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Abstract The Punta del Este Terrane (eastern Uruguay)

lies in a complex Neoproterozoic (Brasiliano/Pan-African)

orogenic zone considered to contain a suture between

South American terranes to the west of Major Gercino–

Sierra Ballena Suture Zone and eastern African affinities

terranes. Zircon cores from Punta del Este Terrane base-

ment orthogneisses have U–Pb ages of ca. 1,000 Ma,

which indicate an lineage with the Namaqua Belt in

Southwestern Africa. U–Pb zircon ages also provide the

following information on the Punta del Este terrane: the

orthogneisses containing the ca. 1,000 Ma inheritance

formed at ca. 750 Ma; in contrast to the related terranes

now in Africa, reworking of the Punta del Este Terrane

during Brasiliano/Pan-African orogenesis was very intense,

reaching granulite facies at ca. 640 Ma. The termination of

the Brasiliano/Pan-African orogeny is marked by formation

of acid volcanic and volcanoclastic rocks at ca. 570 Ma

(Sierra de Aguirre Formation), formation of late sedimen-

tary basins (San Carlos Formation) and then intrusion at ca.

535 Ma of post-tectonic granitoids (Santa Teresa and José

Ignacio batholiths). The Punta del Este Terrane and unre-

lated western terranes represented by the Dom Feliciano

Belt and the Rı́o de La Plata Craton were in their present

positions by ca. 535 Ma.

Keywords Mesoproterozoic � Punta del Este Terrane �
Uruguay � Brasiliano orogeny � Gariep belt � U–Pb zircon

ages

Introduction

The Neoproterozoic belts that occur on both sides of

the southern Atlantic Ocean reflect collisional orogeny

between the Congo/São Francisco, Paranapanema, Rı́o de

La Plata and Kalahari cratons during the building of the

Western Gondwana. In southwestern Africa, these belts

correspond to the Kaoko, Damara, Gariep and Saldania

belts, whereas the Ribeira, Dom Feliciano and Rocha belts

represent their South American equivalents (Fig. 1a). The

latter is considered to be the direct continuity of the Gariep

belt (Basei et al. 2005).

Despite considerable amounts of new geological infor-

mation, notably from South America, there are still con-

siderable differences in opinion concerning the crustal

architecture and sequence of events related to this orogeny

that formed Western Gondwana. An important issue is

whether there are relicts of oceanic crust present and the

polarity of possible subduction zones. The generation of

a 700–600 Ma magmatic arc resulting from westward-
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dipping subduction was suggested by Porada (1979),

Fragoso Cesar (1991) and Chemale (2000). For the same

time period, Ramos (1988) and Basei et al. (2000, 2005 and

2008) proposed east-dipping subduction, toward the Kala-

hari Craton. More recently, Oyhantçabal et al. (2009),

Gaucher et al. 2009a, b) and Sánchez Bettucci et al. 2010a

have suggested variations in westward-dipping subduction

models.

The Punta del Este Terrane (PET) is interpreted as an

exotic domain, tectonically juxtaposed to the Dom Felici-

ano Belt. It is composed of a gneissic-migmatitic basement

covered by metasedimentary rocks of the Rocha Formation

correlated with the western units of the Gariep belt in

Namibia and South Africa (Basei et al. 2005). Considering

the lack of a 1.2–1.0 Ga geological record in the south-

eastern portion of South America, the demonstration of any

geological record of this age is fundamental to aid the

positioning late Neoproterozoic sutures in paleogeographic

reconstructions of Rodinia (Cordani et al. 2003, Tohver

et al. 2006, Fuck et al. 2008, Li et al. 2008).

Therefore, the main objective of this work is to present

new zircon U–Pb (SHRIMP and IDTIMS) and whole-rock

Nd and Sr isotopic data for the gneissic-migmatitic rocks of

the PET basement. These data, via the documentation of a

Mesoproterozoic geological record, indicate that the PET

basement units of Cerro Olivo Complex can be correlated

with the Namaqua Belt of southwestern Africa. The cor-

relation of supracrustal belts of both domains (Rocha and

Gariep belts) has already been indicated by Basei et al.

(2005).

