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Abstract On2May 2025, an Mw 7.4 earthquake occurred ~120 km off the southern tip of Tierra del Fuego,
at the transition of the Shackleton Fracture Zone and the Chile Trench. This event exhibits reverse-faulting
mechanisms with relatively steeply dipping planes and is the largest recorded along this complex plate
boundary. Most aftershocks have similar mechanisms, although some show strike-slip and normal faulting. To
better resolve the activated fault system under limited station coverage, we relocated events and incorporated
pP-sP phases identified using a trained classifier to refine focal depths. A multichannel seismic reflection line
provides additional insights into the structure of the subduction complex. We infer that the mainshock nucleated
on the subduction interface or within the plate of the southernmost Chilean subduction system, with aftershocks
marking activation of steeper structures. This behavior emphasizes how convergent and strike-slip fault systems
interact to complicate earthquake rupture at plate boundary transitions.

Plain Language Summary On 2 May 2025, a magnitude 7.4 earthquake struck about 120 km off the
southern tip of South America near Tierra del Fuego. It was the strongest earthquake ever recorded in this
complex region where several tectonic plates meet. The event ruptured a volume separating earlier recorded
earthquakes near the junction of major fault systems, none of which exceeded magnitude 6.5. The mainshock
and most of the aftershocks showed compressional motion on steeply dipping faults, which is unusual for a
typical plate-boundary thrust rupture, and a few showed strike-slip and normal fault motion. Because seismic
stations are sparse in this area, advanced methods were used to improve earthquake locations. By identifying
depth-sensitive seismic phases with a machine-learning model, we determined that the mainshock began about
25 km deep, consistent with the very small tsunami observed. Aftershocks southeast of the epicenter occurred on
west-dipping faults near the Shackleton Fracture Zone. Previously collected seismic imaging data also help
illuminate the complex fault system involved.

1. Introduction

The Mw 7.4 earthquake of 2 May 2025 occurred off the southernmost tip of Tierra del Fuego (Figure 1) and
represents the strongest event ever documented in this region, where the southern terminus of the South American
convergent plate boundary transitions into the Shackleton Fracture Zone (SFZ). The event was interpreted by
United States Geological Survey (USGS) as a reverse-faulting earthquake at a depth of 10 km, and the aftershock
distribution was described as indicating a rupture propagating southeastward along the SFZ. In the USGS seismic
catalog, the sequence associated with the Mw 7.4 mainshock (Figure 1) was preceded by two M > 6 earthquakes
that occurred in 1975 to the northwest and in 1976 to the southeast. Between 2010 and 2018, several M > 6 events
ruptured the boundary between the Antarctic and Scotia plates south of the 2025 seismic sequence, reaching the
southernmost extent of the 2025 aftershock area. The vast majority of the first day's aftershocks started 45 km SE
of the mainshock, and the sequence's largest aftershock, an Mw 6.4, occurred 5 hr later 90 km SE of the epicenter
(Figure 1).

The USGS focal mechanism shows a dominantly compressional source, a centroid depth of 23.5 km, and a
NW-SE-striking nodal plane dipping either 33° to the northeast or 57° to the southwest, which is unusually steep
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for a shallow thrust event along an active subduction zone (Bradley & Hubbard, 2025). In addition, the non—
double-couple (NDC) component is anomalously high (37%) (Rosler et al., 2021, 2023), suggesting a complex
source process may contribute to this elevated value.

By a finite fault inversion method (Ji et al., 2002), USGS estimated a maximum slip of approximately 4 m.
However, this slip distribution is strongly influenced by the use of teleseismic stations located far from the
epicentral region, resulting in significant uncertainty. For example, the centroid depth derived from the focal
mechanism (23.5 km) is inconsistent with the shallow asperity inferred from the finite-fault model by USGS.
Given the complex structural configuration of this segment of the South America margin, where convergence
along the Chilean Trench transitions into left-lateral strike-slip deformation along the SFZ (Figure 1 inset), it
remains unclear whether the 2025 earthquake primarily reflects subduction-related processes or represents a more
complex intraplate event, occurring off the main plate boundary but mechanically related to it.

