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The 2016 M,, 7.8 Kaikoura earthquake:
Coastal deformation
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2016 M,, 7.8 Kaikoura earthquake rupture
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Complex surface deformation

« Surface rupture on multiple faults
» Widespread surface deformation measured
by satellite & GPS techniques

iy e

g [Marfells Beach F |4
iy !';Y? 0.3+0.1
) T
4 = r & ~——
'| Cape Campbell Road F
Pe vt /
7

A

Australian
Plate

Needles F
| 35+05

'u,
D)

NS

Heavers Creek F
0.25+0.2

b o 180° 1.5% D= T
S : L 7~
K’{/— "” - | Upper Kowhai F | = . : ’ — U Papatea F
-, 4 241 N 3 < - 74+06
17 e oy It e 1 A Y o 5
AT Stone JugF : > 0" i T 12205 |3
7 J J & " v/
2 e r S 3 - b
; Hi F
= 0.3%0.02 /

Point Kean F
21+05

| Elevation (m) Depth (m) |
i 3740 o |
Do l:l-zw

Surface ruptures

Active faults

0 10 20
— kM

Leader F Hundalee F £
3 .5 37+05 ~-
/

3+0

.

Litchfield et al. (2018)

GNS Science



Coastal deformation
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- 2.5 metres. #EQNZ

The Kaikoura EQ follows a number of historic EQs in NZ that
have caused widespread coastal deformation
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Measuring coastal deformation of the Kaikoura earthquake

* Measuring the amount of coastal deformation contributes to understanding the amount of slip on
fault lines on & offshore.

« Geonet earthquake response involved geologists in the field within 2 — 3 days of the earthquake

» Coastal deformation studied in the field by a team of 7 geologists from GNS + 2 marine biologists
from UC.

« LiDAR differencing (2016 — 2012)

Reutebuch et al. 2005
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Coastal deformation measurement compilation
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Approximately 110 km of the coastline underwent deformation
80 km / 73% of coast uplifted > 48 km / 44% went up by >1 m.
28 km / 25 % went down by <0.5 m.
Only 3 km /2 % did not move.
Deformation characterised by high variability
« Sharp changes around fault ruptures
* 3 major & 5 minor fault ruptures across coast
» Broad uplift around Kaikoura Peninsula & northwards related to an offshore fault
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Hundalee Fault

Southern limit of coastal uplift
1.5 m step across Hundalee Fault

b & Goose Bay, 1.5 +/-0.27 m
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2.5 months post-EQ. Low uplift of 0.5 m near RiIeysLookout.
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Kaikoura Peninsula
* 0.8 -0.95 m uplift

» Consistent along
coast for ~20 km

* Gentle tilt across
Peninsula
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Maungamanu - Waipapa I.
« High & variable uplift 1
« Multiple faults crossing Waipapa
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Cape Campbell, 0.45 m uplift, 10 days post-
EQ at low tide.
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Kaikoura coast marine terraces HAZARDS
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« Kaikoura Peninsula: 3 uplift events in past

3000 years. Uplift amounts appear similar to
2016.

« We are now using terraces to understand
timing and magnitude of past earthquakes but
preliminary info indicates centennial -
millennial-scale recurrence.

Cape Campbell
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Tsunami impact - Kaikoura coast

« Tsunami inundation based on field evidence of
debris and scouring, and eyewitness reports

« Up to 7 m tsunami runup at Goose Bay, upto 4.5 m
at Needles Point

Goose Bay: 7 m runup

 Uplift + low tide = little tsunami impact

Needles Point: 4.5 m runup
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" KaikouraPeninstla: 3.3 m runup
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Su mm ary \lj\‘l)ﬁic;t)apa, Papatea Fault popup block, 4 days post-EQ, 4.5 m

The 2016 Kaikoura earthquake is one of
the most complex earthquakes ever
recorded.

The high variability in vertical deformation
along 110 km of coastline reflects the
rupture complexity.

2016 Kaikoura joins a number of historic
NZ earthquakes which have produced
widespread coastal deformation.

Evidence of past coseismic uplift shows
the Kaikoura coast experiences
earthquake-driven disruption on centennial
to millennial timescales. |
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