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Springfield, MO, USA, August 28, 2003) were able to
obtain SO2 and NO2 readings of 9.8 and 0.72 Mg/d,
respectively. The NO2 measurement was based on the
spectra wavelength range of 411 to 415 nm. Labora-
tory and field testing is planned to further evaluate
the precision, accuracy and applications of this type
of instrument for remote sensing of volcanic plumes
and to evaluate its performance relative to the corre-
lation spectrometer (COSPEC), the accepted standard
for volcanic SO2 measurements.
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Since its launch on EOS/Aqua in May 2002, the At-
mospheric Infrared Sounder (AIRS) has successfully de-
tected SO2 and ash clouds emitted during a number of
volcanic eruptions. Detection of SO2 is achieved using
the strong infrared absorption band of the gas centered
around 7.3 µm. For upper tropospheric volcanic clouds,
preliminary AIRS SO2 retrievals performed using a ver-
sion of the AIRS radiative transfer algorithm that in-
cludes variable SO2 indicate good agreement with SO2
amounts detected by the ultraviolet Total Ozone Map-
ping Spectrometer (TOMS) where coincident data are
available. However, the higher spatial, spectral and
temporal resolution of AIRS provides much improved
coverage of volcanic emissions at lower altitudes, such
as the October 2002 eruption of Mt.Etna (Italy). AIRS
retrievals of SO2 and ash optical depths and effec-
tive particle radii in volcanic clouds from several erup-
tions will be presented, including Etna, Ruang (Indone-
sia, September 2002), Reventador (Ecuador, Novem-
ber 2002), Anatahan (Mariana Islands, May 2003) and
Soufriere Hills (Montserrat, July 2003). These exam-
ples demonstrate the potential of AIRS data to improve
measurements of volcanic SO2 and ash loading follow-
ing eruptions, and to refine our understanding of vol-
canic cloud composition,structure and evolution.
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Use of remote sensing techniques, particularly the
band 4 (10.3-11.3 µm) minus band 5 (11.5-12.5 µm)
”split-window”, is the predominant method for mon-
itoring the long-term movement of airborne volcanic
emissions such as ash, water vapor, and other gases.
The split-window technique works well for moderately
concentrated clouds, and there are methods based on
radiative transfer that may provide quantitative infor-
mation about total mass and particle size (Wen and
Rose, 1994). However atmospheric dispersion, sedi-
mentation and wet deposition eventually lead to the
loss of discernible signals in the split window. For-
tunately, numerical dispersion models do not have a
low-concentration limit and are capable of longer term
tracking. Model simulations also provide relative con-
centration changes with time. Only after post-event
analysis is it possible to obtain quantitative concentra-
tion information as a function of space and time. A new
technique combining remote sensing data with model
simulations which may help provide near real-time in-
formation of cloud concentrations has been developed.
This technique uses information gathered from several
relatively recent eruptions for which total eruption vol-
ume and fallout distributions have been determined.
Using the fallout distribution measurements and model
simulations, the deposition rates at a function of loca-
tion and time can be calculated. Combining this infor-
mation with net eruption volume, ash cloud concentra-
tions can be quantified from the model simulations and
further correlated with the remote sensing data. The
low-concentration limit of the split-window technique
can then be obtained. Using this information, cloud
concentrations can be obtained from model simulations

for cases when concentration levels are too low or re-
mote sensing data is simply not available. Although
the required data for this technique is somewhat scare,
initial results are encouraging and will be discussed.
The results from this technique will be compared with
those based on radiative transfer models. Also, some
of the new numerical modeling techniques implemented
to provide more precise information about deposition
rates will be presented.
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With vertical explosions occurring approximately
every 40-50 minutes, the Santiaguito dome at Santa
Maria Volcano is an ideal system for examining short-
term data patterns. A 3-week long field experiment was
performed in January 2003 at the Santiaguito Volcano
Observatory in order to record high temporal resolution
measurements of volcanic activity. We collected digi-
tal seismic data from a single vertical component seis-
mometer located approximately 4 km southeast of the
active Caliente vent. A portable infrared thermal mon-
itoring unit was deployed daily to record the tempera-
ture of the plume as it left the vent at an acquisition
rate of 300 measurements per minute. A miniature ul-
traviolet spectrometer (MUSE) was also deployed daily
to measure the SO2 gas emissions just above the vent.
