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Lithosphericdetachmenthasbeenproposedin many locationsbasedonits symptoms.How-
ever, the

�

processhasnever beenobserved geophysically. Between23°Sand24°S in the
northernPuna,we imagea fast,high

	

 body that dips from the baseof the easternmost

Punacrust100km down to thesubductedNazcaplate.Southof thisbodythemantlewedge
haslow velocity and

	

, andtheNazcaplatethickensby severaltensof kilometerabove the
sharplydefinedBenioff zone.
We interpretthis fast,high-

	

 bodyasdetachingandprobablydelaminatingSouthAmer-

ican lithosphere.Furthersouth,at 24°S,wherethe mantlewedgeis characterizedby low

�
 andlow

	

 , andtheslabappearsto thickenabove theBenioff zone,we suggestthatde-

tachmenthasalreadybeencompletedwith thecold continentallithosphererestingatopthe
subductedNazcaplate.

the Northern Puna
Lithospheric Detachment Beneath

It is now widely agreed,thatwaterreleasedfrom thesubductingplatetrig-
gersmelting in the overlying mantlewedge,providing the sourcefor an-
desiticvolcanism.Yet, thequestionsof wheredehydrationoccurs,where
andhow fluids leave the slab,andhow they are transportedthroughthe
mantlewedgearestill debated.Herewe present

�

 imagesof theAndean

subductionfactory.
Theintriguingfeaturein many of thepresented

�

 imagesis thatthestrong

low-

�

 anomaliesappearto originateat the distinct earthquake clusters

in 100 or 200 km depth. It is very suggestive that theseanomaliesare
dueto waterfluxedinto themantlewedgeby earthquakes,andsubsequent
triggering of partial melting. The sectionssuggestthat ascendpathsof
meltsaremorecomplicatedthanoftenimplicitly assumed,andthatsource
depthsof meltsmayvary considerably.

Paths of Fluids and Melts
Source Regions and Ascent

The figure on the right illustratesthe solution of the
momenttensorinversionandthecomparisonbetween
synthetic (dashedlines) and observed seismograms
(solid lines). Theearthquake (No. 7 in theupperright
figure)is locatedeastof theseismiccouplingzonein a
depthof 133km. Thesolutionconsistsof anenormous
high non-doublecouplepart (100%- DC). This result
can indicatea complex sourcemechanismincluding
dehydrationprocesses,which arepostulatedfor these
regions.
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event7

M22:  0.44  M33:  0.11  DC:     36             rake:    156.28
M12:  0.70  M23:  0.50  ISO:      2             dip:       72.72
M11: -0.17  M13:  0.37  M0: 6.6e+22 erg  strike:  98.63
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Geologicalfield observationsshow the active charac-
ter of the

&

faults,whereastheir seismicallyactive part
seemsrestrictedto thefore-arczone.Strikingis theob-
servationthatthesetwo faultslimit a zonewith appar-
entlynoseismicitycorrespondingto theAraucopenin-
sulaandNahuelbutaRange,thathowevershow highest
uplift andtopography in theforearc.

Valdivia FZ

32 Ma
Gastre FZ

Liquine−O
fqui FZ

Biobio FZ

20 M
ayo

un
ge

r
ol

de
r

Mocha FZ

Thevelocity modelat 39°Sasderived from wide-angleandseismicrefractiondataof the ISSA 2000
transsect.Thevelocity modelconsistsof five layers.The lower boundaryof theoceaniccrustis con-
strainedby apronouncedMoho-reflectionin thedatameasuredfor theshots2, 3, and4. All earthquake
hypocenterssouthof 37°Sdetectedby theISSAnetwork wereprojectedperpendicularlyontoto veloci-
ty model(smallblackstarsin thevelocitymodel).ThecalculatedMinimum-1Dmodelderivedfrom this
earthquakesis alsoplottedinto theV(z) diagrams(greentrace).It showsaremarkablecoincidencewith
thevelocitystructurederivedfrom therefractionprofileandfits well to thevelocitymodelin theforearc.

