EROSION

For descriptions and background

Information, see sections 7 — 9.




Weathering is the breaking down of the surface matter.

MECHANICAL WEATHERING
—disintegration (Wn?2': 12 1'nelaidl € cnanges alter rocks)
—freezing and thawing (of water in cracks)
—salt crystallization (as salt deposits expand when heated)
—pressure (frcm overlying rocks srclaciers)

CHEMICAL WEATHERING

—carbonation (wiss.u.vea lirn2stone i cavas)
—hydration (water absorption, as in gypsum)
—hydrolvsis (changed bV asicic Wwater, as in iedspar)
—oxidation (combination of iron with oxygen, “rusting”)

After the surface matter is changed, it may be eroded.




WIND EROSION

« deflation—loose particles carried away

« abrasion—particles v /o «v /ay

 may leave hard rock (yardang) or volcanic joint (butte)
» deposited sand in sheets, ripples or dunes

WATER ERC/SICOMN

 splash erosion—raindrops striking surface

» sheet erosion—water flowing across surface

e gully erosion —nater flovirg elong Jepiession

e valley or stream erosion—continued passage along bed

ICE EROSION

* ice wedging—water freezing in cracks
e glacial action—compressed snow and gravity gouging




EROSION—by wind and water

cave Mississippi delta erosion Devils Tower

yardang hytes sand dunes
I ——

Guadalupe Mountains Watkins Glen Willis Slot Canyon Yangtze River

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



TSUNAMI

tsunami waves (October, 4, 1994) tsunami waves, (December 5, 1997)

before and after 2004 Southeast Asia tsunami

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



EROSION—Dy glacier

Mendenhall Glacier Colony Glacier glacier pushing till

U-shaped valley  moraine dammed lake lake with glacial silt

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



EROSION AT GRAND CANYON

COLORADO
RIVER
from aloft, above, after a storm, and flowing
LAYERS:
Vinie serdstcne o721 shele angular unconformity
FOSSILS:
Harrington’s goat ferns tracks

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)



EROSION AT YOSEMITE

YOSEMITE
VALLEY

valley view glacier El Capitan Half Dome

GLACIAL
ACTION

exfoliatior  (1aclil poi'sh erretic glacier with moraine

FALLS

from hanging valley Lower Yosemite Falls Bridalveil Falls

Credits: USGS; USGS; N. K. Huber, USGS; NPS; N.K. Huber, USGS (5); NPS; NPS



EROSION AT OTHER PARKS

Great Smoky MNF Roclky [Mountain NFE Grand Teton NP

Glacier Bay NP Glacier NP Acadia NP

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



WIND EROSION AT NATIONAL PARKS

Death Valley dunes sadlands NOOUOOS (at Bryce Canyon)

formation of arches Arches

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



EROSION AT CAVES

draperies stalactites stalagmite columns columns

boxwork popcorn and helictite Carlsbad Cavern

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



7. EROSION

Erosion: Erosion is the breaking away, transportation degositing of parts of the crust. it
influenced by precipitation, wind, temperature, sudl, vegetation ground cover, and the slofée
removed matter will move downwind, downslope, owdstream (as in the Mississippi River Delta).
After surface particles are removed, left exposedither more erodable material or resistant na
(such as the voleanic plug at Devils Tower)

Weathering: The  ‘rst .l 1 e isl niis¢ «ch nge of st face mi ter. There are four typ
mechanical 22t~ "iin  )n whici rc ks e k oke 1 dowrdisi toorotion ~rhen temperature char
lead to the expansions and contractions that stoeks), freezing and thawing (when water freezin
small cracks expands), salt crystallization (wheepasited salts expand when heated), and pre
(from overlying rocks or glaciers)Rocks can also be changed in four typeshamical weatherig:
carbonation (the dissolution of limestone in cavgshe carbonic acid when rainwater combingth
carbon dioxide), hydration (the absorption of waees in the forming of gypsum), hydrolysis |
change of rock by acidic water, as in feldspar)] eridation (the combination dfon with oxyger
resulting in reddish brown coloration)...Erosion talgace fi wind, water or ice moves the chan
surfae e ter.

Win. erosi_n:  Move » 2nt of particles by wind (eolie 1 erosioq, ~urs v .ere there is lit
orecipitation and sparse vegetaton. The windazarny away loose particles (deflation) oraveawa
particles by abrasion and sandblasting. After ¢péransported away they sometimeave expose
harder rock (yardangs) or volcanic joints (butte¥yhen sand is deposited, it can form flat sh
ripples, or dunes—depending on the size of thengrai

