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Base your answers to questions 43 through 46 on the diagram and map below. The diagram shows three 
seismograms of the same earthquake recorded at three different seismic stations, X, Y, and Z. The distances
from each seismic station to the earthquake epicenter have been drawn on the map. A coordinate system has
been placed on the map to describe locations. The map scale has not been included.
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31 The map below shows a portion of Earth’s surface.  Points X and Y are locations on the lithosphere.

Which cross section shows the inferred movement of material in the asthenosphere beneath points X and Y?

32 The block diagrams below, labeled A, B, and C, show the relative elevation and rock structure of three
different landscape regions.

Which set correctly identifies the landscape region shown in each block diagram?
(1) A–mountain, B–plateau, C–plain (3) A–plateau, B–mountain, C–plain
(2) A–mountain, B–plain, C–plateau (4) A–plateau, B–plain, C–mountain
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24 The map below shows the northern section of the
boundary between the Arabian Plate and the
African Plate.  Arrows show the relative direction
of plate motion.

Which type of plate boundary is located at the
Jordan Fault?
(1) divergent (3) convergent
(2) subduction (4) transform

25 A seismograph station recorded the arrival of 
the first P-wave at 7:32 p.m. from an earthquake
that occurred 4000 kilometers away.  What time
was it at the station when the earthquake
occurred?
(1) 7:20 p.m. (3) 7:32 p.m.
(2) 7:25 p.m. (4) 7:39 p.m.

26 Which temperature is inferred to exist in Earth’s
plastic mantle?
(1) 2000°C (3) 5000°C
(2) 3000°C (4) 6000°C

27 Which statement correctly compares seismic 
P-waves with seismic S-waves? 
(1) P-waves travel faster than S-waves and pass

through Earth’s liquid zones.
(2) P-waves travel faster than S-waves and do not

pass through Earth’s liquid zones.
(3) P-waves travel slower than S-waves and pass

through Earth’s liquid zones.
(4) P-waves travel slower than S-waves and do

not pass through Earth’s liquid zones.

28 What is the geologic age sequence of the surface
bedrock from Ithaca, New York, to Watertown,
New York?
(1) Ordovician, Taconic, Cambrian
(2) Ordovician, Tertiary, Pleistocene
(3) Devonian, Silurian, Cambrian
(4) Devonian, Silurian, Ordovician

29 A whalebone that originally contained 200 grams
of radioactive carbon-14 now contains 
25 grams of carbon-14.  How many carbon-14
half-lives have passed since this whale was alive?
(1) 1 (3) 3
(2) 2 (4) 4

30 Which geologic event occurred during the same
geologic period as the first appearance of modern
corals in Earth’s oceans?
(1) Grenville Orogeny
(2) Acadian Orogeny
(3) intrusion of the Palisades Sill
(4) formation of the Catskill Delta

31 The presence of eurypterid fossils in New York
State bedrock indicates that 
(1) eurypterids lived in land environments
(2) eurypterids first appeared on Earth during

the Devonian Period
(3) most of New York State was once a moun-

tainous region
(4) areas of New York State were once covered

with shallow seas
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Base your answers to questions 44 through 46 on the map below.  The ! represents Mt. Hekla, a volcano
in Iceland.  The isolines represent the thickness of ash, in centimeters, that settled on Earth’s surface after a 
volcanic eruption of Mt. Hekla on March 29, 1947.  Point X is a location on the surface of the ash.

44 At the time of the eruption, the wind direction was primarily from the 
(1) east (3) north
(2) west (4) south

45 How many centimeters thick was the ash beneath point X? 
(1) 0 (3) 20
(2) 15 (4) 25 

46 In addition to the ash, solid rock formed on Mt. Hekla from the lava extruded 
during this eruption.  This rock is most likely 
(1) light-colored metamorphic (3) fine-grained igneous
(2) dark-colored metamorphic (4) coarse-grained igneous
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Base your answers to questions 67 through 69 on the cross section below, which shows the major surface
features of Earth along 25° S latitude between 75° W and 15° E longitude. Points A, B, and C represent
locations on Earth’s crust.

67 Identify the crustal feature located at point A.   [1]

68 Identify the tectonic plate motion that is causing an increase in the distance between
South America and Africa.   [1]

69 Bedrock samples were taken at the mid-ocean ridge and points B and C.  On the
grid in your answer booklet, draw a line to show the relative age of the bedrock sam-
ples between these locations.   [1]
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(Not drawn to scale)
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Base your answers to questions 53 through 57 on the map below, which shows the generalized surface
bedrock geology of Iceland, an island located on the Mid-Atlantic Ridge. Points A, B, C, and D are locations on
surface bedrock which is igneous in origin. Glaciers cover some surface bedrock.

53 State the change in the relative ages of the surface bedrock along the line from A
to B to C.   [1]

54 According to the map, during which geologic era did the surface bedrock at 
location D form?   [1]

55 Identify one fine-grained, highly mafic, volcanic rock likely found as surface bedrock
in Iceland.   [1]

56 State the names of the two crustal plates that are diverging at Iceland.   [1]

57 In addition to crustal plate divergence, what feature located in the mantle beneath
Iceland may be causing Iceland’s volcanic activity?   [1]
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Base your answers to questions 57 and 58 on the map and table below. The map shows the name and 
location of the volcanic peaks in the Cascade Mountain Range of the northwestern United States west of the
Yellowstone Hot Spot. The table shows the major eruptions of each peak over the past 4,000 years.

57 During which geologic epoch did the volcanic activity shown on the table occur?     [1]

58 On the cross section provided in your answer booklet, place an arrow in the 
continental crust and an arrow in the oceanic crust to show the relative directions of
plate movement.    [1]

59 Which layer of Earth is composed of both the crust and the rigid mantle?    [1]
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Base your answers to questions 74 through 79 on the reading passage and maps below and on your 
knowledge of Earth science. The enlarged map shows the location of volcanoes in Colombia, South America.

Fire and Ice — and Sluggish Magma

On the night of November 13, 1985, Nevado del Ruiz, a 16,200-foot (4,938 meter) snow-
capped volcano in northwestern Colombia, erupted. Snow melted, sending a wall of mud and
water raging through towns as far as 50 kilometers away, and killing 25,000 people.

Long before disaster struck, Nevado del Ruiz was marked as a trouble spot. Like
Mexico City, where an earthquake killed at least 7,000 people in October 1985, Nevado del
Ruiz is located along the Ring of Fire. This ring of islands and the coastal lands along the
edge of the Pacific Ocean are prone to volcanic eruptions and crustal movements.

The ring gets its turbulent characteristics from the motion of the tectonic plates under
it. The perimeter of the Pacific, unlike that of the Atlantic, is located above active tectonic
plates. Nevado del Ruiz happens to be located near the junction of four plate boundaries.
In this area an enormous amount of heat is created, which melts the rock 100 to 200 kilo-
meters below Earth’s surface and creates magma.

Nevado del Ruiz hadn’t had a major eruption for 400 years before this tragedy. The 
reason: sluggish magma. Unlike the runny, mafic magma that makes up the lava flows of
oceanic volcanoes such as those in Hawaii, the magma at this type of subduction plate
boundary tends to be sticky and slow moving, forming the rock andesite when it cools. This
andesitic magma tends to plug up the opening of the volcano. It sits in a magma chamber
underground with pressure continually building up. Suddenly, tiny cracks develop in Earth’s
crust, causing the pressure to drop. This causes the steam and other gases dissolved in the
magma to violently expand, blowing the magma plug free. Huge amounts of ash and debris
are sent flying, creating what is called an explosive eruption.

Oddly enough, the actual eruption of Nevado del Ruiz didn’t cause most of the destruc-
tion. It was caused not by lava but by the towering walls of sliding mud created when large
chunks of hot ash and pumice mixed with melted snow.

North
America

South
America

Pacific
Ocean

Huila

Tolima

Purace
Dona Juana

Galeras

Pacific
Ocean

Nevado del Ruiz

Caribbean Sea

Colombia

Locator Plate Map Enlarged Map Showing Volcanoes of Colombia

Volcanoes

Key0 150 300 km

0 150 300 miles

P.S./E. Sci.–June ’04 [22]



16 Most water vapor enters Earth’s atmosphere by
the processes of
(1) condensation and precipitation
(2) radiation and cementation
(3) conduction and convection
(4) evaporation and transpiration

17 At an altitude of 95 miles above Earth’s surface,
nearly 100% of the incoming energy from the
Sun can be detected. At 55 miles above Earth’s
surface, most incoming x-ray radiation and some
incoming ultraviolet radiation can no longer be
detected. This missing radiation was most likely
(1) absorbed in the thermosphere
(2) absorbed in the mesosphere
(3) reflected by the stratosphere
(4) reflected by the troposphere

18 Weather along most fronts is usually cloudy with
precipitation because the warm air along most
fronts is usually
(1) sinking and cooling, causing water to evaporate
(2) sinking and warming, causing water to evapo-

rate
(3) rising and cooling, causing water vapor to con-

dense
(4) rising and warming, causing water vapor to

condense

19 Which cross section below best represents the
crustal plate motion that is the primary cause of
the volcanoes and deep rift valleys found at mid-
ocean ridges?

( 1 ) ( 3 )

( 2 ) ( 4 )
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15 The arrows on the two maps below show how the monsoon winds over India change direction with the 
seasons.

How do these winds affect India’s weather in summer and winter?
(1) Summer is cooler and less humid than winter.
(2) Summer is warmer and more humid than winter.
(3) Winter is warmer and less humid than summer.
(4) Winter is cooler and more humid than summer.
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27 The diagram below shows some features of Earth’s crust and upper mantle.

Which model most accurately shows the movements (arrows) associated with the sur-
face features shown in the diagram?
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40 Which model best represents the apparent path of the Sun observed at various times during the year at the
Equator?
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41 The topographic map below shows a particular
landscape.

Which map best represents the stream drainage
pattern for this landscape?

42 Which diagram correctly shows how mantle con-
vection currents are most likely moving beneath
colliding lithospheric plates?

43 Which two rocks have the most similar mineral
composition?
(1) marble and rhyolite
(2) limestone and basalt
(3) quartzite and rock salt
(4) granite and phyllite
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31 The block diagram below shows a part of the eastern coastline of North America. Points A, B, and C are 
reference points along the coast.

Which list best represents the primary processes occurring along the coastline at
points A, B, and C?
(1) A — folding; B — subduction; C — crosscutting
(2) A — weathering; B — erosion; C — deposition
(3) A — faulting; B — conduction; C — mass movement
(4) A — precipitation; B — infiltration; C — evaporation

32 The block diagram below shows the boundary between two tectonic plates.

Which type of plate boundary is shown?
(1) divergent (3) transform
(2) convergent (4) complex
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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 42 through 45 on the cross section below, which shows the boundary
between two lithospheric plates. Point X is a location in the continental lithosphere. The depth below Earth’s
surface is labeled in kilometers.

42 Between which two lithospheric plates could this boundary be located?
(1) South American Plate and African Plate
(2) Scotia Plate and Antarctic Plate
(3) Nazca Plate and South American Plate
(4) African Plate and Arabian Plate

43 Compared to the continental crust, the oceanic crust is
(1) less dense and thinner (3) more dense and thinner
(2) less dense and thicker (4) more dense and thicker

44 The temperature of the asthenosphere at the depth where melting first occurs is
inferred to be approximately
(1) 100°C (3) 4200°C
(2) 1300°C (4) 5000°C

45 Point X is located in which Earth layer?
(1) rigid mantle (3) asthenosphere
(2) stiffer mantle (4) outer core
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34 The block diagram below shows a tectonic plate boundary.  Points A and B represent locations on Earth’s
surface.

Which graph best shows the depths of most major earthquakes whose epicenters lie
between A and B?
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Base your answers to questions 73 through 76 on the map and block diagram below.  The map shows the 
location of North Island in New Zealand.  The block diagram shows a portion of North Island.  The Hikurangi
Trench is shown forming at the edge of the Pacific Plate.  Point X is at the boundary between the lithosphere
and the asthenosphere.  

73 State the approximate temperature at point X.   [1]

74 On what tectonic plate are both North Island and White Island located?   [1]

75 Describe the type of tectonic plate motion that formed the Hikurangi Trench.   [1]

76 Describe one action that people on North Island should take if a tsunami warning is
issued.   [1] 
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Base your answers to questions 41 through 43 on
the map below, which shows the location of the Peru-
Chile Trench.

41 The Peru-Chile Trench marks the boundary
between the
(1) Pacific Plate and the Antarctic Plate
(2) Nazca Plate and the South American Plate
(3) North American Plate and the Cocos Plate
(4) Caribbean Plate and the Scotia Plate

42 In which diagram do the arrows best represent the
motions of Earth’s crust at the Peru-Chile Trench?

43 Which observation provides the best evidence of
the pattern of crustal movement at the Peru-
Chile Trench?
(1) the direction of flow of warm ocean currents
(2) the mineral composition of samples of mafic

mantle rock
(3) comparison of the rates of sediment deposition
(4) the locations of shallow-focus and deep-

focus earthquakes

44 The table below shows the altitude and compass
direction of one planet, as viewed by an observer
in New York State at 10 p.m. on the first day of
each month from April through November.

Month Altitude Compass Direction
April 20° SW
May 23° SSW
June 25° S
July 29° SSE
August 33° SE
September 38° S
October 42° SW
November 45° S

Which graph best represents a plot of this 
planet’s apparent path, as viewed by the observer
over the 7-month period?
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28 Which cross section below best represents the conditions that cause early winter lake-effect snowstorms in
New York State?

29 Which block diagram best represents the relative direction of plate motion at the San Andreas Fault?
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30 Which graph best shows the inferred density of Earth’s interior as depth increases from the upper mantle
to the lower mantle?

