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The origin of Patagonia: insights from Permian to Middle Triassic magmatism of the North Patagonian Massif
Falco, Hauser, Sicvetti, Reimold, Folguera
Description of basin stratigraphy and petrography of the sampled rocks, together with a detailed description of the U-Pb and Lu-Hf methods.

1. Material and Methods
1.a. Log and sample description
The main characteristics of the rocks analyzed in this study are described below. Further descriptions of the stratigraphy, basin arrangement and petrography of the sampled layers were published in Falco et al. (2020). Field and microscope photos are shown here with permission of the Revista de la Asociación Geologica Argentina, as they were initially published in Falco et al. (2020).
1.a.1. The H. Álvarez log
A light-grey ignimbrite, matrix-supported with high-crystal concentration, is recognized at the bottom of this log, which belongs to the La Esperanza Complex. The crystals are quartz, biotite, K-feldspar, and plagioclase, and they are strongly fragmented. Pumice is scarce and barely flattened, subrounded, and seemingly weathered. Lithic clasts are derived from ignimbrite and lava; they are smaller than pumice fragments and strongly weathered. Glass in the matrix is devitrified to spherulites, and glass shards show pectinate texture; microcrystals of quartz are also present in the matrix. Sample PM3 was collected from the top of this layer (Fig. 1).
The second ignimbrite, from where sample PM4 was collected, occurs on top of a 1 m thick, massive ash-fall deposit (El Pilquin Member). This ignimbrite does not form a continuous stratum. The best exposures are found in small quarries north of Puesto H. Álvarez (Fig. 1). The ignimbrite is light-red and contains quartz, K-feldspar, plagioclase, and biotite crystals, some of which are strongly fragmented. Welded and subrounded, devitrified pumice is common. Lithic clasts are derived from lava and ignimbrite; occasionally, ignimbrite clasts exceed lapilli size. Clasts are partially fresh, angular, and show devitrification textures. At the top of the ignimbrite of sample PM3, a 10° angular unconformity was recognized (Fig. 1), which is interpreted as marking the western boundary of the LMB (Falco et al. 2020).
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Figure 1. Field and microscope photos of the ignimbric layers where sample PM3 (a) and PM4 (b-d) were collected, in the H. Álvarez log. (a) general view of outcrops close to the Puesto H. Álvarez, the inset shows petrographic details of this deposit. (b) Photo of the quarry where the ignimbrite layer of sample PM4 is better exposed, the yellow dashed line (also in d) delimits the lower El Pilquin Member and the sampled deposit that belongs to the Sierra Colorada Formation. (c) Petrographic details of the Sample PM4. Bt: biotite, Lít: lithic fragment, Pz: pumice clast, Qz: quartz. Green scale bar: 500 µm.

1.a.2. The Tscherig Log
Above 25 m of alternating laminated mudstone and massive sandstone of the Cerro La Laja Member occurs the first massive to poorly stratified ignimbrite of this log; this ignimbrite belongs to the Barrancas Grandes Member (Fig. 3). The rock is matrix-supported and composed of strongly fragmented crystals and glass shards. While the lower part of this ignimibrite shows variations from massive to stratified facies, the upper section has well-developed columnar jointing. Moderately fragmented crystals are quartz, biotite, K-feldspar, and plagioclase. Pumice and glass shards show devitrification textures of pectinate or spherulitic types. Sample NH17 was collected from the upper part of this deposit (Fig. 3). Above this ignimbrite, El Pilquin Member (Puesto Vera Formation) occurs with a thickness of up to 1 m. The upper, dark-red, massive ignimbrite belongs to the Sierra Colorada Formation, and sample NH2 was collected from it (Fig. 3). Crystal fragments are composed of quartz, biotite, plagioclase, K-feldspar, and hornblende. Lithic clasts are derived from ignimbrite, appear fresh, have sub-angular shape and lapilli size, and pumice is intensely flattened. The glass of the matrix shows intense welding and devitrification textures, and shows perlitic fractures and/or spherulites (Fig. 3).
