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Executive summary

The primary objective of Tangaroa voyage TAN1613 was to recover sedimentary cores from the
continental slope and Hikurangi Trough expected to deliver records of past earthquakes associated
with the Hikurangi subduction zone.

Two secondary objectives developed during the survey in response to the 14" November M,, 7.8
Kaikoura Earthquake. The first involved sediment coring specifically to investigate if a seismically-
triggered turbidity current associated with submarine landslides had occurred as a result of strong
ground shaking. The second involved seafloor mapping on the continental shelf of coastal
Marlborough in search of evidence of co-seismic faulting.

A total of 50 piston cores and 10 multicores were collected between eastern Marlborough and
offshore of Poverty Bay, including those related to the Kaikoura Earthquake response work. The
cores are individually up to 5 m length, and collectively represent about 140 m of total core material.
Each core was cut to 1 m sections, split, photographed, logged manually on a standard template
description sheet developed for this survey, X-rayed, measured for magnetic susceptibility, and
packaged for storage in the NIWA core repository.

The cores contain layers of gravel, sand, mud and volcanic ash. Many layers are “turbidites”, rapidly
transported and deposited (within hours and days) from past turbidity currents resulting from
landslides. Some cores contain up to 25 individual turbidite layers. Based on inferred sedimentation
rates in the area, we suspect the longer cores probably span the last ~5000-10,000 years. The suite of
cores will be analysed post-voyage to determine their origin and age. Many but not all of the
turbidites may have been triggered by strong shaking associated with past earthquakes (subduction
“megathrust” and other coastal faults). Collectively the suite of cores looks encouraging in terms of
providing future paleoseismic records, following the shore-based analyses and associated modelling.

A series of multicores collected provide strong evidence that the 14" November M, 7.8 Kaikoura
Earthquake triggered a turbidity current from submarine landslide sources near the earthquake.
Unconsolidated turbidite silts and sands at the base of a muddy fluidised layer were observed in the
Hikurangi Channel and on the basin floor east of Kaikoura, Cook Strait, and Wairarapa approximately
300 km down-system from the likely source area in the Kaikoura Canyon region. The turbidity current
potentially flowed at least 500 km from source to offshore of Hawkes Bay. Our preliminary
interpretations will require post-cruise validation from detailed sedimentological analyses of the
cores and from chronology established using short lived radioisotopes.

Seafloor mapping on the continental shelf of coastal Marlborough is consistent with surface rupture
on the submarine Needles Fault during the November 14th M,, 7.8 Kaikoura Earthquake. We mapped
a fresh, almost continuous, 17 km along fault scarp and infer a total submarine rupture length of
about 34 km. No evidence was seen for any co-seismic offset on the Chancet Fault or western end of
the Boo Boo Fault, associated with this earthquake. This mapping will help to characterise the total
network of faults that ruptured during the earthquake.
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1 Introduction

1.1 The Hikurangi Subduction Margin

The east coast (Hikurangi margin) of the North Island and NE South Island straddles the boundary
between the Pacific and Australian tectonic plates. This margin is characterized by the westward
subduction of the Pacific Plate beneath the North Island and coastal Marlborough, at a rate of about
4.5-5.5 cm/yr (Figure 1-1). The 3000 m-deep Hikurangi Trough, off eastern Marlborough, Wairarapa,
Hawkes Bay, and East Cape, marks the location where the Pacific Plate is thrusting beneath the eastern
continental margin of the North Island.

Southwest
Pacific basin

Hikurangi Plateau

‘.—-“‘y" ‘A'_"‘».-\'k'\.

-

Chatham Rise

Figure 1-1:  Regional tectonic setting of the Hikurangi subduction margin. Black lines are major plate
boundary faults. Black arrows are the Pacific -Australian plate motion (mm/yr).

Other subduction margins similar to Hikurangi have generated the largest magnitude historical
earthquakes and tsunami on Earth. Notable examples include the devastating M9.2 Sumatra
earthquake in December 2004, and the M\9.0 Tohoku-Oki Earthquake, Japan, in March 2011. Such
great earthquakes break extraordinarily large faults that geoscientists refer to as “megathrusts.” On
Figure 1-1, the black fault line shown east of North Island is where the Hikurangi megathrust intersects
the seafloor. Arguably, this fault is New Zealand’s largest earthquake and tsunami hazard. However,
for two primary reasons, it is also the largest source of uncertainty in our current national seismic and
tsunami hazard models. Firstly, New Zealand has a very short historical record relative to the likely
recurrence of great earthquakes and tsunami (Figure 1-2). Secondly, current interpretations of
megathrust earthquake behaviour (magnitude, location, displacement, recurrence) are derived mainly
from shore-based geological and geodetic investigations, despite the fact that many of the damaging
earthquake and tsunami source processes are likely to be located offshore (Figure 1-3). To increase
understanding of the hazard and risk posed by the Hikurangi margin, it is essential that we learn more
about its pre-historic earthquake history.
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Figure 1-2:  Historical subduction thrust earthquakes on the Hikurangi margin (red dots), from GNS Science.
Tectonic shortening rates (mm/yr) and direction along the Hikurangi Trough are shown by the black arrows.
Black contours show the approximate depth (km) to the top of the subducting Pacific Plate beneath North Island.

One of the intriguing aspects of the Hikurangi subduction margin is it variability along its length.
Continuous global positioning system (cGPS) studies of current tectonic deformation (years to
decades) show that the megathrust fault has patches that creep slowly whilst other parts of the fault
are locked (Figure 1-4). Based on global datasets and historical earthquake locations, an interpretation
is that locked areas may be the sites of future great earthquakes (magnitude M>8), whereas creeping
areas (where the fault moves slowly and episodically, and/or aseismically) may be more likely to
generate relatively smaller (>M7) but potentially more frequent earthquakes. These interpretations,
and the possibility of very large earthquake ruptures spanning the entire margin length from Cook
Strait to East Cape, remain to be tested. We hope to test if current deformation patterns derived from
continuous GPS data are consistent with past earthquakes, and whether the size and location of these
events are persistent.

Large earthquakes beneath subduction margins commonly leave tell-tale geological signatures that
can be used to reconstruct where they have occurred in the past. These signatures include sudden
vertical movement of the coast, and the deposition of marine “turbidites.” Turbidites are rapidly
emplaced layers of mud, sand, and gravel sediment that have been carried to depositional sites on the
continental margin (such as basin floors) in turbidity currents. Some, but not necessarily all turbidity
currents, are co-seismically triggered due to strong ground shaking and destabilisation of seafloor
slopes.
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Figure 1-3:  Terrestrial paleoseismic records from coseismically-uplifted Holocene terraces and coseismically
subsided lagoons. Data from Clark et al. (2015) and Wallace et al. (2015). Results of a previous study of offshore
earthquakes in the North Hikurangi margin (Poverty to East Cape region), derived from turbidite records, are
shown on the right column (Pouderoux et al., 2011, 2012).

