
Origin and Distribution of 
Marine Sediments

What’s all that squishy muck at 
the bottom of the ocean? 
What can we learn from it?



Marine Sediments are:

Particles of various sizes derived from a 
variety of sources that are deposited on the 
ocean floor
A vast “library” recording geologic, 
oceanographic and climatic conditions
Remarkably complete compared to land



Where do these come from?

Inputs are:
-- rivers
-- atmosphere
-- surface waters
-- volcanoes (both on land and submarine) -- dee
p ocean water
-- outer space



Classification of marine sediments
• Lithogenic – from disintegration of rock on land aeolian, 

FLUVIAL, and glacial sources

• Biogenic – organic precipitation of dissolved components  
dominated by single-celled plants and animals (create 
oozes) 

calcium carbonate (limestone) = calcareous
silicon dioxide (opal) = siliceous

• Authigenic (hydrogenous) – inorganic precipitation of 
dissolved components  seawater becomes supersaturated 
with regard to some  chemicals

• Cosmogenic – from outside Earth  meteorites, usually very 
small (tektites)



Terrigenous sediments (from land)
Rivers
Winds (eolian)
Glaciers (ice-rafted debris, IRD)
Turbidites
Sea level changes



River sediment loads (units 106 tons/yr)



Wind transport of sediment









Sea Level Changes



Glacial (Ice-rafted debris)



Turbidites

Rapidly-accumulated terrestrial sediments
Earthquake-triggered submarine 
avalanches
High velocity (~50 mph!), erosive events
Good examples preserved on Mary’s Peak



Turbidites
(submarine avalanches)



Classification of marine sediments based upon size

Sediment Type Diameter (mm)

Gravel Boulder >256

Cobble 65-256
Pebble 4-64
Granule 2-4

Sand Very coarse 1-2

Coarse 0.5-1
Medium 0.25-0.5
Fine 0.123-0.25
Very fine 0.0625-0.125

Mud (silt & clay) 0.0002-0.004

Colloid <0.0002

발표자
프레젠테이션 노트
Marine sediments are classified based on SIZE and MODE OF FORMATION.

Size scale is Wentworth scale.

Sediment is formed from the gradual breakdown of earths crust, termed weathering.

Particles vary from sub-microscopic colloids, to boulders.

Colloids not considered here as they form very small fraction of sediments as their sinking rates are glacially slow.

More important in water column.





Classifications

By Size
Clay -- Silt -- Sand -- Pebble -- Cobble          

0.001 mm           1 mm                100 mm
 Effects of water velocity on transport: rivers 
and near-shore vs open ocean



Sediment Transport

Fluid velocity
determines the
size of the
particles that
can be moved



Size Sorting





•Cosmogenous
Sediments: 

• sediments derived from 
extraterrestrial materials

• includes micrometeorites and 
tektites 

• tektites result from collisions 
with extraterrestrial materials 

• fragments of earth's crust melt and 
spray outward from impact crater 

• crustal material re-melts as it falls 
back through the atmosphere 

• forms 'glassy' tektites 



Biogenic Sediments, microscopic in size

(single-celled plants and animals)



Biogenous sediments (from living things)

Calcareous (CaCO3)
Foraminifera -- animals
Coccolithophores -- plants

Siliceous (SiO2)
Radiolaria -- animals
Diatoms -- plants



µm = micron = millionth of a meter!



µm = micron = millionth of a meter!



µm = micron = millionth of a meter!



µm = micron = millionth of a meter!



Calcium carbonate distribution



Silicate distribution



•siliceous oozes (primarily 
diatom oozes) cover 
~15% of the ocean floor 
• distribution mirrors 

regions of high 
productivity 

• common at high latitudes, 
and zones of upwelling 

• radiolarian oozes more 
common in equatorial 
regions 





Accumulation Rates for Oozes

Productivity
•reproduction of planktonic organisms

Preservation
•silica dissolves only very slowly
•calcium carbonate varies with depth

Rates are variable: <1 to 15mm/1000 yr



Productivity = 
skeletons and soft tissue
Accumulation depends on production and 
preservation
SiO2 is preserved everywhere
CaCO3 is variable, depending on P, T, pH



Carbonate Compensation Depth

The depth at which carbonate input from the 
surface waters is balanced by dissolution in 
corrosive deep waters
In today’s ocean this depth (CCD)  varies 
between 3 km (polar) and 5 km (tropical)
Thus, accumulation rates vary a lot!



