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A Weisheit

SUMMARY

The structural evolution of basement and basin rocks in the Jervois Range Special 1:100 000 mapsheet has been investigated 
as part of a holistic re-interpretation of the geological history of that area. This project was carried out in conjunction with 
the regional geological mapping project by the Northern Territory Geological Survey. Published structural data and newly 
collected data of ductile and brittle structures from foliation, lineation, folds, and fault and shear zones throughout the map 
area were analysed and interpreted using a system-focused approach. Information on the relative and absolute timing of 
formation of structures was integrated with data on their spatial relationships. These data were used to identify local and 
regional tectonic processes involved in the formation of certain groups of structures. Available regional geophysical datasets 
were integrated and interpreted to identify structures in the subsurface.

Based on the available data, five structural domains ~500–1000 km2 in size were identified in the Palaeoproterozoic 
Aileron Province in Jervois Range Special. The domains are bound by major, crustal-scale fault and shear zones that form a 
structural system of east-trending primary (Delny Shear Zone) and southeast-, north-northeast- and north-northwest-trending 
secondary structures. The structural evolution of these shear zones and the domains is directly linked through regional 
processes. 

The oldest rocks occur in the Aileron Province and are interpreted to have been deposited or crystallised during 
extensional/transtensional tectonism at ca 1.79–1.75 Ga. During that time, normal sense of movement along the bounding 
fault zone system occurred contemporaneous with the formation of ductile extensional structures within the domains (Dn, 
D2). Relative to the current outcropping orientation, the regional stress field is interpreted to have been extensional around the 
north–south quadrants during that time. A change in the regional stress field to compression around the east–west quadrants 
is interpreted to have resulted in transpressional tectonics at ca 1.75–1.73 Ga (D3 ). This change led to strike-slip and reverse 
movement along the bounding shear zones and the formation of ductile, km-scale drag folds in the hanging wall and footwall 
domains. The orientation of the regional stress fields remained nearly constant during the Palaeoproterozoic, resulting in the 
formation of remarkably similar structures during the ductile deformation events. This indicates that deformation occurred 
during a long-lasting and progressive tectonic cycle. Deformation can be linked to a tectonothermal cycle that affected the 
northeastern Aileron Province.

Following a protracted phase of tectonic quiescence in Jervois Range Special, the deposition of Neoproterozoic 
sedimentary rocks of the Georgina Basin occurred in half graben structures that formed by re-activation of some of the 
pre-existing secondary fault zones. During the following sag phase, the Georgina Basin is interpreted to have extended 
probably across all domains of the Aileron Province in Jervois Range Special. 

Renewed brittle, normal movement occurred along some of the secondary faults during the Lower to Middle Ordovician, 
affecting rocks of the Georgina Basin. At around the same time, parts of the Delny Shear Zone and the southeast-trending 
Plenty Shear Zone were reactivated by ductile, normal movement, causing metamorphism and ductile deformation in the 
Irindina Province during the Larapinta Event (ca 480–460 Ma). The Irindina Province is exposed in parts of the hanging walls 
of the Delny and Plenty shear zones; in Jervois Range Special, it includes metasedimentary rocks that are age-equivalent 
with parts of the unmetamorphosed Georgina Basin. The ductile, normal movement along the Delny and Plenty shear zones 
during the Ordovician could have been in a stress field with extension around the north–south quadrants relative to the current 
outcropping orientation. 

A final stage of deformation along the pre-existing fault system is interpreted to have occurred during the Alice Springs 
Orogeny (ca 450–300 Ma) causing ductile, reverse, and slightly sinistral movement along parts of the Delny and Plenty shear 
zones, as well as brittle, reverse movement along all fault zones in the mapsheet. Kilometre-scale drag folds formed in rocks 
of the Irindina Province; brittle, monoclinal and gentle folding occurred in Georgina Basin rocks during juxtaposition of 
Irindina Province, Aileron Province, and Georgina Basin rocks. The regional sinistral transpression during the Alice Springs 
Orogeny possibly occurred with the compression vector oriented in a north-northeast or south-southwest direction relative to 
the current outcropping orientation.

This study has shown that in a polydeformed and polymetamorphosed area such as in Jervois Range Special, a system-
focused analysis of structures is a powerful tool in unravelling the tectonic history. The obtained structural information can 
then be integrated into a holistic interpretation of the geological history of a region.
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INTRODUCTION

The structural evolution of basement and basin rocks in the 
Jervois Range1 Special map area was investigated during 
a geological mapping project conducted by the Northern 
Territory Geological Survey (NTGS) between 2013 and 
2019. Jervois Range Special in southeastern HUCKITTA is 
located ~250 km east-northeast of Alice Springs (Figure 1). 
Geological mapping of basement rocks of the Aileron and 
Irindina provinces in Jervois Range Special was conducted 
during the winter months in 2013–2015. No new mapping 
was undertaken in basin rocks of the Georgina Basin except 
in the contact areas with the Aileron Province (Reno et al 
2019). 

A brief overview of the structural evolution of rocks 
together with a detailed description of the lithological units, 
metamorphism and isotope geochemistry in Jervois Range 
Special is published in the accompanying explanatory 
notes (Weisheit et al 2019). This Record complements the 
information presented in the explanatory notes and details 
the data analyses and interpretation of previous work 
and newly collected structural data by NTGS. Structural 
analyses were carried out using various stereonet plotting 
programs and analysis techniques described in detail 
(eg Ramsey and Huber 1987).

This Record uses the geological timescale published 
by the International Commission on Stratigraphy (Cohen 
et al 2013, 2017 update). Mineral abbreviations in the 
figures follow the scheme of Siivola and Schmid (2007). 
All individual chronological interpretations that are quoted 
with their uncertainties are quoted in mega-annum (Ma) 
regardless of age. All estimates of time for ages greater 
1 Names of 1:250 000 and 1:100 000 mapsheets are shown in large 
and small capital letters, respectively, eg HUCKITTA, Jervois 
Range.

than 1 billion years ago are given in giga-annum (Ga). All 
estimates of time for ages less than 1 billion years are given 
in mega-annum (Ma). Uncertainties on all geochronology 
data are reported at 2-sigma level. All structural 
measurements are given as dip direction and dip for planar 
features (eg 130/85) and as plunge and plunge direction 
for linear features (eg 63→239). Standard uncertainty on 
measurements is 1 degree. Compass directions are quoted 
with respect to grid north. Cited locations are based on 
Map Grid of Australia (MGA) zone 53K coordinates and 
the GDA94 map datum. Grid references are located to the 
nearest 1 m as 13-digit readings.

REGIONAL GEOLOGICAL SETTING

Jervois Range Special covers an area with outcrops of three 
distinct geological terranes: the Palaeoproterozoic Aileron 
Province, Neoproterozoic to Cambro-Ordovician Georgina 
Basin, and Neoproterozoic to Cambrian Irindina Province 
(Figure 1). Polydeformed and polymetamorphosed rocks 
of the northeastern Aileron Province occur in the central 
and southern parts of the mapsheet; weakly deformed and 
unmetamorphosed rocks of the Georgina Basin occur in the 
northern part and as isolated remnants in the central part 
of the mapsheet; and polydeformed and metamorphosed 
rocks of the Irindina Province sporadically outcrop in the 
southwestern part of the mapsheet (see Reno et al 2019). 

The Aileron Province covers an area of ~160 000 km2 
north of Alice Springs and comprises Palaeoproterozoic 
metasedimentary and meta-igneous rocks that formed 
at the southern margin of the North Australian Craton at 
ca 1.86– 1.70 Ga (Scrimgeour 2013a). Aileron Province 
rocks outcrop throughout the central and southern parts 
of Jervois Range Special. In other areas of the Aileron 
Province, evidence of three major, regionally significant 
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Figure 1. Geological regions map of the southern portion of the Northern Territory and adjacent portions of Western Australia and Queensland, 
including the location of selected 1:250 000 mapsheets, and the Jervois Range Special, Jinka and Dneiper Special 1:100 000 mapsheets.
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Palaeoproterozoic tectonothermal events are preserved 
(summarised in Scrimgeour 2013a): the Stafford Event at 
ca 1.81–1.79 Ga, the Yambah Event at ca 1.78–1.77 Ga, and 
the Strangways Event at ca 1.74–1.69 Ga. Weisheit et al 
(2019, and references therein) revised the tectonothermal 
model for parts of the northeastern Aileron Province. Based 
on new metamorphic data (presented in Weisheit et al 
2019) and structural data (this Record), the study area in 
the northeastern Aileron Province is interpreted to have 
experienced a single, long-lived tectonothermal evolution 
during the Palaeoproterozoic between ca 1.79–1.70 Ga. 
In the northeastern Aileron Province, this tectonothermal 
evolution is considered to have started during the 
deposition of the oldest rocks in that area as a result of the 
formation of a back-arc basin on the southern margin of 
the North Australian Craton (Reno et al 2017a, Weisheit 
et al 2019). Bimodal igneous intrusion into the active 
back-arc basin is interpreted to have initiated high-thermal 
gradient metamorphism between ca 1.79 – 1.77 Ga (Reno 
et al 2017b). Crustal-scale shear zone systems developed 
during contemporaneous extensional tectonics and resulted 
in the segmentation of the northeastern Aileron Province 
into 500–1000 km2 structural domains (Weisheit et al 
2017, this Record). Each domain experienced different 
degrees of peak-metamorphism between ca 1.77–1.75 Ga, 
including migmatitisation in domains in the hanging wall 
of major normal structures, and subsolidus metamorphism 
in domains that remained at higher crustal levels (Reno 
et al 2017a). A switch to transpressional tectonics by about 
1.75–1.73 Ga initiated relative uplift and juxtaposition of the 
domains along the major shear zones (Weisheit et al 2017). 
The structural domains, as currently exposed, were at the 
same approximate relative crustal level of about 0.4 GPa 
by 1.73–1.69 Ga and did not experience significant (>0.1 
GPa) differential vertical movement with respect to each 
other after the Palaeoproterozoic (Reno et al 2017b). For 
more details on the Aileron Province, the reader is referred 
to Scrimgeour (2013a, and references therein) and Weisheit 
et al (2019, and references therein).

Following the Palaeoproterozoic tectonothermal cycle 
in the northeastern Aileron Province, a time of geological 
quiescence lasted until the late Neoproterozoic in Jervois 
Range Special. Elsewhere in the northeastern Aileron 
Province, ductile transpressional tectonism possibly 
occurred during the Mesoproterozoic (Weisheit et al 2017). 

The ~330 000 km2 Georgina Basin is the largest of the 
intracratonic Neoproterozoic–Palaeozoic basins formed 
on the North Australian Craton; it has been interpreted 
as one of the structural remnants of the Neoproterozoic–
Devonian Centralian A and B Superbasin (eg Walter et al 
1995, Kruse et al 2013, Munson et al 2013). Reactivation 
of basement structures during extensional tectonism in 
the late Neoproterozoic is interpreted to have initiated 
the deposition of sedimentary rocks in up to 1.5 km deep, 
half graben structures, unconformably overlying rocks of 
probably all domains in the northeastern Aileron Province 
(eg Greene 2010 and references therein, Weisheit et al 
2019). The following sag phase resulted in widespread 
deposition of marine and terrestrial sedimentary rocks 
as part of the Centralian Superbasin in northern, central, 
and southern Australia (eg Walter et al 1995, Munson 

et al 2013). The Superbasin covered extensive areas, 
excluding local topographic highs of the Musgrave and 
Aileron provinces (eg Maidment et al 2007, Normington 
et al 2015, Plummer 2015). Deposition in the Centralian 
Superbasin was discontinuous and characterised by phases 
of hiatus and local deformation until the Devonian (Munson 
et al 2013, and references therein). Up to 2.2 km-thick 
succession of Cambrian to Devonian rocks are preserved 
in depocentres and synclines (Kruse et al 2013). Only part 
of the Neoproterozoic to Cambro-Ordovician succession of 
the Georgina Basin is exposed in Jervois Range Special.

Parts of the ~15 000 km2 Neoproterozoic to Cambrian 
Irindina Province are exposed in the southwestern portion 
of the mapsheet. The Irindina Province comprises a thick 
metasedimentary succession (Harts Range Metamorphic 
Complex, Harts Range Group of Freeman 1986) with 
subordinate meta-igneous and igneous rocks, including 
metamorphosed mafic to ultramafic intrusions, granites, and 
pegmatites (eg Scrimgeour 2013b and references therein). 
The Harts Range Metamoprhic Complex forms the dominant 
stratigraphy of the Harts Range in ALICE SPRINGS 
and northern ILLOGWA CREEK, with sporadic outcrop 
in southeastern ALCOOTA and southern HUCKITTA 
(Scrimgeour 2013b; Figure 1). Based on maximum 
depositional ages and detrital zircon provenance, sedimentary 
precursors to the Irindina Province, including correlatives 
to the Centralian Superbasin, are interpreted to have been 
deposited in an east- to southeast-trending Cambrian fault-
bounded extensional basin (Buick et al 2005, Maidment 
2005, Maidment et al 2013, Scrimgeour 2013b). Seismic 
data indicate that the Irindina Province is preserved in the 
core of 100 km-wide, crustal-scale, bivergent detachment-
dominated structures; in Jervois Range Special, parts of 
these structures juxtapose rocks of the Irindina and Aileron 
provinces (after Korsch et al 2011). These structures are 
interpreted to have formed during northeast–southwest 
intracratonic extension in the Lower to Middle Ordovician 
as a 30–35 km deep dextral-strike-slip pull-apart basin 
(Hand et al 1999, Mawby et al 1999, Buick et al 2001, Buick 
et al 2005, Maidment et al 2013). At the base of this basin, 
Irindina Province rocks were overprinted during an upper-
amphibolite to granulite facies tectonometamorphic event 
between ca 480–460 Ma (Larapinta Event; eg Mawby et al 
1999, Maidment et al 2013). Weisheit et al (2017) interpreted 
the south-dipping shear zone system in the northern part of 
the bivergent structures to follow pre-existing shear zones that 
initiated in the Palaeoproterozoic as part of the segmentation 
of the northeastern Aileron Province. Effects of minor fluid-
related metamorphic and structural overprint during the 
Larapinta Event are preserved in rocks of the northeastern 
Aileron Province close to primary and secondary bounding 
shear zones (Reno et al 2017, Weisheit et al 2017). During 
high-grade metamorphism in the Irindina Province, minor 
syndepositional normal faulting and elevated heat flow is 
recorded for the southern Georgina Basin (Dunster et al 
2007).

The Upper Ordovician to Carboniferous Alice Springs 
Orogeny was a major intraplate orogenic event that variably 
affected the Centralian Superbasin, Irindina and Aileron 
provinces during three recognised deformation events and 
synorogenic sedimentation: (1) the ca 450–440 Ma Rodingan 
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Event, (2) the ca 395–375 Ma Pertnjara–Brewer events, and 
(3) the ca 340–310 Ma Mount Eclipse Event (eg Haines et al 
2001). Collectively these events resulted in the exhumation 
of the Irindina Province along reverse, sinistral shear zones 
during east-northeast compression (Collins and Teyssier 
1989, Scrimgeour and Raith 2001, Teasdale and Pryer 
2002, Buick et al 2008, Korsch et al 2011). Additionally, 
in the southern Georgina Basin, Neoproterozoic half-
graben faults were selectively reactivated; this inverted the 
Neoproterozoic rift basins and juxtaposed Aileron Province 
with basin rocks, causing the formation of monoclinal 
structures in basin sedimentary rocks (Haines et al 2001, 
Teasdale and Pryer 2002, Dunster et al 2007, Greene 2010). 
Deposition in the Centralian Superbasin ceased in most 
areas at the end of the Alice Springs Orogeny (Munson et al 
2013).

Weisheit et al (2019) interpret that the extensional 
Larapinta Event and the compressional Alice Springs 
Orogeny are expressed in the northeastern Irindina 
Province in southern HUCKITTA as prograde and 
retrograde phases of a single tectonothermal event. This 
event reactivated pre-existing structures in the northeastern 
Aileron Province in HUCKITTA. Widespread ductile 
deformation and metamorphism was restricted to rocks in 
the Irindina Province (Weisheit et al 2017, Weisheit et al 
2019). 

LOCAL GEOLOGICAL SETTING

In Jervois Range Special, rocks of the northeastern Aileron 
Province outcrop throughout the central and southern areas 
of the mapsheet (Reno et al 2019). The Bonya Metamorphics 
are the oldest exposed rocks of the Aileron Province and 
comprise a metasedimentary succession of interlayered 
metamudstones, metasandstones, and metacarbonates. The 
succession ranges in relative thickness between ~2–10 km 
(Weisheit et al 2019). The precursor sediments to the Bonya 
Metamorphics are interpreted to have been deposited at 
ca 1.79 Ga and intruded by voluminous bimodal rocks 
of the Baikal Supersuite between ca 1.79–1.77 Ga. The 
Baikal Supersuite comprises the syndepositional ca 1.79 Ga 
felsic Mascotte and White Violet orthogneisses, mafic 
Attutra Metagabbro and Kings Legend Metadolerite; 
and postdepositional ca 1.77 felsic Xanten Granodiorite, 
unnamed granodiorite LPgbcd, Cappocks Granodiorite, 
Jervois Granodiorite, Jericho Granite, Thring Granite, and 
Unca Granite (Kositcin et al 2015, 2018, and references 
therein, Weisheit et al 2019, and references therein). 
Intrusive relationships are also exposed between Bonya 
Metamorphics and deformed, undivided pegmatite and 
undeformed ca 1.7 Ga Samarkand Pegmatite. Relationships 
between the Bonya Metamorphics and other meta-igneous 
rocks (including the ca 1.78 Ga Denara Orthogneiss, Tarlton 
Bore Granite, ca 1.75 Ga Boundary Igneous Complex, 
and ca 1.71 Ga Jinka Granite) are not exposed in Jervois 
Range Special (Weisheit et al 2019, and references therein). 
All units except for the Samarkand Pegmatite and Jinka 
Granite were metamorphosed and deformed during the 
ca 1.79–1.70 Ga Palaeoproterozoic tectonothermal cycle. 

Weisheit et al (2019) identified five structural domains 
in the Aileron Province in Jervois Range Special. Each 

domain is ~500–1000 km2 in size and experienced a distinct 
metamorphic, structural and igneous evolution during the 
tectonothermal cycle in the Palaeoproterozoic. The domains 
occur in the hanging wall (or footwall) of major shear zones: 
the Jinka Domain west of the north-northwest-trending 
Charlotte Fault Zone, the Bonya Domain west of the north-
northwest-trending Bonya Fault Zone, the Jervois Domain 
east of the north-northeast-trending Jervois Fault Zone, the 
Tarlton Domain east of the north-northwest-trending Lucy 
Creek Fault Zone, and the Denara Domain south of the east-
trending Delny Shear Zone (this Record, Figure 2). This 
subdivision is partly based on the fault-bounded ‘structural 
blocks’ as defined by Shaw and Stewart (1975a, b) and used 
by Freeman (1986). 

Bonya Metamorphics and rocks of the Baikal Supersuite 
are the dominant units in the Bonya and Jervois domains; 
the Tarlton Bore Granite is the dominant unit in the Tarlton 
Domain; the Denara Orthogneiss in the Denara Domain; 
and the Jinka Granite in the Jinka Domain (Weisheit et al 
2019). The metamorphic grade of rocks in the Jervois and 
Bonya domains ranges from greenschist to amphibolite 
facies; sillimanite is only found in the Bonya Domain, 
indicating that the domain was taken to deeper crustal 
levels than the Jervois Domain (Weisheit et al 2019). 
Throughout the Bonya and Jervois domains, deformation 
structures are weakly to strongly developed (eg Freeman 
1986, Weisheit et al 2019). Foliation is generally steeply 
dipping; at least 3 generations of local to regional, close 
to isoclinal folding events caused structural repetition (eg 
Peters et al 1985, Weisheit et al 2019, this Record). The 
highest metamorphic grade in Jervois Range Special is 
recorded in the Denara Domain where migmatitic Denara 
Orthogneiss is interpreted to have formed by partial 
melting of a precursor igneous rock by ca 1.75 Ga (Weisheit 
et al 2019, and references therein). Structures in the Denara 
Orthogneiss are complex and are interpreted to have formed 
during at least 7 phases of deformation (Weisheit et al 2019, 
this Record). The metamorphic and structural evolution 
in the Tarlton and Jinka domains is less well defined but 
interpreted to be similar to the evolution of the Bonya and 
Jervois domains (Weisheit et al 2019, this Record). 

Metasedimentary rocks of the Irindina Province 
(Yambla Gneiss of the Harts Range Metamorphic 
Complex) are locally exposed in the southwest of the 
mapsheet south of the Delny Shear Zone and west of the 
Plenty Shear Zone where they share a sheared contact with 
rocks of the Denara Domain (Reno et al 2019, Figure 2). 
In Jervois Range Special, the Yambla Gneiss consists of 
metagreywacke gneiss, metamudstone schist and mica-
bearing metasandstone (Weisheit et al 2019). The unit was 
metamorphosed up to amphibolite facies in Jervois Range 
Special and to migmatitic conditions further west in Jinka 
at ca 480–460 Ma during the Larapinta Event (Reno et al 
2018, Weisheit et al 2019). A steeply dipping schistosity 
and gneissosity formed during that time in the Yambla 
Gneiss in Jervois Range Special. Folding and localised 
overprinting along the bounding structures (including local 
deformation in rocks of the Denara Domain) are interpreted 
to have occurred at ca 450–440 Ma, contemporaneous with 
the onset of the Alice Springs Orogeny (Reno et al 2018, 
Weisheit et al 2019, this Record). 
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Sedimentary rocks of the Georgina Basin occur throughout 
the northern part of Jervois Range Special and locally in 
faulted slivers and isolated areas west of the Charlotte Fault 
Zone and around Mount Cornish (Reno et al 2019, Figure 2). 
These rocks are unmetamorphosed and dominantly flat lying; 
unconformable and faulted contacts with underlying rocks of 
the Aileron Province are locally exposed. Weisheit et al (2019) 
interpreted that all domains of the Aileron Province in Jervois 
Range Special were exposed at the time of deposition of the 
Georgina Basin. A contact between Irindina Province and 
Georgina Basin rocks is not observed. The Georgina Basin 
in Jervois Range Special reaches a maximum thickness 
of up to ~3.5 km, including ~1.5 km deep Neoproterozoic 
half-graben structures (Teasdale and Pryer 2002, Greene 
2010). The sedimentary rocks of the Georgina Basin in 

Jervois Range Special belong to the Tonian Plenty Group, 
the Cryogenian Aroota Group, the Ediacaran Keepera and 
Mopunga groups, the Cambrian Shadow and Narpa groups, 
and the Cambro–Ordovician Cockroach Group (see Kruse 
et al 2013). Deformation during the Alice Springs Orogeny 
in the Georgina Basin is exclusively brittle and restricted to 
faulting, brecciation and monoclinal folding along reactivated 
structures, as well as gentle folding within the basin 
(eg Freeman 1986, Greene 2010). 

PREVIOUS AND ONGOING INVESTIGATIONS

There is a long history of analyses and interpretation of 
structures with studies undertaken by universities, industry 
and geological surveys. Early investigations follow the 
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discovery of copper and tungsten mineralisation in the early 
to mid-20th century. Geological mapping of HUCKITTA was 
undertaken by the Bureau of Mineral Resources (BMR, now 
Geoscience Australia) in 1963 (Smith 1963, 1964). Regional 
investigations were conducted during the 1980s by BMR and 
NTGS including general structural interpretation by Warren 
(1980), Walter (1980) and Shaw et al (1984a, b). In 1986, 
NTGS published the second edition 1:250 000 HUCKITTA 
map and explanatory notes (Freeman et al 1986, Freeman 
1986); a preliminary 1:100 000 Jervois Range map was 
finalised during the same project (Freeman et al 1989). These 
maps include selected structural data describing the type and 
orientation of the main foliation and minor folds in basement 
rocks, folds observed in the Georgina Basin, and fault zones 
that affect basement and basin rocks.

