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The cause of the east—west contraction of Northeast Japan
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Cover Figure

The cause of the east-west contraction of Northeast Japan

Geodynamic flame work of the Japanese Islands. The Philippine Sea Plate motion will cause the Izu-Ogasawara
Trench to migrate westward, then T-T-T triple junction, Japan Trench, and NE Japan successively. Thereby, the arc
crust of NE Japan has no choice but to shorten its width as it drifts westward. The cause of inland earthquakes along
the Japan Sea side of NE Japan is the Philippine Sea Plate, not the Pacific Plate. It is the imposed displacement arising
from moving subduction boundary of the Pacific Plate (Japan Trench) that causes the E-W contraction of NE Japan,
not the Pacific Plate motion itself.

(Figure and Caption by Masaki Takahashi)
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Yukio Yanagisawa (2017) Diatoms of the Miocene sediments in Wajima City, Noto Peninsula, Japan. Bull.
Geol. Surv. Japan, vol. 68 (4), p. 141-153, 3 figs., 2 tables, 2 plates.

Abstract: Diatoms of the Miocene Wajima and Tsukada formations distributed in Wajima City (Noto
Peninsula, Ishikawa Prefecture) were examined. Non-marine lacustrine diatoms are found in the
uppermost part of the Wajima Formation. The Tsukada Formation contains middle Miocene diatom
assemblages which can be placed between the biohorizons D53 (12.3 Ma) and D54 (11.6 Ma) of the
Denticulopsis praedimorpha Zone (NPD5B). An unconformity at the base of the Tsukada Formation
ranging from ca. 16 Ma to 12.3 Ma indicates that a land area might be present in the western part of Noto

Peninsula during the early Middle Miocene.

Keywords: diatom, biostratigraphy, marine, diatomite, Miocene, Tsukada Formation, Wajima, Noto,

Ishikawa Prefecture, Japan
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Geologic map of the Wajima area, Ishikawa Prefecture, Japan based on Fuji (1972), Kaseno (1993), Kobayashi et al. (2005)

and this study, with location maps of samples. Geographical map of “Wajima” (1: 25,000 in scale) of Geospatial Information
Authority of Japan is used. Characters K and M in sample location maps indicate the initials of sample numbers.
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Table 1 Occurrence chart of diatoms in the Komineyama route, Wajima City.
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Tsukada Formation
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Cocconeis californica Grunow
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C. vitrea Brun

Coscinodiscus marginatus Ehr.
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C. spp.
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=
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S F .

D. praedimorpha var. praedimorpha Barron ex Akiba

(Closed copula)

D. simonsenii Yanagisawa et Akiba

D. vulgaris (Okuno) Yanagisawa et Akiba
S-type girdle view of D. simonsenii group
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Diploneis bombus Ehr.
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Hyalodiscus obsoletus Sheshukova
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Melosira sol (Ehr.) Kiitzing
Navicula sp.

Nitzschia heteropolica Schrader
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Odontella aurita (Lyngb.) J.A.Agardh
Paralia sulcata (Ehr.) Cleve

Proboscia barboi (Brun) Jordan et Priddle
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Non-marine diatoms
T. nitzschioides (Grunow) H. Perag. et Perag.
Thalassiosira grunowii Akiba et Yanagisawa
T. praenidulus Akiba
Thalassiothrix longissima Cleve et Grunow
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Actinocyclus sp.
Aulacoseira spp.
Epithemia sp.
Eunotia sp.
Tetracyclus sp.
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Total number of valves counted

100 100

20 100 100[100 100 100{100 100 100{100 100

Resting spore of Chaetoceros
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0 37 771 51 24 71| 52 43 65[ 76 92
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Fig.3  Age of the Tsukada Formation and correlation to the Miocene sequence in the Suzu area, Noto Peninsula, Ishikawa
Prefecture. Diatom biostratigraphic zonation used in this paper is that proposed by Akiba (1986), and modified by
Yanagisawa and Akiba (1998) and Watanabe and Yanagisawa (2005). Ages of marker diatom biohorizons are calibrated
by correlation to a geomagnetic time scale of Gradstein et al. (2012).
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Table 2 Occurrence chart of diatoms in the Kekachidairamachi route, Wajima City.
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Plate 1 Non-marine diatoms from the Wajima Formation.

1-5: Actinocyclus sp.
1: M07 (Noto1377); 2, 4: M09 (Noto1375); 3, 5: M06 (Noto1368)

6: Tetracyclus ellipticus var. lancea f. subrostrata Hustedt
MO07 (Noto1377)

7: Tetracyclus sp.
MO06 (Noto1368)

8-12: Aulacoseira spp.
M09 (Noto1375)

13-19: Aulacoseira hachiyaensis H.Tanaka
13, 16: M09 (Noto1375); 14, 15: M07 (Noto1377); 17-19: M06 (Noto1368)
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Xk 2
Plate 2

WEFHAMZWE 2017 F B 68% F4a4s

BHE» S L -l EEE LA, 2 —LAIZ1-1012, X7 — Bl 11221256 .

Marine diatoms from the Tsukada Formation. Scale bars A and B are for figs. 1-10 and 11-22,
respectively.

1-3: Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba [valves], M21 (Noto1365)

4: Denticulopsis praedimorpha var. minor Yanagisawa et Akiba [valve], KO7 (Noto1353)

5, 6: Denticulopsis praedimorpha var. minor Yanagisawa et Akiba [closed copulal, M21 (Noto1365)
7, 8: Denticulopsis praedimorpha var. praedimorpha Barron ex Akiba [closed copulal, M21 (Noto1365)
9: Denticulopsis simonsenii Yanagisawa et Akiba, K07 (Noto1353)

10: Denticulopsis vulgaris (Okuno) Yanagisawa et Akiba, K07 (Noto1353)

11: Proboscia alata (Brightw.) Sundstém, K07 (Noto1353)

12: Rhizosolenia styliformis Brigthw., K07 (Noto1353)

13: Rhizosolenia hebetata f. hiemalis Gran, K07 (Noto1353)

14: Ikebea tenuis (Brun) Akiba, K07 (Noto1353)

15, 16: Thalassionema hirosakiensis (Kanaya) Schrader, K07 (Noto1353)

17: Nitzschia heteropolica Schrader, K07 (Noto1353)

18, 19: Actinocyclus sp. A, K07 (Noto1353)

20: Azpeitia endoi (Kanaya) P.A.Simis et G.A.Fryxell, K07 (Noto1353)

21: Azpeitia vetustissima (Pant.) P.A.Sims, K07 (Noto1353)

22: Genus et sp. indet., K07 (Noto1353)
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The cause of the east—west contraction of Northeast Japan

Masaki Takahashi"’

Masaki Takahashi (2017) The cause of the east-west contraction of Northeast Japan. Bull. Geol. Surv.
Japan, vol. 68 (4), p. 155-161, 5 figs.

