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i
EXECUTIVE SUMMARY AND RECOMMENDATIONS

This report summarizes the proceedings of two workshops
devoted specifically to Experimental Cosmochemistry, which were
held at the Lunar and Planetary Institute, Houston, TX, on
September 12-13, 1985, and February 24-25, 1986 as part of the
overall Space Station Planetary Experiments Activities (NCC 9-14
to Azizona State University and NASS-17023 to the Lunar and
Planetary Institute).
The purpose of these workshops was to
identify and discuss experiments in cosmochemistry that cannot be
conducted under the
conditions
available
in
terrestrial
laboratories, but may be carried out successfully in the proposed
Space Station. The scientific discussions focused on two general
areas of research:
1) chemical and physical processes in the
earliest history of the solar system, and 2) general principles
of magmatic processes applicable both to planetary formation and
evolution, as well as present-day magmatic activity in and on
terrestrial planets.
From these discussions, it was clear that the environment within
the Space Station uniquely lends itself to a very broad range of
experimentation that can logically follow the evolution of the
solar system from condensation-sublimation in a solar nebula,
through equilibrium-evaporation and condensation in silicate,
oxide, metal and sulfide systems, to magmatic processes in larger
planetary bodies. The information provided in the individual
summaries below shows that, whereas we cannot hope to quantify
fundamentally important aspects of such processes with the
experimental data-base attainable in terrestrial laboratories, a
program of experimental cosmochemistry based on investigations
conducted within the Space Station environment could provide
these data.
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Discussions also focused on possible additional projects
that are not covered in this report. These might, for example,
include thermochemical measurements of silicate minerals and
melts with calorimetric techniques. In addition, utilization of
microgravity to produce crystallographically perfect crystals for
experiments in mineral physics and
subsequent
terrestrial
experiments on trace and minor elements between minerals and
melts were discussed.
There are certainly additional relevant
cosmochemical experiments which could be performed in the unique
environment of the Space station. Although this report does not
claim to be exhaustive in terms of possible experiments that can
be performed on the Space Station, it does represent a reasonable
summary of the types of experiments of current interest.
Space station will provide a unique environment, wherein
a wide range of geochemical experiments may be conducted under
conditions of microgravity and high vacuum.
These conditions,
which cannot be duplicated in terrestrial laboratories, provide
an opportunity to investigate a variety of experimental problems,
ranging from vaporization-condensation of silicate, oxide, metal
and sulfide systems to magmatic processes on and within small
planetismals.
These experiments will lead
to
a
better
understanding of the processes that controlled the formation and
chemical fractionation of the solar system and the magmatic
differentiation of planetary bodies.
There is a significant
overlap of interest with Microgravity Sciences which is most
evident
in
some equipment needs.
For example, acoustic
levitators have the potential for measurement of
physical
parameters such as surface tension, viscosity, and density, as
well as for containerless studies of melting, crystallization,
growth, phase separation, and mLxLng.
The molecular shields
17
12
promise a stable vacuum of -lo- Pa (10atmospheres) with an
19
oxygen partial pressure of -1oPa in which experiments can be
performed with vanishingly small chance of oxygen contamination.
The
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Participants recognized the many areas of technical overlap
between experimental cosmochemistry and adjoining disciplines
such as materials science. The theoretical basis as well as
analytical
and,
sometimes, synthesis facilities are often
identical.
In line with this, the planetary program has
developed instruments capable of sample characterization such as
mass spectrometers and scanning electron microscopes which could
be mutually beneficial to both planetary and material science
principal investigators if they were part of a facility on the
Space Station.
Because of the potential value of such automated analytical
devices in the limited human-time environment of the Station, and
because of the relatively simple nature of many of the proposed
experiments, the WorkshoS participants recommend that D Robot
Experimental Cosmochemistry Facility be designed for the Space
Station.
such a facility might include furnaces, controllers,
and temperature-recording equipment, as well as modifications of
the analytical arid observational equipment which is the heritage
of the Solar system Exploration Division of NASA.
If such a
facility were automated sufficiently that a series of experiments
could be conducted remotely from the ground, then it would
qualify for early installation on the Space Station when crew
time is likely to be at a premium. A continuing committee
composed of researchers active in the program should review the
designs and studies for the facility periodically.
We further recommend that our colleagues in the
international scientific community be encouraged to participate
in the Space station. In particular, the workshop participants
would welcome collaboration
with
either
US
or
foreign
investigators
in
taking
full
advantage
of
the unique
environmental aspects afforded by the Space Station. Such
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international participation was particularly beneficial to the
scientific results obtained from the Apollo program.
We
anticipate that international scientific cooperation in the Space
Station programs will be similarly beneficial.

SUMMARY OF TECHNICAL REQUIREMENTS

Although the various proposed activities in this report are
at stages ranging from the abstract format to projects that have
already been tested in the participants' individual laboratories,
it is clear each have numerous technical features in common. In
most experimental plans, microgravity is the important parameter.
The remaining experiments require access to high vacuums for
their
successful
completion.
For
example, nearly all
experimental durations range between several hours and several
weeks. All experiments require temperature control. In specific
instances, a furnace or the sample may require rotation in order
to counteract small residual gravitational accelerations.
In
fact, a common .denominator of nearly all of the proposed
cosmochemical experiments is the very long duration during which
the on-going experiment requires little or no crew interaction,
but does
require
continuous
control
(through
automated
techniques) of the experimental parameters. The objectives of
the two basic types of experiments discussed during the workshop
sessions could be met using two experiment systems; additionally,
these two types of experiments would benefit from an automated
analytical facilities.
The general characteristics of these
systems and facilities are:
I.

Reduced-Gravity Experimental Cosmochemistry

The objective is to study the processes of crystallization,
melting, element distribution, and phase stability in natural
materials under conditions relevant to small planetary bodies,
free space, or planetary interiors. Samples are heated, an, at
times with controlled heating rates, to temperatures as high as
1800°C under controlled atmospheres and either maintained at
temperature for 10's to 100's of hours or slowly cooled at
·a
controlled rates as slow as 0.1 C/hr. over several hundred

1

degrees and then quenched.
The data set for an experiment
includes history of the intensive variables as a function of
time, and the samples which are recovered for petrographic and
chemical analysis.
Terrestrial laboratory and flight design
experience suggest that a typical furnace system including
control electronics occupies less than 1 m3 and requires less
than 500 watts for heating and control. Although automated
sample change-out would increase efficiency, several systems may
be needed.
stable, low-g (5 10- 5 ) conditions are needed to
minimize settling and convection during
these
very
long
experiments.

II.

