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Abstract 

A provenance study of Neoproterozoic siliciclastic successions in the stratigraphically and 

tectonically lowermost and uppermost parts of the Pan-African Gariep Belt (Stinkfontein Subgroup and 

Oranjemund Group, respectively) in southwestern Africa, as well as in the Rocha Group of the Punta del 

Este Terrane (Dom Feliciano Belt) in Uruguay, revealed that the Oranjemund and Rocha Groups can be 

correlated and most likely formed in the same basin. Thus the Rocha Group is considered to represent the 

fill of the westernmost part of a re-activated Vendian Gariep Basin. The lower parts of the Oranjemund 

and Rocha Groups reflect erosion of mafic rocks, whereas the upper parts are derived from a 

predominantly felsic source area. Oceanic islands of within-plate geochemistry in the immediate vicinity 

were the most likely source of the mafic input into the lower part of the Oranjemund Group, with most of 

the other sediments derived from a passive continental margin, i.e. the western margin of the Kalahari 

Craton. 

 Age spectra obtained by U-Pb SHRIMP analyses of detrital zircon grains from the Stinkfontein 

Subgroup (Port Nolloth Group), the Oranjemund Group and the Rocha Group are very similar, except for 

a lack of the youngest age group around 600 Ma in the Stinkfontein Subgroup. In all three units, zircon 

grains of 1000 – 1200 Ma dominate, with a further peak in the age distribution between 1700 and 2000 

Ma. These ages compare well with the pre-Gariep basement geology in southwestern Africa, where the 

former age range corresponds to magmatic and high-grade metamorphic activity in the Mesoproterozoic 

Namaqua-Natal Belt and the latter to an extensive Palaeoproterozoic Andean-type volcanic arc 

(Richtersveld Terrane). Comparable ages are conspicuously absent in the basement of the Rio de la Plata 

Craton in South America. Derivation of the Rocha Group sediments from a similar source as the 

contemporaneous Oranjemund Group sediments is therefore suggested. The most likely source of the 

youngest detrital zircon grains in these two groups is the 640 to 590 Ma magmatic arc of the Dom 

Feliciano Belt. Two stages of basin evolution are distinguished for the Gariep Basin, an early failed 

continental rift that subsequently became re-activated as back-arc basin related to the Vendian Dom 

Feliciano arc. Consequently, the Gariep Basin does not represent the main suture between the Rio de la 

Plata and the Kalahari Cratons, which is suspected to be west of the Dom Feliciano volcanic arc with the 

crustal-scale Alferez-Cordillera-Punta del Este lineament being its present expression on surface.  
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Ever since Du Toit’s (1937) visionary recognition of the former amalgamation of South America 

and Africa, geologists have been engaged in establishing tectonic and stratigraphic links between the 

eastern part of South America and the western part of Africa. While the correlation of Phanerozoic units, 

such as the Cretaceous Parana and Etendeka flood basalt provinces, is not being questioned anymore, that 

of older, Precambrian, pre-Gondwana units remains enigmatic. From the collage of Neoproterozoic 

tectonic belts around older cratonic fragments in South America and Africa (Fig. 1), the continuation of 

such belts from eastern South America to southwestern Africa may be inferred. Proposals to this effect 

have been made repeatedly: The Ribeira Belt in eastern Brasil has been compared with the Damara Belt 

of Namibia (Porada, 1979) in terms of a continental collision model involving northwest-dipping 

subduction. Subsequently, Fragoso Cesar et al. (1980) proposed for southern Brazil and Uruguay the Dom 

Feliciano Belt as a separate tectonic domain from the Ribeira Belt and explained it, in agreement with 

Porada (1979), as a magmatic arc that had emanated from westward subduction. Following that, attempts 

to explain the tectono-thermal evolution of the Gariep Belt with the formation of a corresponding 

magmatic arc in the Dom Feliciano Belt have been made (Frimmel et al., 1996). Similarly, the various 

generations of granitic rocks in the Saldania Belt have been compared with those of the Dom Feliciano 

Belt (Rozendaal et al., 1999). 

 A major obstacle in the correlation of individual units across the South Atlantic has been the 

fundamentally different nature of the Dom Feliciano Belt and its counterparts in southwestern Africa: the 

former consists predominantly of magmatic rocks that bear the mineralogical, lithological and 

geochemical characteristics of a magmatic arc, whereas the latter are dominated by metasedimentary 

successions and contain only few or no arc-related magmatic rocks. The problem of correlation across the 

South Atlantic has been even more exacerbated by the recognition that the Dom Feliciano Belt is not a 

single coherent tectonic belt but contains remnants of several independent Neoproterozoic basins and 

Palaeo- to Mesoproterozoic basement fragments, which were juxtaposed during at least three orogenic 

phases that are related to collision events around 700, 640 and 530 Ma (Basei et al., 2000). In contrast, 

only one continental collision event around 545 Ma has been recognized in the Gariep Belt (Frimmel and 

Frank, 1998). 

 A lack of reliable age data for the basin evolution and magmatic history of the belts under 

consideration in the past has further hindered the identification of comparable Neoproterozoic units on 

either side of the South Atlantic. Recent age data obtained on the various basement blocks within and 

around the Dom Feliciano Belt indicate Palaeoproterozoic ages throughout the region (summarized by 

Basei et al., 2000), except for the Punta del Este Terraine in eastern Uruguay. The latter consists of high-

grade metamorphic rocks yielding ages around 1.0 Ga (Preciozzi et al., 1999) that are overlain by 
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supracrustal rocks of the Rocha Group (Fig. 2). Considering the dominance of late Mesoproterozoic rocks 

in the basement rocks of southwestern Africa (summarized by Frimmel, 2004), this fundamental 

difference in the basement ages offers a good opportunity to test the extent to which the various 

Neoproterozoic units of the Dom Feliciano and Gariep Belts can be correlated. If the hinterland, from 

which the various clastic sediments in the Neoproterozoic successions of the Dom 

Feliciano/Gariep/Damara Belts were derived, reflects crustal blocks of different age and possibly also 

different composition, a provenance study of the clastic units within the Neoproterozoic basins and 

tectonic belts should yield critical information regarding the stratigraphic and tectonic correlation across 

the South Atlantic ocean. 

 The only Neoproterozoic stratigraphic unit within the Dom Feliciano Belt that is associated with a 

Mesoproterozoic basement is the siliciclastic Rocha Group. A lithologically very similar unit is found in 

the Marmora Terrane of the Gariep Belt in southwestern Namibia and westernmost South Africa. In this 

study, we shall demonstrate that the Rocha Group of the Punta del Este Terrane (southern Dom Feliciano 

Belt) has an equivalent in the Oranjemund Formation of the Marmora Terrane (western Gariep Belt). 

Based on this finding, the tectonic implications for the amalgamation of South America and southern 

Africa during the assembly of Gondwana will be discussed. The comparison between the Rocha Group 

and the Oranjemund Formation is based mainly on new U-Pb SHRIMP ages supplemented by new 

geochemical data in order to further describe the nature of the source areas for the sediments. 

 

2. Geologic Setting 

 

2.1. Marmora Terrane 

 

The Gariep Belt in southern Namibia and western South Africa consists of two major tectonic 

units, the Port Nolloth Zone to the east and the Marmora Terrane to the west (Fig. 3). The Port Nolloth 

Zone, though internally intensely deformed, rests on its original basement, which is made up of portions 

of about 1.8 to 2.0 Ga Eburnean juvenile crust as well as high-grade metamorphic rocks of the 1.2 to 1.0 

Ga Namaqualand Metamorphic Complex (Bushmanland Terrane). It consists largely of continental 

sediment deposits and is thus considered para-autochthonous, whereas the predominantly oceanic 

Marmora Terrane lacks a basement and is entirely allochthonous. The contact of these two tectonic units 

is defined by a major thrust plane (Schakalsberge Thrust), along which the Marmora Terrane was thrust 

on top of the Port Nolloth Zone in a southeasterly direction. 

