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33 Which map shows the two correctly labeled air masses that frequently converge in the central plains to cause
tornadoes?

34 The diagram below shows four mineral samples, each having approximately the same mass.

If all four samples are placed together in a closed, dry container and shaken vigorously
for 10 minutes, which mineral sample would experience the most abrasion?
(1) quartz (3) pyroxene
(2) amphibole (4) galena

PyroxeneQuartz Amphibole Galena

( 2 ) ( 4 )

( 3 )( 1 )

mT

cP

cP

mT

cT

mP

mP

cT
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline

Rock A, B, C D E, F

Texture clastic bioclastic crystalline

Rock A, C B, E D, F

Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt
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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



32 Which common rock is formed from the solidifi-
cation of molten material?
(1) rock gypsum (3) rhyolite
(2) slate (4) coal

33 Rocks can be classified as sedimentary, igneous,
or metamorphic based primarily upon differ-
ences in their
(1) color (3) origin
(2) density (4) age

34 Buffalo, New York, and Plattsburgh, New York,
are both located in landscape regions called
(1) mountains (3) plateaus
(2) highlands (4) lowlands

35 The diagram below shows how a sample of the 
mineral mica breaks when hit with a rock hammer.

This mineral breaks in smooth, flat surfaces
because it
(1) is very hard
(2) is very dense
(3) contains large amounts of iron
(4) has a regular arrangement of atoms

P.S./E. Sci.–Aug. ’02 [7] [OVER]

31 The diagrams below show the relative sizes of particles from soil samples A, B, and C. Equal volumes of
each soil sample were placed in separate containers. Each container has a screen at the bottom. Water was
poured through each sample to determine the infiltration rate. 

A

0.10-cm
diameter

B

0.40-cm
diameter

C

0.70-cm
diameter

(Not drawn to scale)

Which graph best shows how the infiltration rates of the three soil samples would com-
pare?
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19 Which process could lead directly to the forma-
tion of pumice rock?
(1) precipitation of minerals from evaporating

seawater 
(2) metamorphism of unmelted rock material
(3) deposition of quartz sand
(4) explosive eruption of lava from a volcano

20 The rock shown below has a foliated texture and
contains the minerals amphibole, quartz, and
feldspar arranged in coarse-grained bands.

Which rock is shown?
(1) slate (3) gneiss
(2) dunite (4) quartzite

21 The photograph below shows the intergrown
crystals of a pegmatite rock.

Which characteristic provides the best evidence
that this pegmatite solidified deep underground?
(1) low density (3) felsic composition
(2) light color (4) very coarse texture

22 Which igneous rock, when weathered, could 
produce sediment composed of the minerals
potassium feldspar, quartz, and amphibole?
(1) gabbro (3) andesite
(2) granite (4) basalt

Base your answers to questions 23 and 24 on the
photograph below. The photograph shows several
broken samples of the same colorless mineral.

23 Which physical property of this mineral is most
easily seen in the photograph?
(1) fracture (3) streak  
(2) hardness (4) cleavage

24 Which mineral is most likely shown in the photo-
graph?
(1) quartz (3) galena
(2) calcite (4) halite

25 The large coal fields found in Pennsylvania 
provide evidence that the climate of the north-
eastern United States was much warmer during
the Carboniferous Period. This change in climate
over time is best explained by the
(1) movements of tectonic plates
(2) effects of seasons
(3) changes in the environment caused by humans
(4) evolution of life

(Actual size)



65 The sequence of diagrams below shows how coal is formed. Describe the material
and two processes involved in the formation of coal.    [2]

Peat

Buried peat

Coal

Stage 1

Stage 2

Stage 3

P.S./E. Sci.–June ’04 [19] [OVER]

Part C

Answer all questions in this part.

Directions (65–81): Record your answers in the spaces provided in your answer booklet. Some questions
may require the use of the Earth Science Reference Tables.
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline

Rock A, B, C D E, F

Texture clastic bioclastic crystalline

Rock A, C B, E D, F

Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt



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

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

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

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

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

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

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

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

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

24 A student classified the rock below as sedimentary.

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

pebbles.

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

( 1 )

( 2 ) ( 4 )

( 3 )

PS/E. Sci.–Jan. ’11 [4]



17 Two streams begin at the same elevation and
have equal volumes. Which statement best
explains why one stream could be flowing faster
than the other stream?
(1) The faster stream contains more dissolved

minerals.
(2) The faster stream has a much steeper gradi-

ent.
(3) The streams are flowing in different direc-

tions.
(4) The faster stream has a temperature of

10°C, and the slower stream has a tempera-
ture of 20°C.

18 During which era did the initial opening of the
present-day Atlantic Ocean most likely occur?
(1) Cenozoic (3) Paleozoic 
(2) Mesozoic (4) Late Proterozoic 

19 The absolute age of a rock is the approximate
number of years ago that the rock formed. The
absolute age of an igneous rock can best be
determined by
(1) comparing the amounts of decayed and

undecayed radioactive isotopes in the rock
(2) comparing the sizes of the crystals found in

the upper and lower parts of the rock
(3) examining the rock’s relative position in a

rock outcrop
(4) examining the environment in which the

rock is found

20 The four particles shown in the table below are
of equal volume and are dropped into a column
filled with water. 

Particle Shape Density

A flat 2.5 g/cm3

B flat 3.0 g/cm3

C round 2.5 g/cm3

D round 3.0 g/cm3

Which particle would usually settle most rapidly?
(1) A (3) C
(2) B (4) D

21 Approximately how long does an earthquake 
P-wave take to travel the first 6500 kilometers
after the earthquake occurs?
(1) 6.5 min (3) 10.0 min
(2) 8.0 min (4) 18.5 min

22 Which two locations are in the same New York
State landscape region?
(1) Albany and Old Forge
(2) Massena and Mt. Marcy 
(3) Binghamton and New York City
(4) Jamestown and Ithaca

P.S. E./Sci.–Aug. ’01 [5] [OVER]

16 The diagram below shows four rock samples.

Sample BSample A Sample C Sample D

Which sample best shows the physical properties normally associated with regional
metamorphism?
(1) A (3) C
(2) B (4) D



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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Paleozoic
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Mesozoic

Paleozoic
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Paleozoic
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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 55 and 56 on the graph below, which shows a generalized sequence of rock
types that form from original clay deposits at certain depths and temperature conditions within Earth’s interior.

55 When clay materials are buried to a depth of 14 kilometers, which type of meta-
morphic rock is normally formed?    [1]

56 Explain why gneiss would not form at a depth of 27 kilometers and at a temperature
of 800°C.    [1]
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30 Which diagram best shows the grain size of some common sedimentary rocks?

31 Which graph best represents the relative densities of three different types of igneous rock?
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Base your answers to questions 72 through 74 on the sequence of diagrams below, which shows four stages
in coal formation.

72 Which type of rock is forming above the coal material during stages 2 and 3?   [1]

73 State the form of coal which normally has the highest density and explain why.   [1]

74 Explain why coal deposits are not found in bedrock older than Silurian-age bedrock.   [1]

Base your answers to questions 75 through 78 on the weather map in your answer booklet, which shows a
low-pressure system located over central United States.  Points A, B, and C represent locations on Earth’s surface.
The isobars on the map show air pressures in millibars.

75 On the map in your answer booklet, draw an arrow, beginning at the L, to show the
direction the low-pressure center will most likely move in the next two days.   [1]

76 What evidence shown on the map indicates that point B is most likely experiencing
precipitation?   [1]

77 What is the two-letter symbol used on a weather map to indicate the warm, moist air
mass that is over point C?   [1]

78 What evidence shown on the weather map indicates that point C is experiencing
greater wind speeds than point A?   [1]

Burial
Greater
pressure

Peat

partially altered
plant material;

very smoky when
burned; low energy

Lignite

soft, brown coal;
moderate energy

Bituminous

soft, black coal;
major coal used in

power generation and
industry; high energy

Anthracite

hard, black coal;
used in industry;

high energy

StressStress

Greater
burial

Swamp environment

Stage 1 Stage 2 Stage 3 Stage 4

Compaction
Compaction
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12 The profile below shows the average diameter of sediment that was sorted and deposited in specific areas
A, B, C, and D by a stream entering an ocean.

As compaction and cementation of these sediments eventually occur, which area will
become siltstone?
(1) A (3) C
(2) B (4) D

13 The sequence of diagrams below represents the gradual geologic changes in layer X, located just below
Earth’s surface.

Which type of sedimentary rock was formed at layer X?
(1) conglomerate (3) rock salt
(2) shale (4) coal

300 Million Years Ago 175 Million Years Ago 40 Million Years Ago

Sandstone

Former plant

material

X

Swamp

Peat
(Slowly decaying plants)

Accumulating
dead plants

Water layer

Sand layer

X

X

6.4 cm 0.2 cm 0.006 cm 0.0004 cm 0.00001 cm

Area A
Area B Area C Area D

Stream Ocean

Sediments
Bedrock
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14 Most water vapor enters the atmosphere by the
processes of
(1) convection and radiation
(2) condensation and precipitation
(3) evaporation and transpiration
(4) erosion and conduction

15 Glaciers often form parallel scratches and
grooves in bedrock because glaciers
(1) deposit sediment in unsorted piles
(2) deposit rounded sand in V-shaped valleys
(3) continually melt and refreeze
(4) drag loose rocks over Earth’s surface



Base your answers to questions 57 through 59 on the flowchart below, which shows a sequence of geologic
processes at or near Earth’s surface. Box A has been deliberately left blank. The diagrams are not drawn to scale.

P.S./E. Sci.–Aug. ’02 [16]

57 Identify the three minerals that are normally found with quartz in samples of andesite
rock.     [2]

58 State one geologic process represented by box A.     [1]

59 Identify by name one type of rock layer, other than sandstone, shown in the outcrop.    [1]

Oxygen
atoms Silicon

atoms

Chemically
unite to form

Silica
tetrahedron

May be
arranged

to become

Combines with
other minerals

to form

Mineral
quartz

Andesite
rock

Box A

Compaction/cementation
followed by uplift

Layers of sand
on ocean floor

Sand particles
of 0.01 cm

Outcrop
of bedrock
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline
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Texture clastic bioclastic crystalline
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Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt



17 Two streams begin at the same elevation and
have equal volumes. Which statement best
explains why one stream could be flowing faster
than the other stream?
(1) The faster stream contains more dissolved

minerals.
(2) The faster stream has a much steeper gradi-

ent.
(3) The streams are flowing in different direc-

tions.
(4) The faster stream has a temperature of

10°C, and the slower stream has a tempera-
ture of 20°C.

