d0i:10.26443/seismica.v2i4.1678

Subducted Structure in Central Cascadia from
Margin-Crossing Seismic Tomography

3

* L2 Emilie E. E. Hooft !, Douglas R. Toomey s

L Erin A. Wirth

3, Asif Ashraf (© 3, Anne M. Tréhu
4, Kevin M. Ward ©°

Sarah Nolan
Pieter-Ewald Share

!College of Earth, Ocean and Atmospheric Sciences, Oregon State University, Corvallis, OR, United States, 2Department of Earth and
Atmospheric Sciences, Cornell University, Ithaca, NY, United States, 3Department of Earth Sciences, University of Oregon, Eugene, OR, United
States, *United States Geological Survey, Seattle, WA, United States, *South Dakota School of Mines & Technology, Rapid City, SD, United States

Author contributions: Conceptualization: Anne Tréhu, Sarah Nolan, Emilie Hooft, Asif Ashraf. Methodology: Douglas Toomey, Emilie Hooft, Sarah Nolan, Asif
Ashraf, Anne Tréhu. Software: Douglas Toomey, Emilie Hooft. Validation: Sarah Nolan. Formal Analysis: Sarah Nolan, Emilie Hooft, Asif Ashraf, Anne Tréhu.
Writing - Original draft: Sarah Nolan, Emilie Hooft, Asif Ashraf. Writing - Review & Editing: Sarah Nolan, Emilie Hooft, Asif Ashraf, Anne Tréhu, Erin Wirth,
Pieter-Ewald Share. Visualization: Sarah Nolan, Emilie Hooft, Asif Ashraf, Anne Tréhu. Supervision: Emilie Hooft, Anne Tréhu, Pieter-Ewald Share. Funding
acquisition: Emilie Hooft, Anne Tréhu, Erin Wirth, Kevin Ward.

Production Editor:
Alice Gabriel
Handling Editor:

Abstract studiesindicate that the Cascadia Subduction Zone is capable of producing great earthquakes,
and, like many other subduction zones, it exhibits along-strike differences in rupture history and plate cou- i
pling. Paleoseismic data, locking models, and microseismicity point to a change in seismic behavior around Alicgéabriel
44.5°N, offshore central Oregon. In this study, we use controlled-source seismic data from four shoreline- Copy & Layout Editor:
crossing experiments to invert for the P-wave velocity structure and Moho interface between 43.6°N and 45.2°N ‘Miriam Gauntlett
and to investigate changes in seismic structure within the forearc. The model reveals changes in the backstop

geometry and an interpreted mafic dike embedded within an accreted terrane. WNW trending low-velocity
anomalies along the Alvin Canyon Fault suggest the fault cuts through both the accretionary wedge and sub-
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ducting oceanic plate. At the top of the subducting slab, nine circular high-velocity anomalies are present Carbotte
that we interpret to be seamounts at various stages of subduction. The final Moho interface shows significant Received:
changes in depth related to the density of accreted terranes within the overriding plate. We propose that the 2025-03-31
subducted topography is partially responsible for large slides and scars at the deformation front and that sub- Accepted:
ducting seamounts may have uplifted broad regions along the margin. Evidence for ongoing deformation is 2025-07-28
provided by seismicity clustered near two of the proposed seamounts. Finally, we suggest that this rough plate ;};‘2‘6‘1(‘;(05

interface may lead to lower coupling and/or have acted as a rupture barrier in past megathrust earthquakes.

1 Introduction duced numerous ruptures with heterogeneous slip dis-

Subduction zones exhibit along-strike variations in
megathrust rupture history, plate coupling, and the dis-
tribution of microseismicity. In some regions, these
segments persist through multiple earthquake cycles,
providing valuable information about future ruptures.
Subducting plate relief (Carbotte et al., 2024; Gase et al.,
2021; von Huene et al., 2000; Martinez-Loriente et al.,
2019), sediment thickness on the incoming plate (Bécel
et al., 2017), slab geometry (Arnulf et al., 2022; Ashraf
et al., 2025), and backstop architecture (Kopp, 2013) all
contribute to the seismic behavior of a megathrust seg-
ment. A recent multi-margin study suggests that the in-
terplay between multiple physical processes better ex-
plains changes in seismic behavior rather than a single
factor (Bassett et al., 2025). Understanding the structure
of the margin and its relationship to segmentation pat-
terns is key.

A great Cascadia megathrust earthquake has never
been recorded by geophysical instruments; however,
paleoseismic studies show that this margin has pro-

*Corresponding author: snéé4@cornell.edu

tributions (Goldfinger et al., 2012; Walton et al., 2021).
Measures of plate locking and observed seismicity sug-
gest that Cascadia exhibits significant segmentation in
seismic and aseismic behavior (Wech, 2021; Brudzin-
ski and Allen, 2007). Megathrust segment boundaries
have been identified at 46°N and 43°N based on the pa-
leoseismic record, episodic tremor and slip (ETS), and
geodetic locking models (Leonard et al., 2010; Goldfin-
ger et al., 2012; Wang et al., 2013; Brudzinski and Allen,
2007; Schmalzle et al., 2014; Watt and Brothers, 2020).
In Cascadia, these segmentation patterns have been at-
tributed to changes in forearc structure (Watt and Broth-
ers, 2020; Delph et al., 2021; Ashraf et al., 2025) or, al-
ternatively, to changes in subslab buoyancy (Bodmer
et al., 2018). Recently, Tréhu et al. (2023) and Carbotte
et al. (2024) presented seismic imaging data indicating
the presence of structures in the upper and lower plates,
as well as deformation of the subducting plate that may
contribute to a segment boundary around 44.5°N.

In this study, we seek to better understand the link
between forearc structure and seismic behavior along
the central Cascadia margin, which is characterized by
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low coupling and increased levels of microseismicity.
We integrate data from over three decades of amphibi-
ous controlled-source seismic experiments, expanding
the boundaries of the 3D volume imaged by Tréhu
et al. (2023) to more comprehensively image the central
Oregon forearc between 43.6°N and 45.2°N. Our high-
resolution 3D P-wave velocity model and subducting
plate Moho interface allow us to examine features of the
forearc that are thought to control seismic behavior, in-
cluding backstop geometry, Moho depth, and subduct-
ing plate topography.

1.1 Background
1.1.1 Tectonic Setting

The Cascadia Subduction Zone (CSZ) spans from north-
ern California to Vancouver Island, where the Juan
de Fuca plate subducts beneath continental North
America. Paleoseismic studies suggest the last-known
megathrust rupture of this margin occurred on Jan-
uary 26, 1700 (Satake et al., 2003). Geophysical model-
ing by Melgar (2021) suggests that the January 26, 1700
megathrust rupture had a minimum magnitude of M >
8.7 but the existence of additional partial margin rup-
tures around this time cannot be ruled out. The margin
also exhibits down-dip and along-strike changes in plate
coupling inferred from GNSS measurements shown in
Figure 1B. Locking models quantify the extent to which
the upper plate is coupled to the subducting plate and
can help inform which regions are likely to exhibit large
slip during future megathrust ruptures. Although the
extent of locking at the trench is unresolved due to a
lack of offshore instrumentation, multiple models show
a significant decrease in locking within our study area
(Schmalzle et al., 2014; Li et al., 2018; Lindsey et al.,
2021).