Comprehensive structural analyses in the study area 
were first presented by Peters et al (1985) and Ympa (1985), 
who focused on rocks in the J-Fold area (Figure 2); and by 
Whiting (1987), who interpreted the available magnetic data 
in the area. In the late 1990s, NTGS undertook a structural 
and metamorphic study of the Delny and Entire Point 
shear zones west of Jervois Range Special (Scrimgeour 
and Raith 2001). Greene (2010) and Waters-Tormey et al 
(2014, 2015) studied  the architecture and the deformational 
history of fault zones in the southern Georgina Basin. 
CSIRO assessed the architecture and metal source of the 
Jervois mineral field in the J-Fold in 2015 (Schmid and 
Schaubs 2015, Schaubs and Schmid 2015). NTGS’ ongoing 
investigations in the northeastern Aileron Province include 
interpretation of structure in the northern Jervois Domain 
(McGloin et al 2019), in the Bonya Domain (McGloin and 
Weisheit in review), and in areas to the west in Jinka and 
Dneiper (Weisheit et al 2017; Figure 1).

Regional studies on deformation events in rocks of the 
Aileron Province have been summarised by Scrimgeour 
(2013a). In Jervois Range Special, metamorphism and 
deformation in Aileron Province rocks were interpreted to 
have occurred during the period ca 1.78–1.72 Ga (including 
the Yambah and Strangways events as defined by Scrimgeour 
2003; Cartwright et al 1997, Scrimgeour and Raith 2001). 
Deformation during that time is interpreted to have been 
variably compressional, transpressional, or extensional; this 
resulted in the formation of migmatitic layering, mylonites, 
regional folding, and sheath folding (Norman and Clarke 
1990, Goscombe 1992, Collins and Williams 1995). Reno 
et al (2017a, b) interpreted a long-lasting tectonothermal 
cycle to have affected northeastern Aileron Province rocks 
during the period ca 1.79–1.69 Ga.

Regional deformation events during the Palaeozoic have 
been studied by a number of workers including Collins 
and Teyssier (1989), Hand et al (1999), Buick et al (2001), 
Haines et al (2001), Teasdale and Pryer (2002), Flöttmann 
et al (2004), Ambrose (2006) and Raimondo et al (2011). 
The characteristics of Palaeozoic deformation in central 
Australia varies from region to region with extensional, 
compressional and transpressional tectonics identified 
by the various studies. Weisheit et al (2017) and Weisheit 
et al (2019) concluded that regional-scale structures that 
were active during the Palaeozoic have a Palaeoproterozoic 
and locally, a Mesoproterozoic history in the northeastern 
Aileron Province.

METHODOLOGY

During regional mapping of Jervois Range Special, new 
structural data was collected in rocks from all structural 
domains of the Aileron Province and in the Irindina 
Province. Some data was also collected in rocks of the 
Georgina Basin (Weisheit et al 2019, Reno et al 2019). Data 
from major and minor fault zones was recorded to define 
movements along those structures. Raw data included 
dip and dip direction of foliation, bedding, fault planes, 
slickensides, breccia zones, and fold axial planes, as well as 
plunge and plunge direction of lineation, slickenlines, and 
fold axes. The non-interpreted raw data are not published in 
this Record; however, some of the newly collected data are 
published on Jervois Range Special and in accompanying 
GIS datasets (Reno et al 2019). 

Samples for thin section analyses were taken from 
representative outcrops and structures to define the 
microstructures in the rocks. Analyses of microstructures 
follow techniques described by eg Passchier and Trouw 
(2005).

Structural data from rocks in the Georgina Basin 
was incorporated from the preliminary Jervois Range 
(Freeman et al 1989) and the first edition HUCKITTA 
(Freeman 1986) mapsheets in order to undertake a map-
wide structural analysis. Detailed structural analysis in the 
northern Jervois Domain was carried out using published 
structural data by Peters et al (1985) and new data collected 
during this project.

The available data were interpreted for the relative 
timing of formation of structures within one domain and 
across domains, as well as for the processes that caused 
the formation of the observed structures. On the basis of 
similarities between types of structures and processes 
involved, structures have been grouped to represent 
deformational events (D) with distinct relative timing to each 
other. Relative age relationships have also been interpreted 
on the basis of zircon maximum depositional and magmatic 
crystallisation ages of units affected or unaffected by the 
various structures. In situ monazite geochronological data 
linked to microstructural and petrographic setting are used 
to assess the absolute timing of formation of some of the 
structures in the Aileron Province (see Reno et al 2016 for 
information on the methodology and data).  

Ductile deformation structures (foliation S, lineation L, 
folding F) found in Aileron and Irindina provinces rocks 
are classified using a relative age relationship with S1 older 
than S2, and so on. All structures interpreted to have formed 
during one deformation event share the same subscript 
with that deformation event (ie structures formed during 
D2 deformation are S2 foliation, L2 lineation and F2 folds). 
Some deformation events are characterised by several 
stages of related progressive deformation. In that case, 
for instance, S3b is older than S3c. The ductile deformation 
events recognised in the Irindina Province are labelled 
with a subscript ‘I’ (eg D1I–D5I). Ductile deformation events 
interpreted for the Aileron Province vary in the structural 
domains; deformation events recognised in the Jervois, 
Bonya, Jinka and Tarlton domains are labelled Dn–D3, and 
those identified in the Denara Domain are distinguished by 
the subscript ‘D’ (D1D–D7D ). 
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Stress analyses as described eg in Ramsay and Huber 
(1983) or Fossen (2010) have been carried out using 
local, domain-wide or region-wide datasets of structures 
interpreted to have formed during single deformation 
events. Herein, σ1 describes the maximum positive tensile 
stress vector and σ3 the minimum positive tensile stress 
vector, with σ1 > σ2 > σ3 and oriented orthogonal to each 
other. The orientation of calculated stress vectors for various 
deformation events in local or regional context is presented 
relative to the current outcropping orientation of structures. 
Possible re-orientation of structures and domains during 
the tectonic evolution of the area is not taken into account 
(eg tilting of the domains due to faulting during the Alice 
Springs Orogeny). 

In the following sections, the structural evolution of rocks 
in the structural domains is discussed first. This evolution 
is interpreted to be linked directly to the evolution of major 
fault and shear zones that bound the structural domains. 
Brittle deformation following the deposition of the Georgina 
Basin is also discussed in Major Fault and Shear Zones. 
For detailed description of stratigraphic units, geophysical 
data, geochemical and metamorphic discussions, and for 
geographic locations, the reader is referred to the Jervois 
Range Special map and the accompanying explanatory 
notes (Reno et al 2019, Weisheit et al 2019).

STRUCTURAL EVOLUTION OF ROCKS IN Jervois 
Range SPECIAL

Structural domains

The interpreted extent of structural domains of the 
northeastern Aileron Province and the Irindina Province 
are based on the available airborne magnetic and gravity 
datasets in Jervois Range Special (Figures 3, 4). The 
domain boundaries are marked by the major east-, north-
northwest-, north-northeast-, and southeast-trending 
faults, which are characterised by distinct magnetic 
and gravity signals (see Major fault and shear zones). 
Each domain features magnetic trends that can be linked 
directly to lithostratigraphy and structures observed at the 
surface.

The Jinka, Bonya, Jervois, and Tarlton domains occur 
north of the Delny Shear Zone, and the Denara Domain (and 
Irindina Province) occur south of the shear zone (Figures 5, 
6). The structural evolution discussed herein are based on 
outcropping deformation structures (foliation S; lineation L; 
folding F) and airborne magnetic data.

Palaeoproterozoic structures in the Aileron Province

Jervois Domain

The Jervois Domain is bound by three major structures: 
the Jervois Fault Zone to the west, the Lucy Creek Fault 
Zone to the east, and the Delny Shear Zone to the south 
(Figure 5). Magnetic images of the Jervois Domain reveal 
a range of surface and subsurface structures, including the 
Unca Fault, that divide the domain into north, east, and 
southwest parts. The northern part of the Jervois Domain 
is the most studied part of the domain; it includes the well-

exposed, north-plunging, synformal J-Fold structure (eg 
Warren 1980, Shaw et al 1984a, b). 

The Jervois Domain is interpreted to have been affected 
by three ductile deformation events (Dn, D2, D3). These 
events are summarised in Table 1.

Deformation Dn
The oldest structures preserved in the Jervois Domain occur 
locally within and north of the J-Fold in outcrop of mica 
schists, mica-bearing metasandstones, quartz–magnetite–
hematite rocks, and calc-silicate rocks of the Bonya 
Metamorphics, and in outcrop of Attutra Metagabbro 
(Reno et al 2019; Figure 5). Preserved sedimentary 
layering (S0) is interpreted in Bonya Metamorphics north 
of the J-Fold (at 631346mE 7497546mN) and in xenoliths 
of calc-silicate rocks that occur in the chilled margin of the 
Attutra Metagabbro (at 635260mE 7499397mN). Locally, 
this layering is overprinted by pinch-and-swell structures: 
cm-scale quartz veins within the Bonya Metamorphics are 
boudinaged in the horizontal and vertical plane (Figure 7a). 
These pinch-and-swell structures and the boudinage are 
the oldest recognised deformation structures in Jervois 
Range Special; they are interpreted to have formed early 
during Dn.

Tight to isoclinal folding (Fn) of the interpreted 
sedimentary layering (S0) is preserved at the cm- to 
100 m-scale in Bonya Metamorphics north of the J-Fold. 
Fold axes in that area plunge sub-vertically; fold axial 
planes trend generally around north (Figure 7a, b). In the 
J-Fold area (Figure 5), steeply plunging isoclinal folds 
(Fn) are locally preserved at the cm- to m-scale in rocks 
that are near pervasively transposed by D2. The observed 
interference structures between Fn and shallowly plunging 
F2 in the J-Fold could have derived from Fn fold axes that 
were originally plunging either shallowly or steeply. This 
study interprets an original steep plunge, based on the 
steeply plunging Fn axes preserved north of the J-Fold 
(Figure 7a, b). 

A foliation (Sn) is locally developed, axial planar to the 
Fn folds in Bonya Metamorphics and Attutra Metagabbro. 
The foliation is defined by a mineral alignment, grain-
shape foliation or schistosity that is generally sub-vertical 
and trends around north (Figure 7a, b). Due to the nature 
of isoclinal folds (Fn), the foliation Sn is commonly 
sub-parallel to the interpreted original sedimentary 
layering (S0/n). A weak layer-parallel foliation (S0/n) is 
preserved in quartz–magnetite–hematite rocks that 
occur as m-wide stratigraphic marker layers southeast 
of the J-Fold (eg 632536mE 7490343mN and 627358mE 
7487216mN). In these rocks, the mm- to cm-wide quartz–
iron-oxide layering is paralleled by a stretching of the iron-
oxide minerals forming a tectonic layering and foliation 
S0/n (Figure 8). A tectonic layering and foliation is also 
preserved in the chilled margin of the Attutra Metagabbro 
(eg 635260mE 7499397mN). There the Sn foliation wraps 
around xenoliths of S0-layered calc-silicate rocks and 
includes sub-vertically plunging, cm-sized intrafolial 
folds (Figure 7c). Xenoliths of Dn-deformed metagabbro 
from the chilled margin occur in coarse-grained Attutra 
Metagabbro, which forms the main body of the intrusion 
(Figure 7d). These relationships indicate that Dn took 
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Figure 5. (continued from previous page) Legend for simplified geological map of Jervois Range Special.
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Figure 6. Detailed interpreted geology map of Jervois Range Special based on outcrop geology and magnetic data (map legend on next page).  
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Figure 6. (continued from previous page) Legend for detailed interpreted geology map of Jervois Range Special based on outcrop geology and magnetic data. 
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Table 1. Summary of ductile deformation events in the Jervois Domain. LPO = lattice preferred orientation; GSPO = grain-shape preferred 
orientation.

Deformation 
event Structures Microstructures Metamorphic 

condition Timing Correlation with 
Peters et al (1985)

D3
progressive

normal movement along 
Jervois Fault Zone; schistose 
mylonite S3c; L3c; shear folding, 
transposition of S2

migrational 
recrystallisation muscovite

post-dating J-Fold, pre-
dating Georgina Basin; 
similar stress field as during 
drag folding

dextral transpression along 
Jervois Fault Zone; F3b J-Fold 
drag synform (steep, km-scale, 
upright, open, shear fold)

post-dating S2, pre-dating 
ca 1.73 Ga epigenetic Cu 
mineralisation; similar 
structures with D2: likely a 
progressive D2–D3 event

D3: J-Fold

interpreted as post-dating D3
D3: conjugate 
crenulation/kinks

S3 crenulation; L2-3; F3 (steep, 10 
m-scale open–close, asymmetric 
folding)

not observed muscovite, biotite prior to J-Fold or 
contemporaneous

D3: S3 crenulation 
cleavage; L2-3

progressive 
into D3?

D2
(regional 

main 
foliation)

F2b (shallow close–tight folds)

S2; steep L2; shallow Ln-2; F2 
(tight–isoclinal shear folds); 
boudinage; transposition; 
shearing; normal movement along 
Jervois Fault Zone

crenulation foliation; 
LPO of muscovite; 
migrational 
recrystallisation; 
internal foliation in 
porphyroblasts

LPO of muscovite; 
migrational 
recrystallisation of 
quartz; andalusite, 
cordierite, garnet

post-dating Jervois 
Granodiorite (ca 1.77 Ga); 
during intrusion of 
Boundary Igneous 
Complex  (ca 1.75 Ga); 
monazite deformed by S2 at 
1757 ± 9 Ma

D2: S2; L0-2; 
F2; mullion; 
boudinange; 
transposition

Dn

not observed D1: regional tight 
F1 fold

S0/n; steep Ln and L0-n; Fn (steep 
isoclinal); intrafolial folds; 
boudinage

crenulation foliation; 
LPO of mica

LPO of muscovite-
biotite; GSPO of 
quartz

during intrusion of Attutra 
Metagabbro (ca 1.79 Ga); 
pre-dating 1789 ±10 Ma 
monazite in cordierite core

D1: S1; L1; intrafolial 
F1

equigranular
metagabbro

layered
metagabbro

layered metagabbro

mica schists

quartzite

calc-
silicate
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d
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Sn

S0

Figure 7. Dn structures in various rocks in the Jervois Domain. (a) Isoclinal folding (Fn) of a boudinaged quartz vein in biotite schists 
of the Bonya Metamorphics; the Sn schistosity is axial planar (633113mE 7500786mN). (b) Metre-scale, sub-vertical isoclinal fold (Fn) 
of lithological layers (S0) of impure quartzite and mica schist of the Bonya Metamorphics with axial planar foliation and schistosity (Sn; 
631346mE 7497546mN). (c) Chilled margin of the Attutra Metagabbro including layered (S0) xenoliths of calc-silicate rocks (635260mE 
7499397mN). Both lithologies are overprinted by Sn foliation and intrafolial folds Fn. (d) Equigranular Attutra Metagabbro including a 
xenolith of Dn-deformed metagabbro from the chilled margin at the same location as (c). 14 cm long pen for scale; pen points towards north.
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place at ca 1.79 Ga during the intrusion of the gabbro 
in calc-silicate rocks, shortly after the deposition of the 
Bonya Metamorphics. 

Petrographic studies of a deformed mica-schist sampled 
north of the J-Fold indicate that Sn formed as a crenulation 
foliation and resulted, at least locally, in a tectonic PQ 
texture2 with lattice preferred orientation of the mica 
(Figure 9a, b). Petrographic studies of quartz-mica schists 
sampled from the hinge of an F2 isoclinal fold also reveal 
evidence for a remnant crenulated foliation, parallel to a 
compositional layering (Figure 9c–f). This mica-foliation 
is interpreted to have formed early during Dn. Additionally, 
some observed internal foliation in various porphyroblasts 
such as biotite, cordierite, and andalusite are interpreted 
to preserve Dn structures (Figure 10a, b). A minimum 
age for the Sn foliation is constrained by 1789 ± 10 Ma 
monazite inclusions in cordierite porphyroblasts that grew 
either during or after Sn foliation formation but prior to 
cordierite rim growth (Reno et al 2016).

Locally in the hinge zones of the Fn folds, an intersection 
lineation (L0-n) between S0 and the Sn foliation defined by 
aligned mica is observed (eg 630774mE 7498045mN). 
This intersection lineation parallels the Fn fold axes and is 
generally sub-vertical. A sub-vertical stretching lineation 
defined by quartz and feldspar (Ln) is usually well developed 
on the Sn plane in Bonya Metamorphics rocks north of the 
J-Fold (at 631346mE 7497546mN).

Similarly, Peters et al (1985) interpreted cm- to dm-scale 
intrafolial folds, boudinage and a foliation as being formed 
during a first deformation event ‘D1’ in the J-Fold area. 
Additionally, they proposed a km-scale, tight ‘F1’ fold north 
of the J-Fold, which could not be confirmed during mapping 
or through interpretation of magnetic data during this study.

Deformation D2
Structures formed during D2 are commonly the dominant 
structures in Bonya Metamorphics, Tarlton Bore Granite, 
meta-igneous rocks of the Baikal Supersuite, the Boundary 
Igneous Complex, and in undivided pegmatite (Figure 5). 

2  PQ texture or fabric refers to alternating mica- and quartz-rich 
domains.

D2 structures are best preserved in schistose Bonya 
Metamorphics north of the hinge of the J-Fold (eg at Reward 
and Green Parrot base metal open pits).

Earlier structures (S0 and Dn) were near-pervasively 
transposed as a result of regional folding and shearing 
during D2. Tight to isoclinal shear folds (F2) formed at the 
cm- to km-scale, commonly with parasitic asymmetric folds 
(Figure 11d). North and east of the J-Fold, F2 fold axial 
planes dip sub-vertically and trend around north-northeast 
to north (Figures 5, 6). F2 fold axes and intersection 
lineation (Ln-2) plunge shallow to steeply between north and 
south (Figure 12). This variation in plunge is interpreted to 
be caused by progressive rotation (transposition) of initially 
sub-horizontal F2 fold axes via sub-vertical shearing during 
D2 (ie rotation towards the fabric attractor3). Kilometre-
scale F2 fold structures were first interpreted by Peters et al 
(1985). Due to lack of outcrop along the fold axial planes, 
these macro-scale, steeply dipping and possibly isoclinal 
F2 folds are mainly interpreted from magnetic images 
(Figures 3, 5). Peters et al (1985) interpret a regional F2 
fold that trends north-northeast at Hamburger Hill as an 
anticlinal structure based on parasitic S and Z folds on the 
west and east limbs respectively.

A pervasive foliation S2 formed axial planar to the F2 
folds. Depending on the rock type, S2 is expressed as a 
schistose (most Bonya Metamorphics) and grain-shape 
foliation (most meta-igneous rocks) defined by aligned 
and stretched mica, quartz, and feldspar, as well as 
amphibole and pyroxene in metamafic rocks. Due to the 
nature of isoclinal folds, the S2 foliation is generally sub-
parallel to the compositional layering (S0/n) in the Bonya 
Metamorphics. The S2 foliation is generally sub-vertically 
to steeply dipping and trends north-northeast to north, 
north and east of the J-Fold (Figures 6, 12). Locally, the 
S2 foliation intensifies into mm- to cm-wide shear zones 
(Figure 11a, b, d). Rotated porphyroblasts (eg Figure 13) 
and shear bands commonly indicate an east-side down 
movement. In Bonya Metamorphics, cm- to m-scale 
3 Fabric attractor is a line or plane in space towards which 

material lines, such as lineations or fold axes, and fabric planes, 
such as grain-shape foliation and schistosity, rotate; definition 
after Passchier and Trouw (2005).

S3

S2

a b

A17-216.ai

S0/n

F2

Figure 8. Quartz–magnetite rock and tourmalinite of the Bonya Metamorphics. (a) Layered quartz–magnetite rock southeast of the 
J-Fold (632536mE 7490343mN). The compositional layers (S0/n) are deformed by isoclinal, asymmetric shear folding (F2). (b) Layered and 
foliated (S2) quartz–tourmaline±muscovite–magnetite rock in the southern J-Fold (629896mE 7490231mN). The fabric is overprinted by 
mm-scale crenulation and axial planar crenulation cleavage S3. 33 cm long hammer and 18 cm wide hammer head for scale.
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boudinage structures of competent layers, such as mica-
bearing metasandstones, calc-silicate rocks or quartz 
veins, developed within the S2 plane (Figure 11c). The 
long axes of the boudins plunge shallowly to moderately 
towards north and south, sub-parallel to the F2 fold axes, 
indicating stretching in the vertical direction. Locally 

developed grain-shape foliation, observed in Jervois 
Granodiorite, Attutra Metagabbro, and pegmatites in the 
north part of the Jervois Domain, is sub-parallel to the 
S2 foliation in adjacent Bonya Metamorphics. Therefore, 
this grain-shape foliation is interpreted as S2. Similarly, 
a grain-shape foliation occurs locally in some rocks of 
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Figure 9. Photomicrographs of Bonya Metamorphics under plane-polarised (a, c, e) and cross-polarised light (b, d, f). (a, b) Dn deformed 
muscovite–quartz schist north of the J-Fold (630774mE 7498045mN). Microlithons of quartz and folded mica indicate that Sn is a 
crenulation foliation. (c–f) Quartz–mica–garnet schist taken from the core of an isoclinal F2 fold (630200mE 7493864mN). Compositional 
layers of quartz–biotite and quartz–biotite–muscovite–garnet are folded with biotite±muscovite forming the axial planar main foliation 
S2. S2 overprints a biotite foliation that is parallel to the compositional layering. The remanent crenulation is only visible in the hinge zones 
of the folds and is interpreted as representing Sn. Note the post-deformational growth of garnet and the breakdown of biotite into randomly 
oriented, euhedral Fe-oxides and muscovite.
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the Boundary Igneous Complex and in the Tarlton Bore 
Granite in the eastern part of the Jervois Domain, folded 
by later D3 structures. Because of the lack of development 
of strong fabrics during Dn, these grain-shape foliations 
are interpreted as D2 structures. 

Microstructures associated with S2 in the porphyroblastic 
schists of the Bonya Metamorphics exhibit a complex 

relationship between structure and porphyroblast-
growth. The S2 foliation is characterised by a lattice 
preferred orientation of muscovite and biotite; migrational 
recrystallisation of quartz and stretching of feldspar is 
commonly observed in thin sections. Some biotite forms 
porphyroblasts that are interpreted to have grown during 
the D2 deformation, preserving a crenulated, internal 
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Figure 10. Photomicrographs of various D2 deformed porphyroblastic schists of Bonya Metamorphics under plane-polarised (a, c, e) and 
cross-polarised light (b, d, f). (a, b) The lattice preferred orientation in mica–quartz±Fe-oxide schist (S2) including biotite porphyroblasts 
with internal, crenulated foliation Sn (630357mE, 7498540mN). Euhedral Fe-oxide grains show pressure shadows of quartz within S2. 
Note that Fe-oxides in the porphyroblast also show quartz and muscovite pressure shadows along the internal Sn foliation. (c–f) The 
biotite porphyroblasts in this quartz–mica schist grew prior to cordierite porphyroblasts, both lacking an internal foliation (630109mE 
7493890mN). Note the replacement of biotite by Fe-oxide and chlorite.
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Sn foliation within an external, axial planar S2 structure 
(Figure 10a, b). These biotite porphyroblasts cause quartz 
pressure shadows in the S2 foliation plane (Figure 10c, d). 
Biotite porphyroblasts also occur included in cordierite 
porphyroblasts (Figure 10e, f) and form an internal foliation 
within inter- to syn-D2 cordierite rims (Figure 14a, b). 
The cordierite cores visible in Figure 14a, b do not have 
an internal foliation and are interpreted to have grown 
inter-tectonically. Syn-tectonic D2 porphyroblasts include 
andalusite (Figure 14c, d), cordierite, and garnet. Garnet 
also overgrows the D2 structures randomly (Figure 9c–f). 

