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PETROCHEMISTRY AND EXPERIMENTAL PETROLOGY

The Petrochemistry and Experimental Petrology (P&EP) Group uses the experimental
investigation of chemical and physical processes 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; nine
solid-media piston-cylinder devices for generating pressures to 6 GPa and temperatures to
2000ºC, some of which are large-capacity devices capable of synthesising relatively large
volumes of high pressure phases for detailed mineralogical studies; a multi-anvil apparatus,
which can achieve pressures of 26 GPa; and, through collaboration with the Department of
Geology, the Faculties, a well-equipped hydrothermal laboratory.  These high-temperature, high-
pressure apparatuses are complimented by an array of microbeam analytical techniques,
including electron microprobe, ion microprobe, laser-ablation ICP-MS, IR spectroscopy and
visible-UV spectroscopy.  This year a Major Equipment grant has been awarded to purchase a
new ICP-MS; this analytical tool has become increasingly important to the group over recent
years, and currently plays a significant part in many of the group’s investigations.  The group is
making increasing use of X-ray absorption spectroscopy to characterise minerals and melts,
using synchrotron radiation at the Australian National Beamline Facility at Tsukuba, Japan.

Most of the group’s activities are concentrated into five areas: 1) Origin of the Earth and
core formation; 2) Phase equilibria in mantle systems; 3) Phase equilibria related to crustal
evolution and ore deposits; 4) Physics of melting and melt extraction; and 5) Spectroscopy and
thermodynamic property measurements.

To constrain better models of core formation, Drs H. O’Neill and S. Eggins have
investigated in detail the effects of silicate melt chemistry on siderophile element partitioning.
These data should also be useful in evaluating the effects of melt composition on trace element
partitioning behaviour.  In the area of mantle studies, the group continues to focus on the role of
chromium.  Mr L. Xi has begun an experimental project investigating the effect of Cr on melting
relations in the simplified mantle system CMAS-Cr2O3, while Dr A. Berry and several co-
workers have used X-ray absorption spectroscopy to determine Cr2+/Cr3+ oxidation states in
silicate melts, and to search for Cr2+ in terrestrial minerals.  Dr W. Taylor has used the laser-
ablation ICP-MS to search for characteristic trace element patterns in diamond indicator
minerals, as aids to diamond exploration; Mr C. Magee and Dr W. Taylor have used a wide
variety of analytical methods to understand the origin of diamonds from unusual occurrences (ie,
from other than kimberlites).  Mr W. Lus and Professor D. Green continue their investigation of
the mantle/crust contact exposed in the Papuan Ultramafic Belt.  In the field of melt extraction,
Drs U. Faul and S. Zhang report a pioneering permeability study using texturally equilibrated
calcite as an analogue.

Dr J. Hermann and Professor D. Green continue their investigation of phase relations
applicable to ultra-high-pressure metamorphic terrains.  Drs J. Mavrogenes and A. Berry and
Mr A. Hack are employing innovative experimental methods based on synthetic fluid inclusions
to investigate ore-forming fluids both spectroscopically and thermodynamically in the
supercritical regime.  The experimental study of sulfur in silicate melts continues with a detailed
investigation of the effects of melt composition on sulfide solubility.  Dr S. Kesson has
concentrated on developing expertise for the group in the field of powder X-ray diffraction using
the Rietveld method.

The group contains five PhD students.  Dr S. Klemme defended his PhD Thesis
successfully earlier in the year, and Ms L. Hanley has completed her mid-term appraisal; her
project is a study of the Antrim Plateau flood basalts of the Northern Territory.

This year the group hosted three Honours students from the Department of Geology.  Mr
M. Richardson used the laser ablation ICP-MS to study trace elements in diamond indicator
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minerals, and Ms S. Belfield used the same microanalytical tool to investigate chemical
variability in melt inclusions in the Taupo volcanic sequence.  Ms N. Douglas looked at Au-Bi
phase relations in the hope of improving our understanding of gold deposits.

Of the technical staff, Mr M. Shelley has constructed a high-temperature furnace for X-
ray absorption spectroscopy in silicate melts to 1450ºC.  Mr W. Hibberson has continued the
development of the 6–7 GPa piston-cylinder apparatus, and has been extensively engaged in
large-sample synthesis of high-pressure phases in the 30 mm piston-cylinder apparatus.  Mr 
P. Willis continues in R&D for commercialization of the diamond and cubic boron nitride
composites patented by the University.  Mr N. Ware maintains and operates the group’s
CAMECA electron microprobe.

A spectroscopic determination of the oxidation state of chromium in silicate melts

A.J. Berry, H.StC. O’Neill, J.M.G. Shelley, D.R. Scott and W.O. Hibberson

In order to understand the partitioning of Cr in igneous processes it is necessary to
identify the Cr2+/Cr3+ ratio as a function of composition, temperature, pressure, and oxygen
fugacity.  There is evidence to suggest that the solubility of Cr in silicate rocks increases
dramatically with temperature, possibly due to stabilisation of Cr2+/Fe3+ in preference to the
expected Cr3+/Fe2+.  We have recorded K-edge X-ray absorption spectra at the Australian
National Beamline Facility, Tsukuba, Japan, to quantify Cr2+/Cr3+ in Fe-free quenched silicate
glasses.

The most sensitive indicator of oxidation state was found to be the 1s→4s pre-edge
transition.  This transition is forbidden but may gain intensity through orbital mixing in low
symmetry environments.  For the coordination freedom available in a glass, the high symmetry
octahedral geometry favoured by Cr3+ results in this transition being weak or absent.  The
transition becomes allowed in the Jahn-Teller distorted coordination common for Cr2+.
Features in the absorption edge are most easily identified in a derivative spectrum, with the Cr2+

1s→4s transition appearing as a peak near 5997 eV.  The intensity of this peak is directly
proportional to the amount of Cr2+ in the sample.

It is apparent that a positive correlation exists between SiO2 content and the capability of a
melt to stabilise Cr2+.  The glasses exhibiting the highest degree of stabilisation are
characterised by the most intense 1s→4s transitions indicating the lowest symmetry
coordination environment.  Cr2+ is also favoured by increasing temperature and decreasing
pressure.

The effect of Fe relative to these results can only be determined from measurements at
temperatures since on quenching Cr2+ oxidises in the presence of Fe3+ (Cr2+ + Fe3+ → Cr3+ +
Fe2+).  To do this we have designed and constructed a spectroscopy furnace from which spectra
have been recorded at temperatures up to 1400˚C.

This furnace has been tested with satisfactory results using an inert atmosphere of N2.
Future work will use CO/CO2 gas mixtures to control fO2 accurately.

