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Abstract

To understand the submarine volcanism surrounding the Tokara Islands, a submarine
topographic analysis and 67 dredge samplings were carried out. Prior to the submarine
investigations, we reviewed comprehensively geological and geophysical data on this region and
confirmed the complexity of both volcanic activity and tectonic setting of the Tokara Islands. In
contrast to the homogeneous subaerial volcanic rocks comprising predominantly two-pyroxene
andesite lava flows, the dredged samples vary from basaltic andesite to rhyolite in composition.
Furthermore, we reveal that dacitic and rhyolitic pumices are abundant and broadly distributed
throughout the submarine area. The recovered volcanic rocks were mainly subangular to
angular cobble-boulder fragments of lava, scoria, and variably vesiculated pumice. Volcanic
rocks with hornblende phenocrysts occur only north of the Tokara strike-slip fault, which is a
major tectonic element of volcanism.

The pumices can be classified into three categories based on the size and abundance of the

*OREACR AR E AR AT SRR
Y YN ey N ot e 2 1 e
AR DR EEE R BRI e v 8 —
R R IR AR
R ORI S T
R B RSB
* HlP7J& : Philippine Institute of Volcanology and Seismology
OB ¢ B MRS
OBUATIE ¢ SRBE SRR AL
Graduate School of Science and Technology, Kumamoto University
Graduate School of Science and Engineering, Kagoshima University
Center for Marine Environment Studies, Kumamoto University
Faculty of Fisheries, Nagasaki University
*##4% ORI University of Tokyo
R Faculty of Sciences, Kumamoto University
Present address: Philippine Institute of Volcanology and Seismology
Present address: Fukada Geological Institute
“** Present address: Koken Boring Machine Co., Ltd.

kKK

+

++



phenocrysts: aphyric pumice, fine-grained porphyritic pumice, and coarse-grained porphyritic
pumice. Occurrences, such as amount in a dredge, shape without extensive abrasion, large
fragment size, and bulk rock chemical compositions of the major pumice fragments suggest that
they are in situ, rather than originating as drifted pumice or air fall, exotic pyroclastic fragments
derived from the four super-eruptions of Kyushu Island. Because dredged samples contained
fresh volcanic glass in the groundmass, and are not covered by iron-manganese oxide crust, they
appear to have originated from the Quaternary eruptions. Indeed volcanic islands have
developed above the submarine erosional terraces (indicated as knick points at approximately
110 m in depth), which is assumed to have formed during the last glacial age. K-Ar age dating
on the representative pumice samples resulted in ages of 0.60£0.20 Ma and <0.2 Ma,
respectively. These newly obtained submarine data support that acidic volcanisms occurred
around the submarine calderas during the Mid-Pleistocene age.

Key words : submarine volcano, submarine caldera, Tokara Islands, Ryukyu arc, Mid-Pleisto-

cene volcanism, Tokara strike-slip fault
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Fig.1 Volcanic islands in the northern half of the
Ryukyu Arc. (V): active volcano (Japan
Meteorological Agency, 2003).
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Fig. 2 Tectonic map of the Ryukyu Arc. Tectonic map: Geographical elements (Kimura et al., 1983; Kimura 1985)
strike-slip faults (Konishi, 1965; Kizaki, 1979, 1985, 1986), active volcano (Japan Meteorological Agency,
2003), plate convergence rate (Seno et al., 1993), Contour interval: 1,000 m.
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Fig. 3 Projection of the Wadati-Benioff zone to the vertical cross section of the Ryukyu Arc. (a) Offshore Taiwan-
Tokara Channel, (b) Tokara Channel-Kyushu Island. (Reprinted from Fujita, 1984)
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Fig.4 Age distribution of volcanic rocks in the Tokara
Islands. (a) Daishi et al. (1987), (b) Furuyama
et al. (2002), (¢) Matsumoto et al. (2006), (d)
Geshi et al. (2007), (e) Kobayashi and Tanase
(2008).
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Fig. 5 Representative large pyroclastic flow deposits with pumiceous fragments on the Tokara Islands. A: Ogachi
pyroclastic flow deposit, B: younger pyroclastic layer of Akuseki Shima, C: Pyroclastic flow deposit of Ko-
Takara Shima (C1: perspective; C2: close-up), D: Takara-jima group (D1: perspective; D2: close-up).
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#£1 MAHFHBEOKRKLES L CHEERIZHET 22BN E & 0.

