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How can a“mountain” of sand be created?

If you've ever been to the beach, you might have seen large piles of sand
that resemble small mountains. These piles are called sand dunes, and they
have a gentle slope on one side and a steeper slope on the opposite side.

L & You might think that water is the agent of erosion that forms sand dunes

- since you're at the beach. But water has little to do with it. Read the section
In this topic called “Characteristic Features of the Chief Depositional
Agents” to find out which agent of erosion is involved.
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Topic Overview

The process by which sediments are released, settled from, or dropped
from an erosional system is deposition, or sedimentation. Deposition
includes the releasing of solid sediments and the process of precipitation—
the releasing of dissolved minerals, hardness, or salts from a water solution
to form chemical sedimentary rocks.

- The deposition of sediments has many effects on people. For example, you

might play on a beach or marvel at the formations in caves {which are the
product of precipitation of rocks}). People mine sand and gravel from wave,
glacier, and stream deposits. They also mine chemical sedimentary rocks,
such as rock salt, rock gypsum, and dolostone. Most people spend a large

- part of their lives on sediment depositional features such as beaches, flood

plains, deltas, marine coastal plains, and glacial deposits, or on the _
sedimentary rocks formed from deposition of sediments.

Deposition is part of a series of processes that start with the formation and
movement of sediments by weathering and erosion. In deposition the
sediments are placed in locations where they may form beds, or layers, of
sedimentary rocks. Most final deposition occurs in large water bodies
(such as lakes and oceans) because running water is the most important
erosional system. Before sediments reach the large water bodies, many of
them are temporarily deposited in different environments by running
water, wind, glaciers, or other such means. Many of these depositional
env1ronments are shown in Figure 10-1.

Factors Causing Deposition

Deposition usually occurs when the velocity, or speed of the stream, wind,
or other erosional system decreases or just stops moving. Think of a piece
‘of paper that has been picked up by a gust of wind. The piece of paper
may blow all over, but when the wind slows down or stops blowing the
paper will settle or be deposited. The time it takes for sediments to be
deposited—the rate of deposition—varies. The faster the rate of deposition,
the less time deposition takes; and the slower the rate of deposition, the
more time deposition takes. Two types of factors—the velocity of the
erosional system and characterlstms of the sediments themselves—affect
the rate of deposition.
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Figure 10-1. Types of depositional environments: The deita is formed from streams and the moraines from glaciers. Beaches,
sandbars, and barrier isfands are formed by ocean waves and longshore ocean currents. Sand dunes are formed by wind. Some sloped
deposits are formed by mass movement (rock falls). Underwater deitas are formed by sediment-laden density currents.

Velocity of an Erosional System and Rate of Deposition

The faster a stream flows, the larger size sediments it can carry. Refer to the
Relationship of Transported Particle Size to Water Velocity in the Earth
Science Reference Tables. If the stream flows below a certain velocity, it will
deposit the sediments it can no longer carry. As an example, if a fast moving
stream flowing at 350 cm/sec (78.3 miles per hour) slows down to

50 cm/sec (11.2 miles per hour) it will deposit all the pebbles, cobbles, and
boulders it may be transporting. At 50 cm/sec the stream can continue to
transport sand, silt, and clay-sized sediments of average density and shape.
Similar relationships exist for other erosional systems.

Characteristics of Sediments and Rate of Deposition
Many aspects of the sediments themselves affect how fast they will be
deposited in air or water environments. These factors include size, shape,
and density, and saturation of -dissolved minerals,

Size All other factors being equal, the larger sediments settle out first
when wind or running water slows down. This occurs bécause the larger

sediment particles are heavier and therefore sink faster. Very small particles,
such as clay-sized particles (less than 0.0004 ¢m in diameter), may
remain suspended in water almost indefinitely. Clay suspended in

water is the “mud” of muddy or cloudy water. fo

" m S
Shape The shape of a particle helps determine how fast it will be ,—E 3
deposited from wind or running water. All other factors being sy
equal, the more rounded a sediment, the faster it will settle out. § E
The more flattened it is, the greater its resistance—caused by £c © OOC; ticke Shaoe
friction—to deposition. R article Shape
Density lAll other factors.beir.lg the same, the higher the density Figure 10-2. Settling rates of sediments
of a sediment, the faster it will settle out of air or water. If two of various shapes: As sediments of equal
particles have the same size and sha thed . volume and density become less rounded and
be heavier pe, the denser one will more flattened, it takes more time for them

to settle, so the settling rate decreases.
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Saturation of Dissolved Minerals Evaporation, temperature changes, or
increases in amount of dissolved minerals in a water body such as a lake,
s€a, or ocean may result in a saturated condition. When this happens, the
dissolved mineral or minerals will settle or precipitate out of the dissolved

condition and crystallize. As a result, rocks composed of one mineral, such
as rock salt and dolostone, may form.

