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Summary   Structures indicative of progressive deformation by ductile transpression in the middle to lower crust are 
described from the Waller Hills area of the Mawson Escarpment, situated in the Antarctic Southern Prince Charles 
Mountains. Lithodemic components within the Waller Hills, including grey gneiss and supracrustals, reflect a Palaeo-
Mesoproterozoic basement and cover sequence that was inverted at ~1000 Ma, synchronous with the production of 
high-grade transposition fabrics and folds in a presumably collisional tectonic setting. We infer that the Waller Hills 
represent the continuation of a Grenville-age East Antarctic orogen (the Rayner Complex) into the Southern Prince 
Charles Mountains. Evidence of any significant reworking at ~500 Ma is inconclusive.  
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Introduction 
The Waller Hills are situated between latitudes 72°46' and 72°51' S along the Mawson Escarpment and comprise 

west-facing outcrops at altitudes of approximately 700-800 m  (Figs. 1 & 2). Exposed along these outcrops are 
supracrustal rocks of Palaeo-Mesoproterozoic depositional age structurally overlain by older Palaeoproterozoic grey 
gneiss (Fig. 2). Both of these lithodemic components occur as sheet-like masses, >100 m thick, and are intensely 
interleaved and transposed along their inferred contact, which is here referred to as the lithodemic contact zone (Fig. 3). 
We describe the tectonic fabrics and folds in the vicinity of this zone and recognise that their timing of development 
was most likely ~1000 million years ago. Our model for the Waller Hills involving extensive transposition of Palaeo-
Mesoproterozoic crust at ~1000 Ma is considered appropriate for much of the North Mawson Escarpment, where 
comparable thrust-like structural styles also occur. The geological interpretation presented here is based on fieldwork 
undertaken along the Mawson Escarpment during the 2002–03 Prince Charles Mountains Expedition of Germany and 
Australia (PCMEGA). 

Lithodemic components 
Two principal lithodemic components are recognised in the Waller Hills; Palaeoproterozoic grey gneiss and Palaeo-

Mesoproterozoic supracrustals. 
 

 
Figure 1. Schematic map of the sector of Antarctica from longitude 45° to 80° E showing the main tectonic 
subdivisions, with enlargement of the Mawson Escarpment (right). Note the location of the Waller Hills area in the 
North Mawson Escarpment. Small arrows indicate the direction of fold axes and linear fabrics. 
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 The grey gneiss includes abundant, layer concordant, leucocratic pegmatites (<10 m thick) that are commonly 
boudinaged and preserve isoclinal folds. These pegmatites define a metre–decametre scale layering in the grey gneiss, 
and contain biotite schlieren oriented sub-parallel to the transposition foliation. External to the pegmatite material, the 
grey gneiss locally exhibits a variably strained augen fabric. The augen consist of inequigranular-interlobate perthitic K-
feldspar, quartz and plagioclase, with grain size of 0.5–5 mm. Zircon dating of grey gneiss samples collected from 
Waller Hills, Lines Ridge and Lawrence Hills, has given Early Palaeoproterozoic U-Pb ages of ~2.47–2.42 Ga that are 
inferred to reflect crystallisation of the magmatic precursors (Mikhalsky et al., 2006; A. Corvino, unpub.). Chemical 
analyses indicate a granodiorite-granite composition for the grey gneiss (Mikhalsky et al., 2006; A. Corvino, unpub.). 

Supracrustal rocks are represented by various amphibolites, orthopyroxene-bearing gneisses and garnet-biotite 
paragneisses that contain mineral assemblages consistent with metamorphism near granulite-facies conditions. They are 
typically migmatitic, with meso-melanocratic layers segregated by centimetre-thick stromatic leucosomes spaced ~1–10 
cm apart. Detrital zircons from quartzite layers at Lines Ridge and Lawrence Hills, which are considered to form a 
continuation of the supracrustals in Waller Hills, provide a maximum deposition age of ~2.47 Ga (Phillips et al., 2006). 
A dominant ~2.47 Ga signature in the supracrustals (Phillips et al., 2006) suggests a local source in the adjacent grey 
gneiss, and we infer an original basement and cover relationship between these crustal components. SHRIMP U-Pb 
dating of discordant granite dykes cutting the supracrustals, as shown in Figure 4a, gives a minimum deposition age of 
~910 Ma. 

 
Figure 2. Large-scale structures in the Waller Hills. (a) Lithodemic contact between ~2.47 Ga grey gneiss (G) and 
<2.47 Ga supracrustals (S). Note that the contact is deformed by an antiformal fold (Fn+2). The height of the outcrop is 
~50 m. (b) West-facing cliff of ~2.47 Ga grey gneiss showing complicated fold geometry and isolated mafic boudin 
(M). The height of the cliff is >100 m.  

Deformation history 
Both the grey gneiss and supracrustals record a similar deformation history. The earliest structure recognised is a 

foliation defined by gneissose and migmatitic layering that is thought to be related to the main metamorphism. In 
supracrustal rocks, this foliation is sub-parallel to the original lithologic layering (S0), but the occasional incidence of 
intrafolial folds suggests that it may reflect a transposition product. Consequently, we denote this planar fabric as the n-
th foliation, Sn, and the intrafolial folds may reflect Fn. It is suspected, however, that some intrafolial folds (Fn) are the 
progressively transposed equivalents of recumbent folds (Fn+1) reflecting zones of higher strain, as overprinting 
relationships are often ambiguous. 