Water erosion: Water erosion is categorized by how the water isiingp In splash erosic
rain¢ pntrike v pround et sedsshert e osic ot i flowiry acre s aamaf In gull
eros nthe vsat r flows ilol J a shallo ' depr ssic 1.  eyabr stre 1m ¢ ' sion the. » is a contir
pass oo wat =o'nrgyak Johithe Lagin e af - CillUtyp of arcsic |, the valls of liee
are | eep, form 1g a ‘-she jed valley. " \f r dej xpis t on its inr »r ban s a mc e mature r
ofter. meanders .n a flocdp...i. 0 Sunan.. (the Jeparcco ol d for..arboi .vava) ave triggere
by an earthquake, volcano, or landslide. In midamcthe waveadiates out at 500 v .es per hour,
it is very short. Upon reaching shore, however, the slvallepths force up a wall of water (up tc
feet high on the December 2004 tsunami in South&sisf). Death, destruction, and devastatior
accompany a tsunami.

ce arosinn: Or ‘asmeli ccale, icawedaing” cocurs wi e v a 2r reezes in cracks ) ksocAs i
expands, the ice breaks the rocks...Glaciers formrevheavy winter snowfalls do not melt in
summers. Its own mass compresses the snow urtlnts glacial ice. Thisecrystallized sno
moves downhill because of gravity. Carving a Upglthvalley, the glaciegouges the slopes of 1
mountains and pushes the rocky rubble (till) imfrof itself. The deposited mixture of rocks ¢arm
a moraine—which may create a dam with a lake ifglterm temperatures rise. Some bédt
mountain lakes have a turquoise color due to “gldtur” (fine silt).



8. EROSION AT GRAND CANYON AND YOSEMITE

Erosion in the Grand Canyon: On its 1450mile course from the Rocky Mountains to the Gu
California, the Colorado River winds through ther 27ile Grand Canyon.The river, its tributarie
streams, and seeps all cause erosion. Brief buetimes violent storms with flash floods quick
dislodge and remove vulnerable rock. The softek,resuch as shale, erodes easily; the h
sandstone and limestone resist, leaving pronounkifsl and spires. At its greatests width is 1¢
miles, and its_vertical drop is 6,000 feet, Théedence in elevation causes diverse climate
vegetation. | he 7,200-fo’ t vigh : eau @ etl Bim, ith :s fifteer inches of precipitatiohpst:
forests of po. *~rosa pir : ai 1 roe I¢ clos :¢ by &m@wv Tt > warme canvon bottom receival
eight inches of pre ‘pit’ ‘=2 di clt e, d sm s Beside the ran¢ 2 of temperature and mojsture
the amount >f sur’ gh' receivi 11 y thi - nol h-fi Stlmpes is ar less an that of sofdhing ones
Housing five of Earth’'s seven life zones, it offersange of habitats that support diverse spe
1,500 plants, 355 birds, 47 reptiles, and 89 maramal

Layers of the Grand Canyon: Erosion has exposed 40 layers of rodkach layer, colored by
predominant mineral, tells a story and revealagts. While the erosion itself has occurred inlést
five to six million years, it has unearthed a geatohistory of two billion years. The vertical cd
provides geolgists with a timeline: Originally there were sedimtary deposits and lava flows. 1
Jllior 'yea. nagc ‘sing 1 ag 1a heate ! and / :ciystal then « wonin @ hic oen 1.2 Dill
yee s ago th di ousitec sec ments an ' la’ a wed@@ et ick. 1.2 illion ye s 1go lay rs wi
lifte 1, and sc 1e lltec re ion are still evi anthe eastern ...c...'0i he cany n.

Fossils ui the Giand Caiyoil. erusion has also uncovereu signs of eanicr Iggpeosed in the wal
«nd in caves. The dry climate has helped to presissils. Some remains include extinct spec
such as Harrington’s goat; some encapsulate plantsf someportray the tracks of ancient anim
Bacteria spores a billion years old have been fpliigd00 year-old hair and dung, as well.

The »22'2and e22i22 of Yozo—*~ National ParkThe M ana? te-area has wit~e sed a long hi

of ge Hlogice ev ntsRo ghl 100 millic 1 year ag , m gma intrt siong 1 @ pl oni igneous ro
bene 'th th Ee '~ ~fac - TIZ coc od /.owk ety _2i__ fo. nir y ¢ ;ar .ic ro khard, witt
coar 2 grains.S iifts 1. the ontinental ¢ u/ . cau: 2d e uplfttha I it tt or ised { ierra Neva
Mou..tains. Wt.2n newor scZincilary deosits eadsi_ i frol. volce...oes e yded away,
granite was left exposed. The Merced River eratiellanks and meandered throur,n a developing V-
shaped valley. Three glaciations following thehpaf the Merced and gouged out a straighter U
shaped valley...Weathering then chipped away at xpesed wallscreating the massive cliff of
Capitan, Half Dome, the spires, etc. The varioysosed features stem from the seriesnarfusion:
which formed the different units;(or p!utons). Temystallizing magma from ehglutonic intrusio
“acd differel t char-ct2istics —mineial cam oS v seness, ¢ 2ay ale 'nes eins in the rec!
hat had ~razcedin Dlases Led t¢ e bre al ingb&hunk s orniir g fae tai s ai the has 2aufkslice
and led to the vertical face of Half DomeA smaller peeling away of sheets on curved sur
(exfoliation) occurred as the granite expandéglaciers also polished rock surfaces and thé
erratics (boulders) and moraines (rubble) that thag pushed...Erosion by water congsutoday
High, small V-shaped hanging valleys are being deeg by the rivers that follow the pattfsearlie
small glaciers. Reaching the edge, the water delsegup to 1430 feet at Upper Falls, the lon
unbroken fall in the United States).




