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T
he possession or use of any com

m
unications device is strictly prohibited w

hen taking 
this exam

ination. If you have or use any com
m

unications device, no m
atter how

 briefl y, your 
exam

ination w
ill be invalidated and no score w

ill be calculated for you.

U
se your know

ledge of E
arth science to answ

er all questions in this exam
ination. 

B
efore you begin this exam

ination, you m
ust be provided w

ith the 
2
0
1
1
 
E

d
itio

n
 

R
e
fe

re
n

c
e
 T

a
b

le
s fo

r P
h

y
sic

a
l S

e
ttin

g
/E

a
rth

 S
c
ie

n
c
e. You w

ill need these reference 
tables to answ

er som
e of the questions.

You are to answ
er all questions in all parts of this exam

ination. You m
ay use scrap 

paper to w
ork out the answ

ers to the questions, but be sure to record your answ
ers 

on your answ
er sheet and in your answ

er booklet. A
 separate answ

er sheet for P
art A

 
and P

art B
–1 has been provided to you. F

ollow
 the instructions from

 the proctor for 
com

pleting the student inform
ation on your answ

er sheet. R
ecord your answ

ers to the 
P

art A
 and P

art B
–1 m

ultiple-choice questions on this separate answ
er sheet. R

ecord 
your answ

ers for the questions in P
art B

–2 and P
art C

 in your separate answ
er booklet. 

B
e sure to fi ll in the heading on the front of your answ

er booklet.
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A
ll answ

ers in your answ
er booklet should be w

ritten in pen, except for graphs and 
draw

ings, w
hich should be done in pencil.

W
hen you have com

pleted the exam
ination, you m

ust sign the declaration  printed 
on your separate answ

er sheet, indicating that you had no unlaw
ful know

ledge of the 
questions or answ

ers prior to the exam
ination and that you have neither given nor 

received assistance in answ
ering any of the questions during the exam

ination. Your 
answ

er sheet and answ
er booklet cannot be accepted if you fail to sign this declaration.

N
otice …

A
 four-function or scientifi c calculator and a copy of the 2

0
1
1
 E

d
itio

n
 R

e
fe

re
n

c
e
 T

a
b

le
s fo

r 

P
h

y
sic

a
l S

e
ttin

g
/E

a
rth

 S
c
ie

n
c
e m

ust be available for you to use w
hile taking this exam

ination.
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P
art A

A
nsw

er all questions in this part.

D
irections (1–35): F

or each statem
ent or question, choose the w

ord or expression that, of those given, best 
com

pletes the statem
ent or answ

ers the question. Som
e questions m

ay require the use of the 2011 E
dition 

R
eference T

ables for Physical Setting/E
arth Science. R

ecord your answ
ers on your separate answ

er sheet.

1 T
he graph below

 show
s changing ocean tide 

heights in feet (ft) on A
pril 7 for a coastal location.

T
he next high tide w

ill occur on A
pril 8 at 

approxim
ately

(1) 10 a.m
. 

(3) 3 a.m
.

(2) 10 p.m
. 

(4) 3 p.m
.

 
2 Scientists w

ho proposed the B
ig B

ang T
heory 

w
ere attem

pting to explain
(1) the origin of the universe
(2) w

hy stars have different lum
inosities

(3) the form
ation of our solar system

(4) how
 E

arth’s atm
osphere evolved 

 
3 W

hich star type has a surface tem
perature of 

4000 K
 and a lum

inosity 1000 tim
es greater than 

the Sun?
(1) dw

arf 
(3) giant

(2) m
ain sequence 

(4) supergiant
12

2
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6
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6
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a.m
.

p.m
.

T
id

a
l C

h
a
n

g
e
s

A
p

ril 7
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4 T
he red shift in light from

 stars located in very 
distant galaxies suggests that these stars are
(1) decreasing in tem

perature
(2) increasing in tem

perature
(3) m

oving tow
ard the M

ilky W
ay

(4) m
oving aw

ay from
 the M

ilky W
ay

5 A
 F

oucault pendulum
 provides evidence that 

E
arth

(1) orbits the Sun
(2) has a nearly spherical shape
(3) is tilted on an axis
(4) spins on an axis

6 H
ow

 m
any days during one year is the Sun 

directly overhead at noon in N
ew

 York C
ity?

(1) one 
(3) three

(2) tw
o 

(4) zero

7 A
pproxim

ately 
w

hich 
percentage 

of 
E

arth’s 
surface is exposed above w

ater?
(1) 30 %

 
(3) 70%

(2) 50%
 

(4) 90%

 
8 O

n June 21, an observer in N
ew

 York State w
ill 

see the Sun set
(1) north of due east 

(3) south of due east
(2) north of due w

est 
(4) south of due w

est

 
9 C

om
pared to a w

ell-sorted sam
ple of larger-sized 

particles, a w
ell-sorted sam

ple of sm
aller-sized 

particles has greater
(1) capillarity 

(3) perm
eability

(2) transpiration 
(4) porosity

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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10 T
he photographs below

 show
 tw

o celestial objects just before, during, and just after a total solar eclipse as 
view

ed by an observer located in K
ingston, Tennessee, on A

ugust 21, 2017.

G
. M

eyer

Photograph 1:
Just Before Eclipse

Photograph 2:
Total Solar Eclipse

Photograph 3:
Just After Eclipse
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W
hich diagram

 represents the location of the M
oon in its orbit at the tim

e that each of these three photographs 
(1, 2, and 3) w

ere taken? (D
iagram

s are not draw
n to scale.)