The interpretation of hydroxyl stretching bands in the infrared spectra of mantle olivines

A.J. Berry, H.StC. O’Neill, S.E. Ashbrook1, S. Wimperis1 and M. James2

Nominally anhydrous minerals such as olivine frequently exhibit infrared absorption
bands corresponding to structurally bound water.  The amount of water is usually less than 200
                                                
1 Physical Chemistry Laboratory, University of Oxford, UK
2 Neutron Scattering Group, ANSTO
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ppm but may be sufficient to accommodate the expected water content of the upper mantle.  This
has implications for a range of mantle physical and chemical properties.  The number, energy,
and relative intensity of the hydroxyl stretching bands, and the geological equilibration
conditions they may represent, are all poorly understood.  Natural samples generally exhibit
broadly similar spectra although there is considerable variation which does not appear correlated
with petrogenesis.  To determine the chemical signature of these bands synthetic olivines are
being prepared under conditions of varying silica activity, oxygen fugacity, temperature, and
pressure.

In our experiments characteristically different infrared spectra are observed for samples
synthesised in equilibrium with enstatite and magnesiowustite.  Further, the spectra of most
natural samples are different to those recorded from enstatite buffered experiments but similar to
the spectra of samples equilibrated with magnesiowustite.  It is also apparent in unbuffered
experiments that the olivine water content increases with oxygen fugacity and that the resulting
spectra resemble those of natural samples.  Bands associated with iron have been identified by
comparing spectra of synthetic olivine and forsterite.

The spectra of many natural olivines contain infrared bands that correlate with those of
titanian clinohumite suggesting the possibility of water incorporation as a clinohumite type
defect.  Similarities also exist between the spectra of clinohumite and synthetic forsterite that
indicate a possible generality of this defect structure.  Samples of 17O enriched clinohumite and
chondrodite have been prepared and analysed by multiple-quantum magic angle spinning nmr
spectroscopy.  The expected number of oxygen sites can be determined including the distinctive
hydroxyl resonance.  It is hoped that the identification of this resonance in synthetic forsterite
will help define the number and type of hydrogen coordination environments.  Neutron
diffraction patterns of clinohumite and deuterated clinohumite have also been recorded to allow
correlation of the hydrogen positions with polarisation of the infrared spectra.

Permeability of texturally equilibrated calcite

U. Faul and S. Zhang

Processes important for the chemistry and dynamics of crust and mantle involve the
movement of fluids and melts.  In contrast to the upper few kilometres of the crust, deep
movement of fluids take place at elevated temperatures, in a regime where significant solubility
of the solid matrix in the fluid allows surface energy rather than random grain shape or
compaction processes to determine pore geometry.  Most permeability measurements however
are made at room temperature on rocks characteristic of the shallow crust (eg sandstones) where
textural adjustments driven by surface energy are minimal or absent and the pore geometry is
highly irregular.  Simple (isotropic) models of the pore geometry in texturally equilibrated rocks
predict a completely regular pore space, and therefore much higher permeabilities than for upper
crustal rocks.  Recent analysis of the geometry of basaltic melt inclusions in an olivine matrix
shows that the melt geometry is much more complex than predicted by the isotropic model.
Permeability measurements on texturally equilibrated samples are therefore needed to resolve
this discrepancy.

Since direct permeability measurements on partially molten systems are not possible at
this point we equilibrated aggregates of high purity, fine grained calcite at 800°C and 1 GPa for
six days in a 30 mm piston cylinder apparatus with varying amounts of water to generate a range
of porosities.  After quench the ends of the cylindrical samples were cut off, the remaining plug
wrapped in shrink tubing and re-jacketed for the permeability measurements in a modified
Paterson apparatus.  The measurements were performed at different effective pressures from 25
to 75 MPa to ensure that quench-cracks are closed and do not contribute to the measured
permeability.

As the permeability is directly related to pore structure, characterisation of the pore
geometry is important for extrapolation of the measurements to partially molten systems.  This
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is accomplished by processing backscattered electron images of vertical sections through the
samples.  Individual pores are approximated by ellipses which allows the overall porosity to be
described by aspect ratio distributions (the ratio of the short over the long axis of an ellipse).

Figure 1 indicates that for calcite at low porosity the distributions are nearly Gaussian with
a mean aspect ratio near 0.4, and a range from 0.1 to about 0.9.  At higher porosities the
distributions are skewed to low aspect ratios with slightly lower means.  In comparison the
olivine-melt sample has a distribution which is strongly peaked at the lowest aspect ratios
(around 0.05) with an exponential drop to the maximum aspect ratio around 0.5.  Overall the
pore geometry in the calcite samples is much more regular than the melt geometry in olivine
aggregates.

0 0.2 0.4 0.6 0.8 1
0

5

Aspect Ratio

A
re

a,
 %

0 0.2 0.4 0.6 0.8 1
0

5

0 0.2 0.4 0.6 0.8 1
0

5

0 0.2 0.4 0.6 0.8 1
0

5

0 0.2 0.4 0.6 0.8 1
0

Cal4 Cal2 Cal3 Cal1 OB10

1.4% 2.9% 4.7% 8.3% 2.4%

10

15

10

15

10

15

10

15

20

40

Figure 1:  Aspect ratio distributions of four calcite samples with porosities ranging from
1.4% to 8.3%, and of a partially molten olivine aggregate for comparison.  The bins in the
histogram show pore area as percentage of the overall porosity for a given aspect ratio,
indicating which type of pore shape contributes most to the porosity.  The porosity is
shown above each histogram.

The results of our permeability measurements as well as measurements by Wark and
Watson and the permeability predicted from modelling by von Bargen and Waff are shown in
Figure 2.  One important difference between the calculations and the two sets of measurements
is the exponent n in the permeability-porosity relationship.  While the model predicts an
exponent of two, resulting in relatively high permeabilities at low porosities (< 1%), the
measurements yield an exponent of three or larger, which leads to a much steeper drop in
permeability at low porosity.  This difference in exponent indicates that the pore geometry is less
regular than predicted by the isotropic model.  The low porosity behaviour is important for melt
segregation in the mantle, where the porosity is sometimes inferred to be as low as 0.1%.

As Figure 2 shows, our measured permeabilities are systematically lower by about two
orders of magnitude than those of Wark and Watson.  While our measurements were performed
under high confining pressure using a steady state flow method with water as pore fluid, the
measurements by Wark and Watson were conducted at ambient conditions using a transient air
flow method.  We tentatively attribute the higher permeabilities measured by Wark and Watson
to incomplete closure of cracks produced during quench and the larger uncertainties of their
method.