A S2 main foliation that is interpreted to overprint possible 
Sn structures is also observed in mafic dykes of the Attutra 
Metagabbro (Figure 14e, f).

Stretching lineation (L2) is commonly strongly 
developed and, depending on the rock type, is defined by 
quartz, feldspar, mica, amphibole, and pyroxene. North of 
the J-Fold, the L2 stretching lineation plunges steeply around 
north and south indicating dip-slip to slightly oblique-slip 
movement along the S2 plane (eg Figure 12). 

The dominantly sub-vertical, dip-slip stretching along 
the S2 plane (causing formation of shear folds, shear zones, 
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Figure 11. Bonya Metamorphics exposed on the northern wall in the Green Parrot pit (630225mE 7493859mN). (a) Main foliation S2 is 
axial planar to isoclinal F2 folds (black arrow). The F2 folding caused transposition of S0/n layers in quartz–muscovite schists (black arrow). 
Boudinage structures are folded by F2 (white arrow) indicating that they formed during Dn. View to north. (b) Isoclinal folding of S0/n 
showing transposition, or shearing parallel to S2. View to north. (c) Boudinage structures of competent impure quartzite in less competent 
calc-silicate rock in the S2 main foliation. The long axes of the boudins plunge sub-horizontally; a stretching lineation L2 is steeply 
plunging. View to north. (d) Tight to isoclinal, sub-horizontal folding, boudinage and shearing occurred during D2 in a layered (S0/n) calc-
silicate rock. View to north. (e) Steep crenulation foliation S3 in cordierite schist in the southern J-Fold (629604mE 7491630mN). 2.5 cm 
diameter dollar coin and 14 cm long pen for scale; pen points towards north.
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and boudinage) is interpreted to indicate local extension 
during formation of the D2 structures. Based on calculations 
presented in Figure 12, σ3 (minimum tensile stress vector) is 
interpreted to have been oriented sub-horizontally in east–
west to southeast–northwest direction during D2 relative to 
the present day structural orientation. 

The timing of the D2 deformation can be interpreted 
from field relationships. The ca 1.79 Ga Attutra Metagabbro 
(Figure 15) and ca 1.77 Ga Jervois Granodiorite are 
deformed by S2; rocks of the ca 1.75 Ga Boundary Igneous 
Complex are weakly or not deformed. This indicates a 
relative timing of D2 between ca 1.77–1.75 Ga. This is 
supported by a 207Pb/206Pb age of 1756 ± 9 Ma monazite 
that is interpreted to have grown during formation of the S2 
foliation (Reno et al 2016).

Locally, the main foliation S2 is refolded in close to 
tight folds at the m- to 10 m-scale with shallow axes 
plunging towards north or south and with no evident 
axial planar foliation (eg at Bellbird base metal prospect; 
Figure 16). The similar character of the refolding 
structures to the tight to isoclinal F2 folds indicates 
that they evolved during a progressive deformation 
event. Hence, this local refolding is termed F2b. It is also 
interpreted to have formed at the km-scale about 5 km 
southeast of Green Parrot (Figure 5). In this area, the dip 
of the main foliation S2 changes from west-northwest to 
east-southeast indicating tight folding.

Deformation D3
The third deformation event D3 is the last ductile event 
recognised that affected large areas of the Jervois Domain. 
Bonya Metamorphics in the northern part of the Jervois 
Domain were overprinted by cm-scale, steep crenulation 
folding (F3). Locally, an axial planar schistose crenulation 
foliation (S3), defined by quartz and mica, trends 
northwest (Figure 8b, 11e) and causes pencil structures 
with S2 and locally a pervasive overprint obliterating S2. 
The intersection between S2 and S3 foliation causes an 
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Figure 12. Stereoplot of D2 and D3 structures overprinting 
the Bonya Metamorphics in the northern Jervois Domain. 
Measurements were collected away from the D3 J-Fold. The 
schistose main foliation S2 (green plus) dips sub-vertically 
towards the east (082/84 ± 7, bold green plus). S2 is axial planar 
to isoclinal folds with fold axes Ln-2 plunging shallowly to steeply 
towards north or south (black triangle). Stretching lineation L2 are 
steep (green triangle). A regional cm-scale crenulation overprints 
S2 with steep intersection lineation L2-3 (inverted black triangle) 
and variably trending crenulation foliation S3 (purple diamond). 
The main foliation S2 is refolded in the m- to 10 m-scale with 
axes plunging shallowly north or south. Data collected by NTGS 
are complemented by data of Peters et al (1985): their L0-2 (black 
triangle), L2-3 (open inverted triangle).

Figure 13. Garnet–chlorite–biotite 
schist of the Bonya Metamorphics with 
D2-deformed garnet porphyroblasts 
in the southern J-Fold (628281mE 
7490344mN). 18 cm wide hammer head 
for scale.
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intersection lineation (or crenulation lineation L2-3) defined 
by aligned mica and stretched quartz. The intersection 
lineation plunges moderately to steeply towards north 
or south (Figure 12). At the 10 m-scale, open to close 
asymmetric F3 folding can be observed locally in most 
Bonya Metamorphics and meta-igneous rocks in the 

northern Jervois Domain (eg at 633109mE 7500405mN, or 
634332mE 7498647mN). Macro-scale, asymmetric folding 
assigned to F3 is interpreted to have caused the varying 
strike of the main foliation (S2) in sparsely outcropping 
Tarlton Bore Granite and Boundary Igneous Complex 
in the eastern part of the Jervois Domain (see Reno et al 
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Figure 14. Photomicrographs of various D2 deformed rocks in the Jervois Domain under plane-polarised (a, c, e) and cross-polarised 
light (b, d, f). (a, b) Altered cordierite porphyroblast with inclusion-free core and internal foliation within its rim in a porphyroblastic 
schist of the Bonya Metamorphics north of the J-Fold (629499mE 7496010mN). It is unclear whether the cordierite rim grew inter- or syn-
tectonically to the external S2 foliation. (c, d) Quartz–mica schist of Bonya Metamorphics with andalusite porphyroblast that grew during 
the formation of S2 north of the J-Fold (snowball structure; 629261mE, 7494552mN). Microcrystalline chlorite alteration occurred post-
tectonically. (e, f) Altered Attutra Metagabbro is interpreted to preserve a crenulated Sn fabric with an axial planar S2 foliation (629371mE 
7488853mN). The Fe-oxide alteration occurred post-tectonically.
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2019, Figure 6). At the macro-scale, D3 is interpreted to 
have formed the J-Fold gross structure in the northern 
Jervois Domain, and possibly various sub-surface drag-
folds interpreted from magnetic images in the southwest 
(Figure 5).

J-Fold gross structure
Magnetic images of the northwest part of the Jervois 
Domain indicate a ~13 km-wide, north-northwest- to north-
northeast-trending, open to tight fold structure between the 
Jervois Fault Zone and the Unca Fault (Figure 3). The tight 
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Figure 15. Outcrop photograph of 
mingling textures between unnamed 
granodiorite and Attutra Metagabbro, 
both deformed by the S2 foliation. 1.5 cm 
long pen head for scale.

Figure 16. (a) Complexly folded Bonya Metamorphics exposed on the west wall in Bellbird pit (627250mE 7490643mN). (b) Structural 
interpretation of (a). Sedimentary layers are folded in a sub-vertical, isoclinal Fn fold with axial planar schistosity that formed the S0/n 
foliation. This structure is refolded in a moderately plunging isoclinal fold F2 with a steep axial planar schistosity S2. Shearing parallel to 
S2 resulted in transposition of the Fn fold structure. During progressive deformation, F2 structures were refolded in closed to tight F2b folds 
with shallow plunging fold axes (green dotted line). View to south. 14 cm long pen (in centre of photopraph) for scale.
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Figure 17. (a) Detailed map of the J-Fold area showing subdivisions of east limb (green), hinge zone (grey), west limb (olive), sheared west 
limb (pink), and shear zone (red) of the Jervois Fault. (b) Stereoplot of all measured intersection lineation Ln-2 at the J-Fold taken mainly 
from Peters et al (1985): east limb (green), hinge zone (grey), west limb (olive). This displays a shear folding along a great circle. Intersection 
lineation at the sheared west limb (Ln-2: pink triangle; L2-3: inverted pink triangle) can be separated into two clusters. One stretching lineation 
L3c (red triangle) was measured at the Jervois Fault. Means are shown with their 95% confidence interval (continued on next page).

core of this gross fold is the <5 km-wide J-Fold; it is well 
exposed and forms a J-shaped chain of ~50 m-high hills. 
The entire fold between the Jervois Fault Zone and the Unca 
Fault is herein referred to as the J-Fold gross structure. 

Lithological units that are folded by the J-Fold gross 
structure include the Bonya Metamorphics, Attutra 
Metagabbro, Jervois Granodiorite, and Unca Granite 
(Figure 6). Outcrop away from the J-Fold is sporadic and 
mostly concentrated in the north of the Jervois Domain and 
close to the Unca Fault (Reno et al 2019). Detailed structural 
analyses for the J-Fold gross structure are best achieved in 
the J-Fold.

The hinge area of the J-Fold can be divided into the east 
limb, the hinge zone, the west limb, and the sheared west 
limb close to the Jervois Fault Zone (Figure 17a). The fold 
axis of the synclinal J-Fold plunges steeply towards north 
(81→014): the regional steep fold axial plane trends towards 
north-northwest (Figure 17c). The interlimb angle of the 
J-Fold is ~80° (Figure 17c). The intersection lineation Ln-2 
(Figure 17b, c) rotates along a great circle, indicating the 
shear fold character of the J-Fold structure. Both S2 main 
foliation and S3 crenulation follow a similar rotation path 
along a great circle defined by the J-Fold folding (Figure 17c). 

The rotation pattern of both planar and linear structures 
changes proximal to the Jervois Fault Zone in the sheared 
west limb area of the J-Fold (Figure 17d). The main 
foliation S2 rotates to a steep north-northwest trend. L0-2 and 
L2-3 intersection lineations form two clusters: one plunging 

moderately towards north-northeast, the other plunging 
moderately towards south-southeast (Figure 17b). The 
rotation pattern of the main foliation and the pre-existing 
lineation between the east limb and the sheared west limb area 
of the J-Fold (Figure 17d) is consistent with fold structures 
formed under wrench-dominated, dextral transpression (eg 
Fossen et al 1994). Based on this observation, the J-Fold is 
interpreted to have formed as a drag fold during dominantly 
dextral strike-slip movement along the Jervois Fault Zone 
(and the Unca Fault). This interpretation was first proposed 
by Frater (2006), who concluded that the synformal J-Fold 
formed as a drag fold along a regional fault that is hidden 
beneath the Georgina Basin.

The local stress field is interpreted to have been oriented 
with σ1 (maximum positive tensile stress vector) plunging 
shallowly around southwest, and σ3 (minimum tensile 
stress vector) sub-horizontal around southeast, relative 
to the current outcropping orientation. In this stress field, 
fold axial planes that form at micro- (F3 crenulation) and 
macro-scale (10 m-scale asymmetric folds F3) would be 
steeply northwest–southeast trending; this is the observed 
orientation of these structures away from the J-Fold hinge 
area, and also the interpreted orientation of the fold axial 
plane of the J-Fold gross structure south of the J-Fold 
(Figures 3, 5). Progressive shearing during the interpreted 
dextral transpression (D3) caused the rotation of the fold 
axial plane of the J-Fold gross structure to parallelism with 
the Jervois Fault Zone proximal to this structure (Figure 18). 
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Figure 17. (continued from previous page) (c) Stereoplot summarising the folding of planar and linear fabrics in the J-Fold (excluding the 
sheared west limb). For each coloured area defined in (a), all mean S2 (plus), S3 (diamond), Ln-2 (triangle) and L2-3 (inverted triangle) are 
plotted with their 95% confidence interval. Following measured data were available:

area colour n(S2) n(S3) n(Ln-2) n(L2-3)

East limb brown 22 21 34 43

Hinge zone green 15 16 15 18

West limb aqua blue 16 9 9 6

Sheared west limb blue 33 23 4 (steep south-southeast)
15 (moderately north-northeast)

Shear zone [see (d)] red 37 3 1 (steep south-southeast)

S2 and S3 are folded along great circles (dashed black lines) with fold axes (black cross and diamond). The mean fold axis of the F3b 
J-Fold plunges 81→014 (purple triangle). Ln-2 and maybe L2-3 rotate on great circles (dashed lines) defining the J-Fold as a shear fold. 
The mean fold axial planes for the folding of S2 and S3 are shown in purple (cross and diamond) for the case of symmetric folding. 
(d) Stereoplot of (c) including mean measurements of planar and linear fabrics on the sheared west limb (pink) and the Jervois Fault 
shear zone at the basin contact (red circle: 100/77 ± 5°). S2 rotates on a great circle from the west limb (olive plus) into the shear zone 
(dashed line). The measured lineations in the sheared west limb area form two clusters (pink triangles). The north-northeast-plunging 
cluster, together with the L2-3 intersection lineation in the west limb (olive inverted triangle), plot in the area of the fabric attractor. The 
rotation patterns of the planar and linear fabrics of the F3b J-Fold (purple arrows) are typical for transpressional, wrench-dominated 
deformation. The south-southeast-plunging cluster of lineation in the sheared west limb formed during later reactivation of the Jervois 
Fault (L3c).
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Thus, the km-scale J-Fold formed at a late stage of D3 and 
is termed F3b. In contrast, Shaw et al (1984a), as well as 
Peters et al (1985), interpreted the S3 crenulation with its 
intersection lineation L2-3 as parasitic folds, and hence as 
contemporaneous with the km-scale F3 J-Fold. 

No meso- or micro-scale structures that formed during 
this transpressional movement have been preserved in 
the Jervois Fault Zone. Steeply east-southeast dipping 
schistose mylonites (S3c) overprinting schists of the 
Bonya Metamorphics are found in the Jervois Fault 
(627875mE 7494927mN, see Jervois Fault Zone); they 
show a pervasive shear fabric with intrafolial folds of the 
S2 foliation (Figure 19). With increasing distance to the 
Jervois Fault, the S3c schistose mylonitic fabric is spaced 
and formed in the axial planes of cm-scale crenulation of 
the pre-existing S2 fabric. A quartz and feldspar stretching 
lineation (L3c) is steeply plunging towards south-southeast 
(Figure 17b); asymmetric structures in the foliation plane 
indicate a dextral, normal sense of shear during formation 
of the mylonites. These mylonites are interpreted to post-
date the formation of the J-Fold, and hence are assigned 
to an S3c foliation. The dextral, normal sense of shear 
found in these S3c mylonites is interpreted to have caused 
rotation of pre-existing L0-2 and L2-3 intersection lineations 
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D3: ~NE–SW dextral transpression
incremental J-Fold structure:
- shear fold, drag fold
- fold axial plane and S3 crenulation
steeply ~NW-trending
- steep fold axis plunging to ~N

D3b: continuing ~NE–SW dextral transpression
- further strain localisation into the Jervois Fault Zone
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Figure 18. Diagram showing an incremental evolution of the J-Fold (F3b) interpreted from structural data. The dark grey surface represents 
the S2 foliation in Bonya Metamorphics rocks that formed parallel to the compositional layering and foliation Sn (hence termed S2/n). The 
light grey surface represents the S3 crenulation foliation, interpreted to have formed early during D3 (left side of the diagram). Northeast-
southwest dextral transpression (σ1, relative to the current outcropping orientation) is interpreted to have resulted in initial folding of the 
J-Fold and subsequently shearing along the Jervois Fault Zone (right side of the diagram). 
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Figure 19. Photomicrograph (cross-polarised light) of a mica 
schist of the Bonya Metamorphics at the Jervois Fault (627875mE 
7494927mN). The muscovite±biotite S2 foliation is overprinted by 
a biotite–muscovite–quartz mylonitic shear fabric S3c. 

and stretching lineations parallel to the fabric attractor 
(stretching lineation L3c) in the mylonite (second cluster of 
lineation in Figure 17b, d). Orientation of the mylonitic 
foliation (S3c) and the quartz and feldspar stretching 
lineation (L3c) in the Jervois Fault Zone indicates that 
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normal movement occurred during extensional tectonics 
with σ1 plunging ~60→255 and σ3 ~20→120; this is similar 
to the local stress field under which the J-Fold is interpreted 
to have formed. Thus, the S3c foliation is interpreted to have 
formed late during the D3 event.

There are no absolute age constraints on the timing of D3 
in the Jervois Domain. D3 post-dates the formation of the main 
regional ca 1.76 Ga S2 foliation, and pre-dates the deposition 
of Neoproterozoic to Palaeozoic Georgina Basin sedimentary 
rocks, which are not ductily deformed or metamorphosed. 
Additionally, epigenetic Cu and W mineralisation in the 
Jervois mineral field (eg Pioneer W prospect, Anaconda 
Cu prospect, Rockface) cross-cut asymmetric folds and are 
concentrated in the hinge zones of F3 structures, indicating 
formation after D3 (McGloin and Weisheit in review). In the 
Bonya Domain, the epigenetic Cu and W mineralisation is 
dated to ca 1.73 Ga, indicating a maximum age for the D3 
deformation (McGloin and Weisheit in review). 

Discussion
Based on the size of the J-Fold gross structure, Robertson 
(1959) and Warren (1980) favoured the interpretation 
of the synform being a syncline, indicating a younging 
direction from east to west in the Jervois Domain. Based 
on lithological correlations and one younging direction 
inferred from interpreted cross beds in the Bonya Domain, 
Shaw et al (1984b) concluded that the younging of the Bonya 
Metamorphics in the eastern limb of the J-Fold is towards 
the east (inferring the J-Fold synform to be an overturned 
anticline). As outlined above, the internal structure of 
the Jervois Domain is much more complicated (isoclinal 
folding, layer-parallel shearing, asymmetric folding); 
therefore, a younging direction, as well as a correlation with 
the Bonya Domain, cannot be interpreted.

In the Jervois Domain, D2 and D3 structures are 
remarkably similar in their orientation of the original planar 
fabrics (steep S2 structures trend towards north-northeast, 
S3 structures trend between northwest and north-northwest) 
and the north or south plunge of the fold axes (shallowly 

to moderately Ln-2, moderately to steeply L2-3; Table 1). 
Both deformation events are dominated by the formation of 
asymmetric shear folds: at the micro- and meso-scale in the 
case of D2, and at the meso- and macro-scale for D3. Also, 
the orientation of the reconstructed local strain ellipsoid 
is very similar for both deformation events with σ3 always 
oriented around southeast–northwest. These similarities 
are interpreted to indicate that D2 and D3 are caused by a 
progressive deformation event. 

Bonya Domain

The moderately to well exposed Bonya Domain is bound 
by the Charlotte Fault Zone in the west, the conjugate set 
of the Bonya and Jervois fault zones in the east, and the 
Delny Shear Zone in the south (Figures 5, 6). A range of 
domain-internal, commonly sub-surface faults and shear 
zones are interpreted as set and splay structures to the main 
fault systems (see Major fault and shear zones). The rocks 
between the Midnight and Jervois faults of the Jervois Fault 
Zone are grouped as part of the Bonya Domain due to their 
similar magnetic character and structures on both sides of 
the Midnight Fault. 

The Bonya Domain is interpreted to have been affected 
by the same three ductile deformation events (Dn, D2, D3) 
that affected the Jervois Domain. The structural evolution 
in the Bonya Domain is summarised in Table 2.

Deformation Dn
Sedimentary and compositional layering (S0) and the oldest 
deformation recognised in the Bonya Domain are rarely 
preserved in calc-silicate rocks, schists, and mica-bearing 
metasandstones of the Bonya Metamorphics. A foliated 
compositional layering in White Violet Orthogneiss, 
Mascotte Orthogneiss, Kings Legend Metadolerite, and 
in the chilled margin of the Attutra Metagabbro, is also 
interpreted to have formed during Dn. As with the Jervois 
Domain, a variety of structures are assigned to the Dn 
event in the Bonya Domain that are interpreted to indicate 

Table 2. Summary of ductile deformation events in the Bonya Domain compared with structures in the Jervois domain. LPO = lattice 
preferred orientation.

Deformation 
event Structures Microstructures Metamorphic 

condition Timing
Correlation 
with Jervois 

Domain

D3
progressive

S3; moderate–steep L2-3; F3 
(steep, cm-, m-, km-scale 
close folds, asymmetric)

crenulation; local axial planar 
biotite foliation biotite

prior to shearing along 
bounding faults, or 
contemporaneous

D3

transpression along Bonya, 
Charlotte Fault Zones and 
Midnight Fault: refolding of 
F3, drag folds F3b

not preserved

post-dating S2 and 
early F3; pre-dating 
ca 1.73 Ga epigenetic 
Cu mineralisation

D3: J-Fold

D2

general main 
foliation

S2; moderate–steep L2; F2 
(shallow, close–isoclinal 
shear folds, asymmetric); 
boudinage; transposition; 
shearing; normal movement 
along Bonya Fault Zone

crenulation foliation; occasional 
LPO of mica; weak migrational 
and static recrystallisation; 
internal foliation in 
porphyroblasts

LPO of mica; 
migrational 
recrystallisation of 
quartz; andalusite, 
sillimanite, cordierite, 
garnet, spinel

during intrusion of 
Boundary Igneous 
Complex  (ca 1.75 Ga);
monazite deformed 
by S2 foliation at 1760 
± 4 Ma

D2 (1757 ± 9 Ma)

Dn

S0/n; L0-n; Fn (steep close–
isoclinal shear folds, 
asymmetric); intrafolial 
folds; boudinage

alignment of mica; weak 
migrational recrystallisation; 
isoclinal PQ-fabric?

migrational 
recrystallisation of 
quartz; LPO of mica; 
cordierite?

post-dating Mascotte 
Orthoneiss (ca 1.79 Ga);
pre-dating Jericho 
Granite (ca 1.78 Ga); 
pre-dating 1770 ± 
6 Ma monazite in 
andalusite core

Dn (1789 ± 10 Ma)
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a varying (local?) stress regime with complex interplay 
between extensional and compressional settings.

In calc-silicate rocks northwest of the Bonya Mine 
(604936mE 7491104mN), Dn is interpreted to have caused 
the formation of north-trending, near-vertical, dominantly 
isoclinal to close, asymmetric folds (Fn) defined by 
compositional layering (S0). Other structures related to 
asymmetric Fn folding, preserved only at the cm-scale, 
include parasitic folds with steeply plunging fold axes. 
Sub-horizontal stretching is interpreted to have caused 
the formation of sub-horizontal boudinage with steeply 
plunging boudin necks and intrafolial folds (Figure 20). The 
Fn folding is accompanied by the formation of a near-vertical, 
north-trending penetrative axial planar foliation Sn, defined 
by stretched calcic hornblende and quartz. The axial planar 
foliation (Sn) for isoclinal folds (Fn) is sub-parallel to the 
layering of the metasedimentary rocks and locally forms a 
main foliation S0/n (Figure 20). The axial planar foliation Sn 
caused the formation of near-vertical crenulation lineation 
L0-n defined by aligned calcic hornblende and stretched 
quartz. Both steep crenulation lineation and fold axes are 
best preserved in more competent layers (Figure 20). A 
stretching lineation is not preserved.

