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                                   Aksameee

   'Xhe repeateCE sxJgbCExjgctioit of thfiree sAkort sprea{SiRg ceRters of tkge ChfiRe ridge systes]a, due to

nerth ard sowthward g¥)aigration of the Chige Tripge 3E[ENction dariitg the last 6 My, toek pgace

offl]hore the Taigao peRins"la (460 Lat. S). 'ffhis resulted in xgnique stress field £eitdgtiews appgied

te the South imericEecrx fofeare iR the faitae ewea. I* the area, the maesk pror¥(kiRekt featwe is the

presence ef the ye"g)g kaitae ophiogite (<13 Ma), which is begieved to be a piece of eceamc

githosphere obdkgcted above the continewtaa pgate, aRd associated graff]itic rocks. Dgge to the yoEExkg

age ef the ephiogite, the processes ef ephielite ebduction ¥(melike othef old ophielites iR the

worR(S) can be easily linkeCE to the wellg kn()wft geodynami£ eitvirormewt ef the regioit. grhis

provides exk exceigeitt opporttggxity te stggdy the obd"£tion processes of mid-o£eagtii£ ridige owte

active centinental xx}argiRs.

   Fauig-slip data were £ellected froxgk the pggtgiti£ gnits ef the opkiolite, aftd gt was kksed to

determine the differeftt stress fieAds invoived dgwiitg exid after She obd"£tioR pro£esses. gR

addition, oriekted rock sampges were colgected from alR the oifyhiogite re£k axgsiitts (in£guding

plaJgtogtiic "sRits, dike cetwpiexes tmad vogcani-clastics¥). These s3g}Rpges were tixiagyzed by gygeans of

rock ftaagnetic methods, iRclgidtwg: (b isggatigR of reg}egneitt su}agneeic vectews, (2)

thermegxxagnetie experigxRepts Emad (3) anisotropy of rggagnetic skgsceptibigity; whi£h aid to

determiite: (i) foldiitg and rotatioitai events, (2) ferromagRetic pkases and (3) pageocewent aRd

depositioitag chara£teristics ofcgastic sediments Eit the nertherit edge ofthe gphiogite.

   A3 kalysis ef faxglt-slip data reveaged heterogeReokgs stress fiegds 3cttwg en ehe epkioiite gh#roxxgh

twte. The itgn-erthoggnai cefitpressiomag stress fiegd ind"ced by the smbdw£tion ef ghe Nazc&

/intar£ei£ pRates tgsed the a£tive Chile RiCEge reskklted iR £()rRRpressioRal giEit(S sgrgke-sgip faaRt zoites

develeped iigkside and in the eastesrr} r[Eaxgiit ef the ephioaite respectgvegy. Ogdest idewtified

compressienal cempoitewt ("B") geiterated titg'txst fa"Rts zoites in the plutenic gaitits while the

strike-slip componept ("C") prgduced a progressive £ountercgeckwise roeatioR of the ephiolite,
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ca. 6eO, aleng the dextral Bahia BafrgeRtos Faggt Zone in the eastema xnewgin. As this rotatioR

eontinued, faxgks previeggsgy geiterate{ig iit tgfte pluteRie gmits (by "B"' stress fiegd) were ne Roitger

abge te abserb the iRdg£ed contpression ewxd as a resugt new timst fagits were generated iit the

g>RutoRic gmits by the stilg acting cory]pression (yot[nger identified "A" stffess field).

   Restoratigse of remExRxewt magnetic vectors (£arfied by magnetite £rystags) foy 31A anaRyzed

kiwits, indicates that the ophiogite expertekced two rGtatiens and a foRding eveitt befofe ewad deerigeg

the ebdaJg£tien pro£esses. PiEktoitic gEitits were ces. 900 cgo£kwise rgtated, before ca. 6 Ma, abeggt gme

NW-wewd iitclifted rotationag axis as the ophioXte was progressivegy in£oifperated oRko the

forearc. Fixrthef, the ophiglite eiftered into an accomnxodatien phase ces. 6 Ma ago, ipm which the

pigteftic xgnits wefe £eunter£iockwise retated, aboggt NE te E-wexd in£lined axes, ewgd cempAexly

folded. This accemmodation fes"Ited in the timing gf the fore2gf£ creckst and geftevatien ef

te£teiti£ gaps aieng the Rerth astdi east contacts ofthe ephiolgte with the forearc basegEkekt. Gaps

were filled by ve}canic prodggcts, erupted throggh the thig]s ked forearc crust, and by cgastic recks.

   Rgtatien oftke ophielite pred"ced a dextral-itorm31 fault zoite tw its *grtherg} nxargin, which

bkRigt ggp siepe instabilities en the inixer waggs efthe Esterg CoRo. Thgs miggered tuirbidite £gxgnrewts

whi£h ffowed towexds NW-W foRiowiRg the coastag shape ef Estero Coito. As vege£iky and

energy ofthe flew decreased, traRsported sedirwepts were Ieft iR a NW-W-fackgeg sgepe.

  Newgy gencrated kksgits, ertipted axd deposited iR the te£teRic gaps, were 31so retated

syse}igropteusXy with the ffest of the ophiolite as the gater continucd the ac£emmodatien pffoeess.

Seg£h Egs gits rotated abeggt NE te E-wewd in£iined rotational axes, recordiRg the liater pertioit of the

eegmterclgekwgse retatieft expertenced by the plwteni£ ggsgits of the ophiogite. Cal£gglated

retatioRai amognts an(R rates suggest that rotatigit of the ophioAite haCg £oRstaittay sgow dewxit foff

the Rast ces. 6 Ma, rea£hiftg probahly equilibrium state iit the gast g My

Keywords: 0bducgion, Qphiolite, Paleoueesgitetisne, AMS incltwed rotutiongl axes, SZressfoela
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¢dethptew be imetwadimeittwee

   grhe presence of a piece ef heavy oceag}ic githosphere abeve light ¥(bgoygimO eeRgineptaR

Rithosphere iKxxpRies that igiapertant geolggi£aR pre£esses had traksport, andi exxkpRaced, sggch piece

¥(or bRock¥) into its pffesent kocatiek. This exggl>gaced tprocess known as obCgtgctgcpR¥) piece ofoceanic

githosphere is £agled "ophislite" (e.g. Ni£oEas, g995) (Fig. a.a). Cgpmonky, ophioMtes have being

interpreted as oceani£ Kthespheife git£e created ift a itormal spreadiitg ridge systegyk or cgwtiiteRtag

rift setting (Nicglas, g995; Mooxes, g982).

   Ajix ephiogite seqtgence is typicaRgy £onsists of (g) ggkrggmafi£ rocks (hEgsrzbxRgrgites or

lherzegites) £emmoniy akered te sefpewtiniee, (2) gitassive Egitdlgr layered gabbros, (3) sheeted

dikes £ogxxpgexes, (4) pigRew lavas and (5) sedimeittewy cover which gitay iR£Rude chert aitd

pelagic sedggients (e.g. Nicelas, g995s VaasghExgN Emd S£arrow 2ee3). ']rSaese ftitgkoAogi£ag

associatien has beiRg reperted firogn twany gphioXtes in tke worgd as weRi as from diving

observatioits of insitw gceaitic lithosphere developed aloitg xKioder[g spreadiitg ridge sysgexE}s ¥(e.g.

Hasrst et ag., 199ag; Vkigrga et aR., 2004) (jFig. g.2).

   Glebag re£gmstw£tigRs of an£ieRt aRd rxoderrg pgate gxkeggeRs show that mosg of the ktewn

gphiogites in the werld are Recated alegeg ancient or twodergN a£tive egntiRewtag margins (Fig. 1.2).

}Iewever, proposed obdu£tioit medels are kksuagly controversial (VlinghEgxg and Scewxrow, 2003).

These incgEgde: (i) overtftwwsting ef e£eanic lithgsphere ento passive-nkargin of arc fecks, (2)

splitting off and overtimsting of the upper sectioR ef the subdxxcted sgab, or (3) underttwstiRg of

ocea*i£ githospheye iRto an a£cretieitgiry prisx[k that firiitges the £ontiRentag pRates (Condie, g997).

Agkhese gnodegs require a geod knowledge of the geodyrftagznic setuscg at the time of obde]etien,

which gsually arises frerEx the globag re£eitstr¢actigit efpAate xligotions. E{owever, re£oitsgrekctigns

of plate metie*s are oniy pessible (with a good precisioft) between presewt and Jg[rassie ties}es

(ogdest knewn e£eani£ ffeof age) by nkeaRS of magneti£ reversaas (Larsen, a99g). Pre-Jgitrassic

fe£oitstrRJgctgoRs "sgaggy iRvogve l3rger EE#acertaiitties.
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   The presence of the yeuag daitae ophioMte (<13 Ma) ipt the soEgth-westergig margi[gk of the

Sowth Americaft plate (Fgg. 1.2) prevides ene of the best exagptptes of a££retioft of mid-o£eani£

yidge. Dge to tkke yeEEifxgest age of the og)ikiolite (GggiveR et aR., g996), reaatigitsktips betweeR the

obdg#ctien preeesses Eeed the tectegiic eitvirownent in the ewea, for the gase 20 My titwe ¥(e.g. Cew}de

aii(S LesMe, 1986), ewe straightforwewd. The giEiffereRt structEEres deveAeped iRside the epkiegite 2gptN<if

swwo"ndiRg gRits (skxch as cempesitieitag layeriRg, faggking, folding, foRiakien, etc) are ffelated to

the opiailo}ite generatien at the Chige Ridge (CR) systetw ewxd/or to the obduction exgd ite tg other

ifxajof te£tonic eveRt that afiiected the laitae area. This "niqge seuttwg is itot observed iit ethers

ophieRites iR the worgd, where later regioitaR te£towt£ events had obgiteyated erigift aitd obdectieR-

felated strectaxres. "ffhws, once the diffiefeRt structwes ofthe ecaitao gphiogitc asre ehafacterized and

feRated te either elhe geReratioit of the ophioRite or te She ebdgg£tion, they can be reRated eo other

ophiogites i" the worgd.

fl.g. Stwdiy ewen

   The westemmost pan of kaitae peptitsEgga is the westemmest edge ofthe Chilean coast in the

sgkxthwesterrk mewgin of the Soxkth AgKxericagg pime. It is go£ated mppreximategy betweeit 46030'

gwtd 470ee' Lat S, Eased 750g5' aRd 75030' Long Ws jx2st 40 kxx} S}E of t]ke actuaNocatien of the

Chile Tripge jEewceieit (CTJ), where the eceEmic NEgzca and AKktEk3rctic arkd the centiRewtag Seuth

AgiReri£an piates fikeet (Fig. g.3). [Erhe ca. 220 im2 that represewts the study ewea are dgvided

between the Taitae ophiogite (£a. 180 kn2) aitd si]igagR iittrgEsive bodies (ca. agO kn2).

  The ro£k Rjgitits observed iR this area are: (1) uRtragi3afic r(>cks, (2) massgve a] itd aayered gabbros,

(3) basaltic to andesiti£ dike cgy}xpiexes, (4) thgck seqgen£es ofpiRgew Aavas, pigAew bre££gas and

eiastic sediyxgents, Emd (5) severag srrkaig hoR(xble"de and bietite-bearikg toitagites aRd

grEgitodiorites. Agl these reck utits ewe encased iitto Los ChoRos Metamomphic Conkpgex (LCMC)

ef Pre-3kxrassie age, which correspends to the basement of the Ayseit regiok.
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   The [Maitae og)hiogite, agso referre(S as the "Bahies Besrrient#s Cipkiglite" (GuiveR et aR., g999s

ILagabrieile et al., 2eOe) (Fig. a.4), was eonsidered to expcse a £og) gpgete opimiegitg£ seqggeence (e.g.

ForsyShe et al., g986; NelsoR ee al., 1993). It was later sasggested by Lagahrielge et ag. (a994,

2000) aif}d Ggiveg et ag. (1996, g999) that vofcgigxkg-clasti£ {Seposits Roc3ted iR the east aitd itombeifn

edges ef the ephiolite dg itot beggitg to it but iRstead tkeey are geiteticaggy ginked to the obdEg£aieit

precess. The term rffaitao ophiogite, in this st"dy, foRlows ehat prepesed by Nelson et al. (1993),

regardless ef the different tectonie gi!ifid rrgagmatic orggift ef each one of its ro£k eJgsgits (Fig. i.4).

Thws, the faitao ophiogite refers te 3 NW-wewd tilted seqRsence of aJggtramafi£ re£ks, massive and

gayexed gabbros, sheeted dike £eEEkpgex Egxgd vol£aisk-clasti£ deposgts. These gaxt£reps iit the iniRer

pan ef the westemnost rffaitac> pexnfins"Ra (Fig. g.4, g.5).

   The study zgrea cew} oniy be reaehed by sea or by hegi£opter, wl Rich depaxuiife frogxx the £losest

city in the region, P"erto Aysen, goeated i* the igigxey part ofthe SeRe Aysdw (Fig. g.3). Saig frexr}

Puerte !tyseR to Taitae peptfisigga is doite ii[it betweeit the nameroxgs isAands oftft}e soaxgherxg pan ef

the ChgRgs Afchipegago, crossing the Meyaleda Chasmel "p to Atwka Pifkk bay. Fregx there,

sguthwewd gxntil tkxe korthem extreme ef Golfo de Penas, to further reach the inteffior of the Taitao

pexnflitsuia (Bal]ia Ba2rrientos bay). OR£e iit Bgighj[a Barrieittos, gut£rgps ef ehe differewt rock ksgRits

cait be reached by foot or by zodiac beats.

fie2e OajecetfiWes

  Aitheugh severag studies had beeft cEgffied owt eR the Taitao ephiogite aitd swwogindiRg

iittrusive bodies, ixK}pert2mt strkkctxgrag qkkestions remaiit "it£lear. Stru£twrag characteristi£s ef ghe

diffeffeitt roek gutlts gfthe ophiegite'had beept itet estabgished yet, iike:

@ The diffefent Rsrkits of the ephiogite ewe systexi}atic3giy NW-ward iitegiRed, 3rd the whofte

   ophielite se£tion has beeit exposed in 3 northward seqgen£e;

@ Most of the intemag coktacts between ea£h enc of the differewt sectioits efthe ephiogite are
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   net prim3ry; instead they are strike-slip Egptdlor timst faults;

@ Dike complexes at Estere Cono tes}d Cageta Mitfofd-Rees (Fgg. g.5) hewe aRxxiost

   perpendicular trending orieRtatiofts with respect te e3ck other; and their oriengatggms do net

   ceiRcide with the CR spreading system either;

@ Depositieitag setuitgs for £lasgXc sedir(xents ftocated iit the northerffk edge of the ophielite are

   Ret estabXshed str[ectasr3iRy.

  ThgJgs, the ain} ofthis stkkdy is to deterfg}twe the obdgctiox processes experie*ced by the kagtag

ephiolite, its deformatienai histery fof the gast ca. ge My egitd the £oftsequeftces efthe obdgctign

into the Segxth American fofearc.

  Fof this, severag aspects need to be estabMshed:

@ Reeognitioft and sepafatigR betweeR primary (spreading ridge-yegated) afid secgRdary

   (obdu£tioit-related) strtx£tEEres;

@ Original grieRtatieft ofthe different ophioXte xxitits before the ebdig£tioit;

tw Ortginag lo£atieft ofthe opfiR[ioXte with respe£t te the CR spreading axis;

@ Stfess field that affected the ophiolite duriitg the gbd"ctieR eveRts

@ Mechar}ism 6fgRtrR;gsgon and sediftientatioR ofthe vgicafti-cgastic depesits gocated in the east

   Egxkd nerthema edges ofthe ophiolite.

N.3. -RJseedi agegeer*tteckes

  fo achieve these objectives three diffeyept and indepeitdeRt approaches were gsed: (fi)

deternkinaSien gf }keterogenegus stress field, (2) isegatioit of ren}anent inagReti£ (RM) ve£ters

tpaleowtagnetism), Egnd (3) agyisotropy ofmagneti£ sus£eptibiKty fabries.

   Strike-slip and dip-sgip brinie fauets stxrgJgctwes ebsegved tw the pA"tonic gggxlts of the gphiolite

(formally kJggtramafic Egitd gabbre xmeigs) eyEid in gts eastexrk edge weffe xtsed ie £al£egegate the

heteregenee"s stfess fiegd that 3£tivated them. Oriektatigit egnd ehewaeteristies gf tke stscess field
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were determiRed by maeEms ofthe "ueutti-inverse" r[kethgd, propesed by kamaji (2eOO, 20e3).

   Isolatieft of RM vecgors is probabgy one the gitest powesfukooas to deterw}ijke the te£tggnigc

evgg"tien of tecteRicagly affected te]rrains. It has been widegy kksed to provide qasagitative data

ahowt the tecgewtc evolwtion efceRtineitt aitd g£easkic paates as weft1 as ieedepeitdent bgock terirains

(Butger, a9g2; kagxe, D98). 1[iRis tecbeiq"e was used to determiig}e the difEieecewt te£tonics

retatieRs experieRced by the different bgo£ks of tke rifaitae ophiegite since its generatien in the

oceag Ej£ spreadiseg ridge (ca. 13 Ma) xggktig its preseitt ceitfiggratieR.

   Anisotrepy of Magitetic Sassceptibigity (AMS) has probe to be a Egsefu1 goeko deterwRine

orieptatioit of nkineral fabric (TarRing eitsid EErogda, g993) based eit the close depeitdeR£e ef

sedifikentary AMS fabric ofiewtatien ewgd depesitiewai ckkstreRt as3d sgope setsiRgs ¥(Rees, a965;

Rees et al. e968; EgRwood and Ledbetter, 1977, a979; Elgweod et ai., g979; [graira and I.geiterS,

g979; Eggwoed, i980; Ledbetter and ENwoed, g980; S£hieber and Eggweed, g993; Piper et ag.

1996; Abdegdayegn, 1999; Lias et ag., 2eOl¥). 'Irhis tecimiqxie was used to determtwe paReecgwwent

flew and depesitieAal settings of the cgastic sedimewts lo£ated iR the northerrw]]est edge of the

ophioKtc. Despite if cgastic sediinents beloitg or itot to the opRgieMte ¥(Neftsoit et ag., a993;

}Lagabriegae et al., 1994; Gxxiveg et al., R996, R999), abetter ckara£terization ofghe transport Egxtd

sedifiyeRtatien xite£haRisrx}s of the clastic seditwents is itecessgigry wt order te q"3aitativegy

detemaine the posg-ebdxictioit pro£esses that affected the 'Iraigae ephioeite and the sEErifouRding

forear£ area for the last ca. 3 My tix rfte.

   Iit this sttxdy, Rew stress fiegd determinatiefts, pageoitkagneti£ data Exifid AMS fabxi£s frogxk the

different rock E[ptts of the Taitag ephiglite are dis£"ssed, jusgified EEnd iRterpreted to obtain a

reliable nkodei for the drgving forces respoRsible for the ebdgctioit aitd deformatign of the

ophioaite, aRd the tectgnic processes that affected the gphiogite before, duarring axkd 3fter its

ebductioR oRto the Soxkth American forearc.
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M.ag. twerewk*ees sggedites

   The first fefereRce te the rocks gocated ift the westemmost pEgge ef the kaitao peitinsula was an

isolated K/Ar age ebtaiRed for the Cahe Raper pguten (Fig. g.5) by M"graiizaga (g97e). The

presence ef an ophiolitic body iR the westemnost pan ef the Taitae penimsaxga was first reperted

by Forsythe et ag. (g985), whg litholegically des£fibed the digiferent reck t[Kxits in additiesu te

fossils re£evered fronk vglcaxii-cgastic sedixxkeRts. Ig kkaxs, the daitao ephioaite was defined as a

pse"destratified suocessien ef ggltraxrxafic re£ks, gabbres, dike cogecEplexes ew}d voleani-clastic

deposits (go£ated both itorth afkd east ofghe previogs EeerRits) (Fig. g.5).

   The first geo£i kreitogegical data for the ro£ks in the ewea (gRcgggding the ophiogktie and graniti£

bgdies) was feported by Mpodezis et al. (1985) using K/Ar xif]ethod. Using this avagiable data,

Herve et aR. (g985) linke(l ghese geochroitologi£aa £oftstraints wgth the severaR £ogaisioits of tgge

CR system in the ewea.

   Cande ag}d Lesgie (g986) sRsggested the migratioit of the CR sysgepa, for the last ag Ma, by

amalyses of the sea-ffeer gitagnetic ag}omagies ofi both the Nazca and dntarcgi£ pRates. They

determgRe the basi£ geodynamic fkramework for the faitao afea, tw which several segneitt of the

CR systerri £oiRideCe with the Sokkth imerican pgate. Fersythe eg aR. (g9g6) used ehis geo(lyfiaxtki£

firamework to regate the esukpla£exifNent of the caecaifkaliRe gramtic bedies iR the daitao peritiRsaxla

with the coglision events ofthe CR systegEk and the xnigration gfghe CTJ.

   Geechemeical stwdies efthe feck "nits ofthe kaitae peninsaxga started in the g99es. Keading et

al. (i99e) determiRe the possibge iEgagnati£ sevirces ef the caRcagkagine pRggtoits thag seefroeiitd the

gphiolite. Later, Aliieit et ag. (g991) established soxne geochemicag chara£teristics of the dikes im

the ophielitic body based oR the abuitdakces ofyare earth eAewteRts.

   [ifhe 'lraitae xidge, Rocated effshere of t}xe lr3ittge pexgiRsgga anCg being perhaps the sgxl¥)xriarttxe

contingkatgeit efthe ophioRite (Kwnosev et aR., 1995), axkd adja£ewt eweas were dsrigged iR fi{)92 by

the "OceEgn Drigking PrQjece' (OEPP) dE!riitg Leg g41 at sites 859 te g63 (Fig. 3.1). Iee ghis series ef
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stwdies bathymetry, gigiagnetorwetry and gravigRetry (for the area ceRtered eR the CTJ) werce

determined (e.g. Forsythe axd Pfior, 1992; Bangs et ai., g992).

   Perhaps one ofthe fi Exost compiete reports abowt the rocks ofthe graitao ophioRite is the one of

Nelsgn et ag. (g993). Here, detaiRe(E githoRogical aggd petreRegicaR £hewa£teristg£s ofeach ffock ajg3kit

were feperted asud, for the first gime, two oppesite rK}odels were propesed for ehe develepmewt of

the Tagtao gphioiite; gencfatioR in a slioift-Rived exte*sionag rr}arginag baskR iit the foifetixrc or

ebdgg£tioit of a pie£e of eceag}ic crtkst.

   Boexrgois et al. (g993) poipteCE out that vogcaptti-ciasti£ CEeposits oftftke ophjlollite, Rocated itortk}

astkdi east of the rest rock xgg]its (Fig. g.5), ewe Ret pairt of the ephiogitic seqEgeit£e; iRstead, these

depgsits exe geRetic3aiy linked to t]ge gphieiite. rffwo new kgptxits were defincd based en

geechemi£ag diffk)rences between the ephiegite argd those vogcgiutl-egastic EEasits, ewkd spatiag

felatioRs with other ro£k vanits wt the area. These ewe: (g) the Main fogcexxic Uitit (MVU),

compretwising vogcaxki-cRastic depesits iit tixe northerri gitargiit ofthe epkgolite (Fig. g.5)s aitd (2)

the Chile Mewgin Unit (CMU), iitcgggdiitg piglew gavas, piggew bre££ias aRd seg}ke sediwtewtary

depesits that out£rgps the easte]tfx xgtargix ef the opl]ioiite (Bai}ia Bawwiewtos area; Fig. g.5).

(}eo£hemical eggialysis ef these voictiExki-cgastic deposits gead Lagabriegee eg al. (i994) and (}Egiveg

et ag. (1996) te estabXsh the different magmatie sources of these, whieh correspond to Rormag

and eitfiched MORB (Mid-O£eanic Ridge Basagt). Th"s, Lagabrielge et ag. (g994) and GwiveA et

al. (1996) re-defiited the ophioliti£ seqggence ewkd the term "Beshles Barrientos (iphiglite" was

defiited (Fig. a.4).

  NuxReroajgs stgdies oR petregogy, pageoxx}agnetism, sedisx}ewtoRogy, etc were carried gwt dEEring

eDP Leg gaga and suitkg]karized by Lewis et ag. (g995). Later, Bgurgeis et al. (g996) used a

geechemi£al xK}odeR for the exnpla£ex x}ent ef the Caho Raper pgwton (Fgg. 1.5), whi£h was agsed te

estabRish the rate of tecteg}ic efosieit that had affected the sowthwesterfi £oast of the So"gh

An}erican plate. Later oR, seismic aitisotrepies of the regieit beneath the CTJ area were

determined by MRxrdie and Russe (1999), usiRg a net of seismog]keters iRstagled iit the Taitao
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regieit. SkEch ewftisotropies were interpreted in order to estabaish a pessibge locatigit for the

skkbdEk£ted CR spreading axis beReath the faitao area.

   The thermal effects indEgced in the foreew£ region predticed by tke sgbdx#ction ef 3n active

spreading ridge, gike the CR sysgem, were discussed by Lagabrielae et ag. (2000) by ggskng

geochegmil£al ceRstfaints betweeR the differept vggcani£ and isatifRssive preduets iR the rffagtao area.

They argue that the geoShernkal gradiept in the area was highXy iitcreased by the sgbd"ctieR efthe

a£tive CR systesEa. As a product, meatiitg ef the Ewtderplated portions of the ygewgg o£ea}Nic

lithosphere oc£EEg red aitd £ag£aikaline magmas with MORB-type affiitities were generated.

   ARinost 20 years had passed since the presen£e of an ophieiitic be(Sy was first repgRrted in the

westemmost pax ef She laitag peRiptsuia. }{ewever, ixEepertant questioits seefta twt be ex}swered

yet: Whi£h ewe the pre£esses thaS the faitao ephiolite experien£ed dwtftg its obdgetien inte the

South imeri£exk forearc? Which was the oriewtatioit ef the priitigary structgkfes of the ophiogite

with respect to CR spre3ding ridge systegxk? Where was the origimaA Rocale ofthe og>kxiolite with

respe£t to the spreading ridge axis? Whi£h was the mode ef empta£emept ef the gphggXte eitte

the foreexc regienf Nwtien, ewgd how, were developed the secoRdagy strtectgres of ghe ophioggge

(sEech as foIds ewkd briwhe faults)? What asre the £oitseqkkeR£es of the ophioaite obdu£tiofi in the

forearc regign? ar[geitg gxkaRy gthers.

S.S. Peree"fiyggees ]eegk*sleRs pge*ge*seedi foff gkoe waifgee* *gebeivfigtre

  Maity stgJgdies have been carried en the faitae gphioRite bkkt tke obdgction processes ewe stigg

itet fuigy constraiRed wgtk the present availabge data; instead itxafi ky had fo£gsedi oR uitdefstanding

the pessib}e causes that generated the ophiolite ¥(e.g. Negseit et al., a993g Forsythe ewkd Negsoit,

fi985; Ggivel et aR., g996, 1999; LagabrieNe et al., a994) by meagxs efpetrelogical, geochesgxi£ag

aitd geechroRogegicag stRsdies.

   irhe first proposed vaxodel for the generatioR ofthe "Tait3o ophieNte £efrespeRds to Nelseit et aA.
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(g993). Ac£efding to the avaiiabge data at the tiiAe Neisen et aR. (g993) propesed ewg oppesite

mgdegs for the generatioft ef the ophiegite: (1) tw aR oeeewxi£ spreadiitg £eitter or (2) ipm a short-

lived ffifting systegg} ef the forearc enviyermept. The key for both KKxodells were the iRgempretatieit

ef the shaMow te mediwn--depth depgsitgeRag axtd exgr[ssgve chaxacteristi£s of the voacano-clasei£

deposits at the Estero Ceite asrea (Fig. 1.5). Iit the first modei, vgi£ani-£gastic depesits do Rgt

begeng to the ophiegite and they had been erEgpted through fisgEerag vogcariisgie predkget of the CR

s"bdgction beneath the SoEgth imeri£an foreewc. in the secoitd giagdeg, vog£ani-clastic deposits

beloitg to tke ophiolite in whi£h the whole ophiogitie seq"escce was geiterated in a sg]aaAI fifttwg

inside the forearc.

   Guivel et al. (g996, 1999) estabgished that vogeaito-£RasSi£ deposits at Estero CoRo dio ftot

beleng to the faitao ophiogite, bgig they are geRetically ginked te its gbd"ctiode. 'firhkxs, rkge second

medel of Negsoit et ai. (g993) w3s ovegtrEsled. gn additioit, Gkxiveg et ag. (i996, l999) and

LagabrieNe et ai. (g994) agso proved, based git geochegRei£3I siggkigewities betweeee the ophieaite

aRd severaR sampges recgvered from the CR, that the ephiglite was griginaggy geRerated ipt asi

o£eanic spreadgitg ridge envirownewt, statemeitt alsg proved by sos (Re ether agthers (e.g. Fersythe

et ag., fi995; Kwmosov et aR., a995). Ifthe creatioR ofthe [graitao ophioggte occgrered iirk gigge gcegigiti£

spreading center, theR the acitsal llo£atioit ef the CR system igtskplRes that ehe ephiolite pa£kage

was obducted over the foreewc.
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  ¢kesgeeeer 2g Tke *ecethmpfiec esSela$splaeeeree eepadi its eew@Rwwetfi*pa ainewaswagbo utfiwaee

   IE'he oceagkic Rithesphere is a dysamic systex¥(} wkgieh evc>aves threkxgh tgggxe, beginntwg wgth its

£featieit in the so-cagled spreadlng £enters er spfeading ridges (Fig. 2.ac) where itew eeegaskg£

githesphere is cfeated everyday. [grhe new lithosphere £oRsists ef a psekkdo stratgfied seqgex£e,

coxrkprising, from boscem te top: (b ukrafi}afi£ rgeks (kxpper gitantle), (2) gayered gahbros, (3)

dike complexes and (4) xEkassive lava fiews (Fig. 1.b. As the opew gighosphere is £reated, it pEgshes

the ogd oite away frem the spreading center, creating a gafge sheet-iike sEErface £agled e£eanic

pgate. However, e£eaR Ri£ plates ewe not a snEeoth sg!rface, £ontaining ifregulewigies sgch as valgeys

gmed mevEntains chains. Sedimeitts ewe then pregressively deposited eft gop ofthe piate as it ngoves

away froi KN the spreading £ewter.

   [grlie oceanic lithosphere reacft}es, eveRtuagRy, its eCgge te tlke begmdagy with ascoaher plate

(£eRtikewtal or o£eanic) (Fig. 2.ab). If the oeeaggie plate g}keets with a egRtiitental pgate, it sinks

dewn beneath the eoittineptag pRate beca"se ef the gravity for£e actijrkg oft the heavier o£eag}ic

plates process ifs knewn as "seebducgisn". DEEriRg this precess the o£eaitic pgate is de£ggxxposed

progressively en the way ba£k to the srxiantRe.

   Someti#eckes, a piece sf sectigit ef the e£eew}gc lithesphere refuses te sink beneath the

cowtinental plate gnv}d iRstead it gees g}p (be£oREkiasg auached to the ceRtiRewtal pgate fEkargin) (Fig.

2.ic). rThis precess is kitown as "obdeection" (Fig. 2.ga), which caR be a very cempeex process.

Stgggested ebdggction nkodegs in£lggde sli£es attached pregressivegy te the £owtinent (e.g. vaR deit

Benkel, 1990s Kerr et al., 1998), er shee"Kke timsts ef ghe whgle se£tion of o£eEwtE£ cffust and

maantge (e.g. Thomas et al., a988), er diffefewt bgocks aecreted to the cgntinentag rxkargige, or a

rwixing between these processes.
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2efie Oece&eegec ergdiges, trke hiptbo *ff gke @eceneegec ew$*ff

   Fractwring of the oceEgnic githosphere ca"ses a wedge-like mpwepmiRg of hog partiagly moaten

astlxeitesphere. Basaltic giq"id extracted frex[it this weCgge fials t]ae iiitssewes RR the crast, £reating a

swasrm of dikes. 'I'his episodic a£tivity pregressiveRy weakeits the e£eamc cgrekst a*d egEiows it te

respgnd by brgrde tectept£ stretchng (expagxsigit) (Ngcolas, 1995). The stret£k)jiRg is mainiy

centrogRed by itormal fa"Xting at the spreading ridge axgs, as sofixe smbrritarine profiRes on the

ocea] ei£ ffoor had showik (e.g. Niceeas, i995).

  Basieally two types ef oceewiic ridges exist, depeRding oR theif spreadiitg rates ¥(nameky fast

and slgw spreading ridges). The expgRxgsic)n raSe depencgs eR the agix()RsxRt of basalgie nEateriaR

extracted firom the xtkeltiitg of the upper zggawtie (Fig. 2.2). Fast spreadiftg ridges (iike the ()hiRe

aftd East Pacific ridges in the Pa£ifi£ O£eEggi) have spreading rates gveif 2 £twyr aRd as sixkx£h 3s

15 cmlyr (e.g. NicoRas, 1995). 'I"he amoggx it ofextra£ted basaRt frogxk the xx}egten gxgew}tge is ees. 20%,

which creates a itormag ocegmaic £rxist with a thi£kness ef abeEgt 5-6 kw, Eg3kd a gpper g)gaittge

sectioit of abogxt 2-3 Km (e.g. Nicolas, a995). Stwdges of ephiolites have pfoposed that this type

of ecegmic lithosphere is cegnposed ef a thi£k se£tioR ef wgatraKikafic peridgtites ef hewzbEgrgitic

eoitkpositioR (31so cagled "fertiRe" peridetites), gabbros, dike coKxkpgexes,and rnassive Rava faows

oit top (Nicolas, g995). Uittgg recentgy this theery was pat prgven frerita Ratxgrag gigg}d/or paedergN

exampges. Xewever, a sixx}ila]r series efrocks are foamd to be expgsed at E{ess Deep in the East

Pa£ific Rjidge (e.g. Effesrst et al., fi99ng; Vewga et ag., 2004). [grhe spreaeftigEg results iit ngrmaA faesgting

and tiRging ef bgo£ks aReng ghe ridge axis, which are rapidgy fiARed by Rew ethsive RRateriaR

derived froftg the spreadiitg xidge (e.g. Hgirst et ag., g994; karga et ag., 2e04).

  IR contrast go fast spreading ridges, sgow spreading ridges have spreading rates beggw 2 cnelyr

dewit tg e.5 cmlyr (like the Mid Atlawti£ ridge). The axKkowwt of cxtracted basaAts is ahe"t gO%,

which creates a thgn (ca. 3 Kue) and "esbnormesl" eceanic crust arRd a t} kick gpper itaegxxtge se£tieR of

about gO im (Nicolas, 1995). IE"he upper se£tioit ef thc Ritkxesphere geRerated at these spreading
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ridges is simiear to that geRerated at fast spreadiRg ridges (gabbros aitd dike complex). The

exceptien is the upper mantle section, which is eginpesed ef peridetites of the gheyzoPites

ceffkposition iRstead of harzbEgrgites. ifrhe spreading resxEked iit Rormag faexatiRg di"rst et aR.,

1994; Ni£oRas, g995) and stret£hing ofthe iithesphere.

   Oceanic ridges are net isogated features in the o£eEmic plates they form garge £hains. A ridge

system is cog} kposed ef sevefal segments (or isekued spre3ding ridges) begftded by fra£tk]re zones.

These fractures zoncs displace aitd trxincate each segxneitt efthe spreading rgdge systesre, exid they

shew different rKkevesxkeng dependiRg on the confifgkxration segitkepts, having a duag stuke-sgip

fauit･-like mgvemewt (Fig. 2.3).

                 2.2. 0eceamegec gegasgeeewas eeewdi xy*Recgewatc segeme*wageets

   Oceanic plateaus and vogcaxgi£ seasRok]xsts ewe the yx}ost represeptative bathyrRketric featEgres gR

the oceaptc piate besidcs spreadiRg rtdges. Oceanic pgateaEes eorifespond to iexge fiat sEgrfaces

which ewe eievated respect to the swwowwding seafloer, supposed to be deyived fregxk a pAume

originated iR the Rower sEkEt¥(itle ¥(e.g. Cewxkpbegi and ¥(}fifEiths, a992; Maboney et ag., 1993; Coffifn

and Eldhogffg, 1994; Kerr et ag., i998) (Fig. 2.4). OceEgnic pPateakEs eever Rarge areas efthe oceaiiR

basins aftd they are £hewa£terized by 3 crRistal thi£lmess of abgwt ae im, wegg in excess ef the

itormaR eceagkic creJgsg prodeced at axe o£eanic ridge whi£h is ahoggt S im (Kerr et al., 1998). 1ff"kftegr

compositioit aitd strEgctwes depeftd eit severaR factofs sag£h as the volwne of su]ateriag regeases by

the pgimee, whether the plume head ascended begeeath er if is off-axis of a spreading ridge, or

whether there is a signblcargt gateral ffow of the plume head to expgeit tkkiit sectioits of the

oceagxie crust (Sgeep, 1997; Kerr et al., g998).

   Vk[>gcEmi£ seamokeets, xEkoxi[ktains in the sea-fiegr, are premgncRt btat smaig cegKkpewed with

o£eaRi£ piateaus. They sometigites forrrg ga2rge meew}taiR £hains 3s in the HawaXa#i IsgEgnds. Tlaey

are usualay geiterated by hotspots a£tivity origtwated iit deep [gxantle (Fig. 2.4). E[owever, they
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can aise be generated by gnteractioits between pgumes, hgtspots aged oceaxiic ridges ¥(Bryan and

Cherkis; 1995; "Vbgt, 197g; Morgaft, g978¥).

   These two bathysxietric featwes are Egsxeally hotter, dkie to adveetgve heat firroxy} the deep meag ttRe,

thasc the swwogwtdiRg seafioer. CgnseqggeRtgy they ewe xi}ere bugyaitt thaxk aihe sewoxgxkdiitg cegd

oceawt£ lithgsphere.

                 2e3. Stwkdieeecgg*ge, etke esegeSk *ff gke *eceeasewfiec as@@er

   By the tirrke wheR the riaoviRg gceaxitic lithesphese rneets with a cengi*ewtaa plate, usualRy im

away frepti the spreadigkg eenter, it has lost alxgagst agl its heat and it has becoxxke heavier. As tke

o£eaifiic lgthosphere sinks beiteath £ontinentag pRate due to its weight, hydrokxs maincvags that

£or[kpose the ocegvai£ crigst exe pregressiveRy dehydrated by the heat frogEk the Mthespheyge

rrRantRe/asthenesphere. Regeased fiuids are trgrpped tw the bottom ef the coRtinewtag ptate wheffe

they fuse by gowering the megting terriperatRsre. Magn3s Egsre created at this stage, which stasrt to

asceftd to the sewfa£e tirroggh the ceittiiteRtaa pgate. grhe sE[rface g]geggRifestatioRs ofthis pfecess are

vgacaitees oit top of the ceRtiiteittal pgate and pgutoRi£ bodies which cerrespoitds to faiged

vggcaitees.

                   2.aj. A¢¢geegg*me, gke ger*wwzgk *ff etkee ec*ewtrimewast

   If the eeeewiic githosphefe is yoEkRg, hot ewkd thiR, it is somewhat mere diffiewit te be smbdgcted

¥(MogRew tmd Atwater, 1978; LePichon and BRajkchet, g978s Nicegas ascd LePichen, g98e¥).

Therefore, rEkid-oceaiti£ ridges, eceanic plateakks a*d seagnokxnts which were stiRg hot wheit they

reached to the subductioit zonc, tepmd te be obdxgeted becemaing amaggexK}ated at the co*tinewtag

fxgargin Et(xd £ontrib"ti]ag to the coptineRtag grgwth.
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¢keegegeff 3* Ge*diymeeemefi¢ eegedi Gee$g*giecnt ewereemaeew*ewk

                         3.R. Ge*diyeegetwtc pterec]ifg]igew$erk

3.1 .g . The evolutioit ofthe Chiie Ridge

   Othhore faitag pes Riitsula, two oceEkitic plates ¥(Ntrzca plate gn the itefth aitd A f}tarctic plate iit

t}ee sGuth) subduct beiteath tSae Sogth /inyericEgxt ptate agoitg the CRkige-}}eru tfene&x (Fig. 3.g).

lkese twe pgates are sepewated by o£eanic spfeadiRg £enters of the Chige Ridige (CR) system.

Globag plate tectoitics re£enstrEgctioits shewed that the sgbdkkction £envergen£e ve£tef of the

Nax£a plate has beeit £eestant towewds N850-900E with neewly a £enstant veRocity of 8.5 ctwyr

with respect te the South AmericaR plate for the gast 2e My time. In eoptrast, the Axetew£ti£ pSate

has rrkaiRtained its eastward ceitvergeR£e velocity of2 ctwyr the aasg gO My tikke (CaRde et aR.,

g982; Cande aitd Leske, 1986) (Fig. 3.g).

  'The CR system co*sists ef a series of axial rit vagReys that gnark the positioxt gf spreadiitg

£ekters (with depths down te 3eOe m below sea level) Eand spaagl b"t pregiifginent veS£ano-gike

bathysi}etrtc highs imside the valleys (abewt 1eeO m gxigher than the sgrreasndiitg seafiger). Each

spreading £eitter segnept is deit3ar£ated by fira£tEEre zoRes orieRted Reargy N8eO-700 (Beimann

et ag, g992) (Fig. 3.2) which are represeitted by bathymewic `lpgnps" of about 3eO to 5oo m

wl Eich trvglt£ate aRd displa£e the ridge valReys (e.g. Behg maiti ft et ag., 1992).

  Throk}gh time, the CR has rikigrated eastwexd ewxd colgided (the term £ollisieR is gsed heregR

for the begix kRiscg of the sRsbdgactioR of a ridge segnkeitt¥) severag times with the westere g] gewgwt of

fhe So"th imerica for the iast Ig My tiwte (Caitde aitd LesRie, a986) (Fig. 3.3). "ffhese cegfiisioits

indxi£ed ewtvisgaR aitd gtwiqk}e conditions i"te the foreew£ region, prgd"cikg: (1) khe obdggctieft ofa

piece of eeeEmi£ lithesphere (the Taitao ophioiite, gimd perhaps the Taitao ridge), (2) twkrggsion of

several srxxalg graftodieriti£ bodies, and (3) geftefation and depositieit ef severaR vgR£aiki-£gastic
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predEgcts ¥(e.g. Forsythe and Nelson, g985; Mpgdozis et ag. 198S; Keadiitg et ag., g990; NeRseR eg

al, g993; BovErgois et al., g993, i996; Lagabriegle et aR., g994, 2000; Kiimaesov et aa.,1995;

Guivel et ag., i996, i999; Veloso, 2001¥) in the faitao peitiits"ga.

3.1.2. The gnigratigit gfthe Chiie Triplejgnctiome

   The 1ocality where a spreading £eRter (er a fira£tkkre zgnc) sgsbdects beneath the (iEifge-Perkx

trench defiftes the lo£ale gf the Chile Ttiple jixnctien (C'ifJ). 'g"his jgERE£tioit is curscentgy located

abowt 40 km Rembwest ofthe faitae peitiRs"la (Fig. 3.i). Dxge te the grientatioft efthe CR systema

(NleOW) with respe£t to the ClsiiXe-Pertg trench (NS), the Chiae Tripge jktwctgoit ffkigrates fast

itorthwewd when a spreadiitg ridge is subdu£ted bwt Enigrates sgigktey (and slowRy) so"thward

when a fractxgre zgite is subdlgcte(g (Fig. 3.4) (Casude anCE LesRie, g986; FersytSae aRCE lfBrigr, a992;

LagabrieAie et aR., 2000¥).

   The CR system started to subdu£g beneath the South imericaifk pgate wheR a ces. 700 km geitg

segment south of the EsRxieralda Fracture ZeRe (F.Z.) (Cande aitd LesKe, 19g6) (Fig. 3.3),

£oRlided with the Sowth Ainerica]i pgate aroxkg ed 14-10 Ma ago iit front gf the £oast ef the Madre

de i)ies archipelage. Then, the CTj had a TRf (trench-ridge-tren£h) eoitfiggEratigit (e.g.

MeKeitzie and Mergari, a969¥). As the 700 Kne goitg segxrkewt ef the CR was s"bdaeted, ghe

position ef the CTJ twigrated fast northward mptiR it reaches sewt}a ef tkke Golfo de PeRas ewea ¥(Fig.

3.a, 3.3), spending abovkt 8-4 My to £empletely sEgbdkxcted.

  Betweek the Esmeralda F.Z. (in the seEgth) ai3d the DewwiR EZ. (in the nerth) the CR was

compgsed ef three short segmewtss each ca. aOO km aong. Jgst after the 700 im loRg segpaewt

subdggcted, the CTJ chaitged its cenfiguratioit tg a [ffiF'T (tren£h-{kractwre zoite-treitch; e.g.

McKenzie and Morgasig, 1969¥) coRfiguratioR as the Esmeralda F.Z. staxrted te smbdget ggnder the

Seuth imet£aR plate. As this F.Z. subd"£ted, the CTJ migratedi slgghtly sogthwayd west ef the

Gekfo de Penas area (Fig. 3.3, 3.5) uRtikhe segrrkent betweeR Esgi}eragda and Tres MoRtes ge.Z.
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(hereafter called segftient g) copmided with the treR£h. The segKxgept g efthe CR colaided with the

Sogth Ameri£asc piate ca. 6 Ma age (Caitde and Lesiie, g986).

   As this 1atef segment was qgickiy sggbdgicted in frowt ef the ceast of the daitao-Tres Montes

peniits"gas in abowt 3 My time (Fig. 3.5), the Tres Mowtes F.Z. staMrted to subdwet. Thus, the CTJ

chaExged to a TF'ffLtype cenfiguratien and as a fesnit the pesitioit of the CTJ migrated sRightgy

so"thward. Hewever, it remained iit froitt efthe coast efthe Tfes Mewtes--Taitae peftiftsgggas.

   About 3 Ma ago the seggiaewt 2 (betweeit Tfes Montes and Taitao F.Z.) coggided with the

westenk margiR of the South Ameri£a3x ptate. The CT3 £hewRged again its £oitfigg]ratioit se TR[Er-

type aRd started to migrate fast iterthward untig this segment was £ogMipgetegy smbdueted gfi 2.5-

2.7 My tirrge (e.g. Cegskde and Lesiie, R986). Abokxt e.3 Ma ago the CTj £hanged, agaiit, to a TFT

configciration as the [faitae F.Z. was subducted beiteath the Sguth imeriean pgate. [E'he TF"I:-type

CTJ migrated siightgy seEgthward maintaigxing its pesitgoit iit frent of the Tres Mentes-'faitae

penimsk}gas area.

  North of the Taitao F.Z., ghe ftext segment ef the CR £olgided effshefe the rifaitae peninsuRa

area ces. e.3 Ma agg. As this segmeRt eoNided with the South AmerteegKk pgate the CTJ chaRged to

a TR]r-type configEEratioR Egptd it started to rx]igrate fast nerthwewd. foday, this seggkkewt is

subdkk£ting beiteath the Sotgtkk imerican plate and tlae ( [lrJ (Cande ag}d LesRie, g986).

3.2. Tbeee Gee*togy *ff glae Aysdepa Reegk*ee

  The geelogy 6f the eoastal exea of the AyseR regioft (sgwthefi} Chige) ceksist of fouir main

tmts: (g) a pre-JRJ!rassic *ketamcmphic cg]nplex, (2) Rarge igneogs iptreksive cepm[kpRex of

CretaceoEss-Mieeeite ages, (3) thi£k deposits ef vogca$ii-sedinkeRtary ro£ks of Mie£ene ages, askd

¥(4¥) the "Iaitag suite ¥(Fig. 3.I¥).

  Lgs ChoRos Metamorphic compaex (LCMC) is the pre-Jkxrassic (DewgdseR et ag., g9g7; Elerve

et ag., 1988; Pgwtkjkuirst et ai., i999¥) gnetaxnerphic basexRikewt of the eoastag area of the AyseR
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reggon (Fig. 3.g). It extends as Egn NS-ward elesugated begt, cexrkpesed of two sub-ewreas with

different lithologies altd structEgres. The e3sterg} sub-area £omsists of xecitetasedinitewts of tasrbidiSe

erigin with metachept aitd interbcdded gfeeitstones, whi£h retaiit sedirwentewy stru£tuffes tmed

presents a sub-greept schist rxetamerphisitk (Hewe et al., 1994). The westergk s"b-ewea £ensists ef

psamiti£-peliti£ schist, greeit s£hist aitd rreetaehert, whieh have lest agg sedixifieittewy sgrg£tufes

dvge to the metamorphism, which rEgftges betweeit green-s£hist ecp to, iocagly, amphibekite faeies

(}Ierve et al., 2000). The whoie LCMC has beeit wtterpreted as Em a£cregienewy £oxtkplex

developed sin£e Jurassi£ times aRong the southwestem border of the Sowth imeri£a3k pgate

¥(E{erve et aa., i984¥).

