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catastrophism

Wit Youll Do

 Identify the role of unifor
anism in Earth science.

¢ Contrast uniformitaria
catastrophism.

& Describe ho
trophism in
changed.

mitari-
nism with

w the role of catas-
Earth science has

[APPLY

Making Assumptions

Earth’s Story and Those Who
First Listened

Humans have wondered abou
the branch of Earth scien

of years. But

involves the study of Farth’s history, 80
concept of modern geology was not outline
eighteenth century. Within a few decades, this concept rep
a more traditional concept of Earth’s history. Today,
concepts aré an essential part of Earth science.

t Farth’s history for thousands

ce called geology, which
t a late start. The main
d until the late
laced
both

Examine the photographs at right. List
thfe letters of the photos in the or.der
think the photos were taken. Now th'yiu
f)f all the assumptions that you mad ln’c
infer that order. Write down as man eofo
these assumptions as you can. Comyare
notes with your classmates. Did ouP
get the same sequence? Were yoyur
assumptions similar?

In science, assumptions must also
be made. For example, you assume that

The Principle of Uniformitarianism
In 1795, a phﬂosopher and scientist named James Hutton pub-
lished Theory of the Earth, in which he wrote that Earth’s land-

Figure 1, Hutton

Figure 1 Hutto
uniform geologi
Judging by
processes,
Earth mus

Hutton thought
that in time the
new rock would be
uplifted, creating
new landforms,
and that the cycle
would start over

again.

n observed gradual,
c processes at work.

the slowness of the
he concluded that the

¢ be incredibly old.

the Sun will rise each day. Briefly explain
the lmp?rtance of being able to count

on certain things always being the same
How does this apply to uniformitarianisn.ﬂ

forms are constantly changing. AS shown in
nges result from geologic processes—

assumed that these cha

such as the breakdown of rock and the transport of sediment—

that remain uniform, Of do not changg, over time. This
assumption is nOW called uniformitarianism. Uniformitarianism
is a principle that states that the same geologic processes shap-
ing the Farth today have been at wWork throughout Farth’s his-
tory. “The present is the key to the past” is a phrase that best

summarizes uniformitarianism.

Uniformitariani ‘
: anism Versus Cat P
astroph
most peo phism In Hutton’s ti
: thousa%dspf)ef thought .that the Farth had existedtcégrs s
b geOIOYe_ars. This was not nearly enough time f ol
L 1glc processes that Hutton described t Orhthe
o rr:ssnzt. But uniformitarianism was not imm:d' S
e,catBStroéhismeia A H?OS’E. scientists believed in catastro E’tely
oceurs Suddem; aSEIr)mlele that states that all geologic fh;;r;é
: . porters of catast ; .
formation ) strophism claim
and seas 22 illldEfth s features, such as its mountailrlesdctakrllat (%
atastrop;’les. Thesee Er}iglalcrll'ed by rare, sudden events c};?lll_z
geologic ch redictable catastrophes cau ]
: anges over large areas—sometimes even ;Sb Iﬁpld
ally.

atural forces breaking
[ler particles.

Hutton observed n
down rock into sma

s rivers carried

He watched a
downstream. -

rock particles

Iniformitariani i

o Iean?;?:;;Vlns! D(?spite Hutton’s observations, cat-
e hge?logy s guiding principle for dec’ades
e ar.fes L}fell,‘ another scientist, for people;
o 1831;n1L ormitarianism.

. i yell published three volumes collec
Ormitarianjsm‘?ii of Geology, in which he reintroduc d
. OV\.m imed with Hutton’s notes and neew
| f Catastrophism, Lyell successfully challenged the princi
i:“'_° e hap.pel};zl; s;w no reason to doubt that ma]'c;
Ly the same way in the past as it does

~ He saw that rock part
are deposited and t
they form new laye
sediment. He predi
that these deposits W
eventually form new f0
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Biology

CONNECTION

As a frlend of Charles Lyell, Charles
Darvym was greatly influenced by
!_yell s uniformitarian ideas. Lyell's
mﬂugnce became clear when Darwin
published On the Origin of Species
by thura/ Selection in 1859. Similar
to uniformitarianism, Darwin's; theo
of e\{olution proposes that changesni/n
species occur gradually over long
periods of time.
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Touwas To Learn

relative dating
superposition
geologic column
unconformity

What Youll Do

& Explain how relative dating is
used in geology.

& Explain the principle of
superposition.

¢ Demonstrate an understanding
of the geologic column.

& |dentify two events and two
features that disrupt rock
sequences.

