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>g 15 We report the first study integrating in situ U-Pb and Hf isotope data from magmatic zircon and
3016  whole-rock Sm—Nd isotope data for granitic rocks of the Sierras Pampeanas, Argentina, in order to
17  evaluate the Palaeozoic growth of the proto-Andean margin of Gondwana. Generation of Ordovician
3518 magmas dominantly involved crustal reworking and stabilization rather than the formation of new
3719  continental crust by juvenile material accretion, whereas Late Palaeozoic magmatism produced some
4020 limited continental growth, especially during the Early Carboniferous. Overall, the proto-Andean

42 21 margin was shaped predominantly by the reworking of existing old crustal rocks rather than crustal

4522 growth.
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29 1. Introduction

30 As the pre-eminent U-Pb geochronometer zircon plays a key role in crustal evolution studies.
831  Recent analytical advances permit investigation of complex zircon grains at high spatial resolution,
11 32 where the goal is to link U-Pb ages to other geochemical information, such as Hf isotopic

1333 composition. Thus zircon can provide time-stamped ‘snapshots’ of Hf isotope signatures of magmas
16 34  throughout Earth’s history, even at the scale of individual growth zones within a single grain. This
1835 information is an invaluable help to geochemists trying to distinguish magmatic events that added
36  new mantle-derived material to the continental crust from those that recycled existing crust (e.g.,
2337  Scherer etal., 2007; Siebel and Chen, 2010).

38 In this article we report in situ U-Pb and Hf isotope data from zircons and whole-rock Sm/Nd data
2839  from their host granites to evaluate the origin of the granitic magmas and consequently the building
30 40 of the proto-Andean margin of Gondwana during three main Palaeozoic magmatic events known in
3341  the Sierras Pampeanas of NW Argentina.

35 42

2g 43 2. Regional setting

40 44 The proto-Andean margin of Gondwana is a good example of an accretionary orogen that has

45  been active since at least the Early Ordovician up to the present (Cawood, 2005), leading to the

45 46 formation of different plutonic rocks during the Palaeozoic. Geochronological data and their

47 47 interpretation in terms of major magmatic episodes allow the recognition of four main granitoid

50 48  groups in the Eastern Sierras Pampeanas of NW Argentina (Fig. 1): Early Cambrian (Pampean),

52 49  Early-Middle Ordovician (Famatinian), Middle-Late Devonian (Achalian) and Early Carboniferous.
5550  We have studied granitic rocks from the last three of these groups. Famatinian granitoids are typical
57 51  calc-alkaline granites, formed in an active continental margin; those emplaced during the Achalian

52  and Early Carboniferous events have dominantly A-type signatures.
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The Famatinian arc (Fig. 1) is widely accepted to have been constructed on continental crust
(Pankhurst et al, 1998; Dahlquist and Galindo, 2004; Miller and Séllner, 2005; Dahlquist et al.,
2008).In the Famatinian magmatic belt of the Sierras Pampeanas, Pankhurst et al. (2000) identified
three distinct granite-types: dominant I-type, small-scale S-type, and tonalite-trondhjemite-
granodiorite (TTG, confined to the Sierras de Cdrdoba, see Fig. 1 of Pankhurst et al., 2000). These
three granite types can be distinguished petrologically, geochemically, and spatially, although all
were emplaced within the 484-463 Ma interval (see also Dahlquist et al., 2008). Detailed
petrological and geochemical studies of these rocks are given by Acefolaza et al. (1996), Saavedra et
al. (1998), Pankhurst et al. (1998, 2000), Dahlquist and Galindo (2004), Miller and SélIner (2005),
Dahlquist (2002), Dahlquist et al. (2005, 2007, 2008), and Ducea et al. (2010).

The widespread Famatinian magmatism yielded extensive I-type intrusions (mostly tonalite,
granodiorite and minor monzogranite and gabbro) with éNd; = -3 to -6 (data from Pankhurst et al.
1998, 2000; Dahlquist and Galindo 2004; Dahlquist et al., 2008). Some gabbros in the Sierra de
Valle Fértil reached a more radiogenic value of éNd; = -2.4, and subordinate small-scale isolated
Ordovician plutons of Na-rich granite located in the Pampean belt foreland (TTG suites) have eNd; =
+1.6 to -0.2. Most of the granitic rocks have Tpy model ages between 1.7 and 1.5 Ga and Nd
isotopic signatures suggesting derivation from a composite Palaeo-Mesoproterozoic lithospheric
section that included lower and upper crustal sources as well as the sub-lithospheric mantle (Rapela
et al. 2008a; Dahlquist et al. 2008 and references therein). Thus, with the exception of the minor
TTG suites, it is usually argued that the Famatinian magmatic arc reworked old lithospheric sources,
with very little addition of juvenile material, although this view may need a degree of modification
since the discovery of more juvenile Nd isotope compositions in the extreme west of the Sierra de

Valle Fértil (Casquet et al., submitted).
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Dahlquist et al. (2008) concluded that: (i) the Famatinian magmatism was brief (~ 484 to ~ 463
Ma), in remarkable contrast to the long-lived Mesozoic-Cenozoic cordilleran magmatism of the
Andes; and (i) the Early to mid-Ordovician development of ensialic marine basins was synchronous
with the emplacement of voluminous lithosphere-derived magmatism in the central region of the
Famatinian orogenic belt, which strongly contrasts with the Andean-type model for the production of
magmas (Dahlquist and Galindo, 2004; Rapela et al., 2008a). This magmatism was completely
extinguished during the mid-Ordovician and the marine sedimentary basins closed in the early Late
Ordovician.

The ca. 2500 m? Achala batholith in the Sierras de Cérdoba (Fig. 1) was emplaced during the
Middle—Late Devonian 368+25 Ma U-Pb zircon, Dorais et al. (1997); 3935 Ma U-Pb SHRIMP
zircon, Stuart-Smith et al. (1999); 382+5 Ma Siegesmund et al. (2004); 369+9 Ma Rb-Sr whole-
rock, Pinotti et al. (2006) and 379+4 and 369+3 Ma U-Pb SHRIMP zircon, Rapela et al. (2008b)
(Fig. 1). It is the largest of a series of intrusive granitic bodies in the Sierras Pampeanas that are
conspicuously discordant to structures and rocks formed during the Cambrian (Pampean) and
Ordovician (Famatinian) metamorphic events. Contact aureoles indicate shallow emplacement,
usually less than 2 kbar (e.g., Baldo, 1992; Pinotti et al., 2002). Rapela et al. (2008b) concluded that
the Achala batholith has an A-type signature. Sims et al. (1998), Stuart-Smith et al. (1999), and
Siegesmund et al. (2004) considered the voluminous Devonian intrusive rocks in the Sierras de
Cordoba and the eastern area of the Sierras de San Luis to have been emplaced during compression
associated with Late Devonian low-grade shear zones, together defining the Achalian orogeny.
According to this interpretation the Devonian granites, such as the Achala (Sims et al., 1998) and
Cerro Aspero batholiths in Sierra de Cérdoba (e.g., Pinotti et al., 2002, 2006), and the Las Chacras
(Siegesmund et al., 2004) and Renca (Stuart-Smith et al., 1999) batholiths in Sierra de San Luis (Fig.

1), are not post-orogenic intrusions of the Famatinian Orogeny as proposed by Pankhurst and Rapela
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(1998), but belong to a distinct tectonomagmatic event. The Late Devonian compressional event is
controversial and has been related to: i) collision of the suggested Chilenia terrane with the proto-
Pacific margin (Willner et al., 2011), ii) final collision between the Famatinian magmatic arc and the
Pampean hinterland (Hockenreiner et al., 2003) and, recently, iii) push—pull tectonic switching
episodes during Devonian and Carboniferous time, resulting from flat-slab/roll-back subduction in
the Pacific margin (Alasino et al., 2012). The A-type geochemical signature of the Achala batholith
(Rapela et al., 2008b) strongly suggests generation of intacratonic magmas in a dominantly
extensional regime with subsequent lithosphere thinning (Early-Middle Devonian?), followed by
Late Devonian horizontal shortening and Early Carboniferous lithosphere stretching (see tectonic
switching model of Collins, 2002).

In Carboniferous times, isolated and scattered granitic pluton with anorogenic signature occurred
along more than 1000 km in the Sierras Pampeanas of NW Argentina (see Dahlquist et al., 2010, Fig.
1). It is represented by small and scattered plutons, usually sub-circular, intruded mainly along
prominent shear zones active in the Early Carboniferous (Dahlquist et al., 2010). Host rocks to this
Carboniferous magmatism formed during three main periods of magmatic and metamorphic activity:
Middle Cambrian (Pampean orogeny), Early—Middle Ordovician (Famatinian orogeny), and Middle—
Late Devonian (Achalian event) (Pankhurst et al., 1998, 2000; Rapela et al., 1998; Sims et al., 1998;
Dahlquist et al., 2008; Rapela et al., 2008b; VVaughan and Pankhurst, 2008; Spagnuolo et al., 2011;
Tohver et al., 2011; Alasino et al., 2012).

The geodynamic setting of the Carboniferous magmatism remains controversial. Some authors
have suggested that it resulted from crustal reheating as the final phase of a protracted Famatinian
orogeny extending from Ordovician to Early Carboniferous (e.g., Grissom et al., 1998; Llambias et
al., 1998; Hockenreiner et al., 2003; Grosse et al., 2009). Others have argued for a distinctive and

extended Achalian orogenic event in the Devonian—Early Carboniferous (e.g., Sims et al., 1998;
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Stuart-Smith et al., 1999; Siegesmund et al., 2004; LApez de Luchi et al., 2004; Dahlquist et al.,
2006; Rapela et al., 2008b). Recently, Dahlquist et al. (2010) claimed that the Early Carboniferous
A-type granites of the Eastern Sierras Pampeanas represent a tectonothermal event distinct from both
Famatinian and Achalian magmatism. Field and geochemical data for the Early Carboniferous
granites of the Eastern Sierras Pampeanas are indicative of a distinctive extensional within-plate
magma setting where compressive tectonic regime is absent (Dahlquist et al., 2010).

In summary, Devonian and Carboniferous magmatism would have been developed in an
intracratonic orogen related to continental margin subduction according to the definition of Cawood
et al. (2009). Current interpretations (e.g., Alasino et al., 2012) suggest that both magmatic events

were linked to tectonic switching episodes in an active Pacific margin.

3. Analytical methods
3.1 Geochronology

Samples chosen for U-Pb zircon geochronology were prepared and analysed at the School Earth
and Environmental Sciences (SEES), Washington State University (WSU). As were crushed and
pulverized using a jaw crusher and disc mill followed by heavy mineral concentration using a
Gemini table. Additional density separation was carried out using methylene iodide and magnetic
separation using a Franz magnetic separator. Zircons (> 90% pure) were mounted in epoxy within
2.5 cm diameter rings, polished to expose zircon interiors, and imaged with a Scanning Electron
Microscope in cathode-luminescence (CL) mode at the University of Idaho.

All LA-ICP-MS U-Pb analyses were conducted at Washington State University using a New
Wave Nd:YAG UV 213-nm laser coupled to a ThermoFinnigan Element 2 single collector, double-
focusing, magnetic sector ICP-MS. Operating procedures and parameters are discussed in greater

depth by Gaschnig et al. (2010) and Chang et al. (2006) and are only briefly outlined here. Laser spot



40163

45165

47,
e
4

9
50167
51

52168

54
55169
56
57170
58
So71
61
62
63
64
65

size and repetition rate were 30 um and 10 Hz, respectively. He and Ar carrier gases delivered the
sample aerosol to the plasma. Time-independent (or static) fractionation is the largest source of
uncertainty in LA-ICP-MS U-Pb geochronology and results from mass and elemental static
fractionation in the plasma and also poorly understood laser-matrix effects (Kosler and Sylvester,
2003). It is corrected by normalizing U/Pb and Pb/Pb ratios of the unknowns to the zircon standards
(Chang et al., 2006). For this study we used two zircon standards: Peixe, with an age of 564 Ma
(Dickinson and Gehrels, 2003), and FC-1, with an age of 1,099 Ma (Paces and Miller, 1993).

Results are summarized in Table 1 and full data are given in Table 2 (we suggest Table 2 as
Electronic Appendix 1).

3.2 Hf Isotope Analysis

In-situ LA-MC-ICP-MS Hf isotope analyses were conducted at WSU using a New Wave 213 nm
UP Nd:YAG laser coupled to a Thermo-Finnigan Neptune MC-ICP-MS with 9 Faraday collectors.
The laser was operated at a pulse rate of 10 Hz and power density of 10-12 J/cm? with a spot size of
40 pum, except in a few cases where smaller grains and narrower zones required a smaller spot size of
30 um. The carrier gas consisted of purified He with small quantities of N, to minimize oxide
formation and increase sensitivity. Analyses consisted of 60 one-second measurements in static
mode.

The greatest obstacle in LA-MC-ICP-MS Hf isotopic analysis is the isobaric interference of Yb
and *"°Lu on "®Hf (e.g., Woodhead et al., 2004). Despite the extremely low Lu/Hf in zircon, ®Yb
can comprise more than 10% of the total signal at mass 176 and provides the largest source of
uncertainty in the measurement. A partly empirical approach was used to correct for the Yb
interference, in which a modified Yb isotopic composition was calculated with Yb mass bias
determined by the relationship Bvy= x* Pur. The value for x was determined by analyzing the zircon

standards 91500, FC1, Peixe, GJ1, Mudtank, R33, Pleisovice, QGNG, and Temora and adjusting the
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x value to best fit the known *"°Hf/*""Hf values previously determined on chemically purified
solutions. The x value and modified *"°Yh/*"®Yb were then used to calculate the Hf isotopic
composition of the unknowns.

Due to the difficulty in correcting for the Yb interference and other sources of error such as
instrumental bias and matrix effects, the internal measurement error by itself is often considerably
less than the total uncertainty, which is often difficult to estimate. Based on the deviation of
Y81/ ""Hf values determined by the in situ method on the standards from the values determined by
solution analysis, the total uncertainty for individual analyses is approximately + 3 & units.