   Igneo"s ro£ks, extending for more than gOOO im sggbparalXel to asgdi behind the LCMC,

eonfgrms the se-cajlged Patageniag} Bathelith (E{erve et al., 20eO). This bathogith can be divided

inte twe snaiR segmewts itgrth and so"th ofthe Golfo de Penas Eg3rea (Fgg. 3.g). The iterth segmeRt

¥(North PatagoRiEtgk Batholith¥) has a NNE-SSW-trend, whiae the so"thesit segnewt ¥(Seuth

PatagowtaR Bathggith) has a NNW-SSE-treitd (Efferve et ag, 2ooe). Bgth are maixggy cemaposed of

biotite-hgritblende-beewiitg grewkodiorkes 2md tonagites (PEmi<kkewsg et ag., a999). The wheAe

bathoiith has beeit interpreted as the produict of sgbdkkctien iitdEg£ed ffackaggg}atisxerx, with owter (gr

margtwal) bedies deveieped in a matEgre crest while iwwer (er ceittrag) bodies devegoped by the

fusioit of mafi£ re£ks after sEgb-crust veacanisitk (Pgaskgdleksrst et ag., 1999). The Pataggitian

Batholith intrRsded the LCMC and the Tfaiguen formation (see fufther) iit Xate Creta£ee"s i* the

o"ter area ew}d iR Eo£exe--Plio£ene iR the £entral pan (Herve et aa., 2000).

   'ifhe Tyaiguen formation £gitsists of a thick seqeieRce of voi£agai-£lastic recks incgggdgRg

abumdant pillew lavas, vel£Egxtic breccgas, graywackes, siAtstones and tesffbiCftiti£ deposits. "I"Sxe

formatio* egxtcreps in the Moyaieda Chameg (Fig. 3.a) (Herve et ag., 2000). A gew-grade

metamorphisitig smiiar to that sea-fioor affected these rocks, iR additioit te fogdikg abowt NS-

trending axes (before 20 Ma; }{erve et ag., 2000). This forEgkatgoft, in the Magdaleita IsEaitd, is

iRtruded by grex}itic bodies and dikes gf ca. 20 Ma. Rb/Sr (wheRe rgck) ages sEkggest gkat vogcaggi-
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clastic prodggcts were deposited dwtng 40 arkd 20 Ma (Efferve et ag., g995). Tke Traigueit

Fgrmatieit has been ifitempreted as deposited iit a paJgll-apart basiR tw the foreewc regioR dnc to the

strike-sgip itxeverKxent ofthe Mq"ifle-Of<Eui Fan}t Zonc (Herve et aA., 2000).

  IE'he ro£ks expeseCl git westemmost I)an of the 'ffTaitag pergimsula are tgge 'ffaitao OphieEite, as]d

small gregsuiti£ bodies sEErgreuxding the eplziiogite (Fig. g.5, 3.g). These graititi£ bedies £errespgRd

to smagl homblende aitd biotgte bearing teitalites aitd grangdgofites, which obiiterated the

tpossibge) prixifkEwy eGRtacts betweeit the ophiolite aRd the forearc basegecgent (LCMC).

3.3. 'Nrkee Gee*kog:y $ff gbeee xgwesteffeema*se thgaee$ Pegektwseela

  "grhe geology ef the westemmost part of the kaitao pexkinsuta egasi be divided iRto the Taitao

ophiogite - iRcluding kgltramafi£ rocks, gabbres, dgke £omplexes and velcaRi-cgastic deposits (Fig.

R.4¥) - askd the iwtfkxsive grapttic bodies distributed iR the southeg Kk, itescthema and eastema ffxxargiRs

ofthe ophiolite (Fig. g.5).

3.3.a. The faitao Ophiolite

a. UZg7'esneofc rocks eenit

  Ukramafie rocks are dgsrgxpted iRte severai wuW-ESE-trendiitg egoitgated bedges ¥(Fig. 1.5,

}'hoto la¥) of abg"t O.5 to g.O km geng by e.2 te O.3 im wide diKxReRsioRs aikd soxxxe gekticul2gr

bedies, of about 1Oe ue iit radias (mega-xepaRiths, Pheto lb), incRuded iitte the gabbro ExifRit. These

small bedies egre usaaNy iRtrEgded by nuryiereggs fegsi£ stockworks (e.g. Nelsoit et aR., g993).

  StroRg fogiatieR devegeps iR tkke nkaiit body, iit the seuth, in additioR to gineatien observed in

seme ultramafic etitcreps. Serpentixkitizatigit is a cemmeit feattKre im the "Rtramafi£ bodies

3ffiecting usgalgy rgRore than 90% ofthese rocks, giving it a yeNewish-browit cegof.

  The foiiatieit of the k}ltrait kafic bodges developed igecreasingay iR the sotgtherxit part towards the
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cowtact with Cabo Raper piEktoft (Fig. 1.5). Iit the gnain ugtramafi£ body, fokiatioR seems te be

pewalleko the conta£t with both the graniti£ bedy to the seuth giEKxd ghe gabbrg tggkgt te She morth,

haviRg a gencrag NW-strike ewkd dippiitg tgwards NE exEd SW in the ifRsMer portioR of the itaagft

body, foiiatien rotates gtwd becemes NS-treRding and dipping tew2gxds E ¥(e.g. NelsoR et ag., g993;

vegoso, 2oob.

   BrittRe faEglts developed gnside the gatramafic kxgxit exhibit abewdawt kineffnatic gndicators, such

as slickeltlines, gitoox shaped steps, R arRd R' secondEalry fra£tRsres (Appeitdix A). These suggest a

r¥(}ain timsting seRse of mevegneRt with gocal strike-siip gxgovemengs. 'kwo sueaiit sets gf fauRt were

recoguzed, ene striktwg NE-ward akd ether strikiitg EW--wewd. Brtmie faaslts cut and digspgace

ductile faugts, indicating that briwte defomaation teek paace after the dEgctige one. EW-trending

brittge faEglts egsre eksuaRly dispaa£ed by NE treRdiRg brittle faEggts; hewever, inverse crosscuttiitg

regatieits (i.e. NE trendiRg faults displaced by EW treitdiRg fakklts) wefe agso obseifved,

suggesting a syRchroitekks activity efthese two sets.

   Ultramafic recks present a harzburgitic geochemical affinity (Vegoso, 2eOg); however, sosExe

gherzogites axkd dtw}ites gayers are preseitt itear the centact with the gabbrg se£tion (e.g. Negsen et

ag., g993). Agso, Negsgn et al. (g993) reported the existence ofa 3 cm thi£k gayer of websterite

itear the £owtact with the gabbro seetion. Hgwever, this was pat observed dEEring fieldwork

campaggns.

   Oitly at the northermost £ontact with the gabbro mit evideitce for prisxxary coptact can be

seeR, i.e. gabbro dikes that intruded into the axkra-mafic rocks withowt dispgacexptiept across the

basal cowtacts. However, the most £emmon conta£t betweek these twe seetioits is aow afigge

brittRe and dwctile faults strikiRg E to NE and dipping tgwaxds nerth agitd sogth. These fawits are

semetirixes intruded by gabbro dikes xgp te O.5 m thi£k. Faugt centacts can be fogRewed severag

meters ggittiR they Egfe £overed by the iwteitse vegetatieft of the ewe3 er sgbg[gerge iit the B2ghia

Barrieittos bay (Fig. g .5). The sowthei fi conta£t of the uktreksiifkafi£ ggs kie wtth ghe Cabe Raper graif}ite

is most probabiy a dextyal stffike--slip fauRt.
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b. Gabbro esnitr

   This kmit is distributed into three bodies, a y}kaiR bedy coveriRg agft approxitwategy area of

approximateiy 24 km2 (iocated in the innef part gf the peniRsgia) gmad twe sgnaN EW eAengated

bGdies coveriRg an afea of abe"t 3-4 km2 (iit the southeastei eck pegrt ofthe ophieMte) (Fig. 1.5). IR

tetaR, the gabbro wtt £overs ari tasrea ef abewt 30 im2 and its ghi£krkess is about ag-5 im wheft

measkgred perpeftdic"iar to the ceRtpgsitignaa iayeriftg (Nelson et ag., g993).

   Iitstead of the weig developed foiiatieit observed in the gltragnafi£ uikit, gabbr6s £emmoltEy

exhibit £oitxpositioma1 gayeTs and welg preserved sedimeptary strgjg£gewes - sgi£h as gradiitg, cress-

lanxinatieit, etc - that indieate youitging difectioR aitd gop efthe seqkkeR£e (Phete 2a). The rareliy

devegoped foliatioft strikes NW-SE and dips tewewds itorth aftd sopah. C}abbros e££kkr aRso as

dikes iRtruding into themsegves. Layered gabbyos ewe exteitsiveRy zEifxd cogitpgexAy fog{die¥(iE, uskxalgy

abeut EW treRding fold axes (Pheto 2b).

   The thli£kness of compositioitag iayers is geitevaggy abegt gO-30 cm. Each Rayer eoftsists ef

pyroxene-ri£h aiid plagie£Rase-rich s"b-Rayers; the first £ommoRgy £gwtaiits fiRe-graiRed erystaRs

(e.3-1.0 cm) nermalRy grading xgpward Esp to 7.e cm ao"g crystags ea£h; whige the secoged £oRsisks

ef a mix ef finc-gratwed pyroxene egnd plagio£Ease £yystals.

   Contacts ef the gabbro aJEitit with the sEgrreEendiRg uitits are stiAR asitcgears og2gy iit the

sexxthemmosg edge gftl}is "itit evideRee efprinkary £onta£t with the ultrewx}afic gx[ig was observed.

E{owever, fa"k cowtact is the rkkost eommoft (usualgy striking NW to WNW). Cowt3ct with the

dike £errgpiex was ket observed; hewever, the gabbye exKiit is iwtruded by Rgfir]efows dgkes which

are xEkore frequent towards te the dike cog]aplex. This sasggests that the £ontaet betweeit gabbro

and dike cexnpRex might be prirxiEgry.

  Briwie deformation aRse affected this ggptait simiRar to that observed iit ghe ggltramafic gxgrit with

                                     pp
simiRar sets ef brittge faults, i.e. NE greitdiftg strikes and EW trefidiitg strgkes with de"bge

cross£guing relatioftships, suggesting that both sets were acting sig} kakancegsRy.
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c. Bimodol dike complex ewig

   Rem3iniitg the naost E!xkexpRofed se£tioR of the laitao ephioaite, the Bix[kodai Dike CesiftpRex

covers ca. 2S km2, extendiitg frgm its soa}them eoittact with the gabbro sectioit kkp to the coittact

with vokcani-clastic depesits korth egftd east ofthe ephiolite. Most accessibRe okkterops are ao£ated

ift Cageta Mitford-Rees, in the Pacific £oasg, agid ifi the ingker part efEsgere Co*e (Fig. a.5s Photo

3). rffhe thickness gfthis section was estignckated as gimpproxifR kategy 6 kne (NegseR et al., g993).

   The bimgdal dike complex se£tioit consists ef two differeRt dike eoxxNpiexes with agftkest

perpeitdicular erientatioits with respect to each ether; onc strikng NW-SE, Recated im Caleta

Rees ard Caleta Mitford (hereafter referred as Mgtford-Recs Dike Cegitplex, MRDC), ewkd other

sgriking NNE-SSW in the imaer sguther[it shore ofEstere Ceite ¥(hereafter refegrred as Esgero Como

Dike Compgex, ECDC) (Photo 3). MRDC shows a wide rexgge in eompositien boryk basaiti£ to

andesitic with ra[re sRxore acidic individ"al dikes (Neason et ag., i993). At Reast 3 different

iwtregsive events caxk be recggnzed in this cos[gplex based o" compesigioR and/ef texture

differeitces. Piglew g3vas erupted frefi} dikes were observed, sgggestiikg that at least this p3pt of

the dike coffgpgex eventgaliy reached the bottem of the smbitRarinc fioor (Phote 3b). ggN centrast,

ECDC shows a more restricted basagti£ cosxposatiemaa range, altkoasgk scaxer andesgti£ dikes

were observed. Neisoit et al. (1993) described this £ompgex 3s contaiiting light green te grey

aphanitic recks, plagiociase and/or pyroxeRc phepacrysts. This dike coitgplex shews a stronger

metairgorphic overprint eomparedi te that ofthe MRDC. Durtwg og[r fielidwerk campaigns, these

featwes were gbserved, especialgy tRxe iRcrencent iit the sifketanyogphic overprwtt. ApproxiggitateRy

a20 m in length efthe ECI)C were mapped iR detail, idenggfyiRg (at ieast) 7 differewt episodes ef

isxtraJgsion (Fig. 3.6) witftx different textures and g)iifieeraaogi£aa asseciatieRs. CfRder the assumptieit

that the ECDC was created at the CR systerxx, this owtcrop represeRts ca. 20ee yeews of spreadiRg

a£tiviry; takng a spreadtwg rate ef6.e cuelyr (e.g. DeMets et al, a994).
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al l7blcesni-clastic seerroesnding esntts

   Vic>k£ani-£lastic deposits covef aR approxigiiate area of abo"t 20 km2, divided iwto the CMV

and the MVU (Gkxivel et aa., 1996). CMU deg)gsits censist mainiy ef piARow bre£cias and

sekberdimate piRlew Ravas with sergxe iRtercagatioRs ef coitggemerate and £eewse graiRed sandstoite

deposits (Photo 4). la £ontrast, the MVU is £hara£terized by thick deposits ofpilgew Ravas with

xxxinof and stibordinate (eniy ao£ai) piEgew breecias, basaRtic te egxkdesitie gava fiews gikgN(S at Reast

leOO m thick cgasti£ strata ef rhySimie seqveeRces of £ongioExkerates, sandstoenes and xEtaasdstones

(NelseR et ag, g993). Alse, IN(axIU is intruded by numerous basalti£ te aKkdesitic (feeder?) dikes

wS[i£h £wt the ciastic sequence at Cageta I}ascgas (Phote 5£). Aceerding to LagabrieiRe et al.

¥(1994¥) gmed Guivel et al. ¥(1999¥) CMV deposits are gMiore evglved thexE those of the MVU,

presenting sRightly higher metamorphic degree.

   Bedding erieRtatigR ofvolcani-cRastic strata irk CMU dgps usuaRly N or S-ward with W te SW

treitdiitg strikes. These orientatioits s"ggest ghe presekce ef: (a) widegy opefi geptRy foRds with

EW trending axes or (2) EW tre*ding itormal (?) faglt plew}es. These pessibigities eogxldi not been

coitstraiited due to the okktcrgp scgiErcity iR the ewea. The MVU seqkxeitee is censgste*tgy tigted,

between 2eO ag}d 400, towards NW te W arkd sgriking N te NEI (Nelsen et ag., g993). MVU

depesits are distribwted aloitg one of the majer (first order) RiReamewts in the area, Estefo ()oRg,

whi£h has a NW-SE trending erieittatioR (Fig. g .5).

   Aitothex important diffefence betweeR MVU aRd C]W is the spatial distribExtioxt of the

vol£ang£-caastic deposits in the sequenee. In the CMIU, the base rests ax(x£eitfornkabge oveif the

gggetamorphR£ basemeRt and it is cog)eposed by at least 3-4 km thi£k depesits ef piRRew breocias

wtth some intercagated piXlow gewas (NegsoR et ag., 1993). These depesits can be ebserved

exposed in the wester¥(N shore of Baliia Barriewtgs bay ¥(firog" Estero Lgbos up to the opeg]igeg of

the bay northwasrd) and in PEgnta ObstrEgc£i6it iR tke eastern shore of the same bay (Fig. i.5).

Nortgiwewd efthese deposits, in SeRg Hopg¥)ner, a naore er Ress A im thick of conglegxkerates and

migor coarse-graiked sandstones deposits Egxre exposed. These sedixgRewts exe weka expesed ix a
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sfiiali islewid Ramed "isloge Amarillo" (xx]ore or less 30 m diaeeeter) (Photo 4b). F"rtheT ftopthwascd,

Egntil tgge difuse coittact with tike Seno Eloppner p}Exteft, thi£k deposgts efpiggew gavas aRd piiRow

brecci3s egre the exposed lithelogies (Fig. 1.5, 3ed).

   IR £ontrast, the MVU githogogies ewe mofe vagried. The base of khe ugxit is wtkitown bvat

probabRy rest unconfbrmabge ever the biitaodal dike £otwplex, iR the seeth, and over ehe

metamorphic basement, in the nerth. The base £gnsists ofa thick, abgut 1 km, deposits efbasagtie

to Emdesiti£ pilgow gavas tmad miRer sabordinate pigRew breccias expesed in the sowthema iwterior

shore of Estere CoRo and Caieta MoRona (Fig. g.5). DimensioRs of the piglew gavas rarige

betweeR fiO-15 cm and 2-3 m. The abwwdance gf pialow lavas in this seetioit indi£ates that the

vogeaxi£ erwirewneRt was g)kainiy subgnewiRe whieh may be£ame sagbaergal at sogxe pertgons

¥(NeflsgR et aa., a993¥) ¥(Fig. 30a, Phote 5a¥).

  Fron} Caleta Mengna ugktil almest Caleta Paseuas (Fig. a.5), iit the sewtherit shere efEstere

Copa and iit the so"them shere of ()oite Isiaitd, a rhytimi£ cgasti£ seqeeeRce ef sedigpt3ents is wegR

exposed. This seqgeR£e, previeusay named "middZe sedineentesnyg7 member" by Negsoit et ai.

(g993), is box}nded by svgbmEgrine lavas deposits at the base and eas tep. k £emsists ofa fhytimgc

sequeRce of coitgRorrkerates, sandstones ekgkd KrRudstones; which shews a decreasing gfain size

Rjpsequeitce (i.e. NW-ward). Cengaomerates are oniy exposed at Caleta Monewa area,

interbedded with mediggme-te-£oarse graiited sas gdstgnes and rewe mkxdstofte gayers. Coitggomerate

iayers are rarely present frogy} the rwiddie portions efthe sedigxkeptary seqgeRce towards the top ef

it; twsgead, ixiEgdstonc layers afe interbedded with gxkedium-to-fij]e saitdstoRes (Fgg. 3.7b). Negson

et al. (g993) defued four differeitt sediKneittary associations, nEesged fag to fa4, distribwted faom

east (fafi) to west (faag) starting frona Caleta Mescena E!ggtil Caaeta Pasceeas. These asso¢iatioRs

were integpreted as:

tw fag, at the base ofthe sequence, probably deposited as pfexixg}ag debris flows apren adjaceRt

   tg a sggbmewine high or emergent ceastline;

tw fa2 (Photo 5b), probably depesited as a s"bmartAe NW-wewd sedgfi xeeRt gravity fiow;
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@ fa3 intempfeted as wave-demiitated deposits fogr!K}ed in a shalgow gifxarine setsings, where the

    seur£e of saftd and gravel g] kay have been sediments gravity ffews geiterated by sterm waves

    in shalkewer water mpslgpe frgm the site ofdepesition (i.e. SE-ward efthe depesitigRag site);

@ fa4, interpreted as a probable series ef distag twrbidite deposits gfa subgiiariRe im at wateif

    depths in excess gfthe storm wave base (NeRseit et ag., A993).

   Only at fa2 and fa4 Neison et ag. (g993) repgrted the presence of abtgndaMig sedisifientexy

str{ietkkres (sgch as £ress iaminatioit, £eRvoXute folds, et£) whieh indi£ate a NW-wewd

paleocanent figw ofthe sediments.

   Oit tep gf the sedimeRtary seqgken£e, basaltie to askdesitic piggew Rav3s gmed lava flows

interbedded with fiite grained sandstones, ef probable tE[xrbiditic origiR, ewe expesed iR the

sewthem shgre of Estero Cgno f)rom Caleta Pascegas gwtikhe westema erd of Estero Ceno (Fgg.

1.5). Pilgew brec£ias are itot preseitt in this pgwt of the seqkkeftce; gnstead, basaRtg£ to basaatic-

Egndesitic feedey dikes (}i"hete 5c) that cwt the whele seqgeRce were commgnly observed. Piggow

lavas show Ro eviden£e of explosive sgibec(kariite vogcegg}gssux (pessibge below the pressg[re

compensatien ievel; e.g. Fisher, i9gdg) sEgggesting ()f(iLaxis voR£axziisrEk (Nelson et aR., g993).

Nelson et al. (1993) propesed a deepeniitg basin depositionag eitvifoumeRt fof this seqgien£e,

gi kere distal from the sokJg]rce than the "neig idle sedimentanyy meneber" (Fig. 3.7c).

   The preseR£e of pigEew bfeccias ift beth seq"eitces (especiaaly abggftdex}g in CMV) agad

abundawt lava ffgws iit MVU, together with their E-MORB (MVV) and N-MORB (CMU)

affiwtties, suggests that lavas wefe egrgJipted amder shallgwk-water eekditioits ¥(G"gveg et ag., g996,

a999; Lagabriegie et al., a994, 2eOO¥). The abuadance of smbaeriai pyrocgastie xRateriag geaded

Gkxiveg et ag. (1999) to intempreg these deposits as indepeRdeitt eekits itet p2RgS gf the Tagtao

ophiolite. According to LagabrieRie et al. (g99ag), CMU Eigsckd MVU egEkits were ergkpgaced iit or

clese to their presewt ie£atiopt by M()]ee-derived rEgagn¥}as erexpged tl[retggh the C}]iReait

contiitentag baseifkeRt.
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3.3.2. intrusive gnits

   Six pRtitonic bodies }kave been mapped in the westemmest faitao penjlRs"Sa, five sgrfoeqg}dtwg

the ephioiite ait(S oite Rocated iit the ceRter ef it Re3r tixe c)opta£t between tft}e gabbre aRd t}ke

bimodag dike cornplex wtgts (Fig. i.5). These iittrusgve bodies cover mpproxis[gateay a40 km2, wtth

individual bedies rangiitg in size from 32 km2 dowg} te ca. 4 km2.

   Their chexg}ical £oritpositicit ras)ges betweeit herg}bieitde-bigtgte-beEkirixRg grarkodiorgtes aRd

toitagites ovegsen et ag., 1993; Lagabriegle et al., 2000; Veleso, 20eR¥). rffhey presewt trgRdRijerx}itic

affizxilties (TTG series) based ex their £onteitts of Rormative Agbgte, Asiertite ewRd Orthocftase

¥(Bexgrgeis et al., 1996s Keading et al., g990s Vegose, 200g¥), s"ggestiikg that pewewtag xr}aggxxas

were geRefated by the partiai fusion ofa yoE[[}g eceexRic £rggst (e.g. Martin, g994, g999).

   Sgme importEgitt differences betweeft intrusive bodies were observed, and two g]kaiit grogps

cEm be defued, incgggdiRg: (i) Cabo Raper (soutth), Estero Cono (*orth) and Barrteittos (in Cageta

BEgena at Tres MoRtes peninsggga) plutonss and (2) Sefte Hoppner (Rog'th) astd Tres Mowtes

¥(sowthwesterrk shere ef Tres Moptes peniitsksla¥) ¥(Fig. g.S, Photo 6¥). The first groaJgp presewts

itxassive aptd iocalgy gxtagmatic flew textxEres (Phete 6a), whige the secerd shows evideece oC at

geast, two iRtrEssioit st2gges, high degree of deformatien, aitd ixtrusien of basalti£ to aRdesitgc

dikes (Gxgivel et 31., 1999).

   The intrusioft of beth the Estero CoRo exkd the Basuiewtos ptwtoits, gnto the iecketamemphgc

basemept, obRiterated the centact between the basemewt aged the kaitae opft]iegite, especgalgy in its

itortheme pasut. In £entrast, ig is itgt cgeew whether the Cabo Raper pgwtgft iptregdes the metgrmomphi£

basefx}eRt or the ephiggite. Effowever, strongly foliated lenticgiew bgg£ks (ca. 3xS m2) of the

pgutoiti£ body ewe eficiosed withifk the xkkramafi£ untt of the epkxifogite neEgg their £gwta£C,

suggesting that a gxRajor daJgctile fault zgite is the xExairi conta£t betweeft these two ewits (NegseR et

al., g993¥).

   These two granitic bodies intruded the metaitkerphic base!r}ewt ¥(Seke }Iifoppner pgRxtoit in the
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Rortheastersi edge ofthe ephiegite and Tres Montes pggtoit iR the sogthwesterffft ffiaargin ofthe Tres

Mowtes peniRskkla), obliteratiRg the cewtaets betweeA the ephiglite and the maetamemphi£

basement. Centact metamerphie ak]reoies, nofthwewd ef Sene }i{eppiter pegtee (I)hoto 6c), were

observed. The Tres Montes plwtege shows tonaXtic ae graxgodierttic £esiggpositioRs Easkd coRsists ef

RKgagnati£ brec£ias which show evidence of hydraxjgic firactuying, le£aggy in£ludiRg £gasts of

greeit-schise facies deierites ((}Egivel et aR., g999).

  TSte so-eaRled Centrag pgutoR has beeR fixgrppe(i iR (or ncar) the contaca betweeR tftge gabbre

and the biffkodag dike cox[ipgex u!nits (Fig. g.5) (Neisoit et ag., e993; (}twveg et ag., g999). This

g¥(kapping has beeit oRly pessibge by helieepter laitdiRgs. I{oweveff, dtgring fiegdwerk expeditieRs

was net pessibge tg aocess thaS ewea by foet. A£cording te Negseit et ai. (g993), this feAsic,

teitalitic pluton is porphyric aRd £gntains 1arge xeRogiths of roofpendaffkgs of diabase. Exg nfibits ama

irregugariy developed fiow foiiatieit Rear its xK}ancgiR and shows a prepylitic akteratieit. /Wse, it has

a trendbjemitic affinity, with a streitg alteratioit (Guivel et ag., l999).

3eaje Ages ec*gesgereegtwtts

  Age constraints for the differept RsRits of the Taitao pegEigesxgga (ixt£laxdixkg the ophgelite, Egxkd

intrusive bedies¥) kad been obtaiRed by xgxe3ns of K/Ar, 40Ar/39AJr, U--Pb SHRIMP and Fission

Track metheds (fabge g, Fgg. 3.8) (MuRizaga, a97e; Mpodozis et ag., a985; Bokiffgeis et 3A., g993;

Le MeigRe, 1994; (}uiveg et ag., 1996; Herve et ag., 2003).

  Bot[rgeis et aR. (l993) ajkd Le Moigne (1994) obtaiixed two ages (KIAr method), gf abeifke B

Ma aitd 6 Ma gx a hombiendite veift ewed a degeritic diike that £ut the gabbro uigiit respectivegy.

0ther ages ebtaincd frexit the different xegxits of the ophiolite and i*trtesive gg*its ewe ftot consisteRt

with the ces. B Ma K/Ar age bvgt with the cg. 6 Ma (see fugrther). The ggdey age gy}ay be

overestimated dtge to asu excess ofAsr in the sampge (Orihashi, YL, persenafi comuit¢E(}icatgoft).

  ERcased in the aixEx ef this prQje£t, twe xgiore ages were obtaiRed frofiK} the gabbre uait by
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xRegigns ofU-Pb FissioR tra£k xgketho(1 gR recovefed zircon cfystaRs. SagxEpkes were coggected iR the

eastern £oast (iR fropt of Caleta Buena) and in the westersy m2gfgin of the ophiogEge (iteew the

conta£t between gabbro aRd the bimedag dike cegx}ptex sections) (Fig. g.5). Obtawted Fissie*

rkrack ages yielded 5.93±O.4g Ma tmd 5.79±O.22 Ma. These Fissiex grack ages do itet represent

the age ef the rock; iitstead they are iwtempreted as the exhwnadgn ages for the gabbre gwtit and

therefofe fof the ephiogite. This age coiftcides with the ces. 6 Ma age (Le Moigne et ai., g994).

   in swmary, an ac£ggrate age for the Taitao ophiggite ks itot yet avaiXabge bwt an e>(l]wnatioit

age ofca. 6 Ma. This age is coincident with the arfirival and coliMsgeR gfehe CR segmeRt deiimgted

by Esrifkeralda and Tfes Montes F.Z. (Fig. 3.S), suggesting that exh"xrkaSien (gbdRsctienf) ef the

"ffagtao ophioiite was trgggered by the coRiision of t} Ris CR segrKxeptt with the South A gxgeri£ExrR plate

effShore gfthe Taitao area.

   Uniike the piutoptc tgitits, volcEitg}i-clastic EEgtits (CMU arid MVU) had been exteksiveay dated

by mearis of K/Ar (whole rock) x[xethed axed rr}icrofossgke£hptques (Mpodozis et al, g9g5;

G"iveR et ak. g996). Fokxf ages for the CMU of abo"t 3.S Ma were gbtagned (K7A:r, whoRe feck)

¥(Mpedozis et ag., g985g Gugvel et ag., g996¥), while for the rwV slighgRy yok}xkger ages gf ces. 3.0

Ma were obt3ined (whoXe ro£k K/A er arkd gikicrefossils) (Mpodozis et aR., a9g5; Boasrggis et ag.,

1993). Since RoRe of the recks of the peixinsEgla is £empletegy "fresh", ebtatwed KIAff ages

represent a maxim"tw age for these fo£ks. Yic)kx(xger thapt ages for ghe pRwtoftjlc uwtts, K/Ar ages

from voRcagii-£lastic units gigre coiRcident witlg the colgisieR oftgge CR segxifxept deiirx}ited by 'ffres

Montes artd faitao F.Z. (Fig. 3.5).

   Prebabiy the most extensive geoclifoitogogicag record, frome ef the rocks of the westermxost

faitao pexiinsugEix, cegTesponds to thgse obtaifted froitx the intrusive pA"teitic bodies. Used methods

inciude K/AJr (bietite and horrkblende), `OAr/39Ar 2Egad U-Pb SE[RIMP argd Fission track iR zirco*

aRd apatite (Mpodozis et ag., g985; G"iveR et al., P99; Effew6 et al., 2003) (Tabge g, Kg. 3.8).

   K/Air axtalyses ef Cabo Raper plvgteit samples yieRd ages of 3.6±O.6 ew}d 3.3±O.3 Ma, for

biotite, Eggkd ag.fi±2.4 and 3.4±O.8 M& for homblende (Mpodozis et ag., g985). In£oftsistenk with
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K/Ar ages Egxgd siggailfi£antly oadey, 40Ar/39Air (Biotite) ages yieki 5.g±O.6 gigitd 4.8 kO.3 Ma (Gesiveg

et al., g999¥). U-Pb SEgRifMP ages indicate a crystalgizatioR age gf abowt 3.9 Ma, sRightAy eRdeff

than those reported by Mpodozis et al. (1985) bwt withn their large errors; and yoewxger tkan

those reperted by Gi}iveR et al. (i999) (iE{erve et al., 2003). These data twdicate thag cgogiftg ofthe

Cabo Raper pguton occewed in gieit iptervag no aonger thgme 2 My gixyke (}Ierve et ag., 2003).

Obtaiited ages froxEg Cabo Raper piRJgtoft sNgggest that £rystaggizatioit e£cgirred befofe ew eoevag

with the secoxd ixxxpact of the CR iR the laitao peikiitskxla afea; ttwd the rapid exhuxKgatieR

ec£gxrred coevag off after this impact.

   Only KIAr (wboie rock) EEE}d 40A r/39Ar (biotite and hembgende) ages have beeit reported foif

Seao Heppfter plwtoit (Mpodozis et al., a985; Gaxiveg et ai., g999)s yiegding £ensistent ages ef

abeue 6 Ma. This data suggest that the crystallizatioit ef the SeRe Heppiter plgten o££gifred

centepaporaneegxs with the first cogRisieit ofthe CR and wttgzg ti ke upgift ofahe rgraitae gphiegite.

   For Estero Coite plutoit ertly eite U-}'b Fissiok track 3ge (zircoge) is avaigabie (EIerve et aR.,

2003), whi£h is 3.49±O.27 Ma. Several simigarities betweeR Cabo Raper ew}d Estero ()oitg pAextens

lead to £oitsider ghegxN geiterated frosn the sag (ge sevxrce ewkd crystaNized at sigxigar ggfnes (}!{erve et

a}., 20e3). Agaiq geo£hrgnologi£al data sEgggest that the exhumatioR of this intregsive bgdy

oc£wwed sym£hroitoejgsRy with the coRision efthe seeend segmeitt ofthe CR.

   'l]Wo }Fissiogx tfa£k ages were ifeperted by Herve et al. (20e3) for the Estero CoRo pR"teit: (1)

3.47±<).22 (zif£on), aRd (2) 3.R4±e.3() (mpatite). 'I"he proxigitity ofthis ages witla thc>se iirsm Cahg

Raper asad Estere CoRo pgutome skkggest that the exhgmatieR ef these bodies occwred very fast,

prgbably iR ito gnere thaR 2 My tin}e (Herve et al., 20e3), before of contexKkporggxaeegs wtth the

secoitd £eglision efthe CR iit front ofthe coast ofthe 'ifaitao peRiRs"Ra.

   Different geg£hrgReiogi£ag data iitdicates that crystaglizatigR and exhesxsckatien for the iwtrExsive

bodies is ciesely related to the series of cgilisiens ef the CR iR the area. ThEgs, based oit ghe

geeehroRoRggical aitd petrelegicag characteristies, two greups ewe defiited aRd £egrrelated with the

evolwtien ef the CR for ghe last 6 Ma ¥(e.g. Lagabrielle et al., g99ags Gggiveg et aR., 1999s Vegoso,
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200g¥). The first, iRcikkdi*g SeRo Hoppscer aRd Xrres Mentes pl"tons, with crystaBgizatioit ages ef

ca. 6 Ma is coeval with the first £olRision efthe CR (Fig. 3.S)s whige the seeeged, in£lgdixg Cabo

Raper, Bewteittes and Estere Ce*o pkutons, with crystagiization ages gf abeut 3.5-4.e Ma akd

rapid exhumatieit (ca. 2 My tir[ge) are coevag with the £eilision of the se£eRd segment ef the CR

¥(abekxt 3 Ma¥).
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ajege DthSa ec*MfieecgS*ew

4. g . a . Fiegdwerk cEgmpaigns

  'IWe fiegdwork campaigns were £eRdu£ted dEgring the rrgowths ofDecei ifkber and Jag gvgewy 2000-

2001 and dEEring stwne menths of 2e02-2003. Dwtgg first £aifExpaign, strg£tk}ral data (fagk-sMp

data, beddiitg auitwdes, githolegi£ag £oftta£ts orie*tatioits and £hara£aeristi£s, etc) aaong the

eastergk axtd westem £oast of Ba]EEa Barriewtos, parthefgit agxd southem coast of Estere CoRe,

seutheastefi rft part ef the pgutoni£ wtts agxd froscR the soRjgtheffit £east of the kaitae eti}d Tres Mentes

peniRsulas were £oAlected (Fig. 4.1).

  Few oriented sarKNples Emd orieitted ceres ef roek were extracted firom: ¥(b pigggw lavas aRd

piliew breccias at BaigEa BgigrrieRtos, (2) Dike corrkpiex at Estefo Cono (ECDC), (3) Egltramafic

a2gd gabbro x!rkits arftd (4) frem the two pgEgteni£ bodies in the south gfthe Taitao etg}d Tres Mowtes

per}insulas. DEgring this first carr}paign, samples were labeled TPA, TPB, TPC and TPD folgewed

by the cerrespendent sagnple fluxrtber (for example TPCOOI).

  Daxrtwg second fieldwork £ampaigR, a gasrger ame"pt of data was ceaReeted and itaere sites

were visited. New s¢rRsctRxrag data was £oilected ageitg the wester(} £gast ef BeghEa Bartiteittos,

southegrr} ceast of faitao aRd Tres Mowtes peitinsuaa, nertheffk a}nd sowthem ceast efEstero Coite,

westesg} coast of Zfaitao peRiRs"la (Cageta Rees Emd Caleta Mitford) and fregn the is Eneff part ef the

plutogniic Eknits (Fig. 4.g).

  This time, severag orge*ted samples aitd £eres of reck were obtaincd froxx}: (g) ghe pgEgtorkie

uffkits, (2) pigRew gavas, piAlow breccias, massive lava fiows 2tifgCE feeder dikes at Estexe Cono, axad

¥(3¥) dikes aitd gabbro fre]Ki Caleta Rees exkd Caleta Mitford ¥(MRDC¥). At the isgikermest pan ef

Esterg Coxo, a systematic drilgiRg sEirvey was peyformed at the ECDC. Dgring this £ampaign,
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samples were labeied TPE, TPG and TPH whige ebtained cores firorifi the ECDC were gabeged C

                                                                 '
¥(for example Ce8¥).

        '

4.1.2. CoilectEen segs of data a] xd sewapges

   Basi£ally, faaglt-sgip data eoRsists in a set ef eriewtatioscs iRegggdiRg: (g) the offientatiofi of the

faEggt sEgfface (measggred as strike and dip), (2) the direction of the striae or aKey other kiitefiiifgatie

igxdicator whi£h reveais the directioit of nkeverKxewt (Appeedix B), a]zgd (3) sense ef movexif}eRg,

described as itorxEkaR, reverse, etc (Fig. Zg.2). Ugxfbrmately, celgecteCE faglt-slip data was Rot

agways the cogptpgete set ef directigRs. Usually, it was oikgy possible to giteasgEre the orieRtatigR of

the faugt surface axid the seitse of displaeegNxent, ga£kiemg inforg]katgon abg"t the eriewtatieft gf the

striae. imoftg the cellected fak}lt-sgip data og}iy 53 data-sets centaiked agg fte£essary informatioit,

38 lo£ated in the pRxitonic EEnits Egxgd 15 along the Bahia BEgxrieittos bay (Fig. 4.g).

   Ceres were drilXed with a vaaEkual drilled, whi£h cgigit extract ro£k £ofes ef abeut 2.2 sne

diaxKieter aftd ces. 15 cm lgng, aitd oriented while they were stiR attached te the re£k by mexkiftg

the ortentatioit gfthe x and z axis oftke £ere (Appendix B).

   rffWo tecboiqRses were used indistiit£tly te keep the erientation of cogge£ted griented sampaes.

The first consist to ebtaiR the erientation (strike aitd dip) of oite ef the faces of the bRe£k pggs an

arrow iitdieatiRg the directioit of the iterth. The se£ond te£imique is te draw two horizewtaNiites

oit twe fa£es of the rgck block pgg#s agk arrow indicating the dire£tign ef the north (Fig. 4.3).

SpeciaR care was taken with samples which prodw£ed a defiection ef the £ognpass. in that £ase,

se£erd technique was preferred bkkt erieRtation efthe itorth was measgred away frogit the rock.

                           aje2e Mthk*erat*iry '"W*erk

After fieldwork campaigns, stress anagysis, iselatgeR gf RM vectors, therwgoEnagnetic
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expertxtgewts and 2gExisotropy of magnetic susceptibility analysis (Appendix A, B, C, D) weye

c3rried oExt. These aitalyses lead to the detertwinatisR ef stress fiegds, fetatieitag pattergis,

determinatioit ef ferrerrkagnetic ngiiteral phase, aitd magnetic sedigitewtary fabrics respe£tively.

   Stress fields ifesponsibie for the generatieft gf briitEe sttwctRxxres tw ehe sovithema ascitd eastern

parts gffhe faitae ophiolite were £alckgaated by megms efthe neeelgi-wtverse ge3ethod (AppeRdix A).

PrgcessiRg gf the data was kindly done by Dr. Ygwwaji. Resgks of the processed data were

interpreted in this stesdy.

   Orieitte¥(fi sagitples were re-orieitted aRd CErigged at Usafivefsity ef 'Irsukasba ggsiRg a fgx dfilRer

with a 30 mne guter dianteter and 22 nem ixgrker diamaeter perforatioR tRsbe with synthetgc diamond

in its edge (Pheto 7). After, cores were extra£ted £wt iitto stexRdewd size pageomagncti£ speciit iteees

(cyginders ef ro£k of abo"t 2.2 cewe high aggd 2.2 cne diEgmeter). More ghag} 10eO specimens were

gbtai]eed 2gitd preperly Rabeled. ObtaiRed specime*s were used to determine chewa£teristies RM

vectors. In additioit, AMS fabrics wefe determiited for clastie sait kpges gfMVV.

   Several represeptative samples per githoiegy were sege£ted to determgnc their Cggrie

tempefatRxres arkd thercfore ferromagnetgc gEkineral phase. Sampges were crashed ggsiptg a mEmgag

agate gigrtew axkd ewR autoitikatic spin agate itgortar at the Umilversity of Tsgrkuba. ¥(}raiit size was

abegt or less tha2k 1 nene diameter giewd the qaJiegntity gesed in the Raboratory experigxitewts was Ress

thaR 5 mg per analyzed sample.

  In order te obtaiR coxtkplete demagnetization paths, whieh prevRdied with gme easy methed go

isoiate RM veeters, two teciEgxiqxxes were used in a pigot anagysis phase: (a) gheffgptag Eggkd (2)

agtematiRg fieid demagnetization (Appendix B). These amagyses werc £artied o*t at the

Geological Service ef Japan. Thermag demagnetizatien was done kgsiRg a themaal diemagnetizer

oveit medeR MMTD-18 g]kag}exfa£tewed by Magnetic Migesseeremem Zitc (Appendix E) (Photo 8)

which cait hewxdle 2gKkd degikagnetize simuitarftegusgy mp te a8 staitdard size pageefikagneti£

specimefts. Samples are heated with a Egser-defined fate gp to a Eeser-defiRed peak temperatgxfe

with a rx}axitwuxr} peak of ca. 7000C. After ea£h demagnetization step, the orientation ef the RM
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vectgr was xnckeas"red usiRg the SQUgD (see further).

   ARtematiRg field demagnetizatieR was pefformed using 3 pass-thifogggh £ryoges2i£

magnetgmeter ntodel 2G-760, g}iapt"factwed by 2G Enterprises, with a in-line SQkJID

(S"percondEscting QU2megum interference 1)evice) £omae£ted to it (ixyewigfactwed by mpplied

Pbysiss Systems) (Pheto 9, Appeitdix E). The so-caRed agtematwtg derrgagfietizatieit devi£e (2(}-

760+SQUID) cait reach a peak demagnetization field ef 8e neT. FuEgy-eotwpuiter coittregged, it £an

be set "p te demagnetize sigirxaxkaReously up to 8 specimeens iR "ser-defiited steps.

   Apprgximategy 20 to 25 specimens per lithelegy were sele£ted as pilot sankples,

£errespondiRg tg sister speeigitens (coRse£utive specig]geits). Begk sister specimeRs weye fulgy

demagnetized; ofie essifig thermal dexxkagftetizatieit axkd the other usgng aRtemeatiRg fieRdi

degigxagnetizatiea. Demagnetization steps used durifng the piRot phase were ea£k 5eOC, firem roem

tes(}perataxre up te 7000C for thermal derERagnetizaSien; agxd 2.5 mT (firoffKx O to 2e ne7), 5.0 neT

¥(frem 20 to 70 m7¥) and 2.5 mT ¥(frem 70 to 80 m7-¥) for altergxatiitg fieEd demagnetizatieit. Isegated

RM vectors ficom demagnetgzation paths were theit £omparedi "sing Ksher (R953) statistics

¥(Appendix B¥).

   DemaagnetizatioR paths axid RM ve£tors for sister sampges have sinRigEasr ergentations, being

statistically zxndistinguishable in sKiore tlkan 90% gf the amalyze¥(i pigot sampAes. DEge te tSkese

sixMgigairities, ongy altercating field demagnetizatioR was essed foif the rest ef the saxgRpges ¥(usiRg

dei gkagnetizatien steps ef 5.0 mT from O to 8e mZ¥).

   Oyientatioit of the high-stability £empenent(s) was cagckxiated wstwg the `berincipesl egmp6nent

esneslysis" (Kirschvink, g980s Appendix B). Isol3tioR of the high-stabiaity RM vecter(s) exgd their

asso£iated errer aMowed the rejectioit or aeceptance ef spe£ggExeits for a further p3ReofiKaagneti£

Exfiiagysis. After reje£gioR er a£cept2kja£e of specixENeits was cognpgeted, g]keait orientatiems by site

were cal£ugated xgsing statgsticaR precedcgRres. Used statistics £orfirespeitd to the eggiptical egx kaggg of

the Fisher (g9S3) statistics, the Kent (i982) statisti£s (Appendix B). ReduetioR of tke Kewt

(1982) to Fisher (g953) statisti£s o£cwwed in abo"t 50% of the axkaiyzed sites. Aftef statisticag

                                       33



preeedegre was appKed, orieptatien efthe meaR RM vector aRd its associated error were obtaiRed

ag}d their vaiues ageowed the rejection of ae£eptaRee efdata at site leveft.

   Thermomagnetic experiments data was used te detergrgine the CgEgrie temperatwre of ea£h

axitalyzed RithoXegy. Data was ebtained frem powdef sampges essikg a Kapp3Bridge sEEs£eptibigigy

ineter with a vewiatien temperature imace appewataEs medel CS-3 anached te ig, both

ixkanvfa£twed by Agico Cgmpaay (Pheto eOs Appendix E). The KappaBridge and ima£e

appewattks giKaeasewes bugk skisceptibigity duri*g tegnperatwre vegsriatien frexgx roofi Kft teg xRpeffakggfe ¥(ca.

2eOC) up to £a. 7eOOC. Measagrenikeitt efbulk suseeptibilgty is doRe diwtng the heating exgdi d"riitg

the ceeiing gf the sample. The differential giaethod proposed by fauxe (a998) (Appeitdix C) was

appiiedi te the themeorKxagnetic data ift order te ebtain representative CExifie temperatewes frerEk

each cairve. IRdiividual results per githogogy were averaged 2EERd regated errors were cagcxge1ated

ggsing a Normal standard deviatieR preced"re.

  MagRetic skks£eptibigity (Appeitdix D), iitcludiRg intensity aitd iSs anisotrepy, was tweasE#fed

using the KappaBridge sas£eptibility ]rketer (Phete ge) (Appendix E) aKgd specifie seftware pa£ks

provided by Agicg Compesng7 at the Geegegical Sefvgce of3apasu.
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¢bethptew Sg Seffess gefiegds

   Brtwie faugt-slip data firona the plutofkic wtits was used te degermiite She stress field coRditions

iErgposed by the repeated subdksctiofl ef the CR systeifit that affiected the laitao ophiogite daring

aRd after the ebdggction prg£ess. Stress fieids grppgied by ea£h esce ef She subd"£ting pRates (NEgz£a

axtd AJ(xtarctic) have different stress ifaties due go their differeftt sgbdggcting agkgRes, veRocity Emed

directien (e.g. Cande tmed LesRie, 1986; kafiez aRd CembrEgno, 2eOO). However, the resxgkEgxet

applied stress field has been coitstant in its directioR but itet in its stfess ratio dkxEring, at IeasS, 6

My time. TheR, it is expected that structxgres geiterated by these stfess fiellds twside aRd ige the

border the ophiegite re£orded the £hange in stress fiegd ceitditieRs. The "neeelgi-inverse" fgkeahedi

¥(AppeRdix A¥) was appgied tg the collected fauRt-sgip data ¥(INI=53s Fig. 5.g¥) tg ebgaipm the

griewtation and characteristies ofthe iftvogved heterogeneeus sgress fiegds.

S.g. Ontafimedi diata

   Faukt-siip data was colgected iR the itwer tier[td euter parts ef the gphioRite, spe£ifi£aRly in the

plwtog]i£ uRgts and agoRg the xE]ajgr giiteament ef the area, the Bakzi{a Barrieittos bay (Fig. 5.ga).

Other se£tions gf the ephiolite were eweided in order to £oiAect oitly data frogliE those strekete]3res

related to the ophioiite obdEgctign aitd ftot these possibee pifeserved strgctewes devegoped diEEgring

the geReradon of the ephieKte in tlae spreacgiRg £enter. gFa"ks deveAgpeCE in t}ee biitRecR3g CEike

cc>itapRex ekxgd the velcani--clastic t!gtits £oggd be prodexct of extensien Ceuriitg tixe ophioRite

geiteratioR at the spreading rtdge, as strtictaJgres gbserved ift Hess i)eep fidge (e.g. Hewst eg ak.,

a994). These strRxetegres coEgftd have beeft preserved dt[ring the ephiogite ebdu£tien, sig)kigew to tke

spreading rtdge stru£twgres reported ig} the Trgedes ephiolite (Meofes gmad ViRe, a971; Vewga and

Moeres, 1985; Digek et al., 1990¥) aRd others. Layef-pewalaeg fa"lts developed iit the gabbrg

sectioit coaxld agse be primewy defosrtwation structwes geiteraeed dggifing exteRsieit at the spffeadiftg
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ridge, similaptr to these reperted in the East Pacdic rtdge (Varga et aa., 2e04). Fa"lts deveggped ift

the gltramafi£ mega-xenoliths fo{gRded in the gabbro x!# kig were agso excgeded, siitee they rxiay itet

preserve their eriginal erieittatieit.

   Althokkgh the multi-inverse ggxethed does net iteed a prgeri divisioR ef the data, ceMected data

was divided based oit the lo£aKty that they were devegeped. 'ifhegs, twe maim set ef faaslts were

defined: (1) fa"gts in the plkkteni£ uRits ewxd (2) fagks in the eastergk xExewgtw ofthe opftkieEite Bahia

Bgmiewtes¥).

5. i . 1 . FaEgks developed in the pSuteitic uitits

   The £entacts betweeft the gsltr2rmafic and gabbro units shew the deveaopgKaent of stsrike-sgip

and thrRsst fa"lt-planes (Pheto 11). Aftse, fault-pganes with sgmilew itgove]nents were fouKided iit

the interior ofeach sectieR, espe£iaRgy tw the gltramafic wwit. As mewtionedi before, two Enaiit sets

ofbriwie fault-planes were observed iit these aJ[nits: oite striking EW ExExd other stfiking NE ¥(Fig.

5.lb). CrosscuwiRg relations betweeit thenR are diencget te pre£ise, itRaking difficult to establish

aRy temporai relatioR betweeR these two sets. Skkch eegxxpgex £resscutuRg ffelations segggest that

aity faeggt sEgbset was probably acttwg synchrefte"s wit}a ether (possibge defiRed) s"bseg. [grhus, it is

pessible that these fagit set recofded it kore thaR o*e stress field (ftxeteregeneaus). With no sxkore es

priori sgbdivisign £riteria aity pessibRe defined smbset wigg in£gxgde serrge fauRt data belo*giitg to

ewxgther (possible defined) sEgbset (e.g. IFry, l999). T}ais fa"gt-sgip (Sata was iabeRed "igxgker" anCif

in£ludes 38 fauRts (}Fig. 5.gb).

