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INTRODUCTION

Stromatolites have been defined as laminated organo sedi-
mentary structures built by the trapping and binding of sedi-
ment and/or carbonate precipitation as a result of the activities
of microorganisms, primarily cyanobacteria (Walter 1976). To
date, there has been little consensus of opinion regarding pro-
cesses of stromatolite growth and lithification (Grotzinger and
Knoll 1999). We were interested to see if in situ analysis by
transmission electron microscope (TEM) could provide a bet-
ter perspective on these processes in modern marine stromato-
lites and microbial calcification in particular. Modern marine
stromatolites have been known in the Bahamas since the early
1930s (Black 1933) and have been the focus of many studies
over the past two decades (Monte 1976; Dravis 1983; Dill et
al. 1986; Reid et al. 1995; Golubic and Browne 1996). Many
of these microbial structures are hard and contain lithified lami-
nae (Dravis 1983; Reid et al. 1995) and thus have the potential
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ABSTRACT

Three sedimentary processes are involved in the growth of living stromatolites at Highborne Cay,
Bahamas: (1) trapping of oolitic sands, (2) formation of surface micritic crusts, and (3) formation of
fused-grain laminae. The microbial role in each process was investigated by examining the stroma-
tolites using transmission electron microscopy. Species composition and physiological state of the
bacteria were discerned by ultrastructure. A well-dispersed population of Schizothrix gebeleinii was
observed in rapidly accreting surface layers. Their filaments produce copious quantities of amor-
phous exopolymer and condensed sheath that surround individual, and pairs of cells. Both fresh and
degraded sheaths are, however, devoid of carbonate precipitates. This suggests that the primary roles
of S. gebeleinii are the trapping and binding of unconsolidated sediment and the production of extra-
cellular polymeric secretions. Surface micritic layers are composed primarily of needle-shaped crys-
tals of aragonite. The uppermost surface of the micritic crust is coated with a biofilm comprised
primarily of small Gram negative bacteria (i.e., sulfate reducing bacteria) that range in size from 250
to 500 nm in diameter and up to 1 µm in length. Empty cyanobacterial sheaths and occasional Gram
positive spores were also observed. Thin sections through resin-casts of ooid microborings in the
fused-grain laminae show cells of the endolithic cyanbacterium Solentia sp. and evidence of an
organic matrix. The micritic crusts and fused-grain layers became lithified laminae that were pre-
served at depth, although the organisms that formed them were not. This suggests that morphologi-
cal remains of these organisms (i.e., microfossils) in ancient stromatolites should not be expected.

to serve as modern analogs of ancient stromatolites. At Exuma
Cays, stromatolites are found forming in open ocean water of
normal salinity (Dravis 1983; Dill et al. 1986; Reid and Brown
1991; Reid et al. 1995; Steneck et al. 1996, 1997). These domal
structures, which may be a few centimeters to over 2 m in height,
grade from well laminated stromatolites to unlaminated
thrombolites (Feldmann 1996; Reid et al. 1995, 1999; Golubic
and Browne 1996; Macintyre et al. 1996). The stromatolite lo-
cality at Highborne Cay, which is the site of the present study,
is located approximately 50 km southeast of Nassau. The stro-
matolites there form within a reef complex lying along the wind-
ward east coast that is 50 to 100 m wide and about 3 km in
length. A more detailed description of the locality can be found
in Reid et al. (1995, 1999) and Visscher et al. (1998). The stro-
matolites are composed primarily of fine-grained carbonate
sands that range in size from 125–250 mm and are stabilized
by horizontal ribs of lithified laminae giving rise to a classic
stromatolitic structure (Reid et al. 1995, 1999).

Three different surface microbial communities have been
identified in Highborne Cay stromatolites, and each represents
a different growth stage (Reid et al. 2000). The first, Type 1, is
dominated by the filamentous cyanobacterium Schizothrix