1. Which evidence best supports the idea that a 3. Astream is carrying sediment particles ranging
vast inland sea once covered the Great Plains from 0.0004 to 25.6 centimeters. When the
area of the United States? stream’s velocity decreases from 300 to 100
(1) considerable erosion has occurred there centimeters per second, the stream wilf most
(2) extensive igneous intrusions are presently _ probably deposit

exposed there (1) silt and clay (3) pebbles and sand
(3) extensive sedimentary rock layers have bee (2) sand and silt (4) cobbles and pebbles
formed there ’ . . .
(4) numerous earthquakes occur there 4. The rate at which particles are deposited by a

stream is least affected by the

(1) size and shape of the particles

(2) velocity of the stream

(3) stream’s elevation above sea level
{(4) density of the particles

2. When a river enters the ocean, sediment’is
deposited. Describe the change in kinetic energy
of the river that leads up to this event.

Sorting of Sediments and Deposition -

During deposition, sediments of similar size, shape, or density get
separated or sorted by types. At any one time the majority of
sediments being moved are similar in density and shape, and thus
sediment size is the most common type of sorting performed by most
agents of deposition. If a deposit or layer of sediment has particles
that are similar in size (or density, or shape), they are considered
sorted sediments. The greater the similarity of size, the more sorted
Figure 10-3. Layers of sediment with the sediments are said to be. If sediments are very mixed in size (or

graded bedding: In each bed or fayer, density, or shape), they are considered unsorted sediments.
sediment sizes decrease from bottom to

top. Graded bedding results from rapid . When a mixture of sediment sizes in water settles out rapidly, a
deposition in an erosional system, such  horizontal bed, or layer, develops with the sediment size decreasing
as by a flooding stream. Eachbed isthe £y the bottom to the top. Such an arrangement in a sediment layer
result of a single flood by a stream. . . . T
is called “graded bedding.” (See Figure 10-3.) Graded bedding is most
often associated with sediment-laden density currents. These currents
are most common on the sloped ocean bottoms off the coasts of continents,
and on lake bottoms where flooding streams rapidly decrease in velocity
when they enter.

One bed
or layer

When the velocity of a wind or water erosional system gradually
decreases, such as when a stream flows into the ocean at a delta, the larger,
denser, and more rounded sediments settle out first, This results in layers
with horizontal sorting, in which the sediment size, roundness, and

. density generally decrease in the direction toward which the erosional

system was moving,. (See Figure 10-4.) Horizontal sorting is'a major reason
why most sediment deposits are sorted.
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Unsorted Glacial and Mass Movement

Ne

' . Boulders, cobbles, Clay and

[ Deposits _ and pebbles chemical sediments
In a solid erosional system such as a gla.c%er, . Stream Delta Silt :
sediments of all sizes, shapes, and densities are Sand |

deposited together when the glacier melts. This
deposition {esults.in the uqsorted ax‘1d unlayered - - _ coadsad
characteristic of direct glacial deposits that cover ; S
} much of New York State. (See Figure 10-5.) Conglomerate ] Siltstone
3 Sandstone  Shale

g [ Precipitation

ARATITIY)

and dolostone
When there is mass movement, such as a rock fall, :
landslide, or avalanche, the sediments are usually  Figure 40-4. Horizontal sorting whlere a stream entertls t::e

i i i i : er sedi ts settle first
dumped together in a random deposit that is (nearer ahe shores. Setiments necome stmaler o8 Sretoncs from
unsorted and unlayemd’ similar to glac;al the shore increases. Precipitation nearer the shore may provide
dep05its- Remember the jumbIEd masses of ice, the cement for the formation of the types of sedimentary rocks |
rock, snow, and trees that you have observed in indicated.
avalanches on television. You may have observed ‘
another example—a pile of sediments at the base
of a cliff along a highway.

1

A Model of an Erosional-Depositional System ... ay ‘

Figure 10-6 shows a side view and a top view of an imaginary stream
used as a model of an erosional-depositional system. In this simple

) model it is assumed that the volume of discharge—water flow—is the
same throughout the length of the stream.

