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For a lherzolitemantlewith about0.1 wt.-percentCO
2 or less,anda C02/H20 mole ratio greaterthanabout

one, themantlesoliduscurvein P—T spacewill have two important low-temperatureregions,onecenteredat about
9 kbar (30 km depth) andanotherbeginningat about28 kbar (90 km depth). It is arguedthat the depthof genera-
tion of primary tholeiitic magmasbeneathridgecrestsis about9 kbar, andthat thegeothermchangesfrom anadia-
baticgradientat greaterpressuresto a stronglysuperadiabaticgradientat lesserpressures.Such a ridgegeotherm
would intersectthe solidusat two separatedepthintervalscorrespondingto the two low-temperatureregionson the
solidus.With increasingageand coolingof the lithosphere,theshallowpartial melt zonewould pinch out andthe
thicknessof thedeeppartial melt zonewould decrease.With increasingdepthin a matureoceaniclithosphere,the
rock typeswould consistof depletedharzburgitefrom directly beneaththecrust to about30 km depth,fertile
spinal lherzolite from about30 km to 50—60 km, and fertile garnetlherzolite from about50—60 km to the top of
the deeppartialmelt zoneatabout90 km.

1. Introduction Mercier,1973;O’Connell andBudiansky,1977;Sliaw,
1978;Walkereta!.,1978) andAndersonand Minster

Existingmodelsfor theevo!ution of the oceanic (1980)havepointedoutthat the thicknessof the
lithosphereshowan increasingthicknesswith age and lithospheredependson whetherseismic,thermal,or
distancefrom activemid-oceanridges.Thesemodels rheologicalpropertiesare beingconsidered.It will be
indicateeithera gradualthickeningwith age,from seenin thefollowing discussionthat if themodel of
nearlyzero at ridge creststo roughly 100 km in the Presnallet a!. (1979) for thegenerationof mid-ocean
olderpartsof theoceans(Parkerand Oldenburg, ridge basaltsis correct,it is very difficult to draw a
1973;Leedset al., 1974,Yoshii, 1975;Greenand geothermat and for a considerabledistanceaway
Liebermann,1976),or a rapid increasein thicknessto from oceanicspreadingridgesthat doesnot pass
about60 km for 10 My old lithosphereand a very throughthe mantle solidusin theapproximatedepth
gradualincreasewith agethereafter(Forsyth,1975, rangeof the low velocity zone.Thus, a melt is
1977).In mostof thesemodels,thebaseof the litho- believedto existeventhoughthis melt maybe un-
spherehas beentakento representthe topof the seis- necessaryor inadequateto accountfor all theprop-
mic low velocity zone,which in turn hasbeen ertiesof the low velocity zone.
assumedto be causedby the onsetof partial fusion. The purposeof this paperis to presentarguments
However,theexistenceof a melt in the low velocity favoringtheexistenceof a doublepartialmelt zone
zonehasrecentlybecomecontroversial(Gueguenand beneathactively spreadingoceanicridges.The extent

to which sucha melt configurationis relatedto mea-
* ContributionNo. 357, Departmentof Geosciences,The surementsof lithosphericthicknessbasedon various
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butif a liquid is evenpartly responsiblefor the prop- 10—30%fusion (Gast,1968;Kay et al., 1970;Schilling,
ertiesof the seismic low velocity zone,verificationof 1971,1975),theaboveresultssuggestthat fertile
themodel proposedhere would require the modifica- oceanicmanltecontainson the order of 0.02—0.1
tion of existingconceptsof a thinninglithosphere wt.-percentCO2and a negligible amountof H20
towardridges. (lessthan about 12 partspermillion).

