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The late Palaeoproterozoic Glyde package across the greater McArthur Basin

Tim J Munson®?

The informally named greater McArthur Basin (Close
2014) is a vast, predominantly sedimentary terrane
stretching across the northern half of the Northern
Territory from northeastern Western Australia to
northwestern Queensland. It includes Palaco- to
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Mesoproterozoic successions of the McArthur and
Birrindudu basins, and the Tomkinson Province
(Figure 1). These depositional areas are interpreted
to have been continuous at time of deposition and to
be interconnected at depth beneath younger cover of
Neoproterozoic to Phanerozoic rocks.

The sedimentary successions of the McArthur Basin
were subdivided by Rawlings (1999) into five basin-
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Figure 1. Outcrop distribution of depositional packages of Rawlings (1999, Close 2014) in the NT and bordering areas of WA and
Qld (modified from Jarrett et al 2022: figure 2). WA polygons from 1:2.5 M-scale GIS dataset downloaded from GSWA website; Qld
polygons from WESTMORELAND 1:250 000-scale GIS dataset downloaded from GSQ website. Boundary between Glyde and Favenc
packages placed at top Amos Formation in southern McArthur Basin, base Bath Range Formation in northern McArthur Basin, and
mid-Shillinglaw Formation in Tomkinson Province. Outline of greater McArthur Basin within NT after Close (2014). Background map
is NT geological regions from NTGS 1:2.5 M-scale geological regions GIS dataset with polygons extended into adjacent areas of WA

and QId; polygon colours are modified to highlight packages.
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scale, non-genetic depositional ‘packages’: in ascending
stratigraphic order, the Palaecoproterozoic Redbank,
Goyder, and Glyde packages; and the Mesoproterozoic
Favenc and Wilton packages. These were subsequently
informally extended by NTGS across the greater
McArthur Basin so as to include correlative successions
within the Birrindudu Basin and Tomkinson Province
(Close 2014, Figure 1). The term ‘package’ was originally
defined as an ‘amalgamation of lithostratigraphic units
with similar ages, stratigraphic position, lithofacies or
lithofacies associations, and style and composition of
volcanism’ (Rawlings 1999: 705). With the exception
of the Goyder package, they are bounded by tectono-
eustatic disconformities or unconformities that have
regional extent across all, or much of the basin. In
general, packages young towards the central sub-surface
depocentre (Beetaloo Sub-basin) and towards the
Walker and Batten fault zones, where the successions
are inverted (Figure 1).

The Northern Territory Geological Survey (NTGS)
has completed a systematic study (Munson in press) of
all sedimentary units of the late Palacoproterozoic Glyde
package, and has previously published a study of the
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Mesoproterozoic Wilton package (Munson 2016). The main
aims of these studies were:

1. to collate and combine historical and new field-based
data in order to produce baseline datasets of all
stratigraphic units

2. to integrate and interpret geochronological data to
constrain the ages of sedimentary units and test proposed
intrabasinal correlations

3. to test and refine existing palaecoenvironmental
interpretations.

Glyde package

The Glyde package includes the McArthur Group and lower
Balbirini Dolostone of the Nathan Group (southern McArthur
Basin); Vizard Group (central-western McArthur Basin);
Habgood Group and lower Balma Group up to either the
medial Baiguridji or medial Yarrawirrie formations (northern
McArthur Basin); Limbunya Group (Birrindudu Basin); and
lower Namerinni Group up to the medial Shillinglaw Formation
(Tomkinson Province; Munson in press, Figures 2, 3). It
includes a total of 45 formations as well as a number of
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Figure 2. Outcrop distribution of groups included within Glyde package in Birrindudu Basin, McArthur Basin and Tomkinson Province
on background map of NT geological regions from NTGS 1:2.5 M-scale geological regions GIS dataset. Extent of greater McArthur
Basin, as defined by Close (2014), and subsurface extent of the Beetaloo Sub-basin, as defined by Williams (2019), are also shown.
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formal and informal members. The Glyde package is less
widely distributed across the greater McArthur Basin than
the underlying Redbank or overlying Favenc packages. In
the northern McArthur Basin, it is restricted to the Walker
Fault Zone (WFZ, Haines et al 1999, Figure 1). In the
southern McArthur Basin, it outcrops extensively within
the Batten Fault Zone (BFZ) and extends to the east in the
subsurface for a few tens of kilometres until it is truncated
by faults or thins to a zero edge (Blaikie and Kunzmann
2020). To the south of the BFZ, the package is imaged
in the L212 Barkly 2D Deep Crustal Seismic Survey as
extending in the subsurface as far as the Murphy Province
(Southby et al 2022). West of the BFZ, the package extends
in the subsurface towards the Beetaloo Sub-basin, but it is
uncertain as to whether or not it is present at depth within the
eastern parts of the sub-basin. Most previous geophysical
interpretations (eg Collins 1983, Williams 2019, NTGS and
Geognostics Australia Pty Ltd 2021) model the package at
depth within the sub-basin over Redbank package basement
rocks. However, Garrad (2023) reinterpreted the available
seismic data and concluded that the Glyde package is
truncated a few tens of kilometres to the west of the BFZ by
an angular unconformity at the base of the Favenc package,
and that it is absent in the Beetaloo Sub-basin to the east of
the Daly Waters Fault Zone (DWFZ) due to either erosion
or non-deposition. West of the DWFZ, the Glyde package
is imaged in seismic lines (Williams 2019 and references
therein) as continuing beneath an erosional unconformity
at the base of the Wilton package towards the Birrindudu
Basin, where it is continuous with the outcropping
Limbunya Group. In the south, the Glyde package (lower
Namerinni Group) outcrops in the Tomkinson Province, but
the distribution of the package under cover to east and west
of this province is unclear.