 Three megasequences, representing different tectonic stages of basin development, characterise 

the rock record of the Port Nolloth Zone (Frimmel et al., 2002): continental rift deposits (Stinkfontein 
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Subgroup), passive margin deposits (Hilda Subgroup), and syn-orogenic foredeep deposits (Holgat 

Formation). Based on the youngest age obtained on rocks of the pre-Gariep basement and U-Pb single 

zircon age data for late-rift volcanism as well as Pb-Pb data for first platform carbonate deposits, the time 

of rifting is constrained between 771 and about 740 Ma. Time constraints for the formation of oceanic 

crust in the Marmora Terrane are poor, but based on chemo- and lithostratigraphic correlation as well as 

geochronological evidence, formation of oceanic crust around 600 Ma is indicated, with subsequent basin 

inversion sometime between 580 and 600 Ma (Frimmel and Fölling, 2004). Syn-orogenic foredeep 

deposits are found both in the Marmora Terrane and the Port Nolloth Zone. A relatively high-pressure 

metamorphic event recorded in mafic rocks of the Marmora Terrane at 575 ± 2 Ma might mark the time 

of accretion of oceanic crust. Subsequent emplacement of the Marmora Terrane on top of the Port Nolloth 

Zone was reached at the peak of orogenic activity dated by Ar-Ar (amphibole) at 545 ± 2 (Frimmel and 

Frank, 1998). The Port Nolloth Zone provides insight into the sediment record over most of the 

Neoproterozoic Era from about 770 to 550 Ma, whereas the Marmora Terrane yields information on a 

Neoproterozoic ocean, sometimes referred to as the Adamastor Ocean (Hartnady et al., 1985), which is 

believed to have separated the Kalahari Craton from the Rio de la Plata Craton. 

 Three tectono-stratigraphic units are distinguished within the Marmora Terrane (Fig. 3). Although 

they display distinct differences in the distribution and relative proportion of rock types, they are believed 

to have formed in contiguous environments and are therefore ranked as subterranes (Frimmel, 2000a). 

The tectonically lowest unit is the Schakalsberge Subterrane, followed by the Oranjemund and the 

Chameis Subterranes. 

 

2.1.1. Schakalsberge Subterrane 

 The Schakalsberge Subterrane is made up of the predominantly mafic volcanic rocks (Grootderm 

Formation) that are capped by dolomite (Gais Member). The Grootderm Formation consists of aphyric, 

porphyric and amygdaloidal metabasalt of alkaline composition, and was intruded by serpentinized picrite 

and alkali metagabbro near its base (Frimmel et al., 1996). Pillow structures and abundant hyaloclastites 

are testimony of relatively shallow subaqueous eruption. Agglomerates with dolomite and juvenile 

metabasalt fragments as well as tuff horizons are present. The overlying Gais Member consists of highly 

silicified dolomite. In less intensely deformed regions, stromatolites are still recognisable and locally 

oolites are present. Locally, a metre-thick bed of banded iron formation separates the metavolcanic from 

the carbonate rocks. 

 The maximum apparent thickness of the formation is 4 to 5 km, but considerable thickening by 

folding and thrust imbrication implies a much smaller true thickness. The metavolcanic rocks have 

geochemical signatures typical of oceanic within-plate basalts, and the absence of siliciclastic terrigenous 
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debris indicates a seamount or aseismic ridge rather than an intra-continental or near-continental margin 

setting (Frimmel et al., 1996). The depositional environment may be compared with that of a guyot with a 

local shallow-water environment allowing reef growth during the waning stages of volcanism. 

 

2.1.2. Oranjemund Subterrane 

 The Oranjemund Sub-terrane is exposed mainly along the Atlantic coast within the restricted 

diamond mining area to the north of Oranjemund (Fig. 3). It consists of finely laminated chlorite phyllite 

at the base, followed locally by a few metres of dolomite, in places separated by a thin, partly ferruginous, 

chert band, and by quartz arenite and feldspathic arenite (meta-arkose) and minor argillite. In the past, all 

of these rocks were described as part of a single formation (Oranjemund Formation). Bearing in mind the 

lithological complexity of this unit, we propose to raise the rank to group level (Oranjemund Group). 

Lithologically, this newly defined Oranjemund Group comprises about 55 % meta-arenite, 30 % chlorite 

phyllite, 10 % meta-argillite, 3 % dolomite, 2 % calcarenite and <1% chert. The chlorite-rich lower part 

of the group, including the small amounts of dolomite and chert, is stratigraphically separated from the 

more arenitic beds in the upper part, which should constitute a separate formation. In the latter, cyclical, 

few decimetres thick, rhythmic cycles with upwards fining graded bedding can be recognised and are 

interpreted as products of down-slope turbidity currents. The lack of exposed primary upper and lower 

contacts of the formation make it impossible to reconstruct a true stratigraphic sequence. This is further 

complicated by intense folding. From the areal distribution and the extent of deformation, a minimum 

thickness of several hundred metres is, however estimated. 

 

2.1.3. Chameis Subterrane 

 The Chameis Sub-terrane is exposed in a narrow coastal strip in the northwestern corner of the 

Marmora Terrane (Fig. 3). Isoclinal folding and thrusting has obscured most of the primary lithological 

contacts thus inhibiting a lithostratigraphic subdivision. Nevertheless, a broad volcano-sedimentary 

sequence could be established (Chameis Group; Frimmel, 2000b). The lowermost unit consists of thinly 

laminated greenschist, representing former tuff beds and intercalated metapelite, mafic hyaloclastites, 

metamorphosed alkali basaltic lava flows, and serpentinized picrite, all of which form the bulk of the 

Dernburg Formation. Within the laminated greenschist and metapelite, lonestones and dropstones of 

granite, gneiss, quartzite, and dolomite, up to 1.5 m in diameter, occur at several localities (Chameis Gate 

Member). A thin chert band is found at the top of the Dernburg Formation. Intrusive, although often 

tectonically displaced, bodies of metagabbro (Bakers Bay Suite) are common in this formation. Locally, 

the mafic volcanic pile is capped by stromatolitic, Fe-rich, highly silicified dolomite. The presence of 

exotic dropstones in the mafic sequence is ascribed to ice rafting at the time of volcanism. Similarly to the 
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Grootderm Formation, the association of metabasalt, hyaloclastite and stromatolitic dolomite in the 

Dernburg Formation is interpreted as reflecting a former guyot on which algal reef growth took place. 

 Locally, very coarse-grained sugary dolomitic breccia and thinly laminated magnesian pelite, that 

contains stratiform albitite and tourmalinite boudins (Sholtzberg Member), are closely associated with the 

mafic rocks. These rocks, which were subjected to pervasive Na-metasomatism during regional 

metamorphism, are interpreted to represent former evaporites that were deposited in an atoll setting 

(Frimmel and Jiang, 2001). 

 Above the Dernburg Formation follows a dolomite or very coarse-grained, H2S-rich, fetid 

limestone, followed by massive white dolomite which is, in turn, overlain by a complex succession of 

intercalated quartz arenite, feldspathic arenite, chlorite schist and calcpelite. Abundant faulted contacts 

and intense folding prevents a reasonable estimate of the thickness from being made. 

 

2.2. Punta del Este Terrane 

 

The Punta del Este Terrane is separated from the other tectonic units of the Dom Feliciano Belt 

by the Alferez-Cordillera-Punta del Este lineament, in the west. Along that shear zone, calc-alkaline 

granitoids of the Aiguá Batholith were thrust eastwards on top of the Punta del Este Terrane. The Aiguá 

Batholith has been interpreted as representing the roots of a magmatic arc (Fragoso Cesar et al., 1986) and 

has been correlated with the 640 - 590 Ma Pelotas and Florianopolis batholiths further to the northeast 

(Babinski et al., 1997; Basei et al., 2000). Late-tectonic granite bodies within the Aigua Batholith yielded 

slightly younger U-Pb zircon ages between 590 and 570Ma (Preciozzi et al., 2001), which set a minimum 

constraint on the juxtaposition of the Punta del Este Terrane and the Aiguá Batholith. 

 Four major units make up the Punta del Este Terrane: (i) c.1000 to 900 Ga metamorphic 

basement; (ii) metasedimentary, siliciclastic rocks (Rocha Group); (iii) 572 ± 11Ma (Hartmann et al., 

2002) intermediate to felsic metavolcanic rocks (Cerro de Aguirre Formation); and (iv) 550 to 537 Ma 

post-orogenic alkaline granite bodies (Basei et al., 2000). The metamorphic grade achieved during 

collisional deformation was low (greenschist facies) in the supracrustal succession but reached high grade 

(upper amphibolite facies) within the basement, which experienced partial melting at approximately 630 

Ma (Preciozzi et al., 1999b). 

