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16 ABSTRACT

17 Melt migration through high-strain zones in the crust fundamentally inflseihesr
18 rheological behaviour and is important for the transfer of fluids to upper cregiahs. The inference
19 of former melt-present deformation, based on field observations, may be hamperedgifitbiedin
20 zone experience a lotime-integrated melt flux or high melt volume expulsion during deformation
211n thesecasestypical macroscalefield evidence of formemelt presence limits interpretations. In
tR® contributionwe investigate igneous field evidence ranging from obvious to cryptic in the Gough
P&m shear zone (central Australiag,2 4 km wide high-strain zone shown to have acted as a
24 significant melt pathway during the Alice Springs Orogeny. Within bandseohighstrain zone

25 granitic lenses are easily discernible in the field and are inferred ¢oftiaaed during melt present



26 deformation. Related coarse K-feldsgaobserved in biotite-rich (> 75 vol%) schist (glimmeris)
27 either isolated grains, formingails (sub)parallel to the main foliation, or in aggregaash
28 subordinate quartz. Detailed characterisation of the granitic lenses ghbpockets of phenocrysts
29 may be entrained in the shear zone. If melt expulsion and melt-rock interaction is iselated K-
30 feldspar grains in glimmerite may form. These grains exhibit (i) partially preserved tagssi (ii)
31 alack of internal grain deformation; (iii) reaction textures preferentially éofralong the main
32 crystallographic axes showing dissolution of K-feldspar and precipitation of dotgibastite; (iv)
33 low-strain domains between multiple K-feldspar grains are inferrech¢tose crystallised melt
34 pocketswith some apparently isolated grains showing connectivity in three dimenarmh(v) a
35 weak quartz and K-feldspar crystallographic preferred orientation. These olmsernsiggesan
36 igneous phenocrystic origin for the isolated K-feldspar grains hosted in glimmkitteis consistent
37 with the observedREE concentration patterns with positive Eu anomaly. We propose thét-the
38 feldspar phenocrysts are early-formed crystals that were entrainethenglimmerite rocksas
39 reactive melt migrated through the actively deformating high-strain. Zmeeiously entrained K-
40 feldspar phenocrysts were trapped during the collapse of the melt pattheaynvelt flux-related
41  fluid pressure waned while confining pressure and tectonic stress wesggsificant. Theactive
42  deformation facilitated expulsion or loss of the melt phase but ne¢sinand trapping of phenocrysts
43 HQFH WKH SUHVHQFH RiKHsd3@DpNaHderyRdJaré Vel drippticQsighature of
44 syndeformational melt transfer. If melt transfer occurs in an open chemiaahsystenocrysts will
45 Dbe entrained within the reaction product of melt rock interaction. We dutigeésheseso-called
46 ¥rapped phenocrystareaviable indicator of former syntectonmelt passage through rocks.
47
48 1. INTRODUCTION
49 High-strain zones are important crustakleconduits for melt transfer from regions
50 of melt production (lower- to middle-crust) to shallower crustal degtbsificantly contributingo

5fhe observed segregation of Higlilicic melt towards the upper crust (Hollister & Crawford, 1986;



52 + XWWRQ lemoset'4l.,1992; Brown, 1994; Vigneresse, 1995; Weinbetrgl.,2004; Brown
ZBRushmer, 2006; Etheridga al, 202Q. Furthermore, the former presence of melt in highly strained
54  rocks suggests a high-strain zone with very weak rheology, and by consequeeaseiistrain
55 localisation in such zones compared to the surrounding consolidated(Rodenberg & Handy,
56 2005; Levineet al., 2013; Searle, 2013; Lest al., 2018; Daczko & Piazolo, 2022). Whilstelt
57 present high-strain zones preserve signatures of the former presenelt @&.g., granitic lensegs)
58 not all melt-present hightrainzones may show such clear signatures of fommagmaticactivity.
59 The recognition of such zones is difficult if they preserve low crystaliregtivolumes due thmited
60 presence of macroscopic crystallised igneous material (i.e., leucosoam@eatinseams pockets
61 or dykes in the deformed rock (e.g., Weinbetgal., 2013; Stuaret al., 2017, 2018 Daczko &
62 Piazolo, 2022 However, low percentages of preserved crystallised melt volume are exkplect
63 deformation is synchronous with melt presence, as deformation will markedlg@nmovement of
iBlt (VanderMolen & Paterson, 1979; Rosenberg & Handy, 2005; Brown & Solar, 1998; Collins &
8awyer, 1996Etheridgeet al, 2020Q. Therefore, the signature of the former presence of melt in high-
66 strain zones may be cryptic at the outcrop scale and reaoickpth microstructural analysts
67 identify it (Daczko & Piazolo, 2022). For example, microstructures may inclugdl smono- or
68 multiphase pockets at triple points and/or elongated interstitialgy(Bieere, 1975; Von Bargen &
69 Waff, 1986; Holness & Sawyer, 2008; Zivadal.,2007; Stuaret al.,2017, 2018; Leet al.,2018).
70 In addition, if the melt was chemically reactive at the time dbrdeation, a change in mineral
71 assemblage and bulk composition of the zone also occurs (e.g., DaGko2016; Stuaret al,
72018; Meeket al, 2019; Piazoleet al, 2020). If melt fractions where locally high (>> 10 vol%),
73 areas that were occupied by melt before expulsion, develdpB®@ OHG *FROODSVH VWUXF
7dhost easily recognised if the channeligedlt network was at a high angle to the general rock
75 foliation (e.g., Bons, 1999; Marchildon & Brown, 2003; Druguet & Carreras, 2006; Detrady

76 2014; Wolframet al, 2017.



77 In summaryijt is difficult to recognise in the field the former presenceetftin highy
78 straired rocks if deformation was synchronous with melt presence. However, failureognrec
79 former melt presence, may lead to erroneous interpretations of highssicksin terms of their
80 rheology at the time of deformation, based on the difficulty of quangfyhie former melt volume
81 fraction, along with inaccurate interpretations of the strain history &gl iacorrect identification
82 of the rock type (Bons, 1999; Kriegsman, 2001; Brown, 2005; Bbas., 2008, 2009). Ths the
83 recognition of potentially cryptic signatures of the former presenceettfin high-strain rocks is
84 crucial to interpret and understantelt migration through the lithospheras well aso develop a
85 thorough understanding of the tectonic and magmatic history of an area, includiods pef
86 significantmelttransfer.
87 To establish what field signatures can be used to recognise former syiotenidin
88 presence, it is necessary to develop an understanding of how igneous componé@praagrved
89 despite syntectonic melt flux and expulsion. In this contribution, we predetdibed microstructural
&0dy of rocks present in the2km-wide Gough Dam shear zone that was active during the Alice
91 Springs Orogeny (ASO) in central Australia, which has been shown to haveneéfoithe presence
9 melt (Piazoloet al., 2020; Silvaet al., 2022). This high-strain zone is characterised by highly
93strained, biotite-dominated schist (glimmerite schist) formed by mettated metasomatic reaction
94  with agranulite precursor rock (Sihet al.,2022). To advance our ability to recognise formergjt
95 present higlstrain zones, we investigate the microstructural signature of samplbsoitious
96 igneous components and samples lacking these clear field signatures. Cingslels span from
9g@ranitic lenses to isolated grains or trainsnofi-scale faceted K-feldspar immersed in the glimmerite
98 sensu strictds.s). Granitic lenses occur with or without selvedges and are inferred freviops
99 studies to represent lenses of magma frozen in the high-strain zone (Btaol2020).
100 Here, we use quantitative orientation mapping, scanning electron microscope (SEM)
10hased imaging and chemical anadytsi characteris quartz and K-feldspar microstructures. Results

102 show that for both granitic lenses and glimmerite samples, the microstructural efistiesarenot



103 typical for high-strain rocks deformed by sofithtedeformation dominated by dislocation cre€pe
1€2lid igneous minerals such as coatsdeldspar grains remain largely undeformed, as the present
105melt accommodates most strain ald | HF W LY KO W3R/HK dx&RED@®d3ed on our results, we
106 suggest that K-feldspar phenocrystghin a product of melt-rock interaction, e.qa,glimmerite
107 schist, may be usemb a additional indicator for the recognition of former melt flux in highistra
108ones. We interpret their presence in highly metasomatised as@monsequence of early feldspar
10@rystallisation in a syntectonic melt, succeedethleytructural collapse of the adjacent rocks during
110 meltexpulsion, resulting in K-feldspar entrapment in the biotite dominated.séBisuch3WUDSSH G
111 S KHQ R FhayWwswsged to delineate former pathways of melt migrating through high-strain zones
112 from deeper crustal origins.
113
114 2. GENERAL GEOLOGICAL BACKGROUND
115 The studyarea isin the Arunta Region, central Australia, whialas most recently

1t@formed inthe ASO, a @00 km long by ®0 km wide intracontinental orogeny that spanned the

