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INTRODUCTION TO GEOLOGY TRANSPARENCIES 

 
 
CONTENT:  This is one of a series of transparencies in the sciences designed to aid teachers in grades 
4-8.  The visuals and supporting information can be used as a stand-alone curriculum or to illustrate
concepts introduced in textbooks and lectures.  The descriptions and images are of the structure of the 
Earth and the processes by which it changes.  The overheads progress from the more basic principles to 
increasingly complex concepts and theories.  Each page of information corresponds to one of the 
overheads: 
 
1.  The three layers of the Earth:  the make-up of the crust, mantle and core 
 
2.  The three types of rocks:  the nature of igneous, sedimentary and metamorphic rock 
 
3.  Tectonic plates and Pangaea:  the origin and movement of tectonic plates 
 
4.  Volcanoes:  the lava and other emissions of the four types of volcanoes 
 
5.  Earthquakes:  the causes, locations, and effects of earthquakes 
 
6.  Mountain-building and paleontology:  the formation of mountains and the study of earlier life 
 
7.  Erosion:  how the Earth’s crust is broken down and transported 
 
8.  Erosion at Grand Canyon and Yosemite:  the processes of erosion at two national parks 
 
9.  Erosion at other parks:  the processes of erosion at various other national parks 
 
10.  Two hotspots: Hawaii and Yellowstone:  the volcanoes and geothermal features of the parks  
 
 
SOURCES:  While some of the images were created especially for this packet, most came from the 
internet.  Almost all of the latter are in the public domain.  For the others, permission was received 
from the photographer, artist, or agency.  Credit is given along with the picture itself, and the internet 
addresses on the back pages list the locations of the images and the information used in preparing this 
packet.  (Especially helpful were the websites of the National Park Services (NPS) and the United 
States Geological Survey (USGS).)   
 
USE:  There is a collection of images on each transparency.  This arrangement allows related topics to 
be conveniently grouped and allows costs to be minimized.  (A simple way to display only a few of the 
images at a time is to cover the other images with a sheet of paper.)  The descriptions are intended to 
assist teachers in presenting information…This is one of the ten sets in the science transparency 
series,—Animals, Astronomy, Ecology, Energy Resources, Geology, Human Body, Matter, 
Oceanography, Weather, and Work, Force, and Motion.  These and other offerings can be viewed at 
www.k8resources.com. 
 
Text:  © 2008, Michael Berkowitz, k8resources, Saco, Maine 
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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 soil
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
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1.  THE  THREE  LAYERS  OF  THE  EARTH 
 
 
Background:  When it was first formed five billion years ago, the Earth was extremely hot.  The 
heavier matter, such as iron, sank to the center, while the lighter silicates stayed nearer the surface.  
Given its intensely hot beginnings, the continuing heat, pressure, and radioactive decay, the Earth 
remains relatively hot today.  This heat energy leads to the dynamic nature of our planet—powering 
volcanoes, earthquakes, and shifting of the tectonic plates…While the direct study of the Earth’s crust 
is possible, a variety of methods have been used to create a model of what the interior is like.  Isaac 
Newton’s work on gravity and planetary forces provided early indications that the center of the Earth is 
denser than its outer layer.  Observations of surface rocks and minerals, along with experiments on 
them at various temperatures and pressures, suggest some of the characteristics of subsurface matter.  
Volcanoes and properties of heat flow provide additional data, as do principles of the magnetism and 
inertia of the spinning of the Earth.  Much information comes from earthquakes:  The speed and nature 
of their waves vary as they travel through different substances.  The waves slow down when passing 
through liquids, and that will affect both their speed and direction.  Data can thus reveal differences in 
density—indicating which regions are solid and which are liquid.  
 
The Crust: The Earth is covered by a thin, brittle, solid layer.  This crust accounts for only 1 % of the 
Earth’s volume, and beneath the ocean, it may be as thin as five kilometers.  Underneath the 
continents, it averages about 30 kilometers, yet it approaches 100 kilometers beneath the Himalayas
and Sierra Nevadas…Minerals, rocks and organic remains from plants and animals are the crust’s 
ingredients.  At the surface, weathering breaks them down into soil.  This is accomplished by chemical 
reactions (such as oxidation as in the rusting of iron), mechanical actions (such as water freezing in 
cracks of rocks), and biological means (such as lichens breaking rocks down).  Variations in rainfall 
and temperature ultimately determine the type of soils found in such diverse regions as rainforests, 
deserts, and grasslands. 
 
