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Topographical and geological characteristics of the landslide
induced after the 2008 Iwate-Miyagi Nairiku Earthquake

Wataru MURAKAMI", Hiromu DAIMARU" and Fumitoshi Esaka”

Abstract

To investigate the landslide induced after the 2008 Iwate-Miyagi Nairiku Earthquake, we compared
aerial photographs taken immediately and 3 months after the earthquake respectively, of a portion of the
Iwai River Area and the Ichihasama River Area. We then interpreted the distribution of new landslides
and the extension of existing landslides after the earthquake. Topographical characteristics (i.e. slope
inclination) and the geology within which the new landslides occurred after the earthquake were analyzed
using GIS. The area of landslide deemed to have been induced by the earthquake due to seismic shading
comprised 3.7km’ of the Ichihasama River Area, while the figure in the Iwai River Area was 0.85km”.
However, when the extent of extension of existing landslides and new landslides having occurred within
3 months of the earthquake was calculated as a percentage of the overall landslide area in each analytical
section, the Ichihasama River Area comprised 12.3%, and the Iwai River Area 13.7%. In the Iwai River
Area, the new landslides comprised an area percentage exceeding 30% in terms of the extent of extension
of existing landslides and new landslides having occurred within 3 months of the earthquake. Conversely,
in the Inlchihasama River Area, the area percentage of new landslides was 16%. In the Iwai River Area,
the occurrence of new landslides 3 months after the earthquake tended to occur on middle-late Miocene
marine sediments and on slopes with gradient exceeding 25-35 degrees. In the Ichihasama River Area,
the occurrence of landslides immediately after the earthquake was focused on the late-Pliocene — early-
Pleistocene welded tuff and the subordinate late-Miocene — early-Pliocene lacustrine. However, the
occurrence of new landslides 3 months after the earthquake tended to occur on Tertiary andesite lava zone
and slopes of gradient exceeding 35 degrees. On the slope where the new landslides occurred, the presence
of cracks was also confirmed by the field survey. Therefore, it was suggested that the occurrence of these
cracks triggered the occurrence of new landslides after the earthquake.

