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Part A

Answer all questions in this part.

Directions (1–35): Use your knowledge of Earth science to answer all questions. 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.

1 Why is the surface of Mercury covered with
meteor impact craters, while Earth’s surface has
relatively few craters?
(1) Mercury is larger than Earth, so it gets hit

with more meteors.
(2) Mercury is an older planet, so it has a longer

history of meteor impacts.
(3) Earth’s less dense water surface attracts

fewer meteors.
(4) Earth’s hydrosphere and atmosphere

destroyed or buried most meteor impact
sites.

2 Which information best supports the inference
that the universe began with an explosion?
(1) measurements of rates of decay using 

carbon-14
(2) measurements of cosmic background radiation
(3) calculations of the distance from the Sun to

each asteroid in the asteroid belt
(4) calculations of the temperature and luminosity

of stars

3 A blue shift of the light from a star indicates that
the star
(1) will soon become a main sequence star
(2) will soon become a giant star
(3) is moving closer to Earth
(4) is moving away from Earth

4 Evidence that Earth revolves around the Sun is
provided by the
(1) apparent rising and setting of the Sun during

one day
(2) apparent rising and setting of Polaris during

one day
(3) seasonal changes in the apparent positions of

constellations
(4) hourly changes in the apparent direction of

the swing of a Foucault pendulum

5 What causes many surface winds to deflect to the
right in the Northern Hemisphere?
(1) rotation of Earth on its axis
(2) unequal heating of Earth’s surface
(3) gravitational force of the Moon
(4) gravitational force of the Sun

6 During which Northern Hemisphere season is
Earth closest to the Sun?
(1) spring (3) autumn
(2) summer (4) winter

7 An observer on Earth measures the angle of sight
between Venus and the setting Sun.

Which statement best describes and explains the
apparent motion of Venus over the next few
hours?
(1) Venus will set 1 hour after the Sun because

Earth rotates at 45° per hour.
(2) Venus will set 2 hours after the Sun because

Venus orbits Earth faster than the Sun orbits
Earth.

(3) Venus will set 3 hours after the Sun because
Earth rotates at 15° per hour.

(4) Venus will set 4 hours after the Sun because
Venus orbits Earth slower than the Sun orbits
Earth.

Sun

Venus

(Not drawn to scale)
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AArdvark
Sticky Note
Think erosion and deposition

AArdvark
Sticky Note
A radio-telescope pointed anywhere in the sky will detect the faint glow of radiation left over from the Big Bang.

AArdvark
Sticky Note
Red shift - object moving away.Blue shift - object moving closer

AArdvark
Sticky Note
It takes the Earth a year to revolve around the Sun. Choose the only answer that involves changes that occur over the course of a year.

AArdvark
Sticky Note
The deflections (change in direction) of winds is called the Coriolis effect. What causes the Coriolis effect?

AArdvark
Sticky Note
In the Northern Hemisphere we are slightly closer to the Sun in the winter. 

AArdvark
Sticky Note
The Sun and moon and stars and planets (including Venus) appear to move through the night sky at 15°/hr because the Earth rotates at 15°/hr. At that rate how many hours will be needed for Venus to travel 45°?



8 The diagram below represents the horizon and the Sun’s apparent paths, A, B, and C, on three different
dates, as viewed from the same location in New York State.

Which table correctly shows the dates on which the apparent paths of the Sun were observed?

( 1 ) ( 3 )

( 2 ) ( 4 )

Path of 
Sun Date

A December 21

B March 21

C June 21

Path of 
Sun Date

A June 21

B March 21

C December 21

Path of 
Sun Date

A December 21

B September 23

C March 21

Path of 
Sun Date

A March 21

B September 23

C June 21

Sun

SouthEast

Sun rises

West

Sun sets

C
B

A

Horizon
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AArdvark
Sticky Note
'A' is the path when the Sun is highest in the sky. In what month does that occur? C is the month when the Sun is lowest in the Sky. In what month does that occur?



9 Scientists infer that most of Earth’s earliest
atmosphere was produced by
(1) a collision with a giant gas cloud
(2) capturing gases from a nearby planet
(3) vaporizing comets that impacted Earth’s 

surface
(4) the escape of gases from Earth’s molten 

surface

10 An increase in the transparency of Earth’s 
atmosphere is often caused by
(1) a decrease in cloud cover
(2) a decrease in solar radiation
(3) an increase in airborne dust particles
(4) an increase in the duration of insolation

11 Which station model shows a wind direction from
the southeast?

12 The direction of movement of the major surface
ocean currents is most affected by Earth’s
(1) tilted axis (3) rate of revolution
(2) prevailing winds (4) tidal action

13 The winds shift from southwest to northwest as
heavy rains and hail begin to fall in Albany, New
York. These changes are most likely caused by
the arrival of
(1) an mT air mass (3) a cold front
(2) a cT air mass (4) a warm front

14 A city located on the coast of North America has
warmer winters and cooler summers than a city
at the same elevation and latitude located near
the center of North America. Which statement
best explains the difference between the climates
of the two cities?
(1) Ocean surfaces change temperature more

slowly than land surfaces.
(2) Warm, moist air rises when it meets cool, dry

air.
(3) Wind speeds are usually greater over land

than over ocean water.
(4) Water has a lower specific heat than land.