The Mantle:  84 % of the Earth’s volume is the mantle.  The upper portion of it is solid, and, together 
with the crust, makes up the lithosphere.  Its thick slabs, the tectonic plates, “float” atop the 
aethenosphere.  The plates move, and the boundaries between them are the breeding grounds for 
earthquakes and volcanoes…The next section down is hotter and more compressed.  It is flexible 
enough to be plastic enough so as to fold, stretch, and bend without fracturing.  The mantle is much 
denser than the crust, being composed largely of iron, magnesium and silicon.  (In rare cases, such as 
in the Tablelands of Newfoundland, the mantle is visible at the surface as a result of the collision of 
plates.  The barren rock supports little plant life; pitcher plants do, however, survive there as they rely 
on insects for nutrients.)…Lava, which is molten rock or magma which has reached the surface, are 
visual cues as to what lies beneath. 
 
The Core:  The inner 15 % of the Earth is an extremely dense core of iron, oxygen, sulfur and nickel.  
The outer layer is liquid, and yet the innermost section is solid.  This is due to the extremely high 
pressure which keeps the metallic iron-nickel alloy from becoming a liquid, even though the 
temperatures are extremely high.  (This is akin to the pressure cooker:  If the pressure builds enough, 
water will not boil, even when the temperature is above the boiling point.  Thus the water temperature 
rises, but it remains in the liquid state.  Similarly, the Earth’s core’s temperature rises beyond the 
rocks’ melting point, but it remains a solid because of the tremendous pressure.)  The nature of the 
iron-nickel alloy, along with the high pressure, creates a density there five times greater than that upon 
the rocks near the Earth’s surface. 
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2.  THE  THREE  TYPES  OF  ROCKS

IGNEOUS

Intrusive:  formed below 
surface (granite)

Extrusive:  cooled at 
surface (basalt)

SEDIMENTARY

Biologic: organic 
(limestone)

Clastic: from rocks 
(sandstone)

Chemical:  dissolved 
minerals (calcite)

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

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

Foliated:  sheets 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
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2.  THE  THREE  TYPES  OF  ROCKS 
 

There are three types of rocks—igneous, sedimentary, and metamorphic.  The classification is based 
on how the rocks were formed. 
 
Igneous rock:  Igneous rocks form from the material liquefied by the heat below the Earth’s crust.  
There the temperature and pressure create magma,� molten rock.  The heat and pressure can push the 
magma higher either in flows or in quicker explosive thrusts.  Igneous rocks that cool and harden 
deeper below the surface are called intrusive or plutonic igneous.  These grainy rocks include granite 
or andesite porphyry.  Yosemite’s prominent Half Dome is quartz monozonite, a granite formed from 
igneous rock.  Some intrusions of igneous rock form “dikes,” channels within layers of sedimentary 
rock...Extrusive igneous rocks cool at or near the surface, with lava having finer, smaller crystals as in 
pahoehoe (a basaltic lava).  Obsidian, or volcanic glass, is fine and smooth.  Basalt, as it cools, shrinks 
and develops contraction cracks.  A distinctive pattern occurs when hexagonal cracks extend 
downward.  The resulting columns become visible when surrounding areas are eroded away.  (Devils 
Postpile and Devils Tower show this phenomenon dramatically.)…In the fastest cooling lava, small 
gas-filled holes (vesicles) are trapped in solidifying pumice…Volcanic eruptions can propel a mixture 
of ash, volcanic rock and minerals called tuff. 
 
