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MESOZOIC-CENOZOIC PALEOGEOGRAPHIC AND GEODYNAMIC EVOLUTION

INTRODUCTION During the Mesozoic and Cenozoic,

OF SOUTHERN SOUTH AMERICA

MIGUEL A. ULIANA* and KEVIN T. BIDDLE**

ABSTRACT In this presentation, we compare the paleogeographic evolution of continental South
America with the established plate tectonic history of the oceanic crust of the South American and African
Plates. Major paleogeographic changes that have occurred in the last 200 million years are illustrated by
reconstructions at 200, 160, 120, 100, 70, 50, 20, and 5 Ma. These reconstructions show location and type of
magmatic activity, types and amounts of subsidence, and transgressions and regressions of shorelines. The
latter are compared with proposed eustatic sea-level changes, The sequence of events documented by the
reconstructions begins in the mid-late Triassic with the development of successor troughs and intra-plate
domes and sags that represent the prelude to the rupture of Gondwanaland. Extension continued through the
Late Jurassic resulting in widespread faulting and intra-plate volcanism. Large-scale drift occurred by the
Early Cretaceous (late Neocomian) accompanied by the formation of epicontinental rifts and sags, and a
well-defined magmatic arc along the western margin of South America. In the mid-Cretaceous the Atlantic
Basin was well developed and rimmed by trailing-margin sedimentary prisms, and global changes in plate
motions led to the reorganization of the subduction system along the Pacific margin of South America. The
Late Cretaceous, a time of relative tectonic quiescence in southern South America, recorded the maximum
flooding of the continent by Atlantic waters. Plate tectonic reorganization in the Paleogene introduced new
patterns of Andean deformation and magmatism, and coincided with general marine retreat. Magmatic arc
buildup and renewed marine flooding followed in the early Neogene, with the late Neogene being
dominated by pronounced shortening, Cordilleran uplift, and marine withdrawal.

RESUMO Evolugdo paleogeogréfica e geodindmica mesozoico-cenozoica da porgao meridional da
América do Sul. A evolugdo paleogeografica do continente sul-americano é comparada com a histéria tec-
tonica das placas Sul-Americana e Africana. Sio ilustradas as principais mudangas paleogeogréficas ocorri-
das durante os dltimos 200 milhes de anos através de reconstrugdes esquemdticas correspondentes a 200,
160, 120, 100, 70, 50, 20 ¢ 5 Ma. Asrcconsquéwservancomnbasepnmamlmralocahzaqmeoupodc
atividade magmitica, os tipos e a magnitude da subsidéncia, e as transgressGes e as regressdes na linha de
costa, Estas iltimas sdo comparadas com as variagbes eustdticas globais propostas por outros autores. A se-
qiiéncia de eventos documentada na reconstrugio comega no Meso-Neotrisssico com o desenvolvimento de
fossas tectonicas ¢ de domos e sinéclises de intraplaca, que representava o preltidio & ruptura do superconti-
nente Gondwana. A extensdo continuou até o Neojurissico por importante falhamento e vulcanismos de in-
traplaca. Durante o Eocretéceo registrou-se deriva continental em grande escala (Neocomiano), acompanha-
da pela formacio de riftes e sinéclises epicontinentais ¢ um arco magmidtico bem definido ao longo da mar-
gem ocidental da América do Sul. Na metade do Cretficeo, a bacia do Oceano Atlantico estava bem desen-
volvida e margeada por cunhas sedimentares de margem passivo. Mudancas globais no deslocamento das
placas levaram a uma reorgaizacio do sistema de subduccio implantado sobre a margem pacifica de Améri-
ca do Sul. O Neocretéceo, um periodo de relativa quietude tecténica na América do Sul meridional, regis-
trou a penetracio méxima das dguas ocefinicas sobre o continente, Uma nova reorganizaciio tectdnica du-
rante o Paleogeno modificou uma vez mais os padroes de deformagao e magmatismo, e foi coincidente com
uma importante retirada do mar. Durante o Eogeno, ocorreram condicoes que induziram uma renovada ati-
vidade no arco magméitico ¢ uma importante invasio marinha, enquanto o Neogeno esteve caracterizado por
um pronunciado encurtamento reginal, elevagio da cordilheira e retirada do mar.

sedimentary basins of southern South America. Each map

the tectonic development of southern South America was
controlled by a complicated subduction regime along its
western margin and the evolving spreading center of the
Mid-Atlantic Ridge along its eastern margin. Processes
associated with activity along these two plate boundaries
provided the first-order controls on subsidence and uplift in
the area, and thus controlled the sites available for sediment
accumulation. Both long- and short-term sea-level variations
were superimposed on the tectonic framework and modified
the paleogeography of the continent. Here, we discuss the
interplay of tectonics and sea-level changes by presenting
eight paleogeographic reconstructions of southern South
America that show the distribution of areas of nonmarine and
marine sedimentation and associated igneous activity. The
reconstructions are at 200, 160, 120, 100, 70, 50, 20, and 5
Ma (Figs. 1-8). The text that accompanies each reconstruction
discusses the key tectonic and magmatic events, the
distribution and type of sedimentary rocks, and the
relationship with postulated global and local sea-level cycles.
The reconstructions are a compilation of information
derived from the literature and our own work on the

represents a variable (but short as possible) time around the
own age: local paleogeography may be more complicated
because of simplification due to the small size of the maps,
stratigraphic interfingering, and lack of stratigraphic precision
in some areas.

Mid-Late Triassic successor troughs, intraplate domes
and sags: Prelude to the disruption of Gondwanaland
(Figure 1) Epicratonic Triassic deposits are preserved in
the large Chaco-Parand basin in Uruguay, NE Argentina, E
Paraguay, and S Brazil (Harrington 1962), and also in the
smaller “‘Fosa de Entre Rios” of S Bolivia and NW Argentina
(Ahlfeld & Branisa 1960).

All these accumulations are separated from the Paleozoic
(Gondwana) deposits by a surface of regional truncation
(Ahlfeld & Branisa 1960, Padula 1972a, Soares 1981).
Depositional sites were much reduced with respect to the
earlier = Permo-Carboniferous  Gondwana  sequences.
Thickness patterns (Padula op. cit, Soares op. cit.) are quite
regular and outline a picture of interior sag sedimentation.
The existence of distinct depocenters segmented by internal
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Figure 1 — 200 Ma (mid-Late Triassic) paleogeographic reconstruction of southern South America showing the distribution of
mid-Late Triassic successor troughs and sags. Dark grey pattern represents areas of nonmarine sedimentation; lighter pattern
represents areas of marine sedimentation. Lined areas indicate regions affected by igneous activity. See text for discussion

highs and bounded by broad warps reveals a tectonic habitat
characterized by large arches and regional sags, and is well
documented in S Brazil (Asmus 1978), east-central Brazil
(Asmus & Porto 1980), S and W Africa (Le Bas 1971, Burke
& Whiteman 1973, Rust 1975), Namibia (Martin 1976,
Siedner & Mitchell 1976), and N Argentina (Bianucci &
Homove 1982). A 180 Ma isotopic resetting of the Paleozoic
rccks in the Parand basin (Thomas F2 er al. 1976) is
considered to represent the thermal signature of this Early
Mesozoic tectonic event (Asmus & Baisch 1983).
Sedimentary fill of the Chaco-Parand Triassic sags is a
non-marine clastic succession of cross-stratified sandstones
and red to brown mudstones, deposited in channels and
flood-plain settings drained by meandering and locally
anastomosing fluvial systems (Soares 1981). The sequence in
S Bolivia and NW Argentina also includes a thin marine
tongue (Harrington 1962) and evaporites. The vertical
succession of non-marine clastics, marine limestones, and
evaporites (Ahlfeld & Branisa 1960) resembles the Triassic

sequences of NW Europe (Wurster 1965, Gwinner 1978, p.
130-136, and the references therein) and the Middle East
(Murris 1980) and suggests a strong eustatic control on the
lithofacies development.

