
MODIFICATION OF ANEOS FOR ROCKS IN COMPRESSION. B. A. Ivanov, Institute for Dynamics of
Geospheres, Russian Academy of Sciences., Leninsky prospect., 38-6, Moscow, 119334, Russia (baivanov@online.ru, iva-
nov@lpl.arizona.edu).

Introduction:  The Analytical Equation of State
(ANEOS) [1] is a useful computer code to generate
equations of state (EOS) for rocks and minerals. An
accurate EOS is one of essential points necessary for
the numerical modeling of impact events. We analyze
here a possibility to use a "standard" ANEOS in a
"non-standard" way to make more flexible the proce-
dure of an EOS construction.

ANEOS:   The ANEOS Fortran package gives an
opportunity to construct EOS for geomaterials, needed
for the numerical modeling of planetary impact cra-
tering. In comparison with the widely used Tillotson's
EOS [2, 3], ANEOS has many advantages in respect to
more accurate and self-consistent description of melt-
ing and vaporization. The practical convenience is that
ANEOS gives the temperature of a material as an ex-
plicit output parameter. The calculation of temperature
with the Tillotson EOS is possible (at least in compres-
sion) but needs an additional thorough treatment [4].

The original version of ANEOS [1] has several
limitations which complicate its usage for rocks and
minerals. The first one - monoatomic vaporization
(good for metals and wrong for main minerals) - has
been partially released by J. Melosh [5]. The second
one - a simplified description of the solid-solid phase
transition is the matter of the presented work.

Solid-solid phase transitions is a typical feature of
shock (and static) compression for most of main rock-
forming minerals (quartz, plagioclase, olivine etc.).
ANEOS treats this phase transition via the modifica-
tion of the "cold compression" curve. It is an elegant
way to reproduce the complexity of the Hugoniot
curve at a transition area. However, the simplicity of
the approach has a high price: the thermal part of the
EOS use the same parameters for the high pressure
phase (hpp) and for low-pressure phase (lpp). For main
rocks (granite, dunite) it leads to the artificially large
heat expansion close to the normal pressure. Due to
enlarged heat expansion an attempt to construct the
Earth-like target with a typical geothermal gradient
results in density decreasing with depth. for 10 to 100
km depth. Another disadvantage is that to use the
solid-solid phase transition option one needs to switch
out the melt curve construction.

HPP as a second material.  We investigate here a
possibility to "improve" ANEOS using it separately for
hpp and lpp phase areas. A similar approach is used in
the other "analytical" equation of state, PANDA [6, 7].
For each rock material we build the ANEOS input file
as for 2 materials: hpp material and lpp material. The

hpp material has a proper "shift" for energy and en-
tropy to use the same reference level both for lpp and
hpp. A relatively simple Fortran routine is added to
compute the phase equilibrium between lpp and hpp.
The parameter fit is conducted, as usual, via the com-
parison with available thermodynamic and Higoniot
data for materials under investigation. The output for
the following usage in hydrocodes is assumed to be in
the form of tables.

Preliminary results.  Currently we have tested two
materials of interest - granite and olivine. For these
rocks some experimental data on shock and released
temperatures are available (eg. [8, 9]). Fig. 1 illustrates
the output of the updated ANEOS for olivine showing
the dependence of complete (cm) and incipient (im)
meting pressure for the preheated target. The prelimi-
nary estimate for the im shock pressure of a pre-heated
peridotite is shown for a comparison. Further testing
would show is it a plausible way to "improve" ANEOS
for rocks and minerals.
References: [1] Thompson, S. L., Lauson, H. S. (1972)
Sandia National Laboratory Report SC-RR-71 0714.
[2] Tillotson J. H. (1962) Gen. At. GA-3216, 140 pp. [3]
Allen RT (1967) Spec. Nuclear Eff. Lab. - Defense Atomic
Support Agency: DA49-146-XZ-462 16 p [4] Ivanov B. A. et
al. (2002) GSA Spec. Pap. 356, 587-594. [5] Melosh H. J.
(200) LPS XXI, Abstract # 1903. [6] Kerley G. I. (1989.)
High Pressure Res. 2, 29–47. [7] Kerley, G. I. (1991) Sandia
Report SAND88-2291, Albuquerque, NM,. 176 pp. [8]  Hol-
land K. G. and Ahrens T. J. (1997) Science 275, 1623-1625.
[9]  Lyzenga G. A. et al. (1983) J. Geophys. Res. 88, 2431-
2444.

Fig. 1. Shock pressure for incipient and complete melting
after a release for olivine and peridotite estimated with
ANEOS.
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