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We Discuss ...

Extension Tectonics

+ Today’s divergent plate boundaries
+ Ocean Ridges
 Lithologies

+ Failed Rifts

+ Structural Styles
* Pure shear systems
+ Simple shear systems

+ Stretching factor

+ Metamorphic core complexes
+ (Isostasy)

+ Rift evolution
 Lithologies
+ Passive margins

» Causes of rifting and regional

extension
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Today’s Plates and Divergent Boundaries
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Continental Rift Systems: East African Rift
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Africa’s Gregory Rift
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Extension Tectonics

Ancient Continental Rift Systems
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Rifts and Ocean Ridges
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Morphology of Ocean Ridges and Spreading Rate
Ridge axis
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Structural Styles of Rift Systems

/ Range (Horst) Basin (Graben)

(a)

"Lower plate" ’ "Upper plate"

Breakaway

Range (tilted block) Basin (half graben)

N Normal fault . Basement I:] Basin fill
(b)
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Extra: Petrology of Ocean Ridges (“ophiolite”)
Vent /-

dikes TT——

Simple-shear (or
detachment) model
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Examples of Rift Systems
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Extension and Stretching Factor
Km I Before
|<_ u _’I .
0 Stretch and extension:
s=1,=2
- > e = (--,)/l, = 1 (=100% extension,
so0 50% thinning)
120 Asthenosphere
) (recall: s =1 + €)
K,g i | After
e is typically 1-3
(s =2-4)
Asthenosphere .
g 100-400% extension, 50-75%
l,=80km s =2, where thinning)
lg=160km s=lg/ly
(b)
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Extension and Isostasy

. . Km ey BB
Application of Archimedes’ Law of Buoyancy to 0
Earth:
“the mass of water displaced by a block <j [>
is equal to the mass of the block”
So, sur_face th|_nn|ng of “block” (lithosphere) 120 i ——
results in subsidence. @
Wood blocks Km — 1y — After
0
m
120
l,=80km s =2, where
lg=160 km s=l4/ly
=Pg Level of compensation (b)
P, =Py is called
. isostatic equilibrium
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Extra: Extension and Sedimentation =~
- -
Asthenosphere
(a)
Time 1 Asthenosphere
g — After
je—1j—|
“Steerhead's horn” Enlarged basin
“ —
1,=80km s=2,where
Time 2 ly=160km s=lg/ly

(b)

(a) Thinning and basm formation
Shetland Islands Norway

(b) Cooling and further 0
subsidence, forming broad 5
basin fill (“steerhead basin”)
40
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Viking Graben o

(North Sea) [ sediments filling rift
N - Pre-rift crust
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Continental Extension: Metamorphic Core Complexes (MCCs)
Exposure of mylonite
Tilted hanging-wall blocks
Half-graben complex
Mylonitized granite
I MCC: idealized cross section l
Whipple Mnts, CA
San
Andreas
fault
0
Metamorphic
core complex
/ Normal fault
// Edge of Basin
. and Range
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Evolution of Metamorphic Core Complexes

Breakaway

(b)

(c)

Exposure of mylonite
Tilted hanging-wall blocks

Whipple Mnts, CA

e (d)
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Extension and Isostasy

Application of Archimedes’ Law of Buoyancy to Earth:
“the mass of water displaced by a block
is equal to the mass of the block” Waodiblacks
So, surface thinning of “block” (upper crust) results in / ¥
upward flow of “water” (lower crust).

In MCCs, thinning by normal faulting results in exhumation
of deeper detachment and
basement rock.

Multiple detachment faults Brittlely stretched hanging wall

Po=Pg

/ Level of compensation
“ Pa=Pgis called
©

isostatic equilibrium
Exposure of mylonite

l—;\ Tilted hanging-wall blocks
Half-graben complex /
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Rift Evolution (Rift-to-Drift) o
and Lithologic Assemblages N -

(a) Rift stage with non-marine basins o

(b) rift—drift transition with evaporate @
deposition

(c) drift stage, with seafloor
spreading, passive-margin
deposition, and marine basin
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deposition.
“Lower plate” Passive margin “Upper plate”
margin wedge margin
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Passive Margins (US Gulf Coast)

Continental shelf

Gravity-driven Thrust belt, at

Salt structures extension of the
passive-margin wedge :’:;": of the
Coastal plain g
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Continental
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Stretched crust fromed
during the rifting stage

US Gulf Coast region

Listric growth faults
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Causes of Regional Extension and Rifting

Back-arc
basin

& =

Backarc extension

Stretching over Plume
plume

1

1. Rifting above thermal plume.
As plates move apart, continent is
stretched and pilled apart.

3. Backarc extension associated with
subduction and slab roll-back.
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