Mid-Late Triassic accumulations in central Chile,
west-central and southern Argentina were deposited within a
complex system of rapidly subsiding and fault-bounded
troughs with NNW-SSE orientation (Rolleri & Criado 1968,
Charrier 1979, Criado 1979, deGuisto et al. 1980). Almost
everywhere the Triassic rocks rest on a sharp lithologic and
structural discontinuity. Abundant silicic to intermediate
volcanic and volcaniclastic rocks (Charrier, op. cit., Criado op.
cit., Stipanicic 1983, Cortés 1981, Naranjo et al. 1982) record
significant syntectonic magmatic activity.

Sequences in Chile start with continental deposits followed
by conspicuous marine members (Cecioni & Westermann
1968, Charrier op. cit., Chong & Hillebrandt 1985). A Late
Triassic increase in marine influence and the stratigraphic
continuity across the Triassic-Jurassic boundary (Chong &
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Figure 2 — 160 Ma (Middle Jurassic) paleogeographic reconstruction illustrating Jurassic extension, volcanism, and the onset of

continental breakup. Key as in figure 1

Hillebrandt 1985) deviate from the global eustatic trend and
implie a local effect attributable to high rates of
fault-controlled subsidence.

The mid-Late Triassic suecessions in west-central
Argentina are entirely non marine. They show a
fining-upward basal section rich in volcaniclastic rocks,
Followed by extensive organic-rich shales that were deposited
in stratified lakes, in turn followed by a shallowing-upward
package capped by red beds (Yrigoyen & Stover 1969,
Stipanicic 1983). The south-eastern extensions of the graben
system in Patagonia also contain non-marine facies
(occasionally red and coarse grained, Mombri & Uliana 1979,
Turner & Cazau 1979, deGuisto et al. 1980), with local
development of thick silicic volcanic rocks (Cortés 1981,
Llambias & Rapela 1984). The probable occurrence of
Triassic graben fill in the Magallanes and Malvinas basins
outlined on the basis of seismic control (Biddle et al. 1986,
and unpublished data).

The Chilean-Argentine system of mid-Late Triassic
fault-bound depocenters can be described as a series of

successor troughs developed on top of collapsed portions of
the late Paleozoic fore-arc and arc terranes. Most authors
attribute the Triassic troughs to an extensional regime (Rolleri
& Criado, 1968, Chong & Hillebrandt 1985) or to
transtensional conditions (Criado et al. 1981). The rate and
style of subduction along the Triassic paleo-Pacific margin of
South America is difficult to assess. Jensen (1976) and
Charrier (1979) suggest that magmatism was confined to
several volcanic chains bounding the depositional troughs
with trends oblique to the margin, rather than a single,
continuous arc.

Paleogeographic reconstruction of the mid-Late Triassic
basins provides a picture that is in concert with events
associated with the pre-breakup stage of supercontinent. A 50
Ma period of Gondwanidian quasi-stasis (from late Permian
to mid Triassic, Valencio & Vilas 1976), may have promoted
strong sub-lithosphere heat buildup (Worsley et al. 1984). The
resultant thermal subsidence pattern could have provided the
basin and swell structure that controlled the Triassic
sedimentation in the South-American Chaco-Parand basins
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and the African Karroo-type depocenters (Rust 1975).

Heat buildup and consequent high continental freeboard
(Worsley et al. 1984) provide a good explanation to the
dominance of non-marine facies shown by the southern
South- American and south African Triassic sequences.

Mid-Late Jurassic Extension and Intraplate Vulcanism:
Onset of the Continental Breakup (Figure 2) The
Parand and Chaco basins in southern Brazil and NE Argentina
continued to receive clastics under desert conditions
dominated by eolian regimes (Soares 1981), while the Andean
segment of Bolivia was the site of non-marine clastic and
marine carbonate sedimentation (Sempere 1986, Sempere et
al. 1986). Early Jurassic eustatic rise induced regional
flooding (Cisternas 1979, Chong & Hillebrandt 1985) beyond
the boundaries of the Triassic troughs, and lead to the
development of a linear marine belt fringing the continental
slab in northern and central Chile (Cecioni 1970, Riccardi
1983). Coeval subsidence behind this belt diminished
drastically in the Cuyo and Bolsones system of grabens in
west-central Argentina, where Jurassic deposition is
represented by a thin sequence of redbeds locally associated
with the basaltic flows (Gonzdlez 1971, Yrigoyen 1975a,
Criado 1979). The sections in northern and central Chile show
a different magmatic habitat, consistent with the inception
and growth of a magmatic arc (Davidson & Godoy 1976,
Cisternas & Vicente 1976, Jensen er al. 1976, Cisternas
1979). Following the early Liassic marine flooding of the
plate edge, middle Lias sequences submarine volcanic rocks
punctuated by sedimentary interbeds (Davidson & Godoy,
1976, Naranjo et al. 1982, Riccardi 1983) indicating the
development of an island arc complex; and finally the
middle-Upper Jurassic sequences show the existence of an
essentially continuous and emergent volcanic feature (Jensen
et al. 1976, Cisternas op. cit.). In northern and central
Patagonia the influence of Triassic structural grain and
fault-induced subsidence patterns is documented by the
NNW-SSE orientation of the marine incursions (Groeber
1953, Lesta & Ferello 1972, Riccardi op. cit.). All over
Patagonia the belt of active extension and fault-driven
subsidence became wider by enlargement of the graben
system and appearance of new fault-bound troughs. Positive
hydrologic balance favored the development of lake systems,
locally filled with organic rich shales and fresh-water
limestones (Feruglio 1949, Tasch & Volkheimer 1970,
Cortifias 1984). The subaerial portions of the depositional
system record the occurrence of syntectonic (bimodal)
volcanism (Lesta & Ferello op. cit., deGuisto er al. 1980, Cor-
tinas op. cit.), with peak activity around 165-155 Ma (Gust
et al. 1985). To a large extent the Jurassic magmatic activity
in Patagonia has been attributed to crustal anatexis (Bruhm et
al. 1978, Baker er al. 1981, Gust et al. op. cit.), although
synchronous subduction-derived calcalkalic magmatism at
plate-edge positions has been documented within the
North-Patagonic Andes (Haller 1985). In several places of
north-central Patagonia and also in the Andean belt of
north-central Chile, vertical accretion of the erupted material
reduced marine influence and led to wider non-marine
deposition (Cisternas 1979, Riccardi 1983). Over the
Patagonic Andes and the present southern fringe of South
America, regional extension and subsidence were persistent
and by Late Jurassic allowed massive flooding in the
Magallanes (Charrier & Covacevich 1980, Wilson 1983) and
Malvinas (Bianchi 1986b) basins, and also over large portions
of the Falkland Plateau (Barker & Dalziel 1976, Ciesielski &
Wise 1977) and the southern tip of Africa (McLachlan &
McMillan 1979, Dingle et al. 1983).