High-Vacuum Experimental Cosmochemistry

The objective is to study the physical and chemical
properties and phase stability of materials when exposed to the
extreme vacuum (<10- 11 Pa) and temperatures (300 to 2000 K)
inferred for the primitive solar system. The experiment uses a
wake (or molecular) shield to create very high vacuums and large
pumping capacities; sample, furnaces, and monitoring equipment,
are contained within the cavity of the shield. Materials are
heated at controlled rates (<100°Cjhr.) or held at constant
temperature for 10's to 100's hours. In addition to a record of
conditions as a function of time, the data set for an experiment
would include in situ property measurements (such as conductivity
or evolved volatiles) and recovered samples which are analyzed
petrologically or chemically.
A shield, 1 or 2 meters in
diameter is envisioned; experiment packages are <0.5m 3 and
require no more than 500 watts.

III.

Space Station Automated Analytical Facility

There was agreement that certain standard analytical
facilities should be available on the Space station.
These

2

facilities can be shared with other groups of experiments
(particularly
in
materials
science).
These
include
thin-sectioning, polishing facilities and ultra-microtomy to
prepare experimental charges for microscopic examination, optical
microscopes and scanning electron
microscopy
with
energy
dispersive
spectrometry
attachments,
and capabilities for
accurate weighing of samples (at least to 0.01 gram accuracy).
For some applications, transmission electron microscopy with
analytical capability as well as spectroscopic tools for surface
analysis would be highly desirable. In certain important cases
(volatilization experiments) a mass-spectrometric capability will
add immeasurably to the attainable data base.
All proposed
experiments required real-time video and data communication
between mission specialists and ground-based scientists during
sample examination and possibly during preparation of samples for
new experiments. This might take the form of a video conference
which could average one or two hours per week. We note that
several flight-quality analytical instruments that could be
adopted for Space Station use have already been developed by the
NASA Solar System Exploration Division.
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ELECTRICAL CONDUCTIVITY OF CARBONACEOUS CHONDRITES
AND ELECTRIC HEATING OF METEORITE PARENT BODIES *

Duba, A., Lawrence Livermore National Laboratory
P.O. Box 880, I-201, Livermore, CA 94550

Electromagnetic heating of rock-forming materials most
probably was an important process in the early history of the
solar
system.
Electrical
conductivity
experiments
of
representative materials such as carbonaceous chondrites are
necessary to obtain data for use in electromagnetic heating
models.
The electrical conductivity of samples of the Murchison and
Allende carbonaceous chondrites is 4 to 6 orders of magnitude
greater than that of rock forming minerals (e.g., olivine) up to
700°C. The remarkably high electrical conductivity of these
meteorites is attributed to carbon at grain boundaries. Much of
this carbon is
produced. by
pyrolyzing
hydrocarbons
at
temperatures in excess of 200°C. As the temperature increases,
light hydrocarbons are driven off and a carbon-rich residue, or
char, migrates to the grain boundaries thus enhancing the
electrical conductivity.
With the assumption that carbon was present at grain
boundaries in the material that comprised the meteorite parent
bodies, we have calculated the electrical heating of such bodies
as a function of body size and solar distance using the T-Tauri
model of Sonett and Herbert (1977). Input conductivity data for

*Work performed under the auspices of the u.s. Department of
Energy by the Lawrence Livermore National under contract number
W-7405-ENG-48.
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the meteorite parent body were the present carbonaceous chondrite
values up to about soo 0 c and the electrical conductivity
of olivine above soo 0 c. The results indicate that bodies up to
500 km in diameter would be heated to 1100°C (melting point of
basalt) out to about 3 AU in times of one million years or less.
The distribution of asteroid types as a result of
these
calculations is consistent with the distribution of asteroid
compositional types inferred from remote sensing (Gradie and
Tedesco, 1982); carbonaceous chondrite asteroids peak at about 3
AU, more siliceous asteroids peak at about 2.4 AU.
one concern with these calculations is the use of olivine
conductivity data at temperatures in excess of soo 0 c.
We were
required to use olivine conductivity at these temperatures
because the conductivity of all carbonaceous chondrite samples
decreased precipitously toward the olivine values. Two factors
could be.responsible for this decrease. These are oxidation of
carbon in the co 2;co gas mixture or volatility of carbon. We are
unable to separate these effects in gas mixing systems, vacuums,
or inert gases because of the extremely low oxygen fugacity--less
or equal to about 10- 15 Pa-~required to prevent the oxidation of
carbon at 800°C. In addition, the precipitation of carbon from
the more reducing co;co 2 gas mixes required to produce this low
oxygen fugacity interferes with the conductivity measurement.
The environment in the wake of the Space Station can be
exploited to produce oxygen fugacities less than 10- 15 Pa (Oran
et al., 1977).
An experimental package consisting of a one
square meter shield attached to a 15 em diameter by 40 em long
furnace and tied to a conductance bridge, furnace controller, and
digital voltmeter inside the Space station via umbilical cable
could make the required measurements. Because heating rates as
low as 0.1°Cjhour are required to study kinetics of the pyrolysis
reactions which are the cause of the high conductivity of the
carbonaceous chondrites, experimental times up to 3 months will
be needed.
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Gradie, J. and E. Tedesco, "Compositional structure of the
asteriod belt," Science 216, 1405-1407, 1982.
Oran, W.A. and R.J. Naumann, "Utilization of vacuum developed in
the wake zone of space vehicles in the LDEF class,"~ Vac.
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Sonett, C.P. and F.L. Herbert, "Pre-main sequence heating of
planetoids," in Comets, Asteroids and Meteorites:
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of Toledo Press, Toledo, Ohio, 429-437, 1977.
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u.

VOLATILIZATION-DEVOLATILIZATION REACTIONS
Gilbert, M.c. 1 ' 2 , Anderson, D.M. 1 , Hajash, A. 1 ,
Hoskins, E 1 ., Popp, R.K. 1
1 Program in Petrology and Geochemistry, Department of
Geology, Texas A&M University, College Station, TX 77843
2 coordinator for Cosmochemical Experimentation

Experiments that explore chemical and physical aspects of
volatilization reactions that require the microgravity and low
pressure in or near the projected Space Station are proposed.

Chemical Aspects:
We envisage a program of experiments utilizing near zero
pressure conditions available with molecular shield technology
(see Duba, Electrical Conductivity • • • ,this report) attached to
the Space Station to study:
a)

reaction rates of mineral devolatilization. Two mineral
groups, the amphiboles and micas (and all the sheet
silicates in general) are primary carriers of H2 o and F
in rock-forming processes. The important reaction type:
hydrous solid = anhydrous solids + vapor, studied over a
range of temperatures from 1300°C to as close to
space-ambient temperature as reaction rates can be
measured will provide fundamental limiting data on the
energetics of the crystalline state. The amphiboles and
micas can be synthesized in their pure OH- and F-forms
so that comparative data of great value could be derived
from experimental studies in the Space Station. The
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time frame. for. the experiments will be a few. days to 60
days. Gravity control is not essential, but pressures
less than 10- 10 Pa are required ..
b)

the equilibrium vapor pressure of volat"ile--bearing
mineral species. Completing equilibrium studies at very
low pressures would allow .·fixat-ion of th:e reaction
boundaries - expressed, for example, in cqnventional
fH 20 -1/T diagrams - in parts of the diagrams not
accessible on Earth. These experiments would utilize
10
pressures from station-ambient preferably to < 10Pa.