Our results indicate that despite the predictions of the isotropic model of disconnected
pore space below porosities of 2.5% for the system calcite plus water the permeability remains
finite.  Similar systems, where the tendency for the development of facets is small and the pore
space fairly regular, will therefore be permeable at relatively low porosities.  Partially molten
olivine aggregates, where faceted crystal–melt interfaces are much more predominant and the
pore space therefore much less regular, will have lower permeabilities at low porosities,
substantially lower than predicted by the isotropic model.
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Figure 2:  Comparison of two sets of permeability measurements on calcite with the
permeabilities predicted from modelling by von Bargen and Waff.  The permeabilities (k)
are all normalised to a grain size (d) of 1 mm.  The exponent n and constant C are obtained
from a power law fit to the data.  The equation relating permeability to porosity is shown
on the bottom right.

Primary magmas and mantle potential temperatures beneath ‘ridges’ and ‘hot-spots’

D.H. Green, S.M. Eggins3, T.J. Falloon4 and G.M. Yaxley

In volcanic centres, the identification of ‘primitive’ magmas of mantle derivation relies on
the observation of the most magnesian phenocrysts of olivine and, if possible, of coexisting
spinel, and the determination of the liquid composition in equilibrium with these phases.  For
primitive magmas derived from lherzolitic upper mantle, the phenocrystal olivine should have
Mg#≥89 and the spinel should lie on the ‘mantle array’ from highly aluminous (Cr#<29) to
chrome-spinel (Cr#≈70).  Recent data from Hawaiian tholeiitic volcanoes demonstrates that
olivine phenocrysts of Mg#=89-91 occur in picrites from six volcanoes and are responsive to
host magma composition in Ca2SiO4 solid solution.  The liquidus temperatures for these
primitive magmas average 1354°C anhydrous or 1318°C if the effects of the water present in the
magmas are included.  A similar analysis of primitive MORB olivine-rich glasses or picrites
with olivine phenocrysts of Mg#=91.5-92.1, and of both N-MORB and E-MORB type, gives
liquidus temperatures of 1345°C (anhydrous) or 1325°C if the effects of water present in the
glasses are included.  The evidence from the primitive magmas of ‘hot-spots’ and at mid-ocean
ridges, is that there is no large temperature anomaly associated with ‘hot-spots’.  A mantle
potential temperature of 1430-1450°C appears to be required for mid-ocean ridge, ‘hot-spot’,
back-arc basins and convergent margin magmatism.

Although we do not find any evidence for contrasting temperatures between ‘hot spot’ and
ridge magmatism, the differences in major element compositions (and thus in phase
relationships in melting studies) are very significant.  MORB picrites are inferred to be products
of 15–20% melting leaving lherzolitic residues.  In contrast, Hawaiian picrites clearly define
harzburgite residues (Kilauea, Mauna Loa, Hualalai, Kohala and Koolau) or lherzolite to
                                                
3 Department of Geology, ANU
4 School of Earth Sciences, University of Tasmania
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harzburgite (Loihi).  Consistent with this difference, near-liquidus spinels from Hawaiian
picrites have high Cr# (65–75) implying a refractory source/residue in contrast to near-liquidus
spinels from MORB picrites.

The new information on Hawaiian primitive magmas confirms previous experimental
investigations of Kilauean magmas which established high pressure liquidus fields for
olivine+orthopyroxene, but not for coexisting garnet and clinopyroxene.  These data argued for
a relatively high degree of melting and a harzburgite residue, assuming a model mantle of
lherzolite (pyrolite) composition.  In contrast to the major element data and to experimental
phase equilibria studies, the enrichment in LILE and particularly the LREE-enrichment and
HREE depletion of Hawaiian olivine tholeiites relative to MORB tholeiites has been consistently
interpreted as indicative of residual garnet, low degrees of melting and high pressures for melt
extraction or segregation.

The Hawaiian ‘plume source’ is inferred to be a lherzolite to harzburgite bulk
composition, more refractory in major elements (Mg#, Cr#) than the MORB source but with a
pre-enrichment (re-fertilisation) history producing the LILE and LREE enrichment.  The
potential temperature of the plume source is 1430–1450°C, which matches the potential
temperature for MORB sources.  A possible model for the Hawaiian ‘hot spot’ volcanism has a
composition and buoyancy anomaly at >100 km depth (arising from old subducted lithosphere
with neutral buoyancy relative to ambient mantle).  Volatile enhanced melting and extraction of
melt from re-fertilised residual lherzolite to harzburgite can explain major element, trace-element
and isotopic fingerprints of Hawaiian plume volcanism.  The broadly constrained model calls
for:

1. Refractory, subducted lithospheric slabs suspended in the upper mantle because of lower
density than normal, fertile mantle (?MORB pyrolite).  These should record earlier melt
extraction events of >>100 million years and their temperature, initially below enclosing
mantle, would slowly equilibrate with normal (MORB) mantle.

2. Within the inferred subducted slab and particularly near to old eclogite (altered oceanic
crust)/peridotite boundaries, melting of subducted oceanic crust to produce rhyodacitic
liquids and reaction of such liquids with enclosing harzburgite would produce
refertilisation (orthopyroxene>garnet>clinopyroxene) of harzburgite, with minor and trace-
element patterns reflecting rhyodacite liquid/eclogite residue partitioning.  The protolith
approaches homogeneity in mineral compositions but remains very inhomogeneous in
mineral proportions.

3. A redox contrast is present between oxidised, old subducted slab and reduced ambient
mantle (fO2)~IW+1 log unit).  In the presence of a (CH4+H2O) fluid from deeper mantle,
incipient melting occurs in this interface region – the melt has the character of olivine
nephelinite to olivine melilitite and its mobility may add further LILE and HFSE
enrichment to the plume source.

4. Upwelling from this plume source region leads to increased partial melting along the
adiabat – melt segregation occurs at ~60–80 km in the main cone-building stage.  Melts
are tholeiitic picrite, residues are harzburgite (Ol~Mg91) and the degree of melting may be
around 5-10% if the mean source composition is peridotite with 1-1.5% Al2O3, 0.8–1.1%
CaO3, Mg#~91.
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A new SHRIMP zircon age for an Early Cambrian dolerite dyke from the West Kimberley -
an intrusive phase of the Antrim Plateau flood basalts of Northern Australia

L.M. Hanley and M.T.D. Wingate5

The Antrim Plateau Volcanics are Australia’s largest Phanerozoic flood basalt province
and originally covered an area of at least 300,000 km2 across northern Australia.  The Antrim
basalts are centred in the East Kimberley and Victoria River Region and include the stratigraphic
equivalents, Nutwood Downs, Helen Springs and Peaker Piker Volcanics which are located in
the central and eastern Northern Territory.  Stratigraphic constraints suggest the Antrim Plateau
Volcanics are of Neoproterozoic or Early Cambrian age (~580 Ma – 509 Ma), however previous
attempts to date the Antrim basalts by radiometric methods have been unsuccessful.  A new
SHRIMP zircon age of 513±12 Ma has been obtained for the ~250km long Milliwindi dolerite
in the West Kimberley. The dolerite is identical geochemically to Antrim Plateau basalts and was
probably a feeder dyke for Antrim basalts that have since been eroded.  

