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Abstract 

Carbon, oxygen and strontium isotope stratigraphy has increased 

the resolution of Proterozoic stratigraphic correlation. Isotopic analysis was 

performed on the late Proterozoic Wonoka Formation canyon and carbonate 

platform sequences .Highly depleted and homogenised carbon and oxygen 
isotopes characterise the canyon fill (o 13C = -8 to -7%0 o 1BQ = - 17 to -15%0 

PDB ) whilst a major positive excursion was observed in the Wonoka 
Formation carbonate platform sequence (o 13C= -8 to -0.5%0, o 1BQ = -15.0 

to -7.0%0 PDB). These values correlate closely with other established 

isotopic trends throughout the Adelaide Geosyncline. However similar aged 

late Vendian strata throughout the world show low positive values. 

Strontium isotopic analysis revealed relatively B7Sr enrichment in 

the carbonate platform deposits compared to the canyon sequence .This 

was attributed to the input of 87Sr enriched terrestrially derived strontium. 

The B7Sr / sssr ratio of the Wonoka Formation correlates closely with 

established late Proterozoic seawater trends. Therefore a primary strontium 

isotopic composition is implied for the Wonoka Formation 

Major and trace element geochemical analysis (Ca, Mg, Sr, Fe, 

Mn, and Rb) was performed to assess the diagenetic alteration of the late 

Proterozoic strata. Samples with low Mn/Sr,high Ca/Sr, high strontium, and 

low rubidium have the highest probability of preserving a primary 

geochemical signal. Most samples from the Pichi Richi region analysed 

plotted under the altered Mn/Sr (<2) and Ca/Sr (<2000) values. 

The high remnant strontium-concentrations of the Wonoka 

Formation suggest neomorphism from an aragonitic precursor. Micritic 

carbonate of the, Wonoka Formation was probably a primary marine 

precipitate of aragonite derived from late Proterozoic supersaturated seas. 

Therefore the majority of sediment diagenesis probably occurred in the 

marine phreatic zone, resulting in the observed primary isotopic 

composition. 
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Chapter 1 Introduction 

Until recently recognition of equivalent late Proterozoic 

sedimentary sequences was based on broad scale lithostratigraphic 

correlations. Our poor understanding of Proterozoic stratigraphy is primarily 

due to the paucity of biostratigraphic control before the Cambrian. 
Proterozoic stratigraphy has therefore traditionally relied upon 

lithostratigraphy, sequence stratigraphy, geochronological dating of igneous 

rock and tuft layers and a limited biostratigraphy of stromatolites, acritarch 
microfossils and the soft-bodied Ediacaran fauna (Knoll and Walter, 1992). 

Recently, however, secular variation of geochemical signals 
encoded in carbonates, particularly their stable carbon and oxygen isotope 

ratios, have been used in the correlation of Proterozoic sediments. The 

isotopic composition of unaltered marine carbonates reflects the isotopic 

composition of the seawater from which they precipitated. Therefore the 

variation in the primary carbon and oxygen isotope signatures of such 

carbonates through the geological record enables both intra and inter­

basinal correlation. 

Carbon and oxygen isotope stratigraphies of many of the major 

geological boundaries of the Phanerozoic have been published, notably the 

Cretaceous I Tertiary, Permian/Triassic and Ordovician/Devonian transitions 

(Magaritz, 1989, 1990) Magaritz et al. (1992). The Precambrian / Cambrian 

boundary, on the other hand, had been relatively neglected due to the 

likelihood of diagenetic overprinting. Numerous isotope stratigraphies of this 

transition have 110w been documented by Aharon et al. (1986), Lambert et 
al. (1987), Magaritz et al. (1986,1988), Knoll et al. (1986), Brasier et al. 

(1990, 1992), Fairchild et al. (1990), Knoll (1991) Kaufman et al. (1992) and 

Brasier (1992) enabling high resolution stratigraphic correlation of this most 

important period in earth history. 