Geological setting

The Neoproterozoic mobile belts found in southern Brazil

and eastern Uruguay can be regarded as marking the limit

of the Kalahari–Kapvaal and Congo cratons, now on the

eastern side of the Atlantic in southwestern Africa. These

mobile belts have several branches. The Damara belt

within Africa separates the Congo and Kalahari cratons,

and the Kaoko, Gariep and Saldania belts (from north to

Fig. 1 a Paleogeographic

outline showing the

arrangement of major orogenic

belts and cratons. b Geological

sketch of Southern Brazil and

Uruguay. 1 Phanerozoic covers

undivided 2 Foreland basins:

Itajaı́ (Santa Catarina State),

Camaquã (RS), El Soldado-

Piriápolis (UY) 3 Post-

collisional volcanism 4 Schist

belts and intrusive granitoids:

Brusque metamorphic complex

(SC), Porongos Metamorphic

Complex (RS), Lavalleja

Metamorphic Complex (UY) 5
Paleoproterozoic basement

inliers: Morro do Boi (SC),

Encantadas (RS) and Punta

Rasa (UY) 6 Foreland: Luis

Alves microplate (LA), Piedra

Alta Terrane (PA), São Gabriel

Block (SGB), Taquarembó (T),

Rivera (R) and Nico Perez (NP)

7 Granite Belt: Florianópolis

(SC), Pelotas (RS) and Aiguá

(UY) batholiths 8 Punta del Este

Terrane (PET) 9 Piedra Alta

terrane (PA)
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south, respectively) occur along the coast of Africa. The Ga-

riep belt and its basement are the most important geological

units for comparison with the PET (Fig. 1b). The basement of

the Gariep belt consists mostly of 1,200–1,100 Ma medium–

high-grade metamorphic rocks (Clifford et al. 1981, Frimmel

1995) with some Paleoproterozoic basement inliers (Tack

et al. 2002).

Regional correlations of the Mesoproterozoic belts of

southern and central Africa have conventionally referred to

them as Kibarian (Mesoproterozoic, Thomas et al. 1994).

Based on geochronological and isotopic data, Eglington

(2006) placed the Namaqua-Natal metamorphic climax at

1,200–1,040 Ma, with juvenile crust formation occurring

at ca. 2,200 and 1,400 Ma. SHRIMP U–Pb zircon dating

(Robb et al. 1998) indicated two crust-forming events in

the Namaqua Complex at 1,220–1,170 Ma (Kibarian) and

1,060–1,030 Ma (Namaqualand). The Namaqua Metamor-

phic Complex is interpreted as a deformed and metamor-

phosed sedimentary passive margin succession at the west of

the Kalahari craton (Becker et al. 2006; McCourt et al. 2006;

among others). Related to the Kibarian event, there was

regional deformation with granulite facies metamorphism

and intrusion of granitoids represented by the Nababeep and

Modderfontein gneisses. Based on geophysical data, the

crustal thickness varies across the Namaqua front at the

southwestern margin of the Kaapvaal craton and is linked to

orogenic thickening at ca. 1,100–1,000 Ma (Schmitz and

Bowring 2004 and references therein). These rocks are cut by

the Concordia and Rietberg granitoids. The Pan-African

tectonothermal overprint is not intense but is strongest in the

west along the coastal region.

The Gariep belt occurs along the African coastal region

and structurally overlies the Namaqua Metamorphic

Complex. It is characterized by supracrustal rocks affected

by very low to low metamorphic grade which are distrib-

uted into two tectono-stratigraphic domains. The eastern

portion is marked by parautochthonous units related to a

passive continental margin (Port Nolloth Zone) and the

western portion by an allochthonous domain (Marmora

Terrane). Suggestions of blueschist-facies metamorphism

(Kröner 1974; Porada 1979) have been ruled out by

Frimmel and Hartnady (1992); thus, these rocks are not

regarded to have experienced (transient) high-pressure

metamorphism. Gariep belt sedimentation occurred in the

Fig. 2 Geological sketch of the Punta del Este terrane (simplified from Masquelin 1990)
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Neoproterozoic, based on 735 Ma ages for rhyolites of the

Ross Pinah Formation (U–Pb single zircon evaporation

technique; Frimmel 1995). Basei et al. (2005) demon-

strated that the sediments of the Rocha Formation (supra-

crustal rocks of the PET) in Uruguay and the Gariep belt in

southern Africa have a similar zircon age provenance

pattern and suggested that they were probably deposited in

the same basin. Unmetamorphosed sediments of the Nama

Group cover the northeastern portion of the Gariep belt.

The most conspicuous feature, the Gariep belt, is the

absence of any syn-tectonic calc-alkaline magmatism,

suggesting it does not contain a volcanic arc. Granites

considered to have formed in a pre-rift tectonic setting

prior to formation of the Gariep rocks yielded Pb–Pb zircon

ages of 830, 800 and 771 Ma (Frimmel et al. 2001). The

youngest age is taken as the maximum age of sedimenta-

tion in the Gariep paleobasin. Evidence for syn-rift

magmatism is given by two volcanic units, the ca. 750 Ma

Rosh Pinah Formation and the older Vredefontein Forma-

tion (Frimmel et al. 2001). A deformational episode at ca.

