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aBstract

The diffusive mass exchange of eight major elements (Si, Ti, Al, Fe, Mg, Ca, Na, and K) between 
natural, nominally dry shoshonitic and rhyolitic melts was studied at atmospheric pressure and tem-
peratures between 1230 and 1413 °C using the diffusion couple method. For six elements, effective 
binary diffusion coefficients were calculated by means of a concentration-dependent method to obtain 
an internally consistent data set. Among these components, the range in diffusivities is restricted, 
pointing to a coupling of their diffusive fluxes. We find that the calculated diffusivities fit well into the 
Arrhenius relation, with activation energies (Ea) ranging from 258 to 399 kJ/mol in rhyolitic (70 wt% 
SiO2) melt and from 294 to 426 kJ/mol in the latitic melt (58 wt% SiO2). Ti shows the lowest Ea, while 
Si, Fe, Mg, Ca, and K have a similar value. A strong linear correlation is observed between logD0 and 
Ea, confirming the validity of the compensation law for this system. Uphill diffusion is observed in 
Al in the form of a concentration minimum in the rhyolitic side of the couple, (at ca. 69 wt% SiO2), 
and in Na indicated by a maximum in the shoshonitic side (ca. 59 wt% SiO2). Fe shows weak signs 
of uphill diffusion, possibly due to the contribution of ferric iron. The data presented here extend the 
database of previously published diffusivities in the shoshonite-rhyolite system (González-García et 
al. 2017) toward the water-free end and allows us to better constrain the water-dependence of major 
element diffusion at very low water concentrations. Combining both data sets, we find that logD is 
proportional to the square root of water concentration for a range between 0 and 2 wt% H2O. These 
results are of particular interest in the study of mass transfer phenomena in alkaline volcanic systems.
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introDuction

Chemical diffusion in silicate melts is a primary process 
governing several kinetic phenomena in nature. Some magmatic 
processes that depend on diffusion are the growth and dissolution 
of minerals (e.g., Zhang et al. 1989; Liang 2003), the interaction 
of magmas with xenoliths and country rocks (Watson 1982), and 
the mass transfer rates during magma mixing events (Morgavi et 
al. 2016). To adequately describe and model these occurrences, 
the diffusion process must be accurately known. Although a 
significant volume of data is already available in the literature 
(for a detailed summary, see Zhang et al. 2010), the number of 
studies addressing melts of natural compositions and specific 
magmatic systems is still scarce. Among them, González-García 
et al. (2017, 2018) provided a database of major and trace ele-
ment diffusion in the shoshonite-rhyolite system from Vulcano 
island (Aeolian archipelago, Tyrrhenian Sea, Italy), and other 
similar magmatic systems worldwide. In the Aeolian Islands, 
particularly in Lipari and Vulcano, three magmatic end-members 
have been identified, such as shoshonite, latite, and rhyolite and 
the evidence of mixing between them is widespread (Vetere et al. 
2015; Nicotra et al. 2018; Bullock et al. 2019; Rossi et al. 2019). 
The Vulcano system has been active in historical times, and en-

claves, banded pumices, and disequilibrium mineral textures are 
common (Gioncada et al. 2003, Nicotra et al. 2018). Diffusive 
fractionation models of major and trace elements can be used to 
gain knowledge on the timescales involved in pre-eruptive mix-
ing processes (Petrelli et al. 2006; Perugini et al. 2008, 2010), 
and new data could lead to the improvements such timescales 
with existing chronometers (Perugini et al. 2015), which would 
impact risk assessment in a populated volcanic archipelago.

In this work, we aim to complete the previously published 
internally consistent database by focusing on the interdiffusion of 
eight major elements (Si, Al, Ti, Fe, Mg, Ca, Na, and K) occur-
ring between nominally dry (ca. 0.02 wt% H2O) shoshonitic and 
rhyolitic melts at atmospheric pressure and different temperatures 
(1230–1413 °C). Mainly, we determine, where possible, the ef-
fective binary diffusion (EBD) coefficients and establishing their 
temperature dependence by the Arrhenius equations. In the EBD 
approach, diffusivities are obtained for the component of interest 
considering the remaining components as a single component. 
In consequence, the obtained data are of more restricted appli-
cability and can only be applied to the studied compositions or 
those not differing strongly, but they are potentially more useful 
in the study of natural systems. Also, non-Fickian phenomena 
(e.g., uphill diffusion) cannot be addressed. The second aim of 
this work is to better constrain the dependence of major element 
diffusivity on water content for the shoshonite-rhyolite system by 
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