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INTRODUCTION TO GEOLOGY TRANSPARENCIES

CONTENT: This is one of a series of transparenitidbe €iences designed to aid teachers in gi

4-8. The visuals and supporting information carubed as a stand-alone curriculum or to illustrate
concepts introduced in textbooks and lectures. déseriptions and images are of the structurdne
Earth and the processes by which it chandd® overheads progress from the more basic pregig
increasingly complex concepts and theories. Eade pfinformation corresponds to one of
overheads:

1. The three layers of the Earimic.ma'2-up of the ¢ usi, nantle aia core

2. The three types of rockshe natar: of 13n 20 's, se dimen anza d metamorplok

3. Tectonic plates and Pangadhe origin and movement of tectonic plates
4. Volcanoes the lava and other emissions of the four tydestzanoes
5. Earthquakesthe cau ‘es, Icciticne, ¢ nd effe (s of eartl 22k s

6. Mountain-building and paleontologyhe formation of mountains and the study of ealtlfe

7. Erosion: how the Earth’s crust is broken down and transgor

8. Erosion at Grand Car yuiar u 1 OS€E e [ )rOCf 3¢ es vl ercsiol. at’ wa national parks

9. Erosion at other park: he prccesces af.2rosin at va ieve ot -er | Atpa &s

10. Two hotspots: Hawaii and Yellowstontite volcanoes and geothermal features of thespark

SOURCES: While some of the images were createdcedly for this packet, most came from
internet. Almost all of the latter are inetlpublic domain. For the others, permission wagivec
from the photographer, artist, or agency. Crexdgiven along with the picture itself, and the iines
addresses on the back pages list the locatiortseahtages and the information used iagaring thi
packet. (Especially helpful were the websiteshaf National Park Services (NPS) and the Ui
States Geaolngical Survey (USGS).)

USE: There is a coliection or images on eacn parency. [his arrangement ailows related topi
be cawveniently grouped and allows costs to be minimizgsl simple way to display only a few of 1
images at a time is to cover the other images wisiheet of paper.) The descriptions are inteno
assist teachers in presenting information...Thisnge d the ten sets in the science transpar
series,—Animals, Astronomy, Ecology, Energy Resources, Ggpl Human Body, Matte
Oceanography, Weather, and Work, Force, and Motibhese and other offerings can be viewe
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. THE THREE LAYERS OF THE EARTH

Crust, mantle and core (two views)
Credit: US Geological Survey; US Geological Survey/National Park Service

Crust: exposed; topsoil of crust, lichens creating soll
Credits: Vanessa Roberts, EPOD; Martin Ruzek, USRA, EPOD; Chris Anderson, EPOD

Mantle exposed; lava tube exposed; skylight
Credits: Chris Haley, Virginia Wesleyan College, EPOD; USGS Hawaiian Volcano Observatory, EPOD; J. Kauahikaua, USGS, HVO



1. THE THREE LAYERS OF THE EARTH

Background: When it was first formed five billion years agogtkarth was extremely hot. 1
heavier matter, such as iron, sank to the centhilewhe lighter silicates stayed nearer the s
Given its intensely hot beginnings, the continulmept, pressure, and radioactive dedhg Eartl
remains relatively hot today. This heat energyl$eto the dynamic nature of our plangiewering
volcanoes, earthquakes, and shifting of the tectplates..While thedirect study of the Earth’s cr
IS possible, a variety of methods have been usedette a model of what the interior is likisaac
Newton’s work on gravity and planetary forggevided early indications that the center of tlaetk i
denser thants outer layer. Observations of surface rocks mmntkerals, along with experiments
them at various temperatur::s and pi12sst ‘€s, :U§ yem O the (naracteristics of subsurface m
Volcanoes and properties o1 r.aat fow provid: ad !#-Gat, as o principles the magnetism at
inertia of the spinning of the S2-.h Much iniuia comes fram ~2arthquake3he speed and nat
of their waves vary as they travel through difféersnbstances The waves slow down when pas:
through liquids, and that will affect both theiresgal and direction. Data can thus revitéerences i
density—indicating which regions are solid and vihace liquid.

