Geochemical and grain composition analysis of
embankment and debris flow deposits in the
Izusan area, Atami City, Shizuoka Prefecture,
central Japan.
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Geochemical and grain composition analysis of embankment and debris flow
deposits in the Izusan area, Atami City, Shizuoka Prefecture, central Japan.
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TosumicHr Nakanisar®, Rie S. Hori’, Masavyuki Ikepa®, Kost IcHmMura?,

Yukt Nakacawa® and Hipexr Morr™

Abstract On July 3 2021, a debris flow caused by a landslide from an embankment occurred along
the Aizome River in the [zusan area of Atami City, Shizuoka Prefecture, central Japan, and destroyed
numerous houses and flowed into Sagami Bay. In this study, two samples of embankment, three
debris flow deposits and two soil samples from around the Aizome River valley were analyzed for
grain size, and geochemistry and grain compositions for each mud and sand particles. The most
important result was the discovery of radiolarian chert fragments in black embankment sediments
and debris flow deposits. These chert fragments are useful as tracer material for black embankment
sediments. Furthermore, the radiolarian chert was found to have been deposited near the Permian/
Triassic boundary and later into the Jurassic and Early Cretaceous. This is an important finding for
identifying the source of black embankment sediments.
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DI,

£33 KB OPEK FDTOC, TN, TSIER OMEHEHE.

LHHIR%R LEH &

#SaB1 Bt - 2E0LR 2.27 0.14 0.13
#&aB2 Bt - BEOLW 1.54 0.10 0.04
#SmB3 LAEHEY 2.09 0.13 0.10
HEA2 THERHEY 2.48 0.20 0.18
HSRAS L REHEY 2.12 0.17 0.20
HsmS1 HiE 5.50 0.29 0.11
HES2 i 1.20 0.14 0.02
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BITIE RS ST CHUN G — 27 M S 3 7210 C, Mk
S2 T E R,

Hif5 A2, A5, B3O LHRHEEY QI <& — T,
B, RHEA, BT mkREE21.00-1.01, 1.53-1.54nm
DY—2 &Egh, AEOY— 27 MWK S WEATIE
2ot EFECEAICH S (K5, K6), Zhboth
TRHEREY) O i L 72 ANz oW TiE, 0.70nm
OY—27I1ZIF LA EHRNT1.00nmD ©— 27 p3Hh, =
FLv 7Y a— VAETLI0nm iRy 7 N3 5729,
10A o £ 34+ oRHE RS (K6).

WS B2 oA - B L), HiS B3, A5 D -ATRMHE
B OB /$ & —212130.90nm AHF I ¥ — 27 3R S
N, TO—=JI3EHERL M 07 4 74 NOFETH 5.
Hak DB Y, 0.35-0.50mm A R DR T D BEMSTEIE A
L A AERS ATV, SA 07474 D
AHEME D BE TS LW, MF IR TIZEFIL ZTw,
Z®0.90nm O ¥—27 ZBEQ IR S T, Bt
OEWIIFERs D (KM5).

WHF ORIFHER

B, HRTHEREY & RERNo R oE ST 2 RT IR
BETELE»r O RIELME» LD, PRI <
THAZENE 28, UEUISHIR 08k ¥+ % & .
7, HHAEREICK TO—EBRiET2ZEHHD,
TR FIWETE L 2 £ 2RIRT 5. 205 ORHED D,
Fx IR T BB oER L FE L. R, Edo

3OO FORIEKTODZAEIAY T LIZEED
7. BtoBRtotwtEtotWEikd s &, Ak
EREARTFOHEERIBECOLIMDIZ S 295, A
RFI3Beotoizd ssEmy., Bt L HEL2 S 2
L, Broi) »aE REARFOHERIIE., &=
BiRHEREY S, A%, fEA, BARTEEA, AKX
A¥ 77 5Tl, Bootw, Heotw, +EXIDD
oz s (K7).
HABlOEL - Bio+ap, HAB3 LA+

