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The Experimental Petrology Group uses a laboratory-based experimental 
approach combined with field observations to study the Earth, its origin, 
evolution and mineral wealth. The group operates a wide range of experimental 
apparatuses for generating the high temperatures and pressures that are needed 
to reproduce the natural conditions within the Earth. The equipment includes: 
high temperature furnaces capable of reaching 1800ºC, several of which are 
equipped for precise control of oxygen and sulfur fugacities by gas mixing; 
eleven solid-media piston-cylinder devices for generating pressures to 6 GPa and 
temperatures in excess of 2000ºC, a multi-anvil apparatus, which can presently 
achieve pressures of 26 GPa; and, through collaboration with the Department of 
Earth and Marine Sciences, the Faculties, a well-equipped hydrothermal 
laboratory. These high-temperature, high-pressure apparatuses are 
complimented by an array of microbeam analytical techniques, including a 
Cameca SX100 electron microprobe; laser-ablation ICP-MS, which is now being 
used regularly to analyse trace-elements in experimental run products; FTIR 
spectroscopy for the determination of H2O, CO2 and other volatile species in 
minerals and glasses; and a STOE STADIP powder X-ray diffractometer. 
 
As well as the conventional 1/2 inch and 5/8 inch apparatus for use to 4 GPa, the 
group’s piston-cylinder laboratory also runs a high-pressure device that is now 
operating regularly at 6.5 GPa; the laboratory also has two large-capacity piston-
cylinder devices that take 30 mm and 50 to 65 mm diameter pressure assemblies 
respectively, enabling pressure to be controlled extremely accurately, and which 
are capable of synthesising relatively large volumes of high pressure phases for 
detailed mineralogical studies. A novel diamond composite hard material, 
developed in these apparatuses and now under commercial production, offers 
promise as an anvil material to extend the pressure range of the multi-anvil 
apparatus above 26 GPa, thereby allowing detailed experimental exploration of 
the pressure-temperature regime of the Earth’s lower mantle. To further this 
research the multi-anvil apparatus has now been refurbished and provided with 
full computer control of pressure and temperature. 
 
In recent years the group has become increasingly involved in developing 
methods to characterise geologic materials by X-ray absorption spectroscopy 
(XANES) and related techniques that use synchrotron radiation. Dr A. J. Berry 
has adopted a leadership role in this area, setting up a special interest group 
called GEOSYNC (to educate, advise and represent Australian geoscientists), and 
is providing input into the design specifications of the planned microprobe and 
EXAFS beamlines. Research in this area is presently concentrating on oxidation 
states in silicate melts, including in-situ measurements at temperatures to 
1500ºC, and speciation in ore-forming hydrothermal solutions. 
 



Members of the group continue to investigate conditions and processes in the 
Earth’s upper mantle (Professors David Green and Hugh O’Neill), and 
metamorphism in the continental crust (Drs Joerg Hermann, Chris McFarlane and 
Carl Spandler), as well as the physical chemistry of ore-forming solutions (Drs 
John Mavrogenes and Alistair Hack). 
 
A XANES study of Cu speciation in high-temperature brines using 
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Hydrothermal ore deposits are the world's principal source of copper and gold.  
To understand the formation of these deposits, it is necessary to determine the 
speciation of Cu and Au in solution.  This can be achieved using X-ray Absorption 
Near Edge Structure (XANES) spectroscopy - an element specific technique that 
can provide information on the oxidation state and coordination environment of a 
metal ion in solution.  Cu K-edge XANES spectra were recorded for brines 
trapped as synthetic fluid inclusions in quartz at GeoSoilEnviroCARS (GSECARS), 
Advanced Photon Source, Argonne National Laboratory, USA.  An example of a 
typical fluid inclusion at room temperature is given in Figure 1. 
 



Figure 1: Optical image of a fluid inclusion at room temperature comprising fluid, 
a shrinkage bubble, and crystal of nantokite (CuCl). 
 

