MAGMATIC EVOLUTION OF IMPACT INDUCED MARTIAN MANTLE PLUMES AND THE ORIGIN OF THARSIS.
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Intr oduction. Tharsisis oneof the mostprominentfea-
tureson Mars. Volcanismandtectonismassociateavith the
plateauby far exceedthe levels of actvity in other areasof
the planet. This monopolardistribution of tectonismandvol-
canismled to the suggestiorthatthe planformof mantlecon-
vectionon Marsis dominatecdby a single,long-lived,thermal
plume originating at the core-mantleboundarysimilar to a
terrestrialplumebut muchlarger[1].

Althoughtheplumemodelexplainssomefeaturesf Thar
sis,therearebothobsenrationalandtheoreticaleasons$o con-
sideralternatves. First, the plumemodelhasnot reproduced
Tharsisdevelopmenton timescalesconsistentwith obsera-
tions [2]. Second,constructionalvolcanismseemsto be a
major contritutor to Tharsiselevation[3]. A thermalplume
contributesonly a fractionto the present-dayopographyand
areoid[4]. Third, the plume hypothesismplies an actively
corvectingmantleanda sufciently large heat ux from the
Martiancore. However, in theabsencef platetectonicscon-
vectionin the Martianmantleis lik ely to besluggishor absent
[5] andmantleheatingshutsoff ary coreheat ux andasso-
ciatedplumeactvity [6]. Finally, large variationsin Sm/Nd
andLu/Hf ratiosamongshepgottitessuggest heterogeneous
mantlewhichretainsanisotopicsignalof initial differentiation
[7]. Thisalsoamguesagainstvigorousconvective mixing.

An alternatve hypothesiss that Tharsiscould be asso-
ciatedwith a large impactearly in Martian history Geody-
namicalconsequencesf this hypothesisvereinvestigatedn
[5]. It wasshawvn that impact-inducedplumescan survive
for theentiretyof planetaryevolutionandcancontrikuteto the
present-dagreoid. Productiorof Tharsisoy suchalong-lived,
impact-relategplumerequiresneitherglobally occurringcon-
vectionnor generatiorof plumesatthe core-mantldoundary
In the presentstudy we explore if this hypothesiscan also
explain the magmaticevolution of Tharsis.

Model. To model evolution of impact-inducedhermal
and compositionalheterogeneitywe usethe sphericalshell
code TERRA in which compositionalinformationis carried
by particles.Theregion heatedy theimpactshockwave, iso-
staticadjustmentandcoreformationis assumedo be hemi-
sphericalwith radius left asa modelparameterHeatingis
assumedo be uniform with = 300K while uppermantle
temperaturegjuickly drop to the solidustemperature. Be-
causeary coreheat ux wasprobablyshortlivedthe bottom
boundaryis assumedo be insulatingthroughoutevolution.
Melting resultsin adecreasef residuaimantledensityandan
associatedompositionabuoyang. Exponentiatemperature-
dependentiscosityis considered.

Resultsand discussion. Initial, localizedupwelling re-
sultsin decompressiomeltingandadditionaldepletionbuoy-
ang/ producinganextendedberiodof magmatisntheduration
of which dependon interior mantleviscosity (Fig. 1). De-

pletedmaterial spreadsout at the bottom of the viscouslid.
For all casesmelt productiondecayswith time from aninitial
maximumto very low levels. As interior viscositydecreases,
the decayrate and total melt volume decreaseand increase,
respectiely. In all caseswidespreadolcanismis suppressed
by lid thickening, andvolcanismis concentratedn the ther
mochemicaplumeregion. For low interior viscosities there
are two spatialscalesin the distribution. The outer scaleis
that of theimpactplume. Theinner scaleis associatedvith
localized,smallscaleconvectionwithin the plume.

The quantity of melt generatedy large impactscanbe
sufcient to obliterateevidenceof theinitial crater Scaling
laws suggesthat the ratio of cratervolumeto retainedmelt
volume producedby the initial impactshockwave increases
with transientcraterradiusFor Mars, the ratio reaches 1
whenthetransientraterradiusis  2000km. If it isassumed
that the initial thermochemicaknomalyregion corresponds
to shockwave pressure 50 GPa (correspondingo 20
% partial melting at the boundaryif moltensilicate entrogy
scaleslinearly with melt fraction) then for initial anomaly
radiuson the orderof half the mantlethickness, ,
the initial retainedmelt volumeis  1/2 the cratervolume.
Additional melt volumeproducedduring the extendedperiod
of magmatisntanresultin atotal melt volume (initial shock
melting plus extendeddecompressiomelting) equalto the
cratervolumeif theinterior viscosityis sufciently low. For

, the initial retainedmelt volume cratervolume.
In this caseadditionaldecompressiomeltingassociategvith
theimpactplumecanresultin volcanicconstruction.

The topographyand materialcontainedwithin a depres-
sion due to Tharsisloading and lithospheric e xure corre-
spondto 3 10 km of igneousmaterial[8]. While the

caseis only capableof producinga total melt
volume initial cratervolume,for , all of themelt
producedsubsequento initial shockmeltingis availablefor
igneousconstruction.Decompressiomelt volumesfor inte-
rior viscosities are on the order of the obsered
volume of Tharsisigneousmaterial. The duration of large
scalemeltingfor all casess Gyr whichis approximately
thetime by which Tharsiswasemplaced8].
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Figurel: Magmaticevolution of impact-inducedhermochemicahnomaliedor thecase = 1500km. Total magmaticateas
afunctionof time (left). Cumulative spatialdistribution of magmatisnicenter). Final distribution of depletednantlematerial

alonga crosssectionpassinghroughthe hemisphericahnomalyaxis (right). Color (whitethroughred) indicatesdegreeof
depletionandthe solid line indicatestheinitial radiusof the hemisphericahnomaly



