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Introduction

Themantletransitionzone:composition,
discontinuities,dynamics

The seismically defined ‘mantle transition transitionzone,andthe characterizationof their
zone’ is a physically anomalousregion between stability fields, thermoelasticpropertiesand reac-
approximately410 and660 km depthin the Earth tion kinetics. Basedon experimentand observa-
in which densityandseismicvelocities appearto tion, thevelocity anddensityincreaseswithin the
increaseabruptly. A completeunderstandingof transitionregioncorrelatewith pressure-induced
the dynamics of mantle convection, plate-scale phasetransformationsof an isochemicalmantle.
flow and the distribution of geochemicalreser- The upperboundaryof thetransitionzoneat 410
voirs in the Earth is strongly dependenton our km, is associatedwith a seismic discontinuity in-
ability to characterizethe composition,structure volving a velocity increaselinked to an exother-
andphysicalpropertiesof the transitionzone. mic olivine to ~-spinel phasetransition,followed

On 7 April, 1993, a special interdisciplinary by an anomalously high velocity gradient at
SEDI session entitled “The mantle transition greaterdepth.Similarly, the baseof this regionis
zone:composition,discontinuities,dynamics”was associatedwith a sharpvelocity increaseat 660
convenedby G.Y. Bussod, H. Paulssenand P. km depth,and linked to either an endothermic
Machetelat the EuropeanUnion of Geosciences phasetransitionof y-spinel to silicate perovskite
(EUG VII) in Strasbourg,France.Twenty-sixpa- and ferro-magnesiowüstiteand to a possible in-
perswere presentedand an enthusiasticdiscus- creaseof Fe or Si contentof the mantle.
sion on the existingexperimentalconstraintsand Variousdegreesof uncertaintyweakenconsid-
the robustnessof our models for the transition erablythe correlationspresentedabove.While an
zoneensued.Basedon the successof this sympo- isochemicalmodel is compatible with existing
siumwe invited interestedparticipantsandmem- data,the uncertaintiesare largeenoughto allow
bers of the community at large to submit a wide variety of mantle compositions ranging
manuscriptsfor a specialissue of Physics of the from ‘pyrolite’ to ‘piclogite’. Becauseof these
Earth andPlanetaryInteriors on the sametopical uncertainties,no singleline of evidencecanhelp
issue.The outcomeof this effort is presentedin discriminatebetweena dynamically and/orcorn-
this issuewhichcontains13 papers.The multidis- positionally stratified mantle and a non-layered
ciplinary format of the special issue is empha- isochemicalmantle.Whereasthe geophysicalevi-
sizedby presentingthe contributionsunderthree denceappearsto favor penetrationof subducting
subheadings, “Experimental Constraints”, slabs andplate-scaleflow through the full depth
“Seismic Constraints”and “Modelling.” of the mantle,some geochemicalmodelssuggest

Technologicaladvancesin multi-anvil anddia- thatonly the uppermantleis depletedandmany
mond-anvilapparatuspermit the synthesisof high geochemistsadvocatelayeredconvection. Early
pressuremineral assemblagesrelevant to the numericalmodelsof mantle convectionwith en-
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dothermicphasechangessuggesta ‘leaky layered’ mensof p-phase,suggestthat this (Mg, Fe)2SiO4
structureis possible,however in view of recent high-pressurepolymorphcan deform by disloca-
computationaldevelopmentsand better experi- tion creep. Consequently,deformation of the
mentalcontraints,theseconclusionsmust also be transition zonemay result in anisotropicstruc-
re-evaluated. tures and physical properties in at least some

In the sectionon “ExperimentalConstraints,” areasof this region.
the late A.E. Ringwoodpresentshis synthesisof Major advanceshavebeenmadein thecharac-
experiment and observation, in which he con- terization of the fine structure of the seismic
tendsthat the 660 km discontinuityactsgenerally discontinuitiesencounteredin thiszoneandsome
as a barrier to subductedslab penetrationinto of theseareexemplifiedin thesectionon “Seismic
the lower mantle. In his model, the upper and Constraints”.Kennett et al. derive the P- and
lowermantlearechemicallysimilar, but the tran- S-velocitystructurefor theIndonesiaNewGuinea
sition region is heterogeneousand comprisedof earthquakebelt of northernAustralia.With these
componentsof ancientoceanicslabs.Ringwood’s data,theyareableto infer the uppermantleP to
conceptis basedprincipally on threeconditions: Svelocity ratio from an internallyconsistentdata
(i) a negativeClapeyronslopefor the major man- set as is done only in very few other studies.
tle phasetransitions,(ii) differentiationof oceanic StutzmannandMontagnerpresentthe first global
slabsfavoringbuoyancy,and(iii) accumulationof shearwave model basedon phase-velocitymea-
oceaniccrustas a garnetitelayer in the transition surementsof fundamentaland highermode sur-
zone. face waves. The incorporationof higher mode

