BRI, 28 71 2, 28 1 5, p. 1-18, 2020

=A
aff

- Article

bL 2 FHREICED S BXABRAKILU 1400 FRE OME K ERE

EH AR -/mE FE'

Kusano Yuki and Ishizuka Yoshihiro (2020) Eruptive history in the last 1400 years of Nikko-Shirane Volcano
based on trench surveys. Bulletin of the Geological Survey of Japan, vol. 71 (1), p. 1-18, 12 figs, 2 tables.

Abstract: The eruptive history of Nikko-Shirane Volcano in the last 1400 years is revealed by
observations from six trench survey sites and a drilling core sampled from Japan Meteorological Agency
(JMA)’s borehole type volcano monitoring station located at less than 0.4 to 1.7 kilometers from the
summit. We have detected three pyroclastic fall deposits derived from Nikko-Shirane Volcano in the last
1400 years based on the features of their stratigraphy, thickness, grain size, radiocarbon ages and modal
compositions; A, B and C pyroclastic fall deposits of Nikko-Shirane Volcano in order from youngest to
oldest. The A pyroclastic fall deposit can be correlated to the 1649 AD eruption. The B pyroclastic fall
deposit directly overlies a foreign tephra derived from Asama Volcano (Asama-B tephra) of early 12th
century age. The C pyroclastic fall deposit overlies thin soils and another foreign tephra derived from
Haruna Volcano (Haruna-Futatsudake-Ikaho tephra) of middle 6th century age. The stratigraphic relations
and four radiocarbon dates for soil layers show that the C pyroclastic fall deposit was derived from an
eruption during the middle 7th to early 8th century. Based on the thickness, and grain size of ash, lapilli
and volcanic blocks included in A, B and C pyroclastic fall deposits around the summit, the eruption
magnitude of the middle 7th to early 8th century was larger than the 1649 AD eruption, which is the
largest one of the historical eruption record of Nikko-Shirane Volcano.

Keywords: Nikko-Shirane Volcano, pyroclastic fall deposits, trench survey, radiocarbon age, eruptive
history, 1649 AD, 12th century, 7th century
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KIL DRI 1400 4F-F OE B IEE 2 BERGT U 7z S oligEae
L 7= HG AR L IR & 3 5 3D T AR %
ALk DA, B, CHETAWHER &S ARET KikHE
R I3 T 4-11 emlZhiE ¥ 288 TE-RVE KUK % 3
the 3 2 KIHEREY T, HYEFARAILDIRK DSk
Tdh 5V 1649 FIEKIZH T E 5. BEE FAWHER
F 12 DO ARKIK GREIBT 7 ) #REE S, WE
KK & Tk &3 5 kFEHERY <, 12Hhdmkic &k 3
LDLELOND. CRTAMHERMIZL, otichED
SRR (B4 =V ERERT 7 7) O BRI 13
EEATHEY, EEBTF 7 7ICEbLIS. ZORIFHK
EARD TIED A ERFERME 2 5, CRE T AW
Y3 7 e b ES RO K D L Z 2 5 .

IROBE T KIHER D 5 5 CRE T KIEHERNZ, W3
HXABRIUTEHED EENE L, HREmORE S KX
W, L7Zdi-> T, 7iiddhuE s ticylsHo s kid, HiEd
§% i KRB OO VI 1649 MK & 1) & WA 23k &
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1. 3UBHIC

B - A B TR, ST
L0 24 mERIAHI TR R OB R T B i kilo—
DTH 5. L TIE, 20114 HAL 5 K- 2Enp b D
Rl WSS E AL U2z, dadskic K, BRI
DVETE 1872-73 4F- & 1889-90 FF-1Z K AL AN K S FAE L 72
Z &, 1625 R 1649 I KD b - 72 Z L 3o B0,
Zh L ETOReER L 0 (B, 1979 5 XURT, 2005, 2013 5
K, 2016). HEAARYICIE, ®F6000-T, X515
BOEARRDENTED, ZD5 56l laio3m
3~ KO TTREE A BT S Ty 3 (BLEF, 1993 5 #3
ARIEA, 1994 5 FHIEA, 2005). LirL, ZThsomk
AV b E, RO, v KIS 22 KO EEHE

'R ERAR AT B RERA £ Y & — WS - KILEFZEERM (AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology)
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Fig. 1

MR350 m. INTERAOERMIX 4 6 FIoRd. Bhud b vy FREifE, A gmklBllsamys-y v rar
PREALE, = AN TE, B3k 2R d. ARIITHOACHR S ORI IS 2 M O orid, EHEHERE. Chj:
1ML/ RS 5 Md:5RRE 7 WiAE 5 Nrd: B EFES 5 Mm: RIS 5 Ohg: KIAWFEE A 5 Osc: AR RAES
OsN: BLEHUILIE S 5 OsS: WEMRMIAY 5 San: ILTHAR + Sge: FIMRMEBUARRELL 5 Sgn: BIAEE & Zon: BEAUA .

