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Frozen Mammoth
A wooly mammoth was found in 1999 buried in the frozen 
soil of the Siberian tundra. Carbon-14 dating indicated that 
it had died about 20,000 years ago. Many fossils represent 
only the partial remains of organisms. However, a complete 
mammoth with bones, skin, hair, and internal organs intact 
represented a unique opportunity for scientists to 
investigate the lifestyle of this animal and the environment in 
which it lived.

1. Identify both the period and epoch of geologic time during which the 
wooly mammoth lived. 

2. Identify one New York State index fossil of an organism that lived during 
the same time as the wooly mammoth.

3. Explain why C-14 is the only radioactive isotope on the ESRT that can be 
used to date the Mammoth remains.

< LAST NEXT >HOME



Frozen Mammoth
A wooly mammoth was found in 1999 buried in the frozen 
soil of the Siberian tundra. Carbon-14 dating indicated that 
it had died about 20,000 years ago. Many fossils represent 
only the partial remains of organisms. However, a complete 
mammoth with bones, skin, hair, and internal organs intact 
represented a unique opportunity for scientists to 
investigate the lifestyle of this animal and the environment in 
which it lived.

1. Identify both the period and epoch of geologic time during which the 
wooly mammoth lived.  Pleistocene Epoch of Quaternary Period

2. Identify one New York State index fossil of an organism that lived during 
the same time as the wooly mammoth. Mastodont, Beluga Whale, Condor

3. Explain why C-14 is the only radioactive isotope on the ESRT that can be 
used to date the Mammoth remains. Mammoths are recent living 
organisms containing C-14.  C-14 is used to date recent, organic remains.
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34 A cross section of Niagara Falls is shown below.

Which two rock units appear to be most resistant to weathering and erosion?
(1) Lockport dolostone and Whirlpool sandstone
(2) Rochester shale and Albion sandstone and shale
(3) Clinton limestone and shale and Queenston shale
(4) Thorold sandstone and Queenston shale

35 Which index fossil has been found in Ordovician-age bedrock?

( 1 ) ( 2 ) ( 3 ) ( 4 )

Niagara River

Lockport dolostone

Rochester shale

Thorold sandstone
Clinton limestone and shale

Whirlpool sandstone

Queenston shale

Albion sandstone and shale

P.S./E. Sci.–Jan. ’12 [11] [OVER]

4. List these four index fossils, by name, in order of oldest to youngest.

5. List two characteristics of an organism that make it an effective index fossil.
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34 A cross section of Niagara Falls is shown below.

Which two rock units appear to be most resistant to weathering and erosion?
(1) Lockport dolostone and Whirlpool sandstone
(2) Rochester shale and Albion sandstone and shale
(3) Clinton limestone and shale and Queenston shale
(4) Thorold sandstone and Queenston shale

35 Which index fossil has been found in Ordovician-age bedrock?

( 1 ) ( 2 ) ( 3 ) ( 4 )

Niagara River

Lockport dolostone

Rochester shale

Thorold sandstone
Clinton limestone and shale

Whirlpool sandstone

Queenston shale

Albion sandstone and shale

P.S./E. Sci.–Jan. ’12 [11] [OVER]

4. List these four index fossils, by name, in order of oldest to youngest. 
Cryptolithus, Cystiphyllum, Ctenocrinus, Centroceras

5. List two characteristics of an organism that make it an effective index fossil. 
Lived over a wide area, but for a short period of time



31 Which graph shows the general relationship between soil particle size and the capillarity of the soil?

32 The diagram below is a portion of a geologic timeline. Letters A through D represent the time intervals
between the labeled events, as estimated by scientists.

Fossil evidence indicates that the earliest birds developed during which time interval?
(1) A (3) C
(2) B (4) D

33 The block diagram below shows a volcano.

Which map shows the stream drainage pattern that most likely formed on the surface of this volcano?
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6. How many years did the combined periods marked B and C last for?

7. What is the name of the era marked by letter D?



31 Which graph shows the general relationship between soil particle size and the capillarity of the soil?

32 The diagram below is a portion of a geologic timeline. Letters A through D represent the time intervals
between the labeled events, as estimated by scientists.

Fossil evidence indicates that the earliest birds developed during which time interval?
(1) A (3) C
(2) B (4) D

33 The block diagram below shows a volcano.

Which map shows the stream drainage pattern that most likely formed on the surface of this volcano?
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6. How many years did the combined periods marked B and C last for? 
175 million years

7. What is the name of the era marked by letter D? Cenozoic
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8. Record the complete sequence of events that resulted in the formation of 
this geologic cross-section.

