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Prologue
I. Basic Terms:
1) Observation-

Our interaction with the environment
-

Uses our five senses

Example:

2) Instruments -

I saw the car accident.

Extend the senses
-

Compare observations with a known standard

Example:

-

3) Inference -

The hole is 2 meters deep.
The temperature is 25°C.

A guess based on observations.
Example:

4) Prediction -

- Earth is 4.5 billion years old.

An inference about the future.
Example:

- Its will rain on Friday.

(a) Cyclic - An event that occurs in a repeating pattern.
-

Easy to predict

Example: Phases of the moon.
(b) Non-Cyclic -

An event that occurs randomly.
-

Example:
5) Classification -

-

An earthquake

The grouping of objects based on observations.
Example:

2

Difficult to predict.
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rock type: igneous, sedimentary, metamorphic

For each statement below, determine if it is an observation, an inference or a prediction
and explain your choice.

Statement

Observation
Inference or
Prediction

Reason

1) The sample was transported by
a glacier over 1 million years
ago.

Inference

People were not around 1
million years ago.

Observation

You can see and feel it.

Inference /
Prediction

Did not happen yet

4) Some of the snow on the
glacier is powdery.

Observation

You can see it

5) The sample is 8 cm long, 5 cm
wide, and 3 cm high.

Observation

You can measure it

6) Hot and humid conditions will
continue throughout the week.

Prediction

Did not happen yet

7) There are many cracks in the
glacier.

Observation

You can see the cracks

8) The sample is white in color.

Observation

You can see the color

9) A meteor impact caused the
extinction of the dinosaurs.

Inference

People were not here at the
time of the dinosaurs

10) The rocks in the glacier are
different sizes.

Observation

You can see them

Inference

It is a guess.

Inference /
Prediction

Did not happen yet

2) The sample is rectangular,
with sharp, angular corners.
3) The water will become unsafe
within 5 years.

11) The rock is spherical and must
have been transported here by
a stream.
12) Some parts of the glacier will
start melting this spring.

Prologue
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Questions: Choose the word or statement that best answers the question.
1) Using a ruler to measure the length of a stick is an example of
(1) Extending the sense of sight by using an instrument
(2) Calculating the percent error by using a proportion
(3) Measuring the rate of change of the stick by making inferences
(4) Predicting the length of the stick by guessing
2) Which action can be performed most accurately using only the human senses?
(1) Tearing a sheet of paper into squares whose sides measure 1 centimeter
(2) Adding 10 grams of salt to a cup of water
(3) Measuring the air pressure of a room
(4) Counting 28 shells from a beach
3) The map below shows the path of an ash cloud that resulted from the Mount St.
Helens volcanic eruption. The map was developed from satellite photographs.
The path of the ash cloud was most
probably determined by
(1) hypothesis
(2) inference
(3) observation
(4) theory

4) An interpretation based upon an observation is called
(1) fact
(2) an inference
(3) a classification

(4) a measurement

5) While on a field trip to a large lake in New York State, an observer recorded four
statements about this lake. Which of these statements is most likely an inference?
(1) The lake was formed by glacial action
(2) The water is clear enough to see the bottom of the lake.
(3) A log is floating in the lake.
(4) The surface temperature of the lake is 18.5˚C.
6) The grouping of objects or events based on similar characteristics is called
(1) observation
(2) interpretation
(3) measurement
(4) classification
7) A student classifies several objects. The classification system should be based on
(1) hypotheses
(2) inferences
(3) observations
(4) interpretations
8) A prediction of next winter’s weather is an example of
(1) an observation (2) an inference
(3) classification

4
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(4) a measurement

1) Measurement - using instruments to quantify observations
-

Uses a number and a unit

Time

Second, minute, hour, day, etc

Length

Meter, kilometer

Mass

Gram, kilogram

Volume

Cubic centimeter, mili-liter

2) Standard unit – International system of measurement
-

English and Metric system

3) Percent Deviation - determining the accuracy of data collected

Percent Deviation =

Difference from accepted value
Accepted value

X 100%

Examples:
(1) A person measures the length of a piece of wood to be 41 centimeters. If the actual
length is 40 centimeters, what is the percent deviation from the actual length?
Step 1: Write out the formula:
Percent Deviation =

Difference from accepted value

Step 2: Substitute with numbers

Accepted value

Percent Deviation =

41 cm – 40 cm

Step 3: Write down the solution
Percent Deviation = 2.5 %

40 cm

X 100%

X 100%

(2) A student’s measurement of the mass of a rock is 30 grams. If the accepted value for
the mass of the rock is 33 grams, what is the percent deviation of the student’s
measurement?
Difference from accepted value
Percent Deviation =
X 100%
Formula:
Accepted value
Substitute numbers:
Solution:

Percent Deviation =

Percent deviation = 9.1 %

33 g – 30 g
33 g

X 100%

Prologue
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Practice Problems. Determine the percent deviation for each of the following. Write your

answer to the nearest tenth of a percent. Make sure you put units in your substitutions
and in your answers.
1. Accepted value is 7.1 sec; Measured value 6.4 sec.
Formula:
Substitute numbers:
Solution:

Percent Deviation =
Percent Deviation =

Difference from accepted value
Accepted value
7.1 sec – 6.4 sec

X 100%

X 100

7.1 sec

Percent Deviation = 9.9 %

2. Accepted value is 40,000 km; Measured value is 37,600 km.
Formula:
Substitute numbers:
Solution:

Percent Deviation =
Percent Deviation =

Difference from accepted value
Accepted value
40,000 km – 37,600 km

Percent Deviation = 6.0 %

40,000 km

X 100%

X 100

3. Accepted value: 3.9 km, Measured value: 4 km
Formula:
Substitute numbers:
Solution:

Percent Deviation =
Percent Deviation =

Difference from accepted value
Accepted value
4.0 km – 3.9 km
3.9 km

X 100%

X 100

Percent Deviation = 2.6 %

4. Accepted value: 6.33 grams, Measured value: 6.32 grams
Formula:
Substitute numbers:
Solution:

Percent Deviation =
Percent Deviation =

Difference from accepted value
Accepted value
6.33 g – 6.32 g
6.33 g

X 100%

X 100

Percent Deviation = 0.2 %

5. A student determines the volume of a cubic crystal to be 8.6 cubic centimeters. What is
her percent error if the correct volume of the crystal is 8.0 cubic centimeters?
Formula:
Substitute numbers:
Solution:
6
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Percent Deviation =
Percent Deviation =

Difference from accepted value
Accepted value
8.6 cc – 8.0 cc
8.0 cc

Percent Deviation = 7.5 %

X 100

X 100%

6) What is the percent deviation if an igneous rock has a measured mass of 51 grams and
an accepted mass of 60 grams?
(1) 9 %
(2) 15 %
(3) 18 %
(4) 85 %

7) A student determines the mass of an object to be 81.6 grams. The actual mass is 80
grams. What is the student’s percent deviation?
(1) 0.2 %
(2) 10.6 %
(3) 2.0 %
(4) 1.6 %

8) Students calculated the circumference of a globe to be 60 centimeters. The actual
circumference of the globe is 63 centimeters. What is the students’ percent deviation?
(1) 4.8 %
(2) 0.48 %
(3) 5.0 %
(4) 21 %

9) A person incorrectly measured the length of a room to be 13.0 meters. The actual
length was 12.0 meters. What is the person’s approximate percent deviation?
(1) 1.0 %
(2) 5.9 %
(3) 7.7 %
(4) 8.3 %

10) A person incorrectly converted 20°C to 64°F instead of 68°F. What is the student’s
approximate percent error?
(1) 44 %
(2) 5.9 %
(3) 6.3 %
(4) 4 %

11) A person incorrectly measures the mass of a rock as 346 grams. The actual mass is 326
grams. What is the person’s approximate percent deviation?
(1) 5.8 %
(2) 6.1 %
(3) 8.2 %
(4) 16.3 %

12) A student measures the volume of water as 72 milliliters when the true volume is 75
milliliters. Which equation should be used to determine the student’s percent
deviation?
(1) % deviation =
(2) % deviation =

72
75

X 100

72 + 75
75

X 100

(3) % deviation =

75 - 72
75

X 100

(4) % deviation =

75 – 72
72

X 100

Prologue
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Classification
Grouping based
on observations

Prediction

An inference
about the future

Inference

Observation
Uses the
5 senses

A guess based on
observations

Percent Deviation
Difference x100
Accepted
.

Instruments
Extends the
senses

Measurement
Uses a number
and a unit

Time
Length

Mass

Volume
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II Line Graphs
When interpreting a graph, read the
bottom variable first. This is your
independent variable. Then, read the side
variable and describe what the line in the
center of the graph is doing.

As “B” increases,
“A” increases

A
B

Write out the relationships for each of the following graphs:

Pressure

As temperature increases,
increases
Pressure _____________________

Temperature

Temperature
As time increases,
temperature remains the same

Time

Density

As temperature increases,
density decreases

Temperature

Density

As volume increases,
density decreases

Temperature

Volume
As time increases,
temperature increases

Time
Prologue
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Draw a graph for each of the following relationships:
As depth increases,
pressure increases
depth

As depth increases,
density increases
depth

As altitude increases,
temperature decreases
altitude

As population increases,
pollution increases
population

As the amount of studying
increases, grades increase
studying

As time increases,
velocity remains the same
depth

10
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III. Density of Matter
Density – the amount of matter in a specific volume

Formula:

Density =

Mass
Volume

A. Density Proprieties:
- The same substance has the same density
- Density does not change if a material is broken in half
Example:

Mass = 162 g
Volume = 8.4 cm3
mass
Density =
volume

Gold

Density =

19.3

=

162 g
8.4 cm3

g/cm3

If you take that sample of gold and break it into two exact halves, the mass and
volume is half of the original, but the density remains the same.

Gold

Gold

Mass = 81 g
Volume = 4.2 cm3
mass
Density =
=
volume
Density =

19.3

81 g
4.2 cm3

g/cm3

Practice questions:
1) If a wooden block were cut into eight identical pieces, the density of each piece
compared to the density of the original block would be
(1) less
(2) greater
(3) the same
2) Under the same conditions of temperature and pressure, three different samples of
the same uniform substance would have the same
(1) shape
(2) density
(3) mass
(4) volume

Prologue
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Base your answers to questions 3 through 6 on the diagrams below which represent four
solid objects made of the same uniform material. The volume of the sphere and the mass
of the bar are not given.
Cube

Mass 81 g
Volume 27 cm3

Sphere

Mass 75 g
Volume ?

3) What is the density of the bar?
(1) 9.9 g/cm3
(2) 30.0 g/cm3

Bar

Cylinder

Mass ?
Volume 30 cm3
(3) 3.0 g/cm3

Mass 60 g
Volume 20 cm3
(4) 90.0 g/cm3

4) Which graph best represents the relative densities of the objects?

(1)

(3)

(2)

(4)

5) What is the mass for the bar?
(1) 90 g
(2) 10 g

(3) 30 g

(4) 3 g

6) What is the volume of the sphere?
(1) 5 cm3
(2) 15 cm3

(3) 25 cm3

(4) 35 cm3

7) An unknown sample has a density of 6.0 grams per cubic centimeter. If the sample
were cut in half, each have would have a density of
(1) 12.0 g/cm3
(2) 9.0 g/cm3
(3) 3.0 g/cm3
(4) 6.0 g/cm3
8) The original sample A is cut into several pieces. When compared with the density of
the original sample, the density of each piece will be
(1) less
(2) greater
(3) the same

12
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B. Change in Density:
Two factors that do effect density are

Temperature

and

Pressure

1. Temperature As temperature increases, molecules begin to move a part (expand),
which means the volume increases.
rises

An example would be a

because it is

dense.

Hot air balloon

(b) State the relationship between
temperature and density.
As

less

(c) Draw the relationship between
temperature and density in the graph
below.

Temperature increases ,

Density

(a) Warm air

Density decreases

Temperature
Phases of Matter:
(a) Most materials have their greatest density as a
The exception is water, because water

solid
when it freezes.

expands

(b) Water is at its greatest density at a temperature of
The density of water is
1 g/ml
(c) If an object floats on water, it is less
If an object sinks in water, it is

more

3.98 °C

dense than the water.
dense than the water.

2. Pressure: When pressure is added, it causes the material to become smaller
(compress), volume decreases.

As

Pressure increases
Density increases

,

(b) Draw the relationship between
pressure and density in the graph
below.

Density

(a) State the relationship between pressure
and density.

Pressure
Prologue
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Practice problems:
Base your answers to questions on 1 and 3 on the diagram below. Object A is a solid cube
of uniform material having a mass of 65 grams and a volume of 25 cubic centimeters.
Cube B is a part of cube A.
1) The density of the material in cube A is determined
at different temperatures and phases of matter. At
which temperature and in which phase of matter
would the density of cube A most likely be
greatest?
(1) at 20°C and in the solid phase
(2) at 200°C and in the solid phase
(3) at 1800 °C and in the liquid phase
(4) at 2700°C and in the gaseous phase
2) If cube B is removed from cube A, the density of the remaining part of cube A will
(1) decrease
(2) increase
(3) remain the same
3) The mass of cube B is measured in order to calculate its density. The cube has water
on it while its mass is being measured. How would the calculated value for density
compare with the actual density?
(1) The calculated density value would be less than the actual density.
(2) The calculated density value would be greater than the actual density.
(3) The calculated density value would be the same as the actual density.
Base your answers to questions 4 through 6 on the diagram below, which represents a
solid material of uniform composition.
4) What is the mass of the material?
(1) 18.9 g
(3) 4.5 g
(2) 32.4 g
(4) 40 g
5) If this material is heated and expands,
the density of the material will
(1) decrease
(3) remain the same
(2) increase

Density = 2.7 g/cm3

2.0 cm3
3.0 cm3

2.0 cm3

14

Mass

Mass

Mass

Mass

6) Which graph best represents the relationship between the mass and volume of varioussized pieces of this material?

Volume

Volume

Volume

Volume

(1)

(2)

(3)

(4)
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7) As water cools from 4°C to 0°C, its density
(1) decreases
(2) increases

(3) remains the same

8) As the volume of air expands due to heating, the density of this air will
(1) decrease
(2) increase
(3) remain the same
9) Water has the greatest density at approximately
(1) 100°C in the gaseous phase
(3) 4°C in the solid phase
(2) 0°C in the solid phase
(4) 4°C in the liquid phase
Base your answers to questions 10 and 11 on the diagram below, which is an irregularly
shaped objects in which certain measurements were made.
10) A student measured the mass and
volume of the mineral crystal below and
recorded the data shown below. The
student used these data to calculate the
density of the crystal. What is the
density according to the student’s data?
(1) 1.0 g/ cm3
(3) 2.0 g/ cm3
(2) 1.5 g/ cm3
(4) 2.5 g/ cm3

Data
Mass = 80 g
Volume = 32 cm3
Density = ?

11) What is the student’s percent error if the actual density of the crystal is 2.7 grams per
cubic centimeter?
(1) 0.4%
(2) 5.0%
(3) 7.4%
(4) 8.0%
12) The diagram to the right represents a cylinder which contains four
different liquids, W, X, Y, and Z, each with a different density (D) as
indicated. A piece of solid quartz having a density of 2.7 g/cm3 is
placed on the surface of liquid W. Which the quartz is released, it will
pass through
(1) W, but not X, Y, or Z
(3) W, X, and Y, but not Z
(2) W and X but not Y, or Z
(4) W, X, Y, and Z

W

D = 1.0 g/cm3

X

D = 1.8 g/cm3

Y

D = 2.3 g/cm3

Z

D = 3.0 g/cm3

S L G
State of Matter

(1)

S L G
State of Matter

(2)

Density

Density

Density

Density

13) Which graph best represents the relationship between the density of a
substance and its state of matter (phase) for most earth materials,
excluding water?

S L G
State of Matter

(3)

S L G
State of Matter

(4)

Prologue
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C. Graphing Density: The data below shows the mass and volume for three samples of
two different materials. The density for water has been plotted.
1. Plot the three samples of Material A and draw a line to illustrate its density.
2. Plot the three samples of Material B and draw a line to illustrate its density.
Material A
Sample
(a)
(b)
Mass (g)
14
35
Volume (cm3)
8
20
3
Density (g/cm ) 1.75 1.75

(c)
21
12
1.75

36

Material B
Sample
(a)
Mass (g)
8
Volume (cm3)
20
Density (g/cm3)
0.4

(b)
12
30
0.4

(c)
4
10
0.4

A

32

Mass (grams)

28
water

24
20
16

B

12
8
4
0

4

8

12
16
20
24
28
Volume (cubic centimeters)

4. What is the density of material A?
5. What is the density of material B?

32

36

1.75 cm3
0.4 cm3

6. Referring to the line graphs above, compare the line drawn for water and the lines
drawn for Materials A and B by answering the questions below.
(a) How can you tell if a material is less dense than water? It floats
(b) How can you tell if a material is more dense than water? It sinks
(c) The greater the density, the steeper the slope.

