
CHAPTER 3 
Biogeochemical Cycles 
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Biogeochemical Cycles: The Carbon Cycle 
The	
  movement	
  of	
  carbon	
  
throughout	
  the	
  carbon	
  cycle	
  
depends	
  largely	
  on	
  photosynthesis,	
  
respira8on,	
  &	
  decomposi8on.	
  	
  
Photosynthesis:	
  Removes	
  carbon	
  
dioxide	
  from	
  the	
  atmosphere.	
  
6	
  CO2	
  +	
  6	
  H2O	
  +	
  Energy	
  à	
  C6H12O6	
  +	
  6	
  O2	
  
Cellular	
  respira<on:	
  Emits	
  carbon	
  
dioxide	
  to	
  the	
  atmosphere.	
  
C6H12O6	
  +	
  6	
  O2	
  à	
  6	
  CO2	
  +	
  6	
  H2O	
  +	
  Energy	
  	
  
Decomposi<on:	
  Breaking	
  down	
  of	
  
organic	
  material	
  (dead	
  plants	
  and	
  
animals).	
  Aerobic	
  respira,on	
  
releases	
  carbon	
  dioxide	
  and	
  	
  
anaerobic	
  respira,on	
  releases	
  
methane	
  to	
  the	
  atmosphere.	
  	
  	
  

Photosynthesis	
  
6	
  CO2	
  +	
  6	
  H2O	
  +	
  Energy	
  	
  →	
  C6H12O6	
  +	
  6	
  O2	
  

	
  



Biogeochemical Cycles: The Carbon Cycle 
CO2	
  dissolves	
  (diffuses)	
  into	
  ocean	
  water	
  
and	
  becomes	
  part	
  of	
  marine	
  sediments,	
  
as	
  well	
  as	
  the	
  skeletons	
  of	
  marine	
  
organisms.	
  	
  
	
  

The	
  Process	
  
CO2	
  (dissolved)	
  reacts	
  with	
  ocean	
  water	
  
to	
  produce	
  carbonic	
  acid.	
  
	
  

Ioniza8on:	
  Carbonic	
  acid	
  reacts	
  with	
  
hydrogen	
  ions	
  producing	
  a	
  bicarbonate	
  
ion	
  (HCO3

−)	
  and	
  a	
  carbonate	
  ion	
  (CO3
2-­‐)	
  	
  

	
  

Ca2+	
  +	
  CO3
2-­‐	
  à	
  CaCO3	
  (calcium	
  carbonate)	
  

in	
  shells/skeletons	
  of	
  aqua8c	
  organisms	
  	
  
	
  

CaCO3	
  or	
  Calcium	
  Carbonate	
  forms	
  
limestone	
  	
  when	
  shells	
  and	
  skeletons	
  of	
  
marine	
  organisms	
  sink	
  and	
  are	
  buried	
  
and	
  compacted	
  over	
  long	
  periods	
  of	
  8me.	
  	
  

The	
  largest	
  reservoir	
  of	
  carbon	
  is	
  
sedimentary	
  rock	
  such	
  as	
  

limestone.	
  	
  	
  
	
  



Biogeochemical Cycles: The Carbon Cycle 
Photosynthe8c	
  phytoplankton	
  large	
  amounts	
  of	
  store	
  carbon.	
  	
  When	
  
they	
  die	
  and	
  sink	
  to	
  the	
  boUom,	
  carbon	
  accumulates	
  in	
  the	
  deep	
  
ocean.	
  	
  This	
  phytoplankton	
  when	
  buried	
  and	
  subjected	
  to	
  8me,	
  heat,	
  
and	
  pressure	
  will	
  form	
  petroleum	
  (oil	
  and	
  natural	
  gas).	
  	
  	
  	
  



Biogeochemical Cycles: The Carbon Cycle 
Organic	
  carbon	
  in	
  dead	
  biomass	
  
that	
  was	
  rapidly	
  buried	
  beneath	
  
layers	
  of	
  sediments	
  as	
  a	
  result	
  of	
  a	
  
combina8on	
  of	
  8me,	
  heat,	
  and	
  
pressure	
  become	
  coal,	
  oil,	
  and	
  
natural	
  gas;	
  i.e.	
  fossil	
  fuels.	
  