545 Ma is related to the closure of the Adamastor Ocean

between the Kalahari and the Rı́o de La Plata cratons

(Basei et al. 2000). Post-orogenic alkali granites and sye-

nites (for example the 507 Ma Kuboos pluton) cut the

central part of the Gariep belt along the Kuboos-Bremen

line, which strikes SW-NE (Frimmel 2000).

In south Brazil and Uruguay, an old (pre-Mesoprotero-

zoic) western domain known as the Rı́o de La Plata Craton

occurs (Fig. 1b). This craton includes the Piedra Alta and

Nico Pérez tectonostratigraphic terranes that are separated

by the Sarandı́ del Yı́ Shear Zone (Bossi and Campal 1992,

Bossi et al. 1999, Rapela et al. 2007, Mallmann et al. 2007,

Sánchez Bettucci et al. 2010a, b, Oyhantçabal et al. 2010a).

The difference between these terranes is that the Piedra

Fig. 3 a Sillimanite-garnet-

biotite paragneiss, URPR-73,

Manantiales beach

(–34�54042.5200,
-54�49035.32200) b Rhythmic

metasedimentary rocks, Rocha

Formation, La Paloma beach

(34�4006.5800,-54�909.3300)
c Deformed conglomerate

with granite and volcanic

clasts, San Carlos Formation

(-34�50028.3500,
-54�53024.9300) d AC-301,

high evolved peraluminous

granite, Bori Fernandes

farm (-34�20055.66600,
-54�23053.92400) e URPR-74

mafic granulite, Riet Correa

farm (-34�23028.4200,
-54�14032.2900) f Mylonites

from the Alférez-Cordillera

Shear Zone (-34�15017.6900,
-54�37058.6400)
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Alta Terrane was not reworked in Neoproterozoic times,

preserving its juvenile Paleoproterozoic character (Preci-

ozzi et al. 1999; Bossi and Cingolani 2009; Sánchez Bet-

tucci et al. 2010b, Oyhantçabal et al. 2010a). To the east,

the Brasiliano/Pan-African orogenic cycle is represented in

Uruguay and southern Brazil by the Dom Feliciano belt

(DFB). In Uruguay, the DFB shows three petrotectonic

domains: (a) western post-orogenic sequences, (b) the

central supracrustal Lavalleja Group and Carapé Complex,

and (c) to the eastern side of Sierra Ballena, the granitoids

of Aiguá–Pelotas Batholith formed in a magmatic arc. The

Lavalleja Group (Preciozzi et al. 1979, 1985; Bossi and

Navarro 1988, Cingolani et al. 1990; Sánchez Bettucci

et al. 2001, 2010a is located between the Nico Pérez Ter-

rane and Sierra Ballena shear zone. It represents a meta-

volcanosedimentary unit with some gneissic-migmatitic

basement inliers and is cut by the Carapé Granitic Complex

(Sánchez Bettucci et al. 2003, see Fig. 1). The Lavalleja

Group is correlated with the Porongos and Brusque Groups

in Brazil. To the east occurs the PET, separated from the

Aiguá–Pelotas Batholith by the Alférez-Cordillera shear

zone (Preciozzi et al. 1999, Basei et al. 2000).

Brasiliano post-orogenic magmatism climax at ca.

580 Ma and was closely related to transcurrent movements

(e.g. the Major Gercino-Sierra Ballena and Alférez-Cor-

dillera shear zones; Bitencourt and Nardi 2000; Koester

et al. 2001, Oyhantçabal et al. 2005, 2009, 2010b, c;

Florisbal et al. 2009; among others).

Punta del Este terrane (PET)

The PET (Preciozzi et al. 1999) only occurs in eastern

Uruguay, between Punta del Este (south) and Velázquez

(north). Its western limit with the Aiguá–Pelotas Batholith

is defined by the Alférez-Cordillera lineament, which is an

important shear zone consisting of a broad muscovite-

bearing mylonite belt (Fig. 2). Granitoids of subalkaline

affinity (Masquelin 1990) are emplaced along this linea-

ment. The mylonitic foliation strikes between N15�and

40�E with steep NW to subvertical dips. Stretching linea-

tions dip 20�–30� southwestward, and the kinematic indi-

cators suggest a predominantly dextral oblique movement.