In summary, the Jurassic period was characterized by
general persistence of extensional conditions and fault-driven
subsidence. The western margin of South America seems to
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have been the site of active convergence, and the gradual
development of a linear arc-backarc system (Mariana type,
Munizaga ef al. 1985) roughly parallel to the boundary of the
continental slab. A large portion of the Gondwana landmass
continued to show signs of crustal instability. Although
intra-plate extension diminished in west-central Argentina,
block faulting was pervasive in Patagonia (Bruhn ef al. 1978,
Suarez 1979, Thiele & Hein 1979, Uliana & Biddle 1987), the
Falkland Plateau, and reached the Cape province (Lock 1978,
1980) and the present SW African margin (Gerrard & Smith
1982). Crustal stretching in Patagonia lead to Late Jurassic
crustal breakup and opening of the small Rocas Verdes
Marginal basin in Southern Chile and Argentina (Dalziel et al.
1974) and ultimately to a large-scale crustal separation and
opening of the South Atlantic (Simpson 1977, Rabinowitz &
LaBrecque 1979, Uliana & Biddle 1987). Widespread
magmatic activity of Basin and Range type is recorded in
Patagonia (Gust er al. 1985) and to a smaller extent in the
conjugate margins off southern and south-western Africa
(Dingle er al. 1983). The South American Tobifera magmatic
event was coeval with the massive Hoachanas-
Stormberg-Lebombo eruptions onshore SW, S, and SE Africa
(Britow & Saggerson 1983, Dingle ef al. op. cit.) and with
widespread basaltic activity in Antarctica (Schmidt & Rowley
1986). This Jurassic magmatic paroxism was the immediate
predecessor of large-scale Gondwanaland disagregation.

Neocomian rifts, sags, and magmatic arc: continental
split and onset of large-scale drift (Figure 3) Those
basins close to the western margin of South America
continued to accumulate marine deposits. The basins were
generally narrow, with a sharp western boundary dominated
by volcaniclastics (Skarmeta 1976a, Espinoza Reyes 1986)
and an eastern margin bounded by faults (Charrier 1984), or
were defined by gradual stratigraphic thinning and onlap onto
the foreland (Ramos 1985). Axial positions of these intra-arc
and back-arc troughs accommodated anoxic shales (Haller er
al. 1981, Espinoza Reyes op. cit.) and local turbidite flows
(Ramos & Palma 1983). Reduced continental freeboard
during the Neocomian allowed the marine flooding of large
portions of the continental slab in west-central Argentina, SW
Patagonia, the Malvinas basin, and the Falkland Plateau. In
those areas basinal and shelfal facies belts expanded and
sediment dispersal was highly influenced by eustatic
oscillations (Legarreta er al. 1981, Mitchum & Uliana 1985,
Biddle et al. 1986).

Large areas of the southern South American interior
became a depositional site for non-marine clastic material
during the Neocomian. NW ' Argentina contains several
extensional troughs related to radial ruptures developed on
top of earlier Mesozoic thermal domes (Bianucci & Homovc
1982). These basins were filled by alluvial-fan and fluvial
deposits associated with volcanics erupted at graben junctions
and along longitudinal faults (Reyes et al. 1976, Bianucci &
Homovc op. cit.). The same pattern of red-bed deposition
within extensional basins has been documented in the Andean
basins of Bolivia (Cherroni 1977, Sempere 1986), in central
Argentina (Yrigoyen 1975a, Manoni, 1985), onshore Uruguay
(Sprechmann er al. 1981), and the basins buried under the
Argentine shelf (Yrigoyen 1975b, Zambrano 1980). A
different pattern developed in large areas of central
Patagonia, where subsidence during thermal decay of the heat
anomaly produced by Triassic-Jurassic rifting favored the
accumulation of organic-rich shales and limestones in broad
lacustrine systems (Lesta & Ferello 1972, Cortinas & Arbe
1981).

Knowledge of the Neocomian wedges deposited at the
margins of the incipient South Atlantic is still incomplete.
Rift-valley type deposits are well known in the marginal
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Figure 3 — 120 Ma (Neocomian) paleogeographic reconstruction illustrating Early Cretaceous rifts, sags, and magmatic arc. Key as

in figure 1

Campos basin, where only a very limited marine influx was
possible (Asmus & Guazelli 1981) because of paleogeographic
restriction. These accumulations were formed by series of
alluvial fans feeding lacustrine basins, and display a
shoaling-upward trend that culminated in evaporite deposition
(deCastro et al. 1981). In the Pelotas and Santos basins off
Brazil the early rift fill is areally restricted (Gongalves et al.
1979, Asmus & Baisch 1983). Offshore Argentina exhibits a
sizeable sedimentary accumulation associated with rotated
basement fault blocks (Jodri & Lehner 1973). Farther south
on the Falkland Plateau the Neocomian deposits are shaly and
organic-rich marine accumulations (Barker et al. 1976,
Ludwig et al. 1980), deposited as a parallel drape under a
pelagic regime. _
An area over 1.2 million km? centered in the Paran4 Basin
of SE Brazil was covered by thick continental flood basalts.
These eruptions were focused on the crest of a pre-rift
thermal dome (Asmus 1975, Williams & Hubbard 1984). The
magmatism persisted from 147 to 120 Ma, during a time of
continental rifting and crustal attenuation (Fodor et al. 1983),

and outlined a continuous volcanic province from the Chaco
Basin in Argentina and Uruguay (Padula 1972a) to Namibia in
southern Africa. Away from the plate margin the lavas are
interstratified with intracratonic eolian rocks (Soares 1981).
Late Jurassic to Neocomian sequence record active crustal
stretching in areas along the present margins of the South
Atlantic. By 130 Ma the first oceanic floor was formed in the
South Atlantic (Rabinowitz & LaBrecque 1979, Gerrard &
Smith 1982). Continental breakup started in the south and
propagated northward, but due to low latitudinal position of
the pole of opening (Francheteau & LePichon 1972,
Rabinowitz & LaBrecque op. cit.), the generation of oceanic
floor during the Neocomian was limited to position south of
the Sdo Paulo-Walvis ridge (Rabinowitz & LaBrecque op. cif.,
Asmus & Braisch 1983). Presumably because a general
reorientation of the stress regime leading to the oceanic
opening, the South American cratonic platform reacted by
development of a new system of interior rifts and by collapse
of the Triassic-Jurassic thermal domes (‘“Wealdenian
reactivation” in Almeida 1967). The new extensional
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Figure 4 — 100 Ma (Mid-Cretaceous) paleogeographic reconstruction illustrating mid-Cretaceous adjustments in spreading regime,
batholithic emplacement, and full opening of the South Atlantic. Key as in figure 1

ruptures propagated from southern Argentina to southern
Brazil and southwest Africa (Brice ef al. 1982, Gerrard &
Smith 1982), and also progressed into Uruguay (Sprechmann
et al. 1981), central and north-western Argentina (Yrigoyen
1975a, 1975b, Bianucci & Homove 1982), Paraguay (Degraff
1985), and Bolivia (Fletcher & Litherland 1981, Avila-Salinas
1986) giving rise to numerous rift basins.

