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Introduction 

The Tanami Region and northwest Aileron Province are 
located ~600 km to the northwest of Alice Springs in the 
Northern Territory. The region is highly prospective for 
gold as evidenced by a number of existing gold deposits, 
including the Tanami Goldfields, the Granites Goldfields, 
and the Groundrush, Coyote and Callie gold deposits 
(Ahmad et al 2013, Ahmad et al 2009, Huston et al 2007). 
Extensive sedimentary cover and basalt flows make 
geological studies in this region challenging, with most 
information derived from sparse outcrop and drill core. 
Geophysical data is therefore a critical source of geological 
information and is heavily relied upon for deciphering the 
structural architecture and distribution of metasedimentary 
and igneous rock packages. 

The Northern Territory Geology Survey (NTGS) recently 
acquired two high-resolution aeromagnetic and radiometric 
surveys across the Tanami and Mt Peake–Crawford regions 
with an aim of improving the understanding of the regional 
geological framework to better support exploration in this 
important gold-bearing terrane (Dhu 2020). These surveys 
were flown with a line spacing of 200 m, with industry 
partners funding 100 m line-spaced infill in some areas. The 
CSIRO has been working with NTGS to value add to this 
new data through additional processing, interpretation and 
modelling. The main objectives of this work were to:

• reprocess and provide enhanced imagery for newly 
acquired and existing open file industry aeromagnetic, 
radiometric and gravity data

• undertake a solid geological interpretation and structural 
analysis of the Tanami Region, northern Aileron 
Province and southwest Davenport Province using all 
available geophysical data

• undertake 2D forward modelling of potential field data 
along three existing deep seismic reflection surveys in 
the Tanami Region to constrain the subsurface structural 
architecture.

This work will provide a framework for revising 
interpretations of the structural architecture and stratigraphic 
relationships across the region in future mapping and 
exploration projects.

Regional Geology

The Tanami Region and northwest Aileron Province 
preserve an important record of basin development, 
deformation and magmatism, and the assembly of the North 

Australian Craton during the Palaeoproterozoic (Figure 1; 
Crispe et al 2007, Goleby et al 2009, Li et al 2013, Bagas 
et al 2014). Both regions comprise metasedimentary and 
magmatic rocks of comparable ages thought to be direct 
stratigraphic equivalents of each other (Scrimgeour 2013). 
The boundary between the two terranes is interpreted as a 
collisional suture, which is imaged as a major deep crustal 
feature in seismic reflection data (Betts et al 2006, Bagas 
et al 2010, Betts et al 2016), At the surface, this boundary 
is not clearly manifested and is draped by metasedimentary 
rocks of both regions, suggesting collision occurred prior 
to widespread sedimentation across the region (Betts et al 
2006, Scrimgeour, 2013).

In the Tanami Region, stratigraphy is divided into 
two groups: the ca 1885–1840 Ma Tanami Group and the 
ca 1824–1816 Ma Ware Group. The Tanami Group consists 
of sedimentary and mafic volcanic rocks, preserved as 
the Stubbins (WA only), Dead Bullock and Killi Killi 
formations. The Mount Charles Formation comprises 
turbiditic sedimentary rocks with interbedded basalts and 
has been interpreted as a correlative of the Dead Bullock 
Formation; however, a stratigraphic position above the Ware 
Group has also been proposed (Ahmad et al 2013, Bagas et al 
2014). The Lander Rock Formation of the adjoining Aileron 
Province represents a comparably-aged metasedimentary 
package considered to be laterally equivalent to the Killi 
Killi Formation in the upper part of the Tanami Group 
(Scrimgeour 2013). 

The Tanami Group was deformed and subjected to 
greenschist–amphibolite facies metamorphism during a 
widespread tectonothermal event at ca 1840 Ma, commonly 
referred to as the Tanami Event (Li et al 2014). Following 
this event, the ca 1824–1816 Ma Ware Group was deposited 
during a regionally extensive episode of volcanism and 
sedimentation (Orth 2007, Ahmad et al 2013, Maidment 
et al 2020), and is largely comprised of felsic volcanic 
rocks, siliciclastics and minor mafic volcanics (Ahmad et al 
2013). The Ware Group consists of the Mount Winnecke 
Formation, Nanny Goat Volcanics, and the Century and 
Wilson formations. 

At ca 1825–1790 Ma, both the Tanami Region and 
Aileron Province were affected by the Stafford Event. 
This event is associated with widespread upright folding 
and faulting, extensive granitic magmatism (Vandenberg 
et al 2001, Crispe et al 2007, Ahmad et al 2013), and gold 
mineralisation (Hendrickx et al 2000, Huston et al 2007, 
Petrella et al 2019, Vandenberg et al 2001). Magmatism at 
this time is associated with emplacement of the Grimwade, 
Frederick and Birthday suites (Ahmad et al 2013). 

