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Abstract

The N-S trending belt with Grenvillian-age rocks developed in central western Argentina represents the basement of an allochthonous
terrane derived from Laurentia during the Early Paleozoic. The Las Matras plut#6(S66707'W) is located at the southern extension of
this belt in the Las Matras Block. It consists of a low-Al tonalitic to trondhjemitic facies characteristic of an arc magmatism. Isotopic studies
yielded Grenvillian Rb—Sr (1212 47 Ma) and Sm—Nd (1188 47 Ma) ages which, due to the undeformed and non-metamorphosed
character of the pluton, are interpreted to represent a crystallization age of around 1200 Ma. Although this age is slightly older than available
dates from other exposures of the same belt, and the undeformed feature is also distinctive for Las Matras, the depleted Sr and Nd isotopic
signatures of the pluton agree with those from other magmatic rocks involved in that belt. The differences found between Las Matras and the
northern exposures indicate that this belt with Grenvillian-age rocks comprises regions of non-homogeneous evolution. Although the correlation
of the Lower Paleozoic platform carbonates from the sedimentary cover of the Grenvillian-age basement rocks suggests the surroundings of
the Southern Grenville Province (Texas and northern Mexico) as the probable detachment site for the Argentine belt, comparison of
magmatic and tectonic processes involved in these basement rocks does not indicate similar evolutions. This fact can suggest an independen
evolution of the Argentine belt prior to amalgamation to the Laurentian Grenville or@y@®000 Elsevier Science Ltd. All rights reserved.
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1. Introduction Rapela, 1998), Cordillera Frontal (Ramos and Basei,
1997; Basei et al., 1998), and San Rafael Block (Astini et
The main orogenic activities in the crystalline basement al., 1996; Cingolani and Varela, 1999). Recently, the first
of central and western Argentina (Fig. 1) took place during results of Rb—Sr and Sm—Nd Mesoproterozoic ages were
latest Proterozoic to Early Paleozoic times (Pampean andreported by Sato et al. (1998, 1999) for a tonalitic to trondh-
Famatinian orogenic cycles of the Proto—Andean southwes-jemitic pluton at Las Matras in the La Pampa Province of
tern margin of Gondwana). However, older rocks of Meso- central Argentina. This pluton is located just at the southern
proterozoic Grenvillian ages have also been identified extension of this N—S belt. It seems to belong to the same
within this orogen. These older rocks were first documented tectonic unit, although some geological features are differ-
by Varela and Dalla Salda (1992; Rb—Sr data) at Sierra deent, like those concerning the visible lack of ductile defor-
Pie de Palo, Western Sierras Pampeanas. After that, metamation. To the east of this almost 900-km-long belt with
morphic rocks of similar ages (U-Pb, Sm—Nd, Rb—Sr) were Grenvillian-age rocks, a parallel belt comprises the Eastern
successively found in a N—S belt comprising the Precordil- Sierras Pampeanas and the ChadileBiack, in which the
lera (Abruzzi et al., 1993; Mahlburg Kay et al., 1996), Lower Paleozoic Famatinian tectonic, metamorphic, and
Western Sierras Pampeanas (McDonough et al.,, 1993;igneous activities are the most important features.
Ramos et al.,, 1996; Varela et al.,, 1996; Pankhurst and The Grenvillian-age rocks of central and western
Argentina have been involved in the basement of Lauren-
mpondmg author. Tel+54-221-425-8696; fax-+54-221-421- tian-derived exotic terrane proposals. Thege terranes should
5677. have docked to the southwestern margin of Gondwana
E-mail addresssato@cig.museo.unlp.edu.ar (A.M. Sato). during the Early Paleozoic Famatinian orogeny; they have
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been called “Occidentalia” (Dalla Salda et al., 1992a,b, Paleozoic granite. The dates obtained by the latter authors
1998; Dalziel et al., 1994), “Precordillera” (Astini et al., were in the range 810-690 Ma (K—Ar in amphiboles and
1995, 1996; Astini, 1998; Rapela et al., 1998a), “Cuyania” whole-rock) for the basic facies and 392-382 Ma (K—Ar
(Ramos, 1995; Ramos et al., 1996, 1998), “Texas plateau” whole-rock) for the acidic facies.
(Dalziel, 1997), and “Chilenia” (Ramos et al., 1984). These  Younger rock units include Upper Cambrian—Lower
various proposals do not coincide in their terrane exten- Ordovician (Melchor et al., 1999a,c) limestones and
sions, and they are based on the following tectonic hypoth- marbles (San Jorge Formation: Criado Raquf72)
esis: a large part of Laurentia was left behind after a (?)Upper Carboniferous quartzites (Agua Escondida Forma-
continent—continent collision (Occidentalia), an indepen- tion: GonZéez Diaz and Gara, 1968) and Permo-Triassic
dant smaller block separated from Laurentia and collided volcanic rocks (Linares et al., 1980). The rock association of
with Gondwana (Precordillera and Cuyania), and a part of a this region of La Pampa Province is similar to that of the San
continental plateau located adjacent to Laurentia was left Rafael Block to the northwest (Fig. 1), and for this reason
after a collision against Gondwana (Texas plateau). Chileniawe propose the new name “Las Matras Block” (Fig. 1). This
has been proposed as another smaller block docked lateblock is in contrast with southeastern La Pampa Province
during the Early Paleozoic. The most characteristic rocks where the (?)Upper Cambrian to Ordovician metamorphic
of these terranes, especially those of the Precordillera androcks and Upper Cambrian to Devonian granitoids are the
Cuyania terrane, are Grenvillian-age basement rocks and amost important units underlying the Permo-Triassic volca-
sedimentary cover. The similarity in isotopic signatures of nics (Linares et al., 1980; Sato et al., 1996; Tickyj et al.,
these basement rocks and those of the North American1999b). Based on this latter rock association, the southeast-
Grenville Province was pointed out by Mahlburg Kay et ern region of La Pampa Province was termed the Chadi-
al. (1996). Among the cover rocks, the most characteristic leuvl Block (Fig. 1) by Llambas and Caminos (1987) and
are the Lower Paleozoic platform carbonate deposits of the Llambias et al. (1996).
Precordillera, whose fossiliferous content, stratigraphy, and The limestones of the San Jorge Formation and the quart-
paleomagnetic data are comparable to those of the Appa-zites of the Agua Escondida Formation crop out in close
lachian equivalent strata (Bond et al., 1984; Astini et al., spatial association within the Las Matras Block, although
1995; Thomas and Astini, 1996; 1999; Astini, 1998; Bene- the stratigraphic relationship between them is not yet clear.
detto, 1998; Keller et al., 1998; Rapalini and Astini, 1998). The recently obtained deposition age of the San Jorge
These comparisons include the possibilities that the North Formation (Melchor et al., 1999a) indicates it is coeval
American Appalachian orogeny and the South American with the Cambro—Ordovician carbonates of the Precordil-
Famatinian orogeny initiated as a single complex mountain lera and San Rafael Block, which have Laurentian affinities.
system (Dalla Salda et al., 1992b; Dalziel et al., 1994) or The possibility remains open that the quartzites exposed in
developed in close proximity (Dalziel, 1997). the area of Las Matras — although assigned to the Late
It is beyond the scope of this paper to discuss the validity Carboniferous Agua Escondida Formation by Linares
of the different tectonic hypotheses and the precise limits of et al. (1980) — can also be correlated with the clastic
each proposed terrane. Here, we compare our data on thdacies of those carbonate shelf deposits extending from the
Las Matras area with all the Grenvillian-age rocks of central Precordillera.
and western Argentina and include all of them within the  The Las Matras pluton appears without exposed country
term “belt with Grenvillian-age rocks.” rock relationship. The nearest metamorphic rocks recog-
The Rb—Sr, Sm—Nd, and K—Ar ages obtained from the nized are those in a well 280 m in the underground of the
Las Matras pluton as well as their geological and geochem-“Subcuenca de Alvear,” 70 km north of Las Matras. They
ical features are reported in this paper. They are the firstare garnet—hornblende—biotite—schists, with one K-Ar
indications that the belt with Grenvillian-age rocks of determination of 605 Ma (Criado Rogu&979). Based on
central and western Argentina extends up to latitudes their lithology and age, Criado Roqué@979) correlated
close to 37S. Hence, they contribute to our knowledge these rocks with the Cerro Ventana Formation (Criado
of the geology of this Mesoproterozoic basement belt and Roque 1972), the metamorphic basement of the San Rafael
to the geotectonic framework related to the Laurentia— Block. Criado Roqu€1979) also mentioned the possibility
Gondwana interaction. of correlation with the Las Matras pluton, based on preli-
minary K—Ar ages of this pluton published later by Linares
et al. (1980). The Grenvillian age of the Cerro Ventana

2. Geological setting Formation was later confirmed by U-Pb and Rb—Sr meth-
ods (Astini et al., 1996; Cingolani and Varela, 1999).
The Las Matras pluton (386'S, 6707'W) is located in Metamorphic rocks are found in the ChadiléuBlock,

the northwestern part of La Pampa Province (Fig. 1). After a 150 km southeast of Las Matras (Linares et al., 1980;
brief reference in accord with an unpublished report of Ortiz Tickyj, 1999). There, the metamorphism took place during
(1967), Llambas (1975) and Linares et al. (1980) described (?) latest Precambrian to Early Paleozoic times. Within the
a dioritic pluton of Late Proterozoic age, intruded by a Chadileuvu Block, metamorphic rocks are described,
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Fig. 1. The Proterozoic and Paleozoic geological units of central and western Argentina. The areas with Grenvillian-age rock exposures (Western Sierras
Pampeanas, Precordillera, Frontal Cordillera, San Rafael Block, and Las Matras Block) are arranged in a N-S belt, defining a “belt with Ggenvillian-a
rocks.” This belt does not mean a new terrane proposal, although the following proposed terranes are involved, with different areal extensions and
paleotectonic hypotheses referring to a terrane of Laurentian origin: Occidentalia (Dalla Salda et al., 1992a), Precordillera (Astini et al., 1995), Cuyania
(Ramos, 1995), Texas Plateau (Dalziel, 1997) and Chilenia (Ramos et al., 1984). Las Matras is located in the southern region of this belt (Las Matras Block).
The Eastern Sierras Pampeanas and the Chadillock are located to the east of this belt, where the most important orogenic activities took place during the

latest Proterozoic to Early Paleozoic times.