Sun’s
rays

Sun’s
rays

Sun’s
rays

Sun’s
rays

Earth

123

N
orth

Pole

Earth

321

N
orth

Pole

Earth

123

M
oon’s
orbit

M
oon’s
orbit

M
oon’s
orbit

M
oon’s
orbit

N
orth

Pole

Earth

321

N
orth

Pole

( 1 )
( 3 )

( 2 )
( 4 )
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11 T
he diagram

 below
 represents E

arth in four 
positions, labeled A

, B
, C

, and D
, in its orbit 

around the Sun on the fi rst day of each season.

Sun
D

(N
ot draw

n to scale)

C A

B

Arctic
C

ircle

N
orth 

Pole
Equator

B
etw

een 
w

hich 
tw

o 
consecutive 

positions 
is 

the sum
m

er season occurring in the N
orthern 

H
em

isphere?
(1) A

 and B
 

(3) C
 and D

(2) B
 and C

 
(4) D

 and A

12 W
hich atm

ospheric conditions occur w
hen the 

dry-bulb tem
perature is 30°C

 and the difference 
betw

een the dry-bulb tem
perature and w

et-bulb 
tem

perature is 1°C
?

(1) w
arm

 and hum
id 

(3) cool and hum
id

(2) w
arm

 and dry 
(4) cool and dry

13 W
hich precaution is m

ost appropriate during a 
blizzard?
(1) Take shelter in a basem

ent.
(2) A

void unnecessary travel.
(3) E

vacuate to higher ground.
(4) Stay aw

ay from
 tall m

etal objects.
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14 T
he graph below

 show
s the relationship betw

een 
the distance that w

ind blow
s over a body of w

ater 
and the height of the w

aves that are generated.
Wave Height

D
is

ta
n

c
e
 th

e
 W

in
d

 B
lo

w
s

O
v
e
r a

 B
o

d
y
 o

f W
a
te

r

A
 w

est w
ind blow

ing w
ith the sam

e velocity w
ould 

generate the highest w
aves along the shoreline at

(1) Jam
estow

n 
(3) Plattsburgh

(2) O
sw

ego 
(4) R

iverhead

 15 T
he w

eather m
ap below

 show
s a storm

 centered 
north of Iceland. Points A

, B
, C

, and D
 indicate 

locations on E
arth’s surface. Isobars are labeled 

in m
illibars.B

C
D

976996

A

1016

956

W
hich location w

as probably experiencing the 
highest w

ind speed?
(1) A

 
(3) C

(2) B
 

(4) D
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16 T
he m

ap below
 show

s a cold, arctic air m
ass that 

m
oved southeast from

 C
anada to cover m

ost 
of the eastern half of the U

nited States during 
January 2010.

W
A

R
M

C
O

L
D

M
e
x
ic

o

C
a
n

a
d

a

W
hich shift caused this fl ow

 of cold air out of 
C

anada?
(1) the northw

ard shift of the global tem
perature 

zones
(2) the northw

ard shift of the Sun’s vertical rays
(3) a southw

ard shift of the polar front jet stream
(4) a southw

ard shift of the subtropical jet stream

17 W
hich surface ocean current cools the clim

ate of 
the w

estern coastline of South A
m

erica?
(1) B

razil C
urrent 

(3) F
alkland C

urrent
(2) Peru C

urrent 
(4) C

alifornia C
urrent

18 W
hen equal m

asses of ice and liquid w
ater 

receive the sam
e am

ount of energy, w
ithout a 

change in state, the ice changes tem
perature 

faster than the liquid w
ater does because the

(1) specifi c heat of ice is less than the specifi c 
heat of liquid w

ater
(2) specifi c heat of ice is greater than the specifi c 

heat of liquid w
ater

(3) density of ice is less than the density of liquid 
w

ater
(4) density of ice is greater than the density of 

liquid w
ater
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19 E
l N

iño is a condition associated w
ith a buildup 

of 
unusually 

w
arm

 
w

ater 
along 

the 
w

estern 
coast of South A

m
erica. W

hich changes in air 
tem

perature and precipitation usually occur in 
that region during E

l N
iño?

(1) low
er air tem

perature and less precipitation
(2) low

er air tem
perature and m

ore precipitation 
(3) higher air tem

perature and less precipitation
(4) higher air tem

perature and m
ore precipitation

20 W
hich conclusion can be draw

n from
 the pattern 

of fossils found in E
arth’s rock record?

(1) H
um

ans have existed for a longer period of 
tim

e than dinosaurs.
(2) C

om
plex land organism

s have been replaced 
by sim

pler m
arine form

s.
(3) M

any species have existed in the past, and 
m

ost have becom
e extinct.

(4) F
ew

 
life 

form
s 

existed 
before 

the 
late 

C
retaceous period.

 21 T
he geologic cross section below

 represents a 
portion of E

arth’s crust. T
he rock layers have not 

been overturned.

K
e
y

Igneous 
intrusion

Inclusions

T
he inclusions w

ere m
ost likely broken off from

 
their original rock layers
(1) at the sam

e tim
e as the intrusion of m

agm
a

(2) at the sam
e tim

e as the crystallization of 
m

agm
a

(3) before the form
ation of sandstone

(4) before the form
ation of lim

estone
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22 W
hile studying sedim

ents deposited during and 
after the last ice age, scientists discovered that 
foram

iniferid shells coil in different directions 
w

hen they grow
 under different tem

perature 
conditions, as show

n in the diagram
 below

.