D
en

si
ty

 (
g/

cm
3 )

7

6

5

4

3

Upper
mantle

Lower
mantle

Depth Below Surface

( 1 )

D
en

si
ty

 (
g/

cm
3 )

7

6

5

4

3

Upper
mantle

Lower
mantle

Depth Below Surface

( 3 )

D
en

si
ty

 (
g/

cm
3 )

7

6

5

4

3

Upper
mantle

Lower
mantle

Depth Below Surface

( 2 )

D
en

si
ty

 (
g/

cm
3 )

7

6

5

4

3

Upper
mantle

Lower
mantle

Depth Below Surface

( 4 )

31 The Catskills landscape region is classified as a
plateau primarily because the region has
(1) V-shaped valleys
(2) jagged hilltops
(3) horizontal bedrock structure
(4) folded metamorphic rock

32 London, England, is located at approximately 
51° 30' north latitude and 0° longitude. Elmira,
New York, is located at approximately 42° 10' north
latitude and 76° 54' west longitude.  What is one
reason why London has a warmer average winter
temperature than Elmira?
(1) London is located closer to the equator.
(2) London is located at a higher elevation.
(3) London’s climate is modified by the North

Atlantic Ocean Current.
(4) London’s climate is modified by its longer

duration of insolation. 

33 In which diagram is the observer experiencing
the greatest intensity of insolation?
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34 The block diagram below shows a tectonic plate boundary.  Points A and B represent locations on Earth’s
surface.

Which graph best shows the depths of most major earthquakes whose epicenters lie
between A and B?
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16 Most water vapor enters Earth’s atmosphere by
the processes of
(1) condensation and precipitation
(2) radiation and cementation
(3) conduction and convection
(4) evaporation and transpiration

17 At an altitude of 95 miles above Earth’s surface,
nearly 100% of the incoming energy from the
Sun can be detected. At 55 miles above Earth’s
surface, most incoming x-ray radiation and some
incoming ultraviolet radiation can no longer be
detected. This missing radiation was most likely
(1) absorbed in the thermosphere
(2) absorbed in the mesosphere
(3) reflected by the stratosphere
(4) reflected by the troposphere

18 Weather along most fronts is usually cloudy with
precipitation because the warm air along most
fronts is usually
(1) sinking and cooling, causing water to evaporate
(2) sinking and warming, causing water to evapo-

rate
(3) rising and cooling, causing water vapor to con-

dense
(4) rising and warming, causing water vapor to

condense

19 Which cross section below best represents the
crustal plate motion that is the primary cause of
the volcanoes and deep rift valleys found at mid-
ocean ridges?
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15 The arrows on the two maps below show how the monsoon winds over India change direction with the 
seasons.

How do these winds affect India’s weather in summer and winter?
(1) Summer is cooler and less humid than winter.
(2) Summer is warmer and more humid than winter.
(3) Winter is warmer and less humid than summer.
(4) Winter is cooler and more humid than summer.
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31 The map below shows a portion of Earth’s surface.  Points X and Y are locations on the lithosphere.

Which cross section shows the inferred movement of material in the asthenosphere beneath points X and Y?

32 The block diagrams below, labeled A, B, and C, show the relative elevation and rock structure of three
different landscape regions.

Which set correctly identifies the landscape region shown in each block diagram?
(1) A–mountain, B–plateau, C–plain (3) A–plateau, B–mountain, C–plain
(2) A–mountain, B–plain, C–plateau (4) A–plateau, B–plain, C–mountain

A B C

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

X Y X Y X Y X Y

African
Plate

Arabian Plate
X

Y
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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
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32 Which graph shows the relative duration of geologic time for the Precambrian, Paleozoic, Mesozoic, and
Cenozoic time intervals?
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Base your answers to questions 45 and 46 on the cross section below, which shows an underwater 
mountain range in the Atlantic Ocean. The oceanic bedrock is composed mainly of basalt. Points X and Y are
locations in the bedrock that have been diverging at the same rate. The movement of the North American Plate
and Eurasian Plate is shown by the two arrows.

45 Which statements best describe the age and magnetic orientation of the basalts found
at locations X and Y?
(1) The basalt at location X is younger than the basalt at location Y.  Both 

locations have the same magnetic orientation.
(2) The basalts at locations X and Y are the same age.  Both locations have the 

same magnetic orientation.
(3) The basalts at locations X and Y are the same age.  Location X has normal 

magnetic orientation and location Y has reversed magnetic orientation.
(4) The basalt at location X is older than the basalt at location Y.  Location X has 

reversed magnetic orientation and location Y has normal magnetic orientation.

( Not drawn to scale)

Atlantic Ocean

North American Plate Eurasian Plate

X Y
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28 Which cross section below best represents the conditions that cause early winter lake-effect snowstorms in
New York State?

29 Which block diagram best represents the relative direction of plate motion at the San Andreas Fault?
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26 The cross section below shows a drill rig used to
collect rock samples from below Earth’s surface.    

The rock samples collected from the bottom of
the drill hole came from which Earth layer?
(1) lithosphere (3) asthenosphere
(2) hydrosphere (4) stiffer mantle

27 Which sequence shows the order in which land-
scape regions are crossed as an airplane flies in a
straight course from Albany, New York, to
Massena, New York?
(1) plateau → plain → mountain
(2) plateau → mountain → plain
(3) plain → mountain → plain 
(4) mountain → plain → plateau

28 Why are Precambrian gneiss cobbles and boulders
commonly found on top of the surface bedrock in
the Catskills?
(1) The surface bedrock of the Catskills is com-

posed of Precambrian gneiss.
(2) The surface bedrock of the Catskills has been

overturned.
(3) Many meteorites composed of gneiss have

landed in the Catskills.
(4) Glaciers transported these rocks from the

Adirondacks to the Catskills.

29 Which component of Earth’s atmosphere is
classified as a greenhouse gas?
(1) oxygen (3) helium
(2) carbon dioxide (4) hydrogen

30 The cross section below shows the rock structure
of a deeply eroded, domed mountain region.

Which map shows the stream drainage pattern
that will most likely develop as the bedrock is
weathered and eroded from this igneous dome?

Earth’s
surface

2 kilometers

Drill rig

(Not drawn to scale)

(Not drawn to scale)

Igneous
intrusion

( 1 ) ( 3 )

( 2 ) ( 4 )
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Base your answers to questions 36 through 40 on the diagram below, which represents zones of Earth’s 
interior, identified by letters A through E. The scale shows depths below Earth’s surface, measured in 
kilometers.

36 The Moho is a boundary located in zone
(1) A (3) E
(2) B (4) D

37 What is the approximate thickness of zone C?
(1) 650 km (3) 2250 km
(2) 1600 km (4) 2900 km

38 Which zone is characterized by partially melted rock and large-scale convection 
currents?
(1) zone A (3) zone C
(2) zone B (4) zone E

39 Which zone of Earth’s interior has a density closest to the densities of the other 
terrestrial planets?
(1) zone A (3) zone C
(2) zone E (4) zone D

40 S-waves produced by an earthquake are transmitted through zones
(1) A and B, but not zones C, D, and E (3) C, D, and E, but not zones A and B
(2) A, B, and C, but not zones D and E (4) D and E, but not zones A, B, and C

0 1000 2000 3000 4000 5000 6000  km

A B C D E

Part B–1

Answer all questions in this part.

Directions (36–50):  For each statement or question, choose 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. Record your answers on your separate answer sheet.



Base your answers to questions 46 and 47 on the diagrams below.  Diagram 1 represents a cross section of
Earth and its interior layers.  The asterisk ( ) shows the location of an earthquake epicenter.  Letters 
A through D are seismic stations on Earth’s surface.  

Diagram 2 shows four seismograms labeled I, II, III, and IV, which were recorded at seismic stations 
A, B, C, and D during the same time interval.

P-wave
arrival

S-wave arrival

P-wave
arrival

S-wave arrival

I

III

P-wave
arrivalIV

II

P-wave
arrival

S-wave arrival

Diagram 2

A

B

C

D

Mantle

Outer core

Inner
core

Diagram 1
Earthquake
epicenter

(Not drawn to scale)
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Base your answers to questions 54 through 56 on the table below, which lists the location of some 
earthquakes, their Richter magnitude, and their year of occurrence.

Data Table

54 What data do scientists use to determine the magnitude of earthquakes without 
visiting the actual sites?   [1]

55 The locations of the earthquakes listed in the table are shown on the map below. 

Explain how the locations of these earthquakes are related to tectonic plates.   [1]

56 Identify the process in Earth’s asthenosphere that is inferred to be the cause of 
tectonic plate motion.   [1]
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San Francisco
Messina
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Location Richter Magnitude Year

San Francisco, United States 7.8 1906

Messina, Italy 7.5 1908

Tokyo, Japan 8.3 1923

San Francisco, United States 7.1 1989
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13 The data table below shows the origin depths of
all large-magnitude earthquakes over a 20-year
period.

Data Table

According to these data, most of these 
earthquakes occurred within Earth’s
(1) lithosphere (3) stiffer mantle
(2) asthenosphere (4) outer core

14 What is the largest sediment that can be 
transported by a stream that has a velocity of 
125 cm/sec?
(1) cobbles (3) sand
(2) pebbles (4) clay

15 The photograph below shows a valley.

Which agent of erosion most likely produced this
valley’s shape?
(1) wave action (3) blowing wind
(2) moving ice (4) flowing water

16 Deposition within a meandering stream usually
occurs on the inside of the curves because the
(1) water velocity decreases
(2) stream gradient increases
(3) water is deeper
(4) stream is narrower

17 The diagram below shows an outcrop of different
layers of sandstone in a region receiving heavy
rainfall.

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

18 Which process led to the formation of thick salt
deposits found in the bedrock at some locations
in New York State?
(1) melting (3) condensation
(2) runoff (4) evaporation

19 Oxygen is the most abundant element by volume
in Earth’s
(1) inner core (3) hydrosphere
(2) troposphere (4) crust

20 Most insolation striking a smooth, light-colored,
solid surface is
(1) refracted (3) reflected
(2) transmitted (4) absorbed

Sandstone A (quartz cement)

Sandstone B (calcite cement)

Sandstone C (hematite cement)

Sandstone D (quartz cement)

Depth Below
Surface

(km)

Number of
Earthquakes

0–330 27,788

34–100 17,585

101–300 7,329

301–700 3,167
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Base your answers to questions 49 and 50 on the map below, which shows the depths of selected earthquakes
along the crustal plate boundary near the west coast of South America. Letters A, B, C, and D are epicenter
locations along a west-to-east line at the surface. The relative depth of each earthquake is indicated.

South America
Pacific
Ocean

A B C D

N
Key

Average depthEarthquake

250 kmIntermediate

50 kmShallow

500 kmDeep
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49 Which graph best shows the depth of earth-
quakes beneath epicenters A, B, C, and D?

50 The earthquake beneath epicenter D occurred in
which part of Earth’s interior?
(1) crust (3) asthenosphere
(2) rigid mantle (4) stiffer mantle
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Base your answers to questions 54 through 57 on the map below and on your knowledge of Earth science.
The map shows the location of the epicenter,  X , of an earthquake that occurred on April 20, 2002, about 
29 kilometers southwest of Plattsburgh, New York.  

54 State the latitude and longitude of this earthquake epicenter. Express your answers
to the nearest tenth of a degree and include the compass directions.   [1]

55 What is the minimum number of seismographic stations needed to locate the epi-
center of an earthquake?   [1]

56 Explain why this earthquake was most likely felt with greater intensity by people in
Peru, New York, than by people in Lake Placid, New York.   [1]

57 A seismic station located 1,800 kilometers from the epicenter recorded the P-wave
and S-wave arrival times for this earthquake. What was the difference in the arrival
time of the first P-wave and the first S-wave?   [1]
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Base your answers to questions 36 through 38 on the data table below, which gives information collected at
seismic stations A, B, C, and D for the same earthquake. Some of the data has been deliberately omitted.

08  :  48  :  20
Key for Reading
Time on the Table

seconds
minutes
hours

P.S./E. Sci.–June ’03 [11] [OVER]

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. 

Seismic
Station

P-Wave
Arrival Time

S-Wave
Arrival Time

Difference in
Arrival Times

Distance to
Epicenter

A 08:48:20 No S-waves arrived

B 08:42:00 00:04:40

C 08:39:20 00:02:40

D 08:45:40 6,200 km

36 What is the most probable reason for the absence
of S-waves at station A?
(1) S-waves cannot travel through liquids.
(2) S-waves were not generated at the epicenter.
(3) Station A was located on solid bedrock.
(4) Station A was located too close to the epicenter.

37 What is the approximate distance from station C
to the earthquake epicenter?
(1) 3,200 km (3) 1,600 km
(2) 2,400 km (4) 1,000 km

38 How long did it take the P-wave to travel from the
epicenter of the earthquake to seismic station D?
(1) 00:46:20 (3) 00:17:20
(2) 00:39:20 (4) 00:09:40



Base your answers to questions 54 through 56 on the table below, which lists the location of some 
earthquakes, their Richter magnitude, and their year of occurrence.

Data Table

54 What data do scientists use to determine the magnitude of earthquakes without 
visiting the actual sites?   [1]

55 The locations of the earthquakes listed in the table are shown on the map below. 

Explain how the locations of these earthquakes are related to tectonic plates.   [1]

56 Identify the process in Earth’s asthenosphere that is inferred to be the cause of 
tectonic plate motion.   [1]
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Base your answers to questions 30 and 31 on the
photograph below, which shows an outcrop of sedi-
mentary rock layers that have been tilted and slightly
metamorphosed.

