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ESR Ages of Rhyolitic Monogenetic Volcanoes in Kozushima, Japan
Tadashi Yokovyama*, Aiko SHIMADA™®*, Takashi UMEMURA®** and Shin Toyopa***

Kozushima is a volcanic island in the Pacific Ocean located about 170 km southwest of Tokyo. Kozushima
is composed of at least 16 rhyolitic monogenetic volcanoes. It has been inferred that the eruption of rhyolites
began at least several tens of thousands years ago and was repeated intermittently until 838 A.D. There are only
a few eruptions whose ages were well determined, and the precise eruption history is still unsettled. The present
study aims to cross check the ages determined by ESR method with those by other methods and to elucidate the
overall eruption history of Kozushima. Samples from 17 rhyolitic lavas and one pyroclastic deposits (Chichibu-
yama pyroclastic surge deposit-A: Cb-A) were collected and analyzed.

ESR signals of Al and Ti-Li centers were observed in quartz phenocrysts. The accumulated doses were
obtained from the dose responses of these two signals, while natural dose rates were calculated from the uranium,
thorium, and potassium concentrations with necessary corrections. ESR ages were obtained by dividing the
accumulated doses by dose rates. Regarding Tenjyosan, Kobeyama, Ananoyama, and Hanatate volcanoes
(previously reported ages are 838 A.D. to several tens of thousand of years), the determination of accumulated
dose was unsuccessful because they are too young. ESR ages for the other volcanoes are as follows: 261 ka (Al
center) and 3223 ka (Ti-Li center) for Cb-A, 2723 ka and 2413 ka for Jyogoyama, 28 =4 ka and 261+5 ka for
Ohsawa, 2312 ka and 3123 ka for Takodoyama, 2911 ka and 30%+2 ka for Matsuyamahana, 3515 ka and 37
+2 ka for Membo, 23+4/—3 ka and 297+ 3 ka for Nachisan, 32+ 1 ka and 482 ka for 262 m yama, 468 ka
and 40+ 8/ — 6 ka for Sawajiriwan (Nagahama), 54 +9/— 8 ka and 48 =6 ka for Awanomikoto, 52+5/—4 ka and
51*4 ka for Nagumiwan (Nagahama), 40+4/—3 ka and 69+3 ka for Hashiruma, 463 ka and 685 ka for
Sanukayama, and 64+5/—7 ka and 65+9/—8 ka for Kannon’ura.

Regarding Cb-A, the ESR age of Al center is fairly close to the previously reported “C ages (2226 cal. ka).
However, the discrepancy between Al center and Ti-Li center is present. Despite that the ESR ages for all lavas
have at least =10% errors, the ESR ages are in good agreement with stratigraphy. On the basis of the results of
ESR dating and stratigraphy, the overall eruption history in Kozushima is proposed.
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Fig. 1. Geological map of Kozushima after Isshiki (1982) (partly modified).
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Table 1. Previously reported ages for the volcanic activities in Kozushima.
Age Method Reference
Tenjyosan lava 838 AD. Ancient document Ohmori (1915)

" pyroclastic flow
" ash

" pyroclastic flow
" pyroclastic flow
" pyroclastic flow

1,260+80 y.B.P.

1,950+=110 y.B.P.

1,230£80 y.B.P.

1,560+=120 y.B.P.
1,240+130~1,530+=190 y.B.P.

" lava 700~2,000 y.B.P.
Kobeyama lava 1,100~3,000 y.B.P.
Ananoyama lava 2,000~3,400 y.B.P.
Hanatate lava 2,000~3,400 y.B.P.
Chichibuyama pyroclastics® 17,0002 3,000 y.B.P.

" 19,140+=220 y.B.P

" 20,830+ 580, -540 y.B.P.°

" 21,860+660, 610 y.B.P.°
Matsuyamahana lava 20,000+4,000 y.B.P.

" 35,000~47,000 y.B.P.
Ohsawa lava 35,000~47,000 y.B.P.
Takodoyama lava 40,000+7,000 y.B.P.

" 23,000~ 35,000 y.B.P.
Awanomikoto lava 35,000~47,000 y.B.P.
Membo lava 47,000~ 60,000 y.B.P.
Sawajiriwan lava® 34,000=%7,000 y.B.P.

" 47,000~ 60,000 y.B.P.
Sawajiriwan vent breccia 84,000+8,000 y.B.P.
Sanukayama lava 70,000+5000 y.B.P.

" < 80,000 y.B.P.

u 51,000+4,000 y.B.P.

