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ABSTRACT

Seamounts and basaltic basement can influence deformation and mass
fluxes within subduction zones. We examined seamounts and volcanic units
across the western Hikurangi Plateau, near the Hikurangi subduction margin,
New Zealand, with seismic reflection images. Volcanism at the Hikurangi
Plateau occurred in at least three phases that we attribute to (1) Early Creta-
ceous large igneous province formation, the top of which is marked by laterally
continuous and dipping wedges of reflections that we interpret as lava flows;
(2) Late Cretaceous seamounts and volcaniclastics that erupted onto the crust
of the Hikurangi Plateau and make up the majority of seamount volume and
basement relief; and (3) late-stage, Pliocene volcanics that erupted through
and adjacent to Cretaceous seamounts and younger sediments of the north-
central Hikurangi Plateau. The Pliocene volcanoes do not appear to be strongly
welded to the plateau basement and may be petit spot volcanoes that are
related to the displacement and accumulation of hydrous transition zone
melts. Large seamounts and volcaniclastic units are evenly distributed across
most of the Hikurangi Plateau near the Hikurangi margin but are absent from
the Pegasus Basin. Although faults are imaged throughout the basement of
the Pegasus Basin, contemporary normal faulting of the Hikurangi Plateau is
uncommon, except for a zone of Quaternary normal faults near the Pliocene
volcanics. These trends indicate that the Hikurangi megathrust may be more
influenced by volcanic structures in the north and central Hikurangi margin,
where plateau rifting and voluminous seamount eruptions have more sub-
stantially overprinted the original Early Cretaceous basement.

H 1. INTRODUCTION

Oceanic large igneous provinces (LIPs) and volcanic plateaus form through
enormous eruptions and intrusions of magma within oceanic basins (Coffin
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and Eldholm, 1994). Magmatism at LIPs can occur over millions of years in
response to a sustained supply of melt from the Earth’s mantle (Tarduno et
al., 1991; Coffin and Eldholm, 1994). On occasion, LIPs are accompanied by
large seamount and volcanic ridge provinces that form contemporarily (Wal-
ther, 2003; Homrighausen et al., 2018) or subsequently (Hoernle et al., 2010).

Seamounts represent focused extrusive magmatism and are widespread
throughout oceanic basins (Kim and Wessel, 2011). They range in scale from
huge constructions that rise several kilometers above the surrounding seafloor
(e.g., Louisville Ridge and the Hawaiian-Emperor Seamount Chain), which can
cause strong anomalies in the Earth’s gravitational field (Smith and Sandwell,
1997; Kim and Wessel, 2011), to small, ~0.1-km-high cones that are detectable
only with acoustic sounding (Smith and Cann, 1990; Schwartz et al., 2020). In
regions of high-sedimentation, seamounts can be buried. In such cases, they
can only be discovered through seismic imaging (von Huene et al., 1997; Han
et al., 2018; Frederik et al., 2020; Tan et al., 2022; Gase et al., 2023) or potential
field data that can only detect large buried edifices (Smith and Sandwell, 1997).

Both seamounts and LIPs can alter the physical structure and chemistry of
subduction zones. Seamounts and LIPs that form from distinct sources cause
geochemical anomalies in arc magmas (Timm et al., 2013, 2014; Sano et al.,
2016). Because the crust of oceanic LIPs is thicker (8-33 km; Coffin and Eld-
holm, 1994; Miura et al., 2004; Hochmuth et al., 2019) than normal oceanic crust
(~6 km; Van Avendonk et al., 2017; Chen, 1992; Christeson et al., 2019; White
et al., 1992), oceanic LIPs are more buoyant and can resist subduction (Cloos,
1993; Almeida et al., 2022). In addition to buoyancy, thickened crust and litho-
sphere may also increase flexural rigidity and resistance to inelastic yielding,
resulting in less slab curvature (Bassett and Watts, 2015; Contreras-Reyes et
al., 2021; Bassett et al., 2023). As a result, subduction of LIPs can flatten sub-
ducting slabs and enhance orogeny (Liu et al., 2010; Worthington et al., 2012;
Horton et al., 2022), sometimes causing tectonic plate reorganizations and
changes in magma supply to volcanic arcs (Gulick et al., 2007; Davy et al., 2008;
Humphreys, 2009; Liu et al., 2010; Bayona et al., 2012; Wells et al., 2014; Andji¢
et al., 2018; Riel et al., 2023). Though smaller in size, subducting seamounts
can modify the kinematics of faults in accretionary wedges (Dominguez et al.,
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2000; Ruh et al., 2016; Morgan and Bangs, 2017; Bangs et al., 2023), promote
entrainment and underplating of sediment lenses in their wakes (Sage et al.,
2006; Bangs et al., 2023), cause forearc uplift and steepening (Lallemand and
Le Pichon, 1987; Park et al., 1999, 2004; Geersen et al., 2015; Marcaillou et al.,
2016), erode material from the upper plate (Ranero and von Huene, 2000; Collot
etal., 2001; Bangs et al., 2006), influence upper-plate rigidity (Sun et al., 2020;
Prada et al., 2023; Bangs et al., 2023), and cause accretion of volcaniclastics
and volcanic edifices to the upper plate (Buchs et al., 2009; Clarke et al., 2018;
Bonnet et al., 2019, 2020).

The effects of oceanic plateau and seamount subduction on fault-slip pro-
cesses are controversial (Mochizuki et al., 2008; Bell et al., 2014; Lee et al.,
2023). Brittle stick-slip behavior is strongly affected by the frictional proper-
ties of rock (e.g., Boulton et al., 2019; Ikari et al., 2011; Kurzawski et al., 2016;
Rabinowitz et al., 2018; Shreedharan et al., 2022, 2023), fault material and
structural complexity (Fagereng and Sibson, 2010; Skarbek et al., 2012; Scud-
eri et al., 2017; Fagereng and Beall, 2021), and effective normal stress (Scholz,
1998; Liu and Rice, 2007; Leeman et al., 2016), in which case high-effective
normal stresses can promote interseismic fault locking and fast earthquakes.
The high-buoyancy of oceanic plateaus and ridges compared to normal oce-
anic crust has led some to propose that LIP and ridge subduction results in
high-effective normal stresses along the megathrust that increase regional
fault coupling and produce earthquake asperities (Kelleher and McCann, 1976;
Cloos, 1992; Scholz and Small, 1997; Contreras-Reyes and Carrizo, 2011; Myers
etal., 2022; Lee et al., 2023). However, geodetic observations along subducting
LIPs also show that interseismic coupling can vary along strike (Wallace et al.,
2004; Wallace, 2020). Geodetic and seismic observations show that segments
where seamounts are common broadly correlate with aseismic creep and
slow earthquakes (Mochizuki et al., 2008; Wang and Bilek, 2014; Saffer and
Wallace, 2015; Lallemand et al., 2018; Barnes et al., 2020). These zones with
rough subducting crust can include portions of subducting oceanic plateaus
(Wallace et al., 2004; Chlieh et al., 2011, 2014; Nishimura, 2014), which may
contain seamount provinces and exhibit thick volcaniclastic and extrusive
upper crustal layers (Walther, 2003; Davy et al., 2008; Bangs et al., 2015; Arai
et al., 2017; Gase et al., 2021, 2023).

The Hikurangi Plateau LIP is currently subducting westward beneath the
east coast of New Zealand’s North Island (Fig. 1A). Here, subducting sea-
mounts and crust of the Hikurangi Plateau could influence along-strike
variations in slip behavior of the Hikurangi subduction margin (Wallace et
al., 2009; Bell et al., 2010; Barker et al., 2018; Shaddox and Schwartz, 2019;
Sun et al., 2020; Barnes et al., 2020; Chesley et al., 2021; Shreedharan et al.,
2023, 2022; Gase et al., 2022, 2023; Leah et al., 2022; Bangs et al., 2023). How-
ever, seismic imaging investigations of the unsubducted Hikurangi Plateau
near the deformation front are sparse, and our knowledge of the geologic
nature of its seamounts and upper volcanic crust is restricted to several stud-
ies with limited geographic extent (e.g., Davy et al., 2008; Bland et al., 2015;
Barnes et al., 2020; Arai et al., 2020; Gase et al., 2021, 2023; Chesley et al.,
2021; Bassett et al., 2023). Here, we present >1100 line km of time-migrated,

multichannel seismic (MCS) images spanning the Hikurangi Plateau outboard
of the Hikurangi subduction margin (Fig. 1B). We combine these results with
previously presented seismic data across the Hikurangi Plateau to assess
(1) the stratigraphy and deformation of the subducting basement, (2) the distri-
bution and structure of seamounts, (3) the volcanic evolution of the Hikurangi
Plateau, and (4) the possible influence these factors have on processes in the
adjacent Hikurangi subduction system. We find stratigraphic evidence of three
phases of volcanism spanning the Early Cretaceous to the Pliocene. Spatial
variations in crustal structure may be related to the Hikurangi Plateau’s history
of post-LIP rifting and magmatism.

H 2. GEOLOGIC BACKGROUND
2.1. Origins and Evolution of the Hikurangi Plateau

The Hikurangi Plateau is an ~4.5 x 10° km? oceanic plateau that formed
during the Greater Ontong Java Event (Larson, 1991; Coffin and Eldholm,
1994), a period of widespread LIP activity in the Early Cretaceous (125-120 Ma;
Tarduno et al., 1991; Mahoney et al., 1993; Tejada, 2002; Hoernle et al., 2010;
Timm et al., 2011; Fig. 2A). Tectonic plate reconstructions from seafloor-spread-
ing magnetic anomalies indicate that the Hikurangi Plateau rifted from the
larger Ontong Java and Manihiki plateaus shortly after its formation (ca. 120-
110 Ma; Billen and Stock, 2000; Hoernle et al., 2004; Taylor, 2006; Fig. 2B).
Mechanisms proposed to have caused the Greater Ontong Java Event include
a broad upwelling (i.e., superplume) from the lower mantle (Tarduno et al.,
1991; Mahoney et al., 1993; Tejada et al., 1996; Larson, 1997; Hoernle et al.,
2010; Timm et al., 2011; Mochizuki et al., 2019; Stern et al., 2020), a large
marine meteorite impact (Rogers, 1982; Ingle and Coffin, 2004), and mantle
overturning from lithospheric foundering at spreading ridges (Tejada, 2002;
Korenaga, 2005; Anderson, 2005).