Physical Aspects:
We suggest a program focused on the precipitation, growth, and
recrystaliization
of various cosmically important minerals,
particularly ices of H o and co , and mixtures of these., to
2
2
study:
a)

textural patterns and their evolution with sequential
modification of boundary. conditions. Meteorites, and
especially asteroidal material ·subsequently.·to be
obtained, can provide information on their formation
histories as well as that of the solar system thro~gh
detailed textural studies. These studies will have to
be· calibrated against synthetically produced textures
from the station experiments.
These experiments would need. both controlled gravity
(-1o~ 5 g) and access to pressure ranges from
station-ambient (-1 bar) to space ambient (molecular
shield to .obtain <10- 10 Pa) over time-scales of 1 day to
60 days. Slowly rotating furnaces would probably
prevent crystal settling conditions for such long
periods.
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b)

scattering, absorption, and reflectivity of radar and
other wavelength radiation.
Ices and particulate
silicates are important constituents of dispersed
planetary matter. The proposed measurements are to
provide baseline data for all our remote sensing studies
of these materials, particularly fragile aggregates of
such material which could not be synthesized or
maintained under 1 g. Initial experimental requirements
are the same as under the sections above. Subsequent to
synthesis radiation sources and detectors on or near for
comparable analysis the station will be required in some
cases before returning samples to earth.

Technical Requirement Summaries:
Volume:

2 m3 for the first three experiments

Mass:

Estimated 10-30 kg for assembly

Temperature:

Space-ambient to 1300°C

Pressure:

Space-ambient (<10- 10 Pa) to station ambient

g-level:

10- 4 to 10- 5 g for certain experiments.
Rotation of the sample may be required to
offset effects of density aggregation on
longer (month +) experiments.

Duration:

Experiments will last from about 1 day
(possibly even hours at T > 1000°C) to 60
days.

Instrumentation:

Power controllers, continuous temperature and
pressure measurements down to the
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space-ambient, gas analysis
(mass spectrometry), gas pressure controllers
and flow rate regulators.
Crew Interaction:

Conditions during experiments can be
controlled automatically, but sample changing
and periodic human monitoring required. Some
physical measurements will have to be
performed by crew.
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EXPERIMENTAL STUDIES OF CRYSTAL-MELT DIFFERENTIATION
IN PLANETARY BASALT COMPOSITIONS

Grove, T. L. 1 Department of Earth, Atmospheric and
Planetary Sciences, 54-1220, Massachusetts Institute of
Technology, Cambridge, MA 02139

An important process that controls the evolution of magmas

on and within planetary bodies is crystal-melt differentiation.
One type of differentiation occurs through the removal of
crystalline solids from residual meltby overgrowth zoning, which·
isolates the crystal interior from. reaction with residual liquid.
The process of differentiation which accompanies solidification
leads to a variation in the composition of magmatic liquids, and
contributes to the compositional diversity observ:ed in igneous·:,
rooks.
It is the dynamic behavior at crystal-liquid interfaces.
in a solidifying magmatic system that controls the efficiency ot~
this diff.erentiation process.
Experimental studies of silicate melt solidification have
been carried out on several planetary and tettestrial melt
compositions, and experiments on one of these compositions in the.:
micro·gravity environment of the Space Station would provide. a
unique opportunity to understand the factors that control cryst.al
growth and crystal-melt exchange processes at
crys:tal-me].t .
interfaces during solidification.
As a crystal-melt interface·
advances during solidification, diffusion and convection are the
two dominant mechanisms by which heat and mass are transferJ:;"ed
away from the interface into the advancing liquid..
In
crystallizing silicate melt systems, convection in crystal-melt.
aggregates in the vicinity of the crystal-melt interface is
generally
thought
to have only a small effect, but its
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contribution is unknown.
If convection is important, it will
homogenize the residual liquid and increase the efficiency of
differentiation in residual liquid that can be caused during
overgrowth zoning. In the absence of convection, heat conduction
away from the crystal-melt interface may become an important
factor in controlling the stability and development of the
interface. Under microgravity conditions, crystallization can be
carried out in an environment where the convective contribution
can be diminished, and the diffusive contributions become the
dominant controls.
Experimental Requirements:
The experiments would use a chemical system that is
thoroughly studied under terrestrial gravity conditions (e.g.,
Apollo 15 quartz-normative basalts) and redo a selected set of
controlled cooling rate experiments in microgravity.
These
experiments require a furnace similar to the WilliamsjLofgren
design (see Williams, A System for Conducting.
.This report)
which provides the capability to carry out programmed cooling
rate experiments under controlled oxygen fugacity conditions. It
would also be desirable to have a furnace capable of processing
larger volumes of silicate material, up to 50 grams, under
controlled cooling
rate
and
controlled
oxygen
fugacity
conditions.
This large volume capability would allow study of
size-scaling effects of sample surface area and sample volume to
nucleation
and
growth behavior.
Again, the microgravity
environment provides a unique opportunity to study this effect,
since crystals and liquids can be kept from separating by
gravity-induced crystal settling. An idea of the magnitude of
the effect of changes in the sample volume to surface area ratio
on the crystal growth and nucleation behavior is desirable, since
the growth rates determined in these experiments are applied to
natural magmatic systems which are characterized by large volume
to .surface area ratios.
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The experiments would range from several hours to 50-75
hours in duration, and total experiment time could approach 350
hours. About 20 experiments are required. The experiments would
initially be positioned using FePt alloy loops. An extension of
the experiment would be application of acoustic positioning
techniques.
Another desirable modification would be a rotating
furnace
or
experimental
charge
to
counteract
even
microgravitational effects on crystal-liquid settling over the
long durations required for the experiments.
The possibility for on-site examination of some or each
experimental charge is desirable. Examination would require the
preparation of a thin section or polished surface which would be
observed by optical microscopy and scanning electron microscope
techniques
(an
EDS attachment would be desirable).
The
possibility for on-site examination would optimize planning of
succeeding experiments.
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KINETICS OF MINERAL CONDENSATION IN THE SOLAR NEBULA

Grove, T. L., Department of Earth, Atmospheric and Planetary
Sciences, Massachusetts Institute of Technology, Cambridge,
MA