" 60,000~ 79,000 y.B.P.
Hashiruma lava 60,000~ 79,000 y.B.P.
Kaesuhama lava 0.28 Ma

g
"
"
"
"
Hydration layer

Hydration layer
Hydration layer
Hydration layer

Fission track
g

n

"

Fission track
Hydration layer

Hydration layer

Fission track
Hydration layer

Hydration layer
Hydration layer

Fission track
Hydration layer

Fission track
Fission track
K-Ar

Fission track
Hydration layer

Hydration layer

K-Ar

Isshiki et a/. (1965)
Yamasaki et a/. (1968)
Kobayashi et a/. (1971)
Isshiki (1982)

Togashi (1984)
Taniguchi (1980)

Taniguchi (1980)
Taniguchi (1980)
Taniguchi (1980)

Fukuoka & Iso (1980)
Isshiki (1989)
Suga et a/. (1992)

n

Fukuoka & Iso (1980)
Taniguchi (1980)

Taniguchi (1980)

Fukuoka & Iso (1980)
Taniguchi (1980)

Taniguchi (1980)
Taniguchi (1980)

Fukuoka & Iso (1980)
Taniguchi (1980)

Fukuoka & Iso (1980)
Kaneoka & Suzuki (1970)

n"

Fukuoka & Iso (1980)
Taniguchi (1980)

Taniguchi (1980)
Kaneoka et a/. (1970)

1 : Same as above

? Equivalent to Chichibuyama pyroclastic surge deposit—A in Suga et a/. (1992)

b Nippon Koei Co.Ltd. unpublished data
¢ Equivalent to Nagahama lava in Isshiki (1982)
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Table 2. Accumulated doses (Dg) obtained for Kozushima rhyolites.

Al center

Ti-Li center

Accumulated dose (Gy) Curve fitting™

Accumulated dose (Gy) Curve fitting™

Lithology®
curge depostn B B 433
Jyogoyama lava Bi 80 +10 -8
Ohsawa lava Bi 74 +10 -9
Takodoyama lava Bi 63 +6 -6
Matsuyamahana lava Bi 81 +2-2
Membo lava Hy 64 +9-9
Nachisan lava Bi 67 +10-9
262m yama lava Hy 58 +2-2
Sawajiriwan lava Cum 112 +20 -19
Awanomikoto lava Bi 139 +22 -20
Nagumiwan lava Cum 133 +11 -11
Hashiruma lava Hy 116 +10-9
Sanukayama lava Ap 123 +7 -7
Kannon'ura lava Bi 187 +13-20

S 7% +1-7 S
S 71 +9-9 S
S 68 +11-12 S
L 88 +9-9 L
L 84 +6 -5 L
L 68 +3-3 S
S 85 +9-8 S
L 86 +3-3 L
L 96 +19-15 S
L 124 +16 -15 L
L 129 +11-10 L
S 199  +4-4 L
L 181 +12-11 L
S 191 +27 -22 S

* Bi: biotite rhyolite, Hy: hypersthene rhyolite, Cum: cummingtonite rhyolite, Ap: aphyric rhyolite
™ S: Fitted to saturation curve, L: Fitted to straight line
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Table 3. Concentrations of radioactive elements, grain sizes, water contents, and calculated natural dose rates (D).

Concentrations Dose rates

K,0 u Th Grain size Water (mGy/y)

(wt%) (ppm) (ppm) (mm) (wt%) Bray 7Yray Cosmic Total
g:‘:;:i::zz‘;f_’;‘”°°"’5ﬁ° 3004004 213 +003 483013 1-05 129 138 082 01 230 +0.06
Jyogoyama lava 342 +£0.05 220 *+=0.14 456 *=0.15 1-0.5 0.34 1.82 1.03 0.1 296 =+0.10
Ohsawa lava 312005 209 *+0.03 454 +0.26 1-0.5 5.30 1.57 0.91 0.1 2.58 +0.09
Takodoyama lava 319 +0.05 205 +0.05 4.72+0.19 1-0.5 0.00 1.72 0.99 0.1 2.81 *0.09
Matsuyamahana lava 3.38 £005 2.13 £0.10 436 +0.30 1-0.5 2.57 1.75 0.99 0.1 283 =*0.11
Membo lava 249 004 164 *=0.11 3.38 +0.21 2-1 015 098 076 0.1 1.84 *0.05
Nachisan lava 3.36 £005 225 +001 466018 1-05 067 179 103 0.1 292 =+0.09
262m yama lava 2.09 +£0.03 1.20 *+0.10 2.63 *+0.21 1-0.5 0.90 1.09 0.61 0.1 1.80 *0.05
Sawajiriwan lava 282 %004 1.78 *0.13 395+026 1-05 198 147 084 0.1 242 =+0.08
Awanomikoto lava 3.44 005 220 +0.08 459 *+0.21 1-0.5 12.2 1.57 0.90 0.1 2.57 *0.09
Nagumiwan lava 289 004 192 +005 422+010 1-05 030 155 0.89 0.1 254 +0.07
Hashiruma lava 3.44 £0.05 220 *+0.07 4.86 +0.29 1-0.5 412 1.75 1.01 0.1 2.86 *+0.11
Sanukayama lava 3.16 =005 1.98 +007 441+032 1-05 269 1.63 094 0.1 267 =*+0.10
Kannon'ura lava 3.39+005 217 *£0.04 4.77 +=0.10 1-0.5 0.75 1.80 1.03 0.1 293 +0.09

