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Abstract

The Yosasagawa Debris Avalanche (YDA) is the oldest and largest
debris avalanche associated with sector collapse of the Nasu Volcanic
Group, North Tochigi Prefecture, Japan, during the middle Pleisto-
cene. The deposit is widely distributed along the rivers that cut the
Nasu Volcanic Group, such as the Yosasagwa and Naka rivers. Here,
we report an investigation of the relative age, distal correlation, and
depositional processes associated with the YDA. The YDA is charac-
terized by the presence of matrix and block facies containing quartz-
bearing pyroxene andesite to dacite (SiO, = 58—63 wt.%) lava blocks
and clasts that occur stratigraphically between widespread biotite-
bearing tephras, such as KMT (Kaishio Kamitakara Tephra, 0.62
Ma) and APm (Ohamachi APm tephra, 0.36-0.33 Ma), in the Chubu
region (Central Japan). Although previous research has reported the
age of the YDA as 0.3 Ma, the tephra-based stratigraphy suggests
that the YDA occurred before 0.36-0.33 Ma. Using lithofacies (debris
avalanche-like), petrography, and the whole-rock geochemistry of
lava blocks in the deposit, the YDA can be correlated with the
Awakawa Pumice Bed in northern Ibaraki Prefecture. Based on this
correlation, the runout distance can be estimated to be more than 100
km from the source, Sanbonyaridake Volcano, Nasu Volcanic Group.
Although the lithofacies of the upper part of the YDA are uniquely
massive and contain mega-blocks at all outcrops, the lithofacies in
the lower part of the YDA show remarkable lateral variation; i.e., an
increasingly proportion of lava blocks with clast-supported structure
is observed downstream. This indicates that the YDA was water-sat-
urated and fluidized by river transport and thus able to travel large
distances as lahar.

Keywords: Yosasagawa Debris Avalanche, Nasu Volcanic Group, Naka
River, tephra-stratigraphy, Awakawa Pumice Bed, Lahar
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Fig. 1. Map of the study area and sampling localities of
tephra layers. Dashed box (a) indicates the Nasunogahara
area in Fig. 2.
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Fig. 2. Geological map of the Nasunogahara area (after Yamaoto, 2006) and the Urizura Hills (Sakamoto and Unosawa,
1976). White circles with numbers denote outcrop locations. (a) Distribution of debris avalanche deposits (DA) in the
southeastern area of the Nasu Volcanic Group. ODA: Ofujisan DA; YDA: Yosasagawa DA; KDA: Kuroiso DA; NDA: Na-
kagawa DA; AWP: Awakawa pumice bed; So-OT: Shiobara-Otawara Tephra (Suzuki et al., 2004).
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Fig. 3. Age range of deposits at each volcanic edifice (hor-
izontal bars) and related debris avalanche deposits (DA:
circles) of the Nasu Volcanic Group. Abbreviations used in
the figure are as in Fig. 2. [1] Ban and Takaoka (1995), [2]
Yamamoto (2013), [3] this study, [4] Fujita (1988), [5] Ya-
mamoto (1997), [6] Yamamoto and Ban (1997).
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Fig. 4. Stratigraphic sections depicting lateral lithofacies changes in the YDA and related deposits. The diagram below the
sections indicates the altitude of the base of each column and the runout distance of the YDA from the source. Afa: Ash fall
deposit; Pfa: Pumice fall deposit; Sfa: Scoria fall deposit; PFD: Pyroclastic flow deposit; BFL: Block facies of lava; BFP:
Block facies of pyroclastic flow deposit. *: age from Machida and Arai (2003), **: age from Suzuki (2008).
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Fig. 6. Stratigraphic columns showing lateral lithofacies changes in the YDA, including the proportion of lava clasts (>10

