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Abstract

High-pressure/lowtemperature rocks from two wedtudied outcrops dhe Cycladic
Blueschist Unit on Syros are used to demonstratadvantages ofolumecoupled®’RbF’Sr
geochronology and geochemistryiofsitu white mica Singlespot Rb/Sr dates are interpreted
based on the microstructugasitionof white mica combined with its chemical informatj@md
the lesults are&eompared witn the tectonic framework of thsland The firstoutcropon
Katerghaki capexposesigid blocks of foliated eclogite within wefbliated blueschistwhereas
thesecond outcropn Delfini peninsula comprigamassive eclogit blocks likely of
metasomatic origirhosted withirblueschisthat arenterlayeredwith white micaschists. The
rheological contrasts exhibitéa both outcrops preseryaear)peak HP/LT metamorphism
metasomatisneclogites)ollowed by retrogression and deformation in loweF Bonditions
(blueschistmicaschist) Thewhite micain eclogitefrom both outcropare in equilibrium with
the HP/LT mineral assemblage® not showchemicalzoning norsystematichemical
variations and yield unifornmsingle spotRb/Sr datesWeighted averages the Rb/Srdatesare

482 + 3.7 Ma (MSWD: 0.9, n: 34; Katerghaki) and 44.5 3.1 Ma (MSWD: 07, n: 28 Delfini),

interpreted as (negpeak HP/LT metamorphism and metasomatism, respectively, overlapping

with publishedgarnetLu-Hf and SmNd geochronology of theorrespondingutcrops White
micain the Katerghakiblueschist anthe Delfini micaschisexhibit significant chemicatoning
andcorrelationsof Ti with majorandtraceelementgAl, Fe, Mg,Rb, Sr, Zn, Ba, Np Weighted
ageaverages were calculated from Rb/Sr dates correspotaimgh-Ti and lowTi white mica
compositionsThe blueschist yieklages 066.0+ 106 Ma(MSWD: 2.2, n: 20/80) and 363 +
2.1 Ma (MSWD: 0.9, n: 20/80), whereas the micaschist produeegs o#3.7 = 3.5 Ma

(MSWD: 0.5, n:14/53) and 3.9+ 2.7 Ma (MSWD: 1.0, n: 13/53), respectively. Thesegelts
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are interpreted teesolve the timing ofluid-mediatedsotopic reequilibration of white mica
during deformation and retrogressigow-Ti), and reflecB’Sr£°Sr inheritance from thearlier
HP/LT history (highTi). Overall, these results demonstrate tratpling®’RbA’Sr
geochronology witlgeochemistry of white mica situis advantageous favaluaing Rb/Sr
datsetghat may possesssinglemicapopulation (eclogites) are affectedby 8’Srf°Sr

inheritance (blueschisicaschist) in order tmterpretgeologically meaningful ages

Keywords

In-situ Rb/Sr geochronology, Cycladic Blueschist Uthitgh pressurdow temperature

metamorphisnandmetasomatisnfjuid-mediated’Srf°Sr re-equilibration,®’SrfSrinheritance
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1. Introduction

White micacommonlycrystallizeduringmetamorplsm and metasomatisaof crustal
rocks and arsensitive tesubsequerdeformationand fluidmediatedchemical modification.
Thechemicalcompositionof white micamayrecordthe bulk rockandfluid compositions as
well as thepressurdemperature (H) conditions associated with such eveimgarticular, bheir
compositionsare extrenely important for controlling and tracirsgibduction zone fluid
chemistryas they are primary carrierslafge ion lithophileelementqe.g.,K, Rb, Sr, Bain
crustal rocksandcan contain significant amountstafh field strengti{e.g., Ti, N) and dher
traceelementsé€.g., Li, Mn, V, Cr, Zn, CsSorensen et al., 1997; Zack et al., 2001; Gao et al.,
2007; Zheng and Hermann, 2014; Rustioni et al., 0fe major elementhemistryof white
micais governed by-T conditions and bulk rock chemistrgarding tothe Tschermak
substitutionSi + (Fe + Mg) = AV + AV, defining compositions betwaghe lower pressure
muscovite (KA;SisO1OH]2) and higheipressure celadonite (KAFeMg)SisO19OH]2)
endmembergassonne and Schreyer, 19€bggon andHolland, 2002. Incorporation of Ti in
white mica has also be@uositedas a function of A conditions according to the substitution of
AIV' + Si = Ti+ Al'Y coupled with the Tschermak substitutidxuganneau et al., 201@u and
Chen, 201} although thaise of Ti for extracting H conditions has been contest€&héambers

and Kohn, 201p

The interlayer cation of white mica in metamorphic rocks is often dominated by K (i.e.,
muscovite and celadonite endmembers) relative to subordinate amounts of Nanjpexafa
(margarite), andhterlayer site vacancigpyrophyllite; eg., Coggon and Holland, 2002
Furthermore, Rb readily substitutes for K in the interlayer site, which togetherfalidath

radioactive’®K and®Rbto beexploitedfor datingvariousmetamorphic, deformation, and fluid
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mediated event8oth isotopes undergo bediecay leading to isobaric interferences with their
respective daughter isotopes (e*dAr and®’Sr) during mass spectrometric analysis. The
isobaric interference iesolved for thé<-*°Ar decay system through neutron irradiation
(Merrihue and Turner, 1966gnablingit as aregular datingnethod of white micaln contrast,
the®’Rb and®’Sr interference cannot be solMegirradiationand has conventionalhgquired
isotopic dissolution methods of mineral separates or a whole rock. Furthetimedractions of
common®’Sr (f7Sr;) presenin white mica requires the use of a Nicolaysen isochron
(Nicolaysen, 1961)Recent advancementsiafthe applications daser ablation inductively
coupled plasma reaction cell mass spectrometrylCAMS/MS) now enables Rb/Sr
geochronology to be performed on white mitaitu, as well aon other Kminerals Several
recent investigations highligkhe LA-ICP-MS/MS approach (e.gQOlierook et al., 2020; Tillberg
et al., 2020Redaa et al. 2021Wang et al. 202Xirkland et al., 2023; Larson et al., 2023;
Ribeiro et al., 2023Glorie et al., 2024; Giuliani et al., 2024; Kutzschbach and Glodny, 2024;
M & \agska et al., 2094representing resurgence dRb/Sr geochronology. However, the
geochronologal dataareoftennot coupled with mineral chemistrgndthus,the techniquéas

not beerutilized to its fullpotential

The Agilen®© 8800 triplequadrupoldCP-MS is a powerful machine for performing
Rb/Sr geochronologicanalysis enablingsimultaneous collection of Rb/Sr geochronological
datawith majorandtrace element chemistry of white micesituwith laser ablation analis
(Zack and Hogmalm, 2016logmalm et al., 2017; Rosel and Zack, 20FEurthermore, single
spot Rb/Sr dates can be calculated using ifit&1f°Sr valuesobtained fromow-Rb, Ca
bearing minerals concomitant with white migdh the assumption that at the time of rock

formation (e.g., by metamorphism or metasomatism), all minaralsn equilibrium with the



109  samée®’SrfeSr composition (Nebel, 2014). Thus, e&it'Sr datecan becontextualizean an
110 individual basidy bothmicrostructual and geochemical informatiaf thephasege.g.,Rosel
111  and Zack, 2022M A\Q DUV N D H WwhdBr@nnindurther statistical treatment of the Rb/Sr
112 dates. This approach is advantageousniguewhite mica generationsay be obscured by
113 isotogc dilution of mineral separasor by in situ analysisthat solelyrelieson microstructural
114  information, which is especially important feingle spotRb/Sr datesvith high uncertainties

115 thatcan mask geologicaHgneaningful populations.

116 In this study, higlpressure/lowemperature (HP/LT) rocksf the Cycladic Blueschist

117  Unit (CBU) on Syros, Greece (Fig.,lyerechosen talemonstrat¢he capabilities oin situ

118 white mica Rb/Sr geochronology using the sirgpet dating approadiiRdsel and Zack, 2022)

119 The CBUexposureon Syros isdeemed an excellent natural laboratory as 1) its pressure

120 temperaturdime (RT-t) history has beeextensivelystudied, providing a robust framework for
121 comparing interpretations of tfb/Sr datesand?2) the peak metamorphic temperature of the
122 CBU didnot exceed ~550°C, which is similar to closure temperatures previously postulated for
123  white mica Rb/Sr (e.g., von Blanckenburg et al., 1989; Glodny et al., 1998), pratfiding

124  potential forwhite mica Rb/Sr geochronology to record the peak HP/LT metancagplnts and
125 subsequent historigmlow this temperature thresholche collective resultshowthat ages of

126  HP/LT metamorphism, metasomatism, and fmddiated chemical exchangee weltresolved

127 by integratingmicrostructurabnd geochemical information of white mica with Rb/Sr dates, thus

128 demonstratinghe advantages of this approachdatingmetamorphic processes.
129

130 2. Cycladic Blueschist Unit Syros
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The CBU constitutes the majority of rock expasesin the Cycladic Islands of Greece
(Fig. 1A, see Grasemann et al., 2018 for map detaitgjgenerallyrepresents relicsf the
Pindos oceaman arnmof the western Neotethys oce&h@nnell and Kozur, 1993olivet and
Brun, 2010) Specifically, potoliths of theCBU on SyroqFig. 1B)includevolcanosedimentary
sequences hosting mafic and ultramafic igneous rdeksed from thesubductedPindos
lithosphere. The ocean began to form in the Early Triaasgithe CBU record magmatic and
sedimentary activityvell into the Late Cretaceoy€hannell and Kozur, 199Tomaschek et al.,
2003 Brocker and Keasling, 2006; Tomaschek et al., 2008en et al., 20153Papanikolaou,
20217). The rocks were metamorphosed &/HT conditionsduring Eocenesubduction of the
Pindoslithospherebeneath the southern margin of Euraaradweresubsequently exhumed
from the subduction channel in the Oligocéesy., Trotet et al., 200Keiter et al., 2004Jolivet
and Brun, 2010Keiter et al., 2011; Philippon et al., 2QQrasemann et al., 201Back-arc
extension in the Miocene and formation of tawgle normal faults place the CBU beneath

lower-grade metamorphic units and cover rocks (e.g., PelagaaranJolivet and Brun2010).