While the large meteorite impact hypothesis is generally less favored, some
factors make the origins of the Greater Ontong Java Event obscure. (1) The
Greater Ontong Java Event lacks an obvious trailing hotspot track. The Louis-
ville Ridge has long been proposed as a linked hotspot (Mahoney and Spencer,
1991; Mahoney et al., 1993; Fig. 1A); however, Louisville Ridge seamounts
older than ca. 79 Ma have subducted at the Tonga-Kermadec Trench (Koppers
et al., 2011), which eliminated a possible direct connection to Ontong Java.
A link to the Louisville Ridge also requires true hotspot wander on the order
of 8°-19° since the Early Cretaceous (Chandler et al., 2012). (2) Whether the
Ontong Java, Manihiki, and Hikurangi plateaus mostly erupted in a deep-water,
shallow-water, or subaerial environment is not well established. Mantle upwell-
ing associated with a superplume is expected to cause dynamic topography
that would result in shallow-water or subaerial eruptions (Korenaga, 2005).
Objections to the mantle superplume hypothesis rely on evidence from vol-
canic glass volatiles, which indicates that regions of the Ontong Java Plateau
erupted at submarine depths >1 km b.s.l. (Roberge et al., 2005). In addition,
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Figure 1. (A) Map of the oceanic large igneous provinces and seamount chains in the Southwest Pacific. (B) Map of the Seismogenesis at Hikurangi Integrated Research Experiment
(SHIRE) seismic data (black lines) and past seismic surveys (gray lines). Seismic data presented in this study are marked with colored dashed lines according to region. Red arrows
represent the motion of the Pacific Plate relative to the Australian Plate interior (DeMets et al., 2010). Cumulative slow slip (in centimeters) between 2002 and 2014 CE is plotted in
red (shallow; i.e., < 20 km) and blue (deep; i.e., >20 km) contours (Wallace, 2020). Names of seamounts and ages of dredged volcanic rocks (Timm et al., 2010; Hoernle et al., 2010) are
indicated in yellow. Red dashed line marks the deformation front, including proto-thrust zones (Barnes et al., 2018). Integrated Ocean Discovery Program (IODP) Expedition 375 sites
U1520 and U1526 on the Hikurangi Plateau are shown as light blue circles (Wallace et al., 2019; Barnes et al., 2020). Bathymetric data were compiled from SHIRE, National Institute

for Water & Atmospheric Research (https://niwa.co.nz/), and Tozer et al. (2019).

deep-water basaltic lava flows of the Ontong Java Plateau are exposed in the
Solomon Islands (Tejada, 2002). Thus, some proposed that mantle melting
occurred through lithospheric delamination and entrainment of dense, garnet-
eclogite-bearing mantle at a mid-oceanic ridge (Korenaga, 2005; Anderson,
2005). However, some evidence of shallow-water eruptions exists. At Ocean
Drilling Program Leg 192, Site 1184, on the Ontong Java Plateau, a >337-m-thick
volcaniclastic sequence, contains abundant accretionary lapilli and fragments
of woody vegetation, which implies that some of the plateau was subaerial

(Thordarson, 2004; White et al., 2004). On the Manihiki Plateau, Deep Sea Drill-
ing Project Leg 33, Hole 317, drilled greenish-black volcaniclastics that likely
originated from shallow-marine eruptions (Jenkyns, 1976), and highly vesicular
basaltic units that may have erupted subaerially (Jackson et al., 1976). How
these diverse paleoenvironments influenced eruption processes and upper
crustal structure is not well established.

The Hikurangi Plateau rifted from the Ontong Java and Manihiki plateaus
within several million years of its formation (Taylor, 2006; Figs. 2A and 2B).

Gase et al. | Hikurangi Plateau volcanic structure
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Rifting occurred along the northeastern edge of the Hikurangi Plateau (Davy 8 + 1 km near the northern rifted margin, which indicates that crustal thinning
and Collot, 2000), and the Hikurangi Plateau is now separated from the Mani- occurred in response to Cretaceous rifting near ca. 120-115 Ma (Mortimer et
hiki Plateau by ~3000 km of oceanic crust that formed at the extinct Osbourn  al., 2006; Bassett et al., 2023; Fig. 3A).

Trough spreading center (Billen and Stock, 2000; Fig. 1A). The Rapuhia Scarp Southward movement of the Hikurangi Plateau was driven by subduction
is a >400-km-long bathymetric escarpment that has its greatest relief (~1.5 km)  along the East Gondwana margin (Figs. 2B and 2C), which included both the
near the southern Kermadec Trench (Davy and Collot, 2000; Fig. 3). Seis- Chatham Rise and the inner terranes of the modern Hikurangi margin forearc
mic images reveal NW-SE-oriented normal fault blocks and a buried yet still  (Bland et al., 2015; Reyners et al., 2017; Crampton et al., 2019; Riefstahl et al.,
abrupt Hikurangi Plateau margin farther east (Davy et al., 2008). The oldest  2020a). Between ca. 90 Ma and 79 Ma, the Hikurangi Plateau collided with the
dated rocks on the Hikurangi Plateau are basaltic, gabbroic, and doleritic sam- East Gondwana margin (van de Lagemaat et al., 2023; Fig. 2D). This collision
ples dredged from the Rapuhia Scarp and dated at 118.4-96.3 Ma (Hoernle et ~ was accompanied by slab flattening and slab breakoff (Davy et al., 2008; Rief-
al., 2010; Fig. 3B). Wide-angle, controlled-source seismic data and shipboard  stahl et al., 2020a) and continental extension throughout the Chatham Rise and
gravity measurements across the Hikurangi Plateau show that the plateau’s  Bounty Trough (Reyners et al., 2017; Riefstahl et al., 2020b). Seafloor spreading
crust gradually thins from 11 £ 1 km at the southern Hikurangi Plateau to 7- at the Osbourn Trough and subduction ceased at 79 Ma as plate motion was
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transferred to the Pacific-Antarctic Ridge and rifting of Zealandia and Australia
from Gondwana (Mortimer et al., 2019; van de Lagemaat et al., 2023).

Basaltic intraplate volcanoes erupted throughout Zealandia and the Hiku-
rangi Plateau at the time of tectonic reorganization (98.7-66 Ma; Hoernle et
al., 2020; Fig. 3B). Despite transport through both continental and oceanic LIP
lithospheres, Late Cretaceous intraplate volcanoes of the Zealandia continent
and the Hikurangi Plateau have signatures of a St. Helena-type HIMU (i.e., high
28/24Pb recycled oceanic crust) component that could have been sourced
from a broad upwelling of low-density mid-mantle (Hoernle et al., 2010, 2020).
The Late Cretaceous intraplate volcanoes on the Hikurangi Plateau erupted as
large, >30-km-wide seamounts (Davy et al., 2008; Hoernle et al., 2010). Many
of the seamounts have elongated, >50-km-long axes aligned N-S and NW-SE,
and steep flanking escarpments, which implies that eruptions took advantage
of inherited rift structures in the Hikurangi Plateau basement (Hoernle et al.,
2004; Davy et al., 2008; Gase et al., 2023). The peaks of the highest seamounts
are broad guyots, which suggests that tidal erosion reworked the original sur-
faces and that water depths were once ~2.5 km shallower (Davy et al., 2008;
Hoernle et al., 2010; Wallace et al., 2019; Allen et al., 2022). In addition, many
seamounts are spotted with small (<1-km-wide) volcanic cones (Hoernle et al.,
2010; Allen et al., 2022). Later, minor phases of volcanism are indicated by a
dredge that recovered ca. 3.2 + 0.2 Ma Pliocene basanites at Mahia Seamount
(Timm et al., 2010; Fig. 3B) and sparse seismic images of sills that intrude Late
Cretaceous sediments (Wood and Davy, 1994).

Our current understanding of the Hikurangi Plateau’s internal structure
and stratigraphy reflects two major phases of volcanism and the subsequent
evolution of the plateau (Davy and Wood, 1994; Wood and Davy, 1994; Davy
et al., 2008; Bland et al., 2015). From seismic profiles across the central and
eastern Hikurangi Plateau, Davy et al. (2008) identified a group of reflectors
in the interior of the Plateau (Horizon B) that may separate upper volcaniclas-
tic deposits from the inferred top of the basaltic basement that formed at ca.
125-120 Ma. The location of Horizon B near the Hikurangi subduction zone is not
clearly imaged, although some have suggested that it coincides with a diffuse
increase in reflectivity and an increase in P-wave velocities ~1.5-3 km below
the top of Cretaceous volcanics along the northern Hikurangi margin (Barnes
et al., 2020; Gase et al., 2021, 2023). This original plateau basaltic basement
is overlain by >1.5 km of volcaniclastics, lavas, and interbedded sediments
with slow (1.8-5 km/s) seismic velocities (Davy et al., 2008; Gray et al., 2019;
Barnes et al., 2020; Gase et al., 2021, 2023; Bassett et al., 2023) and low-electrical
resistivity (Chesley et al., 2021). Both the original basaltic plateau basement
and upper volcaniclastics are included in what is commonly referred to as the
Hikurangi Plateau basement (Unit HKB). There is widespread evidence of small
volcanic edifices and large seamounts that erupted through Unit HKB; some
authors suggest that these volcanic features are mantled by a separate thin,
highly reflective volcanic basement unit (i.e., VB), but the stratigraphic contact
between the HKB and VB units is typically determined based on basement
topography rather than a separating stratigraphic horizon (Davy et al., 2008;
Barnes et al., 2020). The absolute ages within Unit HKB are not well known or

linked to its internal stratigraphy; Unit HKB above Horizon B could include both
phases of Early and Late Cretaceous Hikurangi Plateau volcanics and interbed-
ded nonvolcanic sediments, such as carbonates, or HKB above Horizon B could
be entirely Late Cretaceous. Davy et al. (2008) suggested the larger mass of
the seamounts formed in the Late Cretaceous, but this is speculation without
further drilling. Additional seismic profiling may yield new insights into how
the seamounts and basement of the Hikurangi Plateau formed.

2.2. Contemporary Subduction of the Hikurangi Plateau

The Hikurangi margin is among the most studied subduction zones on Earth,
and it has an actively subducting LIP. Here, the Hikurangi Plateau subducts
westward beneath North Island, New Zealand, which uplifts the Hikurangi
forearc and produces a shallowly dipping megathrust. Two decades of obser-
vations show that the northern and central Hikurangi megathrust is weakly
coupled and undergoes shallow slow slip at ~12-18 month recurrence inter-
vals, whereas the southern Hikurangi margin is essentially locked where the
megathrust is shallower than ~20-25 km b.s.l. (Wallace et al., 2004; Wallace,
2020). Seafloor pressure measurements demonstrate that these slow slip
events extend along the northern and central Hikurangi megathrust from
~20 km depth to the trench (Wallace et al., 2016; Woods et al., 2022). Studies
using regional seismic networks and offshore seismic arrays at the northern
Hikurangi margin report shallow tectonic tremors and repeating earthquakes
during and immediately following shallow slow slip events (Todd and Schwartz,
2016; Todd et al., 2018; Shaddox and Schwartz, 2019).