15 Most of the electromagnetic energy radiated
from Earth’s surface is in the form of
(1) ultraviolet rays (3) gamma rays
(2) infrared rays (4) x rays

16 Which two 23.5°-latitude locations are influenced
by cool surface ocean currents?
(1) the east coast of North America and the west

coast of Australia
(2) the east coast of Asia and the east coast of

North America
(3) the west coast of Africa and the east coast of

South America
(4) the west coast of North America and the west

coast of South America

17 The arrival time of the first earthquake 
P-wave at a seismograph station was 10:11:20
(hours:minutes:seconds). If the epicenter of the
earthquake is 8000 km away, what was the
approximate arrival time of the first S-wave from
this earthquake?
(1) 10:02:00 (3) 10:20:40
(2) 10:09:20 (4) 10:32:00

( 1 ) ( 3 )

( 2 ) ( 4 )
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AArdvark
Sticky Note
When the Earth first formed it was molten. Lighter material, gases, escaped from the surface to form the original atmosphere. Don't confuse this 'outgasing' with water believed to have arrived on comets after the Earth cooled.

AArdvark
Sticky Note
When you look up in the sky what do you sometimes see that block the sunlight and make the atmosphere less transparent?

AArdvark
Sticky Note
Winds are named for the direction the come from. Use the example station model (ESRT page 13) to answer this question.

AArdvark
Sticky Note
Currents are moving 'rivers' of water in the ocean. What force blows them across the seas?

AArdvark
Sticky Note
The key to this question is that the winds begin to blow from the NW. Winds from the north will usually be cold.

AArdvark
Sticky Note
Living near the coasts (or any large body of water) eliminates extremes of temperature. Winters are warmer. Summers are cooler. This is because water has a high specific heat and changes temperature very slowly. 

AArdvark
Sticky Note
We get short wave visible light from the Sun. We then re-radiate long wave infrared energy (terrestrial radiation) back out into space.

AArdvark
Sticky Note
Use the Surface Ocean Currents map on ESRT page 4. Look at the key to see the kind of arrow used for cool currents and then one by one check out the areas in each choice.

AArdvark
Sticky Note
Use the Travel Time graph on ESRT page 11. Find the difference in arrival times (the number of minutes between the 2 lines) between P & S waves at 8000 km (nine minutes and 20 seconds). If the P waves arrive at 10:11:20 the S waves will arrive 0:9:20 later. 
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18 The diagram below represents the intensity of the shaking that occurs on different Earth 
surfaces during the same earthquake.

The greatest earthquake hazard to homes exists when they are built on
(1) hard igneous rock (3) coarse sediments
(2) sedimentary rock (4) silt and mud

Base your answers to questions 19 and 20 on the block diagram below, which shows a tectonic plate boundary.

19 Which tectonic plate boundary is best represented by this diagram?
(1) Nazca Plate and Pacific Plate boundary
(2) Scotia Plate and South American Plate boundary
(3) Juan de Fuca Plate and North American Plate boundary
(4) Antarctic Plate and Indian-Australian Plate boundary

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

Rigid mantle

Tr
en

ch

Continental crustOceanic crust
Rigid mantle

(Not drawn to scale)

Asthenosphere

Volcanic
mountain

range

Hard igneous rock Sedimentary
rock

Coarse
sediments

Silt and
 mud

AArdvark
Sticky Note
Look at the amplitude of the waves (the height of the jagged line). In which material is the height greatest?

AArdvark
Sticky Note
This is a convergent plate boundary with the western plate subducting under the plate to the east. Use the Tectonic Plate map (ESRT page 5). Use the key to find the symbol for a 'convergent boundary'. The small black rectangles will be on the overriding plate. In the diagram above that's the western side. Now, using the map, check out each choice to find a convergent boundary with the overriding plate on the left (western) side. 

AArdvark
Sticky Note
See ESRT page 10 (upper right). Continental crust is granite and is less dense (2.7 g/cm3) while oceanic crust is more dense basalt(3.0g/cm3). Use the Igneous Rock ID chart (ESRT page 6) to find granite. It is on the left side of the chart where the felsic rocks are found. Basalt is on right side with the mafic rocks (see 'characteristics' in the middle of the chart).



21 Most of the sediment that is compacted and later
forms shale bedrock is
(1) clay (3) sand
(2) silt (4) pebbles

22 In which two Earth regions is oxygen the second
most abundant element by volume?
(1) crust and hydrosphere
(2) hydrosphere and troposphere
(3) troposphere and core
(4) core and crust

23 Which two properties are most useful in 
distinguishing between galena and halite?
(1) cleavage and color
(2) luster and color
(3) hardness and streak
(4) streak and cleavage

24 The graph below shows the decay of a radioactive
material over time.

How long does it take for this radioactive material
to decay through 2 half-lives?
(1) 1 × 103 years (3) 10 × 103 years
(2) 5 × 103 years (4) 40 × 103 years

25 A 65.5-million-year-old impact crater in Mexico
provides evidence for the cause of the
(1) breakup of Pangaea
(2) evolution of the earliest corals
(3) Alleghenian orogeny
(4) extinction of ammonoids

26 When did the earliest humans appear on Earth?
(1) before the earliest dinosaurs
(2) before the earliest flowering plants
(3) during the Pleistocene Epoch
(4) during the Late Triassic Epoch

27 A landslide is an example of
(1) river deposition (3) mass movement
(2) glacial scouring (4) chemical weathering

28 Each of the rock particles below has the same
density and volume. Which particle will most
likely settle at the fastest rate in moving water?

29 Which rock weathers most rapidly when exposed
to acid rain?
(1) quartzite (3) basalt
(2) granite (4) limestone

30 What is the approximate minimum stream 
velocity needed to keep a particle in motion that
has a diameter of 10 centimeters?
(1) 110 cm/s (3) 325 cm/s
(2) 190 cm/s (4) 425 cm/s

31 Which change is most likely to occur in a landscape
if its climate changes from humid to arid?
(1) Wind will become a more important agent of

erosion.
(2) Surface features will become more rounded.
(3) Chemical weathering will increase.
(4) Vegetation will increase.