In this study, we focus on the central Oregon segment
of the margin, where the subducting Juan de Fuca plate
is ~9 Ma old at the onset of subduction (Wilson, 2002)
and is subducting obliquely at ~3.4 cm/yr (DeMets et al.,
2010). The continental crust in central Cascadia is com-
posed primarily of the thickened basaltic Siletz terrane.
Siletzia is an oceanic plateau that was accreted to Ore-
gon between 51-49 Ma (Wells et al., 2014) and extends
from beneath the continental shelf to the western Cas-
cades (Tréhu et al., 1994). A 2D seismic transect showed
that the thickness of the Siletz terrane in the forearc
of central Oregon increases from ~10 km offshore to
~30 km beneath the coastal range (Tréhu et al., 1994).
Watt and Brothers (2020) refer to this as the static back-
stop and suggest that within this region, the western
edge of Siletzia dips seaward at ~70°-90°. Magnetotel-
luric images show the Siletz terrane is resistive, suggest-
ing the terrane is composed of low permeability rock
(Egbert et al., 2022). A narrow portion of the sedimen-
tary Franciscan terrane is thought to lie seaward of the
Siletz terrane south of 44.7°N (Watt and Brothers, 2020;
Carbotte et al., 2024; Ashraf et al., 2025) as seen in Fig-
ure 2A. The Franciscan terrane consists of pre-Tertiary
to early Eocene rocks derived from accretionary wedge
sediments and oceanic crust, which were later trans-
ported north to their current position (Carbotte et al.,
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2024; McLaughlin et al., 1997).

The distribution of recorded seismicity varies pro-
foundly along the Cascadia margin (Figure 1A; Fig-
ure 2A) and at present, the CSZ lacks the moderate and
large earthquakes that many other subduction zones
regularly host on the megathrust. Earthquakes with
M>3 are absent from the CSZ north of Cape Blanco ex-
cept from 44.0°N to 45.0°N (Wang and Tréhu, 2016). This
region has experienced frequent earthquakes, includ-
ing two moderate-sized, low-angle thrust earthquakes
(Mw 4.7 and Mw 4.9) in the summer of 2004 (Tréhu et al.,
2008). Williams et al. (2011), Morton et al. (2023), Tréhu
et al. (2015) and Stone et al. (2018) relocated smaller
events in this region of the forearc and their catalogs
reveal two earthquake clusters located near each of the
moderate-sized 2004 earthquakes. The catalogs place
most of these events at or above the plate interface. The
northern earthquake cluster is located at 44.6°N and
124.4°W, coinciding with a free-air gravity low labeled
G2 in Figure 2 , which Tréhu et al. (2012) identified. The
southern cluster is located at 44.3°N and 124.4°W and
includes a swarm of four nearly identical earthquakes
with Mw 2.8-3.4 that occurred on January 25, 2013. Both
clusters of earthquakes are thought to be caused by the
interaction of two subducting seamounts with the over-
riding plate (Tréhu et al., 2012, 2015).

1.1.2 Previous Studies

Central Cascadia has been the target of multiple geo-
physical surveys over the last four decades, revealing
several unique features. For instance, oblique subduc-
tion has resulted in the formation of a series of WNW
strike-slip faults, including three offshore central Ore-
gon (Goldfinger et al., 1997). As shown in Figure 2B, the
Wecoma, Daisy Bank, and Alvin Canyon Faults all ex-
tend from the incoming plate seaward of the deforma-
tion front to approximately the seaward edge of Silet-
zia (SES). Recent high-resolution multi-channel seismic
(MCS) data indicate that the Alvin Canyon Fault (ACF) bi-
sects the upper and lower plates, potentially represent-
ing a tear in the slab (Carbotte et al., 2024). Atthe south-
ern end of the ACF, a large mafic dike with similar WNW
orientation is embedded within the Siletz terrane back-
stop and extends to the Yachats Basalt onshore (Tréhu
et al., 2023). Tomography suggests this dike deflects the
Moho beneath it by 2 to 4 km (Tréhu et al., 2023).
Active-source seismic studies (Kenyon, 2016), poten-
tial field models (Fleming and Tréhu, 1999), bathymet-
ric data, and the relocation of microseismicity (Morton
etal., 2018; Williams et al., 2011; Stone et al., 2018) sug-
gest that there are several subducted seamounts located
within the central Oregon forearc. Figure 2C shows the
locations of two pronounced free-air gravity anomalies
and four magnetic anomalies, respectively. The exis-
tence of a subducting seamount was proposed based on
a gravity high (Fleming and Tréhu, 1999) beneath Hec-
eta Bank. A second proposed seamount corresponds
to a gravity low, G2, and a persistent cluster of seis-
micity. This seamount is thought to have sheared off
from the subducting plate and caused the upper plate
to erode, forming a basin (Tréhu et al., 2012). Further-
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Figure1l Maps of the Cascadia Subduction Zone (CSZ) with topography from the Global Multi-Resolution Topography Syn-
thesis (Ryan et al., 2009). The red box outlines the bounds of our tomographic model. (A) Map showing the distribution of
seismicity scaled by earthquake magnitude and colored by depth (Morton et al., 2023). Colored lines show the extent of the
Siletz (purple), Franciscan (blue) and Klamath (black) terranes from Watt and Brothers (2020). (B) Coupling ratio from Lindsey
etal. (2021). (C) Map shows the location of airgun shot lines, onshore seismometers (triangles), and ocean bottom seismome-
ters and hydrophones (squares) from the four experiments used in this study. Shot lines and stations are colored based on

the experiment year.

more, four magnetic anomalies labeled M1-M4 in Fig-
ure 2D are proposed to be associated with additional
seamounts (Tréhu et al., 2012). Recently, CASIE21-MCS
data revealed five subducting seamounts in this region
(Figure 2B), including a seamount located slightly west
of gravity high G1, and four others that do not appear to
correlate with identified potential field anomalies (Car-
botte et al., 2024).

Previous seismic imaging studies in the CSZ used lo-
cal earthquakes (Dunham and Kiser, 2020), teleseisms
(Delph et al., 2021; Bodmer et al., 2020), and ambient
noise (Wang et al., 2019) to image large-scale features
within the CSZ. Higher resolution, active-source seis-
mic studies exist within this region but have largely
been limited to 2D coverage (Tréhu et al., 1994; Ger-
dom et al., 2000; Han et al., 2016; Horning et al., 2016;
Canales et al., 2017; Carbotte et al., 2022, 2024; Canales
et al., 2023), with one 3D model covering a portion of
this region (Kenyon, 2016; Kenyon et al., 2013; Tréhu
et al., 2023), and a recent plate interface model span-
ning the offshore region (Carbotte et al., 2024). In this
study, we add more than 388,000 new travel-time picks
from the 2012 (Canales et al., 2017; Horning et al., 2016)
and 2021 experiments (Canales et al., 2017; Carbotte
et al., 2022; Tréhu et al., 2022a) to the existing set of
travel time picks modeled by Tréhu et al. (2023). The
expanded dataset is used to generate a high-resolution
3D image of the central Oregon margin, spanning the
portion of the megathrust fault thought to be seismo-
genic. We compare our model to the observed patterns
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of along-strike changes in seismic and aseismic behav-
ior.

