Geological causes of the landslide of an
embankment at the Aizome River, Atami
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Geological causes of the landslide of an embankment
at the Aizome River, Atami

MasanRo CHIGIRAY 2, AkrHisA Kitamura? 2,

Karsumr Kimura! and Koyt Icammura®

Abstract On 3 July 2021, a heavy rainstorm induced landslide of an embankment in Atami, Shizuoka
Prefecture; it transformed into debris flow along the Aizome River hit a town of Izusan causing heavy
damage including 26 fatalities and 1 missing. The cause of the landslide of the embankment was first
attributed to probable inappropriate workmanship and poor drainage control of the embankment. We
performed careful field survey after the landslide, and found that the area used to be covered by fluvial
deposits (chaotic debris flow deposits). These fluvial deposits overlie hydrothermally altered andesite
rich in smectite, which likely caused their landslide with the sliding surface in between since geological
past. The fluvial deposits covered not only the Narusawa River but also the upstream of the Aizome
River, where the shape of fluvial cone has been erased because of recent artificial modification. The
embankment was made above the fluvial deposits. The landslide scar after the event suggested that
water had gushed out from the basal parts of the old landslides. The water is assumed to be not only
from the catchment of the Aizome River but also from that of the Narusawa River through the fluvial
deposits, particularly along the basal part of the old landslides on the impervious clayey materials.
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Topographic image around the landslide of the embankment before its failure. a: Index map (Base map is from Aero Asahi Corporation

(2021)). The star in the inset shows the location of a. b: Enlarged map around the landslide of the embankment. Cut and fill areas are from
Shizuoka Prefectural government (2021a). White feather arrows point small landslides now is vegetated.
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Fig.2 Topography of the upstream of the Aizome River and
the Narusawa River before the artificial modification. a: Air
photograph in 1962 (Geospatial Information Authority of Japan,
MKT-62-8X C9-8). Dashed lines delineate a fluvial cone. b:
Enlarged stereopairs around the planned embankment (MKT-62-
8X C9-8, C9-9). c: Interpretation of figure b.
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Sequential aerial photographs in the study area. a: 1962, 1967 and 1989. b: 1994, 2005 and 2012. White solid lines show the rims of

the fluvial cone and the white dashed lines show the shoulders of the V-shaped valley.
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Table 1 List of aerial photographs used in the study.
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4 The relationship between the top surface of the chaotic deposits and the topography. a: Topographic image before the landslide of the
embankment (Asahi Aero Survey, 2021) with 10 m contours (Shizuoka Prefecture, 2020) overlain by the contours of the top surface of
the chaotic deposits and the 5 m interval contours after the embankment landslide. The contours of the top surface of the sandy gravel
layer merge the topographic contours in the north area where natural slope surface remains. Numbers #1 to #5 denote drillings, which
are attached with the elevations of the top of the chaotic deposits in the drill holes. The four lines with numbers correspond to the profiles
in Fig. 5. Black dots in the north are due to trees and the double lines from upper left to lower right are due to application bug. b: Aerial
photographs taken in 1962 by the Geospatial Information Authority of Japan overlain by the contours of the top surface of the chaotic
deposits. The aerial photograph was georeferenced but is distorted.
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Fig. 5

Geological cross sections. Black lines are the ground surface before the landslide of the embankment and the red lines are after the

event. Brown: chaotic deposits. Yellow: embankment. Pink: sliding surface. See text for detail.
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Fig. 6  Geologic outline in the landslide of the embankment. S and F show the locations where the basal part of landslides 1 and 2 were

observed respectively (Figs. 9 and 11). Refer to the text for the other symbols. The base map was made from orthophotographs with 2 cm

