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Base your answers to questions 76 through 78 on the cross section below showing the underlying bedrock
of New York and New Jersey along the Hudson River.

76 Identify the oldest bedrock shown in the diagram.   [1]

77 Describe one piece of evidence shown in the cross section that indicates that the Inwood marble was
formed by regional metamorphism.  [1]

78 Identify two processes that led directly to the development of the Great Unconformity beneath the Newark
series.   [1]
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32 Which sequence of New York State index fossils shows the order in which the organisms appeared on Earth?

33 The generalized landscape regions of New York State are classified according to
(1) bedrock structure and elevation (3) latitude and longitude
(2) bedrock type and index fossils (4) climate and topography
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33 The map below shows the names and ages of different bedrock formations in North America. The bedrock
ages are shown in billions of years.

The ages shown on the map suggest that the
(1) oldest bedrock is located in the Churchill formation
(2) youngest bedrock is located in the Wyoming formation
(3) younger bedrock has been added to the east and west coasts of the continent
(4) age of bedrock increases from west to east across the continent
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Base your answers to questions 41 through 43 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.

41 The bedrock of the Grenville Province is generally thought to have formed 
approximately
(1) 250 million years ago (3) 560 million years ago
(2) 400 million years ago (4) 1100 million years ago

42 Which New York State location has surface bedrock that consists mainly of
anorthositic rock?
(1) Old Forge (3) Mt. Marcy
(2) Massena (4) Utica

43 Which location has surface bedrock that consists mostly of gneiss, schist, or marble?
(1) 43° N 81° W (3) 47° N 69° W
(2) 46° N 78° W (4) 49° N 71° W
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29 The map below shows four coastal locations labeled A, B, C, and D.

The climate of which location is warmed by a nearby major ocean current?
(1) A (3) C
(2) B (4) D

30 Which fossil sequence is in order from oldest to youngest?

31 The diagram below shows a glacial landscape feature forming over time from a melting block of ice.

This glacial landscape feature is best identified as
(1) a kettle lake (3) a finger lake
(2) an outwash plain (4) a moraine
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32 The time line below represents the entire geologic history of Earth.

Which letter best represents the first appearance of humans on Earth?
(1) A (3) C
(2) B (4) D

33 Three extinct organisms are shown in the diagrams below.

Which other life-form reached its peak development during the same period in
geologic history that these three life-forms first appeared on Earth?
(1) dinosaurs (3) mastodonts
(2) stromatolites (4) eurypterids

34 The graph below shows the radioactive decay of a 50-gram sample of a radioactive isotope. 

According to the graph, what is the half-life of this isotope? 
(1) 100 years (3) 200 years
(2) 150 years (4) 300 years
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6 Which list shows stars in order of increasing
temperature?
(1) Barnard’s Star, Polaris, Sirius, Rigel
(2) Aldebaran, the Sun, Rigel, Procyon B
(3) Rigel, Polaris, Aldebaran, Barnard’s Star
(4) Procyon B, Alpha Centauri, Polaris, Betelgeuse

7 Which group of organisms is inferred to have
existed for the least amount of time in 
geologic history?
(1) trilobites (3) eurypterids
(2) dinosaurs (4) placoderm fish

8 Which weather variable can be determined by
using a psychrometer?
(1) barometric pressure
(2) cloud cover
(3) relative humidity
(4) wind speed

9 The cross section below shows sedimentary
bedrock layers A, B, C, and D exposed at Earth’s
surface.

Which layer appears to be the least resistant to
weathering?
(1) A (3) C
(2) B (4) D

10 Which rock was organically formed and some-
times contains fossilized plant impressions?
(1) rock gypsum (3) breccia
(2) phyllite (4) coal

11 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?

12 Most scientists believe the Milky Way Galaxy is
(1) spherical in shape   
(2) 4.6 billion years old
(3) composed of stars revolving around Earth
(4) one of billions of galaxies in the universe
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20 On the map below, the darkened areas represent locations where living corals currently exist.  The arrow
points to a location where coral fossils have been found in Devonian-age bedrock in New York State.

Devonian-age coral fossils found in some New York State bedrock are not located in
the same general region that present-day corals are living because during the
Devonian Period
(1) corals migrated to New York State
(2) corals lived everywhere on Earth 
(3) New York State was closer to the equator 
(4) New York State had a colder climate 

21 Which index fossil may be found in the surface bedrock near Ithaca, New York?
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26 What is the inferred temperature at the boundary
between Earth’s stiffer mantle and outer core?
(1) 2,500°C (3) 5,000°C
(2) 4,500°C (4) 6,200°C

27 Which color of the visible spectrum has the 
shortest wavelength?
(1) violet (3) yellow
(2) blue (4) red

28 The diagram below shows the interaction of two
tectonic plates.

The type of plate boundary represented in the
diagram most likely exists between the
(1) Antarctic Plate and the African Plate
(2) Antarctic Plate and the Indian-Australian Plate
(3) South American Plate and the Nazca Plate
(4) South American Plate and the African Plate

29 When 1 gram of liquid water at 0° Celsius freezes
to form ice, how many total calories of heat are
lost by the water?
(1) 1 (3) 80 
(2) 0.5 (4) 540 

30 The shore of which New York State body of water
has large amounts of metamorphic bedrock
exposed at the surface? 
(1) western shore of Lake Champlain
(2) eastern shore of Lake Erie
(3) southern shore of Long Island Sound
(4) southern shore of Lake Ontario

31 Which graph best shows the radioactive decay of
carbon-14?  

32 Approximately what percentage of the estimated
age of Earth does the Cenozoic Era represent?
(1) 1.4% (3) 11.9%
(2) 5.0% (4) 65.0%

33 The geologic cross section below shows the geo-
logic age of two rock layers separated by an
unconformity.

The unconformity at the bottom of the Silurian
rock layer indicates a gap in the geologic time
record. What is the minimum time, in millions of
years, shown by the gap?
(1) 13 (3) 101
(2) 47 (4) 126
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Base your answers to questions 28 and 29 on the diagrams below.  Diagram 1 is a drawing of a seafloor 
environment during the Carboniferous Period.  Diagram 2 is a drawing of a Carboniferous swamp-forest 
environment.  Two organisms are labeled A and B.

28 If the fish labeled A in diagram 1 are placoderms, the diagram represents conditions
during which geologic epoch? 
(1) Early Mississippian (3) Early Pennsylvanian
(2) Late Mississippian (4) Late Pennsylvanian

29 In which type of rock would fossils of organisms A and B most likely be found?
(1) felsic igneous (3) clastic sedimentary
(2) vesicular igneous (4) nonfoliated metamorphic

Diagram 1:
Carboniferous Seafloor

Diagram 2:
Carboniferous Swamp-Forest

A

B

Adapted from: Chet Raymo and Maureen Raymo,
Written in Stone: A Geological History of the Northeastern United States,

Second Edition, Black Dome Press Corp., 2001
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20 On the map below, the darkened areas represent locations where living corals currently exist.  The arrow
points to a location where coral fossils have been found in Devonian-age bedrock in New York State.

Devonian-age coral fossils found in some New York State bedrock are not located in
the same general region that present-day corals are living because during the
Devonian Period
(1) corals migrated to New York State
(2) corals lived everywhere on Earth 
(3) New York State was closer to the equator 
(4) New York State had a colder climate 

21 Which index fossil may be found in the surface bedrock near Ithaca, New York?



6 Which list shows stars in order of increasing
temperature?
(1) Barnard’s Star, Polaris, Sirius, Rigel
(2) Aldebaran, the Sun, Rigel, Procyon B
(3) Rigel, Polaris, Aldebaran, Barnard’s Star
(4) Procyon B, Alpha Centauri, Polaris, Betelgeuse

7 Which group of organisms is inferred to have
existed for the least amount of time in 
geologic history?
(1) trilobites (3) eurypterids
(2) dinosaurs (4) placoderm fish

8 Which weather variable can be determined by
using a psychrometer?
(1) barometric pressure
(2) cloud cover
(3) relative humidity
(4) wind speed

9 The cross section below shows sedimentary
bedrock layers A, B, C, and D exposed at Earth’s
surface.

Which layer appears to be the least resistant to
weathering?
(1) A (3) C
(2) B (4) D

10 Which rock was organically formed and some-
times contains fossilized plant impressions?
(1) rock gypsum (3) breccia
(2) phyllite (4) coal

11 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?

12 Most scientists believe the Milky Way Galaxy is
(1) spherical in shape   
(2) 4.6 billion years old
(3) composed of stars revolving around Earth
(4) one of billions of galaxies in the universe
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23 The diagram below represents a sample of a radioactive isotope.

Which diagram best represents the percentage of this radioactive isotope sample that
will remain after 2 half-lives?

24 Which map best indicates the probable locations of continents 100 million years from now if tectonic plate
movement continues at its present rate and direction?

25 Which graph best represents the relationship between the slope of a river and the particle size that can be
transported by that river?
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Base your answers to questions 40 through 42 on the map below, which shows coral reef distribution and
diversity (number of different coral types) around the world. Isolines on the map represent the number of 
different types of coral. Coral reefs are found mostly in shallow tropical waters and do not grow when ocean
temperatures fall below 18°C. The 18°C barrier ( ) represents the outer boundaries within which coral
reefs normally grow. Points X and Y are locations on the map.

40 Which index fossil is an ancestor of the organisms whose distribution is shown on the map?

41 Which factor most likely determines why a greater number of coral types are found farther south along the
east coast of southern Africa than along the west coast?
(1) angle of the Sun’s rays (3) distance from the equator
(2) temperature of the ocean currents (4) seasonal air temperature range
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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]
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32 The time line below represents the entire geologic history of Earth.

Which letter best represents the first appearance of humans on Earth?
(1) A (3) C
(2) B (4) D

33 Three extinct organisms are shown in the diagrams below.

Which other life-form reached its peak development during the same period in
geologic history that these three life-forms first appeared on Earth?
(1) dinosaurs (3) mastodonts
(2) stromatolites (4) eurypterids

34 The graph below shows the radioactive decay of a 50-gram sample of a radioactive isotope. 

According to the graph, what is the half-life of this isotope? 
(1) 100 years (3) 200 years
(2) 150 years (4) 300 years
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47 Rock layers B, C, and D formed during the Devonian Period. Which fossil might be found in these rock layers?

Elliptocephala
( 2 )

Cystiphyllum
( 4 )

Phacops
( 3 )

Mastodont
( 1 )

P.S./E. Sci.–Aug. ’03 [13] [OVER]

Base your answers to questions 48 and 49 on the
diagram below, which shows numbered positions of
the Sun at four different times along the Sun’s appar-
ent daily path, as seen by an observer in New York
State. Numbers  1 through  4 represent apparent
positions of the Sun.

48 The observer had the longest shadow when the
Sun was at position
(1) 1 (3) 3
(2) 2 (4) 4

49 During which day of the year is the Sun most
likely to follow the apparent path shown? 
(1) March 1 (3) October 1
(2) July 1 (4) December 1

50 The two photographs below show dates on tomb-
stones found in a cemetery in St. Remy, New
York. The tombstones were 5 meters apart and
both faced north. Tombstone A had dates cut into
the rock in 1922. Tombstone B had dates cut into
the rock in 1892.

Which statement best explains why the dates are
more difficult to read on tombstone A than on
tombstone B?
(1) Tombstone A is composed of minerals less

resistant to weathering than tombstone B.
(2) Tombstone A has undergone a longer period

of weathering than tombstone B.
(3) Tombstone A experienced cooler tempera-

tures than tombstone B.
(4) Tombstone A was exposed to less acid rain

than tombstone B.

Tombstone A (1922)

Tombstone B (1892)

Sun’s
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41

3
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NorthSouth Observer

West

East

2



47 Rock layers B, C, and D formed during the Devonian Period. Which fossil might be found in these rock layers?

Elliptocephala
( 2 )

Cystiphyllum
( 4 )

Phacops
( 3 )

Mastodont
( 1 )
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Base your answers to questions 48 and 49 on the
diagram below, which shows numbered positions of
the Sun at four different times along the Sun’s appar-
ent daily path, as seen by an observer in New York
State. Numbers  1 through  4 represent apparent
positions of the Sun.

48 The observer had the longest shadow when the
Sun was at position
(1) 1 (3) 3
(2) 2 (4) 4

49 During which day of the year is the Sun most
likely to follow the apparent path shown? 
(1) March 1 (3) October 1
(2) July 1 (4) December 1

50 The two photographs below show dates on tomb-
stones found in a cemetery in St. Remy, New
York. The tombstones were 5 meters apart and
both faced north. Tombstone A had dates cut into
the rock in 1922. Tombstone B had dates cut into
the rock in 1892.

Which statement best explains why the dates are
more difficult to read on tombstone A than on
tombstone B?
(1) Tombstone A is composed of minerals less

resistant to weathering than tombstone B.
(2) Tombstone A has undergone a longer period

of weathering than tombstone B.
(3) Tombstone A experienced cooler tempera-

tures than tombstone B.
(4) Tombstone A was exposed to less acid rain

than tombstone B.

Tombstone A (1922)

Tombstone B (1892)

Sun’s
apparent path

41

3

Zenith

NorthSouth Observer

West

East

2



P.S./E. Sci.–June ’08 [7] [OVER] 

20 On the map below, the darkened areas represent locations where living corals currently exist.  The arrow
points to a location where coral fossils have been found in Devonian-age bedrock in New York State.

Devonian-age coral fossils found in some New York State bedrock are not located in
the same general region that present-day corals are living because during the
Devonian Period
(1) corals migrated to New York State
(2) corals lived everywhere on Earth 
(3) New York State was closer to the equator 
(4) New York State had a colder climate 

21 Which index fossil may be found in the surface bedrock near Ithaca, New York?



17 In which New York State landscape region have
fossilized footprints of Coelophysis dinosaurs
been found in the surface bedrock?
(1) Allegheny Plateau
(2) Tug Hill Plateau
(3) Hudson-Mohawk Lowlands
(4) Newark Lowlands

18 Which geologic event is inferred to have occurred
most recently?
(1) collision between North America and Africa
(2) metamorphism of the bedrock of the Hudson

Highlands
(3) formation of the Queenston delta
(4) initial opening of the Atlantic Ocean

19 The index fossil shown below has been found in
New York State sedimentary bedrock.

Which other index fossil could also be found in
New York State bedrock of the same age?

20 Which rock is only formed by regional 
metamorphism?
(1) slate (3) dunite
(2) hornfels (4) marble

21 The Indian-Australian tectonic plate is moving
(1) away from the Philippine Plate
(2) away from the Fiji Plate
(3) toward the Pacific Plate
(4) toward the Antarctic Plate

22 The inferred temperature at the interface
between the stiffer mantle and the asthenosphere
is closest to
(1) 1000°C (3) 4500°C
(2) 2500°C (4) 5000°C

23 Which mineral can be found in all samples of 
rhyolite and andesite?
(1) pyroxene (3) biotite
(2) quartz (4) potassium feldspar

24 A student classified the rock below as sedimentary.

Which observation about the rock best supports
this classification?
(1) The rock is composed of several minerals.
(2) The rock has a vesicular texture.
(3) The rock contains fragments of other rocks.
(4) The rock shows distorted and stretched 

pebbles.

25 Which material is made mostly of the mineral
quartz?
(1) sulfuric acid (3) plaster of paris
(2) pencil lead (4) window glass

( 1 )

( 2 ) ( 4 )

( 3 )
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Base your answers to questions 51 through 54 on the reading passage below and on your knowledge of Earth
science. The reading passage provides some background information about a recent fossil discovery. The map of
Canada shows the fossil site. The scale drawing shows the new trilobite fossil compared to other trilobite fossils.

The World’s Biggest Trilobite

A team of Canadian paleontologists examining rock units along the shore of Hudson
Bay in northern Manitoba has discovered the world’s largest recorded complete fossil of a
trilobite, a many-legged, sea-dwelling animal inferred to have lived during the late
Ordovician Period. The giant creature, measuring 70 centimeters in length, is a new species
of the genus Isotelus. This remarkable discovery adds to our knowledge of the diversity of
life following one of the greatest increases in the number and types of life-forms in history.
The new Isotelus species existed just before the end of the Ordovician Period.

