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INTRODUCTION

Dendrites are common in rocks submitted to a high degree
of undercooling (Lofgren 1996): e.g., pillow-lavas (Bryan 1972;
Liou 1974), komatiites (Donaldson 1982), xenoliths (Faure et
al. 2001), lunar basalts (Basaltic Volcanism Study Project 1981;
Papike et al. 1998), pseudotachylite (Techmer et al. 1996); tek-
tites (Montanari et al. 1983; Smit et al. 1992), chondrules
(Hewins et al. 1981; Alexander et al. 1989; Brearley and Jones
1998). In general, many of these rocks have suffered metamor-
phic events or weathering, which makes observations on den-
drites difficult. However, careful observation of the dendritic
microstructures might clarify how their morphologies relate to
the conditions prevailing during crystallization (Donaldson
1982). Therefore, in order to investigate the influence of inten-
sive parameters on the crystal morphologies, numerous experi-
mental studies, relying on dynamic crystallization, have been
carried out on dendrites (see Lofgren 1980 for a review). Until
now, investigations of dendritie microstructures were performed
using optical or scanning electron microscopy (SEM) and,
owing to the lack of pertinent structural information, the exact
morphology of these complex features remained unknown.

Transmission electron microscopy (TEM) is particularly
suited to observing dendritic crystals, as it allows observation
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ABSTRACT

Transmission electron microscopy (TEM) has been used to investigate dendritic forsterite sys-
tematically, in order to understand its morphology in three dimensions. TEM images of olivine
dendrites are reported for the first time. Crystals have been obtained by dynamic crystallization in
the CaO–MgO-Al2O3-SiO2 (CMAS) system in a one-atmosphere vertical furnace. A fast cooling
rate (1890 ∞C/h) has been used with degrees of undercooling varying from 156 to 356 ∞C. Different
microstructures were observed depending on their location in the dendritic crystal. The external part
of the crystal reveals true olivine dendrite propagation, as classically observed in other materials
(succinonitrile, alloys). In the inner part of the crystal, this microstructure changes to the formation
of single crystalline units with well-defined crystalline faces. The shapes observed are very repro-
ducible. These units are limited by the usual forms of olivine [(010), {021}, {110}, {120}, {101}]
and also by less common forms [(001), {130}, {140}] as additional faceting. All these elementary
units present the same morphology, the hopper shape that corresponds to the skeletal form of oliv-
ine. These units are linked in a peculiar spatial organization giving rise to dendrite branches. It is
shown that the [101] preferential direction of growth of dendrites is a mean direction and corre-
sponds to the juxtaposition of these elementary units. In the innermost part of dendritic crystals, a
dissolution-recrystallization process of elementary units occurs and a typical textural ripening mi-
crostructure is observed. This textural ripening starts early and is coincident with the real dendritic
growth (external part of the crystal). Thus, the final appearance of dendritic forsterite crystals mainly
results from textural ripening. This study emphasizes that dendritic solidification is a complex phe-
nomenon, and the various microstructures suggest that multiple mechanisms are involved during
the formation of so-called dendritic crystals.

of crystal morphologies together with acquisition of structural
information at a very local scale by electron diffraction. This
paper reports on TEM observations carried out on synthetic
forsterite dendrites produced by dynamic crystallization experi-
ments in the CaO–MgO-Al2O3-SiO2 (CMAS) system.

EXPERIMENTAL AND ANALYTICAL PROCEDURES

Experimental procedure
Experiments were carried out in the CMAS system. The starting glass ma-

terial was prepared from a mixture of reagent grade oxides (51.34 wt% SiO2,
14.14 wt% Al2O3, 17.39 wt% CaO and, 17.11 wt% MgO), melted in a platinum
capsule at 1400 ∞C (about 50 ∞C above the liquidus temperature: Tliq = 1342 ∞C)
for 24 h in air, and quenched in water. The glass obtained was then ground in an
agate mortar and the resulting powder in the form of a pellet was put onto a
platinum wire loop (3–4 mm in diameter and 1–2 mm thick, Donaldson et al.
1975) and hung close to the end of a ceramic rod at the hot spot of a one-
atmosphere vertical furnace. The ceramic rod contains a thermocouple (PtRh6/
PtRh30) with the tip located within 1 cm of the pellets. The thermocouple was
calibrated against the melting points of gold (1064 ∞C) and palladium (1552
∞C). To obtain thin dendrites, the charges were re-melted above the liquidus
(one hour) and cooled at 1890 ∞C/h before being quenched by dropping into
water at the end of the experiments (156 < –DT < 356). A few experiments were also
performed at constant cooling rate (1890 ∞C/h) down to 900–800 ∞C (Table 1).

Analytical procedure
The experimental charges were mounted in epoxy and doubly polished thin

sections were prepared for optical, SEM, and TEM study. SEM work was car-


