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Abstract
The presence in a magma of fayalite, the iron end-member of the olivine binary series, affects the
feldspars at pressure by lowering the temperatures at which they crystallize from the magma. Starting
with estimates from published literature it becomes obvious that at pressure, fayalite becomes important
because the pressure effects on the melting temperatures are very different: large for albite, and small
for anorthite. In this experimental study, a powder of fayalite composition was combined with six finely
ground natural feldspars from Ab to An97 to make six bulk compositions. Using graphite crucibles in
piston-cylinder apparatus at a pressure of 5 kbar, a cotectic in the ternary system was found to range
from 1141 °C at An(Fa) to 1124 °C at Ab(Fa), with fayalite contents from 68 to 17 wt%, respectively.
The results can be used to show that ternary feldspars saturated with fayalite and Fe monoclinic pyroxene will crystallize at a 5 kbar multiphase eutectic 1010 °C—56 °C below a calculated azeotropic
point on the Ab-Or join. The results are used to compare the end points of two very different layered
intrusions, Skaergaard and Kiglapait, and to illuminate the nature and origins of syenite and trachyte,
which are leucocratic rocks unsaturated with mafic minerals. Because fayalite-saturated melts are
responsive to pressure unequally on the feldspar end-members, olivine of intermediate composition
will have a damped but potentially significant effect on feldspar fractionation in the lower crust of the
Earth, possibly affecting the origin of anorthosite and syenite.
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Introduction
This study was undertaken to quantify an early estimate
about the low temperature of the fayalite-saturated cotectic in
the system Fa-An-Ab. The original estimate of this thermal
effect was developed by the senior author in ~1988 from published studies of the systems Fa-An and Fa-Ab. Because the
fayalite-saturated composition also occurs in some syenites, we
considered that rock type and its genesis to be a logical target
for comparison.
The fayalite component of olivine in crystallizing melts can
have a profound effect on the fractionation of plagioclase at
pressure because it affects albite and anorthite very differently.
The pressure effect is large for albite and small for anorthite,
which makes the plagioclase binary loop and the cotectic curve
flatter in temperature (Lindsley 1968). Because of this behavior,
the fractionating power of plagioclase is affected by the presence of fayalite, and in principle by the presence of olivine in
general. This contribution was designed to quantify the influence of olivine composition on plagioclase fractionation. This
was done by finding the cotectic trace in the system Fa-An-Ab
at 5 kbar. The results are applied to natural rocks both known
and conjectured.

Method of working
The purpose of this exercise was to locate the cotectic in
the system Fa-An-Ab at 5 kbar pressure and to determine its
temperature profile. The method adopted was to work in pistoncylinder apparatus because of our satisfactory experience with
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this technology (e.g., Morse et al. 2004). We chose to make up the
bulk compositions using a mixture of feldspar end-members and
natural plagioclase in compositions spaced so that observed melting would bracket equilibrium values for the fayalite-plagioclase
cotectic. We chose three hours as a nominal run-time in the
expectation that at the high temperatures of these experiments,
melting would occur if melt is stable.
This work has been done by making up a set of six bulk compositions, holding them, three at a time in graphite, at 5 kbar in
a piston-cylinder apparatus at a chosen temperature, quenching
them, mounting in epoxy, and interpreting them in reflected
light. This procedure suffices to show the existence of melt and
crystalline phases (if any). It does not afford the time required for
determination of equilibrium crystal compositions, which in our
experience requires experimental durations of ~24 h at 5 kbar in
graphite (Morse et al. 2004), nor need it do so to define a cotectic.
The criterion of relevance is not reversal but reproducibility.
In our experiments, there are examples of glass only
(quenched melt) above the liquidus, no glass (below the
solidus), glass plus feldspar only (on the plagiclase side of
the ternary cotectic composition), glass plus fayalite only (on
the olivine side of the ternary cotectic composition), and glass
plus fayalite plus plagioclase at co-saturation. In our set of 36
experiments (Supplementary Table S11), 24 were deemed successful. There are 10 at three-phase cotectic equilibrium and
the rest at zero or one solid phase. Three bulk compositions
Deposit item AM-17-105762, Supplementary Table S1. Deposit items are free
to all readers and found on the MSA web site, via the specific issue’s Table of
Contents (go to http://www.minsocam.org/MSA/AmMin/TOC/2017/Oct2017_data/
Oct2017_data.html).
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