The CBU on Syrosas beenlivided into three subunitsased on lithology, metamorphic
record, and delimitation by major shear zorigKampos2) Chroussgand 3) PosidoniéFig.
1B; Keiter et al., 2011t aurent et al., 2016he Kampos subungrimarily containsmetabasites
with metasedimentary rocks and serpentinitegenerally presenseclogite facies
metamorphism and subsequent retrogressnaterblueschisfaciesconditions The Chroussa
subunitis dominated by thick, alternatimgicaschiseand marble horizons with eclogstand
blueschists. The preservationtb& HP/LT recordis not uniform across the unit as many
exposuregxhibitgreenschistacies overprinting. The Posidonia unit contains the gneiss of

Komito intercalated with metabasic bodiesicaschiss, and thin marble layers. Almost all



154 records of HP/LT metamorphism were obliterated by greenschist facies retrogréssmail,

155 retrogression of the CBWasachievedn an extensional regime, manifestedyvos by the

156 Vari Detachment (e.gKeiter et al. 2011; Soukis and Stockli, 2013) and ntapyto-E shear

157 zones observed at all scales onisiend (Trotet et al., 2001; Laurent et al., 2021). The Vari

158 Detachmenhas beeronsidered the Eocene roof of gubduction channel that accommodated
159 HP exhumation of the CBU (Laurent et al., 2016). In the Miocene, the Vari Detachment placed
160 greenschistacies orthogneisses, mafic rocks, and volcanosedimentary sequences of the Vari

161 Unit over the CBU by a lovangle mrmal fault (Ring et al., 2003; Soukis and Stockli, 2013).

162 The prograde, peak, and retrograde metamorphic pathways are recorded in both
163 mineralogy and structural fabrics of the rook#ich are respectively denoted as Ds, and &>
164 deformation event&f. Kotowski et al., 2022)Records oDr deformation and associated

165 metamorphisnarepredominantlyetained asnclusionassemblagein garnetincluding

166 pseudomorphs after lawsonitehe Ds structures includevell-developedoliation, andN/NE-

167 S/ISW orientegtretchingandminerallineatiors andaxes ofisoclinal folding withinHP/LT

168 lithologiesassociated with nenoaxial, topto-S/SW shearingPeak metamorphic conditions of
169 CBU havegenerallybeen constrained tee1.9-2.4 GPa and 45650°C (Trotetet al., 2001;

170 Laurent et al., 2018; Skelton et al., 20B&rce et al., 2021Junk et al., 2022)Two stages of
171 Dt are evidentfirst in blueschist facietllowed by a greenschist facies overpriatogether

172  reflecting progressive exhumation of the CBWe Dr structures are predominantly defined by
173  upright folding of theDs foliation, reorientation oDs lineations into an BV orientation,

174 localized norcoaxial shearing with general top-E kinematics, and progression from ductile
175  to brittle structuresGlodny and Ring2022)and Kotowski et al. (2022kcentlysummarized the

176  extensive geochronological database for the CBU on Syresformer studgeparated the
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geochronological recordsccording to the Kapos subunit and the Chroussa/Posidonia subunits
(referred to as toand middleCBU nappepsto show potential differences for geochronological
records of the tectonic unitfhe summaries show that, in genepafgrade metamorphisof

the Kampos subundgccurred ate 0 PJpeakHP/LT metamorphism at 584 Ma blueschist

facies retrogression 44-38 Ma and greenschist facies3#22 Ma The same sequence of
events for the Chroussa/Posidonia subunig be slightly youngeapproximatelyoccurring at

*45 Ma 45-39 Ma, 3930 Ma,and 3019 Ma(Glodny and Ring, 2022), although such precise

subdivisions otime may not bgustified (Kotowski et al., 2022).

3. Tectonic Framework and Sampling Strategy

3.1Katerghakicape

Theoutcropof interest(37°23'20.67"N, 24°57'13.82}Figs. 1B and2A) is northeast of
Katerghaki beachnd was ascribed to the Kampos subunit by Laurent et al. (Z&putcrop
predominanthdisplays rigid, foliatedeclogiie blocksthat are wrapped by a youngesll-
foliated blueschistswith foliationsof both rockslefined by alignment of white mi¢&ig. 2B).
The blueschists are interlayered with wieliated quartziteg¢Fig. 2C)and eclogitesand show
pervasiveS-C- & § | D E U L HZERMé&matidyEg. 2D, E) formedduringdeformation and
retrogressiomf the outcropn blueschisfacies conditionsOverall, tie rheological contrasts
between the eclogite blocks and blueschistiectsDs followed byD+ evolution of fabrics and
associated metamorphistma(irert et al., 2016Kotowski et al., 2022 A significant amounof
rusty-weatheed carbonatenaterial(ankerite?)s entrained withirthe blueschist foliatiorand is

locally presentwithin eclogite blockstransecting the foliatio(Fig. 2B, D, E). White calcite
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veinswere alsambserved within someclogiic blocks, but only along discrete, brittle fractyres
and notentrainedwithin the foliation(Fig. 2B). From this exposurgn eclogiteblock (SR2206)
and awell-foliatedblueschist (SR2D7) wereacquired to examine the differametamorphic

andstructuralhistoriespreservedy the rheological contrastd the lithologies

Previous garnet Lf and SmNd geochronology have produced variable dgepeak
HP/LT metamorphisnfrom rocks exposedear the study area and furtiseutiwest along the
coastproximalthe boundary with the Chroussa subunit (Fig. 1). Close to the studygamneet,
Lu-Hf geochronology of an eclogitic blocksolestwo episode®f (near)peakHP/LT garnet
growthat 51.8+ 0.1 Ma and 51.3 + 0.2 Mdaual et al., 2022)From thesouttwestern exposures,
Uunk et al. (2022)eported a garnet LHf date of 48.0 + 0.5 Ma from an eclogiiteck,
interpreted as peak HP/LT metamorphism. Based on this result, they contested hetatiten
that the HP/LT exposures along the entire coast of Katerghaki cape belongs to the Kampos
subunit.Usingamicaschisfrom a similar areaGorce et al. (20219ombined SriNd
geochronology with A calculations for coreim zoned garnet. Thegported that the cores
formedat45.3 + 1.0 Ma from 2.+ 0.15GPaand485 + 50°C to 2.0+ 0.15GPaand530+ 50°C,
and the rimgrystallizedat 40.5+ 1.9Ma from 2.1+ 0.15GPaand560+ 50°C throughto 1.6+

0.15GPaand550+ 50°C, reflecting pealdP/LT followed by blueschist facies retrogression.

Fromeclogites and blueschistwith Dt structuresclose to the study areaufti-mineral
Rb/Sr isochrongvolving white micayielded dates of ¢.3438 Ma (Skelton et a].2019). White
mica“*°Ar/**Ar geochronology of Peclogites and blueschists also yielded similar dates of-c. 45
38 Ma, interpretedo dateexhumation anthlueschist facies retrogression (Laurent et al., 2017;
2021). A rigid eclogitic block bearingd3tructures was alsanalyzedwith white mica®*®Ar/3°Ar

geochronology, providing date o#3.5 + 0.2 Ma (Laurent et al., 2021).

10
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3.2 Delfini peninsula

The selecte@éxposureat Delfini peninsula(37°27°'40.81"N, 24°53'37.08Eig. 3A)
predominantlycomprisesn-scale interlaying olvell-foliated partially retrogresseblueschists
andmicaschist with SC- & {1 | D réséerFingop-to-E kinematicthat are classified as part of the

Chroussa subunitlose to the boundary with the Posidonia sub(ifgiter et al., 2011; Laurent

et al., 2016)The pervasive foliations of the blueschists and micaschists developed in association

with deformation and retrogressithrough blueschisgreenschist facies conditions«{)DVisible
white mica is aligned alonthe foliation ofblueschists and micaschiséglditionally, snall, cm
scale rigid blocksvere found within the blueschigisig. 3B). The blockgpreserveeclogite
facies mineral assemblagesntainng visible garnet, omphacitevhite mica, epidote, and
apatitethat are randomly oriented@he blueschist foliation anastomoses through clsstethe
blocks, but the internal portions of the blocks rmcroscopicallynassive. The blockare
associated with calcite veins that terminate at the blueschist fol{&iigu8C). Segments of
calcite veins are parallel with the bluesclaistimicaschist foliations, are locally sheared, and
areincorporated ito isoclinal folds(Fig. 3A, D). The lithologies and structures of the outcrop
overallrepresenformation ofDs eclogitespervasively overprinted by-Dstructures defining the
blueschists anthicaschiss, with the latter showing welleveloped - &1 VWU XFW XUH
Therefore, the sampling strategyrroredthe approach at Katerghatape to take advantage of
the rheological contrasts preserving different histories, obtainimgioeeclogite(SR2221) and a

well-foliatedmicaschis{SR2222).

The timing of peak HR/T metamorphism was previously resolvedLluyHf

)LJ

geochronology of prginematic garnet in a glaucophane micaschist, yielding a date of 46.0 = 0.6

11



245 Ma (Uunk et al., 2022)The P-T conditions for garnet crystallization were nearly isobaric at
246 ~2.02.2 GPa fron ~440°C to ~540°CSeveral studies have utilized white mizased mlti-

247  mineral Rb/Sr isochraand white mic&®Ar/3°Ar geochronology oD blueschists and

248 micaschistsyielding dispersediates ranging from @3to c.28 Ma thataregenerallyinterpreted
249 toresolve the timing oéxhumatiorand associated retrogressi®@ogowitz et al., 2015ClIiff et

250 al., 2017; Laurent et al., 202Kotowski et al., 2022).
251
252 4. Analytical Techniques

253 4.1 Rock characterization

254 Standard 30 um thin sections were froinm the eclogits, blueschist, anchicaschisto
255 characterize mineralogy and microstructufés in situ white mica Rb/Sr geochronologyitk
256  sections (250 um) wenagreparedrom the same rock chip§he rock chipgsemaining after

257  preparation of the thin and thick sections were crushed to créate vock powders weighing
258 >30 g from eaclsample forX-ray fluorescenceulk rock geochemical analysisee

259 Supplementaryext Table S1).

260 The thick sections were imageth backscattered electron (BSHE)odeusinga JEOL

261 JXA Superprobe at AGH University of Science and Technology (Krakéw, Poland).

262 Photomosaic®f low- and highcontrasBSE imagesveregatheredor areas of interest from the

263 thick sections. The loseontrasiconditions wer@btainedo view all mineral assemblages in the
264 areas of interest, whereas the hagintrast images were acquired to highligbtentialchemical

265 zoning of white mica grains. Reflected light photomosaics of the same areas were alsal prepare

266 for navigationandprogrammingocations oin situ analysesWavelength dispersive

12
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spectroscopyWDS) was performed on mida the fourCBU rocks andalso onthe secondary
reference materials for Rb/Sr geochronology (see belswvell as garn@nd omphacite in the
eclogitic block from Delfini peninsulacquiring veight percentages of Na, MgO, AbOs,

SiO,, Cao, TiQ, MnO, FeO, KO, andCr.0z. The following natural minerals and synthetic
standardsvere used for calibration: albite (Si, Na), diopside (Caylg), sanidine (K), rutile