2 Data

We used data from four controlled-source shore-
crossing seismic studies spanning from 1989 to 2021 to
develop a high-resolution 3D P-wave velocity model of
the central Oregon forearc. Utilizing data from multiple
studies, including newly collected data from the Casca-
dia2021 (Tréhu et al., 2022a) and CASIE21 (Canales et al.,
2023) experiments, significantly expands our ray cover-
age and helps fill an important data gap. We used travel
time picks for crustal turning waves in oceanic and con-
tinental crust (Pg), turning waves bottoming in the up-
per mantle of the subducting plate (Pn), and reflections
from the subducting plate Moho (PmP). The number of
arrivals modeled from each experiment year is shown in
Supplementary Table S1 along with average uncertain-
ties.

2.1 1989 and 1996 Data

The first onshore-offshore seismic survey to image this
region of the Cascadia margin occurred in 1989. The
study consisted of 6 ocean bottom seismometers (OBS)
and hydrophones (OBH) and 10 land stations deployed
along a line located at ~44.8°N. These instruments
recorded airgun shots from a 64-gun commercial tuned
array along a single transect, producing the first 2D
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Figure 2 Maps displaying geophysical data from previous experiments within our study region. Lines denoting terrane
boundaries are the same as in Figure 1. (A) Map showing topography from the Global Multi-Resolution Topography Synthesis
with black contour lines every 100 m (Ryan et al., 2009). Black circles show earthquakes that occurred between 2011 and
2015 from Morton et al. (2023) and two moderate events from 2004 with focal mechanisms from Tréhu et al. (2008). Labels
denote location of named shelf banks (HB: Heceta Bank, SB: Stonewall Bank) and onshore structure (YB: Yachats Basalt).
(B) Green lines show strike-slip faults mapped by Goldfinger et al. (1997). WF: Wecoma Fault, DBF: Daisy Bank Fault, ACF:
Alvin Canyon Fault. Thin purple lines show the CASIE21-MCS ship track and orange stars are seamounts identified using the
MCS data (Carbotte et al., 2022, 2024). (C) Free-air gravity anomalies from Sandwell et al. (2014). (D) Magnetic anomaly map
from Maus (2009). Potential field anomalies G1-G2 and M1-M4 were identified and discussed by Tréhu et al. (2012). (B-D)
Bathymetric contours at -250 m (delineating Heceta Bank) and 0 m (marking the coastline) are shown.

model for this part of the margin. An important finding
of this initial study was the variability in Siletz terrane
thickness. In 1996, a second controlled-source amphibi-
ous seismic study, ORWELL (ORegon and Washington
ExpLoration of the Lithosphere), collected data south
of the 1989 seismic line. During this experiment, in-
struments were deployed along a line located at 44.6°N.
These instruments spanned from west of the deforma-
tion front to the western edge of the Cascade range. The
study also included two margin parallel lines, referred
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to as P8 and P9, over the continental shelf and helped
constrain the seaward edge of Siletzia along this profile.
A detailed explanation of the data quality and picking
process for the 1989 and 1996 data can be found in Tréhu
etal. (1994) and Gerdom et al. (2000), respectively.

2.2 2012 Data

The 2012 Ridge to Trench study (Horning et al., 2016;
Han et al., 2016; Canales et al., 2017) was an active-
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Figure 3 Map showing the experiment geometry. Lines
represent the airgun shots, squares show location of ocean
bottom seismometers/hydrophones, and triangles show
land-based seismic stations. Airgun shot lines and seismic
stations are colored by experiment year and airgun shot
lines from 2021 are labeled.

source seismic experiment to image the CSZ. In this
study, we utilized airgun shots and instruments located
on line 1 of this study, which runs perpendicular to the
margin, and line 3, which runs parallel to the margin.
Line 1 was previously analyzed by Horning et al. (2016)
and Line 3 by Canales et al. (2017). We also incorpo-
rated data from an add-on deployment that included 6
additional OBSs and four margin-parallel shot lines on
the continental margin (Figure 3). Seismic stations were
deployed throughout the coastal ranges between 43.7°N
and 44.7°N to record the offshore airgun shots.

Travel times from onshore stations and 6 OBSs that
were picked and previously modeled by Kenyon (2016)
and Tréhu et al. (2023) were used in this study. We
made additional travel time picks on 6 more OBSs lo-
cated along the southernmost portion of airgun lines 1
and 3 in the Ridge to Trench Experiment to extend the
Tréhu et al. (2023) model seaward. Shot spacing varied
by line and ranged from 37.5 m to 500 m to accommo-
date the collection of multi-channel seismic data and
wide-angle reflection/refraction data. Data quality for
these instruments varied significantly. On the vertical
component of the 2012 marine instruments, intermit-
tent noise in the range of 6 Hz is present, which is not
observed on the hydrophones. This noise was previ-
ously reported in other studies (Monigle et al., 2009), but
the cause of it remains unknown. When the noise over-
whelms the signal, travel time picks were made on the
hydrophone.

2.3 2021 Data

In the summer of 2021, a large active-source seismic ex-
periment called the CAscadia Seismic Imaging Experi-
ment (CASIE21) took place, which included the collec-
tion of MCS data using a long streamer and the deploy-
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ment of ocean-bottom seismometers. The CASIE21-
MCS experiment collected over 5300 km of MCS data
along margin parallel and perpendicular lines using
the airgun array and hydrophone streamer of the R/V
Langseth (Carbotte et al., 2024). The CASIE21-OBS ex-
periment deployed OBSs at 120 sites located along 10 of
the margin perpendicular lines (Canales et al., 2023).
For this study, we made travel time picks on 16 of
the CASIE21 OBSs that were deployed along shot lines
PD13 and PD12. These instruments were located ~8
km apart, and we utilized shots from lines PD12, PD13,
PD14, PD14A, D14, PS01, and PS03, which were shot
with an interval of 37.5 m. This helped constrain the
crustal structure offshore and added north-south ray
paths to our data set, which was dominated by east-west
rays. Throughout most of the data set, the signal-to-
noise ratio was high, with the exception of a few in-
stances where previous shot noise overwhelmed the de-
sired signal. The addition of the CASIE21-OBS data adds
valuable crossing raypaths that sample the region be-
neath Heceta and Stonewall Banks.

As part of an onshore complementary study referred
to as Cascadia2021, we installed nodal seismometers
onshore to record the offshore airgun shots and ex-
tend modeling efforts in that direction (Ashraf et al.,
2025). The Cascadia2021 team installed 755 Fairfield
Nodal Zland 3C nodes throughout the coastal ranges of
Oregon and southern Washington (Tréhu et al., 2022a).
The onshore array included a grid of sites with ~15 km
spacing and 6 dense lines running approximately east
to west, as shown in Figure 1C and Figure 3. The lines
of nodal instruments were designed to align with the
east-west shot lines of the R/V Langseth. The nodal seis-
mometers recorded continuously for ~35 days from late
May to early July. Figure 3 shows the location of the grid
sites and dense lines of nodes used in this study. The
nodes within our study area recorded shots along mar-
gin parallel lines and perpendicular lines and we picked
Pg, Pn, and PmP arrivals for shot line and grid site com-
binations with high enough signal-to-noise values. The
~2 km spacing between nodes on the two dense lines
allowed us to omit stations with poor signal-to-noise in
which arrivals would be challenging to identify. We only
incorporated picks for every second or third station on
these lines.