Present day and initial en¢ values were calculated using CHUR compositions of "°Hf/*""Hfigay =
0.282785 and *"°Lu/*""Hf = 0.0336 (Bouvier et al., 2008) and a *"°Lu decay constant of 1.867e-11
(Scherer et al., 2001; Séderlund et al., 2004). The initial "°Hf/*""Hf at the time of zircon
crystallization were used to calculate the hypothetical present-day *"°Hf/*""Hf of the zircons’ parent
rock based on an average crustal *"°Lu/*""Hf of 0.015 (Goodge and Vervoort, 2006). The present day
YO1f/*""Hf and assumed rock *"°Lu/*"Hf values were then used to calculate a traditional TDM using
the equation: (1/8)*In[(*"°*Hf/*""Hf (sample)-1"°Hf/*""Hf (DM))/( *"°Lu/*"Hf (average crust)-
YOLu/*""Hf (DM))]. For the depleted mantle parameters, *"°Hf/*""Hf (DM) = 0.283225 and *"°Lu/*""Hf
(DM) = 0.038512 (Vervoort and Blichert-Toft, 1999).

3.3 Sm-Nd Isotope Analysis

Sm-Nd determinations of representative dated granitic samples with Hf isotope zircon data were
carried out at Washington State University. For Nd whole-rock isotopic analyses, ~ 0.25 g aliquots of
whole-rock powders were dissolved at high pressure in sealed, steel-jacketed Teflon bombs with a
10:1 mixture of concentrated HF and HNOj3 acids at 150°C for 5 to 7 days. After conversion from
fluorides to chlorides, samples were spiked with a mixed **°Sm-*°Nd tracer. LREE were initially

separated on cation exchange columns using AG 50W-X8 (200-400 mesh) resins; Nd and Sm were
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then separated from the LREE aliquot on columns with HDEHP-coated Teflon powder and HCI
(Vervoort and Blichert-Toft, 1999).

All analyses were conducted on a Thermo-Finnigan Neptune MC-ICP-MS. Nd analyses were
corrected for mass fractionation using **®Nd/***Nd = 0.7219 and normalized using Ames and La Jolla
Nd standards. Sm analyses were corrected for fractionation using **’Sm/**2Sm = 0.56081. All mass
fractionation corrections were performed using an exponential law.

The uncertainties on Nd isotopic measurements reflect in-run error only and are presented as two
standard errors as reported by Bouvier et al. (2008, Table 2). The full uncertainties are better
assessed from the reproducibility of the standards. Average reproducibility (2 standard deviations) of
3Nd/***Nd on Ames standard during the period of analysis was + 0.000020.

The decay constants used in the calculations are the values A**'Sm = 6.54x10™2 year™
recommended by the IUGS Subcommission for Geochronology (Steiger and Jaéger, 1977). Epsilon-
Nd (eNd) values were calculated relative to a CHUR: (***Nd/***Nd)osyCHUR = 0.512638;
(**Sm/M*Nd)1o02) CHUR = 0.1967 (Goldstein et al., 1984; Jacobsen and Wasserburg, 1980). Tpm was
calculated according to DePaolo et al. (1991).

The results are reported in Table 4, together with published (and in some cases recalculated) data
for other samples selected for Nd isotope analysis, as well as representative equivalent samples from
the same igneous bodies.

3.4 Geochemistry

Whole-rock major elements were determined for three igneous samples at the Washington State
University GeoAnalytical Lab, using a ThermoARL sequential X-ray fluorescence spectrometer,
following the procedure described by Johnson et al. (1999). Trace elements were determined in the
same samples using ICP-MS, following the procedure described in

http://www.sees.wsu.edu/Geolab/note/icpms.html.
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Additionally, whole-rock major and trace element compositions for two samples were determined
at Activation Laboratories, Ontario, Canada (ACTLABS), following the 4-Lithoresearch procedure.
Following lithium metaborate/tetraborate fusion samples are dissolved in a weak nitric acid solution.
Major elements, Be, Sc, V, Sr, Ba, and Zr are determined by Inductively Couple Plasma — Optical
Emission Spectroscopy (ICP-OES). All other trace elements are determined by Inductively Coupled
Plasma — Mass Spectrometry (ICP-MS). For major elements precision and accuracy are generally
better than 2% (relative). For trace elements precision and accuracy are generally better than +/- 6%

for all elements determined at 10 times above background.

4. U-Pb Geochronology

We investigated granitic rock samples that could be clearly assigned to each of the three groups
(i.e., Early-Middle Ordovician, Middle-Late Devonian, and Early Carboniferous ages), based on U—
Pb zircon ages (previously published SHRIMP data and new LA-ICP-MS analysis in this study).
Sample locations as well as the ages are summarized in Table 1 and Fig. 1. Full geochronological
data including U-Pb zircon Laser Inductively Coupled Plasma — Mass Spectrometry (LA-ICP-MS)

ages of 13 granitic rocks are found in Table 2.

5. Hf in zircon and whole-rock Nd isotope data

Hf isotopes were determined from the magmatic growth rim zone of 14 zircons (Table 3a, b and
summarized in Table 1, we suggest Table 3b as Electronic Appendix 2) of which had been first dated
by LA-ICP-MS U-Pb isotope analysis (Table 2). Only zircon areas shown to have crystallized during
the primary magmatic event were analysed for Hf isotopes. Inherited core zircon ages in Famatinian
granitic rocks define mainly Mesoproterozoic-early Neoproterozoic (ca. 1150-850 Ma) and

Neoproterozoic —early Cambrian (ca. 720-530 Ma) populations (data from Ducea et al., 2010), and
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inherited zircons with Ordovician ages have been reported from Carboniferous plutons by Grosse et
al. (2009) and Fogliata et al. (2012). Whole-rock chemistry of the rocks with Hf and Nd isotopes data
is reported in Table 5 (we suggest Table 5 as Electronic Appendix 3). Chemical data are not
discussed here, but they are included as complementary information for those rocks with Hf and Nd
isotope data.

The en values for magmatic zircons are plotted as a function of the corresponding whole-rock Nd
isotope composition at the time of crystallization (engt) and also as a function of crystallization age
(Table 3a, 5 and Fig. 2). As in the general study reported by Kemp et al. (2007), an important feature
of the Hf isotope data is the significant range of ens values exhibited by zircons within the same
sample (up to 10 € units). Such variations can only be reconciled by the operation of open system
processes that are capable of changing the "°Hf/*""Hf ratio of the melt from which the zircons
precipitated. Considering the scale of our work, where the objective is to evaluate the predominant
Hf isotopic compositions of the magma sources, we have selected what we consider to be the most
representative values for each sample, eliminating ‘extreme’ values (compare Table 3a and 3b) that
diverge by more than ~ 3 gy units (i.e., the total uncertainty estimated for individual analyses, see
Section 3), with exception of FAM-7086 and VEL-6017 (see explanation below). In some cases no
such filtering was necessary (Table 3a, b). However, extreme values observed in some samples
(Table 3b) are taken into account in this study because they could represent variability in the main
magma source (e.g., juvenile material contribution, deep metasediments, pre-existing crystalline
basement) or contaminants (e.g., upper crustal wall-rocks).

The Early-Middle Ordovician magmatism is by far the most voluminous of the Sierras Pampeanas
(Fig. 1) and is thus highly significant for crustal evolution in this region. These granitic rocks are
calc-alkaline (composition in Table 5) and represent an active continental margin. For these samples

enrand engt values range from -3.3 to -14.7 and -3.3 to -6.3, respectively, with average Tpm Hf and
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Tom Nd ranging from 1.5t0 2.2 Gaand 1.4 to 1.7 Ga, respectively (Tables 1, 3a, 4 and Fig. 2). In
particular, sample FAM-7086 has very low zircon ens and whole-rock eng; Values, indicating
probable derivation from a Precambrian supracrustal source. However, the more mafic rocks such as
SVF-577 (SiO; = 42.6%) also have Hf and Nd isotope compositions requiring a major crustal
component. The average eng; Value (calculated with t = 473 Ma) for Famatinian granitoids using data
from Dahlquist et al. (2010) is -5.1 and Tpy is 1.6 Ga (Table 4). The few extreme values observed in
some samples of Ordovician age (ANC-11030a, FAM-7086, and SVF-577, Table 3b) do not
significantly change the conclusion that old continental sources were involved in Famatinian
magmatism, predominantly contaminated by different older continental materials with distinctive
isotopic signature (e.g., deep crystalline basement or upper crustal wall-rocks such as
metasediments).

During the Middle-Late Devonian, magmatism was developed in a foreland position away from
the orogenic front in the west (Fig. 1). F-U-REE rich A-type granites formed at this time
(composition in Table 5). The Achala granite, the largest batholith in the Sierras Pampeanas, is
discordant to country rock fabrics formed during the Cambrian (Pampean) and Ordovician
(Famatinian) events (Rapela et al., 2008b). It has eus and engt Values ranging from -3.6 to -5.8 and
-4.0 to -6.5, respectively (Tables 1, 3a, 4 and Fig. 2). Isotopic data from the Achala batholith show
engt vValues of -4.0 to -6.5 (mean = -4.8, data in Table 4) for the main granitic facies (all values
calculated with t = 369 Ma). Significantly more gns negative values were observed in one sample
only (ACH-140, Table 3b), suggesting contamination by much older metasediments at depth.

The Early Carboniferous A-type granites (composition in Table 5) were intruded when the region
was already cratonized and occur as small scattered plutons (Fig. 1) emplaced in a dominantly
extensional setting, within older metamorphic and igneous rocks; many of them are aligned along a

large reactivated shear zone (Rapela et al., 2001; Dahlquist et al., 2010). These granites have eygand
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engt vValues ranging from -6.7 to +2.6 and -0.5 to -3.6, respectively (Tables 1, 3a, 4 and Fig. 2). The
average engt for Carboniferous granitoids (all values calculated with t = 343 Ma) using data from
Dahlquist et al. (2010) is -2.3 (Tables 1 and 4). Extreme values are observed in the samples of
Carboniferous age (FIA-17, HUA-12, and ZAP-33, Table 3b), suggesting variable crustal
contamination. An exception is FAM-177, which has an isotopic signature that suggests juvenile
material in the source (Table 3a). VEL-6017 has two contrasting isotopic compositions suggesting

crustal and juvenile material in the source (Table 3a).

6. Implications for crustal growth in the proto-Andean margin of Gondwana

Zircon Hf and whole-rock Nd isotopic signatures in the Early-Middle Ordovician calc-alkaline
granitic magmas were predominantly derived from pre-existing continental crust and thus represent
to a large extent recycling of old crustal rocks (Fig. 2) as suggested by Pankhurst et al. (2000),
Rapela et al. (2008a), and Dahlquist et al. (2008). As argued by Rapela et al. (2008a), the classical
Andean model for the magmas generation, invoking strong mantle contribution (e.g., Pitcher, 1979;
Wilson, 1989; Parada et al., 1999; Hervé et al., 2007; and references therein) does not seem to apply
to these Ordovician calc-alkaline granites. However, this view may need a degree of modification
since the recent discovery of more juvenile Nd isotope compositions in the extreme west of the
Sierra de Valle Fértil (Casquet et al., submitted).

Taking into account the results reported in Section 4, the scenario showed in Fig. 3a is proposed
for generation of the voluminous Ordovician calc-alkaline magmas. A suite of igneous rocks of
Grenvillian age (1.2-1.3 Ga) crops out in the nearby Western Sierras Pampeanas (Rapela et al.,
2010), and we suggest that such rocks could have been the main source for Famatinian magmatism.
Previous U-Pb and Hf determinations on zircon from small outcrops of Famatinian metaigneous

rocks in La Pampa province (U-Pb zircon SHRIMP ages ranging from ca. 476 to 466 Ma) reveal



11319
1320
14
15
16821
17

1322
19

2
2%23
22
2324
24

2
2%25
27
28326
29

30327
31

32
3328
34
3329
36
37
330

39

4831
41

4
4332
44
4333

46
47
334
48
49

5335
51

5436
53
54
5337

56

57338
58

>539
61
62
63
64
65

similar results (Chernicoff et al., 2010), with negative ey (from -3.6 to -5.0) and average Lu-Hf two
stages model ages of ca. 1.7 Ga.

Hf and Nd data from the Achala granites suggest that these A-type granitic magmas were also
largely derived from the recycling of old crustal rocks (Fig. 2). Consistent with this conclusion are
the zircon age patterns of porphyritic granites reported by Rapela et al. (2008b), which show
inherited components commonly found in the Cambrian metasedimentary country rocks of the
batholith and therefore are a likely source component for these granites. However, Rapela et al.
(2008b) have suggested the Achalian granites cannot be entirely derived from a Pampean basement
source, as the Nd isotopic composition of the basement is well bracketed within an even more
‘crustal’ isotopic range (engsz0 = -4.5 t0 -7.5; Rapela et al., 2008b). Rapela et al. (2008b, data listed in
Table 4) reported similar eng; (-4.0) for monzogranites from the same batholith. They found rather
more radiogenic Nd in small-scale tonalite and leucogranites bodies (engt = -1.2 to -1.9, mean = -1.6,
and engt = -1.1 to -1.4, respectively). These minor intrusions could represent a more juvenile magma
contribution ascending through of hypothetical local conduits.

