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MAJOR AND TRACE ELEMENT MODELING OF A POLYBARIC MELTING ORIGIN FOR 
LUNAR (Apollo 15) VERY LOW TI PICRITIC MAGMAS. C.K. Shearer and J.J. Papike. Institute of 
Meteoritics, Department of Earth and Planetary Sciences, University of New Mexico, Albuquerque, New 
Mexico 87 131. 

Introduction. The high Mg# of lunar picritic glasses relative to mare basalts, as well as other attributes 
(high Ni, low Al, contrasting incompatible element abundances, higher multiple saturation pressures), have 
been interpreted as indicating that these glasses represent extremely primitive lunar magmas that approach 
primary magma compositions. Although these glasses have been utilized in numerous lunar studies, we 
still do not truly understand many aspects of these volcanic glass. A case in point is the A15 very low-Ti 
picritic glasses which have been used extensively in modeling many aspects of the Moon. These glasses 
show a range of contrasting chemical characteristics. For example, Stolper et al., [I] identified major 
element chemical variations in very low-Ti glasses from several sites (A1 1, A14, and A15) that could only 
be attributed to subtraction of olivine of the composition F069 Yet, the calculated low-pressure liquidus 
olivine composition for these glasses ranged from FoS3 to FoSb Further detailed studies of these glasses 
[2] identified five compositionally distinct groups of A15 very low-Ti picritic glasses. Delano [2] also 
observed that these glasses exhibited a positive correlation between Mg# and SiOz and an inverse 
correlation between Ni and Mg#. Both of these observations appear to be inconsistent with olivine 
crystallization relating the individual glasses [2]. Trace element studies of individual glass beads using 
INAA [3,4] and ion microprobe [5,6] added additional complexity to petrogenetic models for these glasses. 
These studies showed that compatible and incompatible elements exhibited a general positive correlation to 
one another, that the trace elements in the glasses defined several clusters that did not necessarily 
correspond to the groups defined by Delano, and that NiICo, MnICo, and MnINi do not show extensive 
fractionation within the A15 very low Ti glass bead population or among very low-Ti glasses from different 
sites. In addition to the major and trace element data, interpretation of the experimentally determined 
multiple saturation depth for these magmas is difficult to decipher. The multiple saturation depth has 
previously been interpreted as indicating a depth of fusion of greater than 400 km, yet chemical data has 
been interpreted by Delano [7] and Shearer et al [6] that these magmas experienced limited fractionation. 
Therefore, a possible interpretation is that these magmas were transported from depths of greater than 400 
km to the lunar surface with limited thermal and chemical consequences. This appears unlikely [8,91. 
Longhi [9] has suggested that the multiple saturated depth corresponds to an average depth of fusion and 
that melting actually occurred over a range of depths perhaps initiating at 1000 km and terminating at 50 to 
100 km. The purpose of this study is to combine the polybaric melting model suggested by Longhi [91 with 
the trace and major element data that has been accumulated with the microprobe, ion probe, and INAA. 
This abstract reports the initial results of this modeling. 
Modeling: The variables for our initial major and trace element models are based primarily on the 
polybaric melting models proposed by Longhi [9]. Initial variables and assumptions in our models are as 
follows: (1) The initial major element starting composition is bulk composition #2 from Longhi [9]. (2) 
The starting mineralogy is the normative mineralogy calculated from the bulk composition #2. (3) The 
polybaric melting was assumed to occur over the pressure range of 40 to 6 kbars. Our initial models 
reported here assume garnet is not a stable phase in the residua assemblage. (4) After an initial 1 % to 2.4% 
melting at 40 kbars, we calculated instantaneous melt compositions in 2-kbar steps at a melting rate of 
1 %/kbar. (5) We assumed a batch melting model in which 40% of the melt was extracted at each melting 
step and 60% of the melt was recombined with the residuum. (6) Temperatures for each step in the 
polybaric melting model was taken from Longhi [9]. (7) Residuum mineral assemblages were calculated for 
each melting interval from MAGMAS6 [lo]. (8) The proportions of phases incorporated into melt were 
modified at each melting interval. These proportions were calculated from the 01-P1-Wo-Qtz model system 
[9]. (9) Trace element Ds were from [6,12] and were not corrected for variations in pressure. (10) Major 
and minor element molar partition coefficients were taken from compilations [9,10,11,121. 
Results and Discussion: The initial models had several interesting attributes that corresponded to the 
observations made for the A15 very low Ti picritic glass beads. As illustrated in Figures 1-4 (in Fig. 2-4, 
calculated melts = crosses or lines and glass bead data = dots), polybaric melting will produce a sequence of 
instantaneous melt compositions that exhibit a positive correlation between (a) the mole percent FeO and 
siderophile elements such as Co and Ni, and (b) highly to moderate incompatible elements such as Ce and 
compatible elements such as Ni. In the latter case, mixing of instantaneous melts are required to produce 
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the correlation. In addition, elemental ratios such as NiICo, Mn/Ni, and MnICo do not change abruptly. 
Also in these models, the Mg# in the instantaneous melts changes primarily due to changing FeO rather than 
MgO. MgO in the calculated melt does not change dramatically in these models. Figures 1-4 also 
illustrate the evolutionary paths of the residua and fields for the A15 very low Ti picritic glasses. Unlike 
the A15 picritic glasses, the instantaneous melt compositions exhibit a narrower range in compatible 
element composition and a much broader range in incompatible element composition. Mixing of the 
instantaneous melts will eliminate the second problem, but will exaggerate the first. Changes in the Ds 
within acceptable ranges will not help either problem. Addition of other phases such as garnet may restrict 
the range exhibited by the KREE but should have little effect on the LREE. In addition, REE pattern may 
be more fractionated than observed in the picritic glasses. Our initial models also underscore the 
importance of melting rates and melt extraction efficiency. Changes in extraction efficiency and rates of 
extraction (percent meltingkbar and number of steps over which instantaneous melt compositions are 
integrated) will have a profound effect on instantaneous melt trajectories 
Future Models: Future modeling will explore the effect of other phases (garnet, spinel) on instantaneous 
melt compositions and incorporate changing trace element Ds. 
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