 
 
Figure 2: Representative Cu K-edge (a) XANES and (b) derivative spectra for 
different oxidation states.  Two spectra are shown for Cu2+, corresponding to 
different distortions (tetragonal) from octahedral coordination (indicated by the 
shoulder on the absorption edge).  The resulting two peaks in the derivative 
spectra are labeled a (shoulder) and b (crest). 
 
The energy and intensity of features in the XANES spectra are dependent upon 
the Cu oxidation state and coordination environment.  Example XANES spectra 
for Cu0, Cu+, and Cu2+ are given in Figure 2a.  These show an expected shift of 
the absorption edge to higher energy with increasing oxidation state and 
differences in the edge shape.  Features comprising the absorption edge are 
often more easily identified in the derivative spectra (d(intensity)/d(energy)), 
which shown in Figure 2b. 
 
Fluid inclusions can be heated allowing their use as sample cells for high 
temperature studies.  In this case Cu K-edge XANES spectra were recorded for a 
number of inclusions containing solutions of different composition at 
temperatures up to ~ 500 C.  Cu2+ was observed at room temperature and Cu+ 
at temperatures above ~ 200 C, with the oxidation/reduction being completely 
reversible.  At high temperatures a number of Cu-Cl complexes were identified 
including [CuCl2]- and a more highly coordinated [CuCl3]2- or [CuCl4]3- species.  
This is the first time that higher order Cu+ complexes have been identified in 
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high temperature brines.  The presence of these complexes is not predicted by 
existing experimental data or thermodynamic models, indicating significant 
deficiencies in our understanding of the behaviour of Cu in hydrothermal 
solutions.  Further work will focus on identifying the Cu complexes present in 
natural fluid inclusions. 
 

Large Archean asteroid impacts: implications for the nature of the early 
crust. 
 
Andrew Glikson 
 
Archean and early Proterozoic impact fallout units, consisting of vapour 
condensate spherules (microkrystites), microtektites and fragmental tsunami 
deposits, display high siderophile element (Ni, Co, PGE [platinum group 
elements]) abundances and, in some instances, high V and Cr levels. The data 
allow an indirect insight into the composition of crustal regions from which the 
ejecta were derived, including the contribution of extraterrestrial components 
and fractionation history of impact-ejected liquid/vapour plumes. The scarcity of 
shocked quartz grains in recorded Archean and early Proterozoic ejecta and the 
largely ferromagnesian compositions of the microkrystite spherules, except 
where heavily altered, are consistent with impacted mafic to ultramafic crust. 
The PGE data coupled with stratigraphic data are used to estimate the PGE flux 
and the size of projectiles. PGE patterns relative to chondrite are mostly depleted 
in volatile low boiling-point species (Au, Pd) and enriched in refractory species 
(Ir, Ru, Rh), with consequently lower than chondritic Pd/Ir and Pd/Pt ratios 
(Figure 1), providing useful tracer of microkrystite-rich impact fallout units. First 
approximations of asteroid and crater sizes based on Ir mass balance and on 
spherule size-frequencies suggest impact by asteroids 20-30 km large, scaled to 
oceanic impact basins several hundred kilometre in diameter. A high ratio of sima 
to sial crust during the Archean is consistent with positive Sm-Nd, Lu-Hf and 
87/86Sr isotopic parameters. The evidence suggests post-3.8 Ga geotectonic 
systems consisting of small sialic granite-greenstone nuclei surrounded by 
extensive sima crust in which transient Maria-scale impact basins formed during 
3.47, 3.26-3.24, 2.63, 2.56, 2.50-2.47 Ga and yet unrecorded impact events. 
Criteria allowing diagnostic identification of impact fallout units (impactites), 
including fragmental ejecta, microtektites and microkrystite spherules (impact 
vapour condensates) comprise (1) unique mineral fallout phases - shocked 
quartz grains, coesite and nano-diamonds; (2) unique intra-microkrystite phases 
- Ni-chromite, Ni-nanonuggets and Ir-nanonuggets, condensed from vapour 
enriched in meteoritic components; (3) geochemical features such as high 
abundance and unique ratios of the Platinum Group (PGE) and other siderophile 
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Nickel chromites and metasomatically derived sulphides may contain PGE 
nanonuggets. Alteration, burial metamorphism and open system mobility of 
uranium in hydrous terrestrial environment renders preservation of meteoritic 
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Greenstone Belt impact fallout units (3.26-3.24 Ga) identify carbonaceous 
chondrite composition of the parental asteroids (Kyte et al., 2003). PGE 

