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The formation, storage and chemical differentiation of magma in the Earth’s crust is of fundamental importance in
igneous geology and volcanology, yet many of the underlying physical and chemical processes remain unknown.
Here we use numerical modelling to show that several apparently unrelated and puzzling features of crustal mag-
matism arise in response to reactive flow of melt through low melt fraction ‘mush reservoirs’. Increasing evidence
suggests that magma is usually stored in such reservoirs, rather than in the high melt fraction ‘magma chambers’
that have underpinned conceptual models of crustal magmatism for over a century. We model the intrusion of
basaltic (mafic) magma in the mid- to lower-crust and show that reactive flow produces low crystallinity, chem-
ically differentiated (felsic) magmas which can leave the reservoir and ascend through the crust to form shallow
intrusions or erupt to the surface. The majority of the reservoir remains a low melt fraction mush throughout its
life, consistent with geophysical data. Reactive melt flow produces low crystallinity felsic or mafic magmas but
not intermediate magmas, consistent with observed bimodal melt compositions sourced from mid- to lower-crustal
reservoirs. Moreover, the evolved magma that leaves the reservoir can contain much older crystals, creating the
age disparity recorded in many crustal magmas. These older crystals are stored at sub-solidus temperatures before
being remobilized by the accumulation of melt sourced from deeper in the mush, consistent with crystal chemistry
data. Modelled trace element profiles, preserved after solidification, are similar to those observed in a crustal reser-
voir now exposed at the surface. Our results suggest that magma storage and differentiation primarily occurs by
reactive flow in long-lived mush reservoirs, rather than fractional crystallisation in magma chambers.


