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MOSSBAUER SPECTRA OF H-5 CHONDRITES FROM ANTARCTICA 
Duncan S. Fisher and Roger G. Burns, Department of Earth, Atmospheric and Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Introduction. In a number of recent publications, we have demonstrated that the technique of 
Mossbauer spectroscopy provides a rapid method for determining the oxidation state and modal 
mineralogy of iron in suites of meteorites [1,2,3,4]. The technique is proving to be useful for 
distinguishing products of preterrestrial redox reactions from weathered materials formed in a 
meteorite after it arrived on Earth. In the original investigation of suites of meteorite specimens 
from the Antarctic Meteorite Collection [I], homogenized powders were used and only a few 
samples of each meteorite-type were investigated. Nevertheless, given this limited number of 
specimens, we were able to demonstrate that meteorites collected from the Allan Hills area of 
Victoria Land are generally more highly weathered (i.e. contain a higher proportion of ferric iron) 
than specimens of corresponding meteorites from other locations in Antarctica. These observations 
paralleled contemporaneous findings that trace element abundances in H-5 chondrites are different 
in meteorites collected from the Allan Hills region than other locations in Antarctica and elsewhere 
on Earth [5,6]. We have subsequently acquired many of the H-5 chondrites used in those trace 
element studies and summarize here information about the oxidation state and partitioning of Fe in 
the mineral assemblages determined from Mossbauer spectral measurements. 
Meteorite Specimens. The suite of H-5 chondrites acquired for our investigation are listed in 

table 1, together with the index of weathering for each specimen as catalogued in the Antarctic 
Meteorite Collection [7]. The majority of the samples measured represent the non-magnetic 
fractions of the meteorites and most of the specimens had been collected from the Allan Hills 
region. We are currently extending our investigation to non-magnetic and magnetic fractions of H- 
5 chondrites from the Yamato Mountains, and results for some of these samples are listed in table 
1. Experimental details for measuring and curve-fitting the Mossbauer spectra of meteorites are 
described elsewhere [I]. Most of the spectra were measured at room temperature in the velocity 
range + 5 mm s-1 to improve the resolution of ferrous and ferric quadrupole doublets. In this 
velocity range, only the four central peaks of the troilite (FeS) magnetic sextet spectrum are 
resolved, as illustrated in an accompanying abstract [a]. However, when estimating the modal 
mineralogy of iron in the FeS phases (as well as metallic Fe, when present), computed peak areas 
in the Mossbauer spectra were normalized to include all six peaks of the troilite (and Fe) sextets. 
Results. Summarized in table 1 are the modal percentages of iron in the olivine, pyroxene and 

troilite phases, together with the ferric iron percentages in each meteorite. The Fe3+ ions are 
probably distributed in clay silicate, oxyhydroxide and sulfate phases, including smectite, 
nanophase goethite and jarosite phases [9,10], but individual ferric-bearing phases were not 
resolved in the room temperature Mossbauer spectra, 

Observations. Notable features of the data summarized in table 1 are: 
( I )  the relative constancy of Fe2+ partitioning between coexisting olivine and pyroxene. Thus, the 
ratios: % olivine/(olivine + pyroxene) cluster in the narrow range 62-71%. This suggests that Fe2+ 
ions in the olivine and pyroxene M2 sites are equally vulnerable to oxidation in the polar 
environment. The rates of dissolution and oxidation of these ferromagnesian silicates are 
discussed in an accompanying abstract [ l l] ;  
2) the ratios of iron sulfide to ferromagnesian silicates are rather similar. This indicates that 
oxidation rates of FeS and Fe2+ in olivine + pyroxene are comparable [a]. Indeed, we have 
suggested elsewhere [12] that chemical weathering of ferromagnesian silicates is induced by 
aqueous oxidation of coexisting iron sulfides; 
(3) specimens from the Allan Hills region are more highly oxidized than samples collected at the 
Reckling Peak and Elephant Moraine localities, c o n f i n g  earlier observations [I]. However, 
preliminary results for the H-5 chondrites from the Yamato Mountains suggest that these meteorites 
are also appreciably oxidized but not to the same extent as the Allan Hills chondrites; 
(4) Preliminary results for the non-magnetic and magnetic fractions of the H-5 chondrites from the 
Y amato Mountains indicate that the ferric iron-bearing phases are slightly more concentrated in the 
non-magnetic fractions, perhaps as a result of the differential weathering of the metallic Fe, sulfide 
and silicate phases [a]. 
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Table 1. Distribution of Iron in Weathered H-5 Chondrites from Antarctica 

Meteorite No. % ~ e ~ +  % ~ e ~ +  Ratio: % ~ e ~ +  % ~ e 3 +  Ratio: Ratio: 
(Weathering as as % olivine1 as in % ferric/ % FeS/ 
Index) olivine pyroxene (ol+py) sulfide meteorite (Fe3++Fe2+) (FeS+ol+py) 

A77012(Ce) 30.0 16.1 65.0 18.2 35.7 43.6 28.3 
A77014 (C) 39.3 20.7 65.5 14.6 25.4 29.8 19.6 
A77177 (C) 38.8 19.6 66.5 16.8 24.8 29.8 22.3 
A77259 (C) 4 1.4 19.5 68.0 17.8 21.3 25.9 22.6 
A77274 (C) 4 1.3 22.4 64.8 21.5 14.7 18.7 25.2 
A77294 (A) 49.1 27 .O 64.5 20.0 4.8 3.9 20.8 
A78075 (BIC) 40.9 20.5 66.6 19.1 19.5 24.2 23.7 
A78108* (B) 39.9 19.9 66.7 19.3 13.1 17.8 24.4 
A78111 (BIC) 34.8 17.4 66.7 15.9 32.8 38.5 23.3 
A79029 (C) 28.0 14.7 65.5 10.4 46.8 52.3 19.6 
A80132 (B) 47.5 25.3 65.3 19.1 8.1 10.0 20.8 
A81015 (Be) 35.8 19.2 65.1 18.6 26.4 32.4 25.3 
A8 1039 (AIB) 45.7 24.1 65.5 20.3 9.9 12.4 22.5 
A82102(BIC) 44.9 24.0 65.2 19.1 12.1 15.0 22.1 
E79007 (B) 42.5 21.8 66.1 19.6 16.3 20.2 23.4 
R79004 (BIC) 40.6 25.1 61.8 22.6 11.8 15.2 25.6 
R80210 (BIC) 53.4 21.3 71.4 17.6 7.6 9.2 19.1 
R80220 (BIC) 46.4 23.4 66.4 22.0 8.2 10.5 24.0 
R80230 (B) 46.4 24.9 65.0 22.0 6.7 8.5 23.6 
Y791604 34.1 21.7 61.1 14.0 30.2 35.2 20.1 
Y79 1604f 3 1.3 15.7 66.6 13.7 29.4 38.4 22.8 
Y793501 43.8 25.4 63.3 17.0 15.10 16.6 19.8 
Y793501t 35.1 18.8 65.2 15.1 21.3 28.4 21.9 
Y793510 43.9 22.2 63.4 21.4 12.5 15.9 24.5 
~7935105 34.7 18.4 65.4 13.1 16.8 24.1 19.8 

A: Allan Hills; E: Elephant Moraine; R: Reckling Peak, Y: Yarnato Mts. * includes 7.0% Fe; metallic fraction, includes 9.8% Fe; $ metallic fraction, includes 9.7% Fe; 
5 metallic fraction, includes 17.1% Fe. 
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