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Changhsingian (latest Permian) orthoconic cephalopods
from the South Kitakami Belt, Northeast Japan

Shuji Niko* and Masayuki Ehiro**

*Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University,

Higashihiroshima 739-8521, Japan,
**The Tohoku University Museum, Sendai 980-8578, Japan

Abstract: Three Changhsingian (latest Permian) species of orthoconic cephalopods from the
South Kitakami Belt, Northeast Japan are described with collections of Tohoku University Museum
and Iwate Prefectural Museum. Cycloceras ofunatoense sp. nov. was collected from shales of the
upper part of the Toyoma Formation at Maeda in Ofunato City, Iwate Prefecture. Previously, this
species erroneously assigned to Protocycloceras or Pseudocycloceras. Neorthoceras? sp. and
undeterminable phragmocone were collected from shales of the Senmatsu Formation at Senmatsu,
Okago, Fujisawa-cho in Ichinoseki City, lwate Prefecture.

Introduction

It must be said that our knowledges concerning Late
Permian orthoconic cephalopods in Japan are extremely
insufficient. The reason is because their occurrences are
very rare and limited in the terrigenous faces of the South
Kitakami Belt, Northeast Japan, in which all fossils are
more or less deformed. The purpose of this paper is to add
new findings for the poorly known field on the bases of the
material kept in the Tohoku University Museum, Sendai
(prefixed IGPS) and Iwate Prefectural Museum, Morioka
(prefixed IPMM). Although detailed geographic positions of
the specimens are not always clear, we attempt to describe
morphologies and determine taxonomic positions for them in
light of the importance.

Systematic paleontology

Subclass Orthoceratoidea Teichert, 1967
Order Orthocerida Kuhn, 1940
Family Cycloceratidae Hyatt, 1883
Genus Cycloceras M'Coy, 1844
Type species. Orthoceras laevigatum M’Coy, 1844.

Cycloceras ofunatoense sp. nov.
Figures 1.1-1.6

Protocycloceras cf. cyclophorum (Waagen). Hayasaka,
1924, p. 4649, pl. 6, figs. 1-3

Cycloceras? sp. nov., Shimizu and Obata, 1936, p. 23.

Pseudocycloceras? sp., Koizumi, 1975, p. 23, pl. 3, figs. 6a-b.

Diagnosis. Species of Cycloceras with gradually
expanded conchs with 3° in reconstructed angle and
annulated; annulations on most part of body chamber are
continuous, close, and strongly prominent; shell surface
lacks ornamentation except for annulations.

Description. The type series consists of three fragmentary,
deformed and annulated molds; the holotype is an
orthoconic body chamber indicating 92 mm in length and
gradual conch expansion; its reconstructed diameters as
circular transverse section are 29 mm near adoral end and
27 mm at approximately one third part from the point, whose
measurements provide for reconstructed expansion angle
of 3°; two paratypes respectively represent more apical
and more adoral shells than the holotype; a younger shell
(phragmocone?, IGPS coll. cat. no. 112947) preserved as
an external mold, has 32 mm in length and may be 10 mm
in reconstructed diameter; another paratype (IGPS coll. cat.
no. 112949) is a small fragment of body chamber with 43
mm in length; apex and peristome are not preserved. Shape
and spacing of annulations exhibit considerable ontogenetic
changes; apical annulations are weak, approximately
0.5 mm in height, having nearly flat and relatively wide
interspaces, and having bluntly pointed crests; annulations
on body chambers shift continuous, close and strongly
prominent type, whose crests are bluntly pointed to narrowly
rounded and heights range from 1.9 to 2.6 mm,; interspaces
of adoral annulations are strongly concave; in the most
adoral shell of the largest specimen (paratype, IGPS coll.
cat. no. 112949), annulations abruptly disappear; except for
this gerontic (or pathological?) part, approximate numbers of
annulations in corresponding reconstructed conch diameter
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are 4-5 in apical and 8-10 in adoral shells. Besides
annulations, ornamentation on shell surface is absent. No
internal structures including suture, septa, siphuncle, and
cameral deposits are preserved.

Material examined. Holotype, IGPS coll. cat. no. 112948.
Paratypes, IGPS coll. nos. 112947, 112949.

Occurrence and age. The holotype and a paratype (IGPS
coll. cat. no. 112947) are preserved on an identical shale
block. Another paratype (IGPS coll. cat. no. 112949) occurs
in brownish weathered sandy shale associated with a
brachiopod, Lamnimargus. According to the accompanied
labels, their locality is Maeda in Ikawa-cho, Ofunato City,
Iwate Prefecture, Northeast Japan. This area is a well-known
fossil locality of the upper part of the Toyoma Formation.
The Maeda fauna is of Changhsingian (the latest Permian)
age as indicated by ammonoid (Ehiro, 1996), bivalves
(Nakazawa, 1998), and brachiopods (Tazawa, 2008).

Etymology. The specific name is derived from Ofunato.
The type locality of the new species belongs to this city.

Discussion. As indicated by the above synonym list the
present species was assigned Protocycloceras Hyatt in
Zittel 1900, Cycloceras M'Coy, 1844, and Pseudocycloceras
Barskov, 1959. We consider that this species should be
placed in Cycloceras because (1) its slender conch shape,
continuous and transverse annulations in the apical body
chamber clearly correspond to the diagnosis of the genus,
(2) distinction between Cycloceras and Protocycloceras is
difficult only the external conch characters, but occurrences
of the latter genus are confined to the Lower Ordovician, and
(3) the Silurian genus Pseudocycloceras is characterized
by its relatively rapid conch expansion. The external shell
morphologies of the species also agree closely with those
of Lopingoceras Shimansky in Ruzhentsev et al., 1962, and
Neocycloceras Flower and Caster, 1935, whose stratigraphic
range reaches the Upper Permian. However, Lopingoceras
has distinctly spaced annulations with nearly flat to weakly
depressed interspaces even in the body chamber and
annulations of Neocycloceras indicate sinuses.

The most similar species to Cycloceras ofunatoense sp.
nov. is C. bicinctum (Abich, 1878, p. 26, 27, pl. 4, figs. 5,
5a; Shimansky in Ruzhentsev and Sarycheva, 1965, pl.
16, figs. 14a, b), which occurs in the Dzhulfian (early late
Permian) Araxoceras ammonoid zone of Azerbaijan. The
principal difference between them is the apparently weaker
development of annulations in C. bicinctum. As suggested
by Hayasaka (1924), the new species also similar to
Cycloceras cyclophorum (Waagen, 1879, p. 68, 69; 1887, pl.
6, figs. 7a, b, 8) from the late Permian part of the Productus
Limestone in the Salt Rang, Pakistan. When compared at
the nearly same growth stages, Cycloceras cyclophorum
has the slightly wider interspaces between annulations than
those of C. ofunatoense.

Shimizu and Obata (1936) stated that this Toyoma
species should be compare with Cycloceras laevigatum
(McCoy, 1844, p. 10, pl. 1, fig. 3; Histon, 1998, p. 54,
55, pl. 6, figs. 5a, b) from the Carboniferous of Ireland
and C. obliqueannulatum (Waagen, 1879, p. 69, 70;
1887, pl. 6, figs. 9, 10) from the late Permian of Pakistan.
Cycloceras laevigatum, however, is well differentiated
from C. ofunatoense by the possession of transverse lirae.
Furthermore, there is a considerable chronological gap
between these two species. Teichert and Kummel (1973)
changed the generic assignment of obliqueannulatum to
Neocycloceras. We think this replacement is reasonable
because of its sinuated annulations.

Order and Family Uncertain
Genus Neorthoceras Shimizu and Obata, 1936
Type species. Orthoceras verbeeki Haniel, 1915.

Neorthoceras? sp.
Figure 1.7

Description. A single fragmentary specimen of flattened
longiconic orthocone was available for the study; it is
approximately 16 mm in length and annulated(?); conch
expansion very gradual. Shell surface marked by fine and
closely spaced transverse lirae that exhibit weak sinus and
form relatively broad salients; interspaces of lirae are narrow
groove-like. No internal structure observable.

Material examined. IPMM 42351B.

Occurrence and age. This specimen was found in black
shale at Senmatsu, Okago, Fujisawa-cho in Ichinoseki
City, Ilwate Prefecture. Judging from these lithologic
and geographic evidences, its stratigraphic position is
determinable as the upper part of the Senmatsu Formation
(Ehiro, 1979; Ehiro and Bando, 1985). Fossils, including
gastropods, bivalves, ammonoids and plants, suggest
that the formation is Changhsingian in age (Murata, 1969;
Kon’no, 1973; Bando, 1975; Murata and Shimoyama, 1979;
Ehiro and Bando, 1985).

Discussion. Although surface ornamentation of the
specimen corresponds to that of the genus Neorthoceras,
its very gradual conch expansion is beyond the diagnosis of
the generic type, N. verbeeki (Haniel, 1915, p. 140, 141, pl.
56, figs. 6a—c) from the Permian of East Timor, whose conch
shows more rapid expansion and may attain 10° in angle.

Genus and Species Indeterminate
Figure 1.8

Description. A single deformed specimen was examined; it
is a fragment of orthoconic phragmocone having 22 mm in
length and smooth conch surface. Sutures directly transverse.
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Figure 1. 1-6. Cycloceras ofunatoense sp. nov. 1, paratype, IGPS coll. cat. no. 112947, side view, silicon rubber cast: 2-5,
holotype, IGPS coll. cat. no. 112948; 2, side view, silicon rubber cast; 3, 4, side views of Steinkern; 5, longitudinal section of
Steinkern, showing annulations: 6, paratype, IGPS coll. cat. no. 112949, side view, silicon rubber cast. 7. Neorthoceras? sp.,
IPMM 42351B, side view. 8. Orthoconic cephalopod, genus and species indeterminate, IPMM 42351A, side view. Scale bar
is15mminl, 5;30 mmin2-4,6; 6 mmin 7; 20 mm n 8.
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Septa shallow. Camerae short, ranging approximately 5-7
mm in length. Siphuncle can not observable.

Material examined. IPMM 42351A.

Occurrence and age. Same as Neorthoceras? sp. (this
report).

Discussion. The present material is not complete to
enough for a confident identification.
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Columenoceras kyushuense, a new species of Silurian
cephalopod from the Gionyama Formation in the Kuraoka
area, Miyazaki Prefecture, Southwest Japan

Shuji Niko

Department of Environmental Studies, Faculty of Integrated Arts and Sciences, Hiroshima University,

Higashihiroshima 739-8521, Japan

Abstract: A new Ludlow (early late Silurian) species of geisonoceratid orthocerid, Columenoceras
kyushuense, is described from the G3 Member of the Gionyama Formation in the Kuraoka
area of Miyazaki Prefecture, Southwest Japan. The new species differs from other species of
Columenoceras by a combination of its narrow siphuncle, smooth shell surface, and relatively short
to short camerae. This is the first record of Columenoceras outside Variscan Europe. The present
discovery provides a further confirmation about the existence of a faunal linking between the

Kurosegawa Belt and peri-Gondwana.

Introduction

The first Silurian cephalopod from the Gionyama
Formation in the Kurosegawa Belt, Southwest Japan
was reported by Hamada (1961), who discovered a
geisonoceratid orthocerid, Geisonocerina? sp. Subsequently,
Niko (2024) added four orthocerid and three pseudorthocerid
species for the assemblage. The present study describes
below a previously unrecorded orthocerid from the formation
as Columenoceras kyushuense sp. nov.

Systematic paleontology

Subclass Orthoceratoidea Teichert, 1967
Order Orthocerida Kuhn, 1940
Family Geisonoceratidae Zhuravleva, 1959
Genus Columenoceras Barskov, 1960
Type species. Orthoceras columen Barrande, 1868.

Columenoceras kyushuense sp. nov.
Figures 1.1-1.10

Diagnosis. Species of Columenoceras with smooth shell
surface and relatively short to short camerae indicating form
ratios (see below for definition) of 2—5; siphuncle subcentral
and narrow; siphuncular diameter ratios (ditto) approximately
0.1-0.2; connecting rings cylindrical to subcylindrical; septal
necks orthochoanitic to suborthochoanitic, short, 0.4-0.5
mm; endosiphuncular deposits form continuous lining on
ventral siphuncular wall.

Description. Conchs longiconic orthocones with gradual
expansion, 5°—6°, and circular transverse sections; the
holotype of imperfect phragmocone has 70 mm length
and diameters of 8.5 mm near apical and 11 mm at adoral
ends; the largest paratype (phragmocone, IGPS coll. cat.
no. 112849) attains approximately 13 mm in diameter; no
shell surface observable by matrix, but sections suggest it
is smooth and lacks distinct ornamentations. Septa exhibit
deep curvature and form relatively short to short camerae,
whose approximate ratios (maximum diameter per length)
are 2-3 in apical and 2.5-5 in adoral phragmocones;
there are 2-5 camerae in length of corresponding conch
diameter; sutures also are not observable, but they indicate
oblique and inclined towards dorsum natures in longitudinal
section. Siphuncle subcentral in position, situated between
the conch center and the ventral margin; siphuncular
position ratios (distance of central axis of siphuncle from
ventral shell surface per corresponding conch diameter)
are approximately 0.4; in apical phragmocone, siphuncular
wall consists of orthochoanitic septal necks and cylindrical
connecting rings, then they shift suborthochoanitic and
weakly inflated subcylindrical forms in adoral portions;
lengths of septal necks are short, 0.4-0.5 mm, throughout;
diameters of connecting rings narrow, 0.8—0.9 mm in apical
(holotype) and attaining 1.4 mm in adoral (paratype, IGPS
coll. cat. no. 112849) phragmocones; siphuncular diameter
ratios (maximum siphuncular diameter per corresponding
conch diameter) are approximately 0.1-0.2; thickening and
structural differentiation are not developed in connecting
rings. Cameral deposits well-developed and differentiated
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into episeptal-mural and hyposeptal types; endosiphuncular
deposits initially form as partial deposits, then they fuse
with adjacent ones to form continuous lining on ventral
siphuncular wall.