117 period of 450 to 300 Ma (Collins & Teyssier, 1989; Hand & Sandiford, 1999; Maivhi/, 1999;

118 Scrimgeour, 2013Fig. 1). An extensive regional system of anastomosing high-strain zones and
119localised deep crustal thrust faults are present, and these cutsfrtiesthigh-grade metamorphic
120 complexes in the region, with peBKT conditions of 5.86.5kbar and 500600; C in the west and

121 central parts of the orogen (Cartwrigittal., 1999; Ballevreet al., 2000; Raimondeet al., 2011,

122014;Fig. 1). Crustal thickeningith anestimatedt 00 km of horizontal shortening occurred during

123 tectonic N-S compression and involved the exhumation of granulitic baseoc&st(Shawet al.,
1981 Teyssier, 1985; Collins & Teyssier, 1989). Crustal shortening during the ASO induced intense
drtblargescalecrustal denudation of metamorphic and igneous terranes, with deposition of multiple
synti?égenic sedimentary sequences up to 4km in thickness in basins surrounding the Arunta Region
1ZHaineset al, 2001; Raimondet al.,2014). Multiple episodes of pegmatite intrusions in the Arunta

128 Region took place throughout the duration of the ASO and their ages coweglathe temporal



129 formation of regional structures and deposition of synorogenic sedimentary sesjuethe adjacent
130 basins (Buiclet al.,2008; Vargeet al.,2022). The lack of ASO-aged partial melting of blasement
131 rocks suggests a deep-seated parental melt source for the exposed AS§hremesirocks, which
132 comprise mainly pegmatite dykes and minor granite plutons (Etiak,2008; Piazolet al.,2020)
133 Tectonic compression was enhanced during periods of extension in thenitesn@rogeny,
134 adjacent to the Eastern Australian plate boundary (Raimendob, 2014; Silvaet al., 2018). The
135 study area lies in the Strangways Metamorphic Complex (SMC) formed duriSgamgways Event
1@6 17354690 Ma; Fig. 1). The SMC is cut by steeply dipping, km-wide, hydrous and multi-
137reactivated high-strain zones that were formed during the AS® {). These comprise upper
138 amphibolite- to greenschist-facies schist belts that includeslafeK-feldspar-biotite-quartz schist
139 (i.e., 4060 vol% mica; identified hereafter as glimmerite sghasid glimmeritesensu strictqs.9
14Qi.e., > 75 vol% mica with very low proportions of quartz).
141 Granitic lenses with and without glimmerite selvedges and glimtenschist were
142 sampled from the Gough Dam shear zone (GDSZ), a E-W to NNW+88#irtg, 24 km-wide,
143eeply dippind60; V0; towardsN) high-strain zoneHig. 1). Based on shear band orientations and
144 sigma clast kinematic indicators, the GDSZ represents a S-direxterse higlstrain zone that
145 juxtaposed the northern SMC with the Harts Range Metamorphic Complex (HRMC) (Gollins
146 Shaw, 1995; Bendall, 2000; Fig. 1). This high-strain zone is characterised by metasyuairation
147 of the bi-modal interlayered anhydrous mafic-felsic granulites, quartzo-féhisggmeisses, minor
148 calcsilicate and amphibolite rocks constituting the Palaeoproter8at& basement of the Arunta
149 Region (Piazolet al.,2020;Silvaet al.,2022). The formation of glimmerite schist in the GD8d
150 glimmerite selvedges observed around granitic lenses was recently prop&ka byal. (2022) as
ihlving multiple periods of migration of extensive volumes of hydrous peraluminous melt through
152 the high-strain zone during the ASO. Reaction of the migrating meltstivgtiprecursor quartzo-
153 feldspathic granulite rocks was inferred within mainly channelised pathwagep#o the high-

154 strain zone foliation. The magnitude of melt needed to drivertekmediated reaction forming



155 glimmerite and the size and longitudinal continuity of field indicatorf®wwher melt flux increases
66/ards the centre of the GDSSZilyaet al, 20229. Recent research on the nearby Cattle Water Pass
157 shear zone also demonstrated that melt-rock interaction and migration of significant vaf unedts

158 through high-strain zones was important in enriching the rocks in oxide rsirsaich as ilmenite

159 (Ghataket al, 2022).

160

161 2.1. Field relationships

162 The main rock types present in the GDSZ schist belt are phyllonitigebitth
163 quartzo-feldspathic gneiss (hereafter named granitic gneiss), felsic and mafidgeodsi, quartz-
16dh rafts, and sparsemwide garnet-bearing granulites; the high-strain rocks contain biotite,
165 sillimanite, and rare kyanite, delineating the steep north-plungingtiime(Ballevre et al., 1997).
Caruous cm- to dm-scale banding parallel to the GDSZ foliation is observed in the study area and
167 these span compositions ranging from granitic (i.e., near-euhedralr Kf& and subordinate
168 plagioclase and biotite (< 5 vol%); Fig. 2a) to glimmerite bands of hightdictintent (up to 80
169 vol%; Fig. 2b). Small lenses of variably deformed granite resembling pinch-aticsBwetures are
170 observed, creating isolated lenses of granite elongate along the foliation gidmagetrails usually
171 display mm-width biotite-rich (> 50 vol%) selvedges (Fig, @ d). Quartz-rich rafts (i.e., quaitz
mijfénite; Fig. 2h) embedded in glimmerite schist form bodies of more than 10 m in length and up to
17350 cm in width. The studgite is dominated by metrsealelayers of glimmerite schist (Fig. 2b)
174composed of matrix of dominany biotite (~50vol%) with up to ~30 vol% of quartz, muscovite
175 (~10 vol%) and sillimanité~1 vol%), with isolated or clustered, coarse (up 3 2m across) near-
176 euhedral K-feldspar making up the remaining mineralogical fraction (up to 30 vol%; Hyg. Zhe
177 latter form discontinuous trails along the foliatidfigf 2a, b, eg). The glimmerite componei
178observed to partially replace and disaggregate quartzite myloniseatafig fractures (black and
179 white arrow Fig. 2h) (Silvaet al., 2022). Similar rock modificatioto glimmerite is observed ia

180 range of rock types including felsic granulite and granitic gneiss (Fig)2a



181
182 3. METHOD OF ANALYSIS
183 3.1. Petrography and quantitative orientation analysis

184 Sample mineral observations were made on polished thin sections cuttmthe al
185 XZ plane using a petrographic microscope, the Virtual Petrographic Micre¢tefley& Daczko,
1862014) and ImageJ 1.47v (Rasband, 12®218). Mineral abbreviations follow Whitney & Evans
187 (2010).Microstructural/crystallographic characterisation of thin sections was performed WUiilg a
188 Quanta 650 FEG-ESEM with AZtec software and an Oxford/HKL Nordlys S EBSE2m at the
189University of Leeds, UK. EBSD mapping was performed, coveailagge area of the thin section
190 and small individual maps in specific regions of the sample, recording theah#i¥S spectra along
191 with the EBSD data. Working conditions were: 20 kV accelerating voltag&62thm working
19@istance, 70j specimen tilt and step size between 6 ahdnl@epending on the area covered and
193 grain size. Automatic indexation was performed using AZtec software (Oxfordrivestts). HKL
194 Channel 5 and AZtecCrystal software (Oxford Instruments) were used to exeodiardtaoise
195 reduction and to extrapolate missing data using at least and in san@&s&i6 and finally 5 identical
196 neighbours with similar orientation. Grain orientation maps using Euler aagiean inverse pole
197 figure (IPF) colour coding were generated usingBXTandHKL Channel 5 software (Bachmaan
198 al., 2010; Henryet al., 2017; Henry, 2018). Presented maps include grain boundaries, defiaed as
199 boundary with a misorientation above 10j, and dauphine twin boundaries for quarteddesti 60;
200 misorientation around the c-axis. The presence and character of crystallograpdrieed orientation
2qCPO) of quartz and K-feldspatas assessgausing pole figures plotted on the lower hemisphere with
202 one point per grain. To quantify the intensity of the CPO, J-index (i.e., seaameé+rhdistribution
203 of discrete crystal orientation data in Euler angle space (Bunge, 2013)l}izualex (i.e., distribution
204f uncorrelated misorientation angles (Skeetal.,2005)) are presented. Grain internal deformation

205is assessed by plotting the change in crystallographic orientationedtat reference orientation.



