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Introduction:   Metamorphism in the mesosider-

ites has been long recognized [1], and its effects pro-
duce much of the observed petrological and chemical 
complexity in the group. It also provides the basis for 
classification schemes [2-5]. The age of metamorphism 
in mesosiderites is unknown. Conflicting estimates 
based on differing chronometers exist, in part because 
the scale of isotopic measurements is not well matched 
with the scale of petrological evidence. This mismatch 
results in mixing ages from overlapping lithologies.  

While mafic clasts in mesosiderites have been doc-
umented widely [6-11] the effect of metamorphic 
overprinting on the chemical and isotopic composition 
of those mafic clasts has not been systematically treat-
ed. We document a pair of mafic clasts from Mount 
Padbury and discuss how their compositions likely 
changed in response to thermal overprinting and pro-
pose tridymite as a an Ar/Ar chronometer for dating 
thermal metamorphism.  
Mount Padbury ‘Enclaves’: Several mafic clasts, 
also called ‘enclaves,’ in Mt Padbury were described 
[1, 12, 13] as the products of igneous fractionation that 
subsequently suffered varying degrees of thermal 
overprinting or metamorphism. Mt Padbury is classi-
fied as a Type 1A mesosiderite that has undergone 
little metamorphism [3, 4]. We discuss here two of 
these clasts (U and Z [after 1]) that exemplify the 
‘slight’ metamorphism previously observed [1]  
Clast Z is a ferroan unbrecciated subophitic clast that 
was considered [1, 12] to be unmetamorphosed alt-
hough the pyroxene is loaded with fine ‘clouding’, a 
product of late stage thermal overprinting [14]. The 
mineralogy of this clast is dominantly pigeonite/augite 
(mostly En30Wo3 to En26Wo39) and anorthite (An88-

91Or0.2) with lesser tridymite and various opaque min-
erals [12]. However a second population of more mag-
nesian pyroxene (En40Wo6-En43Wo40) occurs inter-
grown with tridymite (SiO2). [Figure 1a]. The tri-
dymite is as K-rich (1000-2000 ppm) as the plagio-
clase [Figure 2a]. We will call these intergrown areas 
A-T pockets. 
Within clast Z, small areas of pyroxene and tridymite 
form a distinctive lithic variant that resembles the equi-
librium assemblage formed at the eutectic minimum 
for the system olivine-plagioclase-SiO2 [15]. 
We suggest, therefore, that these pockets represent 
eutectic partial melts of the augite-enriched clast mate-

rial that formed subsequent to the original crystalliza-
tion of the clast as a distinct lithology. 
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Figure 3 

 
 
The A-T pockets may be products either of a ther-

mal metamorphic overprint or of a late-stage shock 
imprint. Crosscutting of the A-T pockets by the clast 
edges, however, seems inconsistent with a post-
assembly shock melting event. 

The presence of significant levels of potassium in 
the associated tridymite raises the possibility that the 
pockets will be datable and that their ages will supple-
ment those derived from the analysis of plagioclase for 
the large clast Z. 

The pyroxene compositions (Figure 1a) of the A-T 
pockets become more magnesian with distance from 
the more ferroan main portion of Clast Z. A similar 
reverse zoning effect is known from more magnesian 
mafic clasts in mesosiderites [16] and reflects partial 
diffusive exchange of Mg and Fe between the clast 
mafic phases and the mesosiderite matrix mafics. The 
Fe/Mn systematics for A-T melt pockets in Clast Z are 

Figure 2: Si-Kα map of Au-
gite-tridymite (A-T) pocket in 
clast U: white=tridymite, 
greys= augite, pigeonite & 
plag; black=oxides & holes 

Figure 1: (a)Clast Z 
pyroxene  with A-T 
pocket and matrix. (b) 
Clast U pyroxene 
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also displaced from those of the main pyroxene (Figure 
3) suggesting either reduction [of Fe] or exchange [of 
Fe/Mn,Mg] with the mesosiderite matrix, which has a 
low Fe/Mn ratio. We conclude that clast Z despite an 
unmetamorphosed appearance [1], is significantly 
modified by the presence of eutectic melt pockets and 
subsolidus exchange of Fe, Mn and Mg with the meso-
siderite matrix. 
Clast U-gabbro is also a ferroan unbrecciated clast but 
is granular and homogeneous (En40Wo3-En31Wo40: 
An89-91) (Figure 1b). Again, like Clast Z, it contains 
one A-T pocket (Figure 2b), but otherwise presents 
little evidence of a metamorphic overprint. The tri-
dymite in Clast U is as K-rich as the surrounding pla-
gioclase, implying that it likely hosts measurable radi-
ogenic 40Ar. 

 
Metamorphic effects: The variability of composition 
and texture observed for the two clasts U and Z is 
broadly similar to that previously reported for many 
other ferroan mafic clasts in mesosiderites [9-12] 
The pyroxene in Clast U show only subtle composi-
tional effects attributable to metamorphic exchange 
with mesosiderite matrix. Accordingly, clast U will be 
treated as an example of a relatively unmetamoprhosed 
clast. Neither the pyroxene composition range (Figure 
1b) nor the Fe-Mn-Mg systematics of clast U deviates 
significantly from the typical eucritic ranges.  
In contrast, ferroan clast Z is partially modified com-
positionally. Pyroxene associated with the A-T pockets 
is clearly more magnesian than pyroxene in the bulk of 
the clast (Figure 1). Two possible explanations for this 
unusual Mg enrichment are: (a) reduction of Fe from 
the clast pyroxene (b) exchange of Fe and Mg between 
clast pyroxene and the more magnesian matrix pyrox-
ene (Figure 1). Possibly both mechanisms act in con-
cert. A consequence of Fe-reduction is also seen 
 

 
 
 in the Fe-Mn-Mg systematics of clast Z (Figure 4). A-
T pockets (red) have significantly lower Fe/Mn ratios 
than does the coexisting clast pyroxene (blue) suggest-
ing that the formation of the A-T pockets involved 
reduction of Fe from the clast silicates and liberation of 
free SiO2. (FeSiO3>SiO2+Fe+O). This excess SiO2 

moves the minimum melt for the system to move the 
the eutectic qtz-pyx-plag[15] 
Implications for mesosiderite chronology: The for-
mation of mafic clasts and their later metamorphic 
overprinting are two important milestones in the histo-
ry of mesosiderites. It is desirable to date these events 
and other later ones, which may include brecciation. 
Clasts U and Z and others like them present an oppor-
tunity for such dating. The ferroan clasts of Clast U 
type appear to be relatively unaltered and contain K-
bearing plagioclase, a phase well suited to Ar/Ar da-
ting of the time of crystallization from a magma.  
The A-T pockets found in both Clasts U and Z, in con-
trast, show signs of alteration  and contain K-rich tri-
dymite, a phase well suited to Ar/Ar dating of the time 
of thermal metamorphism.  
 
For dating , we follow the approach of [17] by physi-
cally separating plagioclase from the main clast and 
tridymite from the A-T pockets and analyzing each 
separately.  
The presence of two radiogenic Ar hosts in each clast 
that can be dated independently permits further explo-
ration of the cooling rate of mesosiderite mafic clasts 
at magmatic/metamorphic temperatures. Thermo-
chronological studies to determine the closure tem-
perature for plagioclase and tridymite coupled with 
apparent 40Ar-39Ar ages are in progress, and may 
bracket the cooling rates discussed by [6] to more 
tightly constrain the thermal history of these mafic 
clasts. 
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Figure 4: Fe-Mn-
Mg systematics 
for Clast Z with Fe 
redox tie-lines 
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