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POORLY CHARACTERIZED PHASES IN C2M CARBONACEOUS CHONDRITES: PROPOSED

Nf STRUCTURES AND SIGNIFICANCE Ian D. R. Mackinnon and Michael E. Zolensky,

. Mail Code SN4, NASA Johnson Space Center, Houston, TX. 77058.

Poorly characterized phases (PCP's) may constitute up to 30 volume
percent of some C2M carbonaceous chondrite matrices [1] and are an important
key to an understanding of matrix evolution. PCP's are usually fine-grained
(<1pm in size), and are difficult to characterize by conventional optical or
X-ray techniques [2]. Fuchs et al. [2] introduced the term PCP in their
detailed description of Fe-S-Ni-0 phases in the matrix of Murchison. Ramdohr
[3] described a similar Fe-S-C phase with trace amounts of Ni in five carbo-
naceous chondrites and proposed that this mineral has a layer structure. Both
the Fe-S-Ni-0 and Fe-S-Ni-C phases have similar optical properties and are
conveniently described by the generic term PCP [1]. On the basis of recent
high resolution electron microscopy (HREM) studies [4-9], we propose that
these PCP's form at least two ordered, stable structures based upon alternat-
ing sequences of mackinawite- and brucite- (or amakinite-) type layers.

Lattice image, electron diffraction and optical transform analysis [8,9]
indicates that the two predominant types of PCP structures have basal
periodicites of ~10A and ~17A, respectively. The ~10A phase has also been
referred to as a v5A PCP by Tomeoka and Buseck [10]. However, it is apparent
that this “5A periodicity is a sub-cell repeat of the A 10A PCP. The Al7A
phase has been previously termed an "SBB-type" phase on the basis of
structural data and bulk chemical analyses of the matrix [4,6]. Tomeoka and
Buseck [9] confirmed the suggestion by Mackinnon [11] that the ~17A
“SBB-type" phase is a matrix PCP.

Bulk optical properties for a typical ~10A PCP phase [1-3] compare
favorably with optical properties of the mineral tochilinite [12].
Tochilinite typically has a metallic to sub-metallic 1luster. Tochilinite
crystals are soft, flexible, sectile and form as fibrous or massive
varieties. In polished section, tochilinite has a strong anisotropy which
yields pinkish-cream to grey colors [13]. A comparison of interplanar
spacings for tochilinite and ~10A PCP from a C2M chondrite (Table 1) shows
remarkable agreement. Major element microprobe analyses of the massive forms
of PCP from Murchison and Murray [1,2] give results essentially identical to
analyses of tochilinite [12]. In addition, electron energy loss spectroscopy
by Barber et al. 8] suggests that the partial chemical formula for ~10A PCP
is Fe;, S 0,,; , with some margin for error (~16% relative). Indeed, Barber
et al. [8] note that the properties of ~10A PCP are similar to an unknown
phase in the Muskox intrusion described by Jambor [14]. This phase from the
Muskox and similar localities, has been subsequently named tochilinite [13].

Tochilinite has the general formula 6Fe, , S 5(Mg,Fe)(OH), and consists of
31ternating sulfide and brucite sheets in a C-centered unit cell with dimen-
sions a = 5.37A, b = 15.06A, ¢ = 10.72A and B= 95° [13]. The sulfide sheet
has a mackinawite structure consisting of FeS tetrahedra in a unique edge-
shared arrangement. Substitution of cations, particularly Fe, into the
brucite sheet of tochilinite is common [12,15] and minor amounts of Al and Ca
may also occur. A brucite structure with high amounts of Fe substitution (for
Mg) is termed amakinite [16].

We propose that ~10A PCP is the meteoritic structural equivalent of
tochilinite and that it forms the basis for a commensurate mixed-layer
structure of serpentine-tochilinite. A combination of serpentine and tochil-
inite layers gives a basal periodicity between ~17A and v18A, depending upon
the strength of the interlayer bond and/or cation chemistry. This particular
combination of basal spacings (e.g. ~7A and ~10A) fits the HREM data for
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"SBB-type" (or 7-5-5) PCP which occurs in C2M carbonaceous chondrite matrices
[9,11,17]. Variations in ¢ axis structure images of both tochilinite and
serpentine-tochilinite are due to misfit of octahedral and tetrahedral sheets
within both tochilinite and/or serpentine layers and may also correspond to
subtle variations in cation chemistry along the layers.

These observations and conclusions suggest that some meteorite PCP's may
now have a proper mineral name: tochilinite. The ~17A  PCP
(serpentine-tochilinite) awaits detailed characterization before the status
of "mineral" can be bestowed. Nevertheless, we are in a position to study
tochilinite petrogenesis in both terrestrial and meteoritic provenances in
order to ascertain the origin of this unusual phase. We note that there may
be significant differences between the chemistry of terrestrial and
meteoritic tochilinite and their related minerals. For example, Ni is
demonstrably absent in all known terrestrial occurrences of tochilinite [15],
though we consider it possible to substitute minor amounts of Ni in the
mackinawite and amakinite sheets. Terrestrial tochilinite occurs
predominantly in ultramafic rocks as a low temperature mineral in intimate
association with serpentine, calcite, pyrrhotite and magnetite [12,15].
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TABLE 1

Selected Interplanar Spacings (A) for Meteoritic PCP and Tochilinite

*
Meteoritic PCP Tochilinite
(Barber et al., 1983) (Jambor, 1976)
10.8 10.84
7.7
5.4 5.41
4.13
3.6 3.61
3.6 3.46
3.15
2.9 2.96
2.7 2.625
2.562
2.4 2.336
2.25 2.227
2.1 2.103

*
. . .+
Electron diffraction data; X-ray diffraction data.
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