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Relative age 8. Cross cutting relationships
Superposition 9. Fossils

Original horizontality 10. Mass extinctions
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EXPLAIN Are you starting to get some ideas about the dues geologists
THE PHENOMENON use that enable them to read rock layers like pages in 3 history

ENCOUNTER [ How can the rock layers and geologic PACACE LU ST OF MR AN o S s 00 e
THE PHENOMENON | features in this photo be used to e e e

sequence past geologic events?

-~
{3 GO ONLINE CLAIM

9"‘:; Emg‘:‘;m The sequence of past geologic events can be determined by...
phenomenon in action.

What did you notice as you explored the photo online? Try to identify
distinct parts of the image and then focus on one part at a time. Record your
observations in the space provided. How might you determine which layers
and features are older than others? With your partner, discuss the clues you
might use to determine the sequence of the past geologic events that
created this landscape.

< |
i S COLLECT EVIDENCE as you work through the lesson.
. [ S s S =] Then return to these pages 1o record your evidence.
the light-colored rock layers are offset by o) |

two normal faults. The rock layers to the leftof /| = :
i i EVIDENCE
the faults have moved down in relation to the = : - L e

the rock layers to the right of the faults. N e i syl
the dark conglomerate layer that tops the sequence, and the black
band (a vitrophyre) to the left of the faults.

the rocks had to be in place prior to faulting, therefore the rocks ar

older than the faults. Using clues such as cross-cutting relationshipj
allows geologists to determine the relative ages of rocks and
features. ‘ S
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o
MORE EVIDENCE

B. What evidence have you discovered
to explain how the fossil record

provides relative ages?
(’

REVISED CLAIM A
The sequence of past geologic events
can be determined by

-

-

REASONINGC

The evidence | collected supports my claim because_.

>y
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What is the basis for understanding
Earth’s past?

Early ideas about Earth's age and geologic history were usually placed in the
context of ime spans that a person could understand relative to his or her
own life. This changed as people began 1o explore Earth and Earth processes
in soentific ways. Today, scentists know that Earth's history stretches back
4.6 bilbon years. When did this change of thought occur, and how?

S

. INVESTIGATION

The Present Is the Key to the Past
Compare the images of erosion below.

1. Do you think the processes that form and shape the small stream bed
are similar to those that form and shape the Grand Canyon? Why or
why not?
Yes, The water erosion that is wear'rng away the banks of the stream

is the same as the erosion that is carving the Grand Canyon.

2. How long do you think it would take to create a canyon as deep as the
Grand Canyon? Expilain your reasoning.

* Millions of years. Much longer than the lifetimes of
humans or the entire history of humanity.

Foibames
Go to the Foldables® library to make a

Foldable® that wall help you take notes
while reading this lesson.

Go online 1o read more about how
soentists analyze the rock and fossl
records.

\ g Want more information?
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Principle of Uniformitartanism Before the late 77005, most people thought
that Earth was only a few thousand years old. James Hutton rejected this
Idea. He was one of the first sclentists to think of Earth as very old. Hutton
was a naturalist and a farmer in Scotland. He observed how the landscape
on his farm gradually changed over the years. Hutton thought that the
processes responsible for changing the landscape on his farm could also
shape Earth's surface. For example, he thought that erosion caused by
streams on his farm could also wear down mountains or carve deep
canyons. Because he realized that this would take a long time, Hutton
proposed that Earth Is much older than a few thousand years.

Hutton's Ideas are the foundation of a princple called uniformitarianism. The
principle of uniformitarianism states that geclogic processes that occur
today are similar to those that have occurred In the past. In other words. the
same processes that we see today have been occurring since Earth formed.

] THREE-DIMENSIONAL THINKING —
R 7 Scentists use the principle of uniformitarianism to interpret Earth's history.
Suppose you discover a rock from an anclent beach. Now Imagine you are
standing on that ancient beach. What do you think you would you see?
Explain how your answer relates to the principle of uniformitarianism.

If you stand on a shore of an
ocean and watch the waves
come in, you are observing

a process that has not
changed since the oceans
formed, Using the principle

of uniformitarianism, you can
infer that you would see waves
eroding the shore of the beach
just as they do today.

Because of uniformitarianism, sclentists can learn about Earth’s past by
studying the present. One way to do this Is by studying the order In which
geologic events occurred using a method called relative-age dating. This
does not allow sclentists to determine the abselute age. or the actualage of
the events. But it gives sclentists a clearer understanding about geologic
events In Earth’s history.

EXPLORE/EXFLAIN Lesson 1 Analyzing the Rock and Fos=i Records 11

What is relative-age dating?

