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1. Introduction

Understanding the mechanical behaviour of subduction zones and unravelling the

evolution of accretionary complexes requires addressing the key question odistrébation

within high-pressure lowtemperatureHP/LT) shear zonesThe complex interplay between
i %nits
S shear

e critical T-range

rheology, temperaturéuid statusand deformation influences how exhumg

is accommodated by progressive localization of deformation along
zones In HP/LT accretionary wedgesuch strain localizationand pal

brittle/ductile transitionmay occurat large depthand most n @
(300450 °C)overlaping with theargon Ar) retentioninte K/LT micas,i.e., phengite

(e.g.,Scaillet et al., 1992Varren et al., 2018). This ha? ephengitewith the status of

natural “°Ar/*°Ar candidate for tracking tem riations in shear distribution and

exhumation dynamicef HP/LT units nd Lister, 1998Brdcker et al., 2004, 2013;

Beltrando et al., 201Rogowitz et alggP13F-ornash eal., 2016; Lister and Forster, 2016
However, engite isals®aownin suchcontextsto providecomplex*°Ar behaviar
controlled byvariableAr diffgis; ineralcomposition, parental lithology (juveniieotolith
vs.polycyclicbase @maﬁom and fluid/rockinteractiongScaillet et al 1992; Scalllet,
1996, 1998Gi &al., 2000Di Vincenzo et al 2006;Smyeet al.,2013 Halama et al.,
2014;Cq 015 Schertl and Hammerschmidt, 20F@rnash et al., 201&aurent et
al.y 69 resulting’Ar/°Ar agescan behighly discordantand have been interpreted
eitherigterms of closurer resetting, assisted or not by deformatidncordingly, te extent
to which“°Ar/3°Ar phengite agesan constrairthe thermatkinematicbehaviour of exhumed
HP/LT rockshas ber questioned and investigatedingdifferentapproaches involvingither
in situ dating bulk (population) datingsingle grain stejmheatingor single grain fusion age

distributions(e.g. Wijbrans et al., 1990; Monié and Chopin, 1991; Scaiketal, 1992; Di
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Vincenzo et al., 2008/varren et al., 2012 Beltrando et al., 2013mye et al., 2013;aurent
et al., 2017Uunk et al., 2018

In thiswork, we addresshese issues via tHeAr/3°Ar studyof SyrosandSifnos two
key islands of th&pperCycladic BlueschisfUCB) unit of the Aegeaomain(Greece)one

of the best preserveahd exposetHP/LT subduction complesworldwide (e.g.Hausmann,
Wc’!5 Okay,
\ orking

grade conditions togreenschis{GS grade conditionsOur s& based on coupling

1845;Ridley, 1982;Bonneau, 1984Dixon et al., 1987 Schliestedt and Matig

1989;Avigad and Garfunkel, 1991Both islands record a majtrermaiking

marked bya sharp(ca2 kmzhick) metamorphic transition fromclogite

thermobarometrycrystatchemistry,and structural analyg®gitighesolutionin situ and

stepheating*®Ar/3°Ar dating A key innovation oburapp 0 combineghese techniques
y 4

to a levelof integrationnever attempted befar, rfcular, we applextensive(regional)

40Ar/3%Ar samplingacross strain gr iously recognizedt all scalesthrough this

transition(e.g.Laurent et al., 20120 oche et al., 20)pdown to the petrographimineral
scale We furtherexplore the beNgviour of thhengite*Ar/3°Ar systemas a function of strain
intensity, textural habitus,%rphic grade, and synkinematic ovdrprmthe regional (>

10 km)down to th erdgpta(< 1 mm)
2. Geo@ g
2.1 Gegdynamic evolution of the Cyclades
The Aegean domain (eastern Mediterranean, Fig. 1) is characterized by two main

tectonic and metamorphic event®i{vet and Brun, 2010; Ring et al., 201The first one

involves the convergence between Africa and Eurasia dudatefCretaceoudcocene inducing
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the formation of the HellenidéBaurideschain (Bonneau and Kienast, 1937A series of
oceanic and continentahits were accreteldy underplatingand mechanical couplinp the
HP/LT nappe stackwhich started to exhume througlset ofsyn-orogenc shear zoneJ hese
includethe topto-the E/NE Vari Detachmen(Fig. 1, Trotet et al., 2001a; Soukis and Stockli,
2013; Laurent et al., 20),6thetop-to-the-S thrust in losKluet et al., 2009; Ring et al., 2010

and the topto-theE Pythagoras thrust in Samo&oChe et al., 20 %cond

tectonometamorphic evenbrresponds tthe progressivealislocation ofthe Clas a

consequence ahe southward acceleration of the African slab ret ) tearigglL €

Pichon and Angelier, 1981, Lister et al., 1984; Jolivet et al., 9. The thickened
crustof the Aegean domain was thus affected by ) ensionyhile thefrontal
zones were still under compressioin(ivet et al., 1994; 9 d Brun, 20Jla the Cyclades,
detachment systems such as theto-the NE cladic Detachment System (NCDS,

Jolivet et al., 201)) the top-to-the %‘[ ycladic Detachment System (WCDS,
Grasemann et al., ZOﬁZhetopto-thsPams Detachment System (NPDSutier et
al., 199) and thetop-to-the S orin Detachmentgchneider et al., 20)&ccommodated
back-arc extension and e ntbé Cycladic Blueschist Unit (CBWig. 1).During this

Complexes ( axos, Mykonos and lkariavhere hightemperature parageneses

phase, extension ctoMg was characterized by the development of MetamGore
S

overpriniReMQUIHP/LT parageneseat 2117 Ma(Fig. 1, Lister et al., 1984Wijbransand

M 88;Urai et al., 1990; Gautier et.all993; Gautier and Brun, 199Jolivet and

Patriat M 999Keay et al.,, 2001Yanderhaeghe, 2004; Beaudoin et al., 2015; Laurent et al.,

2015; Rabillard et al., 20)8

2.2 Geology of the Cycladic Blueschist Unit
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The Cycladic archipelago (central Aegean domain) is mainly composed of the CBU
(Fig. 1. This has beemecentlydivided in two subinits: the Lower Cycladic IBeschist nappe
(LCB) and the Upper Cycladic Blueschist nappe (UCB), whiffier in lithology, geochemical
recad, andP-T conditions Grasemannteal., 2018; Roche et al., 2018)19.

The LCB nappas mainly observedn the southern and western partstiué Aegean

domain(e.g, Serifos, Folegandros; Fig).1t is composed ahetapelites, gr

and marbles with minor metabasite (é€sgasemann et al., 2018; Roche e
P-T data throughout this suhit indicate peak conditions df0 + 2 kg
(Katagas, 1984; Katzir et al., 2000; Baziotis et al., 2009; | al., 2011; Augier et al.,
2015; Scheffer et al., 2016; Grasemann et al., 2018; &D 2018

The UCB nappelies in the central part of th} alomain (i.e. the Cycladic
archipelago, Fig.)1 andis particularlywell expo @ pyrosand SifnosOn SyrostheUCB

stack is classically subdividenh t &&

metamorphic facied gurent et al., 2 ese are from top to bottatme KamposChroussa

differing in lithology and predominant

andPosidonissubunits(Figs. 2, IzJhe Kampos Subungonsistof a mélange of metabasites

wrapped in serpentinites or metasedimdttkgite and BSfaciesparageneseare

Subunitis alit raphicsequence of alternatingicaschists thick marble layersand

spectacularlyrese an®ynostly escaped loweaetrogressionTheintermediateChroussa
lenses o sigePortions othis subunitire overprinted in th@ Sgrade faciesvhile others
sh erved eclogiteand BSfacies @mragenesesrhe lowermostPosidonia Subunit
congisi@of the structurally lowergneissof Komito overlain by albitic micaschistswith
intercalated boudins of metabasite and thin marble layEns subunit is pervasively
overprintedn the GSfacies andhowsonly few preservedP parageneses.

The UCB on Syros was exhumed in an overall-toghe E norcoaxial shearing from

eclogitefaciesthroughGSfacies conditionsT(rotet et al., 200%d aurentet al., 201} Strain



118 localization occurred progressively toward the base oU@B during theHP-GStransition,
119 along ductile shear zones observed at all scalesrent et al., 2006 preservingHP/LT
120 structures in the less deformed eclogaad BSgrade topmost subunitd=igs. 2, 3). Similar
121 shear zorewere describednoSifnos whergas on Syroghe topmost part of theCB shows

122  well-preservedP/LT paragenesa®lativeto thehighly GSfaciesoverprintedowermost part

123 (Roche et al., 20)6Despitetheir variable degree of retrogression, eclo"s%neses
124  are recognized throughout th&CB subunitsof Syros and Sifnowith similag Pe ditions

125 around22-20kbar and 550 °CHig. 4; Trotet et al. 2001bGroppo et al., § Pragovic et al.,

127 recently refinedthe P-T exhumation path on Syros, iNg a nruidge evolution

126 2012; Ashley et al., 2014;aurent et al., 2018Brooks et a rent et al. {019
128 involving (1) a cold syrorogenic exhumation withiy bduction chanredter peak
129 metamorphic conditiong2) isobaricheating a kbardue to thermal requilibration

130 of the lithosphere in the backc do (3) exhumation and cooling related to- post

131  orogenic extensiorA quite similarP- lution of the B was also described on Tinos and

132  Andros Parra et al., 2002; HueRgt al., 2).1BheP-T record across thdCB is heterogeneous,

133 the isobaric heating phas p1g to a lesser extent the topmost partt)GBRI{Kampos

134  Subunit) than th{@ate and lowermost parts (respectively Chroussa and Posidonia

135  Subunits Fig.

136

137 3. @ochronology
138
139 The timing of peak metamorphism in th€B sequencéas been constrainet Syros

140 and Sifnody U/Pb dating orzirconandSm/NdandLu/Hf on garnetvith agesrangingbetween
141 5549 Ma (Fig.4, Tomaschek et al., 2003; Lagos et al., 2007; Dragovic et al.).ZRbfSr and

142 “Ar/°Ar dating of white mica from welpreservedHP/LT parageneses provided similar



143  (thoughmore variable) agdsetweernb5-30 Ma(e.g.Putlitz et al., 2005Brocker et al., 2013;

144  Cliff et al., 2016;Lister and Faster, 2016;Laurent et al., 203 Junk et al., 201B

145 Syros has been the focus of many (and espedfally*°Ar) geochronological studies

146  (Fig. 4), mainly in the northern paftaturing spectacularly preserveldP/LT parageneses

147 (Tomaschek et al., 2003; Putlitz et al., 2005; Lagos et al., 2007; Brocker et al., 2013; Rogowitz
148 et al., 2015; Cliff et al., 201@;ister and Forster, 2016; Laurent et al., 2014k U%al.,;ZOlS

149  Skelton et al., 2009 There Rb/Sr dating constrains the timing of retrogre ato

150 as young as 221 Ma in BS and GSfacies assoctad with extensioNgl fajrics.h& syn

152  process rather thansinglediscrete event (Figl, Brocker 3; Cliff et al., 20).6The

151 kinematc GSfacies retrogressioand associated age rarig ed as a continuum
153 question as to which extent these data can constrair? gH? e S-faciestransition
154  remains opeliBrocker et al., 2013 howeverRir@QOl]) obtained a well defined Rb/Sr
155 phengite isochron &2.8 £ 0.2 Mg %)on GSgrade rocks of Sifnosontrasting
156  with thescatterchron obtained on p ites fropriatineBSgrade sample &9.4 + 3.4 Ma

157 (MSWD = 46).Such disequilib systematiese suggested to result fropartial resetting

158 of HP isotopic and ch%lgnaturdw way of deformationnduced incomplete
h

159 recrystallizatiordurj gt GStransition

160 The lat tribution to th&Ar/3°Ar geochronology of SyrosUunk et al., 201

161 reveale isgghce plfengiteage gradients regionally correlated with metamorphic grade
162 an ngwith singlegrain totalfusion agesanging from54 to 31Ma. To get rid of

163 localdgpormation effecfshatstudy avoidedargeting complefabricsdevelopedn connection
164  with local and regional strain gradienfdso, thetotalfusionapproaclof datingisolated single
165 grainsprovides notextural control on intraand intergrains*°Ar/3°Ar relationshipsThis isin
166  contrastwith our multi-scale approacthat contributesn situ ages regionally and locallyed

167 to deformation structures and metamorphfabrics allowing to substantiallyrefine the
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significance oflocal and grairscale “°Ar/*°Ar systematics in the context of the regional

metamorphidransition

4. Methods

4.1 Sampling strategy 6

As just stated, major limitation of previou®Ar/*°Ar studies of @nas been the

lack of exhaustive sampling to permit ar record ofHP phengj
with largescale structurand metamorphic gradiens ognized across th€B
stack.This hashampered the interpretation ‘GAr/>°Ar e? ing a clearly established link
with (1) regional metamorphic gradients, ( inite strain pattern locally imposed by
deformation across theclogitéBSG nsition, and (3) theotope distribubn at the
mineralscale.

