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Revised stratigraphy for NTGS stratigraphic drillholes LA05DD01 and BR05DD01, 
western Amadeus Basin, Northern Territory

by
VJ Normington, HJ Allen, CJ Edgoose, PW Haines and K Grey

SUMMARY

A revised stratigraphy is presented in this Record for two Northern Territory Geological Survey stratigraphic drillholes, 
LA05DD01 and BR05DD01, located in the western Amadeus Basin in the Northern Territory. The revisions include new 
boundary picks and updates to stratigraphic nomenclature to align with amended stratigraphy of the Neoproterozoic succession 
in the Amadeus Basin. Revisions have also been made to the Palaeozoic stratigraphy based on the authors’ field observations. 

Drillhole LA05DD01 now includes the Stairway and Illara sandstones, Horn Valley Siltstone and Julie Formation, 
and revised thicknesses of the Pacoota, Petermann and Arumbera sandstones, and the Tempe Formation. The Stairway 
Sandstone and Horn Valley Siltstone were identified in previously unlogged drill cuttings. Intervals now recognised as the 
Illara Sandstone and probable Julie Formation were previously included as part of the Petermann Sandstone and Arumbera 
Sandstone respectively. 

Drillhole BR05DD01 now includes an equivalent to the Pertatataka Formation and the Aralka Formation and an equivalent 
to its constituent Ringwood Member, as well as the Areyonga, Wallara, Johnnys Creek and Loves Creek formations. The 
succession originally identified as the Pertatataka Formation is now included in the Pertatataka Formation equivalent and the 
Aralka Formation. The interval originally identified as the Bitter Springs Formation now includes the Wallara Formation, and 
the Johnnys Creek and Loves Creek formations of the Bitter Springs Group.

Biostratigraphic evidence supports the stratigraphic revisions. In BR05DD01, stromatolite taxa typical of the Aralka, 
Wallara, and Loves Creek formations are present. In addition, rare palynomorphs are present but are currently of limited use 
for biostratigraphy.
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INTRODUCTION

This stratigraphic review focused on providing revised 
stratigraphy in key Amadeus Basin drillholes (BR05DD01 
and LA05DD01) with updated stratigraphic nomenclature. 
The study was driven by the Northern Territory Geological 
Survey’s (NTGS) and the Geological Survey of Western 
Australia’s (GSWA) objective to better characterise the 
Neoproterozoic succession of the Amadeus Basin. It was 
conducted under the NT Government’s 2014–2018 CORE 
(Creating Opportunities for Resource Exploration) initiative.

Recent revisions have updated and formalised 
the stratigraphic nomenclature of the Neoproterozoic 
succession of rocks in the northeastern Amadeus Basin. 
The new nomenclature:

• redefines the Heavitree Quartzite to the Heavitree 
Formation

• upgrades the Bitter Springs Formation to the Bitter 
Springs Group

• re-assigns the Gillen and Loves Creek members to the 
Gillen and Loves Creek formations of the Bitter Springs 
Group

• formalises the ‘Johnnys Creek beds’ to the Johnnys 
Creek Formation and assigns this unit as the uppermost 
unit of the Bitter Springs Group

• formalises and redefines the informal ‘Finke beds’ as 
the Wallara Formation. 

This new stratigraphy is discussed in detail in 
Normington et al (2015) and Normington and Donnellan 
(2020; Figure 1). The revisions are an outcome of applying 
the recent work in the Amadeus Basin by the NTGS and 
GSWA. This includes work by the NTGS to characterise the 
Neoproterozoic stratigraphy in the northeast of the basin, and 
GSWA’s stratigraphic revisions of the Western Australian 
portion of the basin (Haines and Allen 2014 and references 
therein). All Neoproterozoic stratigraphic units of the 
Amadeus Basin have updated definitions in the Australian 
Stratigraphic Units Database, including full descriptions 
of revised type and reference sections; further descriptions 
of exposures in the northeast of the basin are detailed in 
Normington and Donnellan (2020). These stratigraphic 
revisions have been applied to a number of key drillholes 
(Figure 2) in the northeastern part of the basin, including 
BMR Alice Springs 27 (ALICE SPRINGS1; Normington 
and Edgoose 2015) and drillholes at the Pipeline Prospect 
(HALE RIVER; Normington 2018). 

For this Record, the revisions to the stratigraphy of 
western Amadeus Basin have been made to align with the 
stratigraphy of the northeast of the Amadeus Basin, where 
it is best exposed and defined. Informal regions of the 
Northern Territory portion of the Amadeus Basin referred 
to herein are shown in Figure 2 and listed below:

• the northeast of the basin, consisting of ALICE 
SPRINGS, ILLOGWA CREEK, RODINGA and HALE 
RIVER 

1 Names of 1:250 000 and 1:100 000 mapsheets are shown in 
large and small capital letters respectively, eg HENBURY, 
Palm Valley.
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Figure 1. Generalised stratigraphic column for the Amadeus 
Basin (modified after Edgoose 2013). 
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• the central basin, consisting of HENBURY and 
HERMANNSBURG

• the western basin, consisting of LAKE AMADEUS and 
BLOODS RANGE. 

Recent and ongoing mapping by NTGS in HENBURY 
(Donnellan et al in prep; Figure 2) in the central basin 
recognises the Loves Creek and Johnnys Creek formations 
of the Bitter Springs Group and the Wallara Formation, 
which were previously undivided or inconsistently 
mapped. These observations expand the known surface 
occurrences of these formations, previously mapped as 
the Bitter Springs Formation and/or Inindia beds. The 
mapping results in further recognition of the Wallara 
Formation in outcrop away from the northeastern margin 
of the basin; it supports the hypothesis (see Haines and 
Allen 2014, Normington et al 2015, 2016, Allen et al 2016, 
Normington and Edgoose 2018, Edgoose et al 2018) that 
the Wallara Formation has a more widespread distribution 

in the Amadeus Basin than indicated by its few drillhole 
intersections. 

The Aralka Formation, earlier recognised only in the 
northeast of the basin, now includes outcrop at Mount 
Conner (AYERS ROCK; Edgoose et al 2018) and the Boord 
Ridges (WA; Haines and Allen 2014).

The revised logs of BR05DD01 and LA05DD01 
(Figure 2) provide important information on the 
stratigraphy of the western Amadeus Basin, where outcrop 
is discontinuous and stratigraphic relationships difficult to 
determine. Both drillholes, but BR05DD01 in particular, 
have been the subject of numerous investigations (such as 
Grey et al 2012, Allen et al 2016, Schmid 2017), which 
raised questions about the accuracy of original logged 
stratigraphy. 

The original logs of BR05DD01 used the 
Neoproterozoic stratigraphy of the northeast basin rather 
than the informal ‘Inindia beds’ and ‘Winnall beds’ shown 
on the 1:250 000 scale outcrop maps of the region. This 
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drillhole therefore provided key information to assist 
re-mapping in the central and western basin, which was 
focused on identifying the northeast stratigraphy in 
outcrop. Subsequently, the mapping provided information 
that was then used to review the stratigraphy originally 
logged in BR05DD01. 

Reviews of the lithological descriptions and drill 
logs reported by Ambrose et al (2010), combined with 
re-assessment of the high resolution imagery taken 
during HyLoggerTM analysis (Smith 2012, 2013), indicated 
that a number of revisions to the stratigraphy of both 
drillholes were necessary. Table 1 summarises the drill 
logs as reported by Ambrose et al (2010) and the revised 
stratigraphy. 

The revised stratigraphy of LA05DD01 and BR05DD01 
presented herein is based on drill core descriptions and 
drill core photos from the NTGS (2007), lithological 
descriptions of Ambrose et al (2010), assessment of 
spectral data and imagery from Hylogger (Smith 2012, 
2013), and detailed re-logging by the first author. 

Biostratigraphic and palynological studies of BR05DD01 
by Grey et al (2012), Reidman et al (2014), and Allen et al 
(2016, 2018) have provided useful biostratigraphic constraints. 
Stromatolite-bearing carbonate is common in BR05DD01. 
Three main stromatolitic intervals are recognized: the Loves 
Creek Formation, the Wallara Formation and the Aralka 
Formation. Stromatolites identified have been compared to 
Tonian, Cryogenian and Ediacaran assemblages described 
from other Neoproterozoic sections in the Amadeus Basin.

Stratigraphic logs and lithological descriptions of the 
revised stratigraphy in both drillholes are provided below. 

Geological setting

Drillholes LA05DD01 (in northwestern LAKE 
AMADEUS) and BR05DD01 (in northeastern BLOODS 
RANGE) were drilled by the NTGS in 2005 to provide 
geological constraint to the Neoproterozoic (BR05DD01) to 
Palaeozoic (LA05DD01) succession in the central Amadeus 
Basin (Ambrose et al 2010; Figure 3). Prior to drilling, 
there was little constraint on the subsurface geology in the 
area. Drilling in the north of the Amadeus Basin, including 
at the Mereenie and Palm Valley oil and gas fields, provided 
some constraint to the subsurface Palaeozoic geology 
(Marshall 2004); however, the closest of these drillholes 
is at least 60 km to the northeast of LA05DD01. Currently 
LA05DD01 and BR05DD01 are the most westerly drillholes 
in the basin away from the northern margin as there has 
been no deep stratigraphic drilling in the Western Australia 
(WA) portion of the basin to date. 