02139

A natural extension of the type of gas-mineral-melt
condensation experiments described elsewhere in this report
(Mysen,
crystal~Liquid-Vapor.
.)
is
to
study
the
gas-mineral-melt reaction process by controlling the reaction
times of appropriate gas compositions with silicate materials.
In a ~ondensing and vaporizing gas-solid system, important
processes that could influence the composition of and speciation
in the gas phase are the kinetics of vaporization of components
from silicate crystals and melts. The high vacuum attainable in
the space station would provide a unique environment for studying
these processes at gas pressures much lower than those obtainable
in experimental devices operated at terrestrial conditions.
Initial experiments would be carried out under static conditions
in which the gas phase and mineral or melt would be allowed to
come to exchange equilibrium.
Further experiments would be
carried out at variable gas flow rates to simulate disequilibrium
vapor fractionation.
In this type of experiment it is desirable to analyze
directly the species in the gas phase in equilibrium with the
condensed silicate material.
This analytical method would
provide a direct determination of the species present in the gas
phase.
currently, our notion of the gas speciation is based on
calculations from thermodynamic
data.
These
calculated
equilibria have not been verified by experiment, and model
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condensation
sequences
in the solar nebula m?ke untested
assumptions concerning the speciation in the gas phase at various
pressures and temperatures. Mass spectroscopic determination of
composition and partial pressure in the gas phase would provide
this information.
The proposed experiments require similar furnace designs and
use similar experimental starting compositions, pressures, and
temperatures as those described by Mysen (Crystal-Liquid-Vapor,
this report). The proposed experiments are essentially a natural
extension of those proposed by Mysen.
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DYNAMIC CRYSTALLIZATION EXPERIMENTS ON CHONDRULE MELTS IN
REDUCED GRAVITY

Lofgren, Gary and Williams, R.J., NASA-JSC, Houston, TX

77,058

Background
Chondrules crystallized during the earliest formational
history of our solar system; and, if crystal settling and
flotation are indicators of crystallization in the presence of
gravity, they formed without the influence of gravity. In fact,
attempts. to duplicate the crystallization history of chondrules
in the laboratory have met with limited success, because of the
difficulty of comparing objects formed under the influence of
gravity with objects that did not.
These comparisons are
difficult
because
there
are
several recognized features
introduced by the presence of gravity and no doubt some which we
do not yet recognize. As a result there are several microscale
and macroscale aspects of chondrule petrology which are difficult
to understand quantitatively. Most of the features relate to the
settling or flotation of early formed crystals; briefly, the
major features are:
(1) Chemical gradients set up because nonuniform
distribution of crystals isolate phases from the bulk
and influence the chemistry of phases which crystallize
subsequently.
(2) If the distribution of heterogeneous nuclei is affected
by gravity, variations of crystal shape can also occur.
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(3) Finally, movement of crystals induces convection-like
effects (mixing and flow patterns) in the laboratory
experiments which affect the overall texture.

Proposed Experiments
Dynamic crystallization experiments will be carried out in the
furnace designed for controlled atmosphere experiments described
in
this
document
(see Williams•, abstract below).
The
experiments are designed to look at the effect of reduced gravity
on the overall texture of crystallized chondrule melts. The runs
will be approximately 24 hrs. long
and
require
maximum
temperature of 1400° to 1500°c. The initial experiment would
involve heating to
the
maximum
temperature,
maintaining
isothermal conditions for two hours, cooling at a controlled rate
(10° to. 20°C/hr.) over the first 200° to 300°C, and then
"quenching" by cooling at the natural rate of the furnace by
turning the power off. The oxygen fugacities would be maintained
slightly above those of the iron-wustite buffer throughout the
active phase of the experim~nt in order to simulate a natural
redox state.
Three or four charges can be run simultaneously
and, thus, the effect of heterogeneous nucleation can
be
evaluated by varying the composition sufficiently to place the
liquidus of some charges above and some
below
the
run
temperature.
Ground-based experiments would be performed to
compare results. A sequence of three or four experiments (each
with three or four samples) would be needed to adequately explore
the effects of gravity on a relevant suite of compositions.
Other experiments such as isothermal crystallization induced by
changes
in
the oxygen fugacity would be investigated in
subsequent experiments.
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KINETICS IN A TURBULENT NEBULAR CLOUD
MacKinnon, I. D. R. 1 and Rietmeijer, F. J. M. 2
1 Department of Geology, University of New Mexico,
Albuquerque, NM 87131
2 C23, NASA-JSC, Houston, TX 77058

Model calculations, which include the effects of turbulence
during subsequent solar nebula evolution after the collapse of a
cool interstellar cloud, can reconcile some of the apparent
differences between physical parameters obtained from theory and
the cosmochemical record. This turbulent period of solar nebula
evolution probably occurred before planet formation (>4.5 Byr
ago) and lasted for a period of up to 10 6 years.
Two important aspects of turbulence in a protoplanetary cloud
include the growth and transport of solid grains.
It is
estimated that turbulent coagulation would be a significant
process for growth of small grains to -200 em sized aggregates
during this time period.
In addition, grains are in constant
association w~th the remaining nebula gas composition (nominally
H:O:C:N ratio of 1000:2:1.2:0.2) and, depending upon the size of
the turbulent eddies, may experience grain transport through a
significant range of temperatures on time scales between 10 - 100
years.
Transport may be inwards to temperatures above the grain
sublimation point, to a higher annealing temperature,
or,
alternatively, towards the cooler outer regions of the evolving
solar nebula. Whilst the physical effects of this process (e.g.,
grain size, rim formation, etc.) can be calculated and compared
with probable remnants of this nebula formation period (e.g.,
primitive meteorites), the more subtle chemical effects on

18

primitive grains and their survival in the cosmochemical record
cannot be readily
evaluated.
Furthermore,
experimental
conditions pertinent to the chemical formation/alteration of
grains in a turbulent protoplanetary cloud cannot be faithfully
reproduced using a terrestrial laboratory.
Currently, there is some discussion in the literature
regarding the suitability of equilibrium condensation models to
explain
the
unique mineralogy in components of primitive
meteorites such as carbonaceous chondrites.
This discussion
concerns, in part, the apparent difficulty in condensing complex,
crystalling refractory phases (including silicates) from a nebula
composition gas.
An alternative to this problem involves the
condensation of simple, amorphous (or partially amorphous) phases
which at some later stage (represented in the meteorite record)
are transformed through a variety of possible processes to
complex crystalline phases.
Many current models for
the
formation of meteorite components also invoke chemical processing
of freely-floating grains in a highly reduced nebula composition
gas. The unique environment offered by the Space Station (or
Space Shuttle) experimental facility can provide the vacuum and
low gravity conditions for sufficiently long time periods (days)
required for experimental verification of these cosmochemical
models.
An example of the type of experiment envisaged would involve a
small heating chamber with precisely controlled gas pressures of
H, c, o, and N in the range 10- 1 to 10- 4 Pa. Micron-sized grains
of simple amorphous oxides (e.g., sio, MgO, FeO, Al 2o 3 ) would be
placed
inside
the
chamber and then annealed at various
temperatures (600 K to 1200 K) over a range of time periods.
More complex phases such as enstatite (MgSi0 3 ) andjor olivine
(Mg 2 sio 4 ) could also be examined with the C/O ratio varying from
nebula (0.6) to >1.0.
Samples would then be examined for
micro-chemical and structural changes with time
using
an
analytical electron microscope and a range of surface analysis

