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The D" layer at the base of the planetary mantle is a feature of the structure of
the deep Earth that is intimately connected to the dynamical process of convective
mixing that is responsible for surface plate tectonic processes. Although the exis-
tence of this distinct layer was first recognized by Damn [1934] and later given its
present name by Bullen [1950], its understanding has since remained enigmatic
and a significant focus of geophysical investigation. The recent discovery of the
post-Perovskite phase transformation at a pressure near 125 GPa and a tempera-
ture near 2500°K may have finally resolved the reason for the existence of this
deepest mantle layer but in doing so the discovery has raised numerous new ques-

tions that have yet to be answered.

1. INTRODUCTION

The D" layer was first introduced into geophysical
nomenclature by the New Zealand seismologist Keith
Edward Bullen who, in 1942, as a consequence of his work
with Sir Harold Jefferies on the Jefferies-Bullen travel time
tables, had proposed a spherically symmetric “‘shell model”
of Earth’s interior in which the individual shells were labeled
by the letters A through G, shell A corresponding to the crust
and shell G to the inner core. As we were recently reminded
in an EOS article on D” by Chao [2000], Bullens lower
mantle in the original shell model was denoted by the letter
D. By 1950, however, Bullen had recognized that the lower-
most region of the lower mantle, a layer of thickness 200-
300 kim, had properties that made it distinct from the
overlying and much thicker portion of this region. He was
therefore compelled by the evidence to split the D layer into
two parts which he labeled D’ and D”. The former of these
regions we now refer to simply as the lower mantle, but the
latter has retained the name originally given it by Bullen.
Chao suggested on this basis that this layer might more
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reasonably be referred to as the Bullen layer, a suggestion
that elicited a great deal of interesting historical comment in
which it was pointed out that the discovery of a seismically
distinctive Jayer immediately above the cmb was made much
earlier by Cornelius Damn in 1934 in his doctoral disserta-
tion at St. Louts University [Kisslinger, 2000].

From a geodynamic perspective, this layer is profoundly
important as it forms a “boundary layer” above the core-
mantlc boundary that is presumably actively involved in the
process of mantle convective mixing, although to a degree
that remains to be understood. The physical nature of this
boundary layer also persists as an issue of active debate and
my purpose in this brief article is to comment upon the evo-
lution of our understanding of this feature as a means of
highlighting the impact that the discovery of the post-
Perovskite phasc transformation is having on the subject.
The important paper of Murakami et al. [2004], in which
high P-T experiments were shown to reveal the existence of
a new phase transformation, a “last phase transformation”,
at a pressure of ~125 GPa corresponding approximately to
the depth to the top of Bullen’s D" layer, and at a tempera-
ture of ~2500°K, suggests that the existence of this phase
transformation may play a more important role in under-
standing the properties of this layer than the chemical het-
erogencity that has often been invoked to explain many of its
most important attributes (e.g. seismic anisotropy, see
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QOganov and Shigeaki, 2004). The issue of the extent of the
chemical heterogeneity in the lowermost mantie (e.g. as
recently discussed in Trampert ef al., 2004) 15 clearly of fun-
damental interest insofar as the physical nature of the con-
vective circulation is concerned. Recent analyses of the
azimuthal anisotropy in D" and the recognition that this
onsets at the “top” of the layer [Garnero et al., 2004] suggest
that its interpretation as being defined primarily by cherical
heterogeneity [e.g. Lay er al., 2004] may be misleading. The
success of a chemically homogeneous interpretation of N”
data from the central Pacific [Lav ef al., 2006] is rather con-
vincing although the authors believe that there remains the
necessity to include chemical heterogeneity at the base of the
mantie in the surrounding region i which down going slabs
may be leading to the accumulation of “piles” of chemically
distinct material. [n Mao et al. [2006]. on the other hand, the
authors suggest that Fe enrichment of the post Perovskite
phase due 1o the influence of direct chemical interaction with
core would lead to the association of the Fe enriched post
Perovskite phase with regions of upwelling which they would
be expected to undecplate. These issues will be further dis-
cussed in what follows.