Gedogists —the soenusts who study Eartn and rocks—use rock layers and
the jossils within 1o build a record of Earth’s geologic history. How do rock
layers form? Remember that westhering dresks fFoCKS Esposad st Earth's

arfacemosmaﬂepiecescaﬂm.wﬁme.grg_ty.mm doyo“m
wind carry sediment Sownhill and tin low areas Eventualy. layers "‘:;ﬂd;od'f‘e
of sediment foon. ! ang wesght of the sediment slowly causes the rod'-““-’g{)
layers 10 compress, z {

Can you model! rock layess? .

2™
LAB Layers Rock

satery B B
Materials

disposable polystyrene meat trays (3)
Procedure

1 Read and complete a lab safety form.
2. Work in groups of 3—4.

3. Break a meat ray in half. Place the two pieces on a flat surface so that the
broken edges touch one another.

4. Break another meat tray in half in the same way so that the break is
consistent between the two meat trays. Place the two pieces directly on
top of the first broken mest tray.

5. Place a thard, unbroken meat tray on top of the two broken meaat trays.
Sketch your moded below.

, O

6. Follow your teacher’s instructions for proper deanup.
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Analyze and Conclude INVESTIGATION '
o 7. How do you think your model resembles a rock formation? E 3
The model resembles a rock formation of T

sedimentary rock because it is in layers. Sometimes rock layers are
broken, or faulted, ike the model.

5. T yOu ODSErved rock Iayers mat I00Kea IKE yOour MOoe!, WNat would you
think might have caused the break only in the two bottom layers? Why

The top layer is -the youngest. The bottom layer is
the oldest. The bottom layer was there first, making it older. Layers
that were deposited later are on top of the initial layer, making
them younger.

think is the oldest? Explain your reasoning.
( )] : 3
Q

1. Do you think all of the rock layers in the picture formed at the same

AR a2 ..

Y & might the top layer not be broken?
¢ The bottom layers were likely disturbed by a
- - fault—a break or fracture in rocks. The top layer is not broken
o because it was deposited after the disturbance occurred.
)/o 9. Which layer in your model do you think is the youngest? Which do you
-
-

' No. sedimentary rock forms slowly over time.
The sediments must be compressed and lithified before they turn

B 3 FRT N i o

Relative Age In the Layers Rock lab you
interpreted the ages of the layers in
comparison to each other. This is called

into rock layers. The colors of the layers also indicate differences
between the rocks.

Copy' 4 ©MSon 1 kst Y

2. I you think the rocks formed at different imes, which layers are the
oldest and which are the youngest? Explain.

principles to organize
to their relative ages.

The rock layers at the bottom of the formation are
the oldest. The rock layers get younger as you go up. Each layer had
to form on top of the last one deposited, making each layer younger
than the one before.

em. Let’s investigate.
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Now, study this image.

3. Do you think the small pieces of rock in the picture formed at the same time
as the rock containing the pieces? Why or why not?

No. The small pieces of rock must have formed
before they were incorporated into the rock shown here.

4. |f you think the rock formed at different times, which is oldest—the rock
containing the pieces, or the pieces of rock? Explain.

The small pieces of rock are older than the rock
containing the pieces. The pieces of older rock became part of the
new, younger rock sometime in the past.

EXPLORE/EXPLAIN Leszon 1 Analyzing the Rock and Fozs=il Records 15
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Now, try to interpret this image.

5. Notice the large fault cutting across the rock layers. Do you think the
fault and the rock layers are the same age? Why or why not?

No. The rock layers formed slowly over time, The
fault cuts across all of the layers. This could not have occurred while
the rock layers were forming.

6. If you think the fault and the rock formed at different tmes, which is
oldest—the fault or the rocks? Explain.

. The rocks are older than the fault. The rock layers
had to form first. Sometime after that, a fault broke through the rock
layers.

16 ExFLoREEXPLAN Module: Geologic Time
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The Principles of Relative-Age Dating As you just discoverad mn the
1o assign relative ages 1o rocks and features.

3 GO ONLINE Finally, watch the animation Relative-Age Dating.
Then answer the questions that follow.

7. What are the principles of relative-age dating?

superposition original horizontality

lateral continuity

cross-cutting
relationships

2

Modeils are often used to study and represent large-scale ime and
space phenomena. Using what you have learned about the
mmmmmammm

8. Which principle did you apply in Step 2 of the le bel

investigation?

superposition
Using this principle, assign the rock layers in the
diagram to the right their relative ages from oldest (f)
to youngest (4).