16
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Problems: Answer the following questions for each sample below. Each sample is made of
the same uniform material.
Sample A
Sample B
Sample C

2 cm

Mass
24 g
2 cm

3 cm

Volume
12 cm3

2 cm

1 cm

2 cm

Solve for the following. Show all work: write out the formula; substitute numbers; solve.
1. Determine the volume of
Sample A:. V = l • w • h
V = 2 cm x 2 cm x 2 cm
V = 8 cm3

3. Determine the volume of
Sample B.
V = 3 cm x 2 cm x 1 cm
V = 6 cm3

2. What is the density of
Sample A?
D = m/v = 24 g / 8 cm3
D = 3 g / cm3

4. What is the mass of
Sample B?
mass = density x volume
mass = 6cm3 x 3 g/cm3
mass = 18 g

5. What is the mass of
Sample C?
mass = density x volume
mass = 12cm3 x 3 g/cm3
mass = 36 g

6. Fill in the chart below, using the values determined above.
Sample:
A
B
C
Mass (g)

24

18

36

Volume (cm3)

8

6

12

7. Draw a graph below that represents the density of these three samples.
39

Mass ( grams)

33
27
21
15
9
3
0

2
4
6
8
10
Volume (cubic centimeters)

12
Prologue
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Base your answers to questions 8 and 9 on the data tables below. The data table below
shows the mass and volume of three samples of the same mineral.
8. Determine the density of each of the samples below.
Sample

Mass (g)

Volume (cm3)

Density (g/cm3)

A

50

25

2

B

100

50

2

C

150

75

2

Density

Density

Density

Density

9. Which graph best represents the relationship between the density and the volume
of these mineral samples?

Volume

Volume

Volume

Volume

(1)

(2)

(3)

(4)

Base your answers to questions 10 through 12 on the graph below which shows the
relationship between mass and volume for three materials X, Y, and Z which are at a
temperature of 20°C.
50

X

Mass

40

Y

30
20

Z

10
0
2

4

6

8
Volume

10

12

10. What is the approximate density of material Y?
(1) 1.0 g/cm3
(2) 0.2 g/cm3
(3) 5.0 g/cm3

14

(4) 10.0 g/cm3

11. When the volume of material Z is 14 cubic centimeters, its mass is
(1) 8 g
(2) 10 g
(3) 14 g
(4) 16 g
12. Using the graph above, draw the line graph on for a material that has a volume of 7
cubic centimeters and a mass of 12 grams.
18
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13. Calculate the density of the following 5 different substances, A, B, C, D, and E.
Show all work.
A)
2 cm

Mass = 10 g

2 cm

5 cm
B)
mass = 10.6 g
volume = 4 cm3

C)
mass = 35 g
volume = 35 ml

D)

V = l x w x h = 2 cm x 5 cm x 2 cm
V = 20 cm3
D = m/v = 10 g / 20 cm3
D = 0.5 g/cm3
D=m/v
D = 10.6 g / 4 cm3
D = 2.65 g/cm3

D = m/v
D = 35 g / 35 ml
D = 1 g/ml

D = m/v
D = .009 g/ 100 cm3
D = 0.00009 g / cm3

Mass = .009 g
Volume = 100 cm3

E)
Mass = 80 g
Volume = 35 cm3

D = m/v
D = 80 g / 35 cm3
D = 2.29 g / cm3

14. Using the letters for each material, list the materials in order of density from least to
most.
D
A
C
E
B
,
,
,
,
15. What is the density of water?

1 g/ml

16. Which objects above will float if they were placed in water?.

D and A

17. What happens to the volume of the air as it is heated?

It expands (increases)

18. What happens to the density of the air as it is heated?

It decreases

19. What happens to the volume if a material is placed under pressure?
20. What happens to the density as pressure is increased?

It decreases

It increases
Prologue
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Review Questions:
1. A student measures the volume of a rock sample to be 48.6 cm3. The density of the
rock sample is 5.3 g/cm3. Calculate the mass of the rock sample.
mass = density x volume
mass = 5.3 g/cm3 x 48.6 cm3 = 257.6 grams
The correct mass of the sample should have been 259.6 g. What is the student’s
percent error?
Difference from accepted value
259.6-257.6 X 100%
= .77%
Percent Deviation =
X 100%
259.6
Accepted value
Base your answer to questions 2 through 4 on the diagram below. The diagram shows the
location of four objects, A, B, C, and D, after they were placed in a container of water.
A
B

2. Which object is most probably an ice cube?

B

3. Which object has the same density as the liquid? C

C

4. List the objects in order from highest to lowest density.

D

D

C

B

A

5. What is the density of an irregular shaped object that has a volume of 3.0 milliliters
and a mass of 12 grams? D = m/v = 12g / 3.0 ml = 4 g/ml
6. If the object were cut in half, what would the density of each half be? 4 g/ml
7. As the volume of air expands due to heating, describe the change that will occur to the
density.
The density will decrease.
Base your answers to questions 8 through 10 on the data table below. The table shows the
mass and volume of three liquids A, B, and C.
Liquid
A
B
C

Volume (mL)
500
500
500

Mass (g)
400
500
600

8. List the liquids in order of decreasing densities.

A

Density (g/mL)
1.25
1
.833
B

C

9. If half of liquid A is removed from its container, how will the density of the remaining
liquid compare to the original density? It would remain the same.
10. The accepted mass for liquid C is 600 grams, but a student measures the mass as 612
grams. What is the percent deviation of the student’s measurements?
Percent Deviation =

20

Difference from accepted value
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Accepted value

X 100%

612 - 600 X 100%
600

=2%

Rate of Change

Formula for
Rate of Change

Graphs

How fast something changes

Rate of Change =

Change in field value
Time

Allows you to see a relationship very quickly

1. The temperature of water in a container was 60°C. Ten minutes later, the water
temperature was 35°C. What was the rate of cooling of the water?
(1) 25 C°/min
(2) 2.5 C°/min
(3) 35 C°/min
(4) 3.5 C°/min
2. The graph below shows the temperature readings for a day in April.
The average rate of temperature change, in
Fahrenheit degrees per hour, between 6 a.m.
and noon was
(1) 6°/hr
(3) 3°/hr
(2) 8°/hr
(4) 18°/hr

Use the graph to the right to answer questions 3 and 4. The
graph represents the relationships between temperature and time
as heat is added at a constant rate to equal masses of four
substances labeled A, B, C, and D.
3. The temperature of which substance increased the most
rapidly? A
4. Which substance has a change that is not at a constant rate?

B

5. Calculate the average daily rate of movement of the hurricane during the period from 3
p.m. August 24 to 3 p.m. August 28. The hurricane traveled 2,600 kilometers during
this 4-day period.
Rate of Change =

Change in field value =
Time

2,600 km
4 days

= 650 km/day

Prologue
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6. A student measures and records the temperature of water in a beaker for 8 minutes as
shown below.
Start
Finish
Time
0 min 1 min 2 min 3 min 4 min 5 min 6 min 7 min 8 min
Temperature 90°C 83°C 78°C 73°C 68°C 64°C 60°C 57°C 54°C
What is the average rate of cooling for the water in the beaker during the 8-minute
time interval?
(1) 3.2 °C/min
(2) 3.6 °C/min
(3) 4.5 °C/min
(4) 4.0 °C/min
7. The temperature of water in a container was 60°C. Ten minutes later the water
temperature was 35°C. What was the rate of cooling of the water?
(1) 25 °C/min
(2) 2.5 °C/min
(3) 35 °C/min
(4) 3.5 °C/min
8. Create a line graph using the following steps.
(a) Determine the correct scale that will best fit the data in the table below.
(b) Remember to label the axis with units.
(c) Plot the data and connect the points.
Time (min)

0

1

2

3

4

5

6

7

8

9

10

Temperature (°C)

0

0

2

3

4

4

5

6

6

8

10

(a) Determine the average rate of
temperature change that occurred
during this experiment.

10
9

Temperature

8

Rate of change = change in field value
time

7
6
5

= 10°C – 0 °C
10 min

4
3

= 1 °C/min

2
1
0
0

1

2

3

4

5

6

7

8

9

10

Time

(b) By looking at the line graph, did the rate of temperature change stay the same
throughout the experiment?
No
Explain how you can tell.
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It is not a straight line

Earth’s Dimensions
Earth’s shape

-

Oblate spheroid

-

Slightly bulging in the middle

-

Due to the rotation of Earth

Evidence

-

Ships disappear past the horizon (hull first)

-

Earth’s shadow on the moon during a lunar eclipse

-

Time differences between distant places

-

Altitude of stars change (Polaris); can not be seen in the
Southern hemisphere

-

Photographs from space

Spheres of Earth:
1) Lithosphere-

Solid part of Earth
includes: crust and upper mantle, , bedrock, continents (land),
ocean floor

2) Hydrosphere –

water on Earth
includes: oceans, lakes, rivers, groundwater
-

3) Atmosphere -

Approximately 75 % of Earth’s surface

Shell of gasses that surrounds Earth
-

Divided into layers based on composition and temperature
-

Troposphere – layer closest to Earth’s surface

-

most important layer

-

contains all elements necessary for life
Earth Dimensions
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Selected Properties of Earth’s Atmosphere:

Earth Science Reference Table page 14

Name the boundary that separates each of the following:
(a) the troposphere and the stratosphere

Tropopause

(a) the stratosphere and the mesosphere

Stratopause

(b) the mesosphere and the thermosphere

Mesopause

Layer

Highest Altitude
Miles
Kilometers

Temperature Range ( ˚C)

Troposphere

7

12

From

15°

to

-55°

Stratosphere

32

50

From

-55°

to

0°

Mesosphere

50

82

From

0°

to

-90°

Thermosphere

75 +

120 +

From

-90°

to

100°+

1.

Which layer of the atmosphere is most of the water vapor is located. tropopause

2.

Name the layer, closest to Earth’s surface, where the temperature increases as you
increase altitude Stratosphere

3.

What happens to atmospheric pressure as you increase altitude.

4.

What is the atmospheric pressure at sea level

5.

What is the temperature at the Tropopause?

6.

At what boundary is the coldest temperatures found?

7.

Name the boundary where the atmospheric pressure is approximately 10-3 atms.

1

it decreases

atm (100)

-55°C
Mesopause

Stratopause
8.

In which layers of the atmosphere can the temperature be 15 ºC?

Troposphere

and Thermosphere
9.

What is the highest concentration of water vapor?

30 g/m3

10. In what layer is the highest concentration of water vapor found?
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Troposphere

Average Chemical Composition of Earth’s Curst, Hydrosphere, and Troposphere
Earth Science Reference Table Practice page 11
1.

Hydrogen

is the most abundant element in Earth’s hydrosphere.

2.

The chemical symbol for Calcium is

3.

In Earth’s crust, what is the percentage of magnesium by volume?

4.

Name the two ways in which information regarding the Crust has been
categorized.
mass
and
volume

5.

Name the element that can be found in the crust, hydrosphere and troposphere.
oxygen

6.

What is the percentage of iron in the Earth’s Crust (by volume)?

7.

What is the most abundant element in the Troposphere?

8.

What is the percentage of Aluminum in the Earth’s Crust (by mass) ?

9.

Name the two most abundant elements in the Earth’s Crust by mass (include %)
a.
Oxygen
46.40 %
b.
Silicon
28.15 %

10.

Name the two most abundant elements in the Earth’s Crust by volume (include %)
a.
Oxygen
94.04 %
b.
Potassium
1.42 %

11.

What are the two elements that compose the hydrosphere? (include %)
a.
Oxygen
33.0 %
b.
Hydrogen

12.

List the following in order from least to most dense.

Hydrosphere

Ca

Atmosphere

.33 %

.49 %
Nitrogen
8.23 %

66.0 %

Lithosphere

Least dense Atmosphere
Hydrosphere
Most dense Lithosphere
13.

What is the percentage of calcium in the Earth’s Crust (by mass)?

4.15 %

14.

When comparing percent by mass and percent by volume in the Earth’s crust,
which element has a lower percentage by mass?
oxygen

15.

Name the only element found in the crust that is a higher percent by volume
then percent by mass.
oxygen
Earth Dimensions
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16.

What is the percentage by mass that aluminum, iron and calcium combined
make up?
18.01 %

17.

Which two elements listed on the chart are not found in Earth’s crust?
Nitrogen
and
Hydrogen

18.

What percentage of Earth’s crust by mass is made of silicon and oxygen
combined?
74.55 %

19.

What percentage of Earth’s crust by volume is made of silicon and oxygen
combined?
94.92 %

True or False?
20.

False

There is a greater volume of calcium in Earth’s crust than there is
sodium by mass.

21.

True

In the hydrosphere, hydrogen is the most abundant element by
volume.

22.

False

In Earth’s troposphere, most of the air we breathe is made up of
oxygen.

23.

False

There is more silicon in the crust by mass than oxygen by volume

24.

False

Potassium is the only element found in Earth’s crust.

25.

False

In Earth’s crust (by mass) there is more magnesium than sodium.

Locating Positions on Earth
Coordinate system -

A grid where each location
is defined by the intersection
of two lines

The coordinate system used on Earth is
and

26

ESworkbooks©2008cdunbar

longitude

latitude

Latitude

Longitude

Equator

Where is 0˚

Prime meridian

Parallels of latitude

Lines are
called

Meridians

East and West
.
Parallel to the equator

Lines run

North and South
Intersect at the poles

Appearance

North and South of
the equator

Lines
measure
degrees

East and West of the
Prime Meridian

90°N – north pole
90°S – south pole

Highest
degree

180°
International Date Line

Miscellaneous

•

Locations with the same
longitude have the same solar
time

•

Earth rotates 15° per hour

•

Time zones are 15° apart

Altitude of Polaris = a person’s
North latitude

Ursa Major
The Big Dipper

Polaris

*Refer to the diagram on page 24

Ursa Minor
Pointer
stars

The Little Dipper

Earth Dimensions
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Base your answers to questions 1 through 3 on
the diagram of the Earth below. Some of the
latitude and longitude lines have been labeled.
Points A through E represent locations on the
Earth’s surface

1. What are the approximate latitude and
longitude of location A?
(1) 105 ˚N, 25 ˚W
(3) 25 ˚N, 105 ˚E
(2) 25 ˚N, 105 ˚W
(4) 105 ˚S, 25 ˚E

6. A person knows the solar time on
the Prime Meridian and the local
solar time. What determination
can be made?
(1) the date
(2) the altitude of Polaris
(3) the longitude at which the
person is located
(4) the latitude at which the
person is located
7. What could be the approximate
location of an observer if he
measured the altitude of Polaris to
be 41 degrees above the horizon?
(1) Watertown (3) Buffalo
(2) Massena
(4) New York City
8. What is the latitude of the observer
shown in the diagram below?

2. What do locations A, B, and E have in
common?
(1) They are the same latitude.
(2) They are in the same season.
(3) They have the same local time.
(4) They have the same prevailing wind
direction
3. The latitude and longitude of which location
are closest to those of New York State?
(1) A
(2) B
(3) C
(4) D
4. As a person travels due west across New
York State, the altitude of Polaris will
(1) decrease
(3) remain the same
(2) increase
5. At what latitude would an observer on the
Earth find the altitude of Polaris to be 37 ˚?
(1) 37˚ South
(3) 37˚ North
(2) 53˚ North
(4) 90˚ North
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(1) 35˚ N
(2) 55˚ N

(3) 90˚ N
(4) 125˚ N

9. An observer on a moving ship
notices that the altitude of Polaris
increases each night. Local solar
noon occurs at the same time each
day. In what direction is the ship
moving?
(1) due east
(3) due west
(2) due south
(4) due north
10. Which factor can be predicted most
accurately from day to day?
(1) chance of precipitation
(2) direction of the wind
(3) time of an earthquake occurring
(4) altitude of the Sun at noon

11. As a ship crosses the Prime Meridian,
the altitude of Polaris is 65 ˚. What is
the ship’s location?
(1) 0˚ longitude, 65 ˚ South latitude
(2) 0˚ longitude, 65 ˚ North latitude
(3) 0˚ latitude, 65 ˚ West longitude
(4) 0˚ latitude, 65 ˚ East longitude

16. The diagram below represents a portion
of a map of the Earth’s grid system.
What is the approximate latitude and
longitude of point A?

12. An observer on Earth measures the
altitude of Polaris and finds it to be 0
degrees. This observer must be at the
(1) North Pole
(3) Tropic of Cancer
(2) Arctic Circle (4) Equator
13. The diagrams below represent four
systems of imaginary lines that could
be used to locate positions on a planet.
Which system is most similar to the
latitude-longitude system used on the
Earth?

(1) 15˚ N, 30˚ W
(2) 15˚ S, 30˚ W

(3) 15˚ N, 30˚ E
(4) 15˚ S, 30˚ E

17. What is the location of Binghamton,
New York?
(1) 42˚ 06’ N lat, 75˚ 55’ W long.
(2) 42˚ 06’ N lat, 76˚ 05’ W long.
(3) 42˚ 54’ N lat, 76˚ 05’ W long.
(4) 42˚ 54’ N lat, 75˚ 55’ W long.
18. The diagram below shows the altitude of
Polaris above the horizon at a certain
location.