The Crust: The Ear.n 5 cover:1 by a thin, vritt'2, solidd 1y 1nis cruct & ccounts for only 1 %tb€
Earth’s volume, a1d eat | he (cean, it 1ay be a ~tin as fi’e «wismet Underneath t
continents, it avere ges 2tout 30 i.lo.aztars, yapproack.es 10u-“iomcters beneath the Himalayas
and Sierra NevadasMinerals, rocks and organic remains from plants andnals are therust's
ingredients. At the surface, weathering brethlesn down into soil. This is accomplished by cloat
reactions (such as oxidation as in the rusting@f)i mechanical actionsuch as water freezing
cracks of rocks), and biological means (such dsehs breaking rocks down)ariations in rainfa

and temperature ultim wery d :endin : e ype dE dc anu ir su.hdir eise regions as rainfore:
deserts, and grassland

The Mantle: 84 % of the Earth’s volume is the mantle. Thpergortior: of it is solid, and, todwes
with the crust, makes up the lithosphere. Its khstabs, the tectonic plateSfloat” atop the
aethenosphere.The plates move, and the boundaries between thenthar breeding grounds
earthquakes and volcanoe3$he next sectiordown is hotter and more compressed. It is fle
enough to be plastic enough so as to folaétsttr, and bend without fracturing. The mantle iscr
denser than the crust, being composed largelyoof imagnesium and siliconln(rare cases, such
in the Tablelands of Newfoundland, the mantle sble at the surface as a resulttioé¢ collision o
plates. The barren rock supports little plant, Iggcher plants do, however, survive there as théy
on insects for nutrients.)Lava, which is molten rock or magma which has heacthe surface, ¢
visual cues as to what lies beneath.

The Corerhe innar-15 %o of the Larth s ain extiemey @ame o7 1rGil, oxygen,-sulfur-and nicl
The outer layer idiquid, and yet the innermost section is solid. isTis due to the extremely hi
pressure which keeps the metallic iron-nickel allogm becoming a liquid, even though
temperatures are extremely high. (This is akitheopressure cooker: If thegssure builds enouc
water will not boil, even whethe temperature is above the boiling point. Timgswater temperatL
rises, but it remains in the liquid state. Simylathe Earth’s core’s temperature rises beyonc
rocks’ melting point, buttiremains a solid because of the tremendous pe$sdihe nature of tl
iron-nickel alloy, along with the high pressuregates a density there five times greater thanupeait
the rocks near the Earth’s surface.



2. THE THREE TYPES OF ROCKS
IGNEOUS

Intrusive: formed below
surface (granite)

Extrusive: cooled at
surface (basalt)

Granite; Half Dome; pahoehoe; obsidian; obsidian cliffs, basaltic columns
Credits: USGS; USGS, NPS; J.D. Griggs USGS; USGS; Tom McGuire, EPOD; NPS

SEDIMENTARY

Biologic: organic
(limestone)

Clastic: from rocks
(sandstone)

Chemical: dissolved
minerals (calcite)

Calcite; White Cliffs of Dover; Guadalupe Mountains; sandstone, conglomerates; cave
Credits: USGS, NPS; Dover District Council; NPS; USGS, NPS; USGS, NPS; Steve Summer, EPOD

METAMORPHIC

Foliatea. shcets or
plates (gneiss, mica)

Non-foliated (marble)

Migmatite with folds; recrystallized rock; gneiss; biotite and muscovite micas; marble Lincoln Memorial
Credits: Eric Cohen, EPOD; Bill Burton, USGS, EPOD; NPS, USGS; NPS, USGS; NPS



2. THE THREE TYPES OF ROCKS

There are three types of rocks—igneous, sedimendéay metamorphic. The classificationbigse:
on how the rocks were formed.

