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The nickel silicide inner core of the Earth
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— Revised 19 April 1979)

From observations of nature the suggestion is made that the inner
core of the Earth consists not of nickel-iron metal but of nickel silicide.

Contemporary understanding of the physical state and chemical composition of
the interior of the Earth is derived primarily from interpretations of seismolo-
gical measurements and from inferences drawn from observations of meteorites.
Seismological investigations by Oldham (1906), Gutenberg (1914) and others
helped to establish the idea that a fluid core extends to approximately one half
the radius of the Earth. The existence of a small, apparently solid inner core at the
centre of the Earth was recognized by Lehmann (1936) from interpretations of
earthquake records and has been confirmed by Gutenberg & Richter (1938), Jeffreys
(1939), Bullen (1957) and others. Observations of meteorites consisting almost
entirely of nickeliferous iron led, by inference, to the idea that the fluid core of the
Earth consists of molten nickel-iron metal (see, for example, Buddington 1943;
Daly 1943). Birch (1952) found from density distribution calculations, however,
that pure iron (and, to a greater extent, nickel-iron alloy) would be more dense, by
5-159,, than the calculated core density, thus indicating that one or more light
elements are alloyed with nickel-iron in the core. The variety of combinations of
light elements proposed (table 1) can be taken as an indication of contemporary
uncertainty in the understanding of the chemjcal composition of interior of the Earth.

Because elements heavier than iron and nickel are less than 19, as abundant in
meteorites, it is widely believed that the inner core of the Earth, which has a mass
of ca. 59, of that of the core, consists of partially crystallized, nickel-iron metal
(Brett 1976). Such a metastable state would require the temperature at the inner
core boundary to be equal to the melting point of nickel-iron at the relevant pres-
sure and would require the heat content of the core to remain essentially unchanged
with the passage of time. Otherwise, the inner core would either grow or diminish.
The alternative suggestion that the inner core is the result of a pressure-induced
electronic transition in iron (Elsasser & Isenberg 1949; McLachlan & Khlers
1971) appears, from recent calculations (Bukowinski & Knopoff 1976) to be
untenable.

The Earth and meteorites were derived from primordial matter of common
origin. The individual elements that comprise the Earth and meteorites are
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ensembles of specific nuclear species which occur in remarkably unique relative

proportions (figure 1).

TABLE 1. LIGHT ELEMENTS SUGGESTED BEING ALLOYED WITH NICKEL-IRON

C, Si, H (Birch 1952)
C, S (Urey 1960)

Si, O, S (Birch 1964)
Mg, O (Adler 1966)

IN THE FLUID CORE OF THE EARTH

Si (MacDonald & Knopoff 1958; Ringwood 1958)
C, 8, Si (Clark 1963)

S (Mason 1966; Murthy & Hall 1970; Lewis 1973)
O (Bullen 1973; Ringwood 1977%)

The relative abundances of many elements in certain types of meteorites, called
chondrites, are quite similar to corresponding abundances in the Sun, the latter
being obtained from the spectral analysis of sunlight. Primordial elemental abun-
dances appear to be related, although in a complex manner, to nuclear properties
(Suess & Urey 1956; Suess & Zeh 1973; Urey 1972). Physical processes involved
in the formation of chondrites did not appreciably separate the less volatile
primordial elements from one another (figure 2).

Certain chondrites, such as the Orgueil meteorite, consist almost exclusively of
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Freure 1. Comparison of meteoritic and terrestrial isotope ratios of 15 elements. Some of the
52 isotope ratios plotted from literature values are coincident on this scale (see, for
example, Kielbasinski & Wanat 1968).



497

The nickel silicide inner core of the Earth

*(LL61 1030m[0]] ‘oidwrexe I0J ‘00s) 9JLIp

-uoyo 931383sUL 90qy 100d-ueIAX0 SNOIPAYUB 9Y) 10 OSOU) ‘SUI0330q O} ‘03LI009ow [oNnSI() YouI-ueSAx0 pejeipAy oyj I0J sonfea
ernje1aq] juesordor sreq oys jo sdoj oyj : (M) SOJLI099OUI OIJLIPUOYD JO SISA[RUE [BOTWIOUO WIOLJ POUIB}qO ‘U0l 03 POZI[BULIOU
‘soryes Surpuodser1oo M (O) 1y3runs Jo swsA[eue [B1300ds WIOIJ PoUIe}qoO SOIJeI douBpUN]E [BjUeWO[e Jo uosiredwo)) g HEODIL

08

Joquunu 91wro)e

03 T

T I I s U

o

.01

.0

,0

o,]) 011l EOUBPUNJE JUSUIO[O

(r



498 J. M. Herndon

low temperature hydrated minerals (Bostrom & Fredriksson 1966). Most chon-
drites, however, contain minerals which formed under anhydrous conditions at
temperatures sufficiently high as to have resulted in melting (Rose 1825; Ramdohr
1973). Igneous chondrites differ in their respective oxygen content and, conse-
quently, in the relative proportions of their principal components: silicate/oxide
minerals, sulphides and metal (table 2).