(Ti), fayalite (Fe), rhodonite (Mngnd CpOsz (Cr). For white mica, the microprobe was operated
using 15 KeV, 15 nA, and a 5 pm beam diameter. For garnet and omphacite, operating
conditions were 15 KeV, 20 nAand a lum beam diameteiThe WDS chemistry of garnet,
omphacite, and white mica in the eclogite from Delfini peninsula were combined to calculate
pressure according to tigarnetclinopyroxenewhite mica net transfer geobarometéRavna

and Terry (2004)

4.2 ChemicalandRb/Sr geochronolagal analysisof white mica

In situ white mica Rb/Sr geochronology was conducted at the Microgeochemistry
Laboratory at the Department of Earth Sciences, University of Gothenburg (Gothenburg,
Sweden), over the course of three measurement sessions. An ESI 213NWR laser apparatus
connected to an Agilent 8800 IEPQQ was used for ablation and measurerfa@igwing the
methods and protocols developed by Zack and Hogmalm (2016), Hogmalm et al. (2017), and
Rosel and Zack (2022). A laseeamdiameter of 90 um was used for ablation of white mica.
The laser was pulsed with a frequency of 10 Hz and the fluence wasr&3 Bit depths are
estimated to be 560 um.Helium was used as the carrier gas (750 ml/m) and was mixed with
nitrogen (4 ml/m), then with argon (7@®0 ml/m). The entire gasample mixture was directed

through a glass cylinder (20 cm in length witbr2 diameter) filled with 11 g of steel wool to

13
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312

remove larger particles and enhance signal stability (Hu, &0d12). The mixture wathen
introducednto the ICRMS/MS where the gas reaction cell contait@® for purpose of
reacting with Sr isotopes deed from the ablated materialf(Hogmalm et al.2017).The
protocol for measuringfRb, 2éSr, and®’Sr, and for recalculatingRb, aredetailed in Résel and
Zack (2022)In addition,isotopes ofnajor and trace elementd i, >Na,?Mg, ?’Al, 28Si, 31p,
3%K, 44Ca,®Ti, >V, 52Cr, >°Mn, °®Fe,®ezn, 8%, %9Zr, 3Nb, 133Cs, 1¥'Ba, 1*°Ce, 2°TI, 2%%Pb)were
gathered simultaneous {tRb, 8Sr, and®’Sr. Dwell times for all isotopes are outlined in Rosel
and Zack (2022), where the additional major ttade elements comprise less than %38f the

total analytical time.

The primary reference material for geochronological analysis was MicaMg nanopowder
pellet and was also used along with both NIST SRM 610 and-B&RBlasses as primary
reference materials for major and trace elemelashium et al2005. To monitor the stability
of the measurements over the three measurement sessions, secondancerefaternals were
routinely analyze@nd cycled with runs divelveunknown measurements. The secondary
reference materials were MicaFe nanopowder pellet, Hogsbo white mica, GA1550 biotite,
Wilsons Promontory biotite, and La Posta biotite. The literatatesdfor the primary and
secondary reference materials andvilegghted averages of singdpot Rb/Sdates from the
three analytical sessions are reported in TaBlé&/®re details for the reference materials can be
found in ROsel and Zack (2022nd reérences thereirSpecifically,reference materials
provided initial®’Srf%Sr values used for calculating singigot Rb/Sr dates for the secondary
reference materials, with the exception of Wilsons Promontory biotite. An fHBiglf°Sr value
of 0.7088was assigned for Wilsons Promontory biotite according to Waight et al. (2090).

systematic differences are recognized for any secondary refenaeealover the three
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meaurement sessior(ables S2 andS3). Depending on thiterature datehat is closen for
comparisonHogsbo white mica and GA1550 are the most accurate withlrl.3%and~0.5

1.1%, respectively. Greater deviation compared to literature dates is noted for MicaFe biotite
(0.8-2.3%), Wilsons Promontory biotite (:388%), and La Postaiotite (1.64.3%).Some of the
reported inaccuracies are slightly higher theportedfor the protocol oRosel and Zack2022

but are significantly lower thgoreviouslypublishednaccuracie®f 5-12%attributed to using

MicaMg as the primary reference material (Redaa et al., 2021; Giuliani et al., 2024; Glorie et al.,

2024)

Data reduction was performed using lolite v. 3.71 (Paton,&Cdl1)with adata
reduction schemereatedor Rb/Sr geochronology (Rosel and Za2R22).Quality assessment
of the results of nknown analysewas undertakehy examininghe stabiliiesof the raw
8RbA%SK, BRbA'SK, ancf’SrA8Sr signalsand counts of major and trace elements to monitor
ablation of phases other than white migdime length of useable signtlat was>12 s was
considered goodsinglespot dates were calculattdm the acceptbleunknown analysesgsing
initial 8’SrPeSr ratiosmeasuredrom Caminerals in the unknown sampl@ee sectio#.3).
Further statisticalreatment of Rb/Sr dates was conducted with IsoplotR online (Vermeesch
2018). Alldateare UHSRUWHG ZLWK “ 1 XQFHUWDLQW\ LQFRUSRUDWL
ablation integrationgxcess scatter from the primary reference material, and uncertainty from
the initial8’Srf°Sr value that was measured. A comparison of random and systematic

uncertaintiegor all resultss provided in Table &

The chemistry of the singlgpots was comped from the backgroursubtracted element
counts per second data from the same Rb/Sr geochronology integrations usihgaseibuilt

Microsoft Excel spreadsheépreadshees available as Table4). The spreadsheet is designed
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357

to utilize several refence materials for realculating the unknown data into concentration

(ug/g) and atoms per formula unit (a.p.f.u.). The use of several reference materials stems from
the collection of ions with two possible detector modes, pulse or analogue, definedcbynis

per second pulse range limitation and pulse/analogue (P/A) factor for each isotope. Element
concentrations of single reference material (e.g., N\B&M 610, BCR2G, or MicaMg) may

vary significantly from the unknown mica. The differences can tastihe collection of ions in

two different detector modes for the reference and unknown, potentially leading to inaccurate re
calculation of the unknown data if the P/A factors are not accurately defined. Thus, using
multiple reference materials ensubetter matching of reference material and unknown data

collected with the same detector mode.

The reference material measurements are compared with their known concentrations and
are considered whether the isotopes were measured in pulse or analoguecoiegto the
set counts per second pulse range limitation and the P/A factor for each isotope: Two re
calculation factors are computed for each isotope based on the comparison, one for each for
mode. The isotope data for the unknown mica are also categ@ccording to pulse and
analogue measurement modes and individualsateulated using the reference material re
calculation factor for the same analysis mode (if unavailable, then the factor corresponding to the
other mode is applied). All of theatope data for each unknown analysis is then normalised to a
pre-defined total concentration of catioascording to classification as white mica (520000
Hg/g) or biotite (586000 pg/g), which are approximate averages of several hundred WDS
measurements ohica chemistry from the current study, previous studies (e.g., Barnes et al.,

2020; 2023a; 2023b), and unpublished data of the first atdtherspreadsheet is designed to
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allow users to define their own pulse limi&A factors for isotopes, reference materials,

normalisation sums, etc.

4.387SrPeSr analysis of Cdearing minerals

The®'SrfeSr values of Cdbearing minerals within the four rocks wenealysedising
both LA-ICP-MS/MS andaser ablation mukcollector inductively coupled mass spectrometry
(LA-MC-ICP-MS; Table $). For the former, the Glaearing phases were included alongside
white mica analysis and followed the protocols described above (se@)jpbut.using a 30 um
beam diameterThe®’SrfeSr results from the Ghearing minerals were standardized using the

NIST SRM 610glassas the primary reference material.

For the LAMC-ICP-MS method Sr-isotope analyis of epidote and apatite followed the
approach of Emo et al (28). Analyses were conducted via IMC-ICP-MS using a Nu
Instruments Plasma 3 MICP-MS connected to an ESI NWR193 laser ablation system at the
Vegacenter, Swedish Museum of Natural History, Stockholm. Tuning for peak shape and
alignment was conducted 6HST SRM 610glass oxides were tuned to <0.5% by monitoring
ThO/Th. Analyses utilied singleline rasterghat were200-250 um bng with a75 pm sposize,

a fluence of 2.2 J cr% a repetition rate of 15 H25 s for washout, warmup and gas baseline,
anda 0.5 s integration time. All analyses were followed by a 15 s washout, the latter portion of

which was utilzed as a baseline measurement for gas blank corrections.

Data were reduced using lolite v4 (Paton et al., 2011), which implements the following
corrections: (1) gas blank baseline subtractions includirigdébaric interferences; (2) isobaric

interference from doubly charged rare earth elements (REE; By*, and YB", corrected by
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380 measuring m/z corresponding8Dy?*, 1%%Er?*, and'"3Yb?* at half mass, assuming a mass bias
381 of 1; (3) Ca dimers and argides, calculated ff8i@a,Arf*Ca" measured on m/z = 83 after REE
382 correction; (4f'Rb* on®'Sr* by measurind®Rb" and assuming a mass bias of 1; (5) an internal
383 mass bias correction utiligg 8Srf®Sr; and finally (6) normalationto the primary standard, a
384 modern shark spine from the museum collection with modern seawasaet&re abundances
385 (Mokadem et al., 2015). All interference and mass bias corrections assume IUPAC isotopic

386 abundanes (CIAAW, 2021).

387 Secondary standards Durango and Otter Lake apatite were treated as unknowns during

388 data reduction and yieldééSrfF 6 U YDOXHV LQGLVWLQJIJXLVKDEOH IURP UHII
389 level (measured values 0.70634 + 0.00014 and 0.70424 0d.0@B3pectively; reference values

390 0.70633 = 0.00002 and 0.70419 £ 0.00003, respectively; Yang et al,, 2014 $). Weighted

391 mean®SrPSr ratios for all reference materials and samples are indistinguishable from IUPAC

392 recommended valugf 0.0568 + M023 D W WI&vEl (d& Laeter et al., 200&1AAW, 2021).

393
394 5.Results
395 5.1 Petrography

396 Thefoliation of theeclogiteat Katerghaki capes defined bythe alignment oépidote

397 (maximum length x width:2350 x 320 um,)omphacitg850 x 150 um)white mica(1400 x 350
398 um), and glaucophan@830 x 230 umFig. 4A, B). White mica do not show significant

399 chemical zoning in BSE imagésig. 4B). Pristine grnet porphyroblas{ap t03200 pm

400 diameter)are found throughout the rock and are typicliipkedby symmetrical strain shadows

401 comprised of white mica and omphacite.