lgneous rock: Igneous rocks form from the material liquefied the heat below the Earth&sust
There the temperature and pressure create magmalfen rock. The heat and pressure pash th
magma higher either in flows or in quicker expl@sithrusts. Igneous rocks that cool and har
deeper below the surface are called intrusive wiopic igneous. These grainy rocks inclgtanite
or andesite porphyry. Yosemite’s prominent Halfini®ois quartz monozonite, a granibemed fron
igneous rock. Some intrusions of igneous rock féwkes,” channels withidayers of sedimenta
rock...Extrusive igneous rockz cool ¢ ar rzarda #€ ce, ' it lavi having finer, smaller crystassir
pahoehoe (a basaltic lava). Obs|di<ai, «rvo.2gfie, Is fin 2 anc smooth. Basalt, as it coglsinks
and develops contraction cracks. A aqistinctivetgrat occurs wnerhexagonal cracks exte
downward. Tl resulting columns become visible when surroundirgas are eroded away. (De
Postpile and Devils Tower show this phenomenon dtaally.)...In the fastest cooling lava, sn
gas-filled holes (vesicles) are trapped in soligifypumice...Volcanic eruptions cgmopel a mixtur
of ash, volcanic rock and.minerals callad tuff.

Sedimentary rock: © When matte: a :cumuli tes in larers, 1ets' ccmp'esged hardensit is
sedimentary...Biolog.c sedimentary rocks are from dieeayed remains of plants and animals. The
floors of ancient oceans and lakes would be coveved timewith layer after layer of the remains
the organisms that lived there. The Guadalupe Nouos of Terms contain limestone from i
remnants of invertebrate animals that once builtcopal reefs. Another example of biolo
sedimentary rock is ¢zal, waich farme frome cdecayzd compraosed plant matte€lastic
sedimentary rocks are "arm2d afte; raele ghd nig ex = krol er 1o vn hghemical weathering
chemical change in the rock) orexheical wezthe in'1 (a broaking dcwn of the rogkwater o
temperature). The resulting pieces range in size from clay, sitnd, peobles, cobbles to boulc
These pieces may be transported and depositedvitying areas, covered over, and contgdcintc
rock. Sandstone is made from sand; shale is cosdpo®stly of clay; conglomerates are mixe
sizes...Chemical sedimentary rocks start with thesadigion of underground mineralgspeciall
calcite. Rainwater that has absorbed carbon deokidcomes carbonic acid which dises an
transports the calcite. The calcite is later dgpdswhen the carbon dioxide exigd the wate
evaporates in an open area. Deposited mineralaimemThese are found in caves where w
dripping from a ceiling leaves stalactites handirogn the ceiling and creates stalagmites bogdug
from the ground.

Metamorpnic. rock: = Mztanicronocis means-transicrmning and r2tamorpiuks racu't from th
changing or rocks due to heat and/or pressuressdre can cege folds in banas of rocks. Pres:
and heat can deform and/or recrystallize rocks ahfterent forms, including schist and gneiss
Pressure can cause foliation, or the forming ofether plates in minerals whose structuresligr
under force. Irthis manner shale can become slate. In some,dhgekyering can become so 1
that it peels along cleavage planes, as with ki@titd muscovite micas...Ndalated metamorph
rocks do not form plates or sheets. Pressure tdayer their moleculesdzause of the structure
these minerals. (Compressed limestone can becosmsed non-layered marble.Jn. contac
metamorphism, the heat of nearby intrusive ignemagma changes a mineral’s structunathoui
melting the rocks.



3. TECTONIC PLATES AND PANGAEA

From Pangaea to modern times; tectonic plates
Credits: United States Geologic Survey; USGS, National Park Service
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Credit: USGS; NPS, USGS; USGS

Convergence,

Ring of Fire

Credits: USGS; USGS
~Oceaniccru t

Lithosphere

San Andreas Fault; transform boundary;
aerial view of San Andreas fault
Credits: USGS; NPS, USGS; USGS



3. TECTONIC PLATES AND PANGAEA

Tectonic Plates: TheEarth’s crust is made up of large slabs of irragulshaped rock called tecto
plates. The continental plates are lighter roakggly granitic); the oceanic plates are heavangély
basaltic). Scientific evidence indicates that tikaye been shifting over the eonEarlier theorie
attributed this continental drifting to floatingilé masses. More advanced data has stggpdre plat
tectonics model, the result of seafloor spreading and subductiomcefinic plates.

