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Abstract It hasbeenpreviously proposed that amegasplay faultwithin theCascadia accretionarywedge,
spanning fromoffshore Vancouver Island toOregon, has the potential to slip during a future Cascadia subduc-
tion zone earthquake. This hypothetical fault has major implications for tsunami size and arrival times and
is included in disaster-planning scenarios currently in use in the region. This hypothesis is evaluated in this
study using CASIE21 deep-penetrating and U.S. Geological Survey high-resolution seismic reflection profiles.
We map changes in wedge structural style and seismic character to identify the inner-outer wedge transition
zonewhere amegasplay fault hasbeenpreviously hypothesized to exist andevaluate evidence for active fault-
ingwithin this zone. Our results indicate that there isnot anactive, through-goingmegasplay fault inCascadia,
but instead, the structure and activity of faulting at the inner-outer wedge transition zone is highly variable
and segmented along strike, consistent with the segmentation of other physical and mechanical properties
in Cascadia. Wedge sedimentation, plate dip, and subducting topography are proposed to play a major role
in controlling megasplay fault development and evolution. Incorporating updated megasplay fault location,
geometry, and activity into modeling of Cascadia earthquakes and tsunamis could help better constrain as-
sociated hazards.

1 Introduction
Slip on splay faults during Cascadia megathrust earth-
quakes has the potential to significantly increase verti-
cal seafloor displacement and tsunami size, posing an
enhanced tsunami hazard to coastal communities in
the Pacific Northwest (Geist and Yoshioka, 1996; Priest
et al., 2009; Witter et al., 2013; Gao et al., 2018; Sypus,
2019; Lotto et al., 2018). However, little is known about
which splay faults in the Cascadia accretionary wedge
are currently active and have the potential to slip in
the next megathrust earthquake (e.g., Wang and Tréhu,
2016). Stress barriers in the accretionary wedge created
by major contrasts in wedge lithology and strength can
promote splay fault rupture (Byrne et al., 1993; Wendt
et al., 2009). Splay fault rupture at stress barriers has
been observed in recent large megathrust earthquakes,
including the 1964 Alaska Mw 9.2 (Plafker, 1969; Lib-
erty et al., 2013; Haeussler et al., 2015), 1944 Tonankai
Mw 8.2 (Park et al., 2002; Moore et al., 2007), and 2004
Sumatra Mw 9.2 (Sibuet et al., 2007), and is considered
to have significantly contributed to tsunami generation
(Plafker, 1965; Cummins and Kaneda, 2000; Baba and
Cummins, 2005).
It has been previously hypothesized that there is an
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active megasplay fault system in Cascadia spanning
the margin from Vancouver Island to Oregon that is
coincident with a major stress barrier in the accre-
tionary wedge where there is a change in wedge lithol-
ogy and strength (e.g., Witter et al., 2013; Watt and
Brothers, 2020) (Fig. 1). A megasplay fault, as de-
fined by previous work, is a persistent, large, out-of-
sequence thrust fault or fault system within the accre-
tionary wedge of a subduction zone that merges with
the main megathrust fault at depth while also branch-
ing up to the seafloor (e.g., Tobin and Kinoshita, 2006;
Moore et al., 2007). Analysis of early seismic imag-
ing of the Cascadia subduction zone identified out-of-
sequence, megasplay-style faults in the accretionary
wedge branching from the megathrust fault up to the
seafloor, cutting across the multiple sedimentary units
that make up the Cascadia accretionary wedge and
focused at a major lithologic boundary in the wedge
(Snavely, 1987; Goldfinger, 1994; Goldfinger et al., 1997).
The age of offshore accretionary wedge complexes was
previously inferred from bedrock outcrops on the west-
ern Olympic Peninsula and industry boreholes on the
continental shelf (Palmer and Lingley, 1989; McNeill
et al., 1997). Watt and Brothers (2020) furthered anal-
ysis of offshore wedge lithology and faulting by infer-
ring the boundary between the older, stronger Miocene
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wedge and younger, weaker Pleistocene accretionary
wedge (i.e., dynamicbackstop; Fig. 1) basedonmorpho-
logic breaks in wedge surface slope interpreted from
seafloor bathymetry. They found that the dynamic
backstop exists along the hypothesized megasplay fault
from Witter et al. (2013). However, they specify that
this fault at the dynamic backstop requires further eval-
uation with modern multibeam bathymetry and high-
resolution seismic reflection imaging at different scales
to resolve how deep fault structure connects to near-
surface fault deformation, indicating megasplay fault
activitywithin the late Pleistocene toHolocene periods.

Studies modeling megathrust earthquakes and
tsunamis at the Cascadia subduction zone often include
a scenario with margin-wide rupture on this hypothet-
ical megasplay fault (Fig. 1) (Priest et al., 2009; Witter
et al., 2013; Gao et al., 2018; Sypus, 2019; Lotto et al.,
2018). In these studies, scenarios including megasplay
fault rupture exhibit significantly higher tsunami wave
heights and run-ups and shorter tsunami arrival times
compared to scenarios modeling only megathrust fault
rupture. The hypothesized megasplay fault is gener-
alized as a continuous along-strike, seaward-verging
thrust fault structure dipping landward at about 30° and
mergingwith themegathrust at depths less than ~20 km
(Priest et al., 2009; Witter et al., 2013; Gao et al., 2018).
Although this megasplay fault geometry is the most
commonly used, other geometries and locations for
this fault have been tested (Gao et al., 2018; Aslam et al.,
2021). Due to relatively poor data quality and limited
spatial coverage of legacy geophysical experiments,
many of these studies emphasize that the geometry,
location, and activity of the hypothesized fault is not
conclusive and further structural analysis of this fault
is needed to determine its existence and likelihood of
rupture in future earthquakes. Despite this, the mega-
splay fault scenario as described has been consistently
included in modern hazard assessments due to the
potential for this fault to significantly contribute to
tsunamigenesis in a future Cascadia earthquake (Wang
and Tréhu, 2016), as demonstrated at other subduction
zones.

In this study, we use 2D seismic reflection data
from the CAscadia Seismic Imaging Experiment 2021
(CASIE21) (Carbotte et al., 2021) to evaluate the hypoth-
esis for a megasplay fault at Cascadia. Using CASIE21
seismic profiles, we characterize the nature of the tran-
sition between the inner and outer domains of the Cas-
cadia accretionary wedge. Our analysis focuses on dif-
ferences in structural style and seismic character be-
tween the inner and outer wedge domains, defining
the spatial extent of the “inner-outer wedge transition
zone” (IOWTZ) in Cascadia. Then, we evaluate evidence
for the presence of a megasplay fault structure at the
IOWTZ. Evidence for an active, margin-spanningmega-
splay fault system is investigated by linking observa-
tions of fault structure, activity, and continuity along
strike at or near the IOWTZ.

2 Data and Methods

2.1 Terminology
There is a clear agreement among previous studies that
a major structural boundary exists within the Cascadia
accretionary wedge between older and younger wedge
terranes offshore the northern region (Vancouver Is-
land, Washington, northern Oregon) of the Cascadia
margin (Silver, 1972; Mann and Snavely, 1984; Davis
and Hyndman, 1989; Hyndman et al., 1990; Flueh et al.,
1998;McNeill et al., 2000; Adam et al., 2004;Webb, 2017;
Watt and Brothers, 2020; Snavely, 1987). Because ter-
minology used to describe this boundary is ambigu-
ous, we define the terms and criteria used in this study.
We choose to not use the term “backstop” because it
implies information about wedge strength and defor-
mation. For example, the term “dynamic backstop”
has been used to describe an actively deforming back-
stop where older accreted materials are still deform-
ing as new material is accreted to the wedge (Kopp
and Kukowski, 2003; Watt and Brothers, 2020). Con-
versely, the term “static backstop” has been used to de-
scribe a backstop that is no longer actively deforming
between the accretionary wedge and crystalline, conti-
nental backstops (Silver et al., 1985; Byrne et al., 1993;
Kopp and Kukowski, 2003; Watt and Brothers, 2020). In-
stead, we use the term “inner wedge” to describe the
older (inferred Miocene) accretionary wedge complex;
and the term “outer wedge” to describe the younger (in-
ferred Pleistocene) accretionary wedge complex. Our
use of these terms deviates frommorphological uses of
the terms inwhich the boundary between the inner and
outerwedge is defined by the outer arc high. This termi-
nology allows for our analysis of wedge structure to be
independent from surface morphology and active de-
formation.

2.2 Geophysical Datasets
To characterize the transition between the inner and
outer wedge domains of the Cascadia accretionary
wedge, we use ultra-long offset seismic reflection im-
ages from CASIE21, which capture subsurface struc-
ture to depths greater than 10 km. CASIE21 utilized
the R/V Marcus G. Langseth to complete the first mod-
ern, regional-scale seismic reflection imaging survey of
the offshore Cascadia subduction zone (Carbotte et al.,
2021, 2023). In the CASIE21 survey, we collected 2-D
multi-channel seismic (MCS) reflection and multibeam
bathymetric data along 18 primary dip lines, 7 strike
lines, and several turning lines, from Vancouver Island
to southern Oregon (Fig. 1). Dip lines are interpreted in
this study because they provide a cross-sectional view
of accretionary wedge structure. All seismic profiles
in this study are presented with the seaward direction
(west) to the left and the landward direction (east) on
the right. Data acquisition was carried out with a 12-
15 km-long streamer and a 36-airgun array with a maxi-
mum volume of 6600 cubic inches. CASIE21 MCS data
were processed by ION Geophysical to produce pre-
stack depth migrated (PSDM) MCS reflection profiles.
Processed seismic lines are available on the Marine
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Figure1 ElevationmapofGMRTbathymetry compilation (Ryanet al., 2009) inmeters for the regionof theoffshoreCascadia
Subduction Zone overlain with the location of the hypothesized megasplay fault system from Witter et al. (2013), dynamic
and static backstops (Watt and Brothers, 2020), Siletzia extent (Wells et al., 1998), CASIE21 dip lines (PD02 to PD19), and
approximate deformation front location. Subduction vector and obliquity angle indicated onmap (McCaffrey et al., 2007).
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Geoscience Data System (MGDS) hosted by the Lamont-
Doherty Earth Observatory of Columbia University (re-
fer to Data and Code Availability Statement). Since
the CASIE21 seismic data were acquired and processed
with consistent workflows and parameters, this allows
for direct comparison of seismic imaging features be-
tween lines. Analysis of CASIE21 seismic profiles is
supplemented with 50m gridded bathymetry from the
Global Multi-Resolution Topographic (GMRT) compila-
tion (Ryan et al., 2009) and, where available, 30-m grid-
dedU.S. Geological Survey (USGS) bathymetry (Dartnell
et al., 2021, 2023) to evaluate the geomorphic expression
of faulting related to the IOWTZand connect the surface
expression across 2D seismic profiles. Complementary
andhigher resolution sparkermulti-channel seismic re-
flection data collected with the R/V Rachel Carson in
2019 (Balster-Gee et al., 2023) by the USGS is interpreted
to evaluate near surface (i.e., upper ~1 kmof the subsur-
face) evidence of fault activity within the IOWTZ and in-
ner wedge domains. Joint interpretation of seismic re-
flection data at multiple scales of resolution allows us
to more effectively connect deeper fault structure im-
aged by CASIE21 to near surface fault activity imaged
within the USGS sparker seismic data. A complemen-
tary study by Ledeczi et al. (2024) provides a thorough
evaluation of late Quaternary evidence for fault activ-
ity within the outer wedge domain using sparker seis-
mic data. Through joint analysis of different geophysi-
cal datasetswithmultiple scales of resolution, this study
refines the location and nature of the IOWTZ in the Cas-
cadia accretionary wedge and evaluates evidence for an
active, margin-spanning megasplay fault system in the
vicinity of the IOWTZ in Cascadia.

