
EROSION

For descriptions and background 

information, see sections 7 – 9.



MECHANICAL WEATHERING
–disintegration (when temperature changes alter rocks)
–freezing and thawing (of water in cracks)
–salt crystallization (as salt deposits expand when heated)
–pressure (from overlying rocks or glaciers)

CHEMICAL  WEATHERING
–carbonation (dissolved limestone in caves)
–hydration (water absorption, as in gypsum)
–hydrolysis (changed by acidic water, as in feldspar)
–oxidation (combination of iron with oxygen, “rusting”)

Weathering is the breaking down of the surface matter.

After the surface matter is changed, it may be eroded.
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ICE EROSION
• ice wedging—water freezing in cracks
• glacial action—compressed snow and gravity gouging

WATER EROSION
• splash erosion—raindrops striking surface
• sheet erosion—water flowing across surface
• gully erosion—water flowing along depression
• valley or stream erosion—continued passage along bed
• tsunami—massive earthquake-triggered wave

WIND EROSION
• deflation—loose particles carried away
• abrasion—particles worn away
• may leave hard rock (yardang) or volcanic joint (butte)
• deposited sand in sheets, ripples or dunes
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EROSION—by wind and water

Credits:  Peter Jones, NPS; NASA / GSFC; Jim Foster, NASA / GSFC, EPOD; E. D. Trimble, NPS; Thomas McGuire, 
EPOD; Phil Dombrowski, EPOD;  NPS; NPS;  Kimberly Benzoni, EPOD; Thomas McGuire, EPOD; Len Sharp, EPOD

cave          Mississippi delta          erosion           Devils Tower

yardang                      buttes                          sand dunes

Guadalupe Mountains         Watkins Glen   Willis Slot Canyon   Yangtze River

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



TSUNAMI

Credits:  U.S. NTHMP, NOAA (2); Earth Observatory, NASA/GSFC, EPOD (2)

before and after 2004 Southeast Asia  tsunami

tsunami waves (October, 4, 1994) tsunami waves, (December 5, 1997)
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EROSION—by glacier

Credits:  Peggy O’Neill, NASA/GSFC, EPOD; Marco Tedesco, GSFC, EPOD; NPS, USGS; Rod Benson, EPOD (2); Dorothy Hall, NASA/GSFC, EPOD

Mendenhall Glacier        Colony Glacier         glacier pushing till 

U-shaped valley     moraine dammed lake    lake with glacial silt

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



EROSION  AT  GRAND  CANYON

Credits:  NPS; NPS; E. D. McKee, USGS; R. M. Turner, USGS; Phil Dombrowski, EPOD; Martin Ruzek, USRA, EPOD; E. D. McKee, USGS; NPS; E. D. McKee USGS (2)

from aloft,   above,   after a storm,   and flowing

vista         sandstone over shale   angular unconformity

Harrington’s goat              ferns                  tracks
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Credits:  USGS; USGS; N. K. Huber, USGS; NPS; N.K. Huber, USGS (5); NPS; NPS

EROSION  AT  YOSEMITE

valley view      glacier      El Capitan      Half Dome 

exfoliation     glacial polish         erratic      glacier with moraine

from hanging valley   Lower Yosemite Falls    Bridalveil Falls
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EROSION  AT  OTHER  PARKS

Credits:  NPS: NPS; D. L. Gaskill, USGS; NPS; NPS; NPS

Great Smoky NP        Rocky Mountain NP       Grand Teton NP  

Glacier Bay NP               Glacier NP                 Acadia NP
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WIND  EROSION  AT NATIONAL PARKS

Credits: NPS; D. E. Trimble, USGS; NPS; NPS; R. B. Colton, USGS

Death Valley dunes         Badlands         hoodoos (at Bryce Canyon) 

formation of arches                                 Arches
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EROSION  AT  CAVES

Credits:  NPS; NPS; NPS; NPS; Peter Jones, NPS; NPS; NPS; Peter Jones, NPS

draperies         stalactites               stalagmite  columns columns 

boxwork          popcorn and helictite        Carlsbad Cavern
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7.  EROSION 
 
 

Erosion:  Erosion is the breaking away, transportation and depositing of parts of the crust.  It is 
influenced by precipitation, wind, temperature, the soil, vegetation ground cover, and the slope.  The 
removed matter will move downwind, downslope, or downstream (as in the Mississippi River Delta).
After surface particles are removed, left exposed is either more erodable material or resistant material 
(such as the volcanic plug at Devils Tower).   
 
 
Weathering:  The first step in erosion is the change of surface matter.  There are four types of
mechanical weathering, in which rocks are broken down:  disintegration (when temperature changes 
lead to the expansions and contractions that stress rocks), freezing and thawing (when water freezing in 
small cracks expands), salt crystallization (where deposited salts expand when heated), and pressure 
(from overlying rocks or glaciers)…Rocks can also be changed in four types of chemical weathering:  
carbonation (the dissolution of limestone in caves by the carbonic acid when rainwater combines with 
carbon dioxide), hydration (the absorption of water, as in the forming of gypsum), hydrolysis (the 
change of rock by acidic water, as in feldspar), and oxidation (the combination of iron with oxygen, 
resulting in reddish brown coloration)…Erosion takes place if wind, water or ice moves the changed 
surface matter. 
 
