S R S AR il 2

55 $*(2019$* ﬁ ?

k
~m
o

*
all
ST
[l
B I,

*
[
Es
“ﬁ

L g LS8 2022 1P

S RICKDRE AL - D R
TP LDV DINDTF FIZDNT

Er* ooy ok
FARRT5T T

Rock and Soil Properties for Slope Failures Caused by Typhoon Hagibis on October
2019: Especially Some Cases around Marumori Town, Miyagi Prefecture
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Abstract

We investigated rock and soil properties for the slope failures induced by Typhoon Hagibis on October 2019 near

Marumori Town, Miyagi Prefecture, and the Omoe Peninsula and Fudai Village in Sanriku coastal area, Iwate

Prefecture. The soil layer was physically and chemically weathered toward the ground surface mainly due to in-situ

weathering in the granodiorite slope where shallow slope failure occurred frequently. The slip plane consisted of

weakly weathered, highly permeable, coarse-grained soil and contained halloysite (10 A). Cohesive soil layer was

formed in the tuff slope where some slope failures occurred along the gentle slip plane (5° to 10°). Soil in the slip

plane was low permeability, and smectite and halloysite are contained. Some shallow slope failures occurred on the

sedimentary rock slopes, and harder gravelly rock and low-permeable cohesive soil containing a large amount of

smectite derived from muddy rock were exposed on the slip plane. The mineral compositions of granodiorite were

similar each in the Omoe Peninsula, Fudai Village and Marumori Town. Compared to granodiorite, the welded tuff

in the Omoe Peninsula was fine-grained rock lacking biotite which is easily weathered.
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Fig. 1 Landform and traces of sediment movements around Marumori Town in Miyagi Prefecture. Blue numbers show survey
points. Red shading areas are sediment movement regions over the survey area surrounded by black line while hatched areas
are unreadable regions. Landform is obtained from standard map of GSI. Contour interval is 100 m. Geology is obtained
from the GSJ geological map of Japan 1:200,000 “Fukushima” (Kubo ef al., 2003).
M, s: Miocene conglomerate, sandstone, mudstone and rhyolite tuff, M,a: Miocene andesite volcaniclastic rocks and lava, Eb:
Miocene basalt to andesite volcaniclastic rocks and lava,
G,c: Cretaceous muscovite-biotite granite, G,b: Cretaceous biotite granite and hornblende-bearing biotite granite, Ga:
cretaceous Hornblende-bearing biotite granodiorite and foliated hornblende-biotite tonalite.
G,c: cretaceous biotite granite and hornblende-bearing biotite granodiorite, G,b: Cretaceous hornblende-biotite granodiorite
and foliated hornblende-biotite granodiorite.
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Fig. 2 Slope failure at point 1 (G,b, granodiorite). (Upper left panel) surveyed slope indicated by the blue arrow. Red
shading areas are sediment movement regions. Base-map is obtained from standard map of GSI. Contour interval
is 10 m. (Lower left panel) panoramic view of L and R failure scars. (Upper center panel, B) cross section of slip
plane. (Right panel, A) cross section of side scarp. (Lower right panel) sampled hard grus and a fluvial granodiorite
gravel. It is estimated that the soil of the slip plane is in-sifu weathered soil, the soil in the side scarp is in-situ
weathered soil at the lower part, and the upper part is transported soil. Soil samples were collected at red circles.
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Slope failure at point 2 (G,a, granodiorite). (Upper left panel) surveyed slope indicated by the blue arrow. Red shading
areas are sediment movement regions while hatched areas are unreadable regions. Base-map is obtained from standard
map of GSI. Contour interval is 10 m. (Lower left panel) panoramic view of the failure scar. (Upper center panel)
sampled hard grus and a granodiorite gravel on slope. (Upper right panel, A) cross section of surface soil. (Lower right
panel, B) cross section of slip plane. It is estimated that the soil of the slip plane is in-situ weathered soil and the surface
soil is transported soil. Soil samples were collected at red circles.
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Slope failure at point 4 (G,a, granodiorite). (Upper left panel) surveyed slope indicated by the blue arrow. Red shading
areas are sediment movement regions. Base-map is obtained from standard map of GSI. Contour interval is 10 m. (Lower
left panel) view above the failure scar that was slipped thinly, leaving the guardrail. (Upper center panel) panorama view
of the failure scar from the scar head. Sediment flowed into the forest road below. (Center right panel) view of a road-cut
outcrop above the failure scar. (Bottom center panel) A view at the depth of 2.8 m on the outcrop. (Right panel) sampled
fluvial granodiorite gravels. Soil samples were collected at red circles. These are in-situ weathered soil.
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Table 2 Slope form of failure scars. L and R correspond to those in Fig. 2.
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Fig. 5 Results of simplified dynamic cone penetration test on the granodiorite slopes (points 1 and 2). A and B