Our focus is on exploriMiythe behaviour of the pherf§ae/*°Ar system across strain

gradients and regional st ibution patterns previously studied by our group and others

studies, strain

(Trotet et al., 200, 4QogoNz et al., 201Furent et al., 2016; Roche et al., 2R1é these
raents were qualitatively determined via standard field practice based on

straininteasitNy ators such as: (i) the development of increasingly pronounced foliation
(p ) ad stretching (linear fabric) toward the core of the shear zones
(synkin®matically elongated phengite, glaucophane, epidote, etc.), (ii) the development of shear
structures such as shear bands and narrow ductile shear zonesSaske@r fabrics, (iii)
mineral fish and sheared porphyroblasts, (iv) in some shear zones and toward their core, the

progressive synkinematic retrogression from eclogit®$wor from BSto GS and (v) the
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216

progressive alignment/parallelisation of folds hinges with the directiamet€king toward the
core of the shear zone.

Based on tlse structural datave applieda multi-scale*®Ar/*°Ar sampling strategy to
provide, first, a regional coverage across tleB and the overlying Vari Unit (Fig. 2)oth
across the island armlong the southern coast of Syros where all subanégontinuously
exposedand relationships between deformation and metamorphic r ys%on can be
observed. We next focused on individigdear zonegpreviously studied et#across

% 20 @Delfini

shear zonewestern Syrgsrogowitz et al., 2015; Laurent et aI& sopigshear zonge

smallerscale ¢a.500 m) sections (Liahear zonenortrernSyros Lauren
souttern Sifnos Roche et al., 20%6Figs. 2, 3). Thes characteristic higgtrain
gradients distinctly developed across ¢ogite BS(Lia oneandthe BSGS (Delfini

shear zonejnetamorphidransitiors on SyrosA@sectiordevelopeobntirelyin theGS
facies(Chryssopigi shear zon8&ifno &mterized byariableextentof deformation
assisted retrogressipwas also inv tedtrain and facies variatiormuggest that these
shear zones were not coeN:tive during the whole exhumation and, thus, that they
potentially ear a distinct‘o%ignature in connection with temporariations inthe 3-

D strainpatternat t al theCB stack Lastly, weappliedspatially resolved (< 100 pm)

in situ UV-abl§goMypnmm-scale rock sectionBom the targeted sections favestigate

ch®wi

40Ar/3%Ar iIcs in connection witlvell-characterized microstructuresnd crystal
:@érnsntegrationof the data collectethroughall scaless a major innovation of

this stully thaprovedessentiain understanihg the temporaf®Ar/3°Ar pattern recorded by

phengitein this part otthe UCB

4.2 EPMA analyses



217 Geotemical analyses of phengite crystaisre performedto determinethe degree of
218 recrystallization in the studied samples, a key parameter to undefSritiAr ages. A
219 CAMECA SX100 electromprobemicroanalyzefEPMA) housed at IST{Orléans, France)
220 was used to acquire spot analyses of phengitalytical conditions were 15 kV accelerating

221 voltage and 12 nA beam curremith 10 sintegration timedor all elementgspotmode)

222 X-ray maps were acquired theckcrystatscalecompositionalvariaj ns@rgite
223  (from half a mm to a few pmgndfor linking geochenstry with microstructyre 12°Ar
224  agesusinga JEOL JXA8230 instrumenhoused atSTerre(Universit nobleéAlpes,

225 Francede Andrade et al200§. Mappingconditionswere 15 K gct ng voltage 0D nA
226  specimen current and 1¥laccelerating voltagand 12 n &n current for spot analyses.

227 Compositional mapping was carried out with dw of 200 ms and a step size

228  (corresponding to #pixel size in the final ima@. The X-ray compositional map was

229  processewvith the progranXMAPTOQO &an efal., 2019. Representative microprobe

230 analyses of phengites from tffiar/® alysed sampleswe provided ilppendixS3.

231 \

232 4.3 “Ar/*°Ar methods @

233

234 We ap '&r/ Ar COc-laser stefheating @ single grains and populations
235 handpick 0.5-1.0 mm fraction (single grains)and 0.250.50 mm (populations)

236 ob Jiently crushing the sangplBor spatially resolvedJV-laserin situ mapping,
237 diagpoglic microstructures were drilled out from carefskgtionedsamples, then cut and
238 polishedto 1 um(adhesive such as superglue was not used) to obtath3r&m thick ul0
239 mm circular rock sectionRock sectionsmineral graingnd separatesere washed iacetone,

240 ethanolandde-ionisedwater in ultrasonic batldriedat 50°C in an ovenweighedand finally

241  microscopically analysed and photographed.
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All samples were irradiatddr 5 hat Corvallis CLICIT in-core positionQregon, USA)
along withsanidine standard FCT (22 = 0.28 MaRenne et al., 199&nd amlysed at the
40Ar/3°Ar laboratory housed at IST@rléans France)Upon return from irradiatiortheywere
unwrapped and placed in a stainless steel sample holder and loadaedanport pumped to
ultra-high vacuum and baked to 195 over 48 hoursxtracted gass werepurified using two

air-cooled GP50 SAES getters during 6 minutes before admission into t m%ctrometer.
Ar and ClI isotopes were sequentially measured in 20 cygtbsan electr ipmerseCl,
36Ar + IH3SCI, 37Ar £ 37Cl, 3Ar + H3'CI, *°Ar, “°Ar isotopes) and a Fg a@ﬁ(r only) by

peakswitching on one of the three statiwble gasHeIix-SF Fisher Scientific,

GmbH) massspectrometers operated at ISTO with a nin excessof 750 Gas
handling andnmassspectrometer operatisrare fully aut using stasatbne LabView
based softwareProcedural lankswere monitor@ording to their evolutioavery third
heating steptypically theinitial low-T, &s featuring little or NYAr) to every sample
gas admissiorg{l in situexperimentsl id to higHT extraction stegsn the same conditions
as the sampl&.ypical valuesw\%lfA, 0.001fA, 0.001fA, 0.001fA, and0.001fA for m/e
= 40, 39, 38, 37, 36, resp%ta regression and age calculations/correcticer® made
following Scaillet . RA¥essetPAr/*°Ar isotopic data are tabulated in the supplementary
material. Indiviga®ygge errors include propagation of all instrumental and procedural
uncertaig u ages (PA) are calculated as integrated (irvargace weighted) mean
ag @ corresponding steps, and-tg#alages (TGA) by individually summing the Ar
isot of all steps (equivalent to &AKage). These are quoted at ¥ 1

Phengites were stdpeated either as single grains (size permitfiray) as small
populations (clustergypically comprising 67 grains, rarely more (up to $@&ing. Forin situ

dating, targetatching techniques were employed wherebysietionsurfaceanalysed by

SEM and probed with the BPA wasuncoated (i.e., repolished to 1 pthenultrasonically

11
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201

rinsed inacetonendalcohol) to allow direct®?Ar/°Ar targeting of mineral zones and structures
previously imaged and compositionally characterizeoly electron microscopyA high
resolution deep 218V laserprobe Rhoton Machine XG2+ model) wa used to excavate
100to 50 umawvide square or circulashaped ablation pits about-30 umzee at a repetition
rate of 20 Hz and-5 mJ/pulse. White light interferometry scanning of individual spatsaled
steepwalled pits withvariable bottom geometry (from nearly flat at inte te% counts <
600, to progressively conshapeddue toprogressive defocusing and int e ipast
1000pulse3. Complete®Ar/3°Ar data are provided iAppendixS4 and pt for a few

t discussed further below.

analyses?’Arca and3®Arc isotopes were all measured closggtd @ jround vaesall,
theyprovide nainsight on geocbmicatages relationshi

Y4

5. Results @

5.1. Regional gradient: Southern S ection

5.1.1 Petrology, structur@%ral chemistry
The m &pl&ection across all subunits ofu@i® and the Vari Unit can be
0 Il

studied o the regional BV stretching lineatiomominatingacross the southern
paNyQf ¥ (Fy. 2, Laurent et al 2016. This section shows strain gradients at all scales,
acrgssVhich 17 samples were collected*far/*°Ar dating (Fgs. 2, 3). Themineralogy and
structure of the analysed sampéswell as the petrtextural characteristics of phengaee
described belovand summarized in Taldé and 2

LowermostPosidonia Subnit. Three samples (SY4-21, SY-14-18 and S¥13-02)

weretakenfrom the structurally lowefelsic gneissof Komito intercalated with boudins of
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293

294

295

296
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299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

metabasitéFig. 2). SY-14-21 isa chloritemicaschispartly overprinted ifs Sfacies condions

with the preservation ofarnet and glaucophan®Y-14-18 is a GrtEp blueschist thatvas
collected in the core of a metababicudin preserved from retrogressid?hengite idittle
deformed andompogionally homogeneous in this sample (F&. SY-13-02 is agneissc
sample,strongly foliatedand showingop-to-the E shearbands Phengite shows a spread in
composition with no clear correlation with microstructures.(6)gSY-16-104SY; SY-

14-76 and SY¥14-77 were collected in the metapelite sequence pervasi vemrinted in the
GSfaciescomposing the upper parts of the Posidaualaunit(Fig. 2). SY- @ K a calcschist

with coarsegrainedprimary phengite crystalsSY-14-80 is a s etched and sheared

GSfaciesmicaschistisplaying topto-the E kinematics wi inedsecondaryphengites

set in a quartz matrix and oriented paralleirmallshea?a Fi%). Phengite composition

is quite homogenes and characterized by a pitent (Fig5). SY-14-76 is a weakly
foliated and stretcheahlorite-beari ciststatically overprinted in th&sSfacies
Phengite islittle deformedmicrosco yandis composibnally characterized by variable

Xwmg values(Fig. 5). SY-14-77 isQstrongly deformeanetapeliteoverprinted undeGSfacies
conditions There,phengit piterconnected layers parallel to shear bands affecting a

matrix Phengite composition displays twdistinct groups

hroussa SubuniffTwo samples were collected in this subuffilg. 2).
ell-preservedSfacies metabasithat is foliated and shearégig. 6). SY-16-
15i eup of cm-scale phengite grairthatweredirectly collectedwithin the extensional
gap of a neck formeait the tip ofan eclogite boudin (Fig). The association with glaucophane
in the synkinematic neck indicates crystallization un@&S-faciesconditions

TopmostKampos SubunitFive sampleslisplaying varying degrees of retrogression

were collected below the Vari Detachmerat major tectonic structure delimiting th#>-LT

13
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328

329

330

331

332

333

334

335

336

337

338

339

340

341

UCB rocks from the amphibolitacies Vari Unit (e.glrotet et al.2001; Ring et al., 2003;
Keiter et al., 2011; Soukis and Stockli, 2013; Laurent et al., )2@ample SY¥14-40bis a
metabasite showing complex deformation and retrogression pattérhile the topparts of
the sampléSY-14-40ky) preserves &P/LT mineralogy (glaucopharendgarnet) affected by
both synBStop-to-theW and syrGStop-to-theE shear bandshe base (S¥1.4-40ky) displays
overprintedHP/LT minerals with only togo-the EsynGSshear band@-ig. T%dient
is mirrored byvariations in phengite composition from the t&¥{14-40y eqY-
14-40ky). While the first shows homogeneous higkc8intent the secon®e ite/o distinct
compositioral groups with a trend toward lower Siontent and om:oarsegrained
phengites in foliation tdine-grained phengites in shear K). SY-14-60, SY-14-63
and S¥14-64 were collected fronthe sameoutcrop . SY-14-60 and SY14-64
correspond to eclogite boudins preserved in ly folgdecies matrixSY-14-63 is a

strongly foliated, rong, BSfacies m oudim these samplespme phengite crystals

are characterized by highSi core weSbi rims with a large Svs Xmg compositiona

Vari Unit. Three @vere collected in the Vari gneiss-18%8) and the
underlying myloni '@s metasediments (Sh6-18 and SY¥13-10). None of these
displays evid &ﬂﬂ /LT metamorphism Phengite in SY13-10 has a relatively
homogei@smonsmlar to othetUCB phengite(e.g.SY-14-40ks, Fig. 7) while the

va

span

4-68 containssignificantlylower Xug phengite(Fig. 7).

