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Temporal variation in amount and size of the drift pumice from the 2021
eruption of Fukutoku-Oka-no-Ba submarine volcano:
an example from the Tenjin-jima, Kanagawa Prefecture, central Japan

SHIBATA Kenichiro*, KOHASE Misa* and SHINJO Ryuichi*
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In order to reveal transport and drift processes of pumice clasts derived from the 2021 eruption of
Fukutoku-Oka-no-Ba submarine volcano, drift pumice samples were collected on the beach of the
Tenjin-jima, Yokosuka City, Kanagawa Prefecture, central Japan. The p-XRF (micro-focus X-ray
fluorescence) analyses of pumices confirmed that these pumices have composition identical to pumices
from the Fukutoku-Oka-no-Ba, suggesting that an arrival date of the drift pumice at Tenjin-jima was
December 5, 2021. After that, the pumice samples have been collected continuously. The amount of the
samples indicates temporal increases and decreases repeatedly. The maximum amount of the drift pumice
samples was collected from late July through early August, 2022. The amount of the drift pumice is
interpreted to have been controlled by fluctuations of both the Kuroshio Branch Current and the wind
conditions. In addition, the amount of the drift pumice samples shows a positive correlation with the
length of the major axis of maximum pumice clast, which suggests that the larger pumice clasts travel
longer term than the smaller clasts. The example from the Tenjin-jima implies that a peak of pumice drifts

would appear in a year after an eruption.
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Fig. 1 Arrival dates of drift pumice derived from the 2021 eruption of Fukutoku-Oka-no-Ba submarine volcano. 1: Kashima /

Kamisu, 2: Futtsu, 3: Katsuura, 4: South Boso Peninsula / Tateyama, 5: Tenjin-jima (study area), 6: Izu Oshima Island, 7:
Miyake-jima Island, 8: Nii-jima / Shikine-jima islands, 9: Hachijo-jima Island, 10: Numazu, 11: South Izu Peninsula / Cape
Irozaki, 12: Cape Omaezaki, 13: Owase, 14: Kushimoto, 15: Cape Muroto, 16: Osumi Peninsula, 17: Yakushima /
Tanegashima islands, 18: Nakanoshima Island, 19: Amami Oshima Island, 20: Kikai-jima Island, 21: Yoron Island, 22:
Okinawa Main Island west coast, 23: Okinawa Main Island east coast, 24: Kume-jima Island, 25: Kitadaito-jima /
Minamidaito-jima islands, 26: Miyako-jima Island, 27: Ishigaki-jima Island, 28: Iriomote-jima Island, 29: Chichi-jima
Island, 30: Haha-jima Island.
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Fig. 2 Pumice clasts derived from Fukutoku-Oka-no-Ba submarine volcano drifted on the Tenjin-jima Island. A (front view) and
A’ (back view): Collected in 2021 Dec. 18. Sporadic black enclaves, composed of clinopyroxene, plagioclase, and black
glasses, are distinguishing feature for Fukutoku-Oka-no-Ba pumices. B: Collected in 2022 Aug. 19. The maximum pumice

clast collected in the Tenjin-jima Island.
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Fig. 3 Sampling locations of drift pumice samples in the Tenjin-jima Biological Garden.
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Table 1 Whole-rock compositions of drift pumice samples on

the Tenjin-jima Island. A: Collected in 2021 Dec. 3.
B: Collected in 2021 Dec. 5. C: Collected in 2021
Dec. 7.
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20214512 H 3 AELEE, B: 2021 4F 12 A 5 A4,
C:2021 412 H 7 A,

. e e A B C
REEZOLND, ZITREBN T —203 G010 S0, wi% 7569 5516 167
TIR2ASHEZEAERET D, KA OEL T, TiO, 0.53 0.72 0.75
PrEREITIE 2021 4R 11 A 13 A, FEiRERBrit,/ ALO; 1174 1425 1430
THERAELHICIX 11 A 15 B, HEEEmEEciE 1 FeO 3.31 4.78 5.12
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IR OBEANERE LIGD T Z E BB NE 7o T Ca0 284 264 265
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Fig. 4 Total alkalis versus SiO2 diagram indicating compositions of pumice samples collected in the Tenjin-jima Island (white
circles, A-C). A: Collected in 2021 Dec. 3. B: Collected in 2021 Dec. 5. C: Collected in 2021 Dec. 7. Black circles indicate
compositions of pumice samples derived from Fukutoku-Oka-no-Ba submarine volcano. Classification of igneous rocks is

on the basis of Le Maitre (2002).
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Fig. 5 Temporal variation in dried weight of drift pumice samples derived from the 2021 eruption of Fukutoku-Oka-no-Ba

submarine volcano.
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Table 2 Data of pumice samples derived from Fukutoku-Oka-no-Ba submarine volcano. : Dried weight of pumice samples, d:
length of the major axis of maximum pumice clast, KBC: presence (P), absence (A), and missing data (-) of the Kuroshio
Branch Current towards the Sagami Bay, MWS: mean wind speed, WD: most common wind direction, and MP: moon’s
phase, new moon (NM), first quarter (FQ), full moon (FM), and LQ (last quarter). C indicates that the Tenjin-jima
Biological Garden was closed.

