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OCEAN BASINS and CONTINENTAL PLATFORMS
Key Concepts

. Earth’s rocky surface covered by of two types of crust
»  Dense, thin, low-standing oceanic crust
»  Light, thick, high-standing continental crust
lI. Seafloor is divided into two topographic regions
»  Shallow continental margins
»  Deep-sea oceanic basins
lll. Continental margins and Deep Ocean basins are fundamentally different
»  Composition
»  Structure
>  Age
»  Tectonic origin
IV. Ocean basins are rugged and have a wide variety of topographic features
»  Mid-oceanic ridges and Transform fracture systems
»  Abyssal Hills and Plains
»  Oceanic islands, Seamounts, and Guyots
»  Trenches and Island Arcs




Atmosphere

Tropasphere & Stratosphere 55 kilometers
Gas - Nifragen, Oxygan, Water-vapor,
Argon, Carbon Dioxida

Crust

0 -40 kilorneters
Solid - Oxygen, Silicon, Aluminum, ron,
Calclum, Magnesium, Sadium, Potassium

Up per Mantle
A0 - 110 kilometers
Viscoelastic - Oxygen, Silicon,
Magnesium, lron

Transition Zone
410 - 560 klomeTers

Vicoelastic - Oxygen, Sllicon,
Magnesium, lren

Lower Mantle

440 - 2690 klometars
Viscoelaskic - Oxygen. Silicon.
Magnesium, Iron

Outer Core
26890 - 5150 kilomaters
Liquid - Iron and Nickel, (Sulfur?)

Inner Core
5150 - 4378 kilometers
Solig - Iron and Nickel

All valuss measured from Earth's sufoce
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Drift: soil, glacial till, other
unconsolidated szdiments.

Copyright Chris Rowan, 2016, Reuse permitted with
attribution for nen-commercial purpozes.

| Basement: most of
the continental crust
is @ mix of crystalline
metamorphic and
intrusive igneous
rocks with a felsic
(quartz-rich)

| composition.

/—\_' Cover: layered,

mainly sedimentary
rocks (bedrock)

The crust and uppermost mantle are
cold and brittle.This rigid outer shell
of the Earth is called the lithosphere.

kdeep as 250 km.

The base of the Earth's tectonic plates
is the mechanical boundary between the
lithosphere and asthenosphere. Above
and below this boundary, the rocks are the
same, but below it the mantle gets warm
enough (~1280°C) to become plastic and
able to flow. Underneath the oldest
continents the lithosphere may extend as

Deeper in the Earth, the weight of 100s of km of
overlying rock causes the pressure to increase
rapidly. In the transition zone, al around 660
km depth, the pressure forces mantle roc<s into
a more compact atomic structure.

The Moho is a compositional
boundary between the crust and
the denser, more iron and
magnesium rich peridotite of the
mantle. Beneath the continents, it
can range from 10-70 km depth.

Earth.

Earth's Internal Structure

What you would see if you took the long way down:
travelling between Kenl, Ohio (41°N, 81°W) and ils
antipode in the Indian Ocean via the centre of the
rocky planets composed of
minerals probably look a bit like this inside.

silicate

The asthenosphere can flow,
hut it is not molten - it is still
mechaniczlly strong enough to
allow the passage of 5-waves.

The core mantle boundary is a EJ
compositional boundary between silicat
rock above and metal (iron-nickel) below.
ILis localed just under half way belween
surface and the centre of the Earth.

_, |the Earth's magnetic

The outer core is
liquid, and is where

field is generated hy
the rapid convection
of molten metal.

The inner core is
solid, and is growing
slowly as the Earth

cools internally.

How do we

know?
This picture is
based on evidence
from:

- Earth's gravity
(surface rocks rot
dense enough)

- Mantle xenoliths
(mantle is not dense
enough either)

- Meteorites
(missing mass is iron)
- Seismology
(depth of Moho and
core-mantle boundary,
outer core is liguid)

Fraction of Fraction of
Layer Composition | Physical State | Earth radius | Earth volume

< 0.3% 1-2%

(silicate) - 45% 83%
& Lower Mantle £
Outer Core Liquid

- Iron-Nickel — 55% 16%
Inner Core Solid

[ About 40% of the

Earth’s surface is
continental crust,
with the remaining
60% being
oceanic crust.

oceanic plates are thinner than
continental ones: because oceanic
crust is young, there is less time for
the martle below to cool and become
part of the rigid lithosphere.

oceanic crust is thinner and more
mafic (iron and magnesium rich) than
continental crust and has pretty much the

intrusive
sheeted

intrusive
gabbro

dikes

~t

erupted
pillow
basalts

thin cover

same structure everywhere: 7km of
gabhra and basalt, divided into 3 layers.

