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Interactions between mantle plumes and mid-ocean ridges: Observations, concepts and mechanisms

Interactions between mantle plumes and mid-ocean ridges:
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Abstract, Plate tectonics and mantle plumes are genetically independent, but when the ascending imantle
plumes approach lithospheric plates, interactions between the two occur. Such interactions are most
prominent near ocean ridges where the lithosphere is thin and the effect of mantle plumes is best revealed.
While ocean ridges are mostly passive features in terms of plate tectonics, they play an active role in the
context of plume-ridge interactions. This active role is in practice a ridge suction force that drives
asthenospheric mantle flow towards ridges as the result of material needs to form the ocean crust and
lithospheric mantle in the broad zone of mantle upwelling beneath ocean ridges. Because the LVZ has the
lowest viscosity that increases exponentially with depth, the ridge-ward asthenospheric mass flow is largely
horizontal in the direction against the motion of the overlying lithospheric plate. It follows that the spreading
lithospheric plates must necessarily be decoupled from the sublithospheric flow, particular in the ocean
basins with fast-spreading ridges such as the Pacific because of the spreading-rate dependent material
demand/flow towards the ridge. The ridge suction force or ridge-ward mass flux is linearly proportional to
plate spreading rate. The above concepts and postulated mechanisms of asthenospheric mantle flows and
plume-ridge interactions are supported by geological, geophysical, and geochemical observations illustrated
in this paper.

1. Introduction

Geological processes are consequences of Earth’s thermal evolution. Plate tectonics, which explain
geological phenomena along plate boundaries, elegantly illustrate this concept. For example, the origin of
oceanic plates at ocean ridges, the movement and growth of these plates, and their ultimate consumption
back into the Earth’s interior through subduction zones provide an efficient mechanism to cool the earth’s
mantle, leading to large-scale mantle convection. Mantle plumes, which explain another set of global
geological phenomena, cool the earth’s deep interior (probably the Earth’s core) and represent another mode
of Earth’s thermal convection [e.g., Davies & Richards, 1992]. Plate tectonics and plume tectonics are thus
genetically independent of each other. However, when the rising plumes approach the lithospheric plates,
interactions between the two inevitably result. Such interactions are most prominent near ocean ridges where
the lithosphere is thin and the effect of mantle plumes is best revealed. “Plume-ridge interaction™ has been a
hot topic in recent years, and much effort has been expended in this area aimed at understanding the
geological, geochemical, and geodynamic consequences [e.g., Schilling et al., 1983, 1994, 1995, 1996, 1999;
Schilling, 1991; Feighner & Richards, 1995; Ito & Lin, 1995a,b; Ito et al., 1996; Kincaid et al., 1995, 1996;

Ribe, 1996; Sleep, 1996; Haase & Devey, 1996; Hékinian et al., 1996, 199? 1999; Pan &chza 1998; Niu
etal., 1999; Graham et al., 1999; Georgen et al., 2001; Haase, 2{)02]

: In this paper, instead of reviewing details of existing models, I present some new perspectives on the
geochemical and geological consequences of plume-ridge interactions in the form of schematic models.
These models differ from most common perceptions, but are consistent with observations and comply with
simple physncs I focus on first-order observations and stress the importance of several fundamental
concepts and variables required to fully understand the “expression” and “intensity” of plume-ridge
interactions. These include: (1) what mantle plumes are; (2) the nature and composition of plume sources; (3)
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