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 26 

Abstract. The Paleozoic evolution of Patagonia was the focus of controversies between its 27 

allochthonous or autochthonous origin. The arrival of plate tectonics supported new 28 

allochthonous alternatives and from an initial fixist resistance, different mobilistic 29 

hypotheses have made their way. There is currently some consensus about its allochthony, 30 

but there is no agreement on collision times or in the configuration of the continental blocks 31 

involved. Different alternatives are analyzed evaluating their strengths and weaknesses. 32 

Based on the present data on the structure of deformation belts, synorogenic deposits, 33 

characteristics of metamorphic-igneous basement, areal and temporal distribution of 34 

magmatism, an alternative is developed that fits better with existing information. The 35 

northeast-vergent deformation in Ventania System, the Hesperides basin, its wide 36 

longitudinal and transverse distribution, show that collision occurred in the northern sector 37 

of Northern Patagonian Massif, and extended through the southern African Gondwanides. 38 

Their similar metamorphic and tectonic patterns identified a previous southward subduction 39 

with a Permian climax (270-250 Ma), characteristic of a continent-continent collision. The 40 

associated magmatic arc has been partially obliterated by slab breakoff and delamination in 41 

the Late Permian-Triassic. The western magmatic belt along Pacific margin is older, 42 

spanning from Devonian to mid- Carboniferous (320 Ma). The Chaitenia island arc 43 

collision in Upper Devonian (350 Ma) produced an episode of exhumation and uplift. This 44 

western belt extends into Tierra del Fuego island and its contour allows tentatively to 45 

recognize a Southern Patagonian terrane. It is speculated that this block may have included 46 

the Antarctic Peninsula, although more data is needed to characterize its composition and 47 

areal development. However, it is concluded that the dimensions of this southern terrane 48 

cannot justify the broad regional deformation of the Gondwanides. 49 
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Resumen. LA COLISIÓN DE PATAGONIA: EVIDENCIAS GEOLÓGICAS E 52 

INTERPRETACIONES ESPECULATIVAS. La evolución paleozoica de la Patagonia fue 53 

motivo de controversias entre su origen alóctono o autóctono. La llegada de la tectónica de 54 

placas apoyó nuevas alternativas alóctonas y, a partir de una resistencia fijista inicial, se 55 

dieron paso diferentes hipótesis movilistas. Actualmente existe cierto consenso acerca de su 56 

aloctonía, pero no hay acuerdo sobre los tiempos de colisión o sobre la configuración de los 57 

bloques continentales involucrados. Se analizan diferentes alternativas evaluando sus 58 

fortalezas y debilidades. En base a los datos actuales sobre la estructura de las fajas de 59 

deformación, los depósitos sinorogénicos, las características del basamento ígneo-60 

metamórfico, la distribución regional y temporal del magmatismo, se desarrolla una 61 

alternativa que se ajusta mejor a la información existente. La deformación vergente al 62 

noreste en el Sistema Ventania, la cuenca Hespérides, su amplia distribución longitudinal y 63 

transversal, muestran que la colisión ocurrió en el sector norte del Macizo Patagónico Norte 64 

y se extendió a través de los Gondwanides al sur de África. Sus patrones metamórficos y 65 

tectónicos similares identifican una subducción anterior hacia el sur con un clímax pérmico 66 

(270-250 Ma), característico de una colisión continente-continente. El arco magmático 67 

asociado ha sido parcialmente obliterado por slab-breakoff y la delaminación en el Pérmico 68 

Tardío-Triásico. El cinturón magmático occidental a lo largo del margen pacífico es más 69 

antiguo, desde Devónico hasta Carbonífero medio (320 Ma). La colisión del arco islándico 70 

Chaitenia en el Devónico Tardío (350 Ma) produjo un episodio de exhumación y 71 

levantamiento. Este cinturón occidental se extiende hasta Tierra del Fuego y su contorno 72 

permite tentativamente reconocer un terreno Patagonia Sur. Se especula que este bloque 73 
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puede haber incluido la Península Antártica, aunque se necesitan más datos para 74 

caracterizar su composición y desarrollo regional. Sin embargo, se concluye que las 75 

dimensiones de este terreno sur no pueden justificar la amplia deformación regional de los 76 

Gondwanides. 77 

Palabras clave. Gondwánides, Cuenca Hespérides, deformación paleozoica tardía, 78 

depósitos sinorogénicos, delaminación.79 
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 80 

 THE IDEA THAT PATAGONIA WAS AN INDEPENDENT CONTINENT from the rest of the 81 

Gondwana made by Ramos (1984), has originated controversies and discussions for more 82 

than 35 years. This resulted into two lines of interpretation among geoscientists that 83 

persisted for several decades. On the one hand were those who argued that Patagonia as a 84 

whole or in part had collided with the continent of Gondwana, while on the other hand were 85 

those who argued that this collision did not exist and that Patagonia was an indissoluble 86 

part of South America.  87 

In order to understand its evolution, a brief review will be made of the main 88 

alternatives that over the years have led to a relative consensus on its geological history. 89 

However, there are still discrepancies regarding its limits, its temporal evolution, and the 90 

identification of those sectors that would be certainly allochthonous. 91 

The first proposal to consider Patagonia as an independent continent of Gondwana 92 

corresponds to Windhausen (1924). In a paper published in a Special Supplement of the 93 

newspaper “Diario del Plata” , he identified the Gondwanides of northern Patagonia, as a 94 

Permian orogen that sutured this continent with the Brasilia Massif (see Fig. 1). This 95 

proposal remained largely unknown given its means of publication, although Storni (1946) 96 

transcribed it in one of the first issues of the Revista de la Sociedad Geológica Argentina. 97 

<FIGURE 1 NEAR HERE> 98 

Windhausen's proposal was based on a fragmentary data of the geology of 99 

Patagonia and a poor understanding of the mechanisms of the continental drift. However, a 100 

similar conclusion was obtained by Keidel (1925), who identified Patagonia as “a region 101 

that has long remained independent of the rest of South America ... it is presented as a 102 

remnant of a former continent of greater extent, whose main fragment is the current 103 
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Antarctic continent” (p. 299-300). This Antarctic connection was also followed by 104 

Windhausen (1931). The development of the terrane concept by Coney et al. (1980) and 105 

Monger et al. (1982) raised some new ideas about the origin of Patagonia. Although some 106 

authors preferred an autochthonous origin of the Patagonian block as part of Gondwana 107 

(Forsythe, 1982), others supported Patagonia as an accreted terrane (Ramos, 1984, 1987). 108 

This hypothesis had few followers in the first years, among which stand out von Gosen 109 

(2002, 2003). 110 

 The mainstream postulated numerous evidences that seemed to indicate that 111 

Patagonia was part of the continent of Gondwana during the Paleozoic, among them 112 

besides Forsythe (1982), the contributions of Rapela and Kay (1988), Rapela and Pankhurst 113 

(2002), Rapela et al. (2003), Gregory et al. (2008, 2013), among others.  114 

Another fixist alternative was to explain the Gondwanide fold and thrust belt, by an 115 

intra-plate episode of contractional deformation, related to a flat slab episode of subduction,  116 

as early proposed by Lock (1980). This early model could explain the deformation along 117 

the Ventania and Cape belt systems, but not the important magmatism located in the North 118 

Patagonian (or Somun Cura) Massif. To solve this problem, Dalziel et al. (2000) used the 119 

Murphy et al. (1998) model proposed for western United States Laramide orogeny. The 120 

model combines a flat slab geometry with the subduction of an active oceanic plume. This 121 

model when applied to Patagonia (Dalziel et al., 2000), could explain the existence of 122 

magmatic rocks, but not the composition and characteristics of this magmatism. In recent 123 

years the orogenic model associated with flat slab and subduction of active oceanic plume 124 

has gained adherents and has been widely applied in China (Li and Li, 2007). A variation of 125 

this model has been recently used by Navarrete et al. (2019) in Patagonia, which is going to 126 

be discussed later. 127 
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 However, most of these fixist models have failed to explain the strong 128 

contrast between the Patagonia basement and the rest of South American shelf. It has been 129 

difficult for decades to associate the basement of Patagonia with the crustal evolution of the 130 

Brazilian or South American platform (Fig. 2) as Marques de Almeida (1976) recognized it, 131 

among many others. 132 

<FIGURE 2 NEAR HERE> 133 

Several models that partially combine both alternatives were developed in recent 134 

years, such as the work of Rapalini (2005); Pankhurst et al. (2006), López de Luchi et al. 135 

(2010), Rapalini et al. (2010), González et al. (2018), among others. However, there are 136 

significant differences in the proposed models regarding their tectonic evolution. To 137 

analyze the different alternatives, the main geological observations and known facts, which 138 

the different models must explain, will be hereafter introduced to assess their consistency of 139 

the available hypothesis. 140 

The structural vergence of the Gondwanides 141 

 Since the early descriptions of Holmberg (1884), there is consensus that the 142 

direction of transport of the Ventania fold and thrust belt (Fig. 3), as well as the 143 

deformation of the metamorphic basement, north of Patagonia has a northern vergence. 144 