2.3 Methods for mapping accretionary
wedge domains

To locate the IOWTZ in the Cascadia accretionary
wedge, we identify regional-scale changes in the overall
structural style (2.3.1) and seismic character (2.3.2) of
the wedge captured in CASIE21 dip profiles using King-
dom Suite software (refer to Data and Code Availability
Statement).

2.3.1 Structural Style

Structural style is an observation of the dominant mode
of subsurface deformation in a region due to a com-
mon tectonic origin (e.g., Harding and Lowell, 1979).
Changes in the structural style of accretionary wedges
provides insight into the history of wedge development
and evolution (Breen et al., 1986; Flinch et al., 2003;
Richter et al., 2007; Cook et al., 2014). Fault vergence,
fault dip, thrust spacing, and faulting type from the
CASIE21 data are used to characterize regional-scale
trends in structural style in both the along-dip and
along-strike direction. For example, in CASIE21 line
PD04, the outer wedge domain is identified based on its
structural style characterized by wide seaward verging,
fault-propagation fold style thrust faulting (Fig. 2A). The
inner wedge domain is identified based on its structural
style characterized by closely spaced, imbricated thrust
sheets dominated by seaward vergence (Fig. 2A). The

IOWTZ is characterized as a zone between the inner and
outer wedge with a gradational change in the observed
structural style of thewedgewithmixed vergence thrust
faulting (Fig. 2A).

2.3.2 Seismic Character

Seismic character reflects the cumulative expression of
subsurface physical and chemical properties and is in-
herently linked to both subsurface structural complex-
ity and the presence and migration of subsurface flu-
ids and gas (Moore et al., 1985; Jurado and Comas, 1992;
Moore and Vrolijk, 1992; Lee et al., 1994; Berndt et al.,
2004; Løseth et al., 2009). Changes in seismic charac-
ter are identified primarily by changes in reflector co-
herency, which is a measure of the spatial continuity of
seismic reflectors that depends on the level of scattering
and attenuation of seismic energy in the subsurface (Li
et al., 2021). We develop and employ a qualitative scale
for seismic character ranging from “coherent” to “in-
coherent” (Fig. 2C). Decreasing seismic coherency has
been inferred to represent increasing structural com-
plexity of accretionary complexes (Cowan, 1985; Moore
et al., 1985). For example, in CASIE21 line PD04, the
seismic character of the incoming sediment is coherent,
the seismic character of the outer wedge is mostly co-
herent to semi-coherent seismic character, the seismic
character of the IOWTZ is semi-coherent to mostly in-
coherent, and the seismic character of the inner wedge
is mostly incoherent to incoherent. This demonstrates
a gradational decrease in seismic coherency across
the IOWTZ (Fig. 2B). Additionally, throughout the en-
tire accretionary wedge, there is a loss in seismic co-
herencywith depth due to seismic attenuation and scat-
tering (Fig. 2B). Together with our characterization of
structural style, this example using CASIE21 line PD04
demonstrates how seismic character is linked with in-
creasing structural complexity of the Cascadia accre-
tionary wedge moving landward from the deformation
front.

2.4 Methods for evaluating megasplay fault
activity

Evidence for megasplay fault activity at the IOWTZ is
evaluated for each of the identified along-strike seg-
ments and compared with the location and structure of
the previously hypothesized megasplay fault. Evidence
for megasplay fault activity is classified into three cat-
egories: positive, negative, or inconclusive. A classifi-
cation of positive evidence indicates that a megasplay
fault structure is observed at the IOWTZand there is suf-
ficient evidence to demonstrate recent fault activity. In
this study, the same definition is used for “active” as that
described in Ledeczi et al. (2024), where faults that ei-
ther deform or offset inferred late Quaternary sedimen-
tary horizons are classified as active. A classification of
negative evidence indicates that amegasplay fault struc-
ture is observed at the IOWTZ in CASIE21 seismic pro-
files, but near surface observations from USGS sparker
seismic profiles and available bathymetry provide con-
clusive evidence of no recent fault activity. A classifi-
cation of inconclusive indicates that a megasplay fault
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Figure 2 Structural style and seismic character methods. A-B. Example figures demonstrating methods for evaluating
changes in (A) structural style and (B) seismic character of the Cascadia accretionary wedge using pre-stack depth migrated
CASIE21 seismic profile PD04 (no vertical exaggeration) to delineate outer and inner wedge domains and the inner-outer
wedge transition zone (IOWTZ). Alsonote seismic coherencydecreaseswithdepth in addition to in thealongdipdirection. (C)
Seismic sections (~3x zoom) from PD04 profile demonstrating qualitative scale used for evaluating seismic character based
on reflector coherency.

structure is observed in the given location; however,
there is either a lack of near surface observations in that
location or fault activity is ambiguous based on all ex-
isting data. In some locations along strike, a megasplay
fault structure may not exist at the IOWTZ, neither ac-
tive nor inactive.

3 Results

The spatial extent of the inner andouterwedge domains
and the IOWTZ of the Cascadia accretionary wedge is
mapped based on changes in structural style and seis-
mic character observed in CASIE21 seismic profiles
(Figs. 3, 4). The landward extent of the inner wedge do-
main (Fig. 3) is bounded by the seaward-most bound-
ary of the combined Siletzia terrane from Wells et al.
(1998) and the static backstop from Watt and Brothers
(2020) (Fig. 1). We also document the approximate ex-
tent of wedge top sedimentary cover and incoming sed-
iments (Fig. 4). Interpretations of plate boundary ge-
ometry and megathrust decollement used to guide our
analysis of upper plate structures are consistent with
or simplified from Carbotte et al. (2024). Based on

changes in accretionary wedge structure and faulting,
the wedge is classified into five along-strike segments:
Northern Vancouver Island (~49.2-49.6°N; PD02), Cen-
tral Vancouver Island (~48.3-49.2°N; PD03-04),Washing-
ton &Northern Oregon (~44.2-48.3°N; PD05-13), Central
Oregon (~42.6-44.2°N; PD14-17), and Southern Oregon
(~42-42.6°N; PD18-19) (Figs. 3, 4, Table 1). TheWashing-
ton & Northern Oregon segment is further subdivided
into three subsegments: Olympic (PD06-PD07), Asto-
ria (PD08-PD09), Tillamook (PD10-PD12). In some loca-
tions, segment boundaries in accretionary wedge struc-
ture exhibitmore spatially gradational changes in struc-
ture, and hence, are described as along-strike transition
zones (ATZ) instead of distinct along-strike boundaries.

3.1 Northern Vancouver Island (~49.2-
49.6°N)

The Northern Vancouver Island segment is situated
at the northern terminus of the Cascadia subduction
zone (Fig. 3). This segment of the accretionary wedge,
which appears to be indented landward, has been pre-
viously interpreted as a structural transition (Watt and
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Figure 3 Hillshadedmap of GMRT bathymetry compilation with results for spatial extent of outer wedge, inner wedge, and
inner-outer wedge transition zone (IOWTZ). Grey hatching of the outer wedge domain indicates the extent of along-strike
transition zones (ATZ). Along-strike segment and subsegment boundaries drawn with dark grey and light grey dashed lines,
respectively (with line width corresponding to locational certainty of the boundary), landward extent of inner wedge drawn
with thick blue line, CASIE21 dip lines drawn with fine black lines, and extent of seismic profiles presented in Figure 4 drawn
with thicker black lines. Grey shading of the wedge with questionmarks indicates no outer wedge or IOWTZ domains can be
identified. Blue lines show the location of relevant structures on the incoming plate. The grey domain with a question mark
indicates no inner, outer, or IOWTZ domains can be identified. NFZ is Nootka Fault Zone, BTFS is Blanco Transform Fault
System, RPSZ is Rogue Propagator Shear Zone.
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Figure 4 Representative examples of CASIE21 seismic profiles from each along-strike segment showing wedge structural
domains. a-e. Overlain with semi-transparent masks delineating the interpreted incoming/underthrust sediment (green),
outer wedge (orange), inner wedge (blue), IOWTZ (orange-blue gradient), sedimentary cover (yellow), and downgoing ig-
neous basement crust of the Juan de Fuca plate (white). The grey domain with a question mark indicates no inner, outer,
or IOWTZ domains can be identified. Extent of CASIE21 seismic profiles is indicated by thick black lines in Figure 3. Plate
boundary and decollement interpretations simplified from Carbotte et al. (2024).

Brothers, 2020) corresponding to the locationwhere the
Nootka Fracture Zone (NFZ) intersects themargin (Rohr
et al., 2018; Hutchinson et al., 2023) (Fig. 5a). CASIE21
line PD02 images the ~7 kmwide IOWTZ in this segment
and captures drastically different wedge structure com-
pared to that of the Central Vancouver Island segment
in lines PD03 and PD04 (Fig. 5b-g). This is expected
given that PD02 captures the upper-plate structure atop
themore steeply dipping Explorer Plate (Carbotte et al.,
2024). The outer wedge in PD02 is dominated by im-
bricated, landward-verging fault-propagation fold style
thrust sheets with mostly coherent reflectivity (Fig. 5b).
The plate hinge identified by Carbotte et al. (2024),
where the dip of the downgoing plate abruptly steep-
ens, is located near the seaward end of the IOWTZ
within the outer wedge domain (Fig. 5b). The inner

wedge in PD02 exhibits incoherent reflectivity and has
an overlying sedimentary sequence that thickens land-
ward from the IOWTZ. Characterizing structure within
the IOWTZ zone is difficult due to mostly incoherent
reflectivity; however, there is evidence for landward-
dipping reflectors with a linear pattern (i.e., seismic lin-
eations) that may represent potential seaward-verging
megasplay faults at the IOWTZ. It is unclear whether
these seismic lineations reach the near surface due
to poor coverage in our available bathymetry and the
highly channelized seafloor in this location. Local base-
ment topography was observed in the downgoing Juan
de Fuca plate by Shuck et al. (2023) and Carbotte et al.
(2024) at the IOWTZ and was interpreted as a tear in
the downgoing slab (Fig. 5b). The observed landward-
dipping seismic lineations of the IOWTZ appear to sole
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near the top of this topographic structure (Fig. 5b).
Based on a lack of coherent reflectivity at the IOWTZ
in PD02, we cannot confidently determine whether an
active out-of-sequence megasplay fault system exists in
this location.

