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Introduction:  It has been recently proposed that 
rocks within terrestrial ferropicritic magmatic com-
plexes may be good analogs for the SNC meteorites 
and martian rocks [1]. Both the cumulate and “liquid” 
units of these complexes show similar geochemistry 
and mineralogy to many of the diverse SNC meteor-
ites, from the mostly cumulate dunites (chassignites) to 
the olivine-phyric shergottites. Work is ongoing to 
compare in detail specific ferropicritic units to individ-
ual SNC meteorites (and igneous rocks analyzed by 
the MER Rovers) with the hope of providing a geo-
logical context in which potential petrologic links 
among the martian rocks could be explored. This work 
focuses on a comparison of the chassignites with the 
dunite of the Pechenga ferropicrite series, Russia [2], 
with the goal of identifying possible mineralogic con-
straints on the earliest crystallization pressure of each.   

The basal units of the Pechenga complex consist of 
olivine-chrome spinel cumulates with olivine of Fo84 
composition. The interstitial phase is primarily clino-
pyroxene, with additional kaersutite, Ti-biotite, imen-
ite, and plagioclase. The cumulus olivine hosts ovoid 
polyphase melt inclusions containing the same assem-
blage as found interstitially. At higher stratigraphic 
levels within the intrusions, the olivine and pyroxene 
compositions extend through that of NWA 2737 [3] 
and Chassigny [4], while retaining kaersutite and Ti-
biotite in the assemblage.  

Constraints on crystallization pressures:  The 
Pechenga complex is dominated by volcanic rocks. 
Many of the flows are massive ferropicritic lava flows 
occasionally grading into pillow lavas [2]. They are 
sometimes layered with a lower olivine cumulate zone, 
a middle clinopyroxenite zone, and an upper spinifex-
textured zone. In the uppermost units, large olivine 
grains are set in a matrix of devitrified glass, skeletal 
crystals of plagioclase and skeletal crystals of ferro-
kaersutite, magnetite, and ilmenite. This textural his-
tory is consistent with final magma emplacement at 
low pressure and/or extrusion. However, it is insuffi-
cient evidence to deny the possibility that the crystals 
in the cumulate layers formed at higher pressure and 
were brought up with the ascending magma.    

The fact that the chassignites are meteorites sug-
gests that at least at the final stages of crystallization of 
their host magma, the magma had ascended to levels 
close to the surface or erupted. As is the case for the 
ferropicrites, however, this does not imply that all of 
the crystallization took place at low pressure. 

More insight into the pressure of the early crystalli-
zation history of the Pechenga dunite and the chassig-
nites can be obtained mineralogically. As the parental 
liquids for both Chassigny and the Pechenga complex 
units have been proposed to be silica-saturated alkalic 
basalts ([8], [2] respectively), the Al vs. Ti ratios of 
clinopyroxene can be compared with the experimental 
data of [5]. As seen in Figure 1, Ti to Al cation ratios 
of the Pechenga augites are consistent with low pres-
sure experimental pyroxenes from alkalic liquids. This 
contrasts with the pyroxenes of the chassignites (Fig. 
1) which are more consistent with higher pressures. 

 
Figure 1. Ti vs. Al cation ratios for experimental augites from ha-
waiite [5] (gray symbols) with resulting pressure grid. Augite from 
the Pechenga ferropicrite complex is shown by green symbols [2]. 
Also shown are intercumulus pyroxenes (blue squares) and melt 
inclusion pyroxene (blue circles) from Chassigny [6] and intercumu-
lus pyroxene (orange squares) from NWA 2737 [3]. 

One notable mineralogic difference between the 
chassignites and the Pechenga ferropicrites is the the 
absence of orthopyroxene in the latter [2]. This mineral 
is very rare in volcanic rocks and its stability is dimin-
ished with decreasing pressure in alkalic and tholeiitic 
magmas (e.g., [5], [7]). Orthopyroxene is present in 
the chassignites [4], consistent with a higher crystalli-
zation pressure. In fact, as pointed out by [8], the en-
tire melt inclusion assemblage of Chassigny is consis-
tent with experimental assemblages obtained using 
hawaiite parental liquid at 9.3 kbar with water contents 
above 0.5 wt%, and inconsistent with those from ex-
periments at 4.3 kbar or 0 kbar. 

Of particular interest to the question regarding 
early crystallization pressure is the presence of the 
“hydrous” minerals, kaersutite and Ti-biotite. Both 
kaersutite and Ti-biotite are found in the melt inclu-
sions of Chassigny [e.g., 6], and kaersutite has been 
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reported in the melt inclusions and interstitially in 
NWA 2737 [3]. Kaersutite has been long considered a 
“high”-pressure phase since it is found on Earth in 
alkalic rocks of deep magmatic origin. However, its 
presence in the Pechenga volcanic complex as quench 
crystals suggests its stability extends to low pressure.   