Geochemically the Antrim Plateau Volcanics and the Milliwindi dolerite exhibit depletion
in the high field strength elements (Ti, Nb, Ta and P) relative to incompatible elements (Figure 3)
and have elevated Rb, Th and Ba relative to primitive mantle.  This signature is similar, but not
identical to other low-Ti continental flood basalts and dolerites.  Trace element and rare earth
element (REE) abundance patterns for the Antrim Plateau Volcanics basalts and stratigraphic
equivalents display remarkable homogeneity across northern Australia.
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Figure 3:  Primitive-mantle element abundance diagram (normalising values from
McDonough and Sun, 1995).  The shaded area represents the range between the most
primitive and fractionated Antrim basalts.

Geochemistry of the Antrim Plateau continental flood basalts

L.M. Hanley

Representative samples of the Antrim Plateau Volcanics from across the breadth of
northern Australia and also from a ~760m stratigraphic section in the East Kimberley, Western
Australia, have been geochemically analysed by XRF (major elements)  and laser-ablation
ICPMS (trace elements).

The Antrim Plateau basalts have SiO2 values ranging from 49 to 54 with a mean of
52 wt%.  TiO2 values are ~1 wt% with Ti/Y <300, classifying them as low-Ti tholeiites.  MgO

                                                
5 Tectonics Special Research Centre, Dept of Geology and Geophysics, University of Western Australia
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values range from ~4 to 9 wt% and FeOt values are typically 7.6 to 12 wt%.  K2O contents are
higher in the more altered rocks, indicating mobility of this element.  The FeOt values are low
compared with MORB and other continental tholeiites, such as the Deccan and Siberian Traps,
but are similar to the Tasmanian Dolerite.

The basalts display well defined fractionation trends on plots of major and trace elements
against MgO.  However, the effect of crystal fractionation on the geochemical signature of the
Antrim Plateau Volcanics is minimal as the abundance ratios between adjacent elements does not
change significantly between the least and most fractionated samples.

In contrast to other continental flood basalts, the Antrim, the Tasmanian Dolerites and the
low-Ti tholeiites of the Deccan Traps  can be distinguished by their elevated Th/Nb  ratio
(Figure 4) reflecting involvement of a crustal component similar to Post-Archaean Terrigenous
Shale or PATS.  The remarkable similarity of the geochemical pattern of the Antrim Plateau
Volcanics compared to PATS suggests involvement of a recycled crustal or sedimentary
component in the mantle source region.  Alternatively, the signature may involve high-level
crustal contamination of the basalt via assimilation and fractional crystallisation (AFC)
processes.  Isotopic studies to distinguish these possibilities are currently in progress.

Tas.
Dol.

.04

.4

T
h

/N
b

100 200 300 400 500 600 700 800 900

T i /Y

Antrim Plateau Basalts

Emeishan

Parana High-Ti

E

N

O

PM

PATS

E-MORBE

OIB

N-MORBN

O

Parana 
Low-Ti

Siberian 
Traps

Deccan 
High-Ti

Ontong 
Java

Deccan 
Low-Ti

Figure 4:  Trace element discrimination plots for major igneous provinces, Th/Nb v Ti/Y.

An inverse correlation between MgO and FeOt is apparent.  Evidence for alteration is
represented by an increase in Na2O, Al2O3 and MgO with accompanying decrease in CaO and
FeOt in sample 99PL040.  Overall, it appears that the first phase of eruptive activity was
more primitive (0-200m).  This was followed by a period of fractionation in the magma
chamber prior to eruption of an essentially homogeneous series of lavas (200-550m).  There is
more variability towards the top of the sequence (550-760m).

Geochemical variation within a ~760m stratigraphic section through the Antrim Plateau
basalts at Purnululu National Park in the East Kimberley, has been investigated.  In Figure 5,
major elemental oxides are plotted against stratigraphic height.
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Figure 5: Purnululu Section for Antrim Plateau Volcanics – Major Oxide Variation

Experimental constraints on continental rocks in ultra-high pressure metamorphism

J. Hermann and D.H. Green

Exhumed ultra-high-pressure (UHP) metamorphosed rocks permit insights in the
dynamics of subduction zones and are crucial for the understanding of convergent plate
boundaries. Piston cylinder experiments in the range 700–1100°C and 2.0–4.5 GPa using
gneissic to pelitic compositions were carried out in order to understand better the phase and
melting relations in deeply subducted continental crust. The paragenesis
coesite+kyanite+garnet+clinopyroxene+phengite is stable at UHP conditions in various rock
types of the continental crust. The simplest chemical system to produce this paragenesis consist
of K2O-CaO-MgO-Al2O3-SiO2-H2O (KCMASH). The proportion of the elements was chosen
in order to get saturation of kyanite and quartz/coesite.

Generally, five phases plus fluid/melt were present in the experiments in agreement with
the phase rule indicating the absence of metastable phases. In the range 2.0–3.0 GPa and
700–900°C  the paragenesis changed in small P-T intervals and is thus an excellent indicator for
metamorphic conditions. A common feature in all parageneses is the absence of feldspars which
may be used to define HP-metamorphism in gneissic to pelitic rocks. At pressure above 3.2
GPa, T<900–1000°C, the divariant parageneses coesite+kyanite+garnet+clinopyroxene+
phengite is stable over a significant P-T range.
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Phengite, biotite, clinopyroxene and garnet display a systematic change in composition
with P and T. The Si-content (pfu) of phengite changes from 3.3 at 740°C, 2.5 GPa to 3.55 at
720°, 3.5 GPa to 3.35 at 950°C, 3.5 GPa. The Si-content of biotite is also a pressure sensor and
changes from 2.9 at 900°C, 2.0 GPa to 3.22 at 800°C, 3.5 GPa. The Al2O3-content of pyroxenes
is mainly temperature dependent and increases from 1.5 wt% at 720° to 11 wt% at 1150°C, 3.5
GPa. The grossular content in garnet increases with pressure at T=1000°C from 17% (2.0 GPa)
to 31% (4.5 GPa) and with temperature at P=3.5 GPa from 18% (900C°) to 29% (1150°C).

The stability of hydrous phases is very important because their break-down liberates fluids
or melts which might be responsible for mass transfer from the slab to the mantle wedge.
Amphibole was stable at T<750°C, P<3.0 GPa and clinozoisite at T<850°C, P<3.0 GPa. Below
3.0 GPa biotite has the highest thermal stability up to temperatures of about 900–950°C. At
higher pressures biotite reacts to phengite which was stable at 950°C, 3.5 GPa and 1000°C, 4.5
GPa. Talc was observed at 720°C, 3.5 GPa. Melts resulting from the breakdown of the hydrous
phases were granitic in composition.