LA05DD01 is located near the western edge of Mount 
Murray (LAKE AMADEUS), ~107 km north-northwest of 
Yulara (Figure 2; 52J 659208mE 7306429mN). It is located 
close to the axis of a synclinal structure (Figure 3) that 
formed during the Alice Springs Orogeny as part of a fold 
and thrust belt (Ambrose et al 2010, Weisheit and Donnellan 
2018). Sporadic outcrops of the Pacoota Sandstone, Stairway 
Sandstone, Horn Valley Siltstone, and Cleland Sandstone 
occur on the limbs of the syncline (Cook 1968). LA05DD01 
was spudded in Cenozoic surficial material within an 
aeolian dune field (Figure 3). The objective of the drillhole 
was to test the extent of the lower Palaeozoic succession, 
predicted by Ambrose et al (2010) to comprise a succession 
from the Stairway Sandstone (top) to the Winnall beds 

Stratigraphy of Ambrose et al (2010) Revised stratigraphy

Formation Interval (m) Formation Interval (m)

LA05DD01

Not cored  0–55 Cenozoic sediments 0–8

Pacoota Sandstone 55–115 Stairway Sandstone 8–29

Petermann Sandstone 115–414.5 Horn Valley Siltstone 29–44

Tempe Formation 414.5–615.0 transitional contact 44–52

?Arumbera Sandstone 615.0–621.5 (EOH) Pacoota Sandstone 52–114.5

Petermann Sandstone 114.5–341.5

Illara Sandstone 341.5–414.5

Tempe Formation 414.5–534.5

Arumbera Sandstone equiv. 534.5–615.6

?Julie Formation 615.6–621.5 (EOH)

BR05DD01

Not cored  0–55 Cenozoic sediments 0-17

Pertatataka Formation 55–484.6 Peratataka Formation equiv. 17–153

Areyonga Formation 484.6–532.2 Aralka Formation
Ringwood Member equiv.

153–448.9
154.2–191.3Bitter Springs Formation

Johnnys Creek beds'
Loves Creek Member

532.2–1224.8 (EOH)
532.2–1068.77
1068.77–1224.8 (EOH)

Areyonga Formation 488.9–532.1

Wallara Formation 532.1–636.8

Johnnys Creek Formation 636.8–1068.8

Loves Creek Formation 1068.8–1224.8 (EOH)

Table 1. Summary of original stratigraphy as reported by Ambrose et al (2010) and the revised stratigraphy 
of LA05DD01 and BR05DD01. EOH = End of Hole.
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(base). The nearest constraint on the subsurface geology 
is from Mount Winter 1 (MOUNT LIEBIG), ~60 km 
northeast of LA05DD01. Mount Winter 1 has a total depth 
of 2650 m, intersecting the Stairway Sandstone, Horn 
Valley Siltstone, Pacoota Sandstone, Goyder Formation; 
Petermann, Deception and Illara sandstones; Tempe and 
Eninta formations, Inindia beds, and the Bitter Springs 
Formation (Gorter et al 1982). 

BR05DD01 is located in the southeastern corner 
of Unapproachable (BLOODS RANGE), ~102 km 
northwest of Yulara (Figure 2; 52J 640126mE 
7294621mN). It is located close to the axis of a canoe-
shaped synclinal structure (Ambrose et al 2010; Figure 3), 
which is interpreted to have formed in the footwall of a 
north-dipping thrust during the Petermann Orogeny 
(Weisheit and Donnellan 2018). Sporadic outcrops of the 
Neoproterozoic Winnall Group (former Winnall beds; 
Cook 1968) occur on the limbs of the syncline. BR05DD01 
was spudded in Cenozoic surficial material on a small 
calcrete rise within an aeolian dune field (Figure 3). The 
purpose of BR05DD01 was to test the completeness of the 
Neoproterozoic succession between the Winnall Group 
and the Bitter Springs Group (Ambrose et al 2010). Mount 
Winter 1, ~75 km northeast of BR05DD01, is the nearest 
drillhole  with Neoproterozoic stratigraphy; however, the 
Neoproterozoic succession is incomplete as only the Inindia 

beds and the Bitter Springs Formation are intersected 
(Gorter et al 1982). The most complete subsurface 
Neoproterozoic succession is in Wallara 1, ~200 km to the 
east of BR05DD01; it is used as a stratigraphic reference 
section. Wallara 1 intersects 2001 m of Cambrian to 
Neoproterozoic stratigraphy from the Goyder Formation 
(top) to the Bitter Springs Group (base; Geoweste Pty Ltd 
1990). Aside from logistical efficiencies (ie drillholes were 
close to established tracks), the proximity of BR05DD01 
to LA05DD01 (22 km) enabled the drilling to intersect as 
complete a Neoproterozoic–early Palaeozoic section as 
possible in the west of the basin (Ambrose et al 2010). 

Using biostratigraphy as a stratigraphic tool

Proterozoic biostratigraphy has been used in Australian 
basins to assist in stratigraphic correlation as well as 
stratigraphic unit identification since the 1970s. Initially 
it was based on stromatolites (Walter 1972a, b, Preiss 
1972, 1973 and 1974), but the study of organic-walled 
microfossils (ie palynomorphs) became a significant tool 
later in the 1990s (Zang and Walter 1992, Grey 2005). The 
revision of stratigraphy in BR05DD01 has been supported 
by the identification of stromatolites previously reported by 
Grey et al (2012) and Allen et al (2016, 2018). Stromatolites 
were studied using methods outlined by Hofmann (1969, 
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1976), Preiss (1972, 1976), Walter (1972b), and Grey 
(1989). Palynomorphs were also identified in BR05DD01 
by Riedman (2014), Riedman et al (2014), and Allen et al 
(2016, 2018); however, they are not discussed further 
herein as they are not visible to the naked eye and thus 
not useful as a stratigraphic tool during core observations.

The use of stromatolites as a tool to assist in stratigraphic 
unit identification in both drillholes and surface exposures is 
well established in Australian Neoproterozoic basins. These 
studies include investigations in the Amadeus and Georgina 
basins (Walter 1972a, b, Walter et al 1979, Allen et al 2012, 
2016, 2018), the Adelaide Rift Complex (Preiss 1972, 1973, 
1974) and the Officer Basin (Grey 2005, Grey et al 2005, 
2011). Correlations using the Ediacaran Tungussia julia, and 
a conspicuous columnar stromatolite, variously assigned to 
Anabaria juvensis, Kotuikania juvensis and Elleria minuta 
(name requiring revision), Cryogenian Atilanya fennensis, 
Tungussia inna, and the late Tonian Acaciella australica and 
Baicalia burra Assemblages are well documented, extend 
across Australia, and are consistent with correlations based 
on lithostratigraphy, isotope chemostratigraphy, sequence 
and seismic stratigraphy, and well-log correlations (Grey 
et al 2011, 2012, Allen et al 2012, 2016, 2018 and references 
therein).

Below is a summary of potential stromatolites from 
equivalent stratigraphy in LA05DD01 and BR05DD01. 
Occurrences of these in the drillholes would assist in 
identifying the stratigraphic unit. Observed stromatolites 
(including depths) are discussed in detail in the Results and 
Discussion section below.

The Julie Formation elsewhere has a stromatolite 
assemblage which includes Tungussia julia, Tesca stewartii, 
possible Georgina howchini, an unnamed stromatolite 
(Stromatolite Form 1), and an unnamed columnar layered 
stromatolite (Walter et al 1979 and references therein, Grey 
and Corkeron 1998, Allen et al 2012, Grey et al 2012, Haines 
and Allen 2014). Tungussia julia was first described in the 
Julie Formation from a locality in the eastern Amadeus 
Basin by Walter et al (1979). Tungussia julia is widespread, 
recorded from the northeastern, central and western 
Amadeus Basin, and in the Officer and Georgina basins, 
Adelaide Rift Complex, and Kimberley region (Grey 2005, 
Grey et al 2011, Haines and Allen 2014, Normington and 
Donnellan 2020). 

Due to the recent systematic description of Atilanya 
fennensis and emended diagnosis of Tungussia inna from 
the Aralka Formation (Allen et al 2016) in this Record, the 
Ringwood Member equivalent is considered a lithological 
and biostratigraphic (Tungussia inna) correlation to the 
Ringwood Member of the northeast Amadeus Basin. 
This has allowed for more widespread recognition of the 
Ringwood Member in the Amadeus Basin. 

The Ringwood Member’s presence in the northeastern 
part of the basin, as well as at Mount Conner (Edgoose 
et al 2018) and in the Boord Ridges, WA (Haines and 
Allen 2014), indicates that the unit and both stromatolite 
forms have a basin-wide distribution (Allen et al 2016). 
Both Forms are found within the Aralka Formation. 
In situ stromatolite occurrences are so far restricted 
stratigraphically to the interglacial interval, above the 
Sturtian (Areyonga Formation) and below Marinoan 

glacial deposits. The age of rocks containing these Forms 
is Cryogenian (Allen et al 2018).

The stromatolite Baicalia burra has been observed in 
the Wallara Formation across the Amadeus Basin, with 
both drillhole and surface occurrences in the northern 
(Fenn Gap; Normington and Edgoose 2018, Normington 
and Donnellan 2020), central (HENBURY, Wallara 1; Grey 
et al 2012, Normington and Edgoose 2018, Normington 
and Donnellan 2020) and western Amadeus Basin (Boord 
Ridges; Allen et al 2012, Haines and Allen 2014).

Components of the Baicalia burra Assemblage were 
first described in the Adelaide Rift Complex, SA (Preiss 
1972, 1973, 1974, 1987 and references therein). It has also 
since been recorded in drillholes and surface exposures in 
the Officer Basin, (Grey et al 2005, Grey et al 2011) and 
in the Amadeus Basin (Allen et al 2012, 2018; Grey et al 
2012). The unique biostratigraphy of the Wallara Formation 
also includes the acritarch Cerebrosphaera buickii, which 
is an important global time marker for the late Tonian both 
nationally and internationally (Hill et al 2000, Grey 2005, 
Grey et al 2011).

