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Archeology at Petrified Forest
Petrified Forest National Park contains a complex array of archeological resources, including petroglyphs that illustrate a 13,000-year continuum of human land use. Subtle but challenging landforms influenced human movements on both north-south and east-west routes from prehistoric times to the present, affecting regional patterns of settlement, trade and migration. Shifting cultural boundaries in this area created a high diversity of cultural sites and features still important to American Indians of the region today. 


Fundamental resources and values: 

· Evidence of ongoing use and occupation spans paleo-Indian culture to current Native American groups. Types of resources include hunter/gatherer sites and early large pithouse villages with an outstanding collection of the earliest pottery in the region. Evidence also illustrates the interaction between people and their environment, for example cultural landscapes, utilization and trade of petrified wood as lithic material, and human relationships to ephemeral sources of water. Examples of archeological resources that are on the National Register of Historic Places include Agate House Pueblo, Puerco Ruins and Petroglyphs, Flattops Site, Newspaper Rock petroglyph s, and Twin Buttes Archeological District. 

· The park encompasses thousands of documented petroglyphs and hundreds of pictographs of high integrity. Many petroglyphs are related to sociopolitical boundaries of the overlapping cultures, and also include a wide variety of solar calendars, which illustrate human interaction with the landscape and awareness of astronomy. Examples of petroglyphs that are on the National Register of Historic Places include Painted Desert Petroglyphs and Ruins Archeological District, Newspaper Rock Petroglyphs Archeological District, and Puerco Ruins and Petroglyphs. 

· The area is a crossroads of trade routes, as evidenced by one of most diverse array of ceramics in the U.S., as well as the presence of marine shell, obsidian, and varied architectural styles. 

· The cultural significance of this landscape extends from ancestral peoples through modern day native peoples (Hopi, Zuni, Navajo, and Apache), and relates to concepts of “homeland” and ancestral territory. 

The continuing importance of the park’s heritage resources to associated people – the abundant evidence of use and occupancy in what might seem to some as an uninhabitable land – offers opportunities to explore the powerful and complex concept of “homeland.”

Glossary of  Terms

Absolute age: the exact age of something based on scientific tests.

Archeology: the study of human history and prehistory through the investigation of sites and the analysis of artifacts and other physical remains.

Artifact:  an object made or used by a human.

Base plate: the flat base of a compass with the direction of travel arrow, often marked with ruler measurements on the top and/or sides
Compass dial: moveable portion of a compass, marked by 360 degree increments
Compass needle: magnetized needle located inside the dial of a compass, orienting the positive end north and negative end south. (north end of the needle is often red but can sometimes be white)
Carbon-14 (C-14): an isotope of carbon, it decays to nitrogen-14 with a half-life of 5,730 years.

Cambium: the thin layer of living, dividing cells just under the bark of trees; these cells give rise to the tree's secondary growth.
Culture:  a set of learned beliefs, values and behaviors shared by members of a society (their way of life)

Datum point - the point in the site that all measurements are taken from, marked on the map as a small triangle

Dendrochronology: the study of the growth rings in trees to reconstruct climate variations and to determine the age of trees, beams, and other timbers. 
Direction of travel arrow - arrow located on the base plate outside the dial of a compass indicating the direction of travel index line - stationary black line under the compass dial located at the base of the direction of travel arrow.

Half-life: the amount of time that it takes for half of a radioactive sample to decay.

Increment borer: a hollow instrument used to drill into the center of a tree to remove a long narrow cylinder of wood (called a core sample). 
Isotope: one of a set of chemically identical forms of atom which have the same number of protons but different number of neutrons and have a different mass.

Law of Superposition: (before you give an explanation of this principle, give the students a chance to discover it on their own from the exercise) in any sequence of sedimentary rocks which has not been disturbed, the oldest strata lie at the bottom and the youngest at the top.

Midden – in an archaeological site it is an area used for trash disposal

Neutron: is a subatomic particle contained in the atomic nucleus, it has no net electric charge.

Radioactive dating (radiometric dating): the method of obtaining a geological age by measuring the relative abundance (ratio) of radioactive parent and daughter isotopes in geological materials.
Radiocarbon: a radioactive isotope of C-14.

Relative age: tells us how old something is by its position compared to something else, it does not tell us the actual age of the items.

Scale: a series of marks representing fixed distances used when creating maps
Site: a place where human activity occurred 

Stratum: a single layer within a series of sedimentary layers.
Stratigraphic column: a sequence of sedimentary layers.
Tree rings: the concentric circles visible in cross sections of tree trunks and limbs; each pair of light and dark rings represents a year's growth. 
Lesson 1: Scientific Dating Methods

Lesson Theme:
Archaeologists use various methods to date artifacts. This is a three part lesson including exercises in relative and absolute age, dendrochronology and carbon-14 dating techniques.
Part 1:  Archaeologists use relative and absolute age in dating artifacts. Relative age tells the chronological relationship of one thing to another (before/after, younger/older); absolute age tells us the exact age based on scientific tests. 
Part 2: Dendrochronology is a method of using tree rings to find the age of a tree and to assess past climates.