14. Which reference line passes through
both the geographic North Pole and the
geographic South Pole?
(1) 0˚ latitude
(3) Tropic of Cancer
(2) 0˚ longitude (4) Tropic of Capricorn
15. Cities located on the same meridian
(longitude) must have the same
(1) altitude
(3) length of
daylight
(2) latitude
(4) solar time

What is the latitude of the observer?
(1) 10˚ N
(3) 50˚ N
(2) 40˚ N
(4) 90˚ N

Earth Dimensions
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Landscape Regions – Characteristics of the Earth’s surface
Determined by the resistance of the bedrock &
Movement of the Earth’s Crust
Mountains
-

High relief (high elevated)
landscape
Has distorted rock structures

-

Valley
-

Plateau
-

A “dip” or low lying
area between two
mountains or plateaus

High relief
Not as high as mountains
Has horizontal bedrock (no
distortion)

Plains
-

Low relief – “low lands”
Gentle slopes, if any at all

List the New York State landscape regions that are found in the Earth Science

Reference Tables on page 2

Plateau (highlands)
Allegheny Plateau
Tug Hill Plateau
Hudson Highlands
Greenville Province Highlands
Appalachian Plateau
Catskills
New England Highlands

Plains (lowlands)
Newark Lowlands
Hudson Mohawk Lowlands
St. Lawrence Lowlands
Champlain Lowlands
Erie Ontario Lowlands
Interior Lowlands
Atlantic Coastal Plain
Mountains

Adirondack Mountains
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Taconic Mountains

Practice: Map Reading
Using the Earth Science Reference Tables, page 2 & 3, determine the landscape region for
each of the follow:
Location
Albany
Binghamton
Buffalo

Landscape Region
Hudson Mohawk LL
Allegheny Plateau
Erie Ontario Lowlands

Location

Landscape Region

Niagara Falls

Erie Ontario Lowlands

Old Forge

Adirondack Mountains

Oswego

Erie Ontario Lowlands

Elmira

Allegheny Plateau

Plattsburg

Champlain Lowlands

Ithica

Allegheny Plateau

Riverhead

Atlantic Coastal Plain

Jamestown

Allegheny Plateau

Rochester

Erie Ontario Lowlands

Kingston

Catskills

Messena

St. Lawrence Lowlands

Syracuse

Mt. Marcy

Adirondack Mountains

Utica

New York City

Newark Lowlands

Slide Mountain

Catskills
Erie Ontario Lowlands
Hudson Mohawk LL

Watertown

Erie Ontario Lowlands

Connecticut

New England Province

Pennsylvania

Massachusetts

New England Province

Vermont

New England Province

Long Island

Atlantic Coastal Plain

New Jersey

Newark Lowlands

1. What is the elevation of Lake Erie?
2. What is the elevation of Lake Ontario?

Appalachian Plateau

175 m
75 m

3. How many rivers are shown on the map on page 3?

7

4. Find the map scale. What is the largest number listed for miles?

50

5. Find the map scale. What is the largest number listed for kilometers?
6. What is the straight line distance, in miles, from Buffalo to Elmira?

80
120

7. What is the straight line distance, in km from Watertown to Syracuse?
8. What is the name of the town located on Long Island?

miles
100

km

Riverhead

Earth Dimensions
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Positions Review:
30˚
1

Position

Latitude

Longitude

1

25° N

30° W

2

15° N

20° E

3

20° S

20° W

4

10° S

30° E

5

5° N

10° E

6

30° S

35° W

7

25° N

15° E

8

25° S

15° E

9

15° N

15° W

10

5° S

7° W

N

7
20˚
2

9

10˚
5
0˚
10

10˚

4

20˚

3
8

30˚

6
40

30˚

20˚

10˚

0˚

10˚

20˚

30˚

1. What is the latitude of the equator?

0

°

2. What is located at 0˚ latitude?

Equator

3. What is the highest degree North latitude?

90 ° N

4. What is the highest degree South latitude?

90 °

5. What is the highest degree longitude?

S

180 °

6. What is located at the highest degree longitude?
7. Which way do the lines of latitude run?

Prime Meridian
East and West

8. Which way do the lines of longitude run?

North and South

9. Name the city is at approximately 42º06’ N. lat & 75º55’ W. long?

Binghamton

10. What city does an observer measure the altitude of Polaris to be 41º?

New York

11. Name two cities located at approximately the same latitude as Binghamton, NY.
Elmira

and

Jamestown

12. Name the city that has the approximate same longitude of Ithaca, NY.
13. What can an observer determine if they know the altitude of Polaris?

Oswego
North Latitude

14. What happens to the altitude of Polaris if an observer travels due North?

It increases

15. What happens to the altitude of Polaris if an observer travels due West?

Nothing

16. What landscape region is located at 44ºN, and 75ºW?
17. What is located at 43º30’N and 78ºW?

Lake Ontario

18. Which general direction does the Niagara River flow?
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Adirondack Mountains
North

Mapping Fields
A generic term for anything being measured

Field -

A line that connects equal values in a field

Isolines -

Isotherms -

Isobars -

Maps

A line connecting equal temperature

A line connecting equal barometric pressure

A snapshot of a particular area.
Fields do not end at the edge of the map

Contour lines -

Contour interval

Lines that connect equal elevation

Difference in elevation between two adjoining contour lines. (what they count by)

Drawing isolines:
-

Try to locate a pattern where numbers
may be bunched together

-

The 25 isoline has been drawn on the map
to the right

-

Follow a similar pattern for the line drawn

-

When drawing the 26 isoline, make sure it
falls between the 25 and 27 values

-

Using a pencil, softly draw a line
connecting equal values

•23
• 24

• 25

• 24

• 27
• 25

• 28

• 27
• 28

•25
• 26

• 25

• 27

• 26
• 27

• 29

• 28
• 28

• 29

Earth Dimensions
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Use an interval of 5 for the following field
•57
•60

•57

•60

•65

•65

•65

•70

•70

•68

•75

•75

•70

•65

• 65

•60

•58

•53

•50

•45

•40

•65

•62

•57

•55

•50

•39

•37

•70

•65

•62

•60

•52

•45

•40

•36

•40

•36

•40

•34

•39

•35

•75

•75

•70

•68

•66

•61

•58

•50

•64

•70

•70

•69

•65

•62

•60

•55

•49

•60

•63

•64

•60

•59

•56

•54

•50

•45

•58

•56

•57

•56

•55

•53

•48

•46

•44

•41

•39

•30

•54

•54

•53

•51

•50

•47

•45

•43

•41

•40

•30

•29

Contour interval = 10
46
48

40

50

60
65
50

58
50

60

50

67

80
70

80
80

79
84

63
60

34

10

11
15

15

40
70

60

58

7

50

17

4

57

50

10

40
6

40
40
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20

20

5

19

15

10

21

20

16

5

15
15

12
38

12
14

20

60

55

39

10

9

50
40

5

37
5

76

66

50

5

60

80

55

40
50

70

•42

38
3

56

•43

Contour interval = 5

50
50

•44

•65

10

10
5

D. Topographic Maps:

N
Steepest
slope
BM

100

•123

120

100

80

100

Gentle
slope
80

0m

Depression
contour

60
40
20
0

100

200

300

400

500

600

kilometers

Map Scale

Measures distance across the surface
Contour interval
Difference between two adjacent contour lines (20 meters)
Direction of stream flow
- Always flows downhill (from higher to lower elevation)
- Contour lines bend (point) uphill
Steepest section lines are closest together
Where the contour lines are closest together
Bench mark
States exact elevation at a particular location
Depressions
hash marks show where the elevation decreases
-

The first depression contour has the same value as the previous contour line
Any other depression contours count down with the same contour interval

Islands

If the first contour line is zero all the way around, then it is an island

Highest elevation
Is one less than the next highest counter line (120 + 20 -1 =139 meters)
Earth Dimensions
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How to Draw a Topographic Profile:

0
20

40

60

80

100

100

100

80

80

60

60

40

40

20

20

0

0
A

B

1

Label the contour lines on the map, above the profile line

2

Place a scrap paper across the profile line and mark each place a contour line touches
the paper and mark the elevation

3

Place the scrap paper at the bottom of the graph

4

Place a dot directly above each mark on the scrap paper at the corresponding elevation

5

Connect the dots with a smooth line

6

Hills are not flat - the line at the top of the hill must be a little above the highest
elevation point on the graph
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Draw Profiles for the following maps:
A

80

C

0
50
D
100

B
60
50
40
30
20
10
0

30

A

B

220
200
180
160
140
120
100

C

D

G

E

150

100

F

100

50
110
100
90
80
70
60
50

E

H

F

160
150
140
130
120
110
100

G

H
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Gradient =

change in field value
distance

250 m
10 km

A stream begins at an elevation of 250 m
and flows into a pond that is at an elevation
of 100 m. The length of the stream is 10
km. What is the gradient?
Formula:

Gradient =

change in field
distance

Substitute
Numbers

Gradient =

250 m – 100 m
10 km

Solution
(with units)

Gradient = 15 m/km

100 m
Pond

A map shows two locations A and B.
They are 15 kilometers apart. Location A
has an elevation of 525 meters and
location B has an elevation of 150 meters.
What is the gradient between the two
locations?

The difference in elevation between two
locations is 800 meters. The distance
between them is only .05 kilometers.
What is the gradient between the two
points?

Formula:

Formula:
Gradient =

change in field
distance

Substitute
Numbers

Gradient =

change in field
distance

Gradient =

800 m
.05 km

Substitute
Numbers
Gradient =

525 m – 150 m
15 km
375 m
15 km
Solution
(with units)

Solution
(with units)
Gradient = 25 m/km
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Gradient = 16,000 m/km

Points A, B, Y, and Z are reference points on the topographic map. The symbol • 533
represents the highest elevation on Aurora Hill.

1. What is the contour interval for this
map? 10 meters
2. State the general compass direction in
which Maple Stream is flowing. SW
3. Calculate the gradient between points
Y and Z on the map, and label the
answer with the correct units.
Gradient =

change in field
distance

30 ft
5 miles

= 6 ft/mile

4. Describe the evidence shown on the
map that indicates that the southern
side of Holland Hill has the steepest
slope. The lines are closest together.
5. On the grid provided to the right,
construct a topographic profile from
point A to point B.
Earth Dimensions
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Below is a topographic map of an island. Elevations are expressed in feet. Points A, B, C,
and D are locations on the island. A triangulation point shows the highest elevation on
the island.

Lost creek

1. What is the contour interval of this map? 50 ft.
2. Toward which compass directions does Lost Creek flow?
3. Draw a profile of the island between points A and B.

SE

4. What is the average gradient, in feet per mile, along the straight line from point C to
point D?
Gradient =

40

change in field
distance

ESworkbooks©2008cdunbar

=

200 ft – 50 ft
6 miles

=

150 ft
6 miles

= 25 ft/mi

Base your answers to questions 1 through 5 on the topographic map shown below.
Elevations are in meters.
1. Which section of the map shows the
steepest gradient?
NE
2. What is the contour interval?
100 m
3. What is the most likely elevation of
point A?
1750 m
4. What is the distance from point A to
the 2053 elevation mark?
2.2 km
5. What is the gradient from point A to
the 2053 elevation mark? (show
work)
Gradient =

change in field
distance

=

2053 m – 1750 m
2.2 km

=

303
2.2 km

= 137.7 ft/km

Base your answers to questions 6 through 10 on the topographic map shown below.
6. What is the contour interval?
20 m
7. What is the elevation of the highest
contour line? 180 m
8. What is the highest possible elevation on
the map?
199 m
9. What is the distance between A and B?
30 km
10. What is the gradient between A and B?
(show work)

Gradient =

change in field
distance

=

180 m – 120 m
30 km

=

60 m
30 km

= 2 m/km
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Base your answers to questions 11 and 12 on the topographic maps and block diagrams of
two landscape regions shown below. The block diagrams show a three-dimensional view of
the topographic maps directly above them. Elevations are measured in feet. Points A, B, C,
and D are locations on Earth’s surface.

11. Which contour interval is used on both topographic maps?
(1) 10 ft
(2) 20 ft
(3) 30 ft

(4) 40 ft

12. A stream begins to flow downhill from point D toward the depression. After a period
of time, the depression fills with water. Overflowing water from the depression
moves downhill toward point C. Which topographic map shows the most likely
resulting change in the contour lines?
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Minerals & Rocks
5 Characteristics:

Minerals
Naturally occurring

Formed from elements or compounds

Inorganic
Definite chemical make up and regular
atomic structure

Found as a solid in nature

A. Minerals are classified according to their
properties.

Physical

and

Chemical

Physical Properties:
1) Color Easiest to recognize
Not very reliable
Example: quartz - comes in several different colors
calcite and halite – both can be transparent and/or same color

2) Streak - the color of a minerals powder
Test: Rub the mineral across a piece of unglazed ceramic tile

3) Luster - the way a mineral reflects light
Metallic - looks like shiny metal
Non-Metallic- Does not look like shiny metal
-

Can be dull, waxy, glassy, ect.

Minerals and Rocks
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4) Hardness - a minerals ability to scratch or be scratched

Test:

Find a sharp edge on your mineral

and try to scratch the glass plate
Moh’s hardness scale - 10 common minerals
placed in order of hardness
- the higher numbers can scratch the lower
numbers

Moh’s hardness scale:
1. Talc
2. Gypsum
3. Calcite
4. Flourite
5. Apatite
6. Feldspar
7. Quartz
8. Topaz
9. Corundum
10. Diamond
5.5 – approximate
hardness of a glass plate

5) Cleavage - The tendancy of a mineral to split along smooth, flat surfaces called
plains
Test:

Look at the mineral carefully and check for light reflecting off
of flat surfaces

6) Fracture -

When a mineral breaks into pieces with uneven surfaces

7) Specific Gravity - the ratio between the weight of a substance and the weight of the
substance in an equal volume of water
-

8) Special Properties -

density

Unique properties some minerals have

Examples - Halite – tastes salty
Magnetite – magnets are attracted to it
Calcite – double refractions
Calcite – bubbles with HCl (hydrochloric acid) – acid test
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B. Minerals are grouped according to their
1. The elements
silicon
form tetrahedral units.

Chemical properties
and

oxygen

combine to

Together, the mass of these two elements are most abundant in the Earth’s crust.
Silicates - any mineral composed of silicon and oxygen

Tetrahedro
oxygen
n

silicon
2. The physical properties of minerals depend upon the
Internal arrangement of atoms
Example:
Diamond
-

100 %
Carbon

Jewelry
Cutting hard
substances

Graphite
-

Pencil lead
Lubricant

3. Of the thousands of known minerals, only a few are found almost
4. If you know how to identify about a

dozen

everywhere

of the most common minerals

you will be able to identify minerals in most rocks you are likely to find.
5. Nearly all rocks are composed of one or more
minerals
6. Minerals are the
Some exceptions include:

building blocks
coal

of most rocks.
and

limestone

C. Rocks are classified on the basis of their origin. - How they were formed
(a) Igneous -

Formed from melting and solidification of magma

(b) Sedimentary - Deposition, burial, compaction and cementation of sediments
(c) Metamorphic - Formed from any rock type due to extreme heat and pressure
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solid

Naturally
occurring

inorganic

Definite
atomic
structure

Characteristics

Internal
arrangement
of atoms

Minerals

Elements or
compounds

luster

taste

color

streak

Physical Properties

Special
Properties

magnetic

double
refraction

hardness

cleavage

acid test
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Fill in the missing information in the chart below by using the “Properties of Common
Minerals” in the Earth Science Reference Tables page 16
Luster

Hardness

Composition

Color

Mineral Name

Nonmetallic
Nonmetallic
Nonmetallic

6
2
4

KAlSi3O8
S
CaF2

white to pink
yellow to amber
colorless/variable

Potassium Feldspar
Sulfur
Fluorite

2.5

PbS

metallic silver

Galena

1

Mg3Si4O10(OH)2

white to green

Talc

1-6.5

Fe2O3

earthy Red

Hematite

Nonmetallic

2

CaSO4•2H2O

white to pink

Gypsum

Nonmetallic

4

CaF2

colorless

Fluorite

6.5

FeSO2

brassy yellow

Pyrite

7

Fe3Al2Si3O12

dark red

Garnet

1-2

C

silver to gray

Graphite

3

CaCO3

colorless/variable

Calcite

5.5-6.5

Fe3O4

black to silver

Magnetite

6.5

(Fe, Mg)2SiO4

green to gray

Olivine

Metallic
Nonmetallic
Either

Metallic
Nonmetallic
Metallic
Nonmetallic
Metallic
Nonmetallic

Which mineral has the following characteristics?
Mineral Characteristics
Bubbles with acid when powdered
Cleaves at 56° and 124°
Food additive and melts ice

Mineral Name
Dolomite
Amphiboles
Halite

Easily scratched by a fingernail

Gypsum

Red-brown streak

Hematite

Feels greasy

Talc

Used in glass, jewelry and electronics

Quartz

Polarizing prism and used in cement

Calcite
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Review Questions – Minerals
1.

Name the mineral that contains iron, has a metallic luster, is hard, and has the
same color and streak.
Magnetite

2.

Name the mineral that is an ore of iron and has a characteristic reddish brown
streak?
Hematite

3.

The physical properties of a mineral are largely due to its

internal
arrangement of atoms

4.

Why is coal not a mineral?

it comes from plant remains

5.

What are the four most abundant elements in Earth’s crust by volume?
Oxygen
Calcium
Potassium

Sodium

6.

Why are diamonds and graphite so different even though they are both
composed of the element Carbon? Internal arrangement of atoms

7.

Equal volumes of the minerals garnet, galena, biotite & olivine are placed in a
rotating tumbler by a student. After 4 days of tumbling, the minerals are
removed and examined. What will be observed? Explain. Galena & biotite
will be broken apart much more than garnet and olivine because they are not as
hard

8.

Using Moh’s Hardness Scale, name a mineral that will scratch a glass plate but
will not scratch Olivine.
Feldspar

9.

Diamonds and quartz crystals look very similar but diamonds cost considerably
more. Give two reasons why diamonds cost more.
“good” diamonds are rare
and quartz is found almost everywhere

10. A student on a mineral dig unearths a clear mineral. Name two tests that would
help identify this mineral. Streak, hardness
11. Name the mineral test that is least useful in mineral identification.

color

12. 4 oxygen elements and 1 silicon element combine to form the
Silicon, oxygen tetrahedron
13. The tendency of a mineral to split along 1 or more smooth, flat surfaces or
planes is referred to as Cleavage
14. What are most rocks composed of?

