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Science In Motion

Juniata College


Probing Paleontology: Uncovering Earth’s Ancient Clues
Standards: 
1.6.10.A: Listen critically and respond to others in small and large group situations.
3.1.10.C. Apply patterns as repeated processes or recurring elements in science and technology.
3.1.10.D. Apply scale as a way of relating concepts and ideas to one another by some measure.
3.1.10.E. Describe patterns of change in nature, physical and man-made systems.
3.3.10.A. Explain the structural and functional similarities and differences found among living things.
3.5.10.A. Relate earth features and processes that change the earth.
16.2.12.C: Use communication skills to effectively interact with others.
Introduction and background: 
Conceptualizing Geologic Time
We live on a planet that is not only extremely big, but is also tremendously old. Our universe began forming about 14.6 billion years ago, and our Earth is about 4.54 billion years old. As geologists added up the thickness of rock strata found over the earth, they concluded that it would take millions of years for natural processes to lay down the many thousands of feet of sediments that later solidified into rock.  Their estimates of the Earth's age grew longer and longer, but these were mostly guesses.

Physicists came to the rescue by providing a radiometric scale of time.  Radioactive chemical elements decay into other elements at a fixed rate.  By measuring the amount of decay of certain forms (isotopes) of Uranium, Thorium, Potassium, and other elements, it became clear that the Earth was 4.5 or 4.6 billion years old.  Earlier, geologists had divided up the rock strata of the earth into a geologic time scale, using fossils and major events of upheaval and mountain formation.  The radiometric scale made it possible to compute the length of the units of geologic time. Therefore, we concluded that the Earth was 4.54 billion years old. 

However, our minds are not equipped to easily conceptualize millions and billions of years. This is especially true when realizing that the Earth was around for almost a billion years before simple life evolved, and 88% of Earth’s history passed before almost any organism that we know of today existed. 
 
Geologic Time Scale
Although there are traces of life – bacteria and primitive algae – dating to about 3.7 billion years ago, evidences of life during that long stretch of time are scarce. The Paleozoic Era, lasting from about 550 mya (million years ago) to about 250 mya, is the first era of abundant life on earth. During the first half of the Paleozoic Era most life consisted of fish and invertebrate animals in the sea. The second half of the Paleozoic Era saw plants, insects, amphibians, and reptiles that colonized the land. The great coal seams of Pennsylvania originated in steamy forested swamps of the Pennsylvanian Period. However, the largest mass extinction took place at the end of the Paleozoic, killing over 95% of all marine organisms and over 70% of all terrestrial organisms. 

Luckily, life was able to recoup from this extinction into a new era of life called the Mesozoic Era. This time period lasted from 250 - 65 mya and was the age of dinosaurs, primitive mammals and birds. However, another mass extinction marked the end of the Mesozoic, killing off the dinosaurs as well as many other species. This extinction was caused by a giant meteorite impact. 

We are now living in the Cenozoic Era, a short era beginning 65 mya.  This is the era of flowering plants, grasses, and mammals.  Giant cave bears, saber-tooth tigers, mastodons, and other great mammals only went extinct recently. 

Fossils                                        

Fossils are the remains of organisms that once lived on the Earth at least 10,000 years ago. Most fossils are altered remains of animals or plants found in rocks. Other fossils are tracks or footprints left behind by animals. The most common way that fossils form is for organisms to be buried in sediment. The soft parts usually rot away, leaving only the hard parts – bones, teeth, shells – to fossilize. 
Fossils can also form in other ways.  Insects can be directly preserved in amber and wooly mammoths preserved in Siberian glacial ice.  Soft-bodied organisms such as jellyfish, worms, and ferns can be compressed to thin, flat layers of carbon that still reveal the shape of the organism in two dimensions. Seashells may entirely dissolve away in rock, leaving behind impressions of their shapes as empty molds in the rock.
Guiding questions: 

1. When you think about age, how old is old to you? 
 
2. How long do you think it took for life to form after the Earth was born?

3. How can we figure out what the Earth was like millions or billions of
 
 years ago?
Vocabulary: 
Paleontology: the study of prehistoric life

Fossil: the remains of organisms that once lived on the earth.

Mass Extinction: a sharp decrease in the diversity and abundance of life that could take millions of years to occur 

Era: a major division in the geological time scale (Paleozoic Era, Mesozoic Era, Cenozoic Era) 

Period: a smaller division in the geological time scale.  Each era is divided into several periods, most of which lasted 50 million years or so.

Radiometric dating: a precise dating of rocks of the earth based on the slow decay of radioactive isotopes in those rocks.

Phylum: a major grouping of organisms all with a similar body plan.  There are thirty-some phyla of animals, such as, Arthropoda, Chordata (our phylum), Mollusca, etc.

Genus: A much smaller grouping of closely-related species.  Examples: genus Rattus, all species of rats, genus Quercus, all species of oak trees, etc.

Part I. Conceptualizing Geologic Time

Objective
The goal of this lesson is to 1) understand the relative order of the major events of Earth’s history and 2) begin conceptualizing deep time by placing these events in their correct spatial arrangement.   