206 In should be noted, that the majority of the non-indexed sectors in EBSD magsrégians) are
dandinated by non-indexed biotite and lesser muscovite, as informed by petrographic microscopy.
208
209 3.2. Imaging and geochemical analysis
210 Micro X-ray Fluorescence ¢XRF)analysis of the polished thin sections was used for
211 mineral identification, spatial distribution mapping and quantificabfornodal proportions. -XRF
212 analyses were performed using the Bruker M4 Tornado spectrometer at Madduoarersity
213 Geoanalytical (MQGA), Sydney, Australia. TheXRF analyses were run with a tube voltage of
214 50 kV, a beam current of 207, a chamber pressure of 20 mbar, an acquisition time of 15 ms/pixel
218nd using a step size of 2%n. AMICS (Advanced Mineral Identification and Characterization
216 System) was used to convert the X-ray fluorescence spectra to produce detailed najpgral m
217 Backscatter Electron (BSEhages an@dssociated EDS point analysesre used for
218both mineral identification and imaging of microstructures. Polished thiloes were carbon-coated
219 and imaged in a Hitachi Desktop Scanning Electron Microscope (SEM) @pth&ab node of the
220 Australian National Fabrication Facility, Macquarie University, Sydnaystralia. The operating
221 conditions of the SEM were low vacuum and 15 kV accelerating voltatgrge area BSE scan of
222 the thin section was performed using the FEI 650 ESEM at the University of Tasmanidjaiwtra
2230w vacuum and 20 kV accelerating voltage.
224 Electron microprobe analys€EMPA) acquired compositional data of silicates using
225 a JEOL JXA 8530F Plus field emission electron microprobe at the C&udiehce Laboratory,
226 University of Tasmania. The instrument is equipped with a field @émissource, running an
227 accelerating voltage of 15 kV, a beam current of 15 nA and a beamf<sifé m. The instrument
228 has 5 wavelength dispersive spectrometers and is operated using the Probe Software Irfeof'Probe
229 EPMA" software package. Plagioclase Lake County, Hornblende Kakanui, AugigaiiaPyrope
230 Kakanui, Olivine Springwater, Garnet Roberts Victor Mine (all Smithsodamsewiclet al.,1980)

231 and Orthoclase from P&H Developments UK were analysed as secondatgrdtato confirm the



232 quality of the analysis of the unknown material. A time-dependent ityesirection was applied
233 on Na and K if applicable. Oxygen was calculated by cation stoichiomradrincluded in the matrix
234 correction. Hydrogen was calculated based on the mineral formula and dcdiudiee matrix
235 correction as well. The matrix correction algorithm utilised wasaromg/Love Scott (Armstrong,
236 1988) and the mass absorption coefficients dataset was LINEMU < 10 keMgHEO85) and
237 CITZMU > 10 keV (Heinrich, 1966). Recalculated formulae for biotite and feldspeer made based
238n 22 and 16 oxygens, respectively (Table 1).

239 Laser Ablation Inductively Coupled Plasma Mass SpectrometrylQPAMS) was
240 used to collect data for concentration of rare earth elements in K-feldsffan section using a
241 Teledyne Analyte Excite 193 nm excimer laser coupled to an 7700x ICP-MXratuskacquarie
242 University Geoanalytical (MQGA), Sydney, Australia. Data was ctdtbérom thin sections using
243 60 seconds ablation at 10 Hz, 5 Jdhlaence and spot size of 150n. Silicon (measured by EMP)

244 was used aaninternal standard for all minerals, and NIST 610 and 612, and basalt fr@ultiebia

245 River (BCR-2) were used as external standards. The raw data signatlu@dresing th&LITTER

246 software (Griffinet al.,2008).

247 Biotite thermometry

248 Temperature conditions for each sample are estimated using thientia-biotite
249 thermometer of Henrgt al.(2005). The geothermometer is based on the titaatoms per formula
250 unit (Ti a.p.f.u.) composition of biotite in a peraluminous metapelite withe&iing minerals
251 (ilmenite or rutile) and graphite in the mineral assemblage, equdibiatt 46 kbar. Temperature
252 estimates are made by using the concentration of Ti, Fe and Mg a.bintite present in a
253 glimmerite schist sample (Table 1). Taking the experimental condifmnthe geothermometer
254 (Henry et al., 2005) into account, the expected accuracy of the temperature estisnatesnd +
255 50jC and represent minimum temperatures based on the absence of graphitessahadi-bearing

256 minerals in the studiesamplegFig. S1).

257



258 4. RESULTS
259 4.1. Rationalefor sample selection and analyses
260 Since we are specifically interested in identifying cryptic sigrest,we investigated
261 sampledor the chemical and microstructural evidertaft E H K LdQriBg the passage of melt.ew
262 selectedwo representative samples exhibiting direct field evidence of melgasisrough granitic
2@fheiss (i.e., gneiss containing granienses Fig. 2a, ¢, d; coordinates 23.14523iS, 134.56708jE,
264 WGS84). The samples either hanen-wide biotite selvedges (GD1617; Fig. 3a, right sainptea
26&ck thereof (GD1620A; Fig. 3a, lefamplé at the interface of lens to granitic gneiss. For the cryptic
268&vidence of former melt preseneee investigatedarepresentative glimmerite schist sample (sample
267GD1606) with enclosed coarse K-feldspar grains (Fig. 2hbg;ecoordinates 23.14694iS,
26834.56517{E, WGS84). Characterisatiorttif mineral chemical composition and microstructure of
reéaly quartz and K-feldsgp was performed to resolve the geochemical and deformation processes
270 involved in the formation of the granitic lenses and the origin of K-feldgpsins enclosed in
271 glimmerite.
272
273 4.2. General sample description
274 4.2.1. Granitic lenses
275 Granitic lenses from samples GD1620A and GD1617 featuregh vol% of
276 interlocked K-feldspar grains (> 75%) with apparent subhedral habit and dimeredi 33 mm
277 (GD1620A) and B8 mm (GD1617), and interstitial quartz grains of varied dimensiigs3). Thin
278 interstitial grain boundary films of quartz and plagioclase are obsémtkencoarse K-feldspar
2@&ins in sample GD1620Aig. 3c). The minor development of sub-grains in quartz and microcline
280 with cross-hatched crystal twinninmg K-feldspar is observed in both samplég( 3b, c, e). In the
281 modified granitic gneiss, biotite grains show a gradual increase itlebaréentation towards the
282 contact to the grand lens (Fig. 3l This contrasts with the csealeglimmerite selvedge of sample

283 GD1617, were biotite exhibits a strong shape and crystallographic preferred me(fag. 3e).



284  Biotite grains lack typical solid-state internal deformationrostructures (e.g., kinking or folding
28Becrystallisationblack and white arrosvin Fig. 3e). Biotite grains protrude into relict quartz grains
A86ming embaymentd~g. 36. Quartz grains form low apparent dihedral angles between two biotite
287 grains and appear as thin interstitial bands in both santates3¢, 9.
288
289 4.2.2. Glimmerite with K-feldspar grains
290 The glimmerite schist is characterised by three main grain sizés,thvd matrix
291 dominated by fine-grained biotite (Bt; ~50 vol% of matrix), medium-grained fj(@a; ~30 vol%
282 matrix) and muscovite (Ms; ~10vol% of majigand interspersed coarse-grained K-feldspar grains
293 (Kfs; ~30 vol% of sample)Hig. 4a, d). The remaining glimmerite schist matrix is constitigd
294  sillimanite (Sil; ~1 vol%) and ~9 vol% of a very fine-grain&ttSi-rich alteration produchfter
295 aluminosilicates, mainly sillimanite and feldspars, and inferredbeokaolinite or pyrophyllite
296 associated with late-stage local retrogression (labelled édt.asn figures), that fills grain micro-
297 fractures Fig. 4a, d, & Small and minor plagioclase grains show preferential spatial arrangement
29&ear to and/or in contact with K-feldspar grainsemll rimsand occasionally in thin embayments
299 (Fig. 53 b). Due to the presence of the latter alteration product, we nota thatpre-alteration rock,
300 the mode of sillimanite may have been higher, and plagioclase may trapeised a significant
Boportion of the assemblage. Minor proportions (< 1 vol%) of magnetite (~0.04 vol%), apatite
302-0.017 vol%), monazite (~0.015 vol%) aridcon (~0.014 vol%) are observed in the matrix which
308 otherwise dominated by biotite and quartz.
304 The minerals in the rocks exhibit a strong shape preferred orientation, wlaese c
305 K-feldspar grains, biotite grains and bands of quartz grains are aligned gartielmain lineation
306 and lie in the foliation (S-plane; BertleZ al., 1979) of the rockKig. 4a, §). Bands of quartz grains
307 and biotite are not only seen parallel to the glimmerite schistifolidtut may also form bands
308 RULHQWHG DW f UH O Diypd shéar WaRdS\BE TR, 0O7 D (Fid. RaQ). Sirfiilar

309 to the biotite grains in the selvedges from sample GD1617, biotite dgaakginking, folding or