5.g.2. ff?attEts developed in Bahia Bafrientos

   The major gincaNikent in the faitao area, mamegy Bahia Barrgentes Fa"lt ZoRe (BBFZ) (Fig.

a.5¥), trends mo-SSW agxd is gocated betweeR daitae and grres Montes pesikinsugas. IlrEkis fagRe
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zofte is compesed by severag smail brittle fauRt pRanes (gp to 3x3 m2 gn aifea) with a general

NNW-SSE tg NE-SW trend and dipping SE-ward. The BBFZ is begievedre pgay a ngajer ifoge tw

the ebduction and accog ixmedatioit pro£esses efthe 'faitao ophiegite (Veloso, 200b.

   IR the easterxE border of tSae BBFZ ozstcrops of Cabo Raper pRuto* (sowth), kiRtragxRafi£, gabbre,

Oxxea]e Tres Mowtes seditwenteery sequeitce (e.g. NelsoR et ag., g993), egg}d CMU depesits (noyth)

ewe fokmded. In the opposite westem berdef, outcfeps ofthe LCMC ewxd CMV depesits (Fig. g.5)

were observed.

   In the easterit bordef, from C3bo Raper uatik almost Seng E{opper aged in lkitta 0bstrEgcci6R,

several srgxall fault-planes (Fig. 5.gc), affecting sikainiy C]war deposils bwt agso sgxtala xtgtramafi£

ewxd gahbro eutcrops (Photo g2), were observed. Fault-pRanes presewt a rx}aiit strike-sAip

gptoverg gent with mwtor ajad smail dip-sgip xxxovex[teRts.

   In this set it was pessible to distiitgvgish two sEkbsets: ofte striking INNW-SSE ¥(iitcgEgdgRg strike-

siip gimd dip-slip fatEgts) gasxd ethef strikiitg ENE-WSW (incRgding e*gy strike--sgip faggts). No

£rosscuuing regatioms were ebserved between these two subsetss fupther so, ne sxgbdivisioR ofthis

data set was gixade. A totaa g5 fau,lt-pgaites with the ce]twpiete iitformEgtioR were cogle£ted. This set

ef faulS was gabeled "owter".

S.2. Resewgts $ff gbee tweeRwh-figexyerse giggeetk*di

   The x[kulti-inverse twethod (Appendix A) was applied to three faglt-sftip data sets: (g) the

£eitkpXete fault-slip data, gabeRed "agg" (Fig. 5.ga), (b) "ig]ner" set of fawits (Fig. 5.gb) aRd (£)

"guter" set ef faxkks (Fig. 5.gc). AgkaRysis of the "alg" fauRt--siip data seg seeks te vaggdate and

£enftrm the subdivisioft of the data into "is#rker" gasxd "outer" sets. If agg faults in the peninsuRa

were produet of a coitst3nt stress fields, theit, s"£h stress fields shougd be aaso obtaincd withogt

gigny gigrbitrary divisieit efthe data (e.g. Fry, 1999; kamaji, 2000, 2003). OptirifgE[(R paxameters gsed

iR the analysis giExe: (1) greup pairarkieter, kr:5 and (2) enhEksacing pewEimeter, e==ia (Yamaji, A.,
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writseR cemmvgnicatien¥).

5.2.i. Re£eggxitioit ofheterogence"s stress fiegds

  Applying the gxiethod te the set "aig" (Fig. 5.la) twe main cimsters segENtioRs tw the gx

stereogram aRd other twg in the g3 stereograg]k wefe obtaiited (Fig. 5.2a). A ciese amaiysis ofboth

stcreoRets reveaks the preseftce of a third sogwtien. These sogutioits were labeled "A", "B" aftd

"C". ARi obtained segutioits have a stress ratio rangiscg betweeit O.ft and O.7 ('Irabge 2), dgffering

esRgy in the oriewtatien of the compressieRal aRd exteitsioRag priitcipag stress axes. Compressienag

axes for "A" and "B" soiwions ewe EW ggxkd NNE-SSW treitding and hertzowtal while extensional

axes are verti£ally eriefite{iE, kameRy t]eese solgtions are reverse faugting ffegirxxes. In £owtrast,

sogution "C" has a NS trending £gmpressieital axis and an EW tre$diitg exteitsienag axis, both

horizowtag (Fig. S.2a); thus "C" soigktien correspoitds te a strike-slip regig) Re.

  Oniy two cl"ster soiutions were obtaiited in the anaiysis gfghe "gptxiter" fault set. Oriengagion

ef both £ogxipressionag and exteRsiomag axes zggxd stress ratie vagues are easily cerrefiated with "A"

agid "B" seixxtions ( Mable 2) previeusgy obtained (Fig. 5.2b). grh"s, "innef" faulg set re£erded opmRy

the reverse stress regimes "A" and "B". dnalysis ofthe "owter" faEggt set reveaRs the pffeseRce efa

nkaiR cgtaster sogxgtioit and twg xt kiitor oites (Fig. 5.2c). Matw cR"ster has a stRress ratio raRgig3g frem

e.g te O.5 with 3 neargy herizoittaR EW treRdiftg cexRpressioma1 axis and a horizowtag NS tfeRding

exteRsioital axis, correspgRding te a strike-slip reginke. This selwtion gs sifiniEe[gr te the "C"

solxgtieit obtaiite(S ifl the analysis ofthe "agR" fault set (Fig. 5.2a).

  Other twg solEgtions, gabeled "D" asad "E", have stress raties betweeit O.2 ard O.6 ("D") aftd

between O.7 EaxRd O.8 ("E"). Cerrxpfessieital axes ewe closegy orgeitted, treitdiitg s[xestgy NwuIW-ESE.

}Iewever, "D" cerrepressional axis is iteargy horizgRtal while that of "E" pgEE¥(Ages abowt 200.

Si[] iigariy, exteitsionaR axes for botEx selgJitiens are *eafly NE-ward oriented; with "D" extensionaR

axis pREggxgiRg abgut 3eO an(1 that of "E" plkkgggitg aho"t 500 (Fig. 5.2e). E'kxese segutiens were Rot
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obtaiRed previoggsly. E{ewevey, the resitricted stress ratio of the "E" seggtieft aRd the sigxitiggigff

oriekttitSion of these twe solutions with those obtained fof the "C" sglgtioit sgggests that divisieit

6f the data inte sets (irmer Egxkd owter) embewk£es the resoaxgtioit of the applied rykethod. Tizils is a

proef ofthat identificatiopt ofheterogeneoxxs stress dees net depend en the divisiosc gf the data.

5.2.2. Real 2gitd artifacts solutioRs

  The axkaiysis cfthe data as a whgle and the anagysis efthe subdivided data give segxRe iRsighks

of tpossible¥) reai askd awifact soikgtions. If same soltetioits are ebgaiited with or withoggt

sgbdivision (A, B aritd C), s"ch soiEktiens ewe most pfobably reag and reffe£t the stress fiegd which

eriginated the fag}ts E[K}der analysis. In £ontrast, seggtioits whi£h ewe depextdant of the sEEbdiivisioR

ef the data (I) and E) ewe sEkest probabgy artifa£ts or efi]]ftegjkeegifxewt in resolEatieit ef a petirticglay

seg"tioit. [Erherefore these aater sel"tieits do Ret refiect a real stfess fiegd state past or preseitt.

  Stress ratie for the soixgtion "C" is between O.a aikd O.6, vaaue whi£h in£Rudes that eftftae "D"

solutioit (betweeR O.2 ewkd O.6) aR<g rogghgy that efthe "E" soiutRoit (between O.6 agxd O.7) (rTable

2, Fig. 36¥). "C" and "D" co][g?pressioitag axes egre sixrxileway orieptedi, differiggg oniy gn their

in£liRatioR by ca. 200 and their strike by ca. gOO. 0rientatiefts ef extensioitag axes exe agse siffKkilaff

fof these twe solutions, both beeit rogghgy EW treit¥(iEing; "C" exteitsionaR axis is gocate¥(S near t]Re

herizontal while that ef "D" has alt in£1ination of ahout 200. It seerxs that "D" sogEgtioR is abokkt

200 £lockwise retaked with respect to "C" seiggtioR about a slightRy E-waff(l iRcgined rotatiowa1

axis. ff"geas, "g)" solggtioR is xr}gst prebabiy a iecaR soggtion whieh was gbs£EExed iR the axitagysis ef

the "agg" fagk set.

  Iit coRtrast, the stress ratio obtaineCE for "E" solutioR is gffLRigKkits ef that efthe "C"' sogutien.

Moreever, the orientatioits of beth £ompfessionaR and extensioma1 axes are sggnfica3Rtgy

displa£ed with respect to those ef the "C" solwtgon (Fig. 5.2). then, "E" sekution is gK}ost

prebably an artifact gfthe calcuiatign agxd does Ret reffect any sgress fiead.
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¢kogeptew 6g ewateewathgeeeeetMsma

   In order to determine the tectenic agxd deformatioRag hgstory expeifien£ed by the Taitao

ophiogite oriewted sampies frem: (1) ultramafic ro£ks, (2) gabbros, (3) bigiftedai dike corcpllexes

2titd (4) vegcegni-clastic amits were cellected ak 3g sites inchading g)gere than 50e specigxgens (Fig.

6.1¥). Samples were degnagketized by meEgits ef AFD aitd ThD tecimques iR order to ebtain their

characteristics RM vecters (Appeitdix B; e.g. Kirschvink, g98e). Frexrk the orieRtations efwithin-

site RM vecters, the erieRtatioRs of meaR RM ve£toys were caic"1ated ggsing Kewt (g982)

statistics. Orientatioft of fEkean RM ve£tors ggftd related strtg£tkJEgres (foliatioft, corR kpositgenag gayers,

beddiRg, etc) were theit restered to the erieittatioit of the expeeged (}AI), obtainiitg the

ortentadoit of inc1ined rotatieua1 axes and ug etigtikg paraxRaeters (Appendix B) whi£h aid to gnveig

the obdi3£tien processes experien£ed by the "faitao gphifogite.

                  6.g. ¢ktcffts¢geergsSSecs *ff gs$haeedi ww weece*ges

  Reliable RM ve£ters were grotgped in two greggps depeitdiRg ofi gheir dexKMagnetizatioR paths

£haracteristics. Samples £oilected frerrft vgg£ani-clasti£ biiKkedag dike £ernpgex eewtts yiegded

uxxivectorial demagnetizatioRs paths. in £eittrasg, sanxpRes fregxi the pgutog}ic kxKkits yielded

xxRxiltivectorial demagnetizatien paths.

6. g . 1 . Ugkivectoriai demagnetizatiofi paths

   These dleg}kagnetizatieit paths shew pa af[ectien of secogCEary xEgagnetizegtioits; aatgxeaEgkk, sn}aRg

impriwts of visce"s rerrkaneRt magRetizatiofi (VRM, AppeRdix B) were eomexoRgy ebserved.

VRM was s"ccessfully rexneved after XO-15 mZ dEgsring AFD, ard the remagning RM vectov
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£orrespended to a single directien (ggnivecterial) (Fig. 6.2).

es. Y¥)blcani--clesstic dep6sits ofthe ww aitd CIZi`va ecntts

   Cgastic sedixgieitts gf the MVU were sampged at 7 sites ¥(Sl to S4, S8, M2 asitdi M3, Fig. 6.g.,

kable 3) ewxd incgkkde 85 paleostskagnetie spe£imens frem sandstones and xixasdstones. Sites S5 te

S7 aRd Mg (not shewix in Fig. 6.1) were reje£ted, either be£ause of gewge "neesximeem esngeclew

aeviution" (MAD, e.g. Kirschvink, 198e) values gr imsufficient Rwnbeif of specir[Rens (Appendix

B¥). Regiabie RM veeters for sagkdstones sites ewe aN itermag polarity whiie those of fi}EEdstoncs

sites display both normag askdi reverse pglarities (Fig. 6.3a). Newwag poRartty vectgrs have aSg NW

te NNE-war¥(iE azgg}kuths while revefse oRes gkave SWward azixExuths, being Reewgy antgparagleR.

glgwever, thcy do Rot pass a reversakest ajad they were £gassified as R- (e.g. M£Faddee ewxd

]N(g£Elhig]Ry, g990; Appendix B). OrieittadoR ofcal£axgated irgease Rpt(if vectors cofiExpared wiah She

eriewtatieas of the expected GAD sEgggests a couwterclo£kwise rotatioit of the majority of these

sites, althoxggh sitxall £lockwise rotatieits were ebserved at two sites.

   PiMgw iavas 2gnd gava fiows from the MVU were sasnpged at 6 sites ¥(Lg to L7 in Fig. 6.g,

fable 3), iRcludiRg 97 spe£igrkens. Sites £orrespeed to 4 Pava flows and 2 piggow lewas. Obtained

reliabge RM vecters from these sites are all nermag polarity with NW-ward azimuths (gtig. 6.3b).

OrientatieR efec(}ean RM ve£tors £ompared te that ofghe expected GAD suggest that pilgow gavas

ard lava flew deposits of the MVU were ath£ted by cogntercleckwise rotatiems, sig)tigew go

cgastic deposits.

   Feeder dikes ef the MVU were sagxftpged at 4 sites (E)g te D4 gge Fig. 6.g), iRclEgdiiig 5S

specimens in tetaR. Additienally, three extra sites were sampled bwt these were reljected dtge te

their gewge MAD val"es. RM vectors, at sites Dg te D4, ewe nesggiitag peRgnity, and iftegiig]ed glikostgy

NW ee NNW-wafd with exceptioit ef those from site Dg whi£h ewe NNE-ward isacgiRed (Fig.

6.3e). These oriewtatiens, as the rest of these of the MVU, sagggest a cokmaerclo£kwise retatioR

when cempsgred with the orRentation efthe expe£ted (}AD. Effoweveff, at site Da a possible srriaak
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£goekwise retatioit at site Dg was gbserved.

   Due te the s£exeity of goed e"tcrops at the Estero Lobos area (Fig. a.5), eniy i reiiablie site of

piilow lava was sampged from the CMU (gabeled L7). Obtaixxed RM vectovs at tftgis site are

reverse polarity (Fig. 6.3b) with SWward azigxeuties aitd itxRkgasgaggy 1ijw iRcgimations (3RrRkest

horizoRtag). As previeus sites ("S", "M" and Ll te L6 sites), the orierRgatioR ef meait RM vecters

cgmpewed with that of the expected (}A[E) snggest a ceuater£Rockwise retation. A point that

shgkxid be kept eit maind is that mest of the CMU depgsits ewe stroitggy affe£ted by the dextraR

movexE}ent of the BBFZ. Thus, it is possible that the irkrred rotakion resxggted frogit either the

moveit eept gfthe BBFZ er the coEgpter£1ockwise rotatigit gf the epS gielite (see further).

                                                               '

b. Bimodal dike eomplex esnit

   Tke ECDC intensiveiy sEggnpged, colEectiitg a total of g85 spe£imens. Hewever, oxRay g27

specimeits yiegded RM ve£tors with reliabge lwaD. All ebtaiRed RM ve£tors frefRk EDC were

grouped in one site (labeled D5 ix Fig. 6.g, [Rrabge 3) (igie to tRkeir sKx}allR diffk)reR£es iit gifientatioit

¥(Fig. 6.3d¥). Nkft}ese RM vectors are ftermaR pelewity asxd rrxest ofthesux ewe SE to S-wewd incgined

¥(oniy few are SSW-ward inclined¥). The erieptatieRs ofthese RM vectofs, eempared tg that ofthe

expected GAj), suggest that this portion of the dike £gmplex experieReed a cogntcrcAeckwise

rotatioit about a Reewly hertzoittaI rotatioital axis. This is sgmigewr to the (gpossible) retatioits

observed inthe MVU and CMU.

   The MR])C was sampled 3t 5 sites (D6 tg Dro in Fig. 6.g, fabge 3)s iR£auding 64 specig}aens

(agft with regiable MAJD valges) (Fig. 6.2e). IsoRated RM ve£tors shew both kormag and reverse

pggaritiess Rormal enes were ebtaiRed freg]k nerthem sites (D6 go })g) and feverse eRes in the

southem sites (D9 agxd DgO) ne3r to the cog}ta£t with the gabbro vgitit (Fig. 6.3d). Normal polarigy

ve£ters are N to W-wewd in£lwted, varying fresRg aamost verticaR te aRxx}ost horizgwtag, wSxgge

reverse oncs are SE-w3rd incliited betweeit £a. 300 aitd aiitkost herizewtal (Fig. 6.3d). Again, the

erientations of RM ve£tors sejgggest a £exmtercle£kwise rotation ef this part of the dike compiex,
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with a possible larger and iitcreasing rgtatiowag affK}eagExt towards soxgth ofthe egffea.

c. Dike complex-Gabbro conwtct gg Cesleut MiijZ}rg geRees

  At the £owta£t between the big Kxodal dike £exrkp}ex and the gabbre wwits at Caleta Mitford-Rees

(Fig. 6.i) 2 sites were sampged, comprgfEkisigg 30 spe£irEkeRs. EEgwever, enay oite efahese sites is

statistically re}iable (Appe*dix B), which was labeAed G2 (Fig. 6.g) gignd it in£gggdes g8 spe£irggeRs

¥(Tabie 3¥). RM vectors isolated for this site are aiR reverse pela[rigy, imcliRed approxirKxategy 200

SW-ward. [grhe oniy exception is a Reewly horizontal RM vector whi£lk has a ngrmaE polewigy bug

cgese eftoggh to the rest of the data (Fig. 6.3e). At this site, eyiewtatioR of the RM vecters

sEgggests, again, a ceamter£lockwise fotation.

6. 1 .2. Multivectorial demagnetizatien paths

  Uniike sites of the vog£ani-£lasti£ ewxd bixEkedai diRke asnits, these of tke pgutgRgc asgtiigs

cemmgniy dispiay two stages offf}agnetizatioR (xKxgRtivectoriaR), asseciaged with the low aRd }niigh

coereivity ponioits ef the demagnetizatien paths. A tlaird xifkagnegizatien cofigpeneftt was

semaetirnes ebserved, wkkich correspoRded ge a VRM su£cessfukly rexr}oved with after 5 te iO ueT.

Isolated RM vectors were Aabeled "-yowRftg" (iow coer£ivity) and "-egd" (high ceercivity); ghe

first iselated betweeit O mT (or after VRM rerEkeval) and ca. 30-4e mZ 2gitd the gther after a

dexnagnetizatioR fieEd of ca. 3e-40 mT.

es. ¥(7Ztresmofc section

   Tiiking into coRsideratieR that ultramafic rock okxtcreps are disrgkpted and geet coittiit"g"sgy

£onxiected, sampged sites were gfouped aocording tg the bgock they begong. These bleeks were

labeged Egkyamafie seuth, £entral agkd nerth (Fig. 6.a). Southema bge£k is corffespends tg ulgregsc k3fic

reck eutcreppi*g Rear the coRtact with the Cabe Rtxper pigtoR, £entrai bgock is ae£ated gR the
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central-southeastere part of the ophiolite whige giertherxk block is iR the centrag-nerthwesterxt pegrt

¥(Fig. 6.1¥), these iast twe included into the gabbro "giit. The s[kaiit pesrg>ese of this gfogjgping is to

expiore the possibility ef diffefeitt te£teAi£ histeries fof ea£h eRe ef thegxk. Alg tegether tke

"ltfamaSiic sectioR was sampled at 10 sites (sites gabeied "P" ift Fig. 6.1), iitclgdiitg ae5

specimens. E{gwever, eRly 7 sites are statistically reliable: 3 ifi the seuth ¥(Pg to P3, agi

specimens), 2 iit the central (P4 aptd P5, 20 spe£imefts) and 2 in the north (P6 and P7, 28

specimeas) blo£ks.

  Ffom all k}ltrarrkafic sites, oniy two of theita, sites P3 airkd P6, yielded gmivecteriag

demagnetizatign paths. Iseiated RM vectors froxxa site P3 were censidered "yoxgRg" due te their

sirikiiar oriewtatigR with those obtaixed fronk the MVU, CMV 2mad dike cegygplex ygjEits; whiie

isolated RM vectors from site P6 were considered "ogd" due to the sitwigew eriewtatign WEth these

frem site P7, both located iR the north ultramafic bgock (Fig. 6.3£g, 6.5a,b).

   "foEgng" RM vectors frem sites ef the viitramafie setgth block (Pl te P3) are reverse pogegrity

as well as those from site P7 in the Rorth bgo£k, whereas those from sites in the ultramafi£ centrag

blo£k (ii"5 and P6) are Rermai pelarity (Fig. 6.5a). Ige £owtfast, isolated "ogd" RM vectefs ef sekkth

exgd centrag "gtrameafic bio£ks ewe reverse polarity while those frogn She itorth block are nermaA

pelarity ('ffabie 4). IR general, beth "yoEEgig" and "old" RM ve£tors have widely scattered

erieptatioits with respect to each othef (Fig. 6.5a, b), vvith shalgow iitcliitatiens except for ahat ef

site P2.

   These widely s£axered orientations, beth parKkal and reverse polarities, sggggest thaS these

blocks Rmderweltt compiex folding. Hewever, orientatieits of "ycung" RM ve£ters, cornpared to

that of the expe£ted GAD, suggest that couittef£leckwise rotation affe£ted Shese bgocks iKk

additien to foldiitg. [g knfls cek]gxtercgo£kwise retatioit seems reasonable stw£e it has beeit detected ipt g

the rest ofthe ro£ks EgRits efthe ophioiite (]N(AIU, CMU axtd dike eoKitpRex). ThRss, oriewtatioRs of

"old" RM vecters m"st be corrected by restering "young" RM ve£ters to the oriewtatgeit of the

expected GAD by ca}cgglating both foldiRg aed rotadonag pattemas.
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b. Gabbro seerton

   This rock RJgptt was sampled at 12 sites but ongy 7 ofthem yiekied feiiabge data ¥(sites G3, G5-

Gg, Gla and G12 in Fig. 6.1) which inciude 10e spe£ixrkeRs. Majority efthese spe£imens yie}ded

gikultivectorial demagnetization paths iR which twe distin£t RM ve£ters were gsePatedi frern the

lew and high £oercitivity pertiens. Simiiar tg ultram3fic rock sites, isoimed RM ve£tors were

RabeleCE "young" (low coercivity) axxCE "eld" (higkg coer£ivity). Aise, in few sampges a VRM

eompGnent was observed a(}d easily removed with a peak fiegd of gO mT (Fig. 6.6).

   ReliabRe "Yicpa}xig" RM ve£tors were isogated at ag sites (G5, G6, Ggg and G12 tw Fig. 6.g)

while regiabie "eld" gftes were isogated at all sites except for site Gi2 (Tabge 4). Sites with G3,

(}7 ftgxd G8 yielded "yoEergkg" RM ve£tors but these are statisti£ally ew}ffegiable dkge to tkeir aarge

associated MA D valxges.

   "Yic)tgng" ith({ vecters are both itormag ewid reverse p6garities (Fig. 6.7a) with scgttefed SE-

wewd a*d NE-ward incgiitatioits. in parti£ular, normaR polarity ve£ters have very shaKow

inclinatioRs, si]twilagr to the "gtramafic section. The orteittations of "yek]gxg" RM vectors s"ggest a

coxErkterclo£kwise rotation for the gabbro sectien, similew to that ebserved in agg ghe other rock

taitits ef the ophieiite. }Iowever, the commgit pfeseRce of foAd iit t}xis kg¥(}it sEeggests that yogftg

RM vectors g} kay have being re-oriented. EveR itaore widely distrib"ted thait "yoEgftg" ww ve£tors

are "eAdl" ww ve£tors (I?ig. 6.7b), shewiitg both feverse 2gx3Cg twrmag pogarities with tksually

steepest inclinatieRs, sizEkilar to ultramafic "ogd" RM vectors. As for "ogd" RM vectors for ahe

ugtramafic unit, "ogd" RM vectors obtaiited from ga･bbro Reed te be eorfected xEsiitg foldtwg ard

rotatieRag paxemes ixtferred fron k the correction ef "youitg" RM vectors.

                   6.2. StthgRsgtcal digsgerSbeeiffi*pms *ff ww wdvecg$ers

   Within-site RM vecters (from alg ophielite ewgits) show differeitces either in decainatioit or

inclinatioit, displayiRg ellipticag rather than cifcgglar distributions (Fig. 6.3). Thgss, orgewtation of
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within-site }esV{ vectors aRd 95% cenfidence intervaRs were cagcglated usiitg Kent (1982)

statisti£s instead of the cgassicaggy gjgsed Fisher (g953) statisti£s. Notice that if ve£tors are

eirc"1arRy distribtited, Kent (1982) statistics are iRstantgy redggced to }Fisher (19S3) statistics

¥(Appendix B¥).

  Frofta the a3gaRyzed data, approxixRkately 52% ofthe sites ewe egMpticaggy distributed. E{owever,

rercewkable differences £arit be observed within ea£k rock uitit. RM ve£tors frorEg the ngpthem part

of the ophioiite - dike £omplex e[gkd volcani-clastic uaits - yielded eggipti£ag distribagtioRs at ces.

66.6% ofthe sites. Simiiar sitkkatioR was ebserved eR "yeung" RM ve£tors ofthe platowte wwits,

which are eilipticalRy distribwted at ca. 71.4% as}d 1OO% of ghe kkgtraitRafi£ reck aitd gahbro sites

respectiveiy. In £ewtfast, "oid" RM vectors frem the plutonic swits are gptestly cgr£Ekgargy

distributed; 60% as ad 66.6% of ggltramafi£ re£ks andi gabbro sites respe£tivegy (dable 3, 5).

   This distribgEtieR pattems stEggest that the voleaxi-cgastic agkd dike coit kplex gitits retated ahogt

is gc}iRed axes. Igrhe plwtosiic units seeg} te gkave rotated twice, beth abe"t incgined axes bkxt the eld

rotationai axis seexxs to be more stab}e thaR the youRg onc.

  A£cgrdiitg te MacDonald (g9gO) and Weinberger et 31. (1995), the preseitce of arcveate

distribEgtions is a geed proxy indicator of te£toitic rgtatiens abokkt Rofi-horizoRtal, non-verticag

(i.e. in£1ined) retatienal axes. 'ifhus, rotational axes iR the further aRagysis were calcEalated using a

rotational pfocedure xgiodified fireitit that proposed by Weinberger et aR. (g995) (Appendix B).

E{owever, a skngle retatioftal axis 3t a siRgRe site dees ftot provide with an a££ew3te retatiogeal axis

for the ro£k v[rtit uitder aEialysis (MacDeRald, g980; Weinberger et ag., g995). CagcEggEgted

rotational axes at each site (withiit-site) were treated as directiofts in order to ealcglate a niean

retatEonal axis for the unit (betweeit-sites) aRd its related coRfidence interval by rx}eans of KeRt

(1982) statisti£s. The associated measu rotatioitaa amguat (e) gigptd the regated erref (gdev) were

£al£uRated assEgmiitg that iitdividRsal amowwts ofretatioits (withn･-site) a#re xtermally distribggted.
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         6.3. R*grkgS*eeag esxes foff w*Recagefi-eclasggec thtwdi digke ec*pmggeMex eeewgtrs

         '

6.3.g. Individual aitd rrkeait retatieital axes

a. #]Zplcani-clastic deposits ¥(Mva esnd CMop

   IRdivid"al retatgoital axes caiculated for each of the sampled sites ef the MVU are incliited

towafds both east aitd west dire£tioits (Fig. 6.8, labRe 6). W-waxd incRiited axes have Eksuaafty

steepest inclinations thaA E-wafd incRined axes, which in£linatieRs ranges frgxEg sueewly herizonaag

to neafly verdeal. Cov[Ekterclockwise rotational amoEgsxts exe asse£iated to E-ward iRclined axes

whiie in contrast cio£kwise ones are associated to W-ward incAined axes. imoRmts of retatien

     p¥)              '
ewe as large as 870 aRd 480 for coxg3 ktercgockwise and clo£kwise rotatiows, respectivegy (Tabge 6).

   The three cgockwise rotatio"ai axes for the MW sggbxgnits were oniy calcEEgated for twe sites

in CaReta MoftoRa area (£lastic sedirraeitts) aftd oite in the Estere Coito afea (feeder dikes).

IncaiitaSion of these axes is xnore gr less stable abowt 650 W-wafd. IR coRtrast, iR£lination of

ce"ittefelo£kwise rotational axes Xewgely varies, apparentgy defiRiitg three difilerent greups frgm

east to west. This variatieit was alse gbserved in the retatienag ag[Rokmats associated te eaeh site

¥(Fig. 6.9¥)s retatiomal amouitts systeg E}atic3ggy increase, either withiR each greup or between theit],

from eastenmest to westemmost sites efthe MrVU.

   The mean rotatieRalaxis for the whele MVU incgiRes ENE-wgiifd approximately 650 (Tabge 7).

ffowever, three different rotatio*ag axes were caicugated instead due te the ebsefved differences

in rotational amo"nts of individua} retatiomag axes meRtiefted abGve. grhese rotatienal axes aRso

iit£liRed E-wewd (Fig. 6.8) Eewd they show increasiRg arEaounts of rotation, fires[g 140 to 550,

tewards westemmost sites of MVU. Their meegn grieRtatiens and their coitfidence intervals are

ggsually everlErpped betweeit them and with ghe K)iteait rotationaa axis £agccggated for the whole

MVU. IRrhis, together with statistical F-test, indicate that t}key are statistieagRy E[n{igistinguishable,

sgsggesting that they represent variatioits ofa similarly oriented rotational axis.
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   The rotational axis calc"lated fof the CMU deposits is, as for those ef MVU, E-ward inclined

agidl with an asseciateCg rotatienal anaount of apprGximately 950 (labge 6). Siitce oniy oue site was

sampled on the CMiU, this 'rotational axis was taken as the xxxea]k rotatioRal; akhoxggh, it y¥)iay net

represeRt the rotatioital patterga experienced by this ggxtit. Hewever, its griewtatioit is sirnilew to that

obtained for east and central gregps ofthe MVU aRd other ggnits (Fig. 6.8).

b. Bimodol dike complex ¥(IECDC avdMRDq

   The rotational axis obtained for the enly sampled site at ECDC is igicggRed approxix[gategy 450

E-wewd. 'I'his axis has a cov2ntercleckwgse rotatieual amoxgitt asso£iated ([[rable 6, Fig. 6.8). Igrhis

rotatiomaR axis was takeR as the mean rotatienal axis for this pgwt ef the dike con kplex.

   Frgs[x sgtes at the MRDC cogwtercgeckwise aitd £lockwise retatiowa1 axes weffe £aAculated.

CeEE[ktercleckwise axes iRcline, as uskkaR, E-ward appfoxignately 600 whige the gn]ly £aockwise

axis has an aimost horizontai incgiitatioit. Same as for MVU, amog}nt ef retatien of individxgal

axes seerxxs to in£rease S-ward. However, ito gromps er systemati£ variations were obsefirved.

   The itKean retadenai axis cal£ulated for ]N([RDC inciiRes E-ward aRd ewx asso£iated rgtatiomag

amokmt of approxix(}ately 350 (Fig. 6.8, Erabie 7). SEkch amoggRgt gf rotatioua1 is 1ewgef than that

calculated for the whele MVU, baxt sinailax (withiR effrers) to that of the westemnost grgftgp

identified enthe MVU.

   Mean rotationag axes for both part of the dike complex are neither evergapped nor twegixded

inte each other. This suggests that they represent diffefent retatienag axes, sggggesting that these

two paptts ofthe dike cernpgex evogved tectowtcally different.

6.3.2. Restoration efrelated strit]ctwres

  Aftef xigeasig fetational parewxietefs were

dike orientatiofts - were restered te their

estal)gished, related strtxetE[res - £Rastic beddiRgs ewid

"eriginal" pesitien before rotation, i.e. to the tigne of
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RM acquisitioit (Appendix B).

  Cgasti£ beddtwgs were restered Eksing the three rotatioma1 axes £ag£ulated for ea£h gromp ef the

MVU. After resteration, orieptations of clastic beddings do itgt £hEtitge sigwtfi£antiy, be£gsskiRg a

MNW-facing slope (Fig. 6.10a). IRcginations becgitxe shalgower ex£ept for site S4 with ag}

tiftkksaJ#ai inciinatieit ef ca. 480. Despite this site, iit£linatigits becosi}e systegxRaticaliy shaRlgwer

towewds westemmost sites, reachiitg exk almost herizofttaa in£giitatigfi at site S8.

  PiRlew iavas and gava fiows of the MVU were agso corfected accordiRg to the defiited grovkps

of the MVU. After restoratioit, their ertewtatioRs become scauer formwtg, reggghly, a NW to N-

ward facing siepe. Again, erientation of lava ffew in the westemnest site (L3) beeosnes itearly

horizontal (Fig. 6.gOb). Most ef the restored orientatiens hewe Rearly EW-treRding strikes,

s}kbparaileR to the Esterg Cono iineament (Fig. 6.g).

   The insitu NW-SE as kd NNE-SSW strikiitg oriewtatioit of feeder dikes of the MVU changes to

a neargy NW-SE axgd NE-SW treitding eyientatioits after resteratioR (Fig. 6.10£). The NW-SE

treRding orieptatiosc is subpewallel te the gnaiit Estero Coite iiReasu}ewt, whige the NE--SW treRdiitg

ene is nearly perpendice}lar to it. This sggggests that a fisskksre systexEk, with a NW-SE tfeitding,

facigitated the intrusion ofthese dikes in the M]VU.

   The only site ef pigiew lava ef CMU becomes a gentle SE-facing slope, with a shalgow

ikciinatioit angge ef ca. g60 (Fig. 6.10d). 'ffhis resugt is eppesite, ik oriewtatien, to that obtained

for the MVU deposits.

   Since the ortentatioit ofthe calcE#1ated rotational axis for the ECDC is neew te that oftke pege

of the dikes, the restofatgoR does itet chaitge sigygificantly the grieptatioit of this paft of the dike

conkpgex which fergkains with itzstostly NE-SW trendi"g strikes (Fig. 6.gOe). IR cowtrast, MRDC

chgi"tge its orieptatien significag}tly, frexn a neaxiy NW-SE treitding oriepmtatioR to a Rearly NS-

treRdiitg erientatiok (Fig. 6.10£). rlrhe orientatioRs efboth dike cogifkplexes afe neargy sggbparalgeg,

and fto so far oriented to that ofthe CR systegxk.

   Of spe£ial irKaportance is the erientatioit of the cektact betweeR the dike cogxkpgex aRd the
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gabbfo aknits. After correctieft, the orieittatioit of this cektact becomes to a Re2ggly NS strike with

akk inclinatioR ef ca. 800 ¥(Fig. 6.lefi. The strike efthe centact is simglew to ghe oriewtasgoft of the

ChiRe-Perki tren£h but the inciination is far 1ewger than that of the sgkbd"ctiftg pgates.

6eag. pa*fldi gestr eswadi er$Sgeefi*meuee eexees foer maeekgfiwe¢e*erggeR sggees

6.4.g. "Yk ¥)Egxag" foiding and rotation

  The erieittations of compositional gayertng in gabbro and fogiatien ift ekgtraxnafi£ rocks at

sampged sites indicate, with soxEke exceptioRs, that these Egx]its were fogjggkalRy cylindricaNy foaded

about a shaRlowly E-ward axis. 1ff'hus, a fold test (Appendix B) w3s performed sepewategy on

"yoxgng" RM vecters of both gabbro and ultrarE}afic (seuth, cewtrag and itorth) "nits gsing the

strikes ofcoitapositieftal layering and foliation respe£tively.

  For the gabbrg mit, eptiit iggm unfoIdiitg perceittage (asse£iated with m3xixK}wn eigeitvahaess

e.g. Tauxe, 1998) was gbtaiited wheR cempesitioRal gabbfo layers were foided ba£k

approxignately 55% (Fig. 6.11a). In contrast, optimum utegding per£eRtages for each gRe of the

kxltramafi£ blocks were obtaiited wheR foiiatioit was folded ba£k ca. 75% (sogth ble£k) aRd £a.

70% (ceittrag bleck) (Fig. 6.11b). UnfelCging percentage for the itgrtftxem uRtramafi£ bioek couRd

itot be cal£ulated since the twe sampied sites on this bgock have associated sisxxigewRy erieittedi

foliatiens. Unfolding percent3ges correspoitd te ak average umblding ef ca. 350 for the gabbro

uait aitd ca. 430 for the uitramafic g}nit. This may indicate that the gabbro ljnit behaved slightly

mofe rtgid than the ultranxafic rocks and that these rocks kknderwewt epeit foldiRg dgring the

acqE&isitioit ofyouag RM ve£tors.

  Howevef, the xgitfoidiitg procedtgfe eniy narrowed the raRge of wideiy scanered "yewwg" RM

ve£tors only a iittle (Fig. 6.5, 6.7), with their orientations stige differiRg frorEk that ofthe expected

GAD. Thgks, ftEErther calevilations were camed out by asswniRg that the 1ewge and rerxiainiRg
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portion ofthe deformatieit iR the plutoni£ uRits was accemmodated thfough retatien.

   Individual rotatioRal axes for both ugtram3fi£ and gabbro wtts, gabeRed Rot-1, are iExostgy NE-

wafd incgiRed, froita nearay verticake nearly hgrizonta1, exkd with £egggxterclockwise associated

fetatioitai amekmets (lgrable 8, 9). 'ffhese grieptatie*s are sgggiaex te these ef the roaatieRaR axes

ebtaine(S for veRcgmsi-£lastic an(i Cgike cotwpRex uitits. Associated rotatiewaR aitko"nts seegit to vewy

with the iRcgiRation ofthe axis; 1ewgef rotationag amoggnts 3re asseciated to decliRatioRs ef£a. 700

(Kg. 6.a2a). EIowever, ito £lear spatial vaxiation between sampled sgtes £ouid be established.

   Orieittation of meait rotatioftal axes for beth the gabbro ag}d the ultramafic E!gaits in£line E-

ward (Fig. 6.g2b), having EW-trendiitg coftfideitce intervags associated (eglipses) (fabge aO).

grhese c()s[fidenc)e intervaRs axe overlapped, both gnc}gkkding t]ke meagi orieittation of the gther,

indicating that they a3re statistically "g}distinguishable. Thkks, these gjggiits rotated £evigxtercgockwise

ahgxit the same retationa} axis. Asssciated rotatiewag ameamts ewe leg3rge £ompEtred to that obtained

for vogcargi-£lastic and dike complex kxE}its, reaching amo"wts gf ca. 900. However, gNkean

retatienaR amounts between these uaits afe differeitts the gabbre ksgkit re£orded neariy 2eO more

cokmterciockwise rotatioR thage the egRtramafi£ "rsit ('Table ag). Secli dgffiDreftce sEgpperts the

argument resulted frerrk the migldiRg analysis; that is, the "ltramafi£ gknit ac£orwmodated tme

important ponioR ef the total defowwatioit throRJggh foiding, in additiopt to rokatgoit, £og]tpared to

that accenmodated by the gabbro gutlt.

6.4.2. "Old" foiding aitd rotatien

   "Oid" RM vectors frem the plEgtoitic ggitits wexe also £orrected usiRg the unfogding

percentages and rotatioma1 ameuats previegisly determined. After ghese corre£tiens, "egd" RM

vectors chaxkge to nermal pelarity b"t stiAkhey are widlely scattefed in a sterg*et projectioit ¥(Fig.

6.5, 6.7). Since previetgs urifolding percentages were oniy 55% and £a. 70% for gabbffe and

kxltramafic rocks amits, respe£tivegy, a second Etwfblding pro£edure (aabeged Fogd-2) was carried
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owt assumiRg thaS they were cylindricag]y foided.

   In ghis aRalysis ne optimum EEptafoidiRg per£exteages of statisticakly sggnhiean£e were

calcxgAated (Fig. 6.a3). Unfolding £ggrves for each *itramafic ro£k bgoek are iRcomsisteitt between

therxx; 160% for Rorth ag}d sokxt}i bge£ks aitd -3e% for cewtral bloek. ARthengh Rerth and sgwth

have same wioiding perceittages, wigldiRg cxuees iRcrease £eptinuekksgy with gewger uftfogdiiig

per£ewtages. Fof this a]Ralysis, foaiatioR was used as a referen£e frame. }Iowever, ogd RM vectors

mgtst be a£quired before the developg Eaent ofpervasive foXatioR ebserved in the ukramafic ffo£ks.

Svg£h pervasive foliation erased axy prix !gewy strgactwes that ceaski be "sed as a reference frax(}e.

Thggs, Rsmbldiitg percentages obt3twed for the asltramafi£ bge£ks gxkesa pifebably de Rot repfesewt

arky reakeeteni£ event, aRd further (possible) rotatiofiag axes were ftot caRcwiated.

   For the analysgs of the gabbre u(git Eggg eptigE}wn EEgxfelding pefcentage ef £a. -SS% was

calcvElaSed (Fig. 6.13). Effowever, £oncentratien of the uafogding histegraxn is got statisti£aigy

signficasit and utelding £wwe systegxRatgcagRy decreases with ik£reasiRg Egmoamts of EmfoRdiitg.

ThEgs, further rotational axes were caicukated assuiKking two pessibiXtges, that: (g) the regEx3iK)ing

deformatiox after Feid-2 w3s ac£omaodated t}Rfeugh rotatioR or (2) the whoie deformatgoit

recefded iit eg(i en({ vectors was a£cemmedated throasgRi rotatgoR or RoR-cygiredricag fogCgRitg (i.e.

Feld-2 is false¥).

   Rotationag axes, caiculated assaggRi*g that Feld-2 was pesitive (gabeged Ret-2+), are eeegstgy

NW-ward in£lined witSx steep incRinatiens. Signilargy, xotatioRag axes £agculated assumiRg tlaat

Foid-2 was itegaSive (iabeged Rot-2-) Egre gitestgy NW-wewd in£lined, althegigh segxke exeepgigRs

with east 2gnd west-ward incgiRed axes wefe ebtained (Fig. 6.g2a). Mostly cgockwise retatiofts

teok pgace about either Rot-2+ er Ret-2-axes.

   Mean retational axes are both (Ret2+ ewkd Rot-2-) sirrkiggiErgy NW--wEggd inclined. E{owever,

gheir assgciated confideit£e intervags differ siggiificaittly; cir£ugewgy for Rot-2+ axkd EW-treRding

eieiptieal for Rgt-2-･ (Fig. 6.12b). Rgtatioitag ameusts are as gEg3rge as 900 cgoekwgse, panema net

previously gbtained froKxk other kmits. Differeitces in rotatioRag ameupt betweeit these two
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possibilities ewe itot larger thark roO efclleckwise rotatien.

6.4.3. Restoration ofrelated strEJictewes

   Regated sttwctwes, cognpositignal Iayexiitg i* gabbre and fogiatgoR iA ugtramafie ro£ks, were

restered to their "erigiftag" ofieittatien before foldiitg EEitd retatioitak evewts, i.e. at the tig}iite efRM

acc}uisitiGxs sifieeiRar to the resteration efvol£zgni-clastic and (Sike £os xig)iex EE[gits.

   Restored orientations ef foliatgen in ugtramafic rgcks, by asgitg Fold-g parameteffs, be£esne

neargy heyizowtal, with shaigow scattered incginatiens (Fig. 6.g4). In cgwtrasg, the insiggi S-SE-

wewd dipping compesitienal iayers chaftge to stabge SSE-wewdi dippings ef ca. 300, yieRdimg

commgn S-ward you"giRg directiefts (Fig. 6.i5). These orkentations of both foliaeiept aikd

cox(xpositieRag gayering che[gxge after corre£ted by "siitg Rot-g pewameters. Foliations becogxue

with stabie SE to SW-ward dgppiRgs, with shaglow twcgiiiatioits oit so"th bge£k 3itd sgeep e*es in

itortji gmad central bao£ks (Fig. 6.1`#). Igrhe S-warCg yewwggng direcgioft of corwpositio*aNayers of

gabbro does not ehange after Rot-e corre£tieR. Hewever, their iRcgirckatioits be£eitae s£anefed

towewds S agkd W directiens, with dips as lew as 2eO a#xd as ffEau£h as 9eO (Fig. 6.15).

   The orientations of both foliatien ex}d coitikpositioma1 gayers prevge"sgy £orrected above weffe

Eesed as a starting point for the furtheff arkalysis. Assumiitg that part of the defomaatieft was

a£csmmodated by the pguteiti£ uitits by folding (I?oRd-2+). Cegfire£teCg orieittatieits of fogiatiek

beceme scattered, with nearRy horizoRtal ased fteewIy verticag eriewtatioRs aRd, xxsgaggM NE-SW gr

EW-treitdiRg dire£tiens (Fig. 6.X4) depeitdiitg on the anagyzed eeltfaggRafi£ bgg£k. For

compositienaa gayers, several evemmed layers with ineoitgr!eewt yoggnging directioits were

obtaiited (Fig. 6.a5). 'ifhese orientatiefts ehaxRge drasticalgy for both strk}ctR]eces after corRrectioR

"sing Rot--2+ axes. Fegiations becofine nearRy pempendi£ugar er ncewgy horizeptally ostEeitteCE whige

                                                                                '
orieittatioms of compesitioRag layegiixg be£omes highly scaxered with opposite ewkd in£eitgrexeite

yoljRging directiees (Fig. 6.A4, 6.15). "ffh"s, Feid-2+ and Rot-2+ parargReteys were rQjected

                                        53



leading to assume tftiat agg the deforgi itatigit receffded oit "ead'" RM veeters from the pR"teai£ gnits

was a£conmodated throEggh rotatigit only.

   Cerrected oriefttations of foiiatien (by usiRg eniy Rot-2- parameters) beeexxge simi}ar ge these

ebtagRed above, i.e. scauered a]2d with EW asyd NE-SW treitdiRg dire£tgoees (Fig. 6.14). E{owever,

and as mewtieited before, these corrected oriewtatioRs gExay have Rot tectogific vaaidatieR since

"oid" RM vecters aRd developed foXatieit rcay ftet provide wikh a feliabae reference fragKke fof

£orrectiens. Coff)kpReteay diffiefeitt is the case ef corffe£teCE ("sing Ret-2- g)ewameters) oriewtatioits

of eompositional Rayers in gabbro. After this correctioR, iR£liitatggns of cogg]positioitag layers

be£oitite stabge teward SE-ward direction, with rogghiy deereasing amo"nts ef inelinatiok

tewards SE-wexd sites. Alse, yekxgxging dire£tioits axe in agreeififye*t wigh £eptgxpositionag Rayers

orientations, becorEking yok]ieger towewrds SE-wewd dife£tign as weRR (Kg. 6.gS).
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¢kathpigecff 7g eweeffer*waeegwaeegitec gekessee

   Ch2gsracteristic CE!rie tegEgperamres, and assocgated esrrors, were determincd for severag re£k

urkits ghroexgh thermgrrgagneti£ experimepts ewgd the "dij7lerentiesl methodi' (e.g. fauxe, g998s

Appeitdix C). Obtained heating (Tc-heat) 2xnd eoeling (T,.,.og) chewacgeifisties Cggrie teitgperatwes

were Egsed tg determine the ferremagnetic phase invelved in both the askisotrepy of maggeetie

skgs£eptibility (see fwther) Emed the RM signaRs.

   ARI thermorxagReti£ ckgrves of wwU sampRes - incgtxdiRg £gastic sedggg kepmts, pigR(>w gavas, gava

fiows and feeder dikes - as well as thgse frog)i dike cemepRex, gabbro and ggtramafi£ ro£ks shew

abrupt decays betweefi 5500C aitd 6eOOC for both heating aRd coogiitg phases (Fig. 7.1). 1ffhis

suggests the £ontribwtien efr*agnetite (Fe304) to the magnetic signals (e.g. DuitRop aitd Ozdexxgif,

fi 997¥).

   Calculated temperatewres ro"ghly agree with the ebserved decays. Average Caxrie teg} kperatures

are strikiRgly cXose to the 5800() for all lithogegies, with the oftXy exceptieft ef piBow gavas aRd

feeder dikes ef MVU, which yielded saightly lower temperatuires ef approxggxkately 5500C ¥(kabge

i2). However, ebtained texsyperablures still suggest the centribxgtion efmagRetite to the gnagReti£

signak (e.g. Dmiep exRd Ozdexnir, a997).

   Unusuag CEErie tegnperatu[res of 3300 (ebtained frexgx one cgastic ggsid ene dike £emplex

samples) aitd 2000C were alse caackgiated. "rhe first suggests the cenwibuitieit of greigite (Fe3S4)

and/or pyrrothite (Feg-.S) (e.g. Dekkers, 1989; Reberts, fi995), whige the se£oRd the £eRtribgEtiee

of TM60 (Titamkomagnetite 60; Fe2.4Tio.604) Emd/er goethite (FeO(OH)) (e.g. i)uniep tmd

Ozdefixir, a997). However, reiated heatiftg £tgfves yieEded ongy tefiapefatwes neegxby 5800C,

indicating thag these may be iteise incl"ded iit the thermoxnagneSic data (Appeitdix C).

