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A B S T R A C T

Gneiss domes occur in a wide variety of orogenic and anorogenic domains of the continental crust, and play a
major role in lithosphere dynamics by allowing upwards transfer of heat and mass. They commonly contain a
core of granites and/or migmatites, overlain by a mantle of lower-grade rocks. Evolutionary models of many
gneiss domes are controversial.

Here we use new structural and zircon isotopic data to unravel the tectono-magmatic evolution of the Yalgoo
dome and surroundings, at the margins of the Neoarchean Yilgarn Orogen, Western Australia. The study area
includes at least seven granite–migmatite domes (5–70 km in average diameter), and several subdomes within
the larger domes, all showing comparable structural features and age. In each dome, a concentric domal foliation
is concordant with granite–greenstone contacts, bearing a radial, outward-plunging lineation. The bulk of the
structures in each dome reflect magmatic flow, with pervasive subsolidus fabrics occurring only along the outer
dome margins, and reflecting dome-up kinematics. Narrow greenstone keels pinched between domes and sub-
domes display vertical constriction, in an area regionally dominated by flattening along the steep sides of the
deeply-eroded domes, and along the flat-laying dome roofs.

The regional structural pattern and the kinematics of the high-strain zones are best explained by sequential
emplacement of nested diapirs, which delivered large volumes of granitic magma in a c. 20 Myr time-span. The
dome-and-keel regional architecture and the internal structures of each dome resulted therefore from multiscale
polydiapirism. These diapirs were later weakly overprinted by a tectonic fabric that developed during the
Neoarchean Yilgarn Orogeny. The contrast between the Yalgoo region and the rest of the craton, which was
strongly reworked by this orogeny, highlights the dichotomy of tectonic styles in Archean terranes, demon-
strating that diapirism dominated in times of tectonic quiescence.

1. Introduction

Gneiss domes and gneiss dome systems (Eskola, 1948; Yin, 2004)
are striking geological features that occur in a variety of geological
settings, from Precambrian cratons to present-day active orogens (Little
et al., 2011). They play a major role in lithosphere dynamics by al-
lowing upwards transfer of heat and material, thus contributing to the
stabilization of the continental crust (Whitney et al., 2004). Gneiss
domes show domal foliation patterns, and commonly include granites,
migmatites, and/or other high-grade metamorphic rocks in their cores,

enveloped by a mantle of dominantly metasedimentary and meta-
volcanic, lower-grade rocks.

The literature offers a wide variety of mechanisms for dome for-
mation, and evolutionary models of many gneiss domes are still con-
troversial (Mareschal and West, 1980). Early field and conceptual stu-
dies emphasized the role of Rayleigh–Taylor instabilities and diapirism
(Bouhallier et al., 1995; Cruden, 1988; Dixon, 1975; Jackson and
Talbot, 1989; Ramberg, 1972; Weinberg and Podladchikov, 1995),
stressing the role of lower-crustal viscous flow and density contrast in
shaping upper crustal geometries and kinematics. Other contributions
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focused on the role of tectonic activity in the strong upper crust in
triggering and/or influencing the pattern of lower-crustal flow (e.g.
Lister and Davis, 1989). Gneiss domes have been related to orthogonal
superposed folding (Ramsay, 1967), duplex development in thrust
systems, décollement faults in extensional environments (forming me-
tamorphic core complexes), and fold culminations in strike-slip systems
(Yin, 2004 for a review). A variety of processes may have cooperated or
competed in variable extent and/or at different stages of dome forma-
tion (Vanderhaeghe et al., 2011), so that a superficially simple domal
architecture may in fact represent the end product of a complex tec-
tono-magmatic and metamorphic evolution (François et al., 2014;
Kruckenberg et al., 2011).

Different processes of dome formation should be associated with
typical dome-scale finite strain patterns, and so structural analysis is a
fundamental tool for unravelling their evolution. For example, gneiss
domes formed by superposed folds should show patterns of planar and
linear structures consistent with doubly-folded surfaces (Whitney et al.,
2004). Syn-orogenic domes should exhibit lineation patterns con-
cordant with regional-scale strain fields (Yin, 2004). In contrast, dia-
piric domes may be discordant to regional structures and show radial
lineation arrangements, evidence of magmatic flow and systematic
spatial variations in the shape of the finite strain ellipsoid (Bouhallier
et al., 1995; Brun et al., 1981; Chardon et al., 1996; Dixon and
Summers, 1983). Diapiric gneiss dome system may include polydiapirs,
which consist of diapirs within diapirs (termed also nested diapirs, or
subdomes), and/or of clusters of individual diapirs within a batholith
(Stephansson, 1975). They can also form from multiple episodes of heat
transfer over longer time periods (e.g. Van Kranendonk et al., 2004).
Polydiapirism results from sequential or simultaneous multiwavelength
gravitational instabilities, primarily triggered by vertical and lateral
variations in density, viscosity and crustal thickness (Weinberg and
Schmeling, 1992).

Gneiss domes are common in Archean granite–greenstone terranes
(Whitney et al., 2004), where the dome-and-keel architecture com-
monly reflects tectonic activity dominated by body forces, with igneous
diapirism assisted by greenstone sagduction (Bouhallier et al., 1995;
Choukroune et al., 1997; Collins, 1989). In contrast, other Archean
terranes, such as those composing the Yilgarn Craton (Western Aus-
tralia) include linear, upright fold belts and crustal-scale shear zones
juxtaposing ribbon-like domains (Calvert and Ludden, 1999; Cruden
et al., 2006; Myers, 1995; Zibra et al., 2017). Such a structural grain is
prominent in the central and eastern part of the craton, but is in striking
contrast with the regional-scale dome-and-keel architecture exposed
along the western margin of the Yilgarn Craton (Figs. 1 and 2). In this
area, the Yalgoo dome was originally described as the result of super-
posed folds (Myers and Watkins, 1985). More recently, using structural
data from a small portion of the core of the dome, Clos et al. (2019a)
suggested that diapirism occurred prior to compressional orogenesis.
However, the relationships between these local structures (at
~1–10 km-scale, documented by Clos et al. (2019a, 2019b)) and re-
gional-scale structures associated with the dome-and-keel architecture
are unknown, and the relative timing between magmatism, diapirism
and deformation in the Yalgoo area is presently poorly constrained. In
this contribution we use new regional-scale meso- and microstructural
data, supported by new zircon Lu-Hf isotope data and the available
geochronology data, to unravel the tectono-magmatic evolution of the
broader Yalgoo region.

2. Geological setting

2.1. The Yilgarn Craton

The Youanmi Terrane forms most of the western half of the Archean
Yilgarn Craton (Fig. 1a) and includes 3000–2720 Ma greenstones in-
truded by 2960–2600 Ma granitic rocks (Fig. 1b; Van Kranendonk et al.,
2013). Greenstones developed on older continental crust (Ivanic et al.,

2012) and mainly include mafic–ultramafic rocks associated with
banded iron-formation (BIF), reflecting deep-marine environments
(Klein, 2005), in a time span that was likely dominated by periods of
lithospheric extension (Van Kranendonk et al., 2013; Smithies et al.,
2018). Greenstone stratigraphy records a drastic change in depositional
environment during the c. 2730 Ma onset of the Neoarchean Yilgarn
Orogeny (Zibra et al., 2017), with the appearance of syntectonic clastic
deposits above a regional-scale unconformity (Chen et al., 2003; Morris
et al., 2007; Van Kranendonk et al., 2013). Granitic magmatism
throughout the craton occurred nearly continuously for c. 200 Myr,
before and during the Yilgarn Orogeny (Ivanic et al., 2012; Smithies
et al., 2018).

Most of the ~800 km-wide Yilgarn Orogen Craton includes a series
of east-dipping, crustal-scale shear zones (Drummond et al., 2000; van
der Velden et al., 2006; Wilde et al., 1996; Zibra et al., 2014), juxta-
posing domains with contrasting stratigraphy (Wyche et al., 2012).
Some of these large-scale structures represent long-lived, transpres-
sional shear zones that were active during the synorogenic emplace-
ment of granite plutons (Zibra et al., 2014; Zibra et al., 2017). These
shear zones are broadly north-striking and can be followed for hundreds
of kilometres along strike (Fig. 1), and are flanked by north-striking,
high-strain greenstone belts (Vearncombe, 1998).