Variable Slip Behaviour on the Hikurangi Subduction Zone
Australian Plate

North Island

Figure 1-4:  Oblique view of the Hikurangi megathrust. Black line with teeth marks show convergent
movement of the Pacific plate relative to the Australian plate (white arrows in mm/yr). The transition between
locked (red) versus creeping (white) patches of the megathrust are highlighted by colour shading.

Our plan is to identify coseismic turbidites, and generate a long (up to 10,000 year) time-series history
of large earthquakes using records of synchronous marine deposits along the Hikurangi subduction
zone.

Tangaroa voyage TAN1613 and associated research is part of a large multi-institutional study,
involving New Zealand scientists from NIWA, GNS Science, University of Auckland, University of Otago,
University of Canterbury, and Victoria University of Wellington, together with international scientists
from France, Turkey, USA, and possibly Japan. The voyage was funded partly by a recently awarded
2016-2021 MBIE Endeavour-funded programme Hikurangi subduction earthquakes and slip behaviour:
Diagnosing peril posed by the Hikurangi subduction zone: New Zealand’s largest plate boundary fault
(NIWA Project GNS17302), and NIWA-MBIE Core Coasts & Oceans Programme Marine Physical
Processes and Resources (NIWA Project COPR1702).
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The primary desired outcome of this research is to provide base-line earthquake data that will help to
underpin improved assessments of hazard, risk and, ultimately, potential losses (lives, costs) due to
great earthquakes on the Hikurangi subduction zone. This will ultimately be achieved by application of
the underpinning data to improve: (i) better loss modelling by asset and insurance managers, (ii)
informed coastal land development and emergency response procedures, and (iii) tailored engineering
practices to improve earthquake and tsunami hazard mitigation, reducing the costs of economic
recovery.

1.2 Voyage and science objectives

One key question of relevance to seismic and tsunami hazard and risk in New Zealand is whether or
not the Hikurangi subduction margin is capable of producing great (Magnitude >8) or giant (M >9)
earthquakes, and if so, in what regions and how often? We currently have sparse data on the past
earthquake history and potential of this system.

To develop a robust record of past Hikurangi margin earthquakes we plan to develop and integrate
margin-wide, long time-scale (c. 10,000 years) geological records of major paleo-earthquakes spanning
many seismic cycles. The demonstrable synchroneity of widespread turbidites with coseismic coastal
subsidence and uplift events, supported by modelling of surface displacements and earthquake
shaking, will fingerprint the spatial and temporal distribution of past earthquakes associated with the
subduction megathrust and other active faults. We aim to establish paleoseismic records along the
plate boundary by identifying, dating, and correlating coseismically-triggered turbidites at multiple
sites. From this we hope to constrain the location, magnitude, and recurrence of subduction
earthquakes.

The primary objective of Tangaroa voyage TAN1613 was to recover sedimentary cores expected to
sample turbidite successions and other possible co-seismically triggered deposits from the continental
slope and Hikurangi Trough basin floor, between NE Marlborough and Poverty Bay.

A secondary objective developed during the survey in response to the November 14" M,, 7.8
Marlborough earthquake. By the evening of Thursday 17" November, following communications with
NIWA Executive and GNS Science, a decision had been confirmed to abandon operations related to the
paleoseismic objectives on the Wairarapa continental slope, and to commence specific operations in
response to the November 14" earthquake. The response plan, although limited in time to the last 4.5
days of the survey, was designed to include:

1. Piston and multi-coring at selected sites off Marlborough and southern Wairarapa to test if
landslide failures in canyons and slopes in the earthquake epicentral region had resulted in
turbidity currents and an associated turbidite deposit in the southern Hikurangi Trough. If a
widespread earthquake-triggered turbidite could be identified, it would be internationally
significant, indicate submarine landslides in source regions, and would represent an important
historical test for the ongoing paleoseismic investigations.

2. Seafloor surveying along the inner Marlborough coastal area using EM302 30 kHz multibeam
bathymetry and PS18 TOPAS sub-bottom profiling in search of evidence for submarine co-
seismic fault rupture. With limited time available, this work would focus on the Needles and
Chancet faults beneath the northern Marlborough shelf immediately offshore of the
Kekerengu Fault.
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1.3  Core sampling strategy and site planning

We retrieved sediment samples using a piston corer designed to collect cores from the sea floor up to
6 min length, and a multicore corer designed to sample the sediment water boundary. The core sites
were selected using available multibeam bathymetric and backscatter data, sub-bottom acoustic
profiles, archived sediment samples, and preliminary results from numerical modelling of turbidity
currents. Prior to coring at each site, a single sub-bottom profile about 2 km in length was surveyed to
provide a local sedimentary context. Details are provided in section 2.1.

The core sites fall into three general categories. One category targeted major turbidity current
dispersal systems (canyons, gullies, and inter-connected sedimentary basins) on the continental slope.
These sites were grouped by catchment and dispersal system, and were expected to encounter sand,
silt and locally gravelly turbidites, volcanic ash, and layers of back-ground hemipelagic sediment. They
included many high priority sites. A second category included a number of sites targeting relatively
small isolated basins on the crests or flanks of middle to lower slope ridges, elevated above or
sheltered from margin-wide clastic turbidity current distributary systems. These sites were expected to
encounter predominantly mud and volcanic ash, with any co-seismic re-sedimentation events likely to
be fine-grained and locally derived. These sites were mostly very high priority, as they have the
potential to record strong ground shaking in mid-lower slope regions less influenced by multiple
seismic sources and turbidity current triggering mechanisms. A third category included sites along the
Hikurangi Trough, including the Hikurangi Channel, its levees, and the basin floor. These were generally
ranked as low to very low priority sites. However, we hoped that if time permitted, several of these
would be targeted on the southward return from Poverty, to provide improved understanding of the
regional sedimentary dispersal system. These sites would potentially be of value to the paleoseismic
studies, and were expected to encounter mainly sand-silt turbidites and ash, with gravel more
common in the far south.

During this voyage, the 14th November 2016 M,,7.8 Kaikoura Earthquake occurred. As data on the
location, magnitude, and complexity of this earthquake trickled in to Tangaroa over the following
days, a plan was developed to investigate if a seismically-triggered turbidity current associated with
submarine landslides had occurred on November 14th. If so, sampling of the co-seismic turbidite
would provide important calibration data for older turbidites in the Hikurangi Trough, as well as
providing insights into ground-shaking and turbidity-current triggering thresholds. The planning of this
work involved the re-identification of what were pre-cruise lower priority coring sites in the southern
Hikurangi Trough as important targets in the earthquake response phase of the voyage. A second
earthquake response objective was planned to undertake seafloor mapping on the continental shelf of
coastal Marlborough in search of evidence of co-seismic faulting.