   URgsggakemperatt}res of between 2000 a¥(xd 48eOC were also ebtai*ed frgxx} sampges ef the

piwtonic E[rMits. In the he3ting rms, twe individuaR terrtperatwes gf 4860C and 2250C were

obtained fregn twe gabbffg samples. The first is iwtermediate between pyrretlitite/greigite and
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xx}agnetite while the secoRd is iRtermediate betweeR pyrrethite/greigite and goeghite ¥(e.g. Dekkers,

g989; Roberts, g995; Duniop and Ozdemir, e997). Si*£e both EEit"sua1 teitaperatwes were

ebtained in two isogated sampies, they most probahly are engy angfa£ts of ghe cagcuAatioit, i.e.

ampiified noise (e.g. Tauxe, g998).

pt
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¢kesgeteeff 8s Seedifimaegetreeery AMS dabogefiecs

   In order to determine weather the ciastic sedimeitts gf the M]VU were itormaiRy depesited iR

ait oceaRi£ eRvirermeftt or t}aey proveitew2ce is t}xe contiitewt, ehe ftw{S fabfirics of £enggognerates

¥(4 sites¥), saitdstones ¥(7 sites¥) and rgkesdstoites ¥(3 sites¥) were detegRKktwed ¥(Fig. g.g¥). Piggew lavas

asud gava fXews that bekiitd the sediments show evidences of iittregsRgR im shagiew wateff coxditions

¥(e.g. NelsoR et al., g993; Lagabriegfie et aR., e994, 2eges Guivel et al., g996, g999¥), saxggestgng

that they were ertgpted cgose er in tkeir act[gaE goeatien. Main NW-wewd pagee£wweitS dire£tigits of

sedimentewy transport were determiRed by NelsoR et al. (g993) based en the ortengEggions of

sedimentary struetures - su£h as rippie marks, £oitvolEgte folds, etc - pifesent in these deposits.

   Expected AMS fabrics are differeRt depeRdiitg en the type ef sediExieoc sandstene exxd

rxkEgdsteRe are expected to Cgisplay fabri£ pattergxs typi£aR ef those of CEepgsition, £eKifxpactioR

aad/er relative weak fiows ¥(e.g. Kiitg, g955, Gras}ew, g9S8; Hrogda, 1982, fflegrging and Hgreuda,

g993)s while £eitggomerate are expected to dispgay fabrics typicak of tufbiditic £tgifrewts (e.g.

Tarling and }lreeda, 1993) (AppeRdix D).

8. fi . maS fa la gegcs ska es ge ees

  Bglk intensities rakge firoggg gO-4 to gO-2 [SI] (Fig. 8.2a), whi£h sgxggests the contribwtie* of

strong ferrogiitagneti£ miRerals, s"ch as ggxagnetite, haeme-iggxkegkite agkd/of hexEitatite to the

sggsceptibility fabrics (e.g. larling askd EEIrguda, R993). Higher baslk sus£eptibigities were obtained

from saitdstoncs while gower eites were fregKk coitggogggerates. Thggs, saridstones and

£onglerrgeffates £agR be easiRy distinguished freitk each other using t]kis pewEitsuxeter. in cewtrast,

mudstenes sampges yielded KbuEk values intermediate betweept £onggegierates EEixd sandstoRes.

   Agxalyzed coitgiosrierates sampges dispgay iteewgy isetropi£ fabrics, accoagpted by both L vs. F

ew}d P' parameters (Appendix D; Fig. g.2b), suggesting that they wefe deposited by stfoRg
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vegecity (ckaotic) £wwent glGws (e.g. [Eraxriiitg agkd E{ro"dEg. g993). IR coptrast, sandsgones dgspgay

xtEostiy oblate fabrics (Fig. g.2c). [E'his sgggests that sandstenes were depesgted upmder the

intlueit£e of it}edium or weak veleciity currents. Oniy ex£eptiens Egffe sites Sa EigxEd S5 whg£h

dispgay slig}at progate fabri£s. "I"hese gatef sites ewe sgratigraphicaiRy e* top of cgRgaexacgerates

layers, whi£ik sExggest a redvgctioR in velocity eft} ite chaoti£ fgow that deposited tftge coitggeg)aerates.

SixKaigafiy, g]kkkdstoncs display stfeitg obgate fabyi£s (Fig. g.2d), wknfieh sgggest deposigieR ew}Cgyoif

cempa£tion urder the iitfiueRce of very weak or nul1 vegecity fiows.

  Thus, 3 vele£ity redu£tioit paner(} is accotwgted by the differeitt AMS fabffgc shmpes, froitx

ceitgRomerates tg maicgdsteites. Erhe fa£t that the graiR size, in the whoge cgasgie seqggeit£e, yedgees

constewktiy gapsequeR£e and W-wewd s"ggest that sedirKkents weife deposited by a £wwekt fiow

erigimated in the eastemmost edge ofEstero Coito, gmd not i* a gx}id-eceag}i£ ridge envires Rgxtewt.

                          8e2. PesRe$ecaserffeeeeg diSere¢gfi*mes

  AlthoEkgh differekt AMS fabrics peuterrk were obtained (Fig. g.g), paAeoe"fsrent directiens were

ixferred frorrk the ertentation of the priRcipaA AMS axes, Kmax, KiRt and Kmin (Appendix D), ag}d

from their regative orientatieR with respect te ghe beddiftg pgEgne in the case of sewidseenes and

mudstoites (Appeitdix D). IR additign, the relative orientatiens ef these axes give twforwkatien

abetgt the mat"fe efthe tfansportiitg fiewl similew te the AMS fabric shapes.

  The gfieptadon ef the prin£ipal AMS axes ef £oftglgrrgefates gs £eRsistent froxn sige eo site,

dispgaying a gged concentration of Kmax axes etgkd randomgy distributed, aloptg a great eir£ge, Kipmt

agkd Ksciin axes (Fig. g.g). These fabric pauerits resenkbge those efa twbiditi£ fiow an(I/or chaotic

and streng veiocity cxewents (e.g. Eglwegd and Ledbetter, g977s grarRiRg anCg EEIreuda, g993). 'ifWo

differewt Kmax £oncentratioit panems were observed: (g) Rear the beddigg smike ift sites C2 and

C3, asRd (2) iteew the bedding dipdirection at site Cg (Fgg. 8.1). After beddiRg eyiewtatioRs were

restored te the horizeptal, paleoc"ryent dire£tiopts were deteffmined by the treitdtwg ef the Kgnt-
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Kmin paane (Appendix E)). Thus, ficoxgk sgte Cg a NE-SW grendtwg paReocEgrrent dire£tioft was

ix rferred whereas for sites C2 and C3 a NNW-SSE te NW-SE paReocuifrewt directioit was imfergred

¥(Fig. 8.3¥). The fifst direction is pewallel to the Caleta Mg*oRa iwteament while the secoitd is

pegraglea ts the rx}ain tre*d ofEstere CoRe (Fig. 8.g).

   SaRdstencs axtd rx}egdstofte fabri£s, mostly obgate, display a good eoRcewtratioge ofea£h ofeheir

prtn£ipal AMS axes; nariiegy these fabrics ewe triaxiag (Fig. g.1). IR generag, Kmin axes are neargy

verti£aggy eriexted aged Kmax and Kint axes are go£ated itear the hofizowtai pgane (after £orre£tion

gf the bedding to the horizofttal¥). This paxerifk s"ggests depositioyM/coitapactioit preeesses gig2der

the iitifiaxeRce ofgew, weak (sandstoRes) or itulR (gxitasdstenes) veRoeity c)grfents (e.g. Efilregda, 1982;

farliitg and lkexsda, 1993¥). Paleoekgrrent directioxts were infeecred firoxr} the differenee ik

ortentatieR betweeit Kmin axes and the beddiitg pole (Appendix MP). However, two sites (S5 and

S7 in Coito Isgasud; Fig. 8.a) dispgay fabrtcs that resemble those ef ce*gRox(}erates, aRd related

paieoc"rrent direetieits (defiRed by the Kint-Kmin pRaite) wefe 3ase coRsidered iit the Egsuagysis.

   Iit geiteral, NW tg W--warCg Ip3Reocgrrent directi6its were inferred (Fig. 8.3). Sites Reeate(g in

the westemnost pEwt ef the £gastic seqggence (sites Sg--S3) yiegded NW--wasd paieecggifrewt

whereas those in the eastemmest pgwt yiekded mostgy W-wexd (rxkeedstekes) or itkkgg (sites S8)

pageocewent dire£tigns. Sites lo£ated iR the middge pagrt gf the sequeit£e (S4 te S7) yiegded

s£attered paReocgrrent dire£tion mestRy trending NW-SE gr NE-ward paReo£xgrrewt direetigits

¥('Ir3ble B¥). A[Rthough pakeoceirreRt directions are sgightgy scattefed, they agree with these reported

by Negson et al. (1993).

   inferred paaee£ewrent directioits seem te be rogghgy cgggstered aboat beth NW-SE treptdtwg and

W-ward dire£tions. Hewever, £ek]gxterele£kwtse rotatioRs twferred from paleoxxagneti£ amagyses

iitdicated that these paAeo£wreitts directioRs shotgldl be c)orre£te(g (Fig. 6.8). Paieocg[rifent

directiens were corrected sige by site d"e to the preseit£e of £eaxxkter£geekwise and £Ro£kwgse

rotatiens and diffk¥)rewt amoaxnts ofrotatioit fkrein site te site. Umbrt"itately, nog agR Egxtagyzed sites

have iRformatioft abgut the invegved rgtatioits. in such £ases, ghe rotatienal axis Egnd associated
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amoasitt of rotatieit of the closest site was "sed te £orrect the pageoeuiggreitt dgre£gieft. After

corgreetion, pageockkxrent dire£tioRs be£eifgze eveR besser clgstered ik a NW-wewd direetien,

sgbparagieko the mailt Estero Cene Rineament (Fig. 8.4), whereas minor NS aikd EW trending

pageocwwent directiens be£oit]e smbpaxrallei te the Caleta Menona RgReaynewt (i.e. muE-SSW

trending and E-wewd¥).

                            8.3. Dege*skeR*ewthg sNgegeee

  The distribwtioit of the priitcipal AMS axes ewxd their orientatioit with respe£t to the bedding

plane cait give giNere information, besides paleocE[rrewt directiens, abowt the depositgouaR sgope

and the sedimeittewy processes invelved. AMS fabrtcs frerxg westegr[ftge3est sandstones sites (Sa-S3)

commoniy exkeibit their K.. axes gocated near the bedding sgrike ¥(Fig. g.b axftd the Kmax-Kint

plane formiitg axad aitgle }ess than geO with the beddixg plaite. Thgs skkggest that sEggkdsteites, at

these sites, were deposited in a NWfacing sigpe in which pfgiate-gike pafSicies rogged dewix the

sgope gmarEmgiRg their lgng axes perpenCEicuRaff to the slope Ceire£tien (e.g. rffewging an(di Effrokg(ia,

g993¥). SimigERx panerrk was observed at sites Ml and M2, iit where the Kmax-Kint pAaK}e fornxs an

angle gess thaR 50 with the beddiRg pgEgxke. As before, this s"ggest tkat the depesitioRal sNgrfa£e

was facing NW to W-ward. At the westermesg site, S8, Kmax axes are ftet exiewted clese tg the

beddgng strikes hgwever, Kmin axes have neewgy ghe same erientatien as the beddiftg pele,

iitdlicating t}kat depesitioR o£caxrred in a RearRy ikorizowtag sEggrface ai ReE perhaif)s Egffxder tke isufitgen£e

ofa very weak SE-ward pageeegureitt.

  'Irhis "originesl" bedding orieittatigit - NW-facing aRd becey[Rjlitg shsglower Rit in£XRatioit

towards westernmest sites - was previogsXy detergy}incd, indepefideRtly, thffo"gh the

paleomagneti£ egg}aRysis and the paleog} tagneti£ restoratieR ofthese depesits (Fig. 6.g).
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9.g. Strress fiegds

9. 1 . 1 . 0phioiite obdgctioR ew kd devegopmeRt of bridie fauatiRg

  Fak}lt-sKp data analyses, by metmas ef the gnkkki-iitverse gi}ekhod, were £Egeried oggt oit data

£olle£ted firom the plEitonic tmts atwd fkroitik the easteva ntesirgiR of the ep}Eiegite. The scgajerity ef

colle£ted fa"lt-sgip data iitdii£ates t}ae devegepgikewt of iRverse 3Rd strike slip faults (}Fig. 5.g),

geiterated aftd/er activated by a compressieitai stress state (transteitsienag argCl/gr trextspresskeenal)

father thew} ait exteitsigmag e"e. Hewever, compressien irdasced ovef ophiogite eRly o£egewed

dxgriitg and after the obdig£tieit gnvxd got iR the mid-oceanic ridge where extensional stresses ewe

present Several £aEJkses may have produced cempressioR over the ophiolite, and therefore the

devekepsifkeptk of brirde faxgiting, kike for exampae: (i) egnplacegxEept of pgkkgoni£ bedies wt khe

northerxk aitdi southerifk xgxargifts of the ophiolite erc (2) ahe cewtiitueaJgs sesbdigetaoit of the Nazca-

Agxtewcti£ plate systegxft, and the CR systesc it, offShore the Taitao peninsgga (Fig. 3.3).

  Aecerding te Y2wiez and Cembr2gite (2eOO) aitd Yafiez et al. (20e2) the sgsbdgg£gien ef a
                                                       e

bathymetxg£ aReyg}aly, skgch as the ()R system, resifggts tw £o*trasting stress fieXds, tifagkspressieRal

itosftk of the CTJ akd tfewisteftsiog]ag soEgth of it. SiRce the Crffj itRggrated ggoifth and southwewd

offshoffe the Taitao peittwsggga (Fgg. 3.3), it is expected ekat tke chaxtge in seress iiEegd £ofxditioRs

was recgrded by the brittae fatgks presext ierx tbe op}kioKee. ThEks, arkdi following Nelson e`e ai.

¥(1993¥), brittie deforniatioR of kl}e epkkioXte ooctgrred dvsrXRg ghe obdx;gctien aRd/or dvEyir}g

svgbseq"eRt yipiift of the ophiegite.

  ARalyses ef the faxglt-sgip data revealed three (five) stress fiekds that a,ffecged lhe ephioftite.

'ffheir efientatiogxs anCg £ixaracterSsti£s ixtdicate wavggti-deformation phases, reeorCie(iE in t}rge piwEtoitEc

veitits (A aftd B segufieres) aitd in the easterg} m3rgiR ofthe epkj.okite (C soRuitgept (Fig. 5.2).
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9.1 .2. Develepment ofbrinie faggtiitg iit the pgwtoni£ emits

  In the pftuteni£ units twe stress fields were identbled (labeled "A" and "`B"; Fig. 5.2). Both

selutgons £errespend to ixverse stfess fieRds wgth verticaR exteitsieital axes, difiifertgeg in theiif

stress ratios (O.g to O.7 fk)r "A" and O.2 tD O.6 for "B" sogutions) egitd iit the eriewtatioit ef their

cgmpressional axes. Stress ratie val"cs are in the range of transpressional stress fieki (O.a--e.5)

bxxt slightly included in the transteitsionag gRe (O.5-e.7). 'rhis wide variation in stress ffaties of

both soiutions £ame be easily expiaiited by involving the skxbdk}ctien of the Naz£a-AEgtar£ti£ pgate

systeEn offshgye of the Taitao area. TRtis sggbdggctigR induced agtergiating and contrastwtg stress

fiegd (transpressiomag and transteRsional) offsbore ofthe faigao affea (e.g. kafiez and CefiK}brano,

20eO; Yadez et ag., 2002¥).

   The average convefgen£e vector for the Naxca-Ai[itarcti£ pgate systefii had had exE E-ward

directioR for the last ca. aO My time withekkt expergeR£ed irEkportant £haRges in orieittatien (e.g.

Cande gignd Lesgie, 1986). 'ifhe E-ward coitvergence directioR of the s"bductiRg o£eanic plates is

simiiar iit oriewtation to the cempressieital axgs of the "A" soluitien (Fgg. 2.3, 5.2). Due ko these

simiga2r orientatieRs and the expected stress ratie vewiation itaeitti6ned abeve, the "A" stress fieRd

solxgtiosc is interpreted te be the resglt of the cgnverge*£e and sigbdgegion gf the cxgrsent oceewkic

pgate systegik otfshere the faitao peikinsesla (Fig. 9.1).

   in £ontrast, the compressiomal axis fof the "B" solkxtioR is eriented approxgxgieately 600

£oEmatercloekwise rotated with respect to beth the average Nazca-AEfttew£tic convergen£e ve£toff

ewxd the £empressio*al axis for the "A" solwtion. Then, what resugted in the "B" stress fiegd? Xs it

the resugt ef the exEkpkacer[kent efpluteni£ bodies NNE aRd SSW (Fig. R.5) ef the ephiolite? Or

the compressieRal stress induced in the forear£ yegien £hanged tiiicome NNE-SSW-wewd tg EW-

waxrd? Oif the stress fiegd "B" was geRerated sirerkiRargy as the "A" stress field bRxt it was

coEgnter£lockwise rotated?

   The emplaeegxkeitt of these pgutonic bedies may h3ve fes"ited in NE-SW-wafd corEkpressien
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over the ephiolite, with exteRsioitag axis verticaggy oriented. Such ceg]figkxratggn agrees wigh the

orteittatioft ef compressionai and exteitsional axes for the "B" sogwtgeit. However, ghRs

emplacemeitt-ind"ced stress field twust have a restficted stress ratie value, rwost gikegy ftear pexre

axiag ceiftpressioit, bixt "B" solution has a wide vagriatien gn its stfess fEgkio valRje (O.2 to O.6) not

indicadve of a pggre compressienal state.

   The convergen£e vector ef the Nazca-Antarcti£ plate systerEk has experience ne signficant

chaitge for, at keast, the Rast 10 My tizxie ¥(Cew}de and Leslie, g986; Forsythe aitd Prior, a992;

Lagabrieiie et al., 200e¥), regE}3ining E-ward. SiRce fission track data iikdicates that asplittwg, aitd

probahly obdu£tieit teo, staned apprexixnately 6 My age (firabie g), it is Ret likeAy that the

induced stress field over the ophielite changed for the Rast 6 My.

   'The ebda£tion of the ophioRite camet be expgained by the simpge in£orpofation of a bge£k

into the fofearc. k is x[kore likely that the different blocks experieit£ed retations dwtkg the

obdggctioR process, simiiew to that reported for the errxaR Ophgogite (e.g. Thomas et ag., g988).

IE"he dextral BBFZ seems h3d played ait ixE}portaitt roge dgring the ebductioit, fesakiRg gn a

coEERtercleckwise rotatioR ef the ephicplite (Fig. 9.gb). rThis cewwtercRoekwise retatieR was agso

indepeitdeptRy identified throEggh the paleemagnetic anagyses. 1ifheft the "B" stress fiegd is

interpreted as the res"lt ofthe subduction efthe Naz£a-dntafctic pgate systery} offShore ghe kaitae

ewea, sirrkilar to the "A" stress fiegd sog"tiox, but the re£orded £os2gpressiowal axis was

coaNg2tereleckwise rotated d"e to the similew retatie* ofthe ophiggite.

   Crosscattiitg relatioRships betweeit fakJggt-pgekxkes sEkggest a synchronogs a£tivity of the two

ideittified sets ofbrinie faults. Retatioft ofthe ephiolite yesulted in the rotatioR ofeegsrgy-geiterated

stwJketxgfes in the plggtonic tmt. Rotated strgsctufes were Ro loftger abee to absorb the deformatioit

ieckdEgced by the oceai eic plate system subdu£tien. As a resEEIt, xew fault pgaKies wefe generated to

absorb the stila iRd"ced cenikpressien. Hewever, retatien of the ophieKte was a steady-state

process, and some eargy-geRerated faxkgts were stigg active during the generatien ofthe eeew fakkks.

This predg£ed the observed dEgag £rosscuttiRg regatioitships observed betweeit beth fakklg sets.
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9.1.3. Deveiepmeitt ofbriule fa"lting near the BBFZ

   AE}a}yses ef the faEglt-slip data Slicem the easgerg} gKeargin of the ephieRite, eite K}kain aRd two

miner soaxktions were ebtagRed (labeled "C", "D" ew}d "E"; Fig. S.2). OrientatioR ef

cempressional axes is ro"ghly EW treRding whiXe that of the exteftsionaR axes vewies fregxk NS te

NE-ward directions. Stress ratig vaiEkes ewe as widely diswib"ted as fof segRxtions ebtained frgm

the faults iR the plutoitic utEts ("A" Ev[kd "B"), ranging betweeit O.1 gmad e.6 for "C", O.2 ard e.6

for "D" and betweeit O.7 and e.g fof "E".

   For the rrkain "C" soiwtioR, erientatioR of cempressioma1 axis is sirKxglar to that ef the "A"

stress fieid and to the average Naxca-ARtarcti£ £gscvergence vector. In £okgrast, the oriewtatioft ef

the exteRsieital axis is negiargy NS-tfe*ding. Stress ratio vagues age agso sixxgilew to that ofthe "A"

stress field, b"t g} kore restricted to a £omapressioital stress state (Fig. 5.2). Neverthegess, they agree

with the expected vasriatioR in stress raties indggced by the repeated sixbdaetieft ofthe CR systegxk

offshore the 'ITaitao ewea (Fig. 3.5).

   Partition of deformation (e.g. Passchier ard Trouw, 1996; CembraAe et al., 2eOO) is a

commen featufe in naedem argd ancient erogeRs, especially iR ghe A¥(gdes bek where non-

epthogonal aeting stresses, over the ovesrridiRg ptate, be£ogxke separated into compressiewa1, near

the trench, agEd strike-sMp, far frog)k the trench (e.g. Fitch, 1972; Btm eg ag., 2004) (Fgg. 3.g).

Igrheit, the homogeReokgs stress field iitdkkced iit the 'Iraitao area divided into two £orrkpoReRts,

whi£h share a £6mmoft dire£tioit for the £exE}pressionag axis. As rKReptiened befk)re, deformatioR

in the pgutenic axgkit has gitainay iRverse characteristics whereas that Rearby the BBFZ has strike-

slip chEgsracteristics. Since the convergence vector of the plates systeg]k Rs sgightly gbliqge te the

Sotgth Ameri£aR pgate mewgin, right-lateral strike-slip dispga£ex(ients £gugd be expected, with

soKite miitor verti£ai s(}ovenients (normal or inverse), dkke tg iecag a£cerrwnodatioits of the

deformation in the distal ewea fkrem the plate £envergeitce zgfte (e.g. Fitch, g972). Thus, the "C"

stfess field sogEgtioit is interpreted as the resEglt of the panitioft of the deformatien iitdeced by the
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stgbducting piates effshore the faitae ewea.

  The ortentatien of the priftcipal stress axes for the "i¥)" solggtgoit do *ot coincide Reither with

any ef the pfeviegs identified stress fields ner with the eokvergen£e ve£tor ef the Nazca-

AJritaxctic plate systeREk. E{owever, the orientatieits ofthese stress axes age Rot im frofiif} those ef

"C" stfess field. Mereover, the observed stress ratig variatioit for the "D" solkktioit is inekuded in

tft}e wide range of stress fatie for the "C" stress field (Fig. 5.2), agid the "D" soRgxtioR is eitly

aceeunted when the faugt-siip data is divided. This suggests that the "D" seftwtioR is giost

probably an Eutifact of t]fte ealculation or a local seRggtion of tlae BBFZ or a sgkb-sogutioit of the

"C" stress field dase to an inxproverrgent iit fesogk:Etioit ofthe r[auki-iasverse fikethod.

  If "I)" is an axifact of the cagcugation, then a festfi£tegiil stress rextie vaRRse sheggld be expe£ted

etgxd rEgAdomgy ortented axes. The orieptation of the eoxif}pressioRag axes for the "C" and "D"

soXwgtieit differ grpproximately geO-150, which is acceptable if seme Roeaa a£commodatiens

eccerred dEEring the defomgatioit (e.g. Lave*g et ag., 1995). Theit, the "l)" sogtgtiefi is iwterpreted

as a ggcal sogwtioit of the "C" stress fieSd, xnost probably 3s the reswit of sggtagft a££ogngxifedatiens

ef the BBFZ.

  in coittrast, the orientation ef the £exKxpressional axis for the "E" segutieit roxgghgy £oincides

with the ceRvergence directioit ef the Naz£a-imtarctic plate system. However, the orieptation ef

the extexsional axis is far frem any other ideptified seREgtioR. The stress ratio vafi"es for this

solvgtion are festricted to a £ompressional stress state arkd it does ftet £oiitcide with any expe£ted

values. Thus, the "E" sogution is iwterpfeted as aj g artifa£t. of the cagcEglatiofi.

9. i .ag. Tiit ie-dysar[ki£ evogRxtion of the stress field

  Dgke to the gack of £fosscxktting relatienships tcpetween iitxRer tigjad ogter brittie favgAt sets, it is

difficult te deduce temporality between the idengified stress fields. Even g]kore cerriplex is to

estahlish the temporality betweeit faults ig the piwtonic EE[gits dxge to doubge cross£gtting

                                      65



relatioitships (F.ig. 5.1). The "A" agxd "C" (pkus "D") ideittified stress fieRds are easiey cerreeated

with the geodymamic framework of the Taitao ewea. In coittrast, the "B" stress fieid is

cox[nter£Reckwise rgtated with respect to the indueed stress fieRd tw the Taitao area. If the

principag stress axes of the "B" stfess field are £lockwise retated, theit they becogxxe sisu}igewgy

erieitted as those efthe "A" stress field. This suggests that the "B" stress fiegd it itust be egder thag}

the "A" stfess field.

   The compressioRag axis of the "C" (aitd "D") stress ficld eoin£ides with that ofthe "A" stress

field ewed with the £oitvergence vector of the sggbdek£ting pgates. Effewever, due to the Ra£k gf

cresscutuitg relations between fauits devegeped in the plutonic uitits aitd these developed in the

eastern gxkargin ofthe ophiolite ito terwporal relationship £arx be estahgished between "A" (er "B'")

and "C" stress fiegds. Nevertheless, indgced stress field ¥(fescglted fregit the neit-oytftaegokaR

subdkxctiog of the o£eaRic plates systeKxk) g)iEkst hewe divided inte its £osnpressionag ("A" or "B")

aRd strike-slip ("C") compoitents, acting itear aRd far frorxi the treR£h fespectively (e.g. Fitch,

1972¥).

   Thxgs, "B" exkd "C" stress fields were rrgost prebabgy synchreito"s, in where the £exKNpressioRal

£ompoftept resugted in the generatien gf inverse-like strgsctuffes iR the pkutoxxic uKgits whereas the

strike-sgip £ompenent reskklted ift the deveRopfixieitt ef the BBFZ. Later on, the ephiolite totated

cgRmagerciockwise and with it the strtict"res generated by the "B" stress fiegd. Since the stress

field ird"ced over the waitao area did net change, the "A" stress field was recorded by the Rewgy

geRerated stfexcwtes in the pRxstoitic uxtits, while the "C" stress fieg¥(S was still beiitg recordeCE by

the faults ofthe BBFZ (Fig. 9.1).

            9.2 geeerffggecgesgkewtec gebeesse gemedi geecagewgsfigdi*as @ff RewR weecit*ers

   C"rie temperatures cal£ugated frerKk aigtramafic and gabbro sag]kples are cgose to the 5800C

expected frem the contributioft of magRetite £rystals (e.g. Dunlop aRd Ozdiegiitir, 1997). These
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£rystals mast have formed dRJgring the ceeliRg ef these rocks as they were pkxshed away frogn the

spfeadiRg £enter axis. Ultramafic a*d gabbre x]nits were RkRder kigh texx}pefatEEres nearby the CR

systey)g, bxgt teri}peratEire decreased rapidiy as the o£eag)ic crtgst inoved away firoKn the spreadiRg

center axis. Thkks, it is gnost iikely that magnetizatioit ¥(obsewed as ogd RM vecters ER the

demagRetizatioit paths) ofboth kmits is prktwa]ry ewkd it was acquired after the e£eag ki£ crRjgst rrkoved

away from the spfeading £enter axis.

   The high thermaa regime imposed over the Taitao ewea dEke te the sekbductieit ofthe active CR

system (e.g. LagabrieNe et ag., 200e) was unabge to reset the primewy acqgired xxxagnetizatieit (ogd

RM vectofs¥), aitd the prixtkary acquired magnetizatieit was ongy partiaily efased. The sgbdkketioit

ofthe active CR system net oniy resulted in axk in£rease in the gegthermag gfadieitt but agso xxg"st

have resiklted in the regease ef seme fiuids all over the faitae ewea. These fluids ceEgld have

produced a dewteric g]igetasomatissx} efthe magRetite crystags (e.g. BgEtRer, g992), algowiRg theg xg to

acquire a secendary chei [sical magnetizatioR (seen as younger RM vectors).

   Cewie temperatures £alculated for the dike complex, oniy ebtained frogxi MRDC dikes, yiegded

valxges of approximateiy 577.80±2.gOC. This s"ggests that main carrier ef the sRaagnetizatioR is

g}agnetite. SiRce paleomagnetic ewkagyses oniy yielded oite comsistent RM ve£t6r, in acaition to a

VRM coitkpoitept (neise) re£orded recewtly, suggesgs that the observed high stabigity RM vectors

cesrresponds to a prifkaewy therma} magnetizatien. E{owever, siR£e the dike compiex is part of the

ophiolite, its inagnetite crystais should carry the s3nke amok]jxt ofinfermatieft those crysgafis iit the

plggtenic u]gEts. ]rhe siitgilar erientatieks ef "yowwg" }axxff vectofs frogn the pkEggoitic xxKkits anCg ehe

high-stability RM ve£tgfs frrem the dike coxi¥}plex Egitit suggest that magnctRte £rystags iR the dike

compgex were eithef fexxkagnetized er fox twed synchrenousgy or after the plwtonic ggiaits acquired

their se£ondewy magnetizatgon. The high sgppgy ef fiuids iit the "pper pegrt ef the oceaK}ic £rusg

was abie te chaxtge the primary sExiiteraR association d"e to a dekkteric giaetasomatisitg ¥(e.g. BEgtger,

i992¥). Primary magitetite crystais were destreyed and ncw n]agnetite cfysgaRs were formed at the

time that secendary magnctizatien was acqEgired i* the plutewt£ Esxkits.
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   Average CEgsrie ter[aperatwe cagculated frem clastie sedisc}eittary sartkpaes is 577.30±3.00C

which impgies that the magnetic signals were cafsiied mainiy by magnetite ¥(e.g. Dggg2gop and

Ozdemir, 1997). Since stable within site R]Nxf vectors were obtained, £rystaas rrkust have formed

dvxring diagenesis pro£esses, produced by the precipitatisn of magnetic minerags (£hesKki£al

r[kagRetizatieit), er ereded fror[i detritag sogerces (detritag xnagnetiz3tieR) (e.g. BggtRer, g992). 'I'Sae

iitkpessibility to obtaiR reliable RM vecters freiti conglomefate sampies seeggest that

magnetization is dewitag, bxgt the stable RM ve£tors obtained freg]k sandstoites samples sgeggest

th3t r[tagnetizatioit is chemi£al. Igrhis appexent centraCEictien £age be soRveCg by knowing the size of

the magnetite erystals. RM vectors in eeixulti-dor(kaixk (MD) size magnetite £rystags are £ommeniy

EEgxstable due to the presence of different magnetic domaiRs iit each £rystal (e.g. Bwtgef et ag.,

1992), bkst those carried by siRgle-dekkain (SD) or psevkdo-single-doffifkaiR (PSD) are stahle. This

s"ggests that magnetization iR ciastic sedixE3ents is chemical, a£qg#ired by MD magnetite £rystals

iR £onglorif}erates and by PSD and/or SD sc}agnetite £rystags in sandstencs and gitudsteRes.

   Axtgther characteristic of magnetite crystals is their dEgaR AMS ehara£teristics depeitdiRg on

their size. MD and PSD £rystags display "nerneal" AMS fabrics (where AMS axes egrrespeRd

orte by one to the petrefabric axes) while SD crystaRs dispgay "reverse" AMS fabrgcs (Roehette et

al., 1992). ewS fabrics obtaixRed froxxk £lasti£ sedimeitts are cRose to expected frogen Rermal

sedimentary fabrics, sggggesting that xnagnetite erystags are ien the MD er PSD sgze faitge. This,

together with the natwe of s[}agnetizatieit, s"ggests that gtsaagnetite £rystaAs are perhaps iR the

PSD size state. However, rrxore analyses are necessEggy te establish the trRse matwe ef these

crystags.

   ebtained Ck]rie temperatwres of 546.40±36.60C frem vea£aptc deposits ef the MVU are

slightly gewer tha]g those obtaiRed fkrorKk £gasti£ sedimewts, but withiit the karge associated errors

the 5800C temperatgsxre expected froxn the cewtrib"tieR efgrtagnetite is incgkkded ¥(e.g. Dwiep aRd

Ozdemir, g997¥). The sgightly lower CEErie temperatufes are perhaps the res"lt of a slightly higher

Ti coftteitt in the magnetite crystags. AcqEkisition ef RM ve£ters gEkRgsg have o£ckkrred dgs#ring the
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coogiRg gf these rocks, whiclx is very fasg dRxe te a queitching effeet prodggced by the sgzgr:rgcititding

water iit where they extwde. Th"s, RM vectors are £oRsidered to be the reskklt of a priffmiewy

thermalgy acquired magnetization.

9.3. R*ggegR*ew nmedi dieefoermotheg*me gegestreeermes

   'The previgEgs identified £oktwtercgockwise retatioR of the plgtgwt£ xtwits, threugh stress fiegd

analyses, is itot eneugh to estabiish ak a£c"rate retatieital, iteither deformatioitaR, passergx for the

whele epk]iolite. No informatiosc abowt the rotatienal ex}d deformatiewaR pauem of the dike

cesyiplex and volcanR-ciastic gxnits gs avaigahle t}Eroggh the stress field anagyses. Thus,

paleorrkagnetic anaRyses were cagried oRjgt on each ofthe rock EEggits (Fgg. g.5, 6.g) to determine the

rotatiegeal aitd deformatiomai paxems ef these "gxits. Sigikilar £ogwtercgo£kwise retatiens aboeit

similewly E-wewd eriented axes (Fgg. 9.2) were ideRtified fkroggx eaeh ef the ro£k g[Kxits in additieR

to a clockwise rotatigit, abeut a NW-ward axis, gnSy idewtified in the plEgtonic gxnits. These 1ater

rotatioit seems te be sym£hronoRss with folding ofthese igriits.

9.3.i. Time ofmagnetic a£qEgisitioit aitd rotatioftal events

   Severai chroRological constraints for the cgastic sedimeents, subnkarine kavas and gabbro "itits

are ckurentRy available (Fig. 3.8, firable a), bwt these ages can itot be dire£tRy £grregate(} with the

ideittified rotatioitaR ew}d foIding eveitts. Vbgcani-£gastic ggscits (MVU aRd CMU) age ages between

5 and 2 Ma. Since isoaated RM veetors frotw these axnits are prixnewy agad onay onc retatiok was

identified, theit isoiated RM vectors rnast have being acquifed shortly after the formatieR of

these recks, i.e. ca. 5 Ma, Thus, the identified rotatioRal event xnust have stEuted about 5 My ago

and the estimated degfee efretatien presents a fulg-reeord ofcumugative retatieRs.

  Axx age gf apprexisnately g3 Ma (K/Ar, whgXe rock; Bourgeis et ag., i993) is avadable for the
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gabbro gutit. However, this age is perhaps overestix]kated dgge te excess of Ar in the sampie

¥(Orihashi, Y, persenal commuptcatieit¥), providing oislly with a g}axifxggm age for the gencration

ef the gphiolite at the CR spreading ceitter. Agkether set ef ages of approxinNately 6 Ma ¥(KIAr,

homblende aitd Kssioit track analyses; LeMoigne, a994, t}ikis stwdy¥) pifovidies with a cogging age

for the gabbro gE[tit and therefore with an age clgse to the uplift, aitd perhaps retatieit ewkd

deformation, for the plEgtoxtic x[fkits. Siitce the orientatioit ofthe "yoggng" retatieitag axes ebtaiRed

for the pgatoni£ kmits cem be easigy corregated with those obtained fof the dike cempgex ewid MVU

kkgiits (with 3 maximum age of approxirrkategy 5 Ma), "yoxgitg" RM vectors m"st have being

acqgired dgring, or shortly after, the gxplit eveitt. Since rotatienag ag]ao"jgwts £aaculated for the

plvkteitic Egnits are faf 1ewger thagx those for the dike cexggplex asRd MrVU "itits, the "yexgggg"

cextwterclockwise rotatien maist have staned shordy before the rgtatign ideittified in the MVU, i.e.

after 6 Ma.

   Since "yoEgfig" RM vectors were acqgired after "eld" RM vectofs the cleckwise rotatioR

inferred froffg these 1ater ones must have ceased slightly before 6 Ma. AJi} oRder age Aig] itit for this

rotatioit is not possible to ce*strain, since the ca. g3 Ma age is probably net representative for the

plkktoRic units aitd does not provide with an age for the acqxkisigion of"ogd" RM vectors.

9.3.2. "Irecteitic evoiution efvolcarki-£Rastic deposits

   Frogn volcaxki-clastic deposits of the M]VU oite stable xr}eEgiE RM veetors was obgained at each

amalyzed site. The ebserveCg distribution ef caRckxgated rotational axes and the W-wewd twcreasiRg

ef associated rotational amgunts defincd three different groesps iR the area (Fig. 6.9). The

orieptation of the cagcniated rotatioital axes for the MVU is sigx}igew, and statisticalgy

EJggedistiRg"isltable, to those c31c"1ated for the pl"teriic uaits. ff"herefore, tke coxgiiter£R(>ckwise

rgtatioR idegtified in the ]N¥(ifVU was asseciaSed te the "yea$i]g" countercleckwise rotatieR

identified iR the piutonic axnits.
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  Using the avaiRable ages for these volc2eni-clasti£ depgsits, calcglated rgtatioitaR agxiogsgxts aj]d

assEimiRg that rotatioits have being steady-state, rotatieRal rates gf ca. 6.agO/My, ca. 5.gO/My and

ca. 12.gO/Ma for the eastern, central axkd westetw grokxps of the MVU were cakcglatedi,

respectively (rTable 14). AkhoR;kgh these ages and retakieital amogwts £ait net be fuRly corregated te

each other, it seems that westerwnest deposits rotated faster theR e3stemmost okes.

   The distributioit of indivgdual retatienal axes at each site the erientatieges ef gigeaR rotational
                                                   ¥)

axes for eaeh defifted grox}p tmd the associated ellipticag coRfiden£e iwtervags, sgggest that

rotatioft of these depesits was centroiled by the mfigveifeent ef a NW-SE treitdiitg strike-sgip

developed in the bottom of the Estero Ceng area. 'ifhe commoR preseRce of parmai faekRgs,

especialRy in the westerxemest pan of Estere Cone, svgggests that the strike-sRip fagRt has age

increasing extensioRag cegnponent W-waird, adgpting a Regative fieweif stw}ctg]ire ¥(e.g. Sgppe,

1985) (Fig. 9.3).

   The "yowwg" cowitterclo£kwise rotation of the plwtoptc xEgaits and dike corrtpgex geitefated

tectopt£ gaps between these Eutits and the s]aetamorphic basemeitt (Fig. 9.4a); weaken the forear£

crust nerth exRd east of the plvgtonic vgnits. Newgy generated vogcaiti£ products extregded tkkf@gigh

this weakeit forear£ exeas (e.g. Guivel et al., i993s LagabrieNe et aR., 2000), perhaps threakgh a

fis"ral NW-SE trending systeita genefated by the a£tivity of the strike-slip faggt iR the ewea.

Cgastie sediments, ereded from eastem detrital soEgrces, were agso deposited in these te£teiti£

gaps, as AMS avalyses showed (see further). The newly extr¢ided ajgd deposited MVHU aRso

rotated with the rest of the ophieeite gmits, bvgt recording oitAy the Xater portioR ef the

ceugktercAockwise rotatioR.

   The differewt group rotatiofts identifieeE eit the M]VU and the diderences iR retatienaR amoEgnts

can be explained thro"gh a "migrratiitg pivee' nkodel (Fig. 9.4b). IR tk)is modeg, newgy exgruded

vol£tmic prodxi£ts in the westemmost edge ef Estere CoRe kNrftderwewt cov[ffytercgockwise rotatien

about a slightly E-ward incXned rotatiomag axgs. As £ot[ntercgockwise retatien £ektiitued, the

retational axis (or pivet) migrated towards east te a secoftd rotatieital axis. The first rotatieRag
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axis was theR abandoRed, 2twd rotation ef both the xtewgy gefterated bRock and the eld ene

eccEgrred abowt the se£oRd rotational axis. [Rrhis resgked iR a re-orientation ef the first rotational

axis; more inciiRed towards east. Furthermore, this pre£ess repeated and the retationaa axis

fnigrated, again, E-ward to a third retatiowaa axis. Again, retatioR ef the wheae westeria pewt gigxkd

the itewly generated bgock ecckwtred about this third rotational axis, tsind as a result the second

fetatioftai axis iRclifted gitere E-ward (Fig. 9.4b).

   The recoitstruLction ofghe rotated blo£k Essing the "migrestingpivog" gxeodeg is abRe to repreduce

the coastal shape ef the southerw shore of Estero Cone, with its different ixalEets sggch 3s Caleta

Mgnoneg Caaeta Pascuas egxtd Caleta GaNegos (Fig. 8.g). The gitigratioR of this rotatiowag axis, of

pivot, is pefhaps a £onseqEgence of the deveiopmeitt of the strike-slip fault ift the Estero Cono

area indueed by the E-ward nkigration of the deformatioit resgxgted frox¥(} the geReratioit of Egn

asthenespheric window beiteath the "ilaitao area (Fig. 9.5) (e.g. 6Egiveg et ag., 2003). 1ifhis fauat

opened as scissors tgwards east, allewiitg the rotatioR ofthe different bgecks.

  A different rotation31 paStern was identified for CMU deposits. The orieittatiee ef the ffKkeaR

retatiowa1 axis is sifitila]r that of the "yogRng" rotation in the pggxteRie emits. Eifowever, the

£alculated rotatienal amaouitt is im 1arger than thaS cal£"1ated for mu, and onRy £empewabge to

that calculated for the plaitonic umits. The lo£al geodyitamic eitvirownent of the CMU is sllightgy

diffierent frem the fest ofthe peRinsula; iit this area the gif!ajor NNE-SSW trending BBFZ affected

the CMV rwest probably retating it counterclockwise.

  Using the orieittation ofthe retational axis and the associated fotatioitai ameggs kt the "originesl"

£oiffigewatieit of the CMU at the tinke ef deposition was cal£esgated to eaongate Reargy EW

s"bparalieko the transfon}ie faults that separate the segneRts of the CR systexy} (Fig. 3.2). 'Tlkis

may imply that the CMU depesited near er in a trartsforwR fagRt valgey. This gs netcgntradictefy

to the petrochemicai chasracteristi£s; Gk}ivei et ai. (1999) s"ggested that vogcani£ deposits gf the

CIYEU were generated ficofix MORB-like (Mid-Oceanic Ridge Basalts) maggixas with girtRe er Ro

£gntamikatioit of £oRtinental Krtaterial. However, this re£gnstrRsctien deduced fregn a singge site
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an31ysis x[itay Rot be reRiable.

9.3.3. Tectenic evolution ofthe biinodal dike £ompgex

   This amalysis was £anied e"t frem isoiated RM vectgfs isolated at both, MRDC 2md ECDC,

expesitions ef the dike £orKkplex (Fig. g.5, 6.1). Ag these two Ro£aNgies engy oite RM ve£ter was

obtained frerx} each site. The eriewtatieit of the cagcglated fKxeasR rotatioRag axis for the MRDC is

similar, aitd statisticaRly k}jadistingEgishable, firoscxx those £al£uimed for the IN(fiVU aitd the "yokmg"

retatiok of the pgutoRic asnits. "I"hyEs, the registered rotatioit was associated te the "yotwgg"

ceewxterclockwise rotation that affected the whole ophiolite. in cewtrast, the ewieittatiege of the

rotatienal axes caicxglated for the ECDC is far from aggy ether cakc"Rated rotationag axis. E{ewever,

the associated retatiomaa aittoewkt is £omparable to that of the MRg)C ( Elabge 7), suggestiitg that

beth cempiexes uaderweitt similar rotation but about diffk¥)reptly eriepted axes.

   The "origimaa" ofientation ef both dike cempgexes was cal£txgated usiitg the Kxkean rotatgeR3g

axes aitd assgciated amoRxxts cf rotation (Fig. 6.10). After restoratioR, strikes ef dikes tw ECDC

de itot change significantly, but dikes become gxkore verticag with a NNE-SSW-ward strike and

dipping towards west and east. Sinailarly, dikes iR the MRDC becegRe NS-trending ajad dippiRg

tewards both east and west directioit (Fig. 6.aO) after the restoratieit. Irhese grientatieits agfee

with those proposed for (Sike intrusion ift aR oeeagniic ri(lge envireniEkewt (e.g. Borra(IaiRe, 2001)

and with natR grag ebservatioms in Hess Deep in the East Pacifi£ Rise (e.g. E{xgxst et al., 199agg Vewga

et al., 20e4). There, dikes iwtxande itearly verti£al dipping towards beth sides ofthe xE]ain iRtrkJksioit

oneptauon.

   These restorations stgggest that the r[kaiR treitds ef the MRDC Egsud the ECDC were subpaf31geg

ascd therefore that they were probabgy contiitxgeus gr, at aeast, sEgbpggragReR. The prebaeKKk at this

point is that the petroiogical associations of both dike complexes are differewt. ffowever, aEgd

accerding te Guivel et ag. (1999) the petrologicai compositigns of bimodal dike cogitpgex gs
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highly variable. "rhis may expiain petroRogical differeRees within the same dike cofKkplex.

   The orieittatioR of the restored dike cornpgex does net fit that of the CR systegxR; gftstead they

are rotated £lockwise 3beut leO-200. Deffectiox, er rotation, iit the treitdggeg gf the dike £eiApiex

cagk be the resuk of dragging for£es ncewby the transform faugts that sepewate the segx K}ewts ofthe

CR system. E{ere, the dike cogx}plex rotates abowt a venicag (?) axis due te the sx}ovexxieRt ef the

trafisform faxxk, be£eming lirde by ginie pastalgel te it, as in the case gf the dike £emplex of the

rlrreodos ophioiite in Cyprx#s (Gass et aR., g994; Bo]tradaile, 200g).

9.3.4. Te£toitic evogutien ofthe pgutonie units

a. folding ewd "yaung" rotmion

   Iit the gabbro vgs kit, optimum ewrfolding per£eittage ef 55% resteres the cognpositioRaNayers to

their "original" orientation before the folding eveitt, which are S-to-SE-wewd dipping direetiens

¥(with no gvetwmed layers¥). Also, aga restgred "yowwg" RM vectors beceyxke reverse poiarity ¥(Fig.

6.g5), indicating that magnetizatioit was a£quired dvEring the fogdiRg of£orecEpesitioRaft layeriitg iit

a period of reverse rnagketic field. However, tmfoiding procedgxre did Rot restore the orientagieit

of yo"ng RM vecters to the expected GAiD orientatioit, and mean RM ve£tors afe stiN scaxered

wheR plotted iR a steroitet (Fig. 6.15).

   A similar foldtwg patsem was observed in the tiltramafi£ gxnit, with ait eptig)aum EEKNfogding

percentage varying between 70% and 75%, depending on the analyzed bgock (Fig. 6.N).

Umblding restoratioit reofiented "ltram3fic foiiatioit to an algifkost horizentag positieit, dipping

slightly towards NE directioR. "Ybung" RM vectors were itet £orre£ted to the oxgentatieR sf the

expected ¥(}AD by the amfolding precedure, agad they remaiR widely scaxer iR a stereeeet

prQjection (Fig. 6.g4).

   Ass"x[aing that the rest of the deformatieft was absorbed thjreugh rgtatig* of both uftits, large

£ouRtercleckwise rotatieRs abowt sirKxiiarly NE-w2gird inciined axes were £alc"lated for both uitits
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¥(Fig. 6.12¥). E'hese axes are statistically wwdistinguishable, s"ggesting that retatien of bgth tEnits

occxgrred abeut the same NE-ward in£iined axis. This large retatio" is cex[gparabie wtth those

¥(about verdeal axes¥) identified oit accreted crxxstaR bgocks exkd ether ophioKtes dewing their

gbdgictien into active tectoptc settiggs; skxch as New Zealand, the Eastern Mediterraiteaxg Massif

artd the Oyygaxk ophiolites (e.g. Gattacceca 2as kd Sperarrza, 2002; Lagi eb, 1988; Theritas et ak., 1988).

   CaR£kJglated amoEgxts ofrotatioit differ between these two gmits, afiiecting rrxore the gabbro than

the ultramad£ mit, wgth a difference of ca. 200. Assaixtkiitg that rotation of these gitits was a

steady-state process, a retational rate of ca. 140/My was cagculated (fable 1ag). Oit the coittrary,

folding affected iteore the R]ltrasnafic thaR the gabbrg gsxit, with a differeRce of c3. 2e%

shertening. These differences irdieate that the yoggng deformation of tke plkktonic whts was a

synchsronous cegi]biRation of fogding and rotatioft rather thait sepewate and discrete events on tis [xe.

   Diffk)rences in amount ofrotation a$xd kkmbgdiitg perceRtages cEm be auribg#ted te differeit£es

iR itiechakicag behavior (eegykpeteRce, ductility, etc) of these ro£ks (e.g. Wilks Eaxkd Carter, a990;

Turcotte and Schxgbert, a982¥). Ultramafic recks are mofe viscoaks thegn gabbro, 2k$ad they tend te

absorb the deformation throvggh ductile structvEres rather thegxg brinie o*es. Thus, the observed

differences were mest pfebably be£a"se the ukramafic Eiitit absorbed a gewger portion of the

deformation throEggh foldiRg and fiexRjg$ral slip aloRg foliations rather thapt retation, perhaps as a

result ofa extra pE[re sheasr stf3in iitduced by the retatien ofthe gabbre "nit.

