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The formation of a metallic core in a planetary body gives rise to a 
characteristic siderophile element signature in the mantle of that body. 
Many siderophile elements are observed to be greatly overabundant in the 
earth's mantle as compared to expectations based upon equilibrium partition 
between mantle silicates and an iron-nickel alloy of average meteoritic 
composition. We believe that this is due mainly to the fact that the earth's 
core contains large amounts of an element of low atomic weight, probably 
oxygen and/or sulphur, which has substantially changed the effective sidero- 
phile element partition coefficients during core-formation [I]. The sidero- 
phile element signature in the mantle of a planetary body may thus provide 
information on the nature of the core-forming process in that body and the 
composition of the core. Under some circumstances, this information can pro- 
vide other important constraints on planetary origins. 

Ringwood and Kesson [2] reviewed the data on abundances of siderophile 
elements in low-Ti mare basalts and in terrestrial tholeiites which were 
available prior to 1977. They concluded that the average abundances of a 
particular group of siderophile elements (Fe, Co, Ni, W, Os, Ir, P, S and Se) 
were similar, "within a factor of about two", in both classes of basalts. 
These similarities were interpreted to imply a genetic relationship between 
the moon and the earth's mantle. A second group of siderophile elements (Cu, ' 

Ga, Ge, As, Ag, Au, Sb and Re) were relatively depleted in low-Ti mare basalts 
by factors of 5 to 500. It was suggested that these depletions were uncon- 
nected with siderophile properties but arose because of the loss of these 
elements as volatile species during formation of the moon. 

Important additions to the data base have since been made by Wolf and 
co-workers [3,4,5]. These authors maintain that their new results are in 
conflict with the above interpretations offered by Ringwood and Kesson [ 2 ] .  
Because of the key bearing of this topic on the fundamental problem of lunar 
origin [1,2], further consideration appears desirable. 

There is no substantial disagreement concerning abundance similarities 
of Fe, Co, W, P, S and Se between lunar and terrestrial basalts. Indeed, 
Wolf et al. [ 3 , 4 ]  have also shown that the mean Te abundance is likewise 
similar in both suites. Furthermore, it appears that an important earlier 
disagreement [6] concerning nickel abundances has now been resolved. Anders 
[6] had apparently misunderstood the basis of Ringwood and Kesson's [2] 
estimate of the nickel content of primitive low-Ti mare basalt magmas. This 
estimate takes into account the effects of prior olivine fractionation in a 
manner analogous to their estimation of the Ni content of primitive ocean 
floor basalts. In a further detailed study of this topic in which the effects 
of olivine fractionation were carefully considered, Delano and Ringwood [7] 
demonstrated that the mean Ni contents of low-Ti mare basalts and terrestrial 
tholeiites were indeed similar within a factor of two. Wolf and Anders [5] 
now state that "... it is hard to escape the conclusion that the moon is 
slightly but significantly depleted in Ni relative to the earth's mantle". 
Their conclusion is not inconsistent with our previous conclusions cited 
above, because we have never claimed that siderophile element abundances were 
identical in both classes of basalts. 

The new, high quality data on Pd, 0s and Ir provided by Wolf et al. [4] 
also contribute to the resolution of earlier differences. On the basis of 
Chicago data alone, these authors [3,5] concluded that the mean abundances of 
Pd, 0s and Ir in low-Ti mare basalts are lower than the corresponding abun- 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LUNAR SIDEROPHILES REVISITED 

A.E. Ringwood and S.E. Kesson 

dances in terrestrial tholeiites by factors of 3, 3 and 5 respectively. How- 
ever they concede that because of the very large dispersion of abundances of 
these elements in both rock suites, the inferred depletions may not even be 
.significant. We regard this as a reasonable interpretation of the existing 
data base. However, even if their inferred 3-5 fold relative depletion of 
Pd, 0s and Ir in mare basalts is correct, there are important geochemical 
implications overlooked by Wolf and co-workers. The abundances of these 
elements (in the basalt source regions) are still far too high to have been 
established by any process involving equilibration with an Fe-Ni alloy of 
average meteoritic composition, followed by subsequent segregation of the 
metal phase into a core. 

