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To the Teacher

Each activity in this booklet is an expanded version of each GeoLab or MiniLab that
appears in the Student Edition of Earth Science: Geology, the Environment, and the
Universe. All materials lists, procedures, and questions are repeated so that students can
read and complete a lab in most cases without having a textbook on the lab table. Data
tables are enlarged so that students can record data in them. All lab questions are
reprinted with lines on which students can write their answers. In addition, for student
safety, all appropriate safety symbols and caution statements have been reproduced on
these expanded pages. Answer pages for each MiniLab and GeoLab are included at the
end of this booklet.
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GEOLAB AND MINILAB WORKSHEETS

Standard Equipment List

Chemicals and Equipment
These easy-to-use tables of materials can help you prepare for your Earth science classes for the year.
All quantities are for one lab setup of each GeoLab or MiniLab for the entire course. Before placing
your order for supplies, determine how many classes you will be teaching and how many students
you expect in each class. If you have ten groups of students in each of your five classes, multiply the
quantities of materials for GeoLabs and MiniLabs by 50 to arrive at your total course requirements.

The standard list of equipment is made up of a set of equipment that is generally recommended
for each lab bench station in the Earth science laboratory. For all lab activities in this program, it is
assumed that your classroom is equipped with these items for each setup of a GeoLab or MiniLab.
Additional equipment required for the course is listed under Nonconsumables. The listed amounts
of Consumables and Chemicals for GeoLabs and MiniLabs are sufficient for one lab setup per 
student or group of students.

Standard Equipment List (for each station)

apron, 1 per student ruler, metric

goggles, 1 pair per student scissors

beakers, 100-mL, 2 spoon, stainless steel

beakers, 250-mL, 2 stirring rods, 2

dropper tweezers

graduated cylinder, 100-mL watch glass

graduated cylinder, 250-mL, 2

Classroom Equipment (for general use)

balance, laboratory markers, felt, assorted colors

balance, beam-type meterstick

beakers, large, 1-L microscope

beakers, assorted small, 100-mL, 150-mL mortar and pestle

calculator pen, grease

clamps, assorted ring stand

colored pencils, assorted colors rubber or Tygon® tubing

dishpan, plastic rubber stoppers, assorted

graduated cylinders, 50-mL, 500-mL, 1-L stereomicroscope

hot plate stopwatch or timer

Internet access thermometers, –10°C to 150°C



baby food jar with lid 3 (p. 676) 6 (p. 674)

beaker, 100-mL 1 (p. 140) 7 (p. 394)

beaker, 150-mL 1 (p. 587)

beaker, 250-mL 2 (pp. 20, 70, 114) 1 (p. 474)

beaker, 1-L 1 (p. 394)

book 1 (p. 253)

bottle, small 7 (p. 394)

bowl, clear plastic 1 (p. 292)

catch basin 1 (p. 163)

compass, drafting 1 (p. 430) 1 (p. 761)

copper sample 1 (p. 92)

dropper 1 (pp. 92, 406) 1 (p. 674)

encyclopedia 1 (p. 553)

file, steel 1 (p. 92)

flashlight 1 (p. 302)

fossil bivalves, different 4 (p. 618)

fossil brachiopods, different 4 (p. 618)

geologic time scale 1 (p. 553)

glass dish, shallow 1 (p. 70)

glass plate 1 (p. 92)

globe 1 (p. 29)

graduated cylinder, 50-mL 1 (p. 587)

graduated cylinder, 100-mL 1 (p. 674)

graduated cylinder, 250-mL 1 (pp. 428, 688)

graduated cylinder, 500-mL 1 (p. 406)

graduated cylinder, 1-L 1 (p. 394)

hand lens 1 (pp. 92, 114, 140)

hole punch 1 (p. 232)

hose 1 (p. 232)

hurricane-tracking chart 1 (p. 354)

ice-cube tray 1 (p. 350)

igneous rock samples 1 (p. 108)

jar, 1-L glass 3 (p. 636)

jar, glass 1 (p. 376)

jar, plastic with lid 1 (p. 174)
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GEOLAB AND MINILAB WORKSHEETS

Equipment and Materials List

Item GeoLab MiniLab

These easy-to-use tables of equipment and consumable materials can help you prepare for your Earth 
science classes for the year. Quantities listed for GeoLabs and MiniLabs are the maximum quantities you will
need for one student group for the year. The Student Edition pages on which each item is used are listed in
parentheses after the quantities. Refer to the interleaf pages in front of each chapter for a list of equipment
and materials used for each laboratory activity in the chapter.

Non-Consumables



lamp 1 (pp. 676, 704)

liquid-crystal temperature strip 1 (p. 294)

magnet, small 1 (p. 92)

map, physiographic, Atlantic Ocean floor 1 (p. 536)

map, physiographic, United States 1 (p. 536)

map, topographic 1 (p. 430)

map, topographic of Forest City, Florida 1 (p. 258)

map, wind erosion 1 (p. 194)

map, world 1 (pp. 29, 456)

measuring tape 1 (pp. 572, 798)

mineral samples, set 1 (p. 92) 1 (p. 79)

Mohs hardness scale 1 (p. 92)

pan, large glass 1 (p. 676)

pan, large metal 3 (p. 676)

petri dish, plastic 4 (p. 114)

photographs of dinosaur or reptile footprints 3 (p. 126)

plumb bob 1 (p. 232)

protractor 1 (p. 232) 1 (pp. 761, 826)

psychrometer 1 (p. 378)

reference books, set 1 (p. 553)

relative humidity chart 1 (p. 378)

ring stand with clamp 1 (p. 232)

rock samples, assorted small 5 (p. 20)

rocks, sedimentary 5 (p. 140)

rocks, metamorphic 5 (p. 140)

round objects, assorted sizes 1 (p. 798)

shoe box, clear plastic 4 (pp. 229, 253)

sieves, set 1 (p. 428)

spoon 1 (p. 587)

spring scale 1 (p. 20)

stirring rod 1 (p. 70) 1 (pp. 394, 474)

streak plate 1 (p. 92)

thermometer 4 (pp. 12, 114, 378, 406, 704) 2 (p. 376)

thumbtack 5 (p. 777)

watch glass 1 (p. 587)

common objects in classroom 
(see Teacher Edition page for examples) 1 (p. 55)

vi Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

GEOLAB AND MINILAB WORKSHEETS

Item GeoLab MiniLab

Non-Consumables, continued



aluminum foil (30 cm � 60 cm) 1 (p. 704)

bag, self-sealing plastic 1 (p. 292)

balloon 1 (p. 845)

bleach, household 15 mL (p. 587)

bottle, 2-L plastic with cap 1 (p. 294)

bottle, dishwashing-detergent with twist cap 1 (p. 350)

box, sturdy cardboard 3 (p. 704) 1 (p. 376)

cardboard (30 cm � 30 cm) 1 (p. 777)

clay 6 kg (pp. 229, 253, 636)

clay, white modeling 500 g (p. 616)

clay, yellow modeling 250 g (p. 616)

cupcake, cream-filled, frosted 2 (p. 718)

dishwashing liquid 120 mL (p. 474)

fabric (30 cm � 60 cm) 1 (p. 704)

foamboard (60 cm � 60 cm) 1 (p. 704) 1 (p. 79)

food coloring 1 mL (p. 406)

glue 10 mL (p. 704) 10 mL (p. 79)

gravel 6 kg (pp. 229, 636)

gravel, colored aquarium 60 g (p. 688)

halite chips 100 g (p. 174)

knife, plastic 1 (p. 718)

labels 6 (p. 674)

milk jug, 1 gallon plastic 2 (p. 12)

mirrors, assorted small 10 (p. 704)

napkin, paper 2 (p. 718)

oil, cooking 300 mL (pp. 428, 688)

paint, assorted colors 60 mL each (p. 704)

paper clip 1 (p. 92)

paper towels 10 (pp. 114, 174)

paper, dark colored construction, sheet 1 (p. 114) 1 (p. 302)

paper, graph, sheet 5 (pp. 20, 258, 406, 430, 540) 2 (pp. 376, 826)

paper, tracing, sheet 3 (pp. 258, 464, 516) 1 (p. 536)

plastic sheet, clear (30 cm � 30 cm) 4 (pp. 676, 704)

plastic wrap (30 cm � 30 cm) 1 (p. 70) 1 (p. 292)

plate, paper 1 (p. 718)

posterboard (50 cm � 75 cm) 1 (p. 572)
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GEOLAB AND MINILAB WORKSHEETS

Item GeoLab MiniLab

Consumables



salt water 50 mL (p. 676)

sand 3 kg (pp. 253, 636, 688)

sand, dry 5 kg (p. 229)

sand, white 100 g (p. 587)

sand grains and small pebbles 5 (p. 428)

silt 500 g (p. 636)

soap, bar 1 (p. 163)

soap, liquid 1 mL (p. 674)

soil 2 kg (p. 12)

steel wool 2 g (p. 587)

stones, small 10 (p. 704)

straw, clear plastic drinking 4 (p. 294) 3 (p. 253)

string 1m (pp. 20, 42) 10 m (pp. 777, 826, 845)

tape, masking 50 cm (p. 798) 10 cm (p. 12)

tape, transparent 100 cm (p. 704)

tape, vinyl gutter 1 m (p. 232)

toothpick 1 (p. 163)

water sample, different 5 (p. 674)
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GEOLAB AND MINILAB WORKSHEETS

Item GeoLab MiniLab

Consumables, continued

5% HCl 1 mL (p. 92)

alum (KAl(SO4)2•12H2O) 50 g (p. 114)

baking soda (NaHCO3) 0.2 g (p. 394)

calcium chloride (CaCl2) 1.1 g (p. 394)

magnesium chloride (MgCl2) 5.0g (p. 394)

potassium bromide (KBr) 0.1 g (p. 394)

potassium chloride (KCl) 0.7g (p. 394)

sodium chloride (NaCl) 70 g (pp. 70, 406) 55 g (pp. 394, 474)

sodium sulfate (Na2SO4) 4.0 g (p. 394)

Item GeoLab MiniLab

Chemicals
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GeoLab and MiniLab Worksheets Chapter 1 Earth Science: Geology, the Environment, and the Universe 1

Name Class Date

How do soil and water absorb 
and release heat? 

Experiment to determine the relationship between
variables.

Procedure 

1. Obtain the materials for this lab from your teacher.

2. Put soil into one container until it is half full. Put
water into the other container until it is half full.

3. Place one thermometer in the soil so that the 
bulb is barely covered. Use masking tape to secure
another thermometer about 1 cm from the top
of the soil.

4. Repeat step 3 with the container of water.

5. Put the containers on a very sunny windowsill.
Record the temperature shown on each
thermometer. Write these values in the table. 
Then record temperature readings every 
5 minutes for half an hour.

6. Remove the containers from the windowsill and
immediately record the temperature on each
thermometer every 5 minutes for half an hour.

Analyze and Conclude

1. Which substance absorbed heat faster?

2. Which substance lost heat faster?

3. What was your independent variable? Your dependent variable?

MiniLab 1MiniLab 1

Time Thermometer 1 Thermometer 2
(minutes) Temperature Temperature

0

5

10

15

20

25

30
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2 Chapter 1 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Suppose someone asked you to measure the area of your classroom in square cubits.
What would you use? A cubit is an ancient unit of length equal to the distance from

the elbow to the tip of the middle finger. Since this length varies among individuals, the
cubit is not a standard unit of measure. SI units are standard units, which means that
they are exact quantities that have been agreed upon to use for comparison. In this
GeoLab, you will use SI units to measure various properties of rock samples.

Problem
Measure various properties of rocks and use the
measurements to explain the relationships among
the properties.

Materials
water

250-mL beaker

graph paper

balance

pieces of string

spring scale

rock samples

Objectives
In this GeoLab, you will:

• Measure the area, volume, mass, and weight
of several rock samples.

• Calculate the density of each sample.

• Explain the relationships among the quantities.

Safety Precautions 

Measuring in SI

P R E P A R A T I O N

1. Use the information in the Skill Handbook to
design a data table in which to record the
following measurements for each sample: area,
volume, mass, weight, and density.

2. Obtain rock samples from your teacher.
Carefully trace the outline of each rock onto the
graph paper. Determine the area of each sample
and record the values in your data table.

3. Pour water into the beaker until it is half full.
Record this volume in the table. Tie a piece of
string securely around one rock sample. Slowly
lower the sample into the beaker. Record the
volume of the water. Subtract the two values to
determine the volume of the rock sample.

4. Repeat step 3 for the other rocks. Make sure
the original volume of water is the same as
when you measured your first sample.

5. Follow your teacher’s instructions about how to
use the balance to determine the mass of each
rock. Record the measurements in your table.

6. Again, secure each rock with a piece of dry
string. Make a small loop in the other end
of the string. Place the loop over the hook of
the spring scale to determine the weight of
each rock sample. Record the values in your
data table.

P R O C E D U R E
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Name Class Date

GeoLab and MiniLab Worksheets Chapter 1 Earth Science: Geology, the Environment, and the Universe 3

Measuring in SI

1. Compare the area of each of your samples with the areas determined by other
students for the same samples. Explain any differences.

2. Compare the volume of each of your samples with the volumes determined by other
students for the same samples. Explain any differences.

3. Compare the weight and mass of each of your samples with the values for these
quantities determined by other students. Again, explain any differences.

A N A LY Z E

DATA TABLE
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Name Class Date

4 Chapter 1 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Measuring in SI

4. Use your measurements to calculate the density of each sample using this formula:
density � mass/volume. Record these values in your data table.

1. How accurate do you think your measurement of the area of each sample is? Explain.

2. What were the variables you used to determine the volume of each sample?

3. How could you find the volume of a rock such as pumice, which floats in water?

4. Does mass depend on the size or shape of a rock? Explain.

C O N C L U D E  A N D  A P P LY

A N A LY Z E
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GeoLab and MiniLab Worksheets Chapter 2 Earth Science: Geology, the Environment, and the Universe 5

Name Class Date

How can you locate places on Earth?

Determine latitude and longitude for specific places.

Procedure

1. Use a world map or globe to locate the prime meridian and the equator.

2. Take a few moments to become familiar with the grid system. Examine
lines of latitude and longitude on the map or globe.

Analyze and Conclude

1. Use a map to find the latitude and longitude of the following places.

Mount St. Helens, Washington 

Niagara Falls, New York 

Mt. Everest, Nepal 

Great Barrier Reef, Australia

2. Use the map to find the name of the places with the following coordinates.

0�03’S, 90�30’W 

27�07’S, 109�22’W 

41�10’N, 112�30’W 

35�02’N, 111�02’W 

3�04’S, 37�22’E 

3. Find the latitude and longitude of your hometown, the nearest national or state park,
and your state capital.

MiniLab 2MiniLab 2



1. What is the contour interval?

2. Calculate the stream gradient of Big Wildhorse Creek from the Gravel Pit in
section 21 to where the creek crosses the road in section 34.

3. What is the highest elevation of the jeep trail? If you followed the jeep trail from the highest
point to where it intersects an unimproved road, what would be your change in elevation?

A N A LY Z E
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6 Chapter 2 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Topographic maps show two-dimensional representations of Earth’s surface. With
these maps, you can determine how steep a hill is, what direction streams flow,

and where mines, wetlands, and other features are located.

Problem
How can you use a topographic map to interpret
information about an area?

Materials
ruler

string

pencil

Using a Topographic Map

P R E P A R A T I O N

1. Use the map to answer the following
questions. Be sure to check the map’s scale.

2. Use the string to measure distances between
two points that are not in a straight line. Lay
the string along the curves, and then measure
the distance by laying the string along the ruler.

3. Remember that elevations on United States
Geological Survey maps are given in feet.

P R O C E D U R E



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

Name Class Date

GeoLab and MiniLab Worksheets Chapter 2 Earth Science: Geology, the Environment, and the Universe 7

Using a Topographic Map

1. Does Big Wildhorse Creek flow all year round? Explain your answer.

2. What is the shortest distance along roads from the Gravel Pit in section 21 to the
secondary highway?

3. In the space below, draw a profile of the land surface from the bench mark in section
22 to the Gravel Pit in section 33.

C O N C L U D E  A N D  A P P LY

4. If you started at the bench mark (BM) on the jeep trail and hiked along the trail and
the road to the Gravel Pit in section 21, how far would you have hiked?

5. What is the straight-line distance between the two points in question 4? What is the
change in elevation?

A N A LY Z E
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8 Chapter 2 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Using a Topographic Map
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GeoLab and MiniLab Worksheets Chapter 3 Earth Science: Geology, the Environment, and the Universe 9

Name Class Date

Identifying Elements

Describe Most substances on Earth occur in the form of chemical 
compounds. Around your classroom, there are numerous objects 
or substances that consist mostly of a single element.

Procedure

1. Name three of these objects and the three different elements of which
they are made. 

2. List the atomic numbers of these elements and describe some of their
properties.

Analyze and Conclude

1. Matter can be solid, liquid, or gaseous. Give one example of a solid,
liquid, and gaseous object or substance.

2. How does a liquid differ from a solid? How does a gas differ 
from a liquid? 

MiniLab 3MiniLab 3

Article Element Atomic Number Properties
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10 Chapter 3 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Many rocks on Earth form from salts precipitating out of seawater. Salt ions
precipitate when a salt solution becomes saturated. Solubility is the ability of

a substance to dissolve in a solution. When a solution is saturated, no more of that
substance can be dissolved. What is the effect of temperature and evaporation on
salt precipitation? How do precipitation rates affect the size of crystals?

Problem
Under what conditions do salt solutions become
saturated and under what conditions does salt pre-
cipitate out of solution?

Materials
halite (sodium chloride)

250-mL glass beakers (2)

distilled water

plastic wrap

laboratory scale

hot plate

shallow glass baking dish

refrigerator

glass stirring rod

Objectives
In this GeoLab, you will:

• Observe salt dissolving and precipitating from
a saturated salt solution.

• Identify the precipitated salt crystals.

• Compare the salt crystals that precipitate out
under different conditions.

• Hypothesize why different conditions produce
different results.

Safety Precautions 

Always wear safety goggles and an apron in the lab.
Wash your hands after handling salt solutions. Use
care in handling hot solutions. Use protection 
handling hot glassware.

Salt Precipitation

P R E P A R A T I O N

1. Pour 150 mL of distilled water into a 250-mL
glass beaker.

2. Measure 54 g of sodium chloride. Add the
sodium chloride to the distilled water in the
beaker and stir until only a few grains remain
on the bottom of the beaker.

3. Place the beaker on the hot plate and turn the
hot plate on. As the solution inside the beaker
heats up, stir it until the last few grains of
sodium chloride dissolve. The salt solution
will then be saturated.

4. Pour 50 mL of the warm, saturated solution
into the second 250-mL glass beaker. Cover
this beaker with plastic wrap so that it forms a
good seal. Put this beaker in the refrigerator.

5. Pour 50 mL of the saturated solution into the
shallow glass baking dish. Place the dish on the
hot plate and heat the salt solution until all the
liquid evaporates. CAUTION: The baking dish
will be hot. Handle with care.

6. Place the original beaker with 50 mL of the
remaining solution on a shelf or windowsill.
Do not cover the beaker.

7. Observe both beakers one day later. If crystals
have not formed, wait another day to make
your observations and conclusions.

8. Once crystals have formed in all three
containers, observe the size and shape of
the precipitated crystals. Describe your
observations in your science journal.

P R O C E D U R E
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Name Class Date

GeoLab and MiniLab Worksheets Chapter 3 Earth Science: Geology, the Environment, and the Universe 11

Salt Precipitation

1. What is the shape of the precipitated crystals in the three containers? Does the shape
of the crystals alone identify them as sodium chloride? 

2. Why didn’t all of the salt solution dissolve in step 2 above? How did heating affect the
solubility of sodium chloride? Why did heating have the observed effect? Explain.

3. What effect does cooling have on the solubility of salt? 

4. What happens when a salt solution evaporates? What effect does evaporation have on
the solubility of salt? 

5. Suppose you have two samples of volcanic rock of identical chemical composition but
different crystal sizes. What conclusions can you make about the conditions under
which each rock sample cooled?

A N A LY Z E
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12 Chapter 3 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Salt Precipitation

1. What are the sizes of the crystals in the different containers? Which container has the
smallest crystals? Which crystals formed in the shortest time interval?

2. Why does salt precipitate from solution? How is crystal size related to precipitation rate?

3. Design an experiment to separate a heterogeneous mixture of different salts, such as
NaCl and MgCl2, into its components, by dissolving and precipitation.

C O N C L U D E  A N D  A P P LY
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GeoLab and MiniLab Worksheets Chapter 4 Earth Science: Geology, the Environment, and the Universe 13

Name Class Date

How can crystal systems be modeled?

Model the six major crystal systems, then classify mineral samples according to these systems.

Procedure 

1. Using Table 1 for guidance, cut pieces of foam board into geometric shapes. Your
largest geometric shape should be no more than about 8 cm in length. Your group
will need about 38 various shapes.

2. Tape or glue the geometric shapes into models of the six major crystal systems.
Again, use Table 1 for guidance.

3. Use the mineral samples provided by your teacher to classify minerals according
to their crystal shapes.

Analyze and Conclude

1. What geometric shapes did you use to model the crystal systems?

2. Was the crystal structure readily apparent in all mineral samples? 
Infer why or why not.

3. Use Table 2 to identify your minerals. Besides crystal shape, 
what properties did you use for identification purposes?

MiniLab 4MiniLab 4

Table 1 Crystal Systems

Cubic        Tetragonal         Hexagonal       Orthorhombic     Monoclinic     Triclinic

Pyrite Wulfenite Pyromorphite Topaz Gypsum Feldspar

Examples

Systems
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14 Chapter 4 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

How can crystal systems be modeled?
MiniLab 4MiniLab 4

Table 2 Minerals with Nonmetallic Luster

Mineral Specific Crystal Breakage Uses and Other
(Formula) Color Streak Hardness Gravity System Pattern Properties

Augite black colorless 6 3.3 monoclinic 2-directional square or 8-sided
((Ca, Na) cleavage cross section
(Mg, Fe, Al)
(Al, Si)2O6)

Corundum colorless, colorless 9 4.0 hexagonal fracture gemstones: ruby is red,
(Al2O3) blue, brown sapphire is blue;

green, white industrial abrasive
pink, red

Feldspar colorless colorless 6 2.5 monoclinic two cleav- insoluble in acids;
(orthoclase) white to age planes used in the manufacture 
(KAlSi3O8) gray, green, meet at of porcelain

and yellow 90° angle

Feldspar gray, colorless 6 2.5 triclinic two cleav- used in ceramics;
(plagioclase) green, age planes striations present on
(NaAISi3O8) white meet at some faces
(CaAI2Si3O8) 86° angle

Fluorite colorless, colorless 4 3–3.2 cubic cleavage used in the manufacture
(CaF2) white, blue, of optical equipment;

green, red, glows under ultraviolet
yellow, purple light

Garnet deep colorless 7.5 3.5 cubic conchoidal used in jewelry; also 
(Mg, Fe, Ca, yellow-red, fracture used as an abrasive
Mn)3 , (Al, Fe, green, black
Cr)2, (SiO4)3

Hornblende green to gray to 5–6 3.4 monoclinic cleavage will transmit light on 
Ca 2Na(Mg, black white in two thin edges; 6-sided
Fe2)4, (Al, Fe3, directions cross section
Ti)3, Si8O22(O,
OH)2

Limonite yellow, yellow, 5.5 2.74–4.3 — conchoidal source of iron; weathers
(hydrous brown, brown fracture easily, coloring matter
iron oxides) black of soils

Olivine olive colorless 6.5 3.5 ortho- conchoidal gemstones, refractory
((Mg, Fe)2 green rhombic fracture sand
SiO4)

Quartz colorless, colorless 7 2.6 hexagonal conchoidal used in glass manufac-
(SiO2) various fracture ture, electronic equip-

colors ment, radios, computers,
watches, gemstones

Topaz white, pink, colorless 8 3.5 ortho- basal valuable gemstone
(Al2SiO4 yellow, rhombic cleavage
(F, OH)2) pale blue,

colorless

Table 2 Minerals with Metallic Luster

Mineral Specific Crystal Breakage Uses and Other
(Formula) Color Streak Hardness Gravity System Pattern Properties

Bornite bronze, gray-black 3 4.9–5.4 tetragonal uneven source of copper
(Cu5FeS4) tarnishes to fracture called “peacock ore”

dark blue because of the purple
purple shine when it tarnishes

Chalcopyrite brassy to greenish 3.5–4 4.2 tetragonal uneven main ore of copper
(CuFeS2) golden black fracture

yellow

Chromite black or brown to 5.5 4.6 cubic irregular ore of chromium,
(FeCr2O4) brown black fracture stainless steel,

metallurgical bricks

Copper copper red copper red 3 8.5–9 cubic hackly coins, pipes, gutters,
(Cu) wire, cooking utensils,

jewelry, decorative
plaques; malleable
and ductile

Galena gray gray to 2.5 7.5 cubic cubic source of lead, used in
(PbS) black cleavage pipes, shields for X rays,

perfect fishing equipment sinkers

Gold pale to yellow 2.5–3 19.3 cubic hackly jewelry, money, gold leaf,
(Au) golden fillings for teeth, medi-

yellow cines; does not tarnish

Graphite black to black to 1–2 2.3 hexagonal basal pencil lead, lubricants
(C) gray gray cleavage for locks, rods to control

(scales) some small nuclear
reactions, battery poles

Hematite black or red or 6 5.3 hexagonal irregular source of iron; roasted
(specular) reddish reddish fracture in a blast furnace,
(Fe2O3) brown brown converted to “pig” iron,

made into steel

Magnetite black black 6 5.2 cubic conchodial source of iron, naturally
(Fe3O4) fracture magnetic, called 

lodestone

Pyrite light, brassy greenish 6.5 5.0 cubic uneven source of iron, “fool’s
(FeS2) yellow black fracture gold,” alters to limonite

Pyrrhotite bronze gray-black 4 4.6 hexagonal uneven an ore of iron and 
(Fe1–XS)* fracture sulfur; may be 

magnetic

Silver silvery white, light gray 2.5 10–12 cubic hackly coin, fillings for teeth,
(Ag) tarnishes to to silver jewelry, silverplate, wires;

black malleable and ductile

*contains one less
atom of Fe than S
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GeoLab and MiniLab Worksheets Chapter 4 Earth Science: Geology, the Environment, and the Universe 15

Name Class Date

Have you ever used a field guide to identify a bird, flower, rock, or insect? If so, you
know that field guides include far more than simply photographs. A typical field

guide for minerals might include background information about minerals in general,
plus specific information about the formation, properties, and uses of each mineral. In
this activity, you’ll create a field guide to minerals.

Problem
How would you go about identifying minerals?
What physical and chemical properties would you
test? Which of these properties should be included
in a field guide to help others to identify unknown
minerals?

Possible Materials
mineral samples Appendix H

hand lens steel file or nail

glass plate piece of copper

streak plate paper clip

Mohs scale of magnet
mineral hardness

5 percent hydrochloric 
acid (HCl) with dropper

Hypothesis
As a group, form a hypothesis about which 
property or properties might be most useful in
identifying minerals. Write your hypothesis in the
space below.

Objectives
In this GeoLab, you will:

• Conduct tests on unknown minerals to deter-
mine their physical and chemical properties.

• Identify minerals based on the results of
your tests.

• Design a field guide for minerals.

Safety Precautions 

Review the safe use of acids. HCl may cause burns.
If a spill occurs, rinse your skin with water and
notify your teacher immediately.

Making a Field Guide 
to Minerals

P R E P A R A T I O N
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16 Chapter 4 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Making a Field Guide to Minerals

1. As a group, list the steps that you will take to test your hypothesis. Keep the available materials
in mind as you plan your procedure. Be specific, describing exactly what you will do at each
step. Properties that you may want to test include luster, color, reaction to HCl, magnetism,
cleavage, fracture, texture, hardness, streak, double refraction, and density.

2. Should you test any of the properties more than once for any of the minerals? 
How will you determine whether certain properties indicate a specific mineral?

3. Design a data table to summarize your results. You can use this table as the basis for
your field guide. Draw the table in the space below.

4. Read over your entire experiment to make sure that all steps are in a logical order.

5. Have you included a step for additional research? You may have to use the library or the
Glencoe Science Web Site to gather all the necessary information for your field guide.

6. What information will be included in the field guide? Possible data include how each
mineral formed, its uses, its chemical formula, and a labeled photograph or drawing
of the mineral.

7. Make sure your teacher approves your plan before you proceed with your experiment.

P L A N  T H E  E X P E R I M E N T
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GeoLab and MiniLab Worksheets Chapter 4 Earth Science: Geology, the Environment, and the Universe 17

Making a Field Guide to Minerals

1. Interpreting Results Which properties were most reliable for identifying minerals? Which
properties were least reliable? Discuss reasons why one property is more useful than others.

2. Defending Your Hypothesis Was your hypothesis supported? Why or why not?

3. Thinking Critically How could you use a piece of paper, a steel knife, and a
glass bottle to distinguish between Iceland spar and quartz?

4. Observing and Inferring What mineral reacted with the HCl? Why did the
mineral bubble? Write the balanced equation that describes the chemical reaction that
took place between the mineral and the acid.

5. Conducting Research What information did you include in the field guide? What
resources did you use to gather your data? Describe the layout of your field guide.

A N A LY Z E
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18 Chapter 4 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Making a Field Guide to Minerals

1. Compare and contrast your field guide with those of other groups. How could you
improve your field guide?

2. What are the advantages and disadvantages of field guides? 

3. Based on your results, is there any one definitive test that can always be used to
identify a mineral? Explain.

C O N C L U D E  A N D  A P P LY



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

GeoLab and MiniLab Worksheets Chapter 5 Earth Science: Geology, the Environment, and the Universe 19

Name Class Date

How do igneous rocks differ?

Compare and contrast the different characteristics of igneous rocks.

Procedure

1. Using the igneous rock samples provided by your teacher, carefully
observe the following characteristics of each rock: color, grain size,
texture, and, if possible, mineral composition.

2. Design a data table to record your observations.

Analyze and Conclude

1. Classify your rock samples as extrusive or intrusive rocks.

2. What characteristics do the extrusive rocks share? How do they differ?
What characteristics do the intrusive rocks share? How do they differ?

3. Classify your rock samples as felsic, intermediate, mafic, or ultramafic.

MiniLab 5MiniLab 5
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20 Chapter 5 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

The rate at which magma cools has an effect on the grain size of the resulting igneous rock.
Observing the crystallization of magma is difficult because molten rock is very hot and the

crystallization process is sometimes very slow. Other materials, however, crystallize at lower
temperatures. These materials can be used to model crystal formation.

Problem
Model the crystallization of minerals from magma.

Materials
clean, plastic petri dishes

saturated alum solution

200-mL glass beaker

magnifying glass

piece of dark-colored construction paper

thermometer

paper towels

water

hot plate

Objectives
In this GeoLab, you will:

• Determine the relationship between cooling
rate and crystal size.

• Compare and contrast different crystal shapes.

Safety Precautions 

The alum mixture can cause skin irritation and will
be hot when it is first poured into the petri dishes.
If splattering occurs, wash skin with cold water.
Always wear safety goggles and an apron in the lab.

Modeling 
Crystal Formation

P R E P A R A T I O N

1. As a group, plan how you could change the
cooling rate of a hot solution poured into a
petri dish. For instance, you may want to put
one sample in a freezer or refrigerator for a
designated period of time. Assign each group
member a petri dish to observe during the
experiment.

2. Place a piece of dark-colored construction
paper on a level surface where it won’t be
disturbed. Place the petri dishes on top of the
paper.

3. Carefully pour a saturated alum solution that
is about 95°C to 98°C, or just below boiling
temperature, into each petri dish so that it is
half-full. Use caution when pouring the hot
liquid to avoid splatters and burns.

4. Observe the petri dishes. On the next page,
draw a data table on which to record your
observations. Below your data table, draw what
you observe happening in the petri dish
assigned to you.

5. Every 5 minutes for 30 minutes, record your
observations of your petri dish. Make accurate,
full-sized drawings of any crystals that begin
to form.

P R O C E D U R E
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Name Class Date

GeoLab and MiniLab Worksheets Chapter 5 Earth Science: Geology, the Environment, and the Universe 21

Modeling Crystal Formation

DATA TABLE

OBSERVATIONS

1. How did you vary the cooling rate of the solutions in the petri dishes? Compare your methods
with those of other groups. Did one method appear to work better than others? Explain.

2. Use a magnifying glass or binocular microscope to observe your alum crystals. What
do the crystals look like? Are all the crystals the same size?

A N A LY Z E
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22 Chapter 5 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Modeling Crystal Formation

1. What factors affected the size of the crystals in the different petri dishes? How do you know?

2. Infer why the crystals changed shape as they grew.

3. How is this experiment different from magma crystallization? How is it the same?

4. Describe the relationship between cooling rate and crystal formation.

C O N C L U D E  A N D  A P P LY

A N A LY Z E

3. Compare your drawings and petri dish with those of other students in your group. Which petri dish
had the smallest average crystal size? Describe the conditions under which that petri dish cooled.

4. Do all the crystals have the same shape? Draw the most common shape. Share your
drawings with other groups. Describe any patterns that you see.
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GeoLab and MiniLab Worksheets Chapter 6 Earth Science: Geology, the Environment, and the Universe 23

Name Class Date

What happened here?

Interpret animal activity from patterns of fossil
footprints.

Procedure

1. Study the photograph of a set of footprints
that has been preserved in sedimentary rocks.

2. Write a description of how these tracks might
have been made.

3. Draw your own diagram of a set of fossilized footprints that record the interactions
of organisms in the environment. Use the space below.

4. Give your diagram to another student and have that student interpret what happened.

Analyze and Conclude

1. How many animals made the tracks shown?

2. What types of information can be inferred from a set of fossil footprints?

3. Did other students interpret your diagram the same way? What might have caused 
any differences?

MiniLab 6MiniLab 6
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24 Chapter 6 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

As the rock cycle continues, and rocks change from one type to another, more changes
occur than meet the eye. Color, grain size, texture and mineral composition are

easily observed and described visually. Yet, with mineral changes come changes in crystal
structure and density. How can these be accounted for and described? Studying pairs of
sedimentary and metamorphic rocks can show you how.