Minerals

15. Name the hardest mineral on Moh’s Hardness Scale.

Diamond

16. Name the softest mineral on Moh’s Hardness Scale.

Talc

17. How are rocks classified?
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According to origin

Regents Question Review:
1. The diagram below represents a basic atomic structure that forms when oxygen and
silicon unit. This structure is called a
Oxygen atoms
(1) Tetrahedron
(2) cube
Silicon atom
(3) sphere
(4) cylinder
2. The grouping of rocks as igneous, sedimentary, and metamorphic is based primarily
upon differences in
(1) age
(2) origin
(3) size
(4) hardness
3. What do most igneous, sedimentary and metamorphic rocks have in common?
(1) They are formed from molten material.
(2) They are produced by heat and pressure.
(3) They are composed of minerals.
(4) They exhibit crystals, banding, and distinct layers.
4. Rocks are classified as igneous, metamorphic, or sedimentary according to
(1) chemical composition
(3) grain size
(2) density
(4) origin
5. When various minerals are split by a wedge, some break evenly along a flat surface
while others fracture unevenly. Which property of a mineral is responsible for the way
in which it splits?
(1) softness
(3) atomic arrangement
(2) density
(4) chemical composition
6. Which factor causes flat surfaces to be produced when some minerals are broken?
(1) The arrangement of the atoms of the minerals
(2) The rock type in which the mineral were formed
(3) The average densities of the minerals
(4) The hardness of the minerals
7. Of the Earth’s more than 2,000 identified minerals, only a small number are commonly
found in rocks. This fact indicates that most
(1) Minerals weather before they can be identified
(2) Minerals have properties that are difficult to identify
(3) Rocks have a number of minerals in common
(4) Exposed surface rocks are igneous
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Igneous Rocks

Solidification of molten material

(magma)

Earth Science Reference Tables, page 6
Intrusive

Environment of Formation

Extrusive

Plutonic

Also known as

Volcanic

slow to very slow

Rate of cooling

fast to very fast

1 mm to more than 10 mm

Size of crystals

less than 1 mm to non-crystalline

coarse / very coarse

Texture

glassy / fine

1.

The two extrusive glassy textured rocks that are non-vesicular are
Obsidian
Basaltic Glass

2.

The two extrusive glassy textured rocks that are vesicular are
Pumice
Vesicular Basaltic Glass

3.

What is the grain size of an extrusive rock with a glassy texture?

4.

What is the cooling rate for extrusive rocks with a glassy texture?

5.

Where are extrusive rocks formed?

6.

The four extrusive fine textured rocks that are vesicular are
Vesicular Rhyolite
Vesicular Andesite

Very fast

At or near the surface of Earth

Scoria
7.

Non-crystalline

Vesicular Basalt

The three extrusive fine textured rocks that are non-vesicular are
Rhyolite
Andesite
Basalt

8.

What is the grain size of an extrusive rock with a fine texture?

Less than 1 mm

9.

What is the cooling rate for extrusive rocks with a fine texture?

fast

10. Where are extrusive rocks formed?
11. What is another word for extrusive?
12. What does vesicular mean?
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At or near Earth’s surface
Volcanic
The rock has gas pockets (holes)

13. List the five intrusive, course textured rocks listed in the Reference Tables.
Granite
Diorite
Gabbro

Peridotite

Dunite
14. Name the intrusive, very course textured rock listed in the Reference Tables.
Pegmatite
15. What is another word for intrusive?

Plutonic

16. What is the grain size of coarse textured rocks?

1 mm to 10 mm

17. What is the grain size of the very coarse textured rocks?
18. Are these rocks vesicular or non-vesicular?

10 mm or larger

Non-vesicular

19. What is the cooling rate for intrusive rocks?

Slow

20. Where were these rocks formed? Deep under the ground, below Earth’s surface

21. Complete the chart below using your Earth Science Reference Tables:

Pegmatite

Color
Light / Dark

Density
High / Low

Composition
Felsic / Mafic

Light

Low

Felsic

Light

Low

Felsic

Dark

High

Mafic

Light

Low

Felsic

Dark

High

Mafic

Dark

High

Mafic

Light

Low

Felsic

Dark

High

Mafic

Light

Low

Felsic

Granite
Gabbro
Pumice
Basalt Glass
Scoria / Vesicular Basalt
Rhyolite
Basalt
Vesicular Rhyolite

22. Complete the following sentences.
a. Mafic rocks are

dark

Iron (Fe)

in color, have a
and

b. Felsic rocks are

light

Aluminum (Al)

.

high

Magnesium (Mg)
in color, have a

low

density and contain
.
density and contain
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Reading the Reference Tables:
1. Composition:
List five examples of mafic rocks.
1
Basalitic Glass

List five examples of felsic rocks.
1
Pumice

2

Vesicular Basaltic Glass

2

Vesicular Rhyolite

3

Scoria / Vesicular Basalt

3

Rhyolite

4

Basalt

(6) Peridotite

4

Granite

5

Gabbro

(7) Dunite

5

Pegmatite

2. Name the minerals that may be found in each of the following igneous rocks.

Obsidian, Pumice, Vesicular Rhyolite,
Rhyolite, Granite, Pegmatite

Obsidian, Andesite, Diorite

1

Potassium Feldspar

1

Quartz

2

Quartz

2

Plagioclase feldspar

3

Plagioclase feldspar

3

Biotite

4

Biotite

4

Pyroxene

5

Amphibole

5

Amphibole

Basalt Glass, Vesicular Basalt Glass,
Scoria/Vesicular Basalt, Basalt, Gabbro

Peridotite

1

Plagioclase feldspar

1

Pyroxene

2

Biotite

2

Olivine

3

Pyroxene

4

Olivine

5

Amphibole

Dunite
1

Olivine

3. Name five rocks that apply to the following criteria.
Course crystals

High in aluminum

1

Granite

1

Pumice

2

Diorite

2

Rhyolite

3

Gabbro

3

Granite

4

Peridotite

4

Pegmatite

5

Dunite

5

Obsidian

1

Granite

2

Light in Color

(6) Ves. Rhyolite

High in Density

1

Gabbro

Pegmatite

2

Peridotie

(6) Basaltic Glass

3

Rhyolite

3

Dunite

(7) Ves. Basaltic Glass

4

Pumice

4

Basalt

(8) Ves. Basalt

5

Vesicular Rhyolite

5

Scoria

(9) Peridotite
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4. Percentage of minerals found in rocks. Determine the percent (%) of the various
minerals that would be in the following rocks.
Granite (mid zone )
20
% Potassium feldspar
40
% Quartz
20
% Plagioclase feldspar
10
% Biotite
10
% Amphibole
Diorite (mid zone )
55
15
30

% Plagioclase feldspar
% Biotite
% Amphibole

Basalt (mid zone )
40
50
10
10

%
%
%
%

Plagioclase feldspar
Pyroxene
Olivine
Amphibole

5. General Questions
a.
b.
c.
d.
e.

What is the major difference between gabbro and basalt?
Texture / grain size
Explain the cause of this difference.
Environment of formation
What does basalt and gabbro have in common?
mafic / low density / dark color
What is the major difference between rhyolite and pumice?
Texture / grain size
Which rock is vesicular, rhyolite or pumice?
Pumice
What is the characteristics for a rock that is 100% olivine?
density
high
color
dark
composition
mafic

6. Name the rock that
a. has a glassy, vesicular texture and is dark in color
Vesicular Basalt Glass
b. is felsic, non-vesicular and has a grain size of less than 1mm
Rhyolite
c. is glassy and may appear black
Obsidian
d. is mafic and coarse grained and contains pyroxene and olivine only
Peridotite
e. is felsic and has a very coarse texture
Pegmatite
f.
has fine grained, non-vesicular texture and is high in density
Basalt
g. is intrusive, light colored, and has a coarse texture
Granite
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Regents Questions:
1. Which is usually a characteristic of igneous rocks with a high density?
(1) They are light in color
(3) They have a high aluminum content.
(2) They are felsic.
(4) They contain iron.
2. As the percentage of mafic minerals in an igneous rock increases, the rocks color
becomes
(1) lighter and its grain size decreases
(3) darker and its density decreases
(2) lighter and its grain size increases
(4) darker and its density increases
3. Which rock is of felsic composition, low in density, light in color, and coarse grained?
(1) Rhyolite
(2) Basalt
(3) Granite
(4) Gabbro
4. Which statement is true of granite and gabbro?
(1) they are both intrusive
(3) they have different grain sizes
(2) they both contain potassium feldspar
(4) they are both extrusive
5. Which characteristic of an igneous rock would provide the most information about the
environment in which the rock solidified?
(1) color
(2) texture
(3) hardness
(4) streak
6. Which graph best represents the comparison of the average grain sizes in basalt,
granite, and rhyolite?

Key to Graph Abbreviations:
G – Granite
R – Rhyolite

Large

Large

Grain Size

Grain Size

B – Basalt

Small

Small

B

G

R

B

Large

Large

Grain Size

Small

Small

B

G
(2)
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R

(3)

Grain Size

(1)

G

R

B

G
(4)

R

7. Larger crystal size in one of two igneous rocks of similar composition usually indicates
that the rock with the larger crystals cooled for
(1) a shorter period of time than the other rock
(2) a longer period of time than the other rock
(3) the same amount of time as the other rock
8. Large crystals in an igneous rock most likely form as a result of the
(1) mineral composition of the magma
(3) cooling rate of the magma
(2) fossil content of the rock
(4) color of the rock
9. Which property is common to most light-colored igneous rocks?
(1) course grained texture
(3) abundant felsic minerals
(2) intrusive formation
(4) high density
10. Which property is common to most dark-colored igneous rocks?
(1) course grained texture
(3) abundant felsic minerals
(2) intrusive formation
(4) high density
11. Compared to basalt, granite is
(1) lighter in color
(2) greater in density

(3) more mafic in composition
(4) more fine grained in texture

12. Rhyolite and granite are alike in that they both are
(1) fine grained
(2) dark colored
(3) mafic

(4) felsic

13. Which relative concentrations of elements are found in a felsic rock
(1) A high concentration of aluminum and a low concentration of iron
(2) A high concentration of iron and a low concentration of aluminum
(3) A high concentration of magnesium and a low concentration of iron
(4) A high concentration of magnesium and a low concentration of aluminum
14. A mafic igneous rock is most likely to be relatively
(1) high in density and dark in color
(3) low in density and dark in color
(2) high in density and light in color
(4) low in density and light in color
15. The best evidence for determining the cooling rate of an igneous rock during its
solidification is provided by
(1) index fossils
(2) faults in the rock
(3) the crystal size of its minerals
(4) the disintegration of radioactive substances
16. As the hot molten rock material (magma) cools, the size of the crystals in the igneous
rock formed depends chiefly on the
(1) amount of iron present
(3) amount of silicate present
(2) dissolved gases present in the magma
(4) rate at which the magma cools
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Igneous Rocks

Intrusive

Extrusive

also known as
Volcanic

also known as
Plutonic

Cools quickly

Cools Slowly

Coarse

Very
Coarse

Granite
Diorite
Gabbro
Peridotite
Dunite
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Pegmatite

Glassy

Non-vesicular
Obsidian
Basaltic
Glass

Fine

Non-vesicular
Rhyolite
Andesite
Basalt

Vesicular
/ gas pockets

Vesicular
/ gas pockets

Pumice

Ves. Rhyolite
Ves. Andesite
Scoria
Ves. Basalt

Ves. Basaltic
Glass

Sedimentary Rocks

Deposition, Burial, Compaction and

cementation of sediments
Classification of Sedimentary Rocks – Earth Science Reference Tables page 7
Clastic

Crystalline

Bioclastic

Classified by

Classified by

Classified by

formed by

formed by

formed from

deposition, burial,
compaction and
cementation of
sediments

Compaction and
cementation
Crystals from chemical
precipitates and
evaporates

Cemented shell
fragments and biologic
origin

Grain Size

Example
Siltstone
Sandstone
Conglomerate
Breccia
Shale

Composition

Composition

Example
Example

Rock salt
Rock gypsum
Dolostone

Limestone

formed from

Plant remains

Example

Coal

1) Formed in horizontal layers

on Earth’s surface
because that’s where all of the weathering, erosion and biologic activity take place

2) Fossils are almost exclusively found in

sedimentary rocks

because formation of the other rock types alter or destry them

Igneous: melts them
Metamorphic: deforms them
3) Fossils provide Evidence of past environments
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A. Clastic Sedimentary Rocks: Fill in the chart below.
Rock name

Grain size (name)

Grain size (cm)

Comments

Conglomerate

Mixed

Variable

Rounded fragments

Breccia

Mixed

Variable

Angular fragments

Sandstone

Sand

0.2 to 0.006 cm

Fine to coarse

Siltstone

Silt

0.006 to 0.0004 cm

Very fine grain

Shale

Clay

less than 0.0004 cm

Compact; may split easily

1.

What is another name for Clastic rocks?

Fragmental

2.

How are Clastic sedimentary rocks classified?

3.

By what process did Clastic rocks form?

Grain size
Deposition, burial, compaction and

cementation of sediments
B. Crystalline & Bioclastic Sedimentary rocks: Fill in the chart below

1.

Rock Name

Composition

Crystalline (or)
Bioclastic?

Grain size

Rock Salt
Rock Gypsum
Dolostone
Limestone
Coal

Halite
Gypsum
Dolomite
Calcite
Carbon

Crystalline
Crystalline
Crystalline
Bioclastic
Bioclastic

Varied
Varied
Varied
Microscopic to coarse
Varied

2.

How are Crystalline and Bioclastic sedimentary rocks classified?
Composition
By what process do crystalline rocks form? Compaction and cementation of crystals

3.

Where does coal come from?

4.

What is limestone sometimes made up of?

Plant remains
Cemented shell fragments or precipitates

C. Fill in the following chart using the Earth Science Reference Tables page 6:

Relationship of Transported Particle Size to Water Velocity”
Grain size
(cm)
0.00001

0.1
0.002
0.007
0. 9 (round)
0.5 (angular)
0.00004
0.005
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Name of the
Grain
Claysize
Sand
Silt
Sand
Pebbles
Pebbles
Clay
Silt

Rock name
Shale
Sandstone
Siltstone
Sandstone
Conglomerate
Breccia
Shale
Siltstone

D. Reference Table Practice

Limestone

Coal

1.

Name two bioclastic rocks.

and

2.
3.

How are bioclastic and crystalline rocks classified?
Limestone
Name the rock composed of calcite.

4.

Name the sedimentary rock that my bubble is HCl is placed on it.
Explain why It contains calcite

composition
Limestone

Coal

5.

Name the rock that is the product of decayed plants

6.

Name the rock that is composed of halite.

7.

What is the composition of coal?

8.

Fragmental sedimentary rocks are classified on the basis of

Rock salt

carbon
grain

size.
Breccia

9.

Name the rock that contains angular fragments (mixed silt to boulders).
Siltstone
10. Name the rock that has a grain sizes of 0.0004 to 0.006cm.
Less than 0.0004 cm
11. What is the size of the grains in a piece of shale?
12. Sandstone is made up of

sand

size particles with a grain size of

13. Name three rocks that may form from the evaporation of sea water.
Rock Salt
Rock Gypsum

0.2 to 0.006 cm.
Dolostone

14. Name two rocks that may be formed from organic remains.
Coal
Limestone
Shale

15. Name the rock made of clay particles

16. Name the rock made of rounded pebbles cemented together.

Conglomerate
Limestone

17. Name the rock made of microscopic shells and skeletons.

Sandstone

18. Name the rock made of sand grains cemented together.

Rock Gypsum

19. Name the rock made of the mineral gypsum.
20. Name the rock made of the mineral dolomite.
Bioclastic
21. Is coal crystalline or bioclastic?
22. Is conglomerate organic or inorganic?
23. Is gypsum crystalline or bioclastic?
24. Sedimentary rocks form at or near the
Explain why?

Dolostone

Inorganic

Crystalline
surface

of Earth.

Because that is where all of the weathering, erosion and biological

activity occurs
25. Looking at the Generalized Bedrock Geology of New York State in the Earth Science
Sedimentary
Reference Tables (page 3), what rock type is MOST abundant?
25. Why are fossils found almost exclusively in sedimentary rocks?

Because the

formation of other types of rock deform or destroy them
26. How do sedimentary rocks form?

