Structure and Rheology of the Upper Plate from Seismological Investigations
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Central Andes Source Regions and Ascent

Paths of Fdes and Melts

It is now widely agrt om the subducti ig-
ingin the overlying mar providing the sourcefor an-
desiticvolcanism. Yet, the questionsof wheredetydrationoccurs,where
and how fluids leave the slab, and how they are transportecthroughthe
mar ill debatedH p nt), imagesof the Andear
subductiorfactory
Theintriguing featurein mary of thepresented),, imagesis thatthestrong
low-@, anomaliesappearto originateat the distinct earthquak cluster:
in 100 or 200 km depth. It is very suggestie that theseanomaliesare
dueto waterfluxedinto the mantlewedgeby earthquaks,andsubsequel
triggering of parlia\ melting. The sectionssuggesthat ascendpathsof
1anc assumedar Irce
depthsof me\lsmayvary considerably
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Seismological Experiments within the SFB 267

General hypocenter distribution and age of seafloor

Distribution of Seismicity

Thedepth-frequeng-distribution of the local earthquaksobtainedby the ISSA

2000 network reachests maximumat 25 km depth(lower left cornerof right
handfigure). In the NorthernAndes,the majority of the earthquaksis locatec
at 100 km depth. In a youngerand ther subd ceanicerust
the bl i ionandalsothe inducec

placeat lower depths.This reactionhasa lower limit of approx.500°Cand 1. 3
GPa (40-50km). The oceanidithospherenorth of the Mochafracturezonewas
formed32 Ma ago. Southof the Valdivia fracturezone,it wasgenerateavithin
20Ma (seegeologicaimapbelow). Thechangen seismicityfrom northto soutt
tion. Seismicityin the youngerc Istis vanishing.

Crustal Seismicity

The distribution of seismicreleasein the upperplate ( depth< 40km) shavs
aclearconcentratiorof active deformationin the forearcof the active mamgin
system. The Main Cordillerawith the prominentLiquine-Ofqui inlra-arcdis-

it

continuity andthe Longitudinalvalley insteadshav only

(Se
figurebelaw. Reddotsmarkeplcen(ersn (hedeplhrangeo 40km). Themam

3
areaof seit oast f actualmajorup- %m
lift andlhsn. terof \gatdepth °
Regior f uthandnorthof the Araucopeninsulacar

be correlatedwith prornlnent!aul! zones:the Gastrefault zone(S) andBio-Bio

faultzone(N).

Lithospheri P mary locatior symptoms How-
ever, the pr t i Between23°Sand24°Sin the
northernPuna,we imagea fast, high ¢, body that dips from the baseof the easternmo:
Punacrust100km down to thesubductedNazcaplate. Southof this bodythe mantlewedge

ed gec

haslow velocity and@, andthe Nazcaplatethickensby severaltensof kilometerabove the
sharplydefinedBenioff zone.

We interpretthis fast, high-Q, body asdetachingandpro! ingSouthAmer-
ican lithosphere. Furthersouth,at 24°S, wherethe mantlewedgeis characterizedy low
vp andlow @p, andthe slabappearsgo thickenabove the Benioff zone we suggesthatde-

ith the cold continentalithosphererestingatopthe

ta nt
subductedNazcaplate.

The Deep Seismic Structure of
the Atacama Depression
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The inis a prominentmorphologicaknomalyin the CentralAn-
deanforearc. The depressioris mouldedinto the otherwiseuninterruptec
north-souttrunningtopographicslopeandactive volcanicbelt of the Westerr
Andes(aandb). Depthmapsof P-wave velocity andattenuatiorandv,/vs
ratiosthroughcrustanduppermosmantlerevealarheologicallystrong(high
Qp anduy) lithosphericblock beneattthe basinsurroundedy weakregions
(low @y andu;,) beneattPre-andWesternCordilleras. The anomalousitho-

sphericstructureapp ) bar hot m \
deepeiinto tt er andt e icfront to deviate
some100km eastvards,away from the trench. The cold block may alsoin-
fluencethethermalstructureof the subductedlabcausinga reducedBenioft
seismicity(i) andlesshydrationof peridotitesin the mantlewedgerevealec
by reducedy/vs rallus(l) Deformationanduplift seemso befocusedatthe
rheologicallyweakr inghe strong; thatmay sub-
sideasawholelik e apistonin acylinder. Anotherconfirmationis foundfrom
the ialdistribution of local cru thquaks. In thecr ionson
theright, hypocentersverlayingthe @, model. Mostof theseismicityoccurs
in a depthof 20-30km but on the westernflank of the Atacamadepressio
they reachdown evenup to 60 km. On the easterrflank temperaturearetoo
high for stressaccumulation.
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Geologicalfield obserationsshav the active charac
ter of the faults, whereastheir seismicallyactive part
seemsestrictedo thefore-arczone.Strikingis theob-
senationthatthesetwo faultslimit a zonewith appar
ently noseismicitycorrespondingo the Araucopenin-
sulaandNahuellitaRangethathowevershav highes
uplift andtopograply in theforearc.

Mome_nt Tensor -
Inversion

The figure on the right illustratesthe solution of the

o) e

momenttensorinversionandthe
synthetic (dashedlines) and obsered selsmograrr

betweer

(solid lines). The earthquak (No 7|n theupp it

figure)is of th 1gzonein a
depthof 133km. Thesolutionconsistof anenormou:
high non-doublecouplepart(100%- DC). This result
canindicatea complex sourcemechanismincluding
delydrationprocesseswhich arepostulatedfor these
regions.
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C \,, - Velocity Models Derived from Wide-Angle
Measurements and from Local Earthquake Data

The velocity modelat 39°Sasderived from wide-angleand seismicrefractiondataof the ISSA 200C
transsectThe velocity modelconsistsof five layers. The lower boundaryof the oceaniccrustis con-
strainedby apronouncedvioho-reflectionin Ihedalameasuredor theshots2, 3, and4 All earthquak

hypocentersouthof 37°Sdetectedy thelISSAnetwork

) veloci-

ty mode\(smallblackstarsnthevelocltymodel) ThecalculatetMmlmum 1Dmodelderivedfrom this

It shavsaremar

avith

thevelocity structurederivedfrom therefractionprofile andfits well to thevelocity modelin theforearc

Thenext stepwill bethe calculationof v,-, v,/vs- and@, models.EspeciallyQ,- tomograply baser
on local earthquak datahasturnedout to be a powerful tool for imaging subductiorrelatedfeature:
above the Wadati-Beniof zone. Our curremknouledgeof this areain the CentralAndesmainly rests

imentscarriedoutwithin the SFB267.