Problem
How do the characteristics of sedimentary and
metamorphic rocks compare?

Materials
samples of sedimentary rocks and their 

metamorphic equivalents

magnifying glass or hand lens

paper

pencil

beam balance

100-mL graduated cylinder or beaker large 
enough to hold the rock samples

water

Objectives
In this GeoLab, you will:

• Describe the characteristics of sedimentary and
metamorphic rocks.

• Determine the density of different rock types.

• Infer how metamorphism changes the structure
of rocks.

Safety Precautions

Always wear safety goggles and an apron 
in the lab.

Interpreting Changes 
in Rocks

P R E P A R A T I O N

1. Use the data table on the next page. Add rows
to the table if you are examining more than
four samples.

2. Observe each rock sample. Record your
observations in the data table.

3. Recall that density � mass/volume. Make a
plan that will allow you to measure the mass
and volume of a rock sample.

4. Determine the density of each rock sample
and record this information in the data table.

P R O C E D U R E
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Interpreting Changes in Rocks

1. Compare and contrast a shale and a sandstone.

2. How does the grain size of a sandstone change during metamorphism?

3. What textural differences do you observe between a shale and a slate?

4. Compare the densities you calculated with other students. Does everybody have the
same answer? What are some of the reasons that answers may vary?

A N A LY Z E

Sample Rock Specific
number type characteristics Mass Volume Density

1

2

3

4

Data Table
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26 Chapter 6 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Interpreting Changes in Rocks

1. Why does the color of a sedimentary rock change during metamorphism?

2. Compare the density of a slate and a quartzite. Which rock has a greater density?
Explain.

3. Compare the densities of shale and slate, sandstone and quartzite, and limestone 
and marble. Does density always change in the same way? Explain the results that 
you observed.

C O N C L U D E  A N D  A P P LY
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Name Class Date

How do rocks weather?

Model how rocks are exposed to their surrounding environment and slowly
weather away.

Procedure 

1. Carve your name deeply into a bar of soap with a toothpick. Weigh the
soap and record the weight.

2. Measure and record the depth of the letters carved into the soap.

3. Place the bar of soap on its edge in a catch basin.

4. Sprinkle water over the bar of soap until a noticeable change occurs in
the depth of the carved letters.

5. Measure and record the depth of the carved letters.

Analyze and Conclude

1. How did the depth of the letters carved into the bar of soap change?

2. Did the shape, size, or weight of the bar of soap change?

3. Where did the missing soap go?

4. What additional procedure could you follow to determine whether any
soap wore away?

MiniLab 7MiniLab 7
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Name Class Date

Many factors affect the rate of weathering of Earth materials. Two major factors that
affect the rate at which a rock weathers include the length of time it is exposed to a

weathering agent and the composition of the rock.

Problem
Investigate the relationship between time and the
rate of weathering of halite chips.

Materials
plastic jar with lid

water (300 mL)

halite chips (100 g)

balance

timer 

paper towels

Objectives
In this Geolab, you will:

• Determine the relationship between the length
of time that rocks are exposed to running water
and the degree of weathering of the rocks.

• Describe the appearance of weathered rocks.

• Infer what other factors may influence the rate
of weathering.

• Apply your results to a real-world situation.

Safety Precautions

Wear splash-resistant safety goggles and an apron
while you do this activity. Do not ingest the halite
chips.

Effects of Weathering

P R E P A R A T I O N

Average Shaking Time in Minutes Weight of Chips (g)

3 

6 

9 

12

Weathering Data
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Effects of Weathering

1. Why did you need to soak the chips before conducting the investigation?

2. How did the mass of the rocks change with the length of time they were shaken?

3. How did the shape of the rocks change as a result of being shaken in a jar with water?

4. What factors could have affected a team’s results?

A N A LY Z E

1. Soak 100 g of halite chips in water overnight.

2. As a class, decide on a uniform method of
shaking the jars.

3. Pour off the water and place the halite chips in
the plastic jar.

4. Add 300 mL of water to the jar.

5. Secure the lid on the jar.

6. Shake the jar for the assigned period of time.

7. Remove the water from the jar.

8. Use paper towels to dry the halite chips.

9. Use a balance to weigh the chips. Record your
measurement in a data table similar to the one
provided on page 28.

P R O C E D U R E
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30 Chapter 7 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Effects of Weathering

1. What real-world process did you model in this investigation?

2. How would acid precipitation affect this process in the real world?

3. How would the results of your investigation be affected if you used pieces of quartz
instead of halite?

C O N C L U D E  A N D  A P P LY
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Name Class Date

Where does wind erosion occur?

Interpret a wind erosion map to find out what parts of the United States are
subject to wind erosion. 

Procedure
Refer to the wind erosion map shown below to answer the following questions.

Analyze and Conclude

1. Which areas of the United States experience wind erosion? 

2. Where is the largest area of wind erosion? The second largest?

3. What coastal areas are subject to wind erosion?

MiniLab 8MiniLab 8

Wind Erosion in the United States
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Name Class Date

Around midday on April 27, 1993, in a normally quiet, rural area of New York State,
the landscape dramatically changed. Unexpectedly, almost 1 million m3 of Earth

debris slid over 300 m down the lower slope of Bare Mountain and into Tully Valley. The
debris flowed over the road and buried nearby homes. The people who lived there had no
knowledge of any prior landslides occurring in the area, yet this landslide was the largest
to occur in New York State in more than 75 years. What caused this large mass of Earth
material to move so suddenly?

Problem
How can you use a drawing based on a 
topographic map to infer how the Tully Valley
Landslide occurred?

Materials 
metric ruler

pencil

Mapping a Landslide

P R E P A R A T I O N

1. Use the map to answer the following
questions. Be sure to check the map’s scale.

2. Measure and record the length and width of
the Tully Valley in kilometers. Double-check
your results.

P R O C E D U R E

1. What does the shape of the valley tell you about how it formed?

2. In what direction did the landslide flow?

3. In what direction does the Onondaga Creek flow?

4. Infer from the map which side of Tully Valley has the steepest valley walls.

A N A LY Z E
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Mapping a Landslide

5. What conditions must have been present for the landslide to occur?

6. At the time of the Tully Valley Landslide, the trees were bare. How could this have
affected the conditions that caused the landslide?

A N A LY Z E

1. Why do you think the Tully Valley Landslide occurred?

2. If you planned to move into an area prone to mass movements, such as landslides,
what information would you gather beforehand? 

C O N C L U D E  A N D  A P P LY
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Mapping a Landslide
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Name Class Date

Surface materials determine where 
a lake can form.

Model how different Earth materials may allow lakes to form. Lakes form
when depressions or low areas fill with water.

Procedure 
CAUTION: Always wear safety goggles and an apron in the lab.

1. Use three clear, plastic shoe boxes. Half fill each one with earth materials:
clay, sand, gravel.

2. Slightly compress the material in each shoe box. Then make a shallow
depression in each surface.

3. Slowly pour 500 mL of water into each of the depressions.

Analyze and Conclude

1. Describe what happened to the 500 mL of water that was added to each
shoe box.

2. How is this activity similar to what actually happens on Earth’s surface
when a lake forms?

3. What can you infer about the Earth materials in which lakes most
commonly form?

MiniLab 9MiniLab 9
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Name Class Date

Water in streams flows from areas of higher elevation to areas of lower elevation.
The rate of stream flow varies from one stream to another and also in different

areas of the same stream.

Problem
Determine how slope may affect stream-flow 
velocity.

Materials
1-m length of vinyl gutter pipe

ring stand and clamp

water source with long hose

protractor with plumb bob

sink or container to catch water

stopwatch

grease pencil

meterstick

paper

hole punch

Objectives
In this GeoLab, you will:

• Measure the time it takes for water to flow
down a channel at different slopes and depths.

• Organize your data in a table.

• Plot the data on a graph to show how stream
velocity is directly proportional to the stream
channel’s slope and depth.

• Describe the relationship between slope and
rate of stream flow.

Safety Precautions

Always wear safety goggles in the lab.

Modeling Stream Velocity
and Slope

P R E P A R A T I O N

1. Use the hole punch to make 10 to 15 paper
circles to be used as floating markers.

2. Use the illustration below as a guide to set up
the protractor with the plumb bob.

3. Use the grease pencil to mark two lines across
the inside of the gutter pipe at a distance of
40 cm apart.

4. Use the ring stand and clamp to hold the
gutter pipe at an angle of 10°. Place the end 
of the pipe in a sink or basin to collect the
discharged flow of water.

5. Attach a long hose to a water faucet in the
sink.

6. Keep the hose in the sink until you are ready
to use it. Then turn on the water and adjust
the flow until the water is moving quickly
enough to provide a steady flow.

7. Bend the hose temporarily to block the water
flow until the hose is positioned at least 5 cm
above the top line marked on the pipe.

P R O C E D U R E

String

Protractor

Weight

90°



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

Name Class Date

GeoLab and MiniLab Worksheets Chapter 9 Earth Science: Geology, the Environment, and the Universe 37

Modeling Stream Velocity and Slope

1. Why is it important to keep the water flow constant in this activity?

2. Which variables had to be controlled to avoid errors in your data?

3. Using your graph, predict the velocity of water flow for a 35° slope.

A N A LY Z E

LINE GRAPH

8. Keep the water moving at the same rate of
flow for all slope angles being investigated.

9. Drop a floating marker approximately 4 cm
above the top line on the pipe and into the
flowing water. Measure the time it takes for the
floating marker to move from the top line to
the bottom line. Record the time in your
science journal.

10. Repeat step 9 two more times.

11. Repeat steps 9 and 10 but change the slope to
20°, then 30°, and then 40°.

12. Make a line graph of the average stream-flow
velocity, using the space below.

P R O C E D U R E
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38 Chapter 9 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Modeling Stream Velocity and Slope

1. What is the relationship between the rate of water flow and the angle of the slope?

2. Describe one reason why a stream’s slope might change.

3. Where would you expect to find streams with the highest water-flow velocity?

C O N C L U D E  A N D  A P P LY
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Name Class Date

How does an artesian well work?

Model the changes that an artesian aquifer undergoes when a well is dug
into it. What causes the water to rise above the ground surface?

Procedure 

CAUTION: Always wear safety goggles and an apron in the lab.

1. Half fill a plastic shoe box or other container with sand. Add enough
water to saturate the sand. Cover the sand completely with a 1- or 2-cm
layer of clay or a similar impermeable material.

2. Tilt the box at an angle of about 10°. Use a book for a prop.

3. Punch three holes through the clay, one each near the low end, the
middle, and the high end of the box. Insert a clear straw through each
hole into the sand below. Seal the holes around the straws.

Analyze and Conclude

1. Observe the water levels in the straws. Where is the water level the
highest? The lowest?

2. Where is the water table in the box? 

3. Where is the water under greatest pressure? Explain. 

4. Predict what will happen to the water table and the surface to which the
water flows from one of the straws. 

MiniLab 10MiniLab 10



1. What is the slope of the water table at Jim’s Gas Station? 

2. What is the approximate direction of the water table slope at Jim’s Gas Station?

3. In which direction will the pollution plume move? 

4. Which settlements or houses are threatened by this pollution plume?

A N A LY Z E
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Name Class Date

You can use the map to estimate the direction of groundwater flow and the
movement of a pollution plume from its source, such as a leaking underground

gasoline storage tank.

Problem
A major gasoline spill occurred at Jim’s Gas 
Station near Riverside Acres, Florida. How can 
you determine the movement of the resulting 
pollution plume?

Materials
USGS topographic map of Forest City, Florida

transparent paper

graph paper

ruler

calculator

Mapping Pollution

P R E P A R A T I O N

1. Identify the lakes and swamps in the southeast
corner of this map, and list their names and
elevations in the data table on the next page.
Note: The elevations are given or can be
estimated from the contour lines.

2. Place the transparent paper over the southeast
part of the map and trace the approximate
outlines of these lakes or swamps, as well as
the major roads. Enter lake or swamp
elevations on your overlay, and indicate the

location of Jim’s Gas Station on Forest City
Rd., about 1400 feet north of the Seminole
County line (at the 96 foot elevation mark).

3. Add contour lines to your overlay using a
contour interval of 10 feet.

4. Construct a cross section of the surface
topography and the water table from Lake
Lotus to Lake Lucien (through Jim’s Gas
Station).

P R O C E D U R E
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Mapping Pollution

1. How far below the surface is the water table in this highest area?

2. What is the relationship of the water table to the surface topography?

C O N C L U D E  A N D  A P P LY

Name Elevation (in feet)
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Mapping Pollution
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Name Class Date

What affects the formation of 
clouds and precipitation?

Model the water cycle.

Procedure 

1. Pour about 125 mL of warm water into a clear, plastic bowl. 

2. Loosely cover the top of the bowl with plastic wrap. Overlap the edges
by about 5 cm. 

3. Fill a self-sealing plastic bag with ice cubes, seal it, and place it in the
center of the plastic wrap on top of the bowl. Push the bag of ice down
so that the plastic wrap sags in the center, but doesn’t touch the surface
of the water.

4. Use tape to seal the plastic wrap around the bowl.

5. Observe the surface of the plastic wrap directly under the ice cubes every
15 minutes for one hour, or until the ice melts.

Analyze and Conclude

1. What formed on the underside of the wrap? Infer why this happened.

2. Relate your observations to processes in the atmosphere.

3. Predict what would happen if you repeated this activity with 
hotter water.

MiniLab 11MiniLab 11
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Name Class Date

As you go up a mountain, both temperature and air pressure decrease. These effects
are easily explained. Temperature decreases as you get farther away from the

atmosphere’s heat source, Earth’s surface. Pressure decreases as you ascend the mountain
because there are fewer and fewer particles of air above you. Pressure and temperature,
however, are also related through the expansion and compression of air, regardless of
height. In this activity, you will demonstrate that relationship.

Problem
Demonstrate the relationship between temperature
and pressure.

Objectives
In this GeoLab, you will:

• Model the temperature and pressure changes 
that take place as a result of the expansion 
and compression of air.

• Relate the changes to processes in the 
atmosphere.

Materials
clean, clear, plastic 2-L bottle with cap

plastic straws

scissors

thin, liquid-crystal temperature strip 

tape

watch or timer

Safety Precautions 

Always wear safety goggles and an 
apron in the lab.

Interpreting Pressure-
Temperature Relationships

P R E P A R A T I O N

1. Cut two pieces of straw, each the length of the
temperature strip. Then cut two 2-cm pieces of
straw. Lay the two long pieces on a table. Place
the two shorter pieces within the space created
by the longer pieces so that the four pieces
form a supportive structure for the
temperature strip.

2. Tape the four pieces of straw together. Place
the temperature strip lengthwise upon the
straws. Tape the strip to the straws.

3. Slide the temperature strip-straw assembly
into the clean, dry bottle. Screw the cap on
tightly.

4. Place the sealed bottle on the table so that the
temperature strip faces you and is easy to read.
Do not handle the bottle any more than is
necessary so that the temperature inside will
not be affected by the warmth of your hands.

5. Record the temperature of the air inside the
bottle as indicated by the temperature strip.

6. Next, position the bottle so that about half its
length extends beyond the edge of the table.
Placing one hand on each end of the bottle,
push down on both ends so that the bottle
bends in the middle. Hold the bottle this 
way for 2 minutes. During this time, your
partner should record the temperature every
15 seconds.

7. Release the pressure on the bottle. Observe
and record the temperature every 15 seconds
for the next 2 minutes.

P R O C E D U R E
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Interpreting Pressure-Temperature Relationships

1. What was the average temperature of the air inside the bottle as you applied pressure
to the bottle? How did this differ from the average temperature of the bottled air
when you released the pressure on the bottle?

2. Make a graph of the temperature changes you recorded throughout the experiment,
using the space below.

3. Explain how these temperature changes are related to changes in pressure.

A N A LY Z E

1. Predict how the experiment would change if you took the cap off the bottle.

2. Given your observations and what you know about the behavior of warm air, would you
expect the air over an equatorial desert at midday to be characterized by high or low pressure? 

C O N C L U D E  A N D  A P P LY
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Name Class Date

How does the angle of the Sun’s 
rays differ?

Model the angle at which sunlight reaches Earth’s surface. This angle greatly
affects the intensity of solar energy received in any one place. 

Procedure

1. Hold a flashlight several centimeters above a piece of paper and point
the flashlight straight down. 

2. Use a pencil to trace the outline of the light on the paper. The outline
models how the Sun’s rays strike the equator.

3. Keeping the flashlight at the same distance above the paper, tilt the top
of the flashlight to roughly a 30° angle.

4. Trace the new outline of the light. This is similar to how the Sun’s rays
are received at the poles.

Analyze and Conclude

1. Describe how the outline of the light differed between step 1 and step 3.
Explain why it differed.

2. How do you think the change in area covered by the light affects the
intensity of light received at any one place? 

3. The flashlight models solar radiation striking the surface of Earth.
Knowing this, compare how much heat energy is absorbed near the
equator and near the poles.

MiniLab 12MiniLab 12



1. What is the contour interval of the isobars?

2. What are the highest and lowest isobars? Where are they located?

3. In which direction are the winds blowing across Texas and Louisiana?

4. What and where are the coldest and warmest temperatures that you can find in the
continental United States?

A N A LY Z E
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Name Class Date

It’s time to put your knowledge of meteorology into action. The surface weather map 
on the following page shows actual weather data for the United States. In this activity,

you will use the station models, isobars, and pressure systems on the map to forecast 
the weather.

Problem
How can you use a surface weather map to inter-
pret information about current weather and to
forecast future weather?

Materials
pencil

ruler

Interpreting a Weather Map

P R E P A R A T I O N

1. The map scale is given in nautical miles. Refer
to the scale when calculating distances.

2. The unit for isobars is millibars (mb). In
station models, pressure readings are

abbreviated. For example, 1021.9 mb is plotted
on a station model as 219 but read as 1021.9.

3. Wind shafts point in the direction from which
the wind is blowing.

P R O C E D U R E
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Interpreting a Weather Map

1. Would you expect the weather in Georgia and Florida to be clear or rainy? Why?

2. Both of the low-pressure systems in eastern Canada and off the Oregon coast are
moving toward the east at about 15 mph. What kind of weather would you predict for
Oregon and for northern New York for the next few hours? Explain.

C O N C L U D E  A N D  A P P LY
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Interpreting a Weather Map
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Name Class Date

How can mild rains cause floods?

Model the effects of repeated, slow-moving storms that drop rain over the
same area for a long period of time.

Procedure

1. Place an ice-cube tray on the bottom of a large sink or tub.

2. Pour water into a clean, plastic dishwashing-detergent bottle until it is 
two-thirds full. Replace the cap on the bottle.

3. Hold the bottle upside down with the cap open about 8 cm above
one end of the ice-cube tray. Gently squeeze the bottle to maintain a
constant flow of water into the tray. Slowly move the bottle from one
end of the tray to the other over the course of 30 seconds. Try to put
approximately equal amounts of water in each ice-cube compartment.

4. Measure the depth of water in each compartment. Calculate the average depth.

5. Repeat steps 1–4, but move the bottle across the ice-cube tray in 15 seconds.

Analyze and Conclude

1. How did the average depth of the water differ in steps 4 and 5? 
How might you account for the difference?

2. Based on these results, infer how the speed of a moving storm affects the
amount of rain received in any one area.

3. How could you alter the experiment to simulate different rates of rainfall?

MiniLab 13MiniLab 13
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Name Class Date

Hurricanes are violent storms. That’s why it’s important to have plenty of advance
warning before they hit land. By tracking the changing position of a storm on a

chart and connecting these positions with a line, you can determine a hurricane’s path.

Problem
What information can you obtain by studying the
path of a hurricane?

Hypothesis
Use the Internet to gather information about the
path of a hurricane. Form a hypothesis about
how the hurricane’s path can be used to predict the
strength of the storm and where most damage
might be inflicted.

Objectives
In this GeoLab, you will:

• Gather and communicate data about hurricanes.

• Plot data on a hurricane-tracking chart.

• Predict where storm-inflicted damage
might occur.

Data Sources

Go to the Glencoe Science Web Site at 
to find links to 

hurricane data on the Internet, or use 
information provided by your teacher.
Make copies of the hurricane-tracking 
chart in this lab or download a chart 
from the Web Site.

science.glencoe.com

Tracking a Hurricane

P R E P A R A T I O N

1. Draw a data table in the space provided on the
next page. Incorporate your research into the
table. Add any additional information that you
think is important.

2. Go to the Glencoe Science Web Site at
to post your data.

3. Visit sites listed on the Glencoe Science
Web Site for information on other major
hurricanes.

science.glencoe.com

P R O C E D U R E

P L A N  T H E  E X P E R I M E N T

1. Find a resource that lists major hurricanes that
have occurred within the past five years. The
Glencoe Science Web Site provides a list of
sites that have information about hurricanes.

2. Choose a hurricane to research. Some recent
major hurricanes include Hurricane Georges,
Hurricane Fran, and Hurricane Bertha.

3. Gather data about the hurricane from the links
on the Glencoe Science Web Site or the library.
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Tracking a Hurricane

DATA TABLE

500 Km0

500 Miles

45°

40°

35°

30°

25°

20°

15°

10°

60°65°70°75°80°85°90°95°100°

Bermuda

Canada

Nova Scotia
ME

NH
MANY

PA
OH

VT

New
Brunswick

0

N
KY

W
VA VA

NC

SC
GAAL

FL

Cozumel

Belize

WY

CO

NM

TX

Mexico

Yucatan
Peninsula

Guate-
mala

Nicaragua

Honduras

Costa Rica

Panama
Colombia

Venezuela

Cuba

Haiti

Puerto
Rico

British Virgin Islands

Barbados

Dominica

Tobago
Trinidad

Antigua

Guadeloupe
Martinique

Dominican Republic

Jamaica

San Andres

OK
AR

ND

SD

NE

KS

LA
MS

MN

WI

IA

MO

IL IN

MI

RI

El Salvador

55° 50° 45°

CTNJ
DE
MD

TN
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Tracking a Hurricane

Sharing Your Data Find this Internet GeoLab on the Glencoe Science Web Site at
Post your data in the table provided for this activity. Use the additional

data from other students to complete your chart and answer the Conclude and Apply questions.

1. Plot the position, air pressure, wind speed, and stage of the hurricane at six-hour
intervals throughout its existence.

2. Plot the changing position of the hurricane on your hurricane-tracking chart.

3. What was the maximum wind speed in knots that the hurricane reached?

4. Multiply the value from question 3 by 1.15 to find the wind speed in miles per hour.
Based on this value, how would the hurricane be classified on the Saffir-Simpson scale?

5. Using your completed hurricane-tracking chart, list the landmasses over which the hurricane passed.

6. Where would you expect the storm surge to have been greatest? Explain. Compare your answer 
to the information you gathered on the damage inflicted by the storm. Was your answer correct?

7. How was the hurricane’s strength affected when its center passed over land?

science.glencoe.com.

C O N C L U D E  A N D  A P P LY
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Name Class Date

How does the atmosphere affect 
the transfer of energy?

Model the greenhouse effect.

Procedure

1. On a clear day, place a cardboard box outside in a shaded area. Prop two thermometers
against the box. Make sure the thermometers are not in direct sun.

2. Cover one thermometer with a clean glass jar.

3. Observe and record the temperature changes of each thermometer every 2 minutes 
over a 30-minute period.

Analyze and Conclude

1. Make a graph showing how the temperatures of the two thermometers 
changed over time, using the space below.

2. Based on your graph, which thermometer experienced the greatest increase 
in temperature? Why?

3. Relate your observations to the greenhouse effect in the atmosphere. 

MiniLab 14MiniLab 14
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Name Class Date

Microclimates can be caused by tall buildings, large bodies of water, and mountains,
among other things. In this activity, you’ll observe different microclimates and then

attempt to determine which factors strengthen microclimates and how these factors
change with distance from Earth’s surface.

Problem
Which type of surface creates the most pronounced
microclimate?

Possible Materials

thermometer
psychrometer

paper strip or wind sock

meterstick

relative humidity chart (Appendix F)

Hypothesis
Hypothesize how different areas of Earth’s surface,
such as grassy lawns, asphalt parking lots, and bod-
ies of water, affect local climates. Consider also
whether distance from the ground might affect
temperature, relative humidity, and wind speed.

Objectives
In this GeoLab, you will:

• Design and carry out an experiment to study
microclimates both at Earth’s surface and above
its surface.

• Observe and record temperature, relative
humidity, and wind speed.

• Infer how different surfaces and changes in
height above these surfaces affect microclimates.

Safety Precautions 

Be careful when you handle glass thermometers,
especially those that contain mercury. If the ther-
mometer breaks, do not touch it. Have your teacher
properly dispose of the glass and the mercury.

Microclimates

P R E P A R A T I O N

1. As a group, write out your hypothesis. List the
steps needed to test your hypothesis. Include in
your plan how you will use your equipment to
measure temperature, relative humidity, and
wind speed at different surfaces and at various
heights above these surfaces.

2. Select your sites. Possible sites include a grassy
playground area, a paved parking lot, and a
swimming pool.

3. Be sure to control variables. For instance,
different members of your group should make
observations at each site at the same time
of day. You’ll also need to record weather
variables at several different distances above
each surface. Possible distances include 5 cm,
1 m, and 2 m.

4. Make a map of your test sites. Design and
construct data tables for recording your
observations. You’ll need separate data tables
for each site. Draw your map and data tables
in the space on the next page.

P R O C E D U R E
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Microclimates

MAPS, GRAPHS, AND DATA TABLE

5. Read over your entire plan to make certain all
steps are in logical order. Identify constants
and variables in your plan.

6. Make sure your teacher approves your plan
before you proceed with your experiment.

7. Carry out your plan.

P R O C E D U R E
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Microclimates

1. Comparing and Contrasting Map your data. Color code the areas on your
map to show which surfaces had the highest and lowest temperatures, the highest and
lowest relative humidity, and the greatest and least wind speed. On your map, include
data for surface areas only.

2. Making and Using Graphs Graph your data for each site, showing differences
in temperature with height. Plot temperature on the x-axis and height on the y-axis.
Repeat this step for relative humidity and wind speed.

3. Interpreting Scientific Illustrations Analyze your maps, graphs, and data to
find patterns. Which surfaces had the most pronounced microclimates? Did height
above the surface affect your data? Infer why or why not.

4. Thinking Critically Analyze your hypothesis and the results of your experiment.
Was your hypothesis supported? Explain.

A N A LY Z E

1. Why did some areas have more pronounced microclimates than others? Which factors
seemed to contribute most to the development of microclimates?

2. Which variable changed most with height: temperature, relative humidity, or wind speed? 
Which variable changed least? Infer why some variables changed more than others with height.

C O N C L U D E  A N D  A P P LY
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What is the chemical 
composition of seawater?

Determine the chemical composition of seawater using the following ingredients.
The salinity of seawater is commonly measured in parts per thousand (ppt).

Procedure 

1. Carefully measure the ingredients and put them all in a large beaker.

2. Add 965.57 g of distilled water and mix.

Analyze and Conclude

1. How many grams of solution do you have? What percentage of this solution 
is made up of salts?

2. Given that 1 percent is equal to 10 ppt, what is the salinity of your solution 
in parts per thousand?

3. Identify the ions in your solution.

 

4. Infer how your solution differs from actual seawater.

MiniLab 15MiniLab 15

sodium chloride (NaCl) 23.48 g

magnesium chloride (MgCl2) 4.98 g

sodium sulfate (Na2SO4) 3.92 g

calcium chloride (CaCl2) 1.10 g

potassium chloride (KCl) 0.66 g

sodium bicarbonate (NaHCO3) 0.19 g

potassium bromide (KBr) 0.10 g
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Name Class Date

The water in the oceans is layered because water masses with higher densities sink
below those with lower densities. The density of seawater depends on its temperature

and salinity. In this activity, you’ll model different types of water masses to observe the
effects of density firsthand.

Problem
Determine how changes in salinity and tempera-
ture affect water density.

Materials
scale

graduated 500-mL cylinder

100-mL glass beakers (4)

water

red, yellow, and blue food coloring

salt

thermometer

eyedropper

graph paper

pencil

ruler

calculator

Objectives
In this GeoLab you will:

• Compare and contrast the movement of
different water samples.

• Determine the relative densities of the water
samples.

• Predict the arrangement of layers in a body 
of water.

• Construct and interpret a temperature profile.

Safety Precautions 

Always wear safety goggles and an apron in the lab.
Wash your hands after completing the lab.

Modeling Water Masses

P R E P A R A T I O N

1. Mix 200 mL of water and 7.5 g of salt in the
graduated cylinder. Pour equal amounts of the
salt solution into two beakers. Fill each of the
two other beakers with 100 mL of freshwater.

2. Put a few drops of red food coloring in one of
the salt solutions. Put a few drops of yellow
food coloring in the other salt solution. Put a
few drops of blue food coloring in one of the
beakers of freshwater. Do not add food
coloring to the other beaker of freshwater.

3. Place the beakers with the red salt solution and
the blue freshwater in the refrigerator.
Refrigerate them for 30 minutes.

4. Measure and record the temperature of the
water in all four beakers.

5. Put several drops of the cold, red saltwater 
into the beaker with the warm, yellow
saltwater and observe what happens. Record
your observations.

6. Put several drops of the cold, blue freshwater
into the beaker with the warm, clear freshwater
and observe what happens. Record your
observations.

7. Put several drops of the cold, blue freshwater
into the beaker with the warm, yellow
saltwater and observe what happens.
Record your observations.

P R O C E D U R E
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Modeling Water Masses

1. In your science journal, describe the movement of the cold, red saltwater in step 5.
Compare this to the movement of the cold, blue freshwater in step 7. What accounts
for the differences you observed?

2. Based on your observations, list the water samples by color in order of increasing density.

3. If you poured the four water samples into the graduated cylinder, how would they
arrange themselves into layers by color, from top to bottom?

A N A LY Z E

1. Assume that four water masses in a large body of water have the same characteristics
as the water in the four beakers. The warm water layers are 100 m thick, and the cold
layers are 1000 m thick. Graph the temperature profile of the large body of water.

C O N C L U D E  A N D  A P P LY
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62 Chapter 15 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Modeling Water Masses

C O N C L U D E  A N D  A P P LY

2. What is the salinity in parts per thousand of the combined saline solutions? (Hint: ppt
equals grams of salt per kilogram of solution. Assume that 200 mL of water has a
mass of 200 g. Be sure to include the mass of the salt in the total mass of the solution.)

3. This temperature profile was constructed from measurements taken in the Atlantic
Ocean off the coast of Spain. Study the profile, then infer why a high-temperature
layer exists beneath the thermocline. Is this layer denser than the colder water above?
Explain.

1000
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Temperature Profile
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How fast do sediment grains sink?

Investigate how grain size affects settling speed.

Procedure

CAUTION: Always wear safety goggles and an apron in the lab.

1. Obtain five round pebbles and sand grains with approximate diameters of 
0.5 mm, 1 mm, 2 mm, 5 mm, and 10 mm. 

2. Measure the diameters of each specimen using a set of sieves. Record these 
measurements in the data table below.

3. Fill a 250-mL graduated cylinder with cooking oil. 

4. Drop the largest specimen into the oil. Measure the time it takes for the specimen 
to sink to the bottom of the cylinder. If the specimen doesn’t fall quickly, measure 
the time it takes to fall a given distance. Record this time in your data table.

5. Repeat step 5 for the remaining specimens.

6. Calculate the settling speed for each specimen and fill in your data table. 

7. Plot the settling speed (cm/s) against particle diameter (mm) on a graph.

Analyze and Conclude

1. How do settling speeds change as particle sizes decrease?

2. How much faster does a 10-mm particle sink compared to a 1-mm particle?

3. How long would it take a 1-mm sand grain and a 0.001-mm clay particle to settle 
to the bottom of the ocean at a depth of 5 km?

MiniLab 16MiniLab 16

Type of Particle Diameter (mm) Distance (cm) Time (s) Settling Speed (cm/s)



1. What kind of coastal landform is the Morro Rock Peninsula?

2. What kind of feature is Pillar Rock, and how was it formed?

3. On what coastal feature is Morro Bay State Park located? How was the feature formed?

4. What are the irregular sand hills in Morro Bay State Park?

A N A LY Z E
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Name Class Date

Topographic maps of coastal areas show a two-dimensional representation of coastal
landforms. You can identify an emergent coast by the landforms along the coastline

as well as landforms found inland.

Problem
How can you identify and describe the coastal
landforms of an emergent coast on a topographic
map?

Materials
metric ruler

graph paper

drafting compass

calculator

pencil

Identifying Coastal
Landforms

P R E P A R A T I O N

1. Determine the map scale and the contour
interval.

2. On the inset map, plot a west-east cross
section of the coast just north of Islay Creek
from the 60 ft depth contour to a point
5000 feet inland. Use a scale of 1:24 000
and a vertical exaggeration of 4.

3. Use both maps to answer the following
questions.

P R O C E D U R E
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Identifying Coastal Landforms

A N A LY Z E

1. Is this portion of the California coast emergent or submergent? What features of this
coastline provide evidence for your answer?

C O N C L U D E  A N D  A P P LY

5. What is the direction of the longshore transport along Morro Bay? Explain.

6. Your west-east cross section shows an elevated flat area next to the shoreline.
What kind of coastal landform is this? How was it formed?

7. If sea level dropped 10 m, how would the shoreline change? How far would it move seaward?
Would it become more regular or irregular? What would happen to Morro Bay?

8. If sea level rose 6 m, how would the coastal region change? Name three major changes.
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Identifying Coastal Landforms
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Name Class Date

Model ocean-basin formation

Model the formation of the South Atlantic Ocean.

