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            Abstract
Convergent margin volcanism originates with partial melting, primarily of the upper mantle, into which the subducting slab descends1,2. Melting of this material can occur in one of two ways. The flow induced in the mantle by the slab can result in upwelling and melting through adiabatic decompression1,3. Alternatively, fluids released from the descending slab through dehydration reactions can migrate into the hot mantle wedge, inducing melting by lowering the solidus temperature2,4. The two mechanisms are not mutually exclusive1. In either case, the buoyant melts make their way towards the surface to reside in the crust or to be extruded as lava. Here we use magnetotelluric data collected across the central state of Washington, USA, to image the complete pathway for the fluid–melt phase. By incorporating constraints from a collocated seismic study5 into the magnetotelluric inversion process, we obtain superior constraints on the fluids and melt in a subduction setting. Specifically, we are able to identify and connect fluid release at or near the top of the slab, migration of fluids into the overlying mantle wedge, melting in the wedge, and transport of the melt/fluid phase to a reservoir in the crust beneath Mt Rainier.
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                    Figure 1: Map showing station locations for the CAFE seismic and magnetotelluric stations (wideband and long-period) across central Washington state, USA.[image: ]


Figure 2: Primary seismic (a) and magnetotelluric (b) models.[image: ]


Figure 3: The resistivity of peridotite for a given melt fraction and water content (within the melt) at a temperature of 1,150 °C.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Rose diagram showing overall strike directions.
The colour code reflects the Bahr skew as determined using the STRIKE algorithm15 for the CAFE data set.


Extended Data Figure 2 Primary standard inversion images for the CAFE data.
These magnetotelluric images were generated without incorporating a tear zone on top of the slab or setting the initial resistivity for the slab. The top image was generated using a combination of the TM mode and tipper, whereas the bottom image was produced using the TM and TE modes along with the tipper.


Extended Data Figure 3 The TM (a) and TE (b) pseudo-sections for the CAFE magnetotelluric data.
The two upper panels in a and the two upper panels in b show apparent resistivity and phase for the data. The two lower panels in a and the two lower panels in b show apparent resistivity and phase for the model. Both models are limited horizontally to correspond with the surface covered by the CAFE magnetotelluric array.


Extended Data Figure 4 Plot of root-mean-square misfit against the 60 CAFE magnetotelluric stations for the TM/TE/tipper models.
The blue line shows root-mean-square misfit by station for the halfspace model (without a tear or initial resistivity set for the upper slab), and the green line shows the same for the augmented model (using a tear at the top of the slab and imposing initial resistivity for the upper part of the slab). The overall root-mean-square misfit values were 3.08 for the halfspace model, and 1.89 for the augmented model.
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