White schists from the Dora Maira UHP-unit consist of quartz (ex coesite), kyanite,
garnet, phengite and minor talc. The breakdown of talc to kyanite and garnet occurs at about
750°C above 3.5 GPa in the experiments. The measured Si content of 3.6 (pfu) in phengite
indicates a pressure of about 3.8–4.0 GPa for the white schist formation. The Dora Maira UHP-
unit represents thus a slice of continental crust which was subducted to about 120 km depth.

Stability of allanite to high pressure and temperature: implications for the LREE budget in
subducted crust

J. Hermann

Dehydration and partial melting of subducted crustal material is an important process for mass
transfer from the slab to the mantle wedge. This mass transfer is strongly dependent on the
stable phases at the time of dehydration or melting. Synthesis piston cylinder experiments in the
KCMASH system were carried out in the range 700–1150°C and 2.0–4.5 GPa.  Rb, Sr, Ba, Y,
Zr, La, Ce, Nd, Sm, Eu, Gd, Yb were added at a 100–300 ppm level. The addition of trace
elements led to the stabilisation of allanite as an accessory mineral well above the determined
stability of clinozoisite (Figure 6). Allanite is an epidote group mineral which can incorporate
significant amounts of light rare earth elements (LREE). Allanite was stable at 4.5 GPa, 1000°C
together with clinopyroxene, garnet, coesite, kyanite and phengite.  Even above the fluid-absent
melting due to phengite breakdown, allanite is present up to temperatures of 1050°C (Figure 6).
However, the abundance of allanite decreases with increasing temperature parallel to an increase
in melt volume. The partitioning of LREE between allanite and melt is in the order of
D(allanite/melt) = 300 demonstrating that the LREE are highly compatible in allanite. Allanite
has been found in several rock types of the Dora-Maira massif (Alps) which were
metamorphosed at about 750°C and 3.8 GPa. Allanite coexists with garnet, omphacite, phengite,
quartz (ex coesite) and rutile in eclogites and with and garnet, kyanite, phengite, quartz (ex
coesite) and rutile in metasediments in agreement to parageneses produced in the experiments.
This indicates that at about 120 km depth allanite is still stable in rocks of crustal composition.

The stability of allanite to unexpectedly high temperature and high pressure has important
consequences for the composition of fluids/melts generated in the presence of allanite because
allanite buffers the LREE contents of these melts. Already an abundance of 0.5% of allanite can
increase the bulk rock/melt partition coefficient of an eclogite by about a factor of about 20.
Allanite is stable at higher temperatures than the dehydration of phengite (Figure 6) which is an
important water reservoir in subducted oceanic crust. The transfer of LREE from the subducted
slab to the overlaying mantle wedge by melts/fluids originating from dehydration of subducted
crust is thus restricted as long as allanite is stable.
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Figure 6:  Runs with allanite present (dots) and clinozoisite stable (squares). White square
indicates a run with only minor clinozoisite. The determined stability of phengite and
clinozoisite are shown.

Metamorphic sole of the Papuan Ultramafic Belt (PUB) ophiolite: Field mapping, petrology,
trace and major element geochemistry, geochronology, and experimental studies

W.Y. Lus, D.H. Green, I. McDougall, S. Eggins3 and H.L. Davies6

An ophiolite is a fragment of oceanic crust and upper mantle produced at a mid-ocean
ridge or a back-arc spreading centre which is exposed at a continental margin or in an island arc.
The PUB ophiolite in southeastern Papua New Guinea is a large and well known section of
former oceanic crust and upper mantle emplaced in the western Pacific marginal region at the
collisional boundary between the Pacific and Indo-Australian plate.  Detailed west-east transects
along creeks in the Musa-Kumusi divide area by Lus (1994 and 1999) showed that the Emo
Metamorphics grade into amphibolites which grade up into the granulites which grade up into or
are in contact with the ultramafic base of the PUB ophiolite.

The ultramafics at the base of the PUB are both massive harzburgites, and banded
peridotites consisting of lherzolite, pyroxenite and harzburgite layers.  The harzburgites in the
ultramafics have Fo92 olivine but there are small and correlated differences in Cr/Al ratio of both
spinel and orthopyroxene and in CaO content.  The pyroxenes in the lherzolite are very Ca-rich
diopside and co-exist with orthopyroxene with low CaO content, but higher than that of
orthopyroxene in harzburgite.  Temperature of equilibration by two pyroxene thermometry is
814–865°C, at 3 kbar. However, the Al2O3 content of both pyroxenes, the absence of plagioclase
and the significant Al2O3 content of spinels in both the lherzolite and wehrlite suggest that the
assemblages crystallized at pressures greater than olivine + plagioclase (anorthite) stability, ie
~6–8kb at 900°C.  Hornblende is the dominant mineral phase in the granulites and amphibolites
coexisting with olivine, orthopyroxene, clinopyroxene, plagioclase, ilmenite and magnetite.  The
hornblende grains in this group of rocks are characteristically reddish brown (Z & Y directions),
but the intensity of colour is variable from pale to very deeply coloured and the typical Z-colours

                                                
6 Department of Geology, University of Papua New Guinea
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may vary from orange brown to deep green.  The amphiboles in the granulites are titanium-rich
and range in composition from magnesio-hornblende through pargasite to magnesio-hastingsite.
In the amphibolites the amphiboles are magnesio-hornblende and actinolite at the amphibolite to
greenschist boundary.

Lower SiO2, CaO, Al2O3 and higher  MgO, TiO2, (Na2O+K2O), P2O5 contents of the
granulites and the high MgO content and normative olivine (>10%) suggest that the sole
granulites are essentially picritic in composition and are similar or transitional to the basic rocks
of the Emo Metamorphics, and  differ from the gabbroic rocks of the PUB ophiolite in lower
TiO2, lower Na2O, higher Al2O3, lower FeO and lower P2O5 of the PUB, at similar MgO
contents.  A conventional A K-Ar, 40Ar-39Ar total fusion and incremental step-heating 40Ar-39Ar
geochronological study on the metamorphic sole using amphiboles from emplacement-related
granulites and amphibolites has been concluded.  Currently melting experiments are being
conducted to understand the mechanism for generation of boninite melts within the mantle
wedge above subduction zone.  Eruption of the Cape Vogel boninites and the emplacement of
the PUB ophiolite and the formation of the metamorphic sole occurred in the Paleocene between
60 Ma to 58 Ma.

