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YAMAMOTO Takahiro (2021) The Middle to Late Pleistocene tephrostratigraphy around the Nasu
Volcano Group, NE Japan: new description of the Kawatani Pyroclastic Fall Deposit and the horizon of
the Yosasagawa and Higashi-iwazaki Debris Avalanche Deposits. Bulletin of the Geological Survey of
Japan, vol. 72 (5), p. 397420, 10 figs, 7 tables, 1 appendix.

Abstract: The stratigraphy and lithology of the Late to Middle Pleistocene pyroclastic fall deposits (PFDs)
and debris avalanche deposits (DADs) distributed in the eastern foothills of the Nasu Volcano Group have
been redescribed with new data of major element compositions of glass shards in pyroclastic materials. In
Mafune-Kawatani, Nishigo Village, there is un-named dacite pumice lapilli layer immediately above the
Nasu-Shirakawa PFDs, which were erupted from Asahidake and Minamigassan Volcanoes of the group
during 0.16 to 0.12 Ma; this unit have been newly defined as the Kawatani PFD. Its distribution and glass
composition suggest that this fall deposit also originated from the Nasu Volcano Group. The chemical
composition of the pumice gravel below the Yosasagawa DAD is consistent with that of the Otawara
Pyroclastic Flow Deposit of 0.32 Ma. Therefore, the tephrostratigraphic age of the Yosasagawa DAD is
0.32 to 0.23 Ma. On the other hand, the Higashi-iwazaki DAD, which is defined in this study and thought
to originate from the Nasu Volcano Group, has been identified in the lower part of the Mafune PFDs. The
tephrostratigraphic age of the Higashi-iwazaki DAD is estimated to be 0.35 to 0.34 Ma.

Keywords: Nasu Volcano Group, tephrostratigraphy, Kawatani Pyroclastic Fall, Yosasagawa Debris

Avalanche, Higashi-iwazaki Debris Avalanche
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Fig. 1 Simplified geologic map of the Quaternary deposits around the Nasu Volcano Group and Nasunogahara Fan. DAD = debris
avalanche deposit, PFD = pyroclastic flow deposit. After Yamamoto (2006).
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i3k 7 7 7 OFEIE, #5AK (1992), 11IT (1999 5 2012 5
2013) AMELTHYD, ZTORMUIBRIZHS Mz EhT
W3, ENTY, WESEEIROEAA (Loc. 1)1,
A ECHE D 14 M R B T K (R TIa RE T ok
W e HiRR) B 7R Eh Tk, BESGEKILAT T
2O 5, ZOMIEKLEERT S, 72,
SRR B L D rp B S I R 1A T 7 72 U HERE
(LT, 2006) 1%, ZOEMHSMARPLERBTELHH - BA
Q0200 12 & D EFHIA 6 McXhTws, LirL, Z
DO T 7 7 JGFFNFHEII DN T, i - B
J11(2020) DFCHEUSA I3 8By A dp 5 DT, FHMGET & 17
W, IREK IR O B 72 255 TE 7 72 o HE RS & B NS
5. X560, WEISHMT 5P~ %HsEEr it oAEA
W KR (80K, 1992) 1220, Wad#L, %
DRBIESAEW S 22T 5. &k, IEKLFREO 7
7 5 BEEER O & Kl 5 2 ORI IZ D
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WOHEAERTH 5 CEIX; £ - &R, 19955 1LIT - ¥,
1997). 2@ 5 BEFE KL O A3 52 LUK AR 0] 5> O 1
KigskD d 2HEKINTH 5. k& EOHFEEALNIZ 50
FAERTEITEE) L 22 2 iU — RIS OBE K ILRT, @
BENIZAAOTLASH 5. ZOKINZBLEE LR
ERGTBD, KLOFEMEEZ L EDTokn. FHrE
HXRKILDOFT SHEHOWIA - FEETREIZAE 3 2 = A8kl
1, 36 ~ 27 FEERNICIRE) L 2 kb, XlkE —&
HIEDEE - KFEE D 5 75 B RIHE L & RS — T4
H A4 P DRENESED? S 5 BRIy Ehb. =
ARAKIZ Z & D & B U s RS CHE
bh Tk, HHENYERET S & =ARIEAALIZIEHE
WA ZICHOW BB O K E D kKOMEREIT T 5.
TRAEN LB L D LB A & F DO AREE AR I A1 T
53 A %4923 AR O RS s HER BB 1T
K It 2013)i3, Z o silkpgE sz LT
EL7Z0EEZLRTHS, ROFHEXKLIE17 ~
THERNIEE L - lm okg ki, ZAKEKLo
I A S TRE L7, ZO/MIcsd smAILkLE,
RS EIEIERIEEA 021 ~ 8 HERIZIHE) L 725K
Fakilicd 52, WIHEKL &35 U2z Ik & R L
T3, KL TR G H LORAENZHN19 T
£ (16 kaD BAHE R RF & FEFALIE L 724840) 20 535
ARG L TS (LTS, 1997).