The dynamical nnplications of the post-Perovskite inter-
pretation of the D" layer are perbaps even more important
than the implications insofar as the interpretarion of seismic
observations are concerned. From a dynamical perspective, a
critical property of any pressure induced phase transition
concerns its Clapeyron slope. In this regard it is interesting to
note the contribution of Sidorin er al. [1999] on the
“Evidence for an ubiquitous seismic discontinuity at the basc
of the mantle™ in which it was suggested that the inferred dis-
continuty might be most easily expiained by the presence of
a phase transition having a Clapeyron slope of approximately
6 MPa/°K. Tsuchiva et al. [2004] have confirmed, using first
principles high P-T theoretical computation, that a structural
phase transition is expected in silicate Perovskite under the
same conditions as those in the experiments of Murakomi
et al. [2004) and have computed the Clapeyron slope of the
transition to be 7.5 0.3 MPa/*K. A range of estimates for
vy Clapeyron slope is now available that includes those by
Hirose er al. [2006] who have obtained slopes in the range
4.7 MPa/°K - 11.5 Mpa ®K by using, respectively, the Au
and MgO pressure standards, and Ona and Oganov [2005]
that may extend the upper bound of this range to the very
high value of 13 MPa/°K. According to the results of past
analyses of the influence of such a phase transformation upon
high Rayleigh number thermal convection, a phase transfor-
mation with a positive Clapeyron slope will enhance the
vigour of the circulation if this is entitely thermally driven
e.g. Peliier and Solheim, 1994]. This mechanism for the
enhancement of instability in D" could be importani to
understanding the ongin of maatle plumes.

There is therefore a confluence of evidence suggesting that
the explanation of Bullen’s D" layer may be primarily that its
existence is duc to the Perovskite 1o post Perovskite phase
transformation. Given the possible importance of this discov-
ery for our understanding of mantle dynamics, it may serve
as a useful contribution to this collection of papers on the
Pv-pPv phase transforimation, “the last phase transition”, to
consider how our understanding of the D” layer above the
cmb has evolved over Lhe past few decades.

