BIOLOGY/PART 4

Geologic History and the Oceans

Organisms must adapt te their environment to
survive. One of the most remarkable aspects of life is
the efficient design of many animais ang plants. Think
about a shark, for exampie. its keen senses and fazor-
sharp teeth make it such a successful predator that it
has lived in the oceans for millions of years,

How do we know? Fossils. Fossils are the rermains
of organisms preserved in rocks and sediments, We
know by studying fossils that the animals and plants
on Earth have changed over millions of years. {The
science of tossils is called paleontology.) This is one of
the reasons that the theory of evolution was formed
The word “evoluticn” means change over time.

We said that orgamisms cannot survive uniess
they adapt to their environment. Therefore, if animals
and plants have changed, so has the environment. In
the past few decades, scientists have discovered
evidence that the ocean has played a major role in
worldwide environmental change.

Geologic Time/Dating Fossils

Marine invertebrates {animals with no backbone)
are the most abundant type of fossil. They are so
commaon that many geclogical pericds are based on
them. A geologic period is a unit of ime when a par-
ticular group of organisms was prevalent. Paleontolo-
gists speak in terms of “geclogic time," where events
are thought of in thousands and millions of years.

Determining the age of the Earth and of fossils is
not easy. Scientists have two different methods—
correlative dating and radiometri¢ dating.

In correlative dating, the paleontologist examines
layers of rocks containing fossils and determines
which ones are in the upper, middie and lowest layers.
Those at the bottomn were deposited first and are the
oldest. The layer above is younger, and the upper
layer is youngest. This method is useful but doesn't
give an absolute date,

To get &2 more accurate date, scientists use radio-
metric dating. Unstable radioactive isotopes have
known decay rates. These are expressed in “half-
lives” For example, ten units of an isotope with a half
life of 200 years wili have decayed to five units be-
tween 1900 and the year 2100. By caiculating the_
relative proportion of the radioactive element and its
decay products found in a fossit (or in a rock next to
the fossil), you can determine how long it has been
since that fossil formed.

For example, uranium-235 decays to lead-207 A
rack with more uranium-235 than lead-207 is younger
than a rock with more lead-207 than uranium-235,

Radioactive isotopes don't occur in avery 1ock.
But by combining correlative dating with radioactive
dating. a trustworthy age can be obtained.

The Marine Fossil Record

The first forms of life on Earth are believed to have
lived in the sea since the earliest fossils are found in
ocean sediments. And, you don't have to be a scuba
diver 10 collect them. Fossils of marine organisms can
be found in the middle of continents {far from any
beach) and even on the tops of mountains. The distri-
bution of the oceans certainly has changed since the
Earth was formed. This environmental change may
have had a big effect on the evalution of life

Another interesting thing about manne fossils g
the axistence of periodic mass extinchons. Hundreds
of species disappeared in a geologically short period
of ime.

There are many manne creatures that we dont
see today as a result of these extinctions {Figure 1
and 2}. These inciude rugose corals, hyolithids,
trilobites ang plesiosaurs. But there are some marine
organisms that have been so evolutionarily successiul
that they have survived environmental changes since
the Paleozoic era and are still with us today (Figure 3).

No one knows exactly why some animals become
extinct and others survive, but there are lots of
thecries.

Figure 1 Extinct marine creatures

hyolithid
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Figure 2 Extinct marine creatures

ammonila

plesiosaur

Figure 3 "Living fossils” in the sea—marine animals that have survived since the Paleczoic era

horseshoe crab

ostracod
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Changes in the Oceans

Theories about the causes of mass extinctions
often center on the history of the seas. The occur-
rence of mass extinctions and the abundance of
marine fossils on land are evidence that the oceans
have undergone dramatic changes in their shape
and geographical distribution. Scientists
hypothesize that two major processes are
responsible—plate tectonics and sea leve! changes.

Piate Tectonics

In the 1960s, scientists accepted the idea that the
continents have moved since they were formed. Ag
long as maps have existed. people have noticed that
the edges of the continents fit together (especially
South America and Africa). It was not until recently,
however, that it was proved that continents do drit.

Scientists discovered ridges in the middie of the
oceans throligh which hot, new crust seeps (Figure 4).
At the edges of some ocean basins, there are deep
trenches where old crust is destroyed. This means that
the continents are riding “plates” that cover the Eanh
like a skin. New material is added 1o a plate at one
end {ocean ridge) and destroyed at the other end
{trench}). This results in constant movement,

This process brought the continents together in
the Mesazoic era and gradually pushed them apart,
New oceans formed between them. Plate movement
continues today, although it is not fast enough to
notice. Geologists have used scientific tech nology to
measure the Alantic Ocean’s growth, which is at the
rate of approximately one inch a year

Although this is not significant in our lifetimes, in
geoiogic time such movement makes a big difference.
The formation of new oceans changed the distribution
of water and altered climate. This may have caused
some extinctions.

