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Structure variation in low cordierites
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Abstract

Crystal structures of six metamorphic low cordierites with Fe/(Fe + Mg) ranging from 0.07
to 0.42 (atomic) were refined from X-ray data. No evidence of a superstructure was fouad,
confirming that, in chemically intermediate cordierites, Fe and Mg are located on a single
site. Although T-O distances remain nearly constant, increased Fe content causes (1) the M
site to enlarge, (2) the channels to move apart, and (3) ¢ and b to increasc. In addition, chan-
nel rings rotate, change their shape, and move closer together within each channel, causing a
decrease in ¢. Difference Fourier maps confirm that channel water is located in a split foca-
tion near (0,0,%). Its orientation is interpreted as being largely controlled by an excess nega-
tive charge on O(4) and O(5). The H-O-H plane is oriented nearly parallel to (100) and the
H-H vector may either be close to [001] or [010]. Channel cations may be located at several
locations at the channel walls in addilion to the well-defined site at (0,0,0). Low framework
cation-site occupancies are explained by 3—4 percent vacancies that balance for catiow.” in the
channel. Vacancies on T(2) and T(5) sites are inversely correlated, and on these sites an in-
creasing number of vacancies produces an enlargement of tetrahedra. Minor differences in
mean T-O distances, usuaify ascribed to Al-Si substitution, may be caused by tetrahedral
distortions and vacancies. ' '

Intreduction of the minor constituents found in cordierite are lo-

. cated in these channels, although there is discussion

Structura! aspects of cordierite, (Mg, Fe),ALSi;O,, - about their precise location and orientation (Miya-
21,0, have recently been the topic of lively dis- shiro, 1957; Smith and Schreyer, 1960; Schreyer and
cussions. Although the basic cordierite structure (Fig. Yoder, 1964; Gibbs, 1966; Meagher, 1967; Farrell
1) has been known for some time, intriguing ques- and Newnham, 1967; Tsang and Ghose, 1972; Cohen
tions have persisted. The present study is based on X- et al., 1977; Goldman et al., 1977). Our study pre-
ray cefinements made from six cordierites collected sents new information concerning -the location and
“from the Bergell region in the Central Alps. These orientation of water, possible locations for channel
multiple refinements allowed us to observe trends in  constitatents at the channel walls, and evidence that
several structural parameters and to deduce how a the net positive charge of cations in the channel is

number of them are related. balanced by cation site vacancies within the cordier-
Although cordierite displays a wide range of Fe- ite structural frameworx.
Mg substitution, its effect on the cordierite structure Cohen et al. (1977) presented a new interpretation

has not been systematically examined. Our study fills of Al-Si distribution on cordierite tetrahedral sites.
this need because the six crystals display Fe/(Fe + Adjustments in tetrahedral dimensions that we ob-
Mg) values ranging from (.07 to 0.42 (atomic). Over served as Fe substitutes for Mg in the cordierite
this compositional range it was found that the cor- siructure support their analysis. :
dierite structure adjusts to Fe-Mg substitution in a After our paper was submitted the reviewers (G. E.
regular fashion. Brown and M. Hochella) informed us that they had
A considerable portion of the recent interest in  submitted a paper (Hochella ef ¢l., 1979) on heating
cordierite relates to the channels formed by the cxperiments, which arrived at similar conclusions but
stacking of six-membered tetrahedral rings parallel on the basis of different observations. Thoir work
to (001). There is general agreement that the raajority  coraplements our study. We mo d our manuscript
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