Inter-
glacial

(no ice age)

C
ool

W
arm

F
o

ra
m

in
ife

rid
 S

h
e
ll-

C
o

ilin
g

 D
ire

c
tio

n
W

a
te

r
T
e
m

p
e
ra

tu
re

R
ight-

coiling

Left- 
coiling

Layer X

O
cean sedim

ent core

G
lacial

(ice age)

F
oram

iniferid shells found in layer X
 m

ost likely 
coiled to the
(1) right, because w

ater tem
peratures w

ere cool
(2) right, because w

ater tem
peratures w

ere w
arm

(3) left, because w
ater tem

peratures w
ere cool

(4) left, because w
ater tem

peratures w
ere w

arm

23 A
pproxim

ately how
 m

any m
illion years ago (m

ya) 
w

as the am
ount of E

arth’s total landm
ass located 

south of the equator the greatest?
(1) 119 m

ya 
(3) 359 m

ya
(2) 232 m

ya 
(4) 458 m

ya

24 W
hich layer of E

arth’s interior is inferred to be 
com

posed of solid iron and nickel?
(1) asthenosphere 

(3) outer core
(2) stiffer m

antle 
(4) inner core
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25 T
he graph below

 show
s the rate of decay of a 

radioactive isotope through tw
o half-lives. E

ach 
box show

s the ratio of atom
s of the radioactive 

isotope to atom
s of the disintegration product. 

T
he box at tw

o half-lives has been left blank.

0
0

3
2

1
H

a
lf-life

25 50 75

100

Percentage of Radioactive 
Isotope Remaining (%)

D
e
c
a
y
 o

f a
 R

a
d

io
a
c
tiv

e
 Is

o
to

p
e

K
e
y

Atom
 of radioactive 

isotope
Atom

 of disintegration 
product

W
hich box best represents the ratio of these 

atom
s at tw

o half-lives?

( 1 )

( 2 )

( 3 )

( 4 )

 26 T
he 

fi rst 
S-w

ave 
reaches 

a 
seism

ic 
station 

22 m
inutes after an earthquake occurred. H

ow
 

long did it take the fi rst P-w
ave to reach the sam

e 
seism

ic station?
(1) 8 m

inutes 50 seconds
(2) 10 m

inutes 00 seconds
(3) 12 m

inutes 00 seconds
(4) 12 m

inutes 50 seconds
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27 T
he block diagram

 below
 represents the form

ation of an island arc near a plate boundary.

O
ceanic
crust

R
igid m

antle
R

igid m
antle

Asthenosphere
Asthenosphere

C
ontinental

crust

Island arc

A
n island arc is located near the boundary betw

een w
hich tw

o tectonic plates?
(1) A

ntarctic Plate and Indian–A
ustralian Plate

(2) Philippine Plate and E
urasian Plate

(3) A
frican Plate and N

orth A
m

erican Plate
(4) Scotia Plate and South A

m
erican Plate
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28 W
hich table correctly m

atches the average density and com
position of continental and oceanic crusts?

T
y

p
e
 o

f C
ru

s
t

C
o

n
tin

e
n

ta
l

O
c
e
a
n

ic

Average D
ensity

3.0 g/cm
3

2.7 g/cm
3

C
om

position
Felsic

M
afi c

( 1 )

T
y

p
e
 o

f C
ru

s
t

C
o

n
tin

e
n

ta
l

O
c
e
a
n

ic

Average D
ensity

3.0 g/cm
3

2.7 g/cm
3

C
om

position
M

afi c
Felsic

( 2 )

T
y

p
e
 o

f C
ru

s
t

C
o

n
tin

e
n

ta
l

O
c
e
a
n

ic

Average D
ensity

2.7 g/cm
3

3.0 g/cm
3

C
om

position
M

afi c
Felsic

( 3 )

T
y

p
e
 o

f C
ru

s
t

C
o

n
tin

e
n

ta
l

O
c
e
a
n

ic

Average D
ensity

2.7 g/cm
3

3.0 g/cm
3

C
om

position
Felsic

M
afi c

( 4 )
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29 T
he photograph below

 show
s a portion of the 

San A
ndreas F

ault in the w
estern U

nited States.
30 W

hat is the m
inim

um
 stream

 velocity necessary 
to transport a quartz particle that is 0.1 centim

eter 
in diam

eter in a stream
?

(1) 0.05 cm
/s 

(3) 5.0 cm
/s

(2) 0.5 cm
/s 

(4) 50.0 cm
/s

31 Scoria is a type of rock that form
s m

ost directly 
from

 the process of
(1) solidifi cation 

(3) erosion
(2) cem

entation 
(4) m

etam
orphism

32 T
he elem

ent silicon (Si) is used in the production 
of cell phones. W

hich m
ineral could be a possible 

source of this silicon?
(1) calcite 

(3) halite
(2) galena 

(4) quartz

http://education.nationalgeographic.com

T
he San A

ndreas F
ault is an exam

ple of a
(1) transform

 plate boundary
(2) divergent plate boundary
(3) convergent plate boundary
(4) com

plex plate boundary



 P
.S

./
E
. S

ci. –
 v2

0
2

 
17

 
[O

V
ER

] 

33 T
he block diagram

 below
 show

s a portion of a 
deeply eroded dom

e landscape.
 34 W

hich tw
o N

ew
 York State locations have surface 

bedrock of sim
ilar ages?

