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MOSSBAUER SPECTRA OF OLIVINE-RICH WEATHERED ACHONDRITES: 
11. BRACHINA, CHASSIGNY, ALHA 77005, AND NAKI-ILA 
Roger G. Burns and,Sondra L. Martinez, Department of Earth, Atmospheric and Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

INTRODUCTION. Olivine predominates in several SNC meteorites believed to have originated 
from Mars, including Chassigny (approx. 90 modal % Fa31.5; [I]) and ALHA 77005 (-52% 
Fa28-34; [2]). It is also a significant constituent of Nakhla (15.5% Fa68; [3]), and is present in 
minor amounts in EETA 79001 lithology A, Lafayette and Governador Valadares [4]. 
Furthermore, almost 80% of Brachina is olivine (Fa30) [5,6] (which is related to ALHA 84025; 
[7]), and this meteorite was once grouped with the SNC meteorites. Because olivine is 
particularly reactive in low temperature environments and forms iddingsite under hydrothermal 
conditions and during weathering [8], the presence of such femc-bearing oxyhydroxide and 
phyllosilicate assemblages may be indicative of oxidative weathering in an aqueous environment on 
Mars. Since the presence of ferric iron in amounts exceeding 1-2% is usually readily detectable by 
Mossbauer spectroscopy [9], and because preliminary measurements of weathered meteorites at 
.very low temperatures enabled nanophase hydrated F e O  oxide phases to be identified [9,10], 
we have measured the spectra of several olivine-rich achondritic meteorites and report here 295K 
and 4.2K Mossbauer spectral data for SNC and related meteorites; an accompanying abstract [ll] 
describes similar measurements on a suite of ureilites found in Antarctica. 

SPECIMENS STUDIED. Achondrites acquired for the Mossbauer spectral measurements 
included: -100 mg chips from interior portions of Brachina, Chassigny and Nakhla; homogenized 
powders from the Antarctic Meteorite Collection of the "dark'' (olivine-rich) and "light" (olivine- 
depleted) fractions of ALHA 77005; and a powdered eucrite (ALHA 80102) showing moderate 
rustiness, which served to locate pyroxene peaks in the low-temperature spectra. Experimental 
details are described in the accompanying abstract [ll] 
RESULTS. Assembled in Figure 1 are the 4.2K Mossbauer spectra of the six achondrites. It is 

immediately apparent from Figure 1 that peaks at approx. -7.75 and +8.5 mm s-l are most 
conspicuous in the Brachina spectrum (Fig. la), yielding a value of 50.3T for the magnetic 
hyperfine field which corresponds to values for goethite. Magnetic ordering of this Fe(II1) 
oxyhydroxide phase is not observed in the 295K spectrum, however, indicating that the -7% ferric 
iron present in Brachina occurs as nanophase (c10 nm) goethite. Very weak FeOOH features 
appear in 4.2K Mossbauer spectra of Nakhla (Fig. le) and eucrite ALHA 80102 (Fig. If), but not 
in the spectra of Chassigny (Fig. lb) or the ALHA 77005 "dark'' (Fig. lc) and "light" (Fig. Id) 
fractions, even though the 295K spectra resolved small amounts of ferric iron in Chassigny (2.3% 
Fe3+) and ALHA 77005 (1.7% F$+; [lo]) as well as Nahkla (1.6% F$+; [9]). The ferric iron in 
Chassigny appears to be accomodated in the olivine structure as it is in ALHA 77005 [12], and 
not in the iddingsite FeOOH phase present in Nakhla and Brachina. 

DISCUSSION. The presence of goethite in Brachina correlates with the "small amount of 
limonite produced by terrestrial weathering" reported when the meteorite was found in South 
Australia [5]. Similar terrestrial weathering could not have occurred in Chassigny and Nakhla 
which were collected as falls, so that their -2.0 F$+ probably represents preterrestrial oxidation 
during exposure on Mars. We also conclude that the ferric iron measured in olivine-separates [12] 
and bulk samples [9] of ALHA 77005 did not originate in Antarctica but was produced during low 
temperature alteration reactions on the martian surface. 
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FIGURE 1. Mossbauer spectra measured at 4.2K of a variety of achondrites. (a) Brachina; (b) 
Chassigny; (c) shergottite ALHA 77005 "dark" (olivine-enriched) and (d) "light" (olivine-depleted) 
fractions; (e) Nakhla; and (f) eucrite ALHA 81002. Vertical dotted lines indicate the locations of 
the outermost peaks of the goethite sextet Mossbauer spectrum. This femc oxyhydroxide phase is 
present in Brachina, Nakhla and eucrite ALHA 81002. Ferric iron occurring in the olivines, which 
is resolved in the 295K Mossbauer spectra of Chassigny and ALHA 77005, is obscured by peaks 
representing the onset of magnetic ordering of ferrous iron. 
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