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View of Mt. Shirane and Goshikinuma Pond from Mt. Goshiki. Summit of Mt. Shirane is covered
by Shiranesan Lava erupted 3000 years ago. Photo taken on September 2016.

U WEGERERR G >y —iE W - KILBFZERRE

1 Research Institute of Earthquake and Volcano Geology, Geological Survey of Japan
* Corresponding author

BEIR R OB RO SR B R O

Table 1 List of historical eruption and volcanic activities of Nikko-Shirane Volcano.

RAEFAH T 0 HUL (E b 0)
1649459 A 131 WK, I, [T AHRY Y L = e i e 7

(B —AFNALHR)
1872451 14+ 15 H LLF% AU E, IR
(R ILEM A\, JLB L)
18734E3 )] 12H

(FHTR64E) KA AT N — L
18894F12 A5 H M, N, BEIK
(H1¥B2247) K AN N— L
18904E8 H 22 H M R, BEIR
(BHTR234E) KA HEIZ N— L
18904F10~12 A ST

(H75234F)

19524E7~9 4 MR AE, TR
(REFO274E)

REC, WS, [T KR,

NSk (B AR 5L+ )\ B)

IS (RN E - E8)
B#1935%, B#H19367%, H#H19427%5
HH21527%, Bl215575

B 22525

G 6375

X
b

*IREIERT, KBEILTIE TR TRT.

E
SRS B SO IR S AT HOCENL N BRSSP RS AR
B HOCARMAE R, SRR HOE, BESIRAMRER R A RO H
AU & P AR L A AUB B SO ERRITIE, UREHI DA
T ORABHRIRGF Al 2 W e 72 e, HABSHR G B ek 2 oL id s
FEIITAEOR—) > a7 ERETWELEWE, U TEHHRL L
FE.

5| FA SRR

AR - AREEE - MABT - Nl—55 - EARTEYD - KIS
(2014) BARKILDFRIT170004E M DMk . kili, 59, 185-206.

K[GITRR (2013) 41, HYEEMIL, HAEKILERE G40, KI8T
619-629.

AR - AiEE R (20200 b L2 FEREICH D < HYEAMEAIL1400
EROBLKJERE, MBS, 71, 1-18.

FPARD - RIS - iR (2021)  HYEEARAKILI6494ER K DT
Kill, 66, 327-346.

WP ¥ - #EmE (2003) HifRAKILIRY - 2—HASIE &2 O EIL.

FRORAEHIR S, WA, 337p.

Newhall, C. and Self, S. (1982) The Volcanic Explosivity Index (VEI): An
Estimate of Explosive Magnitude for Historical Volcanism. Journal of
Geophysical Research, 87, 1231-1238.

TR 021 HYEEARKIIOREKGLEE. WEHRAAR G >y —
e ERIEE, no. 723, 18p.

B I - SPREUEME - PR R (1994) IRAREE, mEIL, Bt
FIARIL D ERIT 60004 [H] DR BHIE, 447y B2 KA Ml & B = /0 AT &t
Hm e E, 5, 207-216,

Okuno, M., Nakamura, T., Sakamoto, M., Yatsuzuka, S., Oikawa, T., Geshi,
N., Hoshino, Y. and Takahashi, T. (2019) Eruption age of the Haruna
Futatsudake Pumice (Hr-FP), central Japan, by radiocarbon wiggle
matching with special reference to a “C dataset developed from a Japanese
tree. Quaternary International, 527, 29-33.

wilE  FE (1899) HYGKILFEMEFAE®RSL. mEGMRES®MSE, 27,
12-78.

Per AR 9 - KEEF M- AT R 3 (1993) HOGKILEE, HYEEARAILS
FU=VEHKILIOHE 5 A, ShaTREEAHRE, 40, 101-117.
BB S (1918) HAMKE (LR, BAEGREWSE, 86,

236p.

EREIERS - NEET - REART (1995) HYEHMRKILTF 7 < it
AT LADEAFHIET )V, AFIHIER, 17, 113-119.

ERGIERS - HH M- AR - $LEER (2009) HYEH KK
H DL E LR &< 7 G S X T A, HARSE AR E
RFVAFRFTIF AR, 44, 63-120.