51 In what type of rock was the new Isotelus fossil most probably found?   [1]

52 At the time the new Isotelus fossil lived and died, during the Ordovician Period, what
was the approximate latitude of the fossil site according to plate tectonic theory?   [1]

53 What New York State nautiloid index fossil would most likely be found in the
bedrock just below the new Isotelus fossil?   [1]

54 The actual new Isotelus fossil is approximately how many times larger than scale
drawing A?   [1]
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Isotelus (A), other big species
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Part B–2

Answer all questions in this part.

Directions (51–60): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.
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21 Which process requires water to gain heat energy
from the environment?
(1) evaporation (3) infiltration
(2) condensation (4) precipitation

22 Which graph best represents human existence on
Earth, compared with Earth’s entire history?

23 How old is a fossil that has radioactively decayed
through 4 half-lives of carbon-14?
(1) 5,700 years (3) 22,800 years
(2) 17,100 years (4) 28,500 years

24 The gases in Earth’s early atmosphere are
inferred to have come primarily from
(1) meteor showers
(2) melting of glacial ice
(3) volcanic eruptions
(4) evaporation of seawater

25 The graph below shows the extinction rate of
organisms on Earth during the last 600 million
years. Letters A through D represent mass 
extinctions.

Which letter indicates when dinosaurs became
extinct?
(1) A (3) C
(2) B (4) D

26 Alternating parallel bands of normal and reversed
magnetic polarity are found in the basaltic
bedrock on either side of the 
(1) Mid-Atlantic Ridge
(2) Yellowstone Hot Spot
(3) San Andreas Fault
(4) Peru-Chile Trench

27 Which characteristic would most likely remain
constant when a limestone cobble is subjected to
extensive abrasion?
(1) shape (3) volume
(2) mass (4) composition
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Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write in your answer booklet the number of the word or
expression that, of those given, best completes the statement or answers the question. Some questions may
require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science. 

1 The diagram below shows a heavy mass moving
back and forth in a straight-line direction. The
apparent direction of movement changes over time.

This device provides evidence that
(1) Earth rotates
(2) Earth’s axis is tilted
(3) Earth revolves
(4) Earth has a magnetic pole

2 Compared to the terrestrial planets, the Jovian
planets have
(1) smaller diameters
(2) greater average densities
(3) slower rates of rotation
(4) longer periods of revolution

3 Which two factors cause the perpendicular rays
of the Sun to move between 23.5° N and 23.5° S?
(1) tilt of Earth’s axis and Earth’s revolution
(2) tilt of Earth’s axis and Earth’s rotation
(3) eccentricity of Earth’s orbit and Earth’s 

revolution
(4) eccentricity of Earth’s orbit and Earth’s 

rotation

4 Which two stars are most similar in luminosity?
(1) Betelgeuse and Barnard’s Star
(2) Procyon B and Proxima Centauri
(3) Polaris and the Sun
(4) Alpha Centauri and Sirius

5 The map below shows the location of Chicxulub
Crater created 65.5 million years ago by an 
asteroid impact.

This impact event occurred at the same time as the
(1) extinction of the dinosaurs
(2) initial opening of the Atlantic Ocean
(3) formation of the Catskill Delta
(4) evolution of the first mammals

6 Where has the process of nuclear fusion been
occurring for over four billion years?
(1) in Earth’s inner core
(2) on the surface of the Moon
(3) at lithospheric plate boundaries
(4) in the Sun’s interior

7 From Utica, New York, Polaris is observed at an
altitude of approximately
(1) 43° (3) 75°
(2) 47° (4) 90°

North America

South
America

Atlantic
Ocean

Pacific
Ocean

Chicxulub Crater
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Base your answers to questions 48 through 50 on the reading passage and the drawing below and on your
knowledge of Earth science.

Fossil With Signs of Feathers Is Cited as Bird-Dinosaur Link

Paleontologists have discovered in China a fossil dinosaur with what are reported to be
clear traces of feathers from head to tail, the most persuasive evidence so far, scientists say,
that feathers predated the origin of birds and that modern birds are descendants of
dinosaurs.

Entombed in fine-grained rock, the unusually well-preserved skeleton resembles that
of a duck with a reptilian tail, altogether about three feet in length. Its head and tail are
edged with the imprint of downy fibers. The rest of the body, except for bare lower legs,
shows distinct traces of tufts and filaments that appear to have been primitive feathers. On
the backs of its short forelimbs are patterns of what look like modern bird feathers.

Other dinosaur remains with what appear to be featherlike traces have been unearthed
in recent years, but nothing as complete as this specimen, paleontologists said. Etched in
the rock like a filigree decoration surrounding the skeleton are imprints of where the down
and feathers appear to have been.

The 130-million-year-old fossils were found a year ago by farmers in Liaoning Province
in northeastern China. After an analysis by Chinese and American researchers, the fossil
animal was identified as a dromaeosaur, a small fast-running dinosaur related to veloci-
raptor. The dinosaurs belonged to a group of two-legged predators known as advanced
theropods . . . 

excerpted from “Fossil With Signs of 
Feathers Is Cited as Bird-Dinosaur Link”

John Noble Wilford
New York Times, April 26, 2001

The drawing below shows an artist’s view of the dinosaur, based on the fossilized
remains.

48 During which period of geologic time have paleontologists inferred that the 
feathered dinosaur mentioned in the passage existed?
(1) Cambrian (3) Paleogene
(2) Cretaceous (4) Permian

P.S./E. Sci.–Jan. ’05 [16]



34 The table below describes the characteristics of three landscape regions, A, B, and C, found in the United
States.

Landscape Bedrock Elevation/Slopes Streams
A Faulted and folded  High elevation High velocity 

gneiss and schist Steep slopes Rapids 
B Layers of sandstone Low elevation Low velocity

and shale Gentle slopes Meanders
C Thick horizontal Medium elevation High to low velocity

layers of basalt Steep to gentle Rapids and meanders
slopes

P.S. E./Sci.–Jan. ’02 [9] [OVER]

Which list best identifies landscapes A, B, and C?
(1) A—mountain, B—plain, C—plateau        (3) A—plateau, B—mountain, C—plain
(2) A—plain, B—plateau, C—mountain       (4) A—plain, B—mountain, C—plateau

35 The Devonian-aged siltstone shown in the photograph below occurs as surface bedrock near Hamilton,
New York.

What does the presence of the fossils suggest about the Hamilton area during the
Devonian?
(1) It had a terrestrial environment sometime between 443 and 418 million years ago.
(2) It had a terrestrial environment sometime between 418 and 362 million years ago.
(3) It had a marine environment sometime between 443 and 418 million years ago.
(4) It had a marine environment sometime between 418 and 362 million years ago.

0 2 cm
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Part C

Answer all questions in this part.

Directions (65–82): Record your answers in the spaces in your answer booklet. Some questions may require
the use of the Earth Science Reference Tables.

65 The diagram in your answer booklet shows the average distance between the Sun
and Earth drawn to a scale of 1 centimeter = 100,000,000 kilometers. Using this
same scale, place a small dot representing Jupiter along the line to indicate how far
Jupiter would be from the Sun, and label the dot “Jupiter.”   [1]

Base your answers to questions 66 and 67 on the diagram and information below about fossil snails and on
your knowledge of Earth science.

Snails have lived in most of the world’s oceans over a period of hundreds of millions
of years.  Paleontologists discovered that in warm, tropical waters more snails have
shells that, when viewed from the top, spiral outward in a clockwise direction.  In cool
or cold waters, more snails have shells that spiral outward in a counterclockwise direc-
tion.  Both clockwise- and counterclockwise-spiraled snail fossils have been found in
New York State bedrock.

66 In a slab of rock that contains many fossil snails, what evidence would lead geologists
to conclude that the slab was formed in a tropical climate?   [1]

67 State one reason bedrock that formed in tropical regions is found in New York State.   [1]

Fossil Snail

Top view
clockwise spiral



19 The graph below shows the average change in the elevation of a mountain range over time.

According to the graph, the rate of uplifting was greater than the rate of erosion dur-
ing which geologic time period?
(1) Silurian (3) Carboniferous
(2) Devonian (4) Permian

20 The photograph below shows an eroded plateau found in the southwestern United States.

The landscape was developed by the processes of
(1) crustal uplift and stream erosion (3) crustal folding and stream erosion
(2) crustal uplift and glacial erosion (4) crustal folding and glacial erosion
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21 At which latitude and longitude in New York
State would a salt mine in Silurian-age bedrock
most likely be located?
(1) 41° N 72° W (3) 44° N 74° W
(2) 43° N 77° W (4) 44° N 76° W

22 An unidentified mineral that is softer than calcite
exhibits a metallic luster and cubic cleavage. This
mineral most likely is
(1) galena (3) halite
(2) pyrite (4) pyroxene

23 The study of how seismic waves change as they
travel through Earth has revealed that 
(1) P-waves travel more slowly than S-waves

through Earth’s crust
(2) seismic waves travel more slowly through the

mantle because it is very dense
(3) Earth’s outer core is solid because P-waves

are not transmitted through this layer 
(4) Earth’s outer core is liquid because S-waves

are not transmitted through this layer
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34 The geologic time line below represents the three most recent geologic eras. The numbers represent events
in Earth’s history.

Which number best represents when humans are inferred to have first appeared on
Earth?
(1) 1 (3) 3
(2) 2 (4) 4

35 The diagram below shows magnified views of three stages of mineral crystal formation as molten material
gradually cools.

Which rock normally forms when minerals crystallize in these stages?
(1) shale (3) gabbro
(2) gneiss (4) breccia

Stage 1 Stage 2 Stage 3

Paleozoic Mesozoic Cenozoic

1 2 4

Present day

3



10 The Spirifer, Crinoid stem, and Neospirifer fossils
might be found in some of the surface bedrock of
which New York State landscape region?
(1) the Allegheny Plateau southeast of Jamestown
(2) the Catskills near Slide Mountain
(3) the Adirondack Mountains near Mt. Marcy
(4) the Erie-Ontario Lowlands northeast of Niagara

Falls

11 Which New York State fossil is found in rocks of
the same period of geologic history as
Meekoceras?
(1) Condor (3) Eurypterus
(2) Placoderm fish (4) Coelophysis

Base your answers to questions 10 and 11 on the chart below, which shows the geologic ages of some well-
known fossils.
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Base your answers to questions 26 and 27 on the diagram below, which shows specific events in the history
of Earth from the beginning of the universe to the present.

26 Approximately how many billion years after the beginning of the universe did a solid
crust form on Earth?
(1) 0.7 (3) 9.1
(2) 3.9 (4) 13.7

27 During which geologic era did life first appear on land?
(1) Middle Archean (3) Middle Proterozoic
(2) Paleozoic (4) Cenozoic
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24 In which map does the arrow show the general
direction that most low-pressure storm systems
move across New York State?

25 The apparent daily path of the Sun changes with
the seasons because
(1) Earth’s axis is tilted
(2) Earth’s distance from the Sun changes
(3) the Sun revolves
(4) the Sun rotates

26 In general, the probability of flooding decreases
when there is an increase in the amount of
(1) precipitation (3) runoff
(2) infiltration (4) snow melt

27 Which object orbits Earth in both the Earth-
centered (geocentric) and Sun-centered (helio-
centric) models of our solar system?
(1) the Moon (3) the Sun
(2) Venus (4) Polaris

28 Predictable changes in the direction of swing of
a Foucault pendulum provide evidence that
(1) Earth is tilted on its axis
(2) Earth rotates on its axis
(3) Earth’s orbit is slightly elliptical
(4) Earth’s magnetic poles reverse over time

29 Compared to felsic igneous rocks, mafic igneous
rocks contain greater amounts of 
(1) white quartz (3) pink feldspar
(2) aluminum (4) iron

30 What is the age of the most abundant surface
bedrock in the Finger Lakes region of New York
State?
(1) Cambrian (3) Pennsylvanian 
(2) Devonian (4) Permian

31 What are the two most abundant elements by
mass found in Earth’s crust?
(1) aluminum and iron
(2) sodium and chlorine
(3) calcium and carbon
(4) oxygen and silicon

( 1 ) ( 3 )

( 2 ) ( 4 )

P.S. E./Sci.–Aug. ’01 [6]

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

B

Earliest
flowering plants

Extinction
of trilobites

Present

A C D

Dinosaur
extinction

Earliest
dinosaurs

Fossil evidence indicates that the earliest birds developed during which time interval?
(1) A (3) C
(2) B (4) D
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32 The time line below represents the entire geologic history of Earth.

Which letter best represents the first appearance of humans on Earth?
(1) A (3) C
(2) B (4) D

33 Three extinct organisms are shown in the diagrams below.

Which other life-form reached its peak development during the same period in
geologic history that these three life-forms first appeared on Earth?
(1) dinosaurs (3) mastodonts
(2) stromatolites (4) eurypterids

34 The graph below shows the radioactive decay of a 50-gram sample of a radioactive isotope. 

According to the graph, what is the half-life of this isotope? 
(1) 100 years (3) 200 years
(2) 150 years (4) 300 years
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26 Which block diagram best shows a transform
fault?

27 Which property is most useful in distinguishing
pyroxene from amphibole?
(1) sample size (3) type of luster
(2) hardness (4) angles of cleavage

28 Earth’s inner core is inferred to be solid based on
the analysis of
(1) seismic waves
(2) crustal rocks
(3) radioactive decay rates
(4) magnetic pole reversals

( 1 ) ( 3 )

( 2 ) ( 4 )
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25 Which time line most accurately indicates when this sequence of events in Earth’s history occurred?
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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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33 Which graph shows the effect of soil perme-
ability on the amount of runoff in an area?

34 In a Doppler red shift, the observed wavelengths
of light from distant celestial objects appear 
closer to the red end of the spectrum than light
from similar nearby celestial objects. The expla-
nation for the red shift is that the universe is
presently

(1) contracting, only
(2) expanding, only
(3) remaining constant in size
(4) alternating between contracting and expand-

ing

35 Which sequence of change in rock type occurs as
shale is subjected to increasing heat and pres-
sure?

(1) shale ! schist ! phyllite ! slate ! gneiss
(2) shale ! slate ! phyllite ! schist ! gneiss
(3) shale ! gneiss ! phyllite ! slate ! schist
(4) shale ! gneiss ! phyllite ! schist ! slate
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32 The diagram below shows the abundance of organisms called crinoids, blastoids, and echinoids throughout
different geologic periods. The number of species living at any given time is represented by the width of
the blackened areas.

Which statement about crinoids, blastoids, and echinoids is best supported by the diagram?

(1) They are now extinct.
(2) They came into existence during the same geologic period.
(3) They existed during the Devonian Period.
(4) They have steadily increased in number since they first appeared.
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7 Land surfaces of Earth heat more rapidly than
water surfaces because
(1) more energy from the Sun falls on land than on

water
(2) land has a lower specific heat than water
(3) sunlight penetrates to greater depths in land

than in water
(4) less of Earth’s surface is covered by land than

by water

8 The geologic drill core below shows bedrock 
layers A, B, and C that have not been overturned.
The geological ages of layers A and C are shown.

What is the geologic age of layer B?
(1) Cambrian (3) Devonian
(2) Ordovician (4) Permian

9 Most of Earth’s surface ocean current patterns
are primarily caused by
(1) the force of gravity
(2) the impact of precipitation
(3) prevailing winds
(4) river currents

10 A student uses a sling psychrometer outdoors on
a clear day. The dry-bulb (air) temperature is
10°C. The water on the wet bulb will most likely
(1) condense, causing the wet-bulb temperature

to be higher than the air temperature
(2) condense, causing the wet-bulb temperature

to be equal to the air temperature
(3) evaporate, causing the wet-bulb temperature

to be lower than the air temperature
(4) evaporate, causing the wet-bulb temperature

to be equal to the air temperature

11 In which direction do surface winds around low-
pressure centers in the Northern Hemisphere
generally move?
(1) counterclockwise, toward the center of the low
(2) clockwise, toward the center of the low
(3) counterclockwise, away from the center of

the low
(4) clockwise, away from the center of the low

A Carboniferous

B

C Silurian

Top

Bottom

6 The diagram below shows the types of electromagnetic energy given off by the Sun. The shaded part of the
diagram shows the approximate amount of each type actually reaching Earth’s surface.

