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(c) The orientation of joints controls the stability of cliff faces. In this example, there are two sets of joints. These joints, together with
horizontal beds, cause the outcrop to separate into rectangular blocks.



Layers of sedimentary
rock, once buried deeply
underground, now lie
exposed on a cliff in Utah
due to erosion. We can
see evidence of erosion
continuing today. Blocks
of tan sandstone tumbled
downslope onto gray shale
during rockfalls. Water,
dropped during heavy
rains—a manifestation

1 of the hydrologic cycle—
has carved a network of
channels into the shale.
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(a) Successive rockfalls have littered the base of this sandstone cliff with boulders.
Note the talus at the base of the cliff.
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Figure 9.12  Curved failure in clays and shales in central ; ; . i )
Spain, showing the tension crack and vertical Figure 9.17  Plane failures along bedding planes on slope Figure 9.19  Planes of a wedge slide on a rocky slope in

displacement of the slope head. benches (slope height: 60 m). southern Spain.
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2: ¥ FA E (MainScarp) 12: 4} B T (Surface of Separation)

3: 14 3% (Top) 13: 75 # 4 '§ (Displaced Material)
4: 55 3 (Head) 14: T [ % (Zone of Depletion)

5: /¢ B £ (Minor Scarp) 15: [£ 2 %7 (Zone of Accumulation)
6: 7% %% (Main Body) 16: 234 (Depletion)

7: £ ¥ (Foot) 17: T [% % (Depleted Mass)
8: {3 (Tip) 18: [£ £ (Accumulation)
9: Bt 3 (Toe) 19: {i| € (Flank)

10: # ¥ 7] (Surface of Rupture)
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FIGURE 16.23 Surface features warn that a large slump is beginning to develop. Cracks that appear at the head scarp may drain water and kill trees.
Power-line poles tilt and the lines become tight. Fences, roads, and houses on the slump begin to crack.
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sagging foundation
and cracked walls

Tilted :
telephone

Tilted gravestones

(a) Soil creep causes walls to bend and crack, building foundations to
sink, trees to bend, and power poles and gravestones to tilt.
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Translational landslide

( type of

Type of Material
Type of Engineering Soils

Movement Bedrock Predominantly | Predominantly

coarse fine
Fall Rock fall Debris fall Earth fall
Topple Rock topple | Debris topple | Earth topple
Slide Rock slide Debris slide Earth slide
Spread Rock spread | Debris spread | Earth spread
Flow Rock flow Debris flow Earth flow

Debris avalanche

Lateral spread

LI EE 52 #83% (classification of landslide)

BE S
(Type of Material)
3 R
R R 1
(Type of Movement) A# (Engineering Soils)
(Bedrock) )
# R (Debris) | + g (Earth)
&%
(Falls)
e &
Topples)
=

(Translational)

b
(Slides) *F
(Rotational)

(Flows)

S smw et ch L R S AR AR 5 2008
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Deep-seated Gravitational Slope
Deformation (DSGSD)
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Table 5 Summary of the proposed new version of the Varnes classification system. The words in italics are placeholders (use only one)

I Type of movement Rock Soil

Fall 1. Rockl/ice fall® 2. Boulder/debris/silt fall®
Topple 3. Rock block topple® 5. Gravel/sand/silt topple®
4, Rock flexural topple
Slide 6. Rock rotational slide 11. Clayl/silt rotational slide
7. Rock planar slide® 12. Clayl/silt planar slide
8. Rock wedge slide® 13. Gravel/sand/debris slide®
9. Rock compound slide 14. Clay/silt compound slide

10. Rock irregular slide®

Spread 15. Rock slope spread 16. Sand/silt liquefaction spread®

17. Sensitive clay spread®

Flow 18. Rockl/ice avalanche® 19. Sand]silt/debris dry flow
20. Sand/silt/debris flowslide®
21. Sensitive clay flowslide®
22. Debris flow®
23. Mud flow®
24. Debris flood

25. Debris avalanche®

26. Earthflow
27. Peat flow
Slope deformation | 28. Mountain slope deformation | 30. Soil slope deformation
| 29. Rock slope deformation | 31. Soil creep
32. Solifluction

Hungr et al. ,2014 B ¥
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v Landslides:
- fall, topple, slide, spread, flow, slope deformation

v' Deep-seated Gravitational Slope Deformation (DSGSD)
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