N Lesson Labs

Quick Labs
e Layers of Sedimentary Rock
: "’ e Ordering Rock Layers
B8 Exploration Lab
e Earth’s History

1 Engage Your Brain
1 Describe Fill in each blank with the word or

phrase that you think completes the following
sentences.

ESSENTIAL QU ESTION

How are the
relative ages of
rock measured?

By the end of this lesson, you
should be able to summarize
how scientists measure the
relative ages of rock layers and
identify gaps in the rock record.

An example of something young is

ESNASTER ST AR P B A ; The Liberty Bell

An example of something old is

An example of something that is horizontal is

¥ .

An example of something older than youis 2 Explain Which came first, the bell or the crack
in the bell? How do you know?

S‘i’udyin? these rock layers

. +
.an tell scientists a greal .
jz:l about the order in whlc.h
the different layers formec¢

Acte Reading

3 Synthesize You can often define an unknown
word if you know the meaning of its word Vocabulary Terms
parts. Use the word parts below to make an :
educated guess about the meaning of the word : -
superposition, when used to describe layers * superposition * geologic column
of rock. * unconformity

o relative dating e fossil

: 4 Apply Asyou learn the definition of each
Word part Meaning vocabulary term in this lesson, make
super- above - your own definition or sketch to help you o
remember the meaning of the term.

-position specific place

o]

/

superposition: : o ke
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IR o I How are undisturbed rock

I
i YV 119 1 11 51 . § layers dated?
!'1 ) H LIl ' : R ! To find the relative ages of rocks, scientists study Using Superposition
¢ | |l| 5 Iq : ; ; 1 ; the layers in sedimentary rocks. Sedimentary Suppose that you have a brother who takes :
b | | | . Wh at is re latlve datll'lg? . | 1 rocks form when new sediments are deposited‘on pictures of your family and piles them in a box.
| LA Imagine that you are a detective at a crime scene. You must ’ | Fop of older rc(l)ck.dA}:: nziore s.ec:nr;enlt{ 112 a;iied, it 0ver't1me, he adds new plcture‘s to the top of
0 I 1 figure out the order of events that took place before you arrived. ! L IUIPTESSE 1111 arh ROk d the pile. Where are the oldest pictures—the ones
(I (it Scientists have the same goal when studying Earth. They try to . ' Sclentists know that gravity causes sediment  taken when you were a baby? Where are the
| l ||| 1 find out the order in which events happened during Earth's history. ¥ it deposited inilayersthab arhorizontal mostiecentpicites”sthe onestakeniasiedt
| i u B o Instead of using fingerprints and witnesses, scientists use rocks and . (hohreiheZAHNstuhl). Over time, different The oldest pictures will be at the bottom of the
It } ‘ 5 | 5 Model In groups of 6-10 people, fossils. Determining whether an object or event is older or younger A layers OfSEdlmer_lt pile up on Earth’s surface. pile. The youngest pictures will be at the top of
| ( 1l form a line. Place the oldest than other objects or events is called relative dating. 4 e tayens pile.on (ob of QUGTONES the pile, Layers of rock are like the photographs
i ! person in the front of the line and The telephones shown below show how technologies have & left undisturbed, the sediment will remain in shown below. As you go from top to bottom, the
the youngest person at the end of chansediove. Loy N e i horizontal layers. Scientists use the order of these  Jayers get older.
| the line. What is your relative age Saenel eS0T oW Cantala Tings I ' layers to date the rock of each layer Thi hi d to determine th
| compared to the person In front took place in the past. Using different pieces of information, N Y Tk i = appfroet; Rl lf lermmfrh el
. £ . . . . | - - - 1 %
A | of you? Compared to the person scientists can find the order in which rock layers formed. Once § SCLGIALELILI) 7 Explain Why does gravity cause ri ALY agi;) SE ety LO;IS?}I’H? ) i tiw
1l behind you? they know the order, a relative age can be determined for each rock £ layers of sediment to be horizontal? Ol SCpRIpRallio] (S00spersputie hefane s 1t
: R principle that states that younger rocks lie above

layer. Keep in mind, however, that this does not give scientists a |

|
|
|
|
( i rock’s age in years. It only allows scientists to find out what rock A older rocks if the layers have not been disturbed.

layer is older or younger than another rock layer. | : Lt Alis

AL Vicualize [t! Kop T L STSRT S — N ;. | Rock layers are like
B o pho'l'o?raphs that have been put

6 Explain Use the numbers 1, 2, and 3 to rate these ina Pi e over time.

telephones from oldest (1) to youngest (3). Explain
your choices. Does this tell you the years that the
telephones were made?