3.2 Central Vancouver Island (~48.3-49.2°N)

Both CASIE21 lines PD03 and PD04 exhibit similar
overall wedge structural style and seismic character
(Fig. 5e, g). In both lines, the outer wedge consists
of a single major seaward-verging fault-bend fold style
thrust sheet that accretes all or nearly all of the in-
coming sediment section to the wedge. The seismic
character of the outer wedge is mostly-coherent with
well-imaged, continuous reflectors offset by the frontal
thrust fault. The inner wedge captured by PD03 and
PD04 exhibits mostly-incoherent to incoherent reflec-
tivity with closely spaced, dominantly seaward-verging
thrust fault structures and landward dipping seismic
lineations. The IOWTZ is characterized by a zone of
doubly-verging thrust faults. Seaward-verging thrust
faults of the inner wedge domain deform landward-
verging thrust faults of the outer wedge domain. Land-
ward of this change in fault vergence adjacent to the
IOWTZ, innerwedge faults in both seismic profiles have
a clear expression at the seafloor observable in both the
seismic and bathymetric data (Fig. 5c,d,f). PD03 has a
wider IOWTZ where individual inner wedge faults ap-
pear to disturb and tilt overlying sediments and deform
the seafloor between 10 and 30 km distance along the
seismic section (Fig. 5c-e; white triangles). In some
locations, these faults also exhibit distinct fault plane
reflections with reverse polarity (Fig. 5d). PD04 has a
narrower zone of faulting between 20 and 30 km dis-
tance along the seismic section where deformation is
more focused (Fig. 5f-g; white triangles). In PD04,
faults at the IOWTZ are locally associated with both
a steeper wedge slope and lack of overlying sediment
cover (Fig. 5f). These faults are classified as mega-
splay faults because inner wedge faults appear to de-
formyounger outerwedgematerial, providing evidence
for out-of-sequence fault activation in this zone, and
because these faults coincide with the boundary be-
tween the coherent and incoherent seismic character
of the wedge. Additionally, these faults show evidence
of surface expression at the seafloor in the GMRT 50-m
bathymetry (Fig. 5a) while connecting with themegath-
rust fault at depth (Fig. 5e,g). The coherence of seis-
mic reflectors decreases with depth, particularly in line
PD04 between 25-30 km along the seismic section, mak-
ing it difficult to identify the exact points in the sub-
surface at which faults sole into the megathrust fault
(Fig. 5g). The trace of these megasplay faults in the
bathymetry is discontinuous; however, the faults all
generally trend in the same direction and extend over
~50 km along strike (Fig. 5a). This system of megasplay
faults at the IOWTZ is located on average ~10-30 km
southwest of the previously proposed megasplay fault
trace of Witter et al. (2013) (Fig. 5a). The plate hinge
identified by Carbotte et al. (2024) coincides with this
megasplay fault system in PD04 (Fig. 5g; green star).

However, in PD03, the plate hinge is not associated with
the identified megasplay fault system and is instead lo-
cated further east beneath a major slope break coinci-
dent with the location of the previously hypothesized
megasplay fault by Witter et al. (2013) (Fig. 5e; green
star). Further acquisition and analysis of higher resolu-
tion seismic and bathymetric data is needed in this seg-
ment to determine the recency ofmegasplay fault activ-
ity; therefore, the evidence for activity of thismegasplay
fault system captured in PD03 and PD04 is classified as
inconclusive.

3.3 Washington & Northern Oregon (~44.2-
48.3°N)

The Washington & Northern Oregon segment, imaged
by CASIE21 profiles PD05-PD13, is defined by the ex-
tent of the landward vergence zone and is the longest
of the identified segments, spanning ~400 km along
strike (Fig. 3, Table 1). This segment exhibits a widen-
ing and then narrowing of the outer wedge domain at
the northern and southern ends of this segment, with
the widest point near line PD07 spanning ~65 km be-
tween the deformation front and the beginning of the
IOWTZ (Fig. 3). The structural style of the outer wedge
domain in this segment is characterized by landward-
dominated mixed vergence thrust faulting (Fig. 4c).
This segment exhibits the most internal variation in
accretionary wedge structure of all the identified seg-
ments, especially at the IOWTZ. Based on this, this
segment is further subdivided into three subsegments
(Olympic, Astoria, Tillamook; Fig. 3). PD05 and PD13
capture ATZs where wedge structure and faulting ex-
hibits gradational changes across segment boundaries,
and hence, these profiles contain structural features in
common with adjacent segments and subsegments.

3.3.1 Olympic Subsegment (PD05, PD06, PD07)

PD05 is located within an ATZ where key structural fea-
tures are present from both adjacent segments (Fig. 3,
Table 1), including landward-vergingouterwedge thrust
faults, typical of the Washington & Northern Oregon
segment, and a megasplay fault system reaching near
the surface, typical of the Central Vancouver Island seg-
ment. The IOWTZ in line PD05 is characterized by a
zone of mixed vergence where landward-verging thrust
faults of the outer wedge domain overlap with seaward-
verging faults of the inner wedge domain (Fig. 6c). A
decrease in the coherency of seismic character from
semi-coherent to mostly incoherent occurs across the
IOWTZ. Adjacent to the IOWTZ, a series of seaward-
verging inner wedge thrust faults dipping at ~33° sole
near the megathrust fault at depth (Fig. 6c). At the sur-
face, these faults coincide with a slope break in the
bathymetry and tilted wedge top sediments (Fig. 6b). At
depth, the faults correspond with a steepening of the
downgoing plate dip (i.e., plate hinge), and an along-
dip shallowing of the plate boundary decollement (Car-
botte et al., 2024) (Fig. 6c). Therefore, these innerwedge
faults are interpreted as a system of megasplay faults
associated with the IOWTZ. The near surface expres-
sion of this megasplay fault system is disrupted by a
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Figure 5 The Northern and Central Vancouver Island segments. a. Map of GMRT bathymetry with locations of correspond-
ing CASIE21 seismic images, segment boundaries, andmegasplay fault location hypothesized byWitter et al. (2013). Seismic
image extent is indicated on the map by black brackets. Fine blue lines in the map correspond with megasplay faults of the
innerwedgedomain as interpreted in seismic images. Thick blue lines show the locationof theNootka Fault Zone (Rohr et al.,
2018). b-g. Orange color represents the outer wedge, blue color represents inner wedge, orange-blue gradient represents
inner-outer wedge transition zone (IOWTZ), and green color represents incoming sediment section. Dotted lines represent
less certain fault interpretations. Simplified top of crust, plate boundary decollement, and plate hinge interpretation is from
Carbotte et al. (2024). Previously hypothesized splay fault location is fromWitter et al. (2013). Smaller triangles in the seismic
sections indicate the position of interpretedmegasplay faults at the IOWTZ and are color-coded by evidence for fault activity.
No vertical exaggeration of seismic images. Bottom-simulating reflector (BSR) is indicated on seismic images.

deep seafloor channel that cuts across the accretionary
wedge in this location (Fig. 6a); therefore, evidence
for activity of these megasplay faults at the IOWTZ in
PD05 is classified as inconclusive. Nevertheless, these

faults should be considered as candidate active mega-
splay faults at the IOWTZ and a potential focus formore
detailed near-surface investigations to evaluate defor-
mation of wedge top sediments. PD05 does not inter-
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sect the trace of theWitter et al. (2013) megasplay fault;
however, the IOWTZ has been identified within the ex-
tent of the seismic profile and there is no clear surface
expression of faulting in the GMRT bathymetry at the
location of the Witter et al. (2013) splay fault trace that
would suggest a megasplay fault exists at that location
(Fig. 6a).
In line PD06, the IOWTZ is buried by a 1-2 km thick

layer of undeformed sediment (Fig. 6d). No faults
are mapped at the IOWTZ in this location by a recent
sparker investigation of near surface splay fault activity
(Ledeczi et al., 2024). However, at depth, 2-3 seaward-
verging inner wedge thrust faults dipping at 30° and 42°
are observed to offset folded strata of outerwedge thrust
sheets at the IOWTZ between 7 to 20 km distance along
the seismic section (Fig. 6d-e). The IOWTZ also corre-
sponds with a local shallowing of the plate boundary
decollement (Carbotte et al., 2024) inferred to cut across
the base of these inner wedge thrust faults (Fig 6e).
These faults are interpreted as megasplay faults due
to their apparent out-of-sequence reactivation because
they appear to have deformed more recently accreted
outer wedge material but are now no longer active as
evidenced by undeformed overlying sediment (Fig. 6d).
Within the inner wedge at ~25 km along the seismic
section, there is a pair of conjugate faults that are also
buried by ~1 km of undeformed sediment (Fig. 6e).
This thick layer of undeformed sediment cover atop the
wedge indicates a lack of recent activity on megasplay
faults and other inner wedge splays in the location of
PD06. Without information on sedimentation rate, we
cannot estimatewhen these faultswere last active; how-
ever, it is likely on the order of tens (if not hundreds) of
thousands of years. This result is inconsistent with the
hypothesis for active megasplay fault in this location.
Three isolated fault structures between PD06 and