100

[}
® LAY

>
Lok 22

T & SR T 055 A L 72D O, WEBICIEANS 3 100462 .
SRR S D (FIFE, 2016). B4 & LA TiHE 0 E%% 100
BUITER 2480 (). )
MR FCIRAS, AEA, BEEYZ<EaA, 0L K7 0.35-0.50mm¥ A XA, FHEMH, HAORIMEZRT=H
YR TN
=4 #%ARD 0.35-0.50mm D ki T DL
Z Ot - _
VaE ®MEA A =k ety B
EN:]
' 67 43 16 181 127 18
&5 . B i
B! Bt - REOLW (14.8%) (9.5%) (3.5%) (40.0%)  (28.1%) @1%) %2
10 24 47 54 198 23
5 . /)N
HRB2 Bt - REOLY (2.8%) (6.7%) (132%)  (152%)  (55.6%) (6.5%) 356
. 47 46 28 143 252 22
&5 37 g g
#RB3 LAY 8.7%)  (8.6%) (5.2%)  (26.6%)  (46.8%)  (4.1%) 58
. 14 24 14 78 257 29
& 7 =
HRA2 LRI (3.4%) (5.8%) (3.4%) (18.8%) (61.8%) (7.0%) 416
. 24 23 23 57 297 14
&5 S g
HRAS LRFHERY (5.5%) (5.3%) (5.3%) (13.0%) (67.1%) (3.2%) 438
. 4 9 33 4 134 30
5 =
RS L& (1.9%) (4.2%) (15.4%) (1.9%) 62.6%)  (140%) 2%
- 0 1 65 23 323 24
H 5 1
BmS2 i (0%) (0.2%) (14.9%) (5.3%) (74.1%) (5.5%) 436
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FRAERE > 6 350-500um ¥ 4 XD F ¥ — FME R & F
RLU (®8-af,j, k), A2 0 AFHHEREY 2 b BN
3500um QKT v — bEF E TEFER L7z (M8-g). Hi
HB1OF v — bkl 1205, Williriedellacea ERHZJE
I E A HER TS 2 (8-, b), MifitE T
Wyt as (thorax) »3ME#K# = (abdomen) [THII% L T
WL i E R TR F RN CTH B Z L0 b, K
{LHIE, BELHEOBBERAERTH 2 /e H 5
(O’Dogherty et al., 2009). %7z, F ¥ — FiRE22 51,
ISR D Wik % 7R 3 % HiHEIR Nassellaria B 12JE 3 2 B
B E DR A 3 L3z, 2B PIRD Spumellaria D
TR MTE bR TE 2 (8¢, d). Fv— MlHl3
IZoWTIE, BEHEAETH 2 ZEHOAR Yy MZR LN
2285, [FAEIZREECH 2 (X8-¢e). HLAB3IDF v — M

1%, RREIE L 7B Spumellaria A% HEH s TWVWD
DHIMERTE 205, FMELFEOREETE LW (X8,
WS A2 O LA A OB F + — bR, &
B bEIZiNZ T, 20-40um OZERR ST R DRF 3%
BEEn, BEKEOLRKOORIREEIBEs T (K
8-g, h). EEK FIZBM=a Vv CEALZRL, BEX=2
NTEROTFHEERL, EWITHVERTZR> (K
8-h, i). SEM-EDSHTiz &k D, R T iZCat Mg% %

RELZ EofERs Tz (M9-a,b). ZhbDEIK, K
R, LB D, R TFIE Fo< A b EHEE
ENns. MHRORTIREBEATRERT, hbodiz
Z, BALL7AMELE SwkaaRobord D, F—%
4 P EBOLNDIHDEL L GURRHOUBY b R b hi:
(H9-c, d).

K8 MRz EL T »— MEHOGH, IFER=a VCTOBEBEGTHTH ), MIIHM=a v TOBEMBITHE, bdRKANZ Williriedellacea |
FHZBE T 2 R tA,. d ORAITIZS HiEEIR Nassellaria B BERECA, RKE2 1GEEHER LA &4 0172 Nassellaria, 2F03 (% Spumellaria,
fORHNIE Spumellaria, h & iORRNFEELEET 2 Fu~< A MEET, BRI AHREET 2 REWHNT.
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K9 Hisfi A2 O LA TRHEREY) 2> 5 L 72 0.504.00mm ¥ A XD F v — ~ D SEM-EDSHMTDFER. a & b3 ZEWR T OFERT, ctdix

SE AL DRER.

