Date deposited (millions of years ago)

Bryce Canyon

2—65 National Park Wasatch Fm

Kaiparowits Fm
Straight Cliffs Ss

65-136 Canyonlands
National Park

Morrison Fm Dakota Ss
: Winsor Fm
136-190 ’ Entrada Ss Figure 16 Geologists have
: Navaio Ss Carmel Fm
) Navajo Ss named the many rock layers, or
Wingate Ss 5 Older rocks » formations, in Canyonlands and in
190-225 Chinle Fm ' notexposed Bryce Canyon, Utah. They also have
Moenkopi Fm .
correlated some formations
225-280 Cutler Gp between the two canyons.
Rico Gp List the labeled layers present at
280-320 Hermosa Gp both canyons.

Can layers of rock be correlated in other ways? Sometimes
determining relative ages isn’t enough and other dating meth-
ods must be used. In Section 3, you'll see how the numerical ages
of rocks can be determined and how geologists have used this
information to estimate the age of Earth.

r )
Summary Self Check
Superposition 1. Discuss how to find the oldest paper in a stack of papers.
© Superposition states that in undisturbed rock, 2. Explain the concept of relative age.
the oldest layers are on the bottom. 3. Hlustrate a disconformity.
Relative Ages 4. Describe one way to correlate similar rock layers.
@ Rock layers can be ranked by relative age. 5. Think Critically Explain the relationship between the

Unconformities concept of relative age and the principle of superposition.

@ Angular unconformities are new layers
deposited over tilted and eroded rock layers.

e Disconformities are gaps in the rock record. 6. Interpret data to determine the oldest rock bed.

A sandstone contains a 400-million-year-old fossil. A

shale has fossils that are over 500 million years old. A

limestone, below the sandstone, contains fossils

Applying Skills

e Nonconformities divide uplifted igneous or
metamorphic rock from new sedimentary rock.

Matching Up Rock Layers between 400 million and 500 million years old. Which
@ Rocks from different areas may be correlated rock bed is oldest? Explain.
if they are part of the same layer. A : )AA
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Which of your two friends is older? To answer
this question, you'd need to know their relative
ages. You wouldn’t need to know the exact age
of either of your friends—just who was born
first. The same is sometimes true for rock layers.

© Real-World Question ——

Can you determine the relative ages of rock
layers?

Goals

B Interpret illustrations of rock layers and
other geological structures and determine
the relative order of events.

Materials
paper pencil

© Procedure
1. Analyze Figures A and B.

2. Make a sketch of Figure A. On it, identify
the relative age of each rock layer, igneous
intrusion, fault, and unconformity. For
example, the shale layer is the oldest, so
mark it with a 1. Mark the next-oldest fea-
ture with a 2, and so on.

3. Repeat step 2 for Figure B.

© Conclude and Apply ——
Figure A

1. Identify the type of unconformity shown.
Is it possible that there were originally more
layers of rock than are shown?

2. Describe how the rocks above the fault
moved in relation to rocks below the fault.

3. Hypothesize how the hill on the left side of
the figure formed.
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Granite ’ Limestone

Sandstone Shale

Figure B
4. Is it possible to conclude if the igneous

intrusion on the left is older or younger than

the unconformity nearest the surface?
5. Describe the relative ages of the two

igneous intrusions. How did you know?
6. Hypothesize which two layers of rock

might have been much thicker in the past.

Compare your results with other students’
results. For more help, refer to the Science
Skill Handbook.
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Absolute Ages of Rocks

Absolute Ages

As you sort through your stack of magazines looking for that
article about the car you saw, you decide that you need to restack WM You'll Learn
them into a neat pile. By now, they’re in a jumble and no longer :

& ldentify how absolute age dif-

in order of their relative age, as shown in Figure 17. How can fers from relative age.
you stack them so the oldest are on the bottom and the newest i B Describe how the half-lives of
are on top? Fortunately, magazine dates are printed on the cover. i  Isotopes are used to determine

Thus, stacking magazines in order is a simple process. arock’s age.

Unfortunately, rocks don’t have their ages stamped on them. Or Wéy It’s Important
do they? Absolute age is the age, in years, of a rock or other : ” L

. . . . . Events in Earth’s history can be bet-
object. Geologists determine absolute ages by using properties : - understood if their absolute ages
of the atoms that make up materials. : are known.

D Review Vocabulary

EQ&Q‘&EV& @e@@y isotopes: atoms of the same ele-
r— ) ) ! ment that have different numbers
; Atoms consist of a dense central Te€gion :  irpeutrons
== called the nucleus, which is surrounded bya :
cloud of negatively charged particles called electrons. The New Vocabulary

® absolute age

nucleus is made up of protons, which have a positive charge, and o radioactive decay

neutrons, which have no electric charge. The number of protons : ¢ haifjife
determines the identity of the element, and the number of neu- : e radiometric dating
trons determines the form of the element, or isotope. For exam- : e uniformitarianism

ple, every atom with a single proton is a hydrogen atom. _
Hydrogen atoms can have no neutrons, a single neutron, or two Figure 17 The magazines that

neutrons. This means that there are three isotopes of hydrogen. have been shuffled through no

longer illustrate the principle of

2 What particles make o
' superposition.

® up an atom’s nucleus?