The quality of the 2021 nodal data varied, but overall
we estimated 90% of nodal instruments in this region
had usable data. Nodes located within ~2 km of the
coast had increased noise due to the proximity of the
ocean, and we were unable to make any picks on these
instruments. Other sources of noise seem to occur pri-
marily during daylight hours. Many of these nodes were
located on logging properties, and we suspect this noise
is due to logging operations or other sources of cultural
noise. Overall, the signal-to-noise ratio for the dense
lines and grid stations is good, even at offsets greater
than 100 km. Similar signal-to-noise ratios and signal
detection at source-receiver offsets greater than 100 km
were also recorded on most of the onshore instruments
during the previous experiments.
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3 Methods

3.1 Picking Travel Times

We combined the four datasets and made new travel
time picks on 6 additional OBSs deployed during the
Ridge to Trench experiment, 16 OBSs from the CASIE21-
OBS experiment, and 102 nodal instruments from the
Cascadia2021 experiment. Data were filtered using a
minimum phase 4th order bandpass filter between 3
and 15 Hz. Synthetic travel times generated from the ex-
isting OR2012 3D P-wave velocity model (Kenyon, 2016;
Tréhu et al., 2023) and our starting model (see descrip-
tion below) were used to guide the identification and se-
lection of arrival times for each seismic phase. This was
particularly beneficial as some portions of the shot lines
passed over basins that distorted the signal coherence.

Figure 4 shows that several crustal seismic phases
were visible through the 2021 data sets. On the 2021 land
stations, refractions through the continental crust, Pg,
are visible on all record sections. These Pg phases can
be seen up to offsets of ~80 km. Waves bottoming out in
the upper mantle, Pn, are also visible on most stations,
with some Pn arrivals visible at ~200 km offsets. Reflec-
tions off the Moho interface, PmP, are also quite clear on
some record sections. In a few instances, Pn arrivals are
very faint and only visible in some regions, with a sig-
nificantly higher amplitude PmP phase arriving shortly
after. Additionally, reflections from a shallower reflec-
tor are visible on many of the 2021 grid sites as well as in
the 1996 and 2012 datasets. We hypothesize this phase
may correspond to reflections from the top of the sub-
ducting crust. Pg, Pn, and PmP phases are also seen on
the majority of the 2021 and 2012 OBSs. An uncertainty
value was assigned for each travel time observation dur-
ing the picking process. The uncertainty is an estimate
of the error in visually identifying the travel time pick,
locations of the source and receivers, and uncertainty
due to the ray tracer.

3.2 Modeling Process

Pg, Pn, and PmP travel time picks from the four
controlled-source seismic experiments were inverted
with travel time tomography using the approach of
Toomey et al. (1994) and Dunn et al. (2005). This method
allows the user to specify several a-priori constraints
and control the smoothing and penalty parameters used
in the inversion. We constructed a 3D starting model de-
fined by slowness nodes sheared vertically to hang from
the topography. An initial slowness model was defined
on a grid with 500 m spacing in the horizontal and ver-
tical directions, and the model spans 231 km x 189 km
x 80.5 km. Our starting model was created using the
methods of Ashraf et al. (2025) and then convolved with
moving averages for each 1D vertical profile to smooth
out the high gradient Vp boundaries, such as the slab
top and bottom. The starting model included a Moho
interface defined at 500 m spacing, which spans the en-
tire x-y plane of the model. A coherent Moho struc-
ture was generated by integrating high-resolution off-
shore seismic reflection data from the CASIE21 expe-
dition (Carbotte et al., 2024) with lower-resolution on-
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shore receiver function data from Bloch et al. (2023).
Detailed methodologies for constructing this shoreline-
crossing Moho are provided in Ashraf and Hooft (2026).

In this method, each iteration consists of solving the
forward problem to generate ray paths and travel times
for the current model, followed by the inverse prob-
lem. The forward problem uses the Moser (1991) short-
est path algorithm to calculate the travel times through
the slowness model. One advantage of the Toomey et al.
(1994) approach is that it calculates the time through
the water column using a finer bathymetry grid spacing
than it does for the remainder of the forward problem.
The travel times through the water column were calcu-
lated using a 100 m x 100 m grid, allowing the slower
path through the water column and the seafloor entry
point to be calculated more accurately. Next, the code
calculates the shortest travel time to each node within
the model space and determines the time for a shot to
reach each receiver. Following this step, the inverse
problem updates the slowness model and Moho inter-
face (Dunn et al., 2005). For the inverse problem, we
use a coarser perturbational grid spacing of 1 km in
all directions. The inverse problem solves the equation
d = Gm. d is a vector of observed minus calculated
travel times that the inversion seeks to minimize. G
is the Frechet matrix containing partial derivatives of
the travel times with respect to each model parameter.
Smoothing and damping constraints are also included
in the G matrix. m is a vector containing all of the
model parameters for the velocity model and Moho in-
terface.

We tested different penalty parameters and smooth-
ing values to find our preferred model. We ran 8 itera-
tions of the inversion using the jumping method (Shaw
and Orcutt, 1985; Toomey et al., 1994). The starting
model produced an initial RMS misfit of 918 ms for Pg
arrivals, 534 ms for Pn arrivals, and 554 ms for PmP ar-
rivals. Following 8 iterations, the RMS misfit values de-
creased to 142 ms, 140 ms, and 130 ms for Pg, Pn, and
PmP arrivals, respectively. Additionally, we tested the
sensitivity of the inversion to reasonable variations in
pick uncertainties and weighting parameters. Although
the resulting RMS misfits varied modestly, the princi-
pal velocity structures and geologic interpretations re-
mained unchanged. Details of these tests are provided
in Supplementary Table S2.

4 Results

Here, we describe the features that are well resolved
within the overriding plate, followed by those on the
subducting plate and the Moho interface. Depth aver-
ages, east-west and north-south cross-sections through
our final 3D tomographic P-wave velocity model are
shown in Figures 5, 6, and 7, respectively. Earthquake
hypocenters from Morton et al. (2023) within 6 km
of each transect are projected onto the cross-sections.
The derivative weight sum (DWS), which measures the
contribution from each ray to the velocity-travel time
derivatives at each model node (Toomey and Foulger,
1989), was used to mask the portion of our 3D model
with insufficient ray coverage. We mask regions of our
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Figure 4 Examples of record sections with good quality data from the 2021 experiments. Top panel shows airgun signals
from PD13 recorded on OBS 118. Bottom panel shows signals from lines PD14 and PD14A recorded on seismic node 40018.
Maps show location of the shots and stations shown in the record sections.

velocity model with DWS values less than 1. Overall, our
model has good 3D ray coverage, spanning from the de-
formation front to landward of the coast.

4.1 Seismic Velocity Structures in the Over-
riding Plate

4.1.1 Accreted Terranes

The Vp structure of the overriding plate reveals several
distinct velocity anomalies. In the eastern part of our
model, we identify a high-velocity body with values ex-
ceeding 5 km/s. Based on both its location and velocity
characteristics, we interpret this feature as the Siletz ter-
rane. Previous work shows that velocities within Silet-
zia vary spatially (Gerdom et al., 2000), with an aver-
age of about 5.5 km/s in south-central Cascadia (Ashraf
etal., 2025). In the outer forearc, overlapping velocities
make it difficult to distinguish Siletzia from the down-
going plate. To address this, we use the combined pat-
tern of velocity and thickness, together with the struc-
tural boundary inferred from aeromagnetic data. Sup-
plementary Figure S1 shows the thickness of material
between the 5.5 km/s isovelocity surface and the in-
ferred top of the crust, located 6 km above the final
Moho. Regions containing more than 3 km of material
with >5.5 km/s above the inferred top of the subducting
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crust align most closely with the seaward edge of Silet-
zia mapped by Wells et al. (2014). The imperfect corre-
spondence between this thickness-based boundary and
the magnetic boundary suggests lateral variations in ter-
rane thickness. Accordingly, in Figures 6-7, we use the
5.5 km/s contour, restricted to regions where it overlies
more than 3 km of material with Vp > 5.5 kmy/s, to ap-
proximate the limit of the terrane boundary.