Procedure

1. Use a world map to create paper templates of South America and Africa. 

2. Place the two continental templates in the center of a piece of 11″ � 17″ paper 
and fit them together along their Atlantic coastlines. 

3. Carefully trace around the templates with a pencil. Remove the templates and 
label the diagram “150 million years ago.”

4. Use an average spreading rate of 4 cm/y and a map scale of 1 cm � 500 km to 
create a series of maps that accurately show the development of the Atlantic Ocean 
at 30-million-year intervals, beginning 150 million years ago.

Analyze and Conclude

1. Compare your last map with a world map. Is the actual width of the South Atlantic Ocean
the same on both maps? 

2. What might have caused any difference between the width in your model and the actual
width of the present South Atlantic Ocean?

MiniLab 17MiniLab 17
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Name Class Date

Iron-bearing minerals in rocks record the orientation of Earth’s magnetic field at the
time of their formation. These preserved magnetic alignments in ocean-floor rocks can

be used to date different parts of the seafloor and to determine rates of spreading along
divergent plate margins.

Problem
How can you use paleomagnetic data to interpret
information about ocean-floor rocks?

Materials
tracing paper

metric ruler

No. 2 pencil

colored pencils

Figure 1

Making a 
Paleomagnetic Map

P R E P A R A T I O N

1. Use the tracing paper and the No. 2 pencil to
carefully copy the base map on the following
page. Be sure to include the magnetic survey
lines, the map scale, and the location indicated
by the letter X on your tracing.

2. Transfer the magnetic survey data from PM1
to your tracing by placing the survey line on
your map over the PM1 data curve on the
following page. Be sure to align the mid-ocean
ridge with the dashed line before you begin
transferring the line. Label the line.

3. Repeat step 2 for the other four lines.

4. Next, use your ruler to draw a series of parallel
lines between PM1 and PM2 to connect the
corresponding positive and negative magnetic
reversals. Draw the lines past PM2, but stop
the lines at the transform boundary.

5. Draw another series of lines between survey
lines PM3 and PM4 and between PM4 and
PM5. Again, end these lines at the transform
boundary.

6. The positive magnetic reading along the mid-
ocean ridge represents the Brunhes Magnetic
Epoch. The first negative anomaly on either
side of the ridge marks the beginning of the
Matuyama Magnetic Epoch. Use Figure 1 to
identify the magnetic reversals.

7. Assign a color for each magnetic reversal.
Then, color the corresponding stripe on
each side of the ridge.

P R O C E D U R E
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Making a Paleomagnetic Map

Base map

Paleomagnetic survey data curves
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70 Chapter 17 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Making a Paleomagnetic Map

1. Why was it necessary to color corresponding stripes on each side of the ridge in step 7?

2. Use Figure 1 to determine the age of the seafloor at location X.

A N A LY Z E

1. What might cause an individual magnetic stripe of ocean-floor crust 
to vary in width?

2. What is the average spreading rate along this section of the 
mid-ocean ridge?

C O N C L U D E  A N D  A P P LY
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How does silica affect lava flow?

Model the changes in lava viscosity with the addition of silica.

Procedure 

CAUTION: Always wear safety goggles and an apron in the lab.

1. Pour 120 mL of dishwashing liquid into a 250-mL beaker.

2. Stir the liquid with a stirring rod. Describe the viscosity.

3. Add 30 g of NaCl (table salt) to the liquid. Stir well. Describe what happens.

4. Repeat step 3 three more times.

Analyze and Conclude

1. What do the liquid and NaCl represent?

2. How does an increase in silica affect lava viscosity?

3. Basaltic eruptions are called flows because of the way they move across Earth’s 
surface. What can you infer about the silica content of a basaltic flow?

MiniLab 18MiniLab 18
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Some volcanoes can be explosively dangerous. Along with clouds of ash and other
volcanic debris that can linger in the air for years after an eruption, pyroclastic

flows, landslides, and mudflows are common volcanic hazards. An explosive volcano may
not be a hazard to human life and property, however, if it is located in a remote area or
erupts infrequently. A number of factors must be taken into account to determine if a
particular volcano poses a risk.

Problem
Which volcanoes on our planet pose the greatest
risk to human life and property?

Hypothesis
Form a hypothesis about where you think the
most hazardous volcanoes are located on Earth.
Think about the potential risk to people and prop-
erty near the volcano when formulating your
hypothesis. Write your hypothesis in the space
below.

Objectives
In this GeoLab, you will:

• Gather and communicate data about three
volcanoes in different parts of the world.

• Form conclusions about the hazards posed by
the volcanoes based on their location, size, lava
type, and eruptive history.

Data Sources
Go to the Glencoe Science Web Site at 

to find links to volcano 
data on the Internet. You can also use current 
reference books and scientific magazines to 
aid in the collection of data.

science.glencoe.com

Ranking Hazardous
Volcanoes

P R E P A R A T I O N

1. Select a country and find out if there are
any volcanoes in that country. If there are no
volcanoes, choose another country. If there are
a lot of volcanoes in that country, narrow your
search.

2. Repeat step 1 for two other volcanoes. Copy
and complete the data table on the next page
with the information about each of the three
volcanoes you selected.

P R O C E D U R E
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Ranking Hazardous Volcanoes

RANKING OF SOME HAZARDOUS VOLCANOES

Volcano name

Country

Location of volcano
(latitude and longitude)

Type of volcano

Composition of lava/
Explosiveness

Date of last eruption

Eruption interval (number of 
eruptions over a period of time)

Height of volcano

Distance to nearest 
population center

Approximate number of 
people living near the volcano

Type(s) of potential hazards

Human hazard ranking
(high, medium, low)
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74 Chapter 18 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Ranking Hazardous Volcanoes

Sharing Your Data Find this Internet GeoLab on the Glencoe Science Web Site at .
Post your data in the table provided for this activity. Use the additional data from other students to complete 
your chart and answer the Conclude and Apply questions.

1. Which of the volcanoes you researched threatens the greatest number of people?
Where is this volcano located?

2. Analyze the data posted by others at the site. Which country has
the greatest number of potentially dangerous volcanoes? Why?

3. Which country has the greatest total population threatened by volcanoes?

science.glencoe.com

science.glencoe.com

C O N C L U D E  A N D  A P P LY
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How is a seismic–intensity 
map made?

Make a Map using seismic–intensity data.

Procedure

1. Trace the map onto paper. Mark the locations indicated by the letters on the map.

2. Plot these Mercalli intensity values on the map next to the correct letter: 
A, I; B, III; C, II; D, III; E, IV; F, IV; G, IV; H, V; I, V; J, V; K, VI; L, VIII; M, VII; N, VIII; O, III.

3. Draw contours on the map to separate the intensity values.

Analyze and Conclude

1. What is the maximum intensity value?

2. Where is the maximum intensity value located?

3. Where is the earthquake’s epicenter?

MiniLab 19MiniLab 19
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The separation of P- and S-waves on a seismogram allows you to estimate the
distance between the seismic station that recorded the data and the epicenter

of that earthquake. If the epicentral distance from three or more seismic stations
is known, then the exact location of the quake’s epicenter can be determined.

Problem
Determine the epicenter location and the time of
occurrence of an actual earthquake, using the travel
times of P- and S-waves recorded at three seismic
stations.

Materials
map on facing page

calculator

drafting compass

metric ruler

tracing paper

Objectives
In this GeoLab, you will: 

• Determine the arrival times of P- and S-waves
from a seismogram.

• Interpret travel-time curves.

• Plot an epicenter location on a map.

• Relate seismic data to plate tectonics.

Safety Precaution

Locating an Epicenter

P R E P A R A T I O N

1. The seismogram in Figure 1 shows the arrival
time of the first P-wave at 10 h, 50 min, 32 s
GMT, Greenwich mean time. Estimate the
arrival time of the first S-wave to the nearest
tenth of a minute.

2. Subtract this S-wave time from the 
initial P-wave time. What is the P-S 
separation on the seismogram, in 
minutes and tenth of minutes? 
Enter this value in the data 
table for the Berkeley 
seismic station.

3. The P-S separation observed on two other
seismograms, which are not shown, are also
listed in the table. Use the travel-time curves in
Figure 2 to determine the distances at which
the P- and S-curves are separated by the time
intervals listed in the table. Enter these distances
in the table under the Epicenter Distance.

P R O C E D U R E

Seismic Station P-S Separation (min) Epicenter Distance (km) Map Distance (cm)

Berkeley, CA 

Boulder, CO 3.5 

Knoxville, TN 4.2 

GeoLab Data Table

Figure 1
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Locating an Epicenter

P R O C E D U R E

4. Carefully trace the map on this page.
Accurately mark the three seismic
station locations.

5. Determine the epicentral distances
on your tracing, using a scale of 1 cm
� 500 km. Enter your values in the
table under the Map Distance.

6. Use the compass to draw circles
around each station on the map with
the radius of each circle equal to the
map distance, in cm, for that station.

7. Mark the point of intersection. This
is the epicenter of the earthquake.

8. Determine the time of occurrence of
this earthquake by reading the P-
wave travel time from Figure 2 for
the epicentral distance for Berkeley.
Subtract this from the initial P-wave
arrival time at Berkeley, which was
10 h, 50.5 min. Express this time in
terms of hours, minutes, and
seconds.
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78 Chapter 19 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Locating an Epicenter

1. Where is this epicenter located? 

2. In which major seismic belt did this earthquake occur?

3. Use Figure 3 to determine which plates form the boundary associated with this earthquake.

A N A LY Z E

1. What type of plate boundary is this? 

2. Briefly describe the relative motion of the plates involved.

3. Describe the tectonic motions that caused the earthquake.

C O N C L U D E  A N D  A P P LY
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Name Class Date

How large is an ocean ridge?

Compare the width of part of an ocean ridge with the size of the United States.

Procedure

1. Obtain physiographic maps of the Atlantic Ocean floor and North America.

2. Use tracing paper to copy the general outline of a section of the Mid-Atlantic
Ridge. The length of the section should be long enough to stretch from San
Francisco to New York City. Mark the ridge axis on your tracing.

3. Place the same tracing paper on the map of North America with the
ridge axis running east-west. Trace the general outline of the United
States onto the paper.

Analyze and Conclude

1. How wide is the Mid-Atlantic Ridge?

2. Are there any parts of the United States that are not covered by your tracing?

3. If a mountain range the size of the Mid-Atlantic Ridge were located in
the United States as you have drawn it, how would it affect the major
river drainage patterns and climates in various parts of North America?

MiniLab 20MiniLab 20
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80 Chapter 20 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Amap profile, which is also called a cross section, is a side view of a geographic or
geologic feature constructed from a topographic map. You will construct and

analyze a profile of the Grand Tetons, a mountain range in Wyoming that formed when
enormous blocks of rocks were faulted along their eastern flanks, causing the blocks to tilt
to the west.

Problem
How do you construct a map profile?

Materials
metric ruler

sharp pencil

graph paper

Making a Map Profile

P R E P A R A T I O N

1. On the graph paper, make a grid like the one
shown on the facing page.

2. Place the edge of a paper strip along the
profile line AA' and mark where each major
contour line intersects the strip.

3. Label each intersection point with the
correct elevation.

4. Transfer the points from the paper strip to
the profile grid.

5. Connect the points with a smooth line to
construct a profile of the mountain range
along line AA'.

6. Label the major geographic features on
your profile.

P R O C E D U R E
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Making a Map Profile
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82 Chapter 20 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Making a Map Profile

1. Describe how the map profile changes with distance from point A.

2. What is the elevation of the highest point on the map profile? The lowest point?

3. What is the average elevation shown in the profile?

4. Calculate the total relief shown in the profile.

A N A LY Z E

1. Is your map profile a scale model of the topography along line AA'? Explain.

2. What determined the scale of this map profile?

3. Why are map profiles made from topographic maps often exaggerated vertically?

C O N C L U D E  A N D  A P P LY
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Name Class Date

How is relative age determined?

Demonstrate how the principles of superposition, original horizontality,
and cross-cutting relationships are used to determine the relative ages of
rock layers.

Procedure

1. Draw a diagram of an outcrop with four horizontal layers. 
Label the layers 1 through 4.

2. Draw a vertical intrusion from layer 1 to layer 3.

3. Label the bottom-left corner of the diagram X and the top-right corner Y.

4. Cut the paper diagonally from X to Y. Move the left-hand piece 1.5 cm
along the cut.

Analyze and Conclude

1. How can you determine the relative ages of the strata in your diagram?

2. How does the principle of cross-cutting relationships explain the age of
the vertical intrusion?

3. What does line XY represent? Is line XY older or younger than the
vertical intrusion and surrounding strata? Explain.

MiniLab 21MiniLab 21
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Name Class Date

What do volcanic eruptions, mountain building, flooding, and drought have in
common? They are all events that in some way affect life and the surface of Earth.

How strong an impact does each event have on the future of Earth? How different would
things be if certain events in Earth’s history had not happened?

Problem
What are the most important events in Earth’s his-
tory? Where do they fit in the long history of
Earth’s development? Why are these events impor-
tant? Do some geologic time periods contain more
history-shaping events than others?

Possible Materials
paper colored pencils 

pencil calculator

posterboard encyclopedia

meterstick reference books

tape measure

Hypothesis
Brainstorm about Earth’s history and the changes
that Earth has experienced over time. Hypothesize
which events had the most impact on the direction
that Earth’s development has taken. Determine
where additional data might be available and collect
resources to use as your references. Describe the
best way to list and illustrate your choices.

Objectives
In this GeoLab, you will:

• Hypothesize about important events in Earth’s
development.

• Explain why such events had a significant
impact on Earth’s history.

• Communicate your results and interpretations.

Interpreting History-
Shaping Events

P R E P A R A T I O N

1. Review the list of events in Table 1.

2. As a group, decide on and make a list of
events that you think can help support 
your hypothesis.

3. Choose two other resources and use them 
to find at least ten more events to add to 
your list.

4. Design and construct a way to exhibit and
explain your results.

5. Check your plan. Make sure your teacher 
has approved your plan before you proceed.

6. Carry out your plan.

P R O C E D U R E

Table 1 EARTH HISTORY-SHAPING EVENTS

Origin of the solar system

Earth forms, 4.6 B.Y.B.P.

Oceans form, 4.0 B.Y.B.P

Primitive algae evolves, 3.3 B.Y.B.P

First fossil evidence of multicellular organisms,
1.2 B.Y.B.P.

Trilobites are abundant, algal reefs form,
600 M.Y.B.P.

First corals evolve, invertebrates dominate 
oceans, 500 M.Y.B.P.

First land plants evolve, insects appear,
440 M.Y.B.P.

Fishes are abundant, early amphibians evolve,
400 M.Y.B.P.

Forests that become coal swamps are present,
300 M.Y.B.P.

Earliest reptiles evolve, 300 M.Y.B.P.

Alleghenian Orogeny occurs, 270 M.Y.B.P.

Trilobites become extinct, 270 M.Y.B.P.

Earliest dinosaurs appear, 225 M.Y.B.P.

Pangaea breaks up, 225 M.Y.B.P.

Earliest mammals evolve, 200 M.Y.B.P.

Dinosaurs are abundant, 180 M.Y.B.P.

The first birds evolve, 180 M.Y.B.P.

Asteroid impact, 66 M.Y.B.P.

Modern groups of mammals appear, 60 M.Y.B.P.

Earliest horses evolve, 60 M.Y.B.P.

Large mammals evolve, 40 M.Y.B.P.

Carnivores abundant, 11 M.Y.B.P.

Adirondack mountains uplifted, 11 M.Y.B.P.

First humanoids evolve (Australopithecus
africanus), 3 M.Y.B.P.

Ice Age of the Pleistocene begins, 1 M.Y.B.P.

Mammoths and mastodons are abundant,
1 M.Y.B.P.

Large ice sheets retreat ~ 10 000 years ago

Mount Vesuvius erupts and destroys Pompeii,
A.D. 79 

New Madrid Earthquake, 1811–1812

Chicago Fire, 1871

Krakatoa eruption in Java, 1883

Chicago Bulls win 5th World Championship,
1997
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GeoLab and MiniLab Worksheets Chapter 21 Earth Science: Geology, the Environment, and the Universe 85

Interpreting History-Shaping Events

1. Interpreting Observations Did more history-
shaping events seem to have occurred early in Earth’s
history or later on? Explain.

2. Comparing and Contrasting Plot your list of
events on the geologic time scale. Compare and contrast
the number of events in each era. Does any geologic time
period contain more history-shaping events than others?
Explain.

A N A LY Z E

*Millions of years
before present

4600 M.Y.B.P.

2500 M.Y.B.P.

Cretaceous Period
146 M.Y.B.P.

Jurassic Period
208 M.Y.B.P.

Triassic Period 
245 M.Y.B.P.

Quaternary Period
1.6 M.Y.B.P.

Recent
Holocene Epoch 0.01 M.Y.B.P.
Pleistocene Epoch 1.6 M.Y.B.P.

Neogene Period
23 M.Y.B.P.

Pliocene Epoch 5 M.Y.B.P.
Miocene Epoch 23 M.Y.B.P.

Paleogene Period 
66 M.Y.B.P.

Oligocene Epoch 35 M.Y.B.P.
Eocene Epoch 56 M.Y.B.P.

Paleocene Epoch 66 M.Y.B.P.

Permian Period
290 M.Y.B.P.

Pennsylvanian Period
323 M.Y.B.P.

Mississippian Period 
362 M.Y.B.P.

Devonian Period
408 M.Y.B.P.

Silurian Period
439 M.Y.B.P.

Ordovician Period
510 M.Y.B.P.

Cambrian Period
540 M.Y.B.P.

Cenozoic Era

Paleozoic Era

Precambrian
Time

Mesozoic Era

Phanerozoic Eon

Proterozoic Eon

Archean Eon

Mammals are
abundant;
angiosperms are
dominant; Alps
and the Himalayas
begin to rise.

Homo sapiens
evolves; most
recent ice ages
occur; Grand
Canyon forms.

Many marine
invertebrates
become extinct;
building of
Appalachians
ends; glaciers
retreat.

Amphibians
are dominant;
glacial advances
occur.

Corals and other
invertebrates
are dominant;
warm, shallow
seas cover much
of North
America. 

Trilobites,
brachiopods,
other marine
invertebrates
are abundant;
thick sediments
deposited in
inland seas. 

Dinosaurs are
dominant; first
birds appear;
mountain
building
continues in
western North
America.

Dinosaurs
become extinct. Angiosperms

appear; Rocky
Mountains begin
to form.

First mammals,
and cycads 
appear; Atlantic
Ocean begins to
form, Pangaea
breaks up.

Reptiles evolve;
coal swamps
form; shallow
seas begin to
withdraw.

Fish are dominant; 
first amphibians;
Appalachians 
continue to 
form in North 
America
and Europe.

First land plants
form, first insects.

First fish appear; 
Appalachians
begin to form.

Ediacara
organisms
develop.

Bacteria-like
organisms form; 
several episodes 
of mountain
building occur.
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86 Chapter 21 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Interpreting History-Shaping Events

1. How do extinction events influence the development of life on Earth?

2. How do mountain-building events and glaciations affect the development of life on Earth?

3. If another planet experienced the same events that you chose, would that planet be
identical to Earth? What would be similar or different?

C O N C L U D E  A N D  A P P LY

A N A LY Z E

3. Observing and Inferring Choose one event in the Mesozoic and infer how
Earth’s history might have progressed had the event not happened.
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GeoLab and MiniLab Worksheets Chapter 22 Earth Science: Geology, the Environment, and the Universe 87

Name Class Date

Why are red beds red?

Model the formation of red beds with iron, oxygen, and water.

Procedure 

CAUTION: Steel wool can be sharp. Wear gloves in the lab.

1. Place 40 mL of white sand in a 150-mL beaker.

2. Add water so that the total volume is 120 mL.

3. Add 15 mL of bleach.

4. Place a piece of steel wool about the size of your thumbnail, in the
beaker. Cover the beaker with a petri dish and allow it to stand in 
a quiet place for one day.

5. Remove the steel wool and stir the contents of the beaker. Allow the
mixture to settle for 5 minutes after stirring.

6. Slowly pour off the water so that the iron-oxide sediment is left behind.

7. Stir the mixture again, then spoon some of the sand onto a watch glass
and allow it to dry.

Analyze and Conclude

1. Describe how the color of the sediment changed.

2. Where does the iron in the experiment come from?

3. Where in nature does the red in rocks come from?

4. What do you think is the function of the bleach?

MiniLab 22MiniLab 22
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88 Chapter 22 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Plotting the distribution of the ages of rocks onto a map helps geologists to reconstruct
the history of continental accretion. During the Precambrian, microcontinents and

island arcs collided to form what would become the modern continents.

Problem
How can the distribution of the ages of rocks plot-
ted on a map be used to interpret the growth of a
continent?

Materials
paper colored pencils

pencil metric ruler

Mapping Continental
Growth

P R E P A R A T I O N

1. Your teacher will set up locations with a rock
sample at each location.

2. Make an outline map of your classroom
similar to the map on the next page, using the
scale 1 cm � 100 km. Use the space below.

3. Visit each location where a rock sample has
been set out. Plot each location and record the
age of each rock on the map.

4. After you have recorded all the locations, use a
pencil to draw lines on the map that separate
rocks of different ages. Be careful not to simply
connect the dots.

5. Use a different colored pencil to shade in the
areas on the map that contain rocks of the
same age. These are your geologic age
provinces.

6. Make a key for your map by drawing a small
rectangle for each different geologic age
province. Name the oldest province “Province
A,” the next oldest “Province B,” and so on for
all provinces.

P R O C E D U R E
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GeoLab and MiniLab Worksheets Chapter 22 Earth Science: Geology, the Environment, and the Universe 89

Mapping Continental Growth

1. Use the ruler to measure the east-to-west width of Province A. Convert the map scale
to ground distance by using the scale 1 cm � 1 km.

2. Why do some of your classmates have different answers? Who is right?

3. Where is the oldest province located relative to all the other provinces?

A N A LY Z E

1 2
3

4
5

6

7

10

8

11

9

18

23 22

19

20

21

15
14

13

1716

100 km

N
Locality Data

Figure 1
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90 Chapter 22 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Mapping Continental Growth

1. Based on the distribution of the geologic age
provinces, describe the sequence of collisional
events that formed the craton represented by
your map.

2. According to your map, where would you 
find metamorphic rocks? What type of
metamorphism would have occurred?

3. If your map represents an area composed of Precambrian-aged rocks, would the
mountains that formed from collisions still be high and rugged? Explain.

4. Compare the distribution of age provinces on your map with Figure 2. What are 
the similarities? 

5. Based on what you learned in this activity, describe the formation of the North American Craton.

C O N C L U D E  A N D  A P P LY

Canadian shield–
exposed and covered rocks

Belts of folded strata

Stable platforms 

The Precambrian Shield in North America

Figure 2
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GeoLab and MiniLab Worksheets Chapter 23 Earth Science: Geology, the Environment, and the Universe 91

Name Class Date

Collisions and Shelves

Model the difference in continental shelf area between individual continents 
and one supercontinent.

Procedure

1. Using 250 g of modeling clay, make a sphere and flatten it into a disk
that is 1/2 cm thick. This represents a craton.

2. Divide another 250 g of clay into 2 equal spheres and flatten them 
as above.

3. Roll 250 g of modeling clay into 3 long cylinders with 1/2 cm diameters.
Wrap the cylinders around the edges of the clay disks. These represent
continental shelves.

4. Using the formula area � �r2, calculate the area of the large craton and the
area of the large craton plus the continental shelf. Subtract the craton area
from the total area. This equals the area of the continental shelf.

5. Repeat step 4 for each of the small models.

Analyze and Conclude

1. Which has more shelf area, two small continents or one large continent? Why?

2. Tropical oceans contain the greatest diversity of animals. If there is only one
supercontinent, how does this further limit the amount of habitat space?

3. Explain how reduced habitat space, Pangaea, and the mass extinction at
the end of the Permian are related.

MiniLab 23MiniLab 23
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92 Chapter 23 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Brachiopods and bivalves have been present in Earth’s oceans since the Cambrian.
Both have two shells and live in marine environments. But the similarity ends there.

How can you tell the two apart? Oysters are bivalves that are known for the pearls they
secrete inside their shells. Can you distinguish an oyster from a brachiopod? If you were
searching for pearls, you would want to know how!

Problem
Distinguish between brachiopods and bivalves and
interpret the environment where a brachiopod
lived based on its shell.

Materials
fossil brachiopods (4),

each belonging to a different species

fossil bivalves (4),
each belonging to a different species

paper

pencil

Objectives
In this GeoLab, you will:

• Determine if a fossil is a brachiopod or
a bivalve.

• Describe the symmetry of fossil brachiopods 
and bivalves.

• Infer the environment in which different fossil
brachiopods lived.

Safety Precautions 

Always wear safety goggles and an apron 
in the lab.

Symmetry, Shape,
and Shells

P R E P A R A T I O N

1. Use the data table on the next page. If you
choose to add more columns to record
additional data, use the blank space provided.

2. Examine the fossils provided by your teacher.

3. Determine where the plane of symmetry is for
each specimen. An organism that can be
divided into two nearly identical halves has
bilateral symmetry.

4. Identify the specimens as brachiopods or
bivalves based on their symmetry and record
this in your data table. Brachiopod symmetry
runs across both shells. Bivalve symmetry runs
between the shells.

5. Divide the brachiopods into two groups based
on whether you think they lived in a deeper
water, low-energy environment, or in a shallow
water, high-energy environment. Record this
in your data table.

P R O C E D U R E
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GeoLab and MiniLab Worksheets Chapter 23 Earth Science: Geology, the Environment, and the Universe 93

Symmetry, Shape, and Shells

1. Interpreting Observations Explain how symmetry is useful in determining
whether a fossil is a brachiopod or a bivalve.

2. Applying and Interpreting If you only had one shell, how could you
determine if it was the shell of a brachiopod or the shell of a bivalve?

3. Comparing and Contrasting Explain the similarities and differences between a
streamlined auto and a smooth brachiopod, in terms of their place in wind or water.

A N A LY Z E

Deeper water, low-energy environment or 
Specimen Brachiopod or Bivalve shallow water, high-energy environment

1

2

3

FOSSIL DATA
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94 Chapter 23 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Symmetry, Shape, and Shells

1. What principle did you use to determine the environment in which the fossil
brachiopods lived? Explain.

2. Hypothesize about the reasons for the different shell types for brachiopods that live in
different environments.

3. All living brachiopods pump water through their shells and filter organic particles
out of that water to feed. Some brachiopod shells close along a straight line, whereas
others close along a zigzag line. What is the benefit of having a zigzag opening for
a filter feeding brachiopod?

C O N C L U D E  A N D  A P P LY
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Name Class Date

Glaciers and Deposition

Model the deposition of sediment by melting glaciers.

Procedure

1. Pour water into a large, wide-mouthed jar until it is approximately 
3/4 full.

2. Add a mixture of clay, silt, sand, and pebbles to the jar. Put the lid tightly
on the jar.

3. Shake the jar for 30 seconds and allow the contents to settle.

4. Finely crush enough ice to fill approximately three-fourths of a second
large, wide-mouthed jar. Stir a mixture of clay, silt, sand, and pebbles 
into the ice and pour the mixture into the jar.

5. Allow the ice to melt and the particles to settle overnight.

Analyze and Conclude

1. Describe the differences in the way the sediments settled in the two jars.

2. Compare and contrast the sorting of the grain sizes in the two jars.

3. How could geologists use this information to determine whether
sediment had been deposited by a glacier or by running water?

MiniLab 24MiniLab 24
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Name Class Date

The study of how an organism interacts with its environment is called ecology. Ecology
includes how an organism obtains energy from its environment. Animals do this by

eating. Determining the diet of modern animals is relatively easy to do. We can observe
them in their habitat and watch what they eat, or we can examine their feces.
Paleoecology is the ecology of ancient organisms. Part of dinosaur paleoecology includes
determining what and how dinosaurs ate. Imagine how much food some dinosaurs must
have eaten!

Problem
How do paleontologists tell what types of food 
different dinosaurs ate?

Hypothesis
What kind of evidence might you use to determine
what type of diets dinosaurs ate? What are the diets
of different animals today? Think about the charac-
teristics of these different animals. Do most meat
eaters share certain characteristics? What about
plant eaters? Form a hypothesis about the skele-
tal characteristics of plant eaters and meat eaters.

Objectives
In this GeoLab, you will:

• Gather data and communicate interpretations
about the characteristics of meat eaters and plant
eaters.

• Form conclusions about the characteristics of
plant eating and meat eating dinosaurs.

• Discover how sauropods might have shared
food resources.

Data Sources
Go to the Glencoe Science Web Site at 

to find links to fossil 
data on the Internet. You can also visit your 
library or local natural history museum to 
gather information about dinosaur diets.

science.glencoe.com

Huge Appetites

P R E P A R A T I O N

This Late Cretaceous Tyrannosaurus is
from Alberta, Canada. Triceratops was an herbivore.
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GeoLab and MiniLab Worksheets Chapter 24 Earth Science: Geology, the Environment, and the Universe 97

Huge Appetites

1. Find a resource that describes skeletal
characteristics of meat-eating and plant-eating
dinosaurs. The Glencoe Science Web Site lists
sites with information about dinosaurs.

2. Gather information from the links on the
Glencoe Science Web Site or the library about
the environments that these two types of
dinosaurs lived in and which dinosaurs lived
in the same environments.

3. Design a data table in the space below to
record your research results. Include categories
such as Dinosaur Name, Meat or Plant Eater,
Food Preference, Skeletal Characteristics, Jaw
and Teeth Characteristics, and so on.

P L A N  T H E  E X P E R I M E N T

1. Complete your data table, including all
information that you think is important.

2. Go to the Glencoe Science Web Site at
to post your data.

3. Visit sites listed on the Glencoe Science Web
Site for more information on the diets of
dinosaurs.

science.glencoe.com

P R O C E D U R E

DATA TABLE
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98 Chapter 24 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Huge Appetites

Sharing Your Data Find this Internet GeoLab on the Glencoe Science Web Site at 
Post your data in the table provided for this activity. Use the additional data from other students to 
complete your chart and answer the Conclude and Apply questions.

1. What part of a dinosaur skeleton is most important in determining its diet? Why?
What is the likelihood that this part of a skeleton will be preserved?

2. What are some other characteristics associated with dinosaur skeletons that help
paleontologists determine what their diets were like?

3. Which were more abundant, meat-eating dinosaurs or plant-eating dinosaurs? Why?

4. How did sauropods share food resources? Describe the evidence used by
paleontologists to determine how sauropods shared food resources.

5. How could the same evidence that is used to determine the diets of dinosaurs be used
for other animals?

science.glencoe.com.

C O N C L U D E  A N D  A P P LY
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Name Class Date

Hard Water

Determine the hardness of water samples by observing how easily soap suds 
can be produced.

Procedure 

1. Obtain six clean baby-food jars. Label them A through F.

2. Measure 20 mL of one water sample. Pour the water into the jar marked A.

3. Repeat step 2 four more times, using a different water sample for jars B through E.

4. Measure 20 mL of distilled water. Pour this water into jar F.

5. Place one drop of liquid soap in sample jars A through E. Do not place any soap
in jar F. Tighten the lids. Then shake each jar vigorously for 5 seconds.

6. Using the following rating scale, record in your data table the amount of
suds in each jar: 1—no suds, 2—few suds, 3—moderate amount of suds,
4—lots of suds.

Analyze and Conclude

1. List the water samples in order from hardest to softest.

2. What is the difference between hard and soft water?

3. What are some disadvantages of hard water?

MiniLab 25MiniLab 25

Jar Amount of Suds

A

B

C

D

E

F
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100 Chapter 25 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Most of Earth’s surface is covered with salty ocean water. Ocean water can be used
for drinking water and other purposes if the salts are first removed. Solar energy

can be used to evaporate water from seawater, leaving the salts behind. The evaporated
water can then be condensed into freshwater.

Problem
How can you build a small-scale, working solar
desalinator?

Possible Materials
clear plastic or Plexiglas

large pans to hold water

salt water

collecting containers

lamp

glass pan or beaker

hot plate

Hypothesis
The Sun’s energy can be collected to desalinate 
salt water.

Objectives
In this GeoLab, you will:

• Design a model of a working solar desalinator.

• Assemble the model from design plans.

• Test the effectiveness of the design model.

• Analyze the model to suggest possible 
improvements.

Safety Precautions 

Always wear safety goggles and an apron in the lab.
Be careful when handling hot materials.

Designing a Solar
Desalinator

P R E P A R A T I O N
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GeoLab and MiniLab Worksheets Chapter 25 Earth Science: Geology, the Environment, and the Universe 101

Designing a Solar Desalinator

1. Use the library and go to 
to identify designs of solar desalinators.

2. Draw a design for your model desalinator
below. (Hint: Solar energy must be collected
in some way that allows sunlight to enter and
causes an increase in temperature inside the
container so that water in saturated air can
condense and be collected.)

3. Make a list of the materials you will need, and
then collect them.

4. Construct the desalinator you designed.

5. Test the desalinator by recording how long it
takes to collect the purified water and how
much water was collected.

6. Test the water to see if it has been purified by
boiling the water away. If any salt remains in
the container after the water has evaporated,
your desalinator did not remove all of the salts
from the salt water.

science.glencoe.com

P L A N  T H E  E X P E R I M E N T

1. Interpreting Scientific Illustrations Draw the desalinator that you constructed.

A N A LY Z E
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102 Chapter 25 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Designing a Solar Desalinator

1. What factors affected the efficiency of the desalinator?

2. How did your solar desalinator’s efficiency compare with the efficiencies of other students’ models?

3. How could you improve your desalinator?

4. What conclusions could be drawn from your investigation regarding the viability and
use of solar-powered desalinators?

C O N C L U D E  A N D  A P P LY

A N A LY Z E

2. Interpreting Observations How well did your desalinator work? On what
criteria did you base the effectiveness of your desalinator?

3. Observing and Inferring What problems did you encounter in this investigation?

4. Comparing and Contrasting Compare and contrast your desalinator with one
of your classmate’s. What were the advantages or disadvantages of your design?
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Name Class Date

Oil Migration

Model the migration of oil and natural gas upward through layers of porous rocks.

