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TOCHILINITE IN C2 CARBONACEOUS CHONDRITES: A REVIEW WITH SUGGESTIONS 
M.E. Zolensky, SN2/NASA, Johnson Space Center, Houston, TX 77058 

Tochilinite is a dominant phase within C2 carbonaceous chondrites, where 
it occurs in chondrules and aggregates, and simultaneously composes much of 
the fine-grained matrix [1,2]. It is therefore obvious that constraining the 
phase formation and stability conditions for tochilinite is essential to a 
complete understanding of the history of the C2 parent body(ies); several 
workers have begun to attack this problem [3,4]. While still largely 
uncharacterized, meteoritic tochilinite was previously included within the so- 
called "poorly characterized phases" [5] (with the acronym "PCP" [ b ] ) .  
Recently, Tomeoka and Buseck have sought to redefine PCP as "partly 
characterized phases' [2], and prefer to refer to meteoritic tochilinite by 
the completely unnecessary and ambiguous acronym "FESON" (for its composition, 
which is predominantly: Fe-S-0-Ni) [7]. Replacing one acronym by another does 
not constitute characterization, and will not promote progress in determining 
the origin of this interesting mineral (which already has a real name). 

At the time of the original identification of tochilinite as a major 
component of PCP [I], more work had been performed upon the meteoritic than 
the terrestrial material. Thus it was recognized that further work was 
required on the terrestrial tochilinite, in order to permit a proper 
comparison to be made with the meteoritic analogue. This report will review 
the progress that has been made in this regard, involving both published and 
unpublished work, and include suggestions for desired further research. 

MORPHOLOGY In C2 carbonaceous chondrites tochilinite displays massive, 
planar and fibrous morphologies. At higher magnifications the fibrous forms 
are often revealed to consist of sheets which have been curved into cylinders. 
The most common morphologies for terrestrial tochilinite are massive and 
planar, but very recent work has demonstrated the presence of curved and 
cylindrical material in several terrestrial localities [8,9]. This 
observation is particularly notable as there are, in the author's experience, 
no more than half a dozen layered minerals known to display a cylindrical 
form. There appear to be no morphological differences between the terrestrial 
and meteoritic tochilinites. 

STRUCTURE Organova and co-workers [lo] have determined the basic aspects 
of the tochilinite structure. Actually, there is a group of homo~ogous 
minerals which may be assigned to the Tochilinite Group. All members consist 
of coherently interstratified hydroxide and iron-sulfide layers, with the 
interspecies differences consisting of the composition of the sheets, cation 
ordering arrangements and vacancies, and the degree of rotation between 
neighboring sheets. In all cases the sulfide layer basically takes the 
structure of the mineral mackinawite, and the hydroxide layer takes the 
structure (or a derivative) of brucite. All diffraction data (both electron 
and X-ray) and high-resolution TEM imaging of both terrestrial and meteoritic 
tochilinites are consistent, and support this structural description 
[1,2,5,7,8,10]. The members of the Tochilinite Group, as defined by Organova 
et al. [lo] are tochilinite I and 11, and tochilinite phase 1 and 2, to which 
I would add the interesting mineral haapalaite [ll]. The detailed structures 
of all of these minerals have yet to be completely determined, owing to the 
ubiquitous presence of structural faults [2,8] and intergrowths between the 
various members of the Tochilinite Group, on a very fine scale. This 
condition extends to meteoritic tochilinite, where it has contributed to the 
difficulty in the characterization of this material. Consequently, a major 
goal of future research in this field should be the detailed enumeration of 
the structures of these minerals. It may be found that structural differences 
between tochilinites are sensitive indicators of physico-chemical conditions 
attending the precipitation and growth of these minerals [ a ] .  
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COMPOSITION The compositions of the Tochilinite Homologous Group may be 
written: 2[(Fe,Mg,Cu,Ni,U)S] 1.57-1.85[(Mg,Fe,Ni,Cr,Al,Ca)(OH)2]. This 
formula is compatable with all careful analyses made of meteoritic tochilinite 
[2,6]. Figure 1 shows the compositions of tochilinites plotted onto Fe-Cr-Ni 
and Al-(Fe+Ni+Cr)-Mg ternary diagrams. Terrestrial tochilinites are plotted 
as solid dots, and meteoritic ones as triangles. The meteoritic tochilinites 
are observed to plot within the compositional trends defined by the 
terrestrial material. It is interesting that no Mg-rich tochilinites have yet 
been observed in C2's. However, only tochilinites from C2's with the most 
Fe-rich matrices (Murchison, Mighei, Murray, and the CM clast within Jodzie) 
have been compositionally analyzed [2,6,12]. Thus, Mg-rich tochilinites may 
well reside within any of the C2's whose matrices contain relatively more Mg. 
A good place to begin searching for this material would be Yamato-791198, from 
which tochilinite has been reported [13], or Nogoya, from which abundant PCp 
(at least) has been reported [6], as the matrices of both of these meteorites 
are relatively Mg-rich. One difference between terrestrial and meteoritic 
tochilinite is that Cr has only been reported from the latter [2,12]. This is 
probably due to the greater availability of Cr in C2 parent material 
(-2,000ppm Cr in C2 matrices) [14] than in the terrestrial lithosphere 
(-125ppm Cr) [15] . 

PARAGENESIS In both terrestrial and meteoritic materials tochilinite is 
associated with ultramafic materials which have suffered some degree of 
serpentinization [8,10]. However, it is not clear whether tochilinite 
accompanied or post-dated serpentinization. Further work is required to 
settle this point. Tochilinite is commonly observed coating, or intergrown 
with, serpentine, brucite and calcite, and often surrounds disintegrating 
sulfide, kamacite, and awaruite grains [1,2,5,6,8]. 

Finally, most of the terrestrial tochilinite localities are more properly 
termed skarns, and thus it may prove fruitful to pursue the similarities 
between skarn formation and alteration on the C2 parent body(ies). 
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Figure 1 Plotted Compositions of Tochilinites 
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