	
  
	
  



Biogeochemical Cycles: The Carbon Cycle 
Carbon	
  locked	
  in	
  organic	
  molecules	
  (hydrocarbons)	
  in	
  fossil	
  fuels	
  is	
  converted	
  to	
  atmospheric	
  
carbon	
  in	
  carbon	
  dioxide	
  by	
  combus8on	
  (burning	
  to	
  produce	
  energy	
  to	
  power	
  cars	
  and	
  
produce	
  electricity).	
  
Removal	
  of	
  fossil	
  fuels	
  from	
  the	
  Earth	
  and	
  burning	
  them	
  (combus8on)	
  releases	
  carbon,	
  in	
  the	
  
form	
  of	
  carbon	
  dioxide,	
  to	
  the	
  atmosphere.	
  	
  	
  





How	
  are	
  we	
  disrup<ng	
  the	
  carbon	
  cycle?	
  
	
  
Human	
  Interven<ons	
  in	
  the	
  Carbon	
  Cycle:	
  	
  

•  Large	
  Scale	
  Deforesta<on	
  
•  Burning	
  Fossil	
  Fuels	
  	
  
•  Burning	
  Biomass	
  	
  
•  Raising	
  Ca[le	
  	
  	
  
•  Making	
  Cement	
  	
  
•  Waste	
  Incinera<on	
  
•  Destruc<on/	
  
•  Draining	
  of	
  Wetlands	
  	
  	
  



Carbon	
  Sinks	
  and	
  Reservoirs	
  
•  The	
  largest	
  reservoir	
  of	
  carbon	
  is	
  

sedimentary	
  rock	
  such	
  as	
  limestone.	
  	
  
•  Oceans	
  are	
  the	
  second	
  largest	
  reservoir	
  of	
  

carbon	
  on	
  Earth.	
  Carbon	
  is	
  stored	
  in	
  the	
  
oceans	
  in	
  three	
  ways:	
  1)	
  dissolved	
  carbon	
  
dioxide	
  in	
  ocean	
  water;	
  2)	
  in	
  living	
  things	
  in	
  
ocean	
  such	
  as	
  shells,	
  skeletons,	
  and	
  coral	
  
reef;	
  and	
  3)	
  in	
  photosynthe8c	
  phytoplankton.	
  	
  

	
  



Carbon	
  Sinks	
  and	
  Reservoirs	
  
•  Trees	
  of	
  old	
  growth	
  forest	
  that	
  live	
  for	
  

thousands	
  of	
  years	
  are	
  a	
  major	
  terrestrial	
  
carbon	
  sink.	
  

•  Soil:	
  Carbon	
  is	
  incorporated	
  into	
  soil	
  by	
  
many	
  natural	
  processes	
  including	
  
volcanism	
  and	
  decomposi8on	
  of	
  organic	
  
material.	
  	
  Therefore,	
  soil	
  is	
  major	
  terrestrial	
  
carbon	
  sink	
  that	
  can	
  store	
  carbon	
  for	
  
thousands	
  of	
  years.	
  	
  

•  Wetlands	
  and	
  bogs	
  are	
  major	
  terrestrial	
  
carbon	
  sinks	
  that	
  can	
  store	
  carbon	
  in	
  
plants,	
  soil,	
  and	
  water	
  for	
  thousands	
  of	
  
years.	
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Biogeochemical Cycles: The Nitrogen Cycle 
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Biogeochemical Cycles: The Nitrogen Cycle 

Important	
  Organic	
  Nitrogen	
  Containing	
  Molecules	
  	
  





Biogeochemical Cycles: The Phosphorus Cycle 
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Biogeochemical Cycles: The Phosphorus Cycle 



Biogeochemical Cycles: The Phosphorus Cycle 



Biogeochemical Cycles: The Phosphorus Cycle 
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Biogeochemical Cycles: The Sulfur Cycle 
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Biogeochemical Cycles: The Sulfur Cycle 
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