The acid-to-intermediate component in a mixture is likely to dominate the Sm-Nd composition of
the resultant magma due to its higher Sm and Nd contents. As reported by Kemp et al. (2007), when
supracrustal material is reworked by juvenile magmas the Nd isotope ratios of the resulting bulk
magma can camouflage the juvenile component. Conversely, the zircon can crystallize sufficiently
early and to retain vestiges of the original isotope signature (Kemp et al., 2007). Thus, the zircon Hf
data could be considered more robust in constraining the source of the Middle-Late Devonian A-type
magmas. The eyg and eng; Values (Table 3a, b, 4 and Fig. 2) strongly suggest a dominant older crustal
component (average Tpm Hf and Tpy Nd values ranging from 1.5 to 1.6 and 1.4 to 1.6, respectively),
and a scenario similar to that shown in Fig. 3b is assumed for the generation of A-type magmas

during the Middle-Late Devonian. As noticed by Nelson (1992), high abundances of P,Os (up to 3.3
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wt.%) and of volatiles such as F (up to 1%) could readily explained by the involvement of sediment
in the source. Achala granites have biotite with very high F content (mean = 2.1%); they bear
unusual enclaves characterized by 89-93% biotite with high FeO/MgO ratios (mean 3.1) and 7-11%
apatite with high F contents (mean 3.5%); and they have abundant zircon and monazite together with
scarce oxides as accessory minerals (data from Dorais et al., 1997). The modal mineralogy produces
unusual bulk-rock compositions, including enhanced P,Os = 5.4 wt.%, F ~ 6-7 wt.%, and very high
U =181 ppm, Zr (2,581 ppm) and XREEs = 4,500 ppm contents (see NPE-10 sample in Table 5).
We have therefore incorporated a petrogenetic scenario involving sediment contamination (Fig. 3b)
following the geotectonic model discussed by Alasino et al. (2012) for the Late Paleozoic.

Grosse et al. (2009) and Fogliata et al. (2012) reported the presence of zircons with Carboniferous
crystallization ages containing inherited zircon with Ordovician ages, and they consequently invoked
significant participation of Ordovician meta-granitoids in the source of the Early Carboniferous A-
type granites. However, the Carboniferous magmas could not have been entirely derived by
remelting of the Ordovician granites because their eng; Values are less negative (+0.6 to -4.8 at 323 to
354 Ma) than those of the Famatinian granitoids of 320-360 Ma (-4.8 to -8.5, Dahlquist et al., 2010).
Thus, the additional participation of an asthenospheric component is required to satisfy the eng: and
enrt values calculated for the Early Carboniferous granitoids. Recently, Alasino et al. (2012)
concluded that the Carboniferous granitic rocks overall show west-to-east mineralogical and isotopic
regional zonation indicating that magma genesis involved a greater contribution of juvenile material
of mantle character towards the west. The eus Values reported here are consistent with the
conclusions of Alasino et al., (2012) implying continental growth by addition of juvenile material in
a foreland region, in particular for the Cerro La Gloria pluton with ens = +2.6 (Fig. 1 and Table 3a).
Thus, a petrogenetic model similar to that of Kemp et al. (2007), for plutonic rocks of the Lachlan

Fold Belt (SE Australia), invoking interaction between crust of hypothetical Ordovician and
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Mesoproterozoic ages and juvenile magmas could also be applied to the generation of Eastern Sierras
Pampeanas magmas during the Early Carboniferous (Fig. 3c).

A striking feature evident from the new data is that the Early-Middle Ordovician magmas from
which most zircons crystallized were largely derived by melting of pre-existing old crustal rocks,
without direct participation of the asthenospheric mantle. As noted above, the Early-Middle
Ordovician magmatism is by far the most voluminous magmatism in the Sierras Pampeanas (Fig. 1)
and represents the main magmatic event for the crustal development in this region of the proto-
Andean margin of Gondwana. The Middle-Late Devonian magmas resulted from reworking of
supracrustal material in a foreland region, probably modified by a limited juvenile magma
contribution. The Early Carboniferous magmas resulted in part from reworking of supracrustal
material in a largely cratonized region, but with variably more significant proportions of juvenile

magmas.
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Fig.

Fig.

Fig.

FIGURE CAPTIONS

1. Simplified geological map of central-west Argentina (Sierras Pampeanas), central Chile, and
the location of the studied Early-Middle Ordovician calc-alkaline granites and Middle-Late
Devonian (Achala batholith) and Early Carboniferous A-type granites. Coupled in situ U-Pb
ages and Hf isotope data for zircons and whole-rock Sm/Nd data are included. Sources: *U-Pb
zircon SHRIMP (Pankhurst et al., 2000); ¥N.D. = Not determined; 8U-Pb zircon SHRIMP
(Alasino et al., 2012); **U-Pb zircon SHRIMP (Rapela et al. 2008b), otherwise data reported in
this paper. Inset: Schematic geological map of South America showing the location of Sierras

Pampeanas in Argentina.

2. (a) The average Hf isotope composition of melt-precipitated zircons from samples of each
suite as a function of whole-rock Nd isotope composition at the time of crystallization of the
granitic rocks of Sierras Pampeanas. (b) eHft values for magmatic zircons are plotted as a
function of crystallization age. VEL-6017 defines two Hf compositions populations (see text).

The depleted mantle evolution curve is from Kemp et al. (2006).

3. Upper figure: Possible schematic geodynamic scenario for magma generation in the proto-
Andean margin of Gondwana at between 32° and 26°S (see Fig. 1). Lower figure: Cartoon of
the standard profile of the continental crust, modified from Wedepohl (1995). Generalized
location for each magmatic event in Fig. 1: (a) Early-Middle Ordovician magma generation in a
roll-back subduction setting, (b) Middle-Late Devonian and (c) Early Carboniferous magma
generation in a dominant extensional regime with subsequent lithosphere thinning. The final

emplacement of Achala granites is in dominant compressional regimen (see discussion in the
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text). The ascent of magmas during the Early Carboniferous (and probably during the Middle-
Late Devonian) was facilitated by shear zones (see discussion in the text). The probable source
for each setting is: (a) Early-Middle Ordovician: Mesoproterozoic continental crust (Tpm Hf =
1.5-2.2 Gaand Tpm Nd = 1.4-1.7 Ga), with no significant asthenospheric mantle contribution;
(b) Middle-Late Devonian and (c) Early Carboniferous: mainly the Sierra de Cordoba basement
and Ordovician granites, respectively. (b) and (c) support Mesoproterozoic continental crust
source (see Tpm Hf and Tpy Nd in Table 3a, b and 5) and a progressive mantle contribution (see
discussion in the text). The presence of paleo-sediment in the source for settings (b) and (c) was
included in agreement with the geotectonic scenario discussed by Alasino et al. (2012).

References for the three figures in Fig. 3a.
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Table

Table 1.
Integrated in situ U-Pb and Hf isotopes in zircon and whole-rock and isotopes data for the studied rocks (see Fig. 1)

U-Pb Ages* U-Pb Ages’ eNd(t)® gHf(t) Tom Nd Tpm Hf Latitude Longitude

Early-Middle Ordovician granitic rocks
Samples
SVF-577 464 +5 478 + 4 -5.4 -5.7 1.6 1.7 30° 39' 28" 67°36' 17"
VMA-1018 476 £ 6 484 +3 N.D.* -7.3 N.D. 1.8 28°43' 31" 66° 34' 31"
FAM-7086 483+ 8 481+ 4 -5.9 -14.7 1.7 2.2 29° 01' 25" 68° 10' 19"
ANC-11030a 466 * 6 N.D. -4.9 -3.3 1.6 1.5 28° 57' 56" 65° 25' 08"
Middle-Late Devonian granitic rocks
ACH-140 3666 N.D. -5.0 -3.8 15 15 31° 36' 37" 64° 49' 49"
DAL-1 372+6 N.D. -4.9 -3.6 15 15 31° 25' 50" 64° 53' 00"
NPE-14 3695 N.D. -6.3 -5.9 1.6 1.6 31° 26' 02" 64° 49' 29"
NPE-10 369** N.D. -5.7 -3.8 1.6 1.5 31° 25' 46" 64° 49' 50"
Early Carboniferous granitic rocks

FIA-17 (Los Arboles pluton) 322+3 -1.6 -5.0 1.2 1.6 27° 44' 31" 67° 30' 04"
VEL-6017 (San Blas pluton) 3402 3403 -1.6 -5.2 and +0.5 1.2 1.6and 1.3 28° 27' 14" 67° 06' 02"
ZAP-33 (Zapata granitic complex) 332+3 -3.6 -5.8 1.4 1.6 27°53'18" 67°21' 15"
FAM-177 (Cerro La Gloria pluton) 353+4 349 + 371 -0.5 2.6 1.2 1.1 29°04'57.1" 67°57'03.9"
HUA-12 (Huaco granitic complex) 357+3 -2.9 -3.3 1.3 15 29°11' 23" 67° 01' 45"
CHI-17 (La Chinchilla stock) 345 + 1% -2.8 -6.7 1.3 1.7 29° 10' 09" 66° 58' 20"
NOTE: Compilation of data from Tables 3 and 4. VMA-1018 is not available for Sm/Nd determinations. VEL-6017 defines two Hf compositions populations (see Table
3).

*U-Pb zircon LA-ICP-MS, this work.

fU-Pb zircon SHRIMP (Pankhurst et al., 2000; Dahlquist et al., 2008).

St = 473, data from Table 4.

*N.D. = not determined.

**Average from ACH-140, DAL-1, and NPE-14. An U-Pb zircon age = 368 Ma was obtained by Dorais et al. (1997) for a rock such as NPE-10.
"fU-Pb zircon SHRIMP from Alasino et al. (2012).

$8U-Pb monazite LA-ICP-MS from Grosse et al. (2009).



Table

Table 2 Electronic Appendix 1.
LA-ICP-MS zircon results for the biotite-bearing tonalite of the Las Cafiadas granitic complex.

Grain & 1o “pyy 1o 2PoA*U  1s  Pb”®Pb 1o
spot 206pp 206ppy age age

ANC 11030a (P)

ANC-11030a_2a* 13369 0405  0.05630 0.00083 465 14 464 32
ANC-11030a_4b 13680 0415  0.06035 0.00075 455 13 616 26

ANC-11030a_5a* 13530 0411  0.05637 0.00071 460 13 467 28

ANC-11030a_7a 13146 0305  0.05803 0.00037 473 11 455 15

ANC-11030a_9a 12805 0292  0.05728 0.00083 485 11 531 14

ANC-11030a_16a 13727 0318  0.06206 0.00086 453 10 502 31 Concordia Age = 465 + 5 Ma
ANC-11030a_19a 13658 0252  0.05690 0.00081 456 8 676 29 (26, decay-const. errs included)
ANC-11030a_24a* 13215 0279  0.05663 0.00076 470 10 488 31 MSWD (of concordance) = 1.3,
ANC-11030a_25a* 13438 0203  0.05690 0.00079 463 7 477 30 Probability (of concordance) = 0.26
ANC-11030a_27a 13689 0201  0.05690 0.00079 455 6 488 31

ANC-11030a_8a 13339 0269  0.05712 0.00047 467 11 496 18

ANC 11030a (F)

ANC-11030a_2a* 13.344 0.206 0.05601 0.00032 466 7 453 13

ANC-11030a_5a * 13.505 0.209 0.05608 0.00024 461 7 456 10

ANC-11030a_7a* 13.170 0.117 0.05638 0.00029 472 4 467 11 Concordia Age = 466 £ 5 Mat
ANC-11030a_8a* 13.339 0.135 0.05744 0.00033 466 5 509 12 (95% Con'ﬁdence1 decay_const_ errs
ANC-11030a 9a 12.828 0.111 0.05836 0.00030 484 4 543 11 included)
ANC-11030a_24a * 13.209 0.118 0.05667 0.00034 470 4 479 13 MSWD (of concordance) = 0.52,
ANC-11030a_25a* 13432 0068 005640  0.00031 463 2 468 12 Probability (of concordance) = 0.47
ANC-11030a_1l1a 6.640 0.106 0.07075 0.00032 904 14 950 9

ANC-11030a_17a 11.720 0.082 0.05940 0.00035 528 4 582 13

ANC-11030a_18a 2.383 0.106 0.11516 0.00127 2258 84 1882 20

NOTE (all Tables): 1. Z®U/°Pb ratio corrected for static fractionation using Peixe (P) and FC1 (F), respectively. 2. Measurement
errors represent within-run standard error uncertainty only. 3. 2’Pb/*®Pb ratios corrected for static fractionation using Peixe (P)
and FC1 (F), respectively. 4. Asterisk (*) indicates data points used for Concordia age calculation. 5. In red color the ages used in
the calculations of epsilon Nd and Hf, respectively. 6. Localization of samples in Fig. 1 and Table 1.

Previous age (LA-ICP-MS U-Pb in zircon) reported by Dahlquist et al. (2012).




Table 2

LA-ICP-MS Zircon results for the gabbro of the Sierra de Valle Fértil.

Grain 238y 1o 207pp 1o 206py /238 1o 207ppy206pp 1o
spot 206ppy 206pp age age

SVF-577 (P)

Grain 1 13.355 0.200 0.05669 0.00078 465 7 474 21
Grain 4 13.309 0.196 0.05646 0.00070 467 7 489 19
Grain 5* 12.808 0.190 0.05712 0.00071 485 7 484 18
Grain 6* 12.798 0.188 0.05662 0.00071 485 7 487 18
Grain 7* 12.964 0.189 0.05577 0.00070 479 7 488 18
Grain 8* 13.642 0.230 0.05802 0.00092 456 7 890 33
Grain 9 13.409 0.187 0.05636 0.00074 464 6 464 21
Grain 10* 13.092 0.194 0.05934 0.00090 475 7 591 24
Grain 12* 13.363 0.371 0.05880 0.00062 465 12 948 39
Grain 13 13.666 0.353 0.05677 0.00044 455 11 466 15
Grain 14* 12.889 0.340 0.05614 0.00050 482 12 471 17
Grain 16 13.139 0.127 0.05598 0.00048 473 4 482 18
Grain 18* 13.389 0.132 0.05549 0.00060 464 4 452 23
Grain 19 13.281 0.117 0.05619 0.00041 468 4 487 15
Grain 20* 12.655 0.138 0.05807 0.00061 490 5 552 25
SVF-577 (F)

Grain 1 13.450 0.327 0.05670 0.00053 462 11 474 21
Grain 4 13.403 0.324 0.05647 0.00040 464 11 489 19
Grain 5* 12.898 0.313 0.05713 0.00041 481 11 484 18
Grain 6* 12.888 0.311 0.05662 0.00042 482 11 487 18
Grain 7* 13.055 0.314 0.05578 0.00042 476 11 488 18
Grain 8* 13.738 0.351 0.05803 0.00070 453 11 890 33
Grain 9* 13.503 0.320 0.05637 0.00047 461 11 464 21
Grain 10* 13.184 0.319 0.05935 0.00067 471 11 591 24
Grain 12* 13.029 0.920 0.05855 0.00062 477 32 948 39
Grain 13 13.325 0.932 0.05652 0.00043 466 31 466 15
Grain 14* 12.568 0.881 0.05590 0.00050 494 33 471 17
Grain 16* 12.962 0.682 0.05606 0.00045 479 24 482 18
Grain 18* 13.208 0.696 0.05557 0.00058 470 24 452 23
Grain 19* 13.101 0.688 0.05627 0.00038 474 24 487 15
Grain 20* 12.484 0.660 0.05815 0.00059 497 25 552 25

Concordia Age = 468 + 2 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.040,
Probability (of concordance) = 0.84

Concordia Age =478 + 4 Mat
MSWD (of concordance) = 0.60

Concordia Age =464 £ 5 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.62,

Probability (of concordance) = 0.43

Previous age (SHRIMP U-Pb in zircon) reported by Pankhurst et al. (2000).