2.2. The Yalgoo area

In the western portion of the Youanmi Terrane, the granite–green-
stone terranes of the Yalgoo area (Figs. 1 and 2) define dome-and-keel
patterns that closely resemble the archetypal map-scale pattern of the
East Pilbara Terrane, one of the areas where the dome-and-keel archi-
tecture was first studied in detail (Collins, 1989).

Greenstones of the Yalgoo area mainly includes 2960–2760 Ma,
≥8 km-thick, mafic–ultramafic successions (Ivanic et al., 2015; Zibra
et al., 2016), unconformably overlain by the 2–3 km-thick siliciclastic
Mougooderra Formation (Figs. 1 and 2, and Supplementary file S1;
Watkins and Hickman, 1990). Mudstone from the top of this sequence
provided a 2758 ± 4 (Lu et al., 2016a) maximum depositional age,
while a sandstone sampled near the base of the formation returned
2841–2792 Ma detrital zircons, typical of a greenstone source area (Lu
et al., 2018a). The Mougooderra Formation occurs in the Yalgoo area
only (Fig. 1), and is roughly coeval with the regionally-extensive, c.
2750 Ma BIF-bearing sequence of the Wilgie Mia Formation (Van
Kranendonk et al., 2013). Granite plutons in the area cluster around
four discrete age groups (Table 1). The Kynea Migmatite, whose tona-
lite protolith was emplaced at c. 2950 Ma into older greenstone slivers,
is exposed in the core of Yalgoo and Gullewa domes (Fig. 2; Clos et al.,
2019a; Zibra et al., 2016). Migmatites occur as rafts within the c.
2760–2750 Ma Goonetarra Granodiorite and other three roughly
coeval, voluminous granite plutons that reflect a regional-scale event of
crustal reworking (Clos et al., 2019b; Ivanic et al., 2012). The dome-
and-keel architecture of the Yalgoo area is postdated by the c. 2700 Ma,
synorogenic Lakeside pluton (Zibra et al., 2014), which was emplaced
along a high-temperature shear zone named here Mulloo shear zone
(Fig. 2), and by the post-orogenic, 2640–2600 Ma Bald Rock Supersuite
(Van Kranendonk et al., 2013).

2.3. Previous work on the Yalgoo area

Regional mapping conducted by the Geological Survey of Western
Australia (GSWA) in the early 1980s (1:250.000 scale) provided first-
order constraints on the lithological and structural architecture of the
study area, and led Myers and Watkins (1985) to interpret the dome-
and-keel architecture of the Yalgoo area as a result of superposed fold
generated during regional deformation. GSWA remapped the study area
in more detail in recent years (Ivanic et al., 2015; Zibra et al., 2016), in
conjunction with detailed structural studies in the core of the Yalgoo
dome (Clos et al., 2019a; Fenwick, 2014). Here, Clos et al. (2019a)
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documented that dome-and-basin structures resulted from vertical
sheath folds, inferred to represent the local expression of regional-scale
structures associated with diapirism. Petrologic and geochemical data
from the Kynea Migmatite are in fact consistent with diapirism, in-
dicating water-fluxed melting and isothermal decompression from ~7
to ~4 kbar at ~750°C, during the emplacement of the Goonetarra
Granodiorite (Clos et al., 2019b). Based on these data, Clos et al.
(2019b) proposed that both granitic magmatism and the development
of the dome-and-keel architecture in the Yalgoo dome represent the end
product of prolonged mantle magmatism, which first developed a
≥8 km-thick greenstone pile overlying felsic crust; the consequent
thermal anomaly in turn induced crustal magmatism and diapirism. In
the core of the Yalgoo dome, diapirism-related structures recorded a
minor overprint associated with the emplacement of granite dykes at c.
2700 Ma, during the Yilgarn Orogeny (Clos et al., 2019a). Based on
regional geochemical data collected by GSWA, Nebel et al. (2018)
suggested that the c. 300 Myr-long secular evolution of granite geo-
chemistry in the Yalgoo area resulted from multiple melting events
within long-lived lithospheric drips, triggered by mantle convection.

In summary, the core of the Yalgoo dome has provided local
structural and petrologic data consistent with diapirism. In this context,
we focus here on: (i) testing whether the small-scale structures de-
scribed in the recent literature represent the local expression of large-

scale diapirism; and (ii) constrain the relationship between the pre-
orogenic dome-and-keel architecture and orogenic structures.

3. The domal fabric in the Yalgoo area

In the Yalgoo area we identify four large granitic domes (40–70 km
in average diameter) and three smaller domes (5–10 km in average
diameter, Fig. 2). The large domes are deeply eroded, locally down to
their migmatitic cores (Yalgoo and Gullewa domes), they are commonly
steep-sided, and separated by narrow greenstone keels, which are
remnants of the heterogeneously-deformed supracrustal envelope. The
smaller domes expose the flat-lying roofs of the granitic core (Mulgine
dome) or are hidden under a domal-shaped greenstone cover only
(Widdin and Rothsay domes, Figs. 2 and 3). We identify two distinct
generations of fabrics: (i) domal fabric, homogeneously developed
across the whole Yalgoo area; and (ii) the younger orogenic fabric,
locally overprinting the domal fabric, along north-striking shear zones.
The latter is examined in Section 4.

The domal fabric is defined by lithology distributions and a single
foliation invariably parallel to lithological contacts. For the larger
domes, this fabric developed at different metamorphic conditions in
different domains, reflecting flow at suprasolidus conditions in the
granite–migmatite cores, progressively grading to lower-temperature

Fig. 1. (a) Simplified map of the western portion of the Yilgarn Craton, showing the main terranes (Cassidy et al., 2006) and the network of craton-scale shear zones.
The rectangle shows the location of (b). Abbreviations: YT, Youanmi Terrane; NT, Narryer Terrane; EGST, Eastern Goldfields Superterrane. (b) Interpreted geological
map of the central portion of the Youanmi Terrane. Map compilation is based on combined field and geophysical data. Abbreviations: BJD, Badja décollement; MT,
Mulloo shear zone;
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fabrics towards the structurally-higher greenstone cover, where
greenschist-facies conditions prevail. Despite these differences, we use
the same labels (SD and LD) for the domal SL fabric across different
domains and lithologies, to highlight the composite, but geometrically
and kinematically coherent nature of such fabric.

Although data presented here cover the whole Yalgoo area, our
attention is mainly focused on the Yalgoo dome, because it is con-
siderably better exposed than the adjacent domes, and shows a con-
tinuous, mappable greenstone envelope. Therefore, we first define the
chief characteristics of the domal fabric in the Yalgoo dome and its
greenstone cover (Section 3.1), and then those representative of the
broader Yalgoo area (Sections 3.2 and 3.3).

3.1. Yalgoo dome

This section outlines the chief structural features of the granite–-
migmatite core of the Yalgoo dome and its greenstone cover, which also
represent the envelope of the adjacent domes (Fig. 2). The Yalgoo dome
shows an elliptical outline (90 by 50 km in map view), and includes an
inner granite–migmatite domain and an outer orthogneiss domain.

3.1.1. Granite–migmatite dome core
The structural evolution of the Kynea Migmatite, forming the inner

part of the dome, is detailed in Clos et al. (2019a), and therefore only
the chief and complementary structural features of the domal fabric are

Fig. 2. Geological map of the Yalgoo area, highlighting the dome-and-keel pattern defined by the granite-greenstone boundaries. The area includes four large,
deeply-eroded domes (Gullewa, Mellenbye, Mongers and Yalgoo domes) and three small domes (Mulgine, Rothsay and Widdin domes).
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summarized here (and in Supplementary file S3). The Kynea Migmatite
is a stromatic metatexite (Sawyer, 2008) interlayered with older
greenstone rafts (Fig. S3.1a). SD (S1 in Clos et al., 2019a) is a variably-
oriented, steeply-dipping gneissic foliation ((i) in Fig. S3.1b), axial
planar to mesoscale sheath and isoclinal folds (Clos et al., 2019a,

2019b; Fig. 5.2 in Fenwick, 2014). It is invariably parallel to litholo-
gical boundaries, bearing a subvertical stretching and mineral lineation
(LD), coaxial with fold axes ((ii) in Fig. S3.1b). On subvertical ex-
posures, mantled porphyroclasts, S–C and C′ subfabrics indicate core-up
shear sense (Fig. S3.1c). Boudinage of the more competent greenstone

Table 1
Summary of relevant geochronological constraints (U–Pb in zircon) for the Yalgoo dome area.