among others, in the area of Valle Daza, where a mafic there are exposures of quartzite beds (Cerro El Poleo),
granoblastic rock containing clinopyroxene, amphibole, where the general bedding trend is RMband subvertical.
quartz, plagioclase, and K-felspar was dated at 884 Ma The exposed sequence was characterized by Melchor (1996)
(K=Ar amphibole) by Linares et al. (1980). as consisting of light gray fine quartz arenites, partially
In the area of Las Matras (Fig. 2) the poor exposures of stained by reddish oxides, and scarce layers of conglomera-
the pluton are found in an area ok4 km? on very low and dic arenites and fine-grained conglomerates. Tabular
gentle slopes, covered by unconsolidated sediments andieds with parallel lamination predominate; occasional
vegetation. The outcrops are mainly concentrated in thelayers with cross-bedding were also found. Although
eastern part of the area depicted in Fig. 2. To the west,very small outcrops of the Las Matras pluton are
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Fig. 2. Geological sketch map of the Las Matras pluton; for location see Fig. 1. The pluton is poorly exposed, without country rock relationship, and covered by
modern sediments. The contacts between the internal facies (areas of different proportions of tonalitic enclaves) of the pluton are transitional.

found as close as 200 m from the quartzites, no contactcratic facies containing various proportions of dark, fine-
could be found between them. The lack of metamorph- grained equigranular to porphyritic microgranitoid
ism in the quartzites, plus the very sharp NW-trending enclaves. The leucocratic facies is of trondhjemitic compo-
borders of their outcrops parallel to bedding, are sition (as determined chemically), and the mafic facies is
suggestive of a possible tectonic contact between thesetonalitic. Due to the irregular distribution of the enclaves
units. and their swarms (areas that range from meters in width up
On the other hand, this contact area is covered by to hundreds of meters wide; see Fig. 2), the various rock
regoliths of Permo-Triassic volcanic rocks of mainly types were distinguished as trondhjemites30% of tona-
dacitic to rhyolitic compositions. A NW-trending rhyo- litic enclaves; see Fig. 3a), trondhjemites to tonalites (30—
litic dike cuts across the trondhjemitic facies of the 60%), and tonalites{60% or areas of more homogeneous
pluton. In one of the Permian dacitic exposures, a brittle tonalitic facies; see Fig. 3d). Rocks of trondhjemitic compo-
shear deformation, causing a penetrative fracture cleavagesition cover the major area of exposures.
could be observed in a NW-SE trending belt that is a few  The enclaves show different sizes and morphologies (Fig.
hundred meters wide. Such a NW-striking structure is wide- 3b and c). Some are homogeneously globular, with sub-
spread inthe La Pampa Province, controlling many large-scalecircular plan view, up to 2 m in diameter. The contacts are
structures throughout the Paleozoic era, like the orientation of sharp, without chilled margins. Others have irregular
the metamorphic rocks, elongation of the Permian sedimen-shapes, but generally with lobated or crenulated contacts,
tary basin, and distribution of the Upper Paleozoic volcanic coexisting with those of different sizes. Discrete felsic halos
rocks. West of the quartzite beds there are also other very smalless than 1 cm thick could also be observed. Within the
outcrops and regoliths of similar porphyritic volcanic rocks areas more homogeneously trondhjemitic, the enclaves are
and tuffs, following a similar NW trend of the exposures. scarce, less than 5cm wide, and have diffuse contacts.
Within areas more homogeneously tonalitic, the trondhje-
mitic magmas appear as straight veins, with matching walls,
3. The Las Matras pluton filling narrow sectors between angulose enclaves. In some
cases, they fill lobate interstices between enclaves, having
The Las Matras pluton is an undeformed microgranitoid coarser grain sizes than those of the enclaves.
enclave pluton that is composed of a medium-grained leuco- The texture of the rocks is granular, with minerals in
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Fig. 3. (a) Las Matras pluton, a general field view of the homogeneous trondhjemitic facies in the central area of the pluton, almost without microgranitoid
enclaves. (b, c, d) Different sizes and proportions of tonalitic enclaves in the eastern area of the pluton: (b) some have angular to lobular contours; (c) others
have subcircular sections about 1 m in diameter (scale has 1 cm divisions); (d) tonalitic facies with abundant enclaves (scale has 1 cm divisions). Photo-
micrographs show unmodified magmatic textures; crossed polarizers: (e) trondhjemite with euhedral plagioclase surrounded by graphic intergrowth; (f)
tonalite with quartz surrounding euhedral amphibole (central right), biotite, and plagioclase.

random orientations. Although 3D observations are difficult ~ There are occasional dikes, with different composition,
because of the poor exposures, mineral or enclave orienta-cutting the pluton in different orientations. Their widths are
tions due to magmatic flow or deformation processes, like less than 1 m and lengths less than 20 m. The basic ones are
those described by Vernon et al. (1988), could not be dark, with afanitic texture, while the acidic ones are aplitic,
observed. pink-coloured, with diffuse and small enclaves.
Geochemical and isotopic features (see below) suggest The tonalitic rocks are composed of plagioclase, quartz,
that the enclave facies is of cogenetic origin with the host amphibole, biotite, and alkali feldspar, with opaque
rock. It was not possible to make geochemical or isotopic minerals, apatite, zircon, allanite, and sphene as accessory
distinction between the two facies, like the case reported minerals, and scarce alteration to epidote and clorite. In the
by Elburg and Nicolls (1995) and Elburg (1996) for the trondhjemitic facies, the alkali feldspar is more abundant,
granitoids and volcanic rocks from the Lachlan Fold Belt. while amphibole is scarce or absent. The original magmatic
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Table 1
Major, trace and REE analyses from the Las Matras pluton and dikes

(Major oxides analyzed by fusion-ICP and trace and RE elements analyzed by fusion-ICP MS, at the Activation Laboratories (Canada). Standards used
STM1, MAG1, BIR1, DNC1, W2, MRG1, SY3, GXR1)

Trondhjemites

LMT-7 LMT-8 LMT-9 LMT-11 LMT-14 LMT-15 LMT-22 LMT-31
Sio, 70.67 71.54 73.32 72.09 71.74 75.09 75.51 71.59
Al,03 13.41 14.25 13.67 13.05 13.27 13.21 12.59 13.75
Fe03 3.07 3.62 2.85 2.87 2.91 2.44 2.41 3.07
MnO 0.08 0.07 0.04 0.06 0.05 0.05 0.06 0.04
MgO 0.65 0.68 0.43 0.44 0.57 0.39 0.23 0.46
CaO 2.17 2.30 2.38 2.00 2.15 1.62 1.38 2.07
Na,O 4.03 4.16 411 4.22 4.02 4.00 4,52 4.02
K,0 2.61 2.69 2.40 2.58 2.61 2.96 2.36 2.85
TiO, 0.33 0.36 0.31 0.29 0.32 0.25 0.23 0.30
P05 0.06 0.10 0.08 0.14 0.06 0.06 0.05 0.10
LOI 0.92 0.95 0.77 0.83 1.00 0.89 0.70 0.95
Total 98.00 100.72 100.34 98.57 98.70 100.96 100.03 99.17
Rb 67 84 44 a7 56 78 51 53
Sr 210 237 256 197 215 171 152 213
Y 33 3R 19 33 28 R 37 33
Zr 189 177 165 194 191 169 209 212
Nb 9 9 6 8 8 9 4 7
Ba 820 817 941 799 922 849 846 944
Cs 1.9 3.4 0.7 1.6 1.7 0.8
Hf 5.1 6 5.3 5.1 5.8 5.5
Ta 2.58 2.47 2.77 2.63 2.65 25
Tl 0.42 0.49 0.17 0.21 0.48 0.37
Th 5.3 4.8 5.2 5.3 5.3 4.0
] 15 1.7 1.6 1.8 1.8 1.4
La 23.4 26.5 27.8 22.6 27.4 23.5
Ce 51.5 56.4 56.9 48.9 58.1 51.4
Pr 5.702 6.633 5.946 5.332 6.724 5.95
Nd 24.2 30.4 25.6 225 30.4 24.1
Sm 5.15 6.74 5.43 4.77 6.44 4.97
Eu 0.978 1.405 1.012 0.979 1.113 0.961
Gd 4.69 5.84 4.62 4.17 5.73 4.65
Th 0.89 1.02 0.88 0.74 0.99 0.88
Dy 5.04 6.13 5.14 4.27 6.16 5.19
Ho 1.04 1.3 1.00 0.88 1.31 1.11
Er 3.33 4.09 3.06 2.66 4.15 3.56
Tm 0.553 0.587 0.538 0.434 0.609 0.543
Th 3.5 3.91 3.53 2.79 4.02 3.53
Lu 0.559 0.583 0.56 0.451 0.613 0.540

Tonalites Dikes

LMT-10 LMT-12 LMT-17 LMT-21 LMT-27 LMT-40 LMT-25 LMT26
Sio, 64.05 60.10 64.76 64.49 65.34 65.61 75.65 56.65
Al,O3 15.20 16.02 15.59 15.56 15.48 15.99 12.85 14.59
Fe0; 6.52 8.30 6.23 5.38 5.81 5.56 1.96 7.25
MnO 0.13 0.17 0.12 0.11 0.11 0.09 0.04 0.12
MgO 1.77 2.50 1.60 1.61 1.33 1.48 0.30 7.05
CaO 4.57 5.62 4.36 4.82 3.63 3.27 1.40 7.88
Na,O 4.05 3.49 4.16 4.35 492 4.09 4.22 2.19
K,0 1.86 1.78 1.96 1.90 1.67 2.22 3.10 1.83
TiO, 0.75 0.93 0.66 0.70 0.68 0.717 0.26 0.59
P05 0.29 0.23 0.26 0.23 0.51 0.30 0.06 0.16
LOI 1.60 1.26 1.23 1.16 0.94 1.34 0.83 1.37
Total 100.79 100.41 100.93 100.30 100.40 100.67 100.66 99.69
Rb 47 100 64 a7 39 68 61 53
Sr 312 338 363 382 334 329 160 266
Y 27 2 33 27 R 27 17 12