310recrystallisation microstructureBifs. 4b, ¢, and 5d). The coarse K-feldspar grains show (i) little
311 evidence of crystal-plastic deformation (i.eack undulose extinctionfig. 4a<), (ii) apparent
312 subhedral shape (i.esemistraight crystal facedtig. 4a%), (iii) lack recrystallisation around the
313 grain edges (i.e., lack core-mantle microstructure common in high-strain myfegitée), and (iv)
314 display fractures filled by fine-grainegdl -Si-rich alteration productHig. 4e). Most coarse K-feldspar
315 grains exhibit quartz inclusions (Fig. 4d, e), with plagioclase beingteason (Fig. 5a) and one
3ldharse K-feldspar grain showmsnonazite inclusion (Fig. 4e). Biotite, sillimanite, and small quartz
8iiins are observed taap around and form tails of matrix minerals at the extremities of the coarse
31R-feldspar and muscovite grainsigs. 4e and 5ae). Agglomerates of smaller quartz and feldspar
8t8ins, together with minor biotitare visible in areas between the aligned coarse K-feldspar grains
320 (i.e., in the strain shadowsigs. 4d, e and 5b). The agglomerates of quartz and K-feldsar
321 irregulaty-shaped and interstitial to the coarse K-feldspags( 4e and 5ph Thesesmall K-feldspar
322 and quartz grains lack evidence for significant crystal-plastic deformagonthey lack undulose
323 extinction, subgrains and recrystallised grakigg. 4e and 5p
324
325 4.3. Mineral chemistry
326 In the feldspar solid solution ternary plot (Fig. 6), the coarse K-feldspar grasent
327 within glimmerite schist show a slightly variable composition within the980mol% orthoclase
328 range. Analyses performed at the rim of the K-feldspar grains show ansmarearthoclase
329 componentKigs. 4e and 6). In the same glimmerite sammelést plagioclase (partially altered &i-
330 Al alteration product in fractures) have almost pure albite composition (Figs.,4eabd 6).
331 To investigate the temperature of growth, titanimaiotite thermomety (Henry et
332 al., 2005)was performed on biotite in the main glimmesthist(sample GD1606Fig. 2e f). Ti
33 p.f.u. values are recorded in the range of @116 a.p.f.u with most of the values concentrated
334above 0.13 a.p.f.ur{Ozvalues of 2.03.63 wt%,; Table S1). Biotit¥wg values are recorded in the

335 range of 0.530.58 a.p.f.u and mostly concentred up to 0.56 a.p.f.u (Fe: 3/22 wt%; Mg: 11.3%



336 12.55 wt%; Table S1) (Fig. S1). The calculated Ti concentration in biogite glimmerite schist
38&flects an apparent temperature of growth of ~660 = 50;C.
338 Coarse and interstitial K-feldspar grains from the glimmerite schist (sample GD1606
339 Fig. 4e and 5b; see also Fig. 10) have an overall enriched REE patterrremmaopehondrite REE
34f@alues (McDonough & Sun, 1995), witla > Lu and a progressive depletion pattern from La to Sm

341 (Fig. 7a). From Gd to Lu, a faint concave-up shaped REE pattern is observed. Cheldsp&r
342 grains have a slight increase in Eu in spot analyses located close to the rim of thé-gyaiias K-

343 feldspar grains in the granitic lens (sample GD1620A) present a much kayinbility in REE
344 concentration between grains compared to those in the glimmerite §atpista). K-feldspar gram
345 from both rock types display positive Eu anomalies except for one enrichedvghamthe granic
346 lens that shas amodest negative Eu pattern slope. Compiled data of K-feldspar RE&S il

347 rock types analogous to the samples analysed in this study showisesitar our analysed K-

348 feldspars in granit lens and glimmerite schist (Fig. 7a, b). The variability in RigEerns is most

349 intense in the K-feldspar in granodiorite gneiss (Bingieal.,1990), followed by the K-feldspar-rich
336ucosome (Carvalhet al.,2016) and lastly K-feldspar in pegmatite (Larsen, 2002).

351
352 4.4, Detailed microstructures and crystallographic orientation relationships

353 There are several mineralogically distinct bands at ~45j to thelshgttneation

354 (Fig. 4a, 8). These are composed mainly of K-feldspar or quartz grains aitraggregate of K-
355 feldspar, quartz and biotite of sigmaldhape, specificalh). Q E HW Z H4/Qe mMaddr fé&rfiing a
356 biotite shear band in thin sectiofig. 4. The dongation of quartz grainis observed to follow the
Higmoidal shapes of thenicafabric (in Fig. 8a black areas) and individual quartz grains apparently
358 bend around K-feldspar grains, yet show little internal deformatiag 8b). The quartz [c]-axis
359 maximum presents a relatively weak and broad cluster (max. 2.6 mean angular Jeyaasithel to
360 the Z-axis and <a> axesescattered along a pole figure primitive circkeg; 8c). Both J- and M-

361 indicesare low with 1.27 and 0.02, respectively. Pole figures for K-feldspar are presemieul



362 groups divided by grain size. The threshold for the division in coarse K-feldsgantarpreted
d@drstitial grains was seit 0.5% of the map area. The group of identified coarse K-feldspar grains
364 moderately clustered a-axes around the Z-axis am@g-are clustered in the SW sector close ¢o th
365 primitive circle, sSPLODU LQ R ULH @eBNedr RapdSdRpldy&dHim.&88. Interstitial K-
366 feldspar grains show some alignment with a J- and M-index of 2.44 and 0.03, respeety&g)(
367 K-feldspar shows [c]-axis orientations dispersed 45; at the top and bottom on the X-axigyvele f
368 The distribution of misorientation between pairs of quartz and K-feldsparssheerly perfect
369 random distribution for quartz grains and weak correlation of misorientatitmbdion for K-
370 feldspar grains below 60F(g. 89.
371 Thereareno internal changes to crystal orientation within the coarse K-feldspas,gra
372 nor are there any sub-grains present within the rims of the giEins9). K-feldspar grainstill
37Preserve relatively straight grains boundaries (crystal§astien comparing the inferred boundaries
374 to a 3-dimensional representation of the grain orientation and crystallogast@n (coloured
375 dashed linesFig. 9). Biotite and muscovite commonly protrude into the K-feldspar in the glinbeneri
386hist Fig. 5a, ¢, e). Thesmicaembayments are observed to preferentially follow the direction of
377the crystal axes i.e., perpendicular to the crystal planes, of thelgpéelgrains (coloured arrows;
378 Fig. 9).
379 In the low-strain areas between the aligned K-feldspar grains, quartz gxaibg
380 extensive formation of Dauphine twin bounieéarFig. 10a), while the K-feldspar grains of all grain
381 sizes do not present any significant misorientation within individual gr&igs {0b). Similar to the
38R-feldspar inFig. 9, no sub-grain boundas areobserved. Two coarse interstitial quartz grains,
383 separated in 2-dimensions by the clustered small K-feldspar graing)tpaesisorientation between
384 them of less than 15jF{g. 10a). Most of the clustered small K-feldspar grains exhibit similar
385 characteristics to the coarse K-feldspar grasee Fig. 9) with limited crystal lattice bending,
386 relatively straight grain boundaries and biotite protrusions along the K-feldspand,daxes (Fig.

387 10b). Two small K-feldspar grains that exhibit similar orientation are shown inIe.(pink grains).



388Both these grains share grain boundaries with athrall K-feldspar grains. The array of small K-
389 feldspar grains in the strain shadow of the coarse K-feldspar grains shitae @ii@ntations (green
390 colours onFig. 10a inset), while the surrounding coarse K-feldspar grains also alsanglar

39darientation to each other (pink coloursfig. 10a inset), but different to the small interstitial grains.

392

393 5.DISCUSSION

394 Recent studies of the Alice Springs Orogeny and the Gough Dam shear zonleathow
395 high-strain zones are characterised by (1) prevalent microstructuresivedafahe former presence
396 of melt; (2) lack of plastic deformation and CPO in quartz; (3) an inferred darelaetween
397 increased time-integrated melt flux and increased temperature ok Hiotihation, along with
398 increased REE and trace elements concentration, and (4) a complextenagazpattern due to
399 coupled dissolution-precipitation reactions mediated by interactionmeth (Piazoloet al, 2020;
400 Silva et al, 2022). These studies further propose that the abundant glimmerite bandd lhigrm
401hydration and addition of various elements, mostly K and Al, aadesser amount Na, Mg and Fe,
402 during meltrock interaction and the passage of melt through the GDSZ. The ektemdltrock
403nteraction forming glimmeriteés controlled by the variability of (i) the composition of the melt
404 source, (ii) extent of geochemical modification of the melt during reatitve due to channel
405 armouring, (iii) variation in rock types interacted along melt migration pathveas (iv) possible
406 trapping of early crystallised minerals (i.e., phenocrysts in the tmgrenelts) during the collapse
407 of pathways as melt supply is reduc8dvaet al (2022) calculated minimunime-integratedmelt
408lux volumes of 0.030.23n% of melt per m of rock, indicating large volumes of melt migrated
409 through high-strain zones during the Alice Springs Orogeny. Recent work investigaéing t
410 enrichment of oxide minerals in a high-strain zone immediately sotitle @DSZ also inferred large
411 volumes of melt are required to migrate through the high-strain zones mmsigplain the observed
éhAchment (Ghatalet al, 2022). Furthermore, the presence of melt during deformation in the GDSZ