5.1.2 “OAr/3°Ar results

LowermostPosidonia Subunit'®Ar/3°Ar stepheating of the phengite population SY

14-21yielded a complex age spectrum with apparent ages ranging from 35 Ma to(EggMa
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366

8). The finegrained population SY4-18 yielded an overall flat age spectrum with a total gas
age of 28.% 0.5Ma. Thesingle grain S¥13-02 yielded &flat spectrum past the first three
heating steps with an age of ca. 21 Ma for 93 % of f8fal released. The paired phengite
grainsof SY-16-10 yielded a humghaped spectrum with apparent ages ranging from 26 Ma

to 20 Ma(Fig. 8). The population S¥14-80 yielded a flat agepectrum with a plateau at 08.

+ 0.1Ma for 100 % of totaf°Ar released. This plateau corresponds to thgy £9Ar
age obtained on Syros. A population of nine phengite grains fr elded
progressively increasingparent ages ending with a flat segment at a over the six last

heating steps (64 % of tofiAr releasedFig. 8. The phengite sj @ SMA-77, collected
just belowthe contact zone delimiting the lowermos &ia Subunit and intermediat
Chroussa Subunii.e. the Posidoni&hroussa shear z P2, 3, Laurent et al., 2006
yields initially climbing lowT ages followed b@egment at ca. 20 Ma for 81 % of total
3%Ar released. K

IntermediateChroussa Sub e 3grain phengite cluster SY6-06, structurally
located10 mabove thePosidoN)ussa;hear zongyielded three sharply increasing initial
ages followed by a flat se@er the last six temperature steps around 38 Ma (67 % of total

3Ar releasedFig. 3€8Khe le phengite grain SY6-15 yielded a slightly discordant age

datedn situ (Fig. 9). Three crystalsSY-16-15b, S¥-16-15c andSY-16-

of differeg
1 ' consistenapparent ages comprised betweert@3Ma withbroadly consistent

TG

spectrum w% nt ages declining from 42 to 41Additionally, 4 single phengite grains

3.7+ 0.3Ma, 43.6x 0.2Ma and 42.Gt 0.2Ma, respectively(Fig. 9). Interestingly,
SY-16-15a,the largerand heaviegrain, yields consistentbut significantly youngelin situ
apparent agesith 88% of the data comprised betweh35 Ma (TGA = 37.2+ 0.2Ma).

TopmosKampos Subunit®Ar/*°Ar stepheating of single grain SY4-40k, yielded a

decreasing age spectrum with apparent ages ranging from 30 Ma to 2BigU&). The

15



367 measured amount of releas&dr for this grain is significantly lower than expected from
368 sensitivty calculations assuming 10 ¥i.K>O, implying that this grai was not pure phengite
369 but some interlayered phengite + paragonite + chlorite. The populatid®-89ly, yielded a
370 discordant age spectrum with apparent ages ranging from 40 Ma to 8gVvi§. Two paired
371 phengite grains from S14-60 and S¥14-63 yielded equally discordant spectra with apparent
372 ages varying between 44 and 40 Ma. The first five heating steps-G#- %a flat
373 segment at ca. 42 Ma and the three consecutive steps an age of ca. 44 $6Af total

374 released. SY14-63 is charaterized by an initial hump climbing to 44 @ pwed by a more

375 regular segment stabilizing around 40 Ma at the end of deg&S e age spectrum measured

376  on the 3grain cluster SY14-64 is characterized by a sh e of app&venit®Ar ages
377 ove the first three degassing steps and by a flat se? ca. 42 Ma over the last four steps
378 comprising 60 % of totalAr releasedFig. 8. In lysesveremeasured on roekection
379 SY-14-64 previously SEM mappe the relationships betweeromposition
380  microstructuresaind*°Ar/3°Ar record ’10). A coarse phengite crystdisplaying acore to

381 rim Sidecrease showoreages 6§13 Maindistinguishable fronthoseobtainedn thelower-

382 Si rim (4543 Ma) Notevgor, unger apparent ages of-38 Ma were measuredn

383  phengites of inter ower Si-contentlocated at the contact withgarnet and within

384 apressure sh .
385 . 8). The phengite population SY6-18b yielded an erratic pattern with
386 . 5 ranging from 144 to 105 Ma, all characteristically older than any other sample

387 else e on Syros. The single grain-$468 is characterized by a sharp increase of apparent
388 ages over the first 4 temperature steps followed by a general decrease from 80 to 67 Ma (Fig.
389 8). A more consistent age pattern was obtained from the single grait3-3¥ with a

390 progessive increase from 42 to 59 Matil fusion, closely mimicking a diffusarloss profile.
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391  Of particular interest, the earlier steps define thengest ages obtained in the Vari Uaitd
392 are associated with the most deformed sample in the upper part of th2etéiment.

393

394  5.2.Local metamorphic anstrain gradients.

395

396 5.2.1.Lia Shear Zone (Northern Syrogclogite toBStransition 6
398 Sample description and mineral chemistry O

399
400 The northern part of Syros exposes the uppe &of R (Ue. the topmost
401 Kampos subunif) where theHP/LT parageneses a? preserved. (B). Increasing

402 retrogression in thBSfacies is observed tow hear zoneWhile the less deformed

403 samples preserve eclogitic parage se are no longer recognized in the most deformed

404  ones Tablel), indicating strain loca on earfjuring exhumation

405 Three samples were seNgted acrossgitadient(Fig. 2) SY-14-74 was sampledway
406 fromthe shear zoneiructuial below) in an undeformed eclogitic metagablsioowing
407  noplanarfabric (Figs€&l, It is unaffected by the dynamigSoverprint,and thuservesas
408 alocalunretro seceference SY-14-71 was collected00 mbelow the core of the shear
QES metabasite included in serpentini€éig. 11). This sample is only

409 zone in 2o
410 inC rmed, probably recording the first steps of extimmat the transition between

411 eclogitgh and BSfacies conditions Phengite is moderately deformedompositionally
412 homogeneousand oriented parallel to foliatieforming glaucophanendicaing growthnear
413 peakpressure conditiong rock section wagut acrosgn omphacitic pressure shadow around
414  a circularshaped polycrystalline phengite aggregatessibly a pseudomorph after lawsonite,

415 embedded in a glaucopimadominated matrix (+ phengitFig. 12). This was analsedin situ
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416  with the U\tlaser probe and with the continue@€» laser probe on separated single grain
417  (stepheating) SY-14-73 was collected within the Lia Shear Zone proper, wherdBSgrade
418 deformation is extreme and marked by a stygagarfabric with topto-the E kinematicqFigs.
419 11, 12). One stepheating experiment (single phengite graids conducted. Additionallyn

420  situ“°Ar/**Ar UV-mapping was performed on a rock sectibilled across avell-preserved

421  synBSmicro-shear bandFig. 12). 6
422

423 “OAr/?%Ar results O
O

425 Twenty-eight in situ “°Ar/3°Ar ages were me n 8%74 rock section
426  (undeformedeclogitic metagabbro) with 25 analyses ? mogeneous agistribution

427  between 51 and 48 Ma (Fig2)1 Thethreeoldes @ between 52 Ma are associated with

428 adistinctly higher content in botPAr ssibly indicating contribution from a shallow
429 omphacite crystal hidden underne e damaprface.

430 Step-heaing of one sgleain of SY-14-71 (incipiently deformed eclogite/blueschist
431 metabasite) resulted in a spectrum with a total fusion age of 47.1 £ 0.2 M&2)Fig. 1

432  Thirty-threein situ seyrom this sampyeeldedages vary between 49 and ¥f in the
433  circularshapedys&ydomorph after lawsonite (FB).and moretightly groupedagesaround
434 5049 Mgglo gitic pressure shadow developed aroufalitii situanalysis).This age
435 ra y consistent with theneobtained for S¥14-74 (51-48 Ma). Less tharB0% of
436 the dai@are youngdran48 Ma(down to 42 Maand foundn the main glaucophanitic matrix
437  (Fig. 12). In stark contrast with the twarevioussamples, the 4#h situapparent ages obtained
438 on the strongly deformedY-14-73 sampledefine amuch broader range from 51 Ma
439 (maximum age, shared with SM-74 and S¥14-71)to 23 Ma (Fig. ). Of particular interest,

440 the youmgestapparent ages between23 Ma are found both in little deformed coaggained
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phengiteawayfrom the shear band as well as in fgrained deformed phengite in the shear
band. Note that this also holds for the older451Ma) and intermediate (430 Ma) apparent

ages measured both within and away from the rsbear band (Fig.2). The companion
single-grain age spectrum is characterized by a flat segment at ca. 39 Ma for 70 % of the total

3%Ar released (excluding the first and last step, Fay. 1

5.2.2.Delfini Shear Zone (Central Sysp BSto GStransition &6
Sample description and minergemistry @

Two BSto GSgrade shear zones cut across th} i peninsula on $ygss4, 3,
Laurent et al 2019 characterized byntensel medocks displayinga NE dipping
foliation carryinga stretching lineati &lﬂ ig. 2). Asymmetric ductile deformation
is characterized by te-the E kine sndicated by shear bands and sigmoidal pressure
shadows on garnet§if). 13). SIAI/3°Ar samples were collected across shear zonand
analysed by stepeating ( Tablel). SY-16-23 is aGSoverprinted micaschisvith
pronouncedoliatio en®gals fine-grained and either intensely sheared or little deformed
(Fig.13).SY-1 metabasite preserviB§facies mineralsPhengites locallydeformed
in BSgr aghands, miherwiseparallelin the foliation SY-14-24 is aBSfacies boudin
of preserved in pervasively retrogress&dacies rocks Again, phengiteis
intepsel deformed itocal shear bandsut otherwisdittle deformedin thefoliation (Fig. 13).

The different textural habitus is parallelbg a trend toward lower Si andwX content in
phengiteinside theshear bandsSY-14-26 is a retrogressed micaschist presgywoarse
grained garnetThis sample is intensely sheared witthp-to-the E kinematicgFig. 13).