PD07 captured only in the bathymetry at the location
of the mapped IOWTZ are expressed at the seafloor just
south of the Quillayute submarine channel (Fig. 6a).
The westernmost fault of the three faults has been
classified as Quaternary active by Ledeczi et al. (2024).
These faults are short in length, isolated to a small area,
do not plausibly connect to surrounding structures cap-
tured in adjacent CASIE21 seismic profiles, and do not
appear to offset adjacent submarine channels. Further
MCS surveying is needed in this location to determine
the deeper structure of these faults and whether they
are connected to the megathrust fault at depth.
In line PD07, a single seaward-verging thrust fault

steeply dipping at 47° within the IOWTZ represents a
candidatemegasplay fault (Fig. 6g). This fault is located
~5 km west of the megasplay fault trace from Witter
et al. (2013). The location of this fault at the IOWTZ cor-
responds with a steepening of the downgoing plate dip
(Carbotte et al., 2024) and an increase in wedge surface
slope (i.e., wedge taper angle) (Fig. 6g). This fault off-
sets folded strata within the hangingwall of a landward-
verging thrust sheet of the outerwedge domain (Fig. 6f).
However, the fault is partially buried by a ~1-km thick
layer of sediment at the seafloor (Fig. 6f), indicating
a lack of recent activity. This result is consistent with
Ledeczi et al. (2024) who also found no evidence for

late Quaternary activity on this fault in their analysis of
sparker seismic data. Therefore, evidence for recent ac-
tivity on this megasplay fault structure at the IOWTZ is
concluded as negative.
There is no evidence to suggest there is a continu-

ous, active megasplay fault system in the Olympic sub-
segment imaged by CASIE21 lines PD05-PD07 as previ-
ously suggested by Witter et al. (2013). In PD05, sub-
surface structures indicate a megasplay fault system is
likely present at the IOWTZ; however, evidence for re-
cent activity of this fault system is inconclusive. Mega-
splay faults identifiedwithin lines PD06 and PD07 of the
Olympic subsegment are buried by up to 2 kilometers
of undeformed sediment, exhibit a discontinuous sur-
face expression, and cannot be plausibly connected to
the megasplay fault system identified in PD05. Overall,
fault structure at the IOWTZ varies substantially from
PD05 to PD07 andno activemegasplay faults can be con-
nected along-strike through this region based on simi-
larities in fault surface expression and subsurface fault
structure at the IOWTZ (Fig. 6).

3.3.2 Astoria Subsegment (PD08, PD09, PD10)

PD08 captures the best evidence for an active mega-
splay fault system at the IOWTZ within theWashington
& Northern Oregon segment. The IOWTZ captured in
PD08 is less of a zone, and instead a sharp boundary be-
tween the inner and outer wedge domains (Fig. 7a-b).
A seaward-verging thrust fault system dipping at ~28° is
present at this inner-outer wedge boundary andmerges
with the megathrust fault at depth while also extending
up to the seafloor (Fig. 7b). At the seafloor, this fault
system is expressed as two distinct fault scarps in the
USGS 30-m bathymetry (Fig. 8c). At depth, this mega-
splay fault structure exhibits a highly deformed zone
withmostly incoherent reflectivity, representing a well-
developed fault system with numerous branching fault
strands (Fig. 8b). The surface trace of these faults ex-
tends ~50 km along strike and is co-located with large
seafloor slope failures identified by Hill et al. (2022).
This megasplay fault system is located ~20 km west of
the previously hypothesized splay fault system (Fig. 7a).
This fault system does not appear to connect with struc-
tures further north in PD07, primarily because of a
lack of evidence in the bathymetry due to the exten-
sive seafloor erosion by the Grays submarine channel
between PD07 and PD08 (Fig. 7a). This fault is also
coincident with an unusual, convex-outward boundary
between the inner and outer wedge domains (Fig. 8a)
as well as with a relatively undeformed zone with ex-
tremely flat wedge taper seaward of the fault system
within the outer wedge domain (Fig. 7b, 8b). Subma-
rine channels Grays and Guide appear to be routed to
the north and south around thismajormorphologic fea-
ture (Fig. 8a). Near surface evidence for late Quater-
nary activity on this fault system from nearby sparker
data remains inconclusive because the steep slope asso-
ciatedwith this structure that acts as a sediment bypass,
preventing sedimentation of the slope (Ledeczi et al.,
2024). Therefore, activity on this megasplay fault sys-
tem is likely, but activity is currently inconclusive based
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Figure 6 Olympic subsegment of Washington and Northern Oregon segment. Symbology is the same as Fig. 5. a. Map of
30-m USGS bathymetry. b-g. Seismic panels from CASIE21 seismic lines PD05, PD06, and PD07 showing deep and shallow
fault structure.

on available evidence.

PD09 crosses a similar slope break and increase in
the seafloor elevation that can be traced south in the
bathymetry across the Guide and Willapa submarine
channels from the potentially active megasplay fault
system identified in PD08 (Fig. 7a, e). This break in
the seafloor corresponds with a seaward-verging thrust
fault within the IOWTZ that has a similar structural style
to faults within the outer wedge domain. This fault is
dipping at 35° and soles into the megathrust fault at
depth (Fig. 7e). This structure is classified as a mega-
splay fault due to its apparent out-of-sequence activity
and apparent connectivity with themegasplay fault sys-

tem identified in PD08. However, unlike the megasplay
fault system identified in PD08, there is conclusive ev-
idence from sparker seismic data that this megasplay
fault in PD09 is not recently active based on a lack of de-
formation in overlying sediments (Ledeczi et al., 2024).
Two additional thrust faults within the IOWTZ are iden-
tified; however, these faults exhibit no expression at
the seafloor and are also blanketed by a layer of unde-
formed sediments (Fig. 7c, e; black triangles).

PD10 is located at the Astoria-Tillamook subsegment
boundary defined by where a megasplay fault structure
is no longer observed, neither active nor inactive. In-
stead, a system of active right-lateral strike-slip faults
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Figure 7 Astoria subsegment of Washington & Northern Oregon segment, including the Astoria-Tillamook subsegment
boundary. Symbology is the same as Fig. 5. a. Map of 30-m USGS bathymetry. Continental shelf shown in light green color.
White inset box shows the region of Fig. 8. Subsegment boundary shown by grey dashed line. b-g. Seismic panels of CASIE21
seismic lines PD08, PD09, and PD10 and USGS sparker seismic line S15 showing accretionary wedge structure and near sur-
face fault deformation.

and a landward verging thrust fault are observed at the
IOWTZ (Fig. 7g). Thrust fault vergence at the IOWTZ
in PD10 changes from dominantly landward within the
outer wedge domain to seaward within the inner wedge
domain. A landward-verging thrust fault in the IOWTZ
dipping at 35° is observed to reach the surface and de-
form wedge top basin sediments while also connect-
ing with the megathrust at depth (Fig. 7f-g). Consistent
with these observations, Ledeczi et al. (2024) found this
fault to exhibit evidence for late Quaternary activity in
sparker data. Landward of this fault, a seaward-verging
inner wedge thrust fault dipping at 33° is observed at
the IOWTZ near the megasplay fault trace hypothesized
by Witter et al. (2013). This fault is associated with a
slope break in the seafloor (Fig. 7g; black triangle) and
appears to reach the surface; however, it is found to be

conclusively not active based on near surface observa-
tions of basin sediments (Ledeczi et al., 2024). Addition-
ally, it is unclear where this fault soles in the subsurface
due to a lack of coherent reflectivity at depth (Fig. 7g). At
the boundary between the IOWTZ and the inner wedge
domain, an active right-lateral strike slip fault system is
present and extends ~25 km along strike. This strike-
slip fault is dipping at 87° and crosscuts two adjacent
inactive seaward-verging thrust faults (Fig. 7g; red tri-
angle). This fault is associated with a more gradual in-
crease in seafloor elevation and is roughly co-located
with the plate hinge from Carbotte et al. (2024) (Fig. 7g;
green star). At the seafloor, this fault exhibits evidence
for deformation of near surface sediments captured in
sparker seismic line S15 just to the north of line PD10
(Fig. 7a, d). This provides positive evidence for lateQua-
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Figure 8 IOWTZ megasplay fault system captured by CASIE21 line PD08 of Astoria subsegment. a. Detailed map of USGS
30-m bathymetry. Continental shelf shown in light green color. Thicker black on PD08 line shows the extent of the seismic
image shown in this figure. White dashed lines on the map indicate the surface trace of the megasplay fault interpreted at
depth. White shaded area between the outer (orange) and inner (blue) wedge domains indicates our proposed megasplay
fault zone. No vertical exaggeration on seismic image.

ternary activity on this strike-slip fault at the IOWTZ.
Both active faults identified within the IOWTZ captured
by PD10 do not exhibit typical megasplay fault struc-
ture, suggesting that a more complex style of wedge de-
formation is occurring at the IOWTZ in this location
and an overall change in faulting style at the Astoria-
Tillamook subsegment boundary.

Within the Astoria subsegment captured by CASIE21
lines PD08 andPD09, a seaward-vergingmegasplay fault
system is associated with the IOWTZ. This fault system
is prominently expressed at the seafloor and continu-
ous along strike (Figs. 7a, 13). However, this fault sys-
tem is observed to have either negative or inconclusive
evidence for recent activity. In PD10, at the Astoria-
Tillamook subsegment boundary, CASIE21 and sparker
seismic data provide evidence that both a landward-
verging thrust fault and a strike-slip fault system are
active at the IOWTZ. Overall, faulting at the IOWTZ
in this region varies greatly over relatively short along
strike distances (on the order of tens of kilometers) and
evolves from dominantly thrust faulting to strike-slip
faulting at theAstoria-Tillamook subsegment boundary.
Megasplay faults in this region may be locally active at
the structure identified in PD08; however, more high-
resolution geophysical observations are needed to con-

firm recency of activity on this fault.