ERGIERS - BIREIE - REARLT - @AFEL (2017) HYEKILB A
R — ATEO G B FRLR— T 7 — 2 205B O#s i —  HA
REFSCRFHE ARA T ER0 B, 52, 135-179.

(e 3 - mE - (1988) [ Sxidtdth Bt B fim S $th ek i P 0 D VB
MARNG2AEEE S > 2 v A > RHEWEZE R FE A R rh R i 3 [ -3 2
BERTHHA B9 D078, BT, 65-77.

IWTEEIE (2013) Mk — R B 28 EKB0HER DT 7 50
Fadik &b, HEFHATIEHR Y, 64, 251-304.
IIETES (1958) HYEkILFE. HEkElS, 36, 27-35.

Geology of Nikko-Shirane and Mitsudake Volcanoes

The Nikko area is located in the southern part of the Northeast Japan arc,
where more than a dozen Quaternary volcanoes have formed over the area of
about 30 km from east to west and 15 km from north to south. Among them,
Nikko-Shirane, Mitsudake and Nantai Volcanoes erupted in the Holocene,
and only Nikko-Shirane Volcano has a historical record of eruptions.

Mitsudake Volcano consists of monogenetic lava domes with andesitic to
dacitic compositions. The domes have been built on Ryuzunotaki-Arasawa
Pumice Flow Deposit, which erupted at 17 ka from Nantai Volcano, until 3.5
ka. Mitsudake Volcano consists of Karikomiko Lava, Kotoku Lava and a
related tephra layer (Mt-1).

Nikko-Shirane Volcano is an andesitic to rhyolitic composite volcano
made up of 12 lava flows and some pyroclastic deposits. It has three eruptive
centers at the summits of Mt. Shirane (or Mt. Oku-Shirane: peak 2,578 m)
and Mt. Zazen (2,317 m), and around Chinoikejigoku. Eruptions at Nikko-
Shirane Volcano started around 20 ka, as indicated by the oldest Marunuma
Lava which is covered by a paleosol including Asama-Itahana-Yellow pumice
(As-YP). Mt. Zazen consists of Zazen Lava and Zazen Pyroclastic Deposit,
which erupted at around 7.6 ka. A bowl crater 200 m in diameter was formed
at the summit at the end of Zazen pyroclastic eruption. Mt. Shirane consists
of Ohirogawara Lava, Okushirane-higashi Lava, Okushirane-minami Lava,
Okushirane-kita Lava, Goshikinuma Pyroclastic Deposit, Okushirane-chuo
Lava, Shirane-gongen Pyroclastic Deposit, Shiranesan Lava and Jigokunagi
Pyroclastic Flow Deposit. The latest Shiranesan Lava covers the summit of
Mt. Shirane, and was erupted at 3.5-3.2 ka with Jigokunagi Pyroclastic Flow.
Chinoikejigoku Lava was likely erupted during 2.9-1.4 ka.

Since 1.4 ka, the volcanic activity of Nikko-Shirane Volcano is
characterized by the repetition of phreatomagmatic and phreatic eruptions.
The largest eruption in the record was a phreatomagmatic eruption in 1649
with VEI scale: 3. The related pyroclastic fall deposit (Nks-A) is preserved
in Senjogahara with a maximum thickness of 20 cm. Eruptions in 1873 and
1889-90 were phreatic eruptions with VEI: 1-2 and the corresponding lahars
were sourced from the crater on the western side of Mt. Shirane, which
flowed down through Shirane Hot Spring and Katashina River to Tone River.
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Fig. 7. Cumulative volume diagram of Nikko-Shirane Volcano.
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Fig. 4. Distribution of the craters around the summit of Mt. Shirane.
Individual crater rims are outlined in red and identified with letters (a to o). Crater a
formed by 1873 eruption and was the eruptive center of 1889-90 eruption. Crater e
and f formed by 1649 eruption. Crater b-d probably formed by 7-8" century and 12
century eruptions. Crater i and j formed by the eruption of Shirane-gongen Pyroclastic
Deposit. This map uses GISMAP® 25000R+ by Hokkaido-Chizu Co., Ltd..

