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D.S. McKay ; National Research Counsil Associate, Dept. of Geology, Lamar 
University, Beaumogt4 TX 77710; Lockheed-EMSCO (C23), 2400 NASA Rd. 1, 
Houston, TX 77058; ' NASA-Johnson Space Center (SN4), Houston, TX 77058. 

Introduction: The Fayetteville meteorite is a highly shocked, gas-rich, H4 
bronzite chondrite [I] with a regolith texture consisting of clasts up to 
about 3.5cm in size embedded in a darker matrix or host. We have begun a 
detailed study of the mineralogy, petrology, and rare gas systematics of this 
meteorite. Our objective is to closely compare it with regolith breccias 
which are better understood, namely lunar regolith breccias, so that we can 
determine the processes which have shaped it. We have used techniques which 
have proven to be very useful on lunar reg01 ith breccias including 
disaggregation, grain population studies, and rare gas distribution as a 
function of grain size [2]. 
Procedures: We used a freeze-thaw disaggregation technique [2] on 0.56gm of 
matrix material. Fayetteville proved to be extremely resistant to disag- 
gregation, and the procedure was stopped because of obvious oxidation of the 
metal after 24,400 cycles (64 days), with about half of the sample remaining 
undisaggregated. However, we had enough disaggregated material to sieve into 
5 size fractions, make polished grain mounts, and analyze for rare gases. 
Additionally, we disaggregated another sample using a 500W ultrasonic device. 
The procedure was stopped after five hours. About 25% of the sample was 
disaggregated below lmm and most of this was fine powder (~20um). For the 
freeze-thaw sample, we determined grain populations using the pol i shed grain 
mounts. We also analyzed a number of minerals in polished thin sections of 
the bulk meteorite using the electron microprobe. The results of point-count 
data of various grain types were used in calculating the modal weight 
percentages for the sieve fractions between 20um and lmm. The modal weight 
percentages are shown in Table 1. Rare gas measurements were performed by 
conventional rare gas extraction and mass spectrometry techniques (Table 3). 
Preliminary Results: Most of the coarser grains are undisaggregated matrix 
or 1 ithic clasts which cannot be differentiated from the matrix (Table 1). 
The remainder is mainly chondrules. At finer size fractions, the relative 
proportion of undisaggregated matrix (and lithic clasts) decreases, and 
mineral fragments become dominant. Chondrules decrease in abundance with 
decreasing grain size and are absent below 45um. In the bulk thin sections, 
chondrules make up about 50% of the meteorite. Many of the chondrule 
boundaries are distinct, especially for the larger ones. Electron microprobe 
analyses show that the composition of the olivine and pyroxene in the 
chondrul es is very close that in both the cl asts and matrix (Tab1 e 2). 
Plagioclase is present in the chondrules in both matrix and clasts, but was 
not observed outside the chondrules. The variation of pl agioclase 
composition is considerably greater than that of olivine or pyroxene. Other 
minerals identified in a prel iminary survey include kamaci te, taeni te [3], 
chromium spinel (Cr-Fe-A1 -Ti -Mg), calcium phosphate, and native Cu. 

Thus far, rare gas measurements have been performed on five size 
fractions from the freeze-thaw separation (Table 3). It is expected that the 
solar component of these gases, long established to dominate in the dark 
matrix of Fayetteville, would be negatively correlated with grain size if it 
were acquired by expo- sure of the grains to the solar wind at a regolith 
surface. The data in Table 3 do not display the expected negative 
correlation. The isotopic data do suggest the dominance of the solar 
component with 4/3:2000-3000 and 20/22 approximately 11. 
Conclusions: The chemical and mineralogical similarities of host and clast 
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material is consistent with a common source for both in a regolith, but only 
if the reg01 i th contains very homogeneous material. The chemical simil ari - 
ties are also consistent with equilibrated metamorphism of the bulk rock 
after assembly, but this process is not consistent with the high rare gas 
content or the known concentration of rare gas in the dark matrix. Most 
1 unar reg01 i th breccias have di saggregated a1 ong grain boundaries preserving 
the original grain size distribution and preserving the systematic increase 
of rare gases at finer sizes. The low yield of disaggregated grains in 
Fayetteville testifies to the resistance of the meteorite to breakage, even 
along grain boundaries. Moreover, the size distribution of the grains thus 
freed from the matrix may not be representative of the real distribution. 

