| Lesson 1

a solid, rigid, unbroken covering

a soft, flexible, unbroken covering

a solid, rigid covering broken into several large pieces
a soft, flexible covering broken into several large pieces
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<= The mountain range between South America and Africa marks the region where Earth’s crust is spreading. [

PRI, Ay
o oad) Sﬂ@wgﬂ‘m‘ Ly 3 g A ginl) Eﬁ)‘idﬁd‘z‘#‘m&“s::::::::

<= This spreading seperated the continents and formed the Atlantic Ocean. -efm‘*‘f“‘d“w‘ﬂ‘d‘éé!mj‘jf el
------ g pad) sl

¢ oad) gl aeliny Ua Jaadl) gl B Aadu Jls Al (A Jasanal) Chuatia b 300 Aadas [
sl &Lﬁu—“ gU VL Ll planad) |10

‘Mtdﬂ (_g.uuk— :::::

Jasaal) Ciaatiia B PO Alada JuSEs A0S ) aaad) caas) 5 [

A gl ilbual) 4 15 ac i AN Bayaed) A0Y) aaf N aga g g [




What lies at the bottom of the ocean and why?




| What can scientists “see” at the bottom of the sea?




| How did scientists use an echo sounder to map
| the shape of the seafloor?
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MID-ATLANTIC RIDGE IS LOCATED UNDER THE ATLANTIC OCEAN.
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 Mountain ranges on the seafloor,

such as
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* the Mid- Atlantic Ridge, are called mid-ocean ridges. ¢ endbY) sl sy
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* There are also depressions in the seafloor called ocean trenches.

One example of an ocean trench is the Mariana Trench.
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| on the
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K This map shows the features along
a section of the sea floor.




_ |Why does this processoccur? |
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So how do continents “drift”?

A mechanism to explain continental drift was finally

Continents do not plow through the solid rock on the seafloor.

Instead
continents move as the seafloor spreads along il ' 1\.. 0y
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Critical thinking question NS
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> What is the relationship between seafloor spreading, mid-ocean
ridges, and ocean trenches?

* Seafloor spreading is a process in which new oceanic crust is formed and destroyed.
* New crust is formed along mid- ocean ridges as magma rises through cracks in Earth’s crust.
* Older crust is destroyed where ocean trenches form.
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®’ THREE-DIMENSIONAL THINKING

Imagine it is 1965 and you have landed your . . Jh"&/gjﬁf’M/
dre:m job as a geolog?st investigating siafloor "’A"SJP “SL:S dladla) 4d 5, "’b ?dm ils 19..65.9‘..9 45‘ dfg
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spreading. You are presented with the following
information.
Connection
1. The average age of the oceanic crust along 1. Sample data table:
the Mid-Atlantic Ridge (MAR) is O million years Distance from the MAR (km) | Age of Oceanic Crust (Ma)
old. At the equator, 125 km west of the MAR, the 0 0
ocean crust is approximately 10 million years old.
About 1100 km west of the MAR at the equator, 125 19
the oceanic crust is about 90 million years old. 1100 90

Create a data table to express this information

visually.



?3' THREE-DIMENSIONAL THINKING

12500000 = 10000000 = O
\4I\Y g Connection
12500000 = 10000000 =

3. Knowing the age of crust and its distance from the ridge allows you to
calculate the spreading rate. How exciting! Use the formula below to
calculate the rate of movement. Express the spreading rate in cm/yr.

1. Sample data table:

distance Distance from the MAR (km) Age of Oceanic Crust (Ma)
rate = —
fime 0 0
125 10
1100 90

3.1.25 cm/yr



What is the theory of plate tectonic?
1. a more complete thegplate tectonics By the late 1960s,
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* the concepts of continental drift and seafloor spreading led to a more complete theory
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What is the theory of plate tectonic?

O
o
North Eurasian Plate
American
/ Plate
H d;lﬁnca Cagtnson Arabian
e Tectonic plates move slowly, only 1-9 cm per year. = 73*** o X
ilippine
But these massive plates have so much force they can Cocos @
bUiId — African Plate N
1. tall mountains, . A:;?::cman R i
2. form deep valleys, r> A T oo
3. rip Earth's surface apart. L ——
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® THREE-DIMENSIONAL THINKING -

Juan Caribbean

An a Iyze 7ate Arpal:it:n
the tectonic plates map below.

