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Abstract:

This is the second of a two-part New Zealand Journal of Geology and
Geophysics Special Issue on understanding sedimentary systems in Aotearoa-New
Zealand’s Hikurangi Subduction Margin (HSM). This volume includes six research
papers that explore sediment-tectonic interactions operating over a range of spatio-
temporal scales. We take a distinctive perspective moving from the subduction
deformation front in the Hikurangi Trough, upslope to the subduction wedge, and
onshore to the Coastal Ranges. Temporally, papers span the onset of subduction in
the Miocene, to disentangling provenance of turbidity currents triggered by the 2016
CE Kaikoura Earthquake. Collectively, the studies in the special issue reveal a
complicated and continually evolving margin, where active tectonics and volcanism,
coupled with vigorous climatic and oceanographic drivers, modulate erosion,
transport, and depositional cycles of vast volumes of terrigenous sediment into
ocean basins. Despite decades of significant research advances in our knowledge of
the HSM, considerable scope remains for future work. A deeper understanding of
fundamental tectonic-sediment interactions operating on active margins, along with

the significant geohazards they pose, remain outstanding research needs.
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Collectively, Volumes 1 and 2 highlight enduring interest in the HSM as a globally

important natural laboratory for the study of subduction zone geoscience.

Keywords:

Hikurangi Subduction Margin, sedimentary basins, SW Pacific, Miocene,

Quaternary, IODP, biostratigraphy, New Zealand

Introduction

This is the second and final volume of the special issue dedicated to the
understanding of sedimentary systems of the Hikurangi Subduction Margin (HSM).
This region, located on and offshore of eastern Aotearoa-New Zealand (Figure 1), is
one of Earth’s youngest and most seismically complex subduction systems (Wallace
et al. 2004; Wallace et al. 2014; Wallace et al. 2016; Barnes et al. 2020; Davidson et
al. 2020; Gase et al. 2022). Here the oceanic Pacific plate obliquely subducts
beneath the continental Australian plate (Wallace et al. 2004). The HSM region
encompasses a broad deformation zone >200 km across, stretching from the
offshore Hikurangi Trough to the onshore Taupd Volcanic Zone (Ballance 1976;
Lewis et al. 1993; Nicol et al. 2007; Pedley et al. 2010; Strachan et al. 2022; Figure
1). A range of sedimentary basins on the HSM, encompassing variable geometries,
spatial dimensions, and depositional systems, preserve a record of subduction
evolution over the last ~25 Ma (e.g. Beanland et al. 1998; Proust et al. 2005; Orpin et
al. 2006; Giba et al. 2010; Paquet et al. 2011; Pouderoux et al. 2012;Bailleul et al.
2013; Burgreen and Graham 2014; Bland et al. 2015; Kuehl et al. 2016; McArthur
and Tek 2021; McArthur et al. 2021; Griffin et al. 2022; McArthur et al. 2022a;

Claussmann et al. 2023; Hines; et al. 2023; Bland et al. 2024; Figure 1).
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The inception, propagation, and ongoing tectonic convergence associated with
the dynamic HSM is arguably the most profound geodynamic process to have
affected Aotearoa-New Zealand in the last 25 Ma. Rapid crustal shortening and
uplift has resulted in dramatic exhumation of much of today’s landmass (Litchfield et
al. 2007; Mortimer et al. 2017), which continues to be influenced by frequent
earthquakes (e.g. Wallace et al. 2016; Wallace 2020; Pizer et al. 2023), volcanic
eruptions (e.g. Wilson et al. 1995; Hopkins et al. 2020), tsunamis (e.g. Power et al.
2016; Clark et al. 2019), vigorous climate events (e.g. Orpin et al. 2010), and
associated surface processes (e.g. Fuller et al. 2016; Howarth et al. 2021). These
myriad geohazards pose real risks to Aotearoa-New Zealand’s inhabitants and
nearest neighbours across the Tasman Sea and Pacific Ocean (Stirling et al. 2012;

Gerstenberger et al. 2020; Bull et al. 2022).

This volume includes six original research papers, from a range of global
researchers (Table 1). The papers explore sedimentary dynamics operating over a
range of scales, from basin evolution initiated by the onset of subduction in the
Miocene (Bland et al. 2022), to disentangling provenance of laterally extensive
Hikurangi Channel focussed turbidity currents triggered by the 2016 CE Kaikoura

Earthquake (Hayward et al. 2022).

This volume includes four chronostratigraphic studies (Crundwell and
Woodhouse 2022a,b; Noda et al. 2022; Woodhouse et al. 2022) that leverage off
margin histories recovered during Integrated Ocean Drilling Program (IODP)
Expeditions 372 and 375 (Wallace et al. 2019). These expeditions brought together
61 scientists from around the world sailing between November 2017 CE and May
2018 CE (Wallace et al. 2019). The voyages produced a wide array of datasets (e.g.

petrophysics, density, paleomagnetism, sedimentology, biostratigraphy, radiocarbon
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dating, tephrostratigraphy), including recovery of up to a >1 km long sediment core
(IODP Site U1520, Wallace et al. 2019). The core sites spanned an upper slope to
Hikurangi Trough transect, allowing researchers to address myriad questions from
both incoming- and overriding-plate sedimentary successions (Figure 1). These
expeditions build on several decades of marine geology research, requiring
cumulative years of fieldwork, numerous voyages, and continue to drive a high level
of interest, and focussed research on the HSM (Lewis et al. 1993; Lewis et al. 1998;
Lewis and Barnes 1999; Barnes et al. 2010; Pouderoux et al. 2014; Mountjoy et al.

2018; Howarth et al. 2021; Schwarze et al. 2023; Maier et al. In press).

To that end, fundamental advances in our geological understanding of processes
operating on the HSM were leveraged from a series of large international research
initiatives. A key finding was the varied nature of the convergent margin along its
length, and the range of geometries in the resulting structural fabric and sedimentary
basins. The 1993 GeodyNZ programme provided the first detailed geomorphic map
of the margin, from the Kermadec Trench to Kaikoura Canyon (Collot et al. 1996).
Numerous geophysical initiatives have since provided unprecedented detail of the
overriding accretionary prism tectonics and deformed backstop (e.g. Barnes et al.
2010 and references therein; Ghisetti et al. 2016), the incoming plate and basin
sequence, seamount subduction (e.g. Lewis et al. 1998 and references within), gas
hydrates and the interplay between imbricate fault systems and slope basins. A
small selection of recent research initiatives includes: 05CM and NIGHT seismic
surveys (Barker et al. 2009), MARGINS Source-to-Sink (Kuehl et al. 2016);
GeoPRISMS; MANGO (Bassett et al. 2016); HOBITSS (Wallace et al. 2016); NZ3D-
FWI (Davy et al. 2021); SHIRE (Gase et al. 2022; Bassett et al. 2023) and numerous

NZ Ministry of Business, Innovation and Employment (MBIE) funded voyages and
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98 research programmes (Endeavour, Oceans2020, Strategic Science Investment
Fund), RV Sonne (e.g. SO191, 192, 213, 247) surveys, Marion Dufresne coring
100 campaigns (e.g. MD97, MD152), and OPD (181; Carter et al. 2004) and IODP
expeditions (372 and 375; Wallace et al. 2019). Today, the HSM represents one of
102 Earth’s great geoscience laboratories, evidenced by the history of national and

international science initiatives and ongoing globally significant research.

104 The dominantly marine geology focussed papers in this volume (Table 1) allows
us to take a distinctive perspective moving from the subduction deformation front in

106 the Hikurangi Trough (Hayward et al. 2022; Noda et al. 2022; Woodhouse et al.
2022), up slope to the subduction wedge/lower trench slope (Crundwell and

108 Woodhouse 2022a; b), and continuing to ancient exhumed marine strata in the
onshore Coastal Ranges (Bland et al. 2022; Figures 1 and 2), corresponding roughly

110 to the trench-slope break of the margin (McArthur et al. 2020; Strachan et al. 2022).
In addition, the study by Hayward et al. (2022) provides an insight into axial

112 Hikurangi Trough processes, whilst the studies by Crundwell and Woodhouse
(2022a; b) compare subduction wedge biostratigraphic records with distal records

114 from Ocean Drilling Program (ODP) Site 181-1123 (Carter et al. 2004), located on
the deep northeastern slopes of the Chatham Rise some ~900 km ESE of the

116  deformation front (Figures 1 and 2).