The Glyde package successions comprise a mix of
siliciclastic, carbonate, mixed carbonate/fine-grained
siliciclastic rocks, and bedded evaporites that were deposited
in the age range ca 1660—1600 Ma in dominantly shallow-
marine to emergent palaeoenvironments. It attains a
maximum composite thickness of up to about 5000 m in the
northern and southern McArthur Basin (Pietsch et al 1994,
Haines et al 1999), up to about 1500 m in the Birrindudu
Basin (Cutovinos et a/ 2002), and up to about 2000 m in the
Tomkinson Province (Hussey et @l 2001). The Glyde package
is underlain in all areas, except for the northern McArthur
Basin, by a regional unconformity that corresponds to
a period of uplift and erosion and non-deposition for
30 million or more years (Blaikie and Kunzmann 2020,
Figure 3). In the northern McArthur Basin, the package is
conformably underlain by sedimentary and minor volcanic
rocks of the older Palacoproterozoic Goyder package, which
isrestricted to the WFZ and its western flanks. The top of the
Glyde package is marked by a significant regional tectono-
eustatic unconformity that occurs at the base of the Smythe
Sandstone (Nathan Group) in the southern McArthur Basin,
at the base of the Mount Birch Sandstone (Vizard Group) in
the central-western McArthur Basin, and at the base of the
Wattie Group in the Birrindudu Basin. This unconformity is
interpreted to correspond to the onset of the Isan Orogeny at
ca 1600 Ma (eg see Volante ef a/ 2022). However, there is no
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evidence for a significant unconformity at this stratigraphic
level in the northern McArthur Basin, Tomkinson Province,
or locally in the southern McArthur Basin; in all of these
areas, the Glyde—Favenc boundary is concordant and most
likely a high-order eustatic disconformity.

McArthur Group

The McArthur Group (Figures 2, 3) is divided into the
Umbolooga and overlying Batten subgroups. It is a thick,
variably cyclic, heterolithic succession of evaporitic and
subaqueous carbonate rocks, mudrock and subordinate
sandstone that was deposited inawide range of environments,
from shallow-marine to evaporative platform to fluvial.
Carbonate rocks are generally strongly dolomitised, or
more rarely silicified. Minor thin beds of fine-grained tuft/
tuffaceous mudrock occur throughout the succession but are
more abundant and thicker in the medial McArthur Group
and towards the south. The group reaches an estimated
composite thickness of nearly 4500 m (Pietsch ef al 1991)
in the southern parts of the BFZ (BAUHINIA DOWNS?,
WALHALLOW). It thins to the north to 2500-3000 m in
the southeastern parts of MOUNT YOUNG, and continues
to thin to the north and west, where only the lowest units
of the group are preserved beneath the base-Nathan Group
unconformity (Haines et al 1993).

The McArthur Group unconformably overlies
various units of the Palacoproterozoic Tawallah Group
(Redbank package). The contact varies from structurally
concordant to angular and is commonly marked by a basal
conglomerate. The Mesoproterozoic Nathan group (Favenc
package) overlies the McArthur Group, with the contact
in most places being a regional unconformity on various
formations of both the Batten and Umbolooga subgroups.
However, in the vicinity of the Abner Range in the southern
BFZ, the contact is concordant, and there is no evidence
of a significant unconformity; geochronological evidence
indicates that there is also no substantial time gap across the
contact (Kositcin and Munson 2020 and references therein).
Where the Nathan Group is absent, the McArthur Group
is unconformably overlain by the Mesoproterozoic Roper
Group (Wilton package), or by Neoproterozoic—Phanerozoic
covering rocks.

Umbolooga Subgroup

The Umbolooga Subgroup (Plumb and Brown 1973) is a
succession of variably evaporitic and subaqueous carbonate
rocks, mudrock, subordinate sandstone and minor tuff/
tuffaceous mudrock. Carbonate rocks are generally strongly
dolomitised, or rarely silicified. A maximum composite
thickness varying from about 2000-3300 m has been
estimated for the succession (Jackson et al 1987). The
subgroup encompasses the lower part of the McArthur
Group and is divided into eleven formations (Figure 3),
several of which have defined members. The upper boundary
with the Batten Subgroup is both conformable and locally

3 Names of 1:250 000 mapsheets are shown in large capital

letters eg BAUHINIA DOWNS
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unconformable. In most areas, particularly in sub-basins
and away from major faults, the contact is gradational with
the basal Caranbirini Member of the Lynott Formation
(Jackson et al 1987, Pietsch et al 1991). However, local
unconformities occur adjacent to, or within major fault
zones, where the Umbolooga Subgroup is unconformably
overlain by a range of units, including a number of other
formations of the Batten Subgroup, the Mesoproterozoic
Nathan and Roper groups, and younger covering rocks.

Basal units of the Umbolooga Subgroup are poorly
constrained by a 1713 + 7 Ma age for the Tanumbirini
Rhyolite at the top of the underlying Redbank package
(Page and Sweet 1998), and by an estimated age range
of 20—40 million years for the intervening, poorly dated
Goyder package (Parsons Range Group), which underlies
the McArthur Group-equivalent Balma Group in the
northern McArthur Basin (Rawlings 1999). Collectively,
these provide an inferred maximum age for the basal
formation of the Umbolooga Subgroup (Masterton
Sandstone) in the range 1690-1670 Ma (Rawlings 1999).
Maximum depositional ages of ca 1755 Ma from detrital
zircon dating of the Masterton Sandstone (Figure 4,
Table 1) do not improve the age constraint of this unit;
however, an interpreted maximum deposition age (MDA)
of 1653 £ 17 Ma for a green tuffaceous siltstone from the
overlying Mallapunyah Formation implies that the base of
the McArthur Group is probably only slightly older. Haines
(1994) suggested that the upper part of the Goyder package
might be equivalent, at least in part, to the Masterton
Sandstone, which would also favour a younger age for the
Masterton Sandstone.

The medial McArthur Group from the Tatoola
Sandstone (Umbolooga Subgroup) to Lynott Formation
(basal Batten Subgroup) is relatively well dated in the age
range ca 1648—1636 Ma (Table 1), indicating that these
units must have been rapidly accumulated and that any time
break between the subgroups was relatively short.

Batten Subgroup

The Batten Subgroup is a succession of variably dolomitised
or silicified carbonate rocks, mudrock, sandstone and
minor tuff/tuffaceous mudrock. It is much thinner than the
underlying Umbolooga Subgroup and reaches a maximum
thickness ranging from about 150 m to 1000 m (Jackson
et al 1987). The subgroup encompasses the upper part of
the McArthur Group and is divided into five formations and
three members (Figure 3).

The Batten Subgroup is more sparsely dated than the
Umbolooga Subgroup; a tuff from the Stretton Sandstone
has returned an age of 1625 £2 Ma, and the uppermost
units of the subgroup were deposited in the age range
ca 1614—1609 Ma (Table 1).

