Understanding the Nature of Mobile Floating
Lithospheric Plates




Topics of Inquiry
Concepts of Density and Buoyancy

Layered Physiology of the Earth
Isostatic Dynamics — Equilibrium vs. Adjustment
Modeling Isostasy in Lab

Plate Tectonic Theory

PT Processes:

v' Seafloor Spreading
v' Subduction

v' Hot Spots

Inter-Plate Dynamics

“'8) Measuring Plate Motion




Inquiry of Lava Lamp Motion

Density and the
Convection Process

v’ Fluid material at top of
lamp is cooler than material v Y
at the bOttom 4l ' pound =B ing ik cols

iz heated tha P its malecules to
sproad apart . i
a lighter d

v’ Hotter material is less
dense than cooler material

v’ Less dense fluid rises
while more dense fluid sinks

. N —"--- -:. ] -\-\-\-\-\-\'-\_ -
Solid Waxy — L — Surrounding
Compound | 1 Ligquid

v’ Heat and gravity drive the
system




Concept of Density

1) Density is an important intensive property

2) Density is a function of a substance’s mass and volume

3) The density of a substance is a measure of how much mass is
present in a given unit of volume.

» The more mass a substance has per unit volume, the greater the
substance’s density.

» The less mass a substance has per unit volume, the lesser the
substance’s density. -
mass

I
r D=
volume

Denisty =
4) Gravity controls the weight of a given volume of a substance,

based on the substance’s density
» The more dense the material, the heavier it welghs
> The less dense the material, the less it weighs.




Earth’s Layered Structure

1) Ten Different Density
Layers

2) Each Layer Has
Unique Physical and
Chemical Properties

3) All Layers Arranged
According to Density

v Atmosphere
v Hydrosphere

v Cryosphere

'/ ____C____onti'ﬁ;rlt Crust
d v Ocean Crust

= v Lithosphere
v Asthenosphere

v Lower Mantle
v Outer Core

v Inner Core




Earth’s Interior

Chemical and Physical 1 Converaoa
Nature of Earth’s Interior .
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Cross-Section Profile of an Ocean Basin

Passive continental margin Convergent active continental margin

Continental shelf

/_ — Continental slope ; Continental shelf
Continental rise Sea level il vallay Continental slope —

Seamounts
y '/ Abyssal 4 kilometers

e
plain ______________._/ pé)\_\/;&:ean trench

Mid-ocean ridge \

[ —
50 kilometers

Large-Scale Ocean Bottom Features
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




—
a

Elevation (Kilometers)

]
8
7
6
5
4
3
2
1
—0
1
2
3
4
5
6
7
8
]

Depth (Kilometers)

N A
- O

Land = 29.2%

Mt. Everest = 8850 meters

Mountains

Avg. elevation of land = 840 meters

Sea level

Caontinental
margin

’_i;
I

Ocean = 70.8%

Avg. depth of
oceans = 3729 meters

Deep ocean

Trenches &

Mariana Trench = 11,022 meters

1 |
20 16 12 8
Percent of Earth's Surface

50 100 150

0 Millions of square kilometers

200

250 300 350 400 450 500

20
Percentage of area

40

60 80 100




Two Primary Types of Earth Crust

1) Two Different Types of Crust Oceanic Crust | Continental Crust
Granitic Rock
v Continental = Granitic

v Oceanic = Gabbroic Sediments Sediments
Pillow i

2) Continental Crust == 2 P
v' Lighter (2.7 g/ml) Sheeted Dykes
v' Thicker (30 km) Choihas

v" High Standing (1 km elev.) R Granitic | 'j
& Intrusions Basement |

3) Oceanic Crust
v' Denser (2.9 g/ml)

v Thicker (7 km) Ultrabasic Ukrabasic T
Rock N Rock
v Low Standing (- 4 km elev.) X

Asthenosphere




\/6 Major Plates
v’ 8 Minor Plates
v’ 100 km thick

v Strong and rigid

v Plates float on fluid
asthenosphere

v Plates are mobile

v/ Plates move at a nate of
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1) Buoyancy is an important force on objects immersed in a fluid.

2) Buoyancy the fluid pressure exerted on an immersed object equal to the
weight of fluid being displaced by the object.

3) The concept is also known as Archimedes's principle
»  Principle applies to objects in the air and on, or in, the water.

»>  Principle also applies to the crust “floating” on the mantle, which is specially
termed “isostasy’.

ep s . . apparent
4) Density is a controlling factor in the welght In

effects of buoyancy between an object | fluid
and its surrounding immersing fluid '

»  The greater the difference in density
between the object and the fluid, the
greater the buoyancy force = sits high b'a?'r’af_"ﬂ'r' force

gravitational | —~°

»  The lesser the difference in density weight in air | . 1o ced
between the object and the'luid, the < fluid
lesser the buoyancy force = sits low v




Example of Buoyancy: Boat on a Lake




The Concept of Isostasy

Defined: state of gravitational equilibrium
between the earth's rigid lithosphere and
fluid asthenosphere, such that the tectonic
plates "float" in and on the underlying mantle
at height and depth positions controlled by

plate thickness and density.

