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ABSTRACT

Contourite drift systems form a significant component of the marine ctastimentary
record. Although contourites form in all tectonic settings, few studies haweibaek their
development along convergent margins; such characterisation is needed to underpin
oceanographic and palaeoenvironmental studies in active settingsstddysis the first to
document contourite drift development along the Hikurangi subduction margin of New
Zealand. Integration of bathymetric, seismic and well data enabéeslésses of drift to be

recognised around the subduction wedge, occurring in three principal associations:

1. an upper slope drift association of giant elongate mounded (c.150 km long, 50 km wide
and up to 1,100 metres thick) and plastered drifts (c. 300 km long, 8 km wide and <
600 m thick), which occurs upon and inboardafajor intrabasinal thrust-cored high,
whose long axis parallels the coast; shallow bottom currents disperparsiliBl to this
axis;

2. aspatiotemporally discontinuous association of confined and mounded hybrid drifts (c

500 m long, < 2 km wide, and up to 500 m thick) that occurs along thé¢oroiater



slope domain of the wedge, recording the interaction of along-slope and downslope
currents within trench-slope basins;

3. atrench fill assemblage that imgdithe passage of abyssal bottom currents across a 40
km reach of the trench-axial Hikurangi Channel-levee, with associated modification of

the channel form and of overbank sediment waves.

The fundamental presence of contourites along this margin appears to depdrwd on t
orientation and strength of oceanographic bottom currents. However, drift type amibevol
vary depending on the slope gradient and the presence of irregular seafloor topograigtly cr
by tectonic structures. The documented drifts are generally smallercdessuous, and
develop more intermittently than similar styles of drifts documenteplassive margins; this

mode of occurrence may be characteristic of contourite development on convergent margins.

INTRODUCTION

Contourite drift systems, or contourites, are sedimentary packages thatstemsgally
affected by persistent along-slope bottom currents; they may form alongramental margin
where along-slope processes dominate those of gravity currents and pelaplémgEm
settling processes (Heezen, et al., 1966; Heezen and Hollister, 1971;dRettadsd 996, 2014
Stow et al., 2002, 2008; Herndndez-Molina et al., 2008a, 20@8htourite drifts cover large
areas of the modern seafloor, with individual drifts being of the order aflJ@00 m high and
>10Pkminarea(e.g(ULN GULIW >$UWKXU HW DO @ )DUR GULIW

@ &DPSRV %DVLQ >)DXJqU dovntomy atd subsidiary cont@rite
bedforms such as waves, dunes, ripples, and scours visible on the seaflocarn(&tovell,
1979. Contourites principally occur where the Coriolis force constrains bottom currents to
flow parallel to bathymetric strike, but also occur where current \tedeaicrease over steeper

intra-slope ridges and through constricting topographic obstacles (e.g., seamoummtsischa



ridges) (Heezen and Hollister, 1964; Flood, 1994; Faugeres et al., 1999; Stow2e08&;
Rebesco et al., 20L4Contourites are typically interbedded with athdeposit types.n
siliclastic-starved basins they may rework pelagic sedimetaligter et al., 1974; Lonsdale,
1981; Reed et al., 1987) and mass transport deposits (Faugéres and Gonthielerb@@idez-
Molina et al., 2008a@augeres and Mulder, 201 When turbidite systems are present, contour
currents can modify them to different degrees, ranging from reworking turbidite betb tops
complete erosion and redistribution to form stand-alone contourites (e.g.r lavekd.aine,
1992; Howe, 1996; Masse et al., 1998; Mulder et al., 2008; Brackenridge et al., 204@nS
2018; Fonnesu et al., 202Buhrmann et al., 2020Contourites constitute high-resolution,
semi-continuous sedimentary records of past dcearculation and climate change with
implications for paleo-oceanography, paleoclimatology, and geohazard gtMdidsr et al.,
2002; Toucanne et al., 2007; Knutz, 2008; Laberg et al., 2016; Miramontes et &)., 2048
presence of drifts is also significant for hydrocarbon exploration given their ipbtermhodify
reservoir, source rock, and seal properties (Viana et al., 2007; VianaH88ndez-Molina

etal., 2008h Palermo et al., 2014; Rebesco et al., 2@ahsom, 2018; Fonnesu et al., 2020

Compared to studies of passive continental margins and abyssal environments the
spatiotemporal distribution of contourites along active margins is rdiagigerly documented
(e.g., the Falklands Trough [Cunningham et al., 200&] Weddell Sea [Hernandez-Molina et
al., 2006, 2008a]; the Eastern Sunda Arc [Reed et al., 1987] and the Sea skQRhwtg et
al., 2003]). This discrepancy principally reflects the presence of vigtrtetrsohaline bottim
currents and associated contourites within the Atlantic and Mediterrd&asas which have
received much study (e.g., Heezen et al., 1966; Hollister and Hee¥&, Hollister et a).
1974; Johnson and Peters, 1979; McCave et al., 1995; Rebesco et al., 20a¢#isb arise
due to bottom current processes being commonly overlooked in sediyr&ntiies of modern

and ancient convergent margins, where gravity-driven sedimentation is asit@med to



dominate (McCave and Tucholke, 1986; Reed et al., 1987; Schut and Uenzeletsam-N
2005; Van Rooij et al., 2010; Thran et al., 2D¥8though drifts have been recognised offshore
New Zealand (Barnes, 1992; Carter and McCave, 1P%horpe et al., 20)1these occur at
abyssal depths on the Chatham Rise and Padléite fhundreds of kilometres from the

convergent margin boundary.

The principal aim of this study is to address the gap in our understanding of how
contourites develop on active vs. passive tectonic margins. To thisveridyestigate the
development of hitherto undocumented sedimentarysdhni&t occur at a range of water depths

along the active plate boundary of the Hikurangi subduction margin, via:

1. Use of high-resolution bathymetry data to characterize sediment georeetries
(sensuWynn and Stow, 2002) on the modern seafloor in order to identify active
contourite drift systems.

2. Use of diagnostic seismic features to classify and map key depositimharasional
drift elements in the shallow subsurface, through analysis of over 15,000 line-
kilometres of 2D seismic reflection data.

3. Documentation of the interaction between along-slope contouritic Sysaemhs
downslope gravity current syshsin a convergent margin.

4. Constraint of the role of underlying structural features in the generaticubséequent

modification of contourite drif.

Recognition of structural influences on the generation and modification of continiftge
on the Hikurangi Margin may aid the identification and prediction of contourigbodison on

other tectonically active margins affected by bottom currents.

