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VARIATION OF WEATHERING WITH DEPTH: A COMPARISON BETWEEN THE 
GREAT BEND METEORITE AND LEW 85319. P.A. ~ l a n d l ,  F.J. ~ e r r y ~  and C.T. 
pillingerl. l ~ l a n e t a r ~  Sciences Unit, Department of Earth Sciences, 2~epar tment  of 
Chemistry, The Open University, Milton Keynes, MK7 6AA, UK. 

Abstract: A Mossbauer study of a core of material through the 28kg Great Bend 
meteorite can be interpreted as showing differential weathering. It may even be suggested 
which way up the meteorite lay on the ground. The data indicate that liquid water from 
adjacent soil is involved in the weathering process. 

It has been recognised for some time that in hand specimen meteorite fusion crusts 
generally display greater 'rustiness' than interiors (Gooding, 1989), and that in the case of hot 
desert meteorites (2), the outer few centimetres of large stones are often more strongly 
weathered than the interiors. A number of studies employing infrared (3, 4) trace elements 
(5, 6) and carbonloxygen isotopes (7) have sought to quantify the variation of alteration 
products with depth; Hall and Burns (8) in a 57Mossbauer study observed a small increase 
(-7%) in the amount of Fe3+ in achondrite fusion crusts relative to their interiors. 

Herein, we report a Mossbauer analysis conducted along a core cut from a single 28.77 
kg. mass of the Great Bend H6 ordinary chondrite. This meteorite found in 1983 in a semi- 
arid region of Kansas has a terrestrial age of 10,300 f 1300 (Jull, pers. comm.). The 
dimensions of the core were 12 x 0.5 x 0.5 cm. and included fusion crust at each end. Ten 
specimens (#1 to 10) each approximately 1 g., taken at approximately 1.2 cm. intervals, were 
crushed in acetone before 57Fe Mossbauer spectra were recorded and data interpreted in a 
similar fashion to work reported by (9). No effort was made to specifically examine fusion 
crust. The results indicate that total Fe3+ (Fig.) is correlated with depth whilst the abundance 
of surviving ferromagnesian silicates (olivine and pyroxene) is anticorrelated. The 
Fe3+derives from the weathering of Fe/Ni, troilite and the decomposition of silicates. From 
the figure it may be interpreted that the degree of weathering decreases dramatically towards 
the centre of the stone. The evidence for increased weathering is observed at both extremities 
of the depth profile, with Fe3+ containing phases accounting for approximately twice as much 
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Fig. Spectral area of ~ e ~ +  containing species as a function of depth in Great Bend. This is arbitrarily one end 
of the core whilst 12 is the other. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



132 LPS MNI 
Variation of Weathering with Depth. P.A. Bland et al. 

of the spectral area in samples from the surface or immediately ad~acent to the surface of the 
stone, relative to samples deep in the interior. Interestingly, the correlations observed are 
somewhat asymmetric so that the oxidised zone is more extensive at one end of the core. 
Though samples# 1 and# 10 (i.e. surface and near-surface material) show a similar degree of 
oxidation, there is a rapid decrease in Fe3+ between core section# 1 to core section #2 
whereas core #10 and core #9 are almost identical before there is a marked drop in oxidation 
in core #8, which however is still less oxidised than core #2. A possible explanation may be 
the original orientation of the stone: if this meteorite lay with the surface of core #1 
uppermost and core #9 and #10 in the soil layer, it might be expected that the buried portion 
was relatively longer in contact with water and subject to less evaporation and hence would 
experience relatively more chemical weathering. The upper exposed portion, although more 
unshielded during periodic storms, might be expected to dry out quite quickly, and also may 
not have been subjected to the aqueous activity which causes erosion. Meteorite finds from 
temperate and hot-desert regionsin museum collections commonly show the effects of wind 
abrasion and desert varnish in exposed portions whilst the buried sections of samples have 
yellowish staining due to extensive limonite alteration (Hutchison, pers. comm..) This would 
tend to imply that while exposed portions of hot desert meteorites are vulnerable to processes 
of physical weathering, the lower most or buried portions may be subject to accelerated 
chemical alteration. The slightly higher weathering observed for core sample #4 may be due 
to an analytical error or could be a result from a specimen that included an unnoticed crack or 
oxide vein, 

For comparison with the Great Bend meteorite we have analysed material from an 11.5 
kg. Antarctic meteorite, LEW 85319, a sample with a terrestrial age of ca. 32000 years (10). 
Although we do not have such tight control over sampling as afforded by the core we were 
still able to consider specimens from various depths within the sample. Again ten chips were 
considered from between 0.3 and 4.6 cms. of the surface although some sites were close to 
distinct fractures in the meteorite. In all cases ferromagnesian silicates contributed 57.5 + 
3.2% of the 57Fe spectral area. This range of values was smaller than the error for an 
individual analysis indicating that the whole mass of LEW 85319 had been uniformly 
weathered. Whilst it might be that LEW 853 19 is a smaller meteorite and therefore subject to 
more homogeneous attack or water gained access through the fractures, we believe that it is 
more probable that physical weathering processes are fundamentally different in the two 
environments. It seems likely that in the case of the Antarctic sample the fabric of the 
meteorite becomes permeated with water-ice by the action of freeze-thaw and that weathering 
is arrested when the temperature falls below the threshold for chemical reaction. On re- 
emerging from the ice and thawing the entire sample may therefore be saturated with liquid 
water. As postulated earlier, in hot deserts, water availability is the controlling influence. 
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