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PARTITIONING OF REE BETWEEN PHOSPHATES AND SILICATES IN MESOSIDERITES: 
EVIDENCE FOR DIFFERING DEGREES OF EQUILIBRATION. A.K Kennedy, B.W. Stewart, I.D. 
Hutcheon, D.A. Papanastassiou & G.J. Wasserburg, The Lunatic Asylum, Division of Geological and 
Planetary Sciences, Caltech, Pasadena, CA 91125 

Introduction: Mesosiderites are polymict silicate and metal breccias resulting from magmatic differentiation, 
brecciation, metal-silicate mixing, and metamorphic recrystallization in early planetary bodies. Petrographic 
and trace element studies document the presence of eucritic basalt, cumulate gabbro, diogenite and metal 
clasts in mesosiderites [1-4]. Isotopic studies suggest (1) that a fractionated silicate source existed before 
4.54 AE, (2) mixing of metal and silicates and isotopic homogenization by 4.47A.E [4-61 and (3) a thermal 
disturbance at 3.4-3.8 AE [A. U/Pb isotope data show that complete isotopic homogenization was not 
achieved in the Estherville mesosiderite [6]. In a previous study of trace element partitioning between the 
phases of mesosiderites [8] we showed that: (1) Morristown contains multiple unequilibrated silicate 
components, (2) Vaca Muerta pebbles 5, 12 and 16 [9] have achieved equilibrium partitioning of trace 
elements between phases, (3) minor differences in REE patterns exist for phosphates (phos) from individual 
clasts, and (4) plagioclase (plag) and phos can have unusually high S W d  ratios (up to 6). In an attempt 
to (1) provide additional constraints on models of the genesis and evolution of mesosiderites, and (2) better 
understand trace element equilibration in mesosiderites, we have used the PANURGE ion microprobe to 
measure REE abundances in silicates and phosphates in Mt Padbury, Estherville and pebble 12 of Vaca 
Muerta (VM 12). These mesosiderites exhibit different degrees of textural and chemical equilibration and 
are representative of the majority of the mesosiderites we studied [8]. VM 12 is the most equilibrated and 
Estherville the least. 
Petrogravhv and Mineralom: The detailed petrography of VM 12, Mt. Padbury and Estherville is given in 
[1,2,4,6,9]. Here, we describe features relating to equilibration. VM 12 has a coarse gabbroic texture, 
composed of plag and orthopyroxene (opx). Opx containing exsolution lamella, plag and pyroxene with 
relatively constant compositions and 120" grain boundary intersection reflect slow cooling and 
recrystallization. Phos in Vaca Muerta 12 occurs as small (<20pm) interstitial patches and crystals on grain 
boundaries in the silicate, and as veins filling cracks that cross grain boundaries in silicates. Mt Padbury is 
not as coarse grained as V M  12, but has a similar igneous texture and evidence of recrystallization. It differs 
from VM 12 by the presence of metal-rich patches containing abundant phos and quartz. Plagioclase close 
to the metal contains numerous small quartz inclusions aligned along crystallographic axes. Mt Padbury phos 
occurs as small grains and patches dispersed throughout the silicate and as larger crystals and interstitial 
patches (up to 200pm) intimately associated with metal and troilite. Estherville is highly recrystallized in 
some regions, pyroxene poikiloblastic [I], highly brecciated, and contains large patches of metal that include 
silicate patches that have sub-ophitic texture. Plag and opx are often zoned and contain numerous inclusions 
of metal and quartz. Estherville phosphate has similar morphology and occurence to phosphate in Mt 
Padbury. 
Results: Figs. 1-3 show chondrite normalized REE patterns of plag, pyroxene and phos in VM 12, Mt. 
Padbury and Estherville. VM 12 has low REE abundances and is LREE depleted. This is reflected in the 
relatively flat REE pattern of plag (La and Yb are 0.02-0.03xch), the highly LREEdepleted opx pattern (La 
0.Olxch; Lu 4xch), and the LREE depleted pattern of phosphate (La 4xch; Lu 5Oxch). Mt Padbury has 
basaltic REE abundances. Plag is LREE enriched (La lOxch; Yb 0.3xch) and opx and clinopyroxene (cpx) 
are LREE depleted and have negative Eu anomalies. Phosphates in Mt Padbury have relatively flat REE 
patterns. Merrilite is highly enriched with approximately 6000xch REE. ' h o  analyses of whitlockite, which 
has lower REE abundances than merrilite, gave two different patterns and concentrations. All phosphates 
