447

7. Early Archaean Oncoidal Trace Fossils
1.

Introduction
Prudence is warranted when considering the early evolution of the biosphere.

Evidence for early Archaean life is highly ambiguous, however. Purported microfossils
(Schopf and Packer, 1987; Schopf et al., 2002) are, to say the least, controversial
(Brasier et al., 2002; Brasier et al., 2005). Although seemingly compelling, structures
of purported stromatolitic origin (Lowe, 1980; Hofmann et al., 1999; Allwood et al.,
2006) remain open to non-biological interpretations in the absence of microfossil or
microbial palimpsest proof of biogenic accretion (Buick et al., 1981; Lowe, 1994;
Grotzinger and Rothman, 1996; Grotzinger and Knoll, 1999). For microtubules and
pitted microfabrics in Archean basalts and silicified sandstones that have been
interpreted as endolithic microborings (Furnes et al., 2004; Banerjee et al., 2006;
Brasier et al., 2006; Wacey et al., 2006), it is often difficult to establish their biogenic
origin and ancient age (McLoughlin et al., 2007). Chemical evidence of life is also
susceptible to ambiguity (e.g. contamination, abiotic non-equilibrium processes:
Chapter 3). Isotopically depleted graphite at Isua (Rosing, 1999) may have arisen
through the non-biological decarbonation of siderite (van Zuilen et al., 2002; van
Zuilen et al., 2003) or through non-equilibrium thermodynamics (Chapter 3).
Isotopically depleted kerogen at Barberton and in the Pilbara could be the product of
ancient Fischer-Tropsch-type synthesis (Ueno et al., 2001; Brasier et al., 2002; Ueno et
al., 2003; Ueno et al., 2004; Brasier et al., 2005). Although sulphur isotopic evidence is
more persuasive of biological processing (Shen et al., 2001), debate continues
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regarding the type of ancient sulphur cycling and the isotopic fractionation incurred
(Philippot et al., 2007; Ueno et al., 2008; Shen et al., 2009).

2.

Oncoids
Biogenic coated grains are a common feature in many modern environments

ranging from marshes, streams and freshwater lakes to inter- and sub-tidal marine
settings (Flügel, 1982). Such biogenic concretions are termed ‘oncoids’ and are
characterized by concentric growth of alternating organic and mineral laminae that
have inconsistent thickness and trancating relationships, unlike the abiotically
precipitated concentric laminae in ooids and pisoids. Oncoids form by adhesion of fine
grains of sediment to the mucilaginous surface of microbial biofilms growing on the
surface of larger sediment grains, commonly after carbonate precipitation through
metabolic alkalinity production. Because commonly associated with photosynthesis, a
depositional depth between 0 and 100 m is often assumed for modern marine oncoids.
Homogeneous concentric overgrowth – whether phototrophic or chemotrophic - on all
sides of an oncoid requires consistent nodule turning, which is facilitated by a sloping
substrate, waves and/or tidal currents.
Although a rich diversity of oncoid growth forms are encountered today, only
spongiostromate and micritic forms existed prior to the Neoproterozoic-Cambrian
transition. Hitherto, the oldest known oncoid occurrence came from the late
Palaeoproterozoic of South Africa (Schaefer et al., 2001; Gutzmer et al., 2002).
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3.

Geological Settings

3.1.

Barberton
Barberton oncoids were discovered near the top of the >3453 ± 3 Ma

(Armstrong et al., 1990) H3C carbonaceous sedimentary chert unit in Barberton’s
Hooggenoeg Formation, which lies in the Onverwacht Group near the base of the
Swaziland Supergroup. The oncoids occur on the western limb of the Onverwacht
anticline, ~2 km west of the fold hinge (Figure 1). In this location, the H3C chert
overlies a patchily metasomatized volcanic pile of unvariolitic pillowed basalt, with
random komatiitic spinifex texture developed immediately below the conformably
overlying chert. The chert itself, ~15 m thick, consists of a ~10 m basal unit of variably
silicified volcanogenic lithofacies, dominated by silicified mafic ash. Black chert
occurs with increasing prominence towards the top of the H3C, forming the top ~5 m.
Komatiitic basalt of the H4 member conformably overlies the oncoid-bearing black
chert. The presence of chlorite ± epidote ± actinolite in associated basalts indicates that
Barberton oncoids were metamorphosed to greenschist facies conditions.