Material examined and repository. Holotype, IGPS coll.
cat. no. 112950. Paratypes, IGPS coll. cat. nos. 112849,
112850, 112951, 112952. In addition, two specimens
(IGPS coll. cat. nos. 112953, 112954) are also assigned to
Columenoceras kyushuense sp. nov. These specimens are
reposited in the Tohoku University Museum, Sendai.

Occurrence: All specimens examined herein were
recovered from float blocks of limestones derived from the
Ludlow (lower upper Silurian) G3 Member of the Gionyama
Formation. Collecting site is a river bed of the Gokase River
in the Kuraoka area, Miyazaki Prefecture. (= locality 5 in
Niko, 2024).

Etymology. The specific name is derived from Kyushu
Island, in which the type locality is situated.

Discussion. Columenoceras kyushuense sp. nov. is well
differentiated from the typical species assigned to the genus
by the possession of a narrow siphuncle. For example,
its siphuncular diameter ratios are approximately 0.1-0.2,
whereas this ratio reaches approximately 0.3 in the type
species, C. columen (Barrande, 1868, pl. 309, figs. 8—11).
Only C. duponti (Barrande, 1866, pl. 212, figs. 5-8; 1868, pl.
285, figs. 1-17, pl. 324, figs. 7-10; 1870, pl. 394, figs. 1-4)
from the upper Silurian of Bohemia, Czech Republic and C.
grande (Meneghini, 1857, p. 189-191, pl. C, figs 4A, a, a’;
Gnoli, 1987, p. 246-248, pl. 1, figs. 1, a, 2, a, 3, a, b, 4, 5)
from the upper Wenlock (upper lower Silurian) of Sardinia,
Italy possess the relatively narrow siphuncles for the genus.
However, the former species has prominent transverse
bands on the shell surface and cameral lengths of the latter
one are longer than those of C. kyushuense and indicate
1.2-1.4 in form ratios.

Significance

It has been considered that Columenoceras is an endemic
genus in Variscan Europe, including Bohemia, Sardinia,
Carnic Alps and Western Pyrenees, (Gnoli, 2002) whose
area was a constituent of peri-Gondwana (northern margin

of Gondwana) during late Silurian time (i.e., Scotese, 2001;
Franke and Zelazniewicz, 2023). This study represents
the first record of the genus outside Variscan Europe. The
existence of a linking of the cephalopod fauna between the
Kurosegawa Belt and peri-Gondwana has been pointed
out by Niko et al. (2017) and ratified subsequently by Niko
(2021, 2024). The present discovery of Columenoceras from
the Gionyama Formation belonging the Kurosegawa lends
further support to the thoughts.
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Figure 1. Columenoceras kyushuense sp. nov., thin sections. 1-3, 9. Holotype, IGPS coll. cat. no. 112950: 1, longitudinal
section, venter on right; 2, transverse section, venter down, arrow indicates siphuncle; 3, partial enlargement to show
siphuncular structure; 9, partial enlargement to show siphuncular wall structure, arrow indicates septal neck. 4, 5. Paratype,
IGPS coll. cat. no. 112951: 4, longitudinal section; 5, partial enlargement to show siphuncular structure, arrow indicates
parietal endosiphuncular deposits. 6. Paratype, IGPS coll. cat. no. 112952, longitudinal section, arrow indicates cameral
deposits. 7, 8. Paratype, IGPS coll. cat. no. 112849: 7, longitudinal section; 8, partial enlargement to show siphuncular
structure. 10. Paratypes, IGPS coll. cat. no. 112850, longitudinal section, showing details of siphuncular wall, arrow indicate
suborthochoanitic septal neck. Scale baris 10 mmin 1,4,6,7; 6 mmin 2, 3; 3mmin 5, 8; 0.6 mm in 9, 10.
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Abstract: The Tenjin and the Fukano calderas are distributed in Akiu-cho, Sendai to Kawasaki-cho,
Miyagi Prefecture. The Tenjin and Fukano Formations are composed mainly of pyroclastic flow
deposits burying these calderas, respectively. Based on lithofacies and petrographic characters,
the Tenjin and Fukano Formation are clearly distinguishable. The Tenjin Formation, filling Tenjin
caldera, is divided into the lower and the upper parts. Pumices of pyroclastic flow deposits in
the Tenjin Formation include small amount of cordierite, and their chemical composition of glass
is plotted in the Low-K area. Zircon FT ages of the Tenjin Formation exhibits 5.1-5.4 Ma. The
Fukano Formation, filling Fukano caldera, is divided into the lower, middle, upper and top parts.
Cordierites are found in pumice from the middle and top parts of the Fukano Formation. The
chemical composition of the pumice glass of the Fukano Formation is plotted in the Medium-K area.
Geological age of the Fukano Formation is estimated at 5.5-4.0 Ma based on the ages of underlying
and overlying strata. The stratigraphy and the distribution of these pyroclastic flow deposits and
the geological structure show that the Fukano caldera was formed inside of the Tenjin caldera at
its northwestern part as a nested caldera. The vents of these caldera volcanoes are presumed to
have existed along their western margins. The type of these calderas is considered to be the trap-
door type caldera where the western parts of subsided blocks are more depressed than the eastern
parts.

1. 1FC&HIC BALAININ IR ERREFE D S B D )L 7 S DN S8

AlEN (M 1986 REEIED, 1989 Wit 1992 &

RACAIMNIMD BRI IS EIAFPH NS BRHDAR:  HIEH, 1999, 2020), TD—HMITDWTIE, FEREDL
MEBYDL DT 5. INSOAXBERERMEAEFDS Concnsd (BRI, Yamada, 1988 ; FH, 1993 L
MRS, LELER—DHBRZBE TSI LD T, 1991). FfOAF, LEMRNICERD 5N S ERER

SEHIENY, 1972 ; #EAIZH, 1973, EHEIED, 1974 ; PREMEDDT, 7 L C—EROREMEDRE T Y AHERER
. 19755 #ARIE D, 1977 4BAS, 19863, b K1MiE  FERICFERINEAINTZONHEREICEET S &
, 1997), REDABCRBEHICTHESTHILT I DFERE DEBEINTWVWS CBEIZH, 1998 ; NFFIFH,
NEEBRENTWNS (BE, 1984 KATIEH, 1997).  Nakajima et al,, 2006 ; Yoshida et al,, 2018, 2023).
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DT &L, HMEFREBEOCHEREB TREESE RS
N5 ESMRBADREREL, BEFERICTERINZAH
IWTZDTFICRET 2ERERNEEDDHEEHBEELT
WBT EHETE LTS (Yoshida, 2001 ; FHIFHA, 2005,
2020 ; Yoshida et al, 2014).

AR C|/ROIETAES X BRI HA S EF D R
FHHBBMAL DT D (Fig. 1, 464 1986a, b). Ffe,
MARBT DS IBBTIC AN T T, BEEGEDEHEEHHS
N (Fig. 25 IREED, 1991), LEILY AT S DEFEED
BEEN TV e (BEEIZH, 1989). COEHERIIAR
TIRNZHIVTZDORIREFIETHISEL, KEHILT ZIE)
IGH] & FARBTICOIz 28R E, BFEAHILT ZIEHURET
DEEEMRAEDE—HT S (Fig. 2 : &BIEL, 2004).
HH (2009) (£, WEMHEO®BIARFH AL TS &
HIVT SEED AT AMER & B FEERERER (Luth et al,
1964) K5, FIElE2~5km, %EIEL5~ 10 km OFE
RETELIETE, LU, INSOFEESHEOMERS
HELS (Nakajima et al, 2006) CTEFEHMEESHHELI o
TWABTZEARLTWS. #ARES, 2017) &, MLETEA,
BEATMHHERAILT SO X)L b EBEMOHBEEDICED
=, ZLOEEYERICES LI I DOFERE, 1~
TTkmBBETHY, DiELbH2~6kmDEETTIETIT
IEKICBEFIL, 3 ~6%DKEEZEATWEHERLTWS.
REVEMEBREDRRIE, COAHIVTIEERLIERI
BRDFUED—ERD, HIVT SEEERERDES 2 ~ 5 km |1
BY 5 RMKRICEGIEM S (fossil magma chamber) & L
THEELHRPICKRBEL WD EERBLTLS (Sato
etal, 2002). Amanda et al. 2019) &, FURAILT SITAE
T AR~ S R I N IR - B AOILT D
(BBIED, 2004) DAL bIEMOERICEDE, XIT
BYUDFEESE LTHT2~10km, EMLEEE LT 750 ~
795°C, S/KE&ELT33~70% DEEHE L TWD. &
DESIC, ALBBEADAILTZEICDOVTIE, WDHD
HEABEINTVDEDOD, HILTSDOREBEES, F
N&ZBRET 2ANRRHEBOBRE, £, TnNSEAILT
THNDKNBERHERY & DBERFICOWVWTIL, +2ICiEES
MMTENTULEL.

KR ClE, FAFAETHSHL ELB>TeHIVT =D
I B AGEEIRCGE (wuff vents) D, HILT Z=EBRELE
NP DD - B EZOMERBEICEDWNT, X
BHIVT S DRITANFRICETHIVT DR SN
EHERY. EBICHIVT ZRICDHT BANBERMEREY & A
W ZEBICHT T B/ NRERE (LR, 1986b), BHE
Pa (Auit, 1986b), L) I E (LA, 1986a; AbATIEL,
1086) =&, EDEEFBEY, TNSDNBRERDERIC
DNWTHN, RERICKE - FEF, mAILT oDEMBRE
HwlCB.

THHZ - BRE

2. WEGE

BT E TR ORRETD S IEETIC AN TDE

%9 15Km, =FEK) 10Km D#EETH S (Fig. 1). T DM
FBEYIIKRTHZBEI - K&/« KER)I - A6)HHER
mL, TOOBRBIINEINNEEEBITRALTLNS. #
FERITIFE R LM & FERRILtAL S ERER & DREICAIE Y
HERLMRAIOME LA - EERHSEY, BRLMH S
ELHERANDIRSZIEZ2H TH S (Fig.2). TOEREET
HFRODHT BRI S, KHEGER - L5
MRS - FHRO DT HEILMEE DERICE, &
ZILOERICRIR LIAFLMBOMIB T 2L EN TV S
(dbAS, 1986a, b). JbAT (1986a, b) (& T DHUFDHEE
FEMIEL, THS, TEHAMROERE, HHHHHE
DIENLJE - AFRE - INE, EEFFHROSZTE - =N HBE -
KFPIE - BRE - /INREIE (KPURHEREY), SETHRO
Keghce (NBEORHEREYD) - REE - BEEKE (KPR
HEY) - SEE - EAR, FOROFIRE - E - BB
gaE (B=2Fh, 1986) & L1z (Fig.3).
TEBh#FE SIRBIEFAEMBHOEIICHHT S (Fig. 4).
BELANEBE~TAY A NEDRE - BRINAME -
KBRS - BRKBRESHSEY, RBEEEEHE.
Glycymeris sp. *® Cryptopectem sp. ZDBELEHET S (1L
H, 1972).

38" 2I'N
ot
AT o, Sendai City
ST e

Hirosegawa Tuff W\

\
™
s Tenjin Formation
w ?Lake Kamafusa
ﬁ :OZawa Tuff %
X

Numata Tuff
i

ﬁ 0 5; 1 [;Km

140° 34°E

+— Sakunami Fault

140° _54'E

Study area

"~ —Fukano Formation

38" 03'N

Fig.1. Study area and distribution map of the Pliocene tuffs
(after Kitamura, 1986a,b).
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140°35'E

Fig.2. Bouguer anomaly map ( o = 2.3 g/cm’) of western
part of Sendai city. Showing outline of the Tenjin
and Fukano calderas superimposed on a slope map
(Yokoyama, 2001). Contour interval is T mgal. H: High
gravity anomaly zone. L: Low gravity anomaly zone.
Modified from Gravity map of Hiroshima et al,, (1991).

RERRERR  (FILE L AEMBHOESICAmE L (Fig.4), >~
IWhE - BE - BIkahbhsd. BRalddEREM R
E, BRERNEG RLEERIKEELNHD. KEHD
&, FEMEILRIEAD Orbulina suturalis & Globorotalia
miozea & Globorotalina praemenardii praemenardir,
a8+ >~ /1 & D Grlicargolithus floridanus &
Reticulofenestra pseudoumbilica, TELHRILE D Cannartus
petterssoni & Cyrtocapsella japonica & Eucyrtidium
inflatum %, ZEHICADZET S (KEF, 1980 ; KHIZX
H, 1994). TNHHSIEIEED ERIFH 12Ma TTHERIEH
16Ma & &ENnsd CK#RIZDY, 1994). AFZREBH LUHREIX
FAEMIFEAL SMmREICHE L (Fig. 4), BIACE BN
BRINBWSEIC, PEOTAYA MASLRLEREEND
(AtAt, 1986b).

LEEP#HE FoE I SAEMERESICOm L (Fig.4), #
REBETCIHFAGOBROERINEEE LT 2D, BIEEK
BLEH5NS LA, 1986a). @MHEBISAERIEF T

Geologic

Stratigraphy

i

| Adachi - Medeshima Pumice |
. Imotoge Formation |

Quater- |,

Usuki Formation
Otonashi Formation
I Numata Tuff
\ Fukano Formation
. Tenjin Formation
| Ozawa Tuff
} Shirasawa Formation
|

Pliocene [nary

Otemon Formation

Neogene

Miocene

Togatta Formation

Yumoto Formation

oW

Sakurauchi Formation
Omori Formation

Sakunami Formation

Aone Formation

Fig.3. Stratigraphy of the study area in western part of
Sendai city.