Table 2.

LA-ICP-MS zircon results for the cordierite-bearing monzogranite of the Sierra de Mazan.

Grain 28y 1o 27pp 1o 200pp/28y 16 “Pb/Pb 1o
spot 206ppy 206pp age age
VMA-1018 (P)

Grain 2* 12.888 0.169 0.05663 0.00044 482 6 481 12
Grain 3 11.960 0.161 0.05841 0.00055 518 7 544 16
Grain 5 10.313 0.136 0.05789 0.00050 597 8 522 14
Grain 6 12.428 0.177 0.05661 0.00044 499 7 483 12
Grain 8 12.191 0.170 0.05747 0.00046 508 7 504 12
Grain 12* 13.265 0.256 0.05707 0.00054 469 9 517 17
Grain 13* 13.283 0.260 0.05614 0.00045 468 9 483 13
Grain 14 13.000 0.260 0.05865 0.00048 478 9 572 14
Grain 16 10.985 0.327 0.05844 0.00063 562 16 551 14
Grain 18* 12.945 0.377 0.05647 0.00060 480 13 482 14
Grain 19 13.689 0.398 0.05664 0.00055 455 13 480 10
Grain 20 11.788 0.352 0.06055 0.00067 525 15 595 11
Grain 21 11.548 0.367 0.05750 0.00058 535 16 510 12
Grain 23 13.573 0.400 0.05616 0.00056 458 13 470 11
Grain 24* 12.846 0.377 0.05687 0.00057 483 14 484 11
Grain 25 10.901 0.325 0.05718 0.00057 566 16 513 12
VMA-1018 (F)

Grain 2* 13.236 0.133 0.05667 0.00032 470 5 481 12
Grain 3 12.284 0.129 0.05845 0.00045 505 5 544 16
Grain 5 10.592 0.107 0.05793 0.00039 582 6 522 14
Grain 6 12.764 0.147 0.05665 0.00032 486 5 483 12
Grain 8 12.521 0.139 0.05751 0.00034 495 5 504 12
Grain 12 13.169 0.158 0.05701 0.00041 472 5 517 17
Grain 13* 13.186 0.166 0.05608 0.00030 471 6 483 13
Grain 14 12.905 0.170 0.05859 0.00033 481 6 572 14
Grain 16 11.266 0.217 0.05837 0.00036 548 10 551 14
Grain 18* 13.277 0.241 0.05640 0.00033 468 8 482 14
Grain 19 14.039 0.254 0.05657 0.00023 444 8 480 10
Grain 20 12.090 0.236 0.06047 0.00040 512 10 595 11
Grain 21 11.843 0.266 0.05742 0.00027 523 11 510 12
Grain 23 13.920 0.261 0.05609 0.00026 447 8 470 11
Grain 24* 13.175 0.246 0.05680 0.00027 472 8 484 11
Grain 25 11.180 0.216 0.05711 0.00027 552 10 513 12

Concordia Age =476 * 6 Ma

(95% confidence, decay-const. errs
included)

MSWD (of concordance) = 0.0095,
Probability (of concordance) = 0.92

Concordia Age = 484 +3 Mat
MSWD (of concordance) = 0.61

Concordia Age =470 £ 5 Ma

(95% confidence, decay-const. errs
included)
MSWD (of concordance) = 0.26,

Probability (of concordance) = 0.61

TPrevious age (SHRIMP U-Pb in zircon) reported by Pankhurst et al. (2000).



Table 2.

LA-ICP-MS zircon results for the biotite-bearing tonalite of the Cerro Toro (Western flank of the Sierra de

Famatina)

Grain 28y 1o 27pp 1o 206ppy /238y 16 “Pb/Pb 16
spot 206ppy 206ppy age age
FAM-7086

P)

Grain 1 13.304 0.231 0.05486 0.00060 467 8 460 20
Grain 2* 12.557 0.224 0.05716 0.00059 494 8 500 15
Grain 3 12.896 0.212 0.05592 0.00052 481 8 478 11
Grain 4* 12.671 0.247 0.05660 0.00054 490 9 487 12
Grain 7* 12.644 0.200 0.05736 0.00055 491 7 732 63
Grain 8 12.789 0.323 0.05898 0.00082 485 12 1250 171
Grain 9 13.428 0.244 0.05636 0.00066 463 8 538 19
Grain 10* 12.884 0.193 0.05657 0.00052 482 7 476 11
Grain 13 13.486 0.289 0.05697 0.00058 461 10 478 15
Grain 15 12.648 0.271 0.05858 0.00056 491 10 565 13
Grain 18 13.255 0.315 0.05728 0.00062 469 11 522 17
Grain 19* 12.625 0.301 0.05707 0.00054 491 11 563 17
FAM-7086

F

Grain 1 13.304 0.231 0.05486 0.00060 467 8 460 20
Grain 2* 12.557 0.224 0.05716 0.00059 494 8 500 15
Grain 3 12.896 0.212 0.05592 0.00052 481 8 478 11
Grain 4* 12.671 0.247 0.05660 0.00054 490 9 487 12
Grain 7 12.644 0.200 0.05736 0.00055 491 7 732 63
Grain 8 12.789 0.323 0.05898 0.00082 485 12 1250 171
Grain 9 13.428 0.244 0.05636 0.00066 463 8 538 19
Grain 10 12.884 0.193 0.05657 0.00052 482 7 476 11
Grain 13 13.486 0.289 0.05697 0.00058 461 10 478 15
Grain 15 12.648 0.271 0.05858 0.00056 491 10 565 13
Grain 18 13.255 0.315 0.05728 0.00062 469 11 522 17
Grain 19* 12.625 0.301 0.05707 0.00054 491 11 563 17

Concordia Age =489 + 4 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.0020,
Probability (of concordance) = 0.96

481 + 4 Ma [95% conf.]t
Witd. by data-pt errs only, 1 of 8 rej.
MSWD = 0.24

Concordia Age =489 + 5 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.59,

Probability (of concordance) = 0.44

"Previous age (SHRIMP U-Pb in zircon) reported by Dahlquist et al. (2008).



Table 2.

LA-ICP-MS zircon results for the monzogranite NPE-14 of the Achala batholith

Grain 28y 1o 207py, 1o 206ppy 238y 1o 207ppy206ppy 1o
spot 206pp 206pp age age

NPE-14 (P)

Grain 1* 16.373 0.243 0.0540 0.0007 382 5 370 31
Grain 2 16.503 0.271 0.0586 0.0008 379 6 553 31
Grain 3 16.784 0.289 0.0569 0.0007 373 6 486 28
Grain 4* 16.649 0.274 0.0547 0.0007 376 6 399 30
Grain 6* 16.859 0.265 0.0544 0.0008 371 6 389 33
Grain 8 5.030 0.209 0.6004 0.0091 1169 44 4509 22
Grain 9 6.755 0.221 0.4896 0.0075 890 27 4210 22
Grain 11 8.927 0.234 0.4541 0.0068 684 17 4099 22
Grain 13 6.986 0.175 0.4796 0.0072 862 20 4180 22
NPE-14 (F)

Grain 1* 16.745 0.336 0.0539 0.0006 374 7 367 23
Grain 2 16.878 0.361 0.0586 0.0007 371 8 551 24
Grain 3 17.165 0.378 0.0568 0.0005 365 8 484 19
Grain 4 17.027 0.364 0.0546 0.0005 368 8 396 21
Grain 6* 17.242 0.358 0.0544 0.0006 363 7 386 26
Grain 8 5.144 0.229 0.5997 0.0072 1145 46 4507 17
Grain 9 6.908 0.249 0.4891 0.0059 871 29 4209 18
Grain 11 8.927 0.234 0.4541 0.0068 684 17 4099 22
Grain 13 6.986 0.175 0.4796 0.0072 862 20 4180 22

Concordia Age = 377 + 3 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.91,

Probability (of concordance) = 0.34

Concordia Age = 369 £ 5 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.48,

Probability (of concordance) = 0.49




Table 2.

LA-ICP-MS zircon results for the monzogranite DAL-1 of the Achala batholith

Grain 238y 1o 207pp 1o 206ppy 238y 1o 207ppy208ppy 1o
spot 206pp 206pp age age

DAL-1 (P)

Grain 1 18.059 0.436 0.0587 0.0010 347 8 557 36
Grain 3 15.957 0.376 0.0539 0.0008 392 9 367 34
Grain 4 18.776 0.464 0.0596 0.0009 334 8 590 32
Grain 5 15.974 0.388 0.0582 0.0009 391 9 538 33
Grain 6 15.457 0.363 0.0549 0.0008 404 9 408 33
Grain 7 14.948 0.369 0.0541 0.0008 417 10 373 35
Grain 8 16.172 0.402 0.0596 0.0009 387 9 589 33
Grain 9 16.178 0.379 0.0591 0.0009 387 9 570 33
Grain 10 16.712 0.406 0.0547 0.0008 375 9 400 33
Grain 11* 16.248 0.371 0.0548 0.0006 385 9 405 23
Grain 13 15.712 0.348 0.0560 0.0006 398 9 452 22
Grain 14* 16.061 0.346 0.0541 0.0006 389 8 374 23
Grain 18 15.774 0.362 0.0537 0.0005 396 9 358 22
Grain 19* 16.184 0.376 0.0544 0.0006 386 9 389 24
Grain 20 15.345 0.361 0.0553 0.0006 407 9 422 25
DAL-1 (F)

Grain 1 18.727 0.624 0.0584  0.0006 347 8 557 36
Grain 3 16.547 0.544 0.0536  0.0004 392 9 367 34
Grain 4 10.471 0.657 0.0593  0.0004 334 8 590 32
Grain 5 16.564 0.554 0.0579  0.0005 391 9 538 33
Grain 6 16.028 0.526 0.0546 0.0004 404 9 408 33
Grain 7 15.501 0.523 0.0537 0.0005 417 10 373 35
Grain 8 16.770 0.569 0.0592 0.0005 387 9 589 33
Grain 9 16.776 0.550 0.0587 0.0005 387 9 570 33
Grain 10 17.330 0.579 0.0544 0.0004 375 9 400 33
Grain 11 17.037 0.478 0.0547 0.0004 385 9 405 23
Grain 13 16.475 0.451 0.0559 0.0004 398 9 452 22
Grain 14* 16.841 0.453 0.0540 0.0004 389 8 374 23
Grain 18 16.540 0.465 0.0536 0.0004 396 9 358 22
Grain 19* 16.970 0.481 0.0544 0.0004 386 9 389 24
Grain 20 16.090 0.461 0.0552 0.0005 407 9 422 25

Concordia Age = 387 £ 5 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.071,
Probability (of concordance) = 0.79

Concordia Age =372 * 6 Maf

(20, decay-const. errs included)

MSWD (of concordance) = 0.91,
Probability (of concordance) = 0.34

"This age is more consistent with that previously reported for granitic rocks of the Achala batholith (e.g., Dorais et al.,
1997; Rapela et al., 2008b).



Table 2.

LA-ICP-MS zircon results for the monzogranite ACH-140 of the Achala batholith

Grain 28y 1o 07pp 1o 206pyy /238 1o 207ppy208ppy 1o
spot 206pp 206pp age age

ACH-140 (P)

Grain 1 16.590 0.161 0.056 0.001 377 4 469 22
Grain 2 17.487 0.180 0.056 0.001 358 4 437 23
Grain 3* 16.797 0.157 0.054 0.001 373 3 392 21
Grain 7* 16.799 0.170 0.054 0.001 373 4 383 24
Grain 8 16.124 0.165 0.055 0.001 388 4 430 21
Grain 10 17.345 0.172 0.057 0.001 361 3 496 22
Grain 11 16.088 0.165 0.055 0.001 389 4 403 22
Grain 13 17.885 0.178 0.074 0.001 351 3 1031 20
Grain 14 16.340 0.177 0.055 0.001 383 4 408 24
Grain 16 16.403 0.156 0.055 0.001 381 4 423 22
Grain 17 17.282 0.170 0.055 0.001 363 3 412 21
Grain 18 16.437 0.167 0.055 0.001 381 4 425 23
Grain 20 16.544 0.190 0.055 0.001 378 4 424 23
ACH-140 (F)

Grain 1 16.936 0.392 0.0560 0.0007 370 8 454 27
Grain 2 17.851 0.418 0.0552 0.0007 351 8 422 28
Grain 3* 17.148 0.394 0.0541 0.0006 365 8 376 26
Grain 7* 17.149 0.400 0.0539 0.0007 365 8 368 28
Grain 8 16.461 0.385 0.0551 0.0006 380 9 415 26
Grain 10 17.707 0.411 0.0567 0.0007 354 8 480 27
Grain 11 16.552 0.224 0.0544 0.0004 378 5 387 15
Grain 13 18.402 0.243 0.0731 0.0005 341 4 1017 14
Grain 14 16.812 0.235 0.0545 0.0004 372 5 392 17
Grain 16 16.877 0.218 0.0549 0.0003 371 5 407 14
Grain 17 17.781 0.234 0.0546 0.0003 353 5 395 13
Grain 18 16.912 0.227 0.0549 0.0004 370 5 409 16
Grain 20 17.022 0.247 0.0549 0.0004 368 5 407 16

Concordia Age = 373 £ 3 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 3.3,

Probability (of concordance) = 0.069

Concordia Age = 366 + 6 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.43,

Probability (of concordance) = 0.51




Table 2.

