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Geology of Drilling Cores and Hotsprings of Motohakone-36

Kazutaka MANNEN® and Sigeo SUGIYAMA®™2

Abstract

O A geological description, micro fossil amalysis, K-Ar dating and bulk rock analysis were performed on the drilling

cores of the Motohakone 36 hotspring well, located on the northern end of the central cones of Hakone volcano. The

geology of the well was revealed to be as follows in descending order; avalanche debris fran Kamiyama or Kammurigatake

[0806-764 m alt.0, andesite of central cone [0746-560m alt.(l , sandy mud [0560-546m alt.Ol ,
andesite of central cone (0546-18m alt.00 , lacustrine O 189-%0m alt.0 and tuff breccia 00 90-64m alt.O0. A pollen

analysis conducted on the lacustrine indicate that the vegetation at that time was mainly occwied by arboreal of

subpolar to cool-temperate along with some non-arboreal. Diatom analysis was performed on the lacustrine and

revealed that the sedimentaly environment changed from closed waters to unstable flov condition. The thick pile of

andesite (1 546-189m alt.O0 , that should be a lava flov, was dated as 0.07 + 0.01 Ma. This age was older than

the onset of the central core stage proposed in previous studies CHirata, 197; Machida and Suzwki, 1917; Togashi

and Matsumoto, 1988; Nakamura et al., 199200 . Temperature logging shows that the main aquifer of the hotsprings

is in the lacustrine. The high hydorogen-carbonate ion content that characterize the hotsprings of the area is prabably

derived fran organic materials contaired in the layer.
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Fig.1
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Index map of Motohakone-36. Open circles are hotspring wells. Figures in italics show serial numbers from the Motohakone

hotsprings catalogue. Normal figures are serial numbers from the Sengokubara hotsprings catlogue.
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Photo 1Microphotographs of thinsections of Motohakone-36 rocks. a) andesite of 401 .2 m depth, b) andesite 0f615.5
depth, c) lithic fragment in tuff breccia of 617m depth, d)matrix of tuff breccia, 617m 37 .5depth.
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Table 10XRF analyses of lavas of andesite of Motohakone-36.

depth(m) 401.2 427.2 463.4 487.1 516.4 558.9 595 616
sio, 58.29 61.12 60.64 58.87 59.24 57.82 59.06 60.56
Tio, 0.71 0.67 0.69 0.66 0.64 0.63 0.62 0.68
ALLQ, 16.67 17.83 17.76 17.24 17.68 17.98 18.24 17.22
Fe,0; 8.23 7.52 7.63 7.42 7.14 7.37 6.82 7.27
MO 0.15 0.14 0.14 0.13 0.13 0.13 0.12 0.13
Ngo 3.90 3.49 3.64 3.30 3.09 3.31 2.96 3.31
Ca0 8.11 7.96 8.14 8.19 8.14 8.62 8.44 7.73
Na,0 2.90 3.00 2.91 2.97 3.03 2.98 3.03 3.03
K,0 0.56 0.58 0.57 0.62 0.58 0.53 0.56 0.60
P,0, 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11
total 99.63  102.42  102.22 99.50 99.78 99.46 99.96  100.64
Fe0*/Mao 1.90 1.94 1.89 2.02 2.08 2.00 2.06 1.97
80 -

3i02 [wt]

FeO'MgO [wi%]
03000003 00000000000000000CCoYsD
O0O0D00S&hasement 10 0000000000000 O00
00000000000000000000000(O00
0oooo)o

Fig.3  Bulk rock chemistry of andesite lava in Motchakone-36 on
0000 Miyashiro diagram (open circle). Shaded fields enclose
0000 hulk rock compositions of each edifice; (C, central cone
00 OO laves; YS, young somma lavas; COS&basement, old somma
0000 laves and basement lavas (based on unpublished data).
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Table2al Pollen analysis of the lacustrine in Motohakone-36.a)count, b)percentage.