THEMOMETT 7 I, ARINLTERZICBT 2 FEN RS E N0,
Nks-CT 7 T DWABIUEN RO RENEEZEZ 5N 5.

HYCEEBIE T KFEHEREY) (Nks-B) 13, EARILILTERE DI EE1~
10em THAT S, SKILEEXKINKETH S, T<HEWEHEZRA
THOFEDEMIBT 7 F (As-B) ZES ZEmns, 12ALEHDR )
ThdEEZONS.

HYCEABARE T KR (Nks-A) 12, HYEAB~=EXILED
~ RS o IS/ COIREIBAC, HiZEAS55~10em F®, Hr-FP&
As-B& D & FLO BRI NAEEM TH B, BEOWS » K
IZHNT, HENS510om 1 EDEEITHRAEE20 cm DK EAD K
TR R AEEE L CED5NS. 16 cm U8 em D% JE#5 2 i
BEITRT. FRILILTER 51 km BANTIE, WAEE3S cm, SFHER
KEIE20 cm DKINESZED KRB E L TROHNS. B RO
THOUCHERMEL D, 15~ 1T OB TH D EE 2 50, sk
Dk EAFAUE, S AAH R OEESBEGHTH D ZEN5, 16495
HEXOEHYTH D EHAZ5N2D (EEFIFEH, 2021). 77 7 ORE
HEE, 2x107~3x10"m® Td»H D, VEI (Newhall and Self, 1982) 3D
BBLE RS 5 N5, F2Nks-AHIZIE, AEYEZ A SNLWHA
ADH T AE THEEBRFEIA L 2R FDREEN D20, BEAERIE< T
RKELZEKTH D EHEZ5ND (HIFIFN, 2021). Nks-AZMEH L
T2 16494 E DK HERBIZ DWW T, EHASRICE D W TREI TIN5,

At EREMefE TR FEHEREY) (Nks-Me) 1 EARIIILTEN T T &8
15cm, [LTEPEHIOEMAICBNTHEEI~2em O1EDKILKEE LT
TERTE 5, B - 1% (2020) THE L /2 H5 TIINks-Me) 3T
N 2h, E FOH LEOUCEMRMEA 17T~ 20H LD TH 2 Z &,
BRI (2021) TIEINks-AD Ef7ICHERRS N D 2 & &, BERRFCOE
KGR 5, BARROEHMTH B EEZ5ND. 7825, Nks-Me/s
HIRAER D3 DMK GE1ER) D55, EDOEAKIZE > THEkRS Nz
MIHS N TN, [Hx OEADOT 7 7 OREHEIR, #METI0om
F—F—LAMB 5N, VELIOHBEOEKTh>ZEEZLND.

HARILLTESRICEE T 2 EE OO B4R Dk Ha~k) DO 5,
MRS ORI ICHBEIOER SN TB O, LA L OCHERD
K CRENCREH) &0 BHE VKb ~dAT, Nks-CE 72 1ENks-BD K [
TdH o =tk mn

_6_

4. 3. EEEROEK

HYEERKIL DN S ARSI, TLERHRD 16494 & BIFRFER D
1873, 1889, 1890fEDMLKFLERTH 2 (FE1). Fiz, MAKITIIES
BN N, AR OFEEMNIT2, 19524EICHENTNS, Wih
B ARBE ORI, BRI TROR S K (8) AidSh
HTRAET H KON G 85 N—IUIC & B+ BB DR
K, BIKBZEDHEZENHEL TS, ITN5DOEKITDNT, 16494F
WK DHERBIZDWTIZEEIZA (2021), BHBLIED & DIE &I (2021)
ICEDEF LD D, Iad, MO TOMI L1625 ITHE K U 7= fedkhv 5k
LHLINTWwizny (EBRBEGTRAES, 1918), I 5 DOWAGLEKITR
AW LFHEOBEMRE - AE OB I N/ZRER DT, A
eI Lz,
1649 (BRZ) FEA

