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THE EARTH-MOON CONNECTION. CLUES PRESERVED IN LUNAR PICRITIC MAGMAS. 
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INTRODUCTION. Numerous models have been proposed concerning the origin of the Moon and its 
relationship to the Earth [1,2,3,4,5]. Recent models suggest that theMoon was probably formed as a result 
of collisions between the proto-Earth and bodies up to 10% of its mass during the last stages of planetary 
accretion [2,3,4,5]. Available data from the lunar highlands and mare basalts define some similarities and 
dissimilarities between the early Earth and the Moon, but the isotopic and chemical relationships between 
the lunar mantle and that of the Earth remain clouded. It appears that primary lunar magmas (largely 
represented by lunar volcanic glass beads) produced in the deep lunar mantle may provide addition 
information concerning this connection. 
PICRITIC MAGMAS. 
Primary Composition and Depth of Origin. The high Mg# values of the picritic magmas relative to mare 
basalts [6, 71 make them the best candidates for approximations of primary melts. This is also confmed 
by their relative position on major element liquid lines of descent and their trace element characteristics (i.e. 
higher Ni). High pressure experiments may be interpreted as indicating that the picritic magmas were 
generated at a depth greater than most mare basalts and that the wide compositional range of picritic glasses 
were generated at similar depths (400 to 1000 lan). 
Relationship to Mare Basalts. Major and trace element and isotopic signatures suggest than the picritic 
magmas, represented by the glass beads, are not parental to the mare basalts. [7,8]. This evidence includes 
chemical differences in liquid lines of descent, trace element characteristics, isotopic signatures, depths of 
multiple saturation, and mode of eruption. These data may be interpreted as indicating that the picritic 
glasses are derived from a mantle source different from the mare basalts. More likely, the source for the 
picritic glasses represent a "mixture" of lunar magma ocean (LMO) cumulates and a more fertile (less 
refractory, more-volatile rich) mantle. This "mixture" of components may be a result of mantle overturning 
[7] or polybaric melting [9]. 
Light Lithophile Elements. In their approach to estimate the bulk compositions of theEarth, Moon, and 
Eucrite Parent Body (EPB), [lo] suggested that the ratio of Li to Be is a direct measure of the ratio of the 
Mg-silicates to the high temperature condensates (HTC) in a planet. Based on the available Li and Be data, 
[lo] calculated that the proportion of high temperature condensates during the planetary accretion was 40% 
for the Moon, 22% for the Earth and 13% for the EPB. It is apparent that if Li/Be is to be used to estimate 
bulk moon composition, the picritic glasses provide a better estimate than the crystalline mare basalts. 
Differences in D~~~~~~~ for Li and Be indicate that fractional crystallization and partial melting will modify 
the L B e  ratio. Alternatively, the picritic glasses provide an estimate of a different portion of the Moon. 
Estimates based on the picritic glasses imply a higher Li/Be for the bulk Moon than estimated from the 
mare basalts. This indicates that the bulk Moon is less refractory than previously calculated by Lime. 
Volatile Element Characteristics. The nature of the eruptive mechanism (volatile driven fre-fountaining) 
for the picritic glasses, the presence of volatile coatings, and enrichment of some volatile elements in the 
glass beads relative to the crystalline mare basalts is circumstantial evidence that suggests that the source for 
the picritic glasses was enriched in volatiles relative to the sources for the crystalline mare basalts. This 
conclusion based on this data alone, is somewhat compromised in that the extent of volatile loss during 
eruption of the lunar basalts is not known. Other lines of evidence for the volatile nature of the mantle 
source for the picritic glasses are the lower 2 3 8 ~ 1 2 0 4 ~ b  and the relatively unfractionated ratios of volatile 
elements in volatile coatings [6]. 