Zr 110 117 127 131 144 171 185 106
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Table 1 ¢€ontinued

Tonalites Dikes

LMT-10 LMT-12 LMT-17 LMT-21 LMT-27 LMT-40 LMT-25 LMT26
Nb 4 7 7 7 9 7 7 5
Ba 474 346 558 600 573 732 1439 537
Cs 15 3.7 3.5 4.5 0.6 1.8
Hf 3.1 4.1 4.8 4.6 6.4 3.6
Ta 1.11 1.29 1.69 1.4 3.14 0.98
Tl 0.12 0.65 0.19 0.52 0.32 0.36
Th 2.8 3.2 2.9 3.1 45 11.0
U 1.0 1.0 1.0 1.2 1.6 3.8
La 135 21.4 211 19.3 56.7 24.1
Ce 33.9 48.1 48.7 42.4 99.5 51.1
Pr 4.072 6.006 6.190 5.11 9.798 5.544
Nd 18.3 28.8 30.6 21.8 38.1 23.9
Sm 4.4 6.74 7.29 4.83 5.49 4.4
Eu 1.136 1.534 1.923 1.39 1515 1.053
Gd 3.89 6.03 6.39 4.57 3.73 3.12
Th 0.72 1.06 1.11 0.81 0.54 0.46
Dy 4.07 6.44 6.54 4.66 3.01 2.55
Ho 0.84 1.35 1.37 0.98 0.66 0.51
Er 2.5 4.18 4.2 2.95 2.36 1.6
Tm 0.389 0.581 0.567 0.433 0.335 0.197
Th 2.45 3.84 3.72 2.95 2.49 1.31
Lu 0.402 0.568 0.554 0.432 0.424 0.198

textures have not been modified by metamorphic overprints tonalitic and trondhjemitic rocks, the Harker diagrams
(Fig. 3e and f). According to preliminary electron probe (Fig. 5) show good negative trends for MgO, FeO, CaO,
microanalysis data of amphibole and feldspars, the empla-TiO,, and ALOs;. For NaO, no trend can be delineated,
cement level of the pluton should have been shallow, at leastwhile K,O increases for the trondhjemites. This different
in the late stages. This shallow emplacement level is alsobehaviour for the alkalies is observed in the more sodic
evidenced by graphic textures (Fig. 3e) detected in somecharacter of the tonalites compared to the trondhjemites
trondhjemites. (Fig. 4b). In the AFM diagram (Irvine and Baragar, 1971)
both the tonalites and trondhjemites show a calc-alkaline
signature.
Rb (<100 ppm) and Sr<€382 ppm) are low, Y (generally
Major, trace-, and RE elements were analyzed for 8 27—38 ppm) and Ba (346—600 ppm for tonalites and 817—
whole-rock samples of the leucocratic facies, 6 samples of 941 ppm for trondhjemites) are moderate. The low Sr/Y and
the melanocratic facies, 1 basic dike, and 1 acidic dike moderate contents of Y (Fig. 6) are characteristic of low-Al
(Table 1). The analyses were performed at the Activation TTD (tonalites, trondhjemites and dacites), which also char-
Laboratories (Canada), by Fusion-ICP for major oxides and acterize the calc-alkaline andesite—dacite—rhyolite suites
by Fusion-ICP MS for trace and RE elements. from continental and island arcs. Concentrations of Zr are
The major element composition characterizes the rocks aslow to moderate, 110-171 ppm for tonalites and 165-
tonalites—trondhjemites (Fig. 4a), of low-Al and medium-K 212 ppm for trondhjemites.
contents. The classification of trondhjemites is in accor- Tonalites and trondhjemites have very coherent REE
dance with the definition of Barker (1979), with Si@h patterns and show little variation in both overall abundance
the range 70.7-75.5%, Fé@ MgO=2.3—-3.9%, and profile shape (Fig. 7). Total REE analyzed are low
CaO=1.4-2.4%, NgO=4.0-4.5%, and relatively high (121-154 ppm for trondhjemites, 91-140 ppm for tona-
values KO, =2.4-3.0%. The SiQrange of the tonalites lites), and very little increase of total REE accompanies
is low, 60.1-65.6%. However, the general chemical featuresthe increase in Si© The patterns show slight LREE enrich-
are quite similar to those of the trondhjemites, hence they ment and flat HREE behaviour (La/Qm 1.8-3.2 and La/
are considered as cogenetic. The sodic character dominate¥by = 3.7-5.5). The Eu negative anomaly is slight to
over potassic (N#/K,O = 1.8—3 for the tonalites and 1.3— moderate (Eu/Eu= 0.74-0.90 for tonalites and 0.56—0.68
2.0 for the trondhjemites), and all the rocks are metalumi- for trondhjemites) and, together with the clear decrease of Sr
nous (Fig. 4b). The two samples of dikes ($#56.7 and with increasing Si@content, suggests progressive removal
75.7%) do not show behaviour similar to that of the pluton. of plagioclase from the magma. The low (La/Yband
Despite the compositional gap recognized between therelatively high (Yb), values are also characteristics of the

3.1. Geochemistry
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An (Pearce et al., 1984) as well as the La/Yb value2.8)
agree with an environment of continental magmatic arc.
O Trondhjemites In contrast, the high-Al subtype TTD has quite different
O Tonalites trace and REE patterns because of the involvement of garnet

A Dikes in petrogenesis. These rocks, which are quite abundant in
the Archean gneissic terranes, are explained as a much
higher pressure melting product of hot slab basalts trans-
formed to amphibolite and eclogite at a deeper and more
oceanward position than the calc-alkaline arc (Martin, 1986,

1987; Drummond and Defant, 1990). They have also been
related to mantle delamination processes (Kay and

Mahlburg Kay, 1993).

3.2. Age

To constrain the age of the Las Matras pluton, one Rb—Sr
errorchron, one Sm—Nd isochron, and a new K—Ar date

Trondhjemite Granite

Ab or have been obtained in addition to the K—Ar dates reported
1.2 by Linares et al. (1980). A U-Pb zircon dating is presently
AICNK Peraluminous in process.
The Rb—Sr method was applied using 14 whole-rock
O Metaluminous samples from the tonalitic as well as the trondhjemitic
1.0 %38 o ©O — facies, including the 2 dikes. For the Sm—Nd method, 1
© O trondhjemitic and 2 tonalitic whole-rock samples, together
o o O DD . with 2 amphibole separates from the tonalites were used. Rb
§ S O and Sr XRF analyses, the isotope dilution technique for
08 & | - Sm-Nd analyses (using a combinéfSm—"Nd spike
A according to the technique described by Sato et al., 1995),
- (b) . as well as the mass spectrometry for Sm, Nd, and Sr, were
Na20iK20 carried out at the Centro de Pesquisas Geocronologi€as, Sa
0.6 — e e B Paulo. The isotopic ratios were measured using the VG 354
0.5 1.0 15 2.0 25 3.0 35

mass spectrometer with multiple and single collector

Fig. 4. (a) Classification of trondhjemites and tonalites, after O’Connor Systems. Only the extraction of natural Sr through cation

(1965), based on normative Ab, An, and Or. (b) Relation between A/ exchange columns was performed at the Centro de Investi-

CNK (molar) and NgO/K;0, shqwing the sodic ar_1d metaluminou_s char- gaciones Geodlgicas, La Plata. K—Ar amphibole dating

?hcéetrr;r:dtgjeesniitreosc'ks. The tonalites are more sodic and metaluminous thanfrom the tonalite was also carried out at the Centro de
Pesquisas Geocrongjizas.

Rb—Sr whole-rock dating (Fig. 8a, Table 2) show an
low-Al (or high-Yb) TTD (Martin, 1986; Drummond and  acceptable alignment of 10 samples within a low range of
Defant, 1990). In contrast, the basic and acidic dikes show 8’Rb/f®Sr (<1.2). The age obtained was 121247 Ma
quite different patterns, indicating a different magmatic (2¢), initial ®’Sr/®Sr 0.7030+ 0.0004, and MSWD 3.7. It
origin. was not possible to separate the tonalitic facies from the

Both the tonalites and trondhjemites have all the major, trondhjemitic within the errorchron. The two samples of
trace, and REE chemical characteristics of low-Al TTD. dikes did not align with the pluton. Two other trondhjemitic
The partial melting models of Drummond and Defant samples (LMT-8 and LMT-14) were also excluded because
(1990) and Drummond et al. (1996) depicted for these of their scattered positions. Taking into account that the
rocks indicate derivation from a plagioclase-bearing basal- pluton does not show any textural evidence of ductile defor-
tic source or, alternatively, plagioclase fractionation from mation and metamorphism, this date is considered to be
mantle-derived magmas. The slight enrichment in the LIL related to the crystallization age. The low initial Sr ratio is
elements like Sr, Rb, K, Th, and U observed at Las Matras is indicative of an only slightly evolved common source for
indicative of a slight crustal signature component; this can both the tonalitic and trondhjemitic rocks.
be achieved through either melting of basaltic material The five samples analyzed by the Sm—Nd method define
derived from a depleted mantle or direct derivation from an acceptable isochron (Fig. 8b, Table 2) of 11887 Ma,
an enriched mantle. The fact that no other mafic magma isand MSWD 0.3. The model ageb,) calculated according
found associated with the pluton complicates these interpre-to DePaolo (1981) for the whole-rock samples are in the
tations. In any case, the Rb vs.YNb discrimination range 1551-1604 Ma. TheNd ;50 for these samples is