Deposition, burial, compaction and cementation

of sediments
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Regents Questions:
1. Which rock is formed when rock fragments are deposited and cemented together
(1) dolostone
(2) sandstone
(3) rhyolite
(4) gabbro
2. Which rock type most likely would contain fossils?
(1) intrusive igneous rock
(3) sedimentary rock
(2) extrusive igneous rock
(4) metamorphic rock
3. Some sedimentary rocks are composed of rock fragments that had different origins.
Which statement best explains why this could occur?
(1) Fossils are often found in sedimentary rocks.
(2) Sedimentary rocks form from the weathered products of any type of rock.
(3) When molten lava solidifies to form sedimentary rock it often contains foreign
particles.
(4) Under high heat and pressure, recrystallization results in the formation of many
minerals.
4. Which rocks form relatively thin layers, compared to the thickness of the continent,
over large areas of the continents?
(1) granite and gabbro
(3) metamorphic rocks
(2) sandstone and shale
(4) intrusive igneous rocks
5. One similarity between a sand pile and sandstone is that they
(1) contain a cementing agent
(3) have a crystalline structure
(2) always contain fossils
(4) are composed of sediments
6. Which kind of bedrock would most likely contain fossils?
(1) A mass of granite in the core of a mountain
(2) A series of alternating layers of shale and sandstone
(3) A basalt lava flow from an ancient volcano
(4) A high-grade metamorphic rock layer made from mixed igneous and sedimentary
layers
7. Which statement correctly describes the distribution of sedimentary rocks on the
Earth?
(1) Sedimentary rock layers are the thickest in the middle of the oceans.
(2) Sedimentary rocks extend down into the earth’s crust as far as the inner core.
(3) Sedimentary rocks are usually located in volcanic regions.
(4) Sedimentary rocks usually form a thin layer over large areas of the continents.
8. The thick sedimentary rocks of central and western New York State, which were
formed from shallow water deposits, were most probably produced by
(1) glaciation
(3) deposition
(2) the uplift of this region
(4) volcanic eruption
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9. Which sedimentary rock is land derived?
(1) limestone
(2) gypsum

(3) siltstone

(4) salt

10. Compaction and cementation of pebble-size particles would form the sedimentary rock
known as
(1) shale
(2) conglomerate
(3) sandstone
(4) siltstone
11. A sediment contains particles that range in diameter from 2 to 4 centimeters. Which
sedimentary rock would be formed when this sediment is compressed and cemented
together?
(1) shale
(2) siltstone
(3) sandstone
(4) conglomerate
12. Which property is used to classify the land-derived sedimentary rocks listed in the
Earth Science Reference Tables?
(1) particle size
(3) color
(2) fossil content
(4) mineral composition
13. Sedimentary rocks formed by compaction and cementation of land-derived sediments
are classified on the basis of
(1) rate of formation
(2) composition
(3) type of cement (4) particle size
14. Which sedimentary rock most likely formed as an evaporite?
(1) siltstone
(2) conglomerate
(3) gypsum

(4) shale

15. Which sedimentary rock is composed of fragmented skeletons and shells of sea
organisms compacted and cemented together?
(1) shale
(2) sandstone
(3) gypsum
(4) limestone
16. Dolostone, gypsum, and salt are rocks formed by the process of
(1) melting and solidification
(3) erosion and deposition
(2) evaporation and precipitation
(4) weathering and metamorphism
17. Which rock could be formed either by deposition of animal shells and skeletons or by
precipitation from evaporating seawater?
(1) limestone
(2) conglomerate
(3) shale
(4) rock salt
18. Which rock is composed of materials that show the greatest variety of rock origins?
(1) A conglomerate composed of pebbles of granite, siltstone, and basalt
(2) A very fine-grained basalt with sharp edges
(3) A sandstone composed of rounded grains of quartz
(4) A limestone composed of coral fragments cemented together by calcium carbonate
19. Which rock is sometimes called an evaporite because it results from the evaporation of
water?
(1) sandstone
(2) granite
(3) shale
(4) limestone
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Thin layers
that cover
continents
Horizontal
Layers

Contain
Fossils

Sedimentary Rocks

.
Chemical /
Organic

Inorganic
Land derived
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Clastic
(fragmental)

Bioclastic
- once living

Conglomerate
Breccia
Sandstone
Siltstone
Shale

Limestone
Coal
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Crystalline
Crystals from chemical
precipitates and
evaporites

Rock Salt
Rock Gypsum
Dolostone

Metamorphic Rocks
-

Formed directly from any type of rock

- extreme heat and pressure causes metamorphism

Changes in Rocks do to Metamorphism
- recrystallization of unmelted material
- density increases
- foliation – minerals are aligned
- banding – thin layers of alternating minerals

Regional Metamorphism - occurs when large areas of rock are under
intense heat and pressure
- associated with mountain building
Contact Metamorphism - occurs when molten rock comes in contact with
surrounding rock
- heat alters the rock it comes in contact with
- helps to establish relative age of rocks
- limestone and sandstone were
formed
- then magma came up through a
crack or fissure
- the heat melted some rocks but
not all
- the rocks it touched changed due to
extreme heat from the magma
- contact metamorphism is usually found

- These becme metamorphic rocks

between Igneous and Sedimenatary Rocks
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Classification of Metamorphic Rocks:
Texture – including foliated or banding
Composition
Degree of Metamorphism
- can be a small alteration to major changes depending on the amount of
heat and pressure

Parent material

– what the rock used to be before it changed

Shale
Slate

Low

Phyllite

Medium

Schist

High

Gneiss

- the deeper under
ground, the more heat
and pressure and the
greater the change

Use the table on page 7 – Scheme for Metamorphic Rock Identification - to determine the
following.
1. Name the parent rock of each of the following metamorphic rocks.
Slate
Shale
Quartzite
Sandstone
Phyllite
Schist
Gneiss

Shale / Slate
Shale/Slate/Phyllite
Granite

Marble
Metaconglomerate

2. Name the minerals that may be found in Phyllite
Quartz
Amphibole
3. What mineral may or may not appear in a sample of schist?

Limestone
Dolostone
Conglomerate
Mica
Feldspar
Garnet
Pyroxene

4. Name the rock type that is produced when various rocks are changed by nearby
magma or lava.
Metamorphic
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5. Name the metamorphic rock that is
a. Foliated, fine-grained , low-grade
metamorphism of shale

Slate

b. Nonfoliated , Fine-grained

Hornfels

c. Foliated, High grade metamorphism, Contains
pyroxene, and quartz
d. Nonfoliated, Contains quartz, Contact
metamorphism
e. Coarse grained, Parent rock is conglomerate,
Pebbles may be distorted

Gneiss
Quartzite
Metaconglomerate

f. Parent rock is dolostone.

Marble

g. Contains only mica

Slate

h. Fine to medium grain size, contains clay
minerals, but never contains pyroxene

Phyllite

i. Has banding

Gneiss

j. Contact metamorphism – due to extreme heat
from nearby lava

Hornfels

k. Metamorphism of sandstone

Quartzite

l. Its minerals are aligned and it has visible
platy mica crystals

Schist

Texture and
Composition
Banding

Increase
Density

Metamorphic Rocks
Recrystallization

Forms directly from
other rocks

Foliated

Extreme Heat and
Pressure
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Regents Questions:
1. The diagram to the right shows an igneous
intrusion in sedimentary rock layers. At
which point would metamorphic rock most
likely be found?
(1) A (2) B (3) C (4) D
2. Which characteristics would indicate that a rock has undergone metamorphic change?
(1) The rock shows signs of being heavily weathered and forms the floor of a large
valley.
(2) The rock becomes less porous when exposed at the surface and is finely layered.
(3) The rock contains a mixture of different-sized, rounded grains of both felsic and
mafic silicate minerals.
(4) The rock is composed of intergrown mineral crystals and shows signs of deformed
fossils and structure.
3. Which characteristic of rocks tends to increase as the rocks are metamorphosed?
(1) number of fossils present
(3) density
(2) permeability
(4) volume
4. Metamorphic rocks result from the
(1) erosion of rocks
(2) recrystallization of rocks
(3) cooling and solidification of molten magma
(4) compression and cementation of soil particles
5. Which metamorphic rock will have visible mica crystals and a foliated texture?
(1) marble
(2) quartzite
(3) schist
(4) slate
6. Which rocks would most likely be separated by a transition zone of altered rock
(metamorphic rock)
(1) sandstone and limestone
(3) shale and sandstone
(2) granite and limestone
(4) conglomerate and siltstone
7. Which characteristics are most useful for identifying the conditions under which a
metamorphic rock was formed
(1) color and luster
(3) hardness and size
(2) shape and mass
(4) composition and structure
8. The diagram to the right represents a rock with a
distorted layer structure. The distorted structure of
this rock is most likely the result of
(1) a long period of weathering
(2) glacial activity
(3) wind erosion
(4) extreme pressure
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ESworkbooks©2008cdunbar

The Rock Cycle

The continuing change from one
rock type to another rock type

Use the diagram found in the Earth Science Reference Table on page 6 to answer the
following.
1. Describe how each of the following rocks form.
a) Sedimentary Deposition, burial, compaction, cementation of sediments
b) Igneous

Melting then solidification of magma

c) Metamorphic

Extreme heat and / or pressure

2.

Name the rock type comes directly from other rocks?

Metamorphic

3.

What type of rock comes from magma?

Igneous

4.

What type of rock comes from sediments?

Sedimentary

5.

Name three things that could happen to any rock:
Weathering and erosion
Heat and pressure
Melting

Regents Questions
1. A sample of conglomerate consists mostly of fragments of granite and sandstone. The
best inference that can be made from the sample is that this conglomerate
(1) Contains fossils
(3) Formed from other rocks
(2) Resulted from solidification
(4) Formed during the Cambrian Period
2. Metamorphic rock could be the direct result of the
(1) melting and solidification of sedimentary rock
(2) weathering and erosion of igneous rock
(3) compaction and heating of metamorphic rock
(4) erosion and deposition of sediments
3. The recrystallization of unmelted material under high temperature and pressure
results in
(1) metamorphic rock
(3) sedimentary rock
(2) igneous rock
(4) volcanic rock
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4. Which sequence of events occurs in the formation of a sedimentary rock?

(1)

Source
material
eroded

Sediments
compacted and
cemented

Sediments
deposited

(2)

Sediments
compacted and
cemented

Sediments
deposited

(3)

Sediments
deposited

Sediments
compacted and
cemented

(4)

Sediments
deposited

Source
material
eroded

5. Metamorphic rocks are formed by
(1) compaction and cementation
(2) melting and solidification

Source
material
eroded
Source
material
eroded
Sediments
compacted and
cemented

(3) heating and pressure
(4) erosion and deposition

6. Which processes have all igneous rocks undergone?
(1) deposition and burial
(3) volcanic eruption
(2) solidification from a melt
(4) weathering and erosion
7. Which type of rock can be the source of deposited sediments?
(1) Igneous and metamorphic rocks, only
(2) Metamorphic and sedimentary rocks, only
(3) Sedimentary rocks, only
(4) Igneous, metamorphic and sedimentary rocks
8. Some sedimentary rocks form as the direct result of the
(1) solidification of molten magma
(3) melting of minerals
(2) recrystallization of material
(4) cementation of rock fragments
9. Most igneous rocks from by which processes?
(1) melting and solidification
(3) erosion and deposition
(2) heat and pressure
(4) compaction and cementation
10. Which statement is supported by the Rock Cycle diagram?
(1) Metamorphic rock results directly from melting and crystallization
(2) Sedimentary rock can only be formed from igneous rock.
(3) Igneous rock always results from melting and solidification.
(4) All sediments turn directly into sedimentary rock.
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11. What is the main difference between metamorphic rocks and most other rocks?
(1) Many metamorphic rocks contain only one mineral.
(2) Many metamorphic rocks have an organic composition.
(3) Many metamorphic rocks exhibit banding and distortion of structure.
(4) Many metamorphic rocks contain a high amount of oxygen-silicon tetrahedra.
12. Which characteristics would give the best evidence about the conditions under which a
rock was formed?
(1) The rock’s density and size
(2) The rock’s structure and texture
(3) The rock’s mineral and color
(4) The rock’s shape and phase
Base your answers to questions 13 and 16 on the diagrams below which represent cross
sections of four rock samples A, B, C, and D.

(A)

(B)

(C)

(D)

13.

B

14
14.

C

15
15.

D

Which sample is most likely an intrusive igneous rock?
Explain your answer. Large intergrown crystals

16
16.

A

Which rock sample is most likely sedimentary?
Explain your answer. Pebbles are visible

Which rock sample is most likely metamorphic?
Explain your answer. Shows deformation due to extreme heat and
pressure
pressure
Which sample is most likely an extrusive igneous rock?
Explain your answer. Appears glassy

Mineral & Rock Unit Review
1.

Name the mineral that bubbles with acid.

2.

Name the mineral that is attracted by a magnet

3.

Name the mineral that is used as a food additive.

4.

Name the mineral that may or may not be metallic.

5.

Name a mineral that is used as pencil lead.

Calcite
Magnetite
Halite
Hematite
Graphite
Minerals and Rocks
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6.

Name the mineral with a greasy feel.

7.

What is pyroxene commonly called?

8.
9.

Talc
Augite

Silt
What is the name of the particle size that is 0.001 cm ?
Pyroxene
What two minerals can be found in Peridotite?
and

10. Is the density of pumice high or low?

Olivine

Low

11. What is the environment of formation for a rock that cools very quickly?
Crystalline
12. What is the texture of Rock Salt?
13. Name a rock that has angular fragments of pebbles and cobbles.
14. Name three things that Andesite and Diorite have in common.
Color
Density
15. Name the rock that is composed of primarily mica.

Extrusive
Breccia

Composition

Slate

16. Name the 6 minerals listed on the reference tables that may be found in Gneiss.
Mica
Feldspar
Garnet
Quartz

Amphibole

Pyroxene
Limestone

17. Name the sedimentary rock that may bubble in dilute acid.

Marble

18. Name the metamorphic rock that may bubble in dilute acid.

Igneous

20. Name the rock type formed by the solidification of magma.
21. Name the rock type formed by compaction and cementation.
22. Name the rock type formed directly from other rocks.
23. What is the rock name that has grain sizes of .007 cm

Sedimentary
Metamorphic

Sandstone
Gas pockets

24. What is present in a rock that has a vesicular texture?
25. Name the largest particle size listed in the reference tables.
26. Name a coarse rock that contains a lot of potassium feldspar.
27. Name the crystalline rock that is composed of halite.

Boulders
Granite
Rock Salt
Cleavage

28. What does a mineral have when it breaks along flat surfaces.
29. What are you testing for when you try and scratch a glass plate?
30. What is the luster of a mineral that shines like metal?

Hardness
Metallic

31. Name the volcanic rock that contains potassium feldspar and quartz but usually
appears black
Obsidian
32. Name the rock that contains pebbles that may be distorted..

Metaconglomerate

33. Name the rock that underwent low-grade metamorphism of shale
34. Between which two rock types would you find contact metamorphism?
Igneous
Sedimentary
and
35. Name the rock that has platy mica crystals visible.
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Schist

Slate

Base your answers to questions 36 through 38 on the data table below, which shows some
characteristics of four rock samples, numbered 1 through 4. Some information has been
left blank.
Data Table

Rock
Sample
Number

Composition

1

mostly clay mineral

2

all mica

3
4

Mica, quartz, feldspar,
amphibole, garnet,
pyroxene
Potassium feldspar,
quartz, biotite, plagioclase
feldspar, amphibole

Grain Size

Texture

Rock Name

clastic

Shale

microscopic, fine

Foliated with mineral
alignment

Medium to coarse

Foliated with
banding

Gneiss

5 mm

Granite

36. State a possible grain size, in centimeters, for most of the particles found in sample 1.
Less than 0.0004 cm
37. Write the rock name of sample 2. Phyllite
38. Write a term or phrase that correctly describes the texture of sample 4. coarse
Base your answers to questions 39 through 41 on the photograph of a sample of gneiss
below.

39. What observable characteristic could be used to identify this rock sample as gneiss?
banding
40. Identify two minerals found in gneiss that contain iron and magnesium.
pyroxene and amphiboles
41. A dark-red mineral with a glassy luster was also observed in this gneiss sample.
(a) Identify the mineral Garnet
(b) State one possible use for this mineral. Jewelry and abrassives
Minerals and Rocks
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Basalt
Glass

Mafic

Extrusive
(volcanic)

Felsic

Rhyolit
e

Igneous

Gabbro

Mafic

Intrusive
(plutonic)

Felsic

Granite

Rocks

Sedimentary

Metamorphic

Non-foliated

Bioclastic

Foliated
()banding)

Crystalline

Coal

Marble

Clastic

Rock Salt

Gneiss

Sandstone
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Properties of Earth’s Interior
Lithosphere

-

The solid outermost part of Earth

Crust

-

The rocky solid shell that “floats” on the
asthenosphere
- includes the ocean floor

Asthenosphere

-

Plastic mantle – made of molten material

Stiffer Mantle

-

Located between the outer crust and asthenosphere

Outer core

-

Liquid – moves around the solid inner core creating
a magnetic field

Inner core

-

Solid – Earth’s magnet

Crust
Asthenosphere
Stiffer Mantle
Outer core

Inner core
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Earth’s interior Layers of the earth inferred by earthquake waves
10
ESRT page
Density

Determine the following:
Continental Crust

2.7

Oceanic Crust

3.0

Composition / Rock Type

g/cm3

Granitic (Granite)

g/cm3

Basaltic (Basalt)

MOHO - The uneven boundary between Earth’s crust and upper mantle

Layer

Density Range
(g/cm3)

Mantle

3.3 - 5.5.

Outer Core
Inner Core

Pressure Range

Temperature Range (˚C)

(millions of atmospheres)

.1

-

1.5

2600

-

5000

9.9 - 12.1

1.5

-

3.1

5000

-

6300

12.7 - 13.0

3.1

-

3.6

6300

-

6700

State and draw the following relationships:
Depth vs. Density
Depth vs. Pressure

As depth increases,
temperature increases

Temperature

As depth increases,
pressure increase

Density

Pressure

As depth increases,
density increases

Depth vs. Temperature

Depth

Depth

Depth

Determine the following by referring to the Earth Science Reference Tables page 10,
“Inferred Properties of Earth’s Interior”
1.

What two layers make up the lithosphere?

2.

Name the two elements that compose the inner core.

3.

Which layer is a liquid?
looking at the chart.
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outer core

crust and upper mantle
Nickel and Iron

Explain how you can tell by

– the temperature is higher than the melting point

4.

What is the pressure at the stiffer mantle and outer core boundary?

5.

What is the temperature at a depth of 3000 km?

6.

What is the temperature at a depth of 500 km?
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5000 °C
2500

°C

1.5 mil atm.

7.

What is the pressure at a depth of 5000 km?

3

8.

What is the temperature at a depth of 1000 km?

9.

What is the pressure at a depth of 3500 km?