413 weakened the high-strain zone rheologically enhancing exhumation through@\icth&prings



414 Orogeny. While this study complements the previous research by examimatiarharacterisation
415 of granitic lenses and other felsic components associated with hydraticiongatorming
416 glimmerite, our focus here is to establish if the presence of coarsedf&cétspar grains within
417 the glimmerite is a direct consequence of melt flux during deformation. If true, then Jatdspar
418 grains represent a new indicator of the former presence of syntectonic and migeitsg
419
420 5.1 Syntectonic melt migration From field to petrographic and microstructural evidence
421 At the macro-scale, field relationships show both the biotite-richitam@iotite-poor
422 rocks have features typical ofieltpresent high-strain zoee(i) preferential mineral alignment
423 forming a distinct and well-developed foliation and lineation defined mawlgiotite and facetted
424 K-feldspar grains; (ii) lenses with granitic composition and coarse grigmee along the foliation
428semble pinch and swell patterrad (iii) elongated grains of quartz and feldspar in granitic
426 gneisses, with some K-feldspar grains exhibiting sigal@tiapesKig. 2, Vernon, 1987; Lister &
427 Snoke, 1984; Passchier & Trouw, 2005). Although commonly formed duringsatmtieformation
428 the alignment of biotite or K-feldspar grains can also be produced by medtoati(Collins &
429 Sawyer, 1996; Patersast al., 1998; Vernon, 20Q0&aKk et al., 2008 Zibra et al., 2014). Close
eX@nination of the gramit lenses shows that these present igneous characteristics including
431 interlocking, faceted feldspar grains of unimodal grain size, andbsiitid quartz and plagioclase
432 (Figs. 2c, d and 3). Even though the trails of grargénses resemble pinch and swell strucples
433 minerals constituting the lenses show little evidence for solid-state deforr@tiorbimodal grains
434 size or mantled porphyroclast observed by, for example, Vezhah (1983) and Tullis & Yund
435(1991). There is a lack of evidence for sofithtedeformation in the gratic lenses, such as dynamic
436 recrystallisation, (e.g., Kruse & StYnitz, 1999; Svahnberg & Piazolo, 2010) (F&).v@hich points
437toward a differential stress regime synchronous with melt injection. gBoenetric shape and
438 arrangement of granitic lenses closely resemble the pseudo-boudinage oftBdn&@004) and

439 Druguet & Carreras (2006), in which they describe similar patterns resgnhch and swell



440 structures in partially crystallised pegmatites. Importantly, thettteiature of K-feldspar grains
44Within granitic lenses (Fig. )3is consistent with an igneous origin without significant post-
442 crystallisation internal deformation or modification. This is a feabtm@mon to many high melt
443volume migmatites (Sawyer, 2008).
444 In the field, the schistose nature of the glimmerite (FighPsuggests grain alignment
445 of all key minerals in the assemblage. This is supported by petrogeaptence for preferential
446 grain alignment of biotite, K-feldspar, quartz, muscovite silidnanite (Figs. 4 and 5). Differential
447 stress is interpreted to cause preferential mineral alignment and ipetgiic sigmoicl shaped
448  structures comprising a combination of muscovite, K-feldspar and quagiz4d; Passchie&
449 Trouw, 2005), and biotite shear band&-fype BerthZet al.,1979) at ~45; to the foliatiorF{gs. 4a
45@&nd 8a). However, close analysistloé minerals highlights very limited internal grain deformation
451 and a distinct lack of features commonly observed in high-strain zones tha defible solidstate
452 (e.g., kinking and folding of biotite and/or undulose extinction in K-feldspar and quartz dgr@ss (
453 4a and 5e, f) (e.g., Wilson, 1980; Lister & Snoke, 1984). Development of migagfisin size
454 reduction producing core-mantle structures and internal deformation structuhesissisabgrain
455 boundaries and continuous crystal lattice bending, commonly attributed tetstédrystalplastic
456deformation (e.g., Ten Grotenhuit al., 2003; Passchier & Trouw, 2005; Mancktelow &
457 Pennacchioni, 2005), are completely missing from the glimmerite sEfgst 4 and 5).
458 We suggest that the absenceaastrain record in the individual grains comprising the
459 glimmerite schist and grait lenses is consistent with the presence of a weak intergranular medium
460 in this case, interstitial melt that accommodated a largepthe applied stressvia grain boundary
461 sliding. This is similar to the experimental aggregate strength tiedueith the increase of melt
462 fraction in mylonites from Rosenberg & Handy (2005). Our model of melt-presentragion is
463 supported by the following microstructures in the different samples descAbélde edge of the
464 grantic lenses, the described highly elongate grains of plagioclase and dquigrt8l§ c) are

465 interpreted aminerals that pseudomornptigrain boundaryneltfilms (Holness & Sawyer, 2008). In



#&6 glimmerite schist, mekK-feldspar reaction can account for the presence of embayments
467 containing plagioclase, biotite and muscovite at the edge of coarse K-feldspar granse(Fac,
468 9 and 10b). ThesdH PED\PHQW UHDFWLRQV UHVHPEOH D SEDHNMUHDF
e@tion: Ms + Qz + Pl = Kfs + Sil (or Ky) + Melt (Pati—o Douce & Johnston, 1991). The quartz and
470 K-feldspar aggregates in the low-strain shadows between the coarsdspafelgrains closely
471 resemble interstitial textures, consistent with melt-presdntmation Figs. 4a, d, e, 5b, ¢ and 10)
472 The observation of weak CPO of quartz and K-feldspar, even though thereasgafstiation and
473 lineation, contradicts the common observation of high CPO intensity in $alelystal plastic
474 deformation at high strain (e.g., Lister & Hobbs, 1980; Law, 1®hegoret al.,2008; Lawet al,
475 2010). However, this conundrum can be explained by the presence of melt during defonhiton
476 accommodatd most of the strain. In the low-pressure or strain shadow regions betwesa Kea
477 feldspar grains, a trail of smaller K-feldspar grains resembling a deformatl is observedHigs.
478 4e, 5b and 10). This type of microstructure is commonly observed in deformed polasiy@esent
479 in mylonite. However, in the latter scenario, the tails comprisg/stdlised material from the
480 porphyroclast or the strain shadows comprise minerals formed by solidrytetd plasticity (i.e.,
481 dynamic recrystallisation) or dissolution-precipitation mechanisespectively (Yardley, 1977;
482%/ernon, 1987; Passchier & Trouw, 200&lthough resembling a deformation trail by dynamic
483 recrystallisation, the smaller K-feldspar trail does not present nrgobgres indicative of such
484 process. This interpretation is informed by the lack of internal deformatiosudgdrain formation
485 close to the coarse K-feldspar grain boureafFig. 10) (Tullis & Yund, 1985; Reet al., 2005;
48@&negonet al.,2008, 201R By contrast, some of the smaller isolated K-feldspar grains in the low-
487 pressure regions are connected in three dimensions, as they share therystatlegraphic
488 orientation, indicating crystallisation from grain-boundary melt connected ifrigD10b).
489 In addition, the microstructure of the embayments into the coarse K-feldspar grains is
490 unusual for a high-strain rock deformed by solid-state deformation (Passchieu®, 2005 Figs.

491 9 and 10b. In the latter case, one would expect interlocking microstructure betives® minerals



492 Instead, a reactive nature of that contact, where K-feldspar iswdids@nd plagioclase-biotite-
493 muscovite grow is more likely. The fact that this texture is undeformedtitiualigned with the
494 general foliation of the sample suggests formation at a time the roakndesdifferential stress. We
495 suggest that this microstructure formed whegit-K-feldspar interaction triggedthe dissolution of
496 K-feldspar and precipitation of plagioclase-biotite-muscovite. This atelscthat the melt involved
497 in the reaction was different to that from which the K-feldspar grew, ¢ensiwith open system
498melt flux through the high-strain zone.
499 The low mode of quartz in the grénilenses and in the glimmerite schist suggests
500 that thesilica-rich interstitial melt was physically removed from the systeleit expulsion is caused
501 by waning melt pressure relative to confining pressure and/or differezdtahtc stress (Davidson
508t al, 1992, 1994; § O H RtRaN 1992; Brown, 1994 In summary, the microstructures observed in
503 the rocks of th&sDSZ are consistent with high-stramelt-present deformation.
504
505 5.2. Origin of the coarse K-feldspar grains within glimmerite
506 The coarse K-feldspar grains observed as dominantly individual grains in the
507 glimmerite schist are interpreted to have fedly early exsitu crystallisation of the interpreted
508grating granitemelt (Figs. 2ex and 4). Other examples of concentration of K-feldspar are
509 described in the literature (e.g., in granitoids [e.g., Vernon, 1986; Vernone&&sBat 2008]in
510 schlieren suggesting phenocryst flow-sorting [e.g., Bateman & Chappell, 1979; Vernon,ah@B6],
511in enclaves in megacrystic granitoids [e.g., Didier, 1973je igneous origin of K-feldspar grains is
512further supported by the similarities between the K-feldspar graihe gfranitic lenses which are of
513 igneous origin, and the K-feldspar within the glimmerite. SimilaritiesveenK-feldspar grais in
514 these two rocks include coarse grain size, conservation of faceted grainstdrnal deformation
515 and rare presence of small inclusions (Figh)3
516 The observed matrix foliation wrapping around the K-feldspar grains indicates pre-