Energy Transformations in the Model System

At the source, or beginning, of the stream the system has a maximum of
? potential energy. (See A in Figure 10-6.) As the stream flows toward its Figure 10-5. Unsorted glacial
mouth, or end, potential energy is continuously being transformed into deposits: In direct glacial

kinetic energy. (See D in Figure 10-6.) The kinetic energy is at the same time ~9eposition, there is no fluid

. . . . L. medium in which sediments can
! being lost to the environment in the form of heat produced by friction. become sarted. Thus, direct glacial
Where the siope of the stream is steep, the transformation of energy occurs  deposits are characterized by a
most rapidly, the stream has its greatest velocity, and the system has its random distribution of sediment

. . . sizes {unsorted) and no bedding,

greatest kinetic energy. Where the slope is small, the rate of energy or layering.
transformation decreases, the stream slows down, and the kinetic energy of - .
the system decreases. At the mouth of the stream, the velocity drops to
zero, and the system has zero kinetic energy. Since the system has less
potential energy because of its lower elevation, there has been a net loss of
! energy between the source and the mouth.

———p— T

Erosion and Deposition in Relation to Energy Changes Wherever the
kinetic energy of the system is large, erosion is the dominant process.
Where the kinetic energy is small, deposition is the dominant process.
Thus, erosion occurs in regions of steep slope or high discharge, and

! deposition occurs in regions of gentle slope or low discharge. Deposition
is particularly rapid at the mouth of the stream, where the kinetic
energy becomes zero. Stream velocity is faster at the outside of curves,
or meanders, and slower at the inside. Therefore, erosion usually occurs
at the outside of meanders, and deposition occurs at the inside.

iy i
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Side view

Source

Erosion-.dominant

1

Deposition dominant at defta

Top view

Erosional-depositional interface

Erosion

Flgure 10-6. Model of a stream representing
an erosional-depositional system: O indicates
the outside of a curve or meander and | indicates the
inside. Some deposition may occur at C, where the
slope and velocity decrease. Erosional-depositional
interfaces will then exist between B and €, between
C and D, and between each pair of O's and I's.

If one or more tributaries were to enter a stream, this would
increase the mass or discharge of water, thus increasing the
potential energy of the stream. The velocity of the stream

-‘would increase, causing erosion to increase and deposition

of solid sediments to decrease.

Erosional-Depositional Interfaces Since there are regions of
erosion and regions of deposition along the length of the
stream, an interface between an erosional and a depositional
state can often be located in the system. Interfaces between
erosion and deposition exist at the meanders in the model
stream, and between the source and the mouth of the
stream. They may also be found where changes in slope
occur, as between points B and C in Figure 10-6.

Dynamic Equilibrium of an Erosional System Since all
sediments picked up by the stream during erosion must
eventually be deposited, the system is in a state of dynamic
equilibrium. Although erosion and deposition are occurring
continuously, the rate of erosion equals the rate of
deposition by the system as a whole. If a flood occurs, a
stream will erode—pick up and transport—more sediment,
but it will also deposit an equally increased volume of
sediment, thus establishing a new balarce of equilibrium.

5. Small spheres that are identical in shape and size 6. The following diagram represents a cross section

are composed of one of four different kinds of of sedimentary deposits. Where would this type
substances: A, B, C, or D. The spheres are mixed - of deposition most likely occur?
together and poured into a clear plastic tube (1) at the base of the shifting sand dune
filled with water. Which property of the spheres (2) at the rapids in a stream
caused them to settle in the tube as shownin (3) beneath a large glacier
the diagram below? (4) in a lake fed by a stream that often floods
(1) theirsize - - {3) their density Top
(2) their shape {4) their hardness

T6p
Ry |

Water
.: : : :-7— Sphere Bottom
REGE 7. Much of the sediment that covers New York
DXDYXDXD Bottomn State was deposited by glaciers. Describe a
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depositional characteristic that these sediments
should have in-common.
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Base your answers to questions 8 and 9 on the Base your answers to questions 12 through 14
following diagram. The diagram shows points on the Earth Science Reference Tables and the

A, B, C, and D on a meandering stream,

flowing.

