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Abstract 

 

Introduction 

 

The geology of the southwestern extreme of the African continent is characterised by a series of 

mobile belts that delimit the western margin of the block constituted by the Kalahari-Kapvaal 

cratons. In this context, Panafrican belts predominate, represented in the north-northwestern 

portion by the Damara, in the western region by the Gariep and, in the southern region by the 

Saldania. These belts, of Neoproterozoic-Eopaleozoic ages predominantly expose sedimentary 

covers metamorphosed in the greenschist facies. 

In the northwestern portion of South Africa and south of Namibia, of major interest for the 

correlation intended in this work. The basement of the Panafrican cover, in this case the Gariep 

Group, is largely constituted by medium- to high-grade terranes generated during the Kibarian 

event (1.2-1.1Ga) responsible for the formation of igneous and metamorphic rocks and attributed 

to the Metamorphic Namaqua-Natal Complex (Frimmel, 1995). This Complex presents low-

pressure granulite facies conditions (Clifford et al., 1981) with polymetamorphic evolution, where 

old nuclei of Paleoproterozoic age (1800-2000Ma) occur within the terranes generated during 

the Kibarian orogeny. U-Pb studies in zircons by SHRIMP (Robb et al., 1998) confirmed for 

Namaqua two rock-generating events with pulses between 1220-1170 Ma (Kibarian) and 1060-

1030Ma (Namaqua); with the latter the third regional deformation and important magmatism 

phases would be associated. In this period granulitic metamorphism and intrusion of granitoids 
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occurred and are presently represented by the Nababeep and Modderfontein gneisses that are 

cut by the Concordia and Rietberg granitoids. The Panafrican superposition is registered 

predominantly along the coastal region. 

The Gariep Group occurs along the coastal region tectonically covering the terranes associated 

with the Namaqua Metamorphic Complex. It is characterised by a group constituted mainly by 

rocks of very low to low metamorphic grade distributed in two tectono-stratigraphic sets with 

the eastern portion occupied by parautochthonous units of a passive continental margin (Port 

Nolloth Zone) and a western allochthonous domain (Marmora Terrane). The evidences of 

blueschist facies metamorphism, countless times referred in the literature (Kröner, 1974; Porada, 

1979), have been recently ruled out by Frimmel and Hartnady (1992). 

The sedimentation period of the Gariep Group is attributed to the Neoproterozoic because it lays 

discordantly on the rhyolite units (Ross Pinah Formation) dated by the single zircon evaporation 

technique as 735Ma (Frimmel, 1995). Meert & Van der Voo (1994) correlated diamictite 

intercalations, probably of age between 580 and 560 Ma, in the upper portion of the Gariep 

Group with the glacial deposits of Vendian age. The northeastern portion of the Gariep Group is 

covered by not metamorphosed sediments of the Nama Group. 

In the South-American counterpart, that is, the South-Brazilian region and the Uruguayan 

territory, an old western domain is observed The Central Domain is represented by the Rio de La 

Plata Craton(sensus Almeida et al.,1973) ,by de Nico Perez Terrane (Bossi et al.,1992 ;Valentines 

Block,PavasTerrane(Preciozzi et al.,1979) and  the Rivera granitic-gneissic complex ..All of them 

were generated or intensively reworked during the Neoproterozoic, distributed along its eastern 

border and as a whole organised in the NE-SW direction. In these domain, a granitic-migmatitic 

infrastructure and sedimentary basins and low- to medium metamorphic grade covers 

predominate, related to the Lavalleja-supergroup and Zanja del Cerro Grande Group  The Rocha 

formation is developed as a metasedimentary cover in the Punta del Este Terrane,being 

associated to the Atlantic Domain. 

Geochronologic studies recently performed in the southeastern portion of Uruguay allowed the 

identification of igneous rocks with U-Pb ages in zircons ranging  from 650 to 1000Ma. These 

ages, added to the geological characteristics of the region, allowed the proposition of a new 

tectonic compartment for the southeastern portion of Uruguay, here named “Punta del Este 

Terrane”. 
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The Punta del Este Terrane (PEST) is separated by the Punta del Este-Cordillera shear zone from 

the granitic complex related to Neoproterozoic orogenies (Aigua - Pelotas Batholiths or Central 

Granitic Terrane). This terrane is constituted by granitoids of varied compositions, with different 

deformation degrees, including ophthalmic gneisses, granite gneisses and varied migmatites, 

intercalating amphibolites, calc-silicate rocks and quartzites. In tectonic contact with the 

basement, a sequence of low metamorphic grade supracrustal rocks named Rocha Formation 

occurs in the eastern portion.  

Several relicts of a volcano-sedimentary basin named Sierra de Aguirre Formation (Masquelin 

and Tabó, 1988; Fantin, 2003) overlay discontinuously the basement.  

Some granitoids, of ages between 0.78 and 0.53 Ga, are found throughout  thePEST. 