Figure 4. Comparative relative probability diagram of detrital zircon age data, with formations arranged in stratigraphic order for
Umbolooga Subgroup (red polygons), Batten Subgroup (dark blue), Vizard Group (purple), Balma Group (light blue), and Habgood
Group (yellow); updated from figure 4 in Munson (2019). Detrital zircon age data for upper Mallapunyah Formation (GA 95779041) and
upper Yarrawirrie Formation (GA 1597017) plots are from GA Geochron Delivery. References for all data provided in Table 1. Relative
probability age spectra are not to scale vertically; associated histograms used to construct the spectra are not shown for clarity; number
of concordant and near-concordant (<10%) analyses (n) is shown on right. Red lines indicate interpreted maximum depositional age for
each sample; if two lines present, LHS line is youngest concordant zircon(s).
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Table 1. Summary of all geochronology results pertaining to Glyde and Favenc packages. Stratigraphic units are arranged in ascending

order. Abbreviations: dIst = dolostone; mdst = mudstone; slst = siltstone; sst = sandstone; zrn = zircon.

Absolute MDA
Unit Sample age (Ma) (youngest zrn) Source
(Ma)
Mount Rigg Group
Dook Creek Fm (Jamberline sst Mbr) | = sst: LA-ICP-MS U-Pb detrital zrn (igi‘g i ‘7‘;}) Subarkah (2018)
Wattie Group
Seale Sst sst: SHRIMP U-Pb detrital zrn 1605 £ 12 Kositcin and Carson (2017)
Neave Sst sst: SHRIMP U-Pb detrital zrn 1617 +39 Carson (2013)
Hughie Sst sst: SHRIMP U-Pb detrital zrn 1595 +22 Kositcin and Carson (2017)
Wickham Fm sst: SHRIMP U-Pb detrital zrn 1639+ 16 Carson (2013)
Nathan Group
upper Balbirini Dlst tuffaceous sltst: SHRIMP U-Pb zrn | 1589+ 3 Page et al (2000)
medial Balbirini DIst sst: SHRIMP U-Pb detrital zrn 1607 £ 6 Kositcin and Munson (2020)
lower Balbirini Dlst tuff: SHRIMP U-Pb zrn o Page et al (2000)
lower Balbirini DIst sst: SHRIMP U-Pb detrital zrn 1625 + 14 Kositcin and Munson (2020)
Smythe Sst sst: SHRIMP U-Pb detrital zrn 1605 + 14 Kositcin et al (2017)
Knuckey Fm sst: SHRIMP U-Pb detrital zrn 1616 £7 Kositcin and Munson (2019)
Mount Birch Sst (top) sst: SHRIMP U-Pb detrital zrn 1615+28 Kositcin and Munson (2019)
Mount Birch Sst (base) sst: SHRIMP U-Pb detrital zrn 1629 + 24 Kositcin and Munson (2019)
Namerinni Group
Willieray Fm sst: LA-ICP-MS U-Pb detrital zrn e Munson et al (2020)
(1526 + 26)
Shillinglaw Fm sst: SHRIMP U-Pb detrital zrn 1595+ 10 Kositcin and Munson (2019)
Shillinglaw Fm tuffite?: SHRIMP U-Pb zrn 1639 + 27 Nunn (1997)
Carruthers Fm sst: SHRIMP U-Pb detrital zrn 1688 =13 Kositcin and Munson (2019)
Carruthers Fm tuffaceous mdst: SHRIMP U-Pb zrn | 1638 + 16 Champion et al (2020)
Jeromah Fm sst: LA-ICP-MS U-Pb detrital zrn (};;; i 3‘2) Munson ef al (2020)
Balma Group
Bath Range Fm sst: SHRIMP U-Pb detrital zrn 1626 £9 Kositcin and Munson (2019)
Bath Range Fm tuffaceous mdst: SHRIMP U-Pb zrn | 1599 + 11 Pietsch et al (1994)
Baiguridji Fm sst: SHRIMP U-Pb detrital zrn 1624 + 16 Kositcin and Munson (2019)
Yarrawirrie Fm sst: LA-ICP-MS U-Pb detrital zrn 1654 £ 11 Munson et al (2020)
Yarrawirrie Fm tuffaceous mdst: SHRIMP U-Pb zrn 1621 £21 Pietsch et al (1994)
Habgood Group
Gwakura Fm sst: LA-ICP-MS U-Pb detrital zrn g == 1L Munson et al (2020)
(1645 +16)
Darwarunga Sst sst: SHRIMP U-Pb detrital zrn 1661 £ 19 Kositcin et al (2017)
Yarawoi Fm sst: SHRIMP U-Pb detrital zrn 1705+ 18 Kositcin et al (2017)
Vizard Group
Nagi Fm sst: SHRIMP U-Pb detrital zrn 1631+ 16 Kositcin and Munson (2019)
Nagi Fm tuffite: SHRIMP U-Pb zrn 1634+ 4 Page et al (2000)
Saint Vidgeon Fm tuffite: SHRIMP U—-Pb zrn 1640 £ 4 Page et al (2000)
Limbunya Group
Fraynes Fm tuffaceous sltst: TIMS U-Pb zrn 164;292 * Munson et al (2019)
Campbell Springs Dlst tuffite: SHRIMP U-Pb zrm 1638+ 9 Armstrong (1998)
Campbell Springs Dlst tuffite: SHRIMP U—-Pb zrn 1639+ 7 Smith (2001)
Blue Hole Fm tuffite: SHRIMP U-Pb zrm 1636 £ 5 Smith (2001)
Farquharson Sst sst: SHRIMP U-Pb detrital zrn 1654+ 12 Kositcin et al (2017)
Kunja Sltst tuffite: SHRIMP U-Pb zm 1635+ 19 Fanning (1991)
Stirling Sst sst: SHRIMP U-Pb detrital zrn 1830+ 13 Carson (2013)
McArthur Group
Amos Fm tuff: SHRIMP U-Pb zrn 1614+ 4 Page et al (2000)
Stretton Sst sst: SHRIMP U-Pb detrital zrn 1634+ 18 Kositcin and Munson (2019)
Stretton Sst tuff: SHRIMP U-Pb zrn 1625+2 Page et al (2000)
Yalco Fm sst: SHRIMP U-Pb detrital zrn 1655+ 17 Kositcin et al (2017)
Lynott Fm (Hot Spring Mbr) tuff: SHRIMP U-Pb zrm 1636 £4 Page et a/ 2000
Lynott Fm (Hot Spring Mbr?) sst: LA-ICP-MS U-Pb detrital zrn 1630 + 38 Zhang et al (2020)
Lynott Fm (Hot Spring Mbr?) sst: LA-ICP-MS U-Pb detrital zrn 1633 +£27 Zhang et al (2020)
Lynott Fm (Hot Spring Mbr?) sst: LA-ICP-MS U-Pb detrital zrn 1639 +28 Zhang et al (2020)
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Table 1. Summary of all geochronology results pertaining to Glyde and Favenc packages. Stratigraphic units are arranged in ascending
order. Abbreviations: dlst = dolostone; mdst = mudstone; slst = siltstone; sst = sandstone; zrn = zircon. Table continued from previous page.

