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Abstract

The current geothermal and volcanic activity in the North Island of New Zealand is
explained as a consequence of Pacific and Australian plate interactions over the last
20 million years. The primary hypothesis is that the Kermadec subduction zone has
for the last 20 million years or more been retreating in a south-easterly direction at
about five centimetres per year. It is surmised that this motion and interaction with
another subduction zone almost at right angles to it under the North Island resulted
in plate tearing due to the incompatibility of the plate geometry where these subduction
zones interacted. The nature and consequences of this plate tearing are partially revealed
in published maps of the plate currently under the North Island. If the subducted parts
of this plate, as shown in Eiby’s maps, [G. A. Eiby, “The New Zealand sub-crustal
rift”, New Zeal. J. Geol. Geophy. 7 (1964) 109–133] are straightened, then the plate
edge lies on a curve giving a rough picture of their position before being torn and
subducted by the Kermadec trench motion. This map of the tear suggests the shape
of the edge of a missing plate segment torn from the plate, and implies a rotation of
the upper North Island, clockwise approximately 20 degrees, about a point just south
of the Thames estuary. A consequence of this plate tearing is that the solid retreating
crustal wave generating magma pressure beneath the crest of the solid wave has the
potential to inject significant basaltic magma into the crust through the tears. These
intrusive magma fluxes have the ability to generate geothermal fields and rhyolitic lavas
from crustal melts. This could explain the geothermal activity along the Coromandel
peninsula five to seven million years ago, the ignimbrite outcrops about Lake Taupo and
the current geothermal and volcanic activity stretching from Taupo to Rotorua.
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1. Introduction

The aim of this paper is to present a conceptual model for the origins of geothermal and
volcanic activity in the North Island of New Zealand during the last 20 million years.
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The ideas and concepts are presented on the understanding that science is the most
successful of all human endeavours in that rare category of “nonbelief” activities and
new ideas are readily accepted for testing and evaluation. Nothing in the physical
world is ever definitively established and potential models for nature’s weird and
wonderful activities need to be laid on the table for evaluation, modification and
possible rejection by all the scientific disciplines. The topic discussed here is a difficult
interdisciplinary one requiring the geological, volcanological, physical, chemical and
applied mathematical knowledge and skills that could only be brought to bear on
it by a large dedicated interdisciplinary team with an in-depth knowledge of all
research into the geothermal, volcanic and plate tectonic activity in the North Island
of New Zealand.

In the 1950s and 1960s, the New Zealand Department of Scientific and Industrial
Research (DSIR), in collaboration with the New Zealand Ministry of Works, assessed
and developed the geothermal energy potential of the Wairakei geothermal field of
New Zealand, and produced a power plant providing a quarter of the electrical energy
consumed in the North Island at that time at a cost cheaper than any other plant in the
country. A subsidiary outcome of this research was an interdisciplinary perspective of
the geothermal activity in the North Island of New Zealand and an appreciation of the
history and extent of the rhyolitic volcanism associated with it.

In this paper, the current geothermal and volcanic activity in the North Island
of New Zealand is portrayed as part of a process involving Pacific and Australian
plate interactions over the last 20 million years. The primary hypothesis is that the
Kermadec subduction zone has for the last 20 million years or more been retreating
in a south-easterly direction at about 5 cm per year. Data relating to this roll-back are
presented in a recent paper [3]. It is surmised that this motion and interaction with
another subduction zone almost at right angles to it under the North Island resulted in
plate tearing due to the incompatibility of the plate geometry where these subduction
zones interacted. The nature of this plate tearing is partially revealed in the maps of the
plate currently under the North Island produced by Eiby [2] using earthquake records
and estimated epicentres deep under the North Island as summarized in his Figure 11.