9. EROSION AT OTHER PARKS

Erosion of mountains: The older the mountain, the longer erosion hasnitalown. The Appalachit
Mountains were formed by the collision of contirerdlates 2000 million years ago. The horizor
sedimentary rock layers were folded along a 2,50@ iswath from Gaspe Peninsula Canada t
Alabama. In the vast time since they were formeddwrain, and freeze/thaw cycles have softene
features of the Great Smoky Mountains and otheticsex of this chain, one of the oldest in tl
world...The R ,cKy i 'ounta i spra \ from /s uj mmn. mi onyear ago. Since thegrosion he
removed the ~omost se im ntary 1 ck ro 2rit ) thig ar ally erol 2d_metamorphiand igneor
rock...The Grand 1 ons = forr ec 6- r illic ycars at was the 1 thatension along the Tet
fault caused” e ear . ' e to ¢ 2op [for " .ng hec e valley lackson Hole) and the weisle to ris
(forming the Teton Range). In this relatively biene, little erosion has occurred.

Erosion by glaciers: In Alaska, Glacier Bayvas carved by a now retreating glacier. The Littke Age
began 4,000 years ago and peaked around 1750.e Whihs receded to half of its 100-mile lendtts
tidewater glacier still calves iceberg$n..Montana, Glacier National Park’s glaciers have goligu
enough rock to reveal a mile’s depithsedimentary layers...In Maine, Acadia NationatkPalakebed
and a fjord were carved out during a series ofAges.

srosi nbyw d, a ._an _icc The bec tif | effects of er sion car oe seer irel Il othe' ationa
dark: in the Lite 1 S ate . he sand th . maketheiglune =2 id es in Ce fo .[Zl «n Valle
wigine ted in * .e ri ck o1 't 2 st rounding i untaifie bare 1ountain . 'opes 2 2 vi tde to the flas
. 20ds 01 uie occasional iniense scuim. Tre bédiwsuccessivelproken uowii into wiocks, rucks, &
firally sandsized grains. Winds drive the fine quartz anddpéd into ripples and dunes on the d«
floor—the lowest and hottest place in the Unitedt&..Erosion in South Dakota’Badlands Nation.
Park has exposed the layers of rock there: whiteanic ash on togRocky Mountain runoff sedimer
alternating with volcanic layers in the middle; B#illion year-old Pierre Shalfom an ancient seab
below. The White River carved a scarp called thell\WWut of the plateau.Rain, frost, and wind ha
etched gullies, canyons, spires, knobs, and muddwsoudtah’s Bryce Canyon National Parl
horizo~ta! =tripine =~vnals tha sadimeptary layw™ths Grond Staircase. Mere esorion has eaterse
platea . Fro t v :dging s tl 2 major f -ce, a ed tno ' works il 0 er «: in ' as . nd then free:

breaki o _off 3do ion-loma 5 of rock W b ‘“Tuyce ;s ¢ stioctii 2 ho doasay form
later... tah’s Arcl 2s N¢ tiona Park contaii 5/ ver 1 0@ sccarved by € osic 1/ Pres< ure on a wee
bed ci.used the <hifting vhat Lot iacks o Hrastine oo ihove. As w_er en' irs the fissam

then freezes, bits of rock are broken of6—be carried away by wind and rain. / As this pssce
repeated, the crumbling away of rock from an exgdseproduces arches, spires, and balanced rocks.

Caves Caves are caused by either erosion or dissoluti®Gtreams can erode large umpieunc
passageways, as in Mammoth Caves Mational ParkterVéan dissolve and redeposit calcites to
ceves with spelzathizn Tedvurss, i san Jewve ‘Crue N arar<. » ftr e bf Orking carvoi Gioxid: gar
becorning zcidic, raer disstives nalinel tc (B e Imesioi e, 1 Mo st caes came. fron the res @
ancient sea life.) Once exposed to air, the carhoxide leaves, the watewvaporates, and calcites
deposited. The spelothems can take many formalacdites, soda straws, and slantecbdries forn
when water drips from the “ceiling” of a cave. [8tgites build from the floor from a drippi
stalactite, sometimes uniting to form a column. Other forndude the crissrossed boxwork, knobl
popcorn, and twisting helictite. The colors ofd@8owstones are based on their mineral compos
iron causing orange; nickel, yellow; and mangangssy.