Becausethemantlesoliduscurve is critically In contrastto the resultsof Delaneyet a!. (1978)
dependenton volatilesthat may be present,it is and Muenowet al. (1979),Harris (1979)analyzed
necessaryfirst to discusstheseconstituents.Thena glassinclusions in olivine phenocrystsfrom Hawaiian
model will be developedbasedon intersectionsof a tholeiitesand foundconcentrationsof H2O and CO2
proposedgeothermdirectlybeneathridgeswith the of 0.21 and 0.05wt.-percent,respectively.Part of the
mantlesolidus.It will be assumedthat fertile mantle discrepancymay be due to the fact that themethod
consistsessentiallyof lherzolite, that is, a mixtureof of Delaneyet al. and Muenow et al. determinesthe
olivine, orthopyroxene,clinopyroxene,andone of total volatile contentof the glassand vaporphasesin
the aluminousphasesplagioclase,spine

1,or garnet, the inclusions,whereasthemethodof Harris
dependingon pressure.The relativeproportionsof apparentlydeterminesonly thevolatilesin the glass.
the four phasesis not critical, andif subsequent If it assumedthat (1) theanalysesof Harrisare cor-
studiesverify the conclusionof Anderson(1977)that rect for theglass,(2) thevolume of the gas phaseis
a largeamountof garnetmustexist in the lower litho- about4% of that of theglass (Delaneyet a!., 1978),
sphere,noneof the generalconclusionsreachedhere (3) thegas bubblesconsistessentiallyof pureC0

2,
would be significantly alteredaslongasall four and (4) the entrapmentconditionsof the gasbubbles
phasesarepresent. are 1 kbar—1240°C(Harris,1979),then the CO2/H2

mole ratio of the glassandvaporcombinedwould be
roughly one (about0.21% H20 and 0.56%CO2 by2. Volatiles in theoceanicmantle
weight).Thus,the differencein CO2 betweenthe two

Delaneyet al. (1978)andMuenow et al. (1979) laboratoriescanbe explainedbutthediscrepancyin
havedeterminedthevolatile constituentsof glass— H2O remains.
vaporinclusionsin olivine and plagioclasepheno- The questionof waterin the oceanicmantle can
crystsfrom mid-oceanridge andHawaiiantholeiites. also be addressedby direct examinationof oceanic
Theyfound 0.2—0.4wt.-percentCO2andno H20, mantle rocks. Melsonet a!. (1967)found pargasitein
with a stateddetectabilitylimit for H20 of 0.004wt.- peridotitemylonitesat St.Paul’s Rocks,butrare-
percent.In contrast,they found amountsof H20 in earthabundancedataare inconsistentwith thehypoth-
thematrix glassessurroundingthe phenocrystsof esisthat theserocksrepresenteitherprimitive
0.1—0.7wt.-percent~in generalagreementwith pre- mantlematerialfrom which basaltsare derivedor
viousresultsby othermethods(Hart andNalwalk, residuafrom partial fusion (Frey, 1970).Becausethe
1970;Moore, 1970).Barringsome unrecognized simplestexplanationfor the origin of theserocks is
analyticalproblem,they concludedthat almostall of complex,they are unsatisfactoryasan indicatorof
the H2O in thematrix glassesenteredthemagmas typical abundancesof primaryhydrousphasesin the
after formationof thephenocrysts.Also, they infer- mantle.Elsewherein the oceanbasins,tracesof
red that the mantlesourceregionwas nearlyanhy- hydrousphasesthatmay be primaryhave been
drous,becauseany H2O presentin the sourcewould reportedin ultramaficnodules.JacksonandWright
be fractionatedinto the liquid during fusion and (1970)andBeesonand Jackson(1970)found up to
would beobservedin theglass—vaporinclusions.As a 0.5%amphiboleplusphlogopitein garnetpyroxenites
furtherindicationof the nearlyanhydrouscharacter from Oahu,Hawaii. Thesepyroxeniteshavebeencon-
of the oceanicmantle,Killingley andMuenow(1974) sideredvariously ashighpressuremagmas,crystal
found that inclusionsin olivine from a peridotite cumulates,parentalmantle,and residuafrom partial
nodulecollectedat Salt LakeCrater,Hawaii, con- fusion (Yoder andTilley, 1962;Tilley and Yoder,
tamedCO2 butno observableH2O.Assumingthat 1964;Green,1966;O’Hara, 1969;Kuno, 1969;
mid-oceanridgebasaltsrepresentapproximately Beesonand Jackson,1970;Jacksonand Wright,
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1970).Thus, theorigin of thesenodulesis uncertain 3. Intersection of the mantle soliduswith the geo-
and theymay containconcentrationsof volatilesthat thermbeneathmid-oceanridges
areanomalouslyhigh. Talbot et al. (1963)reported
“rare” phiogopitein peridotitexenolithsfrom the In the systemCaO—MgO-—A12O3—--SiO2,Presnallet
Kerguelenarchipelago,and Jacksonand Wright al. (1979) found a low temperaturecuspon the sim-
(1970)found0.1% phiogopitein a spinelllierzohte plified lherzolitesolidusat 9 kbar—l300 C, where
from Oahu,Hawaii. A mantlecontaining0.1% ph!o- the transitionbetweenthe subsolidusassemblage