 Explain how physical features
are used to determine relative
ages.

Relative Dating:
Which Came First?

Imagine that you are a detective investigating a crime scene.
would do? You might begin by

What is the first thing you
dusting the scene for fingerprints or by searching for witnesses.

As a detective, your goal is to figure out the sequence of events
d at the scene.

that took place before you arrive
Geologists have a similar goal when investigating the Farth.

They try to determine the order of events that led to how the
Farth looks today. But instead of fingerprints and witnesses,
geologists rely on rocks and fossils. Determining whether an
object or event is older or younger than other objects or events

is called relative dating.

The Principle of Superposition

e an older brother who takes a lot of photo-

Suppose you hav
graphs of your family but never puts them into an album. He

just piles them in a box. Over the years, he keeps adding new
pictures to the top of the stack. Think about the family his-
tory recorded in those pictures. Where are the oldest pictures—
the ones taken when you Wet€ a baby? Where are the most
recent pictures—those taken last week?

Rock layers, such as the ones shown in Figure 3, are like
stacked pictures. The oldest layers are at the bottom. As you
move from bottom to top, the layers get more recent, or

younger. Scientists call this superposition. Superposition is a

principle that states that younger rocks lie above older rocks

in undisturbed sequences. “Younger over older” is a phrase
you can use to remember this principle.

ck layers are like photos stacked over time—

Figure 3 RO
nes lie above the older ones.

the younger 0
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Activity
_Write the titles of 10 chap-
ters of this book on 10
note cards (one title on
each note card).

. Shuffle the cards and
exchange them with a

partner. Try to put your
partner's titles in the cor-

rect order without using
your book.

3. Compare your order with
the order in the book.

4. Your work would have
been easier if you had
been allowed to use your
book. How does this relate
to geologists using the
geologic column to put
rock layers in order?

Constructing the

Here you can se€€ three
rock sequences (ar b, and ©)
from three different loca-
tions. Some rock layers
appear in more than one
sequence. Geologists con-
struct the geologic column
by piecing together differ-
ent rock sequences from
all over the world.

Geologic Column

e rock-layer sequences, however, are
within the Earth. These forces can
t or fold rock layers, and
otimes these forces

Disturbing Forces Som
disturbed by forces from
push other rocks into a sequence, til
pbreak sequences into movable parts. Som
even put older layers above younger layers, which goes against
superposition. The disruptions of rock sequences caused by
these forces pose @ great challenge to geologists trying to deter-
mine the relative ages of rocks. Fortunately, geologists can get

help from a Very valuable tool—the geologicC column.

The Geologic Column
ne data from all

To make their job easier, geologists combi
d the world. From

the known undisturbed rock sequences arount
ists create the geologic column. The

this information, geolog

geologic column is an ideal sequence of rock layers that con-

tains all the known fossils and rock formations on Farth

arranged from oldest to youngest.
Geologists rely on the geologiC €O

sequences. For example, when geologists 2
k sequence they are studying, they gather infor-

the age of a 10C

mation about the sequence and compare it to the geologicC col-
umn. Geologists also use the geologic column to identify the
layers in puzzling rock nces that have
been folded over.

Jumn to interpret rock
re not sure about

sequences, such as seque

Geologic column

Rock sequences

.y -
- Al mmtar A

Disturbed Rock Layers

Geologists often find feat

b ures' that cut through existi

A featuresotg}i_:[s ;ste the relationships betweeg rocilizlyneﬁsrocg

e e Zcross them to assign relative ages to Tlll

= Sudlonlyn rc})fdr:.l They know that those features are

o e i ayers because the rock layers had ¥
Faults and intrusigrf: Z?QI:; Cou}d Bl .

oy *- e : .amp es of features tha

e }(;f > c];ilﬁt;;da brealf in the Earth’s crust aIZEUtij}f’C)SS

A 1 e reliatwe to one another. Anothgr C L

i t1rr11tru51on. An intrusion is molten rock frross-

R bOta}‘i squeezes into existing rock and I

of these features. Vi

Fault

—N‘ -
(e A

Figuréb.'.; ; faulvtk‘m(left) ST
and an intrusion (ri
younger than the layers they let 2:;’3; (right) are always

Geologists assume that th

o : : e way sediment i i
- Accoiz}ifrellg?;nt}?onzgnt.al layers—has notscflzrr)l;selcged o
i is pr1nc1ple, if rock layers are not I?VG?I
i ——— 1%) . ust haVP_. disturbed them after they formog_
g ; geologists to determine the relati iy
A tﬂtitn; ::eelzts that disturbed them. g
. wo additi '
disturb rock layers. Folding occur(idxil(?elrllaicz}gelsa;efrse ‘};ent; o
end and

buckle fro
m Earth’s inte
nal forces i rnal forces. Tilting occur .
Figure 5 1111111l the Earth slant rock layers without ; ;\(;hen T
strates the results of folding and tilt'o ing them.
ing.