Carbonate Compensation Depth



Carbonate Chemistry

• CaCO3 (calcite) is a solid material produced by biological or 
abiological processes in seawater:

Ca2+ + CO3
2- CaCO3

• The reaction can go both ways, depending on the pH, 
pressure.

• When the seawater is undersaturated with respect to 
CaCO3, calcite will dissolve:

Ca2+ + CO3
2- CaCO3

• But when seawater is saturated with respect to CaCO3, 
calcite will remain in its solid form and not dissolve:



• calcareous oozes (foraminifera, coccolithophores) cover 
~50% of the ocean floor 
• distribution controlled largely by dissolution 

processes 
• cold, deep waters are undersaturated with respect to 

CaCO3 
• deep water is slightly acidic as a result of elevated 

CO2 concentrations 
• solubility of CaCO3 also increases in colder water and 

at greater pressures (lysocline)
• CaCO3 therefore readily dissolved at depth

• level below which no CaCO3 is preserved is the 
'carbonate compensation depth (CCD)' 

• typically occurs at a depth of 3000 to 4000 m



Carbonate Compensation Depth, CCD

• Depth in ocean at which seawater becomes undersaturated with 
respect to calcite and rate of dissolution of CaCO3 equals its rate of 
delivery.

• CCD ~ 4500 m (or deeper in regions of high surface productivity).

• Depths below CCD:
• Seawater undersaturated w.r.t. CaCO3
• Chemical properties of deep water dissolves calcite
• CaCO3 oozes less common than SiO2 oozes.

• Depths above CCD:
• Seawater saturated w.r.t. CaCO3
• CaCO3 remains intact.
• CaCO3 oozes more common than SiO2 oozes.



Hydrogenous (from sea water)

Metalliferous sediments at spreading 
ridges -- “black smokers”
Manganese nodules
Evaporites -- Salt deposits



Authigenic
Sediments

(manganese 
nodules)

and red clay



• Hydrogenous (or Authigenic) Sediments: 
• produced by chemical processes in seawater 
• essentially solid chemical precipitates of several 

common forms 
• non-biogenous carbonates 

• form in surface waters supersaturated with calcium 
carbonate 

• common forms include short aragonite crystals and 
oolites

• phosphorites
• phosphate crusts (containing greater than 30% P2O5) 

occurring as nodules 
• formed as large quantities of organic phosphorous 

settle to the ocean floor 
• unoxidized material is transformed to phosphorite

deposits 
• found on continental shelf and upper slope in regions 

of high productivity 



baseball to bowling ball size!





• Gas Methane Hydrates 
(Clathrates)

• Hydrates store immense 
amounts of methane, with 
major implications for energy 
resources and climate, but the 
natural controls on hydrates 
and their impacts on the 
environment are very poorly 
understood

• The worldwide amounts of 
carbon bound in gas hydrates 
is conservatively estimated to 
total twice the amount of 
carbon to be found in all 
known fossil fuels on Earth 
(USGS).

• Methane bound in hydrates 
amounts to approximately 
3,000 times the volume of 
methane in the atmosphere.





Sediment Accumulation



Sediment succession







Latitudinal change of sediment composition







Deep-sea Sediment Distribution

TYPE COMPO-
SITION

ATLANTIC 
(%)

PACIFIC 
(%)

INDIAN 
(%)

GLOBAL 
(%)

Foram. ooze Carbonat
e

65 36 54 47

Pteropod
ooze

Carbonat
e

2 0.1 - 0.5

Diatom ooze Silica 7 10 20 12

Radiolarian 
ooze

Silica - 5 0.5 3

Red clay Aluminu
m silicate

26 49 25 38





Coastal waters are often highly productive, with 
abundant planktonic organisms thriving in the 
surface waters. 

Why then are biogenous oozes rarely found 
nearshore??



the large input of terrigenous
sediment to the continental margin 
overwhelms the biogenous
component in the sediment. 
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