Revision of the Neoproterozoic stratigraphic nomenclature
of the Beetaloo Sub-basin, Northern Territory
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Neoproterozoic stratigraphic issues in the Top End of the Northern Territory

The problem

Considerable, historical and ongoing
confusion in regards to the stratigraphic
nomenclature, age, distribution and
correlations of late Mesoproterozoic and
Neoproterozoic formations in the central-
northern NT, particularly in the sub-surface
Beetaloo Sub-basin of the McArthur Basin,
and adjacent areas.

Aim of this study

To identify and document the distinguishing
characteristics of these late
Mesoproterozoic and Neoproterozoic
formations in order to better resolve their
stratigraphic relationships.
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Distribution of outcropping Neoproterozoic rocks across the northern NT.

NORTHERN
TERRITORY

Duerdin Group

- Auvergne Group
- Wessell Group

Kiana Group

Mesozoic—Cenozoic
Neoproterozoic—
Palaeozoic

Palaeo—Mesoproterozoic
basins

Palaeo—Mesoproterozoic

\_1 orogens
- Archaean

— I:I Location of next figure
=
“

F—+— railway
— road

] locality

. NORTHERN
*c TERR

GOVERNMENT

2024



Stratigraphic units included in this study
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Architecture of Beetaloo Sub-basin

Beetaloo Sub-basin (200 km)
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South—north cross-section across sub-basin showing unconformable and intrusion relationships
(modified from Silverman et al 2007).

* Derim Derim Dolerite (ca 1330—1295 Ma) intrudes all upper Roper Group formations
in Beetaloo Sub-basin, but not Neoproterozoic units.

» Roper Group is gently folded; overlying units are not.

« Unconformities occur below and above Neoproterozoic units.
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Neoproterozoic

Outcropping Neoproterozoic units of Georgina Basin (Kiana Group)

Il Cox Formation Kiana Group N N &
Bukalara Sandstone ~ (Georgina Basin)
- === minimum extent of Neoproterozoic units
K G <t (subsurface Beetaloo Sub-basin)

lana Group 0 50k
Mesoproterozoic
- Chambers River . Roper Gmg
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* Unconformable on Meso- to Palaeoproterozoic rocks of McArthur and South
Nicholson basins.

* Unconformably overlain by early Cambrian (ca 513 Ma) Kalkarindji Suite of the
Kalkarindji Large Igneous Province. S

* Flat-lying — not deformed by late Mesoproterozoic post-Roper Group deformation | | We N
(ca 1300-1050 Ma: Betts et al 2015). ) R

* Not intruded by ca 1330-1295 Ma Derim Derim Dolerite.

Borroloola

early Cambrian
Kalkarindji Suite Cox Formation
Neoproterozoic * Conformable on Bukalara Sandstone.
g Cox Formation * Mudrock-dominated unit; minor sandstone.
g | Bukalara Sandstone * 50 m thick (top removed by erosion).
Unnamed sandstone
('Inacumba unit')
'Hayfield mudstone’
'Jamison sandstone’
Mesoproterozoic Bukalara Sandstone
poambers River * Fine- to coarse-grained sandstone, minor
2[" Denm Derim Dolertts conglomerate and mudrock.
g upper Roper Group o Up to 300 m thick.

Cross bedded and ripple marked generally flat-lying bedsets of Bukalara Sandstone
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Subsurface Neoproterozoic units of Beetaloo Sub-basin Unnamed sandstone

formation in drill core:
massive, medium-grained.
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* Unconformable on Mesoproterozoic Roper Group.

* Unconformably overlain by early Cambrian Kalkarindji Suite (ca 513 Ma).

* Flat-lying — not deformed by late Mesoproterozoic post-Roper Group deformation.
* Not intruded by ca 1330-1295 Ma Derim Derim Dolerite.
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Unnamed sandstone formation (= ‘Inacumba unit’).
* Unconformable on ‘Hayfield mudstone’

* Medium- to coarse-grained sandstone.

*  60-380 m thick.

6l 8L LI 9181

early Cambrian

‘Hayfield mudstone’ (original informal name)

* Conformable on ‘Jamison sandstone’.

*  Mudrock-dominated unit; minor sandstone.