Rsi‘fl;réie Geographical name Peak and valley Alphabetical expression Lat. (N) Long. (E) pl‘;lilfth?;f)
1 B Mekura Sone 30°22’ 129°04’ —118.0
2 HEAR Gama Sone 30°19’ 129°22' —108.0
3 R Naka-no-Sone 30°17 130°08 —151.0
4 (k7 i) (Uwa-no-Se) 30°12' 130°04’ —53.0
5 o TEAR Sango Sone 30°08' 129°42’ -91.0
6 1R Hira Se 30°02' 130°03’ 28.0
7 R L Minami-Gama Sone 30°02’ 129°22' —324.0
8 2k €= )] Kuchi-no-Shima (Me se) 30°02’ 129°51 -32
9 (K2 7 ifii) (Mitare-no-Se) 30°01 129°54’ —10.9
10 (Bij %) (Maetake) 29°58' 129°55' 628.0
11 FEA s IS (0 45) Gaja Shima (Ontake) 29°54’ 129°32' 497.2
12 FEA s e Gaja Knoll 29°53 129°03’ —572.0
13 TR e M Oki-Gaja Tai 29°53' 128°54 -1717.0
14 NN A Ko-Gaja Shima 29°52' 129°37 301.0
15 (e o i) (Ogami Se) 29°53’ 129°37 —45.0
16 hZE (#4%) Naka-no-Shima (Ontake) 29°51° 129°51 979.0
17 UNIN 3 Ko-Gaja Tai 29°48' 129°41' —173.0
18 iA=L Gon Sone 29°46' 129°24’ —69.0
19 R (%) Taira Shima (Ontake) 29°41 129°32' 243.0
20 R AR Suwanose-Hiagshi Sone 29°39’ 129°49’ —100.0
21 N & W (#4%) Suwanose Shima (Ontake) 29°38’ 129°43 799.0
22 S AR Tairashima Sone 29°35 129°18' —258.0
23 55 MRy a Gogosone Tako 29°33' 128°58’ —404.0
24 db A i Kita-Akuseki Knoll 29°30° 129°37 —348.0
25 5 2 A i Nishi-Akuseki Knoll 29°29' 129°28' —279.0
26 EBHE (#4%) Akuseki Shima (Ontake) 29°28’ 129°36 584.0
27 [CPA-Ti Nishi-no-Sone 29°28' 128°49 —465.0
28 e 7 v AR Kita-Yokogan Sone 29°28' 128°56 —571.0
29 Ty AR Gogo Sone 29°27 129°07 —162.0
30 Hommy a Nakanosone Tako 29°26' 129°00’ —371.0
31 B/ Rk Minami-no-Sone 29°25' 128°49 -511.0
32 R Naka-no-Sone 29°21' 129°05° —93.0
33 7w 2N ERR Kappa Sone 29°20’ 129°31 -177.0
34 3L Tawara Sone 29°20’ 129°15° —164.0
35 1 AR Shirahama Sone 29°16 129°09° —58.0
36 K77 > AR Yokogan Sone 29°16' 128°53’ —65.0
37 RU=RIR Oki Sone 29°16' 129°22' -21.0
38 NEA ] (Fro1ln) Ko-Takara Shima (Take-no-Yama) 29°13’ 129°19° 102.7
39 UNE) (Ko Shima) 29°18’ 129°20° 59.0
40 S A ~*7F) (Takara Shima) 29°08’ 129°12' 292.0
41 (F 1/ i) (Kuroyama-no-Se) 29°07 129°14’ —68.0
42 F i o*x Takarashima Knoll 29°06 129°10° —302.0
43 EX A Takara Knoll 29°05' 129°07 —652.0
44 IR 214 9 Oki-Yokoate Knoll 29°04’ 128°53’ —565.0
45 1 24 i b Yokoate Knoll 29°00’ 128°57 —486.0
46 0 A Nigori Sone 28°55’ 129°06’ —135.0
47 Y (L) Yokoate Shima (Toho) 28°47 128°59’ 495.0
48 (B 24 7) (Yokoate Syo) 28°51° 128°58’ -171.0
49 (k7 A (Kan'none Shima) 28°49’ 129°00° 288.0
50 (F 7 #L3E) (Shimonone Tai) 28°47 129°03’ —156.0
51 (24 1 ) (Yokoate Hole) 28°47 129°02' —784.0
52 b Wi Kan'none Knoll 28°51' 129°04.5' —252.0
53 de s 3 i 1. Kita-Amami Knoll 28°39’ 128°45’ —288.0
54 5 1A e Daiichi-Amami Knoll 28°38' 128°37 —411.0
55 A 3 Ui Naka-Amami Knoll 28°32’ 128°40’ —161.0
56 A S 1 Ik Minami-Amami Knoll 28°32’ 128°35’ —1714.0
57 5 3 A i Daisan-Amami Knoll 28°32’ 128°32' —583.0
58 74 5 55 i 1. Nishi-Amami Knoll 28°29’ 128°37 —375.0
59 851 A5 HE Daiichi-Amami Tai 28°27 128°45 —69.0
60 5 4 A i Daiyon-Amami Knoll 28°20° 128°34’ —412.0