While this renewed rifting was taking place, several of the
Triassic-Jurassic fault-bounded troughs became inactive in
west-central Argentina, Patagonia, and on the Falkland
Plateau, and were dominated by thermally driven subsidence
(Gust er al. 1985, Biddle et al. 1986, Uliana & Biddle 1987).
Although the site of active subduction, the western fringe of
the South American plate also was controlled by a regime that
promoted crustal extension and subsidence in troughs located
at intra-arc and back-arc positions (Coira er al. 1982,
Espinoza Reyes 1986, Pincheira & Thiele 1982, Haller &
Lapido 1982, Ramos et al. 1982, Suarez 1979). These
arc-related depocenters were in local paleogeographic
continuity with some of the thermal sags developed on top of

the then less active Triassic-Jurassic rifts, and controlled the
location of expanded segments of the Neocomian back-arc
embayments and seaways. The magmatic activity over the
edge of the plate was calc-alkalic, and the record points the
existence of a mostly continuous arc feature from northern
Chile to Tierra del Fuego (Thiele & Hein 1979, Haller &
Lapido 1982, Thiele & Nasi 1982, Hervé et al. 1984, Espinoza
Reyes 1986).

In general concordance with the changes in the rifting
patterns, significant variations in the location and character of
the magmatic activity are perceptible in South America as
well as in south Africa (Dingle et al. 1983). The most
notorious change was the waning of the Patagonic extrusions
and the inception of the huge tholeiitic volcanic fields in NE
Argentina, Brazil, and Namibia (Serra Geral-Kaoko). Outside
of that region intra-plate magmatism tended to follow linear
trends related to the process of rifting (Reyes et al. 1976,
Fletcher & Litherland 1981, Moya & Salfity 1982,
Avila-Salinas 1986), and also zones along the flanks of the
Triassic-Jurassic thermal uplifts (Asmus & Braisch 1983).
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The tholeiitic to rhyolitic Serra Geral flood volcanics were
derived from mantle sources that underwent crystal
fractionation and assimilation of crustal material (Bellieni ef
al. 1984, Mantovani et al. 1985). In NW Argentina and
Bolivia many of the rift-related igneous rocks are alkalic, and
were locally preceeded by trachytes and carbonatites derived
from the upper mantle (Avila-Salinas 1986).

Mid-Cretaceous adjustments in the  spread-
ing-subduction regime: batholith emplacement and full
opening of the South Atlantic (Figure 4) The areal
distribution of the mid-Cretaceous lithofacies reflects several
major paleogeographic modifications from previous time
slices. By Albian time spreading across the Mid Atlantic
Ridge system had produced a continuous band of oceanic
crust between Africa and South America (Asmus & Carvalho
1978, Asmus 1981, Asmus & Guazelli 1981). The
progression of the continental breakup formed a narrow
Atlantic marine basin (*‘Oceanic Stage™” in Asmus & Baisch
1983) fringed by shallow-water carbonate system (Asmus
& Guazelli op. cit.). At this time subsidence of the SE
Brazilian ‘margin occurred through écntle basement flexure
across coastal hinges (e.g., see Gongalves er al. 1979,
Williams & Hubbard 1984) and concorrent uplift of the
adjacent continental belt (Asmus & Guazelli op. cit) with
limited marine encroachment on the continental slab. This
widespread tectonic pattern indicates that post-rift thermally
driven subsidence dominated the Atlantic margin of South
America, leading to the development of a passive depositional
setting (Drift Stage, for a similar pattern on the conjugate
African margin see Gerrard & Smith, 1983). Mid-Cretaceous
global rise of sea level (Haq er al. 1987), coupled with the
thermal subsidence, increased accommodation on the shelf
generating local drowing of the Albian shallow-water
carbonates and fan deltas (Dias-Brito 1982, Pereira et al.
1986, Viviers 1986). The central Argentina segment of the
Atlantic margin, meanwhile, remained largely devoid of
marine waters, because the basins close to the plate edge were
barred by a large marginal ridge (Rolleri 1972, Urien &
Zambrano 1972, Urien er al. 1981). However, a definite
flooding trend 1is detectable farther south in the
Magallanes-Malvinas basins and on the Falkland Plateau.
Dominantly clastic Neocomian sedimentation was replaced by
sequences with high carbonate imput, while the
stratified-anoxic early Cretaceous regime was supplanted by
open oceanic circulation with a aerobic-disaerobic regime
(Biddle er al. 1986) and the appearance of a more diversified
and extra basinal invertebrate assemblage (A.C. Riccardi, oral
communication, 1987).

A quite different depositional trend is the system of basins
related to the Pacific margin of South America. The arc and
back-arc depocenters of northern and central Chile document
a pronounced marine withdrawal (Thiele & Nasi 1982). The
Neuquén basin became dominated by evaporites and red beds
(Digregorio & Uliana 1980) and the San Jorge Basin lost its
marine connection (Aguirre Urreta & Ramos 1981) with
deep-stratified lakes being replaced by shallow-lake alluvial
systems (Bianchi 1986a). The overall increase in clastic imput
and extent of the non-marine settings was temporally and
spatially related to an increase in the magnitude of the
arc-related activity (e.g., see Ramos 1978). The trend is
thought to reflect a change in the dynamics and geometry of
the subduction beneath western South America (Coira et al.
1982, Haller & Lapido 1982, Munizaga et al. 1985), caused by
the rapid Cretaceous spreading postulated by Larson &
Pitman (1972). Widespread evidence of synchronous
emplacement of massive batholiths along the Andean belt
(Ramos & Ramos 1979, Munizaga et al. 1985) together with
evidences of regional uplift and marine withdrawal are
consistent with the development of a lithosphere-scale
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marginal tumescence arising from heating and magmatism
related to subduction at the edge of the plate (e.g., Tobisch et
al. 1986).

At intra-plate locations the Chaco-Parand area stands out
because of waning of the magmatic outpourings after 120 Ma.
Most of the intracratonic depocenters continued to receive
clastic debris without major change in the depositional regime.
Epeiric marine incursions were limited because the presence
of coastal barriers at plate margins, and from northern
Patagonia to southern Bolivia and south-eastern Brazil the
depositional sites remained under non-marine conditions.

The mid-Cretaceous completion of the continental breakup
and onset of full-scale drift was associated with regional
adjustments in the thermo-tectonic regime at both the
Atlantic and Pacific margins of southern South America.
When the timing of mid-Cretaceous magmatism is compared
with the history of Atlantic opening and Pacific spreading,
several major coincidences are apparent. These suggest that
the changes in focus of magmatic activity are closely tied to
major plate interactions.

