Marginal Marine 
Environments

Marine provinces and mode of deposition 

· Shelf - current transport, settling

· Slope and rise - mass wasting, density flows, settling

· Abysal plain -  settling, density flows

Continental Shelf- 
Sigsbee Escarpment, Gulf of Mexico
Importance of shelf deposits

· Epicontinental or Epeiric seas have been widespread in past geologic time; generating stratigraphic sequences of 1000’s of meters thick.

· Porous sands interlayered with impermeable shales make good stratigraphic traps for oil and gas.

· Very high sedimentation rates; undisturbed deposits in some places.

· Record evidence of sea level changes
Simple hypothetical model of shelf sedimentation - fining with increasing depth 

Observed sediment is much coarser - “Palimpsest Effect”
[ From Pinet, 2e ]

Reason:  Marine transgression

[ From Pinet, 2e ]

Coarse grained features on
clastic continental shelves

Tide-dominated:

· Sand ribbons

   (Tidal ridges or Tidal banks)

· Tidal sand waves

Equilibrium Tides vs. Latitude

Geographic influences on tides

Tidal bedding structures

· Sand ribbons form roughly parallel to flow

· Up to 40 m high x 200 m wide x 15 km long

· Tidal sand waves form roughly perpendicular to flow

· 3-15 m crest high x 150-500 m wavelength

Sand ribbons and sand waves in the
North 
Sea

Sand ridge 
formation

Tidal sand waves

· Crests 3-15 m high Wavelengths 150-500 m

· Mater bedding surfaces dip at 5-6 ° and are composed to smaller cross-bed sets.

· Differ from Eolian cross-beds by complex foresets with lower dip angle and somewhat smaller amplitude.

Giant sand waves off Florida
as seen from NOAA helicopter

Wave- or Storm- dominated shelves

· Linear sand ridges

· Hummocky cross-stratification

· Wave-ripple cross-bedding

Linear sand ridges on storm dominated shelves - drowned barrier complexes
Hummocky 
cross-stratification

· Low mounds and hollows of fine sand and silt on sharp bounding surfaces

· Found in 5-15 m water depth w/ flow >1 m/s (between fair-weather and storm- wave base)

· Sharp bounding surfaces

· Lack directionality

· Arise from rapid suspension/redeposition of  material by storm surge

Storms and  bedforms

· Cyclic loading liquefies sediments creating gravity flows.

· Hummocky cross-stratification preserved between fair-weather and storm wave base.

· Turbidites preserved below storm base.

Wave-ripple cross-beds

· Found in ancient marine sands

· Poorly sorted; complex cross-bedding

· Modern analog?

· Presumably influenced by storm and wave, but not tides

Possible shelf facies models
Shelf/Slope/Rise facies model

· Progradation of continental shelf over slope and rise generates a massive coarsening upward cycle.

· Wedge or thick lens with spatial scales 100’s m thick by 100’s of km.

· Mechanisms of transport include mass wasting, and turbidity currents. These generate submarine fans which merge to develop the slope and rise.

· depositional features include: sediment ponds, sand or mud waves, normal graded sands, olistholiths, olistostomes, slumps and soft sediment folds. 

Slope and rise: “Steep” marine environments
Slope 

· 10-100 km wide
· 70m/km (4°)

Rise

· 0-600 km

· 1-10 m/km

· (0.05-0.6°)
Importance of continental 
slope and rise

· Conduit to the deep sea

· Zone of gas hydrate formation

· Often near or just beyond limit of many national Economic Exclusion Zones (EEZ)

· Zones of very high sedimentation rate

Depositional features 
of the slope and rise

· Slide blocks (olistoliths)

· Slumps and deformed shale

· Brecciated blocks (olistostromes)

· Turbidites

· Contourites

· Laminated sediments (in protected basins)

Syndepositional deformation 