18 During which era did the initial opening of the
present-day Atlantic Ocean most likely occur?
(1) Cenozoic (3) Paleozoic 
(2) Mesozoic (4) Late Proterozoic 

19 The absolute age of a rock is the approximate
number of years ago that the rock formed. The
absolute age of an igneous rock can best be
determined by
(1) comparing the amounts of decayed and

undecayed radioactive isotopes in the rock
(2) comparing the sizes of the crystals found in

the upper and lower parts of the rock
(3) examining the rock’s relative position in a

rock outcrop
(4) examining the environment in which the

rock is found

20 The four particles shown in the table below are
of equal volume and are dropped into a column
filled with water. 

Particle Shape Density

A flat 2.5 g/cm3

B flat 3.0 g/cm3

C round 2.5 g/cm3

D round 3.0 g/cm3

Which particle would usually settle most rapidly?
(1) A (3) C
(2) B (4) D

21 Approximately how long does an earthquake 
P-wave take to travel the first 6500 kilometers
after the earthquake occurs?
(1) 6.5 min (3) 10.0 min
(2) 8.0 min (4) 18.5 min

22 Which two locations are in the same New York
State landscape region?
(1) Albany and Old Forge
(2) Massena and Mt. Marcy 
(3) Binghamton and New York City
(4) Jamestown and Ithaca

P.S. E./Sci.–Aug. ’01 [5] [OVER]

16 The diagram below shows four rock samples.

Sample BSample A Sample C Sample D

Which sample best shows the physical properties normally associated with regional
metamorphism?
(1) A (3) C
(2) B (4) D
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33 Which map shows the two correctly labeled air masses that frequently converge in the central plains to cause
tornadoes?

34 The diagram below shows four mineral samples, each having approximately the same mass.

If all four samples are placed together in a closed, dry container and shaken vigorously
for 10 minutes, which mineral sample would experience the most abrasion?
(1) quartz (3) pyroxene
(2) amphibole (4) galena

PyroxeneQuartz Amphibole Galena

( 2 ) ( 4 )

( 3 )( 1 )
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cP

cP

mT

cT

mP

mP

cT



P.S./E. Sci.–June ’05 [5] [OVER]

19 Which process could lead directly to the forma-
tion of pumice rock?
(1) precipitation of minerals from evaporating

seawater 
(2) metamorphism of unmelted rock material
(3) deposition of quartz sand
(4) explosive eruption of lava from a volcano

20 The rock shown below has a foliated texture and
contains the minerals amphibole, quartz, and
feldspar arranged in coarse-grained bands.

Which rock is shown?
(1) slate (3) gneiss
(2) dunite (4) quartzite

21 The photograph below shows the intergrown
crystals of a pegmatite rock.

Which characteristic provides the best evidence
that this pegmatite solidified deep underground?
(1) low density (3) felsic composition
(2) light color (4) very coarse texture

22 Which igneous rock, when weathered, could 
produce sediment composed of the minerals
potassium feldspar, quartz, and amphibole?
(1) gabbro (3) andesite
(2) granite (4) basalt

Base your answers to questions 23 and 24 on the
photograph below. The photograph shows several
broken samples of the same colorless mineral.

23 Which physical property of this mineral is most
easily seen in the photograph?
(1) fracture (3) streak  
(2) hardness (4) cleavage

24 Which mineral is most likely shown in the photo-
graph?
(1) quartz (3) galena
(2) calcite (4) halite

25 The large coal fields found in Pennsylvania 
provide evidence that the climate of the north-
eastern United States was much warmer during
the Carboniferous Period. This change in climate
over time is best explained by the
(1) movements of tectonic plates
(2) effects of seasons
(3) changes in the environment caused by humans
(4) evolution of life

(Actual size)
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Base your answers to questions 62 through 64 on the photograph of a sample of gneiss below.

62 What observable characteristic could be used to identify this rock sample as gneiss?
[1]

63 Identify two minerals found in gneiss that contain iron and magnesium.   [1]

64 A dark-red mineral with a glassy luster was also observed in this gneiss sample.
Identify the mineral and state one possible use for this mineral.   [1]



17 Two streams begin at the same elevation and
have equal volumes. Which statement best
explains why one stream could be flowing faster
than the other stream?
(1) The faster stream contains more dissolved

minerals.
(2) The faster stream has a much steeper gradi-

ent.
(3) The streams are flowing in different direc-

tions.
(4) The faster stream has a temperature of

10°C, and the slower stream has a tempera-
ture of 20°C.

18 During which era did the initial opening of the
present-day Atlantic Ocean most likely occur?
(1) Cenozoic (3) Paleozoic 
(2) Mesozoic (4) Late Proterozoic 

19 The absolute age of a rock is the approximate
number of years ago that the rock formed. The
absolute age of an igneous rock can best be
determined by
(1) comparing the amounts of decayed and

undecayed radioactive isotopes in the rock
(2) comparing the sizes of the crystals found in

the upper and lower parts of the rock
(3) examining the rock’s relative position in a

rock outcrop
(4) examining the environment in which the

rock is found

20 The four particles shown in the table below are
of equal volume and are dropped into a column
filled with water. 

Particle Shape Density

A flat 2.5 g/cm3

B flat 3.0 g/cm3

C round 2.5 g/cm3

D round 3.0 g/cm3

Which particle would usually settle most rapidly?
(1) A (3) C
(2) B (4) D

21 Approximately how long does an earthquake 
P-wave take to travel the first 6500 kilometers
after the earthquake occurs?
(1) 6.5 min (3) 10.0 min
(2) 8.0 min (4) 18.5 min

22 Which two locations are in the same New York
State landscape region?
(1) Albany and Old Forge
(2) Massena and Mt. Marcy 
(3) Binghamton and New York City
(4) Jamestown and Ithaca

P.S. E./Sci.–Aug. ’01 [5] [OVER]

16 The diagram below shows four rock samples.

Sample BSample A Sample C Sample D

Which sample best shows the physical properties normally associated with regional
metamorphism?
(1) A (3) C
(2) B (4) D
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Base your answers to questions 31 and 32 on the diagram below, which shows a cross section of Earth’s crust.
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31 Which statement gives an accurate age relation-
ship for the bedrock in the cross section?
(1) Intrusion A is younger than intrusion C.
(2) Intrusion C is younger than intrusion B.
(3) Intrusion B is older than intrusion A.
(4) Intrusion C is older than layer E.

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

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

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

day Syracuse.
(2) Coelophysis wandered through jungles near

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

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

tral Adirondack Mountains during the
Grenville Orogeny.

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

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

floor
(2) heat and pressure that changed a preexisting

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



1 The dashed line on the map below shows a ship’s
route from Long Island, New York, to Florida.
As the ship travels south, the star Polaris
appears lower in the northern sky each night.

The best explanation for this observation is that
Polaris
(1) rises and sets at different locations each day
(2) has an elliptical orbit around Earth
(3) is located directly over Earth’s Equator
(4) is located directly over Earth’s North Pole

2 When the dry-bulb temperature is 22°C and the
wet-bulb temperature is 13°C, the relative
humidity is
(1) 10% (3) 41%
(2) 33% (4) 59%

3 As the altitude increases within Earth’s strato-
sphere, air temperature generally
(1) decreases, only
(2) increases, only
(3) decreases, then increases
(4) increases, then decreases

4 The diagrams below represent four rock sam-
ples. Which rock was formed by rapid cooling in
a volcanic lava flow? [The diagrams are not to
scale.]

5 On June 21, some Earth locations have 24 hours
of daylight. These locations are all between the
latitudes of

(1) 0° and 23 ° N

(2) 23 ° N and 47° N

(3) 47° N and 66 ° N

(4) 66 ° N and 90° N

6 The Milky Way galaxy is best described as 
(1) a type of solar system
(2) a constellation visible to everyone on Earth
(3) a region in space between the orbits of Mars

and Jupiter
(4) a spiral-shaped formation composed of 

billions of stars

1
2

1
2

1
2

1
2

( 1 ) ( 3 )

( 2 ) ( 4 )

Bands of alternating
light and dark
minerals

Glassy black rock
that breaks with a
shell-shape fracture

Easily split layers of
0.0001-cm-diameter
particles cemented together

Interlocking
0.5-cm-diameter
crystals of various colors

New York
State

Florida

N
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Part A

Answer all questions in this part.

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

Sample BSample A Sample C Sample D

Which sample best shows the physical properties normally associated with regional
metamorphism?
(1) A (3) C
(2) B (4) D
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Directions (1–35): For each statement or question, write on your separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Earth Science Reference Tables. 
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85 The graph below shows the depth and temperature conditions in Earth’s interior under which carbon
becomes either the mineral graphite or the mineral diamond.

Compared to the depth and temperature conditions under which graphite forms, describe the difference
in the relative depth and relative temperature conditions under which most diamonds form.   [1]
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26 Geologic cross sections A through F shown below represent different stages in the development of one part
of Earth’s crust over a long period of geologic time.

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

B

C

D

E

F

A

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

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

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

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

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

Which physical property of halite is demonstrated
by this pattern of breakage?
(1) hardness (3) cleavage
(2) streak (4) luster



Base your answers to questions 61 through 63 on the information, table, and photographs below and on your
knowledge of Earth science.

“Herkimer Diamonds”

Gem-quality “Herkimer Diamonds” are hexagonal-shaped quartz crystals found in
some of the surface bedrock of Herkimer, New York. Herkimer is located at approximately
43° north latitude and 75° west longitude. The oldest of these gemstones are believed to be
approximately 500 million years old. These quartz crystals are magnificent works of nature
that have a natural diamondlike geometric shape formed when the quartz crystallized.
Natural “Herkimer Diamonds” were not cut or shaped by humans. Due to their appear-
ance, “Herkimer Diamonds” are commonly used in jewelry. These quartz crystals are not
true diamonds.

Mineral Characteristics of “Herkimer Diamonds” (Quartz) and True Diamonds

Photographs of “Herkimer Diamonds” (Quartz)

61 List two mineral characteristics that differ between “Herkimer Diamonds” and true
diamonds.  [1]

62 State one use for “Herkimer Diamonds” (quartz), other than their use in jewelry.    [1]

63 On the New York State map provided in your answer booklet, mark with a dot the
location of Herkimer, New York. Draw a small circle around your dot (!) to make
the dot easily seen.    [1]

P.S./E. Sci.–Aug. ’04 [18]

Mineral Color Chemical
Composition Luster Hardness

Dominant
Form of

Breakage

“Herkimer Diamond” (quartz) Colorless or
variable

SiO2 Glassy 7 Fracture

True diamond Colorless or
variable

C Glassy 10 Cleavage



18 Which graph best represents the general rela-
tionship between soil particle size and the per-
meability rate of infiltrating rainwater?

19 The graph below shows the change in carbon
dioxide concentration in parts per million (ppm)
in Earth’s atmosphere from 1960 to 1990.

