Rocks & Minerals Bonus Activities
The following worksheets will help you teach your students about radiometric dating.
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Oklahoma Fossils

A fossil is any evidence of ancient life that has been preserved in the
Earth’s crust. This includes animals, plants and even traces of animal
movement or behavior such as trails and dinosaur footprints preserved
in rock. A fossil can be preserved as whole skeletal material, such as a
fossilized clam or dinosaur bone, or as an imprint, cast or mold within a
rock.

Dinosaurs in Oklahoma

Dinosaurs probably once roamed throughout the area we now call
Oklahoma, but most of the evidence for this has been removed through
erosion. Rocks deposited during Mesozoic times (the “Age of the
Dinosaurs”) are exposed in southeastern Oklahoma and in northwestern
Cimarron County, and dinosaur bones have been found in both areas.
Outcrop areas of the Antlers Formation (Cretaceous period) of Atoka
County and Morrison Formation (Jurassic period) have proven productive
in the past and can be located using geologic maps.
During the Early Cretaceous period, between 146 million and
100 million years ago, an enormous meat-eating dinosaur called
Acrocanthosaurus atokensis roamed coastal areas in what is now Atoka
County. Fossil remains show the animal could have been 18 feet tall and
43 feet from head to tail, about the size of a trailer on a tractor-trailer rig,
and nearly the size of Tyrannosaurus rex, the world’s largest meat eater.
The state fossil of Oklahoma is Saurophaganax maximus. The only
known skeletal remains of this carnivorous dinosaur were found about 80
years ago in the Morrison Formation in Cimarron County. The dinosaur
was about 40 feet long, weighed approximately 2 tons, and is believed to
have been as ferocious as Tyrannosaurus rex.

On the Map:
Acrocanthosaurus skeletons were found in
Atoka County farmlands, more specifically in Sec. 26 T4S R14E.

Activities
1. Using the map above, estimate how
far your town is from the site where
Acrocanthosaurus fossils have been found
in Oklahoma. Estimate how far your town
was from the coastline during the Early
Cretaceous period.

2. Dinosaur footprints can be observed
in a stream bed near Kenton in the
northwestern corner of the Panhandle.
Search The Oklahoman archives to learn
more about what’s there. How have area
residents reacted to the discovery of
evidence that dinosaurs once lived there?
Look for more Fossils and Dinosaurs activities in Lesson 5 in the May 12 edition of
The Oklahoman!
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Student Workbook Activity Answers
1. Answers will vary based on each school’s location.
Schools near Idabel may wish to plan a visit to the
Museum of the Red River, which showcases a cast of the
Acrocanthosaurus skeleton. For more information about
this dinosaur or the museum’s exhibit, visit http://www.
museumoftheredriver.org/dino.html.

2. Access The Oklahoman archives for free from your
school by visiting http://nie.newsok.com and clicking
the orange button that says “Archive Login”on the right.
You can contact Newspapers In Education if you need
assistance. Searches for Kenton dinosaur, or for dinosaur
Panhandle, for all years will yield roughly 100 search
results. Student answers may vary based upon which
articles they focus on.
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Lesson 5 Activity Answers
1. Although this chart is not comprehensive, it includes the best or most common answers for this activity.

Quaternary

Pleistocene fossils of mammoths and mastodons (proboscideans lived in Oklahoma from
about 7 million years ago to 11,000 years ago), musk-ox, stag moose found throughout
Oklahoma.

Tertiary

Fossils recovered from Ogallala Formation in Ellis and Roger Mills Counties include horse
teeth and mastodon, camel, rhinoceros, fox and skunk bones. Fossil leaf impressions from
angiosperms and conifers in western Oklahoma.

Cretaceous

Tropical ferns, cycad fossils suggest that Cretaceous climate in Oklahoma was relatively warm
and humid. First reported finds of Mesozoic mammals; shrewlike insect eaters; meat-eating
dinosaurs; marine reptiles such as mosasaurs, plesiosaurs; and marine invertebrate fossils
including ammonoid-type cephalopods, pelecypods.