cm in diameter).
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(<) Fig. 5. Photographs of outcrops of the YDA and related deposits. (a) The YDA and overlying gravel layer (debris flow
deposit) at Loc. 1 (b) The base of the YDA at Loc. 1. (c) The YDA and the KDA at the type locality (Loc. 2). (d) The base
of the YDA at Loc. 2. (e) The YDA and the KDA at Loc. 5. (f) Sketch of Fig. 5e, showing lava clasts (black pattern) in the
lower part of the YDA.. (g) The Awakawa pumice bed (AWP) at Loc. 7. The AWP can be correlated with the YDA (see text
for detail). (h) Tephra layers around KK17 at Loc. 8 (inset shows a close-up of KK19, which is characterized by a lighter
color and the presence of biotite). Locations 2 and 5 in this study are Locs. 6 and 8 of Yamamoto (2006), respectively.
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Table 1. Lithofacies and mineral assemblages of the main tephra layers in this study. (Type) Pfa: Pumice fall deposit, Sfa:
Scoria fall deposit, Afa: Ash fall deposit. (Juvenile clast) LGp: Light gray pumice, Wp: White pumice, Gp: Gray pumice,
Sc: Scoria, LGBp: Light gray brown pumice. (Grain size) C.S.: coarse sand. (Mineral assemblage) Pl: Plagioclase Cpx:
clinopyroxene, Opx: orthopyroxene, Hb: Hornblende, Bi: Biotite, Opg: Opaque mineral, Qz: Quartz.

Thickness Juvenile Grain size

Name  Locality Enil Type (em) clast (max:mm) Mineral assemblage Age Reference

NSO1 1 a Pfl 30< LGp 10 PI>Opx>Cpx>Opq

NSO01 1 b Rework 10 Wp 10 PI>Opx>Cpx>Opq

NS04 1 Afa 10 C.S. PI=Qt>Opg=Hb

KTO1 2 Rework 40< Wp 10 PI>Opx>Cpx>Opq

KK02 8 Afa 10 Cs. Bi>Qz>0Opq

KK17 8 a Pfa 70 Wp 15 Opg>>PI>0px (Cpx)

KK17 8 b Pumice bearing Afa 20 Wp 10 Opg>>P1 (Opx)

KK17 8 c Pfa 80 Wp 10 Opg>>PI>Opx

KK19 8 Afa 10 CS. Qz>PI>Opg>Bi

So-OT 9 Pfl 500< Gp>Sc 120 PI>Opx>0Opq (Cpx) 0.30~0.38Ma Suzuki et al.(2004); Yamada et al.,(2018)

Sn-KB 10 Pfl 150< Wp 30 PI>Bi>Opx>Hb>Opq (Qt)  0.22+0.05Ma ‘Yamamoto and Suto (1996); Yamamoto (1999, 2012)

Sn-SK 11 Pfl 300< LGBp 60 Qt>PI>Bi>Hb>0Opq 0.29+0.06Ma Yamamoto and Suto (1996); Yamamoto (1992, 2012)
APm 12 Afa PI>Bi>Opg>Hb>Qt 0.33~0.40Ma Suzuki and Hayakawa (1990); Machida and Arai(2003)
KMT 13 Pfl PI>Bi>Qtz>0Opq 0.62Ma Suzuki(2000); Suzuki (2008)

HeFEM D 5725 NS02~NS11 OF 7 FRENHERE L, HEE
B E NSRS EBDN D, ZOT T IREOH TEMIN D
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I3 10em Th 5. BEROMIZ, REA, RBHILY,
Ak A, EAEEIEED 5N5.
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BECIIREA, EABEA, HERMEA, ANEWINEEES S L
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ARIED, 2004) DREAREE —TBHEL TS,
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SRENE B R IZNHREYN IR TERND, 20michk
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1mm T, BEROfIC, A% REA RETIEMEED
515.

KK1713, JEJE 170 cm OB NGB K OB~ K ILIKE
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X5 T& 5 (Fig. 5h). KK17ald, JE)E 70 cm O TG
3=y bTC, Kbl Bami s 2hE 35, BRaHD
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5%, KK17a BLU KK17c ORAEACIE, RiBHIR,
#EA, BEAEAOD, KKL7b ISR, FERa1E
HHN5.

KK1913, EE 10 cm OREROBNDKILIKETH 2.
RAEESA DY) TR EOERITIRSNT, MK T DRK
KX L mm Th s, BEROIED, FNEHIY, RHEA
GAHEDED HNB.

