Voluminous storage and rapid magma ascent beneath La Palma revealed by seismic tomography
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Supplementary materials
Previous Canary Islands structural studies
There is a lack of consensus on the origin and evolution of the Canary Islands archipelago, in part because knowledge of deep structures is scarce and inconclusive. One model presents a mantle plume beneath the western Canary Islands (El Hierro and La Palma)7,25. In this model, material flows from the plume to the east, crossing the north-western African continent, travelling along the base of the oceanic lithosphere below the Canary Islands, and finally flowing into a sub-continental lithospheric corridor beneath the Atlas Mountain system. 
Using compressional to shear (P to S) converted seismic phases from teleseismic receiver functions, Lodge et al.26 parameterised the crustal and upper mantle structure below La Palma. They identified discontinuities at ∼8 and 14 km depth. The discontinuity at ~8 km depth may correspond to the Moho, while that at 14 km offers clear evidence of magmatic underplating.
Based on P-receiver functions, Martínez-Arévalo et al.27 suggested that the Moho discontinuity beneath the Canary Islands deepens towards the east, varying in depth from 11.5 to 12.5 km beneath the western islands (El Hierro and La Palma) and up to 20–30 km beneath the eastern islands (Lanzarote and Fuerteventura). They identified a low velocity layer beneath the lithospheric mantle (at 45–65 km depth), which they interpret as a large plume feeding the Canary Islands volcanic system. 
From seismic velocity tomography of El Hierro island, García-Yeguas et al.9 determined the base of the oceanic crust to be at 10–12 km depth. They did not observe a magma reservoir. Based on their results, they suggest that the magma intrusion responsible of the 2011 eruptive process warped the Moho below the island, causing localised thinning of the oceanic crust to < 8 km.
Numerous seismic tomography studies of volcanic regions have identified shallow low-velocity structures that are interpreted as highly fractured, unconsolidated, and/or hydrothermally altered volcanic materials, including those for Deception Island volcano28–30 and Mt. Etna31,32. Similar anomalies have been observed beneath the island of Tenerife8,10.
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Extended Data Figure 1. Resolution test results based on the inversion of experimental Vp/Vs data shown in horizontal layers.
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Extended Data Figure 2. Resolution test results based on the inversion of experimental Vp, Vs and Vp/Vs data shown in vertical layers.
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Description automatically generated] Extended Data Figure 3. Resolution test results based on the ability to solve realistic anomalies using a previous synthetic model (left column) and observing the recovery results (right column).
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Extended Data Figure 4. Event mislocations within the model with respect to true locations in horizontal and vertical views and with a vertical checkerboard in section 2.
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Extended Data Figure 5. Earthquake magnitudes and Benioff’s strain release. (A) Magnitudes (Ml) of located earthquakes separated by depth; (B) accumulated Benioff’s strain release for each depth class.
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Extended Data Figure 6. Spatio-temporal distribution of relocated pre-eruptive seismicity (From the end of 2017 to August 2021) showing the epicentral distribution and foci in N–S and E–W projections. Temporal scale is represented in terms of years.
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Extended Data Figure 7. Spatio-temporal distribution of relocated precursory seismicity (from 11 to 19 of September 2021) showing the epicentral distribution and foci in N–S and E–W projections. Temporal scale is represented in terms of Julian days in 2021.
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Extended Data Figure 8. Spatio-temporal distribution of relocated syn-eruptive (from 19 of September to 13 of December) seismicity showing the epicentral distribution and foci in N–S and E–W projections. Temporal scale is represented in terms of Julian days in 2021.
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Extended Data Figure 9. Horizontal layers representing P wave velocity (left column), S wave velocity (central column), and Vp/Vs ratio anomalies (right column) for three selected depths (0.5, 7 and 14 km depth bsl).
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Extended Data Figure 10. Vertical projections representing P wave velocity, S wave velocity, and Vp/Vs ratio anomalies. The central squares of the A2-B2 profiles mark the area that is being zoomed in and is plotted in the right column.
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Extended Data Figure 11. Three-dimensional model of sub-surface structures based on Vp/Vs anomalies, where yellow shading denotes bodies with higher Vp/Vs, purple denotes bodies with lower Vp/Vs, the black line denotes the potential flexure of the Moho as a  consequence of magma intrusion, and dots denote relocated seismicity (red, precursory seismicity; black, pre-eruptive seismicity; blue, syn-eruptive seismicity).
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