Age (Ma) Formation Sample ID Easting Northing Reference

Greenstone domain
2758 ± 4a Mudstone, Mougooderra Fm. 211101 479552 6868859 Lu et al., 2016
2801 ± 6 metamorphosed quartz diorite 198294 500221 6780551 Lu et al., 2016a
2813 ± 3 Metadacite, Norie Group 198298 483155 6867425 Lu et al., 2016b
2958 ± 6 Metadacite, Gossan Hill Fm. 203701 491184 6826564 Lu et al., 2018a, 2018b
Gullewa dome
2747 ± 3 Metasyenogranite 99969142 436558 6830492 Cassidy et al., 2002
2950 ± 6 Kynea migmatite (core) 88-200 426698 6858004 Cassidy et al., 2002
Mulgine dome
2752 ± 8 monzogranite gneiss 207628 497923 6771884 Wingate et al., 2018
2756 ± 20 monzogranite gneiss 99964016C 497945 6771118 Cassidy et al., 2002

Y a l g o o d o m e Orthogneiss domain
2749 ± 4 Goonetarra Granodiorite 155822 485369 6835504 Wingate et al., 2015a
2763 ± 6 Goonetarra Granodiorite 214101 475798 6850260 Lu et al., 2017b
Granitic domain
2752 ± 13 Goonetarra Granodiorite 155858 263510 6757191 Lu et al., 2017a, 2017b, 2017c
2766 ± 4 Goonetarra Granodiorite 155875 484414 6796336 Lu et al., 2020b
2925 ± 5b 2757 ± 6c Kynea Migmatited 155843 471829 6843495 Lu et al., 2020a
Core
2919 ± 12 Kynea Migmatite 83339 467438 6825531 Wiedenbeck and Watkins, 1993
2956 ± 58 Kynea Migmatite 155879 470656 6818779 Wingate et al., 2015a, 2015b
2960 ± 10 Kynea Migmatite 209689 467502 6823605 Lu et al., 2017b

Fig. 2 for sample location.
Samples in italic were also analysed for zircon Lu-Hf isotopes.
Sample locations are referenced using Map Grid Australia (MGA) coordinates, Zone 50.

a Maximum depositional age.
b Age from melanosome.
c Age from leucosome.
d Layered migmatitic raft within the Goonetarra Granodiorite.

Fig. 3. Composite isometric cross section array illustrating the three-dimensional structure of the Yalgoo dome area. Legend as in Fig. 2. The location of each cross-
section is indicated in Fig. 2.
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rafts was accompanied by in-situ partial melting of amphibolite (Fig.
S3.1d), indicating that the domal fabric developed under migmatitic
conditions.

The granitic domain typically retains primary magmatic fabrics
(Fig. 4a and b), with SD subparallel to the magmatic layering (Fig. 4a)
and aligned migmatitic rafts, showing variable orientation and roughly
concentric map-scale patterns (Fig. 2; plot (i) in Fig. S3.1b). The series
of map-view concentric circular patterns defined by lithological
boundaries in the Kynea Migmatite ((i) in Fig. 4c) represent horizontal
sections through multiscale vertical sheath folds (see also Clos et al.,
2019a). Migmatites also define tight, ~15 km-long curved antiformal
ridges aligned with greenstone keels ((ii) and (iii) in Fig. 4c), separating
domains in which magmatic/migmatitic layering defines map-view
concentric trajectories, revealing the occurrence of at least four main
subdomes within the Yalgoo dome ((iv)–(vii) in Fig. 4c).

The transition to the orthogneiss domain towards the margin of the
dome occurs through the progressive development of gneissic to my-
lonitic fabrics (Figs. 4e, e and S5.2). Here, SD is outward-dipping at the
scale of the dome (Fig. 3), defining a first-order (map-view) concentric
pattern, while LD shows a dome-scale radial (outward-plunging) or-
ientation (Fig. 5a). Kinematic indicators, such as S–C and C′ subfabrics
and mantled feldspar porphyroclasts, invariably indicate normal kine-
matics (Fig. 4e) along all granite–greenstone boundaries. Within the

~4 km-thick orthogneiss domain, solid-state overprint progressively
increases towards the granite–greenstone contact, which represents the
zone of highest finite strain. In the case of the Yalgoo dome, such high-
strain zone is nearly continuously exposed, and it is defined here as the
Badja décollement.

3.1.2. Contact with greenstone cover
The strain distribution in the greenstone cover of the Yalgoo Dome

mirrors that observed in the granite gneisses, with the highest strain
occurring along the boundaries with all the granite–gneiss domes.
However, finite strain and bulk structural features in the greenstone
cover vary in detail, as a consequence of rheological heterogeneities
due to lithological complexity. Competent lithologies such as amphi-
bolite display a single, prominent fabric, where SD and LD are parallel to
those in the underling granite gneiss (Fig. 5b). Independently from SD
orientation, LD shows pitch angles > 45° in ~85% of the structural
sites along the margins of the best-exposed domes (with 35% of sites
showing pitch > 80°, Fig. 5c). This, together with their radial dis-
tribution around the Yalgoo Dome (Fig. 5a and b), indicates bulk ver-
tical stretching associated with doming. Conventional kinematic in-
dicators (Fig. 6a) consistently indicate dome-up kinematics.

In contrast, three generations of superposed folds (FD1–FD3, with
associated subfabric labelled as SD1, LD1, etc.) are visible in weaker,

Fig. 4. Typical mesoscale magmatic and solid-state end-member fabrics in the Goonetarra Granodiorite. All field photographs are from subhorizontal exposures,
unless otherwise indicated. (a) Magmatic layering in porphyritic granite, due to variable content of K-feldspar phenocrysts, defining open, synmagmatic upright folds,
here truncated by aplite veins (arrowhead). (b) Detail from the same outcrop in (a), showing the magmatic foliation SD, defined by aligned euhedral K-feldspar
phenocrysts and truncated by a microgranite dyke. (c) Map showing the first vertical derivative (1VD) of Reduced-to-Pole Total Magnetic Intensity, centered on the
granite–migmatite core of the Yalgoo dome. Numbers (i)–(vii) identify subareas discussed in the text. (d) Gneissic SD in porphyritic granite exposed along the Badja
décollement. Horizontal view at high-angle to the steeply plunging LD, showing elongate quartz ribbons and biotite trails, wrapping around rounded mantled K-
feldspar porphyroclasts with elongate tails and local feldspar boudinage (arrowhead). (e) Subvertical exposure of porphyritic gneiss from the same outcrop in (d).
Sigma-type mantled K-feldspar porphyroclasts indicate dome-up, normal kinematics.
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layered lithologies such as BIF, chert and schists. Notably, these sub-
fabrics are widespread throughout the Yalgoo area, and coexist with the
single SL fabric in the more competent amphibolite and orthogneiss.
FD1 folds include isoclinal and sheath folds with steeply plunging axes
(AD1; Fig. 6b) coaxial with LD, and are associated with a prominent
transposition foliation (SD1, Fig. 6c). Field evidence indicates that FD1
folds predate the development of the angular unconformity (VII in Fig.
S1.2). FD1 are refolded by tight to isoclinal folds (FD2), which are es-
sentially coaxial and coplanar with FD1, and are associated with a
spaced crenulation cleavage (Fig. 6d, e). FD3 are coplanar with FD1 and
FD2 folds but they have sub-horizontal fold axes (AD3, Fig. 6f, g).

