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Unit 1 Materials List

Magnifying glass

Specimens in Exercise 1 Boxes
clam(#5)

coal (#17)
coprolitespecimengmammal.
shark, dinosaur, or turtl¢}8)
coyote leg boné#9)

dinosaur tooth(#12)

dinosaur egg shef#22)

fern leaf impressiof#3)

fish imprint (#18)

ghostshrimp burrow (#7) unavailable
horsetail rush (#17)

insec{s) in ambern(#1)

Plastic containerholding:
32 light-colored chips
32 darkcolored chips

Exercise #4
Box containing modern shark jaw

iron concretion#11)

mineral gypsun{#6)

muskrat jaw(#2)

petrified wood(#10)

pottery sherd (#13)

sand dolla(#4)

stromatolite(#19)

tooth (bison, shark or horse)
(#15)

trilobite (#14)

vertebra (whale or shark)
(#16)

wooly mamnoth hair(#20)

Bag 4.1: 5 teeth (red daDretolamna appendiculata, Carcharocles
auriculatus, C. chubutensi€. megalodon& Otodus obliquus

Bag 4.2: 2 teeth (no dot): crow shafg(alicorax pristodontys



Unit 1. Fossils

Introduction

Fossils are the remains of organiqiim®ta)that have been dead a
long, long time (tpically in excess of 10,000 years). These organisms
have failed to decay because they have been preserved in some form of
bacteriafree environment (e.gn ice, in pine sap, in a bopgr under
layers of sediment). In this series of exercises, studefitgain an
understanding of what constitutes a fqsssl well as the various
mechanisms diossil preservation (Exercise 1. Fossils: T/F). They will
become familiar with the concept of geological timed what really big
numbers of years mean (Exercisgzeological TimelLine). They will
learn about how dates are assigned to fossils (Exercise 3. Dating Fossils),
and they will learn how fossils are utilized to examine the historical
relationships among organisms (Exercise 4. Fossil Lineages).

Exercise 1.Fossils: T/F

Fossils are the remains or evidence of animals or plants that have been

preserved naturally. There are four basic kinds of fodsfised on the means
by which they are preservell) the hard parts of the organisms themselves
remain such asooth enameand mollusk shell2) minerals have replaced
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the original animal or plant material and made them more like (@tkstic

material);3) the entire animallant, fungus etc has been preserved in tar,

ice, or ambe(fossilized sap of pingdes); and!l) the impression an

organism made in a soft substrate has been preserved, while the organism

itself is goneThis lastcategorg | so i ncl udes Afossili zec
footprints and casts of animal burrowd/hile not formally considered

fossil s, 01Ispeciesmofgprgdnismsseiisting daytihatare relics

of groups that once were promingoait that are now largely extinct. You

may encounter a living fossil in your set of items.

¢ Find the #1 boxes containing items in bubblapvrCarefully remove
all of the items in this bg»xand place these on a table in front of you.

e Make a chart that has 4 columns and 22 r@gshowron the
following page

¢ Fill in your chart by doing the following:

o Examine each object and determine whethis a fossil or not.
If not, it may be a dead organism that has not beenldegd
enough to be considered a fossil (again, around 10,000 years),
or it might be something abiotic (lacking the characteristics of
life).

o Read the number on the backsidehaf fossi] and record your
decision as to whethgou thinkit is a fossil (Y) or is not a
fossil (N)in the row with the corresponding number on your
chart.

o0 Next, for each object that you think is a fossildicate what
type of fossil(in terms of thanethod of preservation) you feel
it is.

o Finally, make a guess as to wtestchobject is (e.g. coral, leaf,
piece of coal, rocketc).

e Check your answers on the Key to Exercise 1 provadede end of
this book

¢ Fill in additional information about yodossils for use in later
exercises.
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Fossil?| Fossil Type | Fossil Additional Information
Y/N Identity

OO|NO|OAWIN(F|H

Example of table used to complete Exercise 1.




Exercise 2. Geologic Time Scale

There are two versions othis exercise:
1. With math for higher grades
2. Lacking math for lower grades

Introduction 1: Math versionFor Higher Grades

Over 300 years ago, scientists started piecing together information about the
earthodéds geol ogi cal hi story. They did
rock layers all over the world. Using this information, geologists have
constructed a calendaalted the geologic timescaler planetary calendar.