In mica schists, calc-silicate rocks, and mica-bearing 
metasandstones northwest of the Baikal Airfield (616673mE 
7484569mN), a weak Sn foliation developed parallel to 

the near-vertical, north-northeast-trending sedimentary 
layering S0 in the Bonya Metamorphics (hence it is S0/n). It is 
defined by weak alignment of micas and feldspar, and weak 
stretching of calcic hornblende and quartz. Pinch-and-swell 
structures and sub-horizontal boudinage are interpreted 
to have formed in the compositional layers during the 
formation of Sn (Figure 21a, b). Fn folds and a stretching 
lineation are not preserved in that area. 

Layered calc-silicate rocks occur as cm- to dm-sized 
xenoliths in Jericho Granite (Figure 21e). Compositional 
layering and a weakly developed layer-parallel foliation in 
the xenoliths are interpreted as Sn structures.

Throughout the Bonya Domain, compositional layering 
in Mascotte and White Violet orthogneisses, and in Kings 
Legend Metadolerite and Attutra Metagabbro, are parallel 
to the compositional layering (S0/n) in adjacent Bonya 
Metamorphic rocks. Competent leucocratic layers in the 
orthogneisses are commonly boudinaged on the sub-
horizontal surface (Figure 21f). Similar to the boudinage 
in Bonya Metamorphic rocks, the boudin necks are steeply 
plunging, indicating sub-horizontal stretching. Hence, 
compositional layering and sub-horizontal boudinage in the 
meta-igneous rocks are interpreted as Sn structures. 

Dn structures are usually pervasively overprinted and 
obscured by D2. However, locally in Bonya Metamorphic 
rocks, the Sn foliation is preserved in hinge zones of isoclinal 
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Figure 20. Layered calc-silicate rock of the Bonya Metamorphics in the northwestern Bonya Domain (604936mE 7491104mN), view to 
the horizontal plane (a, c) and the vertical plane (b). The compositional layers S0 (brown) are folded in cm-scale, isoclinal and asymmetric 
folds Fn with steep fold axes (white). The shear folding caused boudinage along the limbs, intrafolial folds and the formation of an axial 
planar foliation S0/n (white). The steep isoclinal folds Fn are overprinted by steep isoclinal folds F2 (green) with sub-horizontal to shallowly 
plunging fold axes and an axial planar foliation S2 (green). 14 cm long pen for scale; pen is horizontal and points towards north.
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F2 folds (eg ~4 km northwest of Kings Legend tungsten 
mine, 612415mE 7483699mN). A thin section from a 
porphyroblastic schist collected northeast of the Kings 
Legend tungsten mine preserves a muscovite±biotite Sn 

foliation that is axial planar to an isoclinal fold of a quartz–
mica layering (PQ-fabric?; Figure 22a, b). Muscovite 
and biotite show a lattice preferred orientation; quartz is 
undulose and grain boundaries are weakly migrational. A 

a b

c d

e f
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Figure 21. Calc-silicate rock of the Bonya Metamorphics and Mascotte Orthogneiss. (a) Compositionally layered and foliated (S0/n) calc-
silicate rock in eastern Bonya Domain (618378mE 7488138mN). (b) Pinch-and-swell structures and boudinage of compositional layers 
(Sn) in calc-silicate rock northeast of the Bonya Airport (620186mE 7484294mN). (c) Localised high-strain zones during D2 caused 
boudinage in calc-silicate rocks in the western Bonya Domain (604936mE 7491104mN). (d) Interlayering of calc-silicate rock and impure 
quartzite southeast of the J-Fold (632163mE 7485264mN). The main foliation S2 is sub-parallel to the layering and caused boudinage 
of the competent calc-silicate. (e) Compositionally layered calc-silicate xenoliths in weakly deformed Jericho Granite in eastern Bonya 
Domain (612607mE 7486506mN). A weak grain-shape foliation S2 in the granodiorite is axial planar to the asymmetric fold in the Dn-
layered xenolith.  (f) Outcrop of layered Mascotte Orthogneiss showing boudinage structures (white arrows) in the horizontal (Dn) and in 
the vertical rock face (D2) with steep stretching lineation (608172mE 7496520mN). 14 cm long pen and 33 cm long hammer for scale; pen 
points towards north.
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muscovite-after-cordierite porphyroblast that is stretched 
within the S2 main foliation has an internal foliation 
parallel to Sn in the sample (Figure 22c, d). Similar internal 
foliation, preserved in cores of andalusite and cordierite 
porphyroblasts in samples from porphyroblastic schists 
from the Bonya Metamorphics, are interpreted as having 
formed during Dn.

Relative age relationships indicate that Dn occurred in 
the Bonya Domain between the intrusion of the Mascotte 
Orthogneiss at ca 1.79 Ga (Kositcin et al 2011) and the 
intrusion of the Jericho Granite at ca 1.78 Ga (Beyer 
et al in prep). A sample of porphyroblastic schist from 
~7 km northwest of Bonya Mine contains andalusite 
porphyroblasts that exhibit multiple phases of andalusite 
growth. The earliest phase of andalusite growth is 
preserved by the cores of the andalusite porphyroblasts, 
which includes a weak internal Sn foliation (Figure 23). A 
second phase of andalusite mantles the first generation cores 
and includes monazite with an in situ age of 1770 ± 6 Ma; 
this age constrains the timing of the second generation of 
andalusite, and hence provides a minimum age constraint 
on Dn (Reno et al 2016).

Deformation D2
D2 formed the main regional foliation in the Bonya Domain, 
affecting all lithostratigraphic units except the undeformed 
Samarkand Pegmatite. Similar to the Jervois Domain, the 
variation in orientation of D2 structures within the Bonya 
Domain is due to later refolding by 10 m- to km-scale D3 
folds (Figures 5, 6).

Pre-existing structures (S0, Sn, S0/n) in Bonya 
Metamorphics, Mascotte and White Violet orthogneisses, 
Kings Legend Metadolerite, and Attutra Metagabbro were 
overprinted and transposed during D2. Isoclinal to close F2 
shear folds formed at the cm- to m-scale with sub-horizontal 
to shallowly plunging fold axes (Figure 20b). F2 folds are best 
observed where topography crosses the structures at high 
angles (eg a vertical face in a quarry or pit). Kilometre-scale 
F2 folds are interpreted in the Bonya Hills (Figures 2, 6).

An axial planar S2 fabric is variably developed. In 
Bonya Metamorphics, S2 is characterised by weak to 
pervasive grain-shape and schistose foliation; in meta-
igneous rocks, S2 is a grain-shape and gneissic foliation. 
Mylonitic S2 fabrics are locally preserved in D2 shear zones 
(Figure 21c). The S2 foliation is generally sub-vertical and 
commonly includes boudinage of competent layers with 
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Figure 22. Photomicrograph of a porphyroblastic schist of the Bonya Metamorphics from the southern Bonya Domain showing Sn and S2 
foliation (612608mE 7483774mN) under plane-polarised (a, c) and cross-polarised light (b, d). (a, b) The mica foliation Sn formed axial 
planar to isoclinal folds of a quartz–muscovite±biotite layering (PQ-fabric?) and is overprinted by a sub-orthogonal crenulation with an 
axial planar foliation S2 of biotite. (c, d) Muscovite-after-cordierite has an internal muscovite–quartz foliation parallel to the Sn foliation 
in the sample. The porphyroblast is deformed by S2, creating a pressure shadow and warping of the S2 foliation. The ex-cordierite formed 
syn- to post-Sn and pre-S2.
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shallowly plunging boudin necks, intrafolial folds, and 
shear fabrics (Figures 20b, 21d). Due to transposition and 
isoclinal folding during D2, the S2 foliation is generally sub-
parallel to compositional layering Sn and S0/n (forming an 
S2/n foliation; Figure 24). 

Depending on the rock type and strength of deformation, 
the S2 foliation is defined by aligned biotite, muscovite, 
hornblende or tourmaline, or stretched quartz (eg Figure 25a, 
b). Some micas show a lattice preferred orientation, and 
quartz is usually weakly elongate and undulose; quartz 
subgrains and quartz-ribbons are rare. Throughout the Bonya 

Domain, younger static recrystallisation of quartz commonly 
overprints the dynamic migrational recrystallisation that 
occurred during D2. Cordierite, andalusite, garnet, K-feldspar, 
titanite, spinel, iron-oxide, and local fibrolite porphyroclasts 
and porphyroblasts, locally with internal foliation, are 
deformed by the S2 foliation (Figure 25c, d). Snowball 
garnet is interpreted to have grown during the formation of 
S2 in a garnet–biotite schist in the southern Bonya Domain. 
Figure 26 summarises the observation of relative ages of 
porphyroblast growth and foliation (Sn, S2) observed in the 
Jervois and Bonya domains.
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Figure 23. High-resolution backscattered electron image from HU14BLR672 (603182mE 7489890mN) thick section. The relative 
brightness of the greyscale image is a function of mean atomic weight in an individual pixel, with brighter areas reflecting higher mean 
atomic weights. At least three generations of aluminosilicate are observed in this sample: two generations of andalusite followed by 
sillimanite. A possible third generation of andalusite grew after sillimanite. A weak internal Sn foliation is preserved in first generation 
andalusite; second generation andalusite formed during S2.
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Figure 24. Bonya Metamorphics. (a) Layered succession of Bonya Metamorphics in the central Bonya Domain, overprinted by layer-
parallel schistosity S2 (610507mE 7488486mN). (b) Layer-parallel contact between mica schists of the Bonya Metamorphics and Kings 
Legend Metadolerite in the southern Bonya Domain (615037mE 7480781mN). Both units are overprinted by steeply dipping, layer-parallel 
S2 foliation. 33 cm long hammer and cm-demarcated ruler for scale.

Figure 25. Photomicrographs of a porphyroblastic schist of Bonya Metamorphics in the Bonya Domain under plane-polarised (a, c) and 
cross-polarised light (b, d). (a, b). The dark-grey andalusite consists of a pre-tectonic core with abundant inclusions of random quartz 
and biotite, and a rim with biotite and quartz inclusions that are aligned sub-parallel to the external biotite±muscovite±sillimanite–
quartz foliation (S2). Andalusite rim and the bounding microcline porphyroblasts grew contemporaneously (603182mE 7489890mN). (c, d) 
A garnet porphyroblast shows internal inclusions of quartz and Fe-oxide defining a weak snowball structure with the external S2 foliation. 
Foliated biotite is chloritised and Fe-oxide grew pre-tectonically (613693mE 7483483mN). 
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Locally abundant stretching lineation L2 is defined 
by stretched quartz, feldspar and aligned mica in Bonya 
Metamorphics and in felsic meta-igneous rocks, and by 
aligned hornblende in Kings Legend Metadolerite. L2 ranges 
from moderately to steeply plunging, indicating dip-slip to 
oblique-slip movement along the S2 plane. As a result of D3 
folding, a common sense of shear could not be determined 
for the Bonya Domain.

Field relationships indicate that D2 structures post-date the 
intrusion of the Cappocks Granodiorite at ca 1.77 Ga (Kositcin 
et al 2011) and pre-date the intrusion of the Samarkand 
Pegmatite at ca 1.7 Ga (McGloin et al 2018). Monazites 
deformed by the S2 foliation in a porphyroblastic schist from 
the northwestern Bonya Domain, yielded an in situ monazite 
age of 1760 ± 4 Ma; they are interpreted to constrain the 
maximum age of S2 during an isothermal increase in pressure 
to peak-pressure conditions (Reno et al 2016).

Deformation D3
D3 deformation is the last ductile event recognised in the 
Bonya Domain; it affected all rocks except the Samarkand 
Pegmatite (Figures 5, 6).

Asymmetric F3 folds occur north of the east-trending 
secondary fault of the Charlotte Fault Zone and range from 
km- to micro-scale; 10 m-scale folding is common, eg in 
calc-silicate rocks of the Bonya Metamorphics northeast 
of Tashkent tungsten–copper occurrence (619175mE 
7490115mN). The 10 m-scale asymmetric folds have 
average interlimb angles of 50–70° and are parasitic to km-
scale, open to tight, south-, southeast- and east-trending F3 
folds (Figure 5). In the northern Bonya Domain, the fold 
axial planes are upright, and fold axes are moderately to 
steeply north-plunging. 

Proximal to the Midnight Fault, the km-scale F3 folds 
are refolded by F3b into east-trending, southwest-dipping 
recumbent folds (Figure 5). The F3b fold in this area is 
an open antiformal shear fold with a steeply southeast-
dipping fold axial plane and steeply southeast-plunging fold 
axes. Towards the southwest, this F3b fold is offset by the 
southeast-trending secondary fault of the Charlotte Fault 
Zone. It continues towards the southwest as an open, upright 
fault in Bonya Metamorphics, Kings Legend Metadolerite, 
White Violet Orthogneiss, and Thring Granite (Figure 6). 
This entire F3b structure is interpreted to have resulted 
from dominantly dextral strike-slip movement along the 
Midnight Fault. 

In the Bonya Mine area, between the Charlotte Fault 
and the east- to southeast-trending secondary fault of the 
Charlotte Fault Zone, the km-scale east-trending and steeply 
west-plunging Z-fold is also interpreted as an F3b structure 
(Figures 5, 6). This Z-fold is associated with 10 m-scale 
parasitic asymmetric folds, and crenulation and fanning 
structures (Figure 27); it is interpreted to have formed 
during sinistral strike-slip movement along the Charlotte 
Fault Zone. 

An open synformal drag fold (F3b ) overprints foliated 
(S2) Jericho Granite, Xanten Granodiorite, and Bonya 
Metamorphics between the Midnight and Jervois Fault 
(Figures 6, 28). The fold axial plane trends towards 
southwest and the fold axis plunges steeply towards the 
south-southwest. This fold structure is interpreted to have 
formed during dominantly sinistral strike-slip movement 
along the Bonya Fault Zone. 

Similar to the processes described for D3 in the Jervois 
Domain, progressive deformation and subsequent strain 
localisation in the Bonya Domain are interpreted to be the 
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Figure 26. Relative age diagram 
summarising the timing of mineral 
growth relative to Dn and D2 in Bonya 
Metamorphics in the Jervois (black) 
and Bonya domains (brown). Dn and D2 
are constrained by LA–ICP–MS U–Pb 
monazite dating. LPO = lattice preferred 
orientation.
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Figure 27. Stereoplot of planar and linear structures in the 
Bonya Mine area. The schistose and gneissic main foliation 
S2 (green plus) is folded in asymmetric F3 folds. The mean 
orientation of fold axial planes of F3 folds (purple diamond; 
n = 21) and axial planar S3 foliation (brown diamond; n = 12) 
trend steeply east–west. The mean orientation of F3 fold 
axes (purple triangle; n = 12) plunge steeply towards west, 
sub-parallel to the calculated fold axes of the km-scale F3b 
folding (70→273; black triangle).
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driving forces for the formation of F3; subsequent refolding 
producing F3b folds close to the major structures during 
transpressional tectonics (Charlotte, Bonya, and Jervois 
fault zones). The local stress fields required to form the 
F3b drag folds in the Bonya Domain are similar to the local 
stress field required to form the F3b drag fold (J-Fold) in the 
Jervois Domain.

Locally, dominantly in the Bonya Metamorphics, a steep 
axial planar schistosity S3 (and S3b) developed sub-parallel to 
the long limbs of the F3 (and F3b) S- and Z-folds; it formed as 
a crenulation cleavage, steep pencil structures and fanning 
in the hinge zones of tight to isoclinal M-folds (Figure 29). 
The S3 schistosity predominantly formed in porphyroblastic 
schists and mica schists of the Bonya Metamorphics; the 
schistosity is defined by aligned mica and weakly stretched 
quartz. Locally, the S3 schistosity pervasively overprints 
and obliterates S2 structures (eg in the Bonya Mine area). 
In more competent rocks, such as calc-silicate and mica-
bearing metasandstones, S3 formed as a spaced cleavage. 

Orientation of the steep S3 foliation varies throughout 
the Bonya Domain (Figure 5). Where S3 is developed in the 
hinge zones of F3 folds, intersection lineation L2-3 is defined 
by aligned mica and is moderately to steeply plunging.

D3 deformation in the Bonya Domain occurred after the 
ca 1.76 Ga D2 deformation (Reno et al 2016) and pre-dates 
the intrusion of the Samarkand Pegmatite (McGloin et al 

2018). Epigenetic chalcopyrite–pyrite quartz veins crosscut 
F3b folds in the Bonya Mine area (McGloin and Weisheit in 
review). These veins yielded a molybdenite age of ca 1.73 Ga 
(McGloin and Weisheit in review), providing a minimum age 
for the formation of the D3 structures in the Bonya Domain. 

Jinka Domain

The Jinka Domain extends west of the Charlotte Fault 
Zone into Jinka; only a small area of it is interpreted 
to occur in Jervois Range Special. The Delny Shear 
Zone forms the southern boundary of the Jinka Domain 
(Figures 5, 6). Bonya Metamorphics, Thring Granite, 
White Violet Orthogneiss, Mascotte Orthogneiss, Kings 
Legend Metadolerite and rocks of the Baikal Supersuite 
and Boundary Igneous Complex all outcrop in the Jinka 
Domain in Jervois Range Special. These rocks preserve 
ductile structures that are similar to those found in the same 
stratigraphy on the eastern side of the Charlotte Fault Zone 
in the Bonya Domain, and hence are also defined as Dn–D3 
structures. Samarkand Pegmatite and Jinka Granite in the 
domain are undeformed and therefore post-date D3.

Rocks in the Jinka Domain are undeformed to variably 
foliated with common K-feldspar–quartz alteration, 
silicification, brecciation, and kaolinisation (Figure 5). 
The White Violet and Mascotte orthogneisses are 
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Figure 29. Typical D3 structures in the Bonya Domain. (a) Long limb and short limb with parasitic M-folds of a 10 m-scale asymmetric 
Z-fold (F3) in porphyroblastic schists of the Bonya Metamorphics. View to southeast (609598mE 7495986mN). (b) Flexural flow folds 
in the hinge zone of a 10 m-scale asymmetric F3 fold in calc-silicate rock of the Bonya Metamorphics. The fold axis plunges moderately 
towards west (613527mE 7491305mN). (c) Axial planar schistosity S3 in crenulated porphyroblastic schists of the Bonya Metamorphics 
in the hinge of a 10 m-scale asymmetric fold F3 (608179mE, 7490858mN). (d) Pencil structure in fine-grained mica schists of the Bonya 
Metamorphics in the hinge of a large-scale asymmetric fold F3 (604394mE 7490891mN). 14 cm long pen and 33 cm long hammer for scale.
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compositionally layered at the mm- to cm-scale (Sn). A 
gneissic foliation, defined by stretched quartz and aligned 
biotite and hornblende, developed sub-parallel to Sn; it is 
therefore interpreted as S2/n. Sub-horizontal and sub-vertical 
boudinage of competent layers are common, similar to the 
transposed fabric S2/n found in the same rocks in the Bonya 
Domain. The Thring Granite and rocks from the undivided 
Baikal Supersuite and Boundary Igneous Complex are 
overprinted by a weak to moderate grain-shape foliation 
S2 of stretched quartz, feldspar, and biotite. There are 
no mappable Fn or F2 folds in the domain, and stretching 
lineations are not preserved. 

The orientation of the moderately to steeply dipping S2 
foliation varies throughout the Jinka Domain (Reno et al 
2019). This is interpreted as a result of asymmetric D3 
folding at the 10 m-scale. Outcrop is too poor for detailed 
analyses of the F3 folds. A steep, west-striking grain-shape 
foliation fabric (S3) is developed close to the Charlotte Fault 
Zone and locally intensifies into a mylonitic fabric (eg 
605308mE 7482882mN).

Tarlton Domain

The Tarlton Domain extends east of the Lucy Creek Fault 
Zone. In Jervois Range Special, it is characterised by sparse 
outcrops of Tarlton Bore Granite, Jervois Granodiorite, 
and unnamed granites of the Boundary Igneous Complex 
(Figures 5, 6). Ductile structures preserved in these 
igneous rocks are similar to the D2 and D3 structures found 
in the same units in the Jervois Domain. 

The meta-igneous rocks in the Tarlton Domain are 
locally overprinted by an S2 grain-shape foliation defined 
by elongate quartz, feldspar, and minor oriented mica. The 
foliation is moderately to steeply dipping and variably east- 
to north-trending (Reno et al 2019).

Outcrop in the Tarlton Domain is too poor for detailed 
analyses of folding of the S2 foliation. However, it is inferred 
that the change in orientation of S2 between adjacent 
outcrops is caused by 10–100 m-scale asymmetric F3 folds, 
similar to F3 folds in the adjacent Jervois Domain. 

Denara Domain

The Denara Domain comprises outcrop of the Denara 
Orthogneiss, unnamed granite LPgdeg, and Jervois 
Granodiorite. Two distinct magnetic low areas within the 
Denara Domain that lack any outcrop have been interpreted 
to represent granitic intrusions of unknown origin 
(Figure 6). The domain is bound to the north and east by the 
Delny Shear Zone and to the west by the Plenty Shear Zone; 
it structurally overlies the Irindina Province in the west and 
the Jervois and Bonya domains in the north (Figures 5, 6). 
The rocks in the domain are variably overprinted by several 
ductile deformation events that are not similar to Dn–D3 in 
the domains described above and are therefore labelled with 
a subscript ‘D’. The domain-wide structural development is 
summarised in Table 3.

Deformation D1D
The oldest ductile structures in the migmatitic Denara 
Orthogneiss are best preserved in the central part of the 

Denara Domain (at 637000mE 7456700mN). They are 
also locally preserved in the western part of the domain. 
Palaeosome structures are rarely preserved and have not 
been studied in detail.

The neosome in the Denara Orthogneiss consists 
of mm- to cm-wide migmatitic layering of leucosomes 
and melanosomes (S1D; Figure 30a, b). Leucosomes and 
ptygmatic quartz veins are isoclinally folded at the cm- to dm-
scale (F1D). As a result of later asymmetric folding, the steep 
fold axial planes of the F1D folds trend in various directions 
and fold axes plunge between steeply and horizontally. 

Felsic and mafic minerals are aligned axial planar 
to the F1D folds in Denara Orthogneiss, forming a weak 
layer-parallel foliation S1D. Intrafolial folds occur at the 
cm-scale and indicate extension following compression 
as a result of progressive deformation within the same 
stress field. S1D dips steeply towards all directions with the 
exception of the northwest quadrant (Figure 31). At thin 
section scale, the compositional layering S1D is defined 
by sub-mm-sized quartz–K-feldspar–plagioclase layers 
and biotite±muscovite-bearing layers. Quartz is usually 
elongate parallel or slightly oblique to the layering, shows 
no to weakly-developed migrational recrystallisation, is 
undulose, and forms sub-grains. Mica is aligned parallel to 
the layering; feldspar is locally weakly elongate (Figure 32). 
The microstructure indicates a low strain rate during the 
formation of the weakly foliated migmatitic layering S1D.

A weak lineation (L1D) is defined by alignment of biotite, 
plagioclase, and hornblende. It plunges steeply towards 
southeast in Denara Orthogneiss in the central Denara 
Domain (Figure 31, the orientation varies throughout the 
domain). Fish-mouth structures in the migmatitic layering 
indicate one phase of melt extraction during the formation 
of S1D.

The Jervois Granodiorite is interpreted to form a km-
scale igneous body in the east of the Denara Domain, 
bound by the Delny Shear Zone in the north and northeast 
(Figure 6). Kilometre-long magnetic high trendlines are 
seen locally within the low magnetic response of the Jervois 
Granodiorite (Figure 3). The magnetic high trendlines are 
interpreted as magmatic or compositional layering formed 
during D1D and are folded into tight folds similar to F2D folds 
in the adjacent Denara Orthogneiss. Layering has not been 
recognised in the scattered, rare outcrops of the Jervois 
Granodiorite. 

