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1. Introduction 

F吋iand Hakone are adjoining stratovolcanoes 
close to Tokyo Metropolis (Fig. 1). F吋iVolcano is 
the highest mountainand the symbol of Japan. Three 
hundred years have passed since the last Hoei 
eruption(1707). Hakone Volcanoラ withits summit 
calderaラisfamous as a hot spring resort. At present 
both volcanoes are superficially inactiveラ butthey 
have great hazardous potential to damage the 
country.We describe eruptive historyラ geophysical
monitoring and hazard mitigation of Hakone and 
F吋ivolcanoes with explanation of field stops. We 
have revised the field trip guide of Fuji and Hakone 
Volcanoes in COV5 (Takada et al.， 2007a) for 
IAVCEI2013. 

2. Outline of tectonic setting 
Hakone and F吋iare located on the zone of 
anarc-arc collision (Fig. 1).The Izu Peninsula， the 
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Fig. 1. Index map of Hakone and F吋ivolcanoes. 

northernmost part of the Izu-Bonin arc on the 
Philippine Sea plate， has been colliding with 
Honshu (mainland of Japan) on the Eurasian or 
North American Plate at a rate of about 3.5 cm/yr 
(Seno et a1.， 1 993).The Sagami and Suruga Troughs 
(Fig. 1)剖'esubduction boundaries between two 
plates. Convergence movement around the plate 
boundary is directly observed by GPS 
measurements (Fig. 2; Sagiya， 2004). 

3. Hakone volcano 
3-1.Introduction 
Hakone Volcanoラlocatedabout 80 km SW of Tokyoラ
IS 0即 ofthe most famous resort areas in Japan(Fig. 
1). This area attracts over 19 million tourists each 
year. This dissected， oldラbutstill active volcano was 
designated as part of a national park in 1933 for its 
beautifullandscape and historic remains. 
Study of this volcano as well as the introduction of 
geology to Japan 仕omEurope started soon after 
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Fig. 2. Horizontal motion of Izu and Kanto Area， central 
Japan， observed by “GEONETヘtheGPS network 
(Sagiyaラ2004).
the MeijiRestoration (1868)， and the first scie凶
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study of the volcano was published in 1882. The 
most detailed geological and petrographical studies 
were carried out by HisashiKuno (1910-1969) 
immediately a立erthe Kita-Izu earthquake (1930)， 
which damaged this area and created abundant 企esh
outcrops within the volcano (Kuno， 1950a; b; 1951; 
1952). For a long timeラ hiswork had never been 
challenged because the retrieval of vegetation made 
further geological surveying difficult. Howeverラ
recent geological and K-Ar dating studies are 
revealing a more complicated history of the volcano 
than Kuno had proposed (e.g. Kato， 1985MS; 
Takahashi et al.， 1999; Hirata， 1996ラ 1997ラ 1999;
Hakamata et al.ラ2005).
Hakone has been recognized as a caldera volcano 
since the early stages of its study. The caldera rim is 
a large arcuate - near1y an oval shaped edge lineラ
the dimension of which is llx8 km(Figs. 3&4).The 
edifice composing the edge line was named Older 
Somma by Kuno. The highest peak of this volcano 
is Kamiyama (1439 m asl)ラoneof the central cones 
in the caldera. Ashino-ko (Lake Ashi)， located along 
the western margin of the calderaラ isan atrio lake 
that is dammed up by deposit of the sector collapse 
of Kamiyama. Hayakawa (the Haya River) is the 
only drainage of Ashinoko. It runs down to the 
Sagami Bay through the deep valley of the northern 
margin of the oldercaldera floor. Since Hayakawa 
cuts down deeply， the Neogene basement outcrops 
along the valley. The most significant hot springs 
are located along the valley. 

3-2. Eruptive history 
Kuno proposed that Hakone is a triple volcano 
composed of two calderasラtwosommasラandseveral 
post-caldera central cones. The most controversial 
issue before the study by Kuno was the 
classification of edifices inside the caldera. There 
are two types of edifice inside the caldera; 

Fig. 3. Super bird's-eye of Hakone volcano. View 
from south. Courtesy of Kanagawa Prefectural Museum 
ofNatural History. 
flat-topped and bell-shaped. Kuno interpreted the 
flat-topped edifices ashe younger of the two 

sommas， and a remnant ofthe shieldvolcano which 

Fig. 4. Red relief topography map of main part of 
Hakone volcano.Courtesy of Asia Air Survey Co. Ltd. 

1) growth of the main body of Hakone (stratovoJcano) 

NW SE 

2) formation of lhe 1st (older) cald~ra 

pyrocJastic flcw 

3) formatioll of the shield volcano 

5) formalioll of the central con回

Fig. 5. Development history of Hakone volcano by 
Kuno (a抗erHakamataラ1988)
filled the first or older caldera. Kuno also proposed 
that the central area of the shield volcano was 
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destroyed due to caldera subsidence-second or 
younger caldera-and the bell-shaped central cones 
were formed within the second caldera. The 
summary of the growth history of Hakone volcano 
by Kuno (1952) is shown in figure 5. Recent studies 
of the growth history of the volcano， howeverラ
reveal a more complicated history. The outline of 
the growth history of the volcano is described as 
followsラbasedon recent studies(Geological Society 
of Japanラ2007;Fig. 6). 

Basement 
Hakone Volcano lies on Neogene sub-aqueous 
volcaniclasticsラ whichare divided into two groups: 
Yugashima Group and Hayakawa Tuff Breccia. The 
Yugashima Group is a widely distributed middle 
Miocene deposit in the northernmost part of the 
lzu-Bonin arc and is mainly composed of submarine 
volcaniclastics such as hyaloclastite and turbidite. 
Most parts of the Yugashima group are strongly 
altered by hydrothermal activity and are strongly 
deformed anddissected by m剖ly fau lts. The 
Hayakawa Tuff 8reccia is a Pliocene and mainly 
composed of turbidite deposits. Mostparts of 
Hayakawa Tuff 8reccia are fresh and horizontally 
stratified. The Hayakawa Tuff 8reccia is correlated 
withShirahamaGroup which widely covers the 
southern half of Izu Peninsula (Otsuka， 1934; 
Mannen et al.ラ2003).Themoluscan assemblages of 

caldera fonning Lake Ashi 

on oUler s lOI~ 

Fig. 6 Schematic development history of Hakone 
volcano (after Geological Society of Japan， 2007). 
Hayakawa Tuff 8reccia and Shirahama Group are 
identical. They are peculiar for their tropical 

elements that are absent in mainland Japan (Tomida， 
1996). From paleontological and paleomagnetic 
studiesラ itis proposed that the basement of the Izu 
region， including Hakonιwas formed in the far 
southern sea and moved northwards to collide with 
mainland Japan (Koyama， 1989; Niitsuma， 1999). 

Sommα 
The arcuate edifice comprising the caldera rim was 
initially considered to be a remnant of a conical 

gigantic strato-volcano similar to Mt. F吋i(Kuno， 
1950). The edifice is mainly composed of 
pyroclastic rocks such as scoria and spatter， with a 
relatively small amount of lava flows. The 
composition is mainly basaltic to basaltic andesite. 
Howeverラrecentsystematic dip-strike measurements 
revealed that the eruption centers of the products 
were highly scattered and never concentrated on the 
center of the present volcano (Takahashi et al.ラ
1999). From this investigation， Takahashi et al. 
(1999) proposed that the main part of the arcuate 
edifice is a complex of smaller sized 

strato-volcanoes and monogenic volcanoes. 
Hakamata et a1. (2005) carried out extensive K-Ar 
dating of the vo1cano and revealed that the principal 
of the arcuate edifice was formed before 250 ka. 
The edifice is called somma. 
Takahashi et a1. (1999) revealed more detailed 
locations of eruption centers， and he concluded that 
the later part of the sommais characterized by the 
activities of monogenic volcanoes. Their ages are 
250 ~ 120 ka (Hakamata et al.， 2005). The age 
offormation corresponds to a period of frequent 
large plinianand pumice flow eruptions(Older 
Pumice Flows) that formed caldera. 

Older Cer.市 α1Cones (OCC) 
The flat-topped mountains within the older caldera 
are named Young Somma (YS) by Kuno. Takahashi 
et a1. (1999) also studied YS in detail and the outline 
of the eruptive history of the volcano was 
established. YS lavas are thought to be supplied 
from multiple eruption centers and the edifice is 
thought to be a complex of small lava domes and 
thick lava flows associated with pyroclastic flows. 
This means that the large shield volcano proposed 
by Kuno as mentioned above is disputable， and YS 
is renamed 01der Central Cones (OCC).Hakamata et 
a1. (2005) also dated two lava flows of OCC and 
obtained 72 ka and 82 kaラrespectively.

Younger Pumice Flows 
During the period between 80 to 65 ka (MIS4)， 
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several large plinian eruptions occurredand large 
pumice flows were issued from Hakone Volcano 
(e.g. Machidaラ 1971).Theyoungest pumice flowラ
“Tokyo Pumice (Hk-TP)ぺreachedthe western 
margin of Yokohama and its pre-culmination plinian 
phase covered southern part of Kanto plain 
including Tokyo.This period is considered to 
co町espondto the younger caldera formation and 
generated ten to several tens of cubic kilometers of 
ignimbrite. 