Natural levees

8. Which material is most likely to be transported
in suspension during perlods of slower stream
velocity?

diagram below. The diagram represents the
landscape features associated with a meandering
stream. An arrow shows the direction the stream is

Natural levees

(1) gravel (2) sand  (3) silt (4) clay

9. At which point is the amount of deposition
more than the amount of erosion?

{1 A (2) B (3) C (4) D greatest?
(1w
10. More deposition than erosion W|H take place in @) X
a streambed when the 8; ;

(1) density of the rock particles carried by the

12. At which focation is stream erosion

stream decreases 13. The lake most likely formed when a

(2) slope of the stream increases
(3) discharge of the stream increases (2) crater flooded
(4) velocity of the stream decreases

(3) cavern roof collapsed

(1) stream changed its path

11. Which is the most probable description of the (4) fault block subsided
energy of a particle in an erosional-depositional 14. The greatest width of the flood plain is
system? ' located at
(1) Particles gain kinetic energy during erosion (1) AtoB
and lose kinetic energy during deposition. (2) EtoF
(2) Particles lose kinetic energy during erosion (3) XtoY
and lose kinetic energy during deposition. (4) CtoD

(3) Particles gain potential energy during
erosion and gain potential energy during
deposition.

(4) Particles lose potential energy during erosion
and gain potential energy during deposition.

Characteristic Features of the Chief
Depositional Agemnts

Deposition occurs mainly by streams, glaciers, water waves and currents,
wind, and mass movements. Each of these depositional agents has its own
characteristic features.

Deposition by Streams
Streams make their deposits in different locations. In the stream course
itself sediments are deposited on the inside of the meanders where stream

Topic 10: Deposition
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Mountain stream

Chemical Clay'  Silt Sand  Pebbles, cobbles
sedimentary
rock

Figure 0-7. A land delta: In arid to semi-arid climates, streams
fiow off mountains—usually from flash floods—onto more level land
and deposit most, if not all, of their sediment load. This fan-shaped
deposition forms a land delta. Note the horizontal sorting of the
sediment which is very similar to a regular delta, such as that in
Figure 10-4.

velocity is slow. When a stream floods and
overflows its banks, some of the sediment forms
a mound at the edge of the river called a levee,
but most of the sediment is spread over a
relatively flat region to the sides of a stream
forming a flood plain. Often the high velocity of
a flooding stream will cut a straighter path
through a meander. Depositions at the side of a
stream will then separate the former meander
from the main stream—forming a curved lake.
The sediment that makes it to a lake or ocean
will be deposited. This deposition at the end of
a stream, with characteristic horizontal sorting
as shown in Figure 10-4, is a delta. If there are
strong ocean or lake currents, a delta may not
form because the velocity of the water is not
reduced enough at this location. Figure 10-7
shows the formation of a delta in arid regions.

Deposition By Glaciers

At the end of a glacier where there is a balance
between melting and forward movement, the
sediments it carries are just dropped in
unsorted sheets or piles called a moraine.
Figure 10-8 illustrates this unsorted, unlayered
nature of direct glacial deposits. If the moraine
is a thin sheet deposited from the bottom of
the glacier, it is called a ground moraine.
Ground moraines cover much of the northern

United States including much of New York State. If the end or terminus of
a glacier stays in one location for some time, the glacier builds up a pile

of sediments called a terminal moraine. Parts of central Long Island,

New York are the terminal moraine of the last stage of the last ice age:
Moraines can also be formed at the sides of a glacier. If a glacier mounds

Topic 10: Deposition

up the ground moraine into a streamlined oval shape-—~something similar
to the shape of the end of an inverted spoon—that feature is a drumlin. The
drumlins indicate the direction a glacier came from by being oriented with
direction of former glacial movement. Drumlins have steeper slopes
pointing to the direction the glaciers came from. (See Flgure 10-8.)
Sometimes as a glacier melts back, it leaves blocks of ice in the terminal or
ground moraine. When these blocks of ice melt, they leave behind circular
depressions called kettle holes or kettles. If these kettles intersect the water
tables, they will become filled with water and are then called kettle lakes.

Wherever glaciers melt, running water will carry sediments from the
glaciers to produce layered and sorted sediment deposits when the water
slows down or stops. One such feature is an outwash plain—a broad
delta-like feature. Much of southern Long Island, New York, is an outwash
plain formed by running water when the last sheets of the ice age left

this region.
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Figure 10-8. Depositional features associated with glaaers When glaciers melt, some of the sediments are directly deposited
into a single layer or small hills,

Deposition on Coastlines by Water T T,
Waves and Currents C - U seddliffformed by -
When wind-generated ocean or lake waves slow : S - waveerosion N\, -

down as they drag bottom approaching the shore,
they tend to move sediment towards shore. This
wave movement towards the shore often builds
up a strip of sediment at the coastline called a
beach. Beaches are composed of whatever
sediments are available, but most beaches are
composed of sand. When a shoreline has a natural
or human:made projection out into the ocean—
such as a peninsula or pier—sand is deposited on
the side of the projection facing an oncoming
longshore current. This deposition occurs because 2. o
the water slows down when it reaches the Figure 10-9. Beaches and barrier islands: Two features
projec-ﬁon’ and the sand settles out. The side of the formed by deposition of sedime:'nts_ by waves a.nd _Iongshore

