
Earth's Core-Mantle Boundary: Results of 
Experiments at High Pressures and 

Temperatures 

Laboratory experiments document that liquid iron reacts 
chemically with silicates at high pressures (22.4 x lo1' 
Pascals) and temperatures. In particular, (Mg,Fe)SiO, 
perovskite, the most abundant mineral of Earth's lower 
mantle, is expected to react with liquid iron to produce 
metallic alloys (FeO and FeSi) and nonmetallic silicates 
(SiO, stishovite and MgSiO, perovskite) at the pressures 
of the core-mantle boundarv. 14 x lo1' Pascals. The 

d ,  

experimental observations, in conjunction with seismo- 
logical data, suggest that the lowermost 200 to 300 
kilometers of Earth's mantle, the D" layer, may be an 
extremely heterogeneous region as a result of chemical 
reactions between the silicate mantle and the liquid iron 
alloy of Earth's core. The combined thermal-chemical- 
electrical boundary layer resulting from such reactions 
offers a plausible explanation for the complex behavior of 
seismic waves near the core-mantle boundary and could 
influence Earth's magnetic field observed at the surface. 

T HE EARTH'S CORE-UTLE BOUNDARY IS AT A DEPTH OF 

2900 km beneath the surface, yet it has a profound influence 
over the thermal and chemical evolution of the planetary 

interior. The largest change in bulk composition inside Earth occurs 
at this boundary, which separates the liquid iron alloy of the outer 
core from the crystalline silicates of the mantle. As such, it is a 
dynamic boundary between the rapidly convecting outer core and 
the slowly convecting mantle, modulating the temperature gradient 
in the deep Earth. Moreover, the properties of the core-mantle 
boundary influence, and perhaps control, the propagation of the 
magnetic field out of the core and the dynamical coupling between 
the mantle and core (1-3). 

Most of the direct information about the base of the mantle has 
come from seismological observations, which reveal it to be a region 
of complex structure. The core-mantle boundary and the lowermost 
-200 to 300 km of the mantle, designated the D" layer in 
seismology, exhibits radial and lateral heterogeneity in seismic 
velocities, anomalous seismic velocity gradients, discontinuities in 
both shear- and compressional-wave velocities, and strong scattering 
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(4, 5). In addition, there may be topography of -0.1 to 10 km on 
the core-mantle boundary, and recent observations suggest that 
there is an anomalous layer at the top of the outer core (Fig. 1) ( 6 ) .  

The D" layer has often been interpreted as a thermal boundary 
layer, with heat emanating from the core providing an energy source 
for the general convection of Earth's mantle; also, mantle thermal 
plumes may originate in the D" region (7). The surface expression of 
these two modes of heat transport, convection and plumes, are plate 
tectonics and hotspots such as the Hawaiian Islands. 

The inference that the core-mantle boundary is a thermal bound- 
ary layer is supported by recent measurements of the melting 
temperatures of candidate core components at high pressures. These 
experiments indicate that core temperatures are likely to be in excess 
of 4500 K and that the thermal boundary layer at the base of the 
mantle may have to support radial temperature gradients of 1000 K 
or more over a depth interval of -200 km (8, 9). The need to 
maintain a stable thermal boundary layer with such a large temper- 
ature gradient, coupled with the seismic observations of extreme 
heterogeneity, suggests that the D" region is also a chemical 
boundary layer between the mantle and the core. That is, composi- 
tional density variations may be required to counteract the thermal 
buoyancy forces that reduce the temperature gradient by advection. 
Several mechanisms for developing chemical heterogeneities in the 
D layer have been proposed, including the accumulation of sub- 
ducted slabs at the base of the mantle (2, 10) or a phase change in 
the silicate components of the lower 200 km of the mantle (1 1-14). 