30 The tilted rock structure shown in the photo-
graph is most likely the result of the
(1) deposition of rock fragments on a mountain

slope
(2) reversal of past magnetic poles
(3) passage of seismic waves
(4) collision of crustal plates

31 Tilted, slightly metamorphosed rock layers such
as these are typically found in which New York
State landscape region?
(1) Taconic Mountains
(2) Atlantic Coastal Plain
(3) Tug Hill Plateau
(4) Erie-Ontario Lowlands

32 A stream with a water velocity of 150 centi-
meters per second decreases to a velocity of 
100 centimeters per second. Which sediment
size will most likely be deposited?
(1) pebbles (3) boulders
(2) sand (4) cobbles

33 The diagram below shows a stream profile
before and after an earthquake. Points A and B
are locations along the streambed.

What is the probable relationship between ero-
sion and deposition at points A and B after the
earthquake?
(1) There is more deposition at point A and

more erosion at point B.
(2) There is more erosion at point A and more

deposition at point B.
(3) There is more deposition than erosion at

points A and B.
(4) There is more erosion than deposition at

points A and B.

Note that questions 34 and 35 have only three
choices.

34 As air on the surface of Earth warms, the den-
sity of the air
(1) decreases
(2) increases
(3) remains the same

35 Compared to the average density of the terres-
trial planets (Mercury, Venus, Earth, and Mars),
the average density of the Jovian planets
(Jupiter, Saturn, Uranus, and Neptune) is
(1) less
(2) greater
(3) the same

Streambed

Direction of flow

Before Earthquake

Original position
of streambed

After Earthquake

Direction of flow

A

Fault

Original position
of streambed

New position
of streambed

B

A

B
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Base your answers to questions 45 and 46 on the map below, which shows the tectonic plate boundaries near
the East African Rift. Arrows show relative tectonic plate movement. A region of Africa is crosshatched ( ).

45 What appears to be happening to the crosshatched region of eastern Africa?
(1) A folded mountain range is forming as this region collides with the rest of Africa.
(2) Several volcanic mountains are forming as the rest of Africa subducts under this region.
(3) This region is moving eastward relative to the rest of Africa.
(4) This region is moving northward relative to the rest of Africa.

46 Which diagram best represents the polarity of the magnetic field preserved in the ocean-floor bedrock
found on both sides of the Mid-Indian Ridge?
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Mid-Indian Ridge

( 3 )
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Mid-Indian Ridge Mid-Indian Ridge
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Base your answers to questions 60 through 62 on the passage and map of a portion of the East African Rift
system shown below. Point X represents a location on Earth’s surface within a rift valley on the Ethiopian Dome.

The Great Rift Valley

Rifting of Earth’s crust in eastern Africa began during the Neogene Period as the
Ethiopian and Kenyan Domes formed. These two huge domes were created as Earth’s
mantle pushed up the overlying crust.  As the crust was forced upward, the resulting
tension cracked the crust, resulting in the eruption of volcanoes and the formation of
large rifts. The crust continued to pull apart, forming rift valleys. These valleys have
become deeper and are currently becoming filled with sediments, igneous rock, and
water.

60 How many million years ago did the Ethiopian and Kenyan Domes form?   [1]

61 On the cross section in your answer booklet, draw two curved arrows, one on each side of the dashed line,
to show the direction of movement of the convection currents within the asthenosphere that caused the 
formation of the dome and the rift valley near location X.   [1]

62 Which two lithospheric plates are separated by a mid-ocean ridge in the northeastern portion of the
Ethiopian Dome?   [1]
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Base your answers to questions 77 through 79 on the map below, which is an enlargement of a portion of
the Tectonic Plates map from the Earth Science Reference Tables.  Points A and B are locations on different
boundaries of the Arabian Plate.

77 Identify the type of tectonic plate boundary located at point A.   [1]

78 On the map shown, a valley is located south of point B and a mountain range north
of point B. State the tectonic process that is creating these two land features.   [1]

79 The block diagram in your answer booklet represents Earth’s surface and interior
along the East African Rift.  Draw two arrows, one through point X and one through
point Y, to indicate the relative motion of each of these sections of the continental
crust.   [1]

Base your answers to questions 80 and 81 on the United States map in your answer booklet, which shows
recorded temperatures in degrees Fahrenheit for October 2, 2004.  The 60°F isotherm has been drawn on the
map.

80 On the map in your answer booklet, draw the 70°F isotherm.  Extend the isotherm
to the edges of the continent.   [1]

81 Identify the two-letter weather map symbol for the dry, cold air mass over North
Dakota.   [1]
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39 At point A, the East Pacific Ridge is the bound-
ary between the
(1) Cocos Plate and the North American Plate
(2) South American Plate and the Nazca Plate
(3) Pacific Plate and the South American Plate
(4) Pacific Plate and the Nazca Plate

40 At which drilling site would the oldest igneous
bedrock most likely be found?
(1) 1 (3) 3
(2) 2 (4) 4

41 Compared to the thickness and density of the
continental crust of South America, the oceanic
crust of the Pacific floor is
(1) thinner and less dense
(2) thinner and more dense
(3) thicker and less dense
(4) thicker and more dense

P.S. E./Sci.–Aug. ’01 [9] [OVER]

Base your answers to questions 39 through 41 on the map below. The map shows the locations of deep-sea
core drilling sites numbered 1 through 4. The approximate location of the East Pacific Ridge is shown by a
dashed line. Point A is located on the East Pacific Ridge.  
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16 Which graph correctly represents the three most abundant elements, by mass, in Earth’s crust?
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17 The photograph below shows actual crystal sizes in
a light-colored igneous rock that contains several
minerals, including potassium feldspar, quartz, and
biotite mica.

The rock should be identified as
(1) granite (3) basalt
(2) gabbro (4) rhyolite

18 Which weather station model shows the highest
relative humidity?
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( 2 )

( 3 )

( 4 )

41

37
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39
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35
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32
(Shown to actual size)



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
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Base your answers to questions 43 through 46 on the diagram and map below. The diagram shows three 
seismograms of the same earthquake recorded at three different seismic stations, X, Y, and Z. The distances
from each seismic station to the earthquake epicenter have been drawn on the map. A coordinate system has
been placed on the map to describe locations. The map scale has not been included.
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24 What is Earth’s inferred interior pressure, in
millions of atmospheres, at a depth of 3500
kilometers?
(1) 1.9 (3) 5500
(2) 2.8 (4) 6500

25 The map below shows the location of an
earthquake epicenter in New York State.  Seismic
stations A, B, and C received the data used to
locate the earthquake epicenter.

The seismogram recorded at station A would
show the 
(1) arrival of P-waves, only
(2) earliest arrival time of P-waves
(3) greatest difference in the arrival times of

P-waves and S-waves 
(4) arrival of S-waves before the arrival of

P-waves

26 An earthquake’s first P-wave arrives at a seismic
station at 12:00:00.  This P-wave has traveled
6000 kilometers from the epicenter.  At what
time will the first S-wave from the same
earthquake arrive at the seismic station?
(1) 11:52:20 (3) 12:09:20
(2) 12:07:40 (4) 12:17:00

27 The movement of tectonic plates is inferred by
many scientists to be driven by
(1) tidal motions in the hydrosphere
(2) density differences in the troposphere
(3) convection currents in the asthenosphere
(4) solidification in the lithosphere

28 Which two tectonic plates are separated by a
mid-ocean ridge?
(1) Indian-Australian and Eurasian
(2) Indian-Australian and Pacific
(3) North American and South American
(4) North American and Eurasian

29 The presence of brachiopod, nautiloid, and coral
fossils in the surface bedrock of a certain area
indicates the area was once covered by
(1) tropical vegetation (3) volcanic ash
(2) glacial deposits (4) ocean water

30 New York State’s Catskills are classified as which
type of landscape region?
(1) mountain (3) lowland
(2) plateau (4) plain

31 What is the relative humidity if the dry-bulb
temperature is 22°C and the wet-bulb
temperature is 17°C?
(1) 5% (3) 60%
(2) 14% (4) 68%

Station C

Station B
Station A

Epicenter
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43 Which map correctly shows how the location of the epicenter was determined?
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Base your answers to questions 62 through 65 on the map below and the cross sections on the next page.
The map shows a portion of the Indian Ocean and surrounding landmasses. The location of the epicenter of a
large undersea earthquake that occurred on December 26, 2004, is shown by an X. The isolines surrounding the 
epicenter show the approximate location of the first tsunami wave produced by this earthquake in half-hour
intervals after the initial earthquake. Cross sections I and II illustrate how this undersea earthquake produced
the tsunami. Cross section III shows the tsunami approaching a shoreline. The cross sections are not drawn to
scale.
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Base your answers to questions 61 through 65 on the map and the modified Mercalli intensity scale below.
The map shows modified Mercalli intensity scale damage zones resulting from a large earthquake that occurred
in 1964. The earthquake’s epicenter was near Anchorage, Alaska. The cities Kodiak and Anchorage are shown
on the map. The Mercalli scale describes earthquake damage at Earth’s surface.

Modified Mercalli Intensity Scale

I Instrumental:  detected only by instruments VII Very strong:  noticed by people in autos
Damage to poor construction

II Very feeble:  noticed only by people at rest VIII
Destructive:  chimneys fall, much damage in
substantial buildings, heavy furniture 
overturned

III Slight:  felt by people at rest
Like passing of a truck IX

Ruinous:  great damage to substantial
structures
Ground cracked, pipes broken

IV
Moderate:  generally perceptible by people
in motion
Loose objects disturbed

X Disastrous:  many buildings destroyed

V
Rather strong:  dishes broken, bells rung,
pendulum clocks stopped 
People awakened

XI Very disastrous:  few structures left standing

VI Strong:  felt by all, some people frightened
Damage slight, some plaster cracked XII Catastrophic:  total destruction

P.S./E. Sci.–June ’10 [20]



Base your answers to questions 26 through 28 on
the weather map of North America below. The map
shows the location of a front and the air mass influ-
encing its movement.

26 Which region is the probable source of the air
mass labeled cP on the map?
(1) central Canada
(2) southwestern United States
(3) North Atlantic Ocean
(4) Gulf of Mexico

27 Which type of front and frontal movement is
shown on the weather map?
(1) cold front moving northwestward
(2) cold front moving southeastward
(3) warm front moving northwestward
(4) warm front moving southeastward

28 The cP air mass is identified on the basis of its
temperature and
(1) wind direction (3) moisture content
(2) cloud cover (4) windspeed

29 Clouds usually form when
(1) air temperature reaches the dewpoint
(2) evaporation has warmed the surrounding air
(3) relative humidity is 0%
(4) condensation nuclei have been removed

from the air

Base your answers to questions 30 and 31 on the
diagram below, which shows a portion of Earth’s inte-
rior. Point A is a location on the interface between
layers.

30 The arrows shown in the asthenosphere repre-
sent the inferred slow circulation of the plastic
mantle by a process called
(1) insolation (3) conduction
(2) convection (4) radiation

31 The temperature of rock at location A is approxi-
mately
(1) 600°C (3) 2,600°C
(2) 1,000°C (4) 3,000°C

32 The diagram below shows the bedrock structure
beneath a series of hills.

Which process was primarily responsible for
forming the hills?
(1) folding (3) deposition
(2) faulting (4) vulcanism

(Not drawn to scale)
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17 The cross section below shows a soil profile.

This soil was formed primarily by
(1) erosion by glaciers
(2) erosion by running water
(3) capillarity and human activity
(4) weathering and biological activity

18 Which type of rock most likely contains fossils?
(1) scoria (3) schist
(2) gabbro (4) shale

19 In which New York State landscape region is
most of the surface bedrock composed of meta-
morphic rock?
(1) Adirondacks
(2) Catskills
(3) Erie-Ontario Lowlands
(4) Newark Lowlands

20 A human fingernail has a hardness of approxi-
mately 2.5. Which two minerals are softer than a
human fingernail?
(1) calcite and halite
(2) sulfur and fluorite
(3) graphite and talc
(4) pyrite and magnetite

21 The photograph below shows an escarpment
(cliff) located in the western United States. The
directions for north and south are indicated by
arrows. A fault in the sedimentary rocks is shown
on the front of the escarpment.

The photograph shows that the fault most likely
formed
(1) after the rock layers were deposited, when

the north side moved downward
(2) after the rock layers were deposited, when

the north side moved upward
(3) before the rock layers were deposited, when

the south side moved downward
(4) before the rock layers were deposited, when

the south side moved upward

22 Which mountain range resulted from the colli-
sion of North America and Africa, as parts of
Pangea joined together in the late Pennsylvanian
Period?
(1) Appalachian Mountains
(2) Acadian Mountains
(3) Taconic Mountains
(4) Grenville Mountains

23 Which physical characteristic best describes the
rock phyllite?
(1) glassy texture with gas pockets
(2) clastic texture with angular fragments
(3) bioclastic texture with cemented shell frag-

ments
(4) foliated texture with microscopic mica crystals

North South

Bedrock
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35 Which block diagram best represents a portion of a plateau?

( 4 )

( 3 )( 1 )

( 2 )
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16 Antarctica’s location and climate changed over
the last 200 million years because Antarctica
moved
(1) southward, resulting in a warmer climate
(2) southward, resulting in a colder climate
(3) northward, resulting in a warmer climate
(4) northward, resulting in a colder climate

17 The cross section below shows a portion of
Earth’s crust.

Which observation provides the most direct 
evidence that crustal plate collision has occurred
near this region?
(1) alternating layers of shale and limestone

bedrock
(2) absence of an igneous intrusive rock
(3) different thicknesses of the sedimentary layers
(4) folding of the sedimentary layers

18 In New York State, both the Delaware River and
the Susquehanna River flow over landscapes
classified as
(1) mountain regions (3) lowlands
(2) coastal plains (4) plateaus

19 A river’s velocity slows from 100 to 50 centimeters
per second at a point in its channel.  Which 
statement best describes the transport and 
deposition of particles at this point?
(1) Clay, silt, sand, pebbles, and smaller cobbles

stay in transport; some cobbles are deposited.
(2) Clay, silt, sand, and smaller pebbles stay in

transport; some pebbles are deposited.
(3) Clay, silt, and smaller sand stay in transport;

some sand is deposited.
(4) Clay and smaller silt stay in transport; some

silt is deposited.