Phengite exhibits similartrend toward lower Si andwg content as in sample S¥4-24 (Fig.
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466 13). SY-14-28 is a tightly foldedgarnet and glaucophafbearingcalcschist preservinBS
467 facies parageneses with primary phengite displaying relatively homogeneous compaosition
468 less deformation than previous samplégy(13). SY-14-29 is a phengitdearing marble
469 displaying topto-the W kinematic shear criteria previously studiedRggowitz et al(2014,
470 2015, 201) for which they inferred extremely fast straiates (16° s?) with grainscale
471 deformation partitioningnto the weakecalcite crysalsleaving phengitéess fo%

472

473  “OAr/?%Ar results O
474 O

475 Stepheating of thdine-grained population SY.6-2 discordant apparent ages
476  comprised between 383 Ma (Fig. 8). The 6grain phey’t ter SY4-30 is characterized
477 by ages slightly increasing from 3dato 39 M flat segment at ca. 36 Ma fo60f

478  total *°Ar released (Fig. 4). Single &2 showsan initial increase over the first
479 temperature stefnen a decreas‘eorQBl Ma over a relatively flat segment at ca. 34 Ma
480  (65% of total>®Ar reIeasedFim\he single grain of SY4-26 yielded a humgshaped age
481  spectrum with apparent a ing from 34 Ma to 29 Ma (BjgSY¥-14-28 and S¥14-29

482  single grains yield 0 ually consistent plateaux at 38.5 + 0.2 Ma and 39.0 + 0.2 Ma (Fig.

483  14), broadly © t with the stepeatingages of 40 + 1.6 Ma and 37 £ 1.3 Ma obtained in
484 thesem ogowitz et &0(.9.
485

486 5.2.3.CHMryssopigi Shear Zone (Sifjo§&Sfacies deformation
487
488 Sample description and mineral chemistry

489
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490 A strain gradient associated with pervasive retrogressithe@Sfacies was described
491 on Sifnosas the Chryssopigi Shear Zoftags. 2, 3, Roche et al 2016. In the regionakcale
492  tectonostratigraphic sequence of the UCB, this shear zone is located thighiateral
493 equivalent of théowermostPosidonia Subunit of Syrq&oche et al 2016. Top-to-the NE

494  shearing gradually increases toward the core of the shear zone where fold axes are deflected
495 parallel to the stretching lineatioR{che et al 2016. The Chryssopigi Shgar @isplays

496 thestrongestGSfaciesfinite straingradient observed in this study K

497 Eight “°Ar/*°Ar samples were collected across shearzone .samples are

498 foliated and stretched, with deformation increasing toward & the shedfigoh®) (

499 Sample SF4-55 is a foliatedalbite and epidotéeari histmetabasite that was

500 collected300 mabove the shear zonEig. 2). Two slighy nt compositional groups are
501 observed in phengite 8bntentwith no clear c on with microstrures(Fig. 15). SF
502 1452 is aGSfacies calcschist affe the NE shearing Phengite show a trend
503 toward lower Sicontentwithin coreri diens (Fig. 15). SF14-51 is aGSfacies calcschist

504  with phengitecharacterized byQrelativehyomogeneous composition and little deformation

505 (Fig. 15). SF14-50 is a%&hlorite bearing marbleoverprinted under GSfacies

506 conditions Phengit @in the main foliatioand tvo distinct phengite compositions are
507 characterized relti-contentsvith corerim gradiens (Fig. 15). SF14-49 is aGSfacies
|

508 calcsch tef-the-NE shearing Phengiteappearsitherintensely shearedr little
509 de ® sectorial zoning toward lower Sicontent, probably reflecting partiak-
510 equilib@tion during exhumatiorF{g. 15). SF14-44 is a pervasively overprinte€dSfacies
511 micaschist samplepist abovethe core of the Chryssopigi Shear Zarel displayingop-to-
512 the NE cmscale shear bandBhengite is relatively hmogeneous with &w Si-contentand
513 slightly decreasing trentbward lower Xug values Fig. 15). SF14-43 and SFL4-39 are two

514  pervasively overprinte@Sfacies micaschists from the core of the shear zone prbjgedb).
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515 Phengite is intensely deformed and partiadiequilibrated (SFL4-43), with two welldefined
516 compositional groupr extensively recrystallized (SH-39), with atrend toward lower Si
517 content(zonalgradientand populatiortirend,Fig. 15).

518

519  “9Ar/*°Ar results

520

. %cordant

523 the companion age spectrum showing internally discorda @:228rMa (Fig. b).

521 The grain pair and-§rain phengite cluster of SH4-55 yielded two
522  spectra, the first with a plateau age at 21.5 + 0.3 Ma distinctly young
524  Two very similar (but internally discordant) age spect btained from the single grain
525 and 3grain cluster of SA4-52. Both age patterns ev% een 32 and 37 Ma and stabilize

526 around 35 Ma near the endtbEgas releasel h@nternalvariationsoccurringnearthe

527 last steps of the single gra8~14-5 &from imprecisé®Ar blank correction(Fig.
528 16). The phengite population SF-5 lays a flat age spectrum with a plateau age at ca. 35

529  Ma for 90 % of the total®Ar reN Single phengite grain-5#50 displays a humphape

530 age spectrum betweer@-Z@h minor internalvariationspossiby reflectingimprecise

531  3%Ar blank correcti er agyrge stepgain(Fig. 16). A discordant age spectrum was obtained

532  from the8-grai tion of SFL4-49, with apparent ages wandering betweeB3ba with
533 no welt '&dln situlaser ablation analys€S0 spots)f this samplearedistributed
534 be Ma with the oldest apparent ages-88Ma) found in undeformed phengites
535 incl in quartz and the youngest-@®Ma) in phengites located in shear bands (Fig. 1

536 The oveall distribution is random, however, and apparently unrelated to stiasbure with
537 older ages also fourid secondary shear bandsdiscordant spectrum was obtained from the
538  3-grain cluster of SH4-44 with initial ages rising from 22 to 28 Ma, decligito 23 Ma across

539 a flat segment spanning the last 60 %°8f released (Fig.d). The Zphengite cluster SE4-
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540 43 is broadly similar in shape and tetgs age (23.4 + 0.2 Ma). A similar age range is
541 reproduced by the companion-88in population, yet ith a slightly different discordant
542  pattern. SFL4-39 provided two mutually discordant population age spectra (TGA =20.8 £ 0.1
543 Mavs.22.7 + 0.2 Ma), the-§rain cluster appearing more regular with a flat segment over the

544 last 8 steps defining an age of ca. 21 Ma (90 % of the3f#tareleasedFig. 16).

545 6
546 6. Discussion
O

548 We first discuss th&®Ar/3°Ar systematics at the differeg bstigatedhese are

549 then interpreted in terms of domaisgale phengite Ar ll

Fracies.We conclude with a

gvolving (prograde) growth

550 dynamics followed by dynamic overprinting in tB& t
551  short discussion of the regional impIicatimeh@Ar/?’gAr phengite data.
552

553  6.1. “°Ar/*°Ar spatictemporal trends

554

555  6.1.1. RegionafAr/3%Ar tr ss metamorphic transit®n

556 Q
Unlike &

557 s geochronologic workostly focused on the best preservid@®-LT

559 005; Lagos et al., 2007; Brocker et al., 2013; Rogowitz et al., 2015; CIiff et al.,

558 occurre ern Syrddophneau, 1984; Wijbrans et al., 1990; Tomaschek et al., 2003;
O

560 201g: lster and Forster, 2016; Laurent et al., 2017; Uunk et al., 2018; Skelton et 3|, 2019

561  our“Ar/*°Ar sampling coverage across both Syros and Sifnos allows to study in much greater

562 detail the correlation of apparent ages with deformation and retrogreabsarghoutthe

563 different scales investigated (Fig. 18espitelocal complexities, ad taken as a whole, the

564 data reveal a clear regional trend toward younger ages from top to bottom across the UCB (Fig.
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565 18). This finding is consistent with previous (but more local and scattered) studies on Syros
566 documenting afPAr/3°Ar age decrease a@®the UCB, from the wefireserved eclogitéacies
567 samples at the top to the extensividyelopedsSfaciesprevailingat the base\(aluski et al.,
568 1987; Putlitz et al., 2005; Brocker et al., 2013; Rogowitz et al., 2015; Lister and Forster 2016;

569 Laurentet al., 2017; Uunk et al., 20).8ur oldest ages (48 Ma) come fronin situUV data

[P

530

570 from the top of the UCB stack (Kampos SubunitsFig, 12). They are consjgte or just
571 slightly younger than) previous Sm/Nd and Lu/Hf garnet ages and U/ r

572 Ma interpreted to date peaketamorphic conditions iHP-index rock \pesPf Syros and

573 Sifnos (Fig. 4 Tomaschek et al., 2003; Lagos et al., 2007 et al.)2BSdacies

574  metabasites frorthe intermediat€hroussa Subunit yi ntly younger stéyeating
575  orin situ®Ar/*°Ar ages between 437 Ma (Fig. 18). S? tructurally underneath in the
576 lowermostPosidonia Subunit provided still ages comprised betweéfg 8%, &
577 together defining a coherent and p /39Ar youngingtoward the base of the UCB
578 that correlates witlthe strongerG e overprintof primary HP assemblageand the

579 associated progressiviaite stramygradientdescribed in previous studi€Sig. 18, Laurent et
580 al., 2016 Roche et al., 20

581 Similar to pr, u Ar studies €.g., Reddy et al., 1996; Dunlap, 19&agowitz
582 etal, 201%0 document arshg strainage relationshipwith the youngestAr/*°Ar
583 ages al gional sectiaorresponohg to the more intensely deformed samples,
584 pa u@ose involving phengite (re)crystallizatirere andn the following the term
585 (re) llization refers either to recrystallized phengite or to néaviyied phengites during
586 exhumation when these processes cannot be differentidited)is illustrated by sample SY
587 14-80 from the structurally deeper part of the secgtwinich displays both the lowest average
588  Si-content in phengite (3.24 apfu) and youstgeelldefined age plateau (18.0 = 0.1 Ma; Figs.

589 5, 8). Except this extreme samplthere is no systematicorrelation between phengite-Si
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590 content andAr/*°Ar age across the entire section (i.e., withunger agesssociated with
591 decreasing Stontens, Fig. 19). The compositionahge relationships are examined in more
592 detaikat the scale of single shear zones below.
593

594  6.1.2. Local®Ar/*°Ar systematicsacross shear zones
595

596 A main resuliof our multiscale approacis the observation thatcro

597 agedocally departfrom the mairregionaltrendclose to (omwithin) highly
). Thel5 Myrgap

599 found acrosshe shear zonbetweenthe lowermost P intermediate Chroussa

598 lithologic contrastontrollingstrainlocalization andiccommodJid
600  subunits (between samples-38-06 and SY14-77, Fig.8)y4 of such breaksihe regional
601 trend At the scale of a single shear zone, str@ientalmmirrored bylocal *°Ar/3°Ar
602 age gradierst(Fig. 18. The most du &med and retrogressed sangpkesorrelated
603  with the younger agemward the co Il studiedshear zonesncluding on Sifnoswith a

604 maximumintervalup toca.15 n theNorthernLia (Syros)and ChryssopigiSifnos)shear
605 zones(Fig. 18). @

606 A compositiohgl cORrols not apparentacrosstheseshear zong (Fig. 19). Age vs.
607 phengitegeoc elationshipsshow poorly definedtrends(R? = 008-0.15), similar to
608 whatobsgg regional scale along thentiresectionacross SyrasThe Lia and Delfini
609 sh how‘aint correlationbetweerphengiteSi-contentand apparerdgespbut without
610 a wel-d¥fined trend irSi-contentagainsthe distancéo the core of the shear zone?@®R0.01,
611 Fig. 19). Our results shovthat there is no firsbrder relationsip between geochemistry and
612 age either acrossthe GSgrade Chryssopigishear zoneOverall, while a slight*°Ar/*Ar

613 younging is associated wifhe)crystallization toward lower Siontent the correlation is weak

614 and the main drive for younging appears to be intracrystalline deformation rather than
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639

composition.Thisis locally seen as faint decrease of Stontent in phengite toward the core
of the shear zone, pointing togaeaterdegreeof recrystallizatiofrecombinationassociated
with increasing strain intensignd*°Ar/3°Ar younging(Fig. 19). This isillustrated bysamples
SF14-39 and SF14-44 that show the lowest averagecBintent in phengite (3.40 and 3.38 apfu
respectively andyoungestPAr/*°Ar ages obtained across t@aryssopigshear zone (Figs5]
16). @
Deformation is a major controlling factor for rejuvenatibiat is mo cularly
illustrated by then situdata collected across the Lia shear zoweth of % igs. 12 and
18). Grain-scale systematics from the thiiaesitu rock sectionss oss the shear zone
(SY-14-71,SY-14-73, SY-14-74, Fig. 12)are discussed § gction to follolhe salient

feature they document at the scale of the shear(fcbg? rogressive brdaning of the

age range recorded situ with theincreasings@aticBSgrade overprinting (up t@3

Myr for the more deformed sampﬁQ&)ectra in Fig. 12Remarkably, deformation

at these conditions does rfm@moge &Ar signaturetoward awell-defined younger age

component Instead, it produc edscale intersample and with#sample age variations

spanning the entirange r%across Syros.