WA, 16494E9 A 13 H A7~ MR E I FARILNUTE CTHRAEL, 20
AL CIZM L WEB 2K Uk, BT K D F O L2 0 F il o0#;
B FICEROKIKEZRE T I, ZORKICE D ILTEICER200 m
FEDKONTEREEN CE4D KD e, ), FREITE D EWAKITIEH
Rtz 10A20HIZIZ KO FHT £ TORILGED RS DT, T Ok
RMTCIFEBREIIEFHIHR T TWEEEZEALGNS.
1872~1873 (BHAE~6) FDEE)

16494E DI K LR, WEKFRER D2 - 72 A AR I, Wi
TR - TR DR SR WIREETH > 72, BIAHER D 187245 H
14, 15H2S, WTEEHOE270m, EI360m IFEDKEI DAL
CEARIDO K a) MHEKANNLD EDX DT> TP K
13, ZOWMKONSFHEELTWD, 0%, ERIEBILIMIRRI
BRI o 7208, 187343 H 12 H PR IR SIGE A4 L, Pk
IFEICREA AT LT, COREKICE D, SR HHHEAIT Tols
MR O, BIKAH S Z ENmEEINTND, £, HEKERIC
KEABHA S N—LAFEEL, 2 FR, NI Fs)Il 23N F o 7.
ZOIN—IN &S TRENHER T, BItE ORI RARNTEH 5
720 ETOMIE R FN ORI THRICHED N T 57z EieskIcik 5.
ELITHOBERTORMEINCBNTS, OB RELHDADIE
RO 5N TNWD,
1889~1890 (BH:A22~23) &EMEH

1889412 H 5 HIZ T BEIT K L e, K D3043 4% O TS SN
TIRBAREL SN &0 S, Wl o AL CTRSK6 mm ORERATE
DEN, HIEHEHS ST BHIK L7z, KOS S N — )L & 56k
LU, Fi&6ME L0 K il OKDE S 72703, 2 OBBIZI8T3ED H D
K O/NEEETH > 72, BEEL S N—IVHERYNI TSGR &N DA
HMETRDON, NIE—RES LDz, TO%, 189048 H22HF
RITIRFEIC HIEA L, BRI KO SN =)V 03 %64 Lz, MR
Thol/z, BKIZILEOREMETIIRD sNRho/z. £z,
KA AT N—)L & /N1175 ETHEARGRD SN HFEET, 18894ED
HOLD/NHRBETH 572, 2D, 1890F10~12HICIIE TV
IEE 2K Uz & Ok E ‘RIS, ORI oRERIIERINTY
72,
1952 (FB#027) &EMEF)

19524E7 A B & 0 PEHID F fb A S 20 & EARILILTE AR O WS AT R
ZBEDWTo ORI TIREINE Z A, Frc25Hicidssm
Sre. 3B, BEORARKLTIE, MMiEHOHED TELAL
WS NI FLE LR,

5. BHEYOERFENFEH

5. 1. ZEXIL
ZEAKILOEHIE, Si0,=59~68 wt.%, RIIENETA T b
FTOMMAHPAZFED CHSKD. BRI E L TRER, HAHEA
HAMA, SmANEA, REVISEMAEENICEEL, GHRPhAS
WAEBOZEND D, NAWEEITEENBRERICED. NAH
VEEIESIO= 60~68 wt. %, JEIEIEE1ESI0,= 59~67 wt. % D HL Rk
R, MFEEEDIE D D TRNSIOEZ /KT, Si0-TiO,, SiO-
KOZMLK TIFT EAR 72 A b 2R Y

5. 2. BXARXWL

HYCERKIL O ML, Si0=60~71 wt.%, ZIIEMN S FRAE
ETORWREERZ /D (528, MREYE U TREA, HAE
i, EERG, EEARa, BRIV TENICEEL, T oo

W B RLLILITRED £ mFyus HET TS
Mt. Shirane Air fall tephra Foreign tephra
-Nks-Me 17~201H##2
1517482
- 12142
—
S-B:
. Ik N EETR | Nks-D |3.1-2 oFeE
: =y rrar— BiRILASE (Shs = i o
| I/ smEias ) | HIiES (Shs) .3 £/ N O