Absolute MDA
Unit Sample age (Ma) (youngest zrn) Source
(Ma)
McArthur Group (continued)

1638 +7,
Barney Creek Fm tsugliii/?gs[?jifé t;riaceous L 1639 £ 3, Page and Sweet (1998)

1640 £3
Barney Creek Fm sst: LA-ICP-MS U-Pb detrital zrn 1623 £ 13 Zhang et al (2020)
Barney Creek Fm sst: LA-ICP-MS U-Pb detrital zrn 16479 Zhang et al (2020)
Teena Dlst (Coxco Dlst Mbr) tuff: SHRIMP U-Pb zm 1639+ 6 Page et al (2000)
Leila Sst sst: SHRIMP U-Pb detrital zrn (}zgg i gg) Kositcin and Munson (2019)
Tooganinie Fm sst: SHRIMP U-Pb detrital zrm (ERIEse) Kositcin and Munson (2019)

(1664 + 38)

Tatoola Sst sst: SHRIMP U-Pb detrital zrn 1671 = 13. Kositcin and Munson (2019)
Tatoola Sst tuffaceous sltst: SHRIMP U—Pb zrn 1648 £3 Page et al (2000)
Mallapunyah Fm (upper) tuffaceous sltst: SHRIMP U-Pb zrn 1653 £ 17 Sa/; egz(t)zl;r(c;%gg;lvery,
Mallapunyah Fm sst: LA-ICP-MS U-Pb detrital zrn 1740 + 28 Cruz (2019)
Masterton Sst sst: LA-ICP-MS U-Pb detrital zr 1709 £28 Cruz (2019)
Masterton Sst sst: SHRIMP U-Pb detrital zrn 1755+ 15 Hollis et al (2010)
Masterton Sst sst: SHRIMP U-Pb detrital zrn 1755+6 Kositcin et al (2017)

lower Balbirini Dolostone (Nathan Group)

The Nathan Group is a dolostone-dominated succession
with minor siliciclastic and bedded evaporitic rocks that was
deposited in a range of environments from transgressive/
fluvial to shallow-marine to evaporative platform (Jackson
et al 1987, Pietsch et al 1991, Haines et al 1993, 1999). The
group outcrops widely in the southern, central and northern
McArthur Basin and is generally included within the early
Mesoproterozoic Favenc package of Rawlings (1999).

In the southern McArthur Basin, the Nathan group
includes a basal siliciclastic and often conglomeratic unit,
the Smythe Sandstone, overlain by thicker carbonate
and siliciclastic rocks of the Balbirini Dolostone and
Dungaminnie Formation (Jackson et a/ 1987, Pietsch et al
1991). In most areas, the boundary between the Glyde and
Favenc packages is a major tectono-eustatic unconformity
underlying the Smythe Sandstone. However, where the
Smythe Sandstone is absent in the vicinity of the northern
and western Abner Range (Figures 1, 2), the boundary
between the Glyde and Favenc packages is not marked by
a significant unconformity and its stratigraphic position
is not clearly defined. In this area, Jackson et al (1987)
divided the Balbirini Dolostone into three informal units:
in ascending stratigraphic order, a lower ‘evaporitic unit’,
a medial ‘stromatolitic unit’, and an upper ‘recrystallised
unit’. The contact between the ‘evaporitic unit’ and the
underlying Amos Formation at the top of the McArthur
Group is generally concordant or a local erosional surface
with stratigraphic relief of up to 2 m (Pietsch et al 1991).
Well-dated, pink tuff/tuffaceous rocks on either side of the
contact in the western Abner Range area have returned
interpreted magmatic crystallisation ages of 1614 = 4 Ma
and 1613 +£4 Ma for the Amos Formation and lower Balbirini
Dolostone respectively (Page et al 2000, Table 1). These
ages are indistinguishable from one another and indicate
that there is no significant time break across the contact.
Dolostones of the upper Amos Formation are interpreted
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as subaqueous and are overlain by redbeds of the lower
Balbirini Dolostone, indicating that the surface is a high-
order eustatic, subaerial disconformity. Additional SHRIMP
U-Pb detrital zircon dating and remapping of the area
(Kositcin and Munson 2020 and references therein; Munson
in press; Table 1) suggests that the Glyde—Favenc package
boundary is most likely between the lower ‘evaporitic unit’
and medial ‘stromatolitic unit’, although the succession is
concordant throughout and there is no obvious stratigraphic
level where the boundary might be positioned. The available
evidence supports the suggestion of Haines and Rawlings in
Haines et al (1999) that the lower Balbirini Dolostone might
be more appropriately included within the Glyde package as
part of the McArthur Group.

Vizard Group

The Vizard Group outcrops in the central-western McArthur
Basin within the broadly east-trending Urapunga Fault Zone
(UFZ; Figures 1, 2), which is a series of reverse faults related
to a late-stage north—south shortening event that juxtaposed
various Palaco- to Mesoproterozoic stratigraphic levels
of the McArthur Basin and underlying basement rocks
(Betts et al 2015). The group is a succession of mostly fine-
grained dolomitic rocks, stromatolitic dolostone, mudrock,
sandstone, and minor tuff/tuffaceous mudrock that were
deposited in a range of shallow- to very shallow-marine to
occasionally emergent environments (Abbott et al 2001).
The succession attains a thickness of about 330 m and is
subdivided into the Saint Vidgeon and overlying Nagi
formations, each of which is further subdivided into several
informal numbered units.

The Vizard Group is the oldest exposed unitin the central-
western part of the McArthur Basin. The base of the group
is not exposed and has not been intersected in drillholes; the
stratigraphically lowermost intervals are either concealed
beneath regolith, or are structurally truncated (Abbott et al
2001). It is not known whether underlying units of the lower



Glyde and Redbank packages are present in this part of the
basin, although a basement inlier (Urapunga Inlier) of older
Palaeoproterozoic (Orosirian) granite and felsic volcanic
rocks, which predates the McArthur Basin, is exposed in
the core of an anticline about 25 km northwest of the main
outcrop tract, to the north of the Roper River. These basement
units are unconformably overlain by Mesoproterozoic
Nathan Group rocks (Abbott and Sweet 2001); intervening
Palacoproterozoic successions of the McArthur Basin,
including the Vizard Group, are not present in this area.
The apparent absence of these successions might indicate
either a substantial period of non-deposition for much of the
Palacoproterozoic prior to accumulation of the Vizard and
Nathan groups, or the complete erosion of several kilometres
of section corresponding to the Redbank package and much
of the Glyde package. Both scenarios would suggest that the
UFZ might have been a significant structural feature that
influenced basin development in the Palacoproterozoic, with
a longer history of activity prior to the late-stage north—south
shortening event described by Betts et al (2015).