Hikurangi Trough

118 The study by Noda et al. (2022) uses detrital magnetic minerals to explore
diagenetic processes recorded from IODP Expedition 375, Hole U1520D (Figure 3).
120 The authors use 67 Late Pleistocene to Holocene aged samples from between 0-510

metres below seafloor (mbsf). The focus of this study is identification of magnetic
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“clusters” to define different types of turbidites; essentially thicker-bedded and
coarser versus thinner-bedded and finer grained beds. Their analysis includes brief
descriptions of the strata but omits turbidite muds from the presented statistics. A
real strength of this study is that they show how magnetic properties change with
depth, interpreted as a result of diagenetic processes (Figure 3). These findings are
interpreted in terms of differences in sulfidization, whereby Unit 1 (0-110 mbsf) has a
lack of sulfidization, which is ascribed to high sedimentation rates related to the
thicker-bedded and coarser turbidites (Figure 3). This is despite the sulfate-methane
transition zone occurring at 27.8 mbsf (Barnes et al. 2019). The authors develop an
insightful conceptual model to explain their findings in terms of sedimentation and
diagenesis (Figure 3).

The study by Woodhouse et al. (2022) offers a comprehensive, high-resolution
assessment of Hikurangi Trough sedimentation from IODP Site U1520D (Figure 1).
The authors focus on the upper stratigraphic unit, Unit 1 (0-110 mbsf), dated in this
paper as spanning the last 45 kyrs (Figure 4). The paper focuses on understanding
the response to major glacio-eustatic sea-level cyclicity, as the record spans Marine
Isotope Stages 1, 2, and part of 3 (Figure 4). Central to their thesis is development of
a new age model that integrates radiocarbon dates, tephrochronology, and oxygen
isotope stratigraphy (Figure 4). These chronological data are supplemented with
detailed lithofacies and foraminiferal analyses that allow the authors to speculate on
past gravity flow processes, sediment sources, triggers, and controls through glacial-
interglacial periods. To interrogate frequency-magnitude relationships, they quantify
bed recurrence intervals and changing sediment accumulation rates over time.
Dramatic changes in sediment flux, frequency, and depositional processes are

evident between glacial and interglacial periods. Results show that turbidite
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recurrence varies from ~49 to ~322 years depending on the Marine Isotope Stage
(Figure 4). A global comparison suggests that the HSM had one of the highest
terrigenous sediment fluxes of any continental margin during the Last Glacial

Maximum.

Building on the Early Miocene to Quaternary aged deep-marine gravity flow and
mass-transport deposit insights of Noda et al. (2022) and Woodhouse et al. (2022),
the 2016 CE Mw 7.8 Kaikoura Earthquake (Hamling et al. 2017) triggered sediment
collapse and flow transformation (Fisher 1983; Strachan 2008) to turbidity currents in
at least 10 submarine canyons (Mountjoy et al. 2018; Howarth et al. 2021; Maier et
al. In press). This provided Hayward et al. (2022) the opportunity to take a novel
approach to disentangling sediment provenance from the 2016 CE Kaikoura
Earthquake triggered turbidity current. They analysed intra-turbidite foraminiferal
faunal variability within the laterally extensive, Hikurangi Channel focussed, Kaikoura
event bed to determine the sediment-source history of the deposit. Data from 17
event bed cores record a down-flow axial transect along the HSM (Figure 5). Results
identify water depths of sediment-source areas along with likely geographic source
regions of landslide collapse from within contributing distributary systems (Figure 5).
They suggest that two regionally distinct compositions can be resolved: a Kaikoura
Canyon distributary system, and a more northern Cook Strait-Opouawe canyon
distributary system (Figure 5). At ~600 km from the Kaikoura Canyon head and
within the Hikurangi Channel, a composite deposit sourced from the Cook Strait-
Opouawe canyons is overlain by Kaikoura Canyon sourced material (Figure 5). This
bed preserves evidence of temporal flow evolution and offers new insights into
sedimentary processes operating within the Hikurangi Channel system (Tek et al.

2022).

URL: http://mc.manuscriptcentral.com/nzjg
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Subduction wedge/lower trench slope

Crundwell and Woodhouse (2022a) present new biostratigraphic age models
(Table 2) for the suite of drill holes acquired during IODP Expeditions 372 and 375
(Wallace et al. 2019). They develop a detailed biostratigraphic framework to improve
the chronological dating of Middle to Late Quaternary strata in northeastern
Zealandia (Table 2). In general, Zealandia is thought to have very few deep-marine
Pleistocene-Holocene aged Quaternary biostratigraphic markers, resulting in
insufficient biostratigraphic detail and age control to unravel the complex depositional
and deformational histories. The framework presented is based on well documented
and dated 0—1.2 Ma planktic foraminiferal records from Ocean Dirilling Project (ODP)
Site 181-1123 (Carter et al. 2004). To overcome the problem of biostratigraphic
uniqueness, Crundwell and Woodhouse (2022a) employ sequences of secondary
foraminiferal-based biostratigraphic markers, rather than individual biostratigraphic
markers, and use them within the contextual chronological framework of traditional
keystone biostratigraphic markers (Table 2). These models are likely to underpin
future studies examining Middle to Late Quaternary core records from the HSM and
elsewhere in the southern hemisphere, where high-resolution chronostratigraphic

correlations are required.

The second study by Crundwell and Woodhouse (2022b) applies a modified
series of new biostratigraphically constrained chronologies to elucidate the
sedimentary and tectonic history of Quaternary sequences on the northern HSM
(Figure 6). The authors use all the core sites across the entire upper slope to deep-
water trough transect of IODP Expeditions 372-375 (Wallace et al. 2019; Figure 6).

The fidelity of the records varies with site, along with the impact of downslope

URL: http://mc.manuscriptcentral.com/nzjg
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sediment reworking, and sampling resolution. Their analysis suggests that hiatuses
in the chronological records reflect tectonic deformation of the accretionary prism,
and at the Hikurangi Trough core sites, the influence of proximality as a
consequence of ongoing subduction convergence (Figure 6). Improvements to the
biostratigraphic framework first proposed by (Crundwell and Woodhouse, 2022a)
now offer an unprecedented level of biostratigraphic detail and accompanying
chronological control (Figure 6; Table 2). Modifications to the biostratigraphic
framework include the introduction of three new subzones: the Tr. truncatulinoides
Marine Isotope Stage (MIS) 1 (0-11 ka), and the Pulleniatina/Gr. tumida MIS-21e

(842—-851 ka) and MIS-21g (856—867 ka) subzones.

Onshore Coastal Ranges/Trench-slope break

The study by Bland et al. (2022) investigates a fundamental period for the HSM,
the onset of subduction initiation beneath the eastern North Island. They disentangle
the complex sedimentary and stratigraphic records of mass-transport deposits
(MTDs). Here, Bland et al. (2022) use field-based stratigraphic descriptions,
mineralogy, and biostratigraphic analyses of benthic and planktic foraminifera from
several outcrops, collated over ~40 years of fieldwork, to propose an amended
regional lithostratigraphy. They describe the regional distribution of the highly
calcareous early Waitakian (latest Oligocene) Weber Formation. Evidence of MTDs
is widespread and imply critical evidence of an important episode of margin
destabilization, with olistoliths of the Weber Formation preserved in the overlying
Coast Road and Whakataki formations (Figure 7). They propose that these MTDs

are derived directly from collapse of thrust-controlled structural highs, and the onset
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of subduction-related compression which the authors tie biostratigraphically to within

the mid-Waitakian, ~ 23 Ma (Figure 7).

Future Research Directions

The wealth of data-rich studies presented here showcases the natural laboratory
that is the HSM, one of the few subduction margins on Earth to be readily accessible
to geoscientists, both on and offshore (Strachan et al. 2022). Although great
advances have been made regarding understanding the effects of subduction on
HSM sedimentation (Bland et al. 2022; Crundwell and Woodhouse 2022b;

Woodhouse et al. 2022), it remains a fertile region for ongoing and future study.

Many research opportunities exist within the HSM to better understand, quantify,
and predict interconnections between tectonics, oceanic processes, and sediment
dynamics. Here we focus on four potential avenues of research: (1)
landscape/seascape pre-conditioning; (2) glacio-eustatic controls; (3) the Hikurangi

Channel; and (4) sedimentary influences on deformation style.

1. Landscape pre-conditioning is a well-established concept in terrestrial surface
processes generally, and within the terrestrial components of the HSM (Fuller
et al. 2016). The concept focuses on the interconnectivity and influence of
depositional processes, deposits, and triggers points over time. The HSM is
host to numerous submarine canyons, channels, and gullies (Barnes 1992;
Carter and McCave 1992; Lewis 1994; Lewis et al. 1998; Lewis and Barnes
1999; Lewis and Pantin 2002; Mountjoy et al. 2018; Howarth et al. 2021),
many of which could act as potential sites for real-time observatories of
canyon processes (e.g. Paull et al. 2003; Xu et al. 2008; Maier et al. 2019).

