
Formation, Transport and Lithification of Sediment 





Physical weathering 

Sheeting 

Freeze-thaw weathering 

Tree root growth 



The main role of mechanical weathering is to increase the surface to volume 

ratio so chemical weathering will be more effective. 







Depth of weathering is a function of time and access (fractures) 



Detrital material (detritus) – quartz, heavy minerals, etc. 



Shape and size of grains is a function of transport processes 



http://www.scienceofsand.info/sand/oneaday.htm 

http://www.scienceofsand.info/sand/oneaday.htm


Sediment Size Classification 

Φ = -log2 D/Do 

D = diameter of particle     Do = reference diameter (1 mm) 



Sediment size distribution is a function of transport and the 

environment of deposition 







Sediment distribution in the ocean 



Processes affecting continental shelves 

1. Glaciation 

2. Sea-level change (±130 m during continental glaciation) 

3. Waves and currents 

4. Sedimentation 

5. Carbonate deposits 

6. Faulting and volcanism 

Continental Shelves 



Sedimentation on the Continental Shelf 

Theoretical distribution – 

coarse near shore to fine-

grained further out. Stoke’s 

Law in action. 

Observed – coarse to fine to 

coarse. 

Holocene transgression – starts 10,000 years ago as continental glaciers formed 

during the maximum advance of the ice sheet begin to melt. Sea level rises 

~125 m and continental margins are flooded. 

Sedimentary division of the shelf 

a) Inner shelf – zone of modern sedimentation 

b) Outer shelf – beyond the influence of modern sedimentation. Zone of relict 

sediment. 



Submarine Canyons 

US Atlantic coast – 

passive continental margin 

West coast of the US – active continental 

margin 





Deep Ocean Sediments 

Sources of sediments: 

 

1. Terrigenous – land derived (from elevated land masses) 

2. Biogenic – marine plant and animal materials. May include inorganic material but 

only that created by marine organisms. 

3. Volcanic – submarine volcanic materials. Volcanic material added directly to the 

seafloor. 

4. Hydrogenic – materials crystallized directly from seawater. For example, 

manganese nodules. 

5. Cosmic – particles of extraterrestrial origin. Cosmic dust, meteoritic particles 



Major components of deep sea sediments 

1. Detrital – derived mainly from erosion of the continents.   Mostly 

alumino-silicate minerals. 

Mineral Composition 

Quartz SiO2 

Orthoclase KAlSi3O8 

Plagioclase NaAlSi3O8 → CaAl2Si2O8 

Kaolinite Al2Si2O5(OH)4 

Illite KAlSi3O10(OH)2 

Montmorillonite Al2Si4O10(OH)2∙xH2O 

Chlorite Mg5Al5Si3O10(OH)8 



2. Authigenic – formed by spontaneous crystallization either on the 

seafloor or within the sediment column 

Manganese nodules – concretions found on the deep seafloor that 

consist of layers of iron and manganese oxide around a core. 

A field of closely spaced manganese nodules at the 

bottom of the Antarctic Ocean. The average diameter 

of the nodules is 6 cm.  



Manganese nodules occur in fields located in the deepest part of the ocean basins. 

Most nodules are found within one meter of the surface. Given their inferred 

slow growth rates, millions of years, and the rate of sediment accumulation on 

the deep seafloor (~0.1 cm/1000 years = 1 m/million years) why they are 

found so close to the surface is a puzzle. Also not understood is how they 

achieve a concentric growth pattern given that bottom currents are very weak 

and the nodules are not moved along the seafloor. 



Major components of deep sea sediments 

3. Biogenic – hard parts of organisms 

a. Calcite or aragonite shells 

(polymorphs of CaCO3). 

Example –foraminifera 

 

b. Opal – SiO2∙xH2O. Examples – 

diatoms (cold water), radiolaria 

(warm water). 
Foraminifera 

Diatoms 
Radiolaria 



Transport of terrigenous material to the open ocean 

1. Suspension – sinking velocity of particle (as determined by Stoke’s Law) 

less than upward velocity due to turbulence. 

 

 𝑉 =  
2

9
 
𝑔(𝜌𝑠 − 𝜌𝑓)𝑟2

𝜇
 

 

 for water (at 20oC), μ = 1.0 x 10-3 Pa·s 

 

2. Ice Rafting – glacial marine deposits around areas of glaciation. 

 

3. Winds 

 

4. Mudslides, landslides, turbidites 

 

5. Marine algae anchored to rocks 

 

6. Marine mammals (e.g. gastroliths) 



Biogenic Sediments 

Opal (SiO2∙xH2O) 
 

1. The oceans are undersaturated in opal at all depths. 
 

2. Various microscopic organisms make opaline shells. 
 

3. Preservation of this shell material is a function of 
 

a) Wall thickness 
 

b) Surface/volume ratio 
 

c) Organic coatings 
 

4. Production is the key to the preservation of opal in deep sea sediments. 
 

5. In the sediment column, opal is preserved because the pore waters become 

saturated in silica. 