Siderophile Element Characteristics. The picritic glasses have been used to constrain the composition of 
the lunar metallic core. The high Ni contents of the A15 and A17 Green Glasses, compared to the Mare 
Basalt source regions imply a Ni content for the lunar core of 38 wt?? to 44 wt?? [l  11. This composition is 
very Ni-rich compared to chondritic metal, and the question still remains of how representative of the lunar 
mantle is the source of these glasses. Ringwood [12] argued that the high siderophile element abundances 
in the source regions of the lunar volcanic glasses implied that these regions did not experience a core 
formation event in the Moon at all, but were derived from the Earth's mantle. Additional tantalizing 
evidence is beginning to emerge suggesting that different reservoirs in the Moon have different siderophile 
element signatures. The abundance of Ge has been shown to be variable, with substantial enrichments in 
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Apollo 14 samples attributed to mobilization by a volatile phase [13]. Studies of lunar meteorites in 
comparison with the Apollo samples suggests, for example, that the high Ni content of the Apollo 16 
regolith is not a general feature of the Moon's crust [14]. As pointed out many times by A.E. Ringwood, 
the difference in siderophile element abundances in the Earh's primitive mantle and the lunar mantle can 
provide critical constraints on the relationship between the Earth and Moon. However, additional data for 
refractory and volatile siderophile elements on a wide range of lunar materials , including picritic glasses, 
along with a geophysical determination of the size of the lunar core are needed to resolve this issue. 
Isotopic Systematics. In comparison with the Earth (p= 1 to 5), lunar highland and basalt sam les have 
very high initial lead compositions requiring derivation fiom source regions with p values (238UiP04Pb) of 
greater than 100. In contrast, picritic glasses from the A-15 and A-17 sites require a source region with p 
values of between 19 and 55. The high Ti and very low Ti glasses from these sites overlap. The 
2 3 2 ~ h / 2 3 8 ~  for these magmas ranges from 3.57 to 3.83 and are similar to that of the bulk silicate Earth (= 
3.9). 
Comparison to Early Basaltic Magmatkm on the Earth. There are a number of similarities and 
differences between terrestrial Archean komatiitic magmatism and lunar picritic magmatism. The mantle 
thermal regimes under which melting occurred to produce the near primary terrestrial mantle magmas (i.e. 
komatiites) and lunar picrities were vastly different. The komatiites are considered to be generated by high 
degrees of melting (greater than 30%) in a energetic thermal mantle system. In contrast, the lunar picritic 
magmas were probably produced by low degrees of partial melting (less than 10%) in a declining thermal 
environment. Mg# for the lunar picrites (48 to 70) are lower than their Archean terrestrial equivalents 
(greater than 75). The A1 content of the lunar picrites is lower than modem picrites but similar to 
komatiites. In addition, komatiites and lunar picrites have similar Cr enrichments relative to modern 
terrestrial primitive magmas. In contrast to early terrestrial basaltic magmatism, the lunar picritic magmas 
have a much wider range in Ti02,and incompatible elements (i.e. REE), have a characteristic Eu anomaly 
throughout this wide range, and are depleted in Ni. The very low Ti picritic glasses have Co, Sr, Ba, Cs, 
and Rb similar to the komatiites. 
DISCUSSION. The picritic magmas represented by the high Mg lasses (there is another suite of picritic 
magmas that are parental to the mare basalts) have isotopic (i.e 23fLJ/204Pb) and chemical characteristics 
(i.e. Lime, volatile elements) that contrasts with that of mare basalts. These differences may be attributed 
to partial melting in the LMO cumulate pile with the addition in the case of the picritic glasses of a less 
refractory mantle component. This component may have been incorporated into the mantle source through 
cumulate overturn or incorporated into the picritic magma through polybaric melting of a variety of mantle 
lithologies. The existence of a lower p, less refractory, and more volatile-rich component in the lunar 
mantle presents some interesting alternatives to potential models for the origin and evolution of the early 
Moon. There are several intriguing possibilities for the origin of this lowp mantle component. (1) It may 
reflect an early accretionary component derived from the proto-Earth through less energetic impacts that 
may have resulted in smaller degrees of volatile loss. The more dominant, higher p, more refractory, 
volatile-depleted component of the lunar mantle is the result of more energetic impacts. (2) Alternatively, 
this component may reflect an early accretionary component derived from the proto-Earth that did not 
experience terrestrial core formation. Within the context of impact driven core formation models proposed 
by [ 5 ] ,  small impacts into the proto-Earth may have resulted in not only smaller degree of volatile loss but 
also limited melting and impact related differentiation. In this scenario, the more dominant, higherp 
component of the lunar mantle reflects material derived from massive impact driven volatilization, melting 
and core formation. (3) The high p lunar component is derived through massive impact-volatilization of the 
proto-Earth followed by lunar core formation. The lower p lunar component must have partially escaped 
both extensive volatilization and episodes of lunar core formation. 
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