18



402 The foliation of the blueschisissemblagerapping the eclogites defined by alignment
403  of epidote(1330 x 130 pm)glaucophan@400 x 150 pn), white mica(875 x 230 un), titanite
404 (460 x 70 um)andpatchesf calcite(1700 x 670 umFig. 4C, D). Garnet porphyroblas{sip to
405 2400 pum diameterare common, partially replaced by chlorite, #ladkedby asymmetric strain
406 shadows of white migaalcite and glaucophan&mall 150 pumdiameter) quartand

407 plagioclase are also found in the blueschist malmiaddition to foliatiordefining white mica,
408 numerous largamore equangrainsof white mica(up to 960 x 520 pmare found withtheir

409 cleavage oblique to the foliation, locally associated with calcite and plagioclase r{Bmprig).
410 Both foliationparallel and oblique white mica show patchy chemical Zpwirth multiple zones
411 according to BSE intensifFig. 4D) For some grain8SEDbright, -dark and-medium

412 intensities define a commantlerim zoning patternwhereasthersgrainsonly show the dark

413 mediumzones or only show the medium BSE intensity (Fig. 4D).

414 Theeclogiic blocks exposed on Delfini peninsula amenposed of epidet(9200 x 2250

415 pm), apatite(2350 x 1580 pm)omphacitg4000 x 1250 pm)white mica(3500 x 60Qum),

416 garnet(up to1300 um diametey)glaucophan€l500 x 600 pm)and calcitg1900 x 650 pum)

417 whicharesegregated into omphacite/apatigarnet, and epidotegich domains (Fig. 3B and

418 5A). The minerad are typically coarse and show random orientations, butyodeformed

419 zones with developed foliaticand aligned grainare observedlhe highstrain Dnes

420 anastomose arounmblymineralic lense§~2-5 mm long)consisting of variable amounts of the

421 aforementioned mineralSome omphacite and epidote porphyroblasts in the undeformed zones
422  are partiallyentrairedin the highstrain zonegFig. 5A). Within low-strain zonesnd

423  polymineralic lenses, epidote, garnet, omphacite, glaucophane, and white micayaieadly

424  euhedrato subhedral Apatite is the only coarsgrained mineral that igredominantlyanhedral,
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showing irregular crystal boundaries witbr examplegarnet, omphacite, arwahite mica(Fig.
5B). Calcite is also anhedral but occupies interstitial spaces betiweerample gpidote and

white mica(Fig. 5B).

The micaschist interlayered with the blueschist that sndetheeclogitic blocls bears a
pervasive foliation defined by white mi¢a500 x 30Qum), epidoteg(1220 x250 um),
glaucophan€1150 x 22Qum), titanite(1090x 450um), apatite(420 x 170um), and minor
chlorite (Fig. 5C, D). Recrystallized quartz ribbomse found along the foliation as well as
smaller quartz and plagioclase grains. Garnet porphyrolflgste 4200 umdiameter)are
present with asymmetric strain shadows defined by quartz, calcite, and plagioclase that show
top-to-E kinematics. The white iza exhibitspatchy BSE intensitiesypically with darker cores

and brighteperipherieqFig. 5D).

5.2 LA-ICP-MS/MS chemical analysis of white mica

Theatoms per formula un{g.p.f.u.)were recalculated for the LLAICP-MS/MS and WDS
micachemistry(Tables S3S6) that wasobtained from theecondary reference materials and the
four CBU rocks The results from the two methoale comparetb test the accuracy of the-in
house built recalculation spreadsheand reliability of theLA-ICP-MS/MS chemicaldata
(TableS7). The compared elements (Na, Mg, Al, Si, K, Ca, Ti, Mn, Fe) are within 0.1 a.p.f.u.,
for all secondary reference matesiaind theCBU rocks, with the exception dflicaFe that
shows a difference of ~0.2 a.p.ffar Na. All chemical data reported belcavefrom LA-ICP-
MS/MS analyss, which arecoupled from the same volume as $iregle spot Rb/Sr dates,

except for white mica chemistry used for geobarometric calculations Diefiai eclogite
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447 The white mica content dfi and Siare notcorrelaedfor all four rocks and are instead
448 compared to different major and trace elementsty-four analyses of hite micadefining the

449 foliation of the eclogite from Katerghaki cape (SR2®) providel clusteredli and Si contents

450 (0.01040.0137 and 3.33.42 a.p.f.u., respectivelyeither ofwhich are correlatedith major

451 nor trace elements (with the exception of Si versus Al). In comparisonsigrgnalyses of

452  foliation-oblique white mica and thirtfour analyses of foliatiofparallel white mica in the

453  blueschist (SR2D7) collectively provided a largelispersiorof Ti and Si 0.00590.0134and

454  3.353.56 a.p.f.u., respectively; Fif, Table 1,Table S3). The Ti content of the blueschist white
455 micahavestrong correlations with Al, Fe, Mg, Rb, Sr, Zn, and Ba. The trends are negative for
456 Rb and Ba, and positive for Sr and Zn. Takationshipwith Al, Fe, and Mg are not uniquely

457  negative nor positive as white mica with the kigrexhibit highly variable A, Fe, and Mg

458 content that are both lower and higher compared to the more concentrated values fofTihe low
459  white micg which are predominantly oriented parallel to the foliatotably, the foliation

460 oblique white micawith a prevalence dfigher Ti contentgenerally provides the variable

461 chemistriesComparing the same elements to Si do not provide the same fféedil and Si

462 content show a strong negatie@rrelation, but Si onlprovideweak positive correlations with

463 Fe, Mg, and Znand notrendswith other elementdHighlighting the lowTi white mica (<0.090
464  a.p.f.u.)demonstratethat these mica chemistries clusteintermediate positions ade Si

465 versusAl, Fe, Mg, and Zn trends

466 Twenty-eight analyses aindeformedvhite mica in the eclogite at Delfipeninsula
467 (SR2221)providedclustered Ti content (0.009.0107 a.p.f.u.) compared to tfodiation-
468 defining white mica in thenicaschist (SR222), yielded by fiftythree analyses (0.00480118

469 a.p.f.u; Table ). The Si content of the eclogitkefinestwo clusters (3.3(.33 and 3.3@.45
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470 a.p.f.u.), with an overall range similar to the Si content of the micaschist white mice8(8729
471 a.p.f.u; Table S). The eclogitavhite micadoes noshowanyrelationshipf Ti and Si with
472  major nor trace elementexcept for SversusAl; Fig. 6). In contrast, the Ti content of the
473  micaschistvhite micashows positive correlations with Mg, Sr, Zn, and Nb, and a negative
474  correlation with Fe. The Siontent of the micaschist whimica do noany relationshipsvith the
475 same elements, and orgdyovidesa strong negative correlatiovith Al. White mica with lowTi

476 (< 0.0089 a.p.f.u.) are randomly located within thevBrsusAl trend.
477
478 5.3 Initial 8’SrfeSr values obtained by LMC-ICP-MSand LA-ICP-MS/MSmethods

479 Cabearing minerals (epidote, apatite, and calcite) were analyzed in all four rocks using
480 the LA-ICP-MS/MS approaci{Table 1; Table 5). For the Katerghaki eclogite (SR2®),

481 fourteen analysed oliation-parallel epidoteareuniform within uncertainty, ranging from

482 0.7042 = 0.0027 to 0.7070 + 0.0023, with a weighted average offGtA@H®7 (MSWD: 0.6;
483 Tablel; Table %). For the blueschist (SR227), four analyses of foliation parallepidote

484 parallelandthree analyses afalcite occupying garnet strain shadows collectiyedyd 8’Srf°Sr
485 valuesranging from 0.784 + 0.08B7to 0.7@G0+ 0.0(1, with a weighted average of 0.705

486 0.000L4 (MSWD: 0.2, Tablel; Table $). Fouranalyses oéuhedral epidotand four analyses of
487 anhedral apatite in the Delfini eclog{t8R2221) produced indistinguishabféSrf®Sr values

488 ZLWKLQ 1 XQFHUWBDQL@@BAEtb 0.0ARIR 0.089, producing a weighteaverage
489 of 0.7(7 = 0.00L0 (MSWD: 0.2). Tenepidote grains parallel to the foliation of the micaschist
490 (SR2222) resultedn 0.7(B4+ 0.0B1to 0.7@G7 + 0.0®2, with a weighted average of 05D+

491  0.0008 (MSWD: 0.5).
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Cabearing minerals in three of the rockdugschist, SR2D7; Delfini eclogite, SR22
21; micaschist, SR222) were analyzed with LAMC-ICP-MS (Table 1; Table 5. Nine
analyses of epidote parallel to the foliation of the blueschist are uniform within uncertainty,
ranging from 0.70519 + 0.00008 to 0.70536 + 0.00011, withightezl average of 0.70525 +
0.00003 (MSWD: 1.6). Nine analyses of euhedral epidote in the Delfini eclogite produced
consistent’SrA°Sr values of 0.70481 + 0.00011 to 0.70500 + 0.00011, producing a weighted
average of 0.70491 £+ 0.00004 (MSWD: 1.2). Tealyses of anhedral apatite in the same rock
yielded overall more radiogenic and dispersed values of 0.70495 + 0.00010 to 0.70537 +
0.00011. The weighted average of the apatite results is 0.70520 £ 0.00010 (MSWD: 6.7). Four
epidote grains parallel to thelition of the micaschist (SR222) resulted in 0.70514 + 0.00012
to 0.70541 + 0.00013, with a weighted average of 0.70529 + 0.00012 (MSWDD&etall, the
weighted averages 8fSrf°Sr produced by the LACP-MS/MS have higher uncertaiasthan
thoseproduced by LAMC-ICP-MS, buttheweighted averagesverlap for the three rocks that

were analyzed using both methddeeSupplementary Text; Figure B1

5.4 Coupled Rb/Sr geochronology and chemistry of white mica

The Rb and Sr isotopic data wergtained from the same analyses used to quantify white
mica chemistriegsection 52) in order to use white mica compositioncentextualizeRb/Sr
datesThe Rb/Sr dates are calculated using the irfit8df°Sr values obtained with LMC-

ICP-MS for theblueschist (SR2B7), Delfini eclogite (SR221), and micaschist (SR22) and
are reported below. These results are compared with dates calculated using the initial values
obtained with LAICP-MS/MS, showing almost identical results regardless of thlivialues

used (see Supplementargxt, Figure S1). The dates presented for the Katerghaki eclogite
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(SR2206) are produced with the initi#iSrf®Sr measured with LACP-MS/MS, as it was not
measured using both methods. The Ti content shows strongationmelith other major and
traceelementgAl, Fe, Mg,Rb, Sr, Zn, BaFig. 6). Thereforeit is used athebasis for
systematidiscriminaton of the singlespot Rb/Sr datesccording to the first and third quartiles
(Q1 and Q3) of white mica Ti contefur each rockdefined asigh-Ti (>Q3), moderateTi

(>Q1 and <Q3), anbw-Ti (<Q1). Weighted averages for all Rb/Sr dates are also calculated,
and thé®’RbPSr ancB’Srf°Sr dataareexaminedn Nicolaysen isochrospace using free
isochron (i.e., witbut an initial®’Srf°Sr values) and anchorégbchron (i.e., using the initial
87SrfeSr value) approacheall results are summarized in Table 1, presented in Figure 7, and

provided in full in Table S.