Jurassic

Jurassic dinosaurs including sauropods, Stegosaurus and Camptosaurus, as well as turtles and
fish. Ferns, cycads, and conifers were the dominant vegetation.

Triassic

No plant fossils found, but fragments of fossil reptiles and amphibians.

Permian

Algae, lycopods, ferns, sphenopsids, pteridosperms, conifers, and Cordaites. Fossil fusulinids,
bryozoans, brachiopods, gastropods, and crinoids. Fishes, reptiles.

Pennyslvanian

Abundant fossils of algae, lycopods, sphenopsids, Calamites, gymnosperms, and true ferns.
Fossil wood indicates a relatively hot, humid climate. Brachiopods, pelecypods, cephalopods,
gastropods, bryozoans, corals and crinoids. Fusulinids.

Mississippian

Algae, spores from terrestrial plants, primitive fishes, brachiopods, stalked echinoderms,
cephalopods.

Devonian

State’s oldest fossil tree and world’s largest Archaeopteris specimen stands at entrance to
East Central State University in Ada. Fossil algae, ferns and spores, as well as primitive fishes,
brachiopods, nautiloids, crinoids and trilobites.

Silurian

Fossil algae, brachiopods, graptolites, gastropods, corals and trilobites.

Ordovician

Stromatolites, graptolites, trilobites, nautiloids, crinoids, echinoderms, small fish scales and
plates.

Cambrian

During the Late Cambrian and Early Ordovician, all but southeastern Oklahoma subsided and
a sea filled the area. The Cambrian-Ordovician Arbuckle Group is an important source of oil
and gas in southern, central, and north-central Oklahoma. Fossil stromatolites , trilobites and
brachiopods.

Pre-Cambrian

No fossils have been found in Proterozoic rocks of Oklahoma because only igneous and
metamorphic rocks are exposed.
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2. a) Brachiopods
b) Ammonites
c) Graptolites
d) Fusulinids
e) Crinoids
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Fossils & Dinosaurs Bonus Activity
Use The Oklahoman and the following worksheets to help your students visualize and understand fossil science.
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RANGE CHART
GENERALIZED GEOLOGIC TIME SCALE
ERA

SYSTEM/
PERIOD

SERIES/
EPOCH

Time Scale
(Ma) million
years

FOSSIL FORMS AND GEOLOGIC RANGES

QUATERNARY

TERTIARY

CENOZOIC

HOLOCENE

.01
PLEISTOCENE
PLIOCENE

NEOGENE

MIOCENE
OLIGOCENE

PALEOGENE

EOCENE
PALEOCENE

1.7-2.8
6.7
25
38
55
67

MESOZOIC

CRETACEOUS

140
JURASSIC

200
TRIASSIC

250
PERMIAN

CARBONIFEROUS

PALEOZOIC

290
PENNSYLVANIAN

330
MISSISSIPPIAN

365
DEVONIAN

405
SILURIAN

425
ORDOVICIAN

500
CAMBRIAN
PRECAMBRIAN

570



PROTEROZOIC
2,500

ARCHEAN
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Teacher Answer Key
RANGE CHART
GENERALIZED GEOLOGIC TIME SCALE
ERA

SYSTEM/
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(Ma) million
years
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Water in Oklahoma

Oklahoma has an abundance of clean, fresh water, but that water is
not distributed evenly throughout the state. The Panhandle receives less
than 24 inches of rain each year, and the rainfall is not enough to meet
agricultural needs. Therefore, water must be drawn from lakes, streams
and subsurface aquifers. The southeastern part of the state, on the other
hand, receives plenty of rainfall – more than 52 inches a year in some
places. Streams and lakes there generally are full. However, water
quality can be an issue. This dichotomy highlights the two primary issues
concerning Oklahoma’s water – quantity and quality.