This instrument is based on the differential optical ab-
sorption spectroscopy (DOAS) technique and allowed
for continuous readings at a rate of 36 measurements
per minute from approximately 6.5 km south of the
Caliente vent. At abstract time, the seismic data is
not analyzed, but there is a strong correlation between
the SO2 emission and thermal data showing that the
expulsed gas heats the dome extensively as it is emit-
ted, with a possibility of different signatures indicating
certain types of activity such as pyroclastic flows. It is
expected that, with the addition of seismic data and
the application of analysis of periodicity using Fourier
Transforms, the data will elucidate conduit processes,
providing additional vital constraints to sub-surface
models.
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Visible to near infrared sun-photometers were used
to measure spectral optical depths in order to infer par-
ticle size distributions of volcanic aerosols in plumes
from volcanoes in the Central American arc. Data were
taken from the following volcanoes on the listed dates
in 2002: Pacaya, Guatemala on January 14, 16, 20 and
21; Santa Ana, El Salvador on January 24 and 26; San
Miguel, El Salvador on January 28; and San Cristobal,
Nicaragua on February 3. These volcanoes were cho-
sen for study because of: good calibration of the sun-
photometer (Pacaya), the presence (and effects) of a
crater lake (Santa Ana) and a paucity of previous mea-
surements (San Miguel and San Cristobal). The optical
properties of these tropospheric volcanic aerosols will
be retrieved after the removal of the background op-
tical depth. Through the application of the Angstrom

equation and a King-type inversion, the Angstrom coef-
ficients, the particle size distribution, and the effective
radius (Reff) will be determined (Watson and Oppen-
heimer, 2000; 2001). Through these methods we hope
to increase the understanding of emission and conver-
sion processes of tropospheric volcanic aerosols. We
hope the interpretation of these data will help elucidate
environmental and climatic effects of these aerosols on
local to global scales, and provide insight into modu-
lation of aerosol emissions through the presence of a
crater lake.
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The measurement of volcanic SO2 emission rates is

commonly performed on cross sections of the plume
some distance downwind from the active vent, some
time after its interaction with other volcanogenic
gases (primarily water), particles and droplets of vol-
canogenic and/or meteoric origin, and atmospheric
gases. The emission rates being measured therefore
do not necessarily represent the real fluxes emitted by
the volcano; instead they are underestimated due to
the conversion of SO2 to SO4

−2 (Oppenheimer et al.,
1998). Near source plume chemistry is not well under-
stood, but can have significant effects on climatolog-
ically active species, which is why it is important to
quantify volcanic SO2 conversion rates as a function of
meteorological environment and plume age. A mini-UV
spectrometer and a Microtops II sun photometer were
used to measure SO2 emission rates and aerosol par-
ticle size distributions at Lascar volcano, Central An-
des, during the months of October and November 2002.
Direct gas measurements from fumaroles in the crater
were made on November 1. These represent the first
gas samples ever collected directly in the crater. Las-
car volcano represents one of the end-members of the
environmental spectrum, being a high volcano (summit
altitude at >5600 meters above sea level) in a dry at-
mosphere (average RH<15%). Its location allows for
simultaneous near-vent and downwind measurements
at similar altitudes. Here we present our preliminary
results from November 2, 2002, taken at a variety of
azimuthal angles (effective distances from the plume)
from the vent downwind to about 20 km, during a two-
hour period (0900-1100 local time). This represents a
time downwind of up to ∼42 minutes, based on a plume
speed of ∼8 m/sec. Initial interpretations and correla-
tions with the direct measurements are also presented.
The data obtained from a Kestrel 4000 weather station
will help clarify the effects of Lascar’s high, dry, and
extremely transmissive atmosphere upon SO2 conver-
sion rates.
