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A radiometric age constraint from a tephra bed at the Miocene-Pliocene
boundary in New Zealand
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Abstract A new isothermal plateau fission-track age (5.74
± 0.34 Ma) for a tephra bed c. 6 m below the Miocene-
Pliocene unconformity at Mangapoike River, Gisborne
region, along with microfauna above the unconformity,
constrains the enclosing reversed magnetic polarity interval
to Chron 3r (c. 5.2-5.9 Ma). This is equivalent to the
Messinian-Zanclean Stage boundary position in the
Mediterranean region. The new magnetic polarity inter-
pretation indicates that the unconformity at Mangapoike
River is of shorter duration than previously stated (c. 0.9 Ma)
and could represent the younger of the two terminal Miocene
global glacial events. There is a need to utilise tephra beds
in New Zealand biostratigraphic sequences to obtain
radiometric ages for global correlation.
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INTRODUCTION

The late Cenozoic stratigraphy of New Zealand has been
established by the widespread use of marine bioevents,
mostly microfaunal, many of which are provincial to the
New Zealand region. More regional or hemispheric
bioevents are calibrated by interpolation in deep-sea cores
that involves assumptions on: (1) sedimentation rates; (2)
paleomagnetic interpretations; (3) the original preservation
of species; (4) facies independence of species; and (5) global
synchroneity of the species. Numerous rhyolitic tephra beds
occur intercalated with fossiliferous sediments throughout
the east coast of North Island. Many of these tephra beds
contain fresh glass and phenocrysts suitable for radiometric
dating, and thus could act as both local and global numeric
calibration points. However, few examples of such studies
have been published (e.g., Shane et al. 1995). This note
demonstrates the potential of radiometric dating of such
horizons by presenting an age for a tephra close to the
biostratigraphic Miocene-Pliocene boundary at Mangapoike
River, North Island (Fig. 1).

G97024
Received 29 April 1997; accepted 21 August 1997

The Miocene-Pliocene (Messinian-Zanclean Stages)
boundary is a period of global change, which included rapid
sea-level and isotopic shifts and numerous bioevents. Its age
has been recently estimated by astronomical tuning of deep-
sea records at 5.32 Ma within the lower part of the Gilbert,
Chron 3r (Berggren et al. 1995). The Miocene-Pliocene
boundary has been placed near the top of the Kapitean Stage
in New Zealand (Roberts et al. 1994). At Mangapoike River
the boundary is represented by a subtle unconformity
(Hornibrook 1984), considered to represent a significant
hiatus related to a glacial sea-level event (Wright & Vella
1988). This note provides a new interpretation for the timing
of the hiatus.

TEPHRA BEDS AND GEOCHRONOLOGY

Three discrete tephra beds (5-10 cm thick) occur within
c. 6 m of mudstone beneath a greensand bed containing
concretions which marks the Miocene-Pliocene uncon-
formity at Mangapoike River (Fig. 1). The glass composition
of the tephra beds (Table 1) was determined to demonstrate
their homogeneity (Fig. 2), which is indicative of single
eruptive events (Shane et al. 1996). This chemical
fingerprinting could also be important for identifying the
beds in other sequences as each unit is compositionally
distinguishable. The tephra beds are calc-alkaline rhyolites,
and their late Miocene age suggests a source in the
Coromandel region.

Because of the abundance of fresh glass, this phase was
dated using the isothermal plateau fission-track (ITPFT)
method (see Westgate 1989). This technique has been applied
to Pliocene and Pleistocene eruptives in New Zealand, and
has produced results that are consistent with paleomagnetic,
40Ar-39Ar, and biostratigraphic control (Shane et al. 1995,
1996). To obtain optimum glass surface counting area, large
(>250 Jim) glass shards with chunky or thick-walled
morphology were separated using electromagnetic and heavy
liquid techniques. Tephra bed 463 was dated as it contains a
coarse glass fraction. An age of 5.74 ± 0.34 Ma was
determined (Table 2).

DISCUSSION

The ITPFT age of 5.74 ± 0.34 Ma for tephra bed 463 is in
chronologic agreement with the reversed magnetic polarity
of the enclosing sediments (Wright & Vella 1988). Such a
polarity would be expected as a reversed polarity interval
(Chron 3r) spans the time c. 5.2-5.9 Ma (e.g., Berggren et
al. 1995). The new ITPFT age is also in accord with a zircon
fission-track age of 5.80 ± 0.55 Ma (Seward in Hornibrook
1984) determined for tephra bed 464, a few metres above
the unit dated here (identification based on stratigraphic
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Fig. 1 Stratigraphic section of
the Miocene-Pliocene uncon-
formity at Mangapoike River
exposed along a roadcut (NZMS
260 metric map, grid reference:
X19/070451). Location of paleo-
magnetic sites (Kennett &
Watkins 1974) and bioevents fronri
Edwards (1987). B = first occur-
rence. Paleomagnetic polarity: N
= normal, T = transitional, and R
= reversed. The tephra field
sample numbers are of the author

position). However, the reliability of some fission-track ages
determined by older techniques in the 1970s and early 1980s
has been questioned (e.g., Pillans et al. 1996), and thus this
concordance may be fortuitous. The simplest interpretation
of the new ITPFT age is that the reversed polarity interval
containing the tephra beds and the unconformity at
Mangapoike River is Chron 3r. This is significant because
the Miocene-Pliocene boundary in the Mediterranean region

has been placed near the top of Chron 3r (Berggren et al.
1995).

The tephra age is consistent with the suggestion of
Hornibrook (1984) that the unconformity at Mangapoike
River equates to the Miocene-Pliocene boundary on
biostratigraphic grounds. However, Hornibrook (1984)
considered that the boundary represents a hiatus because of
the apparent restricted occurrence of the foraminifer

Table 1 Composition of glass in tephra beds at Mangapoike River.

SiO2

463
77.23
(0.39)

464
75.52
(0.17)

465
74.21
(0.28)

A12O3

13.14
(0.16)

13.96
(0.06)

14.32
(0.33)

TiO2

0.18
(0.08)

0.27
(0.05)

0.32
(0.04)

FeO

1.01
(0.05)

1.39
(0.05)

1.90
(0.17)

MnO

0.07
(0.03)

0.08
(0.04)

0.11
(0.03)

MgO

0.21
(0.05)

0.29
(0.04)

0.34
(0.08)

CaO

1.24
(0.06)

1.58
(0.07)

1.71
(0.26)

Na2O

3.46
(0.21)

4.03
(0.14)

4.15
(0.37)

K2O

3.37
(0.18)

2.75
(0.13)

2.79
(0.24)

Cl

0.09
(0.03)

0.14
(0.02)

0.16
(0.04)

H2O

7.65
(0.55)

7.07
(0.48)

7.37
(0.87)

n

10

11

9

Major oxides (wt %) recalculated to 100 % on a volatile-free basis and presented as a mean and standard deviation
(in brackets) on n shards. All Fe as FeO. H2O by difference. Determined by a CAMEBAX SX-50 electron
microprobe at the University of Toronto. Operating conditions include a 10 nA current at 15 kV and a beam
scanning an area of 10 um. Standards as in Black et al. (1996).