The foliated migmatitic layering S1D formed after 
the intrusion of the protolith to the Denara Orthogneiss 
(ca 1.78 Ga, Kositcin et al 2015) and the Jervois Granodiorite 
(ca 1.77 Ga, Cross et al 2005). The ca 1.77 Ga unnamed 
granite LPgdeg (Beyer et al 2018) is not deformed by D1D.

Deformation D2D
Structures formed during the second deformation 
recognised in the Denara Orthogneiss are best preserved 
in the central part of the Denara Domain (at 637000mE 
7456700mN). These structures are generally the dominating 
structures and have been identified in all units outcropping 
in the Denara Domain.

In Denara Orthogneiss, pre-existing D1D structures are 
locally overprinted by cm-sized, tight to isoclinal folds F2D 
(Figure 30b). Fold axial planes and fold axes are steep and 
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Table 3. Summary of observed structures south and along the Delny Shear Zone (DSZ) and Plenty Shear Zone (PSZ) in Irindina Province 
(labelled with subscript I), and in the Denara Domain of the Aileron Province (labelled with subscript D). Structural elements that are 
interpreted to have formed during the same event share the same row. ASO = Alice Springs Orogeny.
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consistently plunges moderately to steeply towards the 
southeast (Figure 31); however, the orientation varies 
across the rest of the domain with distance to the bounding 
shear zones. 

The similar structures of S1D and S2D may indicate a 
progressive deformation event that formed both foliations. 
However, the lack of outcrop and the complexity of the 
structures prevent detailed interpretation. D2D occurred 
after melt extraction and intrusion of the unnamed granite 
LPgdeg (Beyer et al 2018). Migmatitic structures formed until 
final leucosome crystallisation in the Denara Orthogneiss 
at ca 1.75 Ga.

Deformation D3D
The third ductile deformation event recognised in the 
Denara Domain is interpreted to have affected all units 
in the domain. Structures formed during that event are 
best preserved in the central part of the Denara Domain 
(at 637000mE 7456700mN). However, lack of outcrop 
prevented a detailed analysis of D3D structures during this 
study.

All previous structures (S1/2D in Denara Orthogneiss, 
and S2D in Jervois Granodiorite and unnamed granite LPgdeg) 
are locally folded in close to tight asymmetric folds (F3D) 
at the dm- to 10 m-scale (Figure 30a). Measurements in 
the Denara Orthogneiss in the central part of the Denara 
Domain indicate that fold axial planes are steeply dipping 
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Figure 30. Migmatitic Denara Orthogneiss. (a) Asymmetric, tight to isoclinal folds F3D overprint a composite foliation of migmatitic 
layering S1D and sub-parallel grain-shape foliation S2D, forming an S1/2D fabric (638229mE 7466260mN). Parasitic folding is common 
and leucosome developed locally in the hinge zone. (b) S2D foliation is axial planar to isoclinal folds of S1D migmatitic layering, causing 
stretching and boudinage of competent leucocratic layers (630486mE, 7464626mN). Both fabrics are folded by F3D showing fish-mouth 
structures and accumulation of quartz–feldspar zones. (c) Brittle boudin structures of a competent melanocratic layer S1D developed 
during the formation of S2D (638316mE, 7466619mN). (d) S4D shear zone with porphyroclastic augen foliation and schistosity cross cuts a 
composite S1/2D foliated migmatite (638862mE 7465234mN). 14 cm long pen for scale; pen points towards north.

vary in orientation due to later refolding. At the km-scale, 
tight to isoclinal F2D structures have been interpreted 
from folded magnetic trends in Denara Orthogneiss and 
Jervois Granodiorite (Figures 3, 6). The fold axes are 
possibly steeply plunging; fold axial planes trend in various 
directions due to later refolding.

A grain-shape foliation S2D formed axial planar to 
F2D folds. S2D is commonly sub-parallel to S1D and forms 
a composite S1/2D foliation (Figure 30). The orientation 
of the steep S2D or S1/2D foliation varies throughout the 
domain due to later refolding (Reno et al 2019). S2D is 
defined by stretched quartz and feldspar, and aligned biotite 
and hornblende. The foliation is intermittently schistose 
where fine-grained biotite dominates in the melanocratic 
layers. Stretching during the development of S2D resulted 
in elongate leucocratic layers (locally pinch-and-swell), 
ductile and brittle boudin structures, and intrafolial folds. A 
preferred concentration of leucosomes in the boudin necks 
indicates melt extraction during D2D (Figure 30c). Both 
the unnamed granite LPgdeg and the Jervois Granodiorite 
are overprinted by a grain-shape to gneissic foliation. The 
intensity of that foliation indicates that it formed during D2D 
(rather than during the weaker D1D ).

In Denara Orthogneiss, a stretching lineation L2D is 
generally well developed and defined by stretched quartz 
and feldspar, and aligned biotite and hornblende. In the 
central part of the Denara Domain, the stretching lineation 
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towards the southeast (Figure 31) and fold axes are steeply 
plunging; however, orientation of these structures varies 
across the domain. Fish-mouth structures are preserved 
locally in the hinge zones of the F3D folds in Denara 
Orthogneiss (Figure 30b), indicating melt extraction during 
D3D. Complex and multiple parasitic, commonly ptygmatic 
folding, are locally developed in short limbs and hinge 
zones of m-scale F3D folds (eg 632890mE 7463305mN).
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Equal area projection, 
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Legend
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L1D (n=10; linear)
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Figure 31. Stereoplot of measured structural elements in the 
Denara Orthogneiss in the central Denara Domain (around 
637000mE 7456700mN). Migmatitic layering (S1D, black plus), 
gneissic foliation (S2D, green plus) and another schistose/gneissic 
foliation (S3D, purple plus) show complex, steep folding in m-scale 
and S and Z structures in the km-scale. Measured fold axial planes 
F3D (red diamond) dip steeply towards the southeast. All aligned 
(L1D, black triangle) and stretched (L2D, green triangle) lineation 
plunges moderate to steeply towards the southeast.
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Figure 32. Photomicrographs of Denara Orthogneiss (634932mE 7462881mN) under (a) plane-polarised and (b) cross-polarised light. 
Quartz is elongate and micas are aligned parallel to the compositional layering (S1D ).

Axial planar fabrics, including a mineral alignment 
(Figure 32), gneissic foliation or high strain shear zone 
(S3D; eg 630486mE 7464626mN), are developed locally in 
the short limbs and hinge zones of F3D folds. In areas of 
localised high-strain shearing, folded migmatitic layering 
may show complex unfolding and refolding structures. 
More data is needed to define the nature of D3D deformation.

D3D occurred after melt extraction of the unnamed 
granite LPgdeg. Leucosome crystallisation in the Denara 
Orthogneiss during the formation of D3D structures 
indicates that the event occurred during migmatitic 
conditions until ca 1.75 Ga (Weisheit et al 2019). The 
linking of D3D to migmatitic conditions implies a close 
timing relationship to D2D, indicating possible progressive 
deformation during formation of D2D and D3D structures in 
the Denara Domain.

Deformation D4D
The fourth ductile deformation event recognised in the 
Denara Domain locally affected Denara Orthogneiss in 
proximity to the central (at 627000mE 7470600mN) and 
eastern (at 651000mE 7468000mN) Delny Shear Zone, as 
well as in the central part of the Denara Domain (638862mE 
7465234mN).

Isoclinal asymmetric folds F4D are locally preserved 
in cm- to m-wide high-strain zones that cross-cut through 
pre-existing structures in the Denara Orthogneiss. S4D is 
axial planar and developed depending on the rock type 
and local strain. In mica-rich rocks, S4D is a schistosity 
or cleavage; in quartz- and feldspar-rich lithologies, S4D 
is a grain-shape, proto-mylonitic or mylonitic foliation 
(Figure 30d). 

The orientation of the S4D deformation zones parallels 
the orientation of the Delny Shear Zone. In the eastern 
Delny Shear Zone, S4D is steeply dipping towards the north-
northeast and south-southwest (Figure 33); in the central 
Delny Shear Zone and in the central Denara Domain, the 
S4D structures dip steeply towards the south. Shearing along 
the S4D deformation zones results in sporadic drag folds of 
the S1/2D fabric at the contact. Concentrations of leucocratic 
zones along dm- to m-scale shear zones indicate melt 
movement during this deformation event. 
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At thin section scale, S4D-deformed Denara Orthogneiss 
is characterised by a compositional banding of quartz-
feldspar with variable amounts of aligned mica. K-feldspar 
is commonly pervasively altered to fine-grained muscovite. 
Quartz is undulose with sub-grains and is variably 
recrystallised at the grain boundaries (Figure 34a, b).

A stretching lineation (L4D) defined by stretched quartz 
and aligned biotite is commonly preserved on the S4D 
foliation plane. Plunge direction varies between steeply 
southeast at the eastern Delny Shear Zone (Figure 33) and 
steeply southwest at the central Delny Shear Zone and in 
the central Denara Domain. Kinematic indicators include 
rotated porphyroclasts, oblique foliation, and shear bands; 
they indicate dominantly normal, dip-slip sense of movement 
during the formation of S4D (see Delny Shear Zone).

Monazite grown prior to the formation of the proto-
mylonitic and mylonitic foliation S4D along the eastern 
Delny Shear Zone, yielded an in situ age of 1759 ± 9 Ma 
(Reno et al 2016); this provides a maximum age constraint 
on S4D. It is inferred that normal movement during D4D in 
the Denara Domain occurred contemporaneously with 
normal movement during ca 1.76 Ga D2 in the Bonya and 
Jervois domains.

Deformation D5D
Fold structures that are formed during a fifth deformation 
event (F5D) are interpreted from magnetic data (Figure 3); 

the structures affected the Jervois Granodiorite and the 
Denara Orthogneiss at the hanging wall of the Delny Shear 
Zone (Figures 5, 6). Outcropping D5D structures have not 
been observed.

Magnetic data indicate km-scale asymmetric folding 
(F5D) of F2D-folded magnetic layers (S1D) in Jervois 
Granodiorite and Denara Orthogneiss in the central part of 
the Denara Domain (exemplified in Figure 6). The fold axes 
possibly plunge sub-vertically as indicated by the absence 
of a flat magnetic gradient across the fold hinge. The F5D 
folds are interpreted to be drag folds, formed during dextral 
strike-slip movement along the Delny Shear Zone that post-
dates the mylonite-generating normal movement associated 
with S4D (see Delny Shear Zone). 

Deformation D6D
Mylonitic fabrics are interpreted to have formed during 
D6D in Denara Orthogneiss along the Delny Shear Zone; 
gneissic fabrics are preserved in proximity to the Plenty 
Shear Zone. In the eastern Delny Shear Zone area, 
several m-wide and up to 2 km-long quartz veins intruded 
sub-parallel to the main foliation S4D in the Denara 
Orthogneiss (at 651000mE 7468000mN, Figure 35). 
Banding and mylonitic foliation (S6D) in the quartz veins 
is mm- to cm-wide and dips steeply towards the north-
northeast (Figure 33). A strong quartz stretching lineation 
(L6D) plunges steeply towards the east. S6D and L6D are 
sub-parallel to S4D and L4D in the surrounding Denara 
Orthogneiss (Figure 33). Oblique foliation, rotated 
porphyroclasts, micro-shears, and mica-fish, all observed 
in outcrop and in thin section, indicate reverse, south- 
to southwest-up movement during formation of the D6D 
structures (Figure 34c, d; see Delny Shear Zone).

In the central Delny Shear Zone area (at 627000mE 
7470600mN), the S4D foliation in quartzofeldspathic Denara 
Orthogneiss is locally overprinted by an anastomosing 
mylonitic to schistose foliation S6D that is axial planar to 
rarely preserved, steeply plunging isoclinal folds F6D. The 
S6D foliation zones vary between cm- and m-wide and are 
generally steeply dipping towards the south. Extensive 
alteration and poor outcrop conditions prevent further 
analyses of D6D structures in that area.

Approximately 7 km northwest of Jervois Homestead 
(611311mE 7495805mN), a gneissic fabric S6D overprints 
compositional layers in the Denara Orthogneiss (Figure 36) 
in an area within 500 m of the concealed Plenty Shear Zone. 
In this area, the Denara Orthogneiss preserves quartz and 
feldspar that are moderately stretched, and biotite that is 
aligned and forms mm bands and zones. The fabric dips 
steeply to the southwest; the trend is sub-parallel to the 
trend of the concealed Plenty Shear Zone. A sense of shear 
could not be determined. A monazite age of ca 1.72 Ga from 
a sample in this area is interpreted to record the timing 
of deformation and fabric development (Reno et al 2016, 
Weisheit et al 2019); the proximity to the Plenty Shear Zone 
indicates a probable link between formation of the gneissic 
fabric and movement along that structure (see Plenty Shear 
Zone). 

The cooling history of the Denara Domain obtained 
from a pressure–temperature–time path indicates a phase of 
exhumation that culminated in emplacement of the Denara 
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Figure 33. Stereoplot of proto-mylonitic (grey plus) and schistose 
(blue plus) foliation (S4D ), mylonitic foliation in quartz veins (aqua 
plus; S6D) and slickensides (red plus), as well as their corresponding 
stretching lineation (coloured triangle) in the eastern Delny Shear 
Zone area. The mean foliation S4D (black plus) is 197/85 ± 7; the 
mean stretching lineation L4D (black triangle) is 74→117 ± 11.



41 NTGS Record 2019-014

Domain at the same crustal level as the other domains by 
ca 1.73–1.70 Ga (Weisheit et al 2019). Exhumation of the 
Denara Domain is compatible with the ductile, reverse 
movement along the central and eastern Delny Shear Zone 
recorded by the D6D structures observed in this area. The 
ca 1.72 Ga gneissic fabric proximal to the Plenty Shear Zone 
is interpreted to represent the youngest recorded age of this 
exhumation phase in Jervois Range Special.

Palaeozoic structures in the Aileron Province

Deformation during the Palaeozoic tectonothermal cycle in 
Aileron Province rocks in Jervois Range Special is largely 
restricted to brittle movement along all bounding structures 
of the domains. As discussed in Major fault and shear 
zones, the effects of brittle movement are directly observed 
in breccia zones, fracture zones and slickensides that 
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Figure 34. Photomicrographs of Denara Orthogneiss and quartz veins in the eastern Delny Shear Zone under (a, c) plane-polarised and 
(b, d) cross-polarised light. (a, b) Altered and weakly deformed Denara Orthogneiss is overprinted by a localised proto-mylonitic quartz 
and mica foliation (S4D; 649929mE 7469495mN). (c, d) Mylonitic quartz vein within Denara Orthogneiss (650730mE, 7468538mN) 
showing oblique foliation (S6D). Iron-oxide clasts with quartz pressure shadows indicate southwest side-up movement.

Figure 35. Quartz veins. (a) Quartz vein overprinted by mylonite foliation in the Delny Shear Zone in the eastern Denara Domain showing 
a well-developed stretching lineation (649602mE 7468873mN). (b) Same as (a). The mylonite foliation is expressed as weak, mm-wide, 
alternating milky and clear layering; the stretching lineation is strong (L-tectonite). 14 cm long pen and 1.5 cm wide finger for scale.
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affect Aileron Province and Georgina Basin rocks at the 
major structures. Indirect evidence for fault movement is 
preserved in steepened strata and folds (eg monoclinal folds) 
in Georgina Basin rocks at the hanging wall or footwall of 
major fault zones. Sense of movement indicators have not 
been observed along the fault zones, but the dominating 
movement during the Palaeozoic is interpreted to have been 
reverse, resulting in the juxtaposition of Aileron Province 
and Georgina Basin rocks (eg Greene 2010). Minor brittle 
reactivation of pre-existing structures within the domains 

of the Aileron Province is interpreted to have occurred 
during the Palaeozoic (Figure 37). 

The occurrence of Georgina Basin rocks that 
unconformably overlie possibly all Aileron Province 
domains provides indirect evidence that fault movement 
during the Palaeozoic is restricted to the brittle zone of 
the crust because the maximum thickness of the Georgina 
Basin in Jervois Range Special is estimated to have been 
not more than ~3.5 km (Teasdale and Pryer 2002, Greene 
2010). One exception is the Plenty Shear Zone that bounds 
the Irindina and Aileron Province in the southwest of the 
mapsheet (Figure 3). Ductile structures that formed in 
Denara Orthogneiss at the contact to the Irindina Province 
(D7D) are interpreted to have formed during localised 
movement along the Delny and Plenty shear zones during 
the Larapinta Event (see Plenty Shear Zone).
 
Denara Domain

Deformation D7D
The last ductile deformation event recognised in the 
Denara Domain formed localised structures in Denara 
Orthogneiss close to the contact with the Yambla Gneiss 
in the Neoproterozoic–Palaeozoic Irindina Province (at 
610000mE 7469000mN). In that area, primary migmatitic 
structures (D1D–D3D) and gneissic D6D structures are locally 
overprinted by cm-scale, isoclinal folds and m-scale open to 
tight asymmetric folds F7D. The fold axial planes are gently 
dipping towards the northeast quadrant. The plunge of the 
fold axes is unknown.

A gneissosity to schistosity (S7D) is locally developed 
axial planar to the F7D folds. Depending on the host lithology, 
S7D foliation forms coarse-grained quartz–feldspar–biotite 
augen gneisses (derived from leucocratic parts of the Denara 
Orthogneiss) or coarse-grained biotite schists (derived from 
melanocratic parts of the orthogneiss). The S7D foliation is 
gently dipping around northeast, parallel to the northeast-
dipping compositional layering and grain-shape foliation 
S2I in Yambla Gneiss of the Irindina Province. 

A stretching lineation L7D defined by stretched quartz 
and aligned biotite is moderately well developed on the S7D 
foliation plane. The lineation plunges moderately towards 
north-northwest; porphyroclasts observed in thin sections 
indicate a dextral, reverse movement during formation of 
D7D structures relative to the current outcropping orientation. 
The D7D structures in the Denara Orthogneiss are interpreted 
to have formed during movement along the Plenty Shear 
Zone, which forms the contact between Aileron and Irindina 
provinces (see Plenty Shear Zone). Analyses of structures in 
Yambla Gneiss of the Irindina Province (see below), coupled 
with interpretation of magnetic images (Figure 3), indicate 
that the sheared contact is overturned by later folding. 
Therefore, the original movement during D7D, and prior to 
the overturning, was possibly normal, southwest-side down. 

The similar orientation and style of D7D structures 
in the western Denara Domain and D2I structures in the 
Irindina Province (see below) indicates that D7D structures 
are much younger than D1D–D6D structures. D7D structures 
are interpreted to have formed during the ca 480–460 Ma 
extensional Larapinta Event. New monazite growth at 
451 ± 6 Ma in Denara Orthogneiss that is not deformed by 
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Figure 36. Outcrop photograph of migmatitic Denara Orthogneiss 
deformed by moderately developed gneissic S6D fabric adjacent to 
the Plenty Shear Zone (611311mE 7465805mN). 18 cm hammer 
head for scale.

Figure 37. S2-deformed Mascotte Orthogneiss within the Bonya 
Domain (609018mE 7485087mN) showing brittle reactivation 
post-dating the intrusion of a quartz vein. 18 cm wide hammer 
head for scale.
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D7D close to the Plenty Shear Zone is interpreted to have 
occurred during late fluid flow related to the Larapinta 
Event (Reno et al 2016).

Palaeozoic structures in the Irindina Province 

Ductile structures deforming the Yambla Gneiss of the 
Irindina Province are different to those preserved in the 
Aileron Province rocks; they are labelled with a subscript 
‘I’ in the following discussion. In Jervois Range Special, 
the contact between these two provinces is the Delny Shear 
Zone to the north and the Plenty Shear Zone to the east and 
southeast (Figure 5). Five ductile deformation events are 
recognised in Yambla Gneiss (D1I–D5I), all interpreted to 
have formed during the Palaeozoic. Table 3 summarises 
the structures found in the Irindina Province and provides 
a comparison with structures found in the adjacent Denara 
Domain.

Bedding-parallel slickensides have been observed in 
mica-bearing metasandstone of the Yambla Gneiss close 
to the Plenty Shear Zone (615300mE 7463519mN). The 
slickensides are gently dipping towards the northeast and 
indicate dextral, oblique-slip, reverse movement. Other 
brittle structures observed in mica-bearing metasandstone 
include bedding-parallel breccia zones (607385mE 
7465371mN). It is possible that these brittle fabrics formed 
during the Alice Springs Orogeny. 

Deformation D1I and D2I
Ductile structures that formed during D1I and D2I are the 
dominating structures in most outcrops of the Yambla 
Gneiss in the Irindina Province. The earliest deformation 
recognised in the Irindina Province is interpreted to have 
caused the formation of a compositional layering, or tectonic 
PQ fabric (S1I) in all units of the Yambla Gneiss. It likely that 
this compositional layering reflects original sedimentary 
layering as it parallels the contacts between the lithological 
units of the Yambla Gneiss. The compositional layering 
varies between mm- to 100 m-scale (visible in magnetic 
images, Figures 3, 6). Orientation of the compositional 
layering varies across the Irindina Province because of later 
folding and refolding.

The compositional layering (S1I) is folded in locally 
preserved cm-scale, isoclinal folds (F2I). Fold axial planes 
are moderately to steeply dipping in various directions due 
to later refolding. The orientation of fold axes is unknown. At 
the km-scale, isoclinal F2I folds are interpreted from folded 
magnetic trendlines in the Irindina Province (Figures 3, 6).

A penetrative grain-shape foliation to schistosity (S2I) 
with aligned biotite and muscovite, and elongate quartz 
and feldspar, formed axial planar to the F2I folds. Due to 
the isoclinal character of F2I, the compositional layering 
(S1I) and the foliation (S2I ) are dominantly sub-parallel to 
each other and form a composite foliation (S1/2I; Figures 38, 
39). Orientation of S1/2I varies due to later refolding. At the 
micro-scale, the S1/2I foliation is characterised by oblique 
foliation and migrational recrystallisation of quartz.

A quartz and feldspar stretching lineation (L2I) is well 
developed in Yambla Gneiss in the central and northern areas 
of the Irindina Province. The plunge direction of L2I varies 
throughout the Irindina Province due to later refolding.

The contact between the foliated metagreywacke 
gneiss unit of the Yambla Gneiss and biotite-rich Denara 
Orthogneiss is exposed ~2.6 km to the north-northwest of 
the Jervois Homestead (at 615438mE 7463696mN). In this 
area, the composite foliation S1/2I is parallel to the contact 
with the Denara Orthogneiss and the gneissic foliation 
S7D. Foliations S1/2I and S7D dip shallowly–moderately 
towards the northeast; hence, the Irindina Province 
structurally underlies the Aileron Province in this part of 
the mapsheet. Macroscopic and microscopic sense-of-shear 
indicators, such as rotated porphyroclasts and shear bands 
in S7D-foliated Denara Orthogneiss, S1/2I-foliated Yambla 
Gneiss and flat-lying slickensides at the contact, reveal a 
dextral north-over-south movement relative to the current 
outcropping orientation. These outcrops are interpreted 
to represent parts of the Plenty Shear Zone. Migrational 
recrystallisation and oblique foliation microstructures 
in the S1/2I-deformed Yambla Gneiss indicate a higher 
strain regime than in adjacent locally S7D-foliated Denara 
Orthogneiss (Figure 40). Thus, shear movement along 
the contact is interpreted to have been focused within the 
Yambla Gneiss and only caused the formation of a localised 
foliation in the Denara Orthogneiss. Later folding (during 

Figure 38. Mica-bearing quartzite of the Yambla Gneiss 
(606934mE 7470965mN) showing minor mm-scale biotite layers 
defining an S1/2I foliation fabric. 33 cm hammer for scale.