LA-ICP-MS zircon results for the Los Arboles pluton (Sierra de Fiambala)

Grain 238y 1o 207pp 1o 206ppy 238y 1o 207ppy206ppy 1o
spot 206pp 206pp age age
FIA-17 (P)
Grain la 19.531 0.249 0.05369 0.00062 322 4 358 26
Grain 1b* 19.433 0.266 0.05381 0.00062 323 4 363 26
Grain 3a* 19.320 0.287 0.05352 0.00066 325 5 351 28
Grain 4a 19.923 0.247 0.05361 0.00061 316 4 355 25
Grain 7a* 19.969 0.260 0.05354 0.00067 315 4 352 28
Grain 7b 19.694 0.253 0.05253 0.00068 319 4 309 29
Grain 8a 19.898 0.216 0.05650 0.00069 316 3 472 27
Grain 12a 18.866 0.195 0.05526 0.00065 333 3 423 26
Grain 18a 19.139 0.205 0.05459 0.00061 328 3 395 25
Grain 19a 19.931 0.225 0.05520 0.00062 316 3 421 25
FIA-17 (F)
Grain 1a* 19.403 0.227 0.05295 0.00035 324 4 326 15
Grain 1b* 19.305 0.245 0.05306 0.00034 326 4 331 14
Grain 3a* 19.193 0.267 0.05278 0.00042 327 4 320 18
Grain 4a* 19.792 0.224 0.05287 0.00033 318 4 323 14
Grain 7a* 19.838 0.238 0.05280 0.00043 317 4 320 18
Grain 7b 19.565 0.231 0.05181 0.00046 321 4 277 20
Grain 8a 19.723 0.218 0.05604 0.00029 319 3 454 12
Grain 12a 18.700 0.198 0.05480 0.00021 336 3 404 9
Grain 18a 18.856 0.111 0.05430 0.00036 333 2 384 15
19.637 0.135 0.05492 0.00037 320 2 409 15

Grain 19a

Concordia Age = 325 + 10 Ma

(95% confidence, decay-const. errs
included)

MSWD (of concordance) = 11.0,
Probability (of concordance) = 0.001

Concordia Age = 322 + 3 Ma

(95% confidence, decay-const. errs
included)
MSWD (of concordance) = 0.45,

Probability (of concordance) = 0.50




Table 2.

LA-ICP-MS zircon results for the Zapata granitic complex (Sierra de Zapata)

Grain 28y 1o 27pp 1o pp/y 16 PPbi/®Pb 16
spot 206ppy 206ppy age age

ZAP-33 (P)

Grain 2* 18.697 0.867 0.05319 0.00038 336 15 345 15
Grain 3* 18.738 0.869 0.05273 0.00038 335 15 324 16
Grain 4* 18.403 0.857 0.05335 0.00042 341 15 358 18
Grain 5 17.999 0.838 0.05488 0.00041 349 16 409 17
Grain 6* 18.798 0.871 0.05377 0.00042 334 15 360 17
Grain 7* 18.566 0.872 0.05353 0.00054 338 15 353 24
Grain 9* 18.501 0.857 0.05351 0.00044 339 15 363 18
Grain 12 18.133 0.261 0.05298 0.00051 346 5 341 21
Grain 13 19.207 0.292 0.05517 0.00052 327 5 406 21
Grain 14 18.241 0.263 0.05241 0.00045 344 5 346 19
Grain 15 18.121 0.242 0.05403 0.00035 346 5 381 13
Grain 18 18.596 0.250 0.05285 0.00034 338 4 336 12
Grain 20 18.769 0.271 0.05447 0.00052 335 5 386 21
Grain 23* 18.596 0.280 0.05299 0.00046 338 5 363 22
Grain 25 19.187 0.304 0.05469 0.00060 328 5 413 27
Grain 26* 18.254 0.295 0.05310 0.00068 344 5 374 26
Grain 28 19.094 0.299 0.05355 0.00051 329 5 389 26
Grain 29 18.111 0.289 0.05374 0.00051 346 5 383 25
ZAP-33 (F)

Grain 2* 19.273 0.655 0.05300 0.00032 326 11 345 15
Grain 3 19.315 0.656 0.05254 0.00032 325 11 324 16
Grain 4* 18.969 0.651 0.05316 0.00037 331 11 358 18
Grain 5 18.552 0.636 0.05468 0.00036 338 11 409 17
Grain 6 19.376 0.659 0.05357 0.00037 324 11 360 17
Grain 7* 19.138 0.667 0.05333 0.00050 328 11 353 24
Grain 9% 19.070 0.647 0.05331 0.00039 329 11 363 18
Grain 12 18.644 0.287 0.05281 0.00049 337 5 341 21
Grain 13 19.748 0.319 0.05500 0.00049 318 5 406 21
Grain 14 18.755 0.289 0.05225 0.00042 335 5 346 19
Grain 15 18.631 0.267 0.05386 0.00031 337 5 381 13
Grain 18* 19.119 0.276 0.05269 0.00029 329 5 336 12
Grain 20 19.298 0.297 0.05430 0.00050 326 5 386 21
Grain 23* 19.144 0.213 0.05292 0.00036 328 4 363 22
Grain 25 19.752 0.240 0.05462 0.00053 318 4 413 27
Grain 26* 18.792 0.238 0.05303 0.00062 334 4 374 26
Grain 28 19.656 0.235 0.05348 0.00043 320 4 389 26
Grain 29* 18.644 0.230 0.05367 0.00043 337 4 383 25

Concordia Age = 340 + 3 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 0.00059,
Probability (of concordance) = 0.98

Concordia Age = 332 £+ 3 Ma

(95% confidence, decay-const. errs
included)

MSWD (of concordance) = 0.0088,
Probability (of concordance) = 0.93




Table 2.

LA-ICP-MS zircon results for the Huaco granitic complex (Sierra de Velasco)

Grain =y Io 27ph 1o ppAty 16 PP Pb 1o
spot 206pp 206pp age age
HUA-12 (P)

. 17.200 0.441 0.05515 0.00065 364 9 419 26
Grain 3
Grain 4 16.956 0.426 0.05779 0.00053 369 9 522 20
Grain7 16.737 0.451 0.05178 0.00081 374 10 276 35
Grain 8* 16.888 0.440 0.05370 0.00050 371 9 358 21
Grain 9 16.512 0.419 0.05630 0.00062 379 9 464 24
Grain 11* 16.890 0.452 0.05360 0.00045 371 10 354 19
Grain 12 16.772 0.471 0.05691 0.00068 373 10 488 26
Grain 15 18.580 0.521 0.06948 0.00071 338 9 913 21
Grain 18 15.725 0.425 0.07335 0.00081 397 10 1024 22
Grain 19 15.747 0.420 0.05327 0.00048 397 10 340 20
HUA-12 (F)
Grain 3 18.016 0.253 0.05525 0.00053 348 5 422 21
Grain 4 17.760 0.231 0.05789 0.00037 353 4 526 14
Grain 7 17.531 0.290 0.05187 0.00073 358 6 280 32
Grain 8* 17.688 0.262 0.05379 0.00034 355 5 362 14
Grain 9 17.295 0.233 0.05640 0.00049 362 5 468 19
Grain 11* 17.495 0.186 0.05368 0.00017 358 4 358 7
Grain 12 17.373 0.242 0.05700 0.00051 361 5 491 19
Grain 15 19.246 0.264 0.06958 0.00045 327 4 916 13
Grain 18 16.288 0.185 0.07346 0.00057 384 4 1027 16
Grain 19 16.311 0.170 0.05335 0.00023 384 4 344 10

Concordia Age = 357 = 3 Mat

(20, decay-const. errs included)

MSWD (of concordance) = 0.12,
Probability (of concordance) = 0.73

Concordia Age = 368 + 6 Ma
(20, decay-const. errs included)
MSWD (of concordance) = 3.2,

Probability (of concordance) = 0.072

"This age (LA-ICP-MS U-Pb in monacite) is similar to that reported by Grosse et al. (2009).



Table 2.
LA-ICP-MS zircon results for the San blas pluton (Sierra de Velasco)

Grain 28 1o 27pp 1o 206ppy 238y 16 “Po/f%Pb 16
spot 206pp 206pp age age
VEL-6017 (P)
Grain la 18.016 0.217  0.05411  0.00044 348 4 656 46
Grain 4a* 18.622 0.247  0.05371  0.00069 337 4 392 29
Grain 5a* 18.429 0.201  0.05295  0.00043 341 4 345 15
Grain 6a 17.240 0.256  0.05444  0.00055 363 5 443 22
Grain 9a 17.345 0.265  0.05735  0.00085 361 5 575 32
Grain 11a* 18.254 0240  0.05304  0.00050 344 4 342 18 Concordia Age = 340 + 2 Ma
Grain 13a* 18.701 0.264  0.05335  0.00060 336 5 389 24 (20, decay-const. errs included)
Grain 16a 17.912 0.196 0.05278 0.00046 350 4 353 16 MSWD (of Concordance) =0.70,
Grain 2b 19.486 0.701  0.05742  0.00096 323 11 769 81 Probability (of concordance) = 0.40
Grain 8a 18.453 0.342  0.05280  0.00090 340 6 599 28
Grain 12a* 18.265 0.264  0.05313  0.00063 344 5 1147 42
Grain 17a 18.721 0.285  0.05144  0.00069 335 5 2013 82
Grain 18a 17.911 0.201  0.05829  0.00049 350 4 1378 52 Mean 205Pb/238(J Age
340 + 3 Mat
VEL-6017 (F) N= 16/19; MSWD = 1.5
Grain 1a 18.016 0.217  0.05411  0.00044 348 4 656 46 (Error ellipses are 1c)
Grain 4a 18.622 0.247  0.05371  0.00069 337 4 392 29
Grain 5a 18.429 0.201  0.05295  0.00043 341 4 345 15
Grain 6a 18.224 0.230  0.05458  0.00047 344 4 443 22
Grain 9a 18.335 0.242  0.05750  0.00079 342 4 575 32
Grain 11a 19.296 0.198  0.05317  0.00040 326 3 342 18 Concordia Age = 329 + 3 Ma
Grain 13a 19.768 0.230  0.05348  0.00053 318 4 389 24 _
Grain 16a* 18.974 0233 005300  0.00038 331 4 353 16 (20, decay-const. errs included)
Grain 2b 19.486 0.701 0.05742  0.00096 323 11 769 81 MSWD (of concordance) = 0.33,
Grain 8a 19.506 0.335 0.05294 0.00086 322 5 599 28 Probabmty (Of Concordance) =(0.57
Grain 12a* 19.307 0.234  0.05326  0.00055 326 4 1147 42
Grain 17a 19.832 0.330  0.05166  0.00064 317 5 2013 82
Grain 18a 18.974 0.239  0.05853  0.00040 331 4 1378 52

"Previous age (SHRIMP U-Pb in zircon) reported by Dahlquist et al. (2006).



Table 2.

LA-ICP-MS zircon results for the Cerro La Gloria (Sierra de Famatina)

Grain 238y 1o 207pp 1o 206ppy 238 1o 207ppy206pp 1o
spot 206ppy 206ppy age age
FAM-177 (P)

Grain 2 17.157 0.316 0.05558 0.00058 365 7 444 22
Grain 8* 17.745 0.337 0.05376 0.00059 353 7 359 23
Grain 9 18.072 0.325 0.05541 0.00054 347 6 429 20
Grain 12 17.180 0.284 0.05480 0.00058 365 6 409 14
Grain 15* 17.850 0.290 0.05377 0.00056 351 6 379 13
Grain 18 19.479 0.309 0.06168 0.00061 323 5 676 10
Grain 19 19.242 0.310 0.06003 0.00059 327 5 618 9
FAM-177 (F)

Grain 2 17.736 0.298 0.05558 0.00036 354 6 444 22
Grain 8* 18.344 0.320 0.05377 0.00039 342 6 359 23
Grain 9 18.682 0.303 0.05542 0.00030 336 5 429 20
Grain 12 17.530 0.501 0.05480 0.00034 358 10 409 14
Grain 15* 18.213 0.517 0.05377 0.00032 345 10 379 13
Grain 18 19.875 0.560 0.06168 0.00030 316 9 676 10
Grain 19 19.633 0.556 0.06003 0.00029 320 9 618 9

Concordia Age = 353 £ 4 Ma

(20, decay-const. errs included)
MSWD (of concordance) = 0.97,
Probability (of concordance) = 0.32

Cerro La Gloria pluton
(FAM-177)
349 £ 3 Ma’
MSWD = 1.1

Concordia Age = 346 +13 Ma
(95% confidence, decay-const. errs
included)

MSWD (of concordance) = 9.0,
Probability (of concordance) = 0.003

"Previous age (SHRIMP U-Pb in zircon) reported by Alasino et al. (2012).