Younger Centrα1 Cones 
The Younger Central Cones (YCC) forms a complex 
of bell-shaped lava domes and composite volcanoes 
on the central part of the caldera depression. The 
history ofYCC is revealed by studies on the plinian 
tephra and dating of the block and ash flow deposits 
related to the lava dome or lava flow deposits 
(Kobayashiラ 1999).The eruptive activities of the 
YCC were mainly small to medium-sized 
plinianeruptionswhich began immediately after the 
generation of the Younger Pumice Flow. At around 
37 kaラtheeruptive style changed to the formation of 
lava dome and lava flows. The activity of the YCC 
is known to be restricted within the caldera. The 
youngest magmaticactivity of the YCC (also 
themost recent 
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Fig. 7. Tectonic map around Hakone and Izu area. 
of Hakone Volcano) formed the Kanmuriga-take 
lava spine within the amphitheater on the northern 

flank of Kamiyama (3ka， Oki and Hakamataラ 1975).

Relαtionship with Tectonics 
Hakone Volcano is traversed by a major active 
tectonic line named Tanna-Hirayama Tectonic Line 
(TTL)， which is a group of leιlateral strike-slip 
faul臼 (Fig.7).Hakone is obviously deformed by the 
activity of TTL， having a slip rate of 0.2-0.4 cm/yr 
measured in the southern extension. The most recent 
movement of TTL is the Kita-Izu Earthquake in 

1930 (e.g. Tanna Fault Trenching Research Group， 
1983). Earthquake swarms， which sometimes occur 
in Hakon弘 arealso associated to the TTL (Mannen， 
2003).Takahashi et al. (1999) proposed that the 
segmen臼 ofTTL make a left step-over on Hakone 

Volcano. Due to the step-overラ apull-apart fault 
system is formed beneath the volcano. In fact， the 
alignment of the eruption centers of the central 
cones is consistent with the presumed pull-apart 
structure (Fig. 8). 
Generallyラ collisionzones are expected to be the 
contraction field. However， the distribution of the 
eれlptioncenters of Hakone is scatleredラ whichis 
common with tensional stress. This contradiction is 
not well understood.However， the presence of the 
TTL could be a key to understanding the tectonics 
of the region. 
This tectonic line also deforms Hakone volcano 
vertically.ln the east of the tectonic lineラ the
basement rocks outcrops along the valley formed by 
rivers while the west of it is covered by thick 
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Fig. 8. Tanna and Hirayama fau1ts and Hakone volcano. 
Triangles are eruptive centers ofthe Central Cones. 
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Hakone Volcano 
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Fig. 9.Seismic velocity structure and geological 
interpretation of W-E section across Hakone and its 
eastern area (after Ministry of EducationラCulture，Sportsラ
Science and Technology， 2012). 

Hakone volcano products. Recent seismic 
exploration revealed that western block of the 
tectonic line subsides up to 1 kmラ comparedto the 
eastern block(Fig. 9). 

Cαdderα 
Kuno interpreted the topography of Hakone caldera 
as a typical "Crater Lake type" caldera. During 
caldera formationラ apiston-shapedう coherentblock 
fell into the magma chamber beneath it. This 

interpretation had been criticized even when Kuno 
was still alive， because no arcuate fauIt system was 
detected on the somma and other edifices. Studies 
conducted on the borehole samples obtained from 
commercial hot spring drillings showed that the 
head ofthe basement is too shallow to accommodate 
caldera collapse (Kuno et al.ラ 1970).Mannen (in 
prep.) examined newly obtained bore hole samples 
and re-examined Kuno's samples and found a fresh 
lapilli tuff beneath the YCC (TBC)， which was 
earlier classified as part of the basement rocks by 
Kuno et al. (1970). The TBC is slightly altered to 
smectite as compared to the Yugashima Groupラ
which is strongly altered ( epidote for百lation).
Furthermoreラ theTBC is massive while the lapilli 
tuff of the basement rocks shows significant 

structure of turbidite. Petrographic and chemical 
analyses of lithics within the TBC reveal that some 

of the TBC originated from the OCC which indicate 
that the TBC is formed after the generation of the 

OCC. 1n some boreholesラ alacustrine deposit was 
found between the deposits of TBC and YCC. 
Pollen floras of the lacustrine deposits show that the 
boreal assemblage can be correlated to the孔但S4in 
this region (Mannen and Sugiyama， 2000; Mannen 
et a1.， 2006). From these observations， the TBC 
seems to have occurred within the topographic 
depressions of MIS4 in which a lake was formed. As 
mentioned aboveラtheyounger caldera was supposed 
to be formed during the M1S4 from the 

tephrochronological investigations. The distribution 

Uo同 holcs 00"，1山加凶.1州 Gravily poinls ・GSJand HSRI 
sougucr anonmly - 52一一-1111伊 11 • Vokoyama et al. 

alliludc 

ll1oun(ain pcaks 
1<・・ (m) Cor町ctiondcnsily = 2.3g1cm3 

Fig. 10. Map of Topographic and gravity anomaly with 
hot spring well distribution (after Mannen， 2006). 
Caldera wall is inferred 企omdistribution of caldera fill 
deposit (TBC). 

of the TBC appears restricted in the region of 10w 
gravity anomaly (Fig. 10). These circumstantia1 
pieces of evidence indicate that the TBC is a fill 
deposit of the younger ca1dera. The diameter of the 
uppermost caldera is less than 2 km. Calderas of 
such dimension which are filled with lapilli tuff and 
lacustrine deposits have been found in Japan since 
the 1980s (Mizugaki， 2003; Kurozumi and Doi， 
2003; Kamataラ 1989).This type of ca1deraラ called
funnel-shaped caldera or Nigorikawa type caldera 
(Lipma民 2000)ラ alsoappears to constitute the 
central pa此ofthe Hakone caldera. 

3-3. Major eruptions and disasters 
Hakone Vo1cano is a ca1dera formed by repeated 
caldera-forming eruptions. The present caldera was 
formed during Younger Pumice F10ws (80-60ka). 
During this stage， several plinian eruptions and two 
or three 1arge pumice flowserupted. The 1argest 
eruption， the Tokyo Pumice (TP)， is the last and the 
largest eruption of this stageラcomposedof an initial 
plinian eruption and a later ignimbrite outflow (Fig. 
11 ). The name“Tokyo" comes from the capital 
Tokyo where the white pumice fall deposit is 
recognized in shallow horizons and often exposed at 
construction sites. Unti11ate 1960民thesource of the 
TP was a mystery because the pumice fall deposit 
was not found around Hakone where it is presumed 
as the source. Later.ラ itwas found out that the 
absence of a pumice fall deposit around Hakone was 
due to the overlying ignimbritewhich inhibited 
access to the initial pumice fall deposit. The story on 
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the quest for the source of the TP resu1ted in the 
monumental success of early stage of tephra studies 
in Japan. 
After the outflow of TP， several plinian eruptions 
occurredラbutthe edifice formed in that period is not 
exposed at the present Hakone. Since 37ka， a cluster 
of lava domes and small composite vo1canoes 
known as the Central Cones (CC) were formed and 
still exist today. During the formation of the CCラ
several block-and-ash f10ws were generated due to 
the collapse of lava f10ws and domes; some of them 
f10wed over the caldera rim in the westward 
direction. All of these destructive eruptions are 
prehistoric (>3ka). 
Documentation of the eruption of Hakone is absent. 
Recent studiesラhoweverラrevealedthat at least five 
phreatic eruptions took place in the last 3ky 
(Kobayashi et al.ラ2006).The latest phreatic eruption 
occurred during the 13th century which generated 
airfall， surge and mudflow deposits. Although the 
eruptions are small (三106m3)ラsucheruptions are still 
hazardous because the eruptive centers are located at 
Owaki-dani steaming area， the most popular tourist 
spot in Hakone. 
On July 26ラ1953ラanotherlarge landslide took place 
at Soun-zan， which is the second largest steaming 
area of the volcano. Mudflow-induced landslide 
reached 2 km downslope and destroyed a dorter 
(accommodation of a temple) and killed thirteen 
people. The volume of the mudflow was as much as 
0.8 million cubic meters and the velocity ofthe flow 
wasestimated to be 7m/s (251倒的.N ote that both 
m吋orhistoric landslides took place during late rainy 
season. 
To mitigate the hazardsラ thelocal government has 
constructed Sabo works such as concrete dams 
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Fig. 11. Pumice flow deposit of“Tokyo Pumice" at 
Nakai town， 22km ENE of the center of Hakone volcano 
(courtesy of T. KasamaラPrefecturalMuseum of Natural 
History). 