3.2. Other granite–gneiss domes

3.2.1. Deeply-eroded, large domes: Gullewa, Mellenbye and Mongers domes
The Gullewa, Mellenbye and Mongers domes are exposed along the

western and southern flanks of the Yalgoo dome, between the Gullewa
and the Koolanooka greenstone belts (Figs. 2 and 7a). Since the outline
of these domes is only partially preserved, their exact size and shape are
not fully constrainable. However, field data indicate that these domes
are steep-sided, showing comparable size to the Yalgoo dome (Fig. 2).
Chief characteristics of the domal fabric are identical to those described
for the Yalgoo dome, and include a concentric pattern of domal SD, in
one case wrapping around a migmatite core (Gullewa dome), and
concordant to dome margins (Figs. 2 and 5a). As for the Yalgoo dome,
SD in these domes exhibits a transition from magmatic to solid-state
flow towards dome margins, commonly bearing a down-dip LD
(Fig. 5a–c).

3.2.2. Small-scale domes: Mulgine, Rothsay and Widdin domes
A cluster of three small domes (long axes: 5–10 km) occurs almost

entirely buried below the Warriedar greenstone belt, pinched between
the southern margin of the Yalgoo dome and the Mongers dome
((ix)–(xi), Figs. 2, 3 and 7b). The Mulgine dome is the only one with the
granitic core exposed (Fig. 8), showing a flat-lying dome roof that co-
incides with a high-strain décollement, associated with core-up kine-
matics. SD in the granitic core is horizontal to gently outward-dipping,
carrying radial, outward-plunging LD (Fig. 8). LD has smaller pitch an-
gles than the other domes (Fig. 5c), but this may represent an artefact
generated by the difficulty in measuring precise orientations of the
subhorizontal foliations SD (Fig. 8). The granitic cores of the Widdin
and Rothsay domes are revealed by the domal shape of their mantling
greenstone cover and their inferred granitic cores are not exposed (cross
section i–j in Fig. 3). Here, SD and lithological boundaries show con-
centric, outward-dipping domal patterns, (Figs. 7 and 8), bearing a

down-dip LD that shows radial arrangements at the scale of each dome
(Fig. 8). Notably, these three domes show a misorientation of their long
axes, which are northeast-trending for the Mulgine and Widdin domes,
and northwest trending for the Rothsay dome, and therefore also mis-
oriented with the north trending long axis of the Yalgoo dome (Figs. 2
and 7b).

3.3. Greenstone keels separating domes

In this section, we focus on three greenstone sequences cropping out
as broad synforms between domes, defining cuspate triangular regions
where each margin is parallel and conformable with the curved dome
margins. In these greenstones, structural features and superposed fab-
rics are comparable to those described for the greenstones in the
proximity of the Yalgoo dome (Section 3.1.2). Along the western flank
of the Yalgoo Dome, the Gullewa and the Koolanooka greenstone belts
are synformal keels pinched at triple points between the four large
adjacent domes (Figs. 2 and 7a; see also Bouhallier et al., 1995, for a
similar case). The Koolanooka greenstone belt (Fig. 7a) is preserved as
tight, northwest-plunging and subvertical synform (Fig. 5b), showing
steeply northwest-plunging LD parallel to the axis of mesoscale folds.
Notably, both LD and fold axes in the Koolanooka greenstone belt are
subparallel to LD in the Mongers dome. A similar concordance is ob-
served between the mean orientations of SD and LD in the Gullewa
greenstone belt and the surrounding Gullewa and Mellenbye domes
(Fig. 5b, compare stereonets on lower left).

The Warriedar greenstone belt (Figs. 2 and 7b) exposes map-scale
greenstone structures that result from the interference between the
three adjacent small dome roofs described above. In the center of the
belt, the Jasper Hill syncline is pinched between these three small
domes and the Yalgoo dome ((xii), Fig. 7b). Here, the arcuate axial
traces of the second-order folds wrap the Yalgoo dome margin in the
northwest, and the Mulgine dome margin in the southeast, producing a
peculiar fan-shaped geometry for the overall Jasper Hill syncline. Closer
to the Badja décollement, BIF layers define tight, steep isoclinal folds
with curved axial traces wrapping the Badja décollement ((xiii),
Fig. 7b). Notably, these map-scale FD1 folds are truncated by the infra-
greenstone unconformity at the base of the Mougooderra Formation
((xiv), Fig. 7b), consistently with outcrop-scale observations ((vii) in
Fig. S1.2a).

3.4. Shape of the finite strain ellipsoid

This section provides qualitative estimation of the shape of the fi-
nite-strain ellipsoid (FSE) throughout the Yalgoo area. Both the core of

Fig. 4. (continued)
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the Yalgoo dome and ~80% of the exposed high-strain zones along the
granite–greenstone boundaries in all domes consistently show a sub-
horizontal extension component perpendicular to LD (Figs. 4d and
S3.1d), indicating bulk flattening associated with vertical stretching.
The Yalgoo dome exhibits several small greenstone keels protruding
towards the granite–migmatite dome core (Figs. 2 and 7); six of them
are partially exposed (Fig. 9a), and only the Gnows Nest keel offers
continuous exposure (Fig. 9b). Here, SD dips towards the centre of the
keel, carrying a steeply-plunging LD (Fig. 9b and c). Steep FD1 isoclinal
to sheath folds in greenstones show curved axial traces, wrapping the
trace of the Badja décollement. Notably, S and Z symmetry of FD1 folds
shows a systematic spatial distribution (Fig. 9b and c), reflecting flow of
supracrustal material towards the keel (Brun et al., 1981). SD is over-
printed by a subvertical, local, spaced crenulation cleavage (SD4) that is
axial planar to the greenstone keel and to subvertical folds (Figs. 9b, c
and 10a). Orthogneisses flanking greenstone keels display L > S to L
tectonite (Fig. 10b–d), grading to SL tectonite at distances>~1 km
from keel regions. In contrast, in greenstones L tectonites are restricted
to the hinge area of plurimetric FD1 folds (Fig. 10e), grading to SL
tectonites towards fold limbs. Here, the transition between end-member
tectonite types occurs quite abruptly at the meter scale, similarly to
what is described in Sullivan (2013). Notably, both constrictional fabric
and SD4 are exclusively spatially associated with greenstone keels
(Figs. 9 and 10). Along the western flank of the Yalgoo dome, L > S to
L tectonites occur in chert conglomerate pinched between the Yalgoo
and the Mellenbye domes (Brandy Hill, Figs. 7b and 9a), reflecting a
local constrictional regime within a high-strain triple point between the
two adjacent domes (Bouhallier et al., 1995; Collins et al., 1998).

4. Orogenic fabric

The domal fabric described above is overprinted by a weakly- to
moderately-pervasive, north-striking and steeply east dipping orogenic
fabric that is heterogeneously developed throughout the study area
(Fig. 11a). It traverses the region without any systematic geometrical
relationships with the dome-and-keel regional architecture. It is sub-
parallel to the large-scale, north-striking structural grain that typifies
the Youanmi Terrane (Fig. 1), and subparallel to the Mulloo shear zone
(Figs. 2, 11a), a large-scale structure that was active during the em-
placement of the c. 2700 Ma Lakeside pluton (Zibra, 2012; Zibra et al.,
2014). The steeply east-dipping Mulloo shear zone has down-dip
stretching lineation (Fig. 11a), and it was active during magma em-
placement and during subsequent syndeformational cooling. It is
characterized by top-to-west kinematics, marked by a prominent mag-
matic foliation and layering, and shearing of migmatitic rafts (Fig. 11b),
and gave rise to mylonitic fabrics developed along the base of the shear
zone (Figs. 11c and S4.4a). Since the main focus of this study is on the
domal fabric, only the chief features of the orogenic fabric are outlined
here (and in the Supplementary file S4).

The orogenic foliation (SOR) in the study area is mainly visible along
the Salt River shear zone (Fig. 12a). This structure shows north-striking,
steeply dipping mylonitic foliation associated with steeply plunging

stretching lineation and reverse kinematics (Fig. S4.1a–c). In this area,
the Badja décollement is locally reworked as reverse, retrograde shear
zone showing top-to-southeast kinematics (Fig. 12a–c). In felsic
gneisses, biotite is replaced by syntectonic chlorite (Fig. 12b), sug-
gesting retrograde metamorphic conditions. In supracrustal lithologies,
SOR appears as spaced crenulation cleavage and is axial planar to meter-
scale, disharmonic parallel and kink folds with steeply plunging axes
(Fig. S4.1d–f). Two sets of north-striking structures overprint the domal
fabric in the deeper crustal level exposed in the core of the Yalgoo dome
(Fig. S4.2), reflecting periods of bulk east–west shortening (D2 and D3

in Clos et al., 2019a). The earlier one developed under migmatitic
conditions (Fig. S4.3), while younger reverse shear zones are confined
within c. 2700 Ma north-striking granite dykes (Clos et al., 2019a).
These local structures are therefore grouped here under the orogenic
fabric.