 On the African side, the metamorphic and tectonic influence of the Neoproterozoic orogenies in 

the basement domains increases towards the west. The presence of more internal domains in the 

Neoproterozoic belts of eastern South America is, therefore, expected and is indeed found in the basement 

domain of the Punta del Este Terrane. Whereas the metamorphic grade achieved during collisional 

deformation was low (greenschist facies) in the supracrustal successions, it reached high grade (upper 
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amphibolite facies) within the basement, in which widespread anatexis and granitoid formation at 

approximately 630 Ma largely erased the vestiges of the previous orogenies  (Preciozzi et al., 1999b). 

 The Rocha Group comprises a lower unit of predominantly chlorite phyllite and minor graphitic 

phyllite, and an upper unit of predominantly meta-arenite. In the latter, primary structures, such as plane-

parallel stratification, trough cross-bedding and hummocky stratification are common. That unit is 

characterized by 0.5 to 1.0 m thick rhythmitic beds of upwards fining cycles, which are interpreted as 

turbidites (Sanches Bettucci and Mezzano Burgueño, 1993). From the well preserved sedimentary 

structures it has been inferred that the group formed in a platformal marine environment, with the basin 

deepening eastwards. 

Although the contact between the rocks of the Cerro de Aguirre Formation and those of the 

Rocha Formation is tectonic, both have experienced deformation under similar conditions. Open to tight 

folds dominate with shallow northeast-plunging fold axes. A steep axial planar foliation is typically 

developed and becomes the penetrative fabric within the phyllitic beds. So far, no constraints on the age 

of the Rocha Group exist, except for a maximum age given by the youngest rocks within its basement, i.e. 

approximately 900 Ma, and a minimum age, given by the post-tectonic alkaline granite bodies in the 

region. 

 

3. Geochemistry 

 

Geochemical data for the various mafic volcanic and intrusive rocks of the Schakalsberge and 

Chameis Subterranes have been presented previously and are consistent for most samples with an oceanic 

within-plate setting; only in the latter subterrane were samples with mid-ocean-ridge affinity found as 

well (Frimmel et al., 1996). The carbonate rocks associated with the mafic volcanic pile in the Chameis 

Subterrane (Sholtzberg Member) are depleted in clastic, continent-derived detritus (Frimmel and Jiang, 

2001). In the same study, a palaeo-evaporite unit within that member was identified to be of marine 

origin, and a distal, oceanic setting has been deduced from these findings. In order to assess the likely 

provenance and to test the relationship between the rocks of the tectonically, and possibly also palaeo-

geographically intervening Oranjemund Subterrane and those of the surrounding Schakalsberge and 

Chameis Subterranes, we analysed siliciclastic samples from the lower, more argillitic and chloritic, and 

the upper, more arenitic units of that formation for their geochemistry. To this effect, 17 samples of 

chlorite phyllite and 20 samples of the turbiditic, predominantly arenitic cycles of the Upper Oranjemund 

Formation were analysed for their major element concentrations by conventional X-ray fluorescence 

(XRF) techniques, whereas their trace, including rare earth element (REE) concentrations were 

determined by inductively coupled plasma mass spectrometry (ICP-MS) at the Department of Geological 
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Sciences, University of Cape Town. For the analytical details regarding the XRF and ICP-MS techniques 

employed see Frimmel et al. (2001). Typical lower limits of detection of the major elements are <0.01 

wt%, thoseof trace element concentrations are <0.1 ppm. 

 

3.1. Lower Oranjemund Group 

 

The dominant rock type used for the geochemical study is chlorite phyllite. It is thinly laminated 

and green in fresh outcrop with grey-brown weathered surfaces. The mean modal composition (in volume 

%) is 57.0 % chlorite, 29.8 % quartz, 4.6 % albite, 1.0 % muscovite, 0.6 % biotite, 0.2 % calcite, and 6.8 

% opaque minerals. Two textural types of chlorite occur, one being coarse-grained and the other fine-

grained and defining the main foliation. The former is interpreted as being either detrital or reflecting an 

older metamorphic phase, whereas the latter is clearly related to regional, syn-orogenic low-grade 

metamorphism. Some of the biotite is altered to chlorite. Accessory minerals include zircon, apatite, 

monazite, haematite, pyrite, titanite and tourmaline. 

 

3.2. Upper Oranjemund Group 

 

Individual cycles of the overall turbiditic siliciclastic metasedimentary succession of the Upper 

Oranjemund Group consist of medium- to fine-grained sandstone, grading into siltstone and minor 

mudstone. The fine-grained fraction is rich in chlorite, resulting in chlorite schist intercalations that range 

from 30 cm to 3 m in thickness. Lower greenschist facies metamorphic overprint resulted in partial 

recrystallisation of the detrital quartz grains. Conspicuous evenly spaced, continuous layers on a 

centimetre scale are interpreted as products of metamorphic differentiation into respectively quartz- and 

phyllosilicate-rich domains. The dominant metamorphic phyllosilicate is by far chlorite (up to 35 vol%) 

with only minor biotite (4 vol%) and even less muscovite (<1 vol%), all of which grew syn-tectonically 

with regard to F1 folding and define a penetrative foliation (s2). Most of these rocks are rich in feldspar, 

which is metamorphic albite. The albite grains typically exhibit a metamorphic growth zonation and an 

internal fabric (s1) at a high angle to the penetrative foliation (s2). Accessory minerals include zircon, 

apatite, monazite, haematite, titanite and tourmaline. 

 

3.3. Major elements 

 

The major element distribution reflects the mineralogy of the analysed samples (Table 1): the arenitic 

samples have higher SiO2 contents (73.5 - 82.2 wt%) than the finer-grained, argillitic metasedimentary 
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rocks of the Upper Oranjemund Group (57.8 - 68.7 wt%) and the chlorite phyllite of the Lower 

Oranjemund Group (43.5 - 71.5 wt%). The argillite samples are, as expected, enriched in K2O and Fe2O3 

(4.0 ± 0.4 and 7.0 ± 0.8 % in the upper group, and 3.4 ± 1.3 % and 7.7 ± 1.9 % in chlorite phyllite of the 

lower group as opposed to 2.3 ± 0.4 % and 3.8 ± 0.4 %, respectively, in arenite of the upper group). On 

average, they have a composition similar to that of the Post-Archaean Australian shale (PAAS; (Taylor 

and McLennan, 1985), except for a slight enrichment in MgO and Na2O (1.6 x PAAS) and depletion in 

CaO (0.4 x PAAS). 

 

3.4. Trace elements 

 

Compared to the PAAS, the Lower Oranjemund Group rocks are considerably depleted in the 

large ion lithophile elements, particularly in Cs (0.4 x PAAS), Sr (0.3 x PAAS), Th and U (both 0.6 x 

PAAS). The Upper Oranjemund Group silt-/mudstone rocks are also depleted in these elements but to a 

far lesser extent (Table 1). The high field strength elements are preferentially partitioned into melts during 

anatexis and crystallisation and they are considered as useful indicators of provenance due to their 

immobile behaviour (Taylor and McLennan, 1985). The analysed samples are slightly depleted in all of 

these elements relative to the PAAS, except for Nb, in which a 11-fold enrichment is noted in the chlorite 

phyllite of the Lower Oranjemund Group, and a eight-fold and five-fold enrichment in the argillitic and 

arenitic facies of the Upper Oranjemund Group, respectively. The Zr/Hf ratios for all samples are 

consistently around 40. This value is typical of zircon (Murali et al., 1983), and highlights that the Zr and 

Hf concentrations in the analysed samples are controlled by that mineral. This is supported by the fact that 

the arenite fraction shows higher abundances in Zr and Hf, but not in Y and Nb, than the finer grained 

fractions, when normalised to Al2O3. 