of ocean
sediments




Earth’s Solid-Surface Topograph




i Topography of Earth’s Ocean Basins
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)

raphy of Pacific Ocean Basin
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Elevation (Kilomet
O =MW M= @0 o

2. Continental shelf

) L

3. Continental slope

4. The deep ocean floor

16 12 8 4 0 Millions of square kilomstars

5 L] M e a n d e pt h Of o ce a n Percent of Earth's Surface 0 50 100 150 200 250 300 350 400

0 20 40 80

Percantage of area

=4 km below sea level
6. Mean altitude of land

=1 km above sea level
7. Mt. Everest = 8848m
8. Marianas Trench

= 11022m




1) Two Different Types of Crust

v Continental - Granitic
v" Oceanic - Gabbroic

2) Continental Crust
v' Lighter (2.7 g/ml)
v' Thicker (30 km)
v" High Standing (1 km elev.)

'Oceanic Crust
v' Denser (2.9 g/ml)
v' Thinner (7 km)
v' Low Standing (- 4 km elev.)




Two Primary Types of Earth Crust

Oceanic Crust | Continental Crust

_ > Granitic Rock
v Continental = Granitic

v" Oceanic = Gabbroic Sediments Sediments |

#2) Continental Crust
r v'  Lighter (2.7 g/ml)
v' Thicker (30 km) Lithosphere
v' High Standing (1 km elev.) Gabbro Granitic

piy, s
Intrusions Basement = &
o

Dceanic Crust
v' Denser (2.9 g/ml)

| Ultrabasic Ultrabasic [ AW &
[ |\hineer (7ham) Rock W Rock

v' Low Standing (- 4 km elev.) Asthenosphere




Four Principle Methods of
Mapping the Ocean Bottom

Local direction of gravity based on attraction
to underwater mountains

2 3. Recelver

Depth=¥ X %

B Ccean floor
il 7 Get eadimant
‘Firm sedimant _ .+ "]
D T e e e o

Capyright & 2005 Pearson Prentice Hall, Ine

3. Ship-based Seismic Reflection

‘4 SubmerS|bIe Survey |




Means of Mapping
the Ocean Bottom

Zourigh € 2008 Pearnsar Prfive Hal. b

Schematic lllustrating Sidescan Sonar Data Collection

Usc&
Differential -

Corrvections RESEARCH VESSEL

FATHOMETER
3.5 kHx FROFILER

SIDESCAN SONAR SURVEY
{Areal Coverage)

The sea Moar is remotely mapped by means of sidescan sonar:

The intensity of sound received by the sidescan sonar tow vehicle from the sea floor
provides information as o the general distribution and characteristics of the surficial
sediment. In this schematic. strong reflections from boulders. gravel and vemical fesums
facing the sonar transducers are white; weak reflecions from finer sediments or shadows
behmd positive topographic features anc black. The sea floor is typrcally surveved in swaths
H0-501 meters wide, the swaths are mosaicked wogether 1o form a composite image of

the survey arer




(> Means of Mapping the Ocean Bottom
8 Satellite Radar -—

satellite orbit _ _
~Radar altimeter ~ —

Outgoing

radar <
pulses

Return pulses from
sea surface

Local direction of gravity based on attraction
to underwater mountains

Seamounts
Ocean ridge

Copyright @ 2005 Pearson Prentice Hall, Inc.

Ll ) Use of space based radar to reflect off ocean surface,
. giving a very precise sea surface profile; sea surface profile
i anomalies closely mimic the underlying seafloor profile
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- Means of Mapping the Ocean Bottom

Seismic Reflection E - .. e

Yusuf Basin i Eastern Alboran Basin
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Two-way Travellime (s}
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Copyrighl & 2005 Pearson Frenlice Hall, Inc.

Ocean floor

el & e - - Soft sediment, - -
: R = ‘..-.-.:..- .-Finm sediment.: .- T

e =

"~/ -Rock layer A-" "~ -7~

. : - . : . ' F:ioc.k' Ia)}er C ; ; '_'. : . 2 I':.!_e_fl-ef;_t:iqh‘ e

» Use of underwater explosions to penetrate seafloor with
seismic waves that reflect back, providing a subsurface image



By drilling the sea floor: e % depth of
greater than

M Establish d | e
stablish deep-sea 5,
drilling technology 2 fo BT

B Clarify the transfor-
mation of the global
environment

M Research in gas
hydrate

W Search for living
organisms in the

Earth's crust

B Cbserve the seismo-
genic zone directly

W Feach the Earth’s
mantle where human

- ' beings have never
explored

L =~ 4
= : - = — \,l.
""'\-.__. — .--\_-‘-'