3.3.3 Tillamook Subsegment (PD11, PD12, PD13)

At the beginning of the IOWTZ captured by PD11, a
landward-verging thrust fault, dipping at 34°, shows ev-
idence for late Quaternary activity (Fig. 9a, c; red trian-
gle) (Ledeczi et al., 2024). Landward of this fault, an ac-
tive strike-slip fault system is present within the IOWTZ
between 30 to 35 km distance along the profile (Fig. 9a,
c; red triangle). CASIE21 line PD11 and sparker line S19
are roughly co-located, allowing for comparison of this
strike-slip fault system in both seismic profiles of dif-
fering resolutions (Fig. 9a). In sparker line S19, seafloor
sediments are deformed by two high-angle subsurface
faults with opposing dips (Fig. 9b). This surficial de-
formation corresponds to a positive (transpressional)
flower structure that is linked to this strike-slip fault sys-
tem in PD11 (Fig. 9c). Landward of this flower structure,
there is a near-vertical truncation of deep basin sedi-
ments associated with the IOWTZ at depth and an al-
most complete loss of coherence landwardof this strike-
slip fault system (Fig. 9c). Within the innerwedge, there
is faint evidence for seaward-verging thrust faults that
corresponds tomostly buried ridges at the surface; how-
ever, the lack of seismic coherence prevents detailed in-
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terpretation of these structures (Fig. 9c).
Between CASIE21 lines PD11 and PD12 andwithin the

inner wedge domain near the IOWTZ, another strike-
slip fault system is present (Fig. 9a). This fault trends in
the samedirection as the two active strike-slip faults im-
aged in PD10, PD11 and S19. A distinct, and apparently
young, seafloor scarp in the USGS 30-m bathymetry
at this location offsets older seafloor ridges in a right-
lateral sense ofmotion (Fig. 10b). Basedon this observa-
tion, this fault system and the adjacent strike-slip faults
captured in PD10 and PD11 likely comprise a larger-
scale system of active right-lateral strike-slip faults in
this region. Sparker line S58 captures the main strand
of this active strike-slip fault. In the subsurface, a near-
vertical strike-slip fault deforms the seafloor where
the primary fault scarp is observed in the bathymetry
(Fig. 10a-b; large red arrow). This fault is associated
with multiple subsidiary normal faults that offset basin
sediments adjacent to this structure (Fig. 10a, small red
arrows). One of these normal faults exhibits significant
offset of a buried and inactive ridge. The presence of
normal faults surrounding the main fault strand indi-
cate a negative (transtensional) flower structure in this
location, as opposed to the positive flower structure ob-
served in PD11 (Fig. 9c).
In PD12, thrust faults sole into a shallower decolle-

ment above the top of crust (Fig. 9e) (Carbotte et al.,
2024). A change in thrust fault vergence from landward
to seaward defines the beginning of the IOWTZ. There
is no evidence for a seaward-verging megasplay fault
structure at the IOWTZ in PD12, and instead there is an
out-of-sequence landward-verging fault, dipping at 32°,
that is overthrust onto a seaward-verging thrust fault at
the IOWTZ (Fig. 9e). This fault cuts across folded strata
of this seaward-verging thrust and appears to disturb
sediments near the seafloor (Fig. 9d). There is a data
gap in PD12, so interpretation of deeper fault structure
in this location is based on information from surround-
ing seismic lines. It is inconclusive whether this over-
thrust landward-verging fault remains active at present
(Fig. 9e; white triangle). Within the IOWTZ between 22
km to 35 km, four thrust sheets exhibit similar struc-
ture and vergence (Fig. 9e). However, the reflectivity
of the strata comprising the two seaward-most outer
wedge thrust sheets is more coherent than the reflectiv-
ity of the two landward-most inner wedge thrust sheets.
This transition in subsurface seismic character defines
the extent of the IOWTZ. A similar pattern occurs in
PD13, where thrust sheets exhibit similar structural ver-
gence, but different seismic character expressed as de-
creasing reflectivitymoving landward across the profile
(Fig. 9g). This enables the delineation of an outerwedge
domain in PD13 without amajor transition in structural
style. In PD13, there is also an abrupt termination of
the underthrust sediment section at ~30 km along the
seismic section (Fig. 9g) attributed to a possible sub-
ducted seamount atop thedowngoing JuandeFucaplate
(Carbotte et al., 2024). This pattern in PD12 and PD13,
along with the presence of subducted seamounts near
the southern end of the Washington & Northern Ore-
gon segment, reflects the narrowing of the outer wedge
domain and IOWTZ at the boundary of the Central Ore-

gon segment and corresponds to the interpreted ATZ
(Fig. 3). In PD13, two breaks in the seafloor within the
IOWTZ are associated with two seaward-verging inner
wedge thrust faults at depth (Fig. 9f-g; white triangles).
These faults are potential megasplay fault structures;
however, it is inconclusive whether these faults are ac-
tive.
From CASIE21 line PD11 to PD13, the IOWTZ is

roughly co-locatedwith the proposedWitter et al. (2013)
megasplay fault trace (Fig. 9a). However, fault struc-
ture, including fault type, fault vergence, and fault ac-
tivity, within the IOWTZ is highly variable across these
three seismic profiles. South of PD10 and within the
Tillamook subsegment, there is a system of active right-
lateral strike-slip faults at the IOWTZ along with an
active landward-verging splay fault, but no seaward-
verging megasplay fault structure is present. PD13 cap-
tures an ATZ where structure of the accretionary wedge
features both an identifiable outer wedge domain char-
acteristic of the Washington & Northern Oregon seg-
ment, but also an underthrust sediment section char-
acteristic of the Central Oregon segment. This result
reflects similar overarching conclusions from our anal-
ysis of the Washington & Northern Oregon segment
that splay fault structure at the IOWTZ cannot be de-
scribed by a single, active seaward-verging thrust fault
that spans continuously along strike, as previously hy-
pothesized.

3.4 Central Oregon (~42.6-44.2°N)

The Central Oregon segment is captured by CASIE21
lines PD14-PD17 (Fig. 11a). ATZs are captured by PD13
and PD18 at either end of this segment where there
are key structural features in common with adjacent
wedge segments to the north and south (Fig. 3). The
Central Oregon segment is uniquely characterized by
a lack of an identifiable outer wedge domain based on
changes in structural style and seismic character of
the wedge (Fig. 11b, Table 1). Instead, the entire ac-
cretionary wedge in this segment resembles the inner
wedge domain as observed in other segments. Other
key structural features of this segment include evidence
for underthrust sediment, a shallower plate boundary
decollement, and pervasive wedge-top slope failures
(Fig. 11).
CASIE21 line PD14 represents the dominant struc-

tural style and seismic character within this segment
(Fig. 11b). It is difficult to interpret subsurface struc-
ture in this profile due to the lack of coherent re-
flectivity, with seismic character ranging from semi-
coherent near the toe of thewedge tomostly incoherent
near the static backstop. The structural style is consis-
tent throughout the accretionary wedge domain where
seaward-verging thrust faults sole into a shallow plate
boundary decollement with sediment underthrust be-
neath (Carbotte et al., 2024). The accretionary wedge
in this segment is juxtaposed against the static backstop
(Watt and Brothers, 2020) where the seismic character
is incoherent and faults cannot be interpreted (Fig. 11b;
light gray region). Bathymetric evidence does not pro-
vide evidence for continuous,major structural trends at
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Figure 9 Tillamook subsegment of the Washington & Northern Oregon segment captured by PD11 to PD13 and USGS
sparker seismic lines S19 and S58. Symbology is the same as Fig. 5. a. Map of 30-m USGS bathymetry showing seismic
line locations and extent of wedge domains. Grey inset box shows region of Fig. 10. b-g. CASIE21 seismic lines PD11, PD12,
and PD13 and USGS sparker seismic line S19.

the seafloor that can be traced along strike and linked to
observed subsurface fault structure (Fig. 11a). Instead,
the seafloor in this segment is chaotic, likely due to ex-
tensive slope failures in this region (e.g.,Hill et al., 2022)
that potentially disrupt the near-surface expression of
wedge faulting (Fig. 11a,b). Fault structures identified
in adjacent segments do not extend into this segment
based on wedge structure and seafloor morphology.

3.5 Southern Oregon (~42-42.6°N)
The Southern Oregon segment is characterized by the
re-emergence of an observable outer wedge domain
(Fig. 12). The boundary between the Central and South-
ern Oregon segments also appears to correspond with
the projected trace of the Blanco Transform Fault Sys-
tem (Fig. 3; BTFS). The Southern Oregon segment ex-
hibits an indentation of the wedge between lines PD18
and PD19 corresponding with the Rogue Propagator
Shear Zone (RPSZ) (Fig. 12a). North of this indentation
in PD18, there is a narrow, ~5 km wide outer wedge
composed of two imbricated seaward-verging thrust
faults with mostly coherent reflectivity (Fig. 12c). Sim-
ilar to faulting in the Central Oregon segment, these

two outer wedge thrust faults are interpreted to sole
into a shallower plate boundary decollement with sed-
iment underthrust beneath (Carbotte et al., 2024). The
IOWTZ in PD18 is ~7 km wide and composed of a sin-
gle seaward-verging thrust sheet with mostly incoher-
ent reflectivity (Fig. 12c). Within the inner wedge do-
main of PD18 it is difficult to interpret subsurface struc-
ture due to incoherent reflectivity. Some shallow fault
structures are well-imaged; however, it is unclear how
these structures sole into the subsurface. South of the
wedge indentation, PD19 also exhibits a narrow ~5 km
wide outer wedge characterized by 2-3 seaward-verging
thrust sheets with coherent reflectivity that accrete the
incoming sediment section (Fig. 12e). This differs from
PD18 where sediment underthrusts beneath the outer
wedge domain. The IOWTZ in PD19 is ~15 km wide
and characterized by a structural gradient from mixed-
verging thrust faulting to dominantly seaward-verging
thrust faulting to the east. The observed structural gra-
dient is accompanied by a gradient in the seismic char-
acter of the subsurface frommostly coherent to mostly
incoherent reflectivity. The inner wedge domain in
PD19 is characterized by incoherent reflectivity, which
results in difficultly in interpreting subsurface structure
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Figure 10 Active right-lateral strike-slip fault of the Tillamook subsegment. a. USGS sparker seismic line S58 showing ev-
idence for an active right-lateral strike-slip fault. Surface displacements from subsidiary normal faults shown by small red
arrows and are associated with subsurface fault denoted by red dotted lines. Large red arrow with black outline indicates
the primary strike-slip fault scarp identified in the bathymetry. b. Multi-directional hillshade map created using USGS 30-
m bathymetry showing younger fault scarp at seafloor (traced by small white arrows) cutting across older seafloor ridge
structures. Lighter colors represent steeper slopes, darker colors represent shallower slopes. Fault trace accentuated by hill-
shadedmap. Map extent denoted in Figure 9.

at greater depths.
PD18 captures a prominent seafloor ridge associated

with a seaward-verging thrust fault at the IOWTZ with
a dip of 29° (Fig. 12c). This fault appears to be inac-
tive because it is buried by a basin of apparently flat-
lying sediments and is associated with a seafloor slope
failure (Fig. 12b). Therefore, its activity is classified as
inconclusive due to a lack of higher resolution seismic
imaging at this location (Fig. 12c). However, an adjacent
outer wedge fault appears to tilt basin sediments and
may be recently active, but this fault requires further
investigation with near surface data (Fig. 12b). Other
IOWTZ and inner faults imaged in PD18 are interpreted
near the surface, but it is not clear if these faults are con-
nected to the megathrust fault at depth due to a lack of
coherent reflectivity (Fig. 12c).
In PD19, a landward-verging thrust fault at the IOWTZ

is dipping at 38° (Fig. 12e). This fault appears to be over-
thrust onto an adjacent seaward-verging thrust fault,
similar to the overthrust fault observed at the IOWTZ
in PD12. This fault is a candidate out-of-sequence splay
fault at the IOWTZ due to its apparent re-activation at
the IOWTZ, connectivity with the megathrust fault at
depth, and possible uplift of the seafloor (Fig. 12d).
However, evidence for recent activity of this fault is in-
conclusive based on available data. Additionally, the
length of this fault is only ~15 kmand it is not connected

to faulting north of the RPSZ based on its surface ex-
pression in the bathymetry and structural similarities
with nearby faults in PD18 (Fig. 12a).