(1) M
t. M

arcy and Slide M
t.

(2) B
uffalo and R

ochester
(3) O

ld F
orge and N

iagara F
alls

(4) W
atertow

n and A
lbany

W
hich 

m
ap 

show
s 

the 
stream

 
pattern 

that 
probably form

ed on the surface of this landscape?

( 1 )
( 3 )

( 2 )
( 4 )

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯



 P
.S

./
E
. S

ci. –
 v2

0
2

 
18

 

35 T
he aerial photograph below

 show
s sm

all, circular bodies of w
ater surrounded by sedim

ent in an area that 
w

as once covered by glaciers.

w
w

w.arctic.uoguelph.ca

T
hese bodies of w

ater are know
n as

(1) fi nger lakes 
(3) tributaries

(2) kettle lakes 
(4) w

atersheds
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P
art B

–1

A
nsw

er all questions in this part.

D
irections (36–50): F

or each statem
ent or question, choose the w

ord or expression that, of those given, 
best com

pletes the statem
ent or answ

ers the question. Som
e questions m

ay require the use of the 2011 E
dition 

R
eference T

ables for Physical Setting/E
arth Science. R

ecord your answ
ers on your separate answ

er sheet.

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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B
ase your answ

ers to questions 36 and 37 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents the elliptical orbit for one planet in our solar system

. T
he tw

o foci of the orbit are show
n 

as the Sun and F
2 .

Sun
F

2

O
rbital path

(N
ot draw

n to scale)



 P
.S

./
E
. S

ci. –
 v2

0
2

 
21

 
[O

V
ER

] 

 36 W
hich condition w

ould produce an orbit w
ith a greater eccentricity?

(1) a decrease in the distance betw
een the Sun and F

2
(2) an increase in the distance betw

een the Sun and F
2

(3) a constant decrease in the orbital velocity of the planet
(4) a constant increase in the orbital velocity of the planet

 37 T
he arrangem

ent and m
ovem

ent of celestial objects in our solar system
 is best described by the

(1) spiral m
odel 

(3) geocentric m
odel

(2) cosm
ic m

odel 
(4) heliocentric m

odel

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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B
ase your answ

ers to questions 38 and 39 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents a sim

plifi ed m
odel of the incom

ing (solar) and outgoing (terrestrial) electrom
agnetic 

radiation of E
arth’s energy budget.Sun

Solar radiation:
Short-w

ave (visible)
radiation passes 

through the 
atm

osphere.

Earth

Atm
osphere

(N
ot draw

n to scale)

Terrestrial radiation:
Long-w

ave (infrared)
radiation from

 Earth
is partially absorbed

by greenhouse 
gases in the 
atm

osphere.
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 38 W
hich color and texture of E

arth m
aterials absorbs the greatest am

ount of short-w
ave radiation from

 the 
Sun?
(1) light color and sm

ooth texture 
(3) dark color and sm

ooth texture
(2) light color and rough texture 

(4) dark color and rough texture

 39 Tw
o m

ajor greenhouse gases that absorb outgoing long-w
ave radiation w

ithin the atm
osphere are

(1) m
ethane and oxygen 

(3) nitrogen and oxygen
(2) m

ethane and carbon dioxide 
(4) nitrogen and carbon dioxide

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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Southeast A
sia M

onsoons
T

he Southeast A
sia m

onsoons are seasonal shifts in the direction of regional planetary 
w

inds. T
hese shifts are related to the m

ovem
ent of air pressure belts as the Sun’s vertical 

ray changes latitude. In the late spring, w
inds begin to blow

 from
 the southw

est, bringing 
m

oisture from
 the G

ulf of T
hailand across Southeast A

sia. R
ainfall reaches a peak in 

July and A
ugust. T

his m
oisture is partially blocked by the A

nnam
ite M

ountains, located 
along the border betw

een V
ietnam

 and L
aos. T

herefore, the rainfall in central V
ietnam

 is 
som

ew
hat less during these m

onths. In Septem
ber, the w

inds reverse direction and begin 
to fl ow

 from
 the northeast across the G

ulf of Tonkin and South C
hina Sea. T

his w
ind shift 

begins the season of heavy rainfall in central V
ietnam

 that continues for m
onths.

below
, the m

ap on the next page,
B

ase your answ
ers to questions 40 and 41 on the passage 

and on your 
science. T

he m
ap show

s a portion of Southeast A
sia.

know
ledge of E

arth 
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K
e
y

S
o

u
th

e
a
s
t A

s
ia

Annam
ite

M
ountains

20° N

G
ulf of

 Thailand

G
ulf of

 Tonkin C
H

IN
A

VIETN
AM

LAO
S

TH
AILAN

D

C
AM

BO
D

IA

15° N

10° N
110° E

105° E

South
 C

hina
Sea

 40 H
eavy rains occur in C

am
bodia and T

hailand w
hen the m

oist air brought by the m
onsoon

(1) rises, expands, and cools 
(3) sinks, expands, and cools

(2) rises, contracts, and w
arm

s 
(4) sinks, contracts, and w

arm
s
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 41 W
hich m

ap show
s the m

ost likely location and direction of the m
onsoon w

inds and regional atm
ospheric 

pressure occurring in Southeast A
sia in July?