To achieve this redirection of work, some important multicore sites associated with the turbidite
paleoseismology on the central and southern Wairarapa slope were abandoned. These multicores will
require sampling on a future survey, yet to be determined.

2  Survey equipment and on-board data/sample processing

2.1 PS18 TOPAS sub-bottom profiler

We used a Kongsberg PS18 (TOPAS) sub-bottom profiler hull-mounted on R.V. Tangaroa. The PS18
profiler is a parametric system designed for generating very-high resolution seismic profiles. The
system can operate in water depths from less than 20 meter to full ocean depths. Parametric systems
generate a low frequency signal by linear interaction between two high frequency signals centred
symmetrically around 18 kHz. Parametric sources have the advantage of generating a signal beam with
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no distinct side-lobe structure. The transmitted beam is electronically stabilised in both roll, pitch and
heave.

Essential real-time processing is performed at acquisition time, including but not limited to digital band
pass filter, spiking deconvolution and time varying gain. The final echogram appears in envelope form.

A variety of pulses can be generated by the PS18. Chirp pulses, as opposed to CW pulses or Ricker
wavelets, are favoured for deep water, and were used throughout this voyage. An output secondary
frequency sweep of 2-6 kHz with a signal length of 30 ms in deep water and 15 ms on the shallow
Marlborough shelf was used.

Penetration performance depends on sediment characteristics, water depth, transmitted signature,
noise level etc. Penetration of 60-80 ms was mostly achieved beneath flat, soft sedimentary basin
floors, with penetration of 150 ms in rare optimum situations (Figure 2-1). Much less penetration was
achieved on hard, highly reflective seafloors. The signal was usually lost on steep sloping seafloor.

The TOPAS operations were led by Susi Woelz and Geoffroy Lamarche, and controlled from the
multibeam laboratory. A 2 km long profile was collected at each core site prior to coring. The line
extended over the core site, on a pre-planned bearing designed to image specific ggomorphic features
characteristic of the site, or across basin if possible. The objective of the profiles was to provide a
broader stratigraphic context for each site about 1 km each side of the core location. Sub-bottom
imagery varied greatly depending on seafloor substrate, as expected. At sites with narrow and
sometimes challenging sediment targets that may be locally isolated, the sub-bottom profile was used
if possible to refine the pre-voyage planned site location to a more preferred location with improved
sedimentary sequence. A TOPAS sub-bottom profile was recorded on almost all transits between core
sites.

Figure 2-1:  Example of PS18 TOPAS sub-bottom profile. Poor (left) and excellent (right) signal penetration of
the parametric sub-bottom profile using TOPAS PS18. Line interval is 20 m.
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2.2 Piston Corer

We operated an 8 hour watch team for coring operations with of the six science party (PG, WQ, AO,
SD, JM, SB) working with vessel staff. The coring watch leaders were Peter Gerring, Alan Orpin and
John Mitchell.

We used a Kullenberg piston corer comprising a coring weight assembly (core head), core barrel,
catcher, core liner, piston, and trigger weight assembly (Figure 2-2). The piston corer is lowered to the
seafloor and allowed to free fall under its own weight from about 3 m above the seafloor to allow
penetration into the sediment. On each deployment, the trigger weight hit the bottom first, releasing
the weight on the trigger arm and allowing the corer to "free-fall" ~3 m to the seafloor, resulting in the
core barrel penetrating into the sediment. We deployed a 6 m long barrel, a head weight assembly of
approximately 1000 kg, and triggered the corer with a lead weight. The cores collected inside the PVC
liner are 7cm diameter and up to 5 m long.

We used HiPAP positioning, with a transponder attached generally to the winch wire above the corer,
and we calibrated the instrument for speed of sound in water via a sound velocity profile (SVP)
conducted at that start of the survey. The HiPAP positioning system allowed the officers to locate the
corer on target to an acceptable level of precision for our objectives, without use of dynamic
positioning.

Figure 2-2:  Piston corer (upper and lower left) and multi-corer (right) equipment used on Tangaroa voyage
TAN1613.
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2.3 Multicorer

The multicorer comprised a coring weight assembly, and a frame with four short core barrels (Figure 2-
2). The core barrels were triggered once on the bottom, penetrating the sediment. A single drop of the
multicorer resulted in up to four 10 cm diameter samples typically 0.2-0.6 m long.

If four successful samples were collected, one core was processed on deck, with progressive core
extrusion, and sampling at 0.5-2.0 cm thick intervals for shore-based analysis. A second core was
sampled with a 2 cm thick rectangular tray for X-ray radiography, whilst a third core was re-cored by
hand with a standard 70 mm diameter piston core liner. The fourth core was sampled for
biogeochemical analysis, with sample bags placed in the scientific freezer.

2.4 On-board core processing and data compilation

For this survey the portable 40 ft container was installed on the trawl deck to serve as an onboard core
processing facility (Figure 2-3). A team of up to 6 personnel (JP, JH, JH, MM, AG, AO) were devoted to
processing of the cores. The processing operations were led by Jay Patton and Jamie Howarth (core
logging), and Alan Orpin (X-radiography and magnetic susceptibility).

The cores were initially stood vertically, and tied to the bulk head for about 24 hours to allow settling
and removal of seawater on the top of the sample. Cores were then measured, cut to 1 m sections,
split into archive (reference) and working halves, photographed, logged manually on a standard
template description sheet developed for this survey, and packaged into standard NIWA repository
card-board boxes. The core boxes were initially stacked in the cube fridge installed on deck, but after
this failed they were moved to an un-refrigerated laboratory downstairs.

For this study, all length measurements drawn on the outside of core liners are measured from the top
of the cut liner, not from the top of the sample, which may or may not sit flush to the liner top. This
will allow consistency and ease of logging correlation during the various planned post-voyage core
analyses, such as sediment texture and composition, and imaging by CT scanning, GeoTek multi-sensor
logging, and possibly ITrax chemical analyser. At a later stage of analysis and data compilation, precise
core depths will be corrected.

Onboard Tangaroa, visible tephra were separately photographed, catalogued and documented in
more detail in the hydro wet lab by Jenni Hopkins.

Figure 2-3:  On-board core processing inside the portable 40 ft container installed on the trawl deck.