for many years to avoid flowage of mud that covers 
the steaming area. Lateral bore holes have been used 
to drain interstitial water in order to diminish the 
soil load during heavy rainfalls. In Soun・zan，more 
challenging work was don久 suchas anchoring of 
large unstable block. 
In the past， artificial degassing by boring was 
attempted to slow down the alteration of surface 
rocks. This strategy failed completely because the 
degassing process induced infiltration of oxygen and 
surface water， which increased the alteration of 
rocks. Rocks in steaming areas are subjected to 
reduction by hydrogen sulfide in volcanic gas. 
Due to the reduction reactionラFe-oxides in the rocks 
such as magnetite or ilmenite are transformed into 
iron sulfides. 1nitiallyラ therocks still keep their 
strength， but once the rocks are exposed to air that 
contains oxygen， the iron sulfides in the rock swiftly 
break down and release sulfuric acid. The acid 
disintegrates the rock structure transforming them to 
solfataric mud.The rock alteration in steaming areas 
is initially due to the presence ofvolcanic gas. Later 
air inflow completes the disintegration. 
Volcanic gas is also a recognized hazard at Hakone 
Volcano. Most of the tragedies were related to 
bathing in Yunohanazawa where there are a few log 
cabins used for bathing. 1n 1951 and 1952， three 
children were killed due to hydrogen sulfide 
poisoning. After the incidentラallthe bathing cabins 
in this area were removed. Tn Hakone， gas accidents 
also took place at Owaki-dani in 1933 and 1972 
during construction works. 
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Fig. 12. Epicenter distribution in Hakone Volcano in 
2001. 
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3-4. Geophysical monitoring and hazard 
mitigation 
In Hakone， there have been earthquake swarms. 
These earthquake swarm activity was not 
destructive but people were sometimes anxious 
about volcanic activity. The日rstdocument on 
earthquake swarms in Hakone was written in 1786. 
The author lived in Edo (Tokyo)， and based on 
hearsay， reported on earthquake swarms that took 
place from March 23 to 24 of that year. According 
to that documentラ over100 earthquakes were felt 
and the stone fence of the checkpoint was 
broken.Small rock falls also took place and 
damaged some houses. 
After the event， there were no documented 
earthquakes in Hakone for quite a long time. The 
earthquake swarm in 1917 was the first documented 
event after 1786 and was the first earthquake swarm 
described from a scientific point ofview. Since 1917ラ
at least seven major earthquake swarms were felt by 
local inhabitants， and hundreds of minor earthquake 
swarms were observed by seismic instruments 
(Table 1). 
Seismic instruments were temporarily installed to 
observe earthquake swarms of 1917 and 1935. 
Permanent seismic observation started in 1960 due 
to major earthquake swarms of 1959 to 1960， which 
threatened local people because of long duration and 
intensity of the earthquakes. The network was first 
installed by the Earthquake Research Institute of 
Tokyo University， and soon transferred to the Civil 
Engineering Division of Kanagawa Prefectural 
government. Then， the network was transferred to 
the Hot Springs Research Institute of Kanagawa 
Prefecture (HSRI) in 1968. The observation network 

earthquake swarm January， 1917 December， 1920 1934-35 

eplccnter regJon saddle of near Near Owakidani 
Kamiyama and Futagoyama and the south? 
Komagatake? and Moto-

Hakone 

duration 1 month 1 week 1 month 

duration of c1imax 2 days 12 hours ワ

maximum intensity in JMA scale IV-V? Ubako V Moto- II-III? Ubako 
and observation point Hakone and 

Hakone-Machi 

maximum distance ofperceptibility <20km <80km <3 km 
(R) 
M ofmaximum carthquake (*1) <2.5 <4.1 <0.3 

M of maximum carthquake (勺)
number of felt earthquake and the over 300 at c.IOO? at Moto-22 at Ubako 
observation point Ubako Hakone and 

others 

earthquake numbcr obse円edin 
Mishima 
modc of PS timc in Mishima (sec) 

occuπence of the main shock indistinct distinct indistinct 

rumblings many rare many 

wastelemeterized in 1989 and all the data have been 
transferred to the Japan Meteorological Agency 
since 2004. 
Although a few earthquake swarms accompanied 
the increase of fumarolic activity in 1933-35 and 
2001， most of them did not. The intensity of 
earthquake swarms and fumarole activity seem to 
have no correlation; for example， the earthquakes of 
1933・35were very weak and felt only at Ubako and 
Owaki-daniラ butincrease of fumarolic activity was 
very significant. 
From the observation by HSRl， it is clarified that the 
hypocenter distribution of the Hakone earthquake 
traverses the center of the volcano from north to 
south (Fig. 12). The hypocenters are on the northern 
extension of Kita-Izu Fault which was the source of 
1930 Kita-Izu earthquake (M = 7.3). It also appears 
to be the southern extension of Hirayama Faultラ
which has no historical record but is presumed to 
still be active (Iatest activity took place about 2 ka). 
Thusラthehypocentral area ofthe earthquake swarms 
seems to bridge the two faults. The intense activity 
of the earthquake swarms without thermal 
manifestation in Hakone could be interpreted as 
fault-related activity. 
Magmatic activity seems still active. In 2001ラ a
slight inflation of the edifice was observed by tilt 

meters and GPS stations installed in and around the 
volcano (Daita et al.ラ 2009).The source of inflation 
was concluded to be multiple; a single Mogi source 
at -7 km altitude and two open cracks at・0.2km 
altitude. The inflation event lasted for more than 
3months and total volumetric expansions are 
estimated as 7.1 x 106m3 for the Mogi source and 
0.15-0.51 x 106m3 for the open cracks.During the 

April，1943 January， 1944 November， September， June to October， 
1952 1959-April， 2001 

1960 
norhtem part of central cones Kamiyama and near Kamiyama central cones 
the caldera to area and Owakidan】
ccntral concs northcm part of 
area? the caldera? 

2 weeks 1 month 2 weeks 8 months 4 monthes 

2 days 4 days 12 hours 10 times of6-34 
hours 

IV Ashinoyu V Ashinoyu 111 central IV Gora 日IOwakidani
cones area 

<IOkm II0km <IOkm <20km <IOkm 

<1.7 4.5 <1.7 <2.5 

5.1 4.5 2.9 

10 at Ashinoyu 12 at Hakone- 52 at 437 at Gora more than 100 
yama weather Sengokubara near Owakidani 
st 

95 142 41 179 

5.2 2.1 2.8 1.8 

indistinct distinct indislinct? dislinclヲ distinct? 
ヲ ヲ many many many 

Table l. List ofhistorical earthquake swarms in Hakone (after Mannen， 2003). 
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inflation event， more than 100 earthquakes were felt 
by the local people and more than 15000 earthquakes 
were observed by the seismological networks. In 
the Owaki-daniFumarolic area， two steaming wells 
were exploded and released gas containing S02， HCI， 
and HF， which are not common volcanic gasses in 
this area. This event is interpreted as magma 
intrusion in deep that stimulated hydrothermal 
system and triggered inflation and earthquakes in 
shallow. Similar inflation accompanying earthquakes 
were also observed in 2013. 
As shown here， Hakone is an active volcano 
characterized by relatively high seismicity. Even if a 
large-magnitude earthquake occursラ itwould not 
necessarily trigger an eruption in the near future. 
Frequent information dissemination and warning 
about unusual earthquake activity would be helpful 
for the local people in understanding the volcano. 
However， Hakone is one of the most popular resorts 
in Japan. Some announcement of earthquake activity 
may assure the inhabitants and tourists in the area， 
but broadcasting it around the country may have a 
negative impact on tourism. In such a situationラ itis 
very difficult to disclose information about unusual 
seismic activity. The Japan Meteorological Agencyラ
which is responsible for volcano monitoring and 
warning， should be careful with the distribution of 
information about seismic and volcanic activities to 
prevent unnecessary public concern. 
A map with a leaflet named “Disaster Prevention 
Map of Hakone Volcano" was published by the 
Hakone Town office in 2004. This was an attempt to 
help inhabitants understand the seismic and volcanic 
nature of the volcano rather than to warn of the 
hazards of the volcano. 1n the mapラ theeruptive 
historyラ presentsituationラ expectederuption style， 
monitoring of volcanic activity， and guide for 
evacuation were mentioned.Phreatic eruption， the 
expected eruption style，was discussed in detailラ
reflecting recent studies on eruptions in the last three 

Fig. 13. Super birdラs-eヴeof F吋iVolcano. View合ひm
south. There is the Fujikawa-kako faults zone at the 
southwestem foot of Fuji Volcano. A抗erYamamoto et al. 
(2002). 

reflecting recent studies on eruptions in the last three 
thousand years.HSRI publicizes its raw dataラtogether
with some general instructions on how to read itラon
their web site. The site is favored and used by local 
peoplesラtownoffices， and companiesラsuchas hotelsラ
transportation， and hot springs businesses. 

4. Fuji VoIcano 
4-1. Introduction 
F吋iVolcanoラ3776m highラisthe highest mountain 
in Japan. F吋ivolcano has grown on the plate 
boundary between Eurasia Plate and Philippine Sea 
Plate. Its magmatic activity is caused by the 
subduction of Pacific Plate against Eurasian Plate. 
The Philippine Sea Plate beneath Fuji Volcano may 
split toward west and east， respectively (Takahashi， 
2000). This kind of rifting between the separated 
plates accommodates the magma chamber beneath 
the volcano (Takahashi， 2000). The recent geodetic 
date suggests that the eastern wing of Philippine Sea 
Plate including Izu Peninsula may be separated into a 
microplate (Nishimura and Sagiyaラ2007).

Bαsements 
F吋iVolcano is surrounded by Misakaラ Tenshuand 
Tanzawa mountainsラ consistingof Middle Miocene 

Nishiyatsushiro and TanzawaGroups and the Late 

Miocene to Pliocene Fujikawa Group. They are 

derived from the deposits in deep-sea environment 

including volcanic rocks. The northern part of F吋i
Volcano is a submarine depositional channel 

connecting Tenshu民10untainsand the eastern part of 

MisakaMountains (Matsuda， 2007). A negative 
Bouguer anomaly zone along the northwestern foot 

of F吋iVolcano suggests deep sediment-filled 
channel zone (Komazawa， 2000). The basement from 
the southwestern foot of F吋iVolcano to beneath the 
summit of F吋iVolcano consists probably of 
Tanzawa Group and quartz diorite intrusives 

(Matsudaラ 2007). Beneath the southwestern foot of 

F吋i Volcano， the Pliocene 

Hamaishidake-Katsuragawa channel deposits and the 

Pleistocene Kanbara conglomerate are exposed 

(Matsudaラ2007).

