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The continental crust of the Earth must be derived ultimately from the 
mantle, since more exotic explanations have not survived testing (1). 
Taylor (2) concluded that island arc igneous activity provided the only 
presently observable viable source capable of producing appropriate volumes 
(0.5 - 1 km3/year) of silica-rich (60% Si02) material which could account 
for the bulk composition and heat flow. A related process, underplating by 
tonalites is a minor variant of the andesite model, although estimates of 
crustal composition based on that model by Weaver and Tarney (3) produce a 
heat flow of 36 m ~ m - ~ ,  about 50% higher than current estimates (4). The 
original andesite model has proven reasonably durable in accounting for the 
bulk composition of the crust. From it, the present 10 km thick upper crust, 
of granodiorites and granites, can be extracted by partial melting processes 
within the crust (5), leaving a lower crust somewhat enriched in Ca, Al, Sr 
and Eu (6). However, some problems beset the island arc or "andesite" 
model. A continuing debate concerns the average composition of island arc 
rocks. Although many authors claim that average arc compositions are 
basaltic rather than andesitic, the statistical estimates by Ewart ( 7 )  give 
Si02 values of 57-58%. 

The Ni and Cr abundances predicted by the "andesite" model present a 
more serious problem. These elements are typically low (25 ppm Ni and 55 ppm 
Cr average) in island arc rocks (8). These values, low for mantle derived 
magmas, are generally ascribed to removal by fractional crystallisation ( 8 ) .  
Upper crustal abundances of 20 ppm Ni and 35 ppm Cr (9) are reasonably well 
established. These elements will mostly remain in residual phases in the 
lower crust during partial melting processes which produce upper crustal 
granodiorites. Accordingly, the bulk crust must contain at least 2-3 times 
the upper crustal values, and the "andesite" model does not provide an 
adequate source for these elements. 

A second problem stems from consideration of crustal growth models. 
The current plate tectonics regime, responsible for island arc igneous 
activity at subduction zones, is not clearly traceable back beyond about 
1 Ae (10). Island arc volcanism may thus provide an acceptable mechanism 
for producing Late Proterozoic and Phanerozoic additions to the crust, 
but becomes a more speculative model for earlier epochs. This is particularly 
so for the Archaen in which the upper crustal composition undergoes a 
significant change (6). The major and trace element chemistry, especially 
REE patterns in sedimentary rocks are consistent with derivation from a 
bimodal suite of basaltic and Na-rich felsic (tonalite-trondhjemite) rocks. 
Andesites are scarce. A differing tectonic regime (probably with very small 
plates) to that of the present day produced mantle derived basalts and Na- 
rich tonalites and trondhjemites (whose steep L E E  enriched HREE depleted 
patterns indicate the presence of garnet in the residue). Isotopic and 
trace element constraints (11) indicate that perhaps 75% of the continental 
crust was emplaced by about 2-5 Ae. Accordingly unless island-arc processes 
were operating by about 3.0 Ae ago, they may not be the principal ones 
responsible for generating the bulk of the crust. We propose that the 
continental crust was principally (75%) generated by Archean-style igneous 
processes, with later additions (25%) in the Proterozoic and Phanerozoic 
by island-arce style igneous activity. A bulk crustal composition so 
calculated is given in Table 1 for major and some critical trace elements (12). 
The principal differences from the "andesite" model ( 2 , 6 )  composition are that 
Ni and Cr are higher and K, U, and Th are a little lower. 
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Table 1: Bulk composition of the continental crust (12) 

CaO 7.3 La 19 

Heat flow = 23.3 m ~ m - ~  for 40 km crust 
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