- . . . currents are the beach and barrier islands. Barrier islands often
projection facing away from the longshore current protect the shore from direct pounding by storm waves.
usually gets eroded because it is not protected by
the sand deposits. When the waves are more powerful, such as during
storms, the beach tends to erode more and the sand is carried back into the
ocean. There it is usually deposited as underwater bars parallel to the .
shoreline. Sand is added to these features by the longshore currents. These
longshore currents transport sediment—sand—and when the velocity of
the water slows, deposition creates various types of depositional features
such as sandbars. If this sandbar rises above average sea level, winds will
help to pile up the sediments. Then vegetation can stabilize this offshore
sediment pile, creating a barrier island. Barrier islands are common along
the east and southeast coast of the United States. (See Figure 10-9.)

Deposition by Wind

When wind slows down or stops, the sediments it is carrying are dropped.
Because air has such a low density compared to liquid water, it usually
transports and deposits only sand and smaller sized sediments. The
sediments smaller than sand (silt and clay) are commonly called dust.
Much of the dust picked up by wind or given to the air in volcanic
eruptions—as volcanic ash—is deposited over large expanses of the land

Topic 10: Degosition 209



Windward side Leeward side

Figure 10-10. Features and movement of
sand dunes: When there is loose sand, wind will
bounce it along the surface and carry some a few
feet into the air. When the wind slows down, it
may deposit the sand in a mound catled a sand
dune. (A) Shows that sand dunes have a gentle
slope facing into the wind—windward side—and
have a steep slope on the opposite side—leeward
side. Note the ripple marks on top of the sand
dune. (B) Shows that dunes migrate up to a few
feet a day. (C) f the winds change direction, beds
of sand will cross one another at various angles
producing a feature called crossbedding. Most
sand in dunes is well sorted in sloping layers,

and the sand grains are well rounded and have a
frosted appearance. :

and water environments, adding to the general sediment layer
of Barth’s solid surface. In rarer cases a fine-grained sediment
is deposited as a soil layer downwind from large regions of -
loose sediment. :

Sand is deposited by wind in layers or in mounds called

sand dunes. Sand dunes can assume many shapes but
generally—as shown in Figure 10-10—they have a gentle
slope facing into the wind, and a steeper slope on the side the
wind is blowing towards. Sand dunes migrate as a body
downwind—in the direction the wind is blowing to—creating
layers of sloping sorted sediment. The sand within sand dunes
is usually very rounded and frosted in appearance due to

numerous collisions of sand grains during erosion and
weathering.

Deposition by Miass Movement

When an avalanche or other type of mass movement h1ts the
ground and stops moving, the sediments it was transporting
are deposited as a landform feature of Earth’s surface. These
features are usually composed of unsorted and unlayered
sediments. Depending on the history of the sediments, many
will not be very rounded in shape but will often have sharp
sides. This is especially true if the sediments have been
recently produced by frost action. The most recognizable
depositional feature of mass movement is a pile of sediments .

that is the result of fallmg sediments often found at the base
of cliffs.

15. Deitas form where

(1) a ground moraine is deposited
(2) stream velocity is reduced

(3) small streams empty into larger streams
(4) extensive ground water action has occurred

Base your answers to questions 16 through 19 on

the following diagram. The diagram represents a 17.
glacier moving out of a mountain valley. Water from

the melting glacier is flowing into a lake. Letters A
through F identify points within the erosional-

depositional system.

16 Deposits of unsorted sediments would probably
be found at location
(1} E
(2) F
@3 C
(4 D

An interface between erosion and deposition by
the ice is most likely located between points

(1) AandB
(2) Band C
(3) Cand D
(4) Dand F

18. The clay-sized sediment particles carried by
water are most probably being deposited at
point '

(M F
(2) B
(3 ¢

210 Topic 10: Depasition
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19. Which graph best represents the speed of a