5. Microstructures

In order to integrate outcrop- to map-scale observations, we outline
here (and in the Supplementary file S5) chief microstructural features of
the domal fabric. Felsic gneisses from the Kynea Migmatite and the
surrounding, younger granites show comparable microstructures
(Fig. 13a–c). K-feldspar and plagioclase porphyroclasts are mantled by
coarse-grained polygonal aggregates of the same phases (up to 500 μm
in size, Fig. S5.1a), reflecting feldspar recrystallization at high tem-
perature (Rosenberg and Stünitz, 2003). Quartz forms elongate, mono-
to polycrystalline, coarse-grained ribbons. Individual quartz grains
show chessboard subgrain boundary pattern (Fig. S5.1b, c), indicating
deformation in the high-quartz field, at near-solidus temperatures
(Kruhl, 1996). Quartz grain boundaries are deeply sutured, suggesting
widespread recrystallization through grain boundary migration (Stipp
et al., 2002). K-feldspar occurs as narrow films coating quartz and
plagioclase grain boundaries (Fig. 13a), or filling microfractures
(Fig. 13b and c), reflecting syntectonic migration of former residual
melt towards low-pressure sites (Sawyer, 1999). Plagioclase–quartz
grain boundaries are commonly cuspate and lobate (Fig. 13a and c),
indicating deformation at upper amphibolite facies conditions (Gower
and Simpson, 1992). Pegmatite gneiss contains the garnet-sillimanite
assemblage (Fig. S5.1d), indicating upper-amphibolite facies condi-
tions. SD in amphibolite rafts is a continuous foliation defined by
hornblende–plagioclase ± clinopyroxene ± quartz, while tonalitic
leucosomes include peritectic clinopyroxene (Fig. S5.1e). As a whole,
these microstructures from the inner portions of the Yalgoo dome re-
flect deformation at near-solidus temperatures, in agreement with field
observations and metamorphic data (Clos et al., 2019a, 2019b).

SD in felsic gneisses exposed along the Badja décollement and the
other granite–greenstone boundaries includes elongate and coarse-
grained quartz ribbons, together with trails of recrystallized feldspar,
biotite and epidote, wrapping around plagioclase and K-feldspar por-
phyroclasts (Fig. 13d). Both plagioclase and K-feldspar show evidence
of widespread recrystallization. Aggregates of recrystallized, polygonal
grains are 100–200 μm in size (yellow arrowhead, Fig. 13d) and, near

Fig. 5. (a) Simplified map of the granitic domes of the Yalgoo area, with equal-angle projection plots (lower hemisphere) for each exposed domain. In each dome, SD
is broadly concentric and conformable to dome margins, showing a transitional character from magmatic to gneissic (subsolidus). (b) Same as (a) but focused on the
greenstone belts. Equal-angle projection plots (lower hemisphere) for each structural domain identified within the greenstone cover. For plots in (a) and (b), number
of measurements and symbols for mean values are reported in brackets. Symbols as for (a), except as indicated. (c) Pitch of LD vs. azimuth of SD for the greenstone
sequence, for the Yalgoo and Mulgine domes, for the northeastern portion of the Mellenbye dome, and the southeastern portion of the Gullewa dome. Note that in
general lineation is down-dip and radial. For the greenstone sequence, Yalgoo and Mulgine Domes, where data are available for the entire dome, LD covers the entire
360° spectrum, generally plunging steeply down-dip.
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the margins of porphyroclasts, they grade into subgrains of comparable
size, suggesting that feldspar recrystallization resulted from dominant
subgrain rotation (Rosenberg and Stünitz, 2003). Strain-induced myr-
mekites in K-feldspar porphyroclasts (white arrowhead, Fig. 13d) in-
dicate shearing at amphibolite-facies conditions (Simpson and Wintsch,
1989). Microfracturing in feldspar porphyroclasts is uncommon, sug-
gesting that the shearing temperature along the main décollements did
not fall significantly below 500 °C (Passchier and Trouw, 2005). This is
also supported by the coarsely-lobate quartz-quartz grain boundaries
(Fig. 13d), which suggest quartz recrystallization via grain-boundary
migration at temperature ≥ ~500 °C (Stipp et al., 2002). In the
hanging wall of the main décollements, granoblastic mafic gneisses
contains the hornblende–plagioclase ± epidote assemblage, while
late-tectonic garnet porphyroblasts locally occur in amphibolite within
greenstone keels (Fig. 13e). Microscale folds in BIF typically show a
continuous axial-planar foliation marked by aligned quartz, magnetite
and amphibole (SD2; arrowhead in Fig. 13f), suggesting amphibolite
facies conditions (Klein, 2005).

5.1. Domal fabric: quartz c-axis crystallographic preferred orientation

In order to constrain the deformation temperature, type of strain
and bulk flow, and prevailing shear sense throughout the study area, we
determined the quartz crystallographic preferred orientation (CPO) in
28 samples from the Yalgoo dome, and one sample for the Mulgine and
Gullewa domes (Fig. 14; Fig. S6.1 for sample locations). Samples were
collected from outcrops showing the domal fabric only, except sample
155827, which is representative of SOR developed within a c. 2700 Ma
north-striking granite dyke (core of Yalgoo dome). Thin sections were
prepared normal to SD and parallel to LD. For the Yalgoo dome, results
are presented as an ideal cross section from the migmatitic core towards
the greenstone cover (Fig. 14). All samples were scanned with an au-
tomated fabric analyser microscope (Peternell et al., 2010; Wilson
et al., 2007), and the quartz c-axis CPO was determined using the FAME
(Fabric Analyser Microstructure Evaluation) software (Hammes and
Peternell, 2016).

Although the CPO is generally moderately-developed, clear maxima
can be identified in most samples. Four samples from the Kynea

Migmatite (155879, 155880, 155884 and 209689) show maxima at
low-angle from LD, which is indicative of dominant prism ⟨c⟩-slip and
reflect shearing at near-solidus temperatures (Mainprice et al., 1986;
Stipp et al., 2002). Secondary maxima at low-angle from the Z axis (in
155880 and 155884) indicate the subordinate activity of basal ⟨a⟩ slip.
Likewise, the near-X maximum shown by sample 155827 indicates that
reverse shearing along c 2700 Ma granite dykes (Clos et al., 2019a)
occurred at near-solidus temperatures, likely during dyke emplacement.

The four samples from the granitic domain show fabrics comparable
to those of the Kynea Migmatite, reflecting dominant prism ⟨c⟩-slip
(possibly with a contribution of oriented grain growth in the prism ⟨c⟩
direction; Zibra et al., 2012), even though maxima here are generally
weaker. 75–105° opening angles (across the Z-axis), available from four
samples, point to deformation temperatures of ~600–800 °C (estima-
tion based on Fig. 2 in Law, 2014). A similar, although more diffuse
pattern associated with a near-X maximum is shown by samples 155876
and 210292 from the Mulgine and Gullewa domes.

The 16 samples from the orthogneiss domain can be grouped into
three fabric types. Four samples collected in the inner, low- to mod-
erate-strain portions of the Badja décollement shows moderately to
well-developed near-X maxima. This CPO fabric is consistent with the
observed microstructure, indicating that, in this portion of the Badja
décollement, the gneissic SD developed at near-solidus temperatures,
and mostly under melt-present conditions (Fig. 13b and c).

