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Abstract

     A large outcrop (150 m × 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 

environment seems to have been predominant. The 14C 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 

west of the outcrop and dried up until 5 ka. Here we call the lacustrine and the extinct lake created the deposit as 

Sengokubara due to the erosion of the Hayakawa River and coexisted temporarily until 31 ka.
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ID in 
Fig 1 Sample 

BETA 
ID Treatment 

MEASURED 
AGE 

13C/12C 
CONVENTIONA
L AGE 2 SIGMA CALIBRATION 

1 20200305-4 
bark? 

559533 acid/alkali/acid 27935 ± 133 BP -26.9 27904 ± 133 BP cal BC 29900 to 29425  
(cal BP 31850 to 31375) 

2 
200305-1 
peaty 
sediment 

559534 acid washes 41548 ± 540 BP -26.0 41532 ± 540 BP cal BC 43865 to 42105 
 (cal BP 45815 to 44055) 

 



ID    A B C D 

Sample#     20200305-
4 

20200305-
1 

20200305-
2 

20200305-
3 

 Arboreal Pollen     
  79 125 164 65 

  19 26 32 22 

  2 - 2 - 

 - - 1 - 

 3 2 2 - 

   20 23 10 7 

  20 16 - 4 

 T.-C. - 1 - - 

  8 1 4 3 

  9 - 3 1 

 subgen. 8 - - - 

 subgen. - 1 - - 

 2 - - - 

  2 - - - 

  - - - 1 

  - 1 1 - 

  - 1 - - 

  Nonarboreal Pollen     

  3 - - - 

  Gramineae          1 - - - 

 
 1 - - - 

  - - - 1 

  1 1 1 1 

  Carduoideae        4 - - - 

  Unknown Pollen     

   Unknown pollen           1 1 2 2 

  Pteridophyta Spores     

  - - 1 - 

 other Pteridophyta 
spores 10 18 10 21 

  T O T A L     

  Arboreal Pollen 172 197 219 103 

  Nonarboreal Pollen 10 1 1 2 

  Unknown Pollen 1 1 2 2 

  Pteridophyta Spores 10 18 11 21 

  Total Number of Pollen 
& Spores  192 216 231 126 

 



        A B C  

   pH  
 

No.4 No.1 No.2 

 (W.Smith) Grunow Meh     E1  1 - 

Tanimura et Sato Meh     D1,E1  2 3 

(Kuetz.) Kuetzing Ogh-ind al-il ind T  1 - 

 spp. Ogh-unk unk unk    1 - 

(Grun.) Simonsen Ogh-ind al-il l-bi N  63 55 

 spp. Ogh-unk unk l-ph U  4 - 

var.  (Ehr.) Cleve Ogh-ind al-il r-ph T  3 - 

 var. (Ehr.) Cleve Ogh-ind al-il r-ph T  17 13 

 spp. Ogh-unk unk unk    3 1 

 Hilse ex Rabenhorst Ogh-ind ind r-ph K,T  1 - 

 spp. Ogh-unk unk unk    1 - 

Horikawa et Okuno Ogh-ind ind l-ph RI 1 - - 

 spp. Ogh-unk unk unk   - 1 - 

 (Kuetz.) Brebisson Ogh-ind al-bi ind U - 2 - 

 Kuetzing Ogh-ind al-bi ind T - 23 20 

 var.  Hustedr Ogh-ind al-il ind O,U - 2 3 

var.  (Ehr.) Grunow Ogh-ind al-bi l-ph O,U - - 4 

 var.  (Ehr.) 
Grunow

Ogh-ind al-il ind U - 6 5 

spp. Ogh-unk unk unk   - 3 - 

(Grun.) Hustedt Ogh-hob ac-il ind O,U - 2 - 

spp. Ogh-unk unk unk   2 - - 

 Desmazieres Ogh-ind al-il ind T 2 - 1 

 Fricke Ogh-ind al-bi r-ph T - 1 - 

(Kuetz.) Kuetzing Ogh-ind ind ind U 1 2 - 

 spp. Ogh-unk unk unk   - 1 - 

 C.Agardh Ogh-hil al-bi r-ph K,U - - 2 

W.Smith Ogh-ind al-il l-ph N,O,
U 

1 - - 

(Breb. ex Kuetz.) Lange-
Bertalot

Ogh-ind ind r-ph K,T 1 - - 

 (Ag.) Lang-Bertalot Ogh-hil al-il r-ph K,T - 1 - 

(Ehr.) Mueller Ogh-ind al-il ind O,U 2 4 5 

 (Lyngb.) Kuetzing Ogh-ind ac-il l-bi O,T 19 - - 

 spp. Ogh-unk unk unk   3 - - 

         0 0 0 

       0 0 0 

       0 3 3 

       0 0 0 

         32 142 109 

         32 145 112 
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