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Tectonics

A. Tectonic Forces are forces generated
from within Earth causing rock to
become_deformed

B. Tectonics

1. The study of the origin and arrangement of
Earth surface including mountain belts,
continents, and earthquake belts.




2. Plate Tectonics

a. This s the basic idea that Earths crust Is divided
into a few large, thick _ plates which are large
slabs of the lithosphere.

(1) Plates are part of the_lithosphere  move slowly
and change In size.

(2) Plates may be:
(a) entirely S€a floor  yock
(b) both _Sseafloor and continental rock

(c) entirely _continental  rock




Tectonic Plates
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Tectonic Plates
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(3) Plate boundaries are geologically active
with:

(a) earthquakes
(b) volcanoes

(C) young mountain ranges




b. Plate Tectonics combines two
preexisting ideas

(1) _Continental Drift __ which is the idea that
t he continents move fr e:¢
changing their positions relative to one another

(2)Sea-Floor Spreading which is the
hypothesis that sea floor forms a mid-oceanic
ridge crests and then moves horizontally away
from the ridge towards oceanic trenches.




Sea Floor Spreading

A. This is the hypothesis that:
1. Was originally proposed by Harry Hess, a Princeton University geologist
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2. Sea floor forms at
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5. _Convection in the mantle is the driving force.




B. The Mid-Ocean Ridge

1. Hot mantle rock rises beneath the ridge as a result of

convection
2. This expains high heat flow and basaltic volcanic eruptions.

" GREENLAND

3.a. Tension atthe
ridge crest results
In cracking open
of oceanic crust to ]
form a .
rift valley

b. Shallow focus
earthquakes
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Maj or | i nes of weakness i1 n Ear
Cross the mid-ocean ridge at nearly right angles.
Extend for 1000's kilometers across the ocean floor.

The mid-ocean ridge was once continuous across the fracture
zones but is now offset.

t
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Seismically

Seismically Spreading active zone
Seismically
inactive zone

B Transform fault



Trenches
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Deep Ocean Sediments

Mid-oceanic ridge
5 km

| |
500 kilometers

/]

W Pelagic sediment

A Deep ocean (pelagic) sediment is thin or absent
on the crest of the mid-oceanic ridges.

A Sediment becomes thicker away from the ridge.



C. Paleomagnetic Data at the Ridges

...............................................................................

Positive‘magnetic Negative

Magnetometer anomaly magnetic
record of anomaly
magnetic field

stength _N\MAJW N

Rift valley at ridge crest

Oceanic
crust [ ]
A

Positive magnetic anomaly Rift valley at ridge crest

Negative magnetic anomaly

Airborne magnetometer on a
U.S. Navy Orion P-3

10 Kilometers
[

1. New rock formed at the center of the ridge acquires
Earthos magnetic polarity at t ha

2. Parallel to the ocean ridges there are long strips with
alternating magnetic polarity (magnetic anomalies that are
symmetrical about the ridge crest).
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lll. Causes of Plate Motion

B. Mantle Convection

Mantle convection models

A On a human time scale
convection Is slow
I Rate of fingernail growth

i A clockds houriQ
10,000 times faster
2 layer

A Geo | O g | C a | | y convection decouple on transition zone

I 58 million years from
bottom to top of mantle

A Patterns are not fully
understood.
I There are several models

sing le-layer ? role of transition zone??
convection



Convection Model that Includes
NRIi dge Pusho and

Volcanic island chain

Mid-oceanic ridge
~\("ridge-push")
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Island arc

Core




C. Ridge-Push and Slab-Pull

(==

Contradict convection models that assume the plates are dragged
Along by movement of underlying mantle rock

1. Ridge - Push
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Trench
|

Ridge

Lithosphere

80 to 100 kilometers

'

Asthenosphere

Plate slides downhill
on this surface

Spreading centers stand high on the sea floor

As a plate moves away from a divergent boundary it cools and
thickens causing the sea floor to subside as it moves, forming the
broad side slops of the ridge.

As the asthenospheric mantle cools it thickens creating a slope.
Lithosphere slides down.

Due to higher elevation at the ridge, a push is imparted to the tectonic
plate.
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yes of Plate Boundarie




A Continent undergoes extension. The crust is thinned and
a rift valley forms (East African Rift Valleys)

Rift
valley
Seawater

B Continent tears in two. Continent edges are faulted and uplifted.
Basalt eruptions form oceanic crust (Red Sea)

Continental shelf
Rift valley
Continental rise

C Continental sediments blanket the subsiding margins to form continental shelves and rises.
The ocean widens and a mid-oceanic ridge develops (Atlantic Ocean)

daries

Sea level
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Summary of Divergent Boundaries

Plates moving away from each other.
Marked by rifting, basaltic volcanism, and uplift.

Tension causes shallow-focus earthquakes along
normal faults along which the crust is stretched and
thinned.

In a continent a _I'ift valley forms as a central valley.
Found at:

a. Mid-oceanridges

b. Continental rift valleys (East African Rift)

(1) After widening of the rift, eventually the plates
separate and seawater floods into the linear
basin between the two divergent continents.

(2) Eventually opens into an ocean with a mid-
ocean ridge in the center.




B. Transform Boundaries

One plate slides
horizontally past
another.

Sites of shallow-focus
earthquakes and less
likely to have volcanic
activity PACIFIC

] ] . . PLATE
Strike-slip motion is
common.

