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Introduction: The Chassigny meteorite is one of two 

Martian chassignites [1]. It is a cumulate dunite with 

cumulus olivine and chromite, and interstitial pyroxene, 

maskelynite, apatite, and sulfides [2]. Some of the cumu-

lus olivine grains host polyphase melt-inclusions contain-

ing the same phases that occur interstitially and addi-

tional phases that include kaersutite, rhyolitic glass, and 

Ti-biotite [2, 3]. Apatite is found both interstitially and 

within melt inclusions. It is mineral-hosted, with feldspar 

glass (maskelynite and “alkali” maskelynite) being the 

most common host. This study focuses on characterizing 

both the apatite and hosting phases and using this infor-

mation in combination to assess late-stage volatile evolu-

tion in both the melt inclusions and interstitial regions of 

the Chassigny meteorite.  

Results: Two distinct populations of apatite are found in 

the Chassigny meteorite. Within melt inclusions, the apa-

tite is fluor-rich, while that of the interstitial regions has 

distinctly higher Cl contents (Fig. 1). 
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Fig. 1 Ternary plot of the X-site components of interstitial and 

melt-inclusion apatite within the Chassigny meteorite.  
 

Coupled with differences in volatile chemistry of the 

two apatite populations is a difference in the hosting 

maskelynite and alkali maskelynite of the two regions. 

Interstitial maskelynites have significant ternary compo-

nent and follow a high-temperature evolutionary path 

(Fig. 2a). This high temperature path differs distinctly 

from the evolutionary path of feldspar glass within the 

melt inclusions (Fig. 2b). Figure 2b shows the less ter-

nary nature of these feldspars. Their compositions extend 

 

   

 

Fig. 2 Ternary plot of (a) interstitial and (b) melt inclusion 

maskelynite and alkali-maskelynite (small squares). Isothermal 

solvus sections were calculated for 800oC and 600oC at 5 kbar 

using SOLVCALC [4] and the thermodynamic model of [5]. 

This method was also used to compute the temperatures of 

two-feldspar pairs (solid tielines) when found. The dashed 

tielines were constructed from a single feldspar glass to show a 

possible pair. The heavy green lines indicate  possible feldspar 

evolutionary paths in each region with dropping temperature 

based on the compositions analyzed.  
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to subsolidus temperatures with evidence of fluid-

mediated re-equilibration.  

Discussion: Feldspar glass evolution within the melt 

inclusions suggests nearly closed system conditions that 

involved fluid saturation and retention of this fluid to 

subsolidus conditions. Partitioning of F into the melt and 

apatite relative to the fluid expains the F-rich nature of 

the apatite. This is further consistent with our observa-

tion that compositionally evolved, low-temperature feld-

spar glass within the melt inclusions is commonly Cl-rich 

(i.e. 0.30-1.26 wt.% Cl). This Cl-enrichment is not due to 

decomposition of apatite during shock since there is little 

detectable phosphorus. We propose that this chlorine 

content arises from shock vitrification of fluid inclusion-

bearing feldspar.  

Feldspar crystallization within the interstitial regions 

began at higher temperature than in the melt inclusions 

and there is no evidence of subsolidus fluid-mediated re-

equilibration to low temperatures. The latter observation 

suggests the possibility of open-system processes within 

the interstitial regions of the cumulus pile that involved 

fluid loss. Importantly, however, such fluid loss alone 

cannot explain the higher crystallization temperatures of 

the interstitial feldspars. Furthermore, fluid loss alone 

cannot explain the differences in apatite chemistry that 

correlate with these different feldspar evolutionary paths.  

Using temperature information from two-feldspar 

pairs as well as minimum temperatures for the stability of 

subcalcic augite (calculated using the QUILF model of 

[6]), the data of Fig. 1 were used to constrain the HCl/HF 

ratio of fluids that could have equilibrated with each type 

of apatite (Fig. 3).   

 
Fig. 3. Variation in mole fraction of Cl in the X-site of F-Cl 

apatite as a function of the fugacity ratio of HCl to HF in a 

coexisting fluid and temperature, as adapted from [7]. Apatite 

from this study is plotted within respective boxes of observed 

Cl-component and possible temperatures of crystallization 

based on feldspar and pyroxene thermometry. The inset box 

shows possible changes in apatite Cl abundance for specific 

processes (fa) – fluid addition; (fc) – fractional crystallization; 

(T) – decreasing temperature; and (dg) – degassing. Adopted 

from [7]. 

 

Although it is not clear when fluids started to exsolve 

from either the interstitial or melt inclusion liquids, Fig. 

3 can be used to qualitatively assess Cl vs. F contents of 

the melt.  The differences between the two populations of 

apatite suggest the addition of a chlorine-rich (fluorine-

poor) fluid to the interstitial regions. Any such added 

fluid could not have been retained within the interstitial 

regions or there would be evidence of subsolidus re-

equilibration of feldspar. Thus, a picture emerges of 

nearly closed system behavior with respect to volatiles 

within the melt inclusions, but fluid migration through 

the cumulus pile via the interstitial regions. 

If a Cl-rich brine (or melt) migrated upward from hot-

ter, deeper levels of the magma body during the mag-

matic stage, it would have a higher Cl content and lower 

H2O content than the fluid with which the overlying melt 

were saturated [8]. Interaction with the cooler overlying 

melt would result in two primary effects. (1) The incom-

ing fluid would lose Cl to the melt and (2) it would gain 

water. In this way, through open-system fluid migration, 

the interstitial regions would become more Cl-rich than 

the evolving melt inclusion melt, thereby crystallizing 

more Cl-rich apatite or inducing compositional modifica-

tion of existing apatite. In addition, this interstitial melt 

would become progressively dehydrated.  

Dehydration would not only raise the solidus tem-

perature (which may account for the lack of low tempera-

ture pyroxenes and low temperature feldspars in the in-

terstitial regions), but also stabilize feldspar earlier as the 

feldspar supression induced by dissolved water is dimin-

ished [e.g. 9].  

Taken together, open system fluid migration in the in-

terstitial regions could explain (1) the early crystalliza-

tion of feldspars in the interstitial regions, (2) the ab-

sence of low-temperature phases, (3) the lack of evidence 

of fluid retention to subsolidus temperatures in the inter-

stitial regions, and (4) the differences in apatite chemis-

try between the melt inclusion apatite and the interstitial 

apatite. A similar process of upward migration of Cl-rich 

fluids through cumulus olivine layers has been called 

upon for the Stillwater Complex to explain an increase in 

Cl content in apatite [10, 7]. 
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