6.1.3 Sam,m&&%rls%r systematics

s of amplescale®®Ar/*°Ar systematics,wo fundamentabbservationsarise

fromyth@in situdatg i) the absence dfystematiaorrelation with microstreture, ii) thewide
range of ages locally recordedt the scale ofa single specimen Unlike the coupgd
synkinematic overprintingndyounging progression notedgionally, thein situUV ablation
data showno relationships between microstrucsjrehemical compositigrre-equilibratiors,

and apparent agat the scale aherock sectios. The most notable example iscsion SY:14-
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640 73 across 8Sfacies shear barttiatdisplays young agesaround25 Ma both in the core of the
641 shear band and in coarse, little deformed, phengite aggseyedsy from the shear band (Fig
642 12). A faint correlationcan beobserved between agand microstructuiein sectionSF14-49

643 but the evidence is tenuous and far from systematic across the sectid7Higsample SY

644 14-64 (topmost Kampos subunit, southern Syros sectaepmpositionallyzoned phengite
645 crystal characterised by decreasing&ntent from core to rim was datedsijg. F%show
646 undistinguishable apparent ages from core to(Fig. 10). Suchalack of coirego ®tween

@ bie the UCB

648 (Laurentetal., 200)7as well as in othdﬂPIocalitiesworIdwid§ let et al., 1992; Di

647  “°Ar/*°Ar age, microstructurgandmineralcompositionhasbeen noted

649 Vincenzo et al., 2006; Beltrando et al., 2013; McDonal , QW 16; Fornash et .. NGie6
650 that thisis in other respects mofaithfully documente% nsidering the better resolution
651 afforded by our datgl Vtypically round + O. r spots just 8% pm wide) It is

652 remarkable that large variations d &veen grains thatteenisecharacterizedy

653 homogeneous withigrain pattera s asSY-16-15 (Fig. 9 characterized bgtatic strain

654 free growthin an extensional\é

655 In contrast with the textural correlationthe interval (or range “t) of in situ
656 agesrecordedby seWonis correlated with the finite strain intensity and degree of
657  retrogressiom byeachsample much likethe overall age’s. overprintingtrendnoted

658 regiona t extends into progressively younger ages with increasing deforratd
g

659 ex ressiaimroughthe sequencg-ig. 20):

660 | “t = 3 Myr: undeformed eclogite SY4-74 (5148 Ma),

661 (i)  "t=9 Myr: slightly deformed eclogitBS5SY-14-71 (5142 Ma),
662 @ii) "t =15 Myr: slightly deformed eclogitB5SY-14-64 (50-35 Ma),
663 (iv) “"t=26 Myr: intensely deformeBSSY-14-73 (5125 Ma)

664 (v) "t=15 Myr: deformed>Sfacies sample SE4-49 (3722 Ma)
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665  Noteworthy, the "t range in Syros samples anticorrelates almost perfdedty 0.997) with the
666 minimum age recorded in a given section, the trend collectively projecting to a naemaal
667 spread ("undisturbed") endember ageat ca. 51 Ma (Fig. 20). This trend is tied to the
668 remarkablepreservation of a common maximuaound 5150 Ma in all these thirsections
669 despite their variable overprintinglote that this trend is spatially unrelated to the sample
670 distribution(bothregionallyor localy) and reflectgheintrinsic degree of ov pr%nd the

671 resulting heterogeneitycordedlocally by the *°Ar/*°Ar isotopegsamplescale orthy,

672 the sequence(i) to (v) aboveis kroadly consistentwith the age ra % hanned by the
673 corresponding stepeating data in eclogite (549 Ma), b (437 Ma), and

674 greenschistacies samples (388 Ma, Fig. B), thuslo N oducingthe trend seen

675 regionally Section SF14-49 from Sifnos stands apart of “ttrend essentially because
676 it does not record any vestige of the 51 NR& le exhibiting a modest of only 15

677  Myr. Comparedo the nearest analg iMQgrms of degree of overprinting) still preserving a
678 record of theHP event on Syros (S with "t = 26 Myr), this break in trend in terms of

679 internalheterogeneit;correlatNthe deeper struetluposition of this samplling well

680  within the regionalGSgrad int.

681 At the other of Mg spectrum (i.e. lacking @Soverprint) arghein situ“°Ar/*°Ar

682 data collected e Cleavage of the phenditkes in the boudin neck of sample 3%
@t another indication of stiomogeneous internal preservation of older

685 réed sectioawide across the UCRre discussed next.

683 15 The
684 ag v@rom grain to grain (F®@. The implication®f these findingsnd how they may
be igte

686
687  6.2. Continuousys.piecewiseHP phengite growth

688
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689 The coupled progression of pdsP deformation,phengite recrystallizatigrand GS
690 facies overprindownsection across the UCHBivolved multiple mechanismsverlapping in
691 time and spaceThese includéAr diffusion, dynamicrecrystallization strain hardening and
692 shear localizationjntracrystalline deformation antluid-assisteddissolution/precipitation
693 Thesemechanism®perated with ptentially complex feedbackelationshipsin P-T-t-Xsuid
694 spae, making itinherently difficult to discriminate therespectiveor cum ti%son
n of our data

695 local*°Ar/*°Ar systematics. However, close examination and quantitative

696 allowsa number of critical observations to be made that bear on th icatiee/ &Ar

697 phengite ages iAP/LT settings
698 The consistent preservation afcommon®CAr/3°Ar &numcoevalwith the51

699 MaHPage derived from Sm/Ngarneisystematicbothr?d (topmost sample from well
700 preserved Kampos eclogite) and locally (Wsi @ns from the variably retroggsed Lia
701  Shear Zongsee alsan situdata ofPuig 2005 aurent et al., 201@ndthe single grain

702 data ofUunk et al.,2019 indicate t thigorimary component is robustlyecorded by
703 phengite on SyrosThe lack of§manence of this component in $teating spectr from
704  pristineHP samplesiatedh sewhe(Brocker et al., 2013; Laurent et al., 20Ulink
705 etal., 2019, sugg at t’§ component is irregularly preserved at saenplescale The

706 apparenta 6 omponenin moststepheating datas probablygenuinerather than an

uo homogenizatjoef. Sletten and Onstott, 19R8lt is due tothe low

707  artifact R
708 § picking upfully-preserved, eartgrown crystak from texturally complexHP

709 agesxhibitinggrain-scaleAr variationsresolved only byn situdating.
710 Wijbrans and McDougalll(986), and latePutlitz et al (2005, emphasizéthatepisodic
711  or continuouddP/LT deformation may result in several microstructural generaimtige same

712  samplePutlitz et al. 2005 were among the firdb show thaevenHP-static mineralogiesan

713 containgrainscde Ar disequilibrium interpretables prograde crystallization agdsring
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714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

protractedHP phengite growthOur in situdatafrom SY-16-15 strengtlen this interpretation
by showing that texturalkgquilibratedphengite flakes grown inangle,cm-scale extensional
gashat the tipof an eclogitdoudinsfecord intergrain age differences as highl@sMyr while
displaying homogesous crystatscale*®Ar* compositions(Fig. 9). Suchinter-grain isotopic
disequilibrium if interpreted as temporally distinctystallizationages, isalongwith Putlitz et

al. (2009 the firstin situ evidenceof protractedHP/LT conditionsrecordeg b ated

phengite growthover 10 Myr at conditionspresumablyunable to eradi tate

radiogenic buileup. Coupledwith the ddestHP age of 51 Mathis con e minimum

implies that pristine (static or dynami¢jP fabrics ca ly record a mixture of

resdence timeat such conditionsin the interval51-37 Ma o% re generally this
crystallizationphengite agem this range ,

Grain-scale disequilibriumhas alread reported fromell-preserved HP
mineralogiedrom the UCBrecordin &r Ar agespectravaryingin the range 51
37 Ma(e.g.,Wijbrans and McDoug 6 Baldwin and Lister, 1998rtcker et al., 2004,

2013;Uunket al., 2013see al iscussion ifrnash et al., 20)6Flat Eocene age spectra

are comparatively rardm gradesamplesanalysedy stepheating we did not get

SY-14-29, Fig.

any homogeneou verggear) plateaagesyoungerthanca.40-38 Ma (cf. SY-14-28 and
&Jpled with the homogeneous graitalein situages of SY16-15a(Fig.

9), this agReMg tglSet a lower limit about 37 Ma teB$A°Ar/2°Ar ageson Syros Such older
ho ageseregardechereastime-resolved(i.e., discret@ HP crystallization events
excepti@nally preserveid the subduction channérhis boundexpandssignificantlythe time
intervalusually ascribedb the waning stages of ti#P eventfrom phergite Rb/Sr data42-40
Ma, Brocker et al., 1993, 20).3In this connection, we note thegcentphengie Rb/Srdata
from Syroshave beerioundto recordages ranging from 42 Ma down to 30 MaBBfacies

assemblages associated with extensitataics linked to exhumatioriC(iff et al., 2016. This
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739 suggestshat extensional deformation und&®facies conditiongossibly lasted much longer
740 than previously thought

741 The preservation of closure/crystallimat age throughouta completéHP-LT-t loop in
742  excess ob00 °C is consistent with theoretical residence time analysise( and Baldwin,

743  1996;Baldwin and Lister, 1998; Warren et al., 2@1Qunk et al., 201} as well as empirical

744 (Scalllet, 1998 Warren et al.2011,2012) and more quaitative (Smye ejgml. uid-
745  rockintegratedmodels suggesting thatlid-statediffusional Ar kinetics i snay
746  be strongly hindered bypressue (Harrison et al., 2009 fluid-kinet @ hgic control

748 Dahl, 199§. In a contextsuchas the Cycladewherethe j

747  (Scalllet, 1996, 1998Giorgis etal., 2000, and compositional gf aillet et al., 1992;
&r-phengiteretentiveness

749 may be promotedby a steeply depressedl/P geothe findings havefar-reaching
750 implicationsin terms ofclosedsystem behavi atgl-growth kinetics.Using target
751  matching techniques (SEM EMPA e&ab atiopcoupledon the sameock sections
752  (e.g., sample SY16-15, Fig. 9, o r/*°Ar, mineral geochemistry and petrographic

753 observationsiocumentsample%eservatiomf multiple HP-phengitegenerationsor sub
754 grain “°Ar/**Ar domains. $hj videnagat replacement by dissolutigorecipitation (+
755  crystalplastic flow) ati namidP conditionsmaybe assisted by a graboundary fluid
756 phase capably, (Oydrive off any Ar accumulatud releasedoy prograde phengites

757  recrystall (gheforenearpeak conditionsThis is corroborated by th&ngle grain data

758  fro pbyHuet et al.(2015, andthein situ data ofPutlitz et al. (2005. On Syros as
759 else ghroughout the UCB,Jpper Eocené’Ar/3°Ar phengiteagesarescantybut strikingly

760  coeval withgarnet Sm/Ngulsatorygrowthages Dragovic et al., 2015 The narrowAr/>Ar

761 time span measured situin eclogite S¥14-74 (64-51 Ma, Fig. 12) andwithin the phengite

