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Figure 1. Location map of Nishinoshima Island

The location of geological samples and related observation sites are shown on an orthomosaic
photograph generated from drone flight images taken on September 3, 2021 by HEXaMedia
Inc.
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Figure 2. Overview of the suction-type sampling device

(a) Full view of the sampling device. Nails are attached to the mouth to collect the deposit more
easily by disturbing the surface. (b) Two hand grinders with brushes attached to the mouth of
the sampling device to collect powdery deposits. (c) Collection of the geologic sample (No.
NsG21090601U) from the upper part of the Episode 4 pyroclastic deposit on the northwest
coast using the sampling device. (d) Collection of the geologic sample (No. NsG21090601L)
from the upper part of the Episode 4 pyroclastic deposit on the northwest coast using the

sampling device.
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Figure 3. Overall view of Nishinoshima Island
Taken from the (a) south, (b) west, and (c) north sides.
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Figure 4. Selected photographs of Nishinoshima Island (1)
(a) Pyroclastic deposits constituting the pyroclastic cone exposed on the north crater wall. (b)
Enlarged photograph of the consolidated coarse-grained pyroclastic deposit shown in (a). (c)
Pyroclastic deposits exposed on the western crater wall. (d) Inside of the main crater. (e)
Vertical section of a lava flow lobe at the sea cliff of the northeast coast. (f) A large scoria raft
on the southern part of the lava field. The sides have collapsed. (g) Fumaroles on the northern
part of the lava field. (h) Fumaroles on the eastern part of the lava field. (i) Discolored water

and altered lava flow on the southeast coast.
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Figure 5. Distribution of pyroclastic deposits and location of craters in the Episode 4 period

onward.
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Figure 6. Selected photographs of Nishinoshima Island (2)

(a) Episode 4 and August 14 eruption pyroclastic deposits on the north coast. (b) Mantle-bedded
Episode 4 pyroclastic deposit on the south coast. The surface of the deposit is thinly covered
with white sublimates. (c) Episode 4 pyroclastic deposit on the east coast. (d) Many cracks
parallel to the ridge formed on the surface of the weakly consolidated Episode 4 pyroclastic
deposit (near the northwest coast of the lava field). (¢) Many cracks and small holes (impact
crater of ballistics or sink holes) formed on the surface of the weakly consolidated Episode 4
pyroclastic deposit (southern part of the lava field). (f) Volcanic block (KK181) above the
Episode 4 pyroclastic deposit on the north coast. It may have fallen as a ballistic block, but it is
considered to be an accessory fragment rather than a volcanic bomb. Taken by Dr. Kazuto

Kawakami.
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Figure 7. One frame of long-term lapse camera images of the eruption on August 14, 2021
(partially enlarged)

_62_



S EIE % T B o REVIBRET
DHL—5— b ooL=h—

8 Pz EBIILEE(3)

(a) ALHERFED 8 H 14 HME K KREHEREY), 7T — R IEE TKILK D T THEAKDIEBR T
RBIR, (b) ALBITEE IR LR, Fo— BRI D 8 7 14 AR KAAHERE), 1
H AT DM Y28 EMN B TVD, (¢) Tk DN EH#ERTEZE 8 A 14 HIE kK
WHEREY), (d) KAt A, KilZ 8 A 14 HIEAD K LIKDHEFEL TWD23, FEK A
HIDNDAFAET D2H ) — LRI TTZ D EFHRSTND, (¢) Ko dbRbm LAk
KREE, 8 A 14 AMEKOBRTIERSNIZL DDA O P FHRCERBIb i
TED, () KWLFTEREOME A DOVE FIR(2), 7L —Z—ORmnEFL THDEIIC
RADZEND, 8 1 14 AMKOBRTERS I FTRENED &%,

Figure 8. Selected photographs of Nishinoshima Island (3)

(a) August 14 eruption pyroclastic deposits on the north coast. Volcanic ash covers the bottom
of the gully and no trace of running water can be seen. (b) August 14 eruption pyroclastic
deposits at the drone sampling site in the upper part of the northern lava field. The ash deposit
smoothly covers the unevenness of the terrain. (c) August 14 eruption pyroclastic deposits
covering the inner talus slope of the main crater. (d) Northern slope of the pyroclastic cone. The
volcanic ash of the August 14 eruption has accumulated on the surface, but the gullies and cliffs
(arrows) that existed before the eruption remain almost unmodified. (e) Enlarged photo of the
upper part of the northern slope of the pyroclastic cone. The impact craters and rolling traces
formed by the landing of ballistic ejecta, which seem to have been formed during the August 14
eruption are confirmed. (f) Possible impact craters formed by ballistic landing at the
southwestern foot of the pyroclastic cone. They may have been formed during the August 14

eruption, as crater emissions appear to remain.