gopite would containat mostabout40 partsper forsterite + enstatite+ diopside+ anorthite(sim-
million water,an amountthat is the sameorder of plified plagioclaselherzolite)and forsterite + ensta-
magnitudeas the maximumindicatedby thedataof tite + diopside+ spine! (simplified spine!lherzo!ite)
Muenow et al. (1979)and Delaney et al. (1978). intersectsthe solidus(Fig. 1). They foundthat the
Thus,theexistenceof hydrousphasesin mantle compositionof the first liquid producedat this cusp
nodulesfrom oceanicregionsdoesnot contradictthe correspondsclosely to the compositionsof the least-
dataof Delaneyet al. (1978)and Muenow et al. fractionatedmid-oceanridge tholeiites,andconclu-
(1979),but thenoduledataare also consistentwith ded from this andotherevidencethat theproduction
the dataof Harris (1979).The only conclusionthat of primary tholeiitesat themantleequivalentof this
appearsclear is thathydrousphasesare presentin the cuspactsasa thermalbuffer for controlling the shape
mantle. of the geotherm,asshown in Fig. 1. At pressuresless

At pressuresbelow about28 kbar, dolomitewould than that at the cusp,theslope of the geotherm
not be stableduringmelting of the mantle.Thus, shownis consistentwith gradientsat ridgecrestscal-
CO2as well asH20 would betotally fractionatedinto culatedfrom heatflow models(Oxburghand Tur-
the melt andvaporphasesduring fusion. If it is cotte,1968;LePichonand Langseth,1970;Bottinga
assumedthat the CO2/H2O mole ratio (>20) mdi- andAllegre, 1973),and at pressuresgreaterthan the
catedby thedataof Delaneyet al. (1978)and cusp,the geothermflattensto an adiabaticgradient
Muenow et al. (1979)is approximatelyvalid for the (0.5°Ckm~),consistentbothwith the gradient
sourceregionandthe mantlegenerally,the mantle determinedby Hermanceand Grillot (1974)beneath
soliduswould bevery close to the pureCO2-saturated Iceland,and with the conceptof transportof mantle
mantlesolidus(Wyllie, 1977),particularly in view of materialalongtheascendinglimb of a convection
the fact that CO2/H2Oin the vaporwould be >>20 cell.
becauseof strong fractionationof CO2 into the vapor In the systemCaO—MgO—A12O3—SiO2,the effect
relativeto H2O (Egglerand Rosenhauer,1978). of the additionof CO2 on the simplified lherzolite
Therefore,meltingin the low velocity zonewould solidushasnotbeendetermined.However,Eggler
notbe the result of the breakdownof amphibole (1975,1976) and Wyllie and Huang(1975a,b, 1976)
(LambertandWyllie, 1968,1970),but ratherthe haveshownthat in the closely relatedsystemCaO—
result of a deeplow-temperaturecuspin the mantle MgO—SiO2—CO2,the solidusat pressuresbelow
soliduscausedby a carbonationreaction (Wyllie and about 20 kbaris depressedonly a smallamount
Huang,!975a, 1976;Eggler, 1975,1976). In thefol- below the anhydroussolidusbecauseof the low
lowing discussion,the consequencesof assumingthat solubility of CO2in themelt. However,at 28 kbar a
this lattermechanismis the causeof meltingwill be deepcuspoccursin thesolidusdue to the sharply
pursued.For simplicity, only the solidusfor a mantle increasedsolubiity of CO2 in the meltand the inter-
containingpureCO2will be considered,but it is not sectionof the soliduswith the carbonationreaction
meantto imply that H2O is absentfrom the mantle. forsterite+ diopside+ CO2 = enstatite+ dolomite
If theC02/H2Omole ratio is aboutone,assuggested (Fig. 1). With the additionof A12O3, thesamegeneral
by the dataof Harris(1979), themantlesolidus relationshipswould be expectedto persist(Eggler,
would be modifiedsomewhatbut thegeneralconclu- 1978;Wendlandtand Mysen,1978),but asthe
sionsregardingthe existenceof a doublepartialmelt soliduscurve crossesthe plagioclaselherzoliteto
zonewould still hold (Wyllie, 1979). spinellherzolitecurve and thespine!l!ierzolite to