SHRIMP measurement of carbon isotopes in diamond

C.W. Magee, I.S. Williams and W.R. Taylor

A technique has been developed to make in situ measurements of the isotopic composition
of carbon in diamond using the SHRIMP ion probe with a  spatial resolution of approximately
30 microns.  Although machine-induced fractionation can be severe (around 30%), careful
control  of operating  parameters  achieves  reproducibility  of approximately 1.5 ‰, close to the
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Figure 7:  Isotopic compositions of  two standards (GE, UCL) and eight Dachine
microdiamonds.  The d2 diamonds are low N (<20 ppm), type II diamonds, db diamonds are
higher N (100-400ppm), type Ib diamond, where the nitrogen is partially aggregated.  N
contents were measured using FTIR.  GE and UCL are standards- GE is synthetic, while
UCL is natural.  All compositions are normalised to a GE value of -19.2‰ PDB, and
corrected for long term drift.  The standard error of the drift-corrected measurements of GE is
0.193‰.
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theoretical precision of 1 ‰ for 106 13C counts per analysis.  Primary O2
- ions were used to

sputter the sample, and the carbon was analysed as C+.  Because a resolution of only 2679 is
required to differentiate 13C from 12C1H, mass spectrometer resolution could be decreased from
5000 by opening the collector and source slits to 200 µm, thereby reducing variability in
secondary ion fractionation.  By carefully controlling secondary ion steering, regularly
measuring standards, and paying careful attention to sample preparation,  reproducible
measurements to within 2‰ precision have been achieved.  Use of this technique shows that the
microphenocrystic diamonds in Brazilian carbonado are isotopically lighter than the matrix
diamonds by 2.5‰.  Diamonds from the Dachine talc schist of French Guiana have also been
measured, revealing a range in isotopic composition from -30 to -5‰.  The isotopic composition
does not correlate with the nitrogen content of these diamonds, as measured by FTIR (Figure 7).

Diamond and chromite geochemical constraints on the nature of the Dachine complex,
French Guiana

C.W. Magee and W.R. Taylor

The Dachine talc schist, located in French Guinea, is of interest because it contains
numerous small diamonds, but it is geochemically unlike kimberlite or lamproite.  Capdevila et
al. (1999) suggested on the basis of the geochemical signatures of the refractory, immobile
elements that it may be a komatiite, a high temperature magma which has never before been
associated with diamond occurrences.  However, because the original rock chemistry has been
affected by metamorphism and hydrothermal alteration, resulting in mobilization of many
characteristic elements, there are other plausible alternatives to a komatiitic affinity.  A possible
candidate for the Dachine rock is picritic shoshonite, the magnesian endmember of the
shoshonitic appinite-suite rocks, which are known intrusive rocks of the Guyana Shield.
Appinite-suite intrusions are generally associated with post-collisional, arc-related magmatism.

A study of the diamonds and chromite from the Dachine body suggests that the komatiite
hypothesis is unlikely.  The diamonds in the Dachine are characterised by highly variable δ13C
values (-30 to -5‰). Diamonds having a light carbon signature, which suggest an origin from
recycled biogenic carbon, appear to be more abundant than those with a -5 per mil mantle
signature.  The diamonds are all low in nitrogen (max. 400 ppm), and are classified on the basis
of their IR spectra as either type II or type Ib-IaA stones.  The low nitrogen aggregation state of
the type Ib-IaA diamonds indicates that these stones have been at mantle temperatures for less
than 1 million years, and they cannot have been at komatiite temperatures (1700–1750 °C) for
more than 24 hours.

Detrital chromites occur in streams directly draining the Dachine body and because there
are no other identified metasedimentary and volcanic sources of chromite in the area these can all
be assumed to have weathered from the Dachine rock.  There are two populations of Dachine
chromite.  Ten percent of the chromites appear to be traditional diamond-indicator chromites
derived from sampling of mantle peridotite. The remaining chromites are magmatic in origin but
have higher Nb concentrations than typical komatiite chromites.  The chemistry of these
chromites is consistent with derivation from a shoshonitic magma.

If the Dachine body is of shoshonitic affinity, a subduction zone environment seems the
most likely place in which to form diamonds with a biogenic signature since it is at these zones
that recycling of crustal material into the mantle occurs.  The low N content of the diamonds
suggests they may have formed by transformation from graphite which was originally derived
by metamorphism of carbonaceous matter.  The low nitrogen aggregation state of the diamonds
suggests that the graphite to diamond transformation was not followed by an extended diamond
storage period in the mantle, this may be possible if the fluids that catalysed diamond formation
were produced in the same event that led to formation of the shoshonitic magma.
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Calibration of the (Co, Mn)O+Co oxygen sensor

H.StC. O’Neill and M.I. Pownceby7

Activities of CoO in (Co,Mn)O solid solutions in contact with metallic Co have been
determined on 10 compositions ranging from 0.12 to 0.84 XCoO in order to calibrate the divariant
equilibrium between (Co, Mn)O oxide solutions and Co metal as an oxygen fugacity sensor for
application in experimental petrology.  Experiments were conducted over the temperature range
900–1300 K at 1 bar, using an electrochemical technique with oxygen-specific calcia-stabilized
zirconia (CSZ) electrolytes.  Co+CoO or Fe+FeO was used as the reference electrode.
Compositions of the (Co,Mn)O solid solutions were measured after each run by electron
microprobe, and these were checked for internal consistency by measuring the lattice parameter
by X-ray diffraction.  Activity-composition relations were fitted to the Redlich-Kister formalism.
(Co, Mn)O solid solutions exhibit slight positive deviations from ideality which are symmetrical
(corresponding to a regular solution mixing model) across the entire composition range with
A0(G) = 3690(±47) Jmol-1.  Excess entropies and enthalpies were also derived from the emf data
and gave Sex = 0.77(±0.08) JK-1 mol-1 and Hex = 4558(±90) Jmol-1 respectively.  The
experimental data from this study have been used to formulate the (Co,Mn)O/Co oxygen
fugacity sensor to give an expression:  fO2 = fO2(Co-CoO) + 2RT ln XCoO + 2(1-XCoO)2[4558 –
0.773T]   (900<T(K)<1300) where fO2(Co-CoO) = -492,186 + 509.322 T – 53.284 T ln T +
0.02518 T2, taken from O’Neill and Pownceby (1993).  The (Co, Mn)O+Co oxygen sensor has
been used to test the high temperature furnace built for X-ray absorption spectroscopy (see
Berry et al, this report).

The effect of melt composition on the activity coefficients of some siderophile element
components (FeO, NiO, CoO, MoO2, MoO3 and WO2) in silicate melts in the CMAS system

H.StC. O’Neill and S.M. Eggins3

The partitioning of trace elements between silicate melt and crystalline phases is one of the
main tools used by geochemists to unravel the origin and evolution of igneous rocks.  There is,
however, a complication: trace element partition coefficients are generally not constants, but vary
with the major element composition of both the silicate melt and the crystalline phase, as well as
temperature and pressure.  