5. ¥kt - BED/=HEA TR LAET 7 5E

Loc. 9(&%% : Fig. 2) : #HARERALES, &E KWL DR 7))
T I SEH U 7 HE-K T 7 Z 8 (So-OT) ORI D
—DTC, I TIRkERAERM & LTI TE 2 GaRiED,
2004; g, 2013). So-OT D mE AT K ILIKFRAFE 12 &
0, 0.30~0.38 Ma & X #15 (AR I1EH, 2004; 1LH IEh,
2018). A, EESmULT, KGO PRS- X
OIERIR R G, 2307, fREA, BROGEER
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Fig. 8. Geochemical data of glasses analyzed in this study, with error bars (2c). Gp: gray pumice, Wp: white pumice. All

data are normalized to 100%. FeO*: total iron as FeO.
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biotite-bearing tephras analyzed in this study.
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Fig. 12. SiO, vs. FeO*/MgO and TiO, vs. Al,O, diagrams for lava clasts and blocks from the YDA, KDA, and Awakawa

pumice bed (AWP). FeO*: total iron as FeO.
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R L, AERENHEYICE ENEEE - B, =
DRGIFRKIRD (X 5128 TSR O) Kz Kkd 5 2 &
ME, FEBERE SOy —ILELTHHTH D Z &
FAES Nz BCAIEIE DO K D1, KILEELEE THERD
BIRIRIZVHERINEIR > THAA T 285808 2050 - [
FEDOWNIZFEERD S 5.
2. KIWIKERF - MEZICLDZRENEBALENHEBEYOE

REZDERE

KILIRJE 45 K ORREFITIRICR D, RiE)IERERZ
NHER OFRE w5,

£, LR GERAR, 20000 THRINAZED, &1
(Loc. 8) @R MDD KK02 13, & EN 2 DOMAE
b, BEEOERMEFEREL D, KMT it Ens.
KKO02 Dgkiiid, ORI 1725 KMT OHLEL 8 5
i b (Fig. 11, Z#7 51E Sn-KB, Sn-SK B &K
APM OHLEREIKIC BT EAE BB, #AQ000) B
fML7=80 KKO2 DEERNS TNSIRREAK FEEZ SN
5. KKR2ZKMT ERIET 22 &L, 2o
0.62 Ma LHEETE 5.
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RITHRAE) GBI 2N HFE OFFEER T RRIL, 7k, 1
i (KGR D Loc. 2) DAJE FAIZRD SNLFHHERT 7 5
(KD KT0L) QA & KILATZ A - SEMOJE
P D, So-OT(EnARIFM, 2004) EHBUT A EMnH
0.30 Ma &fEE T (lioe, 2006, 2013). LinL7&
WS, K CrUZED, KT01 & So-OT 77 T OB
3, KU T 2RSS B DAL FHLR 2SRRI 72 5 2 &
5 (Figs. 8, 9, 11), WiFITxf L TE/RW. KTOL & %
N5BAEOIYAE DR KINA T ZHAL, EhkA -
HREG - LD E kAR, 9 < kit Loc. 1 @
) E B R 2N HEREYE FIcd S NS0la OFh & —5T
5((Fig.8). ZoMERMKEZZEET % & KT,
NSOla (ki) =R & T 2 HERM TH 2 EEZDHDN
HYTH5. £k T(Loc. 8 D KKIL7c i LA,
HREARER CTERN o /20, BENDEHEAB XU
BRI D ERSH LAY NSOla DR AR E K< 3T 5 Z
EMS (Figs. 9, 11), KK17¢ & NSOla i3t tbrliE CH 5.