Which conclusion is best supported by the diagram?
(1) All types of electromagnetic energy reach Earth’s surface.
(2) Gamma rays and x rays make up the greatest amount of electromagnetic energy

reaching Earth’s surface.
(3) Visible light makes up the greatest amount of electromagnetic energy reaching

Earth’s surface.
(4) Ultraviolet and infrared radiation make up the greatest amount of electromagnetic

energy reaching Earth’s surface.
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60 Some marine organisms swim or float in the ocean, and others live on or in the sedi-
ment of the ocean floor. A group of floating organisms called graptolites were com-
mon in some ancient seas that covered New York State and are found in some New
York State bedrock.

State one reason why certain species of graptolites are used as an index fossil.     [1]

Floating graptolites

P.S. E./Sci.–June ’02 [14]
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9 An air mass classified as cT usually forms over
which type of Earth surface?
(1) cool water (3) warm water
(2) cool land (4) warm land

10 What is the dewpoint when the dry-bulb 
temperature is 24°C and the wet-bulb 
temperature is 21°C?
(1) 16°C (3) 20°C
(2) 18°C (4) 21°C

11 During which process does water gain the most
heat energy?
(1) condensation (3) evaporation
(2) freezing (4) melting

12 The graph below shows the general relationship
between latitude and the duration of insolation
on a particular day of the year.

Which date is represented by the graph?
(1) March 21 (3) September 21
(2) June 21 (4) December 21

13 Eurypterid fossils are abundant in the Bertie
dolostone, a sedimentary rock layer found in
western New York State.  The presence of both
the eurypterids and the dolostone indicates that,
during the formation of this rock layer, this region
of New York State was
(1) covered by evaporating shallow seas
(2) uplifted and eroded
(3) buried beneath lava flows 
(4) intensely metamorphosed

14 The table below shows information about the
radioactive decay of carbon-14.

What is the amount of carbon-14 remaining after
28,500 years?

(1) (3)

(2) (4)

15 Which coastal location experiences a cooler 
summer climate due to ocean currents?
(1) southeast coast of North America
(2) northeast coast of Australia
(3) southwest coast of South America
(4) northwest coast of Europe

16 According to the fossil record, which group of 
organisms has existed for the greatest length of
time?
(1) gastropods (3) mammals
(2) corals (4) vascular plants

17 The division of Earth’s geologic history into units
of time called eons, eras, periods, and epochs is
based on
(1) absolute dating techniques
(2) fossil evidence
(3) climatic changes
(4) seismic data
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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



50 The photograph below shows an outcrop of horizontal rock layers in New York State. 

Rock outcrops like this are most commonly found in which area of New York State?
(1) Hudson Highlands (3) Atlantic Coastal Plain
(2) Adirondack Mountains (4) Appalachian Plateau

Sandstone
Shale

P.S./E. Sci.–Jan. ’03 [19] [OVER]
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21 Which process requires water to gain heat energy
from the environment?
(1) evaporation (3) infiltration
(2) condensation (4) precipitation

22 Which graph best represents human existence on
Earth, compared with Earth’s entire history?

23 How old is a fossil that has radioactively decayed
through 4 half-lives of carbon-14?
(1) 5,700 years (3) 22,800 years
(2) 17,100 years (4) 28,500 years

24 The gases in Earth’s early atmosphere are
inferred to have come primarily from
(1) meteor showers
(2) melting of glacial ice
(3) volcanic eruptions
(4) evaporation of seawater

25 The graph below shows the extinction rate of
organisms on Earth during the last 600 million
years. Letters A through D represent mass 
extinctions.

Which letter indicates when dinosaurs became
extinct?
(1) A (3) C
(2) B (4) D

26 Alternating parallel bands of normal and reversed
magnetic polarity are found in the basaltic
bedrock on either side of the 
(1) Mid-Atlantic Ridge
(2) Yellowstone Hot Spot
(3) San Andreas Fault
(4) Peru-Chile Trench

27 Which characteristic would most likely remain
constant when a limestone cobble is subjected to
extensive abrasion?
(1) shape (3) volume
(2) mass (4) composition
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32 In which type of environment were the sedi-
ments that formed these sedimentary rock layers
most likely deposited?
(1) glacial (3) marine
(2) mountainous (4) terrestrial plateau

33 Which fossil would most likely be found in the
same siltstone layer as the Cryptolithus fossil?

34 The sedimentary rock layers at the three loca-
tions can be most accurately correlated by com-
paring the
(1) thickness of the sedimentary rock layers
(2) foliation bands in the metamorphic base-

ment rocks
(3) fossils in the sedimentary rocks
(4) minerals in the igneous rocks

35 In this region, valley X is more deeply eroded
than either valley Y or valley Z. The most likely
explanation for this occurrence is that the meta-
morphic rock near X has been
(1) weakened by faulting
(2) folded by pressure
(3) intruded by melted rock
(4) covered by sedimentary rocks

( 1 )

( 2 )

( 3 )

( 4 )

P.S. E./Sci.–Aug. ’01 [7] [OVER]

Base your answers to questions 32 through 35 on the geologic cross section below, which shows a view of
rock layers at Earth’s surface. The dashed lines connect points of the same age. Major fossils contained within
each rock layer are shown. The valleys are labeled X, Y, and Z.

Valley
X

Valley
Y

Valley
Z

?

Location 1 Location 2 Location 3

Metamorphic basement rocks



28 The fossil below was found in surface bedrock in
the eastern United States.

Which statement best describes the formation of
the rock containing this fossil?
(1) The rock was formed by the metamorphism

of sedimentary rock deposited in a terrestrial
environment during the Cretaceous Period.

(2) The rock was formed by the compaction and
cementation of sediments deposited in a ter-
restrial environment during the Triassic Period.

(3) The rock was formed by the compaction and
cementation of sediments deposited in a
marine environment during the Cambrian
Period.

(4) The rock was formed from the solidification
of magma in a marine environment during
the Triassic Period.

29 The diagram below 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
(2) Allegheny Plateau
(3) Adirondack Mountains
(4) Newark Lowlands

30 The topographic map below shows a hill. Points X
and Y represent locations on the hill’s surface.
Elevations are shown in meters.

What is the gradient between points X and Y?
(1) 40 m/km (3) 100 m/km
(2) 80 m/km (4) 120 m/km
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32 In which type of environment were the sedi-
ments that formed these sedimentary rock layers
most likely deposited?
(1) glacial (3) marine
(2) mountainous (4) terrestrial plateau

33 Which fossil would most likely be found in the
same siltstone layer as the Cryptolithus fossil?

34 The sedimentary rock layers at the three loca-
tions can be most accurately correlated by com-
paring the
(1) thickness of the sedimentary rock layers
(2) foliation bands in the metamorphic base-

ment rocks
(3) fossils in the sedimentary rocks
(4) minerals in the igneous rocks

35 In this region, valley X is more deeply eroded
than either valley Y or valley Z. The most likely
explanation for this occurrence is that the meta-
morphic rock near X has been
(1) weakened by faulting
(2) folded by pressure
(3) intruded by melted rock
(4) covered by sedimentary rocks

( 1 )

( 2 )

( 3 )

( 4 )
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Base your answers to questions 32 through 35 on the geologic cross section below, which shows a view of
rock layers at Earth’s surface. The dashed lines connect points of the same age. Major fossils contained within
each rock layer are shown. The valleys are labeled X, Y, and Z.
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Base your answers to questions 40 through 42 on the map below, which shows coral reef distribution and
diversity (number of different coral types) around the world. Isolines on the map represent the number of 
different types of coral. Coral reefs are found mostly in shallow tropical waters and do not grow when ocean
temperatures fall below 18°C. The 18°C barrier ( ) represents the outer boundaries within which coral
reefs normally grow. Points X and Y are locations on the map.

40 Which index fossil is an ancestor of the organisms whose distribution is shown on the map?

41 Which factor most likely determines why a greater number of coral types are found farther south along the
east coast of southern Africa than along the west coast?
(1) angle of the Sun’s rays (3) distance from the equator
(2) temperature of the ocean currents (4) seasonal air temperature range
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P.S./E. Sci.–June ’04 [2]

Part A

Answer all questions in this part.

Directions (1–35): For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Earth Science Reference Tables. 

1 The motion of a Foucault pendulum provides
evidence of 
(1) the Sun’s rotation (3) Earth’s rotation
(2) the Sun’s revolution (4) Earth’s revolution

2 Which form of electromagnetic radiation has a
wavelength of 1.0 × 10–3 centimeter?
(1) ultraviolet (3) radio waves
(2) infrared (4) microwaves

3 The time required for the Moon to show a com-
plete cycle of phases when viewed from Earth is
approximately
(1) 1 day (3) 1 month
(2) 1 week (4) 1 year

4 Which planet has an orbital eccentricity most like
the orbital eccentricity of the Moon?
(1) Pluto (3) Mars
(2) Saturn (4) Mercury

5 On June 21, where will the Sun appear to rise for
an observer located in New York State?
(1) due west (3) north of due east
(2) due east (4) south of due east

6 Which statement best describes sediments
deposited by glaciers and rivers?
(1) Glacial deposits and river deposits are both

sorted.
(2) Glacial deposits are sorted, and river deposits

are unsorted.
(3) Glacial deposits are unsorted, and river

deposits are sorted.
(4) Glacial deposits and river deposits are both

unsorted.

7 The diagram below shows four different chemical
materials escaping from the interior of early Earth.

Which material contributed least to the early
composition of the atmosphere?
(1) SiO2 (3) N2
(2) H2O (4) CO2

8 The diagram below shows a fossil found in the
surface bedrock of New York State.

Which other fossil is most likely to be found in
the same age bedrock?
(1) Phacops (3) Coelophysis
(2) condor (4) Tetragraptus

9 Soil composed of which particle size usually has the
greatest capillarity?
(1) silt (3) coarse sand
(2) fine sand (4) pebbles

Centroceras

Water (H2O)

Nitrogen (N2)

Carbon
dioxide
 (CO2)

Silicon dioxide
(SiO2)

Early
cooling,

solidifying
Earth
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19 The three cross sections of sedimentary bedrock
shown below represent widely separated surface
exposures of layers that contain fossils. Letters A,
B, C, and D represent four different marine fos-
sils found in these rock layers.

Which letter best represents an index fossil?
(1) A (3) C
(2) B (4) D

20 The diagram below represents a geologic cross
section of a portion of Earth’s crust. 

Folding and erosion occurred after the formation
of the 
(1) Gayle shale
(2) Freeport sandstone
(3) Erie coal, but before formation of Freeport

sandstone
(4) Dunbar limestone, but before formation of

Erie coal

21 The surface winds in a typical Northern
Hemisphere high-pressure system are generally
moving
(1) counterclockwise away from the high-pressure

center
(2) counterclockwise toward the high-pressure

center
(3) clockwise away from the high-pressure center
(4) clockwise toward the high-pressure center

Base your answers to questions 22 through 24 on
the diagram below, which shows a meandering
stream. Letters A, B, C, and D indicate locations on
the streambed.

22 At which two locations is the rate of erosion
greater than the rate of deposition?
(1) A and B (3) C and D
(2) B and C (4) D and A

23 What are the largest particles that this stream can
transport when its velocity is 200 centimeters per
second?
(1) silt (3) pebbles
(2) sand (4) cobbles

24 A decrease in the velocity of this stream will most
likely cause an increase in
(1) the amount of sediment carried by the stream
(2) the size of the particles carried by the stream
(3) deposition within the stream channel
(4) abrasion of the stream channel

25 Beneath which surface location is Earth’s crust
the thinnest?
(1) East Pacific Ridge
(2) the center of South America
(3) Old Forge, New York
(4) San Andreas Fault

A  B  D A  B  D
  C C    A C

D   D

A  D  BA  A  A

  C  B    C
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Base your answers to questions 60 through 62 on the table of index fossils shown below and on your
knowledge of Earth science.

60 During what geologic time period did the oldest index fossil shown in this table
exist?   [1]

61 State one characteristic of a good index fossil.   [1]

62 Complete the classification table in your answer booklet by filling in the general
fossil group name for each index fossil.   [1]

P.S./E. Sci.–Jan. ’06 [20]

Table of Index Fossils

Eospirifer Manticoceras Phacops

Base your answers to questions 63 through 65 on the cross section below, which shows an area near
Watertown, New York. The top layer of soil contains broken rock fragments. A representative sample of this
layer has been magnified.

63 Identify one mineral that could be found in all three rock fragments shown in the
magnified view.   [1]

64 State one observable characteristic, other than mineral composition, that could help
identify the gneiss fragment.   [1]

65 Rocks and minerals are natural resources that are mined in New York State. State
one negative impact that should be considered before mining these natural
resources.   [1]

Soil with broken
rock fragments

Unweathered
limestone
bedrock

Cross Section Magnified View

Granite

Gneiss

Sandstone



23 The diagram below represents a sample of a radioactive isotope.

Which diagram best represents the percentage of this radioactive isotope sample that
will remain after 2 half-lives?

24 Which map best indicates the probable locations of continents 100 million years from now if tectonic plate
movement continues at its present rate and direction?

25 Which graph best represents the relationship between the slope of a river and the particle size that can be
transported by that river?
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6 Which list shows stars in order of increasing
temperature?
(1) Barnard’s Star, Polaris, Sirius, Rigel
(2) Aldebaran, the Sun, Rigel, Procyon B
(3) Rigel, Polaris, Aldebaran, Barnard’s Star
(4) Procyon B, Alpha Centauri, Polaris, Betelgeuse

7 Which group of organisms is inferred to have
existed for the least amount of time in 
geologic history?
(1) trilobites (3) eurypterids
(2) dinosaurs (4) placoderm fish

8 Which weather variable can be determined by
using a psychrometer?
(1) barometric pressure
(2) cloud cover
(3) relative humidity
(4) wind speed

9 The cross section below shows sedimentary
bedrock layers A, B, C, and D exposed at Earth’s
surface.

Which layer appears to be the least resistant to
weathering?
(1) A (3) C
(2) B (4) D

10 Which rock was organically formed and some-
times contains fossilized plant impressions?
(1) rock gypsum (3) breccia
(2) phyllite (4) coal

11 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?

12 Most scientists believe the Milky Way Galaxy is
(1) spherical in shape   
(2) 4.6 billion years old
(3) composed of stars revolving around Earth
(4) one of billions of galaxies in the universe
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51 Describe the relationship between the altitude of the top of a thunderstorm cloud
and the probability that hail will be produced by that cloud.   [1]

52 Into which atmospheric temperature zone (layer) above New York State would the
top of a thunderstorm cloud extend to have a 100% probability of hail?   [1]

53 State the average number of days per year that Syracuse, New York, will experience
hail.   [1]

54 The table below shows weather conditions recorded in Syracuse, New York, at the
time of a severe hailstorm.

On the weather map station model in your answer booklet, use the correct symbols and
proper format to indicate the six weather conditions shown in the table.   [2]

55 State one way that humans could protect themselves from harm if a severe hail
warning is issued for their locality.  [1]

Base your answers to questions 56 through 59 on the geologic time line shown in your answer booklet.
Letters a through g on the time line indicate specific reference points in geologic time.

56 Place an X on the geologic time line in your answer booklet, so that the center of the
X shows the time that the coral index fossil Lichenaria shown below existed on
Earth.   [1]

57 Letter a indicates a specific time during which geologic period?   [1]

58 Identify the mountain building event (orogeny) that was occurring in eastern North
America at the time represented by letter g.   [1]

59 Identify one letter that indicates a time for which there is no rock record in New
York State.   [1]

Wind direction

Present weather

Visibility

Wind speed

hail

 mile
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from the northwest

Amount of cloud cover

990.0 millibars

100%

Barometric pressure
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20 On the map below, the darkened areas represent locations where living corals currently exist.  The arrow
points to a location where coral fossils have been found in Devonian-age bedrock in New York State.

Devonian-age coral fossils found in some New York State bedrock are not located in
the same general region that present-day corals are living because during the
Devonian Period
(1) corals migrated to New York State
(2) corals lived everywhere on Earth 
(3) New York State was closer to the equator 
(4) New York State had a colder climate 

21 Which index fossil may be found in the surface bedrock near Ithaca, New York?



Base your answers to questions 51 through 54 on the reading passage below and on your knowledge of Earth
science. The reading passage provides some background information about a recent fossil discovery. The map of
Canada shows the fossil site. The scale drawing shows the new trilobite fossil compared to other trilobite fossils.