Fujik側 α-kakofiα!u/ts
The southeastern foot of F吋iVolcano has been 
deformed by the active F吋ikawa-kakofaultsラwhich
are northern branches of the plate boundary (Fig. 13). 

The long-term average slip rate is estimated to be 

around 10 m/ ky (Yamazakiラ 1992)andsix rupture 

events have taken place since 10 ka. The 2.9-ka 

event presumably triggered the Gotemba debris 
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avalanche (Yamamoto et a1.， 2002). 

Chαrαcteristics 
FりiVolcano is characterized by (1) size as the 
largest basaltic volcano in Japan， (2) the variation of 
erupted volume and eruption intervals， and (3) the 
variation of eruption style.The volume of the edifice 
is 400-500 km3. Eruptions with the erupted volume 
of more than 1 km3 occurred several times during the 
last 15ラ000years; on the other hand， the quiescence 
period with low volcanic activity occurred for Cal 
BC 6ラ000-3600ラandfor the period spanning the last 
900 years except the 1707 Hoei eruption. This 
characteristic makes it more difficult to predict future 
activity. There are various types of eruptions 
occurring in Fuji Volcanoラ suchas Plinian eruptionラ
lava flow， and pyroclastic flow. This characteristic 
also makes it more difficult to prepare the hazard 
map. For exampleラ 300years have passed since a 
Plinianfallout occurred at the 1707 Hoei eruption. 

Geological study of Fuji Volcano 
Tsuya (1940; 1968) studied the general geology and 

petrogr叩hy of F吋i Volcanoラ and made the 
geological map of Fuji volcano (Fig. 14). Machida 

(1964) studied the eruptive history of Fuji Volcano， 

Fig. 14. Geologic map ofFuji Volcano (Tsuya， 1968). 

usingtephrochronology. Uesugi (1990ラ 1993)and 
Uesugi et al. (1 987)reported the detailed stratigraphy 
of scoria白11deposits. M iy司i(1988) studied the 
eruptive history of F吋iVolcano during the last 11 
years. CD-ROM version of Tsuya (1968) with 
recent information was published by Nakano et a1. 
(2002). 

4-2. Eruptive histoηr 
Pre-Fザivolcanoes 
Mt. F吋iis a composite stratovolcano consisting of 
Pre-KomitakιKomitake， and Fuji volcanoes: F吋i
Volcano is divided into Ko-F吋i(Older F吋i)and 
Shin-Fuji (Younger F吋i)volcanoes (Tsuya， 1968). 
Pr・e-Komitake Volcanoラolderthan Komitake Volcano 
defined by Tsuya (1968)， was newly discovered as a 
result of chemical analysis of drilled cores on the 
northeastern f1ank ofthe volcano (Fig. 15; Nakada et 
al.ラ 2007;Yoshimoto et al.， 2010). The age of 
Pr・e-Komitake Volcano is several 100 ka. Its volcanic 
rocks contain basalt and hornblende-bearing andesite 
to dacite (50-70 % Si02) (Yoshimoto et a1.， 2010). 
The edifice of the volcano is concealed by Komitake 
and F可iVolcanoes. On the other hand， the age of 
Komitake Volcano is older than 100ka. Komitake 
volcanic rocks contain olivine-bearing 
plagioclase-phyrictwo proxene basa1tic andesite 
(51-53 % Si02). The volcanic edifice only crops out 
at the northern flankラ whichis easily distinguished 
from F吋iVolcano by its dissected topography. 

Fuji Volcαno 
Eruption history of F吋iVolcano is summarized in 
Figure 16. Tephra studies suggest that the older 
activities of Fuji Volcano started aroundl00 ka 

(Machidaラ 2007).F吋iVolcano is divided into Older 
F吋iVolcano and Younger F吋iVolcano (Tsuya， 
1968; Miy吋i，1988). On the other hand， according 
to the study of the detailed 14C datings (Yamamoto et 

al.， 2005a)ラ thevolcanic activity of Older Fuji 
Volcano is known as the Hoshiyama stage (older than 
Cal BC 15，000); that of Younger FujiVolcano is 
composed ofthe Fujinomiya stage (Cal 

Si02: 50・70wt.%

Fig. 15. Schematic north -south cross section a抗er
Nakada et al. (2007). 
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Cα1 BC 15， 000 ~ BC 6，000 
The volcanic edifice started to build again to 
construct Younger F吋iVolcano. Younger F吋i
Volcano (Fujinomiya stage) eruptedvoluminous lava 
flowsseveral times (Fig. 19). The erupted vo]umes of 
the Mishima lava flow， the Obuchi lava flow， and the 
Saruhashi lava flow are estimated to be 4ラ3ラ andl.1 
km3， respectively (Togashi et al.ラ 1991)，and the 
longest runout of the lava flows is more than 40 km 
from the summit. Some of them are pahoehoe lava 
flows. A few eruptions occurred in the area of Oshino 
village on the northeastern foot， 13.5 km from the 
summitラ tobuild scoria cones(Fig. 20). The erupted 
ages are estimated to be 12-9 ka， using 14 C datings 
(Nakano et al.， 2007). 

Cα1 BC 6， 000 ~ BC 3，600 
The volcanic activity became low during this period 
(Fig. 16)ラandF吋iBlack Soilラwhichis correlated to 
the boundary of the two stages of F吋iVolcano 
proposed by Machida (1964)ラ isaccumulated on the 
foot of the volcano. 

AD 1000 AD2α)0 
Fig. 17. Cumulative volume of erupted products after 
Miyaji (2007). 
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100 kα← 17kα(Cα!l BC 15，000) 
The volcanic activity of Older F吋iVolcano 
(Hoshiyama stage) is characterized by 
sub-Plinianexplosive eruptions of basalt magma. 
Around 140 scoria falls were reported in this activity 
(Uesugi， 1990). The wide spread scoria falls are 
found from on the eastern flank to the Kanto plain. A 
lot of lahar deposits are common as distal phases to 
make volcanic fans at the skirt of the volcano. The 
volcano may have been covered with ice during the 
period of 1 00~20ka， that is correlated with the last 
ice age (Kaneko et al.， 2004). The main paは of
Older Fuji volcano collapsed toward southwest at Ca 
BC 18，000 to shed the Tanukiko debris avalanche 
deposit (Fig. 18; Yamamoto et al.， 2007) . 

N E S 

Volcano is composed of the Fujinomiya stage (Cal 
BC 15，000 -Cal BC 6，000)， and the Subashiri stage 
(younger than Cal BC 6，000) (Yamamoto et al.， 
2007). The volcanic activity of F吋iVolcano became 
low during the period of Cal BC 6，000 ~ 3600 
(Yamamoto et al.， 2005a). 
The long-term eruption rate of F吋iVolcano is 
around 4・5km3/ky for the edifice volume of 400・500
km3 and the age of 100ka. Miy司i(2007) estimated 
the long-term eruption rate since the last 11 ka in 
detail: 17.1-3.1 km3 DRE /ky for 11-7.5 ka， 0.1 km3 

DRE /ky for 7.5・5.6ka， 3.3・0.4km3 DRE /ky for 
5.6-3.5 ka， 2.4 km3 DRE /ky for 3.5-2.2 ka， l.3 km3 

DRE/防白r2ユ1.3ka(Fig. 17). 
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区ヨ Debrisavalanche deposit 
EJ Lahar deposit 

感~ Lava flow 

仁コ Soil

Fig. 18. Tanukiko debris abalanche (Yamamoto， 2007). 
SB: Subashiri stage. FJ: Fujinomiya stage. HO: 
Hoshiyama stage. Tnk: Tanukiko debris avalanche deposit. 

Cα1 BC 3，600 -BC 1，700 
The eruptive activity increased again to build the 
present volcanic cone (Fig. 19)， which is made up of 
many thin basalt lava flows (Takada et al.， 2007b; 
Ishizuka et al.ラ 2007).The summit region had been 
formed until Cal BC 2，100. Flank lava extrusions 
also occurred during this period. Some summit 
explosive eruption generated pyroclastic surges 
(Miy司iet al.ラ 1992;b and Kobayashi， 2007). 

Cα1 BC 1，700 -BC 300 
The explosive sub-plinian or plinian eruptions at the 
summit (S10， Sll， Os[Osawa scoria]) during Cal BC 
1，700-1，300 were followed by flank explosive 
eruptions on the northwestern and southeastern 
flanks during Cal BC 1，300-1，000， such as Om 
(Omuro scoria) and Zn (Zunasawa scoria) (Figs. 19 
& 20; Takada et al.， 2007b; Ishizuka et al.， 2007; 
Suzuki et al.， 2007). The foreign tephra of 
Kawagadaira pumice (Kg) from Izu-Tobu Volcano 
Group in Izu Peninsula is found beneath S 11 or 
Os(Fig. 16). The volcano of the eastern flank had 
collapsed around Cal BC 1000-900 to form Gotenba 
debris avalanche (Tsuya， 1968， Yamamoto et al.， 
2005a). The collapsed volume is estimated to be 0.1 

17，000-8，∞o cal BP 5，600-3，500回 IBP

2，200 cal BP -AD800 AD800 -AD1707 

一f 也引図 Lavano哨
七仏3日 刊 阻 py剛 l副 icf]ow dc附 its
':.r' ¥ I図 DebrisavaJanche depo山
t 1回 町田l田…ncs，Cratcrs 
18ヨPresumptivecraters 

Fig. 19. Eruption products仕omFuji Volcano during the 
last 15000 years after Miyaji (2007). 

km3 (Yamamoto et al.， 2002). The collapsed part is 
the edifice of Older F吋iVolcano that remained on 
the eastern flank (Fig. 21; Miyaji et al.ラ2004).After 
the collapseラthesummit explosive eruptions became 

dominant (e.g. S-18ラ Yu-2).These eruption products 
cover the upper most part of the summit crater rim 

(Ishizuka et al.， 2004). Some fall deposits emplaced 
on the steep western upper flank generated 
pyroclastic flows toward west (Fig. 22; Yamamoto et 

al.， 2005b). On the other hand， other fall deposits 
emplaced on the upper flank originated the 

secondary lava flows. 