correspond to those in Figs. 2 and 3. A is the result beside the failure scar and B is the result in the failure scar.
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Table 3 Physical and mechanical properties in the soil layer.
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B-1.0 m (slip plane, /n situ), layer M 272 135 154 185 504 102 128 385 28  179x10° 64 29 04 3~10
B-1.4 m (grus, in situ), layer L 273 153 172 197 438 078 116 435 22  221x10° 80 210 56 17
2. Goa TERIPI RS
0.25 m (surface soil), layer U - 097 120 161 636 175 250 358 56  356x10° 128 08 03 1~2
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Table 4 Mineral composition of rocks and soils obtained by XRD.

FEHE T HE LIk -EETES R
Qtz Kfs Pl Bt Am Z (wt %) Ch Vim  14A  Vim/14A  Sm M Hal(10A) K Gbs
FAE

#E1_ G b EmPIRE
A-0.4 m (surface soil) ++ (+) + - ++ - 30.3 - 4 - - - - + e +
A-1.0 m (surface soil) 4 - ++ - + - 258 - + - - - _ ++ -+ +
B-1.0 m (slip plane, in situ) +++ (4) ++ - + - 16.5 - ++ - - - - ++ ++ -
B-1.4 m (grus, in situ) ++ (+) ++ - (+) - 10.7 - + - - - - + + _
hard grus (in situ) +++ (+) 4+ - + - - + - - - - ++ + -
fluvial gravel (slightly weathered) i+ + ++ + + - 4+

Him2 G TERPIRE
0.25 m (surface soil) ERes + + - (+) - 255 - 4 - - - +) - + -
1.0 m (slip plane, in situ) ++t + ++ - - - 14.6 - - + = - + + +) -
hard grus (in situ) 4+ + ++ + + - - + - - - - ¥ (+) _
gravel on slope (slightly weathered) +4+ + ot + - -

HhR4_ Ga fEMPARE
0.8 m (potential slip plane, in situ) o ++ - +) - 10.3 - 4 - - - - 4 o+ -
1.8 m (grus, in situ) O ++ - () - 86 - + - - + - ++ o -
2.8 m (grus, in situ) +++ + ++ = +) - 54 - + - - _ + _ " _

Him6_ Gb TERME
fluvial gravel 2 (moderately weathered) +++ ++ ++ +) - - (O
fluvial gravel 1 (slightly weathered) +Ht ++ + +) - - "

thme Eb RIE-HREHRRS
0.4 m (surface soil) + - +) - - - 64.6 +++ - - o+ - + - 9 -
2.2 m (slip plane, soil) + +) (+) - +) - 706 ++ - ++ - - + - 9 -
2.3 m (slip plane, weathered bedrock) - - - - - - 29.6 - - - — 4 _ 4 + _
2.35 m (slip plane, weathered bedrock) - - - - - - ?