Transitions from subduction to strike-slip faulting along plate boundaries can be associated with geometric
segmentation, termination of the plate interface, block rotations, and changes in relative plate-motion trajectories
(Wallace et al., 2012). Overall, this tectonic setting diverges markedly from that of a classic subduction margin,
and it remains unclear how, in southernmost South America, Chilean subduction interacts with the SFZ and the
associated splay faults to generate large-magnitude earthquakes.

In this study, we analyze seismological data together with a multichannel seismic reflection profile crossing the
epicentral area to constrain the 2025 seismic sequence and the shallow crustal architecture of the continental
margin off Tierra del Fuego. Epicentral locations of the mainshock and its aftershocks are refined using seismic
data from the regional Antarctic Seismographic Argentinean Italian Network (ASAIN) network (Plasencia
Linares et al., 2021; Vuan et al., 2000). Hypocentral depths were subsequently investigated through a targeted
analysis applied to the mainshock and earlier aftershocks. This was achieved through the application of trained
models capable of identifying depth-sensitive seismic phases such as pP and sP. The seismic profile resolves the
shallow architecture of the subduction system and offers insights on the location and geometry of the plate
interface and major faults potentially involved in the 2025 rupture.

2. Tectonic Setting and Evolution

Structural development offshore southernmost Chile is driven by the relative movements of the Antarctic, Scotia,
and South America plates (Figure 1 inset). The boundary between the Scotia and South America plates is defined
by the Magallanes—Fagnano fault system and the North Scotia Ridge (Lodolo et al., 2002, 2003), whereas the
Antarctic—Scotia plate boundary follows the Chilean Trench to the northwest and the SFZ to the southeast
(Figure 1). The Antarctic-South America-Scotia plate triple junction (Fuegian Triple Junction in Figure 1 inset)
has been interpreted as a diffuse deformation zone where the Magallanes—Fagnano fault system projects toward
the Chilean Trench (Cunningham, 1993; Forsyth, 1975; Polonia et al., 2007). North of this area, subduction
involves the Antarctic and South America plates, whereas south of the triple junction, convergence between the
Antarctic and Scotia plates becomes progressively more oblique and transitions into the transpressive transcurrent
motion of the SFZ.

Post-Miocene plate convergence processes are characterized by subduction between the Antarctic and Scotia
plates at a rate of ~10-20 mm yr~! (DeMets et al., 1990). Seismic reflection profiles reveal strong variations in
frontal-wedge morphology, and overall structural style. These variations occur along oblique structural trends that
segment the margin, driven by processes on the overriding plate and by local heterogeneities on the incoming
plate, such as seamounts, fracture zones, and oceanic fabric (Polonia et al., 2007).

The intra-oceanic SFZ is a northwest—southeast trending fracture zone that extends for over 800 km from the
southernmost Chilean Trench to the eastern termination of the South Shetland Trench, where the Antarctic Plate
(AP) subducts beneath the South Shetland Islands block (Figure 1 inset) (Aldaya & Maldonado, 1996; Klepeis &
Lawver, 1996). Seismicity and focal mechanisms indicate that the SFZ is an active, left-lateral transpressive
transcurrent fault zone that accommodates relative motion between the Scotia and APs (Aldaya & Maldo-
nado, 1996; Barker et al., 1991; Galindo-Zaldivar et al., 1996; Klepeis & Lawver, 1996; Livermore et al., 1994;
Maldonado et al., 2000; Pelayo & Wiens, 1989). Bathymetric (Bohoyo et al., 2016) and marine seismic data
further reveal that the SFZ exhibits pronounced relief, and is flanked to the east by a well-developed trough
system (Geletti et al., 2005).
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South of the Chile Triple Junction (Figure 1 inset), seismicity along the margin is low (Pelayo & Wiens, 1989),
which may be partly attributed to slow convergence rates and the obliquity of convergence that promotes strain
partitioning (Civile et al., 2012; Geletti et al., 2005; Lodolo et al., 2003; Polonia et al., 2007). Strain partitioning
does not imply reduced seismicity; rather, it divides deformation between margin-perpendicular thrust faulting
and strike-slip faulting on a discrete fault generated by the oblique component of motion, typically localized near
the base of the plate interface (McCaffrey et al., 2000). The recorded seismicity in this region is nonetheless
insufficient to resolve slab geometry from earthquake data alone. However, seismic reflection profiles indicate
that the continental margin between 52°S and 56°S is characterized by large folds and thrust faults (Polonia
etal., 1999, 2007). These features suggest that margin-perpendicular shortening is still active, or has slowed only
recently (Rubio et al., 2000).