  Folding o££ajgrs a]Ader ductile cgitditions whereas brgttle faultiRg oc£xscs Eggxder brittge

coitditiofts. Stress aitaayses ef the piwtoiti£ ggxkits iRdicate that they expefieit£ed a

co"wterclockwise retatioit of aboxJEt 6eO ¥(although no imbrmatien abggt the oriewtatioit ef the

rotatioftal axis couid be ebtaifted fron} that analysis) "Rder brittle £oRditioRs. IErkkis "brittge"

rotation accounts for ca. 64% gmd 78% efthe retation experieRced by the kkitraitkafi£ and gahbro

gsxtit respectivegy. Thus, ca. 36% (gabbro) axitd 22% ("itramafic) ef the retatieits xitest probabgy

occurred undef ductile cenditieRs together with the fogdiRg evewt
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b. 01a yotation

   A secend Egnfolding ajkalysis of the plxxtoffkic u[k]its yiegded Re gptgiiRum g[nfolding per£entage

(Fig. 6.13) eand therefore it was asswned that the whoge deformation re£erded by "old" ww

vectors was absorbed throvigh rotatien. Aise, the prebabgy pest-obduction foRiation Clevegoped ift

the ultramafic Eknit was net gsed iit the aitaiysis, leading exky further aftagysis restricted to the

gabbre amit soieiy.

   Large £go£krwise retations, of appfexifnately 900, were nccessexy ge restore the oriewtatieRs of

the widely scattered "old" RM vectors ¥(which were corrected previegsRy tegether with "yoEgsig"

RM vectors¥) te the erientation of the expected GAD. The erientatien of the calc*1ated gnean

rotatienal axis, for this "old" event, is NW-ward incgined; cgntrary to the NE to E-ward iRcliRed

axes calcvglated for the "young" £o"ntercRockwise fotatioit iCEentified gR alkhe ophiogite ggnits (E?ig.

9.2¥).

   Assuming that coi itpositiomal layers of gabbfo formed iit a high temperat"xre magtwa ehay}aber

before they cooged down their Ci]rie temperatwe (ca. 5800C), they were restored te their

"originag"' erientatioit. Resteration of £empositieRal 1ayers was previo"sly cafried out by xgsing

rotationag (£eRsRtercgeckwise) aitd fogding patteTrks £alculated fro]Kft the ertentatieft of "yevgng"

RM vectors. After the "young" festoration, "oid" RM vecters are stglR s£attereCl over a stefeoitet

and their orieittations de not coixcide with that of the expected GAE¥). By kksing the retatiowal

axes obtained frofta "ogd" RM vectofs, ofieptations of £oitxpesitioRaa layers of gabbre becorKie

with an aiffkgst steady orientation, with neafly NE-SW treitdiscg strikes, ew)d with £oitgfuent

Njgpwewd yoamgiRg directigns (Fig. 6.g5).

  After these restorations, folding and b6t}i rotations, the steepest coxxkpositioit31 Rayers are

io£ateCg iEi the westemmest peut of t]ae gabbxo u[itit. Restered cor[ipesitiouaNayers tum graduaifty

to shaNower iit£Rinations towewds E-to-SE dire£tieRs, reaclmg iteexly 6eO E-wajrd dippiRg nearby

the eastemmost edge gf the unit. This sgggests that the paReo-fnagrxxa £hamber, developed at the

CR spfeading system, had ait asymmewicag "meeshrggne" shape (Fig. 9.6), tw where steepest
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cerxapositienal layers vvefe iecated nearby the spreading eenter axis. Steepest iRclination ef

cofixpositioitaMayers was the resuk ef deffectioge prodaced by the uplit ef the r}xantle beneath

thegn at the spreading axis. This sewing agrees with mid-oceaExi£ magna £hambers pfopesed by

NgcoRas (g99S) and Nicolas et ai. (g993), where cgxnpositieRai Iayers become more horizontag as

they afe pushed away from the spreading ceitter by the EgprisiRg ef the rr}gM}tie at the spreading

center axas.

                9.4 AMS dabiffies *ff eclasegec diege*sfigs *ff etke MM[J

9.4.a . Paleocgrrent directions aitd depositional siope characteristies

   AMS fabrics fror[g clastic sedirrkents ef the MVV (Fig. 8.fi) wcre determwted iit order te

estimate paieo£urrent directioits axid veao£ities as weli as saepe or depositiekaa sgrface. AMS

fabrics yielded twg distinct panems; ebserved in £eitgiei]kerates ewud iit saitdstones and

mxgdstenes depesits.

   Conglemerate AMS fabrics resemble these ef tx]srbiditic, high cer#reitt aitd £haotic vegecity

ffows w] tiiie that of sardsteRes and x[Rudstones resembles these ef depositioit and/er coitxpa£tieR

Egitder the istfi"en£e of gtsaediwm (sandstoites) te weak (rrixgdstgncs) velecity cgrreitts (e.g. KiRg,

g955; GraRew, a958; Tading ewkd }Irouda, 1993). ffowever, AMS fabfics firem sandstgftes Ao£ated

neewby of between ceflggemerate depesits resembie a mix ofthe two idegetified paxerxgs. Thus, a

systemati£ redkkctieit ef the flew velocity was identified froftg westergk to eastemmost sites (or

kkpsequeRce); high-veio£ity fabrics at basal sites (£oitgloir}erates and cearse--grained sgtwdstoRes)

whi£h evolved towards gew-velocity te sedirEyeptatioxk/£ognpa£tieR fabri£s (fine-graiRed

sandstoRes emd gnudstenes¥) W-ward.

   A£cordiRg to NelseR et ag. (1993), the whele cRastic seqkgence of ww £errespgitds te

pregfadiRg sedimeitts progressively deposited into deepest portioRs of a basiit as they afe
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transportef away from the seairce. The depositiomag ewitd trafksport ekvirenmewt that Negsen et 3g.

(g993) describes is esseRtialgy a txsrbidite CEeposit, in which £earse-grained pani£Res are (Sepesited

in the proximal pan of the fiew} by stroRg velecity cawweRts, whige fine-grained p3yti£ges are

depesited iit the distal portions, by mediwm to weak vege£ity fiows.

   The a-priori NW to W-waird iRferred paleecwrent (Fig. 8.4), based on AMS fabri£s, agrees

with the general paleecEgrrent direction propgsed by Negson et ag. (P93), based oft the griewtation

of sedirrkeittary strgJg£tures exkd the assumption that no rotatigRs eocgrred. SecoRdary NE-SW

trendiRg aAd ENE-ward paReocgurent weffe also ixt{erred frogER the AMS fabrics ( grabRe 13), whi£h

are sEgbparailel to the secoRdary Caieta MoRgna liReamept in the area (Fig. 8.1).

   The identificatioit of rotations, mostly coggRtercReckwtse, in the Esterg Cene affea ailowed the

eorrectioR of these paleocu[rrent directions. firhe scatter r[gatw NW tg W-ward paReeckxrrent

£haftged to a better clEgstered NW-ward dire£tion after the £orre£tioit, whereas r[giner paeeecwwent

directions £hange te NNE-SSW treitding and E-ward directioRs, stigl sasbpewaliel to the Caleta

Menona liReament (Fig. 9.7a).

  AMS asiialyses agse sgggests that the originag depositional skirfaee was a NW te Wfactwg

slope (i.e. tewafds the Pa£ific Ocean), rather than horizontal sggrface. This twcginatieR of the

depositionai surface was decreasing tewards the sarxe directioR, wwtig it be£oxifke more or gess

horizowtal near Caleta Pascuas (Fig. 9.7b). Sin}ilewly, Correction of bedding auitudes by f]teaRs

of rotatienal axes, sviggest tikat sandstoites aRd mgdstoRes were depc¥)sited in W-facing sRepes.

'rhe Westemmost analyzed site (S8) the iRclination of the slepe was virtuaily hofizongal. 'irhus,

the decrease iit sgepe iRcliRation was cenifirmed by the paleomagnetic amalyses independentgy.

9.4.2. Triggering causes oftwbiditic fiow

  The generatioft of the twrbidite fiows which transported clasti£ sedifi}ents kewexds NW

dire£tion, were induced by instahiaities in the slope, twost prebablly res"lted from £hanges in
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angle of the sgepe aitd/or eaptthqgakes activity. AMS and paleogn3gnetie axtagyses indicate that the

siope ofthe depesitional sEEgrface decreased iit aitgge W to NW-ward dire£tigess, rea£hiRg probabay

mere than 200 in its steepest eastemmost ponioit. Earthqgakes ewe a cemmon featwe in the

Pacific Rim, mainly trgggered by subdu£tioR ef the Nerzca plate. In the Esgere Ceite ewea

earthq"akes ftitasst have been abserbed by the trgmspressigma1 strike--siip fakxit zoite. Movemeitts of

this fault fes"lted ifi a ioese ofthe slope stabigity, triggering the ffow ef sedig]xewts dowit the saope

¥(Fig. 9.7b¥).

          9.S. Gepaeerrkeg*ew rktwdi $erSgtwaR R*¢agg*ew *ff Ske kafita* *gekR*gEde

   Froir} itEggRerous stxgdies of rnodem eceanEc crgJEst ewkd asc£iewt ephioiite seqEgeRces ig has beeit

established that ophiogites origiRaliy correspgnd to a vertical psekido-stratified sequence with

flearly horizentai conta£ts betweeit its k)jgits (e.g. Moores, g982; NicoRas, 1995; among rritaRy

ethers) (Fig. X.1). ffowever, the (iifurent kmits ofthe 'Iraitae ophiolite are tiRted c#. 9eO ovelseit et

al., 1993; this study). Under the asskkmptieit that the conta£t betweeR gRtramafi£ and gabbrg

sectiens (Moho discowtiituity) was griginally horizontal, afteT the "oki" rotational evewt it

becomes roEkghly E-ward inciined ca. 300. This restored Mehe erientatioR coincides with the

subda£tieR vergeitce of the down-going Naxca-ARte[r£ti£ pgate system beneath the Sokxth

imerican piate. Kowever, the calcxsRated dippiitg aftgge cEgit giet be cgrfelated with the Nazca-

Axktaretic skJgbdEgctieit 2mgle, since nowadays there is ng constraiits about it iR the CT3 area.

  Ac£ording to "cgllisional" ophiogite medels (e.g. Nicelas and LePicheit, g986; Meeres, 1982,

Wakabayashi and Dilek, 2004) and itumerical studges (van deit Beukel, g990), ebdasctieR takes

place due to a bfeak-up of the yo"itg saxbd"cting o£eaxiti£ pgate iwte te£teptc slices EEEAdeff the toe

of the contineptal pgate, dwring whi£h the ephieiite becemes part of the centifkeRtag £rtgst.

FollowiRg the obdEgctioit model propesed by vait den Beukel (a990) (Fig. 9.8) a*d resteratieits gf

the gabbfo magna chamber (this stwdy), the Taitao ephiogite ofigitw11y shegld have begoitged te
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the Nazca plate. However, Wakabayashi and Dilek (2004) afgue that EgffN obd"£ted piece ef

oceanic iithosphere sheixld begong to the eceaR-w3rd side of the spreading ridge, since tSitas ofte

Racks ofthe sgab-puli force when it is subducted.
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                          ¢keegegept kopg ¢asmeckasstopms

  Determination gf stress field togethef with ro£k maggeetic anakyses algows the eharacterizatieit

of the £ompgex tectoptc history experienced by the faitao ophioXte. This is cgosegy ginked te the

spatio-tempeyai evolextien ofthe CR system for the last ca. Ie Ma. The CR system coggided with

the westem margin of the Sowth AmericEtw pgate at least 3 co*se£wtive tiiifkes effshore of the

faitao area. These coilisiens were the result of the repeated itorth and segth-ward migratioit ef

the CTJ (Fig. 3.3), aRd they provided with the necessary eonditioRs for tke obd"£tioR of (a

probably highly bEsoya#3t) piece of oceani£ lithesphefe optg the £ontiRewtaR g (kewgiit.

   The tectenic }]istery of the faitao ophielite cait be rokkgE alffy divided gRto two phases; gite pre-

axkd early gbductioR phase, which occwwed before 6 Ma ago, and a gate ebdaxction phase that took

place after 6 Ma. DuriRg the first phase, the Taitao ephiogite was genefated dwtptg fiormaR

spreading at the REmdward-si<ige (ptlaz£a plate) ef the CR systexx} (Fig. gO.ia). Shortgy after the

ophielite was dispiaced westward of the spreadiitg ridge it £eeled dewn enetggh te acqwtre a

stabge remagiLept magRetizatioit. These x riagnetizatioRs recgrded the orieRtatien ofthe GAD at that

time. Paleomagnetie exialyses showed that ofientatieR of these RM ve£tofs ("old" RM vecters)

Clo itot coincide wEth the orientation of the expected Gth, iRdlieating that sonke tectewtc

rotatiog}/tiking affected the ephioiite before aRd/or d"riitg the ebd"ction. Cagcgalated rotationaR

axes for the plutex[ic u!iits (asltramafic Emd gabbro), usiRg "eld" ww vecters, indicate that the

plkktonic anits uftderwent clockwise rotation abeug a NW-ward steepgy iR£gined axis (Fig. 9.2,

10.gb, £). This rotatioR affe£ted the ophiolite before 6 Ma, eRding by the tirr]e that the ophioaite

was incorporated, as te£tonic slides, to the foreare ef the AyseR fegioR (e.g. va(N den Betgkeg,

1990; Wakabayashi eewd Dilek, 2004) (Fig. 10.gc, le.2a).

   Iit the secend phase (after the ophioiite was attached te the fofearc), rrkagnetite crystals

present in the plwtoitic kmits acquired a secoRd magnetizatioR (added to the previous older one),

whi£h recorded the orieRtatioit ofthe GAD at that time, i.e. abe[it 6 Ma. This g)kagnetizaSieit was
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mest prgbabgy a£quired dgie to an iRcrease ef the geothermal gradient iR the ewea resgglted by the

sxgbsequent subdgctioR of active spreadiptg centers of the CR systeme beneath the faitae afea ¥(e.g.

})e Loitg, 1979; Lagabrtelle et ai., 2000) (Fig. 3.5). E}gJ#riitg this tigne the bimedal dike £ompiex

wtit acqaxired a stable RitV( tprimary).

  As fissioit track data shgwed, the aspgift ofthe Taitao ophielige started ca. 6 Ma age due to the

contiitggous subdu£tion of the Nazca-Aittafctic plate systegrx. This sggbdgg£tien igiepesed W-ward

compressioft ever the ephieiite which resugted in the deformatien ef ghe plEgteitic gmigs through

folding and couaterclockwise retatieit. D"riitg this stage, the plutogftic kxggits acqggired a se£oRd

magnetizatioit ("young" RM ve£tors) while the dike £emplex uptt acqvgired its prggitewy

magneutzaueR.

  PageemagReti£ data indicate that ophiolite units were countercRe£kwise rotated abokxl NE-to-

E-ward inciined axes (Fig. 9.2). }Iifowever, during eewly stages ef retation, fogding affigcted the

plixtoni£ units syRchrenogsly with the coggnterclockwise rotatiege (Fig. 10.2b). Felding was ntofe

proitogn£ed in the ultfetmafic (ca. 70%) than iR the gahbro (ces. 50%) Egitits but, on the cewtrary,

coRmterclockwise rotation was mofe proRogxced in the gabbre thaiR tw the gRtrag (gafi£ EEi}its. E"hese

differen£es were the fesvglt of the different rheelogi£al respeRses gf the gkraffrkafic egxgd gabbro

uptts to the deformatioit (e.g. Irtgrcotte ewRd S£hEkbert, i982; WiRks anCE Carter, a990).

  As daxctile coitditiofts ceased and brittle deforwxatien stEuted to be the gnain sx}e£hanisi]k to

absorb the imposed deformadgit, dip-sgip faEEits were generated iR the ophioMte whiRe a dextrag

fault zoRe was deveEoped in the eastem margiR ef it in the cgwtact with the basement ¥(Bahia

Barrientes Fault ZoRe; BBFZ¥). These fagxlts were developed as a resuat ef the RgR-orthogema1

stress field appii'ed over the ophiogite. The stfess field divided iwte its eompressional and strike-

sgip cempeitents which were ideittified tw the stress ar}alyses. Cempressiewtg compogeent ¥("B"

stress field, Fig. 9.ga) generated twtst fauits which disrExpted bot&k the gabbro and the geXtramafi£

xtwits (the 1ater disrupted inte, at least, tikree biocks) whereas strike--slip £ompeRent ("C" stress

field, Fig. 9. 1¥) affected the eastem edge of the ophieRite.
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   As the ephielite £oittin"ed its couRtercgockwise rotatieR, eewRy geRerated timst fagits iRside

the ophiolite were also retated. These rotated strggctures were kg geitger abie to abseffb the

£oitgpressi6ftal deformatioR iRdxg£ed by the sRjgbdkk£tioit of the pRates syster[} (IEge te tikeir new

oriepttation. As a result, new structures wefe geReraSed iit the pgwteg)ic tx(rkts, recordwtg the stian

a£tiRg £ompressieital stress field (A stress fiegd, Fig. 9.1). XR the easteffmi gigewgin gf the ephiolite,

the strike-slip (C stress, Fig. 9.a) compoitent contiR"ed its aetivity throughout the ebdkxction

precess. Co"nterclockwise rotatioit ofthe pg"toitgc uaits t[f}der briwie £oitditions was aboxJgt 600.

   Cowwtercleckwise fotatioR accommodated rrRost ef the deformation of the ophiolite. 'ifhe

dextrag movenikept gf the BBFZ rotated the plRxtoitic "itits at an appfoxin kaSe rate of 14.20/My for

the gast ca. 6 My. DewiRg this rotation, the bixx}gdaR dike eofixpgex was disifEjgpted iitte, tgk least, two

rrkajgr bRocks; the ECDC and the moC, gbserved at Estere Coito ewad Cageta Mitford-Rees

fespectiveiy (Fig. a.5; 10.2b). The ECDC bleck did itot changed gts orientatieR sigxkificantgy

during the rotatioit, but the MRDC block rotated about 34.90. This res"lted iit ehe agmost

perpenClicugar treitCging orientations ofthese two dike £og[iplexes observeel toCRay. I>aReoffEkagneti£

resterations ofthe treftdiitg orientatieRs efbeth dike coxExplexes showed that they were origimagly

sutbparalRel, with a Reargy NS-treitdixg orientatioit. Stich orieRtation was prebabRy the resglt of

dike intrusion along fissure systexxx neewby onc of the transfbrm fauks that separate the differeRt

segments of the CR systexn. The activity of this fractgre zeite defleeted the normag NieOW

fractg ire systegxg expeeted dxEe to the extensieR of the CR systeg¥) k.

   The rrkajor accommedatioit ef the ophiolite into the forea3rc tft¥)roggh the coEgxktercgeekwise

rotadon generated tectoni£ gaps betweefl it and the basegiKxent (Fig. 9.4a). [irhese gaps were filied

by s"bmarilte iavas arxd veicaxl-clastic deposits erupted tiiEroEkgh the thiitsged cewtinektaa crgxsg

¥(G"ivel et al., 1996; }Lagabrieile et al., 2000¥), resaxlted frofik the generatgoit ef the gaps, aRoitg the

itortherc ai kd eastern contacts between the ophieiite and the i xxetamerphi£ basement.

   AMS fabfics obtained from cRastic sediments gfthe ww igRdicate that they were transperted

by turbiditic cwweftts generated most probably at the northeastem pEgrt of the peRinsukla due to the
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sgope instability S"ch instahiEities were bgigt up by the rrigvement ofa *ermal-dextrag fa"gt zofte

dgjgring the coEtwter£lockwise rotation ef tlke ophiolite body (Fig. 9.3). Tewbidigic £xirreitt fiowed

towarCEs the Pacific Oceait (NW-ward) followeCg the pfeexistewt depressioit aRoitg Estere Ceno

axkd left the sediments iit a W･-to-NW fa£iftg slope which was becgrx}ing shagggwer iR agRgie

towa]rds same directien (Fig. 9.7).

   As volcaRic products and cgasti£ sediments filled khe Estere ()ene teetoptc gap, they aRso

recorded tlae rGtatioit that adected therrks which £()rrespeitded oniy to the Rater pertioR of the

coewkterclo£kwise rotatioit that the piwtonic EgRits and dike cemplex underweitt. Ceggnterclg£kwise

bleck rotatioit iR the Estero Ceno area ec£Egrred throEggh three differept st3ges, with the

deformatioR rE}igratiftg repeatedly E-ward (Fig. 9.4b). rThis g}igratiRg deformatioR disrgxpted the

MVU iitto three different bio£ks, which separatioRs caik be observed e* the eoastag xx}orphegogy

ofthe area with its diffk)rent iniets (or "Cagetas").

   SubmariRe lavas ofthe CMU in the Estere Lobes area (east tectertic g2rp; Fig. 9.4a) were agso

cot[rktercleckwise rotated. ifhe amok]nt of rotatioit recorded here is im larger than that c31£ggR3tedi

for the MVU, beigg appreximategy 95.80. This large retatioR is g]igost probably the resglt of twe

factofs, coEkpliitg between the CMU aitd the p}utoitic vEitits dewing the ceuwter£go£kwise rotatien

and the activgty ofthe nearby BBFZ.

   CagcEglated amoupts of rotatieit for agl the reck utwits iitdi£ate tk3t they recorded progressively

the ceunter£lockwise rotatioit, as they were formed throxxgh tigrxe. Older RjE(}its ("gtramadc and

gabbro) recorded the fuII ameuat of rotatioit while yognger oftes (dike £ex(apRex and MVU)

re£ofded oniy the last part of it. C3Icugated rates of retation indicate that the rotational speed has

been £eitstantly decreasing for the gast ca. 6 My time, suggestiitg that rnost probabgy

accerrgs[iodation of the ephiolite has reach ask stable state and ito ftgrther rotadoft of the ephioAite

shougd be expected.

   During this study, it has been show that the accretion ofe£eangc bge£ks iRte 3ctive contincxtal

margin is kot a sig]gple process. It is expected that the force (stress field) iRdEk£ed by the
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£ontinasotisly sgxbductiRg piates is the respoitsibae for rotation awhd interitag deformatgoit ef these

blocks before, durtng and after the obduction process. Seveifal timst and strike-sgip fault zones

exe expected to devegep inside and in the rreargins of tftxese blocks dtke to the ceffkpressioR akd

strike-slip cempenents of the irripesed deformation. SEgch fauRts £e*tffog the accommodation of

the obducted blocks. Thkks, a high seisinic activity in the s"bducgieit zene sheugd pfobably be

expected, in whexe seismic fa"its release the accwnglated stress bgik xgp by ghe subdgxction

eempressgoit.
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fable g. Availabie ages for the Taitao ephieiite and sEgrrogjgndiitg intwsgve g}nits

     Vitit Methed Age Error Reference

Gabbro

Gabbro

Gabbfo

Gabbfo

MVV

MVU

CMU

CMU

CMU

CMV

CMU

CMU

Cabe Raper

Cabo Raper

Cabo Raper

Cabe Raper

Cabe Raper

Cabe Raper

Cabo Raper

Cabo Raper

Cabo Raper

Cabe Rapef

Cabo Raper

Cabo Raper

K/A r (whole rock)

K/Ar (hb)

U-Pb (F[[Lzr)

U-Pb (F'ffLzr)

K/Ar (whole r6ck)

Namofossil

KJiAr (wheRe rock)

K/A:r (whele ro£k)

K/Ar (whoRe ro£k)

K/A r (whole fock)

KIAir (whole rock)

K/Af (whole rock)

KIA:ec (bt)

K/Ar (bt)

KVAr (hb)

KIAir (hb)

Ar/Ar (bt)

Af/A r (bt)

U-Pb (zr)

U-Pb (zr)

U-Pb (F[ELzr)

U-Pb (F'if:zr)

U-Pb (F[E:ap)

U-Pb (FlfLap)

 g3.o

 6.e

 5.90

 5.80

4.60

2.30

 3.eo

2.90

 3.7e

4.40

25e

4.3g

 3.6e

 3.3e

 4.iO

 3.40

 5elO

4.80

 3.90

4.eo

4.00

 35e

 1.90

2.90
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3.0

3.0

O.4

O.2

1.e

a.3

g .4

Oe8

O.6

e.6

g.3

g .2

O.6

O.3

2.4

O.8

O.6

O.3

o.g

e.2

O.3

O.3

O.6

O.8

Boewgois et al., g993

Le Meigne, g994

This stwdy

This study

Mpodezis et ag., g995

Beewgeis et al., 1993

Mpodezis et afi., g995

Mpodgzis et aR., a995

Mpodozis et al., g995

Mpodezis et aR., g995

Mpedozis et aR., g995

Mpodezis et 3g., 1995

Mpodozis et ag., g985

Mpedozis et ag., g985

Mpedezis et ag., 1985

Mpedezis et ag., i985

Gwiveg et al., R999

(}"iveg eg al., R999

Kerve et ag.,`2OO3

fferve et al., 20e3

E{erve et al., 20e3

E{erve eg ag., 2e03

ff{{erve et ag., 20e3

}Iesrve et ae., 2003



7Zzble f,

Unit

continued

Methed Age Error Refereitce

     Sepa Hoppner

     SeRo }Iffoppaer

     Seno Heppner

     Sene Hoppaer

     Estefo CeRe

     Barfientos

     Barrientgs

*F'I": Fission track hb
               '

   KAr(bt) 5.50

   K/Ar (bt) 5.20

   Air/Ar (bt) 5.90

   Ar/Ar (k-feld) 6.90

   ULE)b (F gi-zr) 3.5e

   U/Pb (F ifLzr) 3.50

   UiCE'b (F ffLap) 3.20

: hercbleRde, zr: zircoit, bt: biotite,

O.4 Mpodezis et al., 1985

o.3 Mpodozis et aa., aggs

O.5 Guivei et aa., g999

g.O Guivel et aR., g999

O.3 Herv6 et aa., 2e03

O.2 Herve et ai., 2003

fi .3 E{erv6 et al., 2e03

ap: apatite, k-fegd: K-fegdspew.
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Table 2. Calcutgated stress fiegds for the pigtoitic anits ewxd the easterKR rerxargin ofthe ephiolite

      Stress fieid Stress ratio Orientatioit ofgi axes Orientation ef63 axes

      A O.1･-O.7 EW -Vi:)rti£ag
      B e.2-o.6 NNE-ssw verticae

      C e.1-O.7 EW NS
      D O.2-O.6 NNE-SSW (200) WSWENE (2eO)

      E e.7-O.8 NE-SW (500) WNW-ESE (3eO)

"A, B stress fields were calculated for the pRutonic xgnits while C, D Egnd E stress iiields were for

the easterc margin of it (BBFZ).
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Tabge 3. Fisher statistics for MVU,

        Site Unit N

dike £ompgexes 2mad CMU sites (gkg}ivectgriai)

                 Fisher aitalysis

K g9S dec ift£ Fisheif?

sg

s2

s3

s4

s8

ni

m3

dg

d2

d3

dag

lg

R2

l3

14

l5

i6

d5

d6

d7

d8

MVU (clastic)

MVU (£lastic)

MVU (ciastic)

MVU (ciasti£)

MVU (clastic)

M]V'U (ciastic)

MVU (cgastic)

MVU (feeder)

MVU (feeder)

MVU (feeder)

MVU (feeder)

MVU mpilgow¥)

MVU (pillow)

]NxtgVU (piliow)

MIVU (pillow)

INxsvu (piigew)

MVU ptlgow¥)

   ECDC

   MRDC

   MRDC

   MRDC

15

11

le

12

13

14

o

16

g6

13

10

10

i5

16

16

16

16

127

a2

13

l2

ggs.o

144.2

202.8

469.3

355.0

18.6

3a.9

g76.g

a49.8

120.1

35g.4

68.4

go3.6

245.4

35ag.4

74.3

4oe.s

27.6

430.8

91.4

102.9

2.7

3.8

3.4

2.0

2.2

9.5

8.7

2.8

3.0

3.8

2.6

5.9

38

2.4

2.0

4.3

g.s

2.4

2.k

4.4

4.3

 9.4

-26.0

48.5

-i9.6

-27.e

-27e3

139.6

a7.6

-52.6

-4.3

-13.6

-46.1

-7.7

-- i9.6

-8g.9

-20.3

-57.5

168.9

-g.g

m65.8

 6.9

-6g.6

-73.6

-63e5

-72.3

-37.6

-64.0

ago.ag

-43.5

-45.2

m53.9

--56.2

-60.0

-57.0

-49.9

-32.3

-32.9

-35.1

25.9

-47.g

-72.7

-- gs.o

RO

yes

ite

yes

yes

yes

ito

fte

ite

fto

fte

ito

ite

yes

ne

ne

yes

no

no

yes

no
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Ztyble 3, continued

 Site Uitit N
Fisher aitalysis

K g95 de£ iitc Fisher?

        d9 MRDC 15 S2.5 5.3 g3ag.4 O.2 no

        daO MRDC fi2 395.1 2.2 g30.2 3ag.1 yes

        dll Contact lg 7e.6 4.g fi 4e.1 2i.O no

        l7 CMU 10 52.3 6.7 101.g 5.6 no

"Only sites with MAD values 1exger than 15 (reliabie ones) are shewn (see figkkre 6.b (e.g.

Kifschvink, i980s Butlef, g992). K is the Fisher (g953) pre£ision pEasrameter, g9S refer to the

semi-angle of the 95% coitfidence iwtervaa (coite). De£. gmed inc. refers to decginatioit and

inclinatioit (iit degrees) of the itikear} directioit, respectively. Agso, Kept (19g2) test of Fisher

¥(1953¥) distribwtioft, indicating if the data is elliptiealRy ¥("No"; e.g. Keitt, 1982¥) or circggRarRy

¥("Yes"; e.g. Fisher, l953¥) distributed about the meaR val"e.
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Table ag. Fisher statistics for gabbro and "itrarnafi£ sites (mkkltive£tgriag)

                                      Fisher anagysgs

 Site RMvector N
K ct95 dec ine Fisher?

g5

g6

gg1

ga2

g3

g5

g6

g7

g8

glg

young

youitg

youag

young

 old

 eld

 eld

 oid

 eld

 ogd

iA

gs

n

16

21

go

g6

15

le

11

349.5

213

305.6

23.2

305.6

5e.9

26g.3

94.8

65.ag

23.3

2.4

g.s

2.6

7.8

g.s

7.8

2e3

3.9

6.0

9.7

a4g .4

39.g

755

4e.2

-66.5

25R.(])

49.0

R4･8.8

63.g

 7.6

25e5

5S.2

-- 15.7

23.3

ag.o

70.5

-45.3

6e.9

88.g

62.0

yes

yes

yes

yes

Re

no

yes

yes

yes

yes

pg

p2

p4

ps

p7

p3

pi

p2

pag

p5

p7

yokmg

youag

yeEwag

yo"ng

young

yevgng

 oid

 oid

 old

 ogd

 old

17

10

10

go

10

gR

g7

B
10

go

g3

197.1

33.6

20.4

gs6.o

520.3

523.8

223.2

228.4

37.2

5S.3

206.9

25

8.4

1a.o

3.7

2.fi

2.e

2.4

2.7

g.o

6.6

2.9

 O.4

27.4

204.7

3g2.0

-85.8

g55.ag

-28.S

g7o.g

284.4

-22.8

2a.2

 5.5

81.3

-3 a.4

-g9.9

--31.g

 9.6

55.4

67.5

46.2

2g3

59.0

ito

yes

Re

yes

yes

yes

RO

ne

yes

yes

yes

92



72iifble 4,

 Site

contineced

RM vector N
Fisher analysis

K g95 de£ i*£ Fisher?

         p6 oid g5 93.0 4.0 19.2 72.g yes
"OnRy sites with mo values larger than a5 are shewit (e.g. Kirs£hviitk, g980; Bwtler, a992).

Parameters listed en table 3. "RM vector" refers to the portioR of the dexx}agnetizatien path: high

¥(ogd¥) or gow ¥(yokmg¥) ceercivity.
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'Tabie 5. Kent statistics for fteit-Fisher distributed sites (see tabRes 3 gigsi kd 4)

                                      Kent Analysis

Site Meapt difectioit 9S% confidence eggipse

dec iRC n n dec ag in£ g g dee g in£

   sl

   s3

  m3

   dl

   d2

   d3

   d4

   d5

   d6

   d8

   d9

   11

   12

   14

   15

   17

   g2

 g3-ogd

 g5-old

pl-young

p4-yoggRg

 9.4

48.5

i39.6

g7.6

307.4

3S5.7

346.4

a68.9

351.2

 6.9

134.i#.

313.9

352.3

278.1

339.7

gol.1

g4o.1

293.5

251.0

 O.4

204.7

-6i.6

-63.5

agOA

-43.5

-45.2

-53.9

-56.2

2S.9

-47. 1

-18.0

 e.2

-6e.e

-57.0

-32.3

-32.9

 5.6

2i.O

g1.o

70.5

 5.5

-3 1.4

18

 1 .2

i5

O.8

1.1

e.6

O.8

2.0

g.2

3.R

O.6

a.3

13

Oe7

2.5

g.fi

25e3

Oe8

2.9

1.9

4.9

59.9

353.4

3fig.3

333.6

26ag.3

32g.6

68.g

57.9

263.9

80.g

44.0

253.7

50.0

340.ag

i8.9

 6.e

`i･7.S

26.2

42.ag

257.9

223.7

94

19.0

15.9

49.6

37.2

36S

3g.g

55

365

25

4g.7

64.3

16.0

ig.g

36.3

so.e

ag2.ag

6.7

fi 3e7

17.3

66.X

57.A

3.2

4.g

gg.o

3.6

3e8

5.3

3.ag

2e5

2.4

`l-.6

7.3

7.2

4.9

2.5

S.4

8e8

5.2

23

9.4

2.8

B.8

322.6

89.6

ag9.0

g3.o

g2.2

61.8

334.4

285.3

356.2

294.4

224.S

35g.3

3ge3

2g6.7

263e3

gg7.g

30e.8

g66.o

135.2

92.8

120.0

2e.3

2e.6

O.7

23.7

22e9

g6.4

33.2

42.S

42.g

42.8

2S.7

24.7

25.8

37efi

g9.9

47.g

67.9

72.3

88

23.2

8.7



7Zzble 5, cominuea

Kent A ¥(xalysis

Site Meak directio* 95% £eitfiden£e eglipse

de£ iRC ti-k R dec R inc g ag dee g inc

     pl-old 331.5 55.4 13 g09.4 27.g 2.9 21&O g9.8

     p2-eld 170.8 675 O.6 286.2 gO.g 3.6 a9.9 g9.9

*q and g refef to the smallest arkd gewger semi-angges, respe£tiveay, ofthe 95% confideitce intervag

(eNipse) calculated by x[geans of Kent (1982) statistics. n dee, it iitc, g de£ and ag in£ refer to the

de£ and inclination ofthe planes £ewtaiiting the semi-ewxgles (see faasxe, g998).
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fable 6. Orientatieit ofrotatignal axes for MVU
                            '

             Site DecliRation

dike compgexes, £onta£t aRd CMU sites

IficgiRation w

sfl

s2

s3

s4

s8

m2

su}3

Rl

12

13

14

15

g6

17

dg

d2

d3

d4

d5

d6

d7

d8

d9

274.7

257.0

294.3

260.2

76.5

76.4

69.8

67.0

86.2

80.2

49.1

79.9

61.3

50.6

27g.8

63.7

87.9

83.2

84.4

85.6

237.1

273.5

67.2

7o.g

7g.s

gg.2

69.5

43.8

87.9

57.7

83.6

43.g

52.2

65.9

3i5

6g.o

48.1

38.9

685

21S

57eO

gs.2

26.0

82e9

7.9

3a.4

-10.0

27r.`g

-48.5

20.9

38.3

27.3

47e¥(I}

46.4

n.g

24.7

87e 1.

37.8

64.2

95.8

-27.7

56.0

gg.g

a6.2

40.6

19.9

66e2

-47.5

77.8
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7Zzble 6 conlinued

  Site Decliitation IRcginatioit w

                      dlO 65.1 56.7 S8.i

                      g2 70.g 40.2 58.7

"Site numbers in figaire 6.I and tabges 3 aRd 4; ¥ refers to the amowt ofretatieit asse£iated with

the rotatieRai axis. Notice that Regative vaikxes ef $ indicate £aockwise retatioits while pesitive

oftes indi£ate counterclockwise rotations.
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]rabie 7. 0rientatioRs efmeait rotationaR

         '
              Meait

   Ug}it dire£tion

axes for MVU, CMU,

     Kent statistics

dike £omplexes and ce"tact

              ww werror

Dec Inc g95/it n dec it iitc g < dec ag gnc

 M]VU(g) 7e.4 82.3 2.7 170.3

 MVU(2) 78.6 5ag.6 g6.0

 MVU(3) 67.5 59.g O.9 200.5

   CMU 50.6 48.g

  ECDC 84.5 g5.2

  MRDC 74.8 52.3 7.1 165.2

  Centact 70.1 agO.2

*Numbers in brackets for the MVU refer te

Statisti£al parameters gisted in table 5 and 6.

1"3 26e9

22.2 a&9

O.3 28.5

the differept

26e.5 7.6

299.3 20.4

255e5 37･7

idewtified groups

g4.8

27.0

5S.9

9S.8

40.6

34.9

58.2

(see

  3Q6

  30.0

  44.1

  SO.9

figne 6.9¥).
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'Tabge 8. 0rientatiens ofrotatienal axes for each site oR eaeh bgock ofthe egtraxriafic geeit

           Bgock Site RMvecgor Dec inc ¥ Netes

North p6

p7

p6

p7

p6

p7

yeung

yoEmg

 eld

 oRd

 egd

 old

47.g

`l-7. Ig.

g6.6

27.6

se.o

74.6

66.4

66.4

85.9

83.3

36S

41.3

go.g

go.g

g46.9

i25e2

33.`g-

`it5.`g=

Fold-2-

Fold-2-

FoRd-2+

Fogd--2+

Centfal p4

p5

p4

p5

p4

p5

yoylitg

ygkkRg

 eRd

 old

 old

 eld

go.4

66.6

33.8

279.2

28.8

280.4

57.2

33.7

67.8

l7.8

63.9

31.4

g62.5

76.1

1I65

-55.5

g27.5

-38.8

Fogd-2-

FoEd-2-

Fogd-2+

Fegd-2+

            Soxgth pl yoggRg 87.g 17.6 R9.3

                    p2 yokwtg 58.3 8e.5 64.g

                    p3 yogj#ng 85.6 14.2 35.2

                    pl ogd 9e.O 2.9 55.g Fold2-

                    p2 eld 57.4 84.3 65.6 Fold-2-

                    pi ogd go.o 4.o ss.g Foad-2+

                    p2 oid 66.6 54.9 55.8 Fogd-2+

"Dec and Inc refer to the deceinadoft a"d inclinatioR ofthe ffEkean rotadenak axgs, "RM vector" is

same as iR tabie ag aKkd ww to the amgNmt of rotatign associated. Notes: refefs to the orieReatioit ef

the rotational axis, for each site, after the second foad-test was £onsidered posigive (Fogd-2+) or

ftegative (Fold-2-) (see text for detaiis).
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Table 9. 0rientations ofi¥(}ean rotational

                    Mean

                  directieit

axes for the ultramafic xgitit

       Kent statistics

W
W

error

de£ inc R it dec eq inc g < dec < iRC

     AftefFoRd-1 65.2 51.0 6.3

    AfterFold-2+ 73.7 41.8 3.1

    AfterFoldi-2- 58.1 75.ag 5.4

"Statisticai parameters Risted in table 5.

178.7

184.0

177.3

g7.9 20.2

21.2 3g.3

7･2 2(])e3

28i.O

293.5

269.e

33.4

age.7

g2.6

77.0

46.9

75.6

46.4

53.3

73.4

lgo



fable gO. Orientations gf retatieftag axes for gabbro sites

      Site RMvectof De£ Inc

g5

g6

g7

gla

g12

g3

g5

g6

g7

g8

gn

g3

g5

g6

g7

g8

glg

t young

 yoEgng

 yogmg

 yotw}g

 young

  old

  gld

  old

  old

  old

  oid

  oid

  old

  old

  o}d

  oRd

  Gkd

"Parameters iisted ift table 8.

72.5

223.6

68.8

375

23.g

3e7.9

338.6

333.2

275.6

92.6

342.5

31g.2

345.2

335.3

g53A

 O.3

346.9

26.1

8g.9

43.7

59.4

69.5

53.6

75.e

68.9

42.2

17.2

64.8

51.7

60.7

74.2

80.0

86.1

68.2

log

k,ljf

 '7g.2

 92.8

 58e7

ga3.2

B6e4

-88.e

--
R38.`g･

-g29.5

-16.6

.. g7.s

-148.g

-96.1

-1 54.e

-132.3

-- g27.4

g79.3

-g55.6

Ngtes

Fold-2-

FoRd-2-

Fogd-2-

Feid-2-

Fogd-2-

Fegd-2-

Fold-2+

Feid-2+

F61d-2+

Fold-2+

Feid-2+

Fogd-2+



Table la . Orientadoits ofmeait rotatiomal axes for the gabbro gxxtit

 Meait

dire£tioR

Kent Statistics

W

ww

ergror

dec in£ ct95/n R dec eq inc <l ag dec < iit£

   Feld-1 57.6 59.4

   Fold-2+ 333.i 74.1

   Fegd-2- 3gi.4 63.6

*Pewameters listed in table 5.

6.2

gs.ag

3.8

g635

g7o.3

9.2

2g.1

198

i4.1

258.6

74.3

28.9

gs.g

94.5

--sa.o

-89.7

3a.4

a29.4

S9.9

Tabge i2. Calcu}ated average Ctgrie temperatwes

                                 HeatiRg phase
           U]r}jlt

Ceeging phase

Temperatwe E]rsrof Temperatk]re Error

MVU clasti£ sedimeRts

MVU volcaptcs

MRDC

UItrarnafic recks

Gabbro

577.3

525.0

579.3

sse.6

574.5

3.5

B.3

3e2

3.9

13.8

577.3

567.8

576.3

S72.8

S83.8

2.9

`i#g.7

g.s

fl25

8.5

go2



Table g3. Pageock}rreRt and depositioRag skope directiepts

    Site Pageocurrentl)irection Fa£ingslope Relative Vego£ity

cg

C2

C3

Sl

S2

S3

S4

S5

S6

S7

sg

Mg

M2

M3

NE-SW

NNW-SSE (NWSE)

NNW-SSE (NW-･SE)

NW-SE

NNW
NW--SE

ENE

NW

NW
N/A

N/A

NW
W (ENE-WSW)

W

N/A

N/A

N/A

NW

NNW

NW
ENE

N/A

NIA

SE

EEorizontal

NW

W

W

E{igh

High

High

Medium (?)

N/A

Medigggn (?)

N/A

}Eifigh-Medium

High-Medium

Nulg

NgRg

N/A

Lew

N/A

*N/A meagxs "itot appRicable". Uitder "relative velo£ity" "high" refers to vego£ities garger thgign g

ctws, "xiaediwm" to velecities between 1 ctws and e.g ctws whige "ggw" refers to those beRew O.g

ctws (e.g. King, i9S5; Granar, 1958; Targing arRd }ILro"da, I993). See figgsfe 8.a fof site gecatioits.

ge3



Table 14. Retatioma1 rates for the "yowwg" cokxs kterciecgrvvise fgtaSion

                             Ukit Rate efreff

                         PlgtoRic esftits fi4.2

                         Mvu--gro"p g 6.4

                         MVU -grovgp 2 5.8

                         Mxl'u --grromp 3 g2.g

                             CMV 28.6

*Rates were calcEgeated for rsck egnits with geo£hronogogi£ag

6e4"

g3.2

6.5

9.5

eept3d amowwt ofrotation data gRgy.

gg4



F鱈瞠麗

亙05



 Wehrlites

  Layered
  gabbros

 'Moho -

Mafic dikes

.!w]wJ

. 7-  "     -. s
"-z. N
'"':.-
yu
-:

/N

N

M

:v.-!

"'-"N
      k

 v-/･:

Sedimentary cover

Dike complex

Upper gabbros

Peridotite

¥(Harzburgite¥)

't71

E
o
.9
g
8
o

9E
"
e
as

nnp

Subducted oceanic

piatg ,..,.,.... i?;i.j,.,.

         ----

:,.

l.Ifg･･..i,..･..i,ililll-f･illiig.･.tel･il･ISIii,....i.i,

･' ':S:--L;---:i;･･ V:･I.1l･il:;:,,:Il"'S:-;Z;' '

Active margin

  .'l-`･s`.:.."iil.ll}.il.}.･,-:'i':-'-i't','i',i''':

4+ -

-i

Forearc

-' N

   NyN/
    x

SN   "--

×'NN
"
   'N
  N
       ..,..--..
'.h...-

    N....-

 N""'

 N

x. '     .･.,.-A.

  v      ts

               "/
          -i
                 -   ¥(--N Nv  /x /-L
/

Figure 1.1. Schematic column of a "normal" ocean lithosphere (future ophiolite). From floor to

top: (1) ultramafic rocks (harzburgites or lherzolites), (2) massive and layered gabbros, (3) dike

complex and (4) pillow lavas, lava flows and sedimentary deposits. Adapted from Nicolas (1995).

106



i" : "'

]tybwoXitI!S

    e

:-.
..

e .

'i'

t-""

e
e

sS

D}.

e

<[j7

e
¢Emo

ap
if!

 S
      i@
  , v,.

e -

I･

e
""

:5.e,O,g.e,"e(3(s2:s264MM,a)) Xvplatebounday

e Jurassic-Cretaceous (65-2 1 OMa)
O Devonian-E. Permian (250-410Ma)
e Ordovician (440-520Ma)
e Neoproterozoic-Cambrian (520-1OOOMa)

Figure 1.2. Wbrldwide map with the distribution of ophiolite belts, including major

Neoproterozoic and Phanerozoic occurrences. Notice that ophiolites of several ages are

represented in most orogenic belts. Modified from Vkiughan and Scarrow (2003).
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Figure 2.3. Schematic diagram showing the behavior of fracture zones in a spreading ridge

system. Notice that in between spreading centers fracture zones have strike-slip movement while

outside that area the movement becomes equal.
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Figure 3.3. Evolution ofthe CR for the last 18 My time. Arrows indicate the convergence vector
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indicate the collision locale of each one of the subducted segments of the CR system. Notice the

strong overlap offshore the Taitao peninsula area (box 2). Names for localities are in figure 3.1,

except fbr: GP: Golfo de Penas, CR: Chile ridge, MD: Madre de Dios archipelago. Adapted from

Cande and Leslie (1986).
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Figure 3.4. Evolution and migration of the CTJ through time. (a) Northward migration resulting

firom an TRT configuration of the CTJ and (b) southward migration due to a TFT configuration.

The star indicates the position of the CTJ, while the gray arrow indicates the migrating direction

ofit. White arrows indicate the convergence vector ofeach subducting plate (see figure 3.3).
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Figcgre ag.2. Geometric elenkeftts eR a faRxlt plane. Strike (p) is the agegge between the sEgrface and
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horizoittal planc asad the striae gneasEgred in the fault sewface. E{ and S denote the horizontaR aitd

svgrface planes respectivegy.

¥(a¥)

+3eE
    70

N

Figkkfe 4.3. Blo£k diagrams

fieidwerk campaigns.

shewiitg the grientatioit teclRgkiqxges of bReck saffg}ples kgsed tw

a2a



¥(a¥)

,7

,crx/$a･E£i,g･

!L<.-,s,'k.,gw,sl;as･ ¥(c¥)

X-/,13･$,#ii,>･･,,

Figure 5.1. Lower hemisphere, equal area projections with the orientation and slip directions

¥(arrows¥) of collected fault-slip data. ¥(a¥) All data including: ¥(b¥) fault--slip data from the plutonic

units (ultramafic and gabbro) and (c) fault-slip data from BBFZ.

122



¥(a¥)

   !

     !  .  i"- ･ --
   t /t ///t ttt

kt"-

  gpj- t..
   -a' S't

     ix x

¥(b¥)

   /

     !  .  :p 1'
tstt-;.9:

¥(c¥)

    -!
 7igi
a

     NN -:s;'

        "

N

N

""i
  '
  1
 K
  '"-tie

N
""ii

  '
  1
 K
  .,"h-e

ror

N

N
.d.-id

K.

r

ld

ev

  :-

  1

f`

y

   N
-m

  "

    A

    !

 l
-i

61

,

jijili¥)i

l

       N
        o,..,-,

      -
    v-"' NN
       N
fa!'

tz' It->x
    1.l.iptglS. ,!.1

      b--.. ,         /
     N.
    ;- 1¥)---
   NN .ir
      -e'S

N
        ---.

      d
    v-""' Ne
       N
lt!"t->x
    l.l.iilSii. tl

     'N'N / ''

    u'... e"

   N. "      ts
N

f
ik･b-･･

/lv"O 30 60 90
111111Yaptel

O ¢ 1

･:EII:i

`f.N
.h.f'ra1"

...h. .-.

    63

x
'S"N

11 -/..

 -."

pt

/

Figure 5.2. Equal-area, lower hemisphere projections with the orientation of compressional (left)

and extensional (right) principal stress axes obtained for each analyzed set of fault. (a) "all"

fault-slip set, (b) "tmer" fault-slip set and (c) "outer" fault-slip set. See text and Appendix A fbr

details. Figure courtesy ofDr. A. Yamaji (Kyoto University).

