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From “A Continent on the Move”
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Relocated seismicity 2001-2011
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Reyners, pers. comm =
Main fault boundaries also shown O_E
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Surface velocities relative to
Australian Plate from
1991-2005 GPS campaigns

* Approx 200 points plotted
out of >800 measured

Updated from Beavan and Haines (2001)
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Maximum shear strain-rate
(1996-2008 GPS data)

6.8 — 2.0

Main active faults with <2000 o
years recurrence interval 6.6 — :«
5
Shallow large NZ earthquakes since 1848 %?3
6.4 — <
1848-1868 =
1888-1893 6.2 —
1929-1942 o
=
X 6.0 1
5.8 —
5.6 —
5.4 L J_& .
5.2 = I I I [ [ I
2.0 2.2 2.4 2.6 2.8 3.0
x10°

Geoprisms Student Symposium GNS Science



1 1 1 1 1

D ™ R @ ’

See also: online New Zealand A7y :
Active Faults Database - y . 2. Extensional Havrq
http://data.gns.cri.nz/af/ 14
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Figure after Stirling et al., 2012
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Greywacke +
schist make up
ca. 40% of NZ
basement
rocks!

Batholith

Medan

E Sedimentary and Volcanic Rocks
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Metamorphic Rocks and
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A The basament rocks of New
Zealand are shown here in
Space and time with the cover
rocks stripped away.
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Papua New Guinea Line of main split of Zealandia

. “ from Gondwana
)

. [\lew Caledonia

Batholiths
Australia

% Zealandia

N

{ Eastantarotica . West \§

A The continent of Zealandia, restored to its former position in
Gondwana 90 million years ago, is seen to contain geological
features common to Australia and Antarctica.
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v Gondwana grew sideways as terranes were scraped off
progressively from the subducting paleo-Pacific Plate, and
upwards as magma rose in the crust and erupted from volcanoes.

Continental crust
of Gondwana
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Accumulating
sediment and terranes

Subducting
paleo-Pacific Plate

Carboniferous—

Mid-ocean ridge

Thus, over
a period of c.

400 million years,
greywacke terranes were
progressively added to the
Gondwana margin. Since Early
Miocene time (¢. 23 Ma), a
new accretionary prism has
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4 23-27 mm/yr; no surface creep: episodic slip
N 8 m offsets suggest large or great EQs

Pre-historic ruptures: 1717 (7.9 £ 0.3),
1620 (7.6 £ 0.3), and 1440 A.D. (7.9 £ 0.4)

Geoprisms Student Symposium GNS Science



West

Basement granite
and gneiss

Tasman Sea

-
o

3

8

;
:
<
i

Geoprisms Student Symposium

Southern Alps

Limestone, sandstone
and mudstone

Aoraki-
Alpine Fault \Moun;Cook

w velocity
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MT resistivity anomaly and other geophysical anomalies below Alpine Fault

Rock cores
Downhole geophysics
Fault zone observatory

South Island Geoelectrlc Section
NW Westland  AF ES° > Canterbury Plaif S8

1-2 km thick mylonite zone Norris and Cooper 2003
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July 2009 M7.8 Dusky Sd. earthquake /- £ e 1 L At

Steep slab, has not subducted very deep
Partitioning between A.F. and interface

Highly oblique
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Marlborough Fault System: transition collision to subduction

b 1 el

Fenceline displaced in 1888 Hope Fault earthquake
(Photo: A. McKay, courtesy of the Te Ara encyclopedia)
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splace
geooat-c inversions and geofogw data (Wallace et al., 2007)
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Marlborough Fault System: localised shear or fluids beneath faults
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From Wannamaker et al., 2009
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o 4 g Wellington Fault
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Pacific Plate

Subducting Pac

ific Plate

Block diagrams through
northern Hawke’s Bay (A-

A’) and Cook Strait (B-B’)
illustrate the relationship of
the North Island Fault system
to the Australian-Pacific
plate margin. In the south,

the Wellington Fault cuts
through the Australian Plate
and may touch the subduction
interface. In the north, the
fault system lies between the
Taupo Volcanic Zone, where
the crust is extending, and the
axial ranges, where the crust
is being compressed and
uplifted.
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Subduction-generated magmatism and its influence on tectonics
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Contoured depth to D90 (90% cutoff depth of seismicity) highlighting the shallowing of the seismogenic zone beneath the TVZ

depth to 90% crustal earthquakes heatflow
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30 km (no v.e.)

Initial rift-flanking faults

N

> 25% melt

log (Effective Viscosity)
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rift narrows, central uplift
30 km (no v.e.)

crustal melt

log (Effective Viscosity)
20 22

19 24
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narrowing of rifting
with time (2.5 to 0.3 Ma)
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« NZ: born of Gondwanan subduction

* Now caught in a subduction.sandwich

« Almost every type.of:tectonic environment found here-
great natural labgratory

™ .

,{ ).

K )\ .\\
« Alpine Fauit d g prOJect nature of stress cycling, fluids, rock
deformatlap,at% %}km depth
* Mantle de beneath NZ
» Estimati al‘d from Hikurangi subduction zone (see next talk)

. Connectldr‘\_gfg-llkurangl subduction zone to Tonga-Kermadec
system; tlmlngﬁf)subductlon initiation (IODP proposal, see
Rupert’s taJ.quatehat Geoprisms)

« Southern W8rth Igla\’nd active source + MT transect (SAHKE)

- Degreeof localisation-of deformation beneath faults

» Stress transfer bétwee'n faults (e.g., Canterbury earthquakes)
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