Another useful geochemical tool in stratigraphic correlation is the 

87Sr / 86Sr ratio. Knoll (1991 ), Derry et al. (1989), Derry et al. (1992), 

Kaufman et al. (1992) and Asmerom et al. (1991), have all used the secular 

variation in strontium isotopes in Proterozoic strata to correlate sequences 
from widespread localities. Variation In strontium in the Phanerozoic has 

been quite conservative compared to that of the Proterozoic. 
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Depositional environment and post-depositional diagenesis may greatly 

effect the isotopic composition of carbonates. Several phases of 

cementation in different diagenetic environments may give rise to a 

completely different isotopic signal. Late-stage burial and metamorphism at 

elevated temperatures may also drastically alter the original isotopic 

composition. Therefore, in any reputable geochemical study, the effect of 

post-depositional cementation and other diagenetic processes on the 

primary geochemical signal must be established. 

This study concentrates on the late Proterozoic Wonoka 

Formation of the Adelaide Geosyncline, Wilpena Group. The main study 

area is in the Saltia, Pichi Richi Pai,s and Richman Valley areas of the 

Southern Flinders Ranges, South Australia (Fig. 1 ). Several geological 

sections were measured and a geological map of the Proterozoic Wonoka 

Formation canyon and carbonate ramp sequences was prepared. Sampling 

along sections of relatively homogeneous limestone was carried out for 

geochemical and isotopic analysis. 

This study encompassed several geochemical techniques 

includirig stable carbon, oxygen and strontium isotopic analyses. 

Stratigraphic profiles of the oxygen and carbon isotopic ratios were 

constructed to enable chemostratigraphic correlation of the late Proterozoic 

Wonoka Formation. Carbonate mineralogy was determined using X-ray 

diffraction and percentage carbonate by loss on ignition. The effect of 

diagenesis on the primary isotopic-signals was established by using major 

and trace element analyses. Petrographic and cathodoluminescence 

techniques were also used to assess the preservation of samples selected 

for the above analyses. 
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The isotopic composition of oxygen on the other hand is highly 
temperature dependent. Therefore physical processes such as evaporation 
play an important role in determining the isotopic composition of the oxygen 

- reservoirs. Vapours of oxygen are usually enriched in the light oxygen
isotope. As a result, meteoric water is highly negative with respect to the
major reservoir, seawater. During glacial periods, preferential uptake and
storage of the light isotope in glacial ice causes a reciprocal positive isotopic
excursion in the oxygen isotope signal of marine carbonates. Oxygen
isotopes therefore have been used extensively in palaeoclimatic studies.

The isotopic composition of carbonate reflects the fluid from which 
it is pri:icipitated. Therefore the primary isotopic composition of marine 
carbonate rocks documents the secular variation in the isotopic composition 
of seawater throughout the geological record. The isotopic composition of 
carbonate is reported in o13C or o18Q notation according to the equations: 

o 13C = 13C / 12c sample - 13C / 12c standard x 1000

13C / 12c standard 
o 180 = 180 / 160 sample - 180 / 160 standard x 1000

180 / 160 standard 
The results are usually reported in parts per thousand (%.) relative 

to the Pee Dee Belemnite (PDB) standard. 
Carbon and oxygen isotopic analyses were performed on whole­

rock samples of the Wonoka Formation canyon and carbonate platform 
sequences. Drilled aliquots of sample were reacted according to the 
carbonate mineralogy as determined-by XRD · (Appendix 1 ). Calcite samples 
(< 10 % dolomite) were reacted at 25 °C overnight. Mixed calcite-dolomite 
samples (1 O - 85 % dolomite) were reacted at 25 °C for half an hour and at 
50 °c overnight to release the carbon dioxide from calcite and dolomite, 
respectively.The results of all isotopic analyses are shown in Appendix 2. 
4.3.1 Canyon Data 

The Pichi Aichi South, Richman Valley and Waukarie Creek 
sections all represent lower canyon fill. With the exception of the wallplaster 
the isotopic data of the canyon fill is very homogeneous: o13C = -8.5 to -7.0 
and 15180 = -17.2 to -13.0 %, PDB (Fig. 4). The homogeneity of the isotopic 

signal is highlighted in the plot of isotopic composition versus stratigraphic 
height (Figure 4). 
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Mineralogy: 
Quartz 40% 
Calcite 40% 
Albite 5% 
Muscovite 5% 
Chio rite 8-10% 
Other 2% 

Description:Laminated quartz and calcite rich and mica rich layers. Chlorite 
alteration of muscovite with some bedding plane orentation of 
micas. Very fine grain (1 o -50um) angular detrital quartz. Ferroan 
calcite cement and micrite which has been recrystallized to 
microsparite. 