F2xk WM GRROBGY L TVOT—2 . WBRAOWRER, d RO R S ORKME, KBC: HBE AT
D B OF (P), M (A) & KT — % (-), MWS: EHRE, WD: ik % E i, MP: J ol H X F, W
(NM), B3 (FQ), £ (FM), TFik(LQ). C IR 5 A RET R ORI A 2759 KBC (T#rFEd# (i b
22 7, 2021,2022), MWS, WD T K & F AR — 2 X —Y, @EDORELTF — X% - ¥ 7o — R
(https://www.data.jma.go.jp/gmd/risk/obsdl/index.php, 2022 4510 A 5 %) O =ji#i |, MP XK T AR — L—,
179 3% (https://www.data.jma.go.jp/kaiyou/db/tide/suisan/index.php, 2022 4 10 H 5 HE ) » [hEs) (28E3<.

w d MWS w d MWS

Date (@ (mm) KBC (m/s) WD  MP Date @ (mm) KBC (mis) WD  MP
2021/11/23 0 P 42 WSW 2022/1/1 C - 19 E
2021/11/24 0 P 6.7 WSW 2022/12 C - 2.8 NE
2021/11/25 0 P 5 WSW 2022/1/3 C A 28 NNE NM
2021/11/26 0 - 3.7 W 2022/1/4 2 183 A 4.7 NNE
2021/11/27 0 - 4 NNE LQ 2022/1/5 0 P 4.3 NNE
2021/11/28 0 P 3.4 NNE 2022/1/6 P 3.4 NNE
2021/1129 C P 2.3 ENE 2022/1/7 32 157 - 2.9 NNE
2021/11/30 0 P 32 E 2022/1/8 1.6 14 - 3.1 NNE
2021/12/1 0 P 7.5 WSW 2022/1/9 0 - 3.1 WSW
2021/12/2 0 P 24 NE 2022/1/10 0 P 4.6 NNE FQ
2021/12/3 0 - 3.6 SW 2022/1/11 C P 3.5 NNE
2021/12/4 0 - 3.5 WSW  NM 2022/1/12 0 P 3.1 NE
2021/12/5 36 315 P 42 NE 2022/1/13 P 5.3 WSW
2021/12/6 C 38 239 P 3.8 NNE 2022/1/14 3.5 18 - 31N
2021/12/7 309 416 A 5.9 NNE 2022/1/15 0 - 2.3 NNE
2021/12/8 1.7 271 P 8.1N 2022/1/16 0 A 2.9 ENE
2021/12/9 6.6 237 P 5.6 NNE 2022/1117 C A 19 E
2021/12/10 3.7 301 - 27N 2022/1/18 0 P 3.5 NNE M
2021/12/11 1.8 149 - 1.6 SSW FQ 2022/1/19 0 P 3.1 NNE
2021/12/12 0 - 4.7 SW 2022/1/20 1.1 204 P 30N
2021/12/13 C 23 214 - 3.2 NNE 2022/1/21 0 - 5.1 NNE
2021/12/14 54 27 - 2.5 NE 2022/1/22 0 - 2.4 NNE
2021/12/15 1.8 181 - 1.6 ENE 2022/1/23 0 P 2.2 NNE
2021/12/16 6.8 188 A 3.1E 2022/124 C P 4 NE
2021/12/17 02 112 - 5.7 WSW 2022/1/25 0 P 24 NE LQ
2021/12/18 24 388 - 34N 2022/1/26 0 P 3.1 NNE
2021/12/19 329 316 A 33 WSW  FM 2022/1/27 0 P 3.5 NNE
2021/12/20 C 1.9 193 A 19E 2022/1/28 0 - 3.1 NNE
2021/12/21 251 193 A 1.8 SSW 2022/1/29 0 - 2.7 ENE
2021/12/22 16.6 198 P 33 NE 2022/1/30 0 P 3.9 NNE
2021/12/23 0 P 3.1 NNE 2022/1/31 C P 4.1 NNE
2021/12/24 49 1717 - 2.2 WNW 2022/2/1 0 P 3.8 WSW  NM
2021/12/25 0 - 3 ENE 2022/2/2 0 P 2.5 NE
2021/12/26 14 153 A 3.5 NNE 2022/2/3 0 P 2 ENE
2021/12127 C A 3.4 SW LQ 2022/2/4 0 - 2.7 NE
2021/12/28 0 - 2.8 NE 2022/2/5 0 - 3.5 NNE
2021/12/129 C - 3.4 SW 2022/2/6 0 P 2.2 NNE
2021/12/30 C - 7.3 WSW 2022/2/7 C P 2.6 NNE
2021/12/31 C - 3.2 NNE 2022/2/8 59 186 P 2.9 NNE FQ
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Table 2 (continued) 552 & (i)