The Neoproterozoic superposition observed in this terrane can be characterised by the intense 

infrastructure migmatization and granite genesis, as well as by the development of volcano-

sedimentary basins and post-tectonic granitic magmatism. It is quite probable that the main 

structures, with preferential NE-SW direction, recognised in the infrastructure and in the Rocha 

Formation supracrustal units are also from this period. The metamorphism of the Chafalote 

Metamorphic Suite shows temperatures and pressures (650ºC - 850ºC, 11.4 to 12.2 Kbar, 

respectivelly) typically of Granulite Facies (Masquelin et al., 2001) 

The Punta del Este Terrane does not continue in the Brazilian territory and it has not been 

recognised in Argentina yet, occurring exclusively in the eastern portion of Uruguay, between 

the localities Punta del Este (south) and Velasquez (north). It is here proposed, mainly based on 

the ages obtained, its correlation with the crystalline terranes from the Namaqua Province, in 

the southwestern portion of the African continent, notably in the southern extreme of Namibia 

and northwest of South Africa.This fact made that this terrane can been considerated as one of 

the most important event to correlate Western Africa with outh America. 

 Basement Tectonic Domains in Uruguay 

The Uruguayan geological frame is very similar to what is observed in the south-Brazilian portion, 

where the old (Paleoproterozoic) cratonic terranes outcrop in the western portion of the 

crystalline terranes being covered in their most western portion by Paleozoic sediments of the 

Paraná Basin. The younger (Neoproterozoic) domains occupy the eastern portions. The 

exception to this comparative scheme is represented by the Punta del Este Terrane whose 

identification is restricted to the Uruguayan territory. 
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FIGURA 1 Main geotectonic units in the uruguayan basement 

 

1)The Western cratonic domain was defined as Piedra Alta Terrane (Bossi et al 1993, Preciozzi & 

Bourne 1992; Preciozzi, 1993; Preciozzi et al 1999) constituted dominantly by Paleoproterozoic 

gneissic-migmatitic rocks with intercalations of four volcano-sedimentary belts of varied 

metamorphic grade. Granites, granodiorites and mafic bodies intrude this unit. The last igneous 

manifestation is characterised by a conspicuous basic dyke swarm with ages around 1.75Ga. This 
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domain, which does not present any Neoproterozoic thermo-tectonic overprint (Cingolani et al 

1993, Preciozzi et al, 1999), is separated from the Central domain by the Sarandi del Yí-Arroyo 

Solís Grande dextral shear zono (Oyhantçabal et al., 1993, 2001);  

2)The Central Domain occurs as a wedge oriented southwards, characterised by the 

predominance of granitic-gneissic, migmatitic and granulitic rocks, with ages between 1.9 and 

2.3Ga. Recently, Hartmann et al. (2002a) have obtained ages around 3.4 - 2.7 Ga in this domain. 

Some rapakivi granites of ages close to 1.75 Ga occur subordinately. Differently from the Piedra 

Alta Terrane, this domain presents an important Neoproterozoic magmatism in the 0.9 and 0.5 

Ga interval. It represents the reworked border of  a paleo-arquean craton( Rio de La Plata 

Craton);  

In this domain occurs the Lavalleja superGroup ( Sánchez-Bettucci, 1998; Sánchez-Bettucci et al., 

2001,Sanchez et al,2004) and Zanja del Cerro Grande Group that are located between the 

basement of the Central domain and the Carapé Granitic Complex (Sánchez Bettucci et al., 

2003). These Groups are constituted by sedimentary and  meta-volcano-sedimentary rocks with 

some gneissic-migmatitic basement inliers. Carbonate-siliciclastic rocks predominate with 

intercalations of mafic to intermediate rocks. Felsic meta-volcanics represent subordinate 

occurrences. These groups are  affected by polyphase folding, with general NW vergence and 

medium- to low-grade regional metamorphism. Along the whole block, Neoproterozoic, 

syncollisional to post-tectonic leucocratic granitoids are observed.  

 The Carapé Granitic Complex comprises syn-, and late- to postorogenic granitoids, emplactense 

tectono-thermal activity was responsible for the generation of granitoids produced by crustal 

fusion. In this region, an eastward tectonic vergence predominates. 

A metasedimentary cover (Rocha formation) is developed in the atlantic coast of the Uruguay 

being correlated with the upper member of the Oranjemund Group(Gariep Belt)This unit exhibit 

ages in detrital zircons around 600 Ma.Consequentely sedimentation and metamorphism occurs 

in a narrow inteval from 600 Ma to 565Ma-(intrusion of the Castillo (The Grenville Terrane of 

Eastern UruguayMiguel A. S. Basei onites and related rocks within which anatectic mobilizates 

are frequent. Granitoids of subalkaline affinity (Masquelin, 1990) are emplaced along this 

lineament. The mylonitic foliation, where the development of elongated quartz and the 

presence of muscovite are observed, presents general strike between N15º-40ºE with NW steep 

to subvertical dips. The observed stretch lineations dip 20( to 30( southwestwards and, together 
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with the kinematic indicators, suggest a predominantly dextral oblique movement, with 

important dipping of the E-SE block.  

