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Quaternary lahar stratigraphy of the western Ruapehu ring plain, New Zealand
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Abstract One of the most widespread hazards associated
with explosive activity at Mt Ruapehu is the production of
potentially destructive lahars. Volcanic activity at this
andesite stratovolcano has produced numerous lahars
throughout Quaternary time, with the resulting deposits
being preserved principally on the lower slopes of the
composite cone and its ring plain. This paper describes the
stratigraphy of volcaniclastic sequences on the western
Ruapehu ring plain, in order to improve the record of known
events. The lithologic record is principally one of lahar
deposits interbedded with datable andesitic tephras, loesses,
paleosols, and rhyolitic marker beds, allowing a chrono-
logical reconstruction of volcanic events in the region during
the last 120 000 yr. The main laharic surfaces include the
extensive Porewan-aged (>65 000 yr B.P.) uplifted Erua
plateau (Waimarino Formation, new) and voluminous
Ratan-Ohakean (10 000-65 000 yr B.P.) sequences of
stacked diamictons east of the Waimarino Fault (Horopito
Formation, new, and Te Heuheu Formation). A marked
change in eruptive style occurred around 10 000 yr B.P. when
pumiceous pyroclastic flows were emplaced to the east and
the west of the Mt Ruapehu cone (Taurewa Eruptive
Episode). At about this time, river entrenchment into the
Ohakean surface began. Holocene lahar deposits are
preserved only in the Mangaturuturu and Mangawhero
catchments where they are confined to riparian strips. In the
Mangawhero catchment a mid-Holocene debris flow unit
(Turoa diamicton) contains numerous jigsaw-jointed bombs
and vitric fragments, indicative of a coeval vulcanian
eruption. In historical time, only lahars in 1975 left
recognisable deposits in the Mangaturuturu catchment. Thus,
the potential for long-term preservation of modern, small-
size sandy diamictons is strictly limited on andesite
stratovolcanoes such as Ruapehu.
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INTRODUCTION

Mt Ruapehu (2797 m) is the highest of the central
stratovolcanoes in the North Island of New Zealand. The
upper part of the andesitic cone is permanently snow covered
and several small ice fields surround the summit crater,
which, until September 1995, contained the 9 x 106 m3 Crater
Lake (Nairn et al. 1979). The Quaternary edifice occupies
the southern part of Tongariro National Park at the southern
end of the Taupo Volcanic Zone (TVZ), with a current cone
volume of c. 110 km3. An equivalent volume is preserved
in the accumulated volcaniclastics of the surrounding ring
plain (Latter 1986; Hackett & Houghton 1989).

Four main cone-building stages have been identified
previously (Hackett & Houghton 1989), represented by four
depositional sequences emplaced over the last 250 000 yr.
The diversity of eruptive events associated with Mt Ruapehu
is reflected in the broad range of volcaniclastic material
produced during this period. Since only part of the volcanic
activity is recorded on the cone, it is only by studying the
accumulated deposits in the surrounding ring plain that a
more complete view of the geological history of the massif
can be obtained.

Volcaniclastic deposits in the western Ruapehu ring plain
were initially considered as two distinctive groupings: the
Waimarino and Murimotu Lahars (Grindley 1960; Hay 1967;
Matthews 1967). More wide-ranging ring-plain studies
revealed a much more complex succession of aggradational
and degradational phases for the last 160 000 yr (Topping
1973; Palmer&Neall 1989; Donoghue 1991; Palmer 1991;
Hodgson 1993; Donoghue et al. 1995a; Cronin et al. 1996a).
These studies show that past volcanic activity has frequently
produced lahars, or torrents of water admixed with mud,
sand, and boulders that have inundated the surrounding
lowlands.

In this paper, we refer to diamicton as a nonlithified,
conglomeratic, or brecciated volcaniclastic deposit, which
is poorly sorted and includes coarser particles dispersed
through a sandy or muddy matrix. Lahar is the general term
used for mudflows of volcanic origin. Smith & Fritz (1989)
defined it more precisely as "a rapidly flowing mixture of
rock debris and water (other than normal streamflow) from
a volcano". This definition is followed in this paper. Two
types of laharic deposits are represented at Ruapehu:
hyperconcentrated streamflow (HCF) deposits are mainly
sandy, well-bedded and clast-supported diamictons, whereas
debris flow (DF) deposits are mostly nonbedded, unsorted,
and matrix-supported diamictons (Smith 1986; Pierson &
Costa 1987; Scott 1988). Debris avalanche (DAV) deposits
result from major sectoral collapse of the flanks of a volcano
(Ui 1983; Siebert etal. 1987; Glicken 1990).

Syn-eruptive and post-eruptive volcaniclastics accumu-
lated onto the Ruapehu ring plain comprise DF, HCF, DAV,
and fluvial deposits, all interbedded with rhyolitic tephras,
andesitic tephras, and paleosols. Using age controls provided