The World’s Biggest Trilobite

A team of Canadian paleontologists examining rock units along the shore of Hudson
Bay in northern Manitoba has discovered the world’s largest recorded complete fossil of a
trilobite, a many-legged, sea-dwelling animal inferred to have lived during the late
Ordovician Period. The giant creature, measuring 70 centimeters in length, is a new species
of the genus Isotelus. This remarkable discovery adds to our knowledge of the diversity of
life following one of the greatest increases in the number and types of life-forms in history.
The new Isotelus species existed just before the end of the Ordovician Period.

51 In what type of rock was the new Isotelus fossil most probably found?   [1]

52 At the time the new Isotelus fossil lived and died, during the Ordovician Period, what
was the approximate latitude of the fossil site according to plate tectonic theory?   [1]

53 What New York State nautiloid index fossil would most likely be found in the
bedrock just below the new Isotelus fossil?   [1]

54 The actual new Isotelus fossil is approximately how many times larger than scale
drawing A?   [1]

Fossil
site

Map of North America

New
Isotelus
fossil

A

C

F

B

D
E

Scale drawings of the new trilobite
Isotelus (A), other big species
reported from elsewhere (B,C,D,E),
and a typical large trilobite (F).

Fossil
site
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Part B–2

Answer all questions in this part.

Directions (51–60): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.



47 Rock layers B, C, and D formed during the Devonian Period. Which fossil might be found in these rock layers?

Elliptocephala
( 2 )

Cystiphyllum
( 4 )

Phacops
( 3 )

Mastodont
( 1 )
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Base your answers to questions 48 and 49 on the
diagram below, which shows numbered positions of
the Sun at four different times along the Sun’s appar-
ent daily path, as seen by an observer in New York
State. Numbers  1 through  4 represent apparent
positions of the Sun.

48 The observer had the longest shadow when the
Sun was at position
(1) 1 (3) 3
(2) 2 (4) 4

49 During which day of the year is the Sun most
likely to follow the apparent path shown? 
(1) March 1 (3) October 1
(2) July 1 (4) December 1

50 The two photographs below show dates on tomb-
stones found in a cemetery in St. Remy, New
York. The tombstones were 5 meters apart and
both faced north. Tombstone A had dates cut into
the rock in 1922. Tombstone B had dates cut into
the rock in 1892.

Which statement best explains why the dates are
more difficult to read on tombstone A than on
tombstone B?
(1) Tombstone A is composed of minerals less

resistant to weathering than tombstone B.
(2) Tombstone A has undergone a longer period

of weathering than tombstone B.
(3) Tombstone A experienced cooler tempera-

tures than tombstone B.
(4) Tombstone A was exposed to less acid rain

than tombstone B.

Tombstone A (1922)

Tombstone B (1892)

Sun’s
apparent path

41

3

Zenith

NorthSouth Observer

West

East

2
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43 Which map shows the most likely path this low-pressure center will follow during the
next 12 hours?

Base your answers to questions 44 through 46 on the block diagrams of four rock outcrops, A, B, C, and D,
located within 15 kilometers of each other.  The rock layers have not been overturned.

44 When the rock layers at outcrops A, B, C, and D are correlated, which rock layer
would be determined to be the oldest?
(1) quartzite (3) gneiss
(2) marble (4) sandstone

45 Which stream velocity carried only clay particles to the depositional environment
where the shale formed?
(1) 0.02 cm/s (3) 10 cm/s
(2) 0.05 cm/s (4) 20 cm/s

46 By which process was the quartzite formed?
(1) deposition of clastic sediment (3) metamorphism of sandstone
(2) precipitation from seawater (4) cementation of shells

Outcrop A Outcrop C Outcrop DOutcrop B

Unconformity

Key

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

L L L L
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next 12 hours?

Base your answers to questions 44 through 46 on the block diagrams of four rock outcrops, A, B, C, and D,
located within 15 kilometers of each other.  The rock layers have not been overturned.

44 When the rock layers at outcrops A, B, C, and D are correlated, which rock layer
would be determined to be the oldest?
(1) quartzite (3) gneiss
(2) marble (4) sandstone

45 Which stream velocity carried only clay particles to the depositional environment
where the shale formed?
(1) 0.02 cm/s (3) 10 cm/s
(2) 0.05 cm/s (4) 20 cm/s

46 By which process was the quartzite formed?
(1) deposition of clastic sediment (3) metamorphism of sandstone
(2) precipitation from seawater (4) cementation of shells

Outcrop A Outcrop C Outcrop DOutcrop B

Unconformity

Key

( 3 )( 1 ) ( 2 ) ( 4 )
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43 Which map shows the most likely path this low-pressure center will follow during the
next 12 hours?

Base your answers to questions 44 through 46 on the block diagrams of four rock outcrops, A, B, C, and D,
located within 15 kilometers of each other.  The rock layers have not been overturned.

44 When the rock layers at outcrops A, B, C, and D are correlated, which rock layer
would be determined to be the oldest?
(1) quartzite (3) gneiss
(2) marble (4) sandstone

45 Which stream velocity carried only clay particles to the depositional environment
where the shale formed?
(1) 0.02 cm/s (3) 10 cm/s
(2) 0.05 cm/s (4) 20 cm/s
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32 The time line below represents the entire geologic history of Earth.

Which letter best represents the first appearance of humans on Earth?
(1) A (3) C
(2) B (4) D

33 Three extinct organisms are shown in the diagrams below.

Which other life-form reached its peak development during the same period in
geologic history that these three life-forms first appeared on Earth?
(1) dinosaurs (3) mastodonts
(2) stromatolites (4) eurypterids

34 The graph below shows the radioactive decay of a 50-gram sample of a radioactive isotope. 

According to the graph, what is the half-life of this isotope? 
(1) 100 years (3) 200 years
(2) 150 years (4) 300 years
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47 Rock layers B, C, and D formed during the Devonian Period. Which fossil might be found in these rock layers?

Elliptocephala
( 2 )

Cystiphyllum
( 4 )

Phacops
( 3 )

Mastodont
( 1 )

P.S./E. Sci.–Aug. ’03 [13] [OVER]

Base your answers to questions 48 and 49 on the
diagram below, which shows numbered positions of
the Sun at four different times along the Sun’s appar-
ent daily path, as seen by an observer in New York
State. Numbers  1 through  4 represent apparent
positions of the Sun.

48 The observer had the longest shadow when the
Sun was at position
(1) 1 (3) 3
(2) 2 (4) 4

49 During which day of the year is the Sun most
likely to follow the apparent path shown? 
(1) March 1 (3) October 1
(2) July 1 (4) December 1

50 The two photographs below show dates on tomb-
stones found in a cemetery in St. Remy, New
York. The tombstones were 5 meters apart and
both faced north. Tombstone A had dates cut into
the rock in 1922. Tombstone B had dates cut into
the rock in 1892.

Which statement best explains why the dates are
more difficult to read on tombstone A than on
tombstone B?
(1) Tombstone A is composed of minerals less

resistant to weathering than tombstone B.
(2) Tombstone A has undergone a longer period

of weathering than tombstone B.
(3) Tombstone A experienced cooler tempera-

tures than tombstone B.
(4) Tombstone A was exposed to less acid rain

than tombstone B.

Tombstone A (1922)

Tombstone B (1892)

Sun’s
apparent path

41

3

Zenith

NorthSouth Observer

West

East

2



26 Which diagram best represents visible light rays
after striking a dark, rough surface?

27 The cartoon below illustrates possible inter-
action between humans and mammoths.

During which geologic timespan could this
“game” have occurred?

(1) Pleistocene Epoch
(2) Pennsylvanian Epoch
(3) Precambrian Era
(4) Paleozoic Era

28 The apparent shift in the direction of swing of a
Foucault pendulum is caused by Earth’s 

(1) revolution (3) spherical shape
(2) rotation (4) tilted axis

29 The diagram below shows a glacial landscape.

Which evidence suggests that ice created this
landscape?

(1) U-shaped valleys
(2) many stream valleys 
(3) sorted sediment on the valley floor
(4) the landslide near the valley floor

30 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 dis-
tance from the seismograph station to the epi-
center of the earthquake?

(1) 1,100 km (3) 3,100 km
(2) 2,400 km (4) 4,000 km

31 When small particles settle through water faster
than large particles, the small particles are prob-
ably

(1) lighter (3) better sorted
(2) flatter (4) more dense

Stream

River

Landslide

The primitive game of “Pull the mammoth’s tail and run”

( 2 )

( 1 )

( 4 )

( 3 )
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35 Which pie graph best represents the percentage of total time for the four major divisions of geologic time?

Key

Cenozoic

Mesozoic

Paleozoic

Precambrian

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



33 The graph below shows the relationship between
the cooling time of magma and the size of the
crystals produced.

Which graph correctly shows the relative posi-
tions of the igneous rocks granite, rhyolite, and
pumice?

34 According to the Geologic History of New York
State in the Earth Science Reference Tables, the
inferred latitude of New York State 362 million
years ago was closest to
(1) where it is now (3) the Equator
(2) the North Pole (4) 45° south

35 The diagram below shows a tectonic plate boundary.

Which mantle hot spot is at a plate boundary like
the one shown in this diagram?
(1) Hawaii Hot Spot
(2) Yellowstone Hot Spot
(3) Galapagos Hot Spot
(4) Canary Hot Spot

Lithosphere

Oceanic Ridge at a
Divergent Plate Boundary
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32 Which graph shows the relative duration of geologic time for the Precambrian, Paleozoic, Mesozoic, and
Cenozoic time intervals?

Cenozoic

Precambrian

Mesozoic

Paleozoic

( 1 )

Precambrian

Cenozoic

Mesozoic

Paleozoic

( 3 )

Precambrian

Paleozoic
Mesozoic

Cenozoic

( 2 )

PrecambrianCenozoic

Mesozoic

Paleozoic

( 4 )
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Base your answers to questions 57 through 61 on the geologic cross section provided in your answer booklet,
which represents an outcrop of various types of bedrock and bedrock features in Colorado.

57 On the cross section provided in your answer booklet, indicate with arrows the
direction of movement on both sides of the fault.    [1]

58 According to this cross section, what is the amount of vertical movement of the shale
along the fault? Express your answer to the nearest tenth of a meter. [1]

59 Place the geologic events listed in your answer booklet in order by numbering them
from oldest (1) to youngest (4).    [1]

60 The shale and sandstone layers both contain fossilized leaves from the Fagopsis tree,
an index fossil for the Oligocene Epoch. State a possible age for these rock layers, in
million years.    [1]

61 The vesicular basalt includes zircon crystals containing the radioactive isotope 
U-235, which disintegrates to the stable isotope Pb-207. The zircon crystals have
98.44% of the original U-235 remaining, and 1.56% has decayed to Pb-207. Based
on the table below, how many half-lives have elapsed since the formation of these
crystals?    [1]

P.S./E. Sci.–June ’04 [17] [OVER]

Percent of U-235 Remaining Percent Decayed to Pb-207 Half-Lives Elapsed

99.22 0.78 1
64

98.44 1.56 1
32

96.88 3.12 1
16

93.75 6.25 1
8

87.50 12.5 1
4

75.0 25.0 1
2

50.0 50.0 1

37.5 62.5 1
1
2

25.0 75.0 2

12.5 87.5 3

6.25 93.75 4



Base your answers to questions 42 and 43 on the diagram below, which represents a model of a radioactive
sample with a half-life of 5000 years. The white boxes represent undecayed radioactive material and the 
shaded boxes represent the decayed material after the first half-life.

42 How many more boxes should be shaded to represent the additional decayed 
material formed during the second half-life?
(1) 12 (3) 3
(2) 6 (4) 0

43 Which radioactive isotope has a half-life closest in duration to this radioactive sample?
(1) carbon-14 (3) uranium-238
(2) potassium-40 (4) rubidium-87

44 The photograph below shows a sign near the Esopus Creek in Kingston, New York.

The main purpose of the word “watershed” on this sign is to communicate that the
Esopus Creek 
(1) is a tributary of the Hudson River
(2) is a flood hazard where it flows into the Hudson River
(3) forms a delta in the Hudson River
(4) contains ancient fish fossils

Radioactive Sample After First Half-Life

Key

Undecayed
radioactive material

Decayed material
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Part C

Answer all questions in this part.

Directions (66–84):  Record your answers in the spaces provided in your answer booklet.  Some questions
may require the use of the Earth Science Reference Tables.

Base your answers to questions 66 through 68 on the data table below, which shows the radioactive decay of
carbon-14. The number of years required to complete four half-lives has been left blank.

Radioactive Decay of Carbon-14  1 

66 On the grid in your answer booklet, construct a graph that shows the radioactive
decay of carbon-14 by plotting an X to show the percentage of original carbon-14
remaining after each half-life. Connect the Xs with a smooth, curved line.   [1]

67 How long does it take for radioactive carbon-14 to complete four half-lives?   [1]

68 The cross section below shows part of Earth’s crust. The objects in parentheses 
indicate materials found within each rock unit or deposit.

Which object in parentheses could be accurately dated using carbon-14?  Explain
your answer.   [1]

Pleistocene glacial deposits
(tree trunk)

Precambrian gneiss
(garnet crystal)

Cambrian sandstone
(trilobite)

Ordovician shale
(graptolite)
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Number of
Half-Lives

Percentage 
of Original
Carbon-14
Remaining

Time
(years)

0 100 0
1 50 5700
2 25 11,400
3 12.5 17,100
4 6.3
5 3.1 28,500
6 1.6 34,200
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6 Compared to the other planets in our solar 
system, Jupiter, Saturn, and Neptune have
(1) shorter periods of rotation
(2) shorter periods of revolution
(3) greater eccentricities
(4) greater densities

7 Air pressure is usually highest when the air is
(1) cool and humid (3) warm and humid
(2) cool and dry (4) warm and dry

8 Weather data is normally recorded at positions 
A, B, C, and D on the weather station model
shown below.

At which position should the measurements from
a rain gauge be recorded?
(1) A (3) C
(2) B (4) D

9 Heat energy from the lower latitudes is 
transferred to colder Earth regions by planetary
wind circulation mainly through the process of
(1) conduction (3) convection
(2) radiation (4) reflection

10 The Coriolis effect is a result of Earth’s
(1) tilted axis (3) revolution
(2) orbital shape (4) rotation

11 For weeks after a series of major volcanic eruptions,
Earth’s surface air temperatures are often
(1) warmer because ash and dust decrease

atmospheric transparency
(2) warmer because ash and dust increase 

atmospheric transparency
(3) cooler because ash and dust decrease 

atmospheric transparency
(4) cooler because ash and dust increase 

atmospheric transparency

12 The table below shows how the radioactive decay
of potassium-40 can be used to determine the age
of a rock.

How old is a sample of granite that contains 
8 grams of radioactive potassium-40 and 56 grams
of its nonradioactive decay products?
(1) 1.3 ! 109 years old (3) 3.9 ! 109 years old
(2) 2.6 ! 109 years old (4) 5.2 ! 109 years old

13 Which gas became part of Earth’s atmosphere
mainly as a result of the evolution of life-forms?
(1) oxygen (3) helium
(2) nitrogen (4) hydrogen

14 Devonian-age fossils found in New York State
bedrock, such as Manticoceras and Mucrospirifer,
provide evidence that parts of New York State
were once
(1) under a shallow sea containing tropical waters
(2) higher in elevation and eroded extensively by

glaciers
(3) covered by extensive lava flows
(4) impacted by comets and asteroids

15 Which two types of organisms both survived the
mass extinction that occurred at the end of the
Permian Period?
(1) trilobites and nautiloids
(2) corals and vascular plants
(3) placoderm fish and graptolites
(4) gastropods and eurypterids

Ratio of Radioactive
Potassium-40 to
Nonradioactive
Decay Products

Age of Rock
(years)

1:0 0

1:1 1.3 ! 109

1:3 2.6 ! 109

1:7 3.9 ! 109

1:15 5.2 ! 109

1:31 6.5 ! 109C

D

A B



27 The table below gives information about the radioactive decay of carbon-14. Part of the table has been delib-
erately left blank for student use.