have a negative Eu anomaly, though its size varies. Estherville plagioclase has low REE abundances (La I 
lxch), is LREE enriched, has variable LREEkIREE ratio and a large positive Eu anomaly. Merrilite in 
Estherville exhibits a variety of REE patterns, from LREE depleted with a positive Eu anomaly with &ch 
LREE to 8Oxch HREE abundances, to LREE enriched with a negative Eu anomaly and 1300xch LREE and 
600xch HREE abundances. There is no apparent relationship between size or location of the Estherville 
merrilite and REE chemistry. 
Discussion: Petrogenetic and isotopic models of the formation and evolution of mesosiderites are founded 
on the assumption of equilibrium between phases. Based on the above petrographic descriptions we would 
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expect to find the greatest amount of evidence of disequilibrium partitioning of trace elements in Estherville 
and the least amount of evidence in VM 12. This is the case, as the degree of textural equilibration of the 
mesosiderites is reflected in the REE data. The REE patterns of VM 12 plag, opx and phosphate all 
indicate a bulk system that is highly LREE depleted. Mineraymineral partition coefficients calculated with 
the VM 12 data are similar to those calculated from literature mineraymelt partition coefficients from 
equilibrated igneous systems [10,11]. The REE patterns of plag, opx and cpx in Mt. Padbury are consistent 
with equilibration with a melt with approximately 30xch abundances of the REE and a flat REE pattern. 
Multiple analyses of plagioclase give identical REE patterns. This shows that plagioclase, a phase with low 
diffusion coefficients for the REE, is remarkably homogeneous in Mt. Padbury. In contrast, the differences 
in the abundance of the REE and in the shapes of the REE patterns of the two whitlockite grains from Mt. 
Padbury show that these grains are not completely equilibrated. The REE data for Estherville shows that 
merrilite is unequilibrated, that plagioclase is not homogeneneous and that more than one component is 
likely. In addition, the merrilite data were collected from a group of grains localized within a small (500pm) 
region. Grains with very different REE patterns are in one instance less than l00pm a p a n  This suggests 
the multiple components making up Estherville are intimately mixed. 
Summary: The REE data of V M  12, Mt. Padbury and Estherville reflect the diversity of mesosiderite silicates. 
In VM 12 phos, plag and opx REE patterns are consistent with equilibrium partitioning between all 
minerals. In Mt. Padbury plag, opx and cpx have equilibrated; however, silicates and phosphates are not 
completely equilibrated. Estherville silicates and phosphates have a variety of REE patterns, even for grains 
that are 100pm apart. This is consistent with the suggestion that this mesosiderite is an intimate mixture 
of finely brecciated material, from more than one source, that has not equilibrated [6]. Phosphates often 
contain a large fraction of the REE, Th and U in a mesosiderite [12,6], isotopic results obtained in studies 
of partially equilibrated mesosiderites, such as Estherville and Morristown [S], may be difficult to interpret. 
Petrogenetic models based on bulk trace element measurements on mesosiderites containing more than one 
component are unlikely to give accurate results. The very high Sm/Nd ratios of the phases in VM 12 [12] 
may be explained by extraction of a partial melt from an opx-rich source. 
References: [I] Rubin and Mittlefehldt (1991) preprint; [2] Floran (1978) Proc LPSC IX, 1053; [3] Mittlefelhdt 
(1979) GCA 43, 1917; [4] Prinzhofer et al. (1991) submitted GCA; [5] Stewart et al. (1991) LPSC XXII, 1333; [6] 
Brouxel & Tatsumoto (1991) GCA 55, 1121; [7] Bogard et al. (1990) GCA 54, 2549; [a] Kennedy et al. (1991) 
Meteoritics 26, in press; [9] Rubin & Jerde (1987) EPSL 84, 1; [lo] Fujimaki et al. (1984) Proc LPSC JGR 89, B662; 
[ll] Lambert (1982) PhD thesis; [12] Stewart et al. (1992) this vol. Supported by NAG 943 Contrib. 5102 (763). Vaca 
Muerta samples were generously supplied by A. Rubin. 

Fig. 1 

'oo'L! & .: id ' S h  ;&dT!b & ' & T k  rb 

10000 

1000 

106 

10 

1 

.1 

'01 La Ce Pr Nd SrnEuCdTb Dy ErTm Yb Lu 

10000 
Estherville 3 

1 
plagioclase 

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


