New Zealand Journal of Geology & Geophysics, 2000, Vol. 43: 639-650
© The Royal Society of New Zealand 2000

0028-8306/00/4304-0639  $7.00/0

639

Weak chemical and mineralogical zonation in the Kaingaroa Ignimbrite,

Taupo Volcanic Zone, New Zealand

S. W. BERESFORD*
J. W. COLE
S. D. WEAVER

Department of Geological Sciences
University of Canterbury

Private Bag 4800

Christchurch, New Zealand

*Present address: Department of Earth Sciences, Monash
University, Clayton 3168, Australia.

Abstract The 0.23 Ma Kaingaroa Ignimbrite is a
composite, multiple flow-unit ignimbrite erupted from the
Reporoa Caldera, Taupo Volcanic Zone, New Zealand.
Reporoa Caldera evolved from a single vent during the initial
stages of the Kaingaroa eruption, to a trapdoor caldera with
the opening up of fractures along the eastern margin and
asymmetric eruption of early phases of the ignimbrite.
Finally, plate collapse occurred during the later stages of
the eruption. Kaingaroa Ignimbrite pumice clasts range in
composition from dacite to rhyolite. Five pumice types have
been identified based largely on the geochemical variation
of Rb and Sr and ferromagnesian mineral composition,
Pumice types A, B, C, and D exhibit vaniations in mineralogy,
trace element chemistry, and isotopic composition consistent
with derivation from a weakly zoned magma chamber. A
subordinate dacitic juvenile component (type E) appears to
be unrelated to the Kaingaroa pumices by crystal fraction-
ation or assimilation, and is interpreted as a distinct magma
batch that was incorporated into the eruption. The
asymmetrical removal of magma from the chamber during
caldera collapse is inferred to have resulted in a greater
degree of drawdown along the eastern margin of the
chamber, as suggested by the current spatial distribution of
post-caldera rhyolites.
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INTRODUCTION

Whole pumices in silicic ignimbrites are considered to
represent quenched fragments of vesiculated and disrupted
magma, and as such are perceived as instantaneous samples
of the pre-eruption magma chamber. Systematic compo-
sitional and mineralogical gradients within ignimbrites
provide unequivocal evidence of chemical and thermal
zonation in these chambers. Previous studies on ignimbrites
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in the Taupo Volcanic Zone (TVZ), New Zealand, have noted
the lack of significant compositional zonation (Dunbar et
al. 1989; Hochstein et al. 1993), especially in recent rhyolitic
eruptives from Okataina and Taupo caldera complexes. More
recent studies have alluded to compositional variation in
some TVZ ignimbrites (e.g., Briggs et al. 1993; Karhunen
1993) and stepwise chemical and thermal zonation in the
Whakamaru-group ignimbrites (Brown et al. 1998). This
paper outlines the chemical and radiogenic isotopic variation
within the 0.23 Ma Kaingaroa Ignimbrite erupted from
Reporoa Caldera, TVZ (Fig. 1), and considers the
implications for pre-eruptive magma system configuration
and withdrawal dynamics during caldera collapse.

KAINGAROA IGNIMBRITE

TVZ is a NNE-trending, arc-related rift zone (Fig. 1A, inset)
that is filled by >10 000 km> 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, associated with two
monogenetic calderas (Rotorua and Reporoa), and six
caldera complexes (Okataina, Kapenga, Mangakino,
Whakamaru, Maroa, and Taupo) characterised by multiple
collapses, each associated with the eruption of an ignimbrite.

The Kaingaroa Ignimbrite is a composite, multiple, flow-
unit ignimbrite erupted from the Reporoa Caldera (Naim et
al. 1994; Beresford 1997; Beresford & Cole 2000) (Fig. 1).
Reporoa Caldera has evolved from a single vent during the
initial stages of the Kaingaroa eruption, to a trapdoor caldera,
with the opening up of fractures, coincidental with regional
faults along the eastern margin and asymmetric eruption of
early phases of the Kaingaroa Ignimbrite. Finally, plate
collapse occurred during the later stages of the eruption. The
asymmetric distribution of ignimbrite facies largely resulted
from eastward-directed pyroclastic flows, erupted during
asymmetric caldera subsidence (Beresford & Cole 2000).
The main phase of the eruption is associated with the
formation of extensive lithic lag breccias, whereas the final
stages of caldera subsidence formed the present day, simple,
oval caldera shape, which has overprinted earlier structures.
The 0.23 Ma Kaingaroa Ignimbrite has a complex internal
stratigraphy (Fig. 2), with a basal tephra sequence of
intercalated fall, surge, and flow deposits, and three
ignimbrite units, with strikingly proximal to medial facies
variation.

METHODS

Pumice was sampled from all non-welded ignimbrite
sections. Multiple clasts were sampled from the same
horizon, where possible, to check for heterogeneity. Samples
of pumice, and not whole-rock pyroclastic deposits, have