garnetlherzolitecurve,it is evidentfrom Schreine-
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Fig. 1. Pressure—temperaturediagramshowingstability fieldsof model lherzolitephaseassemblagesandthe relationshipsof
solidus curvesto amid-oceanridgegeotherm.Light-dashedlines arefor the systemCaO—MgO-—SiO2—CO2 (CMS) andareafter
Eggler (1978). Light solid lines arefor theC02-freesystemCaO—MgO—AI2O3—SiO2(CMAS) andareafterKushiroandYoder
(1965, 1966),MacGregor(1965), O’Hara etal. (1971),Presnall(1976),Presnalletal. (1979)andJenkinsandNewton(1979).
Thespinellherzolite to garnetlherzolitecurveis anaverageof thevarious publishedcurvesandtheposition of theCMAS volatile-
absentsolidusabove1400°Cis inferred. Theheavydashedline is anestimatedlherzohitesolidusfor thesystemCaO—MgO--
A1203—SiO2—CO2. By analogywith the systemCaO—MgO—SiO2—CO2, theportion of this sohidusabove28 kbai is assumedto
representvapor-absentmelting in thepresenceof dolomite. The reaction,however,hasnot yet beenstudied.Thehachuredregion
showstherangeof surfacegeothermalgradientspublishedfor mid-oceanridges(OxburghandTurcotte,1968,LePichonand
Langseth,1970, BottingaandAllègre, 1973).an = anorthite,di = diopside,gt garnet,sp spinel,dol = dolomite,en = enstatite,
fo forsterite.

makers’rulesthat two additional cuspsmust exist occurs,about0.5°Ckm~,andCO2 will be presentas

(pointsy andz in Fig. 1). dolomiteratherthanvapor.Whenthemantlesolidus
For themodelmantlesystemCaO—MgO—AI2O3— is encounteredata, melting begins,dolomite quickly

SiO2—CO2,considerthehistory of a parcelof lherzo- disappearsinto themelt, andthe temperaturedropsa
lite mantle materialcontaining0.1%CO2 which rises smallamountbelow theadiabatthat would be fol-
adiabaticallyfrom thedeepmantlein theascending lowedif no meltingoccurred,theheatfor melting
limb of aconvectioncell directly beneathan active beingsuppliedby thetemperaturedrop. The amount
mid-oceanridge. At pressuresgreaterthan45 kbar, of melting in thedepthintervalbetweenaandb is

thepressure—temperaturepath follows an adiabat not known,but for illustrative purposes,a maximum
appropriatefor thesituation in which no melting of 10%melting is assumed,whichwould correspond