REJIAEBRENHERY 2 A TNSOL Efricd %
NSO04(Loc. D, @ ENZIMOFMAEGDHE, BIUMN
O EWESED EREEHRL O, APM 77 SEHTH LS
N5 ulEetEAE L (Table 1, Figs. 10, 11). 723, NS04 12
WK mg# & mg# OARESED SNz (K mg# 51
DA APmM ERLEROT—E L 72) 73, Z3Ud NSO04 23#lig Tl
R KINR FHICHEORER S LU THENT 529,
KMT & [RIBRIC sk DR A (K, 2000) Z KL 7z %
DEEFEZEND. UL LANGPD K OHEIEOMmE R T,
APM 77 5 ORI B2 BRI FEET B 2 &, [F
U< HEMNZLEICED KMT, Sn-KB, Sn-SK OfflakiE
WMEFEAEEBROERNI ENG, KT IEBERIZNHEREY
EA7D NS4 13 APm 77 Zizxttb 1% Efim C & 5.
—7, %1 (Loc. 8 ® KK17 Lfizricdh s KK19 13, MAPA
Z/R< BERKILIKTH DM, BT X DM DL Gk,
2000), ®EEkKSEDERMEFEMER, BEPHEFEED FALIC
KMT P45 E2EEITHE, 26565 APMT 75
Wt T&E S, L&D NS04 B &L UKKL9 O JEHEC
APm @ 0.33~0.36 Ma DFERAAS.

PlE&v, KA ERZNHEREY OEYEEDL, Loc. 8D
KK17 &6 19 ORICALET 5 EFEZ 65, T OHEREFE
TERIZ, WD 0.30Ma kB <D, Pa<EH0.33
~0.36 Ma £ D BaEjIZHM S, KMT(KK02) O EFLEMN 5,
0.62Ma L DHLWZ EIZHENTHD. RIENAEEREZ
NHER OGRS, HIEHE O1F(E SERN BB A N 5 =
A (0.36~0.27 Ma) EINTEEDN, 5% RE)IE
[z IE N HEFE ORI S D W EARE OB BENR O RE L
HNETH 5.

BB RENEE 22N HEEYE T O NS0la(KK17) 13,
Loc. 8 THAMDT 7 T U TRIEA R E < Lhii R
ISEHEE 25N, BERO KPR IR b X N 5 Al
PED3dd 2705, AERINITIIAHITIC L < 73433 2 FIA kP
FEIRE(0.9~1.5 Ma : &M - &G, 1991; 5K - #FH, 2008)
KOF LW EEHESL, MO RREMEA D 2 85 LK
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Fig. 13. Global data on H (height) vs. L (length) for debris
avalanche deposits after Ui et al., (2000). Gray box indi-
cates the possible range of H/L ratios of the YDA.

& (PF - Wik, 1995; 1T - £, 1997; e, 2006) K H
JF KRR AR R (L2, 2018) itk & HRELL, KiliH
T AR AR U72s, MnRER W2/
DN TBET, SEOMELET 2.

AFIZED, ZNETARHTH - 7259 aJE OFB &
DD N L5 . R AREB R UZO MLOFIH
JBIZDWTIE, 25 AEREEDK ORI AL S HER R
A Loilnwz &mns, PisEg & 2RI TN
T2 AR - FHR, 1976), D7a< &b EGMEAE1T 0.62
Ma L D# L < 0.33~0.36 Ma L D HiZ EAURT Nz
YA - FEPR(1976) 13, FEREG 23R 1 O] ) 1 F A8 1T
BHIE G 2 At N2 MERM SRR L TV DAY, AFm Ot
b - FREIC L O ORGIR SRS S ) ETe o .

3. RE)IIEBEIENHEYORIEREN - HI5EE

Fig. 131% Ui etal.(2000) &0 5IH L7z, & HTH
HINTVWDEBRBENOREMEH/L ) 2/RLEKTH
D, AR IAGTR & HEAEYI AR O 2, MRl FERE A R
T Bl HIL S, 13EAEH 0.2~0.06 DRFIC
Oy hEIND. KEIIEERENHERDE, D LB
JROIRZEXILFEL D 53.3 km 47z Loc. 5(Lot, 2006 A3
RIE) A =R & U TRtk U 7= 3 55) & Tofi hvik
RTEDD, faRzE =ARE R 1,917 m) & U THERR
MK Dz % 2,000~3,000m OiETREL TH, £
@ H/L ki3 0.05 112 TdH 0 (Fig. 13), REED & LR
ZHED.