11 Due to radioactive decay, an igneous rock 
sample now contains one-fourth of the amount of 
potassium-40 that it originally contained. The
age, in years, of this rock sample is approximately
(1) 0.7 109 y (3) 2.6 109 y
(2) 1.3 109 y (4) 5.2 109 y

12 Which geologic event occured in New York State
at about the same time as the extinction of
dinosaurs and ammonoids?
(1) formation of the Queenston Delta
(2) deposition of the sands and clays underlying

Long Island
(3) initial opening of the Atlantic Ocean
(4) advance and retreat of the last continental ice

sheet

13 The geologic cross section below shows bedrock
layers A through D. Line XY is a fault.

The fault most likely occurred after
(1) all bedrock layers were formed
(2) layer C formed, but before layer D formed
(3) layer A formed, but before layer B formed
(4) layer B formed, but before layer C formed

14 The Gulf Stream and North Atlantic Current
modify the climate of northwestern Europe by
making the climate
(1) warmer and drier
(2) warmer and more humid
(3) cooler and drier
(4) cooler and more humid

15 What is the approximate density of a mineral with
a mass of 262.2 grams that displaces 46 cubic
centimeters of water?
(1) 1.8 g/cm3 (3) 6.1 g/cm3

(2) 5.7 g/cm3 (4) 12.2 g/cm3

16 Obsidian’s glassy texture indicates that it formed
(1) slowly, deep below Earth’s surface
(2) slowly, on Earth’s surface
(3) quickly, deep below Earth’s surface
(4) quickly, on Earth’s surface

17 What is the color and type of rock that forms
oceanic crust at mid-ocean ridges?
(1) light colored and igneous
(2) light colored and sedimentary
(3) dark colored and igneous
(4) dark colored and sedimentary

18 A plane traveling in a straight line from
Watertown to Utica would fly over which land-
scape region?
(1) Tug Hill Plateau
(2) Adirondack Mountains
(3) St. Lawrence Lowlands
(4) Champlain Lowlands

19 Which graph best represents the correct relation-
ship between the discharge of a river and the 
particle size that can be transported by that river?
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8. Record the complete sequence of events that resulted in the formation of 
this geologic cross-section. Conglomerate, Limestone, Sandstone, Shale, 
Faulting, Uplift, Weathering and Erosion, Subsidence, Sandstone, Shale

11 Due to radioactive decay, an igneous rock 
sample now contains one-fourth of the amount of 
potassium-40 that it originally contained. The
age, in years, of this rock sample is approximately
(1) 0.7 109 y (3) 2.6 109 y
(2) 1.3 109 y (4) 5.2 109 y

12 Which geologic event occured in New York State
at about the same time as the extinction of
dinosaurs and ammonoids?
(1) formation of the Queenston Delta
(2) deposition of the sands and clays underlying

Long Island
(3) initial opening of the Atlantic Ocean
(4) advance and retreat of the last continental ice

sheet

13 The geologic cross section below shows bedrock
layers A through D. Line XY is a fault.

The fault most likely occurred after
(1) all bedrock layers were formed
(2) layer C formed, but before layer D formed
(3) layer A formed, but before layer B formed
(4) layer B formed, but before layer C formed

14 The Gulf Stream and North Atlantic Current
modify the climate of northwestern Europe by
making the climate
(1) warmer and drier
(2) warmer and more humid
(3) cooler and drier
(4) cooler and more humid

15 What is the approximate density of a mineral with
a mass of 262.2 grams that displaces 46 cubic
centimeters of water?
(1) 1.8 g/cm3 (3) 6.1 g/cm3

(2) 5.7 g/cm3 (4) 12.2 g/cm3

16 Obsidian’s glassy texture indicates that it formed
(1) slowly, deep below Earth’s surface
(2) slowly, on Earth’s surface
(3) quickly, deep below Earth’s surface
(4) quickly, on Earth’s surface

17 What is the color and type of rock that forms
oceanic crust at mid-ocean ridges?
(1) light colored and igneous
(2) light colored and sedimentary
(3) dark colored and igneous
(4) dark colored and sedimentary

18 A plane traveling in a straight line from
Watertown to Utica would fly over which land-
scape region?
(1) Tug Hill Plateau
(2) Adirondack Mountains
(3) St. Lawrence Lowlands
(4) Champlain Lowlands

19 Which graph best represents the correct relation-
ship between the discharge of a river and the 
particle size that can be transported by that river?
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8. If this diagram is representing the decay of Carbon-14, how may years have 
passed after two half-lives?