Some isotopes are unstable and
break down into other isotopes and
particles. Sometimes a lot of energy is
given off during this process. The
process of breaking down is called
radioactive decay. In the case of
hydrogen, atoms with one proton and
-WO neutrons are unstable and tend to
reak down. Many other elements
1ave stable and unstable isotopes.




Alpha and Beta Decay In some isotopes, a neutron breaks
down into a proton and an electron. This type of radioactive decay
is called beta decay because the electron Jeaves the atom as a beta
particle. The nucleus loses a neutron but gains a proton. When the

Modeling Carbon-14 number of protons in an atom is changed, a new element forms.
Dating Other isotopes give off two protons and two neutrons in the form
Procedure of an alpha particle. Alpha and beta decay are shown in Figure 18.
1. Count out 80 red jelly

beans. Half-Life In radioactive decay reactions, the parent isotope
2. Remove half the red jelly undergoes radioactive decay. The daughter product is produced by

bgans and f?Place them radioactive decay. Each radioactive parent isotope decays to its

with green jelly beans. daughter product ata certain rate. Based on this decay rate, it takes
3. Continue replacing half the

red jelly beans with green
jelly beans until only 5 red
jelly beans remain. Count
the number of times you
replace half the red jelly
beans.

a certain period of time for one half of the parent isotope to decay
to its daughter product. The half-life of an isotope is the time it
takes for half of the atoms in the isotope to decay. For example, the
half-life of carbon-14 is 5,730 years. So it will take 5,730 years for
half of the carbon-14 atoms in an object to change into nitrogen-
14 atoms. You might guess that in another 5,730 years, all of the

Analysis remaining carbon-14 atoms will decay to nitrogen-14. However,
1. How did this activity model this is not the case. Only half of the atoms of carbon-14 remaining
the degay of carbon-14 after the first 5,730 years will decay during the second 5,730 years.
). ?-It:\'r\‘;; any half lives of So, after two half-lives, one fourth of the original carbon-14 atoms
carbon-14 did you model still remain. Half of them will decay during another 5,730 years.
during this activity? After three half-lives, one eighth of the original carbon-14 atoms
3. If the atoms in a bone still remain. After many half-lives, such a small amount of the par-

experienced the same
number of half lives as
your jelly beans, how old
would the bone be?

Figure 18 In beta decay,
neutron changes into a proton
by giving off an electron. This
electron has a lot of energy and
is called a beta particle.

ent isotope remains that it might not be measurable.

Beta decay

Daughter
product

Unstable parent
isotope

. Neutron Proton

Beta particle
(electron)

Alpha decay

Daughter
product

Unstable parent
isotope

In the process of alpha decay, an unsta-
ble parent isotope nucleus gives offan
alpha particle and changes into a new
daughter product. Alpha particles contain
two neutrons and two protons.

=

Alpha
partide

Neutron
Proton



Radiometric Ages

Decay of radioactive isotopes is
like a clock keeping track of time
that has passed since rocks have
formed. As time passes, the amount
of parent isotope in a rock decreases
as the amount of daughter product
increases, as in Figure 19. By mea-
suring the ratio of parent isotope to
daughter product in a mineral and
by knowing the half-life of the par-
ent, in many cases you can calculate
the absolute age of a rock. This
process is called radiometric dating,

A scientist must decide which parent isotope to use when
measuring the age of a rock. If the object to be dated seems old,
then the geologist will use an isotope with a long half-life. The
half-life for the decay of potassium-40 to argon-40 is 1.25 bil-
lion years. As a result, this isotope can be used to date rocks that
are many millions of years old. To avoid error, conditions must
be met for the ratios to give a correct indication of age. For
example, the rock being studied must still retain all of the
argon-40 that was produced by the decay of potassium-40.
Also, it cannot contain any contamination of daughter product
from other sources. Potassium-argon dating is good for rocks
containing potassium, but what about other things?

1 half-
life

Parent
material

Radiocarbon Dating Carbon-14 is useful for dating bones,
wood, and charcoal up to 75,000 years old. Living things take in
carbon from the environment to build their bodies. Most of that
carbon is carbon-12, but some is carbon-14, and the ratio of
these two isotopes in the environment is always the same. After
the organism dies, the carbon-14 slowly decays. By determining
the amounts of the isotopes in a sample, scientists can evaluate
how much the isotope ratio in the sample differs
from that in the environment. For example, dur-
ing much of human history, people built camp-
fires. The wood from these fires often is preserved
as charcoal. Scientists can determine the amount
of carbon-14 remaining in a sample of charcoal
by measuring the amount of radiation emitted
by the carbon-14 isotope in labs like the one
in Figure 20. Once they know the amount of
carbon-14 in a charcoal sample, scientists can deter-
mine the age of the wood used to make the fire.