For the eclogite at Kateghatape (SR2:6), the hirty-four white mica analyses
conducted on foliationlefining white micagenerallyyieldedclustered’Rbf®Sr and®’SrfSr,
with three results showing higher ratios, and ové?&lr. >0.96 The first and third quartiles of
Ti content (a.p.f.u.) are 0.0111 and 0.0124, respectivéig. different weighted averages show
no significantchangedetweerhigh-Ti (45.8 + 7.6 Ma; MSWD: 1.0; n: 9/34noderateTi (47.5
+ 4.9 Ma; MSWD: 0.9; n: 16/34ow-Ti (52.9 £ 7.4 Ma; MSWD: 0.6; n: 9/34)pr all data
(48.4 = 3.6 Ma; MSWD: 0.9; n: 34/34reeisochron analysis of all results providesate of
43.9 + 13.6 Ma (MSWD: 0.8) and an initfd6r£°Sr projectionof 0.7066+ 0.0029 which
envelopes the gasured initiaf’Srf°Sr valueof 0.7057 + 0.0007 The anchoredsochron
produced aateof 47.5 + 4.8 Ma (MSWD: 0.8) overlapping within uncertainty with the free

isochron age.

For the blueschist at Katerghaki cape (SRZ2 the resultsf forty-six analysesf

foliation-obliqgue white mica, and thirtfour of foliation-parallel white mica, collectivelyielded
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large dispersions GfRbFSr and®’SrfeSr with £7Sr. >0.89.The first and third quartiles of Ti
content (a.p.f.0) in all white mica are 0.0090 and 0.00112, respectivigig. highe’RbFeSr
and®’SrPeSr generally correlate with lower Ti conteBbth the foliationparallel and foliation
oblique white mica provide the same range of dates, but the latter ard old=alThe weighted
averages systematically decrease with lower Ti, from-fig56.0 £ 10.6 Ma; MSWD: 2.2; n:
20/80), to moderat&i (42.1 £ 3.9 Ma; MSWD: 1.3; n: 40/80), and low(36.3 = 2.1 Ma;
MSWD: 0.9; n: 20/80). The weighted average of all ia®8.8 + 2.4 Ma (MSWD: 1.8; n:
80/80).Regression of all datasing the freesochron approachielded34.6 + 2.3 Ma (MSWD:
1.0) and withprojection of arinitial 8’Srf°Sr value of 0.7074 0.000r. Themeasuredhitial
87Srf5Srvalueof 0.70525 #0.00003plots outside of the initiaenvelope calculatelly thefree-
isochron regressiohe anchoredsochronprovidedan older date of 38.7 + 2Ma (MSWD:

1.4) but overlappingwithin uncertaintywith the freeisochrondate

For the eclogite from Delfinpeninsula (SR221), the twentyeightanalyses of
randomlyorientedwhite mica providednvariable®’Rbf°Sr anc®’Srf°Sr with £7Sr. >0.97. The
first and third quartiles of Ti content (a.p.f.u.) are0@@and 0.0D1, respetively. The different
weighted averages show no significant changes betweeiTh{gbh.8 + 7.5 Ma; MSWD: 0.3; n:
7/28), moderatdi (44.3 + 4.2 Ma; MSWD: 0.5; n: 14/28), leWw (44.1 + 5.8 Ma; MSWD: 1.6;
n: 7/28), nor all data (44.5 + 3.1 Ma; MSWD: 0.728/28).Freeisochron regression of all data
yieldeda date ofL8.8 + 29.4Ma (MSWD: 0.6) andprojectedan initial 8’Srf°Sr envelopeof
0.7160 + 0.012. Theeasurednitial 8’SrfSr valueof 0.70491 + 0.0000plots within the

envelopeTheanchoredsochronreturneda date o444 + 30 Ma (MSWD: 0.7).

For the micaschist from Delfini peninsula (SR22), the fifty-three analyses of foliatien

parallel white mica providechoderate dispersions &RbFeSr and®’Srf8Srwith f8'Sr. >0.%4.
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Thefirst and third quartiles of Ti content (a.p.f.u.) are089and 0.009, respectivelyThe
higher8’Rbf®Sr and®’Srf°Sr values generally correlate with lower Ti contditite weighted
averages systematically decrease with lower Ti, from-fhigd3.7+ 3.5Ma; MSWD: 0.5, n:
14/53, to moderatdli (38.9+ 2.2Ma; MSWD:0.7; n: 26/53, and lowTi (31.9+ 2.7 Ma;
MSWD: 1.0, n: 13/53. The weighted average of all dat8i&6+ 1.5Ma (MSWD: 13; n:

53/53. Regression of all datasing the freesochron apprachyieldeda date 0fLl9.9 + 74 Ma
(MSWD: 0.9) and an initidt’Sr£°Sr value of 0.7179 + 0.0@5The measured initi&Srf°Sr
weighted averagef 0.70529 + 0.00( plots outside of the initid’SrP°Sr envelope projected
by the freeisochron regressioihe anchoredsochronproducedanolder date of 37.7 + 1.5 Ma

(MSWD: 1.3) which is distinct from the fresochron age.

5.4 Pressure of metasomatic eclogite formation

Garnet, omphacite, and white mica chemistry were combined to determpreskare
conditions ofthe Delfini eclogiteormation usinghe calibration of Ravnand Terry(2004; Fig.
8; Tables S6 andrable S8)Garnet show very weak cereantlerim zoning wth chemistries
definedby AlmseGrei1SpsPyps, AlmeoGrsiPypsSps, and AlmseGrsiPypsSps (Fig. 8A, B).
Omphacitealso shows corenantlerim zoning with greater chemical variations between the
different zones, defined WQssIcbiAer1, QualdicAer7, and QeldhsAers, respectivelyFig. 8A, B).
White micadoes not show chemical zoning (Fig. 5) anatitemistry is generally clusteradth
slight dispersior{Fig. 8A), averaging to an overall compositionM$47CeliiPaPhkPrbTiMs;.
Conbining the core, mantle, and rim chemistries of garnet and omphacitéhenithite mica
chemistry yieldgpressures of 1:8.9 GPgcores) 2.02.2 GPa@mantles) and 1.92.0 GP&rims)

in the temperature range of 4660°C(Fig. 8C).
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6. Discussion
6.1 Relationships between rock structures and white heanicalrecords

Both of theinvestigatedutcropspreserveheological contrastsecordingdifferent
structuralandmetamorphic historieglemonstrated by the rigid eclogites (SRE&2and SR22
21) within the blueschist (SR2@7) and micaschist (SR2Z22) that exhibitstrong evidence of
ductilenon-coaxialsheampostdating eclogite formatio(Figs. 2 and 3)At Katerghaki cape, this
relationships readily showrby the eclogite foliatiorthatis discordant to the blueschist
foliation, which wraps the eclogite block (FRB). At Delfini cape thesequence is highlighted by
the undeformed calcite veins within the eclogite blocks that terminate against the surrounding
blueschist foliationwith sggmentof the veinsentrained andeformed within the blueschiahd

micaschist foliations (Fig. 3).

Comparing and contrasting the white mica chemacalisotope data in all four rocks
mirrors the relationships defined by the rheological contrasiafhlfe mica in both eclogites is
homogeneous relative to the highly variable chemistries of the blueschist and micaschist,
demonstrated by Ibased correlations (Fig. 6); Zheweighted averages subdivided according
to Ti content, as well as the bulk average all equivalent within uncertainty for both eclogites
(Fig. 7B, D) In contrastthe blueschist and micaschist white mica both show a systematic
decrease of Rb/Sr dates with decreasing Ti colfegt 7C, E);3) Although the fregsochron
regressionare imprecise due to a greater clustering/Rb£Sr and®’SrP°Sr for white mica in
the eclogites, the regressions project inftigr£Sr values that encompass the measured values

within uncertainty (Fig. 7B, D)Converselythe freeisochron regressions of the blueschist and
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606 micaschist white mica are more precise due to ladppersion®f isotopic ratiomeasurements

607  but the regressions predict initf6rf°Sr envelopes that are higher than the measured values
608 (Fig. 7C E).Altogether, hese comparisons demonstrate that chemical and isotopic equilibrium
609 of white mica in the eclogite is insignificant, whereas chemical disequilibrium of white mica in
610 the blueschist and micaschist is conspicudusis, the weighted averagef all singlespot

611 Rb/Sr datesire presented furthéor both eclogiteswhereas the higland lowTi weighted

612 averages are discussed for the blueschist and micaschist.
613
614 6.2 HP/LT metamorphismand metasomatism

615 The mineralogy and structures of #haogite(SR2206) reflect (neat)peak HP/LT

616 metamorphisnanddeformationof the CBU on Syros, as reported by Laurent et al. (2016) and

617 Kotowski et al. (2022)White micain the eclogiteare in textural equilibriunwith omphacite and

618 glaucophane but the strain shadows around garnet indicate foliation developmelattipgst

619 garnet growth (FigdA). Previous geochronology of garnet from rocks exposed along Katerghaki
620 cape indicate variable ages from c-£2Ma that werenterpreted as (negpeak HP/LT garnet

621 growth The garnet ages are variable, possibly reflecting different timing for garnet growth in the
622 eclogites (c. 548 Ma)relative tothe micaschist (c. 45 Ma) that were studied, or that some of

623 the samples may bepresentative of the Chroussa subunit, as the sample locations of Uunk et al.
624 (2022) and Gorce et al. (2021) were close to the Kampos and Chroussa subunit boundary to the
625 southwest of the studied outcrop on Katerghaki cape (Fitlelertheless, the whitaica Rb/Sr

626 weighted average @f8.4+ 3.6 Ma generally reproduces the garnet ages @igndicating that

627 the white mica Rb/Sr dates in the eclogite record {(h@=ak HP/LT metamorphism below
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628 ~550C (Trotet et al., 2001; Laurent et al., 2018; Skeltbalg 2019:Gorce et al., 2021Junk et

629 al., 2022.