resolution overlaid with a slope image from 50 cm DEMs, both data were obtained by Shizuoka Prefectural government (2021b).
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Fig. 7 Photographs showing the inside of the landslide. a: A view of
the central ridge (left) and northern landslide, looking from the
south. i is the location where landslide 1 was observed (Fig. 6). ii
is the location of the andesite block near the base of the landslide
(Fig. 6). Dashed line shows a fan-like depression widening
downslope, which is assumed to be made by the washing out of
debris by the gushing out of groundwater. b: Cracked andesite
block in the middle of the central ridge. c¢: A view of the landslide
looking from its lower portion. Lines with hatches delineate the
base of landslide 1.
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Fig. 8 X-ray diffraction patterns of clay samples exposed in the
northern collapsed area: (a) gray clay and (b) pale-yellow clay.
The range is 5-70° (260 ) and exaggerated scale at 10-65° (26).
Oriented <2pum fraction of sample gray clay after (c) air-drying,
(d) ethylene glycol treatment, (e) heating at 500°C for 1h. S =
smectite; P = pyrite; G = gypsum; A = anatase; Q = quartz.
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Fig. 9 Basal portion of landslide 1 (located as S in Fig. 6). a:
Landslide body (yellowish brown), which is partially covered by
debris. Dashed line is the base of the landslide. b: Plant fragments-
rich layer below the landslide underlain by sandy gravel layer,
which in turn underlain by hydrothermal alteration clay. The
plant fragments-rich layer is asymmetrically deformed in the left,
which suggests that the landslide displaced from the left to the
right in this figure. The handle of the sickle is 30 cm long. c: plant
fragments-rich layer, which has carbonized grass and rooted thin
wood.
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Fig. 10 Andesite blocks and spring water in the landslide of
embankment. Two-meter across andesite block, which is separated
to smaller blocks with soil in between (ii in Fig. 6). This suggests
that this block is a part of landslide 1. The scale is 2 m long. b:
Water spring coming out below the embankment (iii in Fig. 6).
Subrounded pebbles are seen with the water, which suggests that
the sandy gravel layer is beneath the embankment. Photograph
taken 2 May, 2022.
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Fig. 11

Structure of the basal part of landslide on the right bank of the gully at F in Fig. 6. The bottom is a basement of hydrothermal alteration

clay overlain by sandy gravel with laterally variable thickness, which in turn is overlain by sheared sandy clay with rock fragments. The

sandy clay is sheared with slickenside (upper left inset). Clay is also exposed on the left bank with slickenside (lower right inset).
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12 Structure of the basal part of landslide 2 on the left bank of the gully at F in Fig. 6. a: Landslide body 2 overlain by embankment, which
in turn is overlain by the new debris. A corrugated pipe is seen in the embankment in the upper right. The lower portion of the landslide
body 2 is rich in angular rock fragments, of which matrix finer materials were removed to leave openings. b: Overview of the gully at F
seen from the downstream. It is approximately 3 m deep and its upper side exposes the landslide body 2 in the bottom and embankment
and new debris on it. ¢: The bottom of landslide body 2 on sandy gravels, which is on hydrothermal alteration clay. The sandy gravel layer
is deformed and has a wood fragment, which was dated by "C.
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Fig. 13 ™C dating results presented as probability density distributions.
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Table 2 Results of radiocarbon dating.

13, FEs = FEs =
H e % 5 C 1Cage(yrBP) A A SHRF N
(%o) (20) (cal yr) (95.4%) (20) (cal yr BP) (95.4%)
g1
A 231 750 + 30 1,224—1,291 cal yr AD 726—659 cal BP Beta-65684
DET
I~y 2 6,066—5,978 cal yr BC (82.7%) 8,015—7,927 cal BP (82.7%)
VA -25.1 7,130 £ 30 Beta-65683
DET 5,946—5,921 cal yr BC (12.7%) 7,895—7,870 cal BP (12.7%)
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14 Relationship among the topography before the landslide embankment, the landslide of the fluvial cone before 1962, landslide of the
embankment in 2021, and the traces of the old landslide bases. a: Before the landslide of the embankment. Base map is a topographic
image by the Aero Asahi Corporation (2021). There are small failures on the embankment in the area encircled with a white ellipse. This
area coincides the area where the base of landslide bodies 1 and 2 appeared as well as the area of the bottom of the landslide of the fluvial
cone before 1962. b: Overlapped maps of a slope image after the landslide of the embankment and a topographic image before the event.
The gully head F where the base of landslide 2 was exposed likely used to be at G in fig. a and retreated to F. The gully downstream of F
is several meters lower than the surroundings (yellow dashed line) and the downslope of S where the base of landslide 1 was exposed is a
fan-like smooth slope (yellow dashed line); both topographic features are assumed to be the results of washing away of debris by the water
from the basal parts of the landslides 1 and 2.