BIcHmT S (Fig.4). IFABOBRERIKEEEL L,
EEBOETISEBMAZ 8, EISFITEIFRIA
EENFET HWERED S LR, 1986b). XF
FIE I FAEMIEALERIc D L (Fig. 4), SAMLET 151
FNERIKENSEDS. RtEIIEBEHISREEZL, &
LETERAONEER & FITICES T 5. XN 5 MU
ZIE - TAHA NEOAEENSKED (bR, 1986a). B
REFHEEMEAREICHH L (Fig. 4), BRIV S
mE, KERIESE, thalsy )b NEEE, BRBER
ICXHDENS (JbA, 1986a). BAiRIE/)L MEILE & A
=)L M EBRBA S I1E Okutsu (1955) (& W HEHMLE D,
IR (1962) IE K WKL ADERIRESNTY
%. BREBHSIE8Ma & 10 Ma D K-Ar FELE (LA IF
D, 1976), 69 Ma D FTERME GLAIEL, 1986) HRE
ITNTWA. fefel, xXB - # (1997) (FERLXEEN
FRBHRIMICTLTED T EEZR LR, TOXKEDE
REE LT, 503, 52, 564 Ma®d KAr ERERE LT
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Fig4. Geological map and cross sections of the Tenjin and Fukano calderas. Holocene and terrace deposit are omitted from

the cross section.
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% (Banetal, 1997). BERIZH (2013) (FERBEZESLH
REEDERZ 8~6 MatBEHEL TS, FREIFEIC
A>TV EFRAREEE/R L, TORMDILH S Hi
Tl&, BEHFFEICT /Ny FLTWD. TOEEICDNT
&, DILTIHEDMEREMEEZ SN TWS LeFEHY
Jb—"F, 1966). TOERAIVTZTIE, EEIITANTFIR
DEZEDIVTIDDHLTNS EAKIZH, 2017, SIBIEL,
2018 ; FHAIEH, 2020). /JVREIEISAEMEFERLRIC
DHETHHRBEBEORCERAS T, BRARE7AV Y
ZBG (Figs.1,4). XEE R EXEAILVT S % E2HE
THHBT, TEHOME) IR EBOEAERIKS S L
ORIV S EERBH 57555 (Figs.4,5). db4T (1986b)
DFREERIE - PAEBH K UILH (1986a) DFREFED—ER
ICHEE T 5. XEBIETUIDRTBEMBTEL, FikB
ICEONATWD. BB (BER) I#MUETAAXTKER
BIEFELICMNBY 2F2F NI T o HIERET HHMET, T
DL/ FERIESE - PEOFHEERARNETE - L8
DEFRINEEE - R EHROKRLZEORINESIREITHD &
N5 (Figs. 4,5). REHFEITXEF (1980) DFEEHFED—IBIC
HEL, MIOSTBEMBTEL, FREICEDNS.
B BRRNEIFAEMIEREERICOE T S (Figs. 1,
4). SRREBEOBRAERINE T, MIO/IWNRRINEZE S
TW% (dedd, 1986b). BEBILAEMITEIICHHL
(Fig. 4), M5 - Wa - Mhgcs - BirD 555 (J6H,
1986b). SEABIIHATHINMERIRICHT T 2BAE RIS
T (Fig.4), THUIOEEBEZEDS (LA, 1986b).

EFH FIREISELES U RORRLICAHT S (Fig.
1), ELRIEEOT~KBEDED 5750, —HBRE
BHRG. FHOKEPIE - FE - REEEE > THHT 3.
BEEEPRICNET BREML (R, 1985199 ; HE
Eh, 19865 BAED, 2013) 1, B5F - TEBEEL
PHEN B FEEHBIIN 555, 8 FERICER LT
LRNILIE BRI S ER—BALINC RS BET
TS (B2, 1996). BEAHBHOLREMIS IR
EMROREL (Fig. 4), BAIED 2004) L&Y, Bir
B - PUREE - ERREAEOAE < 3 DIEEHTH
i} B FRERILALR 7 — 6 1T TN T
3. Ffo, EMREETOREDL SIE AT 7 7 SBH R
NBT & & 44000 FBID “CERBHBESNTLB T &
BE (N, 1994), EMBREEEBIKEIED SELE
BLUOEMEhIcE TN (BAIED, 2004).

3. WERH - CHEAFHMEE

CCTIEXREE - BBBLEAHIVT ZEBICH T T BN
TRHERBMICOWT, ZORIAM - 0T - BE - BHEYEA
IR DN IR B,

EAREHHEEDZRHEPAMLA T ADERDICEDFIL,
LUROAETT >z, piraEfi, ENERHR I -y M
HMOENZEEIEI -y bSEITEm L. XEBHLU
REE D ANFERHERN D S IHREFEORWVEGHNERY HE5
fe&, BARDHEEBEDNLKDTEHICDOWNT O ETTD

Stratigraphic units Lithology Sample No.
) Legend
Moriyasu o .
 pumice tuff Member ' fine deplgtedl pumice tuff No.7.15 © — i
o ) and clastic dike o o o of PUMICE
"g i 1S z
£ A = .
N _ Takihara L, massive tuff including [ converge pumice
o pumice tuff Member NI accretionary lapilli No.6 ; block
ﬁ " o o o i . . 3
& Nitta tuff Member | &0°,0 massive Qtz rich pumice tuff No513 &
= .
o “Uenohara massive tuff including No.4.12 black pumice
pumice tuff Member Ao accretionary lapill 0.4,
W sand and ash (parallel lamina)
o o © including white pumice clast No.3 . e
. 100 — e o silt, sand and ash (parallel lamina) ' ~ accretionary Iapl"'
) Tenjinmae ° * sand and ash (parallel lamina) -
c  silt stone Member o e including black pumice clast No.2,11 =
K=l [ — — ~| silt sand and ash (parallel lamina) ' o3 .
- o o . , [ silt, sand, ash
£ s o white pumice tuff =
- o 2
LE ®s .I: black to gray pumice tuff fine tuff 5
Yagyugawa e o —_ . No.1,10, & clastic dike
:5‘ tuff Member @ sand and ash (parallel lamina)} 16,18,19 %
c @ @ very fine — medium sand size ash ~
ﬁ 0 — matrix including block size pumice clast

Fig.5. Schematic stratigraphy and lithofacies of the Tenjin and Fukano Formations.
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fo. HRHERMIIEARDEY HE 2 DIFEADIZ DT
L. enlsNeEn LRERONMUREDDEcEDZED
etk e L.

SHEAFNEBEOREHEE IS FHEM, LA S
DR, BHHER CHS (Table 1). ERIDIIE( i%ﬁ
B (2003) ITEDWTTTofe. MILA S RADERMEF D
rig@ERFD EDS nifrzi&E (JEOL B JSM5800LV + LINK
ISISX#XA7AT7F 4T =) ZBWV . DREEIEAR
(1994) DE, IIREE 15kv, BBETEMR03nA, E—
BERS um DEETFTCEIBHTOE 0 DALA S X
ot Lfc. EDS e KB niERIE, &iBEDL (2003)

SEEE - RIERE -

THHZ - BRE
L 5mIEZEZER L (Table2,4).

(1) X#E (Fn)
FeEEIE, bk (1986b) OXMEINE - FFEE, HXU
et (1986a) DIRFED S SIMARET L/ R - I IBGETAAR
JJ\?‘ET%ZBCD IS L, XMHILT S ZBET 5 TFE8
@*DIJH’E BE@?F““FA%FLYEF%&J:*BU)BE*%U
P = B}EUD/EHEJU’EF'-WJ XnEnsg. RIUdRER)
Jb— bk (Fig.6) &9 %.
MENRIREEBE AZRE L) BTN
EECIEmAbIcR < | T % (Fig.4).

IR L,
&IL— kT,

Table 1. Petrographic properties of the Tenjin and Fukano Formations.

i sample Cirain assemblage (%) Shape of glass shards (%) Mafic mineral assemblage (%)
©unit No. Gl Pl Qi Mm WeGl Fr Ha Hb Ca Cb Ta Th F O1s Bt Hbl oxHbl Cum Opx Cpx G Aln Zm  Ap Opg Crd
2 8 63.5 0147 43 95 0.9 0.0 00 288 127 0 17 34 4.2 0.0 0.9 0.0 05 545 188 0.0 0.0 0.0 00 230 23
s 7 926 29 39 05 00 00 00 00 65 28 454 454 00 00 00 05 00 00 495 75 00 00 00 00 410 14
r 15 915 47 33 00 05 00 09 37 185 56 490 176 00 46 05 24 00 00 83 00 00 00 29 00 859 00
P TN 32 46 09 142 00 3272 144 160 136 64 08 384 00 23 00 00 394 89 00 00 035 14 474 00
:: PR 914 29 24 05 19 10 00 09 170 63 179 438 09 134 00 77 00 00 265 71 00 00 00 00 535 52
13 05 14 20 10 53 00 00 00 143 K9 339 366 18 43 00 18 00 00 18 00 00 00 13 00 952 00
5 ¢ 6 19 09 05 200 00 76 105 181 257 76 133 00 171 00 74 00 00 299  TE 05 00 10 10 525 00
12 770 96 06 03 124 00 00 09 325 210 123 132 09 193 00 127 00 00 99 00 00 00 21 00 754 00
9 89 34 21 04 38 04 00 34 336 252 M4 126 00 08 00 87 00 05 284 29 00 00 00 14 558 24
z 14 £24 10 00 05 161 00 00 00 47 00 906 47 00 00 00 00 00 00 267 200 00 00 05 00 243 286
17 T4l 95 41 05 118 00 00 00 183 46 550 183 00 37 00 20 00 00 342 71 00 00 00 10 474 82
2 916 a7 00 14 23 09 0.0 00 Lo 0.0 990 0.0 0.0 00 0.0 6 0.0 00 363 6.3 0.0 0.0 0.0 06 238 325
£ & 3 7560 24 05 10 200 05 00 00 LT 00 890 92 00 00 00 00 00 00 220 9% 00 00 00 00 559 122
£ 1 959 09 03 14 14 00 00 00 18 09 936 I8 00 18 00 00 00 00 421 M2 00 00 05 00 157 174
& 1 99 75 31 04 M2 09 00 00 290 49 398 165 10 87 00 38 00 05 424 90 00 00 00 10 395 38
10 936 25 10 05 20 05 00 47 252 159 402 140 00 00 00 10 00 00 T4 24 00 00 05 00 199 15
P 956 29 05 10 00 00 1 B0 257 274 27 M5 00 00 00 29 00 00 623 24 00 00 14 14 20 14
18 857 69 45 29 00 00 00 00 TIE 45 182 55 00 00 00 00 D0 00 431 187 00 00 035 L0 321 48
19 919 47 26 09 00 00 00 18 394 28 275 184 00 00 00 00 00 09 516 169 00 00 00 14 196 96

Y1 : Yagyugawa wil Member, Ts : Tenjinmae silt stone Member, tv : wff vent, Ut : Uenohara il Member, Nt : Nitta pumice wil Member, Tt : Takihara wif Menber, Mt : Morivasu pumice wil Member,

Shape of glass shards is based on Yoshikawa (1976) and Kurokawa (1999). Bt : Biotite, Hbl : | oxHbl : Oxy-l

Cpx : Clinopyroxene, Grt : Garnet, Aln : Allanite, Zm : Zircon, Ap : Apatite, Ops - Opaque minerals. Crd : Cordierite

Cum : O Opx - Orthop

Table 2. Chemical compositions of volcanic glass shards. The results corrected by the method of Nagahashi et al. (2003).