Within the region of the structurally defined sea-
ward edge of Siletzia (SES), the 5.5 km/s contour also
highlights along-strike changes in backstop geometry.
North of 44.45°N, the inferred Siletzia edge dips west-
ward, becoming nearly vertical around 44.40°N. South
of 44.20°N, the dip angle decreases, and the boundary
transitions to a shallow westward dip. We do not ob-
serve an obvious change in Vp structure at the pre-
viously interpreted boundary between the Siletz and
Franciscan terranes. Although we have good ray cov-
erage in the accretionary prism, it remains difficult to
identify a clear boundary between the prism and ac-
creted terranes. This limitation stems from the overlap-
ping lithologies shared by the prism and terrane sedi-
ments, which make them challenging to distinguish.
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4.1.2 Dike

Within the Siletz terrane, we observe a distinct region
of higher velocities. This feature corresponds to a mafic
dike identified by Tréhu et al. (2023) and is visible as a
free-air anomaly gravity high in Figure 2. The dike is
visible in Figure 5 and extends from 44.4°N/124.6°W to
44.2°N/124.0°W in our model. The feature has velocities
of approximately 5-7 km/s and is ~7 km tall. Atits base,
located at ~9 km depth, it is ~15 km wide and narrows
to 8 km as it approaches the surface; it is 50 km long.
In our model, we find this anomaly is slightly wider at
the base and longer than noted in Tréhu et al. (2023).
The orientation of this feature is similar to that of the
ACF and extends from 10 km southeast of the fault to ap-
proximately 15 km east of the coastline, beneath where
the Yachats Basalt is exposed onshore. The additional
station coverage added by this study better constrains
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the southeastern side of this feature at shallow depths,
revealing that within the uppermost 4 km, the dike’s
high velocities are concentrated at the southeastern end
of the anomaly, coincident with the Yachats Basalt out-
crop.

4.1.3 Low Velocity Zones

The model shows a zone of low velocities that coin-
cides with the mapped surface expression of the ACF
(Goldfinger et al., 1997) in Figure 5, Figure 7, and Sup-
plementary Figure S2. The low velocities are observed
in the upper 3-5 km of the overriding plate or accre-
tionary wedge. Supplementary Figure S2 shows that
these velocities range from 0.5 to 1 km/s lower than the
surrounding velocities in some regions, including the
areas surrounding the Daisy Bank Fault. The largest dif-
ferences in velocity surrounding the ACF are seen clos-

SEISMICA | volume 2.4 | 2026



SEISMICA | RESEARCH ARTICLE | The Cascadia Subduction Zone

estto the surface, and changes in Vp are minimal within
the subducting plate crust. Low velocities could be the
result of fluid flowing through the fault (Philip et al.,
2023) or a damage zone around the fault (Hole et al.,
2001; Allam and Ben-Zion, 2012). As noted by Tréhu
et al. (2023), there is also a shallow low-velocity zone
corresponding to a north-south trending basin within
the larger Newport Basin that is at least ~8 km deep,
~20 km wide, and ~40 km long.

4.2 Subducting Plate Moho

The subducting plate Moho is shown in Figure 8A
masked based on the bounce points of the PmP re-
flections. Although PmP coverage is limited, we ob-
serve some notable changes in Moho geometry in re-
gions where we have adequate ray paths (Supplemen-
tary Figure S3). The model reveals that the Moho be-
comes shallower south of the ACF by several kilometers,
in agreement with Carbotte et al. (2024). Supplemen-
tary Figure S3illustrates that the Moho directly south of
the ACF is shallower than the Tréhu et al. (2023) Moho
yet deeper than the top of the subducting crust inter-
face from Carbotte et al. (2024), which is shifted 6 km
downward to approximate the Moho. East of the ACF,
the Moho dips more steeply around the seaward edge
of the Siletz terrane (Figure 6). Between the seaward
edge of Siletzia and the coastline, the Moho steepens
~1.5 km over a region of ~70 km north-south, which
we attribute to the increased upper plate load of the dike
above. This deflection is smaller than that reported by
Tréhu et al. (2023) but follows a similar spatial pattern.
Differences between the amplitude of the deflection in
this study and Tréhu et al. (2023) may be due to differ-
ent smoothing and/or damping parameters applied dur-
ing the Moho surface inversion. Interestingly, the max-
imum Moho deflection is offset by ~15 km to the south
of the location of the upper-plate dike.

4.3 Topography of the Subducting Plate

To identify the topographic relief on the subducting
slab, we looked at slices of the final Vp model at dif-
ferent heights above the Moho interface. We find nine
circular regions of higher velocity that are labeled S1-
S5, G1, G2, M2, and M4 in Figure 8B. Given that seis-
mic tomography lacks the vertical resolution needed to
distinguish the up to ~1 km separation between the
megathrust fault and the top of the subducting crust
identified in earlier MCS work (Carbotte et al., 2024; Han
etal., 2016), we examine velocity slices relative to our in-
ferred top of crust surface, located 6 km above the sub-
ducting plate Moho. Many anomalies appear within 1
km above the inferred top of the crust. In this study,
we discuss only those located in well-resolved parts of
our model and exclude anomalies where ray coverage
is poor and the lateral extent or shape of the anomaly
cannot be resolved. We also focus on high-Vp anomalies
situated seaward of the Siletz terrane except where inde-
pendent evidence justifies further examination, as with
anomalies M2 and G2. This is because the Siletz ter-
rane generates high velocities that can smear downward
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Figure 6 East-west cross-sections through our final P-
wave velocity model. A transparent mask is applied to re-
gions of our model that are poorly resolved with a Derivative
Weight Sum (DWS)<1. Thethinblacklineisthe 5.5 km/s con-
tour which we use to approximate the seaward edge of Silet-
zia. The thicker gray line represents our final Moho and is
overlaid by white where the Moho is resolved by PmP travel
times. A thin gray line is plotted 6 km above the final Moho
to serve as a reference for the approximate top of the sub-
ducted oceanic crust. Labels indicate the intersection be-
tween the cross-sections and the following features: HB:
Heceta Bank, SB: Stonewall Bank, NB: Newport Basin, SES:
Seaward edge of Siletzia from aeromagnetic data, ST: Siletz
terrane, DBF: Daisy Bank Fault, ACF: Alvin Canyon Fault, WF:
Wecoma Fault, Coast: the coastline, and S1-S5, G1, G2, M2,
M4: proposed subducting seamounts. Earthquakes within
6 km of each cross-section are plotted as black circles (Mor-
ton et al., 2023).

into the top of crust, creating artificial high-Vp features.
Additionally, we classify small, circular, high-velocity
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Figure 7 North-south cross-sections through our final P-
wave velocity model. See Figure 6 for an explanation of the
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anomalies within roughly 1 km above the crustal top as
seamounts when their amplitude and geometry closely
match anomalies independently confirmed as subduct-
ing seamounts in potential-field data and multichannel
seismic (MCS) images.