Cα，1 BC 300 -present 
Cal BC 300 Yufune 2 scoria (Yu・2)eruption at the 
summit was followed only by flank eruptions. The 
volcanic activity on the eastern -northeastern flank 
was relatively higher than that on the other flanks 
before Cal AD 700 (Fig. 23). Pyroclastic flows 
originated from scoria cone collapse on steep surface 
during Cal AD 500・650(Tajima et al.ラ2007).The 
frequency of flank eruption became high during Cal 
AD 700-1000 in any direction from the summit 
(Takada et al.ラ 2007b;Yamamoto et al.ラ2011).The 
detailed stratigraphy during Cal AD 700-1000 was 
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Fig. 20. Fissure eruption sites of F吋iVolcano during the 
period younger than BC15，000 after Takada et al. (2007b). 
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Fig. 21. Schematic section of Fuji Volcano before the 
Gotenba debris avalanche (Miyaji， 2007). 

made clear using the widespread key tephra of the 

Kozushima-Tenjosan tephra (AD 838) (Kobayashi et 
al.， 2007). Their fissure eruption sites are restricted 
within 13.5 km from the summit. 

AD 864-866 Jogαneruption 
Jogan eruption， one of the huge eruptions in F吋i
Volcano， occurred on the northwestern foot in 

， .. .. fJ'" Movement dlrecllon of volcan隠 clouds

~ Movement direclion of large岡 山 les

HIROMI 

倫明

Fig. 22. Model for generation process of pyroclastic flow 
(upper diagram)， and the moving paths on the steep 
western flank (white arrow) (middle diagram)， and 
topographic cross section of Fuji Volcano in the east-west 
direction (Yamamoto et al.， 2005b). 

Cal AD 864-866 to effuse the Aokigahara lava flow 

(Koyama， 2007). The total erupted volume amounts 
to 1.4 km3 (Takahashi et al.ラ2007).The lava flow 
entered into a pleo・lake，called “Seno・umiヘonthe 
northwestern foot to splitinto Lake Shoji， and Lake 
Sai (Miyaji et al.ラ 1992).The split two lakes and 
Lake Motosu have the same water levelラ suggesting

that they have been connecting with one another. The 

lava flows along the coast of the lake exhibit pillow 

structure (Miyaji et al.ラ 1992)ラorhave subaqueous 
flow-lobe (Obata and Uminoラ 1999;Uminoラ 2007).
The eruptive fissures and lava flow topography were 

mapped at the northwestern foot using the light 

detection and ranging system (Fig. 24; Chiba et al.ラ
2007). 

Eruptions during AD 900-1000 
The dominant trend of eruptive fissures is NW-SEラ

which is concordant to the axis of the regional 

maximum horizontal compressive principal stress. 

Howeverラtheeruptive fissures shifted its trend 
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Fig. 23. Azimuth -age diagram of fissure eruption sites 
for F吋ivolcano during the last 2000 years after Takada et 
al. (2007b). Only the日ssureeruptions whose age were 
determined are plotted. Tsm: TsuchimarubiラAsg:Kotengu， 
Ftt: Futatsuzuka， Sub (lw): Subashiri-Gotenbaguchi 
(Iower)ラ Tkz: Takizawa pyroclastic flows. Akt: 
Akatsuka-Innomarubi， Aos: AozawaラGam:Gananamaubiラ
Hnm 1: Hinokimarubi-l， Nam: Nakanochay札 Kri:
Hakudairyuo-Kooriike， yc創n: Yakenomarubi， Nim: 
Nishinomarubiラ Obs: Obuchi-scoriaラ Nfl;
Nishi-Futatsuzukaラ Onw1: Oniwa-Okuniwa-2ラ Onwl:
Oniwa-Okuniwa-2ラOon: OnagareラT創n: Takamarubiラ
Hnm2: Hinokimarubi-2ラ Kan: Kansuyamaラ Ten:
Tenjinyamaラ Iga: Igadonoyamaラ Nag: Jogan 
864(Aokigahara)， Him: Mizugatsuka-Hinokimarubi， Hum: 
Higashi-Usuzukaminami， Obu: Obuchimarubi， Fud: 
Fudosawa， Nis: Nissawa， San: Sankakuyam司inja，Svg: 
Subashiri vent group， Sub(up): 
Su bashiri -Gotenbaguchi( upper )，Ken 1 : Kenmarubi -1， 
Ken2: Kenmarubi-2， Syt: Suyamatainai. 

from NW-SE to NS during Cal AD 900-1100. Fissure 

eruptions trending N-S occurred twice on both north 

and south flanks around AD 1000 (Yamamoto et al.， 

2005a; Takada et al.ラ 2007b;Takada and Kobayashiラ

2007); the paired eruptions are Kenmarubi 1 st and 

Kenmarubi 2nd lava flows on the northern flank， and 
Fudosawa and Nissawa 1ava flows on the southern 

flank (Fig. 20). The explosivity decreases with time 

during the period of AD 700 -

Fig. 24. Red Relief Image Map (RRIM) of Aokigahara 

lava flow (Chiba et al.ラ2007).
TheRRIM in this area is processed from lm-DEM image 
which is obtained using LlDAR(Ll出tDetection And 
Ranging) system to hit the ground with the laser beam 
through the gap between trees. 

Night 

Scene after the eruption 
Fig. 25. Drawing of Hoei eruption (by courtesy of Mr. H. 
Tsuchiya). 

1100. The vo1canic activity became low during Ca1 

AD 1100-1700. Some historical documents reported 

the existence of smoking at the summit during this 

period (Koyamaラ2007).
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AD 1707 Hoei eruption 
The last eruption， the AD 1707 Hoei eruption， was 
plinianat the three craters of the southeastern flank 
(Fig. 25). The erupted volume was estimated to be 
0.7 D虹 km3(Mi刈i，1988). The eruption started on 
Dec. 16， 1707， and finished on Jan. 1， 1708. The 
eruption continued for 15 days (Fig. 26).Miy司iet al. 
(2011) have divided the deposit into 3 stages on the 
basis of the patterns of the eruptive pulses. The 
characteristics of the three stages are described as 
follows. Stage 1 hadれ"'0energetic eruptive pulses 
with at least 20 km high column， each showing an 
intense initial outburstラ followedby a decrease in 
intensity. The eruption sequence indicates ruptures of 
highly overpressureddacite and andesite magma 
chambers. The initial silicic eruption was followed 
by basaltic magma withdrawal from a deep and 
voluminous magma chamber. Stage II consisted of 
discrete sub-plinian pulses of relatively degassed 
basaltic magma. Stage III was principally 
characterized by sustained column activity without a 
clear repose time. During this stage， the column 
height appears to have been more than 16 km.The 
Hoei eruption was followed by a lot of lahars (Fig. 
27). About 100 years were necessary to recover 
from the disaster (Inoue， 2007). 

4・3.Magma system 
F吋iVolcano has issued mostly basaltic magmas for 
100，000 years since its beginning. The general 
temporal change of incompatible elements in magma 
is caused by the original difference in primary 
magma (Togashi and Takahashi， 2007). The basalt of 
F吋ivolcano has been evolved with FeO*/MgO ratio 
larger than 1.6ラ and shows large variation of 
incompatible elements concentration without 
changing in silica content (Takahashi et al.， 1991， 
Togashi and Takahashi， 2007; F吋11ラ2007).This trend 
is quite different from the other volcanoes of 

f25 (3pm) 
/恥17(11 am) 
oec 16 

γ-(4pm) 

U ゐ 1707Dec 16 (10・12am)
Eruption rate 

Fig. 26. Chronology， volume and chemical composition of 
the Hoei eruption product at Subashiri， and the estimated 
sequence ofthe eruption rate ofthe Hoei eruption (Miy勾1，
2007). The outcrop is 12 km仕omthe Hoei crater. 
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Fig. 27. lsopach of airfall of the Hoei eruption， and 
sediment related disasters after the eruption after lnoue 
(2007). 

Izu arc. The magma reservoir beneath F吋iVolcano 
which is consistent with the geophysical observation 
(F吋ii，2007). The magma chamber may have been 
formed in the granitic middle crust of the Philippine 
Sea Plate beneath the Eurasian Plate. 