Formation Fukano Formation Tenjin Formation
unit tff vent Moriyasu pumice tuff Menber Talkihara tff Nitta pumice mff Member Uenohara wff Member tuft vent
Member
sample No. ] 7 15 ] 5 13 4 12 9 14
Oxide{wt, %] mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5
Si02 76.79 021 7671 030 | 7657 028 | TeS0 023 7675 033 7650 036 Te.ed 032 Te72 058 7673 032 T0.0 1.84
Tio2 013 007 019 012 009 009 015 010 023 018 0.1l 01 00 008 008 005 0IE 018 056 020
Al203 1269 010 1286 0.12| 1293 010 1284 012 1271 000 ] 1269 025 1283 004 1276 004 | 1289 024 1439 039
FeO* 202 0I8 155 021 Log 0z L7706 193 006 182 030 L8 015 L77 031 L0 017 | 430 1.06
MnOy 006 000 011 012 004 009 006 000 008 008 024 023 000 049 015 020 005 002 004 015
MgOr 014 003 016 0M| 015 00| 017 004 025 011 017 007 016 007 0I5 005 029 014 103 040
Caly 133 0a2 148 021 071 011 138 007 171 009 140 016 140 013 148 025 200 011 | 401 055
Na2O 451 050 449 026 488 010 442  023| 420 025] 494 028| 468 029| 469 026 443 013 421 048
K20 2.31 .24 2.46 014 3.53 011 233 0.07 214 0.12 213 0.09 2.26 0.10 2.10 0.24 1.72 016 1.26 0.10
100% normalized on water free, FeO®: total iron as FeO
Formation Tenjin Formation
Parl it vent Tenji silt stone Member Yagyugawa tuff Member
sample No. 17 2 3 11 1 10 16 18 19
Oxide{wt.%) mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean 5
Si02 7620 138 | 6487 2.5 | TL34 068 | 6655 197 7721 039 | 7588 LIT| 7555 022 7649 036 7642 032
Ti02 019 019 077 010 0.52 010 0.57 018 0.18 0.09 0.29 0.09 0.20 0.12 0.24 0.08 0.28 0.14
Al203 1285 033 | 1644 185 | 1437 014 1582 1.68 | 1274 018 13.01 035 1310 012 1266 017| 1253 022
FeO* 229 0.67 598 L10 383 0.33 537 0.82 1.70 0.29 223 0.28 233 0.21 1.97 0.25 215 0.36
MnO 014 025 005  000| 048 06| 004 016 003 006 009 008 012 015 012 013 001 007
MgO 034 030 107 041 09 013 083 028 026 006 027 017 034 008 038 013 037 60l
Cay 231 037 589 LOL| 37T 07| 545 098 194 000 232 034 231 006| 208 015 205 O
Na2(» 3.98 0.49 374 0.49 377 0.33 4.13 0.29 4,22 0.33 4.51 0.13 4.60 0.10 441 017 4.49 0.17
K20 1.50 0.3 L0 0.06 126 0.07 113 020 172 012 141 006 146 007 165 013 L7 009

100% normalized on water free, FeO®: total iron as FeQ
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Table 3. Petrographic properties of the Ozawa Tuff, Numata Tuff and Hirosegawa Tuff.
Stratigraphic sample Grain assemblage (%) Shape of glass shards (%) Mafic mineral assemblage (%0)
unit No. GI Pl Oz Mm WeGl Fr Ha Hb Ca Cb Ta Tb F s Bt Hbl oxHbl Cum Opx Cpx Ga Aln Zm Ap Opq Cnd
T O8L3 26 152 04 00 04 0.0 1.0 219 1.0 381 381 00 0.0 00 28 00 05 645 47 00 00 24 14 237 00
Hirosegawa 8§ 877 18 64 14 2.7 00 55 82 455 109 82 90 27 100 0.0 10.0 00 10 597 20 00 00 1.5 05 254 0.0
Tuff 9 844 14 69 05 64 05 6.6 142 302 151 7.5 85 38 142 00 98 00 1.2 37 00 00 00 49 37 7685 0.0
6 783 52 100 04 57 04 0.0 0.0 328 303 59 134 25 151 0.0 41 00 57 33 49 00 00 1701 24 626 0.0
Numata 5 848 L7 126 04 04 00 0.0 46 198 392 00 364 00 00 0.0 287 00 20 262 20 00 00 25 05 3%1 00
Tuff 4 8l6 81 27 04 72 00 0.0 29 295 229 124 152 0.0 17.1 0.0 372 23 23 163 0.0 00 00 7.0 0.0 349 0.0
2 947 L0 00 05 34 05 0.0 08 403 155 186 178 23 4.7 00 43 00 00 420 29 00 00 0.0 0.0 333 174
OmwaTull 3 988 08 00 00 04 00 00 08 7.2 51 169 59 00 00 0.0 00 00 14 824 14 00 00 00 0.0 122 27
1 829 38 14 05 105 1.0 13.9 268 17.2 325 0.0 7.2 24 0.0 0.0 93 07 00 407 227 00 0.0 0.0 0.0 260 0.0
Gl : Glass shard, PI: Plagioclase : Qtz @ Quartz, Mm : Mafic minerals, WeGl : Weathered glass, Fr : Fragment,
Shape of glass shards is based on Yoshikawa (1976) and Kurokawa (1999). Bt : Biotite, Hbl : Homblende, oxHbl @ Oxy-1 le, Cum : C ite, Opx 2 Orthopy
Cpx : Clinopyroxene, Gt : Gamet, Aln : Allanite, Zm : Zircon, Ap : Apatite, Opq : Opague minerals, Crd : Condierite
Table 4. Chemical compositions of volcanic glass shards. The results corrected by the method of Nagahashi et al. (2003).
Formation Ozawa Tulf Numata Tuff Hirosegawa Tull
unit Lower part Upper part Lower part Upper part Lower part Upper part
lithology pumice pumice black pumice piselite pumice surge pumice pumice pumice
sample No. 1 2 3 4 5 ] 7 ] 9
Oxide{w!.2)| mean 5 mean 5 mean 5 mean 5 mean 5 mean 5 mean s mean s mean s
802 75.61 035 7519 061 7495 045| 7696 027 7720 067 7680 027 7634 0.55 ] 76.64 023 7670 031
Ti02 0.22 007 026 002 024 002 011 0.10 0.1l 0.07 0.6 0.08 012 0.08 012 0.08 012 0.05
Al203 1303 08| 1330 031 1320 008| 1267 0.07] 1284 047 1297 008 1310 037 1292 009 1299 007
FeO* 296 020 299 0.09 268 020 1.38 0.21 1.47 0.16 1.25 0.20 1.57 0.23 L1 0.18 1.23 0.20
Mn( 016 014 006 008 008 011 0.07 0.1 0.05 0.08 0.06 012 012 016 002 0.08 000 007
Mg 0.31 012 033 007 028 008 013 0.02 0.21 0.09 0.14 0.03 0.22 0.07 013 0.02 016 0.05
Cal) 233 012 247 015 242 017 089 0.24 1.32 0.20 0.82 017 1.64 016 062 0.05 076 034
Na20 e 045 353 045 448 0103 422 0.34 4.66 0.21 397 0.31 4.73 0.29 443 0.24 441 0.53
K20 169 019 187 017 166 005 357 024 215 0420 383 021 217  0417] 400 0.8 365 068
100% normalized on water free, FeO*: total iron as FeO
— 3
LEYIV— b DB, A2/ — bOAWE, KEB)IIIL— HAXUFOHZRENUEDS5E2BEEHRICE 05~
hDXREE KUHE), :It W= ODOARAR, )IL— moOBEEETOY 773\’*5(?"9“7&. <_*L FE5 cm ~# 10
=1 atAN ; — \Y:| — S "B A B2
FODARARIATT S (Fig.6). BEEDEEE70m DAL EEOBENEELLEOT, EERRERT

NEERBEESNS (Fig.4).
ZEIL— b T, SERERBE TIREORERKE T A XL

TOAZ ABRRNURD5EHEERIC, £ 5~ 10cm 12
EOEANEIET 5. EBMICII—EHLORTEELNRS

ns. BRlxABEREDEDONFIERCEETEENS.
AWE)IV— FTIXEIREBET, KEE - KEOHRE
YA RUTDHZ RENUKH 55 ZHEBEFRICE 10 cm 72
BEOEAHEET 5. £z, —4 10~ 50 cm QOEBMEEHF
ESFEVIVNTOY ODBIEYT B, KER V)L MEEE
EOBEBFRMATIEBAZIFEAEEET, WA - MR
YA ZDEADRWNAZ RBEMN UKD EXKETD. T
IE—020 cm BEDBEERE ARSIV 7Oy 7 %H
THICES. KERJIL— T, SRREBETKAE~K
BEORRBYT A XUTOH S ABERNUIKHOSEEES
FRICRARTIOmBEDEAZEE. BAaldataskEan
HEDOH5EY, HhIHEHSEEOEAHLNEEND. ik,

—ETCEROS ~FmOBERET Oy U &, —010~80
cm DBUER A SIFe>)b b 70y OhBIET 5. Vb
Oy OEETETELES. L)IL—bOTIE KA
& - KBOFHBT A XUTDOAHZ RENUAD S5 SHE
BHICER 10~ 20 cm BEDOBEEPE 05~ m DBEA2
ET70vIDNEIET D BRAIKHBEREEDEDHLSKEY,
PREEHNZL. JUIIL— FOTIEIKBEE - IKEDMAR

3. ZOREBEITIEK, NIRRTV ZXDHZ ZE ML
IRHONEE 2~10cm THRYEL (Fig7-a). BET HER
ITIFEEMBERDEDHRZ . Tfe, BEBPICIEZ—T 10~
30 cm OEBUBEAZIF eIV TOy O08ET 5. db
NNIL— b@TlE, LEROBEEET OV IHETET 28K
ERICBE 05 ~ 2 m Offifu~hfit 1 XOMBAERES
5. BAERETOY UVHETET 2EKED LML, SIRE
BETKABDORNIY A XUTDA S ABEFERMLKD
S5EBEBEHRICE I BEEODHBBEANBIT T 2B 0T 5
IREDSES. COEMEIZIIIIL— F QDN ERIRE ($85h)
DIRIEH SEES 200 m DEFH THOHND. THITT DEIX
%&FE?}%$7‘D v DBIET D EIE & DIEFREBMTEIC

¥, =0 10m D, VIV N~HRIS A XD AT A BREE
AIJ_I (CEREINS 7OV ohEaENn5.

W) ERIESSE D S ERE LIeERDOERIFHE/MAIE, X
WAZZA&xEEL, REA 2~7%) tl—J/ﬂn_&EEE‘% (05

~45%) =26, MUASRICIEGE -TaZNZL. B
EsES (#H) BazEL L (42~75%), FEBRIL
(20 ~40%) CERER 2~19%) 2886, &,

FEAE1I~10%RESL, T@EARG - BKA- VIOV
EHIMNMCES (Table 1). MUAS ZERIZEGDED

MTE B SI0, BICEH, LowKiEFICHEES (Fig.
8, Table2). SO, ElE& B — rDEKE1T770~
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Fig.6. Lithofacies and structure of main river routes. Legend is same as shown in Fig. 4.

78.0wt%, A&V — kDR 10 T 73.0 ~ 77.0wt%,
KEB)IIL— b DFEE 16 T 751 ~ 758wt%, dt)Il/L— ~@
DR 18 T 759 ~ 77.0wt%, Jb)I)b— b @DER 19T
759 ~76.8wt% Tbh%.
X#aiv IV FEBE AEEIGHAEHEORILARICDH
L., RRECIIEBICEREN SIS, B CIIRAICL
<H®HI% (Fig.4). &IL—rTREEEIIL—FDEFO, &
WE/V— b DOAWE, KBR)IV—~OXREFII, 461

V= ODKRALR, )Ib—bQOARKRRICHHT S (Fig.
6). BEIZS50miEELRESNS (Fig.4).
AEBBIEREIIL— F TRES 2DDEMRICDDHNS.
TERIGBEIR BN - BRI Y A XD AEfE&SE ALK
EMDOBRLEBRICEEERDETEL, FIEELHL
RREBENFET 2. BARIEE3~5mBECLSAEBY
nNTWs. EEIZIRE~KEET, Fh~BRT 1 X0
HEABRERANLKEMD S G LEBHRICAEEADEIE
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Fig.7. Photographs of lithofacies of the Tenjin Formation and Fukano Formation.

L, TAEBLFORREENREET S, LHOREEICISE
FIEEOHEELCYIV N EHDS. BAEEAE10miZ
ETHEINTVS. OHEICIE2ERIc NW-SE ERT
< AICERT 2. w2V — FTIE 3 DOBRICXKE]
Eh, FEBEIV S - BT A XD S AN LK E
FLL, FEEENFEETS. &, B20miEEOER
DREBZHKG. FENIBEKE THKL~ PRI 1 X DS
AT RABMUKEWZEEE LT, FTEITRRERD
FEL, B2mBEORBEAHEED L IF—HERIC
BREG. EEIEHRRBY A XDER A ABXUED S5
BEEPRICET~3mBEOREEANEEL, HBLRXR
BENROSNS. OMIECIEEERIC NE-SW EM TR
& MERT 5. KBER)IV— b TIE )L b Sk - i
YA XDHS AERERNLIKEWDSEREN, FITER
PEADHZEENFEL, B0S5~1mBEOBELRZS
G T TRIFENSEATEICEERT 2. IL—
FOTIEEICT )V b D@k - YA XDH S RERE
ALK EMDSBREN, FT6 L ITRRERENFHE

L, B5cmEEDOERAPNUERZEGBAFGC LS D
5. T TOREBIEME) IFAETEICH L TEBED
BEETETS. 24 NE-SW EBTRICE ERT 5.
LV — S @TIEEICTIV b EBARL - RO SEBRE
N, RIREEHNFET 5.

Tl M ERBH S L cBEAD SR FHEMIEA
WA ZAEEEL, B{EAS R (1 ~20%), REA (1~
10%) &V8BOREEREEE. MUATAETadiAZ . &
SEEER (RIA) 1BA 22 ~42%) &ARFEREILY (16
~56%) #EL L, EEA (12~33%) CBEfER (6~
14%) =86, £z, TEB/RA - BIKE - YIVd>ED
FTMNTEE (Table 1). MLUAZ ZDMERIE, SIO, EHHIE
JNRIEERRBIC LN T2AEMITEL Low-K Sl 7w +
TN3 (Fig. 8, Table2). SiO, ElFXK#EFI> L b EIRREIC
BIFBTERDOZEYI)L— D 2 T 62.0 ~ 673w, &
ESDOARWE)1)U— FDEH 11 T63.5 ~692wt%, EIRD
ZEYI)V— bDEHE 3 T 701 ~ 723wt% TH 5.
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Fig.8. SiO, — K,O diagram of volcanic glass shards containing Tenjin Formation and Fukano Formation.

(2) ®EFE (BER)

AEIE, KB (1980) OFEBFBO—IBICHEEL, FURET

TIFk - JNIBETILIBIC DTS BRIKED 55 5. KREIXES
HIVT 2 &IBIET DIEAREDNRFHRBH 55 Y, FH
BFEH S TERD L/ FEIEERE - HEROFHE RIS
g - LEOBRRINETE - & LEORTELRINEER
BIZXHENS (Figs. 4,5). B MIIZEYIL— (Fig.6)
L95.
L/ ERIREEHE AIEISHAEILE, LEIIL—
DI - E/BRERDE/IL— bDLBICEICDTET S
(Figs. 4,6). BEIEDECEE20mMEBELREE SN
(Fig. 4). ZEJIBKUOERME)IITIE, BREBETRAE
DR Y A ZUTDOHS ABER MUK 555 EGH
IZ, B1~2cm ONLUERHLEBIES 5. BEEISRBTHS
D, ENOHHBEARNESE - DEBERILBETHS. K
Wa)b— MIBWT LM OFHEARNESE & DEFRAT
IICRBERNESNS. ZEUIIL— b TIE NE-SW EB T
FEICIER T 5. AS) | Tl NW-SEEA CrmIciBR 7 5.