Sedimentary rock:  When matter accumulates in layers, gets compressed, and hardens, it is 
sedimentary…Biologic sedimentary rocks are from the decayed remains of plants and animals.  The
floors of ancient oceans and lakes would be covered over time with layer after layer of the remains of 
the organisms that lived there.  The Guadalupe Mountains of Texas contain limestone from the 
remnants of invertebrate animals that once built up coral reefs.  Another example of biologic 
sedimentary rock is coal, which forms from decayed and compressed plant matter…Clastic 
sedimentary rocks are formed after rocks and minerals are broken down by chemical weathering (a 
chemical change in the rock) or mechanical weathering (a breaking down of the rock by water or 
temperature).  The resulting pieces range in size from clay, silt, sand, pebbles, cobbles to boulders.  
These pieces may be transported and deposited in low-lying areas, covered over, and compacted into 
rock.  Sandstone is made from sand; shale is composed mostly of clay; conglomerates are mixes of 
sizes…Chemical sedimentary rocks start with the dissolution of underground minerals, especially 
calcite.  Rainwater that has absorbed carbon dioxide becomes carbonic acid which dissolves and 
transports the calcite.  The calcite is later deposited when the carbon dioxide exits and the water 
evaporates in an open area.  Deposited minerals remain.  These are found in caves where water 
dripping from a ceiling leaves stalactites hanging from the ceiling and creates stalagmites building up 
from the ground. 
 
Metamorphic rock:   Metamorphosis means transforming, and metamorphic rocks result from the 
changing of rocks due to heat and/or pressure.  Pressure can create folds in bands of rocks.  Pressure 
and heat can deform and/or recrystallize rocks into different forms, including schist and gneiss…
Pressure can cause foliation, or the forming of sheets or plates in minerals whose structures realign 
under force.  In this manner shale can become slate.  In some cases, the layering can become so thin 
that it peels along cleavage planes, as with biotite and muscovite micas…Non-foliated metamorphic 
rocks do not form plates or sheets.  Pressure cannot layer their molecules because of the structure of 
these minerals.  (Compressed limestone can become dense, non-layered marble.)…In contact 
metamorphism, the heat of nearby intrusive igneous magma changes a mineral’s structures without 
melting the rocks.   
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3.  TECTONIC  PLATES  AND  PANGAEA

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

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

Convection currents; seafloor 
spreading; mid-ocean ridges
Credit:  USGS; NPS, USGS; USGS

Convergence; 
Ring of Fire
Credits:  USGS; USGS
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3.  TECTONIC  PLATES  AND  PANGAEA 
 

 
Tectonic Plates:  The Earth’s crust is made up of large slabs of irregularly shaped rock called tectonic 
plates.  The continental plates are lighter rock (largely granitic); the oceanic plates are heavier (largely 
basaltic).  Scientific evidence indicates that they have been shifting over the eons.  Earlier theories 
attributed this continental drifting to floating land masses.  More advanced data has supported the plate 
tectonics model,� the result of seafloor spreading and subduction of oceanic plates. 
 
From Pangea to the Present:  Evidence suggests that a supercontinent broke up into the separate 
continents of today.  Pangea (Greek for “all lands”) can be seen from a fitting together of our current 
land masses.  Geologic mapping indicates that the continents once nestled together, much like the 
pieces of a jigsaw puzzle.  The geographically congruent coastlines, the matching of the ages of rocks, 
and the presence of similar fossils in disparate regions all point to earlier contiguous continents.  The 
“continental drift” explanation of the migration of the continents has been replaced by a model based 
on convection.  Like the circular motion of water heated in a pot or air heated in a room, the hotter 
magma rises, while the cooler and denser plates sink.  This action is most pronounced at the 
boundaries between the plates. 
 
Divergent boundaries:  Where tectonic plates are moving apart, magma rises up.  The Atlantic Ocean 
is the result of the increasing separation between plates—seafloor spreading.  Originally it was only a 
small inlet of water between Europe, Africa, and the Americas, but the continental plates have been 
moving apart for 200 million years.  (The current rate is one inch per year).  Magma has been 
ascending at the boundary to form the MidAtlantic Ridge, an underground mountain chain 10,000
miles long.  Iceland has been built up by a history of still-active volcanoes.  The strongest evidence for 
this separation and for the dating of it comes from the magnetic striping of the Atlantic seabed.  (Over 
time the magnetic field of the Earth has shifted, and the alignment of grains of magnetite in volcanic 
rock that has emerged at the plate boundary shows these shifts.) 
 
Convergent Boundaries:  While in the Atlantic plates are moving apart, in regions of the Pacific the 
plates are moving together.  In oceanic-oceanic convergence, two oceanic plates converge and one is 
driven under the other.  This subduction produced the Mariana Trench, (a Pacific trench that is deeper 
than Mount Everest is high).  Island arcs such as the Aleutians form when the plate that does not sink 
is compressed (with volcanoes forming near and parallel to the boundary)…In oceanic-continental 
convergence, the heavier oceanic plate slides beneath the lighter continental plate.  The Ring of Fire 
along the perimeter of the Pacific plates spawns many earthquakes and volcanoes where plates 
converge.  In continental-continental convergence, the two lighter plates buckle together, as in the case 
of the Himalayas (at the boundary of the Indian and Eurasian plates). 
 
