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Tephra studies in New Zealand: an historical review

David J. Lowe*

The development of tephra studies in New Zealand may be divided into four main
periods: Period 1, late 19th century to late 1920s; Period 2, late 1920s to early 1950s;
Period 3, early 1950s to 1973; Period 4, 1973 to late 1980s. The important events and
advances that characterise each of these periods, and their causes and influences, are
described with reference to contemporary scientists and their publications. Period 1:
determination by dendrochronology of first numerical age of a prehistorical eruptive
(Burrell Lapilli); first isopach map (Tarawera Tephra). Period 2: first tephra mapping in
central North Island (for soil survey). Period 3: first use of I4C dating; establishment of
late Quaternary tephrostratigraphic framework by 'hand-over-hand' mapping in central
North Island and Taranaki; initial development of tephra 'fingerprinting' using laboratory
methods; application of tephrochronology to many disciplines. Period 4: revision and
refinement of proximal stratigraphy, particularly in central TVZ calderas and on Mayor
Island; extension of tephra mapping to distal regions, on and offshore, and to older
deposits; advances in tephra correlation and dating methods; new tephrochronological
applications; revolutionary studies of pyroclastic deposits for determining nature and
effects of eruptions (physical volcanology and petrology); renewed awareness of volcanic
hazards associated with tephra eruptions. The advances relate to indigenous, external,
and 'individualistic' factors. They generally parallelled overseas trends but in some
topics preceded or lagged behind them. Tephra studies, or "tephrology", may be
regarded as having "come of age" early in the 1980s, about 100 years after the first
tephrostratigraphic studies in New Zealand.
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INTRODUCTION
Current plate tectonic models show that the North Island of New Zealand lies on the

leading edge of the Australian Plate and is being obliquely underthrust by the subducting
oceanic Pacific Plate (Cole, 1986; Kamp, 1986). Volcanic activity resulting from the interaction
of these lithospheric plates has been a feature of the geological development of much of the
central North Island in the Quaternary, and large quantities of lava and pyroclastic material,
mainly of rhyolitic and andesitic composition, have been erupted from volcanoes in the
Taupo Volcanic Zone (TVZ), and from Mt Egmont and Mayor Island (Fig. 1; Cole and
Nairn, 1975; Healy, 1982; Wilson et al, 1984; Smith, 1986).

These eruptive deposits, especially the lavas, have been the subject of study for around
100 years {e.g. see Suggate et al., 1978), but it is only in the past 50 years or so that the
pyroclastic deposits have received any detailed attention. Of particular interest are the
unconsolidated pyroclastic or tephra deposits, which are widespread and form a more or less
continuous mantle over about 20% of the relatively small land mass of North Island (Pullar
et al., 1973; McCraw, 1975). The development of the study of these tephra deposits, chiefly
those of airfall origin, and their application as a dynamic research tool in the earth sciences,
is the principal subject of this historical review. In particular, I attempt to highlight the more
important advances that have been made in tephra studies in New Zealand and who made
them, and to show how they relate to certain events or to technological advances in New
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Fig. 1 - Distribution of volcanic centres or districts (bold names)
in the North Island active in the last c. 0.5 million years. TVZ,
Taupo Volcanic Zone (dashed); closed circles, volcanoes that
have erupted since c. 1850 AD. (recorded history); crosses,
volcanoes thai have erupted during the last c. 1800 years (dated
mainly by I4C or dendrochronology; note that the most recent
eruption from Mt Egmont may have been less than 200 years
ago: Neall and Alloway, 1986; Neall etai. 1988); open circles,
volcanoes that have erupted during the last c. 5000 years (dated
by I4C). Named volcanoes are: M, Mayor Island; W, White
Island; H. Haroharo; T, Mt Tarawera; To, Mt Tongariro: N,
Ngauruhoe; R, Mt Ruapehu; E, Mt Egmont (also known as Mt
Taranaki): Ro, Rangitoto Island; Te, Te Puke (after Cole and
Nairn, 1975; McCraw, 1975; Buck et al.. 1981; Wilson et al.,
1984; Froggatt and Lowe, 1990). N.B.: Wilson et al. (1986)
postulated the existence of 'Whakamaru caldera' (in the northern
Taupo-Maroa area) in addition to those shown here.

overseas.
The review is complementary

to that of Froggatt and Lowe
(1990) in which the
nomenclature, stratigraphy,
distribution, volume, and age of
late Quaternary silicic tephra
formations in New Zealand are
described and discussed in detail.

DEVELOPMENT OF
TEPHRA STUDIES IN NEW
ZEALAND

The development of tephra
studies and the establishment of
tephrostratigraphy and
tephrochronology (a method of
dating past geological events and
landscapes based on the
identification, correlation, and
dating of airfall tephra layers) as
a separate discipline in New
Zealand may be traced through
four broad periods:

Period I : late 19th century to
late 1920s

Period 2 : late 1920s to early
1950s

Period 3 : early 1950s to 1973
Period 4 : 1973 to late 1980s
Some of the people and

significant events in the history
of tephra studies in each of these
periods, and their influences, are
described below.

Period 1 (late 19th century to
late 1920s)

European geologists
undertook reconnaissance and
regional mapping, chiefly of hard
rocks, but also noted the
widespread pyroclastic materials
and commented on possible
stratigraphic relationships. In the
Taupo district, von Hochstetter
(1864, translated by Fleming)

described some of the pyroclastic deposits as "volcanic fragmental rocks" of rhyolitic
composition (p. 116). Later writers (e.g. Crawford, 1876; Smith, 1877; Cussen, 1888; Hill,
1888; McKay, 1899) described the pumice deposits around Lake Taupo and elsewhere in
more detail. Cussen (1888, p. 327) noted that "as we recede from Taupo the [TaupoJ pumice
deposit thins out gradually, and the particles decrease in size, until at a distance of 50 miles
[80 km] from the centre of the lake very little is seen, and that in very small particles." Based