X-radiographs of 1-m long sections of split cores were collected using a Varian PaxScan 4030E flat
panel digital imaging system and an Ecotron EPX-F2800 portable veterinary x-ray generator (Figure 2-
4). In addition, rectangular slabs from the multicores (~8W x 2.5D x 60L cm) were collected. Exposure
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type, grey-level mapping, and exposure window/level were controlled via proprietary Varian software
(ViVA 2.0, Revision L.04), and typical generator settings were 75 kV and 10 mAs for split cores and 55
kV and 20 mAs for multicore slabs. X-radiography reveals changes in bulk density invisible to the
naked eye; lighter grey represent higher-bulk-density material, typically from coarser-grained
sediment (Figure 2-5). Images were further adjusted to maximize contrast between individual strata
and laminae. As a result, while relative density changes might be visible within an individual core,
comparison of absolute density between separate cores is not quantitative.

Vertical profiling of magnetic susceptibility was undertaken on all cores using a hand-held Bartington
MS2F probe, with measurements taken at 2 cm intervals down-core (Figure 2-5).

Data from each core site, including multibeam bathymetry and backscatter, TOPAS sub-bottom
profiles, and core logging data, were compiled on board largely by Geoffroy Lamarche, Philip Barnes
and Susi Woelz. Appendix A contains data for each core site presented in a standardised template.

Figure 2-4:  Set up of X-ray radiography scanning of split sediment cores aboard Tangaroa.

3  Summary of activities
The following is a brief summary of the survey activities.

The vessel was mobilized in Wellington on Wednesday 9" November, 2016. The science party of 14
personnel completed Tangaroa safety inductions on the same day, and several personnel remained
onboard overnight. A toolbox operations meeting involving all voyage personnel was held on Thursday
10" November before departure from Wellington at 1045h (NZDS time). Tangaroa sailed to southern
Cook Strait in settled weather, during which time the coring equipment was set up. We arrived on
station TAN1613-01 at 1550 h over the southern regions of Cook Strait Canyon, where an SVP was
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conducted. A TOPAS sub-bottom profile was collected over site TAN1613 -02, and sediment piston
coring commenced at 1850 h. We completed the first two core stations before midnight.

Photograph X-ray Magnetic susceptibility
radiograph 0 20 40 60 80
100

110

120

130

140

150

1AM

Figure 3-1:  Example of core photograph (left), X-ray radiograph (centre) and magnetic susceptibility (right)
measurements.

Friday 11" November progressed well in settled weather, with collection of TOPAS sub-bottom profiles
and piston coring at sites TAN1613-04 to -10. These sites were located in the southern and central
Cook Strait Canyon, at the mouth of Opouawe and Pahaoa canyons, and in a lower slope gully east of
Opouawe Bank. Saturday 12" November progressed with TOPAS sub-bottom profiling and piston
coring at sites TAN1613-11 to -18 located at the base of Honeycomb Canyon and on the crest of
Pukeroro Ridge. The weather deteriorated late afternoon, with very rough sea state and moderate
swells, but did not impact on the operations. Sea state had settled by the morning of Sunday 13",
Operations progressed well through Sunday 13™ with light seas and warm weather. TOPAS sub-bottom
profiles and piston coring were completed at sites TAN1613-19 to —25 located on Pukeroro Ridge, the
lower reaches of Uruti Basin and Turnagain Seavalleys, and in Porangahau and Akitio troughs. The
latter targets produced particularly good cores with clear successions of turbidites.

On morning of Monday 14" we were met with news of the Mw 7.8 Kaikoura Earthquake. Over the
next few days this would lead to a chain of correspondence concerning possible response activities by
Tangaroa during this voyage. Whilst earthquake information and response plans developed over the
following days, we continued to progress with the paleoseismic programme as planned.

Monday 14" November progressed with Tangaroa moving progressively NE. We obtained seven piston
cores from sites TAN1613-26 to —32 at the base of Madden Canyon, Madden Basin, Paoanui Trough,
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and an un-named basin NE of Akitio Trough. These cores recovered generally excellent turbidite
records, and the first signs of more significant volcanic ash.

Tuesday 15" November saw piston cores collected from Omakere Trough, upper Paoanui Trough, and
perched lower slope basins east of Rock Garden and Ritchie Ridge (stations TAN1613-33 to —38). The
perched basin cores are unfortunately all <1.5 m long, with the corer usually bottoming out on a very
dense fine-grained rhyolitic volcanic ash layer. We continued NE along the offshore Hawkes Bay
deformation front on Wednesday 16™ November collecting six piston cores at similar sites in other
perched slope basins east of Ritchie Ridge, in Poverty Canyon, and in a perched basin on the lower
slope east of the Paritu Ridges off Poverty Bay (stations TAN1613-39 to —44). The latter site
represented the most northerly location of the voyage. Heading SW back down the margin, the first
multicore was collected east of Ritchie Ridge. On Thursday 17™, we collected samples from five
stations (TAN1613-45 to —49). The weather during this day developed from slight to moderate seas, in
the morning to rough conditions in the late evening. Multicores were recovered from a perched basin
east of Rock Garden and from Paoanui Trough, and a piston core from Northern Akitio Trough. Two
piston cores were collected from the Hikurangi Trough off southern Hawkes Bay, one from the channel
axis, and one from the adjacent overbank basin floor.

Although important multicoring sites on the southern Hawkes Bay and Wairarapa slopes were yet to
be completed at this stage of the voyage, the above coring in Paoanui Trough off southern Hawkes Bay
at station TAN1613-49 represented the final paleoseismic work undertaken prior to initiating specific
Kaikoura Earthquake response work.

Unfortunately, the late hours of Thursday 17" and early hours of Friday 18" saw rough seas and heavy
swells, requiring reduced speed and 15 hours for the transit to the first coring site planned in response
to the Kaikoura Earthquake. In improving weather on Friday 18™, this phase of the survey commenced
with a piston core and multicores recovered successfully before midnight from the basin floor of the
Hikurangi Trough off southern Wairarapa (TaAN1613-50 to -51).

With weather continuing to improve, Saturday 19" November saw the collection of piston cores and
multicores from the Hikurangi channel and basin floor about 100km east of southern Cook Strait
(stations TAN1613-52 to —56). Sunday 20" November progressed in good conditions with the
collection of the last five piston and multicores from the southern Hikurangi Trough offshore of
eastern Marlborough (stations TAN1613-57 to —61).

In excellent weather conditions in the late afternoon of Sunday 20" November, we transited to the
outer Marlborough shelf to commence fault-mapping activities. After a water SVP was completed,
Tangaroa commenced multibeam bathymetric and TOPAS sub-bottom profiling along the Chancet
Fault. Our seafloor mapping continued through Monday 21t November, in excellent weather until
0230 h Tuesday 22" November, at which all survey operations were terminated for the final transit to
Wellington heads. During this time, a block of multibeam data and zig-zag set of reconnaissance sub-
bottom profiles were successfully acquired along the Needles Fault trace. The multibeam bathymetric
data were cleaned on board Tangaroa during the transit to Wellington, providing processed data for
immediate preliminary interpretation by 0700 h Tuesday 22" November.