With a range of orientations, connectivity to littoral currents, river mouths,
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ocean conditions, and varying shelf widths and canyon head indentations, the
HSM'’s network of distributary systems could serve as ideal locations to
assess active processes along an entire margin. For example, quantifying the
balance of bio-physical processes in carbon burial and nourishment of deep
ocean basins. Studies from other canyons globally now reveal a wider range
of previously unrecognised depositional processes. Examples that collectively
shape and build the seascape include the influence of incremental downslope
and alongslope current processes and interactions, internal-tide and-wave
processes, and catastrophically triggered (earthquakes and storm) gravity
flow events (e.g. Liu et al. 2016; Azpiroz-Zabala et al. 2017; Gavey et al.
2017; Maier et al. 2019; Miramontes et al. 2021; Bailey et al. 2021; Talling et
al. 2022). In addition, because the HSM hosts distal deposits of co-located
volcanic eruptions, predominantly sourced from the Coromandel- (CVZ)
(Shane et al. 1996; Shane et al. 1998; Carter et al. 2003) and Taupo-volcanic
zones (TVZ) (Houghton et al. 1995; Wilson et al. 1995; Alloway et al. 2005;
Allan et al. 2008), it is ideally located to investigate eruption histories and
environmental recovery along with tephra dispersal and depositional

processes (Hopkins and Seward, 2019; Hopkins et al. 2020).

. Outcropping shallow-marine strata of Pliocene—Pleistocene age within the

HSM preserve valuable records of 41 kyr and 100 kyr glacio-eustatic sea-level
cyclicity. Characterisation of stratal and paleoenvironmental changes
validated sequence stratigraphic concepts and approaches within an
Aotearoa-New Zealand context (Vella, 1963; Beu and Edwards, 1984;
Haywick et al. 1992; Bland et al. 2004; Caron et al. 2004). Continuing this

work, improved depth-age models are presented within this Special Volume
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(Crundwell and Woodhouse 2022a, b; Woodhouse et al. 2022) and will
facilitate coupled studies of sedimentary responses to glacio-eustatic forcing.
Due to the extremely high sedimentation rates of the HSM (up to ~10 m/kyr,
Woodhouse et al. 2022) the sedimentary record is expanded, allowing for
development of high-resolution chronologies and age models. The fidelity of
the combined radiocarbon, biostratigraphic, and oxygen isotope records now
allow potentially millennial-scale reconstructions of past climate and
oceanographic conditions during the last 50 kyrs. Long IODP sediment cores
are thought to record near continuous deposition over the last ~2 Myrs,
including trench slope and Hikurangi Trough sites (Crundwell and Woodhouse
2022a). Collectively, these allow for deeper time considerations of glacio-
eustatic forcing over multiple sea-level cycles, including through the mid-

Pleistocene transition (Elderfield et al. 2012).

. The Hikurangi Channel remains one of the most enigmatic sediment transport

systems on Earth, with some of the longest tracking of turbidity currents ever
reported (Lewis 1994; Carter et al. 1996; Maier et al. In press). An excellent
framework exists regarding both the modern sedimentology (Lewis et al.
1998; Lewis and Pantin 2002; Mountjoy et al. 2018; Howarth et al. 2021) and
ancient architecture of the channel and its levees (McArthur and Tek 2021;
Tek et al. 2022; McArthur et al. 2024). Much of the existing work has focused
on the proximal and mid-reaches of the channel (0—700 km from the Kaikoura
Canyon), leaving scope for future work on sediment transport processes,
dispersal of organic carbon and pollutants, and potential nourishment of the

distal Southwest Pacific Basin, well beyond the HSM.
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4. Distinct from the record of deformation that sediments provide (Bailleul et al.
2007; Bland et al. 2022; Claussmann et al. 2022), studies are now revealing
the role that sedimentation may have on modulating structural deformation
(de Sagazan and Olive 2021; McArthur et al. 2021; McArthur et al. 2022b).
Fundamentally, the type of sediment, hence its density, strain thresholds etc.,
present in a deforming sequence may dictate the nature and timing of
deformation (Butler 2020). Recent work has documented the role of sediment
type and thickness in effecting the type of deformation seen along the HSM,
with areas of slow-slip partly dictated by sediments and fluid escape in the
subducting plate (Gase et al. 2022; Bangs et al. 2023). Developing an
integrated understanding of how subduction margins evolve should be a

critical point of future research, on the HSM and other subduction margins.

The HSM also affords the opportunity for more applied research, specifically in
relation to the current energy transition and geohazards. Both represent some of the
most pressing issues of our time. As Aotearoa-New Zealand continues to transition
its electricity generation network towards increasingly renewable and low-emission
sources, porous rocks within the HSM may provide potential for 'Earth-battery’
storage opportunities, e.g., sub-surface temporary storage of compressed air,
hydrogen, or the long-term geological sequestration of atmospheric CO, (Funnell et

al. 2009).

The HSM is a nexus for multiple natural geohazards including earthquakes
(Wallace et al. 2004; Stirling et al. 2012; Wallace et al. 2014; Gerstenberger et al.
2020; Wallace, 2020), tsunami (Bell et al. 2014; Power et al. 2016; Clark et al. 2019),

and both terrestrial and submarine landslides (Mountjoy et al. 2014; Watson et al.
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2020; Cook et al. 2023; McArthur et al. 2024). Given the southwest Pacific’s
dominant weather patterns and storm tracks, the region is also prone to cyclones,
associated large-scale surface flooding (Tunnicliffe et al. 2018), and following
explosive CVZ and TVZ volcanism, inundation of volcanic ash via atmospheric

plume and surface processes (Hopkins and Seward 2019; Hopkins et al. 2020).

Current national seismic hazard modelling (Stirling et al. 2012; Gerstenberger et
al. 2020) suggests that the HSM is thought to have the potential to generate a Mw
9.1 EQ in the next 25 years, that could result in tens of thousands of deaths,
hundreds of thousands displaced, and the cost of building and infrastructure damage
could exceed $100 billion. The basis for such models relates to ongoing seismic
monitoring, historical earthquake and tsunami records, and paleoseismic records
that use preserved co-seismic deposits to predict likely future earthquake magnitude
and likely recurrence. The historic records are relatively short in Aotearoa-New
Zealand, at best extending back 180 years, and current paleoseismic records mainly
form preserved onshore records that extend the records back several thousands of
years (Litchfield et al. 2007; Clark et al. 2019; Ninis et al. 2023; Pizer et al. 2023).
There is much potential for linked onshore to offshore records of paleoseismic,
paleotsunami, and paleotempestite deposits on the margin at a range of timescales

to help improve national hazard and risk modelling and planning into the future.

Conclusions

This data-rich special issue comprises of two volumes showcasing 15 original
research papers by a total of 67 authors and co-authors from around the globe. The
overarching theme of both volumes is subduction and its indelible impact on the

spatio-temporal evolution of sedimentary systems along and across the HSM (Figure
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1). The papers within Volumes 1 and 2 fall into two distinct themes: Miocene, and
Quaternary sedimentary systems, allowing for easy comparison between ancient
reconstructions and modern active processes and controls. The work in the special
issue builds on many decades of focussed research and reveals a vastly complex
evolving margin where active tectonics and volcanism, coupled with vigorous climatic
and oceanographic stressors are driving erosion, transport, deposition and reworking
of vast volumes of sediment into offshore basins. The impact of IODP Expeditions
372 and 375 has been hugely important for the special issue, with 6 papers across
Volumes 1 and 2 using the depositional histories retrieved. There is scope for much
future work focussed on understanding both fundamental processes on active
margins, and potential future applications. Collectively, the papers within Volumes 1
and 2 highlight the enduring international interest in the HSM as a natural laboratory
for the study of earth science of subduction zones, which provides ample scope for

future research on the sedimentation of active margins.

Acknowledgments

The guest editors thank all the authors who have contributed their work to the
Special issue. We would also like to warmly acknowledge the reviewers who
generously shared their time and knowledge to improve these contributions. We
would like to thank Anthony Shorrock who created the stunning deep marine model
image for the front cover of the volume. This volume would not have been possible
without the hard work of Fei He at the Royal Society of New Zealand and Taylor and

Francis.

Disclosure Statement

No potential conflict of interest was reported by the authors.

URL: http://mc.manuscriptcentral.com/nzjg



364

366

368

370

372

374

376

378

380

382

384

386

388

390

392

394

396

398

400

402

404

406

408

410

New Zealand Journal of Geology and Geophysics

References

Allan ASR, Baker J A, Carter L, Wysoczanksi RJ. 2008. Reconstructing the
Quaternary evolution of the world’s most active silicic volcanic system:
insights from an 1.65 Ma deep ocean tephra record sourced from Taupo
Volcanic Zone, New Zealand. . Quaternary Science Reviews. 27:2341-2360.

Alloway BV, Pillans BJ, Carter L, Naish TR, Westgate JA. 2005. Onshore—offshore
correlation of Pleistocene rhyolitic eruptions from New Zealand: implications
for TVZ eruptive history and paleoenvironmental construction. Quaternary
Science Reviews. 24:1601-1622.

