CHAPTER 17

PLATE TECTONICS

* Shape and

Continental Drift

- Predecessor to

plate tectonic
theory

“fif" of
continents was
initial evidence

Continental Drift
Alfred Wegener (1880-1930)

- Proposed that all continents were
once part of a supercontinent -
PANGAEA

Evidence for Continental Drift

* Paleontological

- Similarity of fossils on opposite
sides of the Atlantic Ocean

Continental Drift

- Wegner proposed a mechanism
for drift

- Less dense continental rocks drift
over more dense ocean rocks

- Earth's rotation was driving force

Fossle he fem Glossopteris,

Foasil remains of Cynognathus, a 5
Triassic land reptile a imately  found in all of the southem
3 mdgng. hm%qn in continants are proof that they ware
Argentina and solithern Africa. onca joined.
Fiormains of the freshwater =
raptilo Masosaurus have baon R
found in both Sguth America Alrica =
and Africa, Evidance of the

T
land roptila Lystrosauns
has bean fuuyr:i in Africa,
Antarctica, and India.
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Evidence for Continental Drift

* Distribution of Rock types

- Distinct rock geologic structures on
both sides of the Atlantic Ocean
* Mountain fold belts seemed to match
* Only in rocks > 145 mya

Evidence for Continental Drift
- Glaciation
- Late Paleozoic rocks
- Distinct glacial deposits (Till )
+ Glacial striations (direction
of movement) I

Evidence for Continental Drift

+ Paleoclimate belts

- Evidence of extreme changes in climate
as compared to the present
+ Coal deposits
+ evaporite deposits, eolian deposits & coral
reefs
+ Paleoclimate reconstruction in modern
continental configuration doesn't make sense

Reconstruction from glacial deposits

Paleoclirn}fef-f'm—‘—‘———‘__ﬁ

. Ice-rafied boulders . Coal l:l Low-latitude deserts

. Evaporite deposits £, Desert dune deposils D Tropics

amm, Coral reef \ Direction of ice movement D Glacier




Topography of Ocean Floor

* Technological advances in the
1950's and 1960's - Ocean basins divided by large,

- Investigation of the sea floor continuous ridge system

-

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Topography of Ocean Floor Composed of basalt Ocean Floor

- Central rift valley within the ridge - Young and thin
- No ductile deformation

Seafloor spreading (1960) Geology of the Ocean Floor

- Proposed mechanisms:
* Mantle convection
* Rifting along ridge system
+ Continents pushed by spreading seafloor
+ Recycling of oceanic crust by subduction

* Paleomagnetism

- Fe-rich minerals magnetized by Earth's
magnetic field

- Orientation preserved in mineral
- orientation varies on Earth's surface




Geology of the Ocean Floor

* Polar wandering

- Earth's north magnetic pole appeared to
move through time

i - Wandering paths varied by continent
- Multiple poles are not possible

Geology of the Ocean Floor
* Magnetic réversals

- magnetic field polarity can “flip-flop”

* Normal polar‘ify - Nmagnzﬂc = Ngzogmphic
* Reversed polarity - N =5

'magnetic geographic

Reconstruction from paleomagnetic data

Magnetic Polarity Reversals

- recorded in ocean floor basalt

- polarity reversals parallel ridges

- Polarity “chrons” give age of seafloor
+ Older away from ridge
+ Rates of plate motion may be calculated

/ Virtical saquance of
{  basal fows an continont

- Youngest sediment rests on basalt near ridge
- Sediment above basalt is older away from ridge

Patterns of magnetic reversals




Plate GeonghZ
+ Lithosphere is divided int¢ individual plates

Scotia

H&mnemﬁaoeﬂstu—shw: [] Paleocena (56-65 MY) s, SR ) |
Miocene (523 MY) Cretaceous (65-146 MY) - Boundadries;: ridges, trenchesjyoung mountain belts
Ciligocens (23-35 MY) Late Jurassic {146-157 MY} - m = =—— Tmanslorm

| Eocene (35-56 MY) Miciclie Jurassic (157-178 MY) g5 Fe.not Perﬁ‘n“%m*ures plats boundaries

Age of the sea floor

Plate Motion

+ Tectonic plates are rigid curved
plates
- Velocities vary within a plate
- Rates vary from 1 to 20 cm/yr

Fracture zone —— Ridge — Trench

Rates of plate motion around the world

Mechanisms Tectonic Mechanisms
- Convection of heat from the core and

mantle

- New crust at ridges

- Old crust pushed away from ridges

- Subduction of cool crust back to mantle

Mw Lihosphion

Mw Lithosphere

(A) . . .. (B), ) .
* Plates participate in convection
process

- Slab pull - dense ocean crust
descends under its own weight




Tectonic Mechanisms

Wd‘-"”". Lithasphere

i care \ ! I |

- Plates par‘ricipa’remin convection
process
- Ridge push - gravity pulls
lithosphere down & away from ridge

(A

Tectonic Mechanisms

Wd‘-"”". Lithasphere

(A) . ) I iB)
* Plates participate in convection process
- Friction - resistance to movement from
various sources