Proposed factors that contribute to the Hikurangi margin’s contrasting
along-strike slip behavior are diverse (Wallace et al., 2009; Saffer and Wallace,
2015), and include along-strike variations in the buoyancy of the Hikurangi Pla-
teau (Bassett et al., 2023) and forearc structure (Barnes et al., 2010; Bassett et al.,
2014, 2022). Seismic and gravity modeling shows that the southern Hikurangi
Plateau is 3-4 km thicker than the northern Hikurangi Plateau (Bassett et al.,
2023). This change in along-strike crustal thickness could explain shallower
slab-dip throughout the southern Hikurangi seismogenic zone (Williams et
al., 2013), and the clockwise rotation of the Hikurangi forearc that influences
tectonic stresses and convergence rates (Wallace et al., 2005, 2012). Alternative
factors that contribute to the along-strike variation in slip behavior include
corresponding variation in Hikurangi Plateau seamounts and volcanic upper
crust. Some have proposed that: (1) clay-rich volcaniclastic lithologies along
the megathrust are frictionally weak and unable to heal sufficiently during
the interseismic period (Shreedharan et al., 2022, 2023); (2) seamounts cause
heterogeneous local stress fields that segment the ruptures and allow the
slip segments to fail at different rates (Bell et al., 2014; Barker et al., 2018; Sun
et al., 2020; Leah et al., 2022); (3) subduction of rough crust causes lithologi-
cal amalgamation along the megathrust of materials that can support mixed
rates of frictional slip (Barnes et al., 2020; Shreedharan et al., 2022; Gase
et al., 2022); (4) thick layers of altered volcanic upper crust and seamounts

Gase et al. | Hikurangi Plateau volcanic structure
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TABLE 1. DESCRIPTION OF SEISMIC UNITS AS PRESENTED IN FIGURE 4

Seismic facies description

Geologic description Age range

Subparallel, laterally continuous reflections. Base marked by
unconformity (Reflector 5b).

Subparallel, laterally continuous reflections, lower strata often
faulted. Reflective lower subunit (Sequence Y).

Subparallel, laterally continuous reflections. Acoustically opaque
compared to other units.

Upper portion contains irregular, sometimes subparallel, <2-km-
long reflectors. Top of occasionally visible band of subparallel
reflectors is interpreted as Horizon B. Becomes more transparent
below Horizon B.

TF—Terrigenous sediments, debris flows, and
hemipelagic mudstones.

CL—Pelagic sediments that grade from upper marls and
calcareous mudstones to lower chalks.

MES—Terrigenous and/or hemipelagic sediments from the East  Late Cretaceous (ca. 90 Ma)-Late
Gondwana margin? Never drilled.

HKB—Hikurangi Plateau basement. Heavily altered volcaniclastic Early Cretaceous (ca. 125 Ma)-Late
facies and basaltic debris flows where drilled. Could contain
interbedded nonvolcanic sediments. Lower subunit below
Horizon B may represent Early Cretaceous basaltic basement.

Middle/early Pleistocene
(ca. 2.5 Ma)—present.

Late Cretaceous (ca. 80 Ma?)-middle/
early Pleistocene (ca. 2.5 Ma).

Cretaceous (ca. 80 Ma?).

Cretaceous (ca. 90 Ma).

host large fluid reservoirs that promote fluid overpressures at the megathrust
(Chesley et al., 2021; Gase et al., 2023); and (5) fluid-rich, weak materials in the
upper plate are entrained behind or in front of subducting topography (Bell
et al., 2010; Bangs et al., 2023). A more complete seismic stratigraphy of the
Hikurangi Plateau’s volcanic units outboard of the subduction zone will help
to determine the structures and lithologies that can be expected within the
subducted Hikurangi Plateau.

M 3. SEISMIC REFLECTION DATA AND
INTERPRETATION STRATEGY

We present time-migrated seismic reflection data that were acquired in
2017, during the Seismogenesis at Hikurangi Integrated Research Experiment
(SHIRE). All SHIRE MCS data were acquired with a tuned 36 air-gun array with
a total source volume of 6600 in®. We recorded 14 s of data per shotata 2 ms
sampling interval on a 12.6-km-long, 1008 channel solid-state hydrophone
streamer towed 10 m b.s.l. The SHIRE seismic data span the entire length of the
Hikurangi subduction margin (Fig. 1B), which provides an exceptional oppor-
tunity to examine the crustal structure of the western Hikurangi Plateau along
strike. The complete seismic experiment includes 18 margin-perpendicular
seismic reflection profiles that traverse the incoming plate and offshore forearc
(Fig. 1B) and several additional lines that parallel the trench. Presentations
of SHIRE seismic data can be found in other publications (Gase et al., 2021,
2022; Bassett et al., 2022, 2023; Wang et al., 2023). We focus on segments of
11 SHIRE MCS lines on the Hikurangi Plateau, outboard of the deformation
front. The longest of these lines, MC40, is collocated with the 460-km-long,
wide-angle SHIRE Line 4 and presented alongside a seismic velocity model
in Bassett et al. (2023). The 10 other SHIRE MCS profiles presented here are
oriented perpendicular to the deformation front. In our analysis, we include
an additional time-migrated image (PEG09-08m1000) located in the Pegasus
Basin that was originally published by Bland et al. (2015).

Our MCS processing strategy is identical to time-migrated images of
the Hikurangi forearc presented in Gase et al. (2022). The seismic data were

(1) resampled to 4 ms, (2) filtered with a 1-D trapezoidal band-pass filter to
reduce oceanic swell noise (ramp frequencies 1-2 and 60-100 Hz), and (3) gain
adjusted for trace balancing and spherical divergence (#?). Traces were sorted
into 6.25-m-wide common-midpoint (CMP) bins. We attenuated multiples
with a combination of surface-related multiple elimination in the shot domain
(SRME) followed by radon filtering in the CMP domain. Stacking velocities were
picked iteratively at 250-500 CMP intervals (~1.56-3.12 km) to flatten common
image gathers from Kirchhoff pre-stack time migration. After migration, com-
mon image gathers were muted and stacked.

We combined these SHIRE seismic images with previously published sin-
gle-channel seismic and MCS data to map the top of the Hikurangi Plateau
basement across the margin. The source and receiver characteristics of the
prior surveys used here can be found in Table S1 in the Supplemental Material.
We also used seismic reflection data from SHIRE turn lines for horizon mapping.
We manually selected two-way traveltimes along the top of the Hikurangi Pla-
teau volcanics (Unit HKB). Horizon picks were converted to apparent depth with
a 1-D velocity function from sediments in the Pegasus Basin (Mochizuki et al.,
2019). This approach does not account for lateral variations in seismic velocity
due to lithological variations in the sedimentary units, but it allows for a more
intuitive interpretation of basement depth across the Hikurangi Plateau than
two-way traveltime. We gridded horizon picks with a nearest-neighbor function,
nearneighbor, from Generic Mapping Tools 6.0 (Wessel et al., 2019), which
computes gridded values from the weighted mean of nearest picks within a
defined search radius. A search radius of 40 km was used because it is the
approximate distance between margin-perpendicular SHIRE seismic profiles.

We adopted a seismic stratigraphy framework from Gase et al. (2022;
Table 1), which is based on work by several authors (Bland et al., 2015; Barnes
etal., 2020) and is correlated with logged stratigraphy at Integrated Ocean Dis-
covery Program (IODP) Expedition 375, Site U1520 (Fig. 1B; Barnes et al., 2019).
The lack of widespread well-ties warrants caution when interpreting lithologies

Supplemental Material. Uninterpreted seismic reflection images and seismic reflection survey
details. Please visit https://doi.org/10.1130/GEOS.S.25505380 to access the supplemental ma-
terial, and contact editing@geosociety.org with any questions.
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and ages, particularly in the southern Hikurangi Plateau. The top of Cretaceous
volcanics (Unit HKB, >90 Ma) is well established in other publications (Davy et
al., 2008; Barnes et al., 2020; Bassett et al., 2023) and can be easily distinguished
from younger sediments due to seamount topography, high-amplitudes, and
more chaotic reflection facies (Fig. 4). We tentatively interpret Horizon B in seis-
mic profiles as a subhorizontal zone of increased reflection strength within Unit
HKB. In addition to the Hikurangi Plateau’s volcanic stratigraphy, we interpret
three key, previously defined sedimentary units that were deposited through-
out the volcanic development of the plateau and correspond to major lithologic
contrasts in the subduction sedimentary inputs, and have clear bounding
horizons (Davy et al., 2008; Barnes et al., 2010, 2020; Plaza-Faverola et al.,
2012; Bland et al., 2015; Crutchley et al., 2020; Gase et al., 2022; Fig. 4). The
oldest sedimentary plateau cover unit, Mesozoic sediments (Unit MES) (ca. 90—
80 Ma), has weak seismic amplitudes, and it is composed of Late Cretaceous
siliciclastic sediments that continue into the extinct Gondwana accretionary
wedge of the Chatham Rise (Plaza-Faverola et al., 2012; Bland et al., 2015;

Common mid-point (#)
57000 56000 55000 54000 53000

Two way time (s)

Figure 4. Portion of the Seismogenesis at Hikurangi Integrated Research Experiment
Line 4/MC40 with seismic horizon descriptions indicated in Table 1, assuming continuity
of comparable units drilled at Integrated Ocean Discovery Program Site U1520 (Barnes
et al., 2019, 2020; Fig. 1B). Stratigraphic horizons include the Reflector 5b unconformity
(yellow line) that separates trench-fill hemipelagic sediments (TF) from calcareous pelagic
sediments (CL), the horizon that separates Sequence Y (Seq. Y) from Unit MES (Mesozoic
sediments; red line), the top of Unit HKB (Hikurangi Plateau basement; blue line), and
Horizon B (blue dots). Vertical exaggeration is 5.2 at 2.5 km/s.

Mochizuki et al., 2019; Gase et al., 2022). This unit is overlain by pelagic sed-
iments with relatively high calcite concentrations (Unit CL; ca. 80-2.5 Ma;
Barnes et al., 2020). The oldest age of Unit CL near the trench is not well
established; its lower sequence is strongly reflective and primarily comprised
of nannofossil chalks (Sequence Y) that could be Late Cretaceous to Paleocene
(Davy et al., 2008; Barnes et al., 2010). Where drilled at the northern Hikurangi
margin at IODP Site U1520, Unit CL grades upwards from lower Paleocene
nannofossil chalks to marls with interbedded debris-flow deposits (Barnes et
al., 2019). The top of Unit CL is bounded by a regional unconformity (Reflector
5b) that separates Quaternary marls and debris flows from upper hemipelagic
trench-wedge facies (Unit TF; present-2.5 Ma) at the northern Hikurangi margin
(Barnes et al., 2019). The age of the Reflector 5b horizon may be diachronous
and is not well constrained elsewhere.