3. Materials and Methods

Our analysis of the 2 May 2025 Drake Passage earthquake sequence integrates regional and teleseismic seis-
mological data with multichannel seismic reflection data. We relocated the mainshock and its aftershocks using
high-quality, manually reviewed P- and S-wave arrival times from the Argentine—Italian Antarctic Seismographic
Network (ASAIN; Plasencia Linares et al., 2021), supplemented by arrivals from selected global stations (Figure
S1; Table S1 in Supporting Information S1). Hypocenters were determined with the LocSAT algorithm (Bratt &
Nagy, 1991) using the IASPEI91 global velocity model (Kennett & Engdahl, 1991) (Text S1 in Supporting
Information S1).

To better constrain hypocentral depths, we identified pP and sP depth phases using machine-learning tools from
the SeisBench framework (Miinchmeyer et al., 2023), enabling probabilistic multi-station depth estimation
despite sparse regional coverage (see Text S2 and Figure S2 in Supporting Information S1). Focal mechanisms
were compiled from multiple international agencies (Dziewonski et al., 1981; Ekstrom et al., 2012) to assess fault
geometry and stress orientation. We further reprocessed a 1997 multichannel seismic reflection profile (Bran-
catelli et al., 2022; Polonia et al., 2007) crossing the epicentral region to image crustal structure and plate-
boundary architecture relevant to the rupture (Figure S3; see Text S3 in Supporting Information S1).

The mean residuals of P-phase arrivals at the most frequently used stations are shown in Figure S4, and Table S2
in Supporting Information S1 summarizes the P- and S-phase data used in the relocation, along with average time
residuals, epicentral distances, and azimuths for each station. Stations closest to the events consistently show
negative residuals, indicating that observed P arrivals occur earlier than predicted by the velocity model. The
major axis of the epicentral uncertainty ellipses is oriented approximately east—west, reflecting sparser station
coverage in that direction (Figure S5 in Supporting Information S1). Horizontal location uncertainties range from
about 5 km in latitude to 15-20 km in longitude, with reduced longitudinal resolution primarily due to limited
station coverage in the Scotia Sea and Pacific Ocean. The systematic residual patterns shown in Figure S4 in
Supporting Information S1 are consistent with additional, unmodeled sources of uncertainty (e.g., velocity
structure, station geometry) not captured by the formal errors.

Hypocentral depth estimates are improved by incorporating teleseismic depth phases such as pP and sP (Table S6
in Supporting Information S1), although identifying these phases remains challenging due to high ambient noise
levels in the region. The robustness of depth phases estimates is evaluated in Figure S6 in Supporting
Information S1.

