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Geological and Geomorphological Background of the Uguhara Landslide in the 2011 Kii Disaster
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Synopsis

Typhoon Talas induced the deep-seated catastrophic landslides (DCL) in the Kii
Mountains between 2 and 5 September 2011. The Uguhara landslide is one of the DCLs
that occurred on the W-facing slope called Nigoridani with a first-order Kumano River.
This area is underlain by the Cretaceous accretionary complex, consisting of mixed rock
and broken formation. This landslide debris that rushed into the swollen Kumano River
caused a hydraulic bore to propagate upstream and destroyed a hydropower station and a
house 1 km upstream. This study investigated the geological and geomorphological causes
of the Uguhara landslide by detailed geological mapping and GIS analysis using 1m
DEMSs before and after the landslide. As a result, the landslide had sliding surfaces with
wedge-shaped discontinuities that consisted of NW-dipping faults with incohesive fault
rocks and cataclasite, SW-dipping faults. Newly formed scarps observed above the main
scarps suggest the occurrence of landslides by heavy rain or earthquakes in the near future.
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Fig. 1 Location map of the study area. The black rectangle outline in the right figure shows the study
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Fig. 2 Bird’s-eye view of the Uguhara

landslide. View to the east.
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Fig. 4 Elevation change before and after the Uguhara landslide in 2011. The blue areas indicate
erosion, and red areas indicate deposition. The elevation changes were calculated using DEMs.
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Fig. 5 Photographs of trees damaged by blasts and surges of the 2011 Uguhara landslide. (a,b) Trees
damaged by blasts. (c) Washed area by surges on the other side of the Kumano River.
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Fig. 6 Photographs of the bridge damaged by
surges of the 2011 Uguhara landslide. (a) A
scratched pier. (b) Damaged fences.
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Landside Table 1 List of main faults in the study area.
(:,; Strike Dip Maximum thickness(cm) Note
g F1 N60° E | 36° NW 110 fault group, black gouge
=g F2 N63° E | 41° NW 50 black gouge?
= F3 N75° E | 53° NW 200 black gouge
g F4 N42° E | 51° NW 85 fault group, black gouge
w 1 N63° E | 59° NW 40 cataclasite
. 2 N23° E | 72° NW 90 cataclasite
0 Horizontal distance (m) 2100 m 3 N45° E | 65 NW 80 cataclasite
1000 4 N13° E 57° W 20 cataclasite
" 5 N89” E 63° N 30 cataclasite
- Landslide 6 N3* W 85" E 10 cataclasite
»
£ Ry A, KRR S, WiEs o2, Fig9
5 | CEmETICE R, BN O AL
o s
> | L) =
8 36° 205537 AL, % OWIE O R K IEL50cm”>
0 H2mTdHh 5. Fl & FAILEREEBIZEN S, FFmO

0 ) . 2500 m
Horizontal distance (m)

Fig. 8 Geological cross-sections along the lines

shown in Figure 7. The legend is the same as

in Fig. 7.
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Fig. 9 Photographs of the main faults in the
study area. The F1—F4 faults have incohesive
fault rocks, and the fl — f6 faults have
cataclasite. The length of the scale bar is 1 m,
with the exception that in the F4 photograph is
0.75 m.
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Fig. 10 Photographs of the outcrop of the F3
fault. (a) Outcrop of the F3 fault. White arrows
show slip direction estimated from composite
planar fabrics of P foliations, Y shears, and
Riedel (R1) shears. (b) White arrows show slip
direction estimated from composite planar
fabrics. Note that the slip direction is inverted.
(c) Black clayey materials with fine pebbles are
distributed along the Y shears.
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Fig. 12 Longitudinal profiles of the Kumano River and its tributaries above the Totsukawa hot spring.
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Fig. 13 Dimensionless hypsometric curves of the upper Kumano River basin and its tributary basins. A

numerical value in these graphs shows the integral of the curves.
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Fig. 14 Slope map above the head cliff of the
Uguhara landslide. The red dashed line shows
the potential failure risk area.
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Fig. 15 Photographs of scarps formed above the Uguhara landslide. (P1) View to the north. (P2) View
to the north. (P3) View to the south.
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Fig. 16 Photographs of the head cliff taken by drone. (a) View to the north. (b) View to the southeast.
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Table 2 List of minerals in gouge of F1—F4 faults detected by X-ray diffraction analysis in the study

area.
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F1 + ++ ++ + +
F2 + + ++ ++ +
F3 + ++ ++ +
F3’ + + + + ++ +
F4 ++ ++ ++ ++ + +
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Y—P structure observed along the shear plane.

Fig. 17 Photographs of the shear plane. (a) Shear plane. (b) Slickenlines observed on the shear plane. (c)
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Fig.18 Stereographic projection showing the
great circles of faults and shear planes. The
solid black line is the great circle of the slope,
the red line is the F2 fault, the blue line is the
f4 fault, and the green dashed lines are shear
planes. The dashed-dotted line is the friction
angle (®) circle. The blue shaded area shows
the potential wedge failure area. Lower-
hemispheric equal-angle projections.
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