IRZE KR 53 A9 % R~ s il 7 7 513,
L DTG 2 72 M HERTE B 1IXIDK, N, Of) - Hif i
ST OO AR HE R B 1 X DSe s S H - &S,
1991 5 (LJT, 2006) - A HASE Fr i O Bibk kg (55 1 X DSk)
R - HALEE L HERY (B8 1 X Dthl, th2, tml, tm2)
EWET S T L 2B IC R E R T B 2 ORE
B & - m A kO ARZE (iR T e
(BaA, 1992), K& 2 =AM KL & A 5 h 5 B
B T AKWEE (LT, 1999) A3 k% ¥, Zh o D
ez 53Rk, B8 o ok, @KL, SRARE AL,
HYCKILBE, Aokl GE2 X)) O R nbh o 3 )4
Wy 7 ngEEhcns (LTE, 201252013). &7 7 7
DU, HE, B, SIESGIE, FiRIc-EE LT
RLTWS, 2035, 77 SHREL EELE DI,
T GERE KW (Hu-TG 5 $6K, 19925 (LT, 2012)
T, WP ERA Z 7 — ¥ (MIS) 5e0D 5 Ak I Rif
BT LT e, mEREED OMRRE Tt S h
TW5 (EAK, 1999). F72, HRFIIHI (Loc. 3) C EHL
B ENHER O T & % kU A Wi HE R (Sb-
OT ; 1 XDO) iEEFEAILALE DI 1 L 7 5 (5 2[X)
NOEH LD TH 5 (L, 1989). Sb-OTIE T DJHE
BT RERARENICE TN 5 KITApmT 7 7 I
WX N BHA3 - 145 T AP (Nm13, Nml4) 2dH D,
MISO DK 32 HAERTICHI L7z & Z 2 5T (8
AKIE », 2004 ; Matsu’ura et al., 2014). FF1Z, Sb-OTIZ
5 BT KO AR 7L 7 5 0 6 B ~JEdE
FUZHEY, BB R A S fEET £ TElF XA T3
(EFIE A, 2017 5 (LENEA, 2018). % 7=, (LJC(2013)
%, IWHNE A (2018) DR L 72 E#h O VGIRA IR 1 & 2
(Loc. 2) Ttk X h - Bt 6 b N AW %, WA D
JEHTHE A 5 Sb-OTIZXf L T 5.

3. JIBRETREYDEF & ERMEFERK

KRBT AWE (KW) 1, PSS BRI A (Loc. 1) T
F Y6 il 25 o) B R AR (NK-MA 5 BT A, 1957 5 1T,
2012) & ARE IR N A (Nm-SB 5 $5AK, 1992 ; 1T,
1999 5 2012) DR D 1AL U 7= B i & 3 5 880
e ™A T R, FaX), AMETHHTZED
THhd. ZOBHEOBKRFETFIE, 1LIT(2016) DLoc. 21
HRK & UTAREATH DA, ZORTIZARGH DMK
TAE LTZDOFEERL Tz, $iAR(1992) &,
AFizigiiz s v e 00, NSRS ORIRKIZ IENK-
MA -Nm-SBIE D JFHEIZ Kan 44 OHERMI 2R L TH D, [F
CEDTHHEENENH B, £72, TDOT 7 I7EBENIS
AR 11 ~ 10 FAERTTH 5

Loc. 1 DAKFHE, FEIE 10 cmT, wAX0.4 cm Dl
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WEFHAM WS 20214 H72% Ho5E

H1E 777 E. Br=HEN;Cox=WEMER ;Cum= 5 I V2 b VA Hb = YW@ A PG Opx = EAMG. ¥ HAIE A (2008) ;

® Matsu’ura ef al. (2014).

Table 1 List of tephra units in this study. Bt = biotite; Cpx = clinopyroxene; Cum = cummingtonite; //b = hornblende; Opx = orthopyroxene.

 Aoki et al. (2008); ” Matsu’ura et al. (2014).

Tephra Name Age Rock type Reference

Hr-FP Haruna-Futatsudake-lkaho |#B&ZvEFER [1.5ka Opx Hb andesite Arai (1962); Yamamoto (2013)

Nm-NK Numazawa-Numazawako BIRGRIR 5.4 ka Opx Hb dacite Yamamoto (1995; 2003)

Nt-S Nantai-Shichihonzakura BAREtERE 17 ka Hb-bear Opx Cpx dacite Akutsu (1955); Yamamoto (2013)

Nt-I Nantai-Imaichi BikS™H 17 ka Opx Cpx dacite to andesite Akutsu (1955); Yamamoto (2013)
As-YP Asama-ltahana-Yellow EERSER 17 ka Opx Cpx dacite Arai (1962)

Nt-OG Nantai-Ogawa BN ca 23 ka Basaltic andesite Muramoto (1992); Yamamoto (2013)
As-BP Asama-ltahana-Brown ERRESBEE ca 23 ka Opx Cpx dacite Arai (1962)

Ag-KP Akagi-Kanuma RFEET 44 ka® Hb-bear Opx Cpx dacite Akutsu (1955); Yamamoto (2013)
Ag-NM1  |Akagi-Namekawa 1 FRIATIIN ca 50 ka Hb Opx Cpx andesite-dacite Suzuki (1990); Yamamoto (2013)
Nm-MZ Numazawa-Mizunuma BIRKAE ca 56 ka Bt Cum Hb dacite Yamamoto (1995; 2003)

