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Background

Keefer 1984

Meunier et al. 2007



2001 M8.4 Southern Peru Earthquake

Wartman et al. 2003

"The types of landslides and types of materials that produced 
landslides in this earthquake are similar to those of the vast 
majority of other earthquakes worldwide (Keefer 1984). 
However, two observations stand out as differing from the 
general pattern observed in other earthquakes:

• "First, the lack of large landslides throughout most of the 
region ... is unusual for an earthquake of this magnitude that 
affects a region where steep slopes are so prevalent."

• "Second, the widespread collapse of quebrada banks in the 
area ... is unusual in its severity."

• Why? Extremely dry conditions, and  Anomalously low 
seismic shaking



2007 M8 Pisco Peru Earthquake
Journal paper highlights extremely large, lateral spreads and poor 
performance of cut slopes along roads.

• Three landslide settings

1. Paracas Peninsula: young marine sedimentary rocks, massive 
coastal losses
2. Coastal Plains: dominant ground failures were liquefaction and lateral 
spreading
3. Andes Mountains: Range of landslide types

• Significant large failures along the coast and comparatively few failures 
inland

• Inverse relationship found between PGA and landslide intensity in parts 
of the Andes Mountains

• Role of subduction ground motion 

- Local levels of high-intensity shaking cause coastal failures in soft 
marine rocks. (Paracas)

- Long durations promote coalescence of failures into large mass 
movements, especially in areas where landslide failures can grow 
unconstrained. (Coastal Plains)

- Relatively modest inland PGAs. (Andes)
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2011 M9.1 Tohoku Earthquake

• Most landslides occurred in younger geological units. 

• Disrupted landslides in Neogene sedimentary units were common

• Landslide erosion was primarily driven by lateral spreading in Quaternary 
sediments

• Overall, Neogene rock and Quaternary units dominated the landslide 
inventory



2011 M9.1 Tohoku Earthquake

• Lack of Correlation Between Landslide Intensity and Ground Motion: 
Found no correlation between landslide intensity and PGA. 

Other factors, such as the geologic unit, might have exerted a stronger 
influence on landsliding than ground shaking intensity. 

• Unexpected Landslide Distribution: Despite experiencing high ground 
motions and having rugged terrain, the Kitakami and Abukuma
Mountains had surprisingly few landslides. Conversely, the low-relief 
plain regions experienced a higher-than-expected level of landslide 
erosion.



Implications for Landslide Forecasting in Cascadia

1. Dominance of Young Geological Units

80% of landslides occurred in Quaternary sediments and Neogene sedimentary rocks, despite older pre-Neogene units' 
widespread presence.

Implication: PNW forecasting should prioritize mapping weaker/younger geological units as primary indicators of landslide 
susceptibility during subduction earthquakes.

2. Geological Controls May Outweigh Ground Motion

No statistically significant correlation between PGA and landslide concentration suggests geology is more important than 
shaking intensity as a predictive factor.

Implication: PNW forecasting should fully integrate geologic material and age, terrain factors, groundwater conditions, and 
anthropogenic modifications in addition to ground motion.  

3. Lateral Spreading as a Dominant Coseismic Secondary Subduction Ground Failure Process

Lateral spreading, though fewer in number than disrupted landslides, accounted for ~90% of total debris mobilization and 
erosion in Japan.

Implication: PNW forecasting should emphasize lateral spreading hazards, particularly in low-relief/reclaimed areas like the 
Seattle waterfront, Portland river margins, and Columbia River basin.
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