32 The surface bedrock in the Hudson Highlands
consists mostly of
(1) diabase, dolostone, and granite
(2) slate, siltstone, and basalt
(3) gneiss, quartzite, and marble
(4) limestone, shale, sandstone, and conglomerate

( 1 ) ( 2 ) ( 3 ) ( 4 )
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AArdvark
Sticky Note
See ESRT page 7 (Sedimentary rock ID). Find shale. From what kind of sediment does shale form?

AArdvark
Sticky Note
See ESRT page 1 ( Avr. Chem. Composition). 

AArdvark
Sticky Note
See ESRT page 16 (Properties of Common Minerals). Look up galena and halite and find 2 properties which are different for each. For instance, cleavage is the same for both so that property can't help in identification.

AArdvark
Sticky Note
At the end of one half-life 50% will remain. At the end of a second half-life half of 50% (25%) will remain. How long will it take to reach 25% remaining? 

AArdvark
Sticky Note
See ESRT page 8. Find 65 mya (million years ago). Look in the Life on Earth column. What went extinct?

AArdvark
Sticky Note
ESRT page 8. See top of Life on Earth Column. 

AArdvark
Sticky Note
When land slides a great deal off mass moves downward due to gravity.

AArdvark
Sticky Note
The roundest and smoothest particles will offer the least water resistance and will settle fastest.

AArdvark
Sticky Note
Carbonates, rocks containing CO3 react with acid. The mineral form of these rocks is calcite. Which rocks are made of calcite? See ESRT page 8.

AArdvark
Sticky Note
See ESRT page 6 (upper right - Particle Size to Water Velocity). On the Y axis find a diameter of 10 cm. Go straight down to find the velocity. NOTE: There are 3 unevenly spaced marks between 100 and 500 cm/sec. Even though they are unevenly spaced each represents an increase of 100 cm/sec.

AArdvark
Sticky Note
In an arid (dry) climate surface features become angular (no water to round them). Chemical weathering slows without water and plants don't grow well. Without water, wind becomes a major factor. 

AArdvark
Sticky Note
Find the Hudson Highlands on the landscape map (ESRT page 2). Now find the same area on the Bedrock & Geology map on ESRT page 3. The key shows that the rock there are metamorphic. 



33 The Catskills landscape region is classified as a plateau because it has
(1) low elevations and mostly faulted or folded bedrock
(2) low elevations and mostly horizontal bedrock
(3) high elevations and mostly faulted or folded bedrock
(4) high elevations and mostly horizontal bedrock

Base your answers to questions 34 and 35 on the block diagram below, which shows bedrock units 
A through F and boundary XX�.

34 The rock that formed in the contact metamorphic zone between rock unit E and rock unit D is
(1) hornfels (3) schist
(2) marble (4) anthracite coal

35 Which sequence best describes the geologic history, from oldest to youngest, that occurred at this site?
(1) deposition of F, D, C, B → intrusion of E → uplift and erosion → deposition of A
(2) intrusion of E → deposition of F, D, C, B → uplift and erosion → deposition of A
(3) deposition of F, D, C, B, A → uplift and erosion → intrusion of E
(4) deposition of F, D, C, B, A → intrusion of E → uplift and erosion

A

B
C

D
E F Key

Contact
metamorphism
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AArdvark
Sticky Note
Landscape classification:Mountains: high elevations with tilted or folded bedrock.Lowlands: Low elevation with horizontal bedrock.Plateau: High elevation with horizontal bedrock.

AArdvark
Sticky Note
See ESRT page 7 (Metamorphic Rock ID). Which is a metamorphic rock formed by contact metamorphism?

AArdvark
Sticky Note
Layers F,D,C, and B were deposited, then tilted. Before they were tilted layer F was probably on the bottom making it the oldest (law of superposition). Then E intruded (contact metamorphism). The entire region was then uplifted and eroded before A was deposited (note the unconformity under layer A and the fact that there is no contact metamorphism between E and A). 



P.S./E. Sci.–Jan. ’13 [8]

Base your answers to questions 36 and 37 on the diagram below, which shows the change in the size of a star
such as our Sun as it evolves from a protostar to a white dwarf star.

36 During which stage of development does the star have a cool surface temperature and the greatest 
luminosity?
(1) protostar (3) giant
(2) main sequence (4) white dwarf

37 Which process produces the energy radiated by the star when it becomes a main sequence star?
(1) radioactive decay (3) conduction
(2) nuclear fusion (4) convection

Protostar

Main sequence
Giant

White dwarf

Starts to emit radiation

Part B–1

Answer all questions in this part.

Directions (36–50): Use your knowledge of Earth science to answer all questions. 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.

AArdvark
Sticky Note
See ESRT page 15 (Characteristics of Stars). Stars with high luminosity are near the top and stars with cool temperatures are on the right. What kind of stars are on the top right?

AArdvark
Sticky Note
Energy is produced in stars when hydrogen atoms are combined to form helium. 
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Base your answers to questions 38 through 40 on the passage below.

Crustal Activity at Mid-Ocean Ridges

Mid-ocean ridges are found at one type of tectonic plate boundary. These ridges
consist of extensive underwater mountain ranges split by rift valleys. The rift valleys
mark places where two crustal plates are pulling apart, widening the ocean basins, and
allowing magma from the asthenosphere to move upward. In some cases, mid-ocean
ridges have migrated toward nearby mantle hot spots. This explains why mid-ocean
ridges and mantle hot spots are found together at several locations.