Sea Level Changes

When you change the shape of a contaner (like
an ocean basin), you change the leve! of the waler in
it. Think of the water level in a short. wide glass versug
the same amount of water in a tall, narrow one,

Scientists have plotted the changes in sea level as
they corretate tc warm and colg climates. The
evidence shows that sea level has rarely been stable,

For much of the Earth's history, sea level has
been higher than it 1s today. Then, the ocean covered
most of the continents, creating large, shallow seas.
The waters were warm, the depth and currents um-
form, and the conditions stable. Many different,
specialized types of creatures evolved in these
oceans. The times of maximum diversity in the foss)l
record coincide with tmes of maximum flooding.
When sea level dropped and new, deeper basins
formed, the organisms that depended on the shallow
seas lost their habitat and became extinct. It 5 POSSI-
ble that the movement of the continents and the
changes in sea level have written the course of evolu-
tien in the sea.

There are many different theones about mass ex-
tinctions. Interestingly, the extinctions of marine fauna
coincide with extinctions on land. Why? Some re-
searchers believe that a key species, such as a small
fish or algae. formed the base of the food chan for
ocean and land animals,

Other scientists have focused on extraterrestrial
reasons for mass extinctions. The presence In rocks of
meteorite dust (a mineral called iridium) corresponds
to times of extinctions. This suggests that asteroids hit-
ting the earth may have caused huge dust clouds to
block out the sun and rapidly alter the climate, Qther
researchers are locking at comets to explain the
changes. it is unlikely we will ever know for sure what
caused extinctions, but is important to try 10 under-
stand so we can better predict the future.

Figure 4 Plate movement
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ACTIVITY 1
Personal Time Line

Purpose

To develop an awareness of the amount of time
involved in the evolution of life, to become aware of
when complex organisms evaived in geologic time, to
see how much evolutionary time is focused on ocean
lite and to become aware of the oceans as the birth-
place of all living things.

Materials

5CISS0rs

colored pencils

paper

geologic time scale {textbook for information and data)

#
Flgure 5 Fold a sheet of paper lengthwise three times

[

Figure 6 Draw a line in each crease as indicated
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Figure 7 Fold the paper crosswise three times

Procedure

Fold a sheet of paper (8'2 by 11 inches) in ha't
lengthwise three times. When you unfold the sheet,
the creases should make eight sections (Figure 5).

Draw lines like those indicated in Figure 6 at each
crease. Fold the paper in half crosswise three times
(Figure 7). Unfold and cut along the horizontal lines
you drew earlier. Now unfold your time line, bending it
over at the joints so that it will lay flat and straight
(Figure 8).

Label your time scale. Each crease mark is equal
to one million years. Mark the boundaries of the three
eras Paleozoic, Mesozoic and Cenozoic. Use the
geologic time scale in your textbook to determine the
eras. With light-colored pencits, color each era a dif-
ferent color.

Label the periods (Pre-Cambrian, Cambrian, Or-
dovician, etc). In each period, make small drawings of
the organisms that were abundant then.

Put a star where there were mass extinctions. Be
sure to notice where humans appear.

Figure 8 Unfold and cut along lines drawn eartier

Unfold time line, bending it over at joints
so that it lays fiat and straight
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A Classroom Geologic Time Line

Purpose

To develop an awareness of the amount of time
involved in the evolution of life, to become aware of
when complex organisms evolved in geologic time, to
see how much evolutionary time is focused on ocean
life and o become aware of the oceans as the birth-
place of all living things.

Materials

poster board

SCissors

marking pens

masking tape or thumbtacks
meter sticks or tape measures
calculators

Procedure

Cut out large (30 cm wide by 15 ¢m long) arrows
from the poster board.

Using the evolutionary time line from a textbook,
prepare as many arrows as the number of significant
events you want to portray. On each arrow put when
the event occurred. For example, mark these firsts: ceil
formation, iand plants, fish, air-breathing animals, in-
sects, reptiles, birds, mammals, hominids, human be-
ings and modern humans,

Now, measure the total periphery of your room.
Take that number and divide by 5, (f you assume that
Earth is 5 billion years old, then 14 of the room’s
periphery will equal 1 billion years.