The foliation Sn is reoriented by at least two subsequent phases of folding, Fn+1 and Fn+2. The Fn+1 folds are isoclinal 
and recumbent, with hinge zone widths ranging from <1 m to >10 m in west-facing outcrops (Fig. 5b). They are 
typically asymmetric in profile (in this case the YZ plane) with axes that plunge at shallow angles to the WSW, and 
always sub-parallel to the stretching lineation (Fig. 6c). The majority of Fn+1 folds have consistent vergence to the NNW 
that, assuming synthetic sense, suggests top-to-the-north directed transport normal to the stretching lineation (X-axis). 
Fn+1 axial traces, denoted Sn+1, are parallel to Sn and reflect a pervasive transposed foliation Sn/Sn+1. The exception 
occurs in Fn+1 hinge zones where folded Sn can be distinguished at a high angle to Sn/Sn+1 (Fig. 5b). Of most importance, 
is that Sn/Sn+1 is everywhere sub-parallel to the contact between the grey gneiss and supracrustals, indicating that the 
transposition of these units, and modification of the discontinuity between them, was most likely related to the 
recumbent folding phase. In the Waller Hills area, the strike of Sn/Sn+1 is ENE/WSW and generally shallow dipping to 
the south (Figs. 3 & 6a).  

Fn+2 folds have shallow plunging WSW axes, that are colinear to both Fn+1 hingelines and the stretching lineation, 
and axial surfaces (Sn+2) that commonly dip >45º to the south, making them inclined to Sn/Sn+1 (Fig. 6b). 
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Figure 3. Schematic profile through west-facing outcrops in the Waller Hills area of the North Mawson Escarpment. 
The fold profiles are shown in the YZ plane of the strain ellipsoid, normal to the X axis. 

They occur on scales from <1 cm to >50 m, are often asymmetric, and have amplitudes that are generally less than the 
wavelength. Interlimb angles are typically 30–90°. The Fn+2 fold geometry is represented by the girdle distribution of 
Sn/Sn+1 poles and π-axis on an equal area stereoplot, as shown in Figure 6a. Superimposed Fn+1/Fn+2 fold interference 
patterns are invariably Type 3 of Ramsay (1967) produced by refolding about parallel axes.  Many of the Fn+2 folds have 
forms that indicate subsidiary buckling, such as small-scale chevron types that modify augen fabrics (Fig. 5e), and 
cuspate-lobate types developed along the interfaces of competent leucocratic pegmatite layers. Alternatively, some of 
the buckling may be attributed to a later phase of shortening, but the evidence from the Waller Hills is unclear or may 
be difficult to recognise owing to redundant superimposition (Type 0 of Ramsay, 1967).  

In most places, the Sn/Sn+1 foliation is combined with a stretching lineation to produce a L-S tectonite fabric (Fig. 
5e), or occasionally a L>S fabric. In the supracrustals, the stretching lineation is usually defined by prolate aggregates 
of quartz and feldspar, and is sub-parallel to the alignment of inequant phases such as hornblende, cummingtonite and 
sillimanite. In the grey gneiss, it is defined by elongated quartz-feldspar augen (Fig. 5e). Most augen are in the order of 
10 mm in the direction of principal shortening (Z-axis), although they are elongated such that Y/Z values are 3–10 and 
X/Z values are 5 to >50 (where X>Y>Z). Linear fabrics tend to be most pronounced in the vicinity of the lithodemic 
contact zone, and also in some Fn+2 hinge zones where they locally reflect constriction. Small-scale conjugate ductile 
shears, thought to have formed synchronous with Fn+2, indicate that the tectonic stretching direction is also normal to the 
(~N-S directed) shortening component (Fig. 6d). 

Boudin trains formed in mechanically competent layers, such as amphibolite and leucocratic pegmatite, have 
extension axes sub-parallel to the stretching lineation and enveloping surfaces defined by Sn/Sn+1. The majority of 
boudins have drawn block shapes (see Goscombe et al., 2004). Interboudin distances are usually less than half the 
length of the boudin profile, although isolated mafic boudins in (inaccessible) cliff faces, such as those shown in Figure 
2, suggest considerably higher finite strains. There is also some evidence of boudinage in two directions, with 
approximately perpendicular long axes, which may reflect a component of bulk flattening; that is, with (RXY -1)/(RYZ -1) 
< 1 (Flinn, 1962). But the extent and timing of such structures is unclear at this stage.  