The PEST geologic characteristics, as well as the impossibility to elaborate a paleogeographic 

scenario for the Meso-Neoproterozoic, place this domain in the “suspect terrane” category, as 

presented by Coney et al. (1980). Because the contacts are always tectonic, the terms basement 

and cover are here used without posing the rigidity of their original definitions and should be 

understood as synonimous, respectively, for gneissic-migmatitic infrastructure and supracrustal 

metavolcano-sedimentary units. 

 

 

Tectonic map of the Gariep Belt 

 

 In Figure 2 a geologic sketch is presented where the main units recognised in PEST are 

represented. 
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Fig. 2. Simplified tectono-stratigraphic map of eastern Uruguay, showing the position of the 

Rocha Group (modified after (Gaucher, 2000). 

 

Basement Domain 

 The basement of PEST is dominantly constituted by deformed, ophthalmic, generally two-

mica granitoids, which show an attenuation of this deformation leading to isotropic terms in 

their central portion. Compositionally, they are porphyritic biotite granites, which grade to 

dioritic terms. Mineralogically, they are constituted by quartz with wavy extinction, plagioclase 

(oligoclase in the granitic and andesine in the dioritic facies), biotite - distributed throughout the 

matrix or forming bands with hornblende - and, more rarely, occurring associated with 

muscovite in subparallel growths. The main accessory minerals are garnet, cordierite, titanite, 

apatite, zircon, magnetite and epidote. 

These deformed granitoids occur within regional gneisses with NE-SW trend. According to 

Masquelin et al. (2001) these rocks can be grouped in three major units. The Cerro Olivo Unit is 

characterised by a predominance of ophthalmic leuco-gneisses, generally with biotite, muscovite 

and garnet. They present large amounts of stretched quartz, subautomorphic perthitic 

microcline, generally sericitized, and subautomorphic oligoclase with different degrees of 
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alteration, and biotite and muscovite in epitactic growth. Loss of iron and chloritization can 

affect biotite. The main accessory minerals are garnet, titanite, magnetite, zircon and epidote. 

Additionally, referred as Cerro Centinela Unit, there occur granitic gneisses with banded 

structures and segregation of mafic minerals, which present quartz, perthitic microcline, 

plagioclase and biotite; subordinately titanite, muscovite, apatite, garnet, magnetite and epidote 

occur. The other unit named Chafalote includes a group of biotite-rich mafic rocks with variable 

percentage of quartz, plagioclase, garnet, muscovite and occasionally amphibole. In general, the 

rocks are coarse-grained, granular, foliated, frequently presenting granitic mylonite enclaves. As 

happens with the previous groups, the main structures strike NE-SW; parallel to them, high 

metamorphic grade paragneisses are frequently observed bearing garnet, quartz, cordierite and 

sillimanite. Occasionally, calc-silicate gneisses (with light bands rich in quartz and plagioclase and 

mafic levels) can be observed where amphiboles predominate. Hornblenditic amphibolites with 

andesine and very subordinately magnetite, zoisite and microcline occur as elongated bodies 

within the regional gneisses. In these rocks, pyroxenes partially absorbed by the amphiboles are 

observed. 

Within the above-mentioned gneissic rocks may predominate migmatitic rocks with different 

structures. Biotite and more rarely amphibole migmatites predominate with stromatic and 

phlebitic structures varying to nebulitic terms. The leucosome is composed of felsic levels where 

quartz and microcline-oligoclase are predominant minerals with biotite reaching up to 25%. The 

mafic bands can contain muscovite, garnet, sillimanite, zircon, apatite and magnetite. 

 

Cover Domain 

 The main metasedimentary cover observed in PEST is represented by the Rocha 

Formation which occurs in the homonymous region, in a NE belt, 20 to 30 km wide and ca. 120 

km long (Bossi et al., 1975, 1988; Hasui et al., 1975; Preciozzi et al. 1985; Fragoso Cesar, 1987; 

Preciozzi et al., 1993, Sánchez Bettucci and Mezzano, 1993). 

Lithologically the Rocha Formation is characterised by siliciclastic metasediments of varied grain 

sizes (metapelites to metapsamites) with low metamorphic grade, locally reaching medium 

metamorphic grade. The formation underwent polyphase folding and presents preferential NW 

plunge and eastward tectonic vergence. In the less metamorphosed terms the presence of 

primary structures is frequent, such as cross and plane-parallel bedding, cross stratification, mud 
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draps and arenitic levels with graded bedding, and climbing ripples (Pazos and Sánchez Bettucci, 

1999). These authors suggest a transitional fluvial environment to tidal plain. 

 Remains of metasedimentary covers are observed as isolated occurrences. The most 

expressive case is found in the proximity of San Carlos City, where a series of low-grade 

metasedimentary rocks was intensely affected by the Sierra Ballena Shear Zone. It is composed 

of polymictic conglomerates in the base, which grades towards the top, to meta-arkoses with 

intercalated layers of sericitic schists (Masquelin, 1990). Sánchez Bettucci and Pazos (1996) 

proposed a braided fluvial origin. 