Azpiroz-Zabala M, Cartigny MJB, Talling PJ, Parsons DR, Sumner EJ, Clare MA,
Simmons SM, Cooper CL, Pope EL. 2017. Newly recognized turbidity current
structure can explain prolonged flushing of submarine canyons. Science
Advances. 4;3(10):e1700200. doi:10.1126/sciadv.1700200

Bailey LP, Clare MA, Rosenberger KJ, Cartigny MJ, Talling PJ, Paull CK, Gwiazda
R, Parsons DR, Simmons SM, Xu J, Haigh ID. 2021. Preconditioning by
sediment accumulation can produce powerful turbidity currents without major
external triggers. Earth and Planetary Science Letters. 562:116845.

Bailleul J, Robin C, Chanier F, Guillocheau F, Field B, Ferriere J. 2007. Turbidite
systems in the inner forearc domain of the Hikurangi convergent margin (New
Zealand): new constraints on the development of trench-slope basins. Journal
of Sedimentary Research. 77:263—-283. doi:10.2110/jsr.2007.028

Bailleul J, Chanier F, Ferriére J, Robin C, Nicol A, Mahieux G, Gorini C, Caron V.
2013. Neogene evolution of lower trench-slope basins and wedge dynamics in
the central Hikurangi subduction margin, New Zealand. In Gaullier V, Basile
C, Roure F, Scheck-Wenderoth M (Eds.); Basin dynamics; Tectonophysics
Special Issue. 591:152-174.

Ballance PF. 1976. Evolution of the upper cenozoic magmatic Arc and plate
boundary in northern New Zealand. Earth and Planetary Science Letters. 28
(3):356-370.

Bangs NL, Morgan JK, Bell RE, Han S, Arai R, Kodaira S, Gase AC, Wu X, Davy R,
Frahm L, Tille, HL. 2023. Slow slip along the Hikurangi margin linked to fluid-
rich sediments trailing subducting seamounts. Nature Geoscience. 16(6):505—
512.

Barker DHN, Sutherland R, Henrys S, Bannister S. 2009. Geometry of the Hikurangi
subduction thrust and upper plate, North Island, New Zealand. Geochemistry,
Geophysics,Geosystems. 10(2). doi:10.1029/2008GC002153.

Barnes PM. 1992. Mid-Bathyal Current Scours and Sediment Drifts Adjacent to the
Hikurangi Deep-Sea Turbidite Channel, Eastern New-Zealand - Evidence
from Echo Character Mapping. Marine Geology. 106(3-4):169—-187.

Barnes PM, Lamarche G, Bialas J, Henrys S, Pecher |, Netzeband GL, Greinert J,
Mountjoy JJ, Pedley K, Crutchley G. 2010. Tectonic and geological framework
for gas hydrates and cold seeps on the Hikurangi subduction margin, New
Zealand. Marine Geology. 272(1-4):26—48.

Barnes PM, Pecher IA, LeVay LJ, Bourlange SM, Brunet MMY, Cardona S, Clennell
MB, Cook AE, Crundwell MP, Dugan B, et al. 2019. Expedition 372A
summary. In Pecher, |.A., Barnes, P.M., LeVay, L.J., and the Expedition 372A
Scientists. Proceedings of the International Ocean Discovery Program
Volume 372A. publications.iodp.org.

URL: http://mc.manuscriptcentral.com/nzjg

Page 16 of 34



Page 17 of 34

412

414

416

418

420

422

424

426

428

430

432

434

436

438

440

442

444

446

448

450

452

454

456

458

460

New Zealand Journal of Geology and Geophysics

Barnes PM, Saffer D, Wallace L, Petronotis K, LeVay LJ, Scientists E. Scientists E.
2020. Slow slip event source characterized by extreme lithological
heterogeneity. Sci. Adv., 6, eaay3314 3325.

Bassett D, Kopp H, Sutherland R, Henrys S, Watts AB, Timm C, Scherwath M,
Grevemeyer |, de Ronde CEJ. 2016. Crustal structure of the Kermadec arc
from MANGO seismic refraction profiles. J. Geophys. Res. Solid Earth.
121:7514-7546. doi:10.1002/2016JB013194

Bassett D, Fujie G, Kodaira S, Arai R, Yamamoto Y, Henrys S, Barker DH, Gase A,
van Avendonk H, Bangs N, Seebeck H. 2023. Heterogeneous crustal
structure of the Hikurangi Plateau revealed by SHIRE seismic data: Origin
and implications for plate boundary tectonics. Geophysical Research Letters.
50(22):e2023GL105674.

Beanland S, Melhuish A, Nicol A, Ravens J. 1998. Structure and deformational
history of the inner forearc region, Hikurangi subduction margin, New
Zealand. New Zealand Journal of Geology and Geophysics. 41:325-342

Bell R, Holden C, Power W, Wang X, Downes G. 2014. Hikurangi margin tsunami
earthquake generated by slow seismic rupture over a subducted seamount.
Earth and Planetary Science Letters. 397:1-9.

Beu AG, Edwards AR. 1984. New Zealand Pleistocene and late pliocene glacio-
eustatic cycles. Palaeogeography, Palaeoclimatology, Palaeoecology.
46:119-142

Bland KJ, Kamp PJJ, Pallentin A, Graafhuis RB, Nelson CS, Caron V. 2004. The
early Pliocene Titiokura formation: Stratigraphy of a thick, mixed carbonate-
siliciclastic shelf succession in Hawke’s Bay basin, New Zealand. New
Zealand Journal of Geology and Geophysics. 47:675-695.

Bland KJ, Uruski CI, Isaac MJ. 2015. Pegasus Basin, eastern New Zealand: a
stratigraphic record of subsidence and subduction, ancient and modern. New
Zealand Journal of Geology and Geophysics. 58:319-343.

Bland KJ, Morgans HEG, Strogen DP, Harvey H. 2022. Litho- and biostratigraphy of
a late Oligocene—Early Miocene succession in the Weber area, southern
Hawke’s Bay, and implications for early Hikurangi subduction-margin
evolution. New Zealand Journal of Geology and Geophysics. 1-24.
doi:10.1080/00288306.2022.2108069

Bland KJ, Strogen DP, Arnot MJ, Viskovic GPD, Sahoo TR, Seebeck H, Kellett R,
Bull S, Thrasher GP, Kroeger KF, Lawrence MJF, Griffin AG. 2024. New
Zealand’s offshore sedimentary basins. New Zealand Journal of Geology and
Geophysics, 1-34. doi:10.1080/00288306.2024.2305348

Bull S, Watson SJ, Hillman J, Power HE, Strachan LJ. 2022. “Landslide graveyard”
holds clues to long-term tsunami trends. Eos. 103.
doi:10.1029/2022E0220263

Burgreen B, Graham SA. 2014. Evolution of a deep-water lobe system in the
Neogene trench-slope setting of the East Coast Basin, New Zealand: Lobe
stratigraphy and architecture in a weakly confined basin configuration. Marine
and Petroleum Geology. 54:1-22. doi:10.1016/j.marpetgeo.2014.02.011

Butler RWH. 2020. Syn-kinematic strata influence the structural evolution of
emergent fold—thrust belts. Geological Society, London, Special Publications.
490(1): 57-78.

Caron V, Nelson CS. Kamp PJJ. 2004. Transgressive surfaces of erosion as
sequence boundary markers in cool-water shelf carbonates. Sedimentary
Geology, 164:179-1809.

URL: http://mc.manuscriptcentral.com/nzjg



462

464

466

468

470

472

474

476

478

480

482

484

486

488

490

492

494

496

498

500

502

504

506

508

510

New Zealand Journal of Geology and Geophysics Page 18 of 34

Carter L, McCave IN. 1992. Life and death of abyssal sediment drifts, eastern North
Island. In D. C. Nobes (Ed.), Geological Society of New Zealand and New
Zealand Geophysical Society 1992 joint annual conference (pp. 45).
Geological Society of New Zealand.

Carter L, Carter RM, McCave IN, Gamble J. 1996. Regional sediment recycling in
the abyssal Southwest Pacific Ocean. Geology. 24(8):735-738.

Carter L, Alloway B, Shane P, Hall IR. Harris SE, Westgate JA. 2003. Demise of one
volcanic zone and birth of another — a 12 m.y. marine record of major rhyolitic
eruptions from New Zealand. Geology. 31:493—496.

Carter RM, McCave IN, Carter L. 2004. Leg 181 synthesis: fronts, flows, drifts,
volcanoes, and the evolution of the southwestern gateway to the Pacific
Ocean, eastern New Zealand. Proceedings ODP Scientific Results, 181, 1-
111. doi:10.2973/odp.proc.sr.181.210.2004

Clark KJ, Howarth J, Litchfield N, Cochran UA, Turnbull J, Dowling L, Howell A,
Berryman K, Wolfed F. 2019. Geological evidence for past large earthquakes
and tsunamis along the Hikurangi subduction margin, New Zealand. Marine
Geology. 412:139-172.

