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Secular change in Archean crust formation recorded in Western Australia
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The formation mechanisms for early Archean continental 
crust are controversial. Continental crust might have 
accumulated via horizontal accretion in modern-style 
subduction zones, or via vertical accretion above upper 
mantle upwelling zones. These end-member models are all 
able to explain the field and geochemical characteristics of 
the Archean tonalite–trondhjemite–granodiorites (TTG) in 
early Archean terranes (e.g. Herzberg and Rudnick, 2012; 
Polat, 2012). However, the change in characterization of 
continental crust at the transition between the Archean 
and Proterozoic eons, suggests that continental crust did 
not form by subduction processes until the late Archean. 

Spatial and temporal clustering in 

the WA crust

Yuan (2015) used seismic receiver function data to 
analyse the bulk properties of continental crust in Western 
Australia (Fig. 1), which formed and stabilized over a 
billion years in the Archean. The bulk seismic properties 
of the crust cluster spatially, with similar clusters confined 
within the boundaries of tectonic terranes (Fig. 2). 
This spatial clustering of the crustal properties strongly 
indicates that these tectonic subunits may have formed 
differently through time. 

Local Archean crustal growth models (e.g. Van 
Kranendonk et al., 2014) show that both plume and 
subduction processes might have had a role in creating 
crust throughout the Archean. A correlation between 
crustal age and the bulk seismic properties of the 
crust reveals a trend from about 3.5 Ga to the end of 
the Archean, when the crust gradually thickened and 
simultaneously became more evolved in composition 
(Fig. 3). A similar trend of the Archean crust thickening is 
also found in a global compilation (Keller and Schoene, 
2012). 

Figure 1.  Simplified Archean and Proterozoic rock 

ages, crustal elements and seismic stations 

in Western Australia. Inset shows the location 

of the study region. Greenstone belts are 

shaded in green. Rock ages and large-scale 

crustal elements are based on 1:500 000 State 

tectonic units map compiled by the Geological 

Survey of Western Australia (GSWA). Terrane 

and domain boundaries in the Yilgarn follow 

Cassidy et al. (2006). Seismic stations are 

shown by open (temporary deployment) 

and filled (permanent) circles. Labels are: 

Nar, Narryer Terrane; M, Murchison Domain;  

SC, Southern Cross Domain; SW, South West 

Terrane. 
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Figure 2.  Spatial distribution of the crustal observations in the West Australian Craton: a) bulk crustal 

thickness; b) Vp/ Vs ratio; c) crustal density anomaly; d) composite bulk crustal compressional 

wave (P-wave) velocity (Aitken et al., 2013). The West Australian Craton is outlined in red. Note 

the image artefact in the northeastern part of Western Australia which is due to the sparse 

seismic station coverage.

Earth cooling and secular change 

in WA crust formation 

This trend reflects the transition between crust dominantly 
formed above mantle plumes, from those formed by 
subduction processes — a transition that may reflect 
secular cooling of the Earth's mantle. As shown in 
numerical simulations (Johnson et al., 2014), such secular 
mantle cooling, reflected as decreasing mantle potential 
temperature (Tp), controls the overall efficiency of the 
Archean lower crustal delamination processes: higher Tp 
results in rapid and complete removal of the lower crust, 
while lower Tp makes the removal process less efficient. 
It is thus likely that the systematic crust thickening in 
Western Australia might simply reflect the secular mantle 
cooling process. More efficient lower crustal removal 
processes in the hotter Paleoarchean led to a thin Pilbara 
crust; towards the end of the Archean, the delamination 
processes become sluggish and less lower crust is 
delaminated, resulting in a gradually thickened crust.

The overall efficiency of the lower crustal delamination 
processes through time can also readily explain the age-
progressive evolution of the Western Australian crustal 
composition. In the Paleoarchean, the high mantle 
temperature and radiogenic crust, episodes of plume 
activities (Van Kranendonk et al., 2014) and catalytic 
delamination driven melts (Bédard, 2006) are probably the 
key to generating the extremely felsic crust by multistage 
crust fractionation in the Pilbara. In the late Archean, 
if more mafic lower crust is preserved, it would result 
in a bulk crustal composition that is more intermediate. 
In addition, by this time the crustal growth in Western 
Australia might be in transition to a horizontal accretion 
regime. As the mantle cooled, subduction eventually 
became more dominant in the late Archean (e.g. Barley 
et  al., 2008); the subduction-related new magmas that 
were added to the continental crust might have evolved 
to a more intermediate composition (Christensen and 
Mooney, 1995).
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Figure 3.  Clustering and temporal variations in the Western Australian crust: a) bulk crustal  

thickness versus Vp=Vs ratio.  Stations for each subdivision are marked on the map (inset). 

The measuring errors of seismic observations and the errors associated with the isotopic 

ages (Champion, 2013) are indicated. Note the large deviation of the South West Terrane 

and lack of robust measurements from the Narryer Terrane; b) the age correlation of the 

bulk crustal thickness; c) the age correlation of the bulk Vp=Vs ratio.
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