The Loves Creek Formation has a number of 
stromatolites stratigraphically constrained within it. The 
Acaciella australica Assemblage, named after the dominant 
Form of the assemblage, consists of at least 12 stromatolite 
Forms (Grey and Stevens 1997, Hill et al 2000, Allen 
et al 2012, Grey et al 2012). The Loves Creek Formation 
is widespread in the Amadeus Basin, including numerous 
exposures in the northern and northeastern margins, central 
(Walter 1972a, b, Walter et al 1979, Grey et al 2012, Allen 
et al 2012, Normington and Donnellan 2020) and western 
(Haines et al 2012, Haines and Allen 2014) basin. In most 
cases, the exposures are identified as Loves Creek Formation 
by the presence of components of the Acaciella australica 
Assemblage. The assemblage has also been observed in 
the western Officer Basin and eastern Kimberley region, 
WA; the Adelaide Rift Complex, SA;  and Georgina Basin 
(Preiss 1972, 1973, 1974; Grey 1995, Grey and Blake 1999, 
Hill et al 2000, Grey 2005, Grey et al 2005, 2011).

RESULTS AND DISCUSSION 

LA05DD01 stratigraphy 

LA05DD01 was rotary drilled from surface to 55 m, then 
cored to end of hole (EOH) at 621 m. The cuttings produced 
from 0–55 m were logged by on site NTGS geologist, but the 
descriptions were not published by Ambrose et al (2010). The 
cuttings are stored in vials, each containing 1 m of composite 
materials. Contact relationships between units in the 0–55 m 
interval are unknown. There are no Hylogger data for the 
chipped materials, but the cored portion of the hole has 
been analysed by Hylogger (Smith 2012). The re-logging of 
cuttings for this study has added the Stairway Sandstone and 
Horn Valley Siltstone (8–29 m and 29–44 m respectively) 
to the units intersected. In the cored portion, re-logging has 
slightly extended the thickness of the Pacoota Sandstone 
(52–114.5 m). The lower part of the Petermann Sandstone (as 
logged by Ambrose et al 2010) has been revised as the Illara 
Sandstone (341.5–414.5 m), and 6 m of Julie Formation has 
been identified at the base of the drillhole (615.6–621.5 m).
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Cenozoic sediments (cuttings 0–8 m) 

The first 8 m of LA05DD01 (Figure 4) are a combination 
of unconsolidated aeolian sediments (0–1 m) and highly 
weathered rock (1–8 m); the latter includes Fe-oxide-
indurated and carbonate-indurated materials of a weathered 
palaeosurface. 

The red aeolian sands consist of quartz grains that are 
typically well rounded and well sorted; a fine Fe-oxide 
mineral coating on the grains results in the distinctive 
red colour. The second metre of cuttings (1–2 m) are 
hard, Fe-oxide mineral-indurated, dark brown to red-
brown, fine-grained silty sandstone. This sandstone is 
mixed with buff to yellow, carbonate-indurated siltstone, 
probably representing a transition zone to the underlying 
palaeosurface. Between 2–8 m, the cuttings are red to pink, 
variably Fe-oxide-indurated or carbonate-indurated, fine-
grained silty sandstone with up to 5% mica. This material 
represents saprock or saprolite of the underlying Stairway 
Sandstone.

Stairway Sandstone (cuttings 8–29 m)

The Stairway Sandstone (Figure 4) comprises red-brown, 
fine-grained sandstone and lesser red-brown, finely 
laminated siltstone. The sandstone is variably micaceous 
(up to 5%) with white clay, which is likely kaolin derived 
from weathered feldspar. The cuttings are friable and 
exhibit variable Fe-oxide induration. Wellsite logging 
described the top part of the drillhole as ‘red beds’ of the 
Stairway Sandstone (NTGS 2007) with which this study 
concurs. 

Horn Valley Siltstone (cuttings 29–44 m)

Red to pink, finely laminated siltstone (Figure 5) of the 
Horn Valley Siltstone was intersected from 29 to 44 m 
(Figure 4). Very fine-grained mica content in the siltstone 
decreases downhole from ~5 to 2%. The siltstone is very 
soft; this interval only includes a few consolidated cuttings. 
Wellsite logging (NTGS 2007) recorded interbedded grey 
siltstone and medium- to coarse-grained, cross-bedded and 
well-sorted sandstone. The succession is strongly weathered 
with common Fe-oxide mineral induration. 

Between 44 m to 52 m, a transitional contact with 
the underlying Pacoota Sandstone comprises red-brown, 
medium- to coarse-grained sandstone and lesser siltstone. 
The sandstones transition into yellow, medium- to coarse-
grained sandstone (Figure 5), which is increasingly 
felspathic downhole. Orange mottles in the yellow sandstone 
are likely due to the presence of goethite. 

Pacoota Sandstone (cuttings 52–55 m; core 55–114.5 m)

The Pacoota Sandstone occurs between 52–114.5 m 
(Figure 4) and was cored from 55 m; the description here 
is largely taken from the cored section. The first three 
metres (cuttings) can be seen in Figure 5. In core, the unit 
is white to brown, medium- to coarse-grained sandstone 
with occasional fine-grained, thinly laminated beds. Cross- 
bedding was observed from 68.4–68.6 m. Bedding and 

lamina planes are defined by red or orange Fe-oxide minerals 
(Figure 6a). The sandstone becomes buff to white between 
72.5–90.5 m, with intervals up to 2 m thick of interbedded 
red siltstone. The buff to white sandstone has fine yellow 
and red laminations, which are likely goethite and hematite 
respectively. Between 90.5–114.5 m, the sandstone is buff to 
dark brown with occasional goethite mottling. At 114.5 m, 
there is a sharp contact with red siltstone of the underlying 
late Cambrian Petermann Sandstone (Figure 6b). Fe-oxide 
mineral-dominated beds, laminae, and mottles can be 
identified in the spectral response (Smith 2012); where 
absent, the spectral data is dominated by quartz and 
kaolinite. 

Petermann Sandstone (core 114.5–341.5 m)

Approximately 1 m of red, massive siltstone to fine-grained 
sandstone lies below the upper contact of the Petermann 
Sandstone at 114.5 m (Figure 6b). The succession typically 
comprises red to red-brown, medium- to coarse-grained 
sandstone (Figure 7a), characterised by feldspar and mica 
with occasional clasts of metasedimentary and volcanic 
rocks (Figure 7c). A hematite-clay matrix is present through 
most of the section. Varying thicknesses of irregular lamina, 
beds, and lenses of fine- to very coarse-grained, buff to 
pink sandstone occur throughout the succession. Siltstone 
intervals, typically in sharp contact with the sandstone, are 
also common. Graded bedding occurs in some intervals of 
coarse- to very coarse-grained sandstone. Towards the base 
of the unit, coarse- to very coarse-sandstone contains ferro-
manganese minerals, and possible pyrite, that define cross-
beds (Figure 7b, c). A pebbly horizon from 271.1–282.5 m 
contains minor metasedimentary, volcanic, and kaolinitic 
clasts; disseminated sulfides are also reported through 
this section (NTGS 2007). From 286 m, the sandstone 
includes rare kaolinitic intervals up to 50 cm thick. The 
lowest kaolinitic interval at 340–341.5 m is above the sharp 
(probable erosional) contact with the underlying Illara 
Sandstone (Figure 7d). 

Illara Sandstone (core 341.5–414.5 m)

Below a sharp contact at 341.5 m with the overlying 
Petermann Sandstone (Figure 7d), the upper part of the 
Illara Sandstone (Figure 4) is represented in LA05DD01 
as a dark red to brown, finely laminated to massive, fine- 
to medium-grained feldspathic, micaceous sandstone 
(Figure 8a). Laminae are typically defined by differing 
grain size with only a subtle colour change (Figure 8b). 
The unit is noticeably more feldspathic than the overlying 
Petermann Sandstone. This feature is also apparent in 
spectral data where Smith (2012) noted an increase in 
feldspar, smectite, and white mica from ~340 m downhole. 
There was also a change in downhole gamma response at 
the same level (Ambrose et al 2010). 