                               123



N

DIO
  G2

eL  A   5

CG
. 'l･1.:i･ i･.

 e
 D6

 D8
D9
MlqT

m

D4 D3
]i[¥)

.''/H ' :  A
.e6 .?,

7AA" l.s5

D2

 Lr 'v'A

 LL.L4
.7 AA

,v'''

  A.S8
･y, rlL

"

lt

t

 v 7"ri

L

uv

MX¥)

   A
L3. 'v'

Ai

v
7
L rL

;

Ll

   Dl
   S4
. ,iN

AA7
  rt L¥) N

 Cs
 s
  nL r rt   , L7 LALvA -Ai 7AA
 r

"'"Nvt'

svAAA" iVsjAi llLz

L

7

L

 t7
  S3
c"S2r
' 7V
   L

lll 1;D7

:ll'- llE-･
utL-･.,

G3

G6

.

    ,S1･.EC+

'Ex/
t/,S2E/>4

      / --
         ¥)/-tXS-

: /i,"N c,,.,e2kJ/ ->li¥)f---

+

 tg8,sii't･N,];5ki

1.?s.'X

  vAA
 [] 7ti.

"¥)A
rrtL  > 7  vA
  A

+

+

;
L

ir fi7

eLt;

iL
L

 ++
 +
++
+SH
t+
 ¥)+LV

L

;v

A

+

j

+

+

D5

-/

.I¥) h', N'-ps '"tN/ / -N/
,×

Ax
A¥(s
 : --

 ' ""i'{'

.i .XIX/
Z

: 1.

 . 7
L

7A
d L )
L¥)VA
fi¥)

 LA

L¥)
Vi
A

rt¥)
 LA

 ?i

LL

rL rt

irL
<¥)

"L
L

 +
++ +
++ +
+

A

)A

VL

;
t

L¥)
V

-7

L

.7
.

rt7

L

L'
v

i

AA

)A

A
)A

t

'
lt

e
L

+

Pl

+

)L
v¥)
A

         .
v
EL 7." L7 N7

'

  /
;// 46 9o,S

Z
i'eJ,･

b/sS:/ st/h

  tx'･ '''

 7

 +

 +
+

 +
+

 +
+

 +
+

 +
+

 -

 +
+

 +

:
<v{'fl

･ x･

'H
-t

l

'. 67L`<Ex

--.-;G,g
gfE.ll-i;'

li.ii]

    S '¥)L."

L,J

 d

L

'l + t+

P2

++ P3
  ]

'

l -po
i'i'ilililil,<:tAP,ll,ti

-N
fr pt
- s s-

 +

 +
+

 +
+

 +

NV6i21//',-s･N-.ZS
t

++

++r

CR.
++

 +
+

 +
+

 +

+

+
+

+

 +
+

+

 +
+

"e
L

+ff2

rl

 +
t

 +
+

 +
t

.ol¥(S}S,,159l

･s. ..

  ++
75

BB 1

/

'.O' S?t) 'O･

TM

9o, w

/

"li

1

+

  Sampled Sites

CMU
MVU (dikes)

Ni5iV MVU (sediments)

<iilP MVU ¥(pillow lavas

   and 1ewa flows¥)

pm Dike Complex

z4Ilx Gal¥)bro

:V":, Ultramaficrocks
iv e

Ol 35
Figure 6.1 . Geological map ofthe Taitao peninsula showing paleomagnetic sampling sites.

124



¥(a¥)

¥(b¥)

¥(e¥)

¥(d¥)

¥(e¥)

(b

Ticks:2.0
e

o
6
o
p

p'

o

N
E, Down

WUp

S, Hor

,sid

CS5

o

 N, Hor

..efgfiiss¥)

% Ticks: le-2 Alm
 p･

8
,o.

P

  N, E{er

Ticks: 2e-2 AlgR

E, Down

WUp
   Ticks:1e-1 Alrn

        .o.･･--CD
     --cr-----
    .o'"
  o"o･

N, Hor

.g

ji}

s Ticks: 2e-2 Alm

   N, ffor

E, I¥)owgi

WUp
   o  ..,.o

. :"

 Ticks: 5e-2 Alm

    S, Hor

Ticks: 2e-2 Alm

    E, Down

WUp
   ..o
  ,o"
 ..d

    S, Hor

Ticks: 2e-3 Alm

 .o
..r'd

N, Hor

Ticks: l e-- 1 Alm

N, Hor

        S, Hor

   Ticks: 2e-3 Algn

E, IE¥)owit

WUp
   .p'
  o"
 p"

.

Ticks: ie-i AJfgR

...o'"

N, ffor

S,Hor
o･･-･･e･--･･･-･-･･

E,Down
Ticks:EA/m

S, Hor

WUp
9.

p

S, Her

E, DowR

N, Hor

･o-･ -"-""'"

      E, I¥)owit
rricks:2e-R A/m

Ticks: 2e-1 Alme

 S, Her

  o･･･-"'

S, ffor S, E{or

 aeO
et

E, I¥)owrt

Ticks: 2e-2 A/fi]

Ticks: 1e--2 A/m

       ..o"-e-
     egs'O'

.cr.o

E, Down

     .s'   e･--O'
 .o"'"
tw

Ticks: 1e-2 Algit

     E, ]¥)own

     "cr-  ...o"･e･

{gpP'

Ticks: 1e-2 rwgxg

     E, E¥)own

Fkg"fe 6.2. Selected tgg}ivectoriaR deitkagRetizatioR paths ef: (a) £lasti£ sedinRents of MVU, (b)

piglow lavas argd lava flows of MVU, (c) pillow lavas of CMU, (d) ECDC ax kd dikes of MVU, (e)

MRDC as2d ¥(fi Contact betweeR gabbro asad dike compRex kmits. Filled sygxftbofis ewe pfojectieRs

in the horizental planc whifte open enes Etre in the venical pgaxte (see Appendix B for details).

                                 g25



¥(e¥)

¥(a¥)

wh

  +
 S8
¥(n -13¥)

g

M3
¥(n==1O¥)

t

  s"
 e

e  otnago

 eg Oe

 M2¥(n==14¥)

¥(b¥)

ajlp

+ S4
¥(n==12¥)

wh

 L6 '
¥(n==16¥)

 ag o

' S3
¥(n- 1O¥)

tv 8

 LS
¥(R=16¥)

 D"
(n==1ev

ge+ L4
¥(n-l6¥)

¥(c¥)

¥(d¥)

 G2
¥(n :l8¥)

  r

¥(g¥)

¥(h¥)

¥(i¥)

.ee

(..D.15

27¥)

.i :

 esr

  pt

 P7o
¥(n =1 5¥)

(b

 pa
 L3"
¥(R==16¥)

 di o

  D3
 <n==13¥)

DIO
¥(n= 12¥)

  i
    pt

  P3
 (n =1l)

    ,

     si

    ."e pt
     e

    s.st. $

    l  Gl2y
 (n-16)

 -ee-et:

  +-Gllo 'tty
¥(n=11¥) G8o
     (R==1O)

  ge

 d P8o
¥(R=-l3¥)

.;

  to
  + L2
¥(R=:15¥)

   D2

 e+

 D9
¥(n -l5¥)

lo

ag

  i
 P6o
¥(n-10¥)

Gl ly

(R- ll) ℃

  +

G7o
¥(n==l5¥)

  i
  ig

pt (n==16)

 pgy
¥(n -lO¥)

 oaj

  +
 D8
¥(n =l2¥)

oeew

   + P6y
¥(n=-1O¥)

"l P5o
¥(n=:lO¥)

   :..g

   l  G6y

   e'e

¥(n =l6¥)

   k
G6o

¥(n- 16¥)

   tw
   S'2
  (n==1l)

%
eo +

 Ll
¥(n-10¥)

pa

 Dl
<ii==16¥)

 oeq

 +
 Sl
¥(n-15¥)

ooco

de+

 D7
¥(n =13¥)

(.".rm5fo,

eo ge +

   e

 P2o
¥(p==13¥)

   '   ,e

 1
 L7 "
¥(R =l e¥)

ty D6
¥(n :l2¥)

 .;. ...

 P2y
¥(n-IO¥)

 G5y
¥(n==l1¥)

G5o
¥(n==1O¥)

 "a: :

ff

 ,P1o
¥(n-l7¥)

di

 G3o
¥(n-21¥)
 i

  e

 1Ply
¥(re== 1 7¥)

Figure 6.3. Lewer (upper) hemisphere, equal area pfoje£tieks with the erientatieit ofisoRated RM

vectors at ea£h sew) kpled site (see Fig. 6.1). (a) Clastic sedimewts ef MVU, (b) PiRlow I3vas aRd

Lavas figws of MVU (M-L6) and ef CMU (L7), (c) feeder dikes ef MVV, (d) ECDC (D5) aitd

MRDC (D6-DaO), (e) contact betweeit gabbro and dike compgex, (b "yet[[ig" RM ve£ters ef

ultraxrkafic ro£ks, (g) "old" RM vectors of ukramafic rocks, (h) "yeggng" RM veetors gf gabbro

and (f) "old" RM of gabbro. Filled (epen) sygiftboRs a]re prQje£tions in the gewer (vgpper)

her[yisphere.

                                     X26



a¥)

N,H

6
Ticks: 1A/m

-t-

:

a..
-i.

-- .

"･et--･--･--･--･･-･･･-･･-･･･o

E, Down

¥(c¥)

¥(e¥)

S, Hor

       ･･o････o･e･･-o･･･"･･e･･･-

   Ticks:5e-l A/m

          E, Down

¥(b¥)

¥(d¥)

 (f)

S, Hor

              ･･e･o            ..-D･          ...･o･       ---ty-l    ..･o･' gif:.9.l".......･e･･-e

       Ticks: 2e-1 A/m

              E, I¥)own

%..o"'

Ticks: 2e-2 A/m

W, Up

  N, Hor

e.
. e..
--------"

W, Up

Ticks: E A/m

 ...".".".".""...""""...""･-････o

g¥)

Ticks:l

N,H
i'

E,]DowR

N, Hor

N, Eler

eq

 e% Ticks:

  '9'a.

   'er"D.

     ee%

E, Down

Ticks: le-l Alm

1 A/fn

Figewe 6.4. Selected mukivecterial demagnetizatioR paths of kxatramafic recks. Noti£e that xnest

dex¥(kagnetizatieit paths shew more thait ene magxetizatioit coKnpGRewt. Symbols iit gigme 6.2.

g27



¥(a¥)

¥(b¥)

      P?y

P"

6,

o @P2y
P8y

   <lgl¥)SP5y p3

           tw

      P6o   ([Iill])

 Peo ge @P8o

 @ @P7o
       g  P5o
         P2o        es

         Ply P6y o
 8s, + (S)2,

         ee P3     P5y

   Ple ge

  @ @P6e.ps.

P5o @          P7o
         i
            ge             P2o

FigaJire 6.5. Lower (upper) hernisphere, equag area prQjectiens with the gK}ee[g} orieRtatioits of (a)

"young" and (b) "old" RM vectofs and asso£iated £oitfiden£e intervals for xgatramafic ffecks. Left

side is iRsitu while right side is corgrected after Fold-a. SyR eckbels ift figare 6.3.

¥(a¥)

WUp

ge

9

p-e

Ticks:1 A/rn

 N, ffer

¥(b¥)

 ･･b

S, Hor

Ticks:

¥(d¥)

  Ticks:

¥(e¥)

Hor

--

--.

--
-t

'･e･
.."..e

ks:1A/m
E,Do

l A/m

    g
E, Dovvn

N, Hor

CEk% Ticks: 2e-2 A/M

  %
   ¥(?6 g
     ¥(lextr6'

E, Down

¥(c¥)

WUp
e¢..

'9:

.

# N,El
.

b
:

:

t
.

g

Ticks:aA/m

¥(f¥)

 9""'
WUp

Ticks: i A/}r}ri

      N, Hor

FigEEfe 6.6. SeRected multive£torial derrkagnetizatioit paths of gabbre sites. Notice that

demagnetizatioit paths show more than xnagRetizatioit coifgpoitewt. Syxgiibogs in figufe 6.2.

                                     128

mest



¥(a¥)

¥(b¥)

ee

G3o

 G12y @

G6y @

  + Glly

    G5y
      ag
    G2

  Gllo G6o
    0o
  <lll>, @ G8o

G5o @        G7o

c

Gg2y

G6y

1@
 G5y

  G2

@
Gliy

0 Glie
  %

G5o

 Gso ¥(S

   66o@

     @
     Gllo

G3e

        +

    G5o
G7o

o

G6o

 G8o
@
 @

g

G3e
  @

G7e
o

Figisre 6.7. I.ower (upper) hemisphere, eq"al area prQjectigits with tke Kxteait orientatieits aitd

asseciated £onfiden£e intervals of(a) "yoEE(}g" (b) "ogd" RM ve£tors ofgabbro. Left side is iRsitu

orientatioits, right is after Fogd--1 £orrection and down (in c) is aftef Rot-2- £orfectioit. Syitabogs

iR figvire 6.2.

129



¥(a¥)

¥(c¥)

  @

@ &patwge@e@Q

   @S

¥(b¥)

¥(e¥)

       moC
Mvu group g N

MW group 3

      f
' MVU greup 2

@

Contact

ECDC

Fig"re 6.8. Lower henkisphere, eqRJgal area projeetions with the eriewtations of ikdividuag

fotuienal axes for (a) MVU, (b) ECDC, (£) MRJDC, (d) contact betweeit gabbro aptd dike

£or[kpgex vmits; £oites indicate gO% of the rotational amekgffgt foff each axis. (e) Oriewtation of

itiiean rotational axes agkd associated cgnfideftce ifttervais. Notice the strong ovefgap of the

cenfidence intewals. '

g3o



¥(a¥)

8
E
EY¥)

a

1OO

 50

  o

-50

-1OO

-150

xx

1

  xx
   -

group 1

Amount ofrotation about inclined axis

Best--Fit

95% confidence (2-sigma)
61% confidence (1-sigma, predicted)

r,-･...

xA,

  -.4
            -

Counterclockwise

 E

-

    group 2

   -s
    --
xt    -"N:

       ×

   Clockwise

- - --- -- ･;;".･･

        group 3

--

×  x.
    ×     'x
       ×

3

¥(b¥) 40

 o

-40

-80

4

 Distance (N42W ) km

8 9

8
9
x]f¥)

a

-- 120

××･

 .--. .--
-t-vT7:7=-

group

× h..

  ×

1

Xx
---- N.

--e

group 2

'N. ....

    N

.N- X

Clockwise

Counterclockwise

  ---- .k     -... ---.-

xxrf=o.99

･･･ × --l---- ×
   ×

group 3
××

4 5   67Distance (N42W) km

8 9

Figure 6.9. Rotational amounts about inclined axes vs. distance for MVU sites along the Estero

Cono channel. (a) individual rotational amounts, (b) mean rotational amounts. Notice the three

clearly identified groups. Distance is measured from the innermost part ofEstero Cono (Fig. 6.1)

in a straight N420W line.

131



¥(a¥) N

+

N

-

¥(b¥) N

-

N

-

N N
(£)

"

N N
¥(d¥)

÷ +

¥(e¥) N N ¥({¥) N N

+

¥(g¥) N N

+

Figure 6.XO. Lower henaisphere, equal area proje£tioxi with the orientation of insitkk (left) aitd

restored (right) strkictures of MVU, CMU and dike coxnplex uitits. (a) CRastic sedis[xewts gf the

]V[VU, (b) pillow lavas and lava flows efthe MVU, (c) feeder dikes ofthe MVU, (d) pillew Rava

ofthe CMU, (e) ECDC, (S MRDC and (g) cowta£t betweeR dike compRex and gabbro vEgaits.

g32



Tl
.90

.75

.6

.7

.6

.5

.65

.55

.45

¥(a¥)N.
750/o

+
N

N
i

age

t agg

+ "e +ee
. .

¥(b¥), N
oe N
e

.

+
o +
oge + 7oo/,

o
.

e . .

e
e

¥(C¥)N 550/o
N

S.r.s
.:e.S;.'t" S N

Ttt

.s...e-e

1 .

N.
..

S.}'.se'･:useheee

:
'L

l

e.Se

-"

'cto

k･

ee..

N st

, .tt

-40 o 40 80 Unfolding %

120

.12

   ur
   as
   8.
.os g

  oth
   s
.04 ge

   E'
  pt
.oo

.4

.2

.o

.20

.10

.oo

Fig. 6.11. Unfolding curves and histogram (see fauxe, 1998) fbld test analyses using "young"

RM vectors and foliation in ultramafic (a) south and (b) central blocks, and (c) compositional

layering in gabbro unit. Optimum percentages are indicated as well as the orientation of isolated

RM vectors at O%, 1OO% and optimum percentages.

133



¥(a¥) N

        e
   e Ce:

e ee
eee

e
N

e
e
e

 Gabbro young rotation (Rot- 1 )

 Ultramafic rocks young rotation (Rot- 1 )

  Gabbro old rotation (Rot-2-)

¥(b¥)

o (sg2)
     +

Figure 6.12. Lower hemisphere, equal area projections with the orientations, and associated

confidence intervals, of (a) individual and (b) mean rotational axes fbr the plutonic units. Both

"young" (Rot-1) and "old (Rot-2-) axes are plotted.

134



Tl
.90

.80

.70

.80

.70

.60

 .98

 .97

.96

.65

.55

.45

¥(a¥)
N

N

1"eeee
e-.

oo/o

1ee 1

eee.
ee ee. 1600/o'.:.

¥(b¥)
. N
.M

$e.s
t
:-

+

:"e'

N

IS$b s
ee-

1ooo/.
l

t:'

¥(c¥)
N

16oo/,

N

1

1

s･iibiC)'

ssiS"

tw
oo/o

1Ooo/,

¥(d¥)
.

e::.-550/o

Net..s.s".m

so

.･.

ee ce

p

No.N

eZi¥?'

-40 o 40 80 120

.6

.4

.2

.o

.8

.6

.4

.2

.o

.6

.4

.2

.o

.60

.30

.oo

vas
95'
5
oth

e
ee

E'
po

Untilting %

Figure 6.13. Unfolding curves and histogram (see Tauxe, 1998) fbld test analyses of foliation in

ultramafic (a) south, (b) central blocks and (c) north blocks, and (d) compositional layering

gabbro unit using "old" RM vectors. Optimum percentages are indicated as well as the

orientation ofisolated RM vectors at O%, 1OO% and optimum percentages.

                                    135



¥(a¥)

t

¥(b¥)

+

¥(d¥) ¥(e¥)

¥(c¥)

. (b

+

Ultramafic north block

Ultramafic central block

Ultramafic south block

Figure 6.14. Lower hemisphere, equal area projections with the orientation of foliation

ultramafic blocks. (a) Measured insitu, (b) after Fold-1, (c) after Rot-1, (d) after Fold-2+,

after Rot-2+ and (D after Rot-2- paleomagnetic corrections (see text for details).

in

¥(e¥)

136



¥(a¥) N ¥(b¥) N

+

¥(d¥) N ¥(e¥) N

N
¥(c¥)

(b N

Figure 6.g5. Lower hemisphere, equal ewea projectioRs with the orientatieRs ef cegnpesitiona]

gayers ofgabbro. (a) Measgired insitg}, (b) after Fold-a, (c) after Rot-i, (d) after FoRd-2+, (e) afteif

Rot-2+ and (fi after Rot--2- paieorr}agnetgc £orrectiens (see text for detaigs). Arffows indicate

yokknging dire£tion efcgmpesitioma1 layers.

g37



¥(a¥)

¥(b¥)

     A     woo'

     t

     Va,

¥(c¥) tsr
     .T-     'g

     t?pt

     g..

     ¥)i;}l

¥(d¥)

50C

4ee

300

200
"...-.-･

."pt---pt--.--------""'"..lOO .....h."'"'..-"--.ws
"H."-.'""'""""'"'.--.'..

amatueusuamamaemutsmuazaeptS="--""
.--

;r!-.

e

800

6eo

400

2og

----.-"

o
'""-'"""""" Nt-N

6eo

4oe

200

y/A

e --------- """'･:N.N

16ee

12eo

see

     r
400

 o

 ffeatiRg

';':""":=':;"`!

         "-        "     --    ' ---

.f--'utan:
 :'"`'::: ;";"f"k

              g              "

            xg
     ---m.-'Y

-t-ew----pt-i---v------ptpt--------p  ut----b t

     260 400
        Temperawte (OC)

...N
Ne N
600

    500

    4eo

    3oe

    2oe

    1oe

     o

   25e

   2eo

   gse
9!-X

9 loo
ne. se
･ts e
"-

g
 o o. 6oo
en
.9

g 4oo
Slf>

l::

   200

    0

   1600

   12oe

   800

   4ee

    e

      xt"--X
     /N    -Nlfr.liptli..i"EEE':':pt"ir'S"ii't'l)i)".";iS･;;･ptsg.;,,

                ･･..N N                 ･･.N                 ---:r}ts
"N..

     /-..-."NX

    /N   -N
              N               N               N               N        ........-･-･-･-･-･･･... N
               ......NN
r"""-"'-"M"-"""" "N"N'I'lik',N

X
                 k. N
                  -is:-t- ts
                   :･･.>ltssN

-t..--"d-.---s"
"-d--."b-ts"ee--

-ib--M-t------------Pinv-------i -----""-I -----e-----l-----

.-.--wwttH P -.-t--.---t-- -- -------""- t ------" "-""-'-"-"ii'--

    tX""N
   - ts---･' N       k
        k
        k
        i
        g
        k
        g
         k
        NN
        ･･:'N>

Ceo}ing

=･pt･dipmpmptpt
.-esthptpt ` -"-

....""......

 ...,,,,,,,.,,,,;:rx :'::"'t'

 s

           g           k
           k

:l":' ::':" te.`a-ag:r. ---' - -- "" " ' -- N

      s..N.. --,..-

        N.         --b----.--.

200 400
  [RremperatR]re (OC)

  s

N
 ig g

 NN,

xx  .N  '･g N
  600

g

g

o

Figure 7.g. Heating (fight) and coeling (left) thermgxi}agnetic cEgrves obtaiRed froxxN

sedimeRts of MVU, (b) piilow lavas axftd feeder dikes of MVU, (c) gabbro ard (d)

rock samples. Notice the EibrE#pt decay ef alg £x#rves between 5500 and 6eOO

¥(a¥) cgastgc

iikramafic

X38



N
o

A21SP "

N

k

N

"

M3

+
lp

S8

N

as :

 Caleta

 Pascuas
e

   e%

 -e

S5

N

N

+
aj

N

[}I?

N

,a
,MX
,

9ltb o

%

a

M2

ve

Ml

- Mudstone
"t "{

N
m

" Anj

S3

a Sandstone
conglomerate [liSglS pillow Lava

O O.5 1 2km

cb

+"&

N

Con slan

S4

k･"'

{i

o
za

N

 ,sili

eeoo

A
A2A
"A
 o

N
C3

Estero Cono

#

%

.-
.

tnt

o

o

Caleta

Monona N

 A thbAzANti,A

 A+ gA
o

 o Ctf?

mm

N

+A  es

S2

A
m
o
}c{i

Kmin

Kint

Kmax
Bedding pole

Sl

N
NM
14 O

o
o+
o

 B

 A  ttA.L

iS}i[ki

Da

 Cl

C2

Figure 8.1. Simplified geological map of the coastal outcrops of the MVU in the Estero Cono

area (see Fig. 1.5). Lower hemisphere, equal area projection with the orientation of the principal

AMS axes (AMS fabric) at each sampled site (see text for details).

139



¥(b¥) i.o6

  :.
  ct l.04
  .9
  'tEl

  o  .s
  A l .02

    1.00

¥(C¥)¥) 1.i8

    1.l2

    1.06

    1･QR

¥(d¥) i.os

¥(a¥)

Mudstone

                 '        '<ajs@ptilj>
        ' Saitdstone

            Congiomerate

e.eool 0.001

e

&e
  o

  a
e

  e

e

Progate

a

e

   e
g Oblate

e
e Cl
o C2
es C3

1.oe IS2 l.04
  Fogiation (F)

1.e6

        Prolate

   ee @ ss@ge @

   tw %&
. o<iN&gee%

Obiate

*

o Sl
as S2

A S3
o S4
ge S5

pa S6

ss S7

tw S8

A i.e

t
ts

6 e.5
H
N
os

kOD2S.

t-Sos

:

oo -e.

  -1.0

  1.0

  O.5

  o.o

  -O.5

 -1.0

  i'0

  e.s

  6.0

 -O.5

 -1.0

O.Ol

o

  e
 e
･twas

  o
o

 goe

e.i KbRigk

    Oblate

 eDegree ofAnisotropy (P')

}a

e8

su

e g. 5

eo l.e6 l.l2

ge

ee
ee

e

LO 1.l5

  Progate

  @
ss

gs..ecge

o %ts kk

l.20

1.18

      @Obaate @

       as.OO pt S5
  go
  pa

1.04

o Ml
as M2
es M3

A ag ee es

Progate

1･Og.ee

Oblate

    o og

e go       o
     e

1.04

ts kgeasses

agss

ss ge

ssg･kk @

 @ tw

 eo
o g8
   g

i.15

Prolate

eblate

i .20

1.08

1.eo l.os IJe    Ll5

Prolate

l.2e

Fig"re 8.2. (3) AMS b"ak inJtensities by lithology. CharacterizEgtign

meaits of Lineation vs. Foliatioit pgot ¥(e.g. Balsley and Bkkddingtok,

¥(geft side¥) argd Shape paranketef vs. Degree ef Ag}isotropy plot ¥(Jegiptek

congRomerates, (c) sEmdstones aRd (d) niudstoftes.

ef AMS fabric shapes by

g960; Stacey et al., 1960¥)

,1981) (right side) for: (b)

140



  N.
e .d!i!il

  ck`

N
  S5

  N.

]Sl:lhK.n

eA
  C2

  N

     e
    e

  S6

   N

t<!{:g,i･

      '
-

 e" S
   C3

   N

S7

  N

Ni"
  g,

  N

S8

N

s
e

N N

l

S3

N

S!te

S2

N

S4

N

'

M3'

e

'

Ml M2

Figure 8.3. Lower

bedding correction

each sampled site.

hemisphere, equal area

¥(symbols in figure 8.1¥)

projectlon

and the in

with the orientation of AMS

ferred paleocurrent directions

 axes after

¥(arrows¥) at

¥(a¥) N

N

,- .Tl

ti st

-'

s

-r '

¥(b¥)

Figure 8.4. Polar plots with the azimuthal orientations of paleocurrent directions

AMS analyses. (a) before and (b) after paleomagnetic correction.

inferred from

141



¥(a¥)

"vg

ot
･v

C
B

¥(b¥)

"vg
m

A

B
･v

C

- compression

- Extension

li7X Abandoned

Figure 9.1. Block diagram showing the evolution of the stress fields recorded in the plutonic

units and in the eastern margin of the ophiolite. (a) First obduction phase, befbre 6 Ma. The

induced stress field divided into compressional ("B") and is strike-slip ("C") components acting

in the interior and in the margin of the ophiolite respectively. (b) Second obduction phase in

which the movement of the BBFZ, controlled by the "C" stress field, counterclockwise rotated

the ophiolite about 600. Early generated structures, by "B" stress field, were abandoned and new

ones were generated by the still acting compressional component ("A") induced by the

subduction ofthe Nazca-Antarctic plates and the active CR systems offshore the 'Taitao area.

142



N

e
e
e
1
t
t
t
A
A
v

MVU group 1

MVU group 2

MVU group 3

CMU
ECDC
MRDC
Dike complex-gabbro contact

Gabbro (young)

Gabbro (old)

Ultramafic (young)

Figure 9.2. Lower Hemisphere, equal area projection with the orientation of all calculated mean

rotational axes, including "old" and "young" rotations. Notice that the "old" rotationa! axis is

NW-ward inclined while those of the young rotation are NE to E-ward inclined. Ellipses

represent the 95% confidence interval for each mean rotational axis.

Figure 9.3. Block diagram illustrating the geometry of a negative flower structure controlled by

the activity of a dextral-normal fault zone.

                                    143



¥(a¥)

      Gap
   (Estero Cono)

Caleta Mitford

   Gap (?)
Central pluton (?)

           !･

          ･N-･l

¥(b¥)

FIXED

      ix2/ts,.v-.3//>-t,Yg;ts/,stt¥L9

                         Gap (?)
                       ¥(Chile Margin
                         Unit¥)
                     Caleta
                     Monona          Caleta Pascuas
               " qgllbli,¥) NCaletaGalle os ..

     Caleta Pascuas

             >caleta Gal19EllS .. .,･

-:42;,

'l¥)Nis"` ¥)>NNIIII¥)

 Caleta Monona

sO'

  1

  N

7/=-

    r', '' -"'
.･i

Nl-- t
..¥).s

O

'i2･£. ,, i,,

-NO

'1>e

z

M Basement
[Z Dike complex
[iZZ] Gabbro

P Tectonic gaps

N

- Vblcanics
ligS Coglomerates

M Sandstones

-ECDC

mkm

.'

-'i"

     T ･Cl(.
I 2.- ･

abandoned

tu
s... .. .. -, i,

 - '- tt, :: s ,/ .i . lt'

active

Figure 9.4. (a) Plan-view block diagram showing the rotation of the dike complex and gabbro

units that resulted in the generation of several tectonic gaps to the north, east and center (?) of

these units. (b) Coastal map ofthe Estero Cono (upper) showing the counterclockwise rotation of

each of the MVU idemified blocks; in plan-view (down-left) and in a 3D block model (down-

right¥). Notice that blue rotational axes were abandoned and rotation of all the blocks occurred

about the easternmost axis (red).

144



¥(a¥)

    ak

      t

 Ta'itao Ridge

¥(b¥)

        /
    //

     b1za'

   O

Og.
rr
te

oe
,･･l

no

g

SZ
 Taitao F.Z.

Taitao Ophiolite

e/

//
   I Dgfompation

    mlgratlon

  I/
    ･ ･"'i,:---,i[Sl･I S'Z'i

Z'

N

6

6aitao F.z.

(glsip

DarwinF.Z. z

Taitao F.Z.

Z!..-i

y.'
L./tll¥

-ttt'.':i:i--;,.

N

6

.Z/:
lr'gss

"::',,.X.i//i3'i5'll',:O,,di":.z"c

  /(III!l,!×

 /N
   ･･Zv
  s.lv .r-$L...,

N
O

Figure 9.5. (a) Northward migration ofthe CTJ (star) due to the subduction ofthe CR system and

the generation of an asthenospheric window beneath the Taitao area which opens progressively

E-ward (figure after Guivel et al., 2003). (b) Same process resulted in the E-ward migration of

the deformation identified in the Estero Cono area.

145



¥(a¥)

 ` .

1,'e･

.;-

,ili

120

e

x/¥) t

x-/V
  /./-x

 .l>S/.
   --.s[/lf

g6

¥(b¥)

"b--･,

'

   nL
.'

i"i':i"

  5¥)47 L7uvA LvA
"7A" 7A
" rtL rt  iL7 Lt. V4 L
ir n7LAs ;

s.

ul'

--

,iti

e,i'

AA

V¥)
A

)A
 -'rsz7o

rtsZ7o

zlll;LN 3: ,N

:

  <

.K

 Original

 (Present)

  Z
    /
  z!
  /
:/

   . .sflilS

-"

/75 i>4J¥)

.-tl;8

l><67

 s

/Jx

 --X/ 1
rSL/.-×-1

 x/,x't/

k
  .

 7

L¥)

rn

iiSlil¥(N

sd.

:

u

G. '

¥(c¥)

(} Zsciiiy

A
R

S;ISI

ifiClt> A2

sr
L

vAA
"

7L

v>iL

Lt "r

yt. .

tttN

9
LV4
- L?

" 7v A

7A
fi 7L"

L7 VAA

fi 7`

r

e
L

e

        .-7

Spreading Center Axis

//i/:d!jii

t7

L7¥)

:;-

i

-.. -..

- t'---'

  -

Z
'
'
'

  !

  /
!
  Z-
tZ
<,l:} " Peridotit

   /
   -./

//
lili;liliiii

     2

-･･-

,s/¥)x21il"IOi,s!}lis

Taitao Ophiolite?

  z
   ////

///  kxX"x xxXxx

iX× × NN    ×× XN ;iAan.×.xXKN;N.

       N .....

-

Restored

¥(Befbre Rotation¥)

c,D6ospygeg>

 ZZ    !zZ -  Z! .-
   Z !

Figure 9.6. Restoration ofgabbro compositional layers. Extracted geological map ofthe southern

part of the Taitao ophiolite (Fig. 1.5) showing the orientation of (a) in situ and (b) restored

compositional layers. (c) Block diagrarn showing the inferred shape of the gabbro magma

chamber at the spreading ridge axis and the possible original location ofthe Taitao ophiolite with

respect to the spreading axis.

146



¥(a¥)

¥(b¥)

t

l

N

/

s

 .

.v   .

N Nh.,.

CaletaNllascuas

wI'lllllllli"'hi"{N$ittt,¥)ilW,

  NN
N
Mnv

    ;l¥)% Kx."I!!t

' Nx ii>i}k¥)<I

,

s

,

     N

         N

     "S.x ,>t.'"

><.<<s
  ":x.. Iliir"N

TI ･,, XXx,N

     k,I

Cono Island
 .

O O.5

NW

1

..ol

s

1

LOCal FIVW/"<..

       "X.l'

2km ..Z<
        x

s>'･

0･

       ,.s,･
   tJgt -l, - 't;
  /t-･""' ... NKS :X i"x

  y! 'X, /'
  f, -.N...v
        .
Caleta Monona

   SE

   "'×:x
   x,

   N

lFlow

 .xxliVero Cono

, X"
N, ii'"

 x･,, A

 N/ x.
 . ht･/

SW

Figure 9.7. (a) Coastal map ofthe Estero Cono area showing the inferred paleocurrent pattern fbr

the clastic sediments ofthe MVU. Notice that the main fiow fo11owed the Estero Cono lineament

while minor flows fo11owed the Caleta Monona lineament. Also, notice that the coastal line has

being clockwise rotated (restored) using calculated mean rotational axes. (b) Block diagram

illustrating the possible mechanism ofgeneration, early flow and deposition ofturbiditic flows in

the Estero Cono area.

147



 (a)

-s-ki-e:-"'!':""

-A

 t7'
., '3i7ZiZi li:{zz:.i[l2iiz

t'

  s

  ;.-. XV 1

r7v'V

LEII'l'i'`･l'i;/7/.i,-:'.J..,-,,.･{J.f,,.i/tJi{-,.-J.i-i.'i:i-i･:･･::i'･:islE" }z;

'

"t
"

¥(C¥) y,f xk
v"'･,r'-....･-

&".,4t･il'IIZLIZ2iiJz22; {iJiZl1l{l

       'X . s            `N /
             -"
               {

[lllllllli]

Ellilllil]

ig¥il}<Sf

5k"XEil9:izev

pa

Forearc

Sediix}eAtaxy cover

Oceaptic crtEst

Upper maantle

 (d)

7P ps' ; )･,¥(,

)fev.tr" ".-

  ....;.iiil..1:.i'''-

`'

 :: 'i:1 ':" J' z': `l ii.l.1.:

  ･::' :-.:. :ft

  "::-i'zf;

  f tt.v

    -x     x

i'
 '

:.Il :'. L"'i'II':': 'i.: ,-'v '.

.;: l- ℃g,

z/
･s't /
 s/  re,x L    , l.J[    v }.u
      '     s

Z.Z
 ", ¥)}J'

Z

Figure 9.8. vait deit Bekkkel two(IeR (1990) fof the in£erperatien of a piece ef oceewki£ crust oitto

the forearc as a resugt ef spreadiscg ridge sRJsbdEeetioR. (a) Normag sgbdectioR prtef te the break-"p

ofthe o£eas afEc aithosphere Egitd ophiogite ebdtgction; (b) break-kxp ofthe eceafti£ lithosphere begow

the foreewc region; (c) initiatien ef new subductioR beneath the br3ke-gp portgen ef tlae o£eani£

iithosphefe which is itew incorporated iitto the forear£; (d) Back to a itormaa subdu£tioit with the

brake-up oceaeckic githosphere ifteerporated intg the fore2k2rc.

148



¥(a¥)

¥(b¥)

¥(c¥)

       ..,,,2f Ns

;'r'.if"-/..'di':'A-/t:,'tl:,lllllllllllllllllil';Fgti･H/t:.-...,,iitt::･'-sF:lj･ ,.iiii::t

 -: --- -

'}'i`ge't:''

       , :[ ･:,'･j･[Iiil,,

         ,s･.         i'. 7- V
'

       .ptN

.f;･･i-･i･:･.:･i･,i,,･ .'i li.:liiiiilli･i`ilill.-ii'l.･,iili.i･I.ii..:',･i･.il･1:･i:･･ :ii･,･..

         'L...      f        ･ .}., ",i?-1,' -h."

         Iilil:.;tiir-"i `- i

'
v

   N
.;83

         -----l'1i:i.'.T'l'::'l::i'; ......":'ill'Il:':.I"

    `      .¥)M         r

EIIIiii]

[lillllliil

3oO

..tt,ilr･ .･     ,11:'il:,1

:.1 :Ii･
     :'tk;' , '' il'1.'' ':`P

      b

9oO

Forearc

Sedimentary cover

Gabbro

Peridotite

il,l311r¥)i¥)tt,tt."-..

  ¥)N" L". P
,. r ..'  =i'illg･

 x

N".,

S<-s.L
N.

-s"4,/?HrtLN.N

 "`' - 'Sl
'' tc'N.i..L

l>'x v
.. .

.i;
  ttttt tttt tl tt"

,.. ..- ,･' i, ¥)

   ---- ;7

...:. "

t

Figure 10.1. Block diagram showing the clockwise rotational event of the ophiolite ¥(semi-

transparent dark-gray block) divided into: (a) original orientation at the oceanic plate, (b)

begiming of subduction and clockwise rotation and (c) subducted and clockwise rotated beneath

the forearc (semi-transparent light-gray block). Double arrow on top of the block indicates the

direction ofthe expected GAD acquire during the generation stage.

149



¥(a¥) ca.6Ma

     Vblcani-clastic and[iii3]

     volcano-effusive
 f- -¥) Dike Complex

 S ts. Gabbro

   'N peridotite

M Metamorphic basement

¥(b¥) ca.3Ma N50

         "vi
"`"

gl"'."'.llilii`l';':'?iiii.t...･"tll'lllt.,i3Si/},l"i'tll'll.>{}tfJ-EL-...

s<,
i. 71, y.N'N

 '$;';x
   si[l:

X･g)1>iF)1>ZN .

N '--¥

k
"l.'

s 3iEiit>･

j･`lll2

            -'  ,..,;cgt"",i,'p:",>,li"';"i"i/.'tL`,l.ix-i.zii'x-';iii.{,li,l-lllx'i;,---"-i.

 f). V (" .?f)xk X .'" ?
)f ., ,t.i;,it(iS･2-.l?1,ll7<sh.< ?ii

Sediment transport direction

Rotational axis¥)t Shear Direction

¥(C¥) ca. O-O.3 Ma

     -40

 .b r'"

 tzS7

-20

-･.eil-IVN

-90

i5ii/7･S'E./itS"IIX,g"l,,NsXl'l'lligXsl'ilii-..l,iZ,f･:':e"".e,k.

N 'f;itn ""'

.f,!L,:i3"ll '
.
'
.
e

.

e"e:n:;"

 -1--."e.:':e.'

'

-.iilNllVN

Figure 10.2. Block diagram showing the progressive counterclockwise rotational event. (a)

Original orientation of the Taitao ophiolite after old rotation (see figure 10.lc). (b)

Counterclockwise rotation ofthe ophiolite, which resulted in fblding ofthe plutonic units and the

generation oftectonic gaps east and northward ofthe ophiolite (see figure 9.4a) fi11ed by volcani-

clastic deposits. (c) Complete counterclockwise rotation ofthe ophiolite (actual disposition ofthe

ophiolite¥).

                                       150



¥(a¥)

6

"
6n

tu

6

 6
x3

t

ct

IFSii

x2

xl

¥(b¥)

X3 633

t1 t3
t3 23
     t2

6

 X2 t
61

 6

1

6
cs22

xl

Figure A.1. Division ofthe stress field into vectorial (a) and tensorial (b) components. (a) right:

Two dimensional model for division of a compressional vertical stress field; notice that the stress

divides into its normal (6n) and shear (t) components; left: same as right side but in a 3-

dirnensional space, ct is the angle between the horizontal plane and the shear. (b) Tensorial

decomposition ofthe stress field (6) in each one ofthe faces ofthe vanishing cube, xi denotes the

Cartesian coordinates.

                                       ¥(Z3

                                %-

q

Figure A.2. Stress ellipsoid.
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Figure A.3. (a) Geometric elements on a fault plane. Footwall and hanging wall blocks are

indicated as well as movement vectors (dd, dh, dv) (see text for details). Block diagrams ofi (b)

normal fault, (c) reverse fault, (d) strike-slip fault, (e) normal-sinestral fault and (fi reverse-

sinestral fault.
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Figure A.5. Spatial orientation ofplanes using: (1) normal (n and n") and (2) shear vectors (t and

s¥)
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Figure A.6. Equal-area, lower hemisphere projections with the orientation of compressional (6i)

and extensional (62) principal stress axes obtained with the multi-inverse method (e.g. Yamaji,

2000). Color on symbols indicate stress ratio, varying between 1 (red) and O (blue). Parameters

used in the analysis are k=5 and e=11. Data from Taitao ophiolite (this study).

153



East

Down

7

Up

1

6

2

   3
    High-stability

       4
5 Low-stability

North

Figure B.1. Schematic 3D diagram showing a demagnetization path obtained from

demagnetization process. Numbers indicate the progressive demagnetization step from 7 (NRM)

to 1. From steps 7 to 4 a low-stability component was isolated, while from 4 to 1 a high-stability

component was isolated. Vectors connecting the origin with each one of the steps correspond to

the data given by the demagnetization process. Adapted from Butler (1992).

¥(a¥)

  1,4

  ll

S OB

:E :i

  :i

¥(b¥)

Coolin

Heating

Tc

O so 1oo 150 200 250 3co 350 400 450 5oo S50 coO 650 7co

        Temperature

E･･･-

R
E
v

o-Vx

ag

.ooo

-nos
-mo
-ms
-D20
-n25
-.OJO

-x¥)os

pto
    S2D

.oos

.oo4

.O02

,ooo

.#XX¥)2

- ¥)o4

eoo

S20

   Temperature
Curie Temperature=578

Figure B.2. (a) Normalized magnetic susceptibility intensity vs. temperature during heating and

cooling of the sample, notice the fast decay of M/MNRM near the 5800C. Tc indicates the possible

Curie temperature. (b) Differential method (e.g. Tauxe, 1998) applied to the data in (a); upper:

01VUOT curve, lower: 02M/OT2 curve (see text for details). Analysis of the data was truncated

between 5000 and 7000C in order to minimize possible noise. Notice that the peak of the second

derivative, indicating a Curie temperature of 5780C. Data from Taitao ophiolite, (this study).
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¥(a¥)

north

X

X

¥(b¥)

.2 g･.

fx ,
s･t

 oc Nx
)XL Xss

-tXty

lr¥)>'

..t.･,',i!,'lz.m.g-ISg'ittl-ilj,',tA,-(f..

.-K Xn .-<

t

o y

   ,,, .. p

>x l- 'x-"
     1-N<>< Fjl,

      -.:' 'X"
      '>UL

¥(c¥)

'i}:lsi' '

 x: i

<'>,;';,,.`Li¥),X', -k(,iiNS l(I. .iSl)i･)Xi,

 -;; -' 'N

tt-J･t.,.iSi.

down
Z

Figxire B.4. Core sampRing, ofieRtatieft and specimeR preparation. (a) Refereit£e firagite centered

i* the sampged core ¥(g 2asi kgle, between itorth and x' axis; fi angge, between the pgapme ew}d the z axis

of the core¥). The ceordiRate system ef the saxnpae is defined as xyz; where x, z aRd dowg} axes

are in a vefti£ag plajee whige y axis is iA the herizgntai pgaike. Adapted frexgi Butler (g992). (b)

Extracted cofe with an arrow oit top indicating the x axis aged aRotheff arrow iit the side RRdicatiRg

the z axis. (c) Division ofthe core into specimens.
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aboEgt a herizontag axis perpendicular te the declinatioit gf the RM ve£tor (cir£ge). The dashed
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Y57



¥(a¥)

DiasiRagnetic Paramagnetic Ferremagnetic Ag?tiferriwtagnetic Ferm3gnetgc

ptdiKpt
kXfK
MK}"Msi

dip"MkNpaig
MfptMMeif

pteptptptaptptdeaptdwptapmptdedvpt

dvapaptptptadeptptptmpoedvptmpptpt

ptptptabptaj
ptaptptmpmpescaptmpptnjmp

aapt`-ma m=mg
¥(b¥)

ptmppt ptpte eptpt "pta pteneptptptpt aptpa eptpt ptptpt mppm¢pusmp
ptptmp dvpte eadv aepm aptptmpptpt ptptpt dwpte ptptpt mpmpopptptmp eapama ecrpt ptpmpt ptptaptmpmp eapt ptptpt mpmpabptpt ptpt paa aptaua vas> nzaC SurM="= daj ==S eat Xur =s

Figure C.a. CaassificatRon ofgeceagneti£ gninerags: (a) normaa circamstances (appgieCE fiegd is O) aRd

(b) ait exterx}ag applied fiegd (bga£k arrow). AEecows iR boxes repfeseRt the net waagnetic rKkog)gent

of the pEgrti£les; hogggw ewrews otEtside the boxes irdicate the magnetg£ fi eckoffKRewt of the minerag

wheR is Egftder (a) normaR cifcgmstas}ces or (b) Rgitder a certain extesrnag fleid.

g58



¥(a¥)
oo

AAv sc
.9
ts

 o･ff

A

1.0

it

9
6
.9
g
℃

gg

di

9
ofi

            'Prolate
      stss>

Sdor

  Oblate

Xitcrease ef aElisotropy

¥(b¥)
   l.e

p
g
E･

Xt o.o

sss

en

  -1.e

1.e Fo}iatioR (]F) oo

    Oblate

gncfease of aitisotropy

Degree of afiiotropy (P')

    Prolate

Figtsre fi).a. Classificatioit of the AMS fabric shape accordiftg to: (a)

¥(L¥), egnd ¥(b¥) Degree of anisotropy ¥(P'¥) vs. Shape pasragrteter ¥(T¥).

foaiatioft (F) vs. gwteation

¥(a¥) N

     k
x

¥(b¥) N

"tsg

   cae ptteS

ee

¥(G¥)   ee

    @ ee
N'

"X"
  AA caA esA

e

¥(d¥)l･- ee

 "/'h t' lij$l}

ee

¥(e¥) ew

Aji}

l;I$¥$

Figure D.2. Expe£ted dismibwtien of AMS axes of depesited sedixEkeRts. en each sgxb-figtgre the

kkpper part correspoRds to a loweff itesnisphere, eq"aE-area g)rQleetieit with g}ite ()rientation of the

differewt AMS axes; cireAes: Kmax, squares: Kiitt and triaitgges: KmiR. (a) Nermaa depesited

sedir(}ewts with ito inffkience of cgrrents or slope, (b) sedigifxewts depesiged "gRder the induence of

a weak £e]srreitt, (c) k]sgder a high-velocity currept, (d) under a lew-vegecity cwreftt, and (e)

sediitifteftts depesited in a slepe with Ro curreRt iitfiuence.

X59



P臨磁⑪§

160



¥(b¥)

t .:-/mp-g-¥)- t t le

iS¥(l

¥(a¥)

Photo 1. Examples of ultramafic rock outcrops in the southern part of the Taitao ophiolite. (a)

Ultramafic rock outcrops in top of the hi11s, picture taken looking towards south; (b) ultramafic

megaxenolith founded in the gabbro unit; notice the intense intrusion of stockwork gabbroic

dikes.
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Photo 2. Gabbro outcrops. (a) Compositional layers in gabbro, notice the pyroxene-rich (dark

area) and plagioclase-rich (light-area) sub-layers defining either folding andror slumping

characteristics. (b) Intense folding ofgabbro compositional layers; notice the strong defomiation.
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Photo 3. Bimodal dike complex ontcrops at Caleta Mitfbrd-Rees (a, b) and Estero Cono (c). (a)

Dikes of the MRDC with nearly vertical orientations; (b) shallow dike intrusion in submarine (?)

conditions. (c) Intrusion ofdikes into dikes at the ECDC; notice the light-gray dike intruding into

a dark-gray dike, and their chilled-margin. Photos (a) and (b) courtesy of Mr. R. Endo

¥(University of Tsukuba¥).
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Photo 4. 0utcrops of the CMU in Bahia Barrientos area (see figure 1.5). (a) Pillow lava deposits

located in the northern part ofBahia Barrientos; notice the well-development ofbottom and top

indicators. (b) Rhyttmic deposits of sandstones (light) and conglomerates (dark) belonging to the

clastic sequence ofthe CMU in "lslote Amarillo".
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Photo 5. 0utcrops ofthe MVU in the Estero Cono area. (a) Thick deposits ofpillow lavas nearly

horizontally oriented; (b) fine-to-very fine grain sandstones of the clastic sequence of the MVU

located in the westemmost part of Estero Cono, notice the abundance of sedimentary stmctures.