Materials
Earth’s Major Events cards (preferably laminated)
13.6 meters of strings (about 44.6 feet)
Colored markers
Circular binder clips 

Procedure
1. The laminated cards represent major events in Earth’s history. Place the cards in relative order of when you think the events occurred. Once you are finished, have your teacher check the order of your cards until it is correct. 

2. Keeping your laminated cards in order, go to the long piece of string that is hanging in the room. The length of this string represents Earth’s life. One end represents the birth of the Earth, and the other ends represents today. 

3. Hook the binder rings to your cards. Then, place the events on the string based on when you think the event occurred. 
4. Once everyone is finished, your teacher will move the events in the correct spatial order so you can see how much time passed in between events. 


Part II. Fossil Identification 

Objective
The goal of this lesson is to 1) identify 20 fossils based on visual and written descriptions and 2) classify the fossils into five major phylums. 

Materials
Hubbard Scientific Fossil Lab (20 fossils per kit) 
Phylum index cards

Procedure
a. Fossil Identification 
1. Carefully observe each fossil in the box and compare the fossil to the pictures in the Fossil Identification key. Your fossil will be identical to one of the pictures.  When you identify a fossil, you will know its genus and the geological period in which it lived. 
2. Lay out the fossils on the table and label them on strips of file card.  Group them from left to right according to age: Ordovician fossils on the far left, Quaternary fossils on the far right.

Identification Hints:
Three fossils are of teeth, not whole animals: Equus (horse), Merychippus (primitive horse), and Carcharodon {shark} teeth.  

The two bivalves (clams) Pecten and Venericardia are reddish or yellowish in color.  The sea urchin Tetragramma is reddish also. Of the three coiled ammonite shells (related to present-day squid), Meekoceras is large and light gray-tan in color, Acanthoscaphites is smaller, is knobby, and is blackish, and Muensteroceras is small, smooth, and blackish in color.  Michelinoceras is a relative of the ammonites, but has a straight, gray shell.

There are 5 brachiopods (ancient kind of shellfish). Olenothyris is large, egg-shaped, and  grayish in color, Eospirifer is medium-size, fat, and light grayish-tan.  The three spirifers are dark gray: Mucrospirifer is the widest, Spirifer is smallest, Neospirifer is in-between in size.

There are two trilobites (ancient extinct arthropods). Both are rolled up to protect their undersides, the way pillbugs and sowbugs do today. Phacops is larger and is brown, Flexicalymene is smaller and light gray.

b.. Phylum Classification 
All living and extinct animals belong to thirty-some different phyla.  Members of each phylum have a distinct body plan. For example, all members of the phylum Mollusca have one or two external shells and a muscular foot; almost all members of the phylum Chordata have an internal backbone. 

The Phylum Classification key gives fossil information for five phyla.  All of your fossils belong to one of these five phyla. Sort each fossil into the phylum to which it belongs using the labeled index cards. 


Name ___________________________________

Questions: 
1. Consider your answer to the question above asking, “How old is old?” After this activity, what kind of answer do you think a paleontologist would give for this question? 


2. Approximately what percentage of Earth’s history happened before any life evolved? (Make your best estimate.)
3. Do we know exactly what an animal looked like based on the fossil? Why or why not? 




4. If you found fossils such as brachiopods, trilobites, and bivalves in an outcrop near your school, what would you predict the environment near your school was like 400 million years ago?




5. If you found a rock with a Carcharodon tooth fossil and a different rock with a trilobite fossil, which rock was created first? How do you know?



6. How old is the Earth?

7. In your notebook, draw a sketch of the following fossils:
a. brachiopod



b. bivalve

c. ammonite


d. trilobite
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Phylum arthropoda
Trilobites are a kind of extinct arthropod. Arthropods also include insects, crabs, shrimp, barnacles, and many other animals. Most trilobites crawled across the sea bottom in search of food, but some could swim. All trilobites became extinct 250 million years ago, during the Permian extinction. 
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Phylum brachiopoda
Brachiopods have two shells and look very much like clams. 
They are quite rare now in the world’s oceans, but they used
to dominate life in the seas 400 million years ago.
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Phylum chordata
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Vertebrates include the overwhelming majority of the phylum chordata. This subphylum includes any organism that has a backbone and spinal column. 
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Phylum Echinodermata

Crinoids, also known as sea lilies, dominated the Paleozoic era. The fossil of a crinoid looks like the stem of a plant, but sometimes you will only see the imprint of the bottom of the stem. 
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Blastoids are marine organism that became extinct during the Permian extinction. The fossil of a blastoid resembles a small hickory nut. 
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Sea Urchins are small, spiny animals that have a round shell. The shell can be in a variety of colors including black, brown, green, purple, and red. Sea urchins also display radial symmetry.
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Ammonites can usually be distinguished by their spiral-shaped shells. They lived in the open oceans and became extinct along with the dinosaurs at the end of the Cretaceous period. 
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Bivalves are also called clams. Their scientific name, Bivalvia, means “two shells”. They live in the ocean and freshwaters.
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Cephalopods are marine organisms that have a bilateral body pattern. The sample in your kit has a long, straight shell, and may have been related to the modern squid. 
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Gastropods are also known as snails and slugs. The sample in your kit is tightly coiled, but the overall shape is an elongated cone. 
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FOSSIL IDENTIFICATION
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