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This report illustrates, by means of a computer animation, geologic
time. The report is intended to help students and others visualize
geologic time. By studying the animation and the time chart, students
will come to understand that the Earth is a record of it's past, and how
the continents came together and drifted apart, plants and animals
evolved, migrated and became extinct. Included in the diskette version
of this report is a time chart describing each different time era and
period. The paper version of this report includes everything except the
animations.

To see the entire page (card size: MacPaint), select "Scroll" from
‘Go" menu and move the hand pointer in the scroll window.

Requirements for the diskette version are: Apple Computer, Inc.,
HyperCard 2.0™ software, and an Apple Macintosh™ computer with
High-Density drive. If you are using System 7, we recommend using at
least 3 MB of RAM with 1.5 MB of system memory available for
HyperCard.

The date of this Open File Report is 9/29/95. OF 95-805 A, paper
copy, 48p. OF 95-805 B, 3.5-in. Macintosh 1.4MB high-density diskette.

To order this report, contact: U. S. Geological Survey Books and
Open-File Reports Sales, P.O. 25425 Denver, CO. 80225, or call (303)
236-7476.

This stack was greatly enhanced from the encouragement and
reviews by John Barron, Will Elder, Scott Starratt and Tau Rho Alpha.




<::' Q Index

Click on any of the subjects
to go to that section of
the report:

( Title Page )

(Description of Heport)
[Educator‘s Guide ]

[ — J (Lllueition-s j]
( Time Ehart ]

( Rdditional Models ] ( P ] [ Diéklabelj

LEasg Reading ]

[Hduanced Heading]




A <

Educator’'s Guide Back 1o the Index
In this report, additional information

can be viewed by clicking on words in Bold.

Geologic Time

The length of time (or magnitude of time) of Earth's history is one of
the most difficult concepts to teach.

Around 600 B.C., Greek naturalists observed that shells on mountain tops
a great distance inland were similar to those found living along the
seashore. They also noted evidence that the sea had once covered part of
the Island of Malta. They reasoned that the sea had once been present
where the shells were found and that the position of the shoreline was
constantly changing. .

Leonardo da Vinci noted sea shells in the mountains of northern Italy.
He reasoned that these rocks had once been mud at the bottom of the sea.
He also suggested that the differences between the shells he found in the
mountains and those he found on the beaches of ltaly were due to the
process of fossilization.

What is a Fossil?

When you find a fossil you have found something that is interesting but
also something that represents a piece of the Earth's history. Fossils are a
window into the life of the past. A fossil is any evidence (bodily remains,.
track or impression) of a plant or animal that has been preserved in Earth's
crust since some past geologic age. More loosely defined, a fossil is any
evidence of past life. The structure of the fossil can tell you about where
it might have lived (if you found a fossil of a fish, you would probably
guess that it didn't live on land) or what it ate (if you found a fossil crab,
you would probably guess that it didn't eat rabbits). Sometimes you don't
find an actual fossil (sometimes called a body fossil), but you find
evidence of how an organism lived or behaved (trace fossils). Trace
fossils include things like worm trails and dinosaur footprints. The rock
in which a fossil is found can also tell you something about the
environment in which the fossilized organism lived. Some fossils are
usually found in fine—grained rocks that were once mud. Because the mud
did not contain sand or pebbles, we believe that the animal was probably
deposited in a quiet place, like the floor of the deep ocean which is a dark
and relatively quiet with little current or wave activity.
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Most of the sediment that covers the ocean floor (including the bodies

of animals) "rains" down from the waters above. This "rain" of sediment
is usually very gentle, and when it lands it forms horizontal layers (the
Law of Original Horizontality). Anytime you look at a cliff face or a
rocky outcrop notice the horizontal bands or strata going across; you are
observing the remains of orginally horizontal layers.. This

little—changing “rain" of sediment is an illustration of one of the basic
principles of geology, the "Principle of Uniformitarianism," and is
very slow [millimeters (a fraction of an inch) per year in some places].

As time passed, sediment continued to “"rain" down for millions of years,
increasing the thickness of the sediment and causing the ocean to become
shallower. As the thickness of the sediment layers increased, so did

their total weight. This great increase in weight helped to cause the mud
and sand that once covered the sea floor to turn into solid rock. Millions
of years and thousands of meters (feet) of sediment later, dry land was
formed over the site that was once sea floor.

Plate Tectonics

While we tend to think of the continents as immovable and timeless,
they are actually much different today than in the past. The idea that the
continents are in motion is called the theory of continental drift; this
continuous motion of the Earth's continents is further explained by the
theory of plate tectonics.

