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Dating of the lacustrine deposit exposed in Shunzan-shita, Sengokuhara, Hakone
volcano, Japan
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Abstract

A large outcrop (150 m X 50 m) emerged on the northern caldera wall of Hakone volcano, as a result of mudslide
caused by a heavy rainfall during a typhoon named Hagibis in 2019. In the bottom part of the outcrop, a lacustrine
deposit was recognized, and its pollen assemblage implied a cold but still warmer climate than that of the caldera forming
stage of 66 ka cal BP. The diatom assemblage of the deposit implied the effect of the stream although a stable water
environment seems to have been predominant. The “C age of the lacustrine deposit was approximately 31 ka cal BP.
Based on the microfossil assemblage and the numerical age, the lacustrine deposit is considered to be distinct from
the deposit of the fossil lake in Gora, east of the outcrop. Also, from the stratigraphic and elevation relationships, the
lacustrine deposit recognized in the outcrop differs from that of a fossil lake named Lake Sengokuhara, which is located
west of the outcrop and dried up until 5 ka. Here we call the lacustrine and the extinct lake created the deposit as
Shunzan-shita lacustrine and Lake Shunzan-shita. Lake Shunzan-shita seems to have formed after the formation of Lake

Sengokubara due to the erosion of the Hayakawa River and coexisted temporarily until 31 ka.
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Fig. 1 Locations of the outcrop. A, Index map of the Hakone area; B, Location of the outcrop. The area of panel
B is shown in A. The contour line of 570 m, which is close to the top of the lacustrine deposit found in this study
is indicated by a red line. Also, the contour line of 640 m, which is considered to be the water level of a paleolake

named Lake Sengokuhara is traced with a blue line. #21 is a hot spring well, geology of which is already reported

(Mannen, 2008). Background maps for both panels are hard copies of GSI Maps (https://maps.gsi.go.jp/).
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Fig. 2 View of the outcrop (photo taken on March 5, 2020). A power line tower and a blue sheet covering the

foundation of the tower are seen at the upper edge of the outcrop. The figures indicate elevations measured with a

razor rangefinder (Nikon AS500).
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Fig. 3 Orthomosaic image of the outcrop, acquired on March 19, 2020. Solid circles (1 and 2) are sampling sites for
"C dating. Arrows and squares indicate the direction and angle of view of representative outcrops shown in this
paper respectively (Figures 5-8). The geology of the outcrop are classified into L (lacustrine), R (river sediments),
DA (debris avalanche), BAF (block and ash flow), RW (river to wetland sediments), and AE (aerial sediments),
with boundaries marked with red lines (dotted lines indicate unclear due to the covering deposit). Black thin lines

indicate contour lines and white numbers indicate elevations.
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Fig. 4 Columnar section of the outcrop. Elevations were measured with a razor rangefinder. Thicknesses of strata
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Fig. 5 Fine-grained volcaniclastic sand to silt layers

B Y P O X LIKE DALY~ L B

in the lacustrine deposit (photo taken on April 11,
2020). This horizon corresponds to L in Fig. 3. X
indicates sampling point (sp. 1V) for ash analysis.
A soil monolith which is on display at the Hakone

Geomuseum was taken from the outcrop.
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Fig. 6 Debris avalanche (DA) and block-and-ash flow
deposits (BAF-L) (photo taken April 11, 2020). The
length of the wood pile (arrow) in the center of the

photo is approximately 1 m.
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Fig. 7 Humic soil (arrow) in a secondary deposit in the

upper debris avalanche deposit (taken April 11, 2020).
This humic soil was dated as sample 2 (see also
Fig. 3).
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Table 1 Wide-spread key tephras appear in the paper and their numerical ages.
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Fig. 8 a) Block-and-ash-flow pyroclastic flow deposit (BAF-L) and overlain debris avalanche deposit (DA) (photo

taken on April 11, 2020). b) Pyroclastic surge deposit layer (arrow) sandwiched within a block-and-ash-flow

pyroclastic flow deposit (taken on March 5, 2020).
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Table 2 Samples for radiocarbon dating and their pretreatment and analytical results.

gi)gull Sample DUTA T reatment fgﬁSURED 10120 EOA%ENTIONA 2 SIGMA CALIBRATION
20200305-4 . - B cal BC 29900 to 29425
1 bark? 559533 acid/alkali/acid 27935+ 133 BP 26.9 27904 + 133 BP (cal BP 31850 to 31375)
200305-1
. } cal BC 43865 to 42105
2 peafny 559534  acid washes 41548 + 540 BP 26.0 41532+ 540 BP (cal BP 45815 to 44055)
sediment
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Table 3 Results of pollen analysis.

