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1. Catalog compilation
To identify and classify the seismicity distribution along the Southern Andean margin, we compiled focal-mechanism solutions from Global CMT (Ekström et al., 2012) and ANSS-ComCat (U.S. Geological Survey, 2017) into a unified schema, using nodal planes or full moment tensors when available. We show the events’ double-couple component and its classification in figure S1. We filtered to southern Chile (, , ), and from 1976-01-01 to 2025-08-01. Duplicates were identified using a time-distance-magnitude search window (e.g., Weatherill et al., 2016) with , , and. For each cluster, we chose one source by preference (ANSS-ComCat first), falling back to the other catalog if the preferred record had a placeholder depth (e.g., 33 km), a missing or default focal mechanism. Non-duplicate events (present in only one catalog) or clusters with  (e.g., short-term aftershocks) were reviewed manually. Because depth often has large uncertainty, we used a relocated hypocentral catalog when available (Potin et al., 2025) to refine event locations. 
Different classification rules are applied depending on the horizontal location of an earthquake, which we describe from west to east. If an event lies west of the subduction trench, then it is immediately classified as outer-rise. Immediately eastward, along the footprint of the subduction interface, events can be classified as either interface, forearc or intra-slab. We used the Slab2 geometry of Hayes et al. (2018) to check the event’s hypocenter relative to the subduction interface. The interface is assumed to be located where the top surface of the slab is shallower than 70 km, although this could vary across latitudes (particularly in the vicinity of the flat slab at 32° S). However, we argue this choice is not impactful, since our classification placed 95% of interface events below 45 km depth. 
We aim to provide a conservative classification, where forearc (and intra-slab) labels are assigned only if they meet strict criteria. First, the event depth  (positive downwards) is compared to the minimum slab interface depth  at the event’s horizontal error ellipse. If , where  is the reported event’s depth error and  is an arbitrary buffer, then the event is classified as forearc. If, on the other hand, , where  is the maximum slab interface depth at the event’s horizontal error ellipse, then the event is classified as intra-slab. To set a conservative criterion, we define  when non-zero depth/location errors are available; otherwise . Events within the subduction interface buffer (i.e., not meeting previous classification rules) undergo a kinematic check, that is, to determine whether a focal mechanism is compatible with subduction solutions. Events are classified as interface if: (1) one of the nodal-plane normals lies within 35° of the slab normal at its location, and (2) the slip vector is within a range defined by the convergence vector and the margin-orthogonal component, both projected onto the nodal plane, allowing a 10º buffer to each side. Otherwise, they are classified as forearc or intra-slab if  or , respectively.
East of the subduction interface, events are classified as deep intra-slab if . Shallow crustal intra-arc events are those within the main cordillera footprint, with depths shallower than 40 km, whereas deep intra-arc events lie below that threshold. Back-arc events lie east of that footprint, with  . It is worth mentioning that the magnitude of completeness (i.e., the lowest possible magnitude above which all events are recorded) varies greatly over time and space across the analyzed decades (Di Giacomo et al., 2015); thus, variations in seismicity rates can be unrepresentative. However, we mostly focus on the kinematics across different crustal domains. The P- and T-axes of all events are shown in figure S2, grouped by their corresponding tectonic region.
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Fig. S1. Complete classified catalog for the Southern Andes for multiple earthquake types. The depth of the slab top surface (Hayes et al., 2018) and the SARA compilation of Quaternary faults (Santibáñez et al., 2018) are also shown. The segmented blue line represents the 1960 Valdivia earthquake rupture zone, with slips larger than 1 m (Moreno et al., 2012), the red line represents the 2010 Maule  earthquake, and the yellow line the 1985 Valparaíso  earthquake (Bravo et al., 2019).
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Fig. S2. P- and T-axis directions of the regional seismicity, classified according to their location within the subduction context. See text for details and figure S1 for the corresponding map view.
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