No new surface is
formed or consumed

Locations of transform
motion.

a. San Andreas Fault jn California (between the North
American Plate and the Pacific Plate)
b. At mid-ocean ridge _fracture zones (not plate boundaries)

United States

NORTH
AMERICAN

Baja California Gulf of

Californial




onvergent Plate Boundaries

Tectonic Plates Collide




1. Ocean-Ocean Convergence

=

Accretionary
wedge

c
4

|||i||l|l|l|||l ...’,.
[]
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Lithosphere

~

Asthenosth

Volcanic
island
arc

Oceanic Forearc
crust Tren V / basin
AR
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“Trench” is convex
Ping-Pong ball toward “plate”

Dent in ball

“Plate” on
surface of ball

Sea level

A—

100-km depth

Two plates capped by sea floor converge

One plate __ subducts beneath the other.

(1) The subducting plate bends downward forming the outer wall of an

oceanic trench

(2) The trench forms a broad curve convex to the subducting plate due to
surface.

Earthds rounded




(3) Benioff Zones Form

Copyright © The Hill C Inc. Per ion required for reproduction or display.

Volcanlc
island arc

Trench

A Inclined zone of
seismic activity.

A Subduction angle
of 30° to 60°.

(4) Above the
Benioff Zone

I String of volcanic
Islands

T In acurved line

| parallel to the
trench




5. Accretionary Wedge

Accretion )
Civggzeary Volcanic
Oceanic Forearc island

crust Trench / basin arc Backarc region
| QX

— ﬁ/~« 4 \\ —
<4
9. Y
59 T !
L ‘//_““).
Lt !
n..\w ¥

Ty PR

" o
<

, & Sea level
sl 9 5 2 T i 0 0 i
q
Q
" Magma -
Lithosphere
' _ _ _ _ _ 100-kmdepth |
Asthenosth Earthquakes ? ?

A Inner wall of atrench that is towards the arc

A Thrust faulted and folded marine sediment along with pieces of
ocean crust.

AfiSnowpl owedo off the subducting p



6. Forearc Basin

Accretionary

wedge
Forearc

Oceanic
crust Trech

Volcanic
island

Backarc region

Sea level

Lithosphere

' _ _ _ _ _ 100-kmdepth
Asthenosth Earthquakes < ? ?

A Lies between the accretionary wedge and the volcanic arc
A Relatively undeformed



Examples
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Japanese Island Arc

Volcanic
Back-arc island
Continental basin arc Trench
crust \ /
e _~Sea level

Subduction
complex

A LAY =
Convection Oceanic

crust

Upper Magma

mantle\ Asthenosphere
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2. Ocean-Continent Convergence
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Oceanic Accretionary Mountain belt Sedimentary
basin
crust wedge o Backarc
Trench l Forearc basin gm thrust belt Craton

Metamorphic rock

A

100-Kilometer depth
& & — 7T T T T T T T mT T T T - =

a. Oceanic crust is subducted under continental lithosphere resulting in an
active continental margin.

b. A ben LOff zone of earthquakes dips under the edge of the
continent.

c. A new mountain belt is formed.



2. Ocean-Continent Convergence
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d. Magma rises forming a magmatic arc with the continent.

e. Andesitic volcanism occurs.

f.  Beneath the the volcanoes are large plutons in thickened crust,
seen on land as batholiths when exposed by extensive erosion.




2. Ocean-Continent Convergence
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g. The more buoyant and continental plate experiences intense
deformation, metamorphisms, and melting.

(1) crust thickens
(2) also rises isostatically

(3) Thrust faults, associated with folds, move slivers of mountain-belt
rocks landward over the continental interior.



Continent Converg
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Alfred Wegener and the
Continental Drift Hypothesis

A German
meteorologist

A Credited with
hypothesis of
continental drift




B . Wegener 6s EvIi de ncClc

1. Pangaea

a. Wegener proposed the presence of a giant
continent, Pangaea (also spelled Pangea), which
|l 1terally transl ated mean:

b. When it split apart it separated into two parts with
the proto-Atlantic between them (called Tethys Sea).

(1) _Laurasia was the northern supercontinent that
contained present-day North America and Eurasia (not
Including India

2)_Gondwanaland  (aiso called Gondwana) was the

southern supercontinent, composed of all present-day
southern hemisphere continents and India.










4. Matching Mountain Ranges

Greenland Nerway,

America

South
America

0
Cape Fold Belt

When continents are brought together, their mountain ranges form
a single continuous range of the same age and style of deformation.



5. FOSSIl Evidence

a. Almost identical late Paleozoic fossils In
South America, Africa, India, Antarctica,
and Australia.

b. Bones of land reptiles have been found
INn Antarctic rocks. Antarctica Is now
completely separate and isolated from
other continents.



Cc. Glossopteris

(1) A Late Paleozoic plant found in rocks on all five
continents.

(2) When the land areas are joined, similarity can be seen.



d. Extinct Reptiles

A Areas where found reveal narrow, sharply
defined habitats extending across:
I three continents and
I the subcontinents of Madagascar and India.

A The shape of the animals ranges can best be
explained by assuming that these lands were
once united as one landmass.



Mesosaurus

A A freshwater carnivorous reptile; 50 cm long
A Fossils found in Permian-aged rocks in Brazil and Africa



Lystrosaurus

‘W( )

T

:" .V
\\‘ "r“'
g

-

A Early Triassic terrestrial mammal-like reptile
A About 1 meter long with two long teeth protruding from the upper jaw
A Fossils found in Africa, India, and Antarctica



Cynogathus

A Early Triassic terrestrial mammal-like reptile
A About 1 meter in length
A Fossils found in Brazil and Africa



Fossil Evidence

Mesosaurus

Glossopteris




6. Late Paleozoic Glaciation

Glacial evidence shows the
Origin of the glaciers in the
Atlantic

Boulders in S. America traced
to a source in Africa

A Distribution of Late Paleozoic continental glacial evidence on the
Gondwanaland continents can only be explained by a
supercontinent.