Figure 1. The main map displays shaded bathymetry and topography derived from GEBCO data (GEBCO Bathymetric Compilation Group, 2026), illuminated to
emphasize seafloor morphology. Plate boundaries are shown as solid black lines. Earthquakes from the regional catalog are plotted as circles scaled by magnitude and
colored by origin time, illustrating the spatiotemporal evolution of seismicity across the Antarctic—Scotia plate boundary. Major tectonic features, including the Chilean
Trench, Shackleton Fracture Zone (SFZ), West Scotia Ridge, South Shetland Trench, Bransfield Basin, and Magallanes—Fagnano Fault system, are labeled. The extinct
Phoenix Ridge is shown as a white solid line, and transform faults north and south of the SFZ, within the Drake Passage, are shown as white dashed lines. The location of
the multichannel seismic profile IT97-245 is indicated by a thick red line, and the white rectangle marks the area enlarged in subsequent figures. Color bars indicate
bathymetric depth (m) and event year. In the inset, we show a seismotectonic map of the southern Chile-Scotia Sea plate boundary region, including earthquake
epicenters from United States Geological Survey (colored/sized circles). The largest events (M > 7) are labeled with year. Circle color indicates hypocentral depth, and
size scales with magnitude. The Nazca Plate, the Antarctic Plate, the South America Plate (SAP), and the Scotia Plate are shown and boundaries are traced with colored
lines: blue = convergent margin, red = transform/strike-slip boundary. The Chile Triple Junction, where the Nazca, Antarctic, and South America plates meet, and the
Fuegian Triple Junction farther south are also labeled. A black-outlined sector delineates the boundaries of the main figure.
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4. Results and Interpretation
4.1. Relocated Hypocenters and Depth Distribution

Figure 2 presents cross-sections and map views of seismicity associated with the 2 May 2025 earthquake
sequence, combining relocated hypocenters (Table S6 in Supporting Information S1) with pre-mainshock events
listed in the ISC-reviewed catalog (Bondar & Storchak, 2011). Relocated hypocenters (red) and background
seismicity from the International Seismological Centre (ISC) catalog (orange) are projected onto three vertical
cross-sections oriented perpendicular to the mainshock strike and aftershock trend, providing a first-order
constraint on the seismogenic geometry of the region.

The inset of Figure 2 reveals a NW-SE elongated seismic cluster centered near 57.3°S, 67.5°W, tightly associated
with the Mw 7.4 mainshock. Moving southward, after the mainshock the aftershock activity is visible as an
oblique structural lineament trending toward the southeast, starting 45 km south of the mainshock and ending near
the position of the largest aftershock, an Mw 6.4 event on the SFZ 90 km south of the mainshock. Its location is at
one corner of an approximately equilateral triangle with a cluster of 154+ M > 5 events between 2007 and 2018
where the extinct Phoenix-Antarctic spreading ridge (extinct Phoenix Ridge in Figure 1) transitions into the SFZ.
The base of this triangle is perpendicular to the SFZ and its other two corners are the 1976, Mw 6.4 earthquake and
an Mw 7.1 event.

Backprojection analysis of P-phase data from the Global Seismographic Network (GSN) reveals a complex
rupture pattern (EarthScope DS, 2011). The animation shows multiple peaks in beam-power at low frequencies,
indicating radiated energy across a broad region spanning the transition zone between the southernmost Chilean
Trench and the SFZ, and extending southwestward from the SFZ. Energy release continued for up to 100 s after
the origin time. The spatial distribution of these beam-power peaks during coseismic rupture encompasses the
locations of early aftershocks.

Figure 2 cross sections A—A1 (aligned with seismic line 1T97-245), B-B1, and C—C1 sample this geometry at
different latitudes, enabling a three-dimensional characterization of the seismicity. Most hypocenters are located
between 0 and 40 km depth, with a clear concentration between ~10 and ~30 km. Profile D-D1 (panel d) shows
the along-strike distribution of both relocated and ISC events over a distance of approximately 400 km, with
depths consistently shallower than 40 km. Relocated events tend to form a tighter cluster approximately 50 km
south of the mainshock and are generally better constrained spatially. In contrast, ISC catalog events are more
scattered, particularly in the along-strike D-D1 profile, likely reflecting larger catalog location uncertainties. It
should be noted that residual location uncertainties, even after relocation, can bias the apparent geometry of
seismicity in cross-section; the alignments identified below should therefore be interpreted as first-order trends
rather than precisely resolved planes. Nevertheless, in Figures 2b and 2¢ (profiles B-B1 and C-C1), the seismicity
outlines a plane dipping approximately 60° toward the southwest.