19

techniques.
The fundamental question which would be answered by
this type of experiment is:
Can complex, crystalline phases
(including silicates) form in a nebula gas by the annealing of
accreted, amorphous simple oxide grains?
Surface analysis of
annealed grains would also provide important information on the
role of hydrogen in the chemical evolution of these grains via
either
diffusion
or surface adsorption and chemisorption.
Reheating specific grains above their sublimation temperature and
then recondensing from a hydrogen-rich gas (for various C/O
ratios) may also provide a "ground truth" for the temperature
effects of turbulent transport on nebula grains.
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CRYSTAL-LIQUID-VAPOR EQUILIBRIUM EXPERIMENTS AT HIGH TEMPERATURE
(< 1800°C) AND LOW, CONTROLLED OXYGEN AND HYDROGEN PRESSURE
(10- 1 - 10- 9 PA)

Mysen, B. 0., Geophysical Laboratory, 2801 Upton St., N.W.
Washington, D.C. 20008

Evidence from carbonaceous chondrites points to refractory
oxides in the system CaO-MgO-A1 2 o 3 -Tio 2 -sio 2 -Fe-o as being among
the earliest phases to condense from the solar nebula (see
MacKinnon and Rietmeijer, Condensation Kinetics.
., This
Report).
Conversely, in condensation-sublimation models of the
chemical evolution of the early solar nebula, the refractory
phases will be the last to evaporate.
Calculations of the
relative mineral stabilities rely on
untested
assumptions
regarding speciation in the gas phase and, sometimes, on less
than accurate thermodynamic data for relevant condensed phases
(e.g., liquid as well as solid calcium aluminates). It is,
therefore, necessary to establish the equilibrium relationships
between the relevant crystalline and amorphous phases before the
chemical constraints can be meaningfully applied to models of
solar system history.
Preliminary experiments on Earth show that such experiments
are feasible. These experiments have been conducted on Earth
with synthetic diopside and akermanite composition as starting
materials.
The results indicate that the
pH 2 -temperature
conditions governing crystal-liquid, liquid-gas and crystal-gas
equilibria might differ substantially from those suggested from
calculated
models.
Lower
pressures than attainable in
earth-based furnace systems appear
necessary.
Moreover,
incongruent vaporization of both liquids and crystals (leaving a
calcium-enriched residue) has been observed.
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Condensation experiments from a refractory-oxide containing
gas phase in a controlled temperature gradient are highly
desirable and can be conducted simultaneously with the phase
equilibrium experiments with only minor modification of the
presently operating furnace configuration. Finally, a mechanism
to analyze the gas phase will provide add information not only to
the phase equilibrium experiments but would also provide valuable
thermodynamic data about the phases present.
Earth-based experiments suffer from several unavoidable
problems. In order to attain controlled, relevant f 02 and fH 2
(with pH 2 + p 02 = Ptotal) very high vacuum, not attainable in
terrestrial laboratories , is required. Preliminary tests in our
terrestrial laboratory with melilite and pyroxene compositions
indicate that in order to conduct adequate experiments on these
phases as well as on calcium-magnesium aluminates, the ambient
.
-11
.
pressure should be less than 10
Pa.
Th1s pressure can be
reached with the molecular shield technology. Furthermore, even
for the best terrestrial vacuum conditions (~10-s Pa), continuous
pumping on the system is.necessary, thus, rapidly removing gas
components. Equilibrium is, therefore, difficult to ascertain.
These problems can be overcome by experimentation in the Space
Station where the experiments can be conducted under near static
pressure conditions and where total pressure equals the sum of
controlled hydrogen and oxygen pressures and be controlled for
periods exceeding several hours (up to days).
The condensation and fractionation in the early solar nebula
occurred as substantially lower gravity than attainable in
high-temperature,
low-pressure
experiments
on
earth.
Microgravity is available in the Space Station, thus, providing a
more realistic environment in which to establish the equilibrium
relationships.
Finally,

terrestrial

experiments
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suffer

from

container

problems where the container may interact chemically with the
experimental charge and where the container material can impose
an external, unwanted oxygen fugacity. Levitation techniques can
provide container-free sample environments, thus, completely
eliminating these problems.

Technical Requirements
The experiments require temperatures as high as 1800° c, to be
controlled within ±10°C to 1800°C. With the laboratory model, a
5 em long, 1 em diameter furnace is used for this purpose.
The
samples would be 5-10 mg. Power requirements are less than 100
Watts at 110V AC. Because of the low power and high vacuum
conditions, thermal insulation is not a problem given the
necessary experimental durations (several hours). The furnace is
easily a~apted to lower-voltage de power.
Temperature control is accomplished with Tungsten-Rhenium
thermocouples interfaced with the temperature control circuit.
Hydrogen
and
oxygen
gas
pressures
are maintained with
conventional gas mixing methods. Both the gas pressure , sample
change and pressure control can be easily modified for automatic
and remote control. Sample-retrieval from, and loading of new,
sample carousel every 7-14 days are appropriate. The pressures
attainable with molecular shield technology are adequate.
On-site optical and scanning electron microscopic facility
(EDS-equipped) are. important as are real-time video and data
transfer during sample examination. Mass-spectrometer for gas
analysis and capability for optical and vibrational spectroscopy
is also desirable.
The
total
volume
and
weight of the prototype,
laboratory-tested model is about 4. kg and 4000 cm3 (not including
the vacuum system). These weight and volume requirements might
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be
reduced
further depending on temperature and pressure
automation techniques and whether or not an automated sample
stage for remote sample insertion and retrieval is implemented.
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NUCLEATION AND PARTICLE COAGULATION EXPERIMENTS
IN MICROGRAVITY

NUTH, J., CODE 691, NASA-Goddard Space Flight Center
Greenbelt, MD 20771

Measurements of the conditions under which carbon, aluminum
oxide, and silicon carbide smokes condense and of the morphology
and crystal structure of the resulting grains are essential if we
are to understand the nature of the materials ejected into the
interstellar medium and the nature of the grains which eventually
became part of the proto solar nebula.
Little information is
currently available on the vapor-solid phase transitions of
refractory metals and oxides. What little experimental data do
exist are, however, not in agreement with currently accepted
models of the nucleation process for more volatile materials.
The major obstacle to performing such experiments in
Earth-based laboratories is the susceptibility of these systems
to convection. Consequently, it has so far proved impossible to
controllably nucleate carbon, aluminum oxide, and silicon carbide
smokes. Such smokes should be among the first condensates in
stellar outflows.
Evaporation of refractory materials into a low-pressure
environment with a carefully controlled temperature gradient will
produce refractory smokes when the "critical supersaturation" of
the system has been exceeded. Measurement of the point at which
nucleation occurs, via light scattering or extinction, can not
only yield nucleation data but also, information on the chemical
composition and crystal structure of the condensate. If optical
monitoring is continued, the measurements will yield data on the
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sticking
coefficients of newly formed submicron refractory
particles by determining the time evolution of the particle-size
distribution.
It might also be possible to deposit a volatile
mantle over the dispursed refractory cores in order to study the
optical properties and the coagulation efficiencies of such
corejmantle grains. Optical methods should be supplemented by
active particle collection (and subsequent analysis) in order to
determine the morphology and degree of crystallinity of the newly
formed particles as well as the structure of the corejmantle
grains.