= Visualize !

8 Apply Use the law of superposition to describe
the relative ages of these rock layers.

How these telephones look is a
clve to their relative ages.




How are sedimentary

rock layers disturbed?

If rock layers are not horizontal, then something
disturbed them after they formed. Forcesin
Earth can disturb rock layers so much that older
layers end up on top of younger layers. Some of

the ways that rock layers can be disturbed are
shown below and on the next page.

By Tilting and Folding .
Tilting happens when Earth’s forces move rock
layers up or down unevenly. The layers become
slanted. Folding is the bending of rocks that can
happen when rock layers are squeezed together.
The bending is from stress on the rock. Folding
can cause rock layers to be turned over by so
much that older layers end up on top of younger
layers. '

Scientists often find features that cut across
existing layers of rock. A fault is a break or

crack in Earth’s crust where rocks can move. An
intrusion (ineTROOezhuhn) is igneous rock that
forms when magma is injected into rock and
then cools and becomes hard.

Folding, tilting, faults, and intrusions can
make finding out the relative ages of rock layers
difficult. This can be even more complicated
when a layer of rock is missing. Scientists call this
missing layer of rock an unconformity.

9 Describe Write a caption for this group of images.

Intrusions |

STipanyi

L Fuplishing

k-

By Unconformities

A missing layer of rock forms a gap in Earth’s
geologic history, also called the geologic record.
An unconformity (uhnekuhnes FAWRemihstee)

is a break in the geologic record that is made
when rock layers are eroded or when sediment
is not deposited for a long period of time. When
scientists find an unconformity, they must
question if the “missing layer” was simply never
present or if it was removed. Two examples of
unconformities are shown below.

An unconformity can happen between horizontal
layers and layers that are tilted or folded. The older
layers were tilted or folded and then eroded before
horizontal layers formed above them.

11 Illustrate Choose two of the following: tilting,
folding, fault, infrusion, and an unconformity.
Draw and label each one.

L

G o s

that a rock layer can cause a gap in the geologic record?

| Sedimentary rock

- -

Igneous rock

An unconformity can also happen when igneous or
metamorphic rocks are exposed at Earth’s surface
and become eroded. Later, deposited sediment
causes the eroded surface to become buried under

sedimentary rock.




= Active Reading

12 Identify As you read, underline
the law of crosscutting
relationships.

How are rock layers ordered?

Often, the order of rock layers is affected by more than one thing.
Finding out what happened to form a group of rock layers is like
piecing together a jigsaw puzzle. The law of superposition helps
scientists to do this.

The idea that layers of rock have to be in place before

NASA’s Mars Odyssey orbiter and the Hubble Space
Telescope have produced a large coilection of images of
the surface of Mars. These are studied to find the relative
ages of features on Mars, using the laws of superposition
and crosscutting relationships. Here are two examples of

anything can disturb them is also used. The law of crosscutting crosscutting relationships.

relationships states that a fault or a body of rock, such as an
intrusion, must be younger than any feature or layer of rock that
the fault or rock body cuts through. For example, if a fault has
‘broken a rock layer, the fault is younger than the rock layer. If a
fault has broken through igneous rock, the igneous rock must have
been in place, and cool, before it could have been broken. The
same is true for an unconformity. Look at the image below and use
the laws of superposition and crosscutting relationships to figure
out the relative ages of the rock layers and features.

The Crater Came |
First f
A crater can be cut |

by another feature, |
such as a fracture.

T

“{ Vigualize [t!
13 Analyze What is the order in which layers
and features A through ) formed?

Fillin the lines according to the relative ages
of the layers or features.

.

Youngest Crater in a Crater

A crater (A) can be cut by
another crater (B) that

- .f .._%%%%%#mﬁﬁﬁ formed from a later impact.
=i, .!l"?’n%m%-hﬁ - o i
fﬂ:% - . :'!mumm

!

