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Abstract

We investigate the onshore transition from the transform plate boundary of the San An-
dreas Fault System (SAFS) to the convergent plate boundary of the Cascadia subduction
zone in Northern California. Details of this transition zone, such as the geometry of the
southern edge of the Cascadia slab and the presence and extent of a Pioneer detachment
south of the slab edge, are still unknown and are of importance to seismic hazard in the re-
gion. Recently published new findings on low frequency earthquakes (LFEs) and tremor
clusters south of the previously mapped Cascadia slab tremor band suggest modifications
to the slab geometry and Pioneer detachment extent may be needed. We use shear fabric
contrasts as imaged by receiver functions in conjunction with local relocated seismicity
catalogs, the SCEC Community Fault Model (CFM), and recent catalogs of low-frequency
earthquakes and tremor to investigate these features. We find a peak in the receiver func-
tion shear fabric signal at several stations atop the proposed Pioneer detachment that
matches the depth of the proposed detachment (∼20 km). Strikes of these arrivals are
roughly N-S and similar to that of the motion of the proposed Pioneer fragment relative
to the overriding North American Plate. These N-S strikes extend to the East into the
region of newly located tremor. Near the transition to the subduction zone, strikes rotate
to roughly E-W, similar to the strike of the band of LFEs and a previously imaged low
velocity zone. Our findings support the presence of a Pioneer detachment.

Introduction The Mendocino Triple Junction region routinely hosts M5+ events (e.g.,
Yeck et al., 2023) and connects the two largest plate boundary fault systems in the contigu-
ous U.S., the Cascadia subduction zone and the SAFS. Recent work suggests the possi-
bility of coordinated ruptures of the northern SAFS and Cascadia megathrust (Goldfinger
et al., 2025) across the transition zone. Capture of a Pioneer fragment by the Pacific plate
was previously proposed based on tomographic images (Furlong et al., 2024). A band
of LFEs coincides in location and depth with the northern edge of the proposed Pioneer
fragment (Shelly et al., 2025) and shows focal mechanisms consistent with interaction of
a Pioneer fragment with the slab edge (Shelly et al., 2026). Recently found tremor clus-
ters (Lu and Ide, 2026) extend south and west of the previously mapped tremor band on
the Cascadia slab interface (Wech, 2021) and may be related to a Pioneer detachment or
require modification of the southern slab edge geometry. The presence of a laterally ex-
tensive detachment fault is likely to affect seismic hazard in the region and may play a
role in SAFS-Cascadia event interactions such as proposed by Goldfinger et al. (2025).

Methods and data Fault fabric contrasts were obtained from receiver functions for ex-
isting stations. We analyzed data from broadband three-component stations of the North-
ern California (NC), Berkeley (BK), Transportable Array (TA), and Plate Boundary Bore-
hole Seismic (PB) networks for years 1998 to 2025. Receiver functions were calculated
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Figure 1: a) Map of subduction-transform transition area. Fault surface traces from USGS
quaternary fault database in tan. Stations with receiver function results shown as blue
triangles; two stations in Fig. 2 outlined in red. Seismicity relocated by Shelly et al. (2025)
as black dots; the catalog covers the area outlined by the smaller box. Larger box indi-
cates map area in Fig. 3. Low frequency earthquakes (LFEs) located by Shelly et al. (2025)
as magenta squares. Blue lines bracket approximate extent of a low-velocity zone (LVZ)
at ∼20-35 km depth (Furlong et al., 2024) that is accompanied by a lack of seismicity. Red
lines show approximate locations of profiles in panels b and c. b) Depth section modi-
fied from tomographic image by Furlong et al. (2024). Red question mark shows possible
Pioneer detachment with shear fabric that may be imaged by receiver functions. c) In-
terpretive sketch modified from Shelly et al. (2025). A Pioneer fragment is proposed to be
captured and move with the Pacific plate. The LVZ is proposed to be North American
material accreted to and now subducting with the Gorda slab. Red question marks indi-
cate fabric contrasts interrogated with receiver functions.