GEOLOGICAL AND OCEANOGRAPHIC SETTING



The study area is located offshore of the North Island of New Zealand, tleng
actively evolving Hikurangi subduction margin, where the Pacific Rlalbelucts beneath the
Australian Plate (Fig. 1; Lewis and Pettinga, 1993; Nicol et al., 2007; Davy et al., 2008; Bla
et al., 2015). Reverse, normal, and strike-slip faults trending ENE-SWSctshera the
subduction zone, predominantly forming fold-and-thrust bounded trench-slope basins (Fig. 2
Lewis and Pettinga, 1993; Bailleul, et al., 2013; McArthur et al., 2019)obhguity of the
subduction zone results in strain partitioning across the convergent in{@fasket al., 2007;
Wallace et al., 2012). The subduction zone accommodates approximately <45% of normal
plate-parallel motion; the remaining strain is accommodatetierupper plate through the
combination of forward and back thrusts connected to a basal decollement, stekeadlip
faulting, and vertical axis clockwise rotations (Nicol et al., 2007@v&kd bathymetry and
basement depth define the structure of the Hikurangi Margin and partly diethteentation
pathways along the continental shelf and slope due to significant salucawmiation along

strike (Wood and Davy, 1994; Barnes et al., 2010; Bland et al., 2015; McArthur et a)., 2019

The development of the modern Hikurangi Trench and subduction wedge began ca. 27
million years ago (Chanier et al., 1999; Barnes et al., 2002; Nicol et al., 20@hask of
mixed extension and compression occurred during the Midelete Miocene (Chanier et al.,
1999; Nicol et al., 2007); compression continued in the remainder of the wedgafttre
through the Late Miocene to the present, with trench-slope bading fith deep-water
sediments (Lewis and Pettinga, 1993). During the Quaternary, rapid basement uplift occurred,
resulting in the development of the present-day fold-and-thrust belt andandlern

oceanographic current configuration (Carter et al., 2004; McArthur et al.).2019



Chatham Rise

0 5 100

i | 176°E 178°E  u———
X Axial X
Backarc domain Ranges  Forearc domain trench-slope

I ! East Coast Basin

o
Inner wedge _ Mid wedge _ Outer wedge Hrand

|Trench
-0
20

Hikurangi Plateau

-40

Pacific Plate 60

-80

0 100 200 300km

Fig. 1 (A) Regional setting map and cross section;({-Major intrabasinal features and well
locations used in studygd): Akitio Trough (AT); Aorangi Ridge (AR); Lachlan Ridge (LR);
Madden Canyon (MC); North Madden Bank (NMB); Paoanui Trough (PoT); Porangahau
Ridge (PR); Porangahau Trough (PT); Pukehoho Trough (PuT); Titihaoa Ridge (TR); Uruti
Trough (UT). Modified from work by Barnes et al. (2010) and McArthur et al. (2019).
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Fig. 2 (A) Non-interpreted and (B) Interpreted regional NW-SE seismic cnosddcated in

the southern portion of the subduction wedge, illustrating major intrabasinalistgjttench-

slope basins and interpreted horizons (modified from McArthur et al., 2019). Data provided by
WesternGeco.

The Hikurangi subduction margin forms part of the Eastern New Zealand i©cean
Sedimentary System (Carter et al., 1996). The combination of mechanicakyswata an@
humid climate results in the production of large volumes of sediment addpeysal to the
marine environment (Carter et al., 2004), where it may be transported alongshlocted
offshore via direct or tortuous canyons and channels (e.g., Mountjoy et al., 2009). Soisie of
marine sediment becomes captured in the trench-slope basins (e.gulBatllal., 2013)
However, much of it is dispersed via deep-ocean conduits (i.e., the Solandery Bodnt
Hikurangi channels) to supply abyssal basins (Carter et al., 2004); sedienmeiddrom
Zealandia is thereby transported across and along the plate boundartiraatklyl fed into
the Southwest Pacific Basin (Carter et al., 2004). Eustacy, subsidenceglaaimmmarine
variations and tectonism strongly influence the along-shore and offshore setisnsport
regimes through the Neogene to the present (Fulthorpe et al., 1991, 2011; Cdrt€ro86,
2004; Mountjoy et al., 2018). Significant narrowing of the subduction wedge at the southern
and northern region of the margin results in the connection of shelf-attazingohs to the
trench-axial Hikurangi Channel, allowing bypass of sediment to the atesgn (Carter et al.,

2004).

Variations in the ocean circulation system have been recorded from ¢oe&ieto-
Recent (Carter et al. 2004), reflecting the changing plate tectonic cotibguoh Zealandia,
as well as regional changes in ocean circulation. At the presenthdaprimary current
interacting with the Hikurangi Margin is the Deep Western Boundary CurrenBOWa
major deep-ocean, thermohaline current derived from Antarctica whichive at c. 3,000 m

depth (Fig. 3A Stow et al., 1996; Stickley et al., 2001; Carter et al., 2002, 2004, Chigwell e



al., 2015). Interaction of the DWBC with the East Cape Current (ECC), i.e., the southern
extension of the East Auckland Cape Current (EAUC), at depths of c. 2,000 m drivesfsom
the main oceanographic systems along the east coast of New Zealand (Wiar8#n, 1981;
McCave and Carter, 1997; Chiswell and Roemmich, 1998; Chiswell et al., 20183litiora

a number of smaller currents and eddies, both relatively shallovil{ass. 1,000n) and deep

(c. 1,000£2,000m), are seen to interact with the slope along the subduction margingBrod
1960; Chiswell et al., 2015). Of these subsidiary currents the principakdhe northerly
directed, shallow, wind-driven Wairarapa Coastal Current, whose interaatiorthe ECC
causes the Wairarapa Eddy to develop (Chiswell and Roemmich, 1998). Outb@adkof
Strait, the warm ECC, which encompasses the south-bound Subtropical Bresitwith the
colder, north-bound Southland Current, forming the Hikurangi Eddy (Heath, 1985; Stramma et
al., 1995; Carter and McCave, 2002; Chiswell et al., 2015). These major gytesnacthe
oceanic water masses and redirect currents away from the subduction wedge backhewards

DWBC (Fig. 3A McCave and Carter, 1997; Stow et al., 2002; Carter et al., 2004).

Fig. 3(A) Bathymetric map illustrating the main structural features and ptysieanographic
currents: East Auckland Current (EAUC), East Cape Current (ECC), Wairarapa Coastal
Current (WCC), and Eddy (WE), Southland Current; Deep Western Boundary Current
(DWBC); and the previously documented Hikurangi fan drift (Carter and McCave, 1994). Map
compiled based on work by Barnes et al. (1992); Carter et al. (2002, 2004); Lewis and Pantin,
(2002); Mountjoy et al. (2018). (B) Data coverage map illustrating the locations séigmic
surveys and wells investigated in this study of the Hikurangi Margin. Bathgrdata courtesy

of NIWA.
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DATA AND METHODS

The data for this study includes: (i) high-resolution bathymetry, (i) >15,0@0 |
kilometres of 2D seismic data, and (iii) limited wireline log data ftbree of the wells that
penetrate the subduction slope (Fig. 3B). Bathymetric data (nominally at 108-gnil
resolution, but with areas of 25-metre resolution and backscatter ilaamgssible via the
National Institute of Water and Atmosphere Research, New Zealand (\IW&%e used to
examine the modern seafloor for sediment waves in order to identify areetsveflmttom
current reworkinggensuWynn and Stow, 2002). The seismic dataset comprises six 2D seismic
surveys covering the east coast of New Zealand, with open source data pioyibiesy
Zealand Petroleum and Minerals (NZPM) and newer data provided by WesteritGable
1A). Analysis of the seismic data was carried out over a depth range af4,000 metres
across the margin, but was restricted to the relatively shallowdats This was due to
limited seismic resolution within the highly deformed pre- and syn-subdustiatigraphy,
which precludes recognition of the geometries necessary for accurate drgtetdtion (Fig.
2). Drifts were interpreted in the subsurface through the identification of diagrfost]
second, and third-order seismic features (see Faugeres et al. 1998t &t®002; and Smillie

et al. 2018

x First-order seismic elements describe the overall, large-aoaigecture, external
geometry, internal reflector character, and upper and lower bounding surfaces.