Key words : 2008 Iwate-Miyagi Nairiku Earthquake, landslide, new landslide after the earthquake, geology,
slope inclination
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Fig. 2 Distribution of the landslides immediately after the earthquake,
and the extension of landslides and the occurrence of
new landslides within three months of the earthquake in
Tsukinokidaira Area, Ichinoseki City, Iwate Prefecture. These
aerophotographs (ortho images) were taken of a picture by the
Forestry Agency in June (immediately after the earthquake) and
September (during three months after the earthquake). We use
the 1/25000 topographical map (unit 10m) ‘Takahinoyama’ by
Geospatial Information Authority of Japan.
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Fig. 1 Study area. The image is a satellite image (ALOS) taken a picture of on July 2, 2008.
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Distribution of the landslides in the Iwai River Area. We use the 1/25000 topographical maps ‘Shinyuonsen’ ,
‘Takahinoyama' , ‘kurikomayama’ and ‘Hondera' by Geospatial Information Authority of Japan.
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Geology in the Iwai River Area. This geological map was made based on the Geological map of
Kurikoma geothermal area by Research group for the geological map of Kurikoma Geothermal
Area (1986). Legends are as follows; R2g: Recent upper terrace sediments, PMw: Late Miocene-
early Pliocene welded tuff, Tal: Tertiary andesite lava and intrusive rocks and so on, M1t: Late
Miocene Marine sediments (Siltstone or Sandstone, Tuff), M1a: Late Miocene Marine sediments
(Silicic Fine to Lapilli-tuff), M2l: Middle Miocene Marine sediments (Siltstone), M2m: Middle
Miocene Marine sediments (Intermediate to mafic Fine- to Lapilli-tuff)
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Fig. 5 Distribution of the landslides in the Ichihasama River Area. We use the 1/25000
topographical maps ‘Katsurazawa' , ‘Kurikomayama' , Tkusazawa' , ‘Kiridome' and
‘Hanayamako’ by Geospatial Information Authority of Japan.
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Fig. 6 Geology in the Ichihasama River Area. This geological map was made
based on the Geological map of Kurikoma geothermal area by Research
group for the geological map of Kurikoma Geothermal Area (1986).
Legends are as follows; R1g: Recent Alluvium Lower terrace sediments,
Qal: Quaternary andesite lava, PPw: Late Pliocene- early Pleistocene
welded tuff (Kitagawa welded tuff), Tal: Tertiary andesite lava and
intrusive rocks and so on, PM: Late Miocene- early Pliocene Lacustrine
sediments, M2p: Middle Miocene Marine sediments (Pumice tuff), Trl:
Tertiary rhyolite lava, Gr: Pre-Tertiary Granitic
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Fig. 7 Analysis method. We overlapped the lattice points at 10m
intervals by using ArcGIS9.3 within the analysis area, and totaled
the distribution of the landslide and geology/ slope inclination
information of each point.
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Fig. 10  Relationship between landslides and slope inclination / geology in the Iwai River Area. The lower graph: Areal
distribution in the analyzed area; the middle graph: landslide occurrence rate immediately after the earthquake
in the analyzed area; the upper graph: new landslide occurrence rate within 3 months of the earthquake in the
analyzed area. Geological legends are same as Fig. 6 and Tablel.
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Fig.11 Relationship between landslides and slope inclination / geology in the Ichihasama River Area. The explanation of
these graphs is the same as Fig. 10. Geological legends are same as Fig. 8 and Table2.
Tablel HI'E - R & OFTHIIZERAR (%) @ B 1R
Tablel New landslide incident rate of each geology and slope inclination condition: the Iwai River Area
Slope M i 0-5  5-10  10-15  15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60
PMw 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.40 0.00 0.00 0.00 0.00
= Mit 0.04 0.04 0.02 0.07 0.07 0.16 0.14 0.15 0.42 0.35 0.00 0.00
=1]
% —o Mla 0.10 0.09 0.09 0.07 0.14 0.21 0.25 0.36 0.52 0.40 0.00 0.00
o
8 M2I 0.02 0.03 0.03 0.06 0.07 0.09 0.05 0.24 0.73 0.53 0.00 0.00
M2m 0.08 0.00 0.00 0.06 0.12 0.07 0.10 0.16 0.00 0.00 0.00 0.00
Tal 0.00 0.00 0.00 0.02 0.01 0.04 0.05 0.15 0.05 0.30 0.00 0.00 I
I AL PMw : SR PHMENIBEEREKE, Mt : BERPHUEBEE (UL LS - BE - BKE) . Ma: =

RPHtRMESE (MEMR~XWERRKSE) . R B=RPHEPUEEE (L FE) |, Mn: B =R P HtIH
B (PH~ERMEER~RSRKE) | Tal : B=REZE CBE) RURASEN Y

Legend: PMw: Late Miocene- early Pliocene welded tuff, Mit: Late Miocene Marine sediments (Siltstone or
Sandstone, Tuff), Mla: Late Miocene Marine sediments (Silicic Fine to Lapilli-tuff), M2I: Middle Miocene
Marine sediments (Siltstone), M2m: Middle Miocene Marine sediments (Intermediate to mafic Fine- to
Lapilli-tuff), Tal: Tertiary andesite lava and intrusive rocks and so on,

M, RORERIFIg 12 CRFRBEORA T 5 TSRS E O FURR TRV EURE L &d

Red and yellow frame shows the zoning condition where the landslides are newly occurred in Fig.12;
Red frame: possibility that the landslides newly occurs is especially high . Yellow frame: high.
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Table2 M « {ERIEEMTC & DFRAREEFEAR (%) @ —i0) I3
Table2 New landslide incident rate of each geology and slope inclination condition: the Ichihasama River Area