After how many years will gram of the original carbon-14 remain?
(1) 22,800 yr (3) 34,200 yr
(2) 28,500 yr (4) 39,900 yr

1
128
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28 In which layer of Earth’s interior is the pressure
inferred to be 1.0 million atmospheres?
(1) outer core (3) rigid mantle
(2) inner core (4) stiffer mantle

29 Which event occurred earliest in geologic history?
(1) appearance of the earliest grasses
(2) appearance of the earliest birds
(3) the Grenville Orogeny
(4) the intrusion of the Palisades Sill

30 A very large, circular, impact crater under the
coast of Mexico is believed to be approximately
65 million years old. This impact event is inferred
to be related to the
(1) appearance of the earliest trilobites
(2) advance and retreat of the last continental ice

sheet
(3) extinction of the dinosaurs
(4) formation of Pangea

31 The greatest amount of rainwater infiltration
occurs on the side of a hill if the surface of a per-
meable soil has
(1) small soil particles and a steep slope
(2) small soil particles and a gentle slope
(3) large soil particles and a steep slope
(4) large soil particles and a gentle slope

32 Which element is most abundant in Earth’s
lithosphere?
(1) oxygen (3) hydrogen
(2) silicon (4) nitrogen

33 A student incorrectly measured the volume of a
mineral sample as 83 cubic centimeters when the
actual volume was 89 cubic centimeters. What
was the student’s approximate percent deviation
(percentage of error)?
(1) 6.7% (3) 9.3%
(2) 7.2% (4) 14.8%

Half-life Mass of Original Carbon-14
Remaining (grams) Number of Years

0 1 0

1 1
2

5,700

2 1
4

11,400

3 1
8

17,100

4 1
16

5

6

7
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32 The time line below represents the entire geologic history of Earth.

Which letter best represents the first appearance of humans on Earth?
(1) A (3) C
(2) B (4) D

33 Three extinct organisms are shown in the diagrams below.

Which other life-form reached its peak development during the same period in
geologic history that these three life-forms first appeared on Earth?
(1) dinosaurs (3) mastodonts
(2) stromatolites (4) eurypterids

34 The graph below shows the radioactive decay of a 50-gram sample of a radioactive isotope. 

According to the graph, what is the half-life of this isotope? 
(1) 100 years (3) 200 years
(2) 150 years (4) 300 years
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34 The block diagram below of a portion of Earth’s crust shows four zones labeled A,
B, C, and D outlined with dashed lines.

In which zone is a younger rock unit on top of an older rock unit?
(1) A (3) C
(2) B (4) D

A B C D

Key

Sedimentary
rocks

Igneous rock

Contact
metamorphism

Rock Units

35 The graph below shows the rate of decay of the radioactive isotope K-40 into the
decay products Ar-40 and Ca-40.

Analysis of a basalt rock sample shows that 25% of its radioactive K-40 remained
undecayed.  How old is the basalt?
(1) 1.3 billion years (3) 3.9 billion years
(2) 2.6 billion years (4) 4.6 billion years
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Base your answers to questions 40 and 41 on the graph below, which shows the generalized rate of decay of
radioactive isotopes over 5 half-lives.

40 If the original mass of a radioactive isotope was 24 grams, how many grams would
remain after 3 half-lives?
(1) 12 (3) 3
(2) 24 (4) 6

41 Which radioactive isotope takes the greatest amount of time to undergo the change
shown on the graph?
(1) carbon-14 (3) uranium-238
(2) potassium-40 (4) rubidium-87
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Base your answers to questions 60 and 61 on the diagram below, which represents a model of the radio-
active decay of a particular element. The diagram shows the decay of a radioactive element ( ) into the 
stable decay element ( ) after one half-life period.

60 On the diagram provided in your answer booklet, shade in the amount of stable
decay element present after the second half-life period.    [1]

61 If the radioactive element in this model is carbon-14, how much time will have
passed after one half-life?    [1]

62 The diagram below shows warm, moist air moving off the ocean and over a mountain,
causing precipitation between points 1 and 2.

Describe two changes that occur to the warm, moist air between points 1 and 2 that
would cause cloud formation.    [2]
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19 The diagram below represents the present num-
ber of decayed and undecayed atoms in a sample
that was originally 100% radioactive material.

If the half-life of the radioactive material is
1,000 years, what is the age of the sample repre-
sented by the diagram?
(1) 1,000 yr (3) 3,000 yr
(2) 2,000 yr (4) 4,000 yr

20 Earth’s outer core is best inferred to be 
(1) liquid, with an average density of approxi-

mately 4 g/cm3

(2) liquid, with an average density of approxi-
mately 11 g/cm3

(3) solid, with an average density of approxi-
mately 4 g/cm3

(4) solid, with an average density of approxi-
mately 11 g/cm3

21 The table below shows the rate of erosion and
the rate of deposition at four stream locations.

Location Rate of Erosion Rate of Deposition
(tons/year) (tons/year)

A 3.00 3.25

B 4.00 4.00

C 4.50 4.65

D 5.60 5.20

A state of dynamic equilibrium exists at location
(1) A (3) C
(2) B (4) D

22 The diagram below shows land features that
have been disrupted by an earthquake. 

Which type of crustal movement most likely
caused the displacement of features in this area?
(1) vertical lifting of surface rock
(2) folding of surface rock
(3) down-warping of the crust
(4) movement along a transform fault

23 The Coriolis effect provides evidence that Earth
(1) rotates (3) has seasons
(2) has a tilted axis (4) revolves

24 Which interaction between the atmosphere and
the hydrosphere causes most surface ocean cur-
rents?
(1) cooling of rising air above the ocean surface
(2) evaporation of water from the ocean surface
(3) friction from planetary winds on the ocean

surface
(4) seismic waves on the ocean surface

25 On a field trip 40 kilometers east of the Finger
Lakes, students observed a boulder of gneiss on
the surface bedrock. This observation best sup-
ports the inference that the 
(1) surface sedimentary bedrock was weathered

to form a boulder of gneiss
(2) surface sedimentary bedrock melted and

solidified to form a boulder of gneiss
(3) gneiss boulder was formed from sediments

that were compacted and cemented together
(4) gneiss boulder was transported from its ori-

ginal area of formation

Road
Road

Decayed atoms

Undecayed atoms

Key
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Base your answers to questions 79 through 81 on the information below.

A student on a field trip in New York State collected a sample of metamorphic
bedrock containing bands of coarse-grained crystals of plagioclase feldspar, pyroxene,
quartz, and mica.

79 List two of the chemical elements found in plagioclase feldspar.   [1]

80 Describe two physical properties of pyroxene.   [1]

81 Identify the metamorphic rock found by the student.   [1]

Base your answers to questions 82 through 84 on the diagram of the Sun, Earth, and the constellation
Sagittarius shown below. Positions A through D show Earth in its orbit around the Sun on the first day of each
season. Sagittarius is represented in its position in space relative to Earth’s orbit.

82 At which lettered position does Sagittarius appear highest in the sky at midnight to observers near Earth’s
equator?   [1]

83 How many hours of daylight will an observer in New York State experience when Earth is at position C?
[1]

84 The diagram in your answer booklet shows the yearly range of altitudes of the noontime Sun as seen by an
observer in New York State.  Write the letters for each of the four Earth positions, A, B, C, and D, in the
Sun circles on this diagram to identify when the observer will see the Sun at these noontime altitudes in
New York State. More than one letter may be written in a circle.   [1]

N
A

Sept. 22

C
March 21

B
Dec. 21

S

Sun D
June 21

(Not drawn to scale)

Sagittarius

N

S

N

S

N

S



36 When Hermes is located at position A and Earth
is in the position shown in the diagram, the 
asteroid can be viewed from Earth at each of the
following times except
(1) sunrise (3) 12 noon
(2) sunset (4) 12 midnight

37 How does the period of revolution of Hermes
compare to the period of revolution of the 
planets shown in the diagram?
(1) Hermes has a longer period of revolution

than Mercury, but a shorter period of 
revolution than Venus, Earth, and Mars.

(2) Hermes has a shorter period of revolution
than Mercury, but a longer period of 
revolution than Venus, Earth, and Mars.

(3) Hermes has a longer period of revolution
than all of the planets shown.

(4) Hermes has a shorter period of revolution
than all of the planets shown.

38 Why is evidence of asteroids striking Earth so 
difficult to find?
(1) Asteroids are made mostly of frozen water

and gases and are vaporized on impact.
(2) Asteroids are not large enough to leave

impact craters.
(3) Asteroids do not travel fast enough to create

impact craters.
(4) Weathering, erosion, and deposition on Earth

have destroyed or buried most impact craters.

39 According to the diagram, as Hermes and the
planets revolve around the Sun, Hermes appears
to be a threat to collide with
(1) Earth, only
(2) Earth and Mars, only
(3) Venus, Earth, and Mars, only
(4) Mercury, Venus, Earth, and Mars 
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40 The map below shows the location of Grenville-age bedrock found in the northeastern
United States.

In which New York State landscapes is Grenville-age bedrock exposed at Earth’s 
surface?
(1) Erie-Ontario Lowlands and St. Lawrence Lowlands
(2) Catskills and Allegheny Plateau
(3) Tug Hill Plateau and Atlantic Coastal Plain
(4) Hudson Highlands and Adirondack Mountains



34 The diagram below shows the Moon at four positions in its orbit around Earth as viewed from above the
North Pole. The date of one of the four positions has been labeled.

Which photograph shows the appearance of the Moon as viewed by an observer in
New York State on May 17, 2000?

35 The diagram below represents a sample of rubidium-87 (87Rb).

Which diagram represents the correct proportion of 87Rb to its decay product, 87Sr,
after two half-lives?
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16 The cross section below shows the direction of air
flowing over a mountain.  Points A and B are at
the same elevation on opposite sides of the
mountain. 

Compared to the air temperature and humidity at
point A, the air temperature and humidity at
point B are usually 
(1) cooler and drier (3) warmer and drier
(2) cooler and wetter (4) warmer and wetter

17 The cross section below shows rock layers A, B,
C, D, and fault F.  The rock layers have not been
overturned.

Which sequence places the rock layers and fault
in order from oldest to youngest?
(1) D → C → B → A → F
(2) A → B → C → D → F
(3) F → D → C → B → A
(4) F → A → B → C → D

18 The largest sediment particles that can be trans-
ported by a stream traveling at a velocity of 
200 centimeters per second are
(1) boulders (3) pebbles
(2) cobbles (4) sand

19 What happens to the density and temperature of
rock within Earth’s interior as depth increases?
(1) density decreases and temperature decreases
(2) density decreases and temperature increases
(3) density increases and temperature increases
(4) density increases and temperature decreases

20 Scientists believe that a large asteroid struck
Earth approximately 65 million years ago.  It is
often theorized that this event contributed to the 
(1) end of the last ice age
(2) breaking up of the supercontinent Pangea
(3) evolution of the first birds
(4) extinction of the dinosaurs

21 Which two landscape regions in New York State
have the oldest surface bedrock?
(1) Allegheny Plateau and Newark Lowlands
(2) Tug Hill Plateau and Erie-Ontario Lowlands
(3) Taconic Mountains and the Catskills
(4) Adirondack Mountains and Hudson Highlands

22 The topographic map below shows locations X
and Y.

What is the approximate gradient between X 
and Y?
(1) 15 ft/mi (3) 30 ft/mi
(2) 20 ft/mi (4) 60 ft/mi

A

B

C

D

A

B
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D

F

A B

Contour interval: 20 feet

X

Y

N
500

Scale of Miles
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29 Which diagram most accurately represents the relative diameters of Earth and Mercury?

30 Which diagram represents the tilt of Earth’s axis relative to the Sun’s rays on December 15?

31 The cross section below shows four rock units, A, B, C, and D.

Which rock unit is youngest in age?
(1) A (3) C
(2) B (4) D

Key
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Base your answers to questions 45 through 49 on the cross sections below, which show widely separated out-
crops at locations X, Y, and Z.

Unconsolidated
glacial deposits (till)Gray limestone

Conglomerate

Red sandstone

Black shale
-containing
 trilobite fossils

Tan limestone
-containing
 ammonoid fossils

Green shale
-containing trilobite
 and coral fossils

Gray siltstone
-containing trilobite
 and brachiopod
 fossils

Gray limestone

Conglomerate

Red sandstone
-containing
 dinosaur footprints

Black shale
-containing
 trilobite fossils

Tan limestone
-containing
 ammonoid fossils

Brown siltstone
-containing mammal
 skeletal fossils

Gray  limestone

Red sandstone

Black shale
-containing
 trilobite fossils

Tan limestone
-containing
 ammonoid fossils

Brown siltstone
-containing mammal
 skeletal fossils

Green shale
-containing trilobite and
 brachiopod fossils

Location X Location Y Location Z
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45 Which rock layer is oldest?
(1) gray siltstone
(2) green shale
(3) tan limestone
(4) brown siltstone

46 At location Y, the boundary between the red
sandstone and the black shale marks the 
(1) beginning of the Cenozoic Era
(2) beginning of the Mesozoic Era
(3) end of the Cenozoic Era
(4) end of the Mesozoic Era

47 An unconformity can be observed at location Z.
Which rock layer was most probably removed
by erosion during the time represented by the
unconformity?
(1) conglomerate (3) black shale
(2) gray siltstone (4) brown siltstone

48 The fossils in the rock formations at location X
indicate that this area was often covered by
(1) tropical rain forests
(2) glacial ice
(3) desert sand
(4) seawater

49 Which rock layer was formed by the compaction
and cementation of particles that were all less
than 0.0004 centimeter in diameter?
(1) red sandstone
(2) green shale
(3) brown siltstone
(4) conglomerate



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
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Base your answers to questions 77 through 80 on the geologic cross section below. The rock layers have not
been overturned. Point A is located in the zone of contact metamorphism.

77 Which metamorphic rock most likely formed at point A? [1]

78 State the evidence shown by the cross section that supports the inference that the
fault is younger than the basalt intrusion.  [1]

79 In your answer booklet, list basalt, limestone, and breccia in the order in which they
were formed.  [1]

80 What is the largest silt particle that could be found in the siltstone layer?  [1]

Key
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Base your answers to questions 54 through 57 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.

54 During which geologic time period was rock layer C deposited?   [1]

55 Identify two processes that produced the unconformity in outcrop I.   [1]

56 Describe one characteristic a fossil must have in order to be considered a good index
fossil.   [1]

57 Explain why carbon-14 can not be used to find the geologic age of these index fossils.   [1]

I II

A

B

C

D

E

F
Unconformity
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Base your answers to questions 33 and 34 on the geologic cross section below. Location A is within the 
metamorphic rock.

33 The metamorphic rock at location A is most likely
(1) marble (3) phyllite
(2) quartzite (4) slate

34 Which rock is the youngest?
(1) shale (3) igneous rock
(2) sandstone (4) rock at location A

A

Key

Shale

Sandstone

Igneous rock
Contact metamorphic
rock



23 Active volcanoes are most abundant along the
(1) edges of tectonic plates
(2) eastern coastline of continents
(3) 23.5° N and 23.5° S parallels of latitude
(4) equatorial ocean floor

24 Which part of Earth’s interior is inferred to have
convection currents that cause tectonic plates to
move?
(1) rigid mantle (3) outer core
(2) asthenosphere (4) inner core

25 Compared to the continental crust, the oceanic
crust is
(1) less dense and less felsic
(2) less dense and less mafic
(3) more dense and more felsic
(4) more dense and more mafic

26 The pie graph below shows the elements com-
prising Earth’s crust in percent by mass.

Which element is represented by the letter X?
(1) silicon (3) nitrogen
(2) lead (4) hydrogen

Aluminum

Other

Calcium
Sodium

Magnesium
Potassium

Iron

X

Oxygen
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22 The cross sections below represent three widely separated outcrops of exposed bedrock. Letters A, B, C,
and D represent fossils found in the rock layers.

Which fossil appears to have the best characteristics of an index fossil?
(1) A (3) C
(2) B (4) D

B

D

D

A

A

A

B

A

A

A

D

C

B

A



43 It can be concluded that city C is located in the Southern Hemisphere because 
city C has
(1) small amounts of precipitation throughout the year
(2) large amounts of precipitation throughout the year
(3) its warmest temperatures in January and February
(4) its warmest temperatures in July and August

44 Very little water will infiltrate the soil around city D because the region usually has
(1) a frozen surface (3) a small amount of runoff
(2) nearly flat surfaces (4) permeable soil

Base your answers to questions 45 through 47 on the block diagram below, which shows a portion of Earth’s
crust. Letters A, B, C, and D indicate sedimentary layers.