Geology of Nikko-Shirane Volcano and locality of trench survey sites. The distribution of lava flows is modified from Sasaki
et al. (1993) and Takahashi et al. (1995). Contour interval is 50 m. Lower-left inset shows enlarged map around summit of Mt.
Shirane. Locations are shown for trench sites (closed circles), Japan Meteorological Agency (JMA)’s drill site (open circle), and
the mountain summit (triangle). Broken lines show craters. Fluff-hatched areas at the northeast and southwest of summit of Mt.
Shirane are talus deposits. Chj: Chinoikejigoku Lava; Md: Midagaike Lava; Mrn: Marunuma Lava; Nrd: Nanairodaira Lava; Ohg:
Ohirogawara Lava; Osc: Okushirane-central Lava; OsN: Okushirane-northern Lava; OsS: Okushirane-southern Lava; San: Sancho

Lava; Sge: Shirane-Gongen Pyroclastic Cone; Sgn: Sugenuma Lava; Zzn: Zazen Lava.
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Nikko-Shirane Volcano
- [7] Ash [-] As-B :
JMA-V119 5] Ash with lapilli & volcanic block 3 Hr-Fp | Foreign tephra
Drilling core 7] A'pyroclastic fall deposit (Nks-A Soil
—l | B pyroclastic fall deposit §Nks-Bg Rework, secondary deposit
1474-1635 =1 C pyroclastic fall deposit (Nks-C) Ll Lava
cal Nks-2 == Scale break
Nks-3
17NK- 17NK- 17NK- 17NK- 17NK- 17NK- 17NK-
TR1 TR2 TR3-1 TR3-2 TR4 TRS TR6
42-1617AD
639-675AD> B (12C)
As-B I—e982\ 1026 AD
= Nks-A (1649 AD)
1324-1431A
o Nks-C (7-8C)
= B 73-769AD 617-665AD
Hr-Fp
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11 mEoe
|
2 HYE AR KN UTE R B O K iR g et lERIRIXL. . 45 b L v F OFEIRRIEHe-Fp® LIS 2 A £ 72, Akl oxt
R & JKEC/RT.  “Ash with lapilli & volcanic block” &, KILJKFEIZ 5-25 vol% D KILEE KR O KILEBR % GHepEIK. kK
INEER KA BEZ 5 vol% A T &L H A3 “Ash” & L7z, Zds, AMEORE T KPHEREYNE ¢ N TRESRT, Kl
BOKIEROEARIZRATE 25 vol%L FTH 5. L7zh> T, HRKIOIBZIVEWE O ORRIZZ A %72, C
B 1 R % B,
Fig.2  Stratigraphic sections of the trench sites and a drilling core at summit area of Nikko-Shirane Volcano. Each section aligns the top of

Hr-Fp. Distributions of foreign tephra are hatched gray. “Ash with lapilli & volcanic block” means ash containing with 5-25 vol%

lapillus and volcanic blocks. <5 vol% lapillus and volcanic blocks contained in ash are summarized in “ash”. Width of stratigraphic
sections is based on the median grain size of matrix because all pyroclastic fall deposits in this study are matrix-supported and the
maximum lapilli and volcanic block contents are less than 25 vol%. See Table 1 for '*C age.

“FAYA N TH B, T2, B (1993) i, 1LTEFEHI
IR 6 mPl L kb AR L, EREIE A (1995) #°
IhE ARSI L AT 72, 2he okl
AT, KKiA 550 kmBh BRI O KL A B TE
LT3, olitidhEDRL Vv EFRERT 7 J Hr-Fp:
MR - B3, 2003) IBbh T 5. KfE i, 22
BH LRGN AR O H5 & O BHEAE ORI E SV
T, BXEMRAUMER A F 1RO LS5 IZRF L i
BHHFME, (WTEEBIZ AT 5 & DIZ DWW TR E 4 KIEH»
(1993), HTEE & D ALMI 54T 5 & DIZ DV TUILEE
1E7% (1995) 129 - 7=.

H S AR AL 35 O JEfEA IS 4§ % K R
o35, I EMoHERYNE, [THXLEIZRR X h
72 P IE 1649 LMK O PSR S h T % (A
22, 1994). T OHEREMIEE A E-K AR LB KUK
T, ERLOINTE A AN REEA 4 Z L3 lE S hTn
% (HLEF, 1993 ; $hARIEA, 1994 ; fEiFHED, 2005). %77,
1649 SE DM P & FAZOH-Fp& ORI, EMRLILTE
(HEIE EIEL % % 2D KR RE it E T B
(BLEF - f59F, 1998 5 faiHHIEA, 2005). ZH 6 FILTEA,
SHAIZLS kmPUED A ETHETE 528, (LTE”
51 kmPINTIZ, BIEVIZ 149D HE T 5
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Table 1  Results of *C dating.
) . Conventional |Calibrated rangez) . Lab. ID
Local le No{M I i D15"c (9 lity (%
ocality Sample No.|Material|Stratigraphy "’ [8'°C (%o) G age (yr BP)|(20 cal AD) probability (%) IAAA-

. 1324-1345 18.0

17NK-TR3-2 TR3-2-2  |soil a -26.50 + 0.36 540 + 20 1393-1431 820 171391
. 909-912 0.6

17NK-TR3-2 TR3-2-5 |[soll b -25.87 + 0.49|1050 £ 20 969-1023 996 171392
. 657-712 83.6

17NK-TR3-2 TR3-2-7  |soil c -25.48 + 0.30(1320 £ 20 745-764 16.4 171393
. 673-730 60.4

17NK-TR4 TR4-7 soil c -26.55 + 0.49(1280 + 20 736-769 396 171394
1442-1500 90.1

17NK-TR5 TR5-3 soil a -26.19 £ 0.49| 400 + 20 1504-1511 1.7 171395
1601-1617 8.1

17NK-TR5 TR5-7 soil b -26.75 + 0.36[1030 + 20 984-1026 100.0 171396

17NK-TR5 TR5-10 soil c -24.18 £ 0.41]1390 + 20 617-665 100.0 171397
. 1474-1531 35.2

JMA-V119 C1 soil a -25.78 £ 0.33| 340+ 20 1538-1635 64.8 162592

JMA-V119 Cc2 soil c -25.70 + 0.51[1370 + 20 639-675 100.0 162593

All samples were preparated by acid-alkali-acid wash.

