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ABSTRACT  

Variations in the carbon isotopic composition (δ
13

C) of carbonate rocks can reflect climatic 

and biological events throughout geologic time. However, a number of Neoproterozoic 

carbonate-bearing successions show spatially reproducible negative shifts in δ
13

C which 

reach as low as -12 ‰, a magnitude incompatible with current carbon cycle models. The 

largest of these shifts is known as the ‘Wonoka Anomaly’ after the Ediacaran Wonoka 

Formation in South Australia. This anomaly closely precedes the widespread appearance of 

macroscopic multicellular life in the geologic record, suggesting a link between potential 

changes in carbon cycle dynamics and the widespread rise of complex life in the Ediacaran. 

Alternatively, spatially reproducible, negative δ
13

C shifts in Quaternary carbonate platforms 

are known to result from diagenesis and can be demonstrated to be diachronous by 

biostratigraphic constraints unavailable in the Neoproterozoic. This study investigates the 

origin of the carbonate within the Wonoka Formation, to determine the marine and diagenetic 

influences on its carbon isotopic composition. Sedimentological, petrographic and isotopic 

analyses show the carbonate phase associated with anomalously negative δ
13

C values is a 

carbonate cement of no obvious internal origin, while the return to typical marine δ
13

C values 

is characterised by the appearance of identifiable marine carbonate grains. Isotopic analysis 

of this cement reveals a strong linear co-variation between δ
13

C and δ
18

O, a characteristic 

associated with meteoric diagenesis. Thus the Wonoka Anomaly is interpreted here as the 

result of cementation by meteoric water in association with small-scale changes in sea level. 

Given that meteoric water is depleted in δ
13

C by organic matter, the presence of meteoric 

carbonate cement in the Wonoka Formation implies significant terrestrial photosynthetic life 

in the late Neoproterozoic. Therefore the Wonoka Anomaly likely represents some of the 

earliest development of the terrestrial biosphere, rather than whole ocean secular change. 
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is shown in the mid-left panel, where the x-axis corresponds to % carbonate and y-axis 

corresponds to height in the stratigraphic section. Stable isotope data is shown in the mid-

right panel, where the x-axis corresponds to δ
13

C (bottom axis) and δ
18

O (top axis), y-axis 

corresponds to height in the stratigraphic section. Legend is shown in the panel on the far 
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Figure 16: Generalised reference section for the Wonoka Formation at Bunyeroo Gorge with 

revised lithologies based on the findings of this study. Units 3-7, previously defined as 

calcareous siltstones, fine silty limestones, sandy limestones and limestone (Fig. 3, table I) 

are considered here as carbonate cemented siliciclastics shallowing towards the proposed 

sequence boundary (SB) at the contact between units 7 and 8 (Christieblick et al. 1990). 

Sequence boundary between Unit 3 and the top of Unit 4 corresponds to the hypothesised 

correlative surface to the Wonoka incised canyons in the NFZ. (Christieblick et al. 1990, 

Christieblick et al. 1995) Carbonate content is shown in the middle panel and isotope values 

across the entire succession from Calver (2000) in the right panel. δ
13

C is highly negative 

from the onset of carbonate cementation (unit 3) and begins to recover in unit 8, which 

contains the first carbonate grains which can be considered of marine origin within the 

succession. ............................................................................................................................... 44 

 

Figure 17: Cross plot of δ
13

C (‰ VPDB) and δ
18

O (‰ VPDB) values across the Wonoka 

Formation in Bunyeroo Gorge supplemented with isotope values reported by Calver (2000) 

and Kennedy (Unpublished). Supplemented data values are divided into the informal subunits 

of the Wonoka Formation based on reported stratigraphic height of collected samples with 

respect to the reference section through Bunyeroo Gorge by Haines (1987). Unit 11 samples 

(average is values are circled) represent typical marine carbonate δ
13

C values (marine 

carbonate end member) and do not plot along the meteoric / marine co-variance mixing line. 

The most depleted values are considered here to represent a meteoric diagenesis carbonate 
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Figure 18: Meteoric cementation model for the Wonoka Formation involving cyclic small-

scale changes in sea level. (A) During relative high sea level, although still within storm 

wave base (SWB), the water table or phreatic zone is above regions of sedimentation. (B) 

During relative sea level falls to within wave base (WB) or exposure related to sequence 

boundary development the resulting migration of the vadose and phreatic zones led to 

Wonoka Formation sediments being bathed in isotopically depleted meteoric groundwater, 

resulting in extensive cementation. This cyclic, small-scale changes in sea level progressively 

cemented units 3-7 (and likely unit 8). .................................................................................... 49 
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