x Second-order observations describe the internal architecture of first-order elements,
including the identification of medium-scale seismic unit shapekisig pattern,
and reflector terminations.

x Third-order elements describe the small-scale seismic faciegimas, which are

inferred to record changes in depositional processes and sediment type
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These diagnostic seismic elements are used to characterizeiokeitsret depositional or
erosional conditions, assign facies, and infer bottom-water circulationogadtation.
Depositional contouritic processes can be inferred to occur both indepgnokemhd in
association with deposition of gravity process elements including chiwveels, lobes, and
mass transport complexes (MTCs); erosional features include unconformitide¢akand
regional major disconformable surfaces), contourite moats, furrows, and vadleysu (
Faugeres et al., 1999; Hernandez-Molina et al., 2008a, 20U0Bb orientation of these
depositional and erosional structures informs the interpretation of bottom cumesttodi
based on the migration of moats in relation to the Coriolis force, whiclctiefitee current core
along the relief, potentially causing reduced- or non-deposiens(Hernandez-Molina et
al., 2008 Shallow underlying structural features such as faults and fractures wepeated
to examine the degree of sediment-structure interaction. To qualitk-afterpretations of
possible buried or deformed drifts within the trench-slope basins horizoniftattef localized
unconformable surfaces beneath candidate drifts was undertaken. Openvalteksa,

including composite logs and final well reports, was provided by NZPM anDDE from

three penetrations (Fig. 3B, Table 1B) and used to assign facies and depositional events where

possible. However, well coverage is limited over the study area, and twatss wireline
logs and records of ditch-wall cuttings samples are incomplete, typstalting below the

interval of interest. Following recognition of the principle drift typesrttestribution and areal

extent along the margin was pkdto investigate the structural and oceanographic controls on

their development.
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Table 1 (A) Seismic survey coverage and data quality of the Hikurangi Margin. Data couriésyw @ealand
Petroleum and Mineral (NZPM) and WesternGeco. (B) Well coverage and samplinglsiter

A | Survey Acquisition Depth Access Sample Vertical Frequency
Year Interval Provided By Interval Resolution
Name
MOBIL72 1972 TWT (ms) NZPM 4ms 20 ms 20-30 Hz
IAE1 1990 TWT (ms) NZPM 4 ms 10 ms 40-50 Hz
05CM 2005 TWT (ms) NZPM 4 ms 12 ms 30-40 Hz
BRUIN 2005 TWT (ms) NZPM 4 ms 8 ms 40-60 Hz
PEGO09 2009 TWT (ms) NZPM 4 ms 12 ms 30-40 Hz
PEG14 2014 TVDSS WesternGeco 3 ms 15m 0.04-0.08 m
(m)
B| WellName Operator Year Total Wireline Core Interval Data source
Depth Coverage Recovered
Titihaoa-1 Amoco NZ 1995 2741 m 600 mITD 1997-2552 m; Biros et al., 1995
2673-2670 m
Tawatawa-1 Tap QOil 2004 1560m 231-1555m 750 m ID Tap Oil Ltd. 2004
Ltd.
Hole U1519 IODP 2018 640m Om-TD 0-119.2m Saffer et al. 2018
RESULTS

Seismic Facies

The large-scale architecture and seismic facies associatidtth contouritic and non-contouritic
Hikurangi Margin sedimentary deposits can be defined using seismic alat 0§ which may be calibrated
with well data. Five non-contouritic seismofacies are define@biel2 (modified after McArthur et al., 2019
These include muddy shelf clinothems, (hemi-) pelagic muds, mass trangmsitsldurbidites, and seismic
basement. The sixth, contouritic, seismofacies can be subdivided into individual drifhiyfpasetdescribed

in detail below.
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Table 2.Seismic facies of the Hikurangi Margin. Images courtesy of WesternGeco.

Seismofacies (SF)

Amplitude and dimensions

Interpretation

6. Contourites

Often high amplitude reflector:
which variably grade into an
downlap strata, forming wedg
shaped geometries, tens to hundr
of metres thick, and tens of kilometr
in length. Well penetrations exhib
silty mudstones (see Fig. 4C).

Often high amplitude, laterall
continuous, tens to hundreds
PHWUHYV WKLFN

metres wide, with internally cohere
reflectors. May onlap structural high
and fill paleo-topography. Commc
on the subducting plate, but also
trench-slope basin fill.

Chauaotic fill of irregular packages tetr
to hundreds of metres thick, ofte
VI RI PHWUHV Z
demonstrate coherent rafts of banc
material, overlain by a blocky
irregular upper surface reflector.

Alternating high and low amplitud
packages of coherent reflectors
variable lateral continuity, typicall
hundreds of metres thick ar
thousands of metres wide. May occ
in lenses or more sheet like, thicke
in the core of sub-basins, whi
thinning and onlapping relief at th
margins.

Variable thickness below SF %4,
often low to transparent amplitud
discontinuous and chaaotic reflecto
penetrated by deep and shallow lin
high and low amplitude (fluic
anomaly) reflectors.

Muddy shelf clinoforms steppin
off the near-shore sections of tl
upper shelf-slope break (NW-SE
Various progradational and retr
gradational degrees of developme
into the basin and the Cook Strai

These homogenous reflectors ¢
interpreted to represel
background, mud dominate:
pelagic to hemipelagic sedimer
(sensuVinnels et al., 2010), bu
could also include the distal dilut
tails of turbidity currents.

These are interpreted to repres
gravity-driven mass wasting ever
(MTCs) of variable composition
filing the trench slope basin
within the inner subduction wedc
(sensu Posamentier and Kolle
2003).

These are interpreted as alternat
sedimentary packages of sand
mudstones filling basins in the for
of turbidites, which may be fillinc
channels, forming lobes or pondir
in basins ¢enswPrather et al., 199¢
Kneller et al., 2016).

This  seismic  basement
interpreted as highly deformed pr
kinematic stratigraphy, compose¢
of  (meta)-sedimentary  rock
exhibiting both thick and thir
skinned faults gensu Lewis and
Pettinga, 1993; McArthur et al
2019).