» The term “isostasy” is from Greek
“iso” = equal; “stasis” = equal standing.

» Earth’s strong rigid plates exert a downward-directed load on the mobile,
underlying weaker, plastic-like asthenosphere — pushing down into the mantle.

» The asthenosphere exerts an upward pressure on the overlying plate equal
to the weight of the displaced mantle — isostatic equilibrium is established.

» Mantle will flow laterally to accommodate changing crustal loads over time —
this is called isostatic adjustment

"> Plate tectonics, erosion an'dﬁ changing iéé“*éép upsets Beaiaiic cquilibrium




Isostasy and [sostatic Equilibrium

[ISOSTASVJ

Archimedes'
model

- HEISHT of wood block
wood above water level
b lock LEPEMDS UPOM
relative GEMNSITY of
the wood (compared
with water) and
water THICKMESS of
the wood block

Thicker wood or lower density and the top of the block rides higher

now apply this idea to understand
topography on the plates.....

{AIRY MGDEL} [PRATT MGDEL}

Two Different Models to Explain the Difference in
Height (Topography) of the Earth’s Crust
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The I[sostatic Equilibrium

Cantinent Seawater Sediment
{p=1.03) (p=24) =

v : o ‘Continental crust
| ‘Basalt (p=29) granite
I . (p=28)

R

Mantla
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[ nsation
depth ~ 50 km

Cofumn of
continental
crust plus
mantle

Column of "~z
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[Isostatic Adjustment - Orogeny

Oceanic Crust & <=

Continental Crust

— . Erosion

Progressive : !
" metarmor phism (’J -

— ofrootincreases

— Rebound LBR &2002

its density and
rew 62005

s0 diminishes its
[y, buoyancy,
Ie.-ssenlng
rebound®.

* Karen M. Fischer, 2002, Waning buoyancyin the crustal roots of old mountains: Adawere, v 417, p. 333-936.
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[sostatic Adjustment — Volcanism
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Growth of the Hawaiian Islands — Crustal Depressic




[sostatic Adjustment — Ice Caps

Glacial Ice Interglacial
Crust / / l \ \ '

Mantle Movement

Isostatic Response to
Changing Ice Thickness

Glacial Adjustment




North American Pleistocene Ice Cap

v Ice Cap Maximum: 20,000 ya .
4 Graenlaﬁ*\
-E._-— __[Ef sh'm ‘:

v Ice Cap Retreat: 6,000 YA

v’ Last 6,000 years:
. . ; 3 Laurentide
» Sea level rising W lce Sheet

» Land uplifting

v' To establish an accurate rate
of uplift, you need to add rise in

sea level to uplift amount




Modeling Earth’s Isostasy

Using Wood Blocks and Water to Understand the Key
Concepts of Isostatic Equilibrium and Adjustment

» Density of Floating Blocks — |sostatic Balance

LI RS T E ] OEERETITERN
PRI T PR AT
[ i el ey

» Thickness of Floating Block
» Density of Liquid Water

A

The Lab Model:

1) Hardwood as Ocean Crust

2) Redwood as Continental Crust
v" Thick = Mountains 2 Depth of equal pressure

v Thin = Low-lying Regions

_

= -

3) Water as the Underlyihg Mantlé

J—




Determining Material Densities

Wood Block Densities:

1) Determine Mass (grams) with flattop
scale.

2) Determine Volume (cubic cm) with
ruler

v Length x height x width

3) Measure thick redwood block

mass m
‘ rD=—

volume v

Denisty =

Rock Densities:

1) Determine Mass (grams) with flattop
scale

2) Determine Volume (cubic cm) with
graduated cylinder

v Displacementmethod




The Water Displacement Method

1) Useful for determining the volume of irregular solid objects.
2) You need a graduated cylinder and water.

3) An object’s volume will displace an equal volume of water
In the graduated cylinder.

| Putitin the

The Lab Model: |,

1) Dark Rock as Ocean Crust
2) Light Rock as Continental Crust

The water

&8 The object
S| has a volume
4 of 2.

How much | —=f

volume does | T

this object .
.| have?




Density/Thickness — Buoyancy Relatlonshlp
Wood Block Behavior in Water: [l = ’
. | | wwmmm
1) Density of wood in relation to Baisa U |l 1.1

water density determines level of 750 kym?

Level of equal pressum

buoyancy: (percentages in/out of & Water density = 1000 kP

water) g
’?’TIIHH‘H‘I i F/ W/
2) Thickness of block determines S T ——
P 400 kp/m? 750 kg/m® Ba0 kg'm?

absolute height in and out of
water Water density = 1000 ki

Hlﬂﬂ I Hfﬂ‘n S B B o

3) Measure thick redwood block

density = Ds1
densi i — I T
Xm 1 750 kgdm?® " \ -
’J-} 5% of tha theckness of
A -.|.|-.:|| bGlock sticks ot of
\d density of Water density = 1000 kg/m? 2 Water
Xr fluid = Df
X Copyright @ 2006 Pearson Prentice Hall, Inc

___________________ A A

A B C comparison level

(dopth of compensation) as S m
| If the blocks are floating then the pressure at points " . o _
A, Band C must all be the same. Therefore: ]::l B]]lStj’ - ——— 0r D -
Xr1*Df = (Xm2+Xr2)*Ds2 +Xf*Df=(Xm1+Xr1)*Ds1 VO lum E: v

If you know the density of water (1 gm/cc) and the
x values you can solve for the density of the material.




