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The origin of subduction zones: A new perspective and implications for the global tectonics

The origin of subduction zones: A new perspective and
implications for the global tectonics
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Abstract. Tonga and Mariana forearc peridotites representing their respective subarc lithospheres are
compositionally highly depleted (low Fe/Mg) and thus physically buoyant relative to abyssal peridotites
representing normal oceanic lithospheres (high Fe/Mg) formed at ocean ridges. The observation that the
depletion of these forearc lithospheres is unrelated to, and predates, the inception of present-day western
Pacific subduction zones demonstrates the pre-existence of compositional buoyancy contrast at the sites of
these subduction zones. These observations allow the suggestion that that lateral compositional buoyancy
contrast within the oceanic lithosphere creates the favored and necessary condition for subduction initiation.
Edges of buoyant oceanic plateaus, for example, mark the compositional buoyancy contrast within the
oceanic lithosphere. These edges under deviatoric compression (e.g., ridge push) develop reverse faults with
combined forces in excess of the oceanic lithosphere strength, allowing the dense normal oceanic lithosphere
to sink into the asthenosphere beneath the buoyant overriding oceanic plateaus, i.e., the initiation of
subduction zones. This concept may be termed as Oceanic Plateau Model. This model explains many other
observations and offer testable hypotheses on important geodynamic problems on a global scale as detailed
in the text.

1. Introduction

The advent of plate tectonics theory over 30 years ago has revolutionized Earth Science thinking, and
provided a solid framework for understanding how the earth works. Many forces may contribute to plate
motions [e.g., Forsyth and Uyeda, 1975; Turcotte and Schubert, 1982; Cox and Hart, 1986], but pull by the
subducting-slab due to its negative thermal buoyancy, further enhanced by early changes to denser minerals
with depth, is widely accepted as the major driving force for plate motion and plate tectonics [e.g., Forsyth
and Uyeda, 1975; Turcotte and Schubert, 1982; Cox and Hart, 1986; Davies and Richards, 1992; Stein and
Stein, 1996; Davies, 1998; Richards et al., 2000]. It follows that there would be no plate tectonics if there
were no subduction zones. Yet how a subduction zone begins is poorly understood despite great efforts [e.g.,
Viaar and Wortel, 1976; McKenzie, 1977; Cloetingh et al., 1982; Hynes, 1982; Karig, 1982; Casey and
Dewey, 1984; Ellis, 1988; Mueller and Phillips, 1991; Erickson, 1993; Kemp and Stevenson, 1996; Toth and
Gurnis, 1998]. Here I propose that initiation of subduction zones is a consequence of lateral compositional
buoyancy contrast within the oceanic lithosphere. This concept differs from models in the literature, but is
consistent with observations, and makes testable predictions on important geodynamic problems. It is
intended that this contribution will offer a stimulus to the community for a better understanding of
fundamental tectonic problems, such as this one, that we should have understood, but we do not yet.

2. The New Concept And A Historical Perspective

The principal vector of motion of a subducting slab is vertical, hence the driving force of the slab is
gravitational attraction — i.e. its negative buoyancy with respect to its surroundings. Therefore, it would be
physically optimal if one part of the lithosphere experienced a greater gravitational attraction than its
adjacent neighbor prior to or during the initiation of a subduction zone. This requires the pre-existence of a
density contrast within the lithosphere. If the lithosphere in question is thermally uniform (e.g., for

13

-y