abundances (Ir, Pt) and 
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Cr isotopes allow mass balance estimates of 
parental projectiles in the order of 20-30 km diameter (Byerly and Lowe, 1994; 
Shukloyukov et al., 2000)(Figure 2). 
Asteroid and comet impacts: effects on the early biosphere  
The terrestrial record is punctuated by major clustered asteroid and comet 
impacts, which affected the appearance, episodic extinction, radiation and re-
emergence of habitats. Extraterrestrial effects on microbial habitats includes 
sterilization by intense asteroid and comet bombardment, supernova and solar 
flares, impact-triggered volcanic and hydrothermal activity, tectonic modifications 
and tsunami effects. From projected impact incidence post 3.8 Ga, only ~1.3 
percent of craters >100 km and ~4 percent of craters >250 km have to date 
been identified. Potential relations between asteroid/comet impacts and early 
habitats include: (1) ~3.5-3.43 Ga - intermittent appearance of stromatolite-like 
structures of possible biogenic origin on felsic volcanic shoals representing 
intervals between mafic volcanic episodes in rapidly subsiding basins, 
accompanied by asteroid impacts; (2) ~3.26-3.24 Ga - impact-triggered crustal 
transformation from mafic-ultramafic volcanic environments to rifted troughs 
dominated by felsic volcanics and turbidites, marked by a major magmatic peak, 
resulting in extensive hydrothermal activity and development of sulphate-
reducing microbes around anoxic submarine fumarole ("black smoker") 
environments; (3) ~2.63-2.47 Ga – impact-triggered tsunami effects in 
oxygenated carbonate-dominated epicontinental and intra-cratonic environments 
(Hamersley and Transvaal basins); (4) in at least three instances onset of 
ferruginous sedimentation closely following major impact events, possibly 
signifying hydrothermal Fe-enrichment related to impact-triggered volcanic 
activity. Due to limitations on the phylogenic speciation of Precambrian 
stromatolite and bacterial populations, major impact-extinction-radiation relations 
are only identified from the late Proterozoic, beginning with the ~0.59 Ga 
Acraman impact and continuing with major Phanerozoic extinctions and 
radiations associated with impact and volcanic events in the late Ordovician, late 
Devonian, late Jurassic and end Cretaceous.  



 
Figure 1 –  Pd[N] – Ir[N] plots of microkrystite spherule-rich units (open circles), 
associated sediments (solid circles) and komatiites volcanics (solid diamonds).  

 
Figure 2 -  Correlation between the flux of Iridium (in units of 10

-4 
mg cm

-2
) and 

the diameter of chondritic projectile (Dp), based on mass balance calculations 
assuming mean unit thickness, mean Ir concentration and global distribution of 
fallout ejecta. 
 

 

 

 



Mineral solubility surfaces at high pressure and temperature and its 
bearing on the nature of the wet solidus 
 
Alistair Hack, Jörg Hermann and John Mavrogenes 
 
Analysis of available data for SiO2–H2O and NaAlSi3O8(albite)–H2O reveals that 
the phase relations in either simple system are not adequately defined in some 
regions.  We have constructed two endmember, internally consistent P–T–X 
phase relation models for silicate–H2O, which are consistent with the constraints 
imposed by the simple systems.  Fig. 1 shows one of these endmember P–T–X 
topologies.  Different critical curve behaviour, which describes the P–T limit of 
silicate melt + aqueous fluid immiscibility, can produce other phase relation 
forms.  Here, however, we focus on data for SiO2–H2O, which provides best 
constraints on the general P–T–X shape of the mineral-saturated supercritical 
fluid surface and shape of the wet solidus and the nature of its termination at the 
critical point. 
 