[ERIER KB (Sgp)|-—{ Nks-E | @rFm
[REEPREE (Osc)

|78 38 A B HEFE Y (Gp) {Nm$ (5.2F 4 71)
| l BERILEE (Osn) ——
BN (20) | REiRATES (Oss)| 6.4-6.3F &
| N, S —
BHEE 2n) & ores R
[ tBFEA (Nd) | — %% (Ose)
S | AR A% (Ohg) |
| &Baa Gy |
|¥5BE 7 A (Md) ] ‘
___________________________________________ EERREERER

| Bias (Mm) | (As-YP: 1.7 4ERT)

W5 HYEHARKILI O FFRa R .
HYEFRA N OIS HFR £ 7213 FER. KO TSN 1=y MISESHR SN TH2BRE, MHNIEEE S 2BREERT.
FYEER KL OUCHERMEIZATT, FokT 7 ZHIHTH - Bk (2003) 12X 2. diHHEOHERGERED 5 BATS - 72 FER 2 HIIOR Y.
Fig. 5. Stratigraphic relationships of geologic units of Nikko-Shirane Volcano.
Perpendicular bold lines show an observed covering relationship, and dashed lines show an estimated covering relationship of geologic units.
14C ages of Nikko-Shirane Volcano are from this study, and foreign tephra ID are from Machida and Arai (2003). Stratigraphic ages are bracketed.
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Fig. 6. Schematic section of tephra fall around Nikko-Shirane Volcano.
Legend is the same as Fig. 3.
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Fig. 8. SiO>-TiO: and SiO>-K-O diagrams of volcanic products from Nikko-
Shirane and Mitsudake Volcanoes (without mafic inclusions). Whole rock
compositions of Mitsudake Volcano from this study (four samples), Sasaki
et al. (1993) and Takahashi et al. (2017) are also included.

2k WO SR LR

Table 2 Whole rock chemical compositions of volcanic products from Nikko-Shirane and Mitsudake Volcanoes.

Location no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Volcano Kei;ukfr Nikko—Shirane Mitsudake
nishi

Unit name Kw Mrn Sg Nd Zn Ohg Oss Osn Gp Osc Sgp Cj Shs Kk Kt
SiO, (wt.%) 59.78 63.60 63.57 64.57 62.95 68.24 68.32 62.86 62.45 64.56 61.45 63.27 63.53 61.91 63.41
TiO, 0.71 0.54 0.57 0.53 0.53 0.41 0.41 0.55 0.55 0.48 0.58 0.55 0.54 0.58 0.54
Al,Oy 16.85 16.21 16.00 16.02 15.99 14.96 15.01 15.87 15.92 15.84 16.60 16.03 16.09 16.31 15.76
FeOs 7.09 5.72 5.86 5.37 6.02 4.11 4.09 6.17 6.31 5.40 6.51 5.90 5.72 6.45 5.98
MnO 0.13 0.11 0.12 0.11 0.12 0.09 0.09 0.13 0.12 0.11 0.13 0.12 0.12 0.12 0.12
MgO 3.89 2.85 2.91 2.52 3.31 1.83 1.84 3.40 3.46 2.78 3.69 2.94 3.01 3.50 3.17
CaO 7.25 5.94 5.92 5.67 6.28 4.48 4.43 6.27 6.37 5.73 6.70 6.18 6.05 6.56 6.07
Na,O 2.83 3.00 2.97 3.10 2.85 3.16 3.13 2.86 2.93 3.01 2.74 3.00 3.00 2.74 2.91
K,O 1.33 1.91 1.96 1.99 1.86 2.64 2.59 1.80 1.78 2.00 1.48 1.90 1.82 1.72 1.94
P,05 0.15 0.10 0.11 0.10 0.10 0.08 0.08 0.11 0.11 0.10 0.11 0.10 0.11 0.11 0.11

FeOx [34228k&FeOLL TIEILIZb 0. 7 =2 F ~TXRETHGEL, MEK100% TRL7e. ML=y hORS I3 IR E S .
* total iron calculated as FeO. All data analyzed by XRF and calculated on anhydrous. Unit names refer to the geological map.
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