KA B RIZNHEY OE T2, Loc. 4GRIEN S
39.1km) XD FRT, WIEOHMY N RN D, FERIC
Loc. 4 LI T, FENCHEDO R E MR OIS EEL,
O TR AR LT M R ORED R TE 5
CKPERASAMZI R S N, ZOEMISBRERE DK E /2
RNTHDHEERBIENEND LI, TN—ILOR (Val-
lance, 2000) Z2H L TWA EHF A2 5. HfEME2RICEHD S

R EE R EN OFR EE R 307

££ 10 cm DA EOVEEBEDEIE DS FIRIC D > THE ITHED
T5ZEHFig. 6), EMRL TORBEETRE/EED, KB
{EITHES THERE - HREL 72 708 2 2RB L TWS. LLED
ZEMB, RiENAEERZIUL, Loc. 4 TR A
U, KETKOEERE LIRS, IN—INTELL Thoiz
EEZS5NS. Loc. 6 DIEREAEL, RESMERTS
2~3p DE—ZWNHAET, X0 EFORTE) A B /ZnHidE
PNTHARTHF ITEIKED BV REEHRHE S HKT 2)
(Fig. 7). COZ&mD, FRBAEITERITKICHRL 7~
FAUCHRT D AlREMEANE . ZO& DI, I ER T
DOITPENREMEEZB L Cho iz, izt T
72EEBEAZLHTEMAHETH A D.

FIN=ILDOHTHRETE S N—)L kit 5% Z#2 %
#41 ; Vallance, 2000) 1213 H/L keA3 0.03 A O f1 S 2
INTHBY, HHAOKG T ORI, FEE R CTAM
EEEMITH PN S EME R DS G H LW (Capra et al.,
2002). ZO&LSOEHERELRTSNDHEBEELT, i
NOEFOREBMEATEIMHNNNE<ND D EWIT D Z & 2280 T
W% (Capra and Macias, 2000). UL, RE/IPEERE
NHEFEY) B K TR AT T R TOBE TR (1 - &
Vb - kY XORFIC 80 DR XDk OEIE)
MLI%LUTE, HEEOZLWRNTHD (Fig. 7), AL
MFE < NI EREEOFEICRD S Z I3 TER
W ZHREAEOFEL WRFEHIRIRITESD DY, WTHhicE &,
KL ZEE S A BN, BEJINCHRAL T
100 km LA Lo fEgEfEZ 7 E U TR iz B> 72 (2 5
WIS AL SRR H ) 2 L13, B
KIEFINBIRZEN T Tla <, SHROAHIB O K %25 2
5 LETHEERFRTHO, TOFE - Eif - WA ZGF
L<HEtd 5 Z EnRD5N5.

¥ & 0B

MIAURALES,  ABZE A LR S HSEF T T A4 U 7= A
BEBENIDOWT, DEF - #REZREL, 2)EHL
BTV, 3) T DOREHHEN - HFEEEERK L. Awmo
RRIIROEDICEED DI ENTED.

D &ENAEERZENHERY OB F 2K APm T 7 5
(0.33~0.36 Ma) D E FiZdh /=0, fERBEHEIN TN
72030 MaLDdbInhniEs. Pl tbEEEET
77 (KMT :0.62 Ma) X0 idHr L.

RN EE R ENSHEREYT, BHBIUOTEN2BE
B - OB RN S, RWIRFE KSR
2T B3 B It TE, EEESDE
% & 100 km LA EIZ KA.

JRMERERZNIE, P THINT|AL, KEITK
OREBLBNSHELLZEEZ SN, KD TR
BTSRRI U2 I N\—)L & U TR E
WS EN, INSIIMEEICZLWENTH S
7z
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MTEHEE OB LR EELOEDDOTHD, FHh
KRR A B A E A Y S OBE - FEDHRIT, W
FeD THAE - &I, PERIRE A > 4 — il
FIRRICIIBIHEREICRET U TIHW -, EEHERRE (45 O
RIE=RITE, WS ONOFEMREFM L CIHW .
IR EIA > 7 —DBIIERIRIZE, KUET O ) &2 T8
Wiz AWFEO —ERITE, B R & (R EE S
23710201, 16K01311, 16KK0092; W29 11 HMREER)I
i) Z Wz, RSN TH 5 RJIEBIK, BRUEHET
H BT IRE R & E S RIS R DRI D72 % 3
A MW E, AamldRE<gES Nz Lol LT
LU BT ET.
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