See Section 4.1 for detailed descriptions, interpretations and fi
associations of the characteristic drift types found along the margin.
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Drift Types

Analysis of the sub-surface dataset enables recognition of five contoutiiteypleis
along the submarine slope and trench of the Hikurangi Margin; these irexaagles from
the mounded and sheeted categosesgu-augeres et al., 1999; Rebesco et al., 2014), as well
as a hybrid category (e.g., drifts representing the modification by contour currents of what are
primarily gravity current depositsensuShanmugam et al., 1993). The characteristic styles of
drift architecture and geometry enable determination of the principal facior®ling drift

type and compositiorsénsuFaugeres et al., 1999; Hernandez-Molina et al., 2008a, 2008b

Giant Elongate Mounded Drift
ObservationsExamples of the giant elongate mounded drift type (GEM) straddle the

continental shelf, shelf-slope break, and upper slope of the margin (Figw2}er depths of

200 to 1,500 metres. To first order, GEM drifts form broad sediment packages, approximately
150 km long, 50 km wide, and up to 1,100 metres thick (Figs. 4)amti&internal architecture

of the drifts is expressed as sub-horizontal reflectors, where dipes{egpto 60) prior to
downlapping or onlapping older reflectors comprising SF 2-5. At the second ordatethal
reflectors, characterized by major disconformable (md) surfaces, stack sigmoidally stiorewa
(to the NW) and parallel the strike of the Lachlan Ridge and Madden BankS\(\WEInternal
facies are moderate-low amplitude, occasionally truncated by high amplitude erosional
disconformities forming macro-scale wedges, with lateral incisions huntirédsusands of
metres wide. Data from wells Tawatawa-1 and &it#i1l record an abrupt fining upward
signature at the base of the GEM (Fig. 4C). Coarse-grained deposishatse transition to
overlying fine-grained (mudstonedominated) facies that persist in the upper 1,000 meters of
each well, essentially accreting from the Late Miocene through to therrmdalg (Crutchley

et al., 2016).
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Interpretation The GEM drifts are interpreted from seismic geometries as an
aggradational and progradational drift type; they migrate (towards the NW) alermpie
bounded by the semi-buried upper slope of the subduction wedge and the back-limb of the
downslope bounding thrust-cored ridge (Fig. 5). Although largely continuous along the upper
slope, the drifts are cut in several locations by slope canyons, whicheniegl byan along-
slope sediment transport mechanism (McArthur and McCaffrey,)281¢dies from passive
margin settings document the GEM drift type to grow with enhances odtdeposition (up to
20 +60 cm kyr'), adjacent to one or more localized high velocity currents (Faugeéres et al.,
1999; Rebesco et al., 2014), whereas their deposition rates in convergent margins are less well
constrained. Here, the GEM drift type is thought to record late Neogene taepwsthrust-
generated accommodation, but thickness and evolution was influenced by sinhba
structural growth and likely by subordinate eustatic sea-level variation®(@al., 2004)
Specifically, in this location drift growth is interpreted to reladethe uplift of the large
intrabasinal Lachlan Ridge and Madden Banks; the back-limhesk thrust-cored ridges
formed accommodation space healed by contourite deposition during periods of vigorous
bottom current activity. Major internal disconformities are thought to recoedvials of non-
deposition and erosion, which can possibly be attributed to sea-leiaglores, which likely
control bottom-water circulation through the Mahia Strait and into Hd&eke(Paquet et al.,

2009. In both wells, the base of the drift coincides with the change fromxed| of coarse-
grained sediments, interpreted as gravity current deposits, to the fineegrsystem,

demonstrating that these drifts are composed primarily of mudstone (Fig. 4C).
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Fig. 4 (A) Non-interpreted and (B) Interpretation of the giant elongate mounded (GEM) drift
located along the upper slope, shown with a vertical exaggeration of x4 thdéedgift is
penetrated by well Titihaoa-1. md = major disconformity. (C) Titihaoa-1 Mgllshowing
penetrated drift facies and biostratigraphic age boundaries, which show this drift teekave
developing since the Late Miocene (modified from Biros et al., 1989 Sketch of drift
development in relation to structural features.
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along-shore migration and inferred structural displacement of contour currents by the Lachlan
Ridge and the Mahia Peninsula. Labelled structures: Lachlan Ridge (ladtévi Basin (MB);
Madden North and South Banks (NMB, SMB); Motuokura Ridge (MR) and Trough (MOT);
Titihaoa Basin and Ridge (TB, TR); Uruti Trough (UT); and Wairarapa Coastal iturre
(WCC). (C) Cutting of the GEM drift by the Madden Canyon, seen on line Bruir{y@daw

line on map). The seismic lines are shown at approximately the sates and with similar
vertical exaggeration. Bathymetry courtesy of NIWA; seismic data provided by WesternGe
and NZPM.
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Mounded Hybrid Drift

ObservationsThe mounded hybrid drift type is located along laterally discontinuous
bathymetric highs of the upper-middle slope outboard of the Cook Strait anchssdatope
canyons (Fig. 6), in water depths of 1,000 to 1,500 metres. The overall gecsngénmytly
mounded (20+10° metres long, <0.4 seconds (TWT) thick [c. 500 m]), whilst erosive features
1 +2 km wide punctuate drift margins (Fig. 6B-C). Reflector stacking pattern is aggradational
along the crests while thinning towards the margins or truncated by bakmefincisions,
forming an upwardly-convex geometry (Fig. 6C). The seismic facies architectusests of
weak{o-transparent, semi-continuous reflectors, which downlap onto underlying reflectors of
SF5 (Fig. 6C). The drift mounds are detached from the upper slope by erosive features within
the submarine canyon system. This drift type is not observed to be latergilyuous (Figs.

6C-D).

Interpretation Its occurrence along relict canyon walls downstream of Cook Strait is
interpreted to indicate that this drift type forms part of hybrid channel-fstems; depositing
currents are interpreted to incorporate components of both along-slope and dowaglippe
and to carry sediments pirated from the slope channel network (Fig. 6E)setimaent
transport regime associated with this hybrid drift type is here atidbto the strong
semidiurnal tides along on the shelf in association with gravity-drigdiment influx to the
trench (Mountjoy et al., 2014, 2018; Stevens et al., ROlt%e upper slope channels promote
high energy flow, such that major episodes of mass wasting and turbidity current influx
transport shelf-derived, coarse-grained sediment to the trench, Vangsty incising and
bypassing the slope (Mountjoy et al., 2009, 2014, 2018). Sediment passing through these
conduits, particularly the component carried in suspension, is thoudg® soisceptible to

pirating and contour current reworking, hence acting as the source for this/pkif{etg.,
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Fonnesu et al., 2020). Although there are no well penetrations, the sdalagelength of

these drifts imply a fine-grained composition @i§D and F).