107

very roughlyto a temperaturedrop of about30°C. thermcould be high enoughto causea continuous,
As themantleparcelapproachesthe solidusagainat singlepartial melt zone.Even in this case,however,
b, themelt crystallizesandthe temperaturerisesback theamountof meltingwould be enhancedat two
to theoriginaladiabat.Betweenb andc, the mantle distinctdepthintervals.

parcelis completelycrystalline,with CO2 beingpres-
ent asvapor.At c, melting beginsagain,thevapor
quickly disappears,andthecrystal—liquid mixture 4. Changesin the constitution of the oceaniclitho-
continuesto melt until separationof themagma spherewith age
occursat theapproximatedepthof theanhydrous
soliduscuspat x. Argumentsfavoring theseparation It will be assumedherethat the entire mature
of magmafrom themantle sourceat theapproximate thicknessof theoceaniclithosphere,about85 km

depthof thesoliduscuspx aregiven in detail else- (AsadaandShimamura,1976),is createdatmid-
where(Presnallet al., 1979). oceanridges.This implies awidth of mantlematerial

From traceelementconsiderations,it hasbeen rising rapidly alongridgeaxesof at leasttwice this

shownthattheamountof meltingrequiredto produce thickness,or about170km. If mid-oceanridge basalts
mid-oceanridge basaltsis about 10—30%(Gast,1968; areseparatedfrom their sourceregionat about30
Kay, et a!., 1970;Schilling, 197!, 1975). If the aver- km depth,asarguedby GreenandRingwood(1967a),

ageamountof melting at the time of magmasepara- Kay et a!. (1970), Fujii andKushiro (1978),andPres-
tion is about20%, thetemperatureof theupwardly nall et a!. (1979), then mid-oceanridge basaltswould
convectingmantlematerialwould haveto fall by be derivedonly from thecentralportion of the rising
roughly60—70°Cin order to providetheheat for mantlematerial.The marginswould remainunde-
melting. For this reason,themid-oceanridge geo- pletedafter they turnedthe cornerto movehorizon-
thermat pressuresabove9 kbarhasbeenraised,in tally awayfrom the ridge andwould makeup the
orderto locatetheadiabatappropriatefor thesitua- lower part of theoceaniclithosphere.Thus,that por-
tion in which no melting occursabout70°Cabove tion of themantleshallowerthan 30 km depthwould
thecuspxat which magmaseparates.Presnalleta!. consistof depletedharzburgite(Kay et a!., 1970; Ox-
(1979)broughttheadiabaticportion of thegeotherm burghandParmentier,1977;Presnallet a!., 1979).

directly into the9 kbarcuspatx,but suchageotherm Beneaththis depletedharzburgitewould be alayerof
would allow only atraceof melt to be generatedat fertile spinellherzolitewhichin turn would be under-
thecusp.Thus,thegeothermof Presnallet al. is a lain at thebaseof thelithosphereby fertile garnet
minimum geotherm.The averagegeothermshould lherzohite.
have an adiabaticportion that is 60°—70°higher, as The depthto the transition from depletedto fer-
shownin Fig. 1. The fixed point atx on the geo- tile mantle at about30 km would be fixed at the
thermof Presnallet a!. remains,however,becausethe ridgeandwould thereforeremainconstantas the
amountof fusionwould haveto exceedabout35%if lithosphereages.It will be notedin Fig. 1 that,with

the temperaturewere to rise abovethevolatile-free increasingage,thedepthto the top of theplagioclase
solidusat 9 kbar (Presnallet a!., 1979). lherzoliteto spine!lherzolitetransitionwould