Tangaroa returned to Aotea Wharf by 0800 h on Tuesday 22" November. After MPI clearance was
granted, equipment and cores were subsequently unloaded from Tangaroa. Preliminary results of the
survey were immediately released via a NIWA Media release, and a Media briefing was held at NIWA
at 1330 h.
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4 Preliminary results

4.1 Cores and clastic sedimentation

4.1.1 Overview of sediment cores recovered

A total of 50 piston cores and 10 multicores were completed during the survey (Table 4-1, Stations
TAN1613-02 to -61), including those related to the 14™ November M., 7.8 Kaikoura Earthquake
response work (TAN1613-50 to -61).

The piston cores are individually up to 5 m length, and collectively represent about 140 m of total core
material. Based on inferred sedimentation rates in the area, we suspect the longer cores probably
span the last ~5000-10,000 years.

Figure 4-1 provides a summary overview map of their distribution. Figures 4-2 and 4-3 provide
enlarged regional details of their locations together with inferred major turbidity current pathways
interpreted from multibeam data and numerical modelling.

Appendix A provides details of each individual core site and core logging data.

Below, we summarise some of the major ship-board observations of event stratigraphy recognised in
the sediment cores recovered from different geographic areas and sedimentary distributary systems.
These largely fall into groups associated with major canyons, gullies, slope basins and ridges above the
Hikurangi subduction megathrust, and sites in the Hikurangi Trough associated with the Hikurangi
Channel and basin floor, outboard of the subduction accretionary wedge.

174°00°E 175°00°E 176"00°E 17TT°00E

178°00°E 179°00°E

@® Piston core
Multicore

Wellington
\

Chatham Rise
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Figure 4-1:  Map showing the distribution and type of sediment cores recovered on TAN1613 survey. See
Figures 4-2 and 4-3, Table 1, and Appendix A and B for additional details.
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Figure 4-2:  Map showing the distribution and type of core sites in the southern part of the region. Red
arrows indicate inferred turbidity current dispersal pathways.
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Figure 4-3:  Map showing the distribution and type of core sites in the northern part of the region. Red
arrows indicate inferred turbidity current dispersal pathways.

4.1.2 Cook Strait and Campbell canyons

Cores from Cook Strait Canyon where characterised by a similar sedimentary sequence containing a
single gravelly turbidite that is up to 20 cm thick, overlain by hemipelagic very fine sandy silts (Figure
4-4). Gravelly turbidites are present in cores from the canyon floor (TAN1613-06 Cook 4), a terrace
perched above the canyon floor (TAN1613-05 Cook?2), and at the mouth of the canyon (TAN1613-03
Cook 6). The turbidite gravels contained abundant shell fragments and clasts that were sub-rounded
and had long-axis diameters up to 10 mm. The core from the canyon floor contained a sequence of
three fining upward beds. The hemipelagic sediments overlying the turbidite had a similar thickness
in all cores and were composed of very fine sandy silt with abundant planar or convoluted dark
colour laminations. A similar sequence of hemipelagite mud was retrieved in the core from the base
of the Campbell Canyon (TAN1613-02), where it overlies consolidated very fine sandy silts that are
massive or contain convoluted bedding.
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Image X-ray

Hemipelaaite

Gravel turbidite

Figure 4-4:  True colour image and x-ray radiograph of a core from Cook Strait Canyon. TAN1613-05 (Cook
2) showing consolidated silts overlain by a gravelly turbidite and hemipelagite.

4.1.3 Southern Wairarapa canyons and slope basins

Cores from the Pahaoa and Honeycomb canyons were characterised by interbedded hemipelagic
mud and sandy turbidites up to 5 cm thick (Figure 4-5). Each core from these systems contains
between 10 and 20 turbidites depending on whether X-radiography and or visual logging were used
to identify them. Turbidites were characterised by one or more massive to upward fining, black, fine-
to very-fine sand beds. The sand beds may be overlain by silty turbidite tails. The hemipelagic
intervals between turbidites were characterised by olive to dark greenish grey, very-fine sandy silt
with isolated (generally convoluted) dark colour laminations. In most instances it was not possible to
visually determine the boundary between the silty tail of turbidites and the overlying hemipelagite.

Image X-ray

Hemipelagite

Turbidite

Figure 4-5:  True colour image and X-ray radiograph of a core from the base of Pahaoa Canyon. TAN1613-
10 (Pahau 3) showing a sandy turbidite interbedded with hemipelagite.
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Cores from Opouawe Canyon (TAN1613-04 Opouawe 1; TAN1613-07 Opouawe 2) and immediately
adjacent to the lower slope gully system NE of Opouawe Bank (TAN1613-08 Wai 7) had a lower
number of turbidites per interval of depth than cores from the Pahaoa and Honeycomb systems.
Hemipelagic sequences in these cores are similar to those from Cook Strait and are composed of dark
olive grey, very-fine sandy silts with abundant dark planar and convoluted colour laminations. The
core from the mouth of the Opouawe Canyon (Opouawe 2) contains a thin sequence of interbedded
hemipelagite and turbidites (~60 cm) overlain by grey and bluish black very-fine sandy silt that has
convoluted bedding and is interpreted as a debrite (Figure 4-6).

Image X-ray

Debrite

Section depth (cm)

Figure 4-6:  True colour image and X-ray radiograph of the debrite deposit in core TAN1613-04 from the
base of Opouawe Canyon (Opouawe 2).

Core from the northern Pukeroro Trough also contains isolated sandy silt turbidites that have
multiple course laminations at their base and are interbedded with hemipelagite sediments

characterised by greenish grey very-fine sandy silt with few colour mottles or laminations (Figure 4-
7).

Cores form the mouths of Turnagain Sea Valley and northern Uruti Basin are different from those of
the other southern Wairarapa canyons and slope basin sites in that they are composed of near
continuous hemipelagite sequences with no obvious turbidites. Hemipelagites in these cores were
composed of dark greenish grey, very-fine sandy silt with a lower density of colour mottling and
convoluted colour laminations compared to cores from further south along the margin.
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Figure 4-7:  True colour image and X-ray radiograph of core TAN1613-20 (PUKE 4) from the northern
Pukeroro Trough. Core shows hemipelagite mud interbedded with a sandy silt turbidite.