SRR - NEAREN - FrhkE—

w d MWS w d MWS
Date (@ (mm) KBC (m/s) WD  MP Date @ (mm) KBC (ms) WD  MP
2022/2/9 0 P 3.8 NNE 2022/3/29 132 18 A 3.2 NNE
2022/2/10 0 - 55N 2022/3/30 0 A 328
2022/2/11 0 - 5.2 NNE 2022/3/31 0 A 4 SW
2022/2/12 0 - 2.5 NE 2022/4/1 0 - 5.5 NE NM
2022/2/13 27 278 P 3.5 NE 2022/4/2 0 - 3.2 ENE
2022/2/14 P 5.2 NNE 2022/4/3 0 A 3.8 NNE
2022/2/15 103 174 P 3.6 SW 2022/4/4 A 6.8 N
2022/2/16 155 195 P 4.4 WSW 2022/4/5 0 A 5 NNE
2022/2/17 29 212 P 4N M 2022/4/6 0 A 3.9 SW
2022/2/18 1196 247 - 39 NE 2022/4/7 0 A 3.6 NNE
2022/2/19 75.1 309 - 2.1 NNE 2022/4/8 0 - 3.1
2022/2/20 11.9 253 P 34N 2022/4/9 0 - 5.1 SSW FQ
2022/2/21 4.5 19 P 3 NE 2022/4/10 0 A 2.6 SSW
2022/2/22 47 169 - 3 NE 2022/4/11 A 4.2 SSW
2022/2/23 13.1 245 P 3.1 NE 2022/4/12 0 A 4.2 SSW
2022/2/24 30.8 202 P 3.1 NNE LQ 2022/4/13 0 A 3.6 SW
2022/2/25 0 - 2.1 ENE 2022/4/14 0 A 5 NE
2022/2/26 0 - 3.8 WSW 2022/4/15 0 5.1 NE
2022/2/27 0 P 6.1 SW 2022/4/16 0 - 4.2 NNE
2022/2/28 79 182 P 2.6 ESE 2022/4/17 0 A 2.1 NNE M
2022/3/1 193 201 P 3.8 SW 2022/4/18 A 3 NNE
2022/3/2 234 215 P 3.3 NNE 2022/4/19 87 255 A 2.9 ENE
2022/3/3 16 206 P 3.7 NNE NM 2022/4/20 0 A 3.6 NNE
2022/3/4 162 183 - 2.7 NE 2022/4/21 0 P 2 NNE
2022/3/5 27 1717 - 5.6 SW 2022/4/22 0 - 3.8 SSW
2022/3/6 126 164 P 3.1 NNE 2022/4/23 0 - 2.1 SW LM
2022/3/7 P 1.9 ESE 2022/4/24 0 P 3.2 NNE
2022/3/8 304 216 P 3.8 NNE 2022/4/25 P 2 WSW
2022/3/9 10.6 172 P 3.5 NNE 2022/4/26 0 P 5.1 SSW
2022/3/10 413 279 P 2.3 NNE FQ 2022/4/27 1500 61 P 6.5 SSW
2022/3/11 33 179 - 4 SW 2022/4/28 3559 521 - 4.7 NE
2022/3/12 33 135 - 2.1 ESE 2022/4/29 973 351 - 4.7 NNE
2022/3/13 06 132 P 4 SW 2022/4/30 1163 382 - 4.6 NE
2022/3/14 P 5.5 SSW 2022/5/1 190.6 676 P 3E NM
2022/3/15 0 P 2.8 NE 2022/5/2 - 3.7 NE
2022/3/16 28 154 P 2.9 NNE 2022/5/3 595 343 - 28 S
2022/3/17 0.3 97 P 2.7 NE 2022/5/4 176 527 - 4.8 SSW
2022/3/18 0 - 6.2 NNE M 2022/5/5 463 463 A 2.9 SSW
2022/3/19 309 336 - 3.1 E 2022/5/6 3438 472 - 248
2022/3/20 29 207 - 2.8 NE 2022/5/7 2689  59.1 - 2.5 NNE
2022/3/21 0 A 3.5 NE 2022/5/8 2568 363 A 2.7 NE
2022/3/22 A 5.3 NNE 2022/5/9 A 3.9 NNE FQ
2022/3/23 0 A 4.4 NNE 2022/5/10 68 372 A 4.1 NNE
2022/3/24 133 167 A 2.7 NE 2022/5/11 1555 399 A 2 NNE
2022/3/25 11.7 24 - 258 LQ 2022/5/12 62 216 A 198
2022/3/26 1.7 162 - 5.3 SSW 2022/5/13 1237 309 - 2.7 NNE
2022/3/27 32 142 A 3.3 NNE 2022/5/14 212.2 39 - 4.3 SSW
2022/3/28 A 3.5 NE 2022/5/15 70.2 33 A 3.5 NNE
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Table 2 (continued) 552 & (i)
w d MWS w d MWS

