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1995 Ruapehu lahars in relation to the late Holocene lahars of
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Abstract Observations of active flows, their deposits, and
the effects of lahars generated during the 1995 eruptions of
Ruapehu are compared to those of the last 2000 years. The
1995 lahars were generated by similar mechanisms, and had
similar volumes and flow rheologies, to those of the last
135 years. However, the large number of lahars in the 1995
sequence and the eventual emptying of the entire Crater Lake
on Mt Ruapehu by lahars is distinctive in the context of the
historic record. The 1953 and 1975 lahars, although of
smaller total volume than the largest 1995 lahar, had higher
peak discharges and consequently greater effects on life and
property within 57 km from the source. This implies that
failure of a lake dam is the most efficient mechanism for
generating a fast lahar with high peak discharge, and that
eruptions through Crater Lake are more efficient at
generating a lahar with high peak discharge when the lake
is full.

The scant 1995 lahar deposits preserved indicate that
the geological record of lahars is likely to be incomplete
and biased to events of greatest magnitude. Given this
limitation, lahars which formed deposits of the prehistoric
(>135 years old) Onetapu Formation were of larger
magnitude in all respects, and often more concentrated with
sediment, than those of the last 140 years (including 1995).
In order to generate such events, catastrophic total emptying
of Crater Lake is required. Alternatively, some of the events
may have been the result of small flank collapses on the
eastern slopes of Ruapehu. These larger events are less
frequent than small eruption-triggered lahars on Ruapehu,
but they may be preceded by little or no warning. Future
lahar hazard mitigation strategies in the Whangaehu River
should begin with improving the detection and early warning
of such flows.
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INTRODUCTION

Between 18 September and 11 October 1995, a series of
phreatic and phreatomagmatic eruptions through Mt
Ruapehu's Crater Lake episodically displaced all its water,
producing multiple lahars (Cronin et al. 1997a). Most of the
lahars occurred within the Whangaehu River, which drains
the eastern flanks of Ruapehu (Fig. 1). Lahars in other
catchments during this period did not travel more than 3 km
from Crater Lake. At least 26 lahars occurred in the
Whangaehu River from 18 September until 11 October, and
the total volume of these measured at 56.5 km from the
source was gauged at 10.2 x 106 m3. On 11 October the
largest sustained tephra eruption of the 1995 eruptive
sequence occurred, finally emptying Crater Lake. However,
on 28 October, renewed lahar activity commenced in the
Whangaehu River and other streams draining the eastern
flanks of Ruapehu (the Wahianoa River and Mangatoetoenui
Stream). This period of renewed lahar activity was not
directly related to explosive eruptions, but was the result of
rainfall-induced remobilisation of large quantities of tephra
that mantled seasonal snowpack on the glaciers of the upper
Ruapehu cone. This activity waned by December, when
much of the seasonal snowpack had melted. Within the
Whangaehu River, at least nine remobilised-tephra lahars
occurred between 28 October and 17 December 1995,
totalling at least 1.2 X 106 m3 in volume, measured at 56.5 km
from the source.

Whangaehu River has been a major conduit for lahars
from Ruapehu in historic (post-A.D. 1861) and prehistoric
(pre-A.D. 1861) times. Since A.D. 1861,19 lahars have been
recorded, including one in 1953 which resulted in the loss
of 151 lives when a railway bridge at Tangiwai was destroyed
by a lahar just before a passenger train was crossing (O'Shea
1954; Nairn et al. 1979; Hodgson 1993). From 1850 yr B.P.
a further 14 major lahar deposits are recorded in the geologic
record of the Whangaehu catchment (Hodgson 1993).

The aim of this study is to compare and contrast the
lahars of the 1995 eruption sequence to those of the late
Holocene (post-1850 yr B.P.) record. With this comparison
we aim to clarify the less complete observations made of
pre-1995 lahars. We also attempt to elucidate probable
generation mechanisms and processes occurring throughout
the entire lahar record. From this information we can
improve our knowledge of the lahar hazard in the
Whangaehu River.

Setting
Mt Ruapehu is a 110 km3 composite volcano with a
surrounding ring plain of similar volume (Hackett &
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Fig. 1 Location map of major
lahar courses from Ruapehu
volcano within the Tongariro
Volcanic Centre in the central
North Island of New Zealand.
Distances along the course of the
Whangaehu River are marked and
labelled.

Houghton 1989). For most of the time it has been observed,
the active vent area of Ruapehu was covered by Crater Lake,
which before 1995 contained 9 x 10 6m 3 of water
(Christenson et al. 1992; Christenson & Wood 1993). Crater
Lake before 1995 was situated at 2540 m altitude,
surrounded by glaciers, and overflowed into the Whangaehu
River.

Historic eruptions through Crater Lake have generated
lahars in the Whangaehu as well as the Whakapapa,
Mangaturuturu, Wahianoa, and Mangatoetoenui catchments
(Fig. 1). Historic and geologic records indicate that the
Whangaehu catchment has been the most affected by lahars
since 22.5 ka (Donoghue 1991; Hodgson 1993).

The upper course of the Whangaehu River, located on
the volcanic cone, is steep (Fig. 2) and confined within a
deep gorge. Beyond the cone, the river disgorges onto a
broad laharic and fluvial fan. The Whangaehu fan is 6 km
long and up to 4.5 km wide (Palmer et al. 1993); its base is
truncated by the scarp of the north-south-trending Desert

Road Fault (Sissons & Dibble 1981), at which point the riv er
flows within a shallow channel to c. 42 km from the source.
Beyond 42 km the river is confined to a deeper channel.

Lahar terminology
We use the term lahar to mean "a rapidly flowing mixture
of rock debris and water (other than normal streamflow) from
a volcano" (Smith & Fritz 1989). Lahars can have a wide
range of sediment:water proportions, which, along with
factors such as temperature, sediment grainsize, and velocity,
strongly influences their flow rheology (Pierson & Costa
1987). Most lahars are grouped into two main rheologic
categories, termed debris flows and hyperconcentrated
stream flows.

Hyperconcentrated streamflows were initially defined
as flows containing 20-60% sediment by volume (Beverage
& Culbertson 1964). However, variation of the sediment
particle size within a flow markedly influences the flow
character, limiting this definition to only a rough guide


