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Unit 1 Materials List  
  

Magnifying glass 

Specimens  in Exercise 1 Boxes 

clam (#5) 

coal  (#17) 

coprolite specimens (mammal. 

shark, dinosaur, or turtle) (#8) 

coyote leg bone (#9) 

dinosaur tooth  (#12) 

dinosaur egg shell (#22) 

fern leaf impression (#3) 

fish imprint (#18) 

ghost shrimp burrow ï (#7) unavailable 

horsetail rush (#17) 

insect(s) in amber (#1) 

 

  

 

 
 

iron concretion (#11) 

mineral gypsum (#6) 

muskrat jaw (#2) 

petrified wood (#10) 

pottery sherd (#13) 

sand dollar (#4) 

stromatolite (#19) 

tooth (bison, shark or horse) 

(#15) 

trilobite (#14) 

vertebra (whale or shark) 

(#16) 

wooly mammoth hair (#20) 

Exercise  #4  
Box containing modern shark jaw  

 

Bag 4.1: 5 teeth (red dot) Cretolamna appendiculata, Carcharocles 

auriculatus, C. chubutensis, C. megalodon, &  Otodus obliquus 

 

Bag 4.2: 2 teeth (no dot): crow shark (Squalicorax pristodontus) 

 
 

 Plastic container holding:  

32 light-colored chips  

32 dark-colored chips 
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Unit 1. Fossils 
 

 
 

Introduction  

 

Fossils are the remains of organisms (biota) that have been dead a 

long, long time (typically in excess of 10,000 years).  These organisms 

have failed to decay because they have been preserved in some form of 

bacteria-free environment (e.g. in ice, in pine sap, in a bog, or under 

layers of sediment). In this series of exercises, students will gain an 

understanding of what constitutes a fossil, as well as the various 

mechanisms of fossil preservation (Exercise 1. Fossils: T/F). They will 

become familiar with the concept of geological time, and what really big 

numbers of years mean (Exercise 2. Geological Time-Line). 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 fossils, based on the means 

by which they are preserved: 1) the hard parts of the organisms themselves 

remain, such as tooth enamel and mollusk shells; 2) minerals have replaced 
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the original animal or plant material and made them more like rocks (abiotic 

material); 3) the entire animal, plant, fungus, etc. has been preserved in tar, 

ice, or amber (fossilized sap of pine trees); and 4) the impression an 

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

itself is gone. This last category also includes ñfossilized behavior,ò such as 

footprints, and casts of animal burrows. While not formally considered 

fossils, óliving fossilsô are species of organisms existing today that are relics 

of groups that once were prominent, but that are now largely extinct. You 

may encounter a living fossil in your set of items. 

 

 Find the #1 boxes containing items in bubble wrap.  Carefully remove 

all of the items in this box, and place these on a table in front of you. 

 Make a chart that has 4 columns and 22 rows, as shown on the 

following page. 

 Fill in your chart by doing the following: 

o Examine each object and determine whether it is a fossil or not. 

If not, it may be a dead organism that has not been dead long 

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 backside of the fossil, and record your 

decision as to whether you think it is a fossil (Y), or is not a 

fossil (N) in the row with the corresponding number on your 

chart. 

o Next, for each object that you think is a fossil, indicate what 

type of fossil (in terms of the method of preservation) you feel 

it is.  

o Finally, make a guess as to what each object is (e.g. coral, leaf, 

piece of coal, rock, etc.). 

 Check your answers on the Key to Exercise 1 provided at the end of 

this book. 

 Fill in additional information about your fossils for use in later 

exercises. 
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Item 

# 

Fossil? 

Y/N 

Fossil Type   Fossil 

Identity  

Additional  Information  

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

16     

17     

18     

19     

20     

21     

22     

 

Example of table used to complete Exercise 1. 
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Exercise 2. Geologic Time Scale  

 

There are two versions of this exercise: 

1. With math for higher grades 

2. Lacking math for lower grades 

 

Introduction 1:   Math version For Higher Grades 

  

Over 300 years ago, scientists started piecing together information about the 

earthôs geological history. They did so by comparing the patterns and ages of 

rock layers all over the world. Using this information, geologists have 

constructed a calendar called the geologic timescale, or 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 days, while eras and periods are made up of 

millions of years, some near a billion years in length. This is an incredible 

length of time, one that is difficult to visualize and 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 time, scientists express large 

numbers like these in exponent form.  This is called scientific notation: 
 

 

 

 

Note that the exponent, the small number to the upper right of 10, tells us 

how many zeros follow the one.  But what if we have a big number that 

doesnôt begin with a one, like 4,500 million?  Letôs start by using scientific 

notation to write down 4,500, 

 
And so,    
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Laws of Exponents 
 

 

 

 

 

 

 

We used the laws of exponents above to obtain  

in converting 4,500 million years into 4.5 × 10
9
 years (4.5 billion years, 

which is the age of the Earth). 