 With regard to the transition element (Cr, Co, Ni, V, Sc, Cu) concentrations, the arenite facies 

differs from the argillitic facies. A good correlation between all these element concentrations and Al2O3 

contents is noted for the arenite facies of the Upper Oranjemund Group, especially for Cr, Ni, and V (r = 

0.86, 0.87 and 0.92, respectively) except for Cu (r = 0.18). These elements thus seem to be mainly 

concentrated in phyllosilicates, whereas other factors control the distribution of Cu. In the finer-grained 

fraction of the Upper Oranjemund Group siliciclastic rocks, the same trend prevails, except that Cu also 

correlates with Al2O3 (r = 0.67), whereas there is no correlation between V and Al2O3. In the chlorite 

phyllite of the Lower Oranjemund Group, a somewhat weaker correlation between Al2O3 and Cr, Co, Ni 

and V exists (r= 0.77, 0.71, 0.86 and 0.82), but only a very weak or no correlation with Cu (r = 0.39) and 

Sc (r = 0.12). 

 The total rare earth element (REE) concentrations are highest in the argillite facies of the Upper 
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Oranjemund Group (180 ppm), where they are comparable with those of the PAAS (185 ppm). The 

arenite facies of that part of the group has the lowest total REE content (126 ppm), whereas the chlorite 

phyllite of the lower Oranjemund Group takes an intermediate position with 155 ppm. Relative to the 

chondritic composition (Sun and McDonough, 1989) all of them show a strong enrichment of light REE 

with (La/Lu)c in the Upper Oranjemund Group arenite and argillite being 8.8 and 10.1, respectively, and 

12.4 in the chlorite phyllite of the lower part of the group, whereas the (Gd/Lu)c ratios are similar around 

2 in all samples (Fig. 4). All of them display a distinct negative Eu anomaly. The correlation between 

total REE content and Zr and P2O5 is either poor or non-existent. Zircon and phosphate minerals can 

therefore be excluded as major sinks of REE in the analysed samples. 

 

3.5. Source area characterisation 

 

The extent of weathering of the source area and/or during sediment transport may be best 

assessed by the chemical index of alteration (CIA = Al2O3/(Al2O3 + Na2O + K2O + CaO*)x100 whereby 

only Ca in the silicate fraction is considered; (Nesbitt and Young, 1982). Intense chemical weathering 

results in depletion of alkali as well as earth alkali elements, and consequently leads to CIA values close 

to 100. For comparison, the CIA of PAAS is 75, which reflects a moderately weathered source. The 

samples from the Oranjemund Group yielded lower CIA values, namely 67 and 73 for the respectively 

arenite and argillite of the upper part of the group, and as little as 58 for the chlorite phyllite of the lower 

group. Theoretically, the finer grained rocks should show a stronger degree of chemical weathering than 

associated arenite, but the opposite is the case in our sample set. In an A-CN-K diagram (Fig. 5) the 

siliciclastic samples from the Oranjemund Group deviate somewhat from the modern weathering trend of 

continental clastic material (Nesbitt and Markovics, 1997), but follow a trend towards the CN apex. This 

points to a source rock that had an extremely low K2O/(Na2O+CaO) ratio, as can be expected for gabbroic 

or tonalitic material.  

 The low CIA values would indicate a very low degree of chemical weathering, but a certain 

distortion due to post-depositional Na-metasomatism, as evidenced by the growth of metamorphic albite 

porphyroblasts, cannot be excluded. Sodium metasomatism is also indicated by the distribution of alkali 

and alkaline earth elements in the analysed samples. Chemical weathering in the source areas should lead 

to preferential leaching of, and thus depletion in these elements. Indeed, the Oranjemund Group 

siliciclastic rocks are depleted in all but one of these elements relative to PAAS. Sodium is the exception 

by occurring at levels of 1.4 to 1.9 times those in PAAS in the three lithostratigraphic units. The 

difference in solubility of Th and U in their various oxidation states should lead to an increase in Th/U 

with weathering intensity (McLennan et al., 1990). As no significant correlation exists in the analysed 
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samples between CIA values and Th/U ratios, the variability in CIA is ascribed mainly to variable Na-

metasomatism and not to variations in the intensity of source rock weathering. The source for the post-

depositionally introduced Na is suspected to be palaeo-evaporite deposits that have been documented in 

the Chameis Subterrane (Frimmel and Jiang, 2001). There diagenetic to low-grade metamorphic alteration 

has led to extensive Na-metasomatism of effectively all litho-types. Regional, syn-tectonic fluid flow 

could have caused a similar effect also in the tectonically adjacent Oranjemund Subterrane. 

 Rare earth elements, Th, Sc, and the high field strength elements have been considered as 

particularly useful for characterising the composition of the source area: Firstly, they have short residence 

times in the water column and secondly, they include both compatible and incompatible elements, whose 

ratios can help in differentiating felsic from mafic source components (Taylor and McLennan, 1985; 

Cullers, 1994; Cox et al., 1995). The analysed samples have La/Sc, Sc/Th, Cr/Th, and Co/Th ratios that 

are typical of sand derived from felsic rocks and are closer to average upper continental crust than to 

lower continental crust or oceanic crust composition (Table 2). A stronger mafic influence in the Lower 

Oranjemund Group seems evident from higher Cr/Th and Co/Th ratios. These ratios are, however, also 

susceptible to oxidation state and must, therefore, be used with caution. 

 When compared to their immediate vicinity, i.e. the mafic rocks of the Schakalsberge and 

Chameis Subterranes, the Oranjemund Group rocks show remarkably similar geochemical characteristics. 

For the bulk of the Oranjemund Group siliciclastic rocks, irrespective of grain size and stratigraphic 

position, the Zr/Y ratios are between 4.7 and 14.5, except for three argillite samples that are enriched in 

Zr (Zr/Y = 21.7, 22.2 and 32.5). These ratios are comparable to those of the Grootderm and Dernburg 

Formation mafic rocks of within-plate geochemical affinity, which have Zr/Y between 6.2 and 10.5 

(Frimmel et al., 1996). No ratio equivalent to the low Zr/Y (1.3 – 2.3) typical of Dernburg Formation 

mafic rocks of mid-oceanic ridge affinity (Frimmel et al., 1996) was found in the Oranjemund Group 

siliciclastic rocks. Similarly, the REE abundance and distribution is very similar to that in the mafic rocks 

of the adjacent subterranes, for which an oceanic within-plate setting has been established (Fig. 4). An 

exception is Eu. The depletion of the Oranjemund Group samples in Eu relative to the mafic rocks of the 

Marmora Terrane may be a secondary feature that resulted from the destruction of plagioclase and the 

formation of metamorphic albite in the siliciclastic rocks. 

 Using the discrimination diagrams of Bhatia and Crook (1986), the Oranjemund Group arenite 

and argillite samples conform to a continental island arc and/or passive continental margin environment in 

terms of their La-Sc-Th-Zr distribution (Fig. 6). Siliciclastic sediment derived from passive margins is 

distinguished from all other sources by having Sc/Cr ratios of less than 0.2 and it typically has somewhat 

higher La/Y ratios between 1.0 and 1.5 compared to continental island arc-derived sediment (Bhatia and 

Crook, 1986). The Sc/Cr and La/Y ratios of most of the Oranjemund Group rocks plot within the data 
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field for passive margins, and none of the samples corresponds to any of the other data fields (Fig. 7). A 

direct derivation of the Oranjemund Group siliciclastic rocks from the mafic rocks of the Marmora 

Terrane is unlikely as they have slightly higher La/Y ratios, but a derivation from a passive margin 

appears indicated by the available data.  

 

 

 

 

4. U-Pb detrital zircon geochronology 

 

4.1. Analytical results 

 

For the geochronological provenance study single zircon grains were extracted from three 

siliciclastic, predominantly arenitic tectonostratigraphic units of the Gariep and the Dom Feliciano Belts. 