S M BEE
0.4 m (surface soil) + + + - - - 53.7 + - - - ++ (+) - 2 -
0.8 m, (slip plane, soil) + + + - - + 434 - - - - () - (+) -
weathered bedrock + + + - - - ?
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gravel by sediment flow ++ + 4+ - - - (+)"
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gravel by sediment flow +t + ++ * +) - )
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gravel by sediment flow A + HH hd + - (+)*

+++ diminant, ++ abundant, + present, (+) poor, ? maybe, - not detected

Qz. B, Kfsh )RR, PL#HESR, Bt RER, Am: BHEA, 2.8,

* estimated from bulk sample
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1 quartz, @: plagioclase, O: K—feldspars, B biotite, V: amphiboles,
@ : chlorite, A: vermiculite, ¥: 14 A intergrade, —: mica clay minerals,
X: Halloysite(10A), +: kaolin minerals, [J: gibbsite
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Voltage 40kV, Current 15mA, Scan speed 10° /min, Step width 0.01°
Varigble + fixed slit system, DS 1.25° , $3=RS=open, Soller (inc., rec.) 5° ,IHS=10mm
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Fig. 7 X-ray diffractograms for bulk samples of rock and soil on the granodiorite (points 1 and 2) and granite (point
6) slopes. The mineral-identification results of clay samples were described for clay minerals.
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Vrm:vermiculite, 14 A : 14 A intergrade, M: mica clay minerals,
Hal: halloysite, K: kaoline minerals, Gbs: gibbsite
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B e e g >+ SS=F=open, 150, 350, 550: heat treatment at 150°C, 350°C, 550°C
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Fig. 8 X-ray diffractograms for clay samples of soil and hard grus on the granodiorite slopes (points 1 and 2).
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Fig. 10 Grain size distribution of soils on the tuff (point
8) and sedimentary-rock (point 9) slopes.
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Fig. 9 Slope failure at point 8 (Eb, tuff). (Upper left panel) surveyed slope indicated by the blue arrow. Red shading areas are
sediment movement regions while hatched areas are unreadable regions. Base-map is obtained from standard map of GSI.
Contour interval is 10 m. (Upper center panel) view of the failure scar from the left bank. The slipped soil mass remained
in the center left of the photo. (Lower left panel) view of the slip plane from the right bank. (Bottom center panel) highly
weathered muddy tuff with few cracks in the slip plane. The tuff is gradually disintegrating to form soil. (Right panel)
slightly hard muddy tuff with many cracks on the slip plane. There are small cracks due to slaking. Samples were collected

at red circles.
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&1 quartz, @: plagioclase, O: K—feldspars, @: zeolites, V: amphiboles,
#: chlorite, A: smectite, A: vermiculite, ¥: 14 A intergrade,
—: mica caly minerals, X: halloysite(10 A), +: kaolin minerals
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Fig. 11 X-ray diffractograms for bulk samples of rock and soil on the tuff (point 8) and sedimentary rock (point 9)
slopes. The mineral-identification results of clay samples were described for clay minerals.
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Fig. 12 X-ray diffractograms for clay samples of rock and soil on the tuff (point 8) and sedimentary rock

(point 9) slopes.
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Fig. 13 Slope failure at point 9 (M;s, sedimentary rock). (Upper left panel) surveyed slope indicated by the blue arrow. Red
shading areas are sediment movement regions. Base-map is obtained from standard map of GSI. Contour interval is
10 m. (Upper center panel) panoramic view of the failure scar estimated to be formed on a road-cut slope. (Lower
left panel) sampled weathered muddy bedrock that fell from the slip plane. (Bottom center, A) head scar. (Right
panel, B) slip plane. Soil is exposed in the lower part of the photo and hard gravelly-sandy rock is exposed in the
upper part. The soil is estimated be the in-situ weathered materials originating from the muddy rocks. The surface
soil is transported soil. Soil samples were collected at red circles.
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Fig. 14 (Left panel) sampled dacite welded tuff (Hd) gravel at point 45 (N39.4830°, E142.0036°) in the Omoe Peninsula.
(Center panel) sampled granodiorite (g;) gravel at point 52 (N39.5104°, E142.0246°) in the Omoe Peninsula. (Right
panel) Granodiorite (g,) sampled gravel at point 20 (N39.9911°, E141.8778°) in Fudai Village.
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