Two of the 12 samples collected within the ~2 km-thick high-strain
portion of the Badja décollement exhibit a well-defined near-Y max-
imum, which typically indicates dominant prism ⟨a⟩ slip at amphibo-
lite-facies conditions (Passchier and Trouw, 2005). The remaining 10
samples mostly show well-defined to diffuse near-Z maxima, and sub-
ordinate maxima in near-Y and intermediate positions (e.g. samples
155806, 155839, 212730 and 210276, Fig. 14), developing a crossed
girdle fabric (Lister, 1977). This indicates basal ⟨a⟩ slip, in cooperation
with prism and rhomb ⟨a⟩ slip, produced the fabric observed along the
Yalgoo dome margins. An incipient to well-developed crossed girdle
fabric also typifies the three greenstone samples collected in the
hanging wall of the Badja décollement (Fig. 14). Overall, 21 of 29
samples from the domal fabric exhibit an external fabric symmetry
indicative of dominant non-coaxial flow associated with (i) upward

Fig. 5. (continued)
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Fig. 6. Chief structures in the greenstone cover, Yalgoo area. (a) Sheared pebbly sandstone exposed a few meters above the Badja décollement, eastern flank of the
Yalgoo dome. Sigmoidal chert clasts indicate dome-up kinematics. (b) Small-scale FD1 isoclinal and sheath (arrowhead) folds in BIF. (c) Fold hinge preserving
bedding, which is otherwise transposed into SD1, in highly-deformed BIF, sampled a few hundred meters above the Badja décollement (sample not in place). (d) FD2
folds in BIF, superposed on nearly coplanar and coaxial FD1. Type 3 fold interference pattern (Ramsay, 1967). (e) FD1 sheath fold refolded by FD2 fold in BIF, with
axial planar spaced cleavage (SD2). (f) Steeply east-dipping exposure showing FD3 fold with subhorizontal axes in chert, refolding FD1 isoclinal folds. The inset at
lower left illustrates the geometry of the superposed folds. (g) Subvertical exposure showing upright FD3 folds in chert, refolding isoclinal folds (FD1, highlighted by
yellow dashed lines). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Images showing the first vertical derivative (1VD) of Reduced-to-Pole Total Magnetic Intensity. Numbers (viii)–(xiv) identify subareas discussed in the text.
(a) Image centered on the Gullewa and Koolanooka synformal keels, at the triple points between four adjacent domes. (b) Image centered on the Warriedar
greenstone belt, covering the area between the southeast margin of the Yalgoo dome and the Mulgine (viii), Rothsay (ix) and Widdin (x) domes.
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displacement of the migmatitic core with respect to the surrounding
granites (Fig. S3.1c), and (ii) dome-up kinematics, with respect to the
greenstone cover.

6. Zircon Lu–Hf isotopes

Detrital zircons grains previously dated from a mudstone of the
Mougooderra Formation (sample 211101; Table 1) comprises mostly c.
2960–2750 Ma ages, in the range of those of the granitic rocks in the
Yalgoo Dome (Lu et al., 2016). The combined use of U–Pb and Lu–Hf
isotopic systems to detrital zircon grains provides information about the
source of sedimentary material (Zeh et al., 2008, and references
therein), and so the mudstone sample 211101 is appropriate to get a
broader view of the Hf values of the granitic samples eroded to form
these sediments. For comparison, we selected five dated samples for
zircon Lu–Hf isotope analyses (Table 1, Table S2 and Fig. 15) in order to
trace sediment source, and to test whether the Mougooderra Formation
was fed by granitic and migmatitic rocks of the Yalgoo dome. Analytical
details are reported in Supplementary file S2. Samples 155879 and
209689 are representative of the Kynea Migmatite; samples 155822,
155858 and 214101 are representative of the Goonetarra Granodiorite.

Zircon Lu–Hf data for the c. 2960 Ma Kynea Migmatite indicates two
stage depleted mantle model ages (TDM2) of 3.51–3.20 Ga
(median = 3.37 Ga), possibly with minor juvenile addition at c.
2.96 Ga (Fig. 15 and Table S2). This suggests Kynea Migmatite was
mainly derived from reworking of Paleoarchean crust. Similarly, the c.
2763–2749 Ma Goonetarra Granodiorite yields TDM2 of 3.58–3.28 Ga
(median = 3.45 Ga), indicating derivation from reworking of existing
Paleoarchean crust or from the Kynea Migmatite.

The ages of detrital zircons in Mougooderra Formation sample
211101 suggest a maximum depositional age of c. 2758 Ma (Lu et al.,
2016). The detrital zircons have similar ages (2953–2746 Ma) and TDM2

(3.56–2.96 Ga) to those of the Kynea Migmatite and Goonetarra
Granodiorite with a further suggestion of a minor older component with
TDM2 up to 3.88 Ga (Fig. 15).

7. Discussion

The Yalgoo area has been the focus of regional mapping and recent,
small-scale structural and metamorphic studies, which provided sub-
stantial data indicative of diapirism of its migmatitic core (Clos et al.,
2019a, 2019b). However, the broader three-dimensional architecture of
the dome and keels described here have remained so far poorly known,
and the understanding of such architecture represent the main goal of
this contribution. This early architecture is significant because it pre-
dates the large-scale Neoarchean Yilgarn Orogeny, which dominates the
evolution of terranes elsewhere in the craton. It is worth emphasizing
here that, although the majority of our data derive from the well-ex-
posed Yalgoo dome, and from the supracrustal greenstone envelope
shared by all seven domes identified in the area, the sparsely distributed
data obtained from the poorly-exposed domes are entirely consistent
with the picture provided by the Yalgoo dome.

The sequence of events examined here started at c. 2960 Ma
(Fig. 16a), with the emplacement of the protolith of the Kynea Mig-
matite into older greenstones, now preserved in the core of the Yalgoo
dome as BIF/amphibolite rafts (Fig. S3.1a). The clear TTG affinity of the
Kynea Migmatite (Nebel et al., 2018), together with our new zircon
Lu–Hf isotope data (Fig. 15), indicate that this intrusion derived from

melting of a 3.51–3.20 Ga lower crustal garnet-amphibolite source
(Johnson et al., 2017; Smithies, 2000), which was part of the Pa-
leoarchean basement of the 2960–2750 Ma greenstone succession
(Ivanic et al., 2012). Greenstone development continued intermittently
for the subsequent 200 Myr (Fig. 16b), producing a regional-scale,
≥8 km-thick, mafic–ultramafic supracrustal sequence (Van
Kranendonk et al., 2013). However, the bulk of the structures in the
Yalgoo area is Neoarchean in age, being developed in granite plutons
that are c. 2760 Ma or younger.

7.1. The Yalgoo area: a case for diapirism

One of the chief features of the Yalgoo area is the regional occur-
rence of a single, prominent planar fabric (the domal foliation SD) that
is systematically parallel to the contacts between granite domes and
greenstone belts, typically showing an increase in finite strain towards
such first-order boundaries. SD trajectory defines map-scale dome-and-
basin structures, in which domal antiforms expose granite/migmatite
rocks, and basinal synforms preserve portions of the supracrustal en-
velope (Figs. 2, 3 and 7), in a region that shows neither field nor geo-
physical evidence of the large-scale, east–west compression-related
shear zones that typify the rest of the craton (Figs. 1 and 2). Following
these observations, chief structural features of the Yalgoo area are here
tested in the light of conceptual and field-based models for diapirism
(Fig. 16c).

7.1.1. Type of flow in the granite–migmatite domes
One of the key observations is that the bulk of the structures in the

granite–migmatite domes reflect hypersolidus flow. This is demon-
strated by the widespread preservation of meso- and microstructural
evidence of melt-present deformation, together with quartz CPO fabrics
indicative of near-solidus temperatures, in both metatexites and sur-
rounding granites, (Figs. 4a and b, 13a–c, 14 and S3.1b). The syn-
anatexis isothermal decompression recorded by the Kynea Migmatite
(Clos et al., 2019b) is entirely consistent with igneous diapirism
(Teyssier and Whitney, 2002). Furthermore, the occurrence of sub-
domes flanked by steep migmatite ridges (Fig. 4c) is probably an ex-
pression of the internal dynamics of the rising magma bodies
(Kruckenberg et al., 2018; Vanderhaeghe, 2004; Weinberg and
Schmeling, 1992), which likely developed as a sequence of smaller
diapirs during multiple magmatic pulses, in agreement with the
~20 Myr duration of granitic magmatism within the area (Fig. 2 and
Table 1).