Here, we describe these anomalies from north to
south, and where seamounts coincide with potential
field anomalies, we refer to them by the labels given to
the anomalies in Tréhu et al. (2012). Tréhu et al. (1994)
identified a seamount S1 based on 2D modeling of seis-
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mic refraction data. Since our new travel time picks
do not provide additional insights into this anomaly, we
do not discuss S1. South of S1, we see a top of crust
anomaly that coincides with magnetic anomaly M1, but
poor ray coverage in this region does not allow us to as-
sess the size or shape of the anomaly. A top of crust
anomaly located at approximately 124.8°W and 44.6°N,
which we refer to as S2, is better constrained by our
data. This feature is ~10 km wide, and the high veloci-
ties are concentrated directly west-southwest of a quasi-
circular bathymetric bump with a depth of 250 m. A
broad, elongated region of high velocity is located at
the top of the subducting crust beneath the sedimentary
basin proposed to be associated with seamount G2.

Three high-velocity anomalies are located at the top
of the subducting crust from 44.5°N to 44.35°N. Fea-
tures S3 and S4 were observed by Carbotte et al. (2024)
along MCS line PD13 as shown in Figure 2. In our
model, anomaly S3is located southwest of a small circu-
lar bathymetric high just seaward of Heceta Bank. The
~6 km wide anomaly is composed of velocities ranging
from 5.25 to 5.75 km/s, which contrast the surrounding
velocities of 4.5 to 5.25 km/s (see Figure 8). Feature S4
is approximately 10 km wide at its base and is located
down dip of a low-velocity anomaly associated with the
ACF and directly landward of the -250 m bathymetry
contour. A third high-velocity anomaly, M2, is located
~6 km southeast of S4 and landward of the Siletz ter-
rane boundary. This feature was not previously identi-
fied through MCS data, as the CASIE21 ship track ended
north of this anomaly, but it does correspond with a
magnetic anomaly. In our model, this high-velocity
anomaly has a basal diameter of 7 km, but the anomaly
appears to be part of a larger high-velocity anomaly as-
sociated with Siletzia. Anomalies S3, S4, and M2 are all
located on the south side of the ACF.

Two more circular high-velocity anomalies, G1 and
M4, are seen at the top of the subducting oceanic
crust near the edge of Heceta Bank. The westernmost
anomaly, G1, coincides with a prominent free-air grav-
ity high and is located slightly north of an anomaly ob-
served in the MCS data along shotline PD14 (Carbotte
et al., 2024). It is possible that these are the same fea-
ture, and in our model, the high velocities are smeared
northward. M4 islocated beneath Heceta Bank and cor-
responds with a magnetic anomaly. Both features are
located around 44.20°N and can be seen in cross-section
in Figure 6. In our model, G1 is 5 km wide, with veloc-
ities of up to 5.75 km/s. M4 is significantly larger, with
higher velocities. This feature is elongated to the east
and west, with velocities of up to 6 km/s spanning 20
km in diameter. Some elevated velocities are seen at the
southern edge of Heceta Bank, but alack of ray coverage
in this area prevents us from characterizing this region.
The gravity high associated with G1, shown in Figure 2,
appears to extend from the velocity anomaly S4 south-
west to G1, where it is highest, and to the southern edge
of Heceta Bank. It is also possible, based on the lim-
ited resolution of the free-air gravity, that anomaly M4 is
contributing to the gravity high. South of Heceta Bank,
a high-velocity anomaly, S5, is not well constrained in
our model but coincides with a seamount observed by
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Carbotte et al. (2024) along MCS line PD15. It is ~10 km
wide in the east-west direction, with velocities between
5.5 and 5.75 km/s in our model.

4.4 Hypothesis-Based Resolution Tests

To determine whether we could recover these features
with our experimental geometry, we ran a series of
hypothesis-based resolution tests. We constructed syn-
thetic models with simplified, high-velocity features
placed on top of the subducting crust. We calculated
synthetic arrival times for these models using only the
shot-station pairs with travel-time picks. Then, we ran
these synthetic arrival times using the same starting
model and inversion parameters employed for our pre-
ferred tomographic model. Figure 9 shows the recov-
ery of anomalies S2 and G1 in our hypothesis tests.
These tests show that we can recover features compa-
rable in size and velocity perturbation to those in our
final inverted model; however, the features are consis-
tently under-recovered in our tests. The high veloci-
ties are smeared into the surrounding region, suggest-
ing that the true features are either larger or faster than
those in our final model. This degree of under-recovery
and smearing is expected given the raypath geometry
and smoothing constraints used in the inversion, which
limits the sharpness of resolvable boundaries. Despite
these limitations, the tests demonstrate that we can con-
fidently identify the presence and general location of
these features. Additional figures showing the results
of our resolution tests are presented in Supplementary
Figure S5 and demonstrate a similar recovery pattern,
illustrating how features can become smeared.

When the dimensions of our interpreted seamounts
are compared with those imaged by Carbotte et al.
(2024), we find that features S3 and S4 in our model have
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Figure 9 Hypothesis test assessing the ability to recover
high-velocity anomalies on top of the subducting crust.
Panels 1 and 3 illustrate east-west cross sections through
the input model containing perturbations designed to repli-
cate anomalies S2 and G1. Panels 2 and 4 show the corre-
sponding recovered perturbations. M4 shows up in the re-
covered panel because it is smeared from just south of this
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solved. The thin black line represents the approximate top
of the subducting crust, positioned 6 km above the Moho.
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substantially greater apparent heights than their corre-
sponding structures in the MCS data. Carbotte et al.
(2024) reports that the two seamounts along line PD14
are 1-2.5km tall, whereas in our tomography model, the
associated high-velocity anomalies extend several kilo-
meters above the inferred top of the crust. This discrep-
ancy suggests two possibilities: either the CASIE21 MCS
line did not intersect the exact centers of the seamounts
and therefore underestimated their true dimensions, or
the seamount velocities in our model are smeared up-
ward and broadened, causing the features to appear
larger than their actual size. Figure 9 illustrates this
smearing effect and shows that 1 km tall anomalies can
be smeared, resulting in an anomaly that is three times
taller than the initial input anomaly. Supplementary
Figure S4 shows that the 2021 MCS shotlines crossed ap-
proximately over the centers of seamounts S3 and S4 in
our model. This geometry supports our interpretation
that the excess vertical extent in our model is primarily
an artifact of velocity smearing rather than an indica-
tion of a larger true seamount size.