 The Sierra de Aguirre Formation represents the most expressive volcano-sedimentary 

basin observed in PEST. It consists of a pack of intermediate to acid pyroclastic rocks where 

ignimbrites of rhyolitic-dacitic composition and tuffs with different grain sizes and textures 

predominate. This group, despite being posterior to the development of the Rocha Formation, 

exhibits folding with Nº30-40ºE axial orientation, with which is associated the development of a 

plane-axial schistosity with sericite. The maximum thickness of this pack is of the order of 1200 

m. This formation was recently divided into three members (from bottom to top) by Fantin 

(2003). The bottom member is constituted by volcanic rocks and subordinately sedimentary 

rocks, in the central member predominates the sedimentary rocks over volcanic ones. The top 

member is composed by feldespatic sandstones facies and massive pelites, rarely volcanics. 

According to Fantin (2003), this association suggest a shallow-marine deltaic environment.  

 Countless intrusive granites are observed along the total extension of PEST, occurring as 

circumscribed bodies of batholithic dimensions to small stocks. They are isotropic, often 

leucocratic, representing the last important magmatic manifestation that affected the Punta del 

Este Suspect Terrane. They are intrusive in the Rocha Formation and in the Sierra de Aguirre 

Formation, presenting Rb-Sr ages between 0.68 and 0.53 Ga (Umpierre and Halpern, 1971; 

Preciozzi et al., 1993). The main complexes are Santa Teresa, José Ignácio, Rocha and Alferez 

Granites.  

 A proposal of stratigraphic succession is presented in Table 1, involving the main units 

described in the Punta del Este Suspect Terrane. 

               

 

  Table I –Stratigraphic relations internal to PEST 

UNIT MAIN TYPE                        NAME                                             AGE 
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Intrusive Granitoides Cordillera granite 

Santa Teresa Complex 

Jose Ignacio Granite 

(intrusive en the PEST 

basement) 

                  525 Ma 

                  565 Ma 

611 Ma 

Volcano-sedimetary basin 

 

 

Metasedimentary basin 

Metavolcano-sedimentary 

rocks of the Sierra de Aguirre 

Formation (dacita) 

Rocha Formation 

San Carlos Formation 

 

 

571 Ma 

600-565 Ma 

 

 

 

 

Basement 

 

 

Cerro Centinela 

Chafalote 

Cerro Olivos 

Units and 

Associated granitoids 

The ages ranging from 

1081(Sierra de 

Vega),1005(Dutra),960(UCUR 

3),753 to 704(magmatic 

activity),655 to 

622(metamorphism URPR 73 

,URPR 36,URPR75,P2).All of 

them form part of the PEST 

basement. 

 

 

U-Pb Results  

The geologic characteristics in the studied region suggest an important crustal rework process 

based in U-Pb in zircon systematic. The ages obtained are usually discordant due to the event 

interactions occurred between 1100 and 630 Ma. In addition, the monacite ages are always 

concordant, suggesting a metamorphic climax in the region around 640 ± 10 Ma.  

The selection of zircons to be analized was carried out with  a stereomicroscope after 

their concentration ,followed by a procesed combining the use of the Wilfley table,dense liquids 

and isomagnetic separator.The concentracion and purificaction of U and Pb were carried out 

passing the solution in ion-exchange solumns to the method presented by Krough (1973). The 

spectrometric analyses were obtained with a multi-collector MAT 262 mass-spectrometer. The 
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ages were calculated using the Isoplot software (Ludwig, 1993) after correction of the 

spectrometric ratios for isotopic fractionation, laboratory blank and initial lead. 

 

Some 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 cathodoluminescence imagery was 

used to determine the internal structures of the zircons prior to analysis. Data were collected 

and reduced as described by Williams and Claesson (1987) and Compston et al. (1992). Ages were 

calculated from de 206 Pb/ 238 U ratios after corrections for the appropriate composition of 

common Pb. All the geochronological statistical assessments were performed using the 

Isoplot/Ex program of Ludwig (2000). 

In all samples, at least two types of zircons were recognised. The predominant type, chosen for 

analysis, is represented by prismatic zircons, generally 2 to 3 x 1, biterminated without inclusions, 

weakly fractured, slightly rosy to transparent. In general, they present somewhat rounded 

edges. Several fractions were abraded during intervals varying from 4 to 8 hours. The zircon 

characteristics are evidenced in Figure 3 a and b. 

Figure 3: 

 

 The second type is characterised by rounded zircons, less transparent and 

somewhat fractured, being analysed in a sole fraction constituted by this type of zircons. In 

sample URPR 26 the point M (-3,-4,-6) was obtained with zircons from these fractions having as 

common characteristic the fact that they are well-rounded grains, differing from the prismatic 

ones used in the other fractions.The figures 4 y 5 show the samples URPR 26 y URPR 26+UCUR 3. 

Although this point was not considered in the calculations in Figure 4, the calculated 

207Pb/206Pb age of 1022 ± 3 Ma suggests a temporal proximity between these two zircon types. 