Thenext stepwill bethecalculationof '( -, '(
) '* - and

+
( models.Especially

+
( - tomography based

on local earthquake datahasturnedout to be a powerful tool for imagingsubductionrelatedfeatures
above theWadati-Benioff zone.Our currentknowledgeof this areain theCentralAndesmainly rests
upontheresultsfrom theseismologicalexperiments,carriedoutwithin theSFB267.
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Thedepth-frequency-distribution of thelocal earthquakesobtainedby theISSA
2000network reachesits maximumat 25 km depth(lower left cornerof right
handfigure). In theNorthernAndes,themajority of theearthquakesis located
at 100 km depth. In a youngerand thereforehotter subductedoceaniccrust,
the blueschistto eclogitetransformation,andalsothe inducedseismicitytakes
placeat lower depths.This reactionhasa lower limit of approx.500°Cand1.3
GPa (40-50km). Theoceaniclithospherenorthof theMochafracturezonewas
formed32 Ma ago.Southof theValdivia fracturezone,it wasgeneratedwithin
20Ma (seegeologicalmapbelow). Thechangein seismicityfrom northto south
reflectsthis situation.Seismicityin theyoungeroceaniccrustis vanishing.

The distribution of seismicreleasein the upperplate( depth - 40km ) shows
a clearconcentrationof active deformationin the forearcof the active margin
system. The Main Cordillerawith the prominentLiquine-Ofqui intra-arcdis-
continuityandtheLongitudinalvalley insteadshow only scarceseismicity(see
figurebelow. Reddotsmarkepicentersin thedepthrange0 - 40 km). Themain
areaof seismicreleasealongthecoastis identicwith theaxisof actualmajorup-
lift andthepostulatedcenterof basalaccretionandantiformalstackingatdepth.
Regionalcentersof seismicreleasesouthandnorthof theAraucopeninsulacan
becorrelatedwith prominentfault zones:theGastrefault zone(S) andBio-Bio
fault zone(N).
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     - Velocity Models Derived from Wide-Angle
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General hypocenter distribution and age of seafloor

Structure and Rheology of the Upper Plate from Seismological Investigations

SP C4

Seismological Experiments within the SFB 267

Distribution of Seismicity

G. Asch, A. Belmonte, M. Bohm, C. Bruhn, P. Giese,  S. Lueth, A. Rietbrock, F. Scherbaum, B. Schurr, P. Wigger

The Deep Seismic Structure of
the Atacama Depression

Crustal Seismicity

300 events

Measurements and from Local Earthquake Data

Central Andes Southern Andes

TheAtacamabasinis aprominentmorphologicalanomalyin theCentralAn-
deanforearc. The depressionis mouldedinto the otherwiseuninterrupted
north-southrunningtopographicslopeandactivevolcanicbeltof theWestern
Andes(a andb). Depthmapsof

.

-wave velocity andattenuationand /0 / /1

ratiosthroughcrustanduppermostmantlereveala rheologicallystrong(high

2
0 and /0 ) lithosphericblock beneaththebasinsurroundedby weakregions

(low

2
0 and /0 ) beneathPre-andWesternCordilleras.Theanomalouslitho-

sphericstructureappearsto bar hot asthenosphericmantlefrom penetrating
deeperinto thewedgecorner, andhencecausesthevolcanicfront to deviate
some100km eastwards,away from thetrench.Thecold block mayalsoin-
fluencethethermalstructureof thesubductedslabcausinga reducedBenioff
seismicity(i) andlesshydrationof peridotitesin the mantlewedgerevealed
by reduced /0

3 /1 ratios(i). Deformationanduplift seemsto befocusedat the
rheologicallyweakregionsencasingthestrongAtacamablock thatmaysub-
sideasawholelikeapistonin acylinder. Anotherconfirmationis foundfrom
the spatialdistribution of local crustalearthquakes. In the crosssectionson
theright, hypocentersoverlayingthe

2
0 model.Mostof theseismicityoccurs

in a depthof 20-30km but on the westernflank of the Atacamadepression
they reachdown evenup to 60 km. On theeasternflank temperaturesaretoo
high for stressaccumulation.
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