The dark red to brown sandstone (341.5–379 m) is 
underlain by red to dark orange, fine-grained, finely 
laminated, clay cemented silty sandstone (379–414.5 m) 
with no observable feldspar grains. The core of this 
lithology is more broken and rubbly than that of the 
overlying sandstone; this is likely a reflection of its finely 
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(52–114.5 m) 
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(414.5–534.5 m) 

Arumbera
Sandstone
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 (534.5–615.6 m) 

?Julie Formation
(615.6–621.5 m)

Aeolian sands and highly weathered rock

Red-brown, fine-grained sandstone with
occasional red-brown, finely laminated siltstone

Red to pink, finely laminated siltstone 

White to brown, medium- to coarse-grained sandstone; 
occasional fine-grained, thinly laminated sandstone beds;
occasional cross-beds 

Buff to white, medium- to coarse-grained sandstone; interbeds of 
red, thinly laminated siltstone; occasional geothite mottling

Red, coarse-grained sandstone with occasional pink to buff, 
kaolinitic intervals   

Coarse- to very coarse- grained sandstone with cross-beds defined by 
black-green, ferro-manganese minerals and possible pyrite 

Red to red-brown, feldspathic, micaeous, medium- to 
coarse-grained sandstone; occasional clasts of
metasedimentary and volcanic rocks; laminae, beds and lenses
of fine- to very coarse-grained, buff to pink sandstone 

Dark red to brown, finely laminated to massive, felspathic and
micaceous, fine- to medium-grained sandstone; intervals of
buff to pink micaeous, kaolinised sandstone 

Red to dark orange, fine-grained silty sandstone; finely laminated

Intervals of buff to yellow, kaolinised siltstone and sandstone with
goethite mottling and staining; red, weathered siltstone and
fine-grained sandstone with white mottles and white, kaolinised
fine-grained sandstone

Red to brown siltstone to fine-grained sandstone; fine laminae to
thin beds and lenses of buff to grey siltstone to fine-grained
sandstone 

Silicified, weathered sandstone breccia

Red, fine-grained sandstone and minor siltstone with
buff reduction spots  

Grey to brown, massive or planar to wavy laminated,
recrystallised carbonate rock

Figure 4. New stratigraphic log of LA05DD01 showing Cenozoic sediments, Stairway Sandstone, Horn Valley Siltstone, Pacoota, 
Petermann and Illara sandstones, Tempe Formation, Arumbera Sandstone equivalent, and ?Julie Formation. 
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Figure 5. Vials from samples at 40–55 m depth in LA05DD01 containing 1 m composite cuttings. From left to right: red siltstone of the 
Horn Valley Siltstone between 40–44 m; the transitional contact between 44–52 m; and the white sandstone of the Pacoota Sandstone 
52–55 m. The transitional contact occurs where the cuttings colour changes from red to red-brown then yellow to white. Vials are ~4 cm 
in diameter.

Figure 6. Examples of the Pacoota Sandstone in LA05DD01. (a) Intervals of core (~30 cm long) between 82.3–84.4 m include red 
laminae and thin beds in sandstone, which are Fe-oxide minerals such as goethite and hematite. The white sandstone is typically kaolinite 
dominated (cf Smith 2012). (b) Sharp contact (blue line) between coarse-grained, pink to red sandstone of the Pacoota Sandstone and red 
siltstone of the Petermann Sandstone occurs at 114.5 m. 
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Figure 7. Examples of the Petermann 
Sandstone in LA05DD01. (a) Typical 
red to red-brown sandstone between 
284– 287 m. (b) Clasts between 
177.2– 177.5 m within buff to red 
coarse-grained sandstone and subtle 
cross-beds defined by dark red, ferro-
manganese minerals in coarse-grained 
red sandstone (174.8–175.1 m). (c) Very 
coarse-grained sandstone with ferro-
manganese minerals and ?pyrite, and 
with lenses and thin beds of red siltstone 
to fine-grained sandstone at 281.7 m. 
(d) Sharp contact at 341.5 m (blue line) 
between the Petermann Sandstone 
(white sandstone) and the underlying 
Illara Sandstone (red siltstone). 
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Figure 8. Examples of the Illara 
Sandstone in LA05DD01. (a) The core 
between 341.2–344.7 m consists of 
dark red to brown, finely laminated 
to massive, fine- to medium-grained 
feldspathic, micaceous sandstone. 
The yellow box shows the location of 
Figure 8b. (b) Finely laminated, thin beds 
within clay cemented silty sandstone at 
343.2 m. Dark red laminations occur 
within very fine-grained sandstone 
to siltstone; fine- to medium-grained 
sandstone forms lighter red beds. (c) The 
contact between the Illara Sandstone 
and the Tempe Formation at 414.5 m, 
where core loss (between the blue lines) 
has occurred.

laminated, more clay-rich composition. Intervals up to 
1 m in thickness of buff to pink micaceous sandstone 
occur throughout the unit. Feldspar has been weathered 
to kaolinite and other clay minerals. Occasional clasts of 
red-brown siltstone and rare soft-sediment deformation 
are observed in these intervals.

At 413.5–414.5 m, the Illara Sandstone includes a mica- 
and kaolin-rich, fine-grained sandstone. The increased 

kaolin content gives the core a clayey texture. There is 
partial core loss between 414.5–414.7 m at the likely contact 
with the underlying Tempe Formation. 

Tempe Formation (core 414.5–534.5 m)

The upper 31 m of the Tempe Formation (414.5–445.4 m) 
is highly altered, resulting in a mix of varying thicknesses 
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of rubble and competent core, with frequent intervals of 
core loss (Figure 9a). The rubble is typically buff to brown 
chert and silicified carbonate or buff to yellow, kaolinised 
siltstone and sandstone with goethite mottling and staining. 
The intervals of competent core are either red, altered 
siltstone and fine-grained sandstone with white mottles or 
white, kaolinised fine-grained sandstone with occasional 
20– 40 cm thick intervals of red to pink, coarse-grained, 
matrix-supported conglomerate containing angular and 
subangular sandstone and siltstone clasts (Figure 9b). 
The sandstone has angular to subrounded quartz, kaolinite 
(probable altered feldspar) and mica with occasional lithic 
grains and clasts. Due to the weathering of these rocks, they 
are friable and in places unconsolidated. The weathered 
nature of this interval is also reflected in the spectral 
analysis (Smith 2012) that shows a kaolin content from 
~414–450 m. The apparent weathering or alteration of the 
Tempe Formation may be indicative of palaeoweathering; 
the angularity of the grains and clasts in the conglomerate 
particularly may indicate a high energy depositional 
environment where the transport of detritus was minimal. 

From 445.4–513.2 m, the Tempe Formation is typically 
red to brown siltstone to fine-grained sandstone with laminae 
to thin beds and lenses of buff to grey siltstone to fine-
grained sandstone (Figure 9c). The beds and laminations 
are often defined by a change in grain size. Yellow and 
red mottles of probable goethite and hematite are common 
and increase downhole, with soft-sediment deformation 
common throughout the unit. Intervals of varying thickness 
of thinly bedded, red and buff siltstone occur throughout the 
interval and become more common downhole. Intervals of 
buff to grey, kaolinised siltstone to fine-grained sandstone 
are also present. The increase in Fe-oxide minerals and the 
decrease in feldspar content in this interval of the Tempe 
Formation, compared to the overlying Illara Formation, is 
also evident in spectral data (Smith 2012). 

Approximately 21 m (513.2–534.5 m) of silicified, altered 
sandstone breccia with clasts of siltstone and chert underlies 
the sandstone/siltstone succession (Figure 9d). This breccia 
interval is the base lithology of the Tempe Formation; Edgoose 
(2013) reported that in places a weathered breccia interval is 
found in outcrop at the unconformable basal contact of the 
Tempe Formation. The base of the breccia is a sharp contact 
(Figure 10a) with the underlying Arumbera Sandstone. 

Arumbera Sandstone equivalent (core 534.5–615.6 m)

The Arumbera Sandstone equivalent is an 81 m thick 
succession of red, fine-grained sandstone and siltstone 
(Figure 10b) with buff to grey reduction spots (Figure 10c). 
Intervals of grey-green, fine-grained sandstone without 
reduction spots are common and typically less than 
1 m thick. White to pink, variably kaolinised sandstone 
intervals are also common and can be detected in the 
spectral data by the increase in kaolin response (Smith 
2012). The unit is typically finely laminated with both 
planar and wavy laminae. An interval less than 1 m thick 
of kaolinised sandstone rubble (615.1–615.6 m) has a minor 
carbonate component in the cement. This sandstone has 
a sharp contact at 615.6 m (Figure 10d) with grey-brown 
recrystallised carbonate of the underlying Julie Formation. 

?Julie Formation (core 615.6 m–EOH)

Recrystallised carbonate rocks from 615.6 m to EOH 
at 621.5 m (Figure 4) are herein tentatively assigned to 
Julie Formation. Previously, this interval was logged as a 
carbonate facies within the Arumbera Sandstone (Ambrose 
et al 2010). A thin interval of buff to grey-brown, chertified, 
recrystallised carbonate occurs from 615.6–616.8 m. 
From 616.8 m, grey to brown, massive or planar to wavy 
laminated, recrystallised carbonate rock (Figure 11a) 
continues to EOH. The carbonate rock is interpreted to be 
dolostone as there is little to no reaction with weak acid; 
spectral data also indicates the dominant carbonate mineral 
is dolomite (Smith 2012). 

Wavy laminae within the dolostone are likely indicative 
of microbial laminations; possible stromatolites occur at 
616.6–617 m (Figure 11b). The interval from 620.5–620.7 m 
may be oolitic due to some spherical ooid-like textures 
preserved. Calcite-filled vugs occur throughout the unit but 
are most common from 618.4 m to 618.5 m (Figure 11c), 
where the recrystallised carbonate rock is massive. 

Discussion

The stratigraphy presented in this Record (Figure 4) differs 
from the stratigraphy for LA05DD01 reported by Ambrose 
(2010; Table 1). The cuttings, which were logged but not 
published, include the Stairway Sandstone and Horn Valley 
Siltstone. These were assigned based on descriptions of 
the units by Edgoose (2013) and field observations by the 
authors. 

Changing the thickness of the Petermann Sandstone 
and adding the Illara Sandstone were based on the elevated 
feldspar content from 341.5 m. Spectral data shows an 
increase in feldspar content (Smith 2012) at ~341 m. Edgoose 
(2013) reported that the Illara Sandstone is characteristically 
feldspathic in comparison to the Petermann Sandstone, 
leading to the inclusion of the Illara Sandstone in LA05DD01. 
The Deception Sandstone is usually between the Petermann 
and Illara sandstones but is missing from this stratigraphy. 
As the base of the Petermann Sandstone is likely erosional, 
it is possible that the Deception Sandstone was removed 
by erosion. The Petermann and Illara sandstones are not 
mapped (Cook 1968) in the area immediately surrounding 
the drillhole; instead, the Cleland Sandstone makes up a 
series of ridges to the southwest (Cook 1968). The Cleland 
Sandstone is an equivalent to the Petermann, Deception and 
Illara sandstones and the Tempe Formation (Edgoose 2013).

