Early evolution of the Proto-Andean margin of South America
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ABSTRACT INTRODUCTION

From a detailed study of a 500 km transect in the Sierras Pampeanas, central-west Argen- The evolution of the Gondwana margin pro-
tina, two pre-Silurian tectono-magmatic episodes are recognized and defined, each culminatingposed here is based on new geochemical, isotopic,
in micro-continental collisions against the proto-Andean margin of Gondwana. The Pampean petrological, and sedimentological data from a
orogeny started in Early Cambrian time with short-lived subduction, indicated by ca535 Ma 500 km traverse across the Eastern Sierras Pam-
calc-alkaline granitoids. Following Pampean terrane collision, burial to granulite facies condi- peanas and Precordillera (Fig. 1). Pre-Silurian
tions (ca. 9 kbar) generated widespread migmatites and 820 Ma highly peraluminous gran- metamorphic and magmatic history is inferred
ites in the Eastern Sierras Pampeanas. After brief quiescence, a second major episode, tHieom (1) dating by conventional U-Pb on abraded
Famatinian orogeny, started with subduction ca. 490 Ma, forming a wide continental arc and zircons, U-Pb SHRIMP analyses, and whole-rock
ensialic backarc basin. This heralded the approach of Laurentia to Gondwana, during which Rb-Sr and K-Ar, (2) thermo-barometry based on
the Precordillera terrane separated from the southern Appalachian region, finally colliding with microprobe mineral analyses, and (3) Nd and Sr

Gondwana in Silurian—Devonian time.
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Figure 1. Early Paleozoic geological provinces in southern Andes, disclosed by back-thrusting
above Miocene “flat-slab” subduction. Principal sierras in this segment are: Q: Quilmes; C:
Capillitas; A: Ancasti; F: Famatina; V: Velasco; U: Umango; M: Maz; S: Safiogasta; N: Norte de

Coérdoba; Co: Cérdoba; L: San Luis; R: Llanos de la Rioja; VF:

Precordillera.
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Valle Fértil; P: Pie de Palo; PC:

isotopes, and major and trace element geochem-
istry of the magmatic suites. Detailed data and
interpretation have been presented for the Sierras

accretion is also poorly constrained.
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data lead to a more restricted definition of Pam-
pean and Famatinian events and their duration
than the less restricted use of some authors. The
Pampean mobile beltincludes the Eastern Sierras
Pampeanas and Eastern Cordillera (Figlt 13
mostly composed of medium to low pressie (
and temperaturel(), high-grade metamorphic
rocks and anatectic granites, partially remobi-
lized and intruded by Ordovician—Carboniferous
granitoids. The Famatinian mobile belt, encom-
passing the Puna and the Famatina System, con-
sists of low to high grade, lof&T metamorphic
rocks, backarc sediments and ophiolites, and
widespread Ordovician magmatic arc rocks. The
Precordillera terrane (Precordilleran terrane of
Astini et al., 1995) is essentially equivalent to the

707



Cuyania terrane of Ramos et al. (1996), and cobasement occurs both east and west of the Pmeere accreted to Laurentia and Gondwana in
sists of metamorphic basement partly covered lmprdillera (see below). early Paleozoic collisions; recently reviewed

Cambrian—Ordovician carbonate rocks. In the The Late Proterozoic—Silurian evolution of thegeological evidence along the conjugate margins
Precordillera, the latter contain typical LaurenGondwana foreland is compared to that of thimdicates a latest Precambrian to Early Cambrian

tian faunas (see Benedetto, 1998) and subsequPnécordillera terrane in Figure 2. age for the rift-drift transition (Dalziel, 1997).
siliciclastic units that extend into the upper Paleo- The Puncoviscana Formation of western Argen-
zoic; a Grenville age for their unexposed base&supercontinent Break-up: Opening of the tina is seen as the South American proximal