Pervasive subsolidus fabrics occurs only along the outer carapace of
the domes (Figs. 4d, e, and 13d). Notably here quartz CPO data across
the Yalgoo dome margins highlight a fabric transition from near-solidus
temperature fabrics in the inner portions of the orthogneiss domain, to
retrograde fabrics dominated by ⟨a⟩ slip near the granite–greenstone
boundaries (Fig. 14). This indicates that the onset of shearing along the
dome margins occurred during granite emplacement, while retrograde
fabrics reflect syndeformational cooling of the outermost portions of the
domes against the cold supracrustal country rocks, driven by the strong
rheological and temperature gradients established along dome margins
(Cruden, 1990).

7.1.2. Geometry and kinematics
Another fundamental observation is that all linear structures (fold

axes and LD) associated with the domal SD show dome-scale radial

Fig. 8. Geological map of the Mulgine dome. The equal-angle projection plots (lower hemisphere) show the distribution of SD and LD in the four subdomains (defined
by dashed boxes in the map) identified within the Mulgine dome, and in the Rothsay and Widdin domes.
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arrangements in all the domes in the region (Figs. 3, 5a, b and 8), re-
flecting dome-up sense of shear (Figs. 3, 4e, 6a, 10c, 13d, 14 and
S3.1c,). Moreover, the occurrence of vertical sheath folds in both the
Yalgoo dome core (Clos et al., 2019a) and in the greenstone envelope
throughout the study area (Fig. 6b and e) indicates regional-scale, bulk
vertical stretching. Sheath folds in the cover sequence may represent
cascading folds (Whitney et al., 2004) whose axis were progressively
stretched and rotated into parallelism with the steep flow vector, while
the younger subset of folds (FD3, Fig. 16c), which evidently recorded
smaller amounts of finite strain, developed during the waning stages of
uplift, preserving their subhorizontal axes. The dominance of high pitch
values of LD along dome flanks (independently from the orientation of
SD, Fig. 5c) is also significant, nearly perfectly reproducing the motion
of rising diapirs (Cruden, 1990).

7.1.3. Changing sources: the sediment record
Age and Hf isotopic composition of most detrital zircons retrieved

from the top of the Mougooderra Formation match those of magmatic
zircons retrieved in the Kynea Migmatite and the Goonetarra
Granodiorite (Fig. 15). In contrast, the base of this unconformable
formation mainly contains 2841–2792 Ma detrital zircons (Table 1; Lu
et al., 2018a) likely derived from the underlying greenstones. Such
vertical distribution of detrital zircons in the Mougooderra Formation
suggest therefore that doming during diapiric emplacement of the c.
2766–2749 Ma granite bodies first caused tilting and erosion of the
lower greenstone succession (Fig. 16c, see also Supplementary file S1),
followed by progressive unroofing of the deeper structural levels of the
granite–migmatite domes, similarly to what is described in an analo-
gous setting of the Canadian Superior Province (Lin et al., 2013).

Fig. 9. (a) Simplified geological map of the northern portion of the Yalgoo dome, showing distribution of L > S to L tectonites in both the orthogneiss and overlying
greenstones. The rest of the Badja décollement is characterized by S > L tectonites (Fig. 4d and e). (b) Geological map of the Gnows Nest keel, showing the main
structural elements. (c) Three-dimensional sketch summarizing the first-order geometry, kinematics and structures associated with the Gnows Nest keel, showing the
spatial distribution of the various types of tectonites and asymmetric folds with respect to the greenstone keel.

Fig. 10. Chief outcrop-scale features of the Gnows Nest keel. (a) FD1 isoclinal folds refolded by FD4 folds, showing spaced SD4 cleavage and prominent subvertical
intersection lineation. (b)–(d) L > S to L tectonites in orthogneiss. (b) Oriented hand sample from porphyritic gneiss, with the prominent LD visible on the foliation-
parallel surface. (c) Same hand sample as in (b), here cut parallel to LD. Sigma-type mantled K-feldspar porphyroclasts and C′ shear bands define the top-to-northeast
(dome-up) kinematics. (d) Rounded boulder offering a three-dimensional view of L tectonite in tonalite gneiss. The flat, top surface shows a weakly developed SD. In
contrast, the steep sides expose the prominent LD highlighted plagioclase, quartz and biotite recrystallized aggregates. (e) L tectonite with steeply-plunging LD in
amphibolite, seen from above, at the hinge area of a plurimetric FD1 fold.
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7.1.4. Shape of the finite strain ellipsoid
The different types of tectonites mapped here are systematically

distributed throughout the region, with subvertical constriction re-
stricted to greenstone keels (Figs. 9 and 10), in a setting otherwise re-
gionally dominated by flattening, along the steep fabric exposed in the
deeply-eroded domes (e.g. the Yalgoo dome, Figs. 4d and S3.1d), or in
the domes currently exposing their flat-lying roofs (Mulgine dome,
Fig. 8). Notably, the arcuate and steep axial planes of map-scale iso-
clinal folds in the greenstone cover wrap around the margins of each
dome (Fig. 7), demonstrating that the plane of finite flattening coin-
cides with the elliptical outline of the domes.

These distinctive structural characteristics associated with dome-
and-keel architecture in the Yalgoo area have been both predicted in
theoretical models and observed in areas subjected to diapirism

(Collins, 1989; Van Kranendonk et al., 2004; Brun et al., 1981; Dixon,
1975; Sullivan, 2013; Talbot and Jackson, 1987; Weinberg and
Podladchikov, 1994). Given the lack of a dominant foliation orienta-
tion, the lack of large-scale shear zones in the study area (Fig. 1), and
the widely-preserved magmatic fabrics, the domes in the Yalgoo area
can be regarded as fault-unrelated magmatic domes (Yin, 2004;
Ramberg, 1981; Weinberg, 1997).

7.2. Regional-scale polydiapirism

Our regional structural mapping, complemented by geophysical
data, demonstrate that the Yalgoo area exposes a gneiss dome system
(≥100 by 100 km in map view, Figs. 1 and 2) composed of at least
seven domes separated by narrow greenstone keels, and several

