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Volcanic fan, terrace and talus deposits (Subashiri Stage)
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Frontispiece 1
Simplified geological map of Fuji Volcano. DAD:Debris Avalanche Deposit.
The shaded topography image for the background of the map was created from the GISMAP Terrain (DEM) by
Hokkaido-Chizu Co., Ltd.
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Frontispiece 2
Distribution map of eruption fissures and craters of Fuji Volcano. The shaded topography image for the background of
the map was created from the GISMAP Terrain (DEM) by Hokkaido-Chizu Co., Ltd.
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Frontispiece 3
Panoramic views of the summit area of Fuji Volcano. Pictures A, B and C were taken from the SE, W and N,

respectively (July 2002).
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Frontispiece 4
The uppermost part of Osawa. Unit names are also shown at Frontispiece 2.
A: The uppermost part of Osawa looking up from the right bank. Many dikes cut horizontally stratified lava layers
(August 2005).
B: The uppermost part of Osawa viewed from the left bank (August 2004).
C: Kengamine and Arinotowatari viewed from the right bank (August 2005).
D: Enlarged view of central part of C. Two unconformities exist as shown at E. Researchers and supporting climbers
are in the circles (August 2004).
E: A sketch of picture D showing flow directions and unconformities.
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Frontispiece 5
The northwetstern wall of Hoei Crater. All pictures were taken in August 2003.
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A: Panoramic view of the northwestern wall of Hoei Crater from Hoei Zan.
B: A sketch of picture A. Unit names are same with those of the geological map.
: Enlarged view of central part of A. Note horizontal lava layers and cutting dikes.

C

D: Enlarged view of a part of C. Note feeder dikes changing to lava flows.

E: Enlarged view (from left side) of a part of C. The dike at the right side did not feed a lava flow of Sc-Kng unit.
F

: Enlarged view of a part of C. Note vertical dikes and a person in the circle.
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Frontispiece 6

A: Outcrop of pyroclastic fall deposits at Tarobo (ca. 6.8 km ESE of the summit). The uppermost unit “Sd-Ho” is the

Miz7 &
A

B
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D:

fall deposit at the 1707 Hoei eruption, and unit names of fall deposits as S-16 to S-22 are by Uesugi et al.(1987).
The lowest “Sd-God” is Gotenba Debris Avalanche Deposit by sector collapse occurred ca. 2,900 years ago (July
2001).

: Close-up view of Hoei Pyroclastic Fall Deposit. Only its lowest part has light-colored pumice fragments. The

hammer is ca. 33 cm long.

: Outcrop (surface of slope appeared by construction) of Takizawa Pyroclastic Flow Deposits near the Takizawa

Rindo (ca. 7.7 km NE of the summit). Two units (upper A and lower B) are interbeddded with three scoria fall
deposits named as S-24-3, 4 and 5 by Uesugi et al. (1987) (November 2005).

: Close-up view of central part of C. Charcoal originated from thick wooden trunk is included in the lower part of

Takizawa Pyroclastic Flow B.
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Frontispiece 7

Various occurrences of pyroclastics of Fuji Volcano.

A: Pyroclastic cone (spatter cone) along eruption fissures of Yakeyama Eruption Products (October 2009).

B: A small pyroclastic cone (spatter cone) with several meters high, at the bottom of the Hoei Crater I (July 2001).

C: Outcrop of well-stratified pyroclastic rocks of the Hoshiyama Stage at Akaiwa, Hoei Zan (July 2001).
D: Outcrop of Tanukiko Debris Avalanche Deposit (Hoshiyama Stage), ca. 1 km SE of Tanuki Ko (November 2006).
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Panoramic views of Fuji Volcano.

A:
: View from the ENE, Yamanaka Ko (January 2013).

: View from the SSE, Ashitaka Kurodake (March 2011).

: View from the N, Kenashi Yama (January 2011).

: Enlarged view of picture D. Dotted lines indicate some eruption fissures during the Subashiri-d Stage (January

Mg Ow

View from the W, Tanuki Ko (December 2008).