From 130 Ma to approximately 110 Ma the opening pole
of the South Atlantic was at low latitude (Rabinowitz &
LaBrecque 1979). This produced an assymetric ocean-floor
configuration with a wide southern South Atlantic and a
narrow equatorial Atlantic (Simpson 1977). During the same
time span the situation in the Pacific was one of slow
spreading, coupled with an extensional regime along the edge
of the South American plate (Baker er al. 1981 e.g. Frutos
1981, Aberg er al. 1984). At about 110 Ma a series of events
occurred almost simultaneously. On the Pacific side, the
spreading rate stepped up from 5 cm/yr to 18 cm/yr (Larson
& Pitman 1972, Frutos 1981) and the convergent system
along western South America underwent a profound change
(Coira et al. 1982) shifting from a Marianas (Uyeda &
Kanamori 1979) to a Chilean (Uyeda & Kanamori op. cit.)
configuration (Munizaga ef al. 1985). Regional emergence,
marine withdrawal, and massive batholith emplacement
became prominent. Coeval shortening, at least locally
developed, induced the closure of the Rocas Verdes marginal
basin (Dalziel 1981) and incipient flexural loading in the
western Neuquén basin. Most of the deformation in the
central and Patagonia Andes, however, may have been due to
block tectonics and magmatic emplacement (Thiele & Hein
1979, Baker et al. op. cit., Aberg et al. op. cit.). About 107 Ma
was the time when the eastern tip of the Falkland plateau
cleared the apex of south Africa, presumably relaxing some of
the mechanical constraints on the South Atlantic spreading
system (Simpson op. cit.). This new situation allowed the shift
to a more northerly located pole of opening, a change that
permitted almost uniform extension along the South Atlantic
(Simpson op. cit, Rabinowitz & LaBrecque op. cit.), and was
associated with magmatic quiescence along the South
America continental margin. This regime persisted until 80
Ma when the limitations imposed by the equatorial fracture
zones and ridges were cleared, allowing a major
reorganization of the spreading geometry and the adoption of
a rotational pole common to North and South America
(Simpson op. cit.). The occurrence of this event was coeval
with the reinception of alkalic igneous activity on the African
and South American plates (isotopic dates cluster between 80
and 50 Ma, Marsh 1973, Asmus & Guazelli 1981). Some of
these rocks were emplaced along the north and north-east
margins of the Parand basin, but many of them are located on
lineaments aligned with transform directions and are
interpreted to be a result of reactivation of fracture zones
caused by stress related to the change of the Cretaceous pole
of rotation (Marsh 1973, Fodor er al. 1983). On the Pacific
side 85 Ma is known to be the time when the Pacific
spreading returned to a slow rate (Larson & Pitman 1972).
This change is considered to have caused the end of the
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Figure 5 — 70 Ma (Late Cretaceous) paleogeographic reconstruction illustrating tectonic quiescence and acme of epeiric flooding.

Key as in figure 1

mid-Cretaceous period of massive batholith emplacement
(Haller & Lapido 1980, 1982) and reestablishment of
extensional conditions in the Andean back-arc region. The
magmatic expression of the new regime includes 80-70 Ma
basalts flows in Patagonia (Franchi & Page 1980, Baker er al.
1981), and basalt to andesite extrusions related to
reactivation of earlier rifts in north-western Argentina and
southern Bolivia (Moya & Salfity 1982, Avila Salinas 1986).

Late Cretaceous tectonic quiescence: acme of the epeiric
flooding (Figure 5) Sedimentary accumulation during
the Late Cretaceous was characterized by a trend toward
enlargement of depositional sites and an increase in the
amount of marine influence. At many places, the Upper
Cretaceous sequences display progressive overstepping of
older terranes (e.g., Mombri & Uliana 1979, Zambrano 1980,
Bianucci er al. 1982, Biddle er al. 1986). At most locations
earlier Mesozoic faults tend to become inactive before the
Late Cretaceous (e.g., Zambrano op. cit., Biddle et al. op. cit.)
and thickness patterns (Mombri & Uliana op. cit., Russo et al.

1980, Zambrano op. cit.) point to a regional style of
subsidence, dominated by sediment loading and lithospheric
cooling with a minimum of differential downwarping. More
pronounced subsidence, presumably related to flexural
loading of the South American crust, was only locally
developed at back-arc positions within the Magallanes (Biddle
et al. op. cit.) and Neuquén basins (Legarreta et al. in press).
All along the Atlantic margin the depositional framework was
one of prograding wedges, facing a progressively deeper
Atlantic ocean. Three segments with different depositional
regime can be recognized within this well-established passive
margin. Along the Uruguaian and the south-eastern Brazilian
portions of the plate edge, subsidence occurred by basement
flexure east of a coastal hinge (Gongalves er al. 1979,
Williams & Hubbard 1984), coupled with isostatic
compensation and tectonic uplift west of the hinge (Pereira et
al. 1986). The existence of a marginal uplift provided a
nearby source of clastics and continued to obstruct the marine
encroachment of the Brazilian cratonic interior, The evolution
of the Santos basin sedimentary fill records peak flooding and
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Figure 6 — 50 Ma (Paleogene) paleogeographic reconstruction showing pause in Andean magmatism and marine retreat. Key as in

figure 1

transgressive deposition from late Albian to mid Turonian,
followed by accumulation of a progradational wedge during
the rest of the Cretaceous period (Pereira ef al. 1986). These
patterns indicate a considerable effect of global eustatic
trends (Haq et al. 1987) on sediment dispersal and
accumulation. The regularity of the passive-margin
depositional pattern was only locally broken because of
slumping and diapiric penetration of older Cretaceous salt
(Williams & Hubbard 1984, Pereira et al. op. cif). South of
Uruguay and north of the Malvinas plateau the subsidence
regime was different. The outer ridge located inboard of the
continental-margin wedge (Rolleri 1972, Urien & Zambrano
1972) became less and less prominent as a result of subsidence
and gentle oceanward tilt of the entire Argentine shelf. Local
subsidence rates at the edge of this segment of the South
American plate were enough to overcome the global eustatic
trends, providing maximum accommodation and drowning of
the margin during the latest Late Cretaceous (some 20 Ma
after the Turonian peak highstand). The southern continental
segment (Malvinas Plateau) continued the submersion trend

initiated in the Neocomian. Depositional geometries i
area reveal low-angle southerly and easterly directed
progradation, and erosional truncation at the northern edge of
the block, presumably associated to regional southward tilting
of the Plateau.

The Late Cretaceous flooding of the Argentine margin
during a period of tectonic quiescence, when the continental
interior was devoid of large topographic barriers, produced a
spectacular increase in the size of the areas under marine
influence (e.g., Malumidn er al. 1983, Salfity er al. 1985).
Development of epeiric flooding had started before
Maastrichtian time, through limited marine inclursions in
Bolivia (Cenomanian, Cherroni 1977) and the Argentine
Colorado basin (Turonian?, Lesta et al. 1979). Peak marine
influx during the Maastrichtian conceivably occurred across
depressed portions of the plate interior, coincident with
structural sags developed on top of buried Mesozoic Mesozoic
rifts (e.g., Lesta et al. op. cit., Bianucci et al. 1981). Local
occurrence of marine accumulations in the fore-arc region of
central Chile (Auboin ef al. 1973, Davidson 1984) shows that
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the western margin of the plate was also under a submergent
regime. Irregularities in the trace of the shoreline have been
interpreted as a response to locally differentiated subsidence
(Cecioni 1970).

One important side effect of the Late Cretaceous flooding
was to reduce the clastic influx into most basins. Shaly and
marly facies are thus common, and they locally are associated
with carbonates (Moreno 1970, Cherroni 1977, Legarreta et
al. s.d.), while areas marginal to the seaways are characterized
by red bed-evaporite assemblages (Yrigoyen 1975b,
Bracaccini 1980, Russo er al. 1980). Active arc-type
magmatism was likely continuous along the entire length of
the Pacific margin (e.g., Malumidn er al. 1983, Davidson
1984). The conspicuous absence of Maastrichtian marine
facies in west-central Patagonia, the general area where the
Cretaceous basalts were erupted (Franchi & Page 1980, Baker
et al. 1981), suggests the occurrence of intra-plate doming in
the region.