 
Wind erosion:  Movement of particles by wind (eolian erosion) occurs where there is little 
precipitation and sparse vegetation.  The wind can carry away loose particles (deflation) or wear away 
particles by abrasion and sandblasting.  After being transported away they sometimes leave exposed 
harder rock (yardangs) or volcanic joints (buttes).  When sand is deposited, it can form flat sheets, 
ripples, or dunes—depending on the size of the grains. 
 
 
Water erosion:  Water erosion is categorized by how the water is moving.  In splash erosion, 
raindrops strike the ground at exact spots.  In sheet erosion, water is flowing across a surface.  In gully 
erosion, the water flows along a shallow depression.  In valley or stream erosion, there is a continued 
passage of water along a bed.  In the beginning stages of this last type of erosion, the walls of the bed 
are steep, forming a V-shaped valley.  After depositing silt on its inner banks, a more mature river 
often meanders in a floodplain…The tsunami (the Japanese word for harbor wave) is a wave triggered 
by an earthquake, volcano, or landslide.  In mid-ocean the wave radiates out at 500 miles per hour, but 
it is very short.  Upon reaching shore, however, the shallow depths force up a wall of water (up to 50 
feet high on the December 2004 tsunami in Southeast Asia).  Death, destruction, and devastation can 
accompany a tsunami. 
 
 
Ice erosion:  On a small scale, “ice wedging” occurs when water freezes in cracks in rocks.  As it 
expands, the ice breaks the rocks…Glaciers form where heavy winter snowfalls do not melt in the 
summers.  Its own mass compresses the snow until it forms glacial ice.  This recrystallized snow 
moves downhill because of gravity.  Carving a U-shaped valley, the glacier gouges the slopes of the 
mountains and pushes the rocky rubble (till) in front of itself.  The deposited mixture of rocks can form 
a moraine—which may create a dam with a lake if long-term temperatures rise.  Some of these 
mountain lakes have a turquoise color due to “glacial flour” (fine silt). 
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8.  EROSION  AT  GRAND  CANYON  AND  YOSEMITE 
 
Erosion in the Grand Canyon:  On its 1450-mile course from the Rocky Mountains to the Gulf of 
California, the Colorado River winds through the 277-mile Grand Canyon.  The river, its tributaries, 
streams, and seeps all cause erosion.  Brief but sometimes violent storms with flash floods quickly
dislodge and remove vulnerable rock.  The softer rock, such as shale, erodes easily; the harder 
sandstone and limestone resist, leaving pronounced cliffs and spires.  At its greatest, its width is 18 
miles, and its vertical drop is 6,000 feet.  The difference in elevation causes diverse climate and 
vegetation.  The 7,000-foot high plateau at the North Rim, with its fifteen inches of precipitation, hosts 
forests of ponderosa pine and roads closed by winter snow.  The warmer canyon bottom receives only 
eight inches of precipitation and includes desert areas.  Beside the range of temperature and moisture, 
the amount of sunlight received by the north-facing slopes is far less than that of south-facing ones.  
Housing five of Earth’s seven life zones, it offers a range of habitats that support diverse species:  
1,500 plants, 355 birds, 47 reptiles, and 89 mammals. 
 
Layers of the Grand Canyon:  Erosion has exposed 40 layers of rock.  Each layer, colored by its 
predominant mineral, tells a story and reveals its age.  While the erosion itself has occurred in the last 
five to six million years, it has unearthed a geologic history of two billion years.  The vertical slice 
provides geologists with a timeline:  Originally there were sedimentary deposits and lava flows.  1.75 
billion years ago rising magma heated and recrystallized them to form metamorphic rock.  1.2 billion 
years ago the deposited sediments and lava were 13,000 feet thick.  1.2 million years ago layers were 
lifted, and some tilted regions are still evident in the eastern portions of the canyon. 
 
Fossils of the Grand Canyon:  Erosion has also uncovered signs of earlier life—exposed in the walls 
and in caves.  The dry climate has helped to preserve fossils.  Some remains include extinct species, 
such as Harrington’s goat; some encapsulate plant forms; some portray the tracks of ancient animals.  
Bacteria spores a billion years old have been found; 11,000 year-old hair and dung, as well. 
 