Sample# 1 2 3 4 5 6 7 8 9
Depth(m) 621 627 640 665 675 685 695 705 715
Taxa
Arborel pollen
Abies - 5 18 20 11 31 23 - -
Tsuga - 11 16 36 24 21 18 - -
Picea 1 33 56 63 49 126 50 - -
Larix - 3 8 18 8 8 7 - -
Pinus subgen. Haploxylon - 16 - 4 4 - - - -
Pinus 1 66 42 85 74 48 34 - -
Sciadopitys - 1 2 - - 3 - - -
Cryptomeria - 7 9 2 - - - - -
T.-C. - 5 3 2 3 - - - -
Taxodiaceae - - - - 2 3 1 - -
Pterocarya - - 1 - 1 - - - -
Juglans - 5 1 3 3 1 2 - -
Carpinus-0strya - 21 16 10 12 1 3 - -
Corylus - 6 - 3 1 - 1 - -
Betula - 8 9 12 7 5 7 - -
Alnus - 74 19 19 33 4 21 - -
Fagus - 24 2 8 1 1 4 - -
Quercus subgen. Lepidobalanus - 24 18 15 9 1 4 - -
Ulmus-Zelkova - 11 9 2 2 3 - - -
Phellodendron - 2 - - - - - - -
Tilia - - - - 1 - - - -
Elaeagnus - 1 4 - 1 - - - -
Araliaceae - - 1 - - - - - -
Ericaceae - 1 1 - - - - - -
Ligustrum - 1 - 1 - - - -
Fraxinus - 6 1 1 - 1 - -
Nonarboreal pollen
Typha - - - - - - - -
Gramineae - 28 9 10 2 - - - -
Cyperaceae - 21 8 5 2 1 - - -
Umbelliferae - 1 - - - - - - -
Scabiosa - 1 - - - - - -
Artemisia - 13 17 6 5 6 1 - -
Carduoideae - 5 1 5 2 1 - - -
Cichorioideae - 1 - - - - - - -
Fern spores
Lycopodium - 1 2 3 2 1 2 - -
Dsmunda - - 1 - - 2 - - -
other Pteridophyta - 32 35 17 36 21 15 - -
TOTAL
Arboreal pollen 2 331 239 304 247 256 176 - -
Nonarboreal pollen - 71 35 26 11 8 1 - -
Unknown pollen - 36 42 13 21 9 9 - -
Fern spores - 33 38 20 38 24 17 - -
Total Number of Pollen & Spores 2 471 354 363 317 297 203 - -
-;absent

0820



0 2b gdd3kddO0oooooooooooooooooooon
Table 2b0 Pollen analysis of the lacustrine in Motohakone-36.

sample # 2 3 4 5 6 7
Depth 627 639.6 665 675 685 695
Taxa
Arborel pollen
Abies 1.1% 5.1% 5.5% 35% 104% 11.3%
Tsuga 2.3% 4.5% 9.9% 7.6% 7.1% 8.9%
Picea 7.0% 15.8% 17.4% 155% 42.4% 24.6%
Larix * 2.3% 5.0% 2.5% 2.7% 3.4%
Pinus subgen. Haploxylon 3.4% 1.1% 1.3%
Pinus 14.0% 11.9% 23.4% 23.3% 16.2% 16.7%
Sciadopitys * * 1.0%
Cryptomeria 1.5% 2.5% *
T.-C. 1.1% * * *
Taxodiaceae * 1.0% *
Pterocarya * *
Juglans 1.1% * * * * *
Carpinus-Ostrya 4.5% 4.5% 2.8% 3.8% * 1.5%
Corylus 1.3% * * *
Betula 1.7% 2.5% 3.3% 2.2% 1.7% 3.4%
Alnus 15.7% 5.4% 52% 10.4% 1.3% 10.3%
Fagus 5.1% * 2.2% * * 2.0%
Quercus subgen. Lepidobalanus 5.1% 5.1% 4.1% 2.8% * 2.0%
Ulmus-Zelkova 2.3% 2.5% * * 1.0%
Phel lodendron *
Tilia *
Elaeagnus * 1.1% *
Araliaceae *
Ericaceae * *
Ligustrum * *
Fraxinus 1.3% 1.1% * * *
Nonarboreal pollen
Typha *
Gramineae 5.9% 2.5% 2.8% *
Cyperaceae 4.5% 2.3% 1.4% * *
Umbelliferae *
Scabiosa *
Artemisia 2.8% 4.8% 1.7% 1.6% 2.0% *
Carduoideae 1.1% * 1.4% * *
Cichorioideae *
Fern spores
Lycopodium * * * * * *
Dsmunda * *
other Pteridophyta 6.8% 9.9% 4.7% 11.4% 7.1% 7.4%
TOTAL
Arboreal pollen 70.3% 67.5% 83.7% 77.9% 86.2% 86.7%
Nonarboreal pollen 15.1% 9.9% 7.2% 3.5% 2.7% 0.5%
Unknown pollen 7.6% 11.9% 3.6% 6.6% 3.0% 4.4%
Fern spores 7.0% 10.7% 55% 12.0% 8.1% 8.4%