WS AS O AT OBEF v — NG I DW
MG % B o RIEIRE 0 B WERIR o s b A (K
8-j, k) 1%, Entactinaria? gen. et sp. indet. & HEE S 115,

R

A5 D RN E A TRHEREY) O B EH ) D A % FRELL T2
HOT, WEMBSTAEREEY T REL LOATREEL D
BZLITEBLT, UTOEZRT).
TARRHEEYOMMBELE L TORL EZF MR

AFETCIELOROADO LWL F v — MERTHA
U7z, IR IEF v — AR L WD T,
B o L3~ o b2 b ST 2 L IFEETH 5.,
—7, AY¥ - BHERA - A ORHL XRD O & & OfE R
D5, WD LHIIHIA S1 oI 2 WE R o
HOD, KiEIEYOMBITHIA ST & S2D W ot
EHRLSTWS Z Ly dotz (K10),

Eikoii by, #EE (2021b) 1%, CagdaL 5 AT
YRR O REO LW EBEO LW ORAE 75-85%,
15-25% B L7z, 24Uk, TAREEDZREAOL
WEREOEWO RS DREAMTH L Z L ZHRET
5.

AimOMEDFER, JEhiT D Ca/Tikk, Fe/Titk, Cu/
Tikk, Zn/TikblzoWTiE, HATHRHERY Ok F D fH

FREOILWLBHEO LW ORATIHHTSE, SLICE
BOEMITEWHEEZ E 5 Z EHL»E LT (K3,
4)., L»L, #lziE, Si/Tikk & Al/TitkicBLCix, +
AR O % B0+ LBt W ORA T
BTsd, I7:B00LMIGEWVEERZE S (K3c), —
7, JekiFoTOC, TN, TSEEIzoWwTlE, Bao+t
WitaorWo 7oy b ERAZER LICHIE B3 Off
35 25, HHA2 L ASDfEIZANTWS (K4),
INLOTLHEMBIC BT 2 BENI, BEOLWLE
EOLWORS ORGEMERBT 5, LichisoT, K
TR, ERLZREGoEWEBE0 WO RkD E o
T, TARRHEEYHORGHEZEH T 2 Z L3 fTHbTWw
ZEELTa.
Bt LEARMEYHROF v — ML D2REMOHETE
W BlOEL - Reao+bdoF v — FEE1DK
R LA Williriedellacea ERHE, KE SR ZHTF 0
B o 2R RN IR OB R 7 v—7Th D,
Va FRCEIEIR Y2 L BT 2 (Bl 1E, De Wever et
al,2001). X-7T, Fv—ridbl1OHEREMRIZY 2
FHCHTERR LD L HIT TS 5, F vy — FilB2 0%
IR Nassellaria 12 Z/BACICHEL L, BEIBIZ LA 28 072
Nassellaria 1Z HHAC D Dictyomitral@ iz & < &6 1 5 ¥
7EH3, RIMEMER D % VIR O A TR R FEIL T
ELV., INLORBMHEtAEOEE 2L, F ¥ — bkl 2
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OHFAERIIZEACDRE L W& 5. M AS O AR
HEREY) T ot F v — b @ Entactinaria ? 13542 HER

L, Btz bAER T2 (Bl 21X, Kozur and Mostler,
1982; Nakamura et al, 2020; Suzuki et al., 2021).

MR A2 O AR OIKETF » — P IE, B
HILAIZIMZT, Fo<A FOfEEhE, 7—9 A b &
ESNFERELCEL. HROBEHF v — DR
WX, BKER, PO, BRAQTE, B - AR - REA,
bk - KB, MELEESHD S (K11) (sozaki et al,
2010; Wallis ez al., 2020).,