The most likely cause of the overall change in
the level of carbon dioxide from 1960 to 1990 is
an increase in the
(1) number of violent storms
(2) number of volcanic eruptions
(3) use of nuclear power
(4) use of fossil fuels

20 Liquid water can store more heat energy than an
equal amount of any other naturally occurring
substance because liquid water
(1) covers 71% of Earth’s surface
(2) has its greatest density at 4°C
(3) has the higher specific heat
(4) can be changed into a solid or a gas

21 The diagrams below show the crystals of four
different rocks viewed through the same hand
lens. Which crystals most likely formed from
molten material that cooled and solidified most
rapidly?
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34 The geologic time line below represents the three most recent geologic eras. The numbers represent events
in Earth’s history.

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

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

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

Stage 1 Stage 2 Stage 3

Paleozoic Mesozoic Cenozoic

1 2 4

Present day

3



Base your answers to questions 43 through 45 on
the map below, which shows a portion of a stream in
New York State that flows southward. Letters A
through E represent locations in the stream. Line XY
is the location of a cross section.

43 At which two locations in this stream is deposi-
tion normally dominant over erosion?
(1) A and D (3) C and E
(2) B and E (4) D and C

44 Where this stream’s velocity decreases from 300
to 200 centimeters per second, which size sedi-
ment will be deposited?
(1) cobbles (3) silt
(2) sand (4) clay

45 Which cross section along line XY best repre-
sents the shape of the stream bottom?

Base your answers to questions 46 and 47 on the
pictures of four rocks shown below. Magnified views
of the rocks are shown in the circles.

46 Which rock is metamorphic and shows evidence
of foliation?
(1) 1 (3) 3
(2) 2 (4) 4

47 What do all four rock samples have in common?
(1) They show cleavage.
(2) They contain minerals.
(3) They are organically formed.
(4) They formed on Earth’s surface.
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Intergrown crystals
less than 0.1 cm in size

Rock 4

Intergrown crystals,
mostly 2.0 cm in size
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0.01-cm to 1.0-cm size
 cemented together
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intergrown crystals
of various sizes

X YSurface
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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?

( 1 )

( 2 )

( 3 )

( 4 )

41

37

39

39

38

35

37

32
(Shown to actual size)



Base your answers to questions 43 through 45 on
the map below, which shows a portion of a stream in
New York State that flows southward. Letters A
through E represent locations in the stream. Line XY
is the location of a cross section.
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44 Where this stream’s velocity decreases from 300
to 200 centimeters per second, which size sedi-
ment will be deposited?
(1) cobbles (3) silt
(2) sand (4) clay

45 Which cross section along line XY best repre-
sents the shape of the stream bottom?

Base your answers to questions 46 and 47 on the
pictures of four rocks shown below. Magnified views
of the rocks are shown in the circles.

46 Which rock is metamorphic and shows evidence
of foliation?
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47 What do all four rock samples have in common?
(1) They show cleavage.
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(3) They are organically formed.
(4) They formed on Earth’s surface.
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22 According to plate tectonic theory, during which
geologic time interval did the continents of North
America and Africa separate, resulting in the ini-
tial opening of the Atlantic Ocean?
(1) Mesozoic Era (3) Proterozoic Eon
(2) Paleozoic Era (4) Archean Eon

23 Which rock most probably formed directly from
lava cooling quickly at Earth’s surface?

24 The diagram below shows a sedimentary rock 
sample.

Which agent of erosion was most likely respon-
sible for shaping the particles forming this rock?
(1) mass movement (3) glacial ice
(2) wind (4) running water

25 Near which location in New York State would a
geologist have the greatest chance of finding
dinosaur footprints in the surface bedrock?
(1) 41° 10' N latitude, 74º W longitude
(2) 42º 10' N latitude, 74º 30' W longitude
(3) 43º 30' N latitude, 76º W longitude
(4) 44º 30' N latitude, 75º 30' W longitude

(Shown actual size)

Large intergrown
crystals

Gas pockets
in glass

( 2 )

Pebbles
cemented in
sand matrix

( 1 )

Mica crystals
in foliated
layers

( 3 )

( 4 )
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21 The diagrams below show gradual stages 1, 2, and 3 in the development of a river delta where a river enters
an ocean.

Which statement best explains why the river delta is developing at this site?
(1) The rate of deposition is less than the rate of erosion.
(2) The rate of deposition is greater than the rate of erosion.
(3) Sea level is slowly falling.
(4) Sea level is slowly rising.

Stage 1 Stage 2 Stage 3
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(Shown actual size)

Large intergrown
crystals

Gas pockets
in glass

( 2 )

Pebbles
cemented in
sand matrix

( 1 )

Mica crystals
in foliated
layers

( 3 )

( 4 )
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21 The diagrams below show gradual stages 1, 2, and 3 in the development of a river delta where a river enters
an ocean.

Which statement best explains why the river delta is developing at this site?
(1) The rate of deposition is less than the rate of erosion.
(2) The rate of deposition is greater than the rate of erosion.
(3) Sea level is slowly falling.
(4) Sea level is slowly rising.

Stage 1 Stage 2 Stage 3



Base your answers to questions 75 through 77 on the cross section below and on your knowledge of Earth
science. The cross section shows a portion of Earth’s crust. The age, in millions of years, of each boundary
between the different sedimentary rock layers is shown. The age of boundary X between the sedimentary rock
and the metamorphic rock is not shown. Assume no overturning has occurred.

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

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

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

Age
(millions
of years)

Metamorphic
rock

Sedimentary
rock layers

Boundary X

4,000 meters
above sea level

Sea level

323
362
418

443

P.S./E. Sci.–Jan. ’05 [26]

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

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

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

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

Mineral
A
B
C

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

Key

B

(Actual size)

A
AB

C C
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22 The flowchart below illustrates the change from
melted rock to basalt.

The solidification of the melted rock occurred
(1) slowly, resulting in fine-grained minerals
(2) slowly, resulting in coarse-grained minerals
(3) rapidly, resulting in coarse-grained minerals
(4) rapidly, resulting in fine-grained minerals

23 Soil that contains large quantities of calcium was
most likely formed by the weathering of
(1) rock salt (3) coal
(2) quartzite (4) limestone

24 Which mineral is commonly used as a food 
additive?
(1) calcite (3) halite
(2) talc (4) fluorite

Melted
rock Basalt

Solidification



18 Which graph best represents the general rela-
tionship between soil particle size and the per-
meability rate of infiltrating rainwater?

19 The graph below shows the change in carbon
dioxide concentration in parts per million (ppm)
in Earth’s atmosphere from 1960 to 1990.

The most likely cause of the overall change in
the level of carbon dioxide from 1960 to 1990 is
an increase in the
(1) number of violent storms
(2) number of volcanic eruptions
(3) use of nuclear power
(4) use of fossil fuels

20 Liquid water can store more heat energy than an
equal amount of any other naturally occurring
substance because liquid water
(1) covers 71% of Earth’s surface
(2) has its greatest density at 4°C
(3) has the higher specific heat
(4) can be changed into a solid or a gas

21 The diagrams below show the crystals of four
different rocks viewed through the same hand
lens. Which crystals most likely formed from
molten material that cooled and solidified most
rapidly?

( 1 ) ( 3 )

( 2 ) ( 4 )

20! 20!

20! 20!
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19 Which process could lead directly to the forma-
tion of pumice rock?
(1) precipitation of minerals from evaporating

seawater 
(2) metamorphism of unmelted rock material
(3) deposition of quartz sand
(4) explosive eruption of lava from a volcano

20 The rock shown below has a foliated texture and
contains the minerals amphibole, quartz, and
feldspar arranged in coarse-grained bands.

Which rock is shown?
(1) slate (3) gneiss
(2) dunite (4) quartzite

21 The photograph below shows the intergrown
crystals of a pegmatite rock.

Which characteristic provides the best evidence
that this pegmatite solidified deep underground?
(1) low density (3) felsic composition
(2) light color (4) very coarse texture

22 Which igneous rock, when weathered, could 
produce sediment composed of the minerals
potassium feldspar, quartz, and amphibole?
(1) gabbro (3) andesite
(2) granite (4) basalt

Base your answers to questions 23 and 24 on the
photograph below. The photograph shows several
broken samples of the same colorless mineral.

23 Which physical property of this mineral is most
easily seen in the photograph?
(1) fracture (3) streak  
(2) hardness (4) cleavage

24 Which mineral is most likely shown in the photo-
graph?
(1) quartz (3) galena
(2) calcite (4) halite

25 The large coal fields found in Pennsylvania 
provide evidence that the climate of the north-
eastern United States was much warmer during
the Carboniferous Period. This change in climate
over time is best explained by the
(1) movements of tectonic plates
(2) effects of seasons
(3) changes in the environment caused by humans
(4) evolution of life

(Actual size)
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25 The map below shows the path of a river. The
arrow shows the direction the river is flowing.
Letters A and B identify the banks of the river.

The water depth is greater near bank A than bank B
because the water velocity near bank A is
(1) faster, causing deposition to occur
(2) faster, causing erosion to occur
(3) slower, causing deposition to occur
(4) slower, causing erosion to occur

26 Which home-building material is made mostly
from the mineral gypsum?
(1) plastic pipes (3) drywall panels
(2) window glass (4) iron nails

27 The two most abundant elements by mass in
Earth’s crust are oxygen and
(1) potassium (3) nitrogen 
(2) hydrogen (4) silicon

River

B

A

24 The diagram below represents a part of the crystal structure of the mineral kaolinite.

Structure of Kaolinite

An arrangement of atoms such as the one shown in the diagram determines a mineral’s
(1) age of formation (3) physical properties 
(2) infiltration rate (4) temperature of formation



34 The diagram below shows three stages in the formation of a specific rock.

Which rock is formed as a result of these three stages?
(1) limestone (3) schist
(2) gneiss (4) coal

35 The diagram below shows the temperature readings on a weather instrument.

Based on these readings, the relative humidity of the air is closest to 
(1) 8% (3) 32%
(2) 11% (4) 60%

20151050–5–10 353025

–15 20151050–5–10 353025

–15

Wet bulb

Dry bulb

Stage 1 Stage 2 Stage 3

Remains
of partially
decayed
plants

Burial produces
pressure from overlying
sediments.

Further burial creates
more pressure.
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Base your answers to questions 43 through 45 on
the map below, which shows a portion of a stream in
New York State that flows southward. Letters A
through E represent locations in the stream. Line XY
is the location of a cross section.

43 At which two locations in this stream is deposi-
tion normally dominant over erosion?
(1) A and D (3) C and E
(2) B and E (4) D and C

44 Where this stream’s velocity decreases from 300
to 200 centimeters per second, which size sedi-
ment will be deposited?
(1) cobbles (3) silt
(2) sand (4) clay

45 Which cross section along line XY best repre-
sents the shape of the stream bottom?

Base your answers to questions 46 and 47 on the
pictures of four rocks shown below. Magnified views
of the rocks are shown in the circles.