This fact has been confirmed by Keidel (1916), Du Toit (1927, 1937), Harrington (1962), 145 

Tomezzolli and Cristallini (2004), and many others. The metamorphic grade in the area 146 

varies between greenschists and higher metamorphic grade rocks in the northern 147 

Patagonian basement, to prehnite-pumpellite facies in the southern Ventania belt (von 148 

Gosen and Buggisch, 1989; von Gosen et al., 1991; von Gosen, 2002; González et al., 149 

2008, 2018). This observation confirms that the inner orogen is to the south, where the late 150 
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Paleozoic magmatic arc rocks are exposed and preserved as orthogneisses (Chernicoff et 151 

al., 2013). 152 

<FIGURE 3 NEAR HERE> 153 

The structural studies carried out in the Ventania System (Figs. 4a, b) indicate that 154 

both the ductile deformation of the basement and those of the lower units present a clear 155 

northeast vergence (Cucchi, 1966; Japas, 1989; von Gosen and Buggish, 1989; von Gosen 156 

et al., 1990; Sellés, 2001; among others). Seismic interpretation of the Claromecó Basin 157 

and the adjacent offshore platform to the east, clearly indicate a northeast vergence of the 158 

late Paleozoic deformation for hundreds of kilometers (Pángaro et al., 2016). 159 

 The importance of establishing the regional vergence of the strain associated 160 

with an orogen such as that of the Gondwanides, is that it allows identifying the polarity 161 

direction of the subduction prior to the collision. As can be seen in the Himalayas, the main 162 

transport direction of the thrust sheets of the Cenozoic fold and thrust belt is to the south, 163 

consistent with a previous subduction to the north.  164 

 165 

  <FIGURE 4 NEAR HERE> 166 

 167 

The deformation observed in the Ventania System as well as in the adjacent 168 

offshore platform requires a subduction polarity to the southwest beneath the North 169 

Patagonian Massif prior to the collision. The fold and thrust belt synthetic with the 170 

subduction polarity always has a greater development than antithetic belts. The northeast-171 

verging deformation north of the North Patagonian Massif , which constitutes the 172 

Gondwanides, is by far greater to that existing in the south with a southwestern vergence 173 

(Rapalini et al., 2010; Mosquera et al., 2011; Pángaro et al., 2016). 174 
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The synorogenic basins 175 

The existence of an important sedimentary basin between the Tandilia and Ventania 176 

systems was based on gravimetric data (Kostadinoff and Font, 1982). These data allowed to 177 

confirm the existence of a 10.5 km thick sedimentary depocenter by Introcaso (1982), 178 

developed along the western sector of the Gondwanides. This depocenter has been 179 

interpreted as a foredeep, the Claromecó's foredeep, associated with the fold and thrust belt 180 

of Ventania (Ramos, 1984). Similar conclusions came from López Gamundi and Rosello 181 

(1992), who recognized the importance of this foreland basin; new gravimetric studies 182 

showed the broad development of the basin in the province of Buenos Aires (Ramos and 183 

Kostadinoff, 2005).  184 

Studies on the adjacent continental shelf led to identify one of the largest late 185 

Paleozoic basins of Argentina, the Hesperides Basin (Fig. 5), which in its proximal part is 186 

more than 7,000 m thick (Pángaro et al., 2016). This large offshore basin has an inland 187 

depocenter represented by the Claromecó Basin, but their late Paleozoic deposits are relics 188 

of a broader basin that covered most of the province of Buenos Aires, including the 189 

Tandilia system (Harrington,1962). The vitrinite data of the late Paleozoic sediments in 190 

Claromecó Basin, and hydrothermal studies in the Tandil rocks, show a thickness over 191 

2,000 m of sediments of this age above the Tandilia basement, which has been eroded away 192 

along the Buenos Aires continental margin during the opening of the Atlantic Ocean 193 

(Pángaro et al., 2016). Moreover, a telodiagenetic stage was determined at 254 ± 7 Ma (K-194 

Ar in alunite) in the Neoproterozoic cover of the Tandilia System that demonstrate a burial 195 

and exhumation stage of the Tandilia area during the Permian (Zalva et al., 2007).  196 

   <FIGURE 5 NEAR HERE> 197 

 198 
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The basin extends north of Buenos Aires where it reaches a thickness of near 1 km 199 

al the latitude of Punta del Este Basin in Uruguay, and connects to the Parana/Chacoparana 200 

basin. The paleogeographic reconstruction shows a large foreland basin where the 201 

Hespérides and the Karoo basins where part of the same synorogenic system with an area 202 

of 2,100,000 sq. kms. This basin displays large turbiditic lobes during the Late Permian 203 

spanning for more than 700 to 800 km north of the orogenic front of the Gondwanides, 204 

almost the same order of magnitude as the lobes of the Hindus and Bengal megafans south 205 

of the Himalayas orogenic front (Fig. 6). This fact is typical of collisional-related basins 206 

where, as seen in the Hindus or the Bengal megafans, giant turbiditic lobes are developed 207 

(see Fig. 11.21 of Miall, 1995).  208 

 The petrographic provenance studies of the sedimentary sequences 209 

preserved in the the Ventania System and the Claromecó Basin, together with the 210 

paleocurrent analyses done by Andreis et al. (1987, 1989), and Andreis and Caldera (1992) 211 

have shown two different areas of provenance. The early Paleozoic series were deposited in 212 

a stable platform with a northern provenance, while the late Paleozoic deposits are molassic 213 

sediments, sourced from the south. This polarity change in the provenance has been 214 

confirmed by geochronological U-Pb LA-ICP-MS (laser ablation-inductively coupled 215 

plasma-mass spectrometry) analyses in detrital zircons of both series in the Ventania 216 

System (Ramos et al., 2014), as well as by geochemical studies of the different sedimentary 217 

units by Alessandretti et al. (2013). 218 

A foreland basin as described here with a minimum length of 1,000 km in the north-219 

south direction, and extended over 2,000 km parallel to the Gondwanides in South America 220 

and southern Africa (Fig. 5), indicates following Miall (1995), a large collisional-related 221 

foreland basin. The volume of sediments of this basin can be estimated in approximate 222 
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9,500 km3. If an almost orthogonal dispersion of the sediments is assumed (Pángaro et al., 223 

2016), this basin could be the result of orogenic uplift of a high mountain system, with a 224 

synorogenic topography of several thousand meters distributed across 300 km north-south. 225 

These values agree with an exhumation of more than 10 km as indicated by the high grade 226 

metamorphic rocks exposed in the North Patagonian Massif and in the Chadileuvú Block at 227 

the Cerro de los Viejos orthogneiss (Fig. 5). Exhumation of such a thick sedimentary pile is 228 

further supported by the measurement of some 14 km of deformed sedimentary rocks in the 229 

offshore extension of the frontal Gondwanide orogen some 350 km east of Cerro de los 230 

Viejos locality (Pángaro and Ramos 2012), which displays structures with a structural relief 231 

in excess of 5 km. 232 

   <FIGURE 6  NEAR HERE> 233 

 234 

This group of evidence would point to the occurrence of a Late Permian continent-235 

continent collision after a period of southwards subduction (present coordinates) as inferred 236 

by the dominant vergence of the structures that in the Ventania and Cape foldbelts have 237 

top-to-the-north vergence. Similar conclusions have been achieved in the Cape Belt of 238 

South Africa by Miller et al. (2016). The final stage of this collision is interpreted as Lower 239 

Triassic or younger (post 250 My) in the Argentinean offshore, on the basis of the 240 

observation of deformed strata correlated to the Lainsburg Formation of the Karoo basin 241 

and younger units (Pángaro et al. 2016). 242 

The roots of the late Paleozoic magmatic arcs 243 

There are several proposals for the location of a magmatic arc during the late 244 

Paleozoic in Patagonia. The classic Pacific margin magmatic arc, corresponding to the 245 

western belt, and a more controversial east-west belt along northern Patagonia. 246 
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a) The northern magmatic belt. The pioneer interpretations of Windhausen (1924) and 247 

Keidel (1925), followed by Marques de Almeida et al. (1976), among others, were based on 248 

the crustal differences between the Brazilian (and Rio de la Plata) Craton and Patagonia. 249 

These authors note a contrasting geologic evolution between the cratonic area of the 250 

Brazilian Platform and the Paleozoic history of the North Patagonian Massif. This 251 

contrasting difference led Harrington (1962) to coin the term Northpatagonian Nesocraton, 252 

to highlight its Paleozoic instability. 253 

The abundant magmatism of this region was described by Llambías et al. (1984), 254 

who characterized late Paleozoic plutonic rocks with a characteristic metaluminous calc-255 

alkaline trend in tonalities and granodiorites, which in the younger granites become 256 

peraluminous with transitions to peralkaline in the more differentiate types (Caminos et al., 257 