45 Which event occurred most recently? 
(1) formation of layer A
(2) formation of layer D
(3) tilting of all four sedimentary rock layers
(4) erosion of the igneous rock exposed at the surface

46 The igneous rock is mostly composed of potassium feldspar and quartz crystals that
have an average grain size of 3 millimeters. The igneous rock is most likely
(1) granite (3) gabbro
(2) pegmatite (4) pumice

47 Which processes produced rock layer B?
(1) subduction and melting (3) heat and pressure
(2) uplift and solidification (4) compaction and cementation

D
C

BA

Igneous
rock

Key

Contact
metamorphism

P.S./E. Sci.–June ’08 [15] [OVER]



Part C

Answer all questions in this part.

Directions (66–84):  Record your answers in the spaces provided in your answer booklet.  Some questions
may require the use of the Earth Science Reference Tables.

Base your answers to questions 66 through 68 on the data table below, which shows the radioactive decay of
carbon-14. The number of years required to complete four half-lives has been left blank.

Radioactive Decay of Carbon-14  1 

66 On the grid in your answer booklet, construct a graph that shows the radioactive
decay of carbon-14 by plotting an X to show the percentage of original carbon-14
remaining after each half-life. Connect the Xs with a smooth, curved line.   [1]

67 How long does it take for radioactive carbon-14 to complete four half-lives?   [1]

68 The cross section below shows part of Earth’s crust. The objects in parentheses 
indicate materials found within each rock unit or deposit.

Which object in parentheses could be accurately dated using carbon-14?  Explain
your answer.   [1]

Pleistocene glacial deposits
(tree trunk)

Precambrian gneiss
(garnet crystal)

Cambrian sandstone
(trilobite)

Ordovician shale
(graptolite)

Cr
et
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gi
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ry
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Number of
Half-Lives

Percentage 
of Original
Carbon-14
Remaining

Time
(years)

0 100 0
1 50 5700
2 25 11,400
3 12.5 17,100
4 6.3
5 3.1 28,500
6 1.6 34,200
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Base your answers to questions 58 through 60 on the cross sections below, which show widely separated 
outcrops labeled I, II, and III.  Index fossils are found in some of the rock layers in the three outcrops.  In 
outcrop III, layers A, B, C, and D are labeled.  Line XY represents an unconformity.  Line GH represents a fault.

58 Describe one characteristic necessary for a fossil to be classified as an index fossil.   [1]

59 On outcrop II in your answer booklet, place the symbol for an unconformity
between the two rock layers where the Silurian-age bedrock has been removed by 
erosion.   [1]

60 List in order, from oldest to youngest, the relative age of the four rock layers, A, B, C,
and D, fault GH, and unconformity XY shown in outcrop III.   [1]

Surface
Outcrop I

Outcrop II
Surface

Outcrop III
Surface

A

B

C

D H

YX
G
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Base your answers to questions 39 through 42 on the geologic cross section below of a region of Earth’s crust.
Rock layers A through E have been labeled. Two index fossils are shown and their locations within the rock 
layers are indicated.

39 What caused the valleys and ridges in this area?
(1) Some rock layers are folded more than others.
(2) Rock layers were not deposited in the valley areas.
(3) Some rock layers are more resistant to weathering and erosion than others.
(4) Folding caused the ridge rocks to undergo regional metamorphism.

40 Which list of rock layers best matches the deposited sediments from which they were
formed?

A–calcite precipitates

B–clay

C–calcite precipitates

D–shell fragments

( 1 )

A–plant remains

B–mica

C–plant remains

D–clay

( 3 )

A–quartz sand

B–silt

C–quartz sand

D–shell fragments

( 2 )

A–calcite precipitates

B–halite precipitates

C–hematite

D–gypsum

( 4 )

A

B

C

D
E
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8 What is the dewpoint if the relative humidity is
100% and the air temperature is 20°C?
(1) 0°C (3) 20°C
(2) 10°C (4) 100°C

9 Which graph best represents the change in air
pressure as air temperature increases at Earth’s
surface?

10 Compared to an area of Earth’s surface with gentle
slopes, an area with steeper slopes most likely has
(1) less infiltration and more runoff
(2) less infiltration and less runoff
(3) more infiltration and more runoff
(4) more infiltration and less runoff

11 Which geographic region is the most common
source region for the mT air masses that move
into New York State?
(1) northern Canada
(2) Gulf of Mexico
(3) Arctic Ocean
(4) southwestern United States

12 Which weather variable would most likely
decrease ahead of an approaching storm system?
(1) wind speed (3) cloud cover
(2) air pressure (4) relative humidity

13 Which gas in Earth’s upper atmosphere is beneficial
to humans because it absorbs large amounts of
ultraviolet radiation?
(1) water vapor (3) nitrogen
(2) methane (4) ozone

14 Which combination of climate factors generally
results in the coldest temperatures?
(1) low elevation and low latitude
(2) low elevation and high latitude
(3) high elevation and low latitude
(4) high elevation and high latitude

15 The cross sections below show the surface
bedrock in two different locations 20 miles apart.
Rock layers are labeled 1, 2, 3, 4, and X. The rock
layers have not been overturned.

Rock layer X at location B is most likely the same
relative age as which rock layer at location A?
(1) 1 (3) 3
(2) 2 (4) 4

16 In New York State, the risk of sunburn is greatest
between 11 a.m. and 3 p.m. on summer days
because
(1) the air temperature is hot
(2) the angle of insolation is high
(3) Earth’s surface reflects most of the sunlight
(4) the Sun is closest to Earth
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56 The drawing below shows a glacial erratic found on the beach of the north shore of
Long Island near the Harbor Hill moraine. This boulder is composed of 
one-billion-year-old gneiss.

Which New York State landscape region has surface bedrock similar in age to this
erratic?   [1]

57 Explain how the effect of global warming on present-day continental glaciers could
affect New York City and Long Island.   [1]

Base your answers to questions 58 through 60 on the geologic cross section below. The rock layers have not
been overturned.

58 The index fossil Dicellograptus was found in the shale layer. During which geologic
time period did this shale layer form?   [1]

59 Describe one piece of evidence from the cross section that supports the inference
that the fault is older than the basalt intrusion.   [1]

60 Explain why carbon-14 could not be used to determine the age of the Dicellograptus
fossil.   [1]

Glacial erratic

Basalt

Contact
metamorphism

(Not drawn to scale)
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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



Base your answers to questions 70 through 74 on the two maps in your answer booklet. Map 1 shows air 
temperatures in the United States and Mexico, recorded in °F, at the points shown on the map. Map 2 shows
the location of a low-pressure system at the time these air temperatures were measured. An occluded front extends
from the center of the low-pressure system (L) to point A. Lines AB and AC are two other frontal boundaries.
Two air masses are shown. The storm system later moved toward New York State and produced an ice storm.

70 On map 1 in your answer booklet, draw the 32°F isotherm.   [1]

71 On map 2 in your answer booklet, draw weather front symbols on the correct sides
of both line AB and line AC to show the most probable type and direction of move-
ment of each front.   [1]

72 Describe the general surface wind pattern associated with the low-pressure system
shown on map 2.   [1]

73 Explain what caused the center of this low-pressure system to move toward 
New York State.   [1]

74 State one action New York State residents should have taken to prepare for the
approaching ice storm.  [1]

Base your answers to questions 75 through 79 on the block diagram below, which shows rock units that have
not been overturned. Point A is located in the zone of contact metamorphism. A New York State index fossil is
shown in one of the rock units.

75 State the evidence shown by the block diagram that supports the inference that the
fault is older than the rhyolite.   [1]

76 Identify the geologic time period when the index fossil shown in the block diagram
was a living organism.   [1]

77 Identify the crystal size of the minerals in rhyolite and explain what this size 
indicates about the rate of cooling of the magma from which it formed.   [1]

78 Identify the metamorphic rock that most likely formed at point A.   [1]

79 Describe one piece of evidence that would indicate that the valley shown on the 
surface of the block diagram had been eroded and deepened by a glacier.   [1]
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49 Which rock type is the oldest? 50 Which feature is represented by the symbol
along the edges of the dike and sills?

(1) contact metamorphic rock 
(2) an unconformity
(3) a glacial moraine
(4) index fossils

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

P.S. E./Sci.–Aug. ’01 [15] [OVER]

Base your answers to questions 49 and 50 on the geologic cross section below. Overturning has not occurred.
The dike and sills shown in the cross section are igneous intrusions.

Sill

Sill

Dike

51 The graph below shows the concentration (per-
centage) of copper at various depths in the
bedrock at a mine in Arizona. 

Between which depths should the bedrock be
mined in order to obtain rock with the highest
percentage of copper?
(1) 100–130 ft (3) 330–360 ft
(2) 230–260 ft (4) 650–680 ft

52 The station model below shows the weather
conditions at Massena, New York, at 9 a.m. on a
particular day in June.

What was the barometric pressure at Massena 
3 hours earlier on that day?
(1) 997.1 mb (3) 1003.3 mb
(2) 999.7 mb (4) 1009.1 mb

002

–31\

.50

74

72

10

Ground
surface

Percentage of copper
0 1 2 3 4 5

0

100

200

300

400

500

600

700

D
ep

th
 (

ft)



32 In which type of environment were the sedi-
ments that formed these sedimentary rock layers
most likely deposited?
(1) glacial (3) marine
(2) mountainous (4) terrestrial plateau

33 Which fossil would most likely be found in the
same siltstone layer as the Cryptolithus fossil?

34 The sedimentary rock layers at the three loca-
tions can be most accurately correlated by com-
paring the
(1) thickness of the sedimentary rock layers
(2) foliation bands in the metamorphic base-

ment rocks
(3) fossils in the sedimentary rocks
(4) minerals in the igneous rocks

35 In this region, valley X is more deeply eroded
than either valley Y or valley Z. The most likely
explanation for this occurrence is that the meta-
morphic rock near X has been
(1) weakened by faulting
(2) folded by pressure
(3) intruded by melted rock
(4) covered by sedimentary rocks

( 1 )

( 2 )

( 3 )

( 4 )
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Base your answers to questions 32 through 35 on the geologic cross section below, which shows a view of
rock layers at Earth’s surface. The dashed lines connect points of the same age. Major fossils contained within
each rock layer are shown. The valleys are labeled X, Y, and Z.

Valley
X

Valley
Y

Valley
Z

?

Location 1 Location 2 Location 3

Metamorphic basement rocks
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Base your answers to questions 43 through 47 on the geologic cross section of bedrock shown below. 
A through G identify rock layers and Q represents a fault. Lines W, X, Y, and Z are locations of unconformities.
The rocks have not been overturned.

Key

Contact
metamorphism

Igneous rock

Sedimentary rock

C

D
X

E

F

Z

W

Q
G

A

B

Y

43 Which rock or feature is oldest?
(1) rock A (3) fault Q
(2) rock G (4) unconformity Z

44 The unconformities shown in the cross section
represent
(1) buried erosional surfaces
(2) locations of index fossils
(3) volcanic ash deposits
(4) boundaries between oceanic and continental

crust

45 The movement of bedrock along fault Q most
probably produced 
(1) gaps in the rock record
(2) an earthquake
(3) a volcanic lava flow
(4) zones of contact metamorphism

46 Which rock most likely formed in the zone of
contact between rock E and rock F? 
(1) obsidian (3) metaconglomerate
(2) slate (4) sandstone



Base your answers to questions 55 and 56 on the weather map provided in your answer booklet, which shows
surface air-pressure readings, in millibars, at various locations in the United States and Canada. The
1020-millibar isobars have been drawn and labeled. 

55 Draw the 1024- and 1028-millibar isobars on the weather map provided in your
answer booklet. [2]

56 What weather instrument was most likely used to measure these air pressures?    [1]

Base your answers to questions 57 through 60 on the geologic cross section below. Radioactive dating indi-
cates that the granite intrusion is 279 million years old and the vesicular basalt is 260 million years old. The rock
layers have not been overturned.

57 List the six rock units in the order from the oldest to the youngest.    [1]

58 During which geologic time period did the shale layer form?    [1]

59 The granite intrusion caused part of the limestone layer to undergo metamorphism.
What metamorphic rock would most likely be found in this zone of contact
metamorphism?    [1]

60 Describe the rate of cooling that must occur for magma to form vesicular basalt.    [1]

Granite
intrusion

Vesicular basalt

Sandstone

Limestone

Key

Contact
metamorphism

Siltstone

Shale
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Base your answers to questions 49 and 50 on the cross section below. The cross section shows a typical
bedrock structure where oil and natural gas deposits are found.

49 The natural gas, oil, and saltwater have formed layers at different levels in the same
rock layer due to the 
(1) principle of superposition
(2) principle of original horizontality
(3) differences in the density of the three materials 
(4) differences in the geologic age of the three materials

50 According to the diagram, in which type of rock are these natural gas and oil deposits
found?
(1) coarse-textured igneous rock
(2) foliated metamorphic rock
(3) porous clastic sedimentary rock
(4) intrusive crystalline sedimentary rock

Oil well
Natural gas well

Saturated with
saltwater

Saturated with natural gas

Saturated with oil

Saturated with
saltwater

Shale Sandstone Sandstone
saturated with oil

Key
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28 Which method of energy transfer is primarily
responsible for energy being lost from Earth into
space?
(1) conduction (3) solidification
(2) convection (4) radiation

29 When a continental crustal plate collides with an
oceanic crustal plate, the continental crust is
forced to move over the oceanic crust. What is
the primary reason that the continental crust
stays on top of the oceanic crust?
(1) Continental crust is less dense.
(2) Continental crust deforms less easily.
(3) Continental crust melts at higher tempera-

tures.
(4) Continental crust contains more mafic 

minerals.

30 Earth’s fossil record shows evidence that
(1) very few life-forms have become extinct
(2) life-forms existed on land before life-forms

existed in water
(3) more complex life-forms probably have

evolved from less complex life-forms
(4) older bedrock contains a great variety of life-

forms, while younger bedrock contains less
variety of life-forms

31 Large garnet mineral crystals are found in the
metamorphic surface bedrock in which New York
State landscape region?
(1) Catskills
(2) Adirondacks
(3) Erie-Ontario Lowlands
(4) Tug Hill Plateau

32 Bedrock outcrops A and B are located at two 
different locations along the Genesee River in
western New York State. Rock layers 1, 2, and 4
are the same in both outcrops.

Which statement best explains why rock layer 3 is
missing from outcrop B?
(1) A fault exists between outcrops A and B.
(2) Erosion created an unconformity between

rock layers 2 and 4 in outcrop B.
(3) A volcanic eruption destroyed rock layer 3 in

outcrop B.
(4) Metamorphism of outcrop A created rock

layer 3.

33 Fossilized footprints of Coelophysis dinosaurs
have been found in bedrock closest to which New
York State location?
(1) New York City (3) Watertown
(2) Old Forge (4) Niagara Falls

34 A sample of wood that originally contained 
100 grams of carbon-14 now contains only 
25 grams of carbon-14. Approximately how many
years ago was this sample part of a living tree?
(1) 2,850 years (3) 11,400 years
(2) 5,700 years (4) 17,100 years

4

3

2

1

Outcrop A Outcrop B

4

2

1



Base your answers to questions 60 and 61 on the geologic cross section shown below and on your knowledge
of Earth science. The cross section shows the surface of a landscape region in the southwestern United States
and indicates the age, type, and thickness of the bedrock.

60 State one characteristic, other than the horizontal bedrock structure, shown in the
cross section that supports the idea that this region is correctly classified as a plateau
landscape.   [1]

61 Which New York State landscape region has surface bedrock of the same geologic
age as the surface bedrock shown in this cross section?  [1]

62 The diagram in your answer booklet represents a beaker of water that is being
heated.  As the colored dye pellet dissolves, the dye will show the movement of
water in the beaker.  On the diagram, draw arrows in the water to show the direc-
tion the colored dye will move when the water is heated as shown.   [1]

P.S./E. Sci.–Aug. ’05 [20]
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19 The three cross sections of sedimentary bedrock
shown below represent widely separated surface
exposures of layers that contain fossils. Letters A,
B, C, and D represent four different marine fos-
sils found in these rock layers.

Which letter best represents an index fossil?
(1) A (3) C
(2) B (4) D

20 The diagram below represents a geologic cross
section of a portion of Earth’s crust. 

Folding and erosion occurred after the formation
of the 
(1) Gayle shale
(2) Freeport sandstone
(3) Erie coal, but before formation of Freeport

sandstone
(4) Dunbar limestone, but before formation of

Erie coal

21 The surface winds in a typical Northern
Hemisphere high-pressure system are generally
moving
(1) counterclockwise away from the high-pressure

center
(2) counterclockwise toward the high-pressure

center
(3) clockwise away from the high-pressure center
(4) clockwise toward the high-pressure center

Base your answers to questions 22 through 24 on
the diagram below, which shows a meandering
stream. Letters A, B, C, and D indicate locations on
the streambed.