In the vicinity of the main outcrop tract in southeast
URAPUNGA, the Vizard Group is overlain by the Mount
Birch Sandstone, the basal formation of the Nathan Group
in this area, above a regional unconformity. A lenticular
basal or near-basal conglomerate within the Mount Birch
Sandstone marks the contact.

Balma Group

The Balma Group outcropsinthe central and central-northern
WEFZ in the northern McArthur Basin (Figures 1, 2). The
group is a thick succession of mudrock, mostly silicified
carbonate rocks, sandstone, and minor tuff/tuffaceous
mudrock that were mostly deposited in a range of subtidal to
intertidal environments, with evidence for local evaporitic
conditions and surface exposure in a few intervals (Plumb
and Roberts 1992, Haines 1994, Rawlings ef al 1997, Haines
et al 1999). Compared to equivalent rocks of the McArthur
Group in the southern McArthur Basin, the succession
contains a greater proportion of siliciclastic mudrock and
sandstone relative to carbonate rocks. Evaporitic rocks are
also much less abundant in the Balma Group in comparison
to the McArthur Group. The Balma Group is subdivided
into eight formations (Figure 3). There are no complete
sections through the group and the succession is essentially
undrilled. A maximum composite thickness estimate in
the range 4500-5000 m has been derived by combining
thicknesses for formations determined at various localities
(Rawlings et al 1997, Haines et al 1999).

The Balma Group conformably overlies the Fleming
Sandstone of the Parsons Range Group (Goyder package).
The nature of the upper contact with the purported Balbirini
Dolostone of the Nathan Group (Favenc package) is unclear.
The contact is not exposed in areas where it is above the
Bath Range Formation at the top of the Balma Group, but
there is no evidence of an angular relationship or of any
significant erosive down-cutting in these areas, so the
contact might be disconformable or even conformable.
A discordant relationship is present in some areas where
purported Balbirini Dolostone is juxtaposed against the
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Yarrawirrie Formation, which is stratigraphically lower
in the Balma Group, but it is uncertain as to whether the
contact is structural or an angular unconformity due to poor
outcrop and silicification (Haines ef al 1999). In some areas,
the Balma Group is unconformably overlain by Cretaceous
strata and Cenozoic deposits (Plumb and Roberts 1992).

Geochronological analyses have been performed on
several formations from the Balma Group (Figure 4,
Table 1), but only one of these can be considered to be close
to an absolute age determination. This is a tuff from the base
of the Bath Range Formation at the top of the group, which
returned a robust age maximum at 1599 + 21 Ma plus a few
scattered older detrital zircons (Pietsch et al 1994). The peak
at ca 1599 Ma was considered to be ‘the magmatic age of
these euhedral zircons, and a good stratigraphic age for the
tuff” by the analyst (R Page, GA Geochron Delivery* GA
sample 1496323 metadata, 1996). Haines et al (1999) noted
that the age is within statistical error of ages determined for
both the uppermost units of the McArthur Group and the
upper Balbirini Dolostone of the Nathan Group (see above).
However, it is still an interpreted MDA, which favours a
younger Nathan Group-age for this formation.

Detrital zircon age spectra have also been determined for
samples from the base and top of the Yarrawirrie Formation,
and for the upper Baiguridji and upper Bath Range formations
(Table 1). The detrital zircon age spectrum for the lower
Yarrawirrie Formation has a similar modal distribution to
those of the Nagi Formation (Vizard Group) and units of the
Batten Subgroup; therefore, a broad correlation between these
units is supported by these data (Munson 2019, Figure 4).
Age spectra and interpreted MDA for the upper Yarrawirrie
Formation, and the upper Baiguridji and Bath Range
formations, are very similar to one another and indicate that
these units might be related in terms of depositional age and
provenance. They more closely resemble age spectra of the
Nathan Group (Figure 5) than those of other groups of the
Glyde package (Figure 4), particularly in having prominent,
relatively young modes and a similar spread of ages. This
suggests that some or all of this interval might be better
included within the Nathan Group rather than their current
placement at the top of the Balma Group.

All formation contacts are concordant between the
Yarrawirrie Formation and the Balbirini Dolostone in
areas where there are no potential structural complications
(Haines et al 1999). There is little evidence for a major
angular unconformity within this succession, such
as exists in the southern McArthur Basin beneath the
Smythe Sandstone, although it is possible that one or more
significant disconformities might be present. The boundary
between the Glyde and Favenc packages, which equates
to this unconformity, is inferred to be somewhere within
this succession but is very difficult to place on available
data. It is probably below the Bath Range Formation and
most likely also below the sandstone-rich upper part of the
Baiguridji Formation; these units have a very similar and
distinctive detrital zircon spectral signature, which indicates a
common provenance and a close relationship (Munson 2019).

4 https:/www.ga.gov.au/geochron-sapub-web/geochronology/

shrimp/search.htm
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Sandstone-rich intervals in these units might correlate with
the Smythe and Mount Birch sandstones at the base of the
Nathan Group in the southern McArthur Basin, at least in
part; this possible relationship is depicted in Figure 3. It is also
possible that the Glyde-Favenc boundary is located even lower

Mount Rigg Group (McArthur Basin)

1614 + 78

1646 +:44, Jamberlme Sst Mbr (Dook Creek Fm)

FF01 FF02 comblned (n 77)

Nathan Group (McArthur Basm)

1607 + 6

medjal Balbirini Dolostone
EBD19TJ:M127 (n }: 106)

KnuckeyFormat:on
! UR18TJM075 {n 66)

|1615+ 28 MountBlrch Sandstong (top)

} UR187JM069 {n 94)

1629 ?4 Mount Birch Sandstone (base)

] UR18TJM077{I| 92)

1605 + 1:4 Smythe Sanclstone

! BD16TJMO37 (n = 91)

upper Balma Group

1626+ 9 Bath Range Formatlon

] BM16TJM027 (n 80)

