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ABSTRACT

The room-temperature bulk modulus of synthetic end-member clinochlore, Mg5AlSi3AlO10(OD)8,
has been determined in the pressure range 0 to 6.5 GPa using neutron powder diffraction:
K0 = 75.4(2.7) GPa, K0' = 4; K0 = 72.3(2.4) GPa, K0' = 5.4(1.0). A structural comparison is made with
the related mineral brucite, Mg(OH)2. Clinochlore is a much stiffer structure than brucite (K0 = 41 – 47
GPa). Both minerals have very similar in-plane compressions of their polyhedral sheets and so their
very different bulk moduli arise from different compressibilities normal to the structural layering.
Rietveld refinements of neutron-diffraction data for clinochlore collected at 0, 1.2, 2.5, and 4.7 GPa
reveal that compression normal to the layering is equally partitioned between the interlayer and the
2:1 layer; the octahedral sheets of the brucite-like and 2:1 layers are uncompressed to 4.7 GPa.
Increasing pressure strengthens the H3(D3)…O3 hydrogen bond, which contracts linearly from 1.88(2)
Å at 0 GPa to 1.77(2) Å at 4.7 GPa, possibly with a concomitant lengthening of the O6-H3(D3)
hydroxyl bond from 1.05(2) Å to 1.10(2) Å over the same pressure range.
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INTRODUCTION

Studies of the effects of high pressure upon hydrogenous
components of minerals are relevant to developing realistic
models of the physical behavior of mantle rocks. Defining cor-
relations between H environment, hydrogen-bond lengths and
angles, and their spectroscopic expression allows the behavior
of hydrogenous components to be studied at high pressure by
vibrational spectroscopy. Diffraction studies play a major role
in achieving this objective.

Chlorite is a major constituent of hydrated oceanic crust
and may be significant as a carrier of water deep into cold sub-
duction zones (Peacock 1990). Hence, the structural behavior
of chlorite at high pressure, particularly how its hydrogenous
components affect its compressibility, is relevant to mantle
geophysics. High-pressure chlorites, including those originat-
ing in the upper mantle, have compositions close to that of end-
member clinochlore, Mg5AlSi3AlO10(OH)8. In hot subduction
zones, iron-bearing chlorites of the oceanic crust break down
and release water into the overlying mantle wedge. The condi-
tions in the mantle wedge are well within the known stability
field of clinochlore, where the latter is expected to be the ma-
jor aluminous phase in low-alkali hydrous peridotites (Jenkins
1981). Hence, there is the possibility that chlorite is “recycled”
in subduction zones and, therefore, is likely to be a major player
in the water budget of the upper mantle in these regions.

Chlorite presents difficulties for high-pressure, single-crys-
tal X-ray diffraction studies because natural crystals usually have
considerable fine-scale stacking disorder (monoclinic/ triclinic
intergrowths), and synthetic chlorite crystals are too small and
too highly aggregated for such studies. Streaking of reflections
parallel to c* arising from stacking disorder leads to a poorly
constrained c parameter (e.g., Hazen and Finger 1978) and is the

main reason why the equation of state of chlorite has not been
reliably determined. In this case, powder diffraction can provide
valuable information on the high-pressure behavior of chlorite,
provided that high-quality synthetic material is available. Syn-
thetic monoclinic (C2/m) clinochlore grown at 1.4–1.5 GPa and
740–780 °C is stoichiometric, well-crystallized, and free of stack-
ing disorders (Jenkins and Chernosky 1986; Welch et al. 1995;
Baker and Holland 1996). In this paper we present the results of
a high-pressure study of synthetic end-member C2/m clinochlore
by neutron powder diffraction. The equation-of-state (EoS) of
this chlorite has been determined to 6.5 GPa, and information
on the role of interlayer hydrogen bonding in the compressional
behavior has been obtained. Neutrons are scattered much more
strongly by protons than are X-rays and so neutron diffraction is
very well-suited to studying proton behavior.

Chlorite structure

The structure of chlorite is shown in Figure 1. It comprises
alternating layers of brucite-like (B) and talc-like (2:1) struc-
ture. Interlayer bonding involves only hydrogen bonds; one-
third of the atoms in chlorite are involved in hydrogen bonding,
and it is this major structural feature that is the subject of the
present study. The long- and short-range cation-ordering be-
havior of chlorites is now well understood from recent X-ray
and spectroscopic studies (e.g., Rule and Bailey 1987; Welch
et al. 1995; Smyth et al. 1997), which have shown that [6]Al is
at M4 and [6]Mg is ordered at M3 (M3:M4 = 2:1). In end-mem-
ber clinochlore, M1 and M2 sites of the 2:1 layer are filled by
[6]Mg. A 29Si MAS NMR study of synthetic monoclinic (C2/m)
end-member clinochlore by Welch et al. (1995) showed that
there is a high degree of Al-Si short-range order within the
tetrahedral sheet, as is also found in phlogopite and related
micas (Herrero et al. 1987; Circone et al. 1991). C2/m
clinochlore has only one crystallographically distinct tetrahe-
dral site with an average occupancy of 0.75Si + 0.25Al. The


