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Introduction:  Apatite has been extensively studied 
on Earth because of its geological, geobiological, and 
materials importance [1], and it is one of the most com-
mon mineralogical reservoirs for phosphorus on Earth.  
Apatite is also present in each of the three types of SNC 
meteorites, implying the same may also be true for 
Mars.   

In addition to phosphorus, apatite commonly con-
tains some combination of fluorine, chlorine, and hy-
droxyl.  Because F, Cl, and OH are three of the most 
important magmatic volatiles, apatite is potentially an 
excellent tool for assessing volatiles in magmatic sys-
tems.  However, interpreting magma budgets from apa-
tite volatile contents is not a straightforward process 
because apatite volatile chemistry almost always repre-
sents the conditions to which the apatite was last ex-
posed ([2],[3]).  This problem may be overcome in in-
stances where chemical isolation took place during 
various stages of crystallization.  In such cases, very 
useful information can be obtained from the change in 
apatite chemistry ([2],[3]).  The work described here 
focuses on the Chassigny meteorite because it contains 
chemically isolated apatite that may have preserved 
information of at least two stages of the magmatic his-
tory.   

The Chassigny meteorite is a cumulate dunite with 
cumulate olivine and chromite, some intercumulus py-
roxene, and late-stage interstitial phases such as maske-
lynite, apatite, and sulfides.  Some of the cumulate oli-
vines contain polyphase melt inclusions consisting of 
augite, low-Ca pyroxene, kaersutite, pyrrhotite, chro-
mite, pentlandite, Ti-biotite, apatite, and rhyolitic glass 
[4].  Apatite is also found in the interstitial maskelynite. 

Apatite in the Chassigny meteorite has been previ-
ously reported as chlorapatite ([4],[5]) by default, be-
cause of the lack of fluorine analyses.  Furthermore, no 
distinction was made in previous work between apatite 
found in melt inclusions and that found in the maske-
lynite.  We have analyzed both melt inclusion and mas-
kelynite-hosted apatites with special emphasis on F and 
Cl in order to identify any possible chemical variations 
that may have preserved information on magmatic vola-
tile history.   

Results: Microprobe analyses of Chassigny apatites 
are given in Table 1 along with respective structural 
formulas based on 13 anions.  These apatite analyses 
reflect halogen concentrations obtained along the a-axis 
in order to circumvent the problem of over-counts of 
halogens (because of electron-beam induced migration 
of halogens to the surface of the analyzed spot [6]) as 

can occur in analyses along the c-axis.  However, the 
apatite crystals within the olivine-hosted melt inclu-
sions are extremely small, and the effects of a highly 
magnified microprobe beam may bias the analysis.    

 
Table 1.  Chassigny apatite compositions.  

Oxide 

Apatite from 
olivine-hosted 
melt inclusion 

Apatite from 
interstitial 

maskelynite 

Apatite 
analyzed by 
Floran [6] 

SiO2 1.45 0.66 0.82 
TiO2 0.00 0.00 0.00 
Al2O3 0.20 0.11 0.26 
Cr2O3 0.00 0.00 0.13 
FeOT 0.84 0.42 0.74 
MnO 0.03 0.07 0.03 
MgO 0.35 0.05 0.99 
CaO 52.69 52.72 52.8 
Na2O 0.10 0.15 0.16 
K2O 0.04 0.07 0.00 
P2O5 37.91 39.49 40.4 

F 3.59 1.74 n.d. 
Cl 0.77 3.51 3.6 

Total 97.97 98.98 99.93 
Structural Formula Based On 13 Anions 

Elem. 
Melt-inc. 
Apatite 

Interstitial 
Apatite 

Floran 
Apatite[6] 

Si 0.13 0.06 0.07 
Ti 0.00 0.00 0.00 
Al 0.02 0.01 0.03 
Cr 0.00 0.00 0.01 
Fe 0.06 0.03 0.05 
Mn 0.00 0.01 0.00 
Mg 0.05 0.01 0.13 
Ca 5.00 4.97 4.83 
Na 0.02 0.02 0.03 
K 0.00 0.01 0.00 
P 2.84 2.94 2.91 
F 1.00 0.48 n.d. 
Cl 0.12 0.52 0.52 