 
 
Fig.1. An internally consistent P–T–X description of SiO2–H2O phase relations, which fits 
all available experimental constraints.  Such phase relations should be general applicable 



to other more complex systems.  CP and IP refer to critical and invariant points in the 
system. 
 
Wet solidi for many rock–H2O systems are reported as displaying a ‘backbend’ 
with increasing pressure.  This apparent reversal in the wet solidus slope from 
negative to positive ∂P/∂T at high pressure, is suspicious as a reversal in slope 
also accompanies mineral solubility isopleths above the 
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2  (Fig. 1), as 
does the transition from unquenchable H2O-rich fluid to quenchable supercritical 
hydrous melts with increasing temperature.  Specifically, ‘wet solidi’ curves at 
pressures above the ∂P/∂T inflection may not exist, as this higher pressure part 
of the curve represents the first appearance of quenchable supercritical melt 
which presumably occurs at approximately the same composition regardless of 
pressure and temperature (e.g. fluid/melt containing ~25 wt% H2O), explaining 
the similarity in the slope to that expected for a mineral-saturated supercritical 
melt isopleth.  This situation is illustrated in Fig. 2.  Ambiguity associated with 
locating the position of the first quenchable supercritical hydrous melt, would 
readily explain wet solidi discrepancies between studies.  
 

 

 

Fig. 2.  P–T–X projection illustrating a potential origin for, widely reported, ∂P/∂T 
inflections in wet solidi curves.  The inflection possibly marks the termination of 
the wet solidus, the apparent extension at high pressure follows a mineral-



saturated fluid isopleth corresponding to the first appearance of a quenchable 
supercritical fluid/melt composition. 
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Experimental determination of zircon/garnet/melt trace element 
partitioning and implications for geochronology 
 
Jörg Hermann and Daniela Rubatto (EMS, ANU) 
 
Garnet is the most commonly used mineral in thermobarometry, whereas zircon 
is the most robust chronometer to date high-grade metamorphic rocks. To 
provide a basis for correlation of zircon and garnet growth, we determined 
experimentally the trace element partitioning between zircon and garnet 
(

! 

D
Zrn/Grt) grown from a hydrous, granitic melt at 20 kbar and 800-950°C for P, Y, 

rare earth elements (REE), Zr, Hf, Th and U.   
 
Large homogeneous garnets coexisting with hydrous granitic melts (Fig. 1) were 
produced by heating to 1050°C for two hours and then cooling within 15 minutes 
to the desired temperature between 800 and 950°C.  Run products analysed by 
LA-ICP-MS provide evidence for a significant temperature dependence of 
garnet/melt partitioning for REE Fig. 2. In contrast, zircon grain size was always 
very small (Fig. 1). We determined zircon/melt trace element partitioning by 
analysing a large number of zircon-melt mixtures by Laser Ablation ICP-MS and 
regressing the data to the known Zr composition of the zircon. The distribution 
coefficient between zircon and melt (

! 

D
Zrn/Melt ) for REE increases with increasing 

atomic number of the REE and with decreasing temperature. 
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 is ~10 at 
1000°C but more than an order of magnitude higher at 800°C. 
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significantly higher than 
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Th

Zrn /Melt

 and both increase with decreasing temperature. 
One advantage of using LA-ICP-MS for garnet, melt and zircon compositions is 
that all are compared to the same standard and hence, in the partitioning, 
uncertainties related to the standard are cancelled out. 
Zircon contains significantly more heavy-REE (HREE) than coexisting garnet, 
whereas middle-REE (MREE) partitioning is close to unity. There is some limited 
evidence that zircon contains more light-REE than garnet. Zircon/garnet partition 
coefficients of HREE increase with decreasing temperature from 

! 