762 flakesof SY-16-15(37-43 Ma, Fig.9) is commensurate with the garnet growth span determined

763 by Sm/Nd datingon Sifnos (7 Myr, Dragovic et al., 2012, 20)5Such a convergenadso
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764

765

766

767

768

769

770

771
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773

774

775

776
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778

779

780

781

782

783

784

785

786

787

788

suggest extensiveeradicatiorat peakP conditionsof prior (prograd@ *°Ar/3°Ar phengite ages
which are no longer seettue to continuous recrystallizatiorBy analogy with theéSm/Nd
record,phengite growtimay be thus postulated to haxeen controlled bgrogradelithology-
buffered phengite forming/breakdown equilibrigdAs discussed elsewhe(&caillet, 1993
Dragovic et al., 201); these makeepthe system open to continuoaspulsatory exchange
phenomenas the downgoing slab was experiencing devolatilizatiuil pe P@ons.

sistent

Eradication of prograde (i.e. ppeak) featureat peakP conditionsis qualita

finite HP strain fabric in the @B was predominantly Keqalong the exhumation path

(Jolivet et al., 2008 ,

6.3 ThermalGSgrade resettings.dy, &onnting

The spatial "t vs. overprinti ade trend across Syros (F26) is qualitatively
consistent with the similar a 't trend found by Uunk et al2(019 across the uppétP
subunit (Kampos) througligt erlying (increasir@8roverprinted) unit in the northern

middle part of Syr ig. 9). A major difference is that our data record a spectrum of

intermediate the scale of a single {sadimen that goegell beyond the't of cal0

Myr rev ir total fusion experiments on single grains. This is most notably shown by
theRy ange recorded by-3%73 ("t = 51-25 Ma,Fig. 20 that reproduces almost the
full rum measured at the scaleh#d entire UCB {t = 51-18 Ma, Fig. 20. Uunk et al.

(2019 focused their sampling away from local shear zones to get rid of complications due to
deformation. They observed that dispersibtihe ages at the outcrop scél€0 m) is correlated
to grain size suggesting thermally activated volume diffusion as a primary control on final

retention ages in the absence of deformation.
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789 Quantitative Arclosure modelling of the ags.grainsize relationships documeatby

790 Uunk et al. (2018)n the middle part ofite Chroussa subunit (Myttakas section) allows to
791 calculate samplspecific cooling rates assuming that Ar loss is controlled by the physical grain
792  size across [001]. The inferred cooling ragalstrong temporal variations between samples

793 only 100 m aparfFig. 21) with a major difference in temporal phasing near 38 Ma between

%Ma,theng
1 iy 7

796 °C/Myr at 34 Ma.These calculations show thaurely diffusionrco | closure by

794  their samples 12SR19 and 12SR16. The first records cooling at 24 °C/|

795 °C/Myr at38 Ma The second 36 °C/Myr at 38 Ma, then 11 °C/Myr at 37/

797  monotonousindwholesde cooling cannot reproduce the age t kS the giraof these
798 samples, unless by invoking sharply diachronous cooj e implied (100 m). Such

799 grainsize trend ratherinvolve partial resetting(disequg

diffusion)complicated by

800 inheritance and overlapping recrystallizati@variable retention of initial “°Ar

801 heterogeneities that tl&@Soverprinti &otmmpletely eradicatel his again reinforces
a

802 the view that the UCB rocks prob ft tHe/LT field with already considerable sample

803  scale*®Ar* disequilibrium prioMGSoverprinting.

804

805 6.4. Domainaiscal eh®gourandthe role of deformation

806

807 Qabbservationin the WCB that relict HP phengites yield increasingly

Itd
808 co Iike or hump-shaped)°Ar/3°Ar age spectra with increasing retrogression and
809 progregpive younging (e.gNaxos:Wijbrans and McDougall,986 Tinos:Brocker efal., 1993,
810 2004 Serifos:Schneider et al., 201 5ifnos and SyrosiVijbrans et al. 1990 Brocker et al.,
811 2013 Lister and Forster, 201@Andros:Huet et al., 203). Many of the*°Ar/*°Ar stepheating
812 experimentsn the presenstudy provieé nonideal stepwise degassing patteasswell (Figs.

813 8, 12, 14, 16). Likewise, and except for the pristine eclogite sampi&4S¥ and the syn
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814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

blueschistfacies phengite flakes of S¥6-15, thein situdata are also characterized by complex
40Ar/3%Ar sygematics.

Most of thesespectrareflect mixing of heterogesous populationor internal 4°Ar
gradientsas alreadypointed out by Wijbrans and McDougall986 and discussedabove

Sharply defined age plateaus suggestive of simplectasingin the interval 3225 Maarethe

exception rather than the rule througholoe UCB. In many regionalHP#sS dional
gradients recorded throughout theCB, “°Ar/3°Ar spectragenerallybeco only
close to- or within - the GSdominateddomain(i.e. downwardhrought On Syrosa

strongagepolarity has been evidencdrbm the texturally and i @ welbreservedl
Ma agesfound atop of the pile towarthe fully reset/recr ' agesound 2018 Ma at
the basdincluding Sifnos) Thisis acharacteristicfeat% s thaJCB that brackes the
transition from full retention to complete reset@ermediate ages in between reflecting
the interplay between partial resetjy &)n and fullystallization across thélP-GS

transition.

Deformation has beewntly Invoked to expsaichpatterrsin the Cycladege.qg.,
Lister and Forster, ZOJ,m%ccount of theresumabhhigh-T Ar closure of phengites

permittingthe pres tio rystallization(hence deformatiorggesin HP/LT settings The
lack of texturalgoMgo! om situ 4°Ar/*°Ar agesdemonstrated in this and previolsi(rent et

ateghat the situation is considerably more comglean awell-resolved

exturally preserved crystallization agle picture igatherone of overlapping
(mi agesryptically preservedat the sulkcrystal (lattice) scale Physically,the interplay
between partial resetting/retention dnelcrystallizationcan beunderstood in theealmof the
Dodsonian formalisnvia the effectof grainsize reductionin progressivelydeformed and
exhumedsystens (Goodwin and Renne, 19pland the lowered kinetic threshold for

(re)crystallization and compositionaistructural recombination promotedy deformation
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839

840
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843
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854
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858

859

860

861

862

863

(Dunlap, 1997Mulch and Cosca,2004). Coupled with the enhanced retentipropertiesof
white micaatHP, such grairscale processes easglyplain why younger agesut-of-sequence
or breaks in*°Ar/3°Ar regionaltrendsoccurlocally next (and within) shear zone# which
smaller recrystallized and/or partly reset grains domir(atee also discussion GRAr/>°Ar

mixing sytematics bysanchez et al., 20landKula and Spell, 2012 Emblematic of sucla

situation issampleSY-14-73(northern Lia Shear Zondpminated by aristingp€y chist
facieg fabric butin which50 % of in situapparent ages are younger tha oung
as 25 MaFig. 12). This is much younger théme allowed residence ti UCB atHP

interpretation is thagrain-scale*Ar disequilibrium ispres his sample asnosaicof

conditions inferredabove (ending probably neaB7 Ma, see and belowy. Our

HP and newly/patrtially (re)crystallizedomains each ha}' pecifthysical size, domain

structure, and®Ar* inventory reflecting micro- adients ichemical potentials, fluid
availability, partial diffusional resett] tent of chemiaqai¢stiral recombination.
As a rule,mixed agesrom m ructural domaingmainlargely unresolved by the

UV laser probe (50 pnspatial Wgsolution Perhapghe only exceptionin this study are the

youngestin situ *°Ar/3°Ar 35 Ma) measured on SY4-64 (Fig.10). Thelack of

compositional con jtu agesnoted there (see Secti@l.3 shows that “CAr/3°Ar

relationshipst
composiignMgrgghd8ut, a the same timahe 35-37 Maagesactually happemo occur in a
di % medat the intefaceof thegarnetdue to expansion of theatrix flowing away

fromyit #5uch a mechanism apparently allowatd crystalgrowth of HP phengites younger

ing recrystallization processeannot besimply inferred based on

thanthe matrix specimenslisplayingageshetweem?2-46 Ma (above the garngand40-44 Ma
(along the flat lyingmatrix extending laterally away from the pressure shgdow
Aside from this caseour data showthat te significance of intermediatemixed,

4OAr/3°Ar ages on Syros and Sifnosannot beeasily extracted frommicro-scale*CAr/3°Ar
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864 relationshipsand let alone from compléRAr/3°Ar spectrdacking directrelevance to textural
865 habitus (e.g., Lister and Forster, 20)60ur resultsconclusively showthat (1) phengite
866 domainalscale behaviar occusbelow the spatial resolution tifeUV probe (50 um), and (2)
867 singlegrain stepheatingdata arelearly affected bguchsub-grain effects as wellhe parallel

868  with the phengite Rb/Sr record is strikibgth in terms of age and spreadi(g et al., 2011;
r%etention
NSO sively

872 temporal tendsthatreflect thetime-averaged eﬁemfdeforma sociatéd thermat

869 Brockeret al., 2013; CIiff et al., 2026suggesting much in common in

870 behaviar and isotoperystaldisequilibriumkinetics.At the same timeour s

871  showsthat bulk “°Ar/3°Ar patterns andargescalevariationsmay be _us

873  kineticinteraction operating acroasnajormetamorphic tr, e majooutcome of this

874  study is that e imbrication ofsuchwidely varying S?I lescan be understood only

875  through the combined application of largeale @g witim situ dating.

876

877  6.5. Regional implications

878

879 From a regional p , this study has implications both on the overall geometry
880 of theHP-LT napp ck its geodynamic evolutidhe lack of preservation &fP relicts

882 excess . 8 and the underlying UCBKampog unit argue in favour of the Vari

881 inthe Vari Uni:n e stark age contrast between with premetamorplc agedargelyin
883 fa etachmemtinging shallower (cooleryockson top of exhumedHP slicesas
884 pro reviously(Trotet et al., 2001a; Soukis agdockli, 2013; Laurent et al., 20),dut
885 disputed by someP(ilippon et al., 2011 The older ages in thEP-free Vari Unit confirm
886 earlier findings by Maluski et al1987) and indicatehat it was exhumehuchearlier than the

887  UCB. SynHP crystallization*°Ar/*°Ar agesmeasuredetween 5&nd37 Ma (Figs. 8, 910)

888 below the detachment are consistent Witk/2°Ar ages obtained elsewhereldR rocks of the
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913

Cycladic Islands such as Tinos and Andresitker et al., 1993; Huet et al., 2015 urent et
al., 2017 Fig. 9. If, asdiscussedh section6.2, these are indeedystallization ages, thimnge
constrais thetimelife (in the ductile regimedf the Vari Detachmernb at least this interval

The Vari detachmerdcconmodated the first steps of ductile exhumation from peak

metamorphism t8Sfacies conditionsTrotet et al., 2001; Jolivet et al., 20Hyet et al., 2015

Laurent et al., 200 andwaslater reactivated as a more localized brittle tal.,
2003 Soukisand Stockli, 2018 On Syros, the coupled®Ar/3°Ar downwdrhQv&Printing
progression shows thateformation localized towarthe base the c@ bst Posidonia

corresponds to a major reconfiguratetrthe scale of the U wiltrainmigraion and

Subunit) in the UCB stacuntil crossing the ductildrittle tran 18 Ma This stage
localizationon majorpostorogenicdetachments (NCDS, , and PNDS; Figldlivet et

al., 2010; Grasemann et al.,, 2018uch a t gl progssionreflects major therme
rheologicalchangedriving the exhu amics of thiCB stack It remains forfurther
work to investigate how similarlpge acies rocks across the CBU (e.g., on Sifnos, Tinos,

Andros, Kea, Kithnosiltherr et 8§ 1982; Wijbran®t al, 1990; Brocker & Franz, 1998, 2006;

Iglseder et al., 2011; RIi 1; Grasemanet al, 2012; Brocker et al., 2013; Cossette
et al., 201) relate @st increments of ductile exhuma®enoss the ductitbrittle
transtion alon &in CDS and WCDS detachment systems (Fig. 1)
7.$®sand outlook

Our detailed*°Ar/*°Ar, geochemicahnd structurahnalysisof the UCB exposedacross
Syros and Bnos allows the following conclusions to beached
(1) Early peakmetamorphic phengit&°Ar/*°Ar crystallizationagesof ca. 53148 Ma are

preserved irpristineeclogites and lneschiss formed aP ca.22 kbarand 550 + 50 °C
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914 with grain-scalehomogeneou$’Ar patterns consistent with independent Smdddnet

915 ages around 350 Ma, and intergrain age difference®cally reflecting protracted or
916 piecewise phengite growtimdersluggish®Ar diffusional kinetics afl in excess 0600
917 °C.