Few aftershocks are relocated along profile A—A1, and two of these are very shallow (depth <5 km). Very few
aftershocks lie north of the mainshock. An ISC event from 1975 (mb 6.1; Figure 2a) represents the largest
earthquake located near the 2025 mainshock. The Mw 7.4 mainshock plots at a depth of approximately ~25 km,
consistent with rupture on the subduction interface or within a subducting plate. The improved aftershock lo-
cations obtained in this study reveal a more coherent subsurface geometry that is not apparent from the ISC
catalog alone.

Depth is the parameter most sensitive to network geometry: it trades off strongly with origin time and velocity
structure when few nearby stations are available, particularly when no stations are close to the earthquake.
Without close-in stations or clear depth phases (pP, sP), large depth errors are common. Figure S7 in Supporting
Information S1 shows the likelihood distributions and depth estimates for each event, obtained using the trained
models (Miinchmeyer et al., 2023) described in the Materials and Methods section. Individual 68% credible
intervals are spanning 20 km. Even accounting for this substantial per-event uncertainty, most aftershocks cluster
tightly between 19 and 34 km, with a median around 2629 km, and the mainshock falls within this same range.
This depth range explains the very small observed tsunami, since deeper rupture produces comparatively little
vertical seafloor displacement.
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4.2. Mainshock and Aftershock Mechanisms

The striking heterogeneity in focal mechanisms across the region (Figures 2e and 2f) is described by three
populations that are distinguishable at different depths: (a) a shallower group (5-15 km) likely associated with
upper plate or interface events near the SFZ, whose focal mechanisms vary considerably showing normal, strike-
slip or compressional faulting; (b) strike-slip mechanisms at around 15-20 km; (c) a slightly deeper group
(20-30 km), including the mainshock, more consistent with compressional interface seismicity. Some mechanism
heterogeneity may reflect the small aftershock fault planes sampling a heterogeneous strain field with many small,
variably oriented faults.

Near the A—A1 profile (closest to the mainshock epicenter), mechanisms are thrust to oblique-thrust, consistent
with convergence. Centroid depth reported across Global Centroid Moment Tensor (GCMT) and USGS catalogs
(Table S3 in Supporting Information S1) agree, the dips of the possible fault planes in the GCMT and USGS
solutions appear to be well constrained, as does the compressive orientation of the rupture.

For the mainshock, the two nodal planes indicate dips of approximately 33° and 55° (Figure 2f), steeper than the
~5°-20° dip expected for the shallow Chilean subduction interface. Analysis of focal mechanisms from the
GCMT catalog since 1976 shows that dip angles in this region are consistently greater than 30° (Table S4 in
Supporting Information S1). Similarly, Pelayo and Wiens (1989) reported two mb > 6.0 earthquakes in 1975 and
1976 with compressional mechanisms and dips exceeding 30°. Early aftershocks exhibit variable mechanisms
including strike-slip with centroid depths of approximately 15 km (Table S5 in Supporting Information S1). Rose
diagrams of P-axes (orientations ~45°-60°, maximum compression) and T-axes (~135°-150°, maximum ten-
sion) derived from these focal solutions are shown in Figure S8 in Supporting Information S1. Temporal and
spatial variations of dip angles from GCMT focal mechanisms in the study area are shown in Figure S9 in
Supporting Information S1.

4.3. Seismic Reflection Profile and Crustal Structure

The seismic profile runs roughly orthogonal to the margin (Figure 2, inset), crossing the southernmost Chilean
subduction complex from the trench to the continental shelf, near the epicenter of the 2 May 2025 earthquake
(Figure 3a). The Antarctic—Scotia plate boundary region is imaged to approximately 14 s two-way travel time
(TWT), although resolution below 9 s TWT is limited by poor seismic penetration within the deformed accre-
tionary wedge and by the presence of seafloor multiples.