1D A B C D
Sample# 20200305~ 20200305~ 20200305~ 20200305~
4 1 2 3
Arboreal Pollen
EIR® Abies 79 125 164 65
> 7T & Tsuga 19 26 32 22
YR Picea 2 2
~ & HHEE IR Haploxylon 1
~ Y RS AR Diploxylon 3 2 2
~VE B Pinus 20 23 10 7
AXE Cryptomeria 20 16 4
ij;’g—%%ﬁ'\?ﬂ— T-C. 1
N xR Alnus 8 1 4 3
7FE Fagus 1
R :
e 1
—VRE—T YR Ulmus-Zelkova 2
7 FElaeagnus 2
=SR2 Fraxinus 1
=TV XRE Weigela 1 1
AA TIAT ) Lonicera 1
Nonarboreal Pollen
W~ g Typha 3
A F Gramineae 1
% IIIY Thalictrum 1
PAVA=Avy- Geranium 1
SEXE Artemisia 1 1 1 1
* 7 WA Carduoideae 4
Unknown Pollen
RETERY Unknown pollen 1 1 2 2
Pteridophyta Spores
IAX=T R Isoetes 1
fo> > & N T other Pteridophyta 10 18 10 21
spores
TOTAL
ARAAER) Arboreal Pollen 172 197 219 103
BTG Nonarboreal Pollen 10 1 1 2
R Unknown Pollen 1 1 2 2
A fEM T Pteridophyta Spores 10 18 11 21
WA - T zog?)loi‘;mber of Pollen 192 216 231 126
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Table 4 Results of diatom analysis.

& £l AREE BREE A B C
oy pH VN bt No.4 No.1 No.2

Nitzschia levidensis (W.Smith) Grunow Meh ElE 1
Pseudopodosira kosugii Tanimura et Sato Meh D1,E1 2 3
Amphora ovalis (Kuetz.) Kuetzing Ogh-ind al-il ind T 1
Amphora spp. Ogh-unk | unk unk 1
Aulacoseira ambigua (Grun.) Simonsen Ogh-ind al-il 1I-bi N 63 55
Aulacoseira spp. Ogh-unk unk 1-ph 18] 4
Cocconeis placentula var. euglypta (Ehr.) Cleve Ogh-ind al-il r-ph T 3
Cocconeis placentula var. lineata (Ehr.) Cleve Ogh-ind al-il r-ph T 17 13
Cocconeis spp. Ogh-unk | unk unk 3 1
Cymbella minuta Hilse ex Rabenhorst Ogh-ind ind r-ph KT 1
Cymbella spp. Ogh-unk unk unk 1
Diploneis yatukaensis Horikawa et Okuno Ogh-ind ind I-ph RI 1
Diploneis spp. Ogh-unk | unk unk 1
Epithemia adnata (Kuetz.) Brebisson Ogh-ind al-bi ind U 2
Epithemia sorex Kuetzing Ogh-ind al-bi ind T 23 20
Epithemia sorex var. gracilis Hustedr Ogh-ind al-il ind 0,U 2 3
Epithemia turgida var. granulata (Ehr.) Grunow Ogh-ind al-bi I-ph 0,U 4
Epithemia turgida var. westermannii (Ehr.) Ogh-ind al-il ind U 6 5
Grunow
Epithemia spp. Ogh-unk | unk unk 3
FEunotia tenella (Grun.) Hustedt Ogh-hob ac-il ind 0,U 2
FEunotia spp. Ogh-unk | unk unk 2
Fragilaria capucina Desmazieres Ogh-ind al-il ind T 2 1
Gomphonema clevei Fricke Ogh-ind al-bi r-ph 1
Gomphonema parvulum (Kuetz.) Kuetzing Ogh-ind ind ind U 1 2
Gomphonema spp. Ogh-unk | unk unk 1
Melosira varians C.Agardh Ogh-hil al-bi r-ph K,U 2
Pinnularia acrosphaeria W.Smith Ogh-ind al-il I-ph N,O, 1
Planothidium lanceolatum (Breb. ex Kuetz.) Lange- Ogh-ind ind r-ph }(J,T 1
Bertalot
Rhoicosphenia abbreviata (Ag.) Lang-Bertalot Ogh-hil al-il r-ph KT 1
Rhopalodia gibba (Ehr.) Mueller Ogh-ind al-il ind 0,U 2 4 5
Tabellaria fenestrata (Lyngb.) Kuetzing Ogh-ind ac-il 1-bi o,T 19
Tabellaria spp. Ogh-unk | unk unk 3
KA 0 0 0
R~ TR AETE 0 0 0
VRKAEFE 0 3 3
PRIR~VUKAETR 0 0 0
WoKAERE 32 142 109
BRI 32 145 112
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Fig. 9 Si0,-K,0 composition of volcanic glass in the