2011).
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ZO&I) nELILORREYy T4 v IH, BEETEEA
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Fzb6h5(EH, 2015).
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LSS 5 75 55 LI REHE,  §iH2> & ch 150 95 1 0 B
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LT, shB IR & SR, & 7% 2 15 CRTER
CHRBEE X546 L T3 (RBIBGIED, 2002; #H,
2007 ; #21LIE A, 2010). EiEED S5 5, dErttoEIzg,
FERCHEERN, AEOCEN, HT FRRZ & 086K
BEAEAL TS,
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KO IE, B 5 v TS it oD kL
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FERAILEEY (Hkn)
ELALORHERIIE, PR S S HT i O R
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FNEEXIUE LY (PK) 2<%, BhklTE, (iiEARAEGEEERREEL TRD,
& L AE R R OO R CRIEIR) T, MRk HADKILTIZEEETH 5 (LICIEL, 2002).
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MEERILEEY (K) 1) W& LKL s L W R R & 0 B e 20

e S A H, WAL T4 VS h B BT BH, Fra b kUESmiEE S T hnZeicks
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FRAOKSPEBL, v 74 v 7 HEE2 LY THRERIZ —J, BT Q0977) &, WEOKIKER LD, BHE+E
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HARDAD KI5 D Kilid 2 OEFEA 100 km® LT Dkl k5. HAEMIZ, & LH RO EE-a(Cal BC 6000 ~
MNENRT, IIIEDOEREIX 400 ~ 500 km’ & RS 5h T 3600%F-), N IZH % % ZHE-b (Cal BC 3600 ~ Cal BC
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o E{ Bk T 1, VEIE 864425 2 L HIZh D AEHN YT 5.
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HanE, #EHIZE, 74V VBT LY — AT AT KRB ETNAE. KR, 700 ~90044-t81E, b — /M
B B ALTE- A i 5 4%, LS R T A~ Bk o U 1 0 W KA B R LA L L S
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B{Evbw S5 o
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F7z, BEIO XD BIROHE 2K 5 kLN U 7= FBECK (PRI 864 — 866 ) B A IS FEA L 72, RIS
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x . IITECOERICA DR, 27k B & F5o VEIEE 900 ~ 1000 46U, A HWK O LB 7T,

FISERZ ORI & A, KU Bkt A3 AR 75 B % EI M, IR AL i &, AL - d A B



deANT 7 b L7z (LTtiEA, 2005;&HIES, 2007).
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2007).
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Fig. 1  Stratigraphy of the products of Fuji Volcano.

ka: 1,000 years. Numerals are the numbers of the Marine Oxygen Isotope Stage. The

tephrostratigraphy in the eastern foot are based on Machida (1964). AT = Aira-Tn tephra;
Hk-TP = Hakone-Tokyo tephra; On-Pm1 = Ontake-1 tephra. FBS = Fuji Black Soil; FS =
Fujinomiya Stage; SS = Subashiri Stage; YTL = Younger tephra layers. After Yamamoto (2014).
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Massive layers of scoria fall deposits exposed in the eastern foot of Fuji Volcano.

Photo taken at Subashiri, Oyama Town, Shizuoka Prefecture.
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Columnar sections and index map of the borehole cores in the southeastern foot.
H-Tnk; Tanukiko Debris Avalanche Deposit. After Yamamoto ef al. (2005).
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Calendar ages for the volcanic fan II deposits, the products in the Fujinomiya Stage and the Fuji Black Soil.
F-Aoki SP-4 Lava Flow (F-SP4) is concealed in 58-76 m depth at the Aoki D-1 core (Fig. 3). Modified from
Yamamoto (2014).
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Fig. 5  Shiraito Lava Flow (F-Srt) in the Fujinomiya
Stage unconformably overlying the volcanic
fan 1 deposits (vf3).

Photo taken at the Shiraitonotaki Fall,
Fujinomiya City, Shizuoka Prefecture.



ZI—EF EtrE—dl THIL—EL FEH—KERLS

Shibakawa-Asagiri Fujinomiya-Kitayama Motomurayama—-Fuiji Susono—Tarobo

HEI5AER (F-Ssb)

KIRAIBE TR (F-Inu) A E T (F-Kty) \I/
\[/ ~¥7.080%50y8P INEFETEEF (F-Heh)
ZwILnEH 4 (F-Fty) "
BRAER (F-Krh
\/ Cotliicd s SRBER (F-MK)
ELTREER (F-Fik) ~€7,330+50 yBP
\/ & RLIEH R (F-Umm) AL (F-Mim)
HESRBER < 8,670+40 yBP
(\F|/ Ask)
5 SHBER (F-Tog) EELER AT (F-Sbn) KEBLHE & (F-Trb)

< 9290+60 yBP ~ 9,030+40 yBP < 9,280+40 yBP

\|/ g 470+40 yBP

¥BZIBERAER (F-Ino) BRAAER (F-Aom)