1988). However, the geochronological data that these authors presented were based on Rb-258 

Sr ages, not accurate enough to present day standards. 259 

The original allochthonous Patagonia hypothesis by Ramos (1984, 1986), was based 260 

on the supposedly Carboniferous granites in the North Patagonian Massif. These granites 261 

were later dated as Permian to Triassic by Pankhurst et al. (1992).  262 

New petrologic studies carried out in the northern part of the North Patagonian 263 

Massif show the complexity of the relations between magmatic rocks and the age of 264 

metamorphism (López de Lucchi et al., 2010; Rapalini et al., 2010; Chernicoff et al., 2013; 265 

Luppo et al., 2019; among many others). The study of Chernicoff et al. (2013) postulates 266 

that the deformation and metamorphism of the metasedimentary unit of the Yaminué 267 

Complex, occurred around 261 Ma coevally with the syn-kinematic intrusion of the 268 

tonalitic orthogneisses of the Yaminué Complex. According to these authors a strong 269 

Permian deformational event took place in northern Patagonian independently of the mid- 270 
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Carboniferous event of the western belt. This deformation was attributed to the frontal 271 

collision of the Patagonia (composite terrane) against Gondwana (Chernicoff et al., 2013). 272 

The occurrence of a frontal collision in northern Patagonia was also proposed by 273 

Rapalini et al. (2010), but with an older age for the deformation. This deformation was 274 

based on the magnetic fabrics, where plutonic rocks older than the Navarrete granodiorite 275 

of 281±3 Ma, have a strong tectonic foliation, which is absent in younger rocks. These 276 

authors related the strong deformation to a major NNE-SSW thrusting event. However, 277 

based on the apparent continuity of the crustal basement of Patagonia with Gondwana, 278 

assumed a parautochthonous origin for Patagonia, which collided after a short period of 279 

subduction of the Colorado Ocean, a temporary ocean no more than 1,000 km wide in a 280 

southwest to northeast direction. The paleomagnetic data presented by Luppo et al. (2019) 281 

is coherent with this hypothesis.  282 

The thermobarometric studies show important changes in the emplacement depth of 283 

these rocks in the Yaminué area (Rapalini et al., 2010). The metamorphic basement records 284 

a depth of 18 ± 2 km, similar to the Navarrete granodiorite of 19 ± 2 km, while the tonalitic 285 

rocks vary from 11 to 10 ± 1 km, indicating a rapid uplift. The main problem is the lack of 286 

an adequate amount of good quality dating, to specify the ages of the different facies to 287 

know the uplift time. The studies in the basement of Cerro Los Viejos, located further to the 288 

north (see location in Fig. 5) recognized several events at 280.4 ± 2.3, 265 ± 13, and 261 ± 289 

13 Ma (Tickyj et al., 1999), which indicate a complex history of deformation.  290 

On the other hand, it is important to remark the excellent review and study of 291 

Martínez Dopico et al. (2017) in a region further to the west, which after a meticulous 292 

petrologic study of the La Esperanza plutono-volcanic complex, concluded that between 293 
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273 and 246 Ma these rocks did not recorded deformation associated with an active 294 

collision during its crystallization and cooling.  295 

Despite the discrepancy between the ages of deformation between these studies, it is 296 

clear that there was a strong event in the early Permian, which may have reached the 297 

Middle Permian, associated with an uplift of 8 to 9 km. There is consensus that all this 298 

northern part of the North Patagonian Massif was affected by important rhyolitic 299 

magmatism that postdated the early Permian deformation, interpreted by Pankhurst et al. 300 

(2006) as produced by slab-breakoff. This rhyolitic rocks could be also an expression of 301 

lower crustal delamination after collision. 302 

b) The western magmatic belt. The early proposal that the Paleozoic magmatic arc was 303 

located from north to south in an oblique northwest trend across Patagonia was advanced 304 

by Halpern (1972, his Fig. 2b and Halpern et al., 1972), who indicated a Paleozoic 305 

subduction south of Buenos Aires province, which was confirmed by Forsythe (1982). The 306 

magmatic arc in this interpretation was developed parallel to the west of the Deseado 307 

Massif basement and due to the growth of the accretionary prism evolving in the present 308 

Pacific continental margin. This proposal was challenged by Ramos (1983), mainly based 309 

on the observation that in the Fuegian Andes the Jurassic deposits in the Bahía Arenal have 310 

a basal conglomerate with large garnet-bearing-gneiss clasts, which indicated the 311 

occurrence of a thick basement (see Caminos et al., 1981). This magmatic arc was 312 

developed on continental crust without a large sedimentary accretion postulated by 313 

Forsythe (1982) and it was recognized along the western sector of the North Patagonian 314 

Massif and in the subsurface of the San Jorge Basin (Ramos, 1983). Based on the late 315 

Paleozoic ages presented by Beckinsale et al. (1977) in the Malvinas Plateau its southern 316 

end was extended by some authors to cover the plateau (Forsythe, 1982; Ramos, 1983).  317 
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New U/Pb ages in the western sector of the North Patagonian Massif were presented 318 

by Varela et al. (2005) and Pankhurst et al. (2006), which improved the outline of the belt 319 

and constrained a mid-Carboniferous collision at 320 Ma. This interpretation postulates that 320 

subduction has a northward polarity, where the Deseado massif subducted beneath the 321 

North Patagonian Massif. The N-NW trend of the magmatic arc and associated collisional 322 

zone, according to Pankhurst et al. (2006), bend to the east beneath the San Jorge basin 323 

(Figs. 7a, b).  324 

    <FIGURE 7  NEAR HERE> 325 

 326 

However, the industrial data of the subsurface of the San Jorge Basin, indicate that 327 

the basement in the eastern sector of the basin is composed by metamorphic rocks, and the 328 

granitoids continue to the south into the eastern Deseado Massif (Renda et al., 2019). This 329 

reconstruction of a Devonian to Carboniferous northwest trending magmatic arc and 330 

associated collisional belt coincides with the data analyzed by Varela et al. (2005), 331 

Chernicoff et al. (2013) and Ramos and Naipauer (2014). The precise location of the 332 

magmatic arc, based on new geochronological data and an aeromagnetic dataset of Renda 333 

et al. (2019, their figs. 1 and 2) confirms the location of the northern and central part 334 

proposed by Ramos (2008).  335 

Recent studies of Oriolo et al. (2019) indicate along the western magmatic belt of 336 

Patagonia at the latitude of Bariloche, that amphibolite facies of a prograde metamorphism 337 

at near 300 Ma, were not related to a collisional event, disregarding the proposal of 338 

Martínez et al. (2012). These last authors proposed that the Chilenia terrane collided at 339 

these latitudes south of the Huincul-High boundary of Patagonia, although most of previous 340 

studies showed that the collision of this terrane is only recognized north of that boundary 341 
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(see Mosquera and Ramos, 2006, and cites therein). The studies of Oriolo et al. (2019) 342 

clearly indicate that Devonian-Carboniferous deformation and metamorphism in the 343 

northern Patagonian Cordillera, was coeval with the deformation in the accretionary prism 344 

during an important crustal thickening estimated at about 70 km and an exhumation episode 345 

in the order of 20 km.  346 

Data from several oil wells in northern Argentinean Tierra del Fuego, led to the 347 

recognition of  late Paleozoic granitoids through K-Ar dating, which can be correlated to a 348 

Permian high temperature metamorphic event described by Hervé et al. (2010) and Castillo 349 

et al. (2016). New data in the adjacent Chilean sector recognized through U-Pb dating in 350 

zircons Permian granitoids in three wells with an age between 254 and 258 Ma by (Castillo 351 

et al., 2017). Based on these new dating the magmatic front of the late Paleozoic arc in the 352 

southern sector should be along eastern Tierra del Fuego, modifying the early proposal of 353 

Ramos (2008). On the other hand, in Tierra del Fuego the unconformity between high-354 

grade metamorphic rocks and the Tobífera volcanic rocks indicates a post-Permian 355 

exhumation of 8-12 km (Hervé et al., 2010; Lovecchio et al., 2019), compatible with the 356 

collision with a continental block, such as the Antarctic Peninsula (see Ramos, 2008). 357 

Although Pankhurst et al. (2006) proposed a collision in mid-Carboniferous times, 358 

the new data of Renda et al. (2019) indicate that plutonism and high grade metamorphism 359 

could be as old as late Devonian, outlining a Devonian-Carboniferous arc as the one 360 

proposed by Chernicoff et al. (2013) and Ramos and Naipauer (2014). The increase 361 

complexity of the Devonian setting is shown by the collision of an island arc terrane, as 362 