5 Discussion

5.1 Deformation inthe Accretionary Wedge
5.1.1 Scars and Slides at the Trench

High-resolution bathymetry data reveal scars and slides
at the deformation front (Tréhu et al., 2022b), poten-
tially caused by seamount subduction (Tréhu et al.,
2022b; Babendreier, 2023), and significant regions of
uplift along the continental shelf of unknown origin.
Scars related to seamounts passing through the defor-
mation front have been documented along the Costa
Rica margin (von Huene et al., 2000) and in laboratory
sandbox models (Dominguez et al., 1998). In Supple-
mentary Table S3, we compiled a list of features in this
region and their ages based on the literature to better
understand the relationship between faulting, subduct-
ing topography, and the complex bathymetry along this
margin. Additionally, we calculated the trajectory of
each potential seamount through time. In this calcu-
lation, we assumed the deformation front was station-
ary during this time period. The trajectories of these
seamounts are shown in Figure 10B, and the approxi-
mate times they crossed the deformation front are listed
in Supplementary Table S4. Plate motions were cal-
culated for the Juan de Fuca plate relative to the Ore-
gon block by vector addition of Juan de Fuca motion
relative to stable North America (DeMets et al., 2010)
and Oregon block motion relative to stable North Amer-
ica (McCaffrey et al., 2007). A comparison of Juan de
Fuca-North America and Juan de Fuca-Oregon block
plate motions is provided in Supplementary Figure S6.
Obvious disruptions in the deformation front are seen
at 43.64°N, 43.70°N, 44.0°N, 44.13°N, 44.25°N, 44.58°N
and 45.08°N. The largest of these is the 44.0°N blocky
slide, which is composed of a series of slides. Age
estimates for these events vary significantly depend-
ing on the dating technique used (see Supplementary
Table S3). Ages from biostratigraphic analysis yield
significantly younger ages than those from a constant
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sedimentation rate (Babendreier, 2023). Our calcula-
tions suggest that five seamounts (G1, G2, S3, S4, and
M2) have passed through the deformation front around
44.0°N or 44.13°N. A potential seamount associated with
the G2 anomaly would have crossed the deformation
front 3 mya, whereas G1 passed through the same re-
gion only 900 kya. The 44°N slide complex described
by Tréhu et al. (2022b) includes a deeply buried slide
dated to 1.3 myr at 44.13°N and a younger series of slope
failures between 44 and 119 kya, all of which could
be caused by the subduction of the seamounts in our
model (Babendreier, 2023; Tréhu et al., 2022b). This
chronology implies that, if seamount subduction is re-
sponsible for these failures, there is a substantial time
delay between seamount passage and slope collapse.
Repeated episodes of uplift and subsidence generated
as these seamounts crossed the deformation front may
have destabilized an area already prone to slope insta-
bility, producing the series of blocky slides observed
near 44°N.

Proposed seamount S1 crossed the deformation front
~1.8 mya just north of a scar in the deformation front
at ~44.58°N that has not been dated. The trajectory of
the seamount suggests that it may have caused this in-
dentation at the deformation front and may have led to
a significant slump located ~20 km east of the trench
along the seamount’s trajectory. Similarly, the trajec-
tory of proposed seamount S2 also lines up with the de-
formation seen in Figure 10. A more comprehensive
list of ages for the deformation near the trench, partic-
ularly north of the 44.0°N slide, is needed to understand
whether seamounts S1 and S2 could be responsible for
distinct regions of deformation at the trench. Our new
observations of likely subducted seamounts and their
association with the series of slides around 44°N support
Tréhu et al. (2022b)’s hypothesis that the subduction of
a seamount province could be responsible for the slides
that are unique to the south central Oregon portion of
the Cascadia margin.

5.1.2 Uplift of Heceta and Stonewall Bank

This segment of the margin contains two prominent
banks shown in Figure 2: Heceta Bank and Stonewall
Bank. Heceta Bank is an uplifted erosional platform
on which Miocene-age folds are exposed at the seafloor.
Uplift has been attributed to the subduction of a topo-
graphic high (Fleming and Tréhu, 1999). At present,
it is characterized by extensive methane venting and
the resulting formation of carbonate structures (Torres
et al., 2009). The seaward edge of Siletzia, as indicated
by magnetic anomalies, falls within Heceta Bank but
does not have any seafloor expression (McNeill et al.,
2000). Stonewall Bank represents the northeastern con-
tinuation of Heceta Bank and includes a distinct NNW-
striking topographic anticline, known as the Stonewall
Anticline, that shows signs of Holocene activity (Yeats
etal., 1998).

The uplift history of these bathymetric highs is not
well constrained, but several mechanisms may have
contributed to their development, including regional
uplift associated with dike emplacement and more lo-
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calized deformation driven by seamount subduction.
The formation of the dike may have led to broadly dis-
tributed uplift of this region 37 million years ago. More
recently, seamount subduction may have altered the
bathymetry at shorter spatial scales. At present, M2
and G2 are located beneath Stonewall Bank and are as-
sociated with clusters of seismicity (Tréhu et al., 2023).
M2 abuts the western edge of the Siletz terrane mag-
netic anomaly and a small “peninsula” of relatively high
elevation, as shown in Figure 2A by the -100 m depth
contour, which appears to follow the subduction trajec-
tory of M2. Tréhu et al. (2023) noted that the location
of Stonewall Anticline between the two seismicity clus-
tersisintriguing and suggested that this may reflect cou-
pling between the upper and lower plates. Heceta Bank
also overlies the proposed seamounts M4 and S4, which
are within 15 km of the -250 m bathymetric contour used
to define the bank. Seamount M4 coincides with one
of the two smaller circular bathymetric highs on top of
Heceta Bank and velocity model coverage is poor in the
region corresponding with the southern bump. We hy-
pothesize that the subduction of this seamount could
produce additional uplift directly above the feature or
downdip of the feature’s current position as they de-
form the accretionary wedge, acting as plows.

5.2 Seismicity

Cascadia lacks the frequent microseismicity observed
at other subduction zones; however, the central Ore-
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gon margin hosts two prominent clusters of small- to
moderate-sized earthquakes. The southern cluster is lo-
cated at the intersection of three features in our model:
the ACF, a subducting seamount (M2), and the seaward
edge of a mafic feeder dike embedded within the Siletz
terrane. Carbotte et al. (2024) attributed the observed
seismicity to the complex tectonic interactions at the in-
tersection of the ACF and an east-west trending shelf
structure. Based on the Morton et al. (2023) seismic
catalog, seismicity does not appear to be distributed
along the ACF; rather, it is clustered down dip of the
M2 seamount we imaged and within the Siletz terrane.
Tréhu et al. (2008) calculated a focal mechanism for
the Mw 4.9 earthquake that occurred in 2004 within
this cluster. Additionally, steeply dipping thrust mech-
anisms are reported for two Mw 3.8 earthquakes occur-
ring in 2012 (Tréhu et al., 2015) and in 2017 (Tréhu et al.,
2018), both located near the southern cluster of seismic-
ity.

Based on the thrust mechanisms and the localized
nature of the seismicity, which clusters above the sub-
ducting plate Moho and within the overriding plate, we
speculate that the seismicity occurs as the M2 seamount
subducts and encounters the Siletz terrane backstop or
potentially the denser mafic dike. The spatial relation-
ship between the seismicity and the imaged seamount,
together with the associated focal mechanism, is con-
sistent with seismicity linked to seamount subduction
along the central Ecuadorian margin (Segovia et al.,
2018). Similar spatial patterns are observed along the
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northern Hikurangi margin (Shaddox and Schwartz,
2019; Arai et al., 2020; Todd et al., 2018), where seis-
micity and tremor are concentrated downdip of sub-
ducting seamounts along the plate boundary and within
the overriding plate. If the seismicity were caused by
the fault, we would expect it to extend along the fault
and to observe strike-slip focal mechanisms. A second
cluster of seismicity produced a Mw 4.7 earthquake in
2004 with a similarly oriented thrust mechanism (Tréhu
etal., 2015) and coincides with a free-air gravity low, G2,
caused by a sedimentary basin. The similarity of the fo-
cal mechanisms for the two largest recorded events in
these clusters could suggest a common origin. As both
clusters are located near proposed topographic highs
along the top of the subducting crust, and only M2 is
near a known fault, we propose that the seismicity asso-
ciated with both clusters can be attributed to seamount
subduction, confirming the inference of Tréhu et al.
(2012) based on magnetics.