Abstract: Northeast (NE) Japan, where the Pacific Plate is subducted to the west, frequently suffers large
earthquakes not only along the Japan Trench but also along the Japan Sea side. Those occurred in the
former area (subduction—zone earthquake) such as the 2011 off the Pacific coast of Tohoku Earthquake
can easily be understood as a releasing process of accumulated stress along the boundary between
the subducting Pacific Plate and the overlying plate. On the contrary, those in the latter area (inland
earthquake), which occur at relatively shallow depth (<20 km), cannot be explained by such a simple
dislocation model. Here I show, the cause of such inland earthquakes can be identified by considering
the plate kinematics around the Japanese Islands on the basis of three dimensions, not conventional two
dimensions, and the cause of the present E-W contractive tectonics of NE Japan is not the Pacific Plate
motion itself but the northwestward—moving Philippine Sea Plate.

Keywords: tectonics, Japanese Islands, inland earthquake, triple junction, Philippine Sea Plate, Pacific

Plate

1. Introduction

It is well known that the Japanese Islands are currently
situated under E-W compression stress field (Terakawa
and Matsu'ura, 2010). The E-W contraction causes
segmentation of the upper crust of NE Japan separated by a
large number of N-S trending reverse faults, which results
in its topography (Okamura et al., 1995; Sato, 1989; Sato,
1994; Sato et al., 2002). The Niigata Prefecture Chuetsu
Earthquake (Mw = 6.6) in 2004 is a typical example of the
inland earthquakes generated by such crustal deformation.
Most of the Japanese earth scientists consider that a
relatively rapid Pacific Plate motion of 9-10 cm/year to
the west (Demets et al., 2010) is the cause of the E-W
contractive tectonics (Ikeda, 2012). However, there is a
fatal problem in the idea.

If we assume the contraction of NE Japan as an
elastic deformation, the accumulated stress acting on the
inland arc crust will be reset to the initial state once a
large subduction—zone earthquake occurs. On the other
hand, when we treat NE Japan as a viscoelastic body,
its topographic growth would be reproduced as an
inter—seismic plastic deformation. But the geological
investigation revealed that the E-W contractive tectonics
started at about 3 Ma after tectonically calm state of more
than 10 million years (Sato, 1994) while the motion of the
Pacific Plate has been almost constant for more than past

40 million years (Harada and Hamano, 2000). Therefore,
suppose the E-W contraction of NE Japan is caused by
the Pacific Plate motion itself, the Japanese Islands should
have been contracted at least for 15 million years after
the Japan Sea opening, a hypothesis which is promptly
dismissed by the geological evidence. The mpeg-4 movie
of the thought—experiment for the cause of the E-W
contraction of NE Japan is also presented to make it easier
to understand (Takahashi, 2017). Analog models are used
for help the comprehension through this work.

The Japanese Islands except the eastern Hokkaido locate
on the eastern margin of the Eurasian Plate, under which
both the Pacific and Philippine Sea Plate are subducted
(Fig. 1), and the relative motion of these three tectonic
plates is considered to trigger large earthquakes in the
region. The Philippine Sea Plate moves northwestward
and is subducted beneath Southwest (SW) Japan along
the Nankai Trough at a velocity of 4 cm/year (Seno et
al., 1993), while the Pacific Plate moves to the west at
a velocity of 9—10 cm/year (Demets et al., 2010) and is
subducted underneath of NE Japan along the Japan Trench.
The Pacific Plate is also subducted under the Philippine
Sea Plate along the Izu—Ogasawara Trench. Three plates
and three plate boundaries (trenches) meet at a point
offshore central Japan, which is called a trench—trench—
trench (T-T-T) triple junction. The geometric stability of
the T-T-T triple junction is the key to solve the riddle.

" AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation
" Corresponding author: M. Takahashi,Central 7,1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: msk.takahashi@aist.go.jp
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Compression stress axis

Inland earthquakes
Quaternary volcano

Euler Pole of the Philippine Sea Plate
relative to the Eurasian Plate

y& Present plate motion relative to the Eurasian Plate
“96@//_

Fig. 1 Tectonic setting of the Japanese Islands. A number of large earthquakes occur particularly along the Japan Sea side
of NE Japan. A high-speed train (Shinkansen) was derailed in the Niigata Prefecture Chuetu Earthquake occurred

on Nov. 23, 2004 (Photo by the Yomiuri).

2. Analog model experiment

2.1 Initial model

An analog model is very helpful in visual comprehension
of the relationship between the three plates around Japan
(Takahashi, 2017). At the beginning, two—dimensional
plate kinematics is reproduced using the model (Fig.
2), which is composed of three parts: a wooden board
(Base Board), and two transparent acrylic sheets which
correspond to the Philippine Sea Plate (Sheet A) and the
Eurasian Plate (Sheet B). The Sheet A is pinned at the
present Euler Pole of the Philippine Sea Plate (a red pin
in Fig. 2) located to the northeast of Hokkaido (Seno et
al., 1993), so that it can rotate around the pole. The Sheet
B is laid over the Sheet A and fixed to the Base Board.
This model, in which Japanese Islands are assumed as
a part of stable Eurasian Plate and never be deformed,
can simply reproduce the motion and subduction of the
Philippine Sea Plate.

The geometric transition of the three plates from the
present to 12 million years later is illustrated in Fig. 3.

The Japan Trench is fixed in place throughout the period,
whereas the Izu—Ogasawara Trench migrates westward
as the Philippine Sea Plate rotates. Thereby, the Japan
Trench and the [zu—Ogasawara Trench are pulled apart
from each other, generating a transform fault that connects
these two separating trenches. The length of the transform
fault increases with time. The moment the Izu—Ogasawara
Trench moves away from the Japan Trench, the T-T-T
triple junction becomes another type, a T-T-F (transform
fault) triple junction. This is the reason why the present
T-T-T triple junction offshore central Japan is regarded
as a geometrically unstable condition (McKenzie and
Morgan, 1969).

If the two trenches depart from each other, the Pacific
Plate should be cut by a tear fault (Fig. 3), forming a
right-lateral transform fault between them. Three million
years later, the displacement between the two trenches
will be 50-60 km based on the present Philippine Sea
Plate motion, while the Pacific Plate will travel about
300 km, because it moves to the west at a rate of 10 cm/
year. This means that the tear fault will have split the
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Fig. 2 Initial analog model of the Philippine Sea Plate motion. Overlaying Japanese Islands (NE and SW Japan) are not
deformed in this case.
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Pacific Plate for almost 300 km. However, the Pacific
Plate, formed in Jurassic to Cretaceous Periods, is the
thickest (about 90 km) and coldest plate on the Earth,
so is too rigid to be sheared easily. In fact, the slab of
the Pacific Plate is observed to be continuous around the
triple junction based on the hypocenter distribution of
subduction—zone earthquakes (Nakajima et al., 2009).
Consequently, it is quite unlikely that the Pacific Plate is to
be sheared at the triple junction, i.e., two trenches should
be continuous. Therefore, the model should be revised
so that the Japan Trench and Izu—Ogasawara Trench can
always be continuous under all circumstances.

2.2 Improved model

The model is taken apart first and a linear slit is cut
in the Sheet A along the Izu—Ogasawara Trench (Fig.
4). This corresponds to the subducted part of the trench.
Then the Sheet A is pinned at its Euler Pole (shown as a
red pin) so that it can rotate about the pole. Second, NE
Japan (Sheet C) is cut off from the Sheet B along the
eastern margin of the Japan Sea, because it is considered
to move independently from the Eurasian Continent.
Third, a thumbtack is inserted into the slit from under the
bottom of the Sheet A, on which the Sheet B is overlaid.