20 The photograph below shows farm buildings 
partially buried in silt.

Which erosional agent most likely piled the silt
against these buildings?
(1) glacial ice (3) wind
(2) ocean waves (4) mass movement

21 The generalized cross section below shows the 
sedimentary rock layers at Niagara Falls in 
western New York State.

Which rock layer appears to be most resistant to
weathering and erosion?
(1) Lockport dolostone (3) Grimsby sandstone
(2) Rochester shale (4) Queenston shale

Niagara
River

Lockport
dolostone

Rochester
shale

Thorold sandstone
Clinton limestone

Whirlpool sandstone

Queenston shale

Grimsby sandstone

Power Glen shale
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24 The photograph below shows deformed rock structure found on Earth’s surface.

Deformed rock structure like this is most often caused by
(1) crustal plate collisions (3) extrusion of magma
(2) deposition of sediments (4) glacial movement

25 The seismogram below shows the time that an
earthquake P-wave arrived at a seismic station in
Albany, New York.

If the earthquake occurred at exactly 10:00 p.m.,
approximately how far from the earthquake epi-
center was Albany, New York?
(1) 1,900 km (3) 4,000 km
(2) 3,200 km (4) 5,200 km

26 On each topographic map below, the straight-line
distance from point A to point B is 5 kilometers.
Which topographic map shows the steepest 
gradient between A and B?
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Base your answers to questions 47 through 49 on the map and data table below. The map shows the locations
of volcanic islands and seamounts that erupted on the seafloor of the Pacific Plate as it moved northwest over a
stationary mantle hotspot beneath the lithosphere. The hotspot is currently under Kilauea. Island size is not
drawn to scale. Locations X, Y, and Z are on Earth’s surface.

Data Table
Age of Volcanic Features

Distance from Age
Volcanic Feature Kilauea (km) (millions of years)
Kauai 545 5.6
Nihoa 800 6.9
Necker 1,070 10.4
Midway 2,450 16.2
Suiko seamount 4,950 41.0
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peror seam
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Pacific Ocean

X

Y

Map of Volcanic Features

Hawaiian volcanic chain

Z

47 Approximately how far has location X moved
from its original location over the hotspot?

(1) 3,600 km (3) 1,800 km
(2) 2,500 km (4) 20 km

48 According to the data table, what is the approxi-
mate speed at which the island of Kauai has
been moving away from the mantle hotspot, in
kilometers per million years?

(1) 1 (3) 100
(2) 10 (4) 1,000

49 Which lithospheric plate boundary features are
located at Y and Z?

(1) trenches created by the subduction of the
Pacific Plate

(2) rift valleys created by seafloor spreading of
the Pacific Plate

(3) secondary plates created by volcanic activity
within the Pacific Plate

(4) mid-ocean ridges created by faulting below
the Pacific Plate
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48 The block diagram below shows the bedrock age as measured by radioactive dating and the present loca-
tion of part of the Hawaiian Island chain. These volcanic islands may have formed as the Pacific Plate
moved over a mantle hot spot.

Kauai
3.8-5.6* Oahu

2.3-3.3*
Molokai
1.3-1.8*

*Age, in millions of years

Hot spot

Hawaii

Aleutian trench

N

Maui
less than 1.0*

Hawaii
0.8-present*

47 The map below shows some features along an ocean shoreline.

Land

Bay

Ocean

Sand bar

Beach

Bay

Inlet

Baymouth bar
Sea
island

N

In which general direction is the sand being moved along this shoreline by ocean (long-
shore) currents?
(1) northeast (3) northwest
(2) southeast (4) southwest

This diagram provides evidence that the Pacific Crustal Plate was moving toward the 
(1) south (3) southwest
(2) east (4) northwest



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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Base your answers to questions 13 and 14 on the
weather map below, which shows a low-pressure
system centered near Poughkeepsie, New York.
Isobars shown are measured in millibars.

13 Which city is most likely experiencing winds of
the greatest velocity?
(1) New York City (3) Poughkeepsie
(2) Binghamton (4) Scranton

14 Surface winds are most likely blowing from
(1) Danbury toward New York City 
(2) Poughkeepsie toward Scranton
(3) Binghamton toward Danbury
(4) Port Jervis toward Binghamton

15 Scientists have inferred the structure of Earth’s
interior mainly by analyzing
(1) the Moon’s interior
(2) the Moon’s composition
(3) Earth’s surface features
(4) Earth’s seismic data

16 Which process transfers energy primarily by elec-
tromagnetic waves?
(1) radiation (3) conduction
(2) evaporation (4) convection

17 The cross section below shows the direction of
movement of an oceanic plate over a mantle hot
spot, resulting in the formation of a chain of vol-
canoes labeled A, B, C, and D. The geologic age
of volcano C is shown.

What are the most likely geologic ages of volca-
noes B and D?
(1) B is 5 million years old and D is 12 million

years old.
(2) B is 2 million years old and D is 6 million

years old.
(3) B is 9 million years old and D is 9 million

years old.
(4) B is 10 million years old and D is 4 million

years old.

18 New York State landscape regions are identified
and classified primarily by their
(1) surface topography and bedrock structure
(2) existing vegetation and type of weather
(3) latitude and longitude
(4) chemical weathering rate and nearness to

large bodies of water

19 A stream flowing at a velocity of 75 centimeters
per second can transport
(1) clay, only
(2) pebbles, only
(3) pebbles, sand, silt, and clay, only
(4) boulders, cobbles, pebbles, sand, silt, and clay

Plate motion

AsthenosphereMagma
from hot spot

Ocean
A B C D

8 million
years old
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Base your answers to questions 39 and 40 on the graph below. The graph shows air temperature and 
relative humidity at a single location during a 24-hour period.
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39 What was the approximate change in relative
humidity from 12 noon to 4 p.m.?
(1) 10% (3) 20%
(2) 15% (4) 30%

40 At which time would the rate of evaporation most
likely be greatest?
(1) 11 p.m. (3) 10 a.m.
(2) 6 a.m. (4) 4 p.m.

Base your answers to questions 41 and 42 on the map below of Iceland, a country located on the Mid-
Atlantic Ridge. Four locations are represented by the letters A through D.
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41 The fine-grained texture of most of the igneous
rock formed on the surface of Iceland is due to
(1) rapid cooling of the molten rock
(2) high density of the molten rock
(3) numerous faults in the island’s bedrock
(4) high pressure under the island 

42 The youngest bedrock is most likely found at
which location?
(1) A (3) C
(2) B (4) D



Base your answers to questions 26 through 28 on
the weather map of North America below. The map
shows the location of a front and the air mass influ-
encing its movement.

26 Which region is the probable source of the air
mass labeled cP on the map?
(1) central Canada
(2) southwestern United States
(3) North Atlantic Ocean
(4) Gulf of Mexico

27 Which type of front and frontal movement is
shown on the weather map?
(1) cold front moving northwestward
(2) cold front moving southeastward
(3) warm front moving northwestward
(4) warm front moving southeastward

28 The cP air mass is identified on the basis of its
temperature and
(1) wind direction (3) moisture content
(2) cloud cover (4) windspeed

29 Clouds usually form when
(1) air temperature reaches the dewpoint
(2) evaporation has warmed the surrounding air
(3) relative humidity is 0%
(4) condensation nuclei have been removed

from the air

Base your answers to questions 30 and 31 on the
diagram below, which shows a portion of Earth’s inte-
rior. Point A is a location on the interface between
layers.

30 The arrows shown in the asthenosphere repre-
sent the inferred slow circulation of the plastic
mantle by a process called
(1) insolation (3) conduction
(2) convection (4) radiation

31 The temperature of rock at location A is approxi-
mately
(1) 600°C (3) 2,600°C
(2) 1,000°C (4) 3,000°C

32 The diagram below shows the bedrock structure
beneath a series of hills.

Which process was primarily responsible for
forming the hills?
(1) folding (3) deposition
(2) faulting (4) vulcanism

(Not drawn to scale)
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Base your answers to questions 63 through 66 on the passage and map below and on your knowledge of
Earth science. The passage provides some information about the sediments under Portland, Oregon, and the
map shows where Portland is located. 

Bad seismic combination under Portland: Earthquake faults and jiggly sediment

Using a technique called seismic profiling, researchers have found evidence of ancient
earthquake faults under Portland, Oregon. The faults may still be active, a USGS [United
States Geological Survey] seismologist will announce tomorrow. 

The research also turned up a 250-foot deep layer of silt and mud, deep under the city,
which may have been caused by a catastrophic ice dam break some 15,000 years ago. 

The two findings could together mean bad news, as soft sediment is known to amplify
ground shaking during strong earthquakes. In the 1989 San Francisco earthquake, much of
the damage to buildings was caused by liquefaction, a shaking and sinking of sandy, water-
saturated soil along waterways. . . .

— Robert Roy Britt 
excerpted from  

“Bad sesimic combination under Portland: 
Earthquake faults and jiggly sediment”

explorezone.com 05/03/99

63 Explain why Portland is likely to experience a major earthquake.     [1]

64 Why is the presence of a layer of silt and mud deep under the city a danger to
Portland?     [1]

65 Describe one precaution that can be taken to prevent or reduce property damage in
preparation for a future earthquake in Portland.     [1]

66 What type of tectonic plate boundary is shown at the San Andreas Fault?    [1]

Portland

P.S./E. Sci.–June ’03 [20]
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Base your answers to questions 63 and 64 in part on the news article and map below. Points A and B on the
map are reference points.

Huge Quake Possible in Oregon Valley

Scientists have warned for years that a magnitude 8 or 9 earthquake could strike about
30 miles off the Oregon coast, causing huge tsunamis (large ocean waves) and tremendous
damage.

Now scientists say these earthquakes could be centered much farther inland and cause
severe damage to a larger area, including cities in Oregon such as Portland, Salem, and
Eugene.

Geologic evidence suggests that strong quakes in this area occur about every 400 years,
plus or minus 200 years. The last one, believed to be a magnitude 9, occurred 300 years ago.

A magnitude 8 quake can cause tremendous damage. The San Francisco quake of 1906
has been estimated at 7.9. The Mexico City quake of 1985 that left thousands dead was
measured at 8.1.
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Base your answers to questions 80 through 85 on the passage and map below. The map shows the volcanic
island, Krakatau, before and after the 1883 eruption.

Krakatau

On August 27, 1883, one of the largest volcanic eruptions ever recorded in history
occurred. Krakatau, a volcanic island nearly 800 meters in height, located at 6° S 105.5° E,
exploded. Two-thirds of the island was destroyed by the blast. Blocks of pumice 
produced by the eruption were found floating in the ocean for months afterward.

Tsunamis produced by the eruption reached heights of 40 meters as they came
ashore on nearby islands. These destructive waves traveled 6360 kilometers in just 
12 hours. Over 36,000 people died and 165 coastal villages were destroyed.

Volcanic ash was blasted into the atmosphere to heights between 36 and 48 kilometers.
Global temperatures cooled as the ash traveled on air currents around the world.

80 The diagram in your answer booklet shows where Krakatau formed, then exploded.
Draw one arrow on each lithospheric plate to show the relative direction that both
plates are moving to produce this type of volcano.   [1]

81 The diagram in your answer booklet represents an average size person standing next
to a tall building. Draw a horizontal line across the building to show the maximum
height of the tsunami waves produced by the 1883 eruption of Krakatau.   [1]

82 Determine the rate the tsunamis traveled across the ocean. Label your answer with
the correct units.  [1]

83 Identify the layer of the atmosphere into which the highest volcanic ash was blasted
from the Krakatau eruption.   [1]

84 Explain how the volcanic ash from the Krakatau eruption caused global 
temperatures to decrease.   [1]

85 Describe the texture and density of pumice that allowed the blocks of pumice to float
on the ocean.   [1]

Krakatau
Island
today

Volcanic Island of Krakatau

Part of Krakatau Island
destroyed in 1883
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Base your answers to questions 81 through 84 on the map below, which shows a portion of southwestern
United States.  On January 17, 1994, an earthquake occurred with an epicenter at Northridge, California.

81 State the latitude and longitude of Northridge, California.  Include the correct units
and compass directions in your answer.   [1]

82 Explain why earthquakes are common in this region of California.   [1]

83 Of the cities shown on the map, explain why Oakland was the last city to receive 
P-waves from this earthquake.   [1]

84 List two actions that a homeowner could take to prepare the home or family for the
next earthquake.   [1]

Bakersfield

Northridge

San Diego
Yuma

ARIZONA

NEVADA

CALIFORNIA

UTAHOakland
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28 The solar system object in the photograph below is 56 kilometers long.

The object in the photograph is most likely
(1) an asteroid (3) Earth’s Moon
(2) Neptune (4) Mercury

29 Which graph best shows the range of density in each of Earth’s layers?
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Base your answers to questions 47 through 49 on the diagram below. The diagram shows a model of the rela-
tionship between Earth’s surface and its interior.
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(Not drawn to scale)

47 Mid-ocean ridges (rifts) normally form where
tectonic plates are
(1) converging
(2) diverging
(3) stationary
(4) sliding past each other

48 The motion of the convection currents in the
mantle beneath the Atlantic Ocean appears to be
mainly making this ocean basin
(1) deeper (3) wider
(2) shallower (4) narrower

49 According to the diagram, the deep trench along
the west coast of South America is caused by
movement of the oceanic crust that is
(1) sinking beneath the continental crust
(2) uplifting over the continental crust
(3) sinking at the Mid-Atlantic ridge
(4) colliding with the Atlantic oceanic crust

50 A student incorrectly measured the volume of a mineral sample as 63 cubic centi-
meters. The actual volume was 72 cubic centimeters. What was the student’s approxi-
mate percent deviation (percentage of error)?
(1) 9.0% (3) 14.2%
(2) 12.5% (4) 15.3%



Base your answers to questions 59 through 61 on the cross section below and on your knowledge of Earth
science.  The cross section shows a portion of Earth’s interior.  Layer X is part of Earth’s interior.