Water Uses

The top use (41 percent) of water in Oklahoma is public water supply,
which includes domestic, commercial and industrial uses. Irrigation is
second (32 percent), and livestock and aquaculture is third (12 percent).
In all, about 1.75 million acre-feet of water was used in Oklahoma in
2005. An acre-foot is the volume of water it takes to cover one acre to a
depth of one foot. One acre-foot equals 325,851 gallons.
In addition to water supply, we use water for a variety of recreational
activities such as fishing and boating, and wildlife make use of the water
as well. By building dams, we can control the flow of water to prevent
floods and to generate hydroelectric power.

Water Sources

Oklahoma depends on two major sources of water besides rain
to supply its citizens, businesses and agriculture – surface water and
groundwater. Surface water occurs in the state’s streams, rivers, lakes and
reservoirs. About 167,000 miles of rivers and streams exist in Oklahoma.
Oklahoma’s rivers were largely established during the most recent Ice
Age, which lasted from 1.8 million years ago until 10,000 years ago.
In addition, about 1,400 square miles of water area are present in its
ponds, lakes, and reservoirs – larger than the state of Rhode Island! Very
few of Oklahoma’s lakes are natural; only the oxbow lakes along the Red
River and the seasonal playa lakes of the Panhandle are not formed by
dammed streams or rivers. About 63 percent of Oklahoma’s water use
comes from surface water sources.
Groundwater comes in two types: alluvial aquifers and bedrock
aquifers. Alluvial aquifers consist of gravel, sand and clay and are
a result of water filling muddy channels in flood plains. The water in
bedrock aquifers comes from small pore spaces between the individual
sand grains that make up the rock or from fractures that break up the
rock. Oklahoma has 16 bedrock aquifers formed between 515 million
and 10 million years ago.
A growing demand for clean water, combined with the uneven
distribution of rainfall and the potential effects of a changing climate,
require that Oklahomans manage these water resources with a great
deal of care, including being conscious of uses that waste or contaminate
water.

Turner Falls. Used
with permission,
courtesy of the
Oklahoma Water
Resources Board.
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On the Map:
Water from the Ogallala Aquifer is an important
part of life in northwest Oklahoma. Guymon, the
largest town in the Panhandle, depends on the
aquifer for much of the area’s agricultural and
economic growth. Guymon is located in Sec. 3 T3N
R15E, based on the Panhandle’s Base Line and the
Cimarron Meridian.

Activities
1. Find out where the water you use in your house comes from. If you live in a rural area and
have your own well, find out how deep the well is. If you live in a town or city with its own public
water supply, call the local utilities department and find out how much of your water comes from
surface sources (such as a reservoir) or from water wells (such as an aquifer).
2. You use water for many activities around your home. Listed below are some uses for water.
Rank them in order of importance with 1 being the most important and 10 being the least,
meaning the easiest to give up in a severe drought. Compare how you ranked these activities with
your classmates.
_____Washing the dishes
_____Drinking water
_____Water used for cooking
_____Washing the dog
_____Watering the lawn and garden
_____Washing the car
_____Taking a shower or bath
_____Washing clothes
_____Mopping the floors
_____Flushing the toilet
Take the questionnaire at http://ga.water.usgs.gov/edu/sq3.html to determine how much water
your family really uses in a day.

Dam in the Wichita Mountains area. Used with
permission, courtesy of the Oklahoma Water
Resources Board.

Look for more Water and Aquifers activities in Lesson 6 in the May 19 edition of The Oklahoman!

OKLAHOMA SOCIETY OF
LAND SURVEYORS
You may have seen one of us surveying the streets in your neighborhood. Did you
know that land surveyors also map rugged outdoor terrain and underwater surfaces,
work as mapmakers and computer programmers, assist in police investigations, and
own their own businesses?
Recognizing that the true merit of a profession is determined by the value of its
services to the society, the Oklahoma Society of Land Surveyors dedicates itself
to the promotion and protection of the profession of land surveying as a social and
economic influence vital to the welfare of its society, community and state.
Scholarships are avilable to help those furthering their
education in a survey-related field.

Learn more at www.osls.org

Student Workbook Activity Answers

All answers will vary based on each school’s and student’s
location.