1) a = just below the A pyrocllastic fall deposit, b = just below Asama-B tephra, ¢ = just below the C pyroclastic fall deposit.
2) Based on the calibration program CALIB ver. 7.1 (Stuiver et al., 2018; http://calib.org/calib) with standard data from IntCal 13 (Reimer et al., 2013).
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FARILTE 5 B P50.4 kmithsi TlE, 2016 & I2K R
T KINEBLR A BB IS EDVEE 1S mO K=Y Y 7a7Hh
TEHlE h, EEZERAMTRATIZEINIC THESE - ORI T
bz (LItiEH, 2017). Z 2 Tid, Hr-FpHRXOBEH
b MR L D B IS, BIE4 cmDBE R ALK
J& B USRS 69 cmD & T KWk 3588 5T % (B2
).
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IE7'12 "5 LACALIB ver. 7.1 (Stuiver et al., 2018) il L,
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Fig. 3
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(a) Vesicular, pale-colored
(vitreous particles &

(c) Non-vesicular, pale-colored
2 vitreous pafticles
: g A :

-

(e) Fresh lithig
Whiti

Dark-colored

250 ym

250 ym

(a) ARE T KREHEREY (17NK-TR5-1) RO FEVE L 723K @ H 5 2Bk

T. (b) BFE FARHEREY (17NK-TR3-2-3) T OORVI L 72856 H 5 BRI T, Nks-2 (17NK-TR5-1D 2 & N1 5 (c)
WA 5 VEAER KU BT 5 ZBER. AR N KPR (17NK-TR5-1) o (o) GESEH (G - i) &
) BILAEF. (2)—(d)id 500-1,000 pm ¥ 4 X, (e) & ()i 250-500 pm ¥ 4 X DHEB KL T-.

Sieved particles of the Nikko-Shirane pyroclastic fall deposit. Representative of (a) vesicular, pale-colored vitreous
particles (collected from A pyroclastic fall deposit: 17NK-TR5-1), (b) vesicular, dark-colored vitreous particles (collected
from B pyroclastic fall deposit: 17NK-TR3-2-3), (c) non-vesicular, pale-colored vitreous particles and (d) non-vesicular,
dark-colored vitreous particles (collected from Nks-2: 17NK-TR5-11). (¢) Whitish and dark-colored fresh lithic particles
and (f) oxidized lithic particles (collected from A pyroclastic fall deposit: 17NK-TR5-1) are also shown. (a)—(d): 500-1,000

um fraction; (e) and (f): 250-500 um fraction.

M S B L CAREAIRD 40i) 7=, BT, A& To
MR O RLEIE, 250-500 pm DK FOBIERFEFRIZ L 5.

4.
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SO L Yy FREE AR =) yra T, H

HEARK LD K & 2 A5 S5O KIEHERE KX OF2 ]
DA EKILIK, HBIBT 7 J (As-B 5 Aramaki, 1963) &
Hr-Fp% sl L7z, 2N 56 OEEH 7RO KHERYNIE, Hb
JERNZJEB & DS RBEGICHE L, BEITIRIE—ET
FERNAAZE L 23 25 <, HEREYIRE O T ifiiC & PRS2 HI D
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AARNENZ &, BT IR &l L 72 ik
A S A 2 2D ILIKIZE DN T, HEAR
KINDWEKIZ & 2 KIHEREY 238003 5 &, As-BD LAL
122#%, As-BEHr-FpORIZ 18, Hr-Fp® FALIZ 2 DR
TKWHER AR 57z (B2IX) . ZORFIE, B
i (1998) O 7 7 T KRR L AN TH 5. Hr-Fpk D
A ORE TR DWW, EFHES (2005) 12 R
5 % EfiA 5Nks-1U, 1M, 1LE &) 72, ¥ (2011) D
T 7 I EWMAETIE, T IRk A, Z0%T
LT 7Ry b EMT G, —HOBEAKIEY — FOH
Ty b ERTIEICES. UL, AR THAL
BT HERINE, Bl HEAE A Z, FROEL S
AT EY — FICHRT 2B TH D, 2T, AR
I BE 011) 1256, Hr-Fpk b EA OHEREMIZ D
WT, BRI S AR T KERHERY (WS FR: Nks-A), BEET
KWEHERE (Nks-B), CR& N KFEHERTY (Nks-C) & IFUNEE
B35, Hr-Fp®D FHRICHAE T 2 KRS, HEIZ
7 (1994) IZH¢ > TNks-2, Nks-3 & IE5.

