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abStract

An experimental apparatus is described that allows for optical in situ observation of samples at 
1 bar and temperatures up to 1250 °C for durations up to several days. The apparatus resembles a 
Bassett-type externally heated diamond cell, where the diamond anvils are replaced by cylinders of 
synthetic moissanite (SiC). The sample is placed inside a gasket of glassy carbon between the two 
moissanite windows. The moissanite cell allows for the direct and continuous observation of the 
sample with an optical resolution in the range of a few micrometers. Partially molten systems can be 
investigated during cooling-heating cycles within a single experimental run. Texture evolution can 
be observed continuously through time. The technique also allows for direct measurements of crystal 
growth and dissolution rates at defined cooling and heating rates. The method was tested by observing 
the crystallization of KNO3-LiNO3 and NaCl-KCl salt melts as well as of a basaltic-trachyandesitic 
melt. Dendrite formation, static grain growth, and dissolution were observed in the salt melts. During 
textural coarsening (static grain growth) of rock salt in the presence of melt, grain coalescence was 
observed. Both nitrate and rock salt grains growing in contact with melt generally showed curved 
boundaries and roundish shapes, rather than facets. In one experiment, the final texture did not contain 
any traces of the previous textural evolution anymore. In a basaltic trachyandesite at temperatures 
near the liquidus several phenomena, in particular the interactions between crystals, magmatic flow 
and bubbles during nucleation, growth and dissolution of crystals, and crystal-clusters were observed 
simultaneously. Crystal growth rates and dissolution rates were also measured.
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iNtroductioN

The textural evolution of igneous rocks results from a com-
bination of kinetic processes among which crystal nucleation, 
growth, and dissolution play dominant roles. These mechanisms 
can be very complex and may generate a wide spectrum of 
textural features depending upon the conditions in which they 
occur (e.g., Kirkpatrick 1975; Lofgren 1980, 1983; Thornber 
and Huebner 1985; Swanson and Fenn 1986; Ikeda et al. 2002; 
Hammer 2006). Therefore, studying the textural features of ig-
neous rocks provides important information about the different 
magmatic processes that the magma experienced during migra-
tion, emplacement, and solidification (e.g., Hort and Spohn 1991; 
Marsh 1998, 2006; Holness et al. 2007a, 2007b). Experimental 
investigations of crystal-growth mechanisms and textural evolu-
tion in silicate systems at high temperatures have been mainly 
conducted through dynamic crystallization experiments (e.g., 
Donaldson 1976; Lofgren 1980, 1983; Kirkpatrick et al. 1981; 
Tsuchiyama 1983; Thornber and Huebner 1985; Watanabe and 
Kitamura 1992; Faure et al. 2003, 2007; Zieg and Lofgren 2006). 
These experiments provide useful insights on the relationships 
among crystal morphology, magma cooling rate, degree of 

undercooling, temperature, time, and magma composition. In 
addition, some of these studies explored the relationship between 
crystal morphologies and crystal-growth mechanisms and rates, 
as a function of the supersaturation (e.g., Kirkpatrick et al. 1981; 
Faure et al. 2007). Olivine, plagioclase, and quartz have been the 
most widely studied among the investigated silicate minerals.

However, the techniques that are commonly employed for 
dynamic crystallization experiments, (i.e., vertical-tube gas mix-
ing furnaces and internally heated pressure vessels), do not allow 
for either direct continuous observation or a record of ongoing 
processes. Thus, investigations of the textural development and 
determination of crystal growth and dissolution rates have been 
carried out through indirect methods based on post-mortem 
analysis of quenched samples. To date, only a few attempts 
have been devoted to developing experimental methods for the 
direct in situ investigation of crystallization kinetics. Real-time 
observations of crystallization phenomena have been conducted 
in systems with organic compounds that are thought to bear 
some similarities to silicates at low temperatures (Means and 
Park 1994). Means and Park (1994) observed that the apparent 
crystallization sequence in the final texture was not the same as 
the true sequence observed in situ, and emphasized the impor-
tance of in situ experimental investigations for the interpretation 
of rock textures. Abe et al. (1987) and Sunagawa (1992) carried 
out in situ investigations of growth and dissolution processes 
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