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aBstraCt

The rates of nucleation and crystal growth from silicate melt are dif-
ficult to measure because the temperature–time path of magma is often 
unknown. We use geochemical gradients around spherulites in obsidian 
glass to estimate the temperature–time interval of spherulite crystalliza-
tion. This information is used in conjunction with new high-resolution 
X‑ray computed tomography (HRXCT) data on the size distributions 
of spherulites in six samples of rhyolite obsidian lava to infer spherulite 

nucleation rates. A large data set of geochemical profiles indicate that the lavas cooled at rates of 10–2.2 
to 10–1.2 °C/h, and that the spherulites grew at rates that decreased exponentially with time, with values 
of 10–0.70 to 100.30 μm/h at 600 °C. Spherulites are estimated to have begun nucleating when undercool-
ing [ΔT, = liquidus T (≈800 °C) minus nucleation T] reached 100–277 °C, and stopped when ΔT = 
203–365 °C, with exact values dependent on assumed cooling and growth rates. Regardless of rates, 
we find that spherulites nucleated within a ~88–113 °C temperature interval and, hence, began when 
ΔT ≈ 0.65–0.88 × TL, peaking when ΔT ≈ 0.59–0.80 × TL. A peak rate of nucleation of 0.072 ± 0.049 
cm–3 h–1 occurred at 533 ± 14 °C, using cooling and growth rates that best fit the data set of geochemi-
cal profiles. While our inferred values for ΔT overlap those from experimental studies, our nucleation 
rates are much lower. That difference likely results from experimental studies using hydrous melts; 
the natural spherulites grew in nearly anhydrous glass.
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introduCtion

Crystallization of molten magma affects magma rheology and 
volatile exsolution, and it has been long thought to be a dominant 
process in generating the vast array of magma compositions seen 
on Earth (e.g., Bowen 1919, 1947; McKenzie 1984). Despite 
the importance of crystallization to many problems in igneous 
petrology and volcanology, the kinetics of crystallization, and 
hence the rate at which magma undergoes physical and chemi-
cal changes, are not well understood. Much of our knowledge 
on crystallization comes from laboratory experiments, where 
temperature and cooling rate are controlled. There are, however, 
limits to laboratory investigations. For one, it is not yet possible 
to observe the onset of crystallization because nucleation clusters 
consist of only tens to thousands of atoms (Lasaga 1998). It is 
also difficult to measure the kinetics of crystallization in highly 
viscous melts because of the long run times needed to achieve 
visible crystals (e.g., Schairer and Bowen 1956; Johannes 
1979). Experiments on crystal nucleation in viscous melts are 
also few because of their significant incubation periods, where 
melts can be held for significant times below their liquidi and 

not produce recognizable crystals (Winkler 1947; Schairer and 
Bowen 1956; Fenn 1977; Lofgren 1974; Swanson 1977). The 
incubation period is the time it takes a system to re‑establish 
an equilibrium cluster‑size distribution in response to a sudden 
change in temperature or pressure (Turnbull 1948). During that 
adjustment period, the likelihood that a cluster of critical size can 
be formed is extremely low. Incubation periods thus introduce 
large uncertainties in determining the onset of nucleation (e.g., 
Swanson 1977; Fenn 1977).

One way of overcoming some of the experimental limitations 
is to deduce crystallization rates from natural samples. Natural 
lavas, for example, can crystallize over much longer periods of 
time than experimental samples. Crystal‑size distributions (CSD) 
of natural samples have thus been used to infer crystallization 
rates (e.g., Marsh 1988, 1998, 2007; Cashman and Marsh 1988; 
Higgins 1999; Morgan et al. 2007). A CSD is described using a 
population density function n = dN/dL, where N is the cumulative 
number of crystals per unit volume and L is the linear crystal 
size. The slope and intercept on a plot of ln(n) vs. L contains 
information on the average nucleation rate and average growth 
rate (e.g., Cashman and Marsh 1988). Use of such methods, 
however, provides only time‑averaged crystallization rates, and 
requires that the temperature–time interval of crystallization can 
be constrained independently.

American Mineralogist, Volume 101, pages 2367–2376, 2016

0003‑004X/16/0011–2367$05.00/DOI: http://dx.doi.org/10.2138/am‑2016‑5624     2367 

* E‑mail: gardner@mail.utexas.edu
Special collection information can be found at http://www.minsocam.org/MSA/
AmMin/special-collections.html.

mailto:gardner@mail.utexas.edu



