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arth’s Enigmatic Interface

Edward ). Garnero and Raymond jeanloz

t the boundary between Earth’s

rocky mantle and its metallic core, a
dramatic change in physical proper-

ties occurs. Density and scismic wave ve-
locities change more substantially at this
boundary than be-

The interpretation of seismic waveforms
is often ambiguous. Scismic wave speeds
of the outermost core are much slower than
those of the lower mantle, largely because
the former is liquid whereas the latter is

ily distinguishable from “normal” Earth
models without boundary layer structure.
Therefore, features intcrpreted as ULVZs
may instcad be caused by infiltration be-
tween the crystalline mantle and liquid out-
er core in regions.

Yet another model docs not invoke any
change in manile properties but rather pro-
poscs a thin zone of finite rigidity at the
top of the outer core (see the figure). Such
a core-rigidity zone (CRZ) could result

from crystallization at the top

Enhanced online at tween the air and
www.sciencemag.org/cgi/  rock at Earth’s sur-
content/full/289/5476/70 face. Moreover, the

of the core. Isolated patches
of core-side rigidity may be
protected from the relatively

\.NORMAL

bottom of the man-
tle, like its top, cxhibits strong lateral het-
crogeneity in properties such as seismic
wave speeds. This horivontal variability can
both cause and result from the processcs
controlling Earth’s internal evolution, such
as mantle convection and melting.

High-resolution scismological studies,
in which the seismic rays that have tra-
versed the lowest regions of the mantle are
analyzed, demonstrate the complexity of
the core-mantle boundary (/). Of the
around 45% of the corc-mantle boundary
that has been recently probed for layering
complexitics, nearly 12% indicate an
anomalous boundary layer structure (2).
But distinguishing between different mod-
els of the boundary from seismic data turns
out to be difficult, and there are several
competing medels for the boundary layer
structure.

Thin patches with ultralow seismic
wave speeds are observed in some regions
of the boundary, and these have been in-
terpreted as signs of partial melting at the
basc of the mantle (3). High-pressure lab-
oratory experiments have offered some
support for this interpretation (4, 5). A
correlation between these ultralow-veloci-
ty zones (ULVZ) and voleanic hot spots at
the surfacc has also been proposed (2).
The ULVZ layer is believed to be about 5
to 50 km thick on the mantle side of the
core-mantle boundary. Compressional
and shear wave seismic velocity are sub-
stantially reduced in this layer, possibly
by as much as 10 to 20% and 10 to 50%,
respectively, relative to the overlying
mantle (6). The ranges in ULVZ velocities
and thickness are large becausc the veloc-
ities, thickness, and density are not well
constrained. This problem 1s further en-
hanced with the addition of boundary lay-
er topography (7).
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rapid core currents, if they are
located bencath positive core-
mantle boundary bumps that
are at lcast 1 to 2 km deep. It
is important to note that all of
these structurcs (ULVZs,

uLvz

Possible mantle-to-core transitions. Seismic waves sensitive
to boundary layer structure at Earth’s core-mantle boundary
{CMB), such as SKS and SPAKS waves (upper left), produce di-
agnostic waveform behavior, such as large delays in SPKS rel-
ative to SKS {upper right). First-order differences are apparent
between models lacking strongly reduced seismic velocities
"normal”) and models with distinct boundary layer structure
(ULVZ, CRZ, and CMTZ), but distinguishing between different
types of ultralow-velocity layers is difficult. The boundary layer
thickness for the different models must be adjusted to fit the
data; relatively thicker layers are needed for the ULVZ layers,
compared with the thin structures of the CRZ or CMTZ layers.

crystalline. Therefore, instead of invoking a
large reduction in wave velocities (associat-
ed, for example, with partial melting) at the
base of the mantle, one can alternatively in-
terpret the scismic data in tcrms of a
boundary layer containing both mantle and
core material—cssentially a blurring of the
core-mantle boundary. Synthetic seismo-
grams for such a core-mantle transition
zone (CMTZ) match the waveform predic-
tions of a ULVZ structure quite well (see
upper right panel in the figure) and are eas-

20 CMTZs, and CRZs) arc mod-
cled as being small in thick-
ness (around 0.5 to 20 km)
and large in width {greater
than 100 to 200 km) relative to
the about 20- to 80-km wave-
lengths of the seismic rays be-
ing used to image the core-
mantle boundary.

There is no reason to in-
sist that there can be only onc
valid interpretation for the
“ULVZ signature” in the seis-
mic data. Diffcrent interpreta-
tions may apply to different
regions of the core-mantle
boundary, or a combination
of interpretations could apply
to all. For example, infiltra-
tion of the mantle by outer-
core liquid (presumably in re-
gions where the core-mantic
boundary is slightly de-
pressed) could rcadily induce
partial melting of the lower-
most mantle.

The alternative interpreta-
tions of the seismological da-
ta do, however, have different
conscquences. Ultralow ve-
locitics at the base of the
mantle suggest higher than
average temperaturcs (or the presence of
fluxing components), whereas crystalliza-
tion of the outermost core suggests lower
than average temperaturcs at the mantle-
core interface. This difference has impli-
cations for mantle dynamics (2) and for
the core dynamo that produces the geo-
magnetic field (8). Topography and infil-
tration have geodynamic and geochemical
implications, respectively, for the evolu-
tion of Earth’s intcrior and may be related
to geodetic observations (9, /0).
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Different seismic probes of the core-
mantle boundary have different abilities
and limitations in resolving thin boundary
layers containing super low seismic veloci-
ties. For example, seismic waves that trav-
el down into the mantle and bounce off the
boundary back toward the surface inherit
additional small seismic arrivals due to en-
ergy that reflects off the top surface of the
ULVZ. If the transition from the ULVZ to
the overlying mantle is not sharp, these re-
flections are significantly subdued. On the
other hand, the SPdKS seismic wave has
small segments of energy that diffract
along the core-mantle interface (see upper
left panel in the figure). SPdKS is more
sensitive to lowered wave speeds in the
boundary layer than to the sharpness of
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the top of the ULVZ. Recent efforts (/1)
point to regions lacking highly anomalous
ULVZ structure, suggesting instead that
complex CMB boundary layer structure is
intermittent in the lateral direction.

One conclusion is constant among all
models. However the ULVZ signature ob-
served in the seismological waveforms is
interpreted, it appears to require strong
physical and chemical interactions be-
tween Earth’s mantle and its core. As
more high-quality seismic data are col-
lected and analyzed, with multiple types
of seismic waves sampling specific spots
of the core-mantle boundary, we will be
in a better position to resolve this appar-
ently exotic boundary deep within our
planet.
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