9. Which principle did you apply in Step 4 of the
investigation?

understanding of superposition, original horizontality, lateral
continuity, inclusions, and cross-cutting relationships

inclusions

Crpv o O MSrew W L
Crpy 4 Mo I LA o

Using this principle, label the clder feature 1, and the
younger feature 2 on the diagram to the right.

10. Which principle did you use in Step 6 of the
investigation?

Rock layers at the bottom are typically older than the layer at the top. inclusions,

faults, cross cutting are some of the examples of relative age dating.

COLLECT EVIDENCE

How do the pnndples of relative-age dating help scentists “read™ rocks?
Record your ewidence (A) in the chart at the beginning of the lesson.

cross-cutting relationships

o MU A T AT | TV | BT BT v,

Using this principle, label the rock layers and features
from oldest {f) to youngest {6).

EXPLORE/EXFLAMN Le==on 1 Analyzing the Rock and Fossil Records 17 18 ©eExFLOREEXPLAIN Module: Geologic Time
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Rock layers at the bottom are typically older than the layer at the top. inclusions, faults, cross cutting are some of the examples of relative age dating.
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What can the fossil record tell . — 7/, /) R
us about Earth’s history? \\ : / A ~

You just discovered how the principles of relative-age dating
allow geologists to determine if rocks or features are younger
or older than the rocks or features around them. But did you
know that the rocks themselves can hold clues about
their ages?
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Clues to Earth’s Past
Analyze the image below. Then answer the questions that follow.
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1. Using the principle of superposition, determine which rock layers are the
oldest, and which rock layers are the youngest. Label the space abowve and
below the arrow heads Oldest and Youngest accordingly.

y

)
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2. imagine you discoverad the fossils in the rock layers on the previous
page. What do you notice about the complexity of the fossils In the
rocks? Where are the more simple fossiis located? Where Is the more
compiex fossil located?

Complex fossils are found in younger rock layers. The more simple
fossils are found in both old and young rock layers.

3. Make a cdaaim about how the complexity of fossés in the fossil record can
provide dues to the relative ages of rock units.

The fossil record can provide clues based on the complexity of the
organisms., Older rock layers only contain simple lifeforms: younger
layers contain both simple and complax,

Now, study the image below. Notice the fossil triiobites In the rock layers at

the bottom of the sequence. As you mowve upward In the sequence youll
see fossils of mammals and dinosaurs.

B TR s o R
Y O I

s

Appearance of
mammals and
dinosaurs

Disappearance
of trilobites

Copy' 94 €A Cion
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4. When do trilobites disappear from the rock sequence? Label 3 F oy
this point Disappearance of rifobites in the white space tothe &7 _ & Ja
right of the image. . " -

5. When do mammals and dinosaurs appear in the rock sequence? a _c1 =
Labed this poant Appearance of mommals and dinosours. -

6. What can you conclude abouwt the layers that contain the
trilobites? Are they older or younger than the layers that contain 7 By
thie mammals and dinosauwrs? fJ,'_}_-?__',-.‘_, F

The rock layers that contain the trilobites are older than
the rock layers that contain the mammals and dinosaurs.

7. When do the dinosaurs disappear from the rock sequence? Label this
point Disgppearance of dinosouws in the white space to the right of
the image.

B. What can you conclude abouwt the layers that contain only the mammals?
Are they older or younger than the layers that contain the dinocsaurs?

The rock layers that contain only mammals are younger than the
layers that contain dinosaurs.

8. Make a claim about how the appearance and disappearance of organisms in
the fossil record provides relative dates.

Rock layers that contain extinct organisms are older than rock layers
that contain fossils of organisms that are still living today.

By gl € g Hill Fioks sl s

3 GO OMLINE for additicnal
opportunities to explore!

LIFE SCIENCE Want to learm more about fossalls? Then

perform one of the following activities.

|:| Investigate clucs abowt how oR |:| Explore ancient arganisms by
organi=ms Ired in the Lab What studying fos=il remains in the Lab
con troce fossils show? How iz @ fossi o clue?

EXPLOREEXFLAIN Lesson 1 Amalyzing the Rock and Fossd Records 21
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The rocks suggest that during this time, the location was similar to

% Iceland today, with volcanic activity creating hot springs.

mmmmmmmunmm
s you just did in the Clves o Eortly’s P

INVESTIGATION

Reconstructing Past Environments

D) G0 ONLINE Watch the video Secrats of the Origin
of Life.

1 What does the earllest evidence of life ook like In the
fossll record?

The earliest evidence of life is primitive,
microbial bacteria.

2. What do these rodks from the video tell sdentists about
the emvircnment In which they formed?

H
it
§a
3
£

Ancient Ervironments Scentists use the principle of uniformitariantsm
to leam about anclent organtsms and the emvironments where anclent

wmmm*

COLLECT EVIDEMNCE

How does the fossil record help scentists plece together Earth’s history?