Experimental Requirements
Low pressure conditions (<10- 6 Pa) and cryogenic temperatures
together with < lo- 5 g are necessary. Total ambient temperature
range is 4-400K; crucible temperature range up to approximately
3000K. Power requirements are - 100 Amp at 28 volt.
Local
heating with a co 2 -laser might be required. Total volume is
about 4m 3 • Run duration is up to 24 hours. Experiments can be
monitored remotely.
Real-time video and still photography are
required and continuous crew interaction, or the capability for
remote control of the experiment from the ground, is preferred.
The experiments require on-board facilities for analysis of
surface
properties,
scanning
and
transmission
electron
microscopy, and mass-spectrometric analysis.
These could be
built into the experimental system where the use of on board
analytical capability would be impractical.
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VOLATILIZATION-FRACTIONATION OF SILICATES RELATED TO
CHONDRITE COMPOSITION

Walter, L. s., Code 620, NASA-Goddard Space Flight Center,
Greenbelt, MD 20771

Background
The compositions of chondritic meteorites are linked to the
solar composition. It is believed that the chemistry of the
(generally) drop-shaped chondrules which comprise a large portion
of these meteorites may present valuable clues to their formation
and, ultimately, to the early conditions and processes of the
planets. A prime candidate mechanism linked to compositional
variations in chondrules is vapor fractionation involving either
the volatilization of silicate, sulphide, oxide, and metal phases
or the reverse processes, condensation from a nebular or stellar
gas.
Thermodynamic models of these processes exist and, fairly
recently, a body of experimental data have been acquired with
which to test these and related models of chondrite and planet
formation (Mysen et al. 1985; also see this report).

Experimental Objectives
The purpose of this experiment is to determine the nature of
volatilization-fractionation of silicate (and related metallic)
compositions related to chondrite compositions. This would be
accomplished at ambient (i.e., probably 10 5 Pa) pressure at
temperatures from 1500°C to ·2200°c, at partial pressures of
oxygen varying from 10- 9 to 10 4 Pa and as a function of the bulk
composition of the silicate starting materials. In addition,
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vapor fractionation from individual silicate liquid droplets will
be studied as a function of droplet size.
The rate of
volatilization is expected to be a function of the surface-volume
ratio and, therefore, is a function of droplet size.
If found,
this relationship can in turn be related to conditions required
by several models of chondrule formation.

Experimental Conditions in Terrestrial and Space Environments
The minimum temperature at which volatilization of major
elements in these systems can effectively be studied is about
1200°C.
At these temperatures, such experiments must be carried
out at reduced pressure (i.e., around 10- 1 Pa or lower). In order
to achieve significant volatilization rates at
atmospheric
pressure, temperatures of around 2200°C are required. Volatility
of many.of the phases of interest is a strong function of oxygen
pressure and, consequently fugacity must be controlled within the
range from 10- 9 to l0 4 Pa. The foregoing conditions can be met
rather easily in earthbound experiments.
However, one major
problem cannot be addressed.sufficiently for the purposes of the
experiment:
the container problem. On Earth it is necessary to
place the sample in a container. The problem is that, at the
required temperatures, all container materials either react with
the samples (e.g., silicates react with ceramics or metals with
metallic
containers)
or
they impose their own oxidation
conditions on the run (as with tungsten). These major problems
are immediately and totally removed in the space environment
where a container is unnecessary.
Preventing gravitational
separation of phases which may have quite different densities is
another major problem in the terrestrial environment.
It is
virtually impossible, for example, to maintain intimate mixture
of silicate, metal, and gas phases. This problem, too, would be
eliminated under zero or near zero-g conditions.

28

Experimental Procedure
In pre-launch operations, variously sized (0.1 - 5 mm
diameter) glass spheres or sintered pellets of the silicate
materials
will be prepared and inserted into a
starting
lazy-susan sample holder. During launch, this holder, containing
up to 20 samples, would permit one charge at a time to be
levitated.
Under relatively high ambient pressures, levitation
will be
accomplished
acoustically;
at
lower
pressures,
electrostatic or laser levitation may be used. Samples will be
levitated into the pre-heated hotspot in a Mo and W-wound
furnace.
They will be heated under varying conditions of time
(up to 5 minutes at 2200°C and up to 100 hours at 1200°C), oxygen
fugacity and temperature (from 1200 to 2200°C). Oxygen fugacity
will be controlled by circulation of a self-contained mixture of
hydrogen and carbon dioxide modulated by a doped zirconia oxygen
ion electrolyte. Temperatures will be controlled and determined
to within 5 degrees by thermocouples located in the furnace
hotspot.
Analytical results will be obtained in two ways:
emitted vapors will be analyzed during the runs and quenched run
products will be chemically subsequently analyzed. Both quenched
droplets and condensed vapor collected on cold plates will be
analyzed using a variety of methods including X-ray fluorescence,
microprobe, and neutron activation.
In situ analyses of the
effluent vapor will be carried out using UV/visible/IR absorption
and fluorescence spectrometry.
In .addition, mass spectrometry
may be useful.

System Configuration
Operating at the highest temperatures, the furnace may require
as much as two kilowatts of power; however, these temperatures,
run duration, and thus, peak power cbnsumption, would last only a
few (ca. 10) minutes. Insulation should be able to retain the
external surface temperature of the furnace at less than 100°c.
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It should be possible to maintain the entire furnace assembly
including levitator and gas control apparatus to less than four
cubic feet.
Power supply, temperature control and spectrum
analyzer would require some additional space in the vicinity of
the furnace. The oxygen fugacity system would require only very
small volumes of hydrogen and co 2 and would, thus, ·pose no safety
hazard.

Mysen, B.E.,
Sci. Lett.

Virgo,

D., and Kushiro, I. (1985).
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Earth Planet.