Procedure 

1. Pour 20 mL of cooking oil into a 100-mL graduated cylinder.

2. Carefully pour sand into the graduated cylinder until the sand-oil mixture
reaches the 40-mL mark.

3. Now add a layer of colored aquarium gravel above the sand until the
gravel reaches the 70-mL mark.

4. Pour tap water into the graduated cylinder until the water reaches the
100-mL mark.

5. Let stand and observe for 5 minutes.

Analyze and Conclude

1. What does the cooking oil represent? What do the sand and aquarium
gravel represent?

2. What happens when water is added to the mixture in the graduated
cylinder? Why does adding water cause this change?

3. Predict what might occur in the graduated cylinder if a carbonated soft
drink was added to the mixture instead of water. What would the
bubbles represent?

MiniLab 26MiniLab 26
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104 Chapter 26 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Name Class Date

Buildings can be designed to conserve heat energy. Some considerations involved in
the design of a building that conserves heat include the materials that will be used

in construction, the materials that will store heat, and the overall layout of the building.

Problem
How can a building be designed to conserve
energy? What building materials will work best,
and what other factors need to be considered?

Possible Materials
glass or clear plastic
sturdy cardboard boxes
paints of various colors
thermometers
materials to cover the building 

(paper, aluminum foil, foamboard, and so on)
interior materials 

(stones, mirrors, fabric, and so on )
light source

Hypothesis
Brainstorm a list of design features that might 
contribute to the energy efficiency of a building.
Hypothesize how you could incorporate some of
these features into an energy-efficient building.
Find out what materials are used in heat-efficient
homes and research local sources of materials for

your design. Decide how you will determine the
heat efficiency of the building you construct. Be
sure to plan for a control building for comparison.

Objectives
In this GeoLab, you will:

• Research what materials are used in the 
construction of energy-efficient buildings.

• Design a building that is energy efficient.

• Construct the building that you design.

• Determine the heat efficiency of the building
by comparing it to a control building.

• Interpret the data that you collect to determine
your success in developing an energy-efficient
building.

Safety Precautions 

Be careful when you are using scissors.
Make sure to handle the light source 
carefully when it is hot. Always wear 
safety goggles and an apron in the lab.

scissors
tape
glue

Designing an Energy-
Efficient Building

P R E P A R A T I O N

1. Review the data that you collected about
building energy-efficient buildings. Also
review your list of possible design features.

2. Design your building. Make a list of the heat-
conserving issues that you addressed.

3. Decide on the materials that you will use to
build your house. Collect those materials.

4. Construct the building and a control building
for comparison.

5. Devise a way to test the heat-holding ability of
each building.

6. Proceed with the test on each building. To test
the buildings’ heat energy efficiency, it may be
necessary to heat the buildings and determine

P L A N  T H E  E X P E R I M E N T
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GeoLab and MiniLab Worksheets Chapter 26 Earth Science: Geology, the Environment, and the Universe 105

Designing an Energy-Efficient Building

P L A N  T H E  E X P E R I M E N T

TABLE

GRAPH

how long heat is conserved within each one.
CAUTION: Make sure the heat source is far
enough away from the building materials so 
that they do not burn or melt.

7. Draw a table and record your data.
Then, make a graph of your data.

8. Make modifications to the design to improve
the building’s efficiency.

A N A LY Z E

1. Checking Your Hypothesis Was the building that you designed more energy-
efficient than the control building? Why did you construct a control building?
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106 Chapter 26 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Designing an Energy-Efficient Building

1. How could you incorporate some of your design elements in your own home?

2. How could your design be improved?

3. How could using different energy sources affect your results?

C O N C L U D E  A N D  A P P LY

2. Interpreting Observations What problems did you encounter, and how did you solve them?

3. Observing and Inferring How did your observations affect decisions that you might
make if you were to repeat this lab? Why do you think your design worked or did not work?

4. Comparing and Contrasting Compare and contrast the building you designed and the
control building. Compare and contrast your design and the designs of your classmates.

5. Thinking Critically Suppose you could use only naturally occurring materials.
Would that limit your design? Explain your answer.

A N A LY Z E
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Name Class Date

Reclamation

Model the procedure used by mining companies to reclaim an area after strip-mining.

Procedure

1. Using a plastic knife, make four or five cuts across the icing of one 
cream-filled, iced cupcake. Remove the pieces of icing.

2. Make four or five cuts down into the cake until you reach the cream
filling. Cut horizontally just above the cream filling and remove the 
cake pieces.

3. Remove the cream filling. To restore the area, use the pieces of cake that
you cut out to fill in the hole left when you removed the cream filling.
Make the surface of the cupcake as level as possible.

4. Replace the icing so that it covers the surface of the restored cupcake.

Analyze and Conclude

1. On the restored cupcake, what does the icing represent? What does the
cream filling represent? 

2. Does the reclaimed cupcake resemble the original, untouched cupcake?

3. Can reclamation of an area that has been strip-mined restore the land to
its original contours? Explain your answer.

MiniLab 27MiniLab 27
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Name Class Date

Iris City and the surrounding region are shown in the map on the facing page. Iris City is 
a medium-sized city of 100 000. It is experiencing many types of environmental impacts.

Study the map and the information given to identify these problems and possible solutions.

Problem
How can the residents of Iris City identify the
source of local water pollution?

Materials
metric ruler

pencil

Pinpointing a Source of
Pollution

P R E P A R A T I O N

1. Iris City obtains its drinking water from Opal
Lake. Studies of the lake have detected increased
levels of nitrogen, phosphorus, hydrocarbons,
sewage, and silt. The northwest end of Opal
Lake is experiencing increased development,
while the remainder of the watershed is a mix
of forest and logging clear-cuts.

2. Last spring, blooms of cyanobacteria choked
parts of the Vista Estuary Nature Preserve.
Commercial shellfish beds in Iris Bay have
been closed because of sewage contamination.

3. A natural-gas power plant has been proposed for
location A, near the Vista Cutoff, an abandoned
channel of the Vista River. The plant would
provide jobs as well as generate electricity. The
company plans to divert 25 percent of the Vista
River down the Vista Cutoff.

4. The Lucky Mine was abandoned 60 years ago.
A mining company has applied for permits 
to reopen the mine. An estimated 1 million
ounces of gold can be recovered using 
modern techniques.

P R O C E D U R E

1. What are some possible sources of water pollution in Opal Lake? What steps might
the residents of Iris City take to protect their drinking water?

2. How are the blooms of cyanobacteria and the closing of the shellfish beds in Iris Bay related?

A N A LY Z E
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GeoLab and MiniLab Worksheets Chapter 27 Earth Science: Geology, the Environment, and the Universe 109

Pinpointing a Source of Pollution

Nature
preserve

Vist
a 

Cuto
ff

Iris City

Iris Bay

Opal Cr. Opal Lake

Blue
Lake

Lucky
Mine

Cedar
Lake

Lost
Lake

Fern Lake

Vista

Carlton

Cow Cr.

A

Vista
River

Fi
sh

Cr.

North
For

k
V

is
ta

Ri
ve

r

So
u

th
Fo

rk
Vista River

Fish Lake

Sm
ith

Cr. Lu
cky Cr.

0 8 km7654321

Medium to high
urban development

Golf course

Mine

Forest land

Agriculture/Dairy farms

N

3. What are the positive and negative aspects of diverting water from the Vista River
through the Vista Cutoff?

A N A LY Z E
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110 Chapter 27 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Pinpointing a Source of Pollution

1. Identify the sources of water pollution in Iris Bay. Are these point or nonpoint sources of pollution?

2. How could you identify the source of pollution causing cyanobacteria blooms in the Vista Estuary?

3. If the Vista Cutoff is used to divert water from the Vista River, how will the aquatic
habitats of the river be affected?

4. If the Lucky Mine is reopened, what could the mining company do to minimize
negative environmental impacts?

C O N C L U D E  A N D  A P P LY

A N A LY Z E

4. If the Lucky Mine is reopened, what effects might it have on the populations of
Carlton, Vista, and Iris City?



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.
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Name Class Date

The Sun’s Position

Model the overhead position of the Sun at various latitudes
during the summer solstice.

Procedure

1. In the space below, draw a circle to represent
Earth. Also draw the equator.

2. Use a protractor to find the location of the Tropic of Cancer. Draw a line
from Earth’s center to the Tropic of Cancer.

3. Using a map, locate that latitude at which you live. With the protractor,
mark that latitude on your diagram. Draw a line from Earth’s center to
this location.

4. Measure the angle between the line to the Tropic of Cancer and the line
to your location.

5. Choose two different latitudes, then repeat steps 3 and 4 for these latitudes.

Analyze and Conclude

1. How does the angle vary with latitude?

2. At what southern latitude would you not see the Sun above the horizon?

3. How would the angle change if you used the Tropic of Capricorn?

MiniLab 28MiniLab 28



1. What problems did you encounter?

2. Based on information from all the photos, what features are usually the oldest? The youngest?

A N A LY Z E
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Name Class Date

It is possible to use the principle of cross-cutting relationships, discussed in Chapter 21,
to determine the relative ages of surface features on the Moon. By observing which

features cross-cut others, you can infer which is older.

Problem
How can you use images of the Moon to interpret
relative ages of lunar features?

Materials
metric ruler

pencil

Relative Ages of Lunar
Features

P R E P A R A T I O N

1. Observe photos I and II. Use the letters to identify the oldest feature in each photo
using the principle of cross-cutting relationships. List the other features in order of
their relative ages.

2. Observe photo III. List the mare, rille, and craters in order of their relative ages.

3. Observe photo IV. Use the principle of cross-cutting relationships, along with your knowledge
of lunar history, to identify the features and list them in order of their relative ages.

P R O C E D U R E
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Relative Ages of Lunar Features
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I II
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114 Chapter 28 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Relative Ages of Lunar Features

3. Could scientists use the process you did to determine the exact age difference between
two overlapping craters? Why or why not?

4. If the small crater in photo II, labeled A, is 44 km across, what is the scale for that
photo? What is the size of the large crater, labeled D?

A N A LY Z E

1. Which would be older, a crater that had rays crossing it or the crater that caused the rays? Explain.

2. Is there some type of relative-age dating that scientists can use to analyze craters on Earth? Explain.

3. What do you think caused the chain of craters in photo I? If the crater labeled A is
approximately 17 km across, how long is the chain of craters?

C O N C L U D E  A N D  A P P LY
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Name Class Date

Eccentricity

Measure the eccentricity of different ellipses.
Eccentricity is the ratio of the distance between
the foci to the length of the major axis.

Procedure 

1. Tie a piece of string into a loop that fits on a piece 
of cardboard when it is laid out in a circle.

2. Place a sheet of paper on the cardboard.

3. Stick two pins through the paper close to the center but
separated from each other by a few centimeters. Use caution
when using sharp objects.

4. Loop the string over the pins and use the pencil to trace around
them. Keep the string taut.

5. Measure the major axis and the distance between the pins.
Calculate the eccentricity.

6. Repeat steps 3–5 for different separations of the pins.

Analyze and Conclude

1. What do the two pins represent?

2. How does the eccentricity change as the distance between the pins changes?

3. What kind of figure would you form if the two pins were at the same
location? What would its eccentricity be?

MiniLab 29MiniLab 29
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Name Class Date

Astronomers are familiar with both the small, such as interstellar dust particles, and
the large, such as the solar system. In order to understand the variety of sizes in the

solar system, astronomers use models. These models can be as simple as putting people or
objects in marked places or as complex as elaborate computer simulations. The most
difficult task with many models is choosing a scale that will display all the information
needed, such as distance, rotation rates, and size.

Problem
How can the size of the solar system be converted
to a scale that will easily demonstrate relative 
distances between objects in the solar system? 
Is distance the only measurement that can be
demonstrated in a scale model?

Possible Materials
calculator

tape measure

meterstick

stopwatches

marker

masking tape 

variety of sizes of common round objects

Hypothesis
Brainstorm about possible models and data needed
to create them. Determine where these data are
available, and collect them to use as a reference for
your model. To have your model fit in your chosen
area, make a hypothesis on the appropriate scale 
to use for distance from the Sun to each planet.

Hypothesize how additional solar system 
measurements can be included in your model. For
example, think about including planet diameters,
rotation rates, etc.

Objectives
In this GeoLab, you will:

• Calculate the distance from the Sun for each
planet based on your scale.

• Determine how to incorporate additional solar
system measurements into your model, or design
another model to show that information.

• Interpret your results based on your scale, and
decide if your scale was an appropriate one based
on the problems that may have resulted.

Scaling the Solar System

P R E P A R A T I O N
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Scaling the Solar System

1. As a group, use a separate sheet of paper to
make a list of possible ways you might test
your hypotheses. Keep the available materials
in mind as you plan your procedure.

2. Be sure your scale is appropriate for the
information you are representing. Remember
that a model should have the same scale
throughout. You may have to try more than
one scale before you are successful.

3. Record your procedure and list every step.
Determine what materials are needed and
the amounts of each.

4. Design and construct a data table for recording
your original data and your scaled data, using
the space below.

5. Check the plan. Make sure your teacher has
approved your plan before you proceed with
your experiment.

6. Carry out your plan.

P L A N  T H E  E X P E R I M E N T
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118 Chapter 29 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Scaling the Solar System

1. Checking Your Hypothesis Which scale worked the best for your model?
Explain.

2. Interpreting Observations What problems did you have in finding a scale?
Explain how you corrected the problems.

3. Calculating Results List and explain the conversions that you used to create your
scale model. If multiple steps were necessary to convert to your scale units, how could
they be combined to make the process simpler?

4. Observing and Inferring What possible problems could result from using a
very large scale? A small scale? Explain why depicting a scale model of the solar system
on a sheet of notebook paper is extremely difficult.

A N A LY Z E
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Scaling the Solar System

1. Proxima Centauri, the closest star to our Sun, is about 4.01 � 1013 km from the Sun. Based on your
scale, how far would Proxima Centauri be from the sun in your model? If you were to fit the distance
between the Sun and Proxima Centauri into your classroom, how small would the scaled distance
between Pluto and the Sun be?

2. An interstellar dust particle is 1.0 � 10�6 m in length. Convert this measurement to your scale.
How many dust particles could fit in the distance between the Sun and Jupiter? Between Mars
and Uranus?

C O N C L U D E  A N D  A P P LY

5. Compare and Contrast Compare and contrast your model with one of your classmates’.
What were the advantages of the scale you used? What were the disadvantages? How would
you improve your model?

6. Thinking Critically Suppose that the outer planets are three times farther away
than they are now. How would this affect your model? What scale would you choose
now? Explain.

A N A LY Z E
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Name Class Date

Parallax in the Classroom

Model stellar parallax and the change in parallax angle with distance.

Procedure 

1. Place a meterstick at a fixed position and attach a 4-m piece of string to
each end.

2. Stand away from the meterstick and hold the two strings together to form
a triangle. Be sure to hold the strings taut. Measure your distance from the
meterstick. Record your measurement.

3. Measure the angle between the two pieces of string with a protractor.
Record your measurement of the angle.

4. Repeat steps 2 and 3 for different distances from the meterstick by
shortening or lengthening the string. 

5. Make a graph in the space below of the angles versus their distance from
the meterstick.

Analyze and Conclude

1. What does the length of the meterstick represent? The angle?

2. What does the graph show? How does parallax angle depend on distance?

3. Are the angles that you measured similar to actual stellar parallax
angles? Explain.

MiniLab 30MiniLab 30
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Name Class Date

An astronomer studying a star or other type of celestial object often starts by
identifying the lines in the object’s spectrum. The identity of the spectral lines gives

astronomers information about the chemical composition of the distant object, along
with data on its temperature and other properties.

Problem
Identify stellar spectral lines based on two previ-
ously identified lines.

Materials
ruler

Objectives
In this Geolab, you will:

• Develop a scale based on the separation
between two previously identified spectral lines.

• Measure wavelengths of spectral lines.

• Compare measured wavelengths to known wave-
lengths of elements to determine composition.

Identifying Stellar 
Spectral Lines

P R E P A R A T I O N

1. Measure the distance between the two
identified spectral lines on star 1. Be sure to
use units that are small enough to get accurate
measurements.

2. Calculate the difference in wavelengths
between the two identified spectral lines.

3. Set up your scale by dividing the difference in
wavelengths by the measured distance between
the two identified spectral lines. This will allow
you to measure wavelengths based on your
distance measurement unit. For example,
1 mm � 12 nm.

4. Measure the distance to spectral lines from one
of the two previously identified spectral lines.

5. Convert your distances to wavelengths using
your scale. You have measured the difference
in wavelength. This difference must be added
or subtracted to the wavelength of the line you
measured from. If the line you measured from
is to the right of the line you are identifying,
then you must subtract. Otherwise, you add.

6. Compare your wavelength measurements to
the table of wavelengths emitted by elements,
and identify the elements in the spectrum.

7. Repeat this procedure for star 2.

P R O C E D U R E

Star 1

Star 2

397.0 nm 656.3 nm

486.1 nm434.1 nm
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Identifying Stellar Spectral Lines

1. What elements are present in the stars?

2. How does your list of elements compare with the list of elements seen in the periodic
table on page 125?

3. Can you see any clues in the star’s spectrum about which elements are most common
in the stars? Explain.

A N A LY Z E

Element/Ion Wavelengths (nm)

H 383.5, 388.9, 397.0, 410.2, 434.1, 486.1, 656.3

He 402.6, 447.1, 492.2, 587.6, 686.7

He+ 420.0, 454.1, 468.6, 541.2, 656.0

Na 475.2, 498.3, 589.0, 589.6

Ca+ 393.4, 480.0, 530.7

POSSIBLE ELEMENTS AND WAVELENGTHS
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124 Chapter 30 Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

Identifying Stellar Spectral Lines

1. Do both stars contain the same lines for all the elements in the table?

2. You should notice that some absorption lines are wider than others. What are some
possible explanations for this?

3. How do the thicker absorption lines of some elements in a star’s spectrum effect the
accuracy of your measurements? Is there a way to improve your measurements?
Explain.

4. Using the following formula, calculate the percent deviation for five of your measured
lines. Record your calculations in the space below.

difference from 
Percent   

�
accepted value   

� 100
deviation accepted value

Is there a value that has a high percent deviation? If so, what are some possible
explanations for this?

C O N C L U D E  A N D  A P P LY
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Identifying Stellar Spectral Lines
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Name Class Date

Measuring Redshifts

Model uniform expansion of the universe and the redshifts of galaxies that 
result from expansion.

Procedure 

1. Use a felt tip marking pen to make four dots in a row, each separated by 
1 cm, on the surface of an uninflated balloon. Label the dots 1, 2, 3, and 4.

2. Partially inflate the balloon. Using a piece of string and a meterstick,
measure the distance from dot 1 to each of the other dots. Record your
measurements.

3. Inflate the balloon further, and again measure the distance from dot 1 
to each of the other dots. Record your measurements.

4. Repeat step 3 with the balloon fully inflated. 

Analyze and Conclude

1. Are the dots still separated from each other by equal distances? Explain.

2. How far did each dot move away from dot 1 after each inflation?

3. What would be the result if you had measured the distances from dot 4
instead of dot 1? From dot 2?

4. How does this activity illustrate uniform expansion of the universe and
redshifts of galaxies?

MiniLab 31MiniLab 31
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Name Class Date

Edwin Hubble developed rules for classifying galaxies according to their shapes as seen
in telescopic images. Astronomers are interested in the classification of galaxies. This

information can indicate whether a certain type of galaxy is more likely to form than
another and helps astronomers unravel the mystery of galaxy formation in the universe.
Using the resources of the Internet and sharing data with your peers, you can learn how
galaxies are classified.

Problem
How can different galaxies be classified?

Hypothesis
How might galaxies be classified using Hubble’s
classification system? Are there absolute classifica-
tions based solely on shape? Form a hypothesis
about how you can apply Hubble’s galaxy classifica-
tion system to galaxy images on the Internet.

Objectives
In this Geolab, you will:

• Gather and communicate details about galaxy
images on the Internet.

• Form conclusions about the classification of
different galaxies.

• Reconstruct the tuning-fork diagram with
images that you find.

Data Sources
Go to the Glencoe Science Web Site at 

to find links to galaxy 
images on the Internet. You can also visit a 
local library or observatory to gather images 
of galaxies and information about them.

science.glencoe.com

Classifying Galaxies

P R E P A R A T I O N

1. Find a resource with multiple images of
galaxies and, if possible, names or catalog
numbers for the galaxies. The Glencoe Science
Web Site lists sites that have galaxy images.

2. Choose one of the following types of galaxies
to start your classification: spirals, ellipticals,
or irregular galaxies.

3. Gather images and information, such as
catalog numbers and names of galaxies, from
the links on the Glencoe Science Web Site or
the library.

4. Sort the images by basic types: spirals,
ellipticals, or irregular galaxies.

5. For each basic type, compare the galaxies
to each other and decide which galaxy best
represents each class and subclass of Hubble’s
galaxy classification system: Sa, Sb, Sc, SBa,
SBb, SBc, S0, E0–E7, and Irr. Try to find at
least one galaxy for each subclass.

6. Arrange the galaxy images to construct a
tuning-fork diagram like Hubble’s.

P L A N  T H E  E X P E R I M E N T
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Classifying Galaxies

1. Create a data table similar to the one above.
Complete the data table. Add any additional
information that you think is important.

2. Go to the Glencoe Science Web Site at
to post your data.

3. Visit sites listed on the Glencoe Science Web
Site for information about other galaxies.

science.glencoe.com

P R O C E D U R E

Sharing Your Data Find this Internet GeoLab on the Glencoe Science Web Site at 
Post your data in the table provided for this activity. Use the 

additional data from other students to complete your chart and answer the 
Conclude & Apply questions.

1. Were there any galaxy classes or subclasses that were difficult to find images for? If so,
which ones?

2. How many of each type of galaxy—normal spiral, barred spiral, elliptical, and
irregular—did you find?

3. Calculate the percentages of the total number of galaxies that each type represents.
Do you think this reflects the actual percentage of each type of galaxy in the universe?
Explain.

science.glencoe.com.

C O N C L U D E  A N D  A P P LY

Galaxy Name Sketch of Galaxy Classification Notes

NGC 3486 Sc

GALAXY DATA
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Classifying Galaxies

4. Were there any galaxy images that you found that didn’t fit your classification scheme?
If so, why?

5. Was it difficult to distinguish between a normal spiral and a barred spiral in some
cases? Explain your method.

6. What problems did you have with galaxies that are edge-on as seen from Earth?

7. Ellipticals are usually a difficult type of galaxy to classify. Why?

C O N C L U D E  A N D  A P P LY
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le
ve

l a
n

d
 r

ec
o

rd
 t

h
e 

vo
lu

m
e 

ch
an

g
e.

 In
 t

h
e 

se
co

n
d

 m
et

h
o

d
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n
e 

m
u

st
 a

ss
u

m
e 

th
at

 

th
e 

vo
lu

m
e 

o
f 
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e 
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ic

k 
is

 n
eg
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 c

o
m

p
ar

ed
 t

o
 t

h
e 

vo
lu

m
e 

o
f 
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e 

sa
m

p
le
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4
.

D
oe

s 
m

as
s 

de
pe

n
d 

on
 t

h
e 

si
ze

 o
r 

sh
ap

e 
of

a 
ro

ck
? 

E
xp

la
in

.

M
as

s 
d

ep
en

d
s 

o
n
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 o

n
 t

h
e 

si
ze
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f 

th
e 

sa
m

p
le

, n
o

t 
it

s 
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e,

 b
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 m
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m
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f 
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e 

q
u

an
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f 
m

at
te
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p
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.
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O
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C
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U
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N
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P
P
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Y
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N

A
L

Y
Z

E
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d
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o
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 c
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f 

n
ec

es
sa

ry
, t

o
 d

o
 t

h
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p
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ti
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N
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C
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D
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e

G
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d 

M
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ab

 W
or
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C
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Ea
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h 
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en
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e 
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en
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 t
he
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3
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ng
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1
.

C
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pa
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 t
h

e 
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f
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f
yo

u
r 

sa
m

pl
es

 w
it

h
 t

h
e 
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s 
de

te
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 b
y 
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h

er
st

u
de

n
ts

 f
or

 t
h

e 
sa

m
e 

sa
m

pl
es

.E
xp

la
in
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 d
if
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n
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s.

D
if

fe
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n
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o
n

g
 m
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m

en
ts
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ill

 d
ep

en
d

 o
n

 t
h

e 
o

ri
en

ta
ti

o
n
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f 
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e 

sa
m

p
le

 

w
h

en
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o

u
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e 
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ra
ce

d
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n
d
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n
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h
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f 
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u

d
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o
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u
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 c

o
u

n
t 

sq
u
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to
 m

ea
su

re
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h
e 

ar
ea

 o
f 

an
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re
g

u
la

r 
so

lid
.

2
.

C
om

pa
re

 t
h

e 
vo

lu
m

e 
of

ea
ch

 o
f

yo
u

r 
sa

m
pl

es
 w

it
h

 t
h

e 
vo

lu
m

es
 d

et
er

m
in

ed
 b

y 
ot

h
er

st
u

de
n

ts
 f
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 t

h
e 

sa
m

e 
sa

m
pl

es
.E

xp
la

in
 a

ny
 d

if
fe

re
n

ce
s.

V
o

lu
m

es
 m

ea
su

re
d

 b
y 

d
if

fe
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n
t 

st
u

d
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o
r 

th
e 
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m

e 
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m
p

le
s 
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o

u
ld

 a
g

re
e,
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ep
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r 
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en

t 
er

ro
rs

, w
h

ic
h

 s
h

o
u

ld
 b

e 
sm

al
l. 

A
n

y 
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rg
e 

d
ev
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o
n

s 
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e 
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d
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at
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n
s 

o
f 
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o
u

s 
m
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ke
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m

en
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om
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 t
h

e 
w
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ea
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f
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u
r 
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m

pl
es
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it
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h
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 d
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 d
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 m
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 b
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n
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d
 m
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.

W
h

at
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h

e 
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n
to

u
r 

in
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rv
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?

Th
e 

co
n
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u

r 
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0 
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.
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.

C
al

cu
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 t

h
e 
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ra
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B
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 W
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 C
re
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h
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G
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w
h
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e 
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e 
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 f
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g
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 d
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n
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d
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n
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0 
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i �
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ra
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 f
ol

lo
w

ed
 t
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e 
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ra
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h
e 
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in
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h
er
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n
 u
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w
h
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 b
e 
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u

r 
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an
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?

h
ig

h
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t 
el

ev
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 �
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 c
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10
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 f
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�
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0 
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1 
ft

A
N

A
L

Y
Z

E

6
C

ha
pt

er
 2

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th
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e

G
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b 
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d 

M
in
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s

N
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e
C

la
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D
at

e

T
op

og
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 m
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s 
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w
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m
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’s 
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e.
W

it
h
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e 
m
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u 
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n 
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w
 s
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,w
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t 
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n 

st
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s 
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w

,
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d
w
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 m
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d 
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r 
fe
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 lo
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d.

P
ro

b
le

m
H

ow
 c

an
 y

ou
 u

se
 a

 t
op

og
ra

ph
ic

 m
ap

 t
o 

in
te

rp
re

t
in

fo
rm

at
io

n
 a

bo
u

t 
an

 a
re

a?

M
a
te

ri
a
ls

ru
le

r

st
ri

n
g

pe
n

ci
l

U
si

ng
 a

 T
op

og
ra

ph
ic

 M
ap

P
R

E
P

A
R

A
T

IO
N

1
.

U
se

 t
h

e 
m

ap
 t

o 
an
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er

 t
h

e 
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w

in
g
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es
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B

e 
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e 

m
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2
.
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 t
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 s
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in
g 

to
 m

ea
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 d
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n
ce

s 
be

tw
ee

n
tw

o 
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in
ts

 t
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t 
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e 
n

ot
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 a
 s
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gh
t 

lin
e.

La
y

th
e 

st
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n
g 

al
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g 
th

e 
cu
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,a
n

d 
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en
 m
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e 
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an
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 b

y 
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n

g 
th

e 
st
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n

g 
al
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g 

th
e 
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le

r.

3
.

R
em

em
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r 
th

at
 e
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s 
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 U
n

it
ed

 S
ta

te
s

G
eo

lo
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u
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 m
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s 
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e 
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 f
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G

eo
lo
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, 
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e 
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 a
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 t
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 U
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ve
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e
5

N
am

e
C
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D
at

e

H
ow

 c
an

 y
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 lo
ca

te
 p
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ce

s 
on

 E
ar

th
?

D
e
te

rm
in

e
la

ti
tu

d
e 

an
d

 lo
n

g
it

u
d

e 
fo

r 
sp

ec
if

ic
 p

la
ce

s.

P
ro

ce
d

u
re

1
.

U
se

 a
 w

o
rl

d
 m

ap
 o

r 
g

lo
b

e 
to

 lo
ca

te
 t

h
e 

p
ri

m
e 

m
er

id
ia

n
 a

n
d

 t
h

e 
eq

u
at

o
r.

2
.

Ta
ke

 a
 f

ew
 m

o
m

en
ts

 t
o

 b
ec

o
m

e 
fa

m
ili

ar
 w

it
h

 t
h

e
g

ri
d

 s
ys

te
m

. E
xa

m
in

e
lin

es
 o

f 
la

ti
tu

d
e 

an
d

 lo
n

g
it

u
d

e 
o

n
 t

h
e 

m
ap

 o
r 

g
lo

b
e.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

U
se

 a
 m

ap
 t

o
 f

in
d

 t
h

e 
la

ti
tu

d
e 

an
d

 lo
n

g
it

u
d

e 
o

f 
th

e 
fo

llo
w

in
g

 p
la

ce
s.

M
o

u
n

t 
St

. H
el

en
s,

 W
as

h
in

g
to

n
 

N
ia

g
ar

a 
Fa

lls
, N

ew
 Y

o
rk

 

M
t.

 E
ve

re
st

, N
ep

al
 

G
re

at
 B

ar
ri

er
 R

ee
f,

 A
u

st
ra

lia

2
.

U
se

 t
h

e 
m

ap
 t

o
 f

in
d

 t
h

e 
n

am
e 

o
f 

th
e 

p
la

ce
s 

w
it

h
 t

h
e 

fo
llo

w
in

g
 c

o
o

rd
in

at
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.
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3
.

Fi
n

d
 t

h
e 
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d

e 
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d
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n
g

it
u

d
e 

o
f 

yo
u

r 
h

o
m

et
o

w
n

, t
h

e 
n
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at
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n
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 o
r 
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p
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d
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u

r 
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e 

ca
p

it
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A
n

sw
er

s 
w
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y 

d
ep

en
d

in
g

 u
p

o
n
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tu

d
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o
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o

n
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M
t.

 K
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m
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ro

, T
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n
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M
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eo
r 

C
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te
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A
ri
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n

a

G
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t 

La
ke
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ta

h
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n

d
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h
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G
al

áp
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o
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n
d
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o
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N
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e
C
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D
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e

8
C
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Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t
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 U

ni
ve

rs
e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

U
si

ng
 a

 T
op

og
ra

ph
ic

 M
ap

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 2
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
7

U
si

ng
 a

 T
op

og
ra

ph
ic

 M
ap

1
.

D
oe

s 
B

ig
 W

ild
h

or
se

 C
re

ek
 f

lo
w

 a
ll 

ye
ar

 r
ou

n
d?

 E
xp

la
in

 y
ou

r 
an

sw
er

.

N
o

; t
h

e 
to

p
o

g
ra

p
h

ic
 m

ap
 s

ym
b

o
l f

o
r 

th
e 

st
re

am
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d
ic

at
es

 t
h

at
 it
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 a

n
 in

te
rm

it
te

n
t 

st
re

am
.

2
.

W
h

at
 is

 t
h

e 
sh

or
te

st
 d

is
ta

n
ce

 a
lo

n
g 

ro
ad

s 
fr

om
 t

h
e 

G
ra

ve
l P

it
 in

 s
ec

ti
on

 2
1 

to
 t

h
e

se
co

n
da

ry
 h

ig
hw

ay
?

Th
e 

sh
o

rt
es

t 
d

is
ta

n
ce

 is
 s

lig
h

tl
y 

m
o

re
 t

h
an

 3
 m

i.

3
.
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 t

h
e 

sp
ac

e 
be

lo
w

,d
ra

w
 a

 p
ro

fi
le

 o
f

th
e 

la
n

d 
su
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ac

e 
fr

om
 t

h
e 

be
n

ch
 m

ar
k 

in
 s

ec
ti

on
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 t
o 

th
e 

G
ra

ve
l P

it
 in

 s
ec

ti
on

 3
3.

St
u

d
en

t 
p

ro
fi

le
s 

sh
o

u
ld

 s
h

o
w

 a
 r

el
at

iv
el

y 
fl

at
, h

ig
h

 e
le

va
ti

o
n

, f
o

llo
w

ed
 b

y 
a 

st
ee

p
d

ec
lin

e 
in

 e
le

va
ti

o
n

 o
f 

n
ea

rl
y 

30
0 

ft
, e

n
d

in
g

 w
it

h
 a

 g
en

tl
e 
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ea
se
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 e
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o

n
 o

f
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u
g

h
ly
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0 

ft
.
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E
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P
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L
Y

4
.
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u
 s
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t 
th

e 
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n
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 m
ar

k 
(B

M
) 
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 t

h
e 

je
ep

 t
ra
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d 
h
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ed
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n
g 

th
e 
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ai

l a
n

d
th

e 
ro
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 t
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th

e 
G

ra
ve

l P
it

 in
 s

ec
ti
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 2

1,
h

ow
 f

ar
 w

ou
ld

 y
ou

 h
av

e 
h

ik
ed

?

Yo
u

 w
o

u
ld

 h
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e 
h

ik
ed

 a
p

p
ro

xi
m

at
el

y 
5.
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 m

i.

5
.