One sample (BRAF 111), a feldspathic arenite from the Vredefontein Formation (upper Stinkfontein 

Subgroup, Port Nolloth Group), collected about 60 km east-southeast of Oranjemund (co-ordinates) in the 

paraautochthonous Port Nolloth Zone of the Gariep Belt, represents a fluvial-deltaic sediment that was 

laid down in a continental rift that evolved between 771 and approximately 740 Ma on the western 

margin of the Kalahari Craton. The second sample (JM-001) was collected about 30 km northwest of 

Oranjemund in the allochthonous Marmora Terrane of the Gariep Belt. It is an arenite from a thick 

turbiditic succession of the upper Oranjemund Group, whose age has been only poorly constrained but 

believed to be Vendian (Frimmel et al., 2002) and whose provenance has remained unknown to date. The 

third sample (32710) is a sericite-quartz schist of the Rocha Group in the Punta del Este Terrane, 

collected at Praia do Farol, which is the locality where the Rocha Group rocks are best exposed. Little age 

control has existed for this group except for it being Neoproterozoic. 

  The radiometric analyses (Table 3) were carried out at the Australian National University at 

Canberra, using SHRIMP I, according to the procedures presented by Compston et al. (1984), Williams 

(1998) and Stern (1998). The standards SL13, AS3 and Tamora were used for the isotopic corrections and 

calculation of element concentrations. Lead concentration corrections were based on the isotopic 

measurements and on the common Pb composition at the approximate time of rock formation (Cumming 

and Richards, 1975). The ages were calculated using the decay constants and the present value for the 

238U/235U ratio recommended by Steiger and Jäger (1977). The isotope data were processed using the 

Isoplot Ex program (Ludwig, 1998). 

  Cathodoluminescence images (Fig. 8) of the mounts used for the radiometric analyses helped 
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control the position of the ion beam. The zircon grains from samples BRAF-111 and JM-001 are, on 

average, larger and typically 0.1 to 0.2 mm in length, whereas those from sample 32710 are around 0.1 

mm in length, which reflects the generally coarser grain size of the two former arenitic samples compared 

with the latter one. All zircon grains display oscillatory growth zonation, which is interpreted as 

magmatic in origin. Only few grains show thin overgrowths (e.g. grain 1.1 in sample JM-001) and these 

were carefully avoided. Thus the acquired age information should reflect the time of zircon crystallisation 

in the source rock. 

 The results obtained are presented as both Tera-Wasserburg diagrams (Fig. 9) and histograms of 

age data (Fig. 10). From these two figures it is evident that the zircon populations in all three samples 

yielded very similar patterns, except for the lack of detrital zircon grains younger than 800 Ma in the 

Stinkfontein Subgroup. Two analyses from that subgroup that gave younger Pb-Pb ages are highly 

discordant and therefore of no geological meaning. The majority of detrital zircon grains in all three 

samples have ages between 1000 and 1300 Ma, with the Rocha Group data being skewed towards ages 

around 1000 Ma. A number of these analyses are close to concordant, thus yielding the most reliable 

information on the age of zircon crystallisation. The most reliable Pb-Pb age data for zircon grains of this 

age group from the Stinkfontein Subgroup are 1126 ± 33, 1143 ± 31, 1251 ± 35, and 1287 ± 27 Ma, those 

from the Oranjemund Group are 1011 ± 31, 1097 ± 35, and 1246 ± 32,  and those from the Rocha Group 

are 953  ± 18, 946 ± 24, 1003 ± 25, 1055 ± 33, 1076 ± 23, and 1069 ± 32 (Table 3). 

All three samples contain zircon grains that gave ages between 1800 and 1900 Ma. Again, many 

of these analyses are almost concordant and thus are interpreted as approximating closely the actual age 

of zircon crystallisation. The most reliable age data from this range obtained on grains from the 

Stinkfontein Subgroup are 1834 ± 26, 1871 ± 25, 1861 ± 26, and 1911 ± 10 Ma, on those from the 

Oranjemund Group is 1906 ± 27 Ma, and on those from the Rocha Group is 1816 ± 18 Ma. In the 

Stinkfontein Subgroup sample, an almost concordant zircon grain yielded a slightly younger Pb-Pb age of 

1683 ± 18 Ma. Only in the Rocha Group sample were zircon grains found with another Mesoproterozoic 

age, i.e. 1523 ± 39 Ma as well as an Archaean age of 2611 ± 7 Ma (Table 3). 

The youngest detrital zircon ages obtained for the upper Oranjemund and the Rocha Group 

samples are approximately 610 to 630 Ma. The best ages for the Oranjemund Group sample are 609 ± 17, 

630 ± 19, and 690 ± 20, those for the Rocha Group sample are 629 ± 17, 668 ± 20, 670 ±18, and 714 ± 

20. Two ages that are much younger obtained for the Oranjemund Group sample contain such elevated 

common 206Pb concentrations, which renders the calculated ages geologically meaningless.  

 

5. Discussion 
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A relatively good radiometric age control (Frimmel, 1995; Frimmel and Frank, 1998; Frimmel et 

al., 2001) has already existed for the Gariep Belt, which helped constrain its geological history from 

deposition to deformation in the Neoproterozoic (Frimmel and Frank, 1998; Frimmel et al., 2002). The 

new detrital zircon ages presented here for the Stinkfontein Subgroup agree well with previously 

established age constraints for the time of deposition of these continental rift deposits (770 – 740 Ma) and 

provide insight into the dominant hinterland geology at that time. Similarly, the new data obtained for the 

upper Oranjemund Group are in agreement with previous estimates for the age of that stratigraphic unit 

(Frimmel and Fölling, 2004).  

Our new data for the Rocha Group detrital zircon populations, in combination with previous 

radiometric age data for the Punta del Este Terrane (Preciozzi et al., 1999b) make it possible, for the first 

time, to constrain the time of Rocha Group sediment deposition. Sedimentation cannot be older than 

approximately 600 Ma, as indicated by the youngest detrital zircon grains, and 550 Ma, the onset of post-

tectonic alkaline magmatism (Basei et al., 2000). 

 

5.1. Stratigraphic correlation 

 

Most of the mafic rocks in both the Schakalsberge and the Chameis Subterranes (Grootderm and 

the Dernburg Formations, respectively) bear all the geochemical hallmarks of oceanic within-plate basalt 

and have therefore been interpreted as representing former oceanic islands (Frimmel et al., 1996). A few 

mafic samples with mid-ocean-ridge geochemical affinity, reported from the Chameis Subterrane in the 

same study, may be taken as indication of the Chameis island having been located closer to, and thus 

having been influenced by, a spreading centre. The partly stromatolitic carbonates associated with the 

mafic volcanic rocks in both subterranes are believed to be stratigraphically equivalent and are regarded 

as reflecting reef mounds on top of the inferred guyots. Their depletion in continent-derived detrital 

material has been used previously to infer a distal depositional environment relative to the basin margin 

(Frimmel and Jiang, 2001). 

 The younger stratigraphic units in all three tectonic units of the Marmora Terrane appear very 

similar, not only to each other but also to the Holgat Formation of the Port Nolloth Zone. All of these 

rocks have been recognised as syn-orogenic deposits that were deposited in front and on top of the 

advancing Marmora Terrane during the closure of the Gariep Basin between about 580 and 550 Ma 

(Frimmel and Fölling, 2004). That interpretation is corroborated by the youngest detrital zircon ages 

obtained in this study, which indicate a maximum age of approximately 610 Ma for the deposition of the 

upper Oranjemund Group. 

 From the geochemistry of the Oranjemund Group metasedimentary rocks, a derivation of these 
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rocks from a passive margin is most likely, whereby erosion of the nearby, predominantly mafic 

Schakalsberge and Chameis oceanic islands contributed significantly to the lower part of the group. 

Considering the proximity between the depositional environment for the upper Oranjemund Group 

turbidites and the eastern basin margin, the inferred passive margin as source area was most likely located 

along the western flank of the Kalahari Craton. 

 The detrital zircon ages indicate a statistically indistinguishable maximum sedimentation age of 

approximately 600 Ma for the lithologically similar Rocha Group. Furthermore, the overall age pattern for 

the detrital zircon grains analysed is almost identical to that obtained for the Oranjemund Group, which 

suggests that the sediments in both groups were derived from comparable source terrains at around the 

same time. For the distinct similarities in lithology, structural setting and, most importantly, in the detrial 

zircon age patterns, it is suggested that the Oranjemund and Rocha Group are stratigraphic equivalents 

and probably represent fills of the same basin. The lower Rocha Group, which is predominantly chlorite 

phyllite, is thus correlated with the lower Oranjemund Group, whereas the more arenitic, turbiditic upper 

Rocha Group has a perfect equivalent in the Upper Oranjemund Group. 