Part 3: Carbon-14 analysis uses the half-life of C-14 to obtain dates of artifacts containing carbon.
Standards Addressed:
· AZ, Social Studies, Strand 1, Concept 1

· AZ, Science, Strand 6, Concept 1 & 3
· Social Studies, English Language Literacy

· Science Strand 1, Concepts 1 ,2 & 3; 
Relative Age v Absolute Age– student birthdays activity

Principles of Superposition

Lesson Topic:
Scientific Dating Techniques

[image: image3.jpg]


Objectives:
· Students will analyze scientific documents 
· Students will compare relative dating to absolute dating

· Students will summarize and write explanations

· Students will graph half-life

· Students will analyze data to answer questions

Standards Addressed:
AZ, Social Studies, Strand 1, Concept 1

AZ, Science, Strand 6, Concept 1 & 3

Learning Strategies:
Students will infer the meanings of absolute and relative ages by observing and interacting. They then apply this in a self-directed paper simulation of rock strata (stratigraphy).
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Vocabulary:

Stratum – a single layer within a series of sedimentary layers.
Stratigraphic column – a sequence of sedimentary layers.
Absolute age - the exact age of something based on scientific tests.
Relative age - how old something is by its position compared to (relative to) something else, it does not determine the actual age of the item

Law of Superposition – (before you give an explanation of this principle, give the students a chance to discover it on their own from the exercise) in any sequence of sedimentary rocks which has not been disturbed, the oldest strata lie at the bottom and the youngest at the top.
Materials:
· “Relative Dating and Principles of Superposition” handout, one per student
With relative dating, dates are expressed in relation to one another, for instance, earlier, later, more recent, and so forth. Each object at an archeological site has a different time relationship with every other object at that site. Artifacts deposited in one stratum-a more or less homogeneous material, visually separable from other levels by a distinct change in color, texture, or other characteristic-have a distinct relationship with artifacts recovered from strata (plural of stratum) above or below them. These kinds of time relationships between stratified layers are what archeologists call relative time or relative chronology. Archeologists use several methods to establish relative chronology including geologic dating, stratigraphy, seriation, cross-dating, and horizon markers. 

Part 1: This is a brief, informal review (or introduction) to relative vs absolute age.

Students will compare their ages by lining up around the room from oldest to youngest. You can speed this up by requesting all the January birthdays to a certain section, then all the February to the next section. While you are getting the kids lined up, the groups can be ordering themselves.

1. Send a few volunteers out of the classroom.

2. Have the remaining students line the classroom by month, day and year of their births.

3. Invite the students you sent out back in, point out where the youngest and oldest students are, ask the volunteers to explain the relationship in ages between students you identify, do this a few times so students get the idea of older and younger.

4. Ask the volunteers to give you the exact date of a student’s birthday. Ask how many days older one student is from another… They can’t do it based on the information they have.

5. Ask, how you could determine how many days older a student is from another…hopefully they will answer they need the actual birthday to do this
6. Ask, how you could obtain the actual birthday…ask the student, parents, birth certificate, hospital records.
7. Ask the students to return to their seats.

Discussion:
Explain that knowing someone is older or younger based on his/her location is his/her relative age. The factual date he/she was born is his/her absolute age (also called scientific age) Ask students to write an explanation for relative age and absolute age in their notebooks. Ask for some students to read their explanations, make sure they are accurate. Relative age tells us how old something by its position compared to something else, it does not tell us the actual age of the items. Aabsolute age tells us the exact age of something based on scientific tests. 
Part 2:  The Law of Superposition - in any sequence of sedimentary rocks which has not been disturbed, the oldest strata lie at the bottom and the youngest at the top

Hand out “Relative Dating and Law of Superposition” 

Most students should be able to follow the directions without guidance.
                                                       Name ____________________________________________

Relative Dating and the Law of Superposition
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Directions:   The two drawings below represent rock strata from two different areas in an archeology site.  Analyze them and answer the questions that follow.

1. Which layers in Figure 2 are the same ages as those in Figure 1? ____________________________

2. Which layer in Figure 1 is the OLDEST? __________________________________________

3. Which layer in Figure 2 is the youngest? _______________________________________________________________________

4. Which layer is older, layer C or in layer I? 
_______________________________________________________________________
5. Which layer is younger, layer F or layer K? _______________________________________________________________________

6. Based on this exercise, what do you think the law of superposition is?
7. If the petrified wood arrowheads are considered an example of an artifact for the archeological time frame known as Pueblo III, what layers are older than Pueblo III? Explain your answer.  
8. Which layers are younger than Pueblo III?  Explain how you can be certain of your answer.

Answer Key

1. Which layers in Figure 2 are the same ages as those in Figure 1?  
A and K are the same age.

B and L are the same age.

C and M are the same age.

2. Which layer in Figure 1 is the OLDEST?  

Layer F
3. Which layer in Figure 2 is the youngest?  

Layer G
4. Which layer is older, C or I?  

Layer C
5. Which layer is younger, F or layer K? 

 Layer F
6. Based on this exercise, what do you think the law of superposition is?  

Answers will vary, but students should mention something about younger layers being above the older layers.
7.  If the petrified wood arrowheads are considered an example of an artifact for the archeological time frame known as Pueblo III, what layers are older than Pueblo III? Explain your answer.  
  Layers D, E, & F are older because they are below the arrowhead layers.
8. Which layers are younger than Pueblo III?  Explain how you can be certain of your answer. A & B, G-L are younger, because they are all above the arrowheads. 
Tree Ring Dating, Teacher’s Pages

Lesson Topic: 

Scientific Dating Techniques Using Dendrochronology

Objectives:
In their study of dendrochronology, students use activity sheets and a discussion to: 

· apply principles of dendrochronology to determine a tree's age and to recognize climatic variation 

· analyze and experience how archaeologists can sometimes use tree rings to date archaeological evidence, define dendrochronology and its importance in archaeology

· model the process of dendrochronology with simulated samples

Standards Addressed:
Social Studies, English Language Literacy

Science  Strand 1, Concepts 1 ,2 & 3; 

Learning Strategies:
Students will be presented with background material in a scripted and modeled format to prepare them for a student-driven learning activity.
Students will engage in a cooperative learning activity designed to meet the objectives cited above.
Materials:
· For the teacher: transparencies of the "Master Sequence," "The Stump," and "Be a Dendrochronologist" activity sheets

· For students: scissors, glue, or scotch tape, "Be a Dendrochronologist" activity sheet (one per student), “The Stump” activity sheet (one per student or have students answer the questions in their notebooks then you will only need a class set).
 

