Magma ascent velocities: Methodology

Magma ascent velocities were calculated assuming an incompressible magma and using the magma-driven model of Rubin (1993) as described in equation 1:

   (1)

Where  is the propagation velocity of the magma,  is the uniform excess pressure,  is the magma viscosity,  is the dike half-length and  the dike thickness that is calculated as: 

  (2)

The physical parameter used in the modelling are listed in table 1.

Table 1. Physical parameters used in the magma ascent velocities calculations.
	Parameter
	Symbol
	Value
	Unit

	Poisson ratio 
	
	0.26
	-

	Uniform excess pressure
	
	5-10-50
	MPa

	Elastic shear modulus 
	
	30
	GPa

	Dike length 
	2
	9
	Km




The viscosity -- of the magmas was calculated using the equation 3 (Mader, Llewellin, & Mueller, 2013):

 (3)

Where  is the viscosity of the pure liquid,  is the relative viscosity and  is the apparent viscosity of the suspension. 

The viscosity of the melt () was calculated for the four main compositions of the magma at Campi Flegrei: Trachyte, phonolite, latite and shoshonite using the model of (Giordano, Russell, & Dingwell, 2008). The compositions of the melts were compiled from the GeoRoc database    (Max Planck Institute for Chemistry in Mainz, n.d.) for glass measurements in Campi Flegrei samples (Mastrolorenzo & Pappalardo, 2006; Pappalardo, Ottolini, & Mastrolorenzo, 2008) and from De Campos et al. (2022) and reference within. The calculations were made for a melt at 7 km depth at 970 ˚C in agreement with what was proposed by (Astbury et al., 2018) for Astroni 6 eruption. Finally,  was obtained from equation 4 (Maron & Pierce, 1956), considering the model proposed by (Mader et al., 2013):
(4)

With  being the crystal volume fraction and  the maximum packing fraction. For the final model we fixed a H2O content of 2 wt.% in the melt (Stock et al., 2018) and  = 0.1 obtaining the viscosities listed in table 2. 

Table 2. Viscosities calculated and used for the magma ascent velocity modelling.
	Magma composition
	Viscosity-η
	Unit

	Phonolite
	
	Pa s

	Trachyte
	
	Pa s

	Latite
	
	Pa s

	Shoshonite
	
	Pa s
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