There have been a variety of observations of late-
stage kaersutite with or without Ti-biotite in alkalic 
lavas erupted on the seafloor (e.g., [9]- [11]). As sug-
gested by [2], considerations of ocean depths at the 
time of emplacement suggests that kaersutite and Ti-
biotite may be able to crystallize at pressures of 0.5 
kbar and perhaps even as low as 0.1 kbar. Our experi-
ments [5] on hydrous alkalic melt compositions have 
shown that pure hydroxy-kaersutite and hydroxy-Ti-
biotite could still form at pressures as low as 4.3 kbar 
(and bulk water contents below 2 wt%) but not at 0 
kbar. Additional experiments on fluorine-bearing kaer-
sutite composition melt [12] have shown that fluorine 
extends the stability of kaersutite (by increasing the Ti 
content of the amphibole) to lower pressure.  

Our recent experiments (reported in this volume, 
McCubbin et al.), which have focused on fluor-oxy-
kaersutite stability at 0 kbar, have produced kaersutite. 
The lowest F content of the kaersutite produced thus 
far, however, is 2 wt%, and preliminary results have 
yielded no kaersutite with a higher oxy-component 
directly from crystallization at 0 kbar. This F content is 
still much higher than the 0.3 and 0.5 wt% reported for 
the kaersutite of the Pechenga dunite [2] and Chas-
signy [6], respectively. Lower F content in kaersutite is 
obtainable by hydroxyl substitution into the amphibole 
A site. Perhaps at the pressures of submarine extrusion 
of the Pechenga complex, sufficient magmatic water 
was still present to stabilize a significant hydroxy 
component in the kaersutite, thereby reducing the F 
content. Although the water solubility at 0.1-0.5 kbar 
is quite low, the presence of F increases the water 
solubility (e.g., [13]). Higher than expected water con-
tents at these pressures might also explain the stability 
of Ti-biotite in these low-pressure rocks.  Further ex-
perimentation has been undertaken on hydrous and 
fluorinated kaersutite melt compositions at 0.1 kbar in 
order to assess the nature of the kaersutite stabilized.  

Using the kaersutite of the chassignites to evaluate 
pressure of crystallization is even more complex since 
there are fewer textural indications of pressure than for 
the ferropicrites.  Fluorine contents in Chassigny kaer-
sutite is much more similar to that of the Pechenga 
kaersutite (0.4-0.5 wt% vs. .3 wt%, respectively [6], 
[2] than the fluor-oxy kaersutite produced experimen-
tally at 0 kbar (McCubbin et al. this volume). This 
could also be accounted for most easily by the pres-
ence of hydroxy component. However, measured wa-

ter contents of the Chassigny kaersutite is very low 
[14], suggesting a high original abundance of oxy-
component in the kaersutite or dehydrogenation. The 
latter is unlikely because dehydrogenation would be 
accompanied by an increase in ferric Fe content and Fe 
micro-XANES work by [15] has shown very little fer-
ric Fe in the Chassigny kaersutite. Furthermore, the 
deuterium/H ratios of the amphibole do not support 
dehydrogenation [14]. The problem of low water con-
tent in kaersutite, and hence high original abundance 
of oxy-component is further compounded by the pres-
ence of water in Ti-biotite in Chassigny, suggesting 
that significant water was present in the melt. Further 
analyses of Chassigny kaersutite will attempt to ad-
dress this issue.  

Until more definitive ways of discriminating be-
tween high and low pressure kaersutite and biotite are 
identified, its presence in the Pechanga dunites and the 
chassignites cannot be used as a depth indicator.  

Summary:  The general similarities of the terres-
trial ferropicrites to various martian lithologies makes 
them uniquely suited for detailed comparision with the 
SNC meteorites. Comparison of the dunite horizons of 
the Pechenga Complex with the chassignites show 
chemical differences in mineral assemblages and min-
eralogic compositions that point to a difference in 
pressure of crystallization, with that of the chassignites 
being significantly higher than that of the Pechenga 
units. The observation of kaersutite and Ti-biotite in 
both the Pechenga volcanic rocks and the chassignites, 
coupled with experimental synthesis of kaersutite at 0 
kbar, indicate that the presence of these phases does 
not imply elevated pressure. Further work to assess the 
detailed effect of pressure on amphibole and biotite 
chemistry is being undertaken.  
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