22 At which two locations is the rate of erosion
greater than the rate of deposition?
(1) A and B (3) C and D
(2) B and C (4) D and A

23 What are the largest particles that this stream can
transport when its velocity is 200 centimeters per
second?
(1) silt (3) pebbles
(2) sand (4) cobbles

24 A decrease in the velocity of this stream will most
likely cause an increase in
(1) the amount of sediment carried by the stream
(2) the size of the particles carried by the stream
(3) deposition within the stream channel
(4) abrasion of the stream channel

25 Beneath which surface location is Earth’s crust
the thinnest?
(1) East Pacific Ridge
(2) the center of South America
(3) Old Forge, New York
(4) San Andreas Fault

A  B  D A  B  D
  C C    A C

D   D

A  D  BA  A  A

  C  B    C
A    D

A  A  A

  B B     C C

A  B  A

D  D  D

Erie coal

Surface
Gayle shale

Dunbar limestone

New Creek gypsum
Bullet sh
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Freeport sandstone
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C D

B



7 The diagram below represents the shape of the
Milky Way Galaxy.

The Milky Way Galaxy is best described as
(1) elliptical (3) circular
(2) irregular (4) spiral

8 Compared to the temperature and luminosity of
the star Polaris, the star Sirius is
(1) hotter and more luminous
(2) hotter and less luminous
(3) cooler and more luminous
(4) cooler and less luminous

9 The Big Bang Theory, describing the creation of
the universe, is most directly supported by the
(1) redshift of light from distant galaxies
(2) presence of volcanoes on Earth
(3) apparent shape of star constellations
(4) presence of craters on Earth’s Moon

10 Which process requires water to gain 540 calories
of energy per gram?
(1) vaporization (3) melting
(2) condensation (4) freezing

11 Which geographic area is a common source region
for cP air masses that move into New York State?
(1) southwestern United States
(2) central Canada
(3) the north Pacific Ocean
(4) the Gulf of Mexico

12 A parcel of air has a dry-bulb temperature of
24°C and a relative humidity of 55%. What is the
dewpoint of this parcel of air?
(1) 6°C (3) 24°C
(2) 14°C (4) 29°C

13 Which statement can best be supported by the
fossil record?
(1) Humans have lived on Earth throughout geo-

logic history.
(2) The organisms on Earth have not changed.
(3) Most life-forms that existed on Earth have

become extinct.
(4) Dinosaurs existed on Earth for more than

544 million years.

14 The diagram below shows a geologic cross sec-
tion. Letters A through D represent different
rock units.

Which sequence correctly shows the age of the
lettered rock units, from oldest to youngest?
(1) A → B → C → D
(2) C → D → A → B
(3) D → B → A → C
(4) D → C → B → A

P.S./E. Sci.–Aug. ’05 [3] [OVER]
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34 The block diagram below of a portion of Earth’s crust shows four zones labeled A,
B, C, and D outlined with dashed lines.

In which zone is a younger rock unit on top of an older rock unit?
(1) A (3) C
(2) B (4) D

A B C D

Key

Sedimentary
rocks

Igneous rock

Contact
metamorphism

Rock Units

35 The graph below shows the rate of decay of the radioactive isotope K-40 into the
decay products Ar-40 and Ca-40.

Analysis of a basalt rock sample shows that 25% of its radioactive K-40 remained
undecayed.  How old is the basalt?
(1) 1.3 billion years (3) 3.9 billion years
(2) 2.6 billion years (4) 4.6 billion years
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Base your answers to questions 54 through 58 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 over-
turned. Rock unit A is an igneous intrusion and line XY represents an unconformity.

54 Based on fossil evidence, determine the geologic period during which the uncon-
formity formed.   [1]   

55 Identify the coral index fossil that would most likely be found in the same layer as
the index fossil Ctenocrinus.   [1]

56 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.   [1]

57 Describe the type of depositional environment in which the fossilized organisms
lived.   [1]

58 Identify one piece of evidence shown in this cross section that indicates that the
igneous intrusion, A, is older than the sandstone layer.   [1]
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Base your answers to questions 70 through 74 on the passage and the cross section below.  The passage
describes the geologic history of the Pine Bush region near Albany, New York.  The cross section shows the
bedrock and overlying sediment along a southwest to northeast diagonal line through a portion of this area.
Location A shows an ancient buried stream channel and location B shows a large sand dune.

The Pine Bush Region

The Pine Bush region, just northwest of Albany, New York, is a 40-square mile area
of sand dunes and wetlands covered by pitch pine trees and scrub oak bushes.  During
the Ordovician Period, this area was covered by a large sea.  Layers of mud and sand
deposited in this sea were compressed into shale and sandstone bedrock.

During most of the Cenozoic Era, running water eroded stream channels into the
bedrock. One of these buried channels is shown at location A in the cross section.  Over
the last one million years of the Cenozoic Era, this area was affected by glaciation.
During the last major advance of glacial ice, soil and bedrock were eroded and later
deposited as till (a mixture of boulders, pebbles, sand, and clay). 

About 20,000 years ago, the last glacier in New York State began to melt. The
meltwater deposited pebbles and sand, forming the stratified drift. During the 5000
years it took to melt this glacier, the entire Pine Bush area became submerged under
a large 350-foot-deep glacial lake called Lake Albany. Delta deposits of cobbles,
pebbles, and sand formed along the lake shorelines, and beds of silt and clay were
deposited farther into the lake.  

Lake Albany drained about 12,000 years ago, exposing the lake bottom. Wind
erosion created the sand dunes that cover much of the Pine Bush area today.

70 According to the passage, how old is the bedrock shown in the cross section?   [1]

71 What evidence shown at location A suggests that the channel in the bedrock was
eroded by running water?   [1]
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Base your answers to questions 47 through 50 on the cross sections of three rock outcrops, A, B, and C.
Line XY represents a fault.  Overturning has not occurred in the rock outcrops.

47 The volcanic ash layer is considered a good time marker for correlating rocks because
the volcanic ash layer
(1) has a dark color (3) lacks fossils
(2) can be dated using carbon-14 (4) was rapidly deposited over a wide area

48 Which sedimentary rock shown in the outcrops is the youngest?
(1) black shale (3) tan siltstone
(2) conglomerate (4) brown sandstone

49 What is the youngest geologic feature in the three bottom layers of outcrop C?
(1) fault (3) unconformity
(2) igneous intrusion (4) zone of contact metamorphism

50 Which processes were primarily responsible for the formation of most of the rock in
outcrop A?
(1) melting and solidification (3) compaction and cementation
(2) heating and compression (4) weathering and erosion

Outcrop A

Tan siltstone

Brown
sandstone

Conglomerate

Tan limestone

Volcanic ash
Green shale

Gray siltstone

Outcrop B

Conglomerate

Red sandstone

Gray siltstone

Tan limestone

Volcanic ash

Black shale

Gray limestone

Green shale

Outcrop C

Brown sandstone

Conglomerate

Tan limestone

Volcanic ash
Green shale

Gray limestone

Gray siltstone

Red sandstone
X

Y

Contact metamorphism

Igneous intrusion

Unconformity

Key



Part B–1

Answer all questions in this part.

Directions (36–50):  For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question.  Some questions
may require the use of the Earth Science Reference Tables.

Base your answers to questions 36 through 38 on the cross sections below, which represent two bedrock out-
crops 15 kilometers apart.  The rock layers have been numbered for identification and some contain the index
fossil remains shown.

36 When these rocks were deposited as sediments, this area was most likely
(1) under the ocean
(2) a desert between high mountains
(3) repeatedly covered by lava flows
(4) glaciated several times

37 Both organisms that formed the fossils found in rock layers 3 and 4
(1) lived during the same period of geologic time
(2) lived in polar regions
(3) are members of the same group of organisms
(4) are still alive today

38 Evidence best indicates that rock layers 4 and 8 were deposited during the same 
geologic period because both layers
(1) contain the same index fossil 
(2) are composed of glacial sediments
(3) contain index fossils of the same age
(4) are found in the same area

1

Outcrop 1 Outcrop 2

15 km

2

9

8

7

6

5

(Not drawn to scale)

3

4
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20 The photograph below shows a large boulder of
metamorphic rock in a field in the Allegheny
Plateau region of New York State.

The boulder was most likely moved to this
location by
(1) glacial ice (3) streamflow
(2) prevailing wind (4) volcanic action

21 The cross section below shows a rock sequence
that has not been overturned.

Which event occurred last at this location?
(1) Shale was deposited.
(2) Glacial till was deposited.
(3) Basaltic lava flows solidified.
(4) Glossopteris flourished and then became

extinct.

22 The map below shows a meandering river.  Points
A and B are locations on the banks of the river.

What are the dominant processes occurring at
locations A and B?
(1) deposition at location A; erosion at location B
(2) erosion at location A; deposition at location B
(3) deposition at both locations A and B
(4) erosion at both locations A and B

23 Which event in Earth’s history was dependent on
the development of a certain type of life-form?
(1) addition of free oxygen to Earth’s atmosphere
(2) formation of clastic sedimentary rocks
(3) movement of tectonic plates
(4) filling of the oceans by precipitation

24 The diagram below shows sand particles being
moved by wind.

At which Earth surface locations is this process
usually the most dominant type of erosion?
(1) deserts and beaches
(2) deltas and floodplains
(3) glaciers and moraines
(4) mountain peaks and escarpments

Wind

B

A

Contains
Glossopteris

fossils

Basalt
(lava flows)

Glacial (till)
deposits
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Base your answers to questions 42 through 44 on the cross section below, which shows the bedrock of a
portion of the Helderberg Escarpment, located in Thacher State Park near Albany, New York.  The rock 
formations are identified by name.

42 Which formations appear to be the most resistant to weathering?
(1) Esopus and Oriskany
(2) Onondaga and Coeymans 
(3) Schoharie, and Marcellus and Hamilton
(4) New Scotland, and Schenectady and Indian Ladder beds

43 What is the main factor that causes the bedrock to weather at different rates?
(1) elevation above sea level (3) age of rock layers
(2) mineral composition (4) environment of formation

44 The Manlius layer formed during the early Devonian Period.  What type of fossils
could possibly be found in the Manlius layer?
(1) earliest birds (3) Tetragraptus
(2) earliest reptiles (4) Ctenocrinus

Marcellus
and Hamilton

Onondaga

Esopus
Oriskany

Becraft

New Scotland

Coeymans

Manlius
Schenectady and Indian Ladder beds

Schenectady formation

Schoharie
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Base your answers to questions 62 and 63 on the information and diagram below. The diagram represents a
cliff of exposed bedrock that was investigated by an Earth science class.

Key to Rock Symbols

Sandstone

Basalt Shale

Folded limestone Granite

Contact
metamorphism
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After the students examined the cliff, they made three correct inferences about the
geologic history of the bedrock.

Inference 1: The shale layer is older than the basaltic intrusion.
Inference 2: The shale layer is older than the sandstone layer.
Inference 3: An unconformity exists directly under the shale layer.

62 Explain how each inference is supported by evidence shown in the diagram.    [3]

63 Students compared samples of the granite and basalt. State one observable character-
istic other than crystal size that makes granite different from basalt.    [1]

64 A seismic station in Massena, New York, recorded the arrival of the first P-wave at
1:30:00 (1 hour, 30 minutes, 00 seconds) and the first S-wave from the same earth-
quake at 1:34:30.
a Determine the distance, in kilometers, from Massena to the epicenter of this earth-

quake.   [1]
b State what additional information is needed to determine the location of the epi-

center of this earthquake.    [1]
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Base your answers to questions 31 and 32 on the diagram below, which shows a cross section of Earth’s crust.
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31 Which statement gives an accurate age relation-
ship for the bedrock in the cross section?
(1) Intrusion A is younger than intrusion C.
(2) Intrusion C is younger than intrusion B.
(3) Intrusion B is older than intrusion A.
(4) Intrusion C is older than layer E.

32 The most apparent buried erosional surface is
found between rock units
(1) A and B (3) D and F
(2) C and D (4) E and H

33 During a heavy rainfall, runoff will be greatest on
a soil that has an infiltration (permeability) rate of
(1) 0.1 cm/sec (3) 0.3 cm/sec
(2) 0.2 cm/sec (4) 1.2 cm/sec

34 Which inference is best supported by the rock
and fossil record in New York State?
(1) Eurypterids lived in shallow seas near present-

day Syracuse.
(2) Coelophysis wandered through jungles near

present-day Albany.
(3) The first coral reefs formed off the shoreline

of present-day Long Island.
(4) The condor nested on the peaks of the ances-

tral Adirondack Mountains during the
Grenville Orogeny.

35 The diagram below shows a rock with deformed
structure and intergrown crystals.

The rock was probably formed by
(1) sediments that were deposited on the ocean

floor
(2) heat and pressure that changed a preexisting

rock
(3) volcanic lava that cooled on Earth’s surface
(4) a meteor impact on Earth’s surface



Part B–2

Answer all questions in this part.  

Directions (51–63): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables. 

51 Identify by name the surface ocean current that cools the climate of locations on the
western coastline of North America.    [1]

Base your answers to questions 52 and 53 on diagrams I through III below. Diagrams I, II, and III represent the
length and direction of the shadow of a vertical stick measured at noon on three different dates at 42° N latitude.

52 Explain how the changing altitude (angle of incidence) of the noon Sun affects the
length of the shadows shown in the diagrams.    [1]

53 On the diagram provided in your answer booklet, draw the direction and length of the
shadow at noon that will most likely be observed at 42° N latitude on June 21.  [1]

54 The diagram below shows a cross section of New York State bedrock that has not
been overturned. Line X represents an unconformity.

The index fossil Eurypterus is found in the limestone layer. What trilobite index 
fossil could be found in the shale layer?     [1]
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Shadow
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NShadow
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Base your answers to questions 75 through 77 on the cross section below and on your knowledge of Earth
science. The cross section shows a portion of Earth’s crust. The age, in millions of years, of each boundary
between the different sedimentary rock layers is shown. The age of boundary X between the sedimentary rock
and the metamorphic rock is not shown. Assume no overturning has occurred.

75 Identify the geologic feature represented by boundary X.    [1]

76 Describe how the rock type below boundary X was formed.    [1]

77 Identify by name one index fossil that existed when the limestone rock shown in the
cross section was being formed.    [1]

Age
(millions
of years)

Metamorphic
rock

Sedimentary
rock layers

Boundary X

4,000 meters
above sea level

Sea level

323
362
418

443
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Base your answers to questions 78 through 80 on the diagram and table below. The diagram represents a
felsic igneous rock. Letters A, B, and C represent three different minerals in the rock sample. The table
describes the physical properties of minerals A, B, and C found in the igneous rock sample.

78 State the texture of this igneous rock.    [1]

79 On the table provided in your answer booklet, state the names of minerals A, B, and C.    [2]

80 State two processes responsible for the formation of an igneous rock.    [1]

Mineral
A
B
C

Physical Properties
pink, cleaves in two directions at 90°
white, cleaves in two directions, striations visible
colorless or clear with a glassy luster

Key

B

(Actual size)

A
AB

C C



Base your answers to questions 69 through 71 on the cross section below, which shows several rock 
formations found in New York State. The rock layers have not been overturned.

69 How does this cross section indicate that the Stockton sandstone is the oldest rock
layer?    [1]

70 State one piece of evidence that supports the fact that the Palisade Sill is younger
than the Brunswick sandstone.    [1]

71 State one tectonic event affecting North America that occurred at the same time as
the Palisade Sill intrusion.    [1]

Hammer Creek
conglomerate

Basalt flow

Contact metamorphism

Palisade Sill
(igneous intrusion)

Brunswick sandstone

Lockatong siltstone
formation containing
Coelophysis footprints

Stockton sandstone
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Base your answers to questions 43 and 44 on the bedrock cross section below. The cross section represents
part of Earth’s crust where natural gas, oil, and water have moved upward through a layer of folded sandstone
and filled the pore spaces at the top of the sandstone layer. 