Ns-KR Nasu-Kuromori MERK ca 80 ka Andesite Suzuki (1992)

Nk-MA Nikko-Mamiana ERAEIN ca 0.10 Ma Opx Cpx andesite Akutsu (1957); Yamamoto (2012)
Ns-KW Nasu-Kawatani EIZEIIES ca 0.11 Ma Opx Cpx dacite This study

Nm-SB Numazawa-Shibahara BRZR 0.11 Ma Cum-bear Hb Bt rhyolite Suzuki (1992); Yamamoto (2003; 2012)
Ns-SR1"  |Nasu-Shirakawa 1° BB ca 0.12 Ma Andesite This study

Ns-SR1  |Nasu-Shirakawa 1 AN ca0.12 Ma Andesite Suzuki (1992)

Hu-TG Hiuchigatake-Tagashira J&y EHEE 0.129 Ma Bt Hb Opx Cpx dacite Suzuki (1992; 1999); Yamamoto (2012)
Ns-SR2  |Nasu-Shirakawa 2 HEBF2 ca 0.13 Ma Andesite Suzuki (1992)

Ns-SR3  |Nasu-Shirakawa 3 HEBA3 ca 0.14 Ma Andesite Suzuki (1992)

Ns-SR4  |Nasu-Shirakawa 4 ARZE R4 ca 0.14 Ma Andesite Suzuki (1992)

Tk-Ub Takahara-Ubasawakita ERERI ca 0.15 Ma Opx Cpx dacite Suzuki (1992); Yamamoto (2013)
Ns-SR5  |Nasu-Shirakawa 5 BRZE RS ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR6  |Nasu-Shirakawa 6 ARZERA6 ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR7  |Nasu-Shirakawa 7 AERFT ca 0.15 Ma Andesite Suzuki (1992)

Ag-OrP  |Akagi-Origuchihara FEIFOR ca 0.15 Ma Hb-bear Opx Cpx andesite-dacite  |Suzuki (1992); Yamamoto (2016)
Ns-SR8  |Nasu-Shirakawa 8 BB B8 ca 0.15 Ma Andesite-dacite Suzuki (1992)

Ns-SR9  |Nasu-Shirakawa 9 BRZE B39 ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR10 |Nasu-Shirakawa 10 EBF0 ca 0.16 Ma Andesite Suzuki (1992)

Hu-NN Hiuchigatake-Nanairi BrELtA 0.16-0.17 Ma  |Opx Cpx dacite Watanabe (1989); Yamamoto (1999; 2012)
YG Yaguchi &0 ca 0.20 Ma Andesite Suzuki (1993)

Ns-SR11 |Nasu-Shirakawa 11 AEBA1 ca 0.20 Ma Andesite Suzuki (1992)

Ns-SR12 |Nasu-Shirakawa 12 ARZERA12 ca 0.20 Ma Andesite Suzuki (1992)

1j-MO liji-Moka Rt ERE ca 0.22 Ma Cum-bear Opx Hb dacite Yamamoto (2007; 2013)

Kn-KD Kinunuma-Kurodahara RRBRAR ca 0.23 Ma Opx Hb dacite Suzuki (1993); Yamamoto (1999; 2012)
Tk-TM2  |Takahara-Tomuroyama 2 BRFEEL2 ca 0.24 Ma Cum-bear Opx Hb dacite Yamamoto (1999; 2013)

Sb-OT Shiobara-Otawara bAEPN:: ] 0.32Ma® Opx Cpx dacite Suzuki et al. (2004); Yamada et al. (2018)
Nm13 Nemoto 13 RA13 ca 0.34 Ma Hb-bear Bt rhyolite Koike et al. (1985)

MF7 Mafune 7 B 0.34-0.36? Ma |Andesite Yamamoto (1999)

MF9 Mafune 9 Hino 0.34-0.36? Ma |Andesite Yamamoto (1999)

MF11 Mafune 11 Hii 0.34-0.36? Ma |Andesite-dacite Yamamoto (1999)

MF12 Mafune 12 B2 0.34-0.36? Ma |Andesite-dacite Yamamoto (1999)

MF14 Mafune 14 Ein14 0.34-0.36? Ma |Andesite Yamamoto (1999)

Nm14 Nemoto 14 BAR14 ca 0.36 Ma Hb-bear Bt rhyolite Koike et al. (1985)

Nm16 Nemoto 16 BAR16 ca 0.40 Ma Hb-bear Bt rhyolite Koike et al. (1985)

K ORAEO ST - 725 HE, [ CBEORIRITII 1R
T (Ag-NMI 5 $67K, 1992 5 LLTIT, 2012) RARIKIT
LR T K (Ag-OrP 5 5K, 1992 5 (LT, 2016) & B
SPITn 3. — KT, ZOEMIZE, BITHKE TR0k
DIENHRZEAMFE T A GRIE) &35 s R 5
T3, AKFEYNE, LGP (960602-3), [H
R (201124-1) R F1 1 FI3R (140625-1) T & ffal T &
25 (LJE, 2021), FADOHIAREA LERILEOES R
THRRT DEE o WS T s 22 R, PO SN 2D
A A F —GORHER O R EE I IERO2 5 7%
W2 5 1T, 201252013 5 2021). #E-> T, HARZHEK
IR EOPRNEFIZ L2 L T nd o & il T
x5,

Loc. 1 TEREXL 7238k 1212-1-5 DKL #H 5 2 D FJK Y
(LR D EEME L, Si0, = 77.51 wt%, ALO; = 11.71
wt%, FeO = 2.00 wt%, MgO = 0.37 wt%, CaO = 1.73
wt%, Na,0 = 3.11 wt%, K,0 = 3.08 wt% T - 7z (2
%).