4. 1 17NK-TR1
bt c HEEE 36° 48' 12.9" N, FRIE 139° 22' 403" E, 15
2,300 m

PHHIZRE 0 1.9 m

bl FALEI T 5 0.6 kmACALH O P40 & S
 BRbE r WIEE D L TH 2 (1K), FRFE » WIES 3,
FRR I LITAD LN AL S % SRR - thod I 13 3 & 4
Y BEETRTHS. L YyFRHEAETIE, kD H
eI IR D ARE T KREHERD, CRE T KRR,

s-3

54X 17NK-TRI1 OFFIAHIRIN & S G A,
CRE T RIHER & Nks2HIZ & h
5 KILEBE K UNks-3 DI K G I %
LT, Nks-313ZFRDRTH - 72
oy, NI 2K & H U,
Stratigraphic section and photograph at
the site 17NK-TR1. Volcanic block in
the C pyroclastic fall deposit and Nks-2,
and a close-up photo of Nks-3 are also
shown. Nks-3 is marked by green string.
Symbols are same as Fig. 2.

|

se up \;iew of Nks-3

Fig. 4

Sk KK DOHr-Fp, & 612 H Y AR A LA I ONks-2,
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cm DA T KWHER A RD 5 5. AR T KIHER
i, YL b A LUK A X Ok kLK &
FiRkET 5. I MEPBOREE4 cmlTREE2 cmd FORIE
KINEEZEPES . HERINIE RIS EIR 2 O, KIS A
BERT, BRI S, 250-500 pmiSRifE % fi
Z 7R (BUF, REEOR 7)1k, RIEL 7-ikE - 5@y 5
BRI, W@ - WG 7 AEER, RESE, BLE
Fr, ZEAR, ik (R% - fHRA -G - s mpia)
CHBHR PSR B (2K). REERIGITIC, ARG
HROFHE T TH B.
ZOTRATIZBIEL cmDEE L IEA A, BIFE 16
emDCRE T KWHERII A 788 6 5. Che T KWHER
i, HCR-HDRRS 5 4 X o ER @ KIIIKIVE /T, %
3-50 cmDRIIEKIIBE KA BRAEAE L, JEIkAEN.
INS OO TR KRF (B 43HDOEZEETFH LT
KD 7)) 1228 emTH 5. KIIEBRIE L m AR IR O F g
T, BUERCWAIEEIEED b (E4X). CRETF
KIEHERED O REROR 1%, RIa L 72ikE - @7 7 28
Kir, Wetas o A BSAR, BREER, BLSR, Z2EE
Fr, Sk (R%E - fHRA - M) EBESERTh 5 (52
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17NK-TR2

50 cm

5K 17NK-TR2 OFEIAFARX & FROAEEL ARE M AKRERER) & CRE K IHE R
hicE F B KES R OBRE Ak HERI O IER G H 2GR, LI

22X EFE .
Fig. 5

Stratigraphic section and photograph at the site 17NK-TR2. Volcanic block in the
A and C pyroclastic fall deposits, and a close-up view of the B pyroclastic fall

deposit are also shown. Symbols are same as Fig. 2.

HERENE, EICERSEL, MR Y 4 2 O E e
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AHEO, KIS BRI EHOR O A GE41X) & S kiR
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4. 2 17NK-TR2
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WP LBES comidEZ L TH 5. 2O FHIZEFE23
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IKEGKILKZ TR ET 5. & FEI2 PR R 20
emDRIIAE KA A MES . 2R mEKsE N, Kl
BUEERIRO AT, RuaERm ALY 6 han
(#H5X). A%Tkﬂfﬁ%%@%ﬁkﬁ? i3, RWL 2k
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50 cm

Okushirane south .
Lava

17NK-TR3-2

6 17NK-TR3-1 KU 17NK-TR3-2 DFEIFEIRX & FORE . LN 2 X & [6 .
Fig. 6 Stratigraphic section and photograph at the site 17NK-TR3-1 and 17NK-TR3-2. Symbols are same as Fig. 2.
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4. 3 17NK-TR3

17NK-TR3 Ti, 2z MElL 7=, 28 1 XICIE 17NK-
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(1998) R fAiHHE 2 (2005) HY AL L 7z fF/E & FMTH 0,
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As-BOD FHAIZIZEES emD G L L A, B
30 cmDHr-Fp2id® 5 5. Z DG OHr-Fpld, Kif%
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5, HUR—MRRRD S 4 ZOKILKH» 6 55, Ffi10
emi55 < Mk CEAHRAL) LTun 3.

Hr-Fp® FRLICITIEIE S emDfE G T3E A B A, JEIE67
embBl B0, WEARETH < FVE L 22 R KIS BiRE 2358
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[ % RV O KK R KILEED D Ty B . KB A
FIR VA S & AR D BEEL I AR bR E RO Z & 5,
WEAMEAESO LK 2 50EE 1605,

4.3.2 17NK-TR3-2
HiRd : S 36° 47 27.7" N, FF139° 22' 32.8" E,
552,340 m
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WREFHAM WS 2020 4F ET71& H15

17NK-TR4

571X 17NK-TR4 OFEFREIRX & FRIHG . Cle T AR P IC & & 2 KIS SR OCRE T A WeHE R D
R OBHTHE A H IR, UFNZFE 2K EH L.