A.M. Sato et al. / Journal of South American Earth Sciences 13 (2000) 587-610 595

A 1500
L Rb Ba
100\ O 11000
od SN
s0- A m R © A =3 {500
O
0 PRI U S SN N U S T S (S S SRR R S R PRI N T S SN N U SR T S SN S SR SR SR 0
° g
I TiO Sr
0.8 ’ o &
I E[]%EI a 1300
A
0.6 A O
O
9 R 1200
N (@)
- °% ®
0.2........|....|....%.......|....|....|....|....100
8L A CaO AIZO3 117
F O 0 116
o & s
L & A _
4
I ] o 114
i 0 %
2 @OQ 06 J13
0 | - | | | R | P | | 12
m|
A FeO* Na,O
T % ’ Il
L (@)
A
4l [BD O@O 1a
L o O
2L %OO 43
A
0 v by by by Ly gy ..A..I....I....I....I.... 2
VAN MgO Kzo
6 O Trondhjemites A 13
r O Tonalites o
al A Dikes O
o o
L O 2
a A & 7
il GY |
I o]
o|||%%||||1
55 60 65 70 75 60 65 70 75 80

Fig. 5. Harker diagrams (dry bases) for the rocks of the Las Matras pluton, for major elements, Rb, Sr and Bengeiare 60.1-65.6% for tonalites, and
70.7-75.5% for trondhjemites (see Table 1). A compositional gap can be seen between the tonalites and trondhjemites.

very close, betweer-1.6 and+1.8, indicating a “depleted”  ably proposed as the crystallization age for the Las Matras
source, less evolved than CHUR for the time of crystalliza- pluton.

tion. The low values 0feSry2q) (—4.5 to +4.8) are also If we consider a linear strontium isotopic evolution of
indications of their depleted character. The rough coinci- BABI through time (Fig. 9a), witf’Sr°Sr from 0.699 to
dence within error ranges of the Sm—Nd and the Rb—Sr 0.704 (Rb/Sr 0.027; Faure, 1986) during the 4.5 Ga, the
dates indicates that an average of 1200 Ma can be reason®’Sr/°Sr value for 1.2 Ga (crystallization age of the Las
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Fig. 6. Sr/Y vs Y diagram (Drummond and Defant, 1990). The rocks of the - Tonalites +— LMT-10 64.05% SiO2 -
Las Matras pluton plot in the low-Al TTD field, which also characterizes 100 —&— LMT-12 60.10% |
the calc-alkaline andesite—dacite—rhyolite suites from continental and E E
island arcs. h
Matras pluton) is 0.7028, which is very close to the value of
0.7030= 0.0003 obtained from the Rb—Sr errorchron. This 10k
could explain a direct mantle derivation for the magma at E E
this time. However, if we consider the linear eVO|LétI0n of a r (b) M LMT-27 65.34% ]
depleted mantle (Rb/Sr 0.016; Faure, 1986),i8e/*°Sr of - LMT.40 65,619 .
0.7030 obtained for the Las Matras pluton can also be r ¢ R
explained as a result of fusion of crustal material extracted . S I T Y O Y
from that depleted mantle at 1.6 Ga (Fig. 9a). A crustal La CePr Nd Sm Eu Gd Tb DyHo Er Tm YbLu

residence time of~400 million years (up to 1.2 Ga) can
be calculated in a closed system having a Rb/Sr ratio of
approximately 0.12. After this, partial fusion and complete
homogenization of the Rb—Sr system could have occurred,
yielding a 1.2 Ga pluton witf’Sr/°Sr= 0.7030. The low
values of Rb/Sr (0.11-0.39) found in the rocks can support
this evolution from a depleted mantle model rather than
from a normal mantle one.

The above Sr depleted-mantle model age of 1.6 Ga agrees
well with the Nd Tpy model ages (1551-1604 Ma) calcu-
lated after DePaolo (1981; Fig. 9b). This coincidence favors
this refusion hypothesis of material derived from a depleted
mantle. Nevertheless, the possibility of derivation from a ) S Y I O
depleted mantle contaminated by recycled sediments (or La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
an enriched mantle) in a subduction zone cannot be iy 7. chondrite-normalized REE patterns for the (a) trondhjemites; (b)
discarded, as can be seen by the poorly defined epsilontonalites; and (c) dikes. The trondhjemites and tonalites show consistent
values éNd +1.8to+1.7, andeSr —4.5 to +4,8)_ patterns, with low (La/Yh) and small negative Eu anomalies, typical of

The K—Ar date, obtained for amphibole separated from a low-Al TTD. The two dikes show quite different patterns.
tonalite, was 869 17 Ma (Table 2). This value is closer to
the published data in the range of 690-810 Ma (Linares et 3.3. Comparable Grenvillian basement rocks in Argentina
al., 1980). These dates, together with the 392-382 Ma K-

Ar whole-rock dates (Linares et al., 1980) can suggest To the north of Las Matras, Grenvillian-age basement
different degrees of resetting during the Early Paleozoic rocks involved in the Early Paleozoic Famatinian orogeny
Famatinian orogeny that affected the central western Argen- of the southwestern margin of Gondwana are exposed at the
tine region. Alternatively, they can represent two different following morphostructural units (cf. Fig. 10, Table 3).
thermal events, one in the Neoproterozoic and another Western Sierras Pampeand$e northernmost exposure
during Early Paleozoic times (Linares et al., 1980; Sato et in the Western Sierras Pampeanas corresponds to the area of
al., 1996; Tickyj, 1999). Up to now, we have not had Sierrade Umango (Varela et al., 1996) where biotite schists,
evidence to support any of these alternative interpretations.amphibolites, acidic gneisses, mafic gneisses, and marbles

100 —&— LMT-25 75.65% SiO2

—@— LMT-26 56.65%

—_
(2)
~—
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Fig. 8. (a) Rb—Sr whole rock errorchron; and (b) Sm—Nd whole rock-amphibole isochron for the Las Matras pluton. Both the trondhjemitic and tonalitic facies
are aligned on the same isochrons, indicating that they are comagmatic.

occur. Metamorphic grades range from greenschist to gran-ortho- and paragneisses and schists, migmatites, as well as
ulite facies. The acidic gneisses yielded a whole rock Rb—Sr mafic—ultramafic associations (peridotites, serpentinites,
isochron age of 103& 30 Ma, probably corresponding to metagabbros, metadiorites, amphibolites, mafic schists)
the metamorphic process. The geochemistry of amphibo-and marbles. These rocks yielded a crystallization U-Pb
lites has been interpreted as compatible with a magmaticage of 1105t 79 Ma and a?*’Pbf°Pb metamorphism
arc or back arc environment (Vujovich and Kay, 1996). date of 1060—1080 Ma (McDonough et al., 1993; recalcu-
To the southeast, at Sierra de Vallatifean association lated values in Ramos et al., 1998). Rb—Sr metamorphism
of paragneisses, orthogneisses, and amphibolites of granuages have been reported by Varela and Dalla Salda (1992)
lite facies have been described (Mirr#971); Cingolani — 1027= 57 Ma, reference isochron, and Pankhurst and
(unpublished data) obtained a Rb—Sr preliminary isochron Rapela (1998) — 102% 12 Ma. The geochemical study of
of 963 = 86 Ma (see Varela et al., 1996). The intermediate these rocks allowed Vujovich and Kay (1996, 1998) to
to basic rocks that intruded this basement in the southernpostulate a tectonic setting within an oceanic arc/back arc
continuation of the mountain chain (Sierra de la Huerta) environment.
have been interpreted as representing the root of a At the western rim of Sierra de Pie de Palo, there are
magmatic arc (Vujovich et al., 1996; Castro de Machuca carbonate and clastic shelf sediments affected by low-
et al., 1996a), probably of island type (Castro de Machuca grade metamorphism (Vujovich and Ramos, 1994; Dalla
et al., 1996b). Salda and Varela, 1984; Ramos et al., 1998). These rocks
In the Sierra de Pie de Palo, greenschist to granulite faciesshow some lithological similarities with the Cambro—Ordo-
rocks (see synthesis in Vujovich and Kay, 1998) comprise vician carbonate shelf deposits associated with the belt with



Table 2

Analytical results of Rb—Sr, Sm—Nd, and K—Ar datings from the Las Matras pluton and dikes
(Values obtained for standards: NBS-98%r/°Sr 0.71026; La Jolla**Nd/**4Nd 0.511847Tp, model ages calculated according to the single-stage method of DePaolo (1981))

Sample Material Rb (ppm) Sr (ppm) 8"Rb/*sr 87SrPsr

Rb-Sr analytical results

LMT-7 Trondhjemite 68.1 223.2 0.883870.001767 0.71772 0.00009

LMT-8 Trondhjemite 76.5 231.2 0.958750.01918 0.71733% 0.00009

LMT-9 Trondhjemite 43.9 259.6 0.489890.00979 0.71182 0.00008

LMT-10 Tonalite 55.4 365.5 0.43918 0.00878 0.7110< 0.00012

LMT-11 Trondhjemite 48.7 209.7 0.672360.01345 0.7151< 0.00007

LMT-12 Tonalite 87.8 345.2 0.737150.01474 0.71545 0.00007

LMT-14 Trondhjemite 56.2 232.2 0.664180.01328 0.71591 0.00008

LMT-15 Trondhjemite 65.8 168.8 1.129670.02259 0.72285: 0.00012

LMT-17 Tonalite 64.1 361.2 0.51388 0.01027 0.71165 0.00008

LMT-21 Tonalite 47.3 387.0 0.35375 0.00707 0.70912 0.00011

LMT-22 Trondhjemite 47.3 151.2 0.930640.01861 0.7184% 0.00010

LMT-25 Dike 54.8 159.8 0.99262 0.01985 0.71634 0.00009

LMT-26 Dike 495 266.8 0.53716% 0.01074 0.71346: 0.00008

LMT-27 Tonalite 37.2 336.8 0.3195¥% 0.00639 0.7081< 0.00009

Sm—Nd analytical results

Sample Material Sm (ppm) Nd (ppm) s mANd M3Nd/A*Nd Tom (Ma)  eNd €Nduzoo) €Stz
LMT-12 Tonalite 5.4 23.0 0.1422+ 0.0005 0.512303 0.000011 1572 —6.53 +1.81 —-4.51
LMT-12Amp Amphibole 10.3 38.5 0.1626=+ 0.0005 0.512462 0.000006