Date (@) (mm) KBC (ms) WD MP Date @ (mm) KBC (mis) WD MP
2022/5/16 99.1 328 A 2.9 NNE M 2022/7/2 289.7  50.1 - 5.2 SSW
2022/5/17 227 387 A 1.5 NE 2022/7/3 1405 69.7 P 3.7 SW
2022/5/18 173 262 A 19 S 2022/7/4 P 3.9 SW
2022/5/19 23.7 32 A 3 SSW 2022/7/5 1085  49.1 P 4.1 SSW
2022/5/20 47 533 - 2.8 S 2022/7/6 3797 46,6 P 5 NNE
2022/5/21 422 396 - 2.4 SSE 2022/7/7 3237 448 P 4.4 NNE FQ
2022/5/22 284 582 P 3.7 NNE 2022/7/8 206 483 - 2.9 NNE
2022/5/23 P 3.4 NNE LQ 2022/7/9 1084 418 - 3.1 SSW
2022/5/24 0 P 328 2022/7/10 212.7 527 P 38 S
2022/5/25 12.8 232 P 328 2022/7/11 P 24 S
2022/5/26 0 P 3.3 SSE 2022/7/12 641.7 78 P 24 S
2022/5/27 14.6 36 - 4.6 SSE 2022/7/13 326.1 628 P 1.6 E
2022/5/28 445 343 - 23S 2022/7/14 3539 415 P 2.2 NE FM
2022/5/29 284 347 P 29 S 2022/7/15 2416 408 - 2.2 ESE
2022/5/30 P 3 ENE NM 2022/7/16 583 259 - 22 S
2022/5/31 126 312 P 3 NNE 2022/7/17 2864 536 - 3.7 SSW
2022/6/1 73 211 P 2.6 NE 2022/7/18 4993 553 P 3.6 SSW
2022/6/2 15.7 27 P 39S 2022/7/19 P 5.4 SW
2022/6/3 112 326 - 3.4 SSW 2022/7/20 5390 919 P 2 WSW LQ
2022/6/4 448  31.1 - 3.4 SSE 2022/7/21 1884 78 P 2.9 SSE
2022/6/5 3029 593 P 3.5 SSW 2022/7/22 2164 778 - 4.9 SSW
2022/6/6 P 4.4 ENE 2022/7/23 1469 718 - 4.8 SSW
2022/6/7 6404 522 P 4.1 NE FQ 2022/7/24 910.5 904 P 4.5 SSW
2022/6/8 1413 435 P 3.5 NE 2022/7/25 P 418
2022/6/9 136 428 P 2.4 NE 2022/7/26 2099 643 P 43S
2022/6/10 120.2 457 - 2.7E 2022/7/27 2051 773 P 4.6 SSW
2022/6/11 98.1 473 - 2.3 SE 2022/7/28 4559 539 P 4 SSW
2022/6/12 63 466 P 3.1 NNE 2022/7/29 298.7 619 - 4.2 SSW NM
2022/6/13 P 35E 2022/7/30 1482 536 - 4.8 SSW
2022/6/14 190 322 P 3.7 NNE FM 2022/7/31 997.8 703 P 4.1 SSW
2022/6/15 117.1 536 P 2.9 NNE 2022/8/1 P 3.6 SSW
2022/6/16 63.1 295 P 2.8 SW 2022/8/2 1962 594 P 3.2 SSW
2022/6/17 552 469 - 3.5 SSW 2022/8/3 6378 654 P 22 SW
2022/6/18 26,1 294 - 2.8 SSW 2022/8/4 1417 744 P 3.1 NE
2022/6/19 2806 385 P 3.9 SSW 2022/8/5 588.7 493 - 3.5 NE FQ
2022/6/20 P 4.1 SSW 2022/8/6 5251 533 - 2.5 NE
2022/6/21 16.7 44.1 P 2.6 SSW LQ 2022/8/7 418 497 P 2.4 SSW
2022/6/22 482 348 A 2.7 NNE 2022/8/8 P 5 SSW
2022/6/23 87 245 A 2.3 SSE 2022/8/9 649.7 65 P 6.7 SSW
2022/6/24 59.7 478 - 6.6 SSW 2022/8/10 737.8 48 - 5.8 SSW
2022/6/25 130.6 476 - 7.5 SW 2022/8/11 720.6  58.1 P 4.7 SSW
2022/6/26 12.8 272 P 6 SSW 2022/8/12 988.5 536 - 4.9 SSW FM
2022/6/27 P 3.5 SSW 2022/8/13 6158 544 - 5.2 SSE
2022/6/28 2326 499 P 4.1 SW 2022/8/14 9359 532 A 5.7 SW
2022/6/29 713.1 561 P 5 SW NM 2022/8/15 A 33 SW
2022/6/30 4243 737 P 2.9 SW 2022/8/16 480.2  69.6 A 6.8 SW
2022/7/1 3253 389 - 4.2 SSW 2022/8/17 4774 471 A 2.3 WSW
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Table 2 (continued) 2% (ftZ)

