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14 November Kaikoura Earthquake

This talk

- Background

- Kalkoura Earthquake
- Seismicity, ground motions
- InSAR and GNSS
- Preliminary rupture models
- Surface Rupture

- Tsunami, Landslides (if we have time..)

Surface rupture of the Papatea Fault displacing the
coastal platform, road, railway and hill country.

GNS Science
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« The 14 Nov event occurred in the region
between the Hikurangi subduction
system of the North Island and the SIS
oblique collisional regime of the South
Island (Alpine Fault)
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Background

The 14 Nov event ruptured several faults that
expand into different tectonic domains:

o The strike-slip Marlborough fault system consists of

a series of right lateral strike-slip faults, some with
reverse component, that link to the Alpine fault on
the west and to the subduction margin fore-arc to
the east. Net fault slip rate varies from 0.1 to 25
mm/yr.

The contractional North Canterbury Fault Zone has
mixed fault orientations (northerly and easterly) and
fault types (reverse faulting and folding and strike-
slip). Net fault slip rate varies from 0.1 to 3.5 mm/yr
(poorly constrained).

The subduction zone terminates in close proximity
to the area that ruptured during 14 Nov.
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14. Puysegur Ridge - Bank strike-slip fault zones A
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Tectonic domains

extensional Havre Trough - Taupo Rift fault zones
contractional Kapiti - Manawatu fault zones
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Hikurangi subduction margin forearc
Hikurangi subduction thrust
contractional northwestern South Island fault zones |
strike-slip Marlborough Fault System

contractional North Canterbury fault zones
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Onshore

* Hundalee,

e The Humps,
« Lowry,

« Kaiwara,
Offshore

* NorthCantl0,
e NorthCantl3
 NorthCant8,

T

North Canterbury faults

c.1-3
c. 0.3 mmlyr
c. 0.1-0.4 mml/yr

Marlborough faults dextral slip rates

Onshore
 Wairau,

e Awatere,
 Clarence,

* Hope Fault,
 Kekerengu,
Offshore
 Needles,

» Chancet,

e Vernon,

* Nicholson B.,
 Boo Boo,

. 3 mm/yr
. 6 mm/yr
. 3 mm/yr
. 20 - 30 mm/yr
.20 - 26 mm/yr

.16 mm/yr
. 3 mm/yr

. 4.5 mmlyr
.11 mml/yr
.11 mml/yr

Known active faults and rates
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—42°

-42.9°

The 14 November 2016 Mw 7.8 Earthquake

Location and aftershocks Focal Mechanisms

Up to Friday 25" November Mainshock thrust mechanism
Two M6+ aftershocks (largest M6.3) occurred Aftershock mechanisms thrust and strike-slip
within two hours of the mainshock. - 173° | 74 | i

TH T

Stephen
Bannister
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Ground Motions: Intensity

Intensity Reports

extreme 57

SEvere 746

New Zealand ShakeMap: O ﬂ

of MM IX w C& ;

Nick Horspool GeoNet, 15000+ felt reports

MM VIII, isolated pockets U strong a077
maoderate 5832
light 2666
I §|+ - Total 15840
Leaflet | ® OpenStresthap contributors £ b 4



Ground Motions: Peak Ground Acceleration (PGA)

174" 172" 173° 174° 175 176" 177"
40" T, . =-40° .
) e PGA confirmed up to 1.3g
(Ward station)
GNS o _
S W A  Horizontal PGA > 1g recorded
-41° £ : " -41° in the top of the South Island

(Ward, Kekerengu) and the

epicentral region (Waiau).

Lower accelerations recorded
-42° In Kaikoura

» Ground shaking significantly
lower in Christchurch than
Wellington due to northward

43" rupture from epicentre and
distribution of fault slip

h B _44¢
171° 172° 173 174° 175° 176° 177 Anna Kaiser

GNS Science




@InSAR observations from ALOS-2

Using radar satellites orbiting at 700 km we measure the displacement of the
Earth’s surface by measuring the change in the path length between two radar

acquisitions.

