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Abstract On 25 September 1995, phreatomagmatic
explosions through Crater Lake at Ruapehu volcano, New
Zealand, generated a closely spaced sequence of lahars. From
direct observations of the flows and timely description of
their deposits, we infer these debris flows transformed to
hyperconcentrated streamflows not by dilution with
incorporated water they overran, as previously proposed.
Rather, the described debris flows diluted by selective
deposition of their coarse clasts as they thinned and
decelerated while spreading >700 m laterally over the
Whangaehu fan. Deposits recording this transformation are
veneering (<100 mm thick) layers of muddy sandy gravel
interspersed with many boulders and cobbles. Downstream
of their transformation to hyperconcentrated streamflows,
ephemeral near-channel deposits indicate the flows were
vertically stratified. A new depositional model for these
hyperconcentrated streamflows includes a basal, coarse,
sediment-concentrated "channel flow" that emplaced
transitory near-channel sediment wedges. The near-channel
sediment was bouldery, massive, and poorly sorted, like
debris-flow deposits elsewhere in the Whangaehu catchment.
The upper and marginal parts of the lahars (the surface layer)
were diluted, finer hyperconcentrated flows that left
voluminous overbank deposits. The overbank sediment is
poorly sorted gravelly sand, with some degree of horizontal
bedding, like other hyperconcentrated flow deposits
elsewhere in the catchment. The rapid erosion of channel-
flow deposits within days to months of the events indicates
that geologic records will only preserve lateral-flow deposits
of such lahars. Hence, long after an event, interpretation of
hyperconcentrated streamflow mechanisms from geologic
deposits can be misleading without the near-channel record.
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INTRODUCTION

In September 1995, eruptions at Ruapehu volcano began
with phreatomagmatic explosions through Crater Lake
(altitude 2540 m), which initially contained about 9 x 106 m3

of water (Christenson et al. 1992; Christenson & Wood
1993). Explosively ejected water generated floods that
incorporated ice, snow, and sediment to form lahars
downstream (Cronin et al. 1996). The largest lahars flowed
east, through the natural lake outlet into the Whangaehu
River (Fig. 1). On September 25, a closely spaced series of
phreatomagmatic explosions caused five large lahar pulses
(labelled LH4a-e on Table 1) in the Whangaehu catchment,
expelling >30% of Crater Lake, which forms the focus of
this paper.

The term lahar is used in a general sense to describe a
rapidly flowing mixture of rock debris and water from a
volcano, with a solids fraction greater than that of normal
streamflow (Smith & Fritz 1989). The more specific term
hyperconcentrated streamflow describes a flowing mixture
of water and sediment with a measurable yield strength that
still appears to flow as a liquid (Pierson & Costa 1987).
These flows typically contain 20-60 vol.% sediment
(Beverage & Culbertson 1964), which is supported by grain-
dispersive forces, turbulence, and buoyancy (Smith 1986).
Sediment deposition is via grain-by-grain settling at the base
and margins of the flow, and deposits are commonly poorly
sorted and horizontally bedded or massive (Smith 1986;
Smith & Lowe 1991). Debris flows are a flowing, plastic,
highly concentrated slurry of sediment and water, with high
yield strength (Pierson & Costa 1987; Coussot & Meunier
1996). Debris flow motion, commonly as a series of surges
(Major 1997), is aided by inertial forces and high pore-water
pressures, and involves both grain-grain collisions and
viscous fluid flow (Iverson 1997). Matrix strength,
buoyancy, and grain-dispersive pressure support sediment
within debris flows (Lowe 1979; Smith 1986). Sediment
deposition is via a combination of frictional freezing at flow
margins and settling/vertical accretion processes elsewhere.
Successive flow surges tend to continually shunt and overtop
previous deposits (Major 1997). Cohesive types of debris
flows (>5% matrix clay) tend to remain highly concentrated
with sediment throughout their course. Most of them on
volcanoes are generated by collapses from hydrothermally
altered portions of the edifice (Scott et al. 1995).
Noncohesive debris flows (<5% matrix clay) appear to dilute
downstream by overrunning water, transforming into
streamflow surges, with an intermediate stage of hyper-
concentrated streamflow (Pierson & Scott 1985; Scott 1988;
Scott et al. 1995). Volcanic noncohesive debris flows often
form when a streamflow surge (e.g., a lake-breakout flood)
erodes and entrains sediment.

Deposit stratigraphies, hydrograph records, and
observations of five closely spaced Ruapehu lahars on 25
September 1995 demonstrate the character of noncohesive