3.6 Summary of Results

Observations of IOWTZ structure, megasplay fault ac-
tivity, outer wedge thrust fault vergence, and other
key wedge structural features are used to define wedge
segment boundaries (Table 1). Across the Northern
and Central Vancouver Island segmentation bound-
ary, thrust fault vergence of the outer wedge domain
changes abruptly from landward to seaward, which ap-
pears to closely align with the Nootka Fault Zone (NFZ)
(Rohr et al., 2018) (Figs. 3, 4, 5). A megasplay fault sys-
tem is present along the Central Vancouver Island seg-
ment and has a prominent but discontinuous surface
expression (Fig. 5). Between the Central Vancouver Is-
land andWashington &Northern Oregon segments, the
location of the segmentation boundary is uncertain due
to a lack of seismic imaging between PD04 and PD05
(Fig. 3). This boundarymaybegradational innaturedue
to the apparent lack of a major bounding structure, and
therefore this area is defined as an ATZ at the segment
boundary. The Washington & Northern Oregon seg-
ment is broadly defined by the extent of the wide outer
wedge landward vergence zone that tapers at the north-
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Figure 11 Central Oregon segment. a. Map of GMRT 50-m bathymetry showing location of line PD14. Symbology is the
same as Fig. 5. b. CASIE21 seismic line PD14 with static backstop extent from Watt and Brothers (2020). Interpretation of
underthrust sediment, plate hinge, and upper megathrust decollement from Carbotte et al. (2024).

ern and southern ends of the segment (Figs. 3, 4, 6-9).
This segment is subdivided into three subsegments:
Olympic (PD06-PD07), Astoria (PD08-PD09), Tillamook
(PD10-PD12) based on transitions in faulting style and
activity at the IOWTZ (Table 1). At the southern end of
the Washington & Northern Oregon segment, there is
an ATZ in PD13 where there is an outer wedge domain
and underthrust sediment beneath the wedge, both key
structural features of adjacent segments (Fig. 9). In the
Central Oregon segment, no clear inner or outer wedge
domains canbe identifiedwithin thewedge (Fig. 11). In-
stead, there is a consistent structural style and seismic
character throughout the entire accretionarywedge dis-
tinctly characterized by underthrust sediment and ex-
tensive wedge-top slope failures. In the Southern Ore-
gon segment, a narrow outer wedge domain and cor-
responding IOWTZ re-emerges that is aligned with the
projected locationof theBlancoTransformFault System
(BTFS) (Ren et al., 2023) and this segment is dissected by
the Rogue Propagator Shear Zone (RPSZ) (Figs. 3, 12).
An ATZ is defined between the BTFS and RPSZ at the
location of PD18 in which underthrust sediment and a
clear outer wedge domain is observed, which are key
features of both the adjacent Central and Southern Ore-
gon segments (Table 1). Overall, there are observable
changes in wedge structure and faulting over relatively
short along-strike distances (10s of kms), which enables

clear delineationof regional-scale segmentationbound-
aries within the Cascadia accretionary wedge.

4 Discussion

4.1 Impact ofwedge sedimentationonmega-
splay fault structural evolutionandactiv-
ity

Sedimentation onto the Cascadia accretionary wedge
during the Pleistocene likely plays a major role in
the wedge structural evolution and modern-day wedge
structure. We suggest that variations in sedimentation
onto the wedge along strike significantly contribute to
the apparent segmentation of megasplay fault develop-
ment and activity at the IOWTZ.
The rapid growth of the outer wedge domain in the

Washington & Northern Oregon segment is thought to
have begun at roughly 1.5 Ma during the early Pleis-
tocene when large quantities of glacial sediment were
deposited onto the offshore accretionary wedge (Flueh
et al., 1998). Due to lower sea levels during Pleistocene
glaciation, sediments were able to bypass the continen-
tal shelf, flow into submarine channels, and deposit
directly atop the Cascadia accretionary wedge (Clark
et al., 2014; Klotsko et al., 2021). This process formed
the Astoria and Nitinat sedimentary fans which blanket
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Figure 12 Southern Oregon segment. Symbology is the same as Figure 5. a. Map of GMRT 50-m bathymetry showing
locations of lines PD18 and PD19. b-c. CASIE21 seismic lines PD18 and PD19.

the outer wedge region for theWashington & Northern
Oregon segment (Underwood, 2002).
During the Miocene, prior to glacial sedimentation,

we hypothesize that the wedge was in steady-state de-
formation, maintaining critical taper through sediment
subduction and the addition of incoming sediment
through accretion via seaward verging thrust faults and
underplating (Dahlen, 1990) (Fig. 13a). It has been sug-
gested that rapid outward growth of thewedge likely oc-
curred in response to heavy influx of sediment result-
ing from glacial sedimentation of the central Cascadia
region beginning in the Pleistocene (Adam et al., 2004;
Simpson, 2010). This growth formed the modern-day
inner-outer wedge boundary (i.e., IOWTZ) between the
older, more deformedMiocene wedge and the younger,

less deformed Pleistocene wedge (Fig. 13b). The rapid
addition of new material to the wedge would result in
the overall deformational style of the wedge to tran-
sition from a steady-state to wedge-taper disequilib-
rium. The presence of disequilibrium structures dur-
ing heavy sedimentation is predicted by mechanical
models, which includes observations of buried struc-
tures, reducedwedge surface slopes, widespreadwedge
top basins, and increased thrust spacing (Simpson,
2010). We observe many of these disequilibrium fea-
tures throughout the outer wedge domain of the Wash-
ington & Northern Oregon segment (Figs. 3, 6-9). Nu-
merical models also show that when a stress barrier is
present in thewedge,megathrust rupture tends to prop-
agate up splay faults at this barrier (Wendt et al., 2009).
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Segment name and
latitudinal extent

CASIE21
lines

IOWTZ structure Megasplay
fault activity

Outer wedge
thrust fault
vergence

Key wedge structural
features

Northern Vancouver Island
( 49.2–49.6°N)

PD02 Relatively unde-
formed, possible
megasplay struc-
ture

N/A Landward Landward vergence,
possible slab tear

Central Vancouver Island
( 48.3–49.2°N)

PD03-04 Megasplay fault sys-
temwithprominent
but discontinuous
surface expression

Inconclusive Seaward Near-identical frontal
thrust structure, mega-
splay faults

Washington and
Northern Oregon
( 44.2–48.3°N)

Olympic
(48.3–47°N)

PD06-07 Megasplay faults
buried by 1–2 km
thick sediment

Negative

Landward-
dominated
mixed

Extensive and wide
landward vergence
zone

Astoria
(47–45.8°N)

PD08-09 Megasplay fault
with prominent
and continuous
surface expression

Inconclusive
to negative

Tillamook
(45.8–44.2°N)

PD10-12 Active strike-slip
and splay faults
present at or near
IOWTZ

N/A

Central Oregon
( 42.6–44.2°N)

PD14-17 N/A N/A N/A Underthrust sedi-
ment, wedge-top
slope failures, no outer
wedge/IOWTZ domain

Southern Oregon
( 42–42.6°N)

PD18-19 Possible megasplay
fault structures

Inconclusive Seaward-
dominated
mixed

Re-emergent outer
wedge/IOWTZ domains

Table 1 Structural features used to define each along-strike accretionary wedge segment and subsegment. “N/A” indicates
category is “not applicable” for given segment.

The formation of the boundary between the inner and
outer wedge during the Pleistocene created a major
stress barrier in thewedgebetween the younger, less de-
formed, and therefore weaker Pleistocene wedge; and
older, more deformed, and therefore stronger Miocene
wedge. This is likely the mechanism for the develop-
ment of out-of-sequencemegasplay faults at the IOWTZ
throughout the Washington & Northern Oregon seg-
ment (Fig. 13c), despite the lack of evidence for recent
activity on these faults (Fig. 14).
The rate and location of syntectonic sedimentation

of accretionary wedges directly affects out-of-sequence
megasplay fault evolution and activity (Strasser et al.,
2009; Simpson, 2010; Mannu et al., 2016). Numerical
models and real-world observations from these studies
show that rapid sedimentation on the wedge can bury
and deactivate out-of-sequence megasplay faults. Ev-
idence that megasplay faults were once active is ob-
served at the IOWTZ in PD06, PD07, PD09, and PD10
(Figs. 6-7); however, these megasplay fault structures
are now buried by undeformed sediment and do not
show evidence for late Quaternary activity (Fig. 13d).
Deactivation of out-of-sequence faults due to high sedi-
mentation rates has also been observed within Alaska,
Makran, and Nankai accretionary wedges (e.g., Strasser
et al., 2009; Mannu et al., 2016). The location of the po-
tentially active megasplay fault structure at the IOWTZ
captured by PD08 may have experienced lower sedi-
mentation rates than surrounding areas, resulting in
sustained activity and uplift of this megasplay fault
structure (Fig. 13e). Numerical models by Simpson