Chaitenia, now preserved in the accretionary prism at these latitudes (Hervé et al., 2018). 363 

Based on the previous discussion, there seems to be some consensus in the northern 364 

sector of the western magmatic belt of Patagonia along the latitude of the North Patagonian 365 
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Massif. This sector was a regular Andean-type margin with no collision, except for a minor 366 

island arc, during Devonian times, which could be related with the deformation described at 367 

350 Ma by Renda et al. (2019). 368 

The southern sector of this belt might have had a collision with the Antarctic 369 

Peninsula as proposed by Ramos (2008), but more petrologic studies should be carried out 370 

to identify its precise evolution and potential sutures. 371 

The collision of the Deseado Massif 372 

Since the early and fragmentary interpretation of Frutos and Tobar (1975), who 373 

have proposed that an early Paleozoic subduction zone across Patagonia beneath the San 374 

Jorge Basin, north of the Deseado Massif, this hypothesis has been brought back over the 375 

years. A second attempt was done by Gallagher (1990) who proposed that the Deseado 376 

Massif was accreted to Gondwana during Carboniferous-Permian times, in a similar way to 377 

that proposed more recently by Pankhurst et al. (2006).  378 

 There is no doubt that the presence of two independent massifs in Patagonia, 379 

the North Patagonian and the Deseado massifs, separated by a Mesozoic rift basin as the 380 

San Jorge, indicates a conspicuous first-order discontinuity in the crustal structure of 381 

Patagonia, as pointed out by Renda et al. (2019) on geophysical grounds. The occurrence of 382 

early Paleozoic igneous and metamorphic rocks in the Deseado Massif led Ramos (2004) to 383 

speculate that a possible collision between the two blocks could have happened in 384 

Devonian times. However, the new geochronological data makes this somewhat unlikely. 385 

On the other hand, the lack of a well dated and continuous magmatic arc in the 386 

northern belt of Patagonia as proposed by Winter (1984) and Ramos (1987) favored the 387 

idea that a potential late Paleozoic orogen underlies the San Jorge Basin (Pankhurst et al., 388 

2006). As previously discussed, these authors fail to explain the location of the late 389 
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Paleozoic magmatic arc, which crosses the basin with a north-northwest trend as depicted 390 

recently by Renda et al. (2019). 391 

In recent years, many authors followed the hypothesis of Pankhurst et al. (2006). 392 

Among them, the work of González et al. (2018) interpreted the North Patagonian Massif 393 

as a composite terrane derived from Antarctica, which collided with Gondwana in Late 394 

Cambrian-Early Ordovician times. This early collision is difficult to reconcile with the 395 

evolution of Ventania in a passive margin setting as described by Ramos and Kostadinoff 396 

(2005) and Ramos et al. (2014), who describe an Ordovician to Devonian passive margin 397 

with dominant paleocurrents to the south. The change in the paleocurrents pattern and the 398 

uplift of the southern sector was identified from the Carboniferous to the Permian by many 399 

studies (Andreis et al., 1987, 1989; Alessandretti et al., 2013; Ramos et al., 2014).   400 

González et al. (2018) suggested that after the early Paleozoic collision of the North 401 

Patagonian Massif with Gondwana, the Deseado Massif, together with the basement of the 402 

Magallanes Basin, would approach to end up colliding in the late Paleozoic. This 403 

hypothesis fails to explain two first order facts that invalidate the proposed interpretation. 404 

The first is that the magmatic belt of late Paleozoic rocks does not turn eastward in 405 

the San Jorge Basin (Ramos, 2008; Renda et al., 2019), but on the contrary, it maintains 406 

almost a north-south trend that continues to Tierra del Fuego (Hervé et al., 2010). If the 407 

magmatic arc has an almost north-south direction, the collision of this margin would 408 

produce structures parallel to it (see the structures described by Renda et al., 2019), and not 409 

in an orthogonal direction that dominates the northern sector of the North Patagonian 410 

Massif. 411 

The second fact is that both precollisional and postcollisional magmatism is located 412 

in the northern sector of the North Patagonian Massif, more than 600 km from the late 413 
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Paleozoic suture proposed along the northern end of the Deseado Massif. The deformation 414 

of Ventania fold belt is more than 1000 km away, and the resulting synorogenic basin is 415 

even farther. The slab breakoff and associated delamination is also far away of the 416 

magmatic arc. 417 

The Carboniferous collision 418 

The collision identified by Pankhurst et al. (2006) in the southwestern part of the 419 

North Patagonian Massif was based on the pattern of subduction-related magmatism, 420 

metamorphism and crustal melting at about 320 Ma. These authors interpreted a short 421 

period of ocean-floor subduction with north-eastern polarity followed by crustal anatexis 422 

during the mid-Carboniferous.  However, they fail to explain the longer period of 423 

subduction, which started in the Devonian (Renda et al., 2019). Although, if a collision is 424 

accepted, it is necessary to identify the boundaries of the terrane that has collided and its 425 

characteristics. The new basement ages obtained from drilling cores in the subsurface of 426 

Tierra del Fuego (Castillo et al., 2017), modify the location of the magmatic arc. This 427 

allows, accepting a polarity towards the east-northeast according to Pankhurst et al. (2006), 428 

to outline the form and dimensions of this crustal block (Fig. 8). 429 

 430 

<FIGURE 8  NEAR HERE> 431 

A collision on the Argentinian side of the Andes would have started in the Cordón 432 

del Serrucho area, north of El Bolsón (Fig. 8) at about 42ºS (Pankhurst et al., 2006), in 433 

coincidence with the change in the direction of the magmatic arc. With this new outline, 434 

only the western sector of the Deseado Massif is involved in the colliding block, together 435 

with the basement of the Magallanes Basin as proposed by González et al. (2018). Ghidella 436 

et al. (2002) have proposed that at about 160 Ma the Antarctic Península crustal block was 437 
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detached from Patagonia. The previous location of this crustal block should be more to the 438 

north than suggested, near the Present Chiloé Island to match the outline of the western 439 

magmatic belt. If the Antarctic Peninsula was not involved in the collision, the remaining 440 

Southern Patagonia block would be too small to produce the proposed major collision. 441 

With this configuration of the Southern Patagonia block, it is not feasible to produce the 442 

deformation and uplift of the North Patagonian Massif, the Ventania System, and the 443 

extensive synorogenic turbiditic lobes that are recorded in the Hesperides and Karoo basins. 444 

Based on the present outline of the magmatic belt there are two alternatives to 445 

explain this configuration. 446 

The first alternative could be a Carboniferous shallowing of the subduction zone, 447 

the flat-slab proposed of Navarrete et al. (2019), but for the late Paleozoic and not during 448 

Triassic as these authors suggested. Flat slab subduction between 42 and 48° S should have 449 

ceased in the Late Permian-Early Triassic to allow the development of the rift systems of El 450 

Tranquilo and the Malvinas Basin recently dated as Triassic by Lovecchio et al. (2019). On 451 

the other hand, this alternative would not explain the deformation, uplift, and melting 452 

described by Pankhurst et al. (2006) at 42ºS, with an exhumation that could reach 8 to 12 453 

km in Tierra del Fuego (Hervé et al., 2010). This hypothesis explains the easterly migration 454 

of the arc in the 42-48° S segment between the North Patagonian and Deseado Massifs. 455 

The second alternative, which is favored in this work, is the collision of a block, the 456 

Southern Patagonia terrane that may include the Antarctic Peninsula. This collision would 457 

explain the deformation, metamorphism, melting, and important uplift observed. 458 

Discussion and concluding remarks 459 

The analysis of the different processes that have been used to explain the origin and 460 

evolution of Patagonia shows that none of the alternatives proposed above are suitable to 461 
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explain all the geological features described. However, each of the alternatives analyzed 462 

contains partial successes, which can be integrated into a more holistic interpretation that 463 

tends to explain as reasonably as possible the Paleozoic evolution of Patagonia. 464 

One of the most outstanding features of this geological evolution is the development 465 

of the Hesperides Basin, hundreds of kilometers of longitudinal extension, which if 466 

integrated with the evolution of the Karoo basin (Pángaro et al., 2016), allows us to 467 

recognize a continent-continent collision with a development of thousands of kilometers 468 

parallel to the margin (Fig. 9). In support of this hypothesis, the new data described in the 469 

basement south of the Cape Belt of South Africa have recognized a Permian metamorphism 470 

at 253 Ma (Miller et al., 2016), consistent with that observed in the northern sector of the 471 

North Patagonian Massif. A deformation as widespread and as important on a continental 472 

scale (Fig. 9) cannot be explained by a small collision, such as that of a piece of the 473 

Deseado Massif as suggested by Pankhurst et al. (2006) and Gonzalez et al. (2018). 474 