14 Analyze What are the relative ages of crater A and
crater B? Explain your answer.

————

Gompanyidimage)

16 Research Find out how scientists have used
relative dating to study the geologic history of other
planets, such as Venus. Present what you found out

15 Apply How can scientists use erosion as a way by drawing a graphic novel or making a hoster

to determine the relative ages of craters on Mars?
Describe how erosion could change the appearance
of a crater over time.

{oughtoniMifflinitiarcountiRublishin g

© Houghton Mifflin Harcourt Publishing Company

98 Unit 2 Earth’s History




. How are fossils used to
| determine relative ages of
rocks?

~ Fossils are the traces or remains of an organism

that lived long ago, most commonly preserved
in sedimentary rock. Fossil forms of plants and
* animals show change over time, as they evolve.
Scientists can classify fossilized (FAHSeuhelyzd)
organisms based on these changes. Then they can
use that classification of fossils to find the relative
. ages of the rocks in which the fossils are found.

~ Rock that contains fossils of organisms similar to

~ those that live today is most likely younger than

- rock that contains fossils of ancient organisms.

- For example, fossilized remains of a 47 million-

~ year-old primate are shown below. Rock that

_ contains these fossils is younger than rock that
| contains the fossils of a dinosaur that lived over
200 million years ago.

17 Explain In general, would fossils of species that
did not change noticeably over time be useful in
determining the relative ages of rocks? Explain.

i

S e s e S
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How are geologic columns used to
compare relative ages of rocks?

Relative dating can also be done by comparing the relative ages
of rock layers in different areas. The comparison is done using a
geologic column. A geologic column is an ordered arrangement of
rock layers that is based on the relative ages of the rocks, with the
oldest rocks at the bottom of the column. It is made by piecing
together different rock sequences from different areas. A geologic
column represents an ideal image of a rock layer sequence that
doesn’t actually exist in any one place on Earth.

The rock sequences shown below represent rock layers from
different outcrops at different locations. Each has certain rock
layers that are common to layers in the geologic column, shown
in the middle. Scientists can compare a rock layer with a similar
layer in a geologic column that has the same fossils or that has the
same relative position. If the two layers match, then they probably
formed around the same time.

.. Vigualize !

19 ldentify Draw lines from the top and bottom of each outcrop
to their matching positions in the geologic column.

Ovuterop 1

Rock layers from different
outerops can be compared to
a geologic column.

Active Reading

18 Identify Asyou read, underline
the description of how rock
layers are ordered in a geologic
column.
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Lesson Review

Vocabulary _ 7 Describe How is the geologic column used in

relative dating?
In your own words, define the following terms. 5 :

1 relative dating

Forces in Earth can cause horizontal layers'_"‘

If undisturbed sedimentary rock exists as of '°°k to be disturbed. .
Ilorizontal layers. )
2 unconformity
Critical Thinking
& ' 8 Justify Does the law of crosscutting '
relationships involve sedimentary rock only?
Key Concepts - Why or why not?
3 Describe How are sedimentary rock layers
deposited?

20 for undlsfurbed rock layers, younger
rocks are above/below older rocks.

4 List Name five ways that the order of rock

layers can be disturbed. Use this image to answer the following questions.

Relative
Daﬁng

Fosslls can be used to determine the : e e -l 5 Explain How are the laws of superposition and
o : -.Rockla rsfr m
relative 3835 of I'Otk layerS- : : ' Yo e ‘ crosscutting relationships used to determine

~ different areas can '
be compared toa the relative ages of rocks?

. .geo_logig: e_ol_u_m_n.

23 In 9eologic

columns, the
; oldest rock
22 In undisturbed rock layers, fossils of a layers are at the
more recent organism will be in rock that ; bottom/top.

'S,jbove/below rock containing fossils of ; S o 6 Explain How can fossils be used to determine
i AL ; : the relative ages of rock layers?

9 Analyze Isintrusion A younger or older than
layer X? Explain.

10 Analyze What feature is marked by 52

11 Analyze Other than intrusion and faulting,
what happened in layers B, C, D, E, E, G,
and H?

24 Apply How might the law of superposition relate to a stack of
magazines that you have been saving over the past few years?
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