Fig. 7  Stratigraphic section and photograph at the site 17NK-TR4. Close-up view of the base of C pyroclastic fall
deposit and volcanic block in the C pyroclastic fall deposit are shown on right. Symbols are same as Fig. 2.
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FHhRET S, FERARE0L cmD LRI KILEEE DT
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T, BmmidEEn shkn. Zho ok 13, i
U 70kt - W5t 7 28R+, WEF 7 2 8ah, B8
ah, BUER, ZESER, SR (- R A - A -
W) L RESER S 55 (G2 K).
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4. 4 17NK-TR4
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MUY FNEEARILTES & 1 kmP§ 5T, KIAMER
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DUF MRS 5 4 2 ikt KUKV E X F T, Rk
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5. FIZERRT, FHRARELS cmDRILIS X
A DRG0, ke UTEKAEN, Kl
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BEREER 6 5 5MIKOBOVEEEKIIIK TS 5.

As-BO FHLIZIZIEM G LIEE A, FEIE65 cmDCRE
TRWHERI SR SN B, CBE N ARHER O 310
emid, MRS HIK Y 4 X OHRBEKINIKD» 5 5 5.
T 55 emid MR DRIP4 2 OB E ALK
HEZRT, A KDEROCKIPESESEBEL, 2
& LTk A I, KILE RO PR KR£1326 em T,
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Nks2HUZ & Eh 2 kgl & AR, Uil

FoK LRI L.

Fig. 8  Stratigraphic section and photograph at the site 17NK-
TRS. Sag structure at the base of C pyroclastic fall
deposit, volcanic blocks in the C pyroclastic fall
deposit and Nks-2 are shown on the right. Symbols are

same as Fig. 2.
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Fig.9  Stratigraphic section and photograph at the site 17NK-TR6. Volcanic block in the C pyroclastic fall deposit is

shown on the right. Symbols are same as Fig. 2.
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PAFY 7 km D WE I PIIEIE (B5KIE 22, 1994) & A b THRES
T2 &, INTEEGHE S YIREIE,A R &0 a2 5 (5510
Ma). F7z, AIROFEREIRICINL, Rl KL
FOKIEEREGE R, IWEEHZEHENTS. Z0Z
EiX, AT KWHER OWEH IR LTI S 5 72 2 &
EARLT0S. B o kARG, ARLILTEDO R
77075 km Tl & K& <, “FHERAREZ20 c mTH - 7=
GEsKX). 512, SHOFERERE, ARLOEPHRY
7 km# PN OFER BAARIES, 1994 ; BE - F1F, 2017)
EAHDYETART AR O n s Mat T2 &, T
KIEHEREH O oA 0 Fdilgk, EARINLTER 2 kD& L
THANLE B RS (E10Kla). &, K-
Y7 AT RRHI A S N B AR T KHER I OJF/F 4 cmid,
FE T KEHEREY O S EAR X A &, ERI O 72 D FEIK %
IKIHEREI D KR BB L i< 5 225 REF AL 5
ha.

AR R REHER I F o 1O B IEFFRIL, 1324
1431 cal AD (17NK-TR3-2), 1442-1617 cal AD (17NK-
TR5), 1474-1635cal AD (K—1) 272 7) Th -7 (51
36° 49' 30" N ). ZoOEREIE, FHIEA (2005) 2 H-Fpe v — 4D
JE & 20 5 HEE U 72 Nks-1U DM A (19 500 4F-510) R0, o
LRl HOGILE ] O ROk (FHfE 16494, B 24 5 $iRIZF
A, 1994) EXIF L. LEh- T, AR T KR
i, HYXCEARKILO EIE 1649 F0E K12 & B HERE & &
AZ6h 3 (EEX).

VHIE 1649 FF-MEKIZDWTIE, dECg HokiiE NS, &

A ) I 9200 m (W) OKORF IR S h, GEAAO

T N ‘ 50cm ANEPFLZZERLENTOS FKIEH, 1994). L7zhi>

km o ' ‘ T, ARETFKRHERI OWEI I, BIEO LT E 2 0
KOEET EHESNS CGE1X).

FI10X HICER AL T AR O 2 mX. (a) AR K AR T RFHERMICIZ, -V Y a74sataTit

WEHERIN O 51 & SRR (b) B T ACHEHE Ry OO RN T TAL 55 BT A
DM, (o) CHETAREHERNGD S & SHa . ROMEHOMBET 1=, F1d 7 X BRLF 21388

HEKBED b LY FRHROH - vy 218 (B3N B1ala), L7 T ARKFOE
s, AL EAIE A (1994) ONKs-1 e R HI 5 477 HRIFRAK30vol % TH -7z (525). 17NK-TR5 Hiri D
¥ B SR ORIT, TN O B i O MR OEENICEH T2 L, PUTHELES T X
PIRARIREE T PO TG A D 25 < (TRS-2), LI E £ (TRS-1).
Fig. 10 Distribution maps of pyroclastic fall deposits of EYF - B (2017) TUE, 1649 £F-WE K 0D Sa W HY & % D

the Nikko-Shirane Volcano. (a) Distribution of A <
< &87.7 X 10°b v (VEL =3) L AfEE > 724, &
pyroclastic fall deposit and the isopach, (b) distribution Sed ( ) ERBE S . i