The revision of the thickness of the Tempe Formation 
(Table 1) is based on the weathered breccia interval at the 
base of the unit. It is consistent with a weathered breccia 
interval described at the base of the Tempe Formation 
elsewhere in the basin (eg Edgoose 2013). 

As the breccia is indicative of the base of the Tempe 
Formation, the sandstone interval (534.5–615.6 m) below 
the breccia was revised to an equivalent of the Arumbera 
Sandstone. The Arumbera Sandstone equivalent is the 
first sandstone-dominated unit underlying the Tempe 
Formation. The lithologies in LA05DD01 in the interval 
534.5–615.6 m, are consistent with the descriptions of the 
Arumbera Sandstone in Edgoose (2013). It is also consistent 
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Figure 9. Examples of the Tempe 
Formation in LA05DD01. (a) Siltstone 
and fine-grained sandstone between 
508.5–513.4 m. Note the varying 
core competency. (b) Interval of 
conglomerate (at 415.6–415.7 m) occur 
within the upper 31 m of the Tempe 
Formation. (c) Typical siltstone and fine-
grained sandstone from 508.5–509 m; 
thin beds and laminations are common 
throughout the unit and are often defined 
by a change in grain size. (d) Sandstone 
breccia (at 510.7–511 m; central core 
section) in the basal succession of Tempe 
Formation. 
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Figure 10. Examples of the Arumbera Sandstone equivalent in LA05DD01. (a) Sharp contact at 534.5 m (blue line) between the basal 
breccia sandstone of the Tempe Formation and red sandstone of Arumbera Sandstone equivalent. (b) Red and grey sandstone with buff 
reduction spots at 551.2–556 m. Buff to pink, kaolinised sandstone can be seen above and below the red and grey sandstone. (c) Buff to 
grey reduction spots in red, fine-grained sandstone at 553.2–553.4 m; dark red fine laminations are also visible. (d) Red sandstone becomes 
kaolinised towards the sharp, contact (blue line) at 615.6 m with carbonate rocks of the ?Julie Formation. 
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with Ambrose et al (2010), who noted that the basal part of 
the Tempe Formation as logged by them may possibly be 
a facies of the underlying Arumbera Sandstone, but it was 
not described in detail.

As there are no carbonate rocks reported in the 
Arumbera Sandstone (Edgoose 2013 and references 
within), the carbonate-dominated interval of 615–621 m 
has been tentatively assigned to the Julie Formation. 
This interval also has evidence of microbial activity that 

is typical of the Julie Formation, such as stromatolitic 
and wavy lamina (Normington et al 2015, Normington 
and Donnellan 2020). The occurrence of the probable 
stromatolite at 616.6–617 m, in conjunction with the 
dominantly carbonate succession, aided in the revised 
allocation of this succession to the Julie Formation. Due 
to the lack of demonstrated diagnostic features, it is not 
possible to make a stromatolite identification with any 
certainty. 
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Figure 11. Examples of the ?Julie 
Formation in LA05DD01. (a) Chertified, 
recrystallised carbonate between 
616–621 m. (b) Possible stromatolite at 
616.8–617 m. (c) Calcite filled vug in 
recrystallised dolostone at 618.3 m. 
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BR05DD01 stratigraphy

BR05DD01 was rotary drilled from surface to 55 m, then 
cored to 1224.8 m (EOH). The cuttings of BR05DD01 
were not previously logged. They are stored in vials, each 
containing 1 m of composite materials. Contact relationships 
between units in the 0–55 m interval are unknown. There 
are no Hylogger data for the chipped materials, but the 
cored portion of the hole has been analysed by Hylogger 
(Smith 2013). The logging of the cuttings for this study has 
added the Cenozoic sediments (0– 17 m) and Pertatataka 
Formation equivalent (17–55 m). The Pertatataka Formation 
equivalent continues downward over 55–153 m from the 
start of the cored interval. Logging of the core for this study 
has also added the Aralka Formation (153–448.9 m) with 
an equivalent to the Ringwood Member within the interval 
from 154.2–191.3 m. The length of the Areyonga Formation 
(488.9–532.1 m) has been reduced slightly; the Wallara 
Formation (532.1– 636.7 m) has been added. The new 
definitions of the Bitter Springs Group and its formations 
mean that BR05DD1 now includes the Johnnys Creek 
Formation (637.7–1068.7 m) and the Loves Creek Formation 
(1068.7–1224.8 m; EOH).

Cenozoic sediments (cuttings 0–17 m)

The first 5 m of BR05DD01 cuttings (Figure 12) comprise 
consolidated calcrete, with lesser white calcareous clay, 
containing some coarse quartz grains and possible lithic 
fragments (Figure 13a). All tested cuttings vigorously 
effervesce when weak acid is applied. The cuttings from 
5–9 m are buff clay with red and minor yellow mottles 
(Figure 13b). The next metre of cuttings (9–10 m) comprises 
gypsum crystals coated with and cemented by red clay 
(Figure 13c). The interval between 0–10 m is interpreted 
as a calcareous indurated surface underlying a thin layer of 
surficial aeolian sands as indicated by the red clay. Cuttings 
from 10–14 m are composed of red-orange, calcareous clay 
and silt with minor gypsum crystals. From 14–17 m, the 
cuttings are red-brown weathered siltstone. The interval 
between 10–17 m likely represents in situ highly weathered 
material that formed a palaeosurface prior to the formation 
of the overlying calcrete (Figure 13a). 

Pertatataka Formation equivalent (cuttings 17–55 m; 
core 55–153 m)

The Pertatataka Formation equivalent occurs between 
55– 153 m (Figure 12) and was cored from 55 m; the 
description here is largely taken from the cored section. 
The cuttings (17–55 m) dominantly comprise red-brown, 
thinly-bedded, micaceous, calcareous siltstone and fine-
grained sandstone that reacts with weak acid (Figure 14b). 
The succession includes an interval of brown, variably 
calcareous, fine-grained sandstone (31–33 m; Figure 14c). 
Mica content of the succession increases from <1% at 17 m 
to ~5% at 55 m. 

In core (55–153 m), the Pertatataka Formation 
equivalent consists of red-brown to green-grey 
(Figure 15a), variably calcareous siltstone and fine-
grained sandstone that is inconsistently finely laminated 

to thinly bedded. The mica content is variably <5% and 
is absent beyond 106 m. The laminations and beds of 
buff to green calcareous siltstone increase in frequency 
downhole and vary between planar, lenticular and wavy 
(Figure 15b). Rare cross-beds and occasional calcite veins 
are also present. Spectral analysis presented by Smith 
(2013) shows that the Pertatataka Formation equivalent 
rocks have quartz, light and dark micas (likely muscovite 
and phengite) and smectite. 

A sharp contact at 153 m between the Pertatataka 
Formation equivalent and the Aralka Formation is 
marked by an abrupt lithological change. The red-brown 
and grey-green laminated siltstone of the Pertatataka 
Formation equivalent overlies dark grey to black siltstone 
and mudstone of the Aralka Formation (Figure 15c). The 
change in stratigraphic unit and lithology is also shown in 
spectral analysis where the presence of dolomite and other 
carbonate minerals within the siltstone and mudstone were 
detected at ~153 m (Smith 2013).

Aralka Formation (153–488.9 m)

Dark grey to black, non-calcareous siltstone and mudstone 
make up the majority of the interval 153–240.5 m, with 
individual thicknesses up to 10 m. These are interbedded 
with ~1 m thick, grey-green, laminated and finely bedded 
carbonate rocks. The siltstone and mudstone are heavily 
broken and fractured. This occurred post-drilling 
(Figure 16a, b), suggesting some overpressure was 
present in this unit subsurface as core photos taken shortly 
after drilling show competent core with little fracturing 
(Figure 16a, b; NTGS 2007). One of the authors (CJE) 
was on site at the time of drilling and reported hearing 
cracking of the core, interpreted to be related to the 
release of pressure at surface. The mudstone and siltstone 
become increasingly carbonaceous downhole. Between 
153–204.3 m, thin interbeds of buff to grey, calcareous 
siltstone with some red siltstone are occasionally observed. 
From 204.3 m to base of unit (240.5 m), the mudstone 
and siltstone are dark grey to black and carbonaceous; 
intervals are up to 30 m thick. The grey-green carbonate 
interbeds are persistent throughout these changes in the 
siltstone. The grey-green to buff carbonate interbeds 
occur in horizons up to 1 m thick and have sharp upper 
and lower contacts with the intervening siltstone and 
mudstone. Laminae and beds within the carbonates are 
buff to grey, typically wavy (stromatolitic; Figure 17b) 
or planar, with some lenticular bedding and soft-sediment 
deformation. Spectral analysis also confirms the presence 
of carbonate minerals such as dolomite and minor calcite 
between ~150–240 m. Petrographic analyses reported in 
Smith (2013) notes that the siltstone is typically dolomitic 
with subordinate quartz, K-feldspar and detrital mica. This 
contrasts with the underlying unit, where the siltstone has 
no dolomite and minimal calcite (Smith 2013).

