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SUMMARY
Stromatolites are laminated microbial deposits, normally composed of accretionary layers of cyanobacteria and other (often
anoxic) bacteria which form on the sediment-water interface. Stromatolites represent one of the earliest records of life on
Earth, dating back at least 3.7 billion years. Stromatolites became extremely diverse and very abundant throughout the Archean
era 4-2.5 billion years ago, eventually causing increasing levels of atmospheric oxygen on Earth, as part of the Great Oxidation
Event. The emergence and radiation of bilaterian animals and the development of new and more complex food webs during
the early Cambrian coincided with a sharp decline in the abundance of stromatolites, yet they continued to exist in a range of
Cambrian carbonate environments. The appearance, environment, and possibly the biogeochemistry, of Cambrian
stromatolites appears to have been altered after the evolutionary development of epifaunal grazing bilaterians. Stromatolites
were sampled from a wide spectrum of carbonate facies in the lower Cambrian Hawker Group in the Flinders Ranges, South
Australia. The appearance, construction, distribution, and biogeochemistry of stromatolites from different depositional
environments, including phosphatic hardgrounds, intertidal shoals and shelf/ramp settings is being described as part of an
investigation into their morphological variation and ecological association, aiding the clarification of specific stromatolitic
biofacies, and taxonomic associations. There has been little previous research on the morphology, architecture, growth, and
biogeochemistry of Cambrian stromatolites in the Arrowie Basin. This study is designed to provide novel data about
stromatolite evolution and ecology during a period dominated by the radiation of complex animals.
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INTRODUCTION
The Cambrian Explosion represents a geologically short interval of significant change in global biogeochemistry and
flourishing biodiversity, from the microbe-dominated Proterozoic to the Cambrian period with abundant macrofauna and an
intricate system of radiations and extinctions (Pagès et al., 2016). The Cambrian is marked in the fossil record as a time of
complex ecological change and restructuring, because within 30 million years of the Cambrian Explosion all major animal
phyla had evolved (Marshall, 2006). Due to the evolution of bioturbation, and zooplankton ventilation, the ocean chemistry
changed significantly, and it has been suggested that this oxygenation of the ocean may have led to the rapid diversification of
animal life (Bush et al., 2011; Marshall, 2006). Microbial build-ups, termed microbialites, represent some of the earliest signals
of life throughout the Proterozoic and early Palaeozoic (Tosti and Riding, 2017). Microbialite diversity and distribution was
severely restricted after the evolution of metazoans (Chen et al., 2011). Microbialites are often studied as environmental proxies
because their morphology is significantly affected by environmental parameters such as atmospheric conditions and seawater
chemistry (Grotzinger and Knoll, 1999; Mukhopadhyay and Thorie, 2016). Reefs transitioned from being stromatolitic to
metazoan-dominated during the Cambrian, but collapsed worldwide by the middle Cambrian. However, there are no clear
answers as to why these changes occurred in the Cambrian (Pagès et al., 2016).
Research into the biogeochemical makeup of microbialites may yield information about the identity and relationships of extinct
organisms (Brocks and Pearson, 2005). Thus, by investigating the physical and biogeochemical record of these microbialites,
more information about the processes that govern these structures during ecological change and transitions can be gleaned.
There have been no biogeochemical investigations of the microbialites in the Arrowie Basin, and little is understood about the
hydrocarbon potential of the region (Carr et al., 2012; Youngs, 1977; Zang et al., 2004). Zang et al. (2004) took thermal
alteration indexes from acritarchs across the Arrowie Basin, and determined that there had been a maximum temperature of
100–150°C. Zang et al., (2004) interpreted these data as showing that a post-Cambrian thermal event had taken place during
the Permian, which may have matured the rocks for oil generation. Carr et al., (2010) showed that some areas of the basin,
such as the North-west) had been subjected to heating events when the Ediacara Fault was reactivated. To investigate the
biogeochemistry of the Arrowie Basin microbialites and the hydrocarbon potential of the Arrowie Basin, samples were taken
from the Wirrapowie Limestone (Stage 2/3) and the Wirrealpa Limestone (Stage 4) (Figs. 1,2,3). These microbialites were
examined morphologically and geochemically through petrography, fourier transform infrared spectroscopy (FTIR), Raman
spectroscopy, X-ray flourescence (XRF), and gas chromatography-mass spectrometry (GC-MS).
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METHODS
The samples were prepared, solvent extracted (Bitumen I and II) and analysed by GC-MS using the same methods as described
by Hoshino and George (2015). The same parameters for FTIR and Raman spectroscopy were used as documented by
Baydjanova (2016). XRF was performed on the samples using the same methodology and instrumentation as Frese et al.,
(2017).