W
h
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e 
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ra
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h
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e 
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st
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 b
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w
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n
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h
e 
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o 
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in
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u
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W

h
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h
e
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va
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h
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d
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n
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g
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 e
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o

n
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�
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ft

A
N

A
L

Y
Z

E



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

T136 Answer Pages Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

1
0

C
ha

pt
er

 3
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

N
am

e
C

la
ss

D
at

e

M
an

y 
ro

ck
s 

on
 E

ar
th

 fo
rm

 fr
om

 s
al

ts
 p

re
ci

pi
ta

ti
ng

 o
ut

 o
fs

ea
w

at
er

.S
al

t 
io

ns
pr

ec
ip

it
at

e 
w

he
n 

a 
sa

lt 
so

lu
ti

on
 b

ec
om

es
 s

at
ur

at
ed

.S
ol

ub
ili

ty
 is

 t
he

 a
bi

lit
y 

of
a

su
bs

ta
nc

e 
to

 d
is

so
lv

e 
in

 a
 s

ol
ut

io
n.

W
he

n 
a 

so
lu

ti
on

 is
 s

at
ur

at
ed

,n
o 

m
or

e 
of

th
at

su
bs

ta
nc

e 
ca

n 
be

 d
is

so
lv

ed
.W

ha
t 

is
 t

he
 e

ffe
ct

 o
ft

em
pe

ra
tu

re
 a

nd
 e

va
po

ra
ti

on
 o

n
sa

lt
pr

ec
ip

it
at

io
n?

 H
ow

 d
o 

pr
ec

ip
it

at
io

n 
ra

te
s 

af
fe

ct
 t

he
 s

iz
e 

of
cr

ys
ta

ls
?

P
ro

b
le

m
U

n
de

r 
w

h
at

 c
on

di
ti

on
s 

do
 s

al
t 

so
lu

ti
on

s 
be

co
m

e
sa

tu
ra

te
d 

an
d 

u
n

de
r 

w
h

at
 c

on
di

ti
on

s 
do

es
 s

al
t 

pr
e-

ci
pi

ta
te

 o
u

t 
of

so
lu

ti
on

?

M
a
te

ri
a
ls

h
al

it
e 

(s
od

iu
m

 c
h

lo
ri

de
)

25
0-

m
L 

gl
as

s 
be

ak
er

s 
(2

)

di
st

ill
ed

 w
at

er

pl
as

ti
c 

w
ra

p

la
bo

ra
to

ry
 s

ca
le

h
ot

 p
la

te

sh
al

lo
w

 g
la

ss
 b

ak
in

g 
di

sh

re
fr

ig
er

at
or

gl
as

s 
st

ir
ri

n
g 

ro
d

O
b

je
ct

iv
e
s

In
 t

hi
s 

G
eo

La
b,

yo
u 

w
ill

:

•
O

b
se

rv
e

sa
lt

 d
is

so
lv

in
g 

an
d 

pr
ec

ip
it

at
in

g 
fr

om
a

sa
tu

ra
te

d 
sa

lt
 s

ol
u

ti
on

.

•
Id

e
n

ti
fy

th
e 

pr
ec

ip
it

at
ed

 s
al

t 
cr

ys
ta

ls
.

•
C

o
m

p
a
re

th
e 

sa
lt

 c
ry

st
al

s 
th

at
 p

re
ci

pi
ta

te
 o

u
t

u
n

de
r 

di
ff

er
en

t 
co

n
di

ti
on

s.

•
H

y
p

o
th

e
si

ze
w

hy
 d

if
fe

re
n

t 
co

n
di

ti
on

s 
pr

od
u

ce
di

ff
er

en
t 

re
su

lt
s.

S
a
fe

ty
 P

re
ca

u
ti

o
n

s 

A
lw

ay
s 

w
ea

r 
sa

fe
ty

 g
og

gl
es

 a
n

d 
an

 a
pr

on
 in

 t
h

e 
la

b.
W

as
h

 y
ou

r 
h

an
ds

 a
ft

er
 h

an
dl

in
g 

sa
lt

 s
ol

u
ti

on
s.

U
se

ca
re

 in
 h

an
dl

in
g 

h
ot

 s
ol

u
ti

on
s.

U
se

 p
ro

te
ct

io
n

 
h

an
dl

in
g 

h
ot

 g
la

ss
w

ar
e.

Sa
lt

 P
re

ci
pi

ta
ti

on

P
R

E
P

A
R

A
T

IO
N

1
.

Po
u

r 
15

0 
m

L 
of

di
st

ill
ed

 w
at

er
 in

to
 a

 2
50

-m
L

gl
as

s 
be

ak
er

.

2
.

M
ea

su
re

 5
4 

g 
of

so
di

u
m

 c
h

lo
ri

de
.A

dd
 t

h
e

so
di

u
m

 c
h

lo
ri

de
 t

o 
th

e 
di

st
ill

ed
 w

at
er

 in
 t

h
e

be
ak

er
 a

n
d 

st
ir

 u
n

ti
l o

n
ly

 a
 f

ew
 g

ra
in

s 
re

m
ai

n
on

 t
h

e 
bo

tt
om

 o
f

th
e 

be
ak

er
.

3
.

P
la

ce
 t

h
e 

be
ak

er
 o

n
 t

h
e 

h
ot

 p
la

te
 a

n
d 

tu
rn

 t
h

e
h

ot
 p

la
te

 o
n

.A
s 

th
e 

so
lu

ti
on

 in
si

de
 t

h
e 

be
ak

er
h

ea
ts

 u
p,

st
ir

 it
 u

n
ti

l t
h

e 
la

st
 f

ew
 g

ra
in

s 
of

so
di

u
m

 c
h

lo
ri

de
 d

is
so

lv
e.

T
h

e 
sa

lt
 s

ol
u

ti
on

w
ill

th
en

 b
e 

sa
tu

ra
te

d.

4
.

Po
u

r 
50

 m
L 

of
th

e 
w

ar
m

,s
at

u
ra

te
d 

so
lu

ti
on

in
to

 t
h

e 
se

co
n

d 
25

0-
m

L 
gl

as
s 

be
ak

er
.C

ov
er

th
is

 b
ea

ke
r 

w
it

h
 p

la
st

ic
 w

ra
p 

so
 t

h
at

 it
 f

or
m

s 
a

go
od

 s
ea

l.
P

u
t 

th
is

 b
ea

ke
r 

in
 t

h
e 

re
fr

ig
er

at
or

.

5
.

Po
u

r 
50

 m
L 

of
th

e 
sa

tu
ra

te
d 

so
lu

ti
on

 in
to

 t
h

e
sh

al
lo

w
 g

la
ss

 b
ak

in
g 

di
sh

.P
la

ce
 t

h
e 

di
sh

 o
n

 t
h

e
h

ot
 p

la
te

 a
n

d 
h

ea
t 

th
e 

sa
lt

 s
ol

u
ti

on
 u

n
ti

l a
ll 

th
e

liq
u

id
 e

va
po

ra
te

s.
C

A
U

T
IO

N
: T

he
 b

ak
in

g 
di

sh
w

ill
 b

e 
ho

t.
H

an
dl

e 
w

it
h 

ca
re

.

6
.

P
la

ce
 t

h
e 

or
ig

in
al

 b
ea

ke
r 

w
it

h
 5

0 
m

L 
of

th
e

re
m

ai
n

in
g 

so
lu

ti
on

 o
n

 a
 s

h
el

f
or

 w
in

do
w

si
ll.

D
o 

n
ot

 c
ov

er
 t

h
e 

be
ak

er
.

7
.

O
bs

er
ve

 b
ot

h
 b

ea
ke

rs
 o

n
e 

da
y 

la
te

r.
If

cr
ys

ta
ls

h
av

e 
n

ot
 f

or
m

ed
,w

ai
t 

an
ot

h
er

 d
ay

 t
o 

m
ak

e
yo

u
r 

ob
se

rv
at

io
n

s 
an

d 
co

n
cl

u
si

on
s.

8
.

O
n

ce
 c

ry
st

al
s 

h
av

e 
fo

rm
ed

 in
 a

ll 
th

re
e

co
n

ta
in

er
s,

ob
se

rv
e 

th
e 

si
ze

 a
n

d 
sh

ap
e 

of
th

e
pr

ec
ip

it
at

ed
 c

ry
st

al
s.

D
es

cr
ib

e 
yo

u
r

ob
se

rv
at

io
n

s 
in

 y
ou

r 
sc

ie
n

ce
 jo

u
rn

al
.

P
R

O
C

E
D

U
R

E

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 3
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
9

N
am

e
C

la
ss

D
at

e

Id
en

ti
fy

in
g 

El
em

en
ts

D
e
sc

ri
b

e
M

o
st

 s
u

b
st

an
ce

s 
o

n
 E

ar
th

 o
cc

u
r 

in
 t

h
e 

fo
rm

 o
f 

ch
em

ic
al

 
co

m
p

o
u

n
d

s.
 A

ro
u

n
d

 y
o

u
r 

cl
as

sr
o

o
m

, t
h

er
e 

ar
e 

n
u

m
er

o
u

s 
o

b
je

ct
s 

o
r 

su
b

st
an

ce
s 

th
at

 c
o

n
si

st
 m

o
st

ly
 o

f 
a 

si
n

g
le

 e
le

m
en

t.

P
ro

ce
d

u
re

1
.

N
am

e 
th

re
e 

o
f 

th
es

e 
o

b
je

ct
s 

an
d

 t
h

e 
th

re
e 

d
if

fe
re

n
t 

el
em

en
ts

 o
f 

w
h

ic
h

th
ey

 a
re

 m
ad

e.
 

2
.

Li
st

 t
h

e 
at

o
m

ic
 n

u
m

b
er

s 
o

f 
th

es
e 

el
em

en
ts

 a
n

d
 d

es
cr

ib
e 

so
m

e 
o

f 
th

ei
r

p
ro

p
er

ti
es

.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

M
at

te
r 

ca
n

 b
e 

so
lid

, l
iq

u
id

, o
r 

g
as

eo
u

s.
 G

iv
e 

o
n

e 
ex

am
p

le
 o

f 
a 

so
lid

,
liq

u
id

, a
n

d
 g

as
eo

u
s 

o
b

je
ct

 o
r 

su
b

st
an

ce
.

So
m

e 
ex

am
p

le
s 

in
cl

u
d

e 
so

lid
s:

 m
o

st
 m

in
er

al
s;

 li
q

u
id

s:
 m

er
cu

ry
, w

at
er

, a
n

d
 g

as
o

lin
e;

 

an
d

 g
as

es
: n

eo
n

, h
el

iu
m

, a
n

d
 a

ir.

2
.

H
o

w
 d

o
es

 a
 li

q
u

id
 d

if
fe

r 
fr

o
m

 a
 s

o
lid

? 
H

o
w

 d
o

es
 a

 g
as

 d
if

fe
r 

fr
o

m
 a

 li
q

u
id

? 

So
lid

s 
h

av
e 

d
ef

in
it

e 
sh

ap
es

 a
n

d
 r

es
is

t 
d

ef
o

rm
at

io
n

, l
iq

u
id

s 
d

ef
o

rm
 r

ea
d

ily
 a

n
d

 f
lo

w
, 

an
d

 g
as

es
 e

xp
an

d
 a

n
d

 f
ill

 a
ll 

av
ai

la
b

le
 s

p
ac

e.

M
in

iL
ab

 3
M

in
iL

ab
 3 A
rt

ic
le

El
em

en
t

A
to

m
ic

 N
um

be
r

Pr
op

er
ti

es



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

GeoLab and MiniLab Worksheets Answer Pages Earth Science: Geology, the Environment, and the Universe T137

N
am

e
C

la
ss

D
at

e

1
2

C
ha

pt
er

 3
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

Sa
lt

 P
re

ci
pi

ta
ti

on

1
.

W
h

at
 a

re
 t

h
e 

si
ze

s 
of

th
e 

cr
ys

ta
ls

 in
 t

h
e 

di
ff

er
en

t 
co

n
ta

in
er

s?
 W

h
ic

h
 c

on
ta

in
er

 h
as

 t
h

e
sm

al
le

st
 c

ry
st

al
s?

 W
h

ic
h

 c
ry

st
al

s 
fo

rm
ed

 in
 t

h
e 

sh
or

te
st

 t
im

e 
in

te
rv

al
?

Th
e 

cr
ys

ta
ls

 in
 t

h
e 

b
ea

ke
rs

 a
re

 la
rg

e—
se

ve
ra

l m
ill

im
et

er
s 

in
 s

iz
e.

 T
h

e 
sm

al
le

st
 

cr
ys

ta
ls

 f
o

rm
ed

 in
 t

h
e 

b
ak

in
g

 d
is

h
 in

 t
h

e 
sh

o
rt

es
t 

ti
m

e 
in

te
rv

al
.

2
.

W
hy

 d
oe

s 
sa

lt
 p

re
ci

pi
ta

te
 f

ro
m

 s
ol

u
ti

on
? 

H
ow

 is
 c

ry
st

al
 s

iz
e 

re
la

te
d 

to
 p

re
ci

pi
ta

ti
on

 r
at

e?

Sa
lt

 p
re

ci
p

it
at

es
 f

ro
m

 s
o

lu
ti

o
n

 w
h

en
ev

er
 t

h
e 

el
ec

tr
o

st
at

ic
 a

tt
ra

ct
io

n
 b

et
w

ee
n

 s
al

t 

io
n

s 
o

ve
rc

o
m

es
 t

h
e 

d
is

ru
p

ti
ve

 e
ff

ec
t 

o
f 

th
er

m
al

 v
ib

ra
ti

o
n

s,
 e

it
h

er
 w

h
en

 t
h

e 

co
n

ce
n

tr
at

io
n

 o
f 

sa
lt

 io
n

s 
is

 h
ig

h
 e

n
o

u
g

h
 o

r 
th

e 
te

m
p

er
at

u
re

 is
 lo

w
 e

n
o

u
g

h
. 

Sl
o

w
 p

re
ci

p
it

at
io

n
 r

at
es

 a
llo

w
 t

h
e 

g
ro

w
th

 o
f 

la
rg

e 
cr

ys
ta

ls
.

3
.

D
es

ig
n

 a
n

 e
xp

er
im

en
t 

to
 s

ep
ar

at
e 

a 
h

et
er

og
en

eo
u

s 
m

ix
tu

re
 o

f
di

ff
er

en
t 

sa
lt

s,
su

ch
 a

s
N

aC
l a

n
d 

M
gC

l 2,
in

to
 it

s 
co

m
po

n
en

ts
,b

y 
di

ss
ol

vi
n

g 
an

d 
pr

ec
ip

it
at

io
n

.

D
if

fe
re

n
t 

sa
lt

s 
h

av
e 

d
if

fe
re

n
t 

so
lu

b
ili

ti
es

. T
o

 s
ep

ar
at

e 
tw

o
 s

al
ts

, d
is

so
lv

e 
a 

p
o

rt
io

n
 o

f 

th
e 

m
ix

tu
re

. T
h

e 
so

lu
ti

o
n

 w
ill

 b
e 

en
ri

ch
ed

 in
 o

n
e 

o
f 

th
e 

sa
lt

s.
 E

va
p

o
ra

te
 t

h
e 

so
lu

ti
o

n
 

an
d

 d
is

so
lv

e 
a 

p
o

rt
io

n
 o

f 
th

e 
re

si
d

u
e.

 T
h

is
 w

ill
 f

u
rt

h
er

 e
n

ri
ch

 t
h

e 
so

lu
ti

o
n

 in
 t

h
e 

m
o

re
 s

o
lu

b
le

 s
al

t.
 R

ep
ea

t 
u

n
ti

l t
h

e 
d

es
ir

ed
 c

o
n

ce
n

tr
at

io
n

 is
 r

ea
ch

ed
.

C
O

N
C

L
U

D
E

 A
N

D
 A

P
P

L
Y

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 3
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
1
1

Sa
lt

 P
re

ci
pi

ta
ti

on

1
.

W
h

at
 is

 t
h

e 
sh

ap
e 

of
th

e 
pr

ec
ip

it
at

ed
 c

ry
st

al
s 

in
 t

h
e 

th
re

e 
co

n
ta

in
er

s?
 D

oe
s 

th
e 

sh
ap

e
of

th
e 

cr
ys

ta
ls

 a
lo

n
e 

id
en

ti
fy

 t
h

em
 a

s 
so

di
u

m
 c

h
lo

ri
de

? 

Th
e 

cr
ys

ta
ls

 a
re

 c
u

b
ic

, a
n

d
 s

o
m

e 
m

ay
 b

e 
in

 t
h

e 
fo

rm
 o

f 
fl

at
te

n
ed

 s
q

u
ar

es
. N

o
; 

co
m

p
o

u
n

d
s 

o
th

er
 t

h
an

 N
aC

l m
ay

 h
av

e 
si

m
ila

r 
cr

ys
ta

ls
.

2
.

W
hy

 d
id

n’
t 

al
l o

f
th

e 
sa

lt
 s

ol
u

ti
on

 d
is

so
lv

e 
in

 s
te

p 
2 

ab
ov

e?
 H

ow
 d

id
 h

ea
ti

n
g 

af
fe

ct
 t

h
e

so
lu

bi
lit

y 
of

so
di

u
m

 c
h

lo
ri

de
? 

W
hy

 d
id

 h
ea

ti
n

g 
h

av
e 

th
e 

ob
se

rv
ed

 e
ff

ec
t?

 E
xp

la
in

.

Th
e 

so
lu

ti
o

n
 w

as
 s

at
u

ra
te

d
 b

ef
o

re
 a

ll 
th

e 
sa

lt
 c

o
u

ld
 d

is
so

lv
e.

 H
ea

ti
n

g
 in

cr
ea

se
d

 t
h

e 

so
lu

b
ili

ty
 b

ec
au

se
 in

cr
ea

se
d

 t
h

er
m

al
 e

n
er

g
y 

ke
ep

s 
sa

lt
 io

n
s 

fr
o

m
 p

re
ci

p
it

at
in

g
.

3
.

W
h

at
 e

ff
ec

t 
do

es
 c

oo
lin

g 
h

av
e 

on
 t

h
e 

so
lu

bi
lit

y 
of

sa
lt

? 

C
o

o
lin

g
 d

ec
re

as
es

 t
h

e 
so

lu
b

ili
ty

 o
f 

sa
lt

.

4
.

W
h

at
 h

ap
pe

n
s 

w
h

en
 a

 s
al

t 
so

lu
ti

on
 e

va
po

ra
te

s?
 W

h
at

 e
ff

ec
t 

do
es

 e
va

po
ra

ti
on

 h
av

e 
on

th
e 

so
lu

bi
lit

y 
of

sa
lt

? 

W
h

en
 a

 s
al

t 
so

lu
ti

o
n

 e
va

p
o

ra
te

s,
 o

n
ly

 t
h

e 
w

at
er

 m
o

le
cu

le
s 

ev
ap

o
ra

te
. T

h
e 

co
n

ce
n

tr
at

io
n

 o
f 

sa
lt

 io
n

s 
in

 t
h

e 
re

m
ai

n
in

g
 li

q
u

id
 in

cr
ea

se
s,

 t
h

e 
so

lu
ti

o
n

 

b
ec

o
m

es
 s

u
p

er
sa

tu
ra

te
d

, a
n

d
 s

al
t 

cr
ys

ta
ls

 p
re

ci
p

it
at

e.

5
.

Su
pp

os
e 

yo
u

 h
av

e 
tw

o 
sa

m
pl

es
 o

f
vo

lc
an

ic
 r

oc
k 

of
id

en
ti

ca
l c

h
em

ic
al

 c
om

po
si

ti
on

 b
u

t
di

ff
er

en
t 

cr
ys

ta
l s

iz
es

.W
h

at
 c

on
cl

u
si

on
s 

ca
n

 y
ou

 m
ak

e 
ab

ou
t 

th
e 

co
n

di
ti

on
s 

u
n

de
r

w
h

ic
h

 e
ac

h
 r

oc
k 

sa
m

pl
e 

co
ol

ed
?

Th
e 

ro
ck

s 
m

u
st

 h
av

e 
co

o
le

d
 u

n
d

er
 d

if
fe

re
n

t 
te

m
p

er
at

u
re

s 
o

r 
at

 d
if

fe
re

n
t 

ra
te

s.

A
N

A
L

Y
Z

E



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

T138 Answer Pages Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

1
4

C
ha

pt
er

 4
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

N
am

e
C

la
ss

D
at

e

H
ow

 c
an

 c
ry

st
al

 s
ys

te
m

s 
be

 m
od

el
ed

?
M

in
iL

ab
 4

M
in

iL
ab

 4

Ta
bl

e 
2

M
in

er
al

s 
w

it
h 

N
on

m
et

al
lic

 L
us

te
r

M
in

er
al

Sp
ec

if
ic

Cr
ys

ta
l

Br
ea

ka
ge

U
se

s 
an

d 
O

th
er

(F
or

m
ul

a)
Co

lo
r

St
re

ak
H

ar
dn

es
s

G
ra

vi
ty

Sy
st

em
Pa

tt
er

n
Pr

op
er

ti
es

A
ug

it
e

bl
ac

k
co

lo
rle

ss
6

3.
3

m
on

oc
lin

ic
2-

di
re

ct
io

na
l

sq
ua

re
 o

r 8
-s

id
ed

((C
a,

N
a)

cl
ea

va
ge

cr
os

s 
se

ct
io

n
(M

g,
Fe

,A
l)

(A
l,

Si
) 2O

6)

Co
ru

nd
um

co
lo

rle
ss

,
co

lo
rle

ss
9

4.
0

he
xa

go
na

l
fra

ct
ur

e
ge

m
st

on
es

:r
ub

y 
is

 re
d,

(A
l 2O

3)
bl

ue
,b

ro
w

n
sa

pp
hi

re
 is

 b
lu

e;
gr

ee
n,

w
hi

te
in

du
st

ria
l a

br
as

iv
e

pi
nk

,r
ed

Fe
ld

sp
ar

co
lo

rle
ss

co
lo

rle
ss

6
2.

5
m

on
oc

lin
ic

tw
o 

cl
ea

v-
in

so
lu

bl
e 

in
 a

ci
ds

;
(o

rt
ho

cl
as

e)
w

hi
te

 to
ag

e 
pl

an
es

us
ed

 in
 th

e 
m

an
uf

ac
tu

re
 

(K
Al

Si
3O

8)
gr

ay
,g

re
en

,
m

ee
t a

t
of

 p
or

ce
la

in
an

d 
ye

llo
w

90
°

an
gl

e

Fe
ld

sp
ar

gr
ay

,
co

lo
rle

ss
6

2.
5

tr
ic

lin
ic

tw
o 

cl
ea

v-
us

ed
 in

 c
er

am
ic

s;
(p

la
gi

oc
la

se
)

gr
ee

n,
ag

e 
pl

an
es

st
ria

tio
ns

 p
re

se
nt

 o
n

(N
aA

IS
i 3O

8)
w

hi
te

m
ee

t a
t

so
m

e 
fa

ce
s

(C
aA

I 2S
i 3O

8)
86

°
an

gl
e

Fl
uo

ri
te

co
lo

rle
ss

,
co

lo
rle

ss
4

3–
3.

2
cu

bi
c

cl
ea

va
ge

us
ed

 in
 th

e 
m

an
uf

ac
tu

re
(C

aF
2)

w
hi

te
,b

lu
e,

of
 o

pt
ic

al
 e

qu
ip

m
en

t;
gr

ee
n,

re
d,

gl
ow

s 
un

de
r u

ltr
av

io
le

t
ye

llo
w

,p
ur

pl
e

lig
ht

G
ar

ne
t

de
ep

co
lo

rle
ss

7.
5

3.
5

cu
bi

c
co

nc
ho

id
al

us
ed

 in
 je

w
el

ry
;a

ls
o 

(M
g,

Fe
,C

a,
ye

llo
w

-r
ed

,
fra

ct
ur

e
us

ed
 a

s 
an

 a
br

as
iv

e
M

n)
3 

,(
Al

,F
e,

gr
ee

n,
bl

ac
k

Cr
) 2,

(S
iO

4)
3

H
or

nb
le

nd
e

gr
ee

n 
to

gr
ay

 to
5–

6
3.

4
m

on
oc

lin
ic

cl
ea

va
ge

w
ill

 tr
an

sm
it 

lig
ht

 o
n 

Ca
2N

a(
M

g,
bl

ac
k

w
hi

te
in

 tw
o

th
in

 e
dg

es
;6

-s
id

ed
Fe

2 )
4,

(A
l,

Fe
3 ,

di
re

ct
io

ns
cr

os
s 

se
ct

io
n

Ti
) 3,

Si
8O

22
(O

,
O

H)
2

Li
m

on
it

e
ye

llo
w

,
ye

llo
w

,
5.

5
2.

74
–4

.3
—

co
nc

ho
id

al
so

ur
ce

 o
f i

ro
n;

w
ea

th
er

s
(h

yd
ro

us
br

ow
n,

br
ow

n
fra

ct
ur

e
ea

si
ly,

co
lo

rin
g 

m
at

te
r

iro
n 

ox
id

es
)

bl
ac

k
of

 s
oi

ls

O
liv

in
e

ol
iv

e
co

lo
rle

ss
6.

5
3.

5
or

th
o-

co
nc

ho
id

al
ge

m
st

on
es

,r
ef

ra
ct

or
y

((M
g,

Fe
) 2

gr
ee

n
rh

om
bi

c
fra

ct
ur

e
sa

nd
Si

O
4)

Q
ua

rt
z

co
lo

rle
ss

,
co

lo
rle

ss
7

2.
6

he
xa

go
na

l
co

nc
ho

id
al

us
ed

 in
 g

la
ss

 m
an

uf
ac

-
(S

iO
2)

va
rio

us
fra

ct
ur

e
tu

re
,e

le
ct

ro
ni

c 
eq

ui
p-

co
lo

rs
m

en
t,

ra
di

os
,c

om
pu

te
rs

,
w

at
ch

es
,g

em
st

on
es

To
pa

z
w

hi
te

,p
in

k,
co

lo
rle

ss
8

3.
5

or
th

o-
ba

sa
l

va
lu

ab
le

 g
em

st
on

e
(A

l 2S
iO

4
ye

llo
w

,
rh

om
bi

c
cl

ea
va

ge
(F,

O
H)

2)
pa

le
 b

lu
e,

co
lo

rle
ss

Ta
bl

e 
2

M
in

er
al

s 
w

it
h 

M
et

al
lic

 L
us

te
r

M
in

er
al

Sp
ec

if
ic

Cr
ys

ta
l

Br
ea

ka
ge

U
se

s 
an

d 
O

th
er

(F
or

m
ul

a)
Co

lo
r

St
re

ak
H

ar
dn

es
s

G
ra

vi
ty

Sy
st

em
Pa

tt
er

n
Pr

op
er

ti
es

Bo
rn

it
e

br
on

ze
,

gr
ay

-b
la

ck
3

4.
9–

5.
4

te
tr

ag
on

al
un

ev
en

so
ur

ce
 o

f c
op

pe
r

(C
u 5F

eS
4)

ta
rn

is
he

s 
to

fra
ct

ur
e

ca
lle

d 
“p

ea
co

ck
 o

re
”

da
rk

 b
lu

e
be

ca
us

e 
of

 th
e 

pu
rp

le
pu

rp
le

sh
in

e 
w

he
n 

it 
ta

rn
is

he
s

Ch
al

co
py

ri
te

br
as

sy
 to

gr
ee

ni
sh

3.
5–

4
4.

2
te

tr
ag

on
al

un
ev

en
m

ai
n 

or
e 

of
 c

op
pe

r
(C

uF
eS

2)
go

ld
en

bl
ac

k
fra

ct
ur

e
ye

llo
w

Ch
ro

m
it

e
bl

ac
k 

or
br

ow
n 

to
5.

5
4.

6
cu

bi
c

irr
eg

ul
ar

or
e 

of
 c

hr
om

iu
m

,
(F

eC
r 2O

4)
br

ow
n

bl
ac

k
fra

ct
ur

e
st

ai
nl

es
s 

st
ee

l,
m

et
al

lu
rg

ic
al

 b
ric

ks

Co
pp

er
co

pp
er

 re
d

co
pp

er
 re

d
3

8.
5–

9
cu

bi
c

ha
ck

ly
co

in
s,

pi
pe

s,
gu

tt
er

s,
(C

u)
w

ire
,c

oo
ki

ng
 u

te
ns

ils
,

je
w

el
ry

,d
ec

or
at

iv
e

pl
aq

ue
s;

m
al

le
ab

le
an

d 
du

ct
ile

G
al

en
a

gr
ay

gr
ay

 to
2.

5
7.

5
cu

bi
c

cu
bi

c
so

ur
ce

 o
f l

ea
d,

us
ed

 in
(P

bS
)

bl
ac

k
cl

ea
va

ge
pi

pe
s,

sh
ie

ld
s 

fo
r X

 ra
ys

,
pe

rfe
ct

fis
hi

ng
 e

qu
ip

m
en

t s
in

ke
rs

G
ol

d
pa

le
 to

ye
llo

w
2.

5–
3

19
.3

cu
bi

c
ha

ck
ly

je
w

el
ry

,m
on

ey
,g

ol
d 

le
af

,
(A

u)
go

ld
en

fil
lin

gs
 fo

r t
ee

th
,m

ed
i-

ye
llo

w
ci

ne
s;

do
es

 n
ot

 ta
rn

is
h

G
ra

ph
it

e
bl

ac
k 

to
bl

ac
k 

to
1–

2
2.

3
he

xa
go

na
l

ba
sa

l
pe

nc
il 

le
ad

,l
ub

ric
an

ts
(C

)
gr

ay
gr

ay
cl

ea
va

ge
fo

r l
oc

ks
,r

od
s 

to
 c

on
tr

ol
(s

ca
le

s)
so

m
e 

sm
al

l n
uc

le
ar

re
ac

tio
ns

,b
at

te
ry

 p
ol

es

H
em

at
it

e
bl

ac
k 

or
re

d 
or

6
5.

3
he

xa
go

na
l

irr
eg

ul
ar

so
ur

ce
 o

f i
ro

n;
ro

as
te

d
(s

pe
cu

la
r)

re
dd

is
h

re
dd

is
h

fra
ct

ur
e

in
 a

 b
la

st
 fu

rn
ac

e,
(F

e 2O
3)

br
ow

n
br

ow
n

co
nv

er
te

d 
to

 “
pi

g”
iro

n,
m

ad
e 

in
to

 s
te

el

M
ag

ne
ti

te
bl

ac
k

bl
ac

k
6

5.
2

cu
bi

c
co

nc
ho

di
al

so
ur

ce
 o

f i
ro

n,
na

tu
ra

lly
(F

e 3O
4)

fra
ct

ur
e

m
ag

ne
tic

,c
al

le
d 

lo
de

st
on

e

Py
ri

te
lig

ht
,b

ra
ss

y
gr

ee
ni

sh
6.

5
5.

0
cu

bi
c

un
ev

en
so

ur
ce

 o
f i

ro
n,

“f
oo

l’s
(F

eS
2)

ye
llo

w
bl

ac
k

fra
ct

ur
e

go
ld

,”
al

te
rs

 to
 li

m
on

ite

Py
rr

ho
ti

te
br

on
ze

gr
ay

-b
la

ck
4

4.
6

he
xa

go
na

l
un

ev
en

an
 o

re
 o

f i
ro

n 
an

d 
(F

e 1–
XS

)*
fra

ct
ur

e
su

lfu
r;

m
ay

 b
e 

m
ag

ne
tic

Si
lv

er
sil

ve
ry

 w
hi

te
,

lig
ht

 g
ra

y
2.

5
10

–1
2

cu
bi

c
ha

ck
ly

co
in

,f
ill

in
gs

 fo
r t

ee
th

,
(A

g)
ta

rn
ish

es
 to

to
 s

ilv
er

je
w

el
ry,

sil
ve

rp
la

te
,w

ire
s;

bl
ac

k
m

al
le

ab
le

 a
nd

 d
uc

til
e

*c
on

ta
in

s 
on

e 
le

ss
at

om
 o

f F
e 

th
an

 S

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 4
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
1
3

N
am

e
C

la
ss

D
at

e

H
ow

 c
an

 c
ry

st
al

 s
ys

te
m

s 
be

 m
od

el
ed

?

M
o

d
e
l

th
e 

si
x 

m
aj

o
r 

cr
ys

ta
l s

ys
te

m
s,

 t
h

en
 c

la
ss

if
y 

m
in

er
al

 s
am

p
le

s 
ac

co
rd

in
g

 t
o

 t
h

es
e 

sy
st

em
s.

P
ro

ce
d

u
re

 

1
.

U
si

n
g

 T
ab

le
 1

fo
r 

g
u

id
an

ce
, c

u
t 

p
ie

ce
s 

o
f 

fo
am

 b
o

ar
d

 in
to

 g
eo

m
et

ri
c 

sh
ap

es
. Y

o
u

r
la

rg
es

t 
g

eo
m

et
ri

c 
sh

ap
e 

sh
o

u
ld

 b
e 

n
o

 m
o

re
 t

h
an

 a
b

o
u

t 
8 

cm
 in

 le
n

g
th

. Y
o

u
r 

g
ro

u
p

w
ill

 n
ee

d
 a

b
o

u
t 

38
 v

ar
io

u
s 

sh
ap

es
.

2
.

Ta
p

e 
o

r 
g

lu
e 

th
e 

g
eo

m
et

ri
c 

sh
ap

es
 in

to
 m

o
d

el
s 

o
f 

th
e 

si
x 

m
aj

o
r 

cr
ys

ta
l s

ys
te

m
s.

A
g

ai
n

, u
se

 T
ab

le
 1

fo
r 

g
u

id
an

ce
.

3
.