_63_



9A3R 12206 | 9AsA 1225t c.

9H5H10:15

‘iF!MEI) E‘

‘\
b\
N

9 Tz BT (4)

(@) 9 7 3 ADKNBERRVRICE DL O DOIEE /BB, ¥ FE— Rk, )9 H 3 H
DK ABERRTEIC L DL AAONDMENE (5 53 1%) o FEBSEA TVD, () 9 A 3 A DK MEERAT
AT LA DID ST, WIS A DRI THIBAEILL T2, (d) 9 A 5 BEITHRICH &

LCWBEEK LK, () 9 H 5 FREKOKILIKIERE, ()9 H 5 AMEKODKILIKEE,
FIANZTZZ2 NN TS, (2) 9 A 5 HHEKRED 8 H 14 A KOO R — B i, 4 18
FREE DR LD KK A L CUD, (h) 9 H 5 AR TRILRIES A biF 2k
BE IO H £L,
Figure 9. Selected photographs of Nishinoshima Island (4)
(a) Colored smoke probably generated upon collapse of the crater wall on September 3, 2021
(immediately after the outbreak). Taken by Ryuichi Minato. (b) Colored smoke probably
generated upon collapse of the crater wall on September 3, 2021 (ca. 5 minutes after the
outbreak). The diffusion of the smoke is progressing. (c) Possible site where the crater wall
collapsed on September 3, 2021. The shape of the cliff has changed before and after the
occurrence of the smoke. (d) Aggregated volcanic ash adhering to the hull of the research vessel
on the morning of September 5, 2021. (e) Eruption plume of the September 5 eruption. (f)
Eruption plume of the September 5 eruption flowing southwest. (g) Drone shot image of inside
the crater formed during the August 14 eruption, taken on September Sth. Colored eruption
cloud are ejected from about four eruptive vents. (h) Eruptive vent at the top of the crater wall

that raises colored eruption cloud during the September 5 eruption.
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Figure 10. XRD pattern of white sublimates

_65_



Nz R e | O- Fidinannin
%mm&&ﬁ%ﬁﬁ % : KT
NsG21090601L01 , AIUTH : 2 PR S

11 KRR RORL - D TR
(@) — (c) BEYAXDEFBETRL 1O HE/ FARBMEI T H, (d) - () EAE 250-500 pm DRL-1-
DOFRBEMSITE, (2)— () ELE 125 pm 2L FOR-ORFEEREND SO E -,
Figure 11. Representative photographs of constituent particles of pyroclastic deposits
(a) — (c¢) Micrographs of lapilli-sized characteristic particles.
(d) — (f) Micrographs of 250-500 pm diameter particles.

(g) — (i) Backscattered electron images of polished particles diameter of 125 um or less.

F 1 KRR OME R 5T
AL 250-500um OR7 T2V THERRERE 500 B ORI T-E 74 L7,
Table 1. Component analysis of volcanic ash particles

Five hundred particles with diameters of 250-500 pm were identified from each sample.

£HFDMHER (n=500) FHASAEE R ONR

FEt BB gersam BzE - i w. OFF BERIUTH BEASAE REAWTE REASRE AT

SR yowmas TEER  wRR  mEmer (0 Prdlalbivietb el o
Fa4
WY NsG21090601L 40 38 18 3 1 100 8 2 41 50 100
TEB
Fa4
Y NsG21090601U 22 42 34 1 1 100 6 2 42 50 100
L&
]
8F 148 NsG21090402 24 55 15 4 2 100 12 0 49 39 100
EHY
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Table 2. Chemical composition of groundmass volcanic glass of ash particles
All the analysis values for major elements have been normalized to 100% volatile-free with
total iron calculated as FeO. Since the analysis result of each sample showed a bimodal
distribution, the results were divided into two groups at the point where the value of SiO2 = 60

wt%, and the mean and standard deviation of each group were calculated.