46 Which rock is metamorphic and shows evidence
of foliation?
(1) 1 (3) 3
(2) 2 (4) 4

47 What do all four rock samples have in common?
(1) They show cleavage.
(2) They contain minerals.
(3) They are organically formed.
(4) They formed on Earth’s surface.

Rock 3

Intergrown crystals
less than 0.1 cm in size

Rock 4

Intergrown crystals,
mostly 2.0 cm in size

Rock 2

Particles of
0.01-cm to 1.0-cm size
 cemented together

Rock 1

Bands of coarse
intergrown crystals
of various sizes

X YSurface

( 1 )

X YSurface

( 3 )

X YSurface

( 2 )

X YSurface

( 4 )

X YA

B
C

D
E

N
Direction

of  flow
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22 According to plate tectonic theory, during which
geologic time interval did the continents of North
America and Africa separate, resulting in the ini-
tial opening of the Atlantic Ocean?
(1) Mesozoic Era (3) Proterozoic Eon
(2) Paleozoic Era (4) Archean Eon

23 Which rock most probably formed directly from
lava cooling quickly at Earth’s surface?

24 The diagram below shows a sedimentary rock 
sample.

Which agent of erosion was most likely respon-
sible for shaping the particles forming this rock?
(1) mass movement (3) glacial ice
(2) wind (4) running water

25 Near which location in New York State would a
geologist have the greatest chance of finding
dinosaur footprints in the surface bedrock?
(1) 41° 10' N latitude, 74º W longitude
(2) 42º 10' N latitude, 74º 30' W longitude
(3) 43º 30' N latitude, 76º W longitude
(4) 44º 30' N latitude, 75º 30' W longitude

(Shown actual size)

Large intergrown
crystals

Gas pockets
in glass

( 2 )

Pebbles
cemented in
sand matrix

( 1 )

Mica crystals
in foliated
layers

( 3 )

( 4 )
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21 The diagrams below show gradual stages 1, 2, and 3 in the development of a river delta where a river enters
an ocean.

Which statement best explains why the river delta is developing at this site?
(1) The rate of deposition is less than the rate of erosion.
(2) The rate of deposition is greater than the rate of erosion.
(3) Sea level is slowly falling.
(4) Sea level is slowly rising.

Stage 1 Stage 2 Stage 3
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Base your answers to questions 41 through 43 on the data table below, which lists some properties of four 
minerals that are used as ores of zinc (Zn).

41 A mineral with a hardness of 5 would scratch
(1) all four zinc minerals in the table
(2) zincite, but not sphalerite, smithsonite, or willemite
(3) zincite and sphalerite, but not smithsonite or willemite
(4) zincite, sphalerite, and smithsonite, but not willemite

42 A sample of sphalerite has a mass of 176.0 grams. What is the volume of the sample?
(1) 22.7 cm3 (3) 40.0 cm3

(2) 31.4 cm3 (4) 44.0 cm3

43 Which mineral belongs in the same mineral group as quartz and olivine?
(1) zincite (3) sphalerite
(2) willemite (4) smithsonite

Mineral 
Property

Mineral
Smithsonite Sphalerite Willemite Zincite

Composition ZnCO3 ZnS Zn2SiO4 ZnO
Hardness 4–4.5 3.5–4 5.5 4
Density (g/cm3) 4.4 4.0 4.0 5.6

Color
white, gray,
green, blue,

yellow

brown, yellow,
red, green,

black

white, yellow,
green, reddish
brown, black

deep red to
orange yellow

Streak white white to yellow
to brown white orange yellow
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18 The columns A, B, C, and D shown below contain equal volumes of sediment.

When an equal volume of water is added to each column, the greatest rate of
infiltration will occur in which column?
(1) A (3) C
(2) B (4) D

Dry mud
(Smaller than

0.0004 cm in size)

Sorted particles
(0.0001 cm to
0.2 cm in size)

Uniform-sized
 particles
 (0.2 cm)

Mixed particles
(0.00001 cm to
0.5 cm in size)

(Not drawn to scale)

Column A Column B Column C Column D

17 The table below shows some observed physical properties of a mineral.

Based on these observations, the elements that make up this mineral’s composition
are
(1) sulfur and lead
(2) sulfur, oxygen, and hydrogen
(3) oxygen, silicon, hydrogen, and magnesium
(4) oxygen, silicon, aluminum, and iron

Physical Property

cleavage/fracture

distinguishing characteristic

hardness

color

shows some definite flat surfaces

feels greasy

scratched by the mineral calcite

white

Observation



Base your answers to questions 42 through 46 on the two tables below and on your knowledge of Earth
science. Table 1 shows the composition, hardness, and average density of four minerals often used as gemstones.
Table 2 lists the minerals in Moh’s Scale of Hardness from 1 (softest) to 10 (hardest).

P.S./E. Sci.–Jan. ’06 [14]

42 Part of a gemstone’s value is based on the way the gemstone shines in reflected light.
The way a mineral reflects light is described as the mineral’s
(1) fracture (3) luster
(2) hardness (4) streak

Average Density
(g/cm3)

emerald Be3Al2(Si6O18) 7.5– 8 2.7

sapphire Al2O3 9 4.0

spinel MgAl2O4 8 3.8

zircon ZrSiO4 7.5 4.7

Table 1

Al = aluminum O =  oxygen
Be = beryllium Si =  silicon
Mg = magnesium Zr =  zirconium

KEY

Gemstone Mineral Composition Hardness

Moh’s Scale
of Hardness

Table 2

  1  talc

  2  gypsum

  3  calcite

  4  fluorite

  5  apatite

  6  feldspar

  7  quartz

  8  topaz

  9  corundum

10  diamond
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13 The cross section below shows a house on the
shore of Lake Ontario in August.

Under which conditions would the wind shown in
the cross section most likely occur?
(1) at 2 a.m., when the air over land is 70°F and

the air over the lake is 80°F
(2) at 6 a.m., when the air over land is 70°F and

the air over the lake is 70°F
(3) at 2 p.m., when the air over land is 80°F and

the air over the lake is 70°F
(4) at 10 p.m., when the air over land is 70°F and

the air over the lake is 72°F

14 Which type of surface absorbs the greatest
amount of electromagnetic energy from the Sun?
(1) smooth, shiny, and light colored
(2) smooth, shiny, and dark colored  
(3) rough, dull, and light colored
(4) rough, dull, and dark colored

15 Which New York State location is most likely to
experience the heaviest winter snowfall when the
surface winds are blowing from the west or north-
west?
(1) New York City (3) Oswego
(2) Binghamton (4) Plattsburgh

16 The largest particles that a stream deposits as it
enters a pond are 8 centimeters in diameter.  The
minimum velocity of the stream is approximately
(1) 100 cm/sec (3) 300 cm/sec
(2) 200 cm/sec (4) 400 cm/sec

17 Which ocean current transports warm water away
from Earth’s equatorial region?
(1) Brazil Current (3) Falkland Current
(2) Guinea Current (4) California Current

18 The data table below shows the density of four
different mineral samples.

Data Table

A student accurately measured the mass of a 
sample of one of the four minerals to be 
294.4 grams and its volume to be 73.6 cm3.
Which mineral sample did the student measure?
(1) corundum (3) hematite
(2) galena (4) quartz

19 Which mineral has a metallic luster, a black
streak, and is an ore of iron?
(1) galena (3) pyroxene
(2) magnetite (4) graphite

20 The edges of most lithospheric plates are 
characterized by
(1) reversed magnetic orientation
(2) unusually rapid radioactive decay
(3) frequent volcanic activity
(4) low P-wave and high S-wave velocity

21 Compared to Earth’s continental crust, Earth’s
oceanic crust is
(1) thinner and more dense
(2) thinner and less dense
(3) thicker and more dense
(4) thicker and less dense

Mineral Density
(g/cm3)

corundum 4.0

galena 7.6

hematite 5.3

quartz 2.7

Lake Ontario

Wind

(Not drawn to scale)



73 The diagram in your answer booklet shows the Moon’s orbit around Earth.  Place 
an X on the orbit to represent the Moon’s position on February 18.   [1]

74 Assuming that February had 28 days, on which date in March did the next full Moon
occur?   [1]

Base your answers to questions 75 and 76 on the diagram below of a mineral classification scheme that shows
the properties of certain minerals.  Letters A through G represent mineral property zones.  Zone E represents
the presence of all three properties.  For example, a mineral that is harder than glass, has a metallic luster, but
does not have cleavage, would be placed in zone B.  Assume that glass has a hardness of 5.5.

75 In which zone would the mineral potassium feldspar be placed?   [1]

76 State the name of one mineral listed on the Properties of Common Minerals Table that
could not be placed in any of the zones.   [1]

H
ar

de
r t

han glass Metallic
luster

Cle avage

A B C

D
E

F

G
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34 The table below shows some properties of four different minerals.

The minerals listed in the table are varieties of which mineral?
(1) garnet (3) quartz
(2) magnetite (4) olivine

35 Adjacent water and landmasses are heated by the morning Sun on a clear, calm day.
After a few hours, a surface wind develops. Which map best represents this wind’s
direction?

WaterLand

( 1 )

WaterLand

( 4 )

WaterLand

( 2 )

WaterLand

( 3 )

Mineral Variety Color Hardness Luster Composition

flint black 7 nonmetallic SiO2

chert gray, brown, or yellow 7 nonmetallic SiO2

jasper red 7 nonmetallic SiO2

chalcedony white or light color 7 nonmetallic SiO2
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17 Which ocean current brings warm water to the
western coast of Africa?
(1) Agulhas Current
(2) North Equatorial Current
(3) Canaries Current
(4) Guinea Current

18 The map below shows the large delta that formed
as the Mississippi River emptied into the Gulf of
Mexico.

Which process was primarily responsible for the
formation of the delta?
(1) glacial erosion
(2) cementation of sediment
(3) deposition of sediment
(4) mass movement

19 The diagrams below show the crystal shapes of
two minerals.

Quartz and halite have different crystal shapes
primarily because 
(1) light reflects from crystal surfaces
(2) energy is released during crystallization
(3) of impurities that produce surface variations
(4) of the internal arrangement of the atoms

20 A student created the table below by classifying
six minerals into two groups, A and B, based on a
single property.

Which property was used to classify these minerals?
(1) color
(2) luster
(3) chemical composition
(4) hardness

21 Which igneous rock has a vesicular texture and
contains the minerals potassium feldspar and
quartz?
(1) andesite (3) pumice
(2) pegmatite (4) scoria

22 Dolostone is classified as which type of rock?
(1) land-derived sedimentary rock
(2) chemically formed sedimentary rock
(3) foliated metamorphic rock
(4) nonfoliated metamorphic rock

23 A stream is transporting the particles W, X, Y,
and Z, shown below.

Which particle will most likely settle to the bottom
first as the velocity of this stream decreases?
(1) W (3) Y
(2) X (4) Z

P.S./E. Sci.–August ’07 [5] [OVER]

Quartz Halite

Group A Group B

olivine pyrite

garnet galena

calcite graphite

Density = 3.8 g/mL Density = 2.4 g/mL

Density = 3.8 g/mL Density = 2.4 g/mL

X

Y

Z

W

Gulf of Mexico

N
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Part B–2

Answer all questions in this part.

