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The Age and Sediments Source of the Amadeus Basin Cryogenian-Ediacaran 
Stratigraphy 

 

ABSTRACT  

The Amadeus Basin is a big intracratonic elongate basin that is mainly exposed in the 

Northern Territory. The sedimentation of the basin began in the Neoproterozoic and 

ended in Late Devonian/Early Carboniferous. The Amadeus Basin stratigraphy age and 

source of sediments are not well constrained. This study is trying to better constrain the 

age and sediments source for the Johnnys Creek formation, Areyonga formation, 

Pioneer sandstone, Pertatataka formation and the Arumbera sandstone.  

U-Pb detrital zircon analysis were conducted using Laser Ablation Inductively Coupled 

Plasma Mass Spectrometry technique (LA-ICP-MS) along with Hf isotopic analysis. 

The U-Pb data further constrained the depositional age of Pertatataka formation and 

Areyonga formation with a maximum depositional age (derived from the youngest 

zircon grain) of 651 ±19 Ma and 683 ±20 Ma respectively. The Main source of 

sediments for the Arumbera sandstone, Pertatataka formation and Areyonga formation 

is the Musgrave Province, while it is the Arunta region for the Pioneer sandstone. This 

is based on zircon ages peaks when plotted as probability density function. The epsilon 

Hf data yielded positive and negative values across all formations age. This is indicative 

of mix juvenile and recycled crust host magmas. 
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1. INTRODUCTION  

 

 

  

 

 

The Amadeus Basin is a big intracratonic elongate basin that is mainly exposed in the 

Northern Territory and formed as part of the Centralian Superbasin. Its range extends 

about 300 km north–south and 800 km east–west and has a sedimentation record that 

MR 

Figure 1:The Amadeus Basin location and its extent. The location of BR05DD01,Wallara-1 cores and 

MacDonnell Ranges (MR), from which this research samples were obtained. Figure from Susanne 

(2017). 

MR 
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began in the Neoproterozoic and ended in Late Devonian/Early Carboniferous 

(Edgoose, 2013). Alice Springs Orogeny 450–300 Ma and Petermann Orogeny 580–530 

Ma are two major tectonic events that has modified the Amadeus Basin (Edgoose, 

2013).  

 

The Amadeus Basin, with proven petroleum reserves, is the most unexplored basin in 

Australia. The petroleum exploration is focused on Paleozoic rocks (Dentith & Cowan, 

2011). Therefore, conducting detrital zircon dating analysis of the Cryogenian – 

Ediacaran formations of the Amadeus Basin is needed for better understanding of the 

basin during this period. That is the age of the formations, the source of sediments and 

the tectonic activity.  

 

Detrital Zircon mineral is highly resistant to chemical attack and abrasion and hence it 

can be found almost in every siliciclastic sediments. In addition, it can preserve its U-Pb 

isotopic systematics throughout erosion, weathering, deposition, transport, low-grade 

metamorphism and diagenesis. Therefore, sedimentary provenance studies can be done 

using this important tool, detrital zircon dating. It can tell us the sediment contribution 

of each terrain to a basin and this in turn can tell us the regional and local tectonics as 

they are strongly linked. However, unique solutions may not be provided by zircon ages 

because zircons recycling can make the spectra of age more complicated by mixing 

zircon grains at different times from the same source and separate terrains can be 

characterised by coeval zircon crystallising events. Therefore, in order to draw a strong 

correlations in a complex basin with several possible sources, an additional information 

is required. Hafnium isotope data could possibly distinguish between terrains with 
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coeval zircon-crystallising events provided that the detrital zircons have dissimilar 

fractionation histories (Haines et al., 2016). 

In this paper, we aim to provide new detrital zircon data for the Amadeus Basin during 

the Cryogenian - Ediacaran period using six samples from two cores, Wallara-1 and 

BR05DD01, and three field samples from Western Macdonell Ranges. Samples were 

taken from the following formations: Areyonga, Johnny Creek, Arumbera, Pioneer and 

Pertatataka formations. The data includes U-Pb age, hafnium isotopic ratios and REEs 

concentrations. 

 

 

2. GEOLOGICAL BACKGROUND   

2.1 Basin Evolution 

The Amadeus Basin early history is regarded as part of the Neoproterozoic Centralian A 

Super-Basin. This A Super-Basin includes Georgina, Victoria, Murraba, Wolfe, Ngalia 

and Officer Basins, and potentially other smaller basins in north-eastern western 

Australia. The evolution can be described by three phases named Centralian I, II and III. 