<FIGURE 9  NEAR HERE> 475 

The northern sector of the North Patagonian Massif recorded an intense magmatic 476 

activity, part of which is not related to a collisional activity as evidenced by Martínez 477 

Dopico et al. (2017), with the development of extensive Permo-Triassic rhyolitic plateaux 478 

(Llambías et al., 1984). This activity is characteristic of a postcollisional magmatic setting, 479 

either associated with a slab breakoff or a major crustal delamination, or both (Pankhurst et 480 

al., 2006). These magmatic processes are linked from the structural point of view to an 481 

extensional collapse of the late Paleozoic thrusts developed after the compressive stage, as 482 

identified by Lovecchio et al. (2018). This intense magmatism partially obliterated the 483 

previous late Paleozoic magmatic arc, of which there are some relics such as the Yaminue 484 

orthogneiss, or some inherited zircons in the younger rhyolites (Chernicoff et al., 2013). 485 
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  486 

The presence of archeocyathids in the North Patagonian Massif, whose analysis and 487 

paleontological study shows a clear correspondence with those of the Shackleton 488 

Limestone of Early Cambrian age (González et al., 2011, 2013), further confirms the 489 

allochthonous nature of this massif. The tectonic setting of the unit bearing this 490 

archeocyatids was widely discussed by Ramos and Naipauer (2014). Attempts to associate 491 

them with other archeocyathids do not resist taxonomic screening.  492 

The intense deformation described both in the North Patagonian Massif, by the 493 

continental collision, the structure of the fold and thrust belt, and the involvement of the 494 

basement of the massif in the internal sector south of the orogenic front with a dominant 495 

northeast vergence is illustrated in figure 10. It is important to highlight that the subsurface 496 

basement structures of the Neuquén basin show an orthogonal intersection of the structures 497 

that reinforces the important discontinuity between Gondwana and Patagonia as described 498 

by Mosquera and Ramos (2006). 499 

The conceptual section presented in figure 10 is based on the longitudinal seismic 500 

lines of the adjacent offshore shelf (Ramos et al., 2014; Pángaro et al., 2016). This structure 501 

is complemented by the south vergence thrusts described by Rapalini et al. (2010) and 502 

López de Lucchi et al. (2010) in the central part of the North Patagonian (or Somun Cura) 503 

Massif. The hypothesis that suggests that the Deseado Massif in the Carboniferous was 504 

subducting towards the northeast (Pankhurst et al., 2006) fails to explain this double 505 

verging thrust system, where the northern vergence is much more developed than the south 506 

as seen in continent-continent collision as the Himalayas. 507 

 508 

 <FIGURE 10  NEAR HERE> 509 
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 510 

In relation to the western magmatic belt, there is greater consensus that extends with 511 

a north-northwest trend from the north of the North Patagonian Massif to the south, to at 512 

least the island of Tierra del Fuego (Hervé et al 2010). However, there is no consensus on 513 

the dimensions and outline of the block that collided south of the 42ºS along the Pacific 514 

margin, which has been called Southern Patagonia by Ramos (2008), which may include 515 

the Antarctic Peninsula. An alternative interpretation was proposed by Navarrete et al. 516 

(2019) invoking a flat-slab subduction, which if existed must have developed in the late 517 

Paleozoic and not in the Late Triassic-Early Jurassic as suggested by the authors, because 518 

the Mesozoic was an era of generalized extension in the southwestern margin of Gondwana 519 

(Lovecchio et al., 2020). 520 

It can be concluded that of all the hypotheses presented, the one that advocate a 521 

continent-continent frontal collision of Patagonia, which encompass the development of the 522 

Gondwanides along the southern margin of South Africa, is the one that contains the 523 

greatest coincidences with the observed geological data. However, research should continue 524 

to try to understand the eastward expansion of the southern sector of the western Devonian-525 

late Paleozoic magmatic belt, which requires more structural data of its poorly exposed 526 

basement. 527 

Acknowledgments 528 

We expressly wish to thank Chris Powell (1943–2001) for his past support who, in 529 

his visit to the Sierra de la Ventana at the end of the 80s, when observing the ductile 530 

deformation of the La Lola Conglomerate, compared its character with the dynamic 531 

metamorphism observed by him in Beluchistan, southern Himalayas. He was one of the 532 

first researchers to recognize the structure of southern part of the Ventania System was 533 



 

24 

related to collision, and discussions with him here, and abroad (with V.R.) on the basement 534 

of Australia and New Zeeland enriched our understanding. We want to express our 535 

gratitude to one of the reviewers, Dr. Ian Dalziel, for his positive comments that contribute 536 

to improving the manuscript. This is the contribution XX of the Instituto de Estudios 537 

Andinos don Pablo Groeber (UBA-CONICET). 538 

 539 

REFERENCES 540 

Alessandretti, L., Philipp, R. P., Chemale Jr., F., Brückmann, M. P., Zvirtes, G., Matté, V., 541 

& Ramos, V. A. (2013). Geochemistry, provenance, and tectonic setting of the 542 

Paleozoic Ventania Fold Belt and the Claromecó Foreland Basin: Sedimentation and 543 

volcanism along the southwestern Gondwana margin. Journal of South American 544 

Earth Sciences, 47, 12–31. 545 

Andreis, R. R., Archangelsky, S., González, C. R., López Gamundi, O., Sabattini, N., 546 

Aceñolaza, G., Azcuy, C. L., Cortiñas, J., Cuerda, A., & Cúneo, R.  (1987). Cuenca 547 

Tepuel – Genoa. In S. Archangelsky (Ed.). El Sistema Carbonífero de la República 548 

Argentina. Academia Nacional de Ciencias, Publicación Especial, (pp. 169–196). 549 

Córdoba. 550 

Andreis, R. R., & Cladera, G. (1992). Las epiclastitas pérmicas de la cuenca Sauce Grande 551 

(Sierras Australes, Buenos Aires, Argentina), Parte II: Emplazamiento tectónico de 552 

las áreas de aporte. Actas 4º Reunión Argentina de Sedimentología, 1, (pp. 135–142). 553 

La Plata. 554 

Andreis, R.R., Iñiguez, A.M., Lluch, J.L., & Rodríguez, S. (1989). Cuenca paleozoica de 555 

Ventania, Sierras Australes, provincia de Buenos Aires. In G. Chebli, & L. Spalletti, 556 



 

25 

(Eds.). Cuencas Sedimentarias. Universidad Nacional de Tucumán, Serie 557 

Correlación Geológica, 6, 265–298. Tucumán. 558 

Bekinsale, R., Tarney, J., Dombyshire, D., & Humm, H. 1977. Rb-Sr and K-Ar 559 

determinations of the Falkland Plateau basement at site 330 D.S.D.P. Initial Reports 560 

36, 923–928. 561 

Caminos, R., Haller, M. A., Lapido, O., Lizuaín, A., Page R., & Ramos, V. A. (1981).  562 

Reconocimiento geológico de los Andes Fueguinos. Territorio Nacional de Tierra del 563 

Fuego. Actas 8° Congreso Geológico Argentino (San Luis), 3, (pp. 759–786). Buenos 564 

Aires. 565 

Caminos, R., Llambías, E. J, Rapela, C. W., & Parica, C. A. 1988. Late Paleozoic Early 566 

Triassic magmatic activity of Argentina and the significance of new Rb/Sr ages from 567 

Northern Patagonia. Journal of South American Earth Sciences, 1(2), 137–146. 568 

Castillo, P., Fanning, C. M., Hervé, F., & Lacassie, J. P. (2016). Characterisation and 569 

tracing of Permian magmatism in the south-western segment of the Gondwanan 570 

margin; U–Pb age, Lu–Hf and O isotopic compositions of detrital zircons from 571 

metasedimentary complexes of northern Antarctic Peninsula and western Patagonia. 572 

Gondwana Research, 36, 1–13. 573 

Castillo, P., Fanning, C. M., Pankhurst, R., Hervé, F., & Rapela, C. W. (2017). Zircon O- 574 

and Hf-isotope constraints on the genesis and tectonic significance of Permian 575 

magmatism in Patagonia. Journal of the Geological Society, 174, 803–816. 576 

Chernicoff, J., Zappettini, E., Santos, J., McNaughton, N., & Belousova, E. (2013). 577 

Combined UPb SHRIMP and Hf isotope study of the Late Paleozoic Yaminue 578 



 

26 

Complex, Río Negro Province, Argentina: implications for the origin and evolution 579 

of the Patagonia composite terrane. Geoscience Frontiers 4, 37–56. 580 

Coney, P. J., Jones, D. L., & Monger, J. W. H. (1980). Cordilleran suspect terranes. Nature, 581 

288, 329–333. London. 582 

Cucchi, R. J. 1966. Petrofábrica del conglomerado de la Formación La Lola, Sierras 583 

Australes de la provincia de Buenos Aires. Revista de la Asociación Geológica 584 