KB B & O o4, HARR DA OWEBIEA Y A b G L% T K © http//wwwl.kaiho.mlit.
g0.jp/KOKAI/ZUSHI3/topographic/topographicll.xls [Cited 2009/2/11]), #EX I X RO #E O FEARKIZHED VT
L7z, *  RECHEENICIPRT 2 A0 R AROFNIREI N ETE, KT7ToRTFICHET 5.



Table 1 Geographical summary of the volcanic islands and submarine knolls in the Tokara Islands.

Plateau depth Depth of the basal Height Assumed boundary  Basal surface Total volume Volume above the sea
(m) boundary (m) (m) depth (m) area (km?) (km?) surface (km?)
~200 —650 to — 800 582 — 700 159.0 46.00 0.00
~200 — 700 to — 800 592 — 700 112.0 32.00 0.00
~200 —600 449 —600 258.0 56.76 0.00
- — 600 547 —600
~300 — 600 509 —600 130.0 20.00 0.00
~120 — 600 628 —600 290.0 60.50 0.00
~400 —600 to —700 276 — 600 123.0 16.00 0.00
~120, 200, 300 —600 597 — 600
- —600 589 —600
- — 600 1228 —600 259.0 95.50 2.40
- — 600 1097 —600 61.0 16.36 0.70
- — 800 to —900 228 — 800 60.0 5.00 0.00
- —900 823 —900 290.0 99.00 0.00
~80 —600 901 — 600 91.0 21.00 0.03
- —600 555 —600
0 —500 to —600 1579 —600 264.0 89.17 8.80
- —500 to —600 327 —500 35.0 2.80 0.00
~80 —500 546 —615 55.0 16.00 0.00
~50 —600 to —700 893 — 650 103.7 31.00 0.18
- —600 to —700 600 — 700
- —600 to —900 1499 — 700 350.0 122.00 6.50
~300 —615 357 —615 86.0 4.00 0.00
- — 800 to —900 496 —900 63.0 16.00 0.00
- — 800 to —900 452 — 800
- — 800 to —900 521 — 800 42.0 6.80 0.00
~100 — 800 to —900 1384 — 800 124.0 51.00 1.50
- — 1044 610 — 1075 46.0 12.00 0.00
- —900 to —1000 429 —1000 28.8 6.04 0.00
- — 800 to —900 638 — 800 72.0 21.00 0.00
- —900 529 —900 50.0 13.00 0.00
- —901 589 —1100 51.0 18.00 0.00
~100 —600 to —900 557 — 650 86.0 21.00 0.00
- — 700 to — 800 623 — 800 74.0 20.50 0.00
~160 —500 286 —450 40.0 4.50 0.00
~120 —500to — 700 542 —600 69.0 13.00 0.00
~100 —650 to — 1050 835 —900 181.0 63.00 0.00
- —500 479 —500 4.7 0.90 0.00
~80 —200 to —500 603 —500 429.0 70.00 0.02
- —200 to —500 559 —500
~40 —~100 — 600 to —800 992 — 1700 234.0 89.00 0.29
- — 600 to —800 632 — 1700
- —550to —850 498 — 800 6.6 1.63 0.00
- —900 198 — 850 5.4 0.26 0.00
- —900 335 —900 6.7 0.70 0.00
- — 800 to —900 414 —900 12.0 2.00 0.00
~100 — 1700 565 — 1700 177.0 28.00 0.00
- — 1700 to —800 1195 — 1700 494.0 72.00 0.30
~100 — 700 to —800 629 — 1700
~200 — 700 to — 800 988 — 700
- — 700 to — 800 544 — 700
- — 700 to — 800
~250 — 1700 448 — 1700 35.9 10.00 0.00
- - 717 212 —500 42.0 2.00 0.00
- —891 389 — 800 34.0 4.50 0.00
- — 546 439 — 600 17.0 3.50 0.00
- — 1098 386 —1100 6.0 1.20 0.00
- —1119 417 — 1000 36.0 8.50 0.00
- —920 525 —900 14.0 3.60 0.00
~100 —900 531 —600 212.0 52.30 0.00
- —1100 to — 1200 688 —1100 41.0 7.00 0.00