ment has been inferred from xenoliths irPuncoviscan and Southern lapetus Oceans  counterpart of deep-marine passive margin
Miocene volcanic rocks (1102 + 6 Ma, U-Pb Break-up of the latest Precambrian Pannotisequences. Inferred sequential opening of the
zircon, Kay et al., 1996). Exposed Grenville-agsupercontinent produced continental terranes thatincoviscan and Southern lapetus oceans (the
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Figure 2. Sequence of Paleozoic orogenic events in proto-Andean margin of South America. Tectono-magmatic evolution and geochro nological
control for Gondwana are from Pankhurst et al. (1998) and Rapela et al. (1998); time scale of Gradstein and Ogg (1996). Sedimen tary sequences,
faunas, and tectonic phases in Precordillera are simplified from Astini et al. (1995), Benedetto, (1998), and Keller et al. (19 98); plate tectonic stages

of Precordillera terrane are after Keller et al. (1998). Acronyms as in Figure 1.
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result of a spreading-center shift?) left “dead
oceanic crust between a detached continent
block, the Pampean terrane, and the Gondwa
margin (Figs. 2a and 3).

| Early Cambrian
(ca. 535 Ma)

Pampean Orogeny: Early Cambrian \ - RS \
Subduction and Terrane Collision e N BAC - ja2ey

The proto-Andean margin of Gondwang il XY o,
changed from passive to active in Early Cam
brian time, leading to closure of the Puncovisca
ocean (Fig. 2b). The youngest trace fossils in tf
Puncoviscana Formation are Tommotial
(Durand, 1996), c&30-534 Ma. These date the
last passive margin deposits, succeeded by
thick accretionary prism. A subduction-relatec
belt of metaluminous calc-alkaline granitoids
(G1la) and dacite-rhyolite was emplaced alon
the eastern part of the Eastern Sierras Pampea
(Lira et al., 1996; Rapela et al., 1998); in the

Sierras de Cérdoba, this is dated as 530 £ 4 N Figure 3. Early Cambrian reconstruction of southwestern Gond-
by U-Pb on abraded zircons from three plutoni wana. Eastern Laurentia and South America were initially amal-
; ; gamated by Grenvillian orogens (Pannotia supercontinent,
units (Rapela et aI-., 1998)' IntrUSIQn was fol Dalziel, 1997), with latest Precambrian to Early Cambrian break-
lowed by crustal thickening and burial to gran up. The Neoproterozoic and Early Cambrian sediment distribu-

[ oceanic crust

E’ Off-shelf turbidites of the
Puncoviscana F.(s.l.)

X shallow marine facies

ulite facies conditionsR = 8.6 + 0.8 kbar, tion in South America is modified from Durand (1996). Cratons:
T=2810 + 50 °C). A clockwis®-T-time path is AAC, Arequipa-Antofalla; AMC, Amazonia; RAC, Rio Apa; RPC,
inferred, producing regional migmatites during Rio de la Plata.

peak thermal conditions & = 5.7 + 0.4 kbar,

T=820 25 °C; dated as 522 + 8 Ma by a U-P

SHRIMP age on monazite. Immediately follow-492 + 6 Ma and lasted until c450 Ma (U-Pb similarly overlies Grenville-age metamorphic
ing this, strongly peraluminous, cordierite- andircon and Rb-Sr whole rock, Rapela et al., 1998ocks (Dalla Salda et al., 1992; Kay et al. 1996).
sillimanite-bearing granites and associateBankhurst et al., 1998). The granitoids intrude@he Grenvillian age of Western Sierras Pam-
cordierites were generated by I®anatexis of the westernmost passive margin sequences ovpeanas orthogneisses considered part of the Pre-
metasediments?(= 3.9 + 0.6 kbarT = 684 + lying the Pampean basement; they exhibit idercordillera terrane basement is established by
60 °C); an 18 point Rb-Sr whole-rock isochrortical Sm-Nd crustal residence ages to those &b-Sr whole-rock isochrons of 1030 + 30 Ma,
gave 523 + 4 Ma, $¢ 0.7136, mean square ofthe Cambrian plutonic rocks of the Sierras d&r, = 0.70258 = 0.00028 (Sierra de Umango,
weighted deviates (MSWD) = 2.0; and U-Pb ori€drdoba (1550-1750 Ma), significantly olderVarela et al., 1996) and 1021 + 12 Ma, Sr
abraded zircons gave 523 + 2 Ma. This orogerthan those of the Precordillera terrane (Pankhui@t7045 + 0.0003 (Sierra de Pie de Palo,
is interpreted as due to Early to Middle Camet al., 1998). The Famatinian magmatic arc waankhurst and Rapela, 1998).