o056, WHEOREE <A M EED
F v — bHRE STV 2O RKER, FHRE - - 2
By, BAETH D (Hattori, 1984; Sano, 1984, 1988; 1%
B - /NIE, 2000; B - 287, 2005; #ARD, 2019 72 &), R
VAR LEZERITALNDE D, VLR ZERER
MIEORABICREMICEST 2 2 EBMES N TVDS
(Kakuwa, 1996; J\Z « 32J5, 1997; Muto et al., 2020). X
VLR ZEBRESMIEOKETF v — M, —#EWIz,
EICIREE TR S N7 SR & 4 (P2 - B, 1994),
RIS — A P L EOMOERIMITEE ST 5 Z Lo
»2 (1 z 1%, Soliman and Goresy, 2012), FEHRIEDFE
EESAERTH Y, MARSLE/\EEREZ LS. b
DZ LG, HIFHAZOKEF ¥+ — RO —3 A L
EINDEERIE, EHESEOEE LIz ARetE oSS v, K
F ¥ — P OFREBRICOVWTIE, VLRSS ZERE
FAEOREF v — M RO FEREE AL N, B
FITZ LWEEKERE T COAYEAEO RN X 201
WREBEIMMEEI DD EEZLRTWE (2 1F,
Isozaki, 1997; Kakuwa, 2008). DL bEo&EY) & HHHE
o, HEHA2OKET v — X, KEw, EE -

AeAs - WS - ATk - % - UG - Y - el - A - I AR

W REH, POV AR/ ZBRERMNE D b
MmahiztHEESIS NS,

T HRRHEREY R B LD F v — N e CH—e)E &
WHREBIZILD L, RVLER/ ZERERATE & ZnlL
BeoYa 74, v Ui AEALE TRSRROF v —
F2SRE SN TV B DIEFHRE R TH 2 (Wallis et al,
2020), BAEIFREE M TR H ST 20T
(K11), BtoBRE oW o—EomREE, Bl
OREDOTTRIHTH 2 HeEdrH 5. £z, Fv— 1
RFEEE3 2200, HAMMEEDIIELORGOL
WG EEZLZOBHERTHDZE2DL, Fv— A
FRECOTWOE T W= —WELEL D2 THS D,

nB, AN (2021) 11X, BEIX=/EREET, 200946
AnioEtE, Btotw, BaotWolHicELD,
20214E7 H 3 H 0Tk, #taotm, Beaotmos
FUSEICH T3 L LTz, ZOBRBELVDORHIE, B
BOXWIFBEDOLEW LD DFHELLTVWVEEEHFE LT
WZHEEMES D D, ZAHEOFRRO—2IZ ) 5 5,
593, BEAVOKL TR, BAotibrsks
BT REOERMESITE W Z &2k 5. 2D X
S ek omWE Loz, RigTHEAMR—RE
OEWOrVv—F—HELELTDOF v — FERFOFBM

ZJULs

—IXIEH AR D,

TLD

AKFFECTIRELTOREBO W LB, HaTRHE
Y, EizowT, REMAK, RFoF:E - MEnE
ST, SEVIREER, WKL T O < HERORE, Fv—
MNER OB BILASEOSIT 21T o 72, Z DFER, M

L -
L
A N A V -+
(@) WHLF N (b) KL F o g: -
! < CalTi  2HMKE 2E% 2FE Y vh Y
(0.35-0.50 mm) L (<0oe3mm) T, GERER SR GEe 0 oip o
Es > (0, 0246 0246 0.0 0.3 0.0 0.2 <L
0 SRS (%) 100 . . aa SR
#=B1 AR 3 HhEB1 °
Bt - BE0LH Breriie Bt 2E0LD | 1° 12 1" I I
. .
#52B2 Biied 2 B2 i i i
Bt - BEOLH i Bt - weoth | ° ¢ s T | I
#4583 EEEREARY 583 i i i i
LRV e trnmmn | ° ° . " I l
HhHA2 :::::: A2
THRIRHERY RERER] +RAMEY 1 © 4 e 4 a 4= I I
i SA5 29 #EAS I I
+ERHEY o] tEAMEy 1 © qe 12 1=
H2551 551 I |
T 4+ E ° 4 a 4m
swas2| M #2552 I I
ik i +i 1° 1o 1 +
DE% ofRA oA
BER O5EY B Z D1t

10 %3kt Ca/Tikk, TOC - TN - TS¥REE, HiLgiMtiik, A3 - fA - A o RLL,
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[ NK: dbspib b - KB
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K11 HAROHEXS. {HL, HRIEZFR <. Wallis er al. (2020) %5,

TR EHT:.

