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Eruptive history of Ohachidaira volcano and evolution of the summit caldera, Taisetsu volcano
group, central Hokkaido, Japan
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The 34 ka Sounkyo eruption is the most voluminous explosive volcanic event of
Ohachidaira volcano in the Taisetsu volcano group (central Hokkaido, Japan) and made
a substantial contribution to the formation of the 2-km-diameter summit caldera
(Ohachidaira caldera). This eruption provides an ideal opportunity to study small
calderas and their formation mechanisms. In Chapter 1 of this thesis, I present a short
review of the current understanding of caldera formation mechanisms based on
geological studies, and highlight major challenges in the field that I deal with. In
Chapter 2, I present a brief description of the evolution of the Taisetsu volcano group
and the stratigraphy of its basement, along with previous studies of Ohachidaira volcano.
In Chapter 3, I describe the geology of Ohachidaira volcano to reconstruct its eruptive
history and to investigate how the summit caldera developed in relation to each eruptive
event, with special focus on the Sounkyo eruption in Chapter 4. I also present magnetic
remanence data to correlate between the spatially isolated proximal and distal eruptive
products from Ohachidaira volcano in Chapter 5. Finally, in Chapter 6, I summarize the
major findings in this study.

Ohachidaira volcano is an andesitic to dacitic stratovolcano located in the center
of the Taisetsu volcano group. Early volcanism (600 ka-) at Ohachidaira was
characterized by an alternation of effusive and explosive activities, producing 0.17 km®
of lava flows, the Ohachidaira lava, and intermittent pyroclastic deposits to construct
the main lower edifice of Ohachidaira. The 80-40 ka Hb-type ignimbrite (>4.6 km’ in
bulk volume), whose source was believed to be the Ohachidaira caldera, attains at least
130 m thick on the foot of the Taisetsu volcano group and appears to overlie the
Ohachidaira lava on the southern side of Ohachidaira volcano. However, my geological
data indicates that there is no proof for or against its source to be the Ohachidaira
caldera, and in fact supports the inference tﬁat the ignimbrite was vented from
somewhere in the Taisetsu volcano group rather than the Ohachidaira caldera. Between
80-40 ka and 34 ka, Ohachidaira produced two relatively small explosive eruptions, the
Kobachidaira ignimbrite and Mamiyadake Scoria Member. The Kobachidaira
ignimbrite (0.04 km® in bulk volume) occurs only in the summit area, covering the
middle to lower flanks of Ohachidaira volcano and overlain by the Mamiyadake Scoria
Member, and is a <30-m-thick, lithic-rich, pyroclastic density current (PDC) deposit. Its
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coarseness (<5.5 m) and abundance (~50 vol%) of lithic fragments throughout the
deposit reflects a vent opening and development. .The Mamiyadake Scoria Member
(0.08 km® in bulk volume) forms a tephra ring as much as ~60 m thick, occurring
around the caldera and comprising the upper edifice of Ohachidaira. The tephra ring is
dominated by pyroclastic breccia and stratified and cross-stratified lapilli-tuff beds with
interstratified fine-ash beds, formed by phreatomagmatic and magmatic activities. The
tephra ring deposits are generally enriched in lithic clasts (~40 vol%), whose
assemblage is dominated by shallow-origin volcanic rocks, indicating that the shallow
conduit and vent were progressively widened as the eruption proceeded. The total
volume of lithic fragments ejected during the two small explosive eruptions is estimated
to be ~0.05 k. '