From Pangea to the Present: Evidence suggests that a supercontinent brokmtopthe separat
continents of today. Pangea (Greek for “all lapdsin be seen from a fitting togetheraafr currer
land masses. Geologic meopir.g ircicat:s tht men =1 ts or ce nestled together, much like
pieces of a jigsaw puzzle. The g=c rashizelly (o gicoa: tlines, uie matching of the ages of rc
and the presence of similar iczails in dispardggere. allpo.iito 'cariaer contiguous continents.
“continental drift” explanation of the migration dfe continents has been replaced by a model
on convection. Like the circular motion of watezaked in a pot or air heated in a rodhe hotte
magma rises, while the cooler and denser plate. sithis action is most pronounced at
boundaries between the plates.

Divergent boundari¢ s: ' Vher : 12cuaiiic plates are movin j apat, maJr 9. he Atlantic Ocea

is the result of the ir.creasing sepaiativn vetwrates—seafloor spreaaingiiginally it was only
small inlet of water between Europe, Africa, and fhmericas, but the continentplates have be:
moving apart for 200 million years. (The curreater is one inch per year). Magma Hzesel
ascending at the boundary to form the MidAtlanticlge, an underground mountain chain 10,00(
miles long. Iceland has_been huilt up hv a histafrstill-active volcanoes. The strongest evidenc
this separation and for the cat 1g ¢ il come. fitt & 1&g anetic str in¢, o the Atlantic seabd@vel
time the magnetic field »t the zarh Fas shiftyrd & 2 \lignmer cf grains of magnetite in volc
rock that has emerged at the plate boundary shose tshifts.)

Convergent Boundaries: While in the Atlantic plates are moving apartra@gions of the Pacific tl
plates are moving together. In oceaogeanic convergence, two oceanic plates converdeoaa i
driven under the other. This subduction produtedMariana Trench, (a Pacific trenttfat is deep:t
than Mount Everest is high)island arcs such as the Aleutians form wherpthte that does not si
is compressed (with volcanoes forming near andllphr® the boundary).ln oceaniceontinente
convergence, the heavier oceanic plate slides Henlea lighter continental plateThe Ring of Fir
along the perimeter of the Pacific plates spawnany earthquakes and volcanoes where |
converge. In continental-continental convergetite two lighter plates buckle togethes in the ca:
of the Himalayas (a tiie bounderyof the Incizrngucksiaiin'ales).

Transform Boundaries: Instead of moving away from each other or caligli platesat som
boundaries move in parallel but opposite directio@alifornia’s SanrAndreas Fault, 800 miles lo
and 10 miles deep, is a site of shifting. The fRaand North American plates slide against eatfeot
and shift two inches per year. The interconnetdett lines there make up an extensive fracture2zon
that is susceptible to earthquakes...The relativaanstof the plates can be accurately measured wit
ground surveying methods using lasers and withllsatbased methods using Globabgtioning
Systems (GPS). he divergent, convergent, and transform boundarmeshe sites of the dynamic
powerful movements of the Earth.




4. VOLCANOES

Mauna Loa (shield volcano); erupting Mt. St. Helens (composite); Crater Lake; cinder cone; lava dome
Credits: D. Little, USGS; USGS, EPOD; USGS; B. Y. Yount, USGS; Steve Schilling USGS

Pahoehoe flow with toes; a’a flow; a’'a lava and trees; tree mold; lava to the sea
Credits: J. D. Griggs, USGS; U¢ 3S; L A. swansu 1, F awaiian v 'cano /bs rva oy, USG ;K. ', ickmr n, 'SGS; USGS, HVO, EPOD

Pre aili 7 Wind
e

Eruption Cloud

Eruption Column

Landslide

Diagram of volcano; Pacific island volcano; laze; Mt. Etna; pyroclastic surge effects on Mt. St.
Helens; landslide; bridge destroyed by lahar; water tube tiltmeter; electronic tiltmeter