2 INTERNAL EARTH STRUCTURIT AND MANTLE
DYNAMICS

Plate |, modified from that in Jeanloz [1989], depicis the
well known primary divisions of Earth’s interior as they were
described by Bullen [1950] but with the addition of an envi-
sioned layer of the post Perovskite phase. Although the dis-
continuitics in the internal elastic properties at the interfaces
that bracket the transition <one are now known 1o be primar-
ily due to the phase transitions from Olivine to Spinel at 410
km depth [Ringwood and Major, 1970] and from Spinel via
a disproportionation reaction fo a mixture of Perovskite
((Mg, Fe) Si03; Pv) and magnesiowustite (Mg, Fe)O) at 660
km depth [/ro et al., 1989], there has been a tendency in some
quarters to continue to connect the deeper of these disconti-
nuities fo a change in mean atomic weight [e.g. Anderson,
1989. A similar tension cwrently exisis i connection with
the interpretation of the D” layer as mentioned above,
Because of the extremely large density discontinuity at the
cmb, denoted by the arrows on Plate 1, there is clearly a very
good reason o imagine that the interface between the outer
core and the mantle could be a boundary at which chemically
distinct phases with density intermediaie between the core
and the lower mantle might concentrate, just as is the case at
the Earth’s surface where buovant continental crust is created
by irreversible chemical differentiation from the mantle
through partial melting. Plate 2 presents a cartoon of the D"
layer, modified from Lay ef af. [1989], which emphasizes an
emerging interpretation in which not only chemical hetero-
genelty may exist but also extensive pockets of the new pPv
phase. However. the true extent of such chemical heterogene-
ity, associated say with the degree of iror enrichment and the
extent to which this may be a pervasive property of the lower
half or so of the lower mantle [e.g. Trampert et al., 2004],
must be considered to remain an open question, Since the
interpretation of the D" layer in terms of chemical hetero-
geneity was originally invoked to explain properties of this
layer that appear to be well (in some cases better) explained
by the Pv-pPv transition, it 15 inferesting to speculale as to
whether the currently prevalent mantle convection models
that include significant chemical heterogeneity in the bottom
half of the lower mantle will survive if the interpretation of
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Plate 1. (1) Schiemalic cross-section of the Earth illustrating the distniction between the overlying crust and hydrosphere, and the solid
mantle comprised of oxides. as well as the predominantly ivon corc. The upper mantle, transition zone, lower mantle and D" rcgion
are shown as distinct color-coded regions with D” indicated as perhaps being comprised of the newly discovered post Perovskite phase.
The cyclonic motions denoted by the vector & in the liquid outer core are responsible through a dynamao mechantsm for the genera-
tion of the planetary magnetic field. H (b). The structure in (a) is inferred on the basis of seismological observations of the longitu-
dinal (/) and transverse velocity (V) of clastic waves and the density as a function of depth. This part of the Figure, which is color
coded as in (a), is based upon the preliminary reference Earth model (PREM) ol Dziewonski and Anderson [1981). Especially notable
is the large density differcnce between the ouler core and the lower maatle across the core-mantle boundary (cmb). This Figure is mod-
ified after Tigures 4.1 and 4.2 of Jeanloz (1989].
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Plate 2. A mantle dynamics cartoon which attempls 1o depict the possible inler-relations between the dynamiczl process of mantlc
convection and the perhaps chemically heterogeneous and post Perovskiwe phase dominated thermal boundary layer that is D”. I'his
Figure is modified alter a paper by T. Lay (Trans. Am. Geophysics. Union, 70, 49, 1989: © American Geophysical Cnion).



the D" layer as primarily a (final) phase change interface is
supported by further research.

It is therefore useful as a means of reviewing the plausibil-
ity of chemically homogeneous models of the mantlc convee-
tion process to consider what such models say about the
ihterpretation of D” when the pPv transition is taken into
account. For some time, all such models have included the
influence of both the Olivine-Spinel and the Spinel-post
Spinel transitions in the transition zone, the former having a
weakly destabilizing influence and the latter a significantly
stabilizing influence depending upon the magnitude of the
negative Clapeyron slope that characterizes the strength of its
influence. Solheim and Peltier [1994a, b] have presented
detailed models of this kind in which the transition at 660 km
depth has the effect of causing the circulation to undergo
episodic transitions from a layered circulation to one of whole
mantle style. Plate 3 from their paper illustrates a typical result
from such an isochemical model of the convective mixing
process. This model was axisymmetric in geometry and the
graphic illustrates the radial velocity and temperature ficlds
within the flow at an “instant” when the Spinel-post Spinel
transition at 660 km depth has enforced a strongly layered
style of mixing such that the mass flux across 660 km depth is
significantly reduced. The inhibition of radial mixing due to
the influence of this endothermic transition is in close accord
with expectations based upon seismic tomographic images of
transition zone heterogeneity in the vicinity of subduction
zones [e.g. van der Hilst et al., 1996; Zhao, 2004; van der
Hoeven, 2004] which reveal clear evidence of anomalously
cold down-going slabs being at least temporarily “trapped”
between the two bounding phase transition interfaces.

Inspection of the temperature field in Plate 3, which is
from an isochemical convective circulation operating at a
Rayleigh number of 107 with no pPv transition, shows that
the cmb region is the source of multiple intense thermal
upwellings (thermal plumes), only some of which are suffi-
ciently vigorous to traverse the entire depth of the lower man-
tle. Most have insufficient positive buoyancy to survive the
thermal and viscous dissipation against which they must
compete in order to ascend. In the isochemical interpretation
of the mantle convection process, the D” layer is simply inter-
preted as the lower thermal boundary layer of the convecting
region across which heat is transported by thermal diffusion
from the outer core into the base of the mantle.