……………………………….………………………………………………………………………… 
 
The rocks and erosion of Yosemite National Park:  The Yosemite area has witnessed a long history 
of geological events.  Roughly 100 million years ago, magma intrusions formed plutonic igneous rock 
beneath the Earth’s surface.  This cooled slowly and crystallized forming granitic rock� hard, with 
coarse grains…Shifts in the continental crust caused the uplifting that left the raised Sierra Nevada 
Mountains.  When newer sedimentary deposits and occasional lava from volcanoes eroded away, the 
granite was left exposed.  The Merced River eroded its banks and meandered through a developing V-
shaped valley.  Three glaciations following the path of the Merced and gouged out a straighter U-
shaped valley…Weathering then chipped away at the exposed walls, creating the massive cliff of El 
Capitan, Half Dome, the spires, etc.  The various exposed features stem from the series of intrusions 
which formed the different units (or plutons).  The crystallizing magma from each plutonic intrusion 
had different characteristics—mineral composition, coarseness, cleavage lines, etc.  Joints in the rocks 
that had cracked in planes led to the breaking off of chunks forming the talus at the base of rockslides 
and led to the vertical face of Half Dome.  A smaller peeling away of sheets on curved surfaces 
(exfoliation) occurred as the granite expanded…Glaciers also polished rock surfaces and left the 
erratics (boulders) and moraines (rubble) that they had pushed…Erosion by water continues today.  
High, small V-shaped hanging valleys are being deepened by the rivers that follow the paths of earlier 
small glaciers.  Reaching the edge, the water descends—(up to 1430 feet at Upper Falls, the longest 
unbroken fall in the United States). 
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9.  EROSION  AT  OTHER  PARKS  
 
 
Erosion of mountains:  The older the mountain, the longer erosion has worn it down.  The Appalachian 
Mountains were formed by the collision of continental plates 200-300 million years ago.  The horizontal 
sedimentary rock layers were folded along a 2,500 mile swath from Gaspe Peninsula in Canada to 
Alabama. In the vast time since they were formed, wind, rain, and freeze/thaw cycles have softened the 
features of the Great Smoky Mountains and other sections of this chain,� one of the oldest in the 
world…The Rocky Mountains sprang from an uplift only 70 million years ago.  Since then, erosion has 
removed the topmost sedimentary rock covering the only partially eroded metamorphic and igneous
rock…The Grand Tetons were formed 6-9 million years ago.  It was then that tension along the Teton 
fault caused the east side to drop (forming the lowered valley Jackson Hole) and the west side to rise 
(forming the Teton Range).  In this relatively brief time, little erosion has occurred.   
 
Erosion by glaciers:  In Alaska, Glacier Bay was carved by a now retreating glacier.  The Little Ice Age 
began 4,000 years ago and peaked around 1750.  While it has receded to half of its 100-mile length, this 
tidewater glacier still calves icebergs…In Montana, Glacier National Park’s glaciers have gouged out 
enough rock to reveal a mile’s depth of sedimentary layers…In Maine, Acadia National Park’s lakebeds 
and a fjord were carved out during a series of Ice Ages. 
 
Erosion by wind, rain, and ice:  The beautiful effects of erosion can be seen in several other national 
parks in the United States.  The sand that makes up the dunes and ridges in California’s Death Valley 
originated in the rock of the surrounding mountains.  The bare mountain slopes are vulnerable to the flash 
floods of the occasional intense storm.  The bedrock is successively broken down into blocks, rocks, and 
finally sand-sized grains.  Winds drive the fine quartz and feldspar into ripples and dunes on the desert 
floor—the lowest and hottest place in the United States…Erosion in South Dakota’s Badlands National 
Park has exposed the layers of rock there:  white volcanic ash on top; Rocky Mountain runoff sediments 
alternating with volcanic layers in the middle; 56 million year-old Pierre Shale from an ancient seabed 
below.  The White River carved a scarp called the Wall out of the plateau.  Rain, frost, and wind have 
etched gullies, canyons, spires, knobs, and mudmounds…Utah’s Bryce Canyon National Park’s 
horizontal striping reveals the sedimentary layers of the Grand Staircase.  Here erosion has eaten into a 
plateau.  Frost wedging is the major force, as melted snow works into cracks in fins and then freezes
breaking off additional small pieces of rock.  Windows and Bryce’s distinctive hoodoos may form
later…Utah’s Arches National Park contains over 1500 arches carved by erosion.  Pressure on a weak salt 
bed caused the shifting that led to cracks in the sandstone layers above.  As water enters the fissures and 
then freezes, bits of rock are broken off—to be carried away by wind and rain.  As this process is 
repeated, the crumbling away of rock from an exposed fin produces arches, spires, and balanced rocks. 
 
Caves:  Caves are caused by either erosion or dissolution.  Streams can erode large underground 
passageways, as in Mammoth Caves National Park.  Water can dissolve and redeposit calcites to form 
caves with speleothem features, as in Jewel Cave National Park.  After absorbing carbon dioxide gas and 
becoming acidic, water dissolves the limestone.  (The limestone, in most cases, came from the remains of 
ancient sea life.)  Once exposed to air, the carbon dioxide leaves, the water evaporates, and calcites are 
deposited.  The spelothems can take many forms:  Stalactites, soda straws, and slanted draperies form 
when water drips from the “ceiling” of a cave.  Stalagmites build from the floor from a dripping 
stalactite,� sometimes uniting to form a column.  Other forms include the criss-crossed boxwork, knobby 
popcorn, and twisting helictite.  The colors of these flowstones are based on their mineral composition: 
iron causing orange; nickel, yellow; and manganese, gray. 
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