9. Is radioactive dating an example of absolute or relative dating?

P.S./E. Sci.–Jan ’07 [5] [OVER]

15 The models below represent the decay of radioactive atoms to stable atoms after their first and second
half-lives.

Which model best represents the number of undecayed and decayed atoms after three
half-lives?

( 1 ) ( 2 ) ( 3 ) ( 4 )

Atoms after
one half-life

Atoms after
two half-lives

Original sample of
undecayed atoms

Undecayed radioactive atom Decayed atom (stable end product)

Key

16 Which sediment size would allow water to flow
through at the fastest rate? 
(1) clay (3) sand
(2) silt (4) pebbles

17 Large oceans moderate the climatic tempera-
tures of surrounding coastal land areas because
the temperature of ocean water changes
(1) rapidly, due to water’s low specific heat
(2) rapidly, due to water’s high specific heat
(3) slowly, due to water’s low specific heat
(4) slowly, due to water’s high specific heat

18 The mineral graphite is often used as  
(1) a lubricant
(2) an abrasive
(3) a source of iron
(4) a cementing material

19 In which Earth layer are most convection 
currents that cause seafloor spreading thought to
be  located?
(1) crust (3) outer core
(2) asthenosphere (4) inner core
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8. If this diagram is representing the decay of Carbon-14, how may years have 
passed after two half-lives? 11,400 years

9. Is radioactive dating an example of absolute or relative dating? Absolute

P.S./E. Sci.–Jan ’07 [5] [OVER]

15 The models below represent the decay of radioactive atoms to stable atoms after their first and second
half-lives.

Which model best represents the number of undecayed and decayed atoms after three
half-lives?

( 1 ) ( 2 ) ( 3 ) ( 4 )

Atoms after
one half-life

Atoms after
two half-lives

Original sample of
undecayed atoms

Undecayed radioactive atom Decayed atom (stable end product)

Key

16 Which sediment size would allow water to flow
through at the fastest rate? 
(1) clay (3) sand
(2) silt (4) pebbles

17 Large oceans moderate the climatic tempera-
tures of surrounding coastal land areas because
the temperature of ocean water changes
(1) rapidly, due to water’s low specific heat
(2) rapidly, due to water’s high specific heat
(3) slowly, due to water’s low specific heat
(4) slowly, due to water’s high specific heat

18 The mineral graphite is often used as  
(1) a lubricant
(2) an abrasive
(3) a source of iron
(4) a cementing material

19 In which Earth layer are most convection 
currents that cause seafloor spreading thought to
be  located?
(1) crust (3) outer core
(2) asthenosphere (4) inner core
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10. Which two layers likely formed at the same time?

11. What is the name and approximate age of the oldest fossil shown in the drill 
cores?

P.S./E. Sci.–June ’11 [3] [OVER]

10 The drill-core samples below were taken from
two locations 1000 kilometers apart. Rock layers
1 through 8 have been labeled. Some index fossils
are shown in the layers.

Which numbered layers most likely formed at the
same time?
(1) 1 and 6 (3) 3 and 5
(2) 2 and 8 (4) 4 and 7

11 A tree in New York State casts a shadow as shown
in the diagram below.

What time of day and season are represented by
the diagram?
(1) early morning in winter
(2) early morning in summer
(3) late afternoon in winter
(4) late afternoon in summer

12 Near which two latitudes are most of Earth’s
major deserts located?
(1) 0° and 90° N (3) 30° N and 30° S
(2) 30° S and 60° S (4) 60° S and 60° N

13 How much of an 800-gram sample of potassium-40
will remain after 3.9 × 109 years of radioactive
decay?
(1) 50 grams (3) 200 grams
(2) 100 grams (4) 400 grams

14 Thin layers of volcanic ash act as excellent time
markers in the correlation of bedrock because
volcanic ash
(1) is easily eroded and lasts only a short time on

Earth’s surface
(2) stays in the atmosphere for millions of years
(3) is deposited over millions of years
(4) falls to Earth over a large area in a short 

period of time

15 Evidence indicates that 251 million years ago a mass
extinction of many life-forms occurred on Earth.
Which form of life became extinct at this time?
(1) trilobites (3) mammoths
(2) dinosaurs (4) eurypterids

16 What is the dewpoint when the air temperature is
26°C and the relative humidity is 77%?
(1) 3°C (3) 22°C
(2) 20°C (4) 23°C

South West

SunHorizon

Drill Core 1 Drill Core 2

1

2

3

4

5

6

7

8
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10. Which two layers likely formed at the same time? 3 and 5
  
11. What is the name and approximate age of the oldest fossil shown in the drill 

cores? Elliptocephala, 525 million years old

P.S./E. Sci.–June ’11 [3] [OVER]

10 The drill-core samples below were taken from
two locations 1000 kilometers apart. Rock layers
1 through 8 have been labeled. Some index fossils
are shown in the layers.