Earlier experimental work has demonstrated that, at the pressures 
of the silicate perovskite stability field (>24  GPa, the pressure at 
-670 km depth), molten iron reacts with crystalline silicate perovs- 
kite (15, 16). The evidence for such chemical reactions includes 
visual observations and x-ray diffraction measurements, which show 
that the products of iron reacting with Mgo,,,Feo, ,,SiO, perovskite 
are SiO, in the high-pressure stishovite polymorph [or a closely 
related phase (14)], end-member MgSiO, perovskite, nonstoichio- 
metric Feo,,O wiistite (or Mgo~,Fe0,,O magnesiowiistite), and an 
Fe,Sj, alloy where x and y are uncertain. 

These results from diamond-cell experiments lead to the intriging 
possibility that chemical reactions also take place at the boundary 
between Earth's silicate mantle and liquid iron core. Thus, the 
motivation of the experimental work we describe in this article was 
to explore the chemical and mineralogical nature of the D" layer and 
the core-mantle boundary. Specifically, we investigated the possibil- 
ity that chemical reactions between molten iron and crystalline 
silicates lead to the development of a chemical boundary layer at the 
base of the mantle, and to the contamination (alloying) of Earth's 
liquid outer core. To accomplish this, we have attempted to recreate 
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Table 1. Sample descriptions. The designations "u" and "m" indicate that 
the microprobe uavetses were taken across m e l t e d  and melted edges, 
respectively. Average pressures are reporred as determined from ruby 
fluorescence in the silicate material away from the iron edge. Our 
estimated uncertainty of the pressure at the iron-silicate interface is 
approximately 15%. 

Sample Pressure (GPa) Comments 

70-lu r 70 No melting at interface 
20m -20 Iron foil melted at interface 
70-2m r 70 Iron foil melted at interface 
70-3m 270 Iron foil melted at interface 
75m r 75 Iron foil melted at interface 
70-lm r 70 Iron foil melted at interface 

the core-mantle boundary in miniature, within a 200-pm diameter 
sample inside the laser-heated diamond cell. We then use the 
electron microprobe to analyze the compositional variations across 
the reaction zones that are produced between iron and silicate 
perovskite at elevated pressures and temperatures. 

Experimental Results 
The high pressure-temperature conditions achieved in our exper- 

iments were generated using Mao-Bell-type diamond cells and laser 
heating (1 7, 18). The samples consisted of iron foils embedded in a 
silicate perovskite matrix with a composition representative of 
Earth's lower mantle. The laser was used to melt the iron foil 
without melting the silicate as is representative of the core-mantle 
boundary. Four separate samples were heated to greater than 3500 
K at average pressures in excess of 70 GPa (Table 1). In addition, 
two samples were used for comparison: an unheated sample taken to 

Fig. 1. Summary ofgeo- h e r  Mantle 
physical-*- ~Crystalliacsilicltes.o*~ 
acterizing the core-man- 
tle boundarv (CMsl and \ 
nearby regi& (14. Ex- 
amination of amplitudes 
and travel times of seis- 
mic waves indicates that 
the boundary may have 
topography of magni- 
tude h - 0.1 to 10 km, 
and that it is overlain by 
an anomalous region (IT 
layer, shown stippled) 
that is -200 to 300 km 
thick, on average. The D" 
layer is arnemely hetero- 
geneous in physical prop 
enies, as indicated by 
strong scattering that is 
o&ed for - seismic 
waves (shown schemati- 
callv). and it av- to 

I Liquid inm alloy I 
Oofcr C m  

, r .  x 1 
vary in thickness: in some locations it is as much as -500 km thick, whereas 
in other locations it is not evident. Seismological observations also suggest 
that the outermost core may locally be anomalous (open cirde pattern below 
the CMB). The geomagnetic field (open arrows) is produced by magneto- 
hydrodynamic processes involving the turbulent flow of the liquid iron alloy 
making up the outer core (shown schematically by long arrows). The flow 
velocity of - lo4 m/yr, or more, in the outer core is estimated from the rate 
of change of the magnetic field observed at Earth's surface and is much 
greater than the velocity of mantle convection, 110-' m/yr (short arrows), 
that is obtained from the rate at which tectonic plates move at the surface. 
Mantle plumes, creating hot spots observed at Earth's surfice, may originate 
in or above the D" layer. 

pressures exceeding 70 GPa and a sample that was reacted at a 
pressure near 20 GPa. This latter pressure is below that at which the 
Mg,,,,Fe,,,,SiO, orthopymxene starting material converts to the 
perovskite structure. 