OH* 0.00 0.00 Cannot determine 

Total 9.24 9.05 - 
*OH calculated by difference assuming OH fills the                                      

space in the Z-site not filled by F or Cl 
 

As seen in Table 1, Chassigny contains at least two 
types of apatite.  The melt-inclusion apatite is fluor-rich 
apatite; the apatite found in the interstitial maskelynite 
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is a chlor-fluor apatite.  Noteworthy in both cases is the 
implication based on the structural formula that there is 
little hydroxyl component in these apatites.  Some crys-
tal chemical models have implied, however, that OH-
free, F-Cl apatite cannot form because F and Cl cannot 
be long-term neighbors in the hexagonal columns of 
apatite due to deviations in atomic positions caused by 
differences in ionic radii [7].  If this is true then the 
apatite chemistry obtained in these analyses may not 
reflect the chemistry of magmatic apatite but instead 
reflect possible shock effects or fine scale micro-zoning 
that is not discernable during analysis due to the small 
crystal sizes of the apatite grains.   

If these compositions, however are reflective of the 
magmatic compositions, the differences indicate a sig-
nificant change in magmatic conditions between the 
stage of formation of the melt-inclusion mineralogy and 
the formation of the maskelynite-hosted apatite. 

Melt-inclusion apatite: Texturally, it is interpreted 
that olivine and chromite were the first mineral phases 
to crystallize in the Chassigny meteorite.  The melt in-
clusions in the olivine began as a trapped melt that was 
most likely in equilibrium with the olivine, and the 
minerals within the melt inclusions arose from crystal-
lization at lower temperatures.  From the calculated 
structural formulas for this apatite, it appears that the Z-
site is almost completely filled by F, with only minor 
Cl.  Since the Z-site in apatite does not commonly have 
vacancies [1], and all three volatiles have been known 
to partition into apatite when present in a melt (e.g. 
[8]), the amount of F in the magma at the final stages of 
crystallization of the melt inclusion must have greatly 
exceeded that of Cl, and the amount of water in the 
melt must have been quite low.  Because the structural 
formulas calculated in Table 1 do not require additional 
anions in the Z-site, it is unlikely that dehydrogenation 
or defluorination took place during shock.  Thus, it can 
be inferred that parental magmatic H2O contents for the 
Chassigny meteorite were most likely low with respect 
to F.   

Maskelynite-hosted apatite:  The Cl-rich nature of 
the late-stage maskelynite-hosted apatite suggests a 
change in available magmatic volatiles during the crys-
tallization of the liquid interstitial to the cumulate oli-
vine.  Attributing this change to closed system proc-
esses, such as continued crystallization, is problematic 
since even in the presence of fluorine-bearing hydrous 
phases, the apparently high F:Cl ratio of the melt 
should persist and be reflected in the apatite composi-
tion (assuming similar partitioning).  Perhaps instead, 
the Cl content built up sufficiently in the melt to stabi-
lize an alkali chloride melt prior to feldspar crystalliza-
tion and this melt interacted with the apatite.  There are 
numerous examples of exsolution of a chloride melt 

during the crystallization of terrestrial magma (e.g. [9], 
[10]).   

It has been postulated by some workers that compo-
sitions of apatites in the SNC meteorites are related to 
hydrothermal activity, either forming directly from 
hydrothermal fluids via infiltration metasomatism ([11], 
[12]), or from contact with sub-surface brines after 
crystallizing from a magma [13].  The apparent low 
water content calls into question the presence of hydro-
thermal fluids.  Furthermore, apatite produced as a re-
sult of low P-T hydrothermal activity is almost exclu-
sively fluorapatite ([14],[15]).  Contact with non-
magmatic subsurface brines is complicated by the need 
for this to have occurred prior to plagioclase crystalli-
zation and thus through interaction while the magma 
was still hypersolidus.   

Ongoing work includes using the proposed parental 
composition of Nekvasil et al. [16] for the Chassigny in 
order to investigate apatite crystallization and halide 
melt exolution under H2O-poor, Cl- and F- rich condi-
tions. 
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