
 
 
 
 

 

Phosphorus Distribution in Calcite 
Speleothems from Solid-State NMR 

and AFM 
H.E MASON1,2 ,D. HAUSNER1,3,S. FRISIA4, Y. TANG1,2, 

R.J. REEDER1,2, D.R. STRONGIN1,3 AND B.L. PHILLIPS1,2 

1 Center for Environmental Molecular Science, Stony Brook 
University, Stony Brook, NY, USA 

2 Department of Geosciences, Stony Brook University, Stony 
Brook, NY, USA; hmason@ic.sunysb.edu: 
yuatang@ic.sunysb.edu: rjreeder@notes.cc.sunysb.edu: 
brian.phillips@sunysb.edu 

3 Department of Chemistry, Temple University, Philadelphia, 
PA, USA; dugh@temple.edu: dstrongi@temple.edu  

4 Museo Tridentino di Scienze Naturali, Trento, Italy; 
frisia@mtsn.tn.it 

 
 Progress in techniques such as SIMS and ICP-MS now 
allows production of high resolution traces and maps of P in 
calcite speleothems, suitable for interpretation in 
paleoclimate and paleohydrologic applications. However, 
unlike trace elements such as Sr and Mg, phosphate cannot be 
incorporated into the calcite structure by simple substitution. 
The ability of calcite P-content to reflect that of dripwater 
could depend on the nature of the P species that occur in 
calcite, which has not been studied. We used solid-state 31P 
and 1H NMR techniques on natural speleothem samples and a 
calcite/phosphate coprecipitate to determine how P interacts 
with calcite in these environments. 
 Solid-state NMR results for samples from the Grotta 
d’Ernesto (Italy) indicate the presence of three primary types 
of phosphate environments: individual phosphate ions 
incorporated within calcite, monetite (CaHPO4), and an  
unidentified anhydrous crystalline calcium phosphate phase.  
Essentially identical results were obtained for a 
calcite/phosphate coprecipitate synthesized by the constant 
addition method at a Ca:P ratio of 5 000. For all samples 
most of the P (60-70%) occurs in crystalline phosphate 
phases. AFM images show the formation of sub-micron sized 
surface precipitates within hours after exposure of a calcite 
cleavage fragment to small volumes of a solution slightly 
supersaturated with respect to calcite containing 0.5 µM P. 
These surface precipitates are much smaller than typical 
beam diameters employed for SIMS and laser-ablation ICP-
MS. 
 Our results suggest that most of the P observed in 
speleothems by microchemical methods can occur as small 
crystalline inclusions in the calcite. These inclusions appear 
to originate as surface precipitates that are enclosed by 
growing calcite. Similarity in the P-distribution of natural 
samples to that of a more rapidly crystallized synthetic 
sample, and strong affinity of phosphate for calcite surfaces 
suggest that much of the phosphate in the dripwater might be 
incorporated into speleothems during infiltration events. 


