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Late Miocene marine tephra beds: recorders of rhyolitic volcanism in
North Island, New Zealand
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Abstract A deep-sea sequence of 72 rhyolitic tephra beds,
now exposed at Mahia Peninsula in the Hawke's Bay region
of the east coast, North Island, New Zealand, provides a
record of late Miocene volcanism of the Coromandel
Volcanic Zone (CVZ): the precursor to large-scale explosive
volcanism of the Quaternary Taupo Volcanic Zone (TVZ).
The geochemical signature of the glasses in the Miocene
tephra has been protected from hydrothermal alteration and
prolonged subaerial exposure that have affected proximal
CVZ deposits. The tephra beds are primarily eruption-driven
sediment gravity flows that have been emplaced into a
trench-slope basin, some 300 km from active volcanoes.
Their occurrence is consistent with long-distance fluvial
transport followed by a point-source discharge into the deep-
sea environment, and has no implications for the paleo-
geographic location of the basins relative to the volcanic
arc.

The tephra beds are calc-alkaline rhyolites with SiO2
contents in the range 72-78 wt% (recalculated on a volatile-
free basis), and are broadly similar to glassy rocks of the
CVZ. Their major oxide, trace element, and REE compo-
sitions are indistinguishable from glasses of TVZ rhyolites.
The trace element and REE compositional variability in the
late Miocene tephra beds, which were erupted over an
estimated duration of c. 0.5-2.4 m.y., is no greater than that
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of large silicic eruptives of the last 350 ka, and is suggestive
of a long-lived source and/or similar magmatic processes.
However, the individual tephra beds are products of discrete
homogeneous magma batches.

New fission-track ages of the Miocene tephra beds
suggest the main period of volcaniclastic deposition occurred
in the interval c. 9-7.5 Ma. This corresponds well with the
initiation of rhyolitic volcanism in the CVZ at c. 10 Ma, and
a major period of caldera formation that took place to
c. 7 Ma. The ages suggest a sediment accumulation rate of
between 0.23 and 1.2 m/ka (av. 0.4 m/ka), and a frequency
of eruption of tephra beds between 1 per 7 to 36 000 yr (av.
1 per 21 000 yr). Although these are minimum estimates of
eruptive frequency, they are similar to rates estimated from
distal records of the Quaternary TVZ, considered to be one
of the most active rhyolite centres on Earth. Overall, rhyolitic
volcanism of the TVZ appears to be a continuation of a
volcanic regime that commenced at least 10 m.y. ago.
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INTRODUCTION

The Coromandel Volcanic Zone (CVZ) (Skinner 1986) in
the North Island of New Zealand (Fig. 1) is the precursor of
the better known Quaternary Taupo Volcanic Zone (TVZ),
one of the most frequently active rhyolitic regions on Earth.
The TVZ-style volcanism is characterised by anomalously
high heat flow and magma productivity compared to other
convergent margin volcanic provinces (Wilson et al. 1995).
However, the commencement and longevity of the TVZ-
style volcanism is poorly understood. In the older CVZ,
voluminous calc-alkaline rhyolitic volcanism appears to have
started in the late Miocene (post-10 Ma, Adams et al. 1994).
Proximal exposures include calderas, domes, and ignimbrite
sheets. In deep-sea records more than 600 km from the
source, distal Miocene fallout tephra attest to large-scale
eruptions (Nelson et al. 1986). However, the geochemical
signature and eruptive frequency of the CVZ is partially
obscured by hydrothermal alteration and poor preservation
of unconsolidated pyroclastics.

An alternative eruptive record of the CVZ can be
deciphered from the numerous and widespread distal tephra
beds that were deposited in forearc basins and slope-trench
settings of the North Island's east coast. Thick, rapidly
deposited turbidite and hemipelagic marine sequences
intercalated with rhyolitic volcaniclastic material shed from
the Miocene volcanic regions are now uplifted and exposed
in river valleys and Holocene shore platforms. Very few
studies have focused on the occurrence of the tephra beds
(e.g., van der Lingen 1968; van der Lingen & Pettinga 1980),
and their geochemical characteristics and numeric



166 New Zealand Journal of Geology and Geophysics, 1998, Vol. 41

Fig. 1 North Island, New Zealand, showing the location of major
rhyolitic volcanic zones, and the Mahia Peninsula section (see
Fig. 2). Inset: The tectonic setting of New Zealand, showing the
plate boundary and present plate motions (arrows).

geochronology have not previously been published, despite
the excellent stratigraphic preservation of the tephra beds
and non-altered character of their glass and mineral phases.

This study examines late Miocene tephra beds in a
continental slope sequence that is now well exposed on the
northeastern shore of Mahia Peninsula (Fig. 1, 2), some
300 km southeast of the CVZ. The peninsula has been
recognised previously in mainly unpublished studies (Webb
1979; Ballance et al. 1986; Gosson 1986) for its abundance
of rhyolitic tephra beds compared to other east coast
sequences. We have used grain-specific geochemical
techniques to obtain a range of major, trace, and rare earth
element (REE) data on glass and minerals from the tephra
beds, and present a new numerical chronology based on
fission-track ages. We also focus on some of the sedi-
mentological aspects of the tephra units to infer their
depositional history.

These data are important for several reasons: (1) the
geochemistry of the tephra beds allows a direct comparison
of CVZ eruptives to those of the Quaternary, and has
implications for magmatic processes and sources; (2) the
geochronology of the tephra beds allows an eruptive
frequency for the CVZ to be determined and thus an
assessment of when the present style of rhyolitic volcanism
commenced; and (3) some workers have suggested that the
distal (300 km) occurrence of rhyolitic tephra in the east
coast area is evidence for large-scale transform slip
movement of basins that were once adjacent to the volcanic
arc (e.g., van der Lingen & Pettinga 1980; Cutten 1994).
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Fig. 2 Stratigraphic column of the tephra-bearing sequence at
Mahia Peninsula, showing the position and relative thickness of
macroscopic tephra beds (black). Numbers refer to tephra samples.
Grid references from NZMS metric sheet Y19.

GEOLOGIC SETTING

The current convergent plate boundary has intersected or
been adjacent to continental crust of the New Zealand region