— =5 Deep Sea Drilling Vessel

A > Use of underwater dri”IIin-g to penetrate seafloor and recover




Two Primary Types of Earth Crust

Sediments

Pillow
Lavas

Sheeted Dykes

Lithosphere

Gabbro Granitic
Intrusions

Ultrabasic Ultrabasic RS
Rock }', Rock

[

Asthenosphere

Oceanic Continental




(. Cross-Section Profile of an Ocean Basin

Continental shelf

/_f’_ Continental slope 2 Continental shelf
Continental rise Sea level il valey Continental slope —\

3 : Seamounts '
w_ Abyssal 4 kilometers = . 10N g

plain Ocean trench /

v Continental shelf, slope, and rise

v Abyssal plains and hills

v Mid-ocean ridge and rift valley
v Oceanic islands, seamounts, and guyots

v Ocean trench




Cross-Section of the North
Atlantic Ocean Basin

| Continental Qcgan Ocean Cantingntal
margin | pasin loar _ basin floor magin




AGE OF EARTH’S OCEAN BASINS

Age of Oceanic Lithosphere (m.y.)

Data source;
Muller, R.Ix, M. Sdrolias, C. Gaina, and W.R. Roesl 2008. A preading rales and spreading symmelry of the world's ocean erust,Geochem. Geophys. Ge

abia
Plat=

Image created by Elliot Lim, Cooperative Insttate for Research in Envire
5 Data & images

' » Oceanic lithosphere is youngest at mid-ocean ridges and
oldest along margins of ocean basins — no older than 200 myo!
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Oceanic Crust
1 =
0-20 Ma 20-65Ma > 65 Mz

Geologic Province

[ Stretched crust

I Large igneous provinces
[ Phanerozoic orogens
[ Phanerozoic basins

[ Phanerozoic platforms
[ Precambrian shields
I Archean crustal remnants

""'F&l".:
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> Black-circled regions are called “shields” or “cratons” —
Precambrian rock that make up the cores of continents




Ages (Ma)
B 3000 to 3501
B 2500 to 3000
~ | 1700 to 2500
1100 to 1700
3 850 to 1100
540 to 850
250 to 540
50 to 250
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1& { > Continental lithosphere is oldest in center and youngest
i= along continental margins — the oldest rocks are up to 3.8 byo!




{. AGE PROFILE OF NORTH AMERICA

7] Keweenawan Rift
B Grenville Collision
Bl Yavapai Collision

B Churchill Collision
Magmatic Arc

[ ] Passive Margin

B Bear Collision

[l Archean

[ Paleozoic Orogens

Tectonic Provinces of North America: (Ages are in Billions of Years)




. Continental Margins of the World

Submerged continental margins are shown in pale
orange color




{5, Two Types of Continental Margins
& e Passive = Constructive = Atlantic Type

Passive Margins

Passive margin
clastic sediments

= Broad shelves

==~ carbonate platfarm

= Subdued coastline

= Little to no tectonic
activity

= No Plate Boundary

Active Margins

valcanic arc

= Narrow shelves

_ * Rugged coastline
Gravitational
pull from

subduction » Tectonically active

» Plate Boundary
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90'W 70W 60'W 50°W 4(

Walter 4 F. Smith and David T. Sandwell, Seafloar Topography Version 40, 510, Seplembe
[T Ot 22 1354

Active = West Coast

Passive = East Coast

Excellent Example:

Passive and Active Continental Margins

Active
: MNarrow
Mardin _ continental
Plate shelr

Andes
bounda Mountains

Peru-
Chile
Trench

Pacific Ocean

movement E
Subduction zone, ™
carthquakes

== Souih American PIats)

Passive
margin Flate boundary

Broad

continental shelf Stlantic

{spreading center)
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{>Continental Margin Features

© 2002 Brooks/Cole, a division of Thomson Learning, Inc.

