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The influence of microbes on carbonate textures is well known from studies of stromatolites that
date back to the Precambrian. In the Phanerozoic, with the diversification of life forms, the
dominance and influence of microbes in the marine realm has been largely relegated to niche
environments. Microbial influence on carbonate textures and facies has been increasingly
recognized, especially in the calibration of geological and reservoir models. This study
contributes to the understanding of how microbial processes influence rock textures with the
characterization of proposed cyanobacterial formed grains associated with the final stages of
marine deposition and the onset of uplift-driven subaerial exposure. By characterizing the
chemical and physical attributes of these microbial carbonates we will provide a better
understanding of their formation and environment of origin.

GEOLOGIC SETTING
The island of Mar¢ is located on a submarine volcanic ridge eastward of the island of New
Caledonia in the Loyalty Island chain, 40 km west of the New Hebrides trench; the convergence
of the Pacific and Australian plates. Volcanism on the island is thought to have occurred up until
the middle-late Miocene (9-11 Ma), but has since been dominated by phases of carbonate
deposition and diagenesis, with final atoll deposition projected to the mid-late Pliocene (Baubron
et al., 1976, Guyomard et al., 1996). Mar¢ is dominated by partially dolomitized, shallow-water
limestone. Carriere (1987) suggests that a small fringing reef, intertwined with rhodolith beds
~40km wide, formed and back stepped as sea level rose, surrounding the central volcanic rock
during the Miocene. During the early Pliocene an atoll rim developed on the rhodolith platform.
Here we describe bedded oncolites that cap the reefal rim of the atoll (McNeill and Pisera, 2010).

PHYSICAL CHARACTERISATION OF MARE ONCOLITES
The diameter of the oncolite grains range from 1-10mm. The grains contain a microbial coating,
and are classified as oncolites, defined as having diameters <10cm. The general composition of
the oncolites consists of a minimum of three distinct layers (Figure 1a). The innermost layer is
the nuclei, made of aragonitic skeletal fragments and intraclasts. Aragonitic mollusk shell
fragments, some with their original nacre (mother-of-pearl) are common. Nuclei thickness ranges
from 0.60-4mm. The second layer is a microbial coating (rind) surrounding the nuclei. Rind
thickness ranges from 1.5-6 mm, representing 12-49% of the total oncoid diameter. While most
nuclei are not well rounded, the encircling rind generally displays a more circular shape. The
microbial rinds consist of 1-3 micron crystals, tightly packed, with low-permeability. These
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crystals form an effective seal around the skeletal or composite nuclear grains. Possible
microbial fibers in the rind indicate in situ biological formation (Figure 1b). These concentric
grains are encased by a third layer of blocky calcite spar cement, typical of meteoric conditions.
The boundary between the coated grain and these calcite cements suggest distinct environments
of formation. The microbial rind promotes a rock fabric of well-preserved aragonitic nuclei.

Figure 1 a) Thin-section photomicrograph of an oncolite sample taken from the top of a faro near the town of La
Roche. b) SEM image of fine calcite crystals within the rind layer of an oncolite sample. Lightly etched with 5%
HCL

STABLE ISOTOPIC CHARACTERISATION OF MARE ONCOLITES

One key feature of the microbial rind is its influence on meteoric diagenesis. Unlike oolitic
grainstones, the microbial rind inhibits nuclei dissolution and the formation of associated moldic
porosity. MicroMill isotope sampling enabled the analysis of the minute layering within each
oncolite. The average 8'® O signal for the nuclei, rind, and cement layers were -4.7, -4.9, and -5.6
respectively. The average 8'°C signal for the nuclei, rind, and cement layers were -6.7, -7.6, and -
10.1. These stable isotopic results show a general trend toward lighter carbon and oxygen
isotopes as you move from the nuclei to the cement. This trend records the transition from
marine to freshwater conditions with progressive uplift. The permeability of the microbial rinds
was sufficiently low at this early stage, to preclude freshwater access to the aragonitic fragments
in both the nuclei and rinds. This exception to diagenetic sequence is well illustrated in thin
section and SEM images and has important implications for the dissolution of aragonitic grains.
Furthermore, the recognition of microbial textures, their formation, and distribution within
existing facies models may be a challenge to the diagenetic paradigm.
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Stable Isotope Values for Oncolite Layers
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Figure 2 — Isotope results measured in %0VPDB for the cement, rind, and nucleii layers.
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