Each contour represents 11.5 cm of ground motion either towards or away
from the satellite

Towards Satellite

11.5 0.0 11.5

Away from Satellite . &%5% g

Ground Displacement (cm)
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3D Displacement field derived from
Sentinel-1 radar amplitude.

lan Hamling
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Presenter
Presentation Notes
InSAR results (Ian)

InSAR data used to compile 3D displacement field

3D displacement plot shows for example:
1) Complex rupture involving multiple fault strands consistent with observed surface ruptures
2) strong horizontal displacement in northern rupture area (associated with slip on Kekerengu fault) 
3) smaller area of significant ~6m vertical displacement (red patch) 
4) Patches of smaller vertical displacement nearer epicentral region



Coseismic geodetic

measurements

Vertical
39°S -

Hmax: 6m; Vmax: 2m Horizontal

100 km

I0.1m
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Geodetic Fault Model

Sentinel m

-10 0 10
LOS Displacment (cm)

L L 1 | | _40 -Ool

- —40°30'

172°00" 172°30° 173°00° 173°30" 174’00 174730 17500

- =42'30'

- -4300'

- -43°30'

r —44°00'

Preliminary slip model
derived from InSAR
and GPS data.

Despite the current
model explaining 94%
of the total data
variance, significant
residuals remain,
further highlighting
the complexity of the
rupture.

lan Hamling
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Presentation Notes
Modelled faults shown as black lines

Right-hand plot shows observed () and modelled () GPS measurements


Kinematic Fault Model
(Preliminary)

172

Inversion of strong motion
ﬂ - data for slip and timing of
“J

rupture on pre-defined
: fault segments (based on
S 1SEDS the preliminary geodetic
- fault model).
e South to North rupture
across multiple fault
segments

VIDEO

4%

Caroline Holden

1oukm http://info.geonet.org.nz/display/quake/2016/11/23/Watching+
172° 173" 174° 175 the+M7.8+Kaikoura+Quake+Dominos+Fall+in+Real+Time

2 km GNS Science
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Observed fault
ruptures and
amount of
displacement (m)

¢ Observed fault surface rupture
Active faults

@® Displacement observed
@ Nodisplacement observed

e The Humps fault zone- up to H:2 V:2
 Hundalee fault- up to H: 3.7 V: >2
 Hope fault —up to H: 0.5 V:0.5

HOPE FAUL

 Papateafault —up to H:5 & V:8

e Jordan Thrust- ?

 Kekerengu up to H: 10. V: 2.5 HUNDALEE FAULT

e Needles fault?

* Fidget fault?

L] mr::qwok UNIVERSITY OF
o be oy & Mo
L it CANTERBURY

0 10 20 It
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The Humps-Leader Fault

e What did we know

— The Humps fault was
mapped as active (AFDB),
not included and a fault
source in the NSHM
(National Seismic Hazard
Model) but Mmax for floating
eq in this area in the Mw 7s

— Faulting in the area Is strike-
slip and reverse

=7 75 15

Active fault trace: AFDB (Active fault ]
B 222 KM

database) + Barrell et al 2012

,@N S Science

GNS Science



The Humps-Leader Fault
Fault

e What we found

— Scattered small traces in
areas where fault was
mapped as well as other
areas with no active flts

— Fault displacement is
obligue reverse with some
oblique normal

— NE strike = right lateral

— N-S strike = left lateral;
Large displacements also
shown in INSAR

Active fault trace AFDB
+Barrell et al 2012
2016 Surface rupture

2012 NSHM fault source

GNS Science



Photo: Jarg Pettinga

_ | The Humps Fault ENE trend

e \ Wiy L) | Fault rupture west of Waiau township. Here the oblique
g i o SR e S L B R R dextral fault offset is further complicated by liquefaction and
. otoJargPettmga\\ e lateral spreading.

GNS Science



Photo: Andy Nicol

Segmented fault right lateral offset of ~1m, The Humps Fault Zone, ENE trend

GNS Science



Photo: Kate Pedley

Leader Fault Left lateral and reverse of ~1.5-2m (approximately
equal values of each) Woodchester Station, N-S trend

GNS Science



Photo: Kate Pedley

PhotorAndy. Nicol

The Woodchester
Wall

Leader Fault Left
lateral and reverse
of ~1.5-2m
(approximately
equal values of
each) Woodchester
Station.

GNS Science



The Hundalee fault
e What did we know

The Hundalee was mapped
as an active fault onshore
but no active traces found
close to coast

It is a fault source in the
NSHM but no field data
exists. Derived parameters
are: reverse (dextral); 0.4-
1.5 (1.2) mm/yr slip rate; 53
km long; Last rupture <
10,000; RI 800-5000; Mw
7.3, SED 3.7 m

NSHM: Mapped extending
offshore

and Barrell et al 2012

Active fault trace: AFDB

,@N S Science

=7 75 15

B km

GNS Science




The Hundalee Fault
What we found

— Scattered small traces in
areas where fault was
mapped as well as other
areas not mapped