\|/ < 9,720+50 yBP \|/

FILE TR 7HFEY  Murayama Scoria Fall Deposit

HRBER (F-Mkz) THAAER (F-Smw)
\I/ AWFAETR (F-lry) \|/
FEENBER (F-Sjg) BEBER (F-Ssn)
\|/ BEAER (F-Mnn) \l/
ﬁ@:@m/ﬁ (F Kl’y) = p———— E%,E /ll. (F MSITI)
\l/ ?F*sgi) Sl <q10,100+60 yBP

- +
BRIBAETR (F-Sr) 11,420£60 yBP

\/ < 12,050+60 yBP

FEHHER (F-Han)

\I/ A8 ﬁlRl'f‘ F-Hka
MERBET (F-Yk) ot

\/

S L s

ZIAEG (F-Sbk) KmiBAER (F-Obc)
\|/ < 14,000+50 yBP

KERER (F-Si)
\/ 14,180+70 yBP
BE A BLEIEN #TEY Tanukiko Debris Avalanche Deposit
< 17,290+120 yBP

Folxl B LmtoE LEMEE RO ETHEG.
AR SP-4 AL, Aoki D-1 27 (B3 [X) O 58 ~ 76 mIZIRIET 5. I FATIZ/R L 7= HECHIA T 22 72 WUHERE N A2 1 sk I o0
HER. (ILJTIED (2007) ZIBIE.

Fig. 6  Stratigraphic relationship of the Fujinomiya Stage lava flows in the southern half of the volcano.
F-SP4 Lava Flow is concealed in 58-76 m depth at the Aoki D-1 core (Fig. 3). Modified from Yamamoto et al. (2007). Tanukiko Debris
Avalanche Deposit is the last products in the Hoshiyama Stage.
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Fig. 7 Distribution of the Murayama Scoria Fall Deposit and inferred eruption fissure.

Numerals are measured thickness of the fall deposit in centimeters. Modified from Yamamoto (2014). This

deposit is not shown in the geological map and Appendix Table 1.
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Fig. 11  Distribution of the S-22 Scoria Fall Deposit.
Numerals are measured thickness of the fall deposit in centimeters.
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Fig. 12 Stratigraphy of the products in the Subashiri-d Stage.

Units with broken frame indicate uncertain ages. Takizawa Pyroclastic Flow Deposits (Sd-Tpf) in the geological map are composed of

two pyroclastic flows of different ages.
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(Second Edition)
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Introduction

At 3775.5 m high, Fuji Volcano is the highest mountain in Japan. This volcano has been dormant since the
great 1707 Hoei eruption, but deep, low-frequency earthquakes have been identified at a mid-crustal depth
beneath the summit area since monitoring was initiated in the early 1980s. Tsuya (1940, 1968) studied the
general geology and petrography of Fuji Volcano and published the first edition of a geological map in 1968.
Machida (1964, 1977) studied the eruptive history of Fuji Volcano using tephrochronology. Uesugi (2003)
reported the detailed stratigraphy of scoria fall deposits. Miyaji (1988) revealed the quantitative eruptive history
of Fuji Volcano during the last 11 thousand years. Approximately 50 years since the publication of the first
edition, we revised the map by field survey, borehole drilling, trench excavation, “C dating, and geochemical
analysis for the mitigation of volcanic disasters caused by eruptions of Fuji Volcano.

Geological setting

Fuji Volcano formed on the collision zone between the Southwestern Japan Arc of the Eurasian Plate and the
Izu-Mariana Arc of the Philippine Sea Plate. The magmatic activity of the volcano is caused by the westward
subduction of the Pacific Plate beneath the Philippine Sea and the Eurasian Plates, which causes crusts to be
duplicated under the volcano.

The southwestern foot of Fuji Volcano has been deformed by the active Fujikawa-kako faults, which are the
northern branches of Suruga Trough and are among the most active faults in Japan. The Fujikawa-kako faults
are reverse faults experiencing western upheaval. Six rupture events have occurred in the last 10 thousand
years and are each estimated to have had magnitudes of approximately M8. The final rupture event occurred in
the seventh or eighth century AD.