Table

Table 3a.
Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).
sample Grain (/I?/?ae) THATHE  +(26)  TSLUMHE  +(26)  TOYBATHE (ﬁ/‘ﬁae) eHf (oday) +(20) eHf(t) TowHf
Early-Middle Ordovician granitic rocks (Ancasti, Famatina, Valle Fértil, and Mazan mountain ranges)
ANC-11030a 413
ANC11030a_8a 466 0.282464 0.000062 0.001761  0.000100  0.068127 466 -11.4 2.2 -1.5 1.5
ANC11030a_3a 466 0.282386 0.000041 0.002333  0.000113  0.080279 466 -14.1 14 -4.5 1.6
ANC11030a_2a 466 0.282396 0.000039 0.001887  0.000120  0.075972 466 -13.7 1.4 -4.0 1.7
Average -3.3 1.5
FAM-7086 8/6
FAM7086_1b 489 0.282198 0.000043 0.002483  0.000073  0.076713 489 -20.8 15 -10.7 2.0
FAM7086_5a 489 0.282110 0.000035 0.002693  0.000144  0.088002 489 -23.9 1.3 -13.9 2.2
FAM7086_3a 489 0.281986 0.000030 0.004196  0.000377  0.119129 481 -28.3 1.1 -18.9 2.5
FAM7086_4a 489 0.282055 0.000065 0.002380  0.000074  0.072752 489 -25.8 2.3 -15.7 2.3
FAM7086_2b 489 0.282173 0.000037 0.002643  0.000108  0.085036 489 -21.6 1.3 -11.6 2.0
Average -14.2 2.2
SVF-577 13/11
SVF577_17a 464 0.282324 0.000061 0.000581  0.000013  0.025969 464 -16.3 2.2 -6.1 1.7
SVF577_15a 464 0.282375 0.000057 0.000902  0.000040  0.037338 464 -14.5 2.0 -4.5 1.6
SVF577_13a 464 0.282301 0.000046 0.000466  0.000016  0.020208 464 -17.1 1.6 -6.9 1.8
SVF577_11a 464 0.282335 0.000036 0.000260  0.000008  0.009712 464 -15.9 1.3 -5.7 1.7
SVF577_10a 464 0.282366 0.000046 0.000595  0.000037  0.020873 464 -14.8 1.6 -4.7 1.6
SVF577_8a 464 0.282334 0.000063 0.000434  0.000035  0.016921 464 -16.0 2.2 -5.8 1.7
SVF577_T7a 464 0.282365 0.000067 0.000538  0.000037  0.021245 464 -14.9 2.4 -4.7 1.6
SVF577_6a 464 0.282380 0.000043 0.000445  0.000022  0.017711 464 -14.3 15 -4.1 1.6
SVF577_la 464 0.282247 0.000059 0.000375  0.000019  0.011942 464 -19.0 2.1 -8.8 1.9
Average -5.7 1.7
VMA-1018 8/8
VEL_1018 9a 476 0.282248 0.000032 0.001231  0.000083  0.056862 476 -19.0 11 -8.8 1.9
VEL_1018_8a 476 0.282324 0.000030 0.002385  0.000276  0.121735 476 -16.3 11 -6.4 1.7
VEL_1018_7a 476 0.282282 0.000034 0.003245  0.000219  0.147306 476 -17.8 1.2 -8.2 1.8
VEL_1018_6a 476 0.282302 0.000044 0.003756  0.000648  0.145780 476 -17.1 1.6 -1.7 1.8

VEL_1018_5a 476 0.282283 0.000035 0.001581 0.000157  0.066127 476 -17.8 1.2 -1.7 1.8



VEL_1018_4a 476 0.282349
VEL_1018_3a 476 0.282253
VEL_1018_1la 476 0.282356

Average

0.000021
0.000030
0.000042

0.001904
0.002041
0.001854

0.000171
0.000031
0.000089

0.095304
0.093116
0.091752

476
476
476

-15.4
-18.8
-15.2

0.8
1.2
1.5

-5.4
-8.9
-5.2
-7.3

1.7
1.9
1.7
1.8

" Total number of analyses / number chosen for eHf calculation.
SVEL-6017 defines two Hf compositions populations.



Table 3a (continuation).

Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

sample Grain (Al\\/lg:) 6T +@20) LUMHE +(20) 76/ T f (AI\\/glgs) eHf (today) *(20) eHf (V) Towm Hf
Late-Middle Devonian granitic rocks (Achala batholith)
DAL-1 m
Dall_8a 372 0.282372 0.000062  0.000822 0.000032 0.038368 372 -14.6 2.2 -6.5 1.8
Dall_7a 372 0.282462 0.000032  0.000659 0.000008 0.031781 372 -11.4 1.1 -3.3 1.6
Dall_6a 372 0.282427 0.000045  0.000721 0.000045 0.033232 372 -12.7 1.6 -4.7 1.6
Dall_4a 372 0.282482 0.000060  0.000756 0.000009 0.037214 372 -10.7 2.1 -2.6 1.4
Dall_3a 372 0.282475 0.000033  0.000793 0.000018 0.037658 372 -11.0 1.2 -2.9 1.5
Dall_2a 372 0.282498 0.000039  0.000586 0.000021 0.028253 372 -10.1 14 -2.0 1.4
Dall_1la 372 0.282454 0.000028  0.000591 0.000009 0.027818 372 -11.7 1.0 -3.7 15
Average -3.6 15
NPE-14 7
NPE_14 3c 369 0.282424 0.000042  0.000790 0.000021 0.041036 369 -12.8 15 -4.7 1.6
NPE_14 3b 369 0.282449 0.000046  0.000779 0.000060 0.039925 369 -11.9 1.6 -3.8 1.5
NPE_14 3a 369 0.282312 0.000049  0.001181 0.000144 0.048790 369 -16.7 1.7 -8.7 1.8
NPE_14 2d 369 0.282373 0.000048  0.000691 0.000048 0.035585 369 -14.6 1.7 -6.5 1.7
NPE_14 2c 369 0.282383 0.000052  0.000682 0.000043 0.034580 369 -14.2 1.9 -6.1 1.7
NPE_14 2b 369 0.282415 0.000049  0.000708 0.000053 0.036478 369 -13.1 1.7 -5.0 1.6
NPE_14 2a 369 0.282367 0.000045  0.000895 0.000050 0.037973 369 -14.8 1.6 -6.7 1.7
Average -5.9 1.6
ACH-140 10/7
ACH140_10a 366 0.282484 0.000023  0.000978 0.000051 0.051003 366 -10.6 0.8 2.7 1.4
ACH140 9a 366 0.282468 0.000031 0.001216 0.000036 0.061520 366 -11.2 1.1 -3.4 1.5
ACH140 _8a 366 0.282380 0.000050 0.001339 0.000183 0.055740 366 -14.3 1.8 -6.5 1.7
ACH140_6a 366 0.282480 0.000030  0.000836 0.000031 0.043617 366 -10.8 1.1 -2.8 1.4
ACH140 5a 366 0.282454 0.000025 0.000891 0.000017 0.044674 366 -11.7 0.9 -3.8 15
ACH140_2b 366 0.282434 0.000028  0.000893 0.000074 0.048033 366 -12.4 1.0 -4.5 15
ACH140 _1a 366 0.282477 0.000025 0.000921 0.000061 0.048627 366 -10.9 0.9 -3.0 1.5
Average -3.8 15
NPE-10 10/9
NPE_10 7a 369 0.282485 0.000033  0.000892 0.000032 0.042838 369 -10.6 1.2 -2.6 1.43



Average

NPE_10_6a
NPE_10_5a
NPE_10_4a
NPE_10_3b
NPE_10_2a
NPE_10_1c
NPE_10_1b
NPE_10_1la

369
369
369
369
369
369
369
369

0.282371
0.282423
0.282447
0.282493
0.282464
0.282453
0.282500
0.282475

0.000048
0.000030
0.000036
0.000033
0.000025
0.000043
0.000036
0.000049

0.000794
0.001099
0.000850
0.000628
0.001387
0.001146
0.000997
0.000873

0.000048
0.000069
0.000020
0.000051
0.000056
0.000016
0.000013
0.000033

0.034683
0.048549
0.039005
0.031648
0.066827
0.048249
0.048892
0.040185

369
369
369
369
369
369
369
369

-14.6
-12.8
-11.9
-10.3
-11.3
-11.7
-10.1
-11.0

1.7
1.1
1.3
1.2
0.9
1.5
1.3
1.8

-6.6
-4.9
-3.9
-2.3
-3.5
-3.8
-2.1
-3.0
-3.6

1.7
1.6
1.5
14
1.5
1.5
14

1.5
1.5




Table 3a (continuation).

Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

sample Grain (A'\\Agae) HEATHE (2 o) 178 A TTHE +(20) VN (A'\f:) eHf (today) *(20)  eHf (1) Tom Hf
Early Carboniferous granitic rocks (Fiambala, Velasco, Famatina and Zapata mountain ranges).
FIA-17 8/6
FIA17_6b 322 0.282477  0.000074 0.000544 0.000002 0.026722 322 -10.9 2.6 -3.9 15
FIAL7 4a 322 0.282493  0.000046 0.001762 0.000147 0.097517 322 -10.3 1.6 -3.5 1.4
FIA17_3b 322 0.282432  0.000067 0.000916 0.000027 0.045564 322 -12.5 2.4 -5.5 1.6
FIAl7 3a 322 0.282359  0.000068 0.000627 0.000019 0.030277 322 -15.1 2.4 -8.0 1.7
FIA17_1b 322 0.282469  0.000064 0.000677 0.000011 0.034428 322 -11.2 2.3 -4.2 1.5
FIAL7 la 322 0.282445  0.000061 0.000557 0.000014 0.027907 322 -12.0 2.16 -5.0 1.6
Average -5.0 1.6
HUA-12 715
HUA12_6a 357 0.282523  0.000029 0.001206 0.000169 0.059043 357 -9.3 1.0 -1.6 1.4
HUA12_5b 357 0.282503  0.000051 0.001274 0.000072 0.065866 357 -10.0 1.8 -2.4 1.4
HUA12_4a 357 0.282471  0.000040 0.000989 0.000011 0.049964 357 -11.1 14 -3.4 15
HUA12_3a 357 0.282405  0.000038 0.001637 0.000033 0.084079 357 -134 1.3 -5.9 1.6
HUA12_1la 357 0.282469  0.000059 0.000771 0.000044 0.041285 357 -11.2 2.1 -3.4 1.5
Average -3.3 15
CHI-17 313
CHI7_5a 345 0.282363  0.000051 0.001324 0.000140 0.052209 345 -14.9 1.8 -7.6 1.7
CHI7_4a 345 0.282361  0.000032 0.001481 0.000235 0.062902 345 -15.0 11 -7.7 1.7
CHI7_2a 345 0.282440  0.000028 0.001475 0.000214 0.061438 345 -12.2 1.0 -4.9 15
Average -6.7 1.7
FAM-177 11/9
FAM_177_3b 353 0.282605  0.000055 0.001347 0.000027 0.063763 353 -6.4 2.0 1.2 1.2
FAM_177_6b 353 0.282666  0.000037 0.002280 0.000232 0.098271 353 -4.2 1.3 3.1 1.0
FAM_177_5b 353 0.282655  0.000040 0.001772 0.000030 0.088599 353 -4.6 14 2.8 11
FAM_177_4b 353 0.282607  0.000031 0.001263 0.000027 0.059873 353 -6.3 11 13 1.2
FAM_177_4a 353 0.282667  0.000035 0.002556 0.000214 0.121723 353 -4.2 1.2 3.1 1.0
FAM_177_3a 353 0.282651  0.000038 0.002223 0.000168 0.105691 353 4.7 1.3 2.6 11
FAM_177_2a 353 0.282632  0.000052 0.001272 0.000140 0.057944 353 -5.4 1.9 2.2 11
FAM_177_1b 353 0.282628  0.000031 0.001679 0.000085 0.079175 353 -5.6 11 1.9 11



Average

ZAP-33

Average

VEL-6017%

Average

Average

FAM_177_1la

12/11
ZAP_33 12a
ZAP_33 1la
ZAP_33 10a
ZAP_33 9a
ZAP_33 8a
ZAP_33 7b
ZAP_33 5a
ZAP 33 3b
ZAP_33 3a
ZAP_33 2a
ZAP 33 1a

10/10
VEL_6017_4a
VEL_6017_1a

VEL_6017_2a
VEL_6017_1b
VEL_6017_5b
VEL_6017_3a
VEL_6017_2b

353

340
340
340
340
340
340
340
340

340
340

340

340
340

340
340
340
340
340

0.282716

0.282409
0.282409
0.282424
0.282379
0.282407
0.282396
0.282438
0.282447

0.282431
0.282394

0.282401

0.282444
0.282410

0.282543
0.282518
0.282619
0.282574
0.282591

0.000034

0.000024
0.000031
0.000023
0.000023
0.000044
0.000035
0.000024
0.000032

0.000025
0.000028

0.000040

0.000057
0.000080

0.000057
0.000071
0.000073
0.000043
0.000049

0.002703

0.000482
0.000685
0.000577
0.000926
0.000616
0.000576
0.000453
0.000851

0.001165
0.000615

0.001311

0.001671
0.001217

0.000840
0.000879
0.000554
0.000367
0.000739

0.000258

0.000017
0.000014
0.000005
0.000024
0.000009
0.000022
0.000002
0.000009

0.000026
0.000017

0.000099

0.000140
0.000077

0.000073
0.000206
0.000007
0.000006
0.000033

0.131327

0.022801
0.031634
0.026810
0.044627
0.031501
0.027877
0.020572
0.036220

0.048962
0.028751

0.039749

0.062118
0.050555

0.033059
0.040033
0.028718
0.017919
0.037920

353

340
340
340
340
340
340
340
340

340
340

340

340
340

340
340
340
340
340

-2.42

-13.3
-13.3
-12.8
-14.4
-13.4
-13.8
123
-12.0

-12.5
-13.8

-13.6

-12.1
-13.3

-8.5
-9.4
-5.9
-1.5
-6.9

121

0.9
11
0.8
0.8
1.6
1.2
0.9
11

0.9
1.0

14

2.0
2.8

2.0
2.5
2.9
15
1.7

4.8
2.6

-5.9
-5.9
-5.3
-7.0
-5.9
-6.3
-4.8
-4.6

-5.2
-6.4

-6.3
-5.8

-4.9

-6.0
-5.4

-1.2
-2.1
1.6
0.0
0.6
-0.2

0.9
11

1.6
1.6
1.6
1.7
1.6
1.7
1.6
15

1.6
1.7

1.6
1.6

15

1.6
1.6

13
14

1.2
13
1.2
1.3




Table

Table 3b. Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

sample Grain (Al\fae) 6y£/7T 4 +20) TLUMHE +Q2o)  TOYbATHS (AI\\/QIJae) eHf (today) *(20) eHf() TowHf

Early-Middle Ordovician granitic rocks (Ancasti, Famatina, Valle Fértil, and Mazan mountain ranges)

ANC-11030a 414
ANC11030a_4a* 466 0.282190  0.000062  0.002783  0.000135 0.089553 466 -21.1 2.2 -11.5 2.07
ANC11030a_8a 466 0.282464  0.000062 0.001761 0.000100 0.068127 466 -11.4 2.2 -1.5 1.45
ANC11030a_3a 466 0.282386  0.000041  0.002333 0.000113  0.080279 466 -14.1 1.4 -4.5 1.59
ANC11030a_2a 466 0.282396  0.000039  0.001887  0.000120  0.075972 466 -13.7 1.4 -4.0 1.57

ALL TABLES: Hf values histograms below each Table, X = gHf (t) and Y = Frequency.