20. Which features in Diagram il are composed

sec#iment particle as it moves from point D to of sediment directly deposited by the
point F? ' . glacial ice? * ' '
(1) Aand C
b T (2) Band D
g;;'_ 8 (3) CandE
< {4) EandF
P
D E F D E F 21. Kettle lakes are iocated nearest to
(1) €} (1) A
2y B
(3) F
©
% 3 @ 6
(o
v v 22. Drumlins that formed under a lobe of ice are
D £ E D E F located at
{1}y A
2) “ ) B
Base your answers to questions 20 through 25 on (3) C
the following diagrams. Diagram | shows melting ice 4) D

lobes of a continental glacier during the Pleistocene 23. An outwash plain of sorted layered sediment is

Epoch. Diagram Il represents the landscape features located at
of the same region at present, after the retreat of M A
the continental ice sheet. Letters A through G 2 B
indicate surface features in this region. (3) ¢
Diagram | . . (4) D

24. A moraine déposit formed at a former
interface of a glacier and no glacier is
located at location

(1 A
) C
(3) F
) G

Meltwater streams

Bedrock 25. Which arrow best‘represelnts the directions of
movement that formed the deposits shown in
Diagram II?
Diagram It NW\ /NE
SE Sw
D) )
NE NWo
SwW SE

@ 0]
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Directions

Part A

To answer questions 1 through 9 refer to the
following diagram, which shows the top and side
views of a stream. Consider the volume of water in
the stream to be everywhere the same. -

R e

N
- o Top view T

- el
] ﬁi’uk : 8 Ocean
I 9 :

} ractlce Questions |
= forthe Mewy V@cr @@g@mﬁs Emalfm

1 At which place in the stream would there be the
clearest interface between erosion and deposition?
1) 1 (2) 2-3 (3) 34 4) 7

2 What happens to the total amount of energy of
this stream as it flows from 1 to 10?

(1) It steadily increases.
(2) It steadily decreases.

~ (3) Itincreases and decreases.
(4) It remains the same,

3 Between what two points would the most
potential energy be converted to kinetic energy?
(1) 1-2 (2) 2-5 (3) 58 (4) 8-10

4 At which location would the most deposition
occur because of loss of energy?

(1) 4 26 ~ (3y9 4 10
5 At which location would the stream be doing the

most eroding of its side and banks?
M1 23 @) 5 4) 8

212  Topic 10: Depesition

Review the Test- Takmg Strategies section of this book. Then answer the following
questions. Read each question carefully. Decide which choice is the correct answer.

6 lf the stream is eroding as much as it is dep051tmg

between 8 and 10, the stream at this location can
be said to

(1) be an interface

(2) have dynamic equilibrium

{3) be sorted

(4) have equal amounts of kinetic and potential
energy

Which characteristic would usually decrease the
most between locations 10 and 117

(1) the amount of salt solution

{2) the size of the sediments

(3) the density of the water

(4) the depth of the water

As the water of the stream flows from 1 to 10, the
total potential energy of the stream will

(1) increase

(2) decrease

(3) remain the same

An observer looks downstream from a location
just above location 8-9 and draws a cross section
of the streambed at location 8-9. Which diagram
would probably best represent this cross section?

(1) North
side

South
side

(2) North
side

{3) North
side

(4} North
side
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10 The following graph shows the relationship
between particle shape and settling rate.

Fast |
F

Settling Rate

— Round
Shape of Particle
‘Which statement best describes the relationship
shown?
(1) flatter particles settle more slowly than
rounder particles
(2) flatter particles settle at the same speed
(3) all particles settle at the same speed
{4) particle shape does not affect settling rate

11 A mixture of sand, pebbles, clay, and silt, of
uniform shape and density, is dropped from a
boat into a calm lake. Which material most likely
would reach the bottom of the lake first?

(1) sand (3) clay
(2) pebbles (4) silt
Part

Match each of the deposition or erosional features
in Column 1 with the phrase in Column 2 that best

applies to that feature. Briefly describe HOW each _

feature forms and WHERE it forms. A CHOICE

MAY BE USED MORE THAN ONCE AND SOME -

CHOICES MAY NOT BE USED.
Column 1

12 outwash plain [3]
13 sand dune [3]

Column 2
(a) deposited by gléciers

(b) deposited mostly by
water from melting

14 offshore bar [3] )
glaciers

15 moraine [3] (¢} formed by glacial

erosion

(d) not related to glaciation

Match each feature in Column 1 with the

erosional-depositional agent in Column 2 that is
chiefly responsible for producing that feature.
Briefly describe how each land feature is produced.
A CHOICE MAY BE USED MORE THAN ONCE
AND SOME CHOICES MAY NOT BE USED.