630 The Rb/Sr weighted averagé48.4 + 3.6 Mas older tharpublishedwhite mica Rb/Sr
631  and*°Ar/3°Ar geochronology from Katerghakape(Fig. 9). However, nost of the previous

632 work was conducted ogclogites and blueschistthat bear B structuresand record deformation
633 during exhumation (e.g., Laurent et al., 200Tf)us, he discrepancy of dates is likely a function
634 of the different structural generatioasd associated retrogressapparent irthe outcrogFig.
635 2). However, a *°Ar/3°Ar date of 43.04 + 0.22 Ma was obtained fraimite micain a Ds

636 eclogite block similar to thetudiedeclogitesample(Laurent et al., 2021). Differences in

637 metamorphic or deformatidmstory cannoteadilybe involed in this caseHowever,Laurent et
638 al. (2021) interpretethe *°Ar/*°Ar date to record the onset of cooling from ~550°C following
639 nearisothermal decompression of the rocather than (neaypeak HP/LT metamorphism,

640 suggesting that Rb/Sr aftAr/3°Ar geochronology record different eventignessed by the

641 eclogite blocks

642 The SiQ content of the Delfini eclogité86.6 wt %)is anomalously low for typical mafic
643 rocks (e.g., Middlemds1994), which is apparemthen comparing to the bulk rock chemistri
644 of the Katerghaki eclogite and blueschist (47.3 and 49.6 wt%; Bdhlé also has high s

645 content (7.9 wt%) due to the abundance of apdthe.anomaloushemistry isnot likely a

646 consequence of seafloor metasomatism, as this process removési@ake bulk rocke.g.,

647 Bach et al., 200&ndthe Delfini eclogite shows the highest CaO contdratll rocks(22.5

648 wt%). The eclogitdacies minerals ofraphacite, epidote, white mica, garnet, and glaucophane
649 all exhibiteuhedral habits and are tydigecoarsegrained, except where the rock is locally

650 deformedwith some white mica also exhibiting radial crystal hafkitg. 5). The abundant

29



651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

calcite veins within the eclogite blocks that terminate against the surrounding blueschist foliation
(Fig. 3)represent Gaand CQ-rich fluid flow through fracture networkd hese fluids are
interpreted to beesponsible for metasomatism and formation ofiCla eclogite facies minerals
as well aghe presence of calcite within some of the interstitial regiotiseofuhedral minerals.
Apatite is theonly coarsegrainedmineral thais not euhedraio subhedral as it has highly
irregular grain boundaries wifor examplewhite mica, omphacite, and garnet (Fig. 1%
87SrfeSr composition is alsmore radiogeniand disperse¢D.70520 + 0.00010; MSWD: 6.7
compared to the euhedral epid@@e70491 + 0.00004; MSWD: 1.2)his comparison can be
explained bythe existence of apatite in the rock priorritroduction of Caand likely Strich
fluids with alow radiogenid’Srf®Sr compositionmesponsible for epidote growth and possible
partial dissolution of apatitd.hus, the characteristics of the eclogite indicate its origin by

metasomatisno produce the eclogif@cies mineral assemblages.

A single geeration of white mica is recognized in the eclogite asiivaare
undeformed and show no systematic chemical variations between Ti and Si with other major and
trace elements (Fsy5A and6). The Rb/Sr age recorded by white micatdf5 £ 31 Maiis
statistically similar to the Lu/Hf age of the peak HP/LT metamorphisAa®di + 0.6Va (Uunk
et al., 2022; Fig9). The calculateghressure conditions of 282 GPa betweef00-550°Cfrom
theomphacitegarnetwhite mica chemistry isomparable buslightly lower than peak HP/LT
conditionsof ~2.02.2 GPa and ~44840°C(Uunk et al., 2022Fig. §. This comparison
indicatesthat the eclogite formed via metasomatism duabhfneaf)peak HP/LT conditions,
perhaps duringnitial exhumation of the rockslosely following peak metamorphiswith fluids
derived from a Gaand CQ-rich portion of the subducting slab (i.e., marbles; FigThese

results demonstrate the ability for white mica Rb/Sr geochronology to resolve the timing of
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674 metasomatisne.g., Gromlai et al., 2023associated witlkeirculation of subduction zone fluids

675 through fracture networks in HP/LT conditions
676
677 6.3 Fluid-mediated?’SrF°Sr re-equilibration andisotoge inheritance

678 The white mica chemistry for both the blueschist amchschist do not show the same

679 correlations for Ti and Si versus other major and trace elements (Fngpr@re Ti and Si

680 correlated with each othéFhese observations contrastupledsubstitutions involving Ti and Si

681 that are commonly reportdédr metamorphic white mica: Bi + (Fe + Mg) = AV + AV (i.e.,

682 the Tschermak substitution) a@yAlv' + Si = Ti+ Al (e.g., Auzanneast al., 2010Chambers

683 and Kohn, 201R In both rocks, Si shows strong negative correlations with Al, which is expected
684 as anyvariation in Si content will be reciprocated by Al as these are the two major elements that
685 occupy tetrahedral sites in the white mica crystal structuge @oggon and Holland, 2002).

686 However, only the blueschigthite micashow positive correteons between Si with Mg and Fe

687 indicatingoperation of the Tschermak substitutidihe Ti content does not follow the -8efined

688 trends as would be predicted by the-8I-Ti substitution. Instead, tHew-Ti white mica

689 (<0.0®0a.p.f.u.)plot within intermediate positions of the Si versus Al, Fe, and Mg srand

690 thehigh-Ti white mica(>0.0112 a.p.f.u.)show dispersed Al, Fe, and Mg content with values

691 both higher and lower than the lelw. The BSE intensity of white mica readilycortrolled by

692 Feas it has the greatest atomic number of the major elements, fiighte bBSE zones

693 correspond with high Fe conteind vice versarhis relationship explains the BSE briglerk

694 medium zoning patterrfsom core to rimof grains both para and oblique to the foliation (Fig.

695 4D); the brightest and darkest zones occupying the centers of grains reflect the highest and

696 lowest Fe content in the high white mica, whereas the medium zones represent the
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intermediate Fe content of leW mica (Ag. 6). Thus, the zoning patterns indicate older,
chemically heterogeneous white migah high-Ti content possibly reflecting multiple inherited

generationswhich wasoverprinted by the lowl white mica compositiophase

For the micaschist, $ioes not correlateith Fe nor MgandTi shows a negative
correlation with Fepositive correlation with Mgand no correlation with AlFig. 6). These
patterngdo not reflect either ahe substitution mechanissireported abovénstead highlighihg
achemical substitutionly involving octahedral site cation®rovided that Fe controls the BSE
intensity, the darcore/brightrim zoning of the white mica (Fig® reflects lowFe cores and
high-Fe rims, indicating that theigh-Ti (0.0109 a.p.f.u.) whitemica predates the lowTi

composition (>0.008a.p.f.u.)due to the negative corredla of Ti with Fe (Fig. 6).

For both rocks, Ti content shewstrongcorrelations with trace elements (e.g., Rb, Sr, Zn,
Ba, and Nb; Fig. 6)According to chemical zoningatterns (Figs.B and B) and the
guantitative chemical trendbiscussed aboyéhe lowTi white mica in both rocks represent the
youngest generation, which is in agreement withyounger Rb/Sr datgwoduced by lowTi
mica(Fig. 7C, E). Therefore Ti loss during reequilibrationcorresponds witlsr and Zrossfor
white mica inboth rocks, along with Nlmssin the micaschist white mica. For the blueschist, Rb
and Ba are both gainéal the younger mica with respect to the older generdkan 6).Large
ion lithophile elements (e.g., Rb, Sr, Ba) and Highd strength elements (e.d.i, Nb) can be
mobilized in subduction zone fluids.., Sorensen et al., 1997; Zack et al., 2001; Gao et al.,
2007; Zheng and Hermann, 2014; Rustioni et al., p08dicating the chemical patterns reflect
exchangewvith the mediating fluid compositiceind coeval metamorphic reactions (€.,
uptake by epidote and apatite, and Ti incorporation into titafditejs, the lowTi Rb/Sr

weightedageaverages of 38.+ 2.1 Ma (blueschist) andl® + 2.7 Ma (micaschist) are
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interpreted as the timing of fluithducedchemical reequilibrationof the white micapossibly

via dissolutionreprecipitatio. However, the alignment of white mica along the rock foliations
suggests that deformation of tecawas also an important factor for aidingeguilibration

This is highlighted by texturaliplder, oblique white mica in the blueschist that retain a great
proportion of the inherited white mica chemistry relative to the foligpi@arallel mica (Fig. 4D

and 7@, suggesting that deformation catalyzed the fluiediated chemical exchange.

Resetting of Rb/Sr dates requimzensystem (reéequilibration ofthe mica®’SrfeSr
isotopic composition with the bulk rockther thamet®’Sr loss (Nebel, 2014The expectation
that white mica contains component of initial (commo#JSr, requiring measurement of the
87SrfeSr ratios, precludes exceé¥Sr from producing older Rb/Sr dates without invoking
fractionation of’Sr from®sSr. The opersystem behaviouwsf white mica with respect t8r is
demonstratetdy the strongpositivecorrelations of Ti and Srepresenting different degrees of
re-equilibrated white mica volumg$-ig. 6). Therefore, he systematic decrease of Ti with
decreasing Rb/Sr datesflectsinheritance of’Srf°Srwithin the highTi white mica volumes
(Fig. 7). This relationship impligat the initiaP’Srf®Srvalues measured from the epidote
grains are not ichemicalequilibriumwith the highTi white mica volumes, which explains the
higher MSWDs of the anchoraslochrong1.4 and 1.3 for blueschianhdmicaschist
respectively compared to the freisochrong1.0 and 0.9 for blueschiahdmicaschist
respectively, andthe misfit ofthe freeisochron initial’Srf°Sr envelopeselative to the
measurd values Fig. 7. Tablel). The high $’Sr. of the white mica dictates that the singleot
Rb/Sr dates are strongly dependant orstiectednitial 8’Srf®Srvalug so geological
interpretations of the highi dates should b&kenwith caution. Hbwever,thelow-Rb contents

of theblueschist andhicaschis{73 and 182 pg/grespectively, as well as theimilar initial
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87SrfeSrvaluesto the eclogite in the respective outcrogisygests that the measured initial
87S1/88Srmaynot be significantly different for thimherited white mica volumedue to limited
accumulation for radiogenf?Sr in the bulk rockthus, older dateareconsideredo be
approximate Both of the older dates overlap with the timindreéar)peakHP/LT

metamorphism recorded by the respective eclogneldikely reflectthis history.The highly
heterogeneous chemistry of the older blueschist white amdahepresence of both foliation
oblique andparallel micasuggest an inherited component from a more variable, older source

that was partially retained through peaR/HT metamorphism.