*;trace(<1%)
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1 Picea
2 Picea
3 Tsuga
4 Abies
5 Larix
6a,6b Larix

[695]
[685]
[695]
[685]
[675]
[627]
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Photo2all Fossil pollen in the lacustrine of Motohakone-36.[#]; depth in m.
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13a,13b
14a,14b
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Photo2b[] Fossil pollen in the lacustrine of Motohakone-36.[#]; depth in m.

Pinus [685]
Pinus subgen.Haploxylon [675]
Carpinus [627]
Alnus [675]
Fagus [627]
Quercus subgen.Lepidobalanus[627]
Ulmus-Zelkova [627]
Graminae [627]
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Table3O Diatom analysis of the lacustrine in Motohakone-36.

Species Name - Ecolo*(*w — sample/count

H.R. pH C.R. 1t 2t 3t 4t
##Achnanthes clevei Grunow Ogh-ind at-il I-ph 1 - - -
##Achnanthes japonica H.Kobayasi Ogh-ind al-il r-ph 4 - - -
Achnanthes lanceolata (Breb.) Grunow Ogh-ind al-il r-ph 33 - 1 -
Achnanthes minutissima Kuetzing Ogh-ind al-il ind 2 - - -
Amphora ovalis var. affinis (Kuetz.) V.Heurck Ogh-ind al-il ind - - 1 -
Anphora pediculus (Kuetz.) Grunov Ogh-ind al-il ind 1 - 3 -
Asterionella sp. Ogh-unk unk unk 8 - - -
Aulacosira distans (Ehr.) Simonsen Ogh-hob ac-it I-bi 8 - 24 -
Aulacosira islandica (0.Mull.) Simonsen Ogh-ind al-it r-ph - - 6 -
Aulacosira cf.islandica (0.Mull.) Simonsen Ogh-ind al-il I-ph - - - 157
Aulacosira italica (Ehr.) Simonsen Ogh-ind al-il I-ph - - -
Auiacosira aff. italica (Ehr.) Simonsen Ogh-ind al-il r-ph - - - 2
Caloneis bacillum (Grun.) Mereschkowsky Ogh-ind al-il r-ph 1 - - -
Caloneis sp. Ogh-unk unk unk 1 - - -
Ceratoneis arcus var. hattoriana Meister Ogh-ind ind r-ph 2 - - -
##Cocconeis pediculus Ehrenberg Ogh-ind al-il ind 1 - - -
Cocconeis placentula (Ehr.) Cleve Ogh-ind al-il ind 6 - 1 -
##Cocconeis placentula var. euglypta (Ehr.) Cleve Ogh-ind al-il r-ph 2 - - -
Cyclotella comta (Ehr.) Kuetzing Ogh-ind al-il r-bi - - 1 -
Cyclotella sp.A Ogh-unk unk I-ph - - 161 -
Cyclotella spp. Ogh-unk unk I-ph - - 8 -
##Cymbella microcephala Grunow Ogh-ind al-il ind 1 - - -
##Cymbella sinuata Gregory Ogh-ind al-il r-ph 5 - - -
#Cymbella turgidula Grunow Ogh-ind al-il r-ph 1 - - -
Cynbella sp. Ogh-unk unk unk 1 - - -
##Diatoma hiemaie var. mesodon (Ehr.) Grunov Ogh-ind ac-il r-ph 10 - - -
Diatoma cf. tenuis Agardh Ogh-unk ind ind 3 - - -
Diploneis ovalis (Hilse) Cleve Ogh-ind al-il ind 3 - - -
Epithenia adnata (Kuetz.) Brebisson Ogh-ind al-bi ind 2 - - -
Epithenia sorex Kuetzing Ogh-ind al-il ind 6 - - -
Epithemia turgida (Ehr.) Kuetzing Ogh-ind al-il I-ph 2 - - -
Epithemia turgida var. westermannii (Ehr.) Grunow Ogh-ind al-il unk 2 - - -
Epithemia sp. Ogh-unk unk unk 1 - 1 -
Eunotia exigua (Breb.) Grunow Ogh-hob ac-bi ind 2 - - -
Eunotia sp. Ogh-unk unk unk 1 - 1 -
Fragilaria bicapitata A. Mayer Ogh-ind ind ind 1 - - -
Fragilaria cf. capucina var.capitellata(Grun.)Lange-Be Ogh-ind al-il ind 2 - - -
#Fragilaria conatruens var. venter (Ehr.) Grunow Ogh-ind al-il I-ph 5 - 1 -
#Fragilaria pinnata Ehrenberg Ogh-ind al-il I-ph 1 - - -
##Fragilaria vaucheriae (Kuetz.) Petersen Ogh-ind al-il ind 8 - - -
Fragilaria sp. Ogh-unk unk unk - - 1 -
Frustul ia vularis (Thwait.) De Toni Ogh-ind al-il ind 2 - - -
Gomphonema angustum Agardh Ogh-ind al-il ind 2 - - -
Gomphonema angustatum (Kuetz.) Rabenhorst Ogh-ind al-il ind i 1 - - -
Gomphonema parvulum Kuetzing Ogh-ind at-iL ind 4 - - -
Gomphonema truncatum Ehrenberg Ogh-ind al-il I-ph 3 - - -
Gomphonema  spp. Ogh-unk unk unk 2 - - -
[] Hantzschia amphioxys (Ehr.) Grunov Ogh-ind al-il ind 1 - - -
Melosira varians Agardh Ogh-hil al-bi r-ph 1 - - -
##Meridion circulae var. constrictum (Ralfs) V.Heurck Ogh-ind al-il r-bi 1 - - -
[ ##Navicula contenta Grunow Ogh-ind al-il ind 3 - - -
Navicula decussis Oestrup Ogh-ind al-il r-ph 2 - - -
Navicula hasta Pantocsek Ogh-ind al-il I-ph 1 - - -
[0 Navicuia ignota var. palustris (Hust.) Lund Ogh-ind ind ind - - 1 -
Navicula ninima Grunow Ogh-ind al-il ind 1 - - -
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Table30 Diatom analysis of the lacustrine in Motohakone-36.