Even in the simpler olivine-rich end member datais particularlyrelevantbecausetheyarevery

model ‘pyrolite’, the olivine component repre- sensitiveto the structureof the mantletransition
sentsless than 60 modal % of the naturalassem- zone. Conversely, the questionof the interrela-
blage. The other major phases are pyroxenes tionshipbetweenvolumetricvelocity anomaliesin
which breakdown to majorite and perovskite the transitionzone and the topographyof the
componentsat transitionzoneconditions. Canil discontinuitiesis addressedin the paperby Lavely
experimentallydeterminedthe stability field for et al. This contribution illustrates the possible
CaMgSi2O6 diopside and found a negative bias introducedby boundarytopographyin man-
Clapeyron slope (—2 MPa/°C)for the break- tle structuresdeterminedin tomographicstudies,
down reaction.On the strengthof theseresults, and the problemsinvolved in reducingtheseUn-
he suggeststhat formation of Ca-perovskite is certainties.In anotherapproachvan derLee et
responsiblefor the 520 km discontinuity.Rigden al. show that the topographyof the 660 km dis-
et a!. presentthe first measurementson the pres- continuity may focus or defocus seismic phases
sure derivativesof the adiabatic bulk modulus that convertfrom P- to S-wavetype.They usethe
andshearmodulusof majorite-pyropegarnetsolid variability in the observationsof thesephasesto
solution.Theysuggestthat the presenceof garnet infer relatively small scale topography on this
maybestexplainthe shearwavevelocity structure discontinuitybeneathnorthwesternEurope.
of the transitionzone. In their paper, Brearley The effectsof depth-dependentpropertieson
and Ruble predict substantialmechanicalweak- mantle convectionare of particular interest as
ening of oceanicslabs at transitionzonedepths theygenerallyserveto inducelarge-scalecircula-
owing to a shear-like y to ~3 transformation tions as well as producinga focusing effect on
mechanism.All of theseexperimentalconstraints plumes. In the section on “Modelling” geody-
are consistentwith Ringwood’s transition zone namic2-D and3-D numericalmodelsareusedto
model of resistanceto slab penetration,however, understandthe physicsinvolved in the interaction
the rheologicalpropertiesof the transition zone betweenthe upperand lower mantle. Steinbach
are unknown. Indeed, Sharp et a!., in the first and Yuen focus on the controlling parameters
paper on the transmissionelectron microscope involved in stronggravitational(‘flush’) instabili-
examinationof experimentallydeformed speci- ties, a phenomenonlinked to catastrophictransi-
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tions from layeredto whole mantle convection, latent heatproductionon the transformationki-
They explore the effects of depth-dependent netics,their model predictsthat a wedgeof ‘cold’
properties (thermal expansivity, viscosity and metastableolivine from subductedoceanicslabs
thermalconductivity)on a convectivemantleand may persist to depths greaterthan 500 km but
include the effectsof the two major phasetransi- that the subsequenttransformationto the spinel
tions.Their resultsindicatethat the depthdepen- phase could drastically affect the rheological
dencegenerallypromoteslayeringof the system. propertiesof the slab. This developmentcould
Yuen et al. present3-D convectionsimulations prevent penetrationinto the lower mantle, as
with depthdependentpropertiesandphasetran- proposedby Ringwood.
sitions. Their modelsstrengthenthe conclusions The principal goal of this special issue is to
of Steinbachand Yuen anddemonstratethat the provide a multidisciplinary perspectiveon the
addition of a third dimensionservesto enhance problems relevant to the transition zone. The
layering. Numerical experimentson chemically exchangeof informationin this issuebetweenthe
stratified convective systemsare presentedby different disciplines is in its infancy, but it is
HansenandYuen who investigatethe behaviour hopedthat it will providethe impetusfor further
of plumes in a mantle with a depth dependent communicationamong theoreticiansand experi-
thermal expansivity. They show that thermal- mentalistsin geologyandgeophysics.
chemical plumescan penetratea compositional
boundaryand that a chemicallystratifiedmantle
does not necessarilyrequire layeredconvection. Acknowledgements
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