1. BroBRaotWiEtiroAShIzbDTH 3.

2. R TEHM LB +W L BEo 1o maREE
TIX, HBHEEY Ok F oKD ZHHTE LwZ
EBmoTl,

3. REBOIWL LAEMHEEMH»LF »— FEF 2 FHA
L, @83 2HEILAEE Fo<A MRET 2L, R
LR/ ZERERMBEE 2N BEOY 2 T, Tl
BB HAC £ CREFR DO F ¥+ — NEICHR T 25
TH5E T EIHBHL T,

4, Fy—PERFFEZLOREBOEWOER L v —Y—
WE L WM D D, SHIEAO LW OREN
ORFEICEBELHRE L S,

HEE

3B A D 2K IR I O SR 12 I3 BT T R AT AR A
BB W R W, BERFOABHFEH LI
HHEZICE LTS 2 Wiz Wiz, BRSO
PEREIE—#% & Julien Legrand 112 X 2 & FH a2 2 > k
2k oT, ABRRWESNT, IRLDOHITEHHELE
J5., RFFROFEEITFHERE e v & — LRk
HETFA O TEEFH L.

51 3R

HuEE e (2021), https://www.gsi.go.jp/tizu-kutyu.html
20214£7 H 4 HBIH.

De Wever, P, Dumitrica, P., Caulet, J. P., Nigrini,
C. & Caridoit, M. (2001), Radiolarians in the
sedimentary record. 533p, Gordon and Breach
Science Publishers.

Hattori, I. (1984), Alternating clastic limestone and red
chert as olistolith in the Mino terrane, central
Japan. Journal of Geological Society of Japan, 90,
43-54.

Isozaki, Y. (1997), Permo-Triassic boundary superanoxia
and stratified superocean: records from lost deep
sea. Science, 276, 235-238.

Isozaki, Y., Aoki, K., Nakama, T. & Yanai, S. (2010),
New insight into a subduction-related orogen:
a reappraisal of the geotectonic framework and
evolution of the Japanese islands. Gondwana
Research, 18, 82-105.

Kakuwa, Y. (1996), Permian-Triassic mass extinction event
recorded in bedded chert sequence in southwest Japan.
Palaeogeography, Palaeoclimatology, Palaeoecology,
121, 35-51.



86 AeAs - WS - ATk - % - UG - Y - el - A - I AR

Kakuwa, Y. (2008), Evaluation of palaeo-oxygenation
of the ocean bottom across the Permian-Triassic
boundary. Global and Planetary Change, 63, 40-56.

ARATEC (2021), BT OEY) LAETREEOHITE - Hi
HAE s, REMENIEATER, No. 22, 185-202.

ekt (2022), HbH UL B v O 2 L3t X o0 - S
% DR o FiERE & HAETRHEREY 226 Roh o
7oA A H o Bk, BIUACHFgE, 61 (FRIH),
doi:10.4116/jaqua.61.2114.

A RE - WwHEZ (2021), 202147 A 3 H 12 I 24
WA E LM X CRE L BRTo®ESR. Hik
SFHERBL AT, 48, 63-71.

[ P (2021), FEEEHIE A X & PR HERE HE
(7TH6HE3HANEI) https://www.gsi.go.jp/
BOUSAI/R3 0701 heavyrain.html#4 20214E7 A
8HIZA Y vu—F

Kozur, H. & Mostler, H. (1982), Entactinaria subordo
Nov.,, a new radiolarian suborder. Geologisch-
Paliontologische Mitteilungen Innsbruck, 11(1),
399-414.