Figure | illustrates this thermal boundary laycr through the
depth dependence of the azimuthally averaged temperature
field in the mantle shell. Results are shown for models that
both include and exclude the influence of the phase transi-
tions that bracket the transition zone and which both exclude
(1- 0) and include (u = 10) the influence of internal heating
in the mantle due to the decay of the long lived radioactive
isotopes of U, K and Th. For the = 10 cases without and
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with the transition zone phase transitions present, the ratio of
the internal heating to the total heating from within and
below 1s .42 and .53 respectively. These profiles are adiabatic
in the interior of the flow and away from the internal phase
boundaries. Inspection of the Figure will show that this
uniphase version of the D” layer involves an intense lower
thermal boundary layer across which thece is an increase in
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Figure 1. Illustrates the influence of internal heating on the tempo-
rally averaged geotherm in a sequence of mantle convection simu-
lations that includes that from which the snap-shot shown in Platc 3
was taken. These 4 geotherms are from simulations in which there
are either no phase boundaries. or which include both of the phase
boundaries that bracket the transition zone with Clapeyron slopes as
for the model with properties discussed in the caption to Plate 3.
The 2 curves on the right come from simulations in which there is
internal heating corresponding to 4 10 whereas those on the left
have no internal heating. Inspection will show that the most obvious
effect of adding internal heating is to raise the temperature charac-
teristic of the geotherm by ~400°K in these cases. The error bars
and vertical lines with attached arrows represent constraints on an
“Earth-like” geotherm.
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Plate 3. A “snap-shot"” shawing isothcrms (right) and radial velocity contours (Ieft) from a simulation of the mentle convection process
in which the Raylcigh number Ra = 107 with no internal heating (1= 0) and the Clapeyron slopes of the Olivine-Spinel and Spinel-
post Spinel transitions are taken to be -+ 3.0 MPa®K and - 2.8 MPa/°K respectively. This is a reproduction of plate 2 fram Solheim

and Peltier [1994a).



temperature of approximately 1400°K. This calculation
matches the constraint on cmb temperature (within the uncer-
tainty) obtained by Boehler [1993. 1996] based upon an adi-
abatic extrapolation from the phase transformation in Fe at
the inner-core, outer-core boundary upwards to the cmb. The
thickness of this purely thermal boundary layer very well
matehes the observed thickness of the D” layer of approxi-
mately 250 km. The surface and ¢cmb heat flows for this
model are also in reasonably close accord with observations
and geochemically derived inferences respectively.

Now the tsochemical and isoviscous model for which
results are shown on Figures 3 and 4 obviously cxcludes a
number of processes that are known to exert some, perhaps
significant, influence on the flow even in the isochemical
limit. Perhaps the foremost among these is the influence of
the temperature and pressure dependence of viscosity.
Christiansen [1989], however, has shown that the net effect
of such variations of viscosity may be extremely modest in
the sense that they can be represented simply by an appropri-
ate re-scaling of the Rayleigh number. Of course the detailed
form of the hot upwelling plumes that are triggered through
convective destabilization of the boundary layer itsclf will be
significantly modified by the impact of the viscosity varia-
tion that occurs as the plume ascends into the lower temper-
ature environment above its D" source.

It will be interesting here from the perspective of under-
standing the evolution of thinking concerning D" as a primary
plume source to re-visit the arguments presented in Yuen and
Peltier [1980a, 1980b]. In those papers, the authors assumed
a boundary layer tempcrature profile characteristic of con-
stant viscosity high Rayleigh number convection in the form:

T(y)=T, +(T, - T,)erf(y.5) (1)

in which 7T(v) is the basic state temperature profile in an
assumed sub-solidus boundary layer above the cmb, y is the
height above the boundary, T, is the asymptotic temperature
of the mantle above the boundary layer, 7, is the tcmperature
at the cmb and 6 1s a characteristic boundary layer thickness.
They then computed the viscosity profile through this bound-
ary layer as:

v(Y—") =v exp =— - Lw (2)
/

in which v, 1s the asymptotic viscosity of the lower mantle
above the boundary layer where T =7 , R is the universal
gas constant and Q° is the activation enthalpy for creep.
Given the one-dimensional basic state described by (1) and
(2) the stability of such states was analysed by solving
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a coupled set of linear stability equations in the stream func-
tion and temperature by assuming velocity (u) and tempera-
ture (0) fluctuations of the form (u, 8) o exp (of ilx) in
which both the growth rate (o) and horizontal wave number
(1) werc assumed to be real. The governing linear stability
equations are as follows:

d'y  2dvdy (Ld'v ) dy 20 dvdy
dy'  vdvdy \vdy dy> v dy dy
) £ dty
_(W+_( ; v é’Ra@:O (3a)
\ y dy v
d’ , T
?—(Q+(")9—€£W:O (3b)
dy dy

This set of cquations was solved using a “shooting”
method subject to the boundary conditions:

(1) Qzu/:il{ 5 =0o0n y =0 (the crab) (3¢)
)1

<

(i) =y = ‘j]_‘/’ =0as y=oo (in the interior)  (3d)
})

[n these equations y is the vertical co-ordinate non-dimen-
sionalized by the boundary layer thickness 6, T is the error
function temperature profile non-dimensionalized by the
temperature at the cmb 7, € is the non-dimensional wave
number ¢ =2n &/A and Ra= (T}, - T,) 8° ag pliv, is the
local Rayleigh number associated with a particular asymp-
totic mantle viscosity v,,. The parameter o -+ 1 x 107°K ! is
the coefficient of thermal expansion, p=: 5.5 gm cm 3 is the
lower mantle density, k:: 1072 cm? s ! is the thermal diffu-
sivity and g — 1030 c¢m/s? is the gravitational acceleration at
the cmb. Tn (3) the growth rate €2 has been non-dimensional-
ized with respect to a diffusion timescale 5°'«.

The results obtained on the basis of analyses using this
theoretical structure are well illustrated by Figure 2 in which
are plotted viscosity and temperature of the 1-D basic state as
a function of distance y from the cmb. Also shown on the
same graph are eddy heat flux correlations for two different
examples, labcled A and B respectively on the Figure. For
these examples, the assumed values of the parameters of the
problem are 7,,=3000°K, AT=T,-7, =1500°K, and
v, = 5 x 10? Paise (=5 x 10%% Pa s), a deep mantle viscosity
that is somewhat higher than that inferred in Peltier 1996
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Figure 2. Basic statc temperature 7 and viscosity v profiles
together with the “eddy” heat transport - :w@:- of the fastest growing
mode of instability for (A) constant viscosity and (B) Q* =160
keal/mode, v,,=5x 102 Poise (5 x 102 Pa s), T, =3000°K,
Ty — T, = 1500°K. The growth time for (A) is 411.2 Myr with horl-
zontal wavelength A = 1675 km. The growth time of (B) 15 4.37 Myr
with A= 132 km. The absolute amplitudes of the vertical velocity
(w) and temperature perturbation (8) eigenfunctions are arbitrary in
linear stability theory and the bracket <> represents the depth depen-
dent correlation of the two eigenfunctions. This Figure is based upon
Figure | of Yuen and Peltier [1980]a.