Argentina, 21, 71–106. 585 

Dalziel, I., Lawver, L., & Murphy, J. (2000). Plumes, orogenesis, and supercontinental 586 

fragmentation. Earth Planetary and Science Letters, 178, 1–11. 587 

Du Toit, A. L. (1927). A geological comparison of South America with South Africa. 588 

Publications Carnegie Institute, 381, 1–157. Washington. 589 

Du Toit, A.L. (1937). Our wandering continents. An hypothesis of continental drifting. 590 

Oliver & Boyd, 366 p. London. 591 

Forsythe, R. (1982). The Late Paleozoic to Early Mesozoic evolution of Southern South 592 

America: a plate tectonic interpretation. Journal Geological Society, 139, 671–682. 593 

Frutos, J., & Tobar, A. (1975). Evolution of the Southwestern Continental Margin of South 594 

America. In K. S. W. Campbell (Ed.). III° International Gondwana Symposium, 595 

Canberra, Gondwana Geology, (pp. 565-578), Australian National University Press. 596 

Gallagher, J. J. 1990. Andean chronotectonics. In G. E. Ericksen, M. T. Cañas Pinochet, & 597 

J. A. Reinemud (Eds.). Geology of the Andes and its Relation to Hydrocarbon and 598 

Mineral Resources, Circumpacific Council for Energy and Mineral Resources, Earth 599 

Sciences Series, 11, 23–38. Houston. 600 



 

27 

Ghidella, M. E., Yañez, G., & LaBrecque, H. L. (2002). Revised tectonic implications for 601 

the magnetic anomalies of the Western Weddell Sea. Tectonophysics, 347 (1–3), 65–602 

86. 603 

González, P. D., Sato, A. M., Naipauer, M., Varela, R., Basei, M. A. S., Sato, K., Llambías, 604 

E. J., Chemale, F., & Castro Dorado, A. (2018). Patagonia-Antarctica Early Paleozoic 605 

conjugate margins: Cambrian synsedimentary silicic magmatism, U-Pb dating of K-606 

bentonites, and related volcanogenic rocks. Gondwana Research, 63, 186–225. 607 

González, P. D., Sato, A. M., Varela, R., Llambías, E.J., Naipauer, M., Basei, M.A.S., 608 

Campos, H., & Greco, G. A. 2008. El Molino pluton: a granite with regional 609 

metamorphism within El Jagüelito Formation, North Patagonian Massif. VI° South 610 

American Symposium on Isotope Geology,  (pp. 1–4). S.C. Bariloche. 611 

González, P. D., Tortello, F., & Damborenea, S. (2011): Early Cambrian archaeocyathan 612 

limestone blocks in low-grade metaconglomerate from El Jagüelito Formation (Sierra 613 

Grande, Río Negro, Argentina). Geologica Acta, 9, 159–173. 614 

González, P. D., Tortello, M. F., Damborenea, S. E., Naipauer, M., Sato, A. M., & Varela, 615 

R. (2013): The Archaeocyaths from South America: review and a new record. 616 

Geological Journal, 48(2-3), 114–125. 617 

Gregori, D. A., Kostadinoff, J., Álvarez, G., Raniolo, A., Strazzere, L., Martínez, J.C., & 618 

Barros, M. (2013). Preandean geological configuration of the eastern North 619 

Patagonian Massif, Argentina. Geoscience Frontiers, 4, 693–708. 620 



 

28 

Gregori, D. A., Kostadinoff, J., Strazzere, L., & Raniolo, A. 2008. Tectonic significance 621 

and consequences of the Gondwanide orogeny in northern Patagonia, Argentina. 622 

Gondwana Research, 14, 429–450. 623 

Halpern, M. (1972). Geochronologic evolution of southern South America. In: International 624 

Symposium on the Carboniferous and Permian Systems in South America. Anais 625 

Academia Brasileira de Ciencias, 44, 149–160. 626 

Halpern, M., Urquart, M., & Linares, E. (1972). Radiometric ages of crystalline rocks form 627 

southern South America as related to Gondwana and Andean Geologic provinces, 628 

Upper Mantle Project, Conference Solid Earth Problems, 2, (pp. 345–356). Buenos 629 

Aires. 630 

Harrington, H. J. 1962. Paleogeographic development of South America. American 631 

Association of Petroleum Geologists, Bulletin, 46, 1773–1814. 632 

Hervé, F., Calderón, M., Fanning, C. M., Kraus, S., & Pankhurst, R. 2010. SHRIMP 633 

chronology of the Magallanes Basin basement, Tierra del Fuego: Cambrian plutonism 634 

and Permian high-grade metamorphism. Andean Geology, 37(2), 253–275. 635 

Hervé, F., Calderón, M., Fanning, C. M., Pankhurst, R., Rapela, C. W, & Quezada, P. 2018. 636 

The country rocks of Devonian magmatism in the North Patagonian Massif and 637 

Chaitenia. Andean Geology, 45(3), 301–317. 638 

Holmberg, E. L. (1884). La Sierra de Cura-Malal. Informe presentado al Exmo. 639 

Gobernador de la provincia de Buenos Aires doctor Dardo Rocha. Ed. Coni, 83 p. 640 

Buenos Aires. 641 



 

29 

Ingersoll, R. V., Graham, S. A., & Dickinson, W. R. (1995). Remnant ocean Basins. In C. 642 

J. Busby, & R.V. Ingersoll (Eds.). Tectonics of Sedimentary Basins, (pp. 363–391), 643 

Blackwell Science, Massachusetts. 644 

Introcaso, A. (1982). Características de la corteza en el positivo bonaerense: Tandilia-645 

Cuenca Interserrana-Ventania a través de datos de gravedad. Observatorio 646 

Astronómico Municipalidad de Rosario, Publicación IFIR 8, 82 p. Rosario. 647 

Japas, M. S. (1989). La deformación de la cadena plegada de las Sierras Australes de 648 

Buenos Aires. Anales de la Academia Nacional de Ciencias Exactas, Físicas y 649 

Naturales, 41,1–23. 650 

Keidel, J. (1916). La geología de las Sierras de la Provincia de Buenos Aires y sus 651 

relaciones con las montañas de Sudáfrica y Los Andes. Anales Ministerio de 652 

Agricultura de La Nación, Sección Geología, Mineralogía y Minería, 11(3), 1–78. 653 

Buenos Aires. 654 

Keidel, J. (1925). Sobre el desarrollo paleogeográfico de las grandes unidades geológicas 655 

de la Argentina. Anales Sociedad Argentina de Estudios Geográficos GAEA, 4, 251–656 

312. Buenos Aires. 657 

Kostadinoff, J., & Font de Affolter, G. (1982). Cuenca interserrana bonaerense, Argentina. 658 

Actas 5° Cogreso Latinoamericano de Geología, 4, (pp. 105–121). Buenos Aires.  659 

Li, Zheng-Xiang & Li, Xian-Hua (2007). Formation of the 1300-km-wide intracontinental 660 

orogen and postorogenic magmatic province in Mesozoic South China: A flat-slab 661 

subduction model. Geology, 35 (2), 179–182. 662 



 

30 

Lock, B. E. (1980). Flat-plate subduction and the Cape Fold Belt of South Africa. Geology, 663 

8, 35–39. 664 

Llambías, E. J., Caminos, R.,  & Rapela, C. W. (1984). Las plutonitas y vulcanitas del 665 

Ciclo Eruptivo Gondwánico. In V.A. Ramos (Ed.). Geología y Recursos Naturales de 666 

la Provincia de Río Negro. XI° Congreso Geológico Argentino, Relatorio, (pp. 85–667 

118). Buenos Aires. 668 

López de Luchi, M. G., Rapalini, A. E., & Tomezzoli, R. N. (2010). Magnetic fabric and 669 

microstructures of Late Paleozoic granitoids from the North Patagonian Massif: 670 

Evidence of a collision between Patagonia and Gondwana? Tectonophysics, 494, 671 

118–137. 672 

López Gamundi, O. R., & Rossello, E. 1992. La cuenca intraserrana de Claromecó, 673 

Argentina: un ejemplo de cuenca de antepaís hercínica. Actas VIII° Congreso 674 

Latinoamericano de Geología, Simposios, 4, 55–59. Salamanca. 675 

Lovecchio, J. P., Naipauer, M., Cayo, L. E., Rohais, S., Giunta, D., Flores, G., Gerster, R., 676 

Bolatti, N. D., Joseph, P., Valencia, V., & Ramos, V. A. (2019). Rifting evolution of 677 

the Malvinas basin, offshore Argentina: new constrains from zircon U–Pb 678 

geochronology and seismic characterization. Journal of South American Earth 679 

Sciences, 95, 102–153. 680 

Lovecchio, J. P., Rohais, S., Joseph, P., Bolatti, N. D., Kress, P. R., Gerster, R., & Ramos, 681 