517 syntectonic mineral growth, in our case in migrating granitic meltla&inm compositionto the



Hir@viously described granitic lensddgs. 4e and 5). Porphyroblasts in high-strain zones share this
519characteristic and may also exhibit inclusion trails or sigmatiape commonly showing grain
520 rotation relative to the matrix foliation (Passclaeal.,1992; Johnson, 1999). We y4¢the foliation
521warping around the K-feldspar grains in addition(2p preservation of crystal faces, (3) lack of
522 internal deformation an@) lack of core-mantle microstructure, features indicating recrystadis
52By grain area reductiorkigs. 4e, 5, 9 and 10seereview of these microstructures in Passchier &
524 Trouw (2005) and Blenkinsop (2007)) to interpret the K-feldspar grains as sestiglitsing minerals
525from the migrating melt. Following the described physical charadosrist the K-feldspar grains, an
526 alternative peritectic origin could be suggested for the formation of the K-feldspar phen¢eiyst
527 Sawyer, 2008; Cruciaret al., 2008; Vernon, 2011; Dyckt al, 2020). However, the peritectic
528 hypothesis is problematic when related to the following description of thedkpfl microstructures
529 and reaction with entrapped melt. The shape of the K-feldspar has been weakly modifiedthi@ form
530 embayments by reaction replacement producing plagioclase, biotite acdviteishat we interpret
531 as due to graigmelt reaction subsequent to the K-feldspar grains being entrapgsdSa, 9and
532 10b). The presence of entrapped melt is also observed in the granitic lenses in thfeclorgated
533 interstitial plagioclase (. 39. It is apparent that reaction dissolution was enhanced dlmng
534 crystallographic b and ¢ axes of the K-feldspar phenocrysts, similar iregota the observed
535 forsterite anisotropic dissolution favouring crystallographic axes (Grandstaff, 197&} éwal.,
53800 Godinhoet al., 2013, 2014) othe preferential partial melting along subgrain boundaries in
537 quartz and plagioclase of Leviegal. (2016).
538 The K-feldspar grains exhibit no evident chemical zonation, except for some
539 domains showing a localised stronger positive Eu anomaly and a slightsmdrearthoclase
540 componentfigs.6 and 7c). This limited chemical zonation suggests that the Itisattan of the K-
54dldspar grain in the migrating melasfast, and that the crystallisation of melt was of short duration.
542 This model of K-feldspar crystallisation is informed by the tendency of feldgaéms to form

543 chemical zonation due to the strength of the Si-O and Al-O bonds (Wini&}) @dd/or by an open



544 system allowing the chemical or physical disruptiorthe boundarylayer around the K-feldspar
545 grain which is usually depleted in elements with mineral/melt tmartcoefficient > 1, allowing
546 maximum crystal growth (Green & Watson, 1982; Bacon, 198% fast growth of the K-feldspar
54'phenocrysts can be explained by reduced nucleatidnghly hydrous silicate melts, as per the
548 crystallisation mechanism of the igneous K-feldspar grains in the surrougrdindgic lenses (Figs
549 2a, ¢ and 3). Once the mineral nucleates, fast mineral growth occunsletcooéd conditions
B%&beleket al., 2010). The fast growth surrounded by melt allied to delayed nucleation possibly
551 explains the rarity of small inclusions in K-feldspar grains and pherteenyboththe glimmerite
58@d granitic lensed=(gs. 3be, 5, 9 and 10). In experimental conditions, K-feldspar crystallisation
bBgins with at least 60% of liquid in the crystal mush which may suggest that the phenocrysts
554grew in pockets of the fluxing medtith a high fraction of liquid (Clemens & Wall, 1981; Winkler &
555Schultes, 1982)The crystallisation of K-feldspar first is pahe observed sequence of mineral
556 crystallisation in granite, as extensively discussed by Vernon & Paté2808) for K-feldspar
557 megacrysts in granite and zoned pegmatites that tend to form monominegadigatiens of K-

558 feldspar or quartz, starting far from the liquidus with an initial mbdage of K-feldspar + quartz
biflite (Cameroret al., 1949; London, 2005). This may suggest that the melt migrating through the
68I5Z may have hada@emicalcomposition close to the aforementioned zoned pegmatites and the

561 observed GDSZ granitic lenses due to the similarities in the obsemggdence of mineral

562 crystallisation (Fig. 3).
563 Some K-feldspar grains exhibit an increase in Eu and modal component of orthoclase
S4he rim of the grainFigs. 6 and 7ac). Thisincrease in Eu concentration and orthoclase component
565 occurs close to the embayments into the K-feldspar grains, suggestintpehabntact witha
566subsequentnelt triggers localised®* ED FN U H didevgde® @réviously. This may locally modify
567 the Eu concentration in the K-feldspar due to the high Kfs/melt Eduipartioefficient; the higher
568 orthoclase component may be due to coupled exchange of Na and K at tioe ietaaface during

569 formation of albite (Labotkat al.,2004; HSvelmanret al.,2010). TheREE concentrations of the K-



570 feldspar in the gratic lensesshow highly variable values between grains (Table Z=émdra). This
571 variability contrasts with the mainly homogeneous REE pattern and enricheddREé&ntration of
572 K-feldspar in glimmerite schist (this study), magmatic K-feldspar in péiggnand porphyroblaist
573 K-feldspar in granodiorite gneiss (Fig. 7b) (Larsen, 2002; Bingeal., 1990). However, the
574 variability in REE concentration values and overall patterns in thetigreemsesresembles the REE
575 patterns observed for migmatites in leucosome from Canglhb (2016). This variability in REE
576 concentration values between grains can be explained by higher fractiortallisag®n of K-
577 feldspar grains due to lower melt flow while mineral crystallisatioouored. The progressiye
578 decreasing REE pattern of the K-feldspar from La to Lu in the glimmaeritistsresembles the
579 patterns observed for some of the pegmatite K-feldspar and migmattséene dataHg. 7b). K-
586ldspar graing leucosome (Carvalhet al.,2016) show depleted HREE compared to our K-feldspar
581 phenocrysts. This is explained by melt flow entrainment of accessory reimvathl high HREE
5affinity from the adjacent rock. The contrastRIEE patterns suggests that this physical process is
583 unlikely to have taken place indlthannelised melt flow forming the K-feldspar phenocrysts.here
584 The similarity in REE concentration pattern with pegmatites and migmatitogsume is consistent
585 with a magmatic origin for the K-feldspar present in the glimmeritess@and our preserved
586 phenocryst interpretation.
587
588 5.3. Trapped K-feldspar: A signature for melt fluxing and subsequent nie extraction and
589 associated physical collapse
590 Following our interpretation of melt-present deformation in the GDSZ and sugporte
59by similar conclusions by Piazoé al.(2020) and Silvat al. (2022), and that the K-feldspar has an
592 igneous origin, one question remains: how did relatively undeformed K-feldspar gnding in a
Bifh-strain zone?We interpreta prolonged one-step process where the K-feldspar phenocrysts
594 crystallised in the channelised migrating melt and were trappégt iglimmerite schist durinthe