 

In Exercise 2, you will construct your own version of the geologic 

time scale, and then use the charts you make to understand the age 

relationships among the fossils you have identified under Exercise 1, and 

will be working with in Exercise 4. 
 

Exercise 2a1. Construction of a Planetary Calendar  

These instructions will help you construct a planetary calendar, or timeline, 

that is scaled to a single page.  Eras of geological time will be represented by 

segments of the timeline.  A timeline contains much more information than 

an ordered list of events, because a time line allows you to visualize the 

length of time between events.  In order for this timeline 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 example, if Era 1 lasted twice as long as Era 2, then the line segment 

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 time as follows: 

 

                 

 Make a 20.5 cm line down the length of a sheet of paper. Let the upper end 

be current time. 

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

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

 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. 

 Your timeline represents a period of 4,500,000,000 years (4.5 billion years, 

the age of the Earth). 

 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 Time.  It is 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 between the 1.1 and 0.3 cm 

marks.  The Cenozoic Era, located above the 0.3 cm mark, is the current 

geological era.  

 

 We wish to determine the percentage of Earthôs history that each of the 

geological eras takes up?   

   
Letôs find the percentage of time that the Precambrian takes up together.   

 

 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 20.5 cm long, we find that the ratio 

of this sectionôs length to the entire lineôs length is .   

 That means that this sectionôs length is approximately 100 Ĭ 0.88 

= 88% of the length of the entire line.  Thus, Precambrian time 

makes up about 88% of Earthôs history - almost all of it! 

 

Using the same technique, answer the following questions: 

 2a1 Q1. What percent of the total time does the Paleozoic Era take up? 

 2a1 Q2. What percent of the total time does the Mesozoic Era take up? 

 2a1 Q3. What percent of the total time does the Cenozoic Era take up? 

 

Check your answers under Exercise 2a1 at the end 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 organisms and compounds that contain carbon are referred to as organic 

compounds.  Representatives of the first living organisms, prokaryotes that 

had DNA loose in the cell first appeared in the fossil record at about 3.5 billion 

years ago. The stromatolites  (2bya) from Exercise 1 are an example of 
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fossilized cyanobacteria colonies, that are the first photosynthetic organisms 

and descendants of the earlier members of the Kingdom Bacteria.) 

 Question: 

Where on our time line is the point denoting the appearance of the 

first living organisms?    

 Answer:  

o Because this event occurred 3.5 billion, or 3500 million years 

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

and the total time is .   

o This means that the ratio of the length of the line segment 

spanning this time and the length of the entire timeline is also 

0.78.   

 

o That is . 

 

o So that length of segment =  .    

o Therefore the point denoting the appearance of the first living 

organisms is 16.0 cm down from the top of the line. 

   

 Mark this point on your calendar with the label ñProkaryotesò 

(organisms lacking a nucleus). 

 

Most of the major body plans or phyla of animals appeared at the very 

beginning of the Paleozoic Era, during the first period called the Cambrian.  

This period ended 488 million years ago (mya). 

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

appearance 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 a whole is known as the ñAge of Invertebrates,ò as 

invertebrate organisms dominated during this time, or the ñAge of Trilobites,ò 

because invertebrates called trilobites were common and diverse during this 

era.  Reptiles dominated the Mesozoic, which is termed the ñAge of Reptiles,ò 

or the ñAge of Dinosaurs,ò and the Cenozoic is referred to as the ñAge of 

Mammalsò. Human history in geologic time isnôt big enough to be seen at the 

end of the calendar.  

 Write the age names in after the era name on your timeline. 
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  Add the following dates to your line, recording each time in 

scientific notation: 

o Lower end = 4,500 mya (million years ago) 

o Start of Paleozoic Era = 542 mya 

o End of Cambrian Period within Paleozoic Era = 488 mya  

o Start of Mesozoic Era = 251 mya 

o Start of Cenozoic Era = 65 mya 

 

 Now that your geologic timeline has been constructed, use the 

information you wrote on your chart in Exercise 1 to place your 

fossils along this timeline. 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. A Closer Look at Biodiversity in Geological Time 

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 which multicellular life has diversified (the Cambrian 

through the present). Draw a line 20.5 cm down the length of the 

paper.  Let the upper end be the current time and the lower end be 

the start of the Cambrian period of the Paleozoic Era at 542 mya.   