Intraclast (or intraformational) breccia, reported as a 
distinct facies in outcrop by Normington and Donnellan 
(2020), is also present in BR05DD01 in intervals generally 
less than 50 cm thick (Figure 17c). It is grey-green with 
small (<1 cm) dark grey and green, angular siltstone clasts. 
The last occurrence of this breccia is at 173.6 m. 
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Cenozoic sediments (0–17 m)

Areyonga Formation
(488.9–532.1 m)

Wallara Formation
(532.1–636.7 m)

Johnnys Creek 
Formation

(637.7–1068.7 m)

Loves Creek 
Formation

(1068.7–1224.8 m)

Highly weathered, calcareous sandstone and siltstone

Red-brown matrix-dominated siltstone diamictite with rare grey
siltstone diamictite increasing downhole

Red, calcareous mudstone with planar laminated with buff to white 
oxidation spots; lesser grey to pink carbonate intervals  

Alternating silicifed, buff carbonate rocks and red and silicified, buff 
to grey siltstone with calcite-filled voids and veins; carbonate 
intervals are variably stromatolitic 

Red-brown calcareous siltstone and fine-grained sandstone, 
micaceous, becoming green-grey siltstone with fine-grained 
sandstone intervals, calcareous

A19-633.ai

Grey to buff dolostone with intervals of dark grey to brown
dolostone; variably stromatolitic 
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BR05DD01

Pertatataka Formation
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(17–153 m)

Ringwood Member equivalent (154.2–191.3 m) 

Aralka Formation 
(153–488.9 m)

Dark grey to black siltstone and mudstone with buff to grey
calcareous siltstone and carbonate intervals with planar and wavy
laminae; carbonate intervals are variably stromatolitic

Dark brown to dark grey, planar bedded siltstone; siltstone is 
carbonaceous and finely laminated with occasional grey,
calcareous, laminated siltstone intervals; carbonate intervals 
are variably stromatolitic

Figure 12. New stratigraphic log of BR05DD01 showing Pertatataka Formation equivalent, Aralka Formation including Ringwood 
Member equivalent, Areyonga Formation, Wallara Formation, and Johnny’s Creek and Loves Creek formations of Bitter Springs Group.
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calcretecalcrete mottled claymottled clay gypsumgypsum

A19-636.ai
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calcretecalcrete mottled claymottled clay gypsumdownhole

downhole

Figure 13. Vials containing 1 m composite cuttings from 0–10 m 
in BR05DD01. (a) Calcrete at the top of hole is underlain by 
mottled clay and red clay-coated gypsum (0–10 m). (b) Transition 
from buff mottled clay to red mottled clay (5–9 m) into gypsum 
crystals at 9–10 m. (c) Gypsum crystals coated and cemented with 
red clay at 9–10 m. Vials are ~4 cm in diameter. 
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weathered siltstone Pertatataka Formation equivalent

A19-638.ai

a

b

c Figure 14. Vials containing 1 m composite cuttings in BR05DD01. 
(a) Samples from 14–20 m are divided into weathered siltstone 
(14–17 m), which produced larger, harder cuttings; and Pertatataka 
Formation equivalent from 17–20 m, which are smaller and more 
friable. (b) Brown, siltstone and fine-grained sandstone cuttings 
between 21–27 m. (c) Brown, calcareous sandstone cuttings of 
the Pertatataka Formation equivalent between 31–32 m. Vials are 
~4 cm in diameter.
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Figure 15. Examples of the Pertatataka 
Formation equivalent in BR05DD01. 
(a) Interval from 101.7–105.7 m of red-
brown, thinly laminated to bedded 
calcareous sandstone and siltstone. 
(b) Wavy and planar laminations within 
calcareous siltstone at 151.1 to 151.2 m. 
(c) Sharp contact at 153 m shown by 
the blue line, between the Pertatataka 
Formation equivalent (red-brown 
siltstone) and Aralka Formation (grey-
green siltstone).

Minor sulfides were observed within the Aralka 
Formation at 165 m; they occur in greater concentration in 
several beds up to 0.5 m thick between 201–203.5 m, where 
the siltstone has increased carbonaceous content. Calcite 
veining also occurs throughout the unit but most commonly 
within calcareous rocks. 

The stromatolites Tungussia inna (Figure 17a) 
and Atilanya fennensis (Figure 17d) occur between 
154.2– 191.3 m in carbonate intervals of the Aralka 
Formation. The Forms occur in separate intervals: Tungussia 
inna occurs from 154.22–154.33 m, 155.35– 155.5 m, 
155.65–155.92 m, 188.7–189.3 m, 189.5–189.9 m, and 
190.9– 191.0 m; Atilanya fennensis occurs from 187.6– 188 m 
and is tentatively identified (cf Atilanya fennensis) at depths 
186.2–186.7 m and 240.2–240.45 m as reported by Allen 
et al (2016). 

The Aralka Formation between 240.5–488.9 m is dark 
brown to dark grey, planar bedded, carbonaceous siltstone 
that is highly fractured (Figure 18a). Photos taken at the 
time of drilling do not show fracturing (Figure 18b; NTGS 
2007) in the core, indicating the fracturing is a secondary, 
post-drilling feature (Figure 18a). The siltstone is 
internally finely laminated, with occasional intervals (no 
thicker than 15 cm) of grey, calcareous laminated siltstone. 

The contact with the underlying Areyonga Formation is 
marked by the highest occurrence of diamictite at 488.9 m 
(Figure 19a, b). 

Spectral analysis of this interval (240.5–488.9 m) 
shows the siltstone is dominated by feldspar, sulfate and 
mica minerals (Smith 2013); due to the dark colour of 
the rock, further determination of individual minerals 
was difficult. Very little carbonate minerals content was 
detected; small amounts of calcite and dolomite, as well as 
goethite, were detected in the lowest 50 m of the Aralka 
Formation (Smith 2013). 

Ringwood Member equivalent, Aralka Formation 
(154.2– 191.3 m)
This interval has been identified as an equivalent to the 
Ringwood Member  of the Aralka Formation due to the 
presence of carbonate between 154.2–191.3 m, as well 
as the presence of Tungussia inna stromatolites. The 
Ringwood Member equivalent is currently restricted to 
the northeast of the Amadeus Basin; further investigations 
are required to confirm its extent in the basin. Haines and 
Allen (2014) also suggested that an interval with similar 
biostratigraphy and lithology in the Boord Ridges in WA 
may be equivalent to the Ringwood Member. 
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Areyonga Formation (488.9–532.1 m)

Underlying the siltstone of the Aralka Formation, the 
Areyonga Formation comprises beds of dark grey to red-
brown diamictite and dark grey to red-brown siltstone. The 
top 0.4 m (488.9–489.3 m) is a fine-grained, carbonate-
dominated diamictite with angular to subrounded clasts 
comprising carbonate and basement rocks (Figure 19a, b). 
The upper boundary is a sharp contact with the overlying, 
now fractured, siltstone of the Aralka Formation.

Red-brown siltstone with grey to buff, planar, thin 
laminations, and occasional grey and red-brown sandy 
laminae, dominates the top of the unit from 489.3–493.9 m 
(Figure 19a). The remaining 40 m (493.9–534.2 m) 
comprise dominantly red-brown to red diamictite, 
with lesser intervals of grey diamictite that decrease in 
abundance downhole. These grey diamictite intervals are 
likely dolomitic (see Smith 2013). Clasts are composed 
primarily of carbonate rocks and basement lithologies; 
they make up 5–10% of the rock (Figure 19c). The clasts 
are subrounded to angular and have an average diameter 
of 5 cm, but occasional larger clasts up to 20 cm in size 
occur from below 507 m. The diamictite matrix is red-
brown to red, coarse- to fine-grained sandstone. The 
diamictite is massive or finely laminated in intervals of 
varying thicknesses (Figure 19c). 

Smith (2013) reported phengite, calcite, smectite, 
micas, silica, and dolomite in the Areyonga Formation. 

Petrographic analysis, also reported in Smith (2013), 
suggests that the matrix (at 489.1 m and 494.8 m) contains 
mud- and sand grain-sized dolomite, quartz, and K-feldspar 
that is variably oxidised. This analysis also describes the 
clasts as dolomitic, chert, carbonate and granitoid (Smith 
2013).

Wallara Formation (532.1–636.8 m)

A sharp contact between the Areyonga Formation and 
underlying Wallara Formation at 532.1 m (Figure 20a) is 
characterised by an abrupt change from grey diamictite 
(Areyonga Formation) to buff, silicified sedimentary breccia 
(Wallara Formation). The contact is interpreted to represent 
an undulating erosional surface on the breccia, infilled by 
the overlying diamictite (Figure 20b). The breccia is ~2 m 
thick (532.1–534.2 m) and has developed on a carbonate-
dominated succession. Breccia clasts are angular to 
rounded, up to 5 cm in size, and consist largely of dolostone 
set within a silicified, probable calcareous sandstone matrix 
(Figure 20c). The breccia is distinctive from the overlying 
diamictite due to the almost unimodal lithology of the clasts 
and differing matrix. 