M#C ). 05 510 10-15 15-20 20-25 25-30

Slope inclination

30-35 35-40 40-45 45-50 50-55 55-60 60-65

Rlg 0.00 0.00 0.00 000 000 0.34
#h Qal 0.01 001 000 0.01 002 0.04
-

Gr 000 000 000 000 002 0.00

Geology

Tal 0.00 0.06 0.08 008 005 0.16
PPw+PH  0.02 0.03 0.02 0.02 0.02 0.04

0.00 0.00 000 0.00 000 0.00 0.00
0.05 0.12 016 0.00 0.00 0.00 0.00
0.00 002 012 004 000 000 000

0.19| 0.45 0.61 1.07 078 0.00 0.00

O.OSI 0.18| 0.28 0.42 051 079 0.00

BEAM Rig: PR (FLREHERY) , Qe BAKKILE (BF) . 6r: ER=REEHEN, PPw : B=ERRH
@R~ BRI EEREE. PN EER IR~ SR, Tal - EERTLE BB

BRUBRAERGE

Legend: Rig: Recent Alluvium Lower terrace sediments, Qal: Quaternary andesite lava, Gr: Pre-Tertiary
Granitic rocks, PPw: Late Pliocene- early Pleistocene welded tuff (Kitagawa welded tuff), PM: Late
Miocene- early Pliocene Lacustrine sediments, Tal: Tertiary andesite lava and intrusive rocks and so on,

MR, RUSEfaHIFig.18a, 18b TR HRMEO R A 5 sl HEtEARHC @V BURR O UK S Ligeft

Red and yellow frame shows the zoning condition where the landslides are newly occurred in Fig.13a and 13b:
Red frame: possibility that the landslides newly occurs is especially high . Yellow frame: high.

Photo 1 #HH IO FTRIAREOTEE B TR S Nz,
& Fig2 22, BREHHIREIC DN > T b,

Photo 1 Crack found near the top of new landslide in the Iwai River
Area. Fig.2 shows the taking a picture position. The crack
reaches the new landslide.

Photo 2 Z&J+) I RIKDHTRIAIZEN T R 5 N2k, fiiEld Fig2 %2
i,

Photo2  Spring water found on the new landslide in the Iwai River Area.
Fig.2 shows the taking a picture position.
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Photo3  — &) I A DHTHEIHEEDFENTED 5N 5 R DOJELI TRE
HoNTBE (KD, HiE Fig.13b 25,

Photo3 Crack found near the new landslide in the Ichihasama River
Area (arrow). Fig.13b shows the taking a picture position.

5. B¢

HiZER% 3 r HORNICIE, 1 BORIFETH 5 FHE
MEREI NIz, AEMEL TIEKSEBHNHGENT
DLk, 2008 EDHIENEL T 2 F TR AKEHFH L D0
BOHLMBOFRLIIHEIN TRV &S,
AL ORHEIEE TS (1996) DT 3 % B4 I
KESLIC D FE Ul & AR, HIZEHC X
D HUERTIC LEARDIROBER THIE LR T WIRAICE -
TV ENEZLNTZ,

BRI T, BRIODWICE D 5 3 HUERFIC
KA I — B8N R B ERELTES
I MBBICTAE U iR OB K H B W I3
OFLEE, FAEmBE—ENTREEX D &/NE Do T,
UL, HEBRICHE Ui O KRS 2 W I H
FiF 7 R T AR PR PN O R A U Fe R R I RS B R R
RTHDEBIFNFREDIZE S @, ESITH R
OFEREN—EIRE KD & @O EmIcd > 7z #Hill
A B3 B R I EE YR A U T e - R DSt & [
U3t CHIE DB R WIS B - 208, & LI
B = AOHORT TR R (MO, ~ A LI TR S )
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Photo4  —38) IR DHHYRIEEL T IR 5 NIk (RED, friEld
Fig.13b 25,

Photo4 Spring water found on the new landslide in the Ichihasama
River Area (arrow). Fig.13b shows the taking a picture position.