20° N

G
ulf of

 Thailand

G
ulf of

 Tonkin

C
H

IN
A

VIETN
AM

LAO
S

TH
AILAN

DC
AM

BO
D

IA

15° N

10° N

S
o

u
th

e
a
s
t A

s
ia

110° E
105° E

( 1 )

L
O

W
 P

R
E

S
S

U
R

E

South 
C

hina
Sea

20° N

G
ulf of

 Thailand

G
ulf of

 Tonkin

C
H

IN
A

VIETN
AM

LAO
S

TH
AILAN

DC
AM

BO
D

IA

15° N

10° N

S
o

u
th

e
a
s
t A

s
ia

110° E
105° E

( 2 )

L
O

W
 P

R
E

S
S

U
R

E

South 
C

hina
Sea

A
nsw

er choices for question 41 continue on the next page.
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20° N

G
ulf of

 Thailand

G
ulf of

 Tonkin

C
H

IN
A

VIETN
AM

LAO
S

TH
AILAN

DC
AM

BO
D

IA

15° N

10° N

S
o

u
th

e
a
s
t A

s
ia

110° E
105° E

( 3 )

H
IG

H
 P

R
E

S
S

U
R

E

South 
C

hina
Sea

20° N

G
ulf of

 Thailand

G
ulf of

 Tonkin

C
H

IN
A

VIETN
AM

LAO
S

TH
AILAN

DC
AM

BO
D

IA

15° N

10° N

S
o

u
th

e
a
s
t A

s
ia

110° E
105° E

( 4 )

H
IG

H
 P

R
E

S
S

U
R

E

South 
C

hina
Sea

Q
uestion 41 continued
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B
ase your answ

ers to questions 42 and 43 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents one position of E

arth in its orbit around the Sun and 12 constellations that can be seen 
in the night sky by an observer in N

ew
 York State at different tim

es of the year. T
he approxim

ate locations of the 
constellations in relation to E

arth’s orbit are show
n. Point A

 represents another position in E
arth’s orbit.

Aries
Pisces

Aquarius

C
apricornus

Sagittarius

Scorpius

Libra
Virgo

Leo

C
ancer

G
em

ini

Taurus

Earth
Sun

A

(N
ot draw

n to scale)
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 42 W
hen E

arth is located in the orbital position show
n on the diagram

, w
hich constellation is visible to an 

observer in N
ew

 York State at m
idnight?

(1) G
em

ini 
(3) Scorpius

(2) Pisces 
(4) V

irgo

 43 A
pproxim

ately how
 m

any days (d) does it take for E
arth to orbit from

 its present position to point A
?

(1) 27 d 
(3) 183 d

(2) 91 d 
(4) 365 d G

O
 R

IG
H

T
 O

N
 T

O
 T

H
E

 N
E

X
T

 PA
G

E
 ➯
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B
ase your answ

ers to questions 44 through 47 on the cross sections below
 and on your know

ledge of E
arth 

science. T
he cross sections represent three w

idely spaced rock outcrops labeled A
, B

, and C
. L

ine X
Y represents 

a fault. O
verturning has not occurred.

.    .         .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .

.    .

.    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .
.    .    .    .

.    .    .    .

C
onglom

erate

O
u

tc
ro

p
 A

O
u

tc
ro

p
 B

O
u

tc
ro

p
 C

Tan lim
estone

Volcanic ash

G
reen shale

G
ray siltstone

C
onglom

erate

Tan lim
estone

G
ray lim

estone

Volcanic ash

G
reen shale

Black shale

G
ray siltstone

Tan siltstone

Brow
n

sandstone

R
ed sandstone

C
onglom

erate

Tan lim
estone

G
ray lim

estone

U
nconform

ity
Igneous intrusion
C

ontact
m

etam
orphism

K
e
y

Y

X

Volcanic ash
G

reen shale

G
ray siltstone

Brow
n

sandstone

R
ed sandstone
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 44 W
hat is the youngest sedim

entary rock layer represented in these cross sections?
(1) black shale 

(3) tan siltstone
(2) brow

n sandstone 
(4) conglom

erate

 45 W
hich sequence show

s the relative ages of the igneous intrusion, fault X
–Y, unconform

ity, and red sandstone, 
from

 oldest to youngest, in outcrop C
?

(1) unconform
ity —

› igneous intrusion —
› fault X

–Y —
› red sandstone

(2) red sandstone —
› unconform

ity —
› igneous intrusion —

› fault X
–Y

(3) fault X
–Y —

› unconform
ity —

› red sandstone —
› igneous intrusion

(4) igneous intrusion —
› fault X

–Y —
› red sandstone —

› unconform
ity

 46 W
hich processes form

ed the unconform
ities show

n in outcrops B
 and C

?
(1) folding, faulting, and tilting
(2) uplift, erosion, and deposition
(3) w

eathering, abrasion, and igneous intrusion
(4) m

elting, contact m
etam

orphism
, and solidifi cation

 47 W
hich characteristic of the volcanic ash layer is m

ost useful for correlating rock layers in outcrops A
, B

, 
and C

?
(1) T

he ash w
as deposited over a large geographic area.

(2) T
he ash layer varies in thickness.