Now divide the length that equals 1 billion years
by 10. That length will equal 100 million years.

Finally, divide the length that equals 100 million
years by 100. You will have the length that equals 1
million years.

If the periphery of your room is 50 meters, then 1
million years will be 1 cm. if the periphery ig 25
meters, then 1 miliion years will be 5 cm.

Now, agree on which corner to the room to start.
Take your first arrow, marked “Earth is formed—5
bilion years ago” and tape it in this corner.

Take the next arrow, marked "First cell formed—
2.7 bilion years ago,” and put it the appropriate
distance away from your first arrow according to your
calculations.

Continue putting up arrows until you have repre-
sented all the major events in the evolution of livi ng
things.

Questions

1. What are the berefits and disadvantages of
radiometric dating?

2. What are the most abundar types of fossils.
3. In which geologic period do we ind humans?

4. Name three very ancient types of arganisms that
are still alive today,

5 What are three possible explanations for the mass
extinctions that have occurred over geologic time?

8. How long had the Earth been in existence before
the tirst living cell evolved?

7. When did plant life first appear on land?

8. How long did life exist in the oceans before life first
appeared on lang?

8. Why did life first evoive in the oceans?

10. How do you expiain the vast increase in the diver-
sity of life over time?

11. How did ocean life affect the ozone layer? How did
this permit terrestrial life?

12. What is the theory of plate tectonics?
13. What does the word “evolution” actually mean?

14. How can the movement of the continents affect
sea level?

15 Why might sea ievel changes have significantly af-
fected the evolution of marine and terrestrial
organisms?

16. Gan you think of something that is going on today
that might be causing many species of animals and
plants to become extinct? Explain,

17. Why should organisms change over time rather
than remain the same? What are they reacting tc?
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18. Let's say that uranium-236 decays to lead-205.
Which of the rocks below 1s older {Figure 9)?

a. more uranium-236 b. more lead-205
less leag-205 less uranium-236

Explain your answer

Flgure 9 Two rocks

More Uranium 236 More Uranium 205
Less Lead 205 Less Uranium 236
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ACTIVITY 3

Fossil Lab

Purpose

To make carefu! observations, to become famiiiar
with and recognize many different kinds of fossil for-
mations and to interpret observations.

Teacher Background

Fossils are excellent teaching materials, Mary
students are already familiar with and enthusiastic
about fossils. They are likely to bring contributions
from home for use in the classroom. The incredible
age of fossils generates amazement in students and
teachers alike, But most important, fossils can be used
to sharpen students' observation skills and to iead
them to interpret ang hypothesize,

Some of the easiest fossils to collect and the most
inexpensive to obtain are marine fossils. In fact, the
most likely place for a quick burial (before the body
can be eaten or rotted away) is in the sea. There, sedi-
ments are always collecting in an anaerobic environ-
ment, explaining why 90 percent of all fossils are
marine organisms. And, those organisms with hard
shells are the most likely to leave fossil remains. Find-
ing marine foss!s far from today's oceans tells us a lot
about the Earh's past.

Even ancient people were aware of fossils, wear-
ing them as amulets and attributing supernatural
powers to them. In the Middie Ages, fossils were
thought to be vestiges of the "The Great Flood” re-
mains from the trial ang error of creation, temptations
by Satan, or a trick of nalure, Leonardo da Vinci was
one of the first people to grasp the implications of
fossil remains. But is was not until the early 1880s that
paleontoiogy, the study of fossils, became an estab-
lished science.

There are several types of fossils:

* Praservation of Complete organisms or parts of
organisms in ice, amber or tar

* Molds—an imprint of the actual organism, such as a
shell, in mud or sediment. Molds can be of the inside
Or outside of the shel!

* Trace fossils—tracks such as the trail of a horseshoe
crab in rock that was once sediment, former “homas”

such as preserved mud burrows or tubes fram worms,
Or the feeding traces of warms or ather organisms.

. Petrifactions-—replacement fossils, where the
original materia was dissolved and replaced with
minerals.

* Casts—The insidg of a bivalve, for example, may be
hlled with rminerals that harden, legyi ng the shape of
the shell on the Quiside.

* Distillation—carbon films teft by a leaf or an animal.
The film May wash away but the impression can be
left behing in the rock.