AREBH S LI LEAaD e FEMIE LA T X
HEEL, RIER Q~10%) EVEDREAEES. Al
AZRFC-CbBIAEFLT S, Tz, WIRXKDTIEDEE
TNHEVWZFDOMOFERERTALAZ AN 17 ~19% &%
U EIERNEBRIEEE L (52 ~75%), BA (#A)
A (10 ~30%) &SEBEARA 7~13%), TLTH=E
DEFER - AR BIKA - VIV VEES (Table 1).
NIUAZ ZHERIE E & F D &K < Medium-K f815D1E K,O {8
lc7Oy bEn3 (Fig.8, Table2). SO, &, &EUIIIL—
bDEE 4 T 760~ 771wt%, ALV — kDR 12
T 759 ~778wt% ChH5.

FHEESRRKRESME ABILHEMICHESS, 28)ILV—
bDOE/IR - FH AWE/IL— DOLBICEICDHET S
(Figs. 4,6). BEIZF20mEBELRFEES5NS (Fig.4). 3

REBETKAEBEDHRMY 4 XLUTOH S A EfE& AL
IO SEZEERICEI~SmBE (BKE20cm) D
BANBET 5. BRlEEERICEZL, REITE2~5
mm OAREESL. ZEIL— N DAEREOEEIRDEIC
I, B2~5cm DEEMNEEH 20 cm OFFHITRET 5.
BICZDLEMET 1.5 m OSEEISE@AL - PRI 1 XD
Ao ABERNMLUKED IV D SR FTEEHNFET .
WEBICIZE ST 5 cm BE CBRICKLEANEET 5. AT
BlEeA8ic NE-SW Em CRlcERT 5.
gooshFEBE, MLASAEEEL, BUIEAZ R (2
~5%), RNEA 1~3% &A% 2Q~3%) =56, A
AS RICIE Ta » To BIRS L. BSOS A &
L (54~95%), BEA (BAH) BA 2~206%), Z&EER8
A Q2~8%),Z LTHEDEMER-V/LIVEFE (Table
1. ZEYIIL— DR S IZESAE 5 % IZESE (Table
1). ANAS AR, Medium-K s8I, E K,0 Allc 7Oy
FEns (Fig. 8, Table2). SiO, 2%, &BJIL— D
B 5T763~771wt% T, xBE)I)L—FDEB 13T
76.0 ~77.0wt% T 3.
ERRKREEE AMBIIAEMEIEBOZLEIL—
DER, A&/ — ~DILEICHT L (Figs. 4,6), BE
IE30mBEEREES5NS (Figs. 4,6). SRREBETX
BEOHRRFIY 4 XLUTDOH S ABRER NS 575 5 E

B, B1~2mBEOMUSANEET 5. MLES
DEBERDEL. NESWERT, ECAIERNTS. K

EEOEKEESICIE, BESOcm OB LIV M ZRTET
5.

SRFHEMIE, MUASRZEETZEDOD, RILAZ
AEPPZ T (14%). KLA S ADFRIEZE DML &R
6% (38%). BAMISAERIEES (FH) Ba%
FLL, BRANa - BRER - YLDy - BIkAaZESE.
ML T AR SIO, & 76.5 ~ 77.3wt% T, Medium-K
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BHOEKOMICTOY bENS (Fig.8, Table2).
HRBEARKREEE ABIE, FAEHIFILFAEIBDZEY
I— b OHZE, FHL)I— DLUBICHHETD. BEIE
BRATCSOMBELREES5NS (Figs.4,6). SIREEET
RAB~BHEOBRAEEIE T, BEERITMIHZ L.
BAOERARI0mZET, @HERICEET 3. BRI
WITISRIRER C B ERDFES 5.

KEBOBEADR FHEMISAMNLATAZEEL, AR (3
~4%) ERER B~5%) EEEG. MLUAZRITIETa -
ToBNZ . BIYIEER (B BA (8~50%) &F
BRI (41 ~86%) HELL, BRIER 8% EEE.
£z, E5A (1% EE) LEEF - Tasia - Vibay
EHIHNMCEL (Table 1). NLAZAD SO, £, HEY
JIb— b DR 7 T 762~ 77.1wt% T, Medium-K $83ED
EKOMICTAY bENS (Fig. 8, Table2). —74, &
£)b— kDR 14 1% 76.2 ~ 77.0wt% T, Medium-K 18
HoOE K0 fIH 5 High-K s8igicd 5 (Fig. 8, Table2).

(3) XEHIKE

2L DAIVT FITBWTHRER LIk RR#EREY & 20
BEREZEITHHIVTIE BB (A>T, B+ m
DA MICRIBEAMABREERIBOLESNTWVS
(Reynolds, 1954, 1956 ; =M, 1970 ; Almond, 1971 ; Ekren
and Bryers, 1976 ; Oftedahl, 1978 ; Yoshida, 1984 & ). %
B, INSDEAMABREESRICHLETES2EMEN, X8
BLARFBOMmEZICHEILICHES DT AT L AR TE
fe. TNHDEAMNREERIL, A HDRIEBETH D
feDT, TTTIE NaEgpeE (tuff vents) | EMERT & &
T5.

KEAIVT S DIGERIRE

KEHIVT Z DB D o 2 REB) IV — ME)ITIE,
EROMFLRE> IV ~a EmAllckE BRI M) 1R
HE L OBORNRAEROUE (HILT ZE) |Ta0ER
150 micofcy, MENRIKERBOBEZT>C, Bk
RITRIKEDNDTHELTWVWS. CORKEDREESE EINE
ORI RBROEEITEICTITTHY, TDOEDHEK
BEE, KEEEYSEHIC, RZVEV IR LIIKE
HHSEETAYIDI M) 7 AR LTS, /2T,
ZOEDIE, BXRRYRURBHSAIVT S8 (BEM)
IR > CER LTERAPRDAERS (DT 58) TE
fEL RSN NGERIRE (tuff vent) | TH2 E ¥R
Lfc. AERICEERD A B INEENE & DIRFERTIE,
BEDLEAIFIETSNTLDE, THIFAERTICRS
N2AZvEVTEEBIT, MENRICESRBRIDAILT
ZEICh kR LIt EZERLTWA. (Fig. 7-b).

—7, KEAIT ZDRECH2E MRV — DR
ICHBWTE, TEAIDSBTTE & SRRERBEONL) B IK

BEED, FEEEOMETEINTWLS (Fig.4). <
TOMBOZREIESOMU EEHEIND. TOEBITED
BErBOFAINE 70 m ([Thiz> TEA LN VRIEDEWNIC
L ABROEEEE T 2R IEES (Fig.6) BT 5,
FANC DTS HEREE RO E) | BINEEE & DERIE
v =TT, ZOBRBEIIHBICFTICEEZELTWVWS.
>T, TNUTOVWTHME)IIRIKEEBBDEHICHEST
E£CTRAIVTSE BB ([TR2 T, EEH S/ UL RIRIC
AEEAIVT ZBITR> T EREALTE NAGERIKE ]
ThaEHMLT.

ficd, EROBRIEHNERDR)IIL— FD LB TIEY
300 m, JE/IL— F@DIEKTIER 20 m (e > THHEY
% (Fig.6). AWE)IL— bDILIBITERS SN 2 AEEIX
BliE, BRI~ Y A DA S XENMLUKEY IV MY
A ZKLKDERICEB AR L, £02~1cmBEDEG
DEET S (Fig. 7-0). ZBDIEIL 2 ~5cm, F&ATH 20
M BETHZ. SBALTONEIFLEBEIF>TEY, T
C TIENE-SW FERTEIC 60 ~ 80 EERI L TW5. AILT
FEEFRAICH T D UMERINEICHEET SiEREEDIER
FAE—E LBV, 2EICHEERNZLD. KBRIIIL—
DINE) N TIFBIRRI~ RO A DA Z AB KL E S
VA ALK DiSREET 5. b))V — b @ Tk
- BRT A XDAH S ABRERNLKER S5 ~ 30 cm i2E
DHOBNERZZL, TTTH50 ERETRITERLT
W5.

NERINED ST L cBa0eFHEmME, LA
2EEFEL, BIEATR 4~16%), RIEA (1 ~3%)
EDEDEREZZG. MUATRAICE CaBl-Ta AL LAY,
L CAPERERIICLEE LT, KL S ADWHHEA
TW5. BTSRRI EEE L (24 ~56%), BEA
(®7A) #Ba 27~34%), E65H 2~29%), ERIER
(3~20%), TLCEBARA - A>T A - I
A-I)aAvEDIMNCES (Table 1). ALA S AMEAMIE
SiO, ElTPPiEH d BH Low-K F8iFIc Oy b & (Fig. 8,
Table 2), M&E)IRINEENE & —BT 2. SIO, 2lF, AW
2)I)V— b DR 9 T 76.4 ~ 775wt %, 5K 14 T659 ~
71.5wt%, KEBJIL— bDER 17 T 726 ~774wt% TH
5.

REHIVT S DIERIRE

FEAIVT S DERICES Lic & Bhn 5 JERIE,
FEMEACFEE, BEUIIL— hDBRT, RLBEQEKE
2B R B = 59 ST TR TR 50m lctofc ) 3%
L. 70 EiZECAICMERT 5 (Figs.4,6). E5miZED
WRHENBR SR T A XDAZ ABNUKRE LU
VT A ML DERZE 2L, BROESIEHRATD 05
~1TmEEETHD. BREOAELCOREIL LB > TL
% (Fig.7-d). BAZE LT 2 TIE, BB OMD NI
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M 5L, BRABOEROARERICG > TWNS.
B0 EmE, MLASRAZEEEL, AE (15%)
ERIEAZRA (9% ERERA (7% 226G, KLAZXIC
& F 1 —TRD T BlAE, CaBl-Ta BIAZ LY. EIAIL,
BEA §H) BRzEEL (54%), FBEBHIY (23%) &
HRER (19%) 286, T, E5A0% 2% EESEEA
BaEAI> T U BREDINCEE (Table 1). ZEYI
Jb— D 8 D NILAZ XL SIO, 8 765 ~ 77.3wt% T
Medium-K s8iZic 70Oy b&Nns (Fig.8, Table2).

(4) BIVTZABICHTT B ARERHREY D
INRERS /ISRERE JeRd, 1986b) [ EXEAILTZD
BRICHMmT S (Fig. 1). REZLEDICHHRT HEEIL,
THORREBEOEABERINED S LEHOBAERET
Ay 7 Za8GCRIENEEEELLTWS. 2T, &
RERREZ /I REETEE LBEEET OV /285
ARIEZ IREINCGE L& L CEREET 5. /JVREIE TED
WIREZ LISRAT B5IAKRICDT T 5. SEREBET,
IREDHRIFI S A AULTDOH S RERERNLUKD 55D E
BB 3I~5m OBANEIET 5. JVREIE ZERIEER
REBIET, KB~KABDIEREDELE RIS THY,
MR A AR OAH S ABNLUKD 555 REER (R
DEE LR 10 cm ~E m OFRR T 0w 7 BEIET 5.
BERROEEHNIIL— FQOME) B ERBICHWVNTE
RHO5ND.

ISRBIKE TERH SEE L e RO FHEA AL A
SREEEL, BIEAT R (11%), B (4%) EREAR
(4%) =86, NUAZRAITERFRE EFBEANZ N, &
SMEER (B BaxEL L (41%), FBEEIY (26%),
HEEL 23%), EEAMA (9%), T L TLEDERIL
ARAAZSEE (Table3). ALAZ XD SO, &l 752 ~
76.0wt.% T Medium-K & Low-K DIEFRFHAIC O bEh

K»0

Low-K [

74 76 78
SiOy(wt.%)

THHZ - BRE

% (Fig. 9, Table 4). /JVREIE LBHOBRRETOY D
OB LIEBADEN FEMIFALAZAEZEEL, B
EAZR (0~3% EBER 0~1%) =836, LA
SRITIFCa - Ta BINZ N, BIUMIES (BAH) EBE
HEEEL (42 ~82%), NBERIEY) (12 ~33%), 254 (3
~17%), BERER (1~3%), L TLEDZEANARL
BT N VBREEESE (Table3). ALAZ XD SO, &,
SR 2 &3 T741 ~767wt% T, Medium-K & Low-K M
BRMBEICTOY FENS (Fig. 9, Tabled).
BEERKRSE BHEERE Gk, 1986b) [ ZXEAILT D
EHRICLE< DL (Fig. 1), JOREKEEES. NHEHETE
ATIE, BENI10~80m ERBEHEL, ZIHhEEANE
BEMNEL 55, BAHEENE TERIL, MY XLLTFD
Ao ABFERNMUID 5 EZ2EERICALEANHRET S
BIKBD 555, TOEMISSIREBIET, KAEIEAE
DEAERINET, Y A XLUTOHZ A&/
JKOEBH(CE Smm BEDARE SGEADETES 5.
BRBREDNLEREEADSNFE/MRIE, ALAZ
AxFEEL, A B~13%), REA Q~8%) LRI
HZA (04~7%) #EG. MLAZAITIE Ch AL - Th A
HNEW. EJHWEMRIT BRI EEE L (35~ 38%),
TWARA Q9~37%), BA #FH) E\AR (16 ~26%),
JIav Q~7%), FLTOEOBBRG AT
b BSE-BIAESS (Table 3). NLAZ ZD SO, &1,
NLUER Gk 4) TE 765~ 77.1wt% T, Medium-K &
High-K DIEBR[HIICc 7Oy bansd. 8&a GRS Tk
75.5 ~77.9wt.% T Medium-K#8i5ic 70w k&N (Fig. 9,
Table 4).
[EENRIRELSE (LEEEALBOLE B aEE
A, 1986a; LA EH, 1986) (&K% - ZHEHILT ZDE
Hlcntmd 5 (Fig. 1). BEIX7~8m T, BAMDIE
MmEWLALALETIEY — V88 (BRIFD, 2013) H5K

Legend sample No.
B 9 3% pumice
Upper part |8 I:E:I pumice
Hirosegawa Tuff 7 ob pumice

| Lower part 6 O surge
[Upper part 5 0 pumice

Numata Tuff o
| Lower part 4 O pisolite
— 3 [] black pumice
Upper part .