(3) C
arbon-14 can be used to determ

ine the age of the ash.
(4) Igneous rock particles are found in the ash.
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B
ase your answ

ers to questions 48 through 50 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents an erosional-depositional system

 in an arid environm
ent, and indicates the processes 

occurring at various locations w
ithin the atm

osphere and on the land surface. T
he box labeled X

 identifi es one 
sand dune. A

rrow
s represent the m

ovem
ent of particles.

Source area

ER
O

SIO
N

 /
TR

AN
SPO

RT
(Sand and silt)

ER
O

SIO
N

 and D
EPO

SITIO
N

(M
ostly sand)

D
EPO

SITIO
N

(M
ostly silt)

X

 48 W
hich agent of erosion m

oves the particles w
ithin this erosional-depositional system

?
(1) w

aves 
(3) running w

ater
(2) w

ind 
(4) m

oving ice

 49 T
he total range of particle sizes indicated in this system

 is
(1) less than 0.0004 cm

 
(3) 0.006 to 0.2 cm

, only
(2) 0.0004 to 0.006 cm

, only 
(4) 0.0004 to 0.2 cm
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 50 W
hich diagram

 indicates both the direction of dune m
igration (m

ovem
ent) and the dom

inant process 
occurring on each slope of the dune in box X

?

Deposition

Erosion

D
une 

m
igration

( 1 )

Erosion

Deposition

D
une 

m
igration

( 2 )

Deposition
Erosion

D
une 

m
igration

( 3 )

Erosion

Deposition

D
une 

m
igration

( 4 )
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B
ase your answ

ers to questions 51 through 53 on the passage below
 and on your know

ledge of E
arth science.

W
aim

ea C
anyon

W
aim

ea C
anyon is located on the w

est side of the island of K
auai, H

aw
aii. W

aim
ea 

C
anyon has been referred to as the “G

rand C
anyon of the Pacifi c.” B

ut unlike the G
rand 

C
anyon, w

hich w
as carved through horizontal layers of sedim

entary rocks, W
aim

ea C
anyon 

w
as cut through basalt. T

he form
ation of this igneous rock began about 4 m

illion years ago. 
N

um
erous lava fl ow

s follow
ed as m

agm
a rose from

 deep w
ithin E

arth. T
he canyon then 

w
as form

ed over tim
e by erosional agents, causing deep, V-shaped valleys that exposed the 

basalt layers along the canyon w
alls.

O
ver tim

e, the com
position of the basalt, w

here it w
as exposed at the surface, w

as 
changed due to oxidation (rusting) of iron-bearing m

inerals, such as pyroxene and olivine. 
T

he result is a canyon w
ith red rocks and soils.

 51 Identify the epoch during w
hich the fi rst basalt lava fl ow

s occurred on K
auai.   [1]

 52 Identify the dom
inant agent of erosion that carved W

aim
ea C

anyon.   [ 1]

 53 In addition to pyroxene and olivine, identify the nam
e of one other m

ineral com
m

only found in basalt that 
could oxidize to produce red soils.   [1]

P
art B

–2

A
nsw

er all questions in this part.

D
irections (51–65): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/E
arth Science.
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B
ase your answ

ers to questions 54 through 56 on the m
ap in your answ

er booklet, on the table below
, and 

on your know
ledge of E

arth science. T
he m

ap show
s a portion of the N

azca Plate under the southeastern Pacifi c 
O

cean. Plate A
 represents another tectonic plate. T

he table show
s som

e data for islands and seam
ounts (undersea 

volcanoes that do not rise above the ocean surface) that originally form
ed at the E

aster Island H
ot Spot.

Is
la

n
d

s
 a

n
d

 S
e
a
m

o
u

n
ts

 F
o

rm
e
d

 B
y
 th

e
 E

a
s
te

r Is
la

n
d

 H
o

t S
p

o
t

N
a
m

e
Is

la
n

d
 o

r 

S
e
a
m

o
u

n
t

L
a
titu

d
e

(° S)
L

o
n

g
itu

d
e

(° W
)

D
is

ta
n

c
e
 fro

m
 

E
a
s
t P

a
c
ifi c

 

R
id

g
e
 (km

)

A
g

e
 o

f O
c
e
a
n

ic
 

B
e
d

ro
c
k
 

(m
illion years)

Easter Island
island

27
109

360
0.3

Sala y G
om

ez
island

26
105

750
1.7

G
S57202-70

seam
ount

25
98

1500
7.9

18D
S

seam
ount

26
93

2000
11.5

17D
S

seam
ount

25
88

2500
14.9

12D
S

seam
ount

23
83

3100
22.0

 54 O
n the m

ap in your answ
er booklet, plot w

ith X
s the locations of the six islands and seam

ounts form
ed by 

the E
aster Island H

ot Spot.   [1]

 55 Identify the nam
e of tectonic plate A

.   [ 1]

 56 D
escribe the general relationship betw

een the distance from
 the E

ast Pacifi c R
idge and the age of the 

oceanic bedrock of the islands and seam
ounts.   [1]
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B
ase your answ

ers to questions 57 and 58 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents the w

ater cycle. L
etters A

 through C
 identify w

ater cycle processes. A
rrow

s represent 
m

ovem
ent of w

ater or w
ater vapor. T

he level of the w
ater table is indicated.

