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Seismix2003 Post-conference Field Guide

Across an Active Plate Boundary, North Island New Zealand

Compiled by Vaughan Stagpoole, Andy Nicol and Stuart Henrys

Introduction

The fieldtrip leaves Taupo at 9.00 Saturday, 11 January 2003,
returning at about 13.00 on Tuesday, 14 January 2003. During the
trip we will complete a circuit across the central North Island
traversing the active plate boundary where the Pacific Plate is being
subducted beneath the Australian Plate.

The North Island of New Zealand is an ideal place to view plate
boundary tectonism. The geological history of the region over the
last 80 million years includes both passive margin and convergent
margin evolutionary phases. The younger convergent margin phase
is characterised by foreland basin, back-arc basin, intra-arc “*%

volcanism and forearc development. Many of the features associated with this tectonic
development are seen on this field trip.

crust }

continental
crust
1. passive margins 4. pull apart/ back arc basin
2. cratonic basin 5. Intra-arc basin
3. foreland basin 6. forearc basin

Tectonic settings for basin formation. East Coast, was (1) and is currently (6), Taupo Volcanic Zone (5),
Taranaki Basin was (1) and (3) and is currently (4).

On the first day of the field trip we view the Taupo Volcanic Zone (TVZ) and travel west
toward the back-arc Taranaki Basin. Features seen on this day include geothermal activity and
volcanism, active faulting and limestone caves. Day Two focuses on the Taranaki Basin,
where we will view fault controlled sediment deposition and beach exposures that exhibit
eustatically controlled sedimentary cycles. On Day Three we travel from west to east towards
the subduction thrust which intersects the seabed in the Hikurangi Trough. In the East Coast
forearc region we will view young (< 5 Myrs) deformation, actively growing structures and
faulting. Day Four sees us completing the circuit with travel from the active forearc westward,
back to the TVZ.

Other activities planned for the field trip include visits to an East Coast winery, a native bush
walk and viewing the effects of recent earthquakes.
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Tectonic development of New Zealand

The New Zealand sub-continent comprises large areas of submerged continental crust and a
much smaller area of exposed islands. The North Island lies at the centre of the sub-continent
and is floored entirely by continental crust. Plate tectonic reconstructions indicate that the
New Zealand continent was joined to south-east Australia and east Antarctica prior to the
Cretaceous break-up of Gondwanaland (Stock and Molnar, 1982). Spreading in the Tasman
sea commenced in the Late Cretaceous just prior to anomaly 33 time (80 Ma) and continued
until anomaly 24 time (55 Ma). A period of quiescence and subsidence followed Tasman Sea
spreading and by the end of the Eocene most of the New Zealand continent was beneath the

s¢a.

The modern segment of the Australia-Pacific Plate boundary began to propagate through New

Zealand in the Late Eocene. This was
manifested by subduction of the Pacific
Plate beneath the Australia Plate in
northern New Zealand and strike-slip in
the south. Reconstructions of the plate
boundary for the last 40 Myr indicate a
clear distinction between the Hikurangi
subduction zone, where the Hikurangi
Plateau (a large igneous province) is
being subducted under the North Island,
and the Kermadec subduction zone to the
north. The Kermadec trench appears to
have translated eastward while the
Hikurangi subduction zone has rotated
clockwise nearly 90°. Presumably they
are separated by a tear in the Pacific
Plate. More than 1000 km of lithosphere
has been subducted in the northern parts
of the Hikurangi margin but little or none
has been subducted in the south where
the subduction complex terminates
(Walcott, 1987). Plate reconstructions of
this complex margin are equivocal. A
recent summary is found in King (2000)
and an animation of Kings (2000)
reconstructions can be found on the GNS
website (Www.gns.cri.nz)

Plate reconstruction for the Neogene (after Walcott, 1987,
Holt & Stern 1994) derived from finite rotation
parameters of Stock and Molnar (1982).
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Present day structure, seismicity and tectonics of New Zealand

New Zealand is part of an otherwise largely
submerged continental block that straddles the
Australian and Pacific plate boundary. Although
most subdivisions of geological time since the
Cambrian (c. 600 Myr) are represented in the
rocks of New Zealand, the present land area
owes its existence largely to displacements and
rotations of continental crust and subduction of |
oceanic lithosphere that have accompanied
oblique convergence across the plate boundary |
during the last 3-5 Myrs (eg Walcott, 1978,
1987).