* Includes 10-15 m-thick Hayfield Sandstone Member.
* <100-570 m thick.

Kalkarindji Suite

Neoproterozoic

Cox Formation

iana Gp

Bukalara Sandstone

Unnamed sandstone
('Inacumba unit')

'Hayfield mudstone’

WJamison sandstone’ || - ‘Hayfield mudstone’ in drill core: laminated mudrock;
Mesoproterozoic note cross-lamination and normal grading (centre).

Chambers River
Formation

Derim Derim Dolerite

‘Jamison sandstone’ (original informal name)
* \Very fine- to coarse-grained sandstone, minor conglomerate and mudrock.

e 80-160 m thick.

A24-067 ai

upper Roper Group

‘Jamison sandstone’ in drill core: massive (left); cross- T
bedded (centre); with deformed mudclasts (right).
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Chambers River Formation e o sl e 125 e
Depth (m) e e S

*  Youngest formation of Roper Group. o L 2s0kmapsheet

*  QOutcrops to north of Mallapunyah Fault Zone (dashed line) in ‘Maiwok Sub-basin’. -4,000 - ShnberE B=cE
Not present in subsurface Beetaloo Sub-basin.

* Beetaloo Sub-basin
* Correlated / equated with ‘Hayfield mudstone’ in some previous publications.
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e Recessive mudrock and lesser resistant fine sandstone.
e 2000 m thick.
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Chambers River Formation

*  Youngest formation of Roper Group.

*  QOutcrops to north of Mallapunyah Fault Zone (dashed line) in ‘Maiwok Sub-basin’.

Not present in subsurface Beetaloo Sub-basin.

* Correlated / equated with ‘Hayfield mudstone’ in some previous publications.
* Recessive mudrock and lesser resistant fine sandstone.

e 2000 m thick.
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Relative probability (not to scale)

1

Chambers River Formation: age and stratigraphic affinities

Unconformably overlain by Neoproterozoic Bukalara Sandstone (Georgina

Basin).
Not intruded by ca 1330-1295 Ma Derim Derim Dolerite.

Folded and faulted by late Mesoproterozoic Post-Roper Group deformation,

which indicates a late Mesoproterozoic age.
Mesoproterozoic age is also supported by palynological investigations.
U—Pb detrital zircon age spectrum resembles those of Roper Group.

MaX|mum deposmonal age (MDA) is 1320 15 Ma (I\/Iesoproterozom)
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Comparative relative probability diagram of U-Pb detrital zircon age data. n = number of analyses;
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Chambers River Formation: Conclusions

Basin

NANNNNNNNNNNN NN NNNNNNNNNNN
Kiana Group (Bukalara Sandstone)

/ subsurface units Beetaloo Sub-basin
NNANNNNNNNNNNNNNNN NV NNNNNNNN

Post-Roper Group deformation
NAANNNNNNNNNNNNNNNNNNNNNNNNNNN

Chambers River Formation

* Chambers River Formation postdates both Roper Group and
ca 1330-1295 Ma Derim Derim Dolerite

e Chambers River Formation predates late Mesoproterozoic Post-Roper
Group deformation.

* Post-Roper Group deformation predates flat-lying Bukalara Sandstone
and subsurface Neoproterozoic units of Beetaloo Sub-basin.

e Chambers River Formation is unconformably overlain by Bukalara
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'§ Sandstone.
o
g Derim Derim Dolerite * Age of Chambers River Formation is therefore constrained to late
2 | McArthur Mesoproterozoic.
o | Basin NANANNNNNNNNNNNNNNNNANNANNNNNNNNN
L Chambers River Formation is not a Neoproterozoic formation and is not
Roper Group & related to subsurface Beetaloo Sub-basin formations.
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Neoproterozoic units in Beetaloo Sub-basin and Georgina Basin: Summary of stratigraphic relationships

Unconformable or Intruded by ca 1300-1050 Ma

disconformable on | Derim Derim post-Roper Gp

Roper Group Dolerite deformation?
Kiana Group (outcrop) Yes No No (flat-lying)
Subsurface formations .
(Beetaloo Sub-basin) Ve N B (B
Chambers River Fm Yes No Yes (folded)
Roper Group Yes Yes (folded)

* Kiana Group and ‘Jamison/Hayfield” units occupy the same
relative stratigraphic position.

e Bukalara Sandstone and Cox Formation have the same
geological characteristics as Jamison sandstone’ and ‘Hayfield
mudstone’ respectively.