595collapse of the melt pathways. We infer that a decrease imetsupply (i.e., draining of the source),



iBgdying a waning otthe meltpressure, meant that the melt pressure could no longer maintain an
597 open channel while confining pressure and tectonic stress were gillicsint, leading tothe
598 structural collapse of the system (e.g., Kistdral, 2009;Fig. 11).
599 In our model, we interpreéhe melt filling of tensional fractures along strike, possibly
600 formed due to an anisotropic tensile strength of the protolith (Wickham, E8R§ most probable
601 mechanism for the initiation of the melt pathways observed in the study Adeitionally, the
602physical size of the K-feldspar grains also argues agamste pervasive grain boundary melt flow
603 process that would haviermed interconnected melt flow band§&ig. 2a, c, d) (Brown, 1994;
60/kinberg, 1999; Bonst al., 2004. Other indications of fracture propagation are observed in the
605 orthogonal mode 1 extensional fractures in the quartzite mylonite layers suddayritie glimmerite
s@@it Fig. 2h). The same development of pathways is believed to have happened early in the
607 formation of the glimmerite schist. These pathways are not asevisibhhe glimmerite rock type due
608 to the higher amount of melt-rock interaction producing glimmerite at the expkeadgcent rock
609 dissolution-precipitatiorHig. 2b, h Silvaet al, 2022). Furthermore, the grain shape and preferred
610 orientation of the micas possibly facilitated the extraction of chaling the collapse of the high-
61Xktrain zone (Figs. 4 and 5) (Weinbetgal.,2001; & k et al.,2008). The presence of a melt fraction
612 in the glimmerite schist during the period of deformation would have decreassttetingth of the
613 rock by several orders of magnitude and increased the temperature offtwiotaéion compared to
614 the glimmerite bands adjacent to the modified granulite rdéilgs $1) (Rosenberg & Handy, 2005
615 Silvaet al, 2022). Extreme weakening increases non-linearly up to 10 vol% ofnaetibn (nelt
616 connectivity transition of Rosenberg & Handy (2005)), with the melt lulinge0% of crystal
617 boundaries at the 10 vol% melt fraction threshold described by Van der Molen & Paterson (1979).
618 The final melt extraction and crystal entrapment occurred during the @lbdjise
619 high-strain zone when the combined confining pressure and tectonic stress finally overcame the mel
620 pressure. The proposed formation oftifads of grantic lenses observed in the felsic banig).(2a,

621 c, d) follow closely the model of Borst al (2004) and Druguet & Carreras (2006r their



622 syntectonic melt deformation, inflation and collapse of pegmatite dyk€aprnde Creus, Spain. In
6B8nset al. (2004), one of the main featuresed to recognise collapse structures is the formation of
6Pdhning beadsKig. 9a in Bon®t al.,2004) in partially crystallised pegmatite dykes. These can easily

625 be interpreted as boudinage, in lieu of formation of collapse beads, due toopleolngical
626imilarities at outcrogcale(Bonset al.,2004, 2008Druguet & Carreras, 2006). During the process
627 of collapse, most of the strain and foliation deflection is loedlast the corner of the beads
628 decreasing away from these structurBlsese observationsare at oddswith the observed strain
629 spanning the entire area in between boudins. Furthermore, no evidence of idlet-gtaetching
630 within the beads or in the thin seams connecting the beads are observqubgmaetite beads form
631 Dby local inflation and collapse, usually observed in boudin formation (Bioais, 2004).
632 The overall main characteristics of the beads formation model of &axs(2004,
632008) fit the observed lack of extensional deformation of the gradeitses in our study area and the
634 small amount of strain observed in between théigg. 2c, d and B Altogether, these structural
635characteristics of the granitic lenses fits the concept of pseudo-bgediflae presence of a high
636 Vvol% of melt during the period of deformation of the granitic lenses most probaiedlthe strain
637 to concentrate into the melt instead of the solid mineral grains (Vigee&ebkoff, 1999), resulting
638 in little internal evidence of the synchronous high strain in the remaining beads. @ giradess of
639 meltfilled fractures followed by collapse is proposed for the formation of the glimmerite. Siiest
640 sequence of melt inflation and later collapse would explain the presaheataapment of K-feldsp
641 phenocrysts in the glimmerite matrix and the entrapment and crydiatlisd melt in low-strain
®dgions of the glimmerite schigfi¢)s. 2e, f, 4e and 10). This collapse process would also explain the
643 inferred melt extraction that mitigated the formation of granitic boditsn the glimmerite schist
64Mis is also consistent with tlsenallnumber of igneous microstructures observed in the glimmerite
645 matrix and the lack of deformation of solid grains. Following the Bxrad. (2004) collapse maal,
646 we suggest that the contrast between the tigdensesand the isolated K-feldspar crystalasdue

647 to differential concentration of crystals locally present during the colldgas#ing toa decrease of



64&ystal entrapment with an increase of melt fraction.
649
650 6. CONCLUSIONS
651 The presence of undeformed and faceted K-feldspar phenocrysts as individual grains
652 or clusters of graing a high-strain zone of the Gough Dam shear zone, central Ausbatiaed
653 via the entrapment of entrained early crystallised minerals in cheethehigrating melt due to the
654 collapse of wall rocks constituting the melt pathway. The opening edf pathways probably
655 occurred by tensional fractures along rock anisoé®pihis syndeformational creation aofielt
656 migration pathways in a high-strain zone allowed channelised melt flux, as observed bgehegre
657 of granitic lenses, and extensive melt-rock interaction. Wetmediated reaction proded
658 glimmerite schist and glimmerite, and involved dissolution of the adjaelsic wall rocks. Early,
659 fast-growing K-feldspar grains crystallised from the fluxing melt due to ddlayed mineral
66@ucleation in an undercooled and hydrauelt. The posterior collapse of the melt pathway,
661 comprising glimmerite enriched walls, occurred following decreasedsmgbly. This ultimatelyed
662to the entrapment of the crystallised minerals (phenocrysts) ineglieand synchronous extraction
663 of the remaining liquid fraction from the high-strain zone. This physical entrapment$edossed
664 the formation of gramic lenses in less reacted melt pathways (granitic gneiss) and an incréese in
665 efficiency of entrapment of phenocrysts in the more reacted glimmerite schist barsisgy®st the
666 presence of undeformed K-feldspar in high-strain zones is a new indicatorfofrtiee passage of
667 migrating melt through rock types with otherwise limited field evidencecatidie of the former
668presence of melt during deformation.
669
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1010 FIGURE CAPTIONS

1011 Fig. 1. Geological map of the SE Arunta Region showing study and sample Idcatitgtar). The
10XRap emphasises the distribution of regional tstzhinzones of hydrous schistose composition (e.g.,
1013 Gough Dam shear zone, #1; yellow structures and respective number in map) in the mostly granulite

1014 and amphibolite facies rocks incorporating the Arunta Region. Representdtiearegional

1015 anastomosing high-strain zones and thrust faults relative to the Strangetyaorphic Complex

1016 (SMC) and the Harts Range Group (HRG). Simplified structural cross-sectiamuifiéu after

IRaimondcet al.,2014) display the principal crustal discontinuities and high-strain zones of the main

1018 geological domains in the Arunta Region associated with the Alice Spdirggeny (Collins &

1019 Teyssier, 1989; Ballsvreet al., 2000; Maidmenet al, 2005; Raimondet al., 2011; Scrimgeour,
1020 2013). #1 Gough Dam shear zone (GDSZ); #2 West Bore shear zone; #3 Wallaby Knob shear zone
1021 #4 Yambah shear zone; #5 Southern Cross shear zone; #6 Harry Creek shear zone (HCSZ); #7

1022 Erontonga/Two Mile Bore shear zone; #8 lllogwa shear zone; #9 Delny shear zone.
1023

1024 Fig. 2. Field relationships of the Gough Dam shear zone including sampletiexala) Outcrop
1025 presenting biotite-rich glimmerite schist bands (white arrows) and thgraniic lenses along the
1026 foliation (red arrows), both cutting a host of modified felsic granulite and gragngcss (S1:
1027 N102i/70j); (b) Outcrop of meter-scale glimmerite schist with a-gellieloped foliation (S1) that

102&ontains layers and lenses of partially modified relict felsic rock tyfiekl sense of shear is top to



1029 the north (S1: N78/70j); () Outcrop-scale and detailed views of domains of the GDSZ cargaini
103®high abundance of variably deformed gtiaiénses and glimmerite bands cutting modified granitic
10Bdiss along foliation. Gratic lenses present asymmetric envelopes or selvedges of glimmerite
1032 composition; (e, f) Magnification of glimmerite schist outcrop containing graniticdeaseng with
1033 isolated and clustered facetted K-feldspar grains aligned along théfolathe biotite dominated
1034 matrix of the glimmerite schist; (g) Hand sample and detailed ofdétae collected glimmerite schist
1035 used for petrographic study containing isolated and clustered, facetted, mmwidei-feldspar
1036 grains; (h) Quartzite mylonite layer hosted by glimmerite schist. Glntgnshows a reaction

1037 replacement relationshtpat S LQYDGHV™ WKH T Xrécuizs]ib WiHtipRe \dbdetiphsw H
1038

1039 Fig. 3. Hand specimen and petrographic characteristics of granitic lenses. ifd) ddanples
10405D1620A (left) and GD1617 (right) of grdiai lens in modified granitic gneiss without and with
1041 glimmerite selvedge, respectively. Coloured dashed lines shows coihgaantic lens with granitic
1042 gneiss; (b Crossed-polarised photomicrograph of granitic lens and its comthagranitic gneissn
1043 sample GD1620A. Evidence of elongated interstitial plagioclase im@cloav dihedral angles (d)
1044 (see Fig. 2a for field relationship);)(€rossed-polarised photomicrograph of extremity of gi@ni
1045lens bead in modified granitic gneiss featuring a glimmerite sel\sdgeple GD1617). Quartz grain
1046 from modified granitic gneiss in glimmerite selvedge shows embaymeleid With biotite and
1047interstitial quartz, occasionally with low apparent dihedral anglegdsm two biotite grains (see Fig.
1048 2c, d for field relationship).