Nazca South
Plate American

Compare this map with the seafloor topography map from the w-
Under the Sea investigation

N “Scotia Plate - 2dhad

and the age of seafloor map from the Stripes on the Seafloor
investigation

» What patterns do you notice between
the three maps?

Answer : Earth’s Surface is broken into

¢ several tectonic plates.

*** Mid-ocean.ridges and ocean trenches make the
boundaries between some of these tectonic
plates.
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o, e . . . North Eurasian Plate
Critical thinking question . Amerca
» How is seafloor topography is an indicator of plate Juan Caiiin N\
tectonic ? Plote 7"'9 Plate
Failippine

Cocos _— Plate

Plate Pacific Plate

» African Plate
Pacific

Plate Souih

American £ Indo-glustralian
Plate a ¥ ate

~ Antarctic Plate

'Scotia Plate

How is seafloor topography is an indicator of plate tectonic?
 because mid-ocean ridges form where plates are moving away from each other

* and ocean trenches form where plates are moving toward each other. i
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For many years, scientists thought that the ocean floor was flat. During World War I,
U.5. Navy ships patrolled the oceans. A captain of one of the ships, Harry Hess, was
also a geclogist. He used a new device called an echo scunder to map the ocean fleor.
The echo sounder data showed that the ccean floor had mountains and velcanoces in
addition to flat areas.

When scientists took samples of the rocks that made up the ocean floor, they
discovered something surprising. The rocks closer to the mid-ocean ridge were younger
in age than the rocks far away from the mid-ocean ridge. They concluded that this
difference in age was another way to support the theory of plate tectonics.

2. IRIER*I:3@ Connection| Which best describes how the scientists could explain
their ocbservations?

A They thought that sediment washing in from the shore formed the ocean floor,
and continued to build out from the shore.

B They thought that strong ocean waves pushed the yvounger rock material toward
the middle of the ocean.

C They thought that wave erosion at the shore removed the younger rock layers
that were on top of the older rock layers.

D They thought the yvoung rock formed at the mid-ocean ridge and pushed the
older rock toward the shore.



V1 B Connection

Lesson Review

3. A continent travels 0.006 m/year. How long would it take the continent to travel

100 m?

O

600 years

16,667 years

60,000 years

OO‘

167 years




Lesson Review

Real-World Connection

4. Locate What tectonic plate do you live on? Where is the nearest mid-ocean ridge?




Answer Key with Questions
Lesson Check: Development of a Theory

1) As new seafloor moves away from an ocean ridge, the seafloor cools and becomes |ess
dense than the material beneath it.

O True
C False

2) The youngest rocks on the ocean floor are located

O A) near continents
’ B) at mid-ocean ridges
O C©) far from mid-ocean ridges

O D) near Asia




3) Which of the following best explains the age of oceanic crust and ocean-floor featt /\/Q’

@ A) seafloor spreading
(O B) continental drift
O ©) subduction

O D) crystallization
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4) New ocean crust is continually formed at _.

’A) mid-ocean ridges
O B)trenches

(O C) subduction zones
(O D) ocean basins
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seafloor spreading
5) The theory of explains how new crust is created at mid-ocean
ridges.

6) What new technology was used to map the seafloor beginning in the 1940s and 1950s7?

sound waves on moving ships




7) How does a mid-ocean ridge form?

* As the seafloor spreads apart, magma moves upward and flows from the cracks.
It becomes solid as it cools and forms new seafloor.

* As new seafloor moves away from the ridge, it cools, contracts, and becomes denser
than the material below it.

* This dense, colder seafloor begins to sink, helping to form the mid-ocean ridge.
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8) The map shows the ages of rocks found on the Atlantic Ocean seafloor.

Ages of Rocks on the
Atlantic Ocean Seafloor

Key
I 118.1-180.0 million years before present

Il 56.0-118.0 million years before present

I 20.2-56.0 million years before present
__| 0-20.2 million years before present

a. ldentify the process that causes the pattern of rock data shown in the map.

a. Plate tectonics or seafloor spreading
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8) The map shows the ages of rocks found on the Atlantic Ocean seafloor.