Reaction zones between the iron and silicate were observed in all 
four samples at the interfaces where the iron foil melted. As is 
evident from Fig. 2, the reaction zone was charamrind in trans- 
mitted light by blurring ofthe iron-silicate boundary. However, the 
edge between the foil and silicate was sharp and dearly identifiable 
in rdected light. Hence the blurring was not due to shredding or 
small-scale mechanical intermixing of the iron and silicate. Instead, 
we attribute the apparent darkening of the reaction zone within the 
silicate, as observed in transmitted light, to the penetration and 
diffusion of a small amount of iron out of the foil and into the 
silicate, as described below. 

Electron microprobe analyses of the unreacted contact at 270 
GPa (sample 70-lu) provide a resolution test for our technique and 
a basis for interpreting the scale and nature of the reaction zone (19). 
The edge between the silicate and the iron foil was sharply resolved 
in the compositional profile; these data indicate that the microprobe 
analyses have a spatial resolution less than the step spacing of 2 pm 
(Fig. 3). The chemical analyses ofthe silicate give a stoichiometry of 
(Mg,,,,Fe,,,)SiO,, in good agreement with analyses of the starting 
material. 

One representative microprobe traverse for the four major ele- 
ments, Mg, Fe, Si, and 0, in a reacted edge in sample 70-3m is 
plotted in Fig. 4. In contrast with the unreacted edge, a composi- 
tional gradient is observed on both sides of the iron-silicate inter- 
face, and 0, s, and Mg had diffosed into the melted (now quenched) 
foil, whereas Fe had diffused into the silicate. 

To highlight the compositional gradients at the boundary be- 
tween iron and silicate as a function of pressure, we subtracted the 
weight percentages of Mg, Fe, Si, and 0 for the u n r e a d  edge 
(sample 70-lu) from the values for each of the five reacted edges. 
The result is a plot showing the change in the compositional profile 
due to the iron-silicate reaction (Figs. 5 to 7), and the distance 

mi crop rob^ 
, Traverse 

i 'erovskite 

Fig. 2. Photograph of an iron foil reacted with silicate perowkite (sample 
70-3m) and prepared for analysis in the elemon microprobe, as seen in 
transmitted light. The iron foil is outlined in white and is about 100 pm in 
diameter. The outer white line indicates the extent ofthe silicate surrounding 
the iron foil. The dark regions outside the foil are wnes where the inside 
edge of the foil was melted with the laser, and the molten iron reacted with 
the silicate perovskite. The white line indicates the microprobe traverse for 
this sample; its length is representative of all the traverses measured. In all 
cases, data were collected at 2-pm intervals from the iron foil through the 
reacted wne and to a pristine region in the silicate perowkite. 
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100- + I Fig. 3. Amount (in weight 

(70 GPa: unreacted) 

0 10 20 
Distance (pm) 

of 0, ~ i ;  Mg, &d 
Fe as a hnction of distance 
in sample 70-lu. Composi- 
tion was obtained at 2-pm 
steps across an unreacted 
edge (located at 9 ? 1 pm) 
between the iron foil and 
silicate perovskite. The sili- 
cate composition that is 
measured corresponds to 
Mg0.88Fe0.12Si03. 

ranges plotted in these figures are determined by the length of the 
compositional profile measured for sample 70-lu (9 krn into the 
silicate from the edge of the foil, and > 10 km into the iron foil). 

For sample 20m heated at 20 GPa, 0 ,  Mg, and Si had migrated 
into the iron foil, but only over a distance that is barely resolvable by 
our analyses: within 2 ( 2 1 )  km inside the iron-silicate boundary. 
Beyond this point, no measurable amounts of either 0, Mg, or Si 
were observed in the iron. In comparison, the migration of these 
elements was greater in the samples reacted at higher pressures (Fig. 
6). Specifically, 0 was clearly present at 7 ( 2 2 )  km, and Mg and Si 
were present at 4 ( 2 1 )  krn into the iron foil. 

