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Introduction

1. Geologic erosion processes are natural

2. Including slow but persistent processes of water and wind erosion

3. Excluding accelerated erosion resulting from human

3-1 The great leveler

1. Erosion is the “great leveler”

2. Geologic erosion is very old and persistent

3. Earth’s landscapes are shaped by geologic forces: erosion and sedimentation

4. Sedimentary deposit depends on: materials, transporting agent, environment of 
deposition

3-2 Rock types

1. Three types: igneous, sedimentary, metamorphic rocks (note 3-1)

2. Igneous rocks
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3. Sedimentary rocks


(1) sandstone: cemented sandy alluvium


(2) shale: clayey material


(3) limestone: calcium carbonate

4. Depends on transporting agent and grain size


(1) alluvium: deposited by water


(2) colluvium: moved downslope by gravity


(3) glacial till: deposited by glaciers


(4) loess: silty material deposited by wind

5. Metamorphic rocks


(1) marble: metamorphosed limestone


(2) slate: metamorphosed shale


(3) quartzite: metamorphosed sandstone with a high quartz content


(4) schist: low-grade metamorphic rock high in small flakes of mica


(5) gneiss: high-grade metamorphic rock with elongated grains and a general 
banded appearance

3-3 Processes that elevate land

1. Deposition


(1) erosion on high points and deposition in low areas


(2) removed by young and actively eroding streams to form alluvial fan (fig. 3-1)

2. Lava flows


(1) molten flowing out to increase elevation, Columbia River Basalt (fig. 3-2)


(2) undersea lava flows, Hawaiian Island

3. Uplift


(1) slow and persistent uplift


(2) uplift is an expression of isostasy (pressure)


(3) density influence elevations (fig. 3-3)



a. basalt in ocean basins: 3.0g/ cm3



b. granite in mountain ranges: 2.7 g/ cm3


(4) disasters in mountains: earthquake, avalanche, landslides, volcanic eruptions, 
glaciations, floods


(5) increasing hazard: road building, tunneling, mining, logging


(6) plate tectonics: Himalayan M. (8846 m)

3-4 Landscape development

1. Shaping landscapes: erosion, deposition, lava flows, uplift

2. Pediments: erosional surfaces resembling alluvial fans (fig. 3-4) (footslope fig. 3-8)

3. Geomorphology: the study of the Earth’s surface forms, and of the processes that 
shape them

4. Uniformitarianism: geomorphic principles, the present is the key to the past


James Hutton, 1795, Theory of the Earth

5. Structure, process, climate, and stage


geographical cycle (Davis, W.M., 1890s)


(1) structure: physical nature and arrangement of the rocks in the landscape


(2) process: acting agents


(3) climate: arid, humid, cold,…(fig. 3-5)


(4) stage: youth, maturity, old age


(5) multiple cycles: landscape development is interrupted by environmental 
change (fig. 3-6)


(6) buried landscapes: lower areas are covered by sediment and lava flows 
(sandwiched)

6. Stream systems


(1) closed vs. open drainage systems


(2) consequent (original) vs. subsequent (later) streams


(3) secondary consequent (same direction) vs. obsequent (opposite direction) 
streams


(4) stream system types:



a. trellis: rectangular streams at right angles



b. dendritic: any direction like a tree (fig. 3-7)



c. radial: based on a dome



d. complex: trellis, dendritic, radial


(5) stream order: first, second, third, …

7. Development of valleys


(1) stream erosion produces valleys


(2) stream forms valley procedures:



a. erodes toward a base level



b. erodes to lengthen the valley



c. tributaries to produce small valley


(3) shift valley location with time

8. Mass wasting


(1) gravity moves soil or rock downslope


(2) landslide and mudflow: rapid and dramatic


(3) soil creep or solifluction: slow movement


(4) saturated soil with steep slope


(5) two theories: downwearing and backwearing

9. Downsearing


(1) W.M. Davis developed this theory in 1890s


(2) geomorphic cycle from youth to old


(3) if landscape remained stable long enough, slope would be gentle called a 
peneplain


(4) some argue that present-day landscapes are not old enough to called 
peneplains

10. Backwearing parallel retreat of slopes)


(1) Walther Penck developed this theory in 1927


(2) valley develops two kinds of slopes: (fig. 3-8)



a. backslope: steep, the valley wall



b. footslope: flatter, between backslope and 
bottomland along the stream


(3) downwearing (peneplain) vs. backwearing (pediment)


(4) humid fit downwearing, arid fit backwearing

11. Soils on eroding landscapes


(1) downwearing: soils on hilltops eroded should be younger and less developed 
than in lower areas


(2) backwearing: soils on hilltops are stronger development, backslope soils are 
shallowest and least-developed


(3) chemical erosion vs. physical erosion due to humid or not

3-5 Sedimentary landforms

1. Water deposits


(1) alluvium: deposits left by flowing water



a. floodplains: flatter, fertile, permeable



b. terraces: higher plain



c. alluvial fans (or cones): gradient decreases and the texture becomes finer 
with distance



d. piedmont: plain at the base of ranges



e. deltas: fertile soil, finer-texture



f. peat bogs: lakes and ponds with organics


(2) Bottom deposits



a. lacustrine deposits: lake-laid clays, texture depends on high runoff, cold, 
or dry season 
(fig. 3-9)



b. limestone: calcium carbonate



c. evaporite deposits: warm, dry climate

2. Wind deposits


(1) aeolian sand: thinner, smoother deposit


(2) loess: silt-size particles (fig. 3-10)



a. thinner with increasing distance



b. clay increases with distance



c. calcium carbonate decreases with distance from the source


(3) windblown clay: downwind side


(4) volcanic ash: Mount St. Helens in 1980

3-6 Mass movement deposits

1. Types: landslide, soil slip, solifluction, …

2. Produce accumulations of soil and rock materials in footslope

3. Colluvium: unsorted materials

3-7 Glacial landscapes

1. Agent: glaciers, produce dramatic effects on landscapes

2. Examples: Norway, Greenland, Canada, US

3. Terminal moraines: stones on ice margins

4. Ground moraines: till plain

3-8 Rate of geologic erosion

1. Carbon-14 dating: 0.01-1.3 tons/ac of geologic erosion per year and 9 tons/ac of 
accelerated erosion (Ruhe, 1969)

2. Cosmic rays: 0.08-0.81 tons/ac (Bierman et al., 2001)

3. Typical geologic erosion rate: 0.5 tons/ac-yr

4. Channeled scablands: fig. 3-11

Summary

1. Erosion is the great leveler

2. Opposing forces: deposition, lava flow, uplift

3. Uniformitarianism: present is the key to past

4. Effects of structure, process, and stage on landscape

5. Downwearing (peneplain) and backwearing (pediment)

6. Alluvium and colluvium

7. Geologic erosion rate: 0.5 tons/ ac-yr