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Figure 2. Field and microscope photos of the ignimbric layers where sample NH17 was collected in the Tscherig log. (a) Photo of the ignimbritic outcrop of the Barrancas Grandes locality, where the homonymous Barrancas Grandes Member was described and sample NH17 was collected. (b) Photo of the Barrancas Grandes Member to the north of the Los Menucos basin. Bt: biotite, Lít: lithic fragment, Pz: pumice clast, Qz: quartz, Kfs: k-feldspar, Hbl: horblende. Green scale bar: 500 µm.

1.a.3. The Vera Log
The log starts with a massive to poorly stratified ignimbrite body, which was assigned to the Barrancas Grandes Member. This ignimbrite has textural similarities to the lower ignimbrite of the Tscherig Log and was interpreted as correlative layers (Labudia & Bjerg, 2001; Falco et al., 2020). The last ignimbrite at the top of this log is the uppermost layer of the LMB. It is a light-brown ignimbrite with a variable thickness of up to 70 m at Puesto Paranao (Fig. 4). For this area, Luppo et al. (2018) obtained a U-Pb (SHRIMP) concordia age of 248.3 ± 1.6 Ma. Crystals are strongly fragmented and composed of quartz, K-feldspar, plagioclase, biotite, and hornblende. Lithic clasts are derived from ignimbrites and lavas; the former is strongly devitrified, and the latter has a subrounded shape and is strongly weathered. The fabric is matrix-supported, and the matrix is composed of devitrified glass shards and quartz. Sample PV1 was collected from the top of this log (Fig. 4).
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Figure 3. Field and microscope photos of the ignimbric layer where sample NH2 was collected, belonging to the Sierra Colorada Formation. Photo of the ignimbritic outcrop in the Puesto Vera (a) and in the Puesto Parano localites. (c) Petrographic detail of the same outcrop where sample NH2 was collected, (d-e) photos of the same layer but in the Paranao and Vera localities, respectively. Bt: biotite, Lít: lithic fragment, Pz: pumice clast, Qz: quartz, Kfs: k-feldspar, Hbl: horblende, Pl: plagioclase. Green scale bar: 500 µm.
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Figure 4. Field and microscope photos of the ignimbric layer where sample PV1 was collected, belonging to the upper part of the Sierra Colorada Formation. Photo of the ignimbritic outcrop in the Puesto Vera (a) and in the Puesto Parano localites. The inset shows the petrographic detail of the same outcrop where sample PV1 was collected. Bt: biotite, Pz: pumice clast, Hbl: horblende, Pl: plagioclase. Green scale bar: 500 µm.

2. Analytical Methods
Zircon concentrates were extracted from 5 kg samples of ignimbrite. The procedure included: crushing/grinding, sieving at different sizes (100 to 400 µm), gravimetric and magnetic separation. After separation, the grains were placed on a glass slide and then cast into an epoxy mount, polished to approximately half-thickness, and the polished surfaces were characterized by BSE and cathodoluminescence (CL) imaging using a FEI QUANTA 450 scanning electron microscope (SEM) - all at the Laboratory of Geochronology and Isotope geochemistry of the University of Brasilia, Brazil. 
U-Pb and Lu-Hf isotope analyses on zircon were performed using a Thermo-Fisher Neptune MC-ICP-MS coupled with an Nd:YAG UP213 New Wave laser ablation system, at the same Laboratory. The U-Pb analyses were carried out by the standard-sample bracketing method (Albarède et al., 2004) using the GJ-1 standard zircon (Jackson et al., 2004) in order to quantify the amount of ICP-MS fractionation. Tuned masses were 238, 207, 206, 204 and 202. The integration time was 1 second, and the ablation time was 40 seconds. A 25 μm spot size was used, and the laser setting was 10 Hz and 2-3 J/cm2. Two to four unknown grains were analyzed between GJ-1 analyses. The 206Pb/207Pb and 206Pb/238U ratios were time corrected. On smaller zircon crystals (about 50 μm), single-spot laser-induced fractionation of the 206Pb/238U ratio was corrected using the linear regression method (Košler et al., 2002). The raw data were processed off-line and reduced using an Excel worksheet (Bühn et al., 2009). During analytical sessions, the zircon standard 91500 (Wiedenbeck et al., 2004) was also analyzed as an unknown.