On the silicate side of the iron-perovskite boundary, Fe was 
enriched over a distance of at least 12 to 15 p,m in the samples 
reacted at r 70 GPa (Fig. 7). This enrichment of Fe is what gives the 
sample its darkened appearance in the reacted region (Fig. 2). In 
comparison, the amount of Fe observed in the silicate from the 20 
GPa experiment was uniform up to a distance within 3 (* 1)  km of 
the interface; this composition is exactly that expected from the 
silicate starting material. 

The same point is illustrated in Fig. 8, where the enrichment of Fe 
into the silicate is expressed as the molar ratio of Mg to Fe. This ratio 
is ideally 7.33 for (Mgo,ssFeo~,2)Si03 perovskite, as exhibited by 
the unreacted sample within 1km of the edge of the iron foil. 
Similarly, the 20 GPa reacted edge attained the ideal Mg/Fe ratio 
within 3 (2 1)  km of the foil. Note that the silicate in sample 20m 
has an Mg/Fe ratio of 6.85, corresponding to a perovskite of 
composition (Mgo,873,Feo~,27)Si03, because of variations in the 
iron content of the natural starting material that we have used. 

The penetration of Fe for at least 12  to 15 km into the silicate, at 
270  GPa, is particularly interesting in that these samples were not 
melted on the silicate side of the interface. Hence, the enrichment of 
Fe in the silicate may have been the result of liquid metal migrating 
along the perovskite grain boundaries by means of a surface-tension 
mechanism (9, 20). Alternatively, the penetration of Fe into the 
silicate may reflect a type of Soret diffusion, in which the heaviest 
component of a chemical system (in this case Fe) migrates down the 
temperature gradient: that is, away from the laser-heated spot. Soret 
diffusion has been previously observed in diamond-cell experiments 
using laser heating (1 8). 

Implications for the Core-Mantle Boundary 
Our experimental results have implications for several aspects of 

the core-mantle boundary system, in particular (i) the development 
of chemical heterogeneities in the D layer, and (ii) the possibility 
that chemical reactions at the core-mantle boundary provide a 
mechanism for the incorporation of light-alloying components into 
Earth's outer core. 

The thermodynamic driving force that causes liquid iron to react 

Fig. 4. Representative exam- 
ple of the chemical gradient 
observed across the interface 
between perovskite and a 
melted iron foil (sample 70- 
3m). The iron-silicate inter- 
face is at - 13 pm. 

Distance (pm) 

Fig. 5. Expanded view of 15 
the distribution of 0 across 
the iron-silicate interface for 
all samples in which the foil lo 

was melted (the foil and sil- F 
icate lie at negative and pos- 5 
itive distances, respectively). a 
The results are shown as de- 
viations from the composi- 
tional profile measured z O 
across the unreacted sample -5 
interface (70-ln). Positive 
or negative deviations in 
weight percent represent en- -5 0 5 10 
richment or depletion of 0 .  Distance (pm) 
The solid circles are the av- 
erage values for all four samples that were reacted at high pressures (samples 
70-lm, 70-2m, 70-3m, and 75m). For comparison, an individual profile is 
shown for sample 75m (open triangles). Finally, the open circles are the 
values for the interface reacted at - 20 GPa (sample 20m). 

chemically with silicate perovskite in our experiments and, by 
implication, at the core-mantle boundary can be examined as 
follows. On the basis of primarily our earlier experimental results 
(15, 16), we propose the following balanced equation for the 
chemical reaction between liquid iron and silicate perovskite at high 
pressure: 

Here x is the proportion of Mg component in the unreacted 
perovskite and s is the number of moles of stishovite produced in the 
reaction. The constraint that 0 I s I 1 - x applies because both 
SiO, (stishovite or a closely related phase) and FeSi alloy are 
observed as reaction products. 