LMT-15 Trondhjemite 54 24.1 0.1347= 0.0005 0.51223% 0.000008 1551 —7.82 +1.67 +4.80
LMT-21 Tonalite 4.9 20.4 0.1464+ 0.0005 0.512332 0.000005 1605 —-5.97 +1.73 —0.80
LMT-21Amp Amphibole 22.6 73.5 0.1857+ 0.0006 0.512634 0.000004

K—Ar analytical results

Sample Material % K “Ar Rad 16 (ccSTP/g)  %*°Ar atm Age (Ma)

LMT-21Amp Amphibole 0.6774t 0.0049 29.39 8.61 869.3+ 17.0

869
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Table 3
Summary of ages, lithologies, metamorphic grades, and tectonic environments for exposures comprising the belt with Grenvillian-age roeks in centr
western Argentina. At Las Matras, a non-deformed ca. 1200 Ma magmatic arc is registered. To the north the ages represent igneous crystallization
(1118+ 54-1069+36 Ma) and metamorphism (less than 1083-16212 Ma). These data are suggestive of a nhon-homogeneous tectonic evolution for
the entire Argentine belt, although the depleted Sr and Nd isotopic signatures are similar

(Numbers in square brackets refer to: [1] Varela et al., 1996; [2] Vujovich and Kay, 1996; [3], @74 ; [4] Vujovich et al., 1996; [5] Castro de Muchuca
et al., 1996a,b; [6] Pontoriero and Castro de Machuca, 1999; [7] McDonough et al., 1993; [8] Ramos et al., 1998; [9] Varela and Dalla Salda, 1992; [10]
Pankhurst and Rapela, 1998; [11] Ramos et al., 1996; [12] Vujovich and Kay, 1998; [13] Abruzzi et al., 1993; [14] Mahlburg Kay et al., 1996; [15] Ramos and
Basei, 1997; [16] Basei et al., 1998; [17] Caminos, 1993; [18] Vujovich, 1998; [19] Astini et al., 1996; [20] Cingolani and Varela, 19990§71119@9; [22]
this study; [23] Linares et al., 1980)

Locality Date — method— material Dated rock type Dated process General lithology,
[References] metamorphism, tectonics
[References]

Western sierras pampeanas

Sierra de Umango 10368 30 Ma — Rb/Sr — wr Acidic orthogneiss Metamorphism? Biotite-schists, acidic gneisses,
isochron (Sr0.7026= 0.0003) amphibolites, mafic gneiss,
[1] marbles. Green-schist to

granulite facies. Magmatic arc or
back arc environment. [1,2]

Sierra de Valle 963+ 86 Ma — Rb/Sr — wr Orthogneiss Metamorphism? Orthogneiss, paragneiss,
Fetil-Sierra de la isochron [in 1] amphibolites. Intruded by
Huerta tonalites, quartz diorites, mafic

to ultramafic rocks. Amphibolite
to granulite facies. Root of
magmatic arc. [3—6]
Sierra de Pie de Palo  1060-1080 &b *Pb- Orthogneiss Metamorphism Peridotites, meta-gabbros,

zircon serpentinites, amphibolites, fls—
bio—grn—plg—schists and
gneisses, marbles. Oceanic arc—
back arc complex. [4,12]

1105+ 79 Ma — U/Pb — Ign. crystallization

zircon [7,8]

1027+ 59 Ma — Rb/Sr — wr Schists, gneisses, migmatites Metamorphism

reference isochron (Sr

0.7043% 0.0002) [9]

1021+ 12 Ma — Rb/Sr — wr Orthogneiss Metamorphism
isochron (Sr0.7045= 0.0003)

[10]

606.1+ 0.7 Ma — Ar/Ar —

amph

777.8x 3.1 Ma — Ar/Ar —

amph [8,11]

Precordillera 1102+ 6 Ma — U/Pb — zircon Mafic amphibolite Ign. crystallization Plagioclase-bearing
amphibolite, biotite-bearing
acidic gneiss, pyroxene—garnet
granulite gneisses. Protoliths
formed in an oceanic arc—back
arc environment near a
continental margin. [13,14]

1118+ 54 Ma — U/Pb — Acidic gneiss Ign. crystallization
zircon

ca.1083 Ma®Pb*Ph — Mafic amphibolite Metamorphism
zircon

Tom 1560-1685 Ma — Sm/Nd Mafic granulite

— wr (eNdy;90 +2.0 t0 +2.7)

Tom 1340-1470 Ma — Sm/Nd Mafic amphibolite
— wr (eNdjy90 +2.1 t0 +3.5)

Tpm 800—1000 Ma — Sm/Nd Acidic orthogneiss
— wr (eNdy;00 > + 7.0)

206ppP%ph 17.1-17.8

27pp %Py 15.42-15.49

208pp Y%L 36.6—-37.4

[13,14]
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Table 3 ¢€ontinued

Locality Date — metho8— material Dated rock type Dated process General lithology,
[References] metamorphism, tectonics
[References]

Frontal Cordillera

Cordm del Portillo 1069+ 36 Ma — U/Pb — Quartz—plg—gneiss Ign. crystallization Greenschist facies gneisses and
zircon [15] schists, amphibolites, marbles.
[16-18]
Tom 1427-1734 Ma — Sm/Nd Schists and gneisses
— wr [16]
San Rafael Block
Ponon Trehue area Preliminary Grenvillian U-Pb  Granodiorites to tonalites Metamorphism? Mylonitized acidic
age [in 19] orthogneisses, micaschists and

migmatites. Acidic to
intermediate granitoids (with
ductile deformation), and
pegmatitic and aplitic veins. [21]
1063+ 106 Ma — Rb/Sr — wr
isochron (Sr0.7032=+ 0.0004)

[20]
Las Matras Block
Las Matras area 1212 47 Ma — Rb/Sr — wr Tonalites—trondhjemites Ign. crystallization Undeformed tonalitic to
errochron (Sr0.7030= 0.0004) trondhjemitic (micro-granitoid
enclave) pluton. No country rock
exposed. Continental magmatic
arc. [22]
1188+ 47 Ma — Sm/Nd — Tonalites—trondhjemites Ign. crystallization

wr—amph isochron
Tpm 1551-1604 Ma — Sm/Nd
— Wr (GNdlzoo +1.6to +18)

869+ 17 Ma — K/Ar — amph Tonalite ?
[22]

810+ 5, 763= 25, Tonalite

740+ 30 Ma,

K/Ar — amph

690+ 20 Ma — K/Ar — wr Tonalite

392+ 15, 382+ 15 Ma — K/Ar Trondhjemite

— wr [23]

@ Method: wr= whole rock; amph= amphibole.

Grenvillian-age rocks, but do not have clear age constraintscomparable to those of the North American Grenville
yet. Province (Mahlburg Kay et al., 1996). The proposed
The Precordillera.The Precordillera is a morphostruc- tectonic environment based on geochemical data is an ocea-
tural unit mainly composed of Paleozoic sedimentary nic arc/back arc setting near a continental margin.
rocks involved in a fold-and-thrust belt during the Tertiary Frontal Cordillera. In the Cordm del Portillo, the base-
Andean orogeny. Within this unit, the Cambro—Ordovician ment rocks crop out in the southern part, arounts3Fhese
carbonate rocks are exposed through all the eastern partow- to medium-grade metamorphic rocks (Caminos, 1993;
(Fig. 1). The basement rocks appear only as xenoliths within Vujovich, 1998) comprise para- and orthogneisses, amphi-
Tertiary volcanics (Leveratto, 1968), comprising mafic bolites, and marbles. The U-Pb age of 106386 Ma
amphibolitic schists and biotite-bearing acidic gneisses, (Ramos and Basei, 1997) determined in prismatic igneous
mafic pyroxene granulite, and pyroxene—garnet granulite zircons would represent a crystallization age for the proto-
gneisses. The studies of Abruzzi et al. (1993) and Mahlburg lith of the gneisses. Sm—Ntby ages calculated for other
Kay et al. (1996) allowed the recognition of igneous crystal- schists and gneisses are between 1427 and 1734 Ma (Basei
lization U-Pb ages of amphibolites and gneisses atet al., 1998; Basei et al., unpublished data), which are
1118+ 54 Ma and 1102t 6 Ma, as well as #°Pb’%Pb similar to those obtained from the Precordillera by Mahl-
metamorphism ages younger than about 1083 Ma for aburg Kay et al. (1996).
mafic granulite. Meso-Proterozoic Sm—Nighy, ages as San Rafael BlockThe basement rocks of the Cerro La
well as the depleted signatures of Pb isotopic ratios are Ventana Formation (Criado Roqu&972), or La Ventana
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stones, slates, and limestones (Lindero Formation dieldu
1979; Ponon Trehue Formation of Criado Roqaed
Ibafiez, 1979). These were initially correlated with the lime-
stones mentioned from the Las Matras Block (Wichmann,
1928) and also with the Ordovician carbonate platform of
the Precordillera (Bordonaro et al., 1996).

A summary of the Grenvillian ages, isotopic signatures,
and Neoproterozoic dates from this belt with Grenvillian-
age rocks is shown in Fig. 10.