Mla @, EFAH 25 LU E ORI T OB ERERPIZ
MOME - ERZEATFIC ARG WEMIC S - T2 HTRAA
O FEAORME TIES R OPFME THR S NZIENTE
ZHOBHANHEREINTED (KM LS 2009) . Hikwi
ERRAE UM TEREICH < BEDHEINATY
% (Photo 1) T &5, FM 5 (1999) 1T K B B i i
KEKDOIEORE TOME & FAMKIC, HIER BN
FEL, ZNDGMR (1) &8> TZDHBOERN DR
ICHERT % T & THBBENREL TV T L&A HE
INte, BB, FRBEORELH CIIEROM LT
BKBRAEND T LML L HEKOFE S HIER O
HOREICHEBLTVWS I ENRBENED, Thic
OVTRTRERHEZIT> TV AEVES, SHBOMG
HIETH %,

AR TR IS X > THIZE ORI 2 B
RO BNz, HIEBRHCHENZ < FE LU E =/
TH A~ e AT O W E PM & Z D BN OTRSE =
T eF T T 7% HEH ~ B85 U e o i B A VR S PPw Y 0 1
THRH T, KALD (2010) HBWVIE=HKD (2009)
&b, ZoOMBEMEDNEROFHEICHE RS 2/
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TEMNERENT WS, PM & 20D Fhilc PPw W0
T AR TIEAMNS (2011) ORGSR EHROFHAE &
D, MO ZICTHEE L TO IR M B 7275
ZMAD, PHERVEFE LTV EZRELTHED,
BB OREOIKIEC DX S GEERNIH SN TR
N, ZOBOMBRZIERE L THKRKICE>TZED L
HEREND, —/ T, FHEIHEERICIIAED
HbEOLREDONGEI > TEH = HOLIEBRBEBLCHE
ANEHZREDLED TA DM T %, R 35 EL E
ORI TZ RO LNBMHENMND > Teo FHIHIENS
CRDENBZGANICI T B, FAER D 2 A il
BT B BEHNREIZE o aBEMEAERITAT
Wi, LA LAEDLSE, TNETICHAEICASZ LY
TE 7R T BRI R D R D FEE N
ERENTWS (Photo 3) o TNETICHERINE
2z, BHINREBTHEEINTZX S BB EC DR
MBEDTIE G- Th, —EREKTE SR OHE
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ELGFIICBWVWTEHEEKDRED SN TH D (Photo 4) |
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Table 1 & U 2 ISR E NI BRI H RO R4
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BV THIEERERMN 0.15% L EoE « @il
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2 eDICIFFERT — 2 REF NS O #ER K UHIE
DIEb O S, HBIE 2008 4 9 H LAREICTEAE U
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Fig.12  Zone with possibility that landslides newly occur in the Iwai River Area. We use the 1/25000 topographical maps
‘Shinyuonsen’ , ‘Takahinoyama' , kurikomayama’ and ‘Hondera' by Geospatial Information Authority of Japan.
The zoning condition is described in Tablel.
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Fig.13a  Zone with possibility that landslides newly occur in the Ichihasama River Area (upper area). We use the
1/25000 topographical maps ‘Katsurazawa’ , ‘Kurikomayama' , Tkusazawa’ , ‘Kiridome' and ‘Hanayamako' by
Geospatial Information Authority of Japan. The zoning condition is described in Table2.
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Fig.13b  Zone with possibility that landslides newly occur in the Ichihasama River Area (lower area). We use the
1/25000 topographical maps ‘Katsurazawa’ , ‘Kurikomayama' , Tkusazawa’ , Kiridome™ and ‘Hanayamako’ by
Geospatial Information Authority of Japan. The zoning condition is described in Table2.
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