58 TAREAEGL « AR 5F - ANTET - TR

L7:hoT, Ha 3l o "CERMH» S, HidT~<D
FR AR B 5 TOO4ERT & HEE L 72,

FHiS O AR F © “CAERAEIZKI 8000 4ERTTH 2 23, H
HWHEEREZRET 2, LizdoT, OE LI D
FAEAEIRITAIB0004ERT & D HT LW Z & IFHESE A, 21
FOHLOWREEREHETZ2ILEEITERY, 207
&, AT, WEMIIFHIEOHT) OFAERE
#IB0004ERT E T2 L L LTz,

LR oL, KREEPEEI Y S N7 19474 &
Tz, B ERCHRASHE L, o4 ask b
NTCWiz, ZOFEHEE TR REOE E ELEb
5L, ZOTHIAELRENITKOBIHIT X 2/NEEE
B aAERSNHBHEE L >TWS I L bh
% (KM14a). $7z, ZOFLOERHPHIL, BK:mmEkic
RWTZ S NI AR R BT OME L DFE LTV,
INLDOZ LiE, WEMEOFHED X 5 =X 5 LIEERE
EDAD =R L EDORITHEMELD 2 Z L 2R L TW
3.

BEFEZOMIEL 1%, K& 22F» 5 HKLD
D, FAREWEHRNFT LI Z EBRBESNSG, —DIF,
FHif, » 5 —2lSHEATHZ. L, o~k
JEEBCTHIKL 2 DS HEFFE R & T A BREERIE 2 & D Hisk T
HbEHES N, BLORBAIETE U, GLHEHERY
WOKMA LR LT, H2RATHEZ:& 25 TEBIC
HKL7:ZEdvFEZ NS, $BED, HOHIT ) K
oK THY, BEOEVEHZIOTOHKTH -
7z, 12720, FLAEMEREMEENIR I B b T B
b, SHIASLFHEOT N EASEDREE £ TIAd -
TW2O0%, REETH 2.

BB PAEREERROBRE» D, 0
I LRI 2 EEIW B REDOHKEH 722 L b
o TWwa (FIE, 2022). Z 02RO A, Lk
OHTRY 2FEEHLLDOHKE L FHIT XD 1K S
DHIKDIB| S 4 L T o T ATREM: 3D 5,

IR L, BIEIN O 3 2T CIREBN 2T o T3
(K6 DR1, R2, R3). #E (2021a, BEL9-5) IT/RS 1
TRESENC L 2L, FHS XD ERMORL ER2OE
HEDDFHUETHMORIDHEENIKE VI L5, R2
~R3[ (MiEF2&t) CHIFASBHLTWS Z &
REERTWS, 7z, R2o¥iE s, R2~R3fTHR
HENZPERNBB A LT L: 2 & 25, HiBEkoR
WHE R K DRl 2 LA L TW B Z LSRR S T W
3, ZhboZ it s, HEFTOMEMIRD S, FLHEHE
YLD ) Er e TERU 2 & LT 2 iH 5
TABPBHLTWS LHEES NS,

—%, 2 SEH T 2 IREIXRI THHE LT
BY, ZHEBEWRICERLH»ISET 5. EAlFERTII,
B 6 o iii #5522 5 DK AR I L S 40 (B110b), Z
WM OWHE L DK E RS, BA:REIE,
Ml cx, Eilod ) 10HEELT» L D HIK
EEHiz, ZTOHKHBBHLTWE EEZ LN D,