The Figure 6 represents the Concordia diagram (Whetherill, 1956; Wasserburg, 1963) defined by 

the group of analytical points obtained with the samples UCUR-3 and URPR 26. The 

representation in one diagram instead of two was adopted due to the high error of each group 

when considered separately. However, the ages obtained for each rock individually are close to 

1040 ± 38Ma obtained for the group of rocks. The sample URPR 26 is ophthalmic gneiss, where 

the highly deformed K-feldspar megacrystals stand out from a matrix rich in biotite, plagioclase 

and quartz. Samples URPR 36 and UCUR 3 are migmatitic granitoids,where a somewhat diffuse 
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banding is found within lighter levels of granodioritic to monzogranitic composition,with meso-

melanocratic bands rich in biotite and amphibole. 

 

Figure 4:Concordia sample URPR 26 

 

 

Figure 5 Tera-Wassemburg,sample URPR 26 
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Figure 6:Concordia samples UCUR 3 + URPR 26 

Parallel to this banding and intense shearin deformation can be observed. The sample AC-

368 yielded an age of 1081 ± 58 Ma (Sierra de Vegas – figure 7). 
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Figure 7: Concordia and Tera-Wassemburg AC 368 

 

In table II is shown the analytical data from the samples of the PEST. 

The samples analyzed are either ortho or para gneissic rocks. The orthogneisses (URPR 26, 

UCUR 03 and AC-368) showed a Grenvillian (Namaqua) inheritance with ages between 1081 ± 58 

to 960,8 ± 2,7 Ma (Figures 4, 5 and 6). The dispersion of the analytical data reflects an isotopic 

disequilibrium and probable grain overgrowth boundary neoformation occurred during the 

protholite fusion in the Neoproterozoic. 

The great dispersion and inaccuracy of points in the upper intercept could imply the presence of 

Grenvillian rocks in the Punta del Este Suspect Terrane. 

Due to the strong metamorphic, thermal and deformational Neoproterozoic effect, pre-

brasiliano cycle rocks incluiding the grenvillian ones, are hidden among Brasiliano gneisses and 

granitoids. 

 

The UCUR 03 sample was analized by SHRIMP technique. The data obtained is 753 ± 14 Ma and 

represents the zircon overgrowth event . In table III are presented 15 single grains analized, nine were 

performed in the border, two in central position, however both resuls are similar. Those data yield the 

presented age. Two points (9.1 and 14.1) represent the inherited nuclei and indicates the oldest ages of 
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this group of zircons. The fraction 9.1 shows an age 206 Pb/238 U of 1073 ± 28 Ma similar to the one 

obtained by conventional method.  

 

 

The age 753 ± 14 Ma is interpreted as a crustal melting moment and generation of the ortogneiss 

dated. The age around 1000 Ma suggests the age of Grenvillian protolith. In the case of conventional 

ages, the older age was well caracterized, in part, due to the treatment of the samples that caused the 

elimination of Brasiliano overgrowth. 

The major event resposable for rocks formation in the PEST is the Brasiliano cycle. This fact is 

evidenced in the URPR73, URPR P2 , URPR 75 , AC 301(Concordia and Tera) , URPR 366(Concordia and 

Tera)and URPR 36 paragneisses sample analysis (figures 8 ,9 ,10 , 11  y 12) showing ages between 622 

and 655 Ma. All the ages are obtained in the lower intercept. 

 

                

                            Figure 8:Tera Wassemburg sample URPR 73 
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Figure 9:Tera Wassemburg smple P2 

 

 

Figure 10:Tera Wassemburg URPR 75 
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Figura 11:Concordia and Tera Wassemburg sample AC 301 
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Figure 12:Tera Wassemburg sample URPR 36 

 

The gneiss (URPR 73) caracterized by cordierite – sillimanite – garnet, have a group of detritic 

zircons with ages around 2073 Ma. This age is similar to the value obtained for URPR 36 sample 

in the upper intercept. In addition, this age suggests a Paleoproterozoic protolith besides the 

Grenvillian one observed in the UCUR 3 and URPR 26 samples. The values in the lower intercepts 

(622 and 655 Ma) could represent the paragneisses generation in the high-grade metamorphic 

climax. 

Probably the Neoproterozoic metamorphisms were polyphasic with peaks around 645 Ma 

(sample, URPR75, Figure 11) and 630 Ma (AC 301, Figure 12) obtained in monacite. The AC 301 

(figure 12) sample present some zircons with an age of 704 ± 17 Ma interpreted as like UCUR 3 

sample SHRIMP age. 

The postectonic monzogranite -AC366B sample-(figure 13) intrude the migmatitic-gneisses. The 

deformation of this rock is related to the Cordillera Shear Zone (Figure 2). The age 524 ± 9 Ma 

represents the emplacement of intrusion generated by crustal melting of Mesoproterozoic 

material according to the upper intercept.(figure 13 ) 
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                                           Figure 13:Concordia sample AC 366B 

The Rocha Formation was also investigated and the detrital zircons are shown in the net 

figure(14) 
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Figure 14:Detrital zircons and Tera –Wassemburg,sample URPR 32710(Rocha Formation) 

 