BE Ha SiO2  TiO2  ARO3 tFeO MnO MgO CaO Na20 K20 P20s total(wt%)
NsG21090601L
s NsmG21090601L(1) FEty 5859 1.58 1279 1297 023 2.64 631 333 130 025 100.00
Y n=15 lo 0.55 0.09 0.28 029 0.06 026 0.39 035 0.09 0.04
T

NsmG21090601L(2) F#J 63.47 140 12.83 10.18 0.25 1.40 4.55 3.96 1.64 033  100.00
n=7 loc 1.24 008 0.19 048 0.04 023 028 0.58 0.20 0.04

NsG21090601U
Haty NsmG21090601U(1) ) 58.14 1.50 13.38 12.54 0.24 2.83 646 339 131 020 100.00
B n=11 loc 042 0.14 0.60 0.88 0.07 036 051 0.76 0.19 0.04
L&

NsmG21090601U(2) ¥ 62.94 1.39 12.68 1027 0.21 1.65 4.63 4.06 1.86 0.31 100.00
n=10 loc 1.67 0.14 032 1.14 0.05 034 061 037 031 0.05

NsG21090402
gy NsmG21090402(1) E 5847 152 13.08 1294 027 2.83 6.56 2.83 128 0.22  100.00
sH 148 n=14 loc 032 0.12 032 032 0.07 026 038 0.53 0.13 0.06
EH

NsmG21090402(2) ¥ 63.51 139 12.54 10.17 0.24 148 453 416 1.70 0.29  100.00
n=9 Ic 096 0.08 032 054 0.08 0.19 025 0.08 0.10 0.05
Ji#i74 AT (Kamishibanda) 4 77.79  0.17 1239 1.28 0.06 0.12 1.11 381 326 0.00 100.00
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Figure 12. SiOz variation diagrams of groundmass volcanic glass of ash particles
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Table 3. Whole-rock chemical composition of pyroclastic materials and lava samples

All the analysis values for major elements have been normalized to 100% volatile-free with

total iron calculated as FeO.

R HEa R e T2 E HH B A Si02  Ti02 ARO3 tFeO  MnO MgO CaO  NaO K20 P20s _total(wt%)
NSH KKI181  KIUFEEEAES)  H4ARH? 5873 1.04 1557 975 021 2.84 674 3.89 096 0.25  100.00
NSH KKI188  && 411202045 A 59.62  1.04 1536 938 021 246 629 4.18 1.19 027  100.00
20214 NSH HM918  RaY7H HAR2020668-78 5511 1.02 1607 10.72 021 405 867 3.15 081 0.9  100.00
7H  NSH_HM919 23V 7H(HED) BAH2020668-78 5482 1.0l 1599 10.60 021 4.06 869 3.55 089 0.9  100.00
P NSH_HM920 &% H4#20204E5 8 5804 1.05 1557 9.89 021 305 7.1 38 102 024 100.00
NSH HM921  RaU7i 48120206 H-78  55.16  1.02 16.09 10.69 021 3.94 870 322 0.80 0.19  100.00
NSH HM926 RV 7HEHR4) HAH2020F68-78 5490 099 1634 1042 020 397 883 330 085 0.9  100.00
20a14 NsG210906L01 23T H4#2020678 5526 1.02 16.08 10.66 021 3.89 865 323 080 0.19  100.00
o5 NsG210906L02 227 H4#2020478 5506 1.02 1620 1073 0.21 3.8 871 323 079 0.19  100.00
presn NsG210906L04 R 7HE FEARA202047 R 5526 1.03 1596 10.70 021 3.95 867 324 079 0.19 100.00
" NsG210904NE01 ROy PR EHERE ?) $4812020468-88? 5506 1.00 1621 1047 020 397 892 3.8 078 020  100.00
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Figure 13. SiO; variation diagrams of whole-rock chemical composition of pyroclastic materials

and lava samples
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Through the Nishinoshima comprehensive scientific research project in 2021, we examined the
outline of distribution and lithological profiles of the pyroclastic deposits of Nishinoshima volcano
after eruption in 2019-2020 (Episode 4), and conducted a preliminary petrological analysis. The
2019-2020 eruption activity changed from andesitic lava outflow to basaltic—andesitic violent
strombolian eruption within the period. In the survey conducted, it became clearer that the changes
in chemical composition and eruption style occurred around the same time. After a continuation of
the violent strombolian eruption, the eruption style changed furthermore to ash eruption or
phreatomagmatic eruption, which is characterized by the brittle fragmentation of pyroclastic
materials. The eruption style on August 14, 2021 (the first eruption of Episode 5) was inferred to be

similar to the late stage of Episode 4, because of their similar ash deposit characteristics.

Key words
Andesite, Eruption style, Pyroclastic deposit
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