38 Which type of tectonic plate boundary is located at mid-ocean ridges?
(1) convergent (3) divergent
(2) transform (4) complex

39 Which mantle hot spot is located closest to a mid-ocean ridge?
(1) Canary Islands (3) Hawaii
(2) Easter Island (4) Tasman

40 The map below shows a part of Earth’s surface. Points A through D are locations on the ocean floor.

At which location is the temperature of the ocean floor bedrock most likely highest?
(1) A (3) C
(2) B (4) D

Caribbean

Plate

Peru-C
hile

Trench

South
American

Plate

M
id

-A
tla

nt
ic

 R
id

ge

Scotia
Plate

African
Plate

Sandwich Plate

AArdvark
Sticky Note
See ESRT page 5 (Tectonic Plates). Use the key to find the kind of boundary depicted in the map below. 

AArdvark
Sticky Note
One of these hot spots is hard to see on the map on ESRT page 5 because it is right on the East Pacific Ridge. 

AArdvark
Sticky Note
The temperature will be highest at a location where molten material is welling up from inside the Earth. This occurs along mid-ocean ridges.



Base your answers to questions 41 through 44 on the weather map below, which shows the locations of a
high-pressure center (H) and a low-pressure center (L) over a portion of North America. The isolines indicate
surface air pressures.

41 The data used to construct the isolines on this map were recorded in which units?
(1) inches (3) feet
(2) millibars (4) meters

42 Which map shows the most likely location of clouds associated with these pressure centers?

LL

LL

( 1 )

( 2 )

( 3 )

( 4 )

H

H

H

H

1000
996

1004

10081020

1016

1012

1008 1004
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AArdvark
Sticky Note
This map shows isobars which indicate atmospheric pressure. Look at the Pressure chart on ESRT page 13 to see which units are represented on the map. 

AArdvark
Sticky Note
It usually rains around a low pressure center and at a front separating the high and the low.



43 The arrows on which map best show the pattern of surface winds around these two pressure centers?

44 The arrows on which map show the most likely path in which these two pressure centers will move over the
next few days?

( 1 )

( 2 )

( 3 )

( 4 )

( 1 )

( 2 )

( 3 )

( 4 )
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AArdvark
Sticky Note
See ESRT page 14 (Wind and Moisture Belts). The United States is between 30° and 60° N. That puts us in the southwesterly wind belt (winds are from the SW). Which way will SW winds blow these weather systems?

AArdvark
Sticky Note
Just something you have to know: Clockwise around a high. Counterclockwise around a low.



Base your answers to questions 45 through 48 on the diagram below, which shows a model of the water
cycle. Letters A through F represent some processes of the water cycle. Letter X indicates the top of the 
underground zone that is saturated with water.

45 Which process is represented by letter F?
(1) capillarity (3) condensation
(2) infiltration (4) vaporization

46 What does letter X represent?
(1) the water table (3) sea level
(2) a floodplain (4) impermeable rock

47 If the surface soil is saturated and precipitation increases, there will be
(1) a decrease in the amount of groundwater (3) an increase in the rate of capillarity
(2) a decrease in the surface elevation of the lake (4) an increase in the amount of runoff

48 The processes of transpiration and evaporation are represented by letters
(1) A and B (3) C and A
(2) B and E (4) D and E

Groundwater

D

X

B

E
A

C

LakeF

(Not drawn to scale)
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AArdvark
Sticky Note
F represents water that is working its way down through porous rock and soil. 

AArdvark
Sticky Note
X represents the interface between the saturated rock or soil where groundwater is located and the unsaturated rock or soil above.

AArdvark
Sticky Note
If the soil is saturated it is 100% full and there is no room for more water to infiltrate. All the rain will then stay on the surface. 

AArdvark
Sticky Note
Water is evaporating from the lake and transpiring from the trees.



Base your answers to questions 49 and 50 on the diagram below, which represents a rock composed of
cemented pebbles and sand.

49 This rock should be classified as
(1) an intrusive igneous rock (3) a bioclastic sedimentary rock
(2) an extrusive igneous rock (4) a clastic sedimentary rock

50 Which change would most likely occur if this rock became buried deep within Earth’s crust and was 
subjected to intense heat and pressure, but did not melt?
(1) The density of the pebbles and sand would decrease.
(2) The rock would become a plutonic rock composed mostly of quartz.
(3) The rock would become more felsic with a higher concentration of magnesium.
(4) The pebbles would become distorted and the sand would be recrystallized.
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AArdvark
Sticky Note
See ESRT page 7 (Sedimentary Rock ID). How is a rock classified (texture) if it contains pebbles and sand? 

AArdvark
Sticky Note
Using the Sedimentary Rock ID chart (ESRT page 7) the rock above can be classified as conglomerate. Subjecting it to "heat and pressure" would create a metamorphic rock. Use the Metamorphic Rock ID chart, also on ESRT page 7, to find a metamorphic rock made from conglomerate. Look in the comment column for a clue. 



Base your answers to questions 51 through 53 on the diagram in your answer booklet, which shows Earth as
viewed from space on December 21. Some latitudes are labeled.

51 On the diagram in your answer booklet, place an X at a location on Earth’s surface where the Sun was directly
overhead at some time on December 21.   [1]

52 State one factor, other than the tilt of Earth’s axis, that causes seasons to change on Earth.   [1]

53 At which latitude is Polaris observed at an altitude of 66.5°?   [1]

P.S./E. Sci.–Jan. ’13 [14]

Part B–2

Answer all questions in this part.