This point to a reverse component, placing the Aiguá

batholith above the PET rocks. The PET basement consists

of variably deformed high-grade metamorphic rocks.

Lithologies are gneisses, granite-gneisses, granulites and

migmatites with intercalated calc-silicate rocks, amphibo-

lites and quartzites (Preciozzi et al. 1999; Masquelin et al.

2001, Gross et al. 2009).

Fig. 4 Cathodoluminescence images of sectioned zircons from

sample UCUR-03

Table 1 U-Pb SHRIMP analytical data

Labels U (ppm) Th (ppm) Th/U Pb* (ppm) 204Pb (ppb) 238U/206Pb 207Pb/206Pb 206Pb/238U

Age Error % Concor.

UCUR-1.1 404.3 71.6 0.177 46 10 8.45627 0.06617 720.51 56.19 88.8

UCUR-2.1 208.3 45.1 0.216 25 5 8.06436 0.06351 753.56 20.62 103.9

UCUR-3.1 237.1 43.8 0.185 29 0 7.98602 0.06561 760.53 23.92 95.8

UCUR-4.1 267.3 42.8 0.160 32 4 7.88312 0.06461 769.89 23.53 101.1

UCUR-7.1 108.1 32.3 0.299 13 2 8.52458 0.05965 715.05 26.40 89.4

UCUR-8.1 297.5 197.0 0.662 40 0 8.01075 0.06327 758.32 25.81 90.6

UCUR-10.1 293.9 34.1 0.116 32 15 8.27161 0.06511 735.72 20.37 121

UCUR-11.1 313.1 51.2 0.163 37 4 7.75712 0.06540 781.67 24.17 105.7

UCUR-12.1 169.7 97.0 0.572 34 6 7.98556 0.06553 760.57 21.82 90.6

UCUR-13.1 321.8 64.1 0.199 38 4 8.00240 0.06552 759.06 21.63 94.6

UCUR-15.1 280.9 44.6 0.159 35 1 8.12278 0.06565 748.44 36.99 99.3

UCUR-5.1 332.3 56.3 0.169 40 4 8.09052 0.06710 751.26 27.09 96.1

UCUR-6.1 297.3 45.8 0.154 36 3 8.18887 0.06643 742.74 31.83 95.9

UCUR-9.1 274.7 41.9 0.153 35 18 5.52311 0.07948 1072.75 28.10 84.1

UCUR-14.1 141.0 64.2 0.455 18 2 7.63582 0.07053 793.35 104.03 94.1

Shrimp UCUR-03
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Masquelin et al. (2001) proposed that the basement of

the PET should be known as the Cerro Olivo Gneissic

Complex, recognizing its Neoproterozoic high-grade

metamorphic (granulite facies) and polydeformational

condition. The Cerro Olivo Complex contains three major

units: (a) the Sierra de Centinela Suite, the youngest one,

represented by porphyroclastic metagranites, metagranod-

iorites and two-mica migmatites; (b) the Cerro Bori or-

thogneisses with tonalitic to dioritic compositions (Fig. 3e),

and locally trondhjemitic granitoids and (c) the metasedi-

mentary Chafalote Unit. The latter is the oldest (Gross et al.

2009) and is mostly represented by high-grade paragneisses

(Fig. 3a) composed by banded quartzofeldspathic migma-

tites, garnet-sillimanite-biotite gneisses and calc-silicate

rocks. These occur as enclaves in trondhjemites of the

Cerro Bori orthogneisses. Metamorphic conditions of ca.

800�C and 4.3–5.8 kbar have been estimated (Masquelin

et al. 2001). Additionally, Masquelin and Morales (2003)

and Masquelin (2004) suggested a geological correlation

between Cerro Olivo Complex and Namaqualand Complex

of Namibia.

The main metasedimentary cover in the PET is repre-

sented by the Rocha Formation (Fig. 3b), which occurs in a

ca. 120 km long, 20–30 km wide, NE-trending belt (Hasui

et al. 1975; Preciozzi et al. 1985; Fragoso Cesar et al. 1987;

Preciozzi et al. 1993, Sánchez Bettucci and Mezzano

1993). The Rocha Formation is characterized by silici-

clastic metasediments (metapelites to metapsammites).

They have mostly been affected by greenschist facies

metamorphism (chlorite-sericite mineral assemblages),

locally with some metamorphic biotite schists. The Rocha

Formation underwent polyphase folding and displays

NW-plunging structures and eastward tectonic vergence

(Masquelin 1990). In lower metamorphic grade domains,

there is common preservation of primary structures such as

cross and plane-parallel bedding, cross stratification, mud

drapes and arenitic levels with graded bedding, and

climbing ripples (Pazos and Sánchez Bettucci 1999). These

authors suggest a transitional fluvial environment to tidal

plain.