(2010) and Mannu et al. (2016), along with observa-
tions from the Nankai accretionary wedge by Strasser
et al. (2009), show that higher sedimentation rates cor-
relate with faster seawardmigration of the deformation
front, and therefore, a more rapid growth of the outer
wedge and reduced activity on out-of-sequence thrusts
(Fig. 13d). Since the outer wedge in PD08 is narrower
compared to the outer wedge to the north and south,
this provides further evidence that sedimentation rates
may have been lower in this location. Additionally,
the active domain of the outer wedge, as defined by
Ledeczi et al. (2024), appears to narrow in the vicin-
ity of PD08, supporting the conclusion of decreased
frontal accretion in this location, with a preference
for uplift on the identified out-of-sequence megasplay
fault system (Fig. 8). Submarine channels also appear
to be routed around the convex-outward, bathymetric
high corresponding with this megasplay fault system
in PD08 (Figs. 8, 14). This indicates that the rate of
megasplay fault uplift likely exceeds the rate of channel
incision in this location, effectively routing sediments
away from this structural high and further reducing sed-
imentation rates and sediment burial of this structure.
The routing of sediment away from this structural high
may have created a deformation-sedimentation feed-
back loop (Noda et al., 2020; McArthur et al., 2021) that
promotes continued uplift on this fault. These findings
showcase an important interplay between the surface
processes of submarine channels, sedimentation rates,
and fault-related uplift rates that controls whether an
out-of-sequence fault remains active or becomes inac-
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tive. However, it is important to note that the mechan-
ical response of the wedge to sedimentation is not im-
mediate, and that response timedepends on sedimenta-
tion rate (e.g., Mannu et al., 2016). This is a particularly
important consideration in determining whether faults
are still deforming based on observations of modern-
day wedge structure, as wedge deformation requires
time to respond to sedimentation or a lack thereof. In
PD11 and PD12, the outer wedge is narrow compared to
areas further north and there is no evidence for amega-
splay fault structure in this region (Fig. 9). This sug-
gests that a megasplay fault did not activate in this re-
gion because of lower relative sedimentation rates that
resulted in a narrower outer wedge. Due to the nar-
row outer wedge in this region, there is consequently
a less effective stress barrier created between the in-
ner and outer wedge, inhibiting the activation of out-of-
sequence faulting at the IOWTZ.
Other regions of the Cascadia margin did not experi-

ence the same levels of glacial sediment deposition as
compared to Washington & Northern Oregon segment;
therefore, a wide outer wedge did not form in these
regions. In the Northern & Central Vancouver Island
segments captured by PD03 and PD04, a narrow outer
wedge is observed. This narrow wedge is not sufficient
in creating a stress barrier necessary that would pro-
mote megasplay fault rupture. Similarly, in the Cen-
tral Oregon segment, clear inner or outer wedge do-
mains cannot be distinguished based on seismic char-
acter and structural style (Fig. 11). This indicates that
there was only modest accretion of sediments during
the Pleistocene in this region and hence no stress bar-
rierwas created between the inner andouterwedge that
would result in the development of an out-of-sequence
megasplay fault system as observed in the Washington
& Northern Oregon segment. The wedge in this seg-
ment likely resembles the Miocene wedge prior to ac-
cretion of thewide outer wedge domain in theWashing-
ton & Northern Oregon segment during the Pleistocene
and may be akin to the modern-day inner wedge of ad-
jacent regions. This conclusion is further supported by
the similarity in structure between the modern wedge
of the Central Oregon segment and the inner wedge do-
main of other segments along strike, which is character-
ized by a series of imbricated, seaward-verging thrust
faults and mostly incoherent seismic character.

4.2 Influence of subducting topography on
accretionary wedge evolution

We suggest that the development of an outer wedge do-
main and activation of megasplay faults at the IOWTZ
in the Northern and Central Vancouver Island seg-
ments and the Southern Oregon segment may be
controlled by subducting topography on the downgo-
ing plate. Analogue sandbox experiments show that
seamount subduction can result in the outward growth
of the wedge and development of out-of-sequence
thrust faults between the older and younger wedge do-
mains (Dominguez et al., 2000). The subduction of local
topography offshore the Vancouver Island and South-
ern Oregon regions associated with propagator wakes

and shear zones on the downgoing plate (Wilson, 2002;
Nedimović et al., 2009; Hutchinson et al., 2023; Carbotte
et al., 2024) may provide a mechanism for the outward
growth of the wedge in these regions that does not re-
quire the same levels of glacial sedimentation as sug-
gested for the formation of the wide outer wedge do-
main in the Washington & Northern Oregon segment.
Dominguez et al. (2000) show out-of-sequence faults are
observed to form in the older, more cohesive domain of
thewedge. As predicted byDominguez et al. (2000), out-
of-sequence megasplay faulting associated with sub-
ducting topography, observed in PD03 and PD04, pri-
marily occurswithin themore cohesive innerwedge do-
main at the IOWTZ (Fig. 5). In PD04, the development
of out-of-sequence,megasplay faults at the IOWTZ is co-
locatedwith rough subducting topography of a propaga-
tor shear zone (Fig. 5c). InPD03, although significant to-
pography is not observed on the downgoing plate at the
IOWTZ (Fig. 5b), this line is located along the indenta-
tion rim of the “shadow zone” that likely formed due to
subducting topography captured in PD02 (Fig. 5a). Mod-
eling of seamount subduction from Dominguez et al.
(2000) shows that the rim of the shadow zone will also
exhibit out-of-sequence megasplay fault activation at
the IOWTZ in addition to the location where the local
topography itself is being subducted. There is not suffi-
cient seismic and bathymetric evidence to conclusively
determinewhether there is activemegasplay faulting in
PD02; however, out-of-sequence splay faulting is likely
present in this area and evolving in response to the re-
gional subduction of the topography. Similar to how
the wedge responds to sedimentation loads, the wedge
structuremay require time to respond to the subduction
of lower plate topography.
At the Southern Oregon segment, topography asso-

ciated with the RPSZ is subducting beneath the wedge
(Chaytor et al., 2004; Carbotte et al., 2024). It is also
important to consider that, at longer topographic wave-
lengths, the more buoyant crust of the Gorda plate is
subducting in this region alongwith shorterwavelength
topography associated with the RPSZ. In the Southern
Oregon segment, the re-emergence of an outer wedge
domain and an ATZ is observed in PD18 that defines the
segment boundary between Central and Southern Ore-
gon (Figs. 3, 12). Subducting topography is not associ-
ated with the formation of the outer wedge domain in
PD18 (Fig. 12b), but the formation of the outer wedge in
PD18 couldbedue to a similar “indentation rim”process
as suggested for PD03 (Fig. 5). This formation may also
be due to longerwavelength topography associatedwith
the Gorda plate. The local re-emergence of an outer
wedge domain might also be due to a gradational re-
sponse inwedge structural style across amajor segmen-
tation boundary in the wedge at the ATZ in the region of
PD18. In PD19, a major topographic high is observed
at the deformation front which appears to be in an ini-
tial stage of subduction beneath the wedge (Fig. 12c).
Dominguez et al. (2000) show that in addition to the de-
velopment of an outer wedge, prominent backthrusts
will also develop at this early stage of seamount subduc-
tion. In PD19, a landward verging backthrust dipping at
38° is observed (Fig. 12c; white arrow), consistent with
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Figure 13 Schematic figure showing a simplified representation of the development and evolution of megasplay faulting
in Cascadia. A-E. Simplified diagrams based on observed accretionary wedge illustrating the hypothesis for howmegasplay
faulting would develop and remain active or become inactive due to sedimentation. Green lines represent active structures,
and black lines represent inactive structures. White domains represent the inner wedge, and green domains represent the
outer wedge. Seismic lines that were used to develop the diagrams are noted in the lower left corner of each picture. Bolded
lines showmegasplay faults. Dotted lines represent decollements above top of crust. Solid gray represents the Juan de Fuca
plate.

this prediction. Dominguez et al. (2000) find that ma-
jor out-of-sequence thrust faults due to subduction of
topography do not appear to develop until later stages
of seamount subduction. This could demonstrate how
subducting topography in this location may have been
sufficient to spur the development of an outerwedge do-
main and backthrusts, but not yet have led to the full ac-
tivation and development of megasplay fault structures
as is observed in the Central Vancouver Island segment.
This could indicate that out-of-sequence faults may de-
velop in this location in the future over the course of
outer wedge development and seamount subduction on
a longer timescale.

4.3 Linking accretionary wedge structure
with proposed segmentation of the
Cascadia Subduction Zone

Variability in accretionary wedge structure and mor-
phology at convergent plate boundaries has been linked
to segmentation of lower plate structure and megath-
rust fault behavior (Kopp, 2013; Cook et al., 2014; Mc-
Neill and Henstock, 2014). Here we aim to link our ob-
servations of accretionary wedge structure and mega-
splay fault activity at the IOWTZ to prior observa-
tions for segmentation of the Cascadia subduction zone
based on subducting plate structure (Carbotte et al.,
2024) and morphotectonic variability (Watt and Broth-

ers, 2020).
At the Nootka Fault Zone, Carbotte et al. (2024) found

that the downgoing plate is deeper and more steeply
dipping compared to surroundings. To the east of
the Nootka Fault Zone, they observe a relatively shal-
lower downgoing plate dip near the deformation front,
delineating a clear segmentation boundary in lower
plate structure. This segmentation in lower plate struc-
ture at the Nootka Fault Zone was previously linked to
a structural and morphologic transition in the accre-
tionary wedge, with a sharp bend observed in the over-
all trend of the deformation front (Watt and Brothers,
2020). This fault-controlled segmentation boundary is
linked to a clear transition in outer wedge structural
style from dominantly landward-verging thrust faulting
in the Northern Vancouver Island segment to mixed-
seaward-verging thrust faulting in the Central Vancou-
ver Island segment (Fig. 5, Table 1). Additionally, mega-
splay fault structures observed at the IOWTZ in CASIE21
lines PD03 and PD04 do not connect across this segmen-
tation boundary (Fig. 14).
At ~47°N, and the boundary between the Olympic

and Astoria subsegments, the North and South Nitinat
strike-slip faults cross the deformation front and are
expressed in both the upper and lower plate (Goldfin-
ger et al., 1997) (Fig. 14). Using CASIE21 seismic pro-
files, Carbotte et al. (2024) find these faults to extend
across the margin beneath the continental shelf where

21
SEISMICA | volume 2.4 | 2025



SEISMICA | RESEARCH ARTICLE | Special Issue: The Cascadia Subduction Zone | No evidence for a margin-spanning megasplay fault in Cascadia

the fault system offsets basement rock by over 1 km.
These faults are found to be coincident with a seaward
step in the Siletz terrane and a local seaward step in the
location of the dynamic backstop fromWatt and Broth-
ers (2020) (refer to “dynamic backstop” in Fig. 1). At the
location where these faults cut across the wedge, there
is evidence in CASIE21 line PD08 for a potentially active
megasplay fault zone associated with a sharp and dis-
tinctively convex-outward boundary between the inner
and outer wedge domains (Fig. 8). The location of this
fault system is associated with an increase in seafloor
elevation, a steepening of the downgoing plate dip (re-
fer to “plate hinge” in Fig. 8), and a shallowing of the
plate boundary decollement (Fig. 8). We propose that
subducting topography in the lower plate related to the
North and South Nitinat strike-slip faults is linked to the
localized activity anduplift of thismegasplay fault struc-
ture at the IOWTZ. This hypothesis is further supported
by the presence of active listric normal faults in the up-
per slope of the margin in this region (Figs. 7b, 8a) (Mc-
Neill et al., 1997;Watt and Brothers, 2020) that could po-
tentially be the result of extensional collapse within the
hanging wall of the megasplay fault system due to sub-
ducting topography and associated fault uplift. A sim-
ilar process has been observed at the Hikurangi sub-
duction zonewhere relief on the subducted Pacific plate
has been linked to out-of-sequence activity of the Lach-
lan thrust fault system and subsequent development of
listric normal faults (Barnes et al., 2002).
Shallowly dipping inner wedge thrust faults appear to