Directions (51–65): Use your knowledge of Earth science to answer all questions. Record your answers in
the spaces provided in your answer booklet. Some questions may require the use of the 2011 Edition Reference
Tables for Physical Setting/Earth Science.

AArdvark
Sticky Note
The direct rays of the Sun are always between 23.5°N and 23.5°S. In December the Sun's direct rays are falling on the Southern Hemisphere.

AArdvark
Sticky Note
Think of any change caused by the Earth's tilt that results in seasons. 

AArdvark
Sticky Note
In the Northern Hemisphere the latitude of an observer and the altitude of Polaris are always the same number.





Base your answers to questions 54 through 56 on the diagram of Bowen’s Reaction Series below, which
shows the sequence in which minerals crystallize as magma cools and forms different types of igneous rocks
from the same magma. The arrow for each mineral represents the relative temperature range at which that 
mineral crystallizes.

Bowen’s Reaction Series

54 According to Bowen’s Reaction Series, how is the chemical composition of plagioclase feldspar found in
basaltic rock different from the chemical composition of plagioclase feldspar found in granitic rock?   [1]

55 Describe the temperature conditions shown in Bowen’s Reaction Series that explain why olivine and quartz
are not usually found in the same igneous rock type.   [1]

56 Identify one similarity and one difference between the igneous rocks andesite and diorite.   [1]

High
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AArdvark
Sticky Note
Look at the Plagioclase feldspar arrow. Look at the comment next to the arrow in the Basaltic area and compare that to the comment next to the arrow in the deeper Andesitic/Granitic area.

AArdvark
Sticky Note
Compare the temperature at which olivine forms with the temperature at which quartz forms.

AArdvark
Sticky Note
Find both Andesite and Diorite on the Igneous ID chart on ESRT page 6. Use the information there to answer the question. 



Base your answers to questions 57 through 61 on the diagram and tables below. The diagram shows a rock
sample containing fossils from a location in New York State at 42° N 78° 15� W. Fossils 1, 2, 3, and 4 are labeled.
Table A lists the names and rock types of the New York State rock units from the Middle and Late Devonian in
this area. The presence of fossil 1, 2, 3, or 4 in a rock unit is indicated by an X in the fossils column in the table.
Table B identifies typical rocks formed within different marine (ocean) environments.

Table A: New York State Rock Units in Area Where the Rock Sample was Found

Table B:  Sedimentary Rock Types Formed in Different Marine Environments

Sedimentary Rocks Marine Environment

limestones clear, shallow water

gray shales muddy, oxygen rich

black shales muddy, oxygen poor

siltstones and sandstones silty to sandy bottom

evaporites very salty, shallow seas

coarse-grained sandstones 
and conglomerates

tidal shores and deltas

Geologic
Age:

Devonian

Name of
Rock Unit Type of Rock Found in Unit

Fossils

1 2 3 4

Late Conewango shales and sandstones X X X

Late Conneaut shales and sandstones X X X

Late Canadaway shales and sandstones X X X X

Late West Falls shales and sandstones X X X

Late Sonyea shale X X X

Late/Middle Genesee shale X X

Middle Tully limestone X X

Middle Hamilton limestone X X

Middle Onondaga limestone (includes volcanic ash bed) X

3

24

1
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57 On the map in your answer booklet, place an X at the location where this rock sample was collected.   [1]

58 Based on the fossils present, the rock sample shown in the diagram came from which rock unit listed in
table A?   [1]

59 Identify the New York State index fossil group that includes fossil 4 shown on the rock sample.   [1]

60 Identify the landmass that collided with the eastern coast of North America to create the Acadian 
mountain range and the basin for the deposition of the Devonian rock units in table A.   [1]

61 According to the tables, in which marine environment was the Tully rock unit deposited?   [1]

P.S./E. Sci.–Jan. ’13 [17] [OVER]

AArdvark
Sticky Note
Use the latitude and longitude given in the directions to find the location where the rock was collected.

AArdvark
Sticky Note
The rock contains fossils 1,2,3, and 4. Only one rock unit in table A contains all 4 fossils.

AArdvark
Sticky Note
Find a picture of fossil 4 on the bottom of ESRT page 9. It is fossil Z. Give its name or, in the Time Distribution of Fossils (also ESRT page 7) find the name of the line on which fossil Z is found. Either is correct.

AArdvark
Sticky Note
See ESRT page 9, Important Geologic Events column. Find information about the Acadian orogeny.

AArdvark
Sticky Note
According to table A the Tully rock unit is made of limestone. Use table B to find the environment in which limestone is deposited.
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Base your answers to questions 62 through 65 on the maps below. The southwest corner of the New York State
map below is enlarged in maps I, II, and III. Arrows on maps I, II, and III show the location and direction of flow
for part of the Allegheny River at different times during the Cenozoic Era. The present boundaries of New York
State and Lake Erie are shown on each map. Point A on map III represents a location in New York State.