Species Name Ecology Sample/count

pH™ C.R ™ 1t 21 3’ 47
[0 #Navicula mutica Kuetzing Ogh-ind ind ind 4 - - -
Navicula oppugnata Hustedt Ogh-ind al-il ind 1 - - -
Navicula pseudoscutiformisHustedt Ogh-ind al-il ind - - 1 -
#Navicula pupula Kuetzing Ogh-ind al-il ind 3 - - -
Navicula radicsa Kuetzing Ogh-ind ind ind 2 - - -
[0 #Navicula seminulum Grunow Ogh-ind ind ind 2 - - -
Naviculatuscula (Ehr.) Grunow Ogh-ind ai-il ind 1 - - -
Naviculaviridulavar. linearis Hustedt Ogh-ind ai-il r-ph - - 1 -
Naviculaspp. Ogh-unk unk unk 3 - - -
Neidium hercynicum A. Mayer Ogh-ind ind ind 1 - - -
Nitzschia frustulum (Kuetz. )Grunow Ogh-ind al-il ind 2 - - -
Nitzschiaspp. Ogh-unk unk unk 5 - - -
[0 Pinnularia borealis var. rectanguiaris Carlson Ogh-ind ind ind 2 - - -
Pinnulariaviridis (Nitz. )Ehrenberg Ogh-hob ac-il ind 1 - - -
Rhopalodia gibba (Ehr.)O.Mutler Ogh-ind al-il ind - - 1 -
Rhopalodia gibberula (Ehr. )O.Muller Ogh-hil al-il ind 2 - - -
Rhopalodia quisurbirgiana Skvortzow Ogh-hil al-il ind 1 - - -
Stauroneis anceps Ehrenberg Ogh-ind ind ind 1 - - -
Stauroneis sp. Ogh-unk unk unk 1 - - -
Surirella angusta Kuetzing Ogh-ind al-il r-bi 1 - - -
Synedra ulna(Kuetz.) Ehrenberg Ogh-ind al-il ind 9 - - -
Synedraspp. Ogh-unk unk unk 3 - - -
Stephnodiscus cf. minutulus (Kuetz.) Round Ogh-ind al-il I-ph 3 - - -

Total Number of Diatoms
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1 Cyclotella sp.A[3] 12 Amphora pediculus(Kretz.)Grunow[1]

2 Cyclotella sp.A[3] 13 Cocconeis placentula(Ehr.)Cleve[1]
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