Fig. 11. The north-striking orogenic fabric. (a) Simplified map of the Yalgoo area showing the domains affected by the north-striking tectonic foliation (SOR). The
equal-angle plot (lower hemisphere) shows the orientation of gneissic foliation and stretching lineation measured along the Mulloo shear zone. (b) Detail from a
vertical exposure showing the contact between a layered, migmatitic tonalite raft (left) and host porphyritic granite of the Lakeside pluton. The raft contains
centimeter-scale leucosomes that show diffuse boundaries against host gneiss, while host granite mainly accommodated shearing through magmatic flow. (c) Vertical
exposure of sheared porphyritic granite exposed along the base of the Mulloo shear zone. Sigma-type K-feldspar porphyroclasts indicate top-to-west shear sense. The
corresponding microstructure is shown in Fig. S4.4a.
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Fig. 12. (a) Geological map of the northwestern flank of the Yalgoo dome, centered on the Edamurta greenstone belt. SD and the associated large-scale isoclinal folds
are crenulated by the north-striking SOR, which is subparallel to the Salt River shear zone. The west-dipping Badja décollement is locally reactivated as east-verging
thrust. The two equal-angle projection plots (lower hemisphere) show the local orientation of planar and linear fabrics for both the domal and the orogenic fabrics.
(b) Mylonitic pegmatite from the Edamurta Range. S–C fabric (arrowhead) and C′ shear bands (blue arrow), defined by chlorite and stretched quartzofeldspathic
aggregates, indicate top-to-southeast kinematics. The corresponding microstructure is shown in Fig. S4.4d. (c) Three-dimensional cross section sketch illustrating
geometry and kinematics in the Edamurta area. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 13. Typical microstructure of the domal fabric in the Yalgoo area. All thin sections were prepared perpendicular to SD and parallel to LD; micrographs were taken
with crossed polars. Sample numbers are mentioned where the corresponding c-axis quartz CPO is available (Fig. 14). (a) Migmatitic microstructure in Kynea
Migmatite. Most plagioclase and quartz grain boundaries are embayed and are coated by thin films of K-feldspar (arrowheads), interpreted to represent former melt
crystallized during shearing. Gypsum plate inserted. Sample 209689. (b) and (c) show typical microstructure of low-strain granite gneisses. (b) Thin films of K-
feldspar (arrowheads) coating plagioclase–quartz grain boundaries. Gypsum plate inserted. Fractures in quartz are due to thin section preparation. (c) Microfracture
in plagioclase grain (yellow arrowhead), healed by K-feldspar and quartz. Red arrowheads point to some examples of the cuspate–lobate phase boundaries between
quartz and feldspars. Gypsum plate inserted. (d) High-strain porphyritic gneiss from the Gnows Nest keel area (Fig. 10b, c). Both feldspars show core-and-mantle
microstructures, and K-feldspar shows strain-induced myrmekites (white arrowhead) developed along crystal faces parallel to SD. Yellow arrowhead points to coarse-
grained recrystallized plagioclase aggregates, near the margins of a plagioclase porphyroclast. Sample 155806. (e) Garnet amphibolite from the Buddadoo keel. The
hornblende-rich internal foliation in garnet is concordant with the hornblende–plagioclase–quartz matrix foliation (SD). The portion of the porphyroblast shown at
left experienced boudinage, where infill is mainly represented by the matrix amphibole. Note foliation deflection (arrowhead) towards the boudinaged domain. (f)
Detail from the hinge zone of millimeter-sized fold in BIF. The folded bedding (S0) contains elongate amphibole aggregates, suggesting that it represents a composite
S0–D1 surface. A younger axial planar fabric (SD2) is marked by aligned amphibole aggregates. The thin section was prepared normal to the fold axis and to LD,
accounting for the apparent lack of shape fabric in quartz aggregates. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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Fig. 14. Summary of quartz c-axis CPO fabrics from the Yalgoo dome area (equal-area projection plots, lower hemisphere, 1% of search area). Shear plane (blue) and
sense of shear are indicated for samples showing fabric clear external symmetry. Red symbols display the orientation of foliation and lineation at each sample
locality. Fig. S6.1 for sample locations. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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subdomes within the larger domes (Figs. 2, 4c and 16c). Individual
domes show a wide range of sizes (~5–50 km in average diameter),
with a misorientation of their long axes (at least for the four domes that
have preserved their entire outline, Figs. 2 and 7b), and exposing dif-
ferent structural levels. The occurrence of a single regional fabric, as-
sociated with systematic variation in the shape of the finite strain el-
lipsoid, and with foliation triple points near synformal keels pinched
between adjacent domes, are other striking structural features of the
study area.

These data indicate that the dome-and-keel architecture of the
Yalgoo region resulted from multiwavelength polydiapirism (Fig. 16c;
Bouhallier et al., 1995; Weinberg and Schmeling, 1992). The ≥20 Myr-
long thermal anomaly generated by the multi-pulse diapirism may have
favored the production of such large volumes of granitic magma, and
the sequential emplacement of closely-spaced and nested diapirs, by
transiently lowering the integrated viscosity of the crustal column
(Weinberg, 1997). The larger domes in the Yalgoo area show average
diameters> 50 km, representing some of the largest domes worldwide
(compilation in Whitney et al., 2004). A process involving incremental
igneous diapirism, coupled with sagduction of the greenstone cover and
denudation, (Bouhallier et al., 1995; Lin et al., 2013; Stephansson,
1975) best explains the generation of very large domes whose average
diameters exceed the thickness of the Neoarchean Yilgarn crust.

The total volume of granitic magma emplaced during the poly-
diapirism event described here cannot be accurately estimated, given
the lack of three-dimensional exposure and the unknown size of three of
the four large domes. An approximate volume of 75,000 km3 of granitic
material was emplaced in c. 17 Myr (Table 1) in the Yalgoo dome
(volume estimation based on a 67 km of average diameter (Fig. 2), and
assuming an intrusion with a perfect half-spherical shape). These results
are well tuned with the data (pluton size vs. duration of assembly)
compiled by Blanquat et al. (2011). For comparison, diapirism in the
much smaller Naxos dome (7.5 km of average diameter) lasted c. 3 Myr
(Kruckenberg et al., 2018).

The orogenic foliation discordantly overprinted the dome-and-keel
architecture, reflecting episodes of east–west synorogenic shortening
(Figs. 11 and 12). However, we see no evidence of either a penetrative
north-oriented fabric throughout the whole region, or a reversal of the
normal kinematics expressed by the high-strain zones. Important re-
gional shortening would have also induced a rotation of the radial

linear fabrics (including the long axes of all domes) towards a north-
south orientation, a feature that is not observed here (Figs. 2, 5c and 7).
The bulk of the structural architecture in the Yalgoo region resulted
primarily from the interaction of body forces during protracted dia-
pirism, and recorded minor, localized orogenic overprint. The regional-
scale structural data presented here are consistent with recently-pro-
posed geodynamic models (Clos et al., 2019b; Nebel et al., 2018), in
which the pre-orogenic polydiapirism of the Yalgoo area essentially
resulted from gravitational instabilities triggered by the long-term dy-
namics and magmatic activity of the convecting mantle.

Two end-member tectonic styles are recognized in Archean
granite–greenstone terranes (Hickman, 2004; Condie and Benn,
2006). Dome-and-keel architecture occurs in crustal blocks whose
tectonic activity was dominated by body forces, such as igneous
diapirism assisted by greenstone sagduction (Bouhallier et al., 1995;
Collins, 1989; Gapais et al., 2014). In contrast, Archean terranes in-
cluding linear, upright fold belts are characterized by crustal-scale
shear zones that are often interpreted as sutures between accreted
terranes (Calvert and Ludden, 1999; Cruden et al., 2006; Myers,
1995; Van der Velden et al., 2006). These two contrasting tectonic
styles are commonly inferred to reflect different tectonic settings,
with craton interiors preferentially producing dome-and-keel do-
mains, and craton margins undergoing accretion and developing
elongate, ribbon-like domains with linear structures (Capitanio et al.,
2019; Choukroune et al., 1997; Collins et al., 1998). A wealth of
evidence also points towards a progressive, secular increase in the
strength of the continental lithosphere, implying a transition from
episodic-overturn/stagnant-lid regime inducing diapirism, towards
modern- style plate tectonics progressively during the Neoarchean
(Condie and O'Neill, 2010; Gerya, 2014; Rey and Coltice, 2008). In
this context, the prominent switch in tectonic style documented here
is unlikely to represent major changes in bulk lithosphere rheology,
given the short time span (c. 20 Myr, between 2750 and 2730 Ma)
during which such transition occurred. There is also no evidence that
the Yilgarn Orogen developed along a Neoarchean craton margin,
given its ~800 km width. We suggest therefore that, in a context of
nearly continuous 200 Myr period of voluminous granitic magma-
tism, before and during the Yilgarn Orogeny, diapirism dominated in
times of tectonic quiescence.

Fig. 15. Initial 176Hf/177Hf ratios versus age (Ma)
plot for zircons from the granite–migmatite Yalgoo
dome (from Goonetarra Granodiorite and Kynea
Migmatite, respectively) and for detrital zircons from
the Mougooderra Formation. Sample numbers are
reported in brackets. CHUR, Chondritic Uniform
Reservoir. Dashed lines represent the growth curves
of average continental crust extracted from depleted
mantle at c. 3.88, 3.56, 3.20 and 2.96 Ga, respec-
tively.

I. Zibra, et al. Tectonophysics 779 (2020) 228375

22



(caption on next page)

I. Zibra, et al. Tectonophysics 779 (2020) 228375

23



8. Conclusions

We outline here the tectono-magmatic evolution of the Yalgoo area,
along the western margin of the Yilgarn Orogen. The oldest exposed
rocks testify to the occurrence of Mesoarchean mafic and granitic mag-
matism (2900–2800 Ma), followed by voluminous pulses of granitic
magmatism in the c. 2766–2747 Ma time span. Magma delivery occurred
through polydiapirism, associated with shear localization along the roof
of the resulting domes, and triggering uplift, erosion and outward flow of
the supracrustal sequence. The interference between adjacent and
roughly-coeval domes, accommodated by the sagduction of synformal
greenstone keels, produced the characteristic dome-and-keel regional
architecture, during a period of regional-scale tectonic quiescence that
preceded the c. 2730 Ma onset of the Neoarchean Yilgarn Orogeny.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.tecto.2020.228375.
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