Figure 39. Quartz–K-feldspar–plagioclase–biotite–muscovite 
metagreywacke of the Yambla Gneiss with a strong S1/2I gneissic 
fabric (606823mE 7470578mN). 33 cm hammer for scale.
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D4I) is interpreted to have caused overturning of the 
contact area at 615438mE 7463696mN. Therefore, the S2I 
or S7D structures likely formed during southwest-side down 
shearing. This normal movement is interpreted to have been 
related to the extensional Larapinta Event.

Deformation D3I
Ductile deformation related to the D3I event is found in 
metagreywacke gneiss and metamudstone schist of the 
Yambla Gneiss in the central and northern area of the 
Irindina Province within Jervois Range Special. There the 
composite foliation S1/2I is locally folded in tight to isoclinal, 
cm- to m-scale folds (F3I). A schistosity or cleavage (S3I) 
developed axial planar, locally obliterating S2I and forming 
a composite foliation S2/3I (eg at 606789mE 7470362mN, 
Figure 41). In this area, the main foliation (either S2I, S3I, 
or S2/3I) is only locally sub-parallel to compositional layers 
(S1I). This indicates complex folding during D2I and D3I. 
More data are needed to resolve the nature and extent of D3I 
and its relationship to D2I.

Deformation D4I
A km-scale open drag fold structure is interpreted from 
outcrop and magnetic data (Figures 3, 6) in the northern 

Irindina Province in the hanging wall of the Delny Shear 
Zone. The orientation of foliated compositional layers in 
Yambla Gneiss (S1/2I and S3I) and stretching lineation (L2I, 
L3I) change gradually between 9 km and 2 km south of 
Mount Thring. This area can be divided from south to north 
into an eastern limb, eastern hinge zone, northern hinge 
zone, and northern limb (Figure 42a). S1/2I and S3I foliation 
dips steeply towards the east and the stretching lineation 
is plunging moderately towards the north-northeast. In the 
northern limb, the foliation has a steep south-southeast 
dip (159/72 ± 5°) and the lineation is steeply plunging 
south-southeast (72→169 ± 5°; Figure 42a). The rotation 
of foliation and lineation from the east limb to the north 
limb (towards a common fabric attractor) defines a km-
scale, open, recumbent antiformal structure (F4I). The mean 
fold axis plunges 65→132 and the axial plane dips 153/66 
(Figure 42a), sub-parallel to the foliation and lineation in 
the northern limb. The magnetic low signal of the Delny 
Shear Zone is just north of the north limb; the Delny Shear 
Zone is entirely subsurface in this area. The recumbent, 
antiformal structure is interpreted as having formed as a 
drag fold in the hanging wall of the Delny Shear Zone. To 
form this structure, movement along the Delny Shear Zone 
must have been reverse under sinistral transpression.
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Figure 40. Photomicrographs of samples taken under plane-polarised (a, c) and cross-polarised light (b, d). (a, b) Yambla Gneiss collected 
close to the contact with Denara Orthogneiss (607108mE 7466795mN) showing an S1/2I foliation (white dotted lines) with migrational 
recrystallisation of quartz and oblique foliation (red dotted lines). Sense-of-shear in the thin section is sinistral, representing a dextral, 
east-side up movement along the contact between Irindina and Aileron provinces at the Plenty Shear Zone. (c, d) Denara Orthogneiss 
sample taken close to the sample of Yambla Gneiss. Elongated quartz and aligned mica define a weak foliation S7D (610129mE 7469377mN).
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Figure 41. Metagreywacke gneiss of the 
Yambla Gneiss in the central Irindina 
Province (606789mE 7470362mN). A 
composite foliation and compositional 
layering S1/2I is folded in tight to isoclinal 
folds F3I with locally developed axial 
planar foliation S3I. 14 cm long pen for 
scale; pen points towards north.
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Figure 42. Stereoplots of km-scale drag folds in Yambla Gneiss. (a) Foliated compositional layering S1/2I and S3I (plus) measured south of 
Mount Thring. Decreasing distance to Mount Thring, east limb (green), east hinge zone (grey), north hinge zone (olive) and north limb (pink) 
define a recumbent antiformal structure with a mean fold axis F4I plunging steeply towards the southeast (black triangle) and a fold axial plane 
dipping steeply towards the southeast (black diamond). Stretching lineation (triangle with corresponding colours) rotate towards a fabric 
attractor with a mean orientation of 72→169 ± 5 (red triangle). The fabric attractor is parallel to the L4I stretching lineation (blue triangle) 
measured on the S4I planes (blue plus) in the north limb. The mean direction of the north limb (159/72 ± 5, red circle) is parallel to the Delny 
Shear Zone. (b) Compositional layering S1I (cross) and foliation S1/2I (plus) measured close to Jervois Homestead. Decreasing distance to the 
homestead, north limb (green) and east limb (purple) define an open antiformal structure with a moderately plunging axis F4I towards the 
north-northeast (black triangle). Rotation of the stretching lineation L2I (triangle with corresponding colours) indicates a shearing towards a 
fabric attractor sub-parallel to the fold axis. The proposed shear plane of the Plenty Shear Zone is sub-parallel to the mean direction of the east 
limb (red circle). A chaotic signal of foliation in the hinge zone (olive) indicates a complex folding and faulting interference.
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In the northern limb, the S1/2I and S3I foliations are 
overprinted by cm- and dm-scale asymmetric folds (F4I) 
with axes that plunge moderately towards the southeast, 
with moderately south-dipping fold axial planes. An axial 
planar schistosity and grain-shape foliation (S4I) is locally 
developed and defined by stretched quartz and feldspar 
and aligned biotite (Figure 43). A strong quartz–feldspar 
stretching lineation (L4I) dips steeply towards the south-
southeast (Figure 42a). The S4I and L4I fabrics are sub-
parallel to the fold axial plane and the fold axis of the km-scale 
recumbent antiformal structure; they are interpreted to have 
formed parallel to the Delny Shear Zone. Microstructures 
such as shear bands and mica fish in S4I-folidated samples 
indicate a reverse sense of movement (Figure 44). Reverse 
movement along the Delny Shear Zone in the Irindina 
Province is interpreted to have occurred during the Alice 
Springs Orogeny. 

Another km-scale, open drag fold structure (F4I) in 
Yambla Gneiss is interpreted from outcrop and magnetic 
data along the Plenty Shear Zone (Figure 3). At Jervois 
Homestead, the foliated and compositionally layered 

Yambla Gneiss (S1/2I) dips moderately towards the east-
northeast, and stretching lineation (L2I) plunge moderately 
towards the north-northeast (east limb in Figure 42b). 
The orientation of the structures gradually change 
along strike of the mica-bearing metasandstone ridge 
of the Yambla Gneiss. About 3 km northwest of Jervois 
Homestead, S1/2I dips moderately towards the north and L2I 
plunges shallowly towards west-northwest (north limb in 
Figure 42b). The fold axis of the drag fold plunges sub-
parallel to the stretching lineation L2I in the east limb, 
indicating rotation of the lineation towards a common 
fabric attractor. Just east of the east limb, a magnetic low 
signal is interpreted to derive from a north-northwest-
trending splay structure of the Plenty Shear Zone in the 
sub-surface (Figures 3, 6). The limited structural data 
collected from this area are interpreted to indicate the 
occurrence of an open drag fold F4I in which the east limb 
is sheared into parallelism with the Plenty Shear Zone (see 
Plenty Shear Zone). To form this drag fold, movement 
along the shear zone must have been dextral, reverse, and 
northeast-up under transpressional conditions.
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Figure 43. Layered metagreywacke 
gneiss of the Yambla Gneiss close to 
the Delny Shear Zone (604832mE 
7474182mN) showing intrafolial folds 
within the S1/2I foliation. This older 
structure is locally overprinted by the 
S4I foliation with a steep stretching 
lineation L4I related to the latest shearing 
at the Delny Shear Zone. 14 cm long pen 
for scale; pen points towards north.

Figure 44. Photomicrograph of a sheared muscovite schist of the Yambla Gneiss within the Delny Shear Zone (604682mE 7474215mN) 
taken under plane-polarised (a) and cross-polarised light (b). The S4I foliation is characterised by migrational recrystallisation and 
elongation of quartz, muscovite foliation, mica fishes and C’ shear bands, indicating south-side up movement.
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Between the two km-scale drag folds, ~10 km to the west-
northwest of Jervois Homestead, the contact area between the 
Irindina Province and the Denara Domain is interpreted to be 
folded in a km-scale synformal fold (F4I; Figures 3, 6). The 
foliated compositional layering in the Yambla Gneiss (S1/2I) 
and the stretching lineation (L2I) change orientation between 
a south limb, hinge zone, and west limb (Figure 45). The 
fold axis plunges steeply towards the northeast (73→063) and 
the interlimb angle is ~130°. The fold axial plane is oriented 
148/88 if the fold is symmetric (Figure 45). Metre-scale 
S-folds, as well as cm- to dm-scale open to close folds and 
crenulation (F4I) of S1/2I and S3I in this area are interpreted to 
be related to the D4I deformation.

Reverse movement along the Delny and Plenty shear 
zones and the formation of D4I structures is interpreted to 
have occurred during the Alice Springs Orogeny.

Deformation D5I
The last ductile deformation recognised in the Irindina 
Province is interpreted from weakly developed reclined 
crenulation folding (F5) that overprints the S4I fabric close 
to the Delny Shear Zone (eg 605985mE 7474354mN). The 
fold axial plane of the crenulation dips steeply southwest 
and fold axes are steeply plunging towards the southwest. 
No other structures have been identified. 

Major fault and shear zones

Major fault and shear zones in Jervois Range Special are 
variably north-northeast- (Jervois Fault Zone, Unca Fault), 
north-northwest- (Charlotte Fault Zone, Bonya Fault Zone, 
Lucy Creek Fault Zone), southeast- (Plenty Shear Zone), 
and east-trending (Delny Shear Zone; Figure 5). The fault 
and shear zones outcrop locally as proto-mylonitic to ultra-
mylonitic rocks in the Irindina and Aileron provinces, 
and as fracture zones, breccia zones, and slickensides in 
Georgina Basin rocks. The basement rocks along fault 
and shear zones are often characterised by alteration and 
hydrothermal brecciation, including K-feldspar–quartz 
alteration, silicification, hematitisation, and plagioclase 
alteration (Figure 5). Quartz veins and vein breccias occur 
along all major and minor structures as m- to km-long 
and up to 10s m-wide ridges or infiltration zones, which 
also affect Georgina Basin rocks. Multiple veining and 
brecciation stages in the vein breccias indicate prolonged 
fluid flow activity along these zones of weakness, post-
dating the latest ductile movements. All major fault and 
shear zones are characterised by distinct magnetic signals 
indicating their extent in the subsurface.

Delny Shear Zone

The Delny Shear Zone is a crustal-scale structure that can 
be traced from west to east in Jervois Range Special as 
a system comprising a primary east-trending structure and 
several southeast-trending splays4, including the Plenty 
Shear Zone. In the map area, the Delny Shear Zone is 
sporadically exposed as 10s m- to 1 km-wide, steeply south-
dipping mylonitic and ultra-mylonitic zones in Aileron 
and Irindina provinces rocks. These outcrops occur along 
distinct ~1 km-wide linear magnetic low and minor high 
signals in the total magnetic intensity (TMI) datasets that 
bound lithomagnetic domains and magnetic trends on 
either side (Figure 3). The Delny Shear Zone is interpreted 
to occur in the subsurface along these linear magnetic 
signals. Major changes in the gravity response on either side 
(Figure 4) indicate that the Delny Shear Zone is a major, 
crustal-scale structure in Jervois Range Special.

In Jervois Range Special, the Delny Shear Zone can 
be separated into two systems, west and east of the Plenty 
Shear Zone. The western occurrence forms the province 
boundary between the Irindina Province in the south and 
the Jinka and Bonya domains of the Aileron Province in 
the north (Figure 46). East of the Plenty Shear Zone, the 
Delny Shear Zone forms the boundary between the Denara 
Domain in the south and the Bonya and Jervois domains in 
the north. The easternmost section of the Delny Shear Zone 
splays into two south-southeast-trending splays, possibly 
extending eastwards into TOBERMORY. 

The Delny Shear Zone extends west into Jinka where it is 
exposed as an up to 3.5 km-wide mylonite and ultra-mylonite 
zone (see Weisheit et al 2017). Further to the west in Dneiper 

4 Splay faults are synthetic secondary faults that form at acute 
angles to the primary fault when the primary fault becomes 
critically misaligned with the tensile stresses; splay fault and 
primary fault are concurrently active at the time of formation of 
the splay fault (after Scholz et al 2010).
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Figure 45. Stereoplot of foliated compositional layering S1/2I (plus) 
and stretching lineation L2I (triangle) in mica-bearing quartzite of 
the Yambla Gneiss. The structural elements are grouped into south 
limb (green), hinge zone (olive) and west limb (pink), defining an 
open synform. L2I is interpreted to rotate around the mean fold 
axis F4I (black triangle) on a small circle. In case of symmetric 
folding, this concentric fold has a vertical axial plane striking 
east-northeast (diamond).
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and ALCOOTA, the Delny Shear Zone anastomoses around 
an east-southeast trend and is interpreted to form part of 
crustal-scale splay, wrench and thrusting structures (eg in 
Reynolds Range; Collins and Teyssier 1989).

The Delny Shear Zone was first defined as the ‘Delny–
Mount Sainthill Fault System’ by Warren (1978) as the 

boundary between the ‘Ambalindum Block’ in the south 
(now partly recognised as the Irindina Province, Scrimgeour 
2003) and the northern ‘Arunta zone’, or ‘Arunta Block’ 
(‘Jinka Block’ in Freeman 1986) in the north. Scrimgeour 
and Raith (2001) and Scrimgeour (2013a) redefined the 
Delny–Mount Sainthill Fault System in Dneiper and 
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Figure 46. Schematic 3D block diagram and northeast–southwest-trending cross section of the western Delny Shear Zone and the Plenty 
Shear Zone showing the relationship between the primary east-trending Deny Shear Zone (blue) and the Plenty Shear Zone that forms 
two southeast-trending splays off the Delny Shear Zone (orange and green). It is interpreted that an older splay structure (orange), which 
marks the boundary between the Irindina Province and the Denara Domain at the surface and near-subsurface, is faulted and folded by a 
younger splay structure (green) into a shallowly and gently northeast-dipping orientation. Both structures of the Plenty Shear Zone merge 
with the primary Delny Shear Zone at depth.
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Jinka as the ‘Delny Shear Zone’, separating the Kanandra 
Metamorphics (formerly Kanandra Granulite) of the 
Aileron Province in the south from the Jinka domain (of 
the Aileron Province) and Georgina Basin in the north. 
According to Scrimgeour and Raith (2001), the dominantly 
subsurface boundary between the Aileron Province in the 
north and the Irindina Province in the south in southern 
HUCKITTA is defined as the ‘Entire Point Shear Zone’, 
trending partly parallel and immediately south of the Delny 
Shear Zone. The Entire Point Fault Zone was first defined 
by Shaw et al (1984a) to only include the structure that 
trends southwest from about 2 km south of Yam Creek Dam 
in eastern Dneiper. Structural data from Jervois Range 
Special and data collected during the ongoing 1:100 000 
mapping project of Jinka and Dneiper (eg Weisheit et al 
2017) does not indicate the occurrence of two separate, sub-
parallel shear zones (ie Delny Shear Zone in the north and 
Entire Point Shear Zone adjacent in the south) in Jinka and 
Jervois Range Special. Based on these data, this study 
follows the interpretation of Shaw et al (1984a) and does not 
recognise the Entire Point Shear Zone in Jervois Range 
Special. The study herein interprets the western part of the 
Delny Shear Zone and the Plenty Shear Zone in Jervois 
Range Special to form the boundary between the Aileron 
and the Irindina provinces (Figure 3). 

Outcrops of Aileron Province rocks close to the Delny 
Shear Zone in Jervois Range Special are restricted to 
the Denara Domain. They comprise rare, small-scale 
occurrences of Denara Orthogneiss to the south of the Delny 
Shear Zone; and Bonya Metamorphics, Tarlton Bore Granite 
and Boundary Igneous Complex rocks to the north. Yambla 
Gneiss in the Irindina Province outcrops locally along 
the magnetic trend of the shear zone. Outcrops of Denara 
Orthogneiss occur as commonly silicified and K-feldspar–
quartz altered schists and gneisses in the central area of 
the Delny Shear Zone (at 627136mE 7470677mN). Proto-
mylonites and mylonites (S4D, L4D) of Denara Orthogneiss 
occur along the eastern splays of the Delny Shear Zone 
(at 650249mE 7468757mN). Quartz veins formed parallel 
to the shear zone in these areas and were overprinted by 
mylonitic deformation (S6D, L6D) and by slickensides during 
brittle deformation (eg 650785mE 7468523mN; 624080mE 
7469330mN). Quartz vein breccias outcrop parallel to the 
geophysical trend of the Delny Shear Zone within Bonya 
Metamorphics, ~12 km southeast of the Baikal Airfield (at 
612574mE 7473320mN). 

The earliest preserved movement along the Delny 
Shear Zone in Jervois Range Special is recorded by 
foliation S4D and quartz and feldspar stretching lineation 
L4D in quartzofeldspathic proto-mylonites and mylonites 
of the Denara Orthogneiss. The structures are sub-vertical 
(mean S4D = 197/85 ± 7°, L4D = 74→117 ± 11° in the east; 
mean S4D = 329/85 ± 7°, L4D = 74→259 ± 5° in the central 
area); sense of shear indicators such as σ-clasts, shear 
bands, and oblique foliation show dominantly normal (dip-
slip), south-side down movement during D4D. It is unclear 
when the quartzofeldspathic mylonites formed. Their dip-
slip, normal sense of shear indicates formation during 
extensional conditions around north–south (relative to the 
current outcropping orientation); therefore, it is inferred 
that they formed contemporaneous with the main foliation 

S2 in the Jervois and Bonya domains (see Structural 
domains).

Indirect evidence for subsequent movement along the 
Delny Shear Zone comes from a sub-surface, km-scale 
drag-fold structure F5D interpreted from magnetic data in 
the Denara Domain (Figures 3, 6). It is likely that the fold 
axis of this drag fold plunges sub-vertically due to the lack 
of a flat magnetic gradient on either side of the hinge zone. 
To form such a drag fold, movement along the Delny Shear 
Zone must have had a dextral component either during 
simple shear and strike-slip movement or transpression 
leading to dominantly reverse movement. Both processes 
require a local stress field oriented with σ1 (maximum 
positive tensile stress vector) plunging shallowly around 
the west-northwestern or east-southeastern quadrant, and 
σ2 (pure shear dominated) or σ3 (wrenching) plunging 
shallowly within the north-northeastern or south-
southwestern quadrant, relative to the current outcropping 
orientation. In this case, this local stress field is similar to 
the local stress fields found for the formation of the F3 drag 
folds along the Bonya and Jervois fault zones. 

Direct evidence for movement along the Delny Shear 
Zone is preserved in mylonitic quartz veins (S6D, L6D) that 
outcrop in the central and eastern area of the Delny Shear 
Zone. These veins are parallel to the quartzofeldspathic 
proto-mylonites and mylonites (S4D, L4D). The sense of shear 
in the younger mylonitic quartz veins is dominantly reverse 
(dip-slip), south-side up during D6D (Figures 33, 34, 35). 
In the central area of the Delny Shear Zone (at 627000mE 
7470600mN), cm- to m-wide zones of quartzofeldspathic 
mylonites and schists have been observed overprinting 
mylonitic S4D foliation. These fabrics are interpreted to 
have formed during D6D (see Structural domains). The D6D 
fabrics indicate a reversal in ductile movement post-dating 
the intrusion of the quartz veins. This is in accordance 
with the cooling history of the Denara Domain (Weisheit 
et al 2019), which is interpreted to reflect exhumation 
during reverse movement on the Delny Shear Zone prior 
to ca 1.73 Ga, possibly during D3 (identified in the Jervois 
and Bonya domains). Gneissic S6D fabrics at the Plenty 
Shear Zone formed at the end of this phase of exhumation 
(see Plenty Shear Zone). It is possible that the mylonitic 
structures in proximity to the Delny Shear Zone (S6D 
and L6D) formed during this inferred Palaeoproterozoic 
movement. 

Direct evidence for movement along the Delny 
Shear Zone during the Palaeozoic Larapinta Event is not 
preserved. It is inferred that the western section that 
forms the boundary to the Irindina Province was active 
contemporaneous with activity along the Plenty Shear Zone 
(see Plenty Shear Zone).

The latest preserved ductile movement along the Delny 
Shear Zone in Jervois Range Special is interpreted from 
a schistosity to grain-shape foliation S4I that overprints 
the Yambla Gneiss at the western Delny Shear Zone (at 
604682mE 7474215mN). The calculated shear plane of 
the Delny Shear Zone based on the main S4I foliation dips 
159/72 ± 5° with a stretching lineation L4I of 72→169 ± 5°. 
The foliation is axial planar to a km-scale, apparent sinistral 
drag fold (F4I) in the hanging wall of the Delny Shear Zone 
in Yambla Gneiss (Figure 5). The stretching lineation L4I is 
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sub-parallel to the fold axis of that drag fold (see Structural 
domains). The orientation of the D4I structures indicates 
ductile, reverse movement along the western Delny Shear 
Zone under sinistral transpression. 

Brittle, reverse movement along the Delny Shear Zone 
is indirectly preserved with an isolated outcrop of quartz 
sandstone and conglomerate in southwestern Tarlton 
(662085mE 7462031mN), which is tentatively interpreted as 
Yackah beds of the Georgina Basin. In this area, the Yackah 
beds unconformably overlie concealed rocks of the Denara 
Domain. The bedding of the Yackah beds dips steeply 
towards the southeast, and the unit is intruded by cm- to 
m-wide, white, massive quartz veins. This outcrop occurs on 
the hanging wall of a concealed southeast-trending splay off 
the Delny Shear Zone. This splay is interpreted to separate 
the Denara Domain in the hanging wall from the Jervois 
Domain in the footwall (Figure 3). The steeply dipping 
Yackah beds indicate that brittle movement occurred along 
the Delny Shear Zone after deposition of Georgina Basin 
rocks. 

Plenty Shear Zone

The Plenty Shear Zone forms a system of southeast-
trending structures about 2 km south of Mount Thring 
that are primarily interpreted from magnetic datasets and 
one outcrop. These structures branch off the Delny Shear 
Zone and are interpreted to form a splay or secondary fault 
system that likely developed during the Palaeoproterozoic 
and was reactivated during the Larapinta Event and Alice 
Springs Orogeny (Figure 46). The Plenty Shear Zone can 
be separated into two systems: an undulating western splay 
and a straight southeast-trending eastern splay. Strong 
differences in the magnetic signals of the magnetically 
low Irindina Province southwest of the western splay and 
the magnetically high Denara Domain in the east indicate 
that this western undulating structure forms part of the 
province boundary (Figure 46). The Plenty Shear Zone 
is interpreted to continue to the southeast into ILLOGWA 
CREEK and HAY RIVER where it forms a major structure 
bounding Irindina Province and Aileron Province rocks in 
the subsurface.

Indirect evidence for Palaeoproterozoic movement 
along the western splay structure is preserved in a sample 
of S6D gneissic deformed Denara Orthogneiss that outcrops 
within 500 m of the concealed western splay (611311mE 
7495805mN; Figure 36). Metamorphic monazite formed 
in the sample at ca 1.72 Ga, indicating formation of the 
gneissic fabric at around the same time (Reno et al 2016, 
Weisheit et al 2019). This age is not observed elsewhere 
in the Denara Domain and likely reflects movement along 
the Plenty Shear Zone towards the end of the phase of 
exhumation in the Palaeoproterozoic tectonothermal cycle 
(Weisheit et al 2019).