62 Map II shows the course of the Allegheny River during a specific part of a geologic time period. State the
name of this geologic time period.   [1]

63 Explain why the direction of flow of the Allegheny River changed between the times shown on map I and
map II.   [1]

64 Identify the present-day feature that prevents the Allegheny River from returning to its earlier (Neogene)
direction of flow to the northwest.   [1]

65 The diagram in your answer booklet shows a partial cross section of a valley near location A on map III. On
this diagram, draw a line beginning at X and ending at Y to show the shape of this valley after it was 
eroded by glacial ice that flowed down the valley.   [1]

Glacial moraine

Glacial ice sheet

NY

PA

Allegheny River

NY

PA

A
Lake Erie

NY

PA

��������	�
����������������

Alle

gh
en

y River

Alle

ghen
y River

Map
Area

AArdvark
Sticky Note
See ESRT page 8. 22,000 years is very close to the top of the page in the Holocene epoch. What period is this?

localt
Sticky Note
Look at maps 1 and 2. Is there something blocking the river in map 2 that wasn't there in map 1?

localt
Sticky Note
Look at map 3. Those dark black areas seem to be blocking the river and forcing it to flow to the southwest. What are those dark areas? See key.

localt
Sticky Note
Streams and rivers cut V-shaped valleys. Glaciers always form U-shaped valleys. What shape should you draw?
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Base your answers to questions 66 through 68 on the data table below, which shows the average 
carbon dioxide (CO2) concentrations in Earth’s atmosphere for specific years from 1930 to 2010. Carbon dioxide
is a greenhouse gas in Earth’s atmosphere that contributes to global warming. The average carbon dioxide
concentrations were measured in parts per million (ppm).

Average Carbon Dioxide Concentrations 
in Earth’s Atmosphere

66 On the grid in your answer booklet, construct a line graph by plotting the average carbon dioxide 
concentrations in Earth’s atmosphere for each year shown on the data table. Connect the plots with a line.   [1]

67 Calculate the rate of change from 2000 to 2010 of the average carbon dioxide concentrations, in parts per
million per year.   [1]

68 Identify one greenhouse gas, other than carbon dioxide, that contributes to global warming.   [1]

Year Average CO2
Concentration (ppm)

1930 306

1940 308

1950 310

1960 316

1970 326

1980 338

1990 354

2000 370

2010 390

Part C

Answer all questions in this part.

Directions (66–85): Use your knowledge of Earth science to answer all questions. Record your answers in
the spaces provided in your answer booklet. Some questions may require the use of the 2011 Edition Reference
Tables for Physical Setting/Earth Science.

localt
Sticky Note
Hint. Take your time. Be careful and be accurate. Check your work when you're done.

localt
Sticky Note
You are given a BIG clue because the question says the rate is in ppm per year. Get the change in CO2 concentrations from 2010 to 2000 (390 - 370 = 20) and divide by the difference in years (10).

localt
Sticky Note
This is just one of those things you should know. Check the answers.



Base your answers to questions 69 through 73 on the map and passage below.

A Lake-Effect Snowstorm

A snowstorm affected western New York State on October 12 and 13, 2006.
A blend of weather conditions caused more than 24 inches of heavy, wet, lake-effect
snow, bringing much of western New York to a standstill. The New York State Thruway
was closed to traffic between exits 46 and 59, which are circled on the map. The 
isolines on the map show the amount of snowfall, measured in inches, resulting from
this storm. Points A and B represent locations on Earth’s surface.

69 On the grid in your answer booklet, construct a profile of the snowfall amounts along line AB by plotting
the isoline amounts that cross line AB. The amounts for points A and B have been plotted. Complete the
profile by connecting all the plots with a line.   [1]

70 Approximately how many miles of this section of the Thruway were closed due to the snowstorm?   [1]

71 Determine the number of inches of snow that was received in Niagara Falls, New York, from this 
snowstorm.   [1]

72 Identify the most probable direction from which the wind was blowing to produce the pattern of snowfall
shown on the map.   [1]

73 Identify two hazards to human life or property that can result from a snowstorm of this size.   [1]

Lake
Ontario

CANADA

Lake Erie

59

0 10 20 30 40 50 miles

N

1

12

6
18 12

1

18

24

6

46

NYS  Thruway

New York State
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localt
Sticky Note
If you are unsure of how to construct a profile go to the regentsearth.com home page, click on powerpoint tutorials and view the powerpoint entitled 'How to Draw a Map Profile.'

localt
Sticky Note
You must do this in at least 2 steps. Take a piece of paper and mark the distance from exit 46 to where the line bends sharply (just above the dotted line). Now measure again from the bend to exit 59. Now use the scale below the map to find the total distance.

localt
Sticky Note
You must use ESRT page 3 to locate Niagara Falls. Once you have found it on page 3, locate the same spot (just north of the island) on the map above. Since the location is somewhere between the 1 and 6 inch isolines pick a value between those numbers.

localt
Sticky Note
Since the snow seems to be deposited in the area northeast of the lake the winds must have been coming FROM..............

localt
Sticky Note
Imagine you were in a bad snowstorm. How might you or your property be harmed. Don't give silly or unlikely answers. Stick to reasonable and common possibilities.



Base your answers to questions 74 through 77 on the diagram below, which shows the windward and 
leeward sides of a mountain range. Arrows show the movement of air over a mountain. Points A and B
represent locations at sea level on Earth’s surface. 

74 Identify one weather instrument that could be used to determine the dewpoint of the air at point A.   [1]

75 What is the relative humidity at the base (bottom) of the cloud on the windward side of the mountain?   [1]

76 Explain why air cools as it rises up this mountain.   [1]

77 Compared to the temperature and relative humidity of the air at point A, describe how the temperature
and relative humidity of the air are different as the air arrives at point B.   [1]
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localt
Sticky Note
Dewpoint is determined using an instrument which consists of a wet and a dry bulb thermometer. What is the name of this instrument?

localt
Sticky Note
The cloud base (bottom of the clouds) is the point at which the air becomes saturated and water vapor begins to condense.

localt
Sticky Note
As the air rises it expands because the pressure on it decreases. When it expands it cools. Keep it simple. Air cools because as it rises it expands.

localt
Sticky Note
Windward side (A) = cool and moist.Leeward side (B) = warm and dry
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Base your answers to questions 78 through 82 on the diagram in your answer booklet, which represents eight
positions of the Moon in its orbit around Earth.