4-4. Geophysical monitoring 
Although surface volcanic activity of F吋iVolcano 
has been quiet in recent years， seismic observations 
have detected deep low frequency (DLF) earthquakes 
in the mid-crustal depth range beneath the summit 
area since the start of monitoring by using high 
quality seismic observations in the early 
1980s.Figure 28shows typical seismograms of the 
DLF event in comparison with those of an ordinary 
tectonic earthquake in F吋iVolcano area. The 
predominant frequencies ofmost events range 合om1 
to 3 Hz， far lower than those of tectonic earthquakes 
of the same magnitude range as shown in figure 28. 
The DLF earthquake activity at F吋iVolcano is 
characterized by successive occurrence of small low 
frequency earthquakes during several minutes to a 
few tenths of minutes. Such events had occurred 
about 15 times in a year in average， before the year 
2000. 
The DLF activity extremely increased in the period 
from October 2000 to May 2001 as is seen in figure 
29， which shows cumulative number and wave 
energy of the DLF events (Ukawaラ 2005).The 
activity returned to the usual revel in June 200l. 
Figure 30 is a hypocenter map for the period from 
2000 to 2006， in which the high activity period ofthe 
DLF events is included. The DLF earthquakes are 
clustered around the area centered at 2-4 km 
northeast from the summit. The principle depths of 
the DLF events are ranging 合om10 to 15 km. 
During the high activity， no significant depth change 
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Fig. 30. Map showing hypocenters around Mount F吋i
during the period from January 2000 to February 2013. 
Red and blue marks indicate locations ofthe DLF and the 
ordinary tectonic earthquakesラ respectively.Courtesy of 
National Research Institute for Earth Science and Disaster 
Prevention. 
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Fig. 28. An example of three component seismograms of 
low frequency earthquake in comparison with those of an 
ordinary tectonic earthquake. 80th seismograms were 
recorded at FJN station belonging to NIED. Courtesy of 
National Research Institute for Earth Science and Disaster 
Prevention. 
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summit and in the high a1titude area， partly because 
of the high degree of public interest in volcanic 

activity of F吋iVo1cano. The geophysical monitoring 
of F吋iVolcano is performed by several institutes 
including National Research Institute for Earth 
Science and Disaster Prevention (NIED)， Earthquake 
Research Institute of Tokyo University (ERI)ラ Japan
Meteorological Agency (JMA)， Geographical Survey 
Institute (GSI)， and Yamanashi Institute of 
Environmental Sciences (YIES). Most ofthe data are 

transmitted to JMA for real time monitoring of F吋i
Volcano. 
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Fig. 29. Cumulative number ofthe DLF events (thin line) 
and cumulative wave energy (thick line) since 
1980.Courtesy of National Research Institute for Earth 
Science and Disaster Prevention. 
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4-5. Hazard Mitigation 
An increase in low 企equencyvolcanic earthquake 

during 2000-2001 beneath F吋iVolcano S耳varms

was recognized either in epicenter or focal depth， 
indicating no evidence for magma ascent (Nakamichi 
et al， 2005ラUkawa，2005). Ground tilt observations 
also indicated no abnormal changes relating to 

volcanic activity. 

This unusual seismic activity，ラ however，ラ prompted
thegovernment to improve seismic and crustal 
deformation observations， especially in the 



B3 - 16

prompted the national government to make a hazard 
map of the volcano. The Review Committee for 
Volcanic Hazard Mitigation was established in 
cabinet ofi日ceto prepare the feasible plans for 
volcanic disaster mitigation (Aramaki， 2007). The 
committee proposed the several examples of hazard 
map based on the results of numerical simulation of 
lava flows and pyroclastic flow， and the review of the 
eruptive history for the last 2000 years. The 
committee gave the guidelines of volcano monitoringラ
communicationラ evacuationラ andother emergency 
plansラ basedon the historical record of the 1707 
eruption ofF吋iVolcano. 
The hazard map includes the area of possible vent 
positions， the maximum area of ballistic fallout， the 
maximum possible area of ash fall in cases similar to 
the 1707 eruption， the maximum possible outreach of 
lava flow， the possible outreach of pyroclastic flow， 
and the possible maximum outreach of lahar.If the 
S副netype eruption as the Hoei occurs， the committee 
estimated that the economic loss including housesラ
life lines， roads， railways and airways， various 
manufacturing industriesラ tourism，etc. may amount 
to 200 billion US dollars. Howeverラ thenumber of 
victims will be almost ni1. 
If the eruptive history during the last 3000 years is 
reviewedラ thepossibility of the volcano collapse 
should be considered. F吋iVolcano collapsed several 
times (Machida， 2007). The frequency ofthe collapse 
in F吋iVolcano is larger than that of the other 
volcanoes in Japan， because F吋ihas been deformed 
bythe Fujikawa-kako faultzone which is one of the 
most high displacement rate faults (Yamamoto et a1.ラ
2002). 
Lahar in the rainy season and slush lahar in the 
winter season occur along the valleyラandsteep flank 
covered with thick air fall deposits (Anma， 
2007).Volcano Fuji Sabo Office is monitoring debris 
flow form F吋iVolcano， and planning Sabo works 
around the Volcano. Especially， a lot of Sabo dams 
were contracted along Osawa valley on the western 
flank of the volcano (Hanaoka et al.ラ 2007). The 
example of recent slush flow is shown in figure31 
(Anma， 2007). 

5. Description of Field stops 
Stop 1・1:Owaki・dani(Owaku・dani)
Owaki-dani ("great boiling valley") is the largest 
fumarolic area among the four of Hakone volcano 
(Figs. 32&33). This fumarolic area is developed on 
the foot of Kanmuriga-takeラtheyoungest lava dome 
of the volcano emplaced about 3 ka. Owaki-dani is a 
quite famous sightseeing spot due to its excellent 

1834 slush flows 

Fig. 3l. The slush avalanches occurred at 1834 (Anma， 
2007). 

scenery and commanding view of Mt. F吋i.Facilities 
in the valley are used to make artificial hot springs. 
Volcanic gases obtained白・omsteam well water are 

Fig. 32. Stop locality of field excursion. The Red Relief 
Image Map (RRIM) is after Chiba (Gijutsu-Hyohron Co・ラ
Ltd.). TheRRIM is one ofthe false colored image created 
by calculation from DEM data that issuperimposedれ刊
color gradationsラreddishgradation as a steep slope portionラ
and brightness as aridge portion (Chiba et al.， 2007). 
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mixed with water in the facilities. The artificial hot 
spring water is provided to hotels where natural hot 
springs are unavailable. 
On the left bank of the valleyラ thereare many Sabo 
(or erosion control) construction facilities worksラ
such as sand trap dams or retaining walls (Fig. 33). 
In order to preserve the natural beauty of the scenery 
in and around the right bank of the valley， 
engineering intervention measures are limited to the 
drainage of groundwater level on the right to prevent 
the occu汀enceof landslides and mudflows of the 
valley.The slope is left in its natural form to preserve 
scenery. To prevent landslide or mudflow， 
groundwater level is controlled by drainage. 

Stop 1・2:Hakone checkpoint 
During the Edo period (1600-1867)， the Shogun of 
the Tokugawa family ruled Japan and controlled 
financial and military policiesラ as well as 
international relationships. The Shogun also 
restricted the sovereignties of more than two hundred 
local feudal lords (daimyo) with overwhelming 
power. However，ラ afew feudal lords remained 
powerful and were considered as potential threats to 
the shogun's hegemony. To avoid possible 
empowerment and alliance， the shogun forced the 
feudal lords to spend every other year in Edo (now 
known as Tokyo)ラandkept their family members in 
Edo as hostages. The Shogun installed checkpoints 
on m司orhighways to control trafi日c.One of the most 
important tasks of the checkpoint was to avoid the 
undetected entrance of weapons (mainly rifles) into 
Edo or the possible escape of the family members of 
feudal lords. The Hakone checkpoint is the largest 
and most important checkpoint because it was 
installed on the primary highway， which links the 
capitals ofEdo and Kyoto. 
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Fig. 34. View from Daikan-zan. 

The original checkpoint building was destroyed after 
the end of the Edo periodラbutwas later reconstructed 
because of its historical value to Hakone. The 
checkpoint has a museumラ which exhibits the 
materials used by tourists and officers of the 
checkpoints. 

Stop 1・3:Daikanzan 
Daikanzan (Great View Mountain) is the best point 
to view Hakone and Mt. Fりisimultaneously (Figs. 
32&34).This commanding view point is located on 
the southeastem part of the caldera rim of the 01d 
edifice. Howeverラ Hirata(1996ラ 1997ラ 1999)argues 
that the edifice where the view point is located is 
younger than the rest of the 01d edi日ce.This 
argument is based on detailed K-Ar dating. The 
southern part of the Daikanzan parking area offers a 
good view of the Izu islandsラ suchas Izu-Oshima， 
Toshima， and Niijima. 

Stop 1-4: Yamabushi-touge 
From Yamabushi-touge (Yamabushi pass)， the 
morphology of the Central Cones can be observed in 
detail (Figs. 32&35). The mountain on which the 
ropeway station building is located is named 
Komagatakeラ andis the second highest mountain of 
the CC. Several thick lava flows came down from 
Komagatake toward the lake. The lava flow fronts 
outline the shoreline of the lake in front of 
Komagatake. On the westem ridge， there is a 
shoulder-like structure that interrupts the slope line. 
This structure is thought to be the remnant of an 
amphitheater which opened towards the south. The 
present summit of the mountain consists of a thick 
pile of lava that fills the amphitheater. Komagatake is 
thus considered to be a composite volcano composed 
ofthick lava flows. 