4. FEEAETXRMEHORERFEEH

BARINA (Loc. 1)1d, ARZEEAMSEE T A& & k
MOFRKBEDEENETCBRTELIRIFABETEH 5
(B3, 2Ba). Zok Tk RIIAEZT) 7
AL L, —HTRUEDBVWEAEZESTWVS. 17 ~ 8
TR R 3R B L 2= 8 H ikl & 5AH Skl
GBI £ - B, 1995) DE S50 5EM L =BT A
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Shaded-relief map around the Nasu Volcano Group and the thickness of the Kawatani Pyroclastic Fall Deposit. Bold

numerals are the thickness in cm, and italic ones are the locality # in Yamamoto (2021). The pink area shows the
distribution of this fall deposit. Ag = Akagi Volcano, 4s = Asama Volcano, {r = Haruna Volcano, Hu = Hiuchigahara
Volcano, Nk = Nikko Volcanoes, Nim = Numazawa Volcano, Ns = Nasu Volcanoes, Tk = Takahara Volcano. This topographic

image was outputted from GSI Maps (https://maps.gsi.go.jp) by the Geospatial Information Authority of Japan.

WTdH 50D (LI, 2012), AWE TRTBIES
(55 5X) < & Mg s & IR Ok Tusn, IR,
A S NEIZ 7 DA & LT 5.

AW 1 Fe T AW (Ns-SR1) 1%, A TLoc. 1%
FRMIZHFHRT 23D TH 5. WEatHE+*EA TNm-SB
D30 cm 2B B, JRERKKILIKENE & F D Wit e,
RIBAROMBEY 4 X023y 7 kLT, BEIZ12
emTd 5. $5K (1992) B3 ALARHEE T KW & kA 72 HE R
Y, BEOMREENFEIZ D > TRIE - RiE T & X
NTn UL, IEBLEO T OESA LERELT T
12, ARV O A AR T E T, IREE A RO AR
e T KW & 3 OHER & BT L 72, 2 0o, TR
FKILBEREE O PeNEPHIZFRE X hTn b (5 [K).

HBZE ] 1 R T AW (Ns-SR1 5 #5K, 1992) 1%, ¥
+ 858 % e A THU-TGD 20 em BN I2 b 5, G ~FEE

OFEORBNHEEY 4 XD 23 ) 7kIUEET, EEIT14
emTdh 5. [A CHEREMIE, SAREBEICE & A
DEHIIAS BETE 5 (5X).

HOEEM 2 B T kY (Ns-SR2 5 $57K, 1992) i%, B
T A A THU-TGD 32 cm FHilZH 5, BEIK GO T
REOHEES 4 20 2 2 ) 7 KIIESR T Ok ILK
T, BEIZTemTH B, ZONAE, IEKLEERED
PeOFFIZRE XT3 (BESX).

TBZE T 3 B N A (Ns-SR3 5 $6iK, 1992) 1, #E&
F & PR A TNs-SR2D 20 cm FRLIZH 5, ABE TR
DOEWHEEY 4 X023 ) 7 kLI E BKEGTRIERR
OHEEYF A 2D 23 7kILE» 65D, FEIEIET emT
H5. oI, FTEICEKGZa) 7, Bk
WEZAI) THEL, FFEL TS, ZO5MmiE, I
FUKILTE R B O PO PRE X T3 (F51X).
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! Ten-ei Pyroclastic Flow
Deposit 5

/ Scale (ca. 80 cm)

" ¢

B3 RAFKPHER & B S R E. RSP EAN A (Loc. 1), Ag-OrP = FRIRRECURRE AW, KW =115k Tk
Wi, Hu-TG =% »r AR T KW, Nk-MA = BGRIFEEE T K, Nm-SB = BICEIERE T K, Ns-SR6 to 8 =Tk
JHIT 6 ~ 8 MKW, Th-UB = iR IGIRALRE BT, R IIE, EmPARlE GB 1 XIDS) O—kETh 5.

Fig. 3 Eolian veneer deposits upon the Ten-ei Pyroclastic Flow Deposit at Mafune-Kawatani, Nishigo Village, Fukushima Prefecture (Loc. 1).
Ag-OrP = Akagi-Origuchihara Pyroclastic Fall Deposit, KW = Kawatani Pyroclastic Fall Deposit, Hu-TG = Hiuchigatake-Tagashira
Pyroclastic Fall Deposit, Nk-MA = Nikko-Mamiana Pyroclastic Deposit, Nm-SB = Numazawa-Shibahara Pyroclastic Deposit, Ns-
SR6 to 8 = Nasu-Shirakawa 6 to 8 Pyroclastic Deposits, 7k-UB = Takahara-Ubasawakita Pyroclastic Deposit. The Ten-ei Pyroclastic
Flow is the member of the Shirakawa Pyroclastic Flows (Sr in Fig. 1).

