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On decompression, the hysteresis of the phase transi-
tion was reduced from 3 GPa for the dry sample, to
1.5 GPa for the hydrous sample. We studied upper-
mantle discontinuity structures below the western U.S.,
South America, and in the Tonga subduction zone using
receiver functions calculated from P-to-S converted ar-
rivals. Within each region, there are multiple reflectors
between 100 and 300 km depth, but their depths vary
and not all of them are present at each station. In the
western US, there is a sporadic and relatively weak re-
flector varying in depth between about 250 and 300 km
depth. In S.A. along the Andean belt, a moderate to
strong arrival is observed at around 290-300 km-depth,
but below the craton strong arrivals appear at 245-280
km depth. At Tonga, the strongest reflector occurs at
around 100 km depth, with only weak evidence for ar-
rivals from 300 km. Mantle discontinuity structure in
the upper 300 km of the mantle is considerably more
complicated than for the transition zone, but if the ef-
fect of water on the LCEN to HCEN transition pressure
observed in these experiments is comparable to that for
OEN to HCEN in the mantle, any corresponding seis-
mic discontinuity would be shifted to lower depths by
about 40-60 km, or, extinguished altogether by widen-
ing of the divariant loop in the (Mg,Fe)SiO3 system.
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The incorporation of water into nominally anhy-
drous silicates is associated with mechanical weaken-
ing and lowered melting points such that even small
amounts of water in mantle minerals can serve as a sig-
nificant volatile reservoir in the planet. Experimental
attempts at water incorporation in MgSiO3-perovskite
have met with varied success, with little agreement
in solubility or the frequency of the OH band. Here
we present first principles, pseudopotential calculations
of fully relaxed structures on MgSiO3-perovskite with
aluminum and hydrogen substitutions. We find three
symmetrically distinct stable arrangements for the lo-
cation of hydrogen in the unit cell given the coupled
substitution of Si4+ for Al3+ + H+ in perovskite.
These three stable hydrogen locations have OH bond
lengths of 1.09Å, 0.96Åand 0.99Åat 0 GPa, and less
than 2 kJ/mol difference in the energy distinguishing
each arrangement. These multiple substitutions with
small energy differences may explain the variable OH
frequencies found for hydrated perovskite, with sen-
sitivity to the synthesis conditions. This substitu-
tion is associated with a 2.2% softening of the equa-
tion of state for structure containing 3.1 mol% H2O
and Al2O3, comparable to recently reported results for
softening in SiO2-stishovite containing 2.1 mol% H2O
and Al2O3 [Panero and Stixrude, 2004]. We calculate

that the enthalpy of solution of Mg2++Si4+=2Al3+

is slightly less than the Si4+ for Al3+ + H+ reac-
tion, but both solution enthalpies are generally inde-
pendent of pressure between 0 and 100 GPa. Fur-
ther, we confirm previous theoretical results that alu-
minum incorporation with oxygen vacancies is not fa-
vored (2Si4++O2−=2Al3++V∗∗

O ). Assuming ideal en-
tropy of solution, at 2000 K we find Mg-perovskite sat-
urated in aluminum and water to contain 0.13 wt%
H2O.

U53A-06 1450h

Oxygen Fugacities of Lavas From
Iceland and Implications for Mantle
Redox States.

Veronica E McCann1 (614-292-2721;
McCann.110@osu.edu)

Michael Barton1 (614-292-3132; barton.2@osu.edu)
1The Ohio state University, Department of Geological

Sciences, Columbus, OH 43210, United States

The oxygen fugacities of magmas provide informa-
tion about the redox states of their mantle source re-
gions. In principle, it is possible to use oxygen fugac-
ities for magmas erupted in different tectonic environ-
ments to map variations in the redox state of the un-
derlying mantle. Published data have been interpreted
to indicate that the mantle source of MORB is reduced
relative to that of OIB. In fact, oxygen fugacities cal-
culated from analyzed Fe2O3/FeO for some OIB fall in
the range of those for MORB (∆QFM=0.402 to -1.305).
For example, ∆QFM=0.188 to -1.212 for Hawaii, and
∆QFM=0.293 to -0.881 for Loihi. This suggests that
the mantle source of at least some OIB is similar to that
of MORB. To further compare the redox states of OIB
and MORB mantle source regions, we have calculated