Claussmann B, Bailleul J, Chanier F, Mahieux G, Caron V, McArthur AD, Chaptal C,
Morgans HEG, Vendeville BC. 2022. Shelf-derived mass-transport deposits:
origin and significance in the stratigraphic development of trench-slope
basins. New Zealand Journal of Geology and Geophysics. 65(1):17-52.
doi:10.1080/00288306.2021.1918729.

Claussmann B, Bailleul J, Chanier F, Mahieux G, McArthu, AD, Vendeville BC. 2023.
Early stages of trench-slope basin development: Insights from mass-transport
deposits and their interactions with turbidite systems (southern Hikurangi
margin, New Zealand). Marine and Petroleum Geology. 152:106191.

Collot JY, Delteil J, Lewis KB, Davy B, Lamarche G, Audru JC, Barnes P, Chanier F,
Chaumillon E, Lallemand S, et al. 1996. From oblique subduction to
intracontinental transpression: structures of the southern Kermadec—Hikurangi
margin from multibeam bathymetry, sidescan sonar and seismic reflection.
Marine Geophysical Researches. 18:357-381.

Cook M E, Brook MS, Holley R, Cook ME, Brook MS, Hamling IJ, Cave M,
Tunnicliffe JF, Holley R. 2023. Investigating slow-moving shallow soil
landslides using Sentinel-1 INSAR data in Gisborne, New Zealand.
Landslides. 20(2):427-446.

Crundwell MP, Woodhouse A. 2022a. A detailed biostratigraphic framework for 0—
1.2 Ma Quaternary sediments of north-eastern Zealandia. New Zealand
Journal of Geology and Geophysics. 1-14.
doi:10.1080/00288306.2022.2054828

Crundwell MP, Woodhouse A. 2022b. Biostratigraphically constrained chronologies
for Quaternary sequences from the Hikurangi margin of north-eastern
Zealandia. New Zealand Journal of Geology and Geophysics. 1-21.
Do0i:10.1080/00288306.2022.2101481

Davidson SR, Barnes PM, Pettinga JR, Nicol A, Mountjoy JJ, Henrys SA. 2020.
Conjugate strike-slip faulting across a subduction front driven by incipient
seamount subduction. Geology. 48(5):493—498.

Davy RG, Frahm L, Bell R, Arai R, Barker DH, Henrys S, Bangs N, Morgan J,
Warner M. 2021. Generating high-fidelity reflection images directly from
full-waveform inversion: Hikurangi Subduction Zone case study. Geophysical
Research Letters. 48(19): p.e2021GL094981.

URL: http://mc.manuscriptcentral.com/nzjg



Page 19 of 34

512
514
516
518
520
522
524
526
528
530
532
534
536
538
540

542

544

546
548
550
552
554
556
558

560

New Zealand Journal of Geology and Geophysics

de Sagazan C, Olive JA. 2021. Assessing the impact of sedimentation on fault
spacing at the Andaman Sea Spreading Center. Geology. 49(4):447-451.

Elderfield H, Ferretti,P, Greaves M, Crowhurst S, McCave IN, Hodell D, Piotrowski
AM. 2012. Evolution of ocean temperature and ice volume through the mid-
Pleistocene climate transition. Science. 337(6095):704—709.

Fisher RV. 1983. Flow Transformations in Sediment Gravity Flows. Geology.
11(5):273-274.

Fuller IC, Riedler RA, Bell R, Marden M, Glade T. 2016. Landslide-driven erosion
and slope—channel coupling in steep, forested terrain, Ruahine Ranges, New
Zealand, 1946-2011. Catena. 142:252—-268.
https://doi.org/https://doi.org/10.1016/j.catena.2016.03.019

Funnell RH, King PR, Edbrooke SW, Higgs KE, Strogen DP, Arnot MJ, Bland KJ,
Field BD. 2009. Opportunities for underground geological storage of CO; in
New Zealand: report CCS-08/1, Waikato and onshore Taranaki overview (
GNS Science report 2009/53). Lower Hutt. https://shop.gns.cri.nz/sr_2009-
53-pdf/

Gase AC, Bangs NL, Van Avendonk HJA, Bassett D, Henrys SA. 2022. Hikurangi
megathrust slip behavior influenced by lateral variability in sediment
subduction. Geology. 50(10):1145—1149.

Gavey R, Carter L, Liu JT, Talling PJ, Hsu RT, Pope E, Evans G. 2017. Frequent
sediment density flows during 2006 to 2015, triggered by competing seismic
and weather events: Observations from subsea cable breaks off southern
Taiwan. Marine Geology. 384:147-158. doi:10.1016/j.marge0.2016.06.001

Gerstenberger MC, Marzocchi W, Allen T, Pagani M, Adams J, Danciu L, Field EG,
Fujiwara H, Luco N, Ma KF, Meletti C, Petersen MD. 2020. Probabilistic
Seismic Hazard Analysis at Regional and National Scale: State of the Art and
Future Challenges. Reviews of Geophysics. €2019RG000653.

Ghisetti FC, Barnes PM, Ellis S, Plaza-Faverola AA, Barker DH N. 2016. The last 2
Myr of accretionary wedge construction in the central Hikurangi margin (North
Island, New Zealand): Insights from structural modeling. Geochem. Geophys.
Geosyst. 17:2661-2686. doi:10.1002/2016GC006341

Giba M, Nicol A, Walsh JJ. 2010. Evolution of faulting and volcanism in a back-arc
basin and itsimplications for subduction processes. Tectonics. 29(TC4020):1—
18. doi:10.1029/2009TC002634

Griffin AG, Bland KJ, Morgans HEG, Strogen DP. 2022. A multifaceted study of the
offshore Titihaoa-1 drillhole and a Neogene accretionary slope basin,
Hikurangi subduction margin. New Zealand Journal of Geology and
Geophysics. 65(1):79-104. doi:10.1080/00288306.2021.1932527

Hamling IJ, Hreinsdottir S, Clark K, Elliott J, Liang C, Fielding E, Litchfield N,
Villamor P, Wallace L, Wright TJ, D’Anastasio E, Bannister S, Burbidge D,
Denys P, Gentle P, Howarth J, Mueller C, Palmer N, Pearson C, Power W,
Barnes PM, Barrell DJA, Van Dissen R, Langridge R, Little T, Nicol A,
Pettinga J, Rowland J, Stirling M. 2017. Complex multifault rupture during the
2016 Mw 7.8 Kaikoura earthquake, New Zealand. Science.
356(eaam7194):1-10.

Hayward BW, Sabaa AT, Howarth JD, Orpin AR, Strachan LJ.(2022. Foraminiferal
evidence for the provenance and flow history of turbidity currents triggered by
the 2016 Kaikoura Earthquake, New Zealand. New Zealand Journal of
Geology and Geophysics. 1-14. doi:10.1080/00288306.2022.2103157

URL: http://mc.manuscriptcentral.com/nzjg



562

564

566

568

570

572

574

576

578

580

582

584

586

588

590

592

594

596

598

600

602

604

606

608

New Zealand Journal of Geology and Geophysics Page 20 of 34

Haywick DW, Carter RM, Henderson RA. 1992. Sedimentology of 40 000 year
Milankovitch controlled cyclothems from central Hawke’s Bay, New Zealand.
Sedimentology. 39:675-696.

Hines BR, Seebeck H, Crampton JS, Bland KJ, Strogen DP.(2023. Reconstructing a
dismembered Neogene basin along the active Hikurangi subduction margin,
New Zealand. GSA Bulletin. 135(3-4):1009-1033. doi:10.1130/B36308.1

Hopkins JL, Seward D. 2019. Towards robust tephra correlations in early and pre-
Quaternary sediments: A case study from North Island, New Zealand.
Quaternary Geochronology. 50: 91-108. doi:10.1016/j.quage0.2018.12.001

Hopkins JL, Wysoczanski RJ, Orpin AR, Howarth JD, Strachan LJ, Lunenburg R,
McKeown M, Ganguly A, Twort E, Camp S. 2020. Deposition and
preservation of tephra in marine sediments at the active Hikurangi subduction
margin. Quaternary Science Reviews. 247(106500):1-17.

Houghton BF, Wilson CJN, McWilliams MO, Lanphere MA, Weaver SD, Briggs RM,
Pringle MS. 1995. Chronology and dynamics of a large silicic magmatic
system: Central Taupo Volcanic Zone, New Zealand. Geology. 23:13-16.

Howarth JD, Orpin AR, Kaneko Y, Strachan LJ, Nodder SD, Mountjoy JJ, Barnes
PM, Bostock HC, Holden C, Jones K, Cagatay MN. 2021. Calibrating the
marine turbidite paleoseismometer. Nature Geoscience. 14:161-167.

Kuehl SA, Alexander CR, Blair NE, Harris CK, Marsaglia KM, Ogston AS, Orpin AR,
Roering JJ, Bever AJ, Bilderback EL, Carter L. 2016. A source-to-sink
perspective of the Waipaoa River margin. Earth-Science Reviews. 153:301—
334.

