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Introduction: The Chassigny meteorite is of par-

ticular importance for placing constraints on martian 
magmatism.  Its two primary mineral assemblages have 
been well characterized by many workers.  The cumu-
late dunite consists of Fo68 olivine, En50Wo34Fs16 
(mol%) augite, En63Wo12Fs25 pigeonite and unexsolved 
orthopyroxene En68Wo4Fs28 [1], whereas the polyphase 
melt inclusion assemblages contain kaersutite, (Ti-
biotite), augite, low-Ca pyroxene, chlorapatite, chro-
mite, and silica-rich glass [1, 2].  These assemblages 
have been compared with those determined experimen-
tally along the fractionation paths of terrestrial intra-
plate suites in order to constrain the nature of parental 
and evolved liquids, crystallization pressures, and vola-
tile contents.  Table 1 shows the mineral assemblages 
obtained experimentally along the fractionation path of 
a hawaiite from the Nandewar Volcano of Australia for 
9.3 kbar pressure and 2 wt % initial water content.  On 
Earth, these assemblages give rise to silica-saturated 
alkalic suites (with the lava sequence mildly alkalic 
basalt - hawaiite - mugearite - benmoreite - trachyte - 
rhyolite) found on some ocean islands (e.g., Ascension 
Island [3] and the Azores [4]) and continental hotspots 
regimes (e.g., Miocene volcanoes of New South Wales, 
Australia).  The Chassigny cumulate and melt inclusion 
assemblages bear marked similarities to these assem-
blages.  Work is ongoing to explore the implications of 
these similarities. 

Chassigny cumulate phases: According to QUIlF 
[5] calculations, the Chassigny olivine-orthopyroxene-
clinopyroxene cumulate assemblage could have been in 
equilibrium at ~1050oC (the pigeonite had probably 
already inverted by this temperature).  As discussed by 
[6] and shown in Table 1, at this temperature the frac-
tionating mineral assemblage of a hawaiite parental 
liquid at 9.3 kbar ans 2 wt% bulk water includes min-
eral phases and compositions similar to the equilibrium 
Chassigny cumulate assemblage was also obtained 
(Table 1).  Considering both the experimental tempera-
ture uncertainty and the QUIlF computational uncer-
tainty, there is remarkable agreement between the 
compositions of these phases.  Two important differ-
ences remain and must be carefully considered before 
concluding that hawaiite could be parental to the cumu-
late assemblage. 

(a.) Kaersutite stability. Kaersutite is found ex-
perimentally in the mineral assemblage at 1050oC, but 
is not found in the natural Chassigny cumulate assem-
blage.  Does its absence in the Chassigny cumulate 
imply that the natural Chassigny parental liquid was 

Table 1. Chassigny cumulate assemblage and hawaiite ex-
perimental assemblages (from [6], with supplemental data).  

 
lower in alumina than the hawaiite starting material 
(with 14.6 wt% Al2O3)?  Not necessarily, since dy-
namic magmatic processes in terrestrial intrusions pro-
duce individual layers that typically do not include all 
mineral phases currently crystallizing. Beyond this, 
kaersutite is strongly destabilized at lower water con-
tents.  A bulk water content less than the 2 wt% of 
these experiments is consistent with the observation of 
Ti-biotite [7] in a polyphase melt inclusion of the 
Chassigny.  Experiments on hawaiite at lower water 
contents have verified the production of this biotite and 
suppression of kaersutite.  Kaersutite is also destabi-
lized at lower pressures.  Thus, perhaps crystallization 
at 6-7 kbar will remove this problem.  Experiments are 
ongoing to further assess the role of water and pressure 
on kaersutite and Ti-biotite stability.   