— Some traces mapped as
active did not rupture

— Traces are NE, N-S and E-W

— Fault displacement is oblique
reverse, or just reverse

— It extended offshore and L e Active fault trace AFDB
- - ' " +Barrell et al 2012
could_ be respon_5|ble for uplift PO M 2016 Surface rupture
of Kaikoura Peninsula but no |~ @ 2012 NSHM fault source

offshore mapping yet

GNS Science




NE trend thrust . ~ 1m vertical E-W trend thrust , cumulative ~ 2m vertical

GNS Science




Photo*David Barrell

N20E, reverse N6OE, RL strike slip ~1 m, reverse ~ 0.5 m

GNS Science



Hundalee fault

Displacement

increases towards the
coast

- e

R e

Photo: Julie Rowland

NE trend
3.7 m RL strike-slip (NSHM!!)
§ > 1m dip-slip

& __ ':__Phdto:‘:'\]ljlvie'ROv_v_Iah__d' e Photo: Jui_i'e"‘ﬁb‘\/vland

S

GNS S'cience



The Papatea Fault

e What did we know?

— It was a mapped bedrock
fault: boundary between

Cretaceous and Miocene |

rocks.

— It was a suspected
active fault (pre-existing
traces?

— Not in the AFDB, not in
the NSHM

L f_adrf/\e\OQ

/W\\

Ay Active fault trace:

J —— AFDB + NIWA

=

Papatea faults .. #
-%xx -

S
0" 45 9

B km
GiS SaensEe””

GNS Science




Active fault trace AFDB

The Papatea Fault

2016 Surface rupture

« What we found 2012 NSHM fault source

— Fault is active

— Largest vertical offsets
(8m) and quite large left
lateral (11m)

— Traces are mainly N-S
with some WNW

— Association with large
landslides

— Linkage with Kekerengu
fault is complex

— Some scarps difficult to
detect (monoclines)




Papatea Fault -
pop up between
two faults at the

coast

Western coastal
trace (left-lateral,
reverse)

GNS Science




Western coastal trace (left-lateral, reverse)

GNS Science



Papatea Fault-

eastern — e ool
coastal trace | T . 5 A
(left-lateral, ‘ ' £
reverse)

S

“Thomgon _




Papatea Fault-
eastern coastal trace (left-
lateral, reverse)

offset in railway line
(down-to-the-East)




Association with huge
landslides close to the coast

Photo: Robert Langridge/Julie Rowland

4 &n";

Seaward Landslide
(previously known as “cow
Island” or “stranded cow”
landslide)

Photo: Robert Langridge/Julie Rowland
GNS Science




Papatea Fault- inland:

Abm

A MU

Photo: Julie Rowland

These measurements are approximate (sighted)— we are verifying with RTK GPS
GNS Science



Photo: Julie Rowland

Cumulative throw >6 m, perhaps 8 m

GNS Science



Papatea Fault- inland: Partial avulsion Clarence River

N

2 i
)|
‘ 5, gto: Robert Eangridge'~ A
t Y . 3 .
3 ¢
large (4 m) scarp formed 4

: - Photo: Julie Rowland /Robert Langrid
in Clarence River gravels S A DO LANYNCOY

GNS Science



The Kekerengu Fault — Active fault trace: / / - A

AFDB and NIWA data =z
- offshore (unpublished
« What did we know? (unp ) .

— Well studied active fault q?;\\
: &
— The second/third fastest fault o |
%

In NZ: 20 - 26 mm/yr (Van Dissen Q)b\ /

et al, partially published) %Q’ } 9k
— 3 last events prior to 2016 (Little = / a(\oe\v‘f..—_”‘""

-

et al, unpublished):
e 249-108 cal. yrs. B.P.;

N\ -~ -
. @ N /
e 528-356 cal. yrs. B.P.: 4 &QQ
e 1248-903 cal. yrs. B.P. ) ¥ 4
N3 / -

— NSHM fault source is modeled
as a combined rupture with
Jordan Thrust to SW and

Needles Ft or Chancet fault

(offshore)

GNS Science



The Kekerengu Fault

e What we found

— Very large dextral offsets
(max= 11+ m largest)
They are still large (8+)
close to the Fidget and
Jordan faults.

— ~5m strike -slip at the
coast

— Recent trenches: one
displaced by 9 m, other
not at all (most prominent
scarp).

—  Active fault trace AFDB

+ NIWA
— 2016 Surface rupture

— 2012 NSHM fault source

GNS Science




Fly over video

GNS Science



Trench 1

ir

Hoerizo ntal ..

slip~9m.

