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Lahar is a hazardous volcanic phenomenon. The term of a lahar is defined as
the flow of a water-saturated mixture of water and debris that moves down on flanks of
volcanoes. The flow characteristic of a lahar is changed by mixing with surface water as
they travel downstream. Aspects of the downstream dilution and the flow
transformation are influenced by solid components. The downstream dilution occurs
more readily in clay-poor lahars (or cohesionless lahars) than in clay-rich lahars (or
cohesive lahars) because clay-poor lahars mix with external water competently. The clay
components of the clay-rich lahars are typically derived from the hydrothermally
altered volcanic edifices. The componential characteristic, which is a clue to the origin of
lahars, influence the flow behavior. To understand the behaviors including flow
transformations, origin, and genesis of laharitic flow, we describe the lateral variations
of sedimentary facies and the temporal variation in components for the lahar deposits at
the northern base of Chokai volcano in this study. To consider the effects of activities of
a subvolcanic-hydrothermal system on the occurrence of lahar, we investigated the
mineralogy of the volcanic ash from the eruption at Ontake volcano on September 27,

2014, and compared with those of lahar deposits at the Chokai volcano.
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Chokai volcano is an andesitic stratovolcano located in northeast Japan. There
are volcanic-fan deposits at the northern base of Chokai volcano that overlie debris
avalanche deposits. The volcanic fan gradient changes from steep to gentle with
distance from the volcanic center. Microgeomorphology changes from lobate to smooth
plain accordingly. The volcanic fan is composed of a series of post-collapse lahar deposits.
The lahar deposits were emplaced as debris flow and hyperconcentrated flow mostly in
the proximal volcanic fan, whereas the distal volcanic fan mostly comprises streamflow
lahar facies and fluvial deposits, accompanying minor debris flow and
hyperconcentrated flow facies. This spatial variation implies that lahars flowed down as
debris flows in proximal area; then, they transformed into stream flows, although some
debris/hyperconcentrated flows reached to the distal area. The facies variation reflects
geomorphology of the volcanic fan; the debris flow deposits in the steep proximal
volcanic fan form debris flow lobes, and the streamflow deposits form a gentle smooth
plain in the distal volcanic fan. After the deposition of the debris avalanche 2.5 ka, lahar
reached to the volcanic fan at least four times: the 4th — 6th century BC, 5th — 7th
century AD, 8th-12th century AD, and 1801 AD. More debris flows arrived in the
proximal volcanic fan, during mostly just after the emplacement of debris avalanche.

The volcanic ash of the eruption on 27th September 2014 at Ontake volcano
consists mostly of altered rock fragments. The ash contains partly altered volcanic rock
fragments consisting of primary igneous minerals (plagioclase, orthopyroxene,
titanomagnetite, and feldspars) and volcanic glass accompanied by alteration minerals
to some extents, and contains no juvenile fragments. These features indicate that the
eruption was a non-juvenile hydrothermal eruption that was derived from the
hydrothermal system developed under the crater. The major minerals derived from
hydrothermal alteration zones are silica mineral, kaolin group mineral, smectite,
pyrophyllite, muscovite, alunite, anhydrite, gypsum, pyrite, K-feldspar, albite, and
rutile. Minor chlorite, biotite, and garnet are accompanied. Five types of alteration
mineral associations are identified from observations on individual ash particles; silica -
pyrite, silica - pyrite + alunite + kaolin, silica - pyrophyllite - pyrite, silica - muscovite +
chlorite, and silica - K-feldspar + albite + garnet + biotite. The associations indicate
development of advanced argillic, sericite, and potassic alteration zones under the
crater. The occurrence of anhydrite veinlet and the set of alteration zones indicate
hydrothermal alteration zones similar to late-stage porphyry copper systems.
Comparing the mineral associations with the geologic model of the late-stage porphyry
copper systems, the source depths of mineral associations are estimated to range from

near surface to >2 km. The depths of advanced argillic alteration, sericite, and potassic
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zones are 0 to ~2 km, ~1.5 to ~2 km, and >2 km, respectively.

Genesis of the lahar deposits at the northern base of Chokai volcano was
inferred from their volumes, componential features, and historical documents. The
muddy lahars occurred after the sector collapse in 466 BC. Series of sandy lahars
followed the event of muddy lahar in the period between 5th to 9th centuries AD. Then,
a muddy lahar took place in 1802 AD. The first lahar event was induced by the sector
collapsed, and the sandy lahars in the next stage are attributed to magma eruptions.
The final lahar event was caused by a hydrothermal (or phreatomagmatic) eruption.
The facies variations imply the transformation from debris flow to hyperconcentrated
flow (or sheetflood), preserved in both of muddy and sandy lahar deposits. Stratification
of the hyperconcentrated flow (and sheetflood) deposits overlying the debris flow

deposits indicate that flow transformation can occur even in muddy flow.
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