The reason why such an important issue should remain controversial for so long is that, in
direct studies of crystal/melt partitioning, it is not possible to vary independently melt
composition, crystal composition, temperature or pressure, so as to deconvolute the effects of
each of these variables.  Consequently, experimental trace element partitioning data, with their
attendant experimental uncertainties, can generally be fitted adequately (statistically speaking) to
several alternative models, and so cannot be used to select which model is correct theoretically.
Only a theoretically correct model is likely to be of much use for extrapolation.

However, for certain elements whose oxide components are easily reduced to the metal (ie,
siderophile elements), it is possible to measure the effect of melt composition on activity
coefficients directly, while keeping all other variables constant, using oxidation-reduction
reactions of the type:

M + x/4 O2 = MOx/2
metal              sil melt

We have used this approach to determine the effects of changing major element melt
composition on the activity coefficients (γMOx/2) of FeO, NiO, CoO, WO2 and MoO2 and MoO3
in simple system CaO-MgO-Al2O3-SiO2±(TiO2) silicate melts at 1400ºC and atmospheric
pressure.
                                                
7 CSIRO, Victoria
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Beads of each composition were loaded onto wire loops made from the pure metal of
interest, and hung, six or seven at a time, in a vertical tube furnace equipped for gas mixing.
Oxygen fugacity was imposed using CO-CO2 gas mixtures.  The fO2 for each metal was
selected from previous work to produce concentrations of ~ 4000 ppm of W, Co and Ni in most
compositions.  Since Mo occurs in two oxidation states at experimentally accessible fO2s
(Holzheid, A. et al., GCA, 1994), this element was studied as a function of fO2 over as wide a
range of fO2 as was experimentally feasible.  For Fe, the CO/CO2 ratio that would be needed to
impose the fO2 producing ~4000 ppm in the melt is too extreme for accurate work, and we
settled on a target concentration of ~3 wt% Fe.  Time series experiments showed that ~four
hours was all that was needed for the samples to closely approach equilibrium, but most
experiments were run for ~ 40 hours.  Samples were quenched by dropping into water.

The major element compositions of all samples were checked by electron microprobe
analysis in the EDS mode.  Concentrations of Fe, Ni, Co and, in a few runs, Mo, were also
determined by electron microprobe using WDS and the pure metals as standards.  W is difficult
to determine this way because of overlap of the L lines with the Si K lines and was not
attempted. W was determined as well as Mo, Ni and Co by laser-ablation ICP-MS, a relatively
new analytical technique which is ideally suited for this type of study.  Analytical precision from
either method is about 3%, one standard deviation.

In deriving activity coefficients (γMOx/2) from the measured element solubilities, the only
other significant non-systematic experimental uncertainty is that in fO2, which is estimated to be
± 0.02 log-bar units (1 s.d.).  However, for the sets of six or seven samples hung in the furnace
in one go, any error in fO2 is common to all samples and may therefore be ignored in comparing
the relative effects of melt composition.  Hence activity coefficients are measured to a relative
accuracy of ± 3%.

For MoO2, MoO3 and WO2, solubilities at constant fO2 (hence 1/γMOx/2) vary with melt
composition by nearly an order of magnitude, much of the variation being explained by a strong
positive correlation with [CaO] in the melt, suggesting the importance of CaMoO3, CaMoO4 and
CaWO3 as melt species.  For FeO, CoO and NiO the variation with melt composition is much
more limited, and, as a first approximation, γFeO could be represented by a single value for all
CMAS compositions to within ±30%, and γCoO to within ±20%.  Ternary CAS compositions
tend to have lower solubilities (higher γMOx/2) for all three elements, MAS samples high
solubilities.  For the quaternary CMAS samples, when the small variations are considered, there
is almost no correlation between γFeO and γCoO, γFeO and γNiO or γNiO and γCoO.  This implies that
attempts to parameterize values of γ MO for these elements using simple global melt descriptors
such as NBO/T or melt basicity will not be successful.

Laser-ablation analysis of niobium and zirconium in chromian spinel and the problem of
chromium argide interference

W.R. Taylor

Niobium and zirconium are present in trace quantities in solid-solution in chromian spinel
(Nb ~0.05 to ~15 ppm; Zr ~0.1 to ~30 ppm). Although present in small amounts these elements
typically show large differences (up to several orders of magnitude) between chromite of high-
pressure, diamond-facies peridotitic origin (Nb >0.5 ppm, Zr >1 ppm) and chromite from crustal
magmatic sources (typically Nb <0.5 ppm, Zr <1 ppm). Because chromian spinel is widely used
as an indicator mineral in diamond exploration, the ability to distinguish diamond-indicator
chromian spinel from other types, that otherwise have identical major and minor element
contents, has become increasingly important in the exploration industry. With the advent of
laser-ablation ICPMS technology it has become possible to analyse concentrations of elements
such as Nb and Zr down to the tens of parts-per-billion level enabling their use as geochemical
discriminators.  However, a significant problem exists with analysis of niobium and zirconium in
Cr-rich substrates by laser-ablation ICPMS in which Ar is used as the carrier gas. This arises
from the formation, in the plasma, of isobaric chromium argide molecular species (50Cr40Ar+ ,
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52Cr40Ar+ , 53Cr40Ar+) that interfere with the isotopes 90Zr, 92Zr and 93Nb, respectively. In some
particular laser and machine configurations the argide interference may reach levels of 50% or
more of the primary isotope signal at the 1 ppm level. In the case of niobium this presents
significant problems for low level trace analysis because 93Nb is the only isotope of niobium.
Fortunately one isotope of zirconium, 91Zr, is interference-free in chromian spinel (though of
relatively low abundance) and can be used to evaluate the extent of the chromium argide
interference problem.
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Figure 8:  Analysed Zr(ppm) in chromian spinel using different Zr isotopes. (A)91Zr versus
92Zr showing strong effect of 52Cr40Ar interference (equivalent to ~2 to 3 ppm Zr). (B) 91Zr
versus 90Zr showing minimal interference from 50Cr40Ar.

Several hundred chromian spinel grains containing >40 wt% Cr2O3 from a range of upper
mantle and crustal origins have been analysed for Nb and Zr using the RSES laser-ablation
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facility. The facility consists of an ArF Eximer ultraviolet laser (193 nm) coupled to a modified
VG PQ2+ quadrupole ICPMS.  Ablation occurs in a controlled atmosphere cell containing a
stratified mixture of He and Ar and ablation products are transported to the ICPMS via a signal
smoothing manifold.  For chromian spinel, a laser repetition rate of 10 Hz and spot sizes of 170-
225 microns were used. Standardization was against the NIST 612 glass standard with
vanadium used as the internal reference element.

