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Introduction:  Kaersutite is a Ti-rich amphibole 

defined as having between 0.50 and 0.80 Ti atoms per 
formula unit [1, 2].  It is commonly found in terrestrial 
mantle-derived peridotites, in alkalic rocks with obvi-
ous high-pressure histories [3, 4], and in some SNC 
meteorites for which the exact petrogenetic histories 
are unknown [5, 6].  Because kaersutite is found in 
rocks with high-pressure histories on Earth, some 
workers have suggested that the presence of kaersutite 
in the SNC meteorites implies high-pressure crystalli-
zation histories for the magmas that produced those 
meteorites, while others have argued on separate 
grounds for low-pressure crystallization histories.  A 
significant amount of experimental work has been con-
ducted assessing the high-pressure stability of kaer-
sutite [e.g., 7, 8, 9], however, less is known about its 
low-pressure stability [10, 11].   

This work focuses on experiments aimed at evalu-
ating the low-pressure stability limits of fluorine-
bearing kaersutite, the chemical nature of any low-
pressure kaersutite, and any distinguishing differences 
between low-pressure and high-pressure kaersutite.  
Special attention is given to the O(3) and M(1-3) crys-
tallographic sites because they are the most likely sites 
to record meaningful chemical variations in amphi-
bole. 

Experimental Technique:  First a powdered mix 
of oxides and CaF2 was created based on the kaersutite 
compositions for Chassigny reported by [10, 12].  An 
Fe2+/Fe3+ ratio of 3.21 was used, and sufficient CaF2 
added so that F could fill the O(3) site in the amphi-
bole.  Next the powder was put in Fe capsules and 
dried under vacuum (in the presence of an Feo oxygen 
getter) at 800oC for 20 minutes in silica-glass tubes to 
drive off absorbed and structural H2O.  The evacuated-
silica glass tubes were sealed and placed in Pt-wire 
quench furnaces where 0 kbar crystallization experi-
ments were carried out.  The sample was first melted at 
1200oC for 2-3 hours and then crystallized at tempera-
tures ranging from 750oC-1050oC over 4-10 days. 

Based on the experimental results from the original 
powder, two additional synthetic powders were cre-
ated.  One was the original mix but with a lower Mg#; 
the other was the original mix but with 75 mol% less 
fluorine (every 2 F1- replaced by one O2- in the mix).  
Experiments using these powders are the same as de-
scribed above for the original powder.  Chemical com-
positions of all three powders are reported in Table 1.  

 

Table 1. Compositions of synthetic powders used for ex-
periments obtained by fusing the synthetic powders and ana-
lyzing the resulting glasses by electron microprobe. 

Oxide 
1- Original 

Powder 
2- Original w/ 

Low Mg# 
3- Original 

– 75% F 
SiO2 37.98 38.10 38.56 
TiO2 6.79 6.78 6.96 
Al2O3 14.52 14.57 14.61 
Cr2O3 0.60 0.65 0.60 
FeOT 10.37 13.16 10.27 
MnO 0.19 0.15 0.12 
MgO 12.34 7.91 12.50 
CaO 11.78 12.15 11.78 
Na2O 2.13 2.03 1.98 
K2O 0.26 0.31 0.34 

F 3.55 4.21 0.86 
Mg# 67.96 51.72 68.45 
Total 100.50 100.03 98.58 
 
Experimental Results:  Kaersutite was success-

fully crystallized at 0 kbar in all experiments.  How-
ever, because of use of the melt crystallization method, 
coupled with the constraint of slow cooling (1oC per 
minute as demanded by the Pt-wire furnaces), zoning 
occurred in all amphiboles.  The amphiboles generally 
formed euhedral crystals sometimes > 1 mm in diame-
ter and several millimeters long.  Glass, ilmenite, Cr-
spinel, plagioclase, pyroxene, olivine, and fluorite 
formed as additional phases in the run products.  H2O 
contents of the glass were ~0.0 wt% as determined by 
micro-FTIR.  Mossbauer spectrometry remains to be 
done in order to determine the Fe2+/Fe3+ of the amphi-
bole.  The oxycomponent was computed by assuming 
no vacancies exist in the O(3) site, and only oxygen 
fills the portion of the O(3) site that fluorine does not. 