Only the Sheet B is screwed on the Base Board. Next,
the Sheet C is overlaid on the Sheet B, being pierced by
the thumbtack at the southern tip of the Japan Trench so
that the Japan Trench and the [zu—-Ogasawara Trench can
move together. Finally, the Sheet C is stuck by a blue pin
at northern Sakhalin, because the Euler Pole between NE
Japan and stable Eurasian Plate is located near Okha in
Sakhalin (Wei and Seno, 1998). The thumbtack moves
along the slit as the Philippine Sea Plate rotates, which
turns NE Japan clockwise. Now, an unsplit Pacific Plate
model, in which two trenches move along with each other,
has been completed.

3. Discussion

In the improved analog model, both the [zu-Ogasawara
Trench and triple junction move westward together with
the Philippine Sea Plate motion. The Japan Trench, which
was immovable in the previous model, also migrates
westward because the southern end of the Japan Trench is
pierced by the thumbtack of the Philippine Sea Plate sheet
(Sheet A in Fig. 5). In this model, the eastern margin of NE
Japan corresponds to the Japan Trench, so NE Japan on
the Sheet C swings to the west around a pivot at Sakhalin
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(blue pin in Fig. 4).

The relative velocity of migrating triple junction to
stable Eurasia is estimated as 2-3 cm/year based on
the present Philippine Sea Plate motion. Therefore, the
southern end of the Japan Trench also moves westward at
the same speed. The westerly migrating Japan Trench will
push the overriding NE Japan to the west, unless whole of
its westward motion is cancelled out by tectonic erosion
along the Japan Trench (Von Huene and Lallemand, 1990).
The arc crust of NE Japan is thus sandwiched between the
westerly moving Japan Trench and the rigid and stable
oceanic lithosphere of the Japan Sea and then contracted
(Fig. 5).

The western half of NE Japan arc crust (back-arc
region) has been heated and weakened for a geologically
long time by volcanic activity (Yoshida, 2001). In fact,
possible deep-seated magmatic activity is imaged in the
region by seismic tomography (Hasegawa et al., 1991;
Zhao et al., 1992). By contrast, the fore—arc region (Japan
Trench side), which has been cooled by the subducting
old oceanic lithosphere of the Pacific Plate, is not so
deformable. Thus the E-W contraction of NE Japan has
been concentrated along the Japan Sea side due to thermo-
rheological difference.

Thus, if the Pacific Plate is assumed not to be shorn by
a tear fault at the triple junction, and actually it is not, the
Philippine Sea Plate motion will cause the [zu—Ogasawara
Trench to migrate westward, then T-T-T triple junction,
Japan Trench, and NE Japan successively. Thereby, the arc
crust of NE Japan has no choice but to shorten its width as
it drifts westward. This E-W contraction tectonics causes
anumber of large inland earthquakes particularly along the
back—arc region, far from the plate subduction boundary
(Japan Trench). Therefore, the cause of inland earthquakes
along the Japan Sea side of NE Japan is the Philippine Sea
Plate, not the Pacific Plate. It is the imposed displacement
arising from moving subduction boundary of the Pacific
Plate (Japan Trench) that causes the E-W contraction of
NE Japan, not the Pacific Plate motion itself.

4. Conclusion

Considering the three dimensional kinematics of the
Pacific and Philippine Sea Plates relative to the overlying
Eurasian Plate, I propose that the present E-W contractive
tectonics of NE Japan is brought about by the north—
westward motion of the Philippine Sea Plate, not by the
Pacific Plate motion itself.
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Field guide of Izu-Oshima Volcano
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Abstract: Tzu-Oshima volcano is an active basaltic stratovolcano in the Izu-Mariana arc, and its last
major eruption occurred in 1986. This field guide includes descriptions about the 1986 products, the
Miharayama Central Cone, the 1421? product at the southern coast, the 1.7-ka caldera-forming products,

the pre-caldera tephra formation and the 2013 lahar.

Keywords: 1zu-Oshima volcano, 1986 eruption, Miharayama, caldera

1. Introduction

Izu-Oshima volcano is an active basaltic stratovolcano
that forms the northernmost island (15X9 km) of the Izu-
Mariana arc (Fig. 1). The elevation of this island is 764 m
a.s.l., but the volcanic edifice height is over 1,000 m
from the sea floor. The island consists of highly dissected
remnants of three old (Early Pleistocene) volcanoes, which
are exposed on the northern and eastern coasts, as well as
in the products of Izu-Oshima volcano proper (Isshiki,
1984; Fig. 2). These products cover the older edifices and
occupy most of the subaerial portion of the island.

2. Eruption history

Izu-Oshima volcano is composed of lava flows and
volcaniclastic rocks of low-K, arc-type tholeiitic olivine
basalt and pyroxene-olivine basalt (Kawanabe, 1991). The
older edifice of the volcano is called the Senzu Group
(Nakamura, 1964) and is made up of phreatomagmatic
coarse ejecta and lahar deposits with a small amount of
lava flows (Fig. 2). Volcanic activity started at about 40
to 50 ka, and represents the stage of emergence of an
island. The younger edifice of the volcano consists of
normal subaerial alternations of lava flows and scoria and
ash falls. This activity began about 20 ka and marks the
stage of continuous growth of a stratovolcano above sea
level. The upper unit is subdivided into pre-caldera and
syn- and post-caldera deposits (Nakamura, 1964). The
pre-caldera deposits are made up of about 100 layers of
pyroclastic deposits. The intervals between the layers are
presumably 150 years on average. There are many flank
volcanoes forming fissures, scoria cones and tuff cones.
Zone of the flank vents is elongated in NNW to SSE that
reflects a regional stress field.

At about 1.7 ka, after a scoria eruption from the summit
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Fig. 1 Index map of Izu-Oshima volcano. M = Miharayama;
S = Shiroishiyama; F = Futagoyama
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Syn- and post-caldera volcano (Younger Oshima Group)
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Older edifice of pre-caldera volcano (Senzu Group)
(ca. 50 to 20 ka)
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Fig. 2 Geological summary of Izu-Oshima island. Modified from Kawanabe (1998).
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Fig. 3 Stratigraphic section and cumulative mass of tephra for the syn- and post-caldera products
of Izu-Oshima volcano. 1z-Kt = Izu-Kozushima-Tenjosan tephra (biotite rhyolite) from
Kozushima volcano at AD833. Modified from Kawanabe (1998; 2012).

and several flank eruptions, a large phreatic explosion
occurred in the summit area and high-speed pyroclastic
density current covered almost all the entire island
(Yamamoto, 2006; S; in Figs. 2 and 3). The present shape
of the summit caldera is thought to be formed in this syn-

caldera stage (Sashikiji Formation; Nakamura, 1964). The
post-caldera products are composed of 10 large eruptions
and several minor ones (Koyama and Hayakawa, 1996;
Kawanabe, 2012). Nakamura (1964) has divided into the
Nomashi and Yuba Formations across an erosional contact
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Fig. 4 Distribution of the products of the 1986 eruption. Numerals of each isopach are the thickness of the scoria fall deposits
in millimeters. LA, LBI, LBII, LBIII, LCI and LCII are names of lava flows. Hatched areas are scoria cones. Mt
Mihara (Miharayama) is the central cone within the summit caldera. Modified from Soya et al. (1987).

