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PATA Days 2017/

* Focused on the ground effects |
from November 2016 M7.8
Kaikoura Earthquake.

300t anniversary of AD 1717
(+/- 5 yrs) M ~8.0 Alpine Fault
Earthquake.

* 130 participants from 21
countries

* 2 field trips, 3 days of
oral/poster sessions, 1 public
lecture
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Geographic Setting

* North Island
e Auckland
* Wellington- Capitol

 South Island
e Southern Alps
e Christchurch
* Blenheim
e Kaikoura
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Geographic Setting
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Tectonic Setting
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Tectonic Setting

* Alpine Fault- right-lateral strike
slip plate boundary fault.

* 30 mm/yr of right-lateral
movement, 7mm of uplift

* Marlborough Fault System (MFS)-
Oblique-slip faults.

* Concentrated area of right-lateral
fault movement over time due to
transition between Hikurangi
trench and Alpine Fault.

UTAH * 4 |arge right-lateral fault systems
DNR e 3-—25 mm/yr of slip, depending on For comparison, Wasatch vertical slip rate is 1.1 — 1.4 mm/yr
P fault. (Lund, 2005)
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M 7.8 Kaikoura
Earthquake

* At 12.02 a.m., on Monday 14
November 2016 NZDT

* 15 km depth.

e Surface rupture on the
northeast coast of the south
island, and submarine faults.

e Strong ground motion effects
.\ _in Wellington Harbor.
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M 7.8 Kaikoura
Farthquake Effects |}« ; S
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Canletbury
ChCh Domain

e 2+ minutes of strong shaking
at epicenter.
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M 7.8 Kaikoura
Farthquake Effects

* One of the most complex
surface fault rupturing
earthquakes ever recorded.

e 180 km of surface rupture on
12+ major crustal faults.

* Seismic hazard models for NZ
did not have this complex of a
rupture accounted for.
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Location of landslides generated References.

by the Kaikoura 2016 earthquake * Litchield et al. (2016) DOL10 21420/G2J01F
= Langridge et al. (2016) DOI10.1080/00268306 2015.1112618

Source area (m’) Acknowledgements:
e <10,000 Preliminary Landslide Inventory for the 2016 Kaikoura earthquake,
@ 10.000- 50,000

@ 50,000- 100,000
@ 100.000-250000

‘ » 250,000

O Main area affected

O Total area affected
— Kaikoura earthquake surface ruptures®
———— Active faulls** '

M 7.8 Kaikoura
Earthquake Effects

* 100,000 + landslides
triggered as a result of
ground shaking.

* 200+ valley blocking
landslides.

T0AR2017 4:36:49 p.m

 Largest landslides were on
or close to faults.

The landsides shown on this map were generaled by the
| Kailkoura 2016 earthquake.

The landsiide distribution Is currently being mapped and not all
of the landsides generated by this earthquake are shown This
map will beé updated periodically as more landslide are mapped

| Last updated 17022017
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M 7.8 Kaikoura
Earthquake Effects

 State highway 1- runs entire
east coast of New Zealand

* Highway 1 is the main on-land Z
route from Picton (Ferry)to  * :
Christchurch.

* Railway connection between
Picton and Christchurch.

. Major tourist attraction and

DNRgroadway.
-
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January 2017 November 2017

AGENCY

WAXA XOTAM|

NewZealand Government C\ ACENEY / KiwiRail /ﬁ y' North Canterbury Transport

Infrastructure Recovery



0 #/ yp e

o~ N £y ‘ % N
7t AN, o PRoe S5

o
3

Slippy McSlip Face, north of Kaikoura
September 2017 November 2017

f

e

Py
b el S T s
',n.\).’ k- ¢ ‘; 5’:,;‘.}-) x;):%.‘ -

"TRANSPORT
New Zealand Government - ﬁE.E,’)!.CY KiwiRail fg



Elevation (m) Depth (m)

Fault Ruptures

| m:mo Do
0 2547)

Marfells Beach F

Cape Campbell Road

f
W) W

Surtce roures | G A povser carie
~—— Active faults 2 I
— i 5 G Tinline Downs F Y/
- g o 7 ) o W W /
4 field trip stops to see surface | = = Gy sl AT o L
/2 : 3 dCiis s 883 L E Z i Needles F
rupture and effects from BIPIT 42 Lo T =
, Y .
L] -— . ——fl’ T
Kaikoura earthquake N et Foavers Greok P
- M. Upper Kowhai F g { Papatea F
p '., 4| Whites Lineament. ; - 4
‘ B 248 S Y Y Paparoa Point F
A S5 P Stone Jug F N ~ s . ‘
: S 7E § D A Dy =
Conway - Charwell F| £\ 1 7 ~ L. 4 ’
l . T J'?‘,A o = - -;:. ;_5, Ho F
s R BB m ot SR
The Hume§ F : S A /«‘..» Point Kean F
A ¢ . -
UTAH v % %
/%
DNR / “':_\l' " 3
North Leader F AR
M r

Sou

GEOLOGICAL SURVEY

th Leader F | | Hundalee F '




Stop 2- Kekerengu
Fault

e Offset man-made features
* Fences and a cottage
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Stop 2- Kekerengu Fault
\uff Cottage
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Before fault displacement —2m

s

penmeter foundation
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After fault displacement —10m
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Stop 4- South Leader Fault Zone - The Wall

* 3.3 m of offset
* A- Nov 26, 2016
* B- Dec. 6, 2016
* C-Sept. 9, 2016
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Stop 4- Leader River landslide
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Stop 4- Leader River l[andslide
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M 7.8 Kaikoura
Earthquake Effects

* Psychological — Many New Zealanders
lived through 2011 Canterbury
earthquake sequence in Christchurch.

* Insecurity, uncertainty, loss of trust in
scientific information, continued hyper-
vigilance, and poor sleep.

 Scientists became “first responders.” ice/Coffee Shon/Showroom
uake Compliant |

~ —->=-rast Fibre Broadband
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Science Lessons Learned from 2016 M7.8
Kaikoura Earthguake

* The Kaikoura earthquake defies many conventional assumptions
about fault segmentation.

* Paleoseismology

* An event of this complexity could be interpreted as multiple events in the
paleoseismic record.

e Seismic Hazard models

* Segment Boundary ruptures- Kaikoura earthquake had multiple segment
ruptures over great distances.

» Seismic Hazards cannot capture the complexity of this faulting sequence.
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Response Lessons
_earned from 2016 M7.8
Kaikoura Earthquake

* Technical experts can sometimes be
the “first responders.”

* Public Trust- Making post-event data
available online is incredibly valuable
and important to the public.

e But make sure it is clear (ie. no
conflicting data).

* Authentic collaboration with local
communities goes far.
* Farmers/landowers know more about

what their land looked like before an
event.
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Long Term Effects- Christchurch Earthquake
Sequence

 M7.1 September 2010 Darfield Earthquake (~40 km from
Christchurch)
* Strongest ground-shaking earthquake ever recorded in New Zealand.
* No deaths. Earthquake occurred at night.
* Strong pattern of aftershocks.

* M6.3 February 2011 Christchurch Earthquake (<10 km from
Christchurch City Center)

» Aftershock of the Darfield earthquake.

» 185 deaths due to close proximity of earthquake to population center, and
time of day (noon).

aftershocks >5.0 magnitude recoded from 2010 - 2012
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Thank you.

SCIENCE ALPINE FAULT

TE PU AD D A Y S u . % New Zealand 3 MAGNITUDE 8
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