AAA
AA

Saturated zone

CCC
B

W
ater

table

Lake

W
ater

table
Im

perm
eable

pbedrock

Soil

 57 W
ater vapor form

s a cloud of liquid droplets at location A
. State the num

ber of joules per gram
 of heat 

energy that is released into the atm
osphere during this process.   [1]

 58 Identify the nam
es of the tw

o different processes, represented by letters B
 and C

, that return m
oisture to 

the atm
osphere.   [1]
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B
ase your answ

ers to questions 59 through 62 on the w
eather m

ap below
 and on your know

ledge of E
arth 

science. T
he m

ap show
s the location of a low

-pressure system
 over N

ew
 York State during late sum

m
er. Isobar 

values are recorded in m
illibars. Shading indicates regions receiving precipitation. T

he air m
asses are labeled. 

E
ight locations in N

ew
 York State are indicated.

N

Plattsburgh
L

O
W

Ithaca
Jam

estow
n

1008

1004

1000

996

Kingston

c
P

c
P

m
T O

ld Forge

M
assena

N
iagara

Falls

R
iverhead
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 59 Identify the location labeled on the m
ap that w

ill next experience a short burst of heavy precipitation, a 
change in w

ind direction, and a rapid decrease in tem
perature.   [1]

 60 C
onvert the air pressure at Plattsburgh, N

ew
 York, from

 m
illibars to inches of m

ercury.   [1]

 61 T
he table below

 lists the w
eather conditions at O

ld F
orge, N

ew
 York. 

W
e
a
th

e
r C

o
n

d
itio

n
D

a
ta

Tem
perature (°F)

85
C

loud cover (%
)

100
Present w

eather
R

ain show
ers

Visibility (m
i)

1—4

O
n the station m

odel in your answ
er booklet, record all four w

eather conditions for O
ld F

orge using the 
proper form

at.   [1]

 62 Identify the w
eather instrum

ent used to m
easure air pressure.   [ 1]
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B
ase your answ

ers to questions 63 through 65 on the calendar below
, on the diagram

 in your answ
er booklet, 

and on your know
ledge of E

arth science. T
he calendar show

s the phases of the M
oon for January 2019 as view

ed 
by an observer in N

ew
 York State. Som

e phases have been labeled. T
he diagram

 on your answ
er sheet represents 

eight positions of the M
oon in its orbit around E

arth.

J
a
n

u
a
ry

 2
0
1
9

Sunday
M

onday
Tuesday

W
ednesday

Thursday
Friday

Saturday

6
7

8
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

FIR
ST Q

U
ARTER

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

1
2

3
4

5

FU
LL M

O
O

N

TH
IR

D
 Q

U
ARTER

N
EW

 M
O

O
N

w
w

w.acaoh.org
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 63 In your answ
er booklet, circle the position of the M

oon in its orbit that produced the m
oon phase observed 

on January 17, 2019.   [1]

 64 O
n the diagram

 in your answ
er booklet, place an X

 on each of the tw
o positions of the M

oon in its orbit 
w

here neap tides (the sm
allest difference in the w

ater levels betw
een high tide and low

 tide) occur.   [1]

 65 A
 N

ew
 M

oon occurred on January 5, 2019. D
eterm

ine the date of the N
ew

 M
oon that occurred in F

ebruary 
2019.   [1]

 G
O

 R
IG

H
T

 O
N

 T
O

 T
H

E
 N

E
X

T
 PA

G
E

 ➯
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B
ase your answ

ers to questions 66 through 69 on the topographic m
ap in your answ

er booklet and on your 
know

ledge of E
arth science. Partially draw

n contour lines are show
n on the southern portion of the m

ap. Points 
of elevation are recorded in m

eters. Points A
, B

, C
, and D

 represent locations on E
arth’s surface. L

ine A
B

 and 
dashed line C

D
 are reference lines.

 66 O
n the topographic m

ap in your answ
er booklet, com

plete the 480-m
eter, 500-m

eter, and 520-m
eter contour 

lines on the southern portion of the m
ap.   [1]

 67 O
n the grid in your answ

er booklet, construct a topographic profi le along line A
B

 by plotting the elevation 
of each contour line that crosses line A

B
. T

he elevations of points A
 and B

 have been plotted on the grid. 
C

onnect all nine plots w
ith a line from

 A
 to B

 to com
plete the profi le.   [1]

 68 C
alculate the gradient, in m

eters per kilom
eter, from

 point C
 to point D

.   [ 1]

 69 D
escribe the evidence show

n by the contour lines that indicates that B
ry C

reek fl ow
s dow

nhill in a 
southw

esterly direction.   [1]

P
art C

A
nsw

er all questions in this part.

D
irections (66–85): R

ecord your answ
ers in the spaces provided in your answ

er booklet. Som
e questions m

ay 
require the use of the 2011 E

dition R
eference T

ables for Physical Setting/E
arth Science.
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B
ase your answ

ers to questions 70 through 72 on the passage below
 and on your know

ledge of E
arth science.

C
arrara M

arble
C

arrara m
arble is nam

ed for the tow
n of C

arrara on the w
est coast of Italy. T

his dazzling 
w

hite m
arble has been m

ined since the tim
e of the ancient R

om
ans and rem

ains the m
ajor 

industry of the area today. T
he m

arble has m
any com

m
ercial uses, such as tom

bstones, 
countertops, tiles, and building stones. Its chem

ical purity, uniform
 color, and hardness 

m
ake this m

arble an ideal m
aterial for artists w

ho carve statues from
 rock. M

ajor m
useum

s 
around the w

orld have statues carved from
 C

arrara m
arble.