D
- : : . = x‘;‘;.. {/’/7 ?. = : - _:mzuwn
NWO B!  Upper Slope Middle Slope Lower Slope Trench  [SE]
= Canyon Incision Hybrid Mounded
Drifts
md
BSR Wave Field

Mounded reflectors

/ Down-slope\

erosion

Fine sediment pirated
from submarine channels

Possible
slump structure

Slow current speed gradient
Fine sediment deposition

Modern and buried Hybrid levee Aggradational
stacking

Sketch legend
A&

/

SPHO)
~

Drift onlap

Thrust fault

Contour current axis

Buried moat

- e

Major disconformable surfaces (md)

P

Bottom simulating reflector (BSR)




21

Fig. 6 (A) Seismic data (line PEG09-13M1000) and (B) interpretation of hybrid-mounded
drifts in a location proximal to Cook Strait, showing associated seismésf¢gF) and major
disconformities (md); BSRtbottom simulating reflector. (C) Mounded reflectors with lateral
truncation are interpreted to record the interaction between downslop®ageskipe contour
currents to form a hybrid drift system. The separated drift illustrates alopg-ahd upslope
migration. (D) Sediment wave field within the abyssal plain trench comgreggradational
reflectors, interpreted to reflect interaction of bottom currents thghHikurangi Channel
derived sediments. (E) Sketch of mounded drift development; (F) sketch ofedated
sediment wave field with associated erosional and depositional features.

Plastered Drift

ObservationsThe sheeted drift type blankets the upper slope domain in water depths
of 500 to 1,500 metres, along the central and northern shelf-slope break (an area up to 300 km
long and 8 km wide on this margin; Fig. The overall geometry of these drifts is that of a thin
veneer of reflectors (<0.5 sec (TWT), c. <600 m thick), which parallels the slogaftdos
topography. The internal architecture of these drifts comprises modedfaitgh amplitude,
laterally continuous, sigmoidal to sub-horizontal reflectors overlying tlwargtd ridges of
seismic basemenSE5). Internally, seaward-dipping reflectors stack along the gentle slope
and smooth the ridge topography (Fig. 7CYy KH GULIWVY LQWHUQDO IDFLHYV
amplitude reflectors at the upper and lower slope, where drifts thieveamually terminate,
often with an erosional lower contact (Fig.)70atafrom the IODP well 375, hole U1519,
records an overall fining upward signature through the drift, where coarser-grained deposits at
the base transition to overlying fine-grained (mudstaid@minated) facies in the upper 300

metres, from the Pleistocene through the Holocene (Fig. 7D, Saffer et a)., 2018

Interpretation This drift type records periodic episodes of progradation and
aggradation along the upper slope domain of the subduction wedge (Fig. 7E). Multiple
sediment sourceare interpreted to interact with the plastered drift as the resskdiment
pirating from shelf-attached submarine canyons and entrainment of unconsolidated hemi-

pelagic sediments by along-slope bottom currents. As the ridge gradeamhes too steep for
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turbidite deposition from dilute low-density gravity flows (i.e.,°r3ontourite processes
dominate, forming drifts upon smooth, sloping topography (Hernandez-Molina et &k; 200
Preu et al.,, 2013 The basal high-amplitude reflector marks a significant unconformable
surface, potentially relating to an earlier mass transport event or an atdsittom current
episode ¢f., Faugeéres et al., 1999). Based on the lack of evidence of a downslope MTC, the
basal unconformity is interpreted to relate to the initiation of drifiene stronger bottom
currents may have eroded the upper slope prior to deposition and upslope prayrddheti

drift represents a mixed flow regime recording where the contour current may baeiivey
depositing or eroding (Herndndez-Molina et al., 2008b). Along the shelf, a gentle flow regime
predominates, yielding net-deposition of fine-grained material, while thmefpsone lower

slope is dominated by a basal axial channel or contourite moat strycpunaléd by the upper
slope bathymetric highs (i.e., Madden Banks), potentially favouring the deposition afrcoars
grain sediments (Fig. 7E, Hernandez-Molina et al., 2008b; Rebesco et a)., I2X1R well
U1519 records a change from influxes of coarse-grained sediments, interpreted tgs gravi
current deposits, to the fine-grained system, implying that these driftsrapmsed primarily

of silty mudstone (Fig. 7D, Saffer et al., 2018).
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Confined Hybrid Drifts

ObservationsConfined drifts are located along the upper, mid and outer slope domains

within narrow trench-slope basins comprising the interior of the subduction wedgge drifts

are largely discontinuous (10s1,000s of metres wide, <1,000 metres long), forming narrow
lenses of sigmoidal reflectors within the shallow subsurface (<1.5 sec TWA2,@00 m
TVDSS) (Figs. 8, 9 and 10Yhe external geometry of these drifts is characterized by the
development of spatigl discontinuous mounds, principally occurring adjacent to bathymetric
highs and as sub-horizontal basin-fill (Figs. 8-10). The upper surfaces ofdtikseare
lenticular, with wavy, upwardly-convex surfaces where internal architecsutgpically
defined by sub-horizontdab wave-like reflectors (Figs. 8D, 8H and 9M)ternal reflectors
stack via aggradation and progradation, whilst fanning towards the basiredegdoefore
terminating with smooth upper unconformable surfaces (SF-2) (Figs. 9C and\Waa),
moderateto-high amplitude internal reflectors onlap earlier basin-fill strat&{e8 and 4) or
seismic basement (SF-5), albeit often separated by a high amplitadediiestor (Figs. 8C-

H and 9G.

Interpretation Sediment for tts drift type is interpreted to be sourced by downslope
gravity currents, whose deposits are pdytialodifiedby contour currents actively eroding and
redepositing within the trench-slope basins (e.g., Rebesco and Stow, PR@lhteraction
between the bathymetry and the along-slope flow of bottom currents lgpatiatrols the
degree of drift elongation and distribution. The walls of the thrust-cored ridges ctmdine
GULIWVY OD W tHeJmeQorkinahtH@katidR @irection is down-current and along the
slope gradient. The drift architecture may transform up the lateral slope gradient to a mounded
form (Figs. 8G and;IsensuFaugeéres et al., 1999, Juan et al., 20@8avity currents and
channel-feeder systems develop turbidite channels, lobes, and MTCs wiabasas, and

act as the siliclastic source to the otherwise sediment-stantedslope basins (McArthur et



25

al., 2019). Within the host trench-slope basins, there is likely a protesplay between
contour currents and gravity currents modifying both turbidite and contourite morphology.
Structural restorations of a lower slope basin reveal possible muiiigledes of contourite
reworking in the deeper sections of what were presumably relativelyifigtbasin-fill (Fig.

10). These drifts are interpreted to form between periods of uplift and magsottanken
contour currents rework basin-fill facies, primarily evidenced by asymmettimert wave
geometries that drape thrust ridges and prograde into the basin depocentrigeaiangyh axis

(Figs. 9C and 10B). Although no wells penetrate this drift type, the seisties fenply a fine-
grained composition. Along-slope currents are interpreted to clean and sertgthegy-
sourced sediments along the uplifted margins of the trench-slope basins, to form narrow zones

of fine-grained drifts (Fig. 8-10).

