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 Biogenic inorganic compounds: silica and calcium carbonate
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 Biogenic organic compounds: particulate organic matter

organic and inorganic biogenic compounds in the oceans



microorganisms with biogenic silica structures

biogenic inorganic compounds
SiO2 · n H2O

diatom silicoflagelate radiolaria



polimerization of silicic acid

SiO2 · n H2O

Coradin et al., Chem. Biochem., 2003

2 Si(OH)4 →
→ (OH)3Si-O-Si(OH)3+
+ H2O

SiO2 · n H2O  (~10% H2O)

ΔTA = 0

Insat. : 0.1% - 10%

biogenic inorganic compounds



Hecky et al., 1973

SiO2 · n H2O
biogenic inorganic compounds



Bopp et al., Geophys. Res. Lett., 2005

distribution of biogenic silica in the oceans

SiO2 · n H2O
biogenic inorganic compounds



Helhen et al., Biogeosciences, 2008

distribution of biogenic silica in marine sediments
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microorganisms with calcium carbonate structures

CaCO3

coccolithophores foraminiphers

biogenic inorganic compounds



Langer, PhD Thesis, 2005

structure of a calcium carbonate cocolite

A) Sketch of a three dimensional array 
of a very small portion of CaCO3
atoms in their spatial arrangement 
in calcite; reproduced from Young 
et al. (1999). 

B) Drawing of a coccolith of Emiliania
huxleyi; reproduced from Young et 
al. (1999)

C) Schematic cross-section through an 
E. huxleyi crystal showing its 
crystallographic relation to the 
calcite rhomb (grey); reproduced 
from Henriksen et al. (2004a).

D) SEM image of inorganically 
precipitated calcite (courtesy of 
Gernot Nehrke, AWIBremerhaven)

E) SEM image of E. huxleyi

ΔTA = 0 Sobresat.: 250-400%

CaCO3

biogenic inorganic compounds



Balch et al., Global Bigeochem. Cy., 2005

distribution of CaCO3 in the oceans

CaCO3

biogenic inorganic compounds



distribution of CaCO3 in marine sediments

Helhen et al., Biogeosciences, 2008
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Gould & Mantoura (1990)

partition of organic matter in the oceans

biogenic organic compounds
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Fraga & Álvarez-Salgado, Ciencias Marina, 2006

POM composition and contribution to alkalinity

254, 08 , 25408 ,, 

1436,0

3171,0

764,3

822,3

456,4

m.wfórmula % (w/w)

Carbohydrates C6H10O5 24,4 0,000 0,000 0,000

Lipids C53H89O6 16,5 0,000 0,000 0,000

Pigments C46H52O5N4Mg 2,0 0,000 0,000 0,000

Proteins C139H217O45N39S 45,1 1,288 –1,029 –2,317

Phosphorus comp. C45H76O31N12P5 12,0 –3,018 –6,164 –3,145

Avg. composition C106H171O44N16PS0.3 100,0 –0,162 –1,586 –1,424

biogenic organic compounds
particulate organic matter (POM)



Fraga & Álvarez-Salgado, Ciencias Marina, 2006

distribution of POM in the oceans

biogenic organic compounds
particulate organic matter (POM)



distribution of POM in marine sediments

Helhen et al., Biogeosciences, 2008
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Brook, Nature, 2008

origin of dissolved organic matter: biotic

Mesozoo lysis

nutrients
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biogenic organic compounds
dissolved organic matter (DOM)



melanoidins poly-insaturate fattly acids
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biogenic organic compounds
dissolved organic matter (DOM)

origin of dissolved organic matter: abiotic



Jickells et al., 1991

molecular weight and reactivity (biological)

biogenic organic compounds
dissolved organic matter (DOM)



DOM  contribution  (days) fate 

labile l-MOD < 5% 102101 recycling 

semilabile s-MOD < 20% 102 export 

refractory r-MOD > 75% 103106 inmovilisation 
 

biogenic organic compounds
dissolved organic matter (DOM)

molecular weight and reactivity (biological)



 

 LMWMOD HMWMOD 

mol. weight < 1 kDa > 1 kDa 
contribution ~70% ~30% 

lDOM monosacharides, aminoacids, 
urea, fattly acids, glicolate 

(~ hoursdays) 

sugar polymers, amides, peptides,  
phosphoric esters, phosphonates 

(~ daysweeks) 

rDOM ? 

(~40006000 years) 

humic susbtances 

( ~ 150200 years) 
 

 
 

biogenic organic compounds
dissolved organic matter (DOM)

molecular weight and reactivity (biological)



contribution of DOM to alkalinity: free molecules and polymers

Tabla 1. Constantes de acidez de las especies consideradas en el texto (en la escala aH, sal. 35.0, temp. 25ºC). 
 

i
i

i
ii AAz , balance de cargas de las i especies con carga zi que constituyen el sistema de un ácido ‘A’. 254 ,  

y 08, , balances a pHSWS 4,25 y 8,0. 
 

 pK’1 pK’2 pK’3 254 ,  08,  25408 ,,   

H2PO3–O–R (1) 1,77 6,12 — –1,016 –1,992 –0,976 
HPO2–(–O–R)2 (1) 1,77 — — –0,998 –1,000 –0,002 
Histidina(2,3) 6,0 — — +0,976 +0,006 –0,969 
Lisina(2,3) 10,53 — — +1,000 +0,995 –0,005 
Arginina(2,3) 12,48 — — +1,000 +1,000 –0,000 
Ácido aspártico (2,3) 3,86 — — –0,776 –1,000 –0,224 
Ácido glutámico (2,3) 4,25 — — –0,586 –1,000 –0,414 
Adenosina(3) 3,30 12,50 — +1,075 +1,000 –0,074 
Guanosina(3) 1,6 9,16 12,3 +1,002 +0,901 –0,100 
Citosina(3) 4,60 12,16 — +0,613 +0,000 –0,613 
Timidina(3) 9,8 13,1 — 0,000 –0,025 –0,025 
Uridina(3) 9,2 12,3 — 0,000 –0,091 –0,091 

(1) Se ha supuesto la misma pK’As que para el  H3PO4 
(2)  Solamente se ha considerado el  pK’A de los grupos funcionales laterales, puesto que los grupos R–CH(NH2)–

COOH terminales son amidas neutras 
(3)  pK’As a salinidad 0,0 y temperatura 25ºC 

Fraga & Álvarez-Salgado, Ciencias Marina, 2006

biogenic organic compounds
dissolved organic matter (DOM)



ácido húmico

ácido fúlvico

Ritchie & Perdue, Geochim. Cosmochim. Acta, 2003

254, 08, 25408 ,, pKa

R-COO-/RCOOH 3.67/4.59 -0,314/-0.790 -1,000/-1,000 -0,208/-0,686

Phe-O-/Phe-OH 9.23/10.53 0,000/0,000 0,056/0,003 -0,056/-0,003

biogenic organic compounds
dissolved organic matter (DOM)

contribution of DOM to alkalinity: humic substances



biogenic organic compounds
dissolved organic matter (DOM)

Ritchie & Perdue, Geochim. Cosmochim. Acta, 2003

contribution of DOM to alkalinity: humic substances
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fulvic acid humic acid humins

color

polymerization degree

Molecular weight

Carbon content

Oxygen content

insolubility in water

2000

45%

48%

300.000

62%

30%

Stevenson, 1982

biogenic organic compounds
dissolved organic matter (DOM)



distribution of DOM in the oceans

Hansell et al., Oceanography, 2009

biogenic organic compounds
dissolved organic matter (DOM)