Ozawa Tuff 2 A pumice

| Lower part 1 /\ pumice

Fig.9. SiO, — K,O diagram of volcanic glass shards containing Ozawa tuff, Numata tuff and Hirosegawa tuff.



ey, SR -

BERAEESE CTHERINDS. Y—VERIEBE 50 ~ 70 cm
T, VIV M~BRIR S A DA S A B &AM UD 57
Y, BARYALEAEIEET S JuitiEh, 1986). AR
AAERISERRBREBIE T, RAB®, IFAEOEAERINE T,
Ao REBR/ERNUADSHBZEERICES mmEBEDARE
EECEANKIET 5.

H—IEH S Lzl GER 6) DeRrFEmEN
WAZRZEEL, BE (10%), BfEAZ R (6%) EFE
A 5% EEEG. MLUAZATIEBBRANZ . ELYIE
RERIMAEEEL 63%), Vibar (17%), H=>7 b
VBE (6%), T LY EARNG-BEREA-BA (B
7)) BA - BIkaESG (Table 3). U—I3ALAZ R
(s#¥le) SO, 2l&, 764 ~ 77.1wt% T Medium-K &
High-K DEFMAIC Ty b&ENS (Fig. 9, Table4). X
PERAKE D SR LB AN FHEMIENLA S X%
FEL AE 6~15%), RILAZ A (0~6%) RHEA (1
~3%) HEEG. NMUATAORIRIEER 7 TlE2ILER,
A8 &9 TIEHFBENETHS. %ﬁ!ﬂ%tixﬁﬁﬁﬂ*%%
FEL Q4~77%), BA (F7H) BG (4~64%),
AR B~10%), ZLTHEDY)LOY - BIKA - %ﬂ
Ba- A7 BEAEFEG (Table3). XMLUAZAD
SiO, E1& 750 ~ 773wt% TH Y, =E 7 & Medium-K 18
ic, F# 8 1E High-Ks8iElc, £ L TEMIILK0 £ 20
~ 4.1wt% T Medium-K H*5 High-K 88igiic 70w b T3
(Fig.9, Table4).

BIBIEH (2018) &, HPEE - AKRLMIBFIHHT S
ELBRICBNT, EE)T_JﬁEZI/;E EBEELTTELS L
A MkMy-1, 2,3 DZBEHFI L, MkMy-1 % ) | DR IR
%EBE CREELTWAS. f2f2L, TS DELEFEE

CIEFETOEENTZOHOSN, KUEEHEEEIRETHS
&JI/\TL\%. Zz0%, Elll-5iE (2023) &, ®ILE 3.7
~35Ma) DERIEICEENDELIOEHFEE & T /32
1 bOWMETEMERE RS L, BWUBITIELE RIS
BOLRBIGBH ARG RINED 6 BESH S EAERWNHL
TW5.

4, 74wvav - by IER

AEHIONE) | RSB H K UTAR AR ST E
ERMER - JVREIKE - BHREKED S 9 FH R & FRE
L, JIvavicksd7qvrary-. hovIERBEZE
frofe. AT EFRHLSBERZIY HESEDIFE
BDIHERBL, TNLUNIBEEEEAATRETLEDEAN
fe. BIRFEIEIT7IVIVTZL— MREZBE LS v 7 D&
HiE LTENEBT 4« 70 2 —REHRBL, AEICEE—%
BIEE (Hurford, 19903, b) (LKW EREDZELEIT O
(Danhara et al,, 2003). BRIEER%Z Table 5 (9.
KEBWEIRREBBERIDMME GRES . MO1)

REHIVT S OB & ABIE
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BV B B RSCEER) ESETHIE) . CRER)IL— k), dEk&
38° 12’ 55", Wi#E 140° 36" 44" Ch 5. AFHBDHLSIFEA

DHEEYHT T EHNR#E D, BESAZTHHME
AESEE Lz, YIbarvERE=zIEYEL, DEdeEs?2
BEOERRFNEALTWVNS. TOSBEEXEFTRBEDE
WEDZEAIE LTz, 30 MFDRET—2DEEFTVIFE],
X HRETEKERTS. x MBORKEVEDHSIBICEHNL,
X REICERT HETATRINRFER—DERSE
HéImLEREEHL, 51+ 04 Ma DEHESNT.
KEEWMENRKRETHE HHES . M02) HERMUEIE=E
S LEEHER) | IBBETAE d)ILb— ), d66&38° 117 197,
B 140° 37 19" CHB. BAFRICEENSY/ILOVIED
5, MEINAEROS B 60% (NGRS TN
oT, BRYDBFMBERANRICAERT >z, T—2IC
ES5DELRHSNZEDD, x *BRETIKERT S. AIE
NFEe(xR—FERERICBT S LEREBEZEHL,
53 £ 0.5 Ma DfEHESN .
KEBWENIRKRERE GIRES  M03) HEUBIE=
R RS ERAR) | BETAA) | (RER)IJL— b)), Abk& 38° 12" 227,
%%‘X 40° 37" 45" THB. BRICEENSY)ILOAVIEDE
. DOARGERHZND T, KEEEE ORI 7
@ 10kg U EDFEBMEAET>fz. 5N eY)IbaviE
20% b‘@ﬁ/ﬁ‘uaa'( 80% e E 2T HEELIER CH-O
fe. RBHERD |_&._U)|—_|L\ 20% O BASRAE ALY, 92 M
FaAIE LTz L/b‘L/,ﬁJJ —ADFLEEVIFELS, x '
ECRIETS. x ZTE@k%L\hELC B RFEBRNLIEET
ATx BREICERKR L. BREnfciiFER—OEREH
EFHEL, EREEHRL, 54 £ 02Ma DENESNTE.
XNiERKRE GIRIES I M04) HEMIBIL=IHESmED|
ISETHIAE) | CRERJIL— 1), db4& 38° 12" 567, BR#E 140°
36" 44" THB. HMELIEIIVAVIZERFTBREDL S,
G EE3BEOERTIV—THNEETHEDEHHTEN,
ELERFEBREDEVNI IL—TZRENRE L. BIE
T—ROELEFVIEEL, x BETKIKTS. x MEDOK
FVBICBHRAL, x PREICEKRT DETATHREINICRIF
EE—DEREHAEHE LEREZEHL, 3503 Mad
BHESN .
FHEELEREHE GRES (TAD) HFEUELET
KEXRMREESZFE (BEJIV— ), Jci&38° 16" 017,
B 140° 37" 34" CHBH. BAPICTENSD VLA VD
35% IFAREIETE N, RYERAELE. 7—2DFLFE
DIFEL, ZELSHEWERKFNEAL x " RE TEKRT 5.
X BORKECEDEIBICHN L. x REICEKRTDET
AT, FBEnfenraR—DERER G LFEREEH
L, 63 % 08MaDEHESNT:.
EMHE FHRES T01) HEMS|IEZIMELLHEER) I |IE
BT (R78F)11), 4648 38° 10° 527, B94% 140° 36’ 16" CH 5.
SREEE CIKAB~RIKBE DM~ BRI 1 DKL

9\
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Table 5. Results of fission track dating on zircon from tuffs.

SEEE - RIERE -

THHZ - BRE

Number Spontaneous Induced Dosimeter
Sample of grain s N it N P Ny r Priy2) u Agetla
3 N, N N .,
{cm™) (cm™) (=10% em™) {%0) (ppm) (Ma)
TA 1 (Takebayashi F. Nitta pumice tuff M.) 25 244 =10 ° 76 1.19 1o ¢ irn 8.706 4457 0.808 48 1o 63 & 0.8
TA 1 (All grains) 30 666 =10 ° 237 1.53 1 546 8.706 44357 0419 0 150 132 + 1.1
MO 4 (Tenjin caldera tuff vent) 29 306 =10 ° 138 262 ¢ 1183 8.582 4394 0.845 36 250 35 £ 03
MO 4 (All grains) 30 316 =10 146 258 =10 ° 1193 8.582 4394 0.767 0 250 37 £ 03
MO 3 (Tenjin F. Yagyugawa tuff M.) 67 692 =10 ° 774 34 =10% 3800 7.603 3893 0.837 19 420 54 £ 02
MO 3 (All grains) 92 LI =10 f 1750 302 =10 4904 T.603 3893 0.214 0 390 94 = 03
MO 2 (Tenjin F. Yagyugawa tuff M.) 29 349 =10 ° 142 199 =10 * 807 B618 4412 0.861 71 190 53 £ 05
MO 2 (All grains) 30 362 =10 ¢ 149 197 =10 * 812 8618 4412 0.746 8 190 55 £ 035
MO | (Tenjin F. Yagyugawa tuff M. base) 28 469 =10 ¢ 186 277 =10 ¢ 1098 8.600 4403 0.787 22 270 51 = 04
MO 1 (All grains) 30 539 =10 * 223 285 =10 °® 1178 8.600 4403 0.725 0 280 537 = 04
NM | (Numata Tuff) 30 108 =10 * 17 724 =10° 79 8688 4448 0380 52 70 45 + 05
0OZ 1 (Ozawa Tuft) 24 785 =10 ¢ 234 265 =10 ¢ 791 8.670 4439 0.954 23 250 9.0 = 07
OZ 1 (All grains) 25 827 10 ¢ 248 265 =107 795 8.670 4439 0.606 0 250 95 = 07
TO 2 (Togatta F.) 30 849 10+ 779 209 =10 ° 1918 8.653 4430 0.776 54 200 123 = 06
TO 1 (Togatta F.) 30 437 =10 ° EEE) 105 =10 * 799 B.635 4421 0.971 52 100 126 + 09
(1) All analyses by internal detector method using ED2.
(2) pand N are density and total number of fission tracks counted, respectively.
(3)ris correlation coefficient ps and pi.
(4) Pr(x2)is the upper 32 tail probability corresponding to the observed y2-statistics (Galbraith, 1981)

(5)Uis uranium content.

(6) Age caleulated using dosimeter glass NIST-SRM612 and Cppe = 35043 (Danhara et al,, 2003)
(7) the total decay rate for 238U: AD=1.55125x10" yr'

(8) age: T=(1/ip)=In[ 1+ipe C (p/p)= pul

(9) error: o7 = TX[1/ EN#1/ EN+1/ ENgHo7 0]

R 575 % BEAIHE 20 cm REDEESRAET 5. A5
HEBERICHEDELANEDER YLV A BEICE
B, BRI FTERHERN S END. F— 20k L%

DIFRC, AIELcatFrR—FAERICEY 2 &k
TN, 126 £09Ma DENESN L.

EMEE GHES T02) REMUIEISZHBEREE)E
BTHT) | DOMIER, 464 38° 10" 347, BRiF 140° 36" 14" CTH 5.
BE~REEOM EMURD 55 2EEFICE 10~ 20 cm
BEOBRAONBEYT 2. EERNCIFTTEREPRREERED
FET S BALSHBEEINYILIVIIEBO THELIR
BB 2T L, RiFG FTERRAERR CHENnS. 7—
2OFEEFVRRL, AE L FArR—FREHICRE
IHEHHTEN, 123 £ 06 MaDEHESNT. AN
TO1 LE—HMBEHEENDD, VIVIAVDTZVIREIC
K2BOELHFON, BROEFHD TO1 BB THHDIC

XL TO2 [FF/REBETRY. LALGHS, FAEIFREDE
HTEL—HT 2.

INRERE EHES [ 0Z1) REMIEIX=HRKEEN
BT 2 LA, Jb4& 38° 08’ 557, ER#E 140° 40" 40" T
H5. SRERIE TIKEABOMK~PRD T A XDAILIK
DS AHEBRICE 2 ~3 m OBRAHBIET 5. BAIFH
BEXREDLONSERENS. BAFICEENS YLD

VNFIEBITOGCHESEN. LIeh > CRESREFIEE 5.

NFIERD 30% FFEN, EREDORKREHNE CAETEEN
BERHAS% FEND. BEICEWZDIEEERD 25% OfE
m?%%.?—gwitiUM%<,Xzﬁﬁ?%%?é

X REICARTDECAET Y “EORKEVEOEIBICH
HLTe. BENFRTITET S VEEDIES DEANRD S

nan, B—OEREHLHE LFERZEE LIER, 90
+O7Ma®$ﬁ@ﬁﬂ5ﬂt

BEERKE GERES 0Z1) REIEIX=HBSEEM
EEEPHEEQL\HJE & 38° 09" 017, E#% 140° 40" 13" T
H5. IREBIECIKEBEORN A~ Y A XD NILK
D5 EHEERICRARE S0 cm OBAHHET 5. BAZ
WEBICES mm BEOARZZE. BARICIIHEDER
VIVAVERHNEEICETEN, RiFG FT FUAEAN TH
5. REHDUSVEEIFMES, FTHFT (BESLUFD)
O DEL. LHL, fF7T—20FEEVIRFREL, A
E LlcahiFhE—FEHICBT 5 L HIEN, 45 £ 05
Ma DEREHESNIC.