lacustrine.
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IS 33 Picea (P v efE) 3HFILTHRNETIX% <
e o, EIRFEHITIES K v O ORHIIICE S
% Hemiptelea (Y 7Y ¥ J5) 234110 Nk e ¢ 138
DONBRNE WS BHERECDLED 2,

T 5 A o FEOK IR I FE IS T e & T B 28,
Picea % %E L s WEILNAKE X & h 2 eiE T
BBV RBINS, F 2. Hemiptelea iZ, 4.3 ~
3.8 HEREICIIENTHIK L 2z E2 552 (FHH
132>, 2011), HILTHEE o BRIz v, &
WT#IEE C k. BEE 571 m T <5 Tsuga?
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DR ICTH AR, co "CHERERELZE 25, 319
~ 314 ka cal BP iC ko bz, o "CHEMRIL A3 ~
3.8 TTEERTICHEIR L 72 & % Hemiptelea 23 & 17z
VISR L PRI T B, Ao b HILFIK
JE T IRAEN X D S A WA OWIE T H B L
TZ5,

B LT T o B A A L K RE D Cocconesis
placentula var. lineata, /KA EFE D Epithemia sorex,
17K AEFE D Aulacoseira ambigua 7x EFFEATICEE L,
AKHNHBOBRIE CTh o2 b FE 2 b B0, FkDHE
HIMCZ T T LARBEINDE, &5 LEERL
A BE 51X, Cyclotella reczickiae. Fragilaria zeilleri var.
elliptica, Fragilaria ulna 75 & % FHENIIC % 3 % T8 5
WK & SR IC R ) . BRI LA 2 5 b BN IRUE 1
TFRE L D SO I R 2 FROMKECH 2 L
fiam C % %

5.2, WAL HAKEDITLL

KA - #BH (1975) &, I A7 7%, BHEDO R
JIFR VD 71 v 7 Z ALER > & PEERIC 22 1) T D T K Zn sk ic
KPR FZEL 2L E L, TR IGERE LA, 2D
FAFHEARICHEZ CEEINATW B (UMK, 2008;
g2, 2021), S EIFER SN2 HKE L. AhdodE
D EREREIE ICN LT E AT L A6, Kl &
DX T 5,

/PR (2008) (2RI O B ELTfl & RE & F & o
ERBERLE, UTFRzoWEch s, 3, HIE
% 75 3OV 2 AL & PEA 72 FILTEm i ALA E
@ 31 ka cal BP EHIC I 2 /KK T IC X o CEE{L L 72 &
# 7 7= UIVBK, 2008; 111113 2>, 2021), % 7= % FA (1K 1)
fhEo FHE %z, FiEOREME L & 2 Fkame L
oo TZCHEH. FRXOHMRMNTI 7wy 27V FT
Va7 —RKRRHER Y (Hk-Km1; 49 ka (1I0101%
2, 2021)). o b—WETED O 7 B IIOERY (B
640 m L), T EAEESICHE >\ LA 2 Y
T DRHEREYICTH HROME - v N HIE A 7 B
HREM AR TE 2L LT3, # LC. WMy
DolEoNy FIRICHEET 2 AT 28 Tw3, —J7., &
HEH O FTESE (7 660 m L) Tid. WEELTEH 5
7 B IEHER ) % 3R, 2 D7 AT BRET 3 2
EERHE Lz, M EOBIED 5K (2008) 13, 2
5 2 DD EIEIC DT, AL HE AL TR D
HEREIHICTH 2 —J7. HRAHIEZ ORI TR T I i
T—HRFICIE I E /NI e R I c b 5 & L7z, il
GIEHNZ, AT HERE X VOB WIS OKM 2 FE2 b D