Foldin

ure 5 Foldm
e g (left) and tilti A
ays tiltin
younger than the rock Iaiegrslizgyac:?feizents s

5 abBoak

Turn to page 652 in the

LabBo_ok to learn how

geologists construct the
geologic column.
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Many high-rise apartment
and office buildings exhibit
something similar to an
unconformity——they do

not have a 13th floor.
Instead, the floors skip
from 12 to 14.

0Deposition in this low
area occurs as sediment

is regularly supplied.

In the lower sequence an
unconformity2occurs where
a rock layer was eroded.

14N Chapter 6

Figure 6 In the top sequence,
an unconformity occurs where
sediment was not deposited.

Gaps in the Record——Unconformities

Faults, intrusions, and the effects of folding and tilting can
make dating rock layers a challenge. But sometimes layers of
ltogether, creating a gap in the geologic

rock are missing a
record. To think of this another way, let’s say that you stack

your newspapers every day after reading them. Now let’s

suppose you want to look at a paper you read 10 days ago-

You know that the paper you want should be 10 papers deep
paper is not there. What

in the stack. But when you 100K, the
happened? Perhaps you forgot to put the paper in the stack.
Now instead of a missing newspaper, imagine a missing rock

layer.

Missing Evidence Missing rock layers create gaps in rock-
layer sequences called unconformities. An unconformity is a
surface that represents a missing part of the geologicC column.
Unconformities also represent missing time—time that was
not recorded in layers of rock. When geologists find uncon-
formities, they must question whether the “missing layers”
were actually present Of whether they Wwere somehow
removed. Figure 6 shows how nondeposition and erosion cre-

ate unconformities.

e §ediment is supplied again,

eThe sediment supply is cut
and deposition resumes-

off, and deposition stops.

Tectonic uplift exposes the e Eventually, t

area to erosion by water,

wind, or other elements. tion to start again.

he area is worn
down enough for deposi-

Types of Unconformities

lg/rlgssito rilr;;c()infloorll;rziities form by both
eposition. -

fa;:;cors can complicSte matri;erfsi.u ;oo;(i};z{

plify Fhe study of unconformitie

geologists put them in three 'S,

categ.o'ries—disconformities no?ca]or

formities, and angular unco,nformit(i)er:,-

The three dia
grams at right i
these three categories. ght illustrate

i T
o A

Figure 7 A = . i
onformity exi: 4

g sts where
oﬁi nez(cjfdo: parallel r?ck layers is missill;)g;7 rtl/l%ila |
ol o see, a disconformity is the n‘;o t : }
n type of unconformity. ¥ |
i

dek et

Rock-Layer Puzzles

Geologists often find rock-layer sequen
:ﬁsa nthat have been affected by more

menﬁg;led()f the events and features |

ed in this section. F |

. : . For exampl |

an i o e

3 entrﬁmon may squeeze into roclé o 7 A I

thy trsh that contain an unconformity and

! :t a've. been cut across by a fault

4 etromlmr}llg the order of events tha{:

such a sequenée is li
1 ¢ [ s like pieci
together a jigsaw puzzle. PEETS

Figure 8 iformk V -
i Iayer;q I;Lonconformlty exists where sedimenta
on top of an eroded surface of non i

1.In
I ) ea roq(-layer sequence that hasn't
been disturbed, are old
h , er lavers layered igne p
y ) e L yers? gneous or metamorphic rock.

What rule d
2 0 you use to a
this question? nswer

2. List fi
Est five events or features that can
isturb rock-layer sequences.

3. ;?nifer a fault that cuts through
Sequene layers of a rock-layer
. ce. Is the fault older or

nger than the layers? Explain

4. A i
: nalyzing Methods Unlike other
typr esi iof unconformities, discon-
- formities are hard t i Figure 9 An angular unconformity exists between
0 recognize . 7
tal.ause all the layers are horizon- i o e -a a‘ re tilted
/ el horizontal rock layers and rock layers t;rt
t tilt

- When he

E ot she s looki or folded. The tilted

| disconformity? ooking at a before horizontal Iay(;rrsf?‘locﬁgegyzs thlelegaed
above them.
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