¥(c¥) Feeder ¥(?¥) basaltic dike intruding volcanic-clastic strata ofthe MVU at Caleta Pascuas.
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Photo 6. 0utcrops of rocks units surrounding the ophiolite. (a) Cabo Raper pluton located

southward of the ophiolite. (b) Tres Montes pluton located in the SW part of Tres Montes

peninsula; here evidence of hydraulic faulting was observed. (c) Clastic (?) Hornfels developed

in the metamorphic basement, located in the northward of the mentioned pluton.
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Driller machine at the University ofTsukuba used to prepare paleomagnetic cores.

.t$gtw. ･

Photo 8. Thermal demagnetizer oven model MMTD-18,

for thermal demagnetization analyses.

L:ts; ,-

at the Geological Service ofJapan, used
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Photo 9. AFD Laboratory used for alternating field demagnetization analyses. Up: AFD

demagnetizer unit model 2G-760, down: SQUID model 58IDC.
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Photo 10. Laboratory of Magnetic Susceptibility used fbr AMS and thermomagnetic analyses.

From left to right: KappaBridge pick-up unit model KLYL3, KappaBridge susceptibility meter

model KIIYL3S, Temperature control unit model CS-3 and computer control center.
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Photo 11. Fault-planes developed in the plutonic units. (a) Ultramafic rocks, (b) contact between

ultramafic and gabbro units, and (c) ultramafic rocks. Notice that in (c) two sets of slickenlines

can be observed.
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Photo 12. Fault-planes developed in the eastern margin ofthe ophiolite (BBFZ). (a) Slickenlines

developed in gabbro, (b) fault-plane developed in pillow breccias of the CMU, and (c) fault-

plane developed in clastic sediments of the CMU. ln the last photo, notice the displacement of

the sedimentary bedding (conglomerate, dark layer).
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                          AgegeegediRxAg Srtffess fieddis

                              A..S. Bessgec ec*ge¢eegees

A. a . i . Stress field defiititien

   Stress correspends te the force per g!gaflt area acting oit a sRgrface ef a solid, sech as an

imagigary of real bgock, pt"s the eqgal and opposite reactio" of the gx}aterial (e.g. Keascey, 20eA),

beeR a finixture ofphysicaa (force) aitd geerxNetricag (surface) quaRtities (e.g. Suppe, a985). It has

the same physieaR dimensions ef pressxEre (Mne2). Notice that forces can be represeitted as

ve£tors, defipted by size and direction, twdependept firorifk the eriewtatien ofghe sEErface where they

a£t. Howevef, related stress depeitds oit the eriewtation ofthe skgffface and gheR it is oRgy possibge

to defiRe it at that surface (e.g. Passchier and [lrrokivvs i996).rifhe stress fieid c3n be divided iftto

its taitgential (shear), gigxtd its itormal £eitkpoiteitt (Fig. A.1a).

  As rif}any ethers physicag parameters, stress field cet(} be fuIEy des£ribed gsing teitser r[eatrices.

The stress teRser matrix has nine indepeRdewt cog} kpoRents, and its represeRtatien is giveit by:

                                 gll t12 g13

                            T= g21 ff22 t23

                                 t31 t32 g33

   Where T represents the applied stress field, gii

nomaag stresses while tij (i, f--1, 2, 3) are the

vaxRishiRg cube (Fig. A.ib), i

   }L[g geoiegical sitEgatieRs, stress fie}ds ewe takept

independent compoRents ewe needed.

veslues" agoRg `ipprincipal sgress exes" ift three

£eordinate system) whige the other three
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                skeew stresses, beth in each oite

ewxd x･ is the vinit vecter ofth

                     to

         Of these, three componcnts

                   orthogeRal

             coslgpoitepts

Xl

X3

   i=g ge 3) repfeseRts ea£h eRe of the

                    of the faces ofa

e Cartesian ceordiRate system.

be syrniKketrg£ai and thefefore onRy six

         descfibe the `berincipesl stress

      dieceetions ¥(resegnbgiRg a certaRn

 describe the spatial orieRtatioit of the



`tprincipffl stvess exes" (e.g. Passchier and Treasw} g996). 'lrhe prin£ipal stress axes cgrrespeRd to

the intrinsic axes reRated to the stress field and surface. It is always pessibAe to fiRd a £oerdinate

systeitg in which the teftser matrix is diagemag, centaiRing engy the principal stress axes

magpttekde. ThEgs, the tenser rrxatrix eqxgatRon [E.g] becenkes:

                             z g, o o ne,

                             7> ==O g, e it, [E.2]
                             z o g g, ve,

  Where Z･ represent the force vectgr git the itew cgerdiitate sysgem, gi represents the magg}itgde

2tRd erientatieR of the priitcipal stfess axis aitd ni the ve£ter ptermal to ea£h sx[rfa£e where the

priRcipal stress axis is actiitg (i.e. the ftew coerdiitate systeitk). in tkk[is egrthegoital systeffn there is

Re tra£tfion ift the (iRre£tgon ef the prin£ipag stress axes. Mathemaati£agRy, the prige£ipaR stress axes

correspoitd te the eigenveetors ef the teitsof itaatrix Er (eq"atieit [E.1]). 'Irft}e RargesS eigenve£tor

correspeitd to the "mesximeem" (6i) stress axis describing the erientatioit of the "mmcimeene"

cempressioital axis; whiie the "ingerneedieste" (62) and "neinimeem" (g3) eigeitvectors cerrespond

to the "intermedinge" arRd "minimeeue" cempressional axes respe£tivegy. The relatgon between the

priitcipal stress axes is, by definitieft:

                                  gi ¥)g2 ¥)g3 EE.3]

  Notice t&kat in geeRogica} sittgatioRs, g3 is usEaaNy censiCgered as age extensioRag 3xis ratS ier thait

compressiemag.

A.1.2. The stress ellipsoid

  k correspoitds to a graphical representatigit of each priitcipag stress axis (Fig. A.2). Here, the

majgr three axes of the ellipsoid £orrespoRd in magftitEede and orieptatioR tg the pfin£ipal stress

axes. ho this sense, a sphere repfeseitts EEf} isetropic stress fiegd (gi=g2 =63) whereas a generaR

eNipsoid (where the three gkajor axes are differeRt frogik ea£h ethef) represents a gegeer3g triaxiag

stress fielCE (6i>62>g3). IR a geogogi£al cewtext, the orieittatioR axiCg sRkape oft]ke stress elRipseid is
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used te repfesent the stress fiegd related go the three rxRajer types of fa"ks ¥(ftorg}ai, reverse and

strike-sgip¥).

A.g.3. The stress ratie

   A Essefu1 pasragiketer to describe a stfess fieid actiitg on a ro£k fix}ass gs the "stress ratio" (if)

which is the regatRoR betweeit aihe prin£ipal stress axes defiReCE by:

                                      gl -g2                                                                             EE.`g]                                  q=
                                      gl -63

   wrere gi is the magnittade of the i-th pfincipaE stress axis. 'The stress ratio varies betweept 1

and O, with O representiRg a g}niaxiag exteitsion stress fiegd state (6i==g2) aasd fi a tmaxgal

eompressional stress state (g2=(ig). Intermediate vaR"es of ¢ represewt triaxiag stress fiead states

(gi>62>g3). The stress fatio is a rE}athegxkati£aa aid to chewa£terize the shape and size gf the st#ress

eliipsoid.

   grhe stress eaRipseid is a compiete characterization ef the stress fiegd while the stress ratio oi]Ay

cames iitformation aho"t the relative magnitudes betweek the prtncipal stress axes. in practice,

the stress ratie is preferred by gKRany geoiogists due its casy ixrftpgczKEewtation iit Egxgy cogieputer

rokktane.

                      Ae2e Newslgeeetrgges @ff seffeess fiegdis ecge¢ks

A.2.1. Fault plewies

  A fault plane is any fractwe in the re£k gnass whi£h presepts a rEeeasggrable dispgaeerKgeRg

a£foss its sgntlace (e.g. Suppe, 19g5). SeveraR geoigeetrical eaements can be defiited eR the faesit

(Fig. A.3a), such as: (g) haRging waii bieck (aheve the faggat plEtite) and (2) foetwalg bge£k (begew
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the fault ptaite¥).

   Igrhe relative dispga£ement between these two bRocks is represented by the ve£gor whieh

itkerges two poipts which were together before the rEkovement (dd in Fig. A.3a). This vecteff £ait

be divided intg twe cerrgponewts, one across stnke (in the hoscizontak pgaffke, dh) and aitether

across the dip of the fault sewfa£e (dv). Ac£ording te the reaative mevei[ftent of the bgo£ks, the

fa"lt plane cEEE} be cgassified as (e.g. Suppe, 19g5):

tw Nermag: where the haitgiitg wagl bkeck moves dewrkward, iit a vertie3g pganc, with respeet to

   its origiitag pesitgoR (Fig. A.3b). If the dip ew]gie of the faugt plane is less than ag50 theg the

   fagglt is caNed "lag". Noti£e that iR a Rormak faEglt dh=e.

@ Revefse: where the hanging wall biock rxioves Egpward with respect te gts originag positgon

    (Fig. A.3c). If the as kgle is gess than ag50 theit the fault ptaff}e is £aiRed "timst". Notice that, as

   iit a ftermal fauk dh =O

ee Strike-slip: The relative iEgovement of bRocks gc£g}srs iR a horizoRtal pRaRe; t}gerefoye

   definition of hangiftg and footwaN bge£ks is Re loRger vagid. Oite ef the bgocks is displa£ed

   Reft (in w]hich c)ase tkge fauk is caBed stwestrag) er rigket (dextral) respeet te tkte gther (Fig.

   A.3d¥). Notice that in and strike-siip fa"k dv=O.

   Reag faugt plaptes usuaggy show both verti£al (dhSO) and herizoptag (dvtO) moveg[}ewts. Thus,

fault plancs are Egsuagly classified "sing two ofthe abeve temxs (i.e. "normal-dextrag"), where the

fust indicates the rwajor er more £hewacteristic pt}ovewtewt (Fig. A.3e, fi.

A.2.2. BrittIe kiitematic indicators

   The fegative g)kovenkewt oit a fault pgane is a produ£t ef the stfess fieid iRdgced ever that

sewface. As the stress field is applied, tra£tion over the fault skxrface gs aisg appgied (shear). This

traction usuakiy ieaves marks in the faisk ptane sEirfa£e which caR be £Rassififed as:

@ Teel mexks (E{aR£o£k, 1985): predgxced by ohjeets more resistant than the re£k ffx}ass, the end

                                       19g



    ofthe mark indicates the sense ofmevemeRt (Fig. A.aga)

tw Sli£kemibers (Ran£ock 19g5): Mineral fibers that grew in the irreguaarities ofthe fa"k pggmae

    arkd p3falleko the xxievegxkeitt ef the fault (Fig. A.4b).

@ Secendary fractwes (Petit, i987s Debgas, i998): These cerrespend te suiiRor fract[ires in the

    fa"lt pRaRe product of tftke r[kovexKkent, they £ait be dgvidled iitte:

    g. T: se£ondexy firactisres are arranged "en echelon" wgth ew}gges betweeee 300 aRd 900 with

       respe£t to the giaajin fauRt pgaEke. [ifhe dip ofthe fra£tEgxe indieates the rK}ovefixgeitt directioit

       of the gnissing block (Fig. A.4c).

    2. R: The fa"lt szgrface is interse£ted by striated se£gitdary fkracetJkifes iit a fixed patterxi.

       They eEm present the same seitse of ngovegxtent than the fauat pgaRe (R) or oppgsite (R').

       Intersectien efR aRd R' fractgres itkay predkgce "fi}og*" shape stgxgctEgres ¥(Fig. A.4d-b.

       Dip ofR fractEgres iRdi£ates the movegxkewt direction of the gnissiRg bgeck.

    3. P: [Erhe fa"lt planc is always striated in a aow penetrakve way with se£oRdary ftractEEifes

       haviitg a gow dipping angle, kjEs"aRy less than aOe. P strexctwes dip oppesite to the

       dire£tion of the g)iissing block (Fig. A.4g-i).

   Frogn the spatiag erientatieR ef these yrRagrks, diyectiorg aitd sense of gikevegxient of the fakxk

plane £an be qg31itatively established. This, together with the orientation of the fa"k plane,

provides a complete chewa£terizatioit ofthe faugt.

A.3. Tigrlae Rwaweffsee gege*fodeme

  In theory or iit the laboratory, parameters gike efiewtation and gnagrgitwde of the stfess fieftd are

knewn and the work fo£us oit obtainiitg the grientuieit of geRerated strtk£twres. Iit coptrast, reag

fractwes aitd fagRt pgaxies are already geiterated (by seg)fte stfess fiegd) with their erteptatioR

known aitd easily fneasRErabie. grhex, the prgblem is t find the stress fieRd responsibae foff the

geiteratioR ef such fkra£tEkres er faEgk plar}es. This gxtathenkati£al problem is £aaled "inverse
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problem" (e.g. Carey and Brtgnier, 1974; imgeRier aitCE Geugefi, 1979; /trRgeEier, g994).

   To sogve the iRverse problem is necessary to assume that the ewientatioft gf ghe striae ¥(of aRy

ethef kiitemati£ indicator) indicates the directioR and semse efthe sheex stress which cerresponds

te a certain stress field tenser (Astgelier, 1994). Theit, an average £emmeit stress field teRsor can

be caacRjklated for a certain pepugatien of fa"gts.

   Suppose that we have a number ofN faekk-slip data exkd all these faugts slgp kxgkder a £emmon

stress fiegd T. If iti deRetes the nerwgal vector ofa fagglt pRexte (i=g,..., N), gheR the stress ve£ger

(R)i) a£ting oit the surface is:

                                   Vi :7>2i EEe5]

   Skxbtracting the nermal stress, the shear sgress component ti is obtaified:

                               t, =!Z->z, -(nTi7> e, )n, EE.6]

   Where the sEaperscript "T' iitdicates the transpgse gf the gE}atrix eff vector. Thgs gater eqkkatien

gives the oriewtation of the shear stress. However, t} kgs erientatieR (of the caR£xggated sheaptr stress)

ffxkay net coincide witk the orieRtatieR ef the rifxeasR;Ered strg3e (reag shear stress). Igrhe best-fittSsug

stress teRser for a £ertain fault pop"gatioR £agg be ebtagRed by gxgiRimiziitg:

                                      k
                                 T"=2es7k(4)2 EE.7]
                                     k=l

   wrere T" represents the best-fiwing stress field teitsgr, M is tke weight of the k-th faugt-sgip

data a$ad ]Fk is a fuft£tien which deRotes tfike differeit£e betweeit tftxe £aa£glated orientatien of the

shear (g) and the reag orientation ef the strtae (s) (ARgeRier, g994). Severaa forms a(kd selwtRons

had beeit propesed for Et. Nl these sol"tioits have shewn a goed consisteitcy in the resugts and

erggy differences iR iteratiQn tiffkes (e.g. /bogeiier, g994).

   CageuRated errers between the orientations oft axkd s should itot be the ogRy oncs considered tg

£alculate the shear stress. Also, the diffk)reRee between the reaR fagkgt pgagNe a] gd the theoretgcag oRe

shougd be cgflsidered. The oriewtatigit gf 3 real fa"lt piEgEke £ask be £empleteay £hewactergzed by a

co"ple of ve£ters ve and s (the first ptermak te the s"rface aggd the second paralleko the striae
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orientatigR) (Fig. A.5)s w}iile a tlgeereti£ag fauRt pRaxe cegmt be £hewaeterize by vecters it* aitd t

¥(sgrnilar to the previoajgs oRe¥). In order to fiRd the best-fittiitg stress fiegd teRsor for a cefftain faEegt

                              *populatioit the difference betweelt n and n mggst be coitsider as welg as the dgffefence between t

and s (dngelier, g994).

   Since the £al£glatigit ofthe stress field teRser is performed iR an ideaA sitggation, some degree

efteierewi£e m"st be allewed in the differen£e betweeit g ared s (er n* Emed n). Severag stwdies had

proveit thast a ca. 200 toieraxxce gs still valid ¥(e.g. LaveR" et al., g995; L3ven" aRd CesKgbrtmag,

1999; Cembr2mo etai., 2eOO; ameng others¥).

   The £al£ugatieR ef stress fields by the preseitt methed is not straightfk)rward by hand.

However, several soitwewe packs have beek dieveloped tg sogve this prebgezrk; such as: (ft)

aRgoritim ofCarey and BruKkier (fi974), (2) softwewe Teetofti£sF})@ (Ortncr et aR., 2e(}2; 24wageeier

and Geuigel, g979g Spergxer, i993¥) and ethefs; providiitg a fast and easy way te determine tke

stress field tenser regated to a eertaipt pepulatioit of faxxits. Differeitces betweeit £3gcegated aitd

real orientatioRs of the shear stresses £ewk be easily a££eu(Eted gmd the regated stfess field teRser

cegk theR be reje£ted or accepted.

   In reality, a £ertaiR population gf fa"lts was probabiy gegeerated by different stress fields

actiRg synchronoggsay or at differept times (heterogenee"s stress field). The previogs method

works well for hemogencous fault-slip data pop"iatieR, bgt it gs ggi}abge te identified

hetefegeneoxis stress fields. Thus, certain division £ritefia are neeessgasry tg separate a*d filter the

faaslt-sggp data before applying the method. These £riteria are "suaggy ambiguous, makikg

sometimes vitwagly ixif}possibae to separate gitnd interpret ideRtified stress fields.

              A.ag. 1ff'laee twecRgS-geeveeerse waegk*di (thmeajfi, 2ssgeas, 2as$3)

   Iit order to separate heterogeReovis fa"lt-skip data, kaxgaaji (2000) preposed a itumeri£ag

method called "ueutlti-inverse" ntethod whi£h is abge to idewtify aitd sepewate heteregeiteeass stress
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fiegds recorded on ghe fault-slip data witheut any previe"s knowgedge ofthe data. The eore efthe

ft kethod is akiit to cluster analysis (Menke, 1989) which cgses a sort of seifcorreiation ef the data

¥(Yamaji, 2000¥).

   Suppese that we have N fagggt-sgip data axkd no a prierk knowledge ef how x[gewky er what lciRd

of stress fields are recofded eR it. 'ffhe problem is hew te divide the fauRt-slip data into subsegs

that correspends to stress fields that a£tivated each subset (Yamaji, 20oo). Fer this, She gixethed

separates a k-element s*bset fregik the N data. ThEks, the number ef s"bsets that cag} be obtaincd

from the N fault--sgip data is giveit by the biitomiag coefficient:

                                        N!
                               NCk =                                                                             EE.g]
                                     k!(N-k)!

   Where Nf stgwtds for the factohaR of N (Nf-NaVLD(7VL2)...(7VLN+D. For ea£h sEgbset the

invefse method is appRied, obtairkiitg a Rumber ef sogutieRs ecgviaA te the ftxwnber of EggRagyzeCg

sxgbsets (Yagxkaji, 20eO). Onee the NCk stress fields are obtained, theif principaa stress axes cE[it be

extracted. Te have a visua1 aid of the ebtained solutions a coupge ef steffeoitet prQjectioRs ewe

used, eite with the ofieittatieit of the fixaxkg] kwm stress axis and other with th3t gf the mgitiitawn

stress axis cal£giated for each stress fiegd.

   SiRee the nwnber ofobtained sog"tigits can be quite 12gxge, it becoitkes itecessary to iitvestigate

the density distribEgtie* of the selEktions. Let m be the number ef solutions at a ceftain grid peiRg

(i.e. with a £ertaiR general erientatioR) with Ppm) the frequeRcy of those selgitioits. If d is the

stasxdard deviatioit ofPav then it is possibie te defiRe age "egikan£ed pewaxEieter" (e):

                                       m
                                   e:- EE.{¥)]                                      4d

  If e<a at £ertaigN grid poing, no symbee is plotted. "ff'his ffelatienship aRgews tlRixxff)iRg owt

erroiteeiss solutiens aitd enhaitced £orrect oncs (katwaji, 2000).

   To have a3k easy way to visualize obtained sgress fieftds, a special syRK}beg is tgsed iit tke

stereeitet representation. The orientation of the stress axis gs ceRor-£oded, where the £ofior

indicates the stress ratio related to that solcition. Agso Egg} atta£hed taia iitdi£ates the directioit ef
                                             "
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the con kplegitentary stress axis; i.e. if the maxixixE[fxR (n kiRigxeum) stress axis is plessed, ehen tke taik

poiwts in directioR efthe complemeittewy minim"m (it eaximuxEe) stress axis. Stress fields sol"tiofts

for ghe entire fault-slip data are seeR as cgusters wigh sargae cogef aitd with taiRs poiRtiitg to a

commen directiok (Fig. A.6) (Yamaji, 2eOO, 20e3).

   Simiiar tg the elassicaR inverse gxgethed (Aerkgegier, g994), the ifnu}ti-inverse gikethed (kagxkaji,

2000, 2003) provides with aft easy way to £alc"1ate the responsibRe stress fiekd whi£h geRerated a

£ertain pepulatigit ef faults. CertainiM the g]Rgglti-inverse rieethed is an *pgrade of the caassicag

iRverse method, soRving the itaain gimitation ofthe gater one.

  The convergepm£e of the ebtained sgiutiens is highly depeitdawt ee N (nwnber ef fakxgts) and k

(nwmber ef faugts iR ea£k} s"bseO (Yamaji, 20e3). As the faugt-sAip data in£kudes Roise, EksEgagly

because ef iwae£ew3te measewegikents of the faugt pgax}e exRdvor She directioit of the suiae, the

calculation for a srEkagl number ef faEgftts ¥(M kxsiLxaggy provides with incorrect segggiens eagged

"aneij2]cts". Also, the cheice ofthe parameter k is arbitregxy, yet swaagl vaR"es gxitay yiegd erroncekis

ex}d xwtstabie solvitieits (ardfaets) (Yamaji, 2000). The itumber efcog]ap"katiens reqekired iRcreases

with k in order ofi

                                  .C, oc Nk EE.goi

  Where the syn}bol cc xneams `Propgrtionul to". Theit, if k<<N a smalg vagge ef k is preferabge.

Tests gfthe rrgethed with simulated and real data hewe shown that the optiss}al k value is between

3 axkd 5, depeRding on the fauRt-slip data a(ed N(Yamaj'i, 2ooe, 2003).
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                        Agegeeegedifix Bg Pxebe*mpkasgmeeegfismo

   If a nkinerag of a rreineyal aggregate had recerded the magnetgc fiegd of the Earth, theft is

possibRe, wit}g the aid ef certaiit tecimc}xEes, te extract this informatioR. T'his provides with

excellent data to determiite the magnetic emd tectoxai£ histery ef the rock. By £empaptng the

grieittatioits of RM vectors with that expected te be the iEkagneti£ fiegd at the acqwtsition time, it

is possibge to determiite qualitativeiy the amouat and seitse ofretatigit ofthe site uiitder tkitagysis.

   in erder te h3ve an ac£arate coitstraint of the magnetic agid ge£teni£ history of the reck, it is

creciako know the RM acqEgisition time. Since paw3days there is geg available tec}]jkique to

ebtain ait exact age for the k(yagnetization, in<iftirect teclmiqgges itkkkst be gesed. A geed age £ontroR

of the rock aRd/er any other well age-eoitstrained te£tonic evept is highgy desirabie. Indirect

tecimq"es are vewied, bRxt rnost £orrrmoniy Eesed ewe those whg£h previde a dire£t regatgoR

between the RM aeq"isitioR time aRRd a certain tectonic evept, su£h as foading, tiltiRg,

metEtnaerphism, etc.

     B.R. ObgntewSwwg ?thge*maftgwaeSfi¢ diixeeecek*assg erptResgeweeegec ¢Metswafiwag asegk*dis

   Since a rock er mineral aggregate contains (pessibiy) a series of rifgagReti£ fiegds re£orded, it

becemes nccessEgry to isolate progressively the diffefept recorded gENagneti£ fieRds. kwo

tecmiqkkes are briefly discussed here: (1) Akemating Field defif}agnetizatien (AFD) and (2)

Thermal demagnetization (Thi)). Both allow a ceRtrolled agxd paxiag reffrkevaa ef the }klX!fi,

revealing the orieRtatieR and it kagititwde ofthe differeRt RM ve£ters re£erded in the ro£k.

   The Altematiitg Fieid Demagnetizatien (AFD) tec}kskique is based iit the spectra of di{feffent

coercitivities of the ferfoffKkagiteti£ (sensee lato) miiterals. By applying a eowtiRueus increasing

magnctic fieid, it is possibae to realign pfegressivegy the RM in a rock sample. The reg¥)kainikg,

non-aligned magRetic fieftd is measxifed, obtaiitiitg the orientatioit agxd iktensity of RM at ceptatw
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ceercitivity leveg. "Ib for£e the RM to rotate gver its energy barrief (i.e. to reagigft the RM) an

extemal nkagnetic field rrkust be applied whi£h exceeds the energy bartleif AE. (e.g. Bwher, g992).

From the theory ef xgxagnetisri}:

                                       hc f's
                                 M ==                                    m2 EE.gl]

   NMkgere f', is the intensity of the RBvg ax}d h. is tSge ceer£ive for£e (e.g. BgxtRer, fi992). [grhe

coer£ive force is a measure of the energy barrier to rotate f', (the RM) and realign ig iR the

directien of extemal applied field.

   The imdag]aentag AFD pfocedE[re is te expose the rock sagxgple tg aR aaterxkating rxgagnetic fieRd.

The waveform ofthis field is a sinkksoid with a lineew decrease in xKgagnitudc with time. AppgyiRg

a peak nkagnetic fieid ZlkF to the sample, a}g niagRetic particles with h.=<H4F wtlg become aiign

with it. This fiegd can be assigned arbitrarily (Witheut leosing gencfagity) with "up" direetign. As

the appiied xnagnetic fiegd fedu£es iR integsity, the next field ff'AF== Ki,F.A (Zg deRetes a smagR

differeitce¥) aligns all particies with h.=<ZLirA ==ff'AF with Eee ewbitrary "dgwn" directioR. in the

Rext step, an extemag field H"Afi ff'AFrzcg == ZLip2A peiming "vgp", is appaged egfiad alg paxicRes

with hc=<ff"AF beceme aligRed wtth the externag field ff"AF. [Erhe nct resglt is that aaft partieges

with ff'Ai7-;:Sh,.<,.HkJ7 are realigRe<S pointing "xxp"s whi]e parti£ges witlk ff"AF-S)lzc=<ff'AF are

reagigned pointiitg "down". The tetal xKxagnetic moment of partifcles in these two h, ijatervaRs

cancel each other. When the appXed exterital field reaches O, the magnetic gnoments of alg

particles with h.=<l7kF are destreyed ew}d ongy the r!iagnetie ftaoineRts of the particles with

hc>.ELiF rexn3iR. The pfocedtEre to resriove the magnetic xnoffxkents with h,=<HiF is £agRed "AFD

                                                        1'

step". Performing a progressively inerease of the peak ff2tF iit each AFD step ¥(i.e. HlrF ¥(step

a)--<LL4F (step 2) =<=Ll14F (step 3)... =<Zl6F (stel) Al)) it is possible to obtata a progressive ig]kage of

the RM recerded in the sampie.

   })ifferent firoite the AFD procedkEre, the thermal demagnetizatioit (ThlD) relies oit the basis on

blocking temperatewes. RM vectors acqggire at temperatEJEgres beiow the blo£king tcgikperatkkre are
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stable, especiagly ifterryperatkxre is decfeasing (Bggtlef, 1992). The procedggre iRvolves the heating

ef the sampge to aft elevated peak tes[gperatggre (7Li,.ag) below the bgoekug temperatggsre ef the

constittient szx}iiterals. Further, the saix}pae is cooged te rooixk teziNperatwe (abegt 2eOC) iit a itvsgR

magnetic fieRd. This heating causes that gg}agnetic gxgofi}ents of agi paxrticaes with 7H b.<,,,7be..g are

rasedesx}ized, as with Rew k. dciriRg AFD (Butger, a992). Peffforming increases iit 7}iemag

temperature over differeitt steps (as AFD steps) aiiows a £offkpRete isoRatien ofthe chasracteristi£

RM vectors.

                     B.2. r]lygees dyff yemoesasemeg mekgwaeeetin&Sfi*ge

   The net RM ofa rock or a mineral aggregate present before egptky gaberatory treatgikeitt is calaed

"NatEEral Remanent Magnetizatien" (NRM) (e.g. Bwtler, g992s fauxe, a998), and it deperds on

the geernagRetic field of the Esuth and geoiogi£al processes d"rwtg the rock formation aitd

evolvgtion. NRM caxt be composed for mere than eite cempoReRt, feferred as prigxKary and

secondafy. Secondary NRM cempoRents caxk be acqxgired subseqEgeet go reck formation and can

aker or obs£vEre prirrkary ones (B"tlef, 1992). These seceitdewy £es]apgfteitts are added to the

primary to preduce the tetai NRM (Fig. B.a); there ewe foEEr basic forms of se£endary NRM: (ft)

viscotgs, (2) thermaE, (3) chemical and, (4) gight-indEgced gnagnetizations.

   Viscous RM (VRM) results froiifx the actiolt of the geggnagneti£ field after the formation of

the rock. From the paleomagneti£ peint of view, VRM is kmadesirable noise (B"tler, 1992).

E{owever, it ceti} be easily erased dwiRg the first steps ef deg) kagnetization. It £an be reeegnized as

an iitcfease in the magnctizatioit intensity respect to the NRM (Fig. B.2).

   Thermal RM is the form of magnetization rr}est commos]ay aequire by igneoaxs rg£ks dkxfing

cooiing (e.g. Butler, a992). As the temperatEjkre ef the minerals iit the ro£k de£reases, glieineraRs

change theirs behavigrs from pewamagneti£ tc ferrgmagRetie (sensu lato), beeit able to acqgire

magitetization. The mag*eti£ field gf the Earth care theR align the rriagnetic gitonReitt of the
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rRi"eraAs with bleckiitg temperatwres begow the prese*t teg)aperature, siitailar to the 'ffhD pfo£ess

in reverse. As the cooliitg temperature decreases, ferrontagiteti£ (semsee lato) behavier ef ghe

miRerals is stronger ascd acquired RM becox[kes stabge and re£orded iwto the mifteral.

   Chemical rnagnetization is acqkxired due to a £hemicag change iR the gRagnetic mgixerals, as a

resuk ef alteratign to ferromagnetic (senses lesto) miitefals or pre£ipitatieR ef ferromagRetic

x]tineraas. As the chemical cgmpesitioR of the x[itinerags chagges to a ferrgsnggneti£ (sensee lato)

behavgor giExder teitEpefatg[res below the blocking tempera"JEre, new siiagneti£ minerags acqggire a

RM paralleko the appgied ftaagneti£ fiegd. gf the temperatewe is below the bgoekiftg eeirxperatwe

the acquire magnctizatioit wilg be£ame stahle, sixEkilar to the thergRal RM.

   Light-indticed RM is a product ofa short-term exposure ofthe magnetic grxincrags to a stregeg

gnagnetic field at constant temperatgxre. Light"ing strikes 3ppgy a randoscxRy orieitted fExagneti£

field ef ca. 10 to iOO mT evef an ewea ef abokxt g m ewoand the igrRpa£t poiitt (Butger, g992). As a

resugt, the area aretgRd the stfiking point cas t be partiagly or £eff) epReteRy rex[tagnetized.

B.3. ifs*gaetfi*ee fteedi digsgelay *ff ww iwee¢g*ers

   IR ofder to isolate the fecerded characeeristie RM, an exhaustgve ew}aaysis ef both the inteitsity

decay vs. temperature (er alternating field) and the orieptation gf obtaincd Rpt({ vectors ewe

Recessary. 'rhe fo11ewing preced"re is done on data obtained froffK) the fiEk3gRetic £geagEiRg

procedg!re, which in£figgdes both the regnainiRg RM iwteRsity Egxkd the erientatgeR of the regated RM

ve£tor at each g] tagnetic cleaning step (M).

   Iit order to £ornpare the demagnetization data from several sarifipRes frogxit the same or difficrent

sites, it is necessewy to nermalize it. Thus, it is ceftveitgent to norsK}agize the whole data frem the

sErmpie against the N}erVE intemsity:

                                 (Mi)n:Mtt [E･12]
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   W]kere (1wri?. is the nermagized RM intensity at the i--th step, Ml･ is the RM iittensity at the i-th

step and MNRM is the RM intensity at the initial step.

   SiR£e Rormagization ef RM inteitsities was dgne agaiRst MNR?va the first vaakie of tke decay

cew"ve is agways eqgiag to 1. Any further increasing gf the nermagized RM intensiey, i.e. ¥(ZZVI?.>g,

indicates the possible presence ofVRM (itoise). After RM kwteitsity c"rve has decay belew fi, a

lrigh--stability cogxkponeitt has beeit isolated. SEgch cempeRekt cait consists of nRere ghan oRe

representatave vector.

  As the magnetic cleaniRg step becoxyies stroRger (high tegxkperatures or high k.) it is £oit)]ptoit

tg observe a cergapgete decay of the RM intensity to, ef near, O (Fig. B.2a)s this rEgegitns that the

sample has been conxptetely demagnetized. The poiwt where the rKkagRetic inteitsity has decay to

O £aR be interpreted as: (a) the maxigi xum blgcking temperatwe of the sekge xple (oit Thl) exgalysis)

or, (2) as the ntaxixif}um ceercive force present iit the sagnple (on A[FD eegRaaysis). This vaggge ctigptg

give a geod £omstraiit abotgt the magnetic mineral phase which £arries the RM ve£tor.

   WideRy tEsed in the paleomagnetic giteratufe the ZijdefveRd (g96'7) eitd-vector diagr3x]i ]ias the

advaxitage ofinegikding gnformatieR about beth the directioR and the iRtensity ofthe RM vecter at

each pregfessively cgeaxking step (Fig. B.3). The base ofthe M･ vectof is pRa£ed at the erigiit ofa

coordiitate systeRyx axkd its end is prQjected iftto two overlapped erthogewal plagzes. [gr}ke Rength ef

the pietted vector is proportioital to the inteRsity ef the M ve£tef proje£ted eittg that plaRe

¥(Zljderveid, 1967; Butler, 1992¥). The two orthggonal pgaRes ased for the prQjectiek are the

herizontal pgaRe, north (xi) agkd east (x2), and the vertical pRaite, itorth (xi) aRd down (x3). [ffhe

CartesiaR coordiitates of any vector in t} tis space are giveit by:

                             xi, =M, £os(l,)ces(D,) EE. fi 3]

                             x,, =M, cos(l,)siR(D,) EE.14]

                                 x3, =: M, siit(l,) [E.as]

Nwuiere M} is the iitteitsity of the RM vecter, L is the inclinatieit aitd Di is the de£YiRatioee of the i-

t}g cleaning step. [gr}ige ZijdefveRd (1967) diagram is eoRstreJected by gnerging the eitd-pgipt ef each
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RM vector. Since the diagram coittaifts the imbrgx}ation of both ikteRsity and orieptation of ghe

RM vecter, a twore or less straightigne oR both prQje£tiefts (aa same dexK}agnetizatien levels)

reveals the preseit£e ofa high-stability RM (Fig. B.3).

  After recegnitioA ofpessible high--stability £ogitponewts efthe R]N({, the reckost a£cggrate way to

obtaiR the orientatieR of the chara£teristic }klNtg vector is the `igeprincipal compgnent esnalysis"

(PCA) proposed by Kirs£hvink (a98e). 'Irhe best-fittiitg vector t]E#rogifgh a series ef sgightRy

scaxered vectors £erresponds to the minin kwm fi gemeitt of iRertia of the fegated covexiag tce matrix

(Kgrschvink, g980; Taaxe, i998). The valkJkes of this matrix ewe the £oordinates of the center of

mass of the data (Scheideggef, a965). Trajksforming the RM vecter to CartesiaR cgerdinates

xgsing eqEgatiens [E.g3] to EE.g5], the center efgxiass ofthe involveCl vectors is given by:

                             Xi=-Iiili7(#..,, Xij･ ); Vi -- 1･2･3 [E.a6]

   wrere the subscripti(i=1, 2, 3) denotes the three CartesiaR axes aRd N is the murKiber of

vecters invoived. To traitsform the data te the itew £oordiRate systesu} (ceittef efmass):

                             x'ij --- xij --- x,,Vi :---": R2,3 [E.W]

   TheR, the cgvariaRce rrkatrix (C') for the demagnetizatieR daSa is given by repia£ing the

elements gfthe orientatien matrix tenser with the elements obtained iR EE. fi 7]. Thus:

                         2xfii2 :x'i,x"2t 2xVi,xe3,

                    cy:2xel,xe2, 2xe2,2 2xv2,x'3, [E.ls]
                        2xgiixe3i 2xv2,xg3, 2x73,2

   grhe eigeitveetors ofthe xK}atrix C' correspend to Y¥), Y7¥), Vg and tlie reaated eigeitvaEuies Egnce Ti,

T2, T3. [grhe dire£tioR of g7) is the dire£tioR in where the xEiorneRt of ifiertia is geast, representing the

direction of the best-fitting vectef for the data. Kirs£hvirgk (19gO) introdiEk£ed the so-caeged

"mexmeeem aitgutar deviatton" (mo) as a pre£isioit paraff}eter foff this anaRysRs. rff"he standard

deviatioR of each eigeitvecter of the matrgx C ' is giveit by:

                               ;, =: Vi77svi -- fi,2,3 [E.ag]
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and the MAD is deimed as:

MAD,.t,.-i
¥( gi;g32¥)

E]E.20]

B.4. SetgegfisggectcM amethg:ysfis geff ww weeecg*pts

  IR erder to chara£terize the }twE vector at £ertain geegraphicae Iocation or re£k type, it

becemes necessary te have a me3it orientatioit for it at the site. A:fk error, gskkagly 3sseciated with

the rnean direction, is statisti£algy calcukated as the igxtervai £ogetaipt*g at geast 95% of the data.

The foIgowing statisticakecimques help to determinc the eriewtatioit ef the gxgean vecter eki kd the

asseciated error.

B.4.i. The Fisher Distribwion

  This distributioR is the sphericag ex}alog of the widely lg:newn Nowwal distributgeit. It is based

oit the ass"fi [}ptieit that the data is "synementcally esitd randomly disgribeegea' abegt £extaige n]ean

directioit. The Fisher (a9S3) density fun£tion is giveit by:

                             "4isher :igz.sijmb<' (Kr)eKCOS(P) [E.2g]

  Where p is the angle betweeit the true direction and the esRit ve£ter, sc is a precision pewameter

(sgich that k-co, dispersigR goes te O), ai}d sinh is the hyperbeli£ siRe imctioR. Noti£e that in this

treatmeitt intensity of geitgth efthe RM vector does itot paay aity rele and vecters are supposed ke

have k]j niit length (Fisher, g953; 'ifakkxe, g998).

  In order te obtain the gnean direction frgrn a set of RM ve£tors they keed to be cerwerted te

Cartesian coordinates. Using [E.13] to [E.15], the ReRgth oftlae sum vector (R) is giveit by:
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                                 R= ;. ].,(#., xj,)2 EE.22]

  wrefe N is the ftumbef of iklVff vecters invoived in the anaRysis. rhus, g}ie CaftrtesiaiR

cegrdtwates ofthe mean dire£tigit are giveR by:

                     M ::l:i-(#..., xii);Ji5--zil}-(#.., x,,)siigli- :k-(#..., x,,) m23]

  1ifhis coordinates caxx be re-cokverted to decginatiok and inclinatigit £effxipoRents using:

                            D :tannti(it2 );l---- siRrmi (fl-) [E.2ag]

  the statisti£ag precisioit pararg geter £an be estis g aate by:

                                       N-1
                                ?<!Ik:                                                                          EIEe25]
                                       N-R

  and the related conhdence interval, i.e. the error associated, is calc"gated by:

                                                i
                       ev(,-.) :£os-' i-NR-R (S-)iV:':ii -g [E.26]

  wuere ip indicates the probabiMty gevel efcenddeftce. This is axswaggy 95% tp=([).05) anCg it is

eqgivaleitt a twe estixnated standard errors frofik the nkeaR (e.g. Bwtier, i992).

B.4.2. The Kent Distribution

  The prgblerrk with the Fisher (1953) distribEktion ewises when the data is mot "symneemically

distvibutea' areE[itd the g]kean dire£tioit; like for exampge iR ar£uate distributigits (e.g.

MacDeftaid, 198e¥). In this kind of ggnit vector distributiefis, where the scacter is gxiainiy in

Cgeclinatien bkkt incRinatieR rerExains rgiore c)r less coitstEgnt, the I;isher (i953) xKieexR has exR

incgination steeper than the true incMnatieit (MacDofiald, g980). The assggmaption ghat the data is

Fisher (1953) distribEeted is not agways true, leading seRKketimes to erroneous aitd iitaccxgrate

lkgerpfetatxoits.
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   The Biitghai x} (1964) distribwtion is the fi tgore geitefal case ef "bi-model, non-symneewicesl ond

randomly disgTibutedi' data. However, this distributien is diffi£gkit tg haRdae, espe£iaAly fof further

pageerrkagnetic procedures sgg£h fold tests, rajademness test, etc (Tasxe, a998). Leg eonsider a

simpge case of the Biitgharri (1964) distribxEtioee whcre the data is "sym]netrically esnd ellipticeslly

distributedi' about a mean direction. The Kewt (g982) deitsity fun£gien is giveit by:

                             "Ekr,.t= 1 enc(COS(a)+fism2(a)cos(2p) [E.27]
                                   C(K, fi)

   Where a is the axggie between a giveft dire£tiee and the trtke reckean dire£tioit (estktwated by the

principag eigenvector Y¥) ef the oriewtatioR it}atrix C' eit [E.18]¥), A is the 2ggkgRe iit the plane

perpeRdick}lar to t}iite trRjge mean directioge (with p=O paralgeR to the eigefive£tor PIb of the xffkatrix C'

in that plarte), K is a precision pararx}eter simiigigx to the Fisher (g953) K, tigxftd s(b[, rv is a cempgex

imction of K arxd ,3 (Fisher et al., 1987). Ngti£e that wheR 6=O this distribatieit fedajgces te the

Fisi ter (1953) distribajgtioit ([ aEgxe, 1998).

   rfo obtain the orientatioft of the mean direction it is ftecessary to express the data with a itew

set efcgerdinates, giveit by:

                              x',=rTx,,vi=a,2,3 EE28]

   Where xi are the cartesiait coofdinates efthe RM vector axgd x 'i exe the new coordiitates ofthe

ve£tor. r=tv7, 72, 7si is a matrix coRtainiitg the censtfaixed eigegevectors ofC' [E.gg] sgch as 7i is

paralEei to the Fis]ker (1953) xnean of t]]e data whereas y2 and 73 diagenalize C' as fg3gg£h as

possibie s"bject to beixg comstrained to yi (KeRt, i982; Tagxe, 1998). Theft, the erientatieR ofthe

Kent (19g2) it kean directien £an be calculated using the vaigxes ofx 'i eR equatiens EE.23].

   Siitce the data is elliptically distribvited afound the mean directien, the cenfideRce intefval is

ewk ellipse abe"}t the xgaea]k, with its fixajor (O gmad xxiiitef (e) sexxii-axis caRcgigated as:

                         4(i-p) :sifi-'( m5N'Vi/:I.(p)) [E･29]
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                         e(i-p)=SiR-i( -iiilli/ i.(p)) [}E'30]

  Where T? aK}d z13 are the eigeRvaiaes efV2 and V3 eigeitvectors efthe twatrix C' respectivegy, R

is the resultant ieitgth EE.22], Nis the number ef data invogved agkd ¥(7-:tw is the confidence Reveg

(faax><e, g99g). Swtce the £onfidekce intervag is au eiMpse with differept radiEks iR difureitt

directioits, it is aRso fte£essary to defiRe the oriextatioR ofthe piajaes that contain these sexxti-axes.

The orientatien of skxeh planes is given by:

                         D4 == tgim-'(Vv2ii ),4 :siit-i (v32) [E.3i]

                         De=tait-' (I¥i':-i ), le =Sisc-i (v33) [E.32]

   Whefe D and l are the decgiRatkon and inclination ef the poRe of the plaRe £ewtairtiitg the

conhdent interval eEg}gie, and vij･ is the component ef the xi coerdiptate of the ag eigeitveetor

¥(kagxe, g998¥).

                B.S. SgthggsStcgeg geejeecgg*ge $ff gegebe$maaggeeegfiec sleeeee

   Cagckklated RM vectors as weli as gneait RM vectors are statisticaA apprexiyitatigRs for a

certaiR valge, both having errors related. Th"s, it is itecessary te define a crtterieft for the

rejectioit ofitgn-representative RM vectors axRd for ittean RM ve£tors. Reje£tieit ceE#a be divided

into spe£imen Egs}d site leveis.

   Apaleog]eagneti£ spe£iriten is a singRe oriented sample obtained firorn ofie cere at o*e lo£ality

(Fig. B.4). Oite representative RM ve£tor is obtained frgpa ea£h spe£imeit by the PCA methed

(e.g. Kirsehvink, 1980) and it has, therefofe, aR asseciated MAD vahae. There is pa £enventien

abeut a regiable MAD vague; hewever, vectofs fitted frgr[it PCA anagysis that yield MADl a5 are

ofteit considef iN define(l aftd of qasestionabge significan£e (e.g. BEktRer, e992).
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   Oitce reliable RM ve£tors were filter by meaits eftheir MAD vaa"es, the next precedggfe is to

obtain the orientation of the meegsa RM vectof, its regated £onfideitce gRtervag aitd pre£isioit

parameter "sing Keitt (1982) statisti£s (in the best case is fedexced to Fisher (g9S3) statisaics).

   Fer a site i[k order to be statisticaggy reliabRe it fi}Egst verify the foggowing cenditions:

tw The n"mber efspeciggkeits with MAD<15 at tke site mkkst be larger er equal thaR ge (NlaO),

tw [grhe precisien parEwneter K (Fisher er Kewt) must be Eegptrger thaKk gO (scl-ll gO),

tw [ifhe c()gxfideitce interval, cal£uRateCE by Fisher (g953) statistics, i]xxgst be sxifftagger thaR gOe

   (ags S- 1oO).

                            Be6e PthMeemaageeeeSec 'ffkesgs

   Obtained RM vectors fror(x severai sites can be £oixkpared in erder to determine the magitetie

acquisition tinte with respect te a certaiit tectonic event. For this, erieittatioit efregated strg£tRsres

at the sampaed site - s"ch as beddigag, £orRkpositiofiaNayers, dlke iptrxgsigit, fogiation, et£ - asre

iteeessary in additien to the erieRtatioit ofthe meeExE Rtsdi ve£tgf egitd its £ovafidence integvag.

   The two mest commoniy "sed paleomagnetic test are briefiy discEgssed: (g) the reversal test

and (2) the fogd (er beddiRg-tiit) test. These tests are gsed to determine: (g) whether two gxgeait

RM ve£tor with oppesitc poiarities were acquired ceRsecgstivegy aRd (2) if RM ve£ters were

acquired before, dk]fiitg or after a foldiitg er tiltiRg event that affected the rock giaass, respe£giveRy.

B.6.g. The reversal test

   This pageomagnetic test seeks te aEMswer if two sets ef RM vectors, with differewt pelarities,

ewe g800 apart. Ik the case that the twe polarities were acquire egneinEkogsay ¥(aRd Re paajoff block

rotatioits had oc£wred) the means of each £an net be distiitguislg at tAxe 95% £onfidence limaRa

¥(Watsen, 1956; Butger, 1992; Taxxe, 1998¥). in s"ch pesieive case, the test is gabel Rif+. in
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contrast, if rrgeaits are distingggis}gable at t}xe 95% coitfideRce gevekftae test is aafi)eR R:ff- (WatsoR,

1956s McFadden ard McElhimtwy, i99e). The choice ofthe 9S% cgnideR£e levei is itog arbitrary

since it is pessible (axid qgiite commoit) that RM vecters affe cewtamgitated with se£ondary

cexnpoRents which had shit each nieEtn, putting them itot longert 800 Erpagrt ¥(e.g. Cex aRd DoegA,

196eg MeFaddeit and McERhimaM 1990¥).

   As itoti£ed by McFadden and McEihimay (ft990) the £gassificatioR of the reversakesS into

pesitive or negative is Rot fugiy £oitvewient, a3 Edi it shoxkRd be £lassified aecordwtgly te the amokme

ef iitformatioit gsed in the test. in the McF3ddeit 3nd M£Elhimay (R990) fold gest the pro£edR]are is

te first te "fiip" oRe of the pogewity sets tcp the polarity of gAke other. Zirkge way te in£Rggde the

Egmoxgnt ofiRformatien is the angle pa,, which is the aftgge betweeR the rgxe3n difectieRs ofthe two

sets at whi£h the ituM hypothesis ef a £exxmaxen meewk difectioit we"gd be rejected with 95%

cenfidenee. (}iveR the ebserved dispersioR ofthe two sampges (McFaddeit exxd McElhig)itsy, g990),

the £ritical angie pt. is giveit by:

                                                      i
                 pa, :£os-' g- (N-Ri '-R'" 4k),(Ri'R2) (ll)-)[}<7[':ii2 -i [E.33]

   W&kere N is the itkxg] gber of ww vecters iit both sagxxpges (N==Ni+N2), Ri (i--f,2) is the resgltawt

vector gength (Egsixg [E.22]) for ea£h one ofthe sets, and a-fz) is the coftfideRce fievel (M£Fadden

aitd McMhimey 1990). If the angle pao (real angge r[Eeasewed betweeft the two g)keans) exceeds pa.

then the reversal test is cgassified as R]r-. If the angge pao does not exceed the angae pa, theit the test

is Rrl'+, asid imher stgb-classified accordiitg tg the vaik;ke efpt. by kksiRg: (g) RIra if pa.ESO, (2)

R]rb if 50<pt,;;l 1eO, (3) Rrfirc if 1OOsee,;S200, and (4) RIETinter ifpa.>200 (MeFaddeR aRd M£Elhis Eg]y,

1990¥).
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B.6.2. rThe Fogd Test

   This paleoinagnetic test seeks at which degree of fogdiitg (er tiltiRg) the gxxeaft RM ve£tors at

diffk¥)rent sites are xnere tightly cltgstered by progressivegy restoriRg te the herizowtai the

erieptation ef the bedding and its related rrkean RNff vecters. Resteration te the horizoRtaa is

£arried by rotation of the data abok}t a horizgntal axgs p2grailei to the strike of the related

structaJgre¥).