HRZE T 4 B T K9 (Ns-SR4 5 $8 K, 1992) 13, 8
@1 % B A TR R IRALRE T KR (Tk-UB 5 §5K,
1992 5 LUJE, 2013) D7 cm EfLICfiE L T3, THE
WK G~ CTHRIAARDOHP#EY 4 XD 23 7KL,
EEHIER A~ ETHIIDO RO 4 X OB A1
Mok, WEIXWET S, £/, BEIEI13comTH 5.
EEoEA KX Loc. | THIRETD %25, oS
i, BIKE~EEa2 ) 7REBL TS, 2050,
A LBEACER 2 & FM i A 0 S IR < BT 5
(5 5X).

TBZE M 5 R AW (Ns-SR5 5 85K, 1992) 1%, #@ta
LA A TTK-UBD 22 ecm M2 & 5, D EO ALK
B & RBE~IKGEOHREESY 4 D22 ) 7k
W 550, BEEX1l cmTd 5. 2051, HFE
KINFEREOPRNFFIZ R E S hTwb (B5K).

ARZE M 6 B T KW (Ns-SR6 5 $8K, 1992) 1%, 6

T A PEA TNs-SR5D 20 em P72 d %, #EED2=y
M B EBRELIZZY TAKLE~KLKTHS. T
TISIKGORRKIIK,  EBIE A TR R O i
PA XD ) 7 KINEE, IS G~ S T AR
PAXDZa) 7 KILBEDIR T - 72HRKILIKA» 5 50,
SRDIBIEIZ44 cmTH B, ZDOHMIZ, @A LEILE
76 T EA O K HN AL BT E % (55 K).

HRAE M 7 R T KR (Ns-SR7 5 83K, 1992) i3, @
T A A TAg-OrPD 4 cm ELIZH 5, B O2=
P EBRE LA 7kEE~ KK TH B, T
SISIKGORREKILIK,  HEBIEHE K TR TEA B Ol
FAZOZ ) 7k, EEBIEAEETRIEAROH
Y4 oz a) 7kILE» S 2D, EEROREEIL29
emTh 3. ZOonMiE, FAREILE 5 A EL O
B AL B TE % (FH5IX).

IRZE T 8 Fe T A (Ns-SR8 5 $4K, 1992) i3, &
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Loc. 1

Emasra Ag-NM1 (T=6)

Freteesl Ns-KR (T= 12, D=0.8)

Tt Nk-MA (T=14; D=0.4)

3 KW (1212-1-5;T= 10, D=0.4)

RESSEERY] Nm-SB (1212-1-4; T= 23; D=0.4)

Ns-SR1'(T= 12; D=0.2)

G Ns-SR1 (T= 14, D=1.2)
e HU-TG (1212-1-4; T=5; D=0.4)

Ns-SR2 (T=7:D=1.0)
Ns-SR3 (T=7; D=1.2)

o Ns-SR4 (T=13;D=1.2)
f=twuwetas] Tk-UB (1212-1-3; T=9; D=1.3)

Ns-SR5 (T= 11; D= 1.6)

ErETErE) Ns-SR6 (T= 44; D=2.8)

Ns-SR7 (T=29; D=3.2)
— Ag-OrP (OrP-01; T=4;D=0.2)

eamniat Ns-SR8 (T=72; D=5.6)
Unconformity

A\ | Ten-ei Pyroclastic Flow Deposit

Pumice flow deposit

P Scoria lapilli

— 1m Pumice lapill
B Coarse ash
[ ] Brown volcanic soil

EAX BEANIA (Loc. 1) 1234 B KW % B30 R @
ORIRE. 77 504 E ZORBIZHE 1 £ESH
DT L. 1212-1-5, OrP-017s E3RARFS. T=7
7 IRBOEET, Hfildem. D=7 7 5 DVFHERK
RifZ T, ¥Anidem. ILTC (2016) 12k 5.

Fig. 4 Stratigraphic column of eolian veneer deposits intercalating
with pyroclastic fallouts at Mafune-Kawatani (Loc. 1). See
Table 1 for the tephra names and its compositions. /212-
1-5, OrP-01, etc. are the sample number. 7 = thickness
of the tephra unit in centimeters. D = averaged maximum
diameter of grains of the tephra unit in centimeters. After
Yamamoto (2016).

T8 & A TAg-OrPD3 ecm FIZH 5, B2 =

MG BEUE L 2B AN - 2 3 7ok~ kil
JKCTH 3. fi FEBIZWIRAL U 7= B5K 6@ THIED B g
YA XD 2 7RI, wEIKEORKKILIK % BA T,
IR GO R BE L 2 4 2o a kg, E
XK A TRIARNBOHEY 4 D22 7 KILEE, K%
EEIZIKETRIEA R OMBEES 4 2D 2 3 ) 7 kil
5D, 2EROBREIET2emTH 5. #iA (1992) 3tk
L7z&k 91z, KRBT KIPIENs-SREE Tt & EES K&
<, POBONRENT, WA TORENEZ . Z0O
A, BALBEACGE A & A O S iz A < B
T&ES (EBSIX).