5.3 Interface Roughness and Plate Coupling

5.3.1 Asperity Development and Rupture Barri-
ers

We hypothesize that the rough top of the subducting
crust and prominent faults between 44.0°N and 45.0°N
alter the stress state within the seismogenic zone and
contribute to the patterns of Cascadia megathrust seg-
mentation. Changes in slab geometry and topogra-
phy on top of the subducting crust can contribute to
a rough subduction interface. This roughness can di-
rectly shape megathrust geometry where the two sur-
faces coincide or produce more subtle changes to the
fault interface when the megathrust lies above the top
of the crust. The change in Moho depth attributed to off-
sets along the ACF and a depression caused by a dense
mafic feeder dike creates significant changes in Moho
depth over a small region. Additionally, the nine topo-
graphic highs we observe on top of the subducting Juan
de Fuca plate and an additional seamount seen by Car-
botte et al. (2024) where we lack adequate ray coverage
create numerous small-scale heterogeneities.

Studies suggest that segments with a rough subduct-
ing plate interface host smaller earthquakes compared
to segments with smoother interfaces, either due to a
lack of topography or a thick sediment cover (Bassett
et al., 2025). A rough plate interface may prevent large
continuous asperities from forming and instead result
in a series of smaller locked patches (Bassett et al.,
2025). This leads to fewer great earthquakes and an in-
crease in smaller events. This phenomenon has been
observed in regions with roughness associated with
subducting seamounts (Wang and Bilek, 2014) as well as
with bending faulting (Shillington et al., 2015). Carbotte
et al. (2024) identify the ACF system as a region of lo-
cally rough top of crust and a rough plate interface that
crosses the margin. Based on the spatial correlation
with margin segmentation indicators, they propose that
this is a possible segment boundary. Consistent with
this interpretation, our Vp model shows that the ACF
cuts through at least the upper portion of the subducting
crust and extends into the accretionary wedge, where
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it likely inhibits the formation of large, coherent asper-
ities. Our results suggest that, in addition to the ACF
and the seamounts imaged by Carbotte et al. (2024), sev-
eral additional seamounts are likely present in this re-
gion, further enhancing the roughness of the subduct-
ing plate and reinforcing the interpretation that this re-
gion may act as a persistent segmentation boundary. If
the paleoseismic rupture record for the CSZ is accurate,
it appears that these seamounts and sharp changes in
slab geometry may have previously arrested large rup-
tures in the central Oregon forearc. Four megathrust
earthquakes recorded in the paleoseismic record have
terminated between 43.5°N and 45.0°N (Leonard et al.,
2010).

5.3.2 Fluid Flow and Aseismic Creep

There are a number of features in our model that we
suspect alter the pore fluid pressure in this region of
the margin. The subducting seamounts in this region
may introduce water into the forearc which is otherwise
characterized by a dry slab (Canales et al., 2017). Ches-
ley et al. (2021) showed that seamounts can carry 3.2-4.7
times more water into the forearc compared to smooth
oceanic crust. With ten potential seamounts subduct-
ing in this region, this could cause a substantial increase
in water content. These fluids are released around the
top of crust and into the overriding plate. The develop-
ment of overpressures depends on the permeability of
the surrounding rock. A magnetotelluric imaging study
found that the Siletz terrane may block additional fluids
from traveling into the backstop, instead causing them
to remain above the top of crust and flow up dip (Eg-
bertetal., 2022). The change in dip angle of the seaward
edge of Siletzia could change how fluid builds up along
the top of crust.

Faults may also provide an important pathway for
fluid drainage both from the subducting oceanic crust
and subducting seamounts. A warm seafloor seep,
Pythia’s Oasis, is located near the ACF. Geochemical
analyses combined with thermal models for the region
suggest that the source of the water is located at or
near the megathrust, and Philip et al. (2023) hypothe-
size this water is draining from the ACF. The low ve-
locities surrounding this fault in our model could re-
sult from fluids draining along the ACF. More research is
needed to quantify how much water is released as these
seamounts subduct and how much of this water drains
through the accretionary wedge and strike-slip faults.

Regions with more subducting plate relief are asso-
ciated with lower coupling and aseismic creep (Bas-
sett and Watts, 2015; Wang and Bilek, 2014), and flu-
ids are commonly invoked to explain this. A lower slip
deficit rate is observed throughout this region (Schmal-
zle et al., 2014; Lindsey et al., 2021), which may sug-
gest that this patch of rough crust from the ACF and
seamounts is decreasing the coupling on the plate in-
terface and promoting interseismic creep. This would
support Wang and Bilek (2014)’s correlation between
creeping segments with low coupling ratios and rugged
subducting crust. Saffer (2017) found that regions of
the megathrust with elevated pore pressures coincide
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with regions of aseismic slip and reduced coupling. It
is possible that the subducting topography in this area
results in elevated pore pressures along the plate inter-
face, which promote aseismic slip.

6 Conclusion

We use ~418,500 Pg and Pn and ~76,300 PmP arrival
time picks from over three decades of active-source
shore-crossing experiments to produce a new 3D P-
wave velocity model for the central Oregon forearc, in-
cluding a Moho interface between 43.6°N and 45.2°N.
This model allows us to examine 3D variations within
this portion of the margin, including the accretionary
wedge, static backstop, and subducting plate. We com-
pare the structures found in our model to other geo-
physical datasets, including high-resolution bathymetry
and seismic catalogs, to understand the deformation
history and ongoing deformation patterns in this re-
gion. We discuss how each of these features and the in-
teraction between them might contribute to a megath-
rust segment boundary around 44.5°N (Carbotte et al.,
2024; Walton et al., 2021).

In our model, we see evidence for the Alvin Canyon
Fault, the Siletz terrane, a mafic dike, and 9 seamounts
at various stages of subduction. We also observe
changes in Moho depth that we attribute to offsets on
the Alvin Canyon Fault and changes in the density of
the overriding plate. We hypothesize that seamounts
G2 and M2 are responsible for the two clusters of seis-
micity in this region. Additionally, the trajectories of
several potential seamounts correlate with slides and
scars in the deformation front and broad regions of up-
lift on the continental shelf. Here, we see evidence of
the long-term deformation caused by these features and
evidence suggesting that two of these features are ac-
tively fracturing the overriding plate, resulting in ob-
servable seismicity.

We propose that changes in velocity structure and
Moho depth contribute to a complex forearc structure
and a megathrust segment boundary near 44.5°N. The
combination of subducting seamounts and changes in
slab depth along-strike contributes to a rough subduc-
tion interface. Rugged plate interfaces are observed
to correlate with smaller megathrust earthquakes and
lower coupling compared to smooth plate boundaries.
Rugged megathrusts are also associated with rupture
barriers and aseismic creeping. One way in which these
features may be responsible for the low coupling ratio
observed in this region is by changing pore pressure
around the top of the crust. Our observations provide a
holistic view of the interplay between surface and sub-
ducting structures and the resulting seismic behavior
along the central Oregon margin.
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