A=A (2019), BABRILM, AR O RE M5
RiE O - At & HEREREE.  MUBRBLYE, 73,
5-14,

Muto, S., Takahashi, S., Yamakita, S. & Onoue, T.
(2020), Scarcity of chert in upper Lower Triassic
Panthalassic deep-sea successions of Japan records
elevated clastic inputs rather than depressed
biogenic silica burial flux following the end-
Permian extinction. Global and Planetary Change,
103330.

s — - EEFALEF (2005), BRI A R RG-S #
F v — rHORBEAKE,. HAMEZESE 112
EAITRRTIHEL R, 78,

Nakamura, Y., Sandin, M. M., Suzuki, N., Tuji, A. &
Fabrice, N. (2020), Phylogenetic Revision of the
Order Entactinaria Paleozoic Relict Radiolaria
(Rhizaria, SAR). Protist, 171, 125712. https://doi.
org/10.1016/j.protis.2019.125712

HFREF - BRIR T (1994), ZERHRILMHIE O =M
F v — FHIZERSR S N7z P/T B4 YE anoxia 20 5
ORI, HIESHEEE, 100, 505-508,

O’Dogherty, L., Carter, E. S., Dumitrica, P., Gorican, S,
De Wever, P, Bandini, A. N., Baumgartner, P. &
Matsuoka, A. (2009), Catalogue of Mesozoic
radiolarian genera. Part 2: Jurassic-Cretaceous.
Geodiversitas, 31, 271-356.

TR - i 3 (2011), B OHE, Hili
BWreEs G011 HEMIE). ERbHE
FEREG Y £ —, 6lp,

PEZETMHR ST E G RER A€ v £ — (2021), #I
B [X Navi. https://gbank.gsj.jp/geonavi/#disclaimer
20214¢10 A 6 HEIH.

Sano, H. (1984), Displaced dolomites in radiolarian cherts
of the Chichibu Belt on Shikoku Island, Southwest
Japan. Sedimentary Geology, 137, 20-23.

Sano, H. (1988), Permian oceanic-rocks of Mino terrane,
central Japan. Part 1. chert facies. Journal of
Geological Society of Japan, 94, 697-709.

EBFALEF - /NI % (2000), ER - FHE-RRTV—v
DR~ Va7 REan. WHEY SRS 55,
123-144,

Fri IR (2021a), #EREIRIHLE SRR SM34ETH8H
https://www.youtube.com/watch?v=ihq8hpwGAOw
202147 B9 HEIH.

FrigUL (2021b), BT OTEILM X AR B RS R
(GE#R)  http://www.pref.shizuoka.jp/kensetsu/ke-
350/sabouka/documents/doshitucyousakekka.pdf
202149 A9 HEIH.

Soliman, M. F. & Goresy, A. E. 1. (2012), Framboidal
and idiomorphic pyrite in the upper Maastrichtian
sedimentary rocks at Gabal Oweina, Nile Valley,
Egypt: Formation processes, oxidation products
and genetic implications to the origin of framboidal
pyrite. Geochimica et Cosmochimica Acta, 90,
195-220.

Suzuki, N., O’Dogherty, L., Caulet, J-P. & Dumitrica, P.
(2021), A new integrated morpho- and molecular
systematic classification of Cenozoic radiolarians
(Class Polycystinea) suprageneric taxonomy.
O’Dogherty, L. (ed.) Catalog of Cenozoic
radiolarians. Geodiversitas, 43(15), 405-573.

FIFHEIA (2016), BRIURAROD RS - S8 7 — vzl
3 R L RENTRIE. - L AEY, 70,
3-9.

Wallis, S. R., Yamaoka, K., Mori. H., Ishiwatari, A.,
Miyazaki, K. & Ueda, H. (2020), The basement
geology of Japan from A to Z. Island Arc, 29,
€12339, doi:10.1111/iar.12339

B W SR (1997), P/TEER %8 U C DRk
HEHEOLE (Z04). 10442 Re HAM
HY¥RPNREHEEER, 78

EEEM

A7 - GURHRER, KLFEARRK, RORLF O - A h
MOFE, SR, wCHAETHY, WA - ek
T OCNSHHTZHE, ik B SEMRLER AT 2 40,
TFEBMEIL - e ¥ O 1T - MEITTERIT & MSCHE T 11
L, PRI JeRiF o CNS T 20, 5 A% @ A
HCRALA OFE LS CREZ Y, HEZ @ F v —
T ORI T DT & ERSCHE T Y. TAERR ¢ SRR
BRI & RSCRE Z L. IS @ SEVRR B D 24T
A, RS R ER R,