Vocabulary:
Cambium: the thin layer of living, dividing cells just under the bark of trees; these cells give rise to the tree's secondary growth.

Dendrochronology: the study of the growth rings in trees to reconstruct climate variations and to determine the age of trees, beams, and other timbers. 

Increment borer: a hollow instrument used to drill into the center of a tree to remove a long narrow cylinder of wood (called a core sample). 

Tree rings: the concentric circles visible in cross sections of tree trunks and limbs; each pair of light and dark rings represents a year's growth. 

Background:
Dendrochronology (den-droh-cruh-NOL-uh-gee) means "the study of tree time." Usually called ‘tree-ring dating’, dendrochronology is a science based on the fact that every growth season (where trees experience annual seasons; does not apply to tropical environments) a tree adds a new layer of wood to its trunk. Over time, these yearly growth layers form a series of light and dark concentric circles, or tree rings, that are visible on cross sections of felled trees. Archaeologists study the ring patterns in beams or other pieces of wood from archaeological sites to help date the sites; they may also study the ring patterns to infer the local climatic history. 

Tree-ring analysis requires observation and pattern recognition. Each year a tree's growth ring has two parts; one is wide and light colored, and the other is narrow and dark. The light part is the early wood. This grows during the wet spring and early summer when the tree has a lot of sap, and the cambium cells giving rise to the trunk growth are large and thin walled. As the summer winds down and the transition to the cooler autumn occurs, the tree's growth rate slows. This results in the cambium cells becoming smaller and thicker-walled. By winter, when the sap finally stops flowing, a smooth dark ring marks the end of the tree's annual growth. By counting the dark ring segments, scientists can tell a tree's age if the cross section of the trunk is complete. 

Because the width of tree rings varies with growing conditions, scientists also learn about local climate during the tree's lifetime by comparing the rings' different widths. Tree rings vary in thickness from year to year. For instance, higher rainfall and a longer growing season produce a wider ring than a year with low rainfall and prolonged cold. From recording tree-ring patterns in several geographic areas, scientists have found that all the region's trees have the same pattern. 

An astronomer, Dr. Andrew E. Douglass, developed dendrochronology around 1913. Based at the University of Arizona in Tucson, Douglass wanted to know how sun spot activity affected climate, and his research soon led him to pioneering tree-ring analysis. Douglass was among the first to notice that trees in a geographic area develop the same growth-ring patterns because they experience the same climatic conditions. He reasoned if he could trace patterns far enough back in time, he could outline a history of regional climate and see if sun spots could be related. 

Douglass used a bridging method to create his chronology. First he studied recently cut trees whose dates he knew. This initial step was critical because by knowing the cut date, Douglass knew when each tree added its last growth ring. This, in turn, let him determine the year each tree started growing. The calculation was straightforward: count the dark rings inward and subtract that number from the year the tree was cut. As Douglass matched and recorded ring patterns from trees of different ages, he confirmed that their patterns overlapped during the years the trees simultaneously lived. 

Establishing a tree-ring sequence by means of the bridging method.

After establishing this basic sequence, Douglass next studied wood from trees whose dates he did not know. He observed that the year a tree was chopped down could be determined by matching its ring pattern with the pattern of a tree whose cut year he knew. For example, say Douglass observed on his preliminary sequence that a drought occurred in 1900, appearing on trees as a very narrow growth ring. Experience told him this narrow ring would be in all the region's trees, but at different positions on the stump because of their different ages. Faced with wood whose felling date he did not know Douglass would search out the ring identifying the drought year and match it to his sequence. At that point, determining the year the tree was chopped down was, again, straightforward. For instance, if two growth rings exist above the drought year, the tree was cut in 1902. Douglass extended this bridging exercise by studying ring patterns visible in old wooden beams, some preserved in the pueblos of early Native Americans living in his study area. Ultimately, he charted a tree ring sequence to about AD 500. 

Dendrochronologists have since used Douglass's technique to make master sequences for several parts of the country. Much of this work focused on regions in the arid Southwest where ancient piñon pines still live or exist as beams in old houses. In some places there, master sequences extend as far back as 8,700 years. 

Archaeologists in some parts of the country find dendrochronology useful for dating sites. This is particularly true in the Southwest. Many ancient ruins there still have wood preserved in their walls and roofs, and even charcoal from burned structures or cooking fires can sometimes show clear tree-ring patterns. By studying many pieces of wood from an early village, archaeologists learn about things such as how the village grew and how houses were remodeled or when the village was abandoned and re-occupied. 

Archaeologists are careful when taking samples of wood from sites; they want to keep the material as intact as possible. Therefore, rather than slice through or remove a beam from an old structure, scientists use an increment borer. When drilled into the wood sample, this hollow instrument removes a long thin tube of wood, leaving a hole that is only about the size of a soda straw. This method of core removal is also used on living trees so that the tree does not have to be cut down. 