Classification: Fine sandy limestone or calcarous sandstone 
( calcisi ltite ,microsparite) 

Sample Number: 975-054 

Location: Pichi Aichi South Canyon 

Mineralogy: 
Quartz 40% 
Calcite 40% 
Albite 5% 
Muscovite 5% 
Chlorite 8-10% 
Other 2% 

Description: Laminated quartz and calcite rich and mica rich layers. Very fine 
grain (1 O -50um) angular detrital quartzwith overgrowths. Equant 
ferroan calcite cement-recrystallized microsparite. 

Classification: Fine grain silty limestone (Calcisiltite or microsparite) 

Sample Number: 975-062 

Location: Pichi Aichi South Canyon 

Mineralogy: 
Quartz 40% 
Calcite 40% 
Albite 5% 
Muscovite 5% 
Chlorite 8-10% 
Other 2% 



Description: Laminated quartz and calcite rich and mica rich layers. Very fine 
grain (10 -50um) angular detrital quartzwith overgrow1hs. Equant 
ferroan calcite cement recrystallized microsparite. 

Classification: Fine grain silty l imestone (Calcisiltite or microsparite) 

Sample Number: 975-067 

Location: Pichi Aichi South Canyon 

Mineralogy: 
Quartz 40% 
Calcite 40% 
Albite 5% 
Muscovite 5% 
Chlorite 8-10% 
Other 2% 

Description: Laminated quartz and calcite rich and mica rich layers. Very fine 
grain (10 -50um) angular detrital quartzwith overgrow1hs. Equant 
ferroan calcite cement recrystallized microsparite. 

Classification: Fine grain silty limestone (Calcisiltite or microsparite) 

Sample Number: 975-515 

Location: Devils Peak Carbonate Platform 

Mineralogy: 
Quartz 20% 
Calcite 20% 
Dolomite 40% 
Albite 5% 
Muscovite 5% 
Chlorite 8-10% 
Other 2% 

Description: Fine grained mixed dolomite and calcite. Saw1oothed twinned 
Albite and minor quartz. Highly recrystallized with prominant twinned dolomite. 

Classification: Mixed dolomite -calcite 

Sample Number: 975-075 

Location: Devils Peak 



Mineralogy: 
Quartz 10% 
Calcite 70% 
Dolomite 5% 
Albite 5% 
Muscovite 3% 
Chlorite 2% 
Other opaques 2% 

Description: Very fine grain (10 -50um) angular detrital quartz and minor 
albite with overgrowths. Equant ferroan calcite cement 
recrystallized to microsparite. 

Classification: Fine grain silty limestone (Calcisiltite or microsparite) 

Sample Number: 975-080 

Location: Devils Peak, Platform 

Mineralogy: 
Quartz 10% 
Calcite 80% 
Dolomite5% 
Albite 5% 
Muscovite 5% 
Chlorite 3% 
Other 10% 

Description: Highly recrystallized limestone with very fine grain (10 -50um) 
angular detrital quartz. Calcite recrystallized to equant ferroan 
calcite burial cement and corse grained spar with abundant 
twining. 

Classification: Micrite recrystalized to microsparite (Calcisiltite or 
microsparite) 

Sample Number: 975-086 

Location: Devils Peak Platform 

Mineralogy: 
Quartz 10% 
Calcite 75% 
Albite 2% 
Muscovite3 % 
Chlorite 3% 
Other?% 
























	Ayl0
	Ayl1
	Ayl2
	Ayl3
	Ayl4
	Ayl5
	Ayl6