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

51 Using the proper format, place the following data on the weather station model pro-
vided in your answer booklet.    [2]

Dewpoint = 74°F

Cloud cover = 100%

Base your answers to questions 52 through 54 on the data table below, which shows one cycle of equinoxes
and solstices for the northern hemispheres of several planets in the solar system and the tilt of each planet’s axis.
Data for the planets are based on Earth’s time system.

Data Table

Planet Spring Summer Autumn Winter Tilt of Axis
Equinox Solstice Equinox Solstice (degrees)

Venus June 25 August 21 October 16 December 11 3.0

Earth March 21 June 21 September 23 December 22 23.5

Jupiter 1997 2000 2003 2006 3.0

Saturn 1980 1987 1995 2002 26.8

Uranus 1922 1943 1964 1985 82.0

Neptune 1880 1921 1962 2003 28.5

52 State the length, in years, of the spring season on Uranus.     [1]

53 Describe the relationship between a planet’s distance from the Sun and the length
of a season on that planet.     [1]

54 Identify two factors that cause seasons on Earth.     [2]

Base your answers to questions 55 and 56 on the data table below, which shows the volume and mass of three
different samples, A, B, and C, of the mineral pyrite.

Pyrite

Sample Volume (cm3) Mass (g)

A 2.5 12.5

B 6.0 30.0

C 20.0 100.0

55 On the grid provided in your answer booklet, plot the data (volume and mass) for
the three samples of pyrite and connect the points with a line.    [2]

56 State the mass of a 10.0-cm3 sample of pyrite.     [1]
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26 The diagram below shows granite bedrock with
cracks. Water has seeped into the cracks and
frozen. The arrows represent the directions in
which the cracks have widened due to weathering.

Which statement best describes the physical
weathering shown by the diagram?
(1) Enlargement of the cracks occurs because

water expands when it freezes.
(2) This type of weathering occurs only in

bedrock composed of granite.
(3) The cracks become wider because of chemi-

cal reactions between water and the rock.
(4) This type of weathering is common in

regions of primarily warm and humid cli-
mates.

27 The table below shows the density of four min-
eral samples.

Mineral Density
(g/cm3)

Cinnabar 8.2

Magnetite 5.2

Quartz 2.7

Siderite 3.9

If the shape and size of the four mineral samples
are the same, which mineral will settle most
slowly in water?
(1) cinnabar (3) quartz
(2) magnetite (4) siderite

28 Which stream-drainage pattern most likely
developed on the surface of a newly formed vol-
canic mountain?

29 The cross section below shows sedimentary
rocks being eroded by water at a waterfall.

The sedimentary rock layers are being weath-
ered and eroded at different rates primarily
because the rock layers 
(1) formed during different time periods
(2) contain different fossils
(3) have different compositions
(4) are horizontal

( 1 ) ( 3 )

( 2 ) ( 4 )

Ice



Base your answers to questions 58 and 59 on the map below.  The map shows the approximate area in a
portion of North America where some sedimentary rock layers composed of gypsum, halite, and potassium salt
minerals are found in Earth’s crust.

58 Identify one New York State landscape region in which deposits of gypsum and halite
are commonly found.   [1]

59 Identify the sedimentary rock composed of halite and explain how this rock is
usually formed.   [1]

Mineral Deposits

Gypsum Gypsum and halite

Gypsum, halite,
and potassium salts

Key
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Base your answers to questions 60 through 62 on the diagram in your answer booklet, which shows the 
relative diameter sizes of the planets compared to the radius of the Sun.

60 On the diagram in your answer booklet, circle only the terrestrial planets.   [1]

61 On the diagram in your answer booklet, place an X on the planet with the lowest
density.   [1]

62 How many times larger is the diameter of the Sun than the diameter of Jupiter?   [1]

Base your answers to questions 63 through 65 on the chart below, which shows some physical properties of
minerals and the definitions of these properties.  The letters A, B, and C indicate parts of the chart that have
been left blank. Letter C represents the name of a mineral.

63 Which physical property of a mineral is represented by letter A?   [1]

64 State the definition represented by letter B.  [1]

65 Identify one mineral that could be represented by letter C.   [1]

Metallic

Minerals

Hardness A

How easily
a mineral

is scratched

The way
a mineral

reflects light
B

which scratches
olivine

Streak

Some physical properties

which
means

which
means

which
means

Example

C

Example
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Base your answers to questions 36 through 38 on the graph below, which shows the crustal temperature and
pressure conditions under which three different minerals with the same chemical composition (Al2SiO5) 
crystallize. 

36 Under which crustal temperature and pressure conditions will andalusite form?
(1) 300°C and 6000 atmospheres (3) 600°C and 4000 atmospheres
(2) 500°C and 2000 atmospheres (4) 700°C and 8000 atmospheres

37 Which mineral has a chemical composition most similar to andalusite, sillimanite,
and kyanite?
(1) pyrite  (3) dolomite
(2) gypsum  (4) potassium feldspar

38 If bedrock at a collisional plate boundary contains andalusite crystals, these crystals
are changed into sillimanite and/or kyanite as temperature and pressure conditions
increase. What is this process called? 
(1) weathering (3) metamorphism
(2) solidification (4) cementation
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P.S./E. Sci.–June ’06 [10]

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. 
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28 The ozone layer helps life on Earth because
ozone
(1) modifies the normal El Niño weather pattern
(2) reflects insolation from the Sun
(3) absorbs damaging ultraviolet radiation from

the Sun
(4) deflects winds from a straight line to a curved

path

29 Under identical conditions, which surface will
reflect the greatest amount of insolation? 
(1) a basaltic sand beach
(2) a pine tree forest
(3) a glacial ice sheet
(4) a blacktop parking lot

30 The diagram below shows Earth on a particular
day in its orbit around the Sun.  The dashed line
represents Earth’s axis.

Which date is represented by the diagram?
(1) March 21 (3) September 23
(2) June 21 (4) December 21

31 Fossils of trilobites, graptolites, and eurypterids
are found in the same bedrock layer in New York
State. During which geologic time interval could
this bedrock layer have formed?
(1) Late Ordovician to Early Devonian
(2) Late Silurian to Early Cretaceous
(3) Early Permian to Late Jurassic
(4) Early Cambrian to Middle Ordovician

32 Wavy bands of light and dark minerals visible in
gneiss bedrock probably formed from the
(1) cementing together of individual mineral

grains
(2) cooling and crystallization of magma
(3) evaporation of an ancient ocean
(4) heat and pressure during metamorphism

33 The table below shows the hardness of four com-
mon materials.

Hardness of Four Materials

Which statement best describes the hardness of
the mineral dolomite?
(1) Dolomite can scratch window glass, but can-

not be scratched by a fingernail.
(2) Dolomite can scratch window glass, but can-

not be scratched by a steel nail.   
(3) Dolomite can scratch a copper penny, but

cannot be scratched by a fingernail.
(4) Dolomite can scratch a copper penny, but

cannot be scratched by a steel nail.     

Material Hardness

human fingernail 2.5

copper penny 3.0

window glass 4.5

steel nail 6.5

Sun’s
rays

North Pole

Equator



17 Which ocean current brings warm water to the
western coast of Africa?
(1) Agulhas Current
(2) North Equatorial Current
(3) Canaries Current
(4) Guinea Current

18 The map below shows the large delta that formed
as the Mississippi River emptied into the Gulf of
Mexico.

Which process was primarily responsible for the
formation of the delta?
(1) glacial erosion
(2) cementation of sediment
(3) deposition of sediment
(4) mass movement

19 The diagrams below show the crystal shapes of
two minerals.

Quartz and halite have different crystal shapes
primarily because 
(1) light reflects from crystal surfaces
(2) energy is released during crystallization
(3) of impurities that produce surface variations
(4) of the internal arrangement of the atoms

20 A student created the table below by classifying
six minerals into two groups, A and B, based on a
single property.

Which property was used to classify these minerals?
(1) color
(2) luster
(3) chemical composition
(4) hardness

21 Which igneous rock has a vesicular texture and
contains the minerals potassium feldspar and
quartz?
(1) andesite (3) pumice
(2) pegmatite (4) scoria

22 Dolostone is classified as which type of rock?
(1) land-derived sedimentary rock
(2) chemically formed sedimentary rock
(3) foliated metamorphic rock
(4) nonfoliated metamorphic rock

23 A stream is transporting the particles W, X, Y,
and Z, shown below.

Which particle will most likely settle to the bottom
first as the velocity of this stream decreases?
(1) W (3) Y
(2) X (4) Z
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Quartz Halite

Group A Group B

olivine pyrite

garnet galena

calcite graphite

Density = 3.8 g/mL Density = 2.4 g/mL

Density = 3.8 g/mL Density = 2.4 g/mL

X

Y

Z

W

Gulf of Mexico

N
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Part B–1

Answer all questions in this part.

Directions (36–50):  For each statement or question, write in your answer booklet the number of the word
or expression that, of those given, best completes the statement or answers the question. Some questions may
require the use of the 2010 Edition Reference Tables for Physical Setting/Earth Science.

Base your answers to questions 36 and 37 on the diagram below, which shows the results of three different
physical tests, A, B, and C, that were performed on a mineral.

36 Which mineral was tested?
(1) amphibole (3) galena
(2) quartz (4) graphite

37 The luster of this mineral could be determined by
(1) using an electronic balance
(2) using a graduated cylinder
(3) observing how light reflects from the surface of the mineral
(4) observing what happens when acid is placed on the mineral

Test B
Rubbed on
an unglazed
porcelain plate

Greenish black powder

Test C
Rubbed on a
glass square

Scratch in glass

Test A
Struck with a
hammer

Separate pieces with
 cleavage at two
different angles



Base your answers to questions 29 and 30 on the diagram below, which shows three minerals with three 
different physical tests, A, B, and C, being performed on them.