(Fig. 2). The eruptive volume of these large eruptions is
up to a cubic kilometer and the average recurrent interval
of the large ones is 100 to 150 years (Fig. 3). The most
recent large eruption occurred in 1777-78 (Y1). Large-
scale eruptions usually began with scoria fall deposition
followed by effusion of lava flows. In some events, flank
eruptions took place and caused violent phreatomagmatic
explosions near the coast. The emission of phreatic
ash from the central cone, Miharayama, followed for
several years after the early magmatic activity. After
the Y eruption, many medium- to small-scale eruptions
occurred. The 1876-77, 1912—14, 1950-51 and 198687
eruptions were relatively large and erupted several tens
million cubic meters of magma.

3. The 1986 eruption

The 1986 event began with a strombolian eruption and
basalt lava effusion from the A crater in Miharayama
Central Cone on 15 November (Figs. 4 and 5). On 21
November, after a short repose of activity, a fissure eruption
occurred with sub-plinian plumes in the northwestern
caldera floor (B fissure). The plumes reached 8,000 m
height and sprayed scoria fallout on the eastern side. As

Fig. 5 The 1986 strombolian summit eruption from the A
crater accompanied by lava flows. Viewed from the NW
(Gojinkajaya). Photo by S. Nakano, 21 November 1986.

fissure extended outside the caldera (C fissure) and lava
flow (LCI) rushed to the largest town, Motomachi, whole
residents and visitors were evacuated out of the island.
The ejecta from B and C fissures was andesite, which
differed from one of A crater in origin. The eruption itself
ceased in the morning of 22 November, but evacuation
lasted for about one month. On 16 November 1987,
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with loud explosions, the lava filling the old pit crater in
Miharayama Central Cone were exploded and collapsed.
Afterward, several collapses were accompanied by small
eruptions, recreating the pit crater in Miharayama. No
surface activity, but fumaroles have occurred since the
small eruption of 4 October 1990. However, earthquake
and volcanic tremor are sometimes observed and a slow
inflation of the volcano continues.

4. Geochemistry of the products

The magma of this volcano consists of two types
(Nakano and Yamamoto, 1991). One is “plagioclase-
controlled” and the other is “differentiated” magma
(multimineral-controlled); i.e. the bulk chemistry of the
first magma type is controlled by plagioclase addition or

removal, while that of the second type is controlled by
fractionation of plagioclase, orthopyroxene, clinopyroxene,
and titanomagnetite (Fig.6). Summit eruptions of this
volcano tap only plagioclase-controlled magmas, while
flank eruptions supply both magma types. It is considered
unlikely that both magma types would coexist in the same
magma chamber based on the petrology. In the case of the
1986 eruption, the flank magma was isolated from the
summit magma chamber or central conduit, and formed
small magma pockets, where further differentiation
occurred due to relatively rapid cooling. In a period of
quiescence prior to the 1986 eruption, new magma was
supplied to the summit magma chamber, and the summit
eruption began. The dike intrusion or fracturing around
the small magma pockets triggered the flank eruption of
the differentiated magma.
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Fig. 7 Geological map around Miharayama Central Cone. Part of the map by Kawanabe (1998).

5. Description of field stops

Stop 1: Hike to Miharayama Central Cone (34.73716°N,
139.37996°E to 34.72420°N, 139.39511°F)

There is a trail from Gojinkajaya on the caldera-rim
to the top of Miharayama. We can observe the 1986,
1950-1951,Y, (1777-1778) and Y (1684) products along
this trail (Fig. 7).

The 1986 eruption occurred at the summit from 15
to 23 November (A crater) and at the fissure vents both
inside (B fissure) and outside the caldera (C fissure) on
21 November (Fig. 4). The summit lava (1986La) is
augite-pigeonite-bronzite basalt, with 6 to 8% plagioclase
phenocrysts. Mafic phenocrysts of 1986La total less
than 1%. The flank lava (1986Lb and 1986Lc) is nearly
aphyric andesite, with rare phenocrysts of plagioclase,

orthopyroxene, clinopyroxene and titanomagnetite,
that total less than 1% modally. 1986La is chemically
homogeneous throughout the eruption, with 52.2 to 52.5%
Si0, and approximately 15% A1,0,, while flank lavas
show a wide variation of SiO,ranging from 53.5 to 56.9%
(Fig. 6). The Al,O; content of the flank lavas is nearly
constant (14.2 to 14.4%), in spite of the SiO, variation.
Temporal variation of the B scoria showed that, initially,
scoria compositions were bimodal; i.e. between 53.5 and
53.9% and between 55.3 and 56.1% SiO,. The SiO,-rich
scoria was, however, restricted to the initial stage. These
temporal compositional variations imply a compositional
zonation in the flank magma chamber (Nakano and
Yamamoto, 1991).

The 19501951 eruption was an intermediate-scale
eruption at Miharayama Central Cone similar to the 1986
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Fig. 8 Phreatomagmatic fallout and surge deposits caused by
water inflow into the Miharayama conduit during the
magma-withdrawal stage of the Y, Member (Y2) at
the B2 crater in Miharayama Central Cone (see Fig. 7).
Y1 is the basal scoria fall deposit of the Y, Member.
After Yamamoto (1994). Photo by 15 March 1992.

summit activity from the A crater. Strombolian eruptions
and lava effusions took place from the summit crater
(Isshiki, 1984). The 1950-1951 lava is augite-bronzite
basalt, with 5 to 10% plagioclase phenocrysts, while mafic
phenocrysts constitute much less than 1%. The lava is
chemically homogeneous with 14.5 to 14.8% A1,0; and
approximately 53% SiO, (Fig. 6).

The Y: and Y: eruptions were large-scale ones, and
Miharayama Central Cone is made up mainly of proximal
deposits of Y: and Y2 products. Both consist of basal
scoria fall deposit by a sub-plinian eruption and overlying
alternation of crossbedded pyroclastic surge and scoria-
ash fall deposits (Fig. 8). The overlying unit are called
as ash-fall stage deposits, and it is interpreted that the
pyroclastic surges was caused by ground water inflow
into a conduit during withdrawal of magma (Yamamoto,
1994). The pyroclastic surges expanded about 1 km from
the summit vent (blue line in Fig. 7). Duration of main
eruption stage, start from basal scoria eject to lava effusion,
ranges from 1 to 2 weeks in Y2 eruption, to 14.5 months in
Y eruption. Those of magma-withdrawal stage, ash-fall
stage, lasted 6 years in Y> and 9 years in Y, respectively
(Tsukui et al., 2009).

The Y early magma rich in plagioclase phenocrysts was
ejected from the central cone. Thereafter, nearly aphyric

lava effused at the base of Miharayama Central Cone. Early
ejecta of the Y1 eruption comprise orthopyroxene basalt,
with 18% plagioclase and less than 0.5% orthopyroxene
phenocrysts. This tephra contains approximately 17%
A1,0, and 52% SiO, (Fig.6). Late lava flows are aphyric
basalt, containing less than 2% plagioclase and very
rare orthopyroxene and augite phenocrysts. They are
chemically homogeneous, containing 52.6 to 52.8% SiO,
and approximately 14% A1,0; (Nakano and Yamamoto,
1991).