 

5.2. Zircon provenance and tectonic implications 

 

Possibly the most conclusive finding of this study is the similarity in the age patterns obtained for the 

Oranjemund and the Rocha Group siliciclastic rocks. It highlights that the sediments in both groups were 

derived from comparable basement rocks in spite of a marked difference in the respective basement 

geochronology on either side of the South Atlantic.  

The basement geology on the African side of the depositional basin for the Oranjemund Group 

comprises predominatly the late Mesoproterozoic Namaqua-Natal metamorphic belt, which was accreted 

onto the Archaean Kaapvaal Crataon, with an intervening, older, late Palaeoproterozoic belt. Within the 

Namaqua-Natal Belt, a largely juvenile crustal component is recognised that consists of 1730 to 2000 Ma 

calc-alkaline, Andean-type volcanic arc (Reid, 1982)(Reid, 1979). Successive stages of volcanic arc 

accretion onto the Kaapvaal craton are recognised to have taken place between c. 1300 and 1200 Ma, with 

the arcs becoming progressively younger towards the west (i.e. away from the craton). Supracrustal 

succession of late Mesoproterzoic age are possibly related to small back-arc basins and/or to a stage of 

crustal extension related to a large-scale 1100 Ma mantle thermal anomaly (Frimmel, 2004). Eventual 

continental collision and associated high-grade metamorphism as well as widespread granitoid 

emplacement took place between 1070 and 1020 Ma (Robb et al., 1999; Raith et al., 2003). A final pulse 

of magmatism affected the pre-Gariep basement between 830 and 770 Ma, when alkaline intrusive rocks 

were emplaced in a thinning crust in preparation of Neoproterozoic basin opening (Frimmel et al., 2001). 
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Thus the pre-Gariep basement in southwestern Africa is dominated by late Mesoproterozoic magmatic 

and high-grade metamorphic rocks. 

In contrast, the basement rocks on the South American side are characterised by having Archaean 

and Palaeoproterozoic ages. Mesoproterozoic ages are characteristically absent in the zircon U-Pb age 

patterns throughout southeastern Brazil and Uruguay (Babinski et al., 1997; Leite et al., 2000; Hartmann 

et al., 2000, 2003), except for the Punta del Este Terrane, the immediate basement to the Rocha Group, 

from which two discordant U-Pb ages for magmatic zircon of about 1000 Ma have been reported 

(Preciozzi et al., 1999b). 

Whereas the dominance of 1000 to 1200 Ma ages amongst the detrital zircon age spectrum in the 

Oranjemund Group arenite is readily explained by the local African basement geology, the same 

dominance in the Rocha Group sample cannot be related to known basement rocks in the South American 

vicinity, but strongly points to a source for the Rocha Group sediments that lies in southwestern Africa. 

The Palaeoproterozoic age data found in zircon grains from both groups are also more compatible with a 

source in southwestern Africa than in South America. The Palaeoproterozoic units of the Rio de la Plata 

craton to the west of the Punta del Este Terrane are all older than 2.0 Ga (Hartman et al., 2000, 2002), 

whereas those on the western margin of the Kaapvaal Craton are between 1730 and 2000 Ma and thus 

distinctly younger. All of the Palaeoproterozoic detrital zircon age data from both the Oranjemund and the 

Rocha Group rocks correspond to ages known from the basement rocks in southwestern Africa but not to 

those from the Rio de la Plata Craton. 

Potential source rocks for the detrital zircon grains with ages around 800 Ma are known from 

both the Punta del Este Terrane, where granite within the pre-Rocha basement yielded a SHRIMP U-Pb 

age of 762 ± 8 Ma (Hartmann et al., 2002), and from the pre-Gariep basement in South Africa, where 

alkali granite and syenite bodies were dated between 830 and 770 Ma (Frimmel et al., 2001). 

If the correlation of the Rocha Group with the Oranjemund Group, and thus, by implication that 

of the Punta del Este Terrane and the Marmora Terrane, is accepted, the question arises as to the likely 

source area of the youngest, c. 600 Ma detrital zircon grains in both units. Within the Gariep Basin, the 

only rocks of that age, though only very poorly dated, are mafic rocks forming parts of the oceanic crust 

in the Marmora Terrane. The metabasalt and metagabbro there are, however, very poor in zircon and thus 

not suitable source rocks for the detrital zircon grains. Furthermore, the size and habit of the dated zircon 

grains does not conform to those in the mafic rocks. The only other potential source area is found in the 

huge Florianópolis-Pelotas-Aiguá batholith, which forms part of an extensive 640 to 590 Ma volcanic arc 

system that follows almost the entire length of the Dom Feliciano Belt. Derivation of the detrital zircon 

grains within the Oranjemund Group from that batholith would necessitate a geographical proximity of 

the Oranjemund Group depositional basin and the volcanic arc, thus corroborating the above speculation 
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of a stratigraphic correlation of the Rocha and Oranjemund Groups. 

The suggested correlation would have some major consequences for our understanding of the 

geodynamic evolution of the Neoproterozoic basin(s) between southern Africa and South America in their 

pre-Gondwana configuration. It would imply that the Gariep Basin was not the main oceanic basin 

separating the two palaeo-continents but merely a narrow back-arc basin related to the Florianópolis-

Pelotas-Aiguá magmatic arc. It must be emphasised, however, that this tectonic setting applies only to the 

younger stratigraphic units of the Gariep Belt, whereas the older units were deposited in a failed 

continental rift that became re-activated during arc formation. The main ocean (Adamastor Ocean) 

separating Neoproterozoic South America and southern Africa would then be located to the west of the 

Florianópolis-Pelotas-Aiguá magmatic arc (Fig. 11). All of the oceanic crust there was subducted and 

continent-continent collision resulted in a major crustal-scale suture that is now present in the form of the 

Alferez-Cordillera-Punta del Este lineament, which separates the Punta del Este Terrane from the Rio de 

la Plata Craton. The lack of subduction in the Gariep Basin would then explain the better preservation of 

oceanic crustal material as observed in the Marmora Terrane. Such a scenario would also explain the 

conspicuous lack of any Neoproterozoic high-pressure metamorphic belt in the Punta del Este Terrane 

and in the entire Gariep Belt (Frimmel and Hartnady, 1992). 

 

6. Conclusions 

 

New detrital zircon age data from different tectonostratigraphic units of the Gariep Belt in southwestern 

Africa and the Dom Feliciano Belt in Uruguay indicate a predominance of a 1000 to 1300 Ma source, 

together with a 1700 to 1900 Ma old source. These age spectra are independent of stratigraphic position 

and appear to be characteristic of sediments that were deposited from the continental rifting stage to the 

final stages the Gariep Basin evolution. A conspicuous lack of Archaean ages in the Gariep sample set 

excludes the large cratonic domains in southern Africa (Kalahari and Congo Cratons) as important source 

areas for the Neoproterozoic sediments. They were sourced essentially from their own immediate 

basement. The strong similarity in pre-1000 Ma detrital zircon age spectra between the 770 to 740 Ma 

continental rift deposits (Stinkfontein Subgroup) and the 600 to 550 Ma syn-orogenic foredeep deposits 

(Oranjemund Group) indicates that the adjacent Mesoproterozoic Namaqua-Natal Belt remained a 

relatively high terrain throughout the evolution of the Gariep Basin. 

 The youngest detrital zircon ages were found to be the same in both the Oranjemund and the 

Rocha Groups in the Marmora and Punta del Este Terranes, respectively. They confirm previous 

estimates for the age of the Oranjemund Group (Frimmel and Fölling, 2004) and provide the first 

constraints on the age of the contemporaneous Rocha Group (600 – 550 Ma). Both groups are 
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lithologically similar and have experienced a comparable metamorphic and deformational history. They 

are, therefore, regarded as being stratigraphic equivalents that represent the fill of the same basin (Gariep 

Basin). An elevated input from a mafic source in the lower parts of both groups is explained by erosion of 

oceanic islands, remnants of which are present in the Schakalsberge and Chameis Subterranes of the 

Marmora Terrane in the Gariep Belt. The upper parts of the Oranjemund and Rocha Groups are both 

dominated by thick successions of siliciclastic turbidites. New geochemical data for the Oranjemund 

Group indicate derivation of the sediment from an upper continental, felsic source, whose composition 

corresponds best with that of a passive margin. It is suggested that this passive margin was the western 

flank of the Kalahari Craton. 