Mineral #1

Hit on the side
 with a wedge

Two separate
flat pieces

Mineral #2

Rubbed on
an unglazed

porcelain plate

Gray/black powder

Mineral #3

Rubbed on a
glass square

Scratch in glass

Test A

Test B

Test C
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29 Which sequence correctly matches each test, A,
B, and C, with the mineral property tested?
(1) A—cleavage; B—streak; C—hardness
(2) A—cleavage; B—hardness; C—streak
(3) A—streak; B—cleavage; C—hardness
(4) A—streak; B—hardness; C—cleavage

30 The results of all three physical tests shown are
most useful for determining the
(1) rate of weathering of the minerals
(2) identity of the minerals
(3) environment where the minerals formed
(4) geologic period when the minerals formed

31 An air temperature of 95ºC most often exists in
which layer of the atmosphere?
(1) troposphere (3) mesosphere
(2) stratosphere (4) thermosphere 

32 During the intrusion of the Palisades Sill, contact
metamorphism changed sandstone and shale into
(1) diorite (3) limestone
(2) marble (4) hornfels

33 Which process most likely formed a layer of the
sedimentary rock, gypsum?
(1) precipitation from seawater
(2) solidification of magma
(3) folding of clay-sized particles
(4) melting of sand-sized particles
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16 Ozone is concentrated in Earth’s atmosphere at
an altitude of 20 to 35 kilometers. Which atmo-
spheric layer contains the greatest concentration
of ozone?

(1) mesosphere (3) troposphere
(2) thermosphere (4) stratosphere

17 Halite has three cleavage directions at 90° to
each other. Which model best represents the
shape of a broken sample of halite?

18 Which geologic feature is caused primarily by
chemical weathering?

(1) large caves in limestone bedrock
(2) a pattern of parallel cracks in a granite

mountain
(3) blocks of basalt at the base of a steep slope
(4) the smooth, polished surface of a rock in a

dry, sandy area

19 Ocean tides are best described as

(1) unpredictable and cyclic
(2) unpredictable and noncyclic
(3) predictable and cyclic
(4) predictable and noncyclic

20 Where is the most deposition likely to occur?

(1) on the side of a sand dune facing the wind
(2) at the mouth of a river, where it enters an ocean
(3) at a site where glacial ice scrapes bedrock
(4) at the top of a steep slope in a streambed

21 The map below shows the area surrounding a
meandering stream.

At which point is erosion greatest?

(1) A (3) C
(2) B (4) D

22 What is the largest particle that can be kept in
motion by a stream that has a velocity of 
100 centimeters per second?

(1) silt (3) pebble
(2) sand (4) cobble

23 An extrusive igneous rock with a mineral com-
position of 35% quartz, 35% potassium feldspar,
15% plagioclase feldspar, 10% biotite, and 
5% amphibole is called

(1) rhyolite (3) gabbro
(2) granite (4) basaltic glass

24 During which process does heat transfer occur
because of density differences?

(1) conduction (3) radiation
(2) convection (4) reflection

25 Carbon-14, an isotope used to date recent
organic remains, would most likely be useful in
determining the age of a fossil

(1) trilobite (3) armored fish
(2) Coelophysis (4) Beluga whale

Swamp

Stream
A

B

C

D

( 2 ) ( 4 )

( 1 ) ( 3 )
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Base your answers to questions 41 through 44 on the map below, which shows areas where certain 
minerals were mined in significant amounts during 1989.

41 In which New York State landscape region was most of the garnet mined?
(1) Catskills (3) Tug Hill Plateau
(2) Adirondack Mountains (4) Erie-Ontario Lowlands

42 What is a common use for the mineral that is mined at the southern end of the two
largest Finger Lakes?
(1) making talcum powder (3) polishing jewelry
(2) vulcanizing rubber (4) melting ice

43 The gypsum deposits in New York State were formed
(1) as a result of volcanic eruptions (3) in a shallow ocean
(2) as a result of metamorphism (4) in a glacial outwash plain

44 The mineral wollastonite has a hardness of 4.5 to 5.  Which New York State mineral
could easily scratch wollastonite?
(1) garnet (3) talc
(2) halite (4) gypsum

Cl S
S

S
S

S

Cl

Cl

Cl

Wo

Wo
T

Cl

N

Key

Cl clay (shale)
G gypsum
Gt garnet

S salt (halite)
T talc
Wo wollastonite

limestone or dolostone

Mineral Resources of New York State

Gt

G
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30 The diagram below shows the index minerals of
Mohs hardness scale compared with the hardness
of some common objects.

Which statement is best supported by the 
diagram?
(1) A fingernail will scratch calcite but not 

gypsum.
(2) Calcite will be scratched by a copper penny.
(3) The mineral apatite will scratch topaz.
(4) A steel file has a hardness of about 7.5.

31 The planetary wind belts in the troposphere are
primarily caused by the
(1) Earth’s rotation and unequal heating of

Earth’s surface
(2) Earth’s revolution and unequal heating of

Earth’s surface
(3) Earth’s rotation and Sun’s gravitational attrac-

tion on Earth’s atmosphere
(4) Earth’s revolution and Sun’s gravitational

attraction on Earth’s atmosphere

32 The map below shows a meandering stream.
Points A, B, C, and D represent locations along
the stream bottom.

At which location is the greatest amount of 
sediment most likely being deposited?
(1) A (3) C
(2) B (4) D

33 The diagram below shows the surface features of
a landscape.

Based on the features shown, which erosional
agent had the greatest effect on tree growth and
the structures that humans have built on this
landscape?
(1) running water (3) prevailing wind
(2) moving ice (4) mass movement

Leaning
fence

Curving growth
      pattern

Leaning
  poles

B
A

C
D

Index Minerals Common Objects

10Diamond

9Corundum

8Topaz

7Quartz

6Orthoclase

5Apatite

4Fluorite

3Calcite

2Gypsum

1Talc

Steel file

Glass

Copper penny

Fingernail
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Part B–1

Answer all questions in this part.

Directions (36–51): For each statement or question, write on the separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question. Some questions
may require the use of the Earth Science Reference Tables.

Base your answers to questions 36 through 38 on
the weather map below. Points A, B, C, and D are
locations on Earth’s surface.

36 The isolines on the map represent values of air

(1) density (3) pressure
(2) humidity (4) temperature

37 The strongest winds are closest to location

(1) A (3) C
(2) B (4) D

38 Which type of front extends southward from the
center of the low?

(1) occluded (3) warm
(2) stationary (4) cold

Base your answers to questions 39 and 40 on
Moh’s mineral hardness scale and the chart below
showing the approximate hardness of some common
objects..

39 Which statement is best supported by this scale?

(1) A fingernail will scratch calcite, but not
quartz.

(2) A fingernail will scratch quartz, but not cal-
cite.

(3) A piece of glass can be scratched by quartz,
but not by calcite.

(4) A piece of glass can be scratched by calcite,
but not by quartz.

40 The hardness of these minerals is most closely
related to the

(1) mineral’s color
(2) mineral’s abundance in nature
(3) amount of iron the mineral contains
(4) internal arrangement of the mineral’s atoms

Low
High

1012
101

6

10
20

102
0

10
16

1012

1008
1004

1000 99
6

1024

D

A

BC



1 The dashed line on the map below shows a ship’s
route from Long Island, New York, to Florida.
As the ship travels south, the star Polaris
appears lower in the northern sky each night.

The best explanation for this observation is that
Polaris
(1) rises and sets at different locations each day
(2) has an elliptical orbit around Earth
(3) is located directly over Earth’s Equator
(4) is located directly over Earth’s North Pole

2 When the dry-bulb temperature is 22°C and the
wet-bulb temperature is 13°C, the relative
humidity is
(1) 10% (3) 41%
(2) 33% (4) 59%

3 As the altitude increases within Earth’s strato-
sphere, air temperature generally
(1) decreases, only
(2) increases, only
(3) decreases, then increases
(4) increases, then decreases

4 The diagrams below represent four rock sam-
ples. Which rock was formed by rapid cooling in
a volcanic lava flow? [The diagrams are not to
scale.]

5 On June 21, some Earth locations have 24 hours
of daylight. These locations are all between the
latitudes of

(1) 0° and 23 ° N

(2) 23 ° N and 47° N

(3) 47° N and 66 ° N

(4) 66 ° N and 90° N

6 The Milky Way galaxy is best described as 
(1) a type of solar system
(2) a constellation visible to everyone on Earth
(3) a region in space between the orbits of Mars

and Jupiter
(4) a spiral-shaped formation composed of 

billions of stars

1
2

1
2

1
2

1
2

( 1 ) ( 3 )

( 2 ) ( 4 )

Bands of alternating
light and dark
minerals

Glassy black rock
that breaks with a
shell-shape fracture

Easily split layers of
0.0001-cm-diameter
particles cemented together

Interlocking
0.5-cm-diameter
crystals of various colors

New York
State

Florida

N
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Part A

Answer all questions in this part.

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



Base your answers to questions 64 and 65 on the passage and photograph below. The passage describes the
properties of porphyritic rocks.  The photograph shows a sample of andesite rock that has a 
porphyritic texture.

Porphyritic Rocks

Igneous rocks that have two distinctly different crystal sizes have a porphyritic 
texture. They contain large, coarse-grained crystals called phenocrysts, which are 
visible to the naked eye. These crystals are surrounded by fine-grained crystals called
groundmass.

64 Identify the evidence shown by the photograph that indicates that two different
cooling events occurred during the formation of this rock.   [1]

65 The andesite sample in the photograph has a small percentage of quartz.  List three
other minerals that are found in this sample.   [1]
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33 Which map shows the two correctly labeled air masses that frequently converge in the central plains to cause
tornadoes?

34 The diagram below shows four mineral samples, each having approximately the same mass.

If all four samples are placed together in a closed, dry container and shaken vigorously
for 10 minutes, which mineral sample would experience the most abrasion?
(1) quartz (3) pyroxene
(2) amphibole (4) galena

PyroxeneQuartz Amphibole Galena

( 2 ) ( 4 )

( 3 )( 1 )

mT

cP

cP

mT

cT

mP

mP

cT



Base your answers to questions 61 through 63 on the information, table, and photographs below and on your
knowledge of Earth science.

“Herkimer Diamonds”

Gem-quality “Herkimer Diamonds” are hexagonal-shaped quartz crystals found in
some of the surface bedrock of Herkimer, New York. Herkimer is located at approximately
43° north latitude and 75° west longitude. The oldest of these gemstones are believed to be
approximately 500 million years old. These quartz crystals are magnificent works of nature
that have a natural diamondlike geometric shape formed when the quartz crystallized.
Natural “Herkimer Diamonds” were not cut or shaped by humans. Due to their appear-
ance, “Herkimer Diamonds” are commonly used in jewelry. These quartz crystals are not
true diamonds.