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It is widely accepted that the atmosphere and the
oceans of the Earth are formed by degassing of the
Earth’s mantle. Most of the water may have been lost
or it may still be stored in the Earth’s mantle. If con-
siderable amounts of water are present in the Earth’s
mantle, such water plays a key role in the geodynamics
of the Earth’s interior, because it affects the melting
temperature and the transport properties of minerals
as well as their elastic properties. Recent high pressure
experiments suggested that main components of the
transition zone of the Earth’s mantle, the wadsleyite
and the ringwoodite, can store significant amount of
water [1, 2]. More recently, the lower mantle minerals,
consisting of Mg-perovskite, magnesiowustite and Ca-
perovskite, can potentially store considerable amounts
of water [3]. However, the effects of water solution on
their physical properties and the substitution mecha-
nisms of water in these materials have not yet been
fully understood. Then the first principles calculations
within the density functional theory are performed here
to investigate change in compressional mechanism of
hydrous wadsleyite (β-Mg2SiO4) and ringwoodite (γ-
Mg2SiO4), and substitution mechanisms of water in
these minerals. Here two types of substitution mecha-
nisms have been examined for wadsleyite changing the
positions of substituted water molecule. Observed cell
parameters and bulk moduli of the anhydrous and hy-
drous wadsleyites are well reproduced by the present
calculations. Bulk moduli of these two calculated hy-
drous wadsleyite become significantly lower than that
of water-free one, which strongly supports the high
pressure experiment. For ringwoodite, we also exam-
ined two types of substitution models corresponding to
the experimental stoichiometries, in which Mg2+ and
Si4+ ions are replaced by two and four H+ in the first
and second models, respectively. Resultant reduction of
the bulk moduli due to water incorporations reproduces
the experimental ones as well as the case for wadsleyite.
The influence of water incorporations on the transition
pressure from β to γ spinels are also examined here
using the free energies here calculated. Present calcu-
lations show that this transition pressure become larger
by a few GPa when these minerals contain water. [1]
Inoue et al., Geophys. Res. Lett. 22, 117-120 (1995).
[2] Yusa et al., Geophys. Res. Lett. 27, 413-416 (2000).
[3] Murakami et al., Science 295, 1885-1887 (2002).
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The existence of water in the earth is paid atten-
tion because it is thought that the presence of water af-
fects the physical properties of earth constituent miner-
als. We report the physical property and crystal struc-
ture of δ-AlOOH and phase D under high pressure. δ-
AlOOH is a new high pressure phase of boemite and di-
aspore and phase D is a highest pressure phase of dense
hydrous magnesium silicate (DHMS). These phases are
important as a possible water reservoir in the subduct-
ing slab and as a potentially water supplier into the
Earth’s lower mantle. While many experiments have
been carried out for the quest of stable hydrous and
nominal anhydrous minerals in earth’s interior, its par-
ticular states of hydrogen or hydrogen bond in these
minerals under high pressure have not been well clari-
fied. In order to investigate pressure effects on struc-
ture of these hydrous minerals and its nature of hydro-
gen bond, we conducted first-principles theoretical cal-
culation in which implemented Troullier-Martins pseu-
dopotential and plane wave basis sets. Throughout the
calculation in this study, we used GGA-PBE for ex-
change correlation functional. We found that the hy-
drogen bonds of both phases have symmetric character
under high pressure about 30 GPa. We report struc-
tures, bulk moduli and O-H stretching frequencies of

δ-AlOOH and phase D relevant to asymmetric and sym-
metric hydrogen bond. The bulk modulus of symmet-
ric hydrogen bond phase of δ-AlOOH is more than 20%
harder than that of asymmetric one. The subtle change
of hydrogen position with pressure causes remarkable
alteration of hydrogen bond strength and thus signifi-
cantly changes bulk properties and compression behav-
ior.
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The atomic-scale simulation of hydrothermal flu-
ids in interaction with rock surfaces requires a good
description of both the fluid and the chemistry at
the interface. Even if empirical force-field models or
hybrid schemes can offer satisfactory results in some
cases, many systems of interest demand a complete
first-principles description, extremely demanding from
a computational point of view. A promising method for
that purpose is that of linear-scaling density-functional
molecular dynamics, which will be able to face the
needed sizes and complexities more efficiently than tra-
ditional methods. We explore here the performance of
our linear-scaling method, based on atomic orbitals of
finite support, in the description of pure water in ambi-
ent conditions. Structural (pair correlation functions)
and dynamical (self-diffusion, velocity autocorrelation)
characteristics are obtained and compared with exper-
iments and previous ab initio and empirical results,
showing that the linear-scaling description is very sat-
isfactory. A study of the dynamics of hydrogen bonds
will be presented as well, as a characterisation of the
network-liquid’ character of water, very relevant to its
behaviour when interacting with surfaces or solutes, hy-
drophobic or hydrophilic. The first-principles descrip-
tion offers a quite different picture from what obtained
from empirical models: hydrogen bonds live longer than
expected.
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In contrast to our previous understanding of dehy-
dration and decomposition of hydrous layered silicates
under pressure recent experiments on a simple clay
polytype, Al2Si2O5(OH)4 dickite, show a single crys-
tal - single crystal phase transition. This phase transi-
tion is characterized by a shift of the layers with respect
to one another, and could provide evidence for a gen-
eral type of phase transition in the layered structure of
hydrated silicate frameworks. Not many clay minerals
form crystals large enough to permit single-crystal X-
ray diffraction studies, therefore, we use ab-initio solid
state physics methods to investigate the possibility
of the layer-shift phase transition under compression.