and analyzed according to the process detailed in Schulte-Pelkum and Mahan (2014) and
Schulte-Pelkum et al. (2020b). The method detects contrasts in Vp anisotropy and deter-
mines the depth of the contrast, the strike of foliation at the contrast, and the dip sense
of foliation. In previous studies, this method was used to image regional fault fabric in
southern California (Schulte-Pelkum and Mahan, 2014) and Alaska (Schulte-Pelkum et al.,
2020a), detachment faults in Alaska (Schulte-Pelkum et al., 2025) and the Appalachians
(Frothingham et al., 2022), lithospheric shear zones (Schulte-Pelkum and Kilb, 2024), and vol-
canomagmatic fabrics (Schulte-Pelkum and Haney, 2024). Arrival times were migrated to
depth with the same velocity model as that used for relocated seismicity and LFEs (Shelly
et al., 2025). Results were placed in spatial context with the Statewide California Data
Center’s Community Fault Model (SCEC CFM; Plesch et al. (2007)), relocated seismicity
LFEs (Shelly et al., 2025), and tremor (Lu and Ide, 2026).
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Figure 2: Receiver function examples from two stations marked with red outlines in Fig-
ure 1a; B934 is south of the LFE cluster, SPRL west of the LFEs. R0 in green (positive
amplitude) and yellow (negative amplitude) is the azimuthally averaged radial receiver
function. A1 (blue, bootstrap uncertainty range in magenta) is the first azimuthal har-
monic solution; a peak in A1 corresponds to an out-of-plane arrival in the radial and
transverse component receiver functions with sin(azimuth)-periodic polarity flips from a
contrast in plunging axis anisotropy. Amplitude scale for R0 and A1 is absolute and is the
same for both stations. Red arrows mark possible arrival from anisotropic shear fabric on
the Pioneer detachment at each station near 2o km depth, consisting of a high-amplitude
A1 peak at the expected depth and accompanied by a velocity reduction in the isotropic
R0 followed by a velocity increase below.

Results Previous studies have proposed the capture of an oceanic Pioneer fragment
that subsequently began traveling northwestwards along with the Pacific plate (Figure 1a,
c) on the outboard side of the San Andreas fault (e.g. Furlong et al., 2024). A band of LFEs
in the region (Figure 1a) were recently shown by Shelly et al. (2025) to be at the edge of
a low-velocity zone (Figure 1b) previously imaged in tomographic studies (Furlong et al.,
2024). They were hypothesized to mark the southern extent of the Gorda slab. More
recent work on focal mechanisms of this group of LFEs (Shelly et al., 2026) suggests that
they occur on a surface dipping to the NE that accommodates right-lateral motion, which
matches the relative movement between the Pacific and Gorda plates. Shelly et al. (2026)
interpreted this observation as supporting the model of Pioneer fragment capture by the
Pacific plate, as well as the identification of the low-velocity wedge (Figure 1b,c) as an
accretionary prism now subducting with the Gorda plate.

