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THE NOBLESVILLE METEORITE: MECHANISM OF OXIDATION OF 
IRON IN ORDINARY CHONDRITES INDUCED BY AERATED ICEWATER 
Duncan S. Fisher and Roger G. Burns, Department of Earth, Atmospheric and Planetary 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139. 

Introduction. The very recent fall of the H4/H6 chondrite at Noblesville, Indiana, on August 
31, 1991, provided an unique opportunity to examine the iron oxidation states and modal 
mineralogy of a completely unweathered meteorite. It also yielded a fresh meteorite for inducing 
oxidation by aerated icewater in laboratory experiments to simulate weathering conditions in the 
polar environment from which specimens in the Antarctic Meteorite Collection were retrieved. 

Background. Previous studies using the technique of Mossbauer spectroscopy of suites of 
meteorites found in Antarctica demonstrated the presence of variable but significant amounts of 
ferric iron in all ureilites [1,2] and most H, L and LL chondrites [3], as well as reference 
specimens collected elsewhere as falls. An accompanying abstract [4] reports additional results 
for oxidized iron in several Antarctic H-5 chondrites. Similar Mossbauer spectral measurements of 
achondrites showed that the proportions of ferric iron in ordinary chondrites are considerably 
higher than those in achondrites 131, except for ureilites which owe their rustiness to the oxidation 
of metallic Fe included in forsteritic rims of olivines in contact with the carbonaceous matrix [S]. 
These observations of different relative proportions of ferric iron in meteorites appear to support 
the widespread belief, which underlies the weathering index scale used to catalogue specimens in 
the Antarctic Meteorite Collection [6], that the overall rustiness and degree of weathering of a 
meteorite is related to preferential oxidation of the metallic Fe and FeS phases. Results reported 
here, however, suggest that much of the ferric iron in weathered meteorites may originate initially 
from oxidation of ferromagnesian silicates induced by oxidized FeS phases. 

Unoxidized Noblesville Meteorite. A fresh 100 mg chip of the meteorite was carefully 
pulverized to <45 micron particle size under acetone with an agate pestle and mortar in order to 
minimize oxidation during grinding. The powder was then loaded into a sealed plastic holder and 
measured by Mossbauer spectroscopy in the velocity ranges +12 mm s-I (to encompass the 
complete magnetic hyperfine sextet spectra of Fe and FeS, as well as Fe(II1) oxides, if present) and 
k5 mm s-I (to increase the resolution of Fe2+ and Fe3+ doublets, if present). The Mossbauer 
spectrum illustrated in figure 1 shows no detectable ferric iron either as Fe(II1) oxide or 
superparamagnetic Fe3+ ions. The Mossbauer parameters summarized in table 1 indicate that the 
proportion of FeS (troilite) exceeds metallic Fe in the unoxidized meteorite. 

Oxidized Noblesville Meteorite. The powdered sample of the Noblesville meteorite was 
immersed in aerated icewater for several months and agitated periodically. The choice of 0 OC 
water was deliberate: first, the solubility of oxygen is increased in cold water; and second, the 
temperature closely simulates melt-water in the polar environment to which specimens in the 
Antarctic Meteorite Collection might have been exposed. After 1 to 2 months exposure to icewater, 
the meteorite powder was removed and washed under acetone, and its Mossbauer spectrum was 
remeasured. The spectrum illustrated in figure 2 shows the appearance of additional peaks 
attributed to Fe3+ ions. The Mossbauer data summarized in table 1 indicate that, compared to the 
fresh unoxidized meteorite (figure I), the relative proportions of FeS and Fe2+ in olivine and 
pyroxene have remained almost constant but have decreased relative to metallic Fe after the 
meteorite was exposed to icewater (figure 2). This result was totally unexpected because 
preferential oxidation ("rusting") of metallic Fe had been anticipated. 

Mossbauer Spectra of Other Oxidized Meteorites. In order to confirm these results for 
fresh and oxidized samples of the Noblesville meteorite, specimens of Holbrook (L-6 chondrite 
fall), Novo Urei and Havero (ureilite falls) and the shergottite ALHA 77005 were measured before 
and after immersion in icewater. Only for Holbrook, which contains comparable amounts of 
metallic Fe and troilite, was ferric iron induced after 1 month exposure to icewater. Negligible 
additional oxidation appeared to occur of the metallic Fe in the two ureilites, while olivine in the 
shergottite already known to contain ~ 4 . 5 %  Fe3+ 171 underwent no further oxidation during the 
month-long exposure to aerated icewater. 
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Conclusions. The mechanism of oxidative weathering of the FeS and Fe2+ (olivine + 
pyroxene) minerals in ordinary chondrites is comparable to that proposed for iron-rich basalts on 
Mars [8], which is discussed further in an accompanying abstract [9]. Dissolution of FeS 
(troilite) by aerated porewater releases acidity which facilitates the chemical weathering of 
coexisting olivine and pyroxene in the meteorite. Since iron suKides are only minor constituents of 
ureilites and shergottites, the rate of oxidation of ferromagnesian silicates in these achondrites by 
aerated icewater is corresponding slower than oxidation rates in FeS-bearing chondrites. 
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Table 1. Mossbauer parameters of fresh and oxidized samples of the Noblesville meteorite 

Fe species Mossbauer parameters* Ratio Ratio Ratio 
I. S. Q.S. H. W. Area % olivine/ % FeS/ %Fe/ 
IIIIII/s mm/s mm/s % (ol+py) (FeS+ol+py) (Fe+FeS) 

Fe2+/olivine 
FeZ+/p yroxene 
FeSItroilite 
metallic Fe 

Fe2+/olivine 
Fe2+/pyroxene 
FeSItroilite 
metallic Fe . 
Fe3+ 

fresh meteorite 
0.34 48.2 68.5 
0.34 22.3 
0.3 1 18.6 20.9 
0.24 10.9 36.9 

oxidized meteorite 
0.41 29.7 69.6 
0.41 13.0 
0.34 11.2 20.8 
0.26 26.2 70.3 
0.41 19.5 

* Room-temperature spectra; isomer shifts (I.S.) calibrated relative to metallic Fe standard. Area % 
data provide relative concentrations of each iron species or mineral. 
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