59 Identify the texture and relative density of the granitic bedrock of the continental
crust and the basaltic bedrock of the oceanic crust.   [2]

60 The minerals biotite and amphibole may be found in igneous bedrock of both the
oceanic crust and the continental crust.  Identify two other minerals commonly
found in the basaltic oceanic crust.   [1]

61 Identify the part of Earth’s lithosphere represented by layer X.   [1]

Base your answers to questions 62 through 64 on the map in your answer booklet, which shows the gener-
alized surface bedrock for a portion of New York State that appears in the Earth Science Reference Tables.

62 Place an X on the map to represent a location in the Tug Hill Plateau landscape
region.   [1]

63 State the longitude of Mt. Marcy, New York, to the nearest degree.  The units and
compass direction must be included in your answer.  [1]

64 Identify the geologic age and name of the surface metamorphic bedrock found at
Mt. Marcy.  [1]

Continental
crust Sea level

Oceanic
crust

Layer X

Plastic mantle

Lithosphere

(Not drawn to scale)
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Base your answers to questions 59 and 60 on the data table below, which provides information about four of
Jupiter’s moons.

Data Table

59 Identify the planet in our solar system that is closest in diameter to Callisto.  [1]

60 In 1610, Galileo was the first person to observe, with the aid of a telescope, these four
moons orbiting Jupiter.  Explain why Galileo’s observation of this motion did not
support the geocentric model of our solar system.  [1]

Base your answers to questions 61 and 62 on the cross section below, which shows a portion of Earth’s 
interior layers and the location of an earthquake epicenter.  Letter A represents a seismic station on Earth’s 
surface.  Letter B represents a location in Earth’s interior. 

61 Explain why seismic station A receives P-waves but not S-waves from this
earthquake.  [1]

62 What is the approximate depth at location B?   [1]

Moons of 
Jupiter

Density
(g/cm3)

Diameter
(km)

Distance from Jupiter
(km)

Io 3.5 3630 421,600
Europa 3.0 3138 670,900

Ganymede 1.9 5262 1,070,000
Callisto 1.9 4800 1,883,000

Mantle
Outer
core

Inner
core

Earthquake
epicenter

B

(Not drawn to scale)

A
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Part B–2

Answer all questions in this part.

Directions (51–64): 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 51 through 53 on the diagram below, which shows the inferred internal
structure of the four terrestrial planets, drawn to scale.  

51 How are the crusts of Mars, Mercury, Venus, and Earth similar in composition?   [1]

52 Identify the two planets that would allow an S-wave from a crustal quake to be
transmitted through the core to the opposite side of the planet.   [1]

53 Explain why the densities of these terrestrial planets are greater than the densities of
the Jovian planets.   [1]

EarthVenus

Mercury Mars

Key

Solid iron core

Liquid iron core

Silicate mantle

Silicate crust



Base your answers to questions 33 and 34 on the diagram of Earth shown below. Letters B, C, and D represent
layers of Earth.  Letter Q represents a location on Earth’s surface.

33 What is the probable density of the granitic bedrock at Q?
(1) 1.0 g/cm3 (3) 3.0 g/cm3

(2) 2.7 g/cm3 (4) 5.5 g/cm3

34 Which letter best represents Earth’s mantle?
(1) Q (3) C
(2) B (4) D

35 The block diagram below represents the present ocean floor. The white arrows show the movement of the
ocean floor and the black arrows show the movement of the asthenosphere.

Which characteristic of the ocean-floor bedrock is best described by the and ⊝
symbols in the diagram?

(1) = older age; ⊝ = younger age

(2) = younger age; ⊝ = older age

(3) = reversed magnetic polarity; ⊝ = normal magnetic polarity

(4) = normal magnetic polarity; ⊝ = reversed magnetic polarity 

⊕
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⊕

⊕

⊕

B

D
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+ +++ +
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27 The graph below shows the different velocities of P-waves and S-waves through Earth’s interior.

Inner
core

Outer coreM
antle

( 3 )

Inner
core

Outer core

Mantle

( 1 )

CrustCrust

Inner
core

( 4 )

Inner
core

Outer core

Mantle

( 2 )

Mantle

Crust

O
uter core

Crust

0 1000 2000 3000 4000 5000 6000

Depth (km)

0 1000 2000 3000 4000 5000 6000

Depth (km)

Depth (km)

0 1000 2000 3000 4000 5000 6000

Depth (km)

0 1000 2000 3000 4000 5000 6000

0 1000 2000 3000 4000 5000 6000

Ve
lo

ci
ty

 (
km

/s
ec

)

Depth (km)

P-wave

S-wave

Which cross section best shows the inferred thickness of Earth’s interior layers that
cause these different velocities?



Base your answers to questions 46 through 48 on the diagram below, which shows details of a section of a
rift valley in the center of a mid-ocean ridge. The vertical lines in the diagram represent faults and fractures
within the ocean floor bedrock.

46 What will be the primary result of the continuation of the geologic processes indi-
cated at this location?
(1) Earth’s magnetic field will reverse direction.
(2) Continental crust will be forced downward.
(3) Earth’s circumference will increase.
(4) New oceanic crust will form.

47 Which type of crustal plate boundary is shown in this diagram?
(1) divergent (3) universal
(2) convergent (4) transform

48 The dark-colored lava flows shown in the diagram were pushed from the magma
chamber onto the surface of the ocean floor. Which characteristics are present in the
solid rock that formed when the lava flows cooled?
(1) generally small grain size and mafic composition
(2) generally small grain size and felsic composition
(3) generally large grain size and mafic composition
(4) generally large grain size and felsic composition
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32 The diagram below shows the magnetic polarity preserved by minerals within the bedrock of the oceanic
crust near the Mid-Atlantic Ridge. Letters A, B, C, and D represent locations in the ocean-floor bedrock.

The most recently formed bedrock is found at location
(1) A (3) C
(2) B (4) D

33 The diagram below shows a laboratory box used to demonstrate the process of convection in the atmosphere.

Which diagram has arrows that show the direction of airflow that occurs when the
candle is burning?

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

Transparent
tubes

Transparent
front

Burning candle

Mantle
Oceanic crust Oceanic crust

A

Magnetic Polarity of the Bedrock
Key

ReversedNormal

B C D

Mid-Atlantic Ridge
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46 Which cross section best represents the relative locations of Earth’s asthenosphere,
rigid mantle, and stiffer mantle?  (The cross sections are not drawn to scale.)

( 3 )( 1 )

Atlantic Ocean

North American Plate Eurasian Plate

X Y

Rigid mantle
Asthenosphere

Stiffer mantle

Atlantic Ocean

North American Plate Eurasian Plate

X Y

Asthenosphere
Rigid mantle

Stiffer mantle

( 4 )( 2 )

Atlantic Ocean

North American Plate Eurasian Plate

X Y

Stiffer mantle
Asthenosphere

Rigid mantle

Atlantic Ocean

North American Plate Eurasian Plate

X Y

Rigid mantle
Stiffer mantle

Asthenosphere
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Base your answers to questions 42 and 43 on the map below. Seismic stations are located at the four cities
shown on the map. Letter X represents the epicenter of an earthquake determined from seismic waves 
recorded at all four cities.

0 400 800 1,200 km

New York
City

Pittsburgh

Louisville

New
Orleans

X

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



Base your answers to questions 44 through 46 on the map of the Mid-Atlantic Ridge shown below.  
Points A through D are locations on the ocean floor.  Line XY connects locations in North America and Africa.

44 In which cross section do the arrows best show the convection occurring within the
asthenosphere beneath line XY?

45 Samples of ocean-floor bedrock were collected at points A, B, C, and D.  Which
sequence shows the correct order of the age of the bedrock from oldest to youngest?
(1) D → C → B → A (3) C → B → D → A
(2) A → D → B → C (4) A → B → D → C

46 The boundary between which two tectonic plates is most similar geologically to the
plate boundary at the Mid-Atlantic Ridge?
(1) Eurasian and Indian-Australian (3) Pacific and Nazca 
(2) Cocos and Caribbean (4) Nazca and South American

( 2 )
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Atlantic Ocean

Asthenosphere

Mid-Atlantic Ridge
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Atlantic Ocean

Asthenosphere

Mid-Atlantic Ridge

( 1 )

X Y
Atlantic Ocean
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Mid-Atlantic Ridge
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Base your answers to questions 44 through 46 on the map of the Mid-Atlantic Ridge shown below.  
Points A through D are locations on the ocean floor.  Line XY connects locations in North America and Africa.

44 In which cross section do the arrows best show the convection occurring within the
asthenosphere beneath line XY?

45 Samples of ocean-floor bedrock were collected at points A, B, C, and D.  Which
sequence shows the correct order of the age of the bedrock from oldest to youngest?
(1) D → C → B → A (3) C → B → D → A
(2) A → D → B → C (4) A → B → D → C

46 The boundary between which two tectonic plates is most similar geologically to the
plate boundary at the Mid-Atlantic Ridge?
(1) Eurasian and Indian-Australian (3) Pacific and Nazca 
(2) Cocos and Caribbean (4) Nazca and South American
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33 The map below shows the Atlantic Ocean divided into zones A, B, C, and D. The Mid-Atlantic Ridge is
located between zones B and C.

Which graph best represents the geologic age of the surface bedrock on the ocean bottom?
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27 The diagram below shows some features of Earth’s crust and upper mantle.

Which model most accurately shows the movements (arrows) associated with the sur-
face features shown in the diagram?
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Base your answers to questions 28 through 30 on the map below. The map shows the continents of Africa and
South America, the ocean between them, and the ocean ridge and transform faults. Locations A and D are on
the continents. Locations B and C are on the ocean floor.

28 The hottest crustal temperature measurements would most likely be found at loca-
tion
(1) A (3) C
(2) B (4) D

29 Which table best shows the relative densities of the crustal bedrock at locations A,
B, C, and D?

Relative Densities of Crust               Relative Densities of Crust

(1) (3)

Relative Densities of Crust               Relative Densities of Crust

(2) (4)

A B

D

CSouth America

South Atlantic

Africa

P.S./E. Sci.–Jan. ’03 [10]

More Dense Less Dense

A, B C, D

More Dense Less Dense

C, D A, B

More Dense Less Dense

B, C A, D

More Dense Less Dense

A, D B, C



Base your answers to questions 43 and 44 on the map and the modified Mercalli scale shown below. The
map shows the intensities of the earthquake that occurred slightly southwest of New Madrid, Missouri, on
December 16, 1811. The epicenter of this earthquake is represented by . The Roman numerals on the map
show zones of earthquake intensities determined by using the modified Mercalli scale.

43 Which location would most probably have issued the report: “Many structures shifted off foundations”?
(1) New Madrid (3) Pittsburgh
(2) Syracuse (4) Nashville

44 The intensity numbers shown on the map were determined by
(1) the arrival time of the first P-wave recorded at each city
(2) the recorded time difference in the arrival of the first P-wave and S-wave at each city
(3) observations made at different locations during and after the earthquake
(4) observations made only at the earthquake epicenter

0 500 1000 km

Epicenter
X

VIII
VII

Pittsburgh

V

III

Atlantic
Ocean

Nashville

Louisville

Syracuse
IV

Cincinnati

VINew
MadridIX

Earthquake Intensity
with Modified Mercalli Scale

I: Not felt except under unusual conditions

II: Felt by only a few persons
Suspended objects might swing

III: Quite noticeable indoors

IV: Dishes and windows rattle

V: Felt by nearly everyone
Some dishes and windows break

VI: Furniture moves
Some plaster falls

VII: Everybody runs outdoors
Some chimneys break

VIII: Chimneys, smokestacks, and walls fall
Heavy furniture is overturned

IX: Buildings shift off foundations
Ground cracks

X: Most ordinary structures are destroyed
Landslides are common

XI:
Few structures remain standing
Bridges are destroyed
Broad cracks form in the ground

XII: Damage is total
Objects are thrown upward into the air

Modified Mercalli Intensity Scale
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Base your answers to questions 61 through 65 on the map and the modified Mercalli intensity scale below.
The map shows modified Mercalli intensity scale damage zones resulting from a large earthquake that occurred
in 1964. The earthquake’s epicenter was near Anchorage, Alaska. The cities Kodiak and Anchorage are shown
on the map. The Mercalli scale describes earthquake damage at Earth’s surface.

Modified Mercalli Intensity Scale

I Instrumental:  detected only by instruments VII Very strong:  noticed by people in autos
Damage to poor construction

II Very feeble:  noticed only by people at rest VIII
Destructive:  chimneys fall, much damage in
substantial buildings, heavy furniture 
overturned

III Slight:  felt by people at rest
Like passing of a truck IX

Ruinous:  great damage to substantial
structures
Ground cracked, pipes broken

IV
Moderate:  generally perceptible by people
in motion
Loose objects disturbed

X Disastrous:  many buildings destroyed

V
Rather strong:  dishes broken, bells rung,
pendulum clocks stopped 
People awakened

XI Very disastrous:  few structures left standing

VI Strong:  felt by all, some people frightened
Damage slight, some plaster cracked XII Catastrophic:  total destruction
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33 The diagrams below show four major types of fault motion occurring in Earth’s crust. Which type of fault
motion best matches the general pattern of crustal movement at California’s San Andreas fault?

Normal Fault (tension)Lateral Fault (shearing)

Reverse Fault (compression)

( 1 ) ( 3 )

Thrust Fault

( 2 ) ( 4 )



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 )

P.S./E. Sci.–August ’09 [5] [OVER] 

25 Which time line most accurately indicates when this sequence of events in Earth’s history occurred?
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Base your answers to questions 63 and 64 on the block diagram below.  The diagram shows the tectonic plate
boundary between Africa and North America 300 million years ago, as these two continents united into a single
landmass. The arrows at letters A, B, C, and D represent relative crustal movements. Letter X shows the
eruption of a volcano at that time.