1.8

10. What is the temperature at a depth of 5000 km?
11. What is the pressure at a depth of 1000 km?

.25

12. What is the temperature at a depth of 4500 km?

mil of atm
3200

°C

mil of atm
6200

°C

mil of atm
6000

°C

13. Name the layer where the temperature is 4000 ºC

stiffer mantle

14. Name the layer where the temperature is 6000 ºC

outer core

15. Name the layer where the pressure is 3.5 million atmospheres
16. Name the layer where the pressure is 2.4 million atmospheres
17. Name of the mountains next to the trench on the diagram

1. What is an earthquake?
2. Possible causes?

inner core
outer core

Cascades

A shaking of Earth’s crust caused by a release of energy

Interaction between lithospheric plates, collapse of a large building,
meteor impact

3. Damages
4. Focus

Buildings and bridges collapse, fires, water shortage

Located underground where the movement or break began

5. Epicenter

Located on Earth’s surface directly above the focus

6. Most earthquakes and volcanoes occur at or near

Focus

Plate boundaries

Epicenter

Earth’s surface
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Two Main Types of Earthquake Waves
P – waves: Compression / primary waves
(1) back and forth motion
(2) travel fastest – arrive first at a location
(3) travel through solid, liquid, or gas
S – waves: Shear / secondary waves
(1) travel perpendicular to the direction of movement
(2) about half the speed of P waves
(3) travel only through solids

Measuring an Earthquake:
Richter scale -

Richter Increase in
number Magnitude
1
1

Measures an earthquake’s magnitude
- uses seismograms
- each successive number is 10x greater
than the previous

Mercalli Scale -

Measures an earthquakes intensity
- based on reports from people who
experienced the event
* it is subjective

2

10

3

100

4

1,000

5

10,000

6

100,000

7

1,000,000

8

10,000,000

9

100,000,000

Reading the Earthquake P-wave and S-wave Travel Time Chart, ESRT page 11

1.

How long does it take a P-wave to travel 2,000 km?

4

min

0

sec

2.

How long does it take an S-wave to travel 2,000 km?

7

min

20

sec

3.

How far can an S-wave travel in 11 minutes?

4.

How far can a P-wave travel in 11 minutes?

5.

How long does it take a P-wave to travel 6,000 km?

9

min

30

sec

6.

How far can an S-wave travel in 9 minutes 40 sec?

2800

km
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3300
7600

km
km

State how long it takes for the P-wave and the S-wave to travel the distances listed below:
Distance
P – Wave Travel Time
S – Wave Travel Time
7,000 km

10

min

20

sec

19

min

00

sec

3,900 km

7

min

00

sec

12

min

30

sec

2,000 km

4

min

00

sec

7

min

20

sec

1,600 km

3

min

20

sec

6

min

00

sec

2,100 km

4

min

10

sec

7

min

40

sec

8,200 km

11

min

30

sec

21

min

00

sec

3,500 km

6

min

20

sec

11

min

30

sec

State how far a P-wave and an S-wave can travel in each given time below:
Given Time

P – Wave Distance

S – Wave Distance

4 min

20 sec

2200

km

1100

km

12 min

00 sec

8800

km

3700

km

6 min

20 sec

3400

km

1700

km

8 min

30 sec

5200

km

2400

km

10 min

20 sec

6900

km

3100

km

5 min

50 sec

3100

km

1500

km

9 min

40 sec

6200

km

2800

km

Determining the arrival time differences between P-waves and S-waves using the chart:
1. Find the distance on the bottom of the chart
2.

Place a scrap paper vertically (up and down) for that distance

3.

Mark the scrap paper where the S-wave and P-wave touch it

4.

Move the paper to the left of the chart. Place one mark at zero and read the time
using the mark above it.

Determine the difference in arrival time for each of the following:
sec
8,000 km
9
min
20
3,200 km
4
sec sec
5,200 km
7
min
00
sec
1,800 km
3
sec sec
sec
9,600 km
10
min
20
4,400 km
6
sec
400 km
1
min
00
sec
2,100 km
3
sec
sec
6,400 km
8
min
00
7,200 km
8
sec
sec

min

40

sec

min

10

sec

min

00

sec

min

20

sec

min

40

sec
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Determining distance of an earthquake by using differences in P-wave and S-wave arrival
times.
1.

Place a scrap paper on the left side of the chart

2.

Mark the zero and the arrival time difference on the paper

3.

Keep the paper vertical an move it to the right until the top mark is touching the
S-wave line and the zero mark it touching the P-wave

4.

Follow the paper down and read the chart to determine the distance

How far away is the epicenter if the difference in arrival time is . . .
3

min

20

sec

2000

km

5

min

40

sec

4000

km

6

min

00

sec

4200

km

2

min

30

sec

1500

km

8

min

40

sec

7200

km

10

min

00

sec

8800

km

10

min

20

sec

9600

km

3

min

00

sec

1800

km

5

min

00

sec

3600

km

3

min

40

sec

2300

km

1

min

40

sec

1000

km

6

min

40

sec

5000

km

Questions:
5. A seismic recording station recorded the difference between the arrival times of a P and
S-wave to be 6 min 40 sec. How far away is the epicenter from this seismic recording
station?
5200
km
6. A seismic recording station recorded the difference between the arrival times of a P and
S-wave to be 9 min 20 sec. How far away is the epicenter from this seismic recording
station?
8000

km

7. A seismic recording station recorded the difference between the arrival times of a P and
S-wave to be 2 min 40 sec. How far away is the epicenter from this seismic recording
station?
1600
km
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Determining the difference in P-wave and S-wave arrival times.
 Subtract the P-wave arrival time from the S-wave arrival time.
Example 1:

A seismic recording station recorded an earthquakes P-wave at 1:00:20.
The S-wave arrived shortly after 1:04:40. How far away is the epicenter
from this seismic recording station?
S wave arrival time

1:04:40

P wave arrival time -

1:00:20

Difference
Using the procedure on page 78 determine
the distance to the epicenter
Example 2:

4:20
3000

km

A seismic recording station recorded an earthquake’s P-wave at 10:08:00.
The S-wave arrived shortly after 10:15:40. How far away is the epicenter
from this seismic recording station?
S wave arrival time

10:15:40

P wave arrival time -

10:08:00

Difference
Using the procedure on page 78 determine
the distance to the epicenter

7:40
6200

km

 If the S-wave arrival time minutes or seconds are less than the P-waves, you will
need to borrow “time”.
 REMEMBER: there are 60 seconds in a minute and 60 minutes in an hour.
Example 1:

A seismic recording station recorded an earthquakes P-wave at 3:59:40.
The S-wave arrived shortly after 4:05:40. How far away is the epicenter
from this seismic recording station?
S wave arrival time

3:65:40
4:05:40

P wave arrival time -

3:59:40

Difference
Using the procedure on page 78 determine
the distance to the epicenter

6:00
4400

km
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Locating the Epicenter
A minimum of
3

seismic stations are needed to locate an earthquake epicenter.

-

One seismic station gives you

-

Two stations may give you

-

When

3

2

distance

only, and

possible locations where the two circles intersect

stations are used, the epicenter is where they all

X

intersect

a.

Which seismic station is closest to the
epicenter?
A
How can you tell by the diagram?
Smallest circle

b.

Which seismic station is farthest
away from the epicenter?
B
How can you tell by the diagram?
Largest circle

c.

Describe where the epicenter is.
Where all three circles intersect

d.

Place an “X” at the epicenter.

A
B

not direction

C

Shadow Zone Diagram
As P-waves and S-waves pass through different layers within Earth’s interior they are
refracted (bent)
due to differences in
density
Some areas on Earth’s surface only receive
P-waves, because S-waves can only travel
through
solids
and the
outer core
is liquid.
Other sections on Earth’s surface receive
no earthquake waves because of the way
the waves
bend
within the Earth.
These areas are known as the
Shadow zone
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Reading Seismograms: The diagram shows three seismograms of the same earthquake
recorded at three different seismic stations, X, Y, and Z. Using the information on the diagram, fill
in the table below. NOTE: Instead of subtracting – just COUNT.

Station X
Difference in arrival time

1

Distance to the epicenter

min
800

30

Station Y
sec

4

km

min
2600

00

Station Z
sec

3

km

min
1800

00

sec

km

P-wave travel time

1

min

50

sec

5

min

00

sec

3

min

40

sec

S-wave travel time

3

min

20

sec

9

min

00

sec

6

min

40

sec

The distances from each seismic station to the earthquake epicenter have been drawn on
the map to the right.
A coordinate system has been placed on the map
to describe locations. The map scale has not been
X
included.
1. In the three boxes provided, label the location
of each seismograph station using the
corresponding letters, X, Y and Z.
2. Which location is closest to the epicenter?
(1) E-5

(2) G-1

(3) H-3

Y

Z

(4) H-8

Explain your reasoning.
All three circles intersect there
3. State two ways in which you can determine which seismograph station was the closest
to an epicenter if you were not provided with a time scale on the bottom of the graph.
- shortest difference in the arrival times
- fastest time for the P-wave to arrive
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4. The diagram below represents three seismograms showing the same earthquake as it
was recorded at three different seismic stations, A, B, and C.
(a) How much time does each mark represent on the seismograms?
1 minute
(b) Draw arrows down from the P-wave and S-wave points to show arrival times.
(c) What is the difference in arrival times for each station below?
Station A
9 min 0 sec
Station B
Station C

7

min

0

5

min

0

sec
sec

5. Which statement correctly describes the distance between the earthquake epicenter
and the seismic stations above?
(1) A is closest to the epicenter, and C is farthest from the epicenter.
(2) B is closest to the epicenter, and C is farthest from the epicenter.
(3) C is closest to the epicenter, and A is farthest from the epicenter.
(4) A is closest to the epicenter, and B is farthest from the epicenter.
6. The map to the right shows the location of an earthquake
epicenter in New York State. Seismic stations A, B, and C
received the data used to locate the earthquake epicenter.
The seismogram recorded at station A would show the
(1) arrival of P-waves, only
(2) earliest arrival time of P-waves
(3) arrival of S-waves before the arrival of P-waves
(4) greatest difference in the arrival times of P-waves and Swaves
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Review Questions:
1. The place within the Earth where an earthquake originates is called the

focus

2.

The place on the surface of the Earth directly above the point at which an earthquake
originates is called the
epicenter

3.

According to the Richter scale, an earthquake that measures 4 releases how many
times more energy than a quake that measures 3?
10

4.

Which type of waves will not travel through liquids?

6.

The

7.

Name the type of earthquake wave that travels the fastest

8.

There are certain places on earth that can not record any earthquake waves. This
is known as the
Shadow zone

9..

How far will a P wave travel in 7 minutes and 20 seconds?

Mercalli

S-waves

scale is used to measure the damage caused by an earthquake.

10. How far will an S wave travel in 5 minutes?

1300

P-waves

5800

km

km

11. An earthquake epicenter occurred 6000 km from an observer. What is the difference
in arrival time between the arrival of the P-wave and S-wave?
7
min 40 sec
12. Explain why there is a minimum of three seismic stations needed when determining
the location of an earthquake epicenter.
One gives you distance only, two
limits the location to two places and the intersection of three circles pin-points
the location
13. What evidence do scientists have that indicates Earth has a liquid outer core?
S-waves do not travel through it
14. Fill in the table below, which compares P-wave and S-wave characteristics.
P- wave
Travel time

S- wave
Fastest

½ the speed as P waves

Travel direction

Back and forth

At right angles

Can travel through

Solid/liquid/gas

Solids only

15. Which statement best describes the relationship between the travel rates and travel
times of earthquake P-waves and S-waves from the focus of an earthquake to a
seismograph station?
(1) P-waves travel at a slower rate and take less time.
(2) P-waves travel at a faster rate and take less time.
(3) S-waves travel at a faster rate and take less time.
(4) S-waves travel at a slower rate and take less time.
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Base your answers to questions 1 through 5 on the Earth Science Reference Tables, the
map and table of the Modified Mercalli Scale below, and your knowledge of Earth science.
The map shows the intensities of the earthquake that occurred slightly southwest of New
Madrid, Missouri, on December 16, 1811. The numbered areas on the map were
determined from the Modified Mercalli Scale according to the observed effects of the
earthquake.

Modified Mercalli Scale
Intensity
I
II
III
IV

Felt noticeably indoors, especially on upper floors of buildings
Felt indoors by many people, outdoors by a few; some awaken

V
VI

Felt by nearly everyone; many awaken; dishes and windows break; plaster cracks
Felt by everyone; many frightened and run outdoors; heavy furniture moves

VII
VIII
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Observed Effects
Felt by only a few people under very special circumstances
Felt by only a few people at rest, especially on the upper floors of buildings

Everyone runs outdoors; slight to moderate damage in ordinary structures
Considerable damage in ordinary structures; chimneys and monuments fall

IX
X

Considerable damage in all structures; ground cracks; underground pipes break
Most structures destroyed; rails bend; landslides occur; water splashes over banks

XI

Few structures left standing; bridges destroyed; broad fissures in the ground;
underground pipes break

XII

Damage total; waves seen on ground surfaces; objects thrown in air
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1. What is the approximate location of the earthquake’s epicenter?
(1) 36° N, 90° W
(2) 90° N, 36° W
(3) 36° N, 90° E

(4) 90° N, 36° E

2. Which city would have issued the report: “Heavy furniture moved, everyone felt the
earthquake, and many people were frightened and ran outdoors”?
(1) Cincinnati
(2) Pittsburgh
(3) Syracuse
(4) Boston
3. What was the approximate travel time for the earthquake’s P-wave from the epicenter
to Syracuse, New York?
(1) 1 min
(2) 5 min
(3) 3 min
(4) 10 min
4. For which city was the difference in arrival times between P-waves and S-waves the
greatest?
(1) Nashville
(2) Pittsburgh
(3) Syracuse
(4) Boston
5. Which statement best describes the earthquake waves recorded at Louisville?
(1) S- waves arrived ahead of P-waves.
(3) S-waves arrived but P-waves did not
(2) Neither S-waves nor P-waves arrived
(4) P-waves arrived ahead of S-waves
Base your answers to questions 6 and 7 on the cross-sectional view of Earth below, which
shows seismic waves traveling from the focus of an earthquake. Points A and B are
locations on Earth’s surface.

6. A seismic station located at point
A is 5400 kilometers away from
the epicenter of the earthquake.
If the arrival time for the P-wave
at point A was 2:00 p.m., the
arrival time for the S-wave at
point A was approximately
(1) 1:53 p.m.
(2) 2:07 p.m.

(3) 2:09 p.m.
(4) 2:16 p.m.

7. Which statement best explains why only one type of seismic wave was recorded at
location B?
(1) S-waves cannot travel through the liquid outer core.
(2) S-waves cannot travel through the liquid inner core.
(3) P-waves cannot travel through the solid outer core.
(4) P-waves cannot travel through the solid inner core.
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8. Through which materials can P-waves travel?
(1) Solid rock, only
(3) Magma, water, and natural gas only
(2) Solid rock, magma, water, and natural gas (4) Magma and water, only
9. Earthquake S-waves do not travel through the Earth’s
(1) crust
(2) moho
(3) mantle

(4) core

10. Which statement about earthquake waves best supports the inference that the Earth’s
outer core is liquid?
(1) The velocity of earthquake waves increases as the distance from an epicenter
increases.
(2) The difference in arrival times for compressional and shear waves increases as the
distance from an epicenter increases.
(3) Compressional waves travel faster than shear waves.
(4) Shear waves travel only through solids.
11. An earthquake recorded by seismic stations around the world created the pattern of
seismic wave recordings shown in the diagram below. Which statement best explains
this pattern of wave recordings?
(1) Some seismic waves cannot travel
through oceans to reach every location
on Earth.
(2) S-waves are too weak to travel very far
from the earthquake focus.
(3) Mountain ranges and tectonic plate
boundaries absorb or bend seismic
waves
(4) Layers with different properties inside
Earth absorb or bend seismic waves.

Earthquake
focus
No
seismic
waves
recorded

105°

Both Pand Swaves
recorded

140°
Only
P-waves
recorded

12. The theory that the outer core of the Earth is composed of liquid material is best
supported by
(1) seismic studies which indicate that shear waves do not pass through the outer core
(2) seismic studies which show that compressional waves can pass through the outer
core
(3) density studies which show that the outer core is slightly more dense than the
inner core
(4) gravity studies which indicate that gravitational strength is greatest within the
core
13. What is the total distance that a P-wave will travel in 7 minutes and 20 seconds?
(1) 2,000 km
(2) 5,800 km
(3) 4,200 km
(4) 7,200 km
14. In 8 minutes, an earthquake P-wave travels a total distance of
(1) 2,100 km
(2) 4,700 km
(3) 6,600 km
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ESworkbooks©2008cdunbar

(4) 11,300 km

15. Approximately how far away from the receiving station is the epicenter of an
earthquake if the difference in arrival times of P– and S– waves at the station is 6
minutes and 30 seconds?
(1) 3,000 km
(2) 5,000 km
(3) 6,300 km
(4) 8,000 km
16. A seismograph indicates the difference between the arrival of S-waves and P-waves to
be 4 minutes. The distance of the seismograph station from the earthquake’s epicenter
is about
(1) 1,000 km
(2) 1,500 km
(3) 2,000 km
(4) 2,500 km
17. The seismograph to the right shows the
arrival times of P-wave and S-waves
from a single earthquake. How far from
the earthquake epicenter was the
station that recorded this seismogram?
(1) 1.5 x 103 km (3) 7.5 x 103 km
(2) 4.0 x 103 km (4) 2.6 x 103 km
18. The epicenter of an earthquake is located near Massena, New York. The greatest
difference in arrival times of the P- and S-waves for this earthquake would be recorded
in
(1) Plattsburg, New York
(3) Albany, New York
(2) Binghamton, New York
(4) Utica, New York
19. At a seismograph recording station, the difference between the arrival times of an
earthquake’s compression wave (P-wave) and its shear wave (S-wave) is 8 minutes 20
seconds. How far from the station is the epicenter?
(1) 2,400 km
(2) 4,500 km
(3) 5,000 km
(4) 6,800 km
20. What is the approximate difference in arrival times of the P-waves and the S-waves at
a seismographic station that is 3,000 kilometers from an earthquake epicenter?
(1) 2 min 15 sec
(2) 3 min 40 sec
(3) 4 min 30 sec
(4) 5 min 40 sec
21. The circles on the map to the right show the distances from three
seismic stations, X, Y and Z, to the epicenter of an earthquake.
Which location is closest to the earthquake epicenter?
(1) A
(2) B
(3) C
(4) D
22. The S-waves from an earthquake that travel toward Earth’s
center will
(1) be deflected by Earth’s magnetic field
(2) be totally reflected off the crust-mantle interface
(3) be absorbed by the liquid outer core
(4) reach the other side of Earth faster than those that travel around Earth in the crust
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Base your answers to questions 23 through 25 on the example of a seismogram and set of
instructions for determining the Richter magnitude of an earthquake below. The example
shows the Richter magnitude of an earthquake 210 kilometers from a seismic station.