We have performed computations using ultra-soft pseu-
dopotentials in a planewave method (VASP) to study
the energetics and structure of dickite and the other
two kaolin polytypes, kaolinite and nacrite, as well as
their observed or predicted high pressure forms, over
a considerable compression range. The static compu-
tations were performed without symmetry constraints,
at constant volume, with relaxation of the shape of the
unit-cell and positions of the atoms. We analyze in
detail the energetics of the kaolin polytypes and their
structural response to compression. With these calcu-
lations we predict the layer shift phase transition to be
of general character in the kaolin polytypes, and indi-
cate that this may indeed be a phase transition that
is of general character in layered hydrous minerals. If
such a transition occurs in other hydrated minerals of
the ocean floor during subduction, the release of wa-
ter into the overying mantle wedge may be delayed to
greater depths.
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Iron presents a martensitic phase transition from bcc
to hcp at an approximate pressure of 13 GPa. The ex-
act onset pressure has been determined to have values
ranging from 9 to 16 GPa by several different experi-
mental results. We propose a multiscale model for Iron,
with all necessary quantities computed exclusively from
first–principles. In this model, we account for all shear
components of the deformation, finding that they play
a crucial role in its onset, even for very small amounts
of shear. Briefly, the model consists of constructing
the energy landscape in all six-components of strain.
Then, for a given deformation of a representative sam-
ple, we minimize its energy by possibly accomodating
martensitic laminates inside it, in the spirit of a spin-
odal decomposition. We will describe the model in de-
tail and show how the onset pressure varies when shear
is present, as well as the mixed states encoutered upon
transformation.
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We have used a tight-binding model fit to first-
principles linearized augmented plane wave computa-
tions to compute finite temperatures magnetic prop-
erties of bcc Fe. The tight-binding model was used
to compute total energies and magnetic fields as func-
tions of magnetic moment for ferromagnetic and anti-
ferromagnetic spin arrangements. The derived energies
were used to fit parameters for an effective Hamiltonian
whose energy could be evaluated very rapidly. We used
an energy expression (slightly modified) from Rosen-
gaard and Johansson (PRB 55, 14975, 1997). This
effective Hamiltonian contains onsite terms which are
functions of moment, and Heisenberg-like interactions,
which are functions of the moments on a pair of atoms.
We have performed a preliminary parametrization for
first-neighbors and including only mi·mj interaction
terms. Monte Carlo simulations (800,000 steps per run)
using the Metropolis algorithm were performed using
this effective Hamiltonian for supercells of 128 atoms.
As the temperature increased the total magnetic mo-
ment of the system decreased to zero, yielding the Curie
temperature, Tc. Preliminary results for -27, and -1
GPa are 1000 and 800K, respectively. This model will
be used to find the magnetic contributions to the equa-
tion of state.
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Recent experiments in the diamond anvil cell and
multianvil apparatus indicate that potassium (K) can
be alloyed with iron (Fe) at high pressure which has im-
portant implications for the thermal state and history
of Earth’s interior. Due to the volatility of K, however,
the extent of alloying remains unclear in the experi-
ments. Here we investigate by means of first principles
calculations the nature and consequences of alloying
K into the high pressure polymorph of Fe, hexagonal
close packed (hcp), and try to use the results to ana-
lyze the experimental data. We perform density func-
tional based computations on hcp Fe supercells of var-
ious sizes (32, 48, and 96 atoms) in which K is substi-
tuted, using the projector augmented wave method as
implemented in VASP. In agreement with experiments
we find that substitutional incorporation of K into Fe
causes the hcp structure to expand. The atomic size
of K in the hcp Fe matrix collapses rapidly as a func-
tion of pressure, and is essentially indistinguishable to
that of iron at core pressures. We find in agreement
with experiments and theory on pure K that at high
pressure the bonding character becomes more transi-
tion metal like, with electronic d-states of K at the
Fermi energy. As magnetism has been found to have
a significant effect on computed physical properties of
iron up to pressures of 50 GPa we have performed select
computations to investigate magnetism. We find mag-
netism to persist in the bulk of the structure despite
the incorporation of the non-magnetic K atom.
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Reliable computations of materials properties at

high pressures and temperatures (P,T) is possible as
long as one has the essential knowledge of crystal struc-
tures and structural parameters at the same conditions.