Wooden beams, building materials, and charcoal provide a wealth of information about past cultures. However, people sometimes destroy this evidence. In the Southwest, visitors to ancient Indian ruins have pulled apart thousand-year-old houses and used the beams in campfires. In the Southeast, people have dug in sites without archaeological supervision and moved wooden beams and charcoal from their original location; then archaeologists cannot tell their context. It is very important to our knowledge about the past that we do not disturb or destroy sites. 

Procedures:
1. Explain how a borer is used to obtain a small sample of a living or dead tree.

2. Pass out ‘The Stump’ activity sheet, provide background information, students can answer the questions in their notebooks so you will only need to copy a class set.

3. Give each student a copy of the "Be a Dendrochronologist" activity sheet.

It depicts cross sections of two beams from log cabins at different archaeological sites in the mountains of northern Arizona. Have students cut out the core samples. The innermost solid line represents the first year's growth. The students match their core samples to the master sequence depicted at the top of the activity sheet. They glue or tape the samples from each core onto the master sequence to see how the beams overlap. Ask students to make some calculations. How old was the tree each beam came from? What is the cut date for each tree? Which tree was younger? (You may want to demonstrate or work along on the overhead projector.) 

ANSWER KEYS

The Stump answer key

1. the current year minus three

2. sixteen years old

3. the year it was cut minus sixteen

4. in the 6th year

5. in the 8th year

Be a Dendrochronology’s answer key:
1. climate and the years the site was occupied

2. it could be skewed, however, if archaeologists find that some beams date well before the others at the site they would suspect that the early beams had been re-used

3. removing beams removes information about the site and climate, moving beams confuses the record and archaeologists can’t tell which room it belonged in

4. beam B is oldest

   tree A was 14 years old when it was cut

   tree B was 13 years old when it was cut

   tree A started growing 190 years ago

   tree B started growing 199 years ago

   tree A was cut 177 years ago

   tree b was cut 187 years ago
5. tree A, no dry cycles, two wet cycles

   tree B two dry cycles, two wet cycles

6. example: availability of food, water and other resources might change; survival might depend on adapting to changes; human populations might change
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Master Sequence 
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The Stump
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This tree was cut three years ago. Write that year: 

1. How old was the tree? 

2. What year did the tree start growing? 

3. Find the ring that grew the year you were born. Was it a wet or dry year? 

4. In what year of growth was there the least rainfall?

5. In what year of growth was there the most rainfall? 
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1. Name two things archaeologists can learn about a site from tree rings. 

2. How is the tree-ring record affected if ancient people used wood beams from older sites when building new homes? 

3. What happens to the archaeological record if someone removes a beam or even places it somewhere else on the site? 

4. Refer to the diagram on page 1 of your activity sheet and answer the following questions: 

· Which beam, A or B, is the oldest? 

· How old was Tree A when it was cut? 

· How many years ago did Tree A start growing? 

· How many years ago was Tree A cut? 

· For Tree A, list the number of dry cycles (two or more dry years). 

· For Tree A, list the number of wet cycles (two or more wet years). 

· How old was Tree B when it was cut? 

· How many years ago did Tree B start growing? 

· How many years ago was Tree B cut? 

· For Tree B, list the number of dry cycles (two or more dry years). 

· For Tree B, list the number of wet cycles (two or more wet years). 

5. How might climatic changes have affected the lives of ancient people? 

Carbon 14 Dating Techniques; Teacher’s Page

Lesson Topic

Scientific Dating With Carbon-14 

Objectives

· Students will learn how radioactive isotopes are used to establish the age of ancient objects

·  They will calculate and draw the exponential decay curve for carbon-14 and will apply that information to find ages and dates of past events as described in published reports.

· Students will analyze scientific documents

Standards Addressed

AZ, Social Studies, Strand 1, Concept 1

AZ, Science, Strand 6, Concept 1 & 3

Learning Strategies

Students will use text and graphics to explore Carbon-14 dating techniques

Students will use compiled data to answer real-science dating scenarios

Vocabulary:
Artifact – an object made or used by a human

Carbon-14 (C-14) an isotope of carbon, it decays to nitrogen-14 with a half-life of 5,730 years

Half-life -  the amount of time that it takes for half of a radioactive sample to decay

Isotope - one of a set of chemically identical species of atom which have the same number of protons but different number of neutrons and have a different mass.

Neutron - is a subatomic particle contained in the atomic nucleus, it has no net electric charge

Radiocarbon – a radioactive isotope of C-14

Radioactive dating – the method of obtaining a geological age by measuring the relative abundance of radioactive parent and daughter isotopes in geological materials.

Background:
Scientists use several different methods of dating artifacts.  One of these is radiometric dating. This is also called radioactive dating.  Each radioactive atom can decay, giving off nuclear particles and becoming a more stable element.  Although we don't know when any given atom will do this, radiometric dating depends on the fact that each radioactive element decays at a known rate.  This rate is different for each radioactive isotope.  The half-life of an element is the amount of time it will take for half of any given sample to decay.  By knowing the half-life of an element, the amount of the radioactive element left and the amount that has decayed (the amount of the new element) we can figure out approximately how old an artifact or rock layer is.
Materials:
Carbon-14 worksheet, 3pgs (the 3rd page of scenarios can be used by multiple classes)

Procedures:
1. Read and discuss the information about C-14 at the top of the worksheet. 

2. Preview Figure 1 following the sequence

3. To complete the data table on pg. 2 students need to understand exponential change - the amount of decay is proportional to the amount remaining. 