Stop 2: Caldera-forming ejecta at Gojinkajaya
(34.73945°N, 139.38144°E)

The Sashikiji 2 (S2) Member, exposing at Gojinkajaya,
was formed by an explosive eruption accompanied with
caldera depression at about cal AD 340 (Yamamoto,
2006). The S; Member is divided into six units from Sz-a
to S>-f in ascending order (Fig. 9). The S;-a unit consists
of scoria, bomb and aa lava flows from flank fissures.
The S»-b unit is made up of well-bedded ash and fine-
lapilli from the summit. The Si-c unit is composed of
matrix-supported breccia, locally filling valley bottoms
and containing abundant deformed soil fragments and
woods (Stop 5). The S>-d unit consists of reverse to normal
grading, clast-supported breccia with ash matrix, covering
topographic relief in the whole island (Stop 2; Figs. 10 and
11). The S:-€ unit is composed of dune- to parallel-bedded
lapilli and ash in the proximal facies. The S>-funit is clast-
supported breccia with or without ash matrix. The S»-c and
-d units are quite different in sedimentological features as
follows. The grain fabric measurements have revealed that
the Sz-d unit has a-type imbrication showing the longest
axis of grains parallel to the flow direction. On the other
hand, the S;-c has random fabric of grains. The grain size
distribution of the S>-d unit shows a bimodal nature having
subpopulations at phi -1.0 to +1.0 and coarser than phi -2.5.
The bimodal nature and a-type imbrication suggest that
the two transport processes overlap; the load of a turbulent
suspension is not all in true suspension as the coarser
population may travel in a cast-dispersion mass flow.
The Sz-c unit shows a polymodal grain size distribution
with multi subpopulations from coarse to fine. The poor
sorting, massive appearance, valley-confined distribution,
and random grain fabric of the Sz-c unit are characteristic
of deposition from a cohesive flow without formation of
traction-related bedforms or sorting of different grain sizes
by turbulence. The modal composition measurements
have indicated that the Si-c and -d units lack essential
scoriaceous or glassy fragments. This evidence indicates
that both units are derived from steam explosions due to
outburst of highly-pressurized geothermal fluid within
the edifice. The S»-c unit was plausibly generated by
remobilization of phreatic debris around the summit
caused by ejection of condensed water from a plume or
heavy rainfall. The S»-d unit was a pyroclastic density
current deposit resulted from collapse of a highly-
discharged phreatic plume. Estimated velocities of the
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Fig. 9 Stratigraphic columns through the S, Member. Loc. 5 = Gojinkajaya (Stop 2). After Yamamoto (2006).

Fig.10  Reverse to normal grading, clast-supported breccia with ash matrix in the S,-d unit
(Stop 2). This breccia consists of basaltic lithic fragments without an essential
material and was emplaced from a high-speed pyroclastic flow. After Yamamoto
(2006).

— 169 —



Bulletin of the Geological Survey of Japan, vol. 68 (4), 2017

Fig.11 Large cutting made up of abundant pyroclastic fall deposits at Chisodaisetsudanmen. Lithic pyroclastic flow deposit of the
S,-d unit (S2-d) pinches out toward the topographic ridge. Arrows shows impact structures at the bottom of the S,-d unit.

current are 150 to 30 m/s based on suspended grain sizes.

Stop 3: Massive pile of pyroclastic fall deposits at
Chisodaisetsudanmen (34.70324°N, 139.37205E)

About 100 pyroclastic fall deposits of the younger
edifice (Older Oshima Group) are exposed along road-
cuttings along the southwestern coast (Fig. 11). Individual
deposits are products of large-scale eruptions from the
summit. Most of the deposits consist of basal scoria and
overlying ash fall deposits, corresponding to the main
eruption and magma-withdrawal stages. The lowest
deposits of this cuttings erupted at about 20 ka. There
are some unconformities within the pile of fall deposits.
However, these unconformities are local and interpreted
as erosion surfaces by water flushes.

The S>-d lithic pyroclastic flow deposit is intercalated in
the upper part of this load-cuttings (Fig. 11). Many impact
sags at the base of S-d unit suggest a vigorous explosion
during the caldera formation.

Stop 4: Ejecta from the Y4(1421?) fissure at the southern
coast, Imasaki (34.68286°N, 139.42441°E)

During the Y4 event, both summit and flank eruptions
took place. The latter occurred along the southern part
of the main rift zone (Fig. 12). The flank lava is basalt,

with less than 1% plagioclase and very rare olivine
phenocrysts. The chemical compositions of the lava are
quite uniform throughout, with SiO, ranging from 52.1
to 52.6% and Al,O; ranging from 14.2 to 14.8% (Fig. 6).
The summit lava is also basalt, and contains less than 1%
plagioclase and very rare olivine phenocrysts (Nakano and
Yamamoto, 1991). The chemistry is similar to that of the
contemporaneous flank eruption products.

The stratigraphy of the Y4 products at Imasaki shows that
the flank fissures gradually expanded toward the southeast
(Fig. 13). Aa lava flow from the inland Y4 fissure (Y4L)
are covered by partly-welded scoria rampart (Y4C) with
feeder dike (Y4D), and topped by tuff breccia containing
shattered glassy basalt and lithic fragments from off-shore
fissures (Y4T). This Y4T unit makes elongated tuff cone
with a broad crater, and generated by interactions between
magma and sea water.

Stop 5: Various lahar deposits at Motomachi (34.74428°N,
139.35563°E)

The Izu-Oshima 2013 lahar (Fig. 14) occurred on the
western steep slope of the volcano in response to heavy
rain brought by the 26th Typhoon (WIPHA) on 16 October
2013. The lahar damaged Motomachi village, resulting in
many fatalities. This lahar deposit consists of moderately
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® Fudeshima

Fig. 12 Geological map of the southern part of Izu-Oshima volcano. Part of the map by Kawanabe (1998).

Fig. 13 Section of the Y4 products from the southern fissures at Imasaki. Y4D = feeder dike of Yy;
Y4L = lava flow of Y4; Y4C = scoria cone of Y4; Y4T = tuff cone of Y,4; YEL = lava flow of
Younger Edifice of Pre-Caldera Volcano.
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Fig. 14  Distribution of the Izu-Oshima 2013 lahar in the western part of [zu-Oshima volcano. After Yamamoto and Kawanabe (2014).

sorted, coarse- to medium-grained sand with pebbles and
well-sorted fine- to very-fine-grained sand. The bi- and
uni-modal grain-size distributions of the deposit suggest
that the lahar was emplaced as a hyperconcentrated flood
flow (Yamamoto and Kawanabe, 2014). This lahar was
generated by a shallow-seated slope failure within ash
fall deposits covering the Ys-stage collapse wall, and it
cascaded turbulently down to Motomachi village at high
speed spreading on the slope (Fig. 15).
Hyperconcentrated flood flow deposits immediately
after the Ys eruption and cohesive lahar deposits of the S»-c
unit are exposed along the southern coast of Motomachi
(Stop 5). The earlier deposits are discontinuously bedded
pebble and sand containing abundant Y scoria (Fig. 16).

On the other hand, the latter deposits consist of matrix-
supported gravel with wood trunks (Fig. 17).