D
Lu

Zrn /Grt  of 2.4 at 
950°C to 12 at 800°C. These data provide a tool to establish equilibrium 
partitioning between garnet and zircon in natural rocks and can assist the 
construction of detailed pressure-temperature-time paths in high-grade 
metamorphic rocks.  
 

 
Fig. 1 Backscattered electron image of experimentally produced garnet, melt and 
zircon. Black holes represent pits from Laser Ablation ICP-MS analysis.  
 

 
 
Fig. 2: Experimentally determined trace element partitioning. 
 



H2O-bearing defects in olivine produced by the breakdown of Ti-rich 
humite minerals  
 
Jörg Hermann, John Fitz Gerald, Nadia Malaspina and Andrew Berry 
 
We have investigated in detail the breakdown of Ti-clinohumite and Ti-
chondrodite in metasomatised mafic-ultramafic rocks from the ultra-high 
pressure (UHP) province in Dabie-Shan (China). Petrography indicates that the 
humite minerals are stable at peak UHP conditions (~800°C, ~40 kbar) and 
coexist with a typical eclogite facies assemblage of garnet, clinopyroxene and 
orthopyroxene. In thin section we observe that the humite minerals partly break 
down to olivine+ilmenite (Fig. 1). This reaction must be related to the release of 
an aqueous fluid since the reactants contain several wt.% of H2O whereas the 
solid products are nominally anhydrous minerals. Although this breakdown is 
related to near isothermal decompression in the studied samples, it can be used 
as a proxy for what happens when the humite stability field is overstepped 
during prograde subduction and hence provides information on water 
redistribution during subduction.  
 
TEM investigation of these newly formed olivine shows the presence of relic Ti-
clinohumite layers (Fig. 2). These olivine grains contain significant amounts of 
H2O that is associated with Ti in a layer-type defect. Therefore, in subduction 
zones such olivine might transport water into the mantle beyond the stability 
fields of the humite minerals. Also it is expected that this defect-rich olivine will 
have a different (weaker) rheology than normal mantle olivine, with 
consequences for deformation within the subducted slab and hydrous parts of 
the overlaying mantle wedge.  
 
So far we were unable to obtain conclusive Infra-Red (IR)-spectra from these 
small olivine crystals. We will try to get IR-spectra of such olivine in samples that 
have been ion beam thinned. This will provide an important link between IR-
spectroscopy, mineral composition and mineral defects at atomic scale.  
 

 
 



Fig. 1 Back scatter electron image of the partial breakdown of a Ti-chondrodite to 
olivine+ilmenite. The field of view is 300µm. 
 

 
 
Fig. 2 TEM image of a crystal of newly formed olivine viewed parallel to its 
crystallographic [b] axis.  Figure (a) clearly shows a complex planar intergrowth with 
(001) sheets viewed edge-on.  The lattice image (b) at much higher magnification 
reveals the regular repeat of the olivine unit cells (top and bottom of image) plus 4 units 
of a longer-period structure across the centre of the image - this is a thin layer of 
clinohumite with characteristic 1.35 nm repeat distance. 
 

 

The role of metamorphism in ore deposition at the Challenger Gold 
Mine, South Australia 
 
Chris McFarlane 
 
Monazite thermochronology  
 
Studies of the role of metamorphism in ore deposition continued at the 
Challenger Au Mine, South Australia.  Samples taken during field work in 
February and July 2004 have been used for in-situ monazite ([Ce,Th]PO4) 
geochronology using the SHRIMP.  Several generations of monazite have been 
identified on the basis of textures, compositional zoning, and isotopic ages 
(Figure 1) that have been used to reconstruct the prograde, peak, and cooling 
history of the Challenger Gneiss.  The T-t history from monazite 
thermochronology (Figure 2) is defined by rapid heating from garnet-grade 
conditions at 2460 Ma to granulite conditions (>800ºC) by 2449 Ma.  This 
prograde heating path was followed by slow cooling punctuated by a second 



partial melting event at ~2434 Ma.  Final crystallization of this second melt batch 
occurred between 2420 and 2415 Ma.  A single grain may, therefore, preserve a 
record of monazite growth and resorption over a ~40 My period.  These data will 
help to constrain the tectonic setting of Au deposition and Au remobilization at 
Challenger.  Reconstruction of this T-t path also provides insight into the heat 
flow and timescales of metamorphism and deformation during the Archaean. 
 