· if an artifact has 100% of its C-14 it is living

· when 50% of its C-14 has decayed one half-life has passed, 5,730 years

· when 50% of the remaining 50% has decayed another half-life has passed

· to determine “C-14 remaining” divide the remaining percentage by 2

· to determine “years before present” add 5,730 years to the previous rows years

4. After students have completed the data table they will display their data in a line graph.

5. Using the data on the graph students will find answers to three scenarios on pg. 3
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	C-14 remaining
	years before present

	100%
	0

	50%
	5,730

	25%
	11,460

	12.5%
	17,198

	6.25
	22,920

	3.125
	28,650

	1.562
	34,380

	0.78
	40,110

	0.39
	45,840

	0.20
	51,570


 Answer Keys

1. In 1991, hikers in the Tyrolean Alps of Europe made a remarkable discovery. They found an almost perfectly preserved body of a prehistoric man, whom scientists named Ötzi. The discovery was made possible because recent warming of the atmosphere had caused glaciers in the region to retreat, exposing objects that had been buried under the ice for millennia. Ötzi’s fate was matched by a variety of well-preserved plant and animal species that were found close by. As discoveries of such quality are rare, the event was a genuine treasure trove for scientists. They reasoned that Ötzi and the other organisms must have been trapped by a sudden snowfall and virtually “flash frozen.” This singular event was followed immediately by an extended cold period that preserved the specimens until the present glacial retreat. Carbon dating of samples from the site established the time of Ötzi’s demise at approximately 5,300 years ago. What percentage of the original carbon-14 in Ötzi’s body was remaining in 1991? 53± percent
2. Scientists have been rethinking the nature of past climates. A 1998 study provided evidence that the tropics were much colder during the last glacial maximum than previously thought. Prior understanding had been that tropical regions were mostly unaffected by past ice ages. Constructing an accurate history of ancient climates is important, since the knowledge gained may have relevance to global climate change today. In the study just mentioned, investigators used a solar-powered drill to bore through the ice cap at the summit of an extinct Bolivian volcano named Sajama. They retrieved two ice cores at the bottom of the glacier, more than 132 meters (433 feet) deep. Trapped within the cores were insects and bark fragments from local trees. Carbon from organic material near the bottom of the cores dated to the coldest period of the last ice age. If those samples had 5.5 percent of their original carbon-14,

approximately how many years ago did the glacier atop Sajama begin to form? 24,000± years
3. The authenticity of the Shroud of Turin has long been debated. In 1988, scientists received permission to remove small samples for carbon dating. Three different laboratories in Arizona, U.S.; Oxford, England; and Zurich, Switzerland analyzed the samples. All three laboratories came to the same conclusion: The shroud had lost about 8 percent of its carbon- 14 atoms to radioactive decay. Given this result, what was the approximate date of origin of the Shroud of Turin? (Note: Despite these and other scientific investigations, the origin and date of the Shroud of Turin remains a subject of controversy.) the year 1300±
                                                                              Name _________________________________

CARBON -14

Carbon-14 (C-14) dating is a way of determining the age of certain archeological artifacts of a biological origin up to about 50,000 years old. It is used in dating things such as bone, cloth, wood and plant fibers that were created in the relatively recent past by human activities.

Carbon (C) has three naturally occurring isotopes. Both C-12 and C-13 are stable, but C-14 decays by very weak beta decay to nitrogen-14 with a half-life of approximately 5,730 years. Naturally occurring radiocarbon is produced as a secondary effect of cosmic-ray bombardment of the upper atmosphere. Plants transpire to take in atmospheric carbon, which is the beginning of absorption of carbon into the food chain. Animals eat the plants and this action introduces carbon into their bodies.

After the organism dies, carbon-14 continues to decay without being replaced. To measure the amount of radiocarbon left in an artifact, scientists burn a small piece to convert it into carbon dioxide gas. Radiation counters are used to detect the electrons given off by decaying C-14 as it turns into nitrogen. The amount of 

C-14 is compared to the amount of C-12, the stable form of carbon, to determine how much radiocarbon has decayed, thereby dating the artifact.
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 The half-life of an element is the amount of time it will take for half of any given sample to decay.  By knowing the half-life of an element, the amount of the radioactive element left, and the amount that has decayed (the amount of the new element) we can figure out approximately how old an artifact or layer of rock is.
Carbon 14 (C-14) has a half-life of 5,730 years.

Half of the remaining C-14 in an artifact will decay over the span of 5,730 years. 

	C-14 remaining
	years before present

	100%
	0

	50%
	5,730

	
	11,460

	12.5%
	

	6.25
	22,920

	
	28,650

	
	34,380

	0.78
	

	0.39
	45,840

	0.20
	


 Complete the data table to the right and then use the data to draw a graph displaying the rate of decay and age of the artifact.
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Use your graph of C-14 to answer the following real-life problems.

1. In 1991, hikers in the Tyrolean Alps of Europe made a remarkable discovery. They found an almost perfectly preserved body of a prehistoric man, whom scientists named Ötzi. The discovery was made possible because recent warming of the atmosphere had caused glaciers in the region to retreat, exposing objects that had been buried under the ice for millennia. Ötzi’s fate was matched by a variety of well-preserved plant and animal species that were found close by. As discoveries of such quality are rare, the event was a genuine treasure trove for scientists. They reasoned that Ötzi and the other organisms must have been trapped by a sudden snowfall and virtually “flash frozen.” This singular event was followed immediately by an extended cold period that preserved the specimens until the present glacial retreat. Carbon dating of samples from the site established the time of Ötzi’s demise at approximately 5,300 years ago. What percentage of the original carbon-14 in Ötzi’s body was remaining in 1991?