The fail ing negative correl ation of gas concentration with grain size 
may be a direct result of the mechanism by which Fayetteville materials 
acquired and subsequently distributed the solar wind component, or may be due 
to breakage across grain boundaries as a result of the freeze-thaw 
disaggregation technique. We have no independent check at this time on the 
success of the technique to dislodge grains at boundaries without breakage 
across grains. Studies in progress on ul tarasonically disaggregated samples 
should provide a basis for comparison of the efficiency of the two techniques 
for separating grains. 
References: [l] Mason, B. (1975), Smithson. Contrib. Earth Sci. (141 71-86; 
[Z] McKay, D.S., et al. (1986), JGR (911, no. 84, 0277-0303; [3] ~cott, R.D. 
and Rajan, R.S. (1981) Geochim. et Cosmochim. Acta (451, 53-67. 

Table 1. MODAL UEIGET PERCENTAGES FOR SIEVE FRACTIONS OF FAYETIEVILLE 
METEORITE HATERIAL BEnreEN 20- AND lnm 

Sizes (um) 500-1000 250-500 150-250 90-150 45-90 20-45 Sum of nodal Normalized 
Weight X to 92.5 X 

Undisaggregated Matrix 20.2 22.4 11.6 8.4 ' 5.2 1.9 69.7 75.2 
Chondrules 6.0 4.0 1.3 .4 .1 0.0 11.8 12.7 
Iron Sulfide (probably matrix) .1 .1 .1 .2 .5 .5 
Iron Oxide (matrix) .3 .4 .7 .8 
Olivine Crystals .6 1.6 2.5 1.9 6.6 7.1 
Pyroxene Crystals .1 .3 1.0 1.4 1.5 
~hromite 
Glass 
Undetermined 

TOTALS 26.2 26.4 14.2 10.6 9.6 5.7 100.2 100.0 

Note: Material <20um is 7.5 veight percent. 

Table 2, MINERAL COMPOSITIONS FOR THE FAYETTEVILLE METEORITE 

CLAST UATERIAL 
Olivine Pyroxene Plagioclase 

Chondrule Non-chondrule Chondrule Non-chondrule Chondcule 
I Items 7 2 4 4 
@ Analyses 59 13 16 
Mean €0-81.1 Fo-81.3 En-82.3 En-82.5 An-23.3 
Std. Dev. .5 .3 .4 1.0 I 1.8  

HATRIX MATERIAL 
Olivine Pyroxene Plagioclase 

Chondrule Non-chondrule I Chondrule Non-chondrule I Chondrule 
1) Items 8 4 7 3 2 
# Analyses 36 4 8 6 
Mean Fo43.3 €0-80.5 En.82.6 An-30.9 
Std. Dev. 2.6 1.3 1.6 I 12.5 

Errors: The errors in absolute gas contents are less than -5X, and the errors in isotopic ratios are generally in the 
range .l-.2X. 

u k k l -  FA'IETTNILLE LIGET RARE GAS DATA 
FOR FREEZE-TBAV GRAIN SIZE SEPARATES ISOTOPIC RATIOS 

[ccSTP I 
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Size(microns) Ueight(g) 3Ae 4He 22Ne 36Ar 
E-6 E-3 E-6 E-6 

(20 0.02312 2.78 8.28 1.99 1.21 
20-45 0.01536 1.36 3.18 1.77 0.801 
30-150 0.02967 4.07 12.07 3.02 1.67 
500-1000 0.05125 2.99 8.13 2.04 1.1 

> 1000 0.11966 2.46 6.97 2.14 1.1 

4/3 20/22 21/22 40/36 36/38 

2975 11.43 0.0547 36.61 5.207 
2334 10.63 0.0876 43.14 5.018 
2967 11.29 0.0590 29.47 5.189 
2719 11.31 0.0621 35.05 5.011 
2828 11.26 0.0517 30.02 5.080 