Thus, a geothermdirectly beneatha ridge crest decreaseslightly dueto falling temperaturesand
would intersectthesimplified mantlesolidusat two would coincidewith thechangefrom depletedto fer-
pressureintervals,onefrom about 7—17kbar (==25— tile mantleonly at the ridge crest.For a maturelitho-
55 km) andtheother beginningat about26 kbar sphere,theplagioclaselherzoliteto spine!!herzolite
(=-~85km). Thebottom of thedeeperpartially melted transitionwould not be expectedto correspondto a
zoneis shownat 45 kbar (~-i45km) in Fig. 1, but seismicallyobservablediscontinuity becausethe
phaserelationshipshavenot beendeterminedat these dominantrocktype at this depth(<-‘30 km) would
pressuresandthedepthshownis only an estimate. be depletedharzburgitedevoidof significantamounts
The width of theunmeltedinterval from 55 to 85 km of eitherplagioclaseor spinel.Only thebulk chemical
is very sensitiveto theposition of thegeothermrela- changeat ‘~=30km, from depletedharzburgiteto fer-
tive to thesolidus,andit is evenpossiblethat thegeo- tile spine!l.herzolite,would be potentially observable.
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However, thedecreasein V~from depletedharzburg- assurancethat it representsmantlematerialun-
ite to fertile spine!lherzohitewould be only about0.1 touchedby fusionprocesses.The garnet!herzolite
km 5~assuminganincreaseof about6 mole-percent nodulesarefoundin small alkalicconeseruptedon
in fayalite contentof theolivine (Kumazawaand theflanksof theearlierKoolauvolcanowhich forms
Anderson,1969;Chung, 1970)andtheincreasein thebackboneof the island (JacksonandWright,

densitywould be about0.08 g cm
3 (Carter,1970). 1970), andthesenodulesmay possibly represent

Thus,detectionof this transitionby geophysical partially depletedmantlematerial remainingafter
methodswould be difficult, productionof themain tholeiitic shield.Thus,it is

At greaterdepths,falling temperatureassociated possiblethat unmeltedsamplesfrom afertile, garnet-
with increasingageof thelithospherewould causethe rich lherzolitelayerat thebaseof theoceaniclitho-
thicknessof thegarnetlherzolitelayer to increaseat spheredo not exist amongnodulesthat havereached

theexpenseof theoverlyingspine!lherzolite layer. In theEarth’ssurface,andthis layerof fertile mantle
thesimplified modelsystem(Fig. 1), thedepthto the may containmuchmoregarnetthanhaspreviously
top of thegarnetlherzohitelayerwould occurat 63 beensupposed.
km directly beneathridge crestsandwould decrease Figure 2 showsa comparisonbetweenthepresent
to a depthof 50—60 km in theolderpartsof the model andthat of Forsyth(1975). For thepresent
oceans.In agreementwith thephaserelationships, model,depthsto thevariouslayersat theridge crest
Haleset al. (1970)andAsadaandShimamura(1976) aretakenfrom Fig. 1, but for olderpartsof the litho-
haveobservedahigh velocity layer(V~—8.6 km ~_1) sphere,depthshavenot beenmodeledquantitatively
at thebaseof theoceaniclithosphere,whichthey with respectto age. Thus,only the sign andrelative
attributedto thepresenceof garnetlherzohite.The magnitudesof theslopesfor thevariousboundariesin
depthto thetop of this layerwasplacedat 57 km in Fig. 2 aresignificant.With increasingdistancefrom
theCaribbeanby Haleset a!. andat 66 km in the theridge axis,thedecreasinggeothermalgradient
westernPacific by Asadaand Shimamura.Further- would causetheshallowpartially melted regionto
more,AsadaandShimamuranotedthat thedepthto pinchout. Becauseof thevery steepnegativeslopeof
this seismicdiscontinuity decreaseswith increasing thesoliduscurvecontrolling thedepthto the top of
age,which, they pointedout,would be expectedif thedeeppartiallymeltedregion(Fig. 1), this depth

thediscontinuity is causedby thespine!to garnet would increaseby only a small amountas thegeo-
lherzolitetransitionin acooling lithosphere, thermalgradientdecreasesawayfrom theridge axis.