A unique solution is obtained if we assume that the amounts of 
FeSi and SiO, produced in the reaction are the same. Our experi- 
mental results are consistent with this assumption, although we 
cannot quantify the relative amounts of FeSi and SiO, produced to 
better than a factor of 2 to 5. Thus, with x = 0.9, the reaction 
pertaining to our data is: 

= 0.90 MgSi03 + 0.20 FeO + 0.05 FeSi + 0.05 SiOz (1) 

The thermochemical properties of these phases are not known 
sufficiently well to evaluate quantitatively the heat of this reaction. 
However, we can determine the sign of the thermodynamic driving 
force by calculating the volume change upon reaction for the 
minerals as a function of pressure at 300 K. We ignore the effects of 
temperature because they are small relative to the pressure effects 
and are poorly constrained. Qualitatively, we expect temperature to 
affect the volume change, by way of thermal expansion, in a manner 
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opposite to that of pressure, but to a much smaller degree. Further- 
more, entropy may favor this reaction, driving it to the right. 

The parameters used for the calculation are given in Table 2. The 
molar volumes (V,,) at high pressure were determined with a 
third-order Birch-Murnaghan equation of state (21). We use the 
values for the solid a-phase of Fe in our calculation: as molten Fe 
would be expected to have a larger molar volume than the solid, this 
represents a conservative estimate of the molar volume change (AV) 
of reaction at 300 K. Additionally, at high pressures the liquidus phase 
of Fe is probably the face-centered cubic y-phase. At the pressure of 
the core-mantle boundary, 136 GPa, the molar volumes of a -  and 
y-iron are within -4% of each other at 300 K. Therefore, our use of 
the properties of a-iron yields a lower bound on the volume of iron, 
hence the IAW of reaction, at all pressures considered. 

In addition to calculating AV as a function of pressure, we also 
explored the effect of greater Fe content (up to x = 0.8) in the 
silicate perovskite reactant. The results (Fig. 9) show that the 
reaction is thermodynamically favored at high pressures; that is, the 
AVof reaction is negative under all pressure-composition conditions 
examined, and higher pressure and greater Fe content in the silicate 
perovskite tend to drive the reaction. 

This analysis is compatible with all of our experimental observa- 
tions and suggests that chemical reactions must inevitably take place 
at the core-mantle boundary. Such reactions may have a profound 
effect on the physical properties of D", particularly because our 
experiments show that major compositional heterogeneities, con- 
sisting of iron alloys (Fe,.,O and FeSi) mixed with silicates (Mg- 
SiO, and SiO,), are likely to'be present at the base of the mantle. 
Variations in the proportions of these metal and silicate phases can 
produce strong heterogeneity, not only in density and elastic 
properties (see Table 2) but also in the electrical conductivity. 
Specifically, the silicates produced in the reaction have electrical 
conductivities characteristic of poor semiconductors, a 5 S/m, 
and the iron alloys FeO and FeSi have conductivities close to that of 
Fe - lo6 S/m (16, 22). Hence, the electrical conductivity in the D 

layer may vary spatially by as much as eight orders of magnitude. 
The hypothesis that heterogeneities are formed by chemical 

reactions at the core-mantle boundary is consistent with a wide 
variety of geophysical observations (Fig. 1) .  Both radial and lateral 
variations in seismic wave velocity and scattering of seismic waves 
near the core-mantle boundary may result from chemical heteroge- 
neities having strong density or velocity contrasts, such as those 
implied by Table 2 (Fig. 10). 

Our experiments cannot provide a length scale for such hetero- 
geneities. Indeed, the size of the heterogeneities depends on a 
number of factors, including the extent of chemical reaction at the 
core-mantle boundary, the amount of convective mixing in the D" 
region due to strong internal temperature gradients, and the extent 
of interaction of mantle convection with the chemical layer. How- 
ever, some studies have indicated that the scattering of seismic waves 
in the D layer can best be explained by heterogeneities less than 100 
km in diameter (5, 23). 