There are isolated remains of post-orogenic sedimentary

basins. The best example occurs near San Carlos city,

where a series of low-grade metasedimentary rocks were

intensely affected by the Sierra Ballena Shear Zone. The

San Carlos Formation is composed of polymictic meta-

conglomerates at the base (Fig. 3c), which grade upward to

meta-arkoses with intercalated layers of sericitic-schists

derived from pelites (Masquelin 1990). Sánchez Bettucci

and Pazos (1996) suggested these rocks were deposited in a

braided fluvial setting. This sequence is deformed into a

syncline.

The Sierra de Aguirre Formation (Masquelin and Tabó

1988; Fantin 2003) with an age of 572 ± 11 Ma (Hartmann

et al. 2002) is the best example of a volcano-sedimentary

basin in the PET. It consists of intermediate to acidic

pyroclastic rocks dominated by ignimbrites of rhyolitic and

dacitic composition and diverse tuffs. Its maximum thick-

ness is ca. 1200 m. The Sierra de Aguirre Formation has

been divided into three members by Fantin (2003). The

bottom member consists of volcanic rocks and minor sed-

imentary rocks. Sedimentary rocks predominate in the

central member but with some ignimbritic units in which

fresh obsidian is preserved. The top member consists of

feldspathic sandstones and massive pelites, with only rare

volcanic rocks. This formation is in tectonic contact with

the Cerro Olivo Unit and the Rocha Formation (Sánchez

Bettucci et al. 2010a). According to Fantin (2003), this

association suggests a shallow-marine deltaic environment.

This formation has been folded with a N�30–40�E axial

orientation and an axial-planar schistosity.

Numerous intrusive granites are observed along the full

extent of the PET, ranging from batholithic bodies to small

stocks. They are isotropic and often leucocratic and are the

last important magmatic event that affected the PET. The

main calk-alkaline granitic complexes are the Santa Teresa

and José Ignácio batholiths. The Rocha and Alférez

Granites are the most important syn-kinematic intrusions

(Masquelin 1990, Muzio and Artur 1999). The tectonic

evolution in this terrane is marked by intense Neoprote-

rozoic migmatization and deformation, development of the

Rocha basin and a post-collisional basin (Sánchez Bettucci

et al. 2010a), and finally post-tectonic granitic magmatism.

The major structures have a NE–SW trend and are recog-

nized in the basement and in the Rocha Formation supra-

crustal rocks (Fig. 2).

Fig. 5 238U/206Pb versus 207Pb/206Pb concordia plot for sample

UCUR-03. Analytical errors are depicted at the 1 sigma level
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Geochronology

The previous geochronological data, based mainly on Rb–

Sr determinations, give ages between 680 and 600 Ma for

the gneissic-migmatitic rocks and deformed granitoids,

whereas the post-tectonic granitoid ages are concentrated

around 550 Ma.

Hartmann et al. (2002) presented a SHRIMP U–Pb zir-

con age of 762 ± 8 Ma for the Rocha syenogranitic

gneisses, of the Cerro Olivo Complex, which constitutes

the basement in the PET domain. In the same sample, older

zircon U–Pb ages were also obtained mainly in the core of

zircon grains, and they were interpreted to be pre-igneous

inherited xenocrysts. A similar explanation was recently

proposed by Oyhantçabal et al. (2009) for the age of

776 ± 12 Ma obtained for another orthogneiss of the same

Complex, which led these authors to correlate these rocks

with Damara and Kaoko belt pre-rifting events. These

authors interpreted the younger ages (641 ± 17 Ma)

obtained from zircon rims as the age of high-grade meta-

morphism and also suggested the interval between 650 and

600 Ma for granitic magmatism. In the same way, theses

authors propose a correlation between the PET and the

Coastal terrane of the Kaoko belt.

In this work, six samples from the basement of the PET

have been analyzed by U–Pb IDTIMS for zircons and

monazites (UCUR-03; URPR-26; AC-301; URPR-75;

URPR-73; and AC-366B). For sample UCUR-03, SHRIMP

U–Pb data are also available.

The samples UCUR-03 and URPR-26 are quartzo-

feldspathic biotite-bearing migmatites with deformed K-

feldspar megacrysts. Sample AC-301 is an example of a

highly evolved peraluminous granodioritic to monzogran-

itic leucosome. Samples URPR-75 and URPR-73 are sil-

limanite-garnet bearing paragneisses from which zircons

and monazites have been extracted from the mafic layers.