Lewis KB. 1994. The 1500-km-long Hikurangi Channel: trench-axis channel that
escapes its trench, crosses a plateau, and feeds a fan drift. Geo-Marine
Letters. 14:19-28.

Lewis KB, Barnes PM. 1999. Kaikoura canyon, New Zealand: active conduit from
near-shore sediment zones to trench-axis channel. Marine Geology. 162:39—
69.

Lewis KB, Pantin HM. 2002. Channel-axis, overbank and drift sediment waves in the
southern Hikurangi Trough, New Zealand. Marine Geology. 192(1-3):123—
151.

Lewis KB, Pettinga JR. 1993. The emerging, imbricate frontal wedge of the Hikurangi
margin. In: Ballance PF, editor. South Pacific Sedimentary Basins. Volume 2.
Amsterdam: Sedimentary Basins of the World; p. 225-250.

Lewis KB, Collot JY, Lallemand SE. 1998. The dammed Hikurangi Trough: a
channel-fed trench blocked by subducting seamounts and their wake
avalanches (New Zealand—France GeodyNZ project). Basin Research.
10:441-468.

Litchfield N, Ellis S, Berryman K, Nicol A. 2007. Insights into subduction-related uplift
along the Hikurangi Margin, New Zealand, using numerical modeling. Journal
of Geophysical Research-Earth Surface. 112(F2).

Liu JT, Hsu RT, Hung JJ, Chang YP, Wang YH, Rendle-Buehring RH, Lee CL, Huh
CA, Yang RJ. 2016. From the highest to the deepest; the Gaoping River-
Gaoping submarine canyon dispersal system. Earth-Science Reviews. 153:
274-300. doi:10.1016/j.earscirev.2015.10.012

Maier KL, Rosenberger KJ, Paull CK, Gwiazd, R, Gales J, Lorenson T, Barry JP,
Talling PJ, McGann M, Xu J, Lundsten E, Anderson K, Litvin SY, Parsons DR,
Clare MA, Simmons SM, Sumner EJ, Cartigny MJB. 2019. Sediment and

URL: http://mc.manuscriptcentral.com/nzjg



Page 21 of 34

610
612
614
616
618
620
622
624
626
628
630
632
634
636
638
640
642
644
646
648
650
652
654
656

658

New Zealand Journal of Geology and Geophysics

organic carbon transport and deposition driven by internal tides along
Monterey Canyon, offshore California. Deep-Sea Research. Part [:153.
doi:j.dsr.2019.103108

Maier KL, Strachan LJ, Tickle S, Orpin AR, Nodder SD, Howarth J. (In press).
Testing turbidite conceptual models with the 2016 Mw7.8 Kaikoura
Earthquake co-seismic event bed, Aotearoa New Zealand. Journal of
Sedimentary Research.

McArthur AD, Tek DE. 2021. Controls on the origin and evolution of deep-ocean
trench-axial channels. Geology. 49(8):883—888.

McArthur AD, Claussmann B, Bailleul J, Clare A, McCaffrey WD. 2020. Variation in
syn-subduction sedimentation patterns from inner to outer portions of deep-
water fold and thrust belts: examples from the Hikurangi subduction margin of
New Zealand. In: Hammerstein JA, DiCuia R, Cottam MA, Zamora G, Butler
RWH, editors. Fold and Thrust Belts: Structural Style, Evolution and
Exploration. Volume 490. London: Geological Society of London, Special
Publications; p. 285-310.

McArthur AD, Bailleul J, Mahieux G, Claussmann B, Wunderlich A, McCaffrey WD.
2021. Deformation-sedimentation feedback and the development of
anomalously thick aggradational turbidite lobes: outcrop and subsurface
examples from the Hikurangi Margin, New Zealand. Journal of Sedimentary
Research. 91(4):362-389.

McArthur AD, Bailleul J, Chanier F, Clare A, McCaffrey WD. 2022a. Lateral,
longitudinal, and temporal variation in trench-slope basin fill: examples from
the Neogene Akitio sub-basin, Hikurangi Margin, New Zealand. New Zealand
Journal of Geology and Geophysics. 65(1):105-140.
doi:10.1080/00288306.2021.1977343.

McArthur AD, Criséstomo-Figueroa A, Wunderlich A, Karvelas A, McCaffrey WD.
2022b. Sedimentation on structurally complex slopes: Neogene to recent
deep-water sedimentation patterns across the central Hikurangi subduction
margin, New Zealand. Basin Research. 34(5):1807-1837.
Do0i:10.1111/bre.12686

McArthur AD, Tek DE, Poyatos-Moré M, Colombera L, McCaffrey WD. 2024. Deep-
ocean channel-wall collapse order of magnitude larger than any other
documented. Communications Earth and Environment. 5(1):1-11.
doi:10.1038/s43247-024-01311-z

Miramontes E, Thiéblemon, A, Babonneau N, Penven P, Raisson F, Dro, L, Jorry SJ,
Fierens R, Counts J, Wilckens H, Cattaneo A, Jouet G. 2021. Contourite and
mixed turbidite-contourite systems in the Mozambique Channel (SW Indian
Ocean): Link between geometry, sediment characteristics and modelled
bottom currents. Marine Geology. 437:106502.
doi:10.1016/j.margeo.2021.106502

Mortimer N, Campbell HJ, Tulloch AJ, King PR, Stagpoole VM, Wood RA,
Rattenbury MS, Sutherland R, Adams CJ, Collot J, Seton M. 2017. Zealandia:
earth’s hidden continent. GSA Today. 27(3):27-35.
doi:10.1130/GSATG321A.1.

Mountjoy JJ, Pecher I, Henrys S, Crutchley G, Barnes PM, Plaza-Faverola A. 2014.
Shallow methane hydrate system controls ongoing, downslope sediment
transport in a low-velocity active submarine landslide complex, Hikurangi
Margin, New Zealand. Geochem. Geophys. Geosyst. 15:4137—-4156.
doi:10.1002/2014GC005379

URL: http://mc.manuscriptcentral.com/nzjg



660

662

664

666

668

670

672

674

676

678

680

682

684

686

688

690

692

694

696

698

700

702

704

706

708

New Zealand Journal of Geology and Geophysics Page 22 of 34

Mountjoy JJ, Howarth JD, Orpin AR, Barnes PM, Bowde, DA, Rowden AA, Schimel
ACG, Holden C, Horgan HJ, Nodder SD, Patton JR, Lamarche G,
Gerstenberger M, Micallef A, Pallentin A, Kane T. 2018. Earthquakes drive
large-scale submarine canyon development and sediment supply to deep-
ocean basins. Science Advances. 4(eaar3748):1-8.

Nicol A, Mazengarb C, Chanier F, Rait G, Uruski C, Wallace L. 2007. Tectonic
evolution of the active Hikurangi subduction margin, New Zealand, since the
Oligocene. Tectonics. 26(4):Article 24. doi:10.1029/2006TC002090.
https://doi.org/doi:https://doi.org/10.1029/2006 TC002090.

Ninis D, Howell A, Little T, Litchfield N. 2023. Causes of permanent vertical
deformation at subduction margins: Evidence from late Pleistocene marine
terraces of the southern Hikurangi margin, Aotearoa New Zealand. Frontiers
in earth science. 11. doi:10.3389/feart.2023.1028445

Noda A, Greve A, Woodhouse A, Crundwell M. 2022. Depositional rate, grain size
and magnetic mineral sulfidization in turbidite sequences, Hikurangi Margin,
New Zealand. New Zealand Journal of Geology and Geophysics. 1-24.
doi:10.1080/00288306.2022.2099910

Orpin AR, Alexander C, Kuehl S, Carter L, Walsh JP. 2006. Temporal and spatial
complexity in post-glacial sedimentation on the tectonically active, poverty
Bay continental margin of New Zealand. Continental Shelf Research.
26:2205-2224. doi:10.1016/j.csr.2006.07.029

Orpin AR, Carter L, Page MJ, Cochran UA, Trustrum NA, Gomez B, Palmer AS,
Mildenhall DC, Rogers KM, Brackley HL, Northcote L. 2010. Holocene
sedimentary record from Lake Tutira: A template for upland watershed
erosion proximal to the Waipaoa Sedimentary System, northeastern New
Zealand. Marine Geology. 270(1-4):11-29.
https://doi.org/DOI10.1016/j.margeo.2009.10.022

Paquet F, Proust JN, Barnes PM, Pettinga JR. 2011. Controls on active forearc
basin stratigraphy and sediment fluxes: The Pleistocene of Hawke Bay, New
Zealand. GSA Bulletin. 123(5-6):1074—-1096.

Paull CK, Ussler W, Greene HG, Keaten R, Mitts P, Barry J. 2003. Caught in the act:
the 20 December 2001 gravity flow event in Monterey Canyon. Geo-Marine
Letters. 22(4):227-232.