Centralian I is the break-up between Australia and North America at 830 Ma and 

sedimentation continue until 750 Ma. Sturtian glaciation 700-690 Ma associated 

sedimentation happened and this phase is Centralian II. Centralian III is related to the 

sedimentation of Elatina glaciation. This sedimentation was ended by the 580-530 

Petermann Orogeny. Musgrave Province is uplifted and exhumated by Petermann 

Orogeny, which led to the separation of the Officer Basin. The Alice Springs Orogeny 

450-300 Ma divided the Super basin, but sedimentation continued until it ended in most 

areas in mid-Carboniferous (Edgoose, 2013).    
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The basin overlies the basement of Aileron and Warumpi Provinces to the North and 

Musgrave Province to the South. In the west it is overlain by Palaeozoic Canning Basin 

and in the Southeast overlain by Eromanga basin (Edgoose, 2013).   

2.2 Formation location and lithology 

 

Figure 2 The Northern Amadeus Basin Neoproterozoic stratigraphy. The approximate depositional 

age is shown and the formations of interest  are shown as well. The figured from (Susanne, 2017).   

2.2.1 Johnnays Creek Formation 

Johnnays Creek Formation, formerly known as Johnnays creek beds, is the upper 

formation of Better Springs Group, formerly Better springs Formation (Normington, 

2018). It is extensive in the central western part of the Amadeus Basin and it is made up 

of dolomitic limestone, red-beds or dolostone with stromatolitic, siltstone and 

sometimes sandstone beds (Kositcin et al., 2015). The Areyonga Formation 

disconformably overlain Johnnays Creek formation and this is characteristically 
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noticeable by rubbly, fractured regolith development (Lindsay, 1993). The thickness of 

Johnnays Creek Formation varies up to  approximately 400m in BR05DD01 and its 

depositional age is well constrained to a certain degree at approximately 820 Ma 

(Edgoose, 2013). 

 2.2.2 Areyonga Formation 

The glaciogene to fluvial Areyonga formation mainly made up of diamictite of different 

texture and composition yet contains interbeds of conglomerate, sandstone, dolostone, 

siltstone and shale (Edgoose, 2013; Kositcin et al., 2015; Walter et al, 1995).  

Carbonates and siliciclastic of the Aralka Formation rests conformably on the Areyonga 

formation, but the Areyonga Formation lies disconformably on Johnnays creek 

formation. The Areyonga Formation glacial sediments represent 700-690 Ma Sturtian 

glaciation event based on the correlation of the successions of cap carbonate and the 

glacial sediments across Australia and globally (Kositcin et al., 2015). The Areyonga 

formation thickness in both Wallara-1 and BR05DD01 cores are relatively similar. It is 

approximately 120 m in Wallara-1 (Smith, 2014), while it is 100 m in BR05DD01 

(Smith, 2013).  

 

 2.2.3 Pioneer Sandstone  

The pioneer sandstone is a shallow marine to tidal unit that is confined to the central 

northern part of the Amadeus Basin. It is coarse to medium grained, arkosic and 

feldspathic with sedimentary structures often found. Some cross laminations and mainly 

planar laminations are found in the lower part, while it is dolomitic in the upper part 

(Kositcin et al., 2015).  The Pioneer sandstone formation age is only constrained by its 
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position stratigraphically and it was recognized that the Pioneer formation correspond to 

the Olympic Formation.  Therefore, the assumption is that are similar in age (Walter et 

al., 1995). The Olympic formation age is correlated to the Elatina glaciation with lower 

and upper age limits of  ~ 580 Ma and ~640 Ma (Williams et al., 2008; Grey et al., 

2011). The Pioneer sandstone formation thickness is approximately 9 m in Wallara-1 

core (Smith, 2014), while it is not recognized in BR05DD01 core (Smith, 2013).         

 

 2.2.4 Pertatataka Formation  

The formation is made up mainly of green and red shale, siltstone and feldspathic 

sandstone. Two members have been recognized in the northeast of the Amadeus Basin, 

Waldo Pedlar and Cyclops  members; while in the central western part three members 

have been named, (sandstone, siltstone and shale), (sandstone/quartzite) and (siltstone) 

as Member III, II and I respectively (Edgoose, 2013). The formation has an inferred 

depositional age of approximately 580 Ma (Maidment, 2005). Pertatataka formation 

varies in thickness up to 1400 m (Walter et al., 1995) and it is about 600 m in Wallara-1 

core (Smith, 2014) but it is not recognised in BR05DD01 core (Smith, 2013).    