Column 1 Column 2

16 drumlin [2] (a) glaciers

17 barrier island [2] (b) gravity

18 sand dune [2]
19 flood plain [2]

(c) streams

{d} waves and shore
currents

(e) wind

Base your answers to questions 20 through 25 on
the diagram below, which shows ocean waves
approaching a shoreline. A short wall of rocks
perpendicular to the shoreline and an offshore
structure have been recently constructed along the
beach. Letters A, B, C, D, and E represent locations
in the area.

Beach

Groin . W?r?kwatfr'ﬂ

N "ave ) ° 7 ) \
N N

3 e We /_/\N}""//

20 What is the most common cause of the
approaching waves? '
(1) underwater earthquakes
" (2) variations in oéean-water density
(3) the gravitational effect of the moon
{4) winds at the ocean surface

21 At which Jocation will the beach first begin to
widen due to sand deposition?

(1) A {2) B (3) C 4) E.
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22 The size of the bulge in the beach at position
D will
(1) decrease
(2) increase
{3) remain the same

23 How was this beach directly formed?

(1) uplifting from an earthquake

(2) sinking of land during a landslide

(3) deposition of sediments by ocean waves
and currents

erosion of bedrock by ocean waves and

currents

Sy

24 If sand dunes were located on the beach, they
would have been formed by

(1) deposition by strong winter ocean waves
(2) erosion by mild summer ocean waves

(3) deposition by wind

(4) erosion by surf and ocean shore currents

25 Which statement best describes the ocean current

that is modifying this coastline?

(1) the current is flowing northward at a right
angle to the shoreline

(2) the current is flowing southward at a right
angle away from the shoreline

(3) the current is flowing eastward parallel to the
shoreline

(4) the current is flowing westward parallel to the

shoreline

Base your answers to questions 26 through 28 on the
map below, which shows the drainage basin of the
Mississippi River system. Several rivers that flow
into the Mississippi River are labeled. The arrow at
location X shows where the Mississippi River enters
the Gulf of Mexico.

i Drainage Basin
of the M!sslss:ppn

Missouri
River

Arkansas River
Gulf of Mexico
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26 The entire land area drained by the Mississippi
River system is referred to as a
(1) levee (3) meander belt
(2) watershed {4) floodplain

27 Sediments deposited at location X by the
Missisippi River most likely have which
characteristics?

(1) angular fragments arranged as
mixtures

(2) rock particles arranged in sorted beds

(3) rocks with parallel scratches and
grooves

{4) high-density minerals with hexagonal
crystals

28 The structure formed by the deposition of
sediments at location X is best described as a
(1) moraine
(2) tributary
(3) delta
(4) drumlin

Base your answers to questions 29 and 30 on the
diagram below, which shows a clear plastic tube

- containing water and a beaker containing a mixture

of rounded quartz grains of different sizes.
1 Tube
containing
water

f—

Beaker containing
mixture of quartz grains
{2-4 mm in diameter)

i

il

{Not drawn to scale)

29 When the rounded quartz grains are poured all at
once into the tube, the grains will settle to the
bottom of the tube. On the cross section provided
below, draw the approximate grain sizes and
pattern of arrangement of the rounded quartz
grains at the bottom of the tube. [1}

Cross Section of the
Bottom of the Tube

Key
Approximate size
0 2-mm diameter
O 3-mm diameter

(O 4-mm diameter
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30 The side-view diagram below shows the same
mixture and amount of rounded quartz grains
being poured all at once into a moving stream
with a depth of 3 meters.

Side View of Stream

Q’ articles being poured

Top of stream

Direction of streamflow

Bottom of stream

——— 12 meters ———————

Describe the general location of the
2-mm-diameter rounded quartz grains
compared to the 4-mm-diameter rounded
quartz grains as they are transported and
deposited downstream. [1]

Base your answers to questions 31 and 32 on the
cross section below, which represents part of the
Atlantic Ocean seafloor. An earthquake occurred on
November 18, 1929, triggering an underwater
sediment flow. The location of the epicenter is
fabeled. Letters A through D.indicate locations on
the seafloor. Time, in hours, at each lettered location
represents the arrival of the sediment flow after the
earthquake.