U
se

 t
h

e 
m

in
er

al
 s

am
p

le
s 

p
ro

vi
d

ed
 b

y 
yo

u
r 

te
ac

h
er

 t
o

 c
la

ss
if

y 
m

in
er

al
s 

ac
co

rd
in

g
to

 t
h

ei
r 

cr
ys

ta
l s

h
ap

es
.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

W
h

at
 g

eo
m

et
ri

c 
sh

ap
es

 d
id

 y
o

u
 u

se
 t

o
 m

o
d

el
 t

h
e 

cr
ys

ta
l s

ys
te

m
s?

sq
u

ar
es

, r
ec

ta
n

g
le

s,
 h

ex
ag

o
n

s,
 a

n
d

 t
ri

an
g

le
s

2
.

W
as

 t
h

e 
cr

ys
ta

l s
tr

u
ct

u
re

 r
ea

d
ily

 a
p

p
ar

en
t 

in
 a

ll 
m

in
er

al
 s

am
p

le
s?

 
In

fe
r 

w
h

y 
o

r 
w

h
y 

n
o

t.

M
o

st
 m

in
er

al
s 

g
ro

w
 in

 r
es

tr
ic

te
d

 s
p

ac
es

; t
h

u
s,

 t
h

ei
r 

cr
ys

ta
ls

 a
re

 n
o

t 
w

el
l d

ef
in

ed
. 

C
o

n
ve

rs
el

y,
 a

 m
in

er
al

 w
it

h
 a

 r
ea

so
n

ab
ly

 c
le

ar
 c

ry
st

al
 s

tr
u

ct
u

re
 p

ro
b

ab
ly

 f
o

rm
ed

 

in
 a

n
 u

n
re

st
ri

ct
ed

 s
p

ac
e.

3
.

U
se

 T
ab

le
 2

to
 id

en
ti

fy
 y

o
u

r 
m

in
er

al
s.

 B
es

id
es

 c
ry

st
al

 s
h

ap
e,

 
w

h
at

 p
ro

p
er

ti
es

 d
id

 y
o

u
 u

se
 f

o
r 

id
en

ti
fi

ca
ti

o
n

 p
u

rp
o

se
s?

A
n

sw
er

s 
w

ill
 v

ar
y 

d
ep

en
d

in
g

 o
n

 t
h

e 
sa

m
p

le
s 

u
se

d
.

M
in

iL
ab

 4
M

in
iL

ab
 4

Ta
b

le
 1

C
ry

st
al

 S
ys

te
m

s

C
u

b
ic

   
   

  T
et

ra
g

o
n

al
   

   
   

H
ex

ag
o

n
al

   
   

 O
rt

h
o

rh
o

m
b

ic
   

  M
o

n
o

cl
in

ic
   

  T
ri

cl
in

ic

Py
ri

te
W

u
lf

en
it

e
Py

ro
m

o
rp

h
it

e
To

p
az

G
yp

su
m

Fe
ld

sp
ar

E
x
a
m

p
le

s

S
y
st

e
m

s



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

GeoLab and MiniLab Worksheets Answer Pages Earth Science: Geology, the Environment, and the Universe T139

N
am

e
C

la
ss

D
at

e

1
6

C
ha

pt
er

 4
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
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 t
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 m
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 f
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 d
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 c
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in

 t
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 m
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l o
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or
 a

dd
it

io
n

al
 r

es
ea

rc
h

? 
Yo

u
 m
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at
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 b
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 f
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m
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 b
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 p
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R
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M
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ra
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at
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at
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at
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 m
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u’
ll 

cr
ea

te
 a

 fi
el

d 
gu

id
e 

to
 m

in
er

al
s.

P
ro

b
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 p

hy
si

ca
l a

n
d 

ch
em

ic
al

 p
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 b
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m
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er
al

 s
am

pl
es

A
pp

en
di

x 
H

h
an

d 
le

n
s

st
ee

l f
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 p
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 d
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h
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 m
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 t
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.
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:
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 d

et
er

-
m

in
e 

th
ei

r 
ph

ys
ic

al
 a

n
d 

ch
em

ic
al

 p
ro

pe
rt

ie
s.

•
Id

e
n

ti
fy

m
in

er
al

s 
ba

se
d 

on
 t

h
e 

re
su

lt
s 

of
yo

u
r 

te
st

s.
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d
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h
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M
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Ic
el

an
d

 s
p

ar
 w

ill
 t

ea
r 

th
e 

p
ap

er
, b

u
t 

it
 w

ill
 n

o
t 

sc
ra

tc
h

 t
h

e 
kn

if
e 

o
r 

g
la

ss
. 

Th
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h
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 �
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se

 t
o 

ga
th

er
 y

ou
r 

da
ta

? 
D

es
cr

ib
e 

th
e 

la
yo

u
t 

of
yo

u
r 

fi
el

d 
gu

id
e.

St
u

d
en

ts
 s

h
o

u
ld

 h
av

e 
in

cl
u

d
ed

 t
h

e 
n

am
e 

o
f 

ea
ch

 m
in

er
al

, i
ts

 p
ro

p
er

ti
es

, i
ts

 u
se

s,
 it

s 

ch
em

ic
al

 f
o

rm
u

la
, a

n
d

 a
 p

h
o

to
g

ra
p

h
 o

r 
sk

et
ch

 o
f 

th
e 

m
in

er
al

. S
tu

d
en

ts
 li

ke
ly

 

co
lle

ct
ed

 d
at

a 
fr

o
m

 t
h

ei
r 

te
st

s,
 t

h
e 

lib
ra

ry
, t

h
e 

In
te

rn
et

, m
ag

az
in

es
, f

ie
ld

 g
u

id
es

, a
n

d
 

m
in

er
al

 c
o

lle
ct

io
n

s.
 L

ay
o

u
ts

 s
h

o
u

ld
 b

e 
cl

ea
r 

an
d

 e
as

y 
to

 f
o

llo
w

.

A
N

A
L

Y
Z

E
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GeoLab and MiniLab Worksheets Answer Pages Earth Science: Geology, the Environment, and the Universe T141

2
0

C
ha

pt
er

 5
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

N
am

e
C

la
ss

D
at

e

T
he

 r
at

e 
at

 w
hi

ch
 m

ag
m

a 
co

ol
s 

ha
s 

an
 e

ffe
ct

 o
n 

th
e 

gr
ai

n 
si

ze
 o

ft
he

 r
es

ul
ti

ng
 ig

ne
ou

s 
ro

ck
.

O
bs

er
vi

ng
 t

he
 c

ry
st

al
liz

at
io

n 
of

m
ag

m
a 

is
 d

iff
ic

ul
t 

be
ca

us
e 

m
ol

te
n 

ro
ck

 is
 v

er
y 

ho
t 

an
d 

th
e

cr
ys

ta
lli

za
ti

on
 p

ro
ce

ss
 is

 s
om

et
im

es
 v

er
y 

sl
ow

.O
th

er
 m

at
er

ia
ls

,h
ow

ev
er

,c
ry

st
al

liz
e 

at
 lo

w
er

te
m

pe
ra

tu
re

s.
T

he
se

 m
at

er
ia

ls
 c

an
 b

e 
us

ed
 t

o 
m

od
el

 c
ry

st
al

 fo
rm

at
io

n.

P
ro

b
le

m
M

od
el

 t
h

e 
cr

ys
ta

lli
za

ti
on

 o
f

m
in

er
al

s 
fr

om
 m

ag
m

a.

M
a
te

ri
a
ls

cl
ea

n
,p

la
st

ic
 p

et
ri

 d
is

h
es

sa
tu

ra
te

d 
al

u
m

 s
ol

u
ti

on

20
0-

m
L 

gl
as

s 
be

ak
er

m
ag

n
if

yi
n

g 
gl

as
s

pi
ec

e 
of

da
rk

-c
ol

or
ed

 c
on

st
ru

ct
io

n
 p

ap
er

th
er

m
om

et
er

pa
pe

r 
to

w
el

s

w
at

er

h
ot

 p
la

te

O
b

je
ct

iv
e
s

In
 t

hi
s 

G
eo

La
b,

yo
u 

w
ill

:

•
D

e
te

rm
in

e
th

e 
re

la
ti

on
sh

ip
 b

et
w

ee
n

 c
oo

lin
g

ra
te

 a
n

d 
cr

ys
ta

l s
iz

e.

•
C

o
m

p
a
re

an
d 

co
n

tr
a
st

di
ff

er
en

t 
cr

ys
ta

l s
h

ap
es

.

S
a
fe

ty
 P

re
ca

u
ti

o
n

s 

T
h

e 
al

u
m

 m
ix

tu
re

 c
an

 c
au

se
 s

ki
n

 ir
ri

ta
ti

on
 a

n
d 

w
ill

be
 h

ot
 w

h
en

 it
 is

 f
ir

st
 p

ou
re

d 
in

to
 t

h
e 

pe
tr

i d
is

h
es

.
If

sp
la

tt
er

in
g 

oc
cu

rs
,w

as
h

 s
ki

n
 w

it
h

 c
ol

d 
w

at
er

.
A

lw
ay

s 
w

ea
r 

sa
fe

ty
 g

og
gl

es
 a

n
d 

an
 a

pr
on

 in
 t

h
e 

la
b.

M
od

el
in

g 
Cr

ys
ta

l F
or

m
at

io
n

P
R

E
P

A
R

A
T

IO
N

1
.

A
s 

a 
gr

ou
p,

pl
an

 h
ow

 y
ou

 c
ou

ld
 c

h
an

ge
 t

h
e

co
ol

in
g 

ra
te

 o
f

a 
h

ot
 s

ol
u

ti
on

 p
ou

re
d 

in
to

 a
pe

tr
i d

is
h

.F
or

 in
st

an
ce

,y
ou

 m
ay

 w
an

t 
to

 p
u

t
on

e 
sa

m
pl

e 
in

 a
 f

re
ez

er
 o

r 
re

fr
ig

er
at

or
 f

or
 a

de
si

gn
at

ed
 p

er
io

d 
of

ti
m

e.
A

ss
ig

n
 e

ac
h

 g
ro

u
p

m
em

be
r 

a 
pe

tr
i d

is
h

 t
o 

ob
se

rv
e 

du
ri

n
g 

th
e

ex
pe

ri
m

en
t.

2
.

P
la

ce
 a

 p
ie

ce
 o

f
da

rk
-c

ol
or

ed
 c

on
st

ru
ct

io
n

pa
pe

r 
on

 a
 le

ve
l s

u
rf

ac
e 

w
h

er
e 

it
 w

on
’t

 b
e

di
st

u
rb

ed
.P

la
ce

 t
h

e 
pe

tr
i d

is
h

es
 o

n
 t

op
 o

f
th

e
pa

pe
r.

3
.

C
ar

ef
u

lly
 p

ou
r 

a 
sa

tu
ra

te
d 

al
u

m
 s

ol
u

ti
on

 t
h

at
is

 a
bo

u
t 

95
°C

 t
o 

98
°C

,o
r 

ju
st

 b
el

ow
 b

oi
lin

g
te

m
pe

ra
tu

re
,i

n
to

 e
ac

h
 p

et
ri

 d
is

h
 s

o 
th

at
 it

 is
h

al
f-

fu
ll.

U
se

 c
au

ti
on

 w
h

en
 p

ou
ri

n
g 

th
e 

h
ot

liq
u

id
 t

o 
av

oi
d 

sp
la

tt
er

s 
an

d 
bu

rn
s.

4
.

O
bs

er
ve

 t
h

e 
pe

tr
i d

is
h

es
.O

n
 t

h
e 

n
ex

t 
pa

ge
,

dr
aw

 a
 d

at
a 

ta
bl

e 
on

 w
h

ic
h

 t
o 

re
co

rd
 y

ou
r

ob
se

rv
at

io
n

s.
B

el
ow

 y
ou

r 
da

ta
 t

ab
le

,d
ra

w
 w

h
at

yo
u

 o
bs

er
ve

 h
ap

pe
n

in
g 

in
 t

h
e 

pe
tr

i d
is

h
as

si
gn

ed
 t

o 
yo

u
.

5
.

Ev
er

y 
5 

m
in

u
te

s 
fo

r 
30

 m
in

u
te

s,
re

co
rd

 y
ou

r
ob

se
rv

at
io

n
s 

of
yo

u
r 

pe
tr

i d
is

h
.M

ak
e 

ac
cu

ra
te

,
fu

ll-
si

ze
d 

dr
aw

in
gs

 o
f

an
y 

cr
ys

ta
ls

 t
h

at
 b

eg
in

to
 f

or
m

.

P
R

O
C

E
D

U
R

E

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 5
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
1
9

N
am

e
C

la
ss

D
at

e

H
ow

 d
o 

ig
ne

ou
s 

ro
ck

s 
di

ff
er

?

C
o

m
p

a
re

an
d

 c
o

n
tr

a
st

th
e 

d
if

fe
re

n
t 

ch
ar

ac
te

ri
st

ic
s 

o
f 

ig
n

eo
u

s 
ro

ck
s.

P
ro

ce
d

u
re

1
.

U
si

n
g

 t
h

e 
ig

n
eo

u
s 

ro
ck

 s
am

p
le

s 
p

ro
vi

d
ed

 b
y 

yo
u

r 
te

ac
h

er
, c

ar
ef

u
lly

o
b

se
rv

e 
th

e 
fo

llo
w

in
g

 c
h

ar
ac

te
ri

st
ic

s 
o

f 
ea

ch
 r

o
ck

: c
o

lo
r, 

g
ra

in
 s

iz
e,

te
xt

u
re

, a
n

d
, i

f 
p

o
ss

ib
le

, m
in

er
al

 c
o

m
p

o
si

ti
o

n
.

2
.

D
es

ig
n

 a
 d

at
a 

ta
b

le
 t

o
 r

ec
o

rd
 y

o
u

r 
o

b
se

rv
at

io
n

s.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

C
la

ss
if

y 
yo

u
r 

ro
ck

 s
am

p
le

s 
as

 e
xt

ru
si

ve
 o

r 
in

tr
u

si
ve

 r
o

ck
s.

A
n

sw
er

s 
w

ill
 v

ar
y 

d
ep

en
d

in
g

 o
n

 t
h

e 
sa

m
p

le
s 

u
se

d
. T

h
e 

co
ar

se
-g

ra
in

ed
 s

am
p

le
s 

su
ch

 a
s 

g
ra

n
it

e,
 d

io
ri

te
, a

n
d

 g
ab

b
ro

 a
re

 in
tr

u
si

ve
. T

h
e 

fi
n

e-
g

ra
in

ed
 s

am
p

le
s 

su
ch

 

as
 o

b
si

d
ia

n
, r

h
yo

lit
e,

 a
n

d
es

it
e,

 a
n

d
 b

as
al

t 
ar

e 
ex

tr
u

si
ve

.

2
.

W
h

at
 c

h
ar

ac
te

ri
st

ic
s 

d
o

 t
h

e 
ex

tr
u

si
ve

 r
o

ck
s 

sh
ar

e?
 H

o
w

 d
o

 t
h

ey
 d

if
fe

r?
W

h
at

 c
h

ar
ac

te
ri

st
ic

s 
d

o
 t

h
e 

in
tr

u
si

ve
 r

o
ck

s 
sh

ar
e?

 H
o

w
 d

o
 t

h
ey

 d
if

fe
r?

Ex
tr

u
si

ve
 r

o
ck

s 
ar

e 
fi

n
e 

g
ra

in
ed

. T
h

ey
 d

if
fe

r 
in

 c
o

lo
r 

an
d

 s
o

m
e 

m
ay

 s
h

o
w

 a
 

p
o

rp
h

yr
it

ic
 t

ex
tu

re
. I

n
tr

u
si

ve
 r

o
ck

s 
ar

e 
co

ar
se

 g
ra

in
ed

. T
h

ey
 d

if
fe

r 
in

 c
o

lo
r 

an
d

 m
in

er
al

 c
o

m
p

o
si

ti
o

n
.

3
.

C
la

ss
if

y 
yo

u
r 

ro
ck

 s
am

p
le

s 
as

 f
el

si
c,

 in
te

rm
ed

ia
te

, m
af

ic
, o

r 
u

lt
ra

m
af

ic
.

A
n

sw
er

s 
w

ill
 v

ar
y 

d
ep

en
d

in
g

 o
n

 t
h

e 
sa

m
p

le
s 

u
se

d
. L

ig
h

t-
co

lo
re

d
 s

am
p

le
s 

su
ch

 

as
 g

ra
n

it
e 

an
d

 r
h

yo
lit

e 
ar

e 
fe

ls
ic

. M
ed

iu
m

-c
o

lo
re

d
 s

am
p

le
s 

ar
e 

in
te

rm
ed

ia
te

, a
n

d
 

d
ar

k-
co

lo
re

d
 s

am
p

le
s—

o
th

er
 t

h
an

 o
b

si
d

ia
n

—
ar

e 
m

af
ic

.

M
in

iL
ab

 5
M

in
iL

ab
 5
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T142 Answer Pages Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

N
am

e
C

la
ss

D
at

e

2
2

C
ha

pt
er

 5
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

M
od

el
in

g 
Cr

ys
ta

l F
or

m
at

io
n

1
.

W
h

at
 f

ac
to

rs
 a

ff
ec

te
d 

th
e 

si
ze

 o
f

th
e 

cr
ys

ta
ls

 in
 t

h
e 

di
ff

er
en

t 
pe

tr
i d

is
h

es
? 

H
ow

 d
o 

yo
u

 k
n

ow
?

Th
e 

co
o

lin
g

 r
at

e 
af

fe
ct

ed
 t

h
e 

cr
ys

ta
l s

iz
e.

 T
h

is
 is

 e
vi

d
en

t 
b

ec
au

se
 it

 is
 t

h
e 

o
n

ly
 

va
ri

ab
le

 t
es

te
d

.

2
.

In
fe

r 
w

hy
 t

h
e 

cr
ys

ta
ls

 c
h

an
ge

d 
sh

ap
e 

as
 t

h
ey

 g
re

w
.

Th
e 

cr
ys

ta
ls

 g
re

w
 la

rg
er

 b
u

t 
m

ai
n

ta
in

ed
 a

 s
im

ila
r 

sh
ap

e 
u

n
ti

l t
h

ey
 b

eg
an

 t
o

 in
te

rf
er

e 

w
it

h
 e

ac
h

 o
th

er
. T

h
ei

r 
sh

ap
es

 b
ec

am
e 

d
is

to
rt

ed
 a

s 
th

ey
 g

re
w

 t
o

g
et

h
er

.

3
.

H
ow

 is
 t

h
is

 e
xp

er
im

en
t 

di
ff

er
en

t 
fr

om
 m

ag
m

a 
cr

ys
ta

lli
za

ti
on

? 
H

ow
 is

 it
 t

h
e 

sa
m

e?

Th
e 

ex
p

er
im

en
t 

is
 d

if
fe

re
n

t 
fr

o
m

 m
ag

m
a 

cr
ys

ta
lli

za
ti

o
n

 in
 t

h
at

 m
ag

m
a 

cr
ys

ta
lli

za
ti

o
n

in
vo

lv
es

 t
h

e 
co

o
lin

g
 o

f 
m

el
te

d
 m

in
er

al
s,

 w
h

er
ea

s 
th

is
 e

xp
er

im
en

t 
in

vo
lv

es
 t

h
e 

co
o

lin
g

 o
f 

a 
h

o
t 

so
lu

ti
o

n
 c

o
n

ta
in

in
g

 d
is

so
lv

ed
 m

in
er

al
s.

 T
h

e 
ex

p
er

im
en

t 
is

 s
im

ila
r 

to
 

m
ag

m
a 

cr
ys

ta
lli

za
ti

o
n

 in
 t

h
at

 t
h

e 
co

o
lin

g
 r

at
e 

af
fe

ct
ed

 c
ry

st
al

 s
iz

e 
in

 b
o

th
 c

as
es

, a
n

d
 

th
e 

cr
ys

ta
ls

 g
re

w
 b

y 
ad

d
in

g
 a

to
m

s 
to

 t
h

ei
r 

su
rf

ac
es

.

4
.

D
es

cr
ib

e 
th

e 
re

la
ti

on
sh

ip
 b

et
w

ee
n

 c
oo

lin
g 

ra
te

 a
n

d 
cr

ys
ta

l f
or

m
at

io
n

.

A
 f

as
t 

co
o

lin
g

 r
at

e 
re

su
lt

s 
in

 s
m

al
l c

ry
st

al
s;

 a
 s

lo
w

 c
o

o
lin

g
 r

at
e 

re
su

lt
s 

in
 

la
rg

e 
cr

ys
ta

ls
.

C
O

N
C

L
U

D
E

 A
N

D
 A

P
P

L
Y

A
N

A
L

Y
Z

E

3
.

C
om

pa
re

 y
ou

r 
dr

aw
in

gs
 a

n
d 

pe
tr

i d
is

h
 w

it
h

 t
h

os
e 

of
ot

h
er

 s
tu

de
n

ts
 in

 y
ou

r 
gr

ou
p.

W
h

ic
h

 p
et

ri
 d

is
h

h
ad

 t
h

e 
sm

al
le

st
 a

ve
ra

ge
 c

ry
st

al
 s

iz
e?

 D
es

cr
ib

e 
th

e 
co

n
di

ti
on

s 
u

n
de

r 
w

h
ic

h
 t

h
at

 p
et

ri
 d

is
h

 c
oo

le
d.

Th
e 

p
et

ri
 d

is
h

 t
h

at
 c

o
o

le
d

 m
o

st
 q

u
ic

kl
y 

w
ill

 h
av

e 
th

e 
sm

al
le

st
 c

ry
st

al
s.

 T
h

e 
co

n
d

it
io

n
s 

u
n

d
er

 w
h

ic
h

 t
h

e 
p

et
ri

 d
is

h
 c

o
o

le
d

 w
ill

 v
ar

y,
 d

ep
en

d
in

g
 o

n
 t

h
e 

co
o

lin
g

 m
et

h
o

d
 u

se
d

.

4
.

D
o 

al
l t

h
e 

cr
ys

ta
ls

 h
av

e 
th

e 
sa

m
e 

sh
ap

e?
 D

ra
w

 t
h

e 
m

os
t 

co
m

m
on

 s
h

ap
e.

Sh
ar

e 
yo

u
r

dr
aw

in
gs

 w
it

h
 o

th
er

 g
ro

u
ps

.D
es

cr
ib

e 
an

y 
pa

tt
er

n
s 

th
at

 y
ou

 s
ee

.

Th
e 

m
aj

o
ri

ty
 o

f 
th

e 
cr

ys
ta

ls
 w

ill
 h

av
e 

th
e 

sa
m

e 
sh

ap
e 

u
n

ti
l t

h
ey

 b
eg

in
 t

o
 g

ro
w

 

to
g

et
h

er
.

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 5
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
2
1

M
od

el
in

g 
Cr

ys
ta

l F
or

m
at

io
n

D
A

TA
TA

B
LE

O
B

SE
RV

A
TI

O
N

S

1
.

H
ow

 d
id

 y
ou

 v
ar

y 
th

e 
co

ol
in

g 
ra

te
 o

f
th

e 
so

lu
ti

on
s 

in
 t

h
e 

pe
tr

i d
is

h
es

? 
C

om
pa

re
 y

ou
r 

m
et

h
od

s
w

it
h

 t
h

os
e 

of
ot

h
er

 g
ro

u
ps

.D
id

 o
n

e 
m

et
h

od
 a

pp
ea

r 
to

 w
or

k 
be

tt
er

 t
h

an
 o

th
er

s?
 E

xp
la

in
.

A
n

sw
er

s 
w

ill
 v

ar
y 

d
ep

en
d

in
g

 o
n

 t
h

e 
co

o
lin

g
 m

et
h

o
d

 u
se

d
. P

o
ss

ib
le

 m
et

h
o

d
s 

ar
e 

lis
te

d
 u

n
d

er
 D

at
a 

an
d

 O
b

se
rv

at
io

n
s.

2
.

U
se

 a
 m

ag
n

if
yi

n
g 

gl
as

s 
or

 b
in

oc
u

la
r 

m
ic

ro
sc

op
e 

to
 o

bs
er

ve
 y

ou
r 

al
u

m
 c

ry
st

al
s.

W
h

at
do

 t
h

e 
cr

ys
ta

ls
 lo

ok
 li

ke
? 

A
re

 a
ll 

th
e 

cr
ys

ta
ls

 t
h

e 
sa

m
e 

si
ze

?

A
lu

m
 c

ry
st

al
s 

ar
e 

ta
b

u
la

r 
an

d
 h

av
e 

si
x 

si
d

es
. T

h
ey

 lo
o

k 
lik

e 
tr

ia
n

g
le

s 
w

it
h

 t
h

e 

co
rn

er
s 

cu
t 

o
ff

. T
h

e 
cr

ys
ta

ls
 m

ay
 b

e 
d

if
fe

re
n

t 
si

ze
s.

A
N

A
L

Y
Z

E
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2
4

C
ha

pt
er

 6
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

N
am

e
C

la
ss

D
at

e

A
s 

th
e 

ro
ck

 c
yc

le
 c

on
ti

nu
es

,a
nd

 r
oc

ks
 c

ha
ng

e 
fr

om
 o

ne
 t

yp
e 

to
 a

no
th

er
,m

or
e 

ch
an

ge
s

oc
cu

r 
th

an
 m

ee
t 

th
e 

ey
e.

C
ol

or
,g

ra
in

 s
iz

e,
te

xt
ur

e 
an

d 
m

in
er

al
 c

om
po

si
ti

on
 a

re
ea

si
ly

 o
bs

er
ve

d 
an

d 
de

sc
ri

be
d 

vi
su

al
ly

.Y
et

,w
it

h 
m

in
er

al
 c

ha
ng

es
 c

om
e 

ch
an

ge
s 

in
 c

ry
st

al
st

ru
ct

ur
e 

an
d 

de
ns

it
y.

H
ow

 c
an

 t
he

se
 b

e 
ac

co
un

te
d 

fo
r 

an
d 

de
sc

ri
be

d?
 S

tu
dy

in
g 

pa
ir

s 
of

se
di

m
en

ta
ry

 a
nd

 m
et

am
or

ph
ic

 r
oc

ks
 c

an
 s

ho
w

 y
ou

 h
ow

.

P
ro

b
le

m
H

ow
 d

o 
th

e 
ch

ar
ac

te
ri

st
ic

s 
of

se
di

m
en

ta
ry

 a
n

d
m

et
am

or
ph

ic
 r

oc
ks

 c
om

pa
re

?

M
a
te

ri
a
ls

sa
m

pl
es

 o
f

se
di

m
en

ta
ry

 r
oc

ks
 a

n
d 

th
ei

r 
m

et
am

or
ph

ic
 e

qu
iv

al
en

ts

m
ag

n
if

yi
n

g 
gl

as
s 

or
 h

an
d 

le
n

s

pa
pe

r

pe
n

ci
l

be
am

 b
al

an
ce

10
0-

m
L 

gr
ad

u
at

ed
 c

yl
in

de
r 

or
 b

ea
ke

r 
la

rg
e 

en
ou

gh
 t

o 
h

ol
d 

th
e 

ro
ck

 s
am

pl
es

w
at

er

O
b

je
ct

iv
e
s

In
 t

hi
s 

G
eo

La
b,

yo
u 

w
ill

:

•
D

e
sc

ri
b

e
th

e 
ch

ar
ac

te
ri

st
ic

s 
of

se
di

m
en

ta
ry

 a
n

d
m

et
am

or
ph

ic
 r

oc
ks

.

•
D

e
te

rm
in

e
th

e 
de

n
si

ty
 o

f
di

ff
er

en
t 

ro
ck

 t
yp

es
.

•
In

fe
r

h
ow

 m
et

am
or

ph
is

m
 c

h
an

ge
s 

th
e 

st
ru

ct
u

re
of

ro
ck

s.

S
a
fe

ty
 P

re
ca

u
ti

o
n

s

A
lw

ay
s 

w
ea

r 
sa

fe
ty

 g
og

gl
es

 a
n

d 
an

 a
pr

on
 

in
 t

h
e 

la
b.

In
te

rp
re

ti
ng

 C
ha

ng
es

 
in

 R
oc

ks

P
R

E
P

A
R

A
T

IO
N

1
.

U
se

 t
h

e 
da

ta
 t

ab
le

 o
n

 t
h

e 
n

ex
t 

pa
ge

.A
dd

 r
ow

s
to

 t
h

e 
ta

bl
e 

if
yo

u
 a

re
 e

xa
m

in
in

g 
m

or
e 

th
an

fo
u

r 
sa

m
pl

es
.

2
.

O
bs

er
ve

 e
ac

h
 r

oc
k 

sa
m

pl
e.

R
ec

or
d 

yo
u

r
ob

se
rv

at
io

n
s 

in
 t

h
e 

da
ta

 t
ab

le
.

3
.

R
ec

al
l t

h
at

 d
en

si
ty

 �
m

as
s/

vo
lu

m
e.

M
ak

e 
a

pl
an

 t
h

at
 w

ill
 a

llo
w

 y
ou

 t
o 

m
ea

su
re

 t
h

e 
m

as
s

an
d 

vo
lu

m
e 

of
a 

ro
ck

 s
am

pl
e.

4
.

D
et

er
m

in
e 

th
e 

de
n

si
ty

 o
f

ea
ch

 r
oc

k 
sa

m
pl

e
an

d 
re

co
rd

 t
h

is
 in

fo
rm

at
io

n
 in

 t
h

e 
da

ta
 t

ab
le

.

P
R

O
C

E
D

U
R

E

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 6
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
2
3

N
am

e
C

la
ss

D
at

e

W
ha

t 
ha

pp
en

ed
 h

er
e?

In
te

rp
re

t
an

im
al

 a
ct

iv
it

y 
fr

o
m

 p
at

te
rn

s 
o

f 
fo

ss
il

fo
o

tp
ri

n
ts

.

P
ro

ce
d

u
re

1
.

St
u

d
y 

th
e 

p
h

o
to

g
ra

p
h

 o
f 

a 
se

t 
o

f 
fo

o
tp

ri
n

ts
th

at
 h

as
 b

ee
n

 p
re

se
rv

ed
 in

 s
ed

im
en

ta
ry

 r
o

ck
s.

2
.

W
ri

te
 a

 d
es

cr
ip

ti
o

n
 o

f 
h

o
w

 t
h

es
e 

tr
ac

ks
 m

ig
h

t
h

av
e 

b
ee

n
 m

ad
e.

3
.

D
ra

w
 y

o
u

r 
o

w
n

 d
ia

g
ra

m
 o

f 
a 

se
t 

o
f 

fo
ss

ili
ze

d
 f

o
o

tp
ri

n
ts

 t
h

at
 r

ec
o

rd
 t

h
e 

in
te

ra
ct

io
n

s
o

f
o

rg
an

is
m

s 
in

 t
h

e 
en

vi
ro

n
m

en
t.

 U
se

 t
h

e 
sp

ac
e 

b
el

o
w

.

4
.

G
iv

e 
yo

u
r 

d
ia

g
ra

m
 t

o
 a

n
o

th
er

 s
tu

d
en

t 
an

d
 h

av
e 

th
at

 s
tu

d
en

t 
in

te
rp

re
t 

w
h

at
 h

ap
p

en
ed

.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

H
o

w
 m

an
y 

an
im

al
s 

m
ad

e 
th

e 
tr

ac
ks

 s
h

o
w

n
?

o
n

e

2
.

W
h

at
 t

yp
es

 o
f 

in
fo

rm
at

io
n

 c
an

 b
e 

in
fe

rr
ed

 f
ro

m
 a

 s
et

 o
f 

fo
ss

il 
fo

o
tp

ri
n

ts
?

ty
p

es
 o

f 
an

im
al

s,
 d

ir
ec

ti
o

n
 o

f 
tr

av
el

, r
el

at
iv

e 
st

ri
d

e 
le

n
g

th
s 

an
d

 w
ei

g
h

ts
 o

f 
th

e 

an
im

al
s,

 n
u

m
b

er
 o

f 
to

es
, w

h
ic

h
 t

ra
ck

s 
w

er
e 

m
ad

e 
fi

rs
t,

 a
n

d
 s

o
 o

n

3
.

D
id

 o
th

er
 s

tu
d

en
ts

 in
te

rp
re

t 
yo

u
r 

d
ia

g
ra

m
 t

h
e 

sa
m

e 
w

ay
? 

W
h

at
 m

ig
h

t 
h

av
e 

ca
u

se
d

 
an

y 
d

if
fe

re
n

ce
s?

D
ia

g
ra

m
s 

w
ill

 li
ke

ly
 h

av
e 

m
u

lt
ip

le
 in

te
rp

re
ta

ti
o

n
s 

b
ec

au
se

 d
if

fe
re

n
t 

an
im

al
 

in
te

ra
ct

io
n

s 
m

ay
 le

av
e 

si
m

ila
r 

ty
p

es
 o

f 
tr

ac
ks

.

M
in

iL
ab

 6
M

in
iL

ab
 6
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N
am

e
C

la
ss

D
at

e

2
6

C
ha

pt
er

 6
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

In
te

rp
re

ti
ng

 C
ha

ng
es

 in
 R

oc
ks

1
.

W
hy

 d
oe

s 
th

e 
co

lo
r 

of
a 

se
di

m
en

ta
ry

 r
oc

k 
ch

an
ge

 d
u

ri
n

g 
m

et
am

or
ph

is
m

?

Th
e 

g
ra

in
 s

iz
e 

is
 c

h
an

g
in

g
 a

n
d

 n
ew

 m
in

er
al

s 
ar

e 
g

ro
w

in
g

.

2
.

C
om

pa
re

 t
h

e 
de

n
si

ty
 o

f
a 

sl
at

e 
an

d 
a 

qu
ar

tz
it

e.
W

h
ic

h
 r

oc
k 

h
as

 a
 g

re
at

er
 d

en
si

ty
?

E
xp

la
in

.