Instructions for determining Richter magnitude:
• Determine the distance to the epicenter of the earthquake. (The distance in the
example is 210 kilometers.)
• Measure the maximum wave height of the S-wave recorded on the seismogram. (The
height in the example is 23 millimeters.)
• Place a straightedge between the distance to the epicenter (210 kilometers) and the
height of the largest S-wave (23 millimeters) on the appropriate scales. Draw a line
connecting these two points.
• The magnitude of the earthquake is determined by where the line intersects the
Richter magnitude scale. (The magnitude of this example is 5.0.)
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23. Using the set of instructions on page 88 and the seismogram and scales below,
determine the Richter magnitude of an earthquake that was located 500 kilometers
from this seismic station.
Any number from 6.0 to 6.2

Height is 20 mm

24 Identify the information shown on the seismogram that was used to determine that
the distance to the epicenter was 500 kilometers.
Difference between the S-wave and P-wave arrival times

25 How long did it take the first S-wave to travel 500 kilometers to reach this seismic
station?
2
min 10 sec accept any answer from 02:00 to 02:20
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26. A seismogram recorded at a seismic station is shown below.

Which information can be determined by using this seismogram?
(1) the depth of the earthquake’s focus
(2) the direction to the earthquake’s focus
(3) the location of the earthquake’s epicenter
(4) the distance to the earthquake’s epicenter
27. Which generalization about earthquake S-waves and P-waves is correct?
(1) When the P-waves and S-waves are near the epicenter, they both travel at the
same speed.
(2) The velocity of P-waves and S-waves is constant, regardless of the distance
traveled.
(3) P-waves always travel faster than S-waves regardless of the distance traveled.
(4) S-waves always travel about twice as fast as P-waves
28. An earthquake’s P-wave arrived at a seismograph station at 02 hours 40 minutes 00
seconds. The earthquake’s S-wave arrived at the same station 2 minutes later. What is
the approximate distance from the seismograph station to the epicenter of the
earthquake?
(1) 1,100 km
(2) 2,400 km
(3) 3,100 km
(4) 4,000 km
29. An earthquake’s magnitude can be determined by
(1) analyzing the seismic waves recorded by a seismograph
(2) calculating the depth of the earthquake faulting
(3) calculating the time the earthquake occurred
(4) comparing the speed of P-waves and S-waves
30. The seismogram to the right shows Pwave and S-wave arrival times at a
seismic station following an earthquake.
The distance from this seismic station to
the epicenter of the earthquake is
approximately
(1) 1,600 km
(3) 4,400 km
(2) 3,200 km
(4) 5,600 km
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Plate Tectonics
Continental Drift:

The theory that Earth’s crust is resting on a fluid which allows it to
Move
- the crust is broken up into pieces called plates that move relative to
each other

Pangea

Supercontinent – one large land mass

Evidence for
Continental Drift

Shape of Coastlines:
• Continents fit together
like a jigsaw puzzle

Correlations:
• Fossils match across
ocean basins
• Rocks match across ocean
basins

Climate changes:
• Coal found in Antarctica
• Glacial striations in
Australia and Africa
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Movement of Plates

Convection currents within the

asthenosphere move the plates that rest on top

Convection currents
Rising currents

Currents caused by differences in density

Causes the plates to move apart *refer students to diagram above
- divergent boundaries

Falling currents

Cause the plates to move together *refer students to diagram above
- convergent boundaries

Composition
Density
Thickness
92

Continental
Crust
Granite

Oceanic
Crust
Basalt

2.7 g/cm3

3.0 g/cm3

Thicker

Thinner
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Divergent Boundaries:

a location where two plates are moving away from each
other

• As plates separate, water fills
low areas
• Formation of mid-ocean ridges
• Youngest rock located at center
(still being formed)

Normal Polarity
Reversed Polarity
Same
age

- Some Igneous rocks contain minerals that are magnetic
- Instruments measure small changes in magnetism
- Bands of Igneous rock on the ocean floor show that Earth’s
magnetic orientation has been reversed in the past
- crust must have shifted
- magnetic reversal supports sea floor spreading

Same
age

Youngest rock

Evidence that pates are moving apart:
- ocean floor is generally younger than the continents
- rocks continually form at Mid-ocean ridges
- heat flow is highest at the spreading center (lava is leaking out – very hot)
- magnetic reversal
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Convergent boundaries:

Place where two plates come together

Collision Boundary
- two continental plates collide
- causes crust to be pushed
upward, forming mountain
ranges
- Himalayan
- Ural
- Appalachian

Subduction Boundaries: one plate goes under (subducted) the other plate

Ocean / Continental Plates
-

ocean plate is thinner and more
dense than the continental plate
and is subducted
forms deep sea trenches
bordered by a mountain chain
and volcanoes on the
continental plate
Andes Mountains
Rocky Mountains

-

Ocean / Ocean Plates
-

94

One ocean plate is subducted
under the other
Formation of deep sea trenches
Formation of volcanic islands
Ring of Fire (Pacific Rim)
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Transform boundaries:

Plates that slide past each other

-

Stress builds up between
plates
Eventually it is enough to
cause an abrupt slippage
Plates move past each other
in opposite directions
Major earthquakes
San Andres Fault

MORE Evidence for crustal movement:
Bench Marks

- Locations labeled with exact elevation

Uplift of fossils

- fish and marine fossils found on mountain tops

Subsidence of fossils

- shallow water fish buried deep in the ocean floor

- Scientists can determine change in elevation

Looking at Rock Strata

Undisturbed
Hot spot:

Tilted

Folded

Faulted

A place where magma is coming up through Earth’s crust
- Hawaiian Islands

Dynamic Crust 95

Earth Science Reference Tables Practice page 5
“Tectonic Plates”
1. Using a yellow highlighter, highlight the NAMES of each of the following . . .
- hot spots, ocean ridges, and trenches
2. Using a red color pencil, color each of the hot spot

locations.

3. Fill in the names of the Hot Spots at each of the following locations.
Location

Name of Hot spot

In the United States

Yellowstone Hot Spot

On the Pacific Plate

Hawaii Hot Spot

On the Nazca Plate

Galapagos Hot Spot

On the Eurasian Plate

Iceland Hot Spot

On the African Plate

Canary Islands Hot Spot

4. Name the two plates located on either side of each of the following trenches.
Trench

Plate name

Plate name

Aleution Trench

Pacific Plate

North American Plate

Mariana Trench

Pacific Plate

Philippine Plate

Tonga Trench

Pacific Plate

Indian-Australian Plate

Peru-Chile Trench

South American Plate

Nazca Plate

5. Name the two plates located on either side of each of the following ridges.
Ridge

Plate name

Plate name

East Pacific Ridge

Antarctic (or) Nazca Plate

Pacific Plate

Mid -Atlantic Ridge

African / Eurasian

S. American / N. American

Southwest Indian Ridge

African Plate

Antarctic Plate

Southeast Indian Ridge

Indian-Australian Plate

Antarctic Plate

Mid-Indian Ridge

Indian-Australian Plate

African Plate

6. In the boxed below, draw the symbols for each of the following boundaries:
Convergent Plate Boundary

Complex or Uncertain Boundary

Divergent Plate Boundary

7. Draw the symbol for the Mid-Ocean Ridge in the
box to the right.
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Transform Plate Boundary

8. What do the arrows on the map indicate?

Relative motion

9. Look at the arrows along any of the trenches, on the two adjoining plates. Are the
plates moving toward each other or away from each other? Toward
10. What kind of boundary is located at a trench?

Convergent

11. Look at the arrows along any of the ridges, on the two adjoining plates. Are the
plates moving toward each other or away from each other? Away
12. What kind of boundary is located at a ridge?

Divergent

13. Find the San Andres’ Fault. What type of boundary is this? Transform
14. In the table below, state the direction of movement of the plates.
Name of Plate

Direction

South American Plate

SW

Antarctic Plate - below Pacific Plate

SE

African Plate

East

Antarctic Plate - below African Plate

SW

Pacific Plate

WNW

North American Plate – west coast

NW

Nazca Plate

East

North American Plate – near Iceland

West

Eurasian Plate

South

Name of Plate

Indian - Australian Plate

Direction

NE

The map shows mid-ocean ridges and trenches in the Pacific Ocean. Specific areas A, B, C,
and D are indicated by shaded rectangles.
15. Draw two arrows at each Area
(A, B and C) to illustrate the
movement of the plates.
16. What type of boundary is located
at Area A? Transform
17. What type of boundary is located
at Area B? Convergent
18. What type of boundary is located
at Area C? Divergent
19. Movement of the crustal plates
is most likely caused by
(1) the revolution of the Earth
(2) the erosion of Earth’s crust
(3) shifting of Earth’s magnetic
poles
(4) convection currents in Earth’s
mantle
Dynamic Crust 97

The block diagram to the left shows
the bedrock age and the present
location of part of the Hawaiian
Island chain. These volcanic islands
may have formed as the Pacific
Plate moved over a mantle hot spot.

20. Which island is the oldest?
21. Which island is the youngest?

Kauai
Hawaii

22. Which plate is the Hawaiian Hot Spot located?

Pacific Plate

23. In which direction was the plate probably moving toward?

North West

24. Make an inference on why the island of Hawaii is larger than any of the other islands.
- Less time for erosion
- plate didn’t move as fast (same spot longer)
25. Another island is forming in the same area. Looking at the chain of existing islands,
infer where this new island is forming.
Southeast of Hawaii
26 In the last 100 years, most of the world’s earthquakes have taken place in a region
along the rim of the Pacific ocean known as the Ring of fire
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Earth’s Crustal Plate
Boundaries

Divergent boundary

Convergent

Transform Boundary

where two plates

where two plates

where two plates

Move toward
each other

Slide past each other

Move away from
each other
formation of

formation of

Mid-ocean ridges

Fault Lines

an example is

an example is
three types are

Mid Atlantic Ridge

where two oceanic
plates collide

San Andres Fault

Where continental
and continental
plates collide

where oceanic and
continental plates
collide

this occurs

this occurs

this occurs

with subduction

with no subduction

with subduction

formation of

formation of

formation of

Deep sea trenches

Mountain Ranges

Trenches / Mountains

an example is

an example is

an example is

Mariana Trench

Appalachian
Mountains

Rocky Mountains
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Regents Questions:
1. The best evidence of crustal movement would be provided by
(1) dinosaur tracks found in the surface bedrock
(2) marine fossils found on a mountaintop
(3) weathered bedrock found at the bottom of a cliff
(4) ripple marks found in sandy sediment
2. Fossils of marine life can be found at locations higher than 200 meters above sea level
in New York State. Which statement best explains this fact?
(1) Much of New York State was once below sea level and has since been uplifted.
(2) Much of New York State was once above sea level and has since subsided.
(3) Sea level was once more than 200 meters lower than it is today.
(4) Sea level was once more than 200 meters higher than it is today.
3. Shallow-water fossils are found in rock layers that are deep beneath the ocean floor.
This suggests that
(1) shallow-water organisms always migrate to the deeper waters to die
(2) parts of the ocean floor have been uplifted
(3) parts of the ocean floor have subsided
(4) the surface water cooled off, killing the organisms
4. The theory of continental drift does not explain the
(1) matching of rock features on continents thousands of kilometers apart
(2) melting of glacial ice at the close of the Pleistocene Epic
(3) apparent fitting together of many continental boundaries
(4) fossils of tropical plants in Antarctica
5. Igneous rocks on the ocean floor that have an alternating pattern of magnetic
orientation provide evidence that
(1) mountains are rising
(3) the Earth was struck by meteorites
(2) the seafloor is spreading
(4) ocean tides are cyclic
6. Two samples of ocean floor basaltic bedrock are found at equal distances from, and on
opposite sides of, a mid-ocean ridge. The best evidence that both samples were formed
at the ridge during the same time period would be that both samples also
(1) have the same density
(2) contain different crystal sizes
(3) are located at different depths below sea level
(4) have the same magnetic field orientation
7. The best evidence of crustal uplift is provided by
(1) marine fossils found in the bedrock of some mountaintops
(2) shallow-water marine fossils found in deep ocean water
(3) horizontal sedimentary layers
(4) thick layers of sediment on the ocean floor
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8. Evidence of crustal subsidence (sinking) is provided by
(1) zones of igneous activity at mid-ocean ridges
(2) heat-flow measurements on coastal plains
(3) marine fossils on mountaintops
(4) shallow-water fossils beneath the deep ocean
9. A sandstone layer is tilted at a steep angle. What probably caused this tilting?
(1) nearly all sandstone layers are formed from wind deposited sands
(2) this sandstone layer has changed position due to crustal movement
(3) this sandstone layer has recrystallized due to contact metamorphism
(4) the sediments that formed this sandstone layer were originally deposited at a steep
angle
10. As evidence accumulates the support for the theory that the present continents were at
one time a single, large landmass
(1) increases
(2) deceases
(3) remains the same
11. Which evidence suggests that sections of the Earth’s crust have been uplifted in the
past?
(1) Fossils of organisms that lived in shallow water are found at great ocean depths.
(2) Fossils of organisms that lived in the oceans are found in rocks above sea level.
(3) Sediments that were deposited in shallow water are found in great thicknesses.
(4) Large ocean basins containing accumulations of sediments show signs of subsidence
(sinking)
12. Which statement best supports the theory that all the continents were once a single
landmass?
(1) Rocks of the ocean ridges are older than those of the adjacent sea floor
(2) Rock and fossil correlation can be made where the continents appear to fit together.
(3) Marine fossils can be found at high elevations above sea level on all continents.
(4) Great thickness of shallow water sediments are found at interior locations on some
continents.
13. For the last 200 million years, continents on opposite sides of the Atlantic ocean have
generally
(1) been drifting apart
(2) been drifting closer together
(3) remained the same distance apart
14. Which statement best supports the theory of continental drift?
(1) Basaltic rock is found to be progressively younger at increasing distances from a
mid-ocean ridge.
(2) Marine fossils are often found in deep-well drill cores.
(3) The present continents appear to fit together as pieces of a larger landmass
(4) Areas of shallow-water seas tend to accumulate sediment, which gradually sinks.
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15. Which geologic period were the continents all part of one landmass, with North
America and South America joined to Africa?
(1) Tertiary
(2) Cretaceous
(3) Triassic
(4) Carboniferous
16. What is the direction of crustal movement of the Indian-Australian plate?
(1) northward
(2) southward
(3) northwestward (4) southwestward
17. Igneous materials found along oceanic ridges contain magnetic iron particles that show
reversal of magnetic orientation. This is evidence that
(1) volcanic activity has occurred constantly throughout history
(2) the Earth’s magnetic poles have exchanged their positions
(3) igneous materials are always formed beneath oceans
(4) the Earth’s crust does not move
18. Which is the best evidence supporting the concept of ocean floor spreading?
(1) Earthquakes occur at greater depths beneath continents than beneath oceans.
(2) Sandstones and limestones can be found both in North America and Europe.
(3) Volcanoes appear at random within the oceanic crust.
(4) Igneous rocks along the mid-oceanic ridges are younger than those farther from the
ridges.
19. Igneous rocks on the ocean floor that have an alternating pattern of magnetic
orientation provide evidence that
(1) mountains are rising
(3) Earth was struck by meteorites
(2) the seafloor is spreading
(4) ocean tides are cyclic
20. The scale to the right shows the age of rocks in relation to
their distance from the Mid-Atlantic Ridge. Some igneous
rocks that originally formed at the Mid-Atlantic Ridge are
now 37 kilometers from the ridge.
Approximately how long ago did these rocks form?
(1) 1.8 million years ago
(3) 3.0
million years ago
(2) 2.0 million years ago
(4) 45.0 million years ago
21. Which is the best evidence of crustal movement?
(1) molten rock in the Earth’s outer core
(3) tilted sedimentary rock layers
(2) residual sediments on top of bedrock
(4) marine fossils found below sea level
22. Folded sedimentary rock layers are usually caused by
(1) Deposition of sediments in folded layers
(2) Differences in sediment density during deposition
(3) A rise in sea level after deposition
(4) Crustal movement occurring after deposition
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23. The diagram to the right represents a cross
of a section portion of the Earth’s crust and
mantle. Letters A, B, C, D and X identify
locations within the crust.
The age of oceanic crust increases along a
line between X and location
(1) A
(2) B

(3) C

(4) D

24. The diagrams below show cross sections of exposed bedrock. Which cross section shows
the least evidence of crustal movement?