Fossils ¢an tell us many things about the Earth,
We can tell the age of a stratum of earth by noting the
fossils found in the matenal. Each geciogic era has itg
characteristic flora and fauna. Thus we determine
what kinds of ervironments existed in different argas
of the Earth over time. We can determine the Earth's
movements and the shifting of its layers,

In addition, we can use fossils 10 see how argan-
isms have changed. Thig helps us understang the vast
time involved in evolutionary changes and the interac-
tion between organisms and their environment dy fing
evolution, Fossils are even used 10 locate coal seams
and petroleum and gas deposits. Microfossils in deep
borings can be indicators of carbon products.

in addition, fossils are valuable in what they don't
tell us. Many organisms were not preserved as fossiis,
This provides the Oppoitunity 1o gather available data
and make interpratations based on incomplete
evidence.

The following student activity is designed to pro-
vide the student with a “lab Practical” environment.
The students move around the classroom for 1%2 1o 2
minutes to abserve each specimen and answer a
Question. The actual fossils and questions will be
Specifically determined by what the leacher and stu-
dents have collected. In addition, the lab is best if a
few Tossils of land organisms {(plant and animal) are
used to provide for comparison and discussion.

It is suggested that a collection of fossils be ob-
tained. These may be fossils already present at the
schooi or ones from various private collections, Other
SOuCes are:

* Carolina Biological Supply—GEOQ 5299 is 15 fossils
from the Texasgulf Inc. phosphate mine in Aurora.
These are mounted on labeled cards and come with
background information. The cost is 314,

There are other sets available A iarger one with
bigger fossits from Aurora costs $46, in addition, there
are individual fossils such as ammonites, crinoids and
sand dollars.
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« Texasguif Inc. can be contacted directly. Write the
Communications Coordinator, Texasgulf inc., PO, Box 48,
Aurora, N.C. 27806,

« Also try museum stores (Discovery Place in
Chariotte, The Museum of Life and Science in
Durham, The N.C. State Museum of Natural Sciences
in Raleigh, etc), gem and mineral stores or science
and hobly stores.

e Or collect your own. Educators at the NC.
Aquariums, the N.C. Maritime Museum or the N.C.
State Museum of Natural Sciences could direct you to
good fossiling areas.

Try to collect a variety of fossils that represent dif-
ferent geologic periods of formation.

Examples:
Brachiopods—These are bivalves. You can find the ac-

tual shelis, imprints or casts. They are common in
rocks of the Cambrian to Carboniferous ages.

Corals—The walls and partitions built by tiny soft-
bodied creatures long ago decomposed are preserved.

Trilobites—These creatures had a head, segmented
body and tail section. They roll up like a pill bug and
are found in mudstones of the Cambrian te Siturian
ages They can be imprints or replacements.

Snails (Gastropods)—These are single-coiled shelled
organisms.

Sea urchins—The spines are usually missing in fossils.

Ammonites (Cephalopods)—These are extinct now but
were comrmon from the Jurassic to Cretaceous ages.
They are found as replacements or casts.

Various fish—These are usually imprints and a fine ex-
ample of marine vertebrate fossils.

Whale bone—These are easy 10 find in North Carclina
and are an excellent example of minerals replacing
tissue but leaving the porous bony appearance.

Sharks' teeth—These are easy to find and can be
used to illustrate how one part of an organism can be
used to extrapolate other data.

Tube worm homes—These are harder to find but not
impossibie.

Insects ancased in amber—These must be bought.
They are expensive but nice to have.

Petrified wood—Carcina Biological Supply has some
samples from the West for about $6.
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Horse teeth, plant imprints, internal casts, sand with
miniature fossils, fossil feces (coprolite), elc. can be
collected.

Always include in your collection at least one ex-
ample of something that is not a fossil. You can even
et the students know there is an imposter. It will sensi-
tize their observation powers. You might use a piece ot
pyrite {fool's gold), a dead beetle, a barite desert rose,
uncut geode or a snake skin. Use your imagination.

Student Procedure

Around the room you will see 30 stations. Each
station has one fossil and a question. Observe the
fossil and answer the question. After about two min-
utes, you will be asked to shift to the next station.
Repeat the process.

At the end of the lab, you will have time to return
10 any fossils you wish to observe longer. Answer
these questions as best you can, remembering that
sometimes even the experts disagree. Among the
fossils will be some impostors. See if you can identify
the materials that are not fossils.

Remember that fossils are by definition the actual
remains or evidence of living organisms that lived in
the past. They may be impressions, casts, parts of the
organism or mineral replacements of bone or shell.

