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3 

Models of Total Crustal Composition 

3.1 Boundary conditions from the upper crustal composition 

The composition of the presently exposed upper crust was given in Section 

2.6. Various limitations were noted in the factors involved in the calculation, 

but the estimates from the separate methods of establishing crustal abundances 

converge in a reasonable manner consistent with the geological evidence. To a 

first approximation, the composition is close to that of the plutonic igneous 

rock, granodiorite. The upper crust is not siliceous enough to resemble true 

granite, nor so silica-poor that it resembles diorite or tonalite. The REE 

patterns, Th and Sc abundances in sedimentary rocks are consistent with 

abundances observed in granodiorite and form one boundary on bulk crustal 

compositions. 

The abundances of K, U and Th are, however, high enough so that a 30 

km thickness of this composition would generate the observed crustal heat 

flow, without any mantle contribution. Accordingly, the total thickness of the 

upper crust must be less than this. Numerous complicating factors enter these 

calculations. Th, U and K are probably concentrated in the last melts to 

crystallize from granitic liquids and hence will be more abundant in the upper 

levels of granitic batholiths. Most models envisage an exponential or steplike 

decrease in the contents of K, U, and Th with depth although, as noted in 

Section 2.6.5, these models are only an approximation to reality (see Sections 

2.6.5 and 3.2). Upper crustal thicknesses between 8 km (20%) and 13 km 

(30%) are usually specified. In Section 2.6.5 we adopt a value of 10 km as the 

thickness of the upper crust, based on the heat-flow parameters. This is about 

25% of the total crust. 

The bulk composition of the crust thus depends heavily on models for the 

composition of the generally inaccessible lower crust and on mechanisms for 

producing the crust from the mantle. Various approaches are possible. One is 

to select terrains thought to be representative of the deep crust. This approach 

has become increasingly fraught with difficulties as our understanding of the 

heterogeneous nature of the lower crust has grown (e.g. Section 1.2). A second 

line of attack on the problem is to try to establish the process responsible for 

crustal growth, and identify its products. These will accordingly provide the 

bulk composition for the crust. Many of the complexities involved are 

discussed throughout this book. Does the crust grow by lateral accretion of 

island-arcs? Is underplating a significant mechanism for growth? Can we 

distinguish chemically between andesitic volcanism as a growth mechanism, 

and growth by intrusion of diorites or tonalites? 

Among the constraints adopted here is the requirement that the bulk 
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