oxygen fugacities for lavas from various volcanic centers
on Iceland from the compositions of coexisting olivine
and glass. Iceland lies across the Mid-Atlantic Ridge,
but magmatism is thought to be related to the pres-
ence of a mantle plume. Hence oxygen fugacities for
plume-derived magmas may be compared with those of
magmas erupted along the nearby MAR. For the latter,
oxygen fugacities calculated from olivine-glass pairs
agree with those calculated from analyzed Fe2O3/FeO
(∆QFM=-0.562 to -2.212). Calculated oxygen fugaci-
ties for Icelandic lavas fall within this range (∆QFM=-
0.107 to -2.088), and broadly agree with those cal-
culated from mineral equilibria for volcanoes such as
Thingmuli. This confirms that oxygen fugacities for
some OIB are virtually identical to those of MORB.
The major implication of this study is that there is no
evidence that the redox states of the mantle sources of
OIB and MORB are substantially different. It follows
that if OIB are derived from deep mantle plumes, there
is no evidence that the redox state of the lower man-
tle differs from that of upper mantle. However, if the
redox states of the lower and upper mantle are indeed
different, this difference is not recorded in the oxygen
fugacities of magmas erupted from these sources.
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Using a two-phase flow model, we investigate the
generation and migration of melt in the mantle wedge of
a subduction zone. Our model consists of a deformable
solid matrix, and melt that flows through the matrix. It
allows for compaction and decompaction of a partially
molten rock. We solve the equations of conservation of
mass and momentum for the solid matrix and the melt,
heat transport, and advective transport of the depleted
mantle rock in a subduction model that extends to the
bottom of the upper mantle. It is thought that trans-
port of water from the slab to the mantle wedge can
lower the melting temperature to around 1000 C. We in-
vestigate the generation of melt in the presence of dry,
as well as, wet peridotite. We do not study the actual
mechanism of water transport. We simply assume that
such flux of water exists and affects the dry peridotite.
We then study the amount of melt generated and its
migration under varying parameters such as slab age,
velocity and dip, viscosity, etc. We assume that wa-
ter can flow to a maximum distance of 100 km from
the surface of the slab. We also study batch and frac-
tional melting conditions. We use the melting curves
for dry and wet peridotite obtained by Iwamori et al.
(EPSL, Vol. 134, 1995). The results show that volumi-
nous melt production is possible only for wet peridotite
and reasonable thermal evolution models. Both batch
and fractional melting result in the melting of wet peri-
dotite and the differences are, for the most part, of sec-
ond order. The movement of the melt is governed by
its vertical upwelling, and the wedge flow that works to
keep the melt close to the slab. As a result, the melt
has a tendency to accumulate near the corner of the
mantle wedge. The models show a wide variety of melt
flow behavior, ranging from circulating motions in the
wedge, to entrainment of a significant part of it into
deep mantle. In constant-viscosity models the melt is
able to reach to the surface, whereas in models with
temperature-dependent viscosity, it accumulates under
the rigid lithosphere.

U54A-02 1545h INVITED

Estimates of Water Concentrations in
the Mantle

Jacqueline E Dixon (305-361-4150;
jdixon@rsmas.miami.edu)

Univ. of Miami/RSMAS, 4600 Rickenbacker Cswy.,
Miami, FL 33149, United States

This talk will review estimates of mantle water con-
centrations as determined by studies of mantle-derived
melts. A major uncertainty in the earth’s water cy-
cle is the effect of subduction and recycling of hy-
drated lithosphere on deep mantle water concentra-
tions. There is general agreement that the earth ac-
creted “wet” and that post-accretion influx of water
to Earth from comets is limited to <∼20%. A mini-
mum value of ∼1000 ppm H2O in the primitive mantle
can be estimated by adding exosphere water (ocean,
atmosphere, and crust) to the depleted mantle, assum-
ing that this water comes from degassing of half the
mantle and that the depleted mantle has ∼100 ppm
H2O. Lower values of primitive mantle water (330 ppm
for the Pacific and 430 ppm for the north Atlantic)
are obtained by calculating the value required to pro-
duce a smooth depletion trend for highly incompati-
ble elements in MORB. A similar phenomenon noted
for Pb has been interpreted as preferential partition-
ing of Pb into the exosphere during subduction. I
suggest that the same is true for water. Water con-
centrations in various mantle end-member components
support this hypothesis. Mantle plumes enriched in
recycled lithosphere (EM1, EM2, LOMU, and HIMU;
H2O/Ce<=100) have lower ratios of water to similarly
incompatible elements than plumes dominated by the
common plume component (FOZO; H2O /Ce=210 to
300). High H2O /Ce in FOZO plumes cannot be de-
rived from recycled lithosphere; therefore, a significant
amount of water must be juvenile, left over from plan-
etary accretion. Thus, dehydration during subduction
effectively partitions water into the exosphere (man-
tle wedge, crust, ocean, atmosphere) resulting in time-
integrated depletion of water relative to other incom-
patible elements in recycled (deeply subducted) litho-
sphere and sediments and, ultimately, the majority of
the mantle. Entrainment of hydrated suprasubduction
zone mantle (0.025 to ∼2 wt% H2O) may lead to wa-
ter enrichments in the upper ∼400 km, as evidenced by
seismic tomography. Mantle below this depth is likely
to be quite dry (<0.08 wt%), regardless of the existence
of high pressure hydrous phases observed in laboratory
studies.
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Differences in the viscosity of the earth’s upper