Record your evidence [B) in the chart at the beginning of the lesson. . .
Scientists use fossil to piece together earth's history. To determine relative

-ages, they use the evidence of changing complexities, appearance and
disappearance and mass extinctions of fossil organisms.
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Scientists use fossil to piece together earth's history. To determine relative ages, they use the evidence of changing complexities, appearance and disappearance and mass extinctions of fossil organisms.
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A Closer Look: Drilling Into the Past

Did you know fossils from the seafloor can provide evidence of past
climates? Scientists use core samples of the seafloor to gather data about
Earth’s history. Each layer holds grains of dust, minerals, and often times
pollen, that can provide information about the environment In which they
were deposited. Many layers also contaln fossils of the organisms that lived
In the ocean during that time.

The most common types of fossils analyzed in deep-sea sediment cores

are foramintfera. Foraminifera are tiny, unicellular organisms less than the
size of a grain of sand. When they grow. foraminifera incorporate oxygen

from the surrounding water into their shells.

Oxygen comes In two Important vaneties for paleocimate research: heavy
(*"O) and lght (“O). Water vapor molecules containing the heavy isotope
condense more readlly than water vapor molecules comaining the light
iIsotope. When dimates are cooler, the water vapor containing O rains out
of the atmosphere. The wind carrles water vapor containing the lighter 0O
toward Earth’s poles, where it eventually condenses and falls onto the ice
sheets where It remains trapped. As a result, the oceans develop
increasingly higher concentrations of heavy oxygen during cooler ime
periods. In general, foraminifera shells contain more heavy oxygen during
glacial pertods.

Its Your Tum

L0109 Connection! Research the latest
expeditions of the JOIDES Resolution, a
sclentific drilling ship sponsored by the Joint
Oceanographic Institutions for Deep Earth
Sampling. Develop a poster showing where
the ship has traveled as well as the purpose
of its expeditions.

Summarize It!
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1. Organize In the space below, create a graphic organizer summartzing

how the relative ages of rocks, geoclogic features, and events are
determined using the rock and fossill records.
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Principles of Relative Dating

The process of placing events in the order that they occurred in the earth.

Superposition

[ Original J
Horizontality

Cross-Cutting

inclusion

\\ \\ / Relationship >
/ means that / means that means that \\I A plece of an older
the oldest rocks Sedimentary rock layers ANYTHING rock that becomes
are located always begin that part of a new rock
B&%?EM HORIZONTIRE POSITION CuUTS acrosi: rock layers
of Hanzon = parallel to the ground YOL:::E’ER

undisturbed rock layers

OLDEST Rocks

‘Younger Rock Layers

N

Mder Rock Layers

the rock layers it cuts through

the rock containing the pieces
is younger than the pleces

Igneous FAULTS or
Intrusions CRACKS
CUT thraugh CUT through
rock layers rock layers
and are and are
YOUNGER YOUNGER |

e
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@ Three-Dimensional Thinking

Imagline you are a geologist. You have been asked to analyze and Interpret
the rock sequence below. Your task Is to determine the relative ages of

2. Order the features In the Illustration from oldest to youngest.

A JKLM
B MJKL

D MLKJ

3. Which geologic principle must be assumed to determine the relative

age of M?

B superposition
C orginal horizontality
D Incluslons

EVALUATE Lesson 1 Analyzing the Rock and Fossil Records 25

Real-World Connection

4. Contrast What Is your absolute age? What Is your relative age
compared to two of your dassmates? How do these ages contrast?

.My absolute age is 13. | am younger than Salvador
and older than Cora. Absolute age is a numerical age, whereas
relative age is not an exact age, but rather the age of an object,
feature, or person in comparison to another.

5. Predict Suppose you are a geologist tasked with analyzing the fossil
record In your reglon and determining when a major marine extinction
event took place. What changes In the fossil record would you look for?

. There would likely be a sudden disappearance of
marine fossil organisms in the fossil record. New, different life-forms

might appear in the rock layers above the mass extinction event.

Still have questions?
Go online to check your understanding about the
rock and fossil records.

8 45 e [ sTART

answer chose atthe
JOESE tegmnsciteiessorsveum | | PLANNING
V4 PROBES 10 the Science Probe at the STEM Moduie Project
baginning of the lesson. Explain Scence Challenge
why you agree or disagree with B § . 1.2 vou've learned about
how geologtsts analyze the
rock and fossll records, go to
your Module Project to start
planning your video blog. Keep
in mind that you want o
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