While the calendars most of us use are subdivided into months and weeks,
this planetary calendar consists of sections called eras and periods. Weeks
and months are made up of dayhile eras and periodge made up of

millions of years some near a billion years in lengihhis is an incredible

length of time, one that is difficult to visualiaed laborious to write down.

It takes six zeros to write out one million (1,000,000), and nine zeros to

write out one billion (1,000,000,000). To save tjmeientists express large
numbers like these in exponent form. This is called scientific notation:

1,000,000 =10 x 10 x 10 x 10 X 10 x 10 = 10°
1,000,000,000=10x10x10x10x10x10x10x10x10
= 10°

Note that the exponent, the small number to the upper right of 10, tells us
how many zeros follow the one. But wiifatve have a big number that
doesndt begi n500mitlhl iao no? e ,L eltidkse sd4t,art b
notation to write down %00,
4,500 = 4.5x 1,000 = 4.5 x 103
And so,
4,500 million = 4,500 x 1,000,000 = 4.5 x 103 x 10°
=4.5x10°.



Laws of Exponents

aa’ = a*ty
a® =1
A
a‘*a =a*Y
(a*)” = a¥

We used the laws of exponents above to ott@thx 106 = 103+6 = 10°
in converting 600million years into 4 x 10° years(4.5 billion years
which is the age of the Eajth

In Exercise 2, you will construct your own version of the geologic
time scaleand then use the charts you make to understand the age
relatiorships among the fossils you have identified under Exercigedl
will be working with in Exercise 4.

Exercise 2al. Construction of a Planetary Calendar

These instructions will help you construct a planetary calendar, or timeline,
that is scaled to a giie page. Eras of geological time will be represented by
segments of the timeline. A timeline contains much more information than
an orderedist of events, because a time line allows you to visualize the
length of time between events. In order for timgeline to give an accurate
representation of the past, longer line segments should represent longer
lasting eras, and shorter line segments should represent shorter lasting eras.
For exampleif Era 1 lasted twice as long as Erdl&n the line segmén
spanning Era 1 should be twice as long as the line segment spanning Era 2.
This means that the ratio of the length of a line segment to the length of the
total line should be equal to the ratio of the time spanned by the line segment
to the total timeas follows:

length of line segment _ time spanned by line segment

length of total line - total time

e Make a 20.5 cm line down the length of a sheet of paper. Let theamper
be current time.

e Make a mark at 0.3 cm down from the top of the line.

e Make another mark at 1.1cm down from the top of the line

e Make a third mark at 2.5 cm from the top of the line
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¢ You have demarcated the eras of the geological time scale.

e Your timeline represents a period 05@0,000,000 yeargt 5 billion years,
the age of the Earth)

e Using your pen or pencil, label each section of the line with its official
geologic name. The long lower section below the 2.5 cm mark is referred to
as Precambrian iie. Itis clear that the Precambrian takes up the majority
of the time on your time line. (We will make this statement more precise in
the next exercise.) The section between the 2.5 and 1.1 cm marks the
Paleozoic Era. The Mesozoic Era is located betvithe 1.1 andl3 cm
marks. The Cenozoic Edacated above the 0.3 cm maikthecurrent
geologicalera.

e We wish to determine theercentage dE a r t h 6 thatdachoftthe r y
geological eras takaip?

Let ds find t he pePrecasmbriandages updogetheri me

e The length of the section prescribing the Precambrian is 20.5 cm
- 2.5 cm for a total of 18 cm.
¢ Since the total line length is 2CcE long, we find that the ratio

t

of this sectionos Iésg?gzt:m%.to t he ¢

e That means that this sec088on6s
= 88% of the length of the entire lin&hus, Precambriantime
makes up about88% ofEar t h 6 s-almostall abit! y

Using the same technique, answer the following questions:
e 2al Ql1l.What percent of the total time does the Paleozoic Era take up?
e 2al Q2.What percent of the total time does the Mesozoic Era take up?
e 2al Q3.What percent of the total time does the Cenozoic Era take up?

Check your answers under Exercise 2al at thend of this book.