Stop 6: Unconformity between the older edifice of
Pre-caldera Izu-OshimaVolcano and Okata Volcano
at Nodahama (34.79723°N, 139.36084°E)

Pre-caldera Izu-Oshima Volcano started its activity on
the sea floor about 30 to 40 ka. The ejecta at this stage
were mostly coarse-grained pyroclastic materials in
phreatomagmatic origin. In this stop, stratified pyroclastic
surge deposits during this stage abut the edifice of Okata
Volcano (Fig. 18). The surge deposits contain abundant
polyhedral-shaped basaltic scoria, indicating a rapid
chilling effect by external water. Okata Volcano is deeply-
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Motomachi

Fig. 15 Downstream path of the 2013 lahar (white arrows) from the Gojinka Sky Line. This lahar cascaded as a sheet food on this
slope and destroyed houses in the Kandatsu village. Photo by 15 September, 2016.

Fig. 16 Hyperconcentrated food flow deposits of the Y5 products at Stop 5. Lithofacies of this lahar deposite are similar to the 2013
ones and poured down the same path.
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Fig. 17  Cohesive lahar deposit of the S;-c unit (S2-¢) filling a channel at Stop 5. This lahar deposit is
composed of matrix-supported breccia containing deformed soli fragments and wood trunks.
S1 is the ash fall deposit of the S; Member.

Fig. 18  Unconformity between the older edifice of Pre-caldera Izu-Oshima Volcano (OE) and Okata
Volcano (Ok) at Nodahama (Stop 6).
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dissected stratovolcano in the northern part of the island
and composed of mainly basaltic lava flows, pyroclastic
rocks, and dikes. The age of Okata Volcano is uncertain,
but probably Early Pleistocene.
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Akihiko Tomiya (2017) The International Workshop on Petrological Analysis of Pre-eruptive Magma
Processes (PAPEMP) abstracts. Bull. Geol. Surv. Japan, vol.68 (4), p.177-182.
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Keywords: magma process, magma system, time scale, pre-eruptive magma condition, magma
decompression

+ <32 1: Deep magma processes (R~ I/ ~¥7 O+ X)

[ #B1FEEAZEE | Multiple lines of evidence for the
dominance of antecrysts in arc eruptive products,
and a study of crystal mushes from the Mexican
Volcanic Belt (BilEEMH» 7T XM
BOEVWOIWLKODPDEER - A X2 aARUFTD
HERY Y 10OM%R)

Georg F. Zellmer ’
("1AE, Massey University, New Zealand)

Volcanic hazard mitigation at subduction zones critically
depends on knowledge of magma generation and ascent
processes and timescales. Multiple lines of evidence are
presented that point to crystal uptake as the principal process
by which arc melts acquire their crystal cargo: (i) variable
#*U-P*U disequilibria in mineral separates; (ii) hydrous
mineral rims with amorphous alteration textures; and (iii)
two-pyroxene pseudo-decompression paths; cf. Zellmer et al.
(2014a, Geol. Soc. London Spec. Pub., vol. 385, p. 161-184;
2014b, Geol. Soc. London Spec. Pub., vol. 385, p. 185-208)
and Zellmer et al. (2015, Geol. Soc. London Spec. Pub., vol.
410, p. 219-236). These observations point to a scarcity

of true phenocrysts in arc magmas, and thus indicate rapid

decompression of aphyric melts that take up their crystal cargo
during ascent. The crystal cargo may thus be used to gain
insights into present-day intrusive magmatic compositions
and processes. For example, the Trans-Mexican Volcanic Belt
(TMVB) is known for the chemical diversity in its erupted
products. We have analysed the mineral chemistry of 30
geochemically well-characterized mafic eruptives from Isla
Maria at the western end of the arc to Palma Sola in the east.
A combination of plagioclase antecryst chemistry and MELTS
thermodynamic modelling of H,0O-saturated isobaric fractional
crystallization was employed to develop a pressure sensor
aimed at determining the ponding depths of the co-genetic
magmas from which the erupted plagioclase crystal assemblage
originates. We show that the depth of magma-mush reservoirs
increase eastwards along the TMVB. Magma-mush ponding
depth variations fully explain the observed westward increase
of average surface heat flux along the TMVB, supporting a
new model of mafic arc magma ascent, where rapidly rising,
initially aphyric melts pick up their antecrystic crystal cargo
from a restricted crustal depth range, in which small unerupted
batches of previously risen co-genetic magmas typically stall
and solidify. We suggest that magma ponding is triggered by

degassing-induced crystallization during magma ascent, and

PR 28 A 11 9 H EERAHRATIZN O i v & —hgt BRI Xy b — 2 RERICTE W CHE
' PEEHATR AT B FHARA £ v & — WG - KILRFZEE™ (AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology)
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that the pressure sensor can also be regarded as a degassing
sensor, with more hydrous melts beginning to degas at greater
depths. Modelled initial magma H,O contents at the Moho
range from ~ 4 to ~ 9 wt%. This implies that globally, mafic
arc magmas may be used to constrain the depths of degassing
and mush zone formation, as well as the amount of H,O in the
primary melts. Cf. Zellmer et al. (2016, Amer. Mineral., vol.
101, p. 2405-2422).

Keywords: antecryst, plagioclase, magma mush, ponding

depth, Trans-Mexican Volcanic Belt

Snapshot of hydrous arc magma differentiation
at deep crust: constraints from melt inclusion in
amphibole-bearing gabbroic xenoliths (Ichinomegata
maar, Northeast Japan) GRALB4 - —/ Bi§~—JLIC

EYT3ARAHRNVEFOXIL NIFEYL SFIHIT
B REPHREIR IC BT BB KB~ U ¥ DMEBEIE)
WmERE'

("HALR2R)

Thermodynamic modeling of hydrous melts:
Density, seismic velocity and olivine-hydrous basalt
equilibrium (K J~YDHRNZFHEETT IV : BE,
WEHRE L, H2I7 A-a8XKEREBOFHE)

EREXT
(T HURE)

+ v < 3> 2 : Evolution of magmatic systems (¥ % < ##8RNDE1L)

[ #B#FEFA%E | Temporal signals and magmatic
histories of mushy silicic magma systems
revealed by zircon chronochemistry: implications
for catastrophic caldera-forming eruptions
(PIasERPSREYYAREREYI Y
DATLOBENY TFIVETTIBES LD
BEHIVT SRERIENX)

Shanaka de Silva
("CEOAS, Oregon State University, USA)

Several different pre-eruptive timescales need to be
considered that characterize different stages of silicic magma
system: 1) Formation of parental “mush” and associated
plutonic complex (10° — 10° years); 2) Extraction of crystal-
poor rhyolite (10° — 10° years); and 3) Eruption timescales that
describe the transition from storage to eruption (years, months,
days). Three case studies will be presented that provide
valuable insight into the magmatic history and intrusive to
extrusive ratios of large silicic systems.

At the 3.64 Ma Pastos Grandes caldera in SW Bolivia,
Kaiser et al. (2017, Earth Planet. Sci. Lett., vol. 457, p. 73-86)
show that zircon crystallized continuously for over at least
1.1 Ma while magma accumulated, erupted and eventually
solidified. Such longevity is also evidenced at five Pleistocene
domes in the same volcanic region. Tierney et al. (2016,
Geology, vol. 44, p. 683-686) found essentially continuous
zircon crystallization for 3.5 Ma prior to eruption. This

requires time-integrated recharge rates and extremely high

intrusive to extrusive ratios of 75: 1. A similar conclusion is
drawn from the U-Th in zircon systematics at Unzen volcano,
Shimabara peninsula in Kyushu, Japan. Murphy et al. (in
prep) show that while eruptive activity at Unzen is episodic
over its 500 ka history, zircon crystallization was continuous,
supporting the disconnect between eruptive and intrusive
fluxes.

