Plate Tectonics
and sedimentary geology
· Early terminology

· The plate tectonics paradigm shift

Geosynclinal theory
· Early sedimentary geologists identified the presence of thick sedimentary sequences on the continental craton, much of which appeared marine in origin.

· Most models invoked vague notions of uplift, subsidence, compression and rifting to explain these observations.

· Workers attempted to classify these strata on the basis of their composition and geographic position relative to other basins.

· Resulting terminology was complex, confusing, ad hoc, and often inapplicable in new location (e.g. The US and Europeans used the term Geosyncline to refer to entirely different classes of sedimentary sequences).

Geosynclines - oceans apart 

American view of the Geosyncline
· Asymetric, downward warped troughs with thick wedge-shaped  accumulations of marginal marine sediments

· Later uplifted into mountain belts

European view of the Geosyncline
· Symmetric, accumulations of warped deep marine sediments (Flysch) flanked by marginal marine strata (Mollasse)

· Later uplifted into mountain belts

Geosynclinal synthesis?
· Miogeosynclines (“Near geosynclines”)

· Shallow water sedimentary sequences that lap onto the craton 

· Geosyncline in the “American” sense

· Eugeosynclines (“True geosynclines”)

· Thick sequences of deep water rise and basinal deposits as well as volcanic rock of oceanic crust (ophiolites)

· Geosyncline in the “European” sense

· May include sediments shed into the basin from the seaward side (which should be down grade!). This led to the hypothesis of a now missing “Tectonic land”.

Ordovician strata of the Applachians

Geosynclines in the 
context 
of Plate Tectonics

Plate tectonics is the major control of the sedimentary record

· Relief of source area for clastic sediments

· Composition of siliciclastic sediments

· Position, size and shape of sedimentary basins

· Rates of subsidence

· Directly or indirectly influences the position of sea level

· Control types of Sedimentary basins 

· Accumulation is mostly along plate boundaries 
Types and positions of depositional systems and facies

Passive margins

· Low lying

· Little coarse clastic supply

· Often with carbonates

· Typically delta, shelf & submarine fans/continental rise

· Slow subsidence due to crustal cooling or sedimentary load

Active margins

· High relief; abundant coarse clastic supply

· Few or no carbonates

· Fan deltas to trench turbidites

· Potentially fast subsidence or uplift due to tectonic deformation

Sedimentary basins in a plate tectonic context
Divergent (spreading-related) settings

· Intracontinental rift basins (e.g., East African Rift or Salton Trough)

· Intercontinental Rift & Passive Margins

· Failed Rift Basins (Aulacogens)

Convergent Settings

· Ocean-ocean plate collisions (Marianas Arc/Trench)

· Ocean-continent plate collisions (Andean Arc/Trench)

· Continent-continent plate collisions (Alpine or Himalayan)

Transform Associated Basins 

· Continent-continent or Ocean-continent (ocean-ocean isn’t associated with important basins)

· San Andreas and Southern California Continental Borderland

Some types of basins don’t form at plate boundaries

· Interior basins

· Downwarping of the cratonic interior



e.g., Michigan Basin
Continental Rifting

· Hotspot activity beneath a continent results in heating, uplift and rifting. 

· Rifting occurs along triple junctions which merge to form a mid ocean ridge.

“Aulacogens” - Failed tectonic rifts

Failed arm of triple-junction Nearly every major 

river draining into 

Atlantic are downcut 

into filled aulacogens


Mississippi


Amazon


Congo 


Niger

Normal faulting, African Rift Valley
African Rift Valley Section

Newark Basin: Triassic
Analog 
for 
Modern
African Rifting

Passive margin sediments

· Continental shelf, slope, rise facies discussed previously

· Can be silicilastic, carbonate or mixed

Early Stages 
of passive margin evolution
Thermal doming

Increased heat flow from mantle upwelling (hot spots, plumes, etc.)

Rift onset unconformity

Extensional normal (listric) faulting

Deposition of syn-rift (pre-oceanic) strata

Volcanics: Rhyolite-basalt

Locally-derived non-marine fluvial/alluvial “red beds” and lacustrine sediments into and away from rift

Major rivers excluded by bordering highlands
Intermediate Stages 
 of passive margin evolution

Lithospheric thinning & subsidence

50-70 m.y. before continent splits (proto-oceanic sequence)

If restricted or intermittently connected to ocean:


Evaporite deposition


Evolve into salt diapirs and sheets

If connected to ocean or breached by rivers:


Marginal (carbonates) or deltaic clastic deposits


Basal clastic wedge deposits

Onset of true oceanic seafloor spreading (drift)

~Second doming and breakup unconformity

Continental-oceanic transitional crust

Late Stages 
 of passive margin evolution

Marine marginal sedimentation

Siliciclastic system

Shelf and rise environment build out and accumulate

Continental terrace (shelf and delta deposits)

Continental rise (slope, rise, and basin)

Pelagic basinal sedimentation

Subsidence allows very thick acumulation of sediments

Up to 15 km

Plate Tectonics
and the Wilson Cycle

· Continental rifting can lead to the formation of an ocean basin and associated passive margins.

· Eventually, the ocean basin closes up, completing the Wilson Cycle

Wilson tectonic cycle (100-300 m.y.)

Continental rifting (Embryonic ocean)

· Uplift and extension

· Deposition of continental red beds


e.g., east African rift valleys

Young, narrow seas

· Thermal subsidence and generation of oceanic lithosphere

· Evaporites and marine marginal sediments


e.g., Red Sea

Mature oceans

· MOR and seafloor spreading

· Deposition of deep-sea (pelagic) sediments and well-developed margin (shelf, slope, rise)


e.g., Atlantic

Declining stage

· Subduction and spreading

· Shrinking in area

· Complex sedimentation


e.g., Pacific

Terminal (Remnant)

· Subduction

· Shrinking in area

· Uplift


e.g., Mediterranean

Relict

· Continental collision

· Suture zone formation


e.g., Himalayas

Ocean-Continent and 
 Continent - Continent Collision 

e.g., Mesozoic to lower Cenozoic Great Valley Sequence and lower part of the Santa Barbara Basin

Tectonic loading subsidence in retroarc

Volcanic to plutonic source trend in GVS and Marathon Basin
Remnant Ocean Basin

Scissoring shut of an ocean basin

Flysch stage

Deep-water submarine fans

Molasse stage

Erosion of uplifted collision zone and deposition to side into “Molasse Basin”

Fluvial, lacustrine, deltaic and shallow marine deposits

Foreland basin 

(adjacent to cont-cont orogen)

The Last Wilson cycle

Triassic breakup of Pangaea

Giant ocean - Panthalassa

First into Laurasia and Gondwana, 

separated by the Tethys Sea

North Atlantic ocean

Then South Atlantic ocean

Previous cycles

Sea floor spreading in Proto-Atlantic or Iapetus Ocean

Separation of N American (Laurentia) & European (Baltica)

Middle Ordovician

Change from a passive to a N.A. convergent margin

Late Ordovician

Doubly convergent margin

Late Devonian

Continent-continent collision, orogeny and suture zone

Late Paleozoic assembly of continents into Pangaea supercontinent