63 Identify the type of tectonic plate motion represented by the arrow shown at D.   [1]

64 Identify the type of tectonic motion represented by the arrows shown at A, B, and C.
[1]

A B C D

Eastern North American Plate Western African Plate

X

300 mya
Late
Pennsylvanian

( Not drawn to scale )



16 Most water vapor enters Earth’s atmosphere by
the processes of
(1) condensation and precipitation
(2) radiation and cementation
(3) conduction and convection
(4) evaporation and transpiration

17 At an altitude of 95 miles above Earth’s surface,
nearly 100% of the incoming energy from the
Sun can be detected. At 55 miles above Earth’s
surface, most incoming x-ray radiation and some
incoming ultraviolet radiation can no longer be
detected. This missing radiation was most likely
(1) absorbed in the thermosphere
(2) absorbed in the mesosphere
(3) reflected by the stratosphere
(4) reflected by the troposphere

18 Weather along most fronts is usually cloudy with
precipitation because the warm air along most
fronts is usually
(1) sinking and cooling, causing water to evaporate
(2) sinking and warming, causing water to evapo-

rate
(3) rising and cooling, causing water vapor to con-

dense
(4) rising and warming, causing water vapor to

condense

19 Which cross section below best represents the
crustal plate motion that is the primary cause of
the volcanoes and deep rift valleys found at mid-
ocean ridges?

( 1 ) ( 3 )

( 2 ) ( 4 )

Key

Continental crust
Oceanic crust
Mantle
Direction of plate motion
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15 The arrows on the two maps below show how the monsoon winds over India change direction with the 
seasons.

How do these winds affect India’s weather in summer and winter?
(1) Summer is cooler and less humid than winter.
(2) Summer is warmer and more humid than winter.
(3) Winter is warmer and less humid than summer.
(4) Winter is cooler and more humid than summer.

Monsoon
winds

India

Himalayas

0° Equator

Summer

Monsoon
winds

India

Himalayas

0° Equator

Winter
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Base your answers to questions 45 and 46 on the diagram below, which shows models of two types of earth-
quake waves.

Model BModel A

45 Model A best represents the motion of earth-
quake waves called
(1) P-waves (compressional waves) that travel

faster than S-waves (shear waves) shown in
model B

(2) P-waves (compressional waves) that travel
slower than S-waves (shear waves) shown in
model B

(3) S-waves (shear waves) that travel faster than P-
waves (compressional waves) shown in model B

(4) S-waves (shear waves) that travel slower than
P-waves (compressional waves) shown in
model B

46 The difference in seismic station arrival times of
the two waves represented by the models helps
scientists determine the
(1) amount of damage caused by an earthquake
(2) intensity of an earthquake
(3) distance to the epicenter of an earthquake
(4) time of occurrence of the next earthquake

Base your answers to questions 47 and 48 on the cross section and data table shown below. The cross sec-
tion shows a sediment-laden river flowing into the ocean. The arrows show the direction of river flow. Different
zones of sorted sediments, A, B, C, and D, have been labeled. Sediments have been taken from these zones and
measured. The data table shows the range of sediment sizes in each zone.

Data Table
Ocean

Bedrock

Zone B
Zone C Zone D

Zone A

River

47 How is this pattern of horizontal sorting pro-
duced?
(1) High-density materials generally settle more

slowly.
(2) Rounded sediments generally settle more

slowly.
(3) Dissolved minerals are generally deposited

first.
(4) Bigger particles are generally deposited first.

48 The sedimentary rock, siltstone, will most likely
form from sediments deposited in zone
(1) A (3) C
(2) B (4) D

Zone Major Sediment Sizes

A 0.04 cm to 6 cm

B 0.006 cm to 0.1 cm

C 0.0004 cm to 0.006 cm

D Less than 0.0004 cm
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39 On which day will the noon Sun be directly overhead at location C?
(1) March 21 (3) September 23
(2) June 21 (4) December 21

40 The greatest yearly temperature range was most likely recorded at location
(1) A (3) C
(2) B (4) D

41 Which location’s climate is most affected by the East Australia Current?
(1) E (3) G
(2) F (4) H

42 Which two locations have the driest climates?
(1) A and B (3) C and F
(2) G and H (4) D and E

Base your answers to questions 43 through 45 on the data table below, which gives information collected at
seismic stations W, X, Y, and Z for the same earthquake. Some of the data have been omitted.

Data Table

43 Which seismic station was farthest from the earthquake epicenter?
(1) W (3) Y
(2) X (4) Z

44 What is the most probable reason for the absence of S-waves at station W?
(1) S-waves were not generated at the epicenter.
(2) S-waves cannot travel through liquids.
(3) Station W was located on solid bedrock.
(4) Station W was located on an island.

45 At what time did the S-wave arrive at station Y?
(1) 10:36:40 (3) 10:42:00
(2) 10:39:20 (4) 10:45:20

Seismic
Station

P-Wave
Arrival Time

(h:min:s)

S-Wave
Arrival Time

(h:min:s)

Difference in
Arrival Times

(h:min:s)

Distance to
Epicenter

(km)
W 10:50:00 no S-waves arrived
X 10:42:00 10:46:40
Y 10:39:20 00:02:40
Z 10:45:40 6200



Base your answers to questions 79 and 80 on the reading passage and map of the western United States
below and on your knowledge of Earth science. The states of Washington and Oregon have been labeled on the
map. The plate boundary shown on the map is the source area for high-magnitude earthquakes in Washington
and Oregon. Two hazardous zones associated with these earthquakes are also shown.

Washington and Oregon Earthquakes

Large-magnitude earthquakes have occurred in Washington and Oregon as a result of
crustal movement along thrust faults bordering the coasts of these states. Thrust faults
occur when one section of Earth’s crust slides over another section. Associated with the sud-
den movement of these thrust faults, coastlines can drop several feet, flooding forests with
saltwater. Geologists have discovered evidence from various geologic ages of flooded coastal
forests in the bedrock layers of Washington and Oregon. They have also found layers of
sandstone thought to have been derived from sand deposits left by tsunamis. Using the rock
record, scientists conclude that very large magnitude earthquakes occur every 300 to 500
years with the most recent large quake occurring about 200 years ago.

79 a What is a tsunami?    [1]

b State how tsunamis can affect coastal regions.     [1]

80 a Identify the tectonic plates on both sides of the plate boundary shown on the map.
[1]

b Identify the type of tectonic plate boundary shown on the map that is responsible
for the thrust faults along the Washington and Oregon coastline.     [1]

Washington

Oregon

Canada

Pacific Ocean

Key

High-hazard zone

Low-hazard zone

Plate
boundary

Yellowstone Hot Spot
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Base your answers to questions 43 and 44 on the map below, which shows Earth’s Southern Hemisphere and
the inferred tectonic movement of the continent of Australia over geologic time.  The arrows between the dots
show the relative movement of the center of the continent of Australia.  The parallels of latitude from 0° to 
90° south are labeled.

43 The geographic position of Australia on Earth’s surface has been changing mainly
because
(1) the gravitational force of the Moon has been pulling on Earth’s landmasses
(2) heat energy has been creating convection currents in Earth’s interior
(3) Earth’s rotation has spun Australia into different locations
(4) the tilt of Earth’s axis has changed several times

44 During which geologic time interval did Australia most likely have a warm, tropical 
climate because of its location?
(1) Cambrian (3) Late Permian
(2) Carboniferous (4) Eocene

90°
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70°
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20°
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Present

Pliocene
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Early Permian Carboniferous

Late Proterozoic
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Silurian
Devonian

Jurassic



Base your answers to questions 41 through 43 on
the map below, which shows the location of the Peru-
Chile Trench.

41 The Peru-Chile Trench marks the boundary
between the
(1) Pacific Plate and the Antarctic Plate
(2) Nazca Plate and the South American Plate
(3) North American Plate and the Cocos Plate
(4) Caribbean Plate and the Scotia Plate

42 In which diagram do the arrows best represent the
motions of Earth’s crust at the Peru-Chile Trench?

43 Which observation provides the best evidence of
the pattern of crustal movement at the Peru-
Chile Trench?
(1) the direction of flow of warm ocean currents
(2) the mineral composition of samples of mafic

mantle rock
(3) comparison of the rates of sediment deposition
(4) the locations of shallow-focus and deep-

focus earthquakes

44 The table below shows the altitude and compass
direction of one planet, as viewed by an observer
in New York State at 10 p.m. on the first day of
each month from April through November.

Month Altitude Compass Direction
April 20° SW
May 23° SSW
June 25° S
July 29° SSE
August 33° SE
September 38° S
October 42° SW
November 45° S

Which graph best represents a plot of this 
planet’s apparent path, as viewed by the observer
over the 7-month period?
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30 Which world map shows the locations where most earthquakes and volcanoes occur on Earth?

( 2 )

( 3 )

( 4 )

( 1 )

Key
Location of most
earthquakes and volcanoes
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Base your answers to questions 59 and 60 on the diagram below, which shows an incomplete concept map
identifying the types of plate boundaries. Information in the boxes labeled A, B, C, D, and E has been deliber-
ately omitted. 

59 On the chart provided in your answer booklet, write the information that should be
placed in the boxes labeled A, B, and C that will correctly complete those portions
of the concept map.   [2]

60 On the geographic map provided in your answer booklet, write the letters D and E
on the plate boundary locations where the indicated movements are occurring.
Write the letters approximately the same size as shown on the concept map and
locate the letters directly on the plate boundary.   [2]
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27 The graph below shows the different velocities of P-waves and S-waves through Earth’s interior.
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Which cross section best shows the inferred thickness of Earth’s interior layers that
cause these different velocities?



16 The table below shows the average January air
temperature from 1901 to 2006 in two different
cities in New York State.

Data Table

The most likely cause of this air temperature 
difference is that New York City is located
(1) in a different prevailing wind belt
(2) at a higher latitude
(3) near a large body of water
(4) at a higher elevation

17 Which igneous rock has a vesicular texture and a
felsic composition?
(1) pumice (3) granite
(2) basalt (4) scoria

18 Which radioactive element is used to determine
the absolute age of late Pleistocene animal
remains?
(1) rubidium-87 (3) potassium-40
(2) uranium-238 (4) carbon-14

19 Which mineral precipitates from oceans and
forms rock salt?
(1) quartz (3) halite
(2) fluorite (4) olivine

20 Which river in New York State flows for several
miles over surface bedrock that is more than 
542 million years old?
(1) Mohawk (3) Genesee
(2) Susquehanna (4) Hudson

21 Which sediment is most easily picked up and
transported by the wind?
(1) cobbles (3) sand
(2) pebbles (4) silt

22 The presence of coal in Antarctica indicates that 
(1) forests can grow on continental glaciers
(2) coal can form in cold climates
(3) Antarctica’s climate was once warmer
(4) Antarctica currently has areas of tropical 

climate

23 Organisms that later became good index fossils
lived over a
(1) wide geographic area and existed for a long

geologic time
(2) wide geographic area and existed for a short

geologic time
(3) limited geographic area and existed for a long

geologic time
(4) limited geographic area and existed for a

short geologic time

24 The cross section of Earth below shows a P-wave
moving away from an earthquake epicenter to
seismic station A.

No S-waves arrive directly at seismic station A
because
(1) some parts of the core are liquid
(2) S-waves travel too slowly
(3) the distance to seismic station A is too great
(4) seismic station A is located on glacial ice

City Average January
Air Temperature (°F)

Albany 21.4
New York City 29.7

Epicenter

Core

Seismic station A

Mantle
P-

wa
ve

P.S./E. Sci.–Aug. ’11 [4]



Base your answers to questions 45 and 46 on the map below, which shows the tectonic plate boundaries near
the East African Rift. Arrows show relative tectonic plate movement. A region of Africa is crosshatched ( ).

45 What appears to be happening to the crosshatched region of eastern Africa?
(1) A folded mountain range is forming as this region collides with the rest of Africa.
(2) Several volcanic mountains are forming as the rest of Africa subducts under this region.
(3) This region is moving eastward relative to the rest of Africa.
(4) This region is moving northward relative to the rest of Africa.

46 Which diagram best represents the polarity of the magnetic field preserved in the ocean-floor bedrock
found on both sides of the Mid-Indian Ridge?

( 1 )

Mid-Indian Ridge

( 3 )

Mid-Indian Ridge

Mid-Indian Ridge Mid-Indian Ridge

( 2 ) ( 4 )

Reversed
polarity

Normal
polarity

Key
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African
Plate
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Key
Volcano
Plate boundaries
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East African Rift
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Base your answers to questions 33 and 34 on the diagram of Earth shown below. Letters B, C, and D represent
layers of Earth.  Letter Q represents a location on Earth’s surface.

33 What is the probable density of the granitic bedrock at Q?
(1) 1.0 g/cm3 (3) 3.0 g/cm3

(2) 2.7 g/cm3 (4) 5.5 g/cm3

34 Which letter best represents Earth’s mantle?
(1) Q (3) C
(2) B (4) D

35 The block diagram below represents the present ocean floor. The white arrows show the movement of the
ocean floor and the black arrows show the movement of the asthenosphere.

Which characteristic of the ocean-floor bedrock is best described by the and ⊝
symbols in the diagram?

(1) = older age; ⊝ = younger age

(2) = younger age; ⊝ = older age

(3) = reversed magnetic polarity; ⊝ = normal magnetic polarity

(4) = normal magnetic polarity; ⊝ = reversed magnetic polarity 

⊕
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⊕
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⊕
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+

+ +++ +
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––––
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28 The diagram below represents the pattern of normal and reversed magnetic polarity and the relative age of
the igneous bedrock composing the ocean floor on the east side of the Mid-Atlantic Ridge. The magnetic
polarity of the bedrock on the west side of the ridge has been deliberately left blank.