The western splay structure is exposed in one outcrop 
at the contact between sheared Yambla Gneiss and Denara 
Orthogneiss (615438mE 7463696mN), dipping gently 
to the northeast (see S2I and S7D). Sigma clasts and shear 
bands in both units at the contact indicate a dextral, north-
over-south movement relative to the current outcropping 
orientation. The main foliation S2I in the Yambla Gneiss is 

interpreted to have formed between ca 470–460 Ma during 
the extensional Larapinta Event (Weisheit et al 2019), likely 
contemporaneous with formation of D7D structures. D2I 
and D7D structures at the contact area between the Yambla 
Gneiss and Denara Orthogneiss are interpreted to have 
formed during movement along the western Plenty Shear 
Zone. The now northeast-dipping western Plenty Shear 
Zone, with apparent reverse sense of movement, formed 
during the Larapinta Event during normal movement. This 
part of the Plenty Shear Zone is gently to shallowly dipping. 
It is interpreted to strongly undulate in the subsurface based 
on the geophysical signal. Minor outcrop of Yambla Gneiss 
northeast of that signal (610890mE 7465250mN) indicates 
the possible presence of minor splay structures that formed 
slivers of Yambla Gneiss within Denara Orthogneiss (cross 
section in Figure 46). The current geometry of that shear 
zone is likely a result of later overturning due to folding 
during D4I; as such, the outcrop at 615438mE 7463696mN 
does not reflect the actual sense of movement during 
formation of the structure (orange structure in Figure 46). 

A structurally complex outcrop of mica-bearing 
metasandstone of the Yambla Gneiss at 610926mE 
7465281mN is interpreted to have been affected by ductile 
movement along the undulating part of the Plenty Shear 
Zone. The timing of this inferred movement is unknown 
but is likely to be contemporaneous with the formation of 
the shear fabrics at the contact area between Yambla Gneiss 
and Denara Orthogneiss.

The eastern part of the Plenty Shear Zone is a straight, 
southeast-trending structure that splays off the Delny Shear 
Zone; it is characterised by a strong magnetic low signal 
within rocks of the Denara Domain, ~2 km northeast of 
Jervois Homestead (green structure in Figure 46). There is 
no outcrop, but changes in magnetic signals on either side 
indicate that movement occurred along this structure. This 
movement is interpreted to have resulted in the folding and 
overturning of the older, undulating western splay structure 
during D4I in the course of the Alice Springs Orogeny 
(Figure 46). 

Brittle structures have been observed in mica-bearing 
metasandstone of the Yambla Gneiss close to the Plenty 
Shear Zone. Bedding-parallel, dextral, reverse slickensides 
(615300mE 7463519mN) and bedding-parallel breccia 
zones (607385mE 7465371mN) are indirect evidence for 
brittle movement along the structure. This movement is 
constrained to late in the Alice Springs Orogeny when the 
Irindina Province had been exhumed to shallow crustal 
levels.

Jervois Fault Zone

The north-northeast-trending and steeply southeast-dipping 
Jervois Fault Zone comprises the Jervois Fault and the sub-
parallel Midnight Fault (Figure 5). The extent of the Jervois 
Fault as interpreted is based on rare outcrops of mylonitic 
schists (eg 627875mE 7494927mN) and quartz vein 
breccias, and a distinct, ~1 km-wide magnetic low signal 
(Figure 3) that can be traced for ~40 km in central Jervois 
Range Special. The signal starts in Aileron Province 
basement rocks north of the Delny Shear Zone and, towards 
the north-northeast, forms the boundary between Aileron 
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Province in the hanging wall and sedimentary rocks of 
the Georgina Basin in the footwall. The magnetic low 
signal of the Jervois Fault can be traced further north-
northeastwards underneath the Georgina Basin. Just north 
of Jervois Range Special, in southeast Lucy, the magnetic 
signal of the Jervois Fault is interpreted to be dragged 
into the Lucy Creek Fault Zone. The Jervois Fault marks a 
boundary between gravity low and high signals, and hence 
represents a major crustal structure in Jervois Range 
Special (Figure 4). The Midnight Fault is less pronounced 
in gravity and magnetic images (Figures 3, 4) but can be 
traced for ~13 km as a narrow magnetic low signal in the 
subsurface along strike of mylonitic and ultra-mylonitic 
outcrops (eg 617843mE 7482153mN) in the eastern Bonya 
Domain. The magnetic signal of the Midnight Fault is 
interpreted to be dragged into the Bonya Fault Zone, 
indicating an apparently sinistral movement along the 
Bonya Fault Zone. A possible continuation of the Midnight 
Fault has been inferred from low magnetic signals north 
of the Bonya Fault Zone underneath the Georgina Basin 
(Figure 5). This possible continuation structure of the 
Midnight Fault is also interpreted to be dragged apparently 
sinistrally into the Bonya Fault Zone. Despite this 
interpretation, the magnetic signal of the Bonya Fault Zone 
itself is interpreted to be dragged apparent dextrally into 
the Jervois Fault (Figure 5). This alternating relationship 
of a cross-cut between the Bonya and Jervois fault zones 
is characteristic of a conjugate set system where both 
structures are interpreted to have undergone sequential 
movement during the same stress regime within the same 
time period (eg Ramsey and Huber 1987). 

The earliest movement along the Jervois Fault Zone is 
interpreted using indirect evidence from Aileron Province 
rocks in the Bonya Domain west of the Midnight Fault (in the 
footwall) and in the Jervois Domain east of the Jervois Fault 
(in the hanging wall). These rocks are pervasively deformed 
by a main foliation S2 that is interpreted to have formed 
during extensional conditions (see Structural domains). 
Normal movement along the Jervois Fault Zone (and the 
sub-parallel Charlotte Fault Zone) during formation of S2 
is not preserved in outcrop but is inferred from counter-
clockwise pressure–temperature–time paths in both Jervois 
and Bonya domains that indicate an isothermal increase in 
pressure to >0.3–0.4 GPa at ca 1.76–1.75 Ga (Weisheit et al 
2019). The relative increase in pressure in both domains 
reflects the complex relationship between the Jervois, 
Bonya and Charlotte fault zones during that time.

Indirect evidence for further movement along the Jervois 
Fault Zone is indicated by the occurrence of a km-scale 
antiformal structure in the footwall of the Midnight Fault 
and a synformal structure (J-Fold) in the hanging wall 
of the Jervois Fault (Figure 5, see Structural domains). 
These structures are interpreted as drag folds (F3 ) caused 
by dextral strike-slip movement along the Jervois Fault 
Zone during local dextral transpression (D3). To form these 
drag folds in the current outcropping orientation, the local 
stress field during D3 would have been oriented with σ1 
plunging shallowly approximately towards the southwest 
and σ3 plunging sub-horizontally approximately towards the 
southeast. The formation of the D3 drag folds occurred prior 
to the intrusion of epigenetic copper-mineralised quartz 

veins and pegmatites at ca 1.73 Ga (McGloin and Weisheit 
in review); this provides a minimum age for the interpreted 
strike-slip movement along the Jervois Fault Zone. 

The mylonitic schistosity (S3c) that overprints Bonya 
Metamorphics in the Jervois Fault (eg 627875mE 
7494927mN) has a mean orientation of 100/77 ± 5° 
(Figure 17, 19). A stretching lineation (L3c) defined 
by quartz and mica plunges steeply towards southeast 
(70→162). Microstructures, such as shear bands and σ-clast, 
indicate ductile, normal to slightly dextral oblique-slip 
movement along the Jervois Fault during the formation of 
these mylonites. Similar structures have been found along 
the sub-parallel Midnight Fault with mean orientations of 
mylonites (S3c ) of 084/85 ± 7° and a quartz and feldspar 
stretching lineation (L3c ) of 80→148 ± 5°, interpreted to 
have formed also during ductile, normal movement. To 
activate the east-dipping Jervois and Midnight faults as 
normal faults during simple shear or transtension, the 
local stress field was oriented with σ1 plunging moderately 
towards west-southwest and σ3 plunging shallowly towards 
southwest, relative to the current outcropping orientation. 
This ductile, normal movement along the Jervois Fault 
Zone occurred after the formation of the F3 J-Fold in the 
Jervois Domain and its antiformal counterpart in the Bonya 
Domain. Because Georgina Basin sedimentary rocks are 
not overprinted by a mylonitic foliation along the Jervois 
Fault Zone (and are also not folded in a km-scale drag fold), 
the normal movement occurred prior to the deposition of 
these sedimentary rocks. The similar orientation of the local 
stress field that is interpreted to have caused the formation 
of the F3 drag folds, and of the stress field that caused the 
formation of the mylonites S3c, points to a close temporal 
relationship and may indicate progressive deformation (D3 ) 
in an overall transpressional setting (transpression can 
cause the formation of normal faults, eg Jones et al 2004). 

Brittle reactivation along the Jervois Fault Zone 
occurred after the deposition of the Georgina Basin 
sedimentary rocks. Along the Jervois Fault, Aileron 
Province basement rocks were juxtaposed against basin 
sedimentary rocks during reverse movement. The contact 
between the basin and basement stratigraphy is sharp, 
forming m- to 10 m-scale fault-propagation folds and 
monoclines in the basin rocks in the footwall, with steeply 
to northwest dipping or overturned limbs (Freeman 1986; 
Figure 47). Fracture, brecciation, and quartz infiltration 
zones are common in basin rocks at the fault zone. The 
amount of reverse movement along the Jervois Fault 
decreases towards the northeastern end of the structure, 
preserving a cover of Georgina Basin sedimentary rocks 
unconformably overlying Aileron Province basement rocks 
in the hanging wall. The maximum amount of exhumation 
of the unconformity along the Jervois and Lucy Creek 
fault zones is estimated to be ~6500 m. This is based on 
projecting an average north-dip of 20° of the bedding of 
Georgina Basin sedimentary rocks on the hanging wall 
of the Jervois Fault and the Lucy Creek Fault Zone (at 
651000mE 7503200mN) south to the Mount Cornish area 
(at 651000mE 7478700mN; see cross sections in Reno et al 
2019). This is likely an overestimation as bedding dips of 
the Georgina Basin sedimentary rocks are much shallower 
close to the Jervois Fault and at Mount Cornish (Freeman 
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et al 1986). With a maximum thickness of 3700 m of 
Georgina Basin sedimentary rocks in Jervois Range 
Special (Dunster et al 2007, Greene 2010 and references 
therein), movement along the Jervois Fault (and other 
major structures) occurred within the brittle zone of the 
crust. The timing of this movement is indirectly preserved 
from displacement and disruption of Elkera Formation 
and Mount Baldwin Formation along the Jervois Fault and 
the interpreted Midnight Fault north of the Bonya Fault 
Zone (Freeman et al 1986); this movement is interpreted 
to have occurred during the ca 395–375 Ma Pertnjara–
Brewer events (Teasdale and Pryer 2002).

Unca Fault

The north-northeast-trending Unca Fault extends for 
~20 km as a ~1 km-wide magnetic low signal in the central-
east of the Jervois Domain, bounding north-northeast-
trending magnetic signals of Bonya Metamorphics, 
Samarkand Pegmatite, and Attutra Metagabbro to the 
northwest, and irregular signals of Tarlton Bore Granite 
and minor Attutra Metagabbro and Baikal Supersuite to 
the southeast (Figures 3, 6). The Unca Fault marks the 
boundary to a gravity high, interpreted to originate from 
a >5 km-wide body of Attutra Metagabbro to the north 
(Figure 4). The magnetic low signal of the Unca Fault starts 
~12 km southeast of the J-Fold, north of a largely subsurface 
granitic area of possibly Tarlton Bore Granite; it trends 
north-north-eastwards and is dragged apparently sinistrally 
into the Lucy Creek Fault Zone (Figure 5). The Unca Fault 
strikes sub-parallel to the Jervois Fault Zone and bounds 
the south-eastern limb of the J-Fold gross structure (see 
Structural domains), indicating both faults were active 
during development of the J-Fold gross structure. 

Proto-mylonite and mylonite foliations that overprint 
rocks of the Baikal Supersuite in one outcrop at the north-
eastern end of the Unca Fault (641298mE 7491447mN) 
have an orientation of ~088/70 with steeply plunging 
lineation; rotated porphyroclasts indicate a reverse sense 
of shear. These mylonites are interpreted to have formed 
contemporaneously with ductile, reverse movement that is 
preserved in the eastern and central Delny Shear Zone (D6D 
of the Denara Domain) and the Charlotte Fault Zone. 

Steep quartz–hematite vein breccias intruded along 
the Unca Fault, post-dating ductile movement. The Unca 
Fault does not penetrate sedimentary rocks of the Georgina 
Basin; however, these veins are interpreted to have formed 
during Palaeozoic brittle deformation. 

Charlotte Fault Zone (and Picton Fault Zone)

The north-northwest-trending Charlotte Fault Zone marks 
the boundary between the Bonya Domain in the east, which is 
characterised by abundant outcrop of Bonya Metamorphics; 
and the Jinka Domain in the west, which is dominated by 
outcrops of Thring Granite, Jinka Granite, and granodiorite 
of the Boundary Igneous Complex. Mascotte and White 
Violet orthogneisses, and Kings Legend Metadolerite all 
outcrop in both domains (Figure 6). 

The Charlotte Fault Zone is a major geophysical 
boundary between distinct magnetic and gravity signals 
(Figures 3, 4). The up to 1 km-wide magnetic low trace 
of the Charlotte Fault Zone extends into Jinka and central 
HUCKITTA and forms a conjugate set, or anastomosing 
splay system, with the west-northwest- to north-northwest-
trending Picton Fault Zone (after Freeman et al 1986). Two 
to five km-long east-trending faults displace both Aileron 
Province basement and Georgina Basin close to Twins 
Bore; they are interpreted to be part of this conjugate set 
(en-echelon faults described by Shaw et al 1984a). The 
Charlotte Fault Zone can be traced further towards the north 
underneath the Georgina Basin sedimentary rocks for more 
than 80 km where it is interpreted to form an anastomosing 
splay system with the Bonya and Putta Putta fault zones 
(see Freemen et al 1986).

In Jervois Range Special, the Charlotte Fault Zone 
can be separated into three related major structures: 1) the 
south-southeast-trending, west-dipping main Charlotte 
Fault structure, which extends west underneath the 
Georgina Basin in Jinka; 2) an unnamed low-angle splay 
fault that trends south-southeast and is entirely within 
Thring Granite, ~2 km west from the main structure; and 
3) an unnamed east- to southeast-trending, moderately to 
steeply south-dipping secondary fault that formed within 
Bonya Metamorphics and splays off the Charlotte Fault 
towards the east at 603050mE 7489200mN (Figure 5).

Outcrops of ductily deformed rocks along the main 
Charlotte Fault are restricted to minor occurrences of 
schistose mylonites that formed within White Violet 
Orthogneiss (eg 605585mE 7485792mN; 606550mE 
7483606mN). More common along the strike of the fault 
are extensively weathered and K-feldspar–quartz-altered 
outcrops (Figure 5) of eg White Violet Orthogneiss 
(eg 606297mE 7483933mN). Thin section analyses indicate 
multiple events of K-feldspar–quartz alteration along the 
fault, pre- and post-dating the main foliation S2 in the host 
rocks. This suggests the Charlotte Fault acted as a fluid 
pathway prior to and after D2 in the Bonya Domain; up to 
100s m-long ridges of hydrothermal quartz vein breccia 
follow this zone of weakness along its entire extent. 

The low-angle splay west off the Charlotte Fault within 
Thring Granite forms a boundary between two distinct 
magnetic signals (Figure 3c), possibly related to the 
localised occurrence of the Boundary Igneous Complex on 
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Figure 47. Brittle, monoclinal fault-propagation fold in Grant 
Bluff Formation of the Georgina Basin at the Jervois Fault 
(627715mE 7495033mN). 18 cm wide hammer head for scale.
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the west-side of this structure. The low-angle splay itself 
lacks a characteristic magnetic signal. It is exposed as ridges 
of quartz vein breccia within rubble of Thring Granite (eg 
605602mE 7482829mN).

The secondary fault splaying east off the Charlotte Fault 
is interpreted from a narrow, 100s m-wide magnetic low 
signal that trends for ~14 km east to southeast, including 
two termination splays that stop ~2 km west of the Midnight 
Fault (Figures 3, 5). The secondary fault of the Charlotte 
Fault Zone marks the boundary between the km-scale, 
close asymmetric Z-folding (F3) of Bonya Metamorphics, 
Mascotte and White Violet orthogneisses, and Kings Legend 
Metadolerite in the south around Bonya Mine; and the 
km-scale open folding of the same rocks in the north (F3). 
Proto-mylonitic and mylonitic rocks outcrop locally along 
this structure (eg 608554mE 7488498mN). Bowen et al 
(1971) and Warren (1980) considered this secondary fault 
as a ‘major unconformity within the Bonya metamorphic 
complex’.

The Charlotte Fault Zone experienced several stages 
of movement before, during, and after deposition of the 
sedimentary rocks in the Georgina Basin. The oldest 
evidence for movement along the fault zone are rare 
mylonitic schists that outcrop along the main Charlotte 
Fault and cross-cut and fold older S2 gneissic fabrics eg 
in White Violet Orthogneiss (eg 605585mE 7485792mN); 
they record sinistral oblique-slip movement. Due to 
subsequent deformation along the fault, these mylonitic 
schists are re-oriented into an east–west strike and their 
original dip-slip direction cannot be determined. Sinistral 
strike-slip movement is interpreted to have caused the 
formation of the km-scale F3 Z-folding (drag folds) around 
Bonya Mine in the footwall of the Charlotte Fault and 
the hanging wall of the secondary fault (Figure 5, see 
Structural domains). Similarly, the open folding with 
possible steep fold axes in the footwall of the secondary 
structure formed during sinistral strike-slip. Because 
ductile shearing and km-scale drag folding is absent in 
Georgina Basin sedimentary rocks, the sinistral strike-
slip movement along the Charlotte Fault Zone occurred 
prior to the deposition of the basin.

Mylonitic rocks observed along the secondary 
fault within possible Bonya Metamorphics (608554mE 
7488498mN) do not show evidence for dominating sinistral 
strike-slip movement. These mylonites record south-side 
up movement with a slight sinistral strike-slip component. 
Similar ductile, reverse movement is recorded in quartz 
veins in the similarly east-trending Delny Shear Zone and 
the north-northeast-trending Unca Fault. The timing of this 
ductile, reverse movement cannot be resolved with available 
data; however, correlation with the reverse movement on the 
eastern and central Delny Shear Zone during D6D suggests it 
occurred prior to 1.72 Ga.

Further ductile movement along the Charlotte Fault is 
inferred from 100 m-scale drag folding with steep fold axis 
~5 km southwest of Bonya Mine (606550mE 7483606mN). 
These drag folds are interpreted to have formed during 
dextral strike-slip movement along the Charlotte Fault. No 
similar sense of movement has been interpreted for other 
main structures in Jervois Range Special; the timing of 
this movement is unknown. 

Brittle movement post-dating the deposition of 
sedimentary rocks in the Georgina Basin caused folding, 
displacement and brecciation in the basin. The southwest-
dipping Picton Fault Zone was active as a brittle, reverse 
structure and caused juxtaposition of Samarkand Pegmatite 
and Bonya Metamorphics with Grant Bluff, Elkera, and 
Mount Baldwin formations. Steepening of strata as well as 
fracture and breccia zones are common along the faulted 
contact. Displacement along the Picton Fault Zone decreases 
towards the northwest in Jinka. The east-trending faults 
at Twins Bore are interpreted to have caused 100 m-scale 
displacement in the Aileron Province basement and the 
overlying Grant Bluff Formation, minor displacement 
(expressed as monoclinal folds) in the Elkera Formation, and 
minor or no displacement in the unconformably overlying 
Mount Baldwin Formation due to localised reactivation 
(Shaw et al 1984a). A ~700 m-wide and 5.5 km-long sliver of 
Georgina Basin sedimentary rocks, including the Oorabra 
Arkose, and Elkera and Mount Baldwin formations, 
is preserved at the hanging wall of the Charlotte Fault 
(Freeman et al 1986). This partly overturned, faulted and 
folded sedimentary sequence has a faulted contact with the 
Aileron Province rocks in the east along the Charlotte Fault 
and an unconformity contact along the western margin. A 
~2 km-wide area of gently folded Oorabra Arkose is also 
preserved in the hanging wall of the low-angle splay fault, 
nonconformable on the Thring Granite, ~3 km north of 
Mount Thring (Figure 5).

Bonya Fault Zone

The Bonya Fault Zone forms several north-northwest- to 
north-trending, steeply southwest-dipping structures that 
can be traced as ~1 km-wide magnetic low signals in central-
western Jervois Range Special (Figure 3). The magnetic 
signal of the main, ductile structure that deforms Aileron 
Province rocks is over 80 km long. It starts close to the Jervois 
Fault Zone where it marks the contact between the Aileron 
Province and the Georgina Basin (Figure 5). Further to the 
northwest, southeast of the Johannsen Range, the magnetic 
signal of the main structure occurs within Aileron Province 
rocks; a set of sub-parallel fault structures bound the Aileron 
Province and the Georgina Basin (Figure 5). The main 
structure of the Bonya Fault Zone continues towards the 
northwest into central HUCKITTA underneath the Georgina 
Basin. There it forms, together with the Charlotte and Putta 
Putta fault zones, a system of thick-skinned, anastomosing 
splay structures (see Freemen et al 1986). 

The Bonya Fault Zone marks the boundary between 
gravity highs and lows along its entire length, representing 
a major crustal structure in Jervois Range Special 
(Figure 4) and also in central HUCKITTA. In Jervois 
Range Special, the Bonya Fault Zone forms the northern 
boundary of the Bonya Domain. It is interpreted to cause 
an apparent sinistral drag of the north-northeast-trending 
Midnight Fault into the Bonya Fault Zone. The Bonya Fault 
Zone is itself dragged apparent dextrally into the Jervois 
Fault. A north-northwest-trending magnetic low, which 
is noted in the southwestern part of the Jervois Domain, 
bounds distinct geophysical signals and is a possible 
continuation of the Bonya Fault Zone in the subsurface 
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(Figure 5). The geometric relationship between the Bonya 
and Jervois fault zones are typical of a conjugate set system 
(eg Ramsey and Huber 1987). 

Outcropping rocks of the Aileron Province close to and 
within the Bonya Fault Zone are scarce; they are commonly 
K-feldspar–quartz altered and brecciated. No mylonites or 
ultramylonites are exposed along the Bonya Fault Zone, 
but one outcrop of possible Attutra Metagabbro (621420mE 
7489162mN) and another of possible Jericho Granite 
(621599mE 7489266mN) are overprinted by a schistose 
foliation that trends parallel to the Bonya Fault Zone. A 
brittle fault surface that overprints silicified and brecciated 
Aileron Province basement rock (621764mE 7489026mN) 
dips sub-parallel to the schistose fabric. The mean direction 
of the schistose structures and the fault surface is 212/71 ± 4°, 
which is interpreted as representing the orientation of the 
Bonya Fault Zone in that area (Figure 28b). No lineations 
were observed along these rare foliation and fault planes. 
These structures formed after the formation of the main 
foliation S2 in rocks in the Bonya Domain. 

Up to 100s m-long quartz vein breccia ridges occur 
dominantly at the southeastern end of the Bonya Fault Zone 
where it is dragged into the Jervois Fault. These quartz vein 
breccias cross-cut the Georgina Basin stratigraphy in the 
footwall of the Bonya Fault Zone, indicating a maximum 
age of formation of the vein breccias, postdating the 
deposition of the Elkera Formation. 

Similar to the earliest ductile movement along the 
Jervois Fault Zone, the earliest ductile movement along the 
Bonya Fault Zone is inferred to be normal from the counter-
clockwise pressure–temperature–time path for the Bonya 
Metamorphics in the Bonya Domain (Weisheit et al 2019). 
The formation of the main foliation S2 in the Bonya Domain 
occurred during isothermal increase in pressure to peak 
pressure at ca 1.76 Ga, which would require possible normal 
movement along the Bonya Fault Zone at that time.

