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Abstract The 0.23 Ma Kaingaroa Ignimbrite represents
the only large-scale eruption from Reporoa Caldera, Taupo
Volcanic Zone, New Zealand. A combination of detailed
volcanology and lithic componentry of the Kaingaroa
Ignimbrite and morphological and geophysical data on the
caldera has constrained the development of Reporoa Caldera.

The Kaingaroa Ignimbrite eruption evolved from a single
vent during the initial stages of the eruption, to a trapdoor
caldera with the opening up of fractures coincidental with
regional faults along the eastern margin, from which the main
part of the Kaingaroa Ignimbrite was erupted. Finally,
caldera collapse occurred during the later stages of the
eruption. Asymmetric ignimbrite and facies distribution is
interpreted as largely resulting from eastward-directed
pyroclastic flows erupted during intially asymmetric caldera
subsidence.
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INTRODUCTION

Difficulties in assessing caldera structure and subsidence
style arise because studies of most modern calderas are
limited due to superficial exposure, while in older exhumed
caldera structures, evidence of the relationships of such
structures to surface morphology has been removed by
erosion (Branney 1995; Lipman 1997). The high rate of
magma production in the Taupo Volcanic Zone (TVZ),
currently the most active silicic province on Earth (Wilson
1996), means that earlier calderas become rapidly buried or
obscured by the products of later eruptions. There are at least
eight calderas in the TVZ (Wilson et al. 1995), and the
majority show evidence of multicyclic ignimbrite eruptions
that have resulted in the formation of caldera complexes
(Cole et al. 1998). In addition to high magma production
rates, the high rate of extension (7-18 mm/yr; Cole et al.
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1995) means that volcanic structures are frequently
overprinted by regional tectonism. Volcanic structures in
TVZ are thus very complex, and multidisciplinary methods
are required to identify ignimbrite sources and determine
subsidence histories.

In this paper, we describe the morphology and structure
of the 10 km diameter Reporoa Caldera (Nairn et al. 1994)
and interpret caldera development from the distribution,
internal stratigraphy, and detailed lithic componentry of the
associated 0.23 Ma (Ar-Ar dating; Houghton et al. 1995)
Kaingaroa Ignimbrite outflow sheet. This is possible
because: (1) the morphology of Reporoa Caldera is
reasonably well preserved, a function of its location along
the eastern margin of TVZ (Fig. 1) and east of the intensely
faulted Taupo Fault Belt; (2) the eruptive products are
relatively well exposed, with a prominent lithic-rich
proximal facies, which lends itself to a detailed study of
componentry; (3) the caldera is monogenetic and caldera
collapse relates to only one major eruptive event, in contrast
to most other TVZ calderas, which have experienced
multiple eruption and collapse.

TAUPO VOLCANIC ZONE

TVZ is a NNE-trending, arc-related rift zone (Fig. 1, inset),
which is filled by >10 000 km3 DRE (dense rock equivalent)
of volcanics erupted in the last 2 m.y. (Wilson et al. 1995),
and comprising 80% rhyolite, 20% andesite and dacite, and
<1% high-alumina basalt (Hochstein et al. 1993). Rhyolitic
volcanism is restricted to central TVZ, where two
monogenetic calderas (Rotorua and Reporoa), and six
caldera complexes (Okataina, Kapenga, Mangakino,
Whakamaru, Maroa, and Taupo) with multiple collapse
histories (each associated with the eruption of an ignimbrite)
occur. All calderas in the TVZ show complex inter-
relationships between plate collapse (sensu Lipman 1997),
downsag, and regional tectonics. Sections of caldera margins
are frequently controlled by the regional fault trend.

REPOROA CALDERA

Structure and geomorphology
Reporoa Caldera is situated in the northern part of the Taupo-
Reporoa Basin, and was originally interpreted by Modriniak
& Studt (1959) as a fault-angle depression between the Taupo
Fault Belt and Kaingaroa Fault. Nairn et al. (1994)
reinterpreted the northern part of the basin as a caldera and
the source of the Kaingaroa Ignimbrite, based on the
presence of lithic lag breccias, drillhole data, and a negative
gravity anomaly. The caldera topographic boundary is well
expressed along its northern and eastern margins (Fig. 2).
On the northern side of the caldera, large scallops are
prominent in the Trig 8566 rhyolite dome and in outcrops
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Fig. 1 Location of the Reporoa
Caldera and distribution of the
0.23 Ma Kaingaroa Ignimbrite.
Inset: Location of Taupo Volcanic
Zone (TVZ) and Reporoa
Caldera.

of the Waiotapu and Rangitaiki Ignimbrites (Fig. 2); classic
collapse scarps formed by surficial rotational slumping along
an inferred ring fracture scarp (e.g., Lipman 1984). The
western margin of the caldera is poorly defined because of
the proximity of the Taupo Fault Belt, but broadly constrains
an elliptical caldera 10 km wide, which is open at the
southern end, with its maximum diameter trending north-
south. The eastern margin of Reporoa Caldera is broadly
parallel to the trace of the Kaingaroa Fault, which defines
the eastern margin of the TVZ. Recent gravity and resistivity
data suggest the Kaingaroa Fault is a complex fault zone
(Risk et al. 1994). The southern margin of the caldera has
no topographic expression, but was inferred by Nairn et al.
(1994) to lie near the Deer Hill rhyolite dome (Fig. 2), with
two rhyolite domes (Kairuru and Pukekahu) possibly
extruded on an inner caldera ring fault. Geophysical evidence
suggests post-caldera rhyolitic volcanism is more extensive
than current exposures, and petrological evidence suggests
Deer Hill rhyolite dome is unrelated to the southern Reporoa
Caldera boundary. The internal structure of Reporoa Caldera
is obscured by caldera fill.

Information from geophysical data
Soengkono & Hochstein (1996) inferred the presence of
reversely magnetised andesite along the northern and eastern
edges of the caldera, which delineates a northern and eastern
structural caldera boundary, inboard of the current
topographic boundary. They noted that andesite is absent
from the western margin of Reporoa Caldera. Gravity

surveys by Modriniak & Studt (1959) and Stagpoole (1994)
define a large trough of low-density material underlying the
Reporoa Caldera.

Seismic and gravity data to the east of Reporoa
(Stagpoole 1994) suggest that the Kaingaroa Plateau consists
of 650 m of ignimbrites sitting on "greywacke" basement,
whereas over 1200 m thickness of ignimbrites have been
drilled to the west in the Waiotapu drillholes (Steiner 1963).

Resistivity surveys suggest the Kaingaroa Plateau to the
east of Reporoa Caldera (Fig. 2) comprises a few hundred
metres of high-resistivity ignimbrites overlying low-grade
metasedimentary basement rocks (Risk et al. 1994). There
is a distinct lateral discontinuity in resistivity at the eastern
margin of the TVZ that defines the Kaingaroa Fault, where
low-grade metasedimentary basement is inferred to be
downthrown by at least 1 km to the west by a series of normal
faults (Risk et al. 1994). Many ignimbrites present to the
west of the Kaingaroa Fault (e.g., Paeroa Range ignimbrites
and Waiotapu Ignimbrite) do not occur beneath the
Kaingaroa Plateau (Beresford 1997), suggesting the
Kaingaroa Fault has been a fundamental structure in
controlling ignimbrite distribution in the central TVZ before
0.23 Ma.

Caldera structure
The structure of Reporoa Caldera, as indicated by surface
morphology and geophysics, is illustrated in Fig. 2. The
surface morphology defines the northern and eastern
topographic caldera boundary, whereas the structural