M 4. RESULTS

We present several seismic profiles in geographic order. We first present
MC40 (SHIRE Line 4), which approximately parallels the deformation front.
Then we present seismic profiles grouped by location along the margin (i.e.,
north, north-central, central, and south). We focus on the characteristics of
the unsubducted Hikurangi Plateau basement, seamounts, and volcaniclas-
tic cover (Unit HKB), and primary volcanic features within the sedimentary
cover of the plateau. Other publications present the seismic stratigraphy and
structure of the Hikurangi forearc (Barker et al., 2009; Bell et al., 2010; Pedley
et al., 2010; Barnes et al., 2010; Plaza-Faverola et al., 2012, 2016; Bland et al.,
2015; Ghisetti et al., 2016; Crutchley et al., 2020; Davidson et al., 2020; Arnulf
et al., 2021; Gase et al., 2022, 2021; Bassett et al., 2022; Bangs et al., 2023),
incoming sedimentary units (Bassett et al., 2023; Wood and Davy, 1994; Davy
et al., 2008; Plaza-Faverola et al., 2012; Bland et al., 2015; Barnes et al., 2018,
2020; Crutchley et al., 2020; Gase et al., 2021, 2022; Wang et al., 2023), and the
geophysical properties of the Hikurangi Plateau basement in detail (Davy et
al., 2008; Henrys et al., 2013; Mochizuki et al., 2019; Gray et al., 2019; Barnes
et al., 2020; Stern et al., 2020; Herath et al., 2020; Arai et al., 2020; Gase et al.,
2021, 2023; Chesley et al., 2021; Bassett et al., 2022, 2023; Bangs et al., 2023).

4.1. SHIRE Line 4/MC40 along Strike

SHIRE Line 4 parallels the strike of the Hikurangi subduction zone. This line
was first presented alongside wide-angle seismic data and gravity data in Bas-
sett et al. (2023). Bathymetric and seismic reflection data along this line reveal
five prominent seamounts that are spaced ~50-75 km apart (Fig. 5). The sedi-
mentary cover thins substantially from north to south along Line 4, from ~1.5 s
to ~2.8 s at the base of the Chatham Rise (all thicknesses are reported in two-way
traveltime). The largest seamounts in the southern Hikurangi margin are almost
completely buried and hidden from seafloor bathymetry (Fig. 5). Three of the
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Figure 5. (A) Line-adjacent bathymetry gradient map, (B) pre-stack time-migrated image, and (C) interpretation of the Seismogenesis at Hikurangi Integrated Research Experiment Line
4/MC40. (B) Crossline lines are noted by vertical green dashed lines. (C) Stratigraphic horizons include the top of late-stage volcanics (magenta line), the Reflector 5b unconformity
(yellow line), which separates trench-fill hemipelagic sediments (TF) from calcareous pelagic sediments (CL), the horizon that separates Sequence Y (Seq. Y) from Unit MES (Meso-
zoic sediments; red line), the top of Unit HKB (Hikurangi Plateau basement; blue line), and Horizon B (blue dots). HC—Hikurangi Channel. Vertical exaggeration is 15.2 at 2.5 km/s.
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seamounts, including Unnamed Seamount #1, Unnamed Seamount #2, and
Te Kuri-a-Paoa Seamount, have narrower in-profile basal widths of ~35-50 km,
whereas Bennett Knoll and Mahia Seamount are broader (~75 km wide). All
of these seamounts rise ~2-2.5 s (~2-3 km) above the regional basement
topography, which slopes gently from ~6 s in the north to ~6.5 s in the south.

The strength and depth of reflections within Unit HKB vary along SHIRE
Line 4 (Fig. 5). At the southern end of the profile (~375-400 km), the top of
Unit HKB is an ~0.5-s-thick package of relatively strong, subparallel reflections.
Similar packages of strong reflections are observed on the opposite side of
Unnamed Seamount #1 between ~300-340 km at ~0.6 s below the top of Unit
HKB. These strong, laterally continuous horizons within Unit HKB are similar
to the top of Horizon B, which Davy et al. (2008) designated as the acoustic
basement on the central Hikurangi Plateau. The reflections associated with
Horizon B can be traced into the cores of Unnamed Seamount #1 and Bennett
Knoll, as strong, outward-dipping reflections that approximately parallel the
seamounts’ topography. Faster seismic velocities (~4-6 km/s) in the seamounts
as reported by Bassett et al. (2023) will cause seamount interior reflections to
arrive sooner than adjacent subbasin reflectors. Strong Horizon B reflections
are not observed in the northern half of the profile, and reflections within the
interiors of the three northern seamounts are more diffuse and discontinuous.

The three southernmost seamounts and Te-Kuri-a-Paoa Seamount have
similar internal structures and outer surface geometries. Flat-top regions (i.e.,
guyots) on some of these seamounts (e.g., Bennett Knoll and Te-Kuri-a-Paoa
Seamount) are the result of wave erosion from a shallow-marine environment
and indicate at least 2.5 km of subsidence since 90 Ma (Figs. 5A and 6A). Above
Horizon B, these seamounts are composed of ~0.5-1.5-s-thick wedges of sub-
parallel, inclined reflections that typically dip with the seamounts’ topography,
like those observed on the southern flank of Bennett Knoll (Fig. 6). These
inclined, layered reflections resemble massive lava flows observed at the
Shatsky Rise (Sager et al., 2013) and Manihiki Plateau (Pietsch and Uenzel-
mann-Neben, 2015). Other regions along the flanks of these four seamounts,
including the northern flank of Bennett Knoll (Fig. 6D), exhibit more chaotic
reflection patterns that may suggest volcanic mass wasting during or after
eruptions (Leslie et al., 2002). The top surfaces of these four seamounts exhibit
rare (<2-km-wide) volcanic cones, linear fissures, and fractures, but they are
mostly smooth, with truncated reflections that are consistent with post-volcanic
wave planation (Davy et al., 2008; Figs. 5A and 6A).

In SHIRE Line 4/MC40, the structure of Mahia Seamount is different from
that of the other four seamounts (Figs. 5 and 7). The tops of units HKB and
MES can be traced toward the flanks of the seamount, where they are lost
in a zone of discontinuous reflections in the seamount’s interior (Fig. 7B).
An ~60-km-long, N-S-oriented ridge with steeply inclined interior reflections
on Mahia Seamount’s northern flank (Figs. 7A and 7B, CMP 15,000-15,500)
appears to contain lava flows of a similar nature to those observed at Bennett
Knoll (Fig. 6). The upper volcanic surface of Mahia Seamount is much rougher
than that of other large seamounts and is pocked with small cones (Fig. 7A).
Highly reflective horizons underlain by chaotic reflections emanate from the

peak of the seamount and are onlapped by Unit TF and younger strata of Unit
CL. Based on the early Pleistocene age of the top of Unit CL, Reflector 5b, at
IODP Site U1520 (Barnes et al., 2020), the bright horizons emanating from
Mahia Seamount are likely a lava or volcaniclastic fan from the 3.2 + 0.2 Ma
eruptions documented by Timm et al. (2010), which we hereafter refer to as
neovolcanics. Prominent scarps of the northeastern flank of Mahia Seamount
may have sourced some of these deposits (Fig. 7A). Some high-amplitude
horizons are cone or mound shaped. The amplitudes of reflections within
Unit CL are reduced beneath these highly reflective units, and some regions
exhibit pull-up, presumably from lavas that are seismically faster than adja-
cent sediments (Fig. 7C). Beneath these reflective neovolcanic units, within
Unit MES, we observe cuspate and flat-lying reflectors; we interpret these
features to be magmatic sills. A prominent ~3-km-wide, cup-shaped reflector
transgresses Unit MES, ~15-20 km northeast of Mahia Seamount, at ~5.8 s
and between CMPs 11,000 and 11,500 (Figs. 7B and 7D). An ~3-km-wide anti-
cline in the sediments directly above this sill may be a forced fold (Thomson
and Schofield, 2008) caused by intrusion of this sill, although some apparent
dip in the overlying sediments may be due to velocity pull-up or differential
compaction. Unit CL is heavily deformed by polygonal faults, and faulting
induced by sill intrusion and polygonal faulting cannot be differentiated easily.

4.2. North Profiles Offshore Gishorne

Seismic profiles MH38, MH24, and SHIRE Line1b/MC10 are oriented perpen-
dicular to the margin (Fig. 8). In the northernmost profiles (MH38 and MH24),
Unit TF includes massive debris avalanche deposits from the Ruatoria debris
avalanche that initiated ~50-75 km to the north and thins southward (Figs. 8A
and 8B). A small (~1-km-wide) neovolcanic mound is observed beneath the
Reflector 5b unconformity at ~68 km from the deformation front in seismic
profile MH38 (Fig. 8A). This neovolcanic mound is located within the upper
strata of Unit CL, similar to neovolcanics observed near Mahia Seamount,
which lies ~50 km to the southwest (Figs. 5 and 7). We observe no faults with
significant throw in the Hikurangi Plateau basement, nor any active subduc-
tion-related bend faults that would offset the sediment cover.

Three large seamounts are observed across this segment of the margin (Fig.
8). TGranganui Knoll is oriented NNW-SSE and is prominent (~2 s high) in the
central portions of seismic profiles MH38 (30-50 km) and MH24 (~15-60 km;
Figs. 8A and 8B). Small, buried (~0.75-s-high) volcanic cones in the center of
profile MC10 are associated with Ttranganui Knoll (Fig. 8C). The western flank
of an unnamed, largely buried volcanic edifice rises ~1 s above a basement
low at the southeast end of profile MH38 (Fig. 8A). Puke Knoll rises above the
regional volcanic basement (~2 s high) at the deformation front of SHIRE Line
1b/MC10 (Fig. 8C). Small volcanic cones and a basement high at the deforma-
tion front of profiles MH38 and MH24 also appear to be a continuous ridge
of volcanism associated with Puke Knoll (Figs. 8A and 8B), which 3-D seismic
data show is a NNW-SSE-oriented linear volcanic edifice (Gase et al., 2023).
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The upper surfaces of Taranganui Knoll and Puke Knoll are roughened by small
volcanic cones. Taranganui Knoll has a broad flat top with truncated volcani-
clastic reflections, an irregular cover veneer of sediment drifts, and younger
volcanic cones that imply resurgent volcanism after erosion and subsidence
(Wallace et al., 2019; Allen et al., 2022; Fig. 8).

