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Figure 1 The La/Yb-Yb diagram to distinguish Archean TTG from
post-Archean granitoids. Revised after Refs. [4,16,18]
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Figure 2 Dome-and-keel structures of Archean cratons. (a) Neoarchean domes in the Zimbabwe Craton, revised after Ref. [30]; (b) dome-and-keel
structures of which the domes formed by vertical diaprism of low-density TTG magmas and the keels formed by vertical sagduction of high-density

greenstones, revised after Refs. [26,28,31]
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Figure 4 A schematic model showing the development of the East
Pilbara granite-greenstone terrane from a thick oceanic plateau that
formed by mantle plumes. Revised after Ref. [23]
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Figure 7 Possible evolution of magmatotectonic styles for a large silicate body, like the Earth (revised after Ref. [68]). Plate tectonics requires certain
conditions of lithospheric density and strength where stresses associated with mantle convection must exceed the strength of the lithosphere sufficiently
to allow plate rupture but not so much stronger that the plate breaks up into drips or so that the bottom of the lithosphere separates from the top of the
lithosphere. Such conditions are so sufficiently restrictive that plate tectonics currently operates only on Earth, whereas other terrestrial planets and
moons in the Solar system, like Mercury, Venus, Mars, Moon, o, etc. have a stagnant lid tectonics
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Established in the mid-1960s and regarded as a revolution in Earth sciences, the plate tectonics theory can reasonably
interpret nearly all geological phenomena, processes, and events that happened during post-Archean time (from 2.5 billion
years ago to the present), and has also been applied to explain the formation and evolution of continents. According to the
plate tectonics theory, the mafic lower crust and the felsic upper crust of continents can develop from an island arc that
formed by subduction of one oceanic crust beneath another, where the mafic lower crust of continents can be extracted from
the mantle through the partial melting of the mantle wedge in the subduction zone, whereas the felsic upper crust of
continents can form by the partial melting of the already-formed mafic lower crust. However, such an island arc model
under a plate tectonic regime cannot well explain the magmatic, metamorphic and structural features of Archean (>2.5
billion years) continents. For example, island arc models fail to explain the presence of ~1600°C komatiites, absence of
andesites that is dominant in post-Archean arcs, nearly coeval and craton-scale emplacement of tonalite-trondhjemite-
granodiorite (TTG) rocks, dominancy of dome-and-keel structures, and lack of ultrahigh-pressure rocks, paired
metamorphic belts and ophiolites, etc. All of these imply that Archean continents may not have been formed under plate
tectonic regimes, but were originated from some pre-plate tectonics (non-plate tectonics). So far, researchers have proposed
a number of pre-plate tectonics models, of which the most representative ones are mantle plumes, sagduction, heat-pipes
and stagnant lids. Although each of these pre-plate tectonics models can satisfactorily interpret some features of Archean
cratons, none of them is successful in explaining all lithological, structural and metamorphic features of Archean cratons.
For example, although the mantle plume-derived oceanic plateau models can well explain many features of Archean
cratons, oceanic plateaus formed by mantle plumes may not provide enough water (H,0) for aqueous partial melting of
basaltic rocks to create TTG magmas. It is the same case with heat-pipe models. As the sagduction models assume the
existence of an old felsic continental crust, they are not suitable for discussing the origin of Archean continents. As for
stagnant lids, they just describe the state of a single lithosphere plate which itself cannot provide any geodynamic
mechanisms for making a mafic crust be partially melt to form TTG magmas. Therefore, none of available pre-plate
tectonics models proposed so far has been successfully applied to interpret the origins of Archean continents. Thus, a
number of research groups in the world are conducting extensive and comprehensive investigations on this important
scientific conundrum. Although Chinese geologists missed a chance to have made contributions to establishing plate
tectonic theory in the 1960s, they have a great potential for breakthroughs in establishing a pre-plate tectonics theory since
they have done tremendous work on the early geodynamic mechanisms for the formation and evolution of Archean
continents and produced large amounts of new data and competing interpretations in the past four decades.

continents, plate tectonics, pre-plate tectonics, Archean, mantle plume
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