(1) KB L FEHB OB

T T, FTXEE - FHBEBLICDHT HABR
HWREYE OXLICDWTHRET L, TS5ICBREERATE
D OXEE L FFBOMBENRETERT 5.
WENRIREEE & VRS LB E DXL IR IKE
&, REBODHENSH2~5kmmEEICHHEL, K
B&Y FMuotEs snTWic Jbkt, 1986). /SRS
EREBEBEL, TOLHOBEANRELERKTOY
U mBGEBITHE) DRICEERE S BT 5. W) 15X
EERB SRS EERIE, 2RFHERICHS WV TETE Th
BLERERADEEELNPPEVLOD, (FF—HLTWV5S.
BHWERTES (B BasAAEREEEE LES
BEVEEGEVSEHE BT 5. NLUAT ADMERIE
WA | RIAERE A S0, & 73.5 ~ 78.5wt.% T Low-K fE15]
70y bENBDISHL, JUREIRE EERIE SIO, £ 746
~ 77.2wt% T Low-K & Medium-K DB R Hric 7oy ~
N3 (Figs.8,9). S0, —KORTTAY hENBABEI
EFTINZE00, —HFELEL, KOEHDHEVEND
BHII—EBL W5, INSOEEECEHEAFNEE (B
ICEBRESG T L) PRUANLATRDERSBEHRDR
OS5, WE)IRIESE & /RIS EEEXT T 5 T
EDEIRETH B.

—7, INRBIRETERDNILA S ADMEIE S0, & 753
~ 763wt.% T Low-K & Medium-K DBFR DRI 70w k
hn (Fig.9), JWRERELERE—HT 5. LHL, W4l
RINEESEH,SIE 5.1 204,53 205,54 =02 Ma D FT FE
RAEDESNT=DICH L, JVRERE TR 9.0 £ 0.7 Ma
CEWMEETRT. i, INRBRIRE I EIER TE
FEALZ, EFEAZEEAEV. UEDTELS, JNR
BINETERL, INREIKE LS F BT S HMBERD AR
TR CTH DHEEMA TV, WA RIEERE & /RE
P EEOEHERE FTERHS 5.1 ~ 54 Magife Tdh o
feLHEREINS.

BEBIRE & L) RIS ERE & DL
AEEIKE EILB) IRICEERE I, b nmiEldEEn
W3 (Fig. 1) L0O0, MLEAZESERIEDE LICE
ABEDAREREBYDEGZ 2 EEEF L, BARICRIRT
BRIHBTERIFERRGAREZBICEE LV DR
HHBELTWVS. MERERMER T, NERIMEE
A ®A) Ba - BEalazrel, YEOAIVT b
VEREEEYINOAVEEGEV O HBERD DS, 2
L. BEZBHERIED 10~80m EEVDICHLT, A
B)IIRICEEED 7 ~8 m T, HENHICEN. BHENE
DR MEICRET 2 MUERRE S, [LR)IIBRIEED
BOPIEYRTEICRET 2 —YHOBMLTEEKE

Wa™Eeys, SEETERe - REHILT S OME LRI
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DNLAZ A&, &EITSIO, ITE I Medium-K & High-K
DEFMEICTOY hENS (Fig. 9). Zhicx L CAH
BRI A FER OB A E Medium-K 38215 D& K,O @i 70 v
b Eh, Medium-K & High-K DERICTOY fENnsd
DIFE. —7F, LB)IBRIKEERBO XL Z XD
I& E 1T Medium-K & High-K DIBRATMIC T Ay b ETh,
Medium-K B DE KO Bllic 70w hENBZBERESH T
Envphofe. (Fig.9). DT &, Kasuya etal. (1992)
IC&B, [RBIIRIKEEEBA N = 1498 BiRICRIBMEZ S
DKLAZRELSIC, ERTIELYBRBITEDONLAS
ANBET A EICHIST HREEDH 5. £z, 18-
BEF (1995) (&, LEIRIKEEEBD 4 BELNSKE LT
HEDFTERERE LB, I)baVDT o VEER,
TRITD 110 ppm H5, EAITOD 80 ppm NEFBD LT
HTEERELTWVS.

BHEKE ELRBINRIKESB T, £9 730D
Medium-K & High-K DIEFRFBAICTOY hENZIIH
EH Lz, 0%, BHEEKEDEEIE Medium-K 18150
BKOBICTOY bENBIIITHAD, LIRS
B & Medium-K & High-K DIBR(HEIC Oy bEN3<T
IIETEELDDE Medium-K SBIELDE K,O Blic 70w b
TNBEIITINEET 5.

JTEE, Takashima et al. (2020) 17 /32 1~ DMETEHEA
METIVAYD U-Pb ERES LI, (LEBERILBICHEE
HERESL, WEEDICEERT 28HHOR RIS - DX
teZ 17750y, L) IBIRCEERE S, BRI ~NEEEZIC
PRI DBEERE (371 £ 003 Ma) [CHftbEh, Z0#
BN, BREBACEDEEIC S HEAHIVT S (FEIED,
2020) Th 3 EfEmL T\, Kam On LICBERKE (45
* 05Ma) EIRE)IIBIRERBDNLAS ADME/MIE, @
EDOMLEBET HEDTIEGWVD, BEICKYBEREB
FRRDMFIE T D RIREMD D 5.

HREE L BHERIRE - [LE) RICEERE & DL

R, REEBHEKES LOLBIIRIKEERE D
BRICOVWTRSN T 5. £/ REKESBIIALERZS
GRIEDSZY, HEELRKEHREITARODBIIDE
AZSCRINED ST . N, BEEKE - LE)
RINEMBDERER E—HT 20, £/ REKEENEE
FHBERRICEERE DRFRERICIEEL 10cm D)L b HERTE
L. ETOREERLEBOSN, MLEARZEGRKED
SBEARNENERE R T 2808 IKCE « LR8I EIX
BB EIERGD. Fe, b/ REIREENE IR E -
[RBIRICERRE LN, 2RFEMICEVTARDEE
EMELS, EXIICHI VY P RAZEEEVRTER
%. oL, L/ RBIERES JUHBRERRIEHE
DKINAZ ADEMDMERIE, SO, & 77.0 ~ 78.0wt.% T
Medium-K S8 DE KO Blic 7Oy bEh, & KO@licY



24 SBRE - RIEREE -

Ow bEN2AHTRZEGEARRIE « LB ERICEERE
CEHEOSNCER S, FHBARINEIBIZERE DA
TRHERBMD S GV AREDPPEZESH, BHEEKS - L
B BICETE ESRFEARODERE= XS <AL, 5L,
FHEBEORAESTBIIZETAZEGH, BHEKELILE
NI ESBICIEEEZ NG, UEDT &, FHER
BHEBNECLBI BRI ESB SNt T 5 SIETERL.

HICHWTC, FTHEBEARIESHRENSIL63 £ 0.8 Ma
DFTERDNESNTD, BAREAIERN T HHMERESE
HFATOBRERENLS, EHFBIIXHEBLIVHFLL. Tk,
WA RIACEERE &/ INREIRE LSOtttk s h s &5,
BHBRRESEREBLY Fublis. EHBICISEREK
EVREBRINESE L - T A ERFNE-MAERE >TcA
PERIEERO S NG T EH5, BEBRIAE LB Ik E
HBILEFBLY EMTHAHEENBV. £2oT, FH
BOEAERIE, KEE 48~58Ma) KWidEFLL, 8
HEcE (371 = 003Ma) PILE)IEIESB LY IdE
W40~55Ma DEFHEHEIND. NSDERIL L
BRAEHROEFMIFICHTFET 2 " LBIIERIKE " D555
N7 495 £ 011 Ma*+ 492 = 0.07 Ma ®<)L 3> U-Pb &
fX (Takashima et al, 2020) &EE>TW5. £z, XA
WTZ - BHEAHIVT ZOERERIL (hEeBE, BEOOB
DOER (54~53Ma; BERIZD, 2013) &6, FIFELE-S
TW3. XEHIVT SONERKED, 35+0.3 Ma DE
KRETRLTWVWSD, TNREEOBEAAILT ZH 5 DEHE
BIKBEDBAEEOREEZF, HIVT SBENEELH
BEMELEZSNS.

(2) XBAIWTSEXCEFHIVT S DEE

XeE L RAFEIE, BEPEAFMERICKYBERICX
ATE, TNEZNICHET DNERKEGROS5ND. Z
Nonnm (Fig.4) PHEEE (Fig.10) SEHEE (Fig.
2) HoYEILT, XEBEFEFBOEHERICIZZNZNIC
WIST BAILT IR ENEEZSND. UTICFN
SHILT ZOEEIC DV TIERETY 5.

KEBOFEGZ CIEELE & JoEsahrEL TS (Fig.
4). Je)b— b EREST O A E RIS IS NE-SW 7E[) T 42
~80°DEABTHRIMERT S (Fig. 10). TrABE/IITR
DT BABERNEIE, RAICHTT 2aTEESA
THIBME (HIV7T Z8E) [Th>TamLTWS (Fig.
10). ZFHUTH L THAE) | RIACEER B I8 4 ~ 20° DIR{E
MNERL, BRTCIEEMEREREEE L, JLETIE—%
ITHEL PEBRIT D (Fig. 10). KEBDDHEHENSK 1 ~
2 kmEAIlE, FHITHAWEEMTIUROHELNRDH SN, £
DOILBIDOERITIFEREERAFEEL, BAIDEEMICIZATR
B - mAHBE - NREIRGE  BHRBIED DT B (Fig. 4).

BOENHERBIE, JBBIHIEMERRESEICHS (Fig.
2). BB anENERIEFOH -50 mgal T, EF

THHZ - BRE

AEISLEBAEND, K5 kmEAEDOREENDH . MRK
BIOEDEOENEE, 0N -40mgal T, £IH5m
IO TRBREORREE S, ARDATHD. KHE
IEIN5 2 DDEDENEEHICELA > TAHL TS,
< RDE, REBDMBODIHKE RFITFENRDE
mMEBNNTHS. AR CIIFETREMRL, LERE
FREROEDESDFOZE#ET > TS (Fig.2).

W BB fe & D ICKRHBE TG T B IERIED D S
N3 T EPHBEREE - ENNHH S REBEELICITMER
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Fig.10. Generalized dip-contour map of the Tenjin and
Fukano calderas.
The dip direction is perpendicular to the contours.
The width between the respective contours
expresses a gradient of the map.
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AIVT IR ESNEEHEEINDS. CORRAIVT %
SEEH 2004) lFFREAHILT S Emi Lz, TORIRIE
EitiCE#ZS DBAEAZ2 L, BEfEdH oI T/hE<
BECAREND & DA ETY (Fig. 10). ZDME&RADIV
7o DFRIEEIL 12 km, HARATS km THB. BT
HRICIBN TV B FMEROMEIL, MR& DIV T ZERER
KUAIVT IEBED 2 km BEEELIZEDEHTEEIND.
GHEREETFIITBEZELz/IV 7Oy o PEE Lz
WEET BT &, NIRRT IV b A DMLk EAE
THRRMROBREE T OV I ESGIENS, EBHEC
KDEEEZISTcEEZSND. K> TCREBEHLHEIC,
WEDOKEB LRI EDTHRICE TLEN B MM ()1IE
HIVTZ (FAIFED, 2020)) HEELTWHEEL D S.

AEBEIEREBAmEOIAESSICEILIAR 9B T 5.
BAESROOSNTWVWERERFRBICHINY 2 8RS, Bl
BLZTBOBICOHEEL (Fig.4), NE-SW EEBT 70°
DEATHICTERLTWS (Fig. 6). FEHBORZIEINE
IRk ERBEEL, ZOERISBELHEINS. It
IEAFRIBEBZSHBTEINS. FHEIZHNR 18 ~
34° THEIER T 5D, TOMERBIEKEBOIER LY PP
EOV. EHFERBOILGE EEBESMIEERDI WD, £
TOBEISFRBETHSD, ZTOMTIF—RRITFAER LTV
% (Fig. 10). FHEEOSHIL, MEXEBEMOICHZEDE
NEBFHORAFEDE—HT S, BHFEICHST B ANEL
REDFEECHERE - ENNFHEHLS, FHEBELHAAICEH
DIVTODERENCEHEEINDS. TOHIVT %= SE
D (2004) | EFEHFHIVT T L LTc. XAILT TIER
#WAILT ZOFEICANFIRICEL, ZOREIEEIL6
km, BRFER 2 km ThH 5.

Amanda et al.(2019) |&, K& - FHFHILTZZA LT
RITBYDERESEZEHDA)L DB OERICE EDE,
HMTF2~10km EHELTWS. BH, K& - EFHFHILT
SOREBEITTDOR TR FEEDFIYED 7 km THBDITH
LT, k@ - FZFHILTZOIAITIES km &, D LUERWME
ERLTW5.