Geophysical data processing

To support the interpretation component of this project, the 
newly acquired and existing regional scale geophysical data 
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were processed to enhance both long- and short-wavelength 
signals and gradients in the data (Figures 2, 3). This aids 
in the geological interpretation of the data by reducing 
noise, enhancing shallow (near surface) or deep (basement) 

features, enhancing structures and textures, and defining 
boundaries of geological features. The magnetic data 
were reduced to the pole, and a range of filters was applied 
comprising 1st and 2nd vertical derivatives, tilt-derivate, 

Figure 1. (a) Extent of geological regions and provinces within the interpretation area (dashed outline). (b) Geological map of the Tanami 
Region and northern Aileron Province derived from previous interpretations of the region (compiled from Stewart et al (2020).

Legend
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analytical signal, automatic gain correction, horizontal 
gradient magnitude and the generalised derivative. Vertical 
derivatives and band-pass filters were applied to the gravity 
data to enhance short-wavelength anomalies and better 
define edges. Ternary images of the radiometric data and 
ratios of the different elements were also produced.

In addition to the regional scale datasets acquired by the 
NTGS, a number of significant geophysical surveys have been 
undertaken by industry across the interpretation region. These 
surveys are highly valuable in providing increased resolution, 
particularly in areas of high structural complexity. As part of 
this work, an audit of all open file data was undertaken and any 
data of comparable or higher resolution to the newly acquired 
surveys were reprocessed and filtered to aid the geological 
interpretation. In total, 90 aeromagnetic, 44 radiometric 
and 8 gravity surveys acquired by industry were processed; 
these will form part of the Tanami and Mount Peake digital 
information packages to be published by NTGS.

Interpretation

All available gravity, magnetic and radiometric data were 
interpreted to produce new solid geological interpretations 
(Figures 4–6) that build on previous mapping and 
interpretations completed by the NTGS (Figure 1b). 
This work attempts to resolve any inconsistent geological 
correlations across map sheets and provide greater detail on 
structural relationships across the region. Key results from 
the Tanami and Mount Peake–Crawford interpretations 
and structural analysis are summarised herein, with more 
detailed descriptions of all units and structural features 
documented in Blaikie et al (2020) and Blaikie et al (in 
prep).

The Tanami Region is characterised by the prominent 
fold-interference patterns of magnetic units within the 
Tanami Group, and the voluminous granite intrusions of the 
Grimwade, Frederick and Birthday suites. The geophysical 

Figure 2. Recently acquired geophysical data for the Tanami Region. (a) Reduced to pole aeromagnetic data overlain on the 1st vertical 
derivative of the same data. (b) Gravity data, bandpass filtered with wavelength of 200 km –2 km. (c) Ternary image of the radiometric data.
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data and the interpretations are shown in Figure 2 and 
Figure 4 respectively. The large oblate granitic intrusions 
of the Coomarie and Frankenia domes, surrounded by the 
highly magnetic and dense rocks of the Dead Bullock and 
Mount Charles Formation, form distinctive features in 
the aeromagnetic and gravity data. This region has been 
the subject of some contention in previous mapping and 
interpretations, with disagreements on the attribution of 
magnetic units to different formations, and on the position 
Mount Charles Formation in the stratigraphy. Our work 
recognised subtle differences between the texture of the 
Mount Charles and the Dead Bullock formations in the 
aeromagnetic data that allowed previous interpretations of 
this area to be refined. Results from the structural analysis 
and modelling suggests the Mount Charles Formation may 
correlate with the lower part of the Tanami Group, consistent 
with recent analysis of detrital zircons by Maidment et al 
(2020).

The structural architecture of the Tanami Region is 
defined by subparallel west-northwest–east-southeast 
trending strike-slip faults that overprint the granite intrusions 
and metasedimentary rocks of the Tanami Region, as well 

as earlier arcuate northwest-striking thrust faults and north-
south-trending strike-slip faults. The southeast Tanami 
Region and northwest Aileron Province are characterised 
by west-northwest–east-southeast trending strike-slip faults 
in the north and higher-strain shear zones toward the south; 
however, a clear boundary between the two terrains is not 
obvious in the aeromagnetic data. Units of similar magnetic 
and structural character appear to be continuous across 
the region. For example, a continuous geophysical signal, 
defined by a moderate to low gravity response and a low 
magnetic intensity with a smooth texture, was recognised 
between the Killi Killi and Lander Rock formations 
(Figure 5). Additionally, magnetic units with a moderate 
magnetic intensity and strong linear fabric, which are very 
similar in character to the Dead Bullock Formation, were 
also noted within the northwestern Aileron Province; this 
may represent a previously unrecognised lateral equivalent 
of the Dead Bullock Formation in this area. These 
observations support previous interpretations of the deep 
crustal seismic data that suggest stratigraphy is continuous 
and drapes the crustal boundary between Tanami Region 
and Aileron Province (Goleby et al 2009). This implies the 

Figure 3. Recently acquired Mt Peake–Crawford Region aeromagnetic survey. (a) Reduced to pole aeromagnetic data with a sun-
shadow applied from the northeast. (b) 1st vertical derivative of the same data. 
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two terrains were joined together prior to deposition of the 
Tanami Group and Lander Rock Formation and the onset of 
deformation and magmatism related to the Stafford Event.