sole into a shallower decollement within the hanging
wall of the proposed megasplay fault system (Fig. 8b).
This further implies that preferential uplift has oc-
curred on this megasplay fault structure at the IOWTZ
and that uplifted inner wedge material has been under-
plated to the base of the wedge (Fig. 13e). An alterna-
tive explanation could be that these shallowly dipping
faults developed within the upper plate along an upper-
level decollement. However, these faults are not asso-
ciated with significant topography at the seafloor that
would suggest that this occurred (Fig. 8b). A similar pro-
cess to that proposed for PD08 has also been observed
at the north Ecuador-south Colombia subduction mar-
gin where sediment underplating to the base of the in-
ner wedge is associated with out-of-sequence activation
of splay faults at the inner-outer wedge boundary and
broad uplift of the inner wedge domain through slip on
this splay fault system over multiple earthquake cycles
(Collot et al., 2008).
Between 46.5°N and 44.5°N, there is a marked change

in the lower plate geometry characterized by a steep-
ening of the downgoing plate dip (Carbotte et al.,
2024). The width of the outer wedge narrows south-
ward through this region, starting near the boundary
between Watt and Brothers (2020) morphotectonic re-
gions 2 & 3 and the Willapa Canyon Fault Zone, until
the boundary between theWashington &Northern Ore-
gon and Central Oregon segments. South of this ap-
parent segmentation boundary, starting at PD10, fault-
ing style at the IOWTZ is observed to change from com-
pressional to transform moving south along the mar-
gin (Figs. 7, 14). This change in faulting style at the

IOWTZ defines the Tillamook subsegment boundary
from PD10-12 within this segment (Table 1). South of
PD10, a megasplay fault style structure is not present
at the IOWTZ. At the location of the Wecoma Fault
and the secondary morphotectonic segment boundary
from Watt and Brothers (2020) (Fig. 14; purple dot-
ted line), the outer wedge domain increasingly nar-
rows and thrust fault vergence changes from domi-
nantly landward-verging to seaward-verging and strike
slip-fault activity appears to cease through this region
until the ATZ captured by PD13 (Figs. 3, 7, 14, Ta-
ble 1). This may illustrate a potential mechanical trade-
off between margin-parallel and margin-perpendicular
strike-slip faults in the accommodation of shear strain
related to oblique convergence in this region. Over-
all, we suggest that segmentation due to lower plate
faults likely exerts a primary control on megasplay and
other out-of-sequence splay fault activity within the ac-
cretionary wedge of this region and overall wedge mor-
phology.
In some locations along the margin, the IOWTZ cor-

responds to the position of a gradual to sharp increase
in the dip of the downgoing Juan de Fuca plate, or plate
hinge (Figs. 5-9, 11, 12). In particular, for CASIE21
lines where active out-of-sequence faulting is observed
within the IOWTZ, the plate hinge is located near the
base of these faults (e.g., PD08, PD10, PD11). This spa-
tial relationship suggests that variations in accretionary
wedge structure and geology are directly related to vari-
ations in the dip of the downgoing plate. However,
the underlying processes controlling this proposed rela-
tionship are yet to be determined. Carbotte et al. (2024)
suggests that, due to theweak, warmandhence buoyant
nature of the Juan de Fuca plate related to its relatively
young age, lower plate bending may be more sensitive
to change in the strength and density of the overlying
plate such as the transition from the younger outer to
older inner wedge domains. Accretionary wedge fault-
ing likely also responds to changes in the dip of the
downgoing plate because the change in plate dip could
effectively act as a stress barrier to the propagation of
megathrust slip towards the trench. Recent numerical
modeling of megathrust fault ruptures has shown that
fault dip and curvature are primary controls on rupture
propagation and segmentation aswell as earthquake re-
currence rates (Biemiller et al., 2024). Therefore, the
observed change in plate dip and high curvature at the
plate hinge location could potentially promote mega-
splay fault activation at the IOWTZ.

4.4 Re-evaluation of splay fault rupture sce-
narios for Cascadia and implications for
future hazardmodeling

Prior to this study, it had been widely proposed (or
assumed) that an active megasplay fault exists at the
IOWTZ in Cascadia spanning continuously from Van-
couver Island to Oregon (e.g., Priest et al., 2009; Wit-
ter et al., 2013; Gao et al., 2018; Sypus, 2019; Lotto
et al., 2018). Earthquake and tsunami hazard assess-
ments developed from simulated rupture on this hypo-
thetical fault, specifically the L1 splay fault scenario,
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Figure 14 Map showing extent of inner (blue) and outer (orange) wedge domains in the accretionary wedge and the transi-
tion zone (blueish orange) between these domains as determined using CASIE21 seismic reflection images. These domains
correspond with domains identified in seismic cross-sections shown in Figure 3. Splay faults at the IOWTZ are shown. Bold
faults represent megasplay faults in this zone and non-bolded faults represent splay faults. Strike slip faults are represented
with dotted lines. Different colors represent our analysis of fault activity: red indicates faults with positive evidence of late
Quaternary activity, black indicates faultswith negative evidenceof lateQuaternary activity, andwhite indicates inconclusive
evidence for late Quaternary activity given our analysis of current datasets (this study, Ledeczi et al., 2024).
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have been routinely included in models underlying nu-
merous hazard assessments for the Cascadia region
(e.g., Lee, 2017; Morkner, 2019; Dolcimascolo et al.,
2022; La Selle et al., 2024; Bernard, 2022). Using new
CASIE21 MCS and USGS sparker seismic profiles along
with GMRT 50-m and USGS 30-m bathymetry compila-
tions, the IOWTZ between the inner and outer wedge
domains was located and fault structure was analyzed
in this zone from Vancouver Island to Oregon. Results
indicate there is not sufficient evidence to support the
hypothesis for an active, through-goingmegasplay fault
system at the IOWTZ along the Cascadia subduction
zone margin spanning the region between latitudes 44°
and 50°N. Instead, megasplay fault structure and activ-
ity in Cascadia is highly variable and segmented along
strike. Furthermore, positive or inconclusive evidence
of a recently active major out-of-sequence splay fault is
only present in a few isolated regions along strike at the
IOWTZ (Fig. 14). This has major implications for the
likelihood of the L1 and other megasplay scenarios as
a significant tsunami source (e.g., Witter et al., 2013).
Synthesizing our results, a map of simplified mega-

splay fault structure and activity at or near the IOWTZ is
presented, focused on the region of the previously pro-
posed active, margin-spanning megasplay fault from
Witter et al. (2013) (Fig. 14). Through joint analysis
of multiple marine geophysical datasets, most mega-
splay fault structures at the IOWTZ are discovered to ei-
ther have inconclusive or negative evidence for recent
activity. Therefore, it is unlikely that the L1 scenario
represents plausible future Cascadia megathrust earth-
quakes, except in some strike-limited locations. This re-
sult demonstrates how comprehensive, high-resolution
seismic surveying and seafloor mapping of the Casca-
dia accretionary wedge can help clarify how faults con-
nect through space between seismic lines and charac-
terize the expression of active faulting at the seafloor.
More comprehensive surveying andmapping couldulti-
mately improve our understanding of which faults have
slipped in past Cascadia earthquakes and which faults
might slip in future earthquakes. Such work is cru-
cial for accurately quantifying tsunami hazard and risk
along the Pacific Northwest coast.
Incorporating the segmented nature of accretionary

wedge splay faulting at the IOWTZ into modeling ef-
forts could help quantify earthquake and tsunami haz-
ards at the Cascadia subduction zone. Regional scenar-
ios could include different styles and locations of splay
fault rupture. In the Central Vancouver Island segment
between latitudes 48° and 49.5°N, megasplay fault rup-
ture on a system of seaward-verging thrust faults with
an average dip of ~40° is likely at the IOWTZ in addition
to frontal thrust rupture (Figs. 5, 14). In the Washing-
ton & Northern Oregon segment, rupture on multiple
splay faults at the toe of thewedge near the deformation
front should be primarily examined based on evidence
for lateQuaternary activity of splay faults (Ledeczi et al.,
2024). Localized scenarios could also be modeled, in-
cluding rupture on an isolated seaward-verging mega-
splay fault dipping at ~30° as identified in CASIE21 line
PD08 in the region offshore Grays Harbor, Washington
between 46.5° and 47°N (Figs. 7, 8, 14), or rupture on the

system of active right-lateral strike-slip faults identified
in CASIE21 lines PD10, PD11, and PD12 between 45° and
46°N spanning roughly from Seaside to Newport, Ore-
gon (Figs. 9, 14).

5 Conclusions
Overall, although megasplay fault structures exist and
may be locally active at the IOWTZ in a few locations
along strike, we find that there is not sufficient evi-
dence supporting the previously proposed hypothesis
for an active, margin-spanning megasplay fault system
in Cascadia (e.g., Witter et al., 2013). Instead, the struc-
ture and activity of faulting at the IOWTZ is highly vari-
able and segmented along-strike, consistent with the
segmentation of other physical andmechanical proper-
ties at the Cascadia subduction zone (Underwood, 2002;
Adam et al., 2004; Han et al., 2018; Watt and Brothers,
2020; Walton et al., 2021; Carbotte et al., 2024; Booth-
Rea et al., 2008). Megasplay fault formation and seg-
mentation is controlled by numerous factors, includ-
ing margin lithology and strength, wedge sedimenta-
tion, sediment accretion, subducting topography, and
changes in downgoing plate dip. The substantial vari-
ations in megasplay fault structure and activity along-
strike presented in this study have important implica-
tions for earthquake and tsunami hazard at the Casca-
dia subduction zone. Through our comprehensive anal-
ysis of the CASIE21 and USGS sparker seismic reflec-
tion profiles along with the best available resolution of
bathymetry, we conclude:

• There is no evidence to support the previously pro-
posed hypothesis for an active, margin-spanning
megasplay fault system at the IOWTZ in Cascadia.

• Megasplay fault structures exist but are only locally
active at the IOWTZ at a few, relatively isolated lo-
cations along strike.

• Sedimentation onto the wedge surface likely plays
a primary role inmegasplay fault activation (or lack
thereof) and evolution at the Cascadia subduction
zone, while subducting topography may also influ-
ence out-of-sequence faulting in specific, relatively
localized regions.

• Segmentation of downgoing plate structure and
morphology is closely linked to the observed varia-
tions in upper-plate architecture and faulting at the
IOWTZ.

• Future modeling studies for Cascadia could incor-
porate megasplay fault location, geometry, and ac-
tivity as presented in this study.
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