AUSTRALIAN

PACIFIC
PLATE
Relative motion between the Pacific and it
Australian plates is currently 30-50 mm/yr
through New Zealand. Beneath the North Island
and the southwestern South Island, seismicity
delineates active subduction of the Pacific plate. The Benioff zone initially dips 3-5°
westward from the Hikurangi Trough (Ansell & Bannister, 1996) and eastwards beneath the
SW South Island. Shallow seismicity occurs in a broad swath parallel to the plate boundary
through New Zealand, but the highest rate of activity, and the majority of large historic
earthquakes, has been located where the dip of the subducted plate is shallow. High rates of
very shallow seismicity accompany the arc volcanism and active spreading that is occurring at
a rate of between 5 and 20 mm/yr across the volcanic arc and back-arc basin of the Taupo
Volcanic Zone in central North Island.
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Earthquakes deeper than 40 km (left) and earthquakes shallower than 40 km (right), recorded by the National
Seismograph network between 1964 and 1995 (A-A’ marks the profile in subsequent figures).
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Cross-section of the central North Island showing earthquake locations (upper adapted from Anderson & Webb,
1994) and crustal and mantle structure (adapted from Cole, 1990)

The oblique subduction of the Pacific plate westward from the Hikurangi Trough has been
accompanied by thrusting, folding and uplift of Cenozoic sedimentary rocks on the overriding
Australian plate (Pettinga, 1982; Barnes & de Lepinay, 1997). The shortening is reflected in
geodetically observed strains, which are relatively high in the central North Island and close
to the Hikurangi Trough. Plate motion is also accommodated by large dip-slip faults that
comprise the North Island Shear Belt in the Central North Island (Walcott, 1978; Cashman et
al., 1992; Beanland, 1995).
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Active faults and provincial styles of surface deformation in New Zealand (after Officers of New Zealand
Geological Survey 1983)> AF = Alpine Fault, HF = Hope Fault; MFS= Marlbourgh Fault System; NISB= North

Island Shear Belt; HSZ= Hikurangi subduction zone; TVZ= Taupo Volcanic Zone. Triangles are andesite
volcanoes.

Beneath northern South Island the subducted Pacific plate is defined seismically by a
northwest-dipping zone of earthquakes that shallows to a depth of about 50 km in the
southwest (Robinson, 1986), where the subduction zone terminates against the northern slope
of the Chatham Rise (Smith et al., 1989). Geodetic shear-strain rates derived from
comparisons of triangulation surveys that span the last 100 years are comparable to the
relative plate motion rates (Walcott,1979; Bibby, 1981; Lamb & Bibby, 1989; deMets et al.,
1994). Contemporary horizontal velocity and strain-rate fields derived from GPS observations
in the New Zealand region are summarised in Beaven & Haines (2001).
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Composite section across the Australia-Pacific plate boundary through southern North Island. M is interpreted
Moho (from Davey & Stern, 1990).

Seismic profiles recorded across southern North Island define the structural details of the
convergent plate margin. The eastern profile (above) delineates the thrust wedges and back-
tilt basins of the accretionary prism which overlies the detachment zone marking the top of
the subducted Pacific plate. The western profile (above) defines a broad crustal downwarp in
the “back-arc” region of the plate boundary overlying the 20 — 50 km deep subduction zone.
The crustal section further to the west comprises a generally transparent middle crustal layer
and a reflective lower crust. Detailed seismological data demonstrate the close association of
the top of a zone of high seismicity, inferred to mark the subducted Pacific plate, with the
base of the reflective sequence identified as the base of the overriding Australian plate (Davey
& Stern, 1990).