200 \ Within the above context, the low-Al tonalitic—trondhje-
e\ @9‘6-@\_9@9..-- 916) mitic pluton at Las Matras, characterizing a magmatic arc
bISr= with an age 0~1200 Ma, allows its inclusion at the south-
ern extension of the belt with Grenvillian-age rocks of
central western Argentina. Along its length of almost
10 [ENd 900 km (see Fig. 1), it comprises tectonic environments of
continental magmatic arcs, backarcs, or oceanic arcs/back
-------- antle «A:’I\«Ar’:@'\ arcs near a continental margin. However, the undeformed
VAN Las Matras pluton contrasts with the medium- to high-grade
® S T metamorphic units to the north (orthogneises, amphibolites,
g Ga granulites, schists, gneises, migmatites, etc). This difference
70 1'_2 15 20 55 is even more remarkable if we consider that the age of the
pluton (1200 Ma) is older than those U—Pb, Pb—Pb, and
'\ Rb—Sr dates reported from the Western Sierras Pampeanas,
Crystallization Precordillera, Cordillera Frontal, and San Rafael Block.
There, as summarized in Table 3, the U-Pb igneous
crystallization ages are between 1Ii%4 Ma and
1069=+ 36 Ma, and the U-Pb, Pb—Pb, and Rb—Sr meta-
Fig. 9. (@) Linear®’Srf®Sr evolutions of BABI and a depleted mantle ~morphism ages are betweeri1083 Ma and up to
through time; Rb/Sr data taken from Faure (1986). Although the initial 1021+ 12 Ma.
875(/868_r found for Las Matras (0.7030) could be explained as a direct  Tha apparent lack of overprints by regional metamorph-
derivation from a normal mantle represented by BABI (RbA3Y.027) at . . . .
1.2 Ga F'srFsr 0.7028), it also can be explained as a refusion of a magma 'S and ductile qeformatlon atLas Matras ShOUId imply that
(having Rb/Se= 0.12) extracted from a depleted mantle (Rb#30.016) at this area remained unaffected or, alternatively, protected
1.6 Ga. The range of Rb/Sr found in the pluton (0.11-0.39) is represented from further orogenic processes. The geological relation-
by the dotted area. This Sr-depleted mantle model age of 1.6 Ga coincidesship with respect to the garnet-bearing schist dated at

well with the Nd Tpy model ages calculated after DePaolo (1981), which 605 Ma (Criado Rqu61979) and located 0n|y 70 km to
are between 1.57 and 1.61 Ga (b). TéNd (;,0q) values for the moment of . '
the north of Las Matras, is not yet clear.

crystallization are betweer-1.67 and+1.81, indicating a source less .
evolved than CHUR. On the other hand, the Sm—Nd model ages obtained from

Las Matras (1551-1604 Ma) are partially consistent with
Formation (Niiez, 1979), crop out in the area of Ponon the data obtained from the Cordillera Frontal (Basei et al.,
Trehue in a NNW-SSE trending belt 10 km long by 2 km 1998) and Precordillera (Mahlburg Kay et al., 1996). The
wide. They consist of amphibolites and mylonitized acidic low initial ®’Sr/°Sr ratio of the Las Matras pluton (0.7030)
orthogneisses, micaschists, and migmatites as well as acidids also a characteristic feature of the deformed granodioritic
to intermediate granitoids and pegmatitic and aplitic veins to tonalitic rocks of the San Rafael Block (0.7032, Cingolani
(Nlfez, 1979; Criado Roduand Ibdiez, 1979). According  and Varela, 1999) and of the orthogneiss of Sierra de
to the petrographic description of Rez (1979), all these  Umango (0.7026, Varela et al., 1996). These are in agree-
rocks show evidence of ductile deformation. Similar rocks ment with the depleted character of the magmas involved.
were also localized in some wells (Criado Rogaed With respect to the K—Ar date of 690—-869 Ma obtained
Ibafez, 1979) to the southeast. Astini et al. (1996) cited from the Las Matras pluton, no geological evidence can
an unpublished U-Pb date by Bowring et al. that yielded explain an isotopic resetting during Neoproterozoic times.
a Grenvillian age for these rocks. Furthermore, a Rb—Sr However, other similar K—Ar dates were mentioned from
whole-rock isochron constructed from 7 samples of grano- the Sierra de Valle Rél by Toubes Spinelli (1983) for
dioritic to tonalitic rocks, which are exposed as 5 m long pegmatites (587-750 Ma), tonalitic gneisses (603 and
lenses parallel to the foliation of the metamorphic rocks, 660 Ma), and an amphibolite (86050 Ma) whose geolo-
also yielded a Grenvillian age of 1063106 Ma (Cingolani gical meanings are difficult to appraise. Other examples are
and Varela, 1999). These basement rocks of the Pononthe K—Ar date of 635- 95 Ma (amphibole of amphibolite,
Trehue area are overlain by Ordovician fossiliferous sand- Linares and Aparicio, 1976), and the Ar/Ar total gas age of

| 87Sr/86Sr

0.705|
Crystallization

(Rb/Sr=0.12)

s

-10
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Fig. 10. Summary of the Grenvillian age constraints, isotopic signatures, and Neoproterozoic dates from the “belt with Grenvillian-age rocks” in central
western Argentina, based on the general map shown in Fig. 1 and data given in Table 3. The igneous crystallization age obtained for the Las Matras pluton (ce
1200 Ma) and its non-deformed character contrasts with the crystallization ages ®BUL81069+ 36 Ma) and metamorphism ages<l083—

1021+ 12 Ma) found for rocks to the north. This can suggest a non-homogeneous tectonic evolution for the entire belt. The ISWsiffigd values

and the available Sm—Nd model ages are consistent throughout the belt.

777.8, approaching 1050 Ma (hornblende of meta-pyroxenite, (Linares and Aparicio, 1976; Toubes Spinelli, 1983;

Ramos et al., 1998) at Cerro Valdivia south of Sierra de Pie de Ramos et al., 1998; Pontoriero and Castro de Machuca,
Palo. The main deformational ages at Sierra de Pie de Palo,1999). These Early Paleozoic ages are considered to
Cerro Barbosa, and Valdivia, and also the Sierra de Valle represent the cooling and uplift after the complex deforma-
Fertil-Sierra de la Huerta, are within Early Paleozoic times tional events associated with the docking of the Cuyania
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Fig. 11.Tpy model age histograms for: (a) the Grenvillian-age basement rocks (17 samples); and (b) the Early Paleozoic basement rocks from the Eastern
Sierras Pampeanas and the ChadileBlack (70 samples). Although the orogenic cycles involved in these two parallel belts are different, the cdmpiled

data do not suggest, up to now, a clear separation of the lower crustal compositions of both belts. Only some few Paleoproterozoic data are remarkable in the
Eastern Sierras Pampeanas and the ChadilBloek, which are not seen in the Grenvillian-age rocks.

(mid-Ordovician to Silurian) and Chilenia (Devonian) nian (Late Cambrian—Devonian) cycles. Particularly, the
terranes at the proto-margin of Gondwana (Ramos et al., Famatinian orogeny is considered to be the result of the
1998). Other examples of Neoproterozoic K—Ar dates collision of the Grenvillian basement terrane to the south-
have been reported by Linares et al. (1980) and Criado western margin of Gondwana (e.g., Dalla Salda et al., 1998;
Roque(1979) within the La Pampa Province. For all the Ramos et al., 1998). Igneous rocks emplaced during these
Neoproterozoic dates, no geological explanation could be times and the associated metamorphic rocks (Linares et al.,
found up to now. 1980; Sato et al., 1996; Llarrs et al., 1998; Pankhurst and
Rapela, 1998; Pankhurst et al., 1998; Rapela et al., 1998b;
Saavedra et al., 1998; Sims et al., 1998; von Gosen and
4. Regional implications Prozzi, 1998; Tickyj, 1999; Tickyj et al., 1999a, among
others) indicate the location of the magmatic arc. The avail-
The association of Grenvillian-age rocks with Cambro— able Sm—Nd data indicate a very consistent Mesoprotero-
Ordovician platform carbonates is the most characteristic zoic lower crust {py 1541-1725 Ma, 21 samples) for the
feature of the Laurentian-derived Precordillera or Cuyania Ordovician granitoids of Sierras de los Llanos-Malamza
terrane. This rock association is clearly observed in the and Chepes (Pankhurst et al., 1998). The Early Cambrian
Precordillera (29—-3%) and the San Rafael Block (3. to Ordovician metamorphic rocks and granitoids of the Sier-
In the Las Matras Block, the Grenvillian-age basement ras de Cedoba also yielded a consistent group Ty
rocks are also spatially associated with the recently datedbetween 1477 and 1822 Ma, with the exception of the late
Cambro—Ordovician carbonates of the San Jorge Forma-high-Na suite with 1069-1573 Ma (Rapela et al., 1998b).
tion. Consequently, we confirm the southern extension of The sparse data from the Early Paleozoic granitoids of
the Precordillera or Cuyania terrane up to the latitudes of Sierra de San Luis (8 samples: Sato, unpublished data)
exposures of the San Jorge Formation°{37S), as also  show scattered Paleoproterozoic 2200 Ma) and Meso-
stated by Melchor et al. (1999b) and originally suggested to Neoproterozoic (1525-958 Ma) model ages. In the
by Ramos (1995) and Astini et al. (1995). ChadileuvuBlock, the Upper Cambrian to Ordovician gran-
To the east of and parallel to this belt of the Laurentia- itoids (5 samples analyzed: Sato, unpublished data) are
derived terrane are located the Eastern Sierras Pampeanagrouped in the Paleoproterozoic (2524 and 2358 Ma) and
(Sistema de Famatina, Sierras de los Llanos-Malanza Mesoproterozoic (1517—-1371 Ma). All these model ages,
Chepes, Sierra de San Luis, Sierra deddba) and the  most frequently within the Mesoproterozoic, cannot be
ChadileuvuBlock (Fig. 1). This belt of basement rocks is clearly distinguished from those found in the belt with
characterized by major orogenies of Late Proterozoic to Grenvillian-age rocks. In the Eastern Sierras Pampeanas
Early Paleozoic times, successively developed during the and Chcadileuvilock, only a few older (Paleoproterozoic)
Pampean (Late Proterozoic—Early Cambrian) and Famati-components are identified within the lower crust (Fig. 11).
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Fig. 12. Location map of the North American Grenville Provinces, compiled after Ruiz et al. (1988) and Mosher (1998). Data used for the summaries shown in
each region are from the references given here. Northeastern Grenville Province: Rivers (1997), Martignole and Friedman (1998) and Corrigan et al. (2000)
Southern Grenville Province (central and west Texas into northern Mexico): Mosher (1998) and Rougvie et al. (1999). Southern Mexico: Patchett and Ruiz
(1987), Ruiz et al. (1988), Lawlor et al. (1999) and Weber aibl&io(1999). The “belt with Grenvillian-age rocks” of Argentina does not fit with any of these
regions; however, the Early Paleozoic sedimentary cover correlation suggests the Southern Grenville Province as detachment site for the basement of tt
Precordillera or Cuyania terrane. Therefore, a possible independent evolution of the Argentine belt can be inferred, prior to the final amalgamation of the
Laurentian Grenville orogen.