In the interval 534.2–636.7 m, the succession comprises 
alternating buff carbonate rocks, and red and buff to grey 
siltstone (Figure 20d) with calcite-filled voids and veins. 
Carbonate rocks dominate the succession and are variably 
silicified but overall become less so downhole. The carbonate 
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Figure 16. Comparision of the Aralka 
Formation (Tray 35; 195.6–199.4 m) in 
BR05DD01. (a) Photo taken shortly after 
drilling. The siltstone and mudstone 
are laminated and the rare fractures are 
likely to have occurred post drilling. 
(b) Imaged during spectral analysis in 
2011 (Smith 2013). The siltstone and 
mudstone are heavily fractured and 
broken as a result of pressure release 
on rocks inferred to have been over-
pressured at depth. 
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Figure 17. Examples of the carbonate rocks of the Aralka Formation in BR05DD01. (a) Tungussia inna stromatolite at 155.4 m, 
approximate form is outlined by the dashed black line. (b) Wavy and stromatolitic laminae in carbonate rocks at 155.2 m. (c) Intraclast 
breccia at 154.8– 154.95 m. Small green siltstone clasts are likely from the underlying Aralka Formation. d) Interval of stromatolites 
with forms similar to Atilanya fennensis in buff to grey, probable dolostone at 186.1–186.3 m. Image taken during spectral analysis in 
2011 (Smith 2013). 
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is interpreted to be dolostone on the basis of the dominance 
of dolomite in spectral data; however, petrographic analyses 
of the Wallara Formation indicated microcrystalline 
limestone, limestone, and micritic limestone (Smith 
2013). The type of carbonate rock could not be confirmed 
in hand sample. The thickness of the carbonate intervals 
varies up to a maximum thickness of 15 m. The upper and 
lower contacts with siltstone are typically sharp. Thick 
laminations, and thin beds and lenses of black, organic-
rich (carbonaceous) siltstone (Figure 20f) alternate with 
thick laminations to thin beds of carbonate rock between 
564.6– 578.2 m, 584.8– 587.9 m, and 609.6– 612.65 m. 

The carbonate is thinly wavy or planar laminated 
(Figure 20e); sandy intervals of varying thicknesses 
are common. At least some of the wavy laminations are 
interpreted to be stromatolitic in origin. The carbonate 
intervals are typically associated with stromatolites or 
stromatolitic laminae. Stromatolite Forms similar to the 
diagnostic stromatolite Baicalia burra was observed at 
539.1–656.5 m (Figure 20g; Grey et al 2012). Possible 
stromatolites were also observed from 606.47–606.8 m. 

Spectral analysis of the Wallara Formation showed 
high quantities of dolomite, calcite and ankerite, with 
lesser siderite (Smith 2013). Petrographic analyses between 
553.9– 615.6 m showed microcrystalline limestone, 
limestone and micritic limestone, with lesser calcite, 
dolomite and chert (Smith 2013). Verification of the 
mineralogy in hand sample is difficult due to silicification 
of the rock.

The red and grey to buff siltstone (Figure 20d) intervals 
of the Wallara Formation vary in thickness up to 10 m. 
The siltstone is massive or thinly planar laminated. Buff 
intervals are commonly black to dark grey on freshly broken 
core surfaces, suggesting some carbonaceous content 
is present. It is likely that the buff colour is due to either 
post-drilling or post-depositional alteration. The contact 

between red siltstone and buff to grey siltstone within an 
interval is typically transitional over less than 1 cm. At 
591.8–596.15 m, red siltstone becomes increasingly sandy 
and transitions to buff fine-grained, calcareous sandstone. 
Red siltstone reoccurs at 599.8 m below the underlying 
carbonate interval. 

Smith (2013) states that smectite, silica, and mica are 
in high quantities in the Wallara Formation; it is likely that 
these mineral groups are dominant in the siltstone intervals. 
There is also an increased goethite content in the Wallara 
Formation when compared with the overlying Areyonga 
Formation (Smith 2013); this is likely due to the red siltstone 
intervals being oxidised. 

Alternating red siltstone and grey carbonate intervals 
continue to the base of the unit (at 636.8 m). A carbonate- 
dominated sedimentary breccia occurs from 636.3–636.77 m 
(Figure 21a). This overlies a 30 cm green siltstone interval 
that transitions down to a medium-grained calcareous 
sandstone at 636.77–636.8 m. This overlies the Johnnys 
Creek Formation where the sandy siltstone is interbedded 
with red mudstone in a transitional contact (Figure 21a). 

Johnnys Creek Formation (636.8–1068.7 m) 

The Johnnys Creek Formation comprises a series of 
alternating red calcareous mudstone and grey carbonate 
intervals (Figure 21b). The upper contact of the Johnnys 
Creek Formation in BR05DD01 is defined by a 4 cm thick 
transitional contact from red calcareous mudstone upwards 
into medium-grained calcareous sandstone of the overlying 
Wallara Formation (Figure 21a). Red, calcareous mudstone 
with buff reduction spots is a diagnostic lithology of the 
Johnnys Creek Formation (Normington and Donnellan 
2020). 

The intervals of red, calcareous mudstone vary in 
thickness from 10–100 m. Some intervals have 20–30 cm 

Figure 18. Comparision between the 
Aralka Formation in BR05DD01 when 
drilled in 2006 and when imaged in 2011 
(Tray 45; 237.9–242.2 m). (a) Imaged 
during spectral analysis in 2011 (Smith 
2013). Note the carbonate interval 
(buff colour) is more obvious in this 
image. (b) Photo taken shortly after 
drilling. The siltstone and mudstone 
are laminated and the rare fractures are 
likely to have occurred post drilling. 
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interbeds of grey carbonate and up to 10 cm thick layers of 
grey siltstone (Figure 21b). The mudstone is thinly, planar 
laminated with buff to white oxidation spots (Figure 21b) 
and calcite veins throughout. Occasional intervals of very 
dark grey or grey to buff calcareous siltstone occur below 
765 m. 

Carbonate intervals vary between 5–10 m in thickness. 
The buff to grey to pink carbonate is likely dolostone; 
however, spectral analysis (Smith (2013) suggests the 
bulk mineral composition includes calcite, dolomite, 
and ankerite. The carbonate is planar laminated with 
occasional wavy and probable stromatolitic laminations, 
although none of the stromatolites found elsewhere in the 
Johnnys Creek Formation were observed. Calcite veins 
occur with less frequency than in the mudstone intervals. 

Spectral analysis by Smith (2013) differentiates the 
intervals of calcareous mudstone and carbonate through 
increased quantities of silica and carbonate respectively. 
Often accompanying the carbonate (dolomite) is calcite 
and gypsum. The mudstone intervals also have gypsum 
in smaller quantities; smectite, montmorillonite, and 
mica are also present in minor amounts (Smith 2013). 
Petrographic analysis of the carbonate intervals suggest 
limestone (microcrystalline and/or micritic), dolomite and 
calcite are the dominant minerals (Smith 2013). There is no 
petrography of the mudstone intervals.

The base of the lowermost carbonate interval at 967.5 m 
is underlain by red mudstone to 1068.8 m. This mudstone 
has a sharp, probably erosional, contact with the underlying 
Loves Creek Formation (Figure 21d). Petrographic analyses 
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Figure 19. Examples of the Areyonga 
Formation in BR05DD01. (a) Sharp 
contact at 488.9 m shown by the blue 
line, between Aralka Formation (dark 
grey siltstone) and Areyonga Formation 
(buff diamictite). Red-brown siltstone 
of Areyonga Formation underlies the 
buff diamictite (below the tape). (b) The 
contact between Aralka Formation and 
Areyonga Formation shown by the blue 
line at 488.9 m. Light grey, angular clasts 
in buff diamictite are more common at 
the top of the unit. (c) Intervals of red-
brown and grey diamictite of Areyonga 
Formation between 518.9 m to 521.7 m. 
Sections are ~30 cm long. 
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Figure 20. Examples of the Wallara 
Formation in BR05DD01. (a) Sharp 
contact at 532.1 m shown by the blue 
line, between Areyonga Formation 
(grey diamictite) and Wallara Formation 
(buff, silicified sedimentary breccia). 
(b) The likely erosional contact between 
Areyonga Formation and Wallara 
Formation; the blue line highlights the 
undulating contact surface. (c) Intervals 
of buff sedimentary breccia of Wallara 
Formation at 532.9–533.8 m. (d) Typical 
varied lithologies in the Wallara 
Formation in BR05DD01, section in 
photo is between 553.7–558.8 m. Dark 
grey, wavy laminated carbonate overlies 
massive buff carbonate, overlies red 
siltstone, which overlies grey and 
green calcareous siltstones. (e) Wavy 
and planar laminations in carbonate of 
Wallara Formation at 556.4–556.65 m. 
(f) Lenses and beds of carbonaceous 
siltstone alternating with carbonate 
rock at 554.2–554.3 m. (g) Stromatolite 
with affinities with Baicalia burra 
stromatolites from 565.2–565 m. 
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Figure 21. Examples of the Johnnys 
Creek Formation in BR05DD01. 
(a) Transitional contact at 636.8 m 
shown by the blue line, between Wallara 
Formation (grey sandstone) and Johnnys 
Creek Formation (red mudstone). 
(b) Typical Johnnys Creek Formation in 
BR05DD01 at 676.2–681.5 m consists 
of red, calcareous mudstone with buff 
reduction spots and intervals of grey 
carbonate. (c) Intervals of red, calcareous 
mudstone between 665.9– 667.8 m. Buff 
to grey reduction spots are common 
(665.9– 666.1 m and 666.8– 667.0 m). 
Calcite veins (667.6– 667.8 m) 
occasionally occur in the mudstone 
intervals but are more common in the 
carbonate intervals. (d) Sharp contact 
at 1068.8 m shown by the blue line, 
between Johnnys Creek Formation (red 
mudstone) and Loves Creek Formation 
(buff to pink carbonate). 
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Figure 22. Examples of the Loves 
Creek Formation in BR05DD01. 
(a) Grey dolostone at 1189.8–1195 m, 
which is variably stromatolitic. 
Acaciella australica Assemblage 
stromatolites are at 1190–1190.5 m 
and from 1191.5– 1195 m. (b) Acaciella 
australica Assemblage stromatolites at 
1192.4– 1192.55 m. The interval of core 
from 1193.2–1193.38 m (lower section of 
core) is non-stromatolitic.

from 1068.8 m presented by Smith (2013) shows a band of 
sandstone with clasts of altered basalt, siliceous dolomite 
and colloform quartz, within limestone with 20% anhydrite. 
Dolomite was the primary mineral in the spectral analysis 
at the same depth (Smith 2013).