Reflections within Unit HKB are observed across the three profiles (Fig.
8). The flanks of large seamounts, such as Puke and Tdranganui knolls, con-
tain wedges of inclined reflectors that we interpret as lava flows, and zones

of chaotic reflections that we suspect are volcaniclastic debris (Barnes et al.,
2020; Gase et al., 2023). Some of the adjacent basins contain reflectors that
appear to emanate from the larger volcanic edifices, which implies that broad
regions of the northern Hikurangi Plateau are covered by volcaniclastic debris
and lavas from large seamounts nearby. We do not observe an unequivocal
Horizon B. However, bands of strong reflections that may be related to Horizon
B are observed ~1-1.5 s below the top of Unit HKB near Taranganui Knoll (Figs.
8A and 8B; Barnes et al., 2020) and ~0.75-1 s below the top of Unit HKB near
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Figure 7. (A) Line-adjacent bathymetric gradient map.
(B) Pre-stack time-migrated image of Mahia Seamount
from Seismogenesis at Hikurangi Integrated Research
Experiment Line 4/MC40 (Fig. 5). (C) Enlarged view of
Mahia Seamount’s southern flank. (D) Enlarged view of
Mahia Seamount’s northern flank. Stratigraphic hori-
zons include the top of late-stage volcanics (magenta
line), the Reflector 5b unconformity (yellow line), which
separates trench-fill hemipelagic sediments (TF) from
calcareous pelagic sediments (CL), the horizon that sep-
arates Sequence Y from Unit MES (Mesozoic sediments;
red line), the top of Unit HKB (Hikurangi Plateau base-
ment; blue line), and Horizon B (blue dots). FF—forced
fold; HC—Hikurangi Channel; S—volcanic sill. Faults are
marked by thin, subvertical dashed red lines. Vertical
exaggeration is 6.5 at 2.5 km/s.
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Figure 8. Pre-stack time-migrated images of seismic profiles (A) MH38, (B) MH24, and (C) Seismogenesis at Hikurangi Integrated Research
Experiment Line 1b/MC10. Stratigraphic horizons follow the same conventions as in Figures 4 and 5. Stratigraphic horizons include the top of
late-stage volcanics (magenta line), the Reflector 5b unconformity (yellow line), which separates trench-fill hemipelagic sediments (TF) from
calcareous pelagic sediments (CL), the horizon that separates Sequence Y from Unit MES (Mesozoic sediments; red line), the top of Unit HKB
(Hikurangi Plateau basement; blue line), and Horizon B (blue dots). Thrust faults in the outer wedge of the Hikurangi prism are shown as thin,
dashed red lines. The Ruatoria debris avalanche deposit is shaded yellow. Vertical exaggeration is 5 at 2.5 km/s.
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Puke Knoll. These banded reflections continue beneath the large seamounts,
where they weaken. We suspect that these basement reflections may be related
to a pre-seamount volcanic basement.

4.3. North-Central Profiles Offshore Hawke Bay

Seismic profiles MC55 and MC53 trend perpendicular to the margin
(Fig. 9). The northernmost profile, MC55 (Fig. 9A), traverses the southern crest
of Mahia Seamount, whereas MC53 (Fig. 9B) is located several kilometers
south of the seamount. As observed in SHIRE Line 4/MC40, bright reflections

with chaotic interior fabric emanate from the top of Mahia Seamount, cover
the lower strata of Unit CL, and are onlapped by the trench-wedge facies.
These reflections are consistent with Pliocene volcanism (Timm et al., 2010).
Contemporaneous neovolcanics are also observed to the south in profile
MC53 (Figs. 9B, 10A, and 10B), and ~40 km to the west, near the Hikurangi
margin deformation front. Reflections beneath the neovolcanic units have
weaker amplitudes, which suggests scattering within the volcanic material
and/or physical disruption of the underlying strata by dikes (Fig. 10). We inter-
pret bright, discontinuous reflectors within units CL and MES as magmatic
sills (Fig. 10). Normal faults cut units CL and TF, often along the margins of
neovolcanics (Figs. 9 and 10), which indicates Quaternary deformation. Some
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Figure 9. Pre-stack time-migrated images of
seismic profiles (A) MC55 and (B) MC53. Strati-
graphic horizons include the top of late-stage
volcanics (magenta line), the Reflector 5b uncon-
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Figure 10. Enlarged panels highlight neovolcanics and Quaternary faults in (A and B) seismic profiles MC53 and (C) MC55. Stratigraphic horizons include the top of late-stage volcanics
(magenta line), the Reflector 5b unconformity (yellow line), which separates trench-fill hemipelagic sediments (TF) from calcareous pelagic sediments (CL), the horizon that separates
Sequence Y from Unit MES (Mesozoic sediments; red line), the top of Unit HKB (Hikurangi Plateau basement; blue line), and Horizon B (blue dots). S—volcanic sill; faults are marked
by thin, subvertical dashed red lines. Vertical exaggeration at 2.5 km/s is 3.8 for parts A and B, and 2.4 for part C. HC—Hikurangi Channel.

faults appear to extend into Unit HKB. We suggest that the Quaternary faults  likely represents the basement surface upon which seamounts were erupted.
could be related to differences in compaction of the volcanic and nonvolcanic ~ We infer volcaniclastic sediments to be more likely than lava flows in the
sediments, thermal subsidence, inherited crustal weakness near neovolcanic  upper ~0.5-1 s of Unit HKB here due to the general lack of strong reflectivity.
activity, and/or plate bending.

As in profile MC40 (Fig. 5), the top of Unit HKB is often obscured beneath
the neovolcanics on and adjacent to Mahia Seamount. This horizon has a  4.4. Central Profiles Offshore POrangahau
gentle apparent dip to the northwest in profile MC55 (Fig. 9A) and is marked
by ~0.25-s-high volcanic edifices in profile MC53 (Fig. 9B). The upper ~0.5-1s Seismic profiles MC50, MC58, and MC48 are located offshore the central
of Unit HKB is weakly reflective. However, a clear, strong band of northwest- Hikurangi margin near Pérangahau, and are oriented perpendicular to the
dipping reflections is observed at ~6-7 s in both profiles—a time that margin (Fig. 11). Here, the outer Hikurangi forearc transitions from a narrow,
corresponds with bands of intra-basement reflections in the northern profiles  steep accretionary prism in the north to a wide, low-taper accretionary prism
(Fig. 8). We suggest that the top of this band of reflections is Horizon B and  with abundant proto-thrusts up to 30 km seaward of the primary frontal thrust
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Figure 11. Pre-stack time-migrated images of seismic profiles
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line), the top of Unit HKB (Hikurangi Plateau basement; blue line),
— and Horizon B (blue dots). Faults are shown as thin, dashed red
lines. Vertical exaggeration is 5 at 2.5 km/s. HC—Hikurangi Channel.
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(Barnes et al., 2018; Figs. 1B and 11). Subhorizontal bright reflections with
<5 km horizontal extents are observed in Unit MES in the northernmost pro-
file (MC50; Fig. 11A), which we interpret as neovolcanic sills from the region
surrounding Mahia Seamount. No other evidence of Cenozoic volcanism is
observed in the southern profiles (MC58 and MC48; Figs. 11B and 11C). A
basement-offsetting Quaternary normal fault is located beneath the west-
ern flank of the Hikurangi Channel in profile MC50 (Fig. 11A), but Quaternary
deformation in the other profiles is only associated with subduction-induced
thrust faults (Figs. 11B and 11C).

The upper Unit HKB surface in all three profiles contains segments of
Unnamed Seamount #2. In profile MC50, Unnamed Seamount #2 is an
~0.75-s-high edifice with two peaks that lies 15 km from the deformation front
(Fig. 11A). In profile MC58, ~35 km to the south, Unnamed Seamount #2 is a
>50-km-wide ridge that rises >2 s above the surrounding basement topogra-
phy (Fig. 11B). An ~15-km-long segment of its edifice is imaged at the eastern
end of profile MC48 (Fig. 11C). Minor, 0.25-s-high volcanic cones are observed
west of the Hikurangi Channel on profiles MC58 and MC48 (Figs. 11B and 11C).
Reflections inside the upper ~1 s of Unnamed Seamount #2 include (1) strong,
chaotic reflections at the center of the edifice on MC50 (Fig. 11A) and (2) steeply
inclined reflections that dip away from the seamount’s peak in profiles MC58
and MC48, where they are clearly constructed on the upper reflections of Unit
HKB (Figs. 11B and 11C). These inclined reflections within Unnamed Seamount
#2 continue into ~20-30-km-wide zones of relatively flat-lying and chaotic
reflections that we interpret as lavas and volcaniclastic debris fans. The deep,
layered reflections associated with Horizon B of the north-central Hikurangi
margin (Fig. 9) are not clearly observed here. However, we note a horizon of
increased higher reflection amplitude ~0.5-1.25 s below the top of Unit HKB
in all three profiles, which we interpret as Horizon B (Fig. 11). This horizon is
continuous with strong inclined reflections beneath Unnamed Seamount #2
at ~6-7 s that are consistent with our interpretation of the seamount interior
reflections in other profiles (Figs. 5, 6, and 8).

4.5 South Profiles at Pegasus Basin

The southernmost profiles presented here, MC42, MC44, and PEG
09-08m1000, are located in the Pegasus Basin, offshore the Wairarapa coast
(Fig. 12). The two southernmost SHIRE profiles (MC42 and MC44) are oriented
perpendicular to the margin, whereas PEG 09-08m1000 trends northeast-
southwest, approximately parallel to the deformation front. Trench-fill
sediments in the Pegasus Basin increase southward to thicknesses of up to
6 km (Plaza-Faverola et al., 2012; Bland et al., 2015; Crutchley et al., 2020),
and Unit MES thickens substantially into the extinct accretionary wedge of
the Gondwana margin at the Chatham Rise (Fig. 12). We find no neovolcanic
features in the Pegasus Basin. Quaternary faults in the sedimentary cover
with significant throw are associated with the Hikurangi margin accretionary
wedge system (Figs. 12A and 12B).

The upper Unit HKB surface shows the waning contribution of Late Creta-
ceous seamount volcanism from the northeast into the southwestern Pegasus
Basin (Fig. 12). In profiles MC42 and MC44, the upper Unit HKB surface has
an apparent gentle dip toward the Hikurangi margin forearc (Figs. 12A and
12B). In PEG 09-08m1000, this surface drops ~1.2 s from the northeast to the
southwest under the inactive East Gondwana accretionary wedge (Fig. 12C).
Small (<5-km-wide) volcanic cones are imaged at ~30 km in MC42 (Fig. 12A)
and ~0-25 km in PEG 09-08m1000 (Fig. 12C); otherwise, the surface of Unit
HKB is smooth and not influenced by distributed volcanism. The southeast-
ern edge of profiles MC42 and MC44 (Figs. 12A and 12B) includes the flank
of Unnamed Seamount #1. The upper ~0.25-1 km of the seamount’s flank is
marked by gently dipping wedges of reflections that we interpret as volcani-
clastic debris or lava flows.

Below its surface, Unit HKB contains substantial reflectivity that may pre-
date seamount volcanism. A strong, laterally continuous reflector in profile
MC42 beneath Unnamed Seamount #1 shallows to where it is close to the
surface of Unit HKB at ~10-40 km from the deformation front (Fig. 12A). This
horizon agrees with the position of Horizon B in profile MC40 (Fig. 5), and we
interpret it as the below-seamount basement interface. Such a strong Horizon
B is not observed in profiles MC44 or PEG 09-08m1000; however, we do inter-
pret a less prominent horizon within Unit HKB to represent the same interface
(Figs. 12B and 12C). Our interpretation suggests that Horizon B outcrops at
the Unit HKB upper surface near 40 km in profile PEG 09-08m1000 and is not
identified beneath the Chatham Rise (Fig. 12C). We observe ~0.5-2-s-thick
wedges of strong dipping reflections beneath Unit HKB’s upper surface and
Horizon B in all three profiles. In MC42 and MC44, these reflective wedges
have an apparent dip to the northwest toward the Hikurangi margin forearc
(Figs. 12A and 12B). In PEG 09-08m1000, they dip both southwest under the
East Gondwana wedge of the Chatham Rise (distance 70-110 km) and northeast
(distance 20-60 km; Fig. 12C). We interpret these wedges of dipping reflectors
as lava flows, due to their similarity to seaward-dipping reflectors from lava
flows on volcanic passive margins (Planke et al., 2000) and convex upward
reflectors from lava flows on the Shatsky Rise (Sager et al., 2013). Small offsets
in these dipping basement reflectors are interpreted as distributed normal
faults that are no longer active.