Transform Boundaries:  Instead of moving away from each other or colliding, plates at some 
boundaries move in parallel but opposite directions.  California’s San Andreas Fault, 800 miles long 
and 10 miles deep, is a site of shifting.  The Pacific and North American plates slide against each other
and shift two inches per year.  The interconnected fault lines there make up an extensive fracture zone
that is susceptible to earthquakes…The relative motions of the plates can be accurately measured with
ground surveying methods using lasers and with satellite-based methods using Global Positioning 
Systems (GPS).  The divergent, convergent, and transform boundaries are the sites of the dynamic and 
powerful movements of the Earth. 
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4.  VOLCANOES

Pahoehoe flow with toes;  a’a flow; a’a lava and trees; tree mold; lava to the sea
Credits: J. D. Griggs, USGS; USGS; D. A. Swanson, Hawaiian Volcano Observatory, USGS; K. Shickman, USGS; USGS, HVO, EPOD

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

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
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4.  VOLCANOES  
 
 
Causes:  Ancient Romans thought that volcanoes were caused by Vulcan, a god/blacksmith, but scientists
now trace them to magma under the tectonic plates.  This molten rock contains some fragments of solid 
rock and dissolved gases.  When the gases are heated, they collect in small pockets and expand, thus 
becoming lighter.  There are mounting upward forces due to heat, pressure, and the lightness of the gases. 
This pressure forces the magma up through fractures and vents.  At the surface the lava either flows out or
erupts (if the force is strong enough).  One of the most devastating eruptions took place in the year 79, 
when the city of Pompeii was buried by the ash, pumice, and pyroclastic flows from the explosive 
eruption of Mount Vesuvius. 
 
Types:  There are different types of volcanoes, based on how the lava is released.  In the shield volcanoes
such as those in Hawaii, broad mountains build from repeated lava flows at their central vents …In 
composite volcanoes (or stratovolcanoes) like Mt. St. Helens and Mount Fuji, layers of lava, ash, cinders, 
and blocks emanate from a network of vents…In calderas, a collapsed cone can leave a depression that 
may fill with water (as in Crater Lake)…In the smaller cinder cones near a larger volcano or in its caldera, 
the lava is expelled from a single, central vent, with the heavier emissions falling near a funnel-shaped 
vent…In lava domes, repeated lava flows build up by cooling quickly without moving far from the vent. 
 
Lava:  Lava is magma that has risen to the surface of the Earth.  The magma contains molten rock, solid 
rock pieces and dissolved gases.  It is the combination of pressure from below and the expansion of the 
heated gases that moves the magma to the surface.  If this movement is gradual, lava flows occur; if it is 
rapid, explosive eruptions occur.  A’a contains larger chunks of solid rock called clinkers; pahoehoe flows 
more smoothly.  Lava engulfs anything in its path—covering roads, or surrounding trees� leaving behind 
“tree molds.” 
 
Gaseous and solid emissions:  Also released are gases� steam, sulfuric acid, and carbon dioxide.  Vog, 
volcanic fog, can cause respiratory difficulties.  Sulfur dioxide contributes to acid rain; carbon dioxide, to 
global warming.  Laze, or lava haze, is created when hot lava reaches the sea and produces gaseous 
hydrochloric acid…Tephra is a broad category of solids thrust into the air during volcanic explosions.    
The heaviest (blocks) will land closer to the cone; the lightest (ash) can travel great distances in the 
atmosphere.  Since emissions of major volcanic eruptions cool off the atmosphere, one theory poses that 
volcanoes caused the extinction of dinosaurs (65 million years ago). 
 
Flows:  Pyroclastic flows are masses of hot dry rock fragments that can move down slopes before 
melding together.  If they mix with water (from rivers, lakes, snow, glaciers, or rainfall), a debris flow 
known as a lahar results.    They can be destructive, causing flooding and landslides.  
 