Variable cell shape molecular dynamics enabled ten
years ago these computations in complex structures.
However, its routine application is still not a reality be-
cause of the highly demanding nature of these compu-
tations. Besides, this technique should not predictive
below the Debye T. Here we introduce a complemen-
tary, often alternative, and extremely simple procedure
that allows one to determine complex crystal structures
from first principles high P,T free energy computations
within the quasi-harmonic approximation. We have ap-
plied it to predict the structure of MgSiO3-perovskite
up to 4000 K and 150 GPa and have successfully tested
it against available crystallographic data.
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Dislocations influence many properties of minerals,
including plastic deformation, growth and dissolution,
diffusion and the formation of polytypes. Some of these
properties can be understood using concepts based on
a description of the mineral as an elastic continuum.
However, for those properties where a description of
the core is important, such an approach fails and an
atomic scale view must be sought. So far atomic scale
modelling of the core of dislocations has been restricted
to simple cubic materials and metals. We describe a
recently developed a protocol for the simulation of the

core of dislocations in complex ionic and semi-ionic ma-
terials at atomic resolution. The methodology, as im-
plemented in the program GULP [1], involves embed-
ding an atomistic model of the dislocation core, and
its immediate surroundings, in a representation of the
rest of the crystal based on anisotropic linear elastic-
ity. The simulated system is periodic in 1-dimension
and follows from the developments made by, for exam-
ple, Hoagland et al. [2], but it is not limited to simple
cubic materials. The above methodology is illustrated
by reference to applications involving varied mineral
systems including upper mantle silicates, simple oxides
and topologically more complex materials. These stud-
ies throw light on varied aspects of mineralogy, from
studies of crystal growth processes associated with the
emergence of screw dislocations at the surface of miner-
als, to the plasticity of minerals in the Earth’s mantle.
Studies of plasticity and dislocations in mantle miner-
als have been an active area of experimental science
for many years, but this is, we believe, the first sys-
tematic attempt to model the core of dislocations in a
range of complex ionic systems. [1] Gale, J. D. and A.
L. Rohl (2003) The General Utility Lattice Program (GULP).
Molecular Simulations 29 pp. 291-341. [2] Hoagland,
R. G., J. P. Hirth, P. C. Gehlen (1976) Atomic simula-
tion of the dislocation core structure and Peirels stress in alkali
halide. Philosophical Magazine 34 413-439.
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Computer modelling of silicate melts enables the
study of pressure-temperature conditions not easily ob-
tainable by traditional experimentation (e.g. 1). Dif-
fusion in melts under various conditions is critical to
our understanding of a variety of processes such as
melt crystallisation, magma mixing and the behaviour
of trace elements during magma ascent that underpins
the field of igneous petrogenesis. It can also provide in-
formation on melt structure via diffusion mechanisms
and their activation energies. In the present paper, the
magnitude and mechanism of diffusion of silicon and
oxygen in molten silica has been investigated by molec-
ular dynamics using a modified BKS potential (2). A
range of melt temperatures and pressures were stud-
ied with a view to understanding the relationship be-
tween temperature, pressure, diffusion and melt struc-
ture. At each P-T point studied, the system was equi-
librated for between 1 million and 40 million 1fs steps
depending on the conditions, with data collection over
the same time range. The potential was adjusted to
overcome problems with instability in the particle ve-
locities at high temperature. The simulations were run
at the Oxford University Supercomputing centre, UK.
Systems of 144, 288, 576 and 1152 particles were in-
vestigated. In addition, two different sets of periodic
boundary conditions were used - cubic and truncated
octahedral. The latter was found to provide a better
ratio of simulated time to compute time. The present
data extend the range of data available and indicate
a pronounced non-linearity in the temperature depen-
dence of diffusion, as shown by plots of log10D with
1/T. The second derivative is greatest around 3500K.