Precambrian time lasted for almost 4 billion years. During most of this
time, the Earth was gradually cooling and chemical compounds containing
carbon were building up in the seas. Carbon is the basic building block of
living organisns and compounds that contain carbon are referred to as organic
compounds.Representatives of thiest living organismsprokaryotes that
had DNA loose in the cdllirst appeared in the fossil record at ab®tbillion
years agoTl'he stromatoliteq2bya) from Exercise 1 are an exata of
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fossilized cyanobacteria colonies, that are the first photosynthetic organisms
and descendants of the earimnembers of the KingdomaBteria)
e Question:
Where on our time line is the point denoting the appearanbe of t
first living organisms?
e Answer:
0 Because this event occurr@d billion, or 3500million years

ago, we find that the ratio of the time since this event occurred

and the total time i?ésﬂ ~ 0.78.
4500

o This means that the ratio of thadgh of the line segment
spanning this time and the length of the entire timeline is also
0.78.

length of segment _ length of segment

= =0.78.
length of total line 20.5

o Thatis

o

So thatength of segme = 0.78 X 20.5 = 16.0.
o Therefore the point denoting the appearance of the first living
organsms is16.0cm down from the topf the line.

e Mark this point on your calendar with ttebelfiPr ok ar yot es o
(organisms lacking a nucleus)

Most of the major body plans or phyla of animals appeared at the very
beginning of the Paleozoic Euring the firsiperiod called the Cambrian.
This period ended88million years agortya).

e Use the process we just used to find the point that denotes the

appeaance of the first living organisms to find the point that denotes
the end of the Cambrian Period. Label this point End of Cambrian
Period.

The Paleozoic Era as awhole is known asitlege of I nvertebrate
invertebrate organisms dominated during tinie, or thefAge of Trilobites 0
becausénvertebrates called trilobites were common and divdusagthis
era Reptiles dominated the Mesozoic, which is termedifftgee of Reptile®
or t he @ Ag @andthe CBriozoio is rafernedsto asiihge of
Mammal®. Human history in geologic time i
end of the calendar.

o Write the age names in after the era namgour timeline.
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Add the followingdatego your line, recording each time in
scientific notation:

o Lower erd = 4500mya (million years ago)

o Start of Paleozoic Era542 mya

o End of Cambrian Period within Paleozoic Erd88 mya

o Start of Mesozoic Era 251 mya

o Start of Cenozoic Era = 65 mya

Now that youmgeologic timelinéhas been constructed, use the
informaion you wrote on your chart in Exercise 1 to place your
fossils along this timeliné\Note that the Paleozoic Era involved
diversification of life only in the seas. Major land building activity
by volcanoes and earthquakes in the later eras led to the
diversification of vertebrates, insects, spiders, and their relatives on
land. Plants and fungi also originated in the new terrestrial
environments created in the Mesozoic and Cenozoic eras.

Exercise 2b1. ACloser L ook atBiodiversity in GeologicalTime
You probably have noticed that all of your organisms have been crowded into
a very small part of the geological time line.

Make a new scale on another sheet of paper to expand the time
period during whicihmulticellularlife has diversifiedthe Cambrian
throughthe present)Draw a line 20.5 cm down the length of the
paper. Letthe upper end be the current time and the lower end be
the start of the Cambrian period of the Paleozoic Esd 2tnya.

Use thenformationprovidedon paged2-17 (Life since the
Canbrian)to separate the expanded upper end of the time line into
periodswithin erasfrom 542mya to present. Use the mathematical
technique described in Exercise 2a to find the points on the line that
correspond to the beginning of each period.

Find andmark the position of eaatf yourfossil samplefrom

Exercise Jon this new time linausing the same mathematical
technique.