An earthen crust 10 km thick submerged in a molten environment would be brought
to near thermal equilibrium in a time τ , say, which can be estimated as follows. Since
heat absorption (T ) is governed by the heat conduction equation

∂T

∂t
= K∇2T (1.1)

and the thermal diffusivity K is greater than 1× 10−6 m2 s−1 in the temperature range
of interest, τ is approximately a2/K for a, the crust half-thickness, equal to 5 km. This
gives a time of about 1 million years (1 Ma). After 10 million years we can expect the
temperature variations to be negligible. Hence there is a time limit of this order on the
potential for exploring former plate activity using earthquake data, because the rock
will no longer be brittle enough to support fracturing.
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Figure 1 is constructed by combining elements from Figures 8 and 11 of Eiby [2].
The original plate material, shown bent and subducted in these diagrams, we assume
was roughly planar before its interaction with the retreating Kermadec trench. If we
straighten the bent, subducted parts of this crust back into a horizontal plane, we find
that their end points at the deepest parts of Eiby’s maps of the subduction zone lie
on a curve A1-B1-C1-D1-E1-F1, shown in Figure 1, giving at the top end a rough
picture of their position before being subducted and torn by the Kermadec trench
motion. This curve is assumed to be a plate tear in response to interaction with an
early subduction zone under Northland. A1-B1-C1 represents the eastern edge and
C1-B2-A2 the western edge of a torn plate segment representing this early subduction
zone, both in the position occupied 20 Ma before the segment was torn off. The eastern
edge A1-B1 would have been the start of its subduction under Northland, making
plate tearing the only option as the Kermadec trench moved south. This would require
the upper part of the North Island to be rotated clockwise about 20 degrees from its
present position.

It is conceivable that the subductive motion of such a torn segment A1-B1-C1-
B2-A2 has the potential to reorientate the topography above it. This could explain an
observation [1] that magnetism frozen in the basalts north of Auckland 10 million years
or more ago are not aligned with the magnetic north pole and suggest a significant
rotation of the topography over that time scale. This and subsequent palaeomagnetic
studies have been described and assessed in a Ph. D. thesis [5] and an estimate of 25
degrees anticlockwise rotation over the last 10 million years is suggested, which is
compatible with the rotation suggested by the early plate tearing in Figure 1.

A second aspect of this plate tearing is that the solid retreating crustal wave seen
today as the Kermadec trench, moving south-east at about 5 cm per year, generates
magma pressure beneath the crest of the solid wave with the potential to produce
significant basaltic magma flows into the Northland crust through the tears. These
intrusive magma fluxes have the ability to generate geothermal fields and rhyolitic
lavas from crustal melts. This could explain the geothermal activity along the
Coromandel peninsula five to seven million years ago, the ignimbrite outcrops along
the highways heading to Lake Taupo and the current geothermal and volcanic activity
stretching from Taupo to Rotorua. This magma flux from under the retreating crustal
wave could also generate a large magma pool under the Taranaki crust which, together
with subducted torn plate segments, could explain the large gravity anomaly in this
area (see [2, Figure 14, Page 126]) and the volcanic activity at Mt Egmont (Taranaki).
The spacing of the geothermal fields from Lake Taupo to Rotorua and beyond of
roughly 7 km also suggests a magmatic intrusion of similar depth stretching under
all the 20 or so geothermal fields.

This magmatic intrusion over a period of 300 000 years would also account for the
crustal thinning from 30 to 20 km since the same heat flux through the geothermal
fields as measured today has the capacity to melt 10 km of crust underneath it over
this time scale and naturally a hot molten intrusion could be expected to send heat
equally in both directions. This melt could also have been responsible for generating
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FIGURE 1. Diagram of torn ocean plate segment positioned as it might have been 20 million years ago.
The solid line A1-B1-C1 is the tear generated by Kermadec trench motion and the broken line C1-B2-A2
its western plate edge before tearing.

the 3 km of rhyolitic ash found covering the geothermal region today. All this raises
an interesting question as to why such a magmatic intrusion chooses a depth of 7 km.
Is this a consequence of the gas content of the intrusive magma causing the basalt to
start frothing at this depth and generate fractures in the crust?

Recent palaeomagnetic measurements in the Bay of Plenty and east coast from
sediments of known ages (up to about 3 Ma) show that the east coast is rotating
clockwise at quite a fast rate—between 1 and 4 degrees per million years. This
possibly corresponds to a velocity of 2 cm per year at East Cape in the direction of the
retreating trench. This in itself is strong confirmation of trench motion and interaction
with the east cape since plate subduction on the northern side would surely cause
anticlockwise rotation. There are several publications on this topic [4, 6, 8], and recent
GPS results are in [7].
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