of B pyroclastic fall deposit and (c) distribution of C 8 & AL 72 \ITARHE RO BE DR T KA HER R L %

pyroclastic fall deposit and the isopach. Filled circles are FATCHBEITT20ERH 5. F 72, KHEREYIHIZE
trench and drill sites used in this report and open circles FNAREL7-H T ZABER ORIz OO CEEICBET
are Nks-1 outcrops in Suzuki et al. (1994). Thickness of F2ZLI2XD, 1649 ERE kOB T OHR, <

pyroclastic fall deposits are shown with trench and drill

> )5, - N )
sites. Maximum mean average of pyroclastic fall deposit IIYUAOH GOV THEF L DB THTH S, &
is shown in brackets. B, 1625 I2H -7z B, 1979 5 K27,
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X CCHEAMEIERN. BERohIEL, TEERO 20 i

1600 T
T

T (%) & £ OFEAHIH & MNETI L TR 72, EHIT
-L 20 AEARHIPH, ARVACERRIZ A 20 A-FRHIPH O v g

1400 |y % ZzhZrhond. SBEEROPIEE KA ZFR
1200 [ Nks-A (1649 AD) U % JKE TR L 7. “CHEMAEIZE 1 £ 22,

Fig. 11 Comparison of “C age. Median age is a weighted

1000
average of the ranges of calendar age (cal AD) and the 2c

800 '03151'88 2D probability. Vertical line shows the ranges of cal AD and
( ) - -I- 'I' thick horizontal bar shows median age. Convergent age
- . . .
600 Nks-C ranges which has tied median ages are hatched gray. See
400 Table 1 for “C age.
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(c) Nks-C
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(a) ARETKIHEREY), (b) Bl T ARHEREY, (o) CRE T KIHERMI O E — Pk, REER %
BRONT 100 %IRE L 72 8 0 &R, MAEINEE—HEIC kT 5 EMELERT. £— PR
2% % 2H4. Pl plagioclase; Qz: quartz; Px: pyroxene; Hbl: hornblende; Opq: opaque mineral.
Modal compositions of (a) A, (b) B and (¢) C pyroclastic fall deposits. Bar chart shows recalculated
composition excluding accidental particles. Vertical profile at the same locality put in square brackets.
See Table 2 for modal compositions. Pl: plagioclase; Qz: quartz; Px: pyroxene; Hbl: hornblende; Opq:
opaque mineral.
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2005) 123t M 2 EHEPNI T hOMHIE T HHER S N
Kotz

5.1.2. BEETF XWHEREY

H Y AR OBEE T K EHERIYIIZ, 17NK-TR2,
3, SOE3IMLTHERE L 7=, BE P AMHERMIZ, EFE
EERD 6, fEFHIE A (2005) 235 U 72 Nks-1MIZ X kb
Eha.

BT KEEHERIMNIZ, As-BA HIEA DI L A< HEH
T3 (17NK-TR3 K UTRS Hif) . J5 & BemD JE i +
BEOREITIE, ARHug & 05950 kmpg 16 O K LR
T, 20504 R 2B L 2L AR 6 T35 (Fal - kA,
2011). AMIIIHEALEA X D & SEEE T REDR
EP L BmnEEZONZ 00, BRE T AMHERY &
As-BORIZ LMD S s\ Z &id, As-BOE AR5
B4R 2#RFTHRARusEAkL =22 L E2RELT
W5, As-BidvE ML 1108 ADME KO HYIT & » (HiH,
1979), ARFEHIE 2 58 6 h 72 LEOREFFERD
909-1023 cal AD (17NK-TR3-2), 984-1026 cal AD (17NK-
TR5)1E, HTHDIZH TS DD, KRR L R
FHTH B CE1R). L7 -T, BEE N KRHERD
i, HAREARKILO R2FEE TS 72 5 S h =Y
EEZoNS, FHIEA, (2005) 1, T —LHDFE & Nks-
IMMPAs-BEHEIEE S T &5 5, Nks-1M % 8004 i (D1
WL &z 7. AWIED“CHERSE It T 5.

BE& N AWEHERE O JB)E131-10 ecm™C, HEARIKEE
ORHE-WE KK EFERE TS, 17NK-TRS HiS T
EIEL (I 10 cm), PR ARE 1.8 cm® KL R
U5, KILEEEIBRE T KHERY THICRD 5, ki
NIBALT 5. BRETARRMER Y AR ILILTE & O T
RREND, BB A DR L, BB CEAY O 5
HPHPIE R, KOMEE R 5 Z L I3WEETH 5 (5B
10[XIb) .

BRE T KW HERT O REHOR 11213, 23T L
7245 BRI AR N (F2k). ThoDEaER
XK TI10 vol% Td 5. 17NK-TRS M 51 O W D §i
BEZICEHTSE, FMUTRELEN I ZERTOE
FEH %< (G 12Kb; TRS-5), LAiiE E 4% (TRS-4).
F 7z, ARUCEE T KIHER & L RT, # 7 2 BER
DERRIZD V.