Fig. 35. View from Yamabushi-toge 
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Fig. 36. View from Nagao pass 

Stop 1-5: View from Nagao Pass 
N agao Pass is the most famous point from which it is 
possible to view both Mt. F吋iand the Central Cones 
(YCC and OCC) of Hakone Volcano(Figs. 32&36). 
The highest edifice， Kamiyama，has an amphitheater 
on its northem f1ank. The sector collapse resulted 
from the gro"¥¥吃hof Kanmuriga-take， which is the 
edifice towering in the center of the amphitheater. A 
delta fan originating from the amphitheater toward 
the moat is the surface of the sector collapse deposit. 
Deposits 仕omthe sector co11apse dammed the 
Hayakawa and formed the lake Ashinoko upstream 
of Hayakawa. 

Stop 1-6: East ofNagao Pass 
The outcrop here represents internal facies of LOE; 
abundant scoria and spatter白11and rel瓜ivelysma11 
amount and thin lava f10ws (Figs. 32&37). The bomb 
sags seen here indicate that the source vent is very 
closeラmaybewithin 1 or 2 km. In fact the dip ofthe 
layers here inclined roughly toward SE. This means 
the source is not in the present center of the volcano. 
Kuno also noticed the discrepancy between his 
model and the direction of the dip in this 

Fig.37. Outcrop of “east ofNagao-toge". 

outcrop. He interpreted the dip observed here is 
formed by subsidence of caldera and initial dip was 
toward NW. However recent geomagnetic 
investigations reveal that the present dip direction is 
original. 

Stop 2-1: Hike to craters of AD 1707 eruption 
across eruptive fissures of AD 1000 
The F吋iSky Line terminates at the 5th station on the 
southem f1ank of Fuji Volcano around 2400 m above 
the sea level (Figs. 32 & 38). The parking area was 
constructed across the eruptive fissure of the 
Fudosawa lava f10w (around Cal AD 1000). The 
near-vent deposits and lava f10w lobes 仕omthe 
eruptive fissure of the Fudosawa lava f10w are 
exposed along the cliff of the road. The near-vent 
scoria of the Nissawa lava flow (around Cal AD 
1000) overlies those of the Fudosawa lava f10w at the 
eastern side of the parking area. A lava f10w lobe 
from a sma11 scoria cone of the Nissawa lava f1ow， 
west of the 7th stationラf10wsinto the valley of the 
eruptive日ssureof the Fudosawa lava flow， north of 
the 5th station parking area (Fig. 39). The trail to the 
6th station crosses one of the emptive日ssuresof the 
N issawa lava flowラwestof mountain huts (Unkaiso， 
and Hoeisanso) (Fig. 40). 
The parallel eruptive fissures of the Fudosawa lava 
flow and the N issawa lava flow，ラtrendingN-S， extend 
4 km from 2850 m to 1370 mラand2 km from 3200 
m to 2250 m above the sea levelラrespectively.They 
correspond to theparallel eruptive fissures of 

23 _ _ ，24 
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32: M抑，no制K11四sukh 
2: Akal.sub 12: Kansuyama 

23: Fudosaw~1 33: Hinokizuk. 3: Ki問-Ak.tsuka 13: Ki1labutayama 
24: Nis回 wa 34: ShirOlsuka 4:Futalsuzuka 14: NIshi.KuTOtsuka 
25: NishI-UsuzlIka 35: Ao日 wa5:Sanka.kuyal1laj i町a
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30:Umagathi 
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Fig. 38. Fissure eruption sites ofthe southern flank ofFuji 
Volcano a自erTakada and Kobayashi (2007). 
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theKenmarubi 1 s坑叶tlavaflow and the Kenmarub刷i211 

lava flow on the nor凶thern日ankラrespectively.

Departing from the main climbing trail to the summit 
at the mountain hut (Hoeisanso)， a trail traverses the 
flank of the volcano for Hoei craters. Threes craters 

were formed on the southeastern flank at the 1707 
Hoei eruption. The trail reaches the rim of Hoei 

crater 111. Lava flows and welded scoria layers of cal 
BC 2500・1500are wel1 exposed along the crater wal1 

(Fig. 40). Three layers of welded scoria (BC 
1000-BC 200) cover them partly with unconformity. 

The uppermost part is a spatter rampart of the 
Gotenbaguchi lava flow younger than Cal BC 200. A 

lot of dikes crop out along the wall. The small scoria 
cone bui1t at the last stage of Hoei eruption is 
observed at the botlom of the crater. The southeastern 
peak of Hoei crater 111， cal1ed Hoeisan， is composed 
of part of the Older Fuij Volcano. 

Stop 2-2: The lookout from the Mizugatsuka 

parking area 
The Mizugatsuka parking area is a photo stop 

offering apicturesqueview of the southern flank of 

F吋iVolcano. Twin scoria cones of Futatsuzuka (~ 
Cal BC 50) andHoeisan (a pa此ofOldF吋iVolcano)， 
the craters of the 1707 Hoei eruptionラcanbe seen on 
the right ridge toward the summit (Figs. 32 & 41). 

The parking area was constructed on the Kotengu 
lava flow (~ Cal BC 150)， and is surround by 
Koshikirizuka， Katabutayama， and Nishi-Kurotsuka 
scoria cones clockwise from west(Fig. 38). 

Fig. 39. Photograph of the southem flank along 
Fujinomiyaguchi routeラ F吋ivolcanoラ showingeruptive 
日ssures of Fudosawa (Fud)ヲ Nissawa (Nis)ラ
Gotenba-Fujinomiyaguchi (Got)ラ Fujinomiyaguchi 8出
station (Fm8)， and Fujinomiyaguchi 9st station (Fm9) 
(Takada et al.ラ2007b).The floor level ofthe summit crater 
after Yubune 2 eruption is estimated from the level of the 
highest vent of eruptive fissure. 

N is: eruptive tissure of the N issawa lava tlow 
Fud: eruptive fissure of the Fudosawa lava tlow 
8th: eruptivc fissure of the 8th station lava flow 
Got: eruptive fissure ofthe Gotenba lava flow 
Ho: Hoei crater 

4嵯ー→..Trail 
Fig. 40. Airphotograph of the route仕omthe 5th station to 
Hoei crater. 

Fig. 41. Photograph of the southem flank of F吋iVolcano 
from M izugatsuka paring area. 

Stop 2-3: Air fall sequence at Tarobo 
A series of continuous air-fall deposits of Younger 

F吋iVolcano is observed along a valley close to 
parking area of Gotenbaguchi 5th station (1440 m 

above the sea level)ラlocatedat the southeastern foot 
ofF吋iVolcano (Figs. 32 &42). The upper part ofthe 
cliff is a series of scoria falls: for 
example， Futatsuzuka scoria (FTT; ca. BC50)， 
Subashiriguchi-Umagaeshi 1 scoria (SUl; ca. 
AD150)， Akatsuka scoria (AKT; ca. 
AD450)，Nishifutatsuzuka scoria (NFT; ca. AD550)， 
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and the 
Column Lilhology 

81ack 10 da出gray，同Iyhedralpoorly-vesicular s∞rialapilli; 
Max o =7.0cm 

While， polyhedral， vesicular pumice lapilli; Max o =8.0 cm 

Dark brown polymict sandy soil 

Massive， malrix-supported問bblewilh coarse-sandy ash; 
Max o =8.0cm 

Ho川zonlalbeded scoria fine-Iapilli and very-coarse sand 

81ack 10 reddish brown， vesicular scoria lapilli; Max o =2.8 cm 

Brown polymicl very-coarse-10 medium-sandy ash 

Reverse-graded， black， vesicul町民orialapilli; Max o =2.5 cm 

Massive， polymict coarse-sandy ash叩Ihpebble; 
M副 o=5.0 cm 

Fig. 42. Stratigraphic section through the recent tephra 
units and their characteristics at Taroubou (Yamamoto et 
al.ラ2011).AKT= Ak.atsuka scoria; FTT = Futatsutsuka 
scoria; NFT = Nishifutatsutsuka scoria; SU・1 = 
Subashiriguchi-Umagaeshi 1 scorias; S・22= S・22scoria. 

1707 Hoei tephraラ in ascending order.Volcanic 
glasses with low refractive indices were detected 

betweenHoei and NFT. They are derived from 

widespread tephra of the Kozushima-Te吋osan
eruption (AD 838) (Kobayashi et al.， 2007). 

Hoei eruption product is classified into Ho・IaラHo・Ib，
Ho-IIラHo-IIIラandHo-IV (Miyaji et al.， 1992)(Fig. 

26). Ho-la is a coarse-grained， dacitic pumice fall; 
Ho・Ib is a fine-grained， andesitic pumice fall 
including banded pumice; Ho-II is a coarse-grainedラ

dense basaltic scoria fall; Ho-III is a fine grained， 
less-dense basaltic scoria fall; Ho-IV is a 

fine-grainedラ vesicularbasaltic scoria fall. A lot of 

gabbroic fragments are included in the Hoei eruption 
products. Olivine-pyroxene gabbro， and plagiophyric 
pyroxene gabbro are originated from the 

accumulated part of magma bodyラ andthe wall and 

inside of magma body， respectively (Yasui et al.， 

1998). 