Fig. 8 (A) Seismic in-line PEG09-23P1078 located proximal to Cook Strait (B). ®eism
interpretation (C) of confined drift deposits and (D) enlargement of confined drift (note
different vertical exaggeration); mounded reflectors onlap underlying basal unconformity (see
text for discussion). (E) Seismic cross-line PEG09-02M1000, which runs alte o the
Pukehoko Trough (F). (G) Interpretation of line (E), with inset enlargement (H)irgindine

strike character of the confined drift (note different vertical exaggeratiornd; eunded
reflectors are seen to terminate on the underlying basal unconformity andeflagiors are

seen to decrease in amplitude away from the seismofacies 4 (SF-4) infilledisopels. (1)
Confined-mounded drift model illustrates the impact of turbidity curreabntour current

interactions (see Fig. 7E for key). S#seismic facies; md - major disconformities; BSR
bottom simulating reflector.
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Fig. 9 (A) Seismic section through the mid-subduction wedge, Paoanui-Porangahau Troughs.

(B) Hybrid confined drift interpretation, where contour currents interact with grdvingn

sediment filling the trench slope sub-basins. (C) Enlargement, illustfatggscale sediment

ZDYHV NP ZDYHOHQJWK VI P DPSOLWXGH HKHLGHQFH
sediment ponded on top of MTDs (SF-3) and turbidites (SF-4).
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Fig. 10 (A & B) Seismic line transecting the Akitio Trough. (C) Hybrid confined drift de-
compacted using horizon flattening of basal onlap unconformity (SB) of shallow sediment
waves. Proxy restoration illustrates possible episodes of gravity-drivenfiledeposition are
followed by contourite reworking, as evidenced by sediment waves and progrddationa
clinoforms, and characteristic mounded drift morphology.
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Hikurangi Trench Hybrid Drifts

ObservationsWithin the Hikurangi Trench, in abyssal water depths c. 2,500 m, large
scale sediment wavesgnsuCarter and McCave, 1994; Lewis and Pantin, 2002) are observable
on overbank areas adjacent to the left-hand (NW) margin of the trench-aiehirtyi Channel
(Fig. 11). They are best developed outboard of outer bends, in areas dowmsttearnend
apices (i.e., some 3faround the bend; see beraandc on Figs. 11B and C); here the crests
of the principal wave sets are arcuate, and convex predominantly to the NEor The
sediment waves are characterized by wavelengths >2 km and heightsadfii@ses; both
wavelength and heights diminish away from the channel. In cross sectiomatles are
asymmetric (Figs. 11D and E) and although complex, the steepeastdgsnerally facing and
hence accreting towards the channel §FId.E and F); buried wave fields, exhibiting internal
seismic facies comprising moderatetransparent wave-like reflectors intercalated with flat,

parallel reflectors (SF-2), generally show the same sense of accretion.

Bathymetric surveys acquired in the trench in 2013 generally documetivelsi
abrupt lateral transition from the Hikurangi Channel margins to overbank areas. An exception
is a channel reach some 40 km long that starts c. 5 km upstream agex of benda and
finishes c. 5 km upstream of the apex of bbr{#igs. 11A and B)n which the transition is
smooth. Abrupt transitions are characterised by relatively sharp inflexionsrfr@ndhannel
to overbank areas and are associated with the common presence lgjudltesaon the channel
walls; smooth transitions are characterised by progressive inflexions rfirean ¢hannel to
overbank areas associated with relatively smooth, non-gullied chanre(kg8. 11A and B).

In a bathymetric survey acquired immediately after tiizL N Aedrthfuake and seismically
triggered turbidity current of November 2016 (Mountjoy et al., 2018; Fig. 11C) channel to
overbank transitions in the 40 km reach that was smooth in the 2013 surgee@r® have

become abrupt. New intra-channel gullying has cut back into overbank arelasthatic
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laterally-coalesced gully head scarps collectively define a shdrp- ito extra-channel
transition that is particularly evident on the outer bend of chan(féy. 11Q. The overbank

wave field also appears more clearly defined in the 2016 data.

Interpretation Because they form preferentially on outer bends of the Hikurangi
Channel, the abyssal sediment wavesenguCarter and McCave, 1994, Lewis and Pantin,
2002) are interpreted to result principally from flow-stripping of the upper pactseaohelized
turbidity currents onto overbank areas (Migeon et al., 2006; Wynn and Masson, 2008). Based
on their amplitude and wavelength these sediment waves are itadrpoebe composed
primarily of mud, with minor amounts of silt and very fine sacid (Wynn and Stow, 2002).
On the assumption that wave crests form perpendicular to the currentodirdotse
unchannelised flows appear to disperse approximately northwards on the left-hirud fre
channel (Figs. 11B and C). However, the resultant wave forms generakyeaand migrate
towards the channel, where wave crests steegieifynn and Masson, 2008). Although such
a sense of accretion may indicate bottom current modification of thibamkedeposits (e.g.,
Wynn and Masson, 2008f., Fonnesu et al., 2020), similar growth of overbank waveforms
towards a parental channel may also form due to turbidity current actosty @.g., Normark
et al., 2002). Nevertheless, the inferred passage of a bottom current through thieldvanel
across the channel (see below) and changes to the wave field followi2@X6eturbidity

current indicate that the overbank sediment waves are likely hybrid features.

Although the downstream change from abrupt to smooth channel margins seen in the
2013 Hikurangi Channel bathymetry data could be associated with a turbidity currém eros
limit, this interpretation cannot explain the re-establishment of alnapgins some 40 km
further downstream (Fig. 11B; Dorrell et al., 2019). Furthermore, in bathymetric data acquired
after the 2016. D L N AeXrth@uake, abrupt lateral transitions become evident in the reach that

was formerly smooth (Fig. 11C). The earthquake-generated turbidity currend ftoveeigh
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bendsa to c and onward for at least several hundred km (Mountjoy et al., 2018). Such long-
travelled seismogenic turbidity currents likely recur on average every 140(earstjoy et

al., 2018); the post November 2016 data indicate that these flows erode dianupelco
overbank lateral transitions. It is inferred, therefore, that the smdethllransitions observed

in the 2013 data likely developed between turbidity current events. We prtpisthis
smoothing could be consistent with bottom current activity, and thatGHen reach along
which it occurred might represent the zone where a bottom current ctheskekurangi
Channel (Fig. 12). In this scenario, through some combination of erosion of theatkeap |
scarp and of infill of channel wall gullies, the bottom current likely smoo#redbrupt,
erosional channel profile sculpted by an earlier turbidity current, modifying tmeankewave

field en route. Further study is required to confirm this interpretation.
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Fig. 11.(A) Location map of seafloor expression of the Hikurangi Channel and its ovenizhekHlikurangi Trench{B) Compilation of multibeam

bathymetry (25 m grid) and backscatter data collected across three bends (a,b and ckafahgikihannel and overbank, collected by NIWA

LQ & 'HWDLOHG PRUSKRORJ\ RI WKH WKUHH EHQGY DQG RYHUEDQ ffor? MMrayLD O LPF
et al., (2018). (D) Seismic cross-section showing sediment waves aittharik levee to the channel, seismic line is within the in>ets. (&