Geographical names are applied from the list of topographic names compiled by the Japanese Coast Guard (http:/
www1.kaiho.mlit.go.jp/KOKAT/ZUSHI3/topographic/topographicl1.xls [Cited 2009/2/11]), nautical chart, and sub-
marine structural chart. * : The submarine knolls are named for convenience in this article. Index numbers shown
in the left column of the table correspond to the numbers in Fig. 7.
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Vertical exaggeration: X 5, angles: average slope
angle between knick points, White dashed line:
the last glacial erosion surface.
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Fig. 10 Index map of the dredge sampling
stations. Yellow circle: dredge station,
Red box: dredge station with large
pumiceous fragments, Pink: +5 m-
—150 m (The last glacial erosion
surface?).
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Table 2 Bulk rock chemical composition of representative pumice samples.

Takar nose- nose- ka-no- - .
Chirs amam T Somoe Smowe Nbew o a0 s
Samplingst. NAG276_7 DT0202  DS0101  DS0101 Ng g Funakurapfa& . a0 oG imipfa
Takeshima pfl

Sample No. 15 9 09A 8 2 (ave.n=6) (ave.n=9) (ave.n=4)
Latitude (N) 28°29.7 29°05.3"  29°34.2' 29°34.2"  30°19.5 30°48.4' 31°15.4°etc  31°35.1
Longitude (E) 128°42.0' 129°09.7°  129°38.8 129°38.8° 130°10.4' 130°24.5' 130°47.2'etc  130°47.3
Pumice type aphyric  porphyritic  aphyric  porphyritic  aphyric aphyric aphyric aphyric
Si0, 76.32 71.15 74.29 66.22 68.45 70.96 69.52 75.40
TiO, 0.23 0.32 0.37 0.60 0.83 0.70 0.69 0.17
AlyO3 12.76 14.93 13.54 15.87 14.29 13.79 14.84 13.42
Fe 03 2.10 2.96 2.04 4.70 4.86 3.66 3.83 1.85
MnO 0.06 0.10 0.06 0.10 0.11 0.09 0.11 0.05
CaO 0.31 0.62 0.49 1.63 1.13 0.77 0.88 0.23
MgO 1.94 3.35 1.90 4.62 3.57 2.62 3.02 1.75
NaxO 4.35 4.16 4.01 3.90 4.08 4.31 411 3.65
K0 1.88 2.33 3.26 2.22 2.46 2.98 2.86 3.43
P205 0.03 0.08 0.05 0.13 0.21 0.13 0.14 0.03
Total AK 6.23 6.50 7.26 6.12 6.54 7.29 6.97 7.08
K;0/NasO 0.43 0.56 0.81 0.57 0.60 0.68 0.69 0.94
K,0/TiO, 8.29 7.24 8.88 3.67 2.96 4.25 4.14 20.18

AEHE T R CBRIRE L Z T 2D B 5 LTV 5.
Bk T KRR A .

I 100% 12 BAEAL ST WA, pfl @ KILFHER Y, pfa:

All samples were desalinated with deionized water before powdering. Bulk data were normalized to 100 wt.%. pfl:

pyroclastic flow deposit, pfa: pyroclastic fall deposit.
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Fig. 11 Representative pumiceous samples. A: representative occurrence of a dredge sampling (DS0101), B
Submarine flank of Suwanose Shima, C: Nishi-Akuseki Knoll, D: Takara Knoll, E: Summit of Kappa Sone,
F: Pumice from the younger pyroclastic rocks of Akuseki Shima, Opx: Orthopyroxene, Qz: Quartz, Pl:

Plagioclase.
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Table 3 Results of K-Ar dating on representative submarine rhyolitic pumices.

Sampling Pumice

Material Isotopic Ar-40 K0

Sample No. Location (Lat., Long.) st type analyzed  age (Ma) (scclgX 10-%) %Ar40 (wt. %)
DS0101-10B  Southern submarine flank DS0101  porphyritic whole rock <0.2 <0.001 <1 1.37
of Suwanose Shima
(29°34.2'N, 129°38.8'E) <0.001 <1 1.36
DT0202-03 Takarashima Knoll DT0202 porphyritic whole rock 0.60 =0.20 0.0051 34.0 2.17
(29°05.3'N, 129°09.7'E) 0.0049 27.9 2.15
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