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ABSTRACT

Algorithmic modifications to the MELTS software package are presented in order that
calculations of heterogeneous phase equilibria can be performed in the subsolidus. Methods
are presented for: (1) selecting an ‘‘initial guess assemblage’’ that satisfies the bulk com-
position constraints; (2) detecting saturation of new phases (including liquid) in an assem-
blage; (3) adding and removing phases from the assemblage without adjusting the system
bulk composition; and (4) constraining the assemblage to a fixed f . These methods haveO2

been added to MELTS, allowing it to calculate heterogeneous phase equilibria with or
without liquid, closed or open to O, and with fixed intensive variables (P,T), (P,S), (P,H),
or (V,T). Applications include fractional melting calculations, metamorphic phase equilib-
ria, and geophysical models of subsolidus regions of the Earth.

INTRODUCTION

MELTS (Ghiorso 1994; Ghiorso and Sack 1995) is
a software package developed for modeling liquid-sol-
id phase relations in magmatic systems. The funda-
mental geochemical problem solved by MELTS is the
calculation of an equilibrium assemblage of phases by
minimization of an appropriate energy potential, sub-
ject to constraints on bulk composition; either pressure
or volume; either temperature, enthalpy or entropy; and
optionally f . From an algorithmic perspective, theO2

liquid phase serves several special functions in MELTS
that necessitate its inclusion in the stable phase assem-
blage. These functions need to be replaced with a more
general implementation for the minimization algorithm
to function in the subsolidus. In MELTS, the liquid has
the special property of unlimited freedom of compo-
sitional variation within its component space. Hence,
an ex nihilo ‘‘initial guess assemblage’’ that satisfies
the bulk composition constraints is always available by
attributing the entire assemblage to liquid. Likewise,
the compositional freedom of the liquid phase makes
it an ideal ‘‘reservoir phase’’ for adding or removing
small amounts of a solid phase of arbitrary composition
to the metastable assemblage without adjusting the sys-
tem bulk composition. Furthermore, in MELTS, the
number of liquid components is equal to the number of
system components, so the chemical potential of any
system component can be obtained by a simple alge-
braic transformation. The chemical potentials of the
system components, in turn, are needed to detect sat-
uration of new solid phases and determine whether to
add them to the assemblage. Finally, in MELTS the
f is determined, and for open systems buffered, usingO2
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a parameterization of the Fe2O3/FeO ratio in the liquid
phase. Below we discuss algorithmic modifications that
replace all these special functions of the liquid. This
extension is useful for, among other applications, the
capacity to model fractional melting without restarting
from an ‘‘all liquid’’ initial guess after each extraction
of melt or leaving a small amount of melt behind. The
latest version of MELTS, incorporating subsolidus ca-
pability, is available as a Java Applet on the world wide
web at http://melts.geology.washington.edu.

ALGORITHMS

Initial guess

Finding an initial guess that satisfies the problem
constraints is often the most difficult part of a multi-
dimensional, constrained minimization procedure. The
constraints in this case are that (1) the total amount of
each oxide (i.e., system component) in the system must
equal the quantity of that oxide in the prescribed bulk
composition, and (2) all phases in the system have
compositions within a defined stoichiometric range. In
the magmatic case (i.e., liquid present), unless a pre-
vious solution is available, one can always take as an
initial guess the assumption that the entire system con-
sists of liquid (Ghiorso 1994). Bulk compositions are
then limited to those within the space of liquid com-
positions spanned by the particular component choice.
Stoichiometric constraints on solids are typically more
restricting, and only in special cases is it feasible to
assign the bulk composition to a single solid phase.
Hence, a method is needed in the liquid-absent case for
deriving initial guess solid assemblages where all sol-
ids are of appropriate stoichiometry and sum to the
prescribed bulk composition. We suggest two ‘‘initial
guess’’ methods: (1) starting with a norm calculation