1 Balgurld]lForMatlan
BM16TJM020A (n 89)

1624 £ 16]

1621 + 2 | upper. Yarrawime Formatlon

GA 1597017, (n=24)

Namerinni Group (Tomklnson Provmce)
1581+ 22

©
30
+

| Willieray Formation
| HS16TJMO57,(n=46)

1526

1595 4 19 . upper Shillinglaw Formation

\ HS16TJMO67 (n=85)

1688 +

=)

| Carruthers Formation
. HS16TJMO071,(n=89)

Jeromah Formation

1711 1116
: " HS16TJMO053 (n=33)

592 + 46

Pt

Wattie Group (Blmndudu Basm)

160542 ' '

Seale Sandstone
GA1956889 (n 87)

1617 + 3 ) Neave Sandstone

GA1956886 (n 87)

31 595 + 22 Hugh:e Sandstone

GA1956888 (n=82)

. Wickham Formation

1639 + 18
: GA1956884 (n=103)

T T T T T T T T T T T T T T T T T T T T T
1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Age (Ma) A22-340.ai

1400

Figure 5. Comparative relative probability diagram of detrital
zircon age data, with formations arranged in stratigraphic order
for Wattie Group (grey polygons), Namerinni Group (lime
green), upper Balma Group (blue), Nathan Group (green) and
Mount Rigg Group (orange); updated from figure 7 in Munson
(2019). References for all data provided in Table 1. Relative
probability age spectra are not to scale vertically; associated
histograms used to construct the spectra are not shown for clarity;
number of concordant and near-concordant (<10%) analyses
(n) is shown on right. Red lines indicate interpreted maximum
depositional age for each sample; LHS red lines for Jeromah and
Willieray formations are youngest concordant zircons, but these
dates have low confidence due to possible analytical issues (see
Munson et al 2020). Data for Dook Creek Formation replotted from
analytical dataset supplied by D Subarkah (University of Adelaide).
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in the succession. There are significant differences between
the detrital zircon age spectra from the base and top of the
Yarrawirrie Formation (Figure 4), which indicate a major
change in provenance and/or sediment pathways up-section
through the formation. This change might be related to the
early Isan Orogeny in which case the Glyde-Favenc boundary
could be located somewhere within this interval.

Habgood Group

The Habgood Group outcrops in the northern WFZ in the
northern McArthur Basin (Haines 1994, Rawlings et al 1997,
Figure 2) and like the Parsons Range and Balma groups,
is only recognised within this major structural feature and
depocentre. Correlatives of the succession in adjacent areas
to east and west of the WFZ are either very attenuated or
absent (Haines 1994, Rawlings et al 1997, Haines et al 1999).
The Habgood Group comprises five formations (Figure 3).
Fine-grained = siliciclastic sedimentary rocks dominate
the succession, but bedded sandstones form a significant
component of both the Darwarunga Sandstone and Gwakura
Formation. Dolostone is a minor constituent of all units.
The group was deposited in a range of subtidal to intertidal
environments, and a few formations show some evidence
of evaporitic conditions and periodic exposure. Structural
complexities preclude determinations of the thickness of
several formations; as the top of the succession is not exposed,
the thickness of the group as a whole is not accurately known.
However, it is considered to be several kilometres thick and
of a similar order of magnitude as the Balma and McArthur
groups (Rawlings et al 1997).

The Habgood Group conformably overlies the Kurala
Sandstone of the Parsons Range Group with a relatively
sharp contact, interpreted to indicate rapid deepening and a
probable marine flooding surface (Rawlings et al 1997). The
top of the Habgood Group is eroded and is unconformably
overlain by the Neoproterozoic Buckingham Bay Sandstone,
the basal unit of the Wessel Group (Arafura Basin), and by
Cenozoic sediments. No younger Mesoproterozoic units of the
McArthur Basin are in contact with the group.

The medial to upper Habgood Group units Yarawoi
Formation, Darwarunga Sandstone, Ulunourwi Formation
and Gwakura Formation have previously been directly
correlated with the Balma Group units Vaughton
Siltstone, Yarrawirrie Formation, Baiguridji Formation
and Bath Range Formation respectively, based on their
apparently equivalent stratigraphic positions and limited
lithostratigraphic criteria (eg Haines 1994). However,
detrital zircon age spectra obtained from a number of
sandstone samples of these formations (Figure 4) provide
little or no support for these correlations (Munson 2019).

Spectra from three formations of the Habgood Group
(Yarawoi Formation, Darwarunga Sandstone and Gwakura
Formation) have appreciably older interpreted MDAs
(ca 35-80 million years) than those of upper Balma Group
units, which have prominent young modes in the age range
ca 1626—1621 Ma. The Habgood spectra also have significant
older modes at ca 1870 Ma that are not present in the upper
Balma Group. These features collectively suggest that there
were significant dissimilarities in sediment provenances and/



or sediment pathways between the two groups. Habgood
Group detrital zircon age spectra have some similarities with
those of both the Batten and upper Umbolooga subgroups
of the McArthur Group, particularly in the amplitudes and
distribution of older modes (Figure 4). However, interpreted
MDAs that are >ca 1660 Ma suggest that all three Habgood
Group formations might be older than previously interpreted
and might be equivalent to units lower in the Balma and
McArthur groups as depicted in Figure 3.

Namerinni Group

The Namerinni Group is a heterolithic succession of
siliciclastic and carbonate rocks that outcrops within the
TomkinsonProvinceinthecentral-southernpartofthe greater
McArthur Basin (Figure 2). In ascending stratigraphic
order, the group is divided into four formations (Figure 3),
two of which (Carruthers and Shillinglaw formations) are
further subdivided into a number of informal unnamed
units (‘lithofacies’ of Hussey et a/ 2001). The Namerinni
Group forms a conformable, predominantly shallow-marine
to fluviatile succession of sandstone, siltstone and carbonate
rocks, with a maximum thickness of about 2800 m
(Hussey et al 2001, Donnellan 2013). There is a cyclicity
on a number of scales between more siliciclastic-dominated
and more carbonate-dominated lithologies, both within the
group and within individual formations. The Namerinni
Group unconformably overlies the Palaecoproterozoic
Tomkinson Creek Group (Redbank package) with a subtle
angular unconformity. The Mesoproterozoic Renner Group
(Wilton package) unconformably overlies all formations of
the Namerinni Group (Hussey et a/ 2001). The subsurface
extent of the Namerinni Group under Phanerozoic cover to
the east and west of the Tomkinson Province is unknown.