BR& T KR ORAE A TALA & BRI EA 5 T/
Xy, WK FELTRELET I ZBRT 25
R, ARET KERHERU R 1208 DO CRE T KW HERE ) &
FMT 5 (B2, 12K). —J, WWEEIZE b5k
MHERIIE L L CBlgt I h s bz b, ARUCK
TREHERE & 0 & RIS A<, WY S A LR
TH5EE0DL). Y EoZ s, HXARAL 12 H
FOREAKIE, VEIE 1649 A & D & R R BURAVNE 5 72
EHEE IS, L2ALAERS, f@HiE» (2005 TiF, (h

THRHEIE &K ILBER KA SR B B4 % & i L T
B0, WHTOMEL b THRATT 2 L8 5 3.

5.1.3. CEETREHEY

CRE T AWEHEREIZ, 6HRIZ I\ CTHr-Fp& As-BOH]
IR bz, CREN AR, 2 OREF L > 5,
A 1Z 22 (2005) A3 H AR ILTH A TEFE L 72 Nks-1LIC
wlEhas,

CRE N KIHERE YIS, FB)E4-86 cm™T, HHG-HEE
DR BB XKILIK % TR E U, KIDBEER KIS B
EED. AFEATHRAL ZHEARKLOEHOD 7% 5
TRYEL, ARINITERETIEBIE50 cm% 82 5 (58
10[Xlc). 17NK-TR2, TR4, TR5, TR6Hu 5 TiE, TFAHi»
5 BRI D > THEBMIORENNE < & 2R &R T
(GB2[X). KRS & £ h 5 KR UKL B
DR ARRIE2-28 em ¢, IHTEX O & JLHITRIZEA
KEW, KILESRZ, ZHERRORLEMETSH S (ES
;s SB7-9IX).

CIE T AKIHEREHIE T O LIEOBIEEERIL, 657-764
cal AD (17NK-TR3-2), 673-769 cal AD (17NK-TR4),
617-665 cal AD (17NK-TR5), 639-675 cal AD (K —1) v
A7) Th-72EF 1K), D EO4GFRO“CHERIEIE,
#9640-720 cal ADDFIPHIZHEH T 5720 CGE11IK), ZD
RS KA b - 72 Z & /8T, Hr-Fp (6 A HHEDE
Wi 285 HmE e FHE LBV, Lh > CCRET AR
HerEYE, 7R E- S HACHIBEDIE K TS 725 S h -
e WA S, FEEA (2005) 13, PHET S E— 20
J& & H 5Nks-1L%& 1200 £ OWE I & & A 7208, AW
P HCHEMRUZHE DI, BAHERITH 1300-1400 4-7i T,
100 E VeI 2 5. F72, CB T KIRHER
DREFRT121E, BEA R & U T OH-FpHIsk D%
FAMRUBZENHB. ZDZ &3, ofidhiEic X
[ % TA < B - 7z He-Fp (RFREHIPH T3 EER 40 em) %
WK E UL L T 7RI AR RAE L 722 & #RIET 5.

bk K5z, CERETAMAEMBOREIER, BHXH
RINUTEIC A 2 > TEL B2 HA1RED Sl F7-,
IWTERE A 2 BR &, ILTEA 559 1 kmE B N O 17NK-TR1,
TR2, TR4, TR5 CTHERR X M7= KILIABRO R £EAI 20-30 cm
EREWZD EE 10X, WHEFEAEHEE T3 L%
AbNB. LALars, BRI KOMEIIRE L
TS 2T,

CRE N RMEHERE I 1E, oS OREBR 7 IZ3E L
727 ZABRT AR 5N (2£). 17NK-TRS H S
KO R =0 v a7 OCk T KIHERY O RR Y O R
NFOHHEEICEH T &, PICERELET S
ZBERFMFIEE T (B 12Kc : TRS-9, IMA-VI19
0.62-0.7), MK LR TIZEA E 2 Bvol %2 B
35 Z &hbA 5 (TRS-8, Drilling core 0.36-0.41). —J7,
17NK-TR4 3 p5 TIFRLEER IS, R L 724 5 2 BE R+



HYEEARKIL 1400 FRIOMAERE (FE - HIK)

% 50 vol%ld L& &Ik KILIKIE2 & 5 (5523 5 TR4-6).
ZDIKEKIPKIZIAA R <, CRE T KIEHERY) L%
st DO CRE N AWEHER &\ ZPEIR D B % 728, WK
HEFBIZ & 2 RBERCIALAR O & IR L T 2 T BEME A &
3.

CRe N KWVEHERENZ, BRI DA K UBRE N AWEHER &
T, ARILTES & 1 kN ORI AL, R
FHIRENWZ LS EEI0K), HIEAMR AL 6L
FeDWE KO Tl & BUEASK & 2 o 72 TR B W, 2
D72, CHTFAMHREM A & 725 L 7z 7t ddhbE-g fit
FCHBEDOIEKIZDNT, LD KHERY AR, Al
TKEHERE Y X OBRE T AFEHER IR ORI L 72 T 2
BRI L ORE& E, FEllZ BT B AR A
LAERH B,

