zero velocity, partially overlapped by the low velocity component of the ferrous doublet. The 
samples grade from dominantly ferric for sample CP6 to dominantly ferrous for CP5. Figure 2 shows 
the temperature variation of the spectra for CP5. We see that, as temperature is lowered down to 12 K, 
the ferric doublet gradually weakens in relative intensity, while at the same time a sextet appears and 
correspondingly grows in intensity. This is the signature of superparamagnetism (SPM), a property of 
small (~15-30 nm) ironcontaining, magnetically ordered clusters (e.g. hematite, goethite). The wide 
range of temperatures over which this transition occurs corresponds to a broad particle size distribution. 
Note that the ferrous portion of the spectrum maintains roughly constant intensity down to 39 K and is 
therefore is not associated with the SPM component of the sample. A contrasting signature is exhibited 
by spectra of sample CM, shown in Figure 3. Here, the pure ferric doublet disappears over a narrow 
temperature range with the appearance of a sextet whose velocity range increases markedly from its 
inception to the lowest temperatures. This is the signature of an ordinary magnetic transition, with 
transition temperature (probably N&l) slightly above 25 K. 

The SPM signature is seen most clearly for the Manitou Springs sample (Figure 4), which has 
just one Mossbauer-active mineral component. The sequence for Jim's Black Pool Sample 10 (Figure 5 )  is 
more complex, but there is again a gradual increase in the intensity of a magnetic sextet (the inner one) 
with decreasing temperature at the expense of the central ferric, paramagnetic portion of the spectrum. 
For both samples, the low N&l temperature and size of the magnetic splitting suggests SPM goethite. 
Importantly, much of the significant variation in the spectra takes place within temperatures bounded 
by the extremes of the Martian diurnal cycle: 240 K - 185 K, as measured at the Viking 1 and 2 lander 
sites 121. Thus, the measurement protocol of a BaMS instrument emplaced on the surface of Mars must 
allow for sorting data by ambient temperature, both to avoid the data smearing that would otherwise 
result and to take advantage of the additional mineralogical information that this temperature variation 
provides. We acknowledge the support of NASA grants NAGW-3081 (DGA) and NAGW-4079 (TJW). 
References: [I] Shelfer et al. (1994) Lun. Planet. Sci. XXV, 1261; [2] Hess et al. (1977) J. G. R., 82,4559. 
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Figure 1. 300 K 
spectra of three 
YNP CP samples, 
showing a range of 
ferric to ferrous 
contribution to the 
spectra. 

t Figure 3. The 
pure ferric doublet 
of CM exhibits a 
magnetic transition 
at low temperature. 

+pisure 2. Spectra 
of 86 shaving 
evidence of a SPM 
fenic component 
The ferrous part is 
not SPM. 

Figure 5. The 
spectra of PPlO are 
more complex, but 
a ferric component 
shows SPM 
behavior. 

c Figure 4. The 
pure ferric doublet 
of the MS sample 
exhibits a well- 
defined SPM 
signature which 
evolves over typical 
Martian surface 
temperatures. 
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