We infer that there are two important time scales, and corre- 
spondingly two length scales, for the development of heterogene- 
ities at the base of the mantle due to chemical reaction with the core 
(Fig. 10). First, the mantle rock that is directly in contact with the 
outer-core liquid is likely to react rapidly, instantaneously in terms of 
geological time, as is observed in our experiments. Presumably, the 
reaction zone penetrates upward only on the order of -10' to 10, 
m, corresponding to plausible lengths for capillary rise along grain 
boundaries in the mantle (9). Recent VLBI observations may have 
identified the presence of such a reaction zone extending a few 
hundred meters into the mantle above the core (24). 

But on the longer time scale of mantle convection, at rates typical 
of plate tectonics (-lo-, to lo-' m/yr) for example, this reaction 
zone is swept upward into the mantle, and fresh rock is exposed to 
the core liquid. Because of its increased density, relative to unreacted 
mantle rock, the alloy-silicate mixture cannot rise far into the mantle, 
and we infer that this heterogeneous accumulation of reaction 
products is what makes up the D" layer (2, 25). In particular, the 

A B C Fig. 6. Compositional pro- 

Fig. 7. Compositional pro- 
file of Fe into the silicate 
perovskite for samples in 
which the foil (at negative 
distance) was melted. The 
axes and symbols have the 
same meaning as in Fig. 5, 
except that sample 70-3m 
(rather than 75m) is shown 
for comparative purposes. 

15 

Fig. 8. Molar ratios of Mg 
25 to Fe as a function of dis- 

tance from the iron-silicate 
20 interface. The closed circles 
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Table 2. Properties of core-mantle boundary materials at zero pressure and 300 K. KT is the bulk modulus at constant temperature; pv, perovskite; 
hpp, high-pressure phase. 

Composition v, (cm3/mol) KT IGPa) .~ , 

Mg, -xFediO3 (pv) (24.46 ? 0.04) + (1.03 ? 0.28)XF, (26) 266 + 6 (13) 3.9 + 0.4 (13) 
Fe (a-phase) 7.092 2 0.004 (27) 167 ? 2 (28) 5.3 ? 0.6 (28) 
SiO, (stishovite) 14.01 ? 0.01 (26) 314 ? 10 (29) 4 ? 2 (26) 
Fe0.90 ( h ~ ~ )  10.95 + 0.27 (11) 195 ? 10 (11) 4 ? l *  
FeSi (cubic) 13.35 + 0.18 (30) 180 ? 10 (31) 4 ? l *  

*Estimated 

Fig. 9. Volume decrease at 
300 K for the chemical reac- 
tion describing our experi- 
ments, shown as a function 
of pressure up to 136 GPa. 
The molar proportion of 
magnesium to Fe + Mg 
components in the perov- 
skite prior to reaction is in- 
dicated by x. 

Pressure (GPa) 

lowermost mantle would consist of partially entrained reaction 
products that have been stirred with the mantle rock on length 
scales 5100 km. On  the core side, we presume that the products of 
reaction with the mantle (primarily 0 alloying with Fe) are swept 
downward by the rapid, turbulent flow of the outer-core liquid: the 
same flow that produces the geomagnetic field. 

Thus, one implication of a heterogeneous, chemically reacted D 
layer applies to the propagation of Earth's magnetic field from the 
core into the mantle. That is, because the electrical conductivity of 
the D region should be extremely heterogeneous, the magnetic field 
lines emanating from the core would become deflected, because of 
induction, by the metallic heterogeneities at the bottom of the 
mantle. The field lines can only penetrate through the metal-rich 
heterogeneities within time periods of magnetic difision (10' to 
lo2 years) (9). In detail, the magnetic difision time depends on the 
size and distribution of the heterogeneities. However, this effect 
may account for some of the secular variation of Earth's magnetic 
field, which occurs on comparable time scales. 

of its present composition by chemical reactions at the core-mantle 
boundary, it may contain a number of different contaminants. 
Nevertheless, based simply on its relative abundance in the mantle, 
as well as our experimental observations, 0 is favored as a major core 
component. 