3.2.

Pilbara
Oncoids have been discovered from two seperate formations in the Pilbara

Supergroup. The ~3.48 Ga Dresser Formation in the North Pole Dome of the Pilbara
Craton contains oncoids in shallow-marine silicified sediments deposited in a tidal
flat/evaporite pond environment (Groves et al., 1981; Buick and Dunlop, 1990). The
oncoids occur in massive lenticular beds of stromatoloidal intraclastic rudite up to 1.5
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metres thick, together with multilaminate curved clasts of extremely tabular aspect that
are interpreted as desiccated and ripped-up microbial mats. Such beds concordantly
overlie stromatolites (Buick et al., 1981) and concordantly underlie dolomitic banded
chert that is unsilicified carbonate in subsurface drill-cores (Philippot et al., 2007).
The Pilbara’s Pilgangoora Syncline preserves an angular unconformity (Buick
et al., 1995) between ~3.52 Ga underlying deep-marine mafic and felsic volcanics,
chemical precipitates and rarely preserved volcanoclastics of the Coonterunah Group
and overlying shallow marine and intermittently sub-aerial (Lowe, 1983) sedimentary
units of the Strelley Pool Chert (‘SPC’) and higher volcanic units of the ~3.35 Ga
(Banerjee et al., 2007) Kelly Group. Extending downwards from and perpendicular to
the sub-vertically dipping Coonterunah-Kelly unconformity are several suites of
irregularly spaced ancient Neptunian fissures (Figure 2, 3, see also Chapter 2B). These
fissures developed in response to crustal flexure associated with doming induced by the
intermittent intrusion of several granitoid suites of varying age and depth. Doming,
which commenced with intrusion of the 3.468 Ga ± 4 Carlindi batholith, led to shoaling
of the Kelly depositional system during fissuring. Fissures are commonly irregularly
spaced on the order of ~100s m apart (e.g. Figure 3). Fissure formation and infill dates
to the time of SPC sedimentation: clastic fissure material is demonstrably derived from
the overlying seafloor, being identical to material in particular lithofacies of the
overlying SPC (Harnmeijer & Buick, in prep.). Where well-preserved, fissures vary in
depth between 250 and 750 m, with a width of 3-5 m in contact with SPC. Fissures thin
gradually downwards, commonly abruptly shrinking entirely from a width of 1-2 m
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within the lowest 10 m. The presence of pumpellyite restricts Pilbaran oncoid
metamorphism to sub-greenschist facies conditions.
Oncoids have been observed in younger Neptunian fissures elsewhere
(Cavalazzi et al., 2007), where their distinctively high porosity and resultant low
density (Verrecchia et al., 1997) restricts their occurrence to the upper levels, as also
observed in the Pilbara.

4.

Descriptions
Oncoids at all locales are preserved in breccia. Early and pervasive silicification