PRELIMINARY RESULTS
Petrographic and morphological investigations reveal the presence of micrite throughout the samples cementing peloids and
other allochems in place. FTIR (Fig. 4) and Raman spectra show typical calcite peaks, and FTIR and petrographic results
indicate dolomitisation in some samples, with FTIR peaks at 2511cm -1 (Fig. 5). Some hydrocarbons have been detected by
GC-MS in most samples except in TH118 and SSWTH. The hydrocarbons are dominated by aliphatic hydrocarbons
including n-alkanes. The Raman spectroscopy data in Table 1 pertains to the graphite band (G) and the D1 (defected
carbonaceous material). The intensity of the D1 band decreases relative to the G-band, and the G band becomes narrower as
metamorphic temperature increases (Beyssac et al., 2002). Deconvoluted spectra were then characterised by parameters
given in Table 1: integrated area, band width, full width at half maximum (FWHM), and the intensity ratios (ID1/IG) and
ID1/(ID1 + IG) (%) (Allwood et al., 2006; Beyssac et al., 2002; Marshall et al., 2007). The (ID1/IG) and ID1/(ID1 + IG) values
range from 0.87 to 1.99, and 47% to 67% respectively. The FWHM is known to decrease with increasing thermal maturity
(Allwood et al., 2006). Samples from locality 1 have more noticeable D and G peaks in spectra, higher intensity ratios, and
higher ID1/ (ID1 + IG) percentages, and have lower FWHM values, so are suggested to be more mature. The locality 2
samples have visually less intense Raman peaks, but the degree of thermal maturity in locality 2 is still relatively high (Table
1). For instance, the rocks of the Archaean Strelley Pool Chert, which has been interpreted to have reached 200-500%
thermal maturity (Allwood, 2006) has an ID1/(ID1 + IG) (%) range of 50-59% and intensity ratios ranging between 0.72-1.42,
the values in both localities for this study are within and above that range, meaning that they could have perhaps been heated
even higher.
Some samples from the stromatolitic section (Wirrapowie Limestone) are peritidal and contain no evidence of
metazoans in life position. However, one samples of an iron encrusted hard ground has a fossilised microbial mat
overgrowth, indicative of a restricted lagoonal environment. This is supported by an even carbon number predominance of nalkanes from GC-MS which indicate a hypersaline environment. The thrombolitic section (Wirrealpa Limestone) is similar
in form to those seen by Riding (2011) at Hamelin Pool, Shark Bay, which likely form from episodic sediment supply, rather
than epifaunal burrowing. This is supported by transported and fragmentary fossils which vary with stratigraphic height in
the thrombolitic section. For example, no chancelloriid fossils are present at 5.2 m, but the thrombolite at 9.7 m is composed
almost entirely of chancelloriids. Lastly, an oncolitic grainstone (part of the Wirrealpa Limestone) likely formed in a northsouth transgression, as interpreted by Youngs (1977), as is supported by the median orientation of the major axes of the
oncolites. Both fragmented fossils and oncolites are indicative of a high energy shoaling environment, which transitioned
into a calmer, deeper subtidal environment as supported by the presence of microbial rinds.

Figure 1: Map of the Arrowie Basin, detailing Cambrian outcrops and the stratigraphic section locations used in this
study. Modified from Betts et al. (2016).
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Figure 2: Map of where samples were taken from locality 1. Samples WP0, WP1, MM, WP2 and WAR405 were
taken from spot localities on (or along strike from) the WAR stratigraphic section measured by Betts et al. (2016).
Samples WP0, WP1, MM and WP2 were taken from a 25m long transect at S31°01’30.2” E138°47’59.0”, whereas
sample WAR405 was taken 405 m from the base of the section at S31°01’21.1” E138°47’12.3. Because sample MM
was attached to sample WP2, it is not included as a separate location.

Figure 3. The microbialite cliff at locality 2, with • indicating where a sample was taken. Samples were taken from
4.15 m, 5.2 m, 8.2 m, 9.7 m and 11.8 m above the base. Scale bar = 1 m.
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Figure 4: Representative spectra of FTIR results for samples from locality 2, peak allocations are labelled in figure.

Figure 5: Representative spectra showing a dolomite peak at 2511cm-1
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Table 1. Raman spectral data for samples from localities 1 and 2. A representative spectrum from each thin section
was deconvoluted to yield the values for the integrated areas of the D1 and G bands, the G band width full width at half
maximum (FWHM), the intensity ratio which is the integrated area of the deconvoluted D1 peak, as a ratio with the
integrated area of the G peak (ID1/IG), and the integrated area of D1 divided by the intensity ratio [ID1/(ID1 + IG)].

CONCLUSIONS
Both Raman spectroscopy and FTIR show that calcite is the main mineral in all samples, with evidence of dolomitisation in
some samples. The dominance of aliphatic hydrocarbons in most of the samples may be because kerogen derived from the
mat-forming stromatolitic morphotypes becomes increasingly aliphatic with increasing thermal maturation (Stasiuk et al.,
1993). The morphological and geochemical data support the presence of thermally over-mature sediments in this part of the
Arrowie Basin, with comparable and higher values than those detected in the Archaean Strelley Pool Chert. Samples from the
stromatolitic section (Wirrapowie Limestone) likely formed in a shallow marine to restricted lagoonal environment with
restricted sediment supply. The thrombolites of the Cambrian Stage 5 Wirrealpa Limestone were likely deposited subtidally
during a transgressive system track, wherein a low-energy, subtidal environment with high levels of CaCO3 caused the
precipitation of the clays. This environment is consistent with the formation of the oncolite, and is characterised by fragmented
fossils that indicate a previously high energy shoaling environment that transitioned into a calmer environment at the height
of the transgression.
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