It is tempting to estimate the diffusion lengths for 0 ,  Si, and Mg 
in molten iron from our experiments, and extrapolate the data to 
core conditions. However, due in particular to the large temperature 
gradients around the laser-heated spot, it is currently not possible to 
apply quantitatively the penetration length scales from the experi- 
mental compositional profiles to processes deep in Earth. For 
example, the time over which the iron foil is melted in these 
experiments is 1 to 10 min, and the 0 is incorporated 7 (22)  km 
into the foil. If considered literally to represent a diffusion length of 
0 in iron at high pressure, these results imply that over the age of 
Earth, 0 would have diffused only about 1 km into the outer core. 

In reality, the outer core is a vigorously convecting system, such 
that 0 (and Si and Mg) could be incorporated into the outer core 
rapidly and efficiently. Indeed, the recently observed seismic velocity 
anomalies at the top of the outer core might well represent the 
products of reaction with the overlying mantle. Thus, it may be that 
the entire budget of light alloying component in the outer core has 
come from chemical reactions with the mantle and that such 
processes are continuing at present. That is, the composition of the 
core may be evolving throughout geological time. 

Conclusions 
Our preferred model of the core-mantle boundary and the D" region 
of Earth, as suggested by experimental results at ultrahigh pressures 
and temperatures, consists of vigorous chemical reactions taking 

Implications for the Composition of the Fig. 10. Structure of the Lower Mantle 

Outer Core core-mantle boundary (Mg,Fe)Si03 + (Mg,Fe)O 
(CMB) and D" region, perovskite magnesiowiistite 
as suggested by geophys- 

The solubility of oxide components into molten iron at high ical experimelltal ob- FeO + FeSi 
pressures suggests that chemical reactions between the core and the servations. A reaction 
mantle may be an important process affecting the composition of wne, -10' to lo2 m M ~ s ~ O ,  

Earth's outer core over geological time. The observation that both Si thick> is created 
at the interface between and 0 form metallic alloys with Fe at high pressure (FeO and FeSi) the mantle and core 

(15) means that they are plausible core constituents. Thus, either 15). ~ ~ t l ~  components 
may account for why the liquid outer core is - 10% less dense than ( 0  and lesser amounts of 
pure Fe, and hence must contain a light alloying component, and yet Si and Mg) are dissolved 

behaves as a single-phase, metallic Fe alloy. into the outer core and 
rapidly dispersed by the 1- 

The experiments show that 0 is far more soluble in liquid Fe at turbulent flow of the liq- Outer Core 
high pressures than either Si or Mg. One implication of our uid iron alloy. On time scales > lo7  "ears. the reaction zone at the CMB is 
experiments is that 0 is inevitably present in Earth's outer core, entrained by the large-scale conveciive flow of the mantle (Fig. l ) ,  but 
regardless of the detailed composition and state of the core after it cannot be raised far upward ( > -100 to 500 h )  because of the high density 

was formed. However, it is noteworthy that the other two major of the reaction products relative to the mantle (9, 25). The resulting mixture 
of unreacted mantle and of heterogeneous reaction products makes up the 

components of mantle silicates, Mg and Si, have measurable soh- -200- to 3 0 0 . h . ~ h i ~ k  D" layer, which illcludes alloys (shown as 
bility in liquid Fe at high pressures. If the outer core attained some dark blobs) and relatively insulating silicates (shown as open blobs). 
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place between the liquid iron alloy of the outer core and the 
crystalline silicates of the mantle. These reactions dissolve compo- 
nents of the mantle, particularly 0 ,  into EaLth's outer core and 
thereby contribute to the budget of light elements alloyed with the 
liquid - ~ e .  On the mantle side of thk boundary, some Fe may be 
drawn from the core into the D" region by a surface-tension driven, 
capillary process. The resulting chemical reactions break down the 
silicate perovskite to form iron alloys and dense silicates, including 
stishovite or  a closely related phase. These reaction products could 
then form a discrete region in the -200 to 300 krn above the 
core-mantle boundary. The large differences in physical properties 
among reaction products, the silicate- and iron-rich regions that we 
propose occur in the D layer, are in accord with the seismological 
and geomagnetic observations of the presence of a complex, heter- 
ogeneous zone at the bottom of the mantle. 
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