Which fossil(s) were you unable to place on the abbreviated time
line?
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Exercise2c. Comparing Time Frames
OpenEnded Eploration
o Form teamgif you have not already done so.
o Each team shouldomparethe geological timeline you made after that
on the following pag#o the one projected below on a-Bdur clock
e Add theevents listed othis 24-hourclock to your time line
o0 Begin by finding the length of a singflaourd on your timeline.
Hint: There should be 24 hours total on your timelared each
hour should be of the same length.
e Discuss how this comparison contributes to your understanding of
geological time
e Which eercise was more meaningful to you, the drawing of
geologicaltime to scaleor the placement adur 24-hourclock on a
geological time line7Explain your answer.

formation
first humans of Earth
(11:59:40 pwm)
first flowers \
_ , FiEnd \)“ . first Earth
invasion of lan rocks
by plants T o,
NS 1 / first
J é/ prokaryotes
first i
animals 9.
X N 5
S billions of
first — T T6PM years ago AM 6
multicellular 5
organisms o 7
4 8.
7/ 9 9\
2
\\/ / | \
first eukaryotes
=
— accumulation of free oxygen
Earth's history projected on a 24-hour day
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GEOLOGIC TIME LINE OF EARTH : LIFE SINCE THE CAMBRIAN

PALEOZOICERA i T he Anyerteboated

CAMBRIAN PERIOD: 542-488 million years ago
The algae and invertebrates similar to jellyfish and worms are abundant. The first shelled
animals (brachiopods) begin to appear, and early arthropod predators, the trilobites (now
extinct) appearedas well. Most of the currently existing major body plans of animals
appear, as well as many bizarre organisms that are dissimilar to any major animal group
today. The appearance of a great diversity of life forms over such a relatively short time
pericd i s often referred to as the ACambrian EX
Canada is one of the most famous locations from where many fossils from this period
have been foundAt the end of this period, however, a major extinction event
substantlly reduced diversity among the brachiopods and trilobites.

Cambrian sea floor, with
numerous trilobites, a single
Canadaspigan early arthropod
similar to modern crustaceans),
andthreecrinoid echinoderms
(Asea | i lackgraumnd)

ORDOVICIAN PERIOD: 488-444million years ago
Though hit hard by the earlier extinction evernitobiteswerestill diverse. Blastoids
and crinoids (ancient relatigeof our modern echinoderrtike starfisl), bryozoans
(Amoss ani mpohges)dnthollusks lika dnalsclams, and cephalopods
(relatives of octopus, squid, etevere abundang nd eur ypteridls (fisea sc
ancient relatives of horseshoalosand arachnids crawled the sea floorslawless,
armored fish known as ost@erms the first vertebratesppear.Evidence suggests the
possibleappearance of simple, n@ascular plant$without specialized tissues for
transporting water and nwgnts)on land Near the end of this period, a major extinction
event, possibly caused laymajor glaciationwiped outover a hundred families of marine
organismsmaking this the secon largest extinctbma r i ne | i fe .in Eartho:

An Ordovician cephalopod
feasting on a trilobite

uuuuu
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SILURIAN PERIOD: 444416 million years ago
Jawless fish diversified widely and rapidly, and the first freshwater and jawed (fisbes
acanthodiansappeaed The first vascular land plants appear, and forests of non
vascular mossdaed streams and lakeSvidence suggests the appearance of the first
terrestrial fungi during this timeRemains of the first arachnids and centipedes, both of
which are predatory, suggest the presence of other arthropods that would have been their
prey, indicating the earliest signs of simpleigrrestrial food webs.

Three ostracoderms
N T (background), and an early
W% w -, s . Iawedfish of the Silurian.

DEVONIAN PERIOD: 416-359 million years ago
Duringthe earlyDevonian massivereefs ofcoralsandred algaeexpanded Brachiopods
were the dominardquaticlife forms,butbivalves, echinoderms (the crinoids and
blastoids) andtrilobites were still presenthough most trilobites were gobg this
p er i o dAmoneids,dancient cephalopods with coiled shellsy appearedThis
period is often referredtoassth i Age of Frea diversificationdndigh. t o
Jawed fishegincluding the highly armored placodennearly sharksandlobefinned
fishes (sarcopterygians, eventuallye rise tathe earliest amphibian¥he anphibians
become abundaniuring te late DevoniarlLife on land consisted of giant
representatives of modern mosses and fefhg earliest seegroducing plantslso
appeared during this period along wiitie first wingless insectsA major extinction
event in the late Devonian wipedtabout 70% of marine invertebrates, all jawless fish
and placoderms.

Devonian seafloor. An early
sharkis at left, and several
small fish arelso visible.

13