Whole-rock geochemistry 
 
The origin of Au mineralization at Challenger has remained speculative owing to 
the cryptic nature of its distribution among migmatitic leucosomes and 
polymineralic quartz-rich veins.  Whole-rock geochemistry on a suite a samples 
taken from individual leucocratic veins from the mine shows that the deposit 
contains relict quartz veins (>90% SiO2 with negligible trace element 
concentrations), some of which contain visible gold (Figure 3).  Mine geologists 
at Challenger have also reconstructed the 3D geometry of high-grade zones 
using grade control logs and have shown that the main ore zone is in fact a 
planar horizon that has been folded into a series of disharmonic folds. This 
geometry, together with the presence of relict quartz veins and evidence for 
preferential partial melting of ore zones, suggests that Challenger is in fact a 
highly deformed and metamorphosed quartz-gold vein system.  Continuing 
whole-rock geochemical studies will be aimed at augmenting the current 
geochemical database to look for relict alteration patterns that may help to 
delineate larger exploration targets. 
 
Silicate/sulfide melting experiments 
 
Ore zones at Challenger show textural evidence for intermingling of silicate and 
sulfide melts.  Piston-cylinder experiments were started in an attempt to 
reproduce the textures present at Challenger.  Experiments comprise mixtures of 
silicate and sulfide powders that are known to melt at granulite conditions 
(850ºC, 8 kbar).  Preliminary results are very promising.  Run products include 
polymetallic sulfide blebs suspended in a quenched glass matrix.  Quench 
textures of these sulfide blebs (Figure 4) are indistinguishable from heating and 
quenching experiments on natural inclusions from Challenger.   
   



 

Figure 1. Yttrium X-ray map of monazite from the Challenger Gneiss.  Old high-Y 
cores interpreted to be of prograde origin are surrounded by a large overgrowth 
that formed during partial melt crystallization at 2449 Ma. 
 

  

Figure 2.  The proposed T-t history of the Challenger Gneiss based on monazite 
thermochronology.   Garnet-WR Sm-Nd ages are from Tomkins (2002) 



 

Figure 3.  Whole-rock geochemical data from the Challenger Mine.  High-SiO2 
veins (blue & yellow symbols) are interpreted as relict quartz veins, some of 
which contain visible gold.  Other lithologies from the migmatite zones display a 
negative trend towards higher SiO2 that is typical of partial melting and 
extraction of granitic melts from a refractory residue. 
 

 

 

Figure 4.  Sulfide melt quench textures in nature (top) and in piston-cylinder 
experiments (bottom).   Natural inclusions were heated to 800ºC and 7 kbar and 
quenched (Tomkins, 2002).  Synthetic sulfide melts were heated to 850ºC and 8 



kbar and quenched. Greenish-brown sulfide in bottom frame is unmelted 
pyrrhotite. 
 

 

The oxidation state of iron in silicate melts 
 
Hugh St.C. O’Neill1, Andrew J. Berry1, Catherine C. McCammon1,2, Kasthuri D. 
Jayasuriya3*, Stewart J. Campbell3 
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Fe3+/∑Fe ratios were determined from Mössbauer spectra recorded for a series 
of 17 anorthite-diopside eutectic glasses containing 1 wt% 57Fe2O3 quenched 
from melts equilibrated over a range of oxygen fugacities from fO2 ~ 105 bars 
(Fe3+/∑Fe = 1) to 10-13 bars (Fe3+/∑Fe = 0) at 1682 K. Fe3+/Fe2+ was found to 
be proportional to fO2 to the power of 0.245 ± 0.004 in excellent agreement with 
the theoretical value of 0.25 expected from the stoichiometry of the reaction 
Fe2+O + 0.25 O2 = Fe3+O1.5. The uncertainty in the Fe3+/∑Fe ratios determined 
by Mössbauer spectroscopy was estimated as ± 0.01 (1 s) from the fit of the 
data to the theoretical expression, which is significantly less than that quoted for 
previous measurements on silicate glasses; this results from fitting the spectra of 
a large number of systematically varying samples, which allows many of the 
ambiguities associated with the fitting procedure to be minimised. Fe3+/∑Fe 
ratios were then determined for samples of the anorthite-diopside eutectic 
composition equilibrated at selected fO2s, to which up to 30 wt% Fe2O3 had been 
added. Fe3+/∑Fe was found to vary with ∑Fe (or FeOtot), but both the 1 wt% and 
high FeOtot data could be satisfactorily fit assuming the ideal stoichiometry (i.e., 