2. Scientists have been rethinking the nature of past climates. A 1998 study provided evidence that the tropics were much colder during the last glacial maximum than previously thought. Prior understanding had been that tropical regions were mostly unaffected by past ice ages. Constructing an accurate history of ancient climates is important, since the knowledge gained may have relevance to global climate change today. In the study just mentioned, investigators used a solar-powered drill to bore through the ice cap at the summit of an extinct Bolivian volcano named Sajama. They retrieved two ice cores at the bottom of the glacier, more than 132 meters (433 feet) deep. Trapped within the cores were insects and bark fragments from local trees. Carbon from organic material near the bottom of the cores dated to the coldest period of the last ice age. If those samples had 5.5 percent of their original carbon-14, approximately how many years ago did the glacier atop Sajama begin to form?

3. The authenticity of the Shroud of Turin had long been debated. In 1988, scientists received permission to remove small samples for carbon dating. Three different laboratories in Arizona, U.S.; Oxford, England; and Zurich, Switzerland analyzed the samples. All three laboratories came to the same conclusion: The shroud had lost about 8 percent of its carbon- 14 atoms to radioactive decay. Given this result, what was the approximate date of origin of the Shroud of Turin? (Note: Despite these and other scientific investigations, the origin and date of the Shroud of Turin remains a subject of controversy.)

Lesson 2: Mapping with a Compass, teacher pages

Lesson Topic:

Drawing a scaled map using a compass

Lesson Theme:

Mapping a site with a compass is an essential skill of an archaeologist

Objectives:
· students will be introduced to using a compass and reading scale

· students will accurately draw a map to scale using compass bearings 

· students will measure, convert measurements to scale

Standards Addressed

Geography – Strand 4, Concept 1

Math – Strand 4, Concept 4

Learning Strategies:
· Students will apply compass skills in a real world application. 

· Students will practice measuring, compass reading and using the metric system

· Students will engage in cooperative learning to meet the objectives cited above

Materials

· PowerPoint “Intro to site mapping”
· Student Activity Sheet (one per)
· one compass for every 2-4 students

· rulers

· metric graph paper

· metric tape measure
· Example maps
Vocabulary:
Datum point - the point in the site that all measurements are taken from, marked on the map as a small triangle
Base plate - the flat base of a compass with the direction of travel arrow, often marked with ruler measurements on the top and/or sides

Compass dial - moveable portion of a compass, marked by 360 degree increments

Compass needle - magnetized needle located inside the dial of a compass, orienting the red (positive) end north and the white (negative) end south

Direction of travel arrow - arrow located on the base plate outside the dial of a compass indicating the direction of travel
Index line - stationary black line under the compass dial located at the base of the direction of travel arrow

Scale - a series of marks representing fixed distances used when creating maps
Mapping Activity Procedures:

· Review how to use a compass and determine scale from the Compass and Scale Orientation lesson.

· Distribute to each group: graph paper, tape measure, ruler, and a compass.

· Take the class out to the site and show them the datum point. They will take all their compass bearings from this point. 

Model: 

· with the compass at the datum point, point the arrows on the base plate towards the object you are recording

· turn the compass dial until the red “north” arrow lines up with north 

· take your reading where the center line and small plastic arrow meet the numbered dial 

· use the tape measure to measure the distance to the object 

· record the degrees and distance on a dashed line to the object

· sketch the object (Depending on your time, number of objects and student ability, you can require a simple sketch or have the students record it to scale.)

The finished map should have: 

· site name 

· date

· names of recorders 

· a key 

· scale 

· north arrow 

· datum point (marked as a small triangle) 

Teacher Preparation

Choose a large area on your school campus for students to map, such as a parking lot, ball field, library, commons, cafeteria or courtyard. Select a datum point, such as a light pole, flagpole, or fence post or create and mark a datum point. Decide on the perimeter of the area to be mapped and which objects you want mapped. Create a map to use as your key. See example below.

[image: image14.emf]
Compass and Scale Orientation:


To create accurate maps in the field, archeologists must know how to use a compass and scale. The compass orients a map in the universal directions of north, south, east and west. Maps must also be made to scale to accurately show the size of artifacts and features in comparison to each other and to their placement within a site.
Procedures:

Introduce students to using a compass by following the directions on the Student Activity Sheet.
Compass diagram answers:

[image: image2.emf]
Allow students to practice using the compass by calling out degrees for them to set their dials to, and then have them orient their bodies in that direction. They should not only have the direction of travel arrow on the compass coming out of their belly button, but their nose and toes should also be lined up at the direction of travel. This reinforces that students should move their whole body, not just their upper body. This is good practice if they pursue compass skills with orienteering activities.
Scale: It’s important for objects on a map to be to scale to accurately show their size. Allow students to examine professionally made maps that show a scale. For example, how many inches/centimeters on the map equal one mile?

· Give students different area dimensions and have them calculate the scale needed to map them onto graph paper. The more practice the better! Here are two examples:
1.  If mapping an area 200cm x 400cm onto graph paper with 26 squares across and 34 squares down, what would be an appropriate scale?  

·  Leaving room for margins, 200 (for the number of centimeters) divided by 20 (for the squares to be used across the width of the page) = 10. This would provide a scale of 1 square = 10cm. 
·  Now check the longer side to see if it will fit onto the page. 400 divided by 10 = 40. Oh no! The length of the page is only 34 squares! So the scale must be reduced. 
· If the scale is 1 square = 12cm, then to map 200cm would need 17 squares across, and 400cmwould need 33 squares down. But this doesn’t leave any room for margins! So the scale should once again be reduced. 
· If the scale is 1 square = 14cm, then to map 200cm would need 14 squares across, and 400cmwould need 29 squares down. This would work!
2.  If mapping an area 1500cm x 2000cm onto graph paper with 26 squares across and 34 squares down, what would be an appropriate scale?