In the northwest Aileron Province, the extent of the 
Archaean inlier known as the Billabong Complex was 
revised based on correlation of outcrop with a distinct 
geophysical response characterised by a variable moderate 
to high amplitude magnetic intensity featuring strong 
magnetic lineaments. The complex is now defined as a fault-
bounded, arcuate belt flanked by granitic units (Figure 5).

The Mount Peake–Crawford interpretation is 
characterised by extensive occurrences of the Lander Rock 
Formation and voluminous granite bodies (Figure 6). Two 
distinct magnetic signatures are noted to correlate with 
mapped occurrences of the Lander Rock Formation: one 
smooth to slightly granular, while the other displays strong 
linear magnetic anomalies. The latter best preserves evidence 
of deformation within the unit. Granites commonly intrude 
the Lander Rock Formation, which exhibits the strong linear 
magnetic fabric that either represents spatially restricted 
emplacement or low petrophysical contrast between the 
non-magnetic Lander Rock Formation and the intruding 
granites. The architecture of this region is dominated by 
parallel west-northwest–east-southeast striking, high strain 
zones extending from the Tanami Region and truncating on, 
or wrapping around, the voluminous granite occurrences 

to the southeast. Prominent fold interference patterns 
characterising the Davenport Province wrap around the 
Aileron province, separated by anastomosing shear zones, 
intensely deformed metasedimentary and metavolcanic 
rocks of the Hatches Creek Group, and multiple generations 
of deformed granitic intrusions.

Structural Analysis

Tanami Region

The Tanami Region is characterised by complex fold 
interference patterns best imaged in the magnetic 
stratigraphy of the Tanami Group (eg Dead Bullock and 
Mount Charles formations). The earliest deformation event 
recognised (D1) is characterised by isoclinal folding and 
low angle thrust faulting. D1 structures are extensively 
overprinted by several subsequent deformation events; 
however, evidence suggests it is associated with an episode 
of southwest-directed tectonic vergence. D2 deformation 
is characterised by the refolding of D1 structures by 
tight to isoclinal north-northeast- to northeast-striking 
F2 folds, associated with west-northwest–east-southeast 
to northwest–southeast shortening. Both D1 and D2 are 
attributed to the ca 1840 Ma Tanami Event. The oldest 
recognised structures in the Ware Group are attributed to 

Figure 4. Final solid geological and structural interpretation of the Tanami Region and northern Aileron Province, showing distribution 
of major lithological units and faults. The form-lines (thin blue lines) highlight interpreted magnetic fabrics that indicate folding or 
deformation within different stratigraphic units. This figure represents geological units at the surface or lying immediately under cover, 
and includes an interpretation of the units of the Birrindudu Basin.
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northeast–southwest shortening during D3 as evidenced by 
northwest- to north-northwest-striking chevron folds. The 
overprinting relationship of D3 on D1 structures generated a 
Type-2 fold interference pattern. The localised development 
of tight, east–west-striking chevron folds is attributed to D4 
north–south shortening and is associated with comparatively 
weaker deformation compared to earlier events. The 
final folding event (D5) generated long wavelength, open, 
northeast-striking F5 folds during northwest–southeast 
shortening. Deformation events D3–D6 are interpreted as 
polyphase deformation during the 1810–1790 Ma Stafford 

Event. The transition to brittle-ductile deformation (D6) is 
associated with the development of the regionally prominent 
west-northwest–east-southeast- to northwest–southeast-
striking dextral and sinistral shear zones, associated with 
the major period of gold mineralisation in the region.

Northwest Aileron Province

Contrasting complex fold interference patterns of the 
Tanami Region, the architecture of the Aileron Provinces 
is dominated by a series of subparallel west-northwest- 