based upon the formal Bayesian inversion of data pertaining
to the glacial isostatic adjustment process. Cases A and B,
documented in the Figure by the depth dependence of the
eddy heat flux correlations associated with their fastest grow-
ing modes of instability, then differ in that for A, Q¥ =0
whereas for B, Q* = 160 kcal ‘mole. Thus A corresponds to
a constant viscosity model. It is clear on the basis of this fig-
ure that in case A the region of significant eddy correlation
extends well into the lower mantle above the D" layer
whereas that for case B is strongly confined within the low
viscosity region immediated adjacent to the cmb. Growth
times (1.growth rates) for these two cases are respectively
41] x 10 years for the constant viscosity case A and
4.4 x 105 years for case B, demonstrating that the strong tem-
perature dependence of viscosity within the lower thermal
boundary layer will lead to a separation of timescales
between that characteristic of the large scale overturning
flow, and that on which intense small horizontal spatial scale
plumes will form and subsequently be ¢jected into the man-
tle to serve as a “second scale” of the mantle convection

circulation. Tt will be interesting in the next Section of this
paper to comment briefly upon the impact that the discovery
of the post Perovskite phase transition might be expected to
have upon this purely thermal and chemically homogeneous
view of Bullens D" layer.

3. DLEP MANTLE DYNAMICS IN THE POST - - POST
PEROVSKITE TRANSITION ERA

Prior to the discovery of the post Perovskite phase transi-
tion by Murakami et al. {2004], candidate characterizations
of D” were those sketched in Figure 3 [from Garnero, 2000].
Part a of this sketch illustrates the thermal characterization of
D" as a simple thermal boundary layer through which heat is
transferred by diffusion from the hot outer core at the cmb
into the lower mantle. Part b of the sketch displays alternative
models that have been invoked to represent the radial varia-
tion of seismic velocities through the same region, models
that have included both continuous and essentially discontin-
wous profiles. In part ¢ of the sketch, partial melting, either
in the form of a thin layer immediately adjacent to the cmb or
n the form of thin lamellae or scatterers throughout D” have
been suggested [Kendall and Silver, 1998; Vidale and
Hedlin, 1998] in explanation of the apparent presence of
ultra-low velocity zones [Williams and Garnero, 1996]
within D”. In part d of the sketch, the D" layer is shown as
being perhaps characterized in an important way by the pres-
ence of chemical heterogeneity, either confined to D itself or
being present throughout the lower third of the entire lower
mantle (e.g. Kellogg et al., 1999).

It is clearly extremely important to the development of our
understanding of deep mantle dynamics to appreciate the
impact upon the most plausible characterization of D" that
the discovery of the post Perovskite transition must have. In
attempting to characterize this impact it will be useful to con-
sider each of the elements of the above discussed cartoon in
turn. First. in terms of the thermal characterization, the con-
tinuing existence of a thermal boundary layer at the base of
the mantle is inevitable if the overlying mantle is as vigor-
ously connecting as is required to drive surface plate tecton-
ics. However, if the radiative contribution to the thermal
conductivity were to be strongly enhanced in the post
Pcrovskite phase, as suggested by the measurements
described 1n Badro et al. [2004], then this boundary layer
would tend to develop somewhat above the cmb rather than
at the cmb itself.

Concerning the variations of seismic velocity from the
lowermost mantle through D” to the cmb shown on part b of
Figure 3, it will be clear that a (near) discontinuity in wave
speeds should exist across the phase boundary on account of
the change of elastic properties wherever the new phase
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out which have been inferred in various studies to be either
continuous or discontinuous (dashed line). [f D" were defined
entirely as being comprised of the post Perovskite phasc then the
discontinuity would be ubiquitous as suggested in Sidorin et al.
[1999]. In (c) D" is shown as perhaps incorporating ultra-low veloc-
ity zones (ULV.Z’ shown as the solid line). Williams and Garnero
[1996] suggested that these could be associated with partial melting
but the recent paper by Mao er al. [2006] demonstrates that such
UIVZ’ are most simply ¢xplained as resulting from l'e enrichment
of the post Perovskite phase. In (d) the cntire lower mantle has been
suggested to be chemically heterogenous (Kellogg el al., 1999,
heavy dashed line), or entirely confined to D” itself. This Figure is
bascd upon Figure | from Garnero [2000].
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exists adjacent to the cmb in accord with the inference of
Sidorin et al. [1999].

