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INTRODUCTION

Sedimentary carbonates, and specifically calcite and dolo-
mite, commonly show important deviations in morphology, struc-
ture, stoichiometry, and/or cation ordering from their ideal
crystalline structure (Goldsmith and Graf 1958; Reeder 1983).
These imperfections are accommodated by various structural
defects as documented by transmission electron microscopy
(TEM) particularly of dolomite cf. review by Reeder (1992a).
The orientation of microstructures such as modulation structure,
Ca-rich ribbons, fine-scale banding within the growth sectors
suggests that they are a product of the crystal growth mecha-
nism. Relating these features to specific factors (e.g., degree of
supersaturation, presence of growth inhibitors, Mg/Ca ratio of
parent fluid) could help constrain the paleoenvironmental con-

ABSTRACT

Relating microstructures imaged by transmission electron microscopy (TEM) to specific growth
mechanisms requires imaging of both the surface microtopography on crystal faces and its correspond-
ing microstructure in the bulk crystal. Pt-C replicas of as-grown surfaces are ideally suited to this task,
as they provide a high-resolution, nearly three-dimensional image of surface topography that can be
correlated with microstructures visible in sections at high angle to the as-grown surface. Ultramicro-
tomy enables the preparation of ultrathin sections more quickly than conventional ion-thinning and can
be used to investigate chemical heterogeneities by analytical electron microscopy (AEM). We evaluate
the potential of both techniques for the study of microstructures in calcite and dolomite. (1) TEM
images were obtained from Pt-C replicas of synthetic calcite. The as-grown (101

–
4) face of a Mg/Mn-

doped crystal growth showed growth hillocks aligned along preferred orientations. In Pb/Mn/Sr-
doped calcite, sections at high angle to as-grown faces showed a uniform microstructure in {101

–
4}

sectors. The {011
–
2} sectors contained concentric zones that alternated from striated to uniform mi-

crostructures, suggesting periodic variations in growth rate and possibly in the growth mecha-
nism. An oscillatory-zoned Mn-doped calcite showed fine-scale banding (30–150 mm) and periodic
roughening of (101

–
4) surfaces that suggest repetitive transitions between growth mechanisms. (2) In

sedimentary dolomites, Pt-C replicas of surfaces cleaved parallel to a (101
–
4) face showed a hillocky

topography or smooth (101
–
4) surfaces modified by non-equivalent facets. Surfaces produced by cleav-

age at high angle to a (101
–
4) face exposed sectors with fine-scale banding crosscut by sharp bound-

aries, suggestive of closely spaced growth hillocks intercalated with non-equivalent subsectors.
Ultrathin sections prepared by microtomy showed some disruption of the crystal structure but, in
some dolomite samples, domains with distinctive microstructures similar in scale and shape to those
seen in the Pt-C replica were identified. (3) The growth microstructures in {101

–
4} sectors of dolo-

mite present striking similarities to the larger scale compositional zoning patterns produced by growth
spirals in calcite doped with trace elements. At this stage, Pt-C replicas and ultramicrotomy can
distinguish among dolomites that are petrographically very similar.

ditions that prevailed during the precipitation and diagenesis of
sedimentary carbonates.

Relating microstructures to specific environmental param-
eters requires pristine, as-grown crystal faces, formed under
known conditions be examined, so that their surface
microtopography can be related to the distribution of micro-
structures preserved in the bulk crystal. Hence, synthetic cal-
cite offers an ideal starting point. The orientation of steps and
their relative rates of spreading are sensitive to the presence of
foreign ions, the saturation state and the proportions of Ca2+

and CO3
2– ions present in the parent solution (Paquette and

Reeder 1995). These relationships can be described quantita-
tively from experiments where the surface topography is in-
vestigated in situ by atomic force microscopy (AFM) during
the precipitation of calcite from an aqueous solution (e.g., Teng
et al. 1998). However, the thin overgrowths produced in a typi-
cal AFM experiment are not amenable to study by conven-
tional TEM. Therefore we do not know yet if the height and*E-mail: jeannep@geosci.lan.mcgill.ca