Measurement and monitoring:   Geologists study various aspects of volcanic activity: steam, cracks, 
plant life, mineral deposits, temperature, erupted matter, rate of lava flows, gases, and tremors.  Various 
methods have been used to study even minute changes in the surface of volcanic mountains:  Earlier uses 
of a plumb bob were replaced by a water tube that showed changes in levels.  The more sophisticated 
electronic tiltmeter is embedded in the ground and employs a tube similar to a carpenter’s level to show
when pressures may be causing inflations or deflations of the slopes.  Increased understanding may yield 
the ability to predict eruptions, potentially saving lives and property.  (Even now, air travel is diverted
during active volcanic periods as seven jumbo jets have lost power when encountering volcanic 
ash.)…The heat from the Earth, however, is not always destructive:  It can be harnessed for heating 
buildings and creating geothermal-derived electricity. 
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5.  EARTHQUAKES

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

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
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5.  EARTHQUAKES 
 
 
Causes:  Pressures in the crust and upper mantle cause vibrations and movement.  Because the crust is 
rocky, cool, and brittle, physical shifting can occur.  This energy is released in waves with varying 
amounts of intensity.  There are 500,000 detectable earthquakes each year, 100,000 can be felt, and 
100 are strong enough to cause damage. 
 
Faults:  Faults are fractures between blocks of rocks.  The changing pressure at a fault will result in a 
particular movement:  One block may move sideways past another at a strike-slip fault, as in transform 
regions.  (California’s San Andreas Fault zone is such a network of interconnected faults 800 miles 
long and 10 miles deep).  One block may move downward at a normal fault, when the pressure is 
released by two plates spreading apart.  (This occurs in oceanic ridge systems.)  One block may move 
up at a thrust fault, as in the squeezing together of plates during subduction.  (This is typical of 
Japanese earthquakes)…The tension at these faults can be released slowly and gradually in “creeps.”  
If, however, the tension is “locked”, the strain builds until it is suddenly released in a more violent 
earthquake.  Aftershocks can occur in the days and months following a major earthquake. 
 
Waves:  The energy released by sudden shifting in the Earth’s crust moves causes vibrations in the 
ground, and those vibrations are transferred in waves.  One type of wave, the P-wave, results from the 
compression and expansion of matter in the direction of motion of the wave.  These longitudinal, 
compressional waves are fast-moving and the first to arrive at points away from the epicenter, (thus 
named Primary waves).  The other major type, the S-wave, the Secondary wave, is slower and arrives
later.  Also called Shear-waves, they displace neighboring particles in up-and-down and back-and-forth 
motions perpendicular to the direction that the wave travels.  Primary waves can travel through solids 
and liquids, but Shear waves cannot travel through liquids.  Data about their behavior provides 
evidence about the nature of Earth’s molten core. 
 
Magnitudes:  The size of an earthquake at its source is its magnitude.  The seismograph transforms 
vibrations into a written record of an earthquake.  In the 1930’s Carl Richter developed a coding 
system to categorize the strength of earthquakes.  The amplitude is a number assigned based on the 
height of the graph’s wave.  Since that number is reported on a logarithmic scale, an earthquake 
measuring a 6.0 on the Richter scale is ten times stronger than one at 5.0, (and has thirty times the 
energy).  A 2.0 quake is a microquake, 3.0, minor; 4.0, light; 5.0, moderate; 6.0, strong; and 7.0, major.  
In 1964, Alaska had a 9.2 earthquake; in 1960, Chile had a 9.5.  While the “magnitude” is the 
amplitude of the recorded wave, a scale of “intensity” is based on the perceived feelings of witnesses 
and the structural effects on buildings…Other phenomena are associated with earthquakes:  Landslides 
can be triggered by the rapid shifting of the Earth’s surface.  Tremors are closely monitored in volcanic 
areas as harbingers of an eruption.  Undersea earthquakes can produce tsunamis. 
 
Predicting earthquakes:  It is possible to estimate the rough likelihood of an earthquake occurring in 
a particular area.  Based on the past incidences in a region, mathematics can be used to assign a 
probability of an upcoming quake there.  Statistically and geographically, areas near the Ring of Fire 
will be more likely to have earthquakes in the future…There is ongoing monitoring of the strain in the 
San Andreas fault system, where earthquakes recur roughly every 150 years. In time, improved 
techniques and understanding of seismic gaps may produce reliable predictions. 
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