00000ooooDoo0o00ooooO (Canberral) O
gooo.ooooooooo, v KoOoooood
oooO0ooo0 u=995ppm, K,0=0.333 wt% OO 00
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gooodg, oooooooOd 01mGy/adn, OO0
Rn)ODOOOO00O0O 50% 000O. 0000000
Table30 000000000, ODOOOOO0O0O, OO
goooooooooooooooooooono, 0o
O2g/em®000, O000DOOO 1,5 10mO000
goooooooooon 0.18, 0.1, 0.05mGy/al 0 0
(Aitken, 1998). OO0, DO0OO0O0O0O0O0OO0O0OO0O
oo, ooooooooooooooooooooon
oooo, ocoooooooo. oooooooooo
O, oooooooooooooooooooooon
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ooo, ooboooooooooooooooooon
oooooooo. ooooooooobooo, oo
(1995) 00000000000, oooooooo, O
oo-0A0000, 000000 0%, Rn0O00 0%
ooood, 000000 Table30O0O0000000
oooO 17%,7% 00000. O000d, o000
goooooooooooooooooo, ooooo
gooooooOooboooooooobooOooooon
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oooooooooooog.
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Table 4. The results of ESR dating.
Age (ka)

Al center Ti-Li center
hetbmmepredste 3 w2 w
Jyogoyama lava 27 +3 -3 24 +3 -3
Ohsawa lava 28 +4 -4 26 +5 -5
Takodoyama lava 23 +2 -2 31 +3 -3
Matsuyamahana lava 29 +1 -1 30 +2 -2
Membo lava 35 +5 -5 37 +2 -2
Nachisan lava 23 +4 -3 29 +3 -3
262m yama lava 32 +1 -1 48 +2 -2
Sawajiriwan lava 46 +8 -8 40 +8 -6
Awanomikoto lava 54 +9 -8 48 +6 -6
Nagumiwan lava 52 +5 -4 51 +4 -4
Hashiruma lava 40 +4 -3 69 +3 -3
Sanukayama lava 46 +3 -3 68 +5 -5
Kannon'ura lava 64 +5 -7 65 +9 -8

goooOooESROOOODOOOOOO, AlIODOOO
gobooooooooooboooobooooboooo.
goood, o0 ni-LioooooooD Alo0gogo
goooo, n-Loodobooooooooooooog
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gobooooooooboooobo,. obobooo, ooo
googo, 0odooogoooooogooogoogo
oooa.
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gooooooogooooog, ooooooogogo
goooooooo. oo, boo—-b0 A0OOO, O
0@ayoo--0@a2)boooogooooooo
O%cOooooooooooog, O 22~26calkal
0. 000-0 AOEBSROOO, AlOOOO 26*+1ka
O0o0%cooooooooooooo. 0oo0d, Ti-Li
O0DD ESROOO 32+3ka0 00, DODOODODOO.
Ood, oooooooooo, T-Lioboo ESsRO0O0O
68+5ka 000, Kaneokaand Suzuki (1970) 00000
J0ooooo00 -000000 (70£5ka) 000
Jooooo. ooO, AIOOO ESROOO 46*3ka
goo, oooooobooob. ooooo, booo
Joooooooooooooooooooooogo
ooooo, coobooobooboobobooooo.

ooooooooooog, oo aes2yooood
gooooooooooooooogog, og2000

——— 11-34ka(HL)® —— l

Tenjyosan

| 838 AD2

Kobeyama | Ananoyama” Hanatate |

22-26 cal ka ('*C)°
Jyogoyama Al 27 ka Ohsawa A_I 28ka [ Ghichibuyama pyroclastic Al 26 ka
AT tesh Ti24ka Ti26ka [] surge deposit-A Ti 32 ka
ephra "
~29 cal ka (14C)9— . «—AT tephra
Al 23 ka Al 29 ka 140)d
~29 cal ka ('*C
| Nachisan Al 23 ka I Takodoyama Ti 31 ka [Matsuyamahana Ti 30 ka cal ka ('*C)
Ti 29 ka
Membo Al 35 ka
262 Al 32 ka Ti 37 ka
M YaMA 7 48 ka
Awanomikoto Al54 ka
Ti 48 ka L Al 46 ka
Sawajiriwan Ti 40 ka
N . Al 52 ka
agumiwan Lot o
Hashiruma ?: ;g :: Sanukayama %l gg ::
@ Ancient Document (Ohmori, 1915)

705 ka (FT)
K , Al 64 ka
annon’ura oo o

® Taniguchi (1980)

© Isshiki (1989); Suga et al (1992)
d Kitagawa and van der Plicht (1998)
© Kaneoka and Suzuki (1970)

>0.28 Ma (K-An)f

Fig. 6. Eruption history in Kozushima.

f Kaneoka et af (1970)

Al and Ti represent the ESR ages of Al center and Ti-Li center,

respectively (for errors, see Table 4). Thick solid lines indicate stratigraphic orders.
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