Lesson 6 Activity Answers

All answers will vary based on each school’s and student’s
location. The URLs for the links made available at nie.
newsok.com are:
Hydroelectric power plant data: http://www.swt-wc.usace.
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Lake water quality: http://www.owrb.ok.gov/news/
publications/wa/wa.php
Aquifer water quality: http://www.ogs.ou.edu/pubsscanned/
EP9_All.pdf - page 13
National Groundwater Association: http://www.ngwa.
org; hover over Programs/Services and select Educator
Resources.

Oklahoma Rocks!
Priority Academic Student Skills (PASS) standards addressed (grades 7-12)
GRADES 7-10
TECHNOLOGY EDUCATION
Standard 5: The student will recognize the effects of technology on the environment.
1. Describe technologies used to repair damage in the environment.
2. Examine ways to reduce resource use through technology.
3. Identify practices available for monitoring the environment to provide feedback for decisions.
Standard 6: The student will determine the connection between technological demands, values and interests of
society and the impact of these on the environment.
Standard 14: The student will identify and describe advances and innovation in the energy-power, biotechnology, communications, transportation, manufacturing, construction, and agriculture techniques used to improve
each field.
Standard 15: The student will identify and describe energy-power, biotechnology, communications, transportation, manufacturing, construction, and agriculture technology principles necessary to create products and
processes.

GRADES 7-12
INFORMATION LITERACY
Standard 1: The student who is information literate accesses information efficiently and effectively.
4. The student will demonstrate he/she knows how to access information from a variety of sources – print, nonprint and electronic.

GRADE 7
WORLD GEOGRAPHY
Standard 1. The student will use maps and other geographic representations, tools, and technologies to analyze
relationships between people, places, and environments of world regions from a spatial perspective.
2. Apply the concepts of scale, distance, direction, relative location, latitude and longitude.
3. Construct and use maps, globes, graphs, charts, models, and databases to analyze spatial distributions and
patterns.
4. Recognize the characteristics, functions and applications of maps, globes, aerial and other photographs, satellite images, and models.
Standard 2: The student will examine the major cultural and physical regions of the world to interpret the
earth’s complexity.
4. Define, recognize, and locate on appropriate maps and globes basic landforms and bodies of water, and major
cities, rivers, mountain ranges, regions, biomes, and countries of the world.
Standard 3: The student will examine the interactions of physical systems that shape the patterns of the earth’s
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resources.
1. Identify forces beneath and above the earth’s crust, explaining the processes and agents that influence the distribution of resources.
Standard 4. The student will evaluate the human systems of the world.
2. Explain patterns and processes of global economic interdependence (e.g., developed and developing countries,
economic activities, and world trade).
Standard 5. The student will examine the interactions of humans and their environment.
2. Evaluate the effects of human modification of and adaptation to the natural environment (e.g., use of the steel
plow, crop rotation, types of housing, flood prevention, discovery of valuable mineral deposits, the greenhouse
effect, desertification, clear-cutting forests, air and water pollution, urban sprawl, and use of pesticides and herbicides in agriculture).
Standard 6: The student will analyze problems and issues from a geographic perspective using the skills and tools
of geography.
1. Evaluate and draw conclusions from different kinds of maps, graphs, charts, diagrams, and other sources and
representations (e.g., aerial and shuttle photographs, satellite-produced images, the geographic information system
(GIS), atlases, almanacs, and computer-based technologies).
2. Explain the influence of geographic features on the development of historic events and movements.
MATHEMATICS PROCESS STANDARDS
Process Standard 4: Connections
1. Apply mathematical strategies to solve problems that arise from other disciplines and the real world.
2. Connect one area or idea of mathematics to another (e.g., relate equivalent number representations to each
other, relate experiences with geometric shapes to understanding ratio and proportion).
MATHEMATICS CONTENT STANDARDS
Standard 2: Number Sense and Operation – The student will use numbers and number relationships to solve a
variety of problems.
1. Number Sense
c. Demonstrate the concept of ratio and proportion with models (e.g., similar geometric
shapes, scale models).