Wolf et al. [3,5] concede the similarity in abundances of Se and Te in 
low-Ti mare basalts and terrestrial tholeiites and attribute the similarity 
to saturation with FeS in their source regions. This explanation is demon- 
strably incorrect. Petrographic observations [8] demonstrate that FeS 
crystallizes late in the more primitive low-Ti mare basalts and that these 
magmas were far from being saturated with FeS on eruption. Whereas average 
low-Ti mare basalts contain 1150 ppm of S, our laboratory experiments have 
shown that the amount of S necessary to cause saturation with FeS at the 
liquidus is about 3000 ppm. Moreover, Rutherford et al. [9]  demonstrated 
that high-Ti mare basalts would contain about 3400 ppm S if saturated with 
FeS at liquidus temperatures. The basalts themselves contain only about 
half this amount. 

Mathez [lo] showed that the most primitive oceanic tholeiites contained 
about 900 ppm S, whilst our experimental studies have established that a 
typical primitive oceanic basalt (8% FeO) is saturated by about 1150 ppm S 
near its liquidus (10 kb, 1300~~). It therefore seems reasonable to conclude 
that ocean floor basalts are either undersaturated or barely saturated with 
FeS. It is now generally agreed that so-called "primitive" oceanic tholeiites 
have experienced pre-eruptive olivine fractionation, being derived from 
picritic parental liquids which were themselves formed by partial melting of 
mantle material at very high temperatures and elevated pressures [11,12]. 
Haughton et al. 1131 have shown that the sulphur.content of S-saturated 
basalts increases markedly with increasing temperature. If primitive oceanic 
tholeiites are only barely S-saturated, it follows that their picritic 
parental magmas forming at much higher temperatures, would have been signif- 
icantly undersaturated with FeS. Further evidence that primary terrestrial 
basalts were not S-saturated (i.e. did not equilibrate with F ~ S  in their 
source regions) comes from lherzolite nodules (averaging only 100 ppm S 121) 
which are believed to represent the refractory residue remaining after 
basalt extraction. Petrographic studies [14] have established that much 
or all of the rare FeS in lherzolite nodules has been introduced by secondary 
processes. 

In conclusion, the new high quality analytical data of Wolf et al. [3,4, 
5 1 ,  combined with the pre-existing data base,[2], demonstrate that the mean 
abundances of Fe, Co, Ni, W, P, S, Se and Te are similar within a factor of 
about two in low-Ti mare basalts and in terrestrial oceanic tholeiites. The 
data of Wolf et al. suggest that Ir, 0s and Pd may be relatively depleted 
by a small factor in the vicinity of 3-5 in low Ti mare basalts, but because 
of the wide dispersion of abundances, the differences may not be significant. 
These important similarities must be fully explained by acceptable theories 
of origin for the earth and moon. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1,UNAR SIDEROPHILES REVISITED 

A.E. Ringwood and S.E. Kesson 

References : 

[l] Ringwood A.E. (1971) Composition and Petrology of the Earth's Mantle, 
McGraw-Hill, New York, 618 p. 

[2] Ringwood A.E. and Kesson S.E. (1977) The Moon, 16, 425-464. 
[3] Wolf R., Woodrow A. and Anders E. (1979) Lunar and Planet.Science X, 

1361-1363. 
[4] Wolf R., Woodrow A. and Anders E. (1979) Proc.Lunar Planet.Sci.Conf. 

loth, 2107-2130. - 
[5] Wolf R. and Anders E. (1979) Preprint, submitted to Geochim.Cosmochim. 

Acta. - 
[6] ~nders E. (1978) Proc .Lunar Planet. Sci. Conf . 9th, 161-184. 
[7] Delano J.W. and Ringwood A.E. (1978) Proc.Lunar Planet.Sci.Conf. 9th, 

111-159. 
[8] Brett R. (1976) Geochim.Cosmochim.Acta 40, 989-996. 
[9] Danckwerth P.A., Hess P.C. and Rutherford M.J. (1979) Proc.Lunar Planet. 

Sci.Conf. loth, 517-530. 
[lo] Mathez E.A. (1976) Jour.Geophys.Res., 81, 4269-4276. 
[ll] O'Hara M. J. (1968) Nature 220, 683-686. 
[12] Green D.H., Hibberson W. and Jaques A.L. (1979) In: The Earth, Its 

Origin, Structure and Evolution (Ed. M.W. McElhinny) Academic Press, 
London, 265-300. 

[13] Haughton D.R., Roeder P.L. and Skinner B.J. (1974) Econ.Geo1. 69, 451- 
467. 

[14] Bishop F.C., Smith J.V. and Dawson J.B. (1975) Phys. and Chem. of the 
Earth 9, 323-337. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