Credits: USGS; Allan Sauter, Scripps Observatory, EPOD; T.N. Mattox, USGS; Earth Observatory, NASA, GSFC EPOD; L. Topinka, USGS; T. C.
Pierson, USGS; USGS; USGS, Hawaiian Volcano Observatory; USGS



4. VOLCANOES

Causes: Ancient Romans thought that volcanoes were calbgaflican, a god/blacksmith, but scientists
now trace them to magmander the tectonic plates. This molten rock costaome fragments of so
rock and dissolved gases. When the gases aredhé¢lags collect in small pockets and expatiu)s
becoming lighter. There are mounting upward forhes to heat, pressure, and the lightness of thes
This pressure forces the magma up through fracamdssents. At the surface the lava either flowsson
erupts (if the force is strong enough). One of st devastating eruptiongok place in the year 7
when the city of Pompeii was buried by the ash, ipemand pyroclastic flows fronthe explosiv
eruption of Mount Vesuvius.

Types: There are different ty, s of vilcances, F¢ se d ov th )y lave is released. In tebield volcanoe
such as those in Hawaii, broad mouunaiir s 11l “m@peal 2d la a flows at their central ventsn
composite volcanoder stratovoicanoes) like Mt. St. Helens and Mowuafi, layers of lavaash, cinder
and blocks emanate from a network of vents.cadideras a collapsed cone can leave a depressiol
may fill with water (as in Crater Lake)ln.the smallecinder conesiear a larger volcano or in its caldera
the lava is expelled from a single, central venthwhe heavier emissions falling near a funsiedpe
vent...Inlava domesrepeated lava flows build up by coolina auicklith@ut moving far from the vent.

Lava: Lavais magiia hat has ¥is ‘c th 2 surface of the E wrtn. ' "he nma¢ ma contawigen rock, sol
rock pieces and distolveu yases. Iuis uie conibmaf pressure fruin beiow and the expansion €
heated gases that moves the magma to the surfiatteés movement is gradualava flows occur; if it |
rapid, explosive eruptions occur. A’a containgé&archunks of solid rock called clinkers; pahoefioes
more smoothly. Lava engulfs anything in its pattevearing roads, or surrounding treekeaving behin
“tree molds.”

Gaseous and solid emis siGiisA su -ele isea ar» r,ase st .am, stlfuri: acid and carbon dioxid€og.
volcanic fog, can cause ‘espira.ory Jdificaiadulidr dioxiac controutes to acid rain; carbonxilite, to
global warming. Laze, or lava haze, is created when hot lava reatie: sea and produces gas
hydrochloric acid..Tephra is a broad category of solids thrust int® dir during volcanic explosiot
The heaviest (blocks) will land closer to the cotlee lightes (ash) can travel great distances in
atmosphere. Since emissions of major volcanictemp cool off the atmospherene theory poses ti
volcanoes caused the extinction of dinosaurs (6komiyears ago).

Flows: Pyroclastic flows are masses lodt dry rock fragments that can move down slopdsre
melding together. If they mix with water (from eins, lakes, snow, glaciers, or rainfall), a defiog
known as a lahar results. They can be destreijatausing flooding and landslides.

Measurerient and norito-irio" Geciogists stiudy various asgectsvaicanic activity: 'S .eam, cracl
plant life, rineral depusits, temperature, erupigdter, race of iava liows, yases, aid trernorsriove
methods have been used to study even minute changes surface of volcanic mountaingarlier use
of a plumb bob were replaced by a water tube thatved changes in levels. The more sophisti
electronic tiltmeter is embedded in the ground angloys a tube similar to a carpenter’s level tovsh
when pressures may be causing inflations or defiatof the slopes. Increased understanding mag
the ability to predict eruptions, potentially sayilives and property. (Even now, air traveldisertec
during active volcanic periods as seven jumbo jedse lost power wdn encountering volcar
ash.)..The heat from the Earth, however, is not alwaydrdesve: It can be harnessed for hes

buildings and creating geothermal-derived eledirici



5. EARTHQUAKES

Faults; P-waves and S-waves; waves and the Earth’s layers; seismograph; waves; recordings at distances
Credits: United States Geology Survey; USGS; USGS United States Geology Survey; USGS (3)