Inset seismic section illustrating variations in levee and overbank tlepatstyle and seismic expression, to the left of seismic fdc{&4)

channel fill. (F) Channel-related trench-fill drift interpretation of sedinveates, note a complex alternation of lee face orientations, with a
dominant direction to the SE, but with some larger waves to the NW. Seismic dataycotiMéesternGeco.
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Distribution Mapping of Contourite Drifts

Mapping the limits and occurrences of drift types illustrates the distibudf
contourites along the Hikurangi Margin (Fig. 12A). The central to northern shelf and upper
slope shows the GEM and plastered drifts trending parallel to thé aodsalong large
structural ridges. The middle slope records a spatially discontinemasdf hybrid drifts, some
of which cross-cut bathymetric highs, but are typically confined within indivigleaath-slope
basins (Fig. 12A). Contourites and gravity-driven deposits are also discontinoagstlaé
margin in areas proximal to narrow upper slope basins and the network of submarine canyons
(i.e., proximal to the Madden Canyon and Cook Strait canyons) and large bathyrdgétc ri
(i.e., the Rock Garden). A broad sediment wave field characterizealttiection trench on
the left hand margin of the Hikurangi Channel (Fig. ), 24 least portions of which appear to
be modified by bottom currents. The combined roles of structure and oceanoguapénts
are discussed below to investigate the controls of drift distribution alongcdhigergent

margin.
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Fig. 12(A) Distribution map of different drift types identified along the Hikurangi Mar@).
As A, but with orientations of modern oceanographic currents (Fig. 3A) superimposed.
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DISCUSSION
Controls on Distribution of Contourites on Convergent Margins

This study reveals the hitherto undocumented presence of contourite ldnfjstlze
Hikurangi subduction margin. Although fundamentally reliant on the presence of bottom
currents, a series of additional controls on the drift formation and distribcain be inferred,
based on methods of assessing the interaction of oceanographic currents floion sedeef
developed in other settings (i.e., Stow et al., 2008; Chen et al., 2014a Etall, 2016; Juan
et al., 2018). Contour currents documented around the Hikurangi Margin include the Deep
Western Boundary Current (Stow et al., 1996; Stickley et al., 2001; Carter and McCave, 2002;
Carter et al., 2004), the East Cape Current (Warren, 1981; Carter and McCave, 1997; Chiswell
and Roemmich, 1998), the Wairarapa Coastal Current (Chiswell and Roemmich, 199®) and
currents and eddies arising from their interaction (Fig. 3A). Because oceanograpénts
such as these may be accelerated when passing through bathymetrictamstlong the
margin éensuHollister and McCave, 1984; Reed et al., 1987), current orientationsasibat
to slope and trench bathymetry were investigated to assess whethgedirdauld be made
based upon the observed spatiotemporal evolution of drift distribution patteyasl2 A and
B).

Oceanographic Distribution Controls

Factors recognised to influence drift distribution include bottom current dirésuud
any temporal variations) and different water mass properties (Heealenl®66; Hollister and
Heezen, 1972; Reed et al., 1987; Rebesco et al., 2014). Variations in @tesification in
terms of density (i.e., related to temperature and salinity), and in atyge in proximity to
the continental slope are known to be associated with different makeses (e.g., Argentine
margin [Preu et al., 2013]; South China Sea [Chen et al., 2014]; Gulf of [FadizAndez-
Molina et al., 2014]; Alboran Sea [Ercilla et al., 201@pzambique [Fuhrmann et al., 2020])

Through linking prior mapping of bottom currents to observed depositional and erosional
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features this study attempts to correlate drifts with the physical piespef specific water
masses and the boundaries between thesns(UPreu et al., 2013; Rebesco et al., 2013;

Hernandez-Molina et al., 2014).

Although the current study incorporates what data there is from modern ARGOI©c
floats and from limited seasonal oceanographic datasets, little chradgesity with depth is
documented (Chiswell et al., 2015; ARGO, 2019; Stevens et al., 2019). Temedttire
different water masses taken from profiles recorded along the Chathamdiisg¢e a possible
correlation between the abyssal drift types and the Lower Circumpolar Datp {MCDW)
and the Pacific Deep Water (PDW) masses, which feed the Des{g&oundary Current
(16.0£11.9 Sverdrupssy]) outboard of the slope (Carter and McCave, 2002; Chiswell et al.,
2015). However, the relatively simple modern oceanic stratification caotedy account for
the variety and complexity of drift types seen on this margin. Further,nfluence of
temperature and salinity variations on drift formation is dependent ortieasian current
strength of bottom water masses, which is still debated to vary telypa@uch as when
Antarctic Bottom Water or Antarctic Circumpolar Currendét®ngest, i.e., during interglacials
(Ledbetter, 1984; Pudsey and Howe, 1998), interglasighcial transitions (Ledbetter, 1986;
Masse et al., 1994) or glacial maxima (Pudsey and Howe,).1B@8ardless of temporal
changes in current strength and orientation, a first-order association of drifts and their parental
currents can be made. Thus, drifts forming along the outer slope and trench afdireare
associated with deep-water masses.(2,500 m), i.e., the DWB@®DW, and LCDW (Fig.
12B; Ivchenko et al., 1996; Chiswell et al., 2015). In contrast, the warmer sucfacests
(i.e., Wairarapa Coastal Current [c. 1,000 m] and East Cape Current [c. 2,000 rs$paratad
with shallower drifts forming along the shelf and upper slope of the margin (Fig. 128r Ca
et al., 2004). Seasonal bottom current activity such as benthic stormddied €.g.,

Wairarapa and Hikurangi eddies), which act to mix the various water nadssgshe margin,
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may be associated with the discontinuous drift trend proximal to Cook Sea#giStow et al.,

2008; Chen et al., 2014, 2019

Structural Controls on Drift Distribution

A key control on drift distribution along the Hikurangi Margin is likely to be the
structural variation of the actively evolving subduction wedge, which is inferréatadly
channelize, block, and deflect bottom current pathways (Fig.Be®ed on the significant
structural and morphological variability of the subduction wedge, the distnibatidrifts are
categorized by slope domains based on water depth, in order to associatpeadriftith their
respective bottom currentsegnsuReed et al. 1987). Recognised domains on the Hikurangi
Margin include: (i) the upper slope (c. 2@@,600 m), i) the mid-outer slope (c. 1,602,500

m); and (iii) the abyssal trench (c. >2,500 m).

On the upper slope, long-shore drift and wind-driven contour currents (i.e., Wairarapa
Coastal Current) transport terrigenous and marine sediments along thelghelbreak, here
defined by the thrust-cored bathymetric highs (Fig. 12B; Carter and McCave, 20G2;efa
al., 2004). The GEM drifts are thought to record periodic growth and along-shordianigra
during Plio-Pleistocene to Recent glacial episodes. Rising and fadlantgvel, in combination
with ongoing structuration, likely caused periods of stronger bottom currents,atamglit
redistribution and deposition of sediments along the back-limb of intrabatinetures, such
as the Lachlan Ridge (Carter and McCave, 2002). The growth and thickness of G&NMadyi
according to the spatial variations in the degree of inferred basin-boundingteimhsinal
structure uplift and potentially sea-level fluctuations. Areas of ineckdsift thickness are
attributed to prolonged duration of shallow contour currents undergoing net-deposition into
areas of growing accommodation, whereas areas characterized by decreksesshinot
including drift margins or areas incised by submarine canyons) are associdtetess D

local uplift.