Pedley KL, Barnes PM, Pettinga JR, Lewis KB. 2010. Seafloor structural geomorphic
evolution of the accretionary frontal wedge in response to seamount
subduction, poverty indentation, New Zealand. Marine Geology. 270(1-
4):119-138.

Pizer C, Clark K, Howarth J, Howell A, Delano J, Hayward BW, Litchfield N.(2023. A
5000 yr record of coastal uplift and subsidence reveals multiple source faults
for past earthquakes on the central Hikurangi margin, New Zealand. GSA
Bulletin, Pre-Issue Publication, 2023. doi:10.1130/B36995.1

Pouderoux H, Proust JN, Lamarche G. 2012. Building an 18 000-year-long paleo-
earthquake record from detailed deep-sea turbidite characterisation in poverty
Bay, New Zealand. Natural Hazards and Earth System Sciences. 12(6):2077—
2101.

Pouderoux H, Proust JN, Lamarche G. 2014. Submarine paleoseismology of the
northern Hikurangi subduction margin of New Zealand as deduced from
turbidite record since 16 ka. Quaternary Science Reviews. 84:116-131.

Power W, Wallace LM, Mueller C, Henrys S, Clark K, Fry B, Wang X, Williams C.
2016. Understanding the potential for tsunami generated by earthquakes on

URL: http://mc.manuscriptcentral.com/nzjg



Page 23 of 34

710
712
714
716
718
720
722
724
726
728
730
732
734
736
738
740
742
744
746
748
750
752
754
756

758

New Zealand Journal of Geology and Geophysics

the southern Hikurangi subduction interface. New Zealand Journal of Geology
and Geophysics. 59(1):70-85. doi:10.1080/00288306.2015.1127825

Proust JN, Lamarche G, Nodde, SD, Kamp PJJ. 2005. Sedimentary architecture of a
Plio-Pleistocene proto-back-arc basin: Wanganui Basin, New Zealand.
Sedimentary Geology. 181(3-4):107-145.

Schwarze CO, Frenzel P, Kukowsk, N. 2023. Patterns and cyclicity of Quaternary
sedimentation above a subducting seamount at Rock Garden (Central
Hikurangi margin, New Zealand). Marine Geology. 463(107102).

Shane P, Alloway B, Black T, Westgate J. 1996. Isothermal plateau fission-track
ages of tephra beds in an early—middle Pleistocene marine and terrestrial
sequence, Cape Kidnappers, New Zealand. Quaternary International. 34—
36:49-53.

Shane P, Black T, Eggins S, Westgate J. 1998. Late Miocene marine tephra beds:
recorders of rhyolitic volcanism in North Island, New Zealand. New Zealand
Journal of Geology and Geophysics. 41(2):165-178.

Stirling M, McVerry G, Gerstenberge, M, Litchfield N, Van Dissen R, Berryman K,
Jacobs K. 2012. National seismic hazard model for New Zealand: 2010
update. . Bulletin of the Seismological Society of America. 102(4):1514—1542.
doi:10.1785/0120110170

Strachan LJ. 2008. From Slump to Turbidite: a case study of Flow Transformation
from the Waitemata Basin, New Zealand. Sedimentology. 55:1311-1332.

Strachan LJ, Bailleul J, Bland KJ, Orpin AR, McArthur AD. 2022. Understanding
sedimentary systems and processes of the Hikurangi Subduction Margin;
from Trench to Back-Arc. Volume 1. New Zealand Journal of Geology and
Geophysics. 65(1):1-16. doi:10.1080/00288306.2022.2048032

Talling PJ, Baker ML, Pope EL. Ruffell SC, Jacinto RS, Heijnen MS, Hage S,
Simmons SM, Hasenhiindl M, Heerema CJ, McGhee C, Apprioual R, Ferrant
A, Cartigny MJB, Parsons DR, Clare MA, Tshimanga RM, Trigg MA, Cula CA,
Faria R, Gaillot A, Bola G, Wallance D, Griffiths A, Nunny R, Urlaub M, Peirce
C, Burnett R, Neasham J, Hilton RJ. 2022. Longest sediment flows yet
measured show how major rivers connect efficiently to deep sea. Nature
Communications. 13(1): 4193. doi:10.1038/s41467-022-31689-3

Tek DE, McArthur AD, Poyatos-Moré M, Colombera L, Allen C, Patacci M,
McCaffrey WD. 2022 Controls on the architectural evolution of deep-water
channel overbank sediment wave fields: insights from the Hikurangi Channel,
offshore New Zealand. New Zealand Journal of Geology and Geophysics.
65(1):141-178. doi:10.1080/00288306.2021.1978509.

Tunnicliffe J, Brierley G, Fuller IC, Leenman A, Marden M, Peacock D. 2018.
Reaction and relaxation in a coarse-grained fluvial system following
catchment-wide disturbance. Geomorphology. 307:50—64.
doi:10.1016/j.geomorph.2017.11.006

Vella P. 1963. Pliocene-Pleistocene cyclothems, Wairarapa, New Zealand.
Transactions of the Royal Society of New Zealand. 2:15-50.

Wallace LM. 2020. Slow slip events in New Zealand. Annual Review of Earth and
Planetary Sciences. 48(1). doi:10 .1146 /annurev-earth-071719-055104

Wallace LM, Beavan J, McCaffrey R, Darby D. 2004. Subduction zone coupling and
tectonic block rotations in the North Island, New Zealand. Journal of
Geophysical Research: Solid Earth. 109:B12.

Wallace LM, Cochran UA, Power WL, Clark KJ.(2014. Earthquake and Tsunami
Potential of the Hikurangi Subduction Thrust, New Zealand: Insights from

URL: http://mc.manuscriptcentral.com/nzjg



760

762

764

766

768

770

772

774

776

778

780

782

784

786

788

790

792

794

796

New Zealand Journal of Geology and Geophysics Page 24 of 34

Paleoseismology, GPS, and Tsunami Modeling. Oceanography. 27(2):104—
117.

Wallace LM, Webb SC, Ito Y, Mochizuki K, Hino R, Henrys S, Schwartz SY,
Sheehan AF. 2016. Slow slip near the trench at the Hikurangi subduction
zone, New Zealand. Science. 352(6286):701-704.

Wallace LM, Saffer DM, Barnes PM, Pecher IA, Petronotis KE, LeVay LJ, Scientists,
et al. 2019. Hikurangi Subduction Margin Coring, Logging, and Observatories.
Proceedings of the International Ocean Discovery Program 372B/375.
doi:10.14379/iodp.proc.372B375.2019

Watson SJ, Mountjoy JJ, Crutchley GJ. 2020b. Tectonic and geomorphic controls on
the distribution of submarine landslides across active and passive margins,
eastern New Zealand. In: Georgiopoulou A, Amy LA, Benetti S, Chaytor JD,
Clare MA, Gamboa D, Haughton PDW, Moernaut J, Mountjoy JJ, editors.
Subaqueous mass movements and their consequences: advances in process
understanding, monitoring and hazard assessments. Volume 500. London:
Geological Society of London Special Publications; p. 477—494.

Wilson CJN, Houghton BF, McWilliams MO, Lanphere MA, Weaver SD, Briggs RM.
1995. Volcanic and structural evolution of Taupo Volcanic zone, New
Zealand: a review. Journal of Volcanology and Geothermal Research. 68(1—
3):1-28.

Woodhouse A, Barnes PM, Shorrock A, Strachan LJ, Crundwell M, Bostock HC,
Hopkins JL, Kutterolf S, Pank K, Behrens E, Greve A, Bell R, Cook A,
Petronotis K, LeVay L, Jamieson RA, Aze T, Wallace L, Saffer D, Pecher I.
2022. Trench floor depositional response to glacio-eustatic changes over the
last 45 ka, northern Hikurangi subduction margin, New Zealand. New Zealand
Journal of Geology and Geophysics. 1-24.
doi:10.1080/00288306.2022.20994 32

Xu JP, Wong FL, Kvitek RG, Smith DP, Paull CK. 2008. Sandwave migration in
Monterey submarine canyon, Central California. Marine Geology. 248(3-
4):193-212.

Figures

Figure 1. Bathymetric and topographic map of the North Island of Aotearoa-New
Zealand, showing the main morpho-structural and -sedimentary elements of the
HSM, together with the location of the study areas in this paper, and the location of
the regional cross-section in Figure 2. Mapping data from the 250 m 2016 NIWA

grid.

Figure 2. Schematic cross-section of the HSM showing the distribution of the study

sites within this volume. Modified from Bailleul et al. (2007). Subdivisions of the
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subduction wedge follow McArthur et al. (2019). C.R. — coastal ranges; A.P —

accretionary prism.

Figure 3. This figure, from Noda et al. (2022) shows their conceptual model for
sulfidization under fast deposition (A) and slow deposition (image provided courtesy
of Noda et al. (2022) and with permission from the Royal Society of New Zealand.

https://www.tandfonline.com/doi/full/10.1080/00288306.2022.2099910).