78 On the diagram in your answer booklet, circle the position of the Moon where a solar eclipse is possible.   [1]

79 On the diagram in your answer booklet, shade the portion of the Moon that is in darkness to show the phase
of the Moon at position 3, as viewed from New York State.   [1]

80 Using the terms rotation and revolution, explain why the same side of the Moon always faces Earth.   [1]

81 Explain why the Moon’s gravity has a greater effect on Earth’s ocean tides than the Sun’s gravity.   [1]

82 The table below shows times of ocean tides on March 4 for a city on the Atlantic coast of the United States.

Ocean Tides on March 4

Determine the time when the next low tide occurred. Include a.m. or p.m. in your answer, if needed.   [1]

Tide Time

high 12:00 a.m.

low 6:13 a.m.

high 12:26 p.m.

localt
Sticky Note
A solar eclipse is possible only during the new moon position; when the moon is between the Sun and the Earth.

localt
Sticky Note
Position 2 is the full moon. Position 3 is past full (less then full) but more than half. Position 3 is the waning gibbous moon. Since it is past full it is the LEFT side that will be lit. Shade the right side only, leaving more than half lit on the left.

localt
Sticky Note
The time for one revolution and one rotation are the same.

localt
Sticky Note
Which is closer?

localt
Sticky Note
From high tide to high tide is 12 hours and 26 minutes. It will be the same amount of time from low tide to low tide. What time will it be 12 hours and 26 minutes from 6:13 a.m.?
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Base your answers to questions 83 through 85 on the passage and data table below, which describe the 
exploration and characteristics of one of Saturn’s moons, Titan.

Huygens Probe Lands on Titan

The Huygens probe was carried to Saturn by the Cassini spacecraft and parachuted
to the surface of Saturn’s giant moon, Titan. The Huygens probe’s landing site was 
littered with smooth, rounded, rocklike objects. Photographs taken of Titan’s surface
show drainage channels leading to an apparent shoreline. The question is, what are
they draining? One of the photographs seems to show ground fog consisting not of
water, but perhaps of ethane or methane.

Titan Data

83 What natural process occurring on Earth produces smooth, rounded rocks similar to those found at the
probe’s landing site on Titan?   [1]

84 Approximately how many times farther is Titan from Saturn than Earth’s Moon is from Earth?   [1]

85 Identify the planet with a density closest to the density of Titan.   [1]

Distance from Saturn 1.22 million km

Diameter 5150 km

Average Density 1.881 g/cm3

Atmospheric Pressure at
Surface 1500 mb

Mass (Earth = 1) 0.022

Air Temperature at
Landing Site –291°F
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localt
Sticky Note
What happens to rocks when they tumble around on the bottom of a river or stream?

localt
Sticky Note
See ESRT page 15 (Solar System Data). See the bottom of the Mean Distance from Sun column. It tells you that the Moon is 0.386 million km from Earth). The table above gives you the distance from Staurn to Titan. You do the math.

localt
Sticky Note
See ESRT page 15 (Solar System Data). Look in the density column to find the planet whose density is closest to that of Titan (given in table above).
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SCORING KEY AND RATING GUIDE

Part A and Part B–1
Allow 1 credit for each correct response.

1 . . . . . . 4 . . . . . .      10 . . . . . . 1 . . . . . .      19 . . . . . . 3 . . . . . .      28 . . . . . . 4 . . . . . .

2 . . . . . . 2 . . . . . .      11 . . . . . . 2 . . . . . .      20 . . . . . . 4 . . . . . .      29 . . . . . . 4 . . . . . .

3 . . . . . . 3 . . . . . .      12 . . . . . . 2 . . . . . .      21 . . . . . . 1 . . . . . .      30 . . . . . . 2 . . . . . .

4 . . . . . . 3 . . . . . .      13 . . . . . . 3 . . . . . .      22 . . . . . . 2 . . . . . .      31 . . . . . . 1 . . . . . .

5 . . . . . . 1 . . . . . .      14 . . . . . . 1 . . . . . .      23 . . . . . . 2 . . . . . .      32 . . . . . . 3 . . . . . .

6 . . . . . . 4 . . . . . .      15 . . . . . . 2 . . . . . .      24 . . . . . . 3 . . . . . .      33 . . . . . . 4 . . . . . .

7 . . . . . . 3 . . . . . .      16 . . . . . . 4 . . . . . .      25 . . . . . . 4 . . . . . .      34 . . . . . . 1 . . . . . .

8 . . . . . . 4 . . . . . .      17 . . . . . . 3 . . . . . .      26 . . . . . . 3 . . . . . .      35 . . . . . . 1 . . . . . .

9 . . . . . . 4 . . . . . .      18 . . . . . . 4 . . . . . .      27 . . . . . . 3 . . . . . .

Part A

Part B–1

36 . . . . . . 3 . . . . . .      40 . . . . . . 3 . . . . . .      44 . . . . . . 4 . . . . . .      48 . . . . . . 3 . . . . . .

37 . . . . . . 2 . . . . . .      41 . . . . . . 2 . . . . . .      45 . . . . . . 2 . . . . . .      49 . . . . . . 4 . . . . . .

38 . . . . . . 3 . . . . . .      42 . . . . . . 2 . . . . . .      46 . . . . . . 1 . . . . . .      50 . . . . . . 4 . . . . . .