3) VTS24

DIVTZIER T IBY DR NEDNE - PR & &
BREEDEWNICRY, NAT7RB (EX M) R2—
), C&>CT8, ZAFEE (84 1993), E—X )b
ANy FRT7R, 29258 (Lpman, 1997) 7x
EHFISN, TNZNICHBN G T EECHEREEZE T
5. BhEaarEmLIgE BEHETIIHIERLES
BEHEBHL, BEBEVYIXIGERT 2EEHESHICH
|Ens (L, 1993). ERAILTZDELIFBEENER
BT, INAT7ZABA)IT T TIIGDER T D RMER & & NED
DFEGBED SHABEREZTRL, C&DTETIFAEIL
AMADOT USKIREZT S, NAT7RAHILT ST, Z

DAFOEKRT Oy 7 HNRREINEB TR > RERE N
BOBERIHES>TER M) U A—IRITSEBIALG (Smith
and Bailey, 1968). < Di58E, LIEFLIFER 10 km ZHE X
BRERMHAIRERE LIV T STEREED N ERERED I R
CREINTVS FZIE EILARMNERFOHEM T T
&, EEERAEICEST, AT SEFELZES Tkm M E
DEEBRFH~FBHRIAERAENNESNTWNDS (B,
1993). C&5THAILTIIE, TUERROAILTIE (B
th, 1993) &, HFOERICHE T NS LB AGEIZER Y
BEIr5on UhE, 1993), 1BENGHLOEAN TEESH
W - R L CELSD. HRARMLTIFER3I~5km &LL<
EZENUEDAKEETDOMMZ BRBIMERL TWET LN
HBN, HTREBDAEDERIE R 2 ~ 3 km LI TH B
(R, 1983 7K38, 1993). ZAEAHILT ZIE, mEAICH
179 % F— LIRFERRIC K > THIREHNE TR 10 ~ 20 km 2D
ZAIRICHEE (—XHMEE) L, TOEDKREEANTH
MR (ZXER) NECEH_EMREEEEZ2T HDH
B TH5 (Komuro,1987). b=w FR7EIK, 7FH X
MYV R ) A TSR SNz, TRICEBLZZOUX
ICK > TH Ufe F— LRBEBEDEEEEICHILT ZH
I, FEBEDE £ 2 DHWVROFRETY.

K EHFHIVT ST HIVLT S DOIEET, NERIKED
KEHRL, ZOETHRVEWN. AT ZARHERYITIE
BEBOEEENVEL, AT BRI THLBELRAIV
T OBERIEMREY AR A T LIETERL. FORIE
ElE, KRBT OmB CEMERREEETTEOD,
JEE TR, —RICAEBERILTWS. ’t>T, EdoAILT
FRATOVWTNICEBEETEHAHT LISRETH S D,
BWTCEAR, oY T R7RODER N2 vy Z2—87H
IWT o THBEBOLNS.

(4) RBAIWTZEELCESHIVT S DRBIE

LIRS, KE@AILT ZDFEFBIEAZ A 7— T1 ~T3 1<,
REHIVT ZOFFEREAT—Y F1 - F2IC, &5ITHEH
HIVT SFERE~IREE IO CamT 5 (Fig.11).
WENRKREEBENDI VI LR (R7—YT1) EREB
JUBY LER (SIO, EHBEEEICHIE) RSB H 5K
I N EBENRL T BT ENS, HRESE LTV
HeEELEL) H5, SIOIKEGRYMELicx /<A L
F95%. IITROLFITHNITEETY FHICENED
ElEh, ZThEE LTHBINZEHESNS. W
EIRRESBIZBUE el Tay o xa86T &
P—ERE LIEWEERET BT EHD, WE)IEIKESD
BOANBRNBHT ZUENC, T OME—®ICT TlcMi
DMFEEL, MO ENTWERIBEEEA S L.
TOMMBERE, KU EHEWNZEUBEE, EE (13~11.5 Ma (B
FIXH, 2013)) OFERITIFIFEEZ=ANEAIVTS RN
HE 126 ~123 Ma) v, ZEBEBE, MWAB T (10~
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Formation of Tenjin caldera
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Fig.11. Model for formation of the Tenjin and Fukano calderas. Stage T1: vent opening of the Tenjin caldera. Stage T2:
collapse of Tenjin caldera floor. Stage T3: Deposition of lower part of the Tenjin Formation, after that and forming
caldera lake. Stage F1:vent opening of Fukano caldera. Stage F2: collapse of the Fukano caldera floor and deposition

of the Fukano Formation.

9Ma; (BERIZA, 2013)) DERITIFIFELES)INBHILTS
UINNREIRE 190 £ 07 Ma) EDAILTZH#EE (FHIF
B, 2020) ICHET BAEMENHS. (LB TIEELE
FEHUETIE, 2%E LTRBLENEATVSD, ERIF
H (2013) &, THUTIFLEREICHSIT S A—A)VEHRR
ZHHES L TLBELTWVWS. ®5IE, TOREICHEND,
FEITEEMABDER (11 ~9 MatEDOHEN ), #f
KEZLEE 8~7Matd), BEAEDEE (6 Ma LWPP
%), T LCEOOBEELEDER (4 Matd) D4 &R
TARESG HEBOHIZ) HROS5NEELTVS. #HIBD
HIRNZEB OGS TR 5D, A—HIVERERELN KR
BEAIVT ZEMCEFTLTREI ST LER<ASNTWL
% (Smith and Bailey, 1968). BRI ZAGHS, A—hH
TR TORIBEL DIV T S EAITHE D - DL FE MR
DRENZEEZDE, TOXOIBARBEEDRYRLZH
B9 5 ENATEZLEINGL. ZDIHE, HEIEEM
KBOEBEBRAESIINNBAHILTZ, MABRLBORES
ESERAIVT S, BREBEEDODARESIEKME - BHFHILT

2, ZLTEOOABEBILBDERAEZSIIBEHIVT S
DEENEBE L CUNERIREME AR CE 5. BERIZH (2013)
MEEL TV, WIEBREDOARES & B LARE RE TR
HENBEHORES LEDODRVHIGK, LEIHBOZE
MELZDAIVT ZiEEE BEEREEAR> TS (Acocella
etal,2008) T=&hEHEINEZLN.

WENRKREEEDO R REHE (R7—IT2) FNnH
RACED S R IEERBICHEH T A NERHEHT 5.
BHEHRD AR, ERLIERIDDILT SBEERTH
AlBAaZEM LR BaRs LOBRICRERL, 8
KEDRINICEVERGRETOY I HRFERINcED EHE
FEEND. TOMREREBRICHENHILT SHRENELS.
Mgl NEAFEE LIV T S BRERH ERERIC LE XA
KECEBAG v I R7RITRT ofc. B ERREED
ERFICET L, MERICE Y £ CreMbENE) G EERE
DNBERAERNEET 5. TDEEDHIVLT FEEIZREANE
ML TWEHEEINS.

Kb P EEBE DR EHIRER (R7— 13)

Fa&
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AT ZDMMITKHAEZ SN, HHAELCT. LHL, &
AE L THEACEERNISHIE, EBEPABOEBEANAILT T
RICHE I N, COBRBEROEAE, HE) I RIKESREIC
HETEHEY SO, ICEGRIIOD, KEMYVIV ~NEERE
ICHRETZLY SO, ICZLLRIRICBILLTVNS. 2D
JTRIGHE) IBRIKESBDONERES S LRI &
FEAY, AREE L IBRY DL YESRICHFKT S
EEZSND. KEai)L MNEBBTIE, BN TUINS
EEASIO, R Lic, BUEBNYT 2@aLH5. &
DT EIEKREFTY )L M EEBERBOBEANERIE, RAIC
SIO, DZLWRIRAZBHT BEHE, BU, KUMEL
2 SIO, ICEGRIRABEHT 28 AL e EEZ5NS.
ZEBHEBOTYITLRE (RF—YF1) X@Esi/L FEER
BB L%, XEHILTSEEFRIDORITBYHLS,
AEEFRBEGIES LIERIIDBEDOHILT ZALFERICIAIE
THMEDSEH LT,

FHRBOMGFELR (R7—YF2) ARBREHICHEN
@A) T ZIDFEEDIHBIRET 5. MERIFIBEAE
DEROHENDHIVT T FEHEERIC BRI KE R
BRAG NSV T RT7IRDMER TH ol EHEESNS. AL
TOBETIE, AIVTIEEERT HEBDEZTBN—
BIEd 5 (Fig. 7-). AEEROBEICESTHRET SH/ILT
THME, EDOREIEHRBL OHREEOAINEIRBICE
DNBERHERRIATIEY 5. KA DL T ZALERICIE R
I N EEBOMRMEBIANLS 2m L (Fig. 4), FEHE
DNFERIE E B ICE MM THOTEE L TOTRREEA S L.
F/ERIIRESBNALEAEEG I DT, BF
BAHADEA T T RKETENE ST L BIRENS.
FHHIVTSEME - BE XEHILTEFFHILTS
NMERENTZR, TOMI—RIE, BEEKSELB)E
PCEERBICHEE T 2N REREYICEBONC S HE SN S.
BIEASEFHHICAD &, KEBEAINTSELUCEFAHILT D
FRRIBESSAMEL B & L TEIEEN T 5. THITHL, BB
LIeBRILMD SRIEZE FRE T HENMEEEINTIRE
DTS, ChEEDWEES)ICL>T, AT ZHEf
DAL T ZERANTT L THENEMITERE L, K&EH/ILT 2L
EEREFHILT ZHEAIANMER LIZrTBEEIE T E TERL.
LHOLEAS, FIkBOEEAITECHEEEMNZRT T
EDD, 2EICERILHBINEE LR LIEAgEERN AT,
FRHASEETH R D SR HEFFHAIEEICIE, 100 AEB DR
BRERE BN TEAMLMNEE L TV, ZEALIEAIV
TOEBHICNEL, EEREECERBESEZEZER
9% (Kanisawa and Yoshida, 1989) < &h'5, BEFEES
GNBEFRAEBE LK@V T FICRTE, BB LWV
U (BEE, 1992) DEIEDAHILT S DEREED—ER % F]
BLTBLR - BHLIEEHEEINEZSNS.

6. £LH

ILEHmRETA, S EHE) I IBETICES T, AT
NHEBMDODH - BREMEREEEBESH,NCL, AT
AR & A1)V T BT R T B NBERERY &
DI LB L OMBRERICOWTEST Lz, ThoDiERE
LUFITRY.

1. XEAOIT = BET HREBIE, WEIBRIEITEBD
NEERHEREY &, RAERTY )L b EERE DA <X
DNEND. KEBOBAOGAMUASAEERTHREREDT
MMCEH, FTREBEYWE L TESAE 14~ 325% ZE
26 WE)IRESRBOERADNILAZ XE SO, 2
735 ~785wt% T Low-K f@fgilc 7Oy hENB. —7A,
x#gi )b bEMERICFENSIEHDALA T X
SiO, & 61.8 - 72.5wt% T Low-Kf8BiFlc O f TN 3.
RIS EEBIEMAE ) VRIGEER B S XtbEn, £15
DFERIEL 51 ~54Ma EHEEENS.

2. FHEHIIT O HIEBERT BFEFEIE L/ RRETE - 5
AR RINEEE - BRRNEHE - R ARIEE
BlIcXnEThd. RFBOBASIOALIZAFALA
SAFERTHEREDITMNCEH, £/ RRIKEEEBEE
FERIESBIEIETAEST. £/ RRREEE - H1H
BRRIKEEE - B8N ESBBOEAIT SO, B
76.8 ~ 787wt% T Medium-K fBElc O v b TN 3.
FEBOERIIKEBI UL, BERKEXL Y HL
45~51Ma tH#HEEINS.

3. K# - EFHIVTSDHILT FEESNEBRICED RE
I5. KEHILT ZADEREYISEE CEMGZREE
L, dEETIEERE - FBHFHILT T EEIC—HKITEN
BRTS N0z s, X BFHILT T,
FEEBHERER K AT BIICAECEBRAATE N TV TR
2A TN BEINSDAEED L.

R

RARISEHFENEHREmE (EFHMEB, RE
#5 16740283, AXE  RIBRRE) O—MEFEALL. B
BSOS BT 5.
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3-D measurement of Omura tunnel tomb group in
Kumamoto Prefecture using SfM method

BER B - BRI BRI © - A2H 2
* RIERFRE A F TSR

T RARFRERANH SR FHZRE

o Atsushi Fujisawa®, Harumasa Kano*, and Takeshi Sugii**

*The Tohoku University Museum, **Faculty of Humanities and Social Sciences, Kumamoto University

Abstract: Omura tunnel tomb group is located in Hitoyoshi City, Kumamoto Prefecture, and 26
tombs have been identified. In some of tunnel tombs, the walls next to the entrances show various
designs in relief. They are estimated to have been built roughly in the 6th century. This site has
always been in danger of cliff face collapse. It is important to conduct detailed 3D measurements to
prepare for damage to this site caused by disasters. 3D measurements using the SfM method were
conducted in FY2021 and FY2022 for the main part of the Omura tunnel tomb group, the area where

seven tombs were built.
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High-resolution 3-D measurement of Nakata tunnel tomb

in Fukushima Prefecture

BER 27 - BB BRIE < - ot 5RA 1 - BN RE

VRV YIV

*RIERFREAMEE ~ BEAF

o Atsushi Fujisawa®, Harumasa Kano*, Yoshio Kikuchi** and Masanao Shimura***
*The Tohoku University Museum, **Fukushima University, **SHIN ENGINEERING CONSULTANT CO. LTD.

Abstract: Nakata tunnel tomb, located in Iwaki City, Fukushima Prefecture, has mural-paintings of
continuous triangular pattern. It was constructed in end of the 6th century. In view of its importance,
it has been designated as a national historic site. As part of our Grant-in-Aid for Scientific Research
project, 3D measurements of Nakata tunnel tomb were conducted in 2021. Because tool marks and
thin line engravings were found on the wall, we used the SmartSCAN-HE, an optical, non-contact,
high-end 3D scanner, to obtain detailed data. The floor inside the tomb was measured by photo
analysis of the Structure from Motion (SfM) method, and the outside of the tomb was measured with
a terrestrial laser scanner. These three types of data were merged. High-resolution measurements

allowed us to identify detailed features.
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