Figure 

Nd and Sr isotopic data 

The geochronologic data available for PEST and previous to this study sum ca. a dozen Rb-Sr 

determinations, either whole-rock isochrons or dating of isolated minerals, such as feldspars and 

muscovites. These values were obtained mainly in gneissic-migmatitic rocks and deformed 

granitoids; subordinately post-tectonic intrusive granitoids were studied. 
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 The ages obtained are distributed between 680 and 600 Ma for the deformed rocks, 

whereas the values for the late granitoids are concentrated around 550 Ma. Isolated mineral 

analyses indicate younger ages for both groups. The available data is presented in Table 4 is 

interesting to note that ages around 1000 Ma, similar to those obtained by the U-Pb method, 

were not obtained by the Rb-Sr systematics, thus reflecting the importance of the 

Brasiliano/Panafrican event in the deformation of these rocks. The metamorphism and 

deformation of the Rocha and the Sierra de Aguirre Formations are equally attributed to the 

Neoproterozoic. 

A total of nine samples –whole rock- were analized for Sr and Nd,two of them represent the 

metasedimentary rocks of Rocha formation.The analytical data are represented in the table5 

This information has the aim to characterizer fron the isotopic point of view the material involve 

in the rocks generation of the PEST. 

Table 5 (0) diagram  versus time (figura 15) the  biggest part showm paleoproterozoic Model 

Ages from 2.2 to 1.8 Ga(two of these samples were calculated for  two stages). 

 The slope angle of the strigth evolution line of Nd suggest an important  homogeneous sialic 

source In the case of diferent sources areas ,the model ages can shown a bigger variation from 

that observed. 

The Epsilon Nd versus Epsilon Sr,diagram with values recalcalated at 600Ma,clearily shown that 

por negatives values of Nd an positives for Sr com valores recalculados para 600Ma 

(figura16),suggest that the formed material of these rocks doesn´t present adition of mantle or 

lower crust adition.The participation of the upper crust and the generation of these rocks is 

characterizad by slight negative values of ENd  and for the dispertion of  ESr, from 100 to 

500,.This fact can be explained by a crust enriched by  lithofiles elementes as K and Sr. 
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Figura 15:E ND(0) -time 
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                                              Figure 16: ESr –End 

 

Discussion 

 

 Despite several differences in geological characteristics exist between the African 

southwestern portion and the Uruguayan eastern region, it is here suggested a possible 

correlation between PEST and part of the Namaqua and Gariep geological units identified 

southwest of the African continent. The main favourable points for this correlation are based on 

U-Pb ages in zircons around 1000 Ma, obtained on both sides of the Atlantic, plus the fact that a 

Meso-Neoproterozoic basement is overlain by Neoproterozoic supracrustal rock belts. 

 As possible equivalent to the Namaqua Metamorphic Complex we would have the 

gneisses, migmatites and deformed granitoids that occur in the basement of the Punta del Este  

Suspect Terrane. More precise correlation shocks with the lack of details in the Uruguayan side 

where, on the other hand, rocks similar to the ones described in the Namaqua Complex are 

observed. This is the case of the granulite facies gneisses occurrences, as well as the presence of 

granitoids associated with the migmatites  or true augen-gneisses , dated by the U-Pb method, 

which can be structurally and temporally equivalent to the granitoids of the Little Namaqualand 

(Robb et al., 1998). 

 In the African side, there is an increase of the influence of the Neoproterozoic orogenies 

in the direction of the coastal region. This would indicate that, in a reconstruction of the pre-

opening of the Atlantic, the presence of more internal domains of the Neoproterozoic belts in 

the South-American continent would be expected. In the PEST basement domain, the 
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Panafrican/Brasiliano superposition is more important than in Namaqua, with the generation of 

migmatites and granitoids in such intensity that, in most cases, the vestiges of the previous 

orogenies are completely erased. 

 It is also suggested a possible correlation between Gariep and Rocha belts. The latter has 

a supracrustal cover that does not have equivalents known either in Brazil or in Argentina. 

According to what was already described in this paper, metapsamitic rocks predominate in the 

Rocha Formation and were deposited in a basin where deeper portions would probably strike 

eastwards. This agrees with the information from the African side, which suggests deepening of 

the Gariep paleobasin in the opposite direction, and Rocha, if correlated with Gariep, would 

represent the other margin of the same basin. 

 In Figure 17,  proposals, presents a reconstruction of the possible disposition of the main 

tectonic units observed both sides of the Atlantic. PEST would represent in South America a 

small prolongation of the African Namaqua and Gariep Units. 

 

 

CONCLUSIONS 

 

Taken in account geological and geochonological information is posible to present a tectonic 

evolution schema for the PEST: 

 

 - 1100 - 900Ma  -Formation of a regional grenvillian basement (1100-900Ma),genetically 

and spatially related to de Namaqua Metamorphic Complex in South Africa and Namibia,being 

preserved in Uruguay into neoproterozoic gneisses. 

 

- 750 +/- 50Ma - important extentional phase with reworking and melting of grenvillian 

gneisses.To this phase is related de opening of the Adamastor Ocean and instalation on the 

paleobasin of the Rocha formation. 