Which numbered layers most likely formed at the
same time?
(1) 1 and 6 (3) 3 and 5
(2) 2 and 8 (4) 4 and 7

11 A tree in New York State casts a shadow as shown
in the diagram below.

What time of day and season are represented by
the diagram?
(1) early morning in winter
(2) early morning in summer
(3) late afternoon in winter
(4) late afternoon in summer

12 Near which two latitudes are most of Earth’s
major deserts located?
(1) 0° and 90° N (3) 30° N and 30° S
(2) 30° S and 60° S (4) 60° S and 60° N

13 How much of an 800-gram sample of potassium-40
will remain after 3.9 × 109 years of radioactive
decay?
(1) 50 grams (3) 200 grams
(2) 100 grams (4) 400 grams

14 Thin layers of volcanic ash act as excellent time
markers in the correlation of bedrock because
volcanic ash
(1) is easily eroded and lasts only a short time on

Earth’s surface
(2) stays in the atmosphere for millions of years
(3) is deposited over millions of years
(4) falls to Earth over a large area in a short 

period of time

15 Evidence indicates that 251 million years ago a mass
extinction of many life-forms occurred on Earth.
Which form of life became extinct at this time?
(1) trilobites (3) mammoths
(2) dinosaurs (4) eurypterids

16 What is the dewpoint when the air temperature is
26°C and the relative humidity is 77%?
(1) 3°C (3) 22°C
(2) 20°C (4) 23°C

South West

SunHorizon

Drill Core 1 Drill Core 2

1
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12. During which geologic period did the event represented by December 19 
actually occur?

13. How many millions of years ago did the event represented by September 10 
actually occur?

14. How many millions of years actually passed between the events represented 
by December 26 and December 30?

P.S./E.Sci.–Jan. ’06 [18]

Base your answers to questions 51 and 52 on the calendar model shown below of the inferred history of the
universe and on your knowledge of Earth science. The 12-month time line begins with the Big Bang on
January 1 and continues to the present time, which is represented by midnight on December 31. Several
inferred events and the relative times of their occurrence have been placed in the appropriate locations on the
time line.

51 State one piece of evidence used by scientists to support the theory that the Big Bang
event occurred.   [1]

52 How many million years of Earth’s geologic history elapsed between the event that
occurred on September 10 and the event that occurred on September 25 in this
model?   [1]

Part B–2

Answer all questions in this part.

Directions (51–65): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.

December 31
late evening
The first humans

January 1
The Big Bang

December 30
The extinction
of dinosaurs

December 19
The first vertebrates
(animals with a
backbone)

December 26
Earliest dinosaurs

September 10
The formation of
Earth and our solar
system

September 25
The formation of
the oldest microfossil
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12. During which geologic period did the event represented by December 19 
actually occur? Cambrian  (not on new chart)

13. How many millions of years ago did the event represented by September 10 
actually occur? 4.6 billion years ago

14. How many millions of years actually passed between the events represented 
by December 26 and December 30? 175 million years

P.S./E.Sci.–Jan. ’06 [18]

Base your answers to questions 51 and 52 on the calendar model shown below of the inferred history of the
universe and on your knowledge of Earth science. The 12-month time line begins with the Big Bang on
January 1 and continues to the present time, which is represented by midnight on December 31. Several
inferred events and the relative times of their occurrence have been placed in the appropriate locations on the
time line.

51 State one piece of evidence used by scientists to support the theory that the Big Bang
event occurred.   [1]

52 How many million years of Earth’s geologic history elapsed between the event that
occurred on September 10 and the event that occurred on September 25 in this
model?   [1]

Part B–2

Answer all questions in this part.

Directions (51–65): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.

December 31
late evening
The first humans

January 1
The Big Bang

December 30
The extinction
of dinosaurs

December 19
The first vertebrates
(animals with a
backbone)

December 26
Earliest dinosaurs

September 10
The formation of
Earth and our solar
system

September 25
The formation of
the oldest microfossil
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15. Which fossil is the oldest (these are not in your ESRT, you must use the four 
sequences to figure out which one is oldest)?

16. Which formed first, the igneous intrusion, or the sandstone layer above it? 
Explain how you know.

P.S./E. Sci.–Jan. ’06 [25]

Base your answers to questions 81 through 83 on the cross sections below, which show widely separated
outcrops at locations W, X, Y, and Z. The rock layers have not been overturned. Line AB in the cross section at
location W represents an unconformity. Fossils are shown in some of the layers.