Samples without deleted values are not included in these Tables.
*In blue colour Hf ‘extreme’ values deleted in Table 3a.

o O N

N W s

ANC-11030a

B -1t0-6
Bl -6to-12




Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

. Age Age
Sample Grain (I\/?a) YOHEMTTHE +(20)  YCLUMTHE £ (20)  YOYD/MTHE (N?a) eHf today) +(20) eHf(t) TomHf
FAM-7086 8/8
FAM7086_1b 489 0.282198  0.000043  0.002483  0.000073  0.076713 489 -20.8 15 -10.7 2.0
FAM7086_5a 489 0.282110  0.000035 0.002693  0.000144  0.088002 489 -23.9 13 -13.9 2.2
FAM7086_3b 489 0.281864  0.000066  0.004249  0.000176  0.150712 489 -32.6 2.3 -23.1 2.8
FAM7086_3a 489 0.281986  0.000030  0.004196  0.000377  0.119129 489 -28.3 11 -18.9 25
FAM7086_4a 489 0.282055  0.000065 0.002380  0.000074  0.072752 489 -25.8 2.3 -15.7 2.3
FAM7086_2b 489 0.282173  0.000037  0.002643  0.000108  0.085036 489 -21.6 13 -11.6 2.0
FAM7086_2a 489 0.282367  0.000035 0.001740  0.000072  0.074037 489 -14.8 1.2 -45 17
B 0to-10
5 Il -10to -20
[] -20 to-30




Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

. Age Age
Sample Grain (I\/?a) Y HFMTHE +(26)  YPLUMTHE £ (20) VoY b/ T HE (N?a) eHf (today) *(20) eHf() TomHf
SVF-577 13/11
SVF577_17a 464  0.282324  0.000061  0.000581  0.000013  0.025969 464 -16.3 2.2 6.1 1.7
SVF577_15a 464  0.282375  0.000057  0.000902  0.000040  0.037338 464 -14.5 2.0 -45 1.6
SVF577_14a 464  0.282149  0.000047 0.000619  0.000001  0.025898 472 -22.5 1.7 -12.2 2.1
SVF577_13a 464  0.282301  0.000046  0.000466  0.000016  0.020208 464 -17.1 1.6 6.9 1.8
SVF577_1la 464  0.282335  0.000036  0.000260  0.000008  0.009712 464 -15.9 1.3 5.7 1.7
SVF577_10a 464  0.282366  0.000046  0.000595  0.000037  0.020873 464 -14.8 1.6 -4.7 1.6
SVF577_8a 464  0.282334  0.000063  0.000434  0.000035  0.016921 464 -16.0 2.2 5.8 1.7
SVF577_7a 464  0.282365  0.000067  0.000538  0.000037  0.021245 464 -14.9 2.4 -4.7 1.6
SVF577_6a 464  0.282380  0.000043  0.000445  0.000022  0.017711 464 -14.3 15 -4.1 1.6
SVF577_1a 464  0.282247  0.000059  0.000375  0.000019  0.011942 464 -19.0 2.1 -8.8 1.9
12
11
10
9 —
8 =
7 =l
6 -
MW 4t0-9
5 - M 9to-14
4 -
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2 |
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Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

. Age Age
Sample Grain (I\/?a) YOHETTHE +(20)  YLUMHE +(20)  YOYD/MTHE (N?a) eHf (today) *(20) eHf() TomHf
Late-Middle Devonian granitic rocks (Achala batholith)
ACH-140 10/7
ACH140_11a 366 0.282264  0.000031  0.001794 0.000083  0.062771 366 -18.4 1.1 -10.7 2.0
ACH140 _10a 366 0.282484  0.000023  0.000978  0.000051  0.051003 366 -10.6 0.8 -2.7 14
ACH140 9a 366 0.282468  0.000031 0.001216 0.000036  0.061520 366 -11.2 1.1 -3.4 15
ACH140 7a 366 0.282086  0.000052  0.003303 0.000076  0.110948 366 -24.7 1.8 -17.4 2.4
ACH140_8a 366 0.282380  0.000050  0.001339 0.000183  0.055740 366 -14.3 1.8 -6.5 1.7
ACH140 6a 366 0.282480 0.000030  0.000836  0.000031  0.043617 366 -10.8 11 -2.8 14
ACH140 4a 366 0.282128 0.000067  0.002252  0.000065  0.074003 366 -23.2 2.4 -15.6 2.3
ACH140 5a 366 0.282454  0.000025 0.000891 0.000017  0.044674 366 -11.7 0.9 -3.8 15
ACH140 2b 366 0.282434  0.000028 0.000893 0.000074  0.048033 366 -12.4 1.0 -4.5 15
ACH140 1la 366 0.282477  0.000025 0.000921 0.000061  0.048627 366 -10.9 0.9 -3.0 15
8
7
6 —
W 2a-7
5 M -7a-12
B -12a-17
4 — B -17 a-22
3
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Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

Sample Grain (ﬁﬂgae) O£ HE +(2s)  YSLufMHE  +(2s)  YOYb/TTHS (/:/?ae) eHf (today) *(25) eHf(t) TomHf

Early Carboniferous granitic rocks (Fiambala, Velasco, Famatina and Zapata mountain ranges).

FIA-17 8/6
FIA17_6b 322 0.282477 0.000074 0.000544  0.000002  0.026722 322 -10.9 2.6 -3.9 15
FIAL17 4b 322 0.282149 0.000047 0.000619  0.000001  0.025898 322 -22.5 1.7 -15.5 2.2
FIAL7 4a 322 0.282493 0.000046 0.001762  0.000147  0.097517 322 -10.3 1.6 -3.5 14
FIA17 3b 322 0.282432 0.000067 0.000916  0.000027  0.045564 322 -12.5 2.4 -5.5 1.6
FIA17 3a 322 0.282359 0.000068 0.000627  0.000019  0.030277 322 -15.1 2.4 -8.0 1.7
FIA17_1b 322 0.282469 0.000064 0.000677 0.000011  0.034428 322 -11.2 2.3 -4.2 15
FIA17 la 322 0.282445 0.000061 0.000557  0.000014  0.027907 322 -12.0 2.2 -5.0 1.6

7
FIA-17

6 -
5 M -3a-9

B 9a-14
4 - [ -14a-20
-
.
7 =
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Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

: Age 176y 4177 176y 177 176\ pa /177 Age
Sample Grain (Ma) Hf/* ' Hf +(259) Lu/~""Hf +(259) Yb/ " Hf (Ma) eHf (today) *(25) eHf () TomHf
HUA-12 UE
HUA12 6a 357 0.282523 0.000029 0.001206 0.000169 0.059043 357 -9.3 1.3 -1.6 1.4
HUA12 5b 357 0.282503 0.000051 0.001274 0.000072 0.065866 357 -10.0 1.8 -2.4 1.4
HUA12 5a 357 0.282303 0.000069 0.002333 0.000165 0.080259 357 -17.1 2.4 -9.7 1.9
HUA12 4a 357 0.282471 0.000040 0.000989 0.000011 0.049964 357 -11.1 1.4 -3.4 1.5
HUA12 3a 357 0.282405 0.000038 0.001637 0.000033 0.084079 357 -13.4 1.3 -5.9 1.6
HUA12 2a 357 0.282575 0.000070 0.000736 0.000022 0.038552 357 -7.4 25 0.3 1.3
HUA12 1la 357 0.282469 0.000059 0.000771 0.000044 0.041285 357 -11.2 2.1 -34 15
7
5 ll 5a0
B oa-5
[ -5a-10
0




Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

: Age 176y 4 /177 176 | 177 176/ 177 Age Tom
sample Grain " HETHE  £20)  TLUTHE Qo) TYBITHE (W eHfoay (o) sH® |0
FAM-177 11/9

FAM 177 3b 353 0.282605 0.000055 0.001347 0.000027 0.063763 353 -6.4 2.0 1.2 1.2
FAM 177 6b 353 0.282666 0.000037 0.002280 0.000232 0.098271 353 -4.2 1.3 3.1 1.04
FAM_177_6a 353 0.282493 0.000054 0.003096 0.000118 0.098314 353 -10.3 1.9 -3.2 1.5
FAM 177 5b 353 0.282655 0.000040 0.001772 0.000030 0.088599 353 -4.6 1.4 2.8 1.1
FAM_177 5a 353 0.282566 0.000054 0.003304 0.000244 0.127620 353 -1.7 1.9 -0.7 1.3
FAM 177 4b 353 0.282607 0.000031 0.001263 0.000027 0.059873 353 -6.3 1.1 1.3 1.2
FAM_177 4a 353 0.282667 0.000035 0.002556 0.000214 0.121723 353 -4.2 1.2 3.1 1.0
FAM_177 3a 353 0.282651 0.000038 0.002223 0.000168 0.105691 353 -4.7 1.3 2.6 1.1
FAM_177 2a 353 0.282632 0.000052 0.001272 0.000140 0.057944 353 5.4 1.9 2.2 1.1
FAM 177 1b 353 0.282628 0.000031 0.001679 0.000085 0.079175 353 -5.6 1.1 1.9 1.1
FAM_177 1la 353 0.282716 0.000034 0.002703 0.000258 0.131327 353 -2.4 1.2 4.8 0.9

° FAM-177
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Table 3b (continuation). Laser ablation Hf isotope data for igneous dated zircons from Sierras Pampeanas of Argentina (location of samples in Fig. 1 and Table 1).

: Age 176y y¢/177 176) | 177 176n/pa /177 Age
sample Grain g THETHE +(20) LUTHE £ (Q20) YOITHE (% oHf gy £(20) eHI®  TouHf
ZAP-33 12/11
ZAP_33 12a 340 0.282409 0.000024 0.000482 0.000017 0.022801 340 -13.3 0.9 -5.9 1.6
ZAP_33 1la 340 0.282409 0.000031 0.000685 0.000014 0.031634 340 -13.3 1.1 -5.9 1.6
ZAP_33 10a 340 0.282424 0.000023 0.000577 0.000005 0.026810 340 -12.8 0.8 -5.3 1.6
ZAP_33 9a 340 0.282379 0.000023 0.000926 0.000024 0.044627 340 -14.4 0.8 -7.0 1.7
ZAP_33 8a 340 0.282407 0.000044 0.000616 0.000009 0.031501 340 -13.4 1.6 -5.9 1.6
ZAP 33 7b 340 0.282396 0.000035 0.000576 0.000022 0.027877 340 -13.8 1.2 -6.3 1.7
ZAP_33 6a 340 0.282196 0.000034 0.000602 0.000007 0.027530 377 -20.8 1.2 -13.4 2.1
ZAP_33 ba 340 0.282438 0.000024 0.000453 0.000002 0.020572 340 -12.3 0.9 -4.8 1.6
ZAP_33 3b 340 0.282447 0.000032 0.000851 0.000009 0.036220 340 -12.0 1.1 -4.6 1.5
ZAP 33 3a 340 0.282431 0.000025 0.001165 0.000026 0.048962 340 -12.5 0.9 -5.2 1.6
ZAP_33 2a 340 0.282394 0.000028 0.000615 0.000017 0.028751 340 -13.8 1.0 -6.4 1.7
ZAP 33 1la 340 0.282401 0.000040 0.001311 0.000099 0.039749 340 -13.6 1.4 -6.3 1.6
12
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Table

Table 4.
Whole-rock Nd isotopes for Early-Middle Ordovician metaluminous plutonic rocks
+
Sample Litology Ages (r?pr:\]W) (pl\pl)gﬂ) SmITNG (PN Ny (PNGENAE - eNd(D (g:)

VCA-7037 Granodiorite 473 1.60 6.20 0.1592 0.512226 0.511733 -5.8 1.7
VCA-7038 Granodiorite 473 3.70 20.2 0.1098 0.512113 0.511773 -5.0 1.6
VCA-7040 Granodiorite 473 4.20 22.3 0.1144 0.512112 0.511758 -5.3 1.6
VCA-7039 Granodiorite 473 4.90 22.3 0.1323 0.512191 0.511781 -4.8 1.6
FAM-7086 Tonalite 473 14.2 59.4 0.1445 0.512172 0.511724 -5.9 1.7
FAM-7083 Monzogranite 473 7.70 36.6 0.1264 0.512270 0.511878 -2.9 1.4
RLC-243 Granodiorite 473 5.50 28.3 0.1172 0.512122 0.511759 -5.3 1.6
GUA-253 Tonalite 473 5.00 20.9 0.1455 0.512214 0.511763 -5.2 1.6
GUA-252 Aplite 473 1.80 5.40 0.1983 0.512370 0.511756 -5.3 1.6
MIS-259 Tonalite 473 8.80 40.0 0.1336 0.512200 0.511786 -4.7 1.6
PUL-244 Granodiorite 473 7.30 36.5 0.1213 0.512183 0.511807 -4.3 15
ELE-206 Monzogranite 473 6.10 26.0 0.1424 0.512173 0.511732 -5.8 1.7
NAC-257 Monzogranite 473 3.80 18.4 0.1264 0.512159 0.511767 -5.1 1.6
OLT-279 Monzogranite 473 4.90 19.1 0.1560 0.512221 0.511738 -5.7 1.6
OLT-282 Monzogranite 473 5.20 24.2 0.1292 0.512142 0.511742 -5.6 1.6
PAS-272 Granodiorite 473 5.50 27.5 0.1198 0.512119 0.511748 -5.5 1.6
SVF-577 Hbl-rich Gabbro 473 10.1 38.7 0.1582 0.512242 0.511752 -5.4 1.6
ANC-11022 Monzogranite 473 3.90 16.8 0.1412 0.512212 0.511779 -3.3 15
ANC-11030a  Tonalite 473 6.00 30.2 0.1198 0.512233 0.511863 -5.0 1.6
Average 473 0.511770 -5.1 1.7

Age average (473 Ma) was obtained from range of values (484-463 Ma) reported by Dahlquist et al. (2008). Average Nd isotopic composition
excludes a few extreme values below -7.0 obtained from S-type granites. (**Nd/***Nd)t CHUR = 0.512029, with t = 473 Ma.