6.487SrF5Sr re-equilibration and inheritance modelling

Modelling ofrandomlygeneratediatawas used to examirtee control of’SrfeSr
inheritancefor producing the natural dataset pattamssolation from other natural or analytical
factors (Fig. D; see Supplementary Text and Tab®f&@ full model description and Excel
program).The models are based the increase d'Rbf®Srvalues with decreasing Ti content
(Fig. 10A, B), governed by neRb gain and Sloss for the blueschist, amahly the latter for the
micaschist (Fig. 6)Using the Ti content as a proxy forequilibration, the models defined the
lowest®’Rb°Srvaluesto represent thmherited(primary) white mica conposition, whereas the
re-equilibration(target)conditions correspond f6RbF®Srvaluesrelatedto the lowestTi
content(Fig. 10C, D). The bulk rock®’SrPeSr composition defined for white mica-re
equilibration is an arbitrary value of 0.70515. Eighty datapoints were randgenbrated,
subsets of which were defined either to undergo 100égudibration to acquire the target
8'RbA°Sr andP’SrPeSrvalues 100% inheritancéo fully retainthe primaryratios, or re

equilibration of 199% toreflect partial reequilibration between thgrimaryand target ratios.
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Afterwards, the resultingfRb/°Sr and®’Srf°Sr ratios of all datapoints weewolvedaccording

to 8’Rb decay for maamount of timedefined at thenodel ages: 36 Myr for the blueschist model,
and 30 Myr for the micaschist model, reflecting the-lbvwveighted averages of white mica
Rb/Sr dates (FigiC, B. Thus, the model ages represéret true age of thee-equilibration
event,allowing the impact of’Srf°Sr inheritance in Nicolaysen isochron space to be directly

examinedapart fromanyother factorgFig. 10E, F).

The®'SrfeSr inheritancenodellingfully reproduces thisochronpatterns observeir
the measured data (Figs.10E, F). The freeisochron regressions are both younger than the
model ages32.3 + 1.9 Maversus 36 Ma for the blueschist, al@4 + 6.8 Maversus 30 Ma for
the micaschist. In contrast, the ancheisathron regressions are both older than the model ages
37.9 £ 1.4 Maversus 36 Ma for the blueschist, e85 + 1.6 Maversus 30 Ma for the
micaschist. Furthermore, the initfiBrP°Sr envelopes projected by the fisechrons do not
overlap with the initiaf’Sr£°Sr of 0.7035 that was used as thalk rockre-equilibration value

for the hypothetical white mica volumésig. 10).

The isochrons are intentionally manipulatecshow mixing of two white mica
generations (i.e., 100%-ggjuilibrated, and 100% inherited mica) due to paft@tfeSr
inheritane (1-:99% reequilibration). Rirely statistical treatment of thoellk datacannot
distinguish theolder versus younger gemdion. Disequilibrium is only suggested by the
comparison of the freend anchoredsochronsecausehetrueinitial 8’SrfSr valueof re-
equilibration(0.70515;used for the anchordadochron)is notreproducedy the freeisochron
thatsolelyrelieson the trend of the white migsotopic compositiondHowever, this comparison
only reveals isotopic disequilibrium between thek white mica and, for example, the-Ca

bearing mineral used to measure the inffi&k£°Sr composition it does notevealthe temporal
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relationshipof the white mica and Chearing mineral, nor if thieulk white micacompriseone
or more distinct generationghe implications arapparent for isotope dilution methods of
mineral separates, as this approach may recognizgudibeum between different mineral
aliquotsbut canhomogenizalifferent mineral generations within singléquots.However
Rb/Sr geochronology conducted on migaitumay also lead to spurious ages if statistical
treatment of the Rb/Sr isotopilatareliessolelyon microstructural contexts ehicawithin the
rock Thispossibility isevident using the micaschist dataset as an example, as all analyzed mica
define one microstructural generation (i.e., aligned with the rock folig&ign5C, D, butat
least two chemical generations (i.e., higrand lowTi compositionsFigs. 5D and §. If only
consideringhe microstructural information, then ainglespot Rb/Sr datesould be used to
calculate 3% £ 15 Ma, but when the chemical informationasnsidered, distinct ages of 4%
3.5Ma (highTi) and 31.9 + Z Ma (low-Ti) areproducedFig. 7E). Therefore, the approadi
definingsinglespot Rb/Sr dates withoth microstructuraand chemicatontextsof the mica is
crucialfor defining distinctpopulations anéliminating effects of inheritance to yield

geologically meaningful ages.

7. Conclusions

The advantages of performing voluwoeupled Rb/Sr geochronology and geochemical
analysis of white mican situis demonstrated with four HP/LT rock®m two outcrop®f the
CBU exposed on Syrofheological heterogeneities of both outcrops preserve eclogite plocks
representing (negpeak HP/LT metamorphisandmetasomatisirhosted by ductile blueschists
andmicaschisthat recordyoungerdeformation and retrogression in flegdtive environments.

Comparison of \wite mica chemistry reflects the rheological contrasts, with white mica in the
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eclogitedisplayingno systematic chemical trendsit in the blueschistndmicaschist

exhibiting systematic correlations between Ti with other major and trace elements (e.g., Al, Fe,
Mg, Rb, Sr, Zn, Ba, and Nb), demonstratthgd-mediated chemical modification of mica

during deformationWhite mica in the eclogites produced uniform Rb/Sr dates, ggeldi

weighted averages dB4 + 3.6 Ma and44.5+ 3.1 Ma that record (nea)peak HP/LT
metamorphism and metasomatism of the respective outcrops. The blueschist and micaschist
show systematic decreasing of singf®t Rb/Sr dates with decreasing Ti contelgh-Ti and
low-Ti white micarespectivelyprodue 56.0 + 106 Ma and36.3 + 2.1 Ma (blueschist), and3.7

+ 3.5Maand31.9 + 2.7 Ma (micaschist). The chemical zoning together with Rb/Sr
geochronologyndicates that higiTi mica represent inheritance af ¥Srf°Sr composition from

an older historyf the mica which overlaps with the timing of (negreak HP/LT

metamorphism recorded by eclogites at the respective outciop$oviFTi dates resolve the
timing of fluid-mediated chemical requilibration during deformation. Therefore, coupling
chemistry of white mican situwith singlespot Rb/Sr dates is advantageous for determining if
mica record single events (eclogitesymiltiple events (blueschist/micaschist) in order to

produce geologically meaningful ages.
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1076 Figure Captions

1077 Figure 1.A: Generalized geological map of the northeastern Cycladic Islands (after Grasemann
1078 et al., 2018), highlighting the location of Syros. The location of the geological map with respect
1079 to the Greek mainland is provided by the greyscale map in the bottom right corGewolBgical

1080 map of Syros with inset showing the generalized subdissibrthe Cycladic Blueschist Unit,

1081 modified afterLaurent et al. (2016)he study locations at Katerghaddpe and Delfini

1082 peninsula are denoted by tbeangesquares

1083 Figure 2.A: Subhorizontal aerial drone photographtheoutcrop at Katerghakiape.Sampling

1084 locations of eclogite (SR2@6) and blueschist (SRZ¥) are marked by the blue circlesEB

1085 Closeup photographs of key outcrop featufdashed lines mark the blueschist foliation and the

1086 dotted line indicates the eclogite foliatjoB: strucural relationship between rigid eclogite and

1087 host blueschistC: lithological layeringD and E: SC-& 1 VWUXFWXUH ZLWKLQ WKH EC
1088 indicatingtop-to-E kinematics. All photographs are viewed approximately EGreen arrows

1089 highlight scale markers.
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1090 Figure 3. A: Two planeiew aerial drone photographs of the outcrop at Delfini peninStia.

1091 area captured in the right photograph is ~20 m northeast of the photographed area on the left.
1092 The kft side overviewshe eclogitichlocks within the blueschisRight side shows the

1093 blueschistmicaschist contact (blue dashed linégllow arrows highlight discordant calcite

1094 entrained in the blueschist foliaticdBample locations of theclogitic block(SR2221) and

1095 micaschist (SR222) are indicated by the bluedes. BE: Closeup photographs displaying

1096 key aspects of the outcrop (dashed lines mark the blueschist/micaschist foliation): B: the sampled
1097 eclogitic blockwith different compositional zongse., epidoterich, garnetrich, apatiterich,

1098 and omphacitgich); C: eclogite blocksituated on the blueschist foliatedth straight calcite

1099 veins that terminate at the blueschist foliationjddclinalfolded calcitevein within the

1100 blueschist foliation. Note that this photo was taken a few meters NNE lefitlaerial

1101 photograph; E: &£-& Y IDEULF LQ WKH PLFDEREISWsHe@ GhdcDWLQJ WRS
1102 photograph is viewed WNW (left) to ESE (right), slightly oblique toEkdirected kinematics

1103 documented in the outcrop. Scale markers in the tclpgehotosare highlighted by green

1104 arrows.Abbreviations: Ap, apatite; Cal, calcite; Ep, epidote; Grt, garnet; Omp, omphacite.

1105 Figure 4. A: Plangolarized transmitted light microphotograph highlighting the representative
1106 mineral assemblage anacrostructureof the Katerghaki cape eclogite (SRQ@). B: Low

1107 contrast (top) and higbontrast (bottom) baekcattered electron images of the eclogite. The

1108 upper images depict alignment of epidote, omphacite, and white mica that defines the foliation.
1109 Bottom images @monstrate that white mica chemical zoning is not significant. C: Plane

1110 polarized transmitted light microphotograph highlighting the representative mineral assemblage
1111 andmicrostructureof the Katerghaki cape blueschist (SRZ2. White mica grains with

1112 cleavage oblique to the main foliated and their cleavage are highlighted by yellow and blue
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1113 dashed lines, respectively. D: Lesontrast (top) and higbontrast (bottom) baekcattered

1114 electron images of thalueschist The upper images depict alignment oidepe, titanite,

1115 glaucophane and white mica that defines the foliation. Bottom images exhibit whitB&tca

1116  bright,-dark,-medium chemical zoninign both foliatioroblique and parallel graigxamples

1117 of zoning boundaries are highlighted by green dashed) The dlique grain andts cleavage

1118 arehighlighted byyellow and blue dastd lines, respectivelyp, apatite; Cal, calcite; Chl,

1119 chlorite; Ep, epidote; Grt, garnet; Gin, glaucophane; Omp, omphacite; Qz, quartz; Ttn, titanite;

1120 Wm, white mica.

1121 Figure 5. A: Plangolarized thin section scan highlighting complex microstructures of the
1122  Delfini peninsula eclogite (SR221). Both deformed (foliated) and undeformed zones are
1123 shown. White mica only in the undeformed-&gh and Omp/Agrich regions wereralyzed. In
1124 the deformed regionpplymineralic lensesf garnet, omphacite, epidote, glaucophane, and
1125 white mica are observed within anastomosing shear bands (examples are highlighted by the
1126 yellow dashed lines). Note that minerals within the undeforregns are observed to be

1127 entrained in the deformed region (e.g., omphacite highlighted in the top left). Bcdmmvwast

1128 (top) and highcontrast (bottom) baekcattered electron images of #x@ogite The upper

1129 images show the relationship between whiteawith apatite and epidotdhe bottom images
1130 depict thenegligiblechemical zoning of white mica. Cleavage traces of radial white mica are
1131 annotatedy the blue dashed lined. C: Plamaarized transmitted light microphotograph

