Dynamics and timescales of mafic-silicic magma interactions 
at Soufrière Hills Volcano, Montserrat

Rosa Didonna1*, Fidel Costa2,3, Heather Handley1,4, Simon Turner1, Jenni Barclay5

1Department of Earth and Environmental Sciences, Macquarie University, Sydney, NSW, Australia
2Earth Observatory of Singapore, Nanyang Technological University, Singapore
3Asian School of the Environment, Nanyang Technological University, Singapore 
4Department of Applied Earth Sciences (AES), University of Twente, Enschede, The Netherlands
5School of Environmental Science, University of East Anglia, Norwich, UK

*corresponding author: rosa.didonna@mq.edu.au


Supplementary Information 

S1. Strategy for calculating melt compositions and timescales
The main objective of this study is to evaluate the magmatic processes and timescales recorded in plagioclase crystals during and prior to the 2010 eruption at Soufrière Hills Volcano (SHV). This is not a straightforward problem due to the significant changes in temperature and composition that crystals may experience over time. Due to the rarity of strongly zoned orthopyroxene crystals in our samples, we considered plagioclase phenocrysts to calculate diffusion timescales based on equation (7) from Costa et al. (2003). The multidimensional effects of diffusive flux in different directions of the plagioclase crystals were not considered as we only used profiles with large compositional profiles measured far from crystal corners (also avoiding inclusions) and thus mitigated the effect of 2 and 3-dimensional diffusional re-equilibration Costa et al. (2003).

S2. Partition coefficients and Mg concentration in melt
In this work, we calculated Mg compositions in equilibrium with plagioclase using the equation (2) of Bindeman et al. (1998), which is dependent on anorthite content (An) and temperature. The range in An content (An40-80) considered in Bindeman et al. (1998) is comparable to those in our samples. We refer to the ‘equivalent melt’ as the composition of the melt that the crystal grew from or equilibrated with, following the approach proposed by Fabbro et al. (2017). Previous works have documented that the Mg partition coefficients from Bindeman et al. (1998) may not be appropriate for low An content and rhyolitic liquids (Berlo et al. 2007; Druitt et al. 2012; Longpre et al. 2014). However, for our samples the calculated Mg composition in the melt appear to be in equilibrium with a whole-rock composition (Fig. 8 in the main text) for plagioclase found in host and enclave. 
In Supplementary Fig. S2, we compared partition coefficients (KD) obtained from Bindeman et al. (1998) and Dohmen and Blundy (2014) for plagioclase in enclave (Fig. S2a) and host (Fig. S2b). Dohmen and Blundy (2014) KD yielded a calculated Mg concentration in the melt that does not change significantly with a wide range of temperature of 850-1100°C and none of plagioclase in host and enclave would be in equilibrium with a whole rock composition (Fig. S3). As discussed in Coote and Shane (2016), these different results depend on the diverse approach used to the estimation of the partition coefficient based on isothermal experiments and thermodynamic calculation (Dohmen and Blundy, 2014) and given our results we decided to use the Bindeman et al (1998) partition coefficient.
S3. Temperatures of the various melt compositions
Published constraints on magmatic temperatures at SHV (Supplementary Table S1) show temperature of 850±20°C up to 1000±20°C for the andesitic host (Barclay et al. 1998, Christopher et al. 2014; Devine et al 1998, 2000; Devine and Rutherford 2014; Humphreys et al. 2009; Murphy et al. 1998, 2000) and a range from 900°C (Christopher et al. 2014; Humphreys et al. 2009; Murphy et al. 1998, 2000) to 1100°C (Christopher et al. 2014; Humphreys et al. 2009; Plail 2013) for intruding magma. The calculated equivalent Mg-melt in plagioclase phenocrysts is consistent with published bulk-rock data, melt inclusions and glass composition (Supplementary Table S2) for Phase IV-V and for the same rock (MT35) analysed in this work.

S4. Uncertainties for numerical modelling
In our modelling of liquid compositions and timescales, we consider ± 50°C of temperature uncertainty. We explore a range of temperature between 850°C and 1100°C to see the effect on timescale results. Initial conditions and profile shapes are additional sources of uncertainty, but crystals selected have a large and abrupt change in An profile that is suitable to be assumed as a step-wise initial profile. MgO concentrations analysed at EPMA are associated with the relative uncertainty obtained from the instrument. The best match between data and model was determined by minimising the root mean square (rms) of the differences between fit-computed and measured profiles within the maxima and minimum value of instrument uncertainties. A further source of uncertainty is associated with the values of the coefficients for the plagioclase-melt Mg partition that we used from Bindeman et al. (1998). However, as discussed in section S2, MgO concentrations in melt calculated using Bindeman et al. (1998) are in equilibrium with a whole-rock composition.