In the oceanic domain to the southwest (0-30 km in Figure 3a), the Antarctic oceanic basement dips landward at
approximately 5°. The oceanic crust is underlain by the Moho reflector, imaged at ~2.5 s TWT below the top of
the oceanic basement (Figure 3a). A wedge-shaped sedimentary infill is observed at the trench axis, reaching a
thickness of about 2 s TWT near the outer deformation front (Figure 3a). Subvertical faults with small offsets
deform AP sediments at the toe of the accretionary wedge (Figure 3a). This geometry suggests incipient
deformation, with blind reverse faults that do not reach the seafloor, possibly because sedimentation rates exceed
tectonic deformation rates.

The accretionary wedge is ~20 km wide and consists of deformed sediments up to 5-6 s TWT, scraped off the
subducting AP and accreted along landward-dipping thrust faults. Large-scale folds are controlled by reverse
faults that terminate at 7-8 s TWT, dip landward at angles between 7° and 13° and steepen toward the northeast.

Figure 2. Spatial and focal-mechanism characterization of the seismicity associated with the 2 May 2025 M,, 7.4 earthquake. The top-right inset shows the epicentral
distribution of seismicity relative to the Chilean Trench and the Shackleton Fracture Zone. Circles are scaled by magnitude and colored by data source, red for events
relocated in this study, orange for past events from the International Seismological Centre (ISC) catalog. The M,, 7.4 mainshock is shown as a red circle scaled to its
magnitude. The black dashed line labeled IT97-245 marks the trace of a reflection seismic line used for structural reference. The four shaded bands (blue, orange, olive,
white) delimit the perpendicular and along-strike swath volumes used to select events for cross-sections A—A1l, B-B1, C-C1, and D-DI, respectively; dotted lines mark
swath boundaries and profile endpoints (a)—(c) Depth cross-sections (0-50 km) along A—A1, B-B1, and C—C1 (traces and swath widths shown in the inset map), showing
relocated seismicity (red, this study) and ISC catalog events (orange), scaled by magnitude. The star in (a) marks the M,, 7.4 mainshock. (d) Composite along-strike depth
section (0-50 km) combining seismicity from all events projected onto D-D1. (e) Along-strike D-D1 depth section (0—-50 km vs. distance, km) showing focal mechanisms
color-coded by faulting style. (f) High-resolution shaded bathymetry and topography derived from GEBCO data (GEBCO Bathymetric Compilation Group, 2026), and
map-view of focal mechanisms along profile D-D1, color-coded as in (e) and scaled by magnitude.
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Figure 3. Multichannel seismic reflection data and earthquake distribution across the southernmost Chilean margin at the
transition to the Shackleton Fracture Zone (SFZ). (a) Time-migrated multichannel seismic (MCS) profile IT97-245 oriented
approximately SW-NE (location shown in Figure 2), crossing the Chilean Trench, accretionary wedge, backstop, and
continental crust (Scotia Plate). The section is displayed in two-way travel time (TWT) with a vertical exaggeration of ~3.
The Antarctic oceanic crust dips landward beneath the margin and is underlain by a Moho reflection. A wedge-shaped
sedimentary infill is observed at the trench axis, and the accretionary prism consists of landward-dipping thrust sheets rooted

in a shallow-dipping main detachment (7-13°). High-angle faults deform sediments at the toe of the accretionary wedge. The
inferred downdip continuation of the subduction interface and the deformation zone associated with the SFZ are indicated
schematically. Projected hypocenters include the Mw 7.4 mainshock (star), relocated aftershocks (red circles), and International
Seismological Centre (ISC) catalog events (orange circles). (b) Vertical sections A—A’, B-B’, and C-C’ showing relocated
earthquakes (red symbols) and ISC events (orange symbols) projected onto profiles oriented parallel and oblique to the margin.
Relocated hypocenters, which are naturally in depth, not TWT, can be plotted on the same axes as the reflection data. Symbol
size scales with magnitude. Section A—A’ follows the seismic line and samples the mainshock vicinity, B-B’ illustrates
seismicity distributed between the subduction interface and a steep SW-dipping structure, and C—C’ highlights aftershocks
aligned along the northern termination of the SFZ. Depths are relative to sea level. (c) Detail of the continental-shelf portion of
the MCS profile highlights a well-developed sedimentary basin associated with the strike-slip deformation of the SFZ. This
basin coincides with the projection of the aftershock cluster and provides structural evidence for transpressive transcurrent
faulting within the continental crust (vertical exaggeration ~10).