4.1.4 Northern Wairarapa canyons and slope basins

The cores from the Madden Canyon and the Porangahau Basin are characterised by interbedded
hemipelagites, silty turbidites, and sandy turbidites. Hemipelagites are composed of dark greenish to
greenish grey, very-fine sandy silts, with isolated darker colour mottles and convoluted colour
laminations. Turbidite morphology ranges from silty turbidites with little structure to complex sandy
turbidites with multiple upward fining units at their base (e.qg., Figure 4-8). Turbidite numbers range
from 15-30 turbidites per core. Only in isolated instances was it possible to visually distinguish
hemipelagites from the tails of silty turbidites. The core from within Madden Basin at the head of the
canyon (TAN1613-24; MC3) exhibited a higher number of silty turbidites compared to cores from the
Madden Canyon mouth (TAN1613-27 MC5) or in the Porangahau Basin (TAN1613-23 MC7; TAN1613-
24 MC3). The latter tended to have thicker and more structurally complex sandy bases, which is
consistent with our pre-cruise turbidity current modelling.

Two cores from the Madden Canyon system and lower slope basins contain more subtle evidence of
fine-grained turbidites. Core TAN1613-26 (MC11) located on a terrace on southern side of lower
Madden Canyon was dominated by hemipelagite and contained few turbidites. The core located in
the centre of Akitio Trough in the outer Madden distributary system (TAN1613-25 (MC1) was
composed of apparent hemipelagite in the upper 1.5 m of the core and below this depth the
frequency and structural complexity of turbidites increased towards the base of the core.

The cores from the upper slope off southern of Hawkes Bay, including Omakere Trough (TAN1613-
33; HB5) and the inner Paoanui Basin (TAN1613-49; HB4), are characterised by interbedded
hemipelagite, silty turbidites, and sandy turbidites. Hemipelagic sediments are characterised by dark
greenish to greenish grey very-fine sandy silts that are generally massive and contain isolated
convoluted colour laminations. Hemipelagic sediments dominate the upper 1 m of the cores from
the upper slope and the frequency and structural complexity of turbidites increases below this depth
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X-ray

Section depth (cm)

Figure 4-8:  True colour image and X-ray radiograph of core TAN1613-23 (MC7 section 2) from the
Porangahau Basin showing a structurally complex turbidite with a sandy base and multiple fining upward
sandy layers.

(Figure 4-9). Turbidites in these cores range from structurally complex sandy turbidites with multiple
fining upward units to structurally simple silty turbidites. In contrast the cores from the Paoanui
Trough (TAN1613-34; HB6 and TAN1613-30; HB3) are dominated by hemipelagites and contain few
visible turbidites. Similarly, the core from an un-named basin north of Akitio Trough, in the outer
Hawkes Bay distributary system, was dominated by hemipelagite and contains no turbidites that can
be identified visually by X-ray radiography.

4.1.5 Poverty Canyon

A single core was taken from a small basin in the mid-slope region of the Poverty Canyon’s southern
arm. The core was short (~1.5 m) and composed of hemipelagite interbedded with sandy turbidites
up to 20 cm thick. Turbidite frequency and structural complexity increases toward the base of the
core. No tephra was present in the core.

4.1.6 Perched mini-basins on thrust-faulted frontal ridges and slopes

Cores from relatively small basins perched on the southern and northern Pukeroro Ridge (TAN1613-
14 to -19) are characterised by hemipelagic sequences overlying consolidated silty very fine sands.
The hemipelagites are composed of greenish grey very-fine sandy silt that is generally massive with
isolated convoluted darker colour laminations throughout. The absence of any structure in these
cores suggest that they may represent continuous hemipelagic sequences ideal for quantifying the
rate of hemipelagic deposition along this part of the Hikurangi margin.
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Figure 4-9:  True colour image and X-ray radiograph of core TAN1613-33 (HB5) from the Omakere Trough,
showing a structurally complex turbidite with a sandy base and multiple fining upward beds, and a
structurally simple silty turbidite.

In contrast to the Pukeroro Ridge slope basins, the northern outer slope basin sites east of Rock
Garden and Ritchie Ridge produced cores that contained hemipelagite interbedded with silty
turbidites and/or tephra. Cores sited in all the slope basins were short (~1-1.2 m) and had a stiff
tephra at their base that was impenetrable using R/V Tangaroa’s piston coring system. Geophysical
surveys of the sites demonstrate tens of meters of sedimentary fill in the basins beneath. Cores from
the slope basin east of Rock Garden (TAN1613- 35-36; Rock1) and Ritchie Ridge each contain two
silty turbidites and two tephra horizons. Basin sites east of Ritchie Ridge (TAN1613-37 and -38,
Ritchie 2; TAN1613-41, Ritchie3) contain tephra beds but no turbidites.

The lower slope basin on the outer Poverty margin east of the Paritu Ridges also produced a short
core (1.5 m) that had stiff tephra at its base. The sedimentary sequence overlying this tephra
contained interbedded hemipelagite, silty turbidites, sandy turbidites, and tephra.
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4.1.7 Hikurangi Trough

A series of piston and multi-cores were taken from within the Hikurangi Channel, levees and basin
floor along the margin from southern Hawkes Bay to Kaikoura. The core from the floor of the
channel east of Hawkes Bay (TAN1613-47; Hik18) contained a sequence to thick sandy turbidites
interbedded with thin hemipelagite beds (Figure 4-10). Turbidites were up to 50 cm thick and
structurally complex, generally containing multiple normally graded, very dark greenish grey to
greenish black, fine to very fine sand beds, overlain by up to decimetre thick, very fine sandy silt tails.

Unlike many of the cores from continental slope, the silty tails of turbidites from the channel were
easily distinguished from hemipelagite on the basis of colour and foraminifera content.
Hemipelagites were composed of dark greenish grey, very fine sandy silt. The sedimentary sequences
in cores from the channel floor east of Cook Strait (TAN1613-56, Hik 7) and off eastern Marlborough
(TAN1613-59, Hik 2) demonstrate that turbidites on the channel floor thicken and become more
structurally complex closer to the source region. Cores from channel levee and trough floor sites
(TAN1613-46, Hik 16; TAN1613-51, Hik 9; TAN1613-57, Hik 4) had similar sedimentary sequence but
with generally thinner, finer grained turbidites and thicker hemipelagic intervals.

Image  X-ray

.

A e v

FEESSUNSESSSS RN ENNNE

Section depth (cm)

EA M T AN ST E NS

sssre=megazzsyeg=zse s

Figure 4-10: Real colour image and X-ray radiograph of core TAN1613-46 (Hik16) from the Hikurangi
Channel levee east of Hawkes Bay. Example shows a sequence of sandy turbidites interbedded with
hemipelagite. Enlargement shows a typical turbidite in more detail.
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4.2 Volcanic Tephra

A total of 33 tephra deposits were identified within 17 cores from widely distributed sites between
Poverty Bay and Cook Strait (Figures 4-11 and 4-12). Many of the cores from east of Hawkes Bay, and
from the southern Hawkes Bay and Madden distributary systems, contain up to two macroscopic
tephra horizons. There are also anomalous peaks in magnetic susceptibility that are not correlated
with visual structures in the cores nor with increases in X-ray density and may indicate the presence
of tephra’s that have not been identified.