 No plutonic rocks are known from the Gariep Belt and its surroundings that would explain the 

presence of approximately 600 Ma zircon grains in the Oranjemund Group. If the stratigraphic correlation 

of the Rocha and Oranjemund Groups is correct, the most likely source of these younger zircon grains in 

both groups would be the 640 to 590 Ma Florianópolis-Pelotas-Aiguá granite batholiths, which represent 

the lower parts of a huge volcanic arc along the Dom Feliciano Belt. By implication, subduction of the 

Gariep Basin could not have been responsible for the formation of that arc. Instead, it is proposed that the 

Gariep Basin was a back-arc basin in Vendian times, whereby a pre-existing failed continental rift, 

represented by the older stratigraphy of the Gariep Supergroup, became re-activated. The main oceanic 

basin, whose oceanic crust was completely subducted to form the Dom Feliciano volcanic arc, would then 

have been located to the west of the Florianópolis-Pelotas-Aiguá granite batholiths. Closure of that basin, 

which might represent the actual Adamastor Ocean, would have juxtaposed two cratons of different 

make-up, i.e. the Kalahari and the Rio de la Plata Cratons. The suture between both can be seen in the 

Alferez-Cordillera-Punta del Este lineament, which represents a crustal-scale shear zone. Thus the 

easternmost terrane of Uruguay, the Punta del Este Terrane, belongs, in a geological sense, to Africa. 
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Figure Captions 

 

Fig. 1. Collage of Pan-African mobile belts around Archaean to Palaeoproterozoic cratons in Africa and 

South America (DF – Dom Feliciano, G – Gariep, LA – Luiz Alvez, RP - Rio de la Plata, SF - Sao 

Francisco, modified from (Unrug, 1996). 

 

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

(modified after (Gaucher, 2000). 

 

Fig. 3. Tectonic map of the Gariep Belt 

 

Fig. 4. Rare earth element distribution (normalised to chondrite composition from (Sun and McDonough, 

1989) in Oranjemund Group siliciclastic rocks compared to mafic rocks from the Chameis and 

Schakalsberge Subterranes (Frimmel et al., 1996); H. E. Frimmel, unpubl. data): A – Oranjemund Group 

arenite compared to mafic rocks from the Grootderm Formation, B – Oranjemund Group argillite 

compared to mafic rocks from the Dernburg Formation that carry a within-plate geochemical signature. 

 

Fig. 5. A-CN-K (Al2O3 - (CaO+Na2O) - K2O) diagram for Upper (UOG) and Lower Oranjemund Group 

(LOG) siliciclastic rocks; modern weathering trend (stippled line) from (Nesbitt and Markovics, 1997). 

 

Fig. 6. La-Th-Sc (A) and Th-Sc-Zr/10 (B) diagrams for siliclastic metasedimentary rocks from the Upper 

(UOG) and Lower Oranjemund Group (LOG); data fields from (Bhatia and Crook, 1986): A - oceanic 

island arc, B - continental island arc, C - active continental margin, D - passive continental margin; for 

legend see Fig. 5. 

 

Fig. 7. La/Y versus Sc/Cr diagram for Oranjemund Group siliciclastic metasedimentary rocks, compared 

to mafic rocks from the Marmora Terrane (Frimmel et al., 1996); H. E. Frimmel, unpubl. data); 

Discrimination fields for different tectonic settings (ACM – active continental margin, CIA – continental 

island arc, OIA – oceanic island arc, PM – passive margin) from (Bhatia and Crook, 1986). 

 

Fig. 8. Cathodoluminescence images of representative detrital zircon grains, domains analysed by 
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SHRIMP, and age data obtained from (A) the Stinkfontein Subgroup (Port Nolloth Group), (B) the 

Oranjemund Group (Marmora Terrane), and (C) the Rocha Group (Punta del Este Terrane). 

 

Fig. 9. Tera Wasserburg diagrams for detrital zircon grains from (A) the Rocha Group (Punta del Este 

Terrane) and (B) the Oranjemund Group (Marmora Terrane).  

 

Fig. 10. Histograms and cumulative curves of U-Pb detrital zircon ages for (A) the Rocha Group (Punta 

del Este Terrane) and (B) the Oranjemund Group (Marmora Terrane). 

 

Fig. 11. Schematic cross-section illustrating a proposed geodynamic setting for the link between the Rio 

de la Plata and the Kalahari Cratons at approximately 600 Ma at the time of Rocha/Oranjemund Group 

sedimentation. Note that this sedimentation would have taken place in a back-arc position relative to the 

major Florianópolis-Pelotas-Aiguá batholiths. 
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INTRODUCTION 

The Lavalleja Group, which is exposed along the Dom Feliciano Belt is located in the 

southeast of Uruguay and is represented by metavolcano-sedimentary rocks. It is developed 

during late Proterozoic-Early Paleozoic Brasiliano orogeny. Based on geochemical signature of 

the rocks of the Lavalleja Group, mainly metagabbros, basic and acidic metavolcanic rocks, a 

back-arc basin tectonic setting is suggested by Sánchez-Bettucci et al. (2001). The 

metamorphic grade increases to the southeast, ranging from lower greenschist facies to lower 

amphibolite facies in the Fuente del Puma and Zanja del Tigre Formations (Sánchez-Bettucci et 

al., 2001). The non-metamorphic to anchimetamorphic Minas Formation of Sánchez-Bettucci et 

al. (2001) is a junior synonim of the Arroyo del Soldado Group, previously defined by Gaucher 

et al. (1996). The metamorphic mineral assemblages correspond to a low-pressure regional 

metamorphism associated with a high thermal gradient (Sánchez-Bettucci et al., 2001). 

A compressive deformational event, that probably corresponds to the basin closure of 

the Lavalleja Group during a continental collision was recognized. The petrology, geochemistry, 

metamorphism grade, and tectonic setting are consistent with a back-arc basin for the Lavalleja 
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Group (Sánchez-Bettucci et al., 2001). 

 

GEOCHEMISTRY 

The Lavalleja Group is composed of metamarls, dolostones and metapelites interbedded with 

metabasalts, metarhyolites, metaandesites, mafic and felsic tuff, volcanic breccias and pillow 

lavas preserving primary igneous textures (Sánchez-Bettucci, 1998; Sánchez-Bettucci et al., 

2001). Numerous gabbroic dykes and small concordant bodies also occur. 

Volcanic rocks range from basalt through andesites to dacites and rhyolites. The rhyolites are 

calc-alkaline and the basic rocks show a tholeiitic trend. The more conspicuous character of this 

volcanic suite is their bimodality, which reflects mixed eruptive and compositional styles 

between a volcanic arc and back-arc basin (Sánchez-Bettucci, 1998; Sánchez-Bettucci et al., 

2001).  The diagrams of rare earth elements from volcanic rocks shows two different patterns, 

namely: (1) a relative flat pattern, resembling a MORB signature, and (2) different degrees of 

enrichment in light RREE, but depleted in HREE. This pattern  could correspond to a 

suprasubduction environment of an oceanic basin floor with initial MORB magmatism. Sánchez-

Bettucci et al. (2001) suggested a subcontinental lithosphere implicated in the genesis of the 

igneous rocks. 

 From the geochronological point of view, the scarcity of determinations allows us to be 

prudent in the interpretation. K/Ar ages in whole rock of four basalts have been reported by 

Gomez Rifas (1995). Theses ages are grouped in: a) 626 ± 47 Ma, b) 750 Ma and, c) 1203 ± 65 

Ma. Later, Sanchez-Bettucci & Ramos (1999) determined a K/Ar age of 714 ± 10 Ma in 

metabasalt. 

Recent U/Pb determination (Sánchez Bettucci et al., in press) in a metabasalt yielded ages ca. 