5.2 BHXaRALl6HDLFIO=EA

6 RS DI O B T A RRHERE, ERILTEE D &
Jeflo> 2 Hit S (17NK-TR1 & O'TRS) CHEGE L 7. HYECAMR
KINTHER E N T2 i HORE T KIEHERY (Nks-4 5
HYEE A, 1994) 13, RAETIIMERTE Lh -7
Nks-2 1% 17NK-TR1 K O'TRS # /5 T HE 58 & 1, Hr-Fp
TIZTIEER 10 cmPkA TRED 5N B, JEIEIL2040 cm
5, HR—MREY A4 X0 KILKEE ST, kit
5-30 cmD LA KIS AEIET 5. KESIZRR
AR AEEN L <, B RELZEDERD 6N 5 (4
X ; 8X). &5 5 D & Nks-2 1 T id HIEDIEEA
W MCEREIRE S Ty, BRERA L 6
PIRE D mE H & RIAR IS, Nks-212 & MK D REBOR, T~ &
LT, RUEL KRG - B H 5 VB R UOTRE - @
77 AEER GBIl AEEhd (B2K). LaL, R
L7223k 6T 7 ZBRTFOREERGHRA L, SHO
MABEROAITIC & D, BHXCAKL 6 i DI D
Hi & 3B DRSS S T B ATREMED B 5.
AR IO T PALICHLE T D Nks-3 1%, 17NK-TR1
M TOAMERL 72 (BF4X) . FEIE6 cmDIEIAD B
KN 4 ZOIKEKIKTH 5. BERTFE LT, B
LW 5 28R TRREaH 7 ABE &5 (52
7). Nks-30D FRZ LBEORENE L, “"CFMRMEILE
5TV, Nks-2 &Nks-313, BIFIZ A (1994) R AR
E2 (199 IZ & D 2 7 v IEKIZ X 2 KIFHEREYI Cdh - 72
ZERERESNTED, HRARKILEEROER S %
S5 72912, HAABRKALE THERE b kit
HER O JF R & B OGS, KO AR K b HE
HYIOFREN SHRDORETH 5.

6. £&O

6D b L v F W KO 2016 4 O R KILIEH
HA—Y vrarickne, BXAakboEkiz ks
BT SR D T KIEHERE Y B OF 2 D A4k KK (7R FEB

77 7 (As-B), BBEH YV EHREFRT 7 7 (Hr-Fp)) % fiff
AL ZhooREFEstttizk b, ettforhELIRIZIZ,

AXERALOEAS S EL EE30H 5722 & 2[R
INLTERE THID THERR L 72, A% T3 O
# Efin5A, B, CRE TN AIMHER & At 72, Thb
DR, KIEHERE YN T O 1D “CAERE 12 5
DWW, A 16494, 12148, 7 -8 HidpITHE
Zibohb.

ARE T KEHER (SFE © Nks-A) (2, K HBE-#E kil
K% ERE L, KLUBEROKILERE G, HXEARKA
IWEAOZFELE FIZIRRICEED 6 h, FHIC o Mm%
o, IE» S INTHIZA T TREENPHEL, IHTEX D 0.75
km B T P H PR ORI R 20 emD KL BE A
ate. B, R, 1R OB IEEER L O L
DECR 2 5, ARET KIFHER VR 1649 I KIZ K 5
M N AKMHERII S Z 2 5 b, AR OREER - & L T,
R L7z H 7 ZBRTHERK30 vol%aasd 5 5.

BR& T K EHEREY (8FK © Nks-B) %, As-B (1108 AD) %
EHES 205, 12060 & 3 BT KR
EEZo6N%. ARILLTEERE T, BE1-10 cm?DB
M TR D A 5 h 5. M E- R ALK % E
k&L, KilEEDSEED. ARUCHE T AFHERIY &
W Uik CRE i<, MRS eBRohs. L
MoT, BRETFAKIRHEREM A & 725 L7z 12 AL O AR
B, P 1649 F- DA KD & R0/ & 2 2 B
NdBb.

CRE T R EHERE Y (BSFR © Nks-C) 13, As-B & Hr-Fp® ]
IZRB 55, K BE-wEKLKEFERE L, HED
USRI R O KILE B BE S 5. AR LTERE T
JEIE50 ecmZ#8 A, (LTHO AL THE P O RIE 23K &
Bnd 5. AL, FEHROHE T O LEORIEFFER
5, HXCAEMALO 7 E-s AL TEDOE A IZ X %
Fe N KMHERE & % 2 5B, CRe T KIHEREIZ, 6
HACLABE D 3 D KIEHERE O 75 > TILTEGE 5 T O J )2
PR BIEL, BHEMOREL KW, L -T, 71t
FerhE-g CHIBEDE A, HYEERAIL D 6 THC LI
DO TR EEAHEBKEN 722 EL BN 5.

ER  AMIB O TH B LEFEOIERRZ, HOCERD
FHLTWA[BEWAZE0NS [ITH—L7-.

B AARRUR A2, BREEE - BT - B
el - AT OERIZIE, ARIFRICTRCTER L 2
A7 bLryFHEETE, HXHLIEEEO 2
wl o7z EEXERAR AR OAE B, RIS
K, IWTFARICIE, KA £ &9 572912 T,
7272\ 72, Christopher Conway R IZ I3 ¥ % A L T
el BAERRROEGIC L D ARFITSE S .
F7z, WmEHLYOLHE FRICLBMERCE -7/ L



WEFHAMZHE 2020 F BT71& HlE

TG L BT 9. ABFE TR, SR okl
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Dy rarilBtE R Uz Ao, SCEFFE
AIRAACKIYE - AMBEBRREG 70y 227 b OB
FORMERF2EDTH 3.
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