AC-366B is a deformed leucogranite.

SHRIMP U–Pb zircon analysis

SHRIMP U–Pb zircon analyses were performed at the

Research School for Earth Sciences at the Australian

National University, Canberra. Zircons were handpicked,

mounted in epoxy resin and polished. Transmitted and

reflected light microscopy as well as SEM cathodolumi-

nescence imagery was used to determine the internal

structures of the zircons prior to analysis. Data were col-

lected and reduced as described by Compston et al. (1984)

and Williams (1998). Ages were calculated from the
206Pb/238U ratios after corrections for the appropriate

Cumming and Richards (1975) composition of common Pb

for rock formation ages and are presented at the 95%

confidence level. All the geochronological statisticalT
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assessments were made using the Isoplot/Ex program of

Ludwig (2001).

In Fig. 4, the cathodoluminescence images of repre-

sentative dated UCUR-03 zircons are presented. Most ages

were obtained in the outmost parts of the grains, aiming at

the characterization of the last important thermal event that

led to the rock formation. Additionally, an age of ca.

1,070 Ma was obtained from inherited nuclei. Most of

zircons are homogeneous, rounded to ovoid surrounded by

metamorphic overgrouths rims, some present inherited

igneous cores showing relicts of oscillatory zoning (Fig. 4).

Fifteen analyses of UCUR-03 zircons are presented in

Table 1, and the data are shown on a concordia plot

(Fig. 5). Two core analyses (9.1 and 14.1) indicate the

oldest ages, with site 9.1 showing a 206Pb/238U age of

1,073 ± 28 Ma (1 sigma). The 206Pb/238U 761 ± 7 Ma

age on the main population (MSWD = 1.8) is interpreted

as the time of crustal melting episode related to the for-

mation of the UCUR-03 protolith. The ca. 1,070 Ma xe-

nocrysts indicate igneous Mesoproterozoic materials in the

source region.

The above interpretation is in agreement with the

SHRIMP data presented by Hartmann et al. (2002) and

Oyhantçabal et al. (2009) which however show dispersion

of analytical points in the concordia plots. The latter authors

characterized a concordant age of 641 ± 17 Ma for the

overgrowths around the 776 Ma older nuclei. These over-

growths are well characterized in the CL images (Fig. 4),

giving evidence of a second Neoproterozoic thermal event.

The peak P–T conditions linked to the ca. 640 Ma meta-

morphic event is ca. 830–950�C and 7–10 kbar (Masquelin

2000; Gross et al. 2009).

TIMS U–Pb zircon analysis

Following zircon separation by standard Wilfley table,

heavy liquid and isodynamic techniques, grains for analysis

were selected with a stereomicroscope. After chemical

abrasion, the dissolution of the zircon crystals was carried

out with HF and HNO3 in Teflon beakers in which a mixed
205Pb/235U spike was added. A set of 15 beakers arranged

in a metal jacket is left for three days in a stove at 200�C. U

and Pb are concentrated and purified by passing the solu-

tion in an anionic exchange resing column. The concen-

tration and purification of U and Pb were carried out by

passing the solution in ion-exchange columns, according to

Fig. 6 Photographs of selected UCUR-03 zircons analyzed by IDTIMS

Fig. 7 238U/206Pb versus 207Pb/206Pb concordia plot for zircon data

from UCUR-03 and URPR-26 megacrystic granites (IDTIMS data).

Analytical errors are depicted at the 2 sigma level

Fig. 8 Histogram summarizing Mesoproterozoic protholith ages

Int J Earth Sci (Geol Rundsch) (2011) 100:289–304 297

123



the method of Krogh (1973). The isotopic analyses were

obtained with a multi-collector MAT 262 mass-spectrom-

eter. The ages were calculated using the PbData software

of Ludwig (2001) after correction of the spectrometric

ratios for isotopic fractionation, laboratory blank and initial

lead. In all samples, at least two types of zircons were

recognized. The analytical procedure is described in detail

by Passarelli et al. (2009). Summary analytical data are

presented in Table 2.

In UCUR-03 and URPR-26, the predominant zircon

type selected for analysis were pink to clear translucent

prisms with bipyramidal terminations (mostly with a 2–3:1

aspect ratio), devoid of inclusions and with as few fractures

as possible (Fig. 6). In general, they display rounded edges.