D
ep

en
d

in
g

 u
p

o
n

 s
am

p
le

s 
u

se
d

, t
h

e 
d

en
si

ti
es

 m
ay

 b
e 

cl
o

se
. S

la
te

 w
ill

 u
su

al
ly

 h
av

e 
a 

g
re

at
er

 d
en

si
ty

 t
h

an
 q

u
ar

tz
it

e.
 Q

u
ar

tz
it

e 
w

ill
 h

av
e 

a 
d

en
si

ty
 v

er
y 

cl
o

se
 t

o
 q

u
ar

tz
—

2.
6 

g
/c

m
3 . T

h
e 

m
ic

a 
m

in
er

al
s 

in
 s

la
te

 o
ft

en
 h

av
e 

a 
g

re
at

er
 d

en
si

ty
 t

h
an

 q
u

ar
tz

 d
o

es
.

3
.

C
om

pa
re

 t
h

e 
de

n
si

ti
es

 o
f

sh
al

e 
an

d 
sl

at
e,

sa
n

ds
to

n
e 

an
d 

qu
ar

tz
it

e,
an

d 
lim

es
to

n
e 

an
d 

m
ar

bl
e.

D
oe

s 
de

n
si

ty
 a

lw
ay

s 
ch

an
ge

 in
 t

h
e 

sa
m

e 
w

ay
? 

E
xp

la
in

 t
h

e 
re

su
lt

s 
th

at
 

yo
u

 o
bs

er
ve

d.

Th
e 

sl
at

e 
w

ill
 b

e 
m

o
re

 d
en

se
 t

h
an

 t
h

e 
sh

al
e 

b
ec

au
se

 d
en

se
r 

m
in

er
al

s 
h

av
e 

g
ro

w
n

. 

Q
u

ar
tz

it
e 

is
 d

en
se

r 
th

an
 s

an
d

st
o

n
e 

b
ec

au
se

 s
ili

ca
 h

as
 g

ro
w

n
 in

to
 t

h
e 

p
o

re
 s

p
ac

es
 

th
at

 h
ad

 p
re

vi
o

u
sl

y 
b

ee
n

 f
ill

ed
 w

it
h

 a
ir

 o
r 

w
at

er
. M

ar
b

le
 is

 m
o

re
 d

en
se

 t
h

an
 

lim
es

to
n

e 
b

ec
au

se
 t

h
e 

ca
lc

it
e 

h
as

 r
ec

ry
st

al
liz

ed
 in

to
 a

 d
en

se
r, 

in
te

rl
o

ck
in

g
 s

tr
u

ct
u

re
.

C
O

N
C

L
U

D
E

 A
N

D
 A

P
P

L
Y

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 6
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
2
5

In
te

rp
re

ti
ng

 C
ha

ng
es

 in
 R

oc
ks

1
.

C
om

pa
re

 a
n

d 
co

n
tr

as
t 

a 
sh

al
e 

an
d 

a 
sa

n
ds

to
n

e.

sh
al

e–
d

ar
ke

r 
co

lo
r, 

fi
n

er
 g

ra
in

ed
, t

h
in

 la
ye

rs
; s

an
d

st
o

n
e–

lig
h

te
r 

co
lo

r, 
m

ed
iu

m
 

g
ra

in
ed

, t
h

ic
ke

r 
la

ye
rs

 o
r 

m
as

si
ve

2
.

H
ow

 d
oe

s 
th

e 
gr

ai
n

 s
iz

e 
of

a 
sa

n
ds

to
n

e 
ch

an
ge

 d
u

ri
n

g 
m

et
am

or
ph

is
m

?

Th
e 

g
ra

in
s 

b
ec

o
m

e 
la

rg
er

 a
s 

th
ey

 g
ro

w
 t

o
g

et
h

er
.

3
.

W
h

at
 t

ex
tu

ra
l d

if
fe

re
n

ce
s 

do
 y

ou
 o

bs
er

ve
 b

et
w

ee
n

 a
 s

h
al

e 
an

d 
a 

sl
at

e?

Sl
at

e 
h

as
 t

h
in

n
er

 f
o

lia
te

d
 la

ye
rs

 a
n

d
 m

ay
 h

av
e 

a 
sm

o
o

th
er

 f
ee

l a
n

d
 s

h
in

ie
r 

lu
st

er
 

b
ec

au
se

 o
f 

th
e 

p
re

se
n

ce
 o

f 
m

et
am

o
rp

h
ic

 m
ic

a 
m

in
er

al
s.

4
.

C
om

pa
re

 t
h

e 
de

n
si

ti
es

 y
ou

 c
al

cu
la

te
d 

w
it

h
 o

th
er

 s
tu

de
n

ts
.D

oe
s 

ev
er

yb
od

y 
h

av
e 

th
e

sa
m

e 
an

sw
er

? 
W

h
at

 a
re

 s
om

e 
of

th
e 

re
as

on
s 

th
at

 a
n

sw
er

s 
m

ay
 v

ar
y?

Th
e 

ca
lc

u
la

te
d

 d
en

si
ti

es
 w

ill
 b

e 
va

ri
ab

le
. P

o
ss

ib
le

 s
o

u
rc

es
 o

f 
er

ro
r 

ar
e 

m
at

h
em

at
ic

al
 

m
is

ta
ke

s,
 m

as
s 

d
if

fe
re

n
ce

s 
b

et
w

ee
n

 w
et

 a
n

d
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in

 k
ilo

m
et

er
s.

D
ou

bl
e-

ch
ec

k
yo

u
r 

re
su

lt
s.

P
R

O
C

E
D

U
R

E

1
.

W
h

at
 d
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 f
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 b
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 d
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 d
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 d
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h
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 t
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 t
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p
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e
C
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 d
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 m
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 f
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 m
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n
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 C
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.
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d
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n
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.
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h
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n
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 t
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 c
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b
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n
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 t
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 p
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e 

G
u

lf
 o

f 
M

ex
ic

o

M
in

iL
ab

 8
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 t
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 c
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 b
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th

e 
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ee
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 c
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 c
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n
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h
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 d
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lid
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p
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 t
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ra
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 f
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h
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 p
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 m
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 b
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l p
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n
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p
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p
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p
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 d
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b
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 t
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 m
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e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
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at
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 t
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 d
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 m
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 p
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w
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 p
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s
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:
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 t
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l t
h
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h
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 d
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 t
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b
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at
er

 w
ill

 r
em

ai
n

 o
n

 t
h

e 
to

p
 o

f 
th

e 
cl

ay
 t

h
e 

lo
n

g
es

t.

2
.

H
o

w
 is

 t
h

is
 a

ct
iv

it
y 

si
m

ila
r 

to
 w

h
at

 a
ct

u
al

ly
 h

ap
p

en
s 

o
n

 E
ar

th
’s

 s
u

rf
ac

e
w

h
en

 a
 la

ke
 f

o
rm

s?

W
h

en
 w

at
er

 c
o

lle
ct

s 
in

 a
n

 a
re

a 
w

h
er

e 
th

e 
sp

ac
es

 b
et

w
ee

n
 t

h
e 

p
ar

ti
cl

es
 o

f 
su

rf
ac

e 

m
at

er
ia

l a
re

 s
m

al
l, 

th
e 

w
at

er
 is

 m
o

re
 li

ke
ly

 t
o

 r
em

ai
n

 o
n

 t
o

p
 o

f 
Ea

rt
h

’s
 s

u
rf

ac
e 

an
d

 

fo
rm

 a
 la

ke
.

3
.

W
h

at
 c

an
 y

o
u

 in
fe

r 
ab

o
u

t 
th

e 
Ea

rt
h

 m
at

er
ia

ls
 in

 w
h

ic
h

 la
ke

s 
m

o
st

co
m

m
o

n
ly

 f
o

rm
?

Ea
rt

h
 s

u
rf

ac
e 

m
at

er
ia

ls
 t

h
at

 le
ad

 t
o

 t
h

e 
fo

rm
at

io
n

 o
f 

la
ke

s 
d

o
 n

o
t 

al
lo

w
 w

at
er

 t
o

 

ea
si

ly
 p

as
s 

th
ro

u
g

h
 t

h
em

.

M
in

iL
ab

 9
M

in
iL

ab
 9
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T150 Answer Pages Earth Science: Geology, the Environment, and the Universe GeoLab and MiniLab Worksheets

N
am

e
C

la
ss

D
at

e

3
8

C
ha

pt
er

 9
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
G

eo
La

b 
an

d 
M

in
iL

ab
 W

or
ks

he
et

s

M
od

el
in

g 
St

re
am

 V
el

oc
it

y 
an

d 
Sl

op
e

1
.

W
h

at
 is

 t
h

e 
re

la
ti

on
sh

ip
 b

et
w

ee
n

 t
h

e 
ra

te
 o

f
w

at
er

 f
lo

w
 a

n
d 

th
e 

an
gl

e 
of

th
e 

sl
op

e?

Th
er

e 
is

 a
 d

ir
ec

t 
re

la
ti

o
n

sh
ip

 b
et

w
ee

n
 t

h
e 

ra
te

 o
f 

fl
o

w
 a

n
d

 t
h

e 
an

g
le

 o
f 

th
e 

sl
o

p
e.

 

V
el

o
ci

ty
 in

cr
ea

se
s 

as
 t

h
e 

an
g

le
 o

f 
th

e 
sl

o
p

e 
in

cr
ea

se
s.

2
.

D
es

cr
ib

e 
on

e 
re

as
on

 w
hy

 a
 s

tr
ea

m
’s

 s
lo

pe
 m

ig
h

t 
ch

an
ge

.

A
s 

a 
st

re
am

 e
ro

d
es

 it
s 

b
as

e,
 t

h
e 

st
re

am
’s

 s
lo

p
e 

is
 r

ed
u

ce
d

.

3
.

W
h

er
e 

w
ou

ld
 y

ou
 e

xp
ec

t 
to

 f
in

d 
st

re
am

s 
w

it
h

 t
h

e 
h

ig
h

es
t 

w
at

er
-f

lo
w

 v
el

oc
it

y?

at
 h

ig
h

er
 e

le
va

ti
o

n
s

C
O

N
C

L
U

D
E

 A
N

D
 A

P
P

L
Y

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 9
Ea

rt
h 

S
ci

en
ce

: 
G

eo
lo

gy
, 

th
e 

En
vi

ro
nm

en
t,

 a
nd

 t
he

 U
ni

ve
rs

e
3
7

M
od

el
in

g 
St

re
am

 V
el

oc
it

y 
an

d 
Sl

op
e

1
.

W
hy

 is
 it

 im
po

rt
an

t 
to

 k
ee

p 
th

e 
w

at
er

 f
lo

w
 c

on
st

an
t 

in
 t

h
is

 a
ct

iv
it

y?

A
 c

h
an

g
e 

in
 w

at
er

 f
lo

w
 w

o
u

ld
 r

es
u

lt
 in

 e
it

h
er

 a
 h

ig
h

er
 o

r 
lo

w
er

 r
ea

d
in

g
. I

f 
th

er
e 

w
er

e 
a 

ch
an

g
e 

in
 w

at
er

 f
lo

w
, t

h
e 

d
at

a 
co

lle
ct

ed
 w

o
u

ld
 r

ef
le

ct
 t

h
e 

ch
an

g
e 

in
 w

at
er

 

vo
lu

m
e 

in
st

ea
d

 o
f 

o
n

ly
 t

h
e 

ch
an

g
e 

in
 s

lo
p

e.

2
.

W
h

ic
h

 v
ar

ia
bl

es
 h

ad
 t

o 
be

 c
on

tr
ol

le
d 

to
 a

vo
id

 e
rr

or
s 

in
 y

ou
r 

da
ta

?

th
e 

ra
te

 o
f 

w
at

er
 f

lo
w

 f
ro

m
 t

h
e 

h
o

se
 a

n
d

 t
h

e 
vo

lu
m

e 
o

f 
w

at
er

 f
ro

m
 t

h
e 

h
o

se

3
.

U
si

n
g 

yo
u

r 
gr

ap
h

,p
re

di
ct

 t
h

e 
ve

lo
ci

ty
 o

f
w

at
er

 f
lo

w
 f

or
 a

 3
5°

sl
op

e.

A
n

sw
er

s 
w

ill
 v

ar
y 

d
ep

en
d

in
g

 o
n

 s
tu

d
en

t 
d

at
a.

A
N

A
L

Y
Z

E

LI
N

E 
G

R
A

PH

8
.

K
ee

p 
th

e 
w

at
er

 m
ov

in
g 

at
 t

h
e 

sa
m

e 
ra

te
 o

f
fl

ow
 f

or
 a

ll 
sl

op
e 

an
gl

es
 b

ei
n

g 
in

ve
st

ig
at

ed
.

9
.

D
ro

p 
a 

fl
oa

ti
n

g 
m

ar
ke

r 
ap

pr
ox

im
at

el
y 

4 
cm

ab
ov

e 
th

e 
to

p 
lin

e 
on

 t
h

e 
pi

pe
 a

n
d 

in
to

 t
h

e
fl

ow
in

g 
w

at
er

.M
ea

su
re

 t
h

e 
ti

m
e 

it
 t

ak
es

 f
or

 t
h

e
fl

oa
ti

n
g 

m
ar

ke
r 

to
 m

ov
e 

fr
om

 t
h

e 
to

p 
lin

e 
to

th
e 

bo
tt

om
 li

n
e.

R
ec

or
d 

th
e 

ti
m

e 
in

 y
ou

r
sc

ie
n

ce
 jo

u
rn

al
.

1
0
.

R
ep

ea
t 

st
ep

 9
 t

w
o 

m
or

e 
ti

m
es

.

1
1
.

R
ep

ea
t 

st
ep

s 
9 

an
d 

10
 b

u
t 

ch
an

ge
 t

h
e 

sl
op

e 
to

20
°,

th
en

 3
0°

,a
n

d 
th

en
 4

0°
.

1
2
.

M
ak

e 
a 

lin
e 

gr
ap

h
 o

f
th

e 
av

er
ag

e 
st

re
am

-f
lo

w
ve

lo
ci

ty
,u

si
n

g 
th

e 
sp

ac
e 

be
lo

w
.

P
R

O
C

E
D

U
R

E
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GeoLab and MiniLab Worksheets Answer Pages Earth Science: Geology, the Environment, and the Universe T151

1
.

W
h

at
 is

 t
h

e 
sl

op
e 

of
th

e 
w

at
er

 t
ab

le
 a

t 
Ji

m
’s

 G
as

 S
ta

ti
on

? 

at
 m

o
st

, 1
/1

00
 (

10
′/1

00
0′

)

2
.

W
h

at
 is

 t
h

e 
ap

pr
ox

im
at

e 
di

re
ct

io
n

 o
f

th
e 

w
at

er
 t

ab
le

 s
lo

pe
 a

t 
Ji

m
’s

 G
as

 S
ta

ti
on

?

n
o

rt
h

w
es

t

3
.

In
 w

h
ic

h
 d

ir
ec

ti
on

 w
ill

 t
h

e 
po

llu
ti

on
 p

lu
m

e 
m

ov
e?

 

n
o

rt
h

w
es

t

4
.

W
h

ic
h

 s
et

tl
em

en
ts

 o
r 

h
ou

se
s 

ar
e 

th
re

at
en

ed
 b

y 
th

is
 p

ol
lu

ti
on

 p
lu

m
e?

n
o

n
e

A
N

A
L

Y
Z

E

4
0

C
ha

pt
er

 1
0

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

N
am

e
C

la
ss

D
at

e

Y
ou

 c
an

 u
se

 t
he

 m
ap

 t
o 

es
ti

m
at

e 
th

e 
di

re
ct

io
n 

of
gr

ou
nd

w
at

er
 fl

ow
 a

nd
 t

he
m

ov
em

en
t 

of
a 

po
llu

ti
on

 p
lu

m
e 

fr
om

 it
s 

so
ur

ce
,s

uc
h 

as
 a

 le
ak

in
g 

un
de

rg
ro

un
d

ga
so

lin
e 

st
or

ag
e 

ta
nk

.

P
ro

b
le

m
A

 m
aj

or
 g

as
ol

in
e 

sp
ill

 o
cc

u
rr

ed
 a

t 
Ji

m
’s

 G
as

 
St

at
io

n
 n

ea
r 

R
iv

er
si

de
 A

cr
es

,F
lo

ri
da

.H
ow

 c
an

 
yo

u
 d

et
er

m
in

e 
th

e 
m

ov
em

en
t 

of
th

e 
re

su
lt

in
g 

po
llu

ti
on

 p
lu

m
e?

M
a
te

ri
a
ls

U
SG

S 
to

po
gr

ap
h

ic
 m

ap
 o

f
Fo

re
st

 C
it

y,
Fl

or
id

a

tr
an

sp
ar

en
t 

pa
pe

r

gr
ap

h
 p

ap
er

ru
le

r

ca
lc

u
la

to
r

M
ap

pi
ng

 P
ol

lu
ti

on

P
R

E
P

A
R

A
T

IO
N

1
.

Id
en

ti
fy

 t
h

e 
la

ke
s 

an
d 

sw
am

ps
 in

 t
h

e 
so

u
th

ea
st

co
rn

er
 o

f
th

is
 m

ap
,a

n
d 

lis
t 

th
ei

r 
n

am
es

 a
n

d
el

ev
at

io
n

s 
in

 t
h

e 
da

ta
 t

ab
le

 o
n

 t
h

e 
n

ex
t 

pa
ge

.
N

ot
e:

T
h

e 
el

ev
at

io
n

s 
ar

e 
gi

ve
n

 o
r 

ca
n

 b
e

es
ti

m
at

ed
 f

ro
m

 t
h

e 
co

n
to

u
r 

lin
es

.

2
.

P
la

ce
 t

h
e 

tr
an

sp
ar

en
t 

pa
pe

r 
ov

er
 t

h
e 

so
u

th
ea

st
pa

rt
 o

f
th

e 
m

ap
 a

n
d 

tr
ac

e 
th

e 
ap

pr
ox

im
at

e
ou

tl
in

es
 o

f
th

es
e 

la
ke

s 
or

 s
w

am
ps

,a
s 

w
el

l a
s

th
e 

m
aj

or
 r

oa
ds

.E
n

te
r 

la
ke

 o
r 

sw
am

p
el

ev
at

io
n

s 
on

 y
ou

r 
ov

er
la

y,
an

d 
in

di
ca

te
 t

h
e

lo
ca

ti
on

 o
f

Ji
m

’s
 G

as
 S

ta
ti

on
 o

n
 F

or
es

t 
C

it
y

R
d.

,a
bo

u
t 

14
00

 f
ee

t 
n

or
th

 o
f

th
e 

Se
m

in
ol

e
C

ou
n

ty
 li

n
e 

(a
t 

th
e 

96
 f

oo
t 

el
ev

at
io

n
 m

ar
k)

.

3
.

A
dd

 c
on

to
u

r 
lin

es
 t

o 
yo

u
r 

ov
er

la
y 

u
si

n
g 

a
co

n
to

u
r 

in
te

rv
al

 o
f

10
 f

ee
t.

4
.

C
on

st
ru

ct
 a

 c
ro

ss
 s

ec
ti

on
 o

f
th

e 
su

rf
ac

e
to

po
gr

ap
hy

 a
n

d 
th

e 
w

at
er

 t
ab

le
 f

ro
m

 L
ak

e
Lo

tu
s 

to
 L

ak
e 

Lu
ci

en
 (

th
ro

u
gh

 J
im

’s
 G

as
St

at
io

n
).

P
R

O
C

E
D

U
R

E

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 1
0

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

3
9

N
am

e
C

la
ss

D
at

e

H
ow

 d
oe

s 
an

 a
rt

es
ia

n 
w

el
l w

or
k?

M
o

d
e
l

th
e 

ch
an

g
es

 t
h

at
 a

n
 a

rt
es

ia
n

 a
q

u
if

er
 u

n
d

er
g

o
es

 w
h

en
 a

 w
el

l i
s 

d
u

g
in

to
 it

. W
h

at
 c

au
se

s 
th

e 
w

at
er

 t
o

 r
is

e 
ab

o
ve

 t
h

e 
g

ro
u

n
d

 s
u

rf
ac

e?

P
ro

ce
d

u
re

 

C
A

U
TI

O
N

: A
lw

ay
s 

w
ea

r 
sa

fe
ty

 g
o

g
g

le
s 

an
d

 a
n

 a
p

ro
n

 in
 t

h
e 

la
b

.

1
.

H
al

f 
fi

ll 
a 

p
la

st
ic

 s
h

o
e 

b
o

x 
o

r 
o

th
er

 c
o

n
ta

in
er

 w
it

h
 s

an
d

. A
d

d
 e

n
o

u
g

h
w

at
er

 t
o

 s
at

u
ra

te
 t

h
e 

sa
n

d
. C

o
ve

r 
th

e 
sa

n
d

 c
o

m
p

le
te

ly
 w

it
h

 a
 1

- 
o

r 
2-

cm
la

ye
r 

o
f 

cl
ay

 o
r 

a 
si

m
ila

r 
im

p
er

m
ea

b
le

 m
at

er
ia

l.

2
.

Ti
lt

 t
h

e 
b

o
x 

at
 a

n
 a

n
g

le
 o

f 
ab

o
u

t 
10

°.
 U

se
 a

 b
o

o
k 

fo
r 

a 
p

ro
p

.

3
.

Pu
n

ch
 t

h
re

e 
h

o
le

s 
th

ro
u

g
h

 t
h

e 
cl

ay
, o

n
e 

ea
ch

 n
ea

r 
th

e 
lo

w
 e

n
d

, t
h

e
m

id
d

le
, a

n
d

 t
h

e 
h

ig
h

 e
n

d
 o

f 
th

e 
b

o
x.

 In
se

rt
 a

 c
le

ar
 s

tr
aw

 t
h

ro
u

g
h

 e
ac

h
h

o
le

 in
to

 t
h

e 
sa

n
d

 b
el

o
w

. S
ea

l t
h

e 
h

o
le

s 
ar

o
u

n
d

 t
h

e 
st

ra
w

s.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

O
b

se
rv

e 
th

e 
w

at
er

 le
ve

ls
 in

 t
h

e 
st

ra
w

s.
 W

h
er

e 
is

 t
h

e 
w

at
er

 le
ve

l t
h

e
h

ig
h

es
t?

 T
h

e 
lo

w
es

t?

h
ig

h
es

t 
in

 t
h

e 
lo

w
es

t 
st

ra
w

, l
o

w
es

t 
in

 t
h

e 
h

ig
h

es
t 

st
ra

w

2
.

W
h

er
e 

is
 t

h
e 

w
at

er
 t

ab
le

 in
 t

h
e 

b
o

x?
 

b
el

o
w

 t
h

e 
si

lic
o

n
e 

p
u

tt
y

3
.

W
h

er
e 

is
 t

h
e 

w
at

er
 u

n
d

er
 g

re
at

es
t 

p
re

ss
u

re
? 

Ex
p

la
in

. 

at
 lo

w
 e

n
d

 o
f 

co
n

ta
in

er
 b

ec
au

se
 o

f 
th

e 
h

yd
ro

st
at

ic
 p

re
ss

u
re

 p
ro

d
u

ce
d

 b
y 

th
e 

w
ei

g
h

t 
o

f 
th

e 
w

at
er

 a
b

o
ve

 t
h

at
 le

ve
l

4
.

Pr
ed

ic
t 

w
h

at
 w

ill
 h

ap
p

en
 t

o
 t

h
e 

w
at

er
 t

ab
le

 a
n

d
 t

h
e 

su
rf

ac
e 

to
 w

h
ic

h
 t

h
e

w
at

er
 f

lo
w

s 
fr

o
m

 o
n

e 
o

f 
th

e 
st

ra
w

s.
 

B
o

th
 t

h
e 

w
at

er
 t

ab
le

 in
 t

h
e 

sa
n

d
 a

n
d

 t
h
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 b
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w
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C
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N
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M
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en
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 a

nd
 t

he
 U

ni
ve

rs
e

4
1

M
ap

pi
ng

 P
ol

lu
ti
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1
.

H
ow

 f
ar

 b
el

ow
 t

h
e 

su
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ac
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h
e 

w
at

er
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h
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h
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ar
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u
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2
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at
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e 
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sh
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f
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at
er
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su
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e 
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ra
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N
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 f
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G
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d
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B
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U
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u
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l
59

Fo
re

st
65

H
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n
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n
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U
n

n
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O
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D
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n
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C
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U
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n
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4
4

C
ha

pt
er

 1
1

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

N
am

e
C

la
ss

D
at

e

A
s 

yo
u 

go
 u

p 
a 

m
ou

nt
ai

n,
bo

th
 t

em
pe

ra
tu

re
 a

nd
 a

ir
 p

re
ss

ur
e 

de
cr

ea
se

.T
he

se
 e

ffe
ct

s
ar

e 
ea

si
ly

 e
xp

la
in

ed
.T

em
pe

ra
tu

re
 d

ec
re

as
es

 a
s 

yo
u 

ge
t 

fa
rt

he
r 

aw
ay

 fr
om

 t
he

at
m

os
ph

er
e’s

 h
ea

t 
so

ur
ce

,E
ar

th
’s 

su
rf

ac
e.

P
re

ss
ur

e 
de

cr
ea

se
s 

as
 y

ou
 a

sc
en

d 
th

e 
m

ou
nt

ai
n

be
ca

us
e 

th
er

e 
ar

e 
fe

w
er

 a
nd

 fe
w

er
 p

ar
ti

cl
es

 o
fa

ir
 a

bo
ve

 y
ou

.P
re

ss
ur

e 
an

d 
te

m
pe

ra
tu

re
,

ho
w

ev
er

,a
re

 a
ls

o 
re

la
te

d 
th

ro
ug

h 
th

e 
ex

pa
ns

io
n 

an
d 

co
m

pr
es

si
on

 o
fa

ir
,r

eg
ar

dl
es

s 
of

he
ig

ht
.I

n 
th

is
 a

ct
iv

it
y,

yo
u 

w
ill

 d
em

on
st

ra
te

 t
ha

t 
re

la
ti

on
sh

ip
.

P
ro

b
le

m
D

em
on

st
ra

te
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 t

em
pe

ra
tu

re
an

d 
pr

es
su

re
.

O
b

je
ct

iv
e
s

In
 t

hi
s 

G
eo

La
b,

yo
u 

w
ill

:

•
M

o
d

e
l

th
e 

te
m

pe
ra

tu
re

 a
n

d 
pr

es
su

re
 c

h
an

ge
s 

th
at

 t
ak

e 
pl

ac
e 

as
 a

 r
es

u
lt

 o
f

th
e 

ex
pa

n
si

on
 

an
d 

co
m

pr
es

si
on

 o
f

ai
r.

•
R

e
la

te
th

e 
ch

an
ge

s 
to

 p
ro

ce
ss

es
 in

 t
h

e 
at

m
os

ph
er

e.

M
a
te

ri
a
ls

cl
ea

n
,c

le
ar

,p
la

st
ic

 2
-L

 b
ot

tl
e 

w
it

h
 c

ap

pl
as

ti
c 

st
ra

w
s

sc
is

so
rs

th
in

,l
iq

u
id

-c
ry

st
al

 t
em

pe
ra

tu
re

 s
tr

ip
 

ta
pe

w
at

ch
 o

r 
ti

m
er

S
a
fe

ty
 P

re
ca

u
ti

o
n

s 

A
lw

ay
s 

w
ea

r 
sa

fe
ty

 g
og

gl
es

 a
n

d 
an

 
ap

ro
n

 in
 t

h
e 

la
b.

In
te

rp
re

ti
ng

 P
re

ss
ur

e-
Te

m
pe

ra
tu

re
 R

el
at

io
ns

hi
ps

P
R

E
P

A
R

A
T

IO
N

1
.

C
u

t 
tw

o 
pi

ec
es

 o
f

st
ra

w
,e

ac
h

 t
h

e 
le

n
gt

h
 o

f
th

e
te

m
pe

ra
tu

re
 s

tr
ip

.T
h

en
 c

u
t 

tw
o 

2-
cm

 p
ie

ce
s 

of
st

ra
w

.L
ay

 t
h

e 
tw

o 
lo

n
g 

pi
ec

es
 o

n
 a

 t
ab

le
.P

la
ce

th
e 

tw
o 

sh
or

te
r 

pi
ec

es
 w

it
h

in
 t

h
e 

sp
ac

e 
cr

ea
te

d
by

 t
h

e 
lo

n
ge

r 
pi

ec
es

 s
o 

th
at

 t
h

e 
fo

u
r 

pi
ec

es
fo

rm
 a

 s
u

pp
or

ti
ve

 s
tr

u
ct

u
re

 f
or

 t
h

e
te

m
pe

ra
tu

re
 s

tr
ip

.

2
.

Ta
pe

 t
h

e 
fo

u
r 

pi
ec

es
 o

f
st

ra
w

 t
og

et
h

er
.P

la
ce

th
e 

te
m

pe
ra

tu
re

 s
tr

ip
 le

n
gt

hw
is

e 
u

po
n

 t
h

e
st

ra
w

s.
Ta

pe
 t

h
e 

st
ri

p 
to

 t
h

e 
st

ra
w

s.

3
.

Sl
id

e 
th

e 
te

m
pe

ra
tu

re
 s

tr
ip

-s
tr

aw
 a

ss
em

bl
y

in
to

 t
h

e 
cl

ea
n

,d
ry

 b
ot

tl
e.

Sc
re

w
 t

h
e 

ca
p 

on
ti

gh
tl

y.

4
.

P
la

ce
 t

h
e 

se
al

ed
 b

ot
tl

e 
on

 t
h

e 
ta

bl
e 

so
 t

h
at

 t
h

e
te

m
pe

ra
tu

re
 s

tr
ip

 f
ac

es
 y

ou
 a

n
d 

is
 e

as
y 

to
 r

ea
d.

D
o 

n
ot

 h
an

dl
e 

th
e 

bo
tt

le
 a

ny
 m

or
e 

th
an

 is
n

ec
es

sa
ry

 s
o 

th
at

 t
h

e 
te

m
pe

ra
tu

re
 in

si
de

 w
ill

n
ot

 b
e 

af
fe

ct
ed

 b
y 

th
e 

w
ar

m
th

 o
f

yo
u

r 
h

an
ds

.

5
.

R
ec

or
d 

th
e 

te
m

pe
ra

tu
re

 o
f

th
e 

ai
r 

in
si

de
 t

h
e

bo
tt

le
 a

s 
in

di
ca

te
d 

by
 t

h
e 

te
m

pe
ra

tu
re

 s
tr

ip
.

6
.

N
ex

t,
po

si
ti

on
 t

h
e 

bo
tt

le
 s

o 
th

at
 a

bo
u

t 
h

al
f

it
s

le
n

gt
h

 e
xt

en
ds

 b
ey

on
d 

th
e 

ed
ge

 o
f

th
e 

ta
bl

e.
P

la
ci

n
g 

on
e 

h
an

d 
on

 e
ac

h
 e

n
d 

of
th

e 
bo

tt
le

,
pu

sh
 d

ow
n
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n

 b
ot

h
 e

n
ds
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o 

th
at

 t
h

e 
bo

tt
le

be
n

ds
 in

 t
h

e 
m

id
dl

e.
H

ol
d 

th
e 

bo
tt

le
 t

h
is

 
w

ay
 f

or
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 m
in

u
te

s.
D

u
ri

n
g 

th
is

 t
im

e,
yo

u
r

pa
rt

n
er

 s
h

ou
ld

 r
ec

or
d 

th
e 

te
m

pe
ra

tu
re

 e
ve

ry
15

 s
ec

on
ds

.

7
.

R
el

ea
se

 t
h

e 
pr
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su

re
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n
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h
e 

bo
tt

le
.O
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er

ve
an

d 
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 t
h

e 
te

m
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 e

ve
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n
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u
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s.
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G
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d 

M
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s

C
ha

pt
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1

Ea
rt

h 
S
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en
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G
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lo
gy
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e 
En

vi
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en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

4
3

N
am

e
C
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ss

D
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e

W
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fe
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rm
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n 
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 a

nd
 p
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ta
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M
o

d
e
l

th
e 

w
at

er
 c
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.

P
ro

ce
d

u
re

 

1
.

Po
u

r 
ab

o
u

t 
12

5 
m

L 
o

f 
w

ar
m

 w
at

er
 in
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 a

 c
le

ar
, p

la
st

ic
 b

o
w

l. 

2
.

Lo
o

se
ly

 c
o

ve
r 
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e 

to
p

 o
f 

th
e 

b
o

w
l w

it
h

 p
la

st
ic

 w
ra

p
. O

ve
rl

ap
 t

h
e 

ed
g

es
b

y 
ab

o
u

t 
5 

cm
. 

3
.

Fi
ll 

a 
se

lf
-s

ea
lin

g
 p

la
st

ic
 b

ag
 w

it
h

 ic
e 

cu
b

es
, s

ea
l i

t,
 a

n
d

 p
la

ce
 it

 in
 t

h
e

ce
n

te
r 

o
f 

th
e 

p
la

st
ic

 w
ra

p
 o

n
 t

o
p

 o
f 

th
e 

b
o

w
l. 

Pu
sh

 t
h

e 
b

ag
 o

f 
ic

e 
d

o
w

n
so

 t
h

at
 t

h
e 

p
la

st
ic

 w
ra

p
 s

ag
s 

in
 t

h
e 

ce
n

te
r, 

b
u

t 
d

o
es

n
’t

 t
o

u
ch

 t
h

e 
su

rf
ac

e
o

f 
th

e 
w

at
er

.

4
.

U
se

 t
ap

e 
to

 s
ea

l t
h

e 
p

la
st

ic
 w

ra
p

 a
ro

u
n

d
 t

h
e 

b
o

w
l.

5
.

O
b

se
rv

e 
th

e 
su

rf
ac

e 
o

f 
th

e 
p

la
st

ic
 w

ra
p

 d
ir

ec
tl

y 
u

n
d

er
 t

h
e 

ic
e 

cu
b

es
 e

ve
ry

15
 m

in
u

te
s 

fo
r 

o
n

e 
h

o
u

r, 
o

r 
u

n
ti

l t
h

e 
ic

e 
m

el
ts

.

A
n

a
ly

ze
 a

n
d

 C
o

n
cl

u
d

e

1
.