The longevity recorded in these magmatic systems supports
the predictions of theoretical models that emphasize the
thermomechanics of calderas (Jellinek and DePaolo, 2003,
Bull. Volcanol., vol. 65, p. 363-381; Gregg et al., 2012,
Jour. Volcanol. Geotherm. Res., vol. 241-242, p. 1-12). A
thermomechanical division of calderas into smaller “brittle”
systems that are triggered internally (bottom-up) while larger
“ductile” systems are triggered externally (top-down) is
proposed.

Keywords: pre-eruptive timescale, zircon, U-Th dating, large

silicic magma reservoir, thermomechanical feedback

Relationship between temporal changes of
magma-discharge rate and magmatic compositions
(F I YHEEEROBHEZE{LE v I vHEZ(EDORF)

T
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Long-term evolution of the andesite-dacite magma
system of Ruapehu volcano, New Zealand
(WPRTRUORILNE-TAHA YT~

HIEROREAREL)

Chris Conway
(" E SRl )
Evolution of magma plumbing system of

Aso volcano, SE Japan
(PTER A ILD~ T~ IR DEAL)

TR
("sHEA)

Age, petrology and chemistry of volcanic
products from Omine volcano, a precursory event
of Aso-4 eruption (F%k -4 RIBEMEA & U T
T h 3 KREXNUELEYMOENR, Fh E{LEHERK)

RacFg’
("HEAKF)

Collapse calderas and their magma chambers
FERANTSEETDITIIFY))
TEMER'

("G MRE - KILRFZEER)

tyar3: 39370 ADA M1 LX—I)b (Timescales of magma processes)

[ $BFESA#EE | Timescales of magma injection
and triggering processes
(FIVEAEBAR)H—BEOBEBRXT—IV)

Fidel Costa '
("EOS, Nanyang Technological University, Singapore)

Openly degassing volcanoes are among the most active
on earth (e.g., Llaima, Etna, Stromboli, Mayon, Arenal),
producing mildly explosive eruptions (VEI 1-3) every few
months or years. During quiescence they deliver thousands
of tones of gas per day to the atmosphere. Many of these
volcanoes erupt similar bulk magma composition for decades
and their deposits tend to be crystal-rich. Petrological and
geochemical studies show that crystals are strongly zoned (e.g.
Fe/Mg in olivine and pyroxenes), which can be interpreted
as evidence for shallow crystallization and partial dissolution
by intrusion of a volatile-rich primitive melt in a crystal-
rich shallow reservoir/conduit. However, the time scales
between the first intrusion and eruption can vary significantly:
at Stromboli and Etna intrusion times are days to months,
whereas in Mayon or Llaima they are months and years.
There seems to be a correlation between volcanoes with
longer repose periods showing longer times since the first
intrusions and eruption. The mass and pressure balance of
open vent volcanoes suggests that magma intrusions could be
induced by pressure instabilities driven by the gradual loss of
mass occurring during quiescent degassing. We propose that

during quiescence the shallow magma cools, degasses and

crystallizes. This leads to an increase in viscosity and density
of the resident magma, which becomes stiffer with time.
Thus, volcanoes with longer repose times may need more
magma replenishment before eruption, either through multiple
intrusion episodes or larger intrusion volumes. The eruption
frequencies or repose times of openly degassing volcanoes
are the combined result of intrusion times (which depend on
degassing fluxes) and the crystallization kinetics which depend
on initial volatile contents and on heat diffusivity.

Keywords: pre-eruptive timescale, degassing, magma

viscosity, repose period

Petrologic features of the magma reservoir
around beginning of the Goshikidake activity, Zao
volcano (BEAXLAGBEFERBRIEZEOELEHD

v JviBEY))
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Pre-eruptive process and timescale of basaltic
eruption: A case study of the 2.5 ka subplinian eruption
at Fuji volcano (ZEAEFE X DOE X ZERRFE & B
Z4r—Jb : BXIUD 25 ka DET ) Z—KEXOHI)

EEHHEE
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Pre-eruptive process and timescale of the 60

ka caldera-forming eruption at Hakone volcano,

Japan: A preliminary results (FE#RAIL®D 60 ka

WTFIEREXDOERERBEEERI T —IL:
FEER)

aBEBe’
(" R k)

+ v 2 32 4 : Pre-eruptive conditions of magma reservoirs ("ENERID~ 7 v HIER)

[BiFHEFAEE | Pre-eruptive structure of the

magma system of a caldera-forming eruption: Case

studies for Shikotsu and Kutcharo volcanoes,

Japan (AT SHREAREIOY T vROBEE :
% H S UCESBXLOEFIIFE)

F)lIEEs"
("L A)

EREKIZI T 5 v 7 v ROTEHGHFE & B AGEFRIZD
W, BEROBEFIIREMAER, 2ho0HdEmH e
EREWEIC T2 ZEAEETH L. 20O LS hEllm»
5, 42 ka® X%kl & 120 kaDJEFIEKILTO A LT 5
R KIZDOWTHRE L= 22008k TIE, T8EA~
ZIFBEIZZ L0 (CPE A ) UA T, ZhISz T
DPEOTAYA F~RIEBEDY T 4 v 772Dl
bNb. ZHTIEENGITIA T, WEPKTEHERGERIZ B,
IZEL(CREA ) TA YA P ~RIEE~ 7~ & 17
U7z, SRR b &K OS2k 2 gt 42 &, CP#
4 THER v IZHERE WK S~ 7~ ORADED
THhdZE, -HYMORTERE,»S, ZORAITHEX
OBAFHIP O > TWBZ ENHE M h -7 Z
LTC2ODEAKTIE, ZORASHEE~Z~IZ, HAR
DEEE~ 10FFFRE DM, v 7 4 v 777 DOEHANIE
KEHTE THN2Z ENH S 2Tk - 72, KRB RHEER
B~ 02 3R E O TEMIC L > THEL S EE LS
N, ZOLE, VIHDOIRETIIEEM TE L e AL
FNOWRAW (7 v ¥ 2) 12, BB OARNSE & KL 7=
SRS D ATHEED EY. 2T N6 2000
AT IFERTIE, FTAEEY Y Y 206 SHEHRR
AN DERE - IRAELTKREDOCPA 4 7 AL MNEED %
EIRL, 221974 9o~ RLEALCE
KEKIZES72eFELO6ND. 20T v 23EREE
KA THET 2 getEr @, —7, Xm TR 6N
BCRE A Tv o vid, BaHBRRP R ZZ 2

5L, CPEAT AN DI HEL 12347~ v ¥ 2 OWRENE:
AEV. JERHEOBA I, CPAIL - OB 721 Tl
DRET Lzhd, XHOBLAITIERBISIEY v ¥ 2 O/
FHROELFECRAA T v LTHEBLAEZEE LS
N5, ZOvr2EIGEFROENE, WEO AT 7
BEEDEZIIRKMEINhTELELZEND.