1906 San Francisco (2);1971 southern California

Credits: Space Today Online, EPOD; National Archives images, at University of Nebraska's Gallery of the Open Frontier; Robert E. Wallace, USGS

Earthquake hazard map; one week’s earthquakes (mostly along Ring of Fire)
Credits: USGS; USGS



5. EARTHQUAKES

Causes Pressures in the crust and upper mantle cabsatians and movementBecause the crusi
rocky, cool, and brittle, physical shifting can acc This energy is released in waves with var
amounts of intensity. There are 500,000 detectablthquakes each year, 100,000 can bedatt,
100 are strong enough to cause damage.

Faults: Faults are fractures between blocks of rockse dianging pressure at a fault will resuliin
particular movement: One block may move sidewas pnother at strike-slip fault as in transfori
regions. (California’sSan Andreas Fault zone is such a network of iaterected faults 800 mil
long and 10 miles deep). Cne dlocs mey mec ‘e uow & anoimal faulf when the pressure
released by two plates spreaun.g aran (Tvisrede zoccal ic rid je systems.) One block nragve
up at athrust fault as in the-sgueezing “ogzthariof pla.cc-doringlgeton. (This is typical «
Japanese earthquakes)...The tension at these fanltseceleased slowly and gradually in “cree|
If, however, the tension is “locked”, the strainilds until it is suddenly released in a more vio
earthquake. Aftershocks can occur in the dayswaonths following a major earthquake.

Waves: The energy re'zased )/ st dcen siiftirg in thé esacr.st n ov 2s causesbrations in th
ground, and those \ bri tions ai 2 v 1< erred | esavOne ype fwav 2, uic P-wave, resiutisn the
compression and e’ vansicil 0. medte. i the diractib n.otion ui-tie wave. Thedengitudinal
compressional waves are fast-moving and the forsirtive at points away from the epicent@hus
named Primary waves). The other major type, thea®e, the Secoraaly wave, is slower and arri\
later. Also called Shear-waves, they displaceh@gng particles in up-and-down and back-&mdh
motions perpendicular to the direction that the veravels. Primary wavesan travel through soli
and liquids, but Shear wa\2¢ cainct travel tho glids. Dac @)oo't their belhiar provide:
evidence about the natu ¢ ur E aru ‘s r olten cor 2.

Magnitudes: The size of an earthquake at its source is agmtude. The seismograph transfor
vibrations into a written record of an earthquakie. the 1930’s Carl Richter developed admc
system to categorize the strength of earthquakédse amplitude is a number assigned based c
height of the graph’s wave. Since that numberejgorted on a logarithmic scale, an earthq
measuring a 6.0 on the Richter scale is ten timmesiger than one at 5.0, (ah@s thirty times tr
energy). A 2.0 quake is a microquake, 3.0, midds; light; 5.0, moderate; 6.0, strong; ah@, major
In 1964, Alaska had a 9.2 earthquake; in 1960,eChdd a 9.5. While the “magnitudes the
amplitude of the recorded wave, a scale of “intgiiss based orthe perceived feelings of witnes
and the structural effects on building®ther phenomena are associated with earthquakasdslide
can be tricgered. by.the ranid shifting of the Zarturfaice. Tremars are closelv-maonitarad in volc
areas as harkingers cf.an eriptcn.Underseayaths con Lrocuce (Suhamis

Predicting earthquakes: It is possible to estimate the rouigtelihood of an earthquake occurring
a particular area. Bageon the past incidences in a region, mathemates e used to assigt
probability of an upcoming quake there. Statidiycand geographically, areas near the Ring of
will be more likely to have earthquakes in the fatuThere is ongoing monitoring @e strain in th
San Andreas fault system, where earthquakes remughly every 150 yeardn time, improve
techniques and understanding of seismic gaps nwupe reliable predictions.
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