670 Ma (igneous age), and ca. 630 Ma (metamorphic age).  

 

BASE METAL DEPOSITS 

This region was first studied by Marstrander (1914). This author suggests the presence 

of iron mineral, hematite and gold in the Arroyo San Francisco, Arroyo San Antonio and Arroyo 

Campanero. Two of the well-known copper mines are La Oriental and La Constancia. These 

mines were active between 1880-1885. The mineralization consists of  pyrite, chalcopyrite, 

bornite, malachite and cuprite. Some Cu-Pb deposits were exploited in the Ramallo-Reus mine. 

The mineralization was located at 20 meters depth. Marstrander (1915) suggested the presence 

of silver. Guillemain (1911) pointed out the existence of bismuth-tellurium. The Valencia 

dolomite mine was active until some decades ago. The dolostones occurring there host galena 
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vein-mineralizations (Marstrander, 1915). La Paloma mine is located nearby the valley of the 

Río San Francisco and Arroyo Mataojo de la Sierra, Cu occurring there in calcareous rocks. The 

Arrospide mine (gold and auriferous pyrites associated to quartz veins) has been object of 

mining during the 1930´s. The Apolonia Mine, according to reports of Avé Lallement (1884), 

presented copper mineralization consisting of pyrite, chalcopyrite, galena and magnetite hosted 

in volcanic basic rocks. 

Prospective studies were carried out by Zeegers and Spangenberg (1981) in the region 

of Las Animas. These authors mentioned geochemical anomalies of Cu, Pb-Zn, Zn-As-Sb, Mo, 

Zn, Ba and Mn. The geochemical study of the Apolonia mine revealed anomalies in Cu, Pb, Zn, 

As, Ni, Ba, V and Mn and a geochemical association Cu-V with tenors of 177 and 376 ppm 

respectively. In addition, they found high values in Zn (131) and As (51ppm). 

Midot (1984) suggested that the mineralizations are associated to the Fuente del Puma 

Formation. La Oriental, Reus and Chape mines are located in calcareous and sericitic 

metapelites levels with intercalation of basic volcanic rocks. Subordinate jasper occurs, as well 

as ”Chapeau de fer”. The mineral associations in La Oriental mine is: pyrrotite (altered to 

marcasite) and pyrite (birds eye structure), chalcopyrite, sphalerite and galena. According to 

Midot, (1984) the mineralization is located in breccias with abundant iron oxides, chlorite, and 

quartz fragments in which the primary lamination is microfolded. In the Apolonia mine the 

mineralization is related to epidote rich rocks with rounded to euhedral cordierite and galena in 

microfissures, hematite and subordinate quartz. The mineral association is pyrite, sphalerite, 

chalcopyrite, galena, magnetite and hematite. This mineralization could be proximal-type 

stockwork, whereas La Oriental Mine is distal. The mineralization in Pb of Reus and Chape 

mines is restricted to hydrothermal events related to granitic intrusions. The Pb–Mn, Zn and Mn 

of Valencia Mine are located in carbonatic and jasper rocks, respectively, associated to 

sedimentation on a basin margin and to a mineralization of proximal stockwork. Preciozzi et al. 

(1985) proposed that the mineralization of La Oriental mine corresponds to massive sulfide 

deposits, proximal or distal. There, mining proceeded along a mineralized tectonic breccia 

associated to a thrust fault. The mineralogical study shows the following mineral association: 

magnetite, chalcopyrite, sphalerite, arsenopyrite, bornite, galena, petlandite, covellite associated 

with banded and brecciated rocks with intercalation of chloritic-schists and limestones. 

Preciozzi (1989) distinguished three types of mineralization following the proposal by 

Midot (1984), namely: (1) massive sulphide-deposits associated to the volcanism; (2) limestone-

hosted mineralization, and (3) mineralizations related to thrusts. This author also proposed a 

stratigraphic sequence for the mineralizations, presented in Table I. 
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Table I. Different types of Mineralizations in the Lavalleja Group  

Mine Host rocks Mineralization 

Valencia Jaspers associated to the 

sedimentary-volcano 

sequence 

Dolomites 

Cu-Mo and Mn (pyrolusite 

and psilomelane) 

Sphalerite-galena 

Euritina Schist, quartzites and 

limestones 

Malachite in basic 

metavolcanic rocks 

Reus Black-schist, metamarls and 

calcpelites 

Galena-pyrite 

Apolonia Basic metavolcanic rocks Disseminated Cu in a 

stockwork with chlorite and 

quartz. Galena in epidotized  

metavolcanic rocks and 

sulfured chloritized  levels 

La Oriental Metabasalts, limestones and 

chloritic-schists 

Cu in tectonic breccias 

Chape Basic volcanoclastic rocks Sphalerite-galena -pyrite 

 

In this region, baryte occurs as cement in a metaconglomerate. Field data suggest a 

syn-sedimentary origin. 

To the south of Minas city, quartz veins with patines of gold-pyrite-hematite occur. The 

scarcity of available data about the base metal mineralizations, baryte and the epithermal 

association corundum-diaspore-muscovite, as well as their spatial distribution in the region, do 

not allow us to make inferences regarding the geotectonic environment. The Cu-Zn deposits 

appear in spilitic basalts intercalated with cherts. The mineralization includes massive sulfide 

with pyrite-chalcopyrite-sphalerite. These bodies are small with lenticular forms. Commonly the 

country rocks are hydrothermaly altered, whit silicification and chloritization. The chloritic 

alteration constitutes a distinctive feature of Precambrian volcanogenic deposits (Pirajno 1992). 

Those mineralizations are associated to pelites and calcareous sediments, and could 

represent a volcanogenic, Cyprus-type deposit, associated to a back-arc basin (sensu Sawkins, 

1990). Similar mineralization has been described for the Cyprus type deposits in Turkey 
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(Hutchison, 1983). The difference with Kuroko type mineralization is a relationship 10:2 of basic 

to acid volcanic rocks.  

The sedimentary deposits of the Lavalleja Group indicate depths less than 1000 meters, 

while Kuroko type mineralizations need depths in excess of 1000 meters (Ohomoto and 

Takabashi, 1983). The presence of baryte and banded iron formation suggest an oxygen-

depleted environment (Pirajno, 1992). 
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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 

                                                           
Ѐ 



 

 

45 

45 

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 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. 
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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”. 

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

identification is restricted to the Uruguayan territory. 

 

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 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 
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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 

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. In Figure 2 a geologic sketch is presented where 

the main units recognised in PEST are represented. 

 

 

 

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 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 
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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 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 
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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 1 –Stratigraphic relations internal to PEST 

UNIT MAIN TYPE                        NAME                                             AGE 

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 
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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 

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 
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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 ·3a and 3b LINK 

 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. 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 5 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 banding is found within lighter levels of granodioritic to monzogranitic 

composition,with meso-melanocratic bands rich in biotite and amphibole.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 6). 

 

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

and represents the zircon overgrowth event (Table III,UCUR03 Figure 7). 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 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 36 and P2 paragneisses sample analysis (figures 8 ,9 ,10) 

showing ages between 622 and 655 Ma. All the ages are obtained in the lower intercept. 

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 13a-b) 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 a 13b) 

 

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 

file:///D:/Mis%20documentos/Proyecto6009/tablas/UCUR03-204.xls
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and muscovites. These values were obtained mainly in gneissic-migmatitic rocks and deformed 

granitoids; subordinately post-tectonic intrusive granitoids were studied. 

 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(RbSrtodas). It 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 

table5This information has the aim to characterizer fron the isotopic point of view the material 

involve in the rocks generation of the PEST. 

Table 5(..\..\Mis documentos\Proyecto6009\tablas\Nd SrTABLE PET.xls) 

 

In the   epsilon-Nd(0) diagram  versus time (figura 14) 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 

(figura15),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. 

 

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 

file:///D:/Mis%20documentos/Proyecto6009/tablas/RbSrtodas.xls
file:///D:/Mis%20documentos/Proyecto6009/tablas/Nd%20SrTABLE%20PET.xls
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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 

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 16,  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: 
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 - 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. 

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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FIGURA 1 Main geotectonic units in the uruguayan basement 
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FIGURE 2   

Geological scheme of the PEST 
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FIGURE 4 
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FIGURE 5 
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FIGURA 7 
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FIGURA 8 
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FIGURA 9 
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FIGURA 13 A 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURA 13 B 
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FIGURA 14 
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FIGURE 15 