Teacher Procedure

Provide students with a sheet that has the ques-
tions for each station printed out next to the station
number. Each student starts with the guestion that cor-
responds to his first iab station and continues from
there in numerical order. This saves the student time
and allows more time for observing and thinking. For
some stations, students wiil need a dissecting micro-
scope or magnifier,

Here are some sample questions for vanous
fossils. The types of fossils at each station are in
parentheses. Do not include these on the cards next
10 the fossils or on the handout. These are for your in-
formation only.
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Sample Questions

1. {shark teeth)

Shark teeth are commonly found at the bottom of the
ocean, but other parts of the shark are rarely found
there. Suggest a reason for this,

2. {mold of a seashefi)

What type of fossil is this and how was it formed?
What ervironment would these animals have lived in?
3. ftrilobite from Utah)

Was the animal that formed this fossi| soft- or hard-
bodied? Explain. What was the environment like 500
million years age in Utah?

4. (petrified wood)

What does this sample have in common with wood?
What does this sampie have in common with rock?
5. (leat film)

Fossil evidence suggests that much vegetation found
in Canada today is similar to what was found 14000
¥ears ago in our area, Suggest an explanation for this,
6. (shellacked fish)

Is this a fossi? Why or why not?

7. (spider in amber)

How might this spider have been preserved so
completely?

8. (armonite cast/mold)

What kind of fossil is thig? What kind of environment
did this organism live in?

9. {fossil coral)

What is the common name of this fossilized organism?
What used to live in the tiny holes?

10. (leg bone [temur] of large mammal)

Is this a fossil? Why or why not?

1. (shark's tooth)

Is this an example of actual remains or replaced re-
mains? Explain,

12. (arrowheads)

What are these? Are they fossils? Why or why not?

13. (fossil fern {Pennsylvanian] and fossil Coelenterate
[Mississippian})

If the coelenterate fossil was found in a deeper
stratum of rock in the same location as the fern fossil
was found, which do you think was oider? Why? What
must have happened to the area over time?

14. {fish print [Wyoming])

How do you think this fossil was formed? | thought
Wyoming was where “the deer and the antelope play”
Why was this fossil found there?

15, (whale vertebra)

This is a fossil. What part of the anatomy of a farge
animal is it? This was an ocean-dwelling organism,
Any guesseg?

18. (gastropod)
Is this fossil a mold or a cast? Expiain,

17 {piece of pyrite [fool's gold])
Is this a fossil? Why or why not?

18. (plant pod [pseudoivory] and fern filrry)
One of these is a fossil. Which one? Explain.

1. (Chesapeake Bay fossil scallop)

Fossils of this type are common, Was this organism
mare abundant than other species that lived at the
same time? Why or why not?

20. (cast of a bivalve)

What kind of fossil formation is this? What king of
organism was it?

21. (sycamore leaf [carbon fitm])

What kingdom did this organism belong t0? What was
the enviranment like when and where this organism
lived?

22. (petrified wood)

How many years ago did this arganism first appear on
Earth? Certain fuels are often associated with an abun-
dance of these organisms. Cite two examples of these

fuel
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23, (plaster cast of mastodon molar)

This is a plaster cast made from a fossil or part of a
mastadon. What part of the mastodon ig this?

24. (orendont teeth [pig-like creature])

Was this animal a herbivore or carnivere? Explain.

25, {fossil long bone)

What is this a fossil of? Was the arganism a vertebrate
or an invertebrate? Explain.

26. (fern film and branch of another ptant cn same
piece of rock)

Are the branch and leaves in thig fossil irom the same
type of organism? Explain.

27. {two trilobite fossils in same rock)

How mary fossil organisms are here? What kind of en-

vironment do you think they once lived in?

28. {tube worm homnes)

What kind of organisms were these? What kind of en-
vironment do you think they once lived in?
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29. {rock with many small melds of marine organisms)
There are fossils on both sides of this rock. Are they
all from the same species? Explain.

30. (two samples of whale vertebrae [one is noticeably
heavier)

Lift both of these fossils. Can you explain the dif-
ference in weight?

31. (marine vertebrae [small])

What do you think these pieces of marine skeleton
are?



Competency Factors/References

Competency Indicator

Biclogy—

11 know about the nature of science;
1.2 know the methods of science; and
1.3 know the limitations of science.

Competency Measures

Biology/Acadermic—

1.1.3 give scientific evidence to support the theory of
evolution;

1.2.1 perform laboratory exercises that Use process
skills such as observing, interpreting data and for-
mulating conclusions; and

1.31 explain the limits of time, experience and society
on scientific problem-solvi ng when given an example
of a problemn facing past generations.
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