Distance from shore (miles)

M aj (0] 8 Feat ures 0 100 200 300 400 500 800 700

e Continental Shelf * Continental margin -

~— Continental shelf

Shelf break (~140 m, 460 ft)
Continental ris g =——

e Continental Slope :

~ (sediment
—"..—‘thickness varies) | o

e Slope Break

Depth (km)
[ %]
Depth (miles)

Deep-ocean floor

e Continental Rise

0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200

Distance from shore (km)

e Submarine Canyons

o

—Sea level

0 — |

T T T T T T T T 1 T T 1
0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200

Distance from shore (km)

.......

o Depth (km)
i
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= Turbidity

Sedimentation
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© 2002 Broo<s/Cole
a division of Thomson Lea’ning, Inc.
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Earth’s Deep-Sea Basin Features

e Mid-Oceanic Ridge and Transform
Fracture Systems

e Abyssal Hills and Plains

e Seamounts and Guyots - ...

e Oceanic Islands and Plateaus

e Trenches and Island Arcs




Key Points

¢ » Mid-ocean ridge systems
represent the most extensive chain
| of active mountains on Earth

:  .-_ > Active faulting and volcanism

{ > Sea bottom is covered by rugged
B bedrock ofi young pillow basalt

mm ~ Little to no pelagic sediment

»> Site of active hydrothermal vents
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Transform fault

& | Knipovich Ridge
;1=' \White actinariid sea anemone (class Anthozaoa)
=% | Capitellid worms sticking up all over (Polychaeta)

Axis of
mid-ocean ridge
\

Fracture zone

(~ Mid-Ocean Ridge and Fracture Systems

Key Points

» Mid-ocean ridge systems
represent the most extensive chain
of active mountains on Earth

»> Active faulting and volcanism

»> Sea bottom is covered by rugged
bedrock of young pillow basalt

> Little to no pelagic sediment

»> Site of active hydrothermal vents




rothermal Vents

Infiltration of Infiltration of
seawater seawater

< Metalliferous Sediments . ;
@ Iron-Magnesium Crusts H*,CF, Fe?*, Mn?*, N

gy I vl <L,y
H,SI0,, *He, H,S, CH,, CO,, Hz,/fﬁ‘” :
Ca™, K, Li*, Cu™*, Zn®" Pp?* g
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» Thick pelagic sediment
covers a rugged subsurface
bedrock of basalt

»> Abyssal plains are the
flattest, most featureless
provinces on Earth

Abyssal hill

Abyssal plain To ocean surface £ > Abyssal hills are tops of

—

seamounts sticking out

Fine sediment ' » Abyssal plains and hills

from suspensicn

Basaltic oceanic crust ;?ggl]iglgr?t?::rs cover the mOSt eXtenSlve
tracts of ocean seafloor

»> Subsurface imaging of abyssal plains and hills from seismic reflection
studies and deep sea drilling




Key Points
» Abyssal sediments are
predominately clays and oozes

Abyssal Plains and Hills

»>Soft pelagic sediment is
loaded with benthic organisms

» Benthic organisms crawl
over and and burrow through
the sediment = Bioturbation




PLATE TECTONICS and the SEAFLOOR

Seafloor Spreading
Subduction

Transform Faulting

Continental Rifting and Collision
Hot Spots

-CDHUERGEHT TRANSFORM DIVERGEMT CONVYERGENT CONTIMENTAL RIFT ZOME
PLATE BOUNDARY PLATE BOUNDARY PLATE HOUNDARY PLATE BOUNDARY (YOURG PLATE BOUNDARY |

TREMCH o SR THEMCH
IELAMD ARC ’ SHIELD DCEANIC SFREADIND
: , TREDGE “Si

STRATO- FOLOAE ok ? SR
ST WOLOANO p—— S s e i e < ;
- : — S == OCEANKC CRAUST
& LITHOSBHERE R
— X bl ‘

"ff':‘-; ASTHENOSPHERE SUBDUOTING
r PLATE

HOT 5POT




Seafloor Ridge and Trench Map
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1) Features resulting from Continental Rifting
» Continental Shelf and Slope

Deep-Sea Oceanic Basins

1) Features generated by Seafloor Spreading

» Mid-Ocean Ridges and Fracture Systems
» Oceanic Islands, Seamounts and Plateaus

2) Features generated by Subduction
» Trenches and Island Arcs

» Forearc Islands

3) Features resulting from Sedimentary processes
» Abyssal Plains and Hills
» Continental Rises

» Submarine Canyons




OCEAN BASINS and CONTINENTAL PLATFORMS

Summary of Concepts

. Earth’s rocky surface covered by of two types of crust
»  Dense, thin, low-standing oceanic crust
»  Light, thick, high-standing continental crust
ll. Seafloor is divided into two topographic regions
»  Shallow continental margins
»  Deep-sea oceanic basins
lll. Continental margins and Deep Ocean basins are fundamentally different
»  Composition
»  Structure
>  Age
»  Tectonic origin
IV. Ocean basins are rugged and have a wide variety of topographic features
»  Mid-oceanic ridges and Transform fracture systems
»  Abyssal Hills and Plains
»  Oceanic islands, Seamounts, and Guyots
»  Trenches and Island Arcs