Basement Geology

The hard crystalline basement rocks of New Zealand are up to 600 million years old. They are
an amalgamation of Paleozoic (590 Ma — 250 Ma) metamorphic and plutonic rocks of western
New Zealand and younger (~300 Ma to 100 Ma), mostly metamorphic terranes of eastern
New Zealand. Amalgamation of the terranes was completed in the Early Cretaceous before
the break-up of Gondwanaland and the separation of New Zealand continental rocks from
Australia.
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NEW ZEALAND'S GEOLOGICAL FOUNDATIONS

! Strip away New Zealand's towns, farms, trees and soil.
Peel back the blanket of the last 100 million years of
volcanic deposits and softrocks.

GEOLOGICAL
& NUCLEAR
SCIENCES

Whatis left are hard and crystalline rocks, the country's
| geological foundations on which everything else has
| been constructed. But even these basement rocks are
. justathin, cold crustfloatingonthe Earth's hot mantle.
| www.gns.cri.nz
| New Zealand's geological origins go back nearly 600

million years. Since then, movements between the

Gondwanaland supercontinent and Pacific Ocean

crust have led to drastic changes in the region's size,

shape and position.

| Investigations of this ancient, four-dimensional, still-
| moving jigsaw puzzle reveal how New Zealand's
| geological foundations have influenced the
' development of today's natural resources, hazards and
| environment. j
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Map of New Zealand basement geology (from Mortimer, 2002)
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DAY ONE - THE TAUPO VOLCANIC ZONE TO THE NORTHERN WANGANUI
BASIN

The Taupo Volcanic Zone — Background information

The Taupo Volcanic Zone (TVZ) is defined by [ ¢ Locaiy /J%’

an envelope containing all volcanism that has |= = BC°‘|‘;‘da’V of VZ
alderas

. . NS
been active over the last 2.0 Myrs (Wilson et | A voicanoes
A

SN Bay of Plenty
) AN

Taupo Fault Belt

al., 1995). At the northern and southern ends of
the TVZ, volcanism is dominated by andesitic
volcanoes, Ruapehu in the south and White
Island in the Bay of Plenty to the north. The
central portion of the TVZ is characterised by
numerous rhyolitic domes, ignimbrite sheets
and their associated collapse calderas (Wilson \
et al, 1984; 1996). Calderas occupy
approximately 55% of the central portion of
the TVZ, which is rated by Wilson et al. (1995)
as the largest and most frequently active
rhyolitic magmatic system known.

Caost line, lakes,
tivers and roads

3 Mamaku  Rotorua
Tokoroal  prateau

/

Mangaking ) \

Kaingaroa
Plateau

The largest eruptions are infrequent ignimbite " ’

eruptions from rhyolite volcanic calderas, such ; A,

as the Oruanui (26.5 ka) and Taupo (181 AD) /

eruptions which contributed to the formation of | A J 9 10 :)oﬁ-ralg 40 spkm
Lake Taupo. These catastrophic events lay

down thick sheets of welded ignimbite or unwelded ash over tens of thousands of square
kilometres. Andesite volcanic eruptions from stratovolcanoes such as Mt Ruapehu are more
frequent, but generally less destructive.

Mt Ruapehu

From Taupo, Mt Ruapehu is seen to the south across Lake Taupo. It is the tallest mountain in
the North Island, and the active vent is
currently an acidic crater lake near its
summit. The volcano has a volume of 110
km® and the surrounding ring plain has a
similar volume. The volcano began to form
more than 120,000 years ago. Water from
Ruapehu feeds four major rivers and six
glaciers flow down the mountain to
elevations as low as 2,000 m. For the last
10,000 years there have been infrequent,
low volume (usually < 1 km®) and low
magnitude eruptions The last eruption of
Ruapehu occurred in 1995-1997. A small eruption in Crater Lake, Mt Ruapehu