TEXTURAL EVOLUTION OF PARTIALLY-MOLTEN
PLANETARY MATERIALS IN MICROGRAVITY

Watson, E. B., Department of Geology, Rensselaer Polytechnic
Institute, Troy, NY 12180

Scientific Rationale
Recent Earth-based experiments examining the textural
evolution of partially-molten rocks have revealed two important
ways
in
which surface energy considerations affect magma
evolution. First, it is now clear that there exists a specific
melt
fraction
(3-5% for partially-molten peridotite) that
represents a bulk-system m1n1mum in surface energy:
In the
absence of physical forces, this melt fraction stably persists
along grain edges in a continuous, 3-dimensional network.
Secondly, in systems of initially free-floating grains,
surface energy reduction may be achieved by welding together of
like
grains.
In experiments on Earth, this process is
drastically accelerated by gravitational
settling
of
the
generally denser mineral grains, which promotes grain-tograin contact and eventual welding to form a continuous mat of
crystals at the bottom of the crucible, from which most of the
melt is expelled.
In microgravity environments, surface energy effects will also
operate.
The key point is that in low-g the surface energy
effects will not be modified by gravitational considerations.
Because of the energy gained by wetting of grain edges in a
partially-molten rock, it may be impossible in the near-absence
of gravity to extract small amounts of partial melt. Under
circumstances of high melt fraction, initially dispersed crystals
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will make only random contact with one another; so the process of
grain-to-grain welding will be slowed, perhaps giving way to some
extent to grain coarsening.
For the reasons noted above, the evolution of partially-molten
systems in low-g environments can be expected to be quite
different from that occurring on Earth.
Actual experimentation
with systems experiencing low gravity is clearly needed, however,
in order to appreciate fully the differences. The results of
such experiments have direct applications to the
magmatic
evolution of small planetary bodies (and to the Earth as well in
might
occur) ;
regions where neutral buoyance of crystals
microgravity experiments would also provide a firm basis for
interpreting the textures of such enigmatic meteorites
as
pallasites.

Experiments
An initial experimental program addressing surface-energy
effects on partially-molten materials in microgravity would
involve
simple,
isothermal
treatment
of natural samples
(meteorites, peridotitic komatiite) at preselected temperatures
in the melting range. Textural evolution would be assessed by
time studies in which the only experiment variable would be
run
duration. Textural characterization of each sample would be done
by quenching, recovery, and sectioning for generally later,
computer-aided interpretation of features.

Requirements
A furnace capable of:
temperature to l800°C and control to + 3° over entire
sample
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controlled oxygen fugacity
accommodating a 1 cubic centimeter sample
experiment durations up to 1 month
rapid sample quench (200° - 500°Cjsec)
Highly-desirable support facilities would include a scanning
electron microscope with energy-dispersive analytical capability
and and on-board sample sectioning/polishing capability.
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A SYSTEM FOR CONDUCTING IGNEOUS PETROLOGY EXPERIMENTS
UNDER CONTROLLED REDOX CONDITIONS IN REDUC~D GRAVITY

Williams, R. J., SN12, NASA-JSC, Houston, TX

77058

The Space Shuttle and the planned Space Station will permit
experimentation under conditions
of
reduced
gravitational
acceleration offering experimental petrologists the opportunity,
as never before to study crystal growth, element distribution,
and
phase
chemistry
under entirely new conditions.
In
particular, the confounding effects of macro- and micro-scale
buoyancy-induced convection and crystal settling or floatation
can be greatly reduced over those observed in experiments in the
terrestr~al
laboratory. Also, for experiments in which detailed
replication of the environment is important, the access to
reduced gravity will permit a more complete simulation of
processes that may have occurred on asteroids or in free-space.
This latter aspect may be particularly relevant to studies of
petrogenesis of chondrules and other meteorite components.
Most of the geologically interesting systems contain
significant amounts of redox-sensitive
ions--Fe,
Ti,
Cr,
etc.--and, thus, studies of phase relations and crystallization
require control of the oxygen fugacity during the experiment.
Sophisticated, but rather standardized techniques, have been
developed to control, measure, and manipulate oxygen fugacity in
the terrestrial laboratory.
Gas mixing is the major technique
used in the study of one
atmosphere
igneous
processes;
unfortunately, it is not directly adaptable to use in space
experimentation, because large quantities of gas must be flowed
over the sample to maintain the oxygen fugacity. It is the
purpose of this paper to describe a newly developed technique
that can be used to control, measure, and manipulate oxygen
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fugacities with small quantities of qas which are recirculated
over the sample. This system could be adaptable to reduced
gravity space experiments requiring redox control.

System Description
The system employs a single solid ceramic oxygen electrolyte
cell for both control and measurement of the oxygen fugacity.
This is possible because the electrolyte cells can be used as
oxygen pumps to adjust the co 2;co ratio in the gases that are
control
in
gas
mixing systems
redox
used
to
impose
electronically.
The system consists of a furnace surrounding a closed-end
alumina muffle which surrounds a closed-end oxygen electrolyte
tube that is platinized on both sides. A sample is suspended
inside the electrolyte tube.
Seals separate the gas in the
alumina tube from the inner side of the electrolyte tube and
isolate both from the laboratory atmosphere.
Electrical
feed-throughs connect the inner and outer electrode contacts to a
DC power supply. The space between the aluminum muffle and the
electrolyte cell is filled with oxygen gas (1 atmosphere pressure
at 1200°C) and sealed. The inner side of the electrolyte cell is
filled with a 1:1 mixture of co and co 2 (also at 1 atmosphere at
1200°C).
This mixture is sealed off .and recirculated within the
inner cell by a small pump.
The oxygen fugacity is manipulated by applying a voltage to
the cell and transferring oxygen in to or out of the interior
volume depending on the experimental condition desired. The
oxygen fugacity
can
be
cycled
between
those
of
the
quartz-fayalite-magnetite . and quartz-fayalite-iron buffers in
about 30 minutes at 1200°C, maintained to within 0.05 log units
of a preset value over day-long periods, or changer in a
controlled manner as function of temperature
so
that
a
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preselected pattern is replicated during cooling or he~ting. The
oxygen fugacity is measured by turning off the electrolysis
voltage and recording the EMF with a high impedance DC millivolt
meter.
A high efficiency (approximately 0.2 wattsj°C) furnace has
been specially designed to operate on 28 VDC. At 1200°C, the hot
zone is 2 inches long, by 2 inches diameter  The power supply to
the furnace is controlled using a standard thermocouple as a
sensor. It will maintain the temperature to within less than 1°C
of
a preselected temperature and can cool the system at
controlled rates between 0.5° to 100°c per hour; heating rates of
up to l000°Cjhr are possible. The maximum operating temperature
is 1350°C for the current furnace.
A micro-computer is used to control both temperature and
oxygen f~gacity, both of which can be changed independently as a
function of time.
The computer also performs data acquisition
tasks, and switches between the measurement and oxygen pumping
modes of operation.
Experiments done conventionally and those done using this
system yield identical results in a one-g gravity field.
The total system (exclusive of the computer use for laboratory
control)
is 4 cubic feet; it uses about 500 watts. Except for
the gas used to charge the system (approximately 30 cc at STP),
no gas is used during the experiment. Although water cooling is
now used to control the temperature of the furnace seals,
radiative cooling is probably possible.