&L AT LRI DR AERE DR Z R D b DD,
Qe 2RBB oI L iCiRD,

KA - #H (1975) b, KOOSR IC 2 ROl
HIFEMDH 5 2 L RO T3, FIHIONIEIFEM DK
(3. BEOKIRAT T o b ek C1 e o0 KRR HERE ) % Mo
TEREEE L L TS 650 m fiEich o7z & F 272, %

Dk ERATENT 2 [BAEHREY | D2 650 m T,
ZoHIcEENBRALKRD “CHEMRA 28 ka & T
30T, ZOWEE Tl O KR 650 m
LY DKL o7z, —J7. /MK (2008) (x. WIHADADL
HE#IE, IIk-Kml 7v vy 77 Y FT7 vy a7u—H
A NRIHE RN ZEE D 72720, B S N
EE AT, BT, BHER—Y v 7 a7 OfEERN
RLEMBR D UGE & Z Tt 5 KBIBIRE K fl: 5 JB T 7

Z (AT, Hk-TP %) oFEROABELAED LN TE D,
FRHIRIC BT d. 2D X5 &d L WFER L JEAEG
ICHEOSWT, 77 70FEABRREIN TV, ZOff
R AVAFE#ICEZICBS L 7= Hk-Km1 2% 40 ka UMK,
2008) 25 49 ka ICE T e (LEHE A, 2021), B
Lo X5 icliGFEHOFKICE L CIRENRPEE LoD
JRRICOWCRFEDEBAFTTRD NS, LaL, fl
RN T ZBRE R 2 A LT 7 L2 & PEER
WCF TR & Nz 0y, KELIZ—E IRz N7 bl Tl
7. 3lkacal BPZAETCIKIIMETFLAZDbDLETEHE
ZFMROYIAL L REN Tz vz X I,

ZOENRBICESHT, COBEDHKIEE T L
THhELH., COFETIE., BHTFROER 571 m 26
575 miZ 2 Ty MoK E R S iz, B
571 m 13T TR E D BT Tsuga? ORI ICE ., T
UCHRZMFELZ L Z A, 31.9 ~ 31.4 ka cal BP i3k
Dot (F2), ThFHEED LR FERTH
255, AT LRI FEA OHERFmFER L Y IZHL 2
ICH K. TOZ &R HWEREICT 25 & AT HERELAAT
ICHEFE U 72 B ORISR % R0 IREH o il A SR 1S 0t b
TE2X2ICbEZ 5,

L2, BTMAEOESEIZ70mfiEe, 2h
T CAFEHOMBHREY L SN TEZbDDHFTHIE
WERATE FOMBE LY 70 m 13 v, 2oz &id
il 5 & 1257 2 O HEREY © b 5 AIREE 2 R R T %

SICH oD, AT, EEn2HEARDR G
B, BIREREICRETERZOD 20D, JiKOEEL
PUHRI 2 O 7 HERBR R AV R B S T B b . RET
REWAKIE VS X0 IR O E X iR Z 1
- BRI T H B L RRBRT S X IICRZ S, MU
Loz e xiE 25 AT AR5 & ik

LS
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HTclkdsbon, chE 3B ZHOHERYTH 5]
REMEAMERIC& 2, Lo L. L oA EEOHREY O
&I WS I L Tk A ofRET iRz e A LS
NP oI CH B 2 L HBEETH 5,

5.3. HESEKOEEK

ARFEECIE TR L 7288 (31.9 ~ 31.4 ka cal BP)
D 20 m |13 ¥ LA OEE 595 m ~ 622* m fTic 7wy
TV ET v va7a BRI SR b,
DETORKRE -8 (5 594 m) o "CHERD 43.9
~421kacal BP &R oisz, 2% hH, ZOFRETIE
R b, RfIofFREOBAEFENR I H W, SRR A SN
2, biRrAILIDTR Yy I TV ET vy a7 a—RKk
WHERS X, AEA L A2 5, Hk-Kml & xf b C % 2
AlREMED B B,