North South
0 Sea level WL_O
_g L
o Attantic Ocean r
5000 %1, Epicenter F 5,000
— 1 Oh, L L
£ ] F £
= o4 A - 5.
10,000 > ° ~10,000 &
[ Tai a
c -
E 13 hours -
115,000 15,000
] DT s
- - - & 5’7 -
¥ Deepseaﬂoor Ee i _,_ . 7}'« N
20000 Lt Ml 2 20,000

0 100 200 300 400 SDO 600 700 800 900 1000
Distance from Shore (miles)

31 Calculate the gradient of the ocean floor between
locations A and D and label your answer with the
correct units. [2]

32 Explain why the velocity of the sediment
tlow created by the earthquake decreased as
the sediment moved from location B to
location C. [1]

““’mmwf\“w Y ,—',92:”;::*%”@:-»;: ;

33 The cross section below illustrates the normal

pattern of sediments deposited where a stream

enters a lake. Letter X represents a particular type

of sediment.

Stream
v

(Not drawn to scale)

(a) Briefly explain why deposition of sediment

usually occurs where a stream enters a
lake. [1] ’

(b) Name the type of sediment most likely
represented by letter X. [1]

Base your answers to questions 34 through 36 on the
map of Long Island, New York. AB, CD, EE, and GH

are reference lines on the map. ~

Map

Atlantic
Ocean

34 Which agent of erosion transported the sediments

that formed the moraines shown on the map?
(1) water (3) ice
(2) wind {4) mass movement

35 The cross section below represents the sediments

beneath the land surface along one of the
reference lines shown on the map.

Harbor Hill Ronkonkoma

Moraine

Along which reference line was the cross section

taken?
(1) AB (2} CD (3) ET (4) GH

36 A major difference between sediments in the

outwash and sediments in the moraines is that the

sediments deposited in the outwash are
(1) larger (3) more angular
{2) sorted {4) older
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37 Aperson finds gold nuggets near a meander, or
curve, of a stream in California. Explain where in
the meander area the gold nuggets were most
likely found. Why is gold (density 19.3 g/ cm3)
deposited at this location and not minerals such
as halite (density 2.2 g/cm?) and gypsum
(density 2.3 g/cm®)? [2]

38 You are investigating a dry stream bed at the
point it once entered a lake. As you walk out into
the lake bed from the mouth of the stream, you
notice that the sediments below your feet become
smaller. You also notice that as you dig vertically
in the same location, the uncovered sediments
gradually increase in size. Using your knowledge
of erosion and deposition, state a hypothesis to
explain both observations. [2]

39 Your friend offers the following description of
sediment she observed in a V-shaped canyon on a
camping trip in Arizona. “The pebbles were all
piled together evenly and they were very uniform
in size. They were rounded, and smooth, with
almost no markings of any kind. I think that they
must have been deposited long ago by a glacier.”
Do you agree with her inference? Cite four clear
pieces of evidence to either support or refute her
conclusion. [3]

Base your answers to questions 40 through 45 on the

notes below written by a student during field trips
to three different locations in New York State.

NOTES

Location A
Good view from this hilltop; chilly and windy. We
rested to catch our breath, then collected samples.
Rocks are visible everywhere. There are boulders,
cobbles, and pebbles of many sizes and shapes mixed
together. These surface rock fragments are composed
of metamorphic rock sitting on the limestone bedrock.
The teacher showed us parallel scratches in the
bedrock. I saw almost no soil.

Location B
It is rocky and the streambank is steep. Where we are
standing, we can see a waterfall and rapids. It is cool
by the water. From the streambed we collected
pebbles and cobbles—some red, some white, others a
mixture of many colors. The streambed is full of rocks
of all sizes. The teacher warned us to be careful of the
strong stream current,
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It is cool in the shade, and the rock cliff above us still
has some ice on it from winter. The rocks we are
sitting on have sharp edges. Rock fragments at the
bottom of the cliff are the same color as the cliff. Our
teacher warned us to watch out for falling rocks.

40 a State the agent of erosion that deposited most of
the sediment found at location A. [1]

41 b State one observation recorded by the student
that supports this conclusion. [1]

42 Some samples of sediment collected from the
streambed at location B are shown below.

Explain why these samples are smooth and have
rounded shapes. [1]

43 Explain how ice in cracks on the cliff at location C
may have helped cause weathering of the bedrock
on the face of the cliff. [1]

44 What agent of erosion resulted in the deposition
of the rocks with the sharp edges at location C?

45 What is one feature of wind deposited sediments
that would differ from rocks (sediments)
deposited at locations A and B?

Base your answers to questions 46 and 47 on the
photograph below, which shows a mountainous
region cut by a large valley in its center.

46 What characteristic of this large valley supports
the inference that glacial ice formed the valley? [1]

47 Describe additional geologic evidence that might
be found on the valley floor that would support
the idea that glacial ice formed this valley. [1]