Stop 3-1: Eruptive fissures aIong Fuji Subaru 

Line 

The 30 km long toll road， the F吋iSubaru Lineラ leads
to the 5

th 
station of Mt. F吋i(2305 m above sea level) 

on the northern flank (Fig. 43). The road traces on 
the Kenmarubi 1st lava flow (AD ~1000)， and the 
Kenmarubi 2nd lava flow (AD 1000・1100)to the 
parking area of the 1 st station. A lot of scoria cones 

are observed part of the way along and around the 

road for the 5
th 
station (lshizuka et al.ラ2007;Suzuki 

et al.， 2007): for example， Maruyama (BC~2700) 

(No. 25 in Fig. 43)， Higashiken(BC~ 1500) (No.27)， 

Fig.43. Fissure eruption sites along the Fuji Subaru Line 
(Tshizuka et al.， 2007). Contour interval is 100 m. 1: 
Kenmarubi-l， 2: Kenmarubi-2， 3: Jogan， 4: Onagareラ5:
Garan， 6: Yakeno-Nishirnarubiラ 7:Oniwa・Okuniwa・2ラ 8:
Oniwa-Okuniwa-lヲ 9: Tenjinyama-lgatonoyamaラ 10:
Hakudairyuo・Koriikeラ 11: Ohirayama-Sajikiyamaラ 12:
Omuroyama， 13: Katabutayamaラ 14:Higashikenラ 15:
Shikanokashira: 16: Hokuseiyumiizuka， 17: Tsugaoyamaラ
18: Hokuseiusuyama， 19: Usuyama， 20: Tomine， 21: 
Kosukemaru， 22: Nishikosukemaru， 23: Hachikenyama， 
24: Toyazuka， 25: Maruyama， 26: Hokuseiokuniwa， 27: 
Nishiken， 28: Yomiizuka， 29: Tnusuzumiyama， 30: 
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Sawarayamaラ31: Futatsuyamaラ31:Nagayama. 
Nishiken (BC~4200) (No.27)ラ
Ohirayama-Sajikiyama(BC~ 1000) (No. 11)ラ
Kosukemaru (BC~2000) (No. 21)， Hokusei-Okuniwa 
(BC~3200) (No. 26)ラ thecater row of Tomine 
(No.20)ラthespatter cone of the Yakeno-Nishimarubi 
lava flow (AD 680-890) (No. 6)ラthecrater row of 
the Oniwa-Okuniwa 15t lava tlow (AO 660-860) (No. 
8)ラthecrater row of Oniwa-Okuniwa 2nd lava flow 
(AO 620・880)(No. 7)ラ theKenmarubi 1はlavatlow 
(Cal AD ~1000) (No. 2)， the Kenmarubi 2nd lava 
flow (AD 1000-1100) (No. 1). 
Eruptive fissure of the Oniwa-Okuniwa 15t lava flow 
continued 3.5 km long in en echelon arrangement 
from 3400 m to 2100 m. Eruptive fissure of the 
Oniwa-Okuniwa 2nd lava flow continued 5.5 km long 
in en echelon arrangement from 3000 m to 1570 m. 
Scoria fall of the Oniwa-Okuniwa 15t lava flow is 
overlaid by that of the Oniwa-Okuniwa 2nd lava flow. 
The crater row of the Oniwa-Okuniwa 2nd lava flow 
is observed along the trail from the Okuniwa parking 
area (2227m above sea level) (Stop 3-1-1). The ridge 
of the 5th station consists of Komitake Volcano older 
than F可iVolcano (Fig. 15).Part of the lavas poured 
into an old lakeラ whichis called Lake Senoumi in 
historical documentsラ anddivided it into two lakes 
(Lakes Shojiko and Sailω). 

Stop 3-2: Lava tunnel of the Aokigahara lava flow 
(Komoriana) 

Lava tunncl 
/"婿蝿穴Komo巾 na= 8ad Cave 

休憩戸
Trail to Komoriam通

Entrance 
.彊穴入口

管理事務所

Fig. 44. Red ReliefImage Map around Senoumi (Chiba et 
al.， 2007)， and the trail map to Bad cave (Komoriana). 
The 864-866 Joganeruption is one of the most 

voluminous eruptions of F吋iVolcano during the 
past 15000 years. Part of the Aokigahara lava tlow 
poured into an old lake， which is called Lake 
Senoumi in historical documents， and divided it into 
two lakes， Lakes Shoji and Sai(Fig. 24 &32). The 
maximum thickness of the lava tlow is estimated to 
around 135m by the observation of loc.l bore hole. 
Komoriana means bad cave in Japanese. A lot of lava 
tunnels have been discovered in the Aokigahara lava 
flow. They can provide wonderful sightseeing sites 
with forests on the lava flow. Inflating flow lobes 
with tensile axial crack and collapsed lava tunnels 
are observed along the trail to Komoriana (Fig. 44). 
The lava terraces caused by lava level changeラ and
ropy lava surface are we11 preserved in the tunnel. 

Stop 3-3: Cross section of the Aokigahara lava 
flow at a quarηT in N arusawa 
The Aokigahara lava flow of the Jogan eruptionラand
the air白11deposit of Omur・oscoria (Cal BC 
1200-1300) are exposed along the wall of the 
abandoned quarry・ Thevolcanic glass fragments 
originated from the Kozushima-Tenjosan tephra (AO 
838) concentrate just below the Aokigahara lava tlow 
(Kobayashi et a1.， 2007)(Fig. 45). The Omuro scoria 
erupted 仕om， at least， two eruption sites， 
Omuroyama and Katabutayama at the northwest foot 
of the volcano (Suzuki et a1.ラ 2007)(Fig. 43). The 
eruption was explosiveラ comparedwith that of the 
Jagan eruption. The Aokigahara lava tlow is 
composed mainly ofpahoehoe lavas. The outcrop is 
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Fig. 45. Columner section and photograph of the 
Narusawa quarry. Om: Omuroyma scoria fall. 
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Fig. 46. Photograph of the eastem flank of F吋iVolcano 
from Lake Yamanaka. 

located near the termination of the lava flow， and 
separated into severallobes with finger-like structure. 
Each lobe shows a tube-like structure with 
radialinflation (Takahashi et al.， 2007). A tree mold is 
found in some lava lobes. 

Stop 4・1:The view of Fuji Volcano from Lake 
Yamanaka 
Thelodge is located along the southern lake side 

of Lake Yamanaka (Fig. 32). The lake was dammed 
by the Takamarubi lava flowラ whichis correlated to 
the historical eruption of AD 800-802 (Nakano et al.， 
2007). The Takamarubi lave flow is just below the 
soil including volcanic ash from widespread tephra 
of the Kozushima-Tenjosan eruption (AO 838) 
(Kobayashi et a1.， 2007). 
The view from Lake Yamanaka suggests that Mt. 
Fuji is a composite volcano (Fig. 46ω). The mou凶I
on the lef白iside consists of the Miocene Tanzawa 
group of volcanic rocksラ quartz dioriteラ and
sedimentary rocks (孔1atsudaラ 2007). The slope of 
the volcano does not become continuously gentle 
toward the skirt. The edifice of Komital匂 Volcano
changes the northem slope discontinuously. The 
Hoeisan peak of the Older F吋ivolcano and Hoei 
crater change the southem slope discontinuously. The 
boring cores on the eastem and northeastem flanks 
indicate that Pre-Komitake Volcano concealedunder 
Komitake Volcano (Yoshimoto et al.う2010).

Stop 4・2:Hummock hills in Gotenba city 
The eastern flank collapsed three times after AT 

tephra of 29 ka; the last one is the Gtenba debris 
avalanche (Machidaラ 2007).The Gotenba debris 
avalanche deposit is widely distributed， and exhibits 
hummocky surface. Its flow units assume a 
finger-like distribution; Hummock hill is 5-10 m 
high at the main depositional area (Miyaji et al.， 
1992) (Fig. 47). The Gotenba debris avalanche 
deposit varies its faces from the original avalanche 
deposit to lahar at the footラ andto fluvial deposit 
along valleys (Miyaji et al.ラ 2007).Almost all 
fragments in the Gotenba debris avalanche deposit 
are derived from the edifice of Older F吋iVolcano 
(Miy吋iet al.ラ2004).
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Fig. 47. Gotenba debris avalanche deposit (Goda)， 
Gotenba mudflow (Gomf-m)， and its fluvial deposit 
(Gomιf) at eastem foot of Fuji Volcano， with isopachmap 
ofthese deposits (m) (Miyaji， 2007). 

Additional stops for bad weather condition 
Stop A-l: Osawa 
Osawa is a huge deeply dissected valley from the 
western crater rim of the summit (Fig. 32). It is one 
of largest failure sites in Japan. The valley feeds an 
alluvial fan deposit at the foot of the volcano (Miyaji 
et al.ラ 1992).Debris flow is taking place along the 
valley. Volcano Fuji Sabo Office is monitoring the 
failure along the wall of the valleyラ andits debris 
flow in the valley (Hanaoka et a1.， 2007). 

Stop A-2: Shiraito Falls 
Shiraito Falls is a well-known tourism site at Fりi
Volcano (Fig. 32). Shiraito means white strings. The 
falls is about 20 m high and 120 m wide. Water 
comes from a surface stream and flowsfrom the 
boundary between the Shiraito lava flow of Younger 
F吋iVolcano and underlying lahar deposit of 01der 
Fuji (Fig. 18). Charcoal just beneath the Shiraito lava 
flow yields 14C age of Cal BC 12ラ000(Yamamoto et 
al，2007). 

Stop A-3: Tanukiko debris avalanche deposit 
The Tanukiko debris avalanche deposit crops out 
near the Tanukiko dam (Fig. 32). According to 14C 

dating of wood in the deposit， Older F吋iVolcano 
collapsed toward southwest at Ca BC 18，000 (Fig. 
18). Mega blocks with jigsaw cracks are included in 
the debris avalanche deposit. 
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