Loc. 1 TRIE L TV BIRERM 9 ~ 12 & T A4 (Ns-
SR9 ~ Ns-SR12 5 $iK, 1992) &, Eim[hA & RUGHIZ
MY TCOREMTHERTE % (ILTT, 1999 ;2012). Ns-
SRY - Ns-SR101%, Ns-SR8 & £% 7 &b AR T AW (Hu-
NN ; (U176, 1999 ;2012) d [ 12, Ns-SRII - Ns-SRI2
Hu-NN & SRAARFERE T K (Kn-KD 5 (L8, 1999 ;
2012) DN, ZRAEFHAMEL THWDE. ThH5D5 5,
Ns-SR9 3, @A mBEILE A & [ i L 0 & 12 A <
BT E GRS, % DMBUINS-SRICIRW TS, T
NEEBDO2=y b5 H KB L2 7 KILEE~
Kk & TR e U, A B CREESIC AR a kL
EEoTn3,

5. ®E/IIEEEEhHERYETOBREED
ER ML

AAENNEE 75 72 HERENZ, WA LR ZEM] 255 (Loc. 6)
DR 7 2 M, W MR % DA TS TE
B 7ENHEREMI O FAIIC & 5 ILAREHER Y 2 R Rz @
SN DTH B (ILIL, 20060). Z OHERPIEIE3.5
mAT % OBIR CHE X HOFIKAME T, ZORE I
mah - FEEEAKILEE - K& & A ZIKEOEKAR K
IWAEBE KK A 6 2D, B L ARSI L 2 RILED
R AW OB A K LR S OB A A LT 5
F 72, WO TRz S 2 W)IHERDIZ S B < P
N7 BRPELA O A RS O A4 (10-101) 25K
HIZHEEFh T3 (EE6X). 11I6(2006) 13, FEHO-101
OB GHAERKIUA T 2 DJEITZE (0 1.502 ~ 1.507),
EAMEGORITE(y 1 1715~ 1.717) 25, IhakH
JEK R HERE Y (Sb-OT) I & & 2 Tz, ZhizxtL
T, Al - EA1(2020) 1%, [ U S TERELX 72884
W 5 2 & Sb-OTH DT D TR AL 2ARUK % B & A2
L, MZIE—F|LANWE LTS, LirLAans, -
EA01(2020) D78 L 728b-0TA 1L H 5 2 DAL ZEHK I,
IIAE A (2018) DR L 72Sb-OTD 73 Hfiti & X, Sio, &
M%<, FCORDP LD DHVET, KES£Z A>T 35.

AEETI1E, WO 72 0i0H10-101 & Sb-OTO AE %
A 3F0RHKTI103, 950605-3, 030426-1), £ 3)IIEE &
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140°0" E 7

-/ 7 g I
Ns-SR1’ Ve Ns-SR1 /o
. | e # P
8 cm j,,'
AA Y s
e o4 Shirakawa
MA o4
2 ?
4]
1.5
5 km A i! /S, N 1] 37°0' N
140°0" E ," ”
Ns-SR2 /o
s e
L o i 8c
MA MA |
L] 5 L]
A7 L%
5 km o ,! /N, A 1} 37°0' N 5 km I ol ,! ] 2 37°0° N
140°0" E 2 [ 140°0° E 7
Ns-SR4 Vi Ns-SR5 | /ol
£ P :2 s s
Ap 2 Ap
MA 1 MA i
o)
| o
A%
5km = 37°0' N 5km = ,‘l 37°0' N
FSX(172)  IRZEAMFE KRR (Ns-SRs) D54 e i3 b KR ORI T, Bifiidem. KBTI FRIER. 4=91HEX

th s M=wmH ekl &5 XN P B X] (https://maps.gsi.go.jp) 7 & D HY ST,

Fig. 5 (1/2)

Distribution of the Nasu-Shirakawa Pyroclastic Fall Deposits (Ns-SRs). Numerals are measured thickness of the pyroclastic

fall deposit in centimeters. Solid lines are isopachs. 4 = Asahidake Volcano; M = Minamigassan Volcano. This topographic
image was outputted from GSI Maps (https://maps.gsi.go.jp) by the Geospatial Information Authority of Japan.

ZNHERI O T AL & B i ST K HE R
(As04 ; 25 1 XD KRB O — k&) Okl 7 2D
TR AR E 5 HT L 72, BRI T103 111 7T (2006) A3
KEFE KRR E LTkUAT 5 2 - AR
Pra % e U 72 R (Loc. 8) DEEA DD T,
(L H I 2> (2018) DLoc.13 £ 1F IR U b TEREL L T W
5. F7z, itRH950605-3 13 REEIE TR B H )12 Bk
JEOIBEN)IE A (Loc. 3) T, HBEAE & 72 W HEREY IS E

HE DN BSb-0TH 5 HELL 72, ikH030426-1 1& K HJE
TR DOMERERE T (Loc. 7) DSb-OTA 5 #RHLL 723 D T,
PrE A - BA)11(2020) DLoc. 94Z¥EVY. #EtAS04 12
Yamamoto (2011) 23 &S LM AT & 17V, F P IR
MTHBIEEMRLZBADED TH 5.