Loves Creek Formation (1068.7 m to EOH)

The Loves Creek Formation was intersected from 
1068.7– 1224.8 m. The succession comprises grey to buff 
and dark grey to brown carbonate (probable dolostone; 
Figure 22a). Spectral analysis shows the mineralogy is 
comprised almost exclusively of dolomite and calcite, with 
minor ankerite (Smith 2013). Petrological analyses suggests 
that the carbonate is limestone, dolomitised limestone or 
dolostone, which is micritic or pelitic. Anhydrite was also 
commonly reported from the petrological analyses though 
it was rarely detected in the spectral analysis (Smith 2013). 

The grey to buff dolostone has wavy and planar 
laminations; intervals of dark grey to brown dolostone have 
alternating layers of finely planar and wavy to stromatolitic 
laminations. Cauliflower and enterolithic chert, as well as 
small orange and large black chert nodules, are common 
throughout. Calcite veining and calcite-filled voids are 
also present. Stromatolites of the Acaciella australica 
Assemblage are common throughout the grey to buff 
dolostone from 1080.9 m to EOH (Figure 22b). Seven 
forms of the Assemblage have been identified (Grey et al 
2012; Figure 22).

Discussion

The stratigraphy for BR05DD01 presented here differs 
from that reported by Ambrose (2010; Table 1). As the 
drillhole intersected mainly Neoproterozoic units, the 
revisions are based largely on an improved understanding 
of Neoproterozoic stratigraphy from: recent NTGS work in 
the northeast (Normington and Donnellan 2020) and central 
(Donnellan and Normington 2017) Amadeus Basin areas; 
biostratigraphic studies on BR05DD01 by Grey et al (2012) 
and Allen et al (2016, 2018); and palynological studies by 
Reidman (2014) and Reidman et al (2014).

The cuttings, which were not previously logged, 
are interpreted as a Pertatataka Formation equivalent 
(17– 55 m). Ambrose et al (2010) previously assigned 
the interval 55– 484.6 m to the Pertatataka Formation; 
this interval has been revised to include the Pertatataka 
Formation equivalents (17–153 m) and the Aralka 
Formation (153 –448.9 m), which includes an equivalent to 
the Ringwood Member from 154.2–191.3 m. The thickness 
of the Areyonga Formation (488.9–532.1 m) has been 
revised due to the recognition of the shallowest diamictite 
at 488.9 m. Ambrose et al (2010) previously assigned the 
Bitter Springs Formation to the interval 532.2–1224.8 m, 
which included the ‘Johnnys Creek beds’ (532.2–1068.7 m) 
and the Loves Creek Member (1068.7–1224.8 m). Due 
to the revisions to the Neoproterozoic stratigraphy, the 
interval (532.1– 1224.8 m) was revised to include the 
Wallara Formation (532.1–636.8 m), and the Johnnys Creek 
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(636.8– 1068.8  m)  and  Loves  Creek  (1068.8–1224.8  m) 
formations of the Bitter Springs Group. 

The revision to include the equivalent of the Pertatataka 
Formation  from  17–153  m  was  based  on  this  interval’s 
lithological  difference  with  the  underlying  Aralka 
Formation  and  its  similarity  to  the Pertatataka Formation 
in  the  northeast  of  the  Amadeus  Basin  (Normington 
and  Donnellan  2020).  As  BR05DD01  is  a  stratigraphic 
continuation of LA05DD01, the Julie Formation at the base 
of LA05DD01 overlies the Pertatataka Formation equivalent 
that is at the top of BR05DD01. Grey et al (2012) suggested 
that  the  interval  from  55–153  m  was  Winnall  ‘beds’  or 
Arumbera  Sandstone  equivalents;  Ambrose  et al  (2010) 
suggested the interval was the Pertatataka Formation.

The  stratigraphic  correlation  between  the  Winnall 
Group, Arumbera Sandstone, and the Pertatataka Formation 
is still unresolved (see Donnellan and Normington 2017 and 
Verdel  et al  2020);  however,  Donnellan  and  Normington 
(2017) and Verdel et al (2020) suggest that the lower Winnall 
Group  may  correlate  with  the  Pertatataka  Formation, 
and  the  upper  Winnall  Group  may  correlate  with  the 
lower  Arumbera  Sandstone.  The  Pertatataka  Formation 
equivalents  in  BR05DD01  has  calcareous  sandstone  and 
siltstone  similar  to  that  reported  in  the  Winnall  Group 
elsewhere  (Donnellan  and Normington  2017, Verdel et al 
2020).  There  is  no  Pertatataka  Formation  or  Arumbera 
Sandstone mapped in the area. There is a distinct change in 
spectral mineralogy (Smith 2013) between the Pertatataka 
Formation equivalent (quartz, mica and smectite dominated) 
and the underlying Aralka Formation (quartz, carbonate and 
feldspar  dominated);  this  supports  the  revision  to  include 
the Pertatataka Formation equivalent. 

The top of the Aralka Formation was selected at 153 m 
based on an abrupt change from red-brown and grey-green 
laminated siltstone of the Pertatataka Formation equivalent 
to dark grey to black, non-calcareous siltstone and mudstone. 
The Aralka Formation in BR05DD01 is comparable to the 
Aralka Formation in the drillholes of the Pipeline Prospect 
(Normington 2018) in the northeast of the Amadeus Basin. 

Allen et al (2016) identified the interval 153.08– 484.6 m 
as  the  Aralka  Formation  but  did  not  subdivide  it 
into  members.  This  interpretation  was  supported  by 
biostratigraphy (Allen et al 2016, 2018). Here we follow the 
lithostratigraphic  subdivision  criteria  of  Normington  and 
Donnellan (2020) in recognising the equivalent Ringwood 
Member of  the Aralka Formation between 154.2–191.3 m 
based on the presence of carbonate interbeds and Tungussia 
inna stromatolites.

The Ringwood Member  equivalent  is  also  seen  in  the 
spectral  analysis  (Smith  2013)  where  carbonate  intervals 
in  the  Ringwood  Member  equivalent  were  identified  to 
include dolomite and minor calcite. The lithological change 
from the Ringwood Member equivalent to the lower Aralka 
Formation  is  also  seen  in  the  spectral pattern  (or mineral 
summaries) presented by Smith (2013).

Based on lithologies and core photos, the upper contact 
of  the  Areyonga  Formation  has  been  revised  to  488.9 m 
from 484.6 m (Ambrose et al 2010) and 484 m (Allen et al 
2016, 2018) respectively. The lower contact of the Areyonga 
Formation remains at 532.1 m. Grey et al (2012) postulated 
that  this  interval may be Olympic Formation on  the basis 

of  a  gradational  contact  with  the  overlying  Pertatataka 
Formation  as  interpreted  by  Ambrose  et al  (2010)  and 
later revised by Allen et al (2016). This study supports the 
Areyonga  Formation  interpretation  because  the  overlying 
unit  is  now  identified as  the Aralka Formation  (Table 1). 
Mineralogical  analysis  presented  by  Smith  (2013)  also 
supports the change in stratigraphic unit due to an increase 
in  smectite  and mica content  in  the Areyonga Formation, 
which  is  likely  reflective  of  the  siliciclastic  nature  of  the 
unit. 

The interval now recognised as the Wallara Formation 
(532– 637  m; Table 1)  was  included  within  the  ‘Johnnys 
Creek beds’ of the ‘Bitter Springs Formation’ by Ambrose 
et al  (2010).  Grey  et al  (2012)  referred  to  the  interval 
532– 684 m as the ‘Finke beds’, an informal term replaced 
by  the  recent  formalisation  of  the  Wallara  Formation. 
This  stratigraphic  assignment  by  Grey  et al  (2012)  was 
based  on  the  recognition  of  diagnostic  stromatolites 
within  the  interval. Here we  amend  the  name of  the  unit 
to  the Wallara  Formation  and  revise  the  lower  boundary 
based on  re-logging of  the core and  the cross  referencing 
with intervals of the Wallara Formation in other drillholes 
(eg Normington 2018). 

Changes to the lower portion of BR05DD01 comprise 
updating the nomenclature to the revised Neoproterozoic 
stratigraphy  as  reported  in  Normington  and  Donnellan 
(2020;  Figure 1).  This  includes  the  Johnnys  Creek 
Formation  from  636–1068  m  and  the  Loves  Creek 
Formation  from  1068– 1224  EOH  (both  Bitter  Springs 
Group;  Table 1).  The  thickness  of  the  Johnnys  Creek 
Formation  has  been  reduced  from  that  reported  by 
Ambrose et al (2010) as the upper part is now assigned to 
Wallara Formation (see above); the thickness of the Loves 
Creek Formation is unchanged. 

CONCLUSION 

Using  a  combination  of  lithological  descriptions  and 
observations,  biostratigraphy,  and  high  resolution 
imagery  and  spectral  analysis  from  Hylogger  data, 
together  with  comparisons  to  published  descriptions 
of  the  Amadeus  Basin  succession,  we  have  revised  the 
stratigraphy  in  drillholes  LA05DD01  and  BR05DD01. 
In the future, when correlations between the Pertatataka 
Formation, Arumbera Sandstone and the Winnall Group 
are  established,  further  revisions  may  be  necessary. 
These  revisions  may  include  changes  to  the  Arumbera 
Sandstone  and  Julie  Formation  in  LA05DD01  and  the 
Pertatataka Formation in BR05DD01.
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