Several fractions were abraded with intervals varying from

4 to 8 h. Figure 7 presents the concordia plot (Whetherill

1956; Wasserburg 1963) of URPR-26 and URUC-03

analyses. Both samples yielded similar arrays of discordant

data and thus were pooled to calculate ages. An upper

intercept of 1,001 ± 17 Ma (MSWD = 20) was obtained,

definitely younger than the C1,073 ± 28 Ma age for pre-

igneous xenocrysts obtained by SHRIMP U–Pb analysis on

UCUR-03 zircons. Therefore, the IDTIMS data represent

complex mixtures between C1,073 Ma xenocrysts, and

zircon grown during Neoproterozoic igneous and meta-

morphic events. Nonetheless, the ca. 1,000 Ma IDTIMS

age is additional strong evidence for Mesoproterozoic

rocks in the PET. It is considered here that the main rock

formation episode in the PET basement occurred at ca.

760 Ma, as indicated by the SHRIMP U–Pb ages on

UCUR-03 igneous zircon. Therefore, due to the intensity of

the deformation and thermal Neoproterozoic overprint, pre-

Brasiliano rocks surrounded by the Brasiliano gneisses and

granitoids including the Mesoproterozoic ones are highly

obliterated. The concentration of the analytical points far

from the upper intercept (Fig. 7) reflects an isotopic dis-

equilibrium of the Mesoproterozoic protholiths during the

Brasiliano/Pan-African orogenesis. Due to the air ablation

treatment that caused the elimination of Brasiliano zircon

overgrowths, the Mesoproterozoic older ages were better

characterized when TIMS techniques were used (Fig. 8).

On the other hand, the overgrowths were an easy target

during the SHRIMP studies.

Sample URPR-73 is a cordierite–sillimanite–garnet

paragneiss. Zircon analyses cluster close to a lower inter-

cept (Fig. 9a) and is considered to be a mixture of (high-U)

zircon grown during regional metamorphism and detrital

cores. Extrapolation to an upper intercept indicates an

average Paleoproterozoic age (2,070 Ma) for the detrital

component. Peak Neoproterozoic metamorphism is dated

by monazite at 645 ± 4 Ma (MSWD = 1.2; sample URPR-

75, Fig. 9b) and at 632 ± 3 Ma (MSWD = 0.51; sample

AC-301, Fig. 9c). These monazite ages are in good

agreement with the SHRIMP U–Pb age of ca. 641 Ma for

zircon metamorphic overgrowths (Oyhantçabal et al.

2009). Leucosome sample AC-301 (Fig. 3d) presents,

among several high discordant analysis a zircon concordant

fraction with U–Pb age of a 704 ± 17 Ma, suggesting that

the analyzed grains is a mixture of several inherited zircon

Fig. 9 238U/206Pb versus 207Pb/206Pb concordia plot of a URPR-73 b URPR-75 and c AC-301 samples (IDTIMS data). Analytical errors are

depicted at the 2 sigma level

Fig. 10 238U/206Pb versus 207Pb/206Pb concordia plot for the El

Pintor Granite (IDTIMS data). Analytical errors are depicted at the 2

sigma level
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components overprinted by ca. 640 Ma metamorphic epi-

sode as indicated by the monazite ages (Fig. 9c).

Sample AC-366B is of the post-tectonic El Pintor

monzogranite. This intrudes previously deformed gneisses

but has been deformed in the Alférez-Cordillera Shear

Zone (Fig. 3f). The 524.5 ± 8.6 Ma (MSWD = 0.41)

lower intercept value is interpreted as the emplacement age

of the El Pintor granitoid, whereas the poorly defined

Mesoproterozoic upper intercept of 1,648 ± 100 Ma could

indicate the age for inherited zircon xenocrysts from the

source materials (Fig. 10).

Nd and Sr isotopic data

The Nd and Sr isotopic data were obtained on nine rocks to

constrain further the origin of the material involved in the

formation of the PET. These included two metapsammitc

rocks of the Rocha Formation and some samples also used

for U–Pb mineral analysis. The isotopic ratios of 87Sr/86Sr

and 143Nd/144Nd were measured by thermal ionization

mass spectrometry at Centro de Pesquisas Geocronologi-

cas/USP. Detailed description of analytical procedure and

equipments is presented at http://www2.igc.usp.br/cpgeo/

laboratorios.phc. The analytical data are presented in

Table 3.