39 . . . . . . 2 . . . . . .      43 . . . . . . 1 . . . . . .      47 . . . . . . 4 . . . . . .

PS–ES



Part B–2

Allow a maximum of 15 credits for this part.

51 [1] Allow 1 credit if the center of the X is located within the area between the dashed lines on either
side of the Tropic of Capricorn (23.5° S).

Note: It is recommended that an overlay of the same scale as the student answer booklet be used
to ensure reliability in rating.

52 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— parallelism of Earth’s axis

— The North Pole always points toward Polaris.

— revolution of Earth

— location of the Sun’s vertical ray

— duration/intensity of insolation

— angle of insolation

North Pole (90° N)

Arctic Circle (66.5° N)

Tropic of Cancer (23.5° N)

Tropic of Capricorn (23.5° S)

Equator (0°)

Antarctic Circle (66.5° S)South Pole
(90° S)

(Not drawn to scale)

December 21

Sun’s rays
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53 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— 66.5° N or 66 1__
2 ° N or 66° 30' N

— at the Arctic Circle

Note: Units and a compass direction must be included if a numerical latitude is given.

54 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The plagioclase feldspar in the basaltic rock is more calcium rich.

— The plagioclase feldspar in the granitic rock contains more sodium.

— less sodium in basaltic plagioclase feldspar

— The basaltic rock is more calcium rich.

55 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The minerals crystallize at different temperatures.

— Olivine is the first to crystallize and quartz is the last.

— Quartz crystallizes at a lower temperature than olivine.

— Olivine forms at a higher temperature.

56 [1] Allow 1 credit if both responses are correct. Acceptable responses include, but are not limited to:

Similarity:

— Both form at lower temperatures.

— The rocks have similar mineral compositions.

— The minerals have similar densities.

— similar color

Difference:

— Andesite is extrusive and diorite is intrusive.

— Andesite has a finer texture.

— crystal size/grain size

— cooling rates

— environment of formation
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57 [1] Allow 1 credit if the center of an X is placed within the circled area shown on the map below.

Note: It is recommended that an overlay of the same scale as the student answer booklet be used
to ensure reliability in rating.

58 [1] Allow 1 credit for the rock unit Canadaway.

59 [1] Allow 1 credit for brachiopods or Mucrospirifer.

60 [1] Allow 1 credit for Avalon.

61 [1] Allow 1 credit for clear, shallow water.
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62 [1] Allow 1 credit for Quaternary Period.

63 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The glacier blocked the previous Allegheny River.

— Ice covered the original river channel.

— Glacial moraine diverted the river’s path.

64 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— glacial deposits

— moraines

— ridges of glacial sediments

65 [1] Allow 1 credit for a student-drawn line that is U-shaped.

Example of a 1-credit response:

X Y

P.S./E. Sci. Rating Guide–Jan. ’13 [6]



Part C

Allow a maximum of 20 credits for this part.

66 [1] Allow 1 credit if all nine plots are within the circles shown below and are connected with a line
that passes within the circles.

Note: It is recommended that an overlay of the same scale as the student answer booklet be used
to ensure reliability in rating.

67 [1] Allow 1 credit for 2 ppm/y.
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68 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— methane or CH4

— water vapor or H2O

— nitrous oxide or N2O

— ozone or O3

— chlorofluorocarbons/CFCs

69 [1] Allow 1 credit if all seven student plots are within the circles shown below and are connected with
a line from A to B that passes within the circles. The line must extend above 24 inches and below
30 inches.

Note: It is recommended that an overlay of the same scale as the student answer booklet be used
to ensure reliability in rating.

70 [1] Allow 1 credit for any value from 93 mi to 107 mi.

71 [1] Allow 1 credit for any value greater than 1 in, but less than 6 in.

72 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— southwest

— SW

— west southwest

— WSW
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73 [1] Allow 1 credit for two acceptable responses. Acceptable responses include, but are not limited to:

— car accidents

— power outages

— damage to homes

— flooding

— trees falling on electrical lines/houses/cars

— heart attack from shoveling

— carbon monoxide poisoning

— no heat in the building

74 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— psychrometer

— wet- and dry-bulb thermometer

— hygrometer

75 [1] Allow 1 credit for 100%.

76 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— Air expands as it moves up the mountain.

— The molecules move farther apart as the air rises.

— Lower pressure at higher altitudes allows molecules to move farther apart.

— The less dense air at higher altitudes allows the air molecules to spread out.

77 [1] Allow 1 credit if both responses are correct. Acceptable responses include, but are not limited to:

Air temperature at B:

— warmer

— higher

— increased

Relative humidity at B:

— lower

— drier

— decreased
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78 [1] Allow 1 credit for circling only position 6.

79 [1] Allow 1 credit for a gibbous Moon, shaded generally on the right side of the diagram. The shaded
area must be less than half of the circle.

Examples of 1-credit responses:

80 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— The Moon’s period of rotation equals its period of revolution.

— The Moon rotates and revolves once in 27.3 days.

— The Moon rotates and revolves at the same rate.

81 [1] Allow 1 credit.  Acceptable responses include, but are not limited to:

— The Moon is closer to Earth so gravity is greater.

— The Sun is much farther away.

82 [1] Allow 1 credit for any time from 6:33 p.m. to 6:45 p.m. or any military time from 18:33 to 18:45.

83 [1] Allow 1 credit. Acceptable responses include, but are not limited to:

— weathering and/or erosion

— rock abrasion

— transport by running water

— wave action

84 [1] Allow 1 credit for any value from 3.0 to 3.2 times farther.

85 [1] Allow 1 credit for Neptune.
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