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Abstract

Gora region is an area having a number of hot springs in the north-eastern part of the caldera fl oor of Hakone volcano, Japan.  

This region is one of the foci of low Bouguer anomalies within the caldera; further, borehole analyses revealed that Neogene 

basement is absent in the region.  Instead, very thick and massive lapilli tuff (MLT) is mainly detected up to 100 m asl from near 

the surface (600–800 m asl).  The MLT is poorly sorted, and matrix supported containing lithic breccia originated from the edifi ce 

of the Hakone volcano and the basement.  Although it contains basement lithic, the matrix shows lower alteration (up to smectite) 

compared to the basement (up to chlorite and epidote).  At the centre of the low-gravity anomaly, the top of the MLT lies at a lower 

altitude than the marginal area, and a lacustrine deposit overlies the MLT.  Based on the distribution and facies of the MLT, it is 

considered to be a funnel-shaped caldera fi ll.  In this paper, the age of the MLT is discussed based on the analysis of fossil pollen 

and diatom within the overlying lacustrine deposit.

The fossil fl ora of the lacustrine deposit mainly comprises factors of sub-boreal to cool-temperate coniferous forest such 

as Picea, Pinus, Abies and Tsuga.  The diatom fossils within the lacustrine deposit, which is composed of limnetic factors and 

dimensions of the paleo-lake, seems to reduce with time.  The occurrence of a diatom species, Cyclotella recziekiae, indicated that a 

cold paleoclimate existed during the age of deposition.  

The MLT contains dacite breccia of Usui Pass lava of the younger edifi ce of the Hakone volcano.  Thus, the lower limit of the 

MLT is determined as the age of Usui Pass lava (0.12 Ma; Hakamata et al., 2005).  Since 0.12 Ma, two cool periods were known to 

exist during the time when the sub-boreal coniferous forest dominated.  From the stratigraphical relation, the earlier period seems to 

correlate with the lacustrine age.  The pollen assemblage of the earlier cool period is detected in paleosol immediately beneath the 

Hk-TP tephra (60–65 ka or MIS4; Tsuji et al., 1984; Machida and Arai, 2003).  Thus, the age of the MLT is restricted to 60–120 ka.  

This result is consistent with the hypothesis that the MLT is a younger caldera fi ll (80–60 ka) of the Hakone volcano.
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