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Refinement of the cookeite ‘‘r’’ structure
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ABSTRACT

The rare two-layer ‘‘r’’ structure of Iaa cookeite from Little Rock, Arkansas, was refined
in space group Cc to R 5 7.1%. Mean T-O bond lengths of 1.654(1) Å and 1.657(1) Å
in one tetrahedral sheet vs. 1.659(1) Å and 1.685(1) Å in the other sheet indicate a partly
ordered but asymmetric distribution of tetrahedral Si and Al. The two tetrahedral sheets
within the 2:1 layer have different compositions and charges. The Al-rich, higher-charge
tetrahedral sheet is thicker and has a closer approach to the interlayer sheet than does the
Si-rich, lower-charge sheet. Two Al cations occupy the cis octahedra in the dioctahedral
2:1 layer. Mean M-O,OH bond lengths of 1.946(1), 1.946(1), and 2.110(1) Å in the trioc-
tahedral interlayer sheet indicate a partly ordered distribution of octahedral Al and Li. The
Li-rich, lower-charge octahedron in the interlayer is located on a vertical straight line
between an Al-rich tetrahedron and a Si-rich tetrahedron. The two higher-charge interlayer
Al are located vertically between a Si-rich tetrahedron and the center of a six-membered
ring. This pattern of ordering minimizes the cation-cation repulsion inherent in a Iaa struc-
ture and gives the best local charge balance. The protons of the six surface OH groups tilt
away from the two Al-rich interlayer sites toward the lower-charge Li site. The details of
the interlayer hydrogen bond contacts are influenced by the ordering patterns and the
structural distortions present.

INTRODUCTION

Cookeite is a di,trioctahedral chlorite in which the 2:1
layer is dioctahedral and the hydroxide interlayer is trioc-
tahedral. It is a common alteration product of Li-bearing
minerals in pegmatites and hydrothermal veins and may
precipitate directly from hydrothermal solutions as well.
Černŷ (1970), in a study of the most reliable chemical
analyses of cookeite, found that tetrahedral Al was nearly
constant at 3.0 Si per 4.0 positions, but with tetrahedral
Al of some specimens substituted by small amounts of B
or Be. Li ranges between 0.8 and 1.4 atoms per formula
unit and is concentrated mainly in the interlayer sheet.
Small amounts of Ca, Na, and K are often reported in
chemical analyses of dioctahedral chlorites as cations re-
siding between the 2:1 layers and the interlayer sheet.
However, they are more likely to be impurities according
to Peacor et al. (1988). The total octahedral occupancy
ranges between 4.8 and 5.3 atoms per 6.0 sites in the
formulae of Černŷ (1970), but if the Ca, Na, and K are
excluded as impurities, both the total occupancy and in-
dividual atom values require small revisions. An ideal
composition is Al2(Si3 Al)O10(OH)2·(Al2Li)(OH)6.

From surveys of many cookeite specimens, Bailey and
Brown (1962) and Bailey and Lister (1989) reported that
by far the great majority of specimens are based on Ia
units. The two known exceptions are IIb specimens from
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pegmatites at Dobrá Voda, Macedonia, and Norway,
Maine. Bailey and Lister (1989) found that most of the
cookeite rosettes in Li-bearing pegmatites appear to be
imperfect two-layer structures similar to the monoclinic
‘‘s’’ structure derived by Mathieson and Walker (1954)
in a study of vermiculite. A better crystallized two-layer
cookeite was reported by Bailey and Lister (1989) from
Wait-a-bit Creek, British Columbia, and at several local-
ities in and around Little Rock, Arkansas. The latter in-
clude cookeite from the Jeffrey quarry, which is part of
the Source Clays Repository of The Clay Minerals So-
ciety. The structure can be correlated with the monoclinic
‘‘r’’ and ‘‘q’’ structures of Mathieson and Walker (1954).
These two structures are enantiomorphic in space group
Cc. Bailey (1975) summarized results of an incomplete
structural refinement of one of the Little Rock crystals.
In that structure, Li was found to be ordered in one in-
terlayer site where it achieves the best local charge bal-
ance. Interlayer Li11 lies on a vertical line directly be-
tween a tetrahedral cation in the 2:1 layer below and a
tetrahedral cation in the 2:1 layer above. The more highly
charged interlayer Al31 cations, however, only have a tet-
rahedral cation on one side and the center of a six-mem-
bered ring on the other side. Although different T-O bond
lengths were determined during the structural refinement,
the poor quality of the film data did not permit a firm
conclusion as to ordering of tetrahedral Si and Al. The
refinement implies, however, that the two sides of the 2:1
layer may have different tetrahedral compositions and
charges.