Calcite and aragonite (CaCO3) 

1. Production of CaCO3 hard parts is more uniform than opal. Limiting 

factor is nutrient elements. 

 

2. The upper part of the ocean is saturated in CaCO3 (both aragonite and 

calcite). 

 

3. Spontaneous precipitation takes place very slowly or not at all in 

the saturated part of the ocean. Organisms are primarily 

responsible for the precipitation of CaCO3. 

 

4. For calcite or aragonite in the ocean 

 

 𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐷 =  
[𝐶𝑎2+][𝐶𝑂3

2− 
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2−])

𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑
 
𝑠𝑒𝑎𝑤𝑎𝑡𝑒𝑟

 



 since Ca2+ is more or less constant in seawater 

 

  𝐷 =  
𝐶𝑂3

2−
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
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5. Solubility of calcite and aragonite f(T,P). 100 Atm ≡ 1000 m depth 

 

 

Saturation [CO3
2-]           10-6 

moles/liter 

T(oC) P(Atm) Calcite Aragonite 

24 1 53 90 

2 1 72 110 

2 250 97 144 

2 500 130 190 



6. Saturation horizon – depth at which ocean becomes undersaturated in 

carbonate. 
 

7. Lysocline – region of rapidly changing carbonate saturation. 
 

8. Carbonate compensation depth (CCD) – depth below which carbonates are 

not found in the seafloor sediments. 



8. Throughout the ocean red clay (alumino-silicate debris) is raining down at an 

average rate of 0.3 g/cm2∙1000 yrs and CaCO3 at a rate of 1.0 g/cm2∙1000 

yrs. If a particular location is above the saturation horizon the 

sediment is 3 parts clay to 10 parts carbonate ooze. Below the 

saturation horizon the sediment is dominantly composed of red clay. 
 

9. 60% of the Atlantic seafloor is above the saturation horizon and 

carbonate ooze is the dominant sediment. 15% of the Pacific seafloor 

is above the saturation horizon and red clay is the dominant sediment 

type. 
 

10.  Location of the saturation horizon compared to the CCD 

  

Aragonite Calcite 

Calc. CCD Calc. CCD 

Atlantic 200-400 m ~300 m 400-3500 m 3500 m 

Pacific 2000 m 2500 m 4500 m 5000 m 



Calcite and Aragonite Saturation in Ocean 



Variations of sediment types due to seafloor 

spreading 





Evaporite Deposits 

Gypsum layers 



Till 

Varves 



Re = (4 x hydraulic radius x density x average velocity)/viscosity 

Re <500 Laminar  Re >2000 Turbulent 



Sediment Transport 



Ripples Antidunes 

Bedforms 

Antidunes/Upper Plane Bed Ripple Migration Oscillation Ripples  

http://geofaculty.uwyo.edu/heller/SedMovs/Sed Movie files/antidun.mov
http://geofaculty.uwyo.edu/heller/SedMovs/Sed Movie files/antidun.mov
http://geofaculty.uwyo.edu/heller/SedMovs/mcbriderips.htm
http://geofaculty.uwyo.edu/heller/SedMovs/wave_rip.htm




Turbidity Currents 

 Turbidity current I Turbidity current II 

http://geofaculty.uwyo.edu/heller/SedMovs/turbidrg.htm
http://geofaculty.uwyo.edu/heller/SedMovs/Sed Movie files/Middleton Turb comp1.mov


Mass Movement 





Topple 

Topple video 

http://www.youtube.com/watch?feature=player_embedded&v=_5T2oDDE2cs


Rock Avalanche 

Rock Avalanche video 

http://www.youtube.com/watch?feature=player_detailpage&v=aajUXQmec-Q


Rock creep 

Rock slide 

Rock flow 

Rock fall video 

http://geofaculty.uwyo.edu/heller/SedMovs/Sed Movie files/sultan-landslide.mov


Creep 

Earth flow Debris flow 



Mudflow 



Slump 

Slump video 

http://geofaculty.uwyo.edu/heller/SedMovs/Sed Movie files/Slump.mov


Debris slide 

Debris avalanche 



Bedding 

 

Law of Superposition 

 

Transgressive and regressive sequences due to relative changes in sea level 



Convergent Plate Boundaries 

Melange in Accretionary wedge 

 

Immature sediments in Submarine fan, more mature in Forearc basin 



Passive continental margins - Mature sediments and deltas 

Rift and Pull-apart basins 





Cementation 



Pressure solution 



Recrystallization, Replacement, Dolomitization 

Recrystallization – less stable minerals convert to more stable minerals. For 

example aragonite converts to calcite. 

Replacement – one minerals replaces another. 

 

Example, pyrite replaces calcite in shell. 



Dolomitization is a process by which dolomite is formed when magnesium ions 

replace calcium ions in calcite. 