The age of the Namerinni Group has not been well
constrained previously. The base of the group is now
constrained by a ca 1710 Ma interpreted MDA obtained from
the Short Range Sandstone of the underlying Tomkinson
Creek Group (McArthur Linkage Team 2020). The top is
poorly constrained by a SHRIMP U-Pb baddeleyite age
of 1295 + 14 Ma for an unnamed dolerite sill that intrudes
the overlying Renner Group (Melville 2010) and by the
interpreted age of the Renner Group, which is correlated
with the <ca 1500 Ma Roper Group of the McArthur Basin
(eg Munson 2016). Ward (1983) correlated the group in
general with the McArthur Group (and in particular the
Umbolooga Subgroup) of the southern McArthur Basin
on the basis of lithological similarities, and this has been
followed in most subsequent studies. However, Munson
(2019) correlated the entire group with the overlying
Mesoproterozoic Wattie and Nathan groups based on
detrital zircon geochronological results reported in Kositcin
and Munson (2019) and a preliminary interpreted MDA of
1592 + 46 Ma for the basal Jeromah Formation, which was
subsequently revised to a much more conservative age of
1711 £ 16 Ma by Munson ef al (2020, Figure 5) because of
possible analytical issues.

Two SHRIMP zircon ages have previously been reported
from purported tuffaceous layers within the group (Table 1).
Nunn (1997) reported a SHRIMP U-Pb zircon age of
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1639 + 27 Ma from the Shillinglaw Formation, obtained from
an altered, green illitic tuffaceous unit in Key Resources
Pty Ltd drillhole Hunter 2DD (Figure 6). Hussey et a/ (2001)
reported that this sample was obtained from near the top of
the lower of two lithofacies recognised within the formation.
Nunn commented that the analyses were done on ‘primary
magmatic grains’, inferring that this is an absolute age, and
used it as evidence to correlate the Shillinglaw Formation with
the Barney Creek Formation of the McArthur Group, which
is reliably dated at about this age. The report for the SHRIMP
analysis is no longer available, so it is not possible to query the
original data to determine the nature of the ca 1639 Ma age;
it should therefore be treated with caution, and Hussey et al
(2001) preferred to consider it to be a maximum depositional
age. Champion et a/ (2020) subsequently reported a SHRIMP
U-Pb zircon age of 1638 + 16 Ma for an interpreted tuffaceous
layer in a unit they identified as Carruthers Formation in
drillhole Clifford Minerals Willieray 3DD (Figure 6). This
sample was collected from 138—146 m depth and is near the
top of the formation as noted from relogging of the drillhole
(Munson in press). The age is based on nine analyses from
only four euhedral zircon grains but is consistent with a
detrital zircon interpreted MDA of 1688 + 13 Ma for the
Carruthers Formation reported by Kositcin and Munson
(2019). Champion et al (2020) commented that there is no
evidence of significant sedimentary reworking of the grains
and that this increases confidence that the sampled layer had
amagmatic origin and is tuffaceous. If the age interpretations
of Nunn (1997) and Champion et al (2020) are correct, this
would indicate that the lower Namerinni Group (Jeromah
and Carruthers formations, and lower lithofacies of the
Shillinglaw Formation) are all equivalent to the McArthur
Group and can probably be referred to the Glyde package
(Figure 3).

Detrital zircon geochronological analyses of sandstone
samples from the upper two formations of the Namerinni
Group have both returned interpreted MDAs under 1600 Ma
(Kositcin and Munson 2019, Munson et al 2020; Table 1);
a sample from the lower part of the upper lithofacies of
the Shillinglaw Formation has an interpreted MDA of
1595 + 10 Ma (n=14), and one from the overlying Willieray
Formation has an interpreted MDA of 1581 + 22 Ma (n=3).
These interpreted MDA are the same, within error, as those
for the Wattie and Nathan groups of the Favenc package.
There is also a relatively high degree of correspondence
of zircon age modes from the three groups (Figure 5),
suggesting that these units are correlatives.

Collectively, the above results indicate that the
Glyde—Favenc package boundary, which equates to the
unconformity beneath the Smythe Sandstone in the
McArthur Basin, occurs within the medial to upper part
of the Namerinni Group. It is probably above the altered
tuffaceous unit dated at 1639 &+ 27 Ma by Nunn (1997) near
the top of the lower lithofacies, but below the sandstone
with the interpreted MDA of 1595 + 10 Ma in the lower
part of the upper lithofacies; the stratigraphic interval
between these sample points is of unknown thickness. The
age data suggest the package boundary might correspond a
time break of unknown duration. If so, this is likely to be
a disconformity as Hussey et a/ (2001) did not recognise
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a significant unconformity at any stratigraphic level within
the Namerinni Group during regional mapping, with all
formation contacts being described as conformable. The
most likely position of the boundary is at or near the contact
between the lower and upper lithofacies of the Shillinglaw
Formation, which Hussey et al (2001) described as
variably transitional to sharp and conformable to possibly
disconformable (Figure 3).
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Limbunya Group

The Limbunya Group is a succession of cyclical carbonate
and mostly fine-grained siliciclastic rocks that outcrops
within the Birrindudu Basin in the western part of the
greater McArthur Basin (Figure 2). In the subsurface,
Limbunya Group-equivalent strata are interpreted as
continuing beneath younger Proterozoic and Phanerozoic



cover into the western Beetaloo Sub-basin at least as far
as the Daly Waters Fault Zone (DWFZ; Hoffman 2014,
Williams 2019, Garrad 2023). The group is divided into
eleven concordant and probably conformable formations
(Figure 3). All of these units, other than the Stirling and
Farquharson sandstones, are dolomitic; some formations
contain thick intervals dominated by bedded dolostone.
Interbeds of siltstone and shale are common and are the
predominant lithologies in the Kunja Siltstone. Coarse-
grained siliciclastic rocks are comparatively rare. Sweet
et al (1974) estimated the thickness of the group to be
probably greater than 1300 m. The Limbunya Group is
interpreted to have been deposited in mostly shallow-
marine to emergent environments (Sweet et al 1971, 1974;
Sweet 1977, Dunster et al 2000, Cutovinos et al 2002,
Dunster and Ahmad 2013).