 

 

 

 2.2.5 Arumbera Sandstone  

Arumbera sandstone is divided into two successions of deposition: low-stand systems 

tract in the early Cambrian and high-stand systems tact in the Neoproterozoic of the 

upper and lower part respectively. The formation thickness varies significantly. While 



Mohammed Al-Ghafri 

The Age and Sediments Source of the Amadeus Basin Cryogenian-Ediacaran Stratigraphy 

 

 

7 

 

the upper succession maximum thickness is 500 m, the lower part is 800 m (Edgoose, 

2013). The Arumbera sandstone thickness in Wallara-1 core is approximately less than 

100 m (Smith, 2014). 

 

3.0 METHODOLOGY 

3.1 U-Pb Geochronology 

A Total of ten Siltstone and sandstone samples were collected based on the Cryogenian-

Ediacaran formations of the Amadeus Basin. The samples were collected from Wallara-

1 core (5 samples), BR05DD01 core (2 samples) and from the Macdonell Ranges (3 

samples). The location of Wallara-1, BR05DD01 and Macdonell Ranges is shown in 

figure 1 above  

Grains of zircon were obtained by standard magnetic and heavy liquid techniques after 

crushing the samples. zircon grains were handpicked and mounted in epoxy resin.  The 

mounts were grinded, polished and carbon coated to remove the charges on the surface 

for Cathodoluminescence (CL) imaging using Scanning Electron Microscope (SEM) at 

Adelaide Microscopy. Laser spots were targeted from the images and  LA-ICP-MS 

analysis was made with 30 μm spot size.  

The data was processed using Iolite with GEMOC GJ-1 is being used as a reference 

material and Plesovice Standard to control the accuracy of the zircon age; and Excel 

add-in Isoplot was used to plot the data (age and REEs) based on formations. Concordia 

plots and probability density function graphs of the ages were produced. The Concordia 

plots contain only the grains within 10% discordant. Concordance was calculated by the 

equation (206Pb/238U)/ (207Pb/206Pb)*100.  
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In this paper, the zircon ages chosen for the graphs and plots are following Yang et al., 

(2018). For ages higher than 1.2Ga, 207Pb/206Pb age was used, while for ages younger 

than 1 Ga, 206Pb/238U was used. In case where the ages are in between the more precise 

one was chosen. For the maximum depositional age, a single grain approach was used.     
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4.0 BSERVATIONS AND RESULTS  

4.1 U-Pb Geocryology 

4.1.1 Arumbera Sandstone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a b 

c d 

Figure 3 : U-Pb probability density diagrams and Concordia plot for the Arumbera formation. a) U-Pb probability density 

diagram for concordant zircon grains in Wallara-1 core sample. b) U-Pb Concordia diagram (n=71) for  Wallara-1 core 

sample. c) U-Pb probability density diagram for concordant zircon grains in MacDonnell Ranges sample. d) U-Pb Concordia 

diagram (n=106) for MacDonnell Ranges sample. 
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Two samples were analysed from this unit, one from MacDonnell Ranges and the other 

from Wallara-1 core in Central Australia. Ninety-nine and one hundred and nine 

analyses were conducted from Wallara-1 and MacDonnell Ranges samples respectively. 

Seventy-one analyses were below 10% discordance in Wallara-1, while one hundred 

and six in MacDonnell Ranges sample. The analyses that were above 10% discordance 

were removed from the graphs and from further interpretation. The ages range is 949 

±24 Ma to 3543 ±61 Ma in Wallara-1, whereas it is 922 ± 24 to 2604 ± 73 Ma in 

MacDonnell Ranges. Three clear population groups of ages in Wallara-1. They are 

1070-1300 Ma, 1700-1900 Ma and 2450-1600 Ma groups, with the first group being the 

most dominant as seen from Figure 2 above. Similarly, three population groups were 

identified in MacDonnell Ranges sample and they are 1050-1200 Ma, 1350-1600 Ma 

and 1650-1800 Ma. However, the first group 1050-1200 is by very far the most 

dominant with more than 65 grains and the other two groups with less than fifteen 

grains each. 
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4.1.2 Pertatataka Formation    