Pre-Fuji volcanoes

Two distinct older edifices exist beneath Fuji Volcano: the Pre-Komitake and Komitake Volcanoes.
These volcanic rocks crop out only at the northern flank. The Pre-Komitake Volcano, aged 270-160 ka,
was newly discovered as a result of the chemical analysis of drilled cores on the northeastern flank of the
volcano (Yoshimoto ef al., 2010). Its volcanic rocks contain basalt, basaltic andesite and hornblende-bearing
andesite to dacite. The edifice of the volcano is nearly concealed by Komitake and Fuji Volcanoes. Komitake
Volcano can be easily distinguished from Fuji Volcano by its differing dissected topography, petrography, and
petrochemistry (basalt and basaltic andesite). The age of the volcano is approximately 100 ka.

*Research Institute of Earthquake and Volcano Geology



Characteristics of Fuji Volcano

Fuji Volcano is characterized by the following three features. (1) It is the largest basaltic volcano in Japan. (2)
The eruption intervals and erupted volume vary. (3) The eruption styles vary.

Regarding the first characteristic, the edifice of Fuji Volcano has a volume of 400—500 km?, and it has issued
mostly basaltic magmas since the beginning of its activity. Second, several eruptions with volumes greater than
1 km?® have occurred over the last 15 thousand years; however, a quiescence period with low volcanic activity
occurred from 6000 to 3600 cal BC, and another has been taking place for the last 900 years, excluding
the 1707 Hoei eruption. This characteristic makes it difficult to predict the future volcanic activity of Fuji
Volcano. Third, Fuji Volcano has had eruptions of various styles, including Plinian and sub-Plinian eruptions,
Strombolian eruptions, lava flows, and pyroclastic flows. For example, the 1707 Hoei eruption was the only
Plinian eruption during the last two thousand years; others were Strombolian eruptions or lava extrusions from
fissure vents. This characteristic makes it difficult to prepare volcanic disaster mitigation maps.

Major historic eruptions

AD 864-866 Jogan eruption

The Jogan eruption, one of the largest eruptions of Fuji Volcano, occurred on the northwestern flank of Fuji
Volcano in AD 864—866, effusing the Aokigahara Lava Flow. The total erupted volume is estimated to be
approximately 1.3+0.2 km?® dense-rock equivalent (DRE) (Chiba et al., 2007).

AD 1707 Hoei eruption

The most recent eruption, the 1707 Hoei eruption, was Plinian in nature and occurred at the three craters
of the southeastern flank. The erupted volume is estimated to be 0.68 km3 DRE (Miyaji and Koyama, 2007),
and the ashfall reached distal areas such as Tokyo and Yokohama, which are approximately 100 km east
of the volcano. The eruption started on December 16, 1707, and ended on January 1, 1708, and thus had a
total duration of 15 days. The Hoei eruption was followed by the generation of numerous lahars. It took
approximately 100 years to recover from the disaster (Inoue, 2007) .

Eruptive history of Fuji Volcano

Tephra studies suggest that the older activities of Fuji Volcano started at approximately 100,000 cal BC
(Machida, 2007). Fuji Volcano was formerly divided into Older and Younger Fuji Volcanoes (Tsuya, 1968;
Miyaji, 1988). However, according to detailed “C dating, the volcanic activity of Older Fuji Volcano is
categorized as the Hoshiyama Stage (100,000 to 15,000 cal BC), and that of Younger Fuji Volcano consists
of the Fujinomiya Stage (15,000 to 6000 cal BC) and the Subashiri Stage (6000 cal BC to the present). The
volcanic activity of Fuji Volcano decreased from 6000 to 3600 cal BC.

Hoshiyama Stage (100,000 to 15,000 cal BC)

The volcanic activity during this stage was characterized by explosive eruptions. Approximately 140 scoria
fall deposits were reported to have formed during this activity (Uesugi, 1990). Distal facies of numerous lahar
deposits commonly comprise volcanic fans IIl and IV at the skirt of the volcano, which extend to the same size
as the present fan. The volcano may have been covered with ice during the last glaciation, which occurred from
100,000 to 18,000 cal BC. The main part of the Hoshiyama Stage edifice collapsed southwestward and eastward
in 18,000 cal BC, forming the Tanukiko and Umafusegawa Debris Avalanche Deposits, respectively. The lava
and pyroclastic rocks that formed the edifice in this stage are only currently exposed at the northeastern and
eastern flanks and the edge of the Hoei Crater.