(b.) Alumina content of cumulate pyroxenes. A fur-
ther difference between the cumulate and experimental 
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phases lies in the alumina contents of the cumulate 
pyroxenes.  As shown by [8] and others (e.g., [7]), melt 
inclusion pyroxenes in the Chassigny and nakhlites 
have much higher alumina contents than the cumulate 
pyroxenes.  It is generally accepted that high-Al pyrox-
enes form from high-Al melts, and that with increasing 
pressure alumina solubility in pyroxene increases.  
Therefore, it is reasonable to infer that the alumina-rich 
clinopyroxenes of the melt inclusions formed from a 
high-alumina melt at elevated pressures, while the py-
roxenes in the cumulate formed from a low-alumina 
melt at similar or at lower pressures.  However, neither 
crystallization of an ordinary terrestrial-type tholeiite at 
low pressure (e.g., [10]) or of a low-Al, high Fe parent 
[11] at low pressure gives rise to the Chassigny cumu-
late assemblage (or melt inclusion assemblage).  Fur-
thermore, both the Al contents of the pyroxene and 
mineral assemblages of the polyphase inclusions sug-
gest elevated pressure.  One possibility is that the melt 
that formed the cumulate phases and was trapped in 
olivine was low in alumina, but by the time the inclu-
sion pyroxene and kaersutite formed had evolvedan  to 
alumina-rich alkalic composition.  This possibility can-
not be excluded without experimentation on low-
alumina compositions at the pressures and water con-
tents indicated by the melt inclusion phases.  The re-
sults of our experiments on hawaiite suggest instead the 
possibility that the parental liquid itself was hawaiitic.  
In this case, the low alumina contents of the cumulate 
pyroxene would have to have been the result of a sec-
ondary rather than primary magmatic process, such as 
alumina loss during cooling and exsolution.  Perhaps 
this alumina contributed to the production of some of 
the interstitial feldspar of the Chassigny cumulate.  
Aluminum loss accompanying pyroxene exsolution and 
the productionn of plagioclase (+Ti-magnetite+olivine) 
is in fact observed in cumulate rocks on Earth [12]. 

Melt inclusion phases:  The mineral phases de-
scribed in polyphase melt inclusions of the Chassigny 
are those that crystallize from silica-saturated hawaiite 
with water contents above 0.4 wt% at pressures above 
4.3 kbar (Table 1).  The rhyolitic nature of the residual 
glass within the polyphase melt inclusions further con-
strains the pressure of much of the crystallization in the 
melt inclusion to be below 12.3 kbar (since above this 
pressure, phonolite, i.e., silica-undersaturated alkalic 
liquid becomes the most evolved liquid [13]) yet above 
4.3 kbar (because at this lower pressure a potassic rhy-
olite is produced).  At much lower pressure a more 
alkali-poor rhyolite is produced.  It has been shown by 
[6] that the Ti:Al ratios of the Chassigny melt inclusion 
pyroxenes are also consistent with pressures between 
4.3-12.3 kbar.  Additional experimental work [14] has 
indicated that at pressures below 4.3 kbar, plagioclase 
appears much earlier and the assemblage changes dra-

matically.  Thus, it appears that much of the melt inclu-
sion crystallized above 4.3 kbar.   

Transport to the surface:  The presence of sodic 
alkali-rich rhyolite in the polyphase melt inclusion, 
suggests that crystallization of the melt inclusion pro-
ceeded to low temperatures [14] while still at elevated 
pressure.  That the evolution to rhyolite was not re-
stricted only to melt inclusions is evidenced by the 
presence of potassic feldspars typical of rhyolite inter-
stitially in the dunite, and by felsic mesostasis in the 
dunite. Yet, the dunite shows little evidence for major 
reaction with felsic melt.  This suggests that during 
melt evolution the dunite must have been relatively 
isolated from the main body of evolving melt, as would 
be the case if it were part of a fractionated layer of 
early crystallized material.  Transport to the surface 
would then be induced by disruption of this layer and 
reintroduction of some of this dunite back into the main 
magma body that would now be rhyolitic, or into less 
evolved magma from deeper levels.  Ascent would 
have to be relatively rapid to inhibit reaction between 
the transport host and the dunite.   

In summary, experimental evidence indicates that 
the melt inclusion mineralogy of the Chassigny is very 
consistent with evolution of a silica-saturated hawaiitic 
liquid (with initial water content>0.4 wt%) to trachy-
andesite and finally, to a sodic, alkali-rich rhyolite at 
pressures above 4.3 kbar.  It is possible that the paren-
tal liquid of the dunite itself was hawaiitic, but this 
requires that the cumulus pyroxene lost alumina during 
some exsolution process.  We suggest that the dunite 
represents a piece of disrupted cumulate layer included 
as a cognate inclusion in rhyolite or in a later batch of 
less evolved magma.  
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