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Understanding the composition and nature of the Earth's early crust is 
important for studies of crustal evolution (1,2) and comparative planetology 
(3,4). Trace element abundances in post-Archean sedimentary rocks are 
consistent with a granodioritic composition for the upper continental crust 
(2,5) and, coupled with the presence of a significant negative Eu-anomaly on 
average, argue strongly for intra-crustal partial melting being the prime 
agent of crustal differentiation. Archean sedimentary rocks are less well 
studied, but display fundamental geochemical differences to post-Archean 
sedimentary rocks (2,5), such as lower CREE, La/Yb. They typically lack 
Eu-anomalies. Such differences clearly have implications for the composition 
and nature of the Earth's early crust. For the past several years, this 
laboratory has been accumulating geochemical data on Archean clastic 
sedimentary rocks from Australia, Greenland and South Africa in order to 
evaluate these differences. 

REE DATA REE patterns are highly variable from flat with LREE-depletion 
(La/Yb)N<l) to very steep with (La/Yb)N >25. Patterns with (La/Yb)N = 3-10 
are most common. Absolute abundances are also variable but typically are 
about 213 the levels of post-Archean shales. Although local exceptions exist, 
Archean shales typically do not possess Eu anomalies. Of the common 
terrestrial igneous rocks, this pattern is most similar to calc-alkaline 
andegites, however, Archean andesites with such REE patterns are relatively 
rare. The data are equally consistent with sedimentary rocks being derived 
from a mixture of the well documented Archean bimodal igneous suite of 
ma£ ic volcanics and tonalites , trondhj emites , dacites (6) . 

TWO COMPONENT MIXING On Fig. 1, the Archean shale data are plotted on 
ternary diagrams of elements which are relatively immobile during sedimentary 
processes. Unlike the post-Archean shale data of Nance and Taylor (7) which 
plot in a restricted field around or near present-day upper continental 
crust (UC), the Archean data plot on linear trends which are consistent with 
two-component mixing of average Archean mafic volcanics (AMV) and average 
Archean tonalites-trondhjemites (TT) . On Fig. 2, a plot of Co/Th vs. La/Sc 
is shown. Superimposed is a mixing line defined by two of the extreme 
sedimentary compositions. The inset shows a plot of Co/Th vs. Sc/Th and the 
linear trend on this diagram is good supportive evidence for two-component 
mixing (8). 

DISCUSSION Trace element relationships in Archean sedimentary rocks 
provide persuasive evidence for an origin through two component mixing of 
the Archean bimodal igneous suite. The average Archean shale REE pattern is 
consistent with mixing of the end member lithologies in proportions of about 
1:l and indicate the average Archean exposed crust had La = 20 ppm, CREE = 
104 ppm, La/Yb = 9.8 and Eu/Eu* = 0.96. Using the known La-Th coherence in 
Archean sedimentary rocks (5), an Archean upper crustal Th abundance of 5.7 
ppm (La/Th = 3.5) can be derived. From this we can derive abundance of U = 
1.5 ppm (Th/U = 3.8), K = 1.5% (K/U = l o 4 )  and Rb = 50 ppm (K/Rb = 300) . 
These values for incompatable elements are about half the concentrations in 
the present day upper continental crust (2) and indicate that the Archean 
exposed crust was considerably less differentiated than the present-day upper 
continental crust. 

A reasonable model for the bulk composition of the total Archean crust is 
that it is equivalent to the average Archean volcanic rock. The data from 
Goodwin (9), indicate a value of K = 0.75% for the total crust. From this we 
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can derive U = 0.75 ppm (K/U = lo4), Th = 2.9 ppm (T~/u = 3.8) and Rb = 25ppm 
(K/Rb = 300). Such a composition is considerably less enriched (ie - less 
differentiated) than estimates of the Archean exposed crust, derived from the 
sedimentary data, and in terms of a bimodal model would be equivalent to 
Archean mafic volcanics and felsic igneous rocks in the proportions 2:l. The 
major element data in clastic sedimentary rocks also support the idea of 
upward enrichments of silica-rich components in the Archean crust (10). 

The sedimentary data clearly show that the mechanisms for differentiating 
the post-Archean and Archean crusts were fundamentally different. The post- 
Archean upper crust is characterized by a negative Eu-anomaly with fairly 
flat HREE. This indicates that the major agent of crustal differentiation 
was partial melting, probably of an upper amphibolite grade intermediate 
composition, at crustal depths ((40 km) where plagioclase is a dominant 
residual phase (2). In contrast, the Archean upper crust did not have a 
Eu-anomaly on average and the felsic end member of the bimodal suite was 
characterized by steep REE patterns with HREE-depletion indicative of 
garnet fractionation. Thus, the most important mechanism for differentiating 
the Archean crust probably was partial melting of amphibolite or eclogite 
grade mafic rocks at depths below plagioclase stability (presently 40 km) and, 
depending on whether or not hornblende was an important residual phase, 
possibly greater than 60 km (1). Thus, in contrast to the differentiation of 
the post-Archean crust which is dominantly a crustal process, the differ- 
entiation of the Archean crust was dominantly an upper mantle process. 
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