GRADE 8
EARTH/SPACE SCIENCE
Standard 5: Earth’s History - The Earth’s history involves periodic changes in the structures of the earth over
time. The student will engage in investigations that integrate the process standards and lead to the discovery of the
following objectives:
1. Earth’s history has been punctuated by occasional catastrophic events, such as the impact of asteroids or comets, enormous volcanic eruptions, periods of continental glaciation, and the rise and fall of sea level.
2. Fossils provide important evidence of how life and environmental conditions have changed.
MATHEMATICS PROCESS STANDARDS
Process Standard 4: Connections
67

1. Apply mathematical strategies to solve problems that arise from other disciplines and the real world.
2. Connect one area or idea of mathematics to another (e.g., relate equivalent number representations to each
other, relate experiences with geometric shapes to understanding ratio and proportion).

HIGH SCHOOL
PHYSICAL SCIENCE
Standard 3: Interactions of Energy and Matter - Energy, such as potential, kinetic, and field, interacts with
matter and is transferred during these interactions. The student will engage in investigations that integrate the
process standards and lead to the discovery of the following objectives:
2. Waves, including sounds and seismic waves, waves on water, and light waves, have energy and can transfer
energy when they interact with matter (such as used in telescopes, solar power, and telecommunication technology).
Standard 4: The Earth System - A system that has changed over time, which includes dynamic changes in the
earth’s crust, is the Earth system. The student will engage in investigations that integrate the process standards
and lead to the discovery of the following objectives:
1. Geologic time can be estimated by observing rock sequences and using fossils to correlate the sequences at
various locations.
2. The solid crust of the earth consists of separate plates that move very slowly pressing against one another in
some places and pulling apart in other places (i.e., volcanoes, earthquakes and mountain building).
OKLAHOMA HISTORY
Standard 1. The student will demonstrate process skills in social studies.
1. Identify, analyze, and interpret primary and secondary sources (e.g., artifacts, diaries, letters, art, music,
literature, photographs, documents, newspapers, and contemporary media).
2. Identify, evaluate, and explain the relationships between the geography of Oklahoma and its historical development by using different kinds of maps, graphs, charts, diagrams, and other representations such as photographs, satellite-produced images, and computer-based technologies.
Standard 6. The student will investigate the geography and economic assets of Oklahoma and trace their effects on the history of the state.
1. Locate the significant physical and human features of the state on a map (e.g., major waterways, cities, natural resources, military installations, major highways, and major landform regions).
WORLD GEOGRAPHY
Standard 2: The student will use the concepts of places and regions as the basic units of geographic inquiry.
1. Identify the human and physical characteristics of particular places and regions.
2. Conduct regional analysis of geographic issues and questions.
Standard 3: The student will examine earth’s physical processes (e.g., climate and landforms) and organize
them into ecosystems.
4. Analyze patterns of natural phenomena such as earthquakes, volcanic eruptions, tornadoes, and hurricanes.
Standard 4: The student will examine human cultures, populations and activities such as settlement, migration,
commerce, conflict, and cooperation.
2. Interpret the patterns and networks of economic interdependence on earth’s surface.
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Standard 5: The student will evaluate the interactions between humans and their environment.
1. Explain how human actions modify the physical environment.
3. Explain the changes that occur in the meaning, use, distribution, and importance of resources.
4. Observe and predict the possible economic effects and environmental changes resulting from natural phenomena
(e.g., tornadoes, hurricanes, droughts, insect infestations, earthquakes, El Nino, and volcanoes).
ECONOMICS
Standard 2: The student will explain how prices are set in a market economy by using supply and demand graphs, and
determine how prices provide incentives to buyers and sellers.
1. Determine how price and nonprice factors affect the demand and supply of goods and services available in the marketplace.
2. Explain what causes shortages and surpluses, including government imposed price floors and price ceilings; and
determine the impact they have on prices and people’s decisions to buy or sell.
MATHEMATICS
Process Standard 4: Connections
1. Link mathematical ideas to the real world (e.g., statistics helps qualify the confidence we can have when drawing
conclusions based on a sample). 2. Apply mathematical problem-solving skills to other disciplines.
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