4, BbDic

202147 BB AM)IIoRE L AR, Bt
DOREIZERT 2HDTH Y, —BiITiFELEZz0dDIC
FR» H2EZZObNTET, LIrLU2L, Z0O/KE
BRHERELT o R, Blho Tz, Wi 77
ELTEY, ZNTHKT 2ELMMEY 2B L %S
ZIEF I OFIHD L b HITAIMAL TWI EHEES
72, BT, FUMEHEREY) O T I3 EEE KM 0 Buk B R+
BB, FHMHEYO—IIZENLEDBER T DEE L
T, BEIHIRDZERILTWZZ LB bhroTz, J
B R O M & HR KRS R0 o, BN 2+
FROBNE & 4 Ul I, duiis ) oK
E 6 DK DB 4 & Lo T2 BEME S E W EHEE S
%, 12120, 2L XD IFVERE 19504E 20 59700
R B X O 8,0004ERT L H W DT, SE DB+ FEE
BRHIZIEEI L T v Znw,

20224E5 B 27 HIZATE S Atz B MHE I, B
FroMHIE - L Z2EE T2 2 EmbATWB 5, Sl
D XD WHEHMTHERME B TV WREEEER LT,
T O UWERELTOLELIH D LWL 5,

B

INIEFARTE NRHHER ST O &7 BRI, i
T L CWie2s, i, AEIH OV, L
H D IR I O FAFNT T 00 W 72 72 7 i IR 2 A
BB R ER, BT RAETE SRS TR,
AREIZa XY P WPV 24 DELETH LiREE
BEZTRITEHH L LT 5. KU ORI E N K=
Fivtr v 2 —OFHB & CFEHME T OFRE %
U7z, 8ok XEREPT 0T 13 350 R AE B2 R Se R HbER
RERNYEROEEZMHH L.

51 A3k

MRt (2021), i IR BT LU E O
BRI (#9¢H7) (CC-BY) https://www.aeroasahi.
co.jp/news/detail.php?id=391 20224£4 H 21 HIZ
Ay ru—F,

Chigira, M., Tsou, C. Y., Matsushi, Y., Hiraishi, N. &
Matsuzawa, M. (2013), Topographic precursors and
geological structures of deep-seated catastrophic
landslides caused by Typhoon Talas. Geomorphology,
201, 479-493. doi:10.1016/j.geomorph.2013.07.020

ANTET (2021), BB OEMLATRIEE ORI -
HHE s, REMEDTEHTER, 22, 185-202.

BOERs - A 16 (2011), #GEtigioE (57540
IHUE BRI S 3 9245). EEERUNHE ARt
WERERE v % —, 6lp.

Reimer P. J., Austin W. E. N.,, Bard E., Bayliss A,
Blackwell P, Bronk Ramsey C. et al. (2020), The
IntCal20 Northern Hemisphere radiocarbon age
calibration curve (0-55 cal kBP). Radiocarbon,



B EEAT)) 11 et i B o B F 5 IR 59

62(4), 725-757. doi: 10.1017/RDC.2020.41

FrR IR (2020), #RRR  ELILEEER - OEEEE K
Br—4&. GZEMEH Y~ & —. https://www.
geospatial.jp/ckan/dataset/shizuoka-2019-pointcloud.

FRRIR (2021a), 5 2 [RERD)I A3 o F8 AR 5 KA AAREE
ZRMAER (1~15). 11 4 26 HEA#E. http://
www.pref.shizuoka.jp/kensetsu/ke-350/sabouka/r3
hasseigenninncyousakennsyouiinnkai_2.html

Frig L (2021b), 20214F7 A 3 H i I B AR 5EE
Fo—yVv—F5ll 75— %, GZEMEHRE > £ —.
https://www.geospatial.jp/ckan/dataset/20210703-
atami-dronelazer 20224E4 H21 HITX v v o —
K.

FRIR (2022), EM)ILATROFAEFERRE TS
. vol. 1-7. https://www.pref.shizuoka.jp/kensetsu/
ke-350/sabouka/r3hasseigenninncyousakennsyouii
nnkai_3.html

EEEM

TAREMESL © BIHGERE, #HE - EOBE, WHEE
HY, U5 © BURHRIR, FRSCHEE T HY,

ANTET @ BHHERE, W UGE.

A RER @ G sE AT 2 TH .