At least two different diffusion mechanisms may oper-
ate at lower and higher temperatures with differing ac-
tivation energies. Comparison with previous molecu-
lar dynamics data shows broad agreement with most
studies. Although the data presented do include some
low temperature runs, comparison with experimental
data is still difficult because of the differences in tem-
peratures and pressures that are attainable by exper-
imentation and computation. However, the extrapo-
lated data agree reasonably well. (1) Fraser DG, Cagin
T, Demiralp E, Goddard WA (1998) New transferable
interatomic potentials for simulating melting of Mg sil-
icates near the base of the mantle. A.G.U. abstract (2)
Van Beest BWH, Kramer GJ, Van Santen RA (1990)
Force fields for silicas and aluminophosphates based on
ab-initio calculations. Phys Rev Lett 64: 1995
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The origin of the high piezoelectric re-
sponse observed in complex pervoskites such
as PbZn1/3Nb2/3O3-PbTiO3 (PZN-PT) or

PbMg1/3Nb2/3O3-PbTiO3 (PMN-PT) is not well

understood. These systems are of both industrial and
basic material science interest. In the past decade
much progress has been made in understanding the
behavior of ordered ferroelectrics using first-principles
methods. The direct application of first-principles
methods to examine finite-temperature properties of
these larger, disordered systems is still not compu-
tationally feasible. One appealing approach is to fit
interatomic potentials to select first-principles data of
ordered structures, and then use Molecular Dynamics
to simulate more relevant systems. We have developed
a shell model potential to describe PbTiO3 and PMN
by fitting to first-principles results. At zero pressure,
the model reproduces the temperature behavior of
PbTiO3, but with a smaller transition temperature
than experimentally observed. We then fit a shell
model potential for the complex PMN based on the
transferability of the interatomic potentials. We have
examined several proposed ordered and disordered
structures for PMN. We find that even for ordered
PMN, quenching the structure gives a non-polar state,
but with local polarization (off-center ions) indicative
of relaxor behavior. For certain structures, we have
observed the loss of short-range polarization order at
high temperatures, indicative of the experimentally
observed Burns temperature. We will also discuss the
affect of electric fields on the behavior of PMN. Due
to the transferability of the potential we can directly
simulate PMN-PT and we will report on preliminary
results for this material.
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Spin polarized electronic structure (VASP) calcula-
tions of total energies and magnetic moments for or-
dered supercells in the system F e2O3 − F eTiO3 sug-
gest that some layered superstructures are more sta-
ble than an isocompositional mechanical mixture of
hematite (F e2O3) plus ilmenite (F eT iO3). This result
contradicts established ideas about hematite-ilmenite
phase relations (e.g. Burton and Davidson, Adv. Phys.
Geochem. V7, pp 86, 1988). It suggests that there may
be stable phases which contribute to the ”lamellar mag-
netism” named by Robinson et al. (Nature 418, 517-
2002). It is not clear if these results are artifacts of the
approximations made in spin polarized local spin den-
sity functional calculations. In addition, the electronic
structure of a 30 atom layered supercell [FTFFFT...
F is an Fe-layer (T is a Ti-layer) perpendicular to the
hexagonal c-axis] has been studied. Preliminary results
indicate charge ordering similar to that predicted by
Robinson et al. (2002).
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We present a kinetic model based on Monte Carlo

simulation to better understand the fundamental be-
havior of mineral dissolution. This model is applied
to the dissolution of crystallographically defined Ca-
Na feldspar surfaces. Adsorption energies of H2O and

H3O+ molecules to Al-O-Si and Si-O-Si bonds and ac-
tivation energies to break these bonds were calculated
using ab initio and DFT techniques (Xiao and Luttge,
2002). These data were obtained by taking into account
both solvation effects and the immersion of molecular
clusters in a dielectric continuum, i.e., water. The role
of cations in the dissolution of the feldspar structure
is assumed trivial and most attention is focused on the
behavior of Si/Al tetrahedra. The role of the crystal
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structure, order/disorder phenomena, bonding charac-
teristics of Si and Al atoms, and possible surface de-
fects like screw dislocations and point defects are dis-
cussed. Our model allows detailed investigation of the
endmembers of the plagioclase series, albite and anor-
thite. We analyzed the movement of steps, congruency
of dissolution, inhibition, anisotropy effects, and sur-
face composition as a function of both saturation state
of the solution and crystallographic orientation of the
crystal surface. Additionally, we compared the dissolu-
tion rates of albite and anorthite in the context of their
ratio of Si-O-Si to Al-O-Si bonds. These results will be
extended to the whole feldspar series so as to predict
the fundamental behavior of feldspar dissolution and
evaluate the general role of Si-O-Si and Al-O-Si bond
behavior.