V. A. (2018). Multistage rifting evolution of the Colorado basin (offshore Argentina): 682 

Evidence for extensional settings prior to the South Atlantic opening. Terra Nova, 30, 683 

359–368.  684 



 

31 

Lovecchio, J. P., Rohais, S., Ramos, V. A., Joseph, P., & Bolatti, N. (2020). Mesozoic 685 

rifting evolution of SW Gondwana: a poly-phased, subduction-related, extensional 686 

history responsible for basin formation along the Argentinean Atlantic margin. Earth 687 

Science Reviews, 203, 103–138. 688 

Luppo, T., Martínez Dopico, C. I., Rapalini, A., López de Luchi, M. G., Míguez, M., & 689 

Fanning, C. M. (2019). Paleomagnetism of Permo–Triassic volcanic units in northern 690 

Patagonia: are we tracking the final stages of collision of Patagonia? International 691 

Journal of Earth Sciences, 108, 621–647. 692 

Marques de Almeida, F. F., Hasui, Y., & Brito Neves, B. B. (1976). The Upper 693 

Precambrian of South America. Universidade de São Paulo, Instituto de Geociencias, 694 

Boletim, 7, 45–80, São Paulo. 695 

Martínez, J. C., Dristas, J. A., & Massonne, H. ‐J. (2012). Palaeozoic accretion of the 696 

icrocontinent Chilenia, North Patagonian Andes: high‐pressure metamorphism and 697 

subsequent thermal relaxation. International Geology Review, 54(4), 472–490. 698 

Martínez Dopico, C. I., López de Luchi, M.G., Rapalini, A.E., Wemmer, K., Fanning, M., 699 

& Basei, M. (2017). Emplacement and temporal constraints of the Gondwanan 700 

intrusive complexes of Northern Patagonia: La Esperanza plutono-volcanic case. 701 

Tectonophysics, 712–713, 249–269. 702 

Miall, A.D. (1995). Collisional-related basins. In C.J. Busby, & R.V. Ingersoll (Eds.). 703 

Tectonics of Sedimentary Basins, (pp. 393–424), Blackwell Science, Massachusetts. 704 

Miller, W., de Wit, M. J., Linol, B., & Armstrong, R. (2016). New Structural Data and 705 

U/Pb Dates from the Gamtoos Complex and Lowermost Cape Supergroup of the 706 



 

32 

Eastern Cape Fold Belt, in Support of a Southward Paleo-Subduction Polarity. In B. 707 

Linol, & M.J. de Wit (Eds.). Origin and Evolution of the Cape Mountains and Karoo 708 

Basin, Regional Geology Reviews, (pp. 35–44). Springer.  709 

Monger, J. H. W., Price, R.,A., & Tempelman-Kluit, D. J. (1982). Tectonic accretion and 710 

the origin of two major metamorphic and plutonic welts in the Canadian Cordillera. 711 

Geology, 10, 70–75. 712 

Mosquera, A., & Ramos, V. A. (2006). Intraplate deformation in the Neuquén Basin. In 713 

S.M. Kay, & V.A. Ramos (Eds.). Evolution of an Andean margin: A tectonic and 714 

magmatic view from the Andes to the Neuquén Basin (35°–39°S latitude). Geological 715 

Society of America, Special Paper, 407, 97–124. 716 

Mosquera, A., Silvestro J., Ramos, V. A., Alarcón, M., & Zubiri, M. (2011). La estructura 717 

de la dorsal de Huincul. In H. Leanza, et al. (Eds.). Geología y Recursos Naturales de 718 

la Provincia del Neuquén, 17ª Congreso Geológico Argentino, Relatorio, (pp. 385–719 

398). Neuquén. 720 

Murphy, J. B., Oppliger, G. L., & Brimhall, Jr., G. H. (1998). Plume-modified orogeny: An 721 

example from the western United States. Geology, 26 (8), 731–734. 722 

Navarrete, C., Gianni G., Encinas A., Márquez M., Kamerbeek Y., Valle M., & Folguera A. 723 

(2019). Triassic to Middle Jurassic geodynamic evolution of southwestern 724 

Gondwana: From a large flat-slab to mantle plume suction in a rollback subduction 725 

setting. Earth-Science Reviews, 194, 125–159. 726 

Oriolo. S., Schulz, B., González, P. D., Bechis, F., Olaizola, E., Krause, J., Renda, E. M., & 727 

Vizán, H. (2019). The Late Paleozoic tectonometamorphic evolution of Patagonia 728 



 

33 

revisited: Insights from the pressure‐temperature-deformation‐time (P‐T‐D‐t) 729 

path of the Gondwanide basement of the North Patagonian Cordillera (Argentina). 730 

Tectonics, 38, 2378–2400. 731 

Pángaro, F., & Ramos, V.A. (2012). Paleozoic crustal blocks of onshore and offshore 732 

central Argentina: new pieces of the southwestern Gondwana collage and their role in 733 

the accretion of Patagonia and the evolution of Mesozoic south Atlantic sedimentary 734 

basins. Marine and Petroleum Geology, 37, 162–183. 735 

Pángaro, F., Ramos, V. A., & Pazos, P. J. (2016). The Hesperides basin: a continental-scale 736 

upper Palaeozoic to Triassic basin in southern Gondwana. Basin Research, 28(5), 737 

685–711. 738 

Pankhurst, R. J., Rapela, C. W., Caminos, R., Llambías, E. J., & Párica, C. 1992. A revised 739 

age for the granites of the central Somuncura batholith, North Patagonian Massif. 740 

Journal of South American Earth Sciences, 5, 321–325.  741 

Pankhurst, R. J., Rapela, C. W., Fanning, C. M., & Márquez, M. (2006). Gondwanide 742 

continental collision and the origin of Patagonia. Earth Science Reviews, 76, 235–743 

257. 744 

Paton, D. A., Mortimer, E. J., Hodgson, N., & Van Der Spuy, D. (2016). The missing piece 745 

of the South Atlantic jigsaw ‐ when continental break‐up ignores crustal 746 

heterogeneity. Petroleum Geoscience of the West Africa Margin, Geological Society, 747 

Special Publications, 438, 195–210. London. 748 

Ramos, V. A. (1983). Evolución tectónica y metalogénesis de la Cordillera Patagónica. 749 

Actas 2° Congreso Nacional Geología Económica, 1, (pp. 108–124). San Juan. 750 



 

34 

Ramos, V. A. (1984). Patagonia: ¿Un continente paleozoico a la deriva? Actas 9° Congreso 751 

Geológico Argentino, 2, (pp. 311–325). S.C. Bariloche. 752 

Ramos, V. A. (1987). Tectonostratigraphy, as applied to analysis of South African 753 

Phanerozoic Basins by H. de la R. Winter, discussion. Transactions Geological 754 

Society South Africa, 87(2), 169–179. 755 

Ramos, V. A. (2008). Patagonia: A Paleozoic continent adrift? Journal of South American 756 

Earth Sciences, 26(3), 235–251. 757 

Ramos, V. A. (2015). Evolución de la cuenca Golfo San Jorge: su estructuración y régimen 758 

tectónico. Revista de la Asociación Geológica Argentina, 72(1), 16–24. 759 

Ramos, V.A., & Kostadinoff, J. (2005). La cuenca de Claromecó. In R.E. de Barrio, R.O. 760 

Etcheverry, M.F. Caballé, & E. Llambías, (Eds.). Geología y recursos minerales de la 761 

Provincia de Buenos Aires. 16° Congreso Geológico Argentino, Relatorio, (pp. 473–762 

480). La Plata. 763 

Ramos, V. A., Chemale Jr., F., Lovecchio, J. P., & Naipauer, M. (2019). The Malvinas 764 

(Falkland) Plateau derived from Africa? Constraints for its tectonic evolution. Science 765 

Reviews from the end of the world, 1(1), 10–22. 766 

Ramos, V. A., Chemale Jr., F., Naipauer, M., & Pazos, P. (2014). A Provenance study of 767 

the Paleozoic Ventania System (Argentina): Transient complex sources from western 768 

and eastern Gondwana. Gondwana Research, 26, 719–740. 769 

Ramos, V. A., Cingolani, C., Chemale Junior, F., Naipauer, M., & Rapalini, A. (2017). The 770 

Malvinas (Falkland) Islands revisited: The tectonic evolution of southern Gondwana 771 



 

35 

based on U-Pb and Lu-Hf detrital zircon isotopes in the Paleozoic cover. Journal of 772 

South American Earth Sciences, 76, 320–345. 773 

Ramos, V. A., & Naipauer, M. (2014). Patagonia: Where does it come from? Journal of 774 

Iberian Geology, 40(2), 367–379. 775 

Rapalini, A. E. (2005). The accretionary history of southern South America from the latest 776 