Ages of Rocks on the
Atlantic Ocean Seafloor

Key
I 118.1-180.0 million years before present

B 56.0-118.0 million years before present

|:] 20.2-56.0 million years before present
.| 0-20.2 million years before present

b. Explain how the pattern provides evidence for the process you identified in part (a).

b. New ocean crust is made at the rift zone (or mid-ocean ridge). As more crust builds up at the center of the
ridge, it pushes away the older crust toward the continents.

This process happens slowly over millions of years, creating a pattern of crust that gets older the farther
away it is from the ridge
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https://quizizz.com/admin/quiz/61cc24ad3ca557001ea8a4f4/development-of-a-theory

What are mid-ocean ridges?

@ Vast mountain ranges deep below the ocean's surface

Deep underwater troughs on the seafloor
The process by which new oceanic crust is continuously formed and destroyed

molten rock below Earth's surface

What are ocean trenches?

« Vast mountain ranges deep below the ocean's surface
@ Deep underwater troughs on the seafloor
» The process by which new oceanic crust is continuously formed and destroyed

molten rock below Earth's surface



North Eurasian Plate

2) The youngest rocks on the ocean floor are located American
/ Plate
(O A) near continents Juan Caribbean ]
de Fuca Plate Arabian
. B) at mid-ocean ridges Plate / Plate
(O c¢) far from mid-ocean ridges C Ph::g:)eme
0C0S _——
O Dj)near Asia Plate

Pacific Plate

" African Plate
Pacific
Plate

4) New ocean crust is continually formed at

. A) mid-ocean ridges
O B)trenches

O C) subduction zones ‘ " Antarctic Plate
O D) ocean basins Py Scotia Plate y

South
American
Plate

Indo-Australian
Plate

1) Ocean trenches are formed along lines where two plates diverge under the water.

QO True

. False

2) Mid-ocean ridges are formed along lines where two plates diverge under the water.



9) Point out two changes that occur between the 65 mya time period and the present. 9) Why did Alfred Wegener believe that all of the continents once had been joined?

Explanation

The edges looked as if they would fit together like the pieces of a puzzle.

65 Million Years Ago Present

India has collided with Asia to form the Himalayas. Australia has separated from Antarctica.
A rift valley is forming in east Africa.

1) The presence of the same
continental drift.

on several continents supports the hypothesis of O

O A)fossils
O B) rocks

O C€)neitheranorb
. D) bothaand b

5) Matching on different continents are evidence for continental drift.
) 7) Wegener believed that the continents were assembled as part of a supercontinent about
O A)river systems years ago.
B) rock structures -
. ) ' A) 250 million

(O C)weather patterns O B) 350 million

O ©€) 450 million
O D) 550 million

O D) wind systems



What is seafloor spreading? & R

« Vast mountain ranges deep below the ocean's surface
» Deep underwater troughs on the seafloor

@ The process by which new oceanic crust is continuously formed and destroyed
« molten rock below Earth's surface

The mid-Pacific Ridge is the longest mid-ocean ridge
True
False

The Mariana Trench is the deepest landform on Earth

‘Frue

False

The theory of plate tectonics states that Earth's surface is made of rigid slabs of rock, or plates, that
move with respect to each other

.I'rue

False




5) A vast, underwater mountain chain is called a(n)

O A) deep-sea trench
(O B) oceanic crust
’ C) ocean ridge

O D) ocean floor sediment

The Mariana Trench is the deepest landform on Earth

answer choices

® Truee @ ralse

What are mid-ocean ridges?

answer choices

@ Vast mountain ranges deep below the @ Deep underwater troughs on the seafloor

ocean's surface

@ The process by which new oceanic crustis @ molten rock below Earth's surface

continuously formed and destroyed

What are ocean trenches?
answer choices
@ Vast mountain ranges deep below the @ Deep underwater troughs on the seafloor

ocean's surface

@ The process by which new oceanic crustis @ molten rock below Earth's surface

continuously formed and destroyed



As new seafloor moves away from an ocean ridge, the seafloor cools and becomes less dense than the
material beneath it.
True

@ False