4.6. Mapped Basement Topography

We mapped the top of the horizon of Unit HKB and neovolcanic reflectors
across the margin, including legacy seismic surveys and all SHIRE seismic
profiles across the Hikurangi Plateau (Fig. 13; see Table S1 for legacy survey
information). Neovolcanics are widely observed in the north-central portion
of the margin surrounding Mahia Seamount and less so around Tdranganui
Knoll (Fig. 13). Lower volumes of neovolcanics may exist throughout the mar-
gin, however; our 2-D lines with nominal spacing of ~10-40 km are capable of
imaging neovolcanic features of this scale.
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Figure 12. Pre-stack time-migrated images of seismic profiles (A) MC42, (B) MC44, and (C) PEG 09-08m1000. Stratigraphic horizons include the Reflector 5b unconformity (yellow
line), which separates trench-fill hemipelagic sediments (TF) from calcareous pelagic sediments (CL), the horizon that separates Sequence Y from Unit MES (Mesozoic sediments;
red line), the top of Unit HKB (Hikurangi Plateau basement; blue line), and Horizon B (blue dots). Faults are shown as thin, dashed red lines. Vertical exaggeration is 5 at 2.5 km/s.

From the upper horizon of Unit HKB, we interpret at least seven major
seamounts along the margin, including Tdranganui Knoll, Puke Knoll, Te Kuri-
a-Paoa Seamount, Mahia Seamount, Unnamed Seamount #1, Bennett Knoll,
and Unnamed Seamount #2 (Fig. 13). The largest of these seamounts are up
to 100 km long in their greatest dimension. All sesamounts north of Bennett
Knoll have a clear north-south or northwest-southeast alignment. Poor data

coverage to the south and east of Unnamed Seamount #1 prevents us from
determining its geometry. Tdranganui Knoll and Te Kuri-a-Paoa Seamount
may be interpreted as a single volcanic structure due to their proximity and
consistent orientation. The regional basement topography along the Hikurangi
margin deformation front gradually descends from ~4 km b.s.l. offshore Gis-
borne to ~12 km b.s.l. in the western Pegasus Basin.
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Figure 13. Map of approximate depth to the top of the Hikurangi Plateau basement (HKB)
unit along the Hikurangi margin, North Island of New Zealand. Neovolcanics observed on
2-D seismic profiles are plotted as thick red lines. Cumulative slow slip (in centimeters)
between 2002 CE and 2014 CE is plotted in red (shallow; i.e., < 20 km) and blue (deep; i.e.,
>20 km) contours (Wallace, 2020).

Hl 5. DISCUSSION

5.1. Basement Structure and Geologic Evolution of
the Hikurangi Plateau

Large igneous provinces and oceanic plateaus are sites of voluminous sup-
ply of magma from the deep Earth to the upper mantle and crust in a relatively

short time (e.g., Coffin and Eldholm, 1994; Self et al., 2013). High-magmatic
flux can result in crustal intrusion, which thickens the crust from within, and
massive eruptions that thicken the basaltic upper crust. Thus, oceanic plateaus
have crust, measured from the top of the basaltic basement to the Moho dis-
continuity, which is ~1.5-5 times thicker (Coffin and Eldholm, 1994) than normal
oceanic crust (~6 km; Van Avendonk et al., 2017; Chen, 1992; Christeson et al.,
2019; White et al., 1992). Although not well studied, some plateaus, including
Manihiki (Hochmuth et al., 2019) and Ontong Java (Tonegawa et al., 2019), have
regional variations in their crustal thickness that could be related to rifting or
heterogeneous supply of magma. The relative contribution of intrusion and
volcanic eruptions to crustal thickening is not well known. Large seamounts can
locally increase the thickness of basaltic oceanic crust by up to 3 km without
coincident underplating (Bassett et al., 2023). Seismic profiling across the Hiku-
rangi Plateau demonstrates that it is thickest at its southern margin (10-16 km)
near the Chatham Rise (Mochizuki et al., 2019; Herath et al., 2020; Riefstahl
et al., 2020a; Bassett et al., 2023) and thins (7-10 km; Scherwath et al., 2010;
Gase et al., 2021; Bassett et al., 2023) toward its northeastern boundary, where
rifting occurred between the Hikurangi and Manihiki plateaus (Taylor, 2006).
Less is known about the structure and lithological composition of the Early
Cretaceous Hikurangi Plateau basement and whether it was modified by pla-
teau rifting. This is complicated by the volume and prevalence of seamount
volcanism that is believed to be of Late Cretaceous age (Hoernle et al., 2010).
At other oceanic plateaus (e.g., Manihiki Plateau, Ontong Java Plateau, and
Shatsky Rise), drilling and seismic imaging show that LIP eruptions produce
massive lava sheet flows (Jackson et al., 1976; Tarduno et al., 1991; Koppers
et al., 2010; Sager et al., 2013), which indicate high-eruption rates and are
analogous to continental flood basalts (Self et al., 2013). Sheet flows can be
interbedded with or covered by pillow lavas and volcaniclastic materials. When
viewed seismically, these volcanic flows appear as flat-lying packages (Inoue
etal., 2008; Bangs et al., 2015) or inclined wedges (Parsiegla et al., 2008; Sager
etal., 2013; Zhang et al., 2015; Pietsch and Uenzelmann-Neben, 2015) of contin-
uous reflections beneath the top of the basement, similar to seaward-dipping
reflectors at volcanic rifted margins (e.g., Planke et al., 2000). We believe that
the dipping reflections observed in the Pegasus Basin are massive sheet flows
from eruptions (Fig. 12), possibly from the Early Cretaceous Hikurangi Plateau
formation. The dipping reflectors can also be viewed in other seismic reflec-
tion profiles within the Pegasus Basin presented elsewhere (Bland et al., 2015;
McArthur and McCaffrey, 2019), which indicates that they are a common upper-
crustal structure within this region. Similar inclined reflections are documented
on the Manihiki Plateau (Pietsch and Uenzelmann-Neben, 2015), which lacks
Late Cretaceous seamount volcanism (Hoernle et al., 2010; Timm et al., 2011).
The possibility that the dipping reflectors on the Hikurangi Plateau are a part of
the Early Cretaceous basement is further supported by (1) the lack of post-LIP
formation volcanism in the form of large seamounts and thick volcaniclastic
deposits in the Pegasus Basin; (2) the fact that the dipping massive sheet flows
extend beneath the extinct East Gondwana margin accretionary prism of the
Chatham Rise (Fig. 12C), where convergence ceased in the Late Cretaceous
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(Davy et al., 2008; Davy, 2014; Mortimer et al., 2020; van de Lagemaat et al.,
2023), approximately the same period when large seamounts erupted across
the Hikurangi Plateau (Hoernle et al., 2010); and (3) the Pegasus Basin is far
(~400-600 km) from the locus of Late Cretaceous plateau rifting and crustal
thinning (Bassett et al., 2023).

Northeast of the Pegasus Basin, we propose that the Early Cretaceous
Hikurangi Plateau basement is locally obscured by deformation from rifting
and Late Cretaceous seamount volcanism. The stronger Horizon B imaged
along the north-central Hikurangi margin (Fig. 9) and the diffuse increase in
intra-basement reflectivity on other profiles (Figs. 5, 8, and 11) are ideal candi-
dates for the northern continuation of the top of the Early Cretaceous basement.
We demonstrate that many of the Hikurangi Plateau seamounts contain strong
reflections that are continuous with the inferred Horizon B across the Hikurangi
Plateau. This horizon could be obscured in some regions by scattering from
overlying volcanic deposits or disrupted by magmatic intrusion and rifting.

Gravity data and wide-angle profiling show that crustal thinning from
plateau rifting occurred at the northern and north-central Hikurangi Plateau
(Bassett et al., 2023); however, the effect of this process on the Hikurangi
Plateau’s upper crustal structure is unclear. Although normal faults would be
expected to accompany crustal thinning, large-offset Cretaceous-age normal
faults are not clearly observed in our data. Large-offset normal faults are
reported in other studies near the Rapuhia Scarp and the remainder of the
Hikurangi Plateau’s northern rifted boundary (Davy and Collot, 2000; Davy et
al., 2008). The lack of evidence of Cretaceous deformation in our study area
could also be due to geologic overprinting and seismic scattering by the Late
Cretaceous seamount volcanism or the tendency of our seismic profiles to be
oriented oblique to the north-south trend of Cretaceous subduction at the Cha-
tham Rise and rifting to the north. Large seamounts between the central and
northern Hikurangi Plateau are elongated north—south or northwest-southeast
(Fig. 13). This consistent seamount orientation persists farther north to the
Hikurangi Plateau rifted margin (Davy et al., 2008; Hoernle et al., 2010), which
indicates that the seamounts’ magma supply was influenced by anisotropic
crustal permeability, perhaps caused by rift-related faults or a prevailing min-
imum principal stress that was oriented north-south to northwest-southeast.

Volcaniclastic deposits are prevalent above Horizon B northeast of the
Pegasus Basin, often reaching thicknesses of 0.5-1 s at the flanks of large sea-
mounts. Our images show that these volcaniclastic deposits are widespread
throughout the central and northern Hikurangi margin and gradually thin to
distances of up to 30 km from the seamounts’ peaks, which implies that they
are partially sourced from the large seamounts as volcaniclastic debris and
lava flows (Barnes et al., 2020). Scattered minor volcanic cones within Unit
HKB also suggest that smaller, distributed volcanic eruptions could be the
source of some of these upper volcanic deposits.