81 Determine the relative geologic age of the four fossils by correlating the rock layers
between these outcrops. In your answer booklet, number the fossils from 1 to 4 in
order of relative age, with 1 as the oldest and 4 as the youngest.   [1]

82 What evidence shown in the outcrop at location W suggests that the igneous intru-
sion occurred after both fossils were deposited at location W?   [1]

83 Identify two of the processes involved in the formation of the unconformity repre-
sented by line AB in the cross section at location W.   [1]

Location W

Location X Location Y

Location Z

(Not drawn to scale)

A B

Key

Sedimentary rock types

Contact
metamorphism

Igneous intrusion

Fossil types

A B C D
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15. Which fossil is the oldest (these are not in your ESRT, you must use the four 
sequences to figure out which one is oldest)? Fossil B

16. Which formed first, the igneous intrusion, or the sandstone layer above it? 
Explain how you know. Sandstone

P.S./E. Sci.–Jan. ’06 [25]

Base your answers to questions 81 through 83 on the cross sections below, which show widely separated
outcrops at locations W, X, Y, and Z. The rock layers have not been overturned. Line AB in the cross section at
location W represents an unconformity. Fossils are shown in some of the layers.

81 Determine the relative geologic age of the four fossils by correlating the rock layers
between these outcrops. In your answer booklet, number the fossils from 1 to 4 in
order of relative age, with 1 as the oldest and 4 as the youngest.   [1]

82 What evidence shown in the outcrop at location W suggests that the igneous intru-
sion occurred after both fossils were deposited at location W?   [1]

83 Identify two of the processes involved in the formation of the unconformity repre-
sented by line AB in the cross section at location W.   [1]

Location W

Location X Location Y

Location Z

(Not drawn to scale)

A B

Key

Sedimentary rock types

Contact
metamorphism

Igneous intrusion

Fossil types

A B C D
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Base your answers to questions 58 through 60 on the cross section of the bedrock outcrop shown below and
on your knowledge of Earth science. Index fossils found in some of the rock units are shown. The rock units are
labeled I through IX.

58 In the space provided in your answer booklet, number the relative age of rock units
VII, VIII, and IX from 1 to 3, with number 1 indicating the oldest rock and number 3
indicating the youngest rock.   [1]

59 The fossil shown in rock unit VIII is a member of an extinct group of fossils. State
two other index fossils that are also members of the same group of extinct fossils.   [1]

60 Based on the fossils shown in the limestone and shale layers, state the type of 
environment in which these sedimentary rocks were deposited.   [1]

IX

I

II

III

IV

V

VI

VII

VIII

P.S./E. Sci.–June ’05 [16]

Igneous rock Contact
metamorphism

Key

17. The fossil shown in rock unit VIII is a member of 
an extinct group of fossils. State two other index 
fossils that are also members of the same group 
of extinct fossils.

18. Based on the fossils shown in the limestone and 
shale layers, state the type of environment in 
which these sedimentary rocks were deposited.

19. Name one geologic event that occurred during 
the same period in which rock layer VI formed.

20. Explain why not fossils are found in intrusion IX.
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Base your answers to questions 58 through 60 on the cross section of the bedrock outcrop shown below and
on your knowledge of Earth science. Index fossils found in some of the rock units are shown. The rock units are
labeled I through IX.

58 In the space provided in your answer booklet, number the relative age of rock units
VII, VIII, and IX from 1 to 3, with number 1 indicating the oldest rock and number 3
indicating the youngest rock.   [1]

59 The fossil shown in rock unit VIII is a member of an extinct group of fossils. State
two other index fossils that are also members of the same group of extinct fossils.   [1]

60 Based on the fossils shown in the limestone and shale layers, state the type of 
environment in which these sedimentary rocks were deposited.   [1]

IX

I

II

III

IV

V

VI

VII

VIII

P.S./E. Sci.–June ’05 [16]

Igneous rock Contact
metamorphism

Key

17. The fossil shown in rock unit VIII is a member of 
an extinct group of fossils. State two other index 
fossils that are also members of the same group 
of extinct fossils. Cryptolithus and Phacops

18. Based on the fossils shown in the limestone and 
shale layers, state the type of environment in 
which these sedimentary rocks were deposited. 
Marine (underwater) environment

19. Name one geologic event that occurred during 
the same period in which rock layer VI formed. 
Salt and gypsum deposits

20. Explain why not fossils are found in intrusion IX. 
Fossils would be destroyed by the heat of the 
magma.