6:25%
4 half-
lives

3 half-
lives

2 half-
lives

Figure 19 During each half-life,
one half of the parent material
decays to the daughter product.
Explain how one uses both
parent and daughter material

to estimate age.

.

Figure 20 Radiometric ages are
determined in labs like this one.




Age Determinations Aside from carbon-14 dating, rocks
that can be radiometrically dated are mostly igneous and
metamorphic rocks. Most sedimentary rocks cannot be dated

Topic: Isotopes in Ice Cores | | by this method. This is because many sedimentary rocks are
Visit earth.msscience.com forWeb § i made up of particles eroded from older rocks. Dating these
links to information about ice cores § £ pieces only gives the age of the preexisting rock from which it

and how isotopes in ice are used to
learn about Earth’s past.

Ah‘ﬁ"i:V Prepare a.'ef’o"zt:‘:t i The Oldest Known Rocks Radiometric dating has been
0 .

ia:":: ; stai)s:‘::i:iinéih emfi” : used to date the oldest rocks on Earth. These rocks are about

3.96 billion years old. By determining the age of meteorites,

ronments. Include how these find- - ) terx
ings can help us understand and using other evidence, scientists have estimated the age of

came.

today’s climate. Earth to be about 4.5 billion years. Earth rocks greater than
: 3.96 billion years old probably were eroded or changed by heat
and pressure.

3 Why can’t most sedimentary rocks be dated
@ radiometrically?

_Applying Science

When did the Iceman die?

arbon-14 dating has been used
to date charcoal, wood, bones,

mummmies from Egypt and Peru, the C: ;:;::4 PYaesi:;i

Dead Sea Scrolls, and the Italian | :

Iceman. The Iceman was found in | 100 0

1991 in the Italian Alps, near the 50 | 5730

Austrian border. Based on carbon-14 25 11,460

analysis, scientists determined that 25 1 17 |

the Iceman is 5,300 years old. B Y Reconstruction
Determine approximately in what ] S of Iceman

year the Iceman died.

Identifying the Problem

The half-life chart shows the decay of carbon-14 over time. Half-life is the time it
takes for half of a sample to decay. Fill in the years passed when only 3.125 percent of
carbon-14 remain. Is there a point at which no carbon-14 would be present? Explain.

Solving the Problem

1. Estimate, using the data table, how much carbon-14 still was present in the Iceman’s
body that allowed scientists to determine his age.

2. If you had an artifact that originally contained 10.0 g of carbon-14, how many
grams would remain after 17,190 years?
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Unifarmitarianism

Can you imagine trying to determine the age of
Earth without some of the information you know
today? Before the discovery of radiometric dating,
many people estimated that Earth is only a few
thousand years old, But in the 1700s, Scottish
scientist James Hutton estimated that Earth
is much older. He used the principle of
uniformitarianism. Thjs principle states that
Earth processes occurring today are similar to those
that occurred in the Ppast. Hutton’s principle is often
paraphrased as “the present is the key to the past”

Hutton observed that the processes that changed the land- i Figure 21 The rugged high-
scape around him were slow, and he inferred that they were just : Jands of Scotland were shaped by
as slow throughout Earth’s history. Hutton hypothesized that it i erosion and uplift.

types of change: slow, everyday processes that take place over
millions of years, and violent, unusual events such as the colli-
sion of a comet or asteroid about 65 mjllion years ago that
might have caused the extinction of the dinosaurs.

¢ N\
Summary Self Check
Absolute Ages 1. Evaluate the age of rocks. You find three undisturbed
® The absolute age is the actual age of an object. rock layers. The middle layer is 120 million years old.
What can you say about the ages of the layers above

Radioactive Decay

© Some isotopes are unstable and decay into
other isotopes and particles.

© Decay is measured in half-lives, the time it
takes for half of 3 given isotope to decay.

Radiometric Ages

© By measuring the ratio of parent isotope to
daughter product, one can determine the
absolute age of a rock.

® Living organisms Jess than 75,000 years old
can be dated using carbon-14.
Uniformitarianism

® Processes observable today are the same as
the processes that took place in the past.

[

and below it?

2. Determine the age of a fossil if it had only one eighth
of its original carbon-14 content remaining.

3. Explain the concept of uniformitarianism.
4. Describe how radioactive isotopes decay.

5. Think Critically Why can‘t scientists use carbon-14 to
determine the age of an igneous rock?

. Applying Math

6. Make and use a table that shows the amount of
parent material of a radioactive element that is feft
after four half-lives if the original parent material
had a mass of 100 g.

CLrTins: -
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