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§  P	
  and	
  Fe	
  are	
  key	
  limiting	
  nutrients	
  for	
  primary	
  productivity.	
  

§  Commonly,	
   an	
   increase	
   in	
   limiting	
   nutrients	
   leads	
   to	
  
eutrophication	
  (under	
  optimal	
  conditions).	
  

§  The	
  retention	
  of	
  P	
  in	
  carbonate	
  sediments	
  is	
  considered	
  to	
  be	
  
the	
  main	
  reason	
  that	
  primary	
  production	
  often	
  appears	
  to	
  be	
  P	
  
limited	
  in	
  tropical	
  and	
  subtropical	
  coastal	
  waters.	
  
	
  (e.g.	
  Fourqurean	
  et	
  al	
  1992;	
  Lapointe	
  et	
  al	
  1992)	
  



¡  The	
   release	
   of	
   phosphate	
   from,	
   and	
   adsorp1on	
   onto	
   sediments	
  
and	
   rocks	
   is	
   calculated	
   as	
   a	
   chemical	
   equilibrium	
   between	
  
dissolved	
   o-­‐phosphate	
   (SRP)	
   and	
   two	
   solid	
   phases:	
   iron-­‐	
   and	
  
calcium-­‐bound	
  phosphate.	
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(Golterman,	
  1988)	
  

¡  The	
  shiHs	
   in	
   these	
  equilibria	
  have	
  
been	
  aIributed	
  to	
  changes	
   in	
  pH,	
  
oxygen	
   availability,	
   redox	
   and	
  
temperature…	
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¡  The	
   source	
   and	
   mechanisms	
   for	
   the	
   elevated	
   TP	
   in	
   the	
   mixing	
  
zones	
  GW	
  in	
  Yucatan	
  and	
  Florida	
  are	
  as	
  yet	
  unknown.	
  

¡  Likely	
   mechanisms	
   involve	
   water-­‐rock	
   interac1ons	
   such	
   as	
   ion	
  
exchange	
  and	
  carbonate	
  mineral	
  dissolu1on.	
  

	
  

	
  

	
  

Fig.	
  1.	
  Experimental	
  apparatus	
  used	
  for	
  adsorption/
desorption	
  experiments	
  (Price	
  et	
  al,	
  2010).	
  

¡  Experiments	
   on	
   P	
   adsorp1on-­‐
desorp1on	
   in	
  a	
  Key	
  Largo	
  LS	
  block,	
  
showed	
  strong	
  adsorp1on	
  of	
  SRP	
  in	
  
DIW	
  and	
  high	
  release	
  by	
  desorp1on	
  
when	
   exposed	
   to	
   seawater.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Price	
  et	
  al,	
  2010)	
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Diagene4c	
  –HAP	
  
Carbonate	
  hydroxy/

fluoroapa4te	
  
(Jensen,	
  1998)	
  	
  

Co-­‐precipita4on	
  
Calcium	
  phosphate	
  

(Millero,	
  2001)	
  	
  

P	
  -­‐sorp4on	
  
On	
  carbonate	
  

surfaces	
  
(Mustafa,	
  2007;	
  
Price,	
  2010)	
  

P	
  -­‐complexa4on	
  
(Al,	
  Fe,	
  Mn)	
  
e.g.	
  Fe-­‐OOH	
  

(Golterman,	
  1998)	
  

Re-­‐mineraliza4on	
  
(water	
  pool)	
  

[PO4
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¡  ~200	
  samples	
  
Cave	
  Diving:	
  120	
  
Quarries:	
  80	
  
	
  

¡  Described	
  
¡  ICP-­‐OES	
  
Ca,	
  Mg,	
  Sr,	
  Ba,	
  Si	
  
Fe,	
  Al,	
  Mn,	
  P,	
  S	
  

¡  Different	
  cave	
  
systems	
  



P	
  (rock) 	
  2.59	
  mmol/kg	
  (~80	
  ppm)	
  
	
  
Fe	
  (rock) 	
  1.98	
  mmol/kg	
  (~110	
  ppm)	
  
	
  
TP	
  (GW) 	
  4.9	
  µmol/L	
  
TP	
  (ocean) 	
  0.57	
  µmol/L	
  

~96%	
  

~4%	
  

Si	
  (rock) 	
  24.24	
  mmol/kg	
  (~680	
  ppm)	
  
	
  
Si	
  (GW) 	
  128.40	
  µmol/L	
  
Si	
  (ocean) 	
  2.80	
  µmol/L	
  

Excluding	
  Ca	
   Excluding	
  Ca,	
  Mg	
  

Ca	
  (rock) 	
  375.6	
  g/kg	
  
	
  
Mg	
  (rock) 	
  9.26	
  g/kg	
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Q2a:	
  	
  Is	
  there	
  any	
  relationship	
  to	
  the	
  hydro-­‐chemical	
  mixing	
  zone	
  (halocline)?	
  

freshwater	
  

saline	
  

freshwater	
  

saline	
  

freshwater	
  

saline	
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¡ Growing	
  dataset	
  

¡ Seeking	
  data	
  on	
  post-­‐Paleozoic	
  carbonate	
  
environments	
  

¡ Yucatan	
  Peninsula	
  sedimentology	
  and	
  
stratigraphy	
  data	
  

¡ Additional	
  characterizations	
  and	
  analyses…	
  	
  	
  	
  	
  	
  	
  
(Thin	
  sections,	
  Raman,	
  stable	
  isotopes,	
  etc.)	
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