On the issue of partial melting and the origin of Ultra-Low
Velocity Zones (ULVZs) sketched in part ¢ of Figure 3, the
discovery of the pPv transition appears to have demonstrated
that partial melting is not required to explain the high values
of the Poisson ratio that is characteristic of the ULVZ’s. In
Mao et al. [2006], it has been convincingly demeonstrated that
the post Perovskite phase “can retain a large amount of Fe
leading to a dramatic increase of density”. This analysis
demonstrates that Fe enrichment of this silicate is a highly
likely consequence of contact of the post Perovskite phase
with the liquid Fe alloy of the outer core. The authors argue
that this Fe-rich post Perovskite silicate would be far “too
heavy to rise in the mantle apd would pile up beneath
upwelling areas (as suggested in Plate 2) to form seismically
observable ULVZ patches that could correlate with active hot
spots and upwelling areas [Helmberger et al., 1998; Williams
et al., 1998; Ishi and Tromp, 1999]. This work strongly sug-
gests that partial melting may play no role at all in the exis-
tence of the ULVZ’s that have been detected seismologically.

Concerning the final issue of chemical heterogeneity
sketched in part d of Figure 3, namely that concerning the
existence of chemical heterogeneity as a necessary attributce
of the mantle mixing process, these results also have a strong
beanng. If all of the chemical heterogeneity inferred to exist
in D" were entirely due to the infiltration of Fe into the post
Perovskite phase from "the outer core, then there would
appear to be no compelling need to invoke Fe enrichment in
the mantle above D”. This may be the most profound conse-
quence of the evolving new paradigm for the interpretation of
D” that 1s suggested by the discovery of the “last phase tran-
sition™.

Concerning the direct dynamical impact of the new phase
that is now expected to exist at the base of the mantle and
which therefore may define this layer, some further com-
mentary may be useful. Previous analyses of the way in
which solid-solid phase transformations may directly impact
the process of convective mixing demonstrate, as previously
noted, that an exothermic transition such as that involving the
transformation of Pv to pPv will strongly enhance the con-
vective mixing process if the Rayleigh number of the system
is sufficiently super-critical. Since the Rayleigh number that
governs the mixing process in the mantle is O(107), the
degree of supercriticality guarantees that the deepest mantle
phase transition would strongly enhance the boundary layer
instabilities responsible for the plume formation process in
the Yuen and Peltier [1980a,b] interpretation. Recent analy-
ses of the mixing process that have included the influence of
the phase change have indeed shown this to be the case [e.g.
Nakagawa and Tackley 2005, Yuen ef al.,2007]. None of these
analyses have however treated the influence of core-derived
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Fe enrichment of the pPv phase upon the mixing process but
have treated the influence of chemical heterogeneity on the
basis of the assumption that it is a pervasive influence
throughout the lowermost region of the lower mantle. As
clearly noted in Nakagawa and Tackley [2005], however, “the
density difference between subducted MORB and pyrolite in
the deep mantle is quite uncertain”, and this leads them to
include a no deep chemical heterogeneity case in their
scquence of analysis. It may well be that, in spite of the
reduction of the coefficient of thermal expansion with depth,
an influence fully incorporated in the analyses of Solheim
and Peltier [1994a,b], thermal buoyancy may so overwhelm
chemical buoyancy that the latter influence is as insignificant
as originally suggested in Forte and Mitrovica [2001].

4. CONCLUSIONS

The discovery of the exothermic phasc transformation of
Perovskite to a post Perovskite phase under pressure and temn-
perature conditions appropriate to the depth to the top of the
D" layer has clearly impacted our understanding of this region
of the l'arth in an extremely important way that has shifted an
impartant paradigm of mantle dynamics. It would appear to
suggest that any chemical heterogeneity that is associated
with D” may be entirely core-derived rather than deriving
from an interpretation of D" as a “graveyard” for down going
slabs. The dynamics community is clearly challenged by this
discovery to more fully account for the complexity of its influ-
ence in the next generation of models of the mixing process.
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