The hypothesized Pioneer detachment, shear between the LVZ and Pioneer/Pacific
block, and shear between the LVZ and overriding North American plate may generate
contrasts in Vp anisotropy that are detectable via receiver functions (Figure 1b,c). Results
from two station atop the proposed detachment are shown in Fig. 2. Station SPRL, south
of the LFE band, shows a single strong A1 arrival just after 2 s delay time, corresponding
to 19 km depth. Station B934 to the west shows the largest A1 arrival at a similar depth.
The conversion is from a contrast in Vp anisotropy with plunging axis; if it were from
a dipping contrast with an isotropic Vs velocity jump, it would have to be accompanied
by an equal amplitude peak at zero delay time (Schulte-Pelkum and Mahan, 2014), but
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Figure 3: Depth slices in the larger inset box in Figure 1, showing the range of the pro-
posed Pioneer detachment. SCEC CFM fault surfaces in semitransparent colors plotted
in 3D view in each depth range (megathrust in green). Seismicity in each depth interval
as black dots, and LVZ outlined in black dotted lines, LFEs as magenta squares, all from
Shelly et al. (2025). Tremor from Lu and Ide (2026) in pink (semitransparent). Station loca-
tions with receiver function results shown as circles; empty where no A1 arrival is seen
from that depth range, blue fill where arrival is present. Circle size scales with ampli-
tude of the A1 arrival. Red bars show strike of fabric (strike of plane perpendicular to
an anisotropic symmetry axis), orange tick marks are phase of A1 and point downdip if
anisotropy is stronger below the converter depth, updip if stronger above. Station groups
outlined in cyan labeled with numbers refer to discussion in text.
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amplitudes at zero delay are small for both stations. The arrivals are consistent with a
Pioneer detachment near 20 km depth. Other stations in the area show peaks from this
depth range as well (Figure 3). The large A1 are accompanied by smaller amplitude R0

arrivals with negative polarity, which imply a weakly low-velocity shear layer atop the
detachment. They are followed by a deeper positive amplitude R0 arrival implying an
incerase in isotropic velocity entering the Pioneer fragment.

Receiver function results in context with the fault model, seismicity, and LFE positions
are shown in Figure 3. Each panel shows a 5 km thick horizontal slice through the 3-
dimensional model including SCEC CFM fault surfaces, relocated seismicity and LFEs
from Shelly et al. (2025), and receiver function conversions from fabric contrasts within
each depth range. Receiver functions were migrated to depth using the velocity model
of Yoon and Shelly (2024), consistent with the relocations for seismicity and LFEs in Shelly
et al. (2025), so depths can be compared directly. Tremor from Lu and Ide (2026) is also
plotted in each depth range.

The Cascadia megathrust is shown in green in the depth slices. Slab dips and geome-
tries in this region vary, with the USGS Slab2.0 model (Hayes, 2018) showing steeper dips
and extending farther south (e.g. McCrory et al., 2006). Other studies show shallower dips
(Bloch et al., 2023) more similar to the SCEC CFM. Furlong et al. (2024) proposes slab ter-
mination at the northern edge of the LVZ and seismicity gap, marked by dashed lines in
Figure 3. The 15-20 km depth slice shows pervasive A1 arrivals, particularly concentrated
south of the LVZ in the region of the proposed Pioneer detachment (groups labeled 1
and 2 in Figure 3). Strikes are approximately N-S in the southernmost group 1, similar to
the shear sense of the Pioneer fragment relative to the overlying North American plate.
Strikes rotate to more E-W orientations in group 2 approaching the LFE cluster and the
LVZ at 5 stations. Shelly et al. (2026) suggest two types of shear at the southern edge of
the LVZ (Fig. 1c), bottom-to-the-north shear at the Pioneer detachment and right-lateral
strike-slip motion between the Pioneer fragment and the Gorda plate, which may cause
the chance in strikes. Two stations in group 2 within the LVZ show N-S strikes.

Moving north of the LVZ, stations in group 3 show strikes paralleling the LVZ. The
deeper section from 20 to 25 km shows fewer A1 (Figure 3). Group 4 shows two stations
atop the tremor cluster III from Lu and Ide (2026) with approximately N-S strikes, similar
to group 1 in the shallower depth slice. Explaining this cluster as occurring on an interface
would require either extending the slab farther south if the cluster is interpreted as a con-
tinuation of the Cascadia tremor band or an extension of the Pioneer fragment to the east
if the tremor and A1 arrivals are interpreted as stemming from the Pioneer detachment.
Either option would be permissible by the A1 orientations.

Conclusions Receiver function analysis supports the presence of a Pioneer detach-
ment. More detailed interpretation of recent tremor locations, LFE results, and imaging
is warranted, and the results from this project form the basis of a proposed Technical
Activity Group.
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