Keywords: caldera-forming eruption, silicic magma,phenocryst

content, magma mixing, mushy magma chamber

Melt inclusion constraints on pre-eruptive storage,
evolution, and eruption of catastrophic caldera-
forming (CCF) magma systems (XJL c3FHH
S5REDNVTIHR~YTI YL XFT L (CCF) DME
KEi~ TV EE - ELE LU THBRIMER)

Shanaka de Silva '

("CEOAS, Oregon State University, USA)

Large caldera system and small caldera system
(KANWTF I RATLENHVT T AT L)

EHRA
("YU - KSR

Conditions of the magma chamber and eruptive
process of Ofunato scoria in Ofunato stage,
Miyakejima volcano (ZEBXIUAMFHD~Y I~
BEVEZGEEARMEZTY 7OMEHIBIE)
[RXE2—DH]

HEHEE
("YU - KSR
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[#B#FETEE ] Shallow level bifurcation of

eruption styles: petrographical and experimental

constraints (MEXR TOERFERIODE - A
SCEk & EER A S DOFIE)

Michihiko Nakamura®,
Mayumi Mujin"and Akira Miyake *

(" Graduate School of Science, Tohoku University,
*Graduate School of Science, Kyoto University)

Once magmatic unrest starts, we presume a wide variety
of outcomes. If we understand the mechanisms behind
the branching of events, then we can utilize the results of
geophysical monitoring for prediction and forecast of eruption
styles effectively. A growing consensus formed in recent years
is that explosive—effusive transitions often occur in shallow
volcanic conduits, as evidenced by the hybrid explosive—
effusive activities in which explosive and effusive eruptions
occurred simultaneously (e.g. Castro et al., 2014, Earth
Planet. Sci. Lett., vol. 405, p. 52-61). In this sense, the “pre-
eruptive” period continues until the last minute before we see
magmas in the Earth’s surface. Such transitions in eruption
style have been hardly distinguishable by using only microlite
petrography. As reported by Mujin and Nakamura (2014,
Geology, vol. 42, p. 611-614) for the 2011 Shinmoedake
activity, eruption styles may be discriminated by assemblages
of nanolites, i.e., groundmass minerals exhibiting a kink (break)
in their CSD slopes at a few micrometers to hundreds of
nanometers. The nanolite and ultrananolite are considered to
have crystallized in a nearly closed, non-steady state system,
because the CSD analyses in this scale are made in very small
areas of dehydrated viscous melts with small turbulence
within a short duration. The increase in crystal number density
in a sub-micron size range should thus have been driven
by accelerated increase in effective undercooling owing to
extensive degassing in a shallow conduit. We additionally
discovered a gap from ~ 100 to 30 nm in the size distribution
of pyroxene in a dense juvenile fragment of the 2011 Vulcanian
explosion, and defined the finer-sized crystals (~30-20 nm)
as “ultrananolites.” Besides, Fe—Ti oxide ultrananolite ~1-2
nm in diameter was recognized with a ~10 nm gap from
titanomagnetite nanolites. These nucleation hiatuses in the late
stage of groundmass crystallization are considered to have
been caused by increased interfacial energy and decreased melt
diffusivity in a dehydrated melt. Experimental determination of

crystallization conditions of the nanolite and ultrananolite will

lead to constrain bifurcation conditions of eruption styles such
as minimum magma ascent rates for the sub-Plinian eruptions
and maximum magma residence time in a shallow conduit for
the vulcanian explosions in the Shinmoedake activity.

Keywords: explosive—effusive transition, groundmass

crystallization, nanolite, ultrananolite, degassing

Evolution of magma ascent during the climactic
phase of 2011 eruption of Shinmoe-dake, Japan,
in view of groundmass microlite textures (A&~
17074 MEfED S R 2011 EHREENR
BHICE T B~ I v LR BEDEL)

ErEN:EEo
(" FRR A )

On progress and rate of the peritectic reaction
of olivine to pyroxene, with implications for the
growth rates of microlites at the onset of eruption
(PALAR-BRADIARBRECDEITERE | E
KEAWBEOYAI 7071 PERREEANDEE)

Georg F. Zellmer

("IAE, Massey University, New Zealand)

Magma ascent process of the 2000 eruption at

Miyakejima volcano deduced from melt inclusion

analyses (XJV ha@aEYH 5 H7f-=FE:X1U 2000
FERDY T LRER)

wETA'
("R - JKULBIESEERI)

Temporal change in microstructure of volcanic

ashes from Aso Nakadake 2014-2015 eruption

(P Erh & 2014-2015 SEMEX THEH U 72 UKD
MBS OBFEZEIL) [RX2—Ddk ]

AWEHE
("M - LB
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General discussions (¥#34515R)

Summary of the general discussions
(MEFIEROBIE)

Shanaka de Silva " (moderator)

(" CEOAS, Oregon State University, USA)

1) Deep magma processes — what do we think we know?
* Crystal cargo from deep offers an opportunity to probe
plutonic system (Zellmer)
* Crystal extract is within melt of much more evolved
composition (Yanagida)

» Water content of melts controls seismic velocities (Ueki)

2) Evolution of magma systems — what do we think we
know?
* Variable time scales for different parts of the system (de
Silva)
* Variable eruptive fluxes at different volcanoes (Yamamoto)
* Progressive magma fluxes can erode fertility (Conway)
* Deep melting can produce silicic magmas (Kaneko)
* Omine volcano might be a precursor and trigger to Aso 4
(Hasenaka)
* Mixing and unmixing of magmas during Aira caldera

evolution (Geshi)

3) Timescales — what do we think we know?

« Different time scales for different stages of the system (de
Silva)

* Cause and effect? — temporal relationships don't always
mean a causations (Costa)

* Need to look at processes leading to eruption rather than
focus on a trigger (Costa)

* Degrees of mixed magma development control eruptive
style (Nishi)

4) Pre-eruptive magma conditions — what do we think we

know?

» Recharge, hybridization and depth of extraction explains
the difference between Shikotsu and Kutcharo (Nakagawa)

* Melt inclusion data - shallow storage and evolution of
CCF magma systems; may control eruptive transition from
explosive to effusive (Grocke/de Silva)

« Petrological forensics using experimental and MELTS
approach allows geophysical parameters of magma

chambers to be developed (Miyagi)

5) Magma Ascent and Eruption — what do we think we know?

* Discovery of nanolites and ultrananolites requires us
to think about what CSD’s are telling us about conduit
processes — volcanic glass may not be glass (Nakamura)

* Decompression experiments are critical to resolving this
(Nakamura)

» Same magma may follow divergent decompression paths
(Suzuki)

6) What do we know that we don't know?

» What controls the variable histories of similar volcanoes?

* Time scales

-Arrhenius relationship: Diffusion coefficients,
Temperature

- Nature of recharge — continuous vs step-wise recharge

» What do we mean by “trigger” ?
- What are the triggers?
- How do we know what is important? Recharge as a

universal trigger?

+ CSD’ss, nucleation/growth

- Decompression rate recorded in microlites

- Where divergence of decompression occurs

Keywords: magma process, magma system, time scale, pre-

eruptive magma condition, magma decompression

(%2 fF:20164E12H21H; 32 B : 2017421 H21H )
(HAAPBE : 201796 A29H )
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