The Limbunya Group unconformably overlies
greenschist-facies metamorphic basement rocks of the
Inverway Metamorphics. It is also generally considered to
be unconformable on older Palaeoproterozoic sedimentary
rocks of the Birrindudu and Tolmer groups (Cutovinos et al
2002, Dunster and Ahmad 2013), although there are
no exposed contacts with either of these groups, which
respectively outcrop well to the south and north of exposures
of the Limbunya Group. The inferred unconformable
relationship is based on:

1. an interpreted intercorrelation of the Birrindudu and
Tolmer groups and the inclusion of both groups within
the Redbank package, which unconformably underlies
the Glyde package (eg Dunster and Ahmad 2013 and
references therein)

2. the presence of a subsurface unconformable contact in
some drillholes between the Stirling Sandstone at the base
of the Limbunya Group and underlying rocks regarded as
being equivalent to the Birrindudu Group. However, the
age and affinities of these ‘Birrindudu Group’ rocks are yet
to be confidently established; it is also possible that they
might be equivalent to the older Inverway Metamorphics
(Munson in press). Various formations of the Limbunya
Group are unconformably overlain by Mesoproterozoic
rocks of the Wattie Group (Favenc package) and by
Neoproterozoic to Phanerozoic cover rocks.

A number of tuffaceous rocks from the upper part of the
Limbunya Group (Kunja Siltstone to Fraynes Formation)
have been dated by SHRIMP U-Pb and CA-IDTIMS
U-Pb methods (Table 1). These span the age range
ca 1642—1635 Ma and are indistinguishable, within error,
from ages returned from the medial McArthur Group
(Teena Dolostone to Lynott Formation), which range
from ca 1641 Ma to 1636 Ma. These data strongly support
a general correlation of the Limbunya Group with the
Umbolooga Subgroup of the McArthur Group (Figure 3)
as proposed by Dunster (1998) and subsequent studies as
summarised in Munson (2019). Correlations of formations
from the lower part of the Limbunya Group are more
uncertain due to a paucity of effective age controls. Dunster
(1998) tentatively correlated the Farquharson Sandstone
with the Tatoola Sandstone; the Margery Formation to
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Kunja Siltstone interval with the Mallapunyah Formation
and Amelia Dolostone; and the Stirling Sandstone at the
base of the Limbunya Group with the Masterton Sandstone
at the base of the McArthur Group.

Carson (2013) and Kositcin et a/ (2017) produced detrital
zircon age spectra for two units of the Limbunya Group: the
basal Stirling Sandstone and medial Farquharson Sandstone
respectively. These are compared to spectra from the medial
McArthur Group, Depot Creek Sandstone (basal Tolmer
Group) and Mount Charles Formation (ungrouped, Tanami
Region) in Figure 7.
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Figure 7. Comparative relative probability diagram of detrital
zircon age data, with formations arranged in stratigraphic order
for Mount Charles Formation (blue-green polygons), Depot Creek
Sandstone (blue), Limbunya Group (orange) and Umbolooga
Subgroup (McArthur Group; red), updated from figure 8 in
Munson (2019). References for Limbunya and McArthur group data
provided in Table 1. Mount Charles Formation plots redrawn after
Cross and Crispe (2007: figure 17). Depot Creek Sandstone plot
redrawn after Carson et al (2011: figure 17). Relative probability
age spectra are not to scale vertically; associated histograms
used to construct the spectra are not shown for clarity; number of
concordant and near-concordant (<10%) analyses (n) is shown on
right. Red lines indicate assigned maximum depositional age for
each sample; if two lines present, LHS line is youngest concordant
zircon(s).
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The Farquharson Sandstone has a very similar detrital
zircon age spectrum to that of the Tatoola Sandstone
(Munson 2019, Figure 7); the interpreted MDAs for the two
formations overlap within error, and the major age modes
are closely comparable. This supports the correlation of
these units and other formations of the Limbunya Group,
both above and below the Farquharson Sandstone, with
formations of the Umbolooga Subgroup above and below
the Tatoola Sandstone respectively, as suggested by Dunster
(1998, Figure 3). However, the age spectrum from the
Stirling Sandstone is markedly dissimilar to that of the
Masterton Sandstone. The interpreted MDA is appreciably
older (ca 1830 Ma as compared to ca 1755 Ma) and the spread
of age modes shows that these units had very different
provenances and sediment pathways. Although these data
do not exclude equivalence of these units as younger zircons
might not have been present in source areas that provided
detritus to the Stirling Sandstone, it does not support
their correlation. Carson (2010) proposed that the Stirling
Sandstone may represent a lateral stratigraphic equivalent
of contemporaneous, although probably discontinuous,
<ca 1830 Ma basal sandstones unconformably overlying
Proterozoic metamorphosed basement across the northern
part of the North Australian Craton, which is based on
lithostratigraphic comparisons and detrital zircon suite
ages. These units include the Depot Creek Sandstone
(basal Tolmer Group, Birrindudu Basin; see Carson
et al 2011), Mamadawerre Sandstone (basal Kombolgie
Subgroup, northern McArthur Basin; see Zhang et al
2020) and Westmoreland Conglomerate (basal Tawallah
Group, southern McArthur Basin; see Carson et al 2011).
All have interpreted MDAs of ca 1830 Ma, similar to
that of the Stirling Sandstone; the spread of age modes
for analysed sandstones from these formations is also
comparable (eg compare spectra of Stirling and Depot
Creek sandstones in Figure 7). Carson (2013) suggested
another possible correlation of the Stirling Sandstone with
the older Palacoproterozoic Mount Charles Formation of
the Tanami Region based on similarities in the detrital
zircon age spectra. The Mount Charles Formation
spectra have modes at about 1900 Ma and 2500 Ma that
are similar in age to the two larger modes of the Stirling
Sandstone, but they also have significant populations of
older Archaean zircons that are not present in the latter
formation (Figure 7). For both possible correlations, a
sizeable hiatus of up to 200 million years would need to
be invoked between deposition of the Stirling Sandstone
and the overlying Margery Formation. The relationship
between these units is concordant and has been previously
described as conformable (Sweet et al 1974) and as
gradational over a few centimetres (Cutovinos et al 2002);
however, it would be expected to be discordant if the
depositional age of the Stirling Sandstone is close to its
interpreted MDA.

The upper part of the Glyde package in the
McArthur Basin (Batten Subgroup and its correlatives) has
no known equivalents in the Birrindudu Basin. Hoffman
(2015) reported that Batten Subgroup units can be mapped
seismically from the western Beetaloo Sub-basin to the
west towards the Birrindudu Basin, but these strata have
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not been recognised in outcrop or drillholes in the vicinity
of the Limbunya Group. Hoffman attributed this to either
an erosional unconformity at the base of the overlying
Wattie Group, non-deposition, or a lack of exposure at this
stratigraphic level.
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