mantle beneath the western US ( 10 18-10 19 Pa-s)
and global average values based on glacial isostatic ad-
justment and other data ( 10 20-10 21 Pa-s) are gener-
ally ascribed to differences in temperature. We compile
geochemical data on the water contents of western US
lavas and mantle xenoliths, compare these data to wa-
ter solubility in olivine, and calculate the correspond-
ing effective viscosity of olivine, the major constituent
of the upper mantle, using a power law creep rheologi-
cal model. These data and calculations suggest that the
low viscosities of the western US upper mantle reflect
the combined effect of high temperature and high wa-
ter concentration. Our model is compatible with tem-
perature estimates in the western US based on P-wave
seismic tomography, but not with S-wave seismic to-
mography, suggesting that the latter could be biased
to high values by the presence of fluid and/or partial
melt. The high water content of the western US upper
mantle may reflect the long history of Farallon plate
subduction, including flat slab subduction, which ef-
fectively advected water into the upper mantle as far
inland as the Colorado Plateau.
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TThe mantle wedge in subduction zones produces

arc volcanism, receives devolatilized fluids from sub-
ducting slabs, and controls the coupling between the
earth’s surface and descending plates. Still, few con-
straints exist on either its temperature (T) or wa-
ter content, which together control melting and wedge
viscosity. We show here new advances in the use of
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seismic attenuation (1/Q) to constrain these quanti-
ties. Recent high-resolution attenuation measurements
in Alaska, Japan and the Andes show variations in 1/Q
at scales of a few tens of km, in the wedge at 50-150
km depths. The Alaska results show that shear atten-
uation greatly exceeds bulk attenuation in the wedge,
and that 1/Q exhibits weak but measurable frequency
dependence, consistent with high-T laboratory mea-
surements. Hence, the laboratory measurements should
provide a reliable link between 1/Q and T. Variations
of 1/Q between subduction zones show that the Japan
wedge and that of the Andes are 100-150 degrees hotter
than that beneath Alaska. This T variation is consis-
tent with the observation that volcanism is absent be-
neath Alaska, although present beneath the other arcs.
However, absolute estimates of T from laboratory cal-
ibrations appear to be too high, by 100-200 degrees,
compared with other estimates of wedge temperature.
Temperature is estimated in two ways, through the an-
harmonic part of S-wave velocity (Vs), and, in Japan,
through analysis of mantle xenoliths. The resulting T
estimates can be reconciled with 1/Q observations ei-
ther by assuming unrealistically small grain sizes (less
than 100 microns) or by incorporating water into the T-
1/Q relationships. For reasonable grain sizes, prelimi-
nary estimates suggest that on the order of 1000 ppm
H/Si may be needed to explain the 1/Q-T discrepancy,
albeit with large uncertainties. This water content is
consistent with several wt% H2O in arc magmas, as ob-
served. The combination of information on T and H2O
can be used to infer the extent to which melt should be
present within the wedge.

U54A-05 1645h

A new, high-resolution seismic profile of
the central-Alaskan subduction zone

Stephane Rondenay1 (rondenay@mit.edu)

Geoffrey A. Abers2 (abers@bu.edu)

Aaron Ferris2 (aferris@bu.edu)
1MIT Dept. of Earth, Atmospheric and Planetary

Sciences, 77 Massachusetts Ave, Cambridge, MA
02139, United States

2Boston University Dept. of Earth Sciences, 685 Com-
monwealth Ave, Boston, MA 02215, United States

Subduction of the Pacific plate beneath central
Alaska is responsible for extensive regional uplift and
vigorous seismic activity. The oceanic lithosphere in-
volved in this subduction complex is relatively old (∼40
Ma at the trench) and has a convergence rate of ∼55
mm/yr relative to North America. Intraslab seismicity
indicates that prograde metamorphism in the basaltic
oceanic crust occurs down to depths of ∼150 km - at
a distance of 650km NW (landward) of the trench, but
structural features in the subducted crust and mantle
wedge associated with these reactions are still poorly
constrained. Here, we investigate the 2D seismic veloc-
ity structure of the central-Alaskan subduction com-
plex between 450-650 km to the NW of the trench.

We use data recorded by the BEAAR passive seis-
mic array, which was operational between 1999-2001
and consisted of 36 broadband stations deployed at
∼10km spacing. High-resolution images are generated
by inversion of teleseismic scattered waves in the P-
coda for material property perturbations of the sub-
surface (dVp/Vp, dVs/Vs). Resulting profiles outline a
low-velocity layer (LVL) extending between 50-140 km
depth, with a northwestward dip of ∼ 23◦ and 15-20%
Vp and Vs reductions relative to the overlying mantle
wedge. The thickness of the LVL varies from 20km at
shallow depths, where it is interpreted as oceanic crust
plus an overlying serpentinized zone or coupled exotic
terrane, to 8-10 km at 140 km depth, where it is in-
terpreted as only oceanic crust. The LVL signature de-
creases rapidly near 140 km depth, implying a sudden
increase in seismic velocities associated with eclogiti-
zation of the oceanic crust. These results are in good
agreement with a previous receiver function study of
the BEAAR data. In addition, the new image uncovers
a sub-horizontal, ∼15% Vp-Vs discontinuity marking
a sudden downward reduction in velocities in the NW
portion of the profile. This enigmatic structure is lo-
cated at ∼50km depth in the mantle wedge, between
the subducted crust (80-150km) and the continental
Moho (30km), and may represent the upper boundary
of exotic terrains that were underplated earlier in the
history of the subduction complex.
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