Trench 1, as of Nov 20, 2016 (looking NE)

Drone Photo Courtesy Julian Thomson, GNS

GNS Science
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View looking the other way


'Phot'c‘)-_:_:_lTim Little

NS Science
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Offset farm tracj east of Kek R
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Fault crevasse, Kek F


Kekerengu Fault: very large
dextral displacements

¥,
4

-"i"
;)”

%

g

In excess of 10 m!

GNS Science






Coastal uplift

Coastal uplift reflects the uplift
associated with fault movement during
the 14 Nov event:

-major uplift associated with Papatea
and Needles? faults

- Some offset across faults (or lack of)
needs to be explained with offshore
(near shore) faulting

- Observed fault surface rupture
[ Active faults

Coastal vertical movement (uplift)
Measuring method

@® Surveyed
@ Helicopter
@ Tide gauge

0-0.5

7¥:8 0.9 »
L 05-15
HUNDALEE FAULT

0

/__/

10 Zq(
DOI: 10.21420/G2H59W ~ ee——— ) KIT)

‘Victoria Unhversity
ol Ve, Now Eralard
UNIVERSITY OF

pli i ]
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High tide

Seal snoozing in former subtidal zone

Low tide tide: subtidal kelp exposed

(Photo: Pilar Villamor) (Photo: Kate Clark)g

GNS Science




— g

—— 3 Low tide markers deteriorate fast!!
DAY 1: red subtidal algae
(Photo: Kate Clark) DAY 6: more and more white:

uncertainty of marker increasing

DAY 5: red turning
brown and white

GNS Science



On Tangaroa - seafloor
mapping and profiling of the
Needles and Chancet faults,
two major structures offshore
of the Kekerengu Fault

Offshore rupture mapping

— R Tk

~ \ernon F,

41°30'0"S

* Rupture of Kekerengu Ft ss confirmed

41°50'0"S

* Rupture of Kekerengu Ft rv possible

* No Rupture of Boo Boo Ft (northern
limit of rupture)

Hikurangi
Trough

42°10'0"S

e -0 0 % w0 50 1 | Onshore fault breaks in

| ] — T .

W Yellow, provided by onshore
team

- gl 748 i L i
1 1 1 1

GNS Science



Post-Nov 14 multibeam mapping and sub-bottom
profiling of the Needles and Chancet faults
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Fault rupture
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Example of newly mapped trace of the Needles Fault

174°18'0"E
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Inferred oblique thrust
components of the
Needles Fault: Currently
uncertain if involved in
the Nov 14 Mw 7.8
earthquake
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Earthquake Geology Insights......

FJ ~ ™ - =~ T -
INICOIad LILC -

i

new fault ruptures

| Had a text from Rob to say that in his and Russ’s helicopter flight this morning they observed ruptures on the northern Jordan, central Fidget and an
' unnamed fault at the head scarp of the Hapuku landslide (possibly about to be named the Owerau Fault).

Will hopefully get another update later,

Nic

- Is this earthquake representative of the type of ruptures in this region or the odd event? ( Papatea Ft)
- How does this earthquake inform surface displacement distribution? (fault per fault? Rupture as whole?)

- How can we account for this complexity in seismic hazard model and PDHA? (Eg what is secondary?; role of
aftershocks)

- How much complexity have we missed in historic events that had no INSAR, GNSS, dense seismic
instrumentation ?
- Coseismic coastal uplift... how would have we interpreted this event as a prehistoric one?
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Tsunami
~ 4 meters — Banks Peninsula (Christchurch)

~ 5 meters — Oaro (just south of Kaikoura)

- Due to rugged coast with mainly gravel offshore and coseismic coastal uplift -
No permanent tsunami deposit but stranded fish, crayfish and subtidal algae
species.
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L andslides
Reconnaissance

 |nitial estimates of 80,000 - 100,000
landslides triggered

— ~5>1.,000,000 m3
e |dentified ~158 landslide dams

* Area of severe damage: 3,600 km?
e Total area of landsliding: 10,000 km?

"i. _ 2 __‘_'::Kaikoura

~e* Severe landslide

1,/ e Legend

Main area
Total area

® | andslide dams

Km ﬁ M7.8 Kaikoura epicentre
0 510 20 30 40

Eagle Technology, LINZ

GNS Science



Landslide dams
 ~158 dams identified
— Monitoring 11 dams
— 4 possibly hazardous
e Daily helicopter
reconnaissance

* River flow gauges

e Daily reports to Regional
Councll

 Modelling of possible dam
breaks

- 80 people evacuated from |
Goose Bay due to risk of ¢§
flooding if dam breached Medway River

GNS Science
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