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1 Abstract 

The Leeuwin Complex of southwestern Western Australia forms the best exposed 

component of the Pinjarra Orogen, where early Cambrian deformation and 

metamorphism represents one of the final events in Gondwana amalgamation. Three 

structurally different domains within the Leeuwin Complex are identified and a 

structural model for pure shear ( coaxial strain) is prefe1Ted for the subhorizontal 

structures of the central structural domain. This is based on the identification of four 

phases of progressive deformation within the central structural domain that are 

interpreted to have occu1Ted during or after peak metamorphism. Subvertical 

compression accounts for D 1 and D2 deformation and D3 represents a transition from 

subvertical compression to pure shear east-west shortening. D4 structures are 

interpreted as post peak metamorphism east-west extension. 

U-Pb SHRIMP and LA-ICPMS analysis of zircon and monazite constrain peak

metamorphism to c 522 Ma. Thermobarometric calculations for peak metamorphic 

mineral assemblages yield average P-T estimations of 7.24 ± 0.61 kbar and 687 ± 28°C 

for the Leeuwin Complex. P-T calculations based on mineral rim compositions reflect 

retrograde conditions ~0.5 - 1 kbar less and ~50 - 100°C cooler than peak metamorphic 

conditions, implying that the Leeuwin Complex remained at mid-crustal levels after 

peak metamorphism. Analysis of chemical zoning in garnet suggests that after a 

prolonged period at mid-crustal depths, the Leeuwin Complex was exhumed rapidly. 

Sm - Nd isotopic data are presented for selected samples that reflect the two apparent 

protoliths of the felsic orthogneisses. i::Nd values are comparable to Sm - Nd isotope 

data from eastern Antarctica. Evolved i::Nd are interpreted to indicate that the 

petrogenesis of the Leeuwin Complex protoliths involved partial melting of an emiched 

crustal source, which is interpreted to be the Mesoproterozoic Naturaliste Plateau which 

is considered a western continuation of the Albany-Fraser crust. 

Keywords: early Cambrian, geochronology, Gondwana, Leeuwin Complex, structure, 

thermobarometry 
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hornblende and biotite. The temporal and overprinting structural relationship between 

the S 1 and S2 foliation fabrics is presented by the schematic diagram within Figure 4 

which demonstr_ates the formation and preservation of two tectonic fabrics. D2 is 

responsible for the meter-scale isoclinal folding of amphibolite layers (Figure 4), 

formed by subhorizontal shortening. Small, 'stringer' like garnet-absent amphibolite 

layers preserve isoclinal-tight recumbent folding that is axial planar to the S2 foliation 

and are parallel to the local mineral elongation lineation. Large I 0-90mrn garnet 

porphyroblasts are present within the fold hinges of D2 folded amphibolite layers 

(figure 5). 

5.3 D3 Structures

Foliation parallel leucosomes exhibit 'kink' fold structures that suggest a compressional· 

regime. Structural data taken from 'kink' folds (Figure 6) reveal conjugate sets of kink 

folds (Figure 6; c & d) and are interpreted as box folds that reflect the bulk shortening 

orientation to be WSW-ENE. Diffuse, nebulitic pegmatites crosscut these structures, 

indicating that D3 deformation occurred at temperatures greater than the solidus for the 

host garnet-bearing, leucocratic gneiss. 

D3 folding occurs within locally derived low strain zones where folding of the S2 

foliation occurs in centimetre-scale lenses that encase S-type folds (Figure Sb). The fold 

hinges are parallel to slightly oblique to the local mineral lineation (refer to stereonets 

presented with Figures 3; a, b, c, d & e). Isoclinal folding of leucosomes that are· 

parallel to the S2 foliation is attributed D3 deformation. Fold hinges are parallel to the 

down dip mineral lineation (Figure Sc; 7). Folding and boudinage of leucosomes occurs 

within regions of localised low strain which are also sites of pegmatitic partial melt 

accumulation. Crosscutting pegmatites (D3) migrated away from high strain zones and 

form within boudin necks and fold hinges of leucosomes within the lower strain regions 

of the garnet bearing leucocratic gneiss (Figure 7). The presence of garnet 

porphyroblasts within the deformed leucosomes suggests that D3 occurred close to, or 

just after peak metamorphism. 
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