A well-developed sedimentary basin is imaged beneath the continental shelf (Figure 3c). The basin depocenter
contains a sedimentary succession approximately 2 s TWT thick (corresponding to about 1,000 m, assuming a
seismic velocity of 2,000 m s™!). The location of this basin coincides with the northwestward continuation of the
SFZ, suggesting that the SFZ exerts a first-order control on the tectonic evolution of the region.

If the main detachment surface is extrapolated northeastward, and the continuation of the SFZ is taken into
account as shown in Figure 3a, we propose that the southernmost Chilean convergent plate boundary transitions
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into the SFZ deformation zone at a depth of approximately 25 km, corresponding to the nucleation depth of the
earthquake (Figure 3a).

The three vertical sections in Figures 3b—3d provide insights into earthquake distribution relative to the geometry
of the main faults reconstructed along the seismic line. Section A—A1 runs along the seismic profile and crosses
near the mainshock. Two earthquakes are distributed within the lower plate, the mainshock and two earthquakes
from the ISC catalog are located along the subduction interface, and two shallow earthquakes correspond to thrust
faults within the accretionary prism. In this region, no earthquakes are associated with steep faults in the con-
tinental crust. Section B—B1, located farther south, shows seismicity distributed between two structures: one
gently dipping toward the NE and the other more steeply dipping toward the SW. At these latitudes, the rupture
appears to have affected both the subduction thrust and the northern termination of the SFZ. Section C-C1, located
across the SFZ in the southernmost part of the sequence, shows seismicity aligned along a steep structure dipping
toward the SW.

5. Discussion

The epicentral region of the Mw 7.4 mainshock is located at the transition between the southernmost Chilean
Trench and the SFZ (Figure 1). Along the trench, convergence velocities decrease southward, from 20 mm/yr at
51°S to 9 mm/yr at 56°S (DeMets et al., 1990; Thomas et al., 2003), while subduction becomes increasingly
oblique. Similar oblique-convergence settings occur along the New Zealand Hikurangi-Alpine Fault system
(Stevens et al., 2024), in Sumatra, where the right-lateral Great Sumatran Fault accommodates oblique Indo-
Australian/Eurasian convergence (McNeill & Henstock, 2014; Moeremans et al., 2014), and at the Australian-
Pacific boundary close to the Macquarie Triple Junction in the SW-Pacific Ocean (Gasperini et al., 2022).

Despite the low convergence rates, a narrow, well-defined accretionary prism has developed at the toe of the
backstop (Figure 3a). Active thrust faults at the transition between the subduction system and the oceanic domain
indicate ongoing compressional deformation, implying that the thrust may still be accommodating plate motion.

Fault-plane solutions indicate a reverse mechanism for the 2 May 2025 mainshock, with NE- or SW-dipping
nodal planes at 30-35° or 55-60°, respectively. On the seismic profile (Figure 3a), the thrust appears as a
high-amplitude reflector dipping at 7-13° that steepens northeastward, although poor penetration prevents
identification of the basal detachment landward of 45 km. Interpolation of the thrust interface from the well-
imaged outer wedge to the hypocenter suggests a NE dip of up to 25-30°. In contrast, the SFZ is only inferred
here, since no reflector is observed at depth; the main evidence is a sedimentary basin at 80-100 km along the
profile, connected to the source area, implying a SW-dipping structure with a dip of 60-80° (Figure 3c).

The three vertical sections in Figure 3b show the mainshock nucleation at the base of the accretionary prism, at the
contact with the backstop, where the two principal structures accommodating plate motion interact. Southward,
the larger aftershock occurred 5 hr after the mainshock extending seismicity along the transition of the Chilean
Trench with the SFZ. Focal mechanisms indicate two complementary geometries: (a) reverse faulting consistent
with the subducting slab interface, and (b) higher-angle (55-60°) reverse faulting compatible with a southwest-
dipping plane.