Within the belt with Grenvillian-age rocks, the effects the Atlantic area of the North Patagonian Massif represents
of the Famatinian orogeny are traced through very scarcethe southern extension of the Eastern Sierras Pampeanas and
intrusive rocks of Early Paleozoic up to earliest Carbo- ChadileuviBlock (Tickyj, 1999). Nevertheless, these corre-
niferous ages (Western Sierras Pampeanas), and tectonitations are not yet well documented. On the other hand, the
and metamorphic overprints resulting in isotopic reset- southern continuity of the Grenvillian-age rocks has not
tings (Linares and Aparicio, 1976; Toubes Spinelli, been proved up to now. The preliminary Rb—Sr date of
1983; Varela and Dalla Salda, 1992; Cingolani et al., 850+ 50 Ma reported from the Mina Gonzalito gneiss in
1993; Ramos et al., 1996; 1998; Varela et al., 1996; the North Patagonian Massif (Linares et al., 1990) was later
Pontoriero and Castro de Machuca, 1999). This influence invalidated by another U-Pb date of 526 Ma (Varela et al.,
of the Famatinian tectonics seems to diminish toward the 1998). In the western region of the North Patagonian Massif,
south, as can be seen at the San Rafael Block and thepreliminary ages, Rb—Sr isochrons and errorchrons of up to
Las Matras Block where no thermal overprint of these 860 Ma (Parica, 1986; Dalla Salda et al., 1991a,b), or even
ages has been reported up to now. Perhaps only the low-the Rb—Sr reference isochron of 118016 Ma (Linares et
grade metamorphism and ductile deformation associatedal., 1988) could not be confirmed by other methods like U-
partially with the limestones of the San Jorge Formation Pb, which yielded Late Paleozoic dates (Basei et al., 1999;
(Melchor et al., 1999c; Tickyj, 1999) could have occurred Varela et al., 1999).
during this period, although the timing is not yet precisely  As a result, the possible alternatives to the continuity of
constrained. the Grenvillian-age rocks south of the Colorado River are:

The continuity of the western allochthonous Precordillera (1) that the Las Matras pluton is the southernmost outcrop of
or Cuyania terrane and the eastern autochthonous Famatithis belt and the basement does not continue southwards; (2)
nian magmatic arc south of the Colorado River within Pata- that the basement does continue to the south but is now
gonia is not yet well known. As a first approach, the displaced along a transcurrent fault zone. For the latter alter-
existence of metamorphic rocks of variable grades, with native, the Colorado River itself can represent the location.
dates between the Neoproterozoic and Cambrian andThe area of Las Matras, however, should have remained
intruded by Ordovician granitoids (Ramos, 1975; Giacosa, protected from deformation events through the entire
1997; Varela et al., 1997; 1998), indicate the possibility that Proterozoic to Phanerozoic period.
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5. Comparisons with the North American Grenville Vujovich et al., 1996; this study), and the depleted Pb/Pb
Provinces or Sm/Nd signatures (Mahlburg Kay et al., 1996; Basei et
al., 1998; Patchett and Ruiz, 1989; additional data in

The Laurentian derivation of the Precordillera or Cuyania Mosher, 1998) can be established. On the other hand, few
terrane was proposed based on the correlations of the Earlyexamples of trondhjemitic rocks found within the evolution
Paleozoic lithology, biostratigraphy, paleogeography, and of the Grenville orogeny are of high-Al character; appar-
paleomagnetism. Within the North American Appalachian ently, these are younger than the Las Matras pluton, as in
orogen, the southern area of the Ouachita embayment wasCerro del Carrizarillo and Sierra del Cuervo, il
pointed out as the probable detachment site for the Argen-(1080= 5 Ma: in Mosher, 1998) or also in the Northeastern
tine Precordillera (Dalla Salda et al., 1992b; 1998; Astini et Grenville Province of the Adirondack Highlands
al., 1995; Keller and Dickerson, 1996; Dickerson and (~1060 Ma: Daly and McLelland, 1991).

Keller, 1998; Rapalini and Astini, 1998; Thomas and Astini,  The general tectonic evolution of the Northeastern Gren-
1999). ville Province (reviewed by Rivers, 1997; additional data

The possible source areas for the Argentine belt with from Corrigan et al., 2000), which developed upon the
Grenvillian-age rocks are then restricted to the surroundingsArchean to Paleoproterozoic crust, is characterized by
of the Southern Grenville Province (Texas and northern more than 400 million years of active margin tectonism,
Mexico), according to the source area for the Precordilleran comprising subduction/accretion and arc/back arc settings.
Lower Paleozoic rocks. This rules out the Northeastern Major juvenile crustal additions and substantial growth of
Grenville Province as a source (Fig. 12). the Laurentian margin occurred during different periods,

For this Southern Grenville Province, Mosher (1998) which comprise arc magmatism followed by accretionary
summarized the tectonic evolution of the Grenville orogenic orogenesis 1680 to ~1660 Ma, ~1500 to ~1450 Ma,
belt. According to that study, the 300 Ma orogenic activ-  and ~1250 to~1190 Ma). The final continent—continent
ity in central Texas comprises island arc—continent collision collision associated with the Grenvillian Orogeny is regis-
(1275-1256 Ma), followed by a gap in igneous activity tered between-1190 to~980 Ma, including three distinct
(1232-1119 Ma), and a continent—continent collision pulses of crustal shortening separated by periods of exten-
(1150-1120 Ma), causing polyphase deformation and sion and emplacement of mafic magmas and anorthosite
high-P metamorphism. In western Texas (and northern complexes. The last stages of terrane assembly (major
Mexico), after a continental rifting (1400—1300 Ma), simi- shear zone movements) were constrained at around
lar continent—continent collision that caused polyphase 1000 Ma (Martignole and Friedman, 1998), and the subse-
deformation was unconstrained between 1300 and quent extensional regime lasted untiB00 Ma (Busch et
1100 Ma. Within these evolutions, all the involved rocks al., 1997).
are deformed except the northernmost foreland regions of For this Northeastern Grenville Province, again it is
the orogen (north of the Llano or Grenville Front: Soegaard noticeable that the period of 1230-1190 Ma (coinciding
and Callahan, 1994) and the post-tectonic, high-K anoro- with the timing of crystallization of the Las Matras pluton)
genic granitoids (e.g. Red Bluff and Enchanted Rock was a time of cessation of subduction-related magmatism
granites: Smith et al., 1997) younger than 1120 Ma. The that culminated with a back arc closure (Rivers, 1997). The
post-metamorphic cooling history was traced between general juvenile character of magmas (Daly and McLelland,
1100 and 1000 Ma based on U—Pb, Rb—Sr, and Ar—Ar 1991; McLelland et al., 1993; Rivers, 1997) is a constant
determinations (Rougvie et al., 1999). feature of the entire province.