· Leaving room for margins, 1500 (for the number of centimeters) divided by 20 (for the squares to be used across the width of the page) = 75. This would provide a scale of 1 square = 75cm. 
·  Now check the longer side to see if it will fit onto the page. 2000

divided by 75 = 27. This would work!

Student Activity Sheet
Use the diagram to find the parts of the compass.

Base Plate

Direction of travel arrow

Index line

Compass dial

Compass needle

Orienting arrow

Compass Basics: 
The directions on a compass correspond to the degrees of a circle: north is 0 and 360 degrees, east is 90 degrees, south is 180 degrees, and west is 270 degrees.

1. Label the diagram below with directions and degrees.


2. 

2. To accurately read a compass, you must hold it correctly. Hold the compass flat in the palm of your hand so that the compass needle can move freely inside the compass dial.
3. Turn the compass dial without moving the base plate so that the direction of travel arrow (and your whole body) is pointed due north. The red end of the compass needle should be inside the orienting arrow inside the dial. The dial should show 0 (360) degrees directly over the stationary index line at the base of the direction of travel arrow.
4. Now try using the compass. Turn the dial of the compass until 130 degrees is above the index line. With the direction of travel arrow coming out of your belly button, turn your body so that the compass needle lines up with the orienting arrow inside the dial. Are you facing southeast? You did it right! Continue to practice until you are comfortable with using a compass.

Scale:
Study a professionally made map. Look for the Scale. Do you understand how this was used to make the map and how it is used by the person reading the map? What if you were looking at a trail map? By finding the scale on the map, you can find the length of the trails. Just because the map shows a short line does not always mean that the trail is short!
Example Trail Map with Topography:

Analyzing Trash Activity, Teacher’s Page

Lesson Topic:
What does our trash tell us about our culture?

Lesson Theme:
Archaeologists use trash from prehistoric ruins to help interpret lifestyle

Objectives:
· Students will analyze and interpret evidence 

· Students will write summary

· Students will connect analytical methods to prehistory

· Students will calculate percentages

· Students will communicate their analysis to the class in an informal presentation

· Students will classify objects
Standards Addressed:
English Language Literacy and History/Social Studies Common Core 9-10.RH.7

Learning Strategies:
Working in pairs or teams students will be presented background material by the teacher to prepare them for the self-directed learning activity

Students will engage in a cooperative learning activity designed to meet the objectives cited above

Vocabulary:
Artifact – any object made, modified or used by people

Culture – a set of learned beliefs, values and behaviors shared by members of a society (their way of life)

Site – a place where human activity occurred 

Midden – in an archaeological site it is an area used for trash disposal

Materials:
· student notebook

· Archaeological Analysis, Inference and Interpretation Activity student handout (one per group or pair)
· modern trash list

Background:
In analysis of prehistoric sites and artifacts archaeologists use prior knowledge and inference to reconstruct events (just like a detective at a crime scene). In this exercise, students will use analytical and inference skills to interpret the life style, social structure and belief system of a family by looking at one week’s worth of their trash. At the end of the activity they will be introduced to the idea of prehistoric trash piles, called middens. Middens are collection areas for trash and discarded debris found near archaeological sites. Middens provide valuable information about the day to day life of the people of that area. Items found in middens range from broken pottery, food, stone tools, basketry, and even burials. They will be asked to predict what sort of trash would be found in a 1,200 year old midden.

The “Archaeological Analysis, Inference and Interpretation Activity” handout will guide the student through the activity. 

Assessment: participation, presentation, notebook

Household Trash Lists


Household C

15 toilet paper tubes

4 12oz bottles Ragu tomato sauce

2 packages Prince angel hair pasta

1 container Ben and Jerry’s “World’s Best Vanilla”

15 diapers

1 2lb hamburger package

1 twelve ounce Philadelphia cream cheese wrapper

2 boxes Hamburger Helper

1 McDonald’s Happy Meal container

1 gallon whole milk

2 Burger King cheeseburger wrappers

4 chocolate pudding containers

2 wrappers for loaves of white bread

1 8 ounce jar Skippy peanut butter

1 package of 12 rice cakes

2 balloons

1 twelve ounce bottle Johnson’s No More Tears shampoo

1 unfilled application for Sunday School

1 package for Oscar Mayer bologna (16 slices)

1 package of Wet Ones (50 clothes) 

1 bag of “mini” carrots

3 apple cores

10 empty cans baby food

1 sixteen ounce bottle of White Rain Shampoo

6 wrappers for individual cheese slices

2 Burger King French fry wrappers

1 five inch square of wrapping paper

Household E

1 large pepperoni Dominoes pizza box

6 bottles Samuel Adams beer

24 cans Budweiser beer

2 large bags Doritos

1 bottle Pace Picante sauce

5 balled up pages of paper

2 paper clips

1 broken binder

1 ninety minute phone card

1 broken glass

1 Velveeta wrapper

1 bag Lays potato chips

1 Snickers wrapper

1 container strawberry yogurt

1 large meat lover Dominoes pizza box

2 eight ounce containers chocolate milk

2 plastic packages crushed ice

1 package Marlboros

1 stapler

6 cans Coca Cola

2 cans Sprite

1 receipt from Staples

1 cover of blue spiral notebook

6 expired Papa Joe’s pizza coupons

1 wrapper of Taco Bell Burrito Supreme

Archeological Analyses, Inference, and Interpretation - Student Handout

It is the year 4010; a team of archeologists studying past cultures makes an exciting discovery. While excavating in your neighborhood they find the trash your family threw out for one week in April of 2013. 