Using scaling relations specifically derived for subduction interface or intraslab earthquakes (Strasser
et al., 2010), we obtain median estimates of approximately 70-80 km in length and 40-45 km in width. This
scaling of fault length implies that the mainshock rupture most likely involved the area occupied by the earliest,
southernmost aftershocks.

Backprojection of P-wave data from the GSN (EarthScope DS, 2011), reveals multiple low-frequency beam-
power peaks propagating across the trench-SFZ transition zone and southwestward along the SFZ, with bursts of
energy release continuing up to 100 s after origin time. These peaks overlap early aftershocks, indicating that the
mainshock rupture was not confined to a single, simply dipping plane. Thus, interpreting the 30° nodal plane as a
direct proxy for the main thrust is complicated by evidence that the rupture was more spatially extended than a
single-plane source implies.

This complexity bears directly on how the steep (30-35°) nodal plane at 25 km depth should be interpreted. Two
scenarios remain equally consistent with the data: an interface-hosted rupture, and an intraslab rupture decoupled
from interface geometry. Under the first, the mainshock would reflect slip on the plate interface itself, with the
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nodal plane representing a locally steepened segment of a dipping thrust. A comparable geometry occurs well
north of the study area along the southern-to-south-central Chilean margin (41.5°S—43.5°S), where the shallow
Wadati-Benioff zone dips at 20-30°, seismicity occurs in a coast-parallel belt at 12-30 km depth, and stress-field
rotation is controlled by slab geometry rather than uniform interface dip (Haberland et al., 2006; Lange
et al., 2007). This analog shows that steep, segmented interface geometries are not unusual along the Chilean
margin, lending plausibility to a similar mechanism here. Under the second, the mainshock instead reflects
faulting within subducted oceanic crust. The northernmost portion of the SFZ is a three-dimensional zone where
deformation cannot remain confined to a single thrust. Slab-edge bending and tearing, together with slab-window
thermal effects, could redistribute stress broadly (Furlong & Schwartz, 2004; Govers & Wortel, 2005). This can
produce reverse to oblique-reverse faulting within the slab while strike-slip motion partitions onto the north-
ernmost SFZ segments, generating steep nodal planes at depth independent of subduction interface dip.

The data cannot resolve which of these scenarios applies: both are consistent with the geometrically complex
character of this corner, and the focal solutions alone cannot discriminate between them. Rupture of a steep (60°)
compressional structure within the continental backstop, while mechanically possible, appears less likely as the
primary source, given the expected slip and rupture length.

This hierarchical interaction, a lower-angle, interface-compatible or intraslab source overlain by higher-angle
southwest-dipping structures, provides a coherent framework for the spatial pattern of seismicity and vari-
ability of focal mechanisms across this segment of the Chile Trench-SFZ transition, though resolving the
remaining ambiguity would require additional constraints that the region's remoteness currently limits.

6. Conclusions

Relocated hypocenters beneath the Drake Passage show that seismicity is concentrated between ~15 and ~35 km
depth, with consistent results from both deep learning—based and conventional relocation methods. The Mw 7.4
mainshock of 2 May 2025 nucleated at a depth of ~25 km. Longitude uncertainties are larger (~5-20 km) because
of sparse station coverage in this remote area, but depth estimates constrained by pP and sP phases are consistent
with ISC-reviewed events near the aftershock zone. The depth distribution of the mainshock and aftershocks, the
beam-power peaks from backprojection, the variability in focal mechanisms, and fault geometry from multi-
channel seismic reflection data suggest a composite rupture involving different fault segments. We propose two
possible scenarios at the transition between the southernmost Chilean subduction interface and the SFZ: a thrust
interface-hosted and an intraslab rupture. Both scenarios could involve slab-edge deformation with broad
redistribution of stress. These results highlight the role of interacting convergent and strike-slip tectonic systems
in controlling large earthquake rupture processes at plate boundary transitions.
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