Which diagram best shows the magnetic pattern and relative age of the igneous
bedrock on the west side of the ridge?

Reversed
polarity

Normal
polarity

Mantle

Mid-Atlantic Ridge

Key

EastWest

Increasing Age

West West

Increasing Age

Mid-Atlantic Ridge
West

Increasing Age

Mid-Atlantic Ridge

Increasing Age

Mid-Atlantic Ridge
West

Increasing Age

Mid-Atlantic Ridge

( 1 ) ( 2 ) ( 3 ) ( 4 )
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33 The diagrams below show four major types of fault motion occurring in Earth’s crust. Which type of fault
motion best matches the general pattern of crustal movement at California’s San Andreas fault?

Normal Fault (tension)Lateral Fault (shearing)

Reverse Fault (compression)

( 1 ) ( 3 )

Thrust Fault

( 2 ) ( 4 )



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 )

P.S./E. Sci.–August ’09 [5] [OVER] 

25 Which time line most accurately indicates when this sequence of events in Earth’s history occurred?
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74 Using the set of instructions on page 22 and the seismogram and scales below, determine
the Richter magnitude of an earthquake that was located 500 kilometers from this
seismic station.  Record your answer in your answer booklet.   [1]

75 Identify the information shown on the seismogram that was used to determine that
the distance to the epicenter was 500 kilometers.   [1]

76 How long did it take the first S-wave to travel 500 kilometers to reach this seismic 
station?  [1]
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Base your answers to questions 74 through 76 on the example of a seismogram and set of instructions for
determining the Richter magnitude of an earthquake below.  The example shows the Richter magnitude of an
earthquake 210 kilometers from a seismic station.

Instructions for determining Richter magnitude:
• Determine the distance to the epicenter of the earthquake.  (The distance in the example is

210 kilometers.)
• Measure the maximum wave height of the S-wave recorded on the seismogram.  (The height

in the example is 23 millimeters.)
• Place a straightedge between the distance to the epicenter (210 kilometers) and the height of

the largest S-wave (23 millimeters) on the appropriate scales.  Draw a line connecting these
two points.  The magnitude of the earthquake is determined by where the line intersects the
Richter magnitude scale. (The magnitude of this example is 5.0.)
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Base your answers to questions 45 and 46 on the diagram below, which shows models of two types of earth-
quake waves.

Model BModel A

45 Model A best represents the motion of earth-
quake waves called
(1) P-waves (compressional waves) that travel

faster than S-waves (shear waves) shown in
model B

(2) P-waves (compressional waves) that travel
slower than S-waves (shear waves) shown in
model B

(3) S-waves (shear waves) that travel faster than P-
waves (compressional waves) shown in model B

(4) S-waves (shear waves) that travel slower than
P-waves (compressional waves) shown in
model B

46 The difference in seismic station arrival times of
the two waves represented by the models helps
scientists determine the
(1) amount of damage caused by an earthquake
(2) intensity of an earthquake
(3) distance to the epicenter of an earthquake
(4) time of occurrence of the next earthquake

Base your answers to questions 47 and 48 on the cross section and data table shown below. The cross sec-
tion shows a sediment-laden river flowing into the ocean. The arrows show the direction of river flow. Different
zones of sorted sediments, A, B, C, and D, have been labeled. Sediments have been taken from these zones and
measured. The data table shows the range of sediment sizes in each zone.

Data Table
Ocean

Bedrock

Zone B
Zone C Zone D

Zone A

River

47 How is this pattern of horizontal sorting pro-
duced?
(1) High-density materials generally settle more

slowly.
(2) Rounded sediments generally settle more

slowly.
(3) Dissolved minerals are generally deposited

first.
(4) Bigger particles are generally deposited first.

48 The sedimentary rock, siltstone, will most likely
form from sediments deposited in zone
(1) A (3) C
(2) B (4) D

Zone Major Sediment Sizes

A 0.04 cm to 6 cm

B 0.006 cm to 0.1 cm

C 0.0004 cm to 0.006 cm

D Less than 0.0004 cm



32 On the map below, line AB is drawn across several of Earth’s tectonic plates in the South Atlantic Ocean.
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Which cross section best represents the plate boundaries and mantle movement beneath
line AB?
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32 On the map below, line AB is drawn across several of Earth’s tectonic plates in the South Atlantic Ocean.
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Which cross section best represents the plate boundaries and mantle movement beneath
line AB?
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Base your answers to questions 44 through 46 on the map below, which shows the location of mid-ocean
ridges and the age of some oceanic bedrock near these ridges. Letters A through D are locations on the surface
of the ocean floor.

Age of Rocks on the Sea Bottom Relative to Ridges

Mid-ocean ridges
10 million years old
40 million years old
60 million years old

B

A

D

C

P.S./E. Sci.–June ’03 [13] [OVER]

44 What is the most probable age, in millions of
years, of the bedrock at location B?
(1) 5 (3) 48
(2) 12 (4) 62

45 Rising convection currents in the asthenosphere
would most likely be under location
(1) A (3) C
(2) B (4) D

46 The age of oceanic bedrock on either side of a
mid-ocean ridge is supporting evidence that at
the ridges, tectonic plates are
(1) diverging (3) locked in place
(2) converging (4) being subducted
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Base your answers to questions 31 and 32 on the map below, which shows the risk of damage from seismic
activity in the United States.

31 In the United States, most of the major damage expected from a future earthquake
is predicted to occur near a
(1) divergent plate boundary, only
(2) convergent plate boundary, only
(3) mid-ocean ridge and a divergent plate boundary
(4) transform plate boundary and a hot spot

32 Which New York State location has the greatest risk of earthquake damage?
(1) Binghamton (3) Plattsburgh
(2) Buffalo (4) Elmira

Minor Damage
Moderate Damage
Major to Extreme Damage

Key
No Damage



24 The photograph below shows deformed rock structure found on Earth’s surface.

Deformed rock structure like this is most often caused by
(1) crustal plate collisions (3) extrusion of magma
(2) deposition of sediments (4) glacial movement

25 The seismogram below shows the time that an
earthquake P-wave arrived at a seismic station in
Albany, New York.

If the earthquake occurred at exactly 10:00 p.m.,
approximately how far from the earthquake epi-
center was Albany, New York?
(1) 1,900 km (3) 4,000 km
(2) 3,200 km (4) 5,200 km

26 On each topographic map below, the straight-line
distance from point A to point B is 5 kilometers.
Which topographic map shows the steepest 
gradient between A and B?
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27 Which seismogram was recorded approximately 4,000 kilometers from an earthquake epicenter?

( 1 ) ( 3 )

9 10 11 12 13 14 15 16

Time (min)

17 9 10 11 12 13 14 15 16

Time (min)

17

Arrival of
P-wave

Arrival of
S-wave

Arrival of
P-wave

Arrival of
S-wave

( 2 ) ( 4 )

9 10 11 12 13 14 15 16

Time (min)

17 9 10 11 12 13 14 15 16

Time (min)

17

Arrival of
P-wave

Arrival of
S-wave Arrival of

P-wave
Arrival of
S-wave

28 When the velocity of a stream suddenly decreases,
the sediment being transported undergoes an
increase in
(1) particle density (3) deposition
(2) erosion (4) mass movement

29 When granite melts and then solidifies, it becomes
(1) a sedimentary rock
(2) an igneous rock
(3) a metamorphic rock
(4) sediments

30 During the Permian Period, sedimentary bedrock
in the Appalachian Region was subjected to high
temperature and pressure. Calcite deposits that
had existed in this environment would most likely
have formed
(1) schist (3) marble 
(2) gabbro (4) gneiss

31 The satellite photograph below shows a geologic
feature composed of silt, sand, and clay.

The geologic feature shown in the photograph was
primarily deposited by which agent of erosion?
(1) glaciers (3) wave action
(2) wind (4) running water
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the sediment being transported undergoes an
increase in
(1) particle density (3) deposition
(2) erosion (4) mass movement

29 When granite melts and then solidifies, it becomes
(1) a sedimentary rock
(2) an igneous rock
(3) a metamorphic rock
(4) sediments

30 During the Permian Period, sedimentary bedrock
in the Appalachian Region was subjected to high
temperature and pressure. Calcite deposits that
had existed in this environment would most likely
have formed
(1) schist (3) marble 
(2) gabbro (4) gneiss

31 The satellite photograph below shows a geologic
feature composed of silt, sand, and clay.

The geologic feature shown in the photograph was
primarily deposited by which agent of erosion?
(1) glaciers (3) wave action
(2) wind (4) running water



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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20 The diagram below shows a classroom demon-
stration. Two identical flashlights were placed in
the positions shown and they illuminated areas of
varying size, A and B, on a classroom globe.
Thermometers were then placed at the center of
each illuminated area to measure the rate of tem-
perature increase. Readings were taken over a
period of 30 minutes.

Students most likely observed that the tempera-
ture of area A increased at a
(1) slower rate than the temperature of area B

because area A received rays that were less
concentrated

(2) slower rate than the temperature of area B
because area A received rays that were more
slanted

(3) faster rate than the temperature of area B
because area A received rays that were more
perpendicular to the surface

(4) faster rate than the temperature of area B
because area A received rays with less total
energy

21 The photograph below shows a broken piece of
the mineral calcite.

The calcite breaks in smooth, flat surfaces
because calcite
(1) is very dense
(2) is very soft
(3) contains certain impurities
(4) has a regular arrangement of atoms

22 Most inferences about the characteristics of
Earth’s mantle and core are based on 
(1) the behavior of seismic waves in Earth’s 

interior
(2) well drillings from Earth’s mantle and core
(3) chemical changes in exposed and weathered

metamorphic rocks
(4) comparisons between Moon rocks and Earth

rocks 

23 What is the minimum rate of flow at which a
stream of water can maintain the transportation
of pebbles 1.0 centimeter in diameter?
(1) 50 cm/sec (3) 150 cm/sec
(2) 100 cm/sec (4) 200 cm/sec

24 Which activity demonstrates chemical weathering?
(1) freezing of water in the cracks of a sandstone

sidewalk
(2) abrasion of a streambed by tumbling rocks
(3) grinding of talc into a powder
(4) dissolving of limestone by acid rain

25 Unsorted, angular, rough-surfaced cobbles and
boulders are found at the base of a cliff. What most
likely transported these cobbles and boulders?
(1) running water (3) gravity
(2) wind (4) ocean currents

26 The seismogram below shows P-wave and S-wave
arrival times at a seismic station following an
earthquake.

The distance from this seismic station to the epi-
center of the earthquake is approximately
(1) 1,600 km (3) 4,400 km
(2) 3,200 km (4) 5,600 km

Arrival of
P-waves

Arrival of
S-waves

0 minutes 6 minutes 12 minutes

Globe

Flashlight

Flashlight
Area A

Area B
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25 The diagram below represents three seismograms showing the same earthquake as it was recorded at three
different seismic stations, A, B, and C.

Which statement correctly describes the distance between the earthquake epicenter
and these seismic stations?
(1) A is closest to the epicenter, and C is farthest from the epicenter.
(2) B is closest to the epicenter, and C is farthest from the epicenter.
(3) C is closest to the epicenter, and A is farthest from the epicenter.
(4) A is closest to the epicenter, and B is farthest from the epicenter.

Key

00:00:00

P = P-wave arrival
S = S-wave arrival

hours
minutes
seconds

Station C

08:15:00 08:20:00 08:25:00 08:30:00

P S

Station A

08:15:00 08:20:00 08:25:00 08:30:00

P S

Station B

08:15:00 08:20:00 08:25:00 08:30:00

P S
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25 The diagram below represents three seismograms showing the same earthquake as it was recorded at three
different seismic stations, A, B, and C.
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Base your answers to questions 63 and 64 on the diagram below, which shows two seismogram tracings, at
stations A and B, for the same earthquake. The arrival times of the P-waves and S-waves are indicated on each
tracing.

63 Explain how the seismic tracings recorded at station A and station B indicate that
station A is farther from the earthquake epicenter than station B.   [1]

64 Seismic station A is located 5,400 kilometers from the epicenter of the earthquake.
How much time would it take for the first S-wave produced by this earthquake to
reach seismic station A?   [1]

P.S./E. Sci.–Aug. ’05 [21] [OVER]
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Base your answers to questions 46 and 47 on the diagrams below.  Diagram 1 represents a cross section of
Earth and its interior layers.  The asterisk ( ) shows the location of an earthquake epicenter.  Letters 
A through D are seismic stations on Earth’s surface.  

Diagram 2 shows four seismograms labeled I, II, III, and IV, which were recorded at seismic stations 
A, B, C, and D during the same time interval.
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Inner
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24 The map below shows major streams in the New York State area. The bold lines mark off sections A through
I within New York State.

The best title for the map would be
(1) “Tectonic Plate Boundaries in New York State”
(2) “Bedrock Geology Locations of New York State”
(3) “Landscape Regions of New York State”
(4) “Watershed Areas of New York State”

Base your answers to questions 25 and 26 on the earthquake seismogram below.

11:00
a.m.

11:01
a.m.

11:02
a.m.

11:03
a.m.

11:04
a.m.

11:05
a.m.

11:06
a.m.

11:07
a.m.

Arrival of
P-waves

Arrival of
S-waves

Lake Ontario

Lake
Erie

Atlantic
Ocean

A C

D

B

H

I

G

F

E

25 When did the first P-waves arrive at this seismic
station? 
(1) 3 minutes after an earthquake occurred

2,600 km away
(2) 5 minutes after an earthquake occurred

2,600 km away
(3) 9 minutes after an earthquake occurred

3,500 km away
(4) 11 minutes after an earthquake occurred

3,500 km away

26 How many additional seismic stations must
report seismogram information in order to locate
this earthquake?
(1) one (3) three
(2) two (4) four
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50 The diagram below is a seismogram of the famous San Francisco earthquake of 1906, recorded at a seis-
mic station located  6,400 kilometers from San Francisco.