Figure 5. Simplified geological map illustrating the structural framework and key overprinting relationships as demonstrated by form-
line mapping of magnetic anomalies or strata in the central regions of MOUNT SOLITAIRE.  Map underlay is a greyscale 1VD of the 
magnetics, highlighting short wavelength features and structural information. This map highlights multiple fold interference patterns 
between five different fold generations, including the prominent Type-2 fold interference patterns generated by D1 and D5, as well as D1 
and D3 structures. Note the late east–northeast-striking sinistral fault truncating the northeast-plunging F5 fold hinge near the centre of 
the figure. This map also highlights the geological interpretation of the Billabong Complex, which corresponds to a northwest-trending, 
fault-bounded arcuate belt of variably moderate to high amplitude magnetic intensity and featuring strong magnetic lineaments, as well 
as the continuous geophysical signature noted between the Killi Killi and the Lander Rock formations.
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Figure 6. Final litho-structural interpretation of the Mount Peake–Crawford region of the northern Aileron and southwest Davenport 
provinces, showing distribution of major lithological units and faults. The form-lines (thin blue lines) highlight interpreted magnetic 
fabrics that indicate folding or deformation within different stratigraphic units. This figure represents geological units at the surface, or 
lying immediately under cover.

to northwest-striking high strain zones terminating 
on voluminous granites in the eastern portions of the 
MOUNT PEAKE map sheet. The earliest stage (D1) 
of deformation resolvable in potential field data is 
characterised by northwest-striking, steeply plunging, 
tight to isoclinal F1 folds of magnetic strata within the 
more magnetic unit of Lander Rock Formation, developed 
during northeast–southwest shortening. A macroscale 
S–C fabric, defined by parallel magnetic strata and F1 folds 
axes along the S-plane and shear zones representing the 
C-plane, indicates sinistral movement during D2 east–west 
shortening. Apparent stretching along crustal shears is 
accommodated by block rotation along northeast-striking 
dextral offsets, also defining a larger scale sinistral shear. 
Rare type-2 fold inference patterns are observed southeast 
of the Windajong Granite; these indicate northeast-
striking open F3 folds overprinting F1 folds, associated 
with northwest–southeast shortening, corresponding 
to longer wavelength northeast-striking refolding of the 
major high strain zones. Younger east-northeast–west-
southwest striking sinistral strike slip faults truncate major 
northwest-striking shear zones as well as the Koonoonyeri 
Granite and Anmatjira Orthogneiss, indicating this 
faulting event post-dates granite emplacement at 
ca 1793 Ma. This deformation is potentially coincident 
with the tilting and small-scale northeast-striking sinistral 
displacement of the ca 1780 Ma Reynolds Range Group 
post-dating the emplacement of the ca 1772 Ma Redhackle 
Granite (D4 ). The final deformation (D5 ) event occurs 
at ca 1632 Ma and is associated with the development of 
narrow, transtensional jogs along reactivated, northwest-
striking high-strain zones containing the Vaughan Springs 
Quartzite. Early deformation (D1–D3 ) is attributed to the 
Stafford Event, whilst D4 potentially occurred during 
the ca 1735– 1690 Ma Strangways Event; D5 remains 
unresolved. 

Conclusion

Results of the Tanami and Mount Peake–Crawford 
interpretations have led to revision of the extent of 
previously mapped or interpreted units and the recognition 
of potential correlative units across the two terranes. The 
most significant updates to previous interpretations of the 
Tanami Region include revision to the distribution of the 
Dead Bullock and Mount Charles formations surrounding 
the Coomarie and Frankenia Domes, interpreted 
extension of the Dead Bullock Formation (or equivalent 
unit) into the northern Aileron Province, and revision of 
the extent of the Billabong Complex. In the Mount Peake–
Crawford interpretation, the Lander Rock Formation was 
divided into two units of differing magnetic character. 
Poor exposure across the region means the nature of the 
unit exhibiting a higher magnetic intensity is unresolved; 
however, it may be a correlative of the Dead Bullock 
Formation. 

Interpretations across the two terranes led to the 
development of a new structural framework for the Tanami 
Region and northern Aileron Province. The structural 
framework for the Tanami Region is reasonably well tied 
to the nature and timing of deformation events known to 
have affected the region. The framework developed for the 
northern Aileron Province is also reasonably well tied to 
known deformation events, although some events remain 
unreconciled.

Resolution of the differences between the structural 
framework devised for the two areas remains an exciting 
area for future research. Whilst the Killi Killi Formation 
of the Tanami Region and the Lander Rock Formation of 
the Aileron Province are regarded as direct stratigraphic 
equivalents, the newly interpreted Mount Peake–Crawford 
area preserves evidence of contrasting deformation 
styles and structural history. One potential hypothesis to 
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explain such differences involves temporal variation in the 
deformation histories due to the south-eastward migration 
of deformation in the proto-North Australia Craton 
from ca 1800 Ma as proposed by Betts and Giles (2006). 
Alternatively, potential field data covering the Lander 
Rock Formation may preserve less structural information 
due to limited lithological heterogeneity and the resulting 
magnetic susceptibility. Further stratigraphic, metamorphic 
and geochronological studies may provide insight into the 
potential further subdivision of the Lander Rock Formation, 
as well as testing the efficacy of more distal correlations 
between the Killi Killi and Lander Rock formations, and 
the correlation of orogenic overprints.
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