W
h

at
 f

o
rm

ed
 o

n
 t

h
e 

u
n

d
er

si
d

e 
o

f 
th

e 
w

ra
p

? 
In

fe
r 

w
h

y 
th

is
 h

ap
p

en
ed

.

W
at

er
 d

ro
p

le
ts

 f
o

rm
ed

 a
s 

ri
si

n
g

, w
ar

m
 a

ir
 c

o
n

d
en

se
d

 n
ea

r 
th

e 
ic

e.

2
.

R
el

at
e 

yo
u

r 
o

b
se

rv
at

io
n

s 
to

 p
ro

ce
ss

es
 in

 t
h

e 
at

m
o

sp
h

er
e.

Th
e 

ri
si

n
g

, w
ar

m
 a

ir
 m

o
d

el
s 

ev
ap

o
ra

ti
o

n
, t

h
e 

w
at

er
 d

ro
p

le
ts

 m
o

d
el

 c
o

n
d

en
sa

ti
o

n
, 

an
d

 t
h

e 
fa

lli
n

g
 d

ro
p

le
ts

 m
o

d
el

 p
re

ci
p

it
at

io
n

.

3
.

Pr
ed

ic
t 

w
h

at
 w

o
u

ld
 h

ap
p

en
 if

 y
o

u
 r

ep
ea

te
d

 t
h

is
 a

ct
iv

it
y 

w
it

h
 

h
o

tt
er

 w
at

er
.

M
o

re
 p

re
ci

p
it

at
io

n
 w

o
u

ld
 h

av
e 

fo
rm

ed
 m

o
re

 r
ap

id
ly

. T
h

e 
ai

r 
w

o
u

ld
 h

av
e 

ri
se

n
 m

o
re

 

q
u
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 w

h
ic

h
 in

 t
u

rn
 w

o
u
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 h
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e 
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u

se
d

 a
 f

as
te

r 
ra

te
 o

f 
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n
d

en
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ti
o

n
.

M
in

iL
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 1
1

M
in
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D
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G
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M
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iL
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 W
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he
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s

C
ha
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1

Ea
rt

h 
S
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en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro
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en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

4
5

In
te

rp
re

ti
ng

 P
re

ss
ur

e-
Te

m
pe

ra
tu

re
 R

el
at

io
ns

hi
ps

1
.

W
h

at
 w

as
 t

h
e 

av
er

ag
e 

te
m

pe
ra

tu
re

 o
f

th
e 

ai
r 

in
si

de
 t

h
e 

bo
tt

le
 a

s 
yo

u
 a

pp
lie

d 
pr

es
su

re
to

 t
h

e 
bo

tt
le

? 
H

ow
 d

id
 t

h
is

 d
if

fe
r 

fr
om

 t
h

e 
av

er
ag

e 
te

m
pe

ra
tu

re
 o

f
th

e 
bo

tt
le

d 
ai

r
w

h
en

 y
ou

 r
el

ea
se

d 
th

e 
pr

es
su

re
 o

n
 t

h
e 

bo
tt

le
?

A
ve

ra
g

e 
te

m
p

er
at

u
re

s 
w

ill
 d

if
fe

r. 
H

o
w

ev
er

, i
n

 a
ll 

ca
se

s,
 t

em
p

er
at

u
re

 s
h

o
u

ld
 h

av
e 

d
ec

re
as

ed
 w

h
en

 p
re

ss
u

re
 w

as
 r

el
ea

se
d

.
2
.

M
ak

e 
a 

gr
ap

h
 o

f
th

e 
te

m
pe

ra
tu

re
 c

h
an

ge
s 

yo
u

 r
ec

or
de

d 
th

ro
u

gh
ou

t 
th

e 
ex

pe
ri

m
en

t,
u

si
n

g 
th

e 
sp

ac
e 

be
lo

w
.

G
ra

p
h

s 
w

ill
 v

ar
y,

 b
u

t 
al

l s
h

o
u

ld
 s

h
o

w
 t

h
at

 t
em

p
er

at
u

re
 in

cr
ea

se
d

 w
h

en
 

p
re

ss
u

re
 w

as
 a

p
p

lie
d

 a
n

d
 d

ec
re

as
ed

 w
h

en
 p

re
ss

u
re

 w
as

 r
el

ea
se

d
.

3
.

E
xp

la
in

 h
ow

 t
h

es
e 

te
m

pe
ra

tu
re

 c
h

an
ge

s 
ar

e 
re

la
te

d 
to

 c
h

an
ge

s 
in

 p
re

ss
u

re
.

A
s 

p
re

ss
u

re
 in

cr
ea

se
s,

 t
h

e 
m

o
le

cu
le

s 
th

at
 m

ak
e 

u
p

 a
ir

 a
re
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 d
o

es
 t

h
is

 f
u

rt
h

er
 li

m
it

 t
h

e 
am

o
u

n
t 

o
f 

h
ab

it
at

 s
p

ac
e?

If
 t

h
er

e 
is

 o
n

ly
 o

n
e 

su
p

er
co

n
ti

n
en

t 
an

d
 p

ar
t 

o
f 

it
 is

 s
it

u
at

ed
 o

ve
r 

th
e 

eq
u

at
o

r, 
th

en
 

th
e 

ar
ea

 o
f 

a 
w

ar
m

, s
h

al
lo

w
-w

at
er

 h
ab

it
at

 is
 r

es
tr

ic
te

d
 t

o
 o

n
ly

 t
h

at
 p

ar
t 

o
f 

o
n

e 

co
n

ti
n

en
t.

 H
o

w
ev

er
, i

f 
th

er
e 

ar
e 

m
an

y 
co

n
ti

n
en

ts
 in

 t
ro

p
ic

al
 la

ti
tu

d
es

, t
h

en
 t

h
e 

ar
ea

 o
f 

h
ab

it
at

 s
p

ac
e 

is
 m

u
ch

 g
re

at
er

.

3
.

Ex
p

la
in

 h
o

w
 r

ed
u

ce
d

 h
ab

it
at

 s
p

ac
e,

 P
an

g
ae

a,
 a

n
d

 t
h

e 
m

as
s 

ex
ti

n
ct

io
n

 a
t

th
e 

en
d

 o
f 

th
e 

Pe
rm

ia
n

 a
re

 r
el

at
ed

.

Pa
n

g
ae

a 
fo

rm
ed

 o
ve

r 
th

e 
eq

u
at

o
r;

 t
ro

p
ic

al
 m

ar
in

e 
h

ab
it

at
 s

p
ac

e 
w

as
 r

ed
u

ce
d

; 

an
d

 d
iv

er
se

 o
rg

an
is

m
s 

w
er

e 
fo

rc
ed

 in
to

 a
 s

m
al

le
r 

sp
ac

e,
 w

h
ic

h
 s

tr
es

se
d

 t
h

e 

co
m

m
u

n
it

ie
s 

an
d

 c
au

se
d

 E
ar

th
’s

 g
re

at
es

t 
ex

ti
n

ct
io

n
 e

ve
n

t

M
in

iL
ab

 2
3

M
in

iL
ab

 2
3

C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
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ra

w
-H

ill
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D
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0
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2
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rt

h 
S

ci
en

ce
: 

G
eo

lo
gy
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th
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En

vi
ro

nm
en

t,
 a

nd
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 U

ni
ve

rs
e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

M
ap

pi
ng

 C
on

ti
ne

nt
al

 G
ro

w
th

1
.

B
as

ed
 o

n
 t

h
e 

di
st

ri
bu

ti
on

 o
f

th
e 

ge
ol

og
ic

 a
ge

pr
ov

in
ce

s,
de

sc
ri

be
 t

h
e 

se
qu

en
ce

 o
f

co
lli

si
on

al
ev

en
ts

 t
h

at
 f

or
m

ed
 t

h
e 

cr
at

on
 r

ep
re

se
n

te
d 

by
yo

u
r 

m
ap

.

Th
e 

yo
u

n
g

er
 p

ro
vi

n
ce

s 
m

u
st

 h
av

e 

ac
cr

et
ed

 a
ro

u
n

d
 t

h
e 

o
ld

es
t 

p
ro

vi
n

ce
.

2
.

A
cc

or
di

n
g 

to
 y

ou
r 

m
ap

,w
h

er
e 

w
ou

ld
 y

ou
 

fi
n

d 
m

et
am

or
ph

ic
 r

oc
ks

? 
W

h
at

 t
yp

e 
of

m
et

am
or

ph
is

m
 w

ou
ld

 h
av

e 
oc

cu
rr

ed
?

M
et

am
o

rp
h

ic
 r

o
ck

s 
w

o
u

ld
 b

e 
fo

u
n

d
 a

t 

th
e 

p
ro

vi
n

ce
 b

o
u

n
d

ar
ie

s.
 R

eg
io

n
al

 

m
et

am
o

rp
h

is
m

 w
o

u
ld

 h
av

e 
re

su
lt

ed
 

fr
o

m
 t

h
e 

co
lli

si
o

n
s.

 If
 a

n
y 

ig
n

eo
u

s 
ac

ti
vi

ty
 w

as
 g

en
er

at
ed

, c
o

n
ta

ct
 m

et
am

o
rp

h
is

m
 

al
so

 c
o

u
ld

 h
av

e 
o

cc
u

rr
ed

.

3
.

If
yo

u
r 

m
ap

 r
ep

re
se

n
ts

 a
n

 a
re

a 
co

m
po

se
d 

of
P

re
ca

m
br

ia
n

-a
ge

d 
ro

ck
s,

w
ou

ld
 t

h
e

m
ou

n
ta

in
s 

th
at

 f
or

m
ed

 f
ro

m
 c

ol
lis

io
n

s 
st

ill
 b

e 
h

ig
h

 a
n

d 
ru

gg
ed

? 
E

xp
la

in
.

N
o

; t
h

e 
m

o
u

n
ta

in
s 

w
o

u
ld

 h
av

e 
b

ee
n

 e
xp

o
se

d
 t

o
 t

h
e 

ag
en

ts
 o

f 
w

ea
th

er
in

g
 a

n
d

 

er
o

si
o

n
 f

o
r 

so
 m

an
y 

ye
ar

s 
th

at
 t

h
e 

m
o

u
n

ta
in

s 
w

o
u

ld
 b

e 
w

o
rn

 d
o

w
n

, r
o

u
n

d
ed

, 

an
d

 lo
w

 in
 e

le
va

ti
o

n
 a

s 
co

m
p

ar
ed

 t
o

 n
ew

ly
 f

o
rm

ed
 m

o
u

n
ta

in
s.

4
.

C
om

pa
re

 t
h

e 
di

st
ri

bu
ti

on
 o

f
ag

e 
pr

ov
in

ce
s 

on
 y

ou
r 

m
ap

 w
it

h
 F

ig
u

re
 2

.W
h

at
 a

re
 

th
e 

si
m

ila
ri

ti
es

? 

Th
e 

d
is

tr
ib

u
ti

o
n

 is
 s

im
ila

r. 
Th

e 
o

ld
es

t 
p

ro
vi

n
ce

 is
 n

ea
r 

th
e 

ce
n

te
r 

o
f 

th
e 

N
o

rt
h

 

A
m

er
ic

an
 C

ra
to

n
, a

n
d

 t
h

e 
yo

u
n

g
er

 p
ro

vi
n

ce
s 

ar
e 

ar
o

u
n

d
 t

h
e 

m
ar

g
in

 o
f 

th
e 

cr
at

o
n

.

5
.

B
as

ed
 o

n
 w

h
at

 y
ou

 le
ar

n
ed

 in
 t

h
is

 a
ct

iv
it

y,
de

sc
ri

be
 t

h
e 

fo
rm

at
io

n
 o

f
th

e 
N

or
th

 A
m

er
ic

an
 C

ra
to

n
.

Th
e 

yo
u

n
g

er
 p

ro
vi

n
ce

s 
m

u
st

 h
av

e 
ac

cr
et

ed
 a

ro
u

n
d

 t
h

e 
m

ar
g

in
 o

f 
th

e 
cr

at
o

n
 

th
ro

u
g

h
 g

eo
lo

g
ic

 t
im

e.
 T

h
at

 is
, t

h
e 

cr
at

o
n

 g
re

w
 b

y 
ac

cr
et

in
g

 y
o

u
n

g
er

 p
ro

vi
n

ce
s 

al
o

n
g

 it
s 

m
ar

g
in

s.
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P
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po

se
d 

an
d 

co
ve

re
d 
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s
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s 
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 fo
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tr
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a

St
ab

le
 p
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tf

or
m

s 

Th
e 

Pr
ec

am
b

ri
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 S
h
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o
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h
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m
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a

Fi
gu

re
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C
ha

pt
er
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3

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

N
am

e
C

la
ss

D
at

e

B
ra

ch
io

po
ds

 a
nd

 b
iv

al
ve

s 
ha

ve
 b

ee
n 

pr
es

en
t 

in
 E

ar
th

’s 
oc

ea
ns

 s
in

ce
 t

he
 C

am
br

ia
n.

B
ot

h 
ha

ve
 t

w
o 

sh
el

ls
 a

nd
 li

ve
 in

 m
ar

in
e 

en
vi

ro
nm

en
ts

.B
ut

 t
he

 s
im

ila
ri

ty
 e

nd
s 

th
er

e.
H

ow
 c

an
 y

ou
 t

el
l t

he
 t

w
o 

ap
ar

t?
 O

ys
te

rs
 a

re
 b

iv
al

ve
s 

th
at

 a
re

 k
no

w
n 

fo
r 

th
e 

pe
ar

ls
 t

he
y

se
cr

et
e 

in
si

de
 t

he
ir

 s
he

lls
.C

an
 y

ou
 d

is
ti

ng
ui

sh
 a

n 
oy

st
er

 fr
om

 a
 b

ra
ch

io
po

d?
 I

fy
ou

 w
er

e
se

ar
ch

in
g 

fo
r 

pe
ar

ls
,y

ou
 w

ou
ld

 w
an

t 
to

 k
no

w
 h

ow
!

P
ro

b
le

m
D

is
ti

n
gu

is
h

 b
et

w
ee

n
 b

ra
ch

io
po

ds
 a

n
d 

bi
va

lv
es

 a
n

d
in

te
rp

re
t 

th
e 

en
vi

ro
n

m
en

t 
w

h
er

e 
a 

br
ac

h
io

po
d

liv
ed

 b
as

ed
 o

n
 it

s 
sh

el
l.

M
a
te

ri
a
ls

fo
ss

il 
br

ac
h

io
po

ds
 (

4)
,

ea
ch

 b
el

on
gi

n
g 

to
 a

 d
if

fe
re

n
t 

sp
ec

ie
s

fo
ss

il 
bi

va
lv

es
 (

4)
,

ea
ch

 b
el

on
gi

n
g 

to
 a

 d
if

fe
re

n
t 

sp
ec

ie
s

pa
pe

r

pe
n

ci
l

O
b

je
ct

iv
e
s

In
 t

hi
s 

G
eo

La
b,

yo
u 

w
ill

:

•
D

e
te

rm
in

e
if

a 
fo

ss
il 

is
 a

 b
ra

ch
io

po
d 

or
a

bi
va

lv
e.

•
D

e
sc

ri
b

e
th

e 
sy

m
m

et
ry

 o
f

fo
ss

il 
br

ac
h

io
po

ds
 

an
d 

bi
va

lv
es

.

•
In

fe
r

th
e 

en
vi

ro
n

m
en

t 
in

 w
h

ic
h

 d
if

fe
re

n
t 

fo
ss

il
br

ac
h

io
po

ds
 li

ve
d.

S
a
fe

ty
 P

re
ca

u
ti

o
n

s 

A
lw

ay
s 

w
ea

r 
sa

fe
ty

 g
og

gl
es

 a
n

d 
an

 a
pr

on
 

in
 t

h
e 

la
b.

Sy
m

m
et

ry
,S

ha
pe

,
an

d 
Sh

el
ls

P
R

E
P

A
R

A
T

IO
N

1
.

U
se

 t
h

e 
da

ta
 t

ab
le

 o
n

 t
h

e 
n

ex
t 

pa
ge

.I
f

yo
u

ch
oo

se
 t

o 
ad

d 
m

or
e 

co
lu

m
n

s 
to

 r
ec

or
d

ad
di

ti
on

al
 d

at
a,

u
se

 t
h

e 
bl

an
k 

sp
ac

e 
pr

ov
id

ed
.

2
.

E
xa

m
in

e 
th

e 
fo

ss
ils

 p
ro

vi
de

d 
by

 y
ou

r 
te

ac
h

er
.

3
.

D
et

er
m

in
e 

w
h

er
e 

th
e 

pl
an

e 
of

sy
m

m
et

ry
 is

 f
or

ea
ch

 s
pe

ci
m

en
.A

n
 o

rg
an

is
m

 t
h
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 c

an
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e
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w
o 

n
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y 

id
en
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l h
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ve
s 

h
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ra
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m
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.

4
.
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en

ti
fy

 t
h

e 
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en
s 

as
 b

ra
ch

io
po

ds
 o

r
bi

va
lv

es
 b
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ed

 o
n

 t
h
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r 
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m

m
et

ry
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n
d 
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th

is
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 y
ou

r 
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le

.B
ra

ch
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po
d 
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m

m
et

ry
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n
s 
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ss
 b

ot
h

 s
h

el
ls

.B
iv

al
ve
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m
et

ry
 r

u
n

s
be
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n
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h
e 

sh
el

ls
.

5
.

D
iv

id
e 

th
e 

br
ac

h
io

po
ds

 in
to

 t
w

o 
gr

ou
ps

 b
as

ed
on

 w
h

et
h

er
 y

ou
 t

h
in

k 
th

ey
 li

ve
d 

in
 a

 d
ee

pe
r

w
at

er
,l

ow
-e

n
er

gy
 e

nv
ir

on
m

en
t,

or
 in

 a
 s

h
al

lo
w

w
at

er
,h

ig
h

-e
n

er
gy

 e
nv

ir
on

m
en

t.
R

ec
or

d 
th

is
in

 y
ou

r 
da

ta
 t

ab
le

.
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O
C

E
D

U
R

E

N
am

e
C

la
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D
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e
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eo

La
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an
d 

M
in
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or
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et
s
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ha

pt
er
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3

Ea
rt

h 
S

ci
en
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G
eo

lo
gy
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th

e 
En

vi
ro

nm
en

t,
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nd
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he
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ve

rs
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9
3

Sy
m

m
et

ry
,S

ha
pe
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he

lls

1
.

In
te

rp
re

ti
n

g
 O

b
se

rv
a
ti

o
n

s
E

xp
la

in
 h

ow
 s

ym
m

et
ry

 is
 u

se
fu

l i
n

 d
et

er
m

in
in

g
w

h
et

h
er

 a
fo

ss
il 

is
 a

 b
ra

ch
io

po
d 

or
 a

 b
iv

al
ve

.

Ea
ch

 s
h

el
l o

f 
a 

b
ra

ch
io

p
o

d
 is

 b
ila

te
ra

lly
 s

ym
m

et
ri

ca
l, 

w
h

ile
 b

iv
al

ve
 s

h
el

ls
 a

re
 

as
ym

m
et

ri
ca

l. 
Th

is
 is

 u
se

fu
l b

ec
au

se
, m

an
y 

ti
m

es
, o

n
ly

 a
 s

in
g

le
 s

h
el

l o
f 

a 
fo

ss
il 

is
 f

o
u

n
d

.

2
.

A
p

p
ly

in
g

 a
n

d
 I

n
te

rp
re

ti
n

g
If

yo
u

 o
n

ly
 h

ad
 o

n
e 

sh
el

l,
h

ow
 c

ou
ld

 y
ou

de
te

rm
in

e 
if

it
 w

as
 t

h
e 

sh
el

l o
f

a 
br

ac
h

io
po

d 
or

 t
h

e 
sh

el
l o

f
a 

bi
va

lv
e?

If
 t

h
e 

sh
el

l w
as

 b
ila

te
ra

lly
 s

ym
m

et
ri

ca
l, 

it
 w

o
u

ld
 b

e 
a 

b
ra

ch
io

p
o

d
; i

f 
it

 w
as

 n
o

t 

b
ila

te
ra

lly
 s

ym
m

et
ri

ca
l, 

it
 w

o
u

ld
 b

e 
a 

b
iv

al
ve

.

3
.

C
o

m
p

a
ri

n
g

 a
n

d
 C

o
n

tr
a
st

in
g

E
xp

la
in

 t
h

e 
si

m
ila

ri
ti

es
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n
d 

di
ff

er
en

ce
s 

be
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ee
n
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st
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u

to
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n
d 

a 
sm

oo
th

 b
ra

ch
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po
d,

in
 t

er
m

s 
of

th
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r 
pl
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e 

in
 w

in
d 

or
 w

at
er

.

St
re

am
lin

ed
 a

u
to

s 
ar

e 
n

o
t 

h
ig

h
ly

 a
ff

ec
te

d
 b

y 
ai

r 
fr

ic
ti

o
n

. S
im

ila
rl

y,
 c

u
rr

en
ts

 f
lo

w
 

o
ve

r 
an

d
 a

ro
u

n
d

 s
m

o
o

th
 b

ra
ch

io
p

o
d

s 
w

it
h

 li
tt

le
 o

b
st

ru
ct

io
n

.
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Z
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D
ee

pe
r 

w
at

er
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ro
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G
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5

N
am

e
C

la
ss

D
at

e

G
la

ci
er

s 
an

d 
D

ep
os

it
io

n

M
o

d
e
l

th
e 

d
ep

o
si

ti
o

n
 o

f 
se

d
im

en
t 

b
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h
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 r
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 b
o

th
 s

ta
rs

 h
av

e 
al

l t
h

e 
sa

m
e 

el
em

en
ts

. T
h

e 
d

if
fe

re
n

ce
 in

 t
h

ei
r 

sp
ec

tr
a 

is
 a

s 
a 

re
su

lt
 o

f 
te

m
p
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u
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 t
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 d
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 d
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ra
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 c

o
rr

ec
t 

th
is

, s
tu

d
en

ts
 s

h
o

u
ld

 m
ea

su
re

 f
ro

m
 t

h
e 

m
id

d
le

 (
w

id
th

),
 w

h
er

e 
th

e 
lin

e 
is

 

d
ar

ke
st

. A
s 

th
e 

b
an

d
 in

cr
ea

se
s 

in
 w

id
th

, i
t 

w
ill

 in
cr

ea
se

 t
h

e 
sa

m
e 

am
o

u
n

t 
o

n
 b

o
th

 

si
d

es
. T

h
u

s,
 a

lw
ay

s 
m

ea
su

ri
n

g
 f

ro
m

 t
h

e 
ce

n
te

r 
w

ill
 e

lim
in

at
e 

an
y 

er
ro

r 
fr

o
m

 

in
cr

ea
se

d
 w

id
th

. 

4
.

U
si

n
g 

th
e 

fo
llo

w
in

g 
fo

rm
u

la
,c

al
cu

la
te

 t
h

e 
pe

rc
en

t 
de

vi
at

io
n

 f
or

 f
iv

e 
of

yo
u

r 
m

ea
su

re
d

lin
es

.R
ec

or
d 

yo
u

r 
ca

lc
u

la
ti

on
s 

in
 t

h
e 

sp
ac

e 
be

lo
w

.

di
ff

er
en

ce
 f

ro
m

 
Pe

rc
en

t 
  �

ac
ce

pt
ed

 v
al

u
e 

  �
10

0
de

vi
at

io
n

ac
ce

pt
ed

 v
al

u
e

Is
 t

h
er

e 
a 

va
lu

e 
th

at
 h

as
 a

 h
ig

h
 p

er
ce

n
t 

de
vi

at
io

n
? 

If
so

,w
h

at
 a

re
 s

om
e 

po
ss

ib
le

ex
pl

an
at

io
n

s 
fo

r 
th

is
?

St
u

d
en

t 
an

sw
er

s 
w

ill
 v

ar
y.

 P
o

ss
ib

ly
, s

tu
d

en
ts

 c
o

u
ld

 h
av

e 
id

en
ti

fi
ed

 a
 d

if
fe

re
n

t 

ad
ja

ce
n

t 
lin

e.
 A

ls
o

, m
ea

su
re

m
en

ts
 a

re
 v

er
y 

se
n

si
ti

ve
.

C
O

N
C

L
U

D
E

 A
N

D
 A

P
P

L
Y

N
am

e
C

la
ss

D
at

e

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 3
0

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

1
2
3

Id
en

ti
fy

in
g 

St
el

la
r 

Sp
ec

tr
al

 L
in

es

1
.

W
h

at
 e

le
m

en
ts

 a
re

 p
re

se
n

t 
in

 t
h

e 
st

ar
s?

St
ar

 1
: H

 (
38

3.
5 

n
m

, 3
88

.9
 n

m
, 3

97
.0

 n
m

, 4
10

.2
 n

m
, 4

34
.1

 n
m

, 4
86

.1
 n

m
, 6

56
.3

 n
m

);
 

C
a�

(3
93

.4
 n

m
);

 N
a 

(5
89

.6
 o

r 
58

9.
0—

to
o

 c
lo

se
 t

o
 t

el
l)

St
ar

 2
: H

 (
38

3.
5 

n
m

, 3
88

.9
 n

m
, 3

97
.0

 n
m

, 4
10

.2
 n

m
, 6

56
.3

 n
m

); 
H

e 
(4

02
.6

 n
m

, 4
47

.1
 n

m
, 

58
7.

6 
n

m
, 6

86
.7

 n
m

);
 H

e�
(4

20
.0

 n
m

, 4
54

.1
 n

m
, 4

68
.6

 n
m

, 6
86

.7
 n

m
);

 C
a�

(3
93

.4
 n

m
)

2
.

H
ow

 d
oe

s 
yo

u
r 

lis
t 

of
el

em
en

ts
 c

om
pa

re
 w

it
h

 t
h

e 
lis

t 
of

el
em

en
ts

 s
ee

n
 in

 t
h

e 
pe

ri
od

ic
ta

bl
e 

on
 p

ag
e 

12
5?

M
o

st
 o

f 
th

e 
id

en
ti

fi
ed

 e
le

m
en

ts
 a

re
 h

yd
ro

g
en

 a
n

d
 h

el
iu

m
. T

h
er

e 
is

 a
 v

er
y 

sm
al

l 

n
u

m
b

er
 o

f 
el

em
en

ts
 in

 s
ta

rs
 c

o
m

p
ar

ed
 t

o
 t

h
e 

p
er

io
d

ic
 t

ab
le

.

3
.

C
an

 y
ou

 s
ee

 a
ny

 c
lu

es
 in

 t
h

e 
st

ar
’s

 s
pe

ct
ru

m
 a

bo
u

t 
w

h
ic

h
 e

le
m

en
ts

 a
re

 m
os

t 
co

m
m

on
in

 t
h

e 
st

ar
s?

 E
xp

la
in

.

M
o

st
 o

f 
th

e 
lin

es
 a

re
 h

yd
ro

g
en

 a
n

d
 h

el
iu

m
 li

n
es

. T
h

ic
kn

es
s 

o
f 

sp
ec

tr
al

 li
n

es
 is

 a
n

 

in
d

ic
at

io
n

, b
u

t 
it

 a
ls

o
 d

ep
en

d
s 

o
n

 t
h

e 
te

m
p

er
at

u
re

.

A
N

A
L

Y
Z

E

El
em

en
t/

Io
n

W
av

el
en

gt
hs

 (
nm

)

H
38

3.
5,

38
8.

9,
39

7.
0,

41
0.

2,
43

4.
1,

48
6.

1,
65

6.
3

He
40

2.
6,

44
7.

1,
49

2.
2,

58
7.

6,
68

6.
7

He
+

42
0.

0,
45

4.
1,

46
8.

6,
54

1.
2,

65
6.

0

N
a

47
5.

2,
49

8.
3,

58
9.

0,
58

9.
6

Ca
+

39
3.

4,
48

0.
0,

53
0.

7

PO
SS

IB
LE

 E
LE

M
EN

TS
 A

N
D

 W
AV

EL
EN

G
TH

S

C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

T192 Answer Pages Earth Science: Geology, the Environment, and the Universe Chapter Assessment



C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 t

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

Chapter Assessment Answer Pages Earth Science: Geology, the Environment, and the Universe T193

G
eo

La
b 

an
d 

M
in

iL
ab

 W
or

ks
he

et
s

C
ha

pt
er

 3
1

Ea
rt

h 
S

ci
en

ce
: 

G
eo

lo
gy

, 
th

e 
En

vi
ro

nm
en

t,
 a

nd
 t

he
 U

ni
ve

rs
e

1
2
7

N
am

e
C

la
ss

D
at

e

M
ea

su
ri

ng
 R

ed
sh

if
ts

M
o

d
e
l

u
n

if
o

rm
 e

xp
an

si
o

n
 o

f 
th

e 
u

n
iv

er
se

 a
n

d
 t

h
e 

re
d

sh
if

ts
 o

f 
g

al
ax

ie
s 

th
at

 
re

su
lt

 f
ro

m
 e

xp
an

si
o

n
.

P
ro

ce
d

u
re

 

1
.

U
se

 a
 f

el
t 

ti
p

 m
ar

ki
n

g
 p

en
 t

o
 m

ak
e 

fo
u

r 
d

o
ts

 in
 a

 r
o

w
, e

ac
h

 s
ep

ar
at

ed
 b

y 
1 

cm
, o

n
 t

h
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PERIODIC TABLE OF THE ELEMENTS

Hydrogen

1

H

1.008

Element

Atomic number

Symbol

Atomic mass

State of matter

Metal

Metalloid

Nonmetal

Recently 
discovered

Gas

Liquid

Solid

Synthetic elements
Hydrogen

1

H
1.008

Helium

2

He
4.003

Lithium

3

Li
6.941

Sodium

11

Na
22.990

Potassium

19

K
39.098

Rubidium

37

Rb
85.468

Cesium

55

Cs
132.905

Francium

87

Fr
223.020

Radium

88

Ra
226.025

Cerium

58

Ce
140.115

Thorium

90

Th
232.038

Uranium

92

U
238.029

Neptunium

93

Np
237.048

Plutonium

94

Pu
244.064

Americium

95

Am
243.061

Curium

96

Cm
247.070

Berkelium

97

Bk
247.070

Californium

98

Cf
251.080

Einsteinium

99

Es
252.083

Fermium

100

Fm
257.095

Nobelium

102

No
259.101

Lawrencium

103

Lr
260.105

Mendelevium

101

Md
258.099

Neodymium

60

Nd
144.24

Promethium

61

Pm
144.913

Samarium

62

Sm
150.36

Europium

63

Eu
151.965

Gadolinium

64

Gd
157.25

Terbium

65

Tb
158.925

Dysprosium

66

Dy
162.50

Holmium

67

Ho
164.930

Erbium

68

Er
167.26

Thulium

69

Tm
168.934

Ytterbium

70

Yb
173.04

Lutetium

71

Lu
174.967

 Praseodymium

59

Pr
140.908

 Protactinium

91

Pa
231.036

Actinium

89

Ac
227.028

 Rutherfordium

104

Rf
(261)

Barium

56

Ba
137.327

Lanthanum

57

La
138.906

Hafnium

72

Hf
178.49

Tantalum

73

Ta
180.948

Dubnium

105

Db
(262)

Seaborgium

106

Sg
(263)

Hassium

108

Hs
(265)

Meitnerium

109

Mt
(266)

Ununnilium

110

Uun
269

Unununium

111

Uuu
272

Unumbium

112

Uub
277

Ununquadium

114

Uuq
285

Ununhexium

116

Uuh
289

Ununodium

118

Uuo
293

Bohrium

107

Bh
(262)

Tungsten

74

W
183.84

Rhenium

75

Re
186.207

Osmium

76

Os
190.2

Iridium

77

Ir
192.22

Platinum

78

Pt
195.08

Gold

79

Au
196.967

Mercury

80

Hg
200.59

Thallium

81

Tl
204.383

Lead

82

Pb
207.2

Bismuth

83

Bi
208.980

Astatine

85

At
209.987

Radon

86

Rn
222.018

Strontium

38

Sr
87.62

Yttrium

39

Y
88.906

Zirconium

40

Zr
91.224

Niobium

41

Nb
92.906

Molybdenum

42

Mo
95.94

Calcium

20

Ca
40.078

Scandium

21

Sc
44.956

Titanium

22

Ti
47.88

Vanadium

23

V
50.942

Chromium

24

Cr
51.996

Technetium

43

Tc
97.907

Ruthenium

44

Ru
101.07 

Manganese

25

Mn
54.938

Iron

26

Fe
55.847

Cobalt

27

Co
58.933

Nickel

28

Ni
58.693

Copper

29

Cu
63.546

Zinc

30

Zn
65.39

Gallium

31

Ga
69.723

Germanium

32

Ge
72.61

Arsenic

33

As
74.922

Selenium

34

Se
78.96

Bromine

35

Br
79.904

Krypton

36

Kr
83.80

Rhodium

45

Rh
102.906

Palladium

46

Pd
106.42

Silver

47

Ag
107.868

Cadmium

48

Cd
112.411

Indium

49

In
114.82

Tin

50

Sn
118.710

Antimony

51

Sb
121.757

Tellurium

52

Te
127.60

Iodine

53

I
126.904

Xenon

54

Xe
131.290

Magnesium

12

Mg
24.305

Aluminum

13

Al
26.982

Silicon

14

Si
28.086

Phosphorus

15

P
30.974

Sulfur

16

S
32.066

Chlorine

17

Cl
35.453

Argon

18

Ar
39.948

Beryllium

4

Be
9.012

Boron

5

B
10.811

Carbon

6

C
12.011

Nitrogen

7

N
14.007

Oxygen

8

O
15.999

Fluorine

9

F
18.998

Neon

10

Ne
20.180

Lanthanide series

Actinide series

1A
1

1
2A
2

2

3

4

5

6

7

910
1B
11

2B
12

3A
13

4A
14

5A
15

6A
16

7A
17

8A
18

3B
3

4B
4

5B
5

6B
6

7B
7

Polonium

84

Po
208.982

Names not officially assigned. Discovery of elements 114, 116, and 118 recently reported. Further information not yet available.
*

******
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