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INTRODUCTION
Bacteria and archaea make up the para-

phyletic group of prokaryotes, and together 
with eukaryotes they form the three major 
domains of l ife.  One can easily envi-
sion a world without eukaryotes, but it is 
difficult to imagine a biosphere without 
prokaryotes. Today prokaryotes colonize 
virtually every corner of the surface Earth 
system, from human guts to oceanic gyres 
to hydrothermal vents. Earth is home to 
millions of prokaryote species (Schloss 
& others, 2016), which amount to a stag-
gering number of individuals (Whitman, 
Coleman, & Wiebe, 1998; Flemming & 
Wuertz, 2019; Locey & Lennon, 2019) 
and account for ~14–50% of carbon in the 
biosphere (Whitman, Coleman, & Wiebe, 
1998; Bar-On, Phillips, & Milo, 2018). In 
fact, the biochemical capability to fix carbon 
and to produce oxygen can be evolutionarily 
traced to prokaryotes (cyanobacteria to be 
exact), and nitrogen fixation in nature is 
exclusively carried out by prokaryotes. Thus, 
it is safe to say that there would not be a 
biosphere without prokaryotes.

There are no credible reasons to doubt 
that prokaryotes were as abundant and 
important in the geological past as they are 
today. Yet, the fossil record of prokaryotes is 
extremely poor. This poor record is largely 
related to the fact that most prokaryotes—
with the prominent exception of magneto-
tactic bacteria (Bazylinski & Frankel, 2003) 

and some cyanobacteria (Benzerara & 
others, 2014)—do not perform biologically 
controlled mineralization. Thus, the pres-
ervation of prokaryotes as fossils requires 
specific taphonomic conditions. Further-
more, the microscopic size and simple 
morphology of prokaryotic fossils means that 
they are difficult to study because of poten-
tial problems related to contamination from 
younger microbes, conflation with abiotic 
structures, and convergence with eukaryotic 
microbes. Despite these challenges, there have 
been many reports of fossil prokaryotes since 
the late ninteenth century. This chapter is an 
overview of fossil prokaryotes, with a focus on 
bacteria, particularly cyanobacteria, preserved 
in Precambrian rocks.

HISTORY OF THE STUDY OF 
BACTERIAL FOSSILS

More detailed accounts of the history of 
fossil prokaryote research can be found in 
Fenton (1946), Banks and others (1967), 
Schopf (1992a), and Taylor, Taylor, and 
Krings (2009). Prokaryotic fossils had been 
reported in the literature by the late nine-
teenth century, although some were not 
originally identified as such, others may be 
eukaryotic, and still others were later proven 
abiotic. For example, the tubular microfossil 
Girvanella Nicholson & Etheridge, 1878 
was first described as a foraminifer from 
Ordovician strata but later understood as 
a cyanobacterium (Wood, 1957; Riding, 
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hoorn & Tyler, 1965; Cloud, 1965). 
The Gunflint fossils include stromatolite-
associated coccoidal and filamentous fossils 
(Fig. 1.1) (Barghoorn & Tyler, 1965), 
as well as coccoidal planktonic microbes 
(Knoll, Barghoorn, & Awramik, 1978). 
These fossils were compared with extant 
cyanobacteria, iron-oxidizing bacteria, and 
fungi (Barghoorn & Tyler, 1965; Cloud, 
1965). Serving as a search image in the 
field and in the laboratory, Gunflint-type 
stromatolitic cherts and microfossils soon 
opened the floodgates to numerous discov-
eries of Precambrian microfossils. Within 
a decade, Precambrian microfossils had 
been reported from many Precambrian 
cherts in North America and Australia, 
including the Neoproterozoic Bitter Springs 
Formation in Australia (Fig. 1.7) (Barg-
hoorn & Schopf, 1965; Schopf, 1968; 
Schopf & Blacic, 1971), the Neopro-
terozoic Skillogalee Dolomite in South 
Australia (Schopf & Barghoorn, 1969; 
Knoll, Barghoorn, & Golubic, 1975), the 
Neoproterozoic Beck Springs Formation in 
eastern California (Cloud & others, 1969), 
the Paleoproterozoic Belcher Supergroup in 
Canada (Hofmann, 1974; Hofmann, 1976), 
Archean strata in South Africa (Schopf & 
Barghoorn, 1967; Knoll & Barghoorn, 
1977), and many other units. These were 
followed by reports of silicified microfossils, 
many of which are interpreted as cyano-
bacteria, from Precambrian cherts around 
the world (see summary in Schopf, 1983; 
Schopf & Klein, 1992; Sergeev, Sharma, & 
Shukla, 2012). Among these, Paleoarchean 
microfossils from Western Australia are 
the most contentious (Awramik, Schopf, 
& Walter, 1983; Buick, 1984; Schopf & 
Packer, 1987; Schopf, 1993; Brasier & 
others, 2002; Schopf & others, 2002). The 
combined geochemical, paleontological, 
and sedimentological data indicate the exis-
tence of a microbial ecosystem on Earth at 
~3500 Ma or earlier (Rosing, 1999; Schopf, 
2006b), perhaps with diverse microbial 
metabolic pathways (Schopf & others, 
2018).

Since the 1960–1970s, paleontologists 
have also been investigating Precambrian 
organic-walled microfossils preserved in 
fine-grained siliciclastic rocks or shales using 
hydrofluoric acid maceration techniques 
(Xing & Liu, 1973; Timofeev, Hermann, & 
Mikhailova, 1976; Vidal, 1976), and some 
of these are filamentous microfossils that 
are interpreted as cyanobacteria (Hermann, 
1974). This line of research opened a new 
taphonomic window onto the Precambrian 
microbial world (Vidal, 1981; Hofmann & 
Jackson, 1994; Grey, 2005; Tang & others, 
2013). Together, microfossils preserved in 
cherts and shales provide a broader view of 
the paleoecology and taphonomy of Precam-
brian microbes.

MODES OF PRESERVATION
Because most prokaryotic microfossils 

are preserved in cherts and shales, silicifi-
cation and carbonaceous compression are 
the main modes of preservation. However, 
prokaryotic microfossils can also be repli-
cated by phosphate, pyrite, gypsum, and 
other minerals; and they have been reported 
from ambers. These taphonomic modes are 
briefly described below.

SILICIFICATION 

As a major permineralization pathway, 
silicification is responsible for the preserva-
tion of the majority of prokaryotic micro-
fossils (Fig. 1), including those preserved 
in cherts of the Gunflint Formation (Fig. 
1.1–1.3) and Bitter Springs Group in 
Australia (Fig. 1.7). Generally understood 
as a taphonomic process through which 
organisms are replaced by diagenetic silica, 
silicification of microbes is neither molecule-
by-molecule replacement of cellular struc-
tures by silica nor wholesale replacement 
of the entire organism by silica, as some-
times occurs in silicification of animal skel-
etons (Butts, 2014). Rather, at the micro-
scopic level, silicification is fundamentally 
a casting and molding process, with silica 
precipitating on organic substrates, such 
as cell walls and laminae of cyanobacterial 




