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Effects of microbial activity on the d18O of dissolved inorganic phosphate and textural
features of synthetic apatites
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ABSTRACT

Laboratory growth experiments were conducted to investigate the oxygen isotope effects
associated with bacterial metabolism of phosphatic compounds commonly available in
nature. The observed oxygen isotope fractionations suggest complex patterns of exchange
between dissolved inorganic phosphate (Pi) and water, and significant circulation of Pi

between intracellular and extracellular locations with extensive recycling of the dissolved
Pi pool, even at high concentrations of dissolved Pi. Results of these experiments also
support current models for bacterial utilization of phosphate. These results have important
implications for the use of d18O values of dissolved Pi to trace sources of P, and bear on
integrity of original oxygen isotope compositions of biogenic and sedimentary apatite
minerals that have been subjected to processes of recrystallization and diagenesis.

SEM images of laboratory synthesized apatite minerals show that similar textural fea-
tures may be produced by microbially mediated and abiotic reactions, and that spheroidal
structures may be produced by processes of dissolution as well as precipitation. The in-
terpretation of certain mineral structures as microbial in origin solely on the basis of
morphological and textural features may be misleading.

INTRODUCTION

Geologists have long recognized the ubiquitous pres-
ence of bacteria in sediments, aquifers, and pore water
environments, but the effects of microbially mediated re-
actions on geochemical processes and specific interac-
tions between bacteria and mineral surfaces have only
recently received widespread attention. Bacteria are im-
portant in the geochemical cycles of elements such as P,
N, and S. Microbial metabolic activity may completely
dominate pore water chemistry, for example, in shallow
marine sediments where bacterial sulfate reduction is
highly pronounced. Bacteria have also been implicated as
important mediators of both the dissolution and precipi-
tation of various minerals including carbonates (Buczyn-
ski and Chafetz 1991; Folk 1993; Jones 1995; Vascon-
celos and McKenzie 1997), silicates (Ullman et al. 1996;
Bennett et al. 1996; Folk and Lynch 1997), metal oxides
(Lovely et al. 1987; Mandernack et al. 1995; Grantham
and Dove 1996; Brown et al. 1997), phosphates (O’Brien
et al. 1981; Lucas and Prevot 1984; Hirschler et al. 1990),
and phosphorite deposits (e.g., Prevot and Lucas 1986;
Soudry 1987; Rao and Nair 1988; Soudry and Southgate
1989; Lamboy 1990; Bertrand-Sarfati et al. 1997). Mi-
croorganisms are especially important in the cycling of
phosphorus in aquatic and sedimentary environments
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(Chrost 1991; Goldstein 1994). Degradation of organic
matter by bacterial enzymes provides a major source of
dissolved inorganic phosphate (Pi) to the water column
and to pore fluids where it is consumed as a preferred
nutrient by microorganisms and plants (Ammerman
1991), and may be precipitated as authigenic apatite min-
erals (Prevot and Lucas 1986; Hirschler et al. 1990,
1992).

Oxygen isotope ratios of phosphates and biogenic ap-
atites are used in paleoclimatological and environmental
studies to obtain critical information on temperatures of
formation and environmental conditions under which
phosphate minerals are formed (e.g., Ayliffe and Chivas
1990; D’Angela and Longinelli 1993; Barrick and Show-
ers 1994; Fricke et al. 1996; Kohn et al. 1996), and also
to identify sources of dissolved phosphate in aquatic eco-
systems (Markel et al. 1994; Gruau et al. 1997). Correct
interpretation of oxygen isotope ratios in phosphates thus
requires understanding all processes and reactions leading
to alteration of primary isotopic compositions or fraction-
ation of oxygen isotopes, and the factors that govern these
processes. Very few investigations have been made of the
oxygen isotope effects associated with microbial metab-
olism of phosphate (e.g., Paytan 1989; Blake et al. 1997).

Oxygen isotope systematics of phosphate in more com-
plex organisms such as mammals, fish, and marine in-
vertebrates, indicate that phosphate ingested by these or-
ganisms undergoes complete isotopic exchange with
internal body fluids and is precipitated (e.g., as bone or