Results are shown in Figure 8 as plots of Zr (ppm) determined using the 91Zr,  90Zr and 92Zr
isotopes (for 92Zr a correction to account for 92Mo in the glass standard was applied). In the plot
of 91Zr versus 92Zr (Figure 8A) it is clear that there is a large interference from 52Cr40Ar+ (52Cr
makes up 83.8% of the isotopic composition of Cr) that is particularly noticeable in grains
containing <7 ppm Zr. The interference corresponds to a relatively constant amount of ~2–3
ppm extra Zr and this seems to be largely independent of the Cr content of the chromian spinel
(presumably because a saturation level of CrAr+ molecules is reached in the plasma). In the plot
of 91Zr versus 90Zr (Figure 8B) the effect of Cr argide interference is slight because 90Zr is a
major isotope of Zr (51.5%) and 50Cr is a minor (4.3%) isotope of Cr. The interference
corresponds to ~34–50 ppb Zr which is near the detection limit for Zr and therefore can be
neglected for all but the lowest Zr (<0.4 ppm) chromian 2 spinels. For niobium, the Cr argide
interference is also small and corresponds to ~39–58 ppb Nb. As with Zr, this is near the
detection limit for Nb (typically 30–50 ppb for a 170 µm spot) and a small correction is
warranted only for the most Nb poor (<0.5 ppm) chromian spinels.  Further evidence that Cr
argide interference is small is provided by the excellent correlations found between Nb and Ta,
since Ta is interference-free, but shows geochemical behaviour essentially identical to that of Nb.
Nb and Ta show strong linear correlations in chromian spinel with Nb/Ta≈7 and only slight
deviation from this value at low Nb levels.  Furthermore, boninitic spinels, which contain the
highest known Cr of all terrestrial spinels, regularly return Nb below detection limits.

In conclusion, Nb and Zr can be analysed in Cr-rich matrices to sub-ppm levels using the
RSES laser ablation system. Compared to other laboratories, the low levels of Cr argide
interference may be due to a combination of the He/Ar atmosphere and Eximer ultraviolet laser
used at RSES. Analyses of Nb and Zr in chromian spinel from other laboratories should be
treated with caution unless rigorous testing of Cr argide interference has been undertaken.

Tectonic classification of the felsic alkaline rocks and development of the “SYENDAT”
geochemical database

P. Wallace3 and W.R. Taylor

In most cratonic regions of the Earth strong spatial and temporal associations exist
between alkaline rock complexes and deep-seated kimberlite or lamproite magmatism. However,
in Australia the deeply eroded and weathered nature of Precambrian cratons has erased or
obscured evidence of kimberlite intrusion. A kimberlite or lamproite exploration strategy in such
areas may be to identify prospective regions within the craton by locating alkaline intrusive (eg
syenitic) complexes. However, Precambrian cratons are geologically complex and have typically
been built up by amalgamation of geologically distinct terranes by plate tectonic processes.
Therefore not all alkaline rocks will have an appropriate tectonomagmatic association with
kimberlite and methods for geochemically discriminating “kimberlite favourable” alkaline rocks
(ie those from continental intraplate settings) and “kimberlite unfavourable” alkaline rocks from
other settings are required. With this aim in mind, a geochemical database (SYENDAT) of the
basic to felsic alkaline rock compositions (46% < SiO2 <72%) containing over 2,600 rock
samples from world-wide sources has been established.

Twelve variables based mainly on ratios of commonly analysed elements to Zr (which
corrects for crystal fractionation effects) were found to discriminate with varying degrees of
success between samples from intraplate, arc and postcollisional tectonic settings. Additional
categories were assigned for alkaline rocks of lamproitic and alkali metasomatic affinity.
Application of multigroup discriminant analysis methods produced three linear discriminant
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functions which could be used to classify samples in the database relative to their literature
classification with an accuracy of 96% for intraplate, 95% for lamproitic, 74% for arc, and 70%
for postcollisional . For comparative purposes, the standard Pearce plots of Nb vs Y and Rb vs.
(Y+Nb), widely used in the literature for tectonic discrimination of “granitic” rocks, was
applied to a subset of SYENDAT fitting the “granitic” classification. The Pearce plots show
considerable overlap between different tectonic groups and demonstrate the effectiveness of the
discriminant function approach.

The geochemical classification has been applied to Late Archaean-aged syenitic rocks of
unknown tectonic setting from the Yilgarn block. The results show over 90% of these samples to
have arc or postcollisional signatures consistent with the proposal of a number of authors that
the Yilgarn craton represents an amalgam of microcontinental and island arc complexes
younging toward the east. Only syenites from the southern margin of the Yilgarn block have an
unequivocal intraplate signature suggesting this area may warrant consideration for kimberlite
exploration.

Preliminary results of melting experiments of simplified lherzolite in the system CaO-MgO-
Al2O3-SiO2-Cr2O3(CMASCr)

L. Xi and H.StC. O’Neill

How the wide compositional variety of basaltic magmas may be generated from a
peridotitic upper mantle is one of the most fundamental problems in earth sciences.  The
behaviour of the simplest model system, CaO-MgO-Al2O3-SiO2(CMAS), which contains all the
major phases making up the upper mantle, has been studied well.  Future work will concentrate
on additional minor components which are known to have significant effects on phase relations
under upper mantle conditions.  Cr2O3 is arguably the most important one of these, and indeed
there has been significant work on the effect of Cr2O3 on the sub-solidus transition from garnet
lherzolite to spinel lherzolite.  Chromium’s effect on mantle melting is, however, still poorly
understood.  We have therefore begun an investigation on the effect of melting relations in the
system CMASCr at upper mantle pressures (1.1 GPa).

The determination of initial melt compositions in assemblages which contain all 5 phases
(olivine, orthopyroxene, clinopyroxene, spinel and melt) in this 5-component system is difficult
because the temperature interval between the temperature of the solidus (“melt-in”) and that of
the disappearance of clinopyroxene (Cpx-out) is extremely small.

To address this difficulty, we initially exploited the sandwich method.  However, the
experimental results demonstrate that this introduces further problems, in that the compositions
of the minerals and melts are rather inhomogeneous, and therefore interpretation of the
experimental results becomes difficult.

This approach has therefore been abandoned, and experiments are now being conducted
using an intimate mixture of all four solid phases.  Results obtained so far suggest that addition
of Cr2O3 to CMAS raises the solidus temperature slightly (by up to approximately 20ºC in the
compositions studied).  The compositions of orthopyroxenes and clinopyroxenes in equilibrium
with spinels of different Cr/(Al+Cr) ratios have also been obtained.

Future work will focus on extending our study to higher pressure conditions and utilising
the data extracted from our experiments to model thermodynamically the melting behaviour of
this simplified lherzolite system.