Comparing the above evolution of the Southern Grenville  Another alternative for the source area of the Argentine
Province with the Argentine exposures, the time for crystal- belt with Grenvillian age rocks is the southwesternmost
lization of the Las Matras pluton (around 1200 Ma) corre- region of the Grenville Provinces in southern Mexico.
sponds to a time with no record of magmatism in the There, the different rock exposures have been included in
Southern Grenville Province. In addition, the ranges of the “Oaxaquia” microcontinent (Ortega-Gutiez et al.,
igneous crystallization (1118 54—-1069+ 36 Ma) and 1995). The rocks comprise metagranites, amphibolites,
metamorphism ages (1083-102112 Ma) obtained from mafic and intermediate orthogneisses, paragneisses,
the Argentine rocks other than Las Matras pluton also corre- marbles, and metaquartzites, that underwent granulite facies
spond to a post-collisional, not deformational time of the metamorphism associated with minor magmatism during
Southern Grenville Province. These differences suggestthe final Grenville deformation at around 1000 Ma (Ruiz
that, up to now, a direct correlation of the Grenvillian et al., 1988; Lawlor et al., 1999; Weber and tier,
rocks of the Southern Grenville Province with the Argentine 1999). Among these exposures, a felsic orthogneiss of the
belt has not been possible. Only a general correlation of Guichicovi Complex yielded a crystallization age for the
tectonic environments, comprising oceanic arc/back arc granitic protolith of 1231+ 43 Ma and a peak granulite
complexes near a continental margin (Vujovich and Kay, metamorphism age of 975 35 Ma (U-Pb zircon: Weber
1996; 1998) or a continental or island magmatic arc (Castro and Kaler, 1999) from the Maya terrane. In the area of
de Machuca et al., 1996a,b; Vujovich and Kay, 1996; Novillo, the Huiznopala gneiss records an arc magmatism
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extending from~1200 to 1150 Ma (various U—Pb dates). A independent evolution of the Argentine belt before its final
later granulite facies metamorphism was probably asso-amalgamation to the North American Grenville orogen, and
ciated with the emplacement of an anorthosite—gabbro would not constitute a problem in accepting that derivation
complex at~1000 Ma (Lawlor et al., 1999; Weber and site. Furthermore, within the Argentine belt itself, the evolu-
Kéhler, 1999). Post-metamorphic, Sm—Nd garnet ages of tion seems not to be homogeneous — having the area of Las
~933 to ~911 Ma and Rb-Sr biotite ages 6882 to Matras an older magmatic arc that has not been deformed by
~866 Ma (Weber and Kder, 1999), as well as Rb—Sr later metamorphic or tectonic processes.
biotite ages of 876 and 827 Ma (Patchett and Ruiz, 1987),
are reported. The Sm-Nd isotopic features indicate
depleted-mantle model ages of 1.4-1.6 Ga for the meta-6. Conclusions
igneous rocks of all the southern Mexico exposures (Patch-
ett and Ruiz, 1987; Ruiz et al., 1988; Lawlor et al., 1999;  As a result of the present study, the following statements
Weber and Kaler, 1999). The Pb/Pb isotopic signatures are can be made:
also depleted ones, similar to those reported from the North-  The Las Matras pluton is a microgranitoid enclave pluton
eastern Grenville Province (Lawlor et al., 1999, and refer- of tonalitic to trondhjemitic composition, with low-Al and
ences therein). medium-K characteristics, possibly associated with a
The recognition of an arc magmatism~at200 Ma in the magmatic arc. It is noticeable that the pluton is apparently
southern Mexico Grenville exposures appears to be anon-metamorphosed, undeformed, with the magmatic crys-
distinctive feature within the North American Grenville tallization textures being not modified.
Provinces, and this age is similar to that found in the Las Rb-Sr whole-rock and Sm—Nd whole-rock mineral
Matras pluton. Although this magmatic arc registers a later isochrons are interpreted to represent the crystallization
granulite facies deformation, it seems to be the only region age of the pluton, at around 1200 Ma. Sr, and Nd isotopic
with comparable~1200 Ma magmatism like in Las Matras. signatures indicate that the magma was of depleted charac-
The final Grenville metamorphism and deformation at ter, withe€Nd200)= +1.7 to+1.8 ande Sry200= —5t0 +5.
around 1000 Ma in southern Mexico is younger than in Together with the geochemical data, they suggest a deriva-
the Texas—northern Mexico region where the latest meta- tion from either a basaltic magma extracted from a depleted
morphism took place at around 1150-1120 Ma. The meta- mantle or directly from an enriched mantle.
morphism ages recorded from the Argentine belt with  The Grenvillian age obtained from the Las Matras pluton
Grenvillian age rocks (1083-1021 Ma) are intermediate allows for its inclusion within the southern extension of the
between those two regions. The abundant Sm—Nd andbelt with Grenvillian-age basement rocks that developed in
Rb—Sr cooling dates up to827 Ma reported from southern  central western Argentina, where the magmas show similar
Mexico cannot be directly compared with the K—Ar dates Sr and Nd depleted signatures.
(869-690 Ma) of the Las Matras area, because the latter Compared to the rocks of this belt, the most remarkable
area did not record a deformation and metamorphic history. features of the Las Matras pluton are: (1) an older age of
Based on the above comparisons of magmatic and meta-1200 Ma; (2) the high crustal level emplacement (shallow
morphic events, the Argentine belt with Grenvillian-age final emplacement level of the pluton, according to preli-
rocks does not fit completely with any of the North Amer- minary data); and (3) the apparent lack of overprints of
ican Grenville Provinces, showing little more similarity further regional metamorphic or orogenic processes.
with the southern Mexican exposures (thel200 Ma The ages obtained from the Las Matras pluton (this
magmatic arc) than with the northern Mexico—Texas region study), and from the spatially associated platform carbonate
(Southern Grenville Province). However, as mentioned deposits of the San Jorge Formation (Cambro—Ordovician:
above, correlation of the sedimentary cover favors the deri- Melchor et al., 1999a) confirm that, up to now, the Las
vation from the southern area of the Ouachita embaymentMatras Block represents the southernmost extension of the
for the Argentine Lower Paleozoic units. Therefore, the Precordillera or Cuyania terrane of Laurentian origin.
slightly different history detected in the Argentine belt To the east of this Precordillera or Cuyania terrane, the
with Grenvillian-age rocks can be explained by taking well-known parallel belt of the Eastern Sierras Pampeanas
into account that the North American Grenville orogeny and ChadileuvuBlock is characterized by the metamorphic
itself is a result of accretions of various Mesoproterozoic and magmatic processes of the Pampean to Famatinian
micro-blocks and arcs separated by closed oceans (Ortegaerogenies (latest Proterozoic to Early Paleozoic).
Gutierez et al.,, 1995; Ruiz et al., 1988; Rivers, 1997;  Although the above-mentioned two parallel belts of
Mosher, 1998). In other words, it may not be necessary to terranes differ in the timing of their basement evolution,
expect a completely coinciding magmatic and metamorphic the available Sm—Nd model ages (most frequently in the
history of the basement to explain a derivation from a speci- Mesoproterozoic) do not clearly distinguish their lower
fic site. The fact that the Mesoproterozoic history found in crustal compositions. Only some few older (Paleoprotero-
the Argentine belt does not fit that of the Southern Grenville zoic) and also younger (Meso- to Neoproterozoic) data char-
Province (Texas and northern Mexico) could be due to an acterize the Eastern Sierras Pampeanas and Chadileuvu
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Block. The continuation of these two belts of terranes  Argentina. In: Pankhurst, R.J., Rapela, C.W. (Eds.), The Proto—Andean
farther south of the Colorado River is not yet well Margin of Gondwana. Geological Society London, Special Publication,
- : . 142, pp. 11-33.
Cons.tra.‘med geologically apd geOChronc,)lOglca”Y' Astini, R., Benedetto, J., Vaccari, N., 1995. The early Palaeozoic evolution
WIthI.I’T the North American Laurentian contlnent., the of the Argentine Precordillera as a Laurentian rifted, drifted and
recognition of the source area for the Precordilleran  collided terrane, a geodynamic model. Geological Society of America
Lower Paleozoic rocks as the southern Appalachians also Bulletin 107, 253-273.
restricts the possible source areas for the Argentine belt with AS“FT)“v R., g?lfllmo_st-A-' Benedetto, Jé Vé:jcca“' Nﬁdﬁml_" 1992-,'—?
Grenvillian-age rocks to the surroundings of the Southern ~ ~recordilera: Un terreno €koo a Gondwana. Xill Congreso Geelo
. . . gico Argentino y lll Congreso de Exploraciale Hidrocarburos, Actas,
Grenville Province (Texas and northern Mexico). However, vol. 5, pp. 293—324.
comparisons of magmatic and tectonic processes involvedBarker, F., 1979. Trondhjemite: Definition, environment and hypotheses of
do not suggest a direct correlation of the Argentine belt with  origin. In: Barker, F. (Ed.), Trondhjemites, Dacites and Related Rocks.
any of the North American Grenville Provinces. This differ- Developments in Petrology, vol. 6. Elsevier Scientific, Amsterdam,
. . . pp. 1-22 (IGCP Project 092; 659 pp.).
enlce Sﬁ.gghes.ts an _|ndepez|ndent evqlutlon forhthe ArgermneBasei, M., Ramos, V.A., Vujovich, G.l., Poma, S., 1998. El basamento
belt (W Icn, m_add'tlon’ a.so comprls_es non- OmOQ_eneous metaniofico de la Cordillera Frontal de Mendoza: Nuevos datos
evolutions) prior to the final Grenville amalgamation to geocronolgicos e isotpicos. X Congreso Latinoamericano de Geolo-
Laurentia. The fact that the Grenville orogeny itself is the  giay VI Congreso Nacional de GeolagEcorianica (Buenos Aires),
result of accretion of various microterranes and arcs support  Actas, vol. 2, pp. 412-417. o _
this interpretations. This, in turn, does not constitute a B2€i: M. Brito Neves, B.B,, varela, R., Teixeira, W., Siga Jr., O, Sato,
bl ith . h fth hi b A.M., Cingolani, C.A., 1999. Isotopic dating on the crystalline base-
problem wit accept'“gt eareaofthe Oualc itaem ayme_m ment rocks of the Bariloche region, ®Negro, Argentina. Il South
as the detachment site for the Precordillera or Cuyania  american Symposium on Isotope Geology (Villa Carlos Paz, Argen-
terrane. tina), Actas, pp. 15-18.
The possibilities of correlations with the coeval terranes Benedetto, J.L., 1998. Early Palaeozoic brachiopods and associated shelly

; ey ; faunas from western Gondwana: Their bearing on the geodynamic
of the Islas Malvinas (Falkland Islands: Cingolani and
( 9 history of the pre-Andean margin. In: Pankhurst, R.J., Rapela, C.W.

Varela, 1976; Thomas et al., 1998; War.eham et al,, 1998; (Eds.), The Proto—Andean Margin of Gondwana. Geological Society
Jacobs et al., 1999), the Mesoproterozoic belt of Uruguay  London, Special Publication, 142, 57—83.

(Preciozzi et al., 1999), as well as the Sunsas belt of the Bond, C.G., Nickeson, A., Kominz, M.A., 1984. Breakup of a superconti-
South American Amazon Craton (Sadowski and Betten- nent between 625 Ma and 555 Ma: New evidence and implications for
court, 1996: Sato and Tassinari, 1997) or the Brazilian continental histories. Earth and Planetary Science Letters 80, 325—345.

tal d th . Sato. 1998) h t tBordonaro, 0., Keller, M., Lehnert, O., 1996. El Ordceo de Ponon
coastal and southern regions (Sato, ) have not ye Trehue en la provincia de Mendoza (Argentina): Redefiniciones estra-

been clarified. tigraficas. Xl Congreso Gedlgico Argentino y Il Congreso de
Exploracio de Hidrocarburos, Actas, vol. 1, 541-550.
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