Fe3+/Fe2+   ! fO2

1/ 4) by the inclusion of a Margules term describing Fe2+-Fe3+ 
interactions. The large negative value of this term indicates a tendency towards 
the formation of Fe2+-Fe3+ complexes in the melt. The resulting expression, using 
the ideal exponent of 0.25, gave a fit to 289 Fe3+/∑Fe values from the literature 
of similar quality as previous empirical models which found an exponent of ~ 
0.20. While the empirical models reproduce Fe3+/∑Fe values of glasses with high 
FeOtot, reasonably well, they describe the data for 1 wt% FeOtot poorly. The non-
ideal values of the exponent in these empirical models are an artifact caused by 
not including a term explicitly to describe the Fe2+-Fe3+ interactions. 



The effect of pressure on the Fe3+/∑Fe ratio of an anhydrous andesitic melt was 
determined from 0.4 to 3.0 GPa at 1400ºC with oxygen fugacity controlled 
internally by the Ru+RuO2 buffer. Values of Fe3+/∑Fe were determined by 
Mössbauer spectroscopy on quenched glasses with a precision of ± 0.01, one 
standard deviation. This precision was verified independently by XANES 
spectroscopy of the same samples. The XANES spectra show a systematic 
increase in energy and decrease in intensity of the 1s®3d transition with 
increasing pressure. The results to 2.0 GPa are in good agreement with 
predictions from density and compressibility measurements fitted to a 
Murnaghan equation of state, but the datum at 3.0 GPa has higher Fe3+/∑Fe 
than predicted from the trend established by the lower pressure data. This might 
be due to a coordination change in Fe3+ at high pressure; while there is no 
evidence for this in the Mössbauer spectra, such a change could account for the 
change in intensity of the 1s®3d transition in the XANES spectra with pressure. 
 
A method for controlling alkali-metal oxide activities in one-
atmosphere experiments and its application to measuring the relative 
activity coefficients of NaO0.5 in silicate melts. 
 
Hugh St. C. O’Neill 
 
The activity of alkali metal oxides can be controlled in one-atmosphere wire-loop 
experiments at high temperature by suspending a crucible containing alkali 
silicate melt beneath the samples. The method has been applied to measuring 
the activity coefficient of NaO0.5 in a series of CMAS-NaO0.5 melts relative to that 
in the anorthite-diopside eutectic composition at 1400 ºC, using a reservoir of 
NaO0.5-SiO2 melt. The results (Figure 1) show that this relative activity coefficient 
decreases strongly with SiO2, increases with CaO and MgO, but is insensitive to 
AlO0.5. This latter behavior is inconsistent with “quasi-crystalline” models of melt 
thermodynamics that hypothesize Na-Al species. 
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Figure 1. Solubility of NaO0.5 in AD6 compositions relative to that in the ADeu 
“reference” composition. The experiment with the highest NaO0.5 was produced 
with pure Na2SiO3 in the reservoir at fO2 = 10-6.7 bars; most other runs were 
done in air. Solid curves are best fits for AD+Qz and AD+Wo compositions to the 
equation (omitting the highest Na datum): 
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The dashed curves are a fit to a purely empirical equation: 
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and include the highest Na datum. 
 

 