Which time scale best represents the arrival-time difference between P-waves and S-waves at this station?
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arrival

S-wave
arrival
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arrival
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arrival
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0 10
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Base your answers to questions 63 through 65 on the diagram below, which shows a seismograph that
recorded seismic waves from an earthquake located 4000 kilometers from this seismic station.

63 State one possible cause of the earthquake that resulted in the movement of the
bedrock detected by this seismograph.   [1]

64 Which type of seismic wave was recorded first on the rotating drum?   [1]

65 How long does the first S-wave take to travel from the earthquake epicenter to this
seismograph?   [1]

Weight
Pen

Rotating drum

Bedrock
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Base your answers to questions 49 and 50 on the cross section below, which shows the paths of seismic waves
traveling from an earthquake epicenter through the different layers of Earth’s interior.

49 No P-waves or S-waves are received in the shadow zone because
(1) P-waves are absorbed and S-waves are refracted by Earth’s outer core
(2) P-waves are refracted and S-waves are absorbed by Earth’s outer core
(3) both the P-waves and S-waves are refracted by Earth’s outer core
(4) both the P-waves and S-waves are absorbed by Earth’s outer core

50 The distance from Albany, New York, to the epicenter of this earthquake is 5600 km.  
Approximately how much longer did it take for the S-wave to arrive at Albany than
the P-wave?
(1) 4 minutes and 20 seconds (3) 9 minutes and 0 seconds
(2) 7 minutes and 10 seconds (4) 16 minutes and 10 seconds

Earthquake epicenter

P-waves and S -waves
received here

P-waves and S  -waves
received here

Shadow zone —
no waves received

P-waves, only,
received here

Shadow zone —
no waves received
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Base your answers to questions 24 and 25 on the cross-sectional view of Earth below, which shows seismic
waves traveling from the focus of an earthquake. Points A and B are locations on Earth’s surface.

B

Only one type of
wave received here

Earthquake focus

P- and S-waves
received here

P- and S-waves
received here

Shadow zone
No waves received

Shadow zone
No waves received

Outer core

Inner
Core

A

24 Which statement best explains why only one type
of seismic wave was recorded at location B?
(1) S-waves cannot travel through the liquid

outer core.
(2) S-waves cannot travel through the liquid

inner core.
(3) P-waves cannot travel through the solid outer

core.
(4) P-waves cannot travel through the solid inner

core.

25 A seismic station located at point A is 5400 kilo-
meters away from the epicenter of the earth-
quake. If the arrival time for the P-wave at
point A was 2:00 p.m., the arrival time for the
S-wave at point A was approximately
(1) 1:53 p.m. (3) 2:09 p.m.
(2) 2:07 p.m. (4) 2:16 p.m.



Base your answers to questions 36 and 37 on the cross section below, which shows the type of seismic waves
recorded at various locations after an earthquake has occurred. Point A is a location on Earth’s surface and X is
the epicenter of the earthquake.

36 Point A is located 7600 kilometers from the epicenter of this earthquake. How many minutes did it take
the first S-wave to reach point A?
(1) 9 min (3) 16 min
(2) 11 min (4) 20 min

37 How many kilometers did the seismic waves travel from the earthquake directly to the outside of the outer
core?
(1) 800 km (3) 2900 km
(2) 1400 km (4) 6400 km
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Part B–1

Answer all questions in this part.

Directions (36–50):  For each statement or question, choose the word or expression that, of those given, best
completes the statement or answers the question. Some questions may require the use of the 2011 Edition
Reference Tables for Physical Setting/Earth Science. Record your answers on your separate answer sheet.
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33 The diagrams below show four major types of fault motion occurring in Earth’s crust. Which type of fault
motion best matches the general pattern of crustal movement at California’s San Andreas fault?

Normal Fault (tension)Lateral Fault (shearing)

Reverse Fault (compression)

( 1 ) ( 3 )

Thrust Fault

( 2 ) ( 4 )
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49 Which cross section has arrows that best represent the relative motion of the crustal
plates along the Wadati-Benioff zone beneath the Tonga Trench?

50 The latitude and longitude of the center of Vanau Leva is closest to
(1) 17° N 179° W (3) 17° S 179° E
(2) 17° N 181° W (4) 17° S 181° E

Trench

SurfaceX Y

W
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ni
off
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off
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Trench

SurfaceX Y

W
ad

ati-
Be

ni
off

( 4 )



Base your answers to questions 67 and 68 on the map and data table shown below. The map shows some
tectonic plates and the boundaries between them. Letters A and B are locations on Earth’s surface. The data
table shows the depth below Earth’s surface of five earthquakes measured from location A toward location B.

Map Data Table

67 On the grid provided in your answer booklet, plot the depths of the five earthquakes
from location A toward location B.      [1]

68 Identify the type of plate boundary or geologic feature found at location B.    [1]

Eurasian
Plate

A B

Indian-Australian
Plate

P.S./E. Sci.–Jan. ’05 [22]

Earthquake

Distance from
Location A

Toward Location B
(km)

Depth Below
Earth’s Surface

(km)

1 100 600

2 200 400

3 250 300

4 300 250

5 400 60
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33 The diagrams below show four major types of fault motion occurring in Earth’s crust. Which type of fault
motion best matches the general pattern of crustal movement at California’s San Andreas fault?

Normal Fault (tension)Lateral Fault (shearing)

Reverse Fault (compression)

( 1 ) ( 3 )

Thrust Fault

( 2 ) ( 4 )



Base your answers to questions 30 and 31 on the
photograph below, which shows an outcrop of sedi-
mentary rock layers that have been tilted and slightly
metamorphosed.

30 The tilted rock structure shown in the photo-
graph is most likely the result of the
(1) deposition of rock fragments on a mountain

slope
(2) reversal of past magnetic poles
(3) passage of seismic waves
(4) collision of crustal plates

31 Tilted, slightly metamorphosed rock layers such
as these are typically found in which New York
State landscape region?
(1) Taconic Mountains
(2) Atlantic Coastal Plain
(3) Tug Hill Plateau
(4) Erie-Ontario Lowlands

32 A stream with a water velocity of 150 centi-
meters per second decreases to a velocity of 
100 centimeters per second. Which sediment
size will most likely be deposited?
(1) pebbles (3) boulders
(2) sand (4) cobbles

33 The diagram below shows a stream profile
before and after an earthquake. Points A and B
are locations along the streambed.

What is the probable relationship between ero-
sion and deposition at points A and B after the
earthquake?
(1) There is more deposition at point A and

more erosion at point B.
(2) There is more erosion at point A and more

deposition at point B.
(3) There is more deposition than erosion at

points A and B.
(4) There is more erosion than deposition at

points A and B.

Note that questions 34 and 35 have only three
choices.

34 As air on the surface of Earth warms, the den-
sity of the air
(1) decreases
(2) increases
(3) remains the same

35 Compared to the average density of the terres-
trial planets (Mercury, Venus, Earth, and Mars),
the average density of the Jovian planets
(Jupiter, Saturn, Uranus, and Neptune) is
(1) less
(2) greater
(3) the same

Streambed

Direction of flow

Before Earthquake

Original position
of streambed

After Earthquake

Direction of flow

A

Fault

Original position
of streambed

New position
of streambed

B

A

B
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16 Most water vapor enters Earth’s atmosphere by
the processes of
(1) condensation and precipitation
(2) radiation and cementation
(3) conduction and convection
(4) evaporation and transpiration

17 At an altitude of 95 miles above Earth’s surface,
nearly 100% of the incoming energy from the
Sun can be detected. At 55 miles above Earth’s
surface, most incoming x-ray radiation and some
incoming ultraviolet radiation can no longer be
detected. This missing radiation was most likely
(1) absorbed in the thermosphere
(2) absorbed in the mesosphere
(3) reflected by the stratosphere
(4) reflected by the troposphere

18 Weather along most fronts is usually cloudy with
precipitation because the warm air along most
fronts is usually
(1) sinking and cooling, causing water to evaporate
(2) sinking and warming, causing water to evapo-

rate
(3) rising and cooling, causing water vapor to con-

dense
(4) rising and warming, causing water vapor to

condense

19 Which cross section below best represents the
crustal plate motion that is the primary cause of
the volcanoes and deep rift valleys found at mid-
ocean ridges?

( 1 ) ( 3 )

( 2 ) ( 4 )

Key

Continental crust
Oceanic crust
Mantle
Direction of plate motion
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15 The arrows on the two maps below show how the monsoon winds over India change direction with the 
seasons.

How do these winds affect India’s weather in summer and winter?
(1) Summer is cooler and less humid than winter.
(2) Summer is warmer and more humid than winter.
(3) Winter is warmer and less humid than summer.
(4) Winter is cooler and more humid than summer.

Monsoon
winds

India

Himalayas

0° Equator

Summer

Monsoon
winds

India

Himalayas

0° Equator

Winter



31 The diagram below shows a sling psychrometer.

Based on the dry-bulb temperature and the wet-bulb temperature, what is the relative
humidity?
(1) 66% (3) 51%
(2) 58% (4) 12%

32 Arrows in the block diagram below show the relative movement along a tectonic plate boundary.

Between which two tectonic plates does this type of plate boundary exist?
(1) Nazca Plate and South American Plate
(2) Eurasian Plate and Indian-Australian Plate
(3) North American Plate and Eurasian Plate
(4) Pacific Plate and North American Plate

(Not drawn to scale)

Oceanic crust

Continent

Continental crust
Fault

Ocean floor

Wet bulb

Dry bulb
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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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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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28 Which cross section below best represents the conditions that cause early winter lake-effect snowstorms in
New York State?

29 Which block diagram best represents the relative direction of plate motion at the San Andreas Fault?
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62 According to the map, how long after this earthquake did the first tsunami wave arrive
at Bengkulu, Sumatra?   [1]

63 State the latitude and longitude of the epicenter of this earthquake. Include the units
and compass directions in your answer.   [1]

64 Identify the overriding tectonic plate at the convergent plate boundary where this
earthquake occurred.   [1]

65 Based on cross section III, describe the ocean water-level change at the shoreline that
people observed just before the first tsunami wave approached the shore.   [1]

Cross section III
As the tsunami moves into shallow waters and
approaches land, the trough reaches land before
the first wave crest hits land.
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Tsunami

Normal sea
level
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62 According to the map, how long after this earthquake did the first tsunami wave arrive
at Bengkulu, Sumatra?   [1]

63 State the latitude and longitude of the epicenter of this earthquake. Include the units
and compass directions in your answer.   [1]

64 Identify the overriding tectonic plate at the convergent plate boundary where this
earthquake occurred.   [1]

65 Based on cross section III, describe the ocean water-level change at the shoreline that
people observed just before the first tsunami wave approached the shore.   [1]

Cross section III
As the tsunami moves into shallow waters and
approaches land, the trough reaches land before
the first wave crest hits land.
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62 According to the map, how long after this earthquake did the first tsunami wave arrive
at Bengkulu, Sumatra?   [1]

63 State the latitude and longitude of the epicenter of this earthquake. Include the units
and compass directions in your answer.   [1]

64 Identify the overriding tectonic plate at the convergent plate boundary where this
earthquake occurred.   [1]

65 Based on cross section III, describe the ocean water-level change at the shoreline that
people observed just before the first tsunami wave approached the shore.   [1]

Cross section III
As the tsunami moves into shallow waters and
approaches land, the trough reaches land before
the first wave crest hits land.
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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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Base your answers to questions 47 and 48 on the geologic cross section below. The large cone-shaped 
mountain on Earth’s surface is a volcano. Letters A, B, and C represent certain rocks.

Contact metamorphism

Ash layers

Shale

Sandstone

Limestone

Gabbro

Igneous rock A and B

Key

A

B

C

P.S./E. Sci.–June ’03 [14]

47 Which statement correctly describes the relative
ages of rocks A and C and gives the best support-
ing evidence from the cross section?
(1) A is younger than C, because A is a lower

sedimentary rock layer.
(2) A is younger than C, because the intrusion of

A metamorphosed part of rock layer C.
(3) A is older than C, because A has older index

fossils.
(4) A is older than C, because the intrusion of A

cuts across rock layer C.

48 Rock B is most likely which type of igneous rock?
(1) granite (3) pegmatite
(2) peridotite (4) basalt



Base your answers to questions 82 through 85 on the map and passage below.  The map shows the outlines
and ages of several calderas created as a result of volcanic activity over the last 16 million years as the North
American Plate moved over the Yellowstone Hot Spot.  A and B represent locations within the calderas.

The Yellowstone Hot Spot

The Yellowstone Hot Spot has interacted with the North American Plate, causing
widespread outpourings of basalt that buried about 200,000 square miles under layers
of lava flows that are a half mile or more thick.  Some of the basaltic magma produced
by the hot spot accumulates near the base of the plate, where it melts the crust above.
The melted crust, in turn, rises closer to the surface to form large reservoirs of poten-
tially explosive rhyolite magma.  Catastrophic eruptions have partly emptied some of
these reservoirs, causing their roofs to collapse.  The resulting craters, some of which
are more than 30 miles across, are known as volcanic calderas.

82 Describe the texture and color of the basalt produced by the Yellowstone Hot Spot.   [1]

83 Identify two minerals found in the igneous rock that is produced from the explosive
rhyolite magma.   [1]

84 Based on the age pattern of the calderas shown on the map, in which compass 
direction has the North American Plate moved during the last 16 million years?   [1]

85 Calculate, in miles per million years, the rate at which the North American Plate has
moved over the Yellowstone Hot Spot between point A and point B. [1]

A
16
my

15
my 11 my

9.5 my

8.5 my

5 my
1.3 my

0.63 my

Oregon

Idaho Montana

Wyoming

UtahNevada

B

118! W 116! W 114! W 112! W 110! W

0 25 50 75 100 200 miles
N

my = million years

Key
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