The 34 ka Sounkyo eruption produced 7.6 km® of tephra (~5 km’® DRE) as fallout,
ignimbrite, and lithic breccia units. The Sounkyo eruption products are made up of five
eruptive units (SK-A to -E) in proximal (near source) regions, corresponding to the
distal deposits, a 1- to 2-m-thick pumice fallout and the Px-type ignimbrite up to 220 m
thick. The eruption began with a fallout phase, producing unstable low eruption
columns during the earlier phase to form a <7-m-thick succession of well-stratified
fallouts, occasionally interrupted by thin PDC beds suggestive of small-scale column
collapse (SK-Al and the lower part of the distal fallout). The eruption column reached
up to 25 km high (subplinian to plinian) and became more stable at the Iate of the phase,
producing a <60-m-thick, pumice-dominated fallout (SK-A2 and the upper part of the
distal fallout). The second phase, the climax of the Sounkyo eruption, produced a
widespread, valley-filling ignimbrite in both proximal and distal regions (SK-B and the
Px-type ignimbrite). This phase culminated in extensive failure of the wall-rock of the
shallow conduit, generating dense, lithic-rich, low-mobile PDCs to form a >27-m-thick,
unstratified and ungraded, coarse lithic breccia (SK-C). The failure in turn choked the
conduit and stopped the eruption. After a short eruptive hiatus, as evidenced by the
occurrence of a fine-ash layer or reworked deposit sandwiched between SK-C lithic
breccia and SK-D, the eruption resumed with a short-lived fall phase, establishing an
ernptibn column up to 16 km high and producing a <6-m-thick scoria fallout (SK-D) in
the vicinity of the source. Finally, the eruption ended with the generation of PDCs by
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eruption column collapse to form a 5- to 15-m-thick ignimbrite in the proximal area
(SK-E). The PDCs may have traveled down to accumulate the Px-type ignimbrite.

The caldera volume (0.35 km’) is an order of magnitude less than that of magma
ejected and is comparable with that of lithic fragments ejected (0.28 km®) duiring the
Sounkyo eruption, suggesting that the caldera was not essentially formed by caldera
collapse but, instead, by vent widening as a consequence of explosive erosion and
failure of the shallow conduit. The dominance of shallow-origin volcanic rocks in the
lithic fraction throughout the Sounkyo eruption products implies the development of a
flaring funnel-shaped vent. Hence, the occurrence of lithic breccias within small
caldera-forming eruption products does not necessarily reflect the presence and the
timing of caldera collapse, as commonly assumed in literature. Lithic breccias
commonly overlie climactic ignimbrite/fallout deposits in small caldera-forming
eruptions, and a new model for the formation of such lithic breccias is proposed based
on comparison my results with other small caldera-forming events. In the model, I
hypothesize that (1) the shallow conduit has been explosively eroded and enlarged with
consequent fragmentation and brecciation of the walls before and during an eruption
climax (e.g. SK-A to -B), (2) the subsequent waning of the eruption lead to the collapse
of unstable fractured walls and the production of lithic breccias (e.g. SK-C), and (3) the
collapsing mixture composed predominantly of fragments of basement rocks with minor
eruptive materials contributes, at least in part, its caldera fill

Remanence data from juvenile clasts and welded tuff collected at nine sites within
the Kobachidaira ignimbrite, Mamiyadake Scoria Member, and Sounkyo Member
(SK-A, -B, and -E) have been used to determine the paleomagnetic directions of each
eruptive episodes and to correlate the deposits. Stable primary components of
remanence were isolated through thermal demagnetization experiments. The within-site
dispersion of characteristic remanent magnetization (ChRM) directions for each site is
small (k¢ >100, ass <6°), suggesting that the estimated site mean directions are
representative of the ChRM for the deposits of that location. Moreover, the between-site
mean ChRM directions for each eruptive episodes has moderate to low dispersion and is
significantly distinct each other, indicating that the estimated ChRM may record the
direction of the Earth’s magnetic field at the time of emplacement and thus allows
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correlation of deposits. ChRM directions for the Sounkyo Member (SK-A,-B, and -E)
are statistically indistinguishable from the paleomaguetic direction for the Px-type
ignimbrite estimated by Yasuda et al. (2015; Bulletin of the Volcanological Society of
Japan), together with their lithological and petrological characteristics, confirms a

correlation between them.
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