Samples show negative eNd values of -1.3 and –14.3

and Palaeoproterozoic (2,200–1,800 Ma) TDM model

ages. Results are summarized in a eNd versus time

diagram (Fig. 11). Similar values have been found for

Namaquan metamorphic rocks in southwestern Africa

(Eglington 2006). The eNd versus eSr diagram (Fig. 12)

with the data recalculated to 635 Ma, (the time of peak

metamorphism when Rb–Sr fractionation might have

occurred) shows clearly negative eNd and positive eSr

values. This again suggests no addition of juvenile crus-

tal material in the Neoproterozoic. Additionally, the

involvement of the upper crust in the generation of most of

the analyzed rocks can be characterized by the slight to

medium negative eNd values and the large distribution of

eSr values, between 100 and 500, which is explained by

the presence of lithophile elements, suggesting enriched

continental crust.

Conclusions

Based on the available geological and radiometric data, the

following evolution for the Punta del Este Terrane (PET) is

proposed (Table 4):

Mesoproterozoic (1,100–900 Ma) U–Pb ages were

obtained on inherited cores of zircon grains from the PET

basement rocks. These ages support the interpretation that

Fig. 11 eMd versus T diagram (DePaolo 1988)

Fig. 12 Diagram eNd versus

eSr (recalculated for 600 Ma)
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this unit represents a remnant of Namaqua belt of Namibia

and South Africa preserved in Uruguay.

The oldest U–Pb zircon igneous ages of 750 ± 50 Ma

obtained from deformed granitoids of the PET basement

indicate crustal melting of Mesoproterozoic protoliths, as

suggested by the ca 1,000 Ma inherited zircon cores. Old

Sm–Nd model ages and strong negative eNd values also

indicate a strong pre-Neoproterozoic contribution to these

rocks. This event is probably related with the extension

associated with the opening of the Adasmastor Ocean

(sensu Frimmel et al. 2001).

A regional high-grade metamorphic episode at ca.

635 ± 10 Ma (concordant SHRIMP U–Pb zircon and ID-

TIMS U–Pb monazite ages) migmatized and gneissified the

PET basement. An extensional phase with the development

of volcano-sedimentary post-collisional basins (Sierra de

Aguirre and San Carlos formations) developed at ca.

570 Ma. The deformation of these basins and the final

emplacement alongside the Dom Feliciano belt occurred

before intrusion of the Santa Teresa Granite (537 Ma,

Umpierre and Halpern 1971). This interpretation is in

accordance with paleomagnetic data (Rapalini and Sánchez

Bettucci 2008) from the Lavalleja and Arroyo del Soldado

Groups (sensu Sánchez Bettucci et al. 2010a). Rapalini and

Sánchez Bettucci (2008) found a remagnetization event at

ca. 525 Ma which could represent an important tectono-

thermal event affecting the eastern Uruguay.

In conclusion, the Neoproterozoic evolution of the PET

is associated with crustal reworking of Mesoproterozoic

rocks, involving major ca. 750 Ma extension followed by a

ca. 635 ± 10 Ma compressional high-grade metamorphic

event linked to collisional orogeny. Post-collisional exten-

sion occurred between 580 and 570 Ma, as represented by

the emplacement of post-tectonic granites and development

of volcano-sedimentary basins. The final juxtaposition

between the PET and the western South American terranes

occurred at B535 Ma.

Based on the available radiometric data, correlation

between the PET (basement and cover) and parts of the

African Namaqua and Gariep belts is emphasized. Most

compelling for this correlation is the 1,000–750 Ma U–Pb

zircon ages observed in the basement rocks of both sides of

south Atlantic (see also Hartmann et al. 2002; Oyhantçabal

et al. 2009, 2010a). Other authors (Oyhantçabal et al. 2009;

Goscombe and Gray 2009) suggest the correlation with the

Coastal terrane of the Kaoko belt based on the coeval

metamorphism and magmatism, which is hard to find at the

same crustal level. Throughout the PET, the Neoprotero-

zoic reworking was much more intense than in Namaqua

belt, where migmatites and granitoids were formed by

crustal melting of previous Mesopoterozoic rocks.
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Int J Earth Sci (Geol Rundsch) (2011) 100:289–304 301

123



(process No 05/58688-1) which covered part of the costs with field-

work and isotopic analyses. Several grants Consejo Sectorial de In-

vestigación Cientı́fica (CSIC) and Facultad de Ciencias (Uruguay)

permitted to carry out these studies. EP thanks CAPES for granting a

PhD. Scholarship. We express our sincere thanks to P. Oyhantçabal
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laboratory. An Acad Bras Ciênc 81:73–97. ISSN 0001-3765

Pazos P, Sánchez Bettucci L (1999) Rasgos Maréales en la sucesión
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