43 The final arrangement of the natural gas, oil, and water within the sandstone was
caused by differences in their
(1) density (3) relative age
(2) specific heat (4) radioactive half-life

44 The natural gas, oil, and water are trapped within the top of the sandstone and do
not move upward through the shale because, compared to the sandstone, the shale
has
(1) lower permeability (3) larger pore spaces
(2) less foliation (4) larger particles
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Base your answers to questions 36 through 38 on the geologic cross section below in which overturning has
not occurred.  Letters A through H represent rock layers.  

36 Which sequence of events most likely caused the unconformity shown at the bottom
of rock layer B?
(1) folding → uplift → erosion → deposition
(2) intrusion → erosion → folding → uplift
(3) erosion → folding → deposition → intrusion
(4) deposition → uplift → erosion → folding

37 The folding of rock layers G through C was most likely caused by
(1) erosion of overlying sediments   (3) the collision of lithospheric plates
(2) contact metamorphism (4) the extrusion of igneous rock

38 Which two letters represent bedrock of the same age?
(1) A and E (3) F and G
(2) B and D (4) D and H

B

C
D

E
F

G

H

A

Part B–1

Answer all questions in this part. 

Directions (36–50): For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Earth Science Reference Tables. 



Base your answers to questions 47 through 49 on the cross section below.  Rock units are labeled 1 through 8.
The line between A and A′ indicates an unconformity.

47 Which characteristic of the granite intrusion provides the most evidence that it 
solidified deep underground?
(1) very hard (3) light color
(2) coarse texture (4) felsic composition

48 Which event occurred sometime after the formation of the unconformity?
(1) formation of rock unit 3
(2) tilting of rock unit 5
(3) deposition of the sediments that formed rock unit 8
(4) intrusion of rock unit 7

49 Which rock most probably formed in the contact metamorphic zone within rock unit 6?
(1) marble (3) quartzite
(2) basalt (4) hornfels
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32 The geologic cross section below shows a complex structure containing a granite intrusion. 

If the granite intrusion occurred 24 million years ago, what are the most 
probable ages of the schist and shale, in millions of years?
(1) schist – 25; shale – 23 (3) schist – 23; shale – 25
(2) schist – 25; shale – 26 (4) schist – 23; shale – 20

33 Which profile best shows the general depositional pattern that occurs when water from a stream enters the
ocean?

( 1 ) ( 3 )

( 2 ) ( 4 )
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Base your answers to questions 60 through 62 on the cross section below, which shows rock units 
A through E that have not been overturned.

60 Identify one metamorphic rock that may be found along the boundary between rock
units C and E.   [1]

61 Describe one piece of evidence shown in the cross section that can be used to infer
that rock unit A is younger than rock unit B.   [1]

62 State the diameter of a particle normally found in rock unit B.   [1]

63 The diagram below shows the position of sunrise along the horizon for a period of
time from September 10 until December 21, as seen by an observer near
Binghamton, New York.

State one reason why the position of sunrise changes during this time period.   [1]
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Part C

Answer all questions in this part.

Directions (66–85):  Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science.

Base your answers to questions 66 through 70 on the cross section below. Letters A through H represent rock
units in which overturning has not occurred.

66 Identify one metamorphic rock that could have formed at the boundary between
rock unit E and rock unit H.   [1]

67 Rock unit B contains fossils of Centroceras while rock unit F contains fossils of
Tetragraptus. Identify one geologic time period when rock unit D could have
formed.   [1]

68 Two inferences about the cross section are listed below.

Inference 1:  Rock unit G is older than the fault.
Inference 2:  Rock unit A is younger than rock unit C.

Explain how each inference is supported by evidence in the cross section.   [1]

69 Identify two processes that formed rock unit D from sediment.   [1]

70 State the diameter of a particle normally found in rock unit B.   [1]
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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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6 Which list shows stars in order of increasing
temperature?
(1) Barnard’s Star, Polaris, Sirius, Rigel
(2) Aldebaran, the Sun, Rigel, Procyon B
(3) Rigel, Polaris, Aldebaran, Barnard’s Star
(4) Procyon B, Alpha Centauri, Polaris, Betelgeuse

7 Which group of organisms is inferred to have
existed for the least amount of time in 
geologic history?
(1) trilobites (3) eurypterids
(2) dinosaurs (4) placoderm fish

8 Which weather variable can be determined by
using a psychrometer?
(1) barometric pressure
(2) cloud cover
(3) relative humidity
(4) wind speed

9 The cross section below shows sedimentary
bedrock layers A, B, C, and D exposed at Earth’s
surface.

Which layer appears to be the least resistant to
weathering?
(1) A (3) C
(2) B (4) D

10 Which rock was organically formed and some-
times contains fossilized plant impressions?
(1) rock gypsum (3) breccia
(2) phyllite (4) coal

11 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?

12 Most scientists believe the Milky Way Galaxy is
(1) spherical in shape   
(2) 4.6 billion years old
(3) composed of stars revolving around Earth
(4) one of billions of galaxies in the universe
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Base your answers to questions 57 through 61 on the diagram and information below.

The diagram shows a cross section of a portion of Earth’s crust that has undergone geo-
logical processes. Overturning of rock layers has not occurred. Point A represents one loca-
tion of metamorphic rock.

57 State one piece of evidence that indicates basalt is the youngest rock unit in the cross
section.       [1]

58 As magma cools, what process changes it into basalt?       [1]

59 State the name of the inorganic sedimentary rock shown in the cross section that is
composed of sediment with the greatest range in particle size.       [1]

60 State the name of the rock, formed by contact metamorphism, located at A.     [1]

61 State one piece of evidence that shows that crustal uplift has occurred in this region.
[1]

Base your answers to questions 62 through 64 on the weather information below.

A student using a sling psychrometer obtained a dry-bulb reading of 20°C and a wet-
bulb reading of 16°C for a parcel of air outside the classroom. 

62 State the dewpoint.     [1]

63 State the change in relative humidity as the air temperature and the dewpoint get
closer to the same value.     [1]

64 On another day, the student determined the dewpoint was 70°F. Record the dew-
point, using the proper format, in the correct location on the weather station model
provided in your answer booklet.     [1]
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Limestone
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30 The diagram below shows a meandering stream
flowing across nearly flat topography and over
loose sediments.

If arrow length represents stream velocity, which
diagram best shows the relative stream velocities
in this section of the stream?

31 Bedrock located near Old Forge, New York,
would most likely have which characteristics?
(1) clastic texture consisting of angular sediments of

mostly quartz and feldspar cemented together
(2) crystalline texture composed predominantly

of gypsum
(3) noncrystalline, glassy texture with a dark color 
(4) foliated texture with mica and feldspar sepa-

rated into bands

32 Bedrock of which four consecutive geologic 
periods is best preserved in New York State? 
(1) Cambrian, Ordovician, Silurian, Devonian
(2) Devonian, Carboniferous, Permian, Triassic
(3) Permian, Triassic, Jurassic, Cretaceous
(4) Jurassic, Cretaceous, Tertiary, Quaternary

33 The diagram below represents bedrock layers
found in an outcrop. Three index fossils are found
within the bedrock layers.

Which evidence best suggests that this outcrop
has undergone crustal movement?
(1) The same rock layers appear twice within the

outcrop.
(2) The trilobite fossil is not found in all five 

layers.
(3) The sedimentary layers have the same thick-

ness.
(4) The eurypterid fossil is absent in the middle

layer.

34 A student determines the density of a mineral 
to be 1.5 grams per cubic centimeter. If the
accepted value is 2.0 grams per cubic centimeter,
what is the student’s percent deviation (percent
error)?
(1) 25.0% (3) 40.0%
(2) 33.3% (4) 50.0%

35 What is the best way to determine if a mineral
sample is calcite or quartz?
(1) Observe the color of the mineral.
(2) Place the mineral near a magnet.
(3) Place a drop of acid on the mineral.
(4) Measure the mass of the mineral.
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26 Geologic cross sections A through F shown below represent different stages in the development of one part
of Earth’s crust over a long period of geologic time.

What is the correct order of development from the original (oldest) stage to the most
recent (youngest) stage?
(1) B → D → C → F → A → E (3) E → A → D → F → C → B
(2) B → F → C → D → E → A (4) E → A → F → C → D → B

B

C

D

E

F

A

27 The list below shows characteristics that vary
from place to place on Earth. 

a Radioactive substances
b Bedrock structures
c Duration of insolation
d Hillslopes
e Stream patterns
f Atmospheric composition

Observations and measurements of which three
characteristics would be most useful in describ-
ing landscapes?
(1) a, b, and c (3) b, d, and e
(2) b, c, and f (4) d, e, and f

28 Uranium-238 that crystallized at the same time
Earth formed has undergone approximately how
many half-lives of radioactive decay?
(1) one half-life (3) three half-lives
(2) two half-lives (4) four half-lives

29 The photograph below shows a piece of halite
that has been recently broken.

Which physical property of halite is demonstrated
by this pattern of breakage?
(1) hardness (3) cleavage
(2) streak (4) luster
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Base your answers to questions 69 through 73 on the passage and cross section below, which explain how
some precious gemstones form. The cross section shows a portion of the ancient Tethys Sea, once located
between the Indian-Australian Plate and the Eurasian Plate.

Precious Gemstones

Some precious gemstones are a form of the mineral corundum, which has a hard-
ness of 9.  Corundum is a rare mineral made up of closely packed aluminum and 
oxygen atoms, and its formula is Al2O3.  If small amounts of chromium replace some
of the aluminum atoms in corundum, a bright-red gemstone called a ruby is produced.
If traces of titanium and iron replace some aluminum atoms, deep-blue sapphires can
be produced.

Most of the world’s ruby deposits are found in metamorphic rock that is located
along the southern slope of the Himalayas, where plate tectonics played a part in ruby
formation. Around 50 million years ago, the Tethys Sea was located between what is
now India and Eurasia.  Much of the Tethys Sea bottom was composed of limestone
that contained the elements needed to make these precious gemstones.  The Tethys
Sea closed up as the Indian-Australian Plate pushed under the Eurasian Plate, creat-
ing the Himalayan Mountains. The limestone rock lining the seafloor underwent 
metamorphism as it was pushed deep into Earth by the Indian-Australian Plate. For
the next 40 to 45 million years, as the Himalayas rose, rubies, sapphires, and other
gemstones continued to form.

69 Which element replaces some of the aluminum atoms, causing the bright-red color
of a ruby?   [1]

70 State one physical property of rubies, other than a bright-red color, that makes them
useful as gemstones in jewelry.   [1]

71 Identify the metamorphic rock in which the rubies and sapphires that formed along
the Himalayas are usually found.   [1]

72 During which geologic epoch did the events shown in the cross section of the Tethys
Sea occur?   [1]

73 What type of tectonic plate boundary is shown in the cross section?   [1]
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Base your answers to questions 47 through 50 on the information, map, and cross section below.

The map represents a portion of Earth’s surface in the Pacific Ocean. The positions
of islands, earthquake epicenters, active volcanoes, and the Tonga Trench are shown.
Lines of latitude and longitude have been included.

The cross section shows earthquakes that occurred beneath line XY on the map.
Depth beneath Earth’s surface is indicated by the scale along the left side of the cross
section, as are the range of depths for shallow, intermediate, and deep earthquakes.
Distance from the trench is indicated by the scale along the bottom of the cross sec-
tion.

47 The Tonga Trench is located at the tectonic boundary between the Pacific Plate and
the
(1) Antarctic Plate (3) Indian-Australian Plate
(2) Philippine Plate (4) Nazca Plate

48 The greatest number of earthquakes shown in the cross section occurred
(1) at sea level
(2) between sea level and a depth of 100 km
(3) at a depth between 100 and 300 km
(4) at a depth between 300 and 600 km
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28 The fossil below was found in surface bedrock in
the eastern United States.

Which statement best describes the formation of
the rock containing this fossil?
(1) The rock was formed by the metamorphism

of sedimentary rock deposited in a terrestrial
environment during the Cretaceous Period.

(2) The rock was formed by the compaction and
cementation of sediments deposited in a ter-
restrial environment during the Triassic Period.

(3) The rock was formed by the compaction and
cementation of sediments deposited in a
marine environment during the Cambrian
Period.

(4) The rock was formed from the solidification
of magma in a marine environment during
the Triassic Period.

29 The diagram below 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
(2) Allegheny Plateau
(3) Adirondack Mountains
(4) Newark Lowlands

30 The topographic map below shows a hill. Points X
and Y represent locations on the hill’s surface.
Elevations are shown in meters.

What is the gradient between points X and Y?
(1) 40 m/km (3) 100 m/km
(2) 80 m/km (4) 120 m/km
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Base your answers to questions 26 and 27 on the photograph below, which shows a bedrock outcrop in
northeastern New York State.  Line AB is an unconformity between sandstone C and metamorphic rock D.  

26 The lower layers of sediment found in sandstone C were deposited 520 million years
ago.  During which period of geologic time did this deposition occur?
(1) Cambrian (3) Silurian
(2) Ordovician (4) Triassic

27 After the metamorphism of rock D, which sequence of events most probably formed
unconformity AB? 
(1) flooding → deposition → erosion → uplift
(2) uplift → erosion → flooding → deposition
(3) deposition → flooding → uplift → erosion
(4) erosion → flooding → uplift → deposition

A
B

C

D

28 Which agent of erosion was primarily responsible
for forming the long, narrow, U-shaped valleys in
the Finger Lakes region of New York State?
(1) wind
(2) landslides
(3) meandering streams
(4) continental glaciers

29 Which observation about the Mid-Atlantic Ridge
region provides the best evidence that the
seafloor has been spreading for millions of years?
(1) The bedrock of the ridge and nearby seafloor

is igneous rock.
(2) The ridge is the location of irregular volcanic

eruptions.
(3) Several faults cut across the ridge and nearby

seafloor. 
(4) Seafloor bedrock is younger near the ridge

and older farther away. 
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26 What is the inferred temperature at the boundary
between Earth’s stiffer mantle and outer core?
(1) 2,500°C (3) 5,000°C
(2) 4,500°C (4) 6,200°C

27 Which color of the visible spectrum has the 
shortest wavelength?
(1) violet (3) yellow
(2) blue (4) red

28 The diagram below shows the interaction of two
tectonic plates.

The type of plate boundary represented in the
diagram most likely exists between the
(1) Antarctic Plate and the African Plate
(2) Antarctic Plate and the Indian-Australian Plate
(3) South American Plate and the Nazca Plate
(4) South American Plate and the African Plate

29 When 1 gram of liquid water at 0° Celsius freezes
to form ice, how many total calories of heat are
lost by the water?
(1) 1 (3) 80 
(2) 0.5 (4) 540 

30 The shore of which New York State body of water
has large amounts of metamorphic bedrock
exposed at the surface? 
(1) western shore of Lake Champlain
(2) eastern shore of Lake Erie
(3) southern shore of Long Island Sound
(4) southern shore of Lake Ontario

31 Which graph best shows the radioactive decay of
carbon-14?  

32 Approximately what percentage of the estimated
age of Earth does the Cenozoic Era represent?
(1) 1.4% (3) 11.9%
(2) 5.0% (4) 65.0%

33 The geologic cross section below shows the geo-
logic age of two rock layers separated by an
unconformity.

The unconformity at the bottom of the Silurian
rock layer indicates a gap in the geologic time
record. What is the minimum time, in millions of
years, shown by the gap?
(1) 13 (3) 101
(2) 47 (4) 126

Silurian

Cambrian

N
um

be
r 

of
 C

14
 A

to
m

s

Time (years)
( 1 )

N
um

be
r 

of
 C

14
 A

to
m

s

Time (years)
( 3 )

N
um

be
r 

of
 C

14
 A

to
m

s

Time (years)
( 2 )

N
um

be
r 

of
 C

14
 A

to
m

s

Time (years)
( 4 )

C14 C14

C14 C14

(Not drawn to scale)

Oceanic crust

Upper mantle

Volcanic
mountain

range

Upper mantle

Trench

Continental crust



P.S./E. Sci.–Jan. ’09 [6]

19 The diagram below indicates the amount of solar radiation that is reflected by equal areas of various
materials on Earth’s surface.

Which material absorbs the most solar radiation?
(1) grassy field (3) sand
(2) fresh snow (4) forest

20 The diagram below shows a process thought to have produced Earth’s early atmosphere.

Which major component is shown as gas X?
(1) helium (3) carbon dioxide
(2) ozone (4) hydrogen
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