- Plates are the large, ridged blocks of rock that compose the Earth's
surface, and the churning motion of hot molten rock beneath the Earth's
surface (called the mantle) which drives these plates, causing them to
move toward each other, away from each other, or to slide past each
other along faults or the boundaries between plates. It is difficult for
one plate to slip against another because of the great forces pressing
them together. Consequently, the plates do not slip freely in constant
slow motion and instead slip in a jerky fashion. Each jerk causes an
earthquake.

The theory of continental drift has far-reaching implications for the
evolution of life as well as geology. The paleontological evidence of
the influence of plate movement on the Earth's plants and animals is
indisputable. Closely related fossils of dinosaurs and other organisms
are found today on widely separated continents. These continental plates
were originally joined forming the supercontinent Pangea.
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Plates that move away from each other can form ocean basins that limit
the migration of land plants and animals, and a species may undergo
divergent evolution evolving differently than its cousin left on the
other side of the geographic barrier. When plates collide either mountain
building occurs, forming more barriers to migration, or land bridges,
encouraging species migration. Colliding plates also can affect evolution
by intermingling different species and influence climate patterns.

Back to our story...

The early nineteenth century was a,time of great cultural activity in
England. The population was growing rapidly, and the Industrial
Revolution was getting underway. The least expensive means for
transporting goods from city to city was by horse—drawn barge. To do
this, an elaborate system of canals had to be constructed. During the
construction of these canals, the engineers began to notice that certain
collections of fossils (called assemblages) were found in a certain
order (for example, assemblage A was always found below assemblage B,
no matter where the two assemblages were found).

Building on the ideas that older rocks were always overlain by younger
rocks (Law of Superposition) and that less complex organisms were
usually followed by more complex organisms (Faunal Succession),
geologists and naturalists began to assign relative ages to the rocks.
They found that it was possible to apply these fossil relationships
around the world and created a relative time scale. This relative time
scale lets them divide the Earth’s history into progressively smaller
time units (Eras, Periods, and Epochs), similar to the way that daily
time is divided into progressively smaller units on a clock (hours,
minutes, and seconds), but the subdivisions do not represent equal units
of time.

Throughout the nineteenth and early twentieth centuries an increasing
number of naturalists and geologists, working all over the world,
continued to refine this series of relative ages and found that as they
refined the time scale, there were regional variations in the fossil
successions (fossil successions in England did not always match those in
North America). However, on the whole, the larger divisions of the time
scale could be applied all over the world.

SEREN
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Most of the divisions of the time scale are named for rocks that are
found in Europe. Two of the divisions (Mississippian and
Pennsylvanian Periods) were named for rocks that are present in the
United States. In the middle of the twentieth century, analysis of
radioactive elements that occur naturally in some rocks was used to give

actual ages (in years) to the rocks, resulting in an absolute time
scale.
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Vocabulary

Absolute Time Scale—A vertical geologic time chart, arranged so
that the earliest part of geologic time appears at the bottom and
progressively younger designations appear towards the top. An
absolute time scale places geologic events against and actual scale
measured in years. This time scale was developed using various
radioactive decay dating techniquesto provide a dated, absolute order
to geologic time.

Archeologist—A person who studies the physical evidence of the
history of Man. This often includes studying ancient ruins in exotic
places, including under the sea. "

Assemblages—collections of fossils found together and placed in a
certain order. For example, assemblage A, which might be younger, is
always placed below assemblage B, which might be older, no matter
where in the world the two assemblages are found.

Body Fossil—The actual remains or imprint of any plant or animal
that has been preserved by natural geologic processes (see
fossilization). These include shells, teeth, bones, and, rarely, the soft
parts of organisms.

Continental Drift—The theory that the continents were once joined
into a single landmass (see Pangea) which broke apart with the
various fragments (continents) moving with respect to one another.

Divergent Evolution—The division and diversification of a species
into two or more descendant species as a result of environmental
factors.

Earthquake—A sudden motion or trembling in the Earth caused by the
abrupt release of slowly accumulated strain between the Earth's
plates.

Era—The largest (for our purposes) division of time. Each Era
includes at least two Periods. For example, the Quaternay Period and
the Tertiary Period make up the Cenozoic Era.

ISR
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Faunal Succession—The idea that certain groups or assemblages of
organisms precede or succeed each other. The members of the
younger assemblage are usually more advanced (or complicated) than
members of the older assemblage (for example, fish preceded dogs in
the fossil record).

Fossil—Any evidence of remains or traces of a plant or animal that
has been preserved in the Earth's crust since some past geologic age.
Fossil is a more generic term (see body fossil and trace fossil).

Fossilization—AIll processes involving the burial of a plant or
animal and in the preservation of all, part, or a trace of it. An
organism may be buried by accumulating sediment slowly over time
or quickly, as in a storm, flood, volcano eruption, falling into a tar
pit, etc. Shells, teeth and bones may be replaced by rock over time
yet retain their original shape.