Anderson(1977)hasnoted that to producecom- However, theslopeof thesoliduscurvedefiningthe

pressionalvelocitiesof 8.6 km s~,a largeamountof baseof thedeeppartial melt zoneis probablymuch
garnet(at least26%)must be present.This require- smaller,so thedepthto thebaseof this zonewould

ment ledhim to proposeanunderplatingof ecologite decreasemorerapidly with increasingageof the
on thebaseof thelithosphere.However,in the lithosphere.

presentmodel,athickenedhigh velocity layerat the The existenceof theshallowpartial melt zone, the
baseof a maturelithosphereis anaturalconsequence approximatepositionof this zone,and thegreater
of falling temperatures,andunderplatingof ecologite amountof melting comparedto thedeeppartialmelt
is unnecessary.It might be arguedthat suchan zoneare supportedby a limited amountof geo-

explanationis unlikely becausegarnettherzolites physicalevidence.For theMid-Atlantic Ridge,Solo-
usuallycontainmuchlessthan 26% garnet.However, mon (1973)reporteda low-Q zonehaving awidth of

alargeamountof garnetwould be possibleif the 50—100km andamaximumdepthof 50—150km.
lower lithosphereis fertile, as proposedhere.Also, SolomonandJuhian(1974)found thattheupper
samplesof this layerarerare. The islandof Oahu, boundaryof thelow-Q zoneincreasesin depthwith

Hawaii, containstheonly reportedsamplesof garnet ageof thelithosphere,asexpectedin themodel pre-
lherzolitenodulesfrom theoceanicbasins,andonly sentedhere,andthemaximumwidth extendsto an
oneof thesenodules(66SAL-1)hasbeendescribedin ageof about 5 My at about35 km depth.Beneaththe
anydetail (JacksonandWright, 1970). It contains crestof theEastPacific Rise,Kausel (1972),as

22% garnet,but evenfor this nodule,thereis no reportedin Forsyth(1977), found a zoneof very
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Fig. 2. Comparisonof presentmodel for the oceaniclithospherewith themodelof Forsyth (1975).Thebottom of thepartial
melt zonewasnot definedby Forsyth.

high seismicattenuationthat wasfitted bestby approximatelyone, thephaserelationshipsillustrated
modelsin which thezoneextendsfrom 20 to 60—70 by Wyllie (1979,fig. 3) indicatethatahigh tempera-

km depth.He foundthat Q in this zoneis lower than ture ridgewould still persiston theperidotitesolidus
typical low velocity zonevalues,an observationcon- at about26—27kbar. Dependingon theexactposi-
sistentwith an enhancedamountof melting. tion of thegeothermrelativeto thesohidus,themantle

It should be kept in mind that thepresentmodelis directly beneathactivespreadingridgeswould either
basedon phaserelationshipsfor a simplified model havetwo partial melt zonesor a continuousmelt
system.Presna!!et al. (1979)havepointed out that in zonewith theamountof meltingaccentuatedat two
theEarth’smantle,thepresenceof additional com- different depthintervals.Thus,theresult is similar to
ponentswould lower temperaturesalongthesolidus the caseof amantlewith averyhigh CO2/H2Oratio.
curve, andtheadiabaticportion of thegeotherm AndersonandMinster (1980)haveproposedthat
would thereforeprobablybe 50—100°Clower than thetermsseismic lithosphere,thermallithosphereand
shownin Fig. 1. Also, thephaseboundariesin the rheologicallithospherebe used,dependingon which
model systemareunivariantcurves,resultingin the propertiesarebeingdiscussed.Unfortunately,it is
constructionof sharpboundariesbetweenthevarious not yet clearhow anyof theselithospheresare
layersin Fig. 2. The presenceof additionalcom- relatedto a petrologicallydefinableboundary.To
ponentswould causethephasetransitionsin the facilitate discussionsbetweenpetrologistsandgeo-
mantleaswell as thesoliduscuspto be smearedout physicists,it is proposedthat theterm “petrological
over a depthinterval. Small shifts in thepositionsof lithosphere”be usedfor materialabovethedeeperof
phasetransitionswould also beexpected.Neverthe- the two partial melt zones.
less,availablehigh pressuredataon complexlherzo-
lite compositionsindicatethat thegeneralfeaturesof

thephaserelationshipsin themodel systemcan be Acknowledgments
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