Selected observations of visible tephra are presented in Table 4-2.
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Figure 4-11: Map showing the distribution of cores containing visible volcanic tephra.

The tephra deposits comprised primary air fall horizons (18), reworked volcanoclastic rich turbidite
flows (10), and small discontinuous “blebs” of probably bioturbated volcanoclastic rich material (5)
(Fig. 4-13) (Table 4-2).

Primary air fall tephra (e.g., Figure 4-13a) was predominantly identified between 1-1.5 m depth in the
cores found in the northern, distal sites east of Ritchie Ridge, Rock Garden, and Poverty (Fig. 4-11).
These comprised of fine to very fine, light grey to pink ash, with no obvious additional minerals. In
many cases the upper contacts were bioturbated and graded into the hemipelagic sediments. In
some cases fining up was observed but most commonly these were massive homogeneous units.
These tephra horizons were a common problem for the coring process, with all but one core unable
to penetrate a particular deposit.
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Figure 4-12: Map showing cores containing visible tephra, with the number of tephra labelled.

Volcanoclastic rich turbidites (e.g., Figure 4-13b) are found commonly overlying the primary horizons.
They are identified by their coarser and more varied grain content, including a high concentration of
glass shards, pumice clasts and minerals, with additional sediments and forams. They generally have
a sharp erosional basal contact, with an extensive fining up sequence in which a high concentration
of ash is found. In some cases these reworked deposits are not found in association with a primary
air fall deposit, which is assumed to have not been preserved. If the glass content within the horizons
not linked with a primary deposit can be fingerprinted and correlated to a single source these
horizons could still be useful markers.

Small discontinuous blebs of volcanoclastic rich material (e.g., Figure 4-13c) are found within some of
the cores. In many instances these are found overlying a volcanoclastic turbidite deposit, and are
considered to be caused by bioturbation and reworking of the turbidite. In a number of unusual
instances the blebs are the only volcanic deposit found in the core (e.g. TAN1613-t18 (HB-5) in
TAN1613-33 (HB-1)).

Of note is deposit TAN1613-t13 found in TAN1613-30 (HB-3). It comprises a complex sequence of
interbedded tephra deposits spanning just over 60 cm. The sequence overall has sharp upper and
lower contacts, with multiple stacked fining up sequences. These are highlighted through darker to
lighter colouration caused by an increase in dark, thin, platy minerals (biotite?) at the base and finer,
lighter higher concentrations of glass shards at the top. Overlying this sequence is a coarse
volcanoclastic rich turbidite deposit with a sharp erosional contact between the two.
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Preliminary (on-board) correlations between the observed tephra horizons have been suggested
using a combination of catchment location, sedimentation rates (including number of turbidite
deposits), horizon characteristics and their depths within the cores (Figure 4-14). Further
geochemical fingerprinting will allow these cross core correlations, and source correlations to be
tested. In a number of cores (e.g. HB-5, MC-5) there was a surprising lack of tephra deposits.
Occasionally, the magnetic susceptibility data show a number of peaks that are not identified visually
or through X-ray. It is possible that these are highlighting areas of increased glass shard
concentrations and would benefit by further investigation.

(cm)

(c) “blebs” or “pockets”

(b) coarse volcanoclastic  of coarse volcanoclastic

(a) very fine - fine pink-
grey primary airfall tephra
overiain by 1-2 mm olive-
grey sediments, then
coarse volcanoclastic
rich turbidite
(TAN1613_t23)

rich turbidite fining up,
reworked deposit.
(TAN1613_t09)

rich matenal, reworked

or bioturbated, in many
cases not obviously linked
to any distinct horizon.
(TAN1613_118)

Figure 4-13: Examples of three types of tephra horizon observed.
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Figure 4-14: Preliminary tephra correlations. Cores are positioned relative to their geographical locations
from south to north and proximal to distal from source (coast line).
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4.3  14th November 2016 Mw 7.8 Marlborough earthquake co-seismic
turbidite

In response to the 14th November M, 7.8 earthquake the RV Tangaroa was diverted from coring
operations in the northern part of the Hikurangi margin. As part of our response a series of piston and
multicores were taken between the 16" and 20" November at sites along the Hikurangi Channel, its
levee, and Hikurangi Trough floor to investigate if a turbidite was deposited as a result of the
earthquake. The presence of a prominent dark reddish grey oxidized layer and redox front at the
present sediment water interface provides a marker bed for a preliminary assessment of recent,
overlying turbidite emplacement.

Unconsolidated turbidite silts and sands at the base of a muddy fluidised layer were observed in a
series of cores from the channel floor east of Kaikoura, east of Cook Strait, and east of the Wairarapa
coast. These core sites lie up to 300 km down-system from the likely source area in the Kaikoura
Canyon (Figure 4-15). Evidence supporting the recent emplacement of the turbidite in the channel
cores includes the presence of decimetres of unconsolidated turbidite sediments containing fresh
biological material. This biological material included echinoderm with intact gut material (Table 4-3).
Also along with the animals were some small twigs and scraps of wood. Post-cruise examination by
Owen Anderson and Sadie Mills (NIWA) indicates there were two very fragile species in multicore
TAN1613-59 (Hik 2), Brissopsis oldhami and Holanthus expergitus, which are often found together. The
depth range for Brissopsis oldhami is quite broad ~150 to > ~2400 m, whilst there are no records for
Holanthus expergitus shallower than about 500 m. The core sediment also contained Ophiacantha
richeri which is a deeper water species usually found between 660-2199 m. The specimens are
normally found at the seabed surface, not 14-16 cm below the surface, consistent with either coring
damage or entrainment in the turbidity current.

Table 4-3:  Summary of biological identifications made on material recovered in multicore TAN1613-59 (Hik
2) from the Hikurangi Channel off eastern Marlborough.