PLATE TECTONICS THEORY

Earlll /4 lllhwpheﬂc I’Ia ler

v 6 Major Plates
v 8 Minor Plates
v’ 100 km thick

4 Strong and rigid

v Plates float on top
of soft asthenosphere

v Plates are mobile

v Plates move at a

rate of centlmeters
"peryear o @




Three Principle Types

of Plate Boundaries

e Plate Bound
plates slip past y pes ot Flate:boundary

guch ainer plates destroyed -

conservative taken into asthenosphere

3
e ol

—y

: (examples |
constructive L SXampies

new plate created I""vizw earthquake

focal mechanisms

b

1) Divergent = Constructive Tectonics
2) Convergent = Compressional Stress = Destructive Tectonics

3) Transform = [ | Conservative Tectonics




1) Seafloor Spreading = Constructive

2) Subduction = Destructive

o SN e e -
S R S e R = :




Seafloor Spreading and Subduction
Animation

Key Features:

1) The illustration shows both progressive - s docemn sl
growth and destruction of oceanic _ _
lithosphere by seafloor spreading and f- =
subduction, respectively. ~

2) Basaltic magmas are generated at both
centers of seafloor spreading and
subduction.

3) Magmas at seafloor spreading centers
are hot, fluid and dry, and produce
relatively non-violent eruptions

4) Magmas at subduction centers are rich
in silica and water and produce
infrequent, massive, and violent
volcanic eruptions










Plate Boundary Configurations

QOceanic- Continental- Continental-
oceanic oceanic continental
convergent Divergent convergent convergent
plate plate plate Continental plate
boundary boundary boundary rift valley boundary

Continental

Asthenosphere ShaGE

Subduction Subduction
Zone zZone

Lithospher

@& 2001 BrooksCole - Thomaon Learning




Loading




Forur Principle Mechanisms Driving Plates

&
= Pulling of whole plate by the |
sinking of the subducting slab

» Gravity-assist

= Sucking of slab downward

= Downward flow of
asthenosphere around slab

= Pushing of “elevated” ocean
ridge lithosphere toward trench

= Gravity-assist

= Diragginglliorces on base of
lithiespheicioyiasthenespheie

= Earth’s mantle convection




The Mobile Lithospheric Plates
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Subduction Ridge Transform
Zone axis fault

Direction

= of plate

movement

Convergent = Black line/Blue shading Divergent = Purple line Transform = Red line



Seafloor Ridge and Trench Macr
Seafloor Festure: SIMidOcean Ridges 4 Bises.
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Global Plate Tectonic Map
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EXPLANATION

Divergent plate boundaries—
Wheara new crust is genaratar
as the plates pull away from
gach other.

diiis Convargent plate boundaries—

Where crust is consumed in the
Earth's interior a3 one plate
dives under anather.

- Transform plate boundarles—

Whare crust iz meither praducad
nor destroyed as plates slide
horizontally past each other.

Flate boundary zones—Broad
belts in which deformation is
dillwse amd buundaries are nul
well defined.

Selected prominent hotspots

Earth’'s Hot Spots




_ the Hawaiian Hot-Spot trace

subnerged i
ansWilt N

e

TFIXED"
1000 km
e of volcanics

in million= of years

\/Hot spot plume anchored in mantle = assumed to be
stationary

4 Distance and age between linear sequence of hot
~spot- generated voleanic centers indicates the direction'
and rate of motion of lithospheric plate




e Volcanism in the American Northwest
s (Ages shown in
e, Millions of years)

Key Points:
v Hot spot plume anchored in mantle =
assumed to be stationary

v Distance and age between linear
sequence of hot spot- generated volcanic
centers indicates the direction and rate
of motion of lithospheric plate

TRLs
200 Kilometers




Juan de Fuca — Gorda Ridges

JUAN DE FUcA J d/'F L‘&ﬁf Juan de Fuca Hldge - Cascade Hange
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Americun
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0O ENT
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1
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geg.
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Pacific
Flate

GORDA RIDGE

v} 150 km

0

& USGS
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S0 roilea
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Spreading Center
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Subduction System



Explanation

[ Segmerts on which slip oceurred during
- Grest Earthquakes of 1837, 1872 and 190§

~Segmerts on which slip ocurred
during Smaller Earthquakes

1236 Dates of Earthguakes of Magnitudes 7-8

Segments on which Fault Creep occurs




Next Weeks Lab Topic

Define

Formation of Minerals
Mineral Classification
Physical Properties
|dentification

o

Read Mineral Chapter in Lab Textbook

. Complete_ the Pre-labs