Indirect evidence for further movement along the Bonya 
Fault Zone is interpreted from a km-scale drag folding 
of the main foliation (S2) in the Jericho Granite, Xanten 
Granodiorite and Bonya Metamorphics, between the 
Midnight and Jervois faults (Figure 28a). Dip and strike 
data from the S2 foliation in that area suggest a km-scale 
synclinal drag fold (F3b) with the southern limb dipping 
steeply towards the east-southeast, and the northern limb 
rotating towards the trend of the magnetic low of the Bonya 
Fault Zone and dipping steeply towards west-southwest 
(Figure 28b). The axis of the synform plunges with ~75° 
towards the south-southwest. The steep plunge of the axis 
of the synformal drag into the Bonya Fault Zone indicates 
its formation occurred during either dominantly sinistral 
strike-slip (wrench-dominated) or sinistral, reverse 
movement (pure-shear dominated) along the structure. 
Based on calculations shown in Figure 28b, the orientation 
of the local strain ellipsoid at the time of formation of the 
synformal drag fold is similar to the one calculated for the 
Jervois Fault Zone and the formation of the J-Fold, seen 
relative to the current outcropping orientation (σ1 plunging 
shallowly around north-northeast; σ3 plunging either 
steeply towards south, or shallowly around northwest). 
The Bonya and Jervois fault zones form a conjugate set; 
therefore, the regional stress field that caused movement 

and the formation of the drag folds along both structures 
had to be oriented with its σ1 shallowly plunging around 
east-northeast and σ3 shallowly around north-northwest. 
A minimum timing for the formation of the drag folds is 
constrained by cross-cutting relationships between copper-
mineralised quartz veins and pegmatites that are dated at 
ca 1.73 Ga and intrude the hinge zones of F3 folds (McGloin 
and Weisheit in review).

Reactivation of the Bonya Fault Zone with brittle, reverse, 
apparent dextral and sinistral movement occurred after the 
deposition of the Arrinthrunga Formation; it juxtaposed 
Aileron Province basement rocks north-eastwards with 
Georgina Basin sedimentary rocks (Freeman et al 1986). 
Discrete faulting, folding, brecciation, and infiltration of 
quartz veins, with rare instances of slickensides, occur along 
the Bonya Fault Zone in both sedimentary and basement 
rocks. Sedimentary rocks of the Georgina Basin that outcrop 
at the footwall of the Bonya Fault Zone are generally flat-
lying to gently east-dipping with local steepening directly 
at the fault zone, indicating a sharp contact with the Aileron 
Province basement rocks on the hanging wall (Freeman 
1986). Multiple movements caused the formation of several 
directions of slickensides, indicating possibly dextral-
up, and/or sinistral-down movement of the hanging wall 
(Figure 28b). Like the other major structures, the brittle, 
reverse movement along the Bonya Fault Zone possibly 
occurred during the Middle Devonian Pertnjara–Brewer 
events (eg Teasdale and Pryer 2002). 

Lucy Creek Fault Zone

The largely unexposed Lucy Creek Fault Zone is a north-
northwest- to north-trending, steeply southwest-dipping 
structure that includes a range of minor splay structures 
and fault sets (such as the Mount Playford Fault) in eastern 
Jervois Range Special; it extends northwards into Lucy, 
and southwards into western TOBERMORY and HAY 
RIVER (Shaw et al 1984a, Freeman et al 1986). The Lucy 
Creek Fault Zone can be traced as an up to 1 km-wide 
magnetic low and high signal bounding the Tarlton Domain 
in the east and the Jervois Domain in the west (Figures 3, 
4). In northern Jervois Range and Lucy, the fault zone is 
marked by a magnetic low signal underneath the Georgina 
Basin. 

The Lucy Creek Fault Zone caused faulting in 
Arrinthrunga Formation and Eurowie Sandstone Member 
(Freeman et al 1986). In Jervois Range Special, Bonya 
Metamorphics, Attutra Metagabbro, and Unca Granite 
outcrop exclusively in the hanging wall of the Lucy Creek 
Fault Zone in the west but are absent in the east. The Jervois 
Granodiorite, Tarlton Bore Granite, and Boundary Igneous 
Complex are recognised in outcrop on both sides of the fault 
zone (Figure 6). 

No outcrops of Aileron Province basement rocks have 
been identified in the Lucy Creek Fault Zone. Quartz vein 
breccias form fragmentary 10 m- to 100 m-long ridges along 
the magnetic trend of the fault zone. Potassic-feldspar-quartz 
alteration and brecciation is common in Aileron Province 
rocks in the hanging wall and footwall of the Lucy Creek Fault 
Zone, such as in S2-deformed Tarlton Bore Granite north of 
Mount Cornish (Figure 5; eg 647741mE 7485732mN). 
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Indirect evidence for ductile movement along the Lucy 
Creek Fault Zone is interpreted from apparent sinistral drag 
of the magnetic signal of the Unca Fault and Jervois Fault 
Zone (Figures 3, 5). This apparent sinistral drag resembles 
that found along the Bonya and Charlotte fault zones, which 
is interpreted to be related to the D3 deformation event. 
Similar D3-related drag folding is observed in S2-foliated 
rocks of the Boundary Igneous Complex, south of Mount 
Cornish in the hanging wall of the Lucy Creek Fault Zone 
(eg 654967mE 7472140mN). Folding and deformation 
increases towards the fault forming mylonites (S3c) that 
overprint the S2 foliation in the granites ~2 km southwest of 
the magnetic signal of the Lucy Creek Fault Zone (656151mE 
7472365mN). Measured stretching lineations L3c plunge 
moderately towards northwest; rotated porphyroclasts 
indicate normal, dextral movement. Stretching direction 
during the normal movement was around northwest. 

Indirect evidence for brittle reactivation along the Lucy 
Creek Fault Zone is preserved in the sedimentary succession 
of the Georgina Basin on both sides of the fault. In Jervois 
Range Special, the Neoproterozoic Mount Cornish 
Formation was deposited exclusively in the hanging wall of 
the Lucy Creek Fault Zone. The fault zone was re-activated 
as a southwest-dipping graben fault at that time (eg Greene 
2010).

A number of brittle fault set structures along the 
magnetic low trend of the Lucy Creek Fault Zone affected 
Arrinthrunga Formation during reverse movement; they 
caused the formation of monoclinal folds with steeply east-
dipping to overturned limbs (Freeman et al 1986, Greene 
2010) and fault-propagation folds on both sides of the fault 
sets. Gentle to open, synclinal and anticlinal structures 
with sub-horizontal axes plunging towards east or west are 
preserved in Yackah beds and Mount Cornish Formation 
at Mount Cornish (Reno et al 2019). These folds are 
interpreted to have formed during reverse movement along 
the Lucy Creek Fault Zone during the Pertnjara–Brewer 
events or Mount Eclipse Event (Greene 2010). The vertical 
displacement along the Lucy Creek and Mount Playford 
fault zones during reverse movement possibly ranges from 
700–1600 m (Greene 2010).

GEOLOGICAL DISCUSSION AND SYNTHESIS

Ductile structures are preserved in rocks of the Aileron 
and Irindina provinces (Table 4); rocks of the Georgina 
Basin experienced minor brittle faulting and folding. 
All observed regional ductile and brittle structures are 
interpreted to have formed during movement along major 
fault and shear zones that crosscut all provinces.

Based on their geometric relationship, the major fault and 
shear zones are interpreted to form a system of repeatedly 
activated east-trending primary fault and shear zones 
(Delny Shear Zone), plus several north-northeast-trending 
(Jervois Fault Zone, Unca Fault), north-northwest-trending 
(Charlotte Fault Zone, Bonya Fault Zone, Lucy Creek Fault 
Zone) and southeast-trending (Plenty Shear Zone) splays and 
secondary fault and shear zones. In this system, the Bonya 
Fault Zone and the Jervois Fault Zone form a conjugate set. 
The interpretation of primary and secondary structures is 
based on the classical Riedel shear system, which forms in 

strike-slip environments (eg Davis et al 2000). The geometric 
differences to the ideal strike-slip case are considered to result 
from the repeated re-activation of the original structures in 
extensional and transpressional settings rather than in strike-
slip environments (eg Oriolo et al 2016, Zhang et al 2017). 

Several stages of (brittle) reactivation of the major 
structures have been interpreted previously from relative 
and absolute changes of stratigraphic units in the Georgina 
Basin and changes in Aileron Province lithologies across 
structures (eg Walter 1980, Shaw et al 1984a,b, Freeman 
1986, Greene 2010). Ductile and brittle reactivation 
is preserved directly in mylonitic rocks, breccias and 
slickensides in outcrop, and indirectly, in drag folding in 
hanging walls or footwalls. Certain pressure–temperature–
time paths that are interpreted for samples in the domains 
(Weisheit et al 2019) provide more indirect evidence for 
ductile movement along the major structures. The timing 
of activity has been determined directly from radiometric 
age data collected from mylonitic samples; or indirectly, 
from age data of deformed and undeformed samples in the 
domains; or from age relationships in Georgina Basin rocks. 
Figure 48 summarises the timing of deformation events in 
Jervois Range Special.

There is no direct evidence that the major fault and shear 
zones were active during the formation of the rarely preserved 
Dn structures that formed at ca 1.79 Ga in the Bonya and 
Jervois domains. However, a change in the amount of Bonya 
Metamorphics and rocks of the Baikal Supersuite across the 
Jervois and Bonya fault zones, as well as the absence of 
Attutra Metagabbro and Bonya Metamorphics east of the 
Lucy Creek Fault Zone (Figure 6), may indicate that these 
faults were first active as graben structures during east-west 
extension. K-feldspar–quartz alteration concentrated along 
the Charlotte Fault Zone pre- and post-dates the regional 
S2 foliation, indicating that at least the fluid pathway 
existed prior to D2 in the Bonya Domain. Some structures 
that formed during Dn are interpreted to have formed in 
an extensional setting, supporting the interpretation of a 
possible graben system during the deposition of the Bonya 
Metamorphics.

The second ductile deformation D2, recognised in the 
Bonya, Jervois, Jinka, and Tarlton domains, is interpreted 
to preserve structures that formed under extensional/
transtensional conditions at ca 1.76 Ga. It is likely that 
the Bonya and Jervois fault zones were active as normal 
structures during that time (as supported by the pressure–
temperature–time path interpreted for samples within the 
domains; Weisheit et al 2019). At about the same time, 
migmatitisation and contemporaneous deformation (D1D–
D3D ) occurred in the Denara Domain. It is interpreted 
that the proto-mylonites and mylonites (D4D) that indicate 
normal movement along the eastern Delny Shear Zone 
formed late in this extensional/transtensional deformation 
system (Figure 48a). To activate the Delny Shear Zone 
and the Bonya and Jervois fault zones as normal faults, the 
regional stress field must have been extensional around the 
north–south quadrants (Figure 48a).

A phase of ductile strike-slip movement along the major 
structures is preserved indirectly in km-scale drag folds 
of D2-deformed Aileron Province rocks in the hanging 
walls and footwalls (Figure 48b). In the Bonya and Jervois 
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Table 4. Summary of ductile deformation events in the Aileron Province domains and the Irindina Province in Jervois Range Special.

Timing Features

Aileron Province

Irindina 
Province

Movements along major fault 
and shear zones Metamorphism Igneous activityBonya, 

Jervois, 
Tarlton, 

Jinka 
domains

Denara 
Domain

Pa
la

eo
zo

ic
 

te
ct

on
ot

he
rm

al
 c

yc
le possibly 

Alice Springs 
Orogeny

transpression, local shearing and 
folding D4I, D5I

brittle, reverse, oblique movement 
along secondary structures, ductile, 

reverse movement and brittle, 
reverse movement along Delny and 

Plenty shear zones

cooling and exhumation
(Irindina Province only)compression(?), local isoclinal 

folding and foliation D3I

possibly 
Larapinta 

Event

extension/transtension, local 
shearing in Denara Domain; 

pervasive foliation in Irindina 
Province

D7D D1I, D2I

brittle, normal movement along 
Charlotte Fault Zone, ductile, 

normal movement along Plenty 
Shear Zone and possibly western 

Delny Shear Zone

amphibolite–granulite 
facies metamorphism at 

ca 480–460 Ma (Irindina 
Province only)

minor felsic dykes in Irindina 
Province

Neoproterozoic extension, formation of half-grabens
brittle, normal movement along 
Charlotte and Lucy Creek fault 

zones
surface conditions

Pa
la

eo
pr

ot
er

oz
oi

c 
te

ct
on

ot
he

rm
al

 c
yc

le ca 1.73 – 1.70 Ga no preserved structures
D6D ductile strike-slip movement along 

all major structures followed(?) by 
reverse movement

isostatic cooling and 
exhumation

S- and I-type magmatism in 
Bonya, Jervois, Jinka domains

ca 1.75 Ga – 
1.73 Ga

local reverse shearing in Denara 
Domain(?)

D3
near-isothermal change in 
pressure in all domains; 
temperature maintained 

due to continued 
magmatic intrusion

transpression, asymmetric folding, 
drag folding D5D

ca 1.76 –
1.75 Ga

extension/transtension, 
isoclinal folding, main foliation; 
migmatitisation, main foliation, 

folding and local shearing in Denara 
Domain

D2
D1D, D2D, 
D3D, D4D

ductile, normal movement along 
Delny Shear Zone, Jervois Fault 

Zone, Bonya Fault Zone

continued felsic I-type 
magmatism in all Aileron 

Province domains

ca 1.79 Ga extension(?), rarely preserved

Dn
(missing 

in Tarlton 
Domain)

graben structures(?)
magmatic intrusion 

initiates high-thermal 
gradient metamorphism 

bimodal I-type magmatism in 
all Aileron Province domains 

until ca 1.77 Ga
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domains, the drag folds that are directly observed at the 
surface formed during a progressive D3 event at >1.73 Ga. 
In the Denara Domain, the D5D drag folds are interpreted 
from magnetic data to have formed contemporaneously 
with the drag folds in the Bonya and Jervois domains. It is 
possible that all drag folds formed during simple shear to 
transpressional movement along their respective structures 
during the same time. In that case, the regional stress 
field would have been oriented with σ1 plunging shallowly 
between ~70–100° or ~250–280° and σ3 between ~340–010° 
or ~160–190°, relative to the current outcropping orientation 
(Figure 48b). The mylonitic foliation (S3c) overprinting 
Bonya Metamorphics in the Jervois Fault Zone during 
normal, dip-slip movement is interpreted to have formed 
late during the D3 event. Studies have shown that normal 
structures can form in an overall transpressional setting 
(Jones et al 2004).

The regional stress regimes required for both the D2 
and D3 deformation in the Bonya and Jervois domains were 
oriented with σ3 shallowly plunging around north-northwest 
or south-southeast, relative to the current outcropping 
orientation. The difference between D2 (extensional) and 
D3 (simple shear to transpressional) is interpreted to have 
derived from changing ratio between σ1 and σ3 during 
ca 1.76 and 1.73 Ga (Figure 48a, b).

The inferred geometric relationships between the east-, 
north-northeast-, and north-northwest-trending structures 
during D2 and D3 are typical of primary and secondary 
structures. During D3, the Delny Shear Zone is interpreted 
to have been active as a dextral strike-slip structure and 
formed the primary shear zone. The dextral north-northeast-
trending structures, as well as the sinistral north-northwest-
trending ones, are interpreted to have formed as secondary 
structures related to synthetic P and antithetic Riedel shears 
respectively (Figure 48). 

Direct evidence for reverse, ductile movement 
along the major fault and shear zones is preserved in 
quartzofeldspathic mylonites in the Charlotte Fault Zone 
and the Unca Fault, and in quartz veins that are overprinted 
by a mylonite foliation in the eastern Delny Shear Zone 
(S6D). The timing of mylonite formation is unknown but 
might be related to a decrease in pressure recorded in the 
pressure–temperature–time path of a sample of Denara 
Orthogneiss (Weisheit et al 2019). Gneissic S6D fabrics in 
Denara Orthogneiss in proximity to the Plenty Shear Zone 
are interpreted to indicate that this structure was active at 
ca 1.72 Ga. It is likely that ductile activity along the Plenty 
Shear Zone at that time is linked to the reverse, ductile 
movement along the other major fault and shear zones, 
typical of a system a primary and secondary structures.

Drag folding observed in outcrop along the Charlotte 
Fault indicates ductile dextral strike-slip movement along 
that structure. This movement cannot be related to any 
movements preserved along the other north-northwest-
trending structures.

Indirect evidence for brittle, normal movement along 
the Charlotte and Lucy Creek fault zones is preserved in 
Georgina Basin stratigraphy. Neoproterozoic sedimentary 
rocks are only preserved in the hanging walls of those 
structures; they are interpreted as being deposited in a half-
graben setting during Ediacaran extension (eg Walter 1980, 

Greene 2010). No evidence for deposition of Neoproterozoic 
sedimentary rocks is preserved in outcrop along the Bonya 
Fault Zone or the north-northeast-trending Jervois Fault 
Zone.

Displacement and folding of Elkera Formation is 
preserved along east-trending faults at Twins Bore (part of 
the Picton Fault Zone). This deformation is interpreted to 
have occurred during the Ediacaran Huckitta Movement 
(see Kruse et al 2013). 

Evidence for renewed brittle movement along the 
Charlotte Fault Zone is preserved in the Georgina Basin in 
the hanging wall of the fault zone. Faulting, steepening and 
folding of the strata is considered to have occurred during 
renewed west-side down movement, post-dating at least 
the deposition of the Mount Baldwin Formation. It is likely 
that this normal movement occurred during the opening of 
the Larapintine Seaway in Lower to Middle Ordovician. At 
around the same time during the Larapinta Event, ductile 
deformation occurred throughout the Irindina Province 
(D1I and D2I) and locally in the Denara Domain (D7D ) at the 
contact to the Irindina Province, in proximity to the Plenty 
and Delny shear zones. Based on outcrop and geophysical 
data, the sheared contact between the Irindina Province 
and the Denara Domain is interpreted to be part of the 
western undulating Plenty Shear Zone (Figure 48c; orange 
structure in Figure 46). This part of the Plenty Shear Zone 
is interpreted to preserve ductile, normal movement during 
the Larapinta Event. It possibly reactivated a pre-existing 
shear zone that was active in the Palaeoproterozoic during 
D6D. There are no fabrics preserved in the western Delny 
Shear Zone that can be related to the Larapinta Event; 
however, normal movement is inferred from the fabrics and 
prograde high-grade metamorphism in the Yambla Gneiss. 
Normal movement along the Plenty and Delny shear zones, 
and the Charlotte Fault Zone, could have occurred during a 
~ north–south regional extension, but the orientation of the 
stress field during that time is unknown.

Evidence for a final stage of movement along the major 
structures during the Alice Springs Orogeny is preserved 
in ductile structures in the Irindina Province and brittle 
structures in the Aileron Province and Georgina Basin. 
Ductile drag fold structures that formed in the Irindina 
Province (D4I) are interpreted to have formed during reverse, 
slightly sinistral movement along the Delny Shear Zone 
(blue structure in Figure 46) and a newly-formed southeast-
trending splay of the Plenty Shear Zone (green structure in 
Figure 46). This splay fault folded the older, western splay 
structure of the Plenty Shear Zone into a shallowly and 
gently northeast-dipping orientation (Figure 46). 

Evidence for brittle, possibly reverse movement along 
the eastern Delny Shear Zone is preserved in an outcrop of 
Yackah beds, which is steepened at the contact to the sub-
surface Delny Shear Zone. Likewise, brittle, reverse, possibly 
oblique-slip movement, is preserved along all major north-
northeast and north-northwest-trending structures (except 
the Unca Fault). Along those structures, the Georgina Basin 
(including the youngest Cambrian sedimentary rocks) is 
faulted and folded. It is likely that reverse movement along all 
structures occurred at the same time during regional sinistral 
transpression with σ1 oriented in north-northeast or south-
southwest direction (Figure 48). Based on the sedimentary 
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Figure 48. Interpreted geology maps showing the distribution of structural domains and major structures. Figures summarise the structural 
evolution of the map area through time. (a) Ca 1.79–1.75 Ga: formation of Dn, D2 and D1D, D2D structures (green) possibly under extensional 
conditions. (b) Ca 1.75–1.73 Ga: formation of D3 and D5D structures (purple) possibly under dextral transpression (continued on next page). 
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Figure 48. (continued from previous page) (c) Ca 480–460 Ma: formation of D2I structures (bronze) possibly under extension. 
(d) 450– 300 Ma: formation of D4I structures (blue) possibly under sinistral transpression. The orientation of the corresponding, interpreted 
regional stress field is based on the current outcropping orientation.
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record in Palaeozoic basins throughout central Australia, 
the brittle, reverse movement is interpreted to have occurred 
during the ca 395–375 Ma Pertnjara–Brewer events, with 
minor activity during the ca 340–310 Ma Mount Eclipse 
event (Dunster et al 2007, Greene 2010, Kruse et al 2013). 

The geometric relationship between the east-trending 
Delny Shear Zone (blue structure), the southeast-trending 
eastern Plenty Shear Zone (green structure) and the 
undulating, southeast-trending western Plenty Shear Zone 
(orange structure in Figure 46) are interpreted to result 
from repeated, contemporaneous movement along both 
structures during the extensional Larapinta Event and the 
transpressional Alice Springs Orogeny. The western Plenty 
Shear Zone likely reactivated an older Palaeoproterozoic 
structure during the Larapinta Event as a possibly southwest-
dipping splay structure off the Delny Shear Zone. During 
the Larapinta event, the Irindina Province experienced 
peak-metamorphism and widespread deformation in the 
hanging walls of both shear zones; relative movements of 
domains in the footwalls of these structures was limited to 
the brittle part of the crust. During the transpressional Alice 
Springs Orogeny, the previously active western Plenty 
Shear Zone was possibly not oriented in the right direction 
to accommodate the regional stresses by reactivation. 
Therefore, a new southeast-trending splay structure formed 
to the east as part of the Plenty Shear Zone, possibly dipping 
steeply to the southwest and merging with the Delny Shear 
Zone at depth (Figure 46). Movement along the Delny and 
eastern Plenty shear zones is interpreted to have resulted 
in the folding of the western part of the Plenty Shear Zone 
during D4I, as well as the uplift of the Irindina Province 
to shallow crustal levels in the hanging walls. Relative 
movements of domains in the footwalls of these structures 
was limited to the brittle part of the crust. 

CONCLUSION AND FUTURE WORK

Detailed analysis and interpretation of pre-existing and newly 
collected structural data in the Jervois Range Special area 
has led to a revised understanding of the tectonic history of 
rocks, particularly of those in the Palaeoproterozoic Aileron 
Province. This study has shown that interpreting structural 
data in terms of regional systems and processes is a powerful 
tool in unravelling the tectonic history of a polydeformed 
and polymetamorphosed basement terrane. In particular, 
this approach allows the recognition of the connection 
between the evolution of major fault and shear zones and 
that of the rocks in the hanging walls and footwalls of these 
structures. Moreover, integrating results from stratigraphic, 
metamorphic, geochronological, and geochemical analyses 
with the system-focused structural interpretation has resulted 
in a holistic re-interpretation of the geological history in 
Jervois Range Special (see Weisheit et al 2019).

Ongoing system-focused studies by NTGS in mapsheets 
west of Jervois Range Special (ie Jinka and Dneiper 
Special) will provide a more comprehensive dataset on 
rocks from the northeastern Aileron Province and northern 
Irindina Province. These data can then be used to understand 
the connection between the geological history of the studied 
areas and other parts of these geological provinces (eg Reno 
et al 2017, Weisheit et al 2017). 
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