T
he form

ation of C
arrara m

arble began 200 m
illion years ago w

hen a great thickness 
of tiny shells w

as deposited at the bottom
 of a w

arm
, shallow

 sea. O
ver tim

e, burial and 
com

paction of these sedim
ents form

ed sedim
entary rock prim

arily com
posed of pure 

calcite. A
pproxim

ately 27 m
illion years ago, tectonic forces caused this area of the seafl oor 

bedrock to be deform
ed and m

etam
orphosed, form

ing the C
arrara m

arble. U
plift and 

erosion later exposed huge form
ations of this fam

ous m
arble.

 70 Identify the m
ost likely sedim

entary rock that form
ed w

hen the sedim
ents of tiny shells w

ere buried and 
com

pacted.   [1]

 71 Identify the change in pressure and the change in tem
perature that m

ost likely occurred to m
etam

orphose 
the sedim

entary seafl oor bedrock into the C
arrara m

arble.   [1]

 72 In term
s of m

ineral properties, explain w
hy a statue is easier to carve from

 pure w
hite m

arble rather than 
from

 pure w
hite quartzite.   [1]
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B
ase your answ

ers to questions 73 through 75 on the diagram
 below

 and on your know
ledge of E

arth science. 
T

he diagram
 represents the inferred sequence in w

hich our solar system
 form

ed from
 a nebula of gas and dust. 

L
etters A

 through F represent different stages in its developm
ent.

N
ebula of gas and dust  
starts to collapse.

C
urrent solar system

show
ing planetary

orbits.

N
ebula flattens 

and begins to 
rotate. M

ost 
m

atter is pulled 
to the center.

C
loud becom

es 
m

ore dense at 
the center.

Planets and other celestial 
objects form

 from
 gas and 

dust not pulled to the center.

(N
ot draw

n to scale)

The Sun form
s and 

gives off energy. 
R

em
aining dust and 

gas are blow
n aw

ay, 
leaving planets and 
other celestial 
objects orbiting the 
Sun.

A
B

D

E

F

C
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 73 Identify the force that pulled m
ost m

atter to the center of the rotating disk in stage B
.   [1]

 74 Identify the process that produces energy in the core of the Sun at stage E
 by com

bining lighter elem
ents 

into heavier elem
ents.   [1]

 75 M
ost asteroids form

ed in a belt located betw
een 329 m

illion and 478.7 m
illion kilom

eters from
 the Sun. 

Identify the tw
o planets located on either side of the asteroid belt.   [1]
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B
ase your answ

ers to questions 76 and 77 on the m
ap below

 and on your know
ledge of E

arth science. T
he 

m
ap show

s the four tim
e zones across the continental U

nited States. E
ight cities are labeled on the m

ap.
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 76 State the tim
e at San F

rancisco, C
alifornia, w

hen it is 12 noon at N
ew

 O
rleans, L

ouisiana. Indicate a.m
. or 

p.m
. in your answ

er.   [1]

 77 Identify the city on the m
ap w

here the altitude of Polaris is closest to 45 degrees.   [1]
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B
ase your answ

ers to questions 78 through 80 on the graphs below
 and on your know

ledge of E
arth science. 

T
he clim

ate graphs represent data for three different locations in N
orth A

m
erica. L

ine graphs show
 the average 

m
onthly air tem

peratures in degrees F
ahrenheit (°F

). B
ar graphs show

 the average m
onthly precipitation in 

inches (in). A
 circled dot (

) indicates each location on the m
aps.
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 78 State one reason w
hy the annual tem

perature range of C
algary, C

anada, is greater than the annual tem
perature 

range in Sitka, A
laska.   [1]

 79 E
xplain w

hy the noontim
e altitude of the Sun (angle of insolation) is greater at M

onterrey, M
exico, than at 

C
algary, C

anada, every day of the year.   [ 1]

 80 Identify the m
ost likely types of precipitation that occur in C

algary, C
anada, and M

onterrey, M
exico, during 

January and F
ebruary.   [ 1]
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B
ase your answ

ers to questions 81 and 82 on the m
ap below

 and on your know
ledge of E

arth science. T
he 

m
ap show

s a river and a depositional feature at an ocean shoreline. Point A
 indicates a location on E

arth’s surface.
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 81 Identify the nam
e of the depositional feature surrounding location A

 that is form
ing w

here the river enters 
the ocean.   [1]

 82 D
escribe how

 the rocks and sedim
ents are rounded and sm

oothed as they are being eroded by the w
ater in 

this river.   [1]

B
ase your answ

ers to questions 83 through 85 on the tim
eline in your answ

er booklet and on your know
ledge 

of E
arth science. T

he tim
eline represents the last 600 m

illion years of geologic tim
e. Shaded area A

 represents 
the N

eogene Period.

 83 O
n the tim

eline in your answ
er booklet, accurately shade in an area to represent the entire Perm

ian 
Period.   [1]

 84 Identify the nam
e of one N

ew
 York State landscape region w

here the index fossil Phacops m
ay be found in 

the surface bedrock.   [1]

 85 L
ist the follow

ing organism
s in order of geologic age from

 youngest to oldest: earliest m
am

m
als, earliest 

strom
atolites, earliest grasses, E

arth’s fi rst forests.   [1]
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