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aBstraCt

The Trans-Mexican Volcanic Belt (TMVB) is known for the chemical diversity in its erupted prod-
ucts. We have analyzed the olivine, pyroxene, and plagioclase mineral chemistry of 30 geochemically 
well-characterized mafic eruptives from Isla Maria at the western end of the arc to Palma Sola in the 
east. The mineral major oxide data indicate the dominance of open system processes such as antecryst 
uptake, and the scarcity of mineral-mineral and mineral-melt equilibria suggests that apart from form-
ing microlites, erupted melts do not significantly crystallize during ascent. A combination of plagioclase 
antecryst chemistry and MELTS thermodynamic modeling of H2O-saturated isobaric fractional crystal-
lization was employed to develop a pressure sensor aimed at determining the ponding depths of the 
co-genetic magmas from which the erupted plagioclase crystal assemblage originates. We show that the 
depth of magma-mush reservoirs increase eastward along the TMVB. We suggest that magma ponding 
is triggered by degassing-induced crystallization during magma ascent, and that the pressure sensor can 
also be regarded as a degassing sensor, with more hydrous melts beginning to degas at greater depths. 
Modeled initial magma H2O contents at the Moho range from ~4 to ~9 wt%. Magma-mush ponding 
depth variations fully explain the observed westward increase of average surface heat flux along the 
TMVB, supporting a new model of mafic arc magma ascent, where rapidly rising, initially aphyric melts 
pick up their antecrystic crystal cargo from a restricted crustal depth range, in which small unerupted 
batches of previously risen co-genetic magmas typically stall and solidify. This implies that, globally, 
mafic arc magmas may be used to constrain the depths of degassing and mush zone formation, as well 
as the amount of H2O in the primary melts.
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introduCtion

Subduction zone magmatism is characterized by a wide range 
of melt compositions (basaltic to rhyolitic, low- to high-K, low- to 
high-Mg#, low- to high-Al), as well as eruption styles (explosive 
and effusive, VEI 0 to 8). A variety of geophysical, petrological, 
geochemical, and modeling approaches have been pursued to 
understand what parameters may control such a diversity. Toward 
the end of the last century, primary melts were considered to be 
of mafic composition, originating from the mantle wedge, with 
variable contributions of a slab signature (Gill 1981; Thorpe 1982). 
Melt differentiation was attributed to magmatic processing within 
the overriding crust, and continental arcs with thick crust showed 
the greatest degrees of melt evolution and isotopic indices of 
crustal assimilation (Harmon et al. 1984; Hildreth and Moorbath 

1988). More recently, geochemical variations in subcrustal primary 
melt compositions ranging between basalts and dacites have been 
deduced, principally based on work on the Aleutians (Kelemen et 
al. 2003a,  2003b; Yogodzinski et al. 1995, 2001) and the Trans-
Mexican Volcanic Belt (TMVB) (Gómez-Tuena et al. 2011, 2007b, 
2014; Petrone et al. 2003; Straub et al. 2011, 2013, 2014).

Understanding the processes of ascent of melts from their 
mantle source to the surface of the overriding plate, as well as 
magma storage conditions within the overriding plate, is criti-
cal in evaluating timescales of arc magmatism from generation 
to eruption and thus the potential hazards from future volcanic 
eruptions, with repercussions for hazard mitigation strategies. 
Magmatic processes are expected to depend on melt composition: 
mafic melts with low crystal contents have a much lower viscosity 
than intermediate to silicic melts (Getson and Whittington 2007; 
Giordano et al. 2008); furthermore, the viscosity of magmas, i.e., 
melts carrying a crystal cargo, is strongly dependent on crystal-
linity (Caricchi et al. 2007; Lejeune and Richet 1995), melt H2O 

American Mineralogist, Volume 101, pages 2405–2422, 2016

0003-004X/16/0011–2405$05.00/DOI: http://dx.doi.org/10.2138/am-2016-5701     2405 

* E-mail: g.f.zellmer@massey.ac.nz
Special collection papers can be found online at http://www.minsocam.org/MSA/
AmMin/special-collections.html.