 

One sample was analysed from this formation and that was from MacDonnell Ranges as 

seen from figure 1. One hundred and nineteen analyses were conducted. One hundred 

and two analyses were below 10% discordance and hence plotted in Concordia and 

Probability density function graphs. Seventeen analyses were above 10% discordance 

and were removed from the graphs and from further interpretation. The ages ranged 

from 651 ±19 Ma to 2070 ±81 Ma, with two clear population groups. One population 

group is 1000-1300 Ma while the other 1500-1700 Ma. The 1000-1300 group is by far 

the most dominant group. 

 

 

 

a b 

Figure 4 U-Pb probability density diagrams and Concordia plot for the Pertatataka formation. . a) U-Pb probability density 

diagram for concordant zircon grains in MacDonnell Ranges sample. b) U-Pb Concordia diagram (n=102) for MacDonnell 

Ranges sample. 
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4.1.3 Pioneer Sandstone 

 

 

One sample was analysed from this unit from Wallara-1 core in central Australia. One 

hundred and twenty-one analyses were conducted. From these analyses, ninety-two 

were below 10% discordance and twenty-nine were above 10% discordance. The 

analyses that were above 10% discordance were removed from the graphs and from 

further interpretations. The ages range is 769 ±23 Ma and 2996 ±78 Ma. Three main 

groups of population were recognized in figure 4. The groups are 1000-1250 Ma, 1500-

1600 Ma and 1700-2000 Ma, with the last two groups being the dominant.  

b a 

Figure 5: U-Pb probability density diagrams and Concordia plot for the Pioneer sandstone . a) U-Pb probability density diagram 

for concordant zircon grains in Wallara-1 core sample. b) U-Pb Concordia diagram (n=92) for Wallara-1 core sample. 
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4.1.4 Areyonga Formation   

 

Three samples were analysed from this formation, from BR05DD01 core, Wallara-1 

core and MacDonnell Ranges. Sixty-seven analyses were conducted from BR05DD01 

core sample. From these analyses, fifty-eight were below 10% discordance and nine 

c 

a b 

d 

e f 

Figure 6 : U-Pb probability density diagrams and Concordia plots for the Areyonga formation. a) U-Pb probability density 

diagram for concordant zircon grains in BR05DD01 core sample. b) U-Pb Concordia diagram (n=58) for  BR05DD01 core 

sample. c) and d) from Wallara-1 core sample (n=72). e) and f) from MacDonnell Ranges sample (n=103), where n is the 

number of concordant analyses.  



Mohammed Al-Ghafri 

The Age and Sediments Source of the Amadeus Basin Cryogenian-Ediacaran Stratigraphy 

 

 

14 

 

were above 10% discordance. The age’s range of BR05DD01 core sample is between 

683 ±20 Ma and 2831 ±23 Ma. Three population groups were identified. They are 700-

800 Ma, 1000-1250 Ma and 1500-1700 Ma. The 1000-1250 Ma group is the most 

dominant in this sample. They are also a few individual grains scattered around different 

ages that are not part of the previous groups. 

Ninety-nine analyses were conducted from Wallara-1 core. From these analyses, 

seventy-two were below 10% discordance and twenty-seven above 10% discordance. 

The range of ages is between 949 ± 24 Ma and 3543 ±61 Ma. Three population groups 

can be seen in figure 5. The groups are 1000-1300 Ma, 1550-1900 Ma and 2450-2600 

Ma. The population group 1000-1300 Ma is the most dominant and 1550-1900 Ma 

being the second.  

One hundred and twenty analyses were conducted from MacDonnell Ranges sample. 

One hundred and three from these were below 10% discordance and seventeen were 

above 10% discordance. The ages ranged from 927 ±16 Ma to 3109 ±47 Ma. Two 

population groups were recognized. They are 950-1250 Ma group and 1500-1750 Ma, 

with the latter group being the most dominant by far. 
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4.1.5 Johnnys Creek Formation    

Two samples were analysed from this formation, from Wallara-1 core and BR05DD01. 

Seventeen analyses were conducted from BR05DD01 sample, while only eleven 

analyses in Wallara-1 core. The lack of more analyses is due the fact that not a lot of 

zircon grains were found in these samples. Eight analyses are below 10% discordance in 

BR05DD01, while six analyses in Wallara-1 core.  The analyses from both samples that 

are above 10% discordance were removed from graphs and from further interpretations. 