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Surprisingly little is known about the extent, scale,
and causes of local (outcrop/dredge) heterogeneity in
the oceanic mantle. Our primary sources of informa-
tion are abyssal peridotites, which are fragments of
the residual MORB mantle tectonically exposed on the
ocean floor at mid-ocean ridges. On a ridge scale it is
impossible to objectively pick representative samples
for detailed petrological and geochemical analyses, due
to analytical limitations and financial restrictions, as
well as operator-biased sample selection. This is par-
ticularly important for the ultraslow spreading Gakkel
Ridge (Arctic Ocean), where thousands of individual
peridotite specimens from nearly forty sampling loca-
tions are available. Preliminary conventional (i.e. ma-
jor and trace element mineral analyses in-situ) petro-
logical investigations at Gakkel Ridge have revealed
variable dredge-scale heterogeneities, which are related
to regional changes in the extent and relative propor-
tion of melting/melt-migration. In order to better as-
sess the extent and distribution of dredge-scale chem-
ical variations, we have separated spinel grains out of
carbonate-cemented peridotite breccias that were col-
lected along with normal serpentinized peridotites (and
which are common on the ocean floor). The ratio-
nale for this is that the spinel clasts may provide a
more representative composition of the local outcrop,
or slope from which the serpentinite fragments were
sedimented by mass wasting. In a pilot study, we se-
lected 29 breccia samples from 7 dredge hauls. For each
of these dredge hauls major and trace element mineral
data of more than 8 normal residual abyssal peridotite
(RAP) samples are available. The major element spinel
compositions of the RAP hand specimens (n=95) were
then compared with those obtained on breccia-hosted
(BH) spinels (n=1300) from the same dredge haul. The
agreement between BH spinels and those from the RAP
is very good. As expected, BH-spinels cover a larger
range than RAP-spinels, although each individual brec-
cia only covers a part of the entire spectrum within a
single dredge. This may mean that the spinels are de-
rived quite locally and not mixed much. The Cr#-Ti
systematics of the spinels can be used to infer degrees of
melting, extent of reaction with percolating melts, and
spatial distribution and abundance of dunites channels.
Besides spinels from residual peridotites, the breccias
host spinels from peridotites affected by high-level melt
percolation, such as plagioclase-bearing peridotites or
ones affected by crosscutting dykelets. In most cases, it
possible to distinguish the non-residual from the resid-
ual ones (e.g. dredge D34: 40% residual, 50% dunitic,
10% vein-influenced; n=162). Despite some limita-
tions (higher spinel mode in dunite, possible prefer-
ential weathering of dunite), this may prove a useful

tool to estimate the local proportions of residual man-
tle, melt transport channels, and the volume of mantle
affected by late-stage crosscutting dykelets.
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ODP Leg 209 recovered several podiform chromi-
tites at Site 1271, Mid-Atlantic Ridge close to the 15◦
20’N fracture zone. These chromitites are the first
sampled from the Mid-Atlantic Ridge. Furthermore,
Site 1271 is only the second chromitite locality that
has been found along any Mid-Ocean Ridges. The
first chromitite found, which from near the East Pa-
cific Rise at Hess Deep at ODP Site 895 (Arai and
Matsukage, 1996), is a single, elongate, discontinuous
train of chromite grains <1 cm wide. In contrast, the
Site 1271 chromitites are rounded rather than elon-
gate, have sharp contacts with surrounding peridotite,
and are clearly massive. It has been proposed that
the formation of chromitite occurs during subduction-
related arc magmatism only, because the formation re-
quires hydrous magmas (Matveev and Ballhause, 2002).
Therefore high Cr#s have been cited as evidence that
most ophiolites with high Cr# in mantle spinels do not
form at normal Mid-Ocean ridges. Based on our re-
sults, confirming the Hess Deep observation, it is clear
that chromitites are not restricted to arc magmatism.
However, there is abundant high-temperature amphi-
bole in core from Site 1271, some of which could be
igneous. Based on the of unusually high-Cr# (>0.6) in
spinels from harzburgite and dunite dredged from the
Mid-Atlantic Ridge in the 14◦ to 16◦N region (Bon-
atti et al., 1992; Dick and Kelemen, 1992; Sobolev et
al., 1992) andthe general observation that spinels in
chromitites have higher Cr# than spinels in residual
mantle peridotites (e.g.,Dick and Bullen, 1984), we an-
ticipate that the Cr#’s Site 1271 chromitites are the
highest yet found in spinel from Mid-Ocean ridge set-
ting. High Cr#s can provide insight into the processes
of chromitite formation and may give rise tonew inter-
pretation of ophiolite provenance.
