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HRTEM evidence for the process and mechanism of saponite-to-chlorite conversion
through corrensite
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INTRODUCTION

Prograde conversion of smectite to chlorite is one of the most
fundamental reactions in diagenesis and low-grade metamor-
phism of intermediate to mafic volcanic rocks and their
volcaniclastic sediments. The conversion is characterized by
systematic changes in structure and composition associated with
interstratified chlorite-smectite layers (C-S) and corrensite at the
intermediate steps of the process; it is in general considered to
be temperature sensitive as is smectite illitization. Much research
concerns the structural and compositional pathways (e.g., re-
views by Reynolds 1988; Inoue 1995). However, the details of
the conversion, in particular its structural pathway and mecha-
nism, are incompletely understood and actively debated (Beau-
fort et al. 1997; Bettison-Varga and Mackinnon 1997).

The saponite-to-chlorite conversion has been characterized
both as continuous with a gradual decrease in percent of
smectite (%S) (e.g., Chang et al. 1986; Bettison and Schiffman
1988; Bevins et al. 1991) and as discontinuous with a stepwise
decrease in %S (e.g., Inoue et al. 1984; Inoue and Utada 1991;
Schiffman and Staudigel 1995). Continous conversion suggests
the presence of randomly interstratified C-S whereas discon-

ABSTRACT

To elucidate the process and mechanism of the prograde conversion of saponite to chlorite through
corrensite, the microstructures of a series of chlorite-smectite (C-S) mixed-layer samples from Kamikita,
northern Japan were examined by high-resolution transmission electron microscopy using both lattice
and structure imaging. Corrensite grows epitaxially as domains of 5–20 nm thick mainly within homo-
geneous saponite domains, without forming randomly interstratified C-S. Then, chlorite domains grow
outside homogeneous corrensite domains without forming randomly interstratified C-S or chlorite-
corrensite (C-Co), and finally are predominant. An atomic resolution image suggests that corrensite
essentially consists of the 1 M stacking of alternating chloritic and smectitic layers. The structure and
occurrence suggest corrensite is mineralogically a unique species. Comparison of the stacking vectors
of corrensite along [001] to those of chlorite reveals that the stacking sequence is not inherited during
the process from corrensite to chlorite. We rarely observed layer terminations of the hydroxide sheets
both in corrensite and chlorite domains, and the layer terminations that do exist can be explained as
defects rather than the formation of corrensite or chlorite. Our data strongly suggest that the saponite-
to-chlorite conversion series progresses stepwise from saponite to corrensite and from corrensite to
chlorite, and that the dominant reaction mechanisms are dissolution and precipitation.

tinuous conversion suggests its absence. Corrensite, defined
as a regular interstratification of trioctahedral chlorite and
trioctahedral smectite or vermiculite (Bailey 1982; Brigatti and
Poppi 1984), occurs generally in discontinuous conversion. X-
ray diffraction analysis (XRD) alone is not sufficient to distin-
guish different interstratified C-S. However, high-resolution
transmission electron microscopy (HRTEM) has shown a wide
variety of the microstructures of interstratified C-S; Bettison-
Verga et al. (1991) and Bettison-Varga and Mackinnon (1997)
reported major occurrence of randomly interstratified C-S in
ophiolitic metabasalts. From the presence of randomly
interstratified C-S, Bettison-Varga and Mackinnon (1997) pro-
posed a reaction mechanism of smectite to chlorite similar to
that of the biotite to chlorite reaction (Veblen and Ferry 1983).
The proposed mechanism suggests a half of the 2:1 layer dis-
solves during the reaction whereas the other half is preserved.
Discrete corrensite and chlorite domains or packets are accom-
panied by interstratified C-S and chlorite-corrensite (C-Co)
(Shau et al. 1990; Shau and Peacor 1992; and Jiang and Peacor
1994a and 1994b). Discrete packets of corrensite and chlorite
are dominant where relatively high fluid/rock ratios exist (Shau
and Peacor 1992). Shau et al. (1990) suggested interstratified
C-Co and corrensite-smectite (Co-S) are more stable than ran-
domly interstratified C-S. Two mechanisms for corrensite for-
mation were proposed (Jiang and Peacor 1994b); solid-state
transformation, and dissolution and precipitation (see Altaner
and Ylagan 1997). Discrete corrensite and chlorite domains or
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