1132  showingthe representate mineral assemblage antcrostructureof the Delfini peninsula

1133 micaschist (SR222). D: Low-contrast (top) and higbontrast (bottom) baeg&cattered electron
1134 images of the eclogite. The upper images depict alignment of epidote, titanite, apatitg, calcit

1135 and white mica that defines the foliation. Bottom images hightighBSEdefined dark
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1136 core/brightrim chemical zoning of white mica aligned with the foliati@rain boundaries of
1137 some white mica examples are highlighted with yellow dashed linesntetimal zoning
1138 boundaries traced with green dashed lidgs.apatite; Cal, calcite; Chl, chlorite; Ep, epidote;

1139 Grt, garnet; GIn, glaucophane; Omp, omphacite; Qz, quartz; Ttn, titanite; Wm, white mica.

1140 Figure 6.Results of white mica chemical analysis for the eclogite (SF&23ellow) and

1141 blueschist (SR2D7; blue) from Katerghaki cape (left side), and the eclogite (SR2%ellow)

1142 and micaschist (SR222; blue) from Delfini peninsula (right side). For all reckhe Ti and Si

1143 content (xaxes) are compared to major and trace elements (Al, Fe, Mg, Rb, Sr, Zn, Ba, and Nb
1144 Rb and Sr are represented by isotaPRe and*®Sr). Note that the axis scales are different for

1145 the Katerghaki cape versus Delfini peninsuiag but the axis increments are the same for

1146 comparison of major and trace element content. For the blueschist and micaschist, the dark blue
1147  points highlight white mica volumes with Ti contér0.0000 and 0.0089.p.f.u, respectively)

1148 to compare the Tibased trends with the-Based trends.

1149 Figure7. A: Covariance plots showing the relationships betweesoitentand singlespot

1150 Rb/Sr datesor the eclogite and blueschist from Katerghaki cape, and the eclogite and micaschist

1151 from Delfini peninsulaRb/Sr dates are presented without uncertainties to highlighofilst

1152 trendsB-E: Comparisons of Rb/Sr geochronological results for the Katerghaki cape eclogite

1153 (SR2206;B) and blueschist (SR227; C) and the Delfini peninsula eclogite (SR22; D) and

1154 micaschist (SR222;E). The top panel for all rocks showmglespot Rb/Sr datesalculated

1155 using the initiaP’Srf%Sr value measured with LACP-MS/MS (SR2206) or LA-MC-ICP-MS

1156 (SR2207,-21,-22). The Rb/Sr dates are presented as vertical bagil{leheach corresponding

1157 WR * 1 XQFHUWDLQW\ DUUDQJHG IURP OHIW WR ULJKW DFFRL

1158 according to the respective scale bars showing the minimum, first quartile (Q1), third quartile
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1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

(Q3), and maximum T{a.p.f.u.) valuesThe horizontal grey bars denote the weighted averages
of the Rb/Sr dates subdivided according to Ti content asTi¢hQ3), moderateli (>Q1 and
<Q3), and lowTi (<Q1). The weighted average of all dates is presented in the white rectangle
below the Tibase& weighted average$he bottom panel for all rocks presetits results of the
free-isochron (purple envelope/dashed line) and anchiseshron (yellow envelope/solid line)
regressions, the latter anchored to the measured M8id°Sr value (pink dt). The initial

87SrfeSr value projected by the frégochron is stated with the isochron datkee color coding

of the ellipses is according to Ti content.

Figure8. A: Ternary chemical plots of garn@lm: almandine; Grs: grossular; Sps + Prp:
spessartine and pyrop@mphacitgQ: enstatite, forsterite, wollastonite; Ae: aegirine; Jd:
jadeite) and white micgMs: muscovite; Cel: celadonite; SRE: sum of remaining endmembers,
paragonite, phlogopite, pyrophyllite,-imuscovite)in the eclogitic bock on Delfini peninsula
(SR2221) showing the results of individual WDS analyses of the mineralsigB:contrast
backscattered electron images of garrett) and omphaciteright) displaying their core
mantlerim chemical zoning. C: Pressu@mper#ure plot showing the garnemphacitewhite
mica pressures calculated according to the calibration of Renchderry(2004) in the
temperature interval of 4686560°Cusing the WDS chemical resuliBhe pressurealueswere
calculated using the paired cpmantle, and rim chemistries of garnet and omphacite with the
averaged chemistry of all white mica. Results are compared to préssyrerature resulfsom

garnet core and rim in a micaschist at Delfini peninsulank et al., 202R

Figure9. Graphic epresentationf thein situ white mica Rb/Sr geochronologgsultscompared
with previous geochronological data and placed into the tegt@tamorphic evolution of the

Cydadic Blueschist Unit on Syro$he colored circles represent geochronological results from
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1187
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1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

Katerghaki cape and Delfini peninsula, providing direct comparisons with giel Rb/Sr ages
obtained in this study. This information is superimposed on the backgrounetodkmxt

according ta geochronological summary of tik@&mpos and Chroussa subunits (referred to as
the upper and middle CBU on Syr@dpdny and Ring2022. Note that the timing of peak
pressure metamorphism for the Chroussa subunit is slightly older than presented bya@Gtbdny
Ring (2022) to better fit the data of Uunk et al. (2022)the new results from theclogitic

block (SR2221). The geochronological systems, analysis methods, lithologies studies, and the

deformation stage recorded by the lithologies, are all repdor the previous results.

Figure10. A and B: Correlations 6fRbF®Srratios &-axis)with Ti content g-axis)for each

white mica analysis of the blueschist (A) and micaschist (B). The data poipieseated

without uncertainties to highlight tHest-order correlations of the data. The correlations reflect
fluid-mediated chemicak-equilibration of the white mica during deformati@hand D:

Modelling results after (partial) tequilibration but befor8’Rb decay, showingesults ofre-
equilibraion of the randomly generated datapoints frompiti@aryratios (defined based on the
measured data from the blueschist/micaschist) towards the target ratieedoilitgration (both
represented by the grey boxes). The data points are presented witbeudainties to highlight

the reequilibration trend from thprimaryto target ratios. The circles are colored according to
the percentage of +equilibration from 0 to 100%. E and F: Isochron results afteqrelibration
and®’Rb decayfor a time peiod definedasthe model ages. Ellipses arelored according toe-
equilibrationpercentaggnd SUHVHQWHG ZLWK 1 XQFHUWDLQWLHY DFFRU
percentages of the measured datasets for the blueschist and micBegnestsions of both free

and anchoredsochrons are presented, mirroring the treatment of the measured datasets for the

two rocks.
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Supplementary Text

Figure S1:A: Comparison of initiaf’Srf®Sr weighted averages obtained usingME-ICP-MS
(diamonds) and LACP-MS/MS (hexagons) for the blueschist (SR22), Delfini eclogite

(SR2221), and micaschist (SRZ2). Note that the LAMC-ICP-MS weighted aveige for the

eclogite is based on the epidote results and the apatite data is excluded. B: Comparison of
weighted average Rb/Sr dates for each of the three rocks using the initial values obtained by the
two analytical methods with the same legend as shown Tine weighted averages are

compared according to the-based subdivisions of the singdpot Rb/Sr dates (i.e., high

moderate, and lowTi mica) and all of the dates for each rock.

Table S1. Bulk rock XRF chemical analysis
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Table 1. Summary of petrology, geochemistry, and Rb/Sr geochronology
SR22-06 SR22-07 SR22-21 SR22-22
Lithology Eclogite Blueschist Eclogite Micaschist
Deformation Dg D: Dsg D;
Rb (ugg) 49 73 73 182
Sr (ud9) 883 344 1319 890
Number of white mica 34 80 28 53
analyses
Min. Ti (a.p.f.u.) 0.0104 0.0059 0.0091 0.0073
Quartile-1 Ti (a.p.f.u.) 0.0111 0.0090 0.0096 0.0089
Quartile-3 Ti (a.p.f.u.) 0.0124 0.0112 0.0101 0.0109
Max. Ti (a.p.f.u.) 0.0137 0.0134 0.0107 0.0118
8Tap S 11.8-43.8 4.1-162.6 25.5-41.9 38.3-85.2
r (avg. 16.5) (avg. 33.4) (avg. 30.0) (avg. 51.2)
875, o 0.7114-0.7355 0.7073-0.7900 0.7180-0.7290 0.7228-0.7490
st (avg. 0.7166)  (avg. 0.7237) (avg. 0.7235)  (avg. 0.7321)
(87g, 1 0.959-0.992 0.892-0.997 0.967-0.982 0.942-0.976
¢ (avg. 0.985) (avg. 0.975) (avg. 0.974) (avg. 0.963)
0.7057 £ 0.000° 0.70525 + 0.70491 + 0.70529 +

Initial ®’SrPesr

Free-isochron

Anchored-isochron

(n: 14)

0.00003 (n: 9)

0.00004 (n: 9)

0.00012 (n: 4)

43.9+13.6Ma 34.6+2.3Ma
(MSWD: 0.8)  (MSWD: 1.0)

18.8+29.4Ma 19.9+ 7.4 Ma
(MSWD: 0.6)  (MSWD: 0.9)

0.7066 + 0.002¢ 0.7074 + 0.000° 0.7160 + 0.012( 0.7179 + 0.005:

475+48Ma 38.7*2.2Ma

444 +3.0Ma 37.7%1.5Ma

(MSwD: 0.8) (MSWD:1.4) (MSWD:0.7) (MSWD: 1.3)
Single-spot Rb/Sr

c.32-73Ma  c.16-124 Ma  c. 32-62 Ma C. 26-49 Ma
date$
Low-Ti Rb/Sr 529+ 74 Ma 36.3+x21Ma 441+58Ma 31.9%27Ma
weighted averagés (MSwD: 0.6) (MSWD:0.9) (MSWD:1.6) (MSWD: 1.0)
Mod-Ti Rb/Sr 475+49Ma 421+39Ma 443+42Ma 389+22Ma
weighted averagés (MSwD: 0.9) (MSWD:1.3) (MSWD:0.5) (MSWD:0.7)
High-Ti Rb/Sr 458+ 76Ma 56.0+10.6Ma 458+7.5Ma 43.7+3.5Ma
weighted averagés (MSWD: 1.0) (MSWD: 2.2) (MSWD: 0.3) (MSWD: 0.5)
All Rb/Sr weighted 484+36Ma 388+f24Ma 445+31Ma 37.6+15Ma
average% (MSwD:0.9) (MSwD:1.8) (MSWD:0.7) (MSWD: 1.3)

Fraction of commofi’Sr
“Calculated with initiaf’Sr°Sr values measured by LA-MC-ICP-MS (SR22-06) and LA-ICP-MS/MS |



(SR22-07, -21, -22)