* Kiana Group is the only possible outcropping correlative of the
‘Jamison/Hayfield’ succession in the vicinity of the Beetaloo
Sub-basin.
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Neoproterozoic units: Summary of geochronology results and comparison with other detrital zircon age spectra

U-Pb detrital zircon age data support lithostratigraphic
evidence that Kiana Group and subsurface Neoproterozoic
units in Beetaloo Sub-basin are equivalents.

unnamed sandstone formation ("Inacumba unit’)
i | NTGS TN19TJMO04 © (n=108)
| |

Bukalara Sst (outcrop)
GA 2676118 % (n = 109)
! i

‘Hayfield sst mbr’, ‘Hayfield mdst’
i [Hayfield Sst Mbr, Cox Fm]
| NTGS TN15TJMO001* (n = 68)
| | | |

* ‘Jamison/Hayfield’ units have very distinctive bimodal
detrital zircon age spectra with sparse zircons older than
1900 Ma.

* Genuine Bukalara Sandstone spectrum is indistinguishable
from those of upper ‘Jamison sandstone’ and ‘Hayfield
mudstone’.

‘upper Jamison sst’ [upper Bukalara Sst]
! ! J-UJ3 € (n=285)
| | |

‘upper Jamison sst’ [upper Bukalara Sst]
| NTGS TN15TJMO002 " (n = 76)
| | | |
| | | 1

* Conservative maximum depositional age for Bukalara
Sandstone is indistinguishable from that of upper ‘Jamison
sandstone’. These units are probable age-equivalents.

Relative probability (not to scale)

‘lower Jamison sst’ [lower Bukalara Sst]
i i  E-LJ2°€ (n = 66)

| | | 1

| | | |

| | | 1

* Maximum depositional ages (youngest zircons) for all
formations are all <1100 Ma, whereas those of underlying
Roper Group (including Chambers River Formation) are all
>1300 Ma.
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* Unnamed sandstone formation at top of subsurface

I H I T
succession has some age peaks in common with Kiana 400 530 (acc 1000 | 1200 1400 16(;:)ge (M1aa)co 2000 2200 2400 2600 2800 A23:223400
. . . . . revised name (previous name essal
Group, bUt an OtherWISe dIStInCtlve and dlfferent SpeCtrum- I Roper Group Kiana Group outcrop subsurface Beetaloo Sub-basin drill core
Maximum deposition age of 952 + 8 Ma (single grain) clearly Comparative relative probability diagram of U-Pb detrital zircon age spectra. Revised names
shows that this is a Neoproterozoic formation. in square brackets. n = number of analyses. a = Kositcin et al (2017); b = Munson et al

(2018); c = Yang et al (2018); d = Anderson et al (2019); e = Munson et al (2020).
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Summary and conclusions:

Based on lithostratigraphic evidence supported by U-Pb detrital zircon geochronology results:

* The Chambers River Formation is late Mesoproterozoic in age and has no equivalents in the subsurface Beetaloo Sub-basin.

* The ‘Jamison sandstone’ and ‘Hayfield mudstone’ in the Beetaloo Sub-basin are identified as subsurface Kiana Group (Georgina Basin),

equivalent to the Bukalara Sandstone and Cox Formation respectively.

* Older, formally defined Kiana Group names take precedence over informal Beetaloo Sub-basin names and have nomenclatorial priority.

Report: Munson TJ, 2023. Revision of the Neoproterozoic stratigraphic nomenclature of the Beetaloo Sub-basin,

Summary of nomenclature changes

Previous studies

Record 2023-012

ungrouped

unnamed sandstone formation / Inacumba unit

Haytield Mudstone/mudstone (including
Haytield sandstone member)

upper Jamison Sandstone/sandstone/sands

lower Jamison sandstone/sandstone/sands

Kiana Group

unnamed sandstone formation

Cox Formation (including
Haytfield Sandstone Member)

upper Bukalara Sandstone

lower Bukalara Sandstone

Northern Territory. Northern Territory Geological Survey, Record 2023-012.
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