Gondwana—The name of the paleocontinent that consisted of Africa,
South America, India, Australia, Antarctica and parts of other
continents such as southern Europe, Arabia and Florida. Together
with Laurasia, the paleocontinent consiting of North America,
Greenland, Europe and Asia, Gondwana and Laurasia formed the
supercontient Pangea.

Law of Original Horizontality—The law that holds that sediment
layers when deposited were laid down horizontally or very nearly so.

Law of Superposition—The law upon which the geologic time scale
is based. It states that in any sequence (stack) of sedimentary rocks
or strata (that has not been structurally modified, for example,
overturned), the oldest rocks or sediments are present on the bottom.

Mantle—A molten, semi-liquid zone of rock lying above the solid
core of the Earth and below the crust. The plastic-like mantle makes
up 87% of the Earth's volume. Seismic activity and volcanism occurre
primarily at the junctions of the plates where some of the mantle
might seep through.
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Organism—Any individual form of organic life, either plant, or animal.

Paleogeography—The study of the Earth's geography throughout
geologic time; paleogeography may be determined for the eitire Earth,
such as the position of continents through time, or for a local area,
such as what was the geography of my city like millions of years
ago?

Paleontologist—A person who studies the history of life. This
-usually does not include the study of Man (see Archaeologist).
Paleontologists usually study fossils in one of four major
groups—invertebrates (trilobites, nautiloids), vertebrates
(dinosaurs), plants, or micro-organisms (diatoms, foraminifers).

Pangea—The name proposed by Alfred Wegener, who first proposed
the idea of continental drift, for a supercontinent that existed at the
end of the Paleozoic Era, and that consisted of all land masses of the
Earth.

Period—The fundamental unit of in the hierarchy of time units. It is
a subdivision of an Era, yet longer that an epoch. It is also the time
interval required for the completion of a cyclic motion or reoccurring
event, such as the time period between high tides.

Preservation—The process by which the remains of an organism are
saved.

Principle of Uniformitarianism—One of guiding principles of
geology. Geologic processes and natural laws operate in the same
way today as they have in the past (gravity has always existed, and
its strength has not changed through time). The classic statement of
this concept is "the present is the key to the past.”

Plate Tectonics—The theory that the Earth's surface is composed of
large, semirigid sections (or plates) about 50km (30 miles) thick that
float across the mantle. Seismic activity and volcanism occurre
primarily at the junctions of the plates where some of the mantle
might seep through.

o
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Plates—Large, nearly rigid, but still mobile blocks of rock involved
in plate tectonics. They include both crust and some part of the upper
mantle.

Relative Time Scale—A vertical geologic time chart, arranged so
that the earliest part of geologic time appears at the bottom and
progressively younger designations appear towards the top. A
relative time scale is based on both layered rock sequences and the
paleontologic evidence contained in them, giving a relative order to
geologic time.

Sediment—Materials that are commonl'y called “dirt" or "mud."
Sediment can consist of deposits of clay, silt, sand, pebbles, cobbles,
boulders, or the remains of plants or animals.

Species—The lowest basic unit used in the classification of
organisms, either plant or animal.

Specimen—An individual example of a species.

Stratigraphy—A branch of geology; concerned with the composition,
origin, and age relationships of layered, or stratified, sedimentary
rock.

Trace Fossil—The traces of an animal that has been preserved by
natural geologic processes (see fossilization). Trace fossils give
evidence of how an organism behaved rather than the body fossil
itself. Trace fossils include things like worm trails and dinosaur
footprints.

11
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Questions for further study

. What is the diffrence between our every day, "normal" time with
geologic time?

What organisms do you think might one day become fossils?
Give reasons why.

Can fossils be found on the top of a mountain, on the beach, or
at the bottom of the ocean? Why?

Which environments do you think have the best chance of
preserving fossils? Give some réasons why.

Do you have a favorite fossil? Why is it your favorite?
Does your State have a State Fossil?

What part have fossils played in the development of the Theory
of Evolution?

Is there a place near your home or school where fossils can be
found?

10. What causes the continents to move over time?

11. Investigate some historic earthquakes and report on them.

12. Do Plate Tectonics, earthquakes and volcanoes have anything to

do with each other?

12
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Aliki, Digging Up Dinosaurs, 1988, Thomas Y. Crowell, New York,
32 p.

Aliki, Dinosaur Bones, 1988, Thomas Y. Crowell, New York, 32 p.

Branley, F. M., The Beginning of the Earth, 1988, Thomas Y.
Crowell, New York, 32 p.

Dixon, D., Explore the World of Prehistoric Life, 1992, Western
Publishing Company, Inc., Racine, Wisconsin, 45 p.