   McEghiniay (fi964) proposed that the £gnceptratien of the data, gasing the Fisheif (1953)

precision parameter, co"ld be cagcxjglated before ewxd aftef resteriRg the beddiRg te the horizeittag

ew}d that the ratio of the two valkxes she"ld be compared with these Ksted iit statisti£al "F" tables.

However, they are several prebierrits with the McElhigkxiy (g964) foRd test; gike that the

geoxx}agnetic fieid is not peffectiy dipogar er that Rpt([ ve£tors were 3cq"ire semetig)ge iit betweegx

the original herizontal bedding orientatioR and the gOe% fogding ¥(r}legkxxe Egxid Watsgn, g99ags

lauxe, g998¥).

   To solve this problem fagxe and Watson (fi994) proposed aR aker#kative approach ERsigkg the

erientatioit matrix (equatieR [E.i8]). E{ere, pgRarity of RM vectors does not piay any roRe aitd tli ke

tightRess of gtrouping is refie£ted in the felative seeagnitkkdes of the principaR eigeitvalges (ri) of

the matrix C'. As the data becotwe mere tightly groekpcd by the procedERre, the vartance along the

priRcipai axis (Ti) grows and these aggng the other 3xes shrink (fakkxe ai}d Watson, g994; [ifaggxe,

g998¥). The optimal wwfelding percentage is reveaied by exan}inatien if the behaviof of Ti dtgriRg

the pre£edexre (Fig. B.5).

                          Be7. uttwecNEeeedi ec*ggegg*wageM thxees

                                                                              '
   lgrhe fold test, yet powerfuR aitd wideRy giseci, regies oit a qgjgestioRable assui]eptig¥)it: that tiltiitg

of the bedding strata (or xEkinerag gayeriitg, foliatioit, etc) is a product of a rgtatio* abekxt a
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horizontaR axis paraRleko the strike ef the beegding. A xxiore geReral case is te censider that

rotatieit of the related strueture eceurred abotgt ax inclined rotadonaR axis ¥(e.g. Ramsay, 196g,

g967; Macl¥)eitald, 1980; Chait, l988; WeiRberger et ai., g995¥) and geot ftecessarily pewalRefi te aity

strEgcture. Rotation about iRciig}ed axis ecckxrs in compgex fogd strqJgctwes, conxpgex faggted

strtgctaJgfes, torsiewal naotigns oit dippiRg fault pagmes, efpmpgacergaewt of £oherent sedimentafy

slump blocks, et£ (MacDoRald, 1980).

   Weinberger et ai. (i995) proposed a pre£edewe base on retatgewag matrices (e.g. LePi£heR et

al., 1973; Cex ExnCE }Iart, 1996¥) in erdef te find the orieittatioR of the retatioitaR axis which restere

the bedding strata to the hofizoRtal and the meait RM ve£toy to the expected geosu}agnetic

direction. The precedu[re is rather simpge bwt relies eft Egngthef qgestienable assumption: that

bedding strata was "originally" horizontaa. Exasnpaes of iton-herizontai "original" erieRtatieRs

are: (g) sedig)tentary strata depesited iit the proximaE or medium portiens ef a slope, (2)

orientation efpoles of dikes in a spreadi*g ridge, (3) mi*eraanayeriRg iit pgEstopt£ bodies, etc.

   To solve this, the "mGdij}ed r#tational esxis methodi' is intrgduiced here as a medificatien of

the Weinberger et ag. (g995) methed. This q}odified method seeks the resteratien of the

erientation of the ft teait RM ve£tor te the orieRtatien ef the expected geonkagneti£ axiaR dipe}e at

the time of RM acquisitioit. Usi"g the calctglated rotationaa axis the related strEsctkxre foedding

strata, minerai iayering, et£) is restored to its "original" orieittatioit. Although the twcgined

retational axis can restore the }tw{ vecter to the expe£ted eriggitai orientatigk, it does Rot previde

wRth informatio* about the fiitite rotatioits expefieitced by the reck gKkass b"t with the eqEgivagent

net tectoiti£ retatioR (e.g. LePichon, g973; Ma£Domald, 1980; Weinberger et ag., a995).

B.7.1 . The GeoxRkagnetic Axial Dipege (GA E)) erieRtation

   In order to have a refereitce orieRtation to whi£h giaeEgxR ww vecters are cesxxpared, it is

necessary to defiRe the erieittatien of the magnetic iterth er geognagRetic fieRd. ]rhe geonaagnetic
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axiai dipele (GAD) fieid ofthe eafth is generated by conve£tien £EarreRts in the owter core efthe

p}anet, whi£h prodxg£e a magnetic field simigar te a gigexxtic bar ggkagnet lecated iit the ceRter of it

and aligned with the spiit axis (e.g. faaxe, g998). The itgagnetic fieRCg depends on the radixgs oftlke

Earth, the co-1atit"de and the ggngitude of the study area. The geegifaphicag compogeewts ¥(iterth,

east aitd dewR¥) gfthe orientatioit efthe GAD exe:

                                                         aP(r, g, tu)                                     1 eP(r,g,to).                  1 aP(r,g, to).
            B"=M7 oc 'BE :-,sing oto 'BD :M o, [E"34]

   Where P¢ g dy is a cempiicated formxgga which depends oR the radiggs of the earth (r), the

co-latit"de (g) aszkd the gongitude (ck)) of the sttgdy ewea (see TaEExe, 199g, eqgatigit a.8). [Erhe

functioit P(Z g oj deitotes the inteRsity ofthe GAD at £ertaiit ge£atioit gn the surface ofthe Eaptin.

There ewe severag empiricai and theoretical metheds te calculate the erieMatieft aitd s iiagnitgde gf

the GAD. Seme ofthese frkethods have beeR iggkpierraeitted on coxK}pwter regtines avaigabge oit the

Interg ket at the NatienaR Geophysicag Data Center web p3ge (hmp:/;/wi47w. ngdr. ncaes.ggv).

B.7.2. 'The rotatiewaA finatfix and retatioma1 procedEEgre

   Thc rotatioital xnatrix is a matherRkaticag procedewe whi£h "rotntes" the oriewtatioR of certaiit

vector, with CartesiEva ceordinates (xi, x2, x3), aboEgt a certain rotatioitag axis defiited by the ve£tof

U=(LZ), q, U3) and the rotationaR axno"Rt 6. As a result, the CaftesiaR coerdiRates of the rotated

ve£ter are (x'Z x"2, x"3). The eiements of the symmetric rotatieRag matrix are defiited by (e.g.

LePichon, i973; Cex and }Iifan, a986¥):

                                 Sll S12 S13

                             S:Si2 S22 S23 [E.35]
                                 S13 S23 S33

   with:
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                         sii =Ui2(g-£os6)+£osss

                         S,, : U,U, (i-£os5) -- U, cos5s

                         si3 = UiU3 (1 -- ces5) + U, cos5;

                         S2i =U2Ui (1-£es5)+U, £os5;

                         s,, =U,2 (I -ccps 6)+cos 6; EE.36]
                         S23 : U2 U3 (g - £os5) --- U, cos5s

                         s3i = U3Ui (1 -cos5) -- U, cesi;

                         s32 : U3 U2 (a - cos 6) + U3 ces6;

                         s33 :U32(g--cos5)+£oss

  In oxder to gbtaiR the orieRtatiox of the ixcliRed retationag axis wki£h resteres the erie*tatioit

gfthe meagx RM (vecter with Cartesiait coordiitates (xi, x2, x3), eqekations [E.13] to [E.gS]), to the

orientation of the expected GAD, two ceRseckxtive rotations m"st be perform. Firsk, ehe

grientation of the xEkeaik }thff vectc)r is fotated about a Ric)rizoRtal axis perpeftdi£uRar tg its

de£limation (Fig. B.6a), such as the iRcgiRation efthe meajk RM vector (f>..) after the fetatioge is

the same as that of the expected GAD (IEGAD). 'g"hggs, in£gination and decgigatioR of ghe horizontag

fotatieitaR axis ewe giveit by:

                          l&,, == O,D&,, == Dnu,-900 EE.37]

  wrere the s"perscfipt h means "herizontal" and l Emd D refer tg iit£Ainatio" and de£gination

respe£tively. The CarSesian coordiitates ofthe herizontaR retatieRag axis, Uh=((7hi, if2, ifZ3), £tma

then be ebtaiRed gksing [E.13] te EE.15]. Noti£e that (7h3=O.

  The amoewiit offotatign threggh the horizoittal 3xis is defiRed by:

                               5h :lrmv-IGAD [E･38]

  Usiitg the horizontag axis Uh =(U'Zi, Uh2, (]7h3) gigxkd tih in the rotationai matrix S (eqgatioits

[E.35] and EE.36]¥), the horizental fotatienal matrix Sde is fuARy defined. TheR, the cofrected

orientatioit of the rnea* RM vector (x 'i, x '2, x '3) can be cal£ulated by gxsiftg the matrix itotatioit:

                            hhh v                           Sll Sl2 S13 Xl Xl
                           s,h, s,h, s,h, x,=xV, EE.39]
                            hhh e                           Sl3 S21 S33 X3 X3

  Where x'=(x 'i, x '2, x'3) is the orientatieit of the grgeart RM veeter afier the retatioge abowt the
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herizowtaR retatioital axis. incgiitatioit (l'...) EEs}d Cgeclination (D',..) ef t}ge rotate(g grReait ww

vectof cEasi be ebtaiRed usiitg equation EE.24]. After the new orientakioit ef the xxiean RM ve£toif

has beeft gbtaifted, a secoftd fotatioit abowt a verti£al rotatioftal axis is performed (Fig. B.6b).

A(xalog to the previoEgs rotation, this second fotation starts froxx} the £errected orieRtatgoit of the

meew} RM vecter (x '). The orieittatieR ofthe vertical rotatioRal axis is defiRed by:

                              l.".,,=goO,Dth,, :e [E.age]

  Where the sggperscript "v" x[xeaxis "vertical". [grhe Cartesiaxie £oordikates of the verticaR

retatieRai axis UV==(UVb UV2, UV3) can be obtained xxsiitg eqkkatigRs [E.g3] to [E.15]. The rotatgoital

agygeEEnt SV is defined se the deciinatioft of the rotated meaft RM vector (D ',..) be£omes eqeEaR te

the declinatieit gfthe expected (}AD (DEGAD):

                             6S'V :DE¥(],4D -- D',.. [IE.4g]

  Notice that D 'nuv=Drmv. In matrix ftot3tgoit, the vertical retatieftag xnatRrix gs giveR by SV, where

its eietwents had been cagcEglated usiitg the kEiatrix S with (7V :(l]7Vi, (IV2, (7V3) and tiV. "ifhe fiRag

orientatioR for the mealt RM vector is giveit by:

                          slVl slV.7. slV3 x?1 xrel

                          Si"2 S2V2 S2V, X',=x'', EE.4.2]
                          slv3 ss'1 s3v3 xe3 xgg3

  wnere x "=(x "i, x "2, x "3) is the final orientatioit of the tweaxt RM vecter aitd it is equal to the

oriewtatioit ofthe expected GAID.

  in order to obtatw the equivagent inc1ined rotatienaR axis, whieh ffesteres the maean RM ve£tor

to the orientatioit ofthe EGA[D (Fig. B.6c), the matrix Ssi is defined 3s the matrix prod"ct betweeit

sl 2xnd SV, by:

                 svxg.,, xve--..> sv(shx) ,., xtv- (svsh)x =xev--> stx :xefi EE.dg-3]

  Finally, the orientation of the reiated strgctgire is corrected using this iitcaiited rotatioital axis.

The orieittation ofthe reaateCE strgjg£twre is defined by t}Re incRiRatioit (4poie) a]iCg CEecginatioR (Dpoie)

of igs poRe (vector neimag to the plasRe). The Caxesian £ogrdiitates of the pole b==(bb b2, b3) are
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obtained fkrom its iitcliitatioR (IZ2,.i,) aitd deeliRatioit (Z)},.i.) using eqaiatiens EE.g3] to EE.a5].

Applying the obtaiited incRined rotatienal xk gatrix S`:

                                   s`b == bvg [EA4]

  [Erhgks, the final £orrected erieptatien gfthe bedding strata (b ") is obtained. The iitcNftakiopm andi

declinatioit ofthe rotated bedding sgrata ca!g be obtain, as usual, xisiptg eqegatieit [E.24].

B.7.3. 0rientation efthe inclined retational axis aRd its rotatioma1 ex¥)iount

  For the previotes two £onsecutive retatioits the eTiewtatigit of the fotationaE axes and the

amoasnts ef rotatien are 1ff kown but for the eofikbined iRcliRed rotationae axis these parameters are

                                                         '
gniffaowit. The CartesiEgn £eordinates and rotatiewta ameEgxgt efthe incMned retatieRal axis are the

EkxreRiag} eieg rgeRts ofthe matrix S`, giveit by (e.g. LeM£hen, a973s Weiggberger et al., g995):

                        st .. cos-i¥(s{i+sS2i sg3 -D [E.4s]

               ut :(u,`,us,ug)=G3k2,.-","gl3,,gin,gei,,g2gk..-,X{,2,) EE.46]

  Netice that St is itet symmetric aithoggh is the pfoduct oftwo symmetric xnatri£es (SV giitsud Sh).
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              ApgeeempdiRx ¢g Bg*eckimeg gemedi ¢wsffkee eemegeeemetweres

          ¢efie ¢g@ssfifi¢eswh*ge esgedi ecktcecesecgeeerSsetgecs *ff maesgeeeagec gNRgeeeeptasks

   Since magneti£ properties arise from the it itetioit gf electricaggy £harged parti£ges, any ele£treit

has a xgaagnetizatioit associated with its axial spin aRd with its ofbitag metieit arocgitd the nascaeves

¥(imiing aitd E{fo"da, 1993¥). Then, any rrgateriaR er ffEkineraa has twagnetic properties abgve OOK.

wren gme exteritai itaagnetic fiegd is applied to asu aggregate Gf xgkiscerals (rock), each opme ef the

miRerags behaves iit different ways depeitdiitg eR its chegnical eogRposition, especia}gy iR tlge

amoEgs gt gfg gxetaliic elements it coittains.

   Minerais £an be caassified tw basis of their behavior gEg}der a certain exterxkalgy iRdggced

magnetic fiead. in geiter3g, giRinerais ewe subdivided into the eftes erk whi£h: (g) magnetizatieit is

lest as seoit as the applied g]eagnetic field is remeved aitd (2) those whi£h retagn £ertagk aifneEggkt

ofmagnetizatieft afur the extemal magnetic fiegd is remeved.

   I)iamagnetic arxd pewamagnetic rxgineraRs £orrespeRd te these miRerafts in which the iedueed

r}kagnetiz3tioit aligns (paragleR or 2tstti-paraMeg) with the appliedi fiegd (ff). If a mineral or

substance has its electreit shells cegxiplete, the electreits spins precess aRd prodece a

gxifagRetization iit the opposite direction ¥(ascti-par31ieg, -to te tlxe extevaag gnagnetic fieRd tw

respeitse. MiRerals or sEkbstances which preseRt this behavior 3re caRled "dianeesgnetie" (Fig. C.g).

in centrast, aig miiterags, er subst2ikxices, that have in£eitxplete eEe£tron sheaks wigg pyodgce a

magnetizatioit in the sag)ke direction (paraMei, +K) to thaS of the exterrxai it3agitegic fieRd (H)

¥(Tayliitg and E{roEgda, 1993; Batler, a998¥) ¥(Fig. C.g¥); these x]kinerags are cagged paragxagitetic.

   Sorgke few ggxinerags or sk]bstances that have ptngeh strenger pesitive sgsceptibiAities thait

pascamagnetic miiterags a"d also caxry a stfeRg RIV{ afe calged, ix geRerag, fergrom3gnetg£ (sensee

lesgg). These egefKxeRts have a spe"tanee"s fikagnetization, whlch is whek ele£tron spkmes are

aiigned eveit in absence Gf any extemal appgied Ki Eagneti£ field.
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   If the ele£tron spiRs ef adjacent cations are directly £oggpaed, ex£haxkge forcers act so that

xnagnctic ve£tors agl lie in the sagxke directieit (Fig. C.g); these types of xgainerals are caRied

ferroEEx3gnetic (sensw estricto). However, if the egectfoR spins ef the catioges are share via the

eaeetron shegl of axk intermediate aptoit, as ik compaex gyxetaggic cerrEpoxEEkds, the dire£tien of the

ege£troit spiRs of the £atigns are reversed with respe£t to the aitigns, £reating two opposite

magnetized (btgt mixed) gaxices iR the g]iinerag. The resexgtaRt xncRagnetizatien depends on the

difference ef magitetizatieit betweeit the two gatuces. Miitefais or sasbstances iit wkkich the two

lattices eife eqk}agRy magnetized are calged "esngiderromagnetid' (Fig. C.g). in contrast, ftiinerags

in whieh there is a difiiereRce in the xigagnetizatioR of the two iattices ¥(pfevidiitg wit}g a itet

gnagRetizatieit) are £alled `Sfbrrimggnetic".

   Smperpara-magnetic g]kinerals or svgbstarEces ewe those tw which iit absence of ew} extern31

magneti£ field dispgay gykagnetic gnoitikents whi£h beeome rapidly rEgemdomized, bwt when the

extemag fieed is appAied their magnetic it komeitts becon ee rapidly aligned with it.

                    ¢.2. Bg*eckitwg geeedi ¢ewerge ']ifbewageeeereetreeeres

   Magnetic remaneceitce is £aused by stroitg interactions between Reighbofing spins iR asuy

ferromagnetic (sensee lesto) matertal. The se-£alled exchange ekergy is ffKginirK}ized when spifts are

aligned parallel or antiparallel depending oxt the detaiRs ofthe crystaR strixcture (Tagxe, g998), but

scatter in spifi directieits ixgcreases as teKnperatxEre iit£reases. Above certaiR tegikperatkuee,

depeitding ept the £or(kposition of the rxginerag, £ooperative spiR behavior disappears and the

material becenies pewaxitagnetic (Bwtier, g992; fargiftg and Hreeda, 1993s Tauxe, 1998), i.e.

agiggrment of the spins disappears as soeR as the applied field is reg [eoved. The tesirgperatkxfe wkere

the xgxiiterag £hewxges its behavior from ferroxrxagnetic (senses lato) te par3y"agneti£ is imown as

the "bleckiitg tezxgperatwe". grhis is achieved wheit the r[kiiteral is Ro Eonger abge te retaiit a stabge

RM. Sin3ilargy, the ter[gperamfe at which a ferrorrtagnetic (senses lgto) mi*eraft ea]e nog fetain any
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iitd"ced naagitetizatioft is calied "Ceerie 7iemperesgasre". in pfa£tice, these two textaperamres have

Rearly siit kilew values.

   Beeit a property of ferrgmagReti£ (seitsu lesto) mtwerals, this tefix kperature caR be derived using

the Ckxrie's gaw ef pewarrtagnetisg}k eEnd the Wegss theogy (fa"xe, g998). Thege, arg expressioR

which cait be sogved graphically or ftumeri£311y te gbtaift it for a pgwti£wiar g} kiner31 is:

                                      Nm;fi
                                  z ==                                                                            [E.47]
                                        vk

   Where 7Z is the cagcaslated bgecking (or CEErie) temperature, N is the totaR nwnber of spiR

mgrecgents, neb is the mogitent of axitpaired spins, fi is a £oRstant of prepgrtiowagity, v is the volxgxxie

and k is a censtaRt depeRdiRg e* the thermal energy efthe spiits (faasxe, g998).

   in practi£e, the gKieask]re of this temperatewe is ferkore straightforwewd ajkd sisu}piy thaR

measewing spins gitoments. Frorrk thermemagnetic experisxients, C"irie tesifgperatEEre can be easigy

determined frorify a visxial inspectgon ef the }axG sEEsceptibility dEEring tegxkperatxxre variatioit ¥(Fig.

B.2a). Maky s[xethods have beeR proposed te ebtain an ac£EErate teg} kperatggre valEge.

   Magxetite and hematite £rystals are ]naybe the it eest cemmoit opaque ifEkinerag phases in rocks,

a£ceu3tting for ca. 5% of the tetaR amoggnt (e.g. TEtriing eand Hfouda, g993). These two wtinerags

have ferrogxkagneti£ (senses lute) properties and are the main carriers ef RM. The Cgrie

terxxperature for pxgre MagRetite is ces. 5800C asgd fer pafe hersctatite is ca. 68eeC ¥(e.g. Dgjwtlep Egsixd

Ozdemir, 1997¥)

                 ¢.3. grbee `"slfifflkeereewetag maeeetk*di99 (thewxe, fi998)

   Oite of the first prepesed sE}ethods te determine ghe CRsrie (er bkockiitg) temperatgjgre was the

"imersecting tavgents method" (Gremme et ai., 1969). The iittersectioR of two texkgents of the

thermenkagnetic ckzrve Reew the tempefatt}re where the Rptxff sEgsceptibigity, or intensity, decays te O

indicates the searched value (Fig. B.2a). As poiitted by Takkxe (199g) this rEkethodi is easy to do it
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by haKRd bgt is rather subie£tive and difficxElt to autoxEkate.

   To selve this s"bjectivity, Takxxe (g998) propesed the "d2:filerentiesl methecr', whi£h seeks the

maxigitum caJgrvatexre iit the thermegnagRetic cgrwe. The maxgfixum peak in F"(Z), wlaich

correspoitds to the second derivative of a functieit which denetes the thermegxyagnetic £gxrve

(F(71), e£cgrs at the ixkaximum curvature efF(Z) ew}d represeitSs tlke sear£hed teiERpefateere vague

¥(Fig. B.2b¥)

   1ffhe gikain diisadvantage ofthe s[xethod is that itgise is high]ly ampgified dEEriRg the differentiaR

pfocedufe. Te evercome this prebRem a filter cewk be appaied over the dEESa prier to the a*alysis gif

the methed cait be jEgst applied to a eertain intervag ofthe thermomaagneti£ £vewe wherethe vague

ofthe bloekiRg temperataxre is mest probably located (fauxe, 199g).

¢.4. Acageegsgaggew &asdi x6wask*wae *ff gke ewgegeweettc eremexeeeee¢eege¢ee

   AJiky ferroxr}agnetic (sensas lato) s[iineral or sEgbstan£e cEgn retaiR a RIN(ff eggRd has magRetic

susceptibility below its blo£kng temperatRjEre. Spiits of ferroggkagRetic (sewsee lat6) nxifteraSs

become align in the preseR£e of a exterxkal (applied) paagnetic fiegd, bEkt wheit this magneti£ fieEd

is removed the aligmment of the spins remains. Mimerags ewe cegestag}tgy ggxtder the magneti£ field

of the Earth, whi<)h is a very lew exteritag xgxagitetic fieRd. Spiits of ferifoxg)agnetic (sensw lesgg)

Ekkinerags becofgke agign with this rExagftetic field retawtiitg "in meneoay" gts orieptatien. As the

miRerag £ools dewn begow the blocking terrkperatkxre, more spiits becogEke aRign wtth the appRied

¥(Eanh¥) field. As a resgglt, the RM is pregressiveRy recorded git a vectofiag form ¥(}Fig. B.R¥).

  If the tectog]ie biock, £entairmg the r[tagnetic rg}iRerals, had Re experieit£e aRy chaasge in its

orientatieit, the recerded RM will be a siRgle ve£tor indicating the di]re£tigpt of the exterx}ag

g[xagneti£ (Eeuth) fiegd. E{owever, if the block experte*£es changes in its erientatien (te£tewtc

rotatieRs) the ye£orded RM orientation wigl agsg r6tate with it. Dwtflg exRd after sexch retatioit it is

possibge that the rxxinerag centtwues recording the orientation efthe rwagRetic fields in sgg£h a £ase,
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the recorded field will be the vectoriag sum ef the preseRt magnetic field aRd the previogs

magnetic field recerded (Fig. B.1). The gxiagnetic field ofthe Earth £heg3kges troxjgh tiifge, both tw

polewity and iit orientatioit ncax the geographic Rorth (or south)s pheiteEiENenose kngw as "seewlew

variatioit" (e.g. Bgtler, a992). As a resuk, ferrgg]zkagnetic (sensee lgto) xExiRerags alse recerd these

vewiatieits.

   RM vecters can also be erased (washo"t) frorrk ferrox[itagnetic (seeeses lato) xxigfterals. Suippose

that we have a ferromagnctic (seitsee lato) g]ainefag with senke RM fecorded eit it. If ghe gxyiiteffag

experieftces a terrEperatvarre igcrease ¥(caejksed by aKg iptcrease iit the geothermal gradiewt, for

example) over its bftocking temperature, magneti£ spins iit the gninerag be£ogike s£aner and Egny

previgvss agigwnent of thessk is ftost. fff the itaiiteraR experieR£es a fwthef cooaiitg beRow its

bgecking tenRperatRJEre, the recerded Kx}agnetic fiegd is the oke aeqvEifed after the tesK}peratEsre

dropped below the ble£kiitg temperatEgfe.
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       Agependifix pmg Aptsetwopy *ff Magmeik Swseeptfihicafity (AMS)

  rThe strength ef the indu£ed magnetgzation can be directgy reRated to the streitgth ef the

appMed field by a censtapt (K) by:

                           MocH >M= KH =KE IE.4s]
                                               2esO

  wrere M is the magneti£ dipele moE] kept per tmt voRufi}e in twm, H is the applied griagnetic

fiead stfeRgth in A/m, B is the magnetic fieid meast[red iri 7iesles, geo is the pefmeability ef tke free

space (4zx1O-7 Hignryim) exgd K is a noit-diggkeitsional £omstant cagged "sessseptibiliof' (TewXng as]d

Hrogda, g993¥).

                 pmefie Geewaeergefi ¢deaffesectreeergsefi¢s *ffAMS dalvergecs

D. 1 . 1 . Bulk intensity axgd the muS fabrie

  If gigpt externag magnetic field (ff) is applied iit sevefal dif(iereRt directioRs ever sogite g) giRerag,

theR each directioR has its own sxgsceptibility constant (KL£). Since directiens are gR a thfee

dimensienal space, it is possibRe te defiite a tensor matrix £ontaig]iitg iRforiikatieR ofthe diffeifeRt

svgsceptibilities oit ea£h one of the appiied directiofts. This tenser ififkatrix is £alged "Anisotropy of

Mesgnetic Sessceptribility" (AMS) aitdi its eigenve£tors correspend to the maxisgxEixx} (Kimcxx),

iRtermediate (K}.t) 2mod mixtixitum (Kini.) rK}agReti£ s"seeptibikity axes, calged `Principal

seesceptibility exes", ofthe xgaiRerai.

                             '
  The grientatioit of the AMS axes is coptrogged g¥)aainiy by the preferred orientatioR of the

cfystallographic axes of the mineral, which also cgntrgls the shape of it (Rgchette et ag., R992).

Thus, Ex}ineral size agso plays ari impertant roie in the orientatioit of the AMS axes. Lewge size

painerals ofteit shew interuag magneti£ domaiits devegoped on each oite ofthe rr}ineral faces, with
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differeitt magnctizatign direetiens tgxkd eriefitatioit oftheir meS axes.

   The bgigk susceptibility of a gnineral aggregate (rock) gs the sgig]] of aig the individggag

stisceptibilities from ea£h onc ofthe z(}iiterals £empesing the 3ggregate. Since the orEeRtation of

the AMS axes depends on the ortentatieit, shape axkd size ef ea£h oite of the xx}ipteraEs in the

aggfegate, orientatioit of AMS axes prevides aR image ofthe "xg}agnetic fabric" ofthe aggregate,

reck er soft sedifygent (Hrguda, i992; Tarling and E{fogida, 1993). gR ffgost cases, and depeRding

efthe xgtincfals iRvokved (see further), the xr}agnetic fabric ceiRcides with the petregraphic fabric

ofthe rgck or soft sedignent. Thgs, the orieptatioit ofthe AMS axes thereafter £agged AMS fabric)

is a eRe to one ignage ef the petregraphic fabric ¥(Ledbetter arkd }Eigwogd, R980; Rochette et ag.,

g992; 'regrltwg aj Ed fflrekkda, 1993; Schiebef aitd Eggwoed, 1993; Ligge eg al., 200i¥).

D.1.2. Shape ofthe AMS fabric

   Crsing the erieittation ofthe priitcipal sgsceptibility axes it is pessible to coRstresct giRit eglipseid

which £arries infermation about the magnittxde ard orientation ef the AMS axes. ffowever, ik is

rx}ore eeitveRieitt tg definc some paxrEwaeters iit order to charactesrize the shape ef tl}is elgipseid

(aftd the shape of the AMS fabric). Several parametefs had beeit defiited in order to £hewacterize

the shape ofthe AMS elgipsoid, but the followtRg fogigr are the itaosg represeittatives:

tw LineatieR (L) (Balsey and Bgddingtoit, R960) aitd FogiatioR (D (Sta£ey et ag., g96e): "Erhese

   twe parameters accok]At for the degree of egnisotfopy of the ewS eigipsoid iit a sigxnflgar way to

   the Fling} (a962) diagrarEk kxsed to cgassify defornaed ebiects (Fig. I).ga). la essence, this is a

    pogar plet in which radiaa trajeetories indi£ates ew} increasing in anisetropy (Tauxe et al,

    1998). Notice that potwts over the gine .FFL iRdi£ates isetropg£ shapes bEEg points lo£ated over

    (dewn) this 1ine iitdicates cigar-Iike or progate (dish-gike or obgate) shapes. L and F

    parameters are defined as:
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                                   L.. L, [E.4g]
                                       r2

                                   f7 .,, JL, [E.so]
                                       T3

   Wkkere Ti (i--a, 2, 3) is the i-th eigeitvagRse of the AMS teitser rx}awix

@ Shape pafaxgxeter (7) aRd the Cerrected misotropy degree (P') (Jegtwek, g98g): Different

   from the previokks pget, the T vs. P' diagr2itgg] is Ceg3rtesiewg ik itatgxre. Ainflsetropy gftcreases

   aloitg the h6rizontag 3xis while shape daes in the verticag axis (Fig. ]).gb). Noti£e that points

   pkotted over the Mne T=O have isotropic fabri£s while peiRts RocateCE iR the regioit T>O (7k(O)

   have obgate (progate) fabrics. T aRd f) ' ewe defiked as:

                                T.,, (2op2-epi-op3) (E.sg]
                                      (77i - ap'3 )

                                    2(ij,-rp)2+(ij,-rp)2+(ij3-ij)2
                               P'=: e                                                                            EIE.52]

                                - 77i -i- 772 + op'3
                                                                            EE.53]                        with,                                rp ==
                                        3

   wrere mpi is the natEEgrag logaritim for the i-th eigenvaRgie (i--g, 2, 3) and e deitotes the

   expoiteittial imctieit.

  With these two diagrams it is possible to fu11y chewa£terl'ze the shape ef the AMS fabric.

These parameters, plRss the orieittation of the differeRt prift£ipaR sgs£eptibigity axes, £hawa£terize

cornpietely the AMS fabric shape (Rocheese et ai., e992).

                        pme3e MS faboectc thr$erecg sediSmaeeetrs

A £ase ofspecial ipterest is the AMS fabric ofsedimentary reeks or soft sediments. These fabrics

had been widegy used to determine paleockexeitt directioRs of fiows as well as characteristics ef

the depositienai skgrface ¥(King, i955; Granar, 1958; EgRwood and I.edbettef, a977; Ledbetter aRd

Ellwoed, 1980; Ellwood, i980; Schieber axkd Elgwoed, g993; Piper etaR., 1996; LiEg et ag., 200g¥).
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URder an amdisrupted sedig¥) keRtairy efivifoameRt, i.e. in absence of cEgg rewts aitd in horizoRtal aitd

ffat depositieital sEErface, magneti£ minerags are depesited with their garger sgxsrfa£es paraaleg te the

depositieRal sewfac'e. [grhtEs, the reRated zzS fabri£ has rE[rydomRy erienteeg K}n,x. 2gn(i K}.t axes in

the horizeittal ptaixe (the depgsitio"ag skxgrfa£e) whige Kini. axes are verticag (Fig. D.2a).

   The directioit Emd vegocity of the depesitienal ce]frent is perhaps the rxost iftfiuewt pewameter

w}aich can disr"pt the AMS fabric. Directioit ef the depositioRal cwwewt teitds te imbri£ate the

deposited nEinerals in the directioit ef the fiows tiRting their shorter axis iit ehat direclioR. Tlae

related AMS fabfic takes the same orieRtation of the depesited rr}inerags, haviitg Kini. axis gigted

in the dire£tioit gfthe c"rrent (Fig. D.2b). ff"he erientation ofehe two other axes varies depeitdii]g

if the carreRt has a high (> 1 cuels) of a medium to iew (< g cnels) vego£ity (King, g955; Gfanar,

1958¥).

   E{igh vego£ity cx#gRrents predkkce a roga of the griagnetic rrgigeerags dEge to tractioR with the

depesitioitag sEEfface (consider herizontal) and minerags become rKgore stabge with their ieitg axes

perpeitdicuiar te the ckxrrent. The reftated AMS fabric has Kini. emedi Ki.t axes randomgy oriefited iit

tlke dlirectien of the ckurext whige Kin,,. axis is perpeitdicEeRew to it (Fig. D.2c). Usaiaggy, K3.i. axis

lays ng more thetirk 200 away from the verti£ai, uniess the vegecity ef the cwweRt is very streng,

and more er less chagtic, iike in the prexigitaR part ofa twbiditi£ fiow (Granar, a958; TarXiptg aitd

HreEgda, 1993¥).

   Medium to low veRecity ck]rrents agign the loitgest axis of the rxkagnetic g¥)RineraRs paragleko

the £urrent. The related AMS fabric has Kimi. axis tilted ficesxi the verti£al iR the directioR ef the

cwrept, Kin.. axis is located in the directioft efthe £grrent and K}.t axis is perpeitdicggar te it (fig.

I).2CE). ACICRitionally, the cgxrrent predu£es an angRe, lxereafter £aRRed alpha (ct), of gess tlaagx aOO

between the depositionai surface aitd the AMS fogiatioit pgafie ¥(the best-fitsing piaite betweeit

Kimax and Ki.t axes) (King, g955).

   The in£linatie* ofthe depesitiG"al sudece also predxEees a reig efthe scxxagnetg£ miRerags down

the sAope dvge to gravitational forces (TarXftg gmed Eifreuda, g993). Magfteti£ mtwerais becoxi}e
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xx}ofe stabie with their longest axes perpeitdicular to the sgope or, which is the sagiee, pagalaea to

the strike of the depositional surfa£e (King, g955; Grakaf, g958; Targwtg aRd Hrogkda, 1993). As

in itormal depesited sediment, mincrals deposited in agx incgined sgepe have randegig igy diswibEgted

theif geftg axid ijatermediate axis iR the depesitienal sxgrfa£e plane (Tarling altd HreEEda, g993). As

a consequeitce of the inclinationai of the depositional skxrface, the leitg axes of the rrkagnetic

ggkinerais are pagalieko the strike gf the sggrface. The related asS fabyg£ has Kini. axes itear the

verticaa and K3... and Ki.t axes distribvited neegr the depesitienag six2rfa£e pEaRe. Howeveff, Kin.. axis

is usEgalky near the strike ofthe depositional stgrfa£e (Fig. EP.2e).

   Mest minerals have a oRe to oRe correspoRdence betweeit £rystaaRggraphi£ Etwd princkpag

sEgsceptibiiity axes, bggt ethers have an inverse efte. Fer exEgmpie, townaline, cordierite aRd

geethite dispgay "inverse" AMS fabrics ¥(i.e. crystallegraphic axes ewe iit inverse regatign with the

prin£ipal sexsceptibigity axes); while hematite a]id pyrrothite have "nermesl" oncs (e.g. Ro£hette et

al. R992). Magnetite (Fe304), which is often the gxxost £enmoit minerai which ceRtribwtes to the

AMS fabric, yields different AMS fabric deperding on the shape and size ofthe iRdividuai gfaiiRs

(Rochette et al., g992). Mkxlti--dgmaiit (MD) gnagnetite erystals are garge enoEggh g@ £ontain

several magnetic doxnains whige psekkdesingge-domain (PSD) and simgRe-domaiit (S})) cifystals

are sgxkall enoggh to £oRtaiR oniy oite n2agnetic dexxxain. MD axxd PSg) magnetite £rystags display

"normal" AMS fabrics while SD dispgays "inverse" AMS fabffic (Ro£hette et ag., g992).
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           Agegeeemedigx Eg masb*ereeet@ersx Teeeckmeg¢thg sgeeeecfifiecesefi*mes

                          ec.g. KesgegeaBer$dige IKiLY-3S

E.g.1. Geiteral Ovewiew

  'I"he }ffL¥3S Spixixker Kappabridge is the Eriest seitsitive £ommer£iaaRy avaigabRe laberatery

instremgents for measuring anisotropy ef magnetic sxJgsceptibiaity (AMS) as wela as bugk

skks£eptibiaity iit weak variabge xeckagnetic fields. It £eitsists ef the pi£k-gip unit Egitd coRtfeg kxitit

£oiti itected with PC corwpEster via RS-232C.

  gLn prineiple the instmeent represents a super-precise fulay autesuxati£ iRdwa£tivity bridge. k is

equipped with aEgtomatic zefeing systerrk (ik beth real and iitaagimaffy £gxnpoiteRts) aRd autog)aatic

coxxgpeitsatieR ef the thermaR drit of the bridge ggg}balan£e as wefi1 as automatic swtt£hiRg of

apprepriate pt]geasvgring range. The measgEring coii is designed as 6th-order cexx]peksated sogeitoid

with oRxtstaitdiRg field he# rkegeneity.

                                              '
  The digital pan ef the iRstument is based oR mi£roele£trogii£ cerxxpone*ts, with the

microprocessof controBiRg 31khe Kappabridge funetions. (Extra£t frem AGICO gEgareasags)

E. g .2. Tec} utifcal specificatiens

       ge OperatingfreqgeRcy:875Zle

       tw Field intensity: 30e Aim

       tw Fieldhosnogeneity:O.2%

       @ Meas"ring raitge atgtomatic: Ekp to O.2 [SI]

       @ SeRsitivity (typical): (1) bggk: 3xaO-8 [SI], (2) aitisotropy: 2xlO-8 [Sg]
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       @ Accuiera£y within one rewkge: ± e. 1 %

       ee Accuracy f the absogute calibfatigft: ± e.3 %

       @ Pick-ksp coil imaer diaigaeter: 43 mm

       @ power: leo, g2e, 23o ag so/6o th; 4oplzg

       @ Operating teit Rperature raitge: +i5 to +3 50 C

       tw Relative humidity: Rj&p to 80 %

         Ee2. KesgegegeBergdige wgeyaesgfi*mp rkemageeergegeeere ergkeegeseeeree dieewkecee ecs-3

E.2.1. GeneraR Overview

   The CS-3 Fumaee Apparatws is desigked for thermal treatxnent of a speciEK}eit and

xneasuremewt of the temperatwfe dependence of }ow-fiegd sus£eptibigity in weak}y itkagneti£

nkineraas, rocks and synthetic materiais, iit ce-eperatioit with the KILY- 3S Kappabridge.

   The apparatvis consists of a eeit-magnetic imace with a speciaR pRatig kum te] Kkperatewe seitsor,

a temperature control unit axitd a £oeling water reserveir. The specigneit (wp te O.25cm3 in

volume) is pia£ed in a sigi£a ggass vessel, heated by a piatiRum wire, aitd the terriperatEEre is

measggred by the temperatwgre seRser.

   'Iic} perform the sus£eptibility measgg2remept at a given teffKiperature, the eqEEiprK}ent

a"tofi}atically nkoves the fumace iitto askd okxt of the pick-up coiR of the KLY-3S Spimer

Kappabridge. The quasi-centinggous pfocess of measEEremeRt is fuRgy autorKkated, being £owtfolaed

by the Temperatwe Control URit aEkd PC £exx}puter.

   The CS-3 apparataks iRcl"des a sggpplemeRt which gnay be tgsed to gneasure temperatk]xre

vewiatiofts of sxgsceptibility iit argoft atfRiesphere, iit erder to preveitt oxidatieit of r[keasggred

specxrrken.

   The teg[ftperattgre vewiatioit of susceptibility of the specimeit is displayed coittingowsgy gn the
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inoRiter. The results are alse writteR gwto a data fiRe (iit ASCII format) whi£h cait be (off Xne)

wtempreted and evalggated by included specgag software package CUREVAL.

   The stagidard grkeas"red c!ewe ef tengperatwe vewiation of stgs£eptibiaity consists of abekkt SOe

te 700 pairs ef susceptibility a*d temperatgsye detemeiitatiefts. If a wegalkiy g] RagRetic spe£igiteR has

been ffrkeasEgred, tke ctgrve caR be reselved into paranRagneti£ hyperboga and £emplex

ferrexnagnetic cgrve. (Extra£t frexk k AGICO manuags)

E.2.2. 'Irecim£aR specificatioits

       ee NomimaI specirrxeR vegkkg)ae: O.25 cgx}3 (fragmeRts or powder)

       tw Imaer di ameter of measvg3riitg vesseR: O.5 em

       tw High texif}peratewe rxxeasRxreitgeitt: ggp te 7eOOC

       tw Acck]sracyofteggkperat"redeterminatieR:±20C "

       @ Sensitivity to sxEs£eptibility changes: gxgO-7 (SI)

       tw Dirrkemsions,Mass:

           > 'Iemperatwre£owtglamit:26xg6x25cxx},9kg

           > Fxgma£e with temperattgre seitsor: 1 kg

           > Ceeling water reservoir 50 l: 7Ix36x36 cm, 4 kg ¥(empty

                  ase3e Tboeff]twaR diemeesgeeeegzew *weewa lwsIMmpD-$8

E.3.g. (}eitefag ()verview

   The MMTD-fi8 demagnetizer oven is designed to heat stagxdewd size pageomagnetic sampges

ix tefKkperatExires steps reachiitg a maximwn teiRperattgfe peak. Iremperatvgfe steps as weAg as

m3xigKRwn temperatwe peak can be set "p by the kkser.
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  The MMTD-18 oveR cait hoRd tax}d heat mp to ag standard size paftegmagRetic sasExples.

  Usgxalay, sampges ewe der[xagRetized in "ser-defiRed steps ef ca. 500C up to a marmwn peak

texgaperatkxre ef 7000C. (Extracg fretw MagReti£ Measewements Inc. rxRaRgal).

E.3.2. [Ele£im£al spechications

       @ Maxim"mtegxkperatxEre:7000C,

       @ Iwtegrated D.C. ceig for a£quisition experix[kents ef thermoremarke*t magnetization

           (TRM)p

       @ Siitgke chasskber for heati*g ai}d cGegiRg,

       @ Programable fof heating ew]d coeKkg sequen£es, li sagi}ple boat for g8 sampges.

            ee.ag. AMgeermegetrkeeg fieeMdi diemeasgpaegSzeeq SQWMpm mogedi£g S8g

E.4.g. GeRefal Overview

   The Modeg 58g systexKg censists ofthe follewgxtg cerecgpexewts:

              l. Modei58iHSQUIDProeessorEaectreriics

             2. Modeg S8gS Contreg/Display ConseRe

             3. Medeg 5ggP Cryggenic Probe

             4. Modeg 58gSQ DC SQUID SeRsor

   The SQUID seitsof is nteunted iit a prote£tive fibergiass enclos"re which is in twrft snguRted

to a itormagneti£ printed circuit (PC) bogigrd. A step Egp transforwger and miniatwe Lemo

cermee£tor ewe alse gyeeimted en the SQUgD PC board. The cexixkector eRables the SQUID package

te be plvkgged into a matchiitg cogme£ter on the bonom ofthe rifkedel 58aP Cryogeptc Prebe.

   The Medei 58gen SQVD Pre£essof EIectroni£s £eesists ef a g]gigiiature (Vcm x 7£xxx x
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3.5£rn) shiegded enclosaJigre cewtaiRing agR of the SQCrlD cigsed leep eir£Exitry. 1ffrhis xgskit can be

used as a staRd agoRe gg#kit ifpoweec (±g5 Vg)C) is provided or it cExgg be £ogmected to the Model

 581S CoRtroa/Dispgay CeitseRe. Wgxeit operating the S8fiH in a sgaRd 31oite zxxode, rgktwiatwe 10

ecJEfxk potentiorx}eters ewabge adjgstnkeitt ef the SQUgD pewameters listed below:

              a. SQUID bias £urreitt

              2. SQUIDoffset

              3. modEggationax¥(xplitkkde

              4. phase

              5. eagibratioit

              6. ACgain

   in additgo" r3nge (ax, aOx, 100x, 2gged gOOOx), reset, fast slew gigitd extexg}ag er iittemal

feedback Ertodes £tgit agg be segected by switches in the ModeR 58a}{.

   The Medel 58gS CowtroR/Dispgay Co*seRe eontaiits the system pewer skkppties. It also

£ewtains two dispgayss a 41!S digit digStag dispgay aRd a fast 20 egesig iteRa LED bargraph dispgay.

   The 416 digigag dispgay £an be g3ser segected te shew either the SQUgD oEgtpggt er the SQUifD

cekxgxt eggtput. The bewgraph £Egxa be £oitfigggfired to show the SQUIi) owtput or the med"gatioR

agitpRitakde. The latter optgoit is gsed in the setup mode te enabge agiljgxstmewt gf SQUI]) ele£troptc

pararr}eters wtthoeal wsiitg ait gs£iglos£ope.

   ]rSRe 58aEgy5ggS eRectroitics systern is very immaptne tg radi() fire(}uency interfereitce (ewI) ag}d

pewef line picktxp because agg of the SQUID cgosed geop egectrenics ewe gocated iit a highgy

sft¥)ielded aitd filtered enclesE]sre iteew the SQUID.

   The Modeg 581P Cryogeiti£ Pfebe provides a cenveitieRt method ef immersiRg the SQUID

sensor tw a eryogenxc eptvireitmeewt. The prebe cgmsists of a flexible g)ziggRtieonda£tor £abRe

ceftKgeeting the SQUg]¥) seRsef with tke room tegxkperatEEre egectfeRics. The SQUID septsor is

pRggged iitte a gxeiniature aO pin £osme£ter, gikogsRted at the botteyift of the fgexibRe eabRe. A

itiobiwn shiegd aAso movEnts to the prebe bgtSonk afld prgvides a shiegded envirgwwkent for the

                                       229



SQUID sensor. (Extract frorEk AppRied Physi£s gikanuags).

E.4.2 . Tecimieal spe£ifications

tw

tw

@

tw

ge

tw

@

tw

Fftssx Noise level 5xgO-6 Flux ggx xit RMS/E{z

Energy iteise ievel 6xgO--3 1 jgEkges RMS/EEz

1/fNoise comer freqgency <O.5 Hz

Impwt cogpiiptg iRductiigxgce g.9 H

Size 12 mm diax 56 xixr¥(e leng

SQUI]¥) transformer tms ratie 8:1

Inpwt eoil cgrrent seitsitivity O.2AIFgRgx gftSt

MedaklatioR ceil sensitivity 1 .5/YFRggx uftit

g. Model58gPCryogenicProbe

   mp Flexible, shiegded O.a25V' dia integrai RFI filters eR a}Neads

   @ LeRgthg22caiiN

   @ Ceiftnectof (to 581 H) Win£hester9pin

2. Medeg58gHSQUIDPrecessorEiectroitics

3.

tw CeRteffrequency200KHz

@ Input£ouplingtraitsformerratie3:i

@ Vk¥) hage noise <G 6xa e-9 V RMSMz

tw CkJurent neise <R O-13 A RMS/Eifz

@ gptergkal eoittrogs Raitge, reset, fast sgew, modviRatieit type

tw Inteffaal adjustrnexts (10 + potentieffecketers) AC amp, gain, cagibratRoit,

tw Size 15cm x 7crr} x 3.5cm

@ Pewef g5VDC @ 150 ma

Model 581S Centrol/fi¥)isplay ConseRe
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4.

5.

6.

7.

" DispRaysandeEgtput

   @ 4 digit dgspRay gfSQUID amageg owtpwt

   tw 4 digit display efSQUD ffvE>< cogitt

   @ Aecialog eutput 10 V fof fula scaRe

" Bargraphan31ogokktpgtranges

   tw lx gFIR]x kxnit fu11 scale

   tw fi Ox gOFiux itxnit full scale

   @ 100x fi(])eFlxg>< RJEi2it fuRl sc)ale

   tw geeox geooFiux uitit fuN scale

Fikers (g2 db/octave rolgoff with segect3ble comer freqeeit£y at

widebew}d outp"t is aufigtered.

Power agO--g30 VAC @ IA or 220･-260 VAC @ O.5As 50 er 60 ffz

Size 37£R ga Lx 21cgxk Wx gOcN aa H

weight gl ibs.

g, go, goe }Iz¥) . The
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