Paleogene plate reorganization: pause in the Andean
magmatism and marine retreat (Figure 6) A survey
of the early Tertiary sequences of the Andean domain shows
a considerable along-strike variation in depositional regimes.
From SW Peru to about 27°S in Chile, Paleogene
accumulation is represented mostly by a volcanic and
volcaniclastic pile devoid of marine members. These deposits
record the existence of a magmatic arc with large
strato-volcaneos and calderas and minor development of
back-arc basins (Audebaud et al. 1973, Coira er al. 1982,
Maksaeu 1984). South of 30°S the volcanic rocks are
associated with lacustrine deposits and were deposited within
a series of restricted intermontane basins (Vergara & Drake
1979, Moscoso 1984, Muiioz 1984, Rivano 1984). A parallel
tract of non-volcanic clastics was deposited west of the
present Coastal Ranges, in the Navidad, Chanco-Itata, and
Arauco depocenters (Cecioni 1980, Mordojovich 1981).
These wedges record open-marine influence and contain
paralic facies with coal seams, and they seem to have been
deposited in narrow intra arc-massif or constructed forearc
basins (sensu Seely 1979). South of 39°S the axis of the
volcanic belt swings away from the margin into the North
Patagonic Andes and the Somoncura Massif. This turn is
connected with a widening of the forearc depocenter
(preserved in the Osorno-Puerto Montt and Chiloe basins,
Katz 1963a, Valenzuela Ayala 1982), and marine
encroachment of the volcanic belt (Ramos 1982). The
subsidence required to accommodate these thick Andean pods
of volcanics and volcaniclastics (2,000-3,000 m) is attributed
to fault-induced subsidence developed in an extensional
crustal regime (Levi & Apguirre 1981, Mufoz op. cit.).
Petrologic work in Argentina also confirms that the volcanic
chain represents a calc-alkalic arc related to subduction and
coeval with considerable crustal attenuation (Rapela er al.
1983), Rapela er al. 1984).

In a sharp contrast the southernmost Andes shows few
indications of magmatic activity (Ramos 1983) and display
many of the characteristics of an active margin under regional
compression. The Paleogene successions contain thick
fandelta wedges fed from a high-relief area to the south, and
poured into a fairly deep trough (Natland er al. 1974, Biddle
et al. 1986) developed on a downwarped portion of the South
American slab. There is clear evidence of uplift and loading
subsidence, a combination interpreted as the result of ongoing
regional shortening (Katz 1963b, Winslow 1982) and perhaps
crustal stacking (Wilson 1983). South of 54°S early Tertiary
dextral strike slip along major faults has been postulated to
account for the existence of some small troughs filled with
Paleogene conglomerates and paralic deposits (Caminos ez al.
1981).

Sedimentation in mid-plate settings continued to be mostly
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confined to those basins active during the Late Cretaceous, A
considerable reduction in the areal extent of the depositional
sites, and the diminution of the regions under marine
influence, seems to be the response to base level lowering
related to early Tertiary global eustatic fall (Haq et al. 1987).
Because of the stable tectonic conditions, intra-plate relief
continued to be limited and dominant accumulations are fine
grained. In the course of the early Cenozoic, the
Maastrichtian seaway that had linked Bolivia and coastal
Argentina was transformed in a series of broad aluvial plains
and large lake basins (Cazau er al. 1976, Russo er al. 1980,
Bianucci et al. 1982). In Patagonia many areas invaded by the
Late Cretaceous epeiric flooding turned into vast loess plains
made up by distal pyroclastics punctuated with numerous
paleosols (Spalletti & Mazzoni 1977, Franchi er al. 1984,
Mazzoni 1985). Late during the Paleogene pyroclastics were
associated with extra- Andean emissions of plateau basalts and
subvolcanic intrusions with alkalic affinities (Ramos 1983,
Coira et al. 1985).

Persistent drowning along the Argentine shelf continued,
in contrast with the emergent habit shown by the
Uruguay-Brazilian margin. Uplift and normal faulting of the
coastal Brazilian basement (Almeida 1976) proceeded
along with substantial sediment loading and subsidence in the
offshore basins (Asmus 1978, Gongalves et al. 1979, Pereira
et al. 1986). To a large extent, however, pronounced
downward shift and offlapping arrangement of the Paleogene
clastic wedges (Gongalves et al. op. cit., Rangel et al. 1986) is
attributed to reduction in shelfal accommodation concomitant
with global eustatic fall.

The western margin of southern South America was
influenced considerably by Eocene plate reorganization
(Richardson & Rona 1980). From about 48 Ma until about 25
Ma plate reconstructions (Pilger 1983) suggest NE-SW
directed convergence along the Pacific edge of the southern
South American margin. The change in kinematic regime is
parallel in time to important events as the bend of the
Hawaiian-Emperor  island and  seamount  chain
(Handschumacher 1976), and changes in the interactions
between India and Antarctica, and India and Africa (Pilger
op. cit.). Local development of compressional deformation
within the Andean domain (“Compression fini-éocéne” of
Audebaud er al. 1973; “Incaic orogenesis” of Coira et al.
1982) could be considered as the local manifestation of this
Eocene event. The reorientation in the Nazca-South America
convergence vector was closely followed by a sharp decrease
in the level of magmatic activity of the Andean arc (Coira et
al. 1982}, perhaps because the development of a low-angle
subduction geometry (Maksaeu 1984, Rapela et al. 1984).

Early Neogene plate reorganization: arc buildup and
renewed marine flooding (Figure7) The 25 Ma
modification of the convergence direction between the Nazca
plate and the South American slab (Handschumacher 1976,
Pilger 1983), which changed from a NE-SW to an
essentially E-W orientation, induced important modifications
in the Andean arc. Perhaps the most obvious change was
reactivation of the main magmatic belt, after a period of
relative quiescence that lasted most of the Oligocene
(Malvicini & Llambias 1982). Over large areas igneous
activity expanded and invaded the foreland in west-central
Argentina, Bolivia and Perti, and by mid Miocene had
broadened to locally reach a width of 400 km (Clark er al.
1976, Malvicini & Llambias op. cir., McBride et al. 1983). In
southern Argentina and Chile, however, the magmatism was
superimposed on older arc terranes (Ramos 1983, Malvicini &
Llambfas op. cit.), or was located west of the Paleogene
volcanic system (Vergara & Munizaga 1974, Vergara &
Lépez 1982). The early Neogene magmatic expansion
(“breakout episode” of Clark er al. op. cit.) has been
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Figure 7 — 20 Ma (Early Neogene) paleogeographic reconstruction showing arc buildup and renewed marine flooding. Key as in

figure 1

interpreted as the response to a down-dip expanse of the zone
of melting, prompted by an abrupt increase in the
convergence rates along the margin (McBride er al. 1983).
Another important effect of the early Neogene plate
reorganization was that the Andean arc became segmented by
longitudinal block faulting developed that as a result of
extensional tectonics (Katz 1971). During the late Oligocene
and early Miocene the present morphological-structural
configuration of Chile, Coastal-Range Central-Valley
Volcanic Andes, began to develop (Maksaeu 1984, Rivano
1984). Reflection seismic data and drilling in Argentina and
Chile at 369S-42°S, shows that the entire region from the
present fore-arc to the edge of the Patagonia Massif was the
site of emplacement of grabens and flexure-bounded basins
display internal steps related to NW and NE transverse
faulting. Intersection fo the transverse and border faults
produced locally irregular basin outlines with doglegs and
relay configurations. Recent work (Lavenu & Marocco 1984)
shows the early Neogene Moquegua and Altiplano basins (at
the front and core of Peri-Bolivian Andes) as 50-100 km

wide, compound half-troughs, framed by synsedimentary
faults, and demonstrates the regional magnitude of the early
Neogene extensional event. Under these conditions,
depositional settings within the arc consisted in longitudinal
tectonic depressions filled by non-marine coarse clastics
intricately associated with huge piles of proximal volcanics,
lacustrine deposits, and marine tongues (Gonzdlez Bonorino
& Gonzidlez Bonorino 1978, Salinas 1981, Franchi er al.
1984).