brian collision between the semiautochthonoudlearly continental, not an island arc. The Grenvillian rocks of the Sierra de Pie de
Pampean terrane and Gondwana (Rapela et al. Awide backarc basin filled by Tremadocian—Palo were intruded by Ordovician high-K quartz
1998). Middle Cambrian deformation of theLlanvirnian shallow-marine volcaniclastic and/ormonzonite and monzogranite (481 + 6 Ma,
Puncoviscana Formation north of 27°Ssolcanic rocks opened between the inner and ma8HRIMP U-Pb zircon, Pankhurst and Rapela,
(Acefolaza et al., 1990; Bahlburg and Hervéarcs (Fig. 2d). It was floored by oceanic crust i1998), which we tentatively associate with vol-
1997) is ascribed to the Pampean orogenthe southern Puna (Bahlburg and Hervé, 1997anism represented by K-bentonites interbedded
SHRIMP ages of 600-1400 Ma for inheritedand opened progressively southward, reaching théth the Arenig—Llanvirn carbonate units of the
zircon from both high-grade metapelites an&ierras de San Luis at 33° S (Sims et al., 1998 recordillera (Huff et al., 1995). This magmatism
peraluminous granites suggest provenance frothe basin closed during the Late Ordoviciamvas coeval with extensional collapse of the Pre-

Middle to Late Proterozoic sources. Ocloyic tectonic phase, producing westwaraordillera carbonate shelf, indicated by Arenigian

thrusting and mylonite belts in the high-gradenass-flow turbiditic deposits and giant olistoliths,
Ordovician Subduction on the Gondwana Pampean basement of the Sierras de Cérdodad culminating with eruption of Caradocian
Margin vs. Break-up of Eastern Laurentia (D3 deformation). Pegmatites associated with thaid-ocean ridge basalts and ultramafic rocks

After Pampean terrane accretion, the protadextral shear zones of this stage yield K-Ar ages @Fig. 2; Astini et al., 1995). This can be seen as the
Pacific margin became passive at this latitudé35—447 Ma (Rapela et al., 1998). North of 27°Start of the drift stage of the Precordillera terrane,
until Early Ordovician time: There was no oro-the Eastern Cordillera rode over the eastern edfmlowing its separation from eastern Laurentia.
genic activity and little granitoid emplacement inof the Puna and the Arequipa-Antofalla cratonAshgillian closure of the Gondwana margin
the Sierras Pampeanas between 515 and 490 Magether with obducted ophiolites (Balhburg antbackarc basin and Ocloyic tectonism (Fig. 2e;
The Famatinian magmatic arc was initiated itdervé, 1997, and references therein). Bahlburg and Hervé, 1997) may have been
earliest Ordovician time and affected all geo- Evolution of the Gondwana foreland at thigelated to accelerated convergence during and
logical provinces in southwestern Gondwana. Atime sharply contrasts with that of the obviouslyollowing the Precordilleran rift-drift transition on
inner arc of sparse high-Al trondhjemites wagxotic Precordillera (Fig. 2). The Precordillerahe opposite margin of the southern lapetus
emplaced at 496 + 2 Ma in the Pampean forelariths a typical passive margin, Early Cambrian©cean; the Ocloyic phase may not be causally
of the Sierras de Cérdoba; a new cordilleran awrenigian, carbonate shelf sequence, whickelated to accretion of the Precordillera terrane, as
of calcic granitoids was initiated to the west atesembles that of the southern Appalachians anéten supposed.
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Docking of the Precordillera Terrane
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