The archeologists will look at the items in your trash and make assumptions about your culture: lifestyle, values, family system, religion, hobbies, career, etc. What do you think their report would say about you?

Today you and your team of researchers will be analyzing modern garbage in an attempt to reconstruct the culture of the household that produced the garbage.

Directions

· Look at the list of garbage for the household assigned to you and decide on categories in which to sort them. Categories may have subcategories within. Examples of categories might be food items (this can be further divided into junk or nutritious food), health and nutrition, beauty and grooming, cleaning items, pet, children, etc.

· In your notebook make the appropriate number of columns and write the headings.

· Sort the items into the proper category.

· Answer the following questions.

1. Approximately what percentage of the trash is related to beauty and grooming?

2. Approximately what percentage of the trash is related to leisure?

3. Approximately what percentage of the trash is related to health?

4. Approximately what percentage of the trash is related to food? What percentage of that is junk food?

· Try to answer the following questions. At the end of this section, your group will present your cultural analysis to the class. (Please note, in this exercise, as in real archeological research, not all questions are answerable.)

Subsistence, Technology and Economics

What type of food did they eat? Were they healthy? How did they get their food (store, garden, or hunting)? What did they do for a living? How many worked? How many went to school? What did they do for fun or recreation? Were they technologically advanced? 

Social Organization

How many people lived in the house? How many males/females? Were they wealthy, middle class or poor? Was it a paternal or maternal system? Were they held in high esteem within their society?

Religion 

What was their religious or spiritual belief system? Or did they not have one?
Other
What else can you tell us about this family?

What are the problems encountered in interpreting a culture based on garbage?

Organize your notes into a logical sequence in order to present your analysis of this family to the class.

Finally, prehistoric people also had trash. Their trash piles are called middens. What sort of things would you expect to find in a midden from a family who lived 1,200 years ago in what is now the Southwestern U.S.? Would this be helpful in understanding their day to day life? Why or why not. Write your ideas in your notebook.

Stratigraphy at Harpers Ferry National Historic Park. (Paul A. Shackel, University of Maryland)





Figure 1





Use the information in Figure 1 to answer the following questions.





1. C-14 forms from the interaction of cosmic rays with N-14 by _________________________________


2.  C-14 reverts back to N-14 by… ______________________________________________


3. Of the three isotopes of carbon, which is most abundant?________________________________________________________________________________________


 4. Of the three isotopes of carbon, which is radioactive? ___________________________________ 


5. Due to interaction and exchange with atmosphere and oceans, all living tissue maintains a fixed proportion of C-14. What causes this process to stop? ___________________________________________


________________________________________________








Display your data in an exponential line graph:





Y axes will be “Percent of Carbon 14 Remaining” in increments of 10


X axes “Years Before Present”, in 5,000 year increments





Household B





2 bottles Adirondack Spring Water


3 bottles red wine


1 lb sirloin package


2 lb hamburger package


2 asparagus spears


½ lb sliced deli turkey


1 saran wrap packaging for foccacio 


1 can Planter’s Mixed Nuts


1 bag Cape Cod potato chips


1 12 ounce bottle Classico Tomato/Pesto sauce


3 toilet paper tubes


1 box Snyder Sourdough pretzels


1 bottle Dijon mustard


7 Krups coffee filters


1 Time magazine


1 eight ounce package mushrooms


1 IBM computer diskette


2 cans Coca Cola


1 half-pound container Wild Oats pasta salad


1  half-ounce tube super glue


1 eggplant “top”


12 peach pits


1 1/b package Starbucks “French Roast”


5 Menorah candles


2 wrappers for sticks of butter


1 eight ounce sour cream container








Household A





12 Diet Coke Cans


4 Lean Cuisine packages


Chicken packaging (3 lbs.)


1 lettuce bottom


1 empty bottle of Tylenol (50 tablets)


2 Cigarette butts


Empty Shoe Polish can


7 newspapers


3 balls aluminum foil


6 bottles Miller Lite


2 Popsicle sticks


1 pear core


1 pack frozen mixed vegetables


1 Sarah Lee Cheesecake container


1  can Dr. Pepper


2 cans Campbell chicken soup


16 cans Alpo


1 eight ounce bottle Swiss Ives Deep Mud Conditioner


2 McDonalds French Fry wrappers


1 box Kellogg’s Corn Flakes


7 Mr. Coffee Filters


3 empty envelopes of Sweet and Low


1 paper towel tube


8 toilet paper tubes


1 bottle Polar Springs Sparkling water


1 can orange juice


3 apple cores


1 ½ lb package Folgers coffee


1 Clinique blush wrapper











Household D





2 packages Jell-O


1 12 ounce bottle of apple sauce


3 cans baby food


1 12 ounce container of Eddy’s Fat Free/Sugar Free ice cream


1 lemon rind


1 paper towel tube


3 toilet paper tubes


1 wrapper for ½ pound cod


2 cans Tuna Fish


1 onion end


1 package frozen green beans


1 flier for Medford Public Library 


1 whole wheat bread wrapper


1 8 ounce bottle Pepto Bismol


1 bottle of Bayer Aspirin (200 tablets)


2 cans Campbell’s Chicken Noodle soup


1 ½ gallon Lactose-Free Skim Milk


3 empty Rx bottles


1 box Fiber One cereal


1 box Sunsweet pitted prunes


2 cans caffeine-free Coca Cola


2 banana peels


2 D Batteries 


7 Boston Globes


1 fat free store brand cream cheese wrapper
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