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Crystal structures of two partially dehydrated chlorites: The “modified” chlorite structure
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ABSTRACT
Chromian clinochlore-IIb-4 (triclinic) and IIb-2 (monoclinic) polytypes from the Day Book Body,
North Carolina, were heated to 650 °C for 5 hours and air quenched. Single-crystal X-ray refinements
of the (metastable) product phases resulted in R = wR = 0.056 and R = wR = 0.061 for the triclinic and
–
monoclinic forms, respectively. The heat-treated triclinic form has C1 symmetry and cell parameters a
= 5.368(1), b = 9.297(2), c = 14.215(6) Å, α = 89.86(3), β = 97.15(3), γ = 89.98(2)°, and V = 703.95(36)
Å3, and the monoclinic form has a = 5.372(1), b = 9.291(2), c = 14.270(7) Å, β = 97.34(3)°, and V =
706.4(4) Å3 in C2/m symmetry. The product structures are topotactic with the parent phases, with the
2:1 layer of the product nearly identical to that of the parent. Dehydroxylation of the interlayer of the
parent produces two quasi-planar sets of atoms between adjacent 2:1 layers. Although, based on the
refinement of the average structure, the cations and anions are apparently disordered in these planes,
cations (Mg, Al, Cr) must have three oxygen atom nearest neighbors and oxygen atoms must be coordinated to three cations. Apparent disorder is related to lateral displacements of the interlayer planes
within the (001) plane. Interlayer-site to interlayer-site distances are near 1.8 Å. Second nearest-neighbor distances for most of the interlayer sites are short, near 2.3 Å. A model is proposed where, at high
temperatures, the interlayer planes become more extended and planar, but the planes “crumple” upon
cooling to more closely approach higher-order nearest-neighbor atoms. These changes upon cooling
might be a significant driving force for additional cation and anion ordering in the interlayer, since the
interlayer sites have very different second nearest-neighbor environments. Thus, with appropriate cooling rates, cation ordering possibly may be obtained. However, the development of an ordered pattern of
cations and anions may also be dependent on kinetics; decomposition is favored over time because of
the instability of threefold-coordinated interlayer ions.

INTRODUCTION
Brindley and Ali (1950) observed that dehydroxylation of
the interlayer of chlorite occurs when chlorite is heated in air
near 550 °C for about an hour. They referred to the product as
the “modified chlorite” structure, which they found to be remarkably persistent, even for dehydroxylated samples that are
immersed in water for long periods. The chlorite to “modified
chlorite” reaction is utilized by clay mineralogists (e.g., Moore
and Reynolds 1989) to determine the presence of Fe,Mg-rich
chlorite in a mixture possibly containing 7 Å phyllosilicates
(i.e., kaolin-serpentine minerals). In X-ray powder patterns of
samples containing oriented grains of chlorite with moderate
to high Fe contents, the 001 peak may not be present or, if
present, very weak in intensity, but the higher-order peaks can
be relatively strong. These higher-order peaks superpose over
possible 7 Å phyllosilicate peaks. To discriminate between the
presence or absence of Fe,Mg-rich chlorite in this mixture, the
oriented clay mineral aggregate is heated for one hour at 550
°C to produce “modified chlorite,” which characteristically has
a strong 001 peak (d-value = 14 Å), nearly absent 002 (d-value
= 7 Å) and 003 peaks, either a weak or absent 004 peak de*E-mail: xtal@uic.edu
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pending on composition, and a weak 005 peak. Thus, after
heating, the presence of chlorite is revealed if the X-ray pattern of the sample shows a 14 Å peak, and the presence of 7 Å
phyllosilicates is indicated if a 7 Å peak occurs.
On further examination of heat-treated Mg-, Al-, and Ferich clinochlores, Brindley and Chang (1974) used an X-ray
powder diffractometer to identify a 27 Å spacing in oriented
aggregates. They noted also that the width of the 001 (d-value =
27 Å) and 003 peaks (d-value = 9 Å) differ from that of the 002
peak (d-value = 14 Å), and that the 002 spacing is not a precise
multiple of the 001 spacing. Brindley and Chang (1974) and
later workers (e.g., Villieras et al. 1994) assumed that these results were related to a single phase in the heat-treated sample.
However, Zhan and Guggenheim (1995) were able to obtain similar results from a single crystal of chlorite by heating it slowly
to 650 °C in air and then maintaining temperature for 24 hours.
Single crystal, X-ray examination showed two product phases
with a topotactic relationship, with each c axis parallel. One phase
is well crystallized and has sharp reflections. This phase maintains the basic 2:1 layer structure with a repeat of 14 Å. The
second phase has a 27 Å repeat and is very poorly crystallized;
Zhan and Guggenheim (1995) could locate only about 15 weak
and diffuse reflections from this phase. Zhan and Guggenheim
(1995) determined that the fugacity of water is an important vari1415