summary
A system directly adaptable for use in controlled oxygen
fugacity experimentation on Shuttle or Space Station has been
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designed, built, and tested. It should permit reduced gravity
experiments which require such control to be undertaken.
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EXPERIMENTAL CONSTRAINTS ON HEATING AND COOLING RATES OF
REFRACTORY INCLUSIONS IN THE EARLY SOLAR SYS'l'EM

Working Group, University of Arizona, on Experiments in the
Space Environment; Boynton, Drake, Hildebrand, Jones, Lewis,
Treiman, and Wark; Jones, Chairman

Department of Planetary Sciences, Lunar and Planetary
Laboratory, The University of Arizona, Tucson, AZ 85721

The refractory inclusions in carbonaceous chondrites have been
the subject of considerable interest since their discovery.
These inclusions contain minerals that are predicted to have been
some of the earliest condensates from the solar nebula, and
contain a plethora of isotopic anomalies of unknown origin. Of
particular interest are those coarse-grained inclusions that
contain refractory metal particles (Fe, Ni, Pt, Ru, Os, Ir).
Experimental studies of these inclusions in terrestrial
laboratories are, however, complicated
because
the
dense
particles tend to settle out of a molten or partially molten
silicate material. Heating experiments in the Space Station
environment would take advantage of "containerless" furnace
technology and microgravity in order to observe the effects of
metal nuggets (which may act as heterogeneous nucleation sites)
on nucleation rates in silicate systems
and
to
measure
simultaneously the relative volatilization rates of siderophile
and
lithophile
species
(also
see
Walter
Volatilization-Fractionation.
• This Report) •
Neither
experiment is possible in the terrestrial environment.
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EXPERIMENTAL CONSTRAINTS ON THE ORIGIN OF CHONDRULES

Working Group, University of Arizona, on Experiments in the
Space Environment: Boynton, Drake, Hildebrand, Jones, Lewis,
Treiman and Wark; Jones, Chairman
Department of Planetary Sciences, Lunar and Planetary
Laboratory, The University of Arizona, Tucson, AZ 85721

Chondrule formation must have been an important (perhaps
ubiquitous) process in the early solar system, yet their origins
remain elusive. Some points, however, are clear. The precursor
material of chondrules (dust?) was rapidly heated at rates of
perhaps thousands of degrees per second and was cooled more
slowly (0.1-1.0°Cjsec), (also see Nuth, Nucleation Experiments ••
This report) •
•
• I
We propose to investigate chondrule formation in the Space
Station environment via a "dust-box" - a chamber (-1 m3 ) in which
dust can be suspended, heated, and cooled.
A microgravity
environment is conducive to this kind of experiment because of
the significant retardation of settling rates compared with a
terrestrial
laboratory
environment.
These long-duration
experiments might require the development of technologies to
counteract even the small, but finite and permanent gravitation
field of the Space Station.
Simple, but interesting experiments on dust suspensions
immediately present themselves. For heating events of less than
1
second
(using a laser, multiple lasers, or electrical
discharge), what dust density is required to produce large
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(0.1-1.0 mm) objects?
Is the density so large that chondrules
cannot cool quickly? What conditions are necessary to mimic
observed textures in chondrules?
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EXPERIMENTAL CORRELATION OF MELT STRUCTURES, NUCLEATION RATES,
AND THERMAL HISTORIES OF SILICATE MELTS

Working Group, ,university of Arizona, on Experiments in the
Space Environment: Boynton, Drake, Hildebrand, Jones, Lewis,
Treiman and Wark; Jones, Chairman
Department of Planetary Sciences, Lunar and Planetary
Laboratory, The University of Arizona, Tucson, AZ 85721

The theory and measurement of the structure of liquids is an
important aspect of modern metallurgy and igneous petrology.
Liquid structure exerts strong controls on both the types of
crystals that may precipitate from melts and on the chemical
composition of those crystals. An interesting aspect of melt
structure studies is the problem of melt "memories"; that is, a
melt can retain a memory of previous thermal history.
This
memory
can influence both nucleation behavior and crystal
composition.
This melt memory may be characterized quantitatively with
techniques such as Raman, infrared and NMR spectroscopy to
provide information on short-range structure. Melt structure
studies at high temperature will take
advantage
of
the
microgravity
conditions
of
the Space Station to perform
containerless experiments. Melt structure determinations at high
temperature (experiments that are
greatly
facilitated
by
containerless technology) will provide invaluable information for
materials
science, glass technology and geochemistry.
In
conjunction with studies of nucleation behavior and nucleation
rates, information relevant to nucleation in magma chambersin
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terrestrial planets will be acquired.

42

11

Containerless 11 HIGH-PRESSURE PETROLOGY EXPERIMENTS IN THE
MICROGRAVITY ENVIRONMENT OF THE SPACE STATION

Working Group, University of Arizona, on Experiments in the
Space Environment: Boynton, Drake, Hildebrand, Jones, Lewis,
Treiman and Wark; Jones, Chairman
Department of Planetary Sciences, Lunar and Planetary
Laboratory, The University of Arizona, Tucson, AZ 85721

Problem
The genesis of igneous rocks on terrestrial planets can only
be understood through experiments at pressures corresponding to
those in planetary mantles (10-50 kbar).
Such experiments
typically require a piston-cylinder apparatus, and apparatus that
has the advantage of controllable pressure and temperature,
adequate sample volume, rapid sample quench, and minimal danger
of catastrophic failure.
The experimental charge must be
prevented from touching the walls of the cylinder and so is
usually encased in a capsule of 'platinoid metal or alloy.
Unfortunately, the platinoid containers usually can dissolve
significant
Fe
(and
other
transition
metals) from the
experimental charge (at the oxygen fugacities appropriate for
magma genesis) and, thus, results in alteration of the chemical
composition of the charge. The strategies available to eliminate
this
problem
in
terrestrial
laboratories
reduces
the
applicability of the results of realistic natural conditions.
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Solution
We propose to perform high-pressure and -temperature,
piston-cylinder experiments aboard the Space Station.
The
microgravity environment in the Space Station will minimize
settling due to density contrasts and
may,
thus,
allow
experiments of moderate duration to be performed without a
platinoid capsule and without the sample having to touch the
container walls.
The ideal pressure medium would have the same
temperatures. It is emphasized, however, that this proposed
experimental
capability requires technological advances and
innovations not currently available.
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