Horizon B is a candidate for the top of basaltic basement with properties
that are similar to upper normal oceanic crust, and overlying volcaniclastic
deposits may have much more variable characteristics. Wide-angle seismic
tomography studies find that the volcaniclastic deposits above Horizon B can

have P-wave velocities of <5 km/s to depths 2-3 km below the top of Unit
HKB (Scherwath et al., 2010; Arai et al., 2020; Gase et al., 2021; Bassett et al.,
2023). Full-waveform inversion, well-logging, and stacking velocities further
demonstrate that the upper ~1.5 km of Unit HKB can have very low-P-wave
velocities (1.8-4 km/s; Davy et al., 2008; Barker et al., 2018; Gray et al., 2019;
Barnes et al., 2020; Bangs et al., 2023; Gase et al., 2023) compared to the top
of normal Cretaceous-age basaltic ocean crust (>5.5 km/s; Christeson et al.,
2019). Small volcanic cones and the adjacent volcaniclastic basins have little
difference in their seismic velocities (Gase et al., 2023). In contrast, the seismic
velocities of the interiors of large seamounts are ~1 km/s faster than those of
the surrounding volcanic upper crust (Gase et al., 2021; Bassett et al., 2023),
which could be the result of seismically fast magmatic intrusions or different
eruption mechanisms on large seamounts. The flat, guyot-style upper surfaces
of some of the largest seamounts of the Hikurangi Plateau imply that water
depths were at least ~2.5 km shallower in the Late Cretaceous (Hoernle et al.,
2004; Allen et al., 2022). Eruption styles (e.g., explosive versus effusive) can
be strongly influenced by water depth (White et al., 2015). Possibly, some
eruptions on the large seamounts occurred subaerially, whereas eruptions
on smaller seamounts occurred in deep- or shallow-water conditions. Large
seamounts may contain seismic velocity heterogeneities that result in adja-
cent zones of faster and slower seismic velocities (Arai et al., 2020; Bassett et
al., 2023). This observation was independently confirmed by marine electro-
magnetic methods that found electrically conductive volcanic deposits on the
flanks of large seamounts and heterogeneous electrical conductivity within
the large seamounts that may be related to faulting, porosity anomalies, and
rock alteration (Chesley et al., 2021). Determining whether the properties of
these upper volcanic deposits vary systematically along the Hikurangi Pla-
teau or with distance from large seamounts will require further investigation.

5.2. Cenozoic Volcanism and Deformation

Our newly presented evidence of Cenozoic volcanism provides new con-
straints on the distribution of neovolcanic activity in the western region of the
Hikurangi Plateau. Late Cenozoic volcanic activity is not limited to the Hiku-
rangi Plateau, and in fact is widespread throughout the continental crust of
Zealandia (Timm et al., 2010). What supplied magma to the Hikurangi Plateau
after >60 m.y. of volcanic dormancy is not obvious, and rejuvenation of Late
Cretaceous magma sources is improbable.

Distributed intraplate volcanoes near oceanic trenches, so-called “petit-spot
volcanoes,” are observed in subduction zones with high-degrees of outer-rise
flexure, which leads to the hypothesis that flexure and faulting release melt
from the mantle (Hirano et al., 2001, 2006, 2008; Valentine and Hirano, 2010).
Subsequent geochemical analyses of petit-spot volcanoes from the North-
west Pacific, Samoa, and the Christmas Islands reveal alkali basalts with an
enriched mantle source (EM1; Hoernle et al., 2011; Reinhard et al., 2019; Hirano
and Machida, 2022). The Japan Trench petit-spot volcanoes have spatially
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and temporally distinct trace-element compositions that cannot be explained
by crystal fractionation, which indicates that low-degree partial melts can
percolate through the lithosphere without significant storage (Machida et
al., 2015). Yang and Faccenda (2020) proposed that in the Northwest Pacific,
where the Pacific Plate slab has stagnated in the mantle transition zone, seis-
mic low-velocity zones above the 440-660 km depth mantle transition zone
indicate hydrous melting of the upper mantle that could lead to melt ponding
near the lithosphere-asthenosphere boundary and serve as the source of the
petit-spot volcanoes.

Petit spot volcanism can also modify the seismic structure and properties
of the shallow basement and sedimentary stratigraphy. Ohira et al. (2018)
reported reduced upper-crustal P-wave velocities, opaque basement reflec-
tions, and weakened Moho reflections under petit-spot volcanoes in the Japan
trench. These late-stage eruptions can disrupt and metamorphose sediments
on subducting plates, and both are factors that may influence material prop-
erties and structure along the megathrust once petit-spot volcanic provinces
subduct (Fujie et al., 2020).

The neovolcanics observed near Mahia Seamount are possibly petit-spot
volcanoes. At the Hikurangi margin, lithospheric flexure is reduced compared
to other margins with petit-spot volcanoes, due to the thickened crust of the
Hikurangi Plateau (Bassett et al., 2023). However, free-air gravity anomalies along
the Hikurangi margin data still detect an ~300-km-wide gravity high outboard
of the Hikurangi Trough that is continuous with the outer rise of the Kermadec
Trench (Bassett et al., 2023). Assuming constant flexure and plate velocities
(~5 cm/yr) over time, Mahia Seamount was in this flexural bulge 3.3 m.y. ago,
when the neovolcanics erupted. We observe few recently active normal faults
along the margin except for the region of neovolcanic activity, which implies a
link between intraplate deformation and volcanism. Timm et al. (2011) showed
that Mahia Seamount’s Pliocene lavas are basanites (i.e., low-silica alkali basalts)
with a HIMU mantle source, which is consistent with other Cenozoic intraplate
volcanism throughout Zealandia. Strong wide-angle seismic reflections beneath
the Hikurangi Plateau Moho are attributed to partial melts within the lithosphere-
asthenosphere boundary at 80-100 km depth (Stern et al., 2015; Herath et al.,
2022). Mather et al. (2020) proposed that widespread Cenozoic intraplate volca-
nism in Eastern Australia, Zealandia, and the South Fiji Basin (Mortimer et al.,
2018) is caused by the displacement of volatiles from the mantle transition zone
by the Pacific Plate slab. This mechanism is a possible source of neovolcanics
on the Hikurangi Plateau. Alternative explanations could include partial melt
channelization to the lithosphere-asthenosphere boundary from a mantle plume
(Naif et al., 2023), but we consider this unlikely because no active hotspots are
within 2000 km of the Hikurangi Plateau.

Active normal faults are often observed on many oceanic plateaus (Glin
et al., 2024); however, whether subduction still induces substantial flexural
deformation and faulting in thickened oceanic lithosphere is not well under-
stood. In normal oceanic lithosphere, outer-rise flexural extension can alter
the composition and porosity of the subducting plate through fracturing and
chemical hydration reactions (Ranero et al., 2003; Van Avendonk et al., 2011;

Naif et al., 2015; Grevemeyer et al., 2018; Miller et al., 2021; Acquisto et al.,
2022). Enhanced slab hydration in response to bend-faulting may influence
rates of intermediate-depth, intra-slab seismicity (Shillington et al., 2015) and
the chemical composition of volcanic arcs (Carr et al., 2003). However, the
extent of contemporary normal faulting is strongly influenced by the orienta-
tion of preexisting abyssal hill fabric (Ranero et al., 2005), which is not known
within the Hikurangi Plateau. Active flexural extension of the Hikurangi Plateau
has been documented where the plateau’s northern edge subducts along the
southern Kermadec Trench, northeast of East Cape (Collot and Davy, 1998),
presumably where the crust of the plateau is thinnest (Bassett et al., 2023).
However, such deformation appears to be limited in the Hikurangi Trough, with
evidence of recent normal faulting observed only near Mahia Seamount. Still,
this does not rule out the possibility that the Hikurangi Plateau basement is
heavily faulted nor that its lithosphere has been hydrated by other processes.
Distributed normal faults are clear in the Pegasus Basin basement, where
seismic energy is less likely to be scattered by thick volcaniclastic deposits
or seamounts (Fig. 13), but these faults do not significantly deform the over-
lying strata. Intra-slab earthquakes with normal- and strike-slip mechanisms
are prevalent across the Hikurangi forearc (Reyners et al., 2017; Todd et al.,
2018; Yarce et al., 2019; Mochizuki et al., 2021), which indicates ongoing defor-
mation within the subducting Hikurangi Plateau. Henrys et al. (2006) also
infer, from coincident seismic reflection data and seismicity in Hawke Bay,
that large normal faults formed or reactivated in the Hikurangi Plateau upon
subduction. Wide-angle seismic profiling studies show variations in the Hiku-
rangi Plateau’s mantle P-wave velocities (7.9-9.0 km/s) that could be related to
serpentinization, porosity, or changes in olivine mineral fabric (Mochizuki et
al., 2019; Stern et al., 2020; Herath et al., 2020; Gase et al., 2021; Bassett et al.,
2022). However, whether these seismic velocity variations are due to modern
or ancient processes is unknown. Thus, slab-bending and hydration could be
an important contemporary process within the Hikurangi forearc even if it
were not pervasive before subduction.

5.3. Implications for Forearc Structure

Seamount collisions can have a strong influence on many structural factors
in forearcs. At thinly sedimented margins, subducting seamounts can cause
over-steepened forearcs and landslide scarps that can be readily identified
from seafloor morphology (Ranero and von Huene, 2000; von Huene et al.,
2004). Along the northern Hikurangi margin, where sediments are <1.5 km
thick, large seamounts of the Hikurangi Plateau protrude through the sediment
cover, and smaller-scale basement topography is buried. Here, the effects of
large seamount collisions are widely documented as (1) a steeper prism taper
(Fagereng, 2011); (2) large-scale collapse of the forearc (Lewis et al., 1998; Collot
et al., 2001; Pedley et al., 2010); (3) radiating upper-plate deformation fabrics
above seamounts (Barnes et al., 2010); (4) local variations in the volume and
kinematics of frontally accreted sediments (Gase et al., 2021); and (5) spatial
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variations in tectonic loading, consolidation, and stress state (Ellis et al., 2015;
Sun et al., 2020). However, the effects of ssamount subduction on forearc struc-
ture become more subtle when the thickness of sediments approaches the
height of the seamounts. Numerical simulations show that when seamounts
are buried by sediments and are higher than the décollement horizon (i.e.,
have relief exceeding the thickness of subducting sediments), deformation
is partially accommodated by long-offset frontal thrust faults (Morgan and
Bangs, 2017). Oversteepening is short-lived, and poorly consolidated sedi-
ments accrete in the seamount’s wake (Morgan et al., 2022; Bangs et al., 2023).
Completely subducted seamounts are well observed along the north-central
Hikurangi margin at Ritchie Banks (Nicol et al., 2007; Barker et al., 2009), Rock
Garden (Barnes et al., 2010), and the northern Hikurangi margin offshore of
Gisborne (Bell et al., 2010; Barker et al., 2018; Bangs et al., 2023). Former sea-
mount subduction has also been inferred farther north at the Ruatoria reentrant
(Lewis et al., 1998; Collot et al., 2001). Despite seamounts being observed along
the entirety of SHIRE Line 4/MC40 outboard of the Hikurangi Trough, there is
little evidence for major seamount subduction beneath the southern Hikurangi
forearc (Barnes et al., 2010; Plaza-Faverola et al., 2012; Bland et al., 2015; Ghi-
setti et al., 2016; Crutchley et al., 2020; McArthur et al., 2020; Gase et al., 2022),
other than the presently colliding Bennett Knoll (Davidson et al., 2020). Chow
et al. (2022), however, suggest that a localized high-velocity feature within
the inner central Hikurangi margin near PGrangahau is a large seamount that
subducted ~4 m.y. ago, potentially resulting in subsidence of the margin at
Madden Canyon. Conversely, the effects of seamount subduction on forearc
structure—such as oversteepening, long-offset thrusts, and collapses—have
not yet been documented in the southern Hikurangi forearc.
Three-dimensional models of seamount collisions often assume that sea-
mounts are conical structures with circular bases (Dominguez et al., 2000; Ruh
et al., 2016). This assumption may be advantageous for isolating the effects
of topography for a simple physical model but could fail to explain structures
observed in natural systems. The size of the seamount compared to the thick-
ness of incoming sediments and the seamount’s geometry are important for
understanding its impact on a subduction margin (Zeumann and Hampel,
2015). Large seamounts across the Hikurangi Plateau have consistent topo-
graphic relief (~2-3 km) above the regional basement. Because all incoming
seamounts along the central and northern Hikurangi margin are elongated
north-south- and northwest-southeast-trending ridges, conceptual models of
seamount subduction at the Hikurangi margin should consider the possibility
that subducted seamounts are long, linear ridges rather than single cones
(Fig. 13). Due to their obliquity to the margin (~30° angle), these long volcanic
ridges could influence ~50-100-km-wide segments of forearc diachronously.
The height of the seamounts above the regional décollement should also be
considered. At the northern Hikurangi margin, the megathrust forms within
Unit HKB and Unit CL (Barnes et al., 2020; Gase et al., 2022, 2023). Along the
central and southern Hikurangi margin, the décollement typically forms near
the base of Unit CL above Sequence Y (Barnes et al., 2010). Across the Hiku-
rangi margin, Unit MES thickens substantially, from ~0.5 km along the central