 

              -635 +/- 10Ma – regional metamorphic climax related to a compresive phase,with the   

generation of the regional gneisses and migmatites rocks ,that form thegreat portion of the 

PEST embasement.At this time begin the formatioon of the Rocha Basin. 
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Between 600 and 565 the sediments of the Rocha formetion are metamorphised and 

deformed.In fact the younger zircon found in de metasediment has an age of 600 Ma and all the 

region is intruded at 565 Ma by intrusive granites. 

 

 - 570 - 540Ma – probably a  new extentional phase made the instalation of volcano-

sedimentary basins of Cerro de Aguirre  and  San Carlos, preserved at septos with direcction NE-

SW and being controlated by the great shear zones. 

 

 - 540-530Ma – probably collision between the PEST againts the Central granitoids, that 

represent the magmatic arc of the Dom Feliciao Beltdeveloped in a range 610/20-580Ma ;  

 

 - 525 +/- 10Ma – intrusion of tardi a portorogenic granitois.. 
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Image of the Alferez Cordillera Shear Zone – Rocha 

department 

Outcrop of the sample  Urpr72 
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Outcrop of sample  AC-301 Outcrop of sample  URPR-73 (Manantiales)-

paragneisses 

  

Outcrop of mylonitic granite,sampre URPR 72  Turbidites of  La Paloma beach  DINAMIGE, 1996) 
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Details of outcrops of the Paloma Beach Details of outcrops of the Paloma Beach 

  
Panoramic view of the outcrops of the la Paloma 

Beach 

Panoramic view of the outcrops of the la Paloma 

Beach 



 29 

 

 
Sedimentary structures in the turbidites of the La 

Paloma Formation( DINAMIGE, 1996) 

Foto nº 12 – Turbidites details of turbidites of the La 

Paloma Formation( DINAMIGE, 1996) 

  
Zircons of sample  URPR-36 Zircons of sample  URPR-36 
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Zircons of sample URPR 26 Zircons of sample URPR 26 

 
 

Sample URPR-25 Sample  UCUR-3 

 
 

Sample  AC-368 Sample  URPR-72 (PE2) 
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SPU Fraction ZIRCON 207/235 error  206/238 error  COEF 206/204 Pb U Weight  238/206 error  207/206 error  206/238 207/235 207/206 

    TYPOLOGY       (%)     (ppm) (ppm) mg       (%) AGE AGE AGE 

  
                 

  

AC 368 Granitóide peraluminoso de  Cerro Isoso 

           
  

530 <.0724 A   0,95813 1,99 0,098 1,25 0,6662 1801 33,35 337,6 0,191 10,224 1,25 0,071 1,49 606 682 959 

531 
<.0724B 
AA1   1,07524 1,81 0,103 1,8 0,9951 2004,8 43,01 412,9 0,158 9,6987 1,8 0,076 0,179 632 741 1085 

532 <.074 NA   0,94818 3,96 0,093 3,89 0,9813 1908,1 30,22 321,5 0,117 10,707 3,89 0,074 0,763 576 677 1031 

  
  

1E-06 0,99 1E-05 0,99 0,9999 
          

  

UCUR 3 Granito-migmatitico - Cantera Dutra - Terreno Punta del Este 
        

  

  M1   1,27011 0,91 0,123 0,908 0,9976 1444,6 56,79 455,5 6E-04 8,1557 0,908 0,075 0,062 746 832 1072 

  M3 AA   1,28102 0,9 0,127 1,06 0,9753 304,18 4,903 36,22 4E-04 7,8758 1,06 0,073 0,24 770 837 1019 

  M2   1,30172 0,95 0,131 0,949 0,9961 407,6 29,79 201,5 6E-04 7,6157 0,949 0,072 0,084 795 846 983 

  M2 AA   1,22101 0,92 0,123 0,913 0,9906 264,58 18,91 124,4 6E-04 8,1381 0,913 0,072 0,126 747 810 988 

  M1 AA   0,97206 0,91 0,096 0,906 0,9963 317,03 23,7 206,3 1E-03 10,408 0,906 0,073 0,078 591 690 1024 

  M3   1,08382 0,91 0,11 0,905 0,9979 1118,3 52,81 466,7 8E-04 9,0741 0,905 0,071 0,058 674 746 967 

  
                 

  

P2 Augen Gnaisse - Punta de Piedras- Punta del Este 
          

  

                   
371 >.105mm   0,98667 1,47 0,106 1,29 0,9041 132,76 14,11 103,7 3E-04 9,4273 1,29 0,067 0,63 650 697 852 

373 >.149mm   0,93243 1,8 0,103 1,23 0,7387 96,568 14,38 85,41 3E-04 9,6928 1,23 0,066 1,22 633 669 792 

372 >.125mm   0,79157 2,82 0,088 2,39 0,8748 124,94 1,609 14,36 5E-04 11,333 2,39 0,065 1,37 545 592 776 

