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Editorial on the Research Topic

Research Topic Crystal Nucleation and Growth in Magmatic Suspensions

The differentiation, rheology and transport of magmas are strongly influenced by crystallization
(nucleation and growth). Nucleation and crystal growth in a batch of magma evolve through time in
response to changing environmental conditions, i.e., T, P, and fO2. Investigations on naturally formed
igneous rocks, combined with experiments where these environmental conditions can be controlled,
are necessary to decipher, reconstruct and model the solidification of magmas. New advances continue
to be made in both analytical techniques and experimental methods, with crystallization under
conditions of strong disequilibrium being a particularly active area of experimental research.

A host of difficulties confronts experimental studies of crystallization (nucleation, growth, and
textural maturation), due to the high melting points, high degrees of chemical reactivity, and high
redox sensitivities of natural (Fe-bearing) silicate liquids. These difficulties are compounded when
the systems are investigated at elevated pressure or contain a high concentration of dissolved H2O.
Frequently, solidification experiments are evaluated only post-quench; hence, the effect of a
thermodynamic driving force (sensible cooling or decompression, if H2O-saturated) and kinetic
limitations on the evolution of nucleation, crystal growth, and textures is observed mainly ex situ.
The in situ observation requires relaxation of one or more of these constraints, but unlocks the
opportunity to study environmental controls on individual phase appearance (or suppression),
maturation of crystal populations, and overall transformation kinetics.

This thematic issue contains five contributions to the study of magma crystallization. They share a
reliance upon experimental data but differ in the application of in situ and ex situ methods,
theoretical formulations, and the analysis of well-constrained natural volcanic samples.

With Crystallization Kinetics of Alkali Feldspar in Peralkaline Rhyolitic Melts: Implications for
Pantelleria Volcano, Arzilli et al. perform ‘classic’ ex situ isobaric cooling experiments at controlled
fO2 and various H2O concentrations. In this manner, they evaluate the kinetic crystallization of alkali
feldspars in peralkaline rhyolitic magma over wide ranges in pressure and undercooling. This data-
rich contribution complements analogous studies on granite and granodiorite liquids by Fenn (1977)
and Swanson (1977), quantifying the significant lag time between the imposition of a driving force
for crystallization and the onset of crystallization.

In The Onset and Solidification Path of a Basaltic Melt by in situ Differential Scanning
Calorimetry (DSC) and ex situ Investigations, Giuliani et al. combine DSC to pinpoint the onset
of crystallization in natural basalt (at ambient conditions) with electron microscopy-based textural
analysis of run products. A strength of the DSC technique is the opportunity to precisely resolve
transformation kinetics. They report that an increase in cooling rate by three orders of magnitude
suppresses the timing of the onset of crystallization by two orders of magnitude. They further
estimate the effects of cooling rate on the nucleation of spinel, plagioclase, melilite, and
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clinopyroxene, estimating also their growth rates. DSC thermal
signals unveil that crystallization proceeds mainly by “pulses,”
that can be correlated with kinks in the final crystal size
distribution (CSD).

In their Disequilibrium Rheology and Crystallization Kinetics
of Basalts and Implications for the Phlegrean Volcanic District,
Kolzenburg et al., confront the study of crystallization kinetics
with an equally novel and pragmatic in situ approach combined
with ex situ crystal morphology observations. Via particle
suspension rheology models, they determine the temperatures
of crystallization onset and lockup (i.e., the “cutoff” when flow
ceases to occur) for a basaltic magma. Their results are broadly
consistent with the observation of Giuliani et al. about the onset
of crystallization; also, they find a decrease of ∼100 K in cutoff
temperature with a 10-fold increase in cooling rate. Interestingly,
although shearing has been shown to enhance crystal nucleation
(Kouchi et al., 1986; Vona and Romano, 2013; Kolzenburg et al.,
2018), the overall rate of solidification at 0.2 K/min still lags
behind equilibrium solidification (assessed via thermodynamic
modeling) until nominal undercooling of ∼40 K.

In Theoretical Models of Decompression-Induced Plagioclase
Nucleation and Growth in Hydrated Silica-Rich Melts, Mollard
et al. access fundamental theoretical constructs for the basis of
their treatment of crystal nucleation and growth. First, they back-
solve the classical nucleation theory (Volmer andWeber, 1926) to
obtain the crystal-liquid surface energy by the plagioclase
formation during experimental decompression of
H2O-saturated haplotonalite. Modifications to the classical
nucleation theory, particularly regarding nucleus roughness
and shape, are considered. Analysis of compositional gradients
in the vicinity of plagioclase crystals underpins their
determination of the CaO-in-liquid diffusion coefficient. Using
the new DCaO, they model the growth of plagioclase crystals as a
diffusion-controlled process at moderate undercooling.

In her review paper, Crystal Size Distribution (CSD) Analysis
of Volcanic Samples: Advances and Challenges, Cashman
summarizes the early application of textural analysis as a
means of understanding the crystallization processes in
different contexts (i.e., industry, experimental petrology labs,
and in natural environments). CSD theory owes its

interpretive power to the special case of steady-state
conditions, allowing to predict the interplay between
nucleation rate, growth rate, and characteristic crystal size.
When the steady-state criterion can be reasonably applied,
there is potential to retrieve from a CSD the duration over
which crystallization has occurred. Additional complexities
and insights arising from laboratory simulations of
crystallization modifying CSDs are examined in detail. These
difficulties include the interdependence of nucleation and growth
rate; coarsening and size-dependent growth; and a rekindled
recognition of superliquidus thermal history as an impediment
to subliquidus crystal nucleation. A method is presented for
allocating crystal volumes appropriately to phenocryst and
groundmass populations, leveraging textural characterization
with compositional analysis, and demonstrating a way forward
for CSD analysis.

The latest theoretical models of magmatic crystallization build
upon those proposed at the beginning of the last century to
describe simple chemical systems. While the earlier studies of
simple systems (composed of two to four thermodynamic
components) pertain to chemical systems where the parent
liquid solidifies into one or two solid phases (crystals and
glass) with close or identical compositions, magmas are
inherently more complex. The multicomponent parent liquid
is not thermodynamically ideal and the solidifying phases are
usually also non-ideal solutions that differ in composition from
the liquid. Many more investigations and experiments will be
required to achieve a wholly general model of solidification of
magmas. This special issue looks back to the advances made
during the last 50–60 years and bridges forward to foreshadow
new theoretical, analytical, and experimental techniques that are
poised to reveal physico-chemical processes producing the
igneous rocks of the Earth and terrestrial planets.
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