38

The growth of plastered drifts is associated with the deflection of shakmtour
current flow along the upper slope. The periodic filling of the upper slope acogation may
also be associated with the construction of the plastered drifts, as hmittents become
reoriented along the shelf-slope break (e.g., Preu et al., 2013). The intarreibréentation of
these upper slope contour currents may possibly relate to the teaoonmiguration of
Zealandia during the Neogene, and associated opening, migration, or occlustmtoofr

current pathways (Carter and McCave, 2002; Trewick and Bland, 2012).

The mid-slope domain of the margin shows drifts that cross-cut topography whils
interacting with gravity current deposits, involving the development of a tortstyies of
bottom current conduit (Fig. 13). Within the trench-slope basins, theegcévolving thrust-
cored ridges may locally constrict or block bottom currents resulting in théogewent of
spatially-discontinuous hybrid drifts (Fig. 12). These deposits may record #radciin
between bottom currents and gravity-driven basin-fill sediments, vpnesent (e.g., Gong et
al., 2013). Drifts forming in the relatively flat-lying trench-slope bagipatentres are laterally
heterogeneous, showing modification towards basin margins (Figs. 9 and 10). Thek®mid
drifts do not have a ready counterpart in classical drifts studies from passive marginsin whic
drifts preferentially occur along submarine slopes (Preu et al., 20b8s&eet al., 2014). The
variability of internal drift architecture may be associated withptaal variations in the
strength of bottom currents, where periods of eustatic lowstands and gesxales increase
bottom current strength and thermohaline overtsenguFaugeres et al., 1999; Stow et al.,
2008, 2018). However, internal drift heterogeneity may also reflect the opening and closing of
bottom current conduits associated with the progradation and evolution of thectimect
ridges related to the oblique convergence of the margin (Nicol et al., 306)tectonically-
driven modification of bottom current pathways may well operate on longer taes shan

those associated with the development of the studied drifts, whielll etatively young (i.e.,
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of Late Miocence / Plid?leistocene to Recent age), but spatial variability in drift locations
deeper in the stratigraphy might be anticipated, given that bottomnturh@ve been

documented b the east coast of the South Island since the Cretaceous (Fulthorop20dtla

Sediment waves located the trench are characteristic of an area of the margin where
changes in deformation style and lower slope gradients resultssa-tokrtuous bottom current
pathways (Fig. 13). The outer slope of the subduction front and the Chatham Risedadn
trench boundaries to the sediment wave field of the Hikurangi Channel levesuggested
that these bathymetric boundaries deflect the abyssal deep-watets;wsteh as the north-
bound DWBC and the south-bound Subtropical Front and ECC, forming complex gyratory
currents along the subduction front, which may erode the outer slope and intenalsotivit
channel and overbank deposgisrisuCarter and McCave, 2002; Migeon et al., 2006; Chiswell
et al., 201% More oceanographic data are required to better constrain bottom currentysathwa

in this setting.
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Fig. 13 Conceptual diagram integrating the deposition of modern contourite drifts einghdhental oceanographic bottom currents to illustrate the structural
control on drift distribution along the convergent Hikurangi Margin. Note: abyssal bottom currentysaéme/@oorly constrained.
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Generic Implications for Drifts on Convergent Margins

This study illustrates the importance of investigations to characteazbdtribution of
drifts along convergent margin settings; contourites in these settings nmagrbegrevalent
than was evident from earlier work. Although similar drift stylehtsé documented on other
margin types are recognised, drifts along the Hikurangi Margin show signififf@nédces in
size, longevity, and morphology compared to drifts documented along passive marfggias (Ta
3). In particular, most of the recognised drift types cover areas roughly one onusyrafude
less than those of their passive margin counterparts. The size, thickaredons, and
development of cross-cutting relationships described in this study cattribated to the
temporal and spatial evolution of the subduction wedge - related betityyrand its control
upon the opening and closing of downslope current conduits and on the presence of along-slope
currents that may modify gravity current deposits. Conversely, areas wherg gravent
deposits are apparent, but contourites are seemingly absent, couldshé afrelocking or
diversion of along-slope currents by growth structures, such as in the hdafolyned
southern portion of the subduction wedge (Fig. 12; McArthur et al., 2019). Thesemaatgin
controls result in drifts that are more restricted both spatially and tellyptran drifts
documented on passive margins, such as the Campos Margin (Faugerd9#)ahnd the
Falklands Trough (Cunningham et al., 2002), where contourite accumulations evolving sinc

the Cretaceous reach thicknesses of several kilometres.

There is a relative paucity of documented analogues for drifts located aloveygent
margins compared to the plethora of published drift examples from the northugind\dantic
and the Mediterranean Sea. Therefore, similar studies of other subduction xasmale
recommended; margins at subtropical latitudes, i.e., in proximity to bottoensngrived from

the poles, may be the best areas to feocis studies. Candidate regions for future investigation
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include the Kerguelen Plateau (Fukamachi et al., 2010), the Southeast IndianJBssgh et

al., 2002), and the Indonesian Archipelago (Dezileau et al., 2000).
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CONCLUSIONS

This study demonstrates the previously undocumented occurrence of contourite drifts
along the Hikurangi subduction margin, New Zealand. Analysis of bathymetricegamdics
datasets allows the recognition of mounded and sheeted drift types, contmadis and
hybrid drifts comprising reworked gravity current deposits. A key control on the distribution
of these driftgs likely the spatiotemporal evolution of the bathymetric ridges genebsted
subduction along this margin. Thus, the geometry of the subduction wedge infltieaces

circulation of bottom currents along the margin, forming:

1. An upper slope drift trend around major intrabasinal structures. This trend is
controlled by the uplift of the subduction wedge and the intermittentyabilit
contour currents to circulate along and around growing seafloor structures.

2. A spatiotemporally discontinuous trend of hybrid drifts within the trench-slope
basins on the subduction wedge, where the historic and modern interaction of along-
slope and downslope currents is recorded by intervals of gravity current
sedimentation punctuated by bottom current reworking.

3. A hybrid drift trend within the relatively undeformed trench fill outboard of the
subduction front. Here, the trench-axial Hikurangi Channel and its atsbcia
overbank sediment wave fields are crossed by abyssal bottom currents that appea

locally to modify the channel form and overbank wave field.

Drift occurrence along this convergent margin is thought to vary with teatation
strength and density properties of oceanographic bottom currents; drift stylewidnie¢se
structurally controlled slope gradient and irregular seafloor topography. It is worth tiating
the studied drifts are generally smaller, spatially less continuaog,temporally more

punctuated in their development than drifts documented on passive margins. Rudyés s
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recommended to assess how prevalent contourites are on other active raachwisether the

differences in drift type tie systematically to the tectonic configuration.
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