Fujinomiya Stage (15,000 to 6000 cal BC)

In this stage, the volcanic edifice was reconstructed within the Tanukiko avalanche scar. Many voluminous
basaltic lava flows at the foot of the volcano erupted from this central portion. The Saruhashi Lava Flow
had the longest runout among the lava flows of this volcano (approximately 40 km from the summit). A few
eruptions occurred near Oshino Village on the northeastern foot of the volcano, 13.5 km from the summit, thus
constructing scoria cones; they erupted between 9600 cal BC and 7100 cal BC. Additionally, a southwestern
flank eruption 10 km from the summit ejected the Murayama Scoria Fall Deposit ca. 8000 cal BC.

Subashiri-a Stage (6000 to 3600 cal BC)

During this period, the volcanic activity decreased drastically, and intermittent small-scale eruptions
occurred. The Fuji Black Soil formed around the volcano, creating a boundary between the older and younger
tephra groups of Fuji Volcano. Bubble wall-type volcanic glasses are concentrated in the K-Ah tephra soil
derived from the 5300 cal BC eruption of Kikai Caldera in southern Kyushu, southwest Japan.

Subashiri-b Stage (3600 to 1500 cal BC)

The eruptive activity increased again, resulting in the construction of the present volcanic cone, which is
composed of many thin basaltic lava flows from the central conduit, on the Fujinomiya Stage edifice. The
summit region underwent formation until 2100 cal BC. Flank lava extrusions also occurred during this period.
A violent pyroclastic eruption occurred ca. 2800 cal BC, shedding basaltic pyroclastic flows from the southern
to the western flanks. Immediately following this eruption, volcanic fan I grew rapidly.

Subashiri-c Stage (1500 to 300 cal BC)

Explosive basaltic Plinian or sub-Plinian eruptions occurring at the summit from 1500 to 1300 cal BC were
followed by explosive flank eruptions that formed large scoria cones on the northwestern and southeastern
flanks from 1300 to 700 cal BC. The volcano of the eastern flank collapsed ca. 900 cal BC and formed Gotenba
Debris Avalanche Deposit. The collapsed volume is estimated to have been approximately 1 km?, and the
collapse involved the remains of the eastern flank of the Hoshiyama Stage edifice. After the collapse, explosive
basaltic eruptions from the summit became dominant. The products of this eruption cover the uppermost
part of the summit crater rim and the eastern avalanche scar. Some pyroclastic fall deposits emplaced on the
steep western upper flank repeatedly generated westward basaltic pyroclastic flows from 1500 to 800 cal BC.
Conversely, in 600, 500, and 300 cal BC, pyroclastic fall deposits from the summit emplaced on the upper flank
generated rootless secondary lava flows.

Subashiri-d Stage (300 cal BC to present)

The 300 cal BC eruption (Kengamine Eruption Products) was the final eruption from the summit crater and
has been followed by only basaltic flank eruptions. The volcanic activity on the eastern to northeastern flank
was relatively higher than that on the other flanks before cal AD 700. The frequency of flank eruptions in any
direction from the summit increased from cal AD 700 to 1000, and eruptions took place at 20- to 30-year
intervals in this period. The fissure eruption sites are restricted to within 13.5 km from the summit, including
the site of the AD 864—866 Jogan eruption. The volcanic activity decreased from cal AD 1100 to 1700. The AD
1707 Hoei eruption occurred at the three craters of the southeastern flank, successively ejecting dacite pumice,
andesite scoria, and basaltic scoria.



Petrological features of the erupted rocks

Fuji Volcano has issued mostly basaltic magmas for 100 thousand years since the beginning of its activity.
The general temporal changes to incompatible elements in magma are caused by the original difference in the
primary magma (Togashi and Takahashi, 2007). The basalt of Fuji Volcano has evolved to have a FeO* : MgO
ratio exceeding 1.6 and shows large variation in the concentrations of incompatible elements while maintaining
constant SiO: content (Takahashi ez al., 1991; Togashi and Takahashi, 2007; Fujii, 2007).

Future activities

Our detailed geological survey has determined that the volcano has had four stages in the past 8,000 years
(Subashiri-a, -b, -¢ and -d Stages), each period lasting from 1,000 years to 3,000 years.

While the style of eruptions has varied remarkably over that time, it is difficult to recognize a particular
trend in those changes. A pronounced period of lava flows extruded from eruption fissures on the flanks began
around the year 300 BC and ceased around AD 1100. But the year 1707 brought the explosive Hoei eruption,
which was accompanied by no lava flow — an eruption entirely distinct from prior activity. Given this evolution
of eruption styles, it is highly likely that Fuji Volcano has shifted to a new phase, and we therefore believe it is
now a very difficult period in which to predict the form the next eruption will take.
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