Amphibole Chemistry:  Amphibole crystallized 
from the original mix composition showed chemical 
variations in both rims and cores with temperature, 
though all amphibole produced was true kaersutite.  
The Mg# decreased with decreasing temperature; the 
Ti-content was highest at 950oC and decreased at 
higher and lower temperatures.  The oxycomponent 
appeared to be highest at 1050oC and leveled off in the 
range 950-750oC.  Amphibole rims were most likely to 
reflect the equilibrium composition at the final tem-
perature of each experiment since the cores showed the 
same Mg# in the experiments regardless of the final 
temperature.  This suggests that the cores grew during 
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the slow cooling to the final crystallization tempera-
ture.  The amphibole rim compositions are presented in 
Table 2.   
 
Table 2. Amphibole compositions from mix of Chassigny 
kaersutite composition (Composition 1 of Table 1).  Analy-
ses presented are of rim compositions. 

Oxide 750oC 850oC 950oC 1050oC 

SiO2 40.99 39.48 39.14 39.16 

TiO2 4.43 4.81 5.62 4.42 

Al2O3 11.97 13.39 13.54 13.87 

Cr2O3 0.25 0.38 0.33 0.78 

FeOT 10.57 9.05 8.56 8.42 

MnO 0.20 0.12 0.15 0.10 

MgO 14.80 14.93 15.03 15.00 

CaO 11.38 11.40 11.24 11.27 

Na2O 2.18 2.56 2.57 2.21 

K2O 0.19 0.21 0.23 0.22 

F 3.62 3.54 3.63 3.30 

Total 100.58 99.86 100.05 98.75 
 
The amphibole crystallized from the mix with the 

bulk composition of the Chassigny kaersutite (compo-
sition 1 of Table 1) produced kaersutite with an Mg# 
too high to be comparable to the natural kaersutite in 
SNC meteorites. The second mix used (i.e., composi-
tion 2 of Table 1) was designed with a lower Mg# in 
hope of crystallizing a more ferroan kaersutite.  

The amphibole produced from Composition 2 also 
showed chemical variations in both rims and cores 
with temperature.  Kaersutite was the only amphibole 
produced in the cores and therefore, at the higher tem-
peratures of crystallization, but it was not the only am-
phibole present in the rims.  In the amphibole cores, 
the Mg# decreased with decreasing temperature.  The 
Ti-content was highest at 950oC and decreased at both 
higher and lower temperatures.  The oxy-component 
was highest at 1050oC and decreased before leveling 
off in the temperature range 950-850oC.  For the am-
phibole rims, the Mg# decreased with decreasing tem-
perature.  The Ti-content was highest at 850oC and 
decreased at higher temperatures.  The oxy-component 
was constant from 1050-950oC but increased at 850oC.  
At this time, for these experiments it is not discernable 
whether rims or cores were closer to equilibrium, 
though experiments will be conducted to assess this 
issue.   

Experiments using the low-fluorine mix (composi-
tion 3 in Table 1) are currently in progress.  These 
experiments were designed to determine the possibility 

of producing low pressure kaersutite with a high oxy-
component in the absence of water.  The crystallization 
of oxykaersutite would eliminate the need for dehy-
drogenation or defluorination.  Preliminary results 
indicate the stability of a fluor-oxykaersutite with 2 
wt% F; no kaersutite was produced with a lower 
fluor:oxy component ratio than this.  Further assess-
ment of the possibility of direct crystallization of 
oxykaersutite will have major implications for the 
pressure of origin of the kaersutite in the SNC meteor-
ites, which has been shown to have a significant 
amount of oxy-component but no direct evidence for 
dehydrogenation [14]. 

Summary:  The low-pressure stability of fluori-
nated kaersutite extends to 0 kbar, and therefore the 
presence of kaersutite cannot be used to conclude a 
high pressure history if fluorine is present in the 
magma.  In view of these results, the H2O content of 
the kaersutite becomes critical to the assessment of the 
relative pressure of crystallization since at 0 kbar H2O 
is essentially insoluble in magma [13].  A vital remain-
ing question, and the focus of ongoing experimental 
effort, is whether the oxycomponent in kaersutite can 
be extensive at 0 kbar or whether it is formed primarily 
by dehydrogenation and/or defluorination.   
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