The ages ranged from 582 ±17 Ma to 1075 Ma in BR05DD01, while they ranged from 

a b 

c d 

Figure 7 : U-Pb probability density diagrams and Concordia plot for the Johnnys Creek formation. a) U-Pb probability 

density diagram for concordant zircon grains in Wallara-1 core sample. b) U-Pb Concordia diagram (n=8) for  Wallara-1 

core sample. c) ) U-Pb probability density diagram for concordant zircon grains in BR05DD01 core sample. d) U-Pb 

Concordia diagram (n=6) for BR05DD01 core sample.  
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994 ±24 Ma to 1869 ±43 Ma in Wallara-1 core sample. One group of population is 

recognised in Wallara-1 core sample and that is 1000-1100 Ma, with only three grains. 

On the other hand, two groups of population is seen in BR05DD01 core sample which 

are 600 Ma and 800-850 Ma with three grains each.    

 

4.2 HF and REES Data 

 

Figure 8: Shows the Epsilon Hf values relative to depleted Mantle and CHUR for different 

formations. All of the zircons concordant and represent different population groups. 
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Figure 9: shows the patterns of rare earth elements for the dated zircon grains. This is 

normalised to CHUR. a) Arumbera sandstone of Wallara-1 sample b) Arumbera sandstone 

of the MacDonnell Ranges sample d) Pertatataka formation of the MacDonnell Ranges 

sample e) Areyonga formation, Wallara-1 core sample f) Areyonga formation, BR05DD01 

core sample g) Pioneer sandstone, Wallar-1 core sample 
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5.0 DISCUSSION  

5.1 Age constrains of the formations   

5.1.1 Arumbera Sandstone 

 The youngest zircon grain in the sample determines the maximum depositional age. 

The maximum depositional age of this formation is 922 ±24 Ma as recoded in 

MacDonnell Ranges sample. This age is by far higher than the maximum depositional 

age of late Neoproterozoic mentioned previously (Edgoose, 2013). Therefore, this age is 

not very useful.  

5.1.2 Pertatataka Formation   

Pertatataka formation was recorded to have a maximum depositional age of 650 ± 13 

Ma in other study done by Kositcin et al. (2015) in the north-eastern part of the 

Amadeus Basin.  Similarly, in this study 651 ±19 Ma maximum deposition age was 

recorded.  This age is also very close from the inferred depositional age of 580 Ma 

(Maidment, 2005).  

5.1.3 Pioneer Sandstone  

In this study, the Pioneer sandstone has a maximum depositional age of 769 ±23 

recoded in Wallara-1 core sample.  However, it was recorded by Kositcin et al. (2015) 

study that the formation has a maximum depositional age of 709 ± 15 Ma. This is far 

from the inferred age of 580-640 Ma (Williams et al., 2008; Grey et al 2011).  
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5.1.4 Areyonga Formation  

It was previously recorded by Kositcin et al. (2015) to have a maximum depositional 

age of 876 ± 14 Ma and it was suggested to have an age equivalent to the Sturtian 

glaciation of 690-700 Ma. The maximum depositional age of the Areyonga Formation 

recoded in this paper is 683 ±20 Ma. It was recorded in BR05DD01 core sample. This 

provide a better age constrains to this formation and it coincide with the inferred age 

suggested earlier.  

    

5.1.5 Johnnys Creek Formation.  

The Johnnys Creek formation is thought to have a depositional age of 820 Ma 

(Edgoose, 2013). However, in BR05DD01 sample of this study, it was recoded to have 

a very young age of 582 ±17 Ma. This is a very young age, unreasonable and does not 

agree with literature and hence was interpreted to be a result of contamination. 

However, the Wallara-1 recoded a maximum depositional age of 994 ±24 Ma. This age 

constrain is better than the one recoded by Kositcin et al. (2015) of 1029 ± 23 Ma. 

