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Tectonic Activity

Any crustal deformation caused by motions of
the surface. Deformation of a material due to
an applied stress (force per unit area) is
characterized by the strain (dimensionless):
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Tectonic Activity

Any crustal deformation caused by motions of
the surface. Deformation of a material due to
an applied stress (force per unit area) is
characterized by the strain (dimensionless)

Hooke’s law: o, = E ¢,
Elastic materials E is Young’s modulus
will resp ond to (like a spring constant)
stress, but regain
original properties
when stress is

removed p=-Keg,
K 1s bulk modulus

o, = 2 &,

u 1s shear modulus




Tectonic Activity

Any crustal deformation caused by motions of
the surface. Deformation of a material due to
an applied stress (force per unit area) is
characterized by the strain (dimensionless)

Viscous materials

will deform or flow Newtonian viscosity:
in a slow smooth 0, = 21 de, /dt
way when stress is 115 Viscosity
exerted




Tectonic Activity

Materials can behave both elastically and
viscously; viscoelastic materials may behave
elastically on short time periods but viscously

on longer (geologic) timescales ... silly putty!

Usually at low temperatures materials tend to be
brittle, and at high temperatures they tend to be
ductile (much deformation before fracturing)




Elastic vs. plastic deformation
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Horizontal Stresses

Reverse fault
—» C O MmMPpr e $SSIi 0N -—mn
jointing hgnglng wall = the
side above the fault

fault plane

compaction

ANTICLINE {//footwall = the side

SYNCLINE below the fault

Normal faults
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graben horst

jointing

Greeley (1994)




Faults

* Faults are where
the crust fails,
causing
deformation

Normal "'

(extension)

« Normal fault = -
footwall displaced  Thrust = \'\
upward, reverse (compression) e
(thrust) fault =
displaced
downward Strlke-.shp ”

(shearing) %




SIMPLEST
Tectonics -
AsS planet cools

* Early - global volcanism

— Global expansion caused
crust to crack

— lava leaked through

« [ater- global contraction

— Mantle and core cooled,
compressed the crust

— Compressional tectonics

Mercury

= Crust compresses,

thrust faulting

/

Core
solidifies




Mercury:
Shrinking as it
cools
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Vertical Stresses

2. Crust buckles in response to compression
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B. Plume spreads and flattens

3. Crust thickens and a highland plateau develops '
Central Depression ___ Moat
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e 3 e bt C. Plume cools and moat and depresson form

4. Downwelling ceases and highland spreads gravitationally
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Tectonics on Mars
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Tectonics on Mars
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Fig. 6. Schematic sketch map of the exposed faults and units  Fig.9. Schematic illustration of the fractures associated with the
associated with the Syria center of faulting. Circled dot denotes Pavonis I episode of faulting, center located at 4°S, 110°W and
center at 8°S, 100°W. Dashed circles represent future location of denoted by the circled dot. Dashed circles denote the future location
Tharsis shields. of the large Tharsis shields.

Plescia & Saunders (1982)




Tectonics on Mars

Legend

Stage 5
Stage 4
Stage 3
Stage 2

Stage 1

Middie-Lale
Amazomnan

Late Hespenan
Early Amazonian

Early Hesperan

Late Noachian-
Early Hesperian

Noachian

Wrinkle Ridges
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Tension at smaller scales (Earth)




Earthquakes!

Richter scale is logarithmic:
log,E = 12.24 + 1.44My

DC Earthquake Devastation




Is Mars tectonically active today”

e A

Wray & Ehlmann (2011)




Plate Tectonics

volcano: low-density lava continental crust Mid-Atlantic Ridge
erupts to form new
continental crust.

ocean trench —

convection cell

upper mantle

subduction zone; New seafloor crust seafloor crust

crust remelted forms and spreads sideways.

Strong convection drives recycling of
crust on time scale of ~100 MY

seafloor crust




Colliding Spreading
Sinking

volcano: low-density fava continental cru
erupts to form new

continental crust.

Mid-Atlantic Ridge
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ocean trench = = Ocean “g plate

A

convection cell

ypper mantie \V

subduction zone; New seafloor crugt seafloor crust
crust remelted forms and spreacg sideways.

seafloor crust

Compressing Spreading




Face of the Earth™

Plate motions measured with accurate GPS
Typically cm / year




Mid-Ocean Ridge

As crust moves away : Hot new crust
from the ridge it cools expands forming
and confracts aridge

$lote motion Plate mction

Rising mantle plume




Mid-Ocean Ridge

Mormal magnetic
polanty

Reversed magnetic ,
polatity b
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Mid-ocean spreading
rate measured from magnetic field
reversal pattern




Plate boundaries:

Convergence

Continental-continental convergence

Oceanic-oceanic convergence

Ocean-continent convergence
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Continental
collisions =2
mountain ranges



volcano: low-density lava
erupts to form new
continental crust,

U waes )
i 20T VL e Sl

Andes - Pacific ocean plate sinks

under South American plate



Mountains along former plate boundaries

E. LATE PERMAN

~250 million =g
years ago

Supercontinent of Pangaea

erosion
of relief

D. LATE PENNSYLVANIAN

¥l ~290 million  fold bek forms Supercontinent of Pangaea
YOUrs 200 AR

climax of
Alleghenian
Orogeny

C.LATE MSSISSPIAN form atioq of the supercontinent of Pangaea
~320 million s
years ago

Early
Alleghenian
Qrogeny

B. LATE DEVONIAN Avalon Terrane Proto-African Plate

(Gondwanaland)
~370 million (New E-r'mland)

years ago “Catskill Delta”
S

Acadian

Orogeny

A.LATE SILURIAN
North Am erican Plate sl Avalonia Island Arc
~420 million | NY Bight region| o

years ago i E western lapetus Ocean




Plate tectonics shaped the Earth

« Seafloor recycling

— Keeps the seafloor DIVERGENT BOUNDARY:
young seafloor spreading CONVERGENT BOUNDARY:
. Mid-ocean ridge plate subduction Continental
— Ocean ridges and ... - lithosphere

tren Ch es lithosphere
e 0T

.. Mountain building
] :
- \\> :

« Built and shaped
the continents
— Mountain ranges

— Tectonic features i
stribution
(e.g. faUItS) of earthquakes
— Volcanoes
— Earthquakes

Important for habitability?