-

Mullins, G., Dawn of Time Coloing Book, Book 1, The Paleozoic Era,
1990, Paleo-Arts Publications, Bryan, Ohio, 32 p.

Mullins, G., Dawn of Time Coloing Book, Book 2, Early Mesozoic Era,
1990, Paleo-Arts Publications, Bryan, Ohio, 32 p.

Reddy, Francis, Rand McNally Children's Atlas of Earth Through
Time, 1990, Rand McNally, Chicago, New York, San Francisco, 77 p.

Stein, S., The Evolution Book, 1986, Workman Publishing,
New York, 389 p.

Dinosaurs, 1986, Computer Graphic Productions, 32 p.
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Advanced Reading

Cowen, R., History of Life, 2nd ed., 1995, Blackwell Scientific
Publications, Cambridge, 462 p.

Laporte, Léo F., The Fossil Record and Evolution, Readings from
Scientific American, 1982, W. H. Freeman and Company, San
Francisco, 225 P.

Levin, H. L., The Earth Through Time, 1988, Saunders College
Publishing, 593 p.

Seyfert, C. K., Sirkin, L. A., Earth History and Plate Tectonics, An
Introduction to Historical Geology, 1973, Harper and Row, New York,
504 p.

Stanley, S. M., Earth and Life Through Time, 2nd ed., 1989,
W. H. Freeman and Co., New York, 689 p.

Wicander, R., Monroe, J. S., Historical Geology, Evolution of the
Earth and Life Through Time, 1989, West Publishing Co., St. Paul,
578 p.
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Alpha, Tau Rho, 1989, How to construct two paper
models showing the effects of glacial ice on a
mountain valley: U. S. Geological Survey Open-File

Report 89-190 A&B (Available as a
3.5-in. MACINTOSH disk or a 30-p. report)

Alpha, Tau Rho, Lahr, John C., and Wagner, Linda F., 1989,
How to construct a paper model showing the motion that
occurred on the San Andreas fault during the Loma Prieta,
California, earthquake of October 17, 1989: U. S.
Geological Survey Open-File Report 89-640A&B
(Available as a 3.5-in. MACINTOSH disk or a 10-p. report)

Alpha, Tau Rho, and Lahr, John C., 1990, How to construct
seven paper models that describe faulting of the Earth:
U. S. Geological Survey Open-File Report 90-257 A&B
(Available as a 3.5-in. MACINTOSH disk or a 40-p.
report)

Alpha, Tau Rho, 1991, How to construct four paper models
that describe island coral reefs: U. S. Geological Survey
Open-File Report 91-131A&B (Available as a 3.5-in.

MACINTOSH disk or a 19-p. report)

Alpha, Tau Rho, and Gordon, Leslie C., 1991, Make your
own paper model of a volcano: U. S. Geological Survey
Open-File Report 91-115A&B (Available as a
3.5-in. MACINTOSH disk or a 4-p. report)

Alpha, Tau Rho, Page, Robert A., and Gordon, Leslie C., 1992,
Earthquake effects, a computer animation and paper
model: U. S. Geological Survey Open-File Report
92-200A&B (Available as a 3.5-in.

MACINTOSH disk or a 4-p. report)
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Additional Models Cont.

Alpha, Tau Rho, Starratt, Scott W. and Chang, Cecily C., 1993,
Make your own Earth and tectonic globes: U. S. Geological
Survey Open-File Report 93-380A&B (Available as a 3.5-
in. MACINTOSH disk or a 14-p. report)

Alpha, Tau Rho, and Stein, Ross S., 1994, Make your own paper
model of the Northridge, California, earthquake, January
17, 1994: U. S. Geological Survey Open-File Report
94-143 4-p.

Alpha, Tau Rho, and Stein, Ross S., 1994, The Northridge,
California, Earthquake of January 17, 1994: A computer
animation and paper model: U. S. Geological Survey Open-File
Report 94-214 30-p.

Alpha, Tau Rho, Starratt, Scott W., Hendley, James W., I, 1994,
Make your own paper fossils, a computer animation and paper
models: U.S. Geological Survey Open-File Report 94-667A&B.
(Available on 3.5 MACINTOSH disk or a 42-p. report)

Alpha, Tau Rho, Galloway, John P., Bonito, Mark V., 1995, Sea-Floor
Spreading, a computer animation and paper model: U.S. Geological
Survey Open-File Report 95-573A&B. (Available on 3.5 MACINTOSH
disk or a 35-p. report)

To order these reports, contact:
USGS ESIC-Open-File Report Section
Box 25286, MS 517
Denver Federal Center

Denver, CO 80225-0046

or call (303)-236-4476.
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