allowed exceptionally good preservation and minimal compression, as shown by the
lack of a preferred elongation direction in Barberton (Figure 4) and Pilbara (Figure 5)
oncoids. No branching, columnar or lobate growth forms are present, and all lack
evidence of radial microfabrics. With the exception of organically cemented
agglomerations that numerically comprise ~5% of Barberton oncoids (Figure 4 (a, b)),
all are unattached.
Pilbara oncoids vary between 0.5 and 2 mm, are not grain-supported and
volumetrically comprise 10-15% of the rock. The larger and less sorted Barberton
oncoid grains are of pisoid size, mostly ranging between 0.5 and 5 mm although
smaller disrupted clasts abound, and being nearly grain-supporting, their host rock may
fairly be termed an ‘oncolite’ (Catalov, 1983).
Oncoid outer surfaces at all locales are smooth, defined by laminar fabric and
are subspherical to ovoidal in shape, suggesting growth in a relatively high-energy
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environment. Diagenesis likely occurred in low intertidal to shallow subtidal settings,
compatible with inferred depositional environments for their host lithofacies (Lowe,
1983; Lowe and Byerley, 1999). But even today, such environments rarely preserve
oncoids (Flügel, 2004).
Cortical lamellae consist of well-defined alternating light-dark couplets,
occasionally singular but more commonly multiple (up to five, seven and eight in
oncoids from the Dresser, Strelley Pool Chert and Hooggenoeg Formations,
respectively). Light lamellae are usually 2 to 3 times thicker than dark ones, ranging
from 0.02-0.06mm compared to 0.01-0.02mm for dark lamellae. Though mostly of
nearly uniform thickness, many vary laterally in thickness by up to 100%. They are
generally smooth but may be gently undulose to slightly wrinkly. Individual lamellae
are frequently discontinuous, non-concentric and with occasional micro-unconformities
in denser fabric. A tendency towards increased sphericity during growth is also
apparent. These features are strongly suggestive of biogenic accretion around a clastic
nucleus. Barberton oncoid agglomerations, furthermore, show renewed growth after
reworking and transport.
Only silica casts and fluid inclusions remain of minerals entrained within the
finely dispersed wispy kerogenous lamellae, giving rise to high reflectance (Figure 5
(f)). Crystal sizes range from ~0.5 to 5 µm, with a dominant mode around ~1 µm.
Minerals interfacial angles are well preserved (Figure 3 (e)), allowing cubic sulphide
and octahedral magnetite habits to be ruled out. The trigonal rhombohedral crystals of
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dolomite or calcite are more likely. Unfortunately, no chemical remnants could be
discovered with either SEM or WDS microprobe imaging.
Nuclei at all locations are distinct, with nucleus shape determining overall
oncoid grain shape. Lamellar coatings are typically distributed asymmetrically about
the nuclear core, although this phenomenon is cryptic in thinly coated grains. With few
exceptions, Pilbara oncoid nuclei now comprise coarse drusy quartz (likely Tertiary),
commonly bearing ~10 µm carbonate inclusions and occasional similarly sized
anhedral Fe-dolomite grains. Nuclear pseudomorph crystal shapes, dominantly
euhedral, are highly variable. A diverse array of lithic fragments evidently seeded
oncoid growth.
Barberton oncoid nuclei are pervasively sericitized but are usually less coarsely
silicified, allowing determination of lithic fragment identity. Although highly variable,
many of these nuclei are derived from mafic volcanics. In contrast to their Pilbara
counterparts, a majority of Barberton nuclei are distinctly rounded, resembling mafic
vitric arenite grains. Also present are variably textured shards, ranging from blockyequant to irregular and elongate cuspate forms. Pseudomorphs after feldspar laths are
common.

5.

Interpretation
In order to rule out a non-biological origin, the oncoids must be distinguished

from superficially similar structures. The alternate term ‘oncoloid’ has been employed
for coated particles resembling oncoids, but of either non-biological or unknown origin
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(Dahanayake and Krumbein, 1986). Alternatives to biogenic oncoids include ooids,
vadoids, vesicles, spherules and accretionary lapilli. The degree of preservation is
sufficiently good to allow these candidates to be ruled out.
The oncoids reported here are distinctly non-spherical and non-ellipsoidal, and
often exhibit kinked cortices. There is no dominant flattening direction, and cortical
angularities suggest very little flattening whatsoever occurred. Lamellae are frequently
irregular and nonconcentric, unlike smaller and more regular ooids and vadoids (Lyell,
1859; Kalkowsky, 1908; Flügel, 1982). This leaves biological encrustation as the most
likely growth mechanism.

6.

Isotopes
Kerogen was isolated by dissolving samples in concentrated HF, combusted in

a Costech elemental analyzer and then analyzed by a Thermo-Finnigan MAT 253
isotope-ratio mass-spectrometer (Table 1). Barberton oncolite yields δ13CPDB = -24.5 ±
0.1‰. Pilbara oncoids are insufficiently kerogenous for individual lamellar analysis,
but bulk oncoid sample yielded δ13CPDB = -32.1 ± 0.9‰. Relative to kerogen analysed
from the overlying SPC adjacent to fissure walls, chert-hosted kerogen in 5 Pilbaran
fissures is distinctly isotopically depleted by an average of 8.3‰ (range between 5 and
12‰).
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7.