Mineral Characteristics of “Herkimer Diamonds” (Quartz) and True Diamonds

Photographs of “Herkimer Diamonds” (Quartz)

61 List two mineral characteristics that differ between “Herkimer Diamonds” and true
diamonds.  [1]

62 State one use for “Herkimer Diamonds” (quartz), other than their use in jewelry.    [1]

63 On the New York State map provided in your answer booklet, mark with a dot the
location of Herkimer, New York. Draw a small circle around your dot (!) to make
the dot easily seen.    [1]
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Mineral Color Chemical
Composition Luster Hardness

Dominant
Form of

Breakage

“Herkimer Diamond” (quartz) Colorless or
variable

SiO2 Glassy 7 Fracture

True diamond Colorless or
variable

C Glassy 10 Cleavage
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33 Which map shows the two correctly labeled air masses that frequently converge in the central plains to cause
tornadoes?

34 The diagram below shows four mineral samples, each having approximately the same mass.

If all four samples are placed together in a closed, dry container and shaken vigorously
for 10 minutes, which mineral sample would experience the most abrasion?
(1) quartz (3) pyroxene
(2) amphibole (4) galena
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Base your answers to questions 75 through 78 on the Rock Classification flowchart shown below. Letters A,
B, and C represent specific rocks in this classification scheme.

Rock Classification Flowchart

75 Rock A is composed of very fine-grained quartz and feldspar particles 0.005 centi-
meter in diameter. State the name of rock A.     [1]

76 Rock B has a glassy, vesicular texture and is composed mainly of potassium feldspar
and quartz. State the name of rock B.     [1]

77 Granite could be placed in the same position in the flowchart above as gabbro.
Describe two differences between granite and gabbro.    [1]

78 The diagram below represents two magnified views showing the arrangement of
minerals before and after metamorphism of rock C. State the name of rock C.   [1]

Mineral Arrangement
Before Metamorphism

Rock C Showing Banding
After Metamorphism

Stress

Stress

Stress

Stress
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Rocks

Sedimentary Igneous Metamorphic

Clastic Crystalline Bioclastic Extrusive Intrusive Foliated Nonfoliated

Rock A
Rock 
salt

Limestone Gabbro QuartziteRock B Rock C
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Base your answers to questions 78 through 81 on the cross section below, which shows the bedrock 
structure of a portion of the lithosphere. Letters A through D represent locations in the lithosphere.

78 Identify one of the most abundant minerals in the metamorphic rock at location A.   [1]

79 Explain why the type of rock changes between locations B and C.   [1]

80 Identify the grain size of the metamorphic rock at location D.   [1]

81 Explain why the oceanic crust subducts beneath the continental crust when the two
plates collide.   [1]

Phyllite

Quartzite

Subducting plate
of oce

anic cru
st

Sea level

Continental mountains

B

D

C Mantle
GneissSchist

Hornfels

Slate

(Not drawn to scale)

A
Granite

mountain core
caused by

melting of older
rocks
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Base your answers to questions 54 through 56 on the data table below, which shows some characteristics of
four rock samples, numbered 1 through 4.  Some information has been left blank.  All answers must be recorded
in your answer booklet. 

Data Table

54 State a possible grain size, in centimeters, for most of the particles found in sample 1.
[1]

55 Write the rock name of sample 2.   [1]

56 Write a term or phrase that correctly describes the texture of sample 4.   [1]

Base your answers to questions 57 through 60 on the diagram in your answer booklet, which shows Earth as
seen from above the North Pole. The curved arrows show the direction of Earth’s motion. The shaded portion
represents the nighttime side of Earth. Some of the latitude and longitude lines have been labeled. Points A
and B represent locations on Earth’s surface.

57 On the diagram in your answer booklet, draw a curved arrow, starting at point B,
showing the general direction that planetary surface winds flow between 30° N and
60° N latitude.   [1]

58 If it is 4:00 p.m. at point B, what is the time at point A?   [1]

59 Identify one possible date that is represented by the diagram.   [1]

60 Explain why the angle of insolation at solar noon is greater at point B than at 
point A.   [1]

Rock
Sample
Number

Composition Grain Size Texture Rock Name

1 mostly clay minerals clastic shale

2 all mica microscopic, fine
foliated with mineral
alignment

3
mica, quartz, feldspar,
amphibole, garnet,
pyroxene

medium to coarse foliated with banding gneiss

4

potassium feldspar,
quartz, biotite,
plagioclase feldspar,
amphibole

5 mm granite



71 State the specific names of rocks A, B, and C in the diagram. Do not write the terms
“sedimentary,” “igneous,” and “metamorphic.”      [3]

72 State one condition or process that would cause the high-grade metamorphism of 
rock A.     [1]

Base your answers to questions 71 and 72 on the rock cycle diagram below.

High-grade metamorphism
in which some mica has
changed to feldspar;
banding is present

Melting

Weathering and erosion to
fragments less than 0.0004 cm
in diameter

Slow cooling
underground

Compaction and
cementation

Rock A

Rock CRock B

Felsic magma

P.S. E./Sci.–Aug. ’01 [21]



Base your answers to questions 60 through 62 on the diagram below, which represents a part of the rock
cycle.  The igneous rock, granite, and the characteristics of sedimentary rock X and metamorphic rock Y are
shown.  

60 Identify sedimentary rock X.   [1]

61 Identify metamorphic rock Y.   [1]

62 Complete the table in your answer booklet, with descriptions of the observable
characteristics used to identify granite.  [1]

P.S./E. Sci.–August ’07 [18]

Burial

Compaction

Rock X
Particle diameter size range

from 0.1 cm to 0.01 cm

Rock Y
Composition: quartz,

feldspar, mica, amphibole

Banded texture

Sediments

Solid
ifi
ca

ti
o
n

M
elting

C
em

enta
tio

n
D

epositio

n

Granite

Heat and/or pressure

Metamorphism Weathering

and Erosion

(Uplift)

Magma



33 The diagram below represents geological processes that act continuously on Earth to form different rock
types.

Which table correctly classifies each rock type?

Rock type 1

Rock type 2 Rock type 3

A

B
A

B
C

A Weathering and erosion,
deposition and compaction

B Melting, followed by cooling
and solidification

C Heat and pressure accompanied
by chemical activity

C
Processes

P.S./E. Sci.–June ’09 [9] [OVER]

Rock Type Classification

1 sedimentary

2 metamorphic

3 igneous

Rock Type Classification

1 metamorphic

2 igneous

3 sedimentary

Rock Type Classification

1 sedimentary

2 igneous

3 metamorphic

Rock Type Classification

1 igneous

2 metamorphic

3 sedimentary

( 1 ) ( 3 )

( 2 ) ( 4 )



Base your answers to questions 75 through 78 on the Rock Classification flowchart shown below. Letters A,
B, and C represent specific rocks in this classification scheme.

Rock Classification Flowchart

75 Rock A is composed of very fine-grained quartz and feldspar particles 0.005 centi-
meter in diameter. State the name of rock A.     [1]

76 Rock B has a glassy, vesicular texture and is composed mainly of potassium feldspar
and quartz. State the name of rock B.     [1]

77 Granite could be placed in the same position in the flowchart above as gabbro.
Describe two differences between granite and gabbro.    [1]

78 The diagram below represents two magnified views showing the arrangement of
minerals before and after metamorphism of rock C. State the name of rock C.   [1]

Mineral Arrangement
Before Metamorphism

Rock C Showing Banding
After Metamorphism

Stress

Stress

Stress

Stress
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Rocks

Sedimentary Igneous Metamorphic

Clastic Crystalline Bioclastic Extrusive Intrusive Foliated Nonfoliated

Rock A
Rock 
salt

Limestone Gabbro QuartziteRock B Rock C



Base your answers to questions 53 through 55 on the flowchart below and on your knowledge of Earth 
science. The flowchart shows the formation of some igneous rocks. The circled letters A, B, C, and D indicate
parts of the flowchart that have not been labeled.

Some Igneous Rocks

53 Contrast the rate of cooling at  A that forms intrusive igneous rock with the rate of
cooling at  B that forms extrusive igneous rock.  [1]

54 Give the numerical grain-size range that should be placed in the flowchart at  C .
Units must be included in your answer.  [1]

55 State one igneous rock that could be placed in the flowchart at  D .   [1]

Molten (melted) rock

Intrusive igneous rock Extrusive igneous rock

Cooling rate

B

Lava
on or near Earth’s surface

Magma
below Earth’s surface

Cooling rate

A

10 mm or larger

Very coarse texture

Grain size

Example

Pegmatite

Coarse texture

Grain size

Examples

Granite Gabbro

C Noncrystalline

Glassy texture

Grain size

Example

D

Less than 1 mm

Fine-grained texture

Grain size

Examples

Rhyolite Basalt
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline

Rock A, B, C D E, F

Texture clastic bioclastic crystalline

Rock A, C B, E D, F

Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt



22 In which set are the rock drawings labeled with their correct rock types?

23 The topographic map below shows a lake and two rivers.

In which direction does each of the rivers flow?
(1) The Sapphire River and the Garnet River both flow east.
(2) The Sapphire River and the Garnet River both flow west.
(3) The Sapphire River flows east and the Garnet River flows west.
(4) The Sapphire River flows west and the Garnet River flows east.

Gem
Lake

N

Garnet River
Sapphire River

( 1 )

Sedimentary MetamorphicIgneous

( 4 )

Sedimentary MetamorphicIgneous

( 3 )

Sedimentary MetamorphicIgneous

( 2 )

Sedimentary MetamorphicIgneous
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline

Rock A, B, C D E, F

Texture clastic bioclastic crystalline

Rock A, C B, E D, F

Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt



22 According to plate tectonic theory, during which
geologic time interval did the continents of North
America and Africa separate, resulting in the ini-
tial opening of the Atlantic Ocean?
(1) Mesozoic Era (3) Proterozoic Eon
(2) Paleozoic Era (4) Archean Eon

23 Which rock most probably formed directly from
lava cooling quickly at Earth’s surface?

24 The diagram below shows a sedimentary rock 
sample.

Which agent of erosion was most likely respon-
sible for shaping the particles forming this rock?
(1) mass movement (3) glacial ice
(2) wind (4) running water

25 Near which location in New York State would a
geologist have the greatest chance of finding
dinosaur footprints in the surface bedrock?
(1) 41° 10' N latitude, 74º W longitude
(2) 42º 10' N latitude, 74º 30' W longitude
(3) 43º 30' N latitude, 76º W longitude
(4) 44º 30' N latitude, 75º 30' W longitude

(Shown actual size)

Large intergrown
crystals

Gas pockets
in glass

( 2 )

Pebbles
cemented in
sand matrix

( 1 )

Mica crystals
in foliated
layers

( 3 )

( 4 )
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21 The diagrams below show gradual stages 1, 2, and 3 in the development of a river delta where a river enters
an ocean.

