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The enstatite achondrites are coarse-grained monomict breccias consisting
of large (up to several cm) angular fragments set in a groundmass of smaller
grains (l1l). One way to look at such rocks is to analyze a large number of
small samples. Trends in chemical variations between the many samples should
reveal information about the homogeneity of the meteorite. Bishopville, a
relatively low metal, high plagioclase enstatite achondrite, was used to
evaluate this approach. Twenty-two separate samples ranging in weight from
0.25 to 3.2 g were taken from the specimen of Bishopville in the Arizona State
University meteorite collection. Sampling was done to cover representatively
the surface of the meteorite: nine samples of the large white enstatite
crystals (clast) and thirteen samples of the gray material that composes the
bulk of the meteorite (matrix) were collected.

The samples were analyzed using the instrumental neutron activation
analysis facilities at NASA/Johnson Space Center. Results obtained for Fe, Na,
Cr, Co, Ni, Sc and REE abundances for the clast and matrix samples were
examined (Table I). All of these elements show wide variations in abundance,
indicating that the meteorite is very inhomogeneous at the scale sampled.
Starting with the REE, the data was examined for correlations between pattern
shape and the type of sample (clast/matrix). Next, the type of pattern and
the type of sample were both correlated with the abundance levels of the other
elements determined. Finally, the amount of mixing between the components was
determined.

The REE patterns divided into two groups. One, Group 1, was fairly
homogeneous, consisting of relatively flat patterns at abundances between 0.3
and 0.9 x chondrites (Fig. 1). A second, Group 2, had irregularly shaped
patterns with abundances ranging from 0.0l to 0.5 x chondrites (Fig. 2). The
two pattern groups corresponded roughly to matrix and clast respectively.

Looking at the other elements determined, it was found that they all
divided roughly into the same two groups as the REE. Sodium showed the best
correlation of abundance with pattern type. Samples with Na abundances >0.95%
were Group 1 and <0.7% were Group 2. Interestingly, the one pattern with a
negative Eu anomaly (E in Fig. 2) has the lowest Na abundance. 2ll of the
Group 1 samples had iron contents >0.3% and the majority of the Group 2 samples
were low Fe (<0.3%). One notable exception was the sample with the highest Fe
content (6.3%), which is seen as pattern W in Figure 2. Nickel, Co and Cr also
divided into the two categories, with high abundances in Group 1 and low
abundances in Group 2. However, the division was not as clear cut as for iron
and sodium. .

Using the major element analysis done on a few of the samples, a norm was
determined and from this the amount of mixing that occurred was calculated.
The calculation determined that the Fe component varied from 0% to 2% in the
samples, with one at 9% Fe. The Fe component was principally kamacite, as
shown by a strong correlation of Ni with Fe, but traces of three other opaque
phases seen petrographically (2,3) can be identified by chemical variations in
the abundances of Cr (daubreelite), Co (schreibersite), and excess Fe (troilite).
Since plagioclase occurs as oligoclase (2) and is the only major Na-carrying
phase, Na is correlated with plagioclase content. The samples vary from 4% to
58% plagioclase.

Sodium, Fe and the REE's occur primarily in:the matrix, and as a result,
purely chemical means can be used to divide the enstatite achondrites into the

© Lunar and Planetary Institute ¢ Provided by the NASA Astrophysics Data System

753




754

BISHOPVILLE CHEMICAL VARIATIONS
Strait, M.M. et al.

textural clast/matrix division, and to determine the amount of mixing between
the various components. The clasts have low abundances of Fe (opaques), Na
(plagioclase) and REE, but are inhomogeneous because of minute opaque
inclusions in the enstatite crystals (1) and/or bits of matrix included as a
part of the sample. The REE in the matrix are surprisingly homogeneous,
despite wide variations in the other elements in this groups and particularly
in comparison to clast REE. The REE carrying phase is apparently present in
the matrix and occurs as a component that has mixed with the matrix material
only. If the matrix formed from broken up clast material, the matrix should
have REE patterns similar to those of the clast, which it does not. What
this phase could be is yet to be determined. Recent work on oldhamite, the
best candidate for this phase, has shown the levels of Ce and Nd to be insuf-
ficient to account for the variations in the REE between clast and matrix (4).

Table I. Neutron Activation References: (1) Reid A.M. and Cohen
Analysis data for Bishopville. A.J. (1967) Geochim. Cosmochim Acta,

31, pp. 661-672. (2) Watters T.R.
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Figure 1. REE range for the Figure 2. REE range for the
12 samples . in’ Group 1. 10 samples in Group 2.
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