w d MWS w d MWS
Date (@ (mm) KBC (/) WD  MP Date (@ (mm) KBC (m/s) WD  MP
2022/8/18 2988 603 A 4.5 SSW 2022/9/112 C P 5.2 NNE
2022/8/19 5739 1435 - 2.4 SSE LQ 2022/9/13 2044 386 P 2.8 NE
2022/8/20 429.7 428 - 1.8 NE 2022/9/14 1514 307 A 3.5 NE
2022/8/21 231 438 A 2.3 NNE 2022/9/15 425 326 A 3.1 NE
2022/8/22 C A 3.3 NNE 2022/9/16 2459 365 - 2.7 ENE
2022/8/23 2356 669 P 3.1 SSW 2022/9/17 0 2 NNE
2022/8/24 0 P 2.9 ENE 2022/9/18 239.1 358 - 3.5 SSE LQ
2022/8/25 3353 509 P 2.3 NNE 2022/9/19 0 A 568
2022/8/26 309.1 322 - 23S 2022/9/20 C A 598
2022/8/27 76.1 383 - 35 SSW  NM 2022/9/21 4486 489 A 53 NE
2022/8/28 545 381 P 39 NE 2022/9/22 477 609 - 5.1 NNE
2022/8/29 C P 4.2 NNE 2022/9/23 722 324 - 3.6 NNE
2022/8/30 0 P 2.7 NNE 2022/9/24 2643 838 - 388
2022/8/31 1779 334 P 3.2 SSW 2022/9/25 186.1 37 P 4.1 NNE
2022/9/1 502.6 55 P 4.7 SSW 2022/9/26 C P 1.9 NE NM
2022/9/2 0 - 33 NE 2022/9/27 1383 285 P 33 NE
2022/9/3 874 391 - 3.1 NE 2022/9/28 282 414 P 3.5 NNE
2022/9/4 2505 587 P 2.7 NE FQ 2022/9/29 649.9 424 P 13 E
2022/9/5 C P 25 E 2022/9/30 0 - 3 NNE
2022/9/6 3134 336 P 35S 2022/10/1 3195 559 - 3.8 N
2022/9/7 1434 475 P 28 2022/10/2 0 A 2.8 NNE
2022/9/8 1515 376 P 4.4 NNE 2022/10/3 C A 2 NE FQ
2022/9/9 2133 35 - 3.4 NNE 2022/10/4 1915 283 A 5.2 SW
2022/9/10 0 - 4.8 NNE FM 2022/10/5 382 363 A 48 NE
2022/9/11 2337 506 P 5.7 NNE
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Fig. 7 Relationship between the Kuroshio Current, Kuroshio Branch Current, the most common wind direction, mean wind speed,
and dried weight of pumice samples drifted on the Tenjin-jima Island. A: 2022 Jan. 27. B: 2022 Apr. 9. C: 2022 July 20. D:
2022 Sept. 21. White arrows indicate the Kuroshio Current and Kuroshio Branch Current. Black arrows indicate the most

common wind direction with mean wind speed.
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