5.2 Sediments Source 

5.2.1 Arumbera Sandstone 

Musgrave province to the South of the Amadeus Basin is potentially the main source of 

sediments for this formation.  The main age group of 1050-1300 Ma in both Wallara-1 

and MacDonnell samples potential sources can be from 1.22–1.15 Ga Musgrave 

Orogeny granites and metamorphic rocks or 1.09–1.04 Ga Giles complex and Tjauwata 

Group in the Musgrave province (Haines, 2016;  Close, 2013). In addition to that,  
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1.15–1.13 Ga granite and metamorphic rocks of the Teapot Event in Warumpi Province 

can likely be the source. Another age group of 1350-1600 Ma in MacDonnell Ranges 

sample possible sources are 1345–1293 Ma Wankanki Supersuite granites, c. 1400 Ma 

Papulankutja Supersuite or c. 1575 Ma Warlawurru Supersuite rocks West Musgrave 

province. 1590-1560 Ma Chewings Orogeny high grade metamorphic rocks in Warumpi 

& Aileron Province and 1600 -1540 Ma Musgravian gneiss (Haines, 2016). The age 

group 1600-1900 Ma in both Arumbera samples potential sources can be 1.61–1.60 Ga  

granites in the Warumpi province, 1.64–1.63 Ga Metamorphism and magmatism in the 

Warumpi province due to Liebig Orogeny event or the 1.69–1.66 Ga granite in the 

Warumpi Province. 1.73–1.69 Ga, 1.78–1.77 Ga or 1.81–1.79 Ga granite of the 

Strangways, Yamba or Stafford geologic events respectively in the Aileron Province 

can be possible sources (Haines, 2016). The epsilon Hf values of this formation along 

different age groups have both negative and positive,  values, with the negative values 

being the dominant. This suggests the host magma is a combination of juvenile and 

recycled crust magmas, but the recycled crust magma is dominant along the age group.  

5.2.2 Pertatataka formation   

Musgrave province to the South of the Amadeus Basin is possibly the main source of 

sediments for this formation. This formation has two age groups 1000-1300 Ma and 

1500-1700 Ma. There are a number of possible sources for the 1000-1300 Ma group. 

Some possible sources include .22–1.15 Ga Musgrave Orogeny granites and 

metamorphic rocks or 1.09–1.04 Ga Giles complex and Tjauwata Group in the 

Musgrave province (Haines, 2016; Close, 2013). Other possible sources can be 1.15–

1.13 Ga granite and metamorphic rocks of the Teapot Event in Warumpi Province. As 

for the second age group 1500-1700 Ma, c. 1575 Ma Warlawurru Supersuite rocks West 
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Musgrave province, 1590-1560 Ma Chewings Orogeny high grade metamorphic rocks 

in Warumpi and Aileron Province, 1600 -1540 Ma Musgravian gneiss, 1.61–1.60 Ga 

granites in the Warumpi province, 1.64–1.63 Ga Metamorphism and magmatism in the 

Warumpi province or the 1.69–1.66 Ga granite in the Warumpi Province can all be 

possible sources (Haines, 2016).  

 

5.2.3 Pioneer Sandstone   

Pioneer sandstone main source of sediments came possibly from the Arunta region, 

north the Amadeus Basin. The age groups are 1000-1300 Ma, 1500-1600 Ma and 1700-

1950 Ma, with the last two groups being the dominant. Possible sources for the 1000-

1300 Ma group include .22–1.15 Ga Musgrave Orogeny granites and metamorphic 

rocks or 1.09–1.04 Ga Giles complex and Tjauwata Group in the Musgrave province 

(Haines, 2016;  Close, 2013). Other possible sources can be 1.15–1.13 Ga granite and 

metamorphic rocks of the Teapot Event in Warumpi Province.  As for the 1500-1600 

Ma group, sources can be from 1590-1560 Ma Chewings Orogeny high grade 

metamorphic rocks in Warumpi and Aileron Province, c. 1575 Ma Warlawurru 

Supersuite rocks West Musgrave province and 1600 -1540 Ma Musgravian gneiss 

(Haines, 2016).  The last age group 1700-1950 sediments can be derived from 1.73–

1.69 Ga, 1.78–1.77 Ga or 1.81–1.79 Ga granite of the Strangways, Yamba or Stafford 

geologic events respectively in the Aileron Province (Haines, 2016). This formation has 

negative and positive epsilon Hf value and this is indicative of a mix of juvenile and 

recycled crust host magmas.  
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5.2.4 Areyonga Formation  