1049

1050 Fig. 4.Petrographic characteristics of glimmerite schist, sample GD1606. (a) Cpudagded light
1051 thin-section photomicrograph of glimmerite schist sample showing top t@fth@dverse) shear-
1052 sense informed by sigmoidal shapes formed by biotite, muscovite, quartzillmanite grains
1058round subangular K-feldspar and muscovite grains. BitditeF Kyp® $hear bands are observed.

1054 Photomicrographs for region (b) and (c) display dominant biotite glimmeriteixnmshowing



1055 SUHIHUUHG RULH QW #eR i@niRu@ G RIZieQaspedtively; (d) Thin sectitRF
10%6ineral assemblage map;) (BEM-BSE image of agglomeration of K-feldspar grains along the
1057 foliation. Dashed lines highlight biotite, muscovite, quartz and silliteagiains warping around
1058 subangular K-feldspar grains. Embayments of biotite and muscovite in K-feldsgaglalighted by

1059 vyellow arrows.
1060

1061Fig. 5. Detailed microstructural characteristics of glimmerite s¢BisSM-BSE and crossed-polarised
106liyht photomicrographssample GD1606(a%l) Glimmerite schist sample presenting reaction
1063 replacement of (1) KHOGVSDU E\ ELRWLWH PXVFRYLWH DQG SODJL
1064 [panel ac]; (2) low-pressure area between the trail of coarse K-feldspar grains prgserapping
1065 biotite band and interstitial quartz and trail of small K-feldspar grainse|plal; and (3) coarse
1066 muscovite grain featuring a pressure shadow tail comprising biotite, cqumattminor K-feldspar
1067 grains [panel d]; (e, f) Crossed-polarised light photomicrographs of the featurediregamel (b)
1068 and (c) displaying the orientation and microstructures of the dominant bipt#dz and muscovite
1069 present in the bands that warp around K-feldspar and located alongltr@eSMineral abbreviations
1070 follow Whitney & Evans (2010).

1071

1072 Fig. 6. Mineral chemistry of K-feldspar core, rim and interstitial grains plotteAre#b-Or ternary

1073 diagram classification.
1074

1075 Fig. 7.K-feldspar grains chondrite-normalised REE patterns. (a) REE patterns for @ dieeo$ K-
1076feldspar (isolated coarse grains and interstitial grains) in glimmssftst and K-feldspar coarse
1077 grains in a gratic lens; (b) REE patterns plot from literature of non-GDSZ located dspalr present
1078 in pegmatite (Larsen, 2002), K-feldspar from leucocratic segregation in ntiegr{@eaet al.,1994;

1079 Carvalhoet al., 2016) and K-feldspar from the matrix of a granodiorite gneiss at granuliés fac



1Agenet al.,1990); (c) REE patterns from K-feldspar rims (red lines) and interstitial grains (green

1dBtes; see Fig. Yeossibly enriched in Eu compared to K-feldspar cores (black lines).

1082

1083Fig. 8.Quantitative orientation analysis of K-feldspar and quagmple GD1606. (a) EBSD mineral
1084 phase map for quartz (red) and K-feldspar grains (blue) in glimmerite $ublighineralic sigmoidal
1085 V KD S H -BfeGhaaflbands are indicated by the dashed white lines; (b) IPF-aeapddr quartz
1086 grains relative to the X-plane; (c) Pole figures for all quartz grainsveadytoups of K-feldspar
1087 divided by grain size area, with a threshold at 0.5 per cent of map aredinguii® coarse grains
1088 from interstitial grains. J- and M-index are displayed for all quartz graidsfa interstitial K-
1089 feldspar grains. Uncorrelated misorientation angles distribution is featurelll goaias from each

1090 mineral.
1091

1092 Fig. 9. Crystallographic misorientation map and embayments orientation of coarse pafedaain.
1093 EBSD map comprised of band contrast and textural components showing the charegetation
1094 within one coarse grain colour coded by crystallographic orientation divergpnoeij relative to a
1095 reference orientation point. Coloured arrows highlight dissolution reactionositése K-feldspar
1096 grain and replacement by non-indexed minerals, i.e., mainly biotite andovites{top plane-
1097 polarised light photomicrograph), forming along the crystallographic axes of thiel$pde grain.
1098 Quartz grains represented by variably grey EBSD band contrast, with rare subegnadaries in
1099 yellow and common Dauphine twins in red. K-feldspar orientations of crysta &éseemarked as

1100 coloured dashed lines.
1101

1102 Fig. 10. EBSD Euler and crystallographic misorientation maps of quartz and K-felgspas in
1103glimmerite schist. (a) Interstitial low-strain area between twoseo&-feldspar grains presenting

1104solated quartz grains at a maximum misorientation of 15j relati@edéerence point. Inset displays



BEa@s colours of K-feldspar grains showing two main orientation groups (pink versus green colours).
1106 Quartz grains are coloured red. Euler angle rotation is colourél esd, - green and3 xblue;(b)
1107 K-feldspar grain analysis for misorientation from a reference point up towithjeach colour
1108 representing a different grain analysis. Embayments and their ooentae highlighted by the
1109 direction of the coloured arrows that match the coloured lines highlighting émgadion of relict K-
11fddspar grain facets shown in the pole figdesa, b and c crystallographic planes (equal area, lower
1111 hemisphere projection). The orientations of crystal faces are transfetresd EBSD map image as

1112 coloured dashed lines.
1113

1114 Fig. 11. Cartoon illustrating the proposed model of melt transfer zone collapse aret)seiis

1115 entrapment of crystallised fraction from the externally derived migratieity
1116

1117 Table 1: Selected electron microprobe data on multiple minerals for glimengchist present in

1118 GDSZ.
1119

1120 Table 2: Representative REE composition of K-feldspar grains from GDSZ andGD&¥

1121published data from multiple locations.
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1124 Fig. S1. Biotite in glimmerite schist Ti a.p.f.u. v&wg a.p.f.u. graphical plot and Ti-biotite

1125thermometry value estimation.
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Table 1: Selected electron microprobe data on multiple minerals for glimmerite schist presentin GDSZ.

Sample Glimmerite schist (GD1606)
Mineral Bt Kfs PI

SiO2 wt% 35.73 63.75 67.10
TiO2 255 b b
Al203 17.78 18.78 20.36
V203 0.04 b b
Cr20s3 b b b
FeOtotal 17.69 0.04 b
NiO b b b
MnO 0.10 b b
MgO 11.58 b b
CaO b b 0.62
Naz0 0.20 1.46 11.43
K20 9.71 14.18 0.11
P20s b 0.14 0.13
SOs b b b
Cl 0.41 0.04 b
F 0.59 b b
(@] -0.34 0.01 0.00
H20 3.93 0.00 0.00
Total 99.97 98.41 99.73

Mineral abbreviation follow Whitney & Evans (2010). ( P): Below detection limit. The complete dataset is available in Table S1.



Table 2: Representative REE composition of K-feldspar grains from GDSZ and non-GDSZ published data from multiple locations.

Compilation of published Kfs

Gough Dam shear zone "
composition (non-GDSZ)

sample/ Glimmerite schist (GD1606)  Granitic lens @ @ )
Mineral  Coarse grains Interstitial (GD1620A) Gneiss Pegmatite~ Migmatite

La 5.755 9.139 2.072 60.759 6.013 10.684 4.869
Ce 3.830 8.450 1.206 25.775 3.002 6.982 1.558
Pr 2.963 6.703 0.879 - - 1.638 5.065 0.472
Nd 2.103 6.915 0.654 b 0.910 2276 0.821
Sm 1.358 6.189 0.601 1.142 0.696 1554 3.027
Eu 2.284 20.462 4.352 24.156 6.767 32.682 34547
Gd 0.829 8.146 0.563 - - 0.538 0.905 0.061
Dy 0.663 7.748 0.585 -- 0.585 0.569 0.043
Er 0.885 6.713 0.869 -- 0.731 0.625 0.029
Yb 1.006 4.950 1.205 0.068 0.944 0.621 0.036
Lu 1.053 4.297 0.951 - - 1.098 0.407 0.041

REE values were normalised using McDonough & Sun (1995) chondritic values. (1) Granodiorite gneiss
porphyroblasts (Bingen et al., 1990); (2) Pegmatite (Larsen, 2002); (3) Peraluminous migmatite leucosome (Bea
etal., 1994); (4) Kfs-rich evolved leucosome (Carvalho et al., 2016). Mineral abbreviation follow Whitney &
Evans (2010). The complete dataset is available in Table S2. (B): Below detection limit; (- -): Not avaihble.
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