Sb-OT, 3B KILFH T 2 DERSIFHR (3%,
W4z, P53) 13, Si0,=76.54 ~ 77.78 wt%, ALO;=12.06
~ 1257 wt%, FeO = 1.01 ~ 2.00 wt%, MgO = 0.20 ~ 0.38 wt%,
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5 km o\ ,! ) . NEAN 1} —37°0 N 5 km ] e\ ,! ) b NEAN 1] —37°0' N
5K (22) FiE.
Fig. 5(2/2)  Continued.
Ca0=1.72 ~ 2.14 wt%, Na,0=336 ~ 3.93 wt%, K,0=2.30
~2.65 wt%DHEMIZCEL x5, £/, RARH10-101D
Kili# 7 2 D FERATCERE O FEPME L, Si0,=77.36
wt%, ALO;=12.09 wt%, FeO=1.91 wt%, MgO =0.32
wt%, CaO=2.03 wt%, Na,0=3.26 wt%, K,O0=2.61
wt% TH -7z (6% ). A BI10-1011F, ALO; &ENa,O R ( :
— p. 407

AMSb-0TL D &R DD, 2fkE U TIMEA
FPLTHE, —7, A4 D KILH T 2D FER Sy
b2 MR D F ¥ fiE 1%, Si0,=78.73 wt%, ALO;=11.79
wt%, FeO =136 wt%, MgO =027 wt%, CaO=1.75 wt%,
Na,0 = 3.54 wt%, K,0=2.19 wt% T, Sb-OTXI10-101 &
BRESEE STV GETE).

6. EfnfETREMEBEORER L a1H

A - Rw)(2020) %, HEAREIBET SO L & ¥
AET L 7 B (3 DLoc. 1 5 A DLoc. 4) ¢, &
HENEE & 2RI O L6S, THiz 5NS02 ~ NS11
DKW % GLHR L, ZD S BNS04 2 ApmT 7 BT
Ehakl LaL, #60mLEBEHRRRIZI L
7 SIS A B BN - BRI A, R TAHUKTICHERE L
T2l LTS TRAERLZ DT, EEICHGFEHE
BH5bir ity I 7B FIZI13EE 50 mpi

6K Locs. 4, 5, 6 KUK BN, 775D
BWEZORBUIE 1R EZ SO Z & Fm =81k
Je; Gm =GR R THROBE ; Sh="PATREH % £§
Dfh. KTI101, 10-101 % & $RAMFS. T=77 7
JEOJF & T, Hfildem. D=7 7 5 OFHHRAK
FC, Hflideom. FHEPARRIE, FATARGREE (55
1 DSr) D—EETH 5. Locs. 5, 6 R 9HIRKIE,
ot (2013) 12k %.
Fig. 6.  Stratigraphic columns at Locs. 4, 5, 6 and 9. See Table 1
for the tephra names and its compositions. Fm = massive
mud; Gm =clast-supported, massive gravel;
Sh = horizontal-bedded sand. KT101, 10-101, etc. are
the sample number. 7' = thickness of the tephra unit in
centimeters. D = averaged maximum diameter of grains
of the tephra unit in centimeters. The Ashino Pyroclastic
Flow is the member of the Shirakawa Pyroclastic Flows
(Sr in Fig. 1). Columns at Locs. 5, 6 and 9 are taken
from Yamamoto (2013).
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BT AR EACENT E Y (Loc. 4) 124651 2 REEBHE. Hf9 - 11 -
BEGENHERY (). FAEBSEE LS 2R, SR THEXRORIAEAE» S LS. B - 128 P ARYIE
BIEL, 2ROBTLI=y b»56%%. Hite (MF6) BT A &RIT13 (Nm13) BT k# (b). Effe b ™ AW
IR L U 2 g A R e U, kalksE & fkde. —0, RO 13FE FARNE, BERZ 2L E0KIKTH 5.
A3y TR XI1IH80 em.

12 (MF9, MF11, MFI12) & Nk L Zh 6 %8 5 550

Fig. 7 Outcrop photographs at Ashino, Nasu Town, Tochigi Prefecture (Loc. 4). The Mafune 9, 11 and 12 (MF9, MF11 and MF12)
Pyroclastic Fall Deposits and the overlying Higashi-iwazaki Debris Avalanche Deposit (a). The Higashi-iwazaki Debris Avalanche
Deposit are massive, matrix-supported andesite breccia. The Mafune 11 and 12 Pyroclastic Fall Deposits are well-stratified and
consist of many fall units. The Mafune 6 (MF6) Pyroclastic Fall Deposit and the Nemoto 13 (Nm13) Pyroclastic Fall Deposit (b).
The Mafune 6 Pyroclastic Fall Deposit are mainly made up of pumice lapilli altered as clay and intercalated with thin ash layers. the
Nemoto 13 Pyroclastic Fall Deposit is ash having abundant biotite. The length of the shovel is about 80 cm.
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| |
77.0 78.0 79.0

SiO2 (Wt%)

|
76.0

S8 AR 50§ % B TR AT F 2 DSi0,- K0 A EX. As-BP = BN CRET A (SK102 + 111

Fig. 8

JC, 2021) ; As-YP = XS @R N A IM103 : 1LJT, 2021) 5 Hr-FP =184 — v SHRERE N (Hr-FP @ 1L
JC, 2018) ; Hu-NN =%% » &t A N K (Hu-NN : U8, 2021) 5 Hu-TG =% » FHUERE F AR (1212-1-3 5 LT,
2021) s KW= JII KT AW (1212-1-5 © KE) 5 Nm-MZ = JHIRAKBRET AW (MF102 - KR202 : (LG, 2021) ; Nm-

IRZEZR A S KLE A O REARSTh O 5 2 /@46 (Ban and Yamamoto, 2002). ARCAILAIRD KILH 5 2 /&I,
LT (2016) 12 &K 5.