 
Figure 4. Photographs of ~910 Ma granite dykes intruding earlier high-grade structures in (a) supracrustals, and (b) 
grey gneiss. The dykes tend to be axial planar to Fn+2 folds and they contain an internal sub-parallel foliation Sn+2. 
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Figure 5. Structures in the Waller Hills. (a) Early isoclinal folds (Fn/Fn+1) in grey gneiss with axial traces sub-parallel to 
the transposition foliation defined by stretched augen (Sn/Sn+1). (b) Decametre-scale recumbent Fn+1 fold hinge zone in 
supracrustals. (c) Asymmetric flow-type folds, symptomatic of high ductility, in leucocratic pegmatite material within 
grey gneiss. Scale bar is ~30 cm. (d) Example of polyphase folding and S-fabrics in supracrustal rocks. Scale bar is ~1 
m. (e) Small-scale folds and stretching lineation in grey gneiss. Left of the hammer (i) the rock face is sub-parallel to 
the YZ plane of the strain ellipsoid and the folds are shown in profile. These folds buckle the augen fabric. To the right 
of the hammer (ii) the rock face contains the stretching lineation (X-axis) defined by augen.  
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Figure 6. Stereographic plots showing geometric data from the Waller Hills area. (a) Poles to the transposition foliation 
Sn/Sn+1. (b) Poles to Fn+2 axial surfaces, Sn+2. (c) Fold axes and stretching lineation (L). (d) Small-scale conjugate ductile 
shears with reverse movement sense. Estimation of the palaeostress using the Trihedra method (e.g. Ramsay, 2000) 
indicates N-S directed shortening with extension sub-parallel to the stretching lineation (denoted X). Stereoplots are 
lower-hemisphere equal area projections. Contour intervals in (a) and (b) are 1, 2, 4 and 8% per 1% area. These data 
reflect the structural geometry elsewhere in the Southern PCM (Hofmann, 1982). 

Constraints on the timing of deformation 
The sequence of deformations involving transposition of the lithodemic components must have occurred before 

~910 Ma, as indicated by SHRIMP U-Pb zircon ages of granite dykes which intrude both the Sn/Sn+1 foliation and early 
Fn+1 folds (A. Corvino, unpub.). Such dykes are oriented sub-parallel to Fn+2 axial surfaces, as shown in Figure 4, 
suggesting that the timing of this folding phase could be at least as young as ~910 Ma. The timing of older Sn/Sn+1 and 
Fn+1 may be inferred indirectly using geological relations in the nearby Lawrence Hills (Fig. 1), where ~2.47 Ga grey 
gneiss (equivalent to that in Waller Hills) was transposed together with a ~1080 Ma crustal component under high-grade 
conditions; thus, implying that a significant phase of deformation affected the grey gneiss sometime after ~1080 Ma 
(Corvino & Henjes-Kunst, in press). It is inferred, therefore, that the transposition occurred during a ~1000 Ma event 
recognised in other regions of East Antarctica (e.g. Krynauw, 1996).  

Reactivation in the vicinity of the lithodemic contact zone is indicated by interboudin leucosome dated at ~500 Ma 
(A. Corvino, unpub.). This reactivation was probably not pervasive because ~910 Ma dykes are preserved in the 
flanking wall rocks (Figs. 3 & 4). However, it may have involved movement and further transposition of pre-existing 
structures along the lithodemic discontinuity, since there is yet no evidence for a ~910 dyke transecting this boundary 
(Fig. 3). 

Interpretation 
The structures described above indicate the transposition of Palaeo-Mesoproterozoic crust during a period of 

progressive non-coaxial deformation at ~1000 Ma. Recrystallisation at high-T is thought to have continued for the 
duration of the transposition, given that granoblastic microstructures are pervasive and overprinting mineral 
relationships are generally scarce. Outwardly, the structure could be interpreted as comprising stacked thrust sheets, 
with ~2.47 Ga grey gneiss overlying elements of a younger supracrustal belt (<2.47 Ga), separated by a detachment that 
is represented by the lithodemic contact zone. Alternatively, the lithodemic contact zone represents an earlier 
discontinuity that was rotated into parallelism with the transposition foliation by penetrative flow mechanisms operating 
in the middle to lower crust, resulting in an overall thrust-like geometry (e.g. Williams & Jiang, 2005).  Tectonic 
movement was evidently NNW directed, as indicated by consistent asymmetric fold vergence, and normal to the 
stretching lineation. We therefore interpret the shear zone system as transpressional (e.g. Tikoff & Green, 1997; 
Passchier, 1997) or a laterally expanded type (Passchier et al., 1997), and a purely simple shear model involving 
lineation directed transport may not apply (e.g Escher & Watterson, 1974).  At this stage, it is unclear whether the 
transposition structures are best related to a collisional or extensional tectonic setting, but the juxtaposition of older rock 
masses over younger ones most likely signifies convergence. 
 Very similar structural styles related to convergence at ~1000 Ma are recognised throughout an extensive Grenville-
age mobile belt, the Rayner Complex (Fig. 1), which extends from western Enderby Land to the Northern Prince 
Charles Mountains (e.g. Kelly et al., 2000, 2002; Boger et al. 2000; Dunkley et al., 2002). In our view, the Waller Hills, 
and much of the North Mawson Escarpment, represent the continuation of this belt into the Southern Prince Charles 
Mountains, along with a significant ~2.47 Ga crustal component that may have affinities with the Vestfold Hills and the 
Napier Complex.  
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