Hikurangi margin to ~3 km in the southern Pegasus Basin (Plaza-Faverola et
al., 2012); this thickness is sufficient to limit the impacts of minor basement
roughness on the megathrust and would have limited the effective height of
any formerly subducted larger seamounts if they had been present (Gase et
al., 2022).

Seamounts and volcaniclastic rocks are documented in accretionary com-
plexes elsewhere (Buchs et al., 2011; Clarke et al., 2018; Bonnet et al., 2020),
and it is possible that some neovolcanics could have been frontally accreted
into the Hikurangi forearc. Many of the Pliocene neovolcanic cones, sills, and
lava flows observed in our data are located near the north-central Hikurangi
margin deformation front above the proto décollement, which is in the base
of Unit CL (Figs. 8A, 9, and 10). Whether such accretion would have any effect
on forearc fault kinematics or properties is unknown. Accreted petit-spot vol-
canoes are documented onshore in the Santa Rosa accretionary complex of
Costa Rica (Buchs et al., 2013). Petit-spot volcanics could form over the entire
age of the subduction zone and be incorporated into the forearc wedge as
they reach the deformation front. Our images of a reflective basement zone
(Horizon B) within Unit HKB and the interior of large seamounts also raise the
possibility that weak horizons could exist within the volcanic upper crust that
allow for the scraping of volcanic material from the incoming plate (Clarke
et al., 2018). Deep-sediment underplating is inferred beneath North Island of
New Zealand (Scherwath et al., 2010; Bassett et al., 2010; Henrys et al., 2013),
but the composition and origin of the underplated material are unknown.
Stripping and underplating of upper-crustal volcaniclastics and basalt is a
potential mechanism that has been replicated with numerical models (Ellis
et al., 1999; Menant et al., 2020).

5.4 Implications for Slip Behavior

When fault rheology can be approximated as frictional, slip behavior is
influenced by numerous factors, including effective normal stress (Leeman
et al., 2016), slip rates (lkari et al., 2013; Im et al., 2020), geometric conditions
(Scholz, 1988; Scuderi et al., 2017), and rock frictional properties that depend
on extrinsic conditions and lithology (Kurzawski et al., 2016; Rabinowitz et al.,
2018; Boulton et al., 2019; Shreedharan et al., 2022, 2023). Because these fac-
tors can be at play on any fault simultaneously, it is difficult to determine their
relative importance and how they may be affected by volcanic basement. Still,
seamounts and rough volcanic basements are widely believed to influence
slip behavior on subduction megathrusts (Wang and Bilek, 2014), although
the exact reasons why are unclear and are, at times, in conflict (Mochizuki et
al., 2008; Lee et al., 2023). Seamounts have been attributed to promoting slow
slip and creeping behavior (Wang and Bilek, 2011; Barker et al., 2018; Shaddox
and Schwartz, 2019) or influencing large earthquakes and fault locking (Cloos,
1992; Kodaira et al., 2000; Bell et al., 2014; Collot et al., 2017).

Effective normal stress of faults is generally correlated with stick-slip
behavior in velocity-weakening materials (Scholz, 1998), and it depends on
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overburden thickness and horizontal stresses, which are counteracted by elas-
tic effects of trapped pore fluids (e.g., Saffer and Tobin, 2011). Recent numerical
and geophysical studies suggest several ways that seamounts and volcaniclas-
tic deposits along the northern and central Hikurangi margin could promote
elevated pore-fluid pressures and heterogeneous stress conditions along the
megathrust. Numerical simulations show that seamounts—approximated
as large, rigid topographic asperities—can increase effective normal stress
directly down-dip along the megathrust (Ruh et al., 2016; Martinez-Loriente et
al., 2019; Sun et al., 2020), which is expected to promote stick-slip behavior. In
contrast, the area immediately up-dip is shadowed from collisional stresses
(Sun et al., 2020). Three-dimensional seismic imaging of subducted seamounts
at the northern Hikurangi margin shows that these stress shadow zones can
contain lenses of undrained sediments that can persist for long durations and
appear in regions with well-documented shallow slow-slip events (Bangs et al.,
2023). Seamounts and the adjacent volcaniclastic deposits on the Hikurangi
Plateau can contain far more water than normal oceanic crust (Chesley et al.,
2021; Gase et al., 2023) as a result of chemical alteration and greater porosity.
If subducted seamounts or thick volcaniclastic deposits contain overpressured
fluids that are hydraulically connected to the megathrust, they could limit
stick-slip behavior. Changing stress conditions within the subducted Hikurangi
Plateau, inferred from earthquake focal mechanisms, suggest that hydraulic
connection between the Hikurangi Plateau and the megathrust is possible
(Warren-Smith et al., 2019).

Investigators have long speculated from bathymetry that seamounts have
less influence on the forearc structure and megathrust of the southern Hikurangi
margin (Lewis et al., 1998; Wallace et al., 2009). Growing evidence from seismic
imaging confirms that there is a greater influence of volcaniclastic lithologies and
seamounts on the central and northern Hikurangi megathrust than on the south-
ern megathrust (Collot et al., 2001; Barker et al., 2009; Barnes et al., 2010, 2020;
Plaza-Faverola et al., 2016; Crutchley et al., 2020; Davidson et al., 2020; Gase et
al., 2021, 2022, 2023; Bangs et al., 2023). This is supported by our observation of
less prevalent volcaniclastic deposits and large seamounts in the Pegasus Basin
(Figs. 12 and 13). Normal faults from Cretaceous rifting of the Hikurangi Plateau,
concentrated in the northern and central Hikurangi Plateau, may have served
as conduits for magmas that constructed the large seamounts and contributed
to the thick volcaniclastic sequences observed. This could indicate an along-
strike change in the influence of volcanic lithologies on the Hikurangi margin’s
hydrogeology and stress state. However, this hypothesis cannot be verified
without higher-resolution geophysical imaging (i.e., full-waveform inversion
and 3-D reflection) and drilling across the Hikurangi Plateau.

In addition, other factors, such as lithology along the megathrust, could be
important. Recovered volcaniclastic samples from the flank of Taranganui Knoll
are rich in smectite clays (Barnes et al., 2020; Underwood, 2021). Geomechani-
cal tests demonstrate that these clay-rich volcaniclastic lithologies have slightly
slip-weakening dynamic friction, do not heal efficiently, and are incapable
of accumulating sufficient elastic strain for large earthquakes (Shreedharan
et al., 2022, 2023). Such conditions could further promote shallow slow-slip

where the megathrust is composed of volcaniclastic lithologies (Barnes et al.,
2020; Gase et al., 2022). In combination, these factors related to seamounts
and the volcaniclastic upper crust of the Hikurangi Plateau could influence the
northern Hikurangi margin’s tendency for recurring slow slip and the southern
Hikurzangi margin’s locked state (Wallace, 2020).

l 6. CONCLUSIONS

In summary, we make several key points related to the volcanic history
and structure of the Hikurangi Plateau near the trench of the Hikurangi sub-
duction zone:

(1) The Hikurangi Plateau formed through at least two major phases of
volcanism spanning the Early Cretaceous to the Late Cretaceous. We believe
the early lavas of the Hikurangi Plateau, in the form of laterally coherent dip-
ping reflectors, are not overprinted by rifting and Late Cretaceous intraplate
volcanism in the Pegasus Basin. These units may have been disrupted by
Early Cretaceous rifting along the northern segment of the Hikurangi margin.

(2) We imaged the pre-seamount basement interface, Horizon B, in several
locations along the Hikurangi Trough. Based on its distribution, we interpret
that a thick volcaniclastic Hikurangi Plateau unit exists along the central and
northern Hikurangi Plateau, but it is substantially thinner or does not exist
to the south in the Pegasus Basin. Much of the volcaniclastic sediments are
associated with broad debris fans that emanate from large seamounts. This
volcaniclastic cover is likely more fluid-rich than normal oceanic crust.

(3) Large seamounts are observed along the Hikurangi Plateau outboard
of the Hikurangi margin and east of the Hikurangi Trough, from the Rapuhia
Scarp to the Chatham Rise. However, none are observed along the southern
Hikurangi margin within the Pegasus Basin.

(4) Small volcanic cones and sills surround and cap Mahia Seamount off-
shore Hawke Bay and the Mahia peninsula, and less so around Tdranganui
Knoll. Dredged basanite lavas on Mahia Seamount date these neovolcanics as
Pliocene. Due to the lack of a nearby hotspot, we suggest that these neovolca-
nics are petit-spot eruptions sourced from intraplate volcanism in response to
the displacement and accumulation of hydrous melts derived from the mantle
transition zone of the Pacific Plate.

(5) Although small-throw normal faults are widespread in carbonate-rich
sediments and the Hikurangi Plateau, we find limited evidence of contempo-
rary outer-rise flexural normal faults outboard of the Hikurangi subduction
zone. The only exception we observe is near Mahia Seamount, which could
be linked to petit-spot volcanism. Thus, slab hydration from pervasive plate
bending is not expected to be an important process before subduction, and
any alteration of the Hikurangi Plateau may reflect ancient deformation and
hydration events.

(6) Because large seamounts and thick volcaniclastic deposits are not
observed in the Pegasus Basin, we suggest that the effects of seamounts on
slip processes in the Hikurangi margin are more dominant along the margin’s

Gase et al. | Hikurangi Plateau volcanic structure



http://geosphere.gsapubs.org

GEOSPHERE | Volume 20 | Number 3

northern and central segments. These include influences of volcanic lithologies
and topography on friction, roughness, and fluid delivery to the megathrust.
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