536 <.074B   0,98306 0,71 0,103 0,668 0,9485 2928,4 34,05 332,4 0,131 9,6894 0,668 0,069 0,225 633 695 901 

535 <.074A   0,73081 5,08 0,086 5,07 0,9986 2338 117 1348 0,118 11,65 5,07 0,062 0,264 531 557 665 

AC-301 - Granito-gnaisse - Terreno Punta del Este - UY 
           

1384 B P(3X1),r 0,96659 1,07 0,11 1,03 0,9634 651,99 33,22 287,7 0,085 9,0721 1,03 0,064 0,287 674 686 728 

1385 C P(3X1),r 0,94918 1,32 0,108 1,15 0,8717 498,38 42,27 364,4 0,086 9,2608 1,15 0,064 0,648 661 677 733 

1517 D   1,00513 0,9 0,108 0,886 0,9853 990,56 20,85 193,9 0,049 9,2351 0,886 0,067 0,154 663 706 848 

1386 E P(2x1),r 1,03311 0,72 0,114 0,691 0,9584 763,11 27,37 235 0,087 8,7623 0,691 0,066 0,206 696 720 795 

1383 A P(3X1),r 1,05986 0,77 0,117 0,711 0,923 687,64 25,9 212 0,111 8,5467 0,711 0,066 0,297 713 733 796 

1566 M-4,-5   1,12891 0,64 0,116 0,591 0,9281 1109 66,57 556,6 0,093 8,6558 0,591 0,071 0,239 704 767 953 

1387 F P(2x1),r 1,00409 0,88 0,116 0,842 0,9595 454,63 18,65 151,7 0,084 8,6443 0,842 0,063 0,248 705 705 706 

1534  monazita1   0,86765 0,57 0,103 0,544 0,9543 2458,1 2176 1207 0,012 9,686 0,544 0,061 0,171 633 634 638 

1535 monazita2   0,8618 0,73 0,103 0,696 0,955 2749,3 1490 1170 0,048 9,7223 0,696 0,061 0,217 631 631 631 

1568 RUTILO   I   0,84414 3,71 0,097 2,19 0,6077 378,66 4,168 41,65 0,146 10,288 2,19 0,063 2,95 598 621 708 

                   AC 366B - Granitoide da ZCT Los Cordilhoes - Monzogranito deformado 
        

  

533 <.074AAA1   1,04081 6,33 0,106 6,21 0,9818 2000 19,03 178,6 0,198 9,4254 6,21 0,071 1,2 650 724 962 

534 <.074B   0,76289 0,78 0,09 0,744 0,9533 1934,4 79,77 881,3 0,149 11,108 0,744 0,061 0,237 555,7 575,68 655,33 

1567 M -2   0,88212 0,54 0,097 0,531 0,9833 548,2 83,32 781,9 0,072 10,275 0,531 0,066 0,098 598,7 642,13 798,05 

                   

                   URPR 26- 32702 - Paralle - biot.augens gnaisses - Rocha , Ruta 15 
          

321  M-3   0,86664 0,94 0,089 0,911 0,9688 448,77 140,8 1422 1E-04 11,293 0,911 0,071 0,234 547 633,74 956,88 

324 M-3,4   1,0479 0,92 0,104 0,907 0,9876 708,17 52,64 476,4 3E-04 9,6437 0,907 0,073 0,144 636 727,84 1022 

1561 M-4   0,85048 0,66 0,092 0,631 0,9532 1364 27,2 298,4 0,07 10,825 0,631 0,067 0,2 569,6 624,91 830,66 

   
1E-06 1 1E-06 0,999 0,9999 

           
323 M-6   1,05707 0,95 0,107 0,915 0,9697 524,8 94,81 802,3 2E-04 9,3595 0,915 0,072 0,232 654,4 723,38 979,01 

322 M-4   0,90634 0,95 0,093 0,914 0,9704 601,47 122,9 1224 2E-04 10,788 0,914 0,071 0,23 571,5 655,11 954,97 

1562 M-6   1,06121 0,54 0,107 0,529 0,9849 1250,6 33,02 303,3 0,101 9,3046 0,529 0,072 0,093 658,1 734,42 974,99 

  M2   1,30172 0,95 0,131 0,949 0,9961 407,6 29,79 201,5 6E-04 7,6157 0,949 0,072 0,084 795,3 846,48 983,11 

  M2 AA   1,22101 0,92 0,123 0,913 0,9906 264,58 18,91 124,4 6E-04 8,1381 0,913 0,072 0,126 747,1 810,24 987,85 
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        FORMA   COR/TRANSPARÊNCIA 
  

P(x/y) 
Cristal prismático 
(compr./larg.) T 

Cristal 
transparente Cl 

Cristal sem ou 
com raras 
inclusões ou 
fraturas 

  

Pr(x/y) 

Cristal prism.c/ 
faces e arestas 
arredondadas Ot 

Cristal 
opaco ou 
translúcido 

Dt 

Cristal prism.c/ bi-
terminação bem 
desenv. C 

Cristal 
incolor 

Py 

Cristal prism.c/ 
faces piramidais 
bem desenv. Cc 

Cristal castanho 
claro Mz 

  

Tb 

Cristal com 
tendência tabular 
(altura<<largura) 

        

R 
Cristal com 
tendência esférica 

        

Fr 
Cristal em 
fragmentos             

   

TABLE II: U/Pb results of the Punta del Este Terrane 
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