Figure 4. This figure, from Woodhouse et al. (2022) shows their integrated age
model for the upper 110 m of IODP Site U1520 (image provided courtesy of
Woodhouse et al. (2022) and with permission from the Royal Society of New

Zealand. https://www.tandfonline.com/doi/full/10.1080/00288306.2022.2099432).

Figure 5. This figure, from Hayward et al. (2022) shows their summary model
showing the sediment cores and inferred sources and sequences of turbidity
currents based on foraminiferal analyses (image provided courtesy of Hayward et al.
(2022) and with permission from the Royal Society of New Zealand.

https://doi.org/10.1080/00288306.2022.2103157).

Figure 6. This figure, from Crundwell and Woodhouse (2022b) shows their
combined chronostratigraphy for IODP Expeditions 372 and 375, correlated with the
Global Geochronological Scale (image provided courtesy of Crundwell and
Woodhouse (2022) and with permission from the Royal Society of New Zealand.

https://doi.org/10.1080/00288306.2022.2101481).

Figure 7. This figure, from Bland et al. (2022) shows their summary schematic
interpretations of the evolving Miocene depositional setting (image provided courtesy
of Bland et al. (2022) and with permission from the Royal Society of New Zealand.

https://doi.org/10.1080/00288306.2022.2108069).
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Table

Table 1. Summary of the main themes covered by the scientific contributions to the
New Zealand Journal of Geology and Geophysics Special Issue: Understanding
Sedimentary Systems and Processes of the Hikurangi Subduction Margin; from

Trench to Back-Arc. Volume 2.

Table 2. This table, from Crundwell and Woodhouse (2022a) shows the Quaternary
biostratigraphic markers for IODP Expeditions 372 and 375 (image provided
courtesy of Crundwell and Woodhouse (2022) and with permission from the Royal

Society of New Zealand. https://doi.org/10.1080/00288306.2022.2054828).
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Figure 6. This figure, from Crundwell and Woodhouse (2022b) shows their combined chronostratigraphy for
IODP Expeditions 372 and 375, correlated with the Global Geochronological Scale (image provided courtesy
of Crundwell and Woodhouse (2022) and with permission from the Royal Society of New Zealand.
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SUBDUCTION  rates / Glacio- gravity-driven Tectonics and 372A and 375 181
MARGIN eustatism sedimentary Biostratigraphy/ Sedimentation /
Systems Dating Fluid circulations
Onshore Bland et al Bland et al. Bland et al.
Offshore Woodhouse et Noda et al. Woodhouse et Woodhouse et al. Noda et al. Noda et al. Crundwell and
al. Woodhouse et al. Hayward et al. ‘Woodhouse et al.  Woodhouse (g;b)
Crundwell and al. Crundwell and Crundwell and
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Table 1. Summary of the main themes covered by the scientific contributions to the New Zealand Journal of
Geology and Geophysics Special Issue: Understanding Sedimentary Systems and Processes of the Hikurangi
Subduction Margin; from Trench to Back-Arc. Volume 2.
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Table 5. Quaternary biostratigraphic markers identified during the preliminary investigation of Hikurangi margin sites drilled

during I0DP Expeditions 372 and 375 — after Wallace et al. (2020).

Me Sample Depth Sample Depth Mid-Point

I00P Hole (ka) (maker) (CSF-B m) (constraining) [CSF8 m)  (CSF-B m)
372-U1517C (38°49.78225 178°2B.5632 E; 720.2 m) cores 1H-36F (0-187.58 mbsf)
Base Hr. hirtsuta MIS-1 subzone 11 1H-3, 70-74 cm 370-374 1H-4 42-47 cm 492-497 433
Top Hr. hirsuta MI5-5b/c subzone 89 17H-2, 64-6Bcm  9265-9269 17H-1, 65-6%9 cm 01.24-91.28 91.97
Base Hr. hirsuta MIS-5b/c subzone 100 17H-2, 64-68cm  92.65-9269 17H-3, 64-68 cm 93.76-93.82 93.24
Top Hr. hirsuta MIS-5dfe subzone 106 17H-7, 46-50cm  97.96-98.00 17H-6, 45-49cm 97.00-97.04 97.50
Base Hr. hirsuta MIS-5d/e subzone 126 18H-3, 83-B7 cm  10239-10243 18H-4, 81-85cm  103.78-10382 10311
375-U1518E (38°51.5669'S, 178°53.7618°E; 2626.1 m) cores 1H-32X (0-17467 mbsf)
Base Hr. hirtsuta MIS-1 subzone 11 1H-2, 47-52 cm 197-202 1H-2, B3-BBcm 233-238 218
Top of DTZ 533 1H-2,83-BBcm 233-238 1H-2, 47-52cm 1.97-2.02 218
Top Hr. prachirsuta MIS-14a/b subzone 539 3H-5,97-107 cm  24.81-2490 3H+4, 72-80 cm 23.16-23.33 2403
Base Hr. prachimsuta MIS-14a/b subzone 541 3H-5,97-107 cm  2481-2490 3H-CC 22-27 cm 27.65-27.70 26.27
Top Hr. praehirsuta MIS-16a subzone 621 23F-3,25-33cm  113.95-11402 22F-CC 13-23 cm  108.90-109.00 11147
Base Hr. prachirsuta MI5-16a subzone 633 27X-5, 73-B0cm  139.96-14003 27X-6, 92-100 cm  141.45-14153 14074
375-U1518F (38°51.5694'S, 178°53.7619°E; 2626.1 m) cores 2R-32R (199.80-492.38 mbsf)
Top Hr. prachirsuta MIS-16b subzone 650 7R-2, 6-10cm 247.15-247.19 6R-LC, 0-13 cm 239.08-23921 24316
Base Hr. praehirsuta MIS-16b subzone 659 10R-2, 24-28 cm  275.78-27582 10R-3,13-16cm  276.88-27691 27635
Top 5TZ (below DTZ; age reversal) <533 13-CC,%-12cm 306.95-307.06 11R-CC, 0-10cm  296.90-29700 301.98
375-U1519E (38°43.6572'5, 178°36.8949'E; 1000.3 m) cores 1H-13F (0-85.78 mbsf)
Base Hr. hirtsuta MIS-1 subzone 11 2H-1, 50-58 cm 508-5.16  2H-1, 92-100 cm 5.48-5.56 532
375-01519C (38°43.6483'S, 178°36.8773'E; 10003 m) cores 2R-12R (108.08-284.80 mbsf)
Top DTZ 533 14R-1, 2533 cm  518.65-51873 12RLC, 6-16cm 28470-284.80 40172
375-U15200 (38°58.1475'S, 179°7.8991'E; 3520.3 m) cores 1H-52X (0-525.54 mbsf)
Base Hr. hirtsuta MIS-1 subzone 11 HLCG 15-20cm 5.B88-593  2H-1, 50-58 cm 6.49-6.56 622
Top Hr. hirsuta MIS-5d/e subzone 106 18H-4, 81-B5cm  103.78-10382 184-3,83-87cm  10239-10243 103N
Base Hr. hirsuta MIS-5d/e subzone 126 14H-3, 48-56 cm  123.02-12309 14H-4, 3847 cm  124.28-12436 12369
Top DTZ 533 37X-4, 67-70cm  39057-39060 37X-3, 64-67 cm  389.32-38035 389.96
HCO Tr. crassacaring 1101 47%-1, 59-62 cm  472.49-47252 46X-CC 27-33 cm  464.95-46505 46875
375015268 (39°1.3146'S, 179°14.7481'E; 28884 m) cores a b

TH-4H (0-26.13 mbsf)
Base Hr. hirtsuta MIS-1 subzone 11 1H-1, 6-8 cm 0.06-008 1H-1, 75-83 cm 0.75-0.83 007
Top Hr. hirsuta MIS-5d/e subzone 106 1H-4, 70-72cm 520-522 1H-3, 75-77 cm 375377 449
Base Hr. hirsuta MIS-5d/e subzone 126 2H-1,102-104 cm  6.82-684  2H-2, 103-105 cm B8.32-834 758
Top DTZ 533 2H6,29-31cm 1358-1360 2H-S5, 91-93 cm 12.70-12.72 1315
Top Hr. praghirsuta MIS-16a subzone 621 2HLCC 0-7 cm 1423-1430 2H6, 29-31cm 13.58-13.60 13.93
Base Hr. praehisuta MIS-16a subzone 633 2H-LCC 0-7 cm 1423-1430 3H-2, 105-107 cm  17.86-17.88 16.07
HCO Tr. crassacaring 1101 3H-2, 105-107 cm  17.86-1788 2H-LC 0-7 cm 14.23-14.30 16.07

Table 2. This table, from Crundwell and Woodhouse (2022a) shows the Quaternary biostratigraphic markers
for IODP Expeditions 372 and 375 (image provided courtesy of Crundwell and Woodhouse (2022) and with
permission from the Royal Society of New Zealand. https://doi.org/10.1080/00288306.2022.2054828).
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