(1)

(2)

(3)

(4)

25. Compared to the velocity of an earthquake’s P-waves, the velocity of the S-waves in the
same material is
(1) less
(2) greater
(3) the same
26. The diagram to the right shows a portion of the Earth’s
crust. The movements indicated by the arrows represent
the process of
(1) volcanism
(3) metamorphism
(2) folding
(4) faulting
27. Which event provides direct evidence of crustal movement?
(1) the erosion of the outside of a river curve
(2) the deposition of sediments in the ocean
(3) the displacement of rock strata during an earthquake
(4) the weathering of rock to form a residual soil
28. Which of the following locations is the site of a convergent plate boundary?
(1) Mid-Atlantic ridge
(3) Atlantic-Indian ridge
(2) Pacific/North American plate boundary
(4) Aleutian Trench
29. The map to the right shows continental and oceanic crustal
plates along the west coast of North America. Which
conclusion is best supported by the map?
(1) The boundary of the Pacific plate has very few faults.
(2) The Pacific plate has stopped moving
(3) The West Coast of North America is composed of the
oldest rock on the continent
(4) The West Coast of North America is a zone of frequent
crustal activity.
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30. Which map best represents the general pattern of magnetism in the
oceanic bedrock near the mid-Atlantic Ridge.

(1)

(2)

(3)

(4)

31. Where have earthquakes occurred most frequently during the last one hundred years?
(1) in the polar regions
(3) in the interior of continental areas
(2) along the Pacific Ocean coastlines
(4) along the Atlantic Ocean coastlines
32. Where are earthquakes most likely to take place?
(1) along the core-mantle interface
(2) where the composition of the Earth tends to be uniform
(3) near the Earth’s Equator
(4) near a fault zone
33. Which best describes a major characteristic of both volcanoes and earthquakes?
(1) They are centered at the poles.
(2) They are located in the same geographic areas.
(3) They are related to the formation of glaciers.
(4) They are restricted to the Southern Hemisphere
34. The block diagram below shows a tectonic plate boundary. Points A and B represent
locations on Earth’s surface. Which graph best shows the depths of most major
earthquakes whose epicenters lie between A and B?
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35. The cross section below shows the direction of movement of an oceanic plate over a
mantle hot spot, resulting in the formation of a chain of volcanoes labeled A, B, C, and
D. The geologic age of volcano C is shown. What are the most likely geologic ages of
volcanoes B and D?
(1) B is 5 million years old and D is
12 million years old.
(2) B is 2 million years old and D is
6 million years old.
(3) B is 9 million years old and D is
9 million years old.
(4) B is 10 million years old and D is
4 million years old.
Base your answers to questions 36 through 39 on the information below and on your
knowledge of Earth science.
In the 1930s, most scientists believed that Earth’s crust and interior were solid
and motionless. A small group of scientists were talking about “continental drift,”
which is the idea that Earth’s crust is not stationary, but is constantly shifting and
moving. From seismic data, geophysical evidence, and laboratory experiments,
scientists now generally agree that lithospheric plates move at the surface. Both
Earth’s surface and interior are in motion. Solid rock in the mantle can be softened
and shaped when subjected to the heat and pressure within Earth’s interior over
millions of years.
Subduction processes are believed by many scientists to be the driving force of
plate tectonics. At present, this theory cannot be directly observed and confirmed.
The lithospheric plates have moved in the past and are still moving today. The
details of why and how they move will continue to challenge scientists.
36. Earth’s crust is described as “constantly shifting and moving.” Give two examples of
geologic evidence that supports the conclusion that continents have drifted apart.
Matching rocks / fossils across ocean basins
Continent shapes fit together like puzzle parts.
Sea-floor spreading occurs at mid-ocean ridges.

37. The information given suggests that “subduction processes are the driving force of
plate tectonics.” Identify a specific location of a subduction zone on Earth.
Aleutian Trench

38. According to the Earth Science Reference Tables, at what inferred depth is mantle rock
partially melted and slowly moving below the lithospheric plates?
any response from 70 to 700 kilometers
Dynamic Crust 105

Base your answers to questions 39 and 40 on the map below. Seismic stations are located at
the four cities shown on the map. Letter X represents the epicenter of an earthquake
determined from seismic waves recorded at all four cities.
40. Which map correctly shows how the location
of the epicenter was determined?

39. At which city is there a difference of
approximately 3 minutes and 20
seconds between the arrival times of
the P-waves and the S-waves?
(1) New Orleans
(3) Pittsburgh
(2) Louisville
(4) New York City

Base your answers to questions 41 and 42 on the diagram below, which represents seismic
stations A, B, and C. The distance from each station to an earthquake’s epicenter is
plotted.
41. The P-wave of an earthquake originating 2,600
kilometers from seismic station A arrived at 5:24:45 a.m.
What was the arrival time of the S-wave from the same
earthquake?
(1) 1:24:45 a.m.
(3) 5:28:45 a.m.
(2) 5:21:05 a.m.
(4) 9:24:05 a.m.
42. The epicenter is closest to point
(1) D
(2) F
(3) E
(4) G
43. Approximately how long does an earthquake P-wave take to travel the first 6500
kilometers after the earthquake occurs?
(1) 6.5 min
(2) 8.0 min
(3) 10.0 min
(4) 18.5 min
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Sequence of events:

The order in which events took place

A)

deposition of calcite, formation of limestone

B)

deposition of sand, formation of sandstone

C)

deposition of clay, formation of shale

D)

Intrusion

E)

Extrusion (no contact metamorphism on top)

F)

Deposition of sand, formation of sandstone

Outcrop -

ROCK CORRELATION
Exposed rock layers (strata)

Walking the outcrop
Index fossil

Physically following the rock strata

Geologic time marker
Easily recognized
Live for a short geologic time
Wide spread geographically

3 things that
make a good
index fossil

Volcanic Ash Falls

- Is wide spread geographically
- a good time marker because it is per event (eruption)

Unconformity:

- a gap in geologic time
- missing part of the rock sequence (layer missing)
- caused by extensive erosion

Folds, faults, tilting

Overturned

Movements are younger than the rocks they displace

When older rocks are found on top of younger rocks due to extreme
crustal movement
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D

Sequence of Events Practice
Circle the oldest rock layer in the table below, based on the diagram.

H
A

G
B

E
J

C
F

E

D

D

H

D

J

A

D

I

C

I

J

B

C

B

I

A

F

E

F

True or False: (T) or (F) Answer the
following based on the diagram to the right
Rock layer C is older than rock Layer
D

T

The intrusion is older than rock layer
A and older than the fault

F

Rock layer B is limestone

T

The intrusion is older than rock layer
C and younger than the fault

F

Folding of rock layers occurred prior
to the igneous intrusion

F

The intrusion is younger than rock
layer D and younger than the fault

T

The intrusion is older than rock layer
B and older than the fault

F

The igneous intrusion is the youngest
rock layer shown

T
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1.

What process most directly caused the formation of
the feature shown by line AB in the geologic cross
section in the diagram to the right?
Erosion

2.

What is the name given to this formation?
Unconformity

Use the diagram below to complete following questions. The rock layers were not
overturned.

3.

Rock layer A is younger than rock layer

B

4.

Rock layer Z represents the same rock layer as

5.

In which rock layers are fossils least likely to be found?

6.

Would rock layer C be considered an intrusion or an extrusion?

7.

Upon examination of rock layer C, would you infer the size of the crystals to be small
in size or large in size?
Small

8.

Name the sedimentary rock layer G.

Sandstone

9.

Name the sedimentary rock layer A.

Limestone

E
B

&

Extrusion

10. What metamorphic rock would be found in layer E at the site of contact
metamorphism?
Slate
11. What metamorphic rock would be found in layer A at the site of contact
metamorphism?
Marble
12. What metamorphic rock would be found in layer D at the site of contact
metamorphism?
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C

13. List the sequence of events that led to the formation of the geologic cross section for
the diagram on page 110.
- solidification of magma, formation of igneous rock
- deposition of calcite, formation of limestone
- deposition of clay, formation of shale
- folding of rock layers
- erosion of folded rock layers / unconformity
- deposition of mixed sized rounded sediments, formation of conglomerate
- deposition of clay, formation of shale
- intrusion / extrusion, contact metamorphism, solidification of magma, formation of
igneous rock
- deposition of calcite, formation of limestone
- deposition of sand, formation of sandstone
- faulting of rock layers
- erosion

Earth’s History
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ABSOLUTE TIME:
RADIOACTIVE DATING
Absolute age
Isotopes – unstable
elements
Nothing effects
decay rate

Decay product

Half life -

The amount of time it takes for one half of the isotope to decay

Decay Product

What the isotope becomes

ESRT Front cover
Radioactive
Isotope
Carbon - 14
Potassium - 40

Decay product

Half – life (years)

Nitrogen 14

5,700

Ar40

/

Ca40

1,300,000,000

Uranium – 238

Pb206

4,500,000,000

Rubidium - 87

Sr87

49,000,000,000

1. The table to the right gives information about
the radioactive decay of carbon-14. Part of
the table has been left blank. Fill in each of
the blank spaces and the answer the
following questions.

Halflife

Mass of Original
C-14 Remaining
(grams)

Number
of Years

0

1

0

1

a. What is the percentage of original C-14
remaining after 2 half lives? 25%
b. What is the percentage of decay product
after 3 half-lives? 12.5%
c. As the amount of decay product increases,
what happens to the amount of the
original isotope? It decreases
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2
3
4
5
6

1
2
1
4
1
8
1
16
1
32
1
64

5,700
11,400
17,100
22,800
28,500
34,200
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5
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o
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dest?
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10 % of the
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(1)

Wood
d
33% of the
t
rad
dioactive material
m
remain
ns
(2)

Sheell
41% off the
radioacctive
material remains
r
(3))

Boone
52% of the
radioactiv
ve materiall
rem
mains
(
(4)

aterial X ca
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g
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4. Radiioactive ma
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d
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ve materiall X and its
stablle decay prroduct after 15,000 yeears? (Thee shaded reegion repreesents radiooactive
mateerial while the non-sh
haded regioon represen
nts stable decay prod
ducts.)

(1)

(2)

(3))

(
(4)
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Evolution:

-

The changing of an organism from simple to complex

-

Mutations may produce altered traits
Natural selection – where an organism has a specific trait that aides in
their survival
Changes occur very slowly over a long period of time

-

Geologic Time Scale

ESRT pages 8 & 9

-

Describes the events that have taken place in the history of Earth

-

Based on the fossil record

-

Broken up into Eons, Eras, Periods, and Epochs

Reviewing the Geologic History of New York State:
1. What is the estimated time of origin of Earth?
2. Name the two eons.
3. Name the longest Eon.

Phanerozoic

4,600 million years ago (4.6 billion)
and

Precambrian

Precambrian

4. Approximately how long did the Precambrian last?

4,056

millions of years

5. Name the three Eras in the Phanerozoic eon.

Cenozoic

Mesozoic

Paleozoic

6. Name the two Eras in the Precambrian eon.

Proterozoic
Archean

7. Name the three periods that were during the Mesozoic era?
Jurassic

Cretaceous

and

Triassic

8. How many millions of years ago was the beginning of the Mesozoic ?
9. How many millions of years ago was the end of the Silurian?
10. What is the division of the Geologic time scale based on?

251

418

Fossil evidence

11. Name the two divisions that the Tertiary period is separated in to.
Neogene
and
Paleogene
12. What period is divided into the Pennsylvanian and Mississippian?
Carboniferous
13. Name the most recent period.

Quaternary
Earth’s History
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14. Name the epoch and period when the following life appeared on earth:
Epoch

Period

a) modern coral groups

Late

Triassic

b) earliest insects

Late

Silurian

c) diverse bony fishes

Early

Cretaceous

d) earliest fish

Late

Cambrian

Middle / Late

Jurassic

Late

Pennsylvanian

Pleistocene

Quaternary

h) earliest trilobites

Early

Cambrian

i) graptolites abundant

Early

Ordovician

j) abundant sharks

Late

Mississippian

e) earliest birds
f) earliest reptiles
g) humans

15. Name the epoch and period when the following events occurred in New York State.
Epoch

Period

Late

Devonian

Pliocene

Neogene

c) Iapetus passive margin forms

Early

Cambrian

d) Initial opening of the Atlantic Ocean

Early

Jurassic

Middle

Triassic

a) Catskill delta forms
b) Uplift of Adirondack region

e) Pangea begins to break up

Earth Science Reference Table Review:
1. During which geologic period did the Acadian Orogeny take place?
2. What was the cause of the Acadian Orogeny?

Devonian

The collision of North America and

Avalon and closing of remaining part of Iapetus Ocean
3. During which geologic era were the first amphibians present?
4. Determine the length in millions of years of the Mesozoic Era.

Paleozoic
186

5. Which era in the Phanerozoic eon was the longest in duration?

Paleozoic

6. During which geologic period was Earth’s first coral reef?

Ordovician

7. How many millions of years ago did the Phanerozoic Eon begin?

544

8. How many millions of years did the Jurassic Period last?
9. What geologic period did Earth’s first forest form?

64
Devonian

10. Give the approximate location of North America and Western New York 362 million
years age
Near the equator
11. How many millions of years ago were the first flowering plants?
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12. Which mountain range was a result of the collision of North America with Africa?
Appalachian Mountains
13. Approximately how many millions of years have humans lived on Earth?
14. Which geologic era held the existence of the dinosaurs?

Mesozoic

15. Determine the length of the Devonian period in millions of years.
16. Name the index fossil from the Cambrian period?

1.6

56

Elliptocephala

17. How many millions of years ago did the Silurian Period begin?

443

18. How many millions of years ago did the Paleogene Period end?

24

19. State the era in which the Catskill delta formed.

Paleozoic

20. Why are there no bird fossils found in rocks formed during the Ordovician period?
Because the earliest birds weren’t around until 283 million years later
21. What would be considered a good index fossil from the Triassic Period?

Coelophysis

22. Which period in geologic history did Pangea begin to break up?
23. During which orogeny did the Hudson Highlands form?

Triassic
Grenville

24. State the two geologic periods in which the northeast part of North America
experienced a continental collision in the Phanerozoic Eon.
Ordovician
and

Devonian

25. How many millions of years ago did the Eocene Epoch begin?

54.8

26. How many millions of years did the Carboniferous Period last?

72

27. How many millions of years are the oldest known rocks on Earth?

3800

28. What biological events occurred that separates the three Eras in the Phanerozoic Eon?
Earliest appearances and / or extinctions of different organisms
29. How many millions of years did the Paleozoic Era last?

293

30. During which geologic period were salt and gypsum deposited in the evaporite basins
in New York? Silurian
31. During which geologic period did armored fish become extinct?
32. List the following in order of increasing age...
Youngest
youngest to oldest in terms of their presence on Earth:
Birds
Grasses
Insects
Trilobites

Devonian
Grasses
Placental mammals
Birds

Placental mammals
Stromatolites
Sharks
Reptiles

Reptiles
Sharks
Insects
Oldest

Trilobites
Stromatolites
Earth’s History
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33. Which lived the longest in geologic time: Brachiopods, Crinoids, Dinosaurs or Corals?
Brachiopods
34. Which occurred first: The intrusion of the Palisades Sill or the erosion of the Acadian
Mountains? erosion of the Acadian Mountains
Base your answers to questions 35 through 37 on the map below. The map shows some
regions where metamorphic bedrock of the Grenville Province in northeastern North
America is exposed at Earth’s surface.
35. The bedrock of the Grenville
Province is generally thought
to have formed approximately
(1) 250 million years ago
(2) 400 million years ago
(3) 560 million years ago
(4) 1100 million years ago
36. Which New York State
location has surface bedrock
that consists mainly of
anorthositic rock?
(1) Old Forge
(2) Massena
(3) Mt. Marcy
(4) Utica
37. Which location has surface bedrock that consists mostly of gneiss, schist, or marble?
(1) 43° N 81° W
(2) 47° N 69° W
(3) 46° N 78° W
(4) 49° N 71° W

38. Earth’s early atmosphere formed during the Early Archean Era. Which gas was
generally absent from the atmosphere at that time?
(1) water vapor
(2) nitrogen
(3) carbon dioxide
(4) oxygen
39. The presence of which index fossil in the surface bedrock most likely indicates that a
forest environment once existed in the region?
(1) Aneurophyton
(2) Centroceras
(3) Cystiphyllum
(4) Bothriolepis
40. The diagram to the right shows an index fossil found in surface bedrock
in some parts of New York State. In which New York State landscape
region is this gastropod fossil most likely found in the surface bedrock?
(1) Tug Hill Plateau
(3) Adirondack Mountains
(2) Allegheny Plateau
(4) Newark Lowlands
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41. The geologic cross section below shows an unconformity in New York State bedrock
layers that have not been overturned. Index fossils found throughout some rock layers
are shown. Which New York State index fossil may have been present in a rock layer
that is missing due to the unconformity?

Base your answers to questions 42 through 45 on the diagrams below, which represent two
bedrock outcrops, I and II, found several kilometers apart in New York State. Rock layers
are lettered A through F. Drawings represent specific index fossils.

42. During which geologic time period was rock layer C deposited?
Cambrian
43. Identify two processes that produced the unconformity in outcrop I.
weathering and erosion
44. Describe one characteristic a fossil must have in order to be considered a good index
fossil. Easily recognized; geographically widespread; lived a short amount geologic time
45. Explain why carbon-14 can not be used to find the geologic age of these index fossils.
Carbon-14’s half life is too short
Earth’s History
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Base your answers to questions 46 through 50 on the geologic cross section below and on
your knowledge of Earth science. The cross section shows New York State index fossils in
rock layers that have not been overturned. Rock unit A is an igneous intrusion and line
XY represents an unconformity.

46. Based on fossil evidence, determine the geologic period during which the unconformity
formed.
Devonian
47. Identify the coral index fossil that would most likely be found in the same layer as the
index fossil Ctenocrinus. Pleurodictyum
48. Each index fossil existed for a relatively short geologic time interval. State one other
characteristic that each fossil must have to be considered an index fossil.
Easily recognized; geographically widespread
49. Describe the type of depositional environment in which the fossilized organisms lived.
water / sea / ocean
50. Identify one piece of evidence shown in this cross section that indicates that the
igneous intrusion, A, is older than the sandstone layer. The sandstone has not been
changed by contact metamorphism
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