Proterozoic to the Late Palaeozoic: some palaeomagnetic constraints. Journal of the 777 

Geological Society, 246, 305–328. London. 778 

Rapalini, A. E., Lopez de Luchi, M., Martinez Dopico, M., Lince Klinger, F., Gimenez, M., 779 

& Martinez, P. (2010). Did Patagonia collide with Gondwana in the Late Paleozoic? 780 

Some insights from a multidisciplinary study of magmatic units of the North 781 

Patagonian Massif. Geologica Acta, 8(4), 349–371. 782 

Rapela, C. W., & Kay, S. M. 1988. Late Paleozoic to recent magmatic evolution of 783 

northern Patagonia. Episodes, 11(3), 175–182. 784 

Rapela, C. W., & Pankhurst, R. J. 2002. Eventos tecto-magmáticos del Paleozoico inferior 785 

en el margen proto-atlántico del sur de Sudamérica. Actas del 15º Congreso 786 

Geológico Argentino, 1, (pp. 24–29). Buenos Aires 787 

Rapela, C. W., Pankhurst, R. J., Fanning, C. M., & Grecco, L. E. (2003). Basement 788 

evolution of the Sierra de la Ventana Fold Belt: new evidence for Cambrian 789 

continental rifting along the southern margin of Gondwana. Journal of the Geological 790 

Society, 160, 613–628, London. 791 



 

36 

Renda, E. M., Alvarez, D., Prezzi, C., Oriolo, S., & Vizán, H. (2019). Inherited basement 792 

structures and their influence in foreland evolution: A case study in Central 793 

Patagonia, Argentina. Tectonophysics 772, 228232. 794 

Sellés Martínez, J. (2001). Geología de la Ventania (provincia de Buenos Aires 795 

(Argentina).  Journal of Iberian Geology, 27, 43–69. 796 

Storni, C.D. (1946). Doctor Anselmo Windhausen en el 15º aniversario de su muerte. 797 

Revista de la Sociedad Geológica Argentina, 2(2), 89–112. 798 

Tickyj, H., Basei, M. A. S., Sato, A. M., & Llambías, E. J. (1999). U-Pb and K-Ar ages of 799 

Pichi Mahuida group, crystalline basement of south-eastern La Pampa province, 800 

Argentina. Actas 2nd. South American Symposium on Isotope Geology, (pp. 139–142). 801 

Córdoba. 802 

Tomezzoli, R. N., & Cristallini, E. O. (2004). Secciones estructurales de las Sierras 803 

Australes de la provincia de Buenos Aires: ¿Repetición de la secuencia estratigráfica 804 

a partir de fallas inversas? Revista de la Asociación Geológica Argentina, 59, 330–805 

340. 806 

Varela, R., Basei, M., Cingolani, C. A., Siga Jr. O., & Passarelli, C. R. (2005). El 807 

basamento cristalino de los Andes norpatagónicos en Argentina: geocronología e 808 

interpretación tectónica. Revista Geológica de Chile, 32(2), 167–187.   809 

Von Gosen, W. (2002). Polyphase structural evolution in the northeastern segment of the 810 

North Patagonian Massif (southern Argentina). Journal of South America Earth 811 

Sciences, 15(5), 591–623. 812 



 

37 

Von Gosen, W. (2003). Thrust tectonics in the North Patagonian Massif (Argentina): 813 

implication for a Patagonian plate. Tectonics, 22(1), 1005, 814 

doi:10.1029/2001ITC901039.  815 

Von Gosen, W., & Buggisch, W. (1989). Tectonic evolution of the Sierras Australes fold 816 

and thrust belt (Buenos Aires Province, Argentina): an outline. Zentralblatt für 817 

Geologie und Paläontologie, Teil 1(5/6), 947–958, Stuttgart. 818 

von Gosen, W., Buggisch, W., & Dimieri, L. V. (1990). Structural and metamorphic 819 

evolution of the Sierras Australes (Buenos Aires Province/Argentina). Geologische 820 

Rundschau, 79, 797–821. 821 

von Gosen, W., Buggisch, W., & Krumm, S. (1991). Metamorphism and deformation 822 

mechanisms in the Sierras Australes fold and thrust belt (Buenos Aires Province, 823 

Argentina). Tectonophysics, 185, 335 –356.  824 

Windhausen, A. (1924). El nacimiento de la Patagonia. Diario del Plata, Miércoles 9 de 825 

julio de 1924, Buenos Aires. 826 

Windhausen, A. (1931). Geología Argentina. Geología Histórica y Regional del Territorio 827 

Argentino. J. Peuser, Tomo 2, 1–645. Buenos Aires. 828 

Winter, H. D. L. R. (1984). Tectonostratigraphy, as applied to analysis of South Africa 829 

Phanerozoic basins, Geological Society of South Africa Transactions, 87, 169–179. 830 

Zalva, P. E., Manassero, M., Laverret, E., Beaufort, D., Meunier, A., Moroso, M., & 831 

Segovia, L. (2007).  Middle Permian telodiagenetic processes in Neoproterozoic 832 

sequences, Tandilia System, Argentina. Journal of Sedimetary Research, 77, 525–833 

538.  834 



 

38 

Figure captions 835 

Figure 1. Outlines of the two old massifs, the Brasilia as part of Gondwana, and Patagonia, 836 

separated by the Gondwanides, an orogen formed in the Permian that continued in the Cape 837 

Belt in southern South Africa (Windhausen, 1924). 838 

Figure 2. Regional location of the Patagonia Platform with most important basement 839 

massifs: The Deseado (D) and North Patagonian (or Somún Cura) (NP) massifs. Gu: 840 

Guyana, Bc: Brasil Central, At: Atlántico (based on Marqués de Almeida et al., 1976).  841 

Figure 3. Pioneer illustration of Holmberg (1884) of the Sierra de Curamalal: 1, General 842 

structural scheme of the Sierras de Curamalal and Bravard; note the unconformity 843 

interpreted with the gneiss-granitic basement; 2, Detailed structure of the quartzites of 844 

Sierra de Curamalal showing northeast vergence (note that north is on the left side of the 845 

figure). 846 

Figure 4. 1, Regional view of the general northeast vergence of the deformation at Sierra 847 

de la Ventana; 2, detail of a conglomerate of La Lola Formation, early Paleozoic of the 848 

Sierra de Curamalal, Ventania System. Note the ductile deformation of the clasts with top-849 

to-northeast. For further details, see Cucchi (1966). 850 

Figure 5. The Hespérides Basin associated with the Gondwanides showing the regional 851 

importance of the collision and development of the synorogenic deposits at during Middle-852 

Late Permian (based on Pángaro et al., 2016). Note that most of the Buenos Aires province 853 

was covered by late Paleozoic deposits. Romboedrons denote control points based on wells 854 

or outcrop data; see Pángaro et al., 2016 for details). 855 

Figure 6. Comparison of the synorogenic deposits of the Hespérides Basin with the 856 

synorogenic deposits of the Himalayas collision (based on Pángaro et al., 2016, and 857 

Ingersoll et al., 1995). 858 
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Figure 7. Alternative proposals for the late Paleozoic magmatic arc in Patagonia: 1, based 859 

on Pankhurst et al. (2006); 2, after Ramos (2008). The stars indicate the location of the 860 

fossil locality with Cambrian archeocyathids. The autochthonous and allochthonous sectors 861 

are based on Ramos (2015). 862 

Figure 8. A new proposed location for the western magmatic arc of the late Paleozoic and 863 

tentative outline of the Southern Patagonia block that collided south of 42º S latititude. 864 

Based on Ramos (2008), Hervé et al. (2010) and Renda et al. (2019). 865 

Figure 9. Reconstruction of the South Atlantic during Late Permian-Triassic times. The 866 

Colorado syntaxis after Pángaro et al. (2016); the Garies syntaxis after Paton et al. (2016) 867 

and the general paleogeography based on Pángaro and Ramos (2012), Pángaro et al. 868 

(2016), Miller et al. (2016), partially modified based on Ramos et al. (2017). The suture 869 

between South Africa, Patagonia and related southern terranes should continue in 870 

Antarctica. For location of the Malvinas (Falkland) Islands see Ramos et al. (2019). 871 

Figure 10. Schematic structural cross section of the Gondwanides of northern Patagonia 872 

restored for the end of the Paleozoic. The hinterland region developed in present Somún 873 

Cura Massif with exhumed late Paleozoic arc-granitoids is shown as well as the Ventania 874 

System with the fold and thrust belt and associated Claromecó foredeep as proximal part of 875 

the Hespérides Basin (based on Ramos et al., 2014, and Pángaro et al., 2016). Note that 876 

Tandilia is covered by thick Permian to Triassic deposits. Southern vergence thrusts in the 877 

Somun Cura Massif based on Rapalini et al. (2010) and López de Lucchi et al. (2010). 878 
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