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Osmium 187Os/188Os isotopic ratios have been
determined for chrome-rich spinels from a suite of
Appalachian ophiolites thought to represent Iapetus
margin mantle formed and emplaced during the Or-
dovician. Because Re is incompatible during mantle
melting while Os is compatible, non-radiogenic initial
187Os/188Os can constrain the average source and the
timing of melt extraction, especially as Os is concen-
trated in chromite. Radiogenic ratios indicate contam-
ination from aged sources with high Re/Os, such as
mafic or continental crust. In rocks where spinel is
the only remaining primary mineral, these properties
can constrain the tectonic environment of formation as
well as active-margin Os transport. There is little cor-
rection for 187Os in-growth since the Ordovician due to
very low sample Re. Each ultramafic unit (from Mont
Albert on the Gaspé Peninsula of Québec down to the
Blue Ridge of North Carolina) forms a unique cluster of
187Os/188Os ratios, spanning 1 to 3%, but the whole
range is about 10%. This corresponds to a range of
initial γOs of -1 to +9, where γOs is the percent devia-
tion from a chondritic source at the age of formation
(roughly 500 Ma). Within ophiolites where detailed
mapping and other geochemical information are avail-
able, there is a correlation between mantle-like Os and
tholeiitic basalts; radiogenic Os and boninites (Thet-
ford Mines). Continental arc-related mantle chromites
(Baltimore Mafic Complex; γOs +4 to +7) are the most
radiogenic. The least radiogenic are chromites from the
Staten Island serpentinite and Mont Albert (γOs -1
and 0, respectively), either indicating formation from
a previously depleted source or that they predate the
other Taconic ophiolites. The restricted range of each

ophiolite, compared to the whole of the data set, allow
provenance links to be made between isolated bodies.
For example, the Buck Creek, NC ultramafic complex,
which has undergone granulite facies metamorphism,
(Tenthorey et al., 1996) has a similar 187Os/188Os to
other Ordovician NC Blue Ridge dunites (γOs = +6.5
to +8.5), but distinctly different from a NC Piedmont
chromitite (γOs = +2, Falls Lake mélange, Stoddard et
al, 1989) that is inferred to be Neoproterozoic in age.
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Models of melt migration and melt/rock reactions
in the mantle are based on the assumption of an in-
stantaneous local equilibrium (Kelemen et al., 1992).
These local equilibrium models have been thought to
provide the most realistic outline for future investiga-
tions so far. Plagioclase lherzolites from Gakkel Ridge
are characterised by strong compositional variations in
all phases with an overall range of spinel Cr# from 10-
55 of the sample suite often in a single thin section. The
spinels show distinct asymmetric zonation that is not
in accordance with orientation, shape of the grains or
other textural indicators. The zoning is best developed
where the spinel grains are rimmed by plagioclase. Pla-
gioclase trace element composition show that they orig-
inate by an intruding depleted melt. Symmetrical zon-
ing with consistent orientation of Al-rich and Al-poor
regions with respect to lineation and grain shape like
in mylonitic peridotites from the Miyamori ophiolitic
complex (Ozawa, 1988) was not observed. The Gakkel
Ridge samples show only weak deformation; therefore a
different explanation is required. Residual spinel peri-
dotites from the same dredge are generally unzoned
and have homogeneous compositions. The absence of
crosscutting veins and the extreme chemical disequilib-
rium suggest melt injection conditions very close to the
lherzolite solidus. The asymmetric zoning shows that
diffuse reactive melt migration can take place at low
melt/rock ratios in local disequilibrium conditions. If
this is a general process then the assumption of local
equilibrium cannot be made, at least in a major part
of the melting system. Kelemen, P. et al. (1992) Na-
ture, 358, p. 635-641; Ozawa, K. (1988) Nature, 338,
p. 141-144.
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Ophiolites exposed along the Alpine - Apennine

chain represent the oceanic lithosphere of the Juras-
sic Ligurian Tethys basin which separated the Europe
and Adria plates. Pre-oceanic rifting of the Europe-
Adria lithosphere caused: i) the tectonic exhuma-
tion of the sub-continental lithospheric mantle, and
ii) the adiabatic upwelling and decompressional par-
tial melting of the asthenosphere. Mantle peridotites of
the Alpine-Apennine ophiolites (Lanzo (Western Alps)
Erro-Tobbio (Liguria), Ligurides (Northern Apen-
nines), Monte Maggiore (Corsica)) are variably de-
pleted spinel lherzolites. They show a complete equilib-
rium recrystallisation under spinel-facies conditions at
T = 900-1100◦C, attained during their accretion to the