918 (2) During decompression amacipientoverprinting at loweP, stronggrain-scale*®Ar/*Ar

919 age variationsvereproducedas a result olomairlike Ar behaviour thg i%sted
920 in the form of partially reset to fully preserved rekodf early HP clasts cated
921 subgrain domaing coexisting with neccrystallized doma rmed during

922 metamorphic reequilibration andBS thenGSgrade per ormation. SUuCAr

923 domains cannot be matched wdlearcut composif Ricrotextural domains at

924 the scale resolved with tH8Ar/3°Ar UV laserprobe m). Structural and thermal
925 kinetic crystallographicprocesses drivin@d stoichiometric recombinati@nare
926 coupled at a mucimoreelement &currently accessible via the UV microprobe
927 (i.e. possibly down the mterQaleand latticescale nana@lomaing.

928 (3) A regional youngingf bNOAr/”Ar agesis documented acrossregionally cosistent

929 (but locally irregular%ﬁsm GSgrade transitiorculminating in fully reset £

930 newly crystalliAgd P Maold phengitesat thevery base of the pileNe interprethis

931 patterna %g essive migration and localization of extensional deformation during
932 \ oughtheGSfacies A major switch fronsyn-HP closedsystembehaviar

933 Q alkinetic resetting/openingoccurred as the result of thprogressive

934 eglablishment oSgrade conditionaround37 Ma. Grain-scale*°Ar* inheritance from

935 the HP stageand the switch tdomainlike diffusional Ar exchangeacross théransition

936 precludes resolvingdiscretedeformationeventsassociated to locakgionalshear zones

937 However theoverallyounging progressioallows to temporally track thbulk migration

938 of deformatiorthrough the nappe stack
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(4) A notablefeatureof our “°Ar/3°Ar findings is theisotopic resilience ofHP phengites

()

preservingwell-definedagesdown to37 Ma in pristineBS mineralogies (most notably
our sampleSY-16-15, Fig. 9); theseagesreflectthe ultimate stages of residencen the
HP/LT subduction channgrior to mechanical destabilization amkhumationof the
orogenic wedge These age are consistent withsedimentadgical and radiometric
evidencandicating that the main stacking events lasted until the I and
Mercier, 1965; Dubois and Bignot, 197$chermer, 19901993 Godmcou,
1991; Shaked et al., 2000liff et al., 2016.

A major outcomeof this study is that it islearly not roperlyinterpret
4OAr/*%Ar phengite agefrom HP/LT settingswithou Knghe informationat all
scales, from therystalproper (and belowo the r relationshigmking nappe
scale structure® time-varying thermoekin On Syros and Sifnoshe interplay
between thermahduced volu LTO§ION and strain localizatiamtemporally and
spatiallyrelatedto the exhum dynamics at the scale ofW&B, but theseappear
locdly decoupledat the migscaleSuch a complex behaviois likely to be prevalent
in otherHP/LT succegs;j umed elsewher&xtensive ombinationof stepheating
with high-resgi§gion INysitu dating is shown to be essentitd better understandhe

process iy’ Ar-mineratdeformationinteractionsat the crystal scalen such

seti
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Figure captions

Figure 1. Geological framework of the Aegean domain and the Cycladic archipelago. a)

Tectonic map of the Aegean dam showing the distribution of metamorphic units and the age

of magmatic intrusions highlighting southward slab retreat (Modified &ftehe et al., 209

b) Simplified geological map of the Cycladic archipelago, localizing Sy

(after Jolivet et al., 2016 Major tectonic structures include the aymgenic& hment
m Nc@e West Cycladic
% PDS) with the local

(VD) and the posbrogenic North Cycladic Detachment Syste
Detachment System (WCDS) and NaRmros Detachment

kinematics indicated. c) Crosgctions showing the curre

of the plunging sladnbel

Crete (afterJolivet and Brun, 2000 and the pres structure of the Cyclades,

characterized by metamorphic domes exhumw detachment systemsu(aéieet al.,

20159. $SEEUHYLDWLRQV %DUHKLU '

HWDFKPHQWCD%'

(Cree Detachment); LCB (Low ycladic Blueschist NappdtMCC (Menderes

Metamorphic Core ComplexNorth Anatolian Fault); SD (Simav Detachment); SDS

(Santorini Detachment @
Blueschist Mppe)&Q

Figure 2 @netamorphic map of Syros with sample

T (TransCycladic Thrust); UCB (Upper Cycladic

locati®ampling across the

C S Shear Zone on Sifnos is also shown as well as the location e$extisss

repqted in Figure 3.

Figure 3:4°Ar/3°Ar ages measured in this study across strain gradierSgros and Sifnos

islands The crosssections arenodified after_aurent et al., 201.6
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1333  Figure 4:Compilation of previous geochronological data measured on Syros and TinBs and
1334 T path of theUCB (after Laurent et al., 2003 All detailed ages with their references are
1335 synthetized ilAppendixS1 and S2°Ar/3°Ar and Rb/Sages arerepresented by a curdefined
1336 by a normalized probability layseelLaurent et al., 201for more details) Maximum and

1337  minimum ages given by hurrghape “°Ar/3°Ar spectra are representbyl orangerectangles

1338 connected by dashed lines 6
1339

1340  Figure5: Structural andyeochemicaketting of*CAr/3°Ar samplescollec@e Posidonia

1342  however some samplexally preservedHP-LT paragene

1341  Subunit.Samples are generally strongly deformed penvasivel dn GSfacies(a),
&14,18) (b). Thin sections

1343 revealed the impact ofithology on the intensitv ngite deformation (Bhd
1344  recrystallization (c)Phengites in samples con alcite (e.g:18Y6) are less intensely
1345 deformed and recrystallized than in samples (e.g.430) as previouslguggesd

1346 by Cossette et al(2015 and Rogo et al(2019. Geochemical datéc) represented by
1347  squares correspond E°MA spdRgnalyses of phengitempositiornwhile thedatarepresented

1348 by small blue circles are deri m theRay compositional mapineral abbreviations are

1349  afterWhitney and{@loy

1350
1351  Figure 6; g and outcrop setting $Ar/3°Ar samplescollectedin Chroussa Subunit.

1352 Th®g- h showthe outcrop relationships @Y-16-06 andSY-16-15 (a). SY-16-15
sa

1353 nsists ophengitecrystalscollected from the neck of an eclogiieudins.While the

1354  outcrop shows a clear foliatiqy) and some syblueschist facies shear deformatguch as
1355 shear band&), phengite crystalsf SY-16-06 show a low deformatio(t). Microscope picture
1356 of SY-16-15phengite grainshows relatively undefmed primary crystals (d)

1357
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Figure7: Structural andjeochemicasetting of*°Ar/3°Ar samplegollectedn Kampos and Vari

Units. a) Outcrop characterization of samples from the Kampos Subunit. blsddiian

microphotographs of phengite textural habigl®owing moderately deformectystals. c)

Chemical composition of phengite in 8. Xwg Space.A clear partial recrystallization of

phengites is observed in sample-$¥40. Phengitecomposition in samples from the Vari

Unit is not significantly different to composition of phengite in théCB. G c% data
n

represented by squares correspond to ERJdét analyses of phengitempgds lle the

data represented by small blue circles are derived from-ﬂ%aw:omfo @ map.
Figure8: Stepheating*®Ar/3°Ar age spectra of phengite in and population from the

southernSyros section. TGA: total gas age. Error box TGA ar¥ The colour ofthe

age spectra referto the grade of metamor@of each samplé ghades ofgreen:

greenschist; all shades of blue: Q& shades of red: eclogite; all shyddevaf

samples of the Vari Unit that show metamorphism)Note that the scale of the vertical

axis isdifferent forsamples of tfgVari Undue to a significantly older range of apparent ages

(37-145 Ma) compare to t%—% Ma).
«

Figure 9: Ran situ phengite apparerf®Ar/3°Ar ages measured in sample -3815

showin age differences as high as 10 Ma while displayorgdgeneous crystal

SCMKC positions Note that the larger phengigeain (SY-16-15a) yieldso youngerin
situ rent ages thal the other smaller phengite graif$GA: total gas age. Error boxes

and TGA are + V/

Figure 10: Distribution ofin situ apparent®Ar/*°Ar ages measured in phengites from sample

SY-14-64 collected in the Kampos Subunit. a) Picture of the analyseessmtion showing the
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presence of garnets embedded in an omphacitic matrix. b) Resutissitdl laser ablation
analyses. c) Correlation between measured appdfamt3Ar ages and specific phengite
compositions highlighted on the compositional mapndjtulaser ablation results represented
on BSE images. Squares (6f8) and circles (50m) correspond to the geomgwf the laser

ablation and numbers inside refer to the corresponding analysi&ggerdix S$. TGA: total

gas age. Error boxes and TGA are ¥ 1 &6

Figure 11: Structural andyeochemicaketting of4°Ar/3°Ar sa

| .

including topto the east syBSfacies deformation'r?a € SY14-73. b) Thinsection

microphotographs of phengite textural habitu@ng a clear deformation gradient from SY
14-74 to S¥-14-73. c) Chemical co '&

facies LiaShear Zone. a) Outcrop characterization Nes from the Lia Shear Zone

phengite invSi Xug Space showing partial

recrystallization in SY14-73.

Figure 2: in situ“°Ar/*°Ar Ie data from the Lia Shear Zones%)14-73 rock section

analysed by then Si®JV-[&er ablation techniquend displayinga topto-the E shear band

associated wi ophang) Results ofn situ laser ablation analyses for all three rock

sectims@ clear trend toward younger apparent ages in the most deforrhddd Y

s clog-up showingin situ age distributionin SY-14-73. No clear correlation
bet microstructures aid situ *°Ar/3°Ar agescan be seerSquares (65#n) and circles
(50 Rn) correspond to the diameter of the laser beam with numbers indicating the
corresponding analysis (se&ppendix S5). Ablation trenches are indicated by -lilees

connecting theendpointsof the rastered area. SE closeup of SY-14-71 displaying

homogewous ages around 48) Ma in and around phengite aggregate pseudomorph after
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1408 (presumably) lawsonite. eStepheating“°Ar/*°Ar age spectra obtained on single phengite
1409 grains of samples SY4-71 and SY14-73. TGA: total gas age. Error boxes and TGA are\£ 1
1410

1411  Figurel3: Structural andyeochemicasetting of*°Ar/*°Ar samplescollectedacrossie BS to

1412 GSfacies Delfini Shear Zone. a) Outcrop characterization of samples from the Delfini Shear
1413 Zone.In general, samples are highly deformad analysedsamplesshow el@ped

1414  foliation and stretching lineatiosometimesassociateavith top-to-the Esh & e.g. SY
1415 14-26) and/orisoclinal folds (e.g. SY14-28). b) Thin-section microg @ns of phengite

1416 textural habitus showing extent of deformatiarore pronoun{ ¥23 and SY14-26.

