
Oceanic Sediments 



CCD 
  Cold pressurized water can 

hold more CO2 in solution 
than warm water. 

  Consequently, deep ocean 
water has more CO2 in 
solution. 

  This recombines to form 
carbonic acid. 

  Hence, below a certain depth 
(typically around 3.5 km.) 
carbonates dissolve.  

  If you find calcite in deep 
ocean sediments, you know 
that they were deposited 
above the CCD. 





Global cycling of calcium carbonate 

From Ridgewell and Zeebe (2005) 



Calcium carbonate distribution 



Topography of the CCD 

  High production of carbonate means lower/deeper CCD 
  Low production of carbonate means higher/shallower CCD 
  Deep sea sediments associated with equatorial upwelling will still 

contain biogenic carbonate and silica compared to other regions 



Silica 
  Diatoms, radiolarians, 

silicoflagellates, sponges 
  Most oceans undersaturated 

wrt silica (esp. surface water) 
  Higher concentrations in old 

deep seawater, volcanic islands 
and island arcs 

  Silica solubility increases with 
decreasing P and increasing T 

  Preservation enhanced by rapid 
burial  

  Some ooze will dissolve and 
reprecipitate as chert 





Silica distribution – ocean surface 



Silica Distribution 



Siliceous ooze 



High concentrations of opaline silica 

  High primary 
productivity (e.g., 
upwelling) 

  Low terrigeneous 
input (dilution effect) 

  Low carbonate 
production 

  And/or high CCD and 
lysocline 



Silica ooze accumulation 



Chert 
Some microorganisms 
secrete silica shells.  

When these pile up on the 
deep ocean floor, they lithify 
to become a micro-
crystalline quartz rock called 
chert (the same stuff as the 
substance flint). 

diatoms and radiolaria 







Ocean Silica Budget 

The modern ocean's silicon cycle budget,  
fluxes in Tmol Si y-1. Adapted from Treguer et al. (1995). 



Deep Sea Red Clay (central ocean basins) 

  Planktonic productivity low 
  CCD tends to rise 
  Little terrigenous input 
  Water well oxygenated 
  Unique to deep ocean (> 4 km depth) 
  <1-2 mm/1,000 years 



From: http://www.flickr.com/photos/bringingfriendstogether/3945480461/ 



(Ferro)Manganese nodules 

  Black 
  Crusts and nodules 
  Porous 
  concentric 

  Slow accretion rates (1-200mm / million yrs) 



Manganese Nodules 

  Very slow process 
  Several processes may be involved 

  Precipitation of metals from seawater 
  Remobilisation of managanese in the 

water column 
  Decomposition of basaltic debris 
  Precipitation of metal hydroxides through 

biological activity 





Ferromanganese nodules  
  Ferromanganese nodules are small (typically pea to golf ball sized) 

deposits that exist in the deep ocean. 
  They contain a relatively high percentage of the metals 

manganese, iron, nickel, copper, and cobalt. 
  Nodules are formed in situ from metals and other minerals that 

have accumulated around a core.  



General trends 
  Exist in most oceanic basins. 
  They are most abundant in oceanic abundant in oceanic regions 

where sedimentation rates are slow. 
  They are more abundant where non-biogenic sediments dominate 

(red clay). 
  Concentrated on the sea floor, becoming sparse below the surface. 
  Form where sedimentation rates are low 
  Nodules carpets are strongly associated with bottom currents. 
  Not found at the sea floor below OMZ (oxygen minimum zone) 



Vampire Squid 



 Box corer shows high density of 
ferromanganese nodules 



Ferromanganese nodule “conundrum” 

  Managanese nodules grow at extremely slow rates (1-200 mm/
million years) 

  Average sedimentation in abyssal plains is approximately 1 mm per 
thousand years 
  Sediment Accumulation rates > Nodule Growth Rates 

  Why do the nodules exist at all?  
  They should be buried before they reach typical sizes observed in the 

ocean 
  Manganese nodules are rarely found below surface sediments (>4 cm) 

in some areas – Why? 
  Metal Composition can be highly variable – Why? 



Nodule formation 
  Three end-members 

  Direct precipitation of metal oxides from seawater 
  Manganese crusts 

  Oxic diagenesis 
  Release of transition elements  

 (eg. Mn, Co, Ni) into pore waters 
  Suboxic diagenetic processes  

 involve recycling of elements 

  Hydrogenous nodules have a smooth surface texture. 
  Diagenetic nodules botryoidal to rough surface texture. 



Glauconite 
  Hydrous clay mineral 

potassium-magnesium-iron-alumino-silicate (K-Mg-Fe-Al 
silicate) 

  Sand to pebble sized green particles 
  Surface coating on particles and hardgrounds 
  Continental shelf marine environments with slow 

rates of accumulation and reducing conditions 
  Diagenetic alteration 



Glauconite 
 Widespread on continental shelves 
 Open-marine setting, low sedimentation 
 Typically linked to transgressive 

intervals  



Glauconization 
  Replacement of clay mineral (particularly in faecal pellets) by authigenic 

minerals (smectite).  
  Cold waters, in environments of slow discontinuous deposition. 
  Sediment should contain mica and develop slightly reducing conditions. 
  Formation of glauconite is controlled by availability of iron and potassium. 
  Increased inclusion of potassium reflects maturity and prolonged exposure 

to sea-water. 
  ~103-104yrs to 105-106yrs 





Phosphorites 
  Contain > 20% P2O5 
  Preferentially forms on continental shelves and 

shelf-breaks, and seamounts and guyots. 
  Often associated with coastal upwelling and 

transgressions, P can be from continental sources. 
  Giant sulphur bacteria (explanation for massive 

deposits?) 



Guano Island, Peru 



Phosphorites 
  Phosphorites are sediments that include 

significant proportions of authigenic and 
biogenic phosphate minerals 
> 18% P2O5 

  Francolite the most common sedimentary 
phosphate mineral 

  Precipitated within the uppermost layer of 
organic-rich sediment during early diagenesis 

= Carbonate fluorapatite 
  Ca10-a-bNaaMgb(PO4)6-x(CO3)x-y-z(CO3.F)y(SO4)zF2 



Phosphorites 
  Forms ooid-like pellets, nodules, 

crusts and coatings on other 
materials, esp. on the surface of 
carbonates and calcareous 
shells, which can be replaced by 
phosphate over time 







  Condensed beds on top of drowning shallow-water carbonate 
platforms, followed by pelagic sediments 

  At the top of shallowing, coarsening upwards sequences, overlain by 
sediments of deeper water 

  In condensed intervals, rich in organic matter, topped by siliceous 
sediments indicating an increase in coastal upwelling 

  In transgressive-regressive sequences, in shallow marine envs, 
where organic-rich sediments (with P) deposited during the 
transgression are partially or entirely reworked during the subsequent 
regression 

Phosphorite occurrences 





Ooids 

  Coated grains include 
oolites, pisolites, 
oncoids, and oncolites.  

  Formed by a series of 
concentric layers 
surrounding a nucleus. 



Ooid Formation 

  Agitated marine 
environment (tidal 
sand bars, tidal 
deltas, barrier sands) 



Marine Evaporites 



Marine evaporites 
  Evaporites-form when sea water evaporates; often at 

divergent margins as the process is just changing from 
continental rifting to seafloor spreading. 

  Only form in climates where evaporation > precipitation 







Arid Climates Common in Earth 
History  