Conclusion
Trace fossils occur in the form of abundant well-preserved oncoids associated

with the Dresser Formation, H3C Hoogenoeg Member and Neptunian fissures
extending below the Strelley Pool Chert. Multi-laminar microstromatoloidal films,
preserved as nitrogenous kerogen, coat a diversity of lithic fragments of shallow
marine affinity. The oncoids bear evidence for multiple stages of growth during
sedimentary processing, with instances of smaller reworked oncoids organically
cemented into aggregate complexes.
Individual kerogenous laminae entrain abundant coated microscopic (1-5 µm)
crystals, now thoroughly silicified, whose interfacial angles are suggestive of a
carbonate precursor, likely formed as a precipitate associated with metabolic alkalinity
production. The conspicuous absence of oncoidal sulphide suggests that sulphur
metabolism may have been of only local significance during early Archaean times
(Shen and Buick, 2004), leaving oxygenic photoautotrophy/respiration and/or ferric
chemoheterotrophy as the likely responsible metabolic pathways. Carbon isotope
analysis supports this interpretation: oncoidal kerogen from the H3C chert carries
δ13CPDB = -24.5 ± 0.1 ‰, typical of both early Archaean deep-marine benthic carbon
(Chapter 5, 6) and modern organic marine detritus that was biosynthesized through
photoautotrophy. Fissure-hosted kerogen, on the other hand, is distinctly depleted with
δ13CPDB = -32.1 ± 0.9 ‰, in the range of other Pilbaran fissures which carry δ13CPDB
between -32 and -36 ‰. This lighter carbon may be indicative of a methanogenic
component in biomass (Chapter 8).
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We conclude that microbial communities capable of complex biofilm
aggregation in high-energy depositional environments were already well developed in a
diverse array of marine settings near the beginning of sedimentation on both the
Kaapvaal and Pilbara Cratons at ~3.4 Ga. Our findings represent amongst the oldest
unambiguous trace fossil evidence for life on Earth, and pre-date the next-oldest known
occurrence of oncoids (Schaefer et al., 2001; Gutzmer et al., 2002) by over one billion
years.
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Figure 1: Geological map showing Hooggenoeg Formation in Barberton Greenstone
Belt, South Africa (after Kamo and Davis, 1994; Lowe and Byerley, 1999; Hofmann
and Bolhar, 2007). Inset shows location of study area in South Africa.
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Figure 2: Geological map showing location of Pilbaran oncoid sample at fissure locale
(1). Inset show three Early Archaean Neptunian fissure complexes in Pilgangoora area,
Pilbara Craton, northwest Australia.
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Figure 3: Geological map of Early Archaean Pilbaran fissure complex, locale (2) of
Figure (1).
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Figure 4: Plane-polarized photographs of (a, b) selected Barberton oncoid
agglomerations and (c) detail of microstromatolitic kerogenous laminae.
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Figure 5: (a, c) plane-polarized, (b, d) cross-polarized, (e) SEM, and (f) reflected-light
photographs of selected Pilbara oncoids. Note internal laminar reflections (f) associated
with (e) individual probable carbonate minerals.
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Table 1: Carbon isotope data from Barberton and Pilbara oncoid samples, and Pilbara
Neptunian Fissures.
Unit

Member /

Lithology

n

Locale
Barberton
Hooggenoeg

Pilbara

± 1σ

Oncoids

(‰)

(‰)

?

Black chert breccia

1

-24.5

0.1

Fissure

Bedded black chert*

1

-31.5

0.4

X

1

Fissure chert breccia

2

-32.1

0.9

√

Bedded black chert

2

-25.6

3.0

X

Fissure chert breccia

3

-33.5

1.7

X

Bedded black chert

1

-30.2

0.2

X

Fissure chert breccia

1

-35.8

0.1

X

Bedded black chert

2

-25.8

0.4

X

Fissure chert breccia

2

-34.8

1.2

X

H3C

Fissure 2(a)

Strelley Pool
Chert

δ13CPDB

Fissure 2(c)
Fissure 2(d)

* Designates SPC sample collected immediately adjacent to Neptunian Fissure.

√
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