Common 204Pb was monitored using the 202Hg and (204Hg+204Pb) masses. Common Pb corrections were not done due to very low signals for 204Pb (< 30 cps) and high 206Pb/204Pb ratios. Reported errors are propagated by quadratic addition [(2SD^2+2SE^2)1/2] (SD = standard deviation; SE = standard error) of external reproducibility and within-run precision. External reproducibility is represented by the standard deviation obtained from repeated analyses (n = 20, ~1.1 % for 207Pb/206Pb and up to ~2 % for 206Pb/238U) of the GJ-1 zircon standard during the analytical sessions, and the within-run precision is the standard error calculated for each analysis. Concordia diagrams (2σ error ellipses) and weighted average ages were calculated using the Isoplot-3/Ex software (Ludwig, 2003).
Zircon crystals previously analyzed for U-Pb isotopes and that show concordance of 206Pb/238U and 207Pb/235U ages between 90 and 110% were selected for Lu-Hf analysis. Before the Hf isotope measurements, replicate analyses of a 200 ppb Hf JMC 475 standard solution doped with Yb (Yb/Hf=0.02) were carried out (176Hf/177Hf=0.282162±13 2s, n = 4). During analytical sessions, replicate analyses of the GJ-1 standard zircon were executed, obtaining an average 176Hf/177Hf ratio of 0.282006±16 (2σ; n = 25), which is in good agreement with the reference value for the GJ standard zircon by Morel et al. (2008). Lu-Hf isotope data were collected over 40-50 seconds of ablation time and using a 40-50 μm spot size. Measurement spots were carefully positioned in the same growth area but not onto the same spot previously analyzed for U-Pb isotopes. The signals of the interference-free isotopes 171Yb, 173Yb and 175Lu were monitored during analysis in order to correct for isobaric interferences of 176Yb and 176Lu on the 176Hf signal. The 176Yb and 176Lu contributions were calculated using the isotope abundance of Lu and Hf proposed by Chu et al. (2002). Contemporaneous measurement of 171Yb and 173Yb provides a method to correct for mass-bias of Yb using a 173Yb/171Yb normalization factor of 1.132685 (Chu et al., 2002). The Hf isotope ratios were normalized to 179Hf/177Hf of 0.7325 (Patchett, 1983).
Values for Hf(T) were calculated using the decay constant λ = 1.865x10-11 year−1 proposed by Scherer et al. (2006) and the 176Lu/177Hf and 176Hf/177Hf CHUR values of 0.0332 and 0.282772 proposed by Blichert-Toft and Albarède (1997). Two-stage model ages (TDM) were calculated from the zircon's initial Hf isotope composition, using an average crustal Lu/Hf ratio (Nebel et al., 2007; Gerdes and Zeh, 2009). The values of 176Lu/177Hf = 0.0384 and 176Hf/177Hf = 0.28325 were used for depleted mantle (Chauvel & Blichert-Toft, 2001), and 176Lu/177Hf = 0.0113 for average crust (Taylor & McLennan, 1985; Wedepohl, 1995). 
The initial Hf composition of zircon represents the 176Hf/177Hf value calculated for the time of zircon crystallization. For concordant to nearly concordant analyses, the 206Pb/238U and 207Pb/206Pb ages were used for the recalculation of Hf isotope compositions at <1 Ga and >1 Ga grains, respectively. For more information, see Matteini et al. (2010).
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