Si0,—K,0 variation diagram for the volcanic glass shards in the pyroclastic fall deposits around the Nasu Volcano Group. A4s-
BP = Asama-Itahana-Brown Pyroclastic Fall Deposit (SK102: Yamamoto, 2021); 4s-YP = Asama-Itahana-Yellow Pyroclastic Fall
Deposit (IM103: Yamamoto, 2021); Hr-FP = Haruna-Futatsudake-Ikaho Pyroclastic Fall Deposit (Hr-FP: Yamamoto, 2018); Hu-
NN = Hiuchigatake-Nanairi Pyroclastic Fall Deposit (Hu-NN: Yamamoto, 2021); Hu-TG = Hiuchigatake-Tagashira Pyroclastic
Fall Deposit (1212-1-3: Yamamoto, 2021); KW = Kawatani Pyroclastic Fall Deposit (1212-1-5: this study); Nm-MZ = Numazawa-
Mizunuma Pyroclastic Fall Deposit (MF102 and KR202: Yamamoto, 2021); Nm-NK = Numazawa-Numazawako Pyroclastic Fall
Deposit (Nm-NK: Yamamoto, 2021); Nm-SB = Numazawa-Shibahara Pyroclastic Fall Deposit (1212-1-4: Yamamoto, 2021); Ns-
CH = glass inclusions in plagioclase phenocrysts of the Nasu-Chausudake volcanic products (Ban and Yamamoto, 2002). The field
for the volcanic glass of the Akagi volcanic products is taken from Yamamoto (2016).
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FE 2> 5 20 51311 ~ 10 FHEFNZFIRIZWEE) LT 72/
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Loc.6 (3B 6[X]) T NI d 5 mJIHER b o [ (A
(10-101) DX ITH 2. FiRD & 512 1LIE (2006) 1, &
BHO-101 DEESEHAE R KILH T 2 DT, B A
DIEPFHEL» 6, ZhESb-OTHEF & 2 Tz, Zhi
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Stratigraphic relationship among the Nasu Volcano Group, debris avalanche deposits and key tephra lakers. See Table

1 for the tephra names and its compositions. K—Ar ages for the Nasu Volcano Group are from Ban and Takaoka (1995).

Modified from Yamamoto (2006).
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Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

Loc.

WEFHAM WS 20214 H72% Ho5E

EALE

D REEELPEATA A, 37.15390°N, 140.10574°E, LT (2016) DLoc. 21.
AR PEARATIRI I & 40, 37.15600°N, 140.07464°E, [LIJG (1999) M Loc. 28.
S MGARILARZEN] f5 3, 36.99333°N, 140.03383°E.

D AR ARZEN] HUAIE, 37.10946°N, 140.34662°E.

DA IRARZEN] VAR, 36.95983°N, 140.13869°E, LITT (2013) DLoc. 23.
AR RF, 36.93637°N, 140.14087°E, LI (2006) D Loc. 6.

S AR TIRIL, 36.87042°N, 140.03366°E.
PR RAR TS AIGA, 36.83905°N, 139.94462°E, 1LIJC (2006) DLoc. 7.
S MGAIRARE 1M 55, 36.77284°N, 140.05753°E, [LIJT (2013) DLoc. 25.

Appendix: Locations for the outcrops

Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

Loc.

1:
: Horikawa Dam, Nishigo Village, Fukushima Prefecture, 37.15600°N, 140.07464°E, Loc. 28 in Yamamoto (1999).
: Tsutsuike, Nasu Town, Tochigi Prefecture, 36.99333°N, 140.03383°E.

: Higashi-iwazaki, Nasu Town, Tochigi Prefecture, 37.10946°N, 140.34662°E.

: Numanoi, Nasu Town, Tochigi Prefecture, 36.95983°N, 140.13869°E, Loc. 23 in Yamamoto (2013).

: Ooto, Otawara City, Tochigi Prefecture, 36.93637°N, 140.14087°E, Loc. 6 in Yamamoto (2006).

: Shiroyama, Otawara City, Tochigi Prefecture, 36.87042°N, 140.03366°E.

: Kanawazaki-iwa, Yaita City, Tochigi Prefecture, 36.83905°N, 139.94462°E, Loc. 7 in Yamamoto (2006).

: Yoshii, Nakagawa Town, Tochigi Prefecrure, 36.77284°N, 140.05753°E, Loc. 25 in Yamamoto (2013).

O 0 3 N U bW N

Kawatani, Nishigo Village, Fukushima Prefecture, 37.15390°N, 140.10574°E, Loc. 21 in Yamamoto (2016).
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