Which statement best explains why the river delta is developing at this site?
(1) The rate of deposition is less than the rate of erosion.
(2) The rate of deposition is greater than the rate of erosion.
(3) Sea level is slowly falling.
(4) Sea level is slowly rising.

Stage 1 Stage 2 Stage 3



22 According to plate tectonic theory, during which
geologic time interval did the continents of North
America and Africa separate, resulting in the ini-
tial opening of the Atlantic Ocean?
(1) Mesozoic Era (3) Proterozoic Eon
(2) Paleozoic Era (4) Archean Eon

23 Which rock most probably formed directly from
lava cooling quickly at Earth’s surface?

24 The diagram below shows a sedimentary rock 
sample.

Which agent of erosion was most likely respon-
sible for shaping the particles forming this rock?
(1) mass movement (3) glacial ice
(2) wind (4) running water

25 Near which location in New York State would a
geologist have the greatest chance of finding
dinosaur footprints in the surface bedrock?
(1) 41° 10' N latitude, 74º W longitude
(2) 42º 10' N latitude, 74º 30' W longitude
(3) 43º 30' N latitude, 76º W longitude
(4) 44º 30' N latitude, 75º 30' W longitude

(Shown actual size)

Large intergrown
crystals

Gas pockets
in glass

( 2 )

Pebbles
cemented in
sand matrix

( 1 )

Mica crystals
in foliated
layers

( 3 )

( 4 )
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21 The diagrams below show gradual stages 1, 2, and 3 in the development of a river delta where a river enters
an ocean.

Which statement best explains why the river delta is developing at this site?
(1) The rate of deposition is less than the rate of erosion.
(2) The rate of deposition is greater than the rate of erosion.
(3) Sea level is slowly falling.
(4) Sea level is slowly rising.

Stage 1 Stage 2 Stage 3



Base your answers to questions 43 through 45 on
the map below, which shows a portion of a stream in
New York State that flows southward. Letters A
through E represent locations in the stream. Line XY
is the location of a cross section.

43 At which two locations in this stream is deposi-
tion normally dominant over erosion?
(1) A and D (3) C and E
(2) B and E (4) D and C

44 Where this stream’s velocity decreases from 300
to 200 centimeters per second, which size sedi-
ment will be deposited?
(1) cobbles (3) silt
(2) sand (4) clay

45 Which cross section along line XY best repre-
sents the shape of the stream bottom?

Base your answers to questions 46 and 47 on the
pictures of four rocks shown below. Magnified views
of the rocks are shown in the circles.

46 Which rock is metamorphic and shows evidence
of foliation?
(1) 1 (3) 3
(2) 2 (4) 4

47 What do all four rock samples have in common?
(1) They show cleavage.
(2) They contain minerals.
(3) They are organically formed.
(4) They formed on Earth’s surface.

Rock 3

Intergrown crystals
less than 0.1 cm in size

Rock 4

Intergrown crystals,
mostly 2.0 cm in size

Rock 2

Particles of
0.01-cm to 1.0-cm size
 cemented together

Rock 1

Bands of coarse
intergrown crystals
of various sizes

X YSurface

( 1 )

X YSurface

( 3 )

X YSurface

( 2 )

X YSurface

( 4 )

X YA

B
C

D
E

N
Direction

of  flow
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29 Which conditions normally can be found in
Earth’s asthenosphere, producing a partial melt-
ing of ultramafic rock?
(1) temperature = 1,000°C; 

pressure = 10 million atmospheres
(2) temperature = 2,000°C; 

pressure = 0.1 million atmospheres
(3) temperature = 3,500°C; 

pressure = 0.5 million atmospheres
(4) temperature = 6,000°C; 

pressure = 4 million atmospheres

30 Which color of the visible light spectrum could
have a wavelength of 5.5 × 10–5 centimeter?
(1) green (3) yellow
(2) orange (4) red

31 Compared to the climate conditions of dry inland
locations, the climate conditions of locations
influenced by a nearby ocean generally result in
(1) hotter summers and colder winters, with a

larger annual range of temperatures
(2) hotter summers and colder winters, with a

smaller annual range of temperatures
(3) cooler summers and warmer winters, with a

larger annual range of temperatures
(4) cooler summers and warmer winters, with a

smaller annual range of temperatures

32 Biotite mica and muscovite mica have different
chemical compositions. Compared to the magma
from which biotite mica forms, the magma from
which muscovite mica forms is usually
(1) more mafic and less dense
(2) more mafic and more dense
(3) more felsic and less dense
(4) more felsic and more dense

33 An increase in the amount of which atmospheric
gas is thought to cause global climate warming?
(1) oxygen (3) nitrogen
(2) hydrogen (4) carbon dioxide

34 The diagram below shows a drill core of sediment
that was taken from the bottom of a lake.

Which types of rock would most likely form from
compaction and cementation of these sediments?
(1) sandstone and limestone
(2) shale and coal
(3) breccia and rock salt
(4) conglomerate and siltstone

35 Which intrusive igneous rock could be composed
of approximately 60% pyroxene, 25% plagioclase
feldspar, 10% olivine, and 5% amphibole? 
(1) granite (3) gabbro
(2) rhyolite (4) basalt

Sand
sediments

Calcite
deposits
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Texture clastic bioclastic crystalline

Rock A, B, C, D E F

Texture clastic bioclastic crystalline

Rock A, B, C D E, F

Texture clastic bioclastic crystalline

Rock A, C B, E D, F

Texture clastic bioclastic crystalline

Rock A, B, F E C, D

(1) (3)

(2) (4)

Base your answers to questions 48 through 50 on the drawings of six sedimentary rocks labeled A
through F.

48 Most of the rocks shown were formed by
(1) volcanic eruptions and crystallization (3) heat and pressure
(2) compaction and/or cementation (4) melting and/or solidification

49 Which two rocks are composed primarily of quartz, feldspar, and clay minerals?
(1) rock salt and conglomerate (3) sandstone and shale
(2) rock salt and breccia (4) sandstone and limestone     

50 Which table shows the rocks correctly classified by texture?

A
Conglomerate

B
Breccia

C
Sandstone

D
Shale

E
Limestone

F
Rock salt



1 The dashed line on the map below shows a ship’s
route from Long Island, New York, to Florida.
As the ship travels south, the star Polaris
appears lower in the northern sky each night.

The best explanation for this observation is that
Polaris
(1) rises and sets at different locations each day
(2) has an elliptical orbit around Earth
(3) is located directly over Earth’s Equator
(4) is located directly over Earth’s North Pole

2 When the dry-bulb temperature is 22°C and the
wet-bulb temperature is 13°C, the relative
humidity is
(1) 10% (3) 41%
(2) 33% (4) 59%

3 As the altitude increases within Earth’s strato-
sphere, air temperature generally
(1) decreases, only
(2) increases, only
(3) decreases, then increases
(4) increases, then decreases

4 The diagrams below represent four rock sam-
ples. Which rock was formed by rapid cooling in
a volcanic lava flow? [The diagrams are not to
scale.]

5 On June 21, some Earth locations have 24 hours
of daylight. These locations are all between the
latitudes of

(1) 0° and 23 ° N

(2) 23 ° N and 47° N

(3) 47° N and 66 ° N

(4) 66 ° N and 90° N

6 The Milky Way galaxy is best described as 
(1) a type of solar system
(2) a constellation visible to everyone on Earth
(3) a region in space between the orbits of Mars

and Jupiter
(4) a spiral-shaped formation composed of 

billions of stars

1
2

1
2

1
2

1
2

( 1 ) ( 3 )

( 2 ) ( 4 )

Bands of alternating
light and dark
minerals

Glassy black rock
that breaks with a
shell-shape fracture

Easily split layers of
0.0001-cm-diameter
particles cemented together

Interlocking
0.5-cm-diameter
crystals of various colors

New York
State

Florida

N
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Part A

Answer all questions in this part.

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



25 Which graph best represents the textures of
granite, pegmatite, and rhyolite?

26 Which type of surface bedrock is commonly
found in New York State between Elmira and
Ithaca?
(1) granite (3) shale
(2) quartzite (4) marble

27 New York’s Tug Hill landscape region is classi-
fied as a plateau because this region has a
(1) high elevation with distorted bedrock
(2) high elevation with nearly horizontal layers

of bedrock
(3) low elevation with distorted bedrock
(4) low elevation with nearly horizontal layers of

bedrock

28 Which two locations are found in the same major
geographic landscape province?
(1) Albany and Old Forge
(2) Elmira and Riverhead
(3) Jamestown and Slide Mountain
(4) Massena and Mount Marcy

29 Which mineral is most frequently found in both
granitic continental crust and basaltic oceanic
crust?
(1) olivine
(2) potassium feldspar
(3) plagioclase feldspar
(4) quartz

30 The map below shows a meandering stream as it
enters a lake. The arrow shows the direction of
stream flow. Points A through D represent loca-
tions on the surface of the stream.

The greatest stream velocities are found closest
to points
(1) A and B (3) C and D
(2) B and C (4) D and A

A B

Lake

C D

( 1 )

Te
xt
ur
e

Very
coarse

Fine Granite
Rhyolite

Pegmatite
( 3 )

Te
xt
ur
e

Very
coarse

Fine Granite
Rhyolite

Pegmatite

( 2 )

Te
xt
ur
e

Very
coarse

Fine Granite
Rhyolite

Pegmatite
( 4 )

Te
xt
ur
e

Very
coarse

Fine Granite
Rhyolite

Pegmatite
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31 The diagrams below represent four different examples of one process that transports sediments.

Which process is shown in these diagrams?
(1) chemical weathering (3) mass movement
(2) wind action (4) rock abrasion

Soil creep Debris flow Mud flow Rock fall

Gradual downhill
movement of soil

Rapid downslope flow
of debris

Downward flow of fine
particles (mud) and
large amounts of water

Rapid falling of pieces
of rock from a cliff or
steep slope

32 The cross section below shows a stream flowing
downhill.  Points A through D are locations in the
stream.

At which point would most deposition occur?
(1) A (3) C
(2) B (4) D

33 A stream flowing at a velocity of 250 centimeters
per second is transporting sediment particles
ranging in size from clay to cobbles.  Which trans-
ported particles will be deposited by the stream if
its velocity decreases to 100 centimeters per 
second?
(1) cobbles, only
(2) cobbles and some pebbles, only
(3) cobbles, pebbles, and some sand, only
(4) cobbles, pebbles, sand, silt, and clay

34 Which rock is sedimentary in origin and formed
as a result of chemical processes?
(1) granite (3) breccia
(2) shale (4) dolostone

35 The photograph below shows an igneous rock.

What is the origin and rate of formation of this
rock?
(1) plutonic with slow cooling
(2) plutonic with rapid cooling
(3) volcanic with slow cooling
(4) volcanic with rapid cooling

Lake

A

B

D

Stream

C