NOTES: 1. Early-Middle Ordovician data from Pankhurst et al. (1998, 2000) and Dahlquist et al. (2008, 2010). ANC-11030a from Dahlquist et
al. (2012), Early Carboniferous data from Dahlquist et al. (2010), and Middle-Late Devonian data from this work, excepting ACH-5, ACH-15,
ACH-23, ACH-25 (Rapela et al., 2008b). 2. The decay constants used in the calculations are the values A**’Sm = 6.54x10™%* year™
recommended by the ITUGS Subcommision for Geochronology (Steiger and Jaéger, 1977). Epsilon-Nd (¢Nd) values calculated using the
following CHUR parameters (Goldstein et al., 1984; Jacobsen and Wasserburg, 1980): (**Nd/***Nd)today = 0.512638; (***sm/***Nd)today =
0.1967. t=time used for the calculation of the isotopic initial ratios.

"Tom = calculated according to De Paolo et al. (1991).

SVCA-6017 = SPB-9.

*CHI-7 produce an irreal Tpy value of -1.4 Ga.



Table 4 (continuation).
Whole-rock Nd isotopes for Late-Middle Devonian granitic rocks

Sm Nd Tow'

Sample Litology Age  (ppm)  (ppm) SmENG - (NI N oy (NAFENGE - eNd () (Ga)
DAL-1 Felsic Granodiorite 369 115 57.7 0.1203 0.512200 0.511910 -5.0 1.5
ACH-140  Monzogranite 369 5.50 26.8 0.1248 0.512216 0.511915 -4.9 15
NPE-6 Monzogranite 369 8.80 43.3 0.1223 0.512152 0.511858 -6.0 1.6
NPE-14 Monzogranite 369 10.2 55.5 0.1112 0.512112 0.511843 -6.3 1.6
NPE-10 Bt-Ap bodies 369 159 709. 0.1358 0.512202 0.511875 -5.7 1.6
NPE-5 Bt-rich granite 369 17.6 87.6 0.1214 0.512148 0.511855 -6.0 1.6
ACH-154  Felsic Granodiorite 369 13.6 97.9 0.0841 0.512033 0.511830 -6.5 1.6
ACH-155  Monzogranite 369 8.90 50.2 0.1066 0.512104 0.511849 -6.2 1.6
ACH-5 Monzogranite 369 3.70 19.7 0.1128 0.512233 0.511961 -4.0 1.4
ACH-25 Monzogranite 369 6.20 325 0.1159 0.512239 0.511960 -4.0 1.4
ACH-23 Tonalite 369 6.40 39.0 0.1000 0.512341 0.512100 -1.2 1.2
ACH-15 Tonalite 369 7.10 35.9 0.1191 0.512354 0.512067 -1.9 1.3
Average 369 0.511919 -4.8 1.5

Age average (369 Ma) was obtained from ages reported in Table 1. Average excluding the tonalites, ACH-23 and 15 (see discussion in the text).
ACH-155, NPE-5, 6, 10, and 14 from Dahlquist et al. (submitted JSAES).



Table 4 (continuation).
Whole-rock Nd isotopes for Early Carboniferous granitic rocks

:
Sample Lithology Age (DSDTW) (pl\;g‘) TSMING - (NG Ny (PNAFENAE  eNd() -(r(Z:)
FIA-3 Monzogranite 341 12.1 67.1 0.1090 0.512351 0.512108 -1.8 13
FIA-8 Monzogranite 341 11.9 64.0 0.1124 0.512320 0.512069 2.5 13
FIA-17 Monzogranite 341 12.1 51.5 0.1420 0.512434 0.512117 -1.6 12
FIA-18 Monzogranite 341 12.5 52.0 0.1453 0.512458 0.512134 -1.3 12
FIA-22 Monzogranite 341 11.2 61.7 0.1097 0.512406 0.512161 -0.7 12
HUA-4 Monzogranite 341 4.60 20.1 0.1383 0.512338 0.512029 -3.3 14
HUA-6 Monzogranite 341 10.2 46.5 0.1326 0.512365 0.512069 25 13
HUA-7 Monzogranite 341 9.80 43.6 0.1359 0.512335 0.512032 -3.3 1.4
HUA-12 Monzogranite 341 10.5 49.1 0.1293 0.512352 0.512063 -2.6 13
HUA-13 Monzogranite 341 9.20 44.8 0.1241 0.512318 0.512041 3.1 14
SBP-6 Monzogranite 341 17.0 82.1 0.1252 0.512234 0.511955 -4.8 15
SBP-9' Monzogranite 341 9.60 475 0.1222 0.512395 0.512122 -1.5 12
SBP-10 Monzogranite 341 16.8 73.9 0.1374 0.512537 0.512230 0.6 11
SBP-15 Monzogranite 341 11.1 59.5 0.1128 0.512365 0.512113 -1.7 1.2
ZAP-26 Monzogranite 341 17.1 92.3 0.1120 0.512258 0.512008 3.7 1.4
ZAP-27 Monzogranite 341 18.6 69.6 0.1616 0.512430 0.512069 2.5 13
ZAP-29 Monzogranite 341 15.1 64.5 0.1415 0.512366 0.512050 2.9 13
ZAP-33 Monzogranite 341 9.70 46.3 0.1266 0.512306 0.512023 -3.4 1.4
CHI-7 Monzogranite 341 6.62 14.8 0.2700 0.512663 0.512060 -2.7 1.3
FAM-177 Monzogranite 341 9.47 53.5 0.1070 0.512403 0.512164 0.7 1.2
Average 341 0.512081 -2.3 1.3

Age average (341 Ma) was obtained from ages reported in Table 1.



Table

Table 5.
Major and trace element data for the plutonic rocks with Hf and Nd isotopes data (location of samples in Fig. 1 and Table 1).
Early-Middle Ordovician Plutonic Rocks Middle-Late Devonian Plutonic Rocks Early Carboniferous Plutonic Rocks

Samples SVF-577 FAM-7086 ANC-11030a ACH-140 DAL-1 NPE-10 NPE-14 FIA-17 HUA-12 CHI-17 FAM-177 SBP-09  ZAP-33

. Gb Tn Tn Mzg Felsic Bt-Ap-rich Mzg Mzg Mzg Mzg Mzg Mzg Mzg
Lithology Gda bodies
wt. %
Sio, 42.58 62.73 60.92 73.07 69.16 32.83 70.98 74.50 73.30 74.20 75.05 71.83 71.86
Tio, 1.28 0.64 0.80 0.22 0.49 2.77 0.36 0.07 0.19 0.03 0.21 0.38 0.25
Al,Os 19.05 17.16 18.25 14.11 15.14 14.29 14.78 11.98 13.39 12.84 12.66 13.57 13.10
Fe,04! 5.19 6.48 551 2.08 0.00 0.00 0.00 1.45 2.27 1.05 2.13 309 2.41
FeO! 9.01 N.D." N.D.f N.D. 3.24 17.02 2.00 N.D. N.D. N.D. N.D. N.D. N.D.
MnO 0.23 0.15 0.13 0.04 0.13 0.41 0.04 0.02 0.05 0.04 0.03 0.05 0.04
MgO 6.87 2.22 1.42 0.39 0.74 5.03 0.50 0.03 0.15 0.05 0.18 0.33 0.19
Cao 12.25 3.23 4.86 0.93 1.08 6.67 0.71 0.64 0.84 0.49 0.83 1.15 1.06
Na,O 1.69 3.61 3.95 2.71 3.62 0.20 3.07 3.29 3.18 3.71 3.59 3.29 3.06
K,O 0.52 2.76 1.84 5.32 4.33 7.05 5.40 4.92 5.19 5.08 5.03 5.39 5.70
P,Os 0.21 0.05 0.26 0.28 0.43 5.39 0.30 0.02 0.14 0.02 0.04 0.21 0.07
LOI (%) 0.98 1.03 0.7 0.60 0.88 1.04 1.09 1.66 1.63 1.66 0.19 0.70 1.73
Total 99.86 100.06 98.64 99.76 99.24 92.71* 99.23 98.58 100.33 99.16 99.94 99.99 99.47
ppm
Cs 0.2 101 21.3 12.3 33.2 102.5 9.5 10.1 31.7 16.2 15 31.1 11.5
Rb 3.3 176 78 330 551 1500.2 345.9 650 450 716 107 470 372
Sr 205 122 405 68 65.8 12.7 82.3 9 60 9 65 63 74
Ba 70 152 282 175 154.7 148.3 334.1 31 251 16 448 155 74
La 15.6 73.9 21.8 245 59.1 829.8 54.6 53.2 51.6 7.78 84.1 52.1 53.4
Ce 54 171 447 55.3 133.2 1899.9 133.2 121 120 23.1 175 117 118
Pr nd 15.8 5.71 7.05 16.2 236.7 16.4 13.7 13.4 3.06 17.1 13.6 13.2
Nd 38 59.4 20.8 24 59.5 888.2 61.8 51.5 49.1 175 53.5 475 46.3
Sm 9.38 142 45 5.07 12.3 195.3 11.9 12.1 10.5 6.23 9.47 9.58 9.71
Eu 1.58 1.75 2.05 0.503 0.8 8.8 1 0.186 1.19 0.131 0.94 0.898 1.01

Gd nd 15.3 4.37 4.02 9 148.8 7 12.4 8.05 7.32 7.39 8.21 8.65



Th 1.7 3.14 0.67 0.7 1.4 23.6 0.9 2.86 1.62 191 1.15 1.39 1.79

Dy N.D. 21.9 3.97 3.88 7.5 126.7 4.3 19.1 9.59 13.1 5.71 8.04 10.6
Ho N.D. 4.9 0.82 0.67 1.3 21.8 0.7 3.93 1.74 2.59 1.06 1.46 1.99
Er N.D. 15.6 2.45 1.82 3.2 53.9 1.6 12.7 5.19 8.33 3.16 4.22 5.85
Tm N.D. 2.73 0.38 0.26 0.5 7.6 0.2 2.05 0.819 1.55 0.46 0.655 0.909
Yb 5.54 16.5 2.58 1.6 2.9 44.7 1.3 13.1 5.23 10.6 2.77 4.2 5.72
Lu 0.79 2.6 0.42 0.211 0.4 6.3 0.2 1.83 0.741 1.6 0.39 0.59 0.838
U 0.1 4.37 1.09 5.42 12.6 187 3.7 20.7 6.2 56.5 1.9 6.04 7.17
Th 0.4 37 5.18 18.5 47.2 673.6 47.8 77.1 30.1 20.2 17 46.1 28.4
Y 58 145 21.6 195 35.6 616.6 18.1 130 54.2 105 26.9 45.8 57.9
Nb 5 29 11.8 20.2 60.6 276.1 22.8 68.3 331 30.4 15.6 37.3 34.9
Zr 120 210 838 146 239.6 2580.8 203.5 168 191 69 191 261 248
Hf 3.6 5.3 18.4 4.3 7.4 79.6 6 7.4 5.6 51 5.8 7.5 6.9

Ta 0.2 2.28 0.86 1.57 8.6 21.3 1.8 7.86 4.93 13.9 0.78 6.08 4.3

Ga 21 23 22 23 32 54 23 26 24 30 19 23 21

M 3.32 291 1.64 1.22 1.27 4.06 1.22 1.46 1.32 1.37 1.44 1.45 1.45
Tz(°C) 933 792 833 833 822 792 807 817 799 827 821

NOTES: 1. Early-Middle Ordovician geochemistry data from Pankhurst et al. (2000) and Dahlquist et al. (2008), Early Carboniferous geochemistry data from Dahlquist et al. (2010), and
Middle-Late Devonian geochemistry data from Dahlquist et al. (submitted JSAES). 2. ACH-140 sample analyzed at ACTLABS. NPE-10, NPE-14 and DAL-1 analyzed at Washington State
University. 3. Tz = 12,900/ [2.95+0.85 M+In(496,000 /Zr™"], where D, zircon/melt = (496,000 /Zr™"), is the ratio of Zr concentrations (ppm) in zircon to that in the saturated
melt; M is a compositional factor that accounts for dependence of zircon solubility on SiO2 and peraluminosity of the melt [(Na+K+2-Ca)/Al - Si), all in cation fraction]. The
geothermometer is calibrated for M = 0.9 to 1.7. Equation and Zr concentrations (ppm) in zircon (= 496,000 ppm) from Miller et al. (2003).

*Low total is attributed to the high F content.

*N.D. = not determined.

Gb = Gabbro, Tn = Tonalite, Gda = Granodiorite, Monzogranite = Mzg.