Musgrave province to the South of the Amadeus Basin is possibly the main source of 

sediments for this formation in Both  Wallara-1 and BR05DD01 core samples. On the 

other hand, the sample from MacDonnell  Ranges main possible source is the Arunta 

region. The group age 700-800 Ma in BR05DD01 core possible source is c. 747 Ma 

Mafic intrusive rocks West Musgrave Province (Haines, 2016). Other age groups 1000-

1300 Ma and 1500-1900 Ma can be derived from a number of possible sources. These 

sources are 1.22–1.15 Ga Musgrave Orogeny granites and metamorphic rocks or 1.09–

1.04 Ga Giles complex and Tjauwata Group in the Musgrave province and 1.15–1.13 

Ga granite and metamorphic rocks of the Teapot Event in Warumpi Province. (Haines, 

2016;  Close, 2013). As for the 1500-1600 Ma group, sources can be from 1590-1560 

Ma Chewings Orogeny high grade metamorphic rocks in Warumpi and Aileron 

Province, c. 1575 Ma Warlawurru Supersuite rocks West Musgrave province and 1600 -

1540 Ma Musgravian gneiss (Haines, 2016). 1.73–1.69 Ga, 1.78–1.77 Ga or 1.81–1.79 

Ga granite of the Strangways, Yamba or Stafford geologic events respectively in the 

Aileron Province can be possible sources for the age group 1700-1900 Haines 2016). 

This formation has no clear Epsilon Hf pattern, but rather both positive and negative 

values all around 1000-1900 Ma ages. This suggest a mixture of juvenile and recycled 

crust host magmas.  

 

5.2.5 Johnnys Creek Formation      

This formation only has eight concordant zircon amylases in BR05DD01 core and six in 

Wallara-1. As a result, the source sediment source cannot be determined with high 

confidence level. However, three grains out of six have an age between 100-1100 Ma. A 
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possible source for these grains is the 1.09–1.04 Ga Giles complex and Tjauwata Group 

in the Musgrave province (Haines, 2016) 

 

6.0 CONCLUSIONS  

The main conclusions of this research are: 

1. This research further constrains the maximum depositional age of Pertatataka 

formation and Areyonga formation, with 651 ±19 Ma and 683 ±20 Ma respectively.  

2. The Main source of sediments for the Arumbera sandstone, Pertatataka 

formation and Areyonga formation is the Musgrave Province, while it is the Arunta 

region for the Pioneer sandstone.  
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APPENDIX A:   

Table 1: U-Pb data for Wallara-1 core sample, Arumbera formation. 
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Table 2: U-Pb data for MacDonnell Ranges sample, Arumbera formation. 
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Table 3: U-Pb data for MacDonnell Ranges sample, Pertatataka formation. 
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Table 4: Table 1: U-Pb data for Wallara-1 core sample, Pioneer sandstone. 
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Table 5: Table 1: U-Pb data for Wallara-1 core sample, Areyonga formation. 
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Table 6: Table 1: U-Pb data for BR05DD01 core sample, Areyonga formation. 
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Table 7: U-Pb data for MacDonnell Ranges sample, Areyonga formation. 

 

 



Mohammed Al-Ghafri 

The Age and Sediments Source of the Amadeus Basin Cryogenian-Ediacaran Stratigraphy 

 

 

34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mohammed Al-Ghafri 

The Age and Sediments Source of the Amadeus Basin Cryogenian-Ediacaran Stratigraphy 

 

 

35 

 

 

Table 8: U-Pb data for Wallara-1 core sample, Johnnys Creek formation. 

 

 

 

Table 9: U-Pb data for BR05DD01 core sample, Johnnys Creek formation. 
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Table 10: Hf isotopic data for a number of samples. 
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Table 11: The exact location of the samples. 

 

Location Depth Top Depth Bottom Unit

BR05DD01 core 523.8 525.8 Areyonga Fm

BR05DD01 core 753.6 756.2 Johnny Creek fm

Wallara 1 core 711.18 712.8 Arumbera Sst 

Wallara 1 core 1286.67 1287.89 Pioneer SSt

Wallara 1 core 1367.17 1370.3 Areyonga Fm

Wallara 1 core 1513.07 1515.14 Johnny Creek fm

Western MacDonnell Samples S E Unit

AM18-01 49.31 40 23 50.07 40 132 Arumbera sandstone

AM18-03 15.85 47 23 26.28 04 133 Areyonga formation

AM18-7 30.88 56 23 26.55 07 132 Pertatataka formatiom