T, ZOWHRITOWT, RO L X5 & FREBLIC
HEonTikdzedniE, 7ay s 7Y 7 vva7
v — Bk R HERE ) & A O BRUE IR B LT if o WA
Z. BHITHESE % 3 < GERIE T a3 A I O Wi 2355
HLTW3 2w @Ik 328, HILT#HE AT U
HIDMERYICH 5 2 L IXEFEEDO T, RAHRD FICH S
WAE DFEREFIET 2, 6o T, HILTWAE L. &
A & R ICE IR % T3 2 &b c—RiIcc & 7=
HIROHEREY) CIZH 2 b DD, FEAMH L Y ITH IO K
VEBEETLEEZLND,

L2 L., Thd OHIEFEROHTIEE MIF L 7z i8R R
OFTE (B2, BFILFEZ K3 2 Hifg & & LT RS
% 5 O R R DO Bi Y 7 &) & A7z b ot
Tk, HEOHA FEET 2 Ltk dr -7z, EE
578 m T L4 L A b 2 HifE A 2 DEEFICHY T2
b Db Litewy, B CldZz otz R iciE
OHZLILT B,

5.4, ALTF7IBOHENEE

Dbzt lnsl, BEGSERCHATTOILT S
JLEHIRICE T 2B EEBIRDO LS iIcE b
%,

AT ST (66 ka cal BP; & K132~ , 2008) ic
TEANT 7T L 7o B B0 EE W (HE & 7K A
B =470m) A E e (B4, 2014), %2 0%
31 kacal BP ZA % Cic, KFEHTR® L N=EILTH
R IR L 72 2SR &tz & 2 iR
e 35, HELTWOHEKEZESZ 570 m ML ET,
BT Z OB O FRAEH % B3 & K I~ HiE K
MAPHEC B WL, e 2 EARBIZHEM 1 km 13



Eldhnwz bickss (K1), IEEZRKBIES%D
MR E OB A RFO LAE Y, AR, liAFSE 21
SR (M1 84E, 2014), 2Ky b a7 EZ8EE
99.8 ~ 102.7 m (1% 454 ~ 451.3 m) ITHIRLDIKFEZ
IFEEUHEAED LN TEY (EE, 1999). i
DSFI TR & b T & 2 RN S B 2 25, fEfr b
R X (4R, 2008) 2 ALl oMt EEL v,
—J7. AR GHEES 660 m<) Tk, % OREK
PTG 2 BIEE AT X 2. AR KAz
DRZ TR T 9~ 2 @2 R IR 28 L 23 L, B
5640 m DEGHEZEK L 72, T DERIC AT 230 T HE
L CHh. EamCITMBEHEEY. Bldtmcliich
ZE IR O hh bR TE 5, k. AT IXEH
B 1SRV oFZEE (ITH. 1977) 2amEso&EE (N
Pk, 2008) T, fE 650 m FREIC AT A3 RHERE Y 5>
LR INTWS, CORFETHRE KB ZR - T
=2 LR TE S (IR, 2008),

6. F¢®

2019 FFORKMIC X 2 EbHNCEE L 2B T O
SHICOWT, ORI EZIT) & & dic, ik FifIicidd
LNBHREDERICOVTIRG L7z, Z DR, o
FREHTH LN 2 WK 13 AR 23 D 2w & b |
A HGH & b ¥ 7 2 OHERTE C & 2 nlREtE 2N 2 &
Bbhol, 22T, ZZTRKRIC, ZOHEREYEFIL
THIE., Zn2BR L -2 EELI TR L
L7z BEHO R 2T L EA71CiF Hk-Km1 iICxb < %
ZHREMES R VT a y VTV R T v v a7 u =R
R o0 o 7, ZEEILSERT UMK, 2008) %
WS 2 Mg < 2 —J7. BT MRUE 12 & LER %2 H
JUA—BETH L 7255, HERE L 72 IRHEREY) & HIr 3 2 o
DM, MEFEDIEMERBERIT X b bkd o7z,
B, AAAFEHICEL TGS 254 DX TERE
nTwd—7. {hCHERbaIcBET 2 MmAIRIEEAY
ML AKIRDYEA Y R EABREE, KB R &R AT
HBAER, 1 DOWKE L DXL o T3 Z
LiE. FRHIR O AT T IMOEEBE RS ETKE Rk
EHThHY SBOUGERIIFIEN D,

BE Xk

HAR2HBD - ABFEA - KIGIEE (2008) B i)
27 MDO01-2421 D#&MHEH 7 7 F &R, S
W, 47, 391-407
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