TABLE 2. MINERAL ASSEMBLAGES CHARACTERISTIC OF THE
CHONDRITIC METEORITES

hydrated chondrites

epsomite, MgSO,.7H,0
complex hydrated layer lattice silicates, e.g. (Mg, Fe)gSi,0,,(0, OH),4
magnetite, Fe;O,

anhydrous chondrites

oxygen-rich carbonaceous ordinary chondrites oxygen-poor enstatite
chondrites chondrites
pentlandite, (Fe, Ni),Sg troilite, FeS complex mixed sulphides
e.g. (Ca, Mg, Mn, Fe)S
troilite, FeS olivine (Fe, Mg),Si0, pyroxene, MgSiO,
olivine (Fe, Mg),SiO, pyroxene (Fe, Mg),SiO, metal (IFe-Ni-Si alloy)
pyroxene (Fe, Mg)SiO, metal (Fe—Ni alloy) nickel silicide, NiySi

Many of the oxygen-rich carbonaceous chondrites contain almost no metal
(Herndon et al. 1976). Most chondrites, however, contain less oxygen. Certain of
these, called ordinary chondrites, consist principally of iron oxide-bearing silicate
minerals, iron sulphide and nickeliferous iron metal (Keil 1962). The metal of
ordinary chondrites is similar in composition to the metal meteorites that evoked
early ideas about the core of the Earth. The oxygen-poor enstatite chondrites,
on the other hand, consist of silicates almost totally devoid of iron oxide. Iron
sulphide occurs, as do sulphides of some elements, such as magnesium, that occur
as silicate /oxide minerals in ordinary chondrites. Elemental silicon is present in the
metal, and nickel silicide occurs. Meteoritic nickel silicide occurs both as lamellar
exsolutions from silicon-bearing iron metal (Ramdohr & Kullerud 1962 ; Ramdohr
1964 ; Fredriksson & Henderson 1965; Wasson & Wai 1970; Wai 1970) and as more
massive forms intimately associated with metal and iron sulphide in certain enstatite
chondrites (Reed 1968; Ramdohr 1973). Among different meteorites, little vari-
ation in elemental composition has been reported: 75-81 9, Ni, 3—-7 %, Fe, 12-159,
Si and 2-59, P.

At ambient pressure nickel silicide of composition Ni,Si has a melting point
(1309 °C) nearly as high as that of pure iron (1533 °C) and even higher than the
melting points of some iron-based alloys (Hansen 1958). At ambient temperature
and pressure, Ni,Si has a density of 7.2 g/em?; NigSi, 7.9 g/cm3. The density of
nickel silicide is almost identical to that of pure iron (7.86 g/cm3) and is thus more
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than the uncompressed density of the core of the Earth (Birch 1952). The occur-
rence of nickel silicide in enstatite chondrites is proof of its insolubility in
oxygen-poor primordial matter.

I suggest that the inner core of the Earth consists of nickel silicide that crys-
tallized from the liquid and settled by the action of gravity to the centre of the
Earth. Because nickel is ca. 5%, as abundant as iron in primordial matter, a fully
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Ficure 3. The principal divisions and physical state of the interior of the Earth is indicated
by the compressional velocity, ¥, and the shear velocity, V;, of earthquake waves (after
Anderson et al. 1971). The fluid core cannot support shear waves. The identification of
these features with the principal components of oxygen-poor primordial matter is
indicated. The oxidized iron and siderophile element content of rocks from the surface
regions suggests a veneer of more oxygen-rich primordial matter. The depth and extent of
mixing with the reduced silicate/oxide minerals is unknown.

crystallized inner core of the composition of meteoritic nickel silicide would com-
prise a mass remarkably similar to that inferred from seismological data. The exis-
tence of a nickel silicide inner core would indicate that the interior of the Earth
was formed from primordial matter that was sufficiently oxygen-poor as to have
caused elemental silicon to be present in the iron liquid. The physical state and
chemical composition of the Earth, as derived from earthquake waves times of
travel and from the above considerations, is illustrated in figure 3.

This work was supported by N.A.S.A. grant NSG 7474.»
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