1417  c¢) Chemical composition of phengite in\&i. Xug Space i Iy partial recrystallization in

1418 SY-14-26 and, to a lesser extent, in -3%-24. ,

1419 @
1420  Figure 4: Stepheating*°Ar/*°Ar ph &pectra on single grain and populations from
1421 the Delfini Shear Zon€elhe colourQage spectra refeis the grade of metamorphism of
1422 each sample (green: greensNhades of blue: blueshbist)apparent lack aforrelation

1423  between the degree of r%ion apgarent agéi.e., the older apparent ages are not

1424  systematicallyme d irMgfacies samplesHowever, the older apparent ages have been

1425 measured ircalfge samples collectedt some distance tfie core 6the shear zond.¢.

1426  SY-14- ). TGA: total gas age. Error boxes and TGA are\M 1
1427
1428  Fig . Structural andyeochemicaketting of*°Ar/**Ar samplescollectedacross e GS

1429 facies Chryssopigi Shear Zone on Sifnos. a) Outcrop characterization of seofipleged close
1430 to the core othe Chryssopigi Shear Zorferogressive alignment/parallelisation of folds hinges
1431  with the direction of stretching lineation toward the coréhefshear zonmdicates increasing

1432  of deformation (seRoche et al., 201for further details)b) Thin-section microphotographs of
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phengite textural habitus showitige increasingleformation gradient toward the core of the
shear zoné.e. from SF14-52 to SF14-39).c) Chemical composition of phengite inVSi Xwg
space indicating partial recrystallization in-$#39 and SFL4-44 and, to a lesser extent, in

SF14-43.

Figure 16: Stepheating*®Ar/3°Ar phengite age spectra on singieins and p% from

the Chryssopigi Shear ZoriEhe colour of the age spectra refershe grade t rphism

sampIeSF-

of each sample (shades of green: greenschist; shades of blue: blué

14-55, the measured apparent agesyatenger toward the corgpa ghear zone (i.e. toward

SF14-43 and SFL4-39). TGA: total gas age. Error boxe A areMt 1

Figure X7: Distribution ofin situphengite appar@Ar ages in rock section SH-49. a)
Picture of the analysed rodection. &appar@misitu 4OAr/3°Ar data ranked by age.

c) in situ laser ablation results local®@on BSE images. Squaregpand circles (50/mn)
correspond to the diameterster beam with numbers indicating the corresponding

analysis (seeAppendix Son trenches are indicated by-lies connecting the

endpointsof the ra ar®a. TGA: total gas age. Error boxes and TGA afe + 1

Figure d distdution of “°Ar/3°Ar ages over regionato samplescale strain and

retr Dgradients. a) At Syros scale, increasing retrogression and finite deformation from
top se of theCB is associated with a trend toward yourtjér/3°Ar ages. b) At the scale

of a shear zone, the firstder distribution of°Ar/3°Ar ages is correlated with strain gradient

with younger ages in the most deformed zones. c) At theseckon scalen situ “°Ar/3°Ar

ages are not correlated with deforrmatgradients.
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1458  Figure B: Relationships between phengite geochemid®Ar/3°Ar totalgasages(TGA) and
1459  strudural position of dated samples at regional and local scEhesied line corresponds to the
1460 trend curvecalculated from the datd&rror barscorrespondto the range of Stontent in
1461 phengite andhe range of appareages measured in each samplgenerabut fainttrend is
1462 observed between lower-8ontent in phengite and younger apparent ages in each section.
1463 %

1464  Figure20: In situ*°Ar/*°Ar ddta agerangeversushe minimum age recorded' (%N section.
1465 Thedelta ageange anticorrelates almost perfec® € 0.997) with the age recorded

1466 in a given section, the trend collectively projecting to a no d engnember age

1467 aroundca.51 Ma.

1468
/

1469 Figure 21 Cooling rate (°C/Myr)vs. apparent a odelledfrom grainsizevs. “°Ar/3°Ar

1470 relationships reporteid theChroussa s ) takas sectibg)Junk et al. 2019. An apparent

1471  phasedagup to 2 Myr is revealed for th mples merely 100 m apart, indicating that the ages recorded
1472  most probablyeflect variable difiprdrivenYesetting rather than true cooling ages

O
\

O
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endpointof the rastered area. TGA: total gas age. Error boxes and TGAlave +

Figure 18: Projected distribution of°Ar/3°Ar ages over regionato samplescale strain and
retrogression gradients. a) At Syros scale, increasing retrogression and finite deformation
from top to base of thelCB is associated with a trend toward yoer*°Ar/3°Ar ages. b) At

the scale of a shear zone, the fwatler distribution of®Ar/3°Ar ages is correlated with strain
gradient with younger ages in the most deformed zones. c) At theseatibn scalein situ

40Ar/3°Ar ages are not correlatedth deformation gradients.

Figure B: Relationships between phengite geochemigtAr/3°Ar totalgasage d
strudural position of dated samples at regional and local scalest, orrespo to
the trend curvealculated from the dat&rror bars correspo gef Stontent in
phengite andhe range of appareages measured in m nerabut fainttrend is

observed between lower-8ontent in phengite and apparent ages in each section.

Figure 20: In situ “°Ar/3°Ar delta ageral sUqge minimum age recorded in a given
section. Thedelta agerange anticorrela perfect8? € 0.997) with the minimum

age recorded in a given sectiql the d collectively projecting to a noreiredpread
endmember age arouneca @@ Ma.

Figure 21 Coqy yr)vs. apparent ages (Mahodelledfrom grainsizevs. “CAr/3°Ar

relation

=

he Chroussa subunit (Myttakas sectidm) Uunk et al. 201§. An
apparenphas up to 2 Myris revealed for these samples merely 100 m apart, indicating that the

ages recor st probablyeflect variable diffusiofdriven resetting rather than true cooling ages
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Table 1: Lithology and mineralogy of dated samples. Mineral abbreviations after Whitney andZexians (

Samples Location Mineralogy Lithology GPS coordinate (WGS |
Ph Pg Omp Grt GIn Ep Chl Ab Qz Cal Latitude Longitude

SY-14-21 Posidonia  x X X X X X X Chlmicaschist 37.363221 24.877139
SY-14-18 Posidonia  x X X X X X X X X Grt-Ep blueschist 37.370155 24.884351
SYR-13-02 Posidonia  x X X X Gneiss 37.373456 24.892570
SY-16-10 Posidonia x ? X X  x Calcschist 37.375466 24.906279
SY-14-80 Posidonia  x X X X X X Chlmicaschist 37.381565 24.916839
SY-14-76 Posidonia  x X X X X X Chlcalcschist 37.385748 24.931293
SY-14-77 Posidonia  x X X X X Chl micaschist 2 24.934383
SY-16-06 Chroussa x ? X X X Grt-Ep blueschis 4.937226
SY-16-15 Chroussa x ? X Blueschist 4941572
SY-14-40b2 Kampos X X X X X X X X Grt-Ep bluesc 24.951097
SY-14-40b4  Kampos X X X X X Greenschist 24.951097
SY-14-60 Kampos X X X X X X X GIn eclogite 24.953722
SY-14-63 Kampos X X X X X X X X . 24.953722
SY-14-64 Kampos X X X X X X 37.389130 24.953722
SY-16-18 Vari Unit X X X X 37.392992 24.953989
SY-14-68 Vari Unit X X X X 37.403223 24.969233
SY-13-10 Vari Unit X X X X 37.408158 24.965869
SY-14-74 Lia Sz X X 37.492053 24.907270
SY-14-71 Lia Sz X X X eclogite 37.491166 24.900779
SY-14-73 Lia SZ X X X X X x, -Grt bluesct 37.492934 24.900877
SY-16-23 Delfini Sz X ? X X Chl'micaschist  37.458322 24.890958
SY-14-30 Delfini Sz X ? X X Ep blueschist 37.460031 24.891500
SY-14-24 Delfini Sz X X X X Grt-Ep blueschist 37.461260 24.893487
SY-14-26 Delfini Sz X X X X X Grtmicaschist 37.463579 24.894134
SY-14-28 Delfini Sz X X X X X Grt-GIn calcschist37.464079 24.893883
SY-14-29 Delfini Sz X X X Marble 37.464260 24.893912
SF-14-55  Chryssopigi SZ x X X X Ab-Ep-GIn blues 36.948104 24.756036
SF-14-52  Chryssopigi SZ x X X x x Chlcalcschist 36.946791 24.755715
SF-14-51  Chryssopigi SZ X X X x Chl calcschist 36.945332 24.755298
SF-14-50  Chryssopigi SZ x X X X X Chlmarble 36.943661 24.752789
SF-14-49  Chryssopigi SZ x X X X X Chlcalcschist 36.942468 24.751587
SF-14-44  Chryssopigi SZ x X X X X Chlmicaschist 36.938757 24.743623
SF-14-39  Chryssopigi SZ X X X X X Chlmicaschist 36.936358 24.744940
SF-14-43  Chryssopigi X X X X X X Chlmicaschist 36.935908 24.746873
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Table 2: Petro-textural description of phengite and measured 40Ar/39Ar ages. The textural habitus of phengite was determined after pic
grains taken before irradiation. Deformation of phengite was mainly characterised following the degree of mica alignment.

Samples  Textural habitus Deformation Chemmgl_ Compositional zoning Inclusion Grain size 40Ar/39Ar
composition P age (Ma)
SY-14-21 primary - partial recrystallization moderate - - rare 125-250 35-23
SY-14-18 primary low homogeneous - rare 125-250 32-27
SYR-13-02 primary to recrystallized intense heterogeneous patchy few 250-500 20.72 +0.27
SY-16-10 primary - partial recrystallization moderate - - few 250-500 26-20
SY-14-80 recrystallized (secondary) intense homogeneous - few 125-250 18.00+ 0.14
SY-14-76  primary low heterogeneous patchy rare 125-250 33-29
SY-14-77 recrystallized (secondary) intense heterogeneous sectorial 21-18
SY-16-06  primary low - - -37
SY-16-15  primary undeformed - - -40
SY-14-40b2 primary - partial recrystallization moderate homogeneous - 30-21
SY-14-40b4 primary to recrystallized low to intense  heterogeneous sectorial 39-36
SY-14-60 primary - partial recrystallization moderate heterogeneous concentric 44-42
SY-14-63  primary moderate heterogeneous concentric 44-40
SY-14-64  primary moderate heterogeneous sectorial & conce 44-42
SY-16-18 primary - partial recrystallization moderate - - ent 250-500  144-105
SY-14-68  primary moderate homogeneous - Plent 1000-2000 80-60
SY-13-10 recrystallized (secondary) Intense homogeneous - frequent 500-1000 42-59
SY-14-74  primary undeformed - - rare 250-500 52-48
SY-14-71  primary moderate homogeneous - frequent 1000-2000 47.09 £ 0.21
SY-14-73  primary to recrystallized intense heterogeneous sectgri centricfrequent 250-500 51-24
SY-16-23  primary - partial recrystallization intense - - } few 125-250 39-33
SY-14-30 primary moderate - few 250-500 37-33
SY-14-24  primary - partial recrystallization intense heteroge s@@torial & concentric few 500-1000 35-32
SY-14-26  primary - partial recrystallization intense het en torial & concentricrare 500-1000 34-31
SY-14-28  primary moderate eous - rare 500-1000 38.45 +0.23
SY-14-29  primary - rare 1000-2000 39.04 + 0.22
SF-14-55  primary terogeneous patchy rare 250-500 26-22
SF-14-52  primary - partial recrystallization heterogeneous concentric few 250-500 36-31
SF-14-51  primary - partial recrystallization mogeneous - rare 250-500 34.48+0.2
SF-14-50  primary heterogeneous concentric rare 500-1000 27-22
SF-14-49  primary - partial recrystallization heterogeneous sectorial rare 250-500 35-30
SF-14-44  primary to recrystallized homogeneous - few 125-250 26-22
SF-14-39 recrystallized (secondary) homogeneous - few 125-250 27-22
SF-14-43  primary to recrystallized heterogeneous sectorial & concentricfew 250-500 24-20
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