NIWA Cat. | Station ID Phylum Class Order Family Genus Species Fraction
Tf§642 TAN1613/59 | Echinodermata | Echinoidea Spatangoida | Brissidae Brissopsis oldhami 14-16
115643 TAN1613/59 | Echinodermata | Echinoidea Spatangoida | Hemiasteridae | Holanthus expergitus (1i?-18
m
115644 TAN1613/59 | Echinodermata | Ophiuroidea | Ophiurida Ophiacanthidae | Ophiacantha | cf. richeri i4-16
cm

Further evidence for the recent emplacement of a 10-20 cm thick turbidite up to 300 km from
Kaikoura was found in cores from the Hikurangi Channel levee and basin floor. At site TAN1613-53 (Hik
21) unconsolidated fluid mud overlies the oxidation layer characteristic of the sediment water
interface, suggesting the turbidity current was sufficiently thick to overtop the channel wall and spill
over the Hikurangi basin floor (Figure 4-17). The inferred seafloor prior to the earthquake, as
preserved in the sediment stratigraphy, is represented by the blue line in Figure 4-17. The sedimentary
deposit interpreted to be the result of the earthquake is above the blue line. The turbidite recovered
was still settling on the seabed from the water column at the time of sampling. Final deposition would
likely take many more days. Our preliminary interpretation requires validation from detailed
sedimentological analyses of the cores and from chronology established using short lived
radioisotopes 'Be, *Th, #1%Pb, and **Cs.
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No multicores were taken from the channel floor north of TAN1613-52 (Hik 20). Consequently, it is not
possible to determine how far north along the channel the turbidity current progressed. However,
poorly consolidated fine sands overlying reddish grey oxidized sediment at the top of piston core
TAN1613-47 (Hik 18) may indicate the turbidity current progressed along the channel over 500 km
from the source area.

4" Nov 2016 My 7.8
» earthquake

Figure 4-15: Example of recent turbidite deposit recovered in multicores from the southern Hikurangi Trough.
Core TAN1613-59, site Hik 2. Note the fluidised upper layer indicating the deposit was still settling from the
water column at the time of coring.
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Figure 4-16: Inferred correlation of multicores taken from sites in the Hikurangi Channel, levees and basin
floor showing emplacement of a recent turbidite.
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4.4 Mapping of November 14" M,, 7.8 Marlborough Earthquake fault rupture

The last 1.5 days of the survey were devoted to seafloor mapping on the continental shelf of coastal
Marlborough in search of evidence of co-seismic faulting associated with the 14" November M,, 7.8
Kaikoura Earthquake. This work would help to characterise the distribution and location of faults that
ruptured during the earthquake. Our onboard planning was guided by preliminary information on the
extent of the earthquake rupture provided by a community geoscience response and coordinated by
GNS Science (Figure 4-17). This included preliminary field reconnaissance observations from helicopter
flyers-overs, field teams, inversion of GPS and InSAR data, and seismology. In particular, at least three
major faults were identified as having ruptured across the North Canterbury and Marlborough coast.
These included the Hundalee Fault south of Kaikoura Peninsula, the Papatea Fault south of the
Clarence River mouth, and the Kekerengu Fault. Widespread coastal uplift had been identified along
the entire coast from south of Kaikoura Peninsula to Cape Campbell.

With the limited time available on this survey, and consideration of seafloor mapping rates in shallow
coastal water (<100 m water depths, with multibeam bathymetry swath widths of c. 100-400 m), we
selected to focus efforts from Tangaroa on the Needles and Chancet faults, which lie immediately
offshore of the Kekerengu Fault (Figure 4-17). The Kekerengu Fault had been identified as having the
largest right-lateral surface displacements associated with the earthquake, of up 10 m inland, and
about 5-6 m at the coast. Raised shore platforms indicated coastal uplift north of Kekerengu of the
order of 2-3 m.

Our mapping included EM302 multibeam bathymetry and backscatter surveying, and
contemporaneous PS18 TOPAS sub-bottom profiling. The extent of the surveying achieved is shown by
the white profile lines and colour-shaded areas on Figure 4-18. The approach involved a single survey
line along the previously mapped trace of the Chancet Fault, followed by an initial series of zig-zag
reconnaissance lines across the Needles Fault. These lines extended from offshore of Kekerengu to NE
of Cape Campbell, and included profiles across the western end of the Boo Boo Fault. It also included
an initial rectangular block over the northern Needles Fault NE of Cape Campbell, which had been
surveyed with the EM2040 multibeam echosounder on Ikatere in April 2016 as part of a NHRP project.
Having identified what appeared to be recent surface breaks on the Needles Fault off Chancet Rocks
using the TOPAS profiles (Figure 4-19, 4-20), a multibeam bathymetry block was then surveyed along a
suspected corridor of surface rupture along the inner coast in about 30-50 m water depths from north
of Kekerengu to east of Cape Campbell. The survey was completed with additional reconnaissance
profiles east of the Cape Campbell, before final transit to Wellington commenced at about 0230 h on
Tuesday 22" November.

Our new mapping and profiling is consistent with surface rupture on the submarine Needles Fault
during the November 14th My, 7.8 Kaikoura Earthquake. We recognised an almost continuous fault
scarp extending about 17 km along the coast between Cape Campbell and Needles Point, lying inside
the previously known traces of the Needles Fault (e.g., Figure 4-21). In the profiles (Figures 4-19, 4-20)
the newly mapped surface trace has evidence of previous (older) activity. The surface mapped trace
can be seen to project SW towards the Kekerengu Fault, inside 30 m water depths. Our expectation
onboard Tangaroa was that it continues SW, where a 16 km section of the trace could not be surveyed
inside 30 water depth. If so, the offshore rupture potentially reaches 34 km. This would later be
supported by Joshu Mountjoy and others from additional shallow water surveying along the southern
reaches of the Needles Fault on Ikatere in January 2017.
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No evidence was seen for any co-seismic offset on the Chancet Fault or western end of the Boo Boo
Fault associated with the Kaikoura Earthquake.
173°400°E 174*100"E 174°400°E 175"100"E

Figure 4-17: Map of active faults in the eastern Marlborough region, and specific faults investigated for
surface rupture associated with the Nov. 14" My, 7.8 Kaikoura Earthquake. Faults on land highlighted in yellow
represent structures known to have ruptured at the time of the TAN1613 survey. The faults offshore highlighted
in red (Needles and Chancet faults) were selected for marine mapping on this survey.
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174°6'0°E 174°100"E 174°14'0°E  174°1B0"E  174°220°E  174°26'0°E ~ 174°300"E  174°34'0'E  174°38'0°E

'

42°0'0"S 41°58'0°S

Figure 4-18: Map of the Needles and Chancet faults, and the survey undertaken on TAN1613 (coloured area).
The bold yellow line is trace of the Needles Fault discovered on this survey, and thought to have ruptured during
the Nov 14" Mw 7.8 Kaikoura Earthquake.

Fault rupture

Figure 4-19: Example of TOPAS PS18 profile showing apparently recent surface rupture on the Needles Fault.
The vertical displacement is downthrown to the SE (towards the left), away from the coast.
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Fault rupture

Figure 4-20: Example of TOPAS profile showing apparently recent surface rupture on a trace of the Needles
Fault. This short trace is down-thrown towards the coast, and is separated from the main trace in Figure 4-19.

174°16'0°E

41°48°0°S

174"18'0°E

Figure 4-21: Example of coloured hillshade derived from multibeam bathymetry data showing newly
discovered surface trace of the Needles Fault.
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Appendix A Compilation of core site and core log data
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