Use the information provided on pages 12-17 (Life since the 

Cambrian) to separate the expanded upper end of the time line into 

periods within eras from 542 mya 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 and mark the position of each of your fossil samples from 

Exercise 1 on this new time line, using the same mathematical 

technique.   

 Which fossil(s) were you unable to place on the abbreviated time-

line? 
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Exercise 2c. Comparing Time Frames  

  Open-Ended Exploration 

 Form teams, if you have not already done so.  

 Each team should compare the geological timeline you made after that 

on the following page to the one projected below on a 24-hour clock. 

 Add the events listed on this 24-hour clock to your time line. 

o Begin by finding the length of a single ñhourò on your timeline.  

Hint: There should be 24 hours total on your timeline, and each 

hour should be of the same length. 

 Discuss how this comparison contributes to your understanding of 

geological time. 

 Which exercise was more meaningful to you, the drawing of 

geological time to scale, or the placement of our 24-hour clock on a 

geological time line?  Explain your answer. 
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GEOLOGIC TIME LINE OF EARTH : LIFE SINCE THE CAMBRIAN  
 

PALEOZOIC ERA  ï ñThe Age of Invertebratesò 
 

   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) appeared, as 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 

period is often referred to as the ñCambrian Explosionò.  The Burgess Shale Formation in 

Canada is one of the most famous locations from where many fossils from this period 

have been found.  At the end of this period, however, a major extinction event 

substantially reduced diversity among the brachiopods and trilobites. 

 
 

   ORDOVICIAN PERIOD: 488-444million years ago 

 Though hit hard by the earlier extinction event, trilobites were still diverse.  Blastoids 

and crinoids (ancient relatives of our modern echinoderms like starfish), bryozoans 

(ñmoss animalsò), corals, sponges, and mollusks like snails, clams, and cephalopods 

(relatives of octopus, squid, etc.) were abundant, and eurypterids (ñsea scorpions,ò 

ancient relatives of horseshoe crabs and arachnids), crawled the sea floors.  Jawless, 

armored fish known as ostracoderms, the first vertebrates, appear.  Evidence suggests the 

possible appearance of simple, non-vascular plants (without specialized tissues for 

transporting water and nutrients) on land.  Near the end of this period, a major extinction 

event, possibly caused by a major glaciation, wiped out over a hundred families of marine 

organisms, making this the second largest extinction of marine life in Earthôs history. 

 

An Ordovician cephalopod 

feasting on a trilobite 

 

Cambrian sea floor, with 

numerous trilobites, a single 

Canadaspis (an early arthropod 

similar to modern crustaceans), 

and three crinoid echinoderms 

(ñsea liliesò) in the background. 
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            SILURIAN PERIOD: 444-416 million years ago 

Jawless fish diversified widely and rapidly, and the first freshwater and jawed fishes (the 

acanthodians) appeared.  The first vascular land plants appear, and forests of non-

vascular mosses lined streams and lakes. Evidence suggests the appearance of the first 

terrestrial fungi during this time.  Remains 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 simple terrestrial food webs. 

 
 

DEVONIAN PERIOD: 416-359 million years ago 

During the early Devonian, massive reefs of corals and red algae expanded.  Brachiopods 

were the dominant aquatic life forms, but bivalves, echinoderms (the crinoids and 

blastoids), and trilobites were still present, though most trilobites were gone by this 

periodôs end. Ammonoids, ancient cephalopods with coiled shells, also appeared.  This 

period is often referred to as the ñAge of Fishes,ò due to great diversification in fish. 

Jawed fishes (including the highly armored placoderms), early sharks, and lobe-finned 

fishes (sarcopterygians, eventually give rise to the earliest amphibians. The anphibians 

become abundant during the late Devonian. Life on land consisted of giant 

representatives of modern mosses and ferns.  The earliest seed-producing plants also 

appeared during this period along with the first wingless insects.  A major extinction 

event in the late Devonian wiped out about 70% of marine invertebrates, all jawless fish, 

and placoderms. 

 

Devonian seafloor.  An early 

shark is at left, and several 

small fish are also visible. 

 

Three ostracoderms 

(background), and an early 

jawed fish of the Silurian. 

 


