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Ultra-low velocity zone (ULVZ)
locations provide insight into their
cause and global-scale convection
patterns
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Ultra-low velocity zones (ULVZs) are small, kilometer-
scale structures at the base of the mantle, characterized by
sharp reductions in seismic velocity, high density, and possibly
partial melting. Here, we explore how their locations are
related to much larger-scale seismic features: the Large Low
Shear Velocity Provinces (LLSVPs) beneath Africa and the
Pacific. The larger LLSVPs are hypothesized to be caused by
primordial, compositional reservoirs (i.e., thermochemical
piles) with slightly increased intrinsic density. However, the
cause of ULVZs is more-widely debated, and hypotheses
generally fall into two categories: (1) partial melting of normal
mantle and (2) additional small-scale compositional
heterogeneity. We perform numerical convection calculations
in a partial sphere geometry, employing two sets of
experiments; each of which includes thermochemical piles to
represent LLSVPs. In one set of experiments, we simply
examine the time-dependent locations of the hottest regions of
the lowermost mantle. We find that the hottest regions, where
partial melting could occur to explain ULVZs, are located well
within thermochemical pile interiors. In the second set of
experiments, we include an additional composition: a small
volume of ultra-dense material to represent ULVZs. We find
that the ultra-dense material accumulates within patches
spotted along the margins of thermochemical piles. Both
hypothetical causes of ULVZs lead to significantly different
morphologies and positions with respect to thermochemical
piles, providing evidence that seismic observations of ULVZ
shape and location with respect to LLSVPs can provide insight
into their cause and act as markers for understanding global
mantle flow patterns.
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