In the southern Patagonic Andes of Argentina and Chile
increase in magmatic activity was modest (Ramos 1983), and
although the extrusion of alkalic basalts during the Miocene
persisted across the Patagonian foreland (Baker et al. 1981,
Corbella 1984, Coira et al. 1985), there is no evidence of
pervasive arc or back-arc extensional faulting. Most
indicators point to the continuation of flexural downwarping
of the Magallanes foredeep trough (Winslow 1982, Wilson
1982, Biddle et al. 1986).

Over many areas of continental Argentina, the upper
Paleogene and lower Neogene are missing (e.g., Biddle er al.
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1986) because a composite regional unconformity largely due
to reduced accommodation (erosional beveling plus
non-deposition) around the 30 Ma eustatic drop (Haq e al.
1987). On the Atlantic margin this effect has been well
documented in the Campos Basin, where the sea-level fall
was enough to expose the shelf edge, allowing the incision of
several canyons that are associated with extensive lowstand
turbidites (Gamboa et al. 1986). The mid Oligocene event of
shelf exposure was followed by a change toward increased
marine encroachment that lasted from the late Oligocene until
the middle Miocene (“Mid Tertiary Transgressive Onlap
Sequence” of Williams & Hubbard 1984), paralleling the early
Neogene trend of global eustatic rise (Uliana & Biddle 1987).
Neogene marine inundation occurred in the same general
areas as late Cretaceous flooding. Although the map shows
the maximum extent of early Neogene marine incursions, the
actual span of the marine beds varies from place to because
regional onlap on an irregular surface and diachronous
comeback of the shoreline as a result of variable rates of
clastic influx. Late Oligocene-middle Miocene marine
invasion occurred earlier in Patagonia than in eastern and
northwestern Argentina, and conversely marine retreat
started earlier close to the Andes and in southern Patagonia.

The large areal extent of the Miocene marine deposits
reveals that the mean freebord of the plate interior still was
consistently low. The same conclusion can be reached
considering that the dominant lithofacies are very similar to
those developed as a result of the Late Cretaceous drowning.
Shales and fine-grained clastics with some carbonates,
associated with sabkha evaporites at the fringes of the epeiric
seaways, covered eastern and north-western Argentina
(Russo & Serraiotto 1978, Zuzek 1978, Russo et al. 1980). As
in the Paleogene, thin pyroclastic loess with paleosols
continued to dominate the subaerial settings of Patagonia
(Franchi et al. 1984).

Late Neogene changes in the tectonic regime: batholith
emplacement, Andean morphogenesis, Cordilleran
shortening, and marine withdrawal (Figure 8) Some
15 million years ago, and in many areas 10 million years or
even later, the southern South American scene began to be
dominated by the processes that led to the present
configuration of the Andean tectonic-magmatic belt. The
complex sequence of partially overlapping events
encompassed; widening of the magmatic arc and emplacement
of pgranitic plutons; regional uplift and Cordilleran
morphogenesis; and east-west directed compression and
contractional deformation. The Andean uplift in itself
promoted overall increase in the magnitude of the
sedimentary influx. Because of the augmented topographic
relief and late Cenozoic eustatic fall some of those sediments
were carried to Atlantic continental margin depocenters. A
sizeable proportion, however, was trapped at intra-plate
locations to form the sedimentary fill of a new and diverse
suite of depositional sites generated as a response to the late
Neogene tectonic framework.

Unlike most of the previous Mesozoic-Cenozoic interval,
the sedimentary input was largely captured within basins
developed under a compressional regime. East of the main
Cordilleran belt, 2,000 to 4,000 m of late Neogene clastics
were deposited as asymmetric foreland wedges developed
over downflexed portions of the craton in front of segments
of the Andean, thin-skinned fold and thrust belt. The
Bolivian-Argentine Chaco basin east of the Subandean
Ranges (Ahlfeld & Branisa 1960, Mingramm et al. 1979); the
northern portion of the Neuquén basin east of the Principal
Cordillera (Yrigoyen 1969, 1979); and the Chilean- Argentine
Magallanes basin (Winslow 1982, Biddle et al. 1986) are good
examples.

Within the Pampean Ranges salient of the Neogene
compressional belt, early Neogene depositional patterns were
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disrupted by the appearance of several discrete depocenters
known as the Bolsones basins that developed as a result of
tectonic loading in front of basement-involved uplifts. These
basins are large and asymmetric structural depressions (see
thickness map in Yrigoyen 1969) framed by basement blocks
that are bounded by faults with several kilometers of throw
(Caminos 1979, Gordillo & Lencinas 1979). This Pampean
Ranges-Bolsones are behaved as a thick-skinned
compressional foreland, where the positive blocks or sierras
were uplifted along east- or west-dipping reverse faults with
listric profile (Gonzdlez Bonorino 1950, Jordan &
Allmendinger 1986), while the intervening bolsones were
partially filled with non-marine clastics.

Other successions of thick late Neogene wedges were
deposited over depressed portions of the Andean
contractional belt, but still east of the main magmatic arc.
These include the Bermejo and Valle de Tulum basins (Ortiz
& Zambrano 1981), formed by concurrent loading by the
Precordillera thrust belt to the west and the Valle Fértil-Pie
de Palo uplifts to the east; the Santa Maria Valley basin
between the SE margin of the Puna plateau and the Cumbres
Calchaquies block (Russo & Serraiotto 1978, Bossi & Palma
1982); and the less well-developed Rio Frias-Rio Mayo
depocenter between the Tepuel-San Bernardo folded belt and
the Patagonic Andes (Skarmeta 1976a, Gonzdlez 1978).

Since 10-15 Ma or so the Andes entered a period of
batholithic emplacement (Malvicini & Llambias 1982) and
regional uplift (Coira et al. 1982, Uliana & Biddle 1987). As a
result, the opportunity for accumulation of thick sequences
within the arc was considerably limited. However, in the
Puna-Altiplano region of NW Argentina and Chile from late
(middle?) Miocene on, the large early Neogene basins started
to split in several depocenters (Méndez 1975, Alonso et al.
1984, Schwab 1985). These depocenters were long and
internally drained depressions with playa-lake ponds filled by
halite, borax, volcanics, and coarse clastics. These basins
evolved while the area was uplifted from close to sea level to
their present 2,500-3,500 m altitude. Recent work by Schwab
(op. cit) indicates that subsidence of the troughs was
controlled through synsedimentary reverse faulting that
produced compressional wedge-grabens (Keilgrabens).
Alternatively these basins could reflect supracrustal extension
of the Andean orogenic wedge (Platt 1986), required to
accommodate shape changes due to underplating by thrust
slices.

The presence of the Central valley depression (Rivano
1984) and a series of graben-style fore-arc troughs developed
west of the Coastal Range (Mordojovich 1981, Maksaeu
1984) demonstrates that large portions of Chile were
dominated by extensional conditions (Katz 1971). The
discontinuity of the Central Valley between 28 and 33°S since
6 Ma is attributed to segmentation of the Nazca Plate and
existence of a flat, subducted slab at that latitude (Cornejo et
al. 1984, Rivano 1984). Regional extension and graben
formation along the Chilean Central Valley occurred at the
same time as shortening in the foreland, both processes being
synchronous with the increase of slope at the east and west
flanks of the Andes.

The area located east of the front of the contractional belt
(V4zques & Gorroiio 1980) remained under relatively stable
tectonic conditions (Yrigoyen 1975a). North of Patagonia, the
epeiric seaways receded because of general eustatic fall since
late middle Miocene and increased sediment imput. Most sags
became aggraded and the region was covered by a vast
savannah plain (Edad de las Planicies Australes, Pascual &
Bondesio 1982, Pascual 1984), largely under loess-style
sedimentation (Teruggi 1957, Pascual er al. 1965).

With the Miocene uplift of the Andes (Skarmeta 1976a)
large areas of Patagonia were elevated above the base level
and entered into a net erosional regime. Late Neogene
deposits are areally restricted and consist of fluvial to eolian
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Figure 8 — 5 Ma (Late Neogene) paleogeographic reconstruction illustrating batholith emplacement, Andean Uplift, and marine

withdrawal. Key as in figure 1

sandy facies in valley fills related to the fluvial systems that
carried Andean debris to the Atlantic shelf (Windhausen
1931, Franchi er al. 1984). The updip edge of the late
Neogene marine incursions was confined to positions close to
that of the present shoreline. The conditions along the
Atlantic shelf can be exemplified with the record of the
Santos Basin. Depositional patterns were characterized by
basinward displacement of the depocenter, high sedimentation
rates, steep depositional slopes, and offlapping disposition of
the successive marginal wedges (“Neogene Offlap Sequence”,
Williams & Hubbard 1984). Farther away from the Andes, on
the Malvinas Plateau, submersion continued to be dominant
and sedimentation was essentially biogenic (mannoplankton
and siliceous oozes), possibly reflecting vigorous upwelling
associated with the mid-Tertiary development of the
Circum-Antarctic current. The existence of several truncation
surfaces and channeling records the activity of submarine
currents, particularly after the late Tertiary opening of the
Drake Passage.

Although the time of inception of late Neogene
deformation seems to have been variable at different positions
of the shortened belt, and precise dating is generally not
available, modern studies indicate that pervasive shortening
became widespread around 10 Ma when the subducting Nazca
plate broke up in segments with different dip (Jordan er al.
1983a). This new situation had considerable effect on the
continuity of the arc magmatism. Between 27° and 3398 (the
area with a low-angle Benioff zone) magmatic activity waned
(Barazangi & Isacks 1976), and has been quiet for the last 5
million years.

The late Neogene volcanic and volcano-plutonic
complexes were developed throughout a wide band that
locally extended eastward into the Andean foreland. The
Miocene granitic intrusions differ from the larger Cretaceous
batholiths; they tend to be mostly smaller bodies and stocks
with modest dimensions. The magmatic activity showed was
controlled by linear NW-, N-, E-, and NE-oriented structural
features (Katz 1971, Gardeweg & Ramirez 1984), but the
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dominant pattern was one of diffuse activity. This character
was also recorded in Pert and attributed to crustal thickening
and consequent intrusion of deeply penetrating fractures
(Cobbing & Pitcher 1983). As in the early Neogene, large
portions of Patagonia persisted under a different magmatic
regime, dominated by extensive basalt flows alkalic affinities
(Malvicini & Llambias 1982). Although the idea of
Chilean-type orogenesis, i.e. a mountain belt that develops
after subduction of normal oceanic lithosphere beneath a
continental margin, is at present a concept with wide
acceptance (Cobbing & Pitcher op. cit., Dalziel 1986) there is
less consensus about the mechanisms under which this
tectonic process operates. This is particularly 'so for the late
Neogene orogenic complex, a mountain chain with a width
and presumably an elevation unmatched in the
Mesozoic-Cenozoic history of South America. The present
style of deformation is best understood as the result of a
complex interplay of several factors associated with the
interaction of the Nazca and/or the South American plates
(Jordan et al. 1983b). Perhaps the most unique feature of this
recent tectonism is the pervasive contractional deformation of
large segments of the foreland (Vasquez & Gorrofio 1980).

Control at several locations within the fold belt and in
foreland settings (Padula 1972b, Mombri & Uliana 1979,
Bianucci et al. 1982, Uliana & Biddle 1987) shows that
shortening in many areas proceeded along former extensional
ruptures developed during the Mesozoic or Cenozoic
extensional events. Increase in the horizontal component of
compressive stress related to underthrusting (Lowell 1985)
seems responsible for the development of inversion structures
(“Sunda”-folds) and at least part of the late Cenozoic crustal
thickening. The reason behind the occurrence of
compressional deformation 500-700 km east of the trench
remains obscure (on the subject see Jordan & Allmendinger
1986), but perhaps should be looked for in reduction of the
crustal strength and delamination (Bally 1984) promoted by
the conditions responsible for the voluminous early-mid
Neogene magmatism.

FINAL REMARKS Synthesis of the available data at
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the scale of the maps presented in this paper provides of the
geodynamic evolution of Southern South America that is in
general agreement with the continental-scale plate
reconstructions based on sea-floor magnetic information.

Most of the large-scale tectonic, magmatic, and
depositional events that occurred since the early Mesozoic can
be reasonably well explained by the interaction of the Pacific,
Nazca, South American, and African plates.

Several important questions remain to be addressed.
Among these are: 1. what controlled the contrasting
subsidence patterns displayed by different segments of the
Atlantic margin; 2. why do segments of the active, subducting
margin have a limited (or no) accretionary wedge; 3. what led
the inception and maintenance of extensional conditions
across the leading edge of the South America plate; 4. what
controlled the timing and location of the midplate magmatic
events; and 5. what regulated the extreme width of the late
Neogene tectonic-magmatic belt. The answers to these
questions are no doubt complex and multiple.

From a paleogeographic perspective, we note that the
history of land-sea distribution over the southern South
American slab matches fairly well with what would be
expected from proposed eustatic trends, if local tectonic
overprinting, average continental freeboard, and sediment
imput are considered. The major discrepancies can be
reasonably well explained in terms of regional tectonic events
that overrided the eustatic signal and/or because the presence
of topographic barriers that hampered marine encroachment.
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A tentaglo & grande para os jovens professores recém-formados, e por vezes brilhantes, de deslumbrar seus alunos, para subjugé-los e con-
quistar uma admiracéo sem reserva. Mas ensinar ndo € subjugar, o verdadeiro processo didéatico € outro. O educador deve escutar